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FOREWORD 

The Agency for Toxic Substances and Disease Registry's highest priority is the 
protection of puhlic health. We address that priority through actions that mitigate 
or prevent adverse health effects and diminished quality of life resulting from 
exposures to hazardous substances in the environment. Because large numhers of 
hazardous waste sites and facilities can potentially affect public health, ATSDR 
must have an instrument of triage to determine where, and for whom, public health 
actions should he undertaken. The Agency's instrument of choice is the public 
health assessment, which characterizes the nature and extent of hazards and 
identifies communities where puhlic health actions are needed. This Public Health 
Assessment Guidance Manual provides the environmental health professional with 
directions for implementing that important public health tool. 

The Puhlic Health Assessment Guidance Manual is the result of the combined efforts 
of ATSDR, Oak Ridge National Laboratory, and state health departments participat- 
ing in the ATSDR Puhlic Health Assessment Cooperative Agreement Program. The 
draft manual was made available for puhlic comment through an announcement in 
the Federal Register and distributed to federal, state, and local entities, private 
consultants and corporations, and tradelprofessional organizations. Comments 
received were considered and, when appropriate, incorporated into the manual. 
ATSDR is responsible for the manual's technical accuracy and ils presentation of 
environmental health science practice. 

The Public Health Assessment Guidance Manual is not intended to supplant the 
pr~fessional judgment and discretion of the health assessor (or puhlic health 
assessment team) in compiling and analyzing data, drawing conclusions, and 
making puhlic health recommendations. Instead, the manual provides a logical 
approach toevaluating the puhlic healthimplications ofhazardous waste sites, while 
still allowing health assessors to develop new approaches to the process and apply 
the most current and appropriate science and methodology. That is an important 
concept; just as environmental health science is rapidly developing, the public health 
aqsessment must also adapt to changing scientific technology and procedures in 
order to remain a dynamic process. 

ATSDR is committed to updating the Puhlic Health Assessment Guidance Manual 
a$ new technical information becomes available. The Agency welcomes comments 
from users of the manual. 

Roben C. Williams, P.E. Barry L. Johnson, Ph.D. 
Director, Division of Health Assistant Surgeon General 
Assessment and Consultation Assistant Administrator, ATSDR 
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PREFACE 

The 1986 Superfund Amendments and Reauthorization Act (SARA) to the 
Comprehensive Environmental Response, Compensation, and Liability Act 
of 1980 (CERCLA) directs the Agency for Toxic Substances and Disease 
Registry (ATSDR) to perform specific public health activities associated 
with actual or  potential exposure to  hazardous substances released into the 
environment. Among these activities, ATSDR was mandated to perform a 
health assessment by December 10,1988, for each facility listed or proposed 
to be listed on the National Priorities List (NPL). ATSDR must conduct 
health assessments on all sites added to the NPL since October 17, 1986, 
within one year of being listed (or proposed for listing). In addition, 
ATSDR may conduct a health assessment for a particular facility or  release 
when petitioned by a person or group of persons. 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES . 
PUBLIC HEALTH SERVICE 

Agency for Toxic Substances and Disease Registry 
Atlanta, Georgia 30333 
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The Agency for Toxic Substances and Disease 
Registry (ATSDR) has three methods of 
conveying concern about a site's potential to 
cause adverse health effects: a public health 
advisory, a health assessment, and a health 
consultation. 

T h e  ATSDR Public Health Advisory is a 
communication from the ATSDR Administrator 
to the Administrator of the Environmental 
Protection Agency (EPA) that states ATSDR's 
concern that a public health threat exists of 
such  impor tance  and  magni tude tha t  
immediate intervention should be taken by 
EPA. The health advisory is also provided to 
the appropriate EPA regional office and state 
health department. 

T h e  ATSDR Public Health Assessment, 
hereafter referred to in this guidance manual as 
t h e  health assessment, is an analysis and 
statement of the public health implications 
posed by t h e  facility or re lease  under  
consideration. The health assessment is an 
evaluation of relevant environmental data, 
health outcome data, and community concerns 
associated with a s i te  where hazardous 
substances have been released. The health 
assessment identifies populations living or  
working on or near hazardous waste sites for 
which more extensive public health actions or 
studies are indicated. 

A n  ATSDR Health Consultation provides 
advice on  specific public health issues that 
occur as a result of actual or potential human 
exposure t o  a hazardous material. The  
ATSDR health consultation, distinct from a 

health assessment, is a response to a question 
or request for information pertaining to a 
hazardous substance or  facility, which includes 
waste sites. In addition, a health consultation 
often contains a time-critical element that 
necessitates a rapid response. A health 
consultation is, therefore, a more limited 
response than a health assessment. 

This document sets forth the health assessment 
process as defined by ATSDR, clarifying the 
methodologies and guidelines that will be used 
by ATSDR staff and agents of ATSDR in 
conducting these health assessments. ATSDR 
may use selected extramural resources to help 
meet health assessment responsibilities and 
deadl ines  under  t h e  Comprehens ive  
Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) and the 
Resource Conservation and Recovery Act of 
1976 (RCRA), as amended. Contractors may 
be used to support data management and 
information needs that are associated with a 
health assessment request. Cooperative 
agreements have been developed with some 
states to assist them in building their capacity to 
perform health assessments. This document is 
directed at ATSDR public health physicians, 
scientists and engineers, and other state and 
federa l  agencies t h a t  pe r fo rm heal th  
assessments. 

The individual steps for performing a health 
assessment are discussed in Chapters 3 through 
8 of this document. Chapter 9 discusses how 
the health assessment report should be written 
and the format in which it should be presented. 
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2. HEALTH ASSESSMENT 

The Agency for Toxic Substances and Disease 
Registry was created t o  implement the  
health-related sections of CERCLA 1980, as 
amended. O n e  of the major vehicles for 
meeting that mandate is the health assessment. 
The following chapter provides the regulatory 
definition, purposes, and subsequent uses of a 
health assessment and contrasts the qualitative 
nature of a health assessment with the more 
quantitative risk assessment. The health 
assessment process is then described and the 
format for the health assessment is presented. 
These sections provide an introduction for the 
remainder of this manual, which is dedicated to 
providing guidance for conducting and writing 
health assessments. 

21. DEFINITION 
AND PURPOSE 

reports, preliminary assessments, 
Geological Surveys, and Site Inspection 
reports obtained from EPA and pertinent 
state and local environmental 
departments. A site visit, conducted by 
ATSDR staff, is also an important source 
of environmental characterization data. 

Community health concerns associated 
with a site constitute a key data 
component of the health assessment. 
The community associated with a 
hazardous waste site includes the 
population living around the site, local 
public health officials, other local 
officials, and the local media. In order to 
acquire information on community health 
concerns, the health assessor must 
become an investigator; obtaining that 
information provides the health assessor 
with an opportunity to involve the public 
in the health assessment process. In 
addition, community health concerns can 

A health assessment is the evaluation of data and 
information on the release of hazardous 
substances into the environment in order to 
assess any current or future impact on public 
health, develop health advisories or other 
recommendations, and identify studies or 
actions needed to evaluate and mitigate or 
prevent human health effects (55 Federal 
Register 51 36, February 13,1990, as codified at 
42 Code of Federal Regulations Part 90). 

As shown in Figure 2.1., the health assessment 
can be viewed as a platform founded on three 
sources of information: 

Environmental characterization data for 
a hazardous waste site includes 
information on environmental 
contamination and environmental 
pathways. Such information is provided in 
site-specific Remedial Investigation (RI) 

Figure 2.1. Health Assessment Foundations 

/ r # / / / 
Community Health 
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2. Health Assessment Overview 

serve as a guide in evaluating health 
outcome data. 

Health outcome data and parameters are 
the third major source of data for health 
assessments. The identification, review, 
and evaluation of health outcome 
parameters are interactive processes 
involving ATSDR, data source 
generators, and the community involved. 

Health outcome data are community- 
specific and may include databases at the 
local, state, ahd national level, as well as 
data from private health care 
organizations and professional 
institutions and associations. Databases 
to be considered include medical records, 
morbidity and mortality data, tumor and 
disease registries, birth statistics, and 
surveillance data. Relevant health 
outcome data play an important role in 
assessing the public health implications 
associated with a hazardous waste site 
and in determining which follow-up 
health activities are needed. 

The integration of environmental 
characterization data, community health 
concerns, and health outcome data is 
addressed in Chapters 3 through 8 of this 
manual. 

The health assessment is a mechanism to 
respond t o  community health concerns 
associated with human exposure to hazardous 
substances at a site. As stated in the definition, 
a health assessment has three major purposes: 
1) evaluating the public health implications of 
the site; 2) addressing those implications by 
developing health advisories o r  making 
recommendations, including further health or 
environmental studies; and 3) identifying 
populations where actions are necessary to 
mitigate or prevent adverse health effects. 

When complete health or environmental data 
a r e  lacking, ATSDR may de te rmine  it 
necessary to conduct further assessments for a 
site or facility as the data become available. A 
major reason for preparing a health assessment 

is to determine the need for health effects 
studies at a site to further assess any current or  
future risks to  public health. The  health 
assessment is a n  evaluation o f  relevant 
environmental data, health outcome data, and 
community concerns associated with a site 
where  hazardous substances have been 
released. The health assessment identifies 
populations living o r  working o n  or  near 
hazardous waste sites for which public health 
actions are needed, such as health studies, 
heal th  educat ion,  o r  chemical-specific 
research. ATSDR health assessments are 
based o n  fac to rs  s u c h  as  t h e  n a t u r e ,  
concen t ra t ion ,  toxicity, a n d  e x t e n t  o f  
contamination at a site; the  existence of 
potential pathways for human exposure; 
community health concerns; the size and nature 
of the community likely to be exposed; relevant 
community-specific, past and current, health 
outcome data; and any other information 
available to  ATSDR that is relevant to a 
determination of potential risks t o  public 
health. 

A health assessment is written for the informed 
community associated with the site, including 
citizen groups, local leaders, and health 
professionals. Hea l th  assessments a r e  
available for public review and comment, and 
thei r  availability is announced in local 
communities. In addition, quarterly notices are 
placed in the Federal Register t o  announce 
health assessments completed in the previous 
three months. Health assessments are also 
intended to provide public health information 
to other government agencies (e.g., EPA and 
state health and environmental agencies). 
ATSDR supplies the EPA and state health 
agencies with a copy of each health assessment. 

A health assessment for a facility or  release is 
not always a single static document o r  report, 
but may be a series of reports over time that 
reflect the dynamic, iterative process of 
collecting and evaluating new information and 
data regarding the subject facility, site, o r  
release. That iterative evaluation reflects 
assessments performed by ATSDR staff, and, 
under  t h e  Superfund Amendments  and 
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Reauthorization Act (SARA) of 1986, it may 
reflect assessments performed by state or other 
local agencies. Further, SARA also directs that 
health assessments performed by such agencies 
be reported to the Administrators of both 
ATSDR and EPA and that recommendations 
resulting from such assessments be reflected in 
any reports or assessments issued by ATSDR. 
Thus, as more  complete information is 
collected and evaluated, the conclusions and 
recommendations of the health assessment may 
be modified or altered to reflect the public 
hea l th  impl icat ions  o f  t h e  addi t ional  
information. 

Preliminary Health Assessments. ATSDR 
will designate as preliminary those health 
assessments prepared on sites for which site 
characterization is incomplete or for which no 
summary of relevant health outcome o r  
environmental data exists. In those cases, 
ATSDR will attempt to summarize data and 
information from federal, state, and local 
(e.g., community) sources .  Hea l th  
assessments for those sites will be designated as 
preliminary to convey to EPA, the states, and 
the public that ATSDR has conducted the 
assessment based upon limited data. For those 
sites receiving a preliminary health assessment, 
a further health assessment will be performed, 
if considered appropriate, when the full 
environmental characterization is completed 
and provided to ATSDR for consideration. 

Petitioned Health Assessments. Both 
CERCLA, as amended by SARA, and RCRA, 
as amended by the Hazardous Solid Waste 
Amendments of 1984, permit individuals and 
concerned parties to  petition ATSDR to  
conduct health assessments. ATSDR has 
promulgated regulations describing the  
petitioned health assessment process, (42 Code 
of Federal Regulations, Part 90) published in 
55 Federal Register 5136, February 13,1990. 

22 USES OF HEALTH 
ASSESSMENTS 

As shown in Figure 2.2., the health assessment 
is central to many of the activities ATSDR 
performs. Health assessments are designed not 
only t o  evaluate health effects, but also to 
identify populations for which additional 
studies or  public health actions are required. 
Thus, the health assessment is designed to 
identify: 

1. knowledge gaps concerning the toxicity of 
substances identified at the facility or 
release under review; 

2. communities near facilities or releases 
where biologic measurements of human 
exposure or medical investigations 
(e.g., community-based health outcome 
parameters) are needed; and 

3. the need for additional health information 
(e.g., pilot studies, epidemiologic studies 
and registries, and site-specific 
surveillance). 

ATSDR may then choose to initiate avariety of 
health studies based on the review of the health 
assessment, including: pilot health effects 
studies (disease- and symptom-prevalence 
studies, cluster investigations, exposure studies), 
epidemiologic studies, or  disease registries. 
The method by which those studies are initiated 
and how they are related is shown in Figure 2.3. 

As mentioned previously, a health assessment 
is writ ten for  t h e  informed community 
associated with the site. Therefore, in addition 
t o  the  uses identified above, t h e  health 
assessment may be used by local, state and 
federal agencies, citizens, and other interested 
paniw or indiviauais to identify the site's public 
health implications. 

--  - - 
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Figure 2.2. Products of the Health Assessment Process 
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Health Emergency 
Information 
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(Disease- and Symptom-Prevalence Study] 
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(Exposure Study) 
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Epidemiologic Study 
(Cause and Effect) 

Surveillance/Registry ' 

Figure 2.3. Relationship of Heatth Effects 
Studies 

23. HEALTH ASSESSMENTS AND 
RISK ASSESSMENTS 

Deliberate differences exist between ATSDR's 
health assessments and EPA's risk assessments. 
The two agencies have distinct purposes that 
n e c e s s i t a t e  d i f fe ren t  goals  f o r  the i r  
assessments. 

Risk Assessments. A risk assessment is 
defined as a qualitative and quantitative 
process conducted by EPA to  characterize the 
nature and magnitude of risks to public health 
from exposure to  hazardous substances, 
pollutants, or  contaminants released from 
specific sites. Risk assessments include the 
following components: hazard identification, 
d o s e - r e s p o n s e  assessment ,  exposure  
assessment ,  and  risk characterization.  
Statistical and biologic models are used in 
quanti tat ive and chemical-oriented risk 
assessments to calculate numeric estimates of 

risk to  health by using data from human 
epidemiologic investigations (when available) 
and animal toxicology studies. The product of 
quantitative risk assessment is a numeric 
estimate of the public health consequences of 
exposure to an agent. In preparing a risk 
assessment for a site, a risk assessor also 
attempts to include all adverse health effects, 
characterizing the risk to sensitive populations 
when the information is available. EPA risk 
assessments are used in risk management 
decisions to establish cleanup levels; to set 
permit levels for discharge, storage, o r  
transport of hazardous waste; and to determine 
allowable levels of contamination. 

Health Assessments. As discussed in Section 
2.1., ATSDR health assessments are based on 
environmental characterization information, 
community health concerns, and health 
outcome data. Because of the nature of these 
databases, health assessments use quantitative 
as well as qualitative data, focusing on medical 
public health and toxicologic perspectives 
associated with exposure to a site. The health 
assessment specifically addresses community 
health concerns (e.g., sensitive populations, 
possible disease outcomes) and evaluates 
relevant, community-specific health outcome 
data. Combined with environmental data, 
information obtained from those two data 
sources are used to determine the public health 
implications of the site guiding the initiation of 
follow-up health activities when indicated. 

Thus, while a risk assessment conducted under 
EPA's Remedial Investigation/Feasibility 
Study (RUFS) process is used to support the 
selection of a remedial measure at a site, an 
ATSDR health assessment is a mechanism to 
provide the community with information on the 
public health implications of a specific site, 
identifying those populations for which further 
health actions or  studies are needed. The 
health assessment also makes recommendations 
for actions needed to protect public health, 
which may include issuing health advisories. 
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24. FOUOWUP ACTlONS AND 
EvAUIAT1ONS 

25. HEALTH ASSESSMENT 
PROCESS 

ATSDR intends t o  conduct follow-up 
evaluations as necessaty on all recommendations 
made in a health assessment. Under CERCLA 
Section 104(i)(6)(H), if the health assessment 
indicates that a release or threatened release 
may pose a serious threat to human health, the 
Administrator of ATSDR shall notify the 
Administrator of EPA who may place the site 
on the National Priorities List (NPL) or give 
the site a higher priority if it is already on the 
list. Further, the Administrator of ATSDR is 
empowered to conduct a pilot study of health 
effects, full-scale epidemiologic studies, disease 
registries, or surveillance studies in order to 
ensure that human health is protected. 
CERCLA Section 104(i)(ll) states that if a 
health assessment finds that a significant risk to 
human health exists at a site, the President shall 
take s teps  t o  reduce and eliminate o r  
substantially mitigate the threat to human 
health. 

Each health assessment also contains a 
recommendation that describes follow-up 
health actions proposed for the site. Those 
recommendations are provided by the ATSDR 
Health Activities Recommendation Panel 
(HARP).  In  addition t o  making t he  
recommendations, HARP is also responsible 
for tracking the recommendations and ensuring 
their implementation. 

Finally, as a matter of policy and as situations 
warrant, ATSDR will contact the EPA and 
state and local agencies periodically t o  
determine if land use, demographics, and other 
site conditions have changed to the extent that 
a follow-up health assessment is necessary. 
Addenda to the health assessment are written 
when necessary, based on information obtained 
in follow-up inquiries. 

To  evaluate the public health implications 
posed by contamination at a site, the assessor 
must obtain and evaluate data and information 
on the site's history, the types and levels of 
contamination a t  t he  si te,  site-specific 
environmental transport mechanisms, routes of 
human exposure, community health concerns, 
relevant health outcome parameters, and 
medical and toxicologic implications of the 
site's contaminants. This evaluation is an 
iterative, dynamic process that considers 
available data from varying perspectives 
(Figure 2.4.). The interrelationship of the six 
steps willvary from site to  site depending on the 
site's individual and unique characteristics. 

Every health assessment includes six basic steps 
for acquiring t he  data  and information 
necessary to evaluate the site's health risks: 

1. Evaluating information on the site's 
physical, geographical, historical, and 
operational setting; 

2. Identifying health concerns of the affected 
community(ies); 

3. Determining contaminants of concern 
associated with the site; 

4. IdentiTying and evaluating exposure 
pathways (environmental transport 
mechanisms and human exposure 
pathways); 

5. Determining public bealth implications 
based on available community-specific 
health outcome databases and other 
medical and toxicologic information; and 

6. Determining conclusions and 
recommendations concerning the health 
thmat posed by the site. The 
recommendations include the Public 
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Figure 2.4. Factors Influencing the Health Assessment Process 
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Health Actions, which specify the 
actions that have been taken o r  will be 
taken by ATSDR and other federal, state, 
and local agencies. 

Information reviewed for each step in the 
health assessment process is evaluated for 
adequacy of data and potential health impacts 
at a hazardous waste site. Consideration is 
given t o  known past o r  expected future 
contamination and exposures. 

26. HEALTH ASSESSMENT 
REPORT 

The format shown in Table 2.1. was chosen to 
meet ATSDR's requirements for a health 
assessment (i.e., assess past, current, or future 
adverse public health effects; develop health 
advisories or  other recommendations; and 
identify studies or actions needed to evaluate 
and mitigate or prevent human health effects). 
The first four sections of the health assessment 
are devoted to providing relevant background 
information, documenting community health 
concerns, identifying contaminants of concern 
and  physical hazards ,  a n d  evaluat ing 
environmental and human exposure pathways. 
The fifth section addresses the public health 
implications associated with the site based on 
toxicologic and relevant health outcome data 
evaluations. T h e  final sections provide 
conclusions a n d  recommendat ions  for 
follow-up studies or  mitigative o r  preventive 
actions. Specific follow-up health actions are 
presented under Public Health Actions. 
Guidance for determining and evaluating 
relevant information for each section of the 
health assessment is provided in Chapters 3 
through 8 of this manual. Chapter 9 provides 
specific guidance for following the health 
assessment format when writing the report. 

Table 2.1. Healh Assessment Format 

Summary 

Background 
k Site Description and History 
B. Site Visit 
C. Demographics, Land Use, 

and Natural Resources Use 
D. Health Outcome Data 

Community Health Concerns 

Envimnmental Contamination 
and Other Hazards 

k On-Site Contamination 
B. Off-Site Contamination 
C. Quality Assurance and Quality Control 
D. Physical and Other Hazards 

Pathways Analyses 
A. Completed Exposure Pathways 
B. Potential Exposure Pathways 

PuMk Health Implications 
k Toxicologic Evaluation 
B. Health Outcome Data Evaluation 
C. Community Health Concerns Evaluation 

Recommendations 
(Public Health Actions) 

P ~ p e m r s  of Report 

References 
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3. . EVALUATING 
SITE INFORMATlON 

No analysis of the threat posed by site this table be considered inclusive for 
contamination can begin without the health conducting a health assessment. However, in 
assessor first becoming familiar with the site, its general, the greater the site-specific knowledge 
setting, and its history. ATSDR considers a site the assessor has about those seven categories 
visit to be an indispensable element of the of information, the greater the accuracy of 
health assessment process. The site visit allows health assessment conclusions. 
the health assessor to  determine current 
conditions at the site and to get firsthand 
knowledge of community health concerns. Site 
visits and regulatory reports provide much of 
the necessary site characterization information. 
Community interaction and personal contacts 
developed during the site visit are important 
means of obtaining relevant documents and 
gathering additional information. To begin a 
health assessment, the assessor needs to have 
site-specific knowledge about the following 
categories: 

1. Background (site description, operations, 
history, regulatory involvement); 

2. Community health concerns; 

3. Demographics (characterization of 
populations at and near the site that may 
potentially be exposed to hazardous 
materials); 

4. Land use and natural resource use 
information (land use and natural 
resources at and adjacent to the site); 

5. Environmental contamina~on (chemicals 
and concentrations identified in specific 
media); 

6. Environmental pathways (contaminant 
fate and transport mechanisms within the 
respective media); and 

7. Health outcome data. 

Specific information for each of those 
categories is presented in Table 3.1. Not all the 
information indicated in Table 3.1. is necessary 
to perform every health assessment; nor should 

The assessor must be familiar with the site 
information that is available and the usefulness 
of that information in conducting the health 
assessment. To the extent practicable, the 
assessor should investigate community health 
concerns and seek environmental and health 
outcome data. When little information is 
available about a site, the health assessment 
should b e  designated as "preliminary," 
indicating that a complete health assessment 
may be conducted when sufficient information 
is available. Information categories used in the 
health assessment will be discussed in the 
following sections of this chapter. 

3.1. BACKGROUND INFORMATlON 

The assessor needs to have an understanding of 
the site, its history and operations, and its 
relation to the community surrounding it. This 
information will assist the  assessor in 
understanding the potential nature, magnitude, 
and extent  of contamination and t h e  
community health concerns related to site 
operations. 

3.1 .I. Slte Description 

Site  descriptions provide background 
information that will be evaluated in greater 
detail during the health assessment. The 
assessor should determine the boundaries of 
the site in order todelineate the on- and off-site 
areas. The assessor should also note the 
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Table 3.1. Useful Data for Performing a Heath Assessment 
- 

BACKGROUND INFORMATION Log of actions taken by state or county 

Site Description 
health unit at o r  near the site in response 
to health issues, concerns, and complaints 

0 Site name@), if any 
HEALTH OUTCOME DATA 

0 Site address or location Community health records and studies that 
0 Copy of U.S. Geological Survey (USGS) may have been performed in t h e  

quadrangle map community 

0 site map showing dhtanae from the site to 0 Identity and Soure  of rekvant health 
closest existing residence (or where outcome databases 
residence may be built) 

DEMOGRAPHIC INFORMATION 
0 Politia1 geopphy (inmr~orated Approximate population potentially 

towns, counties, states) affected by the site 
0 site tailin@, landfill. s u f i e  lndiaton of sensitive populations in the 

impoundment, spills) vicinity of the site (i.e., schools, nurseries, 
0 Number and types of National Priorities hospitals, retirement homes) 

List (NPL), RCRA, and industrial sites E~~~~~ identity, age, and sex 
within one-half mile of the site 

0 Information on  hazardous materials LAND USE AND NATURAL RESOURCE 
releases, such as that found in the Toxic USE INFORMATION 
Chemical Release Inventory (TRI) 'Qpa of barriers or  signs to prevent public 

access 
Contact person (local, state, federal - name 
and phone number) Activities on the site (and estimated 

number of people involved in each activity) 
Site History 

Estimated frequency and types of on-site 0 Dates of operation, process description, activities (e.g., dirt biking, camping, 
and significant events hunting, and fishing) 
Descriptionofpriorreleaseandactions fu tu re  land use or 
taken by EPA to remedy problems at the development 
site 

Photographs that depict site conditions, 0 Description of physical barriers to prevent quantity of waste, proximity to populated 
pollutant transport (i.e., liners, slurry areas, and site use 
walls, fences, dikes) 

Map showing locations and uses of wells or 0 Current CERCLA or RCRA status of the springs within two miles of the site 
site and site status with respect to remedial 
activities (past, current, and future) Approximate number of persons using 

groundwater for potable purposes 
COMMUNITY CONCERNS 

Stream classifications and water uses 0 Records of environmental and health downstream from the site 
complaints by public about the site 

0 Health and other concerns gained through 
community meetings 
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Table 3.1. Continued 

Agricul ture,  aquaculture,  animal  ENVIRONMENTAL PATHWAYS 
husbandry, hunting, and fishing near the INFORMATION 
site 

Groundwater 

ENVIRONMENTAL CONTAMINATION Geologic profile 
INFORMATION 

0 Map o f  water  tab le  contours  and  
Substances Present monitoring wells, if any 

List of chemicals by descriptive name and Average net rainfall and evaporation rate 
Chemical Abstracts Service registry 
number Hydraulic conductivity of saturated zone 

(estimated or measured) 
Concentrations of contaminated materials 
present in different media (soil, air, water) Sampling data and description of sampling 

strategy with summary table, including 
Any chemical, mechanical, meteorologic, location of contaminated monitoring wells 
or other phenomena that may rapidly alter and contaminant concentrations over time 
any of the following: current physical state 
and general condition of the substances Surface Water 
and current structural condition of ,, Map of containers, vessels, and buildings that hold 
substances Sampling data and description of sampling 

strategy with summary table 
Summary of current and historical 
sampling data for all media Soil and Sediment 

Quality Assurance and Quality Control Sampling data and description of sampling 
strategy with summary table 

Data Review Summary prepared by EPA 
Regional staff documenting the validation Soil type and characteristics 
of sample holding times, instrument 
performance,  cal ibrat ion,  blanks, Surface cover 
surrogate recovery, matrix spike recovery, Air and compound identification. This 
includes documentation of actions taken to Climatic information 
resolve data quality problems and an 
overall case assessment. Wind rose 

For non-Contract Laboratory Program Sampling data and description of sampling 
(CLP) data, equivalent information should strategy with summary table 
be provided. 

Sampling data for subsurface gas migration 

Biota 

0 Biologic sampling data (fish, animals, 
plants) 

ATSDR Public Health Assessment 
Guidance Manual 



3. Evaluating Site Information 

geographical features, land resource use, and 
demographic characteristics of the population 
surrounding the site. 

Geogrnphic location of the site provides - 
insight about climatic and geologic 
conditions, floodplains, and location of 
major surface-water bodies. 

Location of the site within the 
community provides insight about both 
the size of the population potentially 
affected by the site and other sources of 
contamination. 

Visual representations of the site (site 
plans, topographic maps, and aerial 
photographs), in addition to identifying 
items mentioned in the previous 
paragraphs, indicate the size of site 
operations, extent of surface 
contamination, underground conduits for 
potential contaminant transport, 
distances to  populations near the site, the 
presence of schools and hospitals, and 
land uses near the site. 

Physical hazards at a site may constitute 
a public health concern. All aspects of a 
site's health implications are covered in a 
health assessment. Physical hazards that 
may be observed during the site visit 
include stacked drums, accessible 
chemical products, pits, dams, dikes, and 
unsafe structures (buildings, storage 
tanks). 

3.1.2. Site History and Operations 

In format ion  o n  t h e  si te 's  historical  
development often provides an indication of 
the contaminants that may be present, the 
extent of contamination, the consequent rate of 
migration, and the  magnitude of human 
exposure. Documents must be reviewed for the 
following information : 

l)pes of activities carried out at the site 
will likely give an indication of the 
contaminants of concern at the site. 

Duration of commerdal and industrial 
activities at the site is likely to  influence 
the extent of contamination and 
contaminant migration. 

The length of time contamination has 
been present at the site may give an 
indication of the extent of contaminant 
migration and populations potentially 
exposed. 

Changes in size or development of the 
site may drastically affect the rates and 
patterns of contaminant migration. 

Current and planned remedial activities 
will affect the site's health implications 
and will need to be discussed in the 
health assessment. 

Information on chemicals associated with 
industrial processes may be obtained 
from standard reference sources such as 
Kirk-Othmer's Encyclopedia of Chemical 
Technology or the International Labor 
Office's Encyclopedia of Occupational 
Sa fery and Health. 

3.1.3. Site visits 

The site visit is an essential element of the 
health assessment process. The site visit allows 
the assessor to observe firsthand the current 
conditions at the site. The assessor should note 
the current activities and land use at the site, 
public accessibility to the site, demographic 
characteristics of the community surrounding 
the site, and other information listed in Table 
3.1. During the site visit, if possible, the 
assessor should meet with state o r  local health 
and environmental officials to discuss public 
health issues related to the site (see subsection 
4.2.1.). T h e  E P A  pro jec t  off icer  o r  
representatives of the potentially responsible 
parties may provide information about ongoing 
o r  proposed remedial actions or other risk 
management strategies. Nearby residents and 
community action groups should be contacted 
for information on community health concerns 
related to the site. The site visit often provides 
the first opportunity for the community to meet 
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with federal or  state health professionals. 
Health assessors should describe the health 
assessment process and explain what the 
community  can  expec t  f rom a hea l th  
assessment. The  assessor should answer 
residents' questions and establish a foundation 
for a continuing dialogue with members of the 
community. During the site visit, the assessor 
may also visit other agencies to obtain private 
well inventories, geologic information, zoning 
restrictions, o r  other relevant information 
about the site. 

3.2. COMMUNITY HEALTH 
CONCERNS 

The assessor must attempt to identify specific 
community health concerns that are relevant to 
the site or  release incident. Those concerns 
may be identified in the following ways: 

1. Community meetings acquaint the assessor 
with the public and its health needs; 

2. Environmental and health complaints 
made by the public and actions taken by 
local, state, and federal authorities may 
provide information on health concerns, 
enabling the health assessor to document 
past or  current exposures; and 

3. Community health studies may have been 
performed, indicating health effects as a 
result of exposure. Information about the 
type of study, relevance to  the 
populations of concern at the site, study 
findings, and a possible contact person 
should be determined. 

Additional guidance for gathering information 
on community health concerns can be found in 
Chapter 4. Populations need to be identified 
that may potentially become exposed t o  
hazardous substances from the site; therefore, 
t h e  assessor  must have demograph ic  
information. 

The size and characteristics of the populations 
most likely to have been eqxxed, and to be 
exposed, to  contaminants must be determined. 
The health assessor should consider residential 
populations around t h e  site, as well as 
individuals exposed at businesses, schools, and 
recreational areas near the site. Particular 
population information should be sought 
concerning the distance from the site to  nearby 
residents and the size of the population within 
a specific radius of the site. Information on age 
distribution, ethnicity, and socioeconomic 
status of the affected community may assist in 
identifying susceptible subpopulations and in 
i n t e r p r e t i n g  re levant  hea l th  o u t c o m e  
parameters. 

T h e  primary source of U.S. demographic 
information is the Bureau of the Census of the 
Department of Commerce, which conducts and 
publishes a population census once every 10 
years. T h e  Bureau also provides o ther  
publications, tapes, and maps containing 
demographic data. Four particularly useful 
publications are: Number of Inhabitants 
(Ser ies  PC80-A),  Genera l  Popula t ion  
Characteristics (Series PC80-I-B), Census 
Tracts (Series PHC80-2), and Block Statistics 
(Series PHC80-I). The Bureau's computer 
tapes, the  Master Area Reference Files, 
provide useful census data. 

Another useful source of census data is the 
Summary Tape File-1 (STF-I), which presents 
population data down to the block level. Data 
on those tapes are taken from the full census 
count rather than a sample of the population, 
making it the most accurate information 
available. 

Printed publications of the Bureau of the 
Census are available from the Superintendent 
of Documents, U.S. Government Printing 
Off ice ,  Washington,  D C  20402 (202) 
783-3238. Publications on microfiche or  tape 
can be ordered from Customer Services, Data 
User Services Division, Bureau of the Census, 
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Department of Commerce, Washington, DC 
20233 (301) 763-4100. 

Local government sources and health agencies 
can provide demographic information specific 
to the area to fully characterize the populations 
at risk. In addition, ATSDR is evaluating 
commercial  sources  of  demographic 
information that may be used in the future. 

Information about the residential, recreational, 
and occupational activities of potentially 
exposed populations should be identified. The 
types and levels of activities engaged in by 
populations at risk can affect frequency and 
duration of exposure. 

3.4. LAND USE AND NATURAL 
RESOURCE USE 
INFORMATION 

A review of land use at or near the site is 
necessary because it provides valuable 
information on the types and frequency of 
activities of the surrounding population and the 
probability for human exposure. Land use will 
significantly affect the types and frequency of 
human activities, thereby affecting the degree 
and intensity of contact with soils, water, air, 
exposed wastes, and consumable plants and 
animals. Past, present, and future land use 
should be considered. 

Site accessibility and accessibility of tbe 
contaminated media are likely to affect 
the number of potentially exposed 
individuals. The presence, integrity, and 
suitability of fences and gates at the site 
should be determined, as well as the 
location of residential areas and signs of 
access. Worker access to contaminated 
areas should be determined. 

Industrial areas near the site that may 
potentially contribute to the exposure- 
related body burden of workers and 
residents should be noted. 

Residential areas and indicators of 
lifestyle factors that may influence 
exposures or health implications should 
be identified (low-income or 
poverty-level housing, scavenged drums 
and materials, gardens, livestock, and 
private wells). 

Recmtional areas such as parks, 
playgrounds, and beaches may increase 
exposures and provide additional routes 
of exposure. 

Food-production areas and the market 
for those foods (home, local, regional, 
commercial, or subsistence) may 
influence exposure considerations. 

Surface-water use (recreational, 
agricultural, and drinking-water supplies) 
will affect exposure considerations. 
Creeks, streams, and drainage ditches 
near residences may transport 
contaminants, resulting in increased 
exposure for children. 

Groundwater use (municipal water 
supplies and private wells) may determine 
exposed populations. Information on the 
use of private wells may be obtained from 
local water utilities. When adequate 
information on private well use is not 
available, the assessor may suggest that a 
survey be conducted by the U.S. 
Geological Survey (USGS) or by the 
state or local health agency. 

Hunting and fishing may affect exposure 
considerations for some populations. 
Information about hunting and fishing in 
the area can be obtained from the state 
fish and game department or local 
sporting goods stores. 

After identifying land use and natural resource 
use information, the assessor should review 
information about contamination problems at 
the site. 
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3.5. ENVIRONMENTAL 
CONTAMINATION 
INFORMATlON 

Chemicals identified in specific environmental 
media represent the minimum environmental 
knowledge required to perform a preliminary 
health assessment. Therefore, additional 
information is needed to  perform a more 
complete health assessment. 

Cbemlcal concentrations in each 
environmental medium are needed to 
determine the magnitude of exposure. In 
addition, sampling dates, locations, and 
methods are needed to determine 
representativeness, adequacy, and 
suitability of sampling information for a 
health assessment. 

Quality assurance and quality control 
(QAIQC) information is necessary to 
identify adequacy of data quality for field 
and laboratory investigations. Detection 
limits and QNQC information should be 
provided in a Data Review Summary. 
More extensive information on QNQC 
procedures is presented in Appendix C. 

Tbe Toxic Cbemical Release Inventory 
(TRI) contains information on the annual 
estimated releases of toxic chemicals into 
the environment. This information may 
be useful in the qualitative assessment of 
contamination found in on- or off-site 
environmental media. It should be noted 
that the TRI includes only chemical 
releases that have been reported since 
the database was initiated in 1987. The 
TRI is based on data collected by the 
EPA and is publicly accessible on the 
National Library of Medicine's (NLM) 
Toxicology Data Network (TOXNET). 

Mandated by Title I n  of the Superfund 
Amendments and Reauthorization Act 
(SARA) of 1986, the TRI contains 
provisions for the reporting, by industry, 
on the releases of more than 300 toxic 

chemicals into the air, water, and land. 
Data submitted to EPA include names 
and addresses of facilities that 
manufacture, process, or othenvise use 
those chemicals, as well as amounts 
released into the environment or 
transferred to waste sites. 'Iitle 111, also 
known as the Emergency Planning and 
Community Right-to-Know Act, calls for 
the EPA to collect this data nationwide, 
on an annual basis. The law mandates 
that the data be made available to the 
public through a computer database. 

TRI data is arranged in the following 
broad categories: 

facility identification, 

substance identification, 

environmental release of chemical, 

waste treatment, and 

off-site waste transfer. 

The data include the names, addresses, 
and public contacts of plants 
manufacturing, processing, or  using the 
reported chemicals, the maximum 
amount stored on site; the estimated 
quantity emitted into the air (point and 
non-point emissions), discharged into 
bodies of water, injected underground, or 
released onto land; methods used in 
waste treatment and their efficiency; and 
data on the transfer of chemicals off site 
for treatment and disposal, either to 
publicly owned treatment works o r  
elsewhere. 

Health assessors should check the TRI 
for information on the release of 
hazardous substances from a site. If 
there are other facilities in the vicinity of 
a site, they should also be checked as 
possible sources of chemical releases. 

In addition to these data needs, the assessor 
shou ld  ident i fy  in format ion  a b o u t  
environmental transport pathways. 
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3.6. ENVIRONMENTAL PATHWAYS 

Physical characteristics and climatic conditions 
of the site contribute to  the transport of 
contaminants and, ultimately, t o  human 
exposure to  the contaminants. Therefore, 
information about physical and climatic 
characteristics of the site is needed. 

Topography, the relative steepness of 
slopes and elevation of the site, may 
affect the direction and rate of water 
runoff, rate of soil erosion, and potential 
for flooding. 

Soil types and locations influence 
percolation, groundwater recharge, 
contaminant release, and transport rates. 

Ground cover of the site greatly 
influences the rates of rainwater 
infiltration and evaporation and soil 
erosion. 

Annual precipitation affects the amount 
of moisture that is contained in the soil 
and the amount of percolation, as well as 
the water runoff and groundwater 
recharge rates. 

Temperature conditions affect rates of 
contaminant volatilization and the 
frequency of human activity out-of-doors. 

Other factors, such as wind speed, may 
influence volatilization and soil erosion. 

H y d ~ l o g i c a l  composition and 
structure affect the direction and extent 
of contaminant transport in water. 

Locations of surface-water bodies and 
use of those water bodies may 
significantly affect the migration of 
contaminants off the site and into other 
media. 

3.7. HEALTH OUTCOME DATA 

An integral part of the evaluation of a site is the 
identification of relevant, site-specific health 
outcome data. Key health outcome data 
sources include state health departments and 
local public health officials. In addition, several 
health outcome databases are maintained by 
federal and private agencies. ATSDR is in the 
process of developing strategies to establish a 
baseline inventory of all existing relevant health 
outcome databases. Once developed, this 
consolidated database will be available to all 
health assessors. 

Health outcome data constitute a key source of 
information for conducting health assessments. 
All health outcome databases and information 
used in the health assessment should be listed 
in this subsection. Chapter 7.2. provides 
guidance on the use of health outcome data in 
the health assessment process. 

-- - 

After reviewing the information necessary to 
characterize the site, the assessor may begin the 
next step in the health assessment process: 
identifying community heal th  concerns  
(Chapter 4). 
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4. RESPONDING TO COMMUNI'IY 
HEALTH CONCERNS 

Community health concerns constitute one of 
the three main pieces of information in health 4.1. BEFORE THE S m  VlSrr 
assessments. This chapter discusses the 

used to gather community 4.1 .l. Contacting Relevant Agencies and how to respond to them during the health 
assessment process. Sources of information about the site exist at 

The health assessor works with the regional 
representatives and the Division of Health 
Assessment and Consultation's community 
involvement. liaison, or other members of the 
site team, to gather and address community 
health concerns. Regional representatives play 
an important role in assisting the  health 
assessor contact other federal agencies and 
state and local governments. The community 
involvement liaison facilitates contact between 
health assessors and the community; is a source 
of community-based information; serves as a 
source of information for the community about 
A'ISDR and its activities; is responsible for 
announcing site-related meetings and the 
public comment period for health assessments; 
and may participate in site visits. 

Before the on-site effort begins, the health 
assessor, community involvement liaison, 
regional representative(s), and other site team 
members should coordinate tasks and roles and 
determine their individual responsibilities. To  
identify and address community health 
concerns ,  t h e  heal th  assessment team 
undertakes the following tasks: 

identifying involved community members; 

involving the community in the health 
assessment process at the earliest 
opportunity; 

maintaining communication with the 
community and other involved parties 
throughout the process; and 

soliciting and responding to community 
comments on the final health assessment. 

the federal, state, county, and local levels. 
Depending on site-specific issues, the health 
assessor may need to communicate with health 
agencies and elected o r  appointed oficials at 
each of those levels. Those organizations can 
facilitate community participation in the  
information-gathering process and play an 
important role in disseminating information to 
the community. 

T h e  hea l th  assessor  shou ld  begin any 
information search by enlisting the aid of the 
regional representative o r  other site team 
members for assistance in contacting relevant 
agencies and discussing the types of assistance 
and information needed (e.g., access to site 
files, participation in site visits, review of draft 
health assessment documents, notices of public 
meetings being held, agency information on 
community networks, mailing lists). 

4.1.1 .I. Environmental Protection 
Agency 

Well in advance of the site visit, through the 
regional representative o r  other members of 
the site team, the health assessor should con tact 
the EPA for assistance in accomplishing the 
following tasks: 

identifying community contacts and 
existing information distribution 
channels; 

minimizing conflicting information; 

developing a plan to  effectively use joint 
public meetings and other mechanisms 

- - - - - - - - 
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to communicate with involved parties; 
and 

responding to community requests for 
information. 

The health assessor, regional representative, or 
community involvement liaison should also 
contact the EPA remedial project manager 
andlor community relations staff to obtain the 
site-specific community relations plan. This 
plan, which the EPA prepares for every NPL 
site, includes site background data, a history of 
community involvement, community relations 
strategies and schedule, and a list of community 
contacts. 

Two types  o f  E P A  s i t e  files-the 
administrative record and the information 
repository-will provide the health assessor 
with vital information. The administrative 
record contains documents that the EPA 
considered or  relied on when selecting a 
response action. The information repository 
contains each document made available to or 
received from the public. 

4.1.1.2. Other Agencies 

Following contact with EPA, the  health 
assessor may find additional site information at 
other organizations, including these: 

other federal agencies (e.g., U.S. 
Geological Survey, U.S. Forest Service, 
Indian Health Service, U.S. Fish and 
Wildlife Service, U.S. Department of 
Agriculture); 

state and local agencies (e.g., state public 
health and environmental departments); 

county medical office (including county 
medical officer, sanitarians, nurses, 
industrial hygienists); and the 

county environmental health department. 

Health assessors should consult with the 
regional representative and, as needed, the 
ATSDR Washington, D.C., office to determine 
who should make these contacts. 

4.1.2. Community Contacts 

The community associated with a site can be 
broadly defined as the population living around 
the site and all others who can provide or 
disseminate relevant information on that site 
during the health assessment process. The 
involved community may include individual 
residents living near the site or  organized 
community groups and their representatives. 
Contacting the population living around the 
site and interacting with community-based 
organizations allows the health assessor to 
become aware of community health concerns 
and to obtain other relevant site information. 

Community concerns associated with exposure 
to site contaminants may be environmental or 
health-related, or both. The health assessment 
process focuses on obtaining information on 
health-related concerns. Identifying those 
concerns is critical and often requires active 
investigation by the healfh assessor. The first 
step is to identify as many relevant community 
contacts as possible. Determining who the 
appropriate community contacts are depends 
not only on site-specific issues, but also on the 
nature of the concerns and the degree to  which 
the community is involved. A review of the site 
file may assist the health assessor in identifying 
other persons--both within and outside the 
agency-who have been involved with the site. 

Key community representatives identified for 
contact should receive information from the 
health assessment team about the upcoming 
site visit and requests for meetings with 
community members. Those community 
contacts should be able to provide the health 
assessor and other members of the site team 
with valuable information about the best ways 
to  secure site data and information about 
community concerns, the level of community 
interest, and the best strategy for interacting 
with the site community (e.g., public meetings, 
public availability meetings, small group 
meetings). The health assessor can begin 
determining the extent of concern within the 
community by noting the nature and number of 
questions residents ask. 

- - 
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As appropriate, the health assessor should 
contact individuals and established community 
groups, including (but not limited to) these: 

Individual residents/petitioner(s); 

Elected officials (U.S. Congress, state, 
and local officials). Appropriate 
ATSDR channels must be used and 
applicable government regulations must 
be followed when contacting elected 
officials; 

Fishing, hunting, agricultural, 
conservation, and industrial 
organizations; 

Local medical society and other health 
care providers; 

Media (print, electronic); 

Community leaders; 

Community organizations, including 
specialized minority organizations; 

Local community environmental groups; 

Universities or academic institutions; 

School principals and school nurses; 

Labor unions; 

Institutions and facilities near the site 
(e.g., child-care centers, prisons); and 

Potentially responsible parties . 

4.1.3. Site Visit Communication 
Strategy 

Based on the information collected, the health 
assessor works with others involved with the 
s i t e  t o  develop a specific s t ra tegy fo r  
communicating with the community during the 
site visit. In cooperation with the regional 
representative,  community involvement 
liaison, or other staff, the health assessor should 
establish a meeting schedule and determine the 
type of meeting most suited to the needs of the 
community. A public meeting, an availability 
meeting, o r  a small-group meeting (but 
generally not all three) may be held; individual 

meetings with key contacts should always occur. 

4.1.3.1. Media Relations and 
Community Notification 

At some sites, ATSDR may announce the site 
visit to the local media with a press release. The 
press release discusses the purpose and uses of 
a health assessment, the purpose of the site 
visit, and any meetings to which the public is 
invited. 

If a public availability session or public meeting 
is to be held, ATSDR issues a press release and 
places a public notice in the local newspaper; 
fliers may be sent to key contacts requesting 
that they be distributed in the community. As 
needed, notices should also be sent to local 
commercial establishments requesting that 
they be posted. 

- -  ~ 

42. DURING THE SITE VISIT 

The  site visit is a key step in the health 
assessment process. The primary purposes of 
the site visit are to observe the site and meet 
with key agencies to gather information on the 
community's hea l th  concerns.  S i t e  
observations should include information based 
on interviews with local, state, and federal 
environmental and public health officials and 
community members who have knowledge of 
the site. 

A successful site visit requires thorough 
preparation and organization. Before the site 
visi t ,  t h e  hea l th  assessor ,  regional  
representative, the community involvement 
liaison, and other members of the site team 
should meet and make arrangements to: 

brief all contacts about the purpose of 
the visit; 

8 send the contacts written confirmation of 
site visit and meeting dates, times, and 
places; 
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make arrangements for group and public 
meetings or ensure those duties have 
been assigned; 

invite representatives of relevant 
agencies (EPA, state health and 
environmental departments) to 
appropriate meetings or visits; and 

develop informational materials (press 
releases, fact sheets). 

Activities conducted during the site visit will 
vary from site to  site; not every site visit will 
include a public meeting or  a live media 
interview. Chapter 3 addresses in detail the 
role of the site visit in the health assessment 
process. 

4.2.1. Meetings 

Initial contacts made during the site visit set the 
tone for the agency's continued involvement 
with the community. For that reason, smaller 
meetings are preferred over large-scale public 
meetings, which d o  not offer one-on-one 
contact. Initial meetings with the community 
serve a variety of purposes, including these: 

further identifying the concerned 
community (including demographic and 
geographic distribution information) and 
the community's concerns (including 
specific health outcomes of concern and 
quality-of-life issues); 

gathering information on past and 
present community interest in the site; 

further identifylng key contact people 
within the concerned community; 

learning about site status and the 
community's perception of it; 

determining possible exposure routes 
and the potential for exposure; 

' building community trust; 

educating the community about ATSDR 
and its activities (identifylng what the 
agency can and cannot do in the context 
of a health assessment and stressing the 

non-regulatory nature of the document 
and its advisory capacity) and the 
purpose, scope, and possible results of a 
health assessment; 

providing assistance to community 
members who want to better understand 
technical issues regarding site-related 
contaminants and exposure and 
providing information about other 
sources of information (such as ATSDR 
Toxicological Profiles, national 
environmental groups, nearby university 
centers, etc.); 

developing a mailing list; 

identifying candidates for a Community 
Assistance Panel (panels serve as a 
conduit of information between ATSDR 
and the community, providing the 
community the opportunity to become 
involved in the health assessment 
pro==); 

identifylng ways the community prefers 
to receive information (e.g., through the 
news media, a quarterly newsletter, etc.) 
and any established communication 
frameworks (e.g., schools, churches, city 
government, andlor informal means); and 

identifying how the community wishes to  
be involved in the health assessment 
process. 

4.2.2. Media Contact 

Reporters may attend public meetings, which 
are large-scale, open forum events. Public 
availability sessions, on the other hand, are not 
media opportunities. These meetings are 
intended to be informal, private sessions at 
which individuals from the community can 
share their concerns and ask questions. Many 
states have a sunshine law, which prohibits 
barring reporters from these meetings. Should 
reporters arrive, staff should meet with them; 
stress that the session is to allow citizens privacy 
in discussing their concerns, and request a later 
appointment to answer media questions. T o  
protect the community's privacy, filming and/or 
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in terviewing par t ic ipants  should  be  
discouraged. 

T o  ensure that the emphasis of any public 
meeting remains on the community and its 
concerns, the health assessor may wish to 
announce at the beginning of the meeting that 
the session is for the community, and media 
questions will be taken afterward. 

4.3. AFlER THE SITE VISIT 

4.3.1. Documenting and Sharing 
Information 

- - - - - - -- 

Information obtained during the site visit must 
be documented by a site visit report and an 
ATSDR Record of Activity. 

Persons involved in the site visit should meet as 
soon as possible following the visit to discuss 
community involvement activities. Specifically, 
the need for a Community Assistance Panel 
should be determined. 

Information gathered before, during, and after 
t h e  si te visit is used to  prepare a draft 
Community Involvement Plan (see 4.3.2.), 
which may be revised as necessary. 

4.3.2. The Site-Specific Community 
Involvement Plan 

ATSDR prepares a site-specific community 
involvement plan for each site that describes 
ATSDR's goals, objectives, and strategies for 
involving t h e  community in the  health 
assessment. In addition, this plan may include 
the following elements: 

information repository;* 

quarterly updates;* 

Community Assistance Panel; andlor 

follow-up community meetings. 

*These activities will be piloted during 
1991-1992 and evaluated for effectiveness. 

4.4. PUBLIC COMMENT PERIOD 

Releasing a health assessment for public 
comment is the last step in this phase of the 
process. The purposes of the public comment 
period are: 

to provide the public, particularly the 
community associated with the site, the 
opportunity to comment on the health 
assessment, especially the public health 
conclusions and recommendations and 
the effectiveness of the document in 
addressing community health concerns; 
and 

to provide ATSDR with additional 
relevant information. 

The  health assessment is available in the 
community at the established information 
repository (if one exists) and at two other 
repositories,  if possible. To facilitate 
distribution of the draft health assessment and 
t o  encourage public participation, certain 
groups (e.g., local health department and 
community contacts) should receive copies. 
The document's availability is announced in a 
legal public notice placed in one or more local 
newspapers and in a press release t o  local 
media. In addition, letters and/or fliers about 
the document may be sent to key community 
contacts, and the community may also be 
notified by other methods previously identified 
as effective (such as notices sent home through 
the schools or civic organizations, telephone 
frees, etc.) 

A log of comments received is kept as part of 
the health assessment administrative record. 
Comments (without attribution) and agency 
responses are included as an appendix to the 
completed health assessment. For each site, a 
separate file will be created containing the 
health assessment, the public comments, and 
corresponding responses. The file is available 
for.public inspection upon written request. 

The health assessor must respond to public 
comments, revising the health assessment when 
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appropriate. Following the close of the public 
comment period, the health assessor(s) and 
other parties involved in the health assessment 
meet to discuss the need for a public or other 
community meeting to  announce the results of 
the health assessment. Criteria for assessing 
the appropriateness of a public meeting include 
these: 

number of comments received (as an 
estimate of community interest); 

advice of members of the Community 
Assistance Panel, if applicable; 

input from key community contacts 
andlor the expressed wishes of the larger 
community as indicated in meetings, by 
telephone contacts, or other means; 

amount and type of media coverage; 

history of community 
interestestimated by a variety of 
factors, such as number of 
community-based environmental groups, 
numbers of persons visiting the 
information repository andlor providing 
information through that mechanism, or 
calls to ATSDR staff from community 
members; and 

number of persons who have attended 
meetings. 

If a public meeting is to be held, the health 
assessor should b e  prepared t o  discuss 
responses to public comments as well as other 
issues associated with the health assessment. 

4.5. ADDING COMMUNI'TY HEALTH 
CONCERNS TO THE HEALTH 
ASSESSMENT 

Community hea l th  concerns  should b e  
discussed in two parts of the health assessment: 
the Community Health Concerns and Public 
H e a l t h  Impl icat ions  sect ions .  I n  t h e  
Community Health Concerns section, the 
health assessor presents the health concerns of 
the community residents, but no assessment or 
evaluation of the concerns is provided in that 
section of the health assessment. ATSDR's 
response to health concerns should be included 
in the Public Health Implications section under 
the subsection Community Health Concerns 
Evaluation. Sections 9.3. and 9.6.3. of this 
manual describe in detail how health assessors 
should present information on community 
health concerns. 
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This chapter discusses how to determine 
c o n t a m i n a n t s  o f  c o n c e r n  a t  t h e  s i te .  
Contaminants of concern are the site-specific 
chemical substances that the health assessor 
has selected for further evaluation of potential 
health effects. Identifying contaminants of 
concern is an iterative process that requires the 
assessor  t o  examine  con taminan t  
concentrations at  the site, the  quality of 
environmental -sampl ing d a t a ,  and t h e  
potential for human exposure. The following 
kinds of information will assist the assessor in 
identifying contaminants of concern: 

1. Contnminants on and OK the site 
(Although all contaminants should be 
considered potential contaminants of 
concern, health assessors select 
contaminants of concern based on 
comparative analyses with health 
guidelines, multi-media exposures, 
interactive effects, and community health 
concerns.) 

2. Concentrations of contaminants in 
environmental media (Health assessors 
use sampled data-temporal analyses, 
and spatial analyses, when possible-to 
identify contaminants of concern in the 
past, present, and future, and the 
likelihood of inter-media transfer.) 

3. Background concentration levels (A review 
of background contaminant levels in the 
local environmental media should assist 
in identifying the source of 
contamination.) 

4. Quality of environmental-sampling data 
and techniques (Sampling data and 
techniques should be evaluated for 
validity and representativeness.) 

5. ATSDR Environmental Media Evaluation 
Guides (EMEGs) and other appropriate 
comparison values (Those 

environmental concentration guides are 
used to  help select contaminants of 
concern.) 

6. Community Health Concerns (A health 
assessor must address each community 
health concern about a particular 
contaminant, regardless of its presence or 
concentration at the site.) 

Toxic Chemical Release Inventory (This 
EPA database must be examined to 
determine additional sampling needs and 
additional sources of contamination in 
the area, as well as the dates, amounts, 
and names of contaminants that have 
been released by the site facility and 
others in the vicinity.) 

8. ATSDR Toxicological Profiles (These 
documents provide a public health 
statement, health effects information, 
chemical and physical properties, use 
information, exposure information, 
analytical methods, regulations, and 
references.) 

The reports and documents made available to 
t h e  assessor  genera l ly  m e n t i o n  t h e  
contaminants found in environmental media on 
and off the site. Those reports usually provide 
appendices that list the media involved, sample 
number, date sampled, detection limits, and 
concentrations detected. The list of detected 
contaminants may be quite extensive, involving 
many compounds. The health assessor should 
consider all detected contaminants as potential 
contaminants of concern. 

-- - ~~ -- 
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5.1 .l. Organization of Contaminants 
of Concern 

The health assessor should identify, organize, 
and discuss the contaminants of concern by- 
media, keeping the narrative discussion to a 
minimum. While t h e  narrative should 
summarize information in the data tables, the 
concentrations should not be repeated. Media 
subheadings, such as Surface Soil, Subsurface 
Soil, Sediment, Surface Water, Groundwater 
(with subcategories of Private Wells, Public 
Wells and Monitoring Wells), Air, Biota, Waste 
Materials, Soil Gas, and Leachate should be 
used when appropriate in the On-site and 
Off-site Contamination subsections. 

All contaminants identified in the On-Site 
Contamination subsection should be included 
in the Off-site Contamination subsection. The 
heal th  assessor should  identify on-site 
contaminants that have not been detected or 
reported off site. Regardless of whether the 
d a t a  w e r e  avai lable  f o r  review, all 
environmental media that have been sampled 
on- o r  off-site should be explicitly stated in the 
health assessment. 

Data on surface and subsurface soil should be 
separated, as should groundwater data from 
private wells, public wells, and monitoring 
wells. 

When discussing surface water data, the health 
assessor should clearly differentiate between 
puddles and surface waters found in larger 
water bodies and waterways. Surface waters do 
not include impoundments or lagoons that 
contain waste materials. 

The health assessor should address trends in 
discussions of the data, but should not discuss 
migration in this section. Specifically, the 
heal th  assessor should consider spatial 
distribution, "hot spots," concentration 
changes  over  time, and  contamination 
differences between media. 

5.1.2. Presenting Contaminants of 
Concern In Data Tables 

When a substance is identified as a contaminant 
of concern in one medium, the health assessor 
should provide its concentration for all media 
sampled in either a data table or the narrative. 
Unless the data table is too long, the health 
assessor should incorporate the data table into 
the narrative portion for each environmental 
medium. This should be done for both the 
On-site Contamination and t h e  Off-site 
Contamination subsections. Comparison 
values should be included in the data tables. 
For specific examples on how to  construct data 
tables and on which items to  include, refer to 
Chapter 9, Health Assessment Format. 

The range of contaminant concentrations 
detected should be presented in the data tables. 
Averaged data can also be reported, if available, 
but the average should be accompanied by the 
range of concentrations. For the purpose of 
selecting contaminants of concern, t h e  
maximum concentration of a contaminant 
should be used. Thisensures that all potentially 
significant contaminants will be evaluated. 

To distinguish historical data from cuirent data, 
the health assessor should identify in a data 
table  contaminant  concentra t ions  t h a t  
document past exposures. It will be necessary 
for the health assessor to determine whether 
past removal or remedial activities may have 
altered the contamination in a medium. The 
health assessor should not rule out past or 
present contamination o r  transport until the 
following occurs: 

1. It is determined that the sampling design, 
coverage, location or station 
construction, collection and frequency, 
sample storage and shipment, or analyses 
are satisfactory. 

2. Information is found explicitly stating that 
removal or remedial activities have 
occurred in the sampled medium. 
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52. REVlEWlNG 
CONCENTRATION LEVELS 

T h e  health assessor needs to review the 
concentra t ion levels repor ted for each 
con taminan t .  In  add i t ion  t o  listing 
contaminants detected, si te reports and 
documents contain data on  contaminant 
concentrations at the source, in areas of special 
concern, and, in some cases, at background 
locations. Review of this information can 
provide t h e  assessor with preliminary 
indications of those contaminants detected at 
the highest concentration levels and with the 
greatest frequency. Further, the assessor may 
c h e c k  sampl ing  comple teness  and 
representativeness by identifying the specific 
media that were sampled and the exact location 
of sampling points. 

Background locations represent areas at or 
near t h e  hazardous waste site that are not 
contaminated. Refer to Section 5.5. for more 
details on obtaining and using background data. 
At these background locations, samples may be 
collected from each medium that has the same 
basic characteristics as the medium of concern 
at the site. Determining background locations 
requires knowledge about the site history, site 
spills and releases, and about which directions 
relative to the site, or its contamination plumes, 
are upslope, upgradient, upwind, o r  upstream. 

5.3. EVALlJAllNG SAMPLING DATA 
AND TECHNIQUES 

Before using environmental data to  reach 
conclusions in the health assessment, the 
assessor must check fo r  inadequacies,  
insufficiencies, and discrepancies in the data or  
in the sampling and analytical techniques used 
to obtain the data. That is done by obtaining 
the QNQC summary from EPA through the 
ATSDR regional representative. Once 
obtained, the health assessor should verify the 

acceptability of three data criteria: field data 
quality, laboratory data quality, and data 
adequacy. 

5.3.1. Field Data Quality 

The health assessor should verify that the 
sampling data contained in the site evaluation 
report were obtained in accordance with 
QNQC specifications, as detailed in the site's 
Quality Assurance Project Plan, t o  ensure 
appropriate sampling techniques and protocol. 
The QAlQC summary in the EPA data package 
should state if sampling quality is not adequate. 
When available, the assessor should review 
information about these elements: 

field inspections; 

well development and installation; 

bottles and preservatives; 

decontamination procedures; 

equipment calibration; and 

field duplicates and splits. 

5.3.2. Laboratory Data Quality 

These criteria may be verified by reviewing the 
case narrative and the Data Review Summary 
that should be provided with the QAIQC 
summary in the EPA data package. Similar 
information should be available for both 
Contract Laboratory Program (CLP) and 
non-CLP data. 

T h e  case narrative is p r e p a r e d  by t h e  
laboratory performing the data analysis. This 
narrative contains a summary of any QC, 
sample, shipment, or analytical problems, and 
documentation of the internal decision process 
used. It outlines problems encountered and 
their final solutions. 

The Data Review Summary is prepared by 
EPA regional staff. This summary documents 
the  validation of sample holding times, 
instrument performance, calibration, blanks, 
surrogate recovery, matrix spike recovery, and 
compound  ident i f ica t ion.  I t  includes 

- - 
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documentation of actions taken to resolve data 
qual i ty  problems and  a n  overal l  case  
assessment. 

If Q N Q C  information is not available, the 
assessor should state that the conclusions 
d rawn fo r  this hea l th  assessment  a r e  
determined by the availability and reliability of 
the referenced information, and it is assumed 
that adequate quality assurance and quality 
control measures were followed with regard to 
chain of custody, laboratory procedures, and 
data reporting. When QNQC information is 
not available, the assessor should account for 
t h e  uncertainty of the  da ta  in both the  
conclusions and recommendations of the 
health assessment. 

5.3.3. Adequacy of Data 

A f t e r  reviewing t h e  media-specific 
concentration data and field and laboratory 
data quality information, the health assessor 
must determine whether the information 
available for each medium is sufficient to make 
an assessment of the levels of contaminants to 
which people are or might be exposed. If the 
data are insufficient or not available, then a 
brief explicit statement should be made in the 
Recommendations section of the  health 
assessment report specifying the information 
needed. 

At NPL sites, environmental media are usually 
analyzed for chemical substances on  the Target 
Compound List (TCL). That list includes most 
o f  t h e  organic and inorganic chemical 
contaminants that are found at hazardous waste 
sites. However, no list or series of analytical 
tests can include all potentially hazardous 
chemicals.  At  some s i tes ,  opera t ions  
conducted at the facility may have caused 
environmental contamination with chemical 
substances that are not on the TCL. If such 
contamination is suspected and is a source of 
potential health concern, the assessor should 
note the deficiency in this section and in the 
Conclusions section and make the appropriate 
recommendations in the Recommendations 
section to fill the data gap. 

Inadequacies, insufficiencies, and discrepancies 
in the data or  in the sampling and analytical 
techniques used to  obtain the data, as well as 
missing QAIQC information, should b e  
explicitly noted in the health assessment. 
Additional information on QNQC procedures 
is presented in Appendix C. 

Before making comparisons with site-related or  
background data, the data's representativeness 
and adequacy should be evaluated. The health 
assessor should consider the following items: 

1. Are the data representative of the media of 
interest for a particular area and time 
period (e.g., point of time, season, year, 
or  decade)? 

2. D o  sufficient data exist to understand 
spatial or  temporal trends and the 
potential points of exposure? 

The  health assessor should address the 
following questions on type and design of 
environmental sampling to  determine the 
adequacy of the data. 

Soil 
-- 

If humans have access to contaminated soils, 
can ranges of contamination be provided on the 
basis of land use (i.e., restricted access, 
road/driveway/parking lot access, garden use, 
agriculture and feedlot use, residential use, 
playground and park use, etc.)? 

Have the soil depths been specified? Do soil 
data represent "surface soilndata ( 1 3  inches in 
depth) or "subsurface soil" data (>3  inches in 
depth)? If soil depth is known, but does not 
meet surface or subsurface soil definitions, 
designate the data as soil and specify the depth 
(e.g., 0-6 inches). If the soil depth is unknown, 
the health assessor should designate the data as 
unspecified soil." 

Has soil been defined in the data? If not, the 
health assessor should assume soil includes any 
unconsolidated natural material or  fill above 
bedrock that is not considered to be soil and 
excludes manmade materials such as slabs, 
pavements or driveways of asphalt, concrete, 
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brick, rock, ash or gravel. A soil matrix may 
consist of pieces of each of these materials. 

D o  soil data include uphill and downhill 
samples and upwind and downwind samples 
both on and off the site? 

Sediment 

Have the sediment samples been identified as 
grab samples or cores? Was the depth of the 
samples specified? 

Was the sampling program designed to collect 
sediment samples at regular intervals along a 
waterway or from depositional areas or both? 

D o  the sediment data include results for 
upstream and downstream samples both on- 
and off-site? 

Has sediment been defined by the samplers? 
(To prevent confusion between sediment and 
soil, assume "sediment" is defined as any solid 
material, other than waste material or waste 
sludge, that lies below a water surface, that has 
been naturally deposited in a waterway, water 
body, channel, ditch, wetland, or swale, or  that 
lies on a bank, beach, or floodway land where 
solids are deposited.) 

Have any sediment removal activities (e.g. 
dredging, excavation, etc.) occurred that may 
have a l t e r e d  t h e  d e g r e e  of sed iment  
contamination (leading to a false negative). 
This becomes important when the following 
occur: 

1. sediment contamination in fshable waters 
is used to justify sampling and analyses of 
edible biota; 

2. sediment data are used to justify additional 
downstream sampling, particularly at 
points of exposure and in areas not 
subject to  past removal activities; and 

3. the significance of past exposure is assessed. 

Surface Water 

D o  surface-water data include results for 
samples both upstream and downstream of the 
site? 

Was information obtained on the number of 
surface- water samples taken at each station, as 
well as the frequency, duration, and dates of 
sampling? 

Groundwater 
- 

Were groundwater samples collected in the 
aquifer of concern? 

Did sampling occur both upgradient and 
downgradient of the  s i te  and the  site's 
groundwater contamination plume? 

Other Comments 

Did the sampling design include selected hot 
spot locations and points of possible exposure? 

5.4. MAKING DATA 
COMPARISONS 

Health assessors may perform either a direct 
comparison or  a statistical comparison between 
one data set and another, or  both. The simple, 
direct comparison between one datum (e.g., a 
relevant background datum) and one or  more 
si te-related datum is t h e  most popular 
approach. 

T h e  health assessor may also perform a 
s ta t is t ica l  comparison t o  examine t h e  
significance of any differences between various 
s i t e - re la ted  d a t a  (e.g., well  d a t a  a t  
contamination source versus downgradient 
well data at the site boundary) or  between 
site-related data and background data. For an 
overview of basic statistical concepts in 
comparing background data with site-related 
contamination, refer to  background sampling in 
EPA's RkkAssessment Guidance for Superjid 
Volume I - Human Health Evaluation M a w 1  
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(PartA), December 1989. This EPAdocument 
explains how to perform statistical hypothesis 
testing to  determine whether a significant 
d i f ference exists between contaminant 
concentrations at the site and background data. 

Often, statistical analyses are  unnecessary 
because site-related data and background data 
clearly differ. A more important issue will be 
determining the representativeness of the 
sampling data at the site and at background 
locations. S e e  Section 5.3., Evaluating 
Sampling Data and Techniques. 

5.5. USING BACKGROUND 

Although comparisons of site-related data with 
background data may influence the selection of 
a contaminant of concern, background levels 
must not be considered the sole determinant. 
After background sampling data have been 
found to be representative, the health assessor 
should determine whether the background data 
exceed Environmental Media Evaluation 
Guides (EMEGs; section 5.6.) and other 
app l icab le  compar i son  values. T h a t  
comparison of background data with EMEGs 
and other comparison values will assist the 
health assessor in determining whether any 
health hazards or threats may be posed by 
background levels. Background levels in local 
environmental media may be greatly influenced 
by high levels of contaminants from native 
mineral deposits or other natural sources. 

Combined with other site-related sampling 
data, local background data may be used by the 
health assessor to help determine the likely 
source of contamination. Both spatial and 
temporal analyses of the data points can assist 
in this determination. 

5.5.1. Kinds of Background Data 

Background data may be one or a combination 
of two types of levels: 

1. naturally occurring ambient levels of 
substances in the environment that have 
not been influenced by humans; and 

2. anthropogenic levels of substances in the 
environment due to human-made, 
non-site sources. 

Background levels c a n  b e  localized o r  
ubiquitous depending upon the extent and 
source of contamination. Background levels 
may be obtained locally from each medium of 
concern, in areas not influenced by site 
contamination. For example, as background 
data on indoor air and dust levels and building 
materials become available, health assessors 
can compare that information to  indoor air and 
dust levels and building materials of structures 
(e.g., residences) contaminated by s i te  
contaminants. 

If local background samples for the medium of 
concern have not been collected, background 
levels for the state, region, or nation might be 
used for comparison provided the medium has 
the same basic characteristics as the medium of 
concern at the site. If sources other than local 
data are used for background data, reference 
the source and explain their applicability. 

Background levels of many chemicals in various 
environmental  media a r e  discussed in 
ATSDR's Toxicological Profiles. In addition, 
Table 5.1. contains ranges of background levels 
for elements in soils of the United States. The 
health assessor may use  tha t  t ab le  fo r  
comparison purposes if local background soil 
data are not available. 

5.5.2. Background Comparisons With 
EMEGs or Other Comparison 
Values 

Whenever local background data exceed 
EMEGs or applicable comparison values, the 
health assessor should: 

1. further evaluate the contaminant in 
subsequent sections of the health 
assessment; and 
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Table 5.1. Mean concentrations', Deviations, and Ranges of Elements in Samples of 
Soils in the Coterminous United statesZ 

- 

Western United States Eastern Unted States - 
Estimated Estimated 

Obrenred Arithmetic Observed Arithmetic 

G e  1.2 1.32 0.58 - 25 1.2 
Hg 0.046 233 ~0.01 - 4.6 0.065 
I 0.79 255 <0.5 - 9.6 1.2 
K% 3 1.8 0.71 0.19 -6.3 none 
Le 30 1.89 <30-200 37 

Si% 3 ' 30 5.7 15 - 44 none 
Sn 0.90 2.11 <0.1 -7.4 1.2 
Sr 200 2.16 10 -3,000 270 
Ti% 0.22 1.78 0.05 - 2.0 0.26 
ll 9.1 1.49 24 - 31 9.8 

<05 - 53 0.85 
0.06 - 37 26 
0.01 - 28 0.63 
<I50 - 300 76 
<3 - 70 9.2 

1 - 1,000 52 
<1 - 700 22 
<10 - 3,700 360 
0.01 - >10 2.5 
<5 - 70 14 

<0.1 - 2.0 1.2 
0.01 - 3.4 0.12 
c0.5 - 7.0 1.2 
0.005 - 3.7 none 
<30 - 200 37 

34 6.64 1.7 - 45 none 
0.86 281 <O.l -10 1.5 
53 3.61 <5 - 700 120 
0.28 200 0.007 - 15 035 
7.7 1.58 22 - 23 8.6 

1 Means and ranges are reported in parts per million (mg/g) or percent, as indicated. Means and deviations 
arc geometric acxpt as indicated. 

2 Source: U.S. Geological Survy (1). 
3 Means are arithmetic, deviations arc standard. 
% Percent. 
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2. indicate that the background contaminant is 
unrelated to the site, provided sufficient 
evidence is available. 

5.5.3. Background Comparisons With 
Site-related Concentrations 

Regardless of whether local background data 
exceed or do not exceed EMEGs and other 
applicable comparison values, the health 
assessor shou ld  c o m p a r e  s i t e - re la ted  
concentrations to (1) background data and (2) 
E M E G s  and  o t h e r  hea l th  assessment 
comparison values. The first part of this 
comparison and a spatial analysis will help the 
health assessor identify the likely sources of site 
contamination. 

When background data are compared with 
site-related concentrations, the  following 
decisions should be considend: 

1. If the levels for a site-related contaminant 
in an environmental medium are greater 
than background levels and less than 
EMEGs or other relevant comparison 
values, the medium may need to be 
further assessed for possible contaminant 
migration (in the Pathways Analyses 
section), especially if the extent of 
contamination in that medium has not 
been adequately characterized. In most 
cases, the contaminant should not be 
listed as a contaminant of concern in that 
medium. However, the health assessor 

Decisions To Consider When Using Background Data And 

THEN WAS 
CONTAMINANT 
OF CONCERN 

&ample of how to read #I  on this table: If on-site or off-site data level is "greater than background data 
level" (marked with YES) and less than EMEG or other comparison value (marked with YES), then do 
not "list as n contaminant of concern" (marked with NO). 
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should use professional judgment in this 
determination, particularly if the medium 
has been poorly characterized. 

2. If the levels for a site-related contaminant 
in an environmentalmedium are greater 
than background levels and EMEGs or 
other relevant comparison values, the 
contaminant should be listed as a 
contaminant of concern in that medium. 

3. If the levels for a site-related contaminant 
are greater than background levels, and 
no EMEG or other applicable 
comparison value exists, the contaminant 
should be listed as a contaminant of 
concern. 

4. If the levels for a site-related contaminant 
are less than background levels and 
EMEGs or other applicable comparison 
values, the contaminant should not be 
listed as a contaminant of concern. 
However, other factors such as 
multi-media exposures, interactive 
effects, or community health concerns 
may require selecting the contaminant as 
a contaminant of concern. 

5. If the levels for a site-related contaminant 
are less than background levels, but 
greater than EMEGs or other applicable 
comparison values, the contaminant 
should be listed as a contaminant of 
concern. 

6. If the levels for a site-related contaminant 
are less than background levels, and no 
EMEGs or other applicable comparison 
values exist, the contaminant should be 
listed as a contaminant of concern. 

5.6. COMPARING 
ENVlRONMENTAL 
CONCENTRAnONS TO 
EMEGS 

Health assessors are often presented with 
voluminous quantities of environmental 
sampling data for a site. Those data typically 
consist of analytical chemical determinations of 
t h e  concentra t ions  o f  contaminants  in 
groundwater, surface water, soil, sediment, air, 
and sometimes other media. The  health 
assessor must evaluate those data to determine 
which contaminants in which media pose 
potential health hazards. Environmental 
Media Evaluation Guidelines (EMEGs) have 
been developed to assist health assessors in this 
selection process. Using the EMEG values 
provides health assessors with a consistent 
s t ra tegy  fo r  se lec t ing  env i ronmenta l  
contaminants that need to be further evaluated 
for potential health effects. 

EMEGs are media-specific comparison values 
used t o  select chemical contaminants of . 
potential concern at hazardous waste sites. 
These EMEG values have been developed for 
water, soil, and air. EMEGs vary as a function 
o f  exposure  t o  c o n t a m i n a t e d  media.  
Therefore, EMEG values are presented as a 
range of values, rather than as a single value. 
This range spans the exposure potential for 
different segments of the population. The 
health assessor should select the EMEG value 
that corresponds to the most sensitive segment 
of the population that is potentially exposed to 
contamination from the site. 

The derivation of EMEGs is described in 
Appendix A of this manual. A'ISDR EMEGs 
are based on the Minimal Risk Levels (MU) 
presented in t h e  ATSDR Toxicological 
Profiles. At this time, MRLs consider only the 
noncarcinogenic toxic effects of a chemical 
substance. However, some chemicals have 
carcinogenic, as well as noncarcinogenic, 
toxicity. Therefore, for chemicals that are 
classified as carcinogens, a comparison value 
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based on  carcinogenic toxicity should be 
developed. T o  derive this value, health 
assessors can use the EPA's Cancer Slope 
Factors described in Appendix B. Adose of the 
carcinogen that corresponds to a lod increase 
in the lifetime risk of cancer should be used in 
place of the MRL to calculate the comparison 
value. The methodology for this calculation is 
presented in Appendix A, Section A5. 

When evaluating environmental sampling data, 
the concentration of a contaminant should be 
compared to the appropriate EMEG (or to a 
comparable value). If the concentration of the 
contaminant is in excess of the  EMEG, 
potential exposures to  that chemical should be 
further evaluated for their health effects. If the 
concentration of a chemical is below the 
EMEG, then it is unlikely that exposures to that 
chemical in that medium would pose a public 
health hazard. 

However, o ther  factors such as multiple 
exposures, synergistic effects, and community 
health concerns may require including that 
chemical as a contaminant of concern. 

The EMEG values should not be used as a 
predictor of adverse health effects or for setting 
cleanup levels. Their purpose is to provide 
health assessors with a means of selecting 
environmental contaminants for further 
evaluation. The application of EMEGs is an 
early step in the health assessment process, 
which must also include an evaluation of 
site-specific exposure pathways, community 
health concerns, and health outcome data. 
Chapter 7 provides further discussion on how 
to  assess the public health implications of 
exposures to environmental contamination. 

1 

A list of EMEG values will be maintained in the 
A T S D R  H a z a r d o u s  Subs tances  D a t a  
Management Systems. That list will be 
continually updated to add EMEGs for new 
chemicals and t o  revise existing ones as 
warranted by new toxicologic information. 

- 

5.7. COMMUNlTY HEALTH 
CONCERNS 

A health assessor must address each community 
health concern about a particular contaminant, 
regardless of its presence or concentration on  
the site. The health assessor will not address 
the  community health concerns about a 
contaminant in this section, but will list the 
contaminant as one of concern. I t  is not 
necessary for the selected contaminant to  
exceed ATSDR's EMEGs o r  other relevant 
comparison values. The health assessor will 
indicate what the community health concern is 
in the Community Health Concerns section and 
will address and discuss the concern in the 
Community Health Concerns Evaluation 
subsection of the Public Health Implications 
section. 

5.8. TOXIC CHEMICAL RELEASE 
INVENTORY 

Health assessors must use the Toxic Chemical 
Release Inventory (TRI), an EPA database, as 
a too l  for  de te rmin ing  t h e  following 
information: 

additional sampling needs; 

0 additional sources of contamination in 
the area; 

0 amounts and names of contaminants that 
have been released by the site facility 
and others in the vicinity; 

analysis of contaminants not found on 
the EPA Target Compound List; and/or 

additional contacts for site information, 
environmental data, community health 
concerns, and health outcome data. 
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IDENTIFYING AND EVALUATlNG 
EXPOSURE PATHWAYS 

The purpose of this chapter is to show the 
health assessor how to (1) identify each of the 
five elements of an exposure pathway; (2) 
determine whether these elements are linked 
to form an exposure pathway; (3) categorize an 
exposure pathway as a completed exposure 
pathway or  a potential exposure pathway; and 
(4) determine whether the exposure pathway 
should be eliminated or  further discussed in the 
health assessment. This chapter also discusses 
the preferred and optional approaches for 
presenting and discussing exposure pathways in 
the Pathways Analyses section of the health 
assessment. 

An exposure pathway is the process bywhich an 
individual is exposed to  contaminants that 
originate from some source of contamination. 
An exposure pathway consists of the following 
five elements: 

1. Source of contnmination (source of 
contaminant release into the environment, 
or the environmental media responsible for 
causing contamination at a point of 
exposure if the original source of 
contamination is unknown); 

2. Environmental media and transport 
mechanisms (environmental media 
include waste materials, groundwater, 
surface water, air, surface soil, subsurface 
soil, sediment, and biota. Transport 
mechanisms serve to move contaminants 
fiom the source to points where human 
exposure can occur); 

3. Point of exposure (a location of potential 
or actual human contact with a 
contaminated medium, e.g., residence, 
business, residential yard, playground, 
campground, waterway or water body, 
contaminated spring or hand-drawn well, 
food services, etc.); 

4. Route of exposure (means by which the 
contaminant actually enters or  contacts 
the body, such as ingestion, inhalation, 
dermal contact, and dermal absorption); 
and 

5. Receptor population (persons who are 
exposed or  potentially exposed to the 
contaminants of concern at a point of 
exposure). 

Those five elements are illustrated in Figure 
6.0. 

The health assessor should include in the health 
assessment only information that is necessary 
for the development and understanding of the 
exposure pathways. The health assessor should 
exclude any information not essential to the 
exposure pathway being assessed. Conclusions 
about any health threats should not be made in 
the Pathways Analyses section. 

The assessor should note that an exposure 
pathway is not simply an  environmental 
medium (e.g., air, soil, groundwater, or  surface 
water) or a route of exposure. Rather, an 
exposure pathway includes all theelements that 
link a contaminant source t o  a receptor 
population. The elements of an exposure 
pathway may occur in the past, present, or 
future. 

Different routes of exposure to a contaminant 
may result in different health concerns. A 
specific medium or exposure route may be part 
of multiple exposure pathways, and different 
transport mechanisms may result in persons 
being exposed to different contaminant levels. 
For example, consider a scenario in which a 
shallow water  table  aquifer  t ranspor ts  
contaminants to private residential wells near 
the northern border of a site; however, a deeper 
aquifer may t ranspor t  contaminants t o  
municipal wells at a much greater distance west 
of the site. This scenario represents two unique 
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Figure 6.0. 

exposure pathways because it involvesdifferent 
aquifers (shallow groundwater versus deep 
groundwater), different exposure points 
(residential wells versus municipal wells), and 
different exposed populations (private 
well-users versus public well-users). Even 
though both exposure pathways contain similar 
elements (source of contamination and 
exposure route), the link between the elements 
for the pathways is different. As a result, the 
two populations may be exposed to significantly 
different levels of contaminants, and each 

exposure pathway may have different health 
implications. 

To  determine whether an exposure pathway is 
relevant to the site, the assessor must have 
sufficient information to link the contaminated 
media to a specific population. If information 
is insufficient to make that determination, the 
hea l th  assessment  s h o u l d  show w h a t  
information is missing and make appropriate 
recommendations to  fill those gaps. 
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Table 6.0. Exposure Pathways 

The health assessor should identify the data 
gaps that exist in each of the five elements, and 
explain how they affect ATSDR's assessment 
of a specific pathway. In particular, the health 
assessor should identify contaminants for which 
insufficient information exists on  transport 
mechanisms and/or route of exposure and 
indicate that that data gap prevents complete 
assessment of the identified contaminant until 
the data are available. The health assessor has 
the option of further evaluating this pathway in 
the Public Health Implications section. 

Because of the  complexity of identifying 
exposure pathways for a site area, the health 
assessor should consider using Table 6.0. as a 
worksheet to keep track of the five exposure 
pathway elements. 

6.1. IDENTIFYING ELEMENT 1 - 
SOURCE OF 
CONTAMINATION 

A contaminant source is, as the name implies, 
the origin of the environmental contamination. 
Sources of contamination may include the 
following: 

open burning area; 

detonation area; 

land-spreading area; 

pond; 

lagoon; 

impoundment; 

landfill; 

pit; 

injection well; 

pile; 

-- - 
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material-handling equipment; 

incinerator~boiler; 

tank; 

drum; 

pipelculvert; 

disposal trench; andlor 

emission stack. 

Each source represents a location (point or 
area) where a release of contaminants to the 
environment has resulted from some transport 
mechanism. For example, a land-spreading 
area is an area where liquids have been 
pouredlleaked into the ground surface or  
injected or  mixed with surface soil. A site may 
have a single contaminant source or  multiple 

history of storage, disposal, o r  release; 

0 contaminants and concentrations a t  the 
source; 

emission rates ; 

frequency of release; 

operating period; and 

current status. 

In considering the location o r  release point of 
t h e  source,  t h e  health assessor should 
determine what types of man-made features 
(e.g., tank, drum, pipe, impoundment, etc.) and 
natural features (e.g., lake, pond, mineral 
outcropping, etc.) exist. However, the fact that 
those features exist does not mean they 
represent a source of contamination. 

sources (eTg ... more than one of these single Histor~l of t h e  s i t e  may disc lose  t h a t  
sources). con taminan ts  w e r e  in ten t iona l ly  o r  

The health assessor should recognize the 
difficulty of identifying the original source of 
contamination. Although contaminants may 
have been found in a medium, this does not 
necessarily mean that the original source of 
contamination to that medium is known. In 
many cases, the originating source will not be 
known. In such cases, the health assessor can 
consider a contaminated medium as a n  

unintentionally disposed of or released at a 
particular location. If this information has been 
documented and verified by EPA, the state, the 
county, or some municipal agency, the disposal 
area or release point could be considered a 
source of contamination. The Toxic Chemical 
Release  Inventory (TRI)  database also 
documents various sources and releases of 
contaminants into local environmental media. 

intermediate source of contamination in order T h e  health assessor should review t h e  
to establish an exposure pathway. concentra t ion of con taminan ts  a t  t h e  

Based on the reports and documents available, 
the assessor should clearly indicate in the health 
assessment what is known about the type and 
extent of contamination at the source and at the 
receiving media for each exposure pathway. 
The assessor should state the extent to which 
contamination sources at the site have been 
adequately characterized. 

suspected release point. Then the assessor 
should compare them with (1) background 
concentrations of media samples collected 
upstream, upwind, uphill, or  upgradient, and 
(2) concentrations of media samples collected 
downs t ream,  downwind, downhill ,  o r  
downgradient. This comparison will assist the 
health assessor in deciding whether the  
suspected release point should be considered a 

Sources of contamination are not always souice of contamhation. If the contaminant 
ob,,ious. The health assessor needs to consider concentra t ions  decrease  with d i s tance  
a number of factors before deciding whether downstream,  downwind,  o r  
contamination existed, exists, or could exist in downgradient from a s u s ~ a t e d  release point or 
the future. Some of those factors include the area* and do not increase in the opposite 
following: direction, the suspected release point or area 

may represent a source of contamination. 
location or release point; 
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If no local background concentrations exist for 
the contaminants of concern, one cannot know 
whether the concentrations at the release point 
or area represent (1) the original source of 
contamination, (2) an intermediate source of 
con tamina t ion ,  which may n o t  be  
representative of the original source, or  (3) 
background concentrations, which may be 
elevated because of local native mineral 
depos i t s  o r  widespread indust r ia l  o r  
agricultural pollution. 

The emission rate and frequency of release 
from the  source will help determine the 
importance of evaluating this source further. 
The operating period is crucial in determining 
the importance of the release point over 
specific time periods, particularly if the releases 
involve some human element of control. 
Knowing the operating period and the current 
status will assist in determining the relevant 
time period that should be considered when 
assessing the exposure pathway. 

6.2. IDENTIFYING ELEMENT 2 - 
ENVlRONMENTAL MEDIA 
AND TRANSPORT 

After identifying the contaminant source, the 
assessor must identify all the environmental 
media that may serve to transport contaminants 
from this source to possible points of human 
exposure  ( s e e  Sect ion 6.3.). Affected 
environmental media may include waste 
materials, leachate, soil gas, sludge, surface soil, 
subsurface soil, sediment, surface water, 
groundwater (with subcategories of private 
wells, public wells/systems, and monitoring 
wells), air, and biota. 

Once the contaminated media have been 
identified using procedures in Chapter 5, the 
assessor must consider the transport and 
t ransformat ion mechanisms that  could 
influence contaminant migration via those 
media. The assessor should first focus on the 

sampled media t h a t  a r e  known t o  be  
contaminated. The sampling date of those 
media, the date of any remedial measures on 
the site, and any other date when site actions 
may have affected media concentrationsshould 
be reviewed. 

When more than one environmental medium 
may be involved in transport of the contaminant 
from the source to the receptor population, the 
assessor should explain that in the narrative. It 
is important for the health assessor to  know 
b o t h  t h e  pas t  and  p resen t  s t a t u s  of 
contamination for these media. When media 
have not been adequately sampled, the assessor 
should explore the fate and transport processes 
to determine whether the media have been, are 
now, or  may become contaminated in the 
future. 

Once the transport processes for a medium 
have been assessed, and the possible extent of 
contamination from the source has been 
determined, the assessor should be ready to 
determine the point or  points of exposure 
associated with that contaminated medium. 
When using Table6.0., the assessor should state 
only the environmental medium that occurs at 
the point of exposure (Section 6.3.), not all 
media tha t  may have been involved in 
inter-media transfer (e.g., contaminants 
moving from one medium to another). 

6.2.1. Fate and Transport 
Mechanisms 

The evaluation of transport mechanisms is very 
important in determining the  following 
elements: 

the original source of the contamination 
and the release point for an exposure 
pathway; 

the likelihood of contamination and 
potential exposure beyond the sampled 
areas; 

*. the representativeness and adequacy of 
the environmental sampling conducted 
at the site (see Section 6.2.4.); 
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the need and urgency for additional 
environmental sampling, exposure 
assessment, or  other health activity; 
andlor 

estimates of the length of time that 
environmental media and points of 
exposure may have been contaminated. 

In general, environmental transport involves 
the movement of gases, liquids, and particulate 
solids within a given medium and across 
interfaces between air, water, sediment, soil, 
plants, and animals. Once a substance is 
released to the environment, one or  more of the 
following may occur: 

movement (e.g., advection/convection in 
water or transportation on suspended 
sediment or through the atmosphere); 

physical transformation (e.g., 
volatilization, rain); 

' chemical transformation (e.g., photolysis, 
hydrolysis, oxidation/reduction, etc.); 

biologic transformation (e.g., 
biodegradation); and/or 

8 accumulation in one or more media 
(including the medium receiving the 
release). 

Transport and fate mechanisms can usually be 
simplified into four basic categories: 

1. emission (the actual release or discharge 
of the contaminated material from a 
source); 

2. advection or convection (the normal 
migration or movement of the 
contaminant through a medium, e.g., 
stream flow, air flow, surface runoff, soil 
erosion, soil creep, mass movement, etc.); 

3. dispersion (spreading of contaminants in 
a liquid, gas, or solid phase due to 
impingement of the contaminant by that 
phase material); and 

4. attenuation (the retardation, degradation 
or  adsorption of a contaminant). 

Examples of emission, advection, dispersion, 
and attenuation for soil and surface water are 
shown in  T a b l e  6.2.1.. a long  with t h e  
inter-media transfers that might occur. In 
addition, Figures 6.2.1.a. and 6.2.1.b. illustrate 
two examples of how those four transport 
categories apply to a discharge into a waterway 
and to stack emissions. For further explanation 
of the terms used in Table 6.2.1., please refer to  
the definitions in section 6.2.2. During the 
analyses of contaminant fate and transport in 
an environmental medium, the health assessor 
should try to answer the following questions: 

At what rate are contaminants entering 
the medium? (emission rates) 

Where are the contaminants going and 
how fast are they migrating? (advection) 

How are the contaminants spreading out 
in the medium? (dispersion) 

What is the degree of buffering or 
degradation of contaminants as they 
migrate? (attenuation) 

Will contaminants migrate to  another 
medium? (inter-media transfers) 

What about past and future exposures? 

For each contaminated environmental medium 
present on- or off-site, there may be several 
t r anspor t  mechanisms t h a t  shou ld  b e  
considered. For example, where contaminated 
soil exists, the assessor should try to determine 
whether the contaminants of concern are  
transported via surface-water runoff, leaching, 
volatilization, a i rborne suspension and  
resuspension, or biologic uptake. Tables 6.2.2. 
a n d  6.2.3. dep ic t  i m p o r t a n t  t r a n s p o r t  
mechanisms available for environmental media 
that may be represented on- or  off-site. Refer 
to sections 6.2.2. and 6.2.3. for a discussion of 
the terms used in the two tables. 

6.2.2. Chemical-Specific Factors 
Influencing Environmental 
Fate and Transport 

After identifying the contaminants of concern 
in the sampled environmental media and the 
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Table 6.2.1. Transport Mechanisms 
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(Affecting Medium of Interest) 

ADVECTlON 

DlSPERSlON 

INTER-MEDIA 
TRANSFER 

Infiltration 

' Soil gas migration 

Soil creep 
' Erosion via wind or water 

Impingement with soil 
particles 

Adsorption 

' Biodegradation 

Hydrolysis 

Oxidationheduction 

Photolysis 

Volatilization 

Migration of gases or 
panicles to air 

Migration to groundwater 

Migration to surface water, 
sediments, and aquatic biota 

Biologic uptake into plants 
and animals 

Stream flow 

Lake currents and turnovers 

Mixing zone in watercourse 
or water body 

Sedimentation and the 
others listed for soil 

a Sediment adsorption 

Bioaccumulation 

Gas migration to air 

Recharge into groundwater 
- 
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Figure 6.2.1 .a. 

Figure 6.2.1 .b. 
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possible transport mechanisms (see chapter S), 
the assessor should consider chemical-specific 
factors that  may influence contaminant 
transport. Table 6.2.2. contains a list of some 
important chemical- and site-specific factors 
that may affect transport. Physicochemical 
properties, such as solubility and density, 
influence a chemical's fate and transport across 
interfaces and through environmental media. 
Some chemical-specific factors are discussed in 
the following paragraphs. 

Water solubility refers t o  t h e  maximum 
concentration of a chemical that dissolves in a 
given amount of pure water and usually ranges 
from 1-100,000 mgL. The solubility is very 
important when it comes to understanding a 
contaminant's ability t o  migrate in the  
environment. Environmental conditions, such 
as temperature and pH, can influence chemical 
solubility. Highly water-soluble chemicals are 
less strongly adsorbed to soil and, thus, are 
rapidly leached from contaminated soil into 
both groundwater and surface water. Solubility 
also affects volatilization from water. For 
example, highly water-soluble chemicals tend 
to be less volatile and are also more readily 
biodegradable (1). For liquids that a re  
immiscible with water, liquid density plays a 
critical role. Liquids that aredenser than water 
may penetrate and preferentially settle to the 
base of the aquifer, while lighter liquids will 
float. The water solubility of numerous 
chemicals can be found in a variety of sources, 
such as ATSDR Toxicological Profiles, the 
Hazardous Chemicals Desk Reference ( 2 )  or  
EPA's Integrated Risk In formation System 
(IRIS) database. 

Vapor pressure is a measure of the volatility of 
a chemical in its pure state and is an important 
determinant of the rate of volatilization from 
contaminated surface soils and water bodies to 
air. The temperature, wind speed, and soil 
conditions of a particular site, as well as the 
adsorption characteristics and water solubility 
of the chemical, will affect volatilization rates. 
In general, chemicals with relatively low vapor 
pressures and a high affinity for soil orwater are 
less likely to vaporize and become airborne 
than chemicals with a high vapor pressure and 
less affinity for soil o r  water. The vapor 
pressure can be found for numerous chemicals 
in a variety of sources including ATSDR's 
Toxicological Profiles and EPA's IRIS  
database. 

Henry's Inw constant (H) takes into account 
molecular weight, solubility, and vapor 
pressure, and indicates the degree of volatility 
of a chemical in a solution (3). When the 
chemical contaminant has high water solubility 

Henry's Law Constant Ranges 

Range of Values 
3 (atm m Imol) 

nonvolatile less than 3 x lo-' 

low volatility 3 x 10-7 to 1 x 10.' 

moderatevolatility 1 x 10-5 to 1 x 10" 

high volatility greater than 1 x 10 -3 

ATSDR Public Health Assessment 
Guidance Manual 



6. Identifying and Evaluating Exposure Pathways 

Table 6.22 ChemimlSpecihc Fadors Affecting Transpod Mechanisms 
( m u = )  

in relation to its vapor pressure, the chemical inhalation as a potential route of exposure. 
dissolves mainly in water. When vapor pressure Henry's law constant can be found for a number 
is high relative to water solubility, Henry's law of chemicals in ATSDR's Toxicological 
constant is high and the chemical volatilizes Profiles. 
primarily to the air. A high Henry's law 
constant for a pollutant would suggest 

. .. 

Sdl 
(surclce and Suberaface) 

SgdhrerR 

Sludge 
WesteMsterists 
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Groundwater movement (via 
hydrolic connection between 
aquifers or with surface water 
and man-made objects, cg., 
improperly cased wells, 
sewers, and conduits) 

Volatilization 

Adsorption to soil panicles 
or precipitation out of 
solution 

Biologic uptake 

Runoff (soil erosion) 

Leaching 

Volatilization 

Biologic uptake 

Density 

Water solubility 

KOC (organic carbon panition 
coefficient) 

Water solubility 

mpor pressure 

Henry's Law Constant 

Water solubility 

Kow (octanolhter partition 
coefficient). 

K o c  

K o w  

Water solubility 

K ,  

Water solubility 

K ,  

Vapor pressure 

Henry's law constant 

Bioconcentration factor 
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Table 6.2.2. (continued) 

The KOC (organic carbon partition coefficient) 
(also known as t h e  soillwater partition 
coefficient o r  the adsorption coefficient) is a 
m e a s u r e  o f  t h e  tendency for  organic  
compounds t o ' b e  adsorbed by soil and 
sediment. The & is chemical-specific and 
largely independent of soil properties. KOC 
values range from 1 to 10'. A high Kae indicates 
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Surface Water 

Ai 

Bida 

r 

that organic chemicals bond tightly to organic 
matter in the soil so that less of the chemical is 
available to move into groundwater o r  surface 
water. A low Koc suggests the potential for 
chemical movement into groundwater or  
surface water. A &can be found for a number 
of chemicals in ATSDR's Toxicological 
Profiles. 
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Overland flow (via 
natural drainage or man- 
made channels) 

Volatilization 

Hydrologic connection 
between surface water and 
groundwater 

Adsorption to soil panicles 

Sedimentation (of 
suspended and 
precipitated particles) 

Biologic uptake 

Aerosolization 

Atmospheric deposition 

Volatilization 

Bioaccumulation 

Bioconcenuation 

Water solubility 

K, 

Water solubility 

Vapor pressure 

Henry's law constant 

Density 

Water solubility 

Kcrw 

K, 

Density 

Water solubility 

K ,  

Bioconmntration factor 

Water solubility 

hnicle size 

Henry's law constant 

* & n u  

Bioconcentration 
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chain is of less concern than other exposure 
Koc Ranges (mllg organic carbon) 

I 
pathways. 

I - - 
very weakly sorbed less than 10 

weakly sorbed 10 to 100 

moderately sorbed 100 to 1,000 

moderately to 
strongly sorbed 1,000 to 10,000 

strongly sorbed 10,000 to 100,000 

very strongly sorbed greater than 100,000 

The Kow (octanoUweter partition coefficient) 
predic ts  t h e  chemical 's  po ten t i a l  fo r  
accumulation in animal fat by measuring how a 
chemical is distributed at equilibrium between 
octanol and water. Organisms tend t o  
accumulate chemicals with high Kow constants 
in the lipid portions of their tissues. Thus, one 
way to estimate the bioconcentration potential 
of a chemical is to  measure how lipophilic it is. 
Because it is difficult to measure a chemical's 
lipophilicity directly, researchers typically use 
the Kow value to predict a chemical's tendency 
to partition between an octanol component (a 
fat surrogate) and water. It is directly related 
to a chemical's tendency to bioconcentrate in 
biota and inversely correlated with water 
solubility. Chemicals with large Kow values 
tend to accumulate in soil, sediment, and biota. 
For example, lipophilic compounds, such as 
dioxin, DDT, and polychlorinated biphenyls 
(PCBs), are soluble in lipophilic matter. This 
class of chemicals tends to bioaccumulate in 
biota; adsorb strongly onto soil, sediment, and 
organic matter; and transfer to humans through 
the food chain. Conversely, chemicals with 
small KOW values tend to partition mostly into 
air or water. For example, volatile organic 
compounds (VOCs), such as trichloroethylene 
and tetrachloroethylene, tend to be widely 
distributed in air, and exposure via the food 

The uptake of soil contaminants by plants has 
not  been systematically studied. Some 
chemicals, such as cadmium, are readily taken 
up from soil by growing plants (4). For other 
contaminants ,  such as  polychlorinated 
biphenyls (PCBs), it appears that contaminant 
volatilization from soil and deposition on plant 
surfaces may be more important than uptake by 
the root and translocation (5). 

A Kow can be found for a number of chemicals 
in ATSDR's Toxicological Profiles. 

T h e  bioconcentration factor (BCF)  is a 
measure of the extent of chemical partitioning 
at equilibrium between a biologic medium, such 
as a fish tissue, and an external medium, such as 
water. A bioconcentration factor is determined 
by dividing the equilibrium concentration 
(mg~kg) of a chemical in an organism or  tissue 
by the chemical concentration in the external 
medium. In general, chemicals with a high & 
value tend to have high BCFs (6). However, 
some compounds such as polyaromatic 
hydrocarbons (PAHs), do not significantly 
bioconcentrate in f i h  and vertebrates in spite 
of having a high Kow value. The relative 
absence of PAH bioconcentration in f i h  is due 
to the fish's ability to rapidly metabolize PAH 
compounds (7). 

Bioaccumulation is a broader term, which 
re fe r s  t o  a process  t h a t  includes  
bioconcentration and any uptake of chemical 
r es idues  f rom die tary  sources .  A 
bioconcentration factor can be found for a 
number of chemicals in EPA's IRIS database, 
the National Library of Medicine's TOXNET 
Hazardous Substances Data Bank, and in 
ATSDR's Toxicological Profiles. 

Transformation and degradation rates take 
into account physical, chemical, and biologic 
changes in a contaminant over time. Chemical 
transformation is influenced by hydrolysis, 
oxidat ion,  photolys is ,  a n d  microbial  
degradation. A key transformation process for 
organic pollutants is aqueous photolysis, 
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i.e., the alteration of a chemical species due to 
the absorption of light. Biodegradation, the 
breakdown of organic compounds, is a 
significant environmental process in soil. The 
rate of biodegradation is a function of the 
organic content of the soil. Precise estimations 
of chemical-specific transformation and 
degradation rates are difficult to calculate and 
to apply because they are subject to site-specific 
physical and biologic variables. For more 
information, refer to ATSDR's Toxicological 
Profiles for the section on environmental fate, 
transport, partitioning, transformation and 
degradation of chemicals in air, water, and soil. 
In addition, the National Library of Medicine's 
TOXNET Hazardous Substances Data Bank 
has data fields for environmental fate and 
transformations. 

Knowledge of the factors discussed here will 
assist the  assessor in understanding the  
chemical's behavior in the environment and will 
help to  focus the assessment on transport 
mechanism of the greatest significance. This 
information should not be used to justify lack 
of media-specific contaminant data; rather, it 
should be  used t o  assist the assessor in 
identifying transport mechanism that may lead 
to human exposure. 

6.2.3. Site-Specific Factors 
Influencing Environmental 
Fate and Transport 

When identifying possible transport pathways, 
the assessor should also consider site-specific 
factors that may affect contaminant transport. 
Table 6.2.3. lists some of those important 
factors. Each site is unique and must be 
evaluated to determine characteristics that 
could enhance or  retard the migration of 
contaminants of concern. Many factors 
affecting t ranspor t  depend on  climatic 
conditions and physical characteristics of the 
site. The assessor should evaluate site-specific 
factors in view of the characteristics of the 
con taminan ts  o f  c o n c e r n  t o  gain a n  
understanding of their migration potential. 
Site-specific factors that should be considered 
are discussed in the following paragraphs. 

Annual precipitation rates may be useful in 
determining the amount of surface-water runoff, 
groundwater recharge rates, and soil moisture 
content. If high precipitation rates are coupled 
with highly water-soluble contaminants of 
concern, the extent of contaminant migration 
may be great. In addition, precipitation 
promotes the scavenging of particulates and 
soluble vapors from the atmosphere. 

Tempera tu re  condit ions affect  t h e  
volatilization rate of contaminants. In addition, 
ground temperature can affect the movement 
of contaminants, e.g., frozen ground retards 
movement. 

Wind speed and direction influence generation 
rates of fugitive dust. During periods of 
atmospheric stability, gravitational settling will 
act to redeposit suspended particulates or  
droplets. 

Seasonal and diurnal conditions could be a 
major factor affecting rates of contaminant 
migration where precipitation rates o r  
temperatures vary greatly according to  the 
season or time of day. 

Geomorphologic characteristics of the site 
play a significant role in determining stream 
flow velocity, volume and speed of runoff, 
erosion rates, and soil characteristics. Karst 
terrains developed on limestone bedrock can 
significantly enhance hydrologic connection 
between surface water and groundwater. 

Hydrogeologic characteristics ( types  and 
locations of aquifers, i.e., water table o r  
confined, and hydraulic conductivity) are 
important in determining the threat the site 
may pose to  drinking water supplies. The 
assessor should use generalized geologic 
profiles cautiously and should use information 
from site-specific well tests to evaluate the 
c o n n e c t i o n  between aquifers  and  t h e  
continuity of aquitards. Water table contours 
and piezometric surfaces indicate hydraulic 
gradients and resulting groundwater flow 
patterns, including the potential for surface 
discharges (i.e., seeps, springs, and influent 
streams). 
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Table 623. SieSpecific Facton Affecting Transport Mechanisms (Continues) 
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3 

Gmndwater 

Groundwater movement 
(via hydrologic connection 
between aquifers or with 
surface water and man- 
made objects, e.&, 
improperly cased wells, 
seuners, and conduits) 

Volatilization 

Adsorption to soil 
panicles or precipitation 
out of solution 

Biologic uptake 

I 

Site Hydmgmlog~ Wrst. 
alluvial deposits, h a u r e s ,  
continuity of aquitards) 

Precipitation 

Infiltration rate 

Groundwater direction 

Depth to aquifer 

Influent and effluent streams 

Presence of other compounds 

Soil type 

Soil chemistry 

Presence and condition of 
wells (well location, depth, use, 
casing material, and 
construction) 

Conduits, sewers 

Depth to water table 

Soil typeand cover 

Climatologic conditions 

Contaminant concentration 

Presence of other compounds 

Soil type and chemistry 

Presence of other compounds 

Groundwater use for irrigation 
and livestock watering 
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Table 6.2.3. (continued) 
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surfacewater 

Overland flow (via 
natural drainage or man- 
made channels) 

Volatilization 

Hydrologic connection 
between surface and 
groundwater 

Adsorption to soil 
panicles 

Sedimentation (of 
suspended and 
precipitated particles) 

Biologic uptake 

#~~!:::~s:~:a:::?:?:::::::::::::~:::l , , . . . . . . . . . . , . . . . , , . , , , . , . , , . , 

Precipitation (frequency, 
duration) 

Infiltration rate 

Vegetative cover and land use 

Soil type and chemistry 

Use as potable water 

Location, width. and depth of 
channel, velocity, dilution 
factors, direction of flow 

Floodplains 

Point and nonpoint source 
discharge areas 

Climatologic conditions 

Surface area 

Contaminant concentration 

Influent and effluent streams 

Stream bed permeability 

Soil type and chemistry 

Particle size and density 

Particle size and density 

Chemical concentration 

Presence of plants and animals 
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Table 6.2.3. (continued) 
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Soil, Sediment, Sludge 

Runoff (soil erosion) 

Leaching 

Volatilization 

' Suspension and 
resuspension 

Biologic uptake 
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Presence of plants 

Soil type and chemisuy 

Precipitation rate 

Configuration of land and 
surface condition 

Soiltype 

Soil porosity and permeability 

Soil pH 

Cation exchange capacity 

Organic carbon content 

Physical propenies 

Chemical properties 

Climate 

Presence of plants 

Site activities and traffic 

Rainfall 

Soil properties 

Contaminant concentration 
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Table 6.2.3. (continued) 

Biota 
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Air 

W m  Mat- (eg-8 
w a s t e S , ~ t a i ~ ~ s S t 8  

liqukis,*) 

Wind 

Aerosolization 

Atmospheric deposition 

Biomagnification 

Migration 

Vapor sorption 

Root uptake 

*Surface water runoff 

Leaching 

Groundwater movement 

Volatilization 

Speed, direction, atmospheric 
stability 

Chemicals stored under pressure 

Rainfall 

Presence of plants and animals 

Consumption rate 

Commeraal activities (farming, 
aquaculture, livestock, dairies) 

Sport activities (hunting, fishing) 

Migratory species 

Soil type 

Plant species 

Contaminant depth 

Soil moisture 

Plant species 

All mechanisms: 
W t e  type 
Integrity of contaminant 
Climatic conditions 
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Surface-water channels (location, width, and 
depth) and associated floodplains near the site 
may also affect the extent of contaminant 
migration. Variations of flow with seasonal 
changes or  intermittent streams should be 
noted. Because effluent streams receive water 
from the zone of saturation (i.e., the channel 
lies below the water table), they can enhance 
contaminant movement from contaminated 
groundwater t o  surface water. Because 
influent streams (i-e., the channel lies above 
the water table) contribute water to the zone of 
saturation, they can enhance contaminant 
movement  f rom s u r f a c e  w a t e r  in to  
groundwater. 

Soil  charac te r i s t i c s  ( including t h e  
conf igura t ion ,  composi t ion,  porosity,  
permeability, and cation exchange capacity of 
the  soil) influence rates of percolation, 
groundwater recharge, contaminant release, 
and transport. Information on background 
levels of metals and organic compounds and on 
pH levels in area soils is needed to ensure the 
extent of contamination has been delineated. 

Ground cover and vegetative characteristics of 
the  s i te  influence rates of soil erosion, 
percolation, and evaporation. 

Plants and animals at o r  near the site could be 
used for human consumption and can enhance 
the rate of transport to receptors. 

Man-made objects, such as sewers, culverts, 
and drainage channels, can increase the 
movement of contaminants. Improperly 
constructed wells can lead to  interaquifer 
contamination. 

For information on  the  climatic factors 
discussed, refer to the National Oceanic and 
Atmospheric Administration's database (Local 
Climatological Data Annual Summaries, parts 
I-V, available from RPB/ESS or the National 
Climatic Data Center, Asheville, NC). For 
informat ion o n  physical and  chemical  
characteristics of waterways and lakes, 
geomorphic characteristics, and hydrologic 
characteristics of groundwaters and surface 
waters, contact the U.S. Geological Survey, the 

State Geological Survey, or  the local county or 
municipal engineer. For  information on  
federal navigation channels, flood control 
reservoirs, and sediment quality in waterways 
and lakes, contact the U.S. Army Corps of 
Engineers. For information on public water 
supplies, contact EPA,  t h e  s t a te  health 
department or environmental agency, or the 
local  publ ic  h e a l t h  d e p a r t m e n t .  F o r  
information on soils and ground cover, contact 
the Soil Conservation Service of the U.S. 
Department of Agriculture. For information 
on  plants and animals, contact local game 
wardens, state game management and fish 
departments, the County Extension Agent or 
Agricultural Agent of the U.S. Department of 
Agriculture, andlor the U.S. Fish and Wildlife 
Survey. 

6.2.4. Representativeness and 
adequacy of the environmental 
sampling conducted at the site. 

This section provides guidance for determining 
whether environmental data are sufficient to 
characterize contaminant transport and the 
extent of contamination.  Section 5.3.3. 
provides additional information on this topic 
for each of the media. The health assessor 
should conduct the following steps: 

1. Review the deficiencies in the number, 
location, time coverage, and quality of the 
samples. 

2. Mention explicitly those media that have 
not been sampled. 

3. Consider each of the following 
recommendations when evaluating the 
specific medium of concern. 

SURFACE WATER 

Review the site visit report or  inspect a 
USGS topographic map for slope 
information and stream flow direction. 

Determine the location of stations (e.g., 
upstream, downstream, downcurrent, 
etc.) relative to the site and duration of 
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sampling to assess representativeness of 
data. 

Understand that short-term sampling 
detects only what exists in the surface 
water at a particular time; it provides 
poor data on contaminant transport. 

8 Note that contaminant concentrations in 
surface waters of both waterways and 
water bodies can fluctuate significantly 
because of meteorologic conditions, 
local geohydrology, thermal 
stratification, and seasonal events. 

GROUNDWATER 

Verify whether sufficient information 
exists on local private and public wells, 
the location and populations using these 
wells, type of well use, well depth, and 
length of use. Use this information to 
help determine whether sampling data 
are representative of the extent of 
groundwater contamination. 

If the groundwater flow direction cannot 
be obtained from EPA or site 
documents, contact the U.S. Geological 
Survey andlor the State Geological 
Survey for local hydrogeologic 
information. 

Consider using water table elevations of 
monitoring wells and other wells in the 
vicinity to get some idea of the direction 
of groundwater flow in the water table 
aquifer. 

Determine whether groundwater 
samples were unfiltered and were 
collected from upgradient and 
downgradient areas and from the site's 
groundwater contamination plume. 

AIR 

When assessing air data, state how useful 
the data are based upon sampling 
duration. Indicate if the sampling 
duration is representative of acute (less 
than 14 days), intermediate (15-364 

days), or chronic (greater than 365 days) 
exposure. 

Indicate whether or not the air sampling 
was conducted at the breathing zone. 

Verify, using on-site wind rose 
information, that the air monitoring 
station(s) is (are) located downwind 
from the site. If on-site meteorologic 
data do not exist, state the distance to 
the closest meteorologic station with 
wind rose data and discuss how 
representative it is of the site. 

Explain whether windborne dust was 
observed coming from the site areas and 
whether dust tracks or deposits on the 
ground surface or  snow were observed. 

For information on soil composition, 
porosity, and permeability, contact the 
soil conservation service to find out how 
soil in the area will influence rates of 
percolation and possible contaminant 
transport. When possible, consider 
examining the detailed soil survey that 
exists. 

Summarize any biases that may be 
associated with using soil data. If soil 
samples were collected as 1) grabs from a 
single location or  depth; 2) composites 
from a single location, single depth in a 
core, or  multiple depths in a core; and 3) 
composites from multiple locations or 
multiple cores, explain how the sampling 
method could affect the data. 

SEDIMENT AND SLUDGE 

If samples did not include cores of sludge 
deposits on the site or cores of sediments 
in depositional zones, note that the 
assessment may not be able to address 
the possibility of long-term releases from 
those areas. 

BIOTA 

If contaminant uptake in f i h  represents 
a possible transport mechanism, be sure 
that there is evidence (fish data) that 
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Figure 6.2.4. (Continues) 
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Figure 6.2.4. (continued) 
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Figure 6.2.4. (continued) 
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local f ~ h  are affected by site 
contaminants. If not, determine whether 
sufficient data exist on the environs 
(surface waters and sediments) that 
suggest possible uptake in fish, and 
explain why they may be affected by 
certain site contaminants. 

If local biota are contaminated by an 
environmental medium, determine if any 
research shows whether contaminant 
uptake at the levels found could occur. 
Cite this research. 

If data for a specific environmental medium are 
sufficient, summarize the contaminants and the 
extent, rate, and direction of migration on and 
off the site in that medium and how that 
migration relates to the exposure pathway of 
concern. 

To assist the health assessor in evaluating the 
fate and transport of contaminants in air, 
su r face  wa te r ,  sed iment ,  soils ,  and 
groundwater, included here are three flow 
char ts  tha t  E P A  developed in i t s  Risk 
Assessment Guidance for Supe@nd, Volume I, 
Human Health Evaluation Manual (Part A)  
Interim Final ( 1  1 ) .  The use of these flow charts 
(Figure 6.2.4.) and/or some variation of them 
should encourage a more consistent approach 
in assessing t h e  fa te  and t ranspor t  of 
contaminants. 

6.2.5. Environmental Transport 
Models 

Environmental modeling is used for both 
qualitative and quanti tat ive analysis of 
contaminant transport at a site. There are 
some instances when the assessor may use 
environmental transport models to assist in 
conceptualizing the transport mechanisms and 
the factors affecting them at a site. Some 
specific uses of environmental modeling 
include the following: 

to evaluate and recommend sampling 
locations; 

to identify data and information gaps; 

to describe temporal and spatial trends 
for contaminant concentrations at an 
exposure point; 

to estimate the duration (e.g., years) of 
exposure; and 

to estimate contaminant concentrations 
at exposure points in the past or in the 
future when monitoring data are not 
available. 

The assessor should recognize that models 
contain assumptions that influence the validity 
of the predictions derived from the model. 
Therefore, before relying on data derived from 
modeling, t h e  assessor should ensure ,  
whenever possible, that the model being used 
has been validated and calibrated using 
site-specific data. T h e  validity of those 
assumptions is often difficult to establish on a 
site-specific basis. For that reason, ATSDR 
believes that such models o r  mathematic 
expressions are tools that should be used only 
as guides t o  help develop public health 
decisions and should not replace decisions 
based  o n  comprehens ive ,  val idated,  
environmental samples. The health assessor 
should not use the predicted environmental 
concentrations from models to  estimate 
exposure doses in humans, or  to draw health 
conclusions. ATSDR policy states that 
modeling cannot serve as a proxy for actual 
measurements of existing conditions when 
determining public health implications; that 
fact should be noted if the assessor uses 
modeling data. 

Although ATSDR strongly recommends the 
use of validated analytical data as the basis for 
public health conclusions, it may be necessary 
to  rely on modeling data when analytical data 
are not available. If modeling data are used in 
the health assessment, the data should be 
clearly identified as such, and the uncertainty 
and limitations of the data should be explicitly 
acknowledged. Where modeling is performed, 
the assumptions used in each model should be 
stated.  Whenever  feasible, t h e  health 
assessment should include a recommendation 
to obtain additional environmental analytical 
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data to confirm any conclusions based on 
modeling data. Additional information on the 
use of environmental transport models is 
presented in the EPA Superfund Exposure 
Assessment Manual a n d  t h e  E P A  Risk 
Assessment Guidance for Superfund (10,ll). 

- -- - 

6.3. IDENTIFYING ELEMENT 3 - 
POINT OF EXPOSURE 

The point of exposure, the third element of an 
exposure pathway, is the point at which people 
contact a contaminated medium. It can be 
identified by reviewing past, present, and 
possible future  use of land and natural 
resources. Historically, patterns of urban land 
use have varied widely. A site may have served 
a number of uses (e.g., recreational, residential, 
agricultural, commercial, and industrial) that 
resulted in a variety of exposure points, 
depending on the contaminated media and 
specific timeframe examined. Therefore, it is 
important that the assessor consider past, 
present, and future land and natural resource 
use. Because of remedial measures or other 
site-related activities, the health assessor may 
no t  find any existing exposure  points. 
However, the health assessor should recognize 
that past exposure points existed and try to 
identify them. 

Where the presence of physical controls and 
barriers (e.g., permanent fences, gates, etc.) or 
institutional controls (e.g., ordinances, building 
permits, etc.) prevent contact  with the  
contaminated medium of concern, health 
assessors should assume that no exposure point 
exists for persons unable to gain access to the 
contaminated medium. Despite these controls, 
some persons (e.g., trespassers, remedial 
workers, etc.) may still have access to the 
contaminated medium. Where evidence exists 
that persons had or still have access to the 
contaminated medium, the health assessor 
should state that an exposure point existed or 
exists. 

Possible e x p o s u r e  po in t s  f o r  e a c h  
environmental medium are discussed below. 

Groundwater exposure points include wells 
used for municipal, domestic, industrial, and 
agricultural purposes. Groundwater may also 
be used as a water supply source for swimming 
pools and other recreational water activities. In 
s o m e  areas ,  n a t u r a l  sp r ings  t h a t  a r e  
groundwater discharge areas are used for 
recreation. 

Surface-water e x p o s u r e  p o i n t s  inc lude  
irrigation and public, industrial, and livestock 
water supplies. 

Soil may serve as an exposure point for on-site 
workers. Contaminated subsurface soils may 
serve as an exposure point for workers involved 
in excavation or drilling. Contaminated off-site 
surface soil in residential areas is an exposure 
point for area residents. Indoor exposure 
points are also of concern; these may result 
from off-site transport t o  residences via 
suspension, deposition, and tracking. 

Air exposure points involve contaminants that 
are volatile or adsorbed to airborne particulates 
and may occur indoors or outdoors. Structures 
surrounding a site may be an exposure point for 
indoor airborne contaminants from migrating 
soil gases. The area downwind of a site might 
be an exposure point for contaminated ambient 
air as a result ofvolatilization or entrainment of 
contaminants in dust particles. A wind rose 
may be useful in evaluating the transport of 
airborne contaminants in various directions 
from a site. 

Food-chain exposure points occur if people 
consume plants, animals, o r  o the r  food 
products that have contacted contaminated 
soil, sediment, waste materials, groundwater, 
surface water, air, or  biota. Therefore, garden 
and orchard produce, nut-tree products, 
irrigated crops, livestock, game, medicinal 
plants, and other  aquatic and terrestrial 
organisms at o r  near the  site may act as 
exposure points for humans. The assessor 
should also consider exposure points that may 
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occur when contaminated materials are used as 
livestock feed. 

Other media may provide additional exposure 
points. Sediments can serve as contaminant 
reservoirs for aquatic organisms or can be 
transported to other areas and used as top soils. 
C o n t a m i n a t e d  building mater ia ls  a t  
commercial or industrial sites may be removed 
and used off-site. Sludges from industrial or 
municipal waste-treatment processes and 
dredged materials may also be points of 
exposure. 

After identifying the exposure points at a site, 
the assessor must consider the potential routes 
of exposure at the exposure point. 

6.4. IDENTIFYING ELEMENT 4 - 
ROUTE OF EXPOSURE 

The exposure route is the fourth element of an 
exposure pathway. Exposure routes are the 
means by which contaminants enter the human 
body. They include: 

ingestion of contaminants in 
groundwater, surface water, soil, and 
food; 

inhalation of contaminants in 
groundwater or surface water via steams 
and aerosols, air, or  soil; 

dermal contact with contaminants in 
water, soil, air, food, and other media; 
and 

dermal absorption of contaminants in 
water, soil, air, food, and other media. 

The assessor should consider all exposure 
r o u t e s  re levan t  t o  t h e  s i t e ,  including 
infrequently considered routes, but focusing on 
the more probable exposure routes. Table 6.4. 
lists major exposure routes that should be 
considered for each environmental medium in 
determining the likelihood of human exposure. 
Where the presence of physical controls and 

barriers (e.g., permanent fences, gates, etc.) or 
institutional controls (e.g., ordinances, building 
permits, etc.) prevent contact  with t h e  
contaminated medium of concern, health 
assessors should assume that no exposure route 
exists. Despite those controls, some persons 
(e.g., trespassers, remedial workers, etc.) may 
have access to the exposure point. Where 
evidence exists that persons do have access, that 
fact should be documented. 

If the route of exposure is likely to be incidental 
for all persons, the health assessor should state 
that and determine whether the exposure 
pathway should be dropped from further 
consideration. O n e  potential  rou te  of 
exposure that should be addressed is the 
possibility of pica ingestion by pica persons with 
access t o  residential yard soil o r  o the r  
contaminated materials. 

Once an exposure route is determined relevant 
for an exposure pathway, the duration and 
frequency of the exposure route should be 
disiussed for the pathway. Each exposure 
timeframe, when relevant to  the site, must be 
addressed in the Public Health Implications 
section (Chapter 7). 

6.5. IDENTIFYING ELEMENT 5 - 
RECEPTOR POPULATIONS 

The final element of an exposure pathway is a 
population that is exposed o r  potentially 
exposed through the identified exposure routes 
to contaminants at an exposure point. Each 
exposure pathway should be considered with 
respect to populations (e.g., workers, remedial 
workers, residents, transient populations, 
hunters, and fishermen) that may contact that 
pathway. Exposed populations should be 
identified as accurately as possible. For 
example, if the only exposure pathway is via 
contaminated soil in a residential area along the 
northern border of a site, the residents of 
houses in that area are the population of 
concern for that particular pathway, not all 
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residents living within a one-mile radius of the 
site. However, all users of a municipal water 
supply  would c o n s t i t u t e  t h e  exposed 
population of concern if a municipal well was - 
shown to be contaminated. If private wells are 
shown to be contaminated, then the currently 
exposed population would be only the users of 
those private wells. 

If more than one time component exists, the 
health assessor should try' to  provide a 
population estimate for each one. When 
populationscannot be identified in conjunction 
with an exposure pathway in the past, present, 
or future, that exposure pathway is not relevant 
to the site and should be so noted in the health 
assessment. The assessor should review data 
resources for information on the locations of 
populations and factors affecting their  
exposure. 

6.5.1. Location of Populations 
- 

The assessor should determine the location of 
persons at or near the site. Homes, schools, 
retirement centers, parks, other recreational 
areas, and transportation routes should be 
noted. Proximity to the site can indicate the 
magnitude and frequency of contaminant 
exposure. Some locations, such as beaches, 
tour i s t  a t t ract ions ,  hote ls ,  a n d  o t h e r  
establishments along major transportation 
routes, should be noted because they involve 
transient populations that may be exposed 
during their stay in the area. Populations that 
may be exposed to contaminants can be 
identified by considering exposure routes at 
each exposure point. 

Populations exposed via contact with 
water. Potentially exposed persons include 
those who are using contaminated water 
for bathing or recreation. Where possible, 
populations using water from sources 
subject to contamination should be 
identified and demographic characteristics 
noted that may affect the  amount of 
exposure. 

Populations exposed via inhalation. 
Because contaminant concentrations in the 
atmosphere will vary based on  the  
characteristics of the release and the 
distance from the  pollutant source, 
affected populations may contain persons 
exposed to varying degrees of the  
contaminant. Isopleth maps of 
contaminant concentrations (contour 
maps representing areas of contaminant 
isoconcentrations) can be overlain on  
census maps t o  identify populations 
exposed to  particular levels of the  
contaminant in the atmosphere (8). 

Populations exposed via ingestion of soil. 
The population exposed to contaminants 
through soil ingestion can be identified by 
estimating the  area of contaminant 
dispersion and then determining the  
population within the contaminated area. 
The population may b e  further 
characterized by identifying individuals 
who are more likely to ingest soil (i.e., 
children) (9). However, t h e  ent i re  
population in the contaminated area may 
ingest some soil. 

Populations exposed via ingestion of 
drinking water. Identifying the population 

- -- 
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Table 6.4. Media-Specific Exposure Routes 

ATSDR Public Health Assessment 
Guidance Manual 

1. Direct ingestion 

2. Dermal contact and reaction 
Ocular contact and reaction 

1. Direct ingestion (primarily by children 9 months to 5 years of age) 

2. Dermal contact and reaction 
Ocular contact and reaction 

3. Inhalation of chemicals volatilized from soil 

4. Inhalation of reentrained dust 

1. Inhalation 

BlotaJFood Chaln 

Miscellaneous Media 

2. Dermal contact and reaction 
Ocular contact and reaction 

1. Ingestion of plants, animals, or products contaminated secondary to intake 
of contaminated water 

2. Ingestion of plants, animals, or products contaminated secondary to intake 
of or contact with contaminated soil,dust, and air 

3. Ingestion of plants, animals, o r  products contaminated secondary to 
inhalation or evapotranspiration of contaminated air 

4. Dermal contact with and reaction to contaminated plants, animals, or 
products 

1. Direct ingestion 

2. Dermal contact and reaction; ocular contact and reaction 

3. Inhalation secondary to volatilization or reentrainment of miscellaneous 
media 

4. Ingestion of plants or animals contaminated secondary to contact with 
contaminated miscellaneous media (e.g., exposed wastes and building 
materials) 
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exposed to contaminants through drinking 
water is more complex. First, the extent of 
water contamination must be determined. 
Is the contamination restricted to surface 
water bodies, aquifers, or both? How far 
have the contaminants traveled? The next 
step is to locate public and private water 
systems that use the contaminated water 
source. That information can be retrieved 
through the  Federal Reporting Data 
System (FRDS). Retrievals can be 
requested for public water systems by state, 
county, or USGS hydrologic units. The 
FRDS database, maintained by the EPA 
Office of Drinking Water, includes the 
populations served and surface-water 
intake locations (8). In instances where 
groundwater is contaminated, private wells 
may also be a source of contaminated 
drinking water. 

Because the FRDS does not contain data 
on private wells, an investigation of private 
well locations and the  number of 
individuals served by them must be 
included when identifying populations 
exposed to contaminants via ingestion of 
groundwater. Other databases useful in 
identifying populations exposed through 
the ingestion of contaminated drinking 
water are also available. (Refer to section 
six of Methods for Assessing Exposure to 
Chemical Substances. Volume 4: MethodF 
for Enumerating and Characterizing 
Populations Exposed to  Chemical 
Substances(B).) 

Populations exposed via ingestion of food. 
When uptake into plants and animals is 
possible, the health assessor should identify 
populations that are exposed or potentially 
exposed through consumption of 
contaminated plants and animals. The rate 
of consumption of contaminated plants and 
animals may differ considerably from the 
national average for certain populations 
living near hazardous waste sites. For 
example, families may consume 
homegrown vegetables as their main 
source of vegetables, or families may rely 

on locally caught f sh  as a major source of 
protein. Other food sources that the 
assessor may consider include deer, rabbits, 
crayfish, cactus fruits, mushrooms, maple 
syrup, wild greens, and berries. When 
those foods are  part of an  exposure 
pathway at asite, the health assessorshould 
identify the population at risk. 

A survey o r  o ther  adequate study of 
regional dietary habits may be necessary to 
determine the amount and frequency of 
contaminated food intake. Data on the 
number of licensed hunters and f ~ h e r s  for 
a particular geographic area may be found 
in surveys of state fish and game 
commissions. The number of persons 
exposed t o  contaminants after eating 
homegrown fruits o r  vegetables can be 
determined by estimating the percentage of 
households with fruit and .  vegetable 
gardens in the contaminated area 
(Appendix E). 

After identifying exposed o r  potentially 
exposed populations, the assessor needs to 
determine site-specific factors that influence 
exposure frequency and duration. 

6.5.2. Factors Influencing Exposure 

Each site is unique and must be considered 
individually to  determine the  distinctive 
characteristics that could enhance o r  retard the 
frequency and magnitude of human exposure. 
In evaluating the likelihood of exposure, the 
assessor should consider the following factors: 

Age of populations. Age of the population 
affects the type, level, and frequency of 
activities at or near the site. The presence 
of populations that may be at a higher risk, 
such as children or  the elderly, should be 
noted. 

Climatic conditions. A review of climatic 
conditions is necessary because it provides 
valuable information on the general types 
and frequency of outdoor and recreational 
activities of the local population. 
Subfreezing and other inclement weather, 
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frozen ground, and frozen precipitation 
may serve as deterrents decreasing the 
frequency of human contact with soil 
contaminants. 

Site accessibility. Humans can contact 
contaminated media if access to the site is 
not restricted o r  othenvise limited. The 
presence of a fence is not  sufficient 
indication that the site is inaccessible. The 
assessor should determine the accessibility 
of  the site, the contaminated materials 
(e.g., barrels) on o r  near the site, and the 
zones of  contamination. Sites with 
abandoned buildings, standing water, o r  
streams may attract children. Playgrounds 
and school yards near the site should be 
noted. 

T h e  assessor should also consider the 
extent of physical barriers, the condition of 
fencing, o r  security systems that may 
prevent (or inhibit) exposure. A review of 
local ordinances may reveal actions taken 
that minimize exposure, such as preventing 
the construction of private wells that could 
supply contaminated groundwater to local 
populations. 

Land and resource use. A review of land 
use at o r  near the site will provide valuable 
information on  the types and frequency of 
activities of the surrounding population 
and the probability for increased human 
exposure. Past, present, and future land 
use needs to be considered. Land use will 
significantly affect the types and frequency 
of human activities, thereby affecting the 
degree and intensity of contact with soils, 
water, air, exposed wastes, and consumable 
plants and animals. The assessor should 
pay particular attention to  the following 
factors: 

Residential areas. Residential areas 
adjacent to  the site provide potential for 
human exposure. 

8 Recreational areas. Attention should be 
given to recreational areas that may 
serve as points of exposure. Particular 
attention should be given to fields, 

ditches, or physical hazards on o r  near 
the contaminated site that may attract 
children. 

Food sources. Agricultural and home 
fruit and vegetable production in 
contaminated soils present several routes 
of human contaminant exposure. The 
assessor should especially note when 
food production is used as a subsistence 
food source. Food crops or animal feed 
grown in contaminated soil may, through 
contaminant uptake, accumulation, and 
concentration by plants, be unsuitable 
for consumption by humans o r  by 
animals used for food production. In 
some areas, wild plants, animals, and f s h  
may constitute a significant portion of 
the diet of local residents. 

Surface-water use. The assessor should 
verify the use of local surface-water 
bodies (public water supplies, recreation, 
irrigation and livestock feeding, and 
aquaculture). Information on water 
supply and proximity to water supply 
intakes that might be downstream from 
the site can be obtained from EPA or 
the state. 

Groundwater use. Similar information 
should be collected for groundwater use. 
Because more than one-half of the 
nation's population receives its drinking 
water from groundwater sources, it is 
particularly important that the assessor 
verify which public and private water 
supplies are affected by site 
contamination. To address this issue, the 
assessor may recommend a well-use 
survey, such as those performed by 
USGS or state o r  local health 
departments. Further, where it is 
believed that large municipal wells are 
drawing from contaminated aquifers for 
public water supplies, the assessor should 
seek information on location, depth, and 

. construction of the wells. Pumping rates 
of high-capacity municipal, industrial, o r  
agricultural wells can influence and to 
some extent determine localized 
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groundwater flow regimes, often 
affecting contaminant transport within 
the capture zone of the well. 

a Private residential wells. The assessor 
should not assume that because 
municipal water is supplied to a 
residential area no residents have private 
wells. The assessor should talk to local 
officials, such as the city or county 
planner, to determine the number and 
use of private wells that are or could be 
contaminayed. If needed, the assessor 
should request that local or state officials 
conduct a well survey. 

The assessor must use professional judgment in 
finalizing the list of exposure pathways. The 
exposure pathways of concern can be presented 
in the health assessment in a tabular format 
(such as T a b l e  6.0.) indicating t h e  
contaminated media involved, potential 
receptors, points of exposure, and routes of 
exposure. 

6.5.3. Estimation of Receptor 
Populations 

-- 

Health assessors estimate the persons exposed 
or potentially exposed to contaminants for each 
exposure pathway. This estimate should be 
incorporated into the Pathways Analyses 
section of the health assessment for each 
completed and potential exposure pathway. 
Refer to Sections 6.6. and 6.7. and Example 15. 
in chapter 9. 

Health assessors should use the following steps 
a s  a guide  in es t imat ing t h e  r e c e p t o r  
population: 

1. Before the site visit, evaluate the completed 
and potential pathways (Sections 6.6. and 
6.7.) from the available data. 

2. During the site visit, further evaluate the 
exposure pathways by examining site 
access, use (work, play, riding, recreation, 
hunting, fshing), and local points of 
exposure. 

3. After the completed and potential 
pathways have been identified, estimate 
the number of persons exposed or 
potentially exposed by each pathway. For 
example, if groundwater has been 
identified as a completed pathway, 
identify area groundwater use and 
determine the number of persons using 
municipal water or the number of persons 
using private wells that are contaminated 
or likely to be contaminated. 

4. Consider contacting the following sources 
to determine the receptor population: 

neighborhood associations; 

individuals with municipal, county, and 
city agencies such as planners, managers, 
engineers, school officials, and health 
officials; 

individuals at federal and state agencies 
such as parks departments, departments 
of natural resources, geologic surveys, 
and health agencies; and 

surveys, census data, or other population 
information sources. 

5. If an accurate number of persons cannot be 
obtained from the information sources in 
Step 4, estimate the numbers of persons 
by counting residences that represent a 
likely point of exposure in a completed or 
potential pathway. Multiply each 
residence by 2.5 persons (an estimate of 
1990 census results). If a more accurate 
estimator is available, cite the source of 
the estimator and use that figure. 

6. As a last resort, estimate the number of 
exposed or potentially exposed persons 
who live or work within a certain distance 
of the source of contamination o r  likely 
area of contamination off the site. 

7. In the health assessment, describe the 
sources and method used t o  estimate the 
receptor population. 
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6.6. CATEGORIZING COMPLETED 
AND POTENTlAL EXPOSURE 
PATHWAYS 

Exposure pathways can be categorized into 
completed exposure pathways or potential 
exposure pathways (Sections 6.6.1. and 6.6.2.) 
Each potential or  completed exposure pathway 
represents a past, present, or future condition 
which should be disclosed by the  health 
assessor. The  assessor should discuss the 
likelihood of human exposure to site-related 
contaminants for each completed or potential 
pathway. 

Although the  major focus in the health 
assessment should be on  the  completed 
exposure pathways, site-specificconditions may 
suggest that special attention be given toone or 
more potential exposure pathways. When no 
completed pathways are present, the health 
assessor has the option of giving much more 
attention to potential exposure pathways. The 
health assessor must understand that each 
contaminant associated with a potential and 
completed exposed pathway will require 
further assessment in the  Public Health 
Implications section. 

6.6.1. Completed Exposure Pathways 

A completed exposure pathway occurs when 
the five elements of an exposure pathway link 
t h e  con taminan t  source  t o  a recep tor  
population. Should a completed exposure 
pathway exist in the past, present, or future, the 
population is considered exposed. This will be 
further explained in Section 6.6.3. 

T h e  health assessor should discuss each 
completed exposure pathway separately. 
Refer to  Chapter 9 for an example of the format 
that should be used to  describe completed 
exposure pathways in the health assessment. 
Present each completed exposure pathway by 
showing that each of the five elements (source 
of contamination, environmental media and 

transport, point of exposure, route of exposure, 
and receptor population) are connected. 

Avoid confusing future completed exposure 
pathways with future potential exposure 
pathways by assessing t h e  s t a t u s  o f  
contamination at the point of exposure. Future 
potential exposure pathways are discussed in 
Section 6.6.2. 

Assume that a future completed exposure 
pathway exists if each of the following apply: 

1. Contamination currently exists (1) at a 
point of exposure or (2) in an 
environmental medium at a location that 
is likely to become a point of exposure 
within days, weeks, or  months (e.g., 
undeveloped residential lots and vacant 
residential properties that have 
contaminated soil). 

2. Persons in the community have continued, 
unrestricted access to a point of exposure 
(in the future), or  may participate in 
activities that would expose them to 
contaminants in the environmental 
medium (e.g., constructing a residential 
playground on contaminated surface soil). 

3. Institutional controls, building and zoning 
restrictions, and other ordinances do not 
exist to prevent contact with current 
contaminants at points of exposure or  
likely points of exposure where the 
probability for human contact with a 
contaminated medium is high, and can 
occur at any time in the near future. 

For example, a future completed exposure 
pathway exists if a residence, residence under 
construction, or residential lot without a well 
lies above a contaminated aquifer and no  
restrictions exist that prevent the residents or  
property owners from drilling a well into the 
contaminated aquifer. 

Another example of a future completed 
pathway is when present exposure is likely to 
continue in the future. If an  occupied 
residence has contaminated yard soils, the 
residents would be the receptor population for 

- - - - 
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a completed exposure pathway in both the residing or working in areas having 
present and the future. If a vacant residence contaminated indoor o r  outdoor air. 
o r  r es idence  u n d e r  cons t ruc t ion  has 
contaminated yard soils, a future completed - 6.6.2. Potential Exposure Pathways 
pathway would exist because of the high 
probability of human contact in the near future. A potential exposure pathway exists when one 
Designate an exposure pathway as a completed or more of the five elements are missing, or  if 
pathway in the future when a high probability modeling is performed to replace real sampling 
exists for human activitylcontact to occur in a data (e.g., modeled groundwater data usingsoil 
contaminated medium at any time in the future. or  other groundwater data levels). Potential 
K e e p  in mind that  present and fu tu re  pathways ind ica te  t h a t  e x p o s u r e  t o  a 
completed exposure pathways reflect present contaminant could have occurred in the past, 
exposure, continued exposure, and exposure could be occurring now, or  could occur in the 
that is likely at any point in the future. Because future. 
completed pathways involve either actual 
exposure o r  a high probability for exposure in 
the future, give more attention to assessing and 
recommending measures to prevent current 
and future exposure in completed pathways. 
This approach will also assist the EPA in 
focusing on those pathways for which we have 
public health concerns. Determine how 
urgent ly  A T S D R  needs  t o  have t h e  
information and data gaps filled to complete its 
assessment and how urgently public health 
actions and other follow-up activities need to 
be  implemented. The  ~ecommendat ions  
section should provide this sense of urgency. 

Examples of human activities that could result 
in exposure from future completed pathways 
include the following: 

constructing wells and consuming 
contaminated groundwater; 

using contaminated soil areas for 
purposes (e.g., homes, schools, nurseries, 
and playgrounds) that would expose 
persons; 

consuming vegetables and fruits that 
have been grown in contaminated soil; 

consuming fish from contaminated 
waterways and water bodies; 

removing andlor using contaminated 
materials or media; 

occupying structures above areas with 
contaminated soil-gas; and 

Assume a future potential exposure pathway 
exists if the contamination does not currently 
exist at a point of exposure. For example, the 
pathway is a future potential exposure pathway 
if the contamination (1) has to  migrate t o  some 
point of exposure, or  (2) has been modeled or  
projected to exist at some point of exposure. If 
a potable private well is projected to  be affected 
by site-related contaminants ( that  exist 
upgradient of the well), a future potential 
exposure pathway exists. 

In general, the discussion of potential exposure 
pathways shou ld  b e  brief .  However ,  
site-specific conditions, such as a highly 
contaminated groundwater plume upgradient 
of a public well used for a water supply, may 
warrant giving added attention to  a potential 
pathway. T h e  health assessment should 
include a list of the potential human exposure 
pathways with an estimate of the receptor 
population. Refer to  Section 6.6.3. for 
instructions on presenting t h e  summary 
information in a table format. 

6.6.3. Summary Tables for Completed 
and Potential Exposure 
Pathwavs 

The health assessors should summarize the 
exposure pathways, the five elements, and the 
pertinent time components for each pathway in 
one or more tables. Refer to  Example 13, 
Completed Exposure Pathways, in Chapter 9 
for a sample of how this information might be 
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presented in the health assessment. Using the 
same or a similar table, the health assessor 
should make every effort to provide an estimate 
of the persons exposed and potentially exposed 
for each exposure pathway. Where possible, 
the table should include what contaminants 
affect each exposed and potentially exposed 
population. Refer to Example IS., Estimated 
Population For Completed and Potential 

' Exposure Pathways, in Chapter 9 for a sample 
of how this information might be presented. 

6.7. ELIMINATING AN EXPOSURE 
PATHWAY 

Suspected or possible exposure pathways can 
be ruled out if site characteristics make past, 
current, and future exposure through the 
pathway extremely unlikely. Should site 
characterization show that some media are 
uncontaminated, the assessor can eliminate 
suspected exposure pathways associated with 
those media. However, the assessor should 
exercise caution in eliminating suspected 
exposure pathways based on uncontaminated 
environmental  media. T h e  quality and 
representativeness of the sampling and the 
likelihood for contamination of the media in 
the future need to be considered. 

The assessor should not dismiss all exposure 
routes relating to a specific medium because 
one (or more) exposure route(s) pertaining to 
that medium are not of concern. For example, 
although inhalation of contaminants volatilized 
from contaminated soil may not be a problem 
at a site that is capped and has good vegetative 
cover, subsurface gas could still migrate and 
enter nearby homes. For those pathways that 
may be important to the public, the health 
assessor should explain why the contaminant of 
concern and the  suspected pathway was 
eliminated. A suspected pathway can be 
eliminated if at least one element, which would 
link the five elements, is absent and will never 
be present. However, professional judgment 

should be used when discussing pathways that 
may be eliminated if no environmental data 
exist. 

If a suspected pathway cannot be categorized 
as a potential or completed exposure pathway, 
and no contaminants of concern have been 
identified, the pathway should be eliminated. 
Again,  t h e  heal th  assessor should  use  
professional judgment in deciding how to 
discuss this in the health assessment. 

In general, the health assessor should avoid 
discussing environmental o r  human exposure 
pathways tha t  a r e  n o t  s u p p o r t e d  by 
environmental data, site information, or  the 
literature. If contaminants in suspected 
exposure pathways are considered important 
because of community health concerns, the 
health assessor should discuss them briefly in 
the health assessment. 

6.8. DEFINING EXPOSURE 

Three categories of exposure exist: exposed, 
potentially exposed, and no known exposure. 

6.8.1. Exposed population 

A population is considered exposed if a 
completed exposure pathway, which links a 
contaminant with a receptor population, exists 
in the past, present, or  future. An exposed 
population includes persons who ingest, 
inhale, or  contact site contaminants or  are 
exposed to  radiation in the past, present, or 
future. Examples of exposed persons include 
those who: 

have ingested, are ingesting, or  will 
ingest the contaminant from one or more 
environmental media; 

have inhaled, are inhaling, or  will inhale 
the contaminant from one or  more 
environmental media; 
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have contacted, are contacting, o r  will 
contact the contaminant in one or more 
environmental media; and 

were exposed, are exposed, or will be 
exposed to gamma radiation from one or  
more environmental media. 

If an environmental medium (soil) contains a 
contaminant of concern at a point of exposure 
(a residential yard), and evidence already exists 
that a route of exposure (ingestion) has 
occurred, is occurring, or  will occur, the health 
assessor should assume that persons living at 
that residence are exposed or will be exposed. 
If the residential yard contains a vacant house, 
the health assessor should assume that future 
residents will be exposed. 

Persons should also be considered exposed if 
exposure has been verified by human biologic 
measurements or  medical examination. For 
h e a l t h  assessments ,  human  biologic 
measurements or  medical examination are not 
necessary for the assignment of an exposure 
category to a population. 

6.8.2. Potentially exposed population 

A population is considered potentially exposed 
if a potential exposure pathway exists in the 
past, present, or  future. 

6.8.3. No known exposure 

A health assessor assigns this category to a 
population if neither a completed exposure 
pathway nor a potential exposure pathway 
exists. 

6.9. PRESENTING THE PATHWAYS 
ANALYSES SECTION 

6.9.1. Preferred approach 

In this approach, the Pathways Analyses are 
divided into the Completed Exposure Pathway 
subsection and the Potential Exposure Pathway 

subsection. The health assessor will provide a 
combined discussion of all five elements 
(source of contamination, environmental 
media, point of exposure, route of exposure, 
and receptor population) for each exposure 
pathway. This approach should make it easier 
for the health assessor to discuss each exposure 
pathway and how their elements are linked. In 
addition, this approach should allow the  
reading public to better understand how the 
five elements of an exposure pathway are 
linked. For additional discussion of the  
presentation of this approach, refer to Chapter 
9. 

6.9.2. Alternative approach 

The alternative approach requires the health 
assessor t o  (1) include two subsections, 
Environmental Component and Human 
Exposure Component; (2) address the five 
elements of each exposure pathway (i.e., source 
of contamination, environmental media, point 
of exposure, route of exposure and receptor 
population); and (3) address how the  five 
elements are linked for each exposure pathway. 
T h e  first three  elements represent  t h e  
environmental component; the  final two 
elements represent the  human exposure 
component. 

This two-subsection approach makes it more 
difficult to link all five elements for each 
exposure pathway. Because the two sections 
must address the environmental elements 
separate from the human exposure elements, it 
is difficult to understand the link between the 
five elements. For additional discussion of the 
presentation of this optional approach, refer to  
Chapter 9. 
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7. DETERMINING 
PUBLIC HEALTH IMPUCATlONS 

The preceding sections deal with steps in the 
health assessment process that help the  
assessor: 1) identify site characteristics and 
conditions that lead to contaminant release and 
transport; 2) identify contaminants of concern 
at the site; and 3) evaluate the site's human 
exposure potential. Health assessors must now 
link the site's human exposure potential with 
health effects that may occur under these 
site-specific conditions o r  that may have 
occurred in the past. This step in the health 
assessment process is presented under Public 
Health Implications. This section consists of 
three major subsections: 

Toxicologic Evaluation 

Health Outcome Data Evaluation 

Community Health Concerns Evaluation 

In this section of the health assessment, the 
assessor uses t h e  previously ga thered  
information on contaminants of concern and 
exposure pathways to  estimate potential 
exposures to site contaminants. The assessor 
then determines the potential health effects 
that could result from these exposures. The 
assessor must consider numerous medical, 
toxicologic, demographic, and environmental 
factors that might affect the impact, on human 
health, of exposures to hazardous substances. 
The following elements should be included in 
this analysis: 

estimating exposures; 

comparing exposure estimates with 
health guidelines; 

determining exposure-related health 
effects; 

evaluating factors that influence adverse 
health outcomes; and 

determining health implications of 
physical and other hazards (e.g., hazards 
related to fires, drowning, falling). 

7.1 .l. Estimating Exposures 

An est imate  of potent ia l  exposures t o  
hazardous substances should be derived using 
site-specific exposure information. In the 
absence of site-specific information, the health 
assessor should refer to standard exposure 
estimates, such as those contained in EPA's 
Exposure Factors Handbook (1). 

The estimation of exposures should focus on 
current conditions at the site. However, if 
possible, pas t  exposures  t o  hazardous  
substances should also be considered because 
they may affect the current health status of 
previously exposed individuals. For example, 
past exposures to lead may have resulted in the 
storage of lead in bones, which could be 
released during pregnancy, menopause, or  
o ther  metabolic stresses (2). Therefore,  
previously exposed individuals may be at risk 
for lead toxicity even though they are not 
currently exposed. 

The health assessor should also consider the 
potential for future exposures from the site, 
the impact of site removal and remediation 

. 

activities, o r  a change in use of the site. When 
estimating exposure at a site, the following 
factors should be considered: 

Exposure Duration. To determine the 
overall and incremental risk posed to  an 
exposed population, the assessor must try 
to determine how long the population 
has been exposed to site contaminants. 
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By examining the site's history, the 
assessor usually can adequately define the 
initial and final dates of operation o r  
receipt of wastes. With these dates in 
mind, an estimate of the maximum 
duration of exposure may be possible. 
However, this time frame cannot account 
for exposure that continued after the site 
was closed (e.g., via contaminated 
surface- or  groundwater). 

In addition, dates of emergency removal 
or remedial action, closure of water 
supplies, erection of physical barriers or 
security systems to prevent access, and 
public notification of site contamination 
may also be used to estimate when public 
exposure is likely to have ceased. When 
contaminated water supplies are under 
investigation, information on installation 
of public or private water supplies, along 
with the construction dates of residences 
and neighborhoods, can also help to  
estimate the length of exposure. 

Exposure Frequency. Exposure 
frequency is the amount of time an 
individual has access to  a contaminated 
area and reflects the time for possible 
exposure. Exposure frequency can be 
estimated as the ratio of the average 
number of hours an individual is exposed 
per day to the number of hours in a day, 
or  the number of days an individual is 
exposed per week to the number of days 
in a week. 

Exposure Fluctuation. The health 
assessor should consider whether the 
exposure is continuous or intermittent. 
The same total dose of a chemical can 
cause different toxic effects depending on 
whether the dose is administered over a 
short or  prolonged period. The historical 
development of a site and changes in the 
environment over time also influence 
exposure. 

Bioavaiiability. In order to exert a toxic 
effect, most chemicals must be absorbed 
into the body. For some chemicals, there 

may be quantitative data that allow for a 
comparison of the bioavailability of the 
chemical in experimental animals and 
humans. However, for most chemicals, it 
is assumed that bioavailability is the same 
in animals and humans. 

Absorption of contaminants may vary 
dramatically depending on the route of 
exposure. Contaminants that are readily 
absorbed through the gastrointestinal 
tract may not be readily absorbed through 
the respiratory tract and vice versa. 
Therefore, one cannot assume that 
absorption will be equivalent by different 
routes of exposure. In general, ATSDR 
does not recommend using experimental 
data obtained from one route of exposure 
to calculate doses of toxic effects for a 
different route of exposure. 

Once a contaminant has been absorbed 
into the body, it is distributed to various 
organs in accordance with 
pharmacokinetic principles. The dose 
that reaches the target organ is what 
ultimately determines the toxic effect. 
Physiologically based pharmacokinetic 
models have been developed to estimate 
dose levels in various body compartments 
and organs; however, such models are not 
routinely used for health assessment 
purpos=. 

Appendix D contains detailed information for 
estimating exposures from various pathways. 
When estimating exposures, the health assessor 
should specify whether the estimates are based 
on maximum contaminant concentrations, an 
average of measurements taken from the same 
location,  o r  t h e  range  of contaminant  
concentrations detected. The health assessor 
should recognize that use of the maximum 
detected concentration of a contaminant to 
calculate the exposure dose may result in an 
overestimate of actual exposure. 

Estimates of exposure dose are generally 
d e t e r m i n e d  f o r  e x p o s u r e  t o  a s ingle  
contaminant via a single route of exposure. 
However,  a t  many si tes,  exposure t o  a 
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contaminant may occur through multiple 
routes of exposure. When this occurs, the 
exposures from the various pathways should be 
summed to derive a total exposure dose. 

7.1.2. Comparing Exposure Estimates 
With Health Guidelines 

After estimating exposures at the site, the 
assessor must determine whether these  
exposures are of concern. The first step in 
identifying exposures of concern is to compare 
the exposure of interest with guidelines that are 
designed to protect human health. Appendix B 
discusses regulatory standards and guidelines 
that may be useful in such operations. As a 
general rule, if the guideline is exceeded, the 
exposure is of potential concern. However, 
sometimes additional medical and toxicologic 
information may indicate that exposures 
exceeding these guidelines are not of health 
concern. In other instances, exposures below 
guideline values could be of health concern 
because of interactive effects with other 
chemicals o r  because of t h e  increased 
sensitivity of certain individuals. Thus, 
additional analysis (see Section 7.4.) is 
necessary to determine whether health effects 
are  likely t o  occur. Nonetheless, use of 
environmental guidelines and medical o r  
toxicologic health guidelines is the first step in 
making this determination. 

Environmental Guidelines 

The term "environmental guideline" refers to 
health-related guidelines that represent 
acceptable medium-specific concentrations 
(e.g., mg/L) of a compound to which humans 
may be exposed via a specific exposure pathway 
(e.g., drinking water). Environmental  
guidelines include occupational-regulatory 
and nonregulatory-guidelines that have been 
established by EPA and other organizations 
(e.g., American Conference of Governmental 
Industrial Hygienists [ACGIH], Occupational 
Safety and Health Administration [OSHA], 
and National Institute for Occupational Safety 
and Health [NIOSH]). These guidelines, based 
on specific, usually well-known exposure 

scenar ios  and  t a rge t  populat ions ,  a r e  
convenient to use because they are familiar to 
the scientific and regulatory communities. 
However, it should be noted that some of these 
guidelines may not be  supported by an  
adequate toxicity base. Furthermore, these 
guidelines may not be appropriate to use for 
sensitive individuals (the young, the old, the ill) 
or  for continuous exposures. 

When environmental guidelines are available 
for the site's contaminants of concern, these 
guidelines should be compared with site 
concentrations. When the concentration of a 
contaminant exceeds an environmental  
guideline, the concentration and guideline 
should be reported in the health assessment. In 
addition to environmental guidelines, the 
assessor should use medical and toxicologic 
health guidelines to assess exposures. 

Medical or Toxicologic 
Health Guidelines 

T o  evaluate whether the contaminants of 
concern are likely to pose a health threat under 
site-specific exposure conditions, the assessor 
should compare estimates of exposure dose 
with health-based values such as ATSDR's 
Minimal Risk Levels (MRLs)  o r  o the r  
reference values described in Appendix B. An 
MRL is defined as an estimate of the daily 
human exposure to a substance that is likely to 
be without an appreciable risk of adverse, non- 
cancer health effects over a specified duration 
of exposure. 

T h e s e  heal th  guideline values provide 
perspective on the relative significance of 
human exposure to contaminants at the site. 
These values alone, however, cannot be the 
sole determination of the potential health 
threat of a particular chemical. 

When comparing environmental contaminant 
concentrations to regulatory standards, the 
assessor must consider the assumptions used to 
derive the values to determine if they are 
applicable under site-specific conditions. The 
assessor should also consider the potential for 
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cumulative contaminant doses from multiple 
routes of exposure. 

When simultaneous exposure t o .  multiple 
chemicals occurs, there is a potential for 
additive, synergistic, o r  antagonistic interactive 
effects. If it is concluded that interactive toxic 
effects may result in a public health hazard, the 
health assessor should provide data and 
evidence to support that conclusion. 

The assessor should also consider information 
suggesting tha t  t h e  health impact of a 
contaminant may be modified by host-specific 
factors such as nutritional deficiencies, life- 
style factors, age, sex, or preexisting disease. 
Information on toxicological interactions and 
host-specific modifying factors is contained in 
the ATSDR Toxicological Profiles. 

Health guideline values are usually derived 
from experimental animal data, based on broad 
assumptions, and corrected by a series of 
uncertainty factors. Thus, the values serve only 
as guidelines and not as absolute values that 
explicitly divide ranges of safety from ranges of 
risk. 

The assessor's reliance on such values should 
also be tempered by an awareness of toxicologic 
information used in setting guidelines for 
particular contaminants. Studies of the adverse 
effects of exposure to hazardous substances 
may be restricted to a limited number of end 
points. 

Many experimental animal studies focus on 
carcinogenic effects. Other studies may be 
designed to examine a single toxic end point 
(e.g., developmental toxicity). Regulations for 
acute o r  occupational exposures may be based 
on a specific type of adverse response (e.g., eye 
or  skin irritation) and may not be protective of 
other adverse health effects (e.g., central 
nervous system depression or neurobehavioral 
effects). Therefore, the assessor needs to 
evaluate all available data for a specific 
chemical. 

If guidelines are not available for the specific 
exposure route of concern at a site, criteria 
developed for other exposure routes may be 

used. However, care should be exercised when 
drawing conclusions from those comparisons. 
For example, when standards are not available 
for dermal contact or  for inhalation, reference 
doses (RfDs) or cancer slope factors derived for 
ingestion exposures  may b e  used,  bu t  
consideration should be given to the validity of 
such extrapolations. 

7.1.3. Determining Exposure-Related 
Health Effects 

It is important for the health assessor to  use the 
best medical and toxicologic information 
available to determine the health effects that 
may result from exposure to  contaminants at a 
site. Such information can be derived from 
ATSDR's chemical-specific Toxicological 
Profiles, standard toxicology textbooks, and 
scientific journals of environmental toxicology 
or environmental health. Assessois should also 
consul t  on-l ine databases,  such  as  t h e  
Hazardous Substances Data Bank (HSDB) and 
Toxline, for the most current toxicologic and 
medical information. 

The assessor should indicate in the health 
assessment whether health concerns are for 
acute, intermediate, or chronic exposures. In 
the ATSDR Toxicological Profiles, acute 
exposures refer to those of 14 days or  less; 
intermediate exposures are from 15-364 days; 
and chronic exposures are for 365 days o r  more. 

When evaluating the health impact of exposure 
to hazardous substances, the assessor should 
consider data from studies of human exposures 
as well as from the results of experimental 
animal studies. For  heal th  assessment 
purposes, the use of human data is preferred 
because it eliminates uncertainties involved in 
extrapolating across species. However, human 
data are often unavailable, particularly for 
chronic, low-dose exposures. Furthermore, 
adequate human data are often not available to 
establish a dose-response relationship. In the 
absence of adequate human data, the health 
assessor  must rely o n  t h e  r e s u l t s  o f  
experimental animal studies. 
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When evaluating the potential health effects of 
exposures to hazardous substances, the health 
assessor should focus on health effects relevant 
to the contaminant doses that could result from 
exposures at thesite. In addition to considering 
the contaminant dose, the health assessor 
should consider the frequency of exposure and 
the exposure duration. At many hazardous 
w a s t e  s i t e s ,  exposures  can o f t e n  be  
characterized as chronic and of a low dose. 
Health effects data and information for such 
exposures are often lacking. In those instances, 
the health assessor may have to rely on studies 
that involve shorter exposures and/or higher 
dose levels. If such studies are used as the basis 
for a health assessment, the assessor should 
acknowledge the qualitative and quantitative 
uncertainties involved in those extrapolations. 

A T S D R  recommends tha t  s i te- re la ted 
exposures  b e  compared t o  s tud ies  o r  
experiments involving comparable routes of 
exposure-i.e., ingestion, inhalation, and 
dermal contact. However, in some instances, it 
may be necessary to use data from studies 
based on different exposure pathways. Caution 
should be used when drawing conclusions from 
such studies because of uncertainties involved 
in route-to-route extrapolations d u e  to  
differences in contaminant absorption,  
distribution, metabolism, and excretion. In 
addition, a contaminant might exert a toxic 
effect by one route of exposure, but not by 
another (e.g., chromium is reported to  be 
carc inogenic  by inhalation but n o t  by 
ingestion). 

Information on the toxic effects of chemical 
exposure in humans and experimental animals 
is contained in the ATSDR Toxicological 
Profiles. These documents also contain 
dose-response information for different routes 
of exposure. When information is available, 
the  Toxicological Profiles also contain a 
discussion of toxic interactive effectswith other 
chemicals and a description of potentially 
sensitive human populations. 

7.1.4. Evaluating Factors That 
influence Adverse Health 
Outcome 

The assessor should review factors that may 
enhance or mitigate health effeciresulting 
from exposure to  site contaminants. The 
assessor should consider other medical and 
toxicologic information, health implications for 
sensitive subpopulations, health implications of 
past and future exposures, and the effects of 
site remediation on human exposure. 

Health Implications of Other Medical 
and Toxlcologlc Factors 

The health effects identified by comparing 
dose estimates with guideline values and 
referring to health effects information (in 
Sections 7.3. and 7.4.) should also be evaluated 
on the basis of other toxicologic and medical 
factors that can enhance or  mitigate effects of 
exposure. When relevant, these factors should 
be identified and their health implications 
discussed in the health assessment. Factors the 
health assessor may consider are these: 

distribution within the body (the fate of 
the chemical after ingestion, inhalation, 
or dermal contact); 

target organs (site of major toxicity); 

toxicokinetics of substance (including 
possible transfer to cow's milk or  nursing 
mother's milk); 

enzyme induction (chemical induction of 
various enzyme systems may increase or 
decrease chemical toxicity); 

the cumulative effect of exposures to 
chemicals that bioaccumulate in the body 
(e.g., lead, cadmium, organochlorine 
pesticides); 

' chemical tolerance (decreased 
responsiveness to a toxic chemical effect 
resulting from previous exposure to that 

- chemical or  to a structurally related 
chemical); 
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immediate versus delayed effects (effects 
observed rapidly after a single exposure 
versus effects that occur after some lapse 
of time); 

reversible versus irreversible effects 
(ability of affected organs to regenerate); 

local versus systemic effects (whether the 
effect occurs at the site of first contact, 
or must the chemical be absorbed and 
distributed before the effect is observed); 

idiosyncratic reactions (genetically 
determind abnormal reactivity to a 
chemical that is qualitatively similar to 

, 
reactions found in all persons, but may 
take the form of either extreme 
sensitivity to low doses or extreme 
insensitivity to high doses); 

allergic reactions (adverse reaction to a 
chemical resulting from previous 
sensitization to that chemical or a 
structurally related one); and 

other related disease effects (effect of 
chemical on previously diseased organ). 

In addition to the medical and toxicologic 
factors identified here, the health assessor 
should consider population-specific factors 
that may enhance or  mitigate health effects 
associated with exposure to the contaminants 
of concern. 

Health Implications for 
Subpopulations 

Many subpopulations may be identified at a 
site. Each subpopulation has special concerns 
that must be considered when determining 
public health implications. 

Sensttlve Subpopulatlons 

Perhaps the most crucial set of factors that the 
assessor must weigh are those that influence 
differential susceptibility to the effects of 
specific compounds. Age, sex, genetic 
background, nutritional status, health status, 
and general lifestyle may each influence the 
effects of contaminant exposure. The assessor 

should carefully consider the impact that each 
of these factors may have at a specific site for a 
given population. 

Age and Sex. Age-related susceptibility to toxic 
effects is more widespread than many public 
health workers realize. Although other factors 
generally affect only a small segment of the 
population at a given time (e.g., only 4% of the 
total population are carriers of hereditary 
DNA-repair diseases), everyone is at enhanced 
risk because of age factors at some point in his 
or her lifetime (e.g., all infants are at enhanced 
risk for radiation-induced cancer). 

E P A  and  o t h e r  federal  agencies  have 
acknowledged that  the very young a re  a 
particularly high-risk group that must be 
protected more stringently from the adverse 
effects of certain compounds. For example, the 
EPA primary drinking water standard for 
nitrate was set to protect the most susceptible 
high-risk group:  infants in danger  o f  
developing methemoglobinemia. Similar 
age-related sensitivities are reflected in levels 
set for lead in ambient air and drinking water, 
and for mercury in aquatic systems. 

The very young are not always the age group of 
most enhanced risk. In some instances, adults 
are at greater risk of toxicity than infants or  
children (3). For example, the young seem 
more resistant than adults to the adverseeffects 
of renal toxicants such as fluoride and uranyl 
nitrate. The  recent acknowledgement that 
elderly subpopulations may have significantly 
heightened susceptibility to  contaminants 
because of lower functional capacities of 
various organ systems, reduced capacity to 
metabolize foreign compounds, and diminished 
detoxification mechanisms is also an important 
consideration. 

Finally, some adverse health effects may be 
mediated by hormonal influences and other 
factors that  a r e  sex-linked. In  general, 
sex-linked differences in toxic susceptibilities 
have not been extensively investigated. 
However, it is well documented that pregnant 
women are often at significantly greater risk 
from exposure to  beryllium, cadmium, lead, 
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manganese, and organophosphate insecticides 
than other members of the general population 
because of various physiologic modifications of 
pregnancy (4). A developing fetus is at greater 
risk from compounds that exert developmental 
effects. 

:A. Biochemical or Genetic Susceptibilities. The 
presence o f  subpopulations with certain 
inherent biochemical or genetic susceptibilities 
should also be considered when evaluating the 
potential health threats of a site. Studies by the 
National Academy of Sciences (S), Stanbury et 
a1 (6), and Stokinger and Scheel (7) indicate 
that genetic predisposition is a determining 
factor in as many as 150 diseases. Studies of 
some of these genetically determined diseases 
have shown an increased susceptibility to the 
toxic effects of certain pollutants. For example, 
certain percentages of various ethnic groups 
are known to suffer from inherited serum 
,alpha-1-antitrypsin deficiency (3,8), which 
predisposes them to alveolar destruction and 
pulmonary emphysema (9,10,11). Persons with 
this deficiency are especially sensitive to the 
effects of certain pollutants. Such information 
can be used in conjunction with information on 
the ethnic makeup of surrounding populations 
t o  better  evaluate potential toxic effects 
associated with a site. 

In addition, persons who have chronic diseases 
may also be at increased risk from exposure to 
certain contaminants. Individuals with cystic 
fibrosis are less tolerant of the respiratory and 
gastrointestinal challenges of some pollutants. 
Persons with hereditary blood disorders, such 
as sickle-cell anemia, have increased sensitivity 
to compounds such as benzene, cadmium, and 
lead, which are suspected "anemia producers" 
(4,7). Those examples should alert the health 
assessor to the importance of determining 
(from documents or during the site visit) the 
presence and proximity of hospitals o r  
conva lescen t  homes  w h e r e  sensi t ive  
subpopulations are likely to be found. 

Socioeconomic Factors. Demographic and 
land-use information should also help identify 
the relative socioeconomic status of exposed 
populations. This information may provide 

important clues for this step of the health 
assessment  process. Not  on ly  can 
socioeconomic s ta tus  b e  a n  important  
indication of susceptibilities t o  specific 
pollutants, but such information may also help 
identify confounding nutritional deficiencies or 
behaviors that enhance sensitivity to  toxic 
effects. Studies have shown that dietary 
deficiencies of vitamins A, C, and E may 
increase susceptibility to the toxic effects of 
polychlorinated biphenyls, chlorinated 
hydrocarbons, some pesticides, ozone, and 
other substances. Other studies have indicated 
that deficiencies in trace metals such as iron, 
magnesium, and zinc exacerbate the toxic 
potential  of fluorides, manganese, and 
cadmium. 

Populations with sensitivities due to nutritional 
deficiencies may be suspected in areas of low 
socioeconomic status and extreme poverty or in 
areas with large numbers of indigents. Elderly 
populations have also been identified as a 
subgroup at risk of susceptibility because of 
nutritional deficits. 

T h e  assessor  must carefully examine  
demographic information for particular groups 
on or  near the site who might be especially 
sensitive to  toxic effects. Any suspected 
high-risk groups should be  specifically 
identified in the health assessment report. The 
h e a l t h  assessor  should  a lso  n o t e  tha t  
information on the number and proximity of 
people in high-risk subpopulations is vital for 
providing optimal public health protection. 
Locations of schools, playgrounds, recreational 
areas, and retirement or convalescent homes 
on or  near a site should be carefully noted as 
important indications of the presence of 
sensitive subpopulations. Enumeration of 
ethnic groups within the  population and 
characterization of socioeconomic status may 
also indicate sensitive subpopulations near a 
site. When those groups are known to be at risk 
from exposure to  site contamination, the 
assessor should determine from available 
medical and toxicologic l i tera ture  and 
databases the nature and magnitude of adverse 
health effects likely to result. 
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Worker and Residential Subpopulatlons 

Some sites may have worker populations 
on-site. The health assessment should clearly 
identify health concerns for both off-site - 
residential and on-site worker populations. 
The health assessment should also address 
health implications for workers involved in site 
remediation. Furthermore, health assessors 
should consider the families of workers who 
may be (or have been) exposed through contact 
with work clothing or other secondary means. 

Slte-Spectflc Exposed Subpopulatlons 

During the assessment process, subpopulations 
of special concern should be identified. Those 
individuals may be at increased risk because of 
greater sensitivity, compromised health status, 
concomitant occupational exposures, or other 
reasons. If such individuals exist, they should 
be identified in the health assessment, and 
appropriate recommendations should be made 
for their protection. 

Health lmplications of Past Exposures 

When determining the health implications of a 
site and addressing the community's health 
concerns, the assessor should consider past, 
current, and potential future exposures. 

Past exposures are difficult to address because 
they are difficult to  quantify; nonetheless, 
significant exposure may indeed have occurred. 
When addressing community health concerns 
about past exposures, the assessor should 
review community-specific health outcome 
databases, such as morbidity data and disease 
registries, to evaluate a correlation between 
past and current health outcomes and past 
exposures. When past exposures have been 
documented and health studies have not been 
performed, the  assessor should consider 
recommending the  site for health effects 
studies or performing a review of community 
health records. 

Health lmplications of Future 
Ex~osures 

A n  impor tan t  aspect  of publ ic  h e a l t h  
implications at a site involves differentiating 
between current  and fu tu re  completed 
exposures, and current and future potential 
exposures. When considering completed and 
future potential exposures, the assessor should 
decide whether other exposures are possible 
from continued contaminant migration, 
anticipated (or likely) land development, o r  
remedial activities. The assessor should make 
appropriate recommendations to  mitigate 
future exposures. 

Health lmplications of Site 
Remediation 

When determining the health implications of a 
site, the assessor should consider the effect(s) 
of remedial activities. Previous, current, or  
planned remedial activities can significantly 
affect conclusions about site-related health 
concerns. When removals o r  emergency 
response measures have occurred previously, 
the assessor should consider what effect those 
measures have had on health. Similarly, if site 
remediation is already occurring or has been 
announced, the assessor should determine 
what likely effect it will have. The health 
assessment should be responsive to community 
health concerns about remedial activities. In 
addition, discussions in the health assessment 
about exposure pathways should clearly 
identify and differentiate between pathways 
that are currently present and pathways that 
may have occurred in the past--but have been 
eliminated or significantly reduced by remedial 
activities. 

7.1.5. Determining Health lmplications 
of Physlcal Hazards 

Besides the health hazards posed by the site's 
chemical contamination, physical hazards may 
also have been identified during the site visit. 
T h e  assessor should  make  appropr ia te  
recommendations and conclusions in the health 
assessment depending on the significance of 
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the physical hazards with respect to the site. 
For example, an abandoned site may be subject 
to  uncontrolled dumping of household or  
construction debris, which may be considered a 
physical hazard, depending on the location of 
the site, type of debris, and surrounding land 
use. 

72. EVALUAING HEALTH 
OUTCOME DATA 

The health assessor should evaluate available 
health outcome data for all identified plausible 
outcomes and outcomes of community concern 
as appropriate. First, the health assessor 
should identify appropriate health outcomes 
for  evaluation by using t h e  previously 
developed environmental and toxicological 
information and applying the criteria outlined 
in Section 7.2.2. Further guidance in evaluating 
and discussing health outcome data in health 
assessments is presented in Section 7.2.4. 

This section discusses the following issues: 

8 use of health outcome data in the health 
assessment process; 

criteria for evaluating health outcome 
data; 

using health outcome data to address 
community health concerns; and 

guidance for evaluating and discussing 
health outcome data in health 
assessments. 

7.2.1. Uses of health outcome data in 
the health assessment process 

Health outcome data can be used for many 
purposes. The data can provide valuable 
information on patterns of specified outcomes 
such as infant mortality and specific types of 
cancers. Those data can also be  used to 
compare the prevalence of a specific outcome 
among different populations (e.g., town A 
compared with town B, or  with the state o r  the 
country). 

Health outcome data can provide information 
on the general health status of the community 
living near a hazardous waste site. Evaluating 
health outcome data also assists in addressing 
community health concerns such as: "Are more 
members of the community living near a 
specified site suffering from a specified disease 
compared with another population not living 
near this site." The evaluation of these data is 
not meant to and cannot establish cause and 
effect (i.e., without consideration of other 
important factors, such as exposure, biologic 
plausibility, and other causes, an elevated brain 
cancer ra te  alone cannot be considered 
conclusive evidence that living near a waste site 
is the sole cause for a specific health outcome 
in the nearby community). 

In addition to addressing community health 
concerns, health outcome data can provide 
guidance in determining appropriate follow-up 
health actions. 
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7.2.2. Guidance Criteria for env i ronmenta l  t r a n s p o r t  mechanism 
evaluating health outcome (environmental medium), (c) point of human 
data in the health assessment exposure, (d) route of exposure, and (e) the 

D ~ O C ~ S S  presence of a receptor population. 

General Guidelines 
Step 2: 

Determine whether chemicals associated with 
Health outcome data should be evaluated for the  completed exposure pathway(s) a r e  
plausible carcinogenic and non-carcinogenic 
outcomes, based on the nature and extent of 
exposures and the adverse toxicologic and Identify Carcinogens Appropriate for 
physiologic health outcomes resulting from Data Analysis. 
those exposures. 

Each chemical in a completed exposure 
Alternatively, an evaluation of health outcome pathway should be  evaluated based o n  
data may be to  assist health Sufficient human evidence, limited human 
assessors in addressing community health evidence, or  sufficient animal evidence of 
concerns. The outcome(s) of. concern to the carcinogenicity. Designating a chemical as a 
community may or may not be plausible and/or carcinogen (for Purposes of health outcome 
related to the exposures associated with a site. d a t a  eva lua t ion)  is based o n  t h e s e  

determinations: 
Plausible Outcomes 

Plausible Carcinogenic Outcomes 

The  following is a stepwise approach to 
evaluating health outcome data related to 
carcinogenic endpoints. 

Step 1: 

Establish t h e  existence of a completed 
exposure pathway. 

Each completed exposure pathway exists of five 
elements: (a) source of contamination, (b) 

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  

classification by the International 
Agency for Research on Cancer 
(IARC)~ as a 1.2A or  2B carcinogen; or  

classification by the Environmental 
Protection Agency (EPA)~  as an A, B1, 
or B2 carcinogen. 

1 The National Toxicology Program in its Annual Report on Carcinogens classifies a chemical as a ' k m  human 
carcinogen" based on sufficient human data. Its classification of a chemical as being 'reasonably anticipated to  be 
a carcinogen" is based on limited human or sufficient animal data. 

2 IARC defines a class 1 carcinogen as a substance for which studies in humans indicate a causal relationship 
ktween the agent and human cancer. Class 2 carcinogens are thase reasonably anticipated to be carcinogens. 
For a 2A classification, there is limited evidence of carcinogenicity from human studies that indicates a causal 
interpretation is credible, but not conclusive. A 2B classification indicates that there is sufficient evidence of 
carcinogenicity from studies in experimental animals. 

3 In EPA's classification scheme, a chemical is considered a class A or human carcinogen based on sufficient 
evidence from studies of humans. A substance is considered class B1 if there is limited evidence from human 
studies. B2 is used when evidence for carcinogenicity is inadequate or non&stent based on human studies, but 
sufficient based on animal studies. 

- - 
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Information on the carcinogen classification for 
a specific chemical can be found in Sections 2.2. 
and 2.4. of the ATSDR Toxicological Profile 
for that chemical. Additional sources of 
information a re  the  Annual Report  on  
Carcinogens published by the National 
Toxicology Program and the IRIS and HSDB 
databases in the National Library of Medicine's 
TOXNET database. 

For each completed exposure pathway 
involving a carcinogen, estimate when 
the exposure began. A latency period of 
at least 10 years between exposure and 
diagnosis has been observed in most 
studies of human cancer. 

Step 3: 

Evaluate cancer outcomes for all organ sites. 

Cancer outcomes should be obtained for all 
organ sites based on carcinogens selected in 
step 2. IARC has recommended that in the 
absence of adequate data on humans, it is 
biologically prudent and plausible to regard 
agents for which there is sufficient evidence of 
carcinogenicity in experimental animals as ifthey 
presented a carcinogenic rirk to humans [IARC 
19871. However, animal evidence does not 
consistently establish the cancer site in humans, 
so it cannot be used for this purpose. Because 
of those uncertainties, it is prudent public 
health practice to obtain cancer data for all 
organ sites. 

Step 4: 

Estimate the number of individuals being 
exposed. 

For each chemical carcinogen and completed 
exposure pathway, estimate the number of 
exposed individuals and note where they live; 
this information is essential for obtaining 
appropriate cancer outcome data. 

Step 5: 

Identify available health outcome databases. 

Identify and characterize databases which 
include the exposed population. For example, 
note the following characteristics: 

type of database (e.g., vital statistics, 
cancer registry, completed studies, other 
health records known to be available); 

name of data source (e.g., West Alabama 
Regional Cancer Registry); 

responsible organization (e.g., University 
of Alabama); 

lowest geographic unit of analysis (e.g., 
region, state, county, cityltown, zip code, 
census tract, block); 

years analyzed (e.g., 1980-1985); and 

demographics (e.g., age, sex, race, 
.occupation, education, income). 

Appendix H provides a checklist to  assist health 
assessors in characterizing health outcome 
databases listed in Appendices F and G. 
Appendix I provides information on the major 
characteristics of frequently used secondary 
health databases. 

Plausible Non-Carcinogenic Outcornea 

The health assessor should evaluate health 
outcome data for plausible noncarcinogenic 
endpoints using the following steps: 

Step 1: 

As with the carcinogenic outcomes, the health 
assessor should establish whether a completed 
pathway exists. 

Step 2: 

Identify plausible non-cancer outcomes based 
on  the  toxicologic characteristics of the  
chemical(s) in the  completed exposure 
pathway. 

In format ion  o n  chemical-specific 
non-carcinogenic outcomes can be found in 
Sec t ions  2.2. and  2.4. o f  ATSDR's  
Toxicological Profiles. 
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Step 3: 

Select appropriate outcomes to be evaluated. 

Select all health outcomes identified in Step 2 
as plausible adverse health effects in humans. 
In addition, when possible, the health assessor 
should evaluate health outcomes identified in 
animals that can be reasonably expected to 
occur in humans. Such instances include 
scenarios where the outcome of interest was 
observed in repeated studies in multiple types 
of animals, and the exposure route in these 
animal studies is the same as the  human 
exposure route being investigated. 

Step 4: 

Estimate the number of individuals being 
exposed. 

Repeat Step 4 under Carcinogenic Outcomes. 

Step 5: 

Identify available health outcome databases. 

Repeat Step 5 under Carcinogenic Outcomes. 

7.2.3. Using Health Outcome Data to 
Address Community Health 
Concerns 

- -  

Community health concerns constitute one of 
the three main data sources on which health 
assessments are based. During the health 
assessment process, community concerns are 
identified by the  health assessor. These 
concerns are gathered from a variety of sources: 
individual citizens, activist groups, politicians, 
local and state health departments, and local 
media. 

Evaluating health outcome data may assist in 
addressing heal th-related community concerns. 
Specifically, these data are helpful in addressing 
concerns related to a high incidence of a 
specific disease in a community living near a 
hazardous waste site. 

To address such concerns, the health assessor 
should follow these steps: 

Step 1: 

Determine whether the outcome of concern is 
plausible. If the outcome is plausible, the 
health assessor should follow the procedures 
outlined in Section 7.2.2. 

Step 2: 

If the outcome is not plausible, the health 
assessor should initiate a search for relevant 
health outcome databases. 

When addressing this health concern, the 
health assessor should clearly state that the 
evaluation of health outcome data was to 
address a specific community health concern, 
and that the outcome under investigation is 
unlikely to  be associated with exposure to  
site-related contaminants. 

Step 3: 

If no health outcome data are available to 
address a specific outcome of concern to the 
community that is not likely to be biologically 
plausible, the health assessor should address it 
using the pathway analysis information and 
toxicologic data. 

7.2.4. Guidance In evaluating and 
discussing health outcome 
data in health assessments. 

T h e  health assessment format currently 
contains two health outcome data components: 
Health Outcome Data and Health Outcome 
Data Evaluation. 

Health Outcome Data 

H e a l t h  Outcome D a t a  is p resen ted  in 
Subsection D of the background section of the 
health assessment. T h e  purpose of this 
subsection is t o  list all health outcome 
databases and information evaluated in the 
health assessment. 

This list can only be compiled after the health 
assessor has identif ied t h e  appropr ia te  
databases to be used by applying the criteria 
outlined in this chapter. The list should include 
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the names of the databases and the sources 
and/or organizations maintaining them. It is 
not appropriate to discuss the evaluation and 
findings of health outcome data  in this 
subsection. 

Health Outcome Data Evaluation 

Health Outcome Data Evaluation is presented 
in Subsec t ion  B in t h e  Publ ic  H e a l t h  
Implications section of the health assessment. 
The purpose of this subsection is to discuss and 
present the findings of the evaluation of all 
biologically plausible health outcome data- 
carcinogenic and noncarcinogenic-and 
outcomes of concern t o  the  community 
regardless of plausibility. Again, to identify the 
plausible outcomes, the health assessor should 
use the criteria outlined in this chapter. 

As discussed previously, health outcome data 
used in health assessments cannot, in most 
cases, establish a causal link between exposure 
and adverse health effects in individuals living 
near a hazardous waste site. 

However, health outcome data can: 

compare the occurrence of a specific 
health outcome (disease) among 
populations; and 

assist the health assessor in addressing 
community concerns related to increased 
occurrence of disease in the community. 

Tbe evaluation of any health outcome 
database should include: 

a. a discussion of the characteristics of the 
database under evaluation (e-g., 
number of years for which data are 
available, smallest geographic unit for 
which data are collected, which years 
of data were included in the analysis, 
etc.); 

b. a discussion on how the population 
associated with the site relates to the 
smallest geographic unit for which 
data are available (e-g., the 
community is part of a city, but data 
are only available at the county level); 

c. if comparison populations are used 
(e.g., the city, county, state), a 
discussion of the characteristics of the 
populations; 

d. a discussion on which methods of 
analysis will be used (crude rates, 
standard morbidity/mortality ratios, 
adjusted rates, etc.); 

e. a discussion of the findings of analysis; 
f. a discussion of the limitations of the 

findings. This should include 
discussing the database-specific 
limitations as well as those limitations 
associated with the analysis methods 
used. Such limitations include: 

the reliability of the data collected 
as it relates to the duration of 
existence of the database (in 
general, the older the database, 
the more reliable the data); 

the role of the smallest 
geographic unit for which data are 
collected in assessing the 
presence of increased rates of a 
specific health outcome for a 
community that is smaller than 
that residing in the smallest 
geographic unit; and 

the implications of using crude 
rates versus adjusted rates. 

g. a discussion of how the results of the 
analysis relate to the overall public 
health implications of the hazardous 
waste site under evaluation; i.e., what 
do elevated and (non)elevated rates 
of a health outcome-plausible, 
non-plausible, or of community 
concern-mean with respect to the 
overall impact of the site on the 
nearby community? 

As with other types of information used in the 
health assessment, the health assessor should 
consult with appropriate staff within hisfher 
organization when evaluating health outcome 
data. 
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7.3. EVALUATING COMMUNrrY 
HEALTH CONCERNS 

The evaluation of community health concerns 
is presented as Subsection C of the Public 
Health Implications section of the health 
assessment. In this subsection, the health 
assessor should address every health concern 
expressed by the community as listed in the 
Community Health Concerns section of the 
health assessment. T o  address each outcome 
of concern, the health assessor should use 
environmental contamination data, exposure 
pathways analyses, and health outcome data as 
appropriate. 

First, the health assessor should determine if 
the outcome(s) of concern is (are) biologically 
plausible. Because all plausible outcomes have 
already been evaluated, the health assessor can 
simply refer  t o  that  discussion. If the  
outcome(s) of concern is (are) not plausible, 
t h e  h e a l t h  assessor  may ini t ia te  t h e  
identification and evaluation of health outcome 
data, clearly indicating that this evaluation is 
being undertaken to help address a specific 
concern. If no, health outcome data are 
available to address a non-plausible concern, 
the health assessor should discuss relevant 
pathway analysis and toxicologic and medical 
information to address this concern. It may also 
be helpful to follow this discussion with a brief 
general description of the outcome (disease) of 
concern. The description can include where in 
the  human body the  disease occurs, the 
prevalence of the disease, the  (multiple) 
cause(s) of the disease, etc. 

When addressing community health concerns 
in health assessments, it is helpful to restate the 
concern as expressed by the community, rather 
than as interpreted by the health assessor. 

Having identified the site's health implications, 
t h e  assessor is ready to comple te  the  
conclusions and recommendations that have 

been developed during the health assessment 
process. 
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DETERMINING 
CONCLUSIONS AND RECOMMENDATIONS 

The final task in preparing a health assessment 
is to determine conclusions about the health 
implications associated with the site and to 
p r e p a r e  paral le l  recommendat ions .  
Completion of this task will fulfill the purposes 
of a health assessment stated in Chapter 2. 

' Determine the health implications of the 
site. 

Address these implications by making 
recommendations for future 
environmental and health studies (if 
deemed necessary). 

Identify actions necessary to mitigate or 
prevent adverse health effects. 

Recommendations should parallel conclusions 
drawn about the site, with every conclusion 
leading to one or more recommendations. It is 
imperative that this section be explicit and 
unambiguous and concisely state the findings of 
the health assessment. This section should 
logically follow from information presented in 
previous sections and should not introduce new 
data or information. Conclusions and resulting 
recommenda t ions  shou ld  address  all 
community health concerns. 

8.1. DERMINING CONCWSIONS 
- -- -- 

The health assessment conclusions should 
explicitly communicate the following: 

' health implications of the site; 

community concerns; and 

8 instances of insufficient health and 
environmental information. 

Additional conclusions for addressing specific 
health concerns or  environmental pathways v 

may also be needed. 

8.1 .l. Selection of the Public Health 
Hazard Category 

The first conclusion of every health assessment 
identifies the level of public health hazard 
posed by the site. A health assessment should 
assign to the site one of the following five 
categories: 

A. Urgent Public Health Hazard; 
B. Public Health Hazard; 
C. Indeterminate Public Health Hazard; 
D. No Apparent Public Health Hazard; or 
E. No Public Health Hazard. 

These categories were selected to: 

characterize the degree of public health 
hazard at the site based on factors such 
as the existence of potential pathways of 
human exposure, the susceptibility of the 
exposed community, the comparison of 
expected human exposure levels to 
applicable health-based standards, and 
an evaluation of existing 
community-specific health outcome data. 

' determine whether actions should be 
taken to reduce human exposure to 
hazardous substances from a site and 
whether additional information on 
human exposure and associated health 
risks is needed and should be acquired by 
conducting further environmental 
sampling or other health actions 
including epidemiologic studies, 
establishing a registry or a health 
surveillance program, or environmental 

- health education. 

identify toxicologic data gaps for 
substance-specific and generic 

- -  - -- 
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toxicologic issues. These data gaps will 
be considered by the Division of 
Toxicology in establishing research 
priorities and in developing 
Toxicological Profiles. 

Table 8.1. contains criteria for selecting the 
appropriate site category. The site category is 
determined primarily by existing conditions at 
the site. Information on past exposures at the 
site will seldom be available. However, there 
may occasionally be information to indicate 
that past exposures to hazardous substances 
have affecte'd human health. I n  some 
instances, these past exposures could have 
resulted in adverse health outcomes that have 
persisted to the present, even though the site 
has been remediated and exposures are no 
longer occurring. In order to acknowledge and 
be responsive to  the persisting health impact of 
such past exposures, the site should be placed 
in Category A or B. In addition, if possible, 
ATSDR should make recommendations to 
mitigate the health impact of past exposures. 
They can include initiating medical monitoring 
o r  surveillance, establishing a registry, or 
implementing other appropriate actions. 

Conditions at a site may be dramatically altered 
as the result of removal operations, remedial 
activities, or  other intervention strategies. 
Conditions may also be altered as the result of 
unabated contaminant migration or changes in 
land use at the site or surrounding property. If 
such changes occur and if resources permit, an 
addendum to  the health assessment can be 
prepared, and the site can be recategorized to 
reflect the altered circumstances. 

In selecting the appropriate health hazard 
category, the assessor must consider the total 
body of information available for the site. 
Some of the important factors that must be 
weighed in the analysis include these: 

presence of completed or  potential 
exposure pathways; 

on-site and off-site environmental 
contaminant concentrations; 

contaminant interactions; 

presence of sensitive subpopulations; 

opportunity for acute o r  chronic 
exposures; 

nature of toxic effects associated with 
site contaminants; 

community-specific health outcome data; 

community health concerns; and 

presence of physical hazards. 

Once particular populations are identified as 
being at risk for adverse health effects from site 
contamination, the health assessor should 
determine the course(s) of action needed to  
protect public health and to  prevent human 
exposure. Those actions are reported in the 
Recommendations section of the  health 
assessment report. 

8.1.2. Conclusions About Insufficient 
Information 

Gaps in environmental characterization data or  
the lack of sufficient human health information 
may have been identified during the health 
assessment process. These data gaps should be 
reported in the Conclusions section of the 
health assessment. Conclusions abou t  
insufficient information and the attendant 
potential health implications may be coupled in 
one statement. 

8.1.3. Conclusions About Community 
Health Concerns 

As discussed in Section 7.7., t h e  health 
assessment should address all community 
health concerns using the criteria described in 
Chapter 7. Key findings from the evaluation of 
community heal th  concerns  should b e  
presented in the Conclusions section of the 
health assessment. Such findings could include 
the plausibility of a specific concern and 
follow-up actions that are recommended to  
help address those concerns. 

potential for multiple source exposures; 
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Table 8.1. Criteria and Actions for Levels of Public Health Hazard 
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CATEGORY A 
URGENT PUBLIC HEALTH HAZARD 

This category is used for sires that pose an urgent 
public health hazard as the result of short-tenn 
exposures to hazardous substances. 

Criteria: 
Evidence exists that exposures have occurred, are 
occurring, or are likely to occur in the future; 

and 
the estimated exposures are to a substance or 
substances at concentrations in the environment that, 
uponshon-termsrposures(1essthan lyear),cancause 
adverse health effects to any segment of the receptor 
population. The adverse health effect can be the result 
ofeithercarcinogenicornoncarcinogenictoxicityfrom 
a chemical exposure. For a noncarcinogenic toxic 
effect, the exposure exceeds an acute or intermediate 
minimal risk level (MRL) established in the ATSDR 
Toxicological Profiles or other comparable value; 

andlor 
community-specific health outcome data indicate 
that the site has had an adverse impact on human 
health that requires rapid intervention; 

and/or 
physical hazards at the site pose an imminent risk 
of physical injury. 

ATSDR Actions: 
ATSDR will expeditiously issue a health advisory 
that includes recommendations to mitigate the 

risks posed Ihe site. The 
recommendations issued in the health advisory 
and/or health assessment should be consistent with 
the degree of hazard and temporal concerns posed 
by exposures to hazardous substances at the site. 
Based on the degree of hazard posed by the site and 
the presence of sufficiently defined current, past, or 
future completed exposure pathways, the following 
public health actions can be recommended: 

' biologic indicators of exposure study; 
biomedical testing; 
case study, 

' disease and symptom prevalence study, 

(Continued o n  next page) 

CATEGORY B 
PUBLIC HEALTH HAZARD 

This category is used forsites thatpose a public health 
hazard as the result of long-term exposures to 
hazardous substances. 

Criteria: 
Evidence exists that exposures have occurred, are 
occurring, or are likely to occur in the future; 

and 
the estimated exposures are to a substance or 
substances at concentrations in the environment 
that, upon long-term exposures (greater than 1 
year), can cause adverse health effects to any 
segment of the receptor population. The adverse 
hea l the f f ec t  can b e t h e r e s u l t o f e i t h e r  
carcinogenic or noncarcinogenic toxicity from a 
chemical exposure. For a noncarcinogenic toxic 
effect, the exposure exceeds a chronic MRL 
established in the ATSDR Toxicological Profiles 
or other comparable value; 

and/or 
community-specific health outcome data indicate 
that the site has had an adverse impact on human 
health that requires intervention. 

ATSDR Actions: 
ATSDR will make recommendations in the 
health assessment to mitigate the health risks 
posed by the site. The recommendations issued 
in the health assessment should be consistent 
with the degre of hazard and temporal 
p ~ b y e x p u r e s t o h ~ r ~ o u s s u b s t a n ~ a t  
the site. 

Based on the degree of hazard posed by thesite and 
the Presence of sufficiently defined current, Past, 
or future completed exposure pathways, the 
following public  heal th act ions can be  
recommended: 

biologic indicators of exposure study; 
' biomedical testing; 
' case study, 
' disease and symptom prevalence study, 

community health investigation; 

(Continued o n  next page) 
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Table 8.1. Continued 
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CATEGORY A 
URGENT PUBLIC HEALTH HAZARD 

(continued) 

community health investigation; 

registries; 

site-specific surveillance; 

voluntary residents tracking system; 

cluster investigation; 

health statistics review; 

health professional education; 

community health education; andlor 

substance-specific applied research. 

CATEGORY B 
PUBLIC HEALTH HAZARD 

(continued) 

registries; 

site-specific surveillance; 

voluntary residents tracking system; 

cluster investigation; 

health statistics review; 

health professional education; 

community health education; and/or 

substance-specific applied research. 



8. Determining Conclusions a n d  Recommendations 

Table 8.1. Continued 
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CATEGORY C 
INDETERMINATE PUBLIC HEALTH 

HAZARD 

This category is used for sites with incontplete 
information 

Criteria: 
The limited available data do not indicate that 
humans are being or have been exposed to levels of 
contamination that would be expected to cause 
adverse health effects. However, data o r  
information are not available for all environmental 
media to which humans may be exposed, 

and 
there are insufficient or no community-specific 
health outcome data to indicate that the site has 
had an adverse impact on human health. 

ATSDR Actions: 

ATSDR will make recommendations in the health 
assessment to identify the data or information 
needed to adequately assess the public health r ish 
posed by the site. 
Public health actions recommended in this 
categorywill depend on the hazard potential of the 
site, specifically as it relates to the potential for 
human exposure of public health concern. 
If the potential for exposure is high, initial health 
actions aimed at determining the population with 
the greatest risk can be recommended. 
Such health actions include: 

community health investigation; 

health statistics review; 

cluster investigation; and 

symptom and disease prevalence study. 

If the population of concern can be determined 
these Or Other  any Of the 

remaining follow-up health activities listed under 
categories A and B may be recommended. 
In addition, if data become available suggesting 
that human exposure to hazardous substances at 
levels of public health concern is occurring or has 
occurred in the past, ATSDR will reevaluate the 
need for any followup. 

CATEGORY D 
NO APPARENT PUBLIC HEALTH HAZARD 

This category is used for sites where human eqmsure 
to contantinated media is occurring or has occurred 
in the past, but the exposure is below a level of health 
hazard 

Criteria: 

Exposures do not exceed an AT'SDR chronic MRL 
or other comparable value; 

and 
data are available for all environmental media to 
which humans are being exposed; 

and 
there are no community-specific health outcome 
data to indicate that the site has had an adverse 
impact on human health. 

ATSDR Actions: 

If app rop r i a t e ,  ATSDR will make 
monitoring Or Other 

removal andlor remedial actions needed to ensure 
that humans are not exposed to  significant 
concentrations of hazardous substances in the 
future. 
The following health actions, which may be 
recommended in this category, are based on 
information indicating that no human effposure is 
occurring or has occurred in the past to hazardous 
substances at levels of public health concern. The 
following health actions are recommended for sites 
in this category: 

community health education; 

health professional education; 

community health investigation; and 

voluntary residents tracking system. 

However, if data become available suggesting that 
human exposure to hazardous substances at levels 
of public health concern is occurring, o r  has 
occurred in the past, ATSDR will reevaluate the 
need for any followup. 
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Table 8.1. Continued 

CATEGORY E 
NO PUBLIC HEALTH HAZARD 

This category is used for sues that do notpose apublic 
health hazard. 

Criteria: 

There is no evidence of current or past human 
exposure to contaminated media; 

and 
future exposures to contaminated media are not 
likely to occur; 

and 
there are no community-specific health outcome 
data to indicate that the site has had an adverse 
impact on human health. 

ATSDR Actions: 
No public health actions are recommended at this 
time because no human exposure is occurring, has 
occurred in the past, o r  is likely to occur in the 
future that may be of public health concern. 
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8.1.4. Conclusions About Exposure 1) implementing actions to protect public 
Pathways health; 

- ~ 

Conclusions about exposure pathways may be 
appropriate when the environmental pathways 
may be affected by remediation or when the 
pathways may contribute to potential future 
exposures. Conclusions about "hot spots" 
should also be included when these areas have 
significant health implications different from 
those of the rest of the site. 

8.2. DETERMINING 

After reaching conclusions about the site, the 
assessor should develop recommendations for: 

2) obtaining additional health information; 

3) conducting public health actions (see public 
health action plan); and 

4) obtaining additional site-characterization 
information. 

Recommendations are based on the sites's 
hazard category (Table 8.2.) and correspond 
directly t o  t h e  conclus ions  ident i f ied  
previously. Inherent in every recommendation 
should b e  t h e  urgency with which the  
recommendation needs to  be addressed. This 
measure of urgency will indicate the gravity of 
the  a t tendant  conclusion and establish 
pr ior i t ies  fo r  responding  t o  t h e  
recommendation. 

Table 8.2. Conclusion Categories and Corresponding Recommendations and Public Health Actions 
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W P L E  PUBLIC HEALTH 
ACTlON 

*Public health advisory 

*Conduct blood lead testing to 
determine if an immediate 
public health threat exists for the 
community Living near the site 

*Conduct biomedical indicators 
of exposure study or biological 
testing to validate exposures 

*Conduct community health 
investigation to characterize 
population at risk 

*Conduct community health 
education to assist residents in 
understanding their potential for 
exposure 

*None 

CONCLUSION CATEGORIES 

A: Urgent Public Health Hazard 

B: Public Health Haznrd 

C: Indeterminate Public Health 
Haznrd 

D: No Apparent Public Health 
Hazard 

E: No Public Health Hazard 
, 

MAMPLE RECOMMENDATlON 

Dissociate persons from 
exposure to hazardous 
substances at the site 

Restrict access to the 
contaminated areas 

Conduct private well survey to 
better identify exposed 
population 

Conduct periodic monitoring of 
all area private wells to ensure 
that no exposure is occurring to 
hazardous substances at levels of 
public health concern 

None 
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8.2.1. Recommendations for 
Protecting Public Health 

For a site that poses an urgent public health 
hazard, ATSDR may issue a health advisory, 
which is sent to the EPA and to the appropriate 
state public health agency. A health advisory 
should be considered whenever chemical 
contamination or physical hazards associated 
with a site necessitate an expeditious response 
to protect public health. The health advisory 
recommends measures to be taken to reduce 
exposures and to eliminate or substantially 
mitigate the sibificant risk to human health. 

Recommendations for protecting public health 
are also included in the health assessment. The 
assessors may make recommendations to EPA 
for removal or remedial measures at the site to 
prevent fur ther  exposure,  o r  they may 
recommend add i t iona l  s tud ies  o f  t h e  
populations to better define the magnitude of 
exposure and the resulting health effects. 
Recommenda t ions  should address  t h e  
following routes of exposure: 

Human exposure from contaminnnts in 
water. When the assessor determines 
that humans are receiving unacceptable 
contaminant exposure through water 
sources, several types of action may be 
recommended: 1) provide an alternate 
water source; 2) close the public water 
supply or initiate treatment to remove 
contaminants; 3) evacuate properties that 
will be or are being adversely affected by 
surface-water releases until such releases 
are properly controlled; 4) restrict all 
public access to a site or contamination 
zone; 5) continue monitoring 
contaminant migration in groundwater; 
and 6) recommend that EPA give the site 
a higher priority. 

Human exposure through soil. When 
contaminated soil poses a health threat to 
on-site or near-site populations, the 
assessor may recommend to EPA, state 
environmental or health agencies, or 
other appropriate authority(ies) that site 
access be restricted. The assessor might 

also recommend that appropriate 
removal or remedial actions be 
implemented to prevent contact with 
on-site contaminated soil or off-site 
transport of soil by water o r  wind erosion. 

Human exposure through the food 
chain. If the assessment shows human 
exposure to food contaminants at levels 
that pose a health threat, EPA, the Food 
and Drug Administration (FDA), or other 
appropriate authority(ies) should be 
advised to prohibit local consumption or  
transportation of contaminated 
foodstuffs to other locations for 
consumption. If fish, game animals, or  
consumable wild plants are contaminated, 
the proper authorities should issue 
appropriate advisories. 

If measurements show contaminant levels that 
are elevated, but below levels of human health 
concern, the appropriate authorities should 
issue advisories that consumption of these 
contaminated foodstuffs, while not in and of 
itself a definitive or extraordinary human health 
threat, may pose a human health threat in 
con junc t ion  wi th  e x p o s u r e  t o  s imilar  
contaminants in other foodstuffs or by other 
routes (such as occupational or  household 
exposure). That type of advisory should be 
distributed near  t h e  s i te  and wherever 
transported contaminated plants and animals 
are being consumed. 

Safety actions. Recommendations on actions 
that should be taken to protect public health, 
including remedial worker safety, should be 
included in the Recommendations section of 
the health assessment. 

8.2.2. Recommendations for Public 
Health Actions 

The final recommendation in every health 
assessment should pertain to follow-up health 
actions in populations living near hazardous 
waste sites. A variety of health actions can be 
undertaken as followup to a health assessment. 
There are three major types of follow-up 
actions: environmental health education. 
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health studies, and substance-specific applied 
research. 

T o  coordinate this process and to guide the 
health assessor, an agency-wide panel was 
established within ATSDR. The  Health 
Activities Recommendation Panel (HARP) 
was established to: 

recommend follow-up health activities 
for all draft health assessments, draft 
public health advisories, and draft health 
consultations addressing health-related 
actions; 

track these recommendations; and 

ensure implementation of recommended 
activities. 

Table 8.2.2. presents three questions that are 
used to  guide the recommendation process. 

. Each question is accompanied by a list of 
follow-up actions that may be considered if 
t h e r e  is an  affirmative answer  t o  t h e  
corresponding question. 

If the available information is insufficient to 
answer the questions in Table 8.2.2., the health 
assessor should contact appropriate federal, 
state, and local agencies to acquire the needed 
information. 

The possible follow-up health actions listed in 
Table 8.2.2. are linked to the degree of hazard 
a site poses and are listed as options for ATSDR 
actions under each conclusion category (Table 
8.1.). 

Table 8.3. provides a list of general criteria for 
conducting each of the 13 follow-up health 
actions. 

8.2.3. Recommendations for 
Additional Environmental 
Information 

At times, site information is not available or is 
insufficient and cannot be used to adequately 
characterize site environmental characteristics, 
types and extent of contamination, and 
locations of potential receptor populations. In 
those cases, brief explicit recommendations 
should be made in the Recommendations 
section of the health assessment to specifically 
indicate the information required and the 
means by which that information should be 
obtained. 

8.2.4. Outlining Public Health Actions 

Based on the recommendations presented in 
the health assessment, the health assessor is 
now able to identify health actions that have 
been undertaken and those that are planned to 
address the public health impact of a specific 
site. These actions can vary from health 
investigations in the community living near the 
s i t e  t o  environmental  character izat ion 
activities to better identify populations at risk 
of exposure. This information is outlined in the 
subsection "Public Health Actions" in the 
Recommendations section. The purpose of 
this subsection is to clearly delineate in the 
health assessment the  site-specific health 
agenda designed to mitigate or  prevent adverse 
human health effects resulting from exposure 
to hazardous substances that maybe associated 
with a particular site. 
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Table 8.2.2. Questions used to guide the recommendation process 

Question I :  Does the potentially expos& population need assistance in understanding its 
potential for exposure or in assessing adverse health occurrences in its community? 

If YES, see specific conditions and criteria for: 

Community Health Education 
Community Health Investigation 
Health Professional Education 
Voluntary Residents Tracking System 

Question 2: Is human exposure believed to be occurring or to have o c c u d  in the past 
because of human intemction with a pathway of exposure known to be contaminated by a 
hazardous substance? 

If YES, see specific conditions and criteria for: 

Biological Indicators of Exposure Study 
Biomedical Testing 
Case Study 
Disease- and Symptom-Prevalence Study 
Community Health Investigation 
Registries 
Site-Specific Surveillance 
Substance-Specific Applied Research 
Voluntary Residents Tracking System 

Q d n  3: Is there an indication or nllegation that adverse henltb conditions are 
occurring in tbe population thnt m y  be related to exposure to hnzardous substances in the 
environment? 

If YES, see specific conditions and criteria for: 

Biomedical Testing 
Case Study 
Cluster Investigation 
Community Health Education 
Disease- and Symptom-Prevalence Study 
Health Professional Education 
Health Statistics Review 
Registries 
Site-Specific Applied Research 
Substance-Specific Applied Research 
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Developing the Public Health Action 
Subsection 

The Public Health Action subsection consists 
of two parts: "actions undertaken" and "actions 
planned." 

Actions undertaken 

First, the health assessor should indicate health 
act ions  under taken  t o  respond t o  
recommendations outlined in the  health 
assessment. For example, if a previously 
recommended private well survey was 
conducted,  that  information should be  
provided in this subsection. The actions may 
have been carried out by one of the various 
agencies involved, including ATSDR, EPA, 
and state and local health and environmental 
departments. 

Actions planned 

Next, the health assessor should delineate 
public health actions that will be carried out 
based on the recommendations presented in 
the health assessment. The health actions 
planned will generally consist of two types: 
those recommended by the ATSDR Health 
Activities Recommendation Panel (HARP) 
and those committed to by agencies other than 

ATSDR. For example, the health assessor 
could state that ATSDR, in cooperation with a 
state health department, will conduct blood 
testing in children living near the site, or that 
EPA will restrict site access. In addition to 
identifying the agency that will undertake the 
activit ies ou t l ined  in a specific 
recommendation, it is helpful to  indicate when, 
if possible, the activities will take place. 

T o  develop and implement an effective 
site-specific health agenda, it is important to 
identify the organizations and agencies most 
capable of carrying out the activities outlined in 
each recommendation. The  Public Health 
Actions subsection is developed after all 
recommendations are outlined in the health 
assessment, including those made by HARP. 
During the  initial release of the  health 
assessment, agencies involved with the site 
other than ATSDR will be asked to identify 
actions they have undertaken or are able tb 
commit to based on the recommendations 
outlined in the health assessment. In this phase 
of the health assessment, health assessors are 
encouraged to contact those organizations to 
discuss pertinent recommendations. Once 
developed, the site-specific health agenda will 
be made available to the public for comment. 

- -  
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Table 8.3. Criteria For Determining Follow-up Health Activities 
Note: For each activity, all criteria must be  met. 

Biological Indicators of Exposure Study 

1. Human exposure is believed to be occurring or may have occurred because of human interaction 
(such as direct contact, inhalation, or ingestion) with a pathway of exposure known to be 
contaminated by a hazardous substance(s). 

2. Persons potentially exposed along the pathway can be identified and located for testing. 

3. Adequate quality-controlled and sensitive laboratory test(s) is (are) available to detect the 
presence of the hazardous substance(s), its (their) metabolite(s), or other biologic marker@) 
known to be closely associated with exposure and measurable in some biologic tissue or fluid. 

4. Previous experience and scientific knowledge are inadequate or insufficient to predict whether 
individual biologic uptake of hazardous substances or illness will occur as a result of the 
environmental conditions present at the site. 

Biomedical Testing 

1. Human exposure is believed to be occurring or may have occurred in the past because of human 
interaction (such as direct contact, inhalation, or ingestion) with a pathway of exposure known 
to be contaminated by a hazardous substance(s). 

2. Persons potentially exposed along the pathway can be identified and located for testing. 

3. Health effects under study are biologically plausible and may be postulated to be caused by the 
exposure at the concentrations observed. 

4. Standard medical test(s) or adequate quality- controlled and sensitive laboratory test(s) is (are) 
available to detect the biological effects being evaluated. 

Case Study 

1. Individuals are located along potential pathway@) of exposure associated with a hazardous waste 
site. 

2. Exposure of those persons to hazardous waste has been documented, or a reasonable concern 
exists for the potential of an as-yet-unidentified route of exposure. 

3. A reasonable concern for adverse health effects has been hypothesized for individuals at potential 
risk. 

4. Case information about adverse health effects or exposure to hazardous substances can be 
obtained for comparison to develop a hypothesis about the relationship between the exposure to 
hazardous substances and adverse health effects. 

Cluster Investigation 

1. A human population is in the vicinity of a hazardous waste site. 

2. Human exposure to hazardous substances(s) has been documented, or a reasonable concern exists 
for the potential of an as-yet-undefined route of exposure. 
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Table 8.3. Continued 

3. A reasonable concern for public health exists as a result of reports of disease in the community. 

4. lnformation can be located or collected to verify the disease and document the geographic and 
temporal occurrence of the cases. 

5. Biologic plausibility supports a relationship between hazardous substance(s) at the site and disease 
being reported. 

Community Health Education 

1. A human population lives/works along potential pathway(s) of exposure associated with a 
hazardous waste site. 

2. Concern for public health exists as a result of reports about exposures and/or reports of disease in 
the community. 

3. Human exposure to hazardous substance(s) may have occurred or may be occurring. 

Community Health Investigation 

1. A human population livedworks along potential pathway@) of exposure associated with a 
haqrdous waste site. 

2. Human exposure is believed to be occurring or may have occurred because of human interaction 
(such as direct contact, inhalation, or ingestion) with an exposure pathway known to be 
contaminated by hazardous substance(s). 

3. Concern for public health exists as a result of reports of disease in the involved population. 

4. Information is available on relevant health outcome data for the involved population. 

5. Community health concerns exist related to the site. 

Disease- and Symptom-Prevalence Study 

1. A human population liveshvorks in the vicinity of a hazardous waste site. 

2. Exposure of persons to hazardous substance(s) has been documented, or a reasonable concern 
exists for the potential of an as-yet-unidentified route of exposure. 

3. A reasonable concern for adverse health effects has been hypothesized for individuals at  potential 
risk. 

'4. Information about adverse health effects or exposure to hazardous substances can be obtained for 
comparison and to develop a hypothesis about the relationship between the exposure to 
hazardous substances and adverse health effects. 

Health Professional Education 

1. A human population liveshvorks along potential pathway@) of exposure associated with a 
hazardous waste site. 

2. Human exposure to hazardous substance(s) has been documented, o r  a reasonable concern exists 
for the potential of an as-yet-unidentified route of exposure. 

3. A reasonable concern for public health exists as a result of reports of disease in the community. 
One or  both of the following conditions should be present: 
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Table 8.3. Continued 

a. There are community concerns about the site, and there is a lack of information available 
from local public health professionals. 

b. Citizens have expressed concern that local, private medical practitioners lack information on 
the potential health effects of site hazards. 

4. A specific request has been received from individuals, health care providers, special interest 
groups, industry, academia, or government agencies for health professional education related to 
an NPL site, a non-NPL site or facility, an emergency response site, or other site or facility. 

Health Stntistics Review 

1 A human population is located in the vicinity of a hazardous waste site. 

2. Exposure of persons to hazardous substance(s) has been documented, or concern exists for the 
potential of an as-yet-unidentified route of exposure. 

3. An indication or allegation exists that adverse health conditions that may be related to exposure to 
hazardous substances are occurring in the population . 

4. Data on relevant health outcomes for the involved population are available. Data are accessible 
and can provide health outcome information applicable to the population, or data manipulation 
can yield relevant health outcome information about the population (if data were not collected 
in a fashion that is readily applicable to the population). 

Registries 

1. The contaminant is one for which a subregistry has been established. 

2. The site is an NPL site, a non-NPL site, an emergency response site, or other site identified by 
individuals, special interest groups, industry, academia, or other government agencies as 
involving the release of hazardous substance(s) into the environment. 

3. The site fits within the general guidelines considered in site selection for a registry as established in 
Policies and Procedures for Establishing a National Regisby of Persons Exposed to Hazardous 
Substances (AlSDR.1988)-that is, human exposure has been documented; the size of the 
potentially exposed population is acceptable; the presence or absence of reported health 
problems has been verified; and the community is interested in participating. 

Site-Specific Surveillance 

1. Human exposure is believed to be occurring or may have occurred in the past at a level and in such 
a manner that is biologically relevant because of human interaction (such as direct contact, 
inhalation, or ingestion) with a pathway of exposure known to be contaminated by hazardous 
substance(s). 

2. Persons potentially exposed along this pathway can be identified and located for testing andlor 
followup. 

3. The outcome to be measured is biologically plausible and relevant. 

4. Adequate quality-controlled and sensitive laboratory test(s) is (are) available to detect the 
presence of hazardous substance(s), its (their) metabolite@), or other biologic marker@) known 
to be closely associated with exposure and measurable in some biologic tissue or fluid, or there 
is a measurable and sensitive health outcome that can be identified through existing data 
sources, such as medical records. 
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Table 8.3. Continued 

5. Previous experience and scientific knowledge are inadequate or  insufficient to  predict whether 
biologic uptake of hazardous substances o r  illness will occur under the environmental 
conditions present at the site. 

6. The identified cohort of potentially exposed persons is willing to participate in a longitudinal 
survey. 

Substance-Specific Applied Research 

1. A contaminant of concern at the site is not the subject of an ATSDR Toxicological Profile. 

2. A Toxicological Profile exists for a contaminant of concern at the site; however, the Profile needs 
updating. 

3. A current Toxicological Profile exists for a contaminant of concern a t  the site; however, 
information required for this site is listed as a data need. 

4. A current Toxicological Profile exists for a contaminant of concern a t  the site; however, 
information required for this site is not addressed in the Profile. 

Voluntary Residents Tracking System 

1. A human population liveshvorks along potential pathway(s) of exposure associated with a 
hazardous waste site. 

2. Human exposure to  hazardous substance(s) has been documented, or  a reasonable concern exists 
for the potential of an as-yet-unidentified route of exposure. 

3. A reasonable concern about public health exists as a result of reports of disease in the community. 

4. Health communication or  future health studies can be developed that require creation of a list of 
persons potentially exposed to hazardous substances from the site. 
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9. HEALW ASSESSMENT FORMAT 

Once the site visit has been made, the reduce exposure; to characterize the site 
available documents have been reviewed, further; and to suggest follow-up health 
and the evaluation has been completed, the 
health assessor can.proceed with writing the Table 9.1. Health Assessment Format 
health assessment. This section describes 
the format the health assessment should 
follow and provides guidance on what 
should be included in each section of the 
health assessment report. All health 
assessments (including preliminary health 
assessments  and  pe t i t ioned  hea l th  
assessments) should follow the same format, 
even though the focus and amount of detail 
may vary. 

Good communication skills are vital when 
conveying public health concerns in the 
health assessment. Public health practice 
involves not only using the technical skills of 
specif ic  h e a l t h  disciplines but  a l so  
communicating information the public can 
understand and use to make responsible 
health decisions. The  assessor must, 
therefore, be capable of explaining difficult 
scientific concepts, using understandable 
environmental and medical terminology and 
a minimum of jargon. 

The assessor must relate to the public. The 
health assessment should be written using 
simple, direct statements that explain public 
health issues. The health assessor should 
find appropriate ways to personalize site 
information to provide relevant answers to 
community and personal health issues. 

The health assessment focuses on seven 
primary kinds of information: history of 
regulatory involvement, community health 
concerns,  s i te  visit observations and 
interviews, contaminant  assessment, 
pathways analyses, toxicologic information, 
and relevant health outcome databases. 
T h e  h e a l t h  assessment  e n d s  wi th  
conclusions about health hazards posed by 
the site and recommendations to end or 

Summary 

Background 
A. Site Description and History 
B. Site Visit 
C. Demographics, Land Use, 

and Natural Resources Use 
D. Health Outcome Data 

Community Health Concerns 

Environmental Contamination 
and Other Hazards 

A. On-Site Contamination , 
B. Off-Site Contamination 
C. Quality Assurance and Quality Control 
D. Physical and Other Hazards 

Pathways Analyses 
A. Completed Exposure Pathways 
B. Potential Exposure Pathways 

Public Health Implications 
A. Toxicologic Evaluation 
B. Health Outcome Data Evaluation 
C. Community Health Concerns 

Evaluation 

Conclusions 

Recommendations 
(Public Health Actions) 

Pmparers of Report 

References 

Appendices 

f 

ATSDR Public Health Assessment 
Guidance Manual 
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activities. Table 9.1. outlines the health 
assessment format. The  content of each 
section in the health assessment is described 
in the following pages. 

Example 1. 

9.1. SUMMARY 

T h e  Summary should be a concise synopsis 
of the health assessment and should state 
the following: 

site location, including nearest city or  
town, county, and state; 

8 contaminants that drive the selection 
of the conclusion categories "urgent 
public health hazard" and "public 
health hazard;" 

exposed populations; 

community health concerns; 

populations at  special risk; 

completed exposure pathways; 

potential exposure pathways; 

health effects in exposed populations; 

conclusions about the public health 
category assigned to  the site; 

urgency of the site's public health 
implications; and 

recommendations. 

Example 1. provides a sample Summary. 

SUMMARY 

The Canyon Waste Dump site is a former sol- 
vents recovery operation near Canyonville, 
Calizona. Site-related contamination poses 
an urgent public health hazard beoruse acute, 
intermediate, and chronic exposure from eat- 
ing mercurycontaminated fish from the Santa 
River could cause adverse health effects in- 
cluding kidney damage, damage to fetuses, 
and damage to the brain. In addition, long- 
term exposure to trichloroethene in private 
wells along Canyon Road could slightly in- 
crease the risk of cancer. 

1 A public health hazard exists for young chil- 
dren who lived or are living along Canyon 
Wash. Because of exposure to mercury from 

1 ingesting soil and sediment contaminated by 
the site, damage could occur to the kidneys 
and the brain. While lead in the Canyonville 
Public Mte r  supply is unrelated to the site, it 
stiU remains a public health hazard Lead- 
contaminated water can cause adverse health 
effects in infants and young children, resulting 
in decreased IQ scores, growth retardation, 
and hearing problems. 

Citizens raised several questions about learn- 
ing disabilities, birth defects, and other health 
effects believed to have resulted from expo- 
sure to site-related contaminants. Detailed 
answers to those questions appear in the Pub- 
lic Health Implications section of the health 
assessment. 

The Agency for ?bxic Substances and Disease 
Registry (ATSDR) will be issuing a health ad- 
visory for the fish exposure pathway. ATSDR 
has also made recommendations to 1) reduce 
and prevent exposure to contaminants, 2) bet- 
ter characterize the site, 3) implement health 
followup and other activities, 4) address com- 
munity health concerns, and 5) identify toxi- 
cologic data gaps. 
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92. BACKGROUND 

T h e  Background section provides a 
historical perspective on  the site, and 
describes its operations, current status, and 
the surrounding community. 

9.2.1. Site Description and History 

This subsection should begin with a brief 
s ta tement  o f  the  problems known o r  
suspected at the site (e.g., contaminated 
groundwater resulting from mismanaged 
industrial wastes, or contamination resulting 
from an abandoned landfill). A brief 
description of local, state, and federal 
government involvement a t  t h e  site, 
particularly ATSDR's past involvement, 
should follow. How and why the health 
assessment was initiated should also be 
explained (e.g., the site is an NPL site, a 
RCRAsite, or a petitioned site). The health 
assessor should note pertinent regulatory 
activities, such as emergency removal or  
response actions taken at the site, and the 
site's current regulatory status (e.g., a site 
invest igat ion r e p o r t  was recent ly  

'completed; a final Feasibility Study was 
issued in May 1989; o r  th is  hea l th  
assessment  i s  being performed in 
connection with a forthcoming Record of 
Decision). Example 2. illustrates how this 
information may be reported in a health 
assessment. 

This subsection next should focus on  
physical, historical, and operational details 
of the site. The discussion should be concise 
and should present only facts necessary to 
evaluate exposure pathways and health 
implications associated with the site. Points 
to be covered include: 

site location (size, area, and physical 
makeup); 

site features (surface features, 
e.g., ravines, ditches, and surface 
cover); 

Example 2. 

Because of an August 1985 permit application 
for replacement of two Canyon Road bridges, 
one across Santa River and the other across 
Canyon Creek, the Calizona Department of 
Natural Resources (CDNR) and the U.S. En- 
vironmental Protection Agenry (EPA) discov- 
ered that sediments in the Santa River con- 
tained high mercury levels 'Ihe Calimna De 
parunent of 'ltansportation, with the assis- 
tance of CDNR, collected sediment samples 
from Santa River for the pennit. High mer- 
cury levels in the sediment and possible up- 
take in f s h  led EPA and the CDNR to contact 
the U.S. Fish and Wddlife Service for techni- 
cal assistance in collecting fish samples. Be 
cause the Santa River f s h  samples contained 
high mercury concentrations, the CDHS is- 
sued a health advisory banning consumption 
of fish from the Santa River five miles u p  and 
downstream of Canyon Road Bridge. 

In June 1987, EPA conducted a site assess- 
ment to determine the extent of contamina- 
tion on and off the site. EPA collected envi- 
ronmental samples of waste materials, soil, 
sediments, surface water, groundwater, soil 
gas, and air. EPA evaluated thoae data and 
conducted a clean-up action in June 1989. 
They removed 5,000 drums, 5 tanks, and 5 mil- 
lion gallons of liquid wastes and sludge 6rom 
the waste pit to a stateapprwed hamdous 
waste site. EPA also sampled three private 
wells near the site and provided bottled water 
to families drinking from the two wells found 
to be contaminated. 

EPA is developing a work plan for a Reanedial 
Investigation/Feasibility Study (RVFS) which 
will further characted the anent of contami- 
nation and evaluate alternatives for cleaning 
up the site. EPA expects to complete the 
cleanup by June 1993. 
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site history in chronological order 
(origins of the site, changes in size, 
and industrial and commercial 
activities); 

operational activities carried out at 
the site when specific processes or 
operations characterize the waste 
present; 

current site owner; 

current status; and 

access to site (e.g., fences, gates, 
security). 

The detail and length of this section of the 
report will vary according to the site. This 
subsection, however, should provide only 
pertinent information about the site that 
helps the reader to understand the Pathways 
Analyses and the Public Health Implications 
sections of the health assessment. Example 
3. provides a sample of a site description and 
history. 

9.2.2. Site Visit 

Observations from the site visit are an 
important part of the health assessment. 
When discussing the site visit, the health 
assessor should include: 

the names of each ATSDR staffer, 
ATSDR subcontractor, or state 
cooperative agreement staffer who 
conducted the site visit; 

the names of other agencies and 
organizations participating in the site 
visit, but not the names of individuals 
and private citizens; 

the date and time spent visiting the 
site and surrounding areas; 

obsewations made during the site 
visit (to differentiate between 
observations summarized in other 
documents); and 

Example 3. 

The 69-acre Canyon W t e  Dump site, a former solvents rwovery operation, lies at the head of Horseshoe Canyon, 
about 15 miles south of Canyonville, Calizona, in Canyon County. Figure 1 shows the important features on and 

I near the site. Surrounded by a fence with a locked gate, the site contains in its center a Wac waste pit with stand- 
ing water. No buildings or other man-made features exist on the remaining 46 aaes of bare ground A wash, which 
drains the head wall of the canyon and the subdivisions above the canyon, has eroded portions of the site inside the 
east perimeter fence. No part of the site lies within a corporate boundary; the nearest oorporate boundary be lon~  
to the a t y  of Canyonville. 

Following the purchase of idle land in the canyon, W t e  Systems Ltd. began activity at the site in 1%!5. The slate of 
Calizona and the County issued pennits for a storage pit to be used for solvents rea,very operations. The pit's de- 
sign inmrporated a 10-foot clay dike and a pit liner. For the pit liner, the faality used an existing shaleyclay layer 
beneath the pit. Although the site owner constmaed some buildings, no cecovery operations occurred on the site. 
No records exist about wastes stored on the site. 

Storage operations continued until September 1975, when the State canceled the facility's permit because of im- 
proper dike maintenance. Dike failure in April 1974 and March 1975 resulted in two known spills from the waste 
pit into Qnyon Wash. Despite claims by %te Systems Ltd. that the spills had been cleaned up, CDHS rcporled 
that it had documented evidence that no cleanup oamred (personal communication, CDHS). In Septanber 1975, 
U t e  Systems Ltd. stopped operations, dismantled and hauled off on-site buildings and equipment, and sold the 
site to the County for development of a landfill. Although the County has maintained the dike around the pic since 
1976, the site has not been used for any purpose and is considered inactive. 
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other site-specific information, 
such as: 

visual evidence of contamination, 

evidence of authorized o r  
unauthorized site activities, 

observations of populations o r  
subpopula tions at risk, 

Example 4. 

remediation o r  mitigation 
activities not discussed in available 
documents, 

security and site accessibility by 
the public, 

environmental monitoring 
requested o r  performed by 
A'ISDR, 

Dr. Robert Jones and Ms. Elizabeth Appleton with CDHS and Mrs. Louise Hall, the ATSDR re- 
gional representative, visited the site area September 46.1990. On the first day, we inspected the 
site and made the following observations: 

The gate was unlocked, and the "No ?fespassingn signs were lying on the ground. 
Portions of the fence in the northwestern corner were missing. 
The ground was bare of vegetation. 
The pit contained about 2 feet of standing water and three visible drums. 
Eroded gullies up to 10 feet deep lined the entire eastern side of the site near the perimeter 
fence. 
No persons or buildings were seen on or near the site. 
Off-road bike tracks were visible throughout the site. 
Four piles of household garbage were found just inside the gate. 

Off site, we saw a fenced power substation 1,600 feet from the northeastern corner of the site and 
many single-family residences with visible wells along Canyon Road. The homes were built in the 
1950s (personal communication, City Planner of Canyonville, 1990). The closest residence, a sin- 
glefamily home, lies 1,500 feet north on Canyon Road. In addition, we noticed two subdivisions 
near the site: Canyon Spring Subdivision, 4,000 feet north of the site; and Canyon Tbp Heights, 
2,000 feet south. Canyon Pointe, an undeveloped subdivision with a paved road, Lies just north- 
west of Canyon lbp  Heights. 

Except for the Canyon Spring Subdivison, land surrounding the site has little or no vegetation. 
Residential yards along Canyon Road also lack vegetation. The City Planner told us that the 
county paved Canyon Road from Canyonville to the Canyon Spring Subdivision in 1983, the year 
the subdivision was built The rest of Canyon Road between the subdivision and the site remains 
unpaved. The City Planner also told us that the Canyon l b p  Heights subdivision was developed 
between 1970 and 1975. Further down the canyon, near the confluence of Canyon W h  and Can- 
yon Creek and about 1.5 miles from the site, we observed lbts Nursery and Canyonville Elemen- 
tary School. Those facilities have existed since the 1960s (personal communication, City Planner 
of Canyonville, 1990). 

We obtained information about the area from several local officials: the Canyonville city planner, 
the Tbfs Nursery manager, the Canyonville Elementary School principal, the Canyon County Pub- 
tic Works and Roads director, the Canyonville M t e r  Supply superintendent, the Canyon Spring 
Public Wter  Supply manager, the Coalition to Save Canyonville chairperson, the Canyonville 
Hospital director, and the Canyon County Health Department director. We have incorporated in- 
formation obtained from those persons into appropriate sections of this health assessment 
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land uses, 

local human activities, 

8 nature of the terrain and visible 
environmental transport routes, 
and 

physical hazards at the site. 

When warranted, a copy of a site summary 
form (Appendix L) may be included as an 
appendix t o  t h e  h e a l t h  assessment. 
Example 4. provides a description of some, 
but not all, of the components of a site visit. 

9.2.3. Demographics, Land Use, 
and Natural Resource Use 

Once the important background details 
have been presented, the assessor should 
describe characteristics of populations on or 

should include persons exposed in the past 
and currently, as well as those at risk for 
f u t u r e  exposures .  D e m o g r a p h i c  

- information may include discussions of 
specific population groups surrounding the 
site (e.g., residential, commercial, and 
occupational populations). If warranted, 
details about the size; exact location; age 
distribution; and socioeconomic, genetic, 
and ethnic makeup of populations on and 
near the site should be discussed based on  
avai lable  in format ion .  E t h n i c  a n d  
socioeconomic background information is 
essential for a full understanding of the 
health threat  a si te poses t o  specific 
subpopulations. Populations that may be at 
special risk from exposure to the site, such 
as children, pregnant women, and elderly 
and infirm persons, should receive special 
note. Example 5. is a sample of information 
on demographics. 

near the site and the use oflocal land and 
resources. The text should state the total The land- and resource-use information 

number of exposed and potentially exposed should describe only relevant activities on or  

persons and indicate the characteristics of around the site, particularly those that are 

this population. Population estimates related to points of exposure. Information 
should also be provided about distances to 

Example 5. 

- - pp - -- - - 

ATSDR Public Health Assessment 
Guidance Manual 

- i 

& 

Approximately 100,000 persons live in Canyon County, Calizona. The population of Greater Canyon- 
ville lies within Horseshoe Canyon. According to the city planner and the CCHD Well Survey, 36,879 
persons live in Greater Canyonville: 36,029 persons and 10,000 homes in the City of Canyonville; 200 
persons and 56 homes along Canyon Road south of Canyonville; 400 persons and 11 1 homes in Canyon 
Spring Subdivision; and 250 persons and 70 homes in Canyon TIP Heights. 

The racial makeup of Greater Canyonville is 80 percent white and 2Ll percent black.' Of the two 
groups, 14 percent are of Spanish origin (2 percent white Hispanic and 12 percent black Hispanic). The 
percentage of black and Hispanic persons along Canyon Road is higher. Those populations, except for 
the newly developed Canyon Spring Subdivision, have remained constant since the 1950s. The Canyon- 
ville homes represent moderate-income housing, and the Canyon Road homes south of Canyonville 
and the Canyonville Spring Subdivision homes represent low-income housing. The Canyon ?bp 
Heights homes represent high-income housing (personal communication, City P l a ~ e r  for Canyon- 
ville). 

*as reported in 1990 data from the U.S. Census Bureau 
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the nearest residences and other land use 
areas where receptor populations exist or 
may exist in the future: 

groundwater use (e.g., residential 
wells, public water supply wells, 
industrial or production wells), 

surface water use (e.g., water supply 
intakes, commercial and sport fishing 
areas, boating areas, swimming areas, 
and aquaculture), 

terrain use (e.g., recreational, park, 
and refuge areas used for camping, 
hunting, hiking, biking, birding, and 
sporting, etc.), 

agricultural use (e.g., crops, orchards, 
gardens, feedlots, pasture, dairy, 
beehives), 

health care and educational use (e.g., 
hospitals, nursing homes, day care, 
schools), and 

In addition, the proposed future land use 
should be described and the text should note 
the distance between the site and the land 
proposed for development. Example 6 
presents some of these concepts. 

In many cases, adequate information on 
demographics and land and resource use is 
missing from materials provided to ATSDR. 
However, such information can usually be 
obtained from state and local authorities, 
and every effort should be made to include 
it. W h e n  demographic  o r  land-use  
information is lacking o r  deficient, the 
assessor should evaluate whether such 
information is needed to  accurately assess 
the site's public health implications. If 
necessary, a statement may be included 
explaining the limitations posed by the lack 
of data. Additional demographic o r  land 
and resource use information needed to 
complete the health assessment should be 
discussed in t h e  Conc lus ions  and  
Recommendations sections. 

residential, commercial, and industrial 
land use. 

Example 6. 

Canyon County has zoned the site for industrial use only. This zoning extends 1,000 feet north of the 
site. Other land near the site has not been zoned because it is too steep for development The county 
has zoned "residentialw the remaining areas in Horseshoe Canyon, except for 1) the power substation 
north of the site, 2) the commercial areas within Canyonville, and 3) an agricultural area east of Can- 
yonville on both sides of the Santa River. A 50-acre vineyard lies about 1,000 feet east of Canyonville 
Elementary; other vineyards exist on both sides of the Santa River. No other agricultural activities oc- 
cur in the canyon. The only planned change in zoning restrictions is development of a commercial area 
west of and adjacent to Canyonville. 

Horseshoe Canyon residents use groundwater from either private wells or from public water supplies. 
For drinking and other household uses, residents along Canyon Road and Canyon 7bp Heights have pri- 
vate wells that draw water from a deep confined aquifer called the Canyon Sandstone. An aquifer con- 
sists of rock or rock materials that are sufficiently permeable to conduct groundwater and to yield suffi- 
cient quantities of water to wells or springs. A confined aquifer is an aquifer that is bounded above and 
below by impermeable materials. The Canyon Spring Public Water Supply, which serves about 36,029 
persons, uses a shallow water table aquifer or unconfined aquifer. The manager of the Canyonville 
Water Supply informed us that it serves ?bts Nursery and Canyonville Elementiiry and that the Santa 
River recharges its well. 

-- 
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9.2.4. Health Outcome Data 

This subsection should document the health 
outcome databases selected for evaluation 
in the health assessment. Health outcome 
databases should be selected using three 
criteria: 1) the health outcome is plausibly 
related to a contaminant in a completed 
exposure pathway; 2) the health outcome is 
relevant to community health concerns; and 
3) the database contains information on a 
health outcome identified in 1 or 2. The 
following information should be included: 

the complete name of the health 
outcome database, 

its source (state or local health 
department), and 

its relationship to exposed 
populations. 

Example 7. 

Using state health databases, it may be 
possible to determine if there is a higher 
than expected number of certain health ef- 
fects in Greater Canyonville. 'This section 
identifies the relevant available databases; 
they are evaluated in the Public Health Im- 
plications section. While cancer may be a 
plausible health outcome from long-term 
exposure to at least one site contaminant, 
no cancer registries exist. Please refer to 
the X)xiwlogic Evaluation subsection of 
the Public Health Implications section for 
more information on cancer. 

CDHS maintains two health databases 
relevant to this assessment: an infant mor- 
tality database and a birth defects registry. 
The infant mortality database gathers in- 
formation such as geographic location, 
race, age, cause of death, etc., on infants 
ages 1 to 11 months. That information is 
available, for the years 1%6 to 1988, for 
Greater Canyonville, Canyon County, and 
the state of Calizona. 

Results of the evaluation of these databases 
should not be included in this subsection. 
Rather, the results should be included in the 
H e a l t h  O u t c o m e  D a t a  Eva lua t ion  
subsection o f  t h e  Publ ic  H e a l t h  
Implications. Example 7. provides a sample 
description of health outcome data. 

9.3. COMMUNW HEALTH 
CONCERNS 

Addressing the health questions of the 
residents associated with a site is central to 
ATSDR's overall mission and t o  t h e  
purposes of the health assessment. The 
nature and degree of residents' health 
concerns will vary from s i t e  t o  site. 
However, addressing the health concerns of 
the community is crucial if the  health 
assessment is to satisfy its purpose of helping 
t h e  public and  hea l th  professionals 
understand the risks posed by a site. 

This section should objectively report 
ques t ions  ra i sed  e i t h e r  in wr i t t en  
documents, o r  during site visits, o r  in 
meetings with residents, community groups, 
or elected officials. When such meetings 
occur, a brief discussion of the meeting and 
the concerns raised should be included. 
When possible, the number of persons who 
have concerns  shou ld  b e  p u t  i n t o  
perspective with the number of persons who 
attend a public meeting or who have been 
informed about the opportunity to voice 
concerns. When several community groups 
are involved, each group and its respective 
concerns should be identified. The assessor 
should describe the  community health 
concerns and, if raised, suspected exposures 
and health effects. 

T h e  assessor shou ld  remember  tha t  
perspectives on risk and judgments about 
the  site's health implications may be  
personal as well as professional, both for the 
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Example 8. 
r~ 

CCHD determined community health concerns by asking questions during its well survey. After our 
site visit, CDHS and CCHD convened a public availability session to hear the community's health 
concerns about the site. Of the 100 persons who attended, 20 voiced concern. During the well sur- 
vey, the public meeting, and conversations with government officials and the Coalition to Save Can- 
yonville, residents and officials raised the following health-related concerns: 

11 1. Wdl children get cancer from their exposure to trichloroethene in private well water? 

11 2. Are the birth defects and learning disabilities in Canyonville caused by c h e m i  o m  the site? 

11 3. Should children play in yards along Canyon Road and in Canyon Wash? 

11 4. 
Do residents need to move because of contamination in H o ~ h o e  Canyon? 

In addition, the Canyon County Health Department brought to our attention the fact that infant 
mortality rates for their county were elevated, and asked us to evaluate those rates. Although resi- 
dents raised several questions about property values and liability issues, ATSDR is unable to address 
those questions in the context of the health assessment process because its focus is to evaluate the 
public health implications of the site. 

public and for the scientific community. 
Thus ,  t h e  language used t o  specify 
community health concerns should not 
indicate ATSDR's concurrence with or  
support of any allegations, before ATSDR 
has reviewed available information; rather, 
the assessor should use objective language 
to  report  community health concerns. 
Example 8. illustrates how to express those 
concerns. Finally, each concern in this 
section must be answered in the Community 
Concerns Evaluation subsection of the 
Public Health Implications section. 

-- 

9.4. ENVIRONMENTAL 
CONTAMINATION AND 
OTHER HAZARDS 

This section contains the foundation of the 
health assessment and, therefore, should be 
composed carefully so that the significant 
hazards of concern are clearly and concisely 

presented. In this section, the assessor 
describes (1) the contaminants that might 
pose a threat to public health and (2) 
physical hazards at the site. 

For most sites, contamination may be clearly 
and conveniently designated as either "on 
site" o r  "off site." When possible, the 
designation of on site and off site should 
follow the definition in the site Remedial 
Investigation (RI). In some cases, this 
approach is inappropriate and some other 
definition may be needed. Further, for large 
sites with several components, or operable 
units, defining on site and off site may also 
be inappropriate, and other designations are 
necessary  t o  clearly de f ine  t h e  
contamination.  Cases in which t h e  
contamination is not discussed in the 
conventional on-site and off-site terms (as 
used in the RI),  require that all such 
designations b e  clearly defined and 
delineated with the aid of appropriate 
location maps. 

Regardless of the designation used, each 
subsec t ion  o f  t h e  Environmental  

- - - 
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Contamination and Other Hazards section 
should contain both  text and tabular 
information. The  text should identify, 
organize, and discuss contaminants of 
concern by medium, using subheadings such 
as surface soil, subsurface soil, sediment, 
g r o u n d w a t e r ,  a i r ,  and  soi l  gas. 
Environmental data should be presented in 
separate data tables labelled on site and off 
site. Tables should specify contaminants of 
concern, media, sampling date, reference 
source,  and e i ther  maximum o r  both 
minimum and. maximum concentrations. 
The assessor has the option of reporting the 
sampling date(s) in the narrative. 

T o  determine whether a contaminant is a 
contaminant of concern based on noncancer 
e n d  points ,  t h e  maximum media 
concentration should be compared to an 
appropriate health assessment comparison 
value.  Hea l th  assessors should  use 
ATSDR's EMEGs, which are calculated 
from ATSDR's MRLs. If no EMEG is 
available, the assessor should use other 
health guidelines, such as EPA's RfD, to 
back-calculate a medium concentration. 
T h e  assessor should also evaluate the 
potential carcinogenicity of contaminants. 
For carcinogens, comparison values based 
on a 106cancer risk level for exposure to the 
contaminated media can be calculated from 
values such as EPA's Cancer Slope Factors. 
If  the maximum medium concentration 
exceeds  a compar i son  va lue ,  t h e  
contaminant should be selected for further 
evaluation. If a comparison value is not 
available, the  contaminant should be 
selected. 

The text should also discuss trends in the 
data (e.g., spatial distribution, hot spots, 
concentration changes over time, and 
contamination differences between media). 
Contaminant transport should not be 
discussed in this section. 

9.4.1. On-Site Contamination 

The On-Site Contamination subsection 
should def ine  "on si te" and  discuss 
contamination within the site's boundaries. 
The  text should discuss the  following 
factors: 

sampling dates; 

spatial distribution of sampling 
locations; 

concentration changes over time (if 
relevant); 

medium-to-medium differences; and 

sample design and representativeness. 

Sampling results in table form should follow 
the  text. If sufficient information is 
available, the extent of contamination at the 
site can also be discussed. When a substance 
is identified as a contaminant of concern in 
one medium, its concentration should be 
provided for all media sampled. Tabulated 
values should ref lect  original  da ta .  
Contaminant concentrations that have been 
included to document past exposuresshould 
be clearly identified in the text to distinguish 
them from current data. Footnotes can be 
used to clarify entries in the table or  to 
d e n o t e  da ta  problems (e.g., qual i ty  
assurance and quality control). 

The assessor should discuss whether o r  not 
the sampling design and the number of 
samples adequately characterize on-site and 
off-site contamination. The text should 
identify deficiencies in sample design and 
number for each media and should discuss 
how these deficiencies affect the analyses, 
conclusions, and recommendations in the 
health assessment. This discussion can be 
presented either in this section or  in the 
Pathways Analysis section. The text may 
also compare contaminant levels to local o r  
regional values. Examples 9.A and 9.B. 
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Example 9.A. 

II ON-SITE CONTAMINATION II 
II EPA collected the data presented in this subsection during its site assessment in June 1987. II 11 Waste Material 11 

II In two separate grab samples of sludge from the waste pit, EPA found high levels of trichloroethene 
(TCE), para chlorobenzenesulfonic acid (P-CBSA), mercury, and vinyl chloride (Bble 1). Grab sam- 11 
pies are usually taken from the surface of a medium without required depth or qhntity- The sludge 
also contained other metals such as chromium, lead, and arsenic, but their concentrations were similar 
to soil concentrations upgradient of the site and to background soil concentrations for the western 
United States (5). Sludge levels of chromium and arsenic did not exceed our comparison values for 
health assessments. EPA did not analyze sludge samples or any other on-site or off-site media, except 
for off-site soil gas, for hydrogen sulfide. Because of the buried drums and the difficulty in collecting 
samples from the waste pit, EPA did not collect core samples in the pit. Without these data, we do not 
know whether or not the sampling data from the grab samples represent the valid range of concentra- 
tions in the waste pit. In addition, no information d t s  on the contaminants remaining in the waste pit 
after EP& removal action. 

Tmble 1. Range of Contaminant Concentrations in On-site Waste Materials 

1) EPA Reference Dose converted to a media-specific comparison value 

*@ EPA Cancer Slope Factor converted to a media-specific 10" cancer risk level 
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Example 9.8. 

SOL 

EPA collected five soil samples on the site using a 12-inch core. Bemuse each core sample repre- 
sented a mixed sample, ATSDR could not separate data on surface soil (less than or equal to 3 inches 
deep) from data on subsurface soil (more than 3 inches deep). ab le  2 repons the contaminants and 
concentration range. While analps of these on-site soil samples did not detect organic oontami- 
nants, such as TCE, vinyl chloride, and P-CBSA, the samples did contain several heavy metals: mer- 
cury, chromium, lead, and arsenic. The concentrations of chromium, lead, and arsenic are similar to 
concentrations upgradient of the site, and to background concentrations found in other soil from the 
western United States(5). 

Five soil samples do not adequately characterize the existing contamination on this 69-acre site. Be- 
cause no surface soil data are available for the site, a significant data gap exists in assessing the site's 
public health implications. 

11 'hble 2. Range of contaminant concentrations in on-site soil 

Arsenic 1 4.1-7.8 1 0-12 I 6-87 1 (2) I 6 -p ~ E M E G  

Contaminant 
I 
I 

Mercury 

Chromium 

- -- 

Lead 1 8.7-23.6 1 0-12 1 6437 1 (2) 1 none 1 none 

II 
- -- - 

EPA Reference Dose (RfD)converted to a media-spet%c comparison value 

Ranged 
his- 
PPm 

625-900 

3248 

provide sample presentations of text and tables. 9.4.3. Quality Assurance and Quality 
Control 

9.4.2. Off-Site Contamination 

Depth- 
idles 

0-12 

0-12 

~~ - -p - - 

Off-site contaminants of concern should be 
presented using t he  format for on-site 
contaminants. All contaminants identified in 
the on-site subsection should be included in the 
off-site subsection. On-site contaminants that 
have not been detected or reported off site 
should be identified. Example 10. illustrates a 
discussion of off-site contamination. 

QAJQC information should be available 
through EPA's QNQC summary and may be 
part of the RVFS. QA/QC information should 
be used to determine whether the analytical 
techniques are adequate, the environmental 
data are representative, and the environmental 
media sampled are relevant. EPA has agreed 
t o  provide ATSDR with Data  Review 
Summaries {Office of Solid Waste  and 
Emergency Response (OSWER) Directive 
9285.4-02). If these summaries are not 
provided, they should be  requested by 
contacting ATSDR's regional representative 
and having himlher request the  QAIQC 
summary from EPA or, if necessary, from the 

Date 

6-87 

687 
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Reference 

(2) 

(2) 

ComprisonWlue 

ppm 

15 

200 

salrce 

RfD* 

EMEG 
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Example 10. 

OFF-SITE CONTAMINATION 

EPA obtained off-site data,for soil, monitoring wells, private wells, surface water, sediment, and soil gas during its 
site assessment in June 1987. The CDHS provided past and current monitoring data (15185-1990) for the Canyon 
Spiing Water Supply and the Canyonville Mte r  Supply. From CDNR, we obtained the 1985 data for Santa River 
sediment and for fish. 

EPA collected five off-site surface soil samples in Horseshoe Canyon at a depth of 0-1 inch, which represents surface 
soil by ATSDR's definition. EPA obtained five samples from undeveloped land zoned for single-family residences. 
One of the five samples lies within the corporate limits of Canyonville, 500 feet northwest of Tbts Nursery. While 
analyses of these off-site soil samples did not detect organic contaminants, such as TCE, vinyl chloride, or P-CBSA, 
the samples did contain several heavy metals: mercury, chromium, lead, and arsenic. The concentrations of chro- 
mium, lead, and arsenic in the downhill surface soil are similar to both the uphill concentrations and the back- 
ground concentrations for the western United States (5). Spatial analyses indicate that mercury concentrations in 
off-site surface soils decrease £tom 130 to 40 ppm in the canyon south of Canyonville and to 20 ppm in Canyonville 
as one proceeds downhill from the site, thus suggesting the site is the possible source of contamination. 

Five surface soil samples are inadequate for characterizing the adsting surface contamination in Horseshoe Canyon. 
Because no surface soil data exist for residential yards, a significant data gap exists, and the health assessor is unable 
to assess the site's public health implications fully. 

Dble 3. Range of contaminant concentrations in off-site surface soils* 

Mercury 0.05-130 

Arsenic ( 3.26.7 

Lead I 15-38 

0-1 687 (2) 15 RfDZ* 

CL 1 687 (2) 200 EMEG 

0- 1 687 (2) 50 EMEG 

0- 1 687 (2) EMEG NONE 

' Samples collected outside of the creek's and wash's banks 

' EPA Reference Dose converted t o  a media-specific comparison value 
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Example 11. illustrates a QNQC discussion. 
Example 1 1. 

We obtained the Quality AssuranceIQuality 
Control (QAMC) summary from EPA and re- 
viewed the quality of their field and laboratory 
data. W~th the exception of one monitoring 
well (WM-6), which was not included in the 
health assessment, the QA/QC summary 
stated that field data and sampling quality dur- 
ing the EPA site assessment were satisfactory. 
Because of subsurface obstructions while in- 
stalling WM4, EPA did not complete con- 
struction of the well. No analytical problems 
were noted in the QNQC summary except for 
acetone contamination from the laboratory in 
one groundwater sample and P-CBSA contami- 
nation in one monitoring well sample. The P- 
CBSA concentration in WM-2 is an estimated 
value because it exceeds the upper range of 
quantification. Because P-CBSA is found in 
other source media and in off-site groundwa- 
ter, this one estimated value for P-CBSA and 
the other data quality problems discussed pre- 
viously should not affect our analyses and con- 
clusions about this site. 

contractor. Every effort should be made to 
obtain QAIQC information. Absence of 
QAIQC information should be explicitly noted 
in this subsection of the health assessment. 
When QNQC information cannot be obtained 
or does not exist, the health assessor needs to 
discuss the uncertainty and the limitations of 
the data and the effect the uncertainties and 
limitations have on the analyses, conclusions, 
and recommendations. The assessor may use 
or expand on the following qualifier: 

"In preparing this health assessment, 
ATSDR relies on the information 
provided in the referenced documents. 
We assume that adequate quality 
assurance and quality control measures 
were followed regarding chain of custody, 
laboratory procedures, and data 
reporting. The analyses, conclusions, and 
recommendations in this health 
assessment are valid only if the 
referenced documents are complete and 
reliable." 

9.4.4. Physical and Other Hazards 

In some instances, hazards other than those 
posed by chemical contamination may be  
present, including physical hazards (e.g., holes, 
lagoons,  o p e n  s t e e l  tanks ,  abandoned  
materials, and equipment), special hazards such 
as the threat of fire or  explosion, or hazards 
endemic to the site area. This subsection of the 

Example 12. 

that bikers and garbage dumpers have access 
to the site. Because persons could fall in the 
waste pit, it is a physical hazard. 

report should contain a brief description of 
such hazards and the potential health threat 
they represent. This description should also 
mention populations at risk from these hazards. 
Example 12. provides a brief description of 
physical hazards. 

9.5. PATHWAYS ANALYSES 

In the Pathways Analyses section, the health 
assessor will evaluate exposure pathways at the 
site. T h e  introduction should provide a 
definition of the five elements in an exposure 
pathway: 

1. source of contamination, 

2. environmental media, 

3. point of exposure, 

4. route of human exposure, and 

5. receptor population. 

This section alsoshould introduce the reader to 
the concept of completed and potential 

ATSDR Public Health Assessment 
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exposure pathways and should explain the 
di f ference between them. Completed 
exposure pathways exist when the five elements 
of a pathway link the contaminant source to an 
exposed population. Potential exposure 
pathways exist when information on one or 
more of the five elements is missing. Generally, 
the text should discuss completed exposure 
pathways in more detail than potential 
exposure pathways unless n o  completed 
pathways exist. 

- - -- 

exposed population) of these pathways would 
be discussed in a second subsection. With this 
approach, the assessor must ensure that the 
reader understands how the human exposure 
component of each pathway is linked to the 
appropriate environmental component of the 
exposure pathway. Because of the complexities 
involved in maintaining this link after splitting 
t h e  e x p o s u r e  pathway i n t o  t h e  two  
components, the health assessor is encouraged 
to use the first approach. 

The assessor should divide the analyses into two 
subsections: completed exposure pathways and 
potential exposure pathways. Within each 
subsection, the text should identify each 
pathway with a subheading. The assessor 
should discuss each exposure pathway by 
explaining how contaminants migrate from the 
source t o  t h e  exposed population. For 
example, to discuss exposure from drinking 
contaminated well water, the text should 
explain how contaminants migrated in 
groundwater from the source to private wells 
north of the site. The text should then explain 
that residents in the area with contaminated 
wells are exposed when they drink their well 
water. The text could also discuss other routes 
of exposure that are closely associated with this 
pathway, such as inhalation and skin exposure 
from bathing. The assessor could choose to 
discuss the pathways separately. 

Completed and potential pathways should be 
presented in tables. Either the text or  the table 
should indicate whether each pathway occurred 
in the past, is currently occurring, or will occur 
in the future. Example 13. illustrates how to 
present completed exposure pathways in a 
table. 

An alternative to this approach would be to 
discuss the environmental component (e.g., 
source of contamination, environmental media, 
and point of exposure) of all pathways in one 
subsection. The remaining human exposure 
component (i.e., route of human exposure and 

9.5.1. Completed Exposure Pathways 

Completed exposure pathways exist when the 
five e l e m e n t s  o f  a pathway link t h e  
contaminant source to a receptor population. 
In some cases, however, the original source of 
a completed exposure pathway may remain 
unknown. For example, it may be unclear 
whether the source of lead in tap water from a 
municipal water system comes from (1) indoor 
plumbing, (2) the distribution system, or (3) 
from groundwater. Nevertheless, the pathway 
is still considered complete. 

To describe how a pathway leads to exposure, 
the text should explain how contaminants 
migrate from the source to  the point of 
exposure. The text should also indicate how 
transport and transformation mechanisms 
affect movement of contaminants. When using 
technical language, the text needs either to 
def ine  these  terms o r  t o  use generally 
recognized words. The text should be limited 
to discussion of mechanisms that lead to human 
exposure. The discussion should be concise 
and specific and cover the following topics: 

8 contaminated media on and off the site 
(e.g., air, soil, groundwater, surface 
water, edible plants and animals, and 
wastes), 

the extent of contamination, 

relationships about transfer between 
contaminated media, and 

p- 
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Example 13. 
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PATHWAY 
NAME 

Surface Soil 

Sediment 

- 
Fish 

Rivate Well 

Public Spring 

Public Supply 

Ambient Air 

TIME 

Past 
Present 
Future 

Past 
Present 
Future 

Past 
Present 
Future 

Past 
Present 
Future 

Present 
Future 

Past 
Present 
Future 

Past 
Present 
Future 

SOURCE 

Canyon W t e  
Dump (CWD) 

CWD 

CWD 

CWD 

CWD 

Canyonville 
Wte r  Supply 

CWD 

+ 
ExmSlm 

ENWRON- 
MENTAL 
MEDIUM 

Surfaoe Soil 

Sediment 

Fish 

Groundwater 
(Private Well) 

Groundwater 
(Public Well) 

Municipal 
Water 

Air 

m H w A Y E l . E M ? m  

POINTOF 
WPOSURE 

Residential 
Yards and 
Playgrounds 

Santa River, 
Canyon Wish, 
and Canyon 
Creek 

Residences 

Residences, 
tap 

Residences, 
tap 

Residences & 
Businesses in 
Canyonville, 
tap 

Nearby Yards 
& Buildings 

ROUTEOF 
EXPOP3URE 

Ingestion 

Ingestion 

Ingestion 

Ingestion, 
Inhalation, 
Skin Contact 

Ingestion, 
Inhalation, 
Skin Contact 

Ingestion 

Inhalation 

EXPOSED 
POPUIA- 
TION 

Horseshoe 
Canyon 
Residents; 
Playground 
Users 

Children & 
Horseshoe 
Canyon 
Residents 

Santa River 
!lsh eaters 

Residents 
Along Canyon 
Road South of 
Canyonville 

Canyon 
Springs 
Subdivision 
Residents 

Users of 
Canyonville 
Wte r  Supply 

Residents of 
Canyon Spring 
Subdivision & 
Canyon Road 
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possible and future contaminant 
migration. 

Discussions of environmental  f a te  and 
transport should n o t  include all known 
geologic, topographic, hydrologic, climatologic, 
and other environmental information. Rather, 
the discussion should provide only information 
necessary for the reader to understand how 
contaminants migrate. When discussing the 
human exposure component, the text should 
indicate to the reader how human exposure 
occurs a t  t h e  point  o f  exposure. This 
explanation should include the routes of human 
exposure: 

ingestion-groundwater, surface water, 
soil, dust, food; 

inhalationAust, vapor, gases; 

dermal absorption+xntact with air, 
soil, dust, water, contaminated materials, 
or exposed wastes. 

The discussion should include facts or estimates 
about duration and frequency of exposure and 
should specify the chemicals or chemical classes 
associated with each exposure pathway. Most 
important, it should also specify the location 
and the size of the population(s) exposed in the 
past and the present, and provide the same 
information on populations likely to be exposed 
in the future. The goal of the discussion is to 
show clearly how a particular population 
becomes exposed to specific contaminants. 

The text should also indicate the significance of 
each pathway (i.e., how likely a pathway is to 
occur). The assessor may eliminate suspected 
exposure pathways that are unlikely to occur or 
that have only a remote possibility of occurring. 
T h e  text, however, should briefly discuss 
pathways that are eliminated but which may be 
important to the public. The assessor will have 
to use his or  her judgment to define unlikely, 
remote, and important. Because exposure 
pathways that are  eliminated will not be 
discussed further in the health assessment, the 
assessor also should explain which chemicals 
have been eliminated. For exposure pathways 
that are eliminated but which are of community 

health concern, the assessor should explain why 
they have been eliminated, however unlikely 
they may be as exposure pathways. 

Discussion of environmental transport should 
be qualitative. T h e  text may include a 
discussion of the  physical and chemical 
properties of contaminants and media; it may 
also include quantitative assessments of 
environmental transport. 

In addition t o  the exposure pathway, the 
assessor must also evaluate (either in this 
section or in theEnvironmenta1 Contamination 
and Other Hazardssection), whether or  not the 
available data and information are sufficient to 
adequately characterize the five elements of 
the exposure pathway. The assessor should pay 
special attention to environmental conditions. 
Health assessors should determine if: 

sample location and number are 
representative of on-site and off-site 
contamination, 

analytic techniques are appropriate for 
the contaminants, 

8 environmental data are sufficient and 
relevant, and 

media sampled are appropriate. 

The text should explain deficiencies in these 
areas and indicate media that have not been 
sampled. This discussion should concisely 
indicate how these deficiencies affect the 
analyses, conclusions, and recommendations. 
A more elaborate discussion is acceptable when 
the assessor believes that data gaps prevent 
conclusive discussion of public health hazards. 
In some cases, an appendix can be included 
when additional data needs are substantial. 
Example 14. provides a sample discussion of 
completed exposure pathways. Example 15. 
shows the presentation of the number of 
exposed and potentially exposed persons for 
each completed and potential pathway. 

9.5.2. Potential Exposure Pathways 

Potential exposure pathways exist when 
information or data on one or  more elements 
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Example 14. 

1 A. COMPLETED EXPOSURE PATHWAYS 

Past, current, and future exposure pathways may result from contamination of surface soils at several 
points of exposure: residential yards, undeveloped areas. playgrounds, and the site. While several 
points of exposure could occur in the present and in the future, we believe that only residential yards 
and playgrounds represent likely points of exposure (Bbles 14 and 16). This site has ~ r a l  com- 
pleted exposure pathways associated with surface soil. For convenience, we discuss all of these path- 
ways under this subheading. 

I Contamination of the points of exposure has probably occurred because of several environmental 
transport mechanisms in Horseshoe Canyon. These mechanisms include transport of site contami- 
nants by wind, surface runoff, flooding, excantion and construction, and fugitive dust from vehicular 
traffic. For example, heavy rains in 1974 and 1975 washed contaminants from the site's waste pit and 
contaminated surface soils into Canyon Wash. These storms and a 1990 storm flooded residential 
yards in Horseshoe Canyon, allowing contaminants from the site to settle onto the yards. EPA b e  
lieves that these transport mechanisms are responsible for past and current releases of site contami- 
nants from waste sources at the Canyon Waste Dump and for widespread mercury ontamination of 
surface soils and other media (discussed below) in Horseshoe Canyon. Soil data indicate that mer- 
cury contamination has occurred in undeveloped and developed residential areas throughout Horse- 
shoe Canyon. 

For residential yards and facilities with playgrounds, such as Canyonville Elementary, soil ingestion is 
an important route of exposure, particularly for children less than 6 years old(4). Soil ingestion is 
greater in young children because of their more frequent handhnouth activity. 

Surface soil mercury levels surrounding the site range from 40-130 ppm in residentially zoned areas 
south of Canyonville. In that area, 400 persons in Canyon Spring Subdivision are likely to be exposed 
to soil mercury levels from #90 ppm, and 200 persons along Canyon Road are likely to be expa6ed 
to soil mercuty levels of 20-130 ppm. This conclusion about exposure is based on a limited number of 
surfaae soil samples (0-3 inches) in the Canyon and on a limited number of 0- to 12-inch deep soil 
samples from residential yards. Because EPA mixed the 0- to 12-inch deep core samples and included 
soil deeper .than 3 inches in the samples, those samples probably underestimate the actual concentra- 
tions that exist near the soil surface, where exposure is more likely to occur. ATSDR requires surface 
soil data from residential yards to determine the degree to which exposure is occurring. 

Because we have soil data on only three yards in Canyonville, we cannot assume that the results of 
those data are representative of the entire community of Canyonville. However, residents of the 
three yards in Canyonville are likely to be exposed to a mercury level of 5 ppm. Because the surface 
soil sample from the undeveloped residential property contained a mercury level of 20 ppm, soils at 
this location represent a future exposure pathway to residents through ingestion if the property is d e  
veloped. 
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Example 15. Estimated Population for Exposure Pathways 
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Exposed Populations and Fbterial&Exposed Populations that are affected by a Completed or A,tentiolExpom 
Pathway* 

Location 

Canyon Road Residents 

Tots Nursery Children 
- 

Children at Canyonville Elementary 

** Unrelated to site 

Estimated 
persons 

UX] 

125 

249 

75 

0 

Not Known 

250 

400 

10 

Not Known 

7 

36,029 

Not Known 

in italics 

Santa River 
Fish Eaters 

Canyon 
Road 
South of 
Canyonville 

Other 

Mercury 

Surface 
Soil, 
Sediment 

sand, 
Surface Soil 

Surface 
Soil, 
Sediment 

Fish 

Surface Soil 
Sediment 

Soil, 
Sediment 

Soil 
Sediment 

Canymville 
Soil 

Conyonvile 
SurfPce Soil 

Worker- 
Waste 
Material 

Past 

present 

Past 

Present 

Residents of Canyon Spring Subdivision 

TCE 

Private 
Well, 
Ambient 
Air 

Not Known 

-------- 
Not Known 

Concurrent 
Exposure 

Public 
Spring, Air 

Not 
Exposed 

Not Known 

Not 
Expos* 

N o t E t p a d  

Waker- 
Warte 
Matsiol 

P-CBSA 

Private Well 

Nai Known 

Not Known 

Concurrent 
Expasure 

Not 
Exposed 

Not 
Expased 

Not Known 

Not 
Exposed 

NotEqmad 

Wake- 
Woste 
Moterial 

Persons 
Along 
Canyon 
Creek 
Downstream 
of Canyon 
wish 

Leada* 

Not Known 

Nor Known 

Not Known 

Not Known 

Not Known 

Not Known 

Not Known 

Not Known 

Acblic 
Woter 
~ P P &  

Not Known 

Residents 

Playing Children 

Canyonville Households Having Thps 
Sampled 

ConyonviUeResidents 

Site W e  

'Potential exposure pathways are presented 
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in a pathway are missing. Modeled data cannot 
be substituted for actual data; therefore, when 
only modeled data are available, the pathway is 
considered potential. 

T h e  assessor should present and discuss 
potential exposure pathways in the same format 
as completed exposure pathways. However, 
the assessor may choose to limit the discussion 
until more  information o r  data  become 
available. 

community. Accordingly, this section has three 
subsections: 

Toxicologic Evaluation, 

Health Outcome Data Evaluation, 

Community Health Concerns Evaluation. 

When  using medical, toxicologic, and 
epidemiologic terms, the assessor should define 
the terms or use generally recognized words so 
that the reader will understand. 

9.5.3. Alternative Approach for 
~athwa'ys Analyses 

When choosing the alternative approach (the 
environmental component of each pathway is 
discussed separately from the human exposure 
component of a pathway), the assessor will use 
two subsections: 

k Environmental Component (Fate and 
Transport) 

B. Human Exposure Component. 

The assessor still must identify the completed 
and potential exposure pathways. As in the 
preferred approach, t h e  Environmental 
Component subsection should discuss the 
source of contamination, media and transport, 
and point of exposure. The Human Exposure 
Component subsection should identify the 
route of human exposure and the receptor 
population. The human exposure component 
of each pathway should be presented in the 
same order as the environmental component, 
and the link between the two components of 
each pathway should be clear. 

9.6. PUBUC HEALTH 

In the Public Health Implications section, the 
health assessor will discuss the health effects of 
site contaminants, evaluate health outcome 
data, and address all questions raised by the 

The reader must be able to understand how 
information in each section of the health 
assessment relates t o  the  public health 
discussion. The assessor should therefore 
incorporate pert inent information from 
previous sections to support the evaluations in 
the Public Health Implications section, thus 
making the health assessment site-specific. For 
example, facts about t h e  site's history, 
operation,  and remediation, as well as 
information about demographics, land use, and 
natural resource use, could be important in 
evaluat ing heal th  issues ar is ing f rom 
contaminant exposure. Likewise, the assessor 
must link the pathways analyses with the public 
health implications discussion. For example, 
when reading about effects of lead toxicity, the 
reader needs to  know who t h e  exposed 
population is and if this population may 
experience those health effects. 

9.6.1. Toxicoloaic Evaluation 

The assessor should organize the Toxicologic 
Evaluation subsection by contaminant or by 
route of human exposure rather than by media. 
This subsection should build upon  t h e  
completed and potential exposure pathways 
identified in the Pathways Analyses by linking 
specific contaminant exposure in certain 
populations with the discussion of health 
effects. Contaminants associated with 
completed exposure pathways should receive 
more attention than contaminants in potential 
exposure pathways. However, the assessor may 
emphasize health discussions of contaminants 
in potential exposure pathways if the pathway 
is likely to become a completed pathway. When 

- 
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only potential exposure pathways exist, the 
discussion of health effects from potential 
exposure may be expanded. The assessor 
should use the exposed population in each 
e x p o s u r e  pathway t o  d e t e r m i n e  t h e  
appropriate parameters for estimating dose. 
For example, when the point of exposure for a 
completed exposure pathway is residential 
yards, the assessor must use soil ingestion rates 
for children as well as adults. 

Using appropriate parameters, the assessor 
should estimate an exposed dose for each 
contaminant in a completed exposure pathway. 
If information is available, the assessor should 
also estimate the exposed dose from potential 
exposure pathways. When the same receptor 
population is exposed t o  a contaminant 
through multiple pathways, the assessor should 
consider the health effects from the total 
exposed  dose .  T h e  assessor  should  
qualitatively describe and compare the exposed 
dose with ATSDR's acute, intermediate, and 
chronic Minimal Risk Levels (MRIs). When 
MRLs are unavailable, other health-based 

Example 16. illustrates these guidelines using a 
table. 

Using health-based guidelines, the text should 
describe health effects likely to occur from the 
exposure (and the  estimated dose) that 
occurred, is occurring, o r  will occur. This 
evaluation should be based on: 

population affected (e.g., on-site 
workers, residents of a specific area, and 
trespassers), 

routes of human exposure (e.g., 
inhalation, ingestion, skin contact), 

chemical involved (individually or 
grouped according to  chemical class or 
toxic effect), 

acute health effects, if likely (for 
short-term exposure periods to each 
chemical or group), and 

chronic health effects, if likely (for 
short- and long-term exposure periods to 
each chemical or group). 

- - 

buidelin- such as 'PA'' RfD, are Additionally, sensitive subpopu~ations, the 
The text these effects of chemical interactions, and permnal 
guidelines and the specific value in a table. actions that can reduce should be 

identified when appropia te .  ATSDR's 

Example 16. 

Cornpadson of Estimated Exposed Dose to Health Guidelines for M e r m y  and Methylmercury 11 
Contaminant 

ATSDR Public Health Assessment 
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Exposure Pathway 
L 

Value 

Methylmercury 

Methylmercury 

Mercury 

Mercury 

Health Guideline for Ingestion - mg~kglday 

Source 

Fish 

Fish 

Soil and Sediment 

Soil and Sediment 

Exaxled by 
Estimated 

0.00004 

0.00002 

0.2 

0.0008 

Acute MRL 

Intermediate 
MRL 

Acute MRL 

IntemediateMRL 

Exposure Dose 

Yes 

Yes 

no 

yes 
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Toxicological Profile. serve as useful sources of 
environmental and health information. The 
profiles and other sources should be cited in the 
discussion. 

The text should include discussions explaining 
hea l th  e f fec t s  according t o  biological 
plausibility: 

' route of exposure, 

' duration of exposure, 

exposed dose, 

dose-response relationships, and 

variation in pharmacokinetics. 

The text should clearly state when health 
discussions a r e  based o n  toxicologic 
information that comes from another route of 
exposure. Additionally, results from animal 
and human studies, such as high dose in animals 
o r  unknown dose in humans, should be 
compared and contrasted with si te-specific 
exposure conditions to determine which health 
effects are likely to occur. 

When persons are exposed to carcinogens from 
the site, or when the potential for exposure 
exists, the text should include a qualitative 
discussion on whether or not cancer is likely to 
occur from that exposure. Many factors, such 
as dose, population sensitivity, duration, and 
frequency of exposure affect whether cancer is 
possible. The assessor may include those 
factors in the discussion. 

When  toxicologic, environmental ,  
epidemiologic, or other information is missing, 
these data gaps are important to the discussion 
of whether or not health effects are likely to 
occur. When information is insufficient to 
reach health conclusions, the text should 
provide a qualified discussion of health effects 
for the exposed population and the exposure 
pathway involved. 

Example 17. illustrates how to present many, 
but not all, of the concepts discussed. The 
assessor should always tailor the  health 
discussion to the specific exposure pathways 
and conditions identified at the site. 

9.6.2. Health Outcome Data Evaluation 

The health assessor should evaluate the local, 
state, and national databases previously 

' described in the Background section that are 
relevant to the site. The Health Outcome Data 
Evaluation subsection reports the results of the 
epidemiologic analysis of these databases. The 
text should be organized according to the name 
of the database. For each database, the text 
should include the following information: 

the reasons for the evaluation (e-g., the 
outcome is plausible, the community 
requested it), 

database characteristics (e.g., available 
years of data, smallest geographic unit in 
database), 

' relationship of exposed population to 
smallest geographic unit, 

' characteristics of the comparison 
population, 

methods of analysis (e.g., SMR), 

results of the analysis, 

limitations of the results (e.g., data,  
reliability, effect of geographical unit on 
interpretation), and 

effect of results on public health 
implications. 

As discussed in Chapter 2, health outcome data 
should be as site-specific as possible. A 
common problem in using secondary health 
outcome data is that the exposed population at 
the site will be part of a greater population 
covered by the database. Thus, morbidity and 
mortality rates calculated from health outcome 
data usually will not represent the true rates for 
the exposed population. The text, therefore, 
needs to qualify the interpretation of rates. 

Nevertheless, reporting the rates of relevant 
health outcomes will answer, to  some degree, 
community concerns about specific adverse 
health effects. Rarely, if at all, will the assessor 
be able to identify causal relationships between 
adverse health effects in these databases and 

ATSDR Public Health Assessment 
Guidance Manual 



9. Health Assessment Format 

Example 17. Public Health Implications 

PUBLIC HEALTH IMPLICATIONS 

A. T0XICOUH;IC IMPLICATIONS 

Some residents inside and outside Horseshoe Canyon were exposed to mercury and methylmercury through several 
completed exposure pathways Before the state health advisory in 1985, exposure to methylmercury occurred in 
adults and children who ate contaminated fsh. Rom the country's well survey, we know that residents along Can- 
yon Road typically ate zero to three fsh meals each month from the Santa River. lb estimate acute methylmercury 
exposure, we assumed that children, women, and men ate 4,8, and 13 ounces of fish per meal, respectively. 

More than 80% of the mercury in freshwater fish is methylmercury. We will assume that the total mercury measure 
ment for Santa 6sh consists of methylmercury. The estimated amount of methylmercury ingested by children and 
adults who eat the most highly contaminated fish in the Santa River (for example, trout), arczeds ATSDR's inges- 
tion MRL for acute and intermediate exposure to methylmercury. Therfore, persons who have eaten and are eat- 
ing Santa River 6sh may experience harmful health effects. 

m e  brain, the kidneys, and fetuses are most sensitive to methylmercury exposure. Neurologic symptoms in adults 
and children with brain damage include 1) prickling, tingling sensations in the arms and legs, 2) loss of sensation in 
the arms and legs, 3) tunnel vision, 4) slurred speech, 5) incoordination, 6) irritability, 7) memory and hearing loss, 
and 8) difficulty sleeping (ATSDR lbxicological Profile for Mercury). While kidney data in humans are limited, 
animal studies have shown that methylmercury can damage the kidney. Kidney effects include increased urine out- 
put and elevated urine levels of albumin, a blood protein which is normally not present in urine. Human studies on 
pregnant women have shown that methylmercury exposure causes neurologic affects in offspring such as mental re 
tardation, incoordination, and inability to move. Milder health effects include delayed neurologic development and 
slower muscular movements. hthermore, animal studies of methylmercury exposure during pregnancy show prob- 
lems with behavioral maturation and learning ability in ofkpring. Those health effects could occur in children of 
women who have eaten or are eating contaminated fish from the Santa River. 

Children and adults in Horseshoe Canyon who ate mercuryantaminated fish before the state health advisory was 
issued were also exposed to mercury through the ingestion of mercury-contaminated soil and sediment ' h e  sum of 
those exposures before the health advisory may increase the frequency and severity of health effects in those chil- 
dren and adults. 

Some residents outside Horseshoe Canyon are continuing to eat mercury-contaminated fish from the Santa River. 
We suspect their fish consumption patterns to be similar to historical patterns reported by residents in Horseshoe 
Canyon, though we cannot be amain. Their health effects could be similar to the ones discussed earlier, and, with- 
out intervention, their exposure will continue. 

Residents who live adjacent to Canyon W h  and Canyon Creek downstream of Canyon W h  and who ingest con- 
taminated sediment and soil have been and continue to be exposed to mercury. The estimated mercury ingested by 
children and adults from soil ingestion does not exceed ATSDR's acute MRL for ingestion. Health effects, there 
fore, are unlikely to occur if soil ingestion is infrequent However, for young children, particularly those under six 
years old, who play along Canyon Wsh every day, their mercury exposure could exceed ATSDR's intermediate 
MRL 7th exposure could damage the kidney and lead to neurologic effects. Because of lower soil ingestion, 
adults and older children are unlikely to arperienoe health effects from contaminated soil and sediment along Csn- 
yon W h  and Canyon Creek Their intake of mercury from soil does not exceed ATSDR's intermediate MRL 
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exposure to site contaminants. In such cases, 
the assessor should decide if the evaluation of 
epidemiologic, toxicologic, and pathways 
analyses can be used to support the need for 
follow-up health studies. Example 18. provides 
a sample discussion of health outcome data 
evaluation. 

9.6.3. Community Health Concerns 
Evaluation 

The health assessor should use the pathways 
analyses, the toxicologic evaluation, and the 
health outcome data evaluation to answer all 
site-related community health concerns. In 
responding to community health concerns, the 
text should restate the concern. For concerns 
that are plausible (i.e., are possible because of 
contaminant exposure from the site), the 
assessor should answer the question using 
information presented in the Toxicologic 
Evaluation or  the  Health Outcome Data 
Evaluation subsections. The assessor should 
refer the reader to those subsections for further 
details. For concerns that are not plausible, the 
assessor should answer the question using 

toxicologic information about the contaminant 
and, if available, health ouctome da ta  For 
example, when a resident raises a question 
about liver cancer in the community, the  
assessor should use a cancer registry, if 
available, to determine if liver cancer rates are 
elevated. In addition, the assessor should 
discuss whether persons are  exposed to  a 
contaminant that causes liver cancer and 
whether or not that exposure could cause liver 
cancer. Example 19. illustrates an acceptable 
approach for responding to community health 
concerns.  All questions raised by t h e  
community  must b e  addressed in  th is  
subsection. However, questions about  
economic and liability issues (e.g., property 
values, installation fees, legal questions) should 
be handled by stating that A'ISDR's health 
assessment addresses only site-related health 
issues. 

Health questions may arise that are unrelated 
t o  the  site. Those questions should b e  
addressed in the Community Health Concerns 
Evaluation subsection. When such questions 
arise, the assessor needs to judge the type and 

Example 18. Health Outcome Data Evaluation 

'Ib address the community's concern about the high number of birth defects in Greater Canyonville, infonna- 
tion from Calizona's Binh Defects Registry for 1986,1987, and 1988 was evaluated In 1986 and 1987, f m r  
children in Greater Canyonville were born with binh defects than were children in the rest of the county and 
state. Using the same comparison populations (county and state), data from 1!388 showed a greater inci- 
dence of binh defects than expected in Greater Canyonville (Standard Inciden~ Ratio = 1.44). 

Based on the toxicologic data reviewed, exposure to mercury, lead, and TCE at levels present at the Canyon- 
ville M t e  Dump site is unlikely to cause adverse outcomes that are typically classified as physical birth d e  
fects, such as cleft palate and spina bifida. Several limitations are inherent in this analysis. 'lbe database's 
shon period of existence makes the conclusions unreliable. In addition, toxic effects from Bcposure to lead, 
TCE, and mercury may have occurred in u r n ,  leading to adverse neurological effects in infancy. Those ad- 
verse health outcomes are not routinely diagnosed at binh and would therefore not be captured in this binh 
defects regisuy. 

A preliminary review of the birth defects registry indicates there is no clear indication of elevated rates of 
birth defects in Greater Canyonville during the period 1986-1988 Moreover, physical birch defects are not 
likely to occur based on the pathway analysis and toxicologic information. 
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Example 19. 

C. COMMUNITY HEALTH CONCERNS EVALUATION 

We have addressed each of the community concerns about health as follows: 

1. Will children get cancer from their exposure to Mchloroethene (TCE) In private well watel? 

Although residents near the site along Canyon Road use and have used TCEcontaminated water, no studies have shown 
the TCE causes cancer in humans. However, because animal studies have shown that TCE causes cancer, we assume that 
TCE could be a human carcinogen. Based on our conservative estimates, children and adults who drank and bathed in 
water containing TCE levels present in the two private wells on Canyon Road could, over a lifetime, be at a low increased 
risk of developing cancer. While the number of extra cancers above the background cancer number theoretically may have 
increased slightly, TCE-induced cancer in residents of those two hougholds is unlikely to occur. Until more data are col- 
lected on other private wells on Canyon Road, we do not know the extent of the risk to other residents. ATSDR has a fol- 
low-up registry of persons exposed to TCE by ingestion, which documents health effects. ATSDR will consider including 
TCE-scposed residents in this registry. 

2. Are the birth defects and learning disabilities In CanyonvUle caused by chemicals fmm the site? 

The contaminants at Canyon Waste Dump are not known to cause physical binh defects. We evaluated the Calizona Birth 
Defects Registry and found no increase in the rate of physical birth defects for greater Canyonville. 

At this time, we cannot determine whether the higher percentage of learning disabilities at Canyonville Elementary is re- 
lated to the site. The higher percentage in Canyonville Elementary students may have resulted from the school including 
gifted and emotionally disturbed children in its definition of learning disabilities. We have recommended further investiga- 
tions of learning disabilities. 

3. Should children play in yards dong Canyon Road and in Canyon Msh?  

Until funher evaluation is complete, children should not play in Canyon Wash or Canyon Creek When we have data for 
each residential yard, we can address this question more completely. We have asked EPA to collect surface soil samples 
from each yard that borders Canyon Wash and Canyon Creek. 

In addition to these questions, residents raised several questions about properly values and liability issues. ATSDR is un- 
able to address those questions in the context of the health assessment because the Agency's focus is to mlua te  the public 
health implications of the site. We suggest that residents discuss those issues with EPA and with their personal lawyers. 
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degree of response necessary for each question. health effects from exposure to site 
For example, a question about magnetic contaminants, 
radiation from nearby power lines that are not 
part of the site requires only that the assessor, 
when possible, direct the  public t o  the  
appropriate authorities who can address the 
question. I t  does not require a health 
discussion of magnetic radiation. In contrast, 
off-site sampling may have detected lead in tap 
water that is not related to the site. In this case, 
the assessor may choose to  discuss lead toxicity ' 
in the Toxicologic Evaluation subsection, and 
make recommendations to prevent exposure. 
The assessor may also recommend follow-up 
health activity, or refer the public to local health 
authorities. 

response to community health concerns, 

results of health outcome data 
evaluation, and 

the effect that missing or insufficient 
information has on analyses and 
conclusions. 

All conclusions should b e  explicit and 
unambiguous, stating concisely the findings of 
the health assessment (see Example 20.). 
Every conclusion of the health assessment 
should have one o r  more recommendations 
associated with it. 

9.7. CONC WSlONS 9.8. RECOMMENDATlONS 

The final section of the health aSSeSSment 9.8.1. Recommendations 
should address conclusions about the site and 
the health threat it poses. The first conclusion ATSDR may recommend that actions be taken 
should be a statement about the site's level of to protect public health. The assessor may 
public health hazard. The assessor should make recommendations that: 
assign one of the five public health categories: 

end or reduce exposure, 
urgent public health hazard, characterize the site, or 
public health hazard, 

indeterminate public health hazard, 

no apparent public health hazard, or 

no public health hazard. 

For the categories "urgent public health 
hazard" and "public health hazard," the text 
should identify the  contaminant(s), the  
completed exposure pathway(s), the health 
effect(s), and the exposed population(s). This 
section should briefly summarize why the 
category was chosen. New information should 
not be discussed in this section. 

suggest follow-up health activity. 

All recommendations should be numbered, 
start with an action verb, and follow parallel 
construction. In addition, recommendations 
should correlate with the conclusions in the 
Conclusions section. 

Recommendations made because of health 
effects that result from exposure t o  site 
contaminants should identify actions that 
prevent or reduce exposure. Risk management 
recommendations, such as constructing a'fence 
o r  installing a berm, should be avoided. 
Instead, recommendations should be made so 

The text shou~d also summarize conclusions that response options are not specified (e-g., 
about the following issues: restrict access to the site, prevent surface 

migration). 
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W h e n  e n v i r o n m e n t a l  d a t a  a n d  o t h e r  
information are insufficient t o  determine the 
public  hea l th  hazard posed by t h e  site, 
recommendations for  da ta  gathering a re  
required. The  assessor should identify the data 
needed, where the data should be collected, 
and who should receive the data. 

Each recommendation should express the 
urgency with which o r  timeframe in which the 

data gathering should be accomplished. The 
urgency may b e  expressed directly (e-g., 
alternative water supplies should be provided 
immediately) o r  set within the time frame of 
o the r  activity (e.g., during remediation). 
R e c o m m e n d a t i o n s  t h a t  d o  n o t  h a v e  a 
timeframe for completion may be interpreted 
as having low priority. 

Example 20. 

The Canyon Waste Dump site poses an urgent public health hazard because acute, intermediate, and chronic exposure 
to mercury from eating contaminated fish from the Santa River could cause adverse health effects. Damage could oc- 
cur to kidneys, fetuses, and the brain. 

Furthermore, a public health hazard exists for young children who lived or are living along Canyon W h .  Because of 
mercury exposure from ingesting soil and sediment, they may suffer adverse health effects such as kidney and neu- 
rologic damage. While lead in the Canyonville Public Wter  supply is unrelated to the site, it is a public health hazard. 
Leadsontamhated water can cause adverse health effects in infants and young children, resulting in decreased IQ 
scores, growth retardation, and hearing problems. 

We have received many health questions about this site from residents and officials in Horseshoe Canyon. Those con- 
cerns are summarized and addressed in the Public Health Implications section. 

We reviewed community-specific health outcome data for learning disabilities and found that learning disabilities are 
higher at Canyonville Elementary than at other schools in greater Canyonville. Even though learning disabilities can 
be caused by mercuty and lead, we cannot link the school's higher rate of learning disabilities to the site without better 
epidemiologic information. 

Data inadequacies include the following: 

1. Environmental data for surface soil (less than or equal to 3 inches deep), sediment, and groundwater from 
monitoring wells and private wells do not adequately characterize the extent or amount of contamination that 
may exist on and off the site. See the Environmental Contamination and Other Physical Hazards section for 
details. 

2. No data exist documenting mercury levels in (1) surface soils of residenctial yards, (2) playground surfaces such 
as sandbox sand at Tots Nursery, (3) indoor dust on hard surfaces, or (4) panicles in ambient air. 
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T h e  final recommendation in every health research. Additional information is provided in 
assessment should pertain to  follow-up health Chapter 8. 
ac t ions .  T h r e e  types  o f  ac t i ons  exist:  
envi ronmenta l  hea l th  educa t ion ,  hea l th  - Example 21- 
s t u d i e s ,  a n d  substance-specific appl ied  

Example 21. 

ATSDR Public Health Assessment 
Guidance Manual 

RECOMMENDATIONS 

CeaSemeduce Exposure Recommendations 

1. Inform Horseshoe Canyon residents immediately that no children should play in (1) Canyon Creek 
downstream of the confluence with Canyon Wash, and (2) the Tots Nursery sandbox until 
authorities verify those areas are uncontaminated. 

2. Provide uncontaminated water immediately for all domestic purposes for the two households with 
contaminated wells, as well as any other households found to have contaminated wells. 

Site Characterization Recommendations 

1. Obtain additional data for surface soil (less than or equal to 3 inches deep) and sediment to 
characterize adequately the extent and amount of site contamination that may exist on and off the 
site. In particular, perform the following: 

a. Collect additional samples of surface soils immediately for (1) each residential yard along 
Canyon Road and in Canyon Spring Subdivision that borders Canyon Wash, (2) each 
residential yard that borders Canyon Creek downstream of its confluence with Canyon Wash, 
(3) 50 residential yards in Canyonville, and (4) playground areas at Canyonville Elementary 
and Tots Nursery, including the Tots Nursery sandbox. 

b. Collect 10 upstream and 30 downstream fish samples in the Santa River and its tributaries and 
analyze edible fish portions for total mercury and methylmercury. Collect fish samples up to 
10 miles downstream. 

Health Activities Recommendation Panel (HARP) Recommendations 

In amrdance with the Comprehensive Environmental Response, Compensation, and Liability Act of 19&0 
as amended, ATSDR and the state have emluated the Canyon k t e  Dump Site for appropriate health fol- 
low-up activities. ATSDR is currently issuing a health advisory regarding consumption of fish from the 
Santa River. In addition, the panel offers the following recommendations: 

1. Provide immediate community health education to the exposed populations in greater Canyonville 
about the possible health effects from site contaminants and interim measures to reduce exposures. 

2 Educate health professionals in greater Canyonville about the health effects of the site contaminants. 

3. Conduct a follow-up exposure study on past and current eaters of Santa River fish. 

4. Consider additional follow-up activities if data become available that suggest human exposure is 
c~.rurring or has occurred. 

d 
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9.8.2. Public Health Actions that have conducted, and that plan to  conduct, 
specific actions. The assasor should (1) work 

Basedontherecommendationspresentedin t h rough  t h e  H e a l t h  Activi t ies  
the health assessment, the health assessor Recommendation Panel (HARP) t o  identify 
needs t o  identify actions tha t  have been the actions that ATSDR will conduct; and (2) 
undertaken o r  that are planned. In addition, work with o the r  federal, s tate ,  and local 
the health assessor should identify the agencies ag,nci, to identify the actions that they will 

Example 22. 

Public Health Actions 

Based on the recommendations made in the health assessment, the following public health actions 
have been or will be undertaken. 

Actions Undertaken 

1. The Division of Health Education, ATSDR, is providing environmental health education to 
health professionals in greater Canyonville. The division is also informing the community 
about adverse health effects that may occur as a result of eating mercurycontaminated fsh 
from the Santa River. This program should be complete by mid-year 1992. 

2. The Canyon County board of commissioners passed in January 1992 an ordinance prohibitin 
the installation of private wells in Canyon County. That ordinance will prevent exposure to 
the contaminated groundwater. 

3. The Environmental Protection Agency (EPA) has collected surface soil samples (<3  inches) 
from residential and potential residential areas in Canyonville. Sample collection was 
completed by December 1991. After laboratory analysis and quality assurancetquality . 

control are completed, ATSDR, the Calizona Department of Health Services, and the 
Canyon County Health Depanment will evaluate the results to determine the public health 
significance of surface soil contamination in residential areas. 

1. The Calizona Department of Natural Resources, in cooperation with the U.S. Fish and 
Wildlife Service, plans to collect fish samples from the Santa River. The results will help 
public health officials confirm the current degree and extent of fish contamination in the 
Santa River. The results also will be used by ATSDR as pan of an exposure study it plans 
to conduct. 

2. ATSDR, in cooperation with the Cali ina Department of Health Services and the Canyon 
County Health Department, will collect blood and hair samples to determine whether 
residents who have been eating fish from the Santa River have had higher than expected 
exposure to methylmercury. The study will stan in the Fall of 1992. 

3. EPA has agreed to collect 50 random samples of tap water from residences connected to the 
Canyonville Water Supply. EPA has agreed to collect the samples by the end of 1992. 
Public health officials will use the data to determine whether further public health actions 
are needed to prevent lead exposure from drinking tap water. 
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conduct. The purpose of this approach is to 
del ineate  in t h e  health assessment the  
site-specific health agenda that will mitigate or 
prevent adverse health effects in humans that 
could result from exposure t o  hazardous 
substances. 

The assessor should identify these actions in a 
"Public Health Actions" section. Within that 
section, actions should be categorized as 
"actions undertaken" and "actions planned." 

they may result from the review process of the 
health assessment. For example, in response to  
the assessor identifying a data gap in soil 
contamination, EPA's remedial program 
manager may have collected additional surface 
soil samples (0-3 inches) so that ATSDR could 
more adequately evaluate the public health 
implications of soil ingestion in children. The 
assessor would identify that activity as an action 
that EPA undertook as a result of interaction 
with the health assessor. The assessor should 

Regarding actions undertaken, the assessor identify (1) the action, (2) the agency or group 

should indicate actions or activities that have that conducted the action, (3) the purpose of 

occurred o r  that are  currently occurring the action, and (4) the date the action occurred. 

because of recommendations in the healti F,, actions planned, the same philosophy 
assessment. These actions may result from applies. ~ ~ ~ c d  on recammendations in the 
interactions between the health assessor and health assessment, the assessor should identify 
the agencies as he Or she (1) the action, (2) the agency or group that will 
~emmmendations for the health -merit, or conduct the action, (3) the purpose of the 

Example 23. 

PREPARERS OF REPORT 

Name 
Title 
Branch/Office/Division 
Agency Name 

Name 
Title 
BrancNOfficelDivision 
Agency Name 

I 

A'EDR TECHNICAL PROJECT OFFICER 

Name 
Title 
Branch 
Division 

I 

ATSDR REGIONAL REPRESENTATIVES 
i 

Name 
Title 
Branch 
Division 
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Example 24. 

REFERENCES 

1. Calizona Department of Health Services. Data sheets concerning contamination of Santa River Fish 
Data. November 1985. 

2. EM Company. Site Assessment, Canyon Waste Dump, Canyon County, Calizona. June 1987. 

3. Canyon County Health Department. Well survey of Horseshoe Canyon residents. September 4-6. 
1990. 

4. Environmental Protection Agency. Exposure Factors Handbook. Washington, DC: Environmental 
Protection Agency, Ofice of Health and Environmental Assessment, July 1989, EPA document no. 
600/8-89m3. 

5. Agency for Toxic Substances and Disease Registry. Draft Health Assessment Guidance Manual. 
Atlanta, Georgia: Agency for Toxic Substances and Disease Registry, February 1991; DHHS (PHs). 

6. Agency for Toxic Substances and Disease Registry. Draft Toxicological Profile for Total Xylenes. 
Atlanta, Georgia: Agency for Toxic Substances and Disease Registry, December 1990, DHHS 
publication no. (PHS)TP-90-30. 

7. Wallace Lk 1987. Total Exposure Assessment Methodology (TEAM) Study: Summary and Analysis: 
Volume I. Washington, DC: U.W. Environmental Protection Agency, Office of Acid Deposition, 
Environmental Monitoring and Quality Assurance, June 1987; EPA document no. 600I60871002a. 

action, and (4) if known, the timeframe for 
conducting the action. The actions planned will 
generally consist of two types: activities that 
H A R P  determines a re  appropr ia te  and 
activities that other agencies agree to conduct. 
The Public Health Actions section should 
clearly identify the  agencies involved in 
conducting the actions. 

Example 22. illustrates some public health 
actions. 

-- 

9.9. PREPARERS OF REPORT 

Every health assessment should conclude with 
the signature blocks (Example 23.) of the 
health assessment team. This team includes (1) 
the preparers of the report, (2) the ATSDR 
regional  r epresen ta t ive ,  and ,  fo r  
state-prepared health assessments, (3) the 

ATSDR Technical Project Officer. T h e  
signature block should also include the job title 
and the appropriate agency name. 

9.1 0. REFERENCES 

The Reference section (Example 24.) should 
List the documents reviewed and the sources of 
in fo rmat ion  fo r  env i ronmenta l  da ta ,  
community concerns, health outcome data, and 
toxicologic data. The reference style used 
comes from the Uniform Requirements for 
Manuscr ipts  Submit ted t o  Biomedical 
Journals. 

References should appear in the text, tables, 
and legends using Arabic numerals within 
parentheses. References are numbered 
consecutively according to the order in which 
they appear. Complete citations for all 
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references should be provided. Citations are 
numbered consecutively according to where 
they appear in the text. If references are not 
cited in the text, a list arranged alphabetically 
and entitled "Selected Bibliography" should be 
included at the end of the assessment. 

9.1 1. APPENDICES 

Material attached to the health assessment as 
appendices should be referenced in the text. A 
map showing site characteristics is necessary for 
the reader to  visualize on-site and off-site 
features. Maps taken from other documents 

should be reworked to  fit the discussion in the 
text. The assessor should ensure that features 
labelled on the map are discussed in the text. 

After a health assessment has undergone public 
comment, but before the assessment becomes 
final, the health assessor's response to  public 
comments should be added as an appendix to 
the health assessment. 

Appendices should be used judiciously and only 
when special site-specific conditions warrant 
them. Each appendix should be identified in a 
subheading in this section (including appendix 
letter identifier); individual appendices should 
be labelled with corresponding titles. 
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APPENDIX 
ENVIRONMENTAL MEDIA EVALUATION GUIDES 

Environmental Media Evaluation Guides 
(EMEGs) are media-specific comparison 
values that are used to select contaminants of 
concern at hazardous waste sites. The use of 
EMEG values in the health assessment process 
is d e s c n i  in Section 5.6. of this manual. 

EMEGs have been calculated for chemicals for 
which ATSDR has developed Toxicological 
Profiles. These chemicals were selected 
because of their toxicity, frequency-of- 
occurrence at sites or facilities on the National 
Priorities List (NPL), and potential for human 
exposure to the substance. The ATSDR 
EMEGs will be periodically updated as the 
Division of Toxicology releases additional 
Toxicological Profiles and revises older ones. 

EMEGs are derived from the Minimal Risk 
Levels (MRLs) presented in the ATSDR 
Toxicological Profiles. The Toxicological 
Profiles and the MRLs have undergone 
internal ATSDR review as well as external peer 
review by a panel of scientific experts. An MRL 
is defined as an estimate of daily human 
exposure to a chemical that is likely to be 
without an appreciable risk of deleterious 
effects (noncarcinogenic) over a specified 
duration of exposure. Thus, MRLs provide a 
measure of the toxicity of the chemical. 

In addition to containing a toxicity component, 
t h e  EMEGs also contain an  exposure 
component that is based on the amount of 
contaminated water or soil that an individual 
ingests per day. Because water consumption 
and soil ingestion vary widely in different 
segments of the population, EMEG values are 
calculated for a range of exposures rather than 
for a single, arbitrary exposure value. 

The range of the exposure parameters used for 
calculating EMEGs is discussed separately 
under each environmental medium. Exposure 

to contaminated water or soil is usually greater 
in children than in adults because children 
typically ingest more water and soil per unit of 
body weight than adults. Therefore, at sites 
where both children and adults are present, 
EMEG values derived for children are usually 
used, because they represent the more highly 
exposed population. However, health 
assessors are encouraged to  consider all 
available site-specific information when 
selecting the appropriate EMEG value to use 
for selecting contaminants of concern. 

In the ATSDR Toxicological Profiles, MRLs 
are developed for acute, intermediate, and 
chronic exposure intervals. Acute exposures 
are defined as those of 14 days or less; 
intermediate exposures are those lasting more 
than 14 days but less than one year; and chronic 
exposures are those lasting one year or longer. 
For health assessment purposes, it is usually 
assumed that chronic exposures are p i b l e ;  
therefore, EMEGs should be derived from the 
chronic MRLs. However, when chronic 
exposures can be excluded, health assessors 
have the option of deriving EMEGs from an 
acute or intermediate MRL. 

Estimating the health impact of exposure to 
chemical mixtures is of particular concern 
because hazardous waste sites often contain 
multiple chemical contaminants. There is a 
considerable body of scientific information 
documenting the occurrence of interactive 
effects from simultaneous exposure to two or 
more chemicals. Such interactions may be 
additive, antagonistic, or synergistic. However, 
for most chemical mixtures, information on 
toxic interactions is lacking. Furthermore, 
even though limited information for some 
chemical mixtures is available, no set of 
evaluation guides could account for the infinite 
array of chemicals in varying proportions that 

ATSDR Public Health Assessment 
Guidance Manual 



Appendix A 
Environmental Media Evaluation Guides (EMEGs) 

may be found at sites. Therefore, EMEGs are 
based on exposure to a single chemical and do 
not consider the effects of exposures to 
chemical mixtures. 

One approach that is sometimes used to  
estimate the toxicity of chemical mixtures is to 
assume that the chemicals have an additive 
toxic effect. This approach may be particularly 
relevant if the chemicals in the mixture have a 
common mechanism of action or affect the 
same anatomical site. Further information on 
the use of additivity models to estimate the 
toxicity of chemical mixtures can be obtained 
from published references (1,2). The scientific 
basis for the application of these models to 
predict the toxicity of chemical mixtures is very 
limited. Therefore, the use of such models is 
left to the discretion and professional judgment 
of the health assessor. 

In the derivation of EMEGs, it is assumed that 
exposure is occurring from a single medium. 
However, it is important to recognize that a 
person could be concurrently exposed to a 
chemical from several exposure pathways. For 
example, a contaminant in water might also be 
present in food, soil, air, etc., and exposure to 
thoseother media could increase the total dose. 
The relative contribution of a particular 
exposure pathway to the total dose could vary 
dramatically depending on  site-specific 
circumstances. Because of site-to-site 
variability, it is not feasible to propose EMEGs 
that account for possible exposures from other 
media. Therefore, if exposure to a contaminant 
is occurring by multiple exposure pathways, the 
health assessor should add together the 
exposures from various pathways to determine 
the total body dose. 

As d i s c d  previously, MRLs are based on 
noncarcinogenic toxic effects of chemicals, 
including the i r  developmental  and  
reproductive toxicity. MRLs do not consider 
the potential genotoxic or carcinogenic effects 
of a chemical. Currently, the ATSDR Division 
of Toxicology uses a weight-of-evidence 
approach in its assessment of the carcinogenic 
hazard posed by substances that are the subject 

of Toxicological Profiles. As part of this 
assessment, the Division of Toxicology relies 
heavily on conclusions drawn by the National 

- Toxicology Program for substances that have 
been evaluated in its Annual Report on 
Carcinogens (3). Additionally, conclusions 
drawn by the  International Agency for 
Research on Cancer (IARC) and the U.S. 
Environmental Protection Agency (EPA) are 
considered. However, as part of its overall 
evaluation of hazard for all substances 
(including substances that have been previously 
evaluated by those three groups), ATSDR does 
evaluate and draw conclusions regarding the 
substance's oncogenic potential. 

A.1. WATER EVALUAVON GUIDES 

Water EMEGs can be derived for potable 
water used in the home. Potable water refers 
to water used for drinking, cooking, and food 
preparation. Water used in the home for 
nonpotable purposes such as cleaning, washing, 
bathing, and showering is also discussed here. 
This discussion does not consider water used 
for irrigating crops, watering livestock, 
swimming, or other purposes. 

For potable water exposures, an EMEG is 
derived from the following equation: 

MRL x BW EMEGw = 

where, 

EMEGw = water evaluation guide (mg/L) 

MRL = minimal risk level (mglkg/day) 

BW = body weight (kg) 

IR = ingestion rate (Uday) 

To derive the water EMEG for a chemical, use 
the chronic oral MRL from the ATSDR 
Toxicological Profile. Ideally, the MRL should 
be  based on  an experiment in which the 
chemical was administered in water. However, 
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in the absence of such data, an MRL based on 
an experiment in which the chemical was 
administered by gavage or in food could be 
used. 

If no MRL is available, an EPA RfD may be 
used to calculate a comparison value, because 
MRLs and RfDs are derived in a similar manner 
(4). The use of values other than MRLs for 

. calculating screening values is left to  the 
discretion and professional judgment of the 
health assessor. 

Children usually constitute the most sensitive 
segment of the population for the ingestion of 
water, because their water ingestion rate per 
unit of body weight is greater than that of 
adults. An EMEG for a reference child is 
calculated by using a conservative water 
ingestion rate of 1 liter per day for a 10-kg child 
(5). For adults, a water EMEG is calculated by 
assuming a conservative water ingestion rate of 
2 liters per day and a body weight of 70 kg. 
Water consumption surveys have indicated that 
a water consumption rate o f 2  liters per day for 
an adult represents approximately the 90th 
pe rcen t i l e  consumpt ion  r a t e  (5). A n  
illustrative example of EMEG calculations for 
a reference child and a reference adult are 
presented in Section AS. 

In addition to the ingestion of the contaminant 
in water, the assessor should also recognize the 
potential for inhalation of volatile organic 
compounds (VOCs) that escape from water 
used in the home. Experimental studies have 
demonstrated that  VOCs a r e  efficiently 
transferred from water to air, especially in 
showers where the water is heated and there is 
a large water-air interface. In model shower 
exper iments ,  abou t  40-60% of 
trichloroethylene (a typical VOC) in water was 
volatilized to  the air (6). 

VOCs released into the air can then equilibrate 
with theair in the bathroom andeventuallywith 
the air in the rest of the house. Modeling has 
been used to  calculate the concentration of 
VOCs in air in various parts of the house as a 
result of VOC release during indoor water use. 
These data, in combination with time-activity 

~ -- 

profiles of residents, have been used to  estimate 
indoor air exposures to VOCs. For adults, it has 
been estimated that more than one half of the 
daily indoor air exposure to VOCs occurs in the 
shower stall, with an additional one  third 
occurring in the bathroom. These models 
further predict that indoor air inhalation 
exposures could exceed ingestion exposures to 
VOCs in drinking water by 1.5- to 6-fold (7). 

After being inhaled, VOCs can be absorbed by 
the respiratory epithelium and transported 
throughout the  body by systemic blood 
circulation. Respiratory absorption of VOCs is 
influenced by the concentration in air, the 
duration of exposure, the bloodlair partition 
coefficient, the solubility in various tissues, and 
physical activity which affects the ventilation 
rate and cardiac output (8). For chloroform, a 
typical VOC, respiratory absorption ranges 
from 49-77% (9). By contrast, oral absorption 
o f  chloroform has been reported t o  b e  
approximately 100%(8). 

While bathing and showering, skin contact with 
water leads to dermal absorption of VOCs and 
possibly of other contaminants in water. 
However, the available data are not adequate . 

t o  support a quantitative estimation of dermal 
absorption for most contaminants ( see  
Appendix D.5. - Dermal Exposure). 

R e c e n t  exper imental  s tud ies  have 
demonstrated that a 10-minute shower yields 
a n  absorbed dose of chloroform that  is 
equivalent to drinking 1.3 liters of water per day 
(10). The chloroform dose derived from 
showering was equally distributed between the 
inhalation and dermal exposure pathways (1 1). 

Those studies indicate that inhalation (and 
dermal) exposures to  VOCs in water can make 
a significant contniution to the total exposure 
dose. The magnitude of exposure varies 
depending on the frequency of showering and 
bathing, time spent indoors, air exchange rates 
in the bathroom and house, and other factors. 
Although a precise estimate of exposures by 
non-ingestion pathways will seldom be  
available,  i t  may b e  es t imated  tha t  
non-ingestion exposures could yield a 
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contaminant dose comparable to the ingestion ingestion rate of 200 mg per day for a 10-kg 
dose. Therefore, when a VOC contaminant is child. 
present in a potable water supply, the water 
EMEG can be by to aaount for Health assessors should also consider whether 
non-ingestion exposures. children who exhibit pica behavior have access 

to contaminated soil at a site. Soil ingestion in 
pica children greatly exceeds the soil ingestion 
rate for the normal population. As a useful 
reference point, an EMEG for a pica child can 
be calculated using a soil ingestion rate of 5,000 

A 2  SOIL EVUlMTION GUIDES mg per day for a 10-kg child 

Soil EMEGs are calculated using the following 
equation. As noted here, these EMEGs apply 
only to oral ingestion of soil. 

MRL x BW EMEGs = - 
where, 

EMEGs = soil evaluation guide (mgkg) 

MRL = minimal risk level (mg/kg/&y) 

BW = body weight (kg) 

IR = soil ingestion rate (kglday) 

As discussed previously for water EMEGs, the 
chronic oral ingestion MRL for a chemical can 
be obtained from the ATSDR Toxicological 
Profile o r  from ATSDR's Hazardous 
Substances Data  Management System 
(HAZDAT) . 

Many chemicals bind tightly to organic matter 
or  silicates in the soil. Therefore, the 
bioavailability of a chemical depends on the 
media in which it is administered. Ideally, an 
MRL for deriving a soil EMEG should be based 
on an experiment in which the chemical is 
administered in soil. However, data from that 
type of study are seldom available. Therefore, 
it may be necessary to derive soil EMEGs from 
MRLs based on studies in which the chemical 
was administered in water or food. 

Children are usually the most highly exposed 
segment of the population for ingestion of soil. 
Recent experimental studies have reported soil 
ingestion rates for children of about 200 mg per 
day (12,13). Therefore, a conservative EMEG 
for a reference child is calculated using a soil 

For sites where the only receptors for soil 
ingestion are adults, an EMEG is calculated 
using an adult body weight of 70 kg and an 
assumed soil ingestion rate of 100 mg per day. 
There are very few data on soil ingestion by 
adults, but preliminary studies suggest a soil 
ingestion rate in adults of 50-100 mg per day 
(14). Sample calculations for deriving soil 
EMEGs are showri in Section AS. 

The health assessor should also consider 
dermal absorption of soil contaminants and 
inhalation of dusts from contaminated soils. In 
both children and adults, the dose of a soil 
contaminant that results from oral ingestion is 
likely to exceed the dose resulting from dust 
inhalation (15). However, for contaminated 
dusts, special concern may be raised by 
chemicals that have specific toxic effects on the 
respiratory tract (e.g., chromium and lung 
cancer). 

Little information exists on dermal absorption 
of chemicals from contaminated soil. 
Therefore, it is not feasible to quantitatively 
adjust soil EMEGs to account for dermal 
absorption of contaminants. However, the 
potential for exposure by this pathway should 
be acknowledged by the author of the health 
assessment. 

It should also be noted that direct dermal 
contact with soil contaminants may provoke 
dermal sensitization reactions based on  
chemical reactivityor allergic sensitivity. Those 
types of sensitivity reactions result from direct 
skin contact with the chemical sensitizer and do 
not depend on dermal absorption of the 
contaminant. There is a high degree of 
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variability in allergic sensitization reactions. 
The same dose of a skin sensitizer that causes 
severe dermatitis in one individual may elicit no 
response in another person. Therefore, 
sensitization reactions are not considered in the 
EMEGs for soil or other environmental media. 

A.3. AIR RIAWATION GUIDES 

EMEGs for inhalation exposures to airborne 
contaminants can be derived from the chronic 
inhalation MRLs presented in the ATSDR 
Toxicological Profiles or from the HAZDAT 
database. The inhalation MRLs are expressed 
in concentration units of milligrams/cubic 
meter or parts per million (ppm). Therefore, 
the air EMEG for a chemical is the same as its 
MRL, and no mathematical calculation is 
required as with water and soil EMEGs. For 
chemical substances that exist in a vapor form 
at standard temperature and pressure (STP), 
the value is given in ppm (volume basis); for 
substances that are solids at STP, the value is 
given in mglcubic meter. 

ATSDR's MRLs are derived for continuous, 
24-hour-aday exposures. In many instances, 
inhalation exposures from a site may be less 
than 24 hours a day. Therefore, the use of air 
EMEGs based on MRLs to  assess those 
situations is a conservative approach to  
identifying air contaminants of potential health 
concern. 

Inhalation MRLs are  expressed as air 
concentrations rather than as a dose per unit of 
body weight. Therefore, it is not possible to 
calculate a range of air EMEG values as a 
function of exposure to contaminated air, and 
the same air EMEG value is used for all 
segments of the population. 
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For some chemicals, there maybe experimental 
toxicity data in which the chemical was 
administered orally, but no data in which the 
chemical was administered by inhalation. 
Significant differences may exist in the toxicity 
of the chemical by ingestion, compared to 
inhalation exposure, because of differences in 
the absorption, metabolism, distribution, and 
site-specific toxicity of  t h e  chemical. 
Therefore, it is recommended that an air 
evaluation guide be derived only from an MRL 
based on an inhalation study. That approach is 
compatible with the Toxicological Profile 
protocols, which use only inhalation data to 
derive inhalation MRLs. 

Dermal exposure to some air contaminants can 
also result in absorption through the skin. 
However, data are not likely to be available to 
quantitatively estimate exposures from this 
pathway. Therefore, it is not possible to adjust 
air EMEGs to account for this potential 
exposure pathway. Nevertheless, this potential 
exposure pathway should be acknowledged by 
the health assessor. 

A4 EDIBLE BIOTA 

Aquatic Organisms 
Human consumption of aquatic organisms may 
be an important source of exposure to an 
environmental contaminant. In the Ambient 
Water Quality Criteria documents (AWQC), 
EPA proposed values for water contaminants 
in order to protect humans who eat fish and 
other  aquatic species harvested from a 
contaminated body of water (16). In 
calculating those water criteria, EPA used a 
bioconcentration factor (BCF) to account for 
contaminant uptake from ambient water by 
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aquatic organisms. BCFs for a chemical that 
have been determined in experimental or field 
studies vary widely among species. In 
particular, BCFs for fish and shellfish vary 
greatly for many contaminants. Even within a 
given species, the BCF may vary according to 
age, size, lipid content, developmental stage, 
etc. Aquatic organisms may also bioaccumulate 
chemicals from contaminated sediment and 
food that they consume. Because of the 
numerous factors that influence BCFs, it is not 
possible to determine the water concentration 
of a contaminant that would protect humans 
who consume a variety of aquatic species living 
under varying conditions. 

preparing health assessments for sites where 
the consumption of aquatic organisms is a 
concern, the assessor should base the health 
assessment for biota consumption on actual 
measurements of t h e  contaminant 
concentration in edible portions of the relevant 
aquatic species. The assessor should also 
consider the specific dietary habits of the 
potentially affected population. If that 
information is not available, the assessor should 
state that an acceptable evaluation of this 
exposure pathway cannot be made without the 
information. 

Terrestrial Organisms - 
The EPA's AWQC assumes that an individual may also be arposed to environmental 
eats6*5grams andshellffih~er nat through of 
figure represents the national average, and it terrestrial plants or animals that have been may significantly over- or underestimate or raised in contaminatsd areas. individual ffih consumption. o r  animals may bioaccumulate chemical 
Given the substantial uncertainties in BCFsand contaminants from soil, water, or air. The 
fish consumption rates, it is not feasible to database of information for the uptake of 
propose water EMEGs based on human contaminants from the environment by 
consumption of aquatic organisms. When terrestrial biota is very limited. Therefore, it is 
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not currently possible to propose methodology 
that can be used to derive EMEGs for soil, 
water, or air based on the consumption of 
contaminated terrestrial biota. 

Action Levels and Tolerance 
Levels. 

Action levels for poisonous or deleterious 
substances are established by the Food and 
Drug Administration (FDA) to control levels 
of contaminants in human foods and animal 
feed. Tolerance levels, established by EPA, are 
maximum allowable levels of pesticide residues 
in or on raw agricultural products and in 
processed food. A discussion of action levels is 
included in Appendix B. 11. Tolerance levels 
are found in the Code of Federal Regulations, 
title 40, part 193; title 40, part 180, and title 21, 
part 109.30. Because of the complexity of those 
regulations (each chemical can have tolerance 
levels for dozens of distinct food products), 
tolerance levels have not been included in this 
document. FDA Action Levels and EPA 
Tolerance Levels may underestimate food 
consumption for certain groups-for example, 
sport fishermen and backyard gardeners. 
Therefore, those values should not be used to 
select contaminants of concern unless the 
assumed food consumption rates  a r e  
determined t o  be appropriate  for  the  
population being evaluated. 

Environmental Media Guides (EMEGs) 

115. CALCULATING EMEG 
VALUES 

Calculations for deriving EMEGs for 1,l- 
dichloroethene a r e  shown here under 
Illustrative Calculations. These values are 
calculated using the chronic MRLs presented 
in the HAZDAT database. Because MRLs are 
subject to periodic updates, health assessors 
should ensure that they are using the most 
current MRL value when calculating an 
EMEG. As a reference source, ATSDR will 
maintain a current list of MRLs and EMEG 
values in HAZDAT. A sample printout of the 
EMEG field from HAZDAT is shown in Figure 
1. The EMEG values in this table have been 
rounded off to one significant figure. 

As previously discussed, EMEGs are based on 
the noncarcinogenic toxic effects of the 
chemical. In the HAZDAT database, 
chemicals are marked to indicate that they have 
been identified as having carcinogenic toxicity 
by either the National Toxicology Program, the 
International Agency for Research on Cancer, 
or the EPA For chemicals with carcinogenic 
toxicity, it may be necessary to develop an 
alternative comparison value that considers the 
chemical's carcinogenic potential (see Section 
5.6.). 
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EMEGs are explicitly presented as a range of population, a r e  indicated. However, if 
values, rather than as a single, discrete number. sufficient information is available, health 
This range is based on variable exposures to a assessors may derive an alternate EMEG value 
contaminated medium that could occur among - based on site-specific exposure information. 
different individuals in the population. Health 
assessors should select an EMEG that will be 
protective of the most highly exposed segment 
of the population at a site. As an aid to health 
assessors, several important reference points, 
which apply t o  different segments of the 

ATSDR HAZDAT 1.0 
EMEG RANGE*. 

CAS#: 000075454 1,1 -DICHLOROETHENE 

RECEPTOR WATER EMEG SOIL EMEG AIR EMEG 
POPULATION (MGIL) (MGJKG) (PPM) 

REFERENCE ADULT 0.3 6000 0.02 

REFERENCE CHILD 0.09 400 0.02 

PICA CHILD 20 

* - EVIDENCE OF CARCINOGENIC TOXICIW. SEE THE ATSDR TOXICOLOGICAL PROFILE FOR FURTHER 
INFORMATION. 

** EMEG RANGE IS FROM LOWEST TO HIGHEST CONCENTRATION SHOWN FOR EACH MEDIUM. 

EMEGS ARE TO BE USED ONLY FOR THE SELECTION OF CONTAMINANTS OF CONCERN AS 
DESCRIBED IN THE ATSDR HEALTH ASSESSMENT GUIDANCE MANUAL THEY SHOULD NOT BE USED 
AS PREDICTORS OF ADVERSE HEALTH OUTCOMES OR FOR ANY REGULATORY PURPOSE. 
, 
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Reference Child: 

EMEGs = $0'009 mg/kg/da~) (lo kg) 
200 x kglday 

MRL x BW EMEGw = .T 
EMEGs = 450 mg/kg 

Reference Adult: 

EMEGw = Water EMEG (m&) 

MRL = Minimal Risk Level (mg/kg/day) 

BW = Body weight (kg) 

IR = Ingestion Rate (Uday) 

, (0.009 mglkglday) x (70 kg) 
100 x l ~ - ~ k ~ / d a ~  

EMEGs = 6300 mgkg 

Air EMEG 

Reference Child: 

EMEGw = (0.009 mgkglday) x (10 kg) 
ludaY 

EMEGw = 0.09 mglL 

Reference Adult: 
EMEGw = (0.009 mg/kglday) x (70 kg) 

( ~ I J ~ Y )  

EMEGw = 0.315 mg/L 

MRL x BW EMEGs = 

EMEGs = Soil EMEG (mg/kg) 

MRL = Minimal Risk Level (mg/kg/day) 

BW = Body weight (kg) 

IR = Ingestion Rate (kglday) 

Pka Child: 

EMEGA = Air EMEG (ppm) 

MRL = Minimal Risk Level (ppm) 

EMEGA = 0.02 ppm 
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APPENDIX B 
STANDARDS AND HEALTH GUIDELINE VALUES 

Health guidelines and standards for maximum 
permissible concentrations of potentially B.1. SUBCHRONIC AND CHRONIC 
hazardous materials in water, air, and food have 
been developed by both federal and state 

REFERENCE DOSES (RFDs) 

agencies. &nda;ds a r e  developed by 
regulatory agencies and are legally enforceable 
(e.g., Maximum Contaminant Levels WCLs]). 
Health guidelines are developed by various 
agencies as concentrations or doses that are 
likely to be  protective of human health 
(e.g., health advisories and reference doses) 
and are not legally enforceable. This appendix 
is a compilation of health guidelines and 
s tandards  useful in performing heal th  
assessments. 

For each guideline or  standard discussed, the 
following information is provided: (1) the 
definition of the standardlguideline; (2) the 
appl icabi l i ty  o r  in tended  use of t h e  
standardlguideline; and (3) the legal citation or 
reference source. Because these standards and 
guidelines are frequently revised, any published 
table of values would soon become outdated. 
There fore ,  numerical  values for these  
standards and guidelines are not presented in 
th is  manual .  A T S D R  will p r e p a r e  a 
supplement to this guidance manual that will 
contain an  updated list of values. T h e  
supplement will be periodically revised in order 
to ensure that the values are current. In 
addition, current values for many of the 
standards and guidelines can be obtained from 
EPA's Integrated Risk Information System 
(IRIS), or  from the reference sources listed at 
the end of each section. 

Definition. A reference dose (RfD) is an 
estimate (uncertainty spanning perhaps an 
order of magnitude) of a daily exposure 
(mg/kg/day) to the general human population 
(including sensitive subgroups) that is likely to 
be without an appreciable risk of deleterious 
effects during a lifetime of exposure. The RfD 
is a benchmark dose derived from the No 
Observed Adverse Effect Level (NOAEL) or 
Lowest Observed Adverse Effect Level 
(LOAEL) by application of uncertainty factors 
that reflect various types of data used to 
estimate RfDs and an additional modifying 
factor, which is based on  a professional 
judgment of t h e  ent i re  database of the 
chemical. An oral RfD is determined by the 
following equation: 

where, 

UF = uncertainty factor 
MF = modifying factor 

The RfD is expressed in units of milligrams of 
contaminant per kilograms body weight per day 
(mg/kg/day )- 

An uncertainty factor (UF) of 10 is used when 
reference doses are based on  experimental 
studies using prolonged exposure to average 
healthy humans. This factor is intended to 
account for variability in sensitivity among 
members of the  human population. An 
additional tenfold UF is used when IUDs are 
based on experimental studies using long-term 
exposure to animals. This factor is intended to 
account for the  uncertainty involved in 
extrapolating animal data to humans. Another 
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tenfold factor is used when RfDs are based on 
a LOAEL instead of a NOAEL to account for 
uncertainty in extrapolating NOAELs from 
LOAELs. An additional tenfold safety factor 
is used when extrapolating from less than 
chronic results on experimental animals. This 
factor is intended t o  account for the 
uncertainty in extrapolating from less than 
chronic NOAELs to chronic NOAEb. 

A modifying factor  (MF) is another  
uncertainty factor, ranging from greater than 0 
to 10, to reflect professional assessment of 
scientific uncertainties not explicitly covered 
by the UF (e.g., the completeness of the 
overall database and the number of species 
tested). The default value for MF is 1. 

The subchronic RfD is an estimate (in 
mg/kg/day) of an exposure level that would not 
be expected to cause adverse effects when 
exposure occurs during a limited time interval. 
Subchronic values are determined from animal 
studies with durations of 30-90 days. 
Subchronic human exposure information is 
usually derived from occupational exposures 
and accidental acute exposures. 

Applicabllltynnded Use. The RtD is based 
on the assumption that thresholds exist for 
certain toxic effects such as cellular necrosis, 
but may not exist for other toxic effects such as 
carcinogenicity. RfDs can also be derived for 
the  noncarcinogenic health effects of 
compounds that are  also carcinogens. 
Therefore, it is essential to refer to other 
sources of information concerning the 
carcinogenicity of this substance. Footnotes 
identify animal species used in calculating the 
RfD, RfDs  based on route- to-route  
extrapolation, and RfDs that are in units 
different from those specified in the column 
headings. 

RefereadLegal Citation. IUDs are listed in 
EPA's IRIS database and in Health Effects 
Assessment Documents, and summarized in 
Health Effects Assessment Summary Tables 
(HEAST) OSWER (0s-230) ,  O R D  
(RD-689), OERR 9200.6-303-(89-4), October 
1989. 

82. CANCER SLOPE FACTOR 

Definition. In evaluating the potential human 
carcinogenicity of chemicals, EPA uses the 
approach given in "Guidelines for 
Carcinogenic Risk Assessment" (51 FR 33992, 
September 24, 1986). Determining the 
carcinogenic potential of a chemical is a 
two-step process. The first is a qualitative 
evaluation made by considering all the 
available information relevant t o  
carcinogenicity and judging the quality of the 
information. This  is termed the  
weight-of-evidence assessment. This 
assessment is used to categorize the chemicals. 
The second step involves performing a 
quantitative assessment t o  define the 
relationship between dose and the likelihood 
of an increase in carcinogenic effect over that 
s een  in controls ( t h e  dose-response 
assessment). 

When the weight-ofevidence classification is 
determined, studies in humans and animals are 
evaluated separately and labeled according to 
the following criteria (51 FR 33992). The 
evidence for carcinogenicity from studies in 
humans is classified as: 

sumdent evklence-there is a causal 
relationship between the agent and 
human cancer; 

limited evidenced causal 
interpretation is credible, but alternative 
explanations, such as chance, bias, or 
confounding, could not adequately be 
excluded; 

inadequate evidence-one of two 
conditions prewail: 
(a) there are few pertinent data; or 
(b) the available studies, while showing 
evidence of association, do not exclude 
chance, bias, or confounding and 
therefore a causal interpretation is not 
credible; 

s no data-40 data are available; and 
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8 no wldence-no association was found 
between exposure and an increased risk 
of cancer in welldesigned and 
wellconducted independent analytical 
epidemiologic studies. 

The evidence for carcinogenicity from studies 
in animals is classified as: 

sumdent evidence-there is an 
increased incidence of malignant tumors 
or combined malignant and benign 
tumors: (a) in multiple species or strains; 
(b) in multiple experiments (e.g., with 
dBerent routes of exposure or different 
dose levels; or (c) to an unusual degree 
in a single experiment (i.e., high 
incidence, unusual site or type of tumor, 
or early age at onset); 

limited evidence-the data suggest a 
carcinogenic effect, but are limited 
because: (a) the studies involve a single 
species, strain, or experiment and do not 
meet criteria for sufficient evidence; (b) 
the experiments are restricted by 
inadequate dosage levels, inadequate 
duration of exposure, inadequate period 
of follow-up, poor sunival, inadequate 
numbers of animals, or inadequate 
reporting; or (c) an increase is apparent 
in the incidence of benign tumors only; 

inadequate evidence--because of major 
qualitative or quantitative limitations, 
the studies cannot be interpreted as 
showing either the presence or absence 
of a carcinogenic effect; 

8 no data-no data are available; 

8 ao evidence-there is no increased 
incidence of neoplasms in at least two 
welldesigned and well-conducted animal 
studies in dserent  species. 

After the weight-ofevidence for human and 
animal studies is evaluated, the matrix below is 
used to categorize a potential carcinogen in the 
following groups: 

C. Possible human carcinogen 
D. Not classifiable as to human 

carcinogenicity 
E Evidence of noncarcinogenicity in 

humans 

Group B is subdivided into two groups. Group 
B1 is used for chemicals for which there is 
limited evidence of carcinogenicity from 
epidemiologic studies. Group B2 is used to 
categorize chemicals for which there is 
sufficient evidence of carcinogenicity in 
animals, but inadequate evidence or no data 
from epidemiologic studies. 

EPA expresses toxicity values for carcinogenic 
effects as slope factors. The slope factor is 
usually, but not always, the upper 95th 
percentile confidence limit of the slope for the 
dose-response curve and is expressed as 

WEIGHT-OF-EVIDENCE CLASSIFICATION 
FOR CARCINOGENS 

Animal Evidence 

Human no 
Evidcncc sufficient limited inadequate no data cvidene 
sufficient A A A A A 
limited B1 B1 B1 B1 B1 
inadequate B2 C D D D 
nodata B2 C D D E 
nocvidena B2 C D D E 

(mgkg/day)-*. If the extrapolation model 
selected is the linearized multistage model, this 
value is also known as the ql*. When data 
permit, slope factors listed in IRIS are based on 
absorbed doses, although many of them have 
been based on administered doses. 

Assuming a continuous, lifetime exposure to a 
carcinogen, the risk (R) and the dose (D) in 
mg/kg/day are related by the equation: 

R = ql*  x D 

A. Human carcinogen 
B. Probable human carcinogen 
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This equation is valid only at low risk levels 
(i.e., below estimated risks of 0.01). 

EPA has developed separate q l*  values for 
ingestion and inhalation pathways. No values 
currently exist for dermal absorption. 

Agglicability/Intended Use. Slope factors are 
from EPA's IRIS database and Health Effects 
Assessment Documents, summarized in 
HEAST. Slope factors are usually derived 
from animal experiments that involve exposure 
to a chemical by a single route of exposure 
(e.g., ingestion or inhalation). There may be 
qualitative or quantitative differences in the 
carcinogenicity of a chemical depending on the 
route of exposure. Therefore, a cancer slope 
factor derived from one route of exposure 
should not be applied to a different route of 
exposure unless there is adequate justification 
for the extrapolation. 

Reference/Legal Citation. Slope factors and 
carcinogen classes are listed in EPA's IRIS 
database and in Health Effects Assessment 
Documents, and summarized in Health Effects 
Assessment Summary Tables (HEAST) 
OSWER (0s-230), ORD (RD-689), OERR 
9200.6-303-(89-4), October 1989. EPA 
drinking water health advisories provide an 
additional source for carcinogen classes for 
some chemicals. Carcinogenic assessment is 
discussed in Guidelines for Carcinogenic Risk 
Assessment. 51 Federal Register 33992, 
September 24,1986. 

B.3. EPA DRINKING WATER 
HEALTH ADVISORIES 

Definition. Health advisories (HAs) provide 
the level of a contaminant in drinking water at 
which adverse noncarcinogenic health effects 
would not be anticipated with a margin of 
safety. Drinking water concentrations are 
developed to predict acceptable lday, loday, 
and longer-term (approximately 7 years) 
exposure levels for both adults and children 

when data on a NOAEL or LOAEL exist from 
animal or human studies. Short-term HAS are 
intended to be used for short-term exposures 
such as spills and accidents. Lifetime HAs 

- represent that portion of an individual's total 
exposure to a chemical that is attributed to 
drinking water, and that is considered 
protective of noncarcinogenic health effects 
during a lifetime (70years) exposure. EPA has 
developed Maximum Contaminant Level 
Goals (MCLGs) and MCIs from lifetime HAs. 

The general formula for estimating a drinking 
water health advisory concentration is: 

where, 

HA = health advisory (pg/L) 
NOAEL = no obsewed adverse effect 

level OLgflrdday 
LOAEL = lowest observed adverse 

effect level (pgkglday) 

BW = assumed body weight of a child 
(10 kg) or an adult (70 kg) 

UF = uncertainty factor 

IR = assumed dail water in estion rate 
of a child (1 bday) or For an adult 
(2 JJday) 

Short-term HAS are calculated by analyzing a 
study of appropriate duration (lday, loday, 
or subchronic) and selecting the NOAEL or 
LOAEL. The drinking water equivalent level 
(DWEL) is a lifetime exposure level specific 
for drinking water (assuming that all exposure 
is from that medium) at which adverse, 
noncarcinogenic health effects would not be 
expected to  occur. The DWEL health 
advisory is unchanged for class A and B 
carcinogens. Lifetime health advisories 
(LHA) are  derived from DWELs for  
noncarcinogens. For noncarcinogenic organic 
compounds, LHAs are 20% of the DWEL; for 
noncarcinogenic inorganic compounds, LHAs 
are  10% of the DWEL. For Class C 
carcinogens, the LHA is divided by an 
additional factor of 10. The LHA is not 
determined for class A and B carcinogens. 
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When sufficient information is available, the 
water concentration corresponding to  a 
carcinogenic risk of lo4 may be calculated. 

Health advisories also contain a somewhat 
detailed description on chemical properties, 
pharmacokinetics, and health effects in humans 
and animals. 

~pplicabilitynntended Use. HAS are  not 
legally enforceable standards; they are not 
issued as an official regulation, and they may or 
may not lead ultimately to the issuance of a 
national standard or MCL. Because MCLs 
take into account occurrence, relative source 
contribution factors, treatment technologies, 
monitoring capability, and costs in addition to 
health, it is more than likely that any resulting 
M C L  would di f fer  f rom t h e  strictly 
health-based Hk 

The existence of an HA does not condone the 
presence of contaminants in drinkingwater, but 
rather provides useful information to assist in 
setting control priorities in cases when they 
have been found. The Office of Drinking 
Water HAS usually do not consider the health 
risk resulting from possible synergistic effect of 
other chemicals in drinking water, food, and air. 

ReferenceILegal Citation. 50 FR 46936, 
November 13, 1985. The  EPA Office of 
Drinking Water Health Advisory Documents. 
Health advisory values may be reevaluated and 
calculated without publishing new health 
advisory documents. EPA provides a monthly 
summary, Drinking Water Regulations and 
Health Advisories by the Office of Drinking 
Water [(202) 382-7571], that contains revised 
and draft values. 

MAXIMUM CONTAMINANT 
LEVELS AND GOALS 

Definition. The Safe Drinking Water Act 
(SDWA) establishes national primary drinking 

water regulations in the form of MCLs. MCLs 
are enforceable drinking water regulations that 
are protective of public health to the 'extent 
feasible." National primary drinking water 
regulations apply to all public water systems 
including community water systems and 
transient and nontransient noncommunity 
water systems. 

An MCL is the maximum permissible level of a 
contaminant in water that is delivered to the 
free-flowing outlet of the ultimate user of a 
public water system. Tbe only exception to this 
rule involves measurement of turbidity; in that 
case, t h e  maximum permissible level is 
measured a t  the  point of entry into the 
distribution system. Contaminants added to 
the water by the user, except those resulting 
from corrosion of piping and plumbing caused 
by water quality, a re  excluded from this 
definition. 

By law, MCLs are monitored on a prescribed 
schedule (frequency) and by means of a 
specified analytical method. Legal violation of 
an MCL is not determined or based on the 
results of a single sample; rather, it is based on 
a series of samples taken over the prescribed 
monitoring period. MCLs are set by EPA as 
close to MCLGs as is 'feasible" with the use of 
the best technology, treatment techniques, and 
other means which the EPA Administrator 
finds, after examination for efficacy under field 
conditions and not solely under laboratory 
conditions, are available (taking cost into 
consideration). 

MCLGs (formerly known as Recommended 
Maximum Contaminant Levels - RMCLs) are 
drinking water health goals. MCLGs are to be 
s e t  a t  a level  a t  which, in  t h e  E P A  
Administrator's judgment, "no known o r  
anticipated adverse effect on human health 
occurs and which allows an adequate margin of 
safety." The Administrator must consider the 
possible impact of synergistic effects, long-term 
and multi-stage exposures, and the existence of 
more susceptible groups in the population. 
When t h e r e  is n o  safe  threshold for a 
contaminant (including Group  A and B 
carcinogens), the MCLG should be set at zero. 
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PMCLGs a r e  Proposed  Maximum 
Contaminant Level Goals. 

Applicabilitynntended Use. MCLs are the 
heart of the national primary drinking water 
regulations, and have been issued by the EPA 
under the authority of the Safe Drinking 
Wate r  Act (SDWA). Drinking water  
standards in the United States were originally 
promulgated in 1914; they were reissued or 
revised in 1925, 1942, 1946, and 1%2. While 
the  1914 drinking water standards were 
concerned solely with bacteriologic quality, the 
1925 standards and those of following years 
include maximum permissible limits for 
chemical constituents. Although the 1962 U.S. 
Public Health Service Drinking Water 
Standards were replaced in 1975 (effective in 
1977) by national interim primary drinking 
water regulations, many of the  original 
maximum permissible limits from 1%2 were 
adopted as MCLs. MCLs are now periodically 
proposed or reevaluated, and are set as close 
to MCLGs as is feasible. 

MCLs are deemed protective of public health 
(considering the availability and economics of 
water treatment technology) over a lifetime 
(70 years) at an exposure rate of 2 liters water 
per day. MCLs are dynamic values and subject 
to change as water treatment technologies and 
their  economics evolve and/or as new 
toxicologic information warrants. 

Besides their primary use as quality standards 
for public water supplies, MCLs are useful in 
evaluating water quality data from private 
water supplies (generally water wells) for 
determining potability. When applying MCLs 
to private water supplies, however, one must 
remember that their development involved 
aspects beyond those bearingstrictlyon health. 
It must also be remembered that MCLs are not 
intended to apply to single sample results, or  
to results from source water samples. To be 
reasonably applied, data must have originated 
from the MCLspecified analytical procedure 
or procedures. 

MCLGs and PMCLGs do not have legal 
application to public water supplies, nor do 

they carry any legal authority under SDWA 
W h e n  MCLGs a r e  deve loped ,  hea l th  
advisories will be developed or reevaluated. 

MCLGs and PMCLGs as well as MCIs  are 
useful as screening parameters for determining 
potability of non-public water supplies (private 
water well supplies). For  that  type of 
application, MCLGs and PMCLGs may be 
more applicable than MCLs because they are 
strictly health based. Application in this 
manner is reinforced by provisions of the 
Superfund Amendments and Reauthorization 
Act of 1986. The Act requires remedial actions 
to attain at least a degree of cleanup and 
control of further release in order to  protect 
human health and the environment. The Act 
now requires at least attaining MCLGs when 
appropriate. 

ReferencenRgal Citation. National Primary 
Drinking Water Regulations (40 CFR 141) - 
Safe Drinking Water Act (42 U.S.C. 300g-1, 
300g-3, 300j-4, and 300J-9; enacted by PL 
93-523, December 16,1974; last amended June 
19, 1986, by PL 99-339); and the National 
Primary Drinking Water  Regulations - 
Background Document. 

B.5. SAFE DRINKING WATER ACT 

CONTAMINANT LEVELS 

Definition. National Secondary Drinking 
Water Regulations were established under 
Section 1412 of the Safe Drinking Water Act 
as amended (42 U.S.C. 300g-1). These 
regu la t ions  c o n t r o l  d r ink ing  water  
contaminants that affect the aesthetic qualities 
of water, and they are  related t o  public 
acceptance of water. Health implications, as 
well as aesthetic problems, may occur at higher 
concentrations of contaminants. 

Applicability/Intended Use. The regulations 
are not federally enforceable and are intended 
only as guidelines for the states. Higher or 
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lower levels may be developed by the states 
based on  local conditions. The Secondary 
Drinking Water Regulations recommend that 
these contaminants be monitored. 

ReferencelLegal Citation. The regulations, 
r e fe r red  t o  as  Secondary Maximum 
Contaminant Levels, are published in the Code 
of Federal Regulations (40 CFR 143). 

8.6. WATER QU- CRITERIA 

Definition. Water quality criteria (WQC) are 
the  recommended maximum permissible 
pollutant concentrations protective of aquatic 
organisms and human health (i.e., when people 
participate in recreational activities o r  
otheMrise contact water). For noncarcinogens, 
WQC are based on acceptable daily intakes 
(ADIs are now called reference doses [RfD]). 
In establishing water quality criteria for priority 
pol lu tants ,  EPA used t h e  following 
relationship: 

Cw = - 
IR + If x BCF 

where, 

BCF 

water quality criteria level (mgL); 
body weight (70 kg); 
acceptable daily intake 

(mg/kg/day 1; 
water ingestion rate (2 Uday); 
daily f ~ h  consumption rate 

(0.oOSS kg/day); 
water-to-fsh bioconcentration 

factor (Ukg). 

Before being used in this formula, AD1 values 
should be adjusted to reflect background daily 
intake from non-water-related sources. When 
AD1 data were not available, Threshold Limit 
Values (TLVs) or animal inhalation studies were 
used t o  generate a criterion. In some cases, 
organoleptic (taste and odor) properties form the 
basis for the criterion An organoleptic criterion 
makes no statement concerning adverse health 

effects. F o r  specific infqrmation,  the  
background documents should be consulted. 

For carcinogenic compounds, WQC are based 
on lifetime cancer risk. Calculation of WQC is 
based on the following formula: 

Cw= B-RF 
CSF x (IR + If x BCF) 

where, 

Cw = water quality criteria level (mgL) 
BW = body weight (70 kg); 
LRF = lifetime risk factor (I@', 10: or 

CPF = cancer slope factor (mg/kg/day)-l; 
IR = water ingestion rate (2 Uday) 
If = daily fish consumption rate 

(0.0065 kg/day); 
BCF = water-to-fsh bioconcentration 

factor (Idkg). 

ApplicabiIityAntended Use. WQC values are 
currently being revised. Although they are not 
federally enforceable, some states have 
adopted them as standards for specified water 
uses. WQC present scientific data and 
guidance on the environmental and human 
health effects of pollutants, which can be useful 
for deriving regulatory requirements based on 
considerations of water quality impact. 
Standards that have been based-on WQC 
include the  water quality-based effluent 
limitations under Section 302, water quality 
standards under Section 303, and toxic 
pollutant emuent standards under Section 307. 
WQC d o  no t  reflect  considerations of 
economic o r  technologic feasibility. The 
cri teria for  t h e  Section 307(a)(l)  toxic 
pollutants are based solely on the effect of a 
single pollutant. WQC that are designated for - - 
the protection of human health o r fo r  water 
supply  have app l ica t ion  as  screening 
parameters for water quality determinations, 
including potability. However, the criteria 
were not strictly intended for this use and must 
be used with caution. The  criteria were 
developed in part  around t h e  ultimate 
protection of surface water bodies as source 
water for public water supplies, but were not 
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intended to be applied directly to drinking 
water itself. 

Because the latest human health criteria 
consider  some contr ibut ion from 
contaminated aquatic organisms, the direct 
application of these criteria to water supply 
sources, including groundwater sources used 
for drinking water, was not intended. 
However, when groundwater is used for 
aquaculture, many of the human health criteria 
would apply. In order that human health water 
quality criteria (1980) could be used for 
assessing water supplies and groundwater, they 
have been adjusted to "drinking water only" by 
EPA's Office of Emergency and Remedial 
Response and Office of Solid Waste and 
Emergency Response. The contaminant 
contribution from ingesting contaminated 
aquatic organisms was subtracted. The 
adjusted water quality criteria are not official 
EPA Water Quality Criteria. 

Referencchgal Citation. 1) Clean Water 
Act. 2) Water Quality Criteria Documents for 
each of the 65 toxic pollutants, EPA, Office of 
Water Regulations and Standards, Criteria and 
Standards Division. 3) Water Quality Criteria 
Documents; Availability of Summaries for 64 
Toxic PollutantsICategories, Federal R M e r ,  
45, No. 231:79318-79379, November 28,1980. 
4) Adjusted Water Quality Criteria-For 
Drinking Water Only, Guidance on Feasibility 
Studies Under CERCLA , Office of Emergency 
and Remedial Response and Office of Solid 
Waste and Emergency Response, U.S. EPA, 
June 1985. 5) Water Quality Criteria. U.S. 
EPA, 1%8 ("Green Bookn). 6) Water Quality 
Criteria 1972. U.S. EPA ("Blue Book"). 
7) Quality Criteria for Water. U.S. EPA, 1976 
("Red BookU). 

Note: The  WQC Documents Summary 
supersedes all previous WQC for human 
health for the 64 contaminants summarized. 
When WQC are not superseded, the WQC in 
the Red Book and in the Blue Book are still in 
effect. WQC documents are an excellent 
source  fo r  chemical proper t ies ,  
pharmacokinetics, and acute and chronic 

health effects in humans and animals as well as 
for carcinogenicity data. 

8.7. OSHA PERMISSIBLE 
EXPOSURE UMrVS (PELs) 

Definition. The Occupational Safety and 
Health Act (OSHA) of 1970 provides for safe 
and healthful working conditions for working 
men and women. This is accomplished by 
setting occupational safety and health 
standards and by providing research, 
information, and training in the field of 
occupational safety and health. The OSHA 
standard is known as the permissible exposure 
limit (PEL). 

Applicability/Intended Use. OSHA has set 
PELs for certain airborne contaminants in the 
workplace based on  health criteria and 
technical feasibility. They are designed to 
assure, to theextent feasible, that no employee 
suffers impairment of health or functional 
capacity even if helshe is regularly exposed to 
a toxic material throughout working life. PELs 
are usually listed as 8-hour time-weighted 
averages (TWA). The level may be exceeded, 
but the sum of the exposure levels averaged 
over 8 hours must not exceed the limit. In 
some cases, ceiling and peak levels are listed in 
place of, or in addition to, the &hour TWA 
Ceiling values cannot be exceeded at any time. 
During a designated time period, they may 
reach, but never exceed, a peak level. 

The short-term exposure limit (STEL) is a 
15-minute time-weighted average which 
should not be d e d  at any time during a 
workday even if the &hour TWA is within the 
PEL. Exposures at the STEL should not 
exceed 15 minutes and should not be repeated 
more than four times per day. There should be 
a t  least a 60-minute interval between 
successive exposures at the STEL A STEL is 
recommended only in cases in which toxic 
effects have been reported from high 
short-term exposures in either animals or 
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humans. It is not a separate, independent 
exposure limit, but rather a supplement to the 
P E L  

It is important to understand that PELS apply 
to healthy adult employees working 40-hour 
weeks, and do not apply to the general 
population-including children, the elderly, 
and the sick-which may be subject to 
continuous environmental exposure. 

ReferencenRgal Citation. Federal Register 54, 
No. 12, pages 2332-2983. January 19,1989. 

The American Conference of Government 
Industrial Hygienists annually prepares a list of 
recommended air standards for occupational 
exposures. This list of standards (Threshold 
Limit Values) is not reproduced here because 
most of the standards are identical to the 
OSHA PELS. A list of the recommended 
standards and the rationale for their derivation 
can be obtained from the following references. 

American Conference of Governmental 
Industrial Hygienists, Threshold Limit Values 
and Biological Exposure Indices, ACGIH, 6500 
Glenway Ave., Bldg D-7, Cincinnati, Ohio 
45211. 

American Conference of Governmental 
Industrial Hygienists, Documentation of the 
ThreshoId Limit Values and Biological Exposure 
Indices, F@h Edition, ACGIH, 6500 Glenway 
Ave., Bldg D-7, Cincinnati, Ohio 45211. 

8.8. NIOSH RECOMMENDED 

Definition. Under the  authority of the 
Occupational Safety and Health Act (OSHA) 
of 1970 (Public Law 91-5%), the National 
Institute for Occupational Safety and Health 
(NIOSH) develops and periodically revises 
recommendations or limits of exposure to 
potentially hazardous substances or conditions 
in the workplace. These recommendations are 
then published and transmitted to OSHA and 

the Mine Safety and Health Administration for 
use in promulgating legal standards. 

Applicability/Intended Use. N IOSH has 
published RELs for airborne contaminants in 
the workplace. The RELs are developed for 8- 
or 10-hour time-weighted averages (TWA) or 
for ceiling levels. A ceiling level should not be 
exceeded during any part of the working 
exposure. 

NIOSH has also published Immediately 
Dangerous to Life and Health levels (IDLH), 
which represent the maximum concentration 
from which one could escape within 30 minutes 
without escape-impairing symptoms or 
i~e~e f s ib l e  health effects. 

NIOSH identifies chemicals that could be 
treated as occupational carcinogens using a 
classification outlined in 29 CFR 1990.103 
which, in part, states: "Potential occupational 
carcinogen means any substance, or  
combination or mixture of substances, which 
causes an increased incidence of benign and/or 
malignant neoplasms, or a substantial decrease 
in the latency period between exposure and 
onset of neoplasms in humans or one or more 
experimental mammalian species as the result 
of oral, respiratory or dermal exposure, or any 
other exposure which results in the induction of 
tumors at a site other than the site of 
administration. This definition also includes 
any substance which is metabolized into one or 
more potential occupational carcinogens by 
mammals." 

Refererdhgal Citation. 1) NIOSH Pocket 
Guide to Chemical Hazards, Public Health 
Service, Centers for Disease Control, National 
Institute for Occupational Safety and Health. 
June 1 M .  2) NIOSH Recommendations for 
Occupational Safety and Health Standards 
1988, Morbidity and Mmality Weekly Report, 
August 26,1988. 
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B.9. NATlONAL AMBIENT AIR 
QUAUN STANDARDS 
(NAAQS) 

Definition. National Ambient Air Quality 
Standards (NAAQS) are set under Section 109 
of the Clean Air Act (CAA) for any pollutants 
which, if present in air, might endanger the 
public health (primary standards) or public 
welfare (secondary standards). In the  
development of primary standards, all sources 
of the pollutant that contribute to the health 
risk are considered. The standards must allow 
for an adequate margin of safety and must 
consider the nature and severity of the health 
effects of each contaminant, the most sensitive 
group of individuals at risk, and the degree of 
uncertainty of the scientific evidence. The 
CAA does not require E P A  t o  consider 
economic o r  technical  feasibil i ty of 
implementing the standards. 

Applicabilitynntended Use. The NAAQSs 
are  not directly enforceable; rather, they 
establish ceilings that are not to  be exceeded in 
an area in which the source o r  sources of the 
pollutant are located. Thus, the standards 
determine restrictions on new sources, and the 
degree of control to be imposed on existing 
sources. In effect, these controls determine if 
a new facility can be built in a given region and 
the type of pollution abatement systems that 
new and existing facilities must install. 
Standards can be promulgated as annual, 
maximums, annual geometric means, annual 
arithmetic means, or for other time periods 
that vary from 1 hour to 1 year, depending on 
the pollutant 

ReferendLegsl Citation. 40 CFR 50.4,50.6, 
50.8, and 50.9 - 50.12. 

STANDARDS FOR 
HAZARDOUS AIR 
P O L L u r m  (NESHAPS) 

Definition. National Emission Standards for 
Hazardous Air Pollutants (NESHAPs) are set 
by EPA under Section 112 of the Clean Air Act 
for dangerous pollutants not covered by 
NAAQS because they are not emitted by a 
wide range of sources. Exposure to  these 
pollutants might result in an increase in 
mortality or an increase in serious irreversible 
illness or incapacitating reversible illness. 
After listing pollutants, EPA must establish 
standards within 180 days for new and existing 
sources. 

Applicability~ntended Use. E P A  must 
consider an ample margin of safety but may 
also consider feasibility arid costs in setting 
emission standards for these pollutants. New 
sources must comply with NESHAPS at 
start-up; existing sources must comply within 
two years. 

ReferencenRgal Citation. 40 CFR 61. 

~:11. FDA ACTlON LEVELS 

Definition. Action levels a r e  maximum 
allowable levels of poisonous and deleterious 
substances in human food and in animal feed. 
Established by the  U.S. Food and Drug 
Administration, action levels exist for  
approximately 23 toxic substances and are 
expressed in parts per million (ppm). 

Tolerance levels are maximum allowable levels 
of pesticide residues in or on raw agricultural 
products and in processed food. Established 
by EPA, tolerance levels are expressed in parts 
per million (pprn) (mg of contaminant per kg 
of foodstutr). Because tolerance levels are 
established for chemicals and foodstufi with 
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already established action levels, the tolerance 
level replaces the action level. 

Applicabilitynntended Use. Tolerance levels 
have not been included in this appendix 
because of the quantity of chemicals and 
foodstuffs associated with each chemical. 
Tolerance levels are located in several parts of 
t h e  Code of Federal Regulations (CFR). 
Tolerance levels for contaminants in processed 
foods are found in title 40, part 185, of the CFR. 
Tolerance levels for residues in raw agricultural 
products are located in title 40, part 180, of the 
CFR. Tolerance levels for polychlorinated 
biphenyls are listed separately, in title 21, part 
109.30, of the CFR. 

ReferencenRgal Citation. The U.S. Food and 
Drug Administration, Action Levels for 
P o k o ~  or Deleterious Substances in Human 
Food and Animal Feed. 

B.12 RCRA APPENDD(VII1 AND IX, 
SUPERFUND TARGET 
SUBSTANCES, AND CLEAN 
WATER ACT (CWA) 
PRIORI'W POLlUTANT 
COMPOUNDS 

DeMtion. Under Section 3(n(a)(l) of the Clean 
Water Act, EPA established a priority list of toxic 

pollutants for which federally enforceable 
discharge limits were set EtXuent limitations 
for thase priority pollutants are based on the 
best available technology that is economically 
achievable for the applicable categoly or class 
of point source aeating the discharge. 

The Administrator of EPA is authorized to add 
substances to or  remove them from the list. 
Additions to  or deletions from the list must take 
into account the toxicity of the pollutant, its 
persistence, degradability, t h e  usual o r  
potential presence of affected organisms in any 
waters, t h e  importance o f  t h e  affected 
organisms, and the nature and extent of the 
effect of the toxic pollutant on such organisms. 

AppkbMy/Intenck!d Usa 'Ibis table identi6es 
the statutg under which various chemicals are 
regulated and is provided as a source of information 

R&wudhpl  Citation. 40 CFR 261, Appendix 
WIand40CFR264,AppendixIX EPAOfficeof 
Water Regulations and Standardr @ality Cthk 
fm Woter 1986. Washington, DC. Environmental 
Plrotection Agency, May 1% EPA 1-1. 
(May 1,1987, update). EPA O&jce of Emergency 
and Remedial Response and Office of Waste 
Program Enf-nt h t a  QuudiryO&&s fm 
R a n a d k r l ~ e A ~ ~ k s .  
Washington, DC: Environmental Protection 
Agency, March 1587. EPAlWG81IOa3. 
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DATA EVALUATION CRITERIA 

When assessing a hazardous waste site, 
investigators need valid data characterizing the 
s i te ,  t h e  con taminan t  source ,  and  t h e  
contaminated media that could lead to human 
exposure. To determine if these needs are met, 
the investigator needs to appraise: 

health assessment data requirements, 

field data quality, 

laboratory data quality, and 

specific media considerations. 

Evaluation of these criteria may reveal data 
irregularities or  insufficiencies that may affect 
the health assessment. The first criterion, 
health assessment data requirements, is the 
basis for determining whether sufficient 
information is available for conducting a health 
assessment. 

C.1. REVIEW 
DATA REQUIREMENTS 

Before data can be evaluated, there must be an 
understanding of necessary information and 
criteria enabling judgment of data acceptability. 
The investigator should be familiar with: 

data quality objectives (the anticipated 
use for which samples were taken and 
which consequently determines types of 
laboratory analysis and data quality), and 

quality assurancelquality control 
requirements (type of information 
required to  determine data accuracy and 
precision of data collected). 

-p~ - ~ -  - 

C.l .l. Data Quality Objectives 

D a t a  quali ty object ives  (DQOs)  a r e  
requirements needed to  support decisions 
relating t o  the various stages of remedial 
actions (such as a heal th  assessment). 
Throughout the project planning process, 
DQOs are supplied through qualitative and 
quantitative statements in documents such as 
sampling plans, work plans, and quality 
assurance plans. Familiaritywith a site's DQOs 
will aid the data reviewer in understanding the 
quality of data provided and their potential 
limitations. In general, DQOs define data 
qual i ty  cr i ter ia  and  o t h e r  analytic 
considerations, such as: 

definitions of criteria most commonly 
used to specify project data requirements 
and to evaluate available analytical 
options, namely: 

o precision (the reproducibility of 
measurements under a given set of 
conditions), 

0 accuracy (the bias in a measurement 
system. Sources of error are the 
sampling process, field contamination, 
preservation, handling, sample matrix, 
sample preparation, and analysis 
technique.), 

0 repr~sentativewss (the degree to 
which sample data accurately and 
precisely represent an environmental 
condition. This criterion is best 
satisfied by making certain that 
sampling locations are selected 
properly and a sufficient number of 
samples collected. This requires that 
sampling techniques and rationale for 
selection of sampling locations be 
available for the data user. Standard 
operating procedures (SOPS) may 

- -- 

ATSDR Public Heahh Assessment 
Guidance Manual 



Appendocc 
Data Evduation Criteria 

ensure representativeness of sampling 
techniques. The SOPS for 
groundwater sampling require that a 
well be purged a certain number of 
well volumes before sampling to 
assure that the sample is 
representative of the underlying 
aquifer at a point in time.), 

o compktewss (the percentage of 
measurements made that are judged 
to be valid measurements. The 
completepess goal is essentially the 
same for all data uses: a sufficient 
amount of valid data must be 
generated.), 

0 comparability (a qualitative 
parameter expressing the confidence 
with which one data set can be 
compared with another. This goal is 
achieved by using standard techniques 
to collect and analyze representative 
samples and by reporting analytical 
results in appropriate units.); 

guidelines and definitions for minimal 
quality assurance and quality control 
(QNQC) sampling: by type of media, for 
collected samples, for duplicated 
samples, field blanks, background 
samples, and interlaboratory split 
samples; 

definitions of collocated, replicated, and 
split samples and instructions regarding 
applicable measurement systems, 
including details on sample acquisition, 
homogeneity, handling, shipping, 
storage, preparation, and analysis; 

the need for the quantity and validity of 
data t o  meet enforcement and cost 
recovery actions; 

* reviews of internal laboratory QNQC, 
including surrogate and matrix spikes, 
method blanks, and duplicate or 
replicate runs, keeping the level of 
required analytical support in 
perspec tive; 

reviews of other parameters, such as the 
effects of media variability, method 
detection limits, and definitions of data 
qualifiers and details on their 
interpretation and use. 

DQOs are established by the Remedial Project 
Manager (RPM) according to anticipated -data 
use throughout various phases of the Remedial 
Investigation. Five general levels of analytical 
options tosupport data collection are identified 
by CERCLA and described in Data Quality 
Objectives for Remedial Response Activities 
Development h e s s  (1). The levels are based 
on the type of site to be investigated, the level 
of accuracy and precision required, and the 
intended use of the data (Table C.1.). 

Level I - Field screening. This level is 
characterized by the  use of portable 
instruments that can provide real-time data 
to  assist in optimizing sampling point 
locations and for health and safety support. 
Data can be  generated regarding the  
presence o r  absence of certain 
contaminants (especially volatile organic 
compounds) at sampling locations. 

Level I1 - Field analysis. This level is 
characterized by the  use of portable 
analytical instruments that can be used 
on-site or in mobile laboratories stationed 
near a si te (close-support labs). 
Depending on the types of contaminants, 
sample matrix, and personnel skills, 
qualitative and quantitative data can be 
obtained. 

Level I11 - Laboratory analysis using 
methods other than the Contract 
Laboratory Program (CLP) Routine 
AaPlyticPl Senices (RAS). This level is 
used primarily in support of engineering 
studies using standard EPA-approved 
procedures. Some procedures may be 
equivalent to CLP RAS, without the CLP 
requirements for documentation. 

Level IV - CLP RAS. This level is 
characterized by rigorous QAIQC 
protocols and documentation, and it 
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provides qualitative and quantitative 
analytical data. Analysis may be performed 
by EPA regional laboratories, university 
laboratories, o r  o ther  commercial 
laboratories. 

Level V - Nonstandard methods. Analyses 
which may require method modification 
andlor development. CLP Special 
Analytical Services (SAS) are considered 
Level V. 

As indicated previously, data quality will vary 
depending on anticipated data use, and specific 
data may undergo a variety of uses. DQOs 
affect factors such as detection limits, sampling 
locations, and analyte selection. QNQC 
DQOs are of specific interest during the data 
review process. 

C.1.2. Quality Assurance1 
Quality Control 

Data evaluated and used to  make health 
assessment determinations for hazardous waste 
sites must meet QNQC criteria. Quality 
assurance (QA) programs assure the reliability 
and accuracy of data. The Environmental 
Protect ion Agency (EPA) requires the  
development of a QA plan for all tasks 
involving environmental measurements (2). 
E P A  c o n t r a c t o r s  providing Remedial  
Investigations (RI), Feasibility Studies (FS), 
and related appendices are directed by EPA to 
use DQOs to obtain quality data. Laboratories 
providing analytical data in the CLP have 
QNQC objectives and procedures specified in 
their contracts. It is important to note that data 
may be generated using CLP analytical 
techniques, without being CLP data. Any 
laboratory may use CLP analytical techniques, 
but "CLP data" have been reviewed by an 
agency unconnected t o  the  laboratory 
performing the analysis, providing independent 
quality control information about the data 
quality and techniques used. 

Quality control (QC), an integral part of a QA 
plan, is t h e  aggregate of activities and 
procedures designed to ensure attainment of 

prescribed quality standards for monitoring and 
measurement data. Quality control methods 
include the following: blind and identified 

- standards analysis; multiple samples (a general 
term referring to any of the following types of 
samples: sample blanks, duplicate samples, 
split samples, and spiked samples); calibration 
of analytical equipment; and statistical design 
and evaluation (3,4). 

The health assessor should expect both a case 
narrative and a data review summary t o  
accompany EPA CLP data reviewed for a site; 
however, the narrative and review have rarely 
been included in the R I  appendices for sites 
previously visited. Even so, EPA requires the 
contract laboratory to prepare a case narrative 
to  document the degree to which the data 
conform to the data quality objectives. The 
case narrative contains a summary of any 
quality control, sample, shipment, or  analytical 
problems. It also documents the laboratory's 
final solution and the internal decision process 
that  was used. A data  review summary, 
prepared by the EPA Regional Laboratory 
staff, documents the validation of sample 
holding time, instrument performance,  
calibration, blanks, surrogate recovery, .matrix 
spike recovery, and compound identification. 
It includes documentation of actions taken to 
resolve data quality problems and an overall 
assessment. Equivalent information should be 
provided for non-CLP data. 

When those documents are not available, the 
investigator should assume the data may not 
meet QAJQC criteria. Health assessments 
based on data that do not meet QNQC criteria 
should include a disclaimer that acknowledges 
the  use o f  possibly unreliable data and, 
therefore, the possibility of reaching inaccurate 
conclusions in the health assessment. Once 
familiar with data requirements for performing 
the health assessment, the investigator needs to 
review field and laboratory data. 
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C2. REVIEW 
FIELD DATA 

The investigator should be familiar with field 
sampling activities that may influence data 
acceptability. As discussed in the previous 
section, a case narrative should accompany the 
data for review. The narrative should indicate 
methods and strategies for sample collection, 
where problems may have occurred, and 
decisions that  were  made  during field 
operations. Sample collection methods fall 
into two broad categories: statistical and SOPS. 
The statistical considerations relate to  the 
representativeness of the data and the level of 
confidence that may be placed in conclusions 
drawn from the data. SOPS are developed to 
ensure sample integrity and data comparability, 
and to reduce sampling and analytical error. 
Typical sampling issues to consider: 

sample types, 

sampling strategies, 

decontamination procedures, 

sampling locations and depths, 

number of samples taken, 

sample frequency and duration, 

field quality control samples, and 

sample handling and preservation 
techniques. 

Those topics should have been addressed in the 
case narrative. However, when the narrative is 
not present, the investigator should attempt to 
d e t e r m i n e  t h e  appropr ia teness  and  
acceptability of those issues from available 
documents. If limited or  no information exists 
on sample collection, preservation techniques, 
or  holding times, the data should be interpreted 
with caution. 

C.2.1. Sample Type8 

When reviewing environmental data, the 
investigator should be familiar with, and should 
identify, the types of samples collected. Sample 
type will af fect  d a t a  usability and  
recommendations that can be substantiated. 
The investigator should be familiar with the 
following issues: 

media vs. waste samples, 

grab vs. composite samples, 

filtered vs. unfiltered samples, and 

biased vs. unbiased samples. 

Media vs. waste samples. Media o r  
environmental samples refer to sampling of 
air, water, soils, and other environmental 
media t o  determine the  extent of 
contamination. Waste samples refer to the 
sampling of actual wastes. Typically this 
includes drums, impoundments, tanks, 
waste pipes, or  other waste disposal areas. 
Media samples are often used to determine 
what compounds are present and whether 
those waste sources exceed any criteria or  
standards. 

Grab vs. composite samples. Two types of 
samples that  may b e  taken from 
environmental media are grab samples and 
composite samples. A grab sample 
contains a representative portion of a 
medium at a specif?c location at a given 
point in time, the representativeness of 
which depends on  the  nature of the 
medium sampled. A composite sample is 
composed of a mixture of grab samples 
collected at different times o r  locations 
within a medium, and it gives average 
contaminant concentration values. The 
use of composite samples can dilute 
isolated concentrations of hazardous waste 
compounds t o  a point below analytical 
detection limits, and may mask particularly 
high concentrations of contaminants (5) 
that could be detected with grab samples. 
For that reason, grab samples are generally 
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preferred over composite samples at 
hazardous waste sites. 

F i l t e d  vs. unfiltered samples. Samples 
may be filtered when high levels of 
sediment are present. Filtering may affect 
the sample contaminant load. 

Biased vs. unbiased samples. "Biased 
sampling" refers to a sampling scheme in 
which resulting data place emphasis on a 
single characteristic o r  factor of the 
problem. Unbiased sampling refers to 
sampling methods that allow for estimates 
to  be drawn from the data which are 
representative of the receptor (i.e., 
potentially exposed) population or the 
control (unexposed) population, 
depending on the purpose of the sampling. 

After identifyng sample types that have been 
collected, the investigator should identify 
sampling strategies used to collect the data. 

C.2.2. Sampling Strategies 

Sampling strategy refers to the statistical 
technique used to locate sampling sites. Five 
different sampling strategies may be employed: 
random, systematic, stratified, judgment, and 
hybrid strategies (5,6,7). 

Random sampling uses the theory of 
random chance probabilities to choose 
representative sample locations and, thus, 
no bias is involved (8). This sampling 
strategy is generally used when little 
information exists concerning the site, and 
it is most effective when a large number of 
sampling locations are used. 

Systematic sampling is the strategy used 
most often and involves the collection of 
samples at predetermined, regular intervals 
(e.g., sampling within a grid). There is a 
potential for bias in this sampling strategy; 
for example, when the sampling sites are 
partially phased with regular variations of 
contaminant concentrations present within 
a medium. 

Stratified sompling involves dividing the 
whole population of sampling sites into 
groups based on knowledge of the media 
and site characteristics. Tbe purpose of 
this approach is to reduce the number of 
samples necessary.to obtain a specified 
precision (4) or to increase the precision of 
sampling values. Precision will increase if 
the sample sites within the divisions are 
more homogeneous than those of the total 
population of sample sites. 

Judgment sampling involves the use of 
human judgment in choosing sampling 
locations. This sampling strategy allows for 
investigator bias and may lead to poor 
quality data and improper conclusions. 

Hybrid sampling is a combination of the 
sampling strategies just described. This 
sampling strategy is usually the method of 
choice because it allows sampling from a 
diverse population, and precision may be 
increased w e r  other sampling strategies. 

The investigator should attempt to correlate 
sampling strategies with data under review. 
After identifying sampling strategies, the 
investigator should identify sampling locations 
and the depths at which samples were collected. 

C.2.3. Decontamination Procedures 

Appropriate decontamination procedures 
should be followed to prevent contamination of 
samples. Field blanks (see Subsection C.2.7.) 
are  used to  determine if contamination 
occurred during decontamination. 

C.2.4. Sampling Locatlow and Depths 

Although sampling locations are  chosen 
according to  a sampling strategy, specific 
positions within the sample locations should be 
chosen so that samples taken from them are 
both representative and comparable. Because 
the proximity of air sampling sites to buildings, 
or the depth at which water samples are taken 
(9), can affect sample concentrations of 
contaminants, exact sampling sites should be 
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based on the medium sampled and on the 
topographic characteristics of the hazardous 
waste site. The sampling locations should be 
accurately noted on an area map to allow for 
evaluation of the quality of sample location 
data. After identifying sampling locations, the 
investigator should consider the number of 
samples collected. 

C.2.5. Number of Samples 

duration of sampling efforts should reflect 
seasonal and meteorologic variations of the 
site. Some situations requiring frequent 
sampling are surface water samples, crops 
samples obtained during the growing season, 
and samples taken in areas influenced by tides 
(7). In general, the more rapid the change in 
contaminant concentration, the more frequent 
the sampling effort should be, at least for soil 
sampling (4). 

The number of samples required to give a 
par t icular  d e g r e e  o f  precision can be  
statistically computed (5,lO) and depends on 
the sampling strategy used (4). Because the 
environmental data may have been collected 
for cleanup, rather than health assessment 
purposes, determine if sufficient information 
exists for assessing the precision of the data and 
the variation term used in estimating precision. 
Preliminary information characterizing the 
variation within the sample is required to  
calculate the necessary number of sampleswith 
some degree of confidence. Equations for this 
computation can be found in Characterization 
of Hazardous Waste Sites - A  Methoa3 Manual. 
Volume 1. Site Investigations ( 7 )  and  
Preparation of Soil Sampling Protocol. 
Techniques and Strategies (4). The number of 
samples collected is often limited by the 
availability of funds for sampling and analysis 
( 7 )  and  c a n  have an  e f fec t  o n  t h e  
representativeness of the samples. 

The investigator should also consider sampling 
frequency and duration. If additional samples 
are considered necessary for assessment of 
health conditions attributable to  the site, a 
recommendation should be made in the health 
assessment. 

C.2.6. Sampling Frequency and 
Duration 

The frequency and duration of environmental 
sampling necessary to sufficiently characterize 
contaminant concentrations at a hazardous 
waste site depend on the site environment and 
the medium being sampled. Frequency and 

The investigator may identi@ field quality 
control samples while reviewing field sampling 
information. Those samples will be used to 
determine if acceptable sampling techniques 
were used. 

C.2.7. Field Quallty Control Samples 

Field quality control samples are taken to  
determine if contamination of samples has 
occurred in the field, and, if possible, toquantify 
the extent of contamination so that data are not 
lost .  Regardless  o f  t h e  level  of QC 
implemented, the types of QC samples are the 
same. Definitions and use of common QC 
samples follow. 

Wp blanks aresamples that originate from 
analyte-free water taken from the  
laboratory t o  the sampling site and 
returned to the laboratory with volatile 
organic samples. O n e  trip blank 
accompanies each cooler containing 
volatile organic compounds. These 
samples are used to  determine 
cross-contamination of volatile samples 
within the cooler. 

Equipment rinsates are  the  final 
analyte-free water rinses from equipment 
cleaning and are collected daily during a 
sampling event. If analytes pertinent to the 
project are found in the rinsate, then they 
will be used to flag or  assess the levels of the 
analyte in the samples. 'Ibis comparison is 
made during data validation, and 
cbrrections have been made to tabulated 
data presented to the data user. 
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Field Monks refer to the water used for 
decontamination and steam cleaning. 
These blanks are used to determine if 
sample contamination may occur from 
water used during decontamination. 

Field duplicates/splits for soil samples are 
collected, homogenized, and then split. All 
samples except volatile organic compounds 
are homogenized and split. Samples for 
volatile compounds should not be mixed, 
but selected segments of soil are taken from 
the length of the core and placed in glass 
vials. 

Referee duplicates are sent to the referee 
QA laboratory if regulators (state or 
region) collect samples or  if a special 
problem occurs during sample collection or 
analysis. 

These samples are only of benefit if the data 
have undergone a QC review. This review is 
not normally done by the laboratory performing 
the laboratory analysis, but by an external 
agency or individual responsible for quality 
control. Sample handling and preservation also 
need to be checked as part of the quality control 
process. 

C.2.8. Sample Handling and 
Preservation 

The manner in which environmental samples 
are preserved and handled, before analysis is 
performed, may affect their representativeness 
of actual site conditions. Appropriate 
preservation techniques depend on sample 
type (e.g., water, soil, atmospheric) and the type 
of chemical determination made (6). Some 
chemical determinations are more likely to be 
affected by sample storage than others (1 1). 
For example, phenols are subject to biological 
and chemical oxidation in waste water samples; 
therefore, water samples examined for phenols 
should be analyzed as soon as possible after 
samples are collected (5). Aiso, water samples 
to be analyzed for lead, silver, cadmium, and 
zinc should be acidified to keep the metals from 
precipitating or adsorbing to the inside of the 

sample containers (11). Other samples that 
q u i r e  pmper preservation and handling include 
samples containing organochlorides and PCBs, 
pesticides, and aromatic compounds (5). 

Sample holding times and preservatives are 
used to ascertain the validity of the results from 
time of collection to analysis or preparation. 
However, holding times may vary between 
methods of analysis. Table C.2. specifies 
holding times and preservation techniques for 
samples collected for Contract Laboratory 
Protocol, and for RCRA SW-846 analytical 
methods. Knowledge of these methods is 
important when reviewing laboratory data. 

C.3. REVIEW 
LABORATORY DATA 

Generally, the investigator will not have the 
technical expertise to perform validation of 
laboratory data. This is why the case narrative 
and data review summary should be supplied to 
the investigator. Nonetheless, the investigator 
needs to be familiar with laboratory terms and 
practices that affect data  usability and 
interpretation. The reviewer should be familiar 
with the following elements: 

analytical methods, 

detection limits, 

QC samples, and 

data qualifiers. 

C.3.1. Analytical Methods 

The quality of environmental data can be 
affected by the choice of the laboratory sample 
analysis method. For this reason, regulatory 
statutes often designate acceptable analytical 
methods for specified lists of chemicals. 
Examples of such statutes are shown in Table 
C.3. Chemicals specified for testing by those 
regulatory statutes are shown in Appendix 
B.12. 

ATSOR Public Health Assessmerrt 
Quidawe Manual 



Appendixc 
Data Evaluation Criteria 

Table C.2 Sample Preeervrthrw and W i n g  Tlmw 
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Contract Laboratory Protocol 

Hdding time 
P a n m d a  Pmmmtive Soil Warn 

VoQbygas Cool,4% 10 days 10 dsln 
dlrwre- 
t og ram 
1- rpec- 
"=m'='Y 
( G W S )  

~ w o r i n a t c d  ~001.4% Extrad E n  m a  
bi~henyb within 10 within 5 
(P-)l days, days, 
pesticides a n a l p 4 0  a n a l p 4 0  

days days 

Earaaable Cool, 4% Ertrad Enrad 
organic within 10 within 5 
compounds " ~ Y S *  days, 

analyze 40 anatyze40 
days days 

Metab HN03to 6 months 6 months 
pH< 2 

Mercury HN0310 %days %days 
pH< 2 

w e  NaOH to 14 days 14 days 
pH> 12 
Cool, 4% add 
0.6 g asoxbic 
acid if residual 
chlorine present 

chromium VI HN03lo 24h 24h 
pH< 2 

SWs46 

Hddiog time 
P m a n t i v e  Sdl W a t s  

Cool, 4% 14 d V  l4 days 

Cod, 4% Earad Enraa  
within 7 within 7 
days9 days* 
analyze40 analyze 40 
dv days 

Cool, 4% Earn Extraa 
within 7 within 7 
days* dam 
analyze40 analyze40 
deys days 

HN03 lo 6 months 6 months 
pH< 2 

kiN0310 
pH< 2 

30- 3odays 

NaOH to 14 dsln 14 days 
pH> 12 
~ o o l 4 % ~  
0.6 g aaaubic 
add if W u a l  
chhincpracnt  

kiNo3lo a h  a h  
pH< 2 
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Tabk C.3. Regulatory Statutes 
and Analytical Methods 

When preparing DQOs for laboratory analysis, 
the project manager specifies the list (or 
sublist) of chemicals that, the laboratory needs 
to  analyze for. The investigator should be 
familiar with the reason for selecting the 
chemicals represented by the data because the 
selected chemicals may change between phases 
of the Remedial Investigation. 

Mctbod 
C3tcmial Olu Analytical Dersctim 

IhatytialDdarsor SW= Ljmit 

PurgaMeHalocarbons 601 8010 0.5 ug/l 
Aromatic Halocarbons 602 8020 0.5 ugn 
Volatile by GUMS 624 8240 5-lOug/l 

Melill& 
IraductivetyCouplad 200.7 6010 varies/ 
Pbsma (ICP) element 

Graphite Furnaot 200 7000 Factor of 
AtomicAbsaptioo Series Series 10-100 
(GFAA) Lower 

than ICP 
Lead ICP 
GFAA 

mppb 
5 ppb 

Statute Chemical List Method 

National Pollutant Priority 40 CFR 136 
Discharge Elimin- Pollutants 
ination System 
(NPDES) 

RCRA Appendix IX SW-846 

CERCLA Superfund Hazardous CLP for 
Substances List water, soil 

(HSL), Target and sediment 
Compound List (TCL), 

and Target Analyte 
List (TAL) 

Even though recent environmental data are 
more likely to be available for review, every 
effort should be made to obtain historical data. 
The analytical methods, detection limits, QC 
samples, and data qualifiers of the historical 
data should be evaluated. If any of this 
information is missing, the information gaps 
should be noted. 

- 

In addition to specifying the chemicals to be 
analyzed for, the project manager will specify 
the analytical methods to  be  used by the 
laboratory. For the investigator performing a 
health assessment, this is important because the 
analytical method affects the detection limit. 

C.3.2. Detection Umits 

Detection limits are the lowest quantifiable 
concentrations that can be determined and are 
affected by several factors, such as: analytical 
instrument, analytical method, sample matrix, 
and laboratory procedures. The investigator 

Table C.4. Mahod Daectlon Umits 

should be familiar with the three types of CLP 
detection limits. 

Instrument Detection Limit is the lowest 
concentration of analyte that can be  
accurately determined when a compound is 
directly input to the instrument. Typically, 
this is the concentration at which the signal 
to  noise ratio is three. 

Method Detection Limit is the lowest 
concentration of  analyte that can be 
accurately determined when the sample 
has been carried through the  entire 
analytical protocol. This is also known as 
the Contract Required Detection Limit 
(CRDL) or Contract Required Quantitation 
Limit (CRQL). Bble  C.4. shows method 
differences and similarities for several "40 
CFR" and "SW-846" analytical methods, 
and Table C.5. lists Superfund Target 
Compound List (TCL) CRQLs. 

Reporting Limit is the detection limit that 
accounts for dilutions of sample, matrix 
interferences, sample preservation, and 
analysis. This is also known as the Practical 
Quantitation Limit (POL). 

The reporting limit is of most importance to the 
investigator performing a health assessment 
and should be recorded in the data for every 
analyte concentration level. The investigator 
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Table C.5. Targd Compound Ua CRaL* 

%odium SdVS.diment CRQL for Semhrddlk TCL compoundo are 60 timw the IndMdurJ Low SdlBdlment CRQL 
CM.dium SdUSuIirnent CRQL for PestkidWPCB TCL comoounda are 15 tlmw tho indkidud Low S d W i m . n t  CRQL 

~ - 

Quantitation limita* Quantitalion Limita* Quantitation Limitaa 
Law Soi  Laww Law Sdv 

*SpecUk quanIRation limits are highly mat& dependent. The quantitdion limltr llotod heroin u e  pmrlded for guMance 
and m y  not always be a c h i i .  

Water Sediment 
Chemical p& 

Chloromcthane 10 10 
Bromomcthane 10 10 
Vinyl Chloride 10 10 
Chlorocthane 10 10 
Mcthyla~ Chloride 5 5 

Aatonc 10 10 
Carbon Dinulfide 5 5 
1,l-Dichkmcthene 5 5 
1.1-Dirhbrocthane 5 5 
1,2-Dichlorotthane (total) 5 5 

Chloroform 5 5 
1,2-Dichlorocthane 5 5 
2-Butanone 10 10 
l,l,l-Trichloroethane 5 5 
Carbon Tetrachloride 5 5 

Vinyl Aatate 10 10 
Bromodichloromethanc 5 5 
1,2-Dichloropropane 5 5 
cis-1 f Dichlompropene 5 5 
Trichlomthene 5 5 

Dibromochloromethane 5 5 
I,l,2-Trichlonxthane 5 5 
Benzene 5 5 
trans-1fDichloropropenc 5 5 
Bromoform 5 5 

QMetbyl-Zpcntanene 10 10 
2-Haanone 10 10 
Tetrachlomcthene 5 5 
Toluene 5 5 
1,1,2,2-Tdrnc4loroethane 5 5 

Chlorobcmme 5 5 
Ethyl Benzene 5 5 
S m e  5 5 
Xylencs 5 5 

b 

Phenol 10 330 
bi2-Cl1laocthyl) ether 10 330 
ZQllorophenol 10 330 
1fDichkmhmme 10 330 
1,4-Dichhmbcmmc 10 330 

&nzyl alcohd 10 330 
1.2Didhmtauenc 10 330 
ZMdhylphlpd 10 330 
bi-)ether 

10 330 

w l u m  SoiVSediment CRQL tor Voldile 
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Water Sediumt 
Chemical 

QMethylphenol 10 330 
N - N i t d i - n d i p r o m i n e  

10 330 
Haachlonxthane 10 330 
Nitrobenzene 10 330 

Isophorone 10 330 
&Nitrophenol 10 330 
Z4-Dimethylphenol 10 330 
&nzoic acid 50 1600 
bi(2-(3hlonxthaxy)methane 

10 330 

Z4-Dichlorophcnol 10 330 
1,2,4-Trichlorobmzene 10 330 
Naphthalene 10 330 
CChloroaniline 10 330 
Haachlorobutadienc 10 330 

4-Chloro-%methylphenol (pam- 
chloro-metairesol) 10 330 

2-Methylnaphthalene 10 330 
Haachlorocydopcntadiene 

10 330 
24,6Trichlorophenol 10 330 
Z4J-Trichlorophcnol 50 1600 

2-Qlloronaphthalene 10 330 
%Nitroaniline 50 1600 
Dimethylphthalate 10 330 
Aanaphthylenc 10 330 
&&Dinitrotoluene 10 330 

%Nitroaniline 50 1600 
Aanaphthcnc 10 330 
f6Dinitrophenol 50 1600 
CNitrophcnol 50 1600 
Diknzofuran 10 330 

%CDinitrotduene 10 330 
Diethylphthalatc 10 330 
4Uhrophenyi-pheayI etbcr 

10 330 
Fluorene 10 330 
CNitroanilinc 50 1600 

4,6Dinitro-2- 
mhylphmol 50 1600 

N-nitmmdiphenykmine 10 330 
QBnwophcnyl-pbayktber 

10 330 
Haachloroknzcne 10 330 
PcntachloFophcnd 50 1600 
Phcnanthrcnc 10 330 

TCL commundo are 125 t lma tho individud 

Water Sediment 
Chemical HL pghq 

Anthreccne 10 330 

Di-n-butylphthelatc 10 330 
Fluomnchcae 10 330 
Pyrcae 10 330 
Bultylbc@ph(haletc 10 330 
3,3'-Dichlorobcntidine 20 660 

Bcn4a)anthraame 10 330 
Chryrcne 10 330 
bia(&E~byikyI)phthalatelO 330 
Di-nooylphthalatc 10 330 
knm(b)fluoranthene 10 330 

&no(L)Owranthene 10 330 
BCIIZD(B)-C 10 330 
Indcno(l,2,3uj)~ne 10 330 
Diknz(a,h)anthraane 10 330 
&nzo(g,h,i)perylene 10 330 

mC 
alpha-BHC 0.05 8 
kta-BHC 0.05 8 
delta-BHC 0.05 8 
gamma-BHC (Lindane) 0.05 8 
Heprechior 0.05 8 

AIdrin 0.05 8 
Hcptachlortpopdde 0.05 8 
Eadoauh~ I 0.05 8 
Duldrin 0.10 160 
4,4'-DDE 0.10 16 

Endrin 0.10 16 
Endowlfan 11 0.10 16 
4.4'-DDD 0.10 16 
Eadosulfansulfatc 0.10 16 
4,4'-DDT 0.10 16 

Mdboxyehlor 0.5 80 
Endrin Laone 0.10 16 
JphaChfadsne 0.5 80 
gmmr- 0.5 80 
~aarpbmc 1.0 160 

Arodor-1016 0.5 80 
Arcidor-1221 0.5 80 
Aroda-1232 0.5 80 
Arcidor-1242 0.5 80 
Arcidor-1248 0.5 80 

Arcidor-12% 1.0 160 
Amdor-1260 1.0 160 

Low SdVSmdirnent CRQL 
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should note if the PQL for an analyte exceeds 
concentration levels for which there may be 
health concerns. Problems such as this should 
be addressed in the health assessment: 

C.3.3. Data Validation 

Data validation identifies invalid data and 
qualifies the usability of the remaining data. 
This should only be done by trained individuals 
with appropriate  technical expertise. 
Nonetheless, the investigator should be 
familiar with validation practices and their 
impact on the data. 

Data validation is a series of performance 
checks and decisions on analytical procedures, 
calibration, instrument detection limits, QC 
samples, out-ofcontrol events and corrective 
actions, and data evaluation and reduction. 
Considerations in determining the validity of 
the data from collected samples include the 
specificity and sensitivity, accuracy, and 
precision of the analytical procedure employed. 

Specificity and sensitivity. Each analytical 
method used to determine the quantity of 
a compound in a sample has its own 
specificity and sensitivity. The degree of 
specificity and sensitivity of the method 
employed affects data quality. Specificity 
describes the ability of an analytical test to 
accuratelydetect the compound of interest. 
For example, an analytical test that 
measures the concentration of 
organochloride compounds in a sample 
may have less ability to detect one type of 
organochloride (e.g., 2,4-D) than a test 
designed to specifically measure that one 
type of organochloride. The sensitivity of 
an analytical method refers to its ability to 
detect small amounts of contaminant in a 
sample. The sensitivity of an analytical test 
is indicated by its detection limits or level of 
detection. The lower the detection limits, 
the greater the sensitivity. Because 
analytical methods can only detect the 
presence of a compound at concentrations 
at and above the level of detection, the 
smaller the quantity of contaminant in a 

sample, the more sensitive the method 
must be. 

Accuracy. Accuracy is a measure of the bias 
in the experimental system, or the measure 
of closeness between a resulting value (or 
average of a set of measurements) and the 
true value (known or standard value). 
Accuracy is expressed as absolute error, 
relative error, or bias (2,12). The more 
accurate the measurement data, the better 
the quality of the data. 

Precision. Precision is the agreement or 
reproducibility of a set of repeated 
measurements made under the same 
measurement system. Precision is 
expressed as the range of measurement 
values obtained, or in terms of the standard 
deviation or  variance of the sample 
measurements (12). When precision is 
expressed in terms of multiples of the 
standard deviation, it is reported (in the 
same units as the observed measurement) 
as a plus and minus range around the 
reported value (8). 

The data user must keep the level of concern 
and the end use of the data in mind when 
reviewing precision and accuracy information. 
In some cases, even data of poor precision 
and/or accuracy may be useful. For example, if 
all the results are far above the level of concern, 
the precision and accuracy are much less 
important. However, when results are close to 
the level of concern, precision and accuracy are 
quite important and should be carefully 
reviewed. If results have very good precision 
but poor accuracy, it may be acceptable to 
correct the reported results using the percent 
recovery or percent bias data. 

Validation of these parameters occurs through 
the analysis of laboratory QC samples. 
Common QC samples that are used for this 
process are: 

Method Blankor Preparation Blank. This 
is analyte-free water or sand processed in 
conjunction with samples, using all the 
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reagents, surrogates, and internal 
standards used in processing samples. 

Matrix Spike. This is an aliquot of sample 
that is spiked with known concentrations of 
compounds of interest and subjected to the 
entire analytical procedure. The results of 
the recovery of these compounds are used 
to indicate the appropriateness of the 
method for the sample matrix. 

Matrix Spike Duplicate. This is a second 
aliquot of sample that is spiked in the same 
manner as the matrix spike. Data from 
matrix spikes and spike duplicates are 
evaluated individually for recovery and 
percent difference. These are used with 
organic compounds. 

Duplicate. A sample aliquot is taken and 
analyzed, and data are compared with the 
original sample. Used for wet chemical and 
metals analysis. 

Surrogates. Compounds of similar 
chemical composition, spiked into each 
volatile and semivolatile sample before 
sample preparation. Recoveries are  
monitored. 

Data qualifiers are produced during the data 
validation process and are listed with the 
analyte concentration in the data report. These 
qualifiers are used to classify sample data as to 
their conformity to QC requirements. Several 
data qualifiers are listed in Table C.6. The most 
common data qualifiers are: 

J Estimate, qualitatively correct but 
quantitatively suspect. 

R Reject, data not suitable for any 
PU'POSe- 

U Not detected at a specified detection 
limit (e.g., IOU). 

Sample data can be qualified with a "J" or "R" 
for many different reasons. Poor surrogate 
recovery, blank contamination, or calibration 
problems, among other factors, can cause 
sample data to be qualified. Whenever sample 
da ta  a r e  qualified, t h e  reasons for the  
qualification are stated in the data validation 
report. The investigator should note that data 
validation is performed using strict analytical 
criteria that do not take the sampling activity's 
DQOs into account. 

C.4. REVIEW 
MEDMPEClFlC DATA 

As part of the data evaluation process, the 
investigator needs to consider media-specific 
factors that may influence data analysis and 
interpretation. These factors include sampling 
and analytical considerations and are important 
for accurate interpretation of environmental 
and exposure pathways. T h e  kinds of 
information needed to evaluate the pathways 
for each medium are detailed below. 

C.4.1. Water 

Water sampling procedures should be designed 
to characterize and delineate the extent and 
concentrations of contaminant migration. 
Representative sampling of both surface waters 
a n d  g roundwate rs  upgrad ien t  and 
downgradient of the  site is necessary to  
distinguish health implications associated with 
the site from possible water contamination that 
is not site-related. 

Surface water and groundwater contamination 
levels, as well as contaminant plume definition, 
are important and necessary components of the 
evaluation of groundwater contamination. An 
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Tabk C.6 Data Qualtkm 

U Indicates compound was analyzed for but not 
detected. Tbe sample quantitation limit must 
be corrected for dilution and for percent 
moisture. 

J Indicates an estimated value. This flag is used 
either when estimating a concentration for 
tentatively identified compounds (TICS) 
where a 1:l response is assumed, or when the 
mass spectral data indicate the presence of a 
compound that meets the identification 
criteria but the result is less than the sample 
quantitation limit but greater than zero. 

C This flag applies to pesticide results when the 
identification has been confirmed by gas 
chromatography/mass spectrometry. Single 
component pesticides = 10 ng/pL in the final 
extract shall be confirmed by gas 
chromatography/mass spectrometry. 

B This flag is used when the analyte is found in 
the associated blank as well as in the sample. 
It indicates possible/probable blank 
contamination and warns the data user to take 
appropriate action. This flag must be used for 
a TIC as well as for a positively identified TCL 
compound. 

E This flag identifies compounds whose 
concentrations exceed the calibration range of 
the gas chromatography/mass spectromeuy 
instrument for that specific analysis. This flag 
will ppt apply to pesticidestPCBs analyzed by 
GC/EC methods. If one or more compounds 
have a response greater than full scale, the 
sample or extract must be diluted and 
reanalyzed. If the dilution of extract causes any 
compounds identified in the first analysis to be 
below the calibration range in the second 
anawk, then the results of both analyses shall 
be reported. 

D ?his flag identifies all compounds identified in 
an analysis at a secondary dilution factor. If a 
sample-or extract is r&nalyzed at a higher 
dilution factor, as in the "En flag above, the 
"DLn sufiix is appended to the sample number 
for the diluted sample, and concentration 
values reported on that sample are flagged 
with the "Dm flag. 

A lhis flag indicates that a TIC is a suspected 
aldol-condensation product. 

Other specifi flag and footnotes may be 
required to properly define the results. If 
used, they must be fdly d e s c n i  and such 
description attached to the Sample Data 
Summary Package and the Case Narrative. If 
more than one k required, use "Y" and "Z" as 
needed. If more than five qualifiers are 
required for a sample result, use the "Xu flag 
to combine several flags, as needed. For 
instance, the "X" flag might combine the "A" 
"B," and "Dm flags for some samples. 

R Quality control indicates that data are not 
usable (compound may or may not be 
present). Resampling and reanalysis are 
necessary for verification 

Q Noanalyticalresult 

E The reported value is estimated because of the 
presence of interference. 

M Duplicate injection precision not met 

N Spiked sample recavery not within control 
limits. 

S The reported value was determined by the 
Method of Standard Addition 

W Postdigestion spike for furnace atomic 
absorption analysis is out of control Limits 
(85-115%), while sample absorbance is less 
than 50% of spike absorbance. 

8 Duplicate analysis not within control limits. 

+ Correlation coefficient for the Method of 
Standard Addition is less than 0.995. 

P ICP 

A FLemeAA 

F FumaceAA 

CV Manual Cold Vapor AA 

AV Automated Cold Vapor AA 

AS Semiautomated Spectrophotometric 

C Manual Spectrophotometric 

T Tivimetric 
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equally important, but often neglected, 
component of the evaluation of contaminated 
water is information about contaminant 
concentrations in water used by humans for 
d r ink ing  a n d  nondrinking purposes .  
Groundwater contaminant concentrations are 
typically welldocumented, but contaminant 
concentrations "at the tap" are not. Those 
concen t ra t ions  a r e  most impor tan t  in 
determining human health exposures. When 
information about contaminant concentrations 
in water used for drinking and nondrinking 
purposes  is n o t  present ,  it shou ld  be  
recommended  tha t  this concen t ra t ion  
information be obtained. It might also be 
useful to recommend that the information be 
obtained by a residential well survey conducted 
by a state or local health department, or by the 
U.S. Geological Survey (USGS). 

All surface water bodies on or contiguous with 
the site should be sampled, including perennial 
and intermittent streams and seeps that could 
transport contaminants away from the site, and 
any surface water body that may have received 
surface- or groundwater discharges from the 
site. A sufficient number of samples should 
have been collected from both upstream and 
downstream stations so that statistically valid 
c o n t a m i n a n t  concen t ra t ions  c a n  b e  
determined. 

For surface water bodies, the duration of the 
sampling program and frequency of sampling 
are important considerations. Samples should 
have been drawn at a regular frequency over an 
extended time, and should represent both 
maximal and minimal flow conditions. One 
s u r f a c e  w a t e r  sample  is n o t  normally 
representative of water quality conditions 
because of possible variations in concentrations 
of the emueat being released to the water body, 
the stream stage, and mixing characteristics of 
the receiving waters. 

Groundwater sampling programs require the 
installation of a network of monitoring wells on 
the site. At least one well should be located 
upgradient from the hazardous waste site; 
o ther  wells should penetrate the  deeper 
aquifers when there is the  possibility of 

confined aquifer contamination. When 
possible, wells should be screened at various 
d e p t h s  in t h e  aquifers t o  determine a 
concentrationdepth profile. If there are 
multiple aquifers beneath the site, samples 
should b e  taken from each of them t o  
determine if interaquifer leakage has occurred. 
A sufficient number of samples should be taken 
in o rder  t o  delineate t h e  extent of the  
contamination plume and direction of its 
migration from the site. It is important to 
understand that improperly screened wells may 
contribute to aquifer leakage and the spread of 
contaminants between confined aquifers. 
Questions should b e  raised about  this 
possibility if the assessor believes that a 
problem exists. 

C.4.2. Soil 

For meaningful results, soil sampling should 
follow a protocol requiring random stratified 
sampling. When soil sample  da ta  a r e  
evaluated, the depth at which the samples were 
taken should be known because soil samples 
taken from the first few centimeters of the soil 
c a n  d i f fe r  great ly  in  con taminan t  
concentrations from those taken one meter 
below the surface. The health assessor should 
be aware that, in many instances, reported soil 
data do not indicate the depth at which the soil 
sample was actually taken. If no depth has been 
indicated for the soil data reported, the soil data 
should be considered unspecified. Every effort 
should be made to determine the depth of the 
soil if the soil in question may represent an 
e x p o s u r e  pathway of  concern.  If t h e  
information is determined to be necessary, but 
cannot be obtained, the health assessment 
should note the data gap and indicate that the 
da ta  a r e  necessary before  ATSDR can 
complete the health assessment. 

Generally, the first one to  two centimeters of 
soil are most likely to be invohed in exposure, 
but pollutants that have been deposited by 
liquid spills o r  by long-term deposition of 
water-soluble materials may be found at soil 
depths ranging up to several meters (4). EPA 
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and its contractors, for example, typically report 
the results of soil samples taken from the first 
12 to 17 centimeters as surface soil findings. 
Those results could be misleading. If the 
surface is highly contaminated and the rest of 
the soil has minimal contamination, the results 
would underestimate the significance of the 
exposure potential. 

Sediments underlying bodies of water are 
sampled similarly to soils. The depth at which 
sediment samples were taken should have been 
reported because contaminant concentrations 
in recently deposited sediment may differ from 
contaminant concentrations in older sediment 
deposits. Sediment samples taken from water 
bodies should be representative of different 
locations and generally should not be  
composited. 

Preparation of soil samples should also be 
considered. In many cases, specific treatment 
of soil samples (e.g., acid digestion for metals 
analysis) is required to  recover maximal 
contaminant amounts from the sample. 
However, such procedures may not be 
representative of the bioavailability of the 
contaminant under physiologic conditions. 

C.4.3. Air 

At many sites, characteristics of the site may 
make exposure to contaminants in outdoor air 
of much less concern than exposure to  
contaminants in indoor air. Air sampling 
should b e  made as relevant t o  human 
physiological conditions as possible. For 
example, time-integrated samples would be 
preferable to "grab" samples, and breathing 
zone samples are preferable to those less than 
optimally placed. 

Consideration should be given to indoor air 
exposure sampling for  volatile organic 
compounds in water used by households (e.g., 
dishwashers, showers, baths, toilets, lawn 
sprinklers, and house cleaning) because they 
may volatilize into the air and be inhaled. 
Because of the wide variation in factors (e.g., 
building tightness, air flow, temperature) that 

influence the amount of volatilization of such 
substances from water, calculations to estimate 
volatilization are generally not an adequate 

- substitute for sampling. 

When remedial efforts that may have resulted 
in re-entrainment o r  volatilization of 
contaminants of concern from the site have 
been implemented, all appropriate National 
Institute for Occupational Safety and Health 
recommendations, and recommendations for 
optimal dust control, should have been 
followed to protect workers and residents living 
at the periphery of the site. Real-time 
monitoring should have been performed at the 
periphery of the worksite for action levels of 
contaminants of concern that have been 
determined to be protective of the health of 
nearby residents. For example, in some cases, 
real-time monitoring at the periphery of the 
workite for the Primary National Ambient Air 
Quality Standard for  total  suspended 
particulates may be protective of the health of 
nearby residents. 

C.4.4. Food 
- - -- 

The quality of food concentration data depends 
entirely on the method of sampling and sample 
preparation (13). Contaminant levels in edible 
plant or animal species should be measured in 
either of two ways: 1) in portions of the 
contaminated tissues that are representative of 
those portions that will be used as foodstuffs; or 
2) in foodstufh prepared or processed from 
contaminated species. Concentration 
measurements should be obtained from the 
parts of the plant or animal that are consumed 
because there is a differential accumulation of 
contaminant  in organs and  tissues. 
Nonconsumed portions of the organism may 
have considerably grea te r  (or  lower) 
concentrations of the contaminant than the 
portion consumed, depending on partitioning 
abilities of the contaminant and characteristics 
of the tissues and organs involved. If, for 
example, t he  contaminant of  concern 
concentrated in fat and the fat was typically 
removed before eating, the actual dose of 
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contaminant could easily be less than the 
concentration of contaminant detected in the 
organism as a whole. Thus, an overestimation 
of the human health hazard may result. On the 
other hand, there would be an underestimation 
of human health concern if the consumed 
portions of the organism had a greater 
concent ra t ion  of pol lutants  than the  
measurement obtained by sampling the whole 
organism. 

Cooking or other processing of the food may 
increase o r  reduce the concentration of 
contaminant in the prepared food. For 
example, the concentration of some pesticide 
residues on agricultural crops may increase 
during processing procedures (14), while 
concentrations of other pesticides may be 
reduced. Examples of the loss of contaminants 
because of food preparation methods include 
reduction of some halogenated compounds in 
fish fillets by cooking (15) and of pesticide 
residues (DDT, Carbaryl, and parathion) on 
spinach by washing and blanching (13). 
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APPENDIX D 
ESTIMATION OF EXPOSURE DOSE 

The Environmental Media Evaluation Guides 
(EMEGs), presented in Appendix A, provide 
health assessors with a means of selecting 
contaminants that need to be further evaluated 
for their potential impact on public health. 
This evaluation should include a detailed 
analysis of site-specific exposure pathways and 
conditions. 

EMEG values are derived using methodology 
that incorporates standardized exposure 
assumptions. At some sites, the existing 
conditions may result in exposures that differ 
from those used to derive the EMEGvalues. In 
these situations, the health assessor can use the 
methodology presented in this section to define 
site-specific exposures more accurately. These 
exposure doses can then be compared to the 
appropriate toxicity values (e.g., Minimal Risk 
Levels) to determine if the exposures pose a 
potential health hazard. 

The following generic equation can be used to 
estimate the exposure dose resulting from 
contact with a contaminated medium: 

where, 

ED = exposure dose; 
C = contaminant concentration; 
IR = intake rate of contaminated medium 
E F  = exposure factor; 
BW = body weight; 

Some standard values that may be useful in 
estimating exposures are shown in Table D.1. 

The above equation yields the dose of a 
contaminant  tha t  is ingested into the  
gastrointestinal tract or  inhaled into the 
respiratory tract. However, this exposure dose 
may not be the same as the absorbed dose, 
which is the dose that is absorbed across the 

gastrointestinal or respiratory epithelia. For 
risk assessment purposes, the exposure dose is 
more useful than the absorbed dose since the 
absorbed dose is seldom known for either 
humans or for the animal studies used for 
comparison purposes. The exposure dose in 
humans is comparable to the administered dose 
used in experimental animal studies to derive 
dose-response relationships. 

Some exposure may occur on an intermittent or 
irregular basis. For these kinds of exposures, an 
exposure factor (EF) can be calculated to 
average-out the dose over the exposure 
interval. The exposure factor is calculated by 
multiplying the exposure frequency by the 
exposure duration, and dividing by the time 
period over which the dose is to be averaged. 
For example, if a child comes into contact with 
contaminated soil twice a week over a five-year 
period, the exposure factor would be: 

Therefore, in this example, the dose resulting 
from one exposure event would be multiplied 

Table D. 1. Standard Values 

Body WdgM 
70 kg - adult, average (1) 
16 kg - children 1 through 6 years old, 

50th percentile (1) 
10 kg - infant (1) 
Eqowro Duntlon 
70 years - lifetime, by convention 

3 0  years - national upper-bound time (90th 
percentile) at one residence (1) 

9 years - national median time (50th percentile) 
at one residence (I) 
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by 0.28 to yield the average daily dose over the 
5 -year period. 

The use of an exposure factor gives the dose 
averaged over the  period of exposure. 
However, the health assessor should recognize 
that some health effects may not depend on the 
average dose, but rather on the peak dose or 
some other measure of the dose rate. 

The following discussion provides an overview 
of quantitative evaluation of human exposure 
through the following pathways: inhalation, 
water ingestion, s ~ i l  ingestion, food ingestion, 
and dermal exposure to water and soil. 

general population, individual persons may 
exhibit large variations based on their levels of 
physical activity. 

Other factors influencing minute volume 
include: temperature, altitude, conditions 
which may aggravate air quality background 
levels, and a person's weight, height, health, 
smoking status, and pulmonary disease 
status (2). 

Exhibit D.1. illustrates how inhalation exposure 
doses can be estimated and provides inhalation 
minute volumes. 

D.1. INHALATION 

Inhalation is an important pathway for human 
exposure t o  contaminants that exist as 
atmospheric gases or are adsorbed to airborne 
particles or fibers. Inhalation exposure to 
contaminants from hazardous waste sites can 
occur as a result of direct release of gases and 
particles from an on-site facility, volatilization 
of gases from contaminated soils or water 
bodies, or resuspension of dust and particles 
from contaminated soil surfaces. 

In order to estimate an inhalation exposure 
dose, the ventilation rate must be determined. 
Ventilation rates are often expressed as a 
minute volume, which is the volume of air 
inhaled in one minute (literslminute). Minute 
volumes vary little with gender before age 12. 
However, adolescent males have a 50% higher 
minute volume than their female counterparts; 
and adult men, under heavy exertion, have a 
35-40% higher minute volume than adult 
females (2). 

D.2. WATER INGESTION 

Ingestion of contaminated water is often the 
most significant source of exposure to 
hazardous substances from a site. To estimate 
exposure to a contaminant from the ingestion 
of potable water,  t h e  contaminant  
concentrations in tap water samples from 
individual homes should preferably be 
analyzed. In the absence of data on individual 
wells, the assessor may consider using data from 
monitoring wells to estimate upper limits for 
exposures to contaminants. 

The oral ingestion dose is ideally computed 
using site-specific information for  the 
populations at risk (i-e., bodyweight and 
consumption rates). Exhibit D.2. illustrates 
how exposure doses via drinking water can be 
estimated. 

A person's level and frequency of physical 
activity are major factors affecting minute 
volume. Values for average levels of activity 
have been established based on eight hours per 
day spent at each of the following: work, rest, 
and light-to-moderate activity (Exhibit D. 1.). 
Although these values are applicable to the 

Soil ingestion can occur by the inadvertent 
consumption of soil on hands or food items, 
mouthing of objects, o r  the ingestion of 
nonfood items (pica). All children mouth or 
ingest non-food items to some extent. The 
degree of pica behavior varies widely in the 
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Exhibit D. 1. Estimating Inhalation Exposure Doses 

Inhalation exposure doses (ma)  can be estimated as follclws: 

m a = C x m x  EF 
BW 

where, 
IDa = inhalation expo6ure dose ( m w d a y ) ;  
C = contaminant concentration (mglm3; 
IR = inhalation rate (m3/day); 
EF = exposure factor (unitless); 
BW = body weight (kg). 

Standard Inhalation Values 

Child Idant 
Minute Volume Man Woman iOyr - - JYL Newborn 

Resting (Urnin) 7.5 6.0 4.8 1.5 0.5 
Light activity 20.0 19.0 13.0 4.2 1.5 

Uten/Dav 
8hr workday %00 9100 6240 W]O(low 90( lhr) 
8hr non-occupational %00 9100 6240 . . . . . . . . . . . . . . . . . . . . 
aluat 
24hrs (total) 2 3  x? 2 1  X? 1.5 x "1 10 %!%? 
Daily inhalation 23m3 21m3 15m3 3.8m3 0 . 8 ~ ~  

(7) 
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Exhibit 0 .2  Estimating Water Ingestion Exposue Doses 

- 
Water ingestion exposure doses (IDw) can be calculated as follows: 

IDw= C X  R x E F  
BW 

where, 
IDw = ingestion exposure dose (mglkglday); 
C = contaminant concentration (mg/L); 
IR = ingestion rate (Uday); 
EF = arposure factor (unitless); 
BW = body weight (kg). 

Drinking Water Standard Ingestion Values 

Parameter Value - Source 
Average dally water intake of an adult 2 Uday (1) 
Average dally water intake of a child 1 Uday (8) 

Example 
Consider human exposure to a primary water supply that is contaminated with 350mgR. methyl chloride. 
To compute an adult exposure dose, assume a body weight of 70 kg and a water ingestion rate of 2 Uday. 

n>w=- 
BW 

70 kg 
IDw = 10 mg/Lg/day 

For children, assume an average weight of 10 kg and a water ingestion rate of 1 Uday: 
n>w=- 

10 kg 
IDw = 35 m@g/day 
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population, and is influenced by nutritional 
status and the quality of care and supervision. 
Groups that are at an increased risk for pica 
behavior are children aged 1-3 years old, 
children from families of low socioeconomic 
status, and children with neurologic disorders 
(e.g., brain-damage, epilepsy, mental 
retardation) (1). 

For non-pica children, a soil ingestion rate of 
about 50 to 100 mg per day is supported by 
recent studies using tracer metals in soil (43). 
Soil ingestion by adults has not been well 
studied, but limited evidence suggests a 
tentative value of 50 mglday (6). For children 
with obvious pica behavior, soil ingestion rates 
of 5-10 grams per day are possible (1). 

Both use of and accessibility to the site and 
surrounding areas must be considered when 
evaluating a site's soil exposure pathways. Sites 
with abandoned buildings, standing water, or 
streams may attract children, and exposures 
may occur at sites near playgrounds or school 
yards despite fencing and other efforts to 
restrict access. 

Workers at commercial or industrial properties 
could ingest contaminated soil at rates which 
depend upon the type of employment. 

Both residential and recreational areas are 
likely t o  provide access for exposure. 
Contaminated soil can be brought into homes 
on the feet of family members and pets. 
Suspended soil particulates in outdoor air can 
also enter a house through indoorautdoor air 
exchange. A young child playing on the floor 
will have the maximum opportunity both for 
ingestion and for dermal exposure to soil and 
dust accumulated on the floor. 

Exhibit D.3. illustrates how soil ingestion 
exposures can be estimated, and it provides soil 
ingestion rates for various age groups. 

- - -- 

D.4. FOOD INGESTION 

Assessment of the human health risk from 
ingestion of contaminated food requires 
information on the quantities of contaminated 
foodstuffs consumed and the extent of 
contamination present in foodstuffs. The most 
reliable method of assessing the extent of 
human exposure to contaminants in food is 
direct measurement of concentrations in 
foodstuffs. Such measurements should be 
conducted o n  foodstuffs prepared for 
consumption or portions of contaminated 
plants and animals that are representative of 
those portions used as food. 

If f w d  chains appear to  be a significant 
pathway for  human exposure and the 
appropriate information on contaminant levels 
is not available, that lack of information should 
be explicitly identified in the health assessment 
and a recommendationshould be made that the 
appropriate information be obtained. 

Estimation of exposure dose through food 
chains requires knowledge of the consumption 
rate of specific food items in the human diet. 
Nationwide daily consumption rates by food 
group are presented in Appendix E. 

The consumption rates of the population in the 
vicinity of a hazardous waste site may differ 
considerably from nat ional  average 
consumption rates. For example, regional 
consumption rates of fish-freshwater, 
saltwater, and shellfish-may vary widely from 
national averages. Consumption rates of 
subpopulations within the contaminated area 
may also vary signScantly from the national 
averages. For example, consumption of fish 
increases with the age of the consumer (9), and 
fish consumption for sport fishers is likely to be 
higher than the average for the United States 
population (10). When local consumption 
patterns are available, and different from 
national averages, they should be used in 
calculations to determine exposure estimates. 

In the caseof residential soil contamination, the 
consumption rate of home-grown foods and 
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Exhibit 0.3. Estimating Soil Ingestion Exposure Dases 

The soil ingestion exposure dose can be estimated as follows: 

IDS = -4 
BW 

where: 
IDS = soil ingestion exposure dose (mg/kg/day); 
C = contaminant concentration (mg/kg); 
IR = soil ingestion rate (mglday); 
EF = exposure factor (unitless); 
BW = body weight (kg). 

A comersicin factor of lo6 kglmg is required to convert the soil contaminant concentration (C) from 
mglkg soil to mg/mg soil 

Example 
Consider adult ingestion of soil with a contaminant concentration of 100 mg/kg and a daily soil ingestion 
rate of 50 mg/day. Assume the subject is on-site five days per week, 50 weeks per year, for .30 years. 
First, calculate the exposure factor: 

EF = exposure frequency X exposure duration + exposure time 
E F = ~ = O . B  

(365 &ys&ear) x (70 years) 
IDS= C X I R  X EF x lQ4 

BW 
4 -5 

IDS t 0-29 IQ =2 x 10 rn@g/rjay 
70 kg 
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local wild plants is of interest. Appendix E 
presents consumption rates of home-grown 
foods as determined by the U. S. Department 
of Agriculture (1 1). These data are organized 
into four groups: urban, rural non-farm, 
rural-farm, and all households. Table E.7. in 
Appendix E contains the average percentage 
consumption of home-grown foods. 

To estimate the total daily intake of a particular 
contaminant, daily intakes of contaminants 
from all affected foodstuffs should be 
considered. Exhibit D.4. illustrates how food 
ingestion exposure doses can be estimated. 

D.5. DERMAL EXPOSURE 

Dermal absorption of contaminants from soil or 
water is a potential pathway for human 
exposure to environmental contaminants. 
Dermal absorption depends on numerous 
factors including the area of exposed skin, 
anatomical location of exposed skin, length of 
contact, concentration of chemical on skin, 
chemical-specific permeability, medium in 
which the chemical is applied, and skin 
condition and integrity. 

The area of skin that is exposed will be 
influenced by the activity being performed and 
the season of the year. Skin surface area also 
varies with age. EPA (1,12) provides data on 
skin surface areas of different parts of the body 
for adults and for children. 

Water 
Dermal absorption of contaminants in water 
occurs during bathing, showering, or swimming 
and may be a significant route of exposure. 
Worker exposure via this pathway will depend 
on the type of work performed, protective 
clothing worn, and the extent and length of 
water contact. The permeability of the skin to 
a chemical is influenced by the physicochemical 
properties of the substance, including its 
molecular weight (size and shape), electrostatic 

charge, hydrophobicity, and solubility in 
aqueous and lipid media. In general, chemicals 
that demonstrate high skin permeability are low 
molecular weight, non-ionized, and lipid 
soluble. 

Chemical-specific permeability constants 
should be used to estimate dermal absorption 
of a chemical from water. Values for dermal 
permeability constants may vary over a large 
range, spanning a t  least five orders of 
magnitude (13). Dermal permeability 
constants are available for relatively few 
chemical substances (see reference 3 for a 
summary of reported values). Before using a 
dermal permeability constant, the original 
reference should be checked to ensure the 
applicability of the experimental study. In 
some studies, the permeability constants were 
determined using neat liquids or concentrated 
aqueous solutions. Exposure of skin to high 
concentrations of organic solvents can cause 
delipidation of the skin, which can profoundly 
a l te r  t he  skin's permeability. Dermal 
permeability constants derived from animal 
studies may not be applicable for human 
assessment purposes because of substantial 
differences in their skin permeability. 

Dermal absorption can be significantly 
increased by skin abrasions which remove the 
outer stratum corneum layer of the skin. 
Pathological skin conditions, such as psoriasis 
o r  eczema, can also result in increased 
penetration of chemical substances into the 
skin (14). 

When the permeability constant for a chemical 
is known, the dermal absorption of a chemical 
from water can be estimated as illustrated in 
Exhibit D5. 

Soil 
Dermal absorption of contaminants from soil or 
dust depends on the area of contact, the 
duration of contact, the chemical and physical 
attraction between the contaminant and the 
soil, and the ability of the contaminant to 
penetrate the skin. Chemical specific factors, 
such as lipophilicity, polarity, volatility, 
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molecular weight, and solubility also affect 
dermal absorption. 

Many organic chemicals bind to organic matter 
in soil, thereby decreasing their absorption by 
the skin. In addition, only the fraction of the 
contaminant that is in direct contact with the 
skin is amenable to absorption. Therefore, the 
ability of a soil contaminant to be dermally 
absorbed depends on the diffusion of the 
contaminant  through the  soil  matrix. 
Experimental studies have confirmed that 
dermal absorption of a contaminant may be 
reduced when thecontaminant is applied insoil 
as compared to direct dermal application of the 
compound (15). 

A soil-specific factor involved in dermal 
absorption is adherence, the quantity (mg,cm2) 
of soil on the skin. Hawley (19  reports soil 
adherence values of 0.5 mglcm for children 

and 3.5 mg/cm2 for adults. EPA (1,3j h y  
reported soil adherence values of 1.45 mglcm 
for commercial potting soil and 277 mg/cm2 for 
kaolin clay. Data on dust adherence to skin are 
limited; however, Hawley's work (16) also 
provides a dust adherence value of 1.8 mg/cm2 
for adults. Based on this data, a soil adherence 
value of 2 m u m 2  is proposed. 

To calculate the average lifetime dermal dose, 
divide a 70 year Lifetime exposure period into 
the time intervals shown in Exhibit D.6. For 
each exposure time interval, dermal absorption 
is estimated as the soil concentration times the 
soil adhered times the fractional lifetime 
exposure. This product is divided by the 
appropriate body weight for each exposure 
time interval. Exhibit D.6. illustrates how soil 
dermal absorbed doses can be estimated. 
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Exhibit D.4. Estimating Food Ingestion Exposure Doses 

The food ingestion dose of a contaminant can be estimated in the following manner: 
n 

IDf = 2 FE 
i- 1 BW 

where, 
IDf = Food ingested exposure dose (mglkglday); 
CLi = Concentration of contaminant in food group i (mgtg); 
CRi = Consumption rate of food group i (@day); 
EF = Exposure factor (unitless); 
BW = Body weight (kg); 
n = Total number of food groups. 

The calculation of food ingestion dose of contaminant for homegrown foods is similar, but takes into 
account the percentage of contaminated food that is homegrown: 

", . 
I D f = ~ C , ' X C R X E F  

i =  1 BW 

where, 
PHI = Percentage of food group that is homegrown (Table E2, Appendix E). 

Example 
The following example illustrates calculation of the food ingestion exposure dafe for cadmium through 
garden crop contamination. The symbok used are defined above. The consumption rates (CR) and 
percentage of food that is home-grown (PH) were obtained from Appendix E 

Daily InWe of 
Conaminant 

Food - CL CR - - PH - EF ~ ~ ~ d a y 1  

Potatoes 0.02 88 9.30 1 70 0.002 
Dark-greenvegetables 0.01 15 21.20 1 70 0.0005 
Deep-yellow 

vegetables 0.51 15 21.20 1 70 0.02 
Tomatoes 0.24 38 21.20 1 70 0.03 
Other vegetables 0.01 136 21.20 1 70 mQl 
Total vegetables/fruit 0.05 

Thus, the daily human intake of cadmium from contaminated garden produce in this example is 
estimated to be 0.05 rng,kg/day. Estimates should be confirawl, as necessary, by a bcal consumption 
survey. 
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Exhibit D.5. Estimating Water Dermal Absorbed Doses 

- 
Water dermal-absorbed doses can be estimated using the following formula: 

D D w = C X  P X S A x E T x  
BW 10Ckiki 

where: 
DDw = Dermal absorbed dose from water (mgf%g/day); 
C = Contaminant concentration in water (mg/L); 
P = Permeability constant (cm/hr); 
SA = Exposed body surface area (cm3; 
ET = Exposure time (hourslday); 
BW = Body weight (kg). 

The term 1 literl1.000 cm3 is a volumetric conversion constant 

Dermal Standard Exposure Values 
50th Percentile Total Body Surface Area (cm2) - 

3 c 6  nS0 71 10 
6 c  9 9310 9190 
9c 12 11600 11600 
12 c 15 14900 14800 
15 c 18 17500 16000 
18 -70 lWOO 16900 

50th Percentile Body Part-Specific Surface keas for Mdes (cm2) 

3 c 4  960 400 1800 
6 c  7 1 100 410 2400 
9 c  10 1300 570 3100 
18 - 70 230 820 5500 

Source: 1.12 
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Exhibit D.6. Estimating Soil Dermal Absorbed Doses 

ATSDR Public Health Assessment D-11 
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' 

The soil dermal exposure dose can be estimated as follows: 

DDs = -4 
BW 

where, 
DDs = dermal absorbed dose from soil (mgflrglday); 
C = contaminant concentration in soil (mgkg); 
A = total soil adhered (mg); 
BF = bioavailability factor (unitless); 
EF = srposure factor (unitless); 
BW = body weight (kg). 

A conversion factor of 10" kg/mg is used to convert the soil contaminant concentration (C) from mgkg 
soil to mg/mg soil. 
The total soil adhering to the dermal surface is estimated as the product of the exposed dermal area and 
the soil adherence concentration. 

Soil Dermal Standard Exposure Values (12) 

Body TotalSwface %Area Total Soil 
b-1 Weight (ka) k=Mhered (ma 

0- 1 10 3500 30 1050 2100 
1 - 1 1  30 8750 30 2625 5250 
12 - 17 50 15235 28 4300 8600 
18 - 70 70 lWOO 24 4700 WOO 

Example 
Estimate the average daily absorbed dose for a child that has been arposed to a soil contaminant at 
100 mgkg mry day from birth through 11 years of age. Assume that the average exposed skin surface 
area during this time is 30% and the bioavailability factor for the contaminant is 0.1. 

DDs - C X A X B F X E F X ~ O ~  C X A X B F X E F X ~ O ~  
BW +BW 

(expawreforage0-1 +age 1-11) ., -~~(hla~ x 0.1 x (1111) x lod + immpng x suom~ x 0.1 x (10111) x lod - 
=8 

DDs = 0.002mgR8/dg. 
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APPENDIX E 
FOOD CONSUMPTION VALUES 

The following tables provide information concerning the average daily food intake per 
individual per day for: 

Meat, Poultry, and Fish . . . . . . . . . . . . . . . . . . . . . E. 1. 

Milk, Milk Products, Eggs, Legumes, Nuts, and Seeds , . . . . . . E.2. 

Grain Products, Fats, and Oils . . . . . . . . . . . . . . . . . E.3. 

Vegetables . . . . . . . . . . . . . . . . . . . . . . . . . E.4. 

Fruits . . . . . . . . . . . . . . . . . . . . . . . . . . . E.5. 

Sugar, Sweets, and Beverages . . . . . . . . . . . . . . . . . E.6. 

Average Percentage of Seasonal and Annual Consumption 
of Various Homegrown Foods . . . . . . . . . . . . . . . . . E.7. 
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Table E.2. Average Dally Intake of Mllk, Mllk Products, Eggs, Legumes, Nuts, and Seeds' 

................................ ............................. 
M a b  and Females: 

Gram8 

Under 1. . . . . . . . . . . . . . . .  421; 4% 669 342 2 8 2 5 59 
1-2 . . . . . . . . . . . . . . . . .  1.a 475 418 401 2 14 8 21 2 
35. . . . . . . . . . . . . . . . . .  1,719 449 385 361 2 20 9 20 P 
6-8 . . . . . . . . . . . . . . . . .  1,841 537 466 426 2 26 9 17 25 

Maks: 
9-11 . . . . . . . . . . . . . . . . .  939 559 487 440 1 34 7 20 28 
12-14 . . . . . . . . . . . . . . . .  1,150 612 533 473 1 34 9 22 34 
15-18 . . . . . . . . . . . . . . . .  1.3W 642 538 482 2 34 13 31 32 
19-P . . . . . . . . . . . . . . . .  1,m 463 360 334 2 19 IS 33 n 
B 3 4  . . . . . . . . . . . . . . . .  2,716 381 265 240 4 23 20 35 29 
35-50 . . . . . . . . . . . . . . . .  2,571 301 201 182 3 26 18 37 31 
st* . . . . . . . . . . . . . . . .  2,161 312 203 190 2 32 19 38 n 
65-74. . . . . . . . . . . . . . . .  1,049 312 220 208 2 30 17 37 23 
75 and am . . . . . . . . . . . . .  465 317 2% 221 0 31 15 39 24 

Females: 
9-11. . . . . . . . . . . . . . . . .  1,011 519 449 405 1 29 9 17 28 
12-14 . . . . . . . . . . . . . . . .  1,148 468 394 343 2 30 10 17 24 
15-18 . . . . . . . . . . . . . . . .  1,473 403 329 ZSS 3 22 11 18 21 
19-22 . . . . . . . . . . . . . . .  1,317 297 221 194 5 16 14 23 23 
2334 . . . . . . . . . . . . . . . .  3,879 278 191 169 5 15 18 23 20 
35-50. . . . . . . . . . . . . . . .  3,759 21s 142 in 4 16 17 25 19 
5160 . . . . . . . . . . . . . . . .  2,936 a2 154 143 4 21 18 25 18 
65-74 . . . . . . . . . . . . . . . .  196 248 171 161 5 23 17 23 14 
7Sandam . . . . . . . . . . . . .  751 274 198 184 2 27 17 21 14 

All lndividuab . . . . . . . . .  .36,14$ 365 283 254 3 23 15 26 ZA 

burntitics given am f a  toorb am inpted; no iaedibk parla am induded and numbaa arc based on 3 oonsecutiw days of dietary intake. 
b h u m  Equivaknt b quantity of amok fluid milk to which dairy produds (&ocpt butter) a n  

uivaknt in skium omteat. & uda k t - f e d  infants. 

Note See Appcndh E Tabk Definitiom for foodstuffs considered in each category. 

Sounr: USDA Nationwide Food Consumption Survey, 1977-78,48 mntenninous Stater (1). 

Ewe 
Legumes. 

Saede, Nut8 
Cream Milk 

Domerte 

I 
Chseae 

-2 Equivale 
Sex and Age IndMduala 

Milk, Milk Producte, Milk Drink8 

Total Fluid Milk Yogurt 
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Table E.4. Average Dally Intake of Ve~etables'~ 

- . - - - . . - - - - - - . - - - - - - . - - - . . - . - - - -  -Grams - - - - - - - . . . . . - - - - - - - - - - - - - - - - - 
Malai and Females: 
Under1 . . . . . . . . . . . 4213 n 10 1 2 18 46 
1-2 . . . . . . . . . . . . . . 1,035~ 98 34 10 3 5 45 
3-5 . . . . . . . . . . . . . . 1,719 110 41 13 3 5 49 
6-8 . . . . . . . . . . . . . . 1,841 145 53 13 5 6 67 

Females: 
9-11 . . . . . . . . . . . . . 1,011 
12-14 . . . . . . . . . . . . . 1,148 
15-18. . . . . . . . . . . . . 1,473 
19-22.. . . . . . . . . . . . 1,317 
2334.. . . . . . . . . . . . 3,879 
35-50.. . . . . . . . . . . . 3,759 
5 1 4 0 . .  . . . . . . . . . . . a936 
65-74.. . . . . . . . . . . . 1,376 
75andova . . . . . . . . . . 751 

All Individuals . . . . . . . ~ 1 4 2 ~  198 62 25 8 9 % 

Tomatoes 

! 
Sex end Age 

bumtit ien given arc for foods as ingested; no inedible parts are induded; based on 3mnreartive days of dietary intake. 
i x t m  arc indudui in each subgroup and in the tobl. k cludcs breast-fed infants. 

Note: See Appcndu E Tabk Definitions for foodstuffs considered in each category. 

Source: USDA Nationwide Food Consumption Survy, 1977-78.48mterminous Slates (1). 

Total (Years) 

Dark-Green 
Vegetables White Potatoes Individuals 

Deepyellow 
Vegetebles 

Other 
Vegetables 
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Table E.6. Average Dally Intake of Sugar, Sweets, and Beverages' 

I 

i 
Sex and Age ! 

wan) i lndividwk 
I 

- - - - - - - - - - - - - - - - - - - - . - - - - - . - - - . -  Grams . - - - - - - - - . - - - - - - - . - - - - - - - . . - - 
Mala  and Femala: 
Unda 1 421 6 2 -3 . . . . . . . .  3 22 P 0 6 10 6 
1-2 . . . . . . . . . .  1,035~ 17 2 3 153 153 1 27 93 31 O-3 

3 
S 

3 5  . . . . . . . . . .  1,719 24 3 3 216 216 1 39 141 34 13 

68 . . . . . . . . . . .  1,841 29 3 4 232 232 2 47 146 37 3 0 

Mala: 
9-11 . . . . . . . . . . .  939 31 3 6 277 277 4 55 179 38 -3 

3 
0 

1 2 1 4 . .  . . . . . . . .  1,150 36 4 6 336 336 9 83 203 41 0 
15-18 . . . . . . . . . .  1,394 31 4 5 484 466 40 100 283 43 18 16 
19-22. . . . . . . . . .  1,030 19 5 4 692 577 113 116 312 37 114 109 
23-34 . . . . . . . . . .  2,716 23 6 3 933 760 31 1 151 271 27 i n  154 
35-50 . . . . . . . . . .  2,571 24 7 2 1,012 859 523 157 153 130 162 18 
5 1 4 4 . .  . . . . . . . .  2,161 27 7 2 902 805 559 142 W I1 % 78 
65-74 . . . . . . . . . .  1 , W  29 7 2 714 658 459 134 54 11 56 45 
75 and over . . . . . . .  465 29 7 1 623 589 426 100 42 20 34 ' 2 5  

Female: 
9-11 . . . . . . . . . .  1,011 29 3 5 253 253 3 58 1% 36 -3 

1214 . . . . . . . . . .  1,148 n 3 6 318 318 8 75 #)O 35 3 p 
15-18 . . . . . . . . . .  1,473 23 3 5 434 430 47 92 259 33 5 3 
19-22. .  . . . . . . . .  1,317 15 4 3 570 536 124 120 265 25 35 24 
23-34.. . . . . . . . .  3,87!4 16 5 2 733 693 284 171 217 21 40 24 
35-50. . . . . . . . . .  3,759 18 5 2 832 803 463 172 152 16 29 15 
5 1-64 . . . . . . . . . .  2,936 19 4 2 766 739 484 158 84 13 n 16 
65-74 . .  . . . . . . . .  1,376 22 4 1 609 599 382 155 49 12 10 5 
75andover . . . . . . .  751 22 4 1 540 531 350 140 30 11 9 5 

All Individuals . . .  .36,142' 23 5 3 625 578 265 123 167 24 47 38 

buantities riven am for foods a, ingested; no inedible parir arc induded; based on 3 consecutive days of dietary intake. 

P ude, brras(-fed infants. 
alue ksa than 0 5  bur wxe than 0. 

Note: See Appendix E Table Definitions for foodstuffs considered in each category. 

Souroc: USDA Nationwide Food Consumption Survy, 1977-78,48 conterminous States (1). 

To,al Candy 

Nonalcoholic Beverages 

Sugar Total 

Alcohdk Beverages 
- 

-rotel Tea Total Beer, Ale 'Offee 
Soft 

Drinks 

Fruit 
Drink*, 
 dm 



Table E.7. Average Percentage of Seasonal and Annual Consumption of 
Homegrown Foods. (All Households) 

Food Annual Spring Summer Fall Winter 

Milk, cream, cheese 4.00 3.88 3.96 4.82 ' 3.47 

Fats, oils 1.89 2.22 1.84 1.89 1.58 

Flour, cereal 0.43 0.43 .ll 1.02 0.21 

Meat 5.25 5.16 4.62 5.99 5.25 

Poultry, fish 7.38 8.93 800 7.44 4.39 

Em 7.51 8.70 6.86 5.92 4.27 

Sugar, sweets 3.31 2.97 3.95 3.53 3.02 

Potatoes, sweet potatoes 9.30 5.03 1266 1288 6.67 

Fresh vegetablesa 21.20 13.51 30.86 18.52 13.66 

Fresh fruita 811 6.71 11.71 7.19 5.00 

Juice (vegetable, fruit) 1.92 2.27 252 249 234 

Dried vegetables, fruits 4.44 4.26 1250 4.17 208 

a Higher total consumption in summer than other seasons. 

Source: Dktary consumption distributions of selected food groups for the United States (2). - 
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Food Consumption Values 

REFERENCES 
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APPENDIX E 
TABLE DEFINITIONS 

Foodstufls included in the food groups used in 
Appendix E table headings are deped  here. 

Table E.1. 
Meat, Fish, and Poultry 

Beef 
Includes beef steaks, roasts, ground beef, 
baby-food beef, beef bacon, pastrami, oxtails, 
and shortribs. 

Excludes variety meats, such as liver and kidney, 
and processed beef, such as beef bologna and 
beef frankfurters. 

Pork 
Includes ham, bacon, salt pork, pigs' feet, pork 
cracklings, baby-food pork, and fresh, cured, 
smoked, and salted pork. 

Excludes variety meats and frankfurters, 
sausages, and luncheon meats. 

Lamb, veal, game 
Includes lamb, veal, goat, mutton, baby-food 
lamb, rabbit, venison, and other game. 

Excludes variety meats. 

Total poultry 
Includes chicken, turkey, duck, goose, cornish 
game hen, quail, pheasant, other wildfowl, and 
baby-food chicken. 

Excludes giblets. 

Chicken 
Includes chicken only. 

Excludes giblets. 

Oman meats. mixtures 
Includes liver, heart, kidney, and other organ 
meats from beef, pork, lamb, veal, game, and 
poultry; baby-food liver and heart; and mixtures 
(mainly organ meat). 

Frankfurters, sausages 
Includes processed meats from beef, and 
luncheon meats from pork, ham, veal, chicken, 
and turkey. 

Fish, shellfish 
Includes finf-h; shellfish such as oysters, clams, 
crabs, lobster, scallops, and shrimp; and other 
seafood, including frog, feh roe, squid, and 
turtle. 

Mixtures (mainly meat) 
Includes mixtures reported as a single poultry, 
fish unit-stews, casseroles, pot pies, soups, 
salads, hash, frozen plate meals, meat gravies, 
and sandwiches when reported as a single item 
(e.g., ham sandwich). 

Table E.2. 
Milk, Milk Products, Eggs, 

Legumes, Nuts, and Seeds 
Total Milk, Milk Products 
Includes milk, milk drinks, cream, milk desserts, 
and cheese. 

Excludes butter. Milk sauces and gravies are 
included in this total. 

ATSDR Public Health Assessment E -  11 
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Appendix E 
Food Consumption Values 

Total milk, milk drinks 
Includes fluid milk (see next group for 
inclusions), yogurt  ( inc lud ing  f rozen) ,  
chocolate milk, milk shakes, other milk drinks, 
liquid meal replacements with milk, and 
milk-based baby formulas. 

Fluid milk 
Includes whole, lowfat, skim, acidophilus, 
soy-based, filled evaporated, and condensed 
milk; buttermilk; goat milk; and reconstituted 
dry milk. 

Cream, milk desserts 
Inc ludes  f luid a n d  powdered  c ream,  
half-and-half, sour cream, ice cream, ice milk, 
milk sherbets, and desserts made with milk, 
such as custards, cornstarch pudding, and 
baby-food puddings. 

Excludes nondairy cream substitutes, which are 
included under fats and oils. 

Cheese 
Includes natural hard and soft cheeses, 
processed cheeses and spreads, imitation 
cheeses, cottage cheese, cream cheese, and 
mixtures (mainly cheese), such as cheese 
souffle, rarebit, and, if reported as a single item, 
cheese sandwich. 

Eggs 
Includes whole eggs, egg whites and yolks, 
baby-food egg yolks, egg substitutes, and 
mixtures mainly egg, such as omelets, egg salad, 
and egg sandwiches reported as a single item. 

Legumes, nuts, seeds 
Includes cooked dry beans, peas, and lentils, 
mixtures (mainlylegbmes), such as baked beans 
and soups; soybeanderived products, such as 
soy-based baby formulas and imitation milk; 
frozen meals with cooked dry beans or peas as 
the main course; meat substitutes (mainly 
vegetable protein); nuts; peanut butter; seeds; 
and carob products. 

Table E.3. 
Grain Products, Fats, and Oils 

Bread, rolls, biscuits 
Includes all types of yeast breads and rolls, 
sweet rolls, yeast-type coffee cakes, English 
muffins, biscuits, and bagels. 

Excludes quick breads such as cornbread. 

Other baked goods 
Includes cornbread, tortillas, plain and fruit 
mufflns, and other quick breads, cakes, cookies, 
pies, pastries, doughnuts, crackers, salty snacks 
made from grain products, pancakes, waffles, 
and French toast. 

Cereals, pastas 
Includes macaroni,  noodles,  spaghet t i ,  
ready-to-eat and cooked cereals, grits, rice, and 
other cooked cereals and grains. 

Mixtures (mainly grain) 
Includes mixtures (some with small amounts of 
meat and others without meat) such as pizza, 
enchiladas, spaghetti with sauce, quiche, egg 
rolls, rice and pasta mixtures, frozen meals with 
the main course mainly grain, and noodle and 
rice soups. 

Fats. Oils 
Includes table f a t s , k k i n g  fats such as bacon 
grease, lard, and meat drippings; vegetable oils; 
salad dressings; nondairy sour cream and sweet 
cream substitutes; and hollandaise and other 
sauces mainly fat or oil. 

Table fats 
Includes butter, margarine, and imitation 
margarine. 

Salad dressings 
Includes mayonnaise and regular and low- 
calorie salad dressings. 
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Appendix E 
Food Consumption Values 

Table E.4. 
Vegetables 

Table E.5. 
Fruits 

White Potatoes 
Includes baked, boiled, mashed, fried, and 
canned potatoes; potato chips; and mixtures 
(mainly potato), such as potatosalad and potato 
soup. 

Excludes viandas (Puerto Rican starchy 
vegetables). 

Tomatoes 
Includes raw and cooked tomatoes; tomato 
juice and soup; catsup, chili sauce, and other 
tomato sauces; and mixturessuch as tomato and 
corn, tomato and okra, and tomato sandwich 
reported as a single item. 

Dark-green vegetables 
Includes raw and cooked dark-green, leafy 
vegetables such as chard, collards, escarole, 
mustard and turnip greens, kale, and spinach; 
broccoli; mixtures (mainly dark-green 
vegetables) such as spinach soume and spinach 
soup; and baby-food spinach. 

Deepyellow vegetables 
Includes raw and cooked deep-yellow or orange 
vegetables--carrots, pumpkin, winter squash, 
and sweet potatoes; mixtures (mainly 
deep-yellow vegetables), such as peas and 
carrots and sweet potato casserole; and 
baby-food carrots, squash, and sweet potato. 

Other vegetables 
Includes cooked and raw vegetables other than 
white potatoes, tomatoes, dark-green and 
deep-yellow vegetables and their mixtures, 
vegetable juices and soups; pickles, olives, and 
relishes; salad viandas (Puerto Rican starchy 
vegetables); baby-food vegetable mixtures with 
meat; and mixtures (mainly vegetables). 

Total citrus fruits, juices 
Includes oranges and other citrus fruits, orange 
juice and other citrus juices, mixtures of citrus 
and other fruit juices, baby-food citrus juices. 

Excludes citrus fruit ades and drinks such as 
lemonade, which are tabulated under fruit 
drinks and ades. 

Dried fruits 
Includes apples, apricots, figs, prunes, raisins, 
and other dried fruits. 

Excludes juices such as prune juice and 
mixtures. 

Total other fruits, mixtures 
Includes raw and cooked apples, bananas, juice 
berries, and other fruits except citrus and dried 
fruit; fruit salads and mixtures (mainly fruit); 
noncitrus juices including prune juice and 
nectars; and baby-food noncitrus fruits, juices, 
and nectars. 

Excludes h i t  drinks and ades. 

Apples 
Includes raw and cooked apples, applesauce, 
and baby-food applesauce. 

Bananas 
Includes raw and cooked bananas and 
baby-food bananas. 

Other fruits (mainly mixtures ) 
Includes fruits other than citrus fruits; dried 
fruits, apples, and bananas; and baby-food 
noncitrus fruits and mixtures. 

Noncftrus juices, nectars 
Includes fruit juices other than citrus and 
baby-food noncitrus juices. 

Excludes noncitrus fruits, drinks, and ades. 

ATSDR Public Health Assessment E - 13 
Guidance Manual 



Appendix E 
~ o o d  Consumption Values 

Table E.6. 
Sugar, Sweds, and Beverages 

Total sugar, sweets 
Includes sugar, sugar substitutes, syrups, honey, 
molasses, icing, topping, sweet sauces, jelly, 
jam, marmalade, preserves, sweet pastes, fruit 
butters, gelatin desserts, ices, popsicles, and 
candy (including dietetic sweets). 

Sugar 
Includes white, brown, maple, and raw sugar 
and sugar substitutes. 

Candy 
Includes candy (including dietetic sweets), 
chewing gum, and cough drops. 

Total nonalcoholic beverages 
Includes coffee, tea, soft drinks, and fruit drinks 
and ades. 

Coffee 
Includes ground and instant decaffeinated and 
regular coffee, coffee mixes, and coffee 
substitutes. 

Tea 
Includes tea from leaves; instant tea; and 
instant tea with lemon, cream, milk, sugar, 
andlor artificial sweetener; and herbal and 
other teas. 

Soft drinks 
Includes carbonated drinks, such as colas. 
fruit-flavored and cream sod&, ginger ale, root 
beer,  and  carbonated diet drinks; and 
noncarbonated diet drinks; and noncarbonated 
soft drinks made from powdered mixes and 
liquid concentrates. 

Fruit drinks, ades 
-Includes regular and lowcalorie h i t  drinks, 
punches, and ades, including those made from 
powdered mix and liquid concentrate. 

Total alcoholic beverages 
Includes cocktails, and other mixed drinks, 
liqueurs, wine, distilled liquors, beer, and ale. 

Beer, ale 
Includes beer, ale, and lowcalorie beer. 

Table E.7. 
H d r o w n  Consumption 

This table is based on wings  of a 1966 USDA 
food consumption mvey of home-grown foodr. 
Appmximately 44 perrent of U.S. househokh 
with gardens have seeded areas of greater than 
750 square feet. It has been estimated that 6 
million acres are devoted to home gadens. This 
is approximately equivalent to the acreage 
devoted to commercial production of @its and 
vegetables, so a significantpom'on of the U.S. diet 
is derived frOm home-grown produce. 

Milk, Cream, and Cheese 
Includes milk, buttermilk, goat milk, milk - 
drinks, cream, sour cream, ice cream, ice milk, 
milk sherbets, and desserts made with milk, 
such as custards, cornstarch pudding, and 
baby-food puddings and cheese (natural hard 
and soft cheeses, spreads, cottage cheese, 
cream cheese, and mixtures [mainly cheese], 
such as cheese souffle, rarebit, and if reported 
as a single item, cheese sandwich). 

Excludes butter. 

Fats, Oils 
Includes table fats, cooking fats such as bacon 
grease, lard, and meat drippings; vegetable oils; 
salad dressings; and hollandaise and other 
sauces mainly fat or oil. 

Flour and cereal 
Includes all types of yeast breads and rolls, 
sweet rolls, y&t-type coffee cakes, muffins, 
biscuits, bagels, combread, tortillas, plain and 
fruit muffins, other quick breads, cakes, 
cookies, pies, pastries, doughnuts, crackers, 
salty snacks made from grain products, 
pancakes, waffles, french toast, macaroni, 
noodles, spaghetti, cooked cereals, grits, rice, 
and other cooked cereal grains. 

ATSDR Public Health Assessment 
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Meat 
Includes beef steaks, roasts, ground beef, 
baby-food beef, beef bacon, pastrami, oxtails, 
shortribs, ham, bacon,.salt pork, pigs' feet, pork 
cracklings, fresh pork, cured pork, smoked 
pork, salted pork, lamb, veal, goat, mutton, 
rabbit, venison, and other game. 

Poultry and fish 
Includes chicken; turkey; duck; goose; cornish 
game hen; quail; pheasant; other wildfowl; 
finfih; shellfih such as oysters, clams, crabs, 
lobster, scallops, and shrimp; and other 
seafood, including frog, fsh roe, squid, and 
turtle. 

Eggs 
Includes whole eggs, egg whites and yolks, 
mixtures (mainly egg), such as omelets, egg 
salad, and egg sandwiches reported as a single 
item. 

Sugar and sweets 
Includes sugar, sugar substitutes, syrups, honey, 
molasses, icing, topping, sweet sauces, jelly, 
jam, marmalade, preserves, sweet pastes, fmit 
butters, gelatin desserts, ices, popsicles, and 
candy. 

Potatoes and sweet potatoes 
Includes baked, boiled, mashed, fried, and 
canned potatoes; potato chips; and mixtures 
(mainly potato), such as potatosalad and potato 
soup; sweet potatoes, and sweet potato 
casserole. 

Excludes viandas (Puerto Rican starchy 
vegetables). 

Appendix E 
Food Consumption Values 

Fresh vegetables 
Includes raw and cooked tomatoes; tomato 
juice and soup; catsup, chili sauce, and other 
tomato sauces; and mixtures such as tomato and 
corn, tomato and okra, and tomato sandwich 
reported as a single item; raw and cooked 
dark-green lea@ vegetables such as chard, 
collards, escarole, mustard and turnip greens, 
kale, and spinach; broccoli; mixtures (mainly 
dark-green vegetables), such as spinach souffle 
and spinach soup; baby-food spinach; raw and 
cooked deep-yellow or orange vegetables such 
as carrots, pumpkin, winter squash, and sweet 
potatoes; mixtures (mainly deep-yellow 
vegetables), such as peas and carrots and sweet 
potato casserole; baby-food carrots, squash, 
and sweet potatoes; cooked and raw vegetables 
o the r  than  white potatoes ,  tomatoes,  
dark-green and deep-yellow vegetables and 
their mixtures, vegetable juices and soups; 
pickles, olives, and relishes; salad viandas 
(Puerto Rican starchy vegetables). 

Fresh fruit 
Includes oranges and other citrus fruits, raw 
and cooked apples, bananas, juices, berries, . 
fruit salads and mixtures (mainly fruit), 
applesauce, and other fruits. 

Juice (vegetable and fruit) 
Includes vegetable juices such as tomato; citrus 
and noncitrus juices, drinks, ades, and nectars. 

Dried vegetables and fruits 
Includes onions, apples, apricots, figs, prunes, 
raisins, and other dried fruits. 
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APPENDIX F 
STATE AND LOCAL SOURCES 
OF HEALTH OUTCOME DATA 

Health outcome data sources may be 
available in various formats, including 
computerized tapes or disks and hard copy. 
The  majority of these sources can be 
identified through state health departments 
when their use is appropriate; they are all 
options. 

I. STATE 

A Vital Statistics: State health 
department 

Birth Certificates 

Death Certificates 

Fetal Death Reports 

B. Registries: State health department 

1. Disease 

Congenital Malformation/Birth 
Defects 

2. Exposure 

Occupational Exposure 

Environmental Exposure 

C. Health Studies 

The state health department usually knows 
of health studies that have involved the site 
population. These studies may have been 
conducted at the federal, state, (including 
universities), and local levels and may 
include the following types: 

Symptom or  Disease Prevalence 
Surveys 

Exposure Studies 

Cluster Investigations 

Analytic (Epidemiologic) Studies 

D. Complaint Records 

The environmental sections of some state 
health departments keep logs of complaints 
from citizens. For example, Michigan and 
Connecticut maintain logs of complaints 
regarding air pollution. Michigan also 
maintains a record of complaints regarding 
toxic substances. 

E. School Attendance Records 

These are located at the state education 
department. The State Department of 
Education can direct you to local sources. 

E Census Data 

S t a t e  census data  center  of 
Government Planning Office 

II. LOCAL SOURCES 

A Health Records: local health 
department 

Complaint logs 

Health Studies (see number I.C.) 

B. Medical Records 
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State and Local Sources of Health Outcome Data 

Although medical records and other Hospital Emergency Room Logs 
information with personal identifiers may be 
sources of health outcome data, this type of Private Physicians' Records 
information should not  be  routinely School Nurses' Records 
collected when conducting heal th  
assessments. Examples of medical records Health Clinics: Occupational or 
include: Freestanding 

Hospital Discharge Records Facility Occupat iona l  Heal th 
Records 
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APPENDIX G 
NATIONAL SOURCES OF 
HEALTH OUTCOME DATA 

Note: None of the followingdata sources are 
site-specific, but they may be used for 
comparison purposes. 

I. DEPARTMENT OF HEALTH AND 
HUMAN SERVICES 

A National Center for Health Statistics 

1. National Ambulatory Care Survey - 
Survey of information on provision 
and use of ambulatory medical care 
services. Data includes the primary 
reason for visit, physician's primary 
diagnosis, treatment, prior visits, and 
final disposition. (Years available: 
1973 - 1981). 

2. Vital Statistics - Birth and death records 
in a national registry. 

3. National Health Interview Survey - 
United States survey conducted 
through household interviews. Data 
include the number of restricted 
activity days, the number of bed days, 
lost worwschool days, and the number 
of visits to physicians or dentists. 

4. National Health and Nutrition 
Examination Survey (NHANES) - 
United States cross sample of 
individuals. The data collected include 
dietary, hematological, and 
biochemical (limited information on 
pesticides, metals, and VOC levels in 

the general population), body 
measurements, and clinical assessment. 

B. National Cancer Institute (NCI) 

1. Surveillance, Epidemiology, and End 
Result (SEER) - The American 
Cancer Society issues an annual report 
of cancer statistics using the incidence 
data generated by the SEER program. 

2. Riggan's Mortality Tapes - Produced by 
NCI and EPA These tapes provide a 
comparison of the number of deaths 
from a specific cancer type in a 
specified county and state with the 
number of deaths from the same 
cancer for the entire United States. 

C. NIOSH 

Information o n  occupationally 
related exposures, illnesses, and 
accidents. 

D. ATSDR 

Exposure Registry and Disease 
Registries 

Health Studies 

. E Other DHHS Agencies (e.g., 
NIEHS) 

11. U.S. BUREAU OF CENSUS 

National population and housing data 
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APPENDDC H 
HEALTH OUTCOME DATA CHECKUST 

HEALTH OUTCOME DATA CHECKLIST 

The following Checklist was developed to assist the Health 
Assessor in characterizing Health Outcome Data Sources at the 
federal, state, and local levels. A checklist needs to be 
completed for each data source identified for a site. - Many of the 
variable will have yes or no (y/n) responses. The Health Assessor 
should note any deviations from the checklist. Definitions of 
terms used in the checklist are provided in the attached glossary. 

Preparer's Name: 

Date Prepared: 

Site Name: 

Site Address: 
Street 
Ci ty/Town 
County 

Primary Contact Person: 
Agency/Affiliation: 
Phone Number: 

ATSDR Public Health Assessment H - 1  
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Appendix H 
Health Outcome Data Checklist 

TYPE: VITAL STATISTICS (Check One) 

- B i r t h  C e r t i f  i c a t e  - Derth C e r t i f i c a t e  
- Feral Death Report 

** Obtain a co?y o f  the Blank C e r t i f i c a t e  o r  Report Form ** 

Contact Person: 
Phone N u r k r :  

Agency Res~onsib le f o r  Report ing the data: 

- Federal 

Name: 

Years data reported? t o  

OA/OC d o c m n t e d  f o r  the  data source? Yes - 
or NO - 

ATSDR Public Heatth Assessment 
Guidance Manual 

Agency Responsible f o r  Maintaining the data? 

- Federal 

Name: 

How f requent ly  ere the  data updated? 

- monthly - Ouarterl  y - Yearly 

- State 

Name: 

Years data reported? t o  

OA/OC docunented fo r  the data source? Yes - 
or NO - 

- Local 

Nem: 

Years data reported? t o  

OA/OC docunented f o r  the data source? Yes - 
o r  NO - 

- State 

Name: 

How f requent ly  are the data updated? 

- monthly - Quarte r l y  - Yearl y 

- Local 

Name: 

Hou f requen t l y  are the  data updated? - Monthly 

- Ouarter ly  

- Yearly 

The f o l l o u i n g  types o f  data f o r m  
are avai lab le and f o r  uhat years? 

Report Form: Years Available: 

- Conprterized - Tape/cartridge - Diske t te  - Other 

Specify 

- Hard Copy - S m r y  Report - Other 

Specify 

- -- 

CCUPLETE THE APPROPRIATE BOX FOR THE DATA SOURCE: 

B i r t h  C e r t i f  icete: peath Cer t i f i ca te :  Fe ta l  Death' Remrt :  

- Birthueight  - lamediate Cause o f  Death - l m d i a t c  Cause of Death - B i r t h  Defects - Underlying Cruse o f  Death - Underlying Cause o f  Death - Gestat ioru l  Age - Other S ign i f i can t  Condi t ion - Other S i g n i f i c a n t  Condi t ion - Other - Fetal  Weight - G e s t r t i o r u l  Age - Congmita\  M a l f o m t i o n s  

For uhat geographic areas a re  t h e  Please check a l l  Data Variables and 
data ava i lab le  and f o r  what years? years inc luded i n  the data source. 

Areas: Years Available: 

- Legion - State - Comty - City/Town/Twnshp - Z i p  Code 
Census Tract - Block, ED, BG 

Var iables avai lab le? Years: 

- Age - Sex - E t h n i c i t y  - Address 

Are there any C o n f i d e n t i a l i t y  lssues f o r  the  data? Yes - or No - 
Specify 
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Health Outcome Data Checklist 

TYPE: REGISTRIES (Check One) 

- Disease (Specify) - Cancer 
- Exposure 

Specify: - Tunor - Congenitat Malformation, B i r t h  Defects - other: 

Por t ion  o f  State 

Hw m c h  (percentage)? 

Vhich tcoprrphic  Areas: 

- C c n r v r  Tract  
. - Block, ED, B t  

Agency Responsible f o r  Reporting the data: 

- Federal 

Mama: 

Years data reported? t o  

O A / O t  docunnted f o r  the  data source? Yes - 
or NO - 

- State 

Name: 

Years data reported? f o 

OA/OC docunnted f o r  the data source? Yes - 
or NO - 

- Local 

Name: 

Years data reported7 t o  

ATSDR Public Health Assessment H - 3  
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OA/OC docunnted f o r  the data source? Yes - 
or NO - Quarter1 y 

Year ly  

Agency Responsible fo r  Mainta in ing the data? 

- Federal 

N m :  

How f requen t l y  ere the  data updated? 

- nonth l y - Ouarter l  y - Yearly 

- State 

Name: 

Hou f requen t l y  are the  data updated? 

- Monthly - Ouarter ly  - Yearly 

- Local 

wm: 

How f requen t l y  are t h e  data updated? 
Monthly 

J 



Appendix H 
Health Outcome Data Checklist 

Regis t r ies:  Page 2 

Contact Person: 

Address/Af f  i lr i a r  ion: 

The f o l l o u i n g  types o f  data forms a re  ava i lab le  and f o r  uhat years 

H - 4  ATSDR Public Health Assessment 
Guidance Manual 

Report Form: Years Avai lable: 

- Conplterized - Tape/cartr idge 
D iske t te  - Other 

Speci fy  

Please check a l l  t he  var iab les ava i lab le  i n  the 
conprterized data source, and f o r  uhat years. 

Data Variables: Years included: - Age - Sex - E t h n i c i t y  - Address - Diagnosis 

Report Form: Years inc luded i n  data source: 
Hard copy - Sunnary Report - Other 

Speci fy  

Please check a l l  the measures o f  e f f e c t  repor ted in 
the hard-copy data, and f o r  uhat years. 

Measure o f  E f fec t :  Years f o r  uhich reported: - l ncidencc - Crude - Age-adjusted - Sex-Adjusted - Race-Adjusted - Odds Rat io  - Crude - Age-Adjusted - Sex-Adjusted - Race-Adjusted 

r. 

Uho i s  the person (o r  organizat ion)  uho repor ts  the 
data t o  the data source? 

- Hospi ta ls  
Specify: - Priva te  Physicians 
Spcclfy: 

Laboratories - 
Smci fy :  

Uhat i s  the corpletcness o f  r e p o r t i n g  by t h i s  person 
(o rgmiza t ion )?  

- Canplcte 

- P a r t i a l  

Soeci fy  Percentage: 

Are there my C o n f i d e n t i a l i t y  Issues f o r  the data7 Yes - o r  NO - 
Specify 
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Health Outcome Data Checklist 

TYPE: STUDIES (Check One) 

- Synptom/Disease Prevalence - Exposure - Cluster  Inves t iga t ion  - Analy t i c  Studies 

**'* Please c m p l a t e  a separate form f o r  each study, and ob ta in  copy o f  s tudy proposal a d  f indings. 

Contact Person: 

Address/Aff il ia t ion :  

Vhat i s  the geographic area included i n  the stud/) 

Specify: 

For h a t  years were the data col lected? 

Specify: t o 

Phone: 

Yho i s  the Agency Responsible f o r  Conducting the study 
(e.9. data c o l t e c t i o n l 7  

- Federal 
Nam: 

Who i s  the p r i n u r y  inves t iga to r  f o r  the stud/)  

N r n :  
Ac!dr=ss/Aff i l i3t ion: 
Phone: 

- State ( inc lude un ive rs i t i es )  

N m :  

vho i s  the p r inu ry  investiga:or t o r  the  study7 

Name: 
Address/Af f i l iar ion:  
Phone: 

- Local 

N m :  

Vho i s  the primary invest igator  f o r  the study) 

W a n e :  
Address/Af f i l ia t ion:  
Phone: 

ATSDR Public Health Assessment 
Guidance Manual 



Appendix H 
Health Outcome Data Checklist 

TYPE: RECORDS (Ch_ccklist One) 

- Medical (e.9. Hospital,  Physician, ER Log) - Educational (Attendance) - Canpl lmt  (8.9. A i r  P o l l u t i o n )  - Occuprt ioml  Heal th 

r 

Agency Responsible f o r  Reporting the  data: 

- Federa l 

Name: 

Years data reported? t o  

M / Q C  docunnted f o r  the data source? Yes - 
o r  NO - 

- State 

Name: 

Years data reported? t o 

QA/QC docunnted f o r  the  data source? Yes - 
o r  NO - 

- Local 

Name: 

Years data reported? t o  

QA/QC docmenred f o r  the data source? Yes - 
o r  No - 

ATSDR Public Health Assessment 
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A g m y  Responsible f o r  Mainta in ing the  data? 

- Federa 1 

Nlmc: 

How f requen t l y  a re  the data updated? 

- Monthly - Quarter ly  - Yearly 

- Sta:) 

Name: 

How f requen t l y  are the  data updated? 

- Monthly - Ouarter ly  - Yearly 

- Local 

H ame : 

Wow f requen t l y  are the data updated? - Monthly 

- Quarter ly  

- Yearly 

4 

Who i s  the person (or  or3anizat ion)  
are avai lab le a d  f o r  what years? who repor ts  the data t o  the data 

Swrce? 

Report Form: Years Available: 

- Conprterixed - Tape/cartrid;e - Disket te - Other 

Specify 

- Hard Copy 
Sunnary Peport - 
Orher - 
Spec i f y 

Areas: Years Avai lab le:  

- Region - State - Comty - City/Town/Twnshp - Z i p  Code - Census Tract - Block, ED, BG 

Are there any C o n f i d e n t i a l i t y  
Issues f o r  the data? 

Yes - or No - 
Specify: 

Hospi t a l s  
fpecify: 

- Priva te  Physicians 
Specify: 

- Laboratory 
Specify: 

What i s  the ca rp le tmess  o f  
repor t ing  by t h i s  person o r  
organixat ion? - Carplete 

- P a r t i a l  

Specify the percentage: 



Appendix H 
Health Outcome Data Checklist 

RECORDS: Page 2 

Please check a l l  Data Variables included 
i n  the data source. 

Contact Person: 

Address: 

Phone: 

For uhat years are these va r iab les  ava i lab le?  

CWPLETE THE APPROPRIATE BOX: 

ATSDR Public Health Assessment 
Guidance Manual 

- Age - Sex - E t h n i c i t y  - Address 

Medical: 
Record Type: - Hospi ta l  Discharge - Physicianls Records - Hospi ta l  Emergency Room Logs - Other: 

lime o f  the f a c i l i t y  responsible f o r  
preparing the Medical Record? 

Address: 

Please check uhich o f  the f o l l o u i n g  Do the  data ind ica te  the type of  
data are avai lab le.  f o l l o u - u p  prov ided f o r  the - Diagnosis ca rp la in ts7  - Underlying Condit ions 

Risk Factors Yes o r  No 

Educational: 
Geographic Area covered by the data: - State  

- D i s t r i c t  
Nam: 

- School 
Yam: 

- Tota l  Enrol lment 

- Absentee Rates 

- Other 
Specify: 

Conplaints: - 1Y-W 
Specify: 

Frequency: 

- D a i l y  - Weekly - Usnth l y 

m a t  i s  the Geographic Area covered 
by the data? 
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Appendix I 
Sources of Health Outcome Data 

S o w s  OF DATA r n ~  ANLYSIS OF 
HkALm OUTCOMES POlmpALLy 

AVAILABIX FOR Sm- SPEC~FIC 
POPULATIONS 

Routinely =tal statistics records 
collected Registries 
health data Hospit.al/medical records 

School records 

Routinely Census data 
collected 
population 
data 

Non- Previously conducted 
routine health studies 
health 
data 

ATSDR Public Heatth Assessment 
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Appendix I 
. Sources of Heatth Outcome Data 

Death Certificate 

Natality Records: 
Birth Certificate 
Fetal Death Certificate 

Completion is a legal requirement 

Reporting administered by National Center for 
Health Statistics (NCHS) 

Complete and high quality reporting across 
U.S. since 1930's 

ATSDR Public Health ~ssessment 1-3 
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Appendix I 
Sources of Health Outcome Data 

Responsible Death Birth Fetal 
Person or  Certificate Certificate Death 
Agency Certificate 

Physician, Completed Completed Completed 
other signs medical signs medical signs medical 
attendant certification. certificate. certification. 

Sends to Filed with local Sends to 
funeral agency funeral 
director director or 

local agency 

Funeral Personal facts. - Obtains 
Director Delivers personal facts 

completed Delivers 
certificate to completed 
local agency certificate to 

local agency 

Lncal Verifies completeness of certificates 
Maintains recordsfor local use and reports 

or Hlth Dept) 
Sends cettificate to state agency 

State agency, Queries incomplete or inconsistent information 
Bureau of Maintains records for state use and reports 
Statistics 

*ansmits records to NCHS 

NCHS Maintains national records 
Publishes national statistical reports 

Maintains technical assistance for quality assurance 

ATSDR Public Health Asmmmmt 
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Appendix I 
Sources of Health Outcome Data 

SYSTEMS MAINTAINED BY VmAL 

Note:Some information may be confrdentialand only 
accessible in summary form 

Local, State, Federal 
Hard copy, microfihdfiche of certificates 

State, Federal and Some Local 
Computer data tapes 
0 By calendar year of death 

Major items coded and entered for each death 

Causes of Death CodedUsing the 
International Classification of Disease (ICD) 

Underlying cause of death only ( < 1968) 
Multiple causes of death (1968- ) 

~ t a t e , ~ e d e r a l a n d ~ o m e ~ o c a l  
Published vital statistics reports 

ATSDR Public Heatth Assessment 
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Sources of Heatth Outcome Data 
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Appendix I 
Sources of Health outcome Data 

Health information: 
Completed by physician or legal authority such as 
coroner, medical examiner 

Part I Immediate Cause: Enter only one cause per line 

(a)----------------------------------- 
Due to or as a consequence of  

Due to or as a consequence of 

ATSDR Public Health Assessment 1-7 
Guidance Manual 

Part I1 Other si@icant conditions Autopsy 
X s N o  

Acc, suicide Date of Hour of How injury 
homicide or injury injury occurred 
pending 



Appendix I 
Sources of Health Outcome Data 

Line: 
(a) Immediate cause 
(bl~ntecedent  condition, if any, that  gave rise t o  
(a) 
(c)Antecedent condition, if any, that gave rise to 
(a) and (b) 

The underlying cause, the last listed condition, is 
the disease or injury that initiated the sequence of 
morbid events leading directly or indirectly to 
death. 

1-8 ATSDR PuMk Health Atmwmmt 
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Appendix I 
Sources of Health Outcome Data 

Date of death 
Age a t  death 
Sex 
Race 
Residence - state, county, city, street address 
Marital status 
Usual occupation, kind of business/industry 
Place of death - town, hospital 

ATSDR Public Heatth Assessment 1-9 
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Appendix I 
Sources of Heatth Outcome Data 

INTERNATIONAL CLASSIFICATION OF 
DISEASES (ICD) 

Standardized coding system for causes of death 
and morbidity under auspices of World Health 
Organization. 

ICD Code 
001-139 
140-239 
240-279 

Major Category 
Infectious disease 
Neoplastic diseases 
Endocrine, metabolic immune 
disorders 
Diseases of blood and blood organs 
Mental disorders 
Diseases of central nervous system 
Diseases of circulatory system 

740-759 Congenital anomalies 
760-779 Conditions originating in perinatal 

period 
780-799 Ill-defined conditions 
800-999 Accidents, injuries and poisoning 

- 

ATSDR Public Health Assessment 
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Appendix 1 
Sources of Health Outcome Data 

Analysis of patterns of causes of death for residents of 
geographic areas 

Advantages ofAnalysis ofDeathCertificateData: 
Economical and efficient 
All deaths registered 
Comparisons among local areas, states and nationally 
Comparisons by sex, age, race, time period 
Available over many decades 
Good representation ofpatterns for diseases that are 
highly, rapidly fatal and readily diagnosed 

Disadvantages ofAnalysis of Death Certificate 
Data: 

Inaccuracy of physician's assignment of cause of death 
and ICD coding 

Local and temporal variations in physicians' practice of ....... 

assigning cause of death 
Poor representation of patterns for diseases that are 
not highly and rapidly fatal or  readily diagnosed 

Inadequate for conditions which do not cause death 
Disaggregation of deaths to small geographic areas 
may not be possible from computerized data 

Residence based on last residence (at time of death) 

ATSDR Public Health Assessment 
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A P m b  I 
Sources of Heatth Outcome Data 

Bnrrnr CERTDFICA~ INFORMATION 
SYSTEMS M~NTAINED BY VITAL 

STATISTICS BUREAUS 

Note:Some information may be confidential and 
only accessible in summary form 

Local, State, Federal ., 

Hard copy, microfilm/fiche of certificates 

State,Federal andsomeLoca1 
Computer data tapes 

By calendar year of deaths 
Major items coded and entered for each birth 
Congenital abnormalities coded by ICD-CM 

State, Federal and Some Local 
Publishedvital statistics reports 



Appendix I 
Sources of Health Outcome Data 

A standard certificate is prepared by NCHS, but 
some itemsvary by state authority. 

I Healthinformation: 
Completed by physician or non-physician 

attendant 
Birth weight - (low birthweight) 
Estimated gestational age - (premature) 
APGAR scores 
Congenital malformations o r  anomalies 
Complications of pregnancy 
Mother's reproductive history 

Demographic Information: 
Date of Birth 
Sex 
RaceIHispanic origin 
Residence of mother a t  time of birth - state, 

county, town, street address 
Age of mother, father 
Occupation of mother, father 

ATSDR Public Health Assessment 
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Sources of Health Outcome Data 
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Appendix I 
Sources of Health Outcome Data 

Analysis of patterns of health information on 
newborns to residents of geographical areas 

Advantages ofhalysis of Birth CertificateData: 
Economical and efficient 
Birth registration is mostly complete 
Comparisons among local areas, states and 
nationally 

Comparisons by maternal age, race, time period 
Available over many decades 
Good representation of patterns for 

Birth weight 
Severe birth defects readily diagnosed a t  birth, 
e.g., anencephaly or spina bifida 

Disadvantages ofhalysis ofBirth Certificate . 

Data: 
Inaccuracies and incompleteness in information such 
as gestational age,APGAR score, mother's 
reproductive hx, complications ofpregnancy 

Local and temporal variations in physicians' practice 
of recording of other congenital malformations 

Disaggregation of births to small geographic areas 
may not be possible from computerized data 

Residence a t  birth may not be residence throughout 
pregnancy 

-- - - 

ATSDR Public Health AssmmM 
Guidance Manual 



Appendix I 
Sources of HeaJth Outcome Data 

FetalDeath: 
Death prior to complete expulsion or extraction of 
fetus 

Legalcertification requirements vary by 
state: 
Most require certification after 20 weeks 
gestation. 
Some require certification regardless of gestation 
age 

Note: 
Certification nearly complete for > 28 weeks 
gestation 
Certification inconsistent for 20-28 weeks 
Certificationincomplete for < 20 weeks 

ATSDR Public Heatth Assessment 
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Appendix 1 
Sources of Health Outcome Data 

Astandard certificate is prepared by NC'HS, but 
some items vary by state adoption. Completed by 
physician or non-physician attendant. 

Health Information: 
Cause of death - fetallmaternal conditions 
Gestational age 
Congenital malformations or anomalies 

Demographic Information: 
As above 

ATSDR Public Health Assessment 
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Appendix I 
Sources of Health Outcome Data 

USES OF FETAL DEATH 
C~RT~FICATES RESTRICTED. BY 
C O M P ~ ~ E S S  OF REPORTING 

(with reporting as noted above) 

Analysis ofpatterns of fetal deaths > 28 weeks 
gestation by geographic areas 

Disadvantages: 
Incomplete reporting < 28 weeks gestation 
Incomplete reportingof congenital 
malformations 

I 

I ~ 
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Appendix I 
Sources of Health Outcome Data 

Centralized information collection systems, 
typically established under the authority of 
local, state or federal health agencies 

Have a mechanism to identify persons 
diagnosed with given diseases in their 
population coverage area 

Mechanism: 
Medical care providers may report to registry 
Registry staff may actively review medical 
records 

Disease diagnosis, demographics and other 
information collected on each case 

Datastored centrallyby registry: 
Hardcopy, microfilmlfiche of abstracts (forms) 
Computerized data files 
Published reports 

- - 
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Appendix I 
Sources of Health Outcome Data 

Operating in  43 states, District of Columbia 
and Puerto Rico, where population coverage 
may be statewide or regional 

Objective is complete identification within their 
coverage area of all new diagnoses of cancer 
(typically exclusive of non-melanoma skin 
cancers) soon after diagnosis (incident cases of 
cancer) 

Operationally to  identify newly diagnosed 
cancer cases 

May be legal requirement for reporting 
Hospitals may report cases or registry staff 
may review hospital records 

Typically a strong emphasis placed on 
completeness ofidentification of cases and data 
quality 

Eliminate duplicate reports 
Standardized reportingforms 
Diagnostic criteria 
Additional checks via death certificates 
Eliminate non-residents 

ATSDR Public Health A s m m m t  
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Appendix 1 
Sources of Health Outcome Data 

Health Information: 
Information is taken from hospital and clinic 
records includinglaboratory (pathology, CTscans, 
x-rays, cytologic) reports. The diagnosis of site1 
type of cancer is clinical judgment. 

Site/Type of Cancer 
Staging of Cancer 
ICD-CMcode 
Primary vs. Metastatic 

Demographiclother Information: 
Date of initial diagnosis 
Sex 
Age a t  Dx 
Race43 thnic grouping 
Usual Occupation 
Residence a t  Dx: State, County,Town, Street 
Address 

ATSDR Public Health Assessment 
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Appendix I 
Sources of Health Outcome Data 

Cham SURVEILUNCE, 
E ~ ~ ~ O L O G Y  AND END RESULTS 

PROGRAM (SEER) 

Operated under auspices of National Cancer 
Institute and Centers for Disease Control since 
1973. SEER aggregates cancer data from eight 
cooperating registries - (SEER Sites): 
California 
Connecticut 
Georgia 
Hawaii 
Iowa 
Michigan 
New Mexico 
Utah 
Washington 

These aggregated data are used for estimate of 
national cancer incidence. 
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Sources of Health Outcome Data 
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Appendix I 
Sources of Health Outcome Data 

Analysis of patterns of newly diagnosed cancer 
(by type or all) among geographic areas 

Advantages of Cancer Registry Data: 
b Economical and efficient 

Registry typically complete for severe cancers 
Comparisons by age, sex, race 
Focus is newly diagnosed disease (not just 
death due to cancer) so not influenced by 
survival 

Disadvantages of Cancer Registry Data: 
Not available in  all areas of U.S. 
Time period covered may be short in some 
areas 

Disaggregation t o  small localities may not be 
possible from computerized files 

Accuracy of clinical diagnosis may be unreliable 
and vary across areas 

Completeness of ascertainment (may vary 
across areas and over time due to  screening for 
early diagnosis) * 
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Sources of Health Outcome Data 

Atlanta, GA: MetropolitanAtlanta 
CongenitalDefects Programs (MACDP) 
under auspices of CDC (1967- ) 

Intensive monitoring of the diagnosis of 
congenital malformations among liveborn or 
stillborn infants with structural, chromosomal or 
biochemical abnormality presumed present at  
birth and diagnosed prior to one year of age. 

The operating systems are similar to those of 
cancer registries, however, the identification of 
children with birth defects may be incomplete 
andlor inaccurate as to diagnosis. Some registries 
may not have long been in operation. 
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Appendix I 
Sources of Heatth Outcome Data 

STATES m BIRTH DEEECIS 
REGISTRIES 

(S tate-wide orRegiona1 Coverage) 

Arizona 
California 
Georgia 
Hawaii 
Iowa 
Washington 

.... n 1 *.. Active 
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Appendix I 
Sources of Health Outcome Data 

Some 60% of states have either mandatory or 
voluntary reportingprograms (reporting to State 
HealthAgency) ofselected occupational health 
conditions, e.g., lead poisoning, silicosis, and 
asbestosis. 

Disadvantages: 
not all industries covered 
reporting may be grossly incomplete and vary 
in completeness by area 
diagnostic criteria are not standardized 

National Institute of OccupationalHealth 
and Safety (NIOSH) 

puttinginto operation a mandatory reporting 
system nationwide for 10 leading work-related 
diseases and injuries 

quality of reporting and work-force coverage 
are yet to be established 
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Appendix I 
Sources of Health Outcome Data 

Hospital records 
In-patient 
Emergency room 

Physician and Clinic Records 
SchoolNurses' Records 
Industrial Facility Employee Records 

I % ICentalized I Information System 

I 
Hospitals 
Inpatient 

Authority 

Emergency 
Room 

Computerized I Hard Copy 

I 
No 

Physician 
/Clinics 

Rare 

No 

School 
Nunes 
Records 

Yes 
h l y  

Arranged by 
Dimrue 

Discharge 
Diagnostic 

Indexes 

No 

h e  

Yes 
by Discharge 

Diagnosis 

Atypical 
to Arrange 
by Disease 

Confidentiality I Other I 

Yes 
R-~Y 

Arranged by 
Disease 

Atypical 
to Arrange 
by Disease 

Industrial 
Facility 
Employea 
Records 

Yes 
Rarely 

Arranged by 
Disease 

Variationinhospitalization 
Catchmentpatterns 

Issues 

No 

Yes I 
Variationin utilization 

Issues 

ER Catchment patterns 
Quality ofclinical diagnosis 

Ran 
Atypical 

to Arrange 
by Disease 

Variationin utilization 
Catchmentpatterns 
Quality ofclinical diagnoms 

Yes 
R-~Y 

Arranged by 
by Diselue 

Variationin utilization 
Qualify of diagnosis 

Yes I 
V d a t i o n i n  utilization 
Qualify of di agnosis 

ATSDR Public Health Assessment 
Guidance Manual 



Appendix I 
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Allow for analysis of disease patterns in 
geographic areas 

Advantages: 
Analysis of diseases that  are not target of 
previously described systems 

Disadvantages: 
Typically uneconomical and inefficient unless 
few providers in an  area 

Authorization required 
Difficult t o  define catchment population as 
utilization patterns not residentially bound 

Utilization of medical care influenced by 
disease severity 
insurance coverage 
accessibility 
physician practices 
personal preferences 

Quality of clinical diagnosis variable 
Demographic characteristics hard to obtain 
Lack of available comparative data 

- - - -- 
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MEDICAL RECORDS • , 

NATIONAL DATA SYSTEMS 

NCHS National Hospital Discharge Survey 
(1970- ) 

Summary data on sample of U.S. hospital 
discharges 

Diagnoses, surgical procedures, patient 
characteristics 

426 hospitals in sample, covering >200,000 
dischargedyr 

Commission on Professional andHospital 
Activities (CPHA): 
About 40% of U.S. hospitals utilize service for 
compiling data on patient discharge diagnoses and 
characteristics. Data for a 1% representative 
sample of U.S.. hospitals also reported (1980- ). 

NCHSNationalAmbulatory Medical Care 
Survey: 
A sample of 3000 private physicians who 
voluntarily report on diagnoses and 
characteristics of patients office visit during a one- 
week period. 
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Provides information on the number of persons 
and demographic characteristics of persons 
residing in geographic areas. 

Major sources of census data: 
1. U.S. Bureau of Census - conducts total 

enumeration of U.S. population by age, sex, 
residence, racelethnicity, education, occupation 
status every 10 years. 

Census data are available in publications and 
in computerized format through various 
repositories. State health departments and 
some local agencies maintain census data for 
their areas. 

Census data can be disaggregated at various 
levels: national, regional, states, counties, 
cities, census tracts, and blocks. 
Disaggregation for smaller subdivisions such 
as  census tracts or blocks may not be possible 
for rural areas. 
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The Bureau of the Census has also devised a 
system that is linked to latitude and longitude 
crosspoints. These grids can be aggregated into 
special areas of interest which do not strictly 
comply with census units. 

2. Population estimates between national 
censuses are also prepared and published. 
Some estimations are based on analysis of 
patterns such as housing starts, utilities, tax 
returns, school registration, etc. Other 
methods are also employed. Intercensal 
estimates obviously are less reliable than the 
U. S. Census counts, may be limited to certain 
areas and may not hold for small subdivisions 
within larger areas. Such estimates are 
typically available from state health agencies, 
governmental planning agencies, etc. 
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CENSUS INFORMATlON 

Demographic information, such as locations of 
households, population size, and agelsexl 
socioeconomiclethnic characteristics of 
inhabitants, is necessary to identify, enumerate, 
and characterize populations that may be 
exposed to hazardous contaminants. The 
primary source of demographic information of 
the United States population (including that of 
Puerto Rico and outlying areas under U.S. 
jurisdiction) is the Bureau of the Census of the 
Department of Commerce. Although the 
Bureau of the Census serves as the largest 
single source of demographic information, 
health assessors should not limit their search to 
only that information provided by the Bureau. 
State, regional, and local planning departments 
also serve as important sources of site-specific 
demographic data. Planning departments 
monitor demographic trends and can provide 
updated population estimates and identify 
areas with demographic features of special 
interest to the health assessor (e.g., the 
locations of schools, hospitals, nursing homes, 
minority neighborhoods, and recreational 
areas). Planning departments also have 
site-specific land-use and zoning information 
that is useful in the health assessment process. 

The Bureau of the Census performs a United 
States population census once every 10 years 
collecting information on, among other things, 
population size; age, sex, and e thnic  
characteristics, and distribution of the  
population. The most recent population 
census was taken in 1990, and data should be 
available in March 1991. Collected data are 
organized by geographic regions (West, 
Midwest, South, Northeast) of the United 
States, and each geographic region is split into 
two or three divisions. Those divisions, which 
are groupings of states, are broken down 
further into a series of progressively smaller 
units. Some of the geographic units are 
governmentally defined (e.g., states and 

counties), and some are defined specifically for 
statistical purposes of the census (e.g., 
divisions, census tracts, and block groups). It is 
important to have an understanding of the 
geographical breakdown of the census in order 
to be able to properly interpret population 
information from the census. Relationships 
between the geographical units used in the 
census a r e  presented in t he  Bureau's 
publication, Census '90 Basics. This 
publication also includes information about 
data collection and reporting for the 1990 
census. 

Useful demographic information can be 
obtained from several publications, data tapes, 
and maps from the Bureau. Particularly useful 
Bureau publications, with data for enumerating 
and characterizing populations near hazardous 
waste sites, are: Number of Inhabitants (Series 
PC80-A) and General Population 
Chamcteirfics (Series PC80- 1 -B), Census 
Tmcts (Series PHCSO-2), and Blcrck Statistics 
(Series PHC80-1). Number of Inhabitants 
provides population count data down to the 
level of incorporated and unincorporated (of 
greater than 1,000 inhabitants) towns and 
townships. The publication is available by state 
in either paperbound or  microfiche form. 
General Populotion Characteristics contains 
data on the age, median age, sex, males per 100 
females, race, and urban or rural status in 
geographical units down to the level of small 
towns (1,000 or  more inhabitants). The 
publication is also available by state in either 
paperbound o r  microfiche form. Both 
publications contain relevant maps which show 
boundaries of the state, counties, minor civil 
divisions (MCDs), or census county divisions 
(CCDs), and all places recognized in the 
census. The Bureau of Census publication 
Census Tracts may also be  helpful in 
enumerating and characterizing potentially 
exposed populations. This publication 
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presents population count, age, race, and sex 
data for census tracts (statistical subdivisions of 
counties) in metropolitan statistical areas 
(MSAs, equaling one or more counties around 
a central city or urbanized area of 50,000 or 
more inhabitants). The usefulness of that 
publication may be limited, however, because 
many of the hazardous waste sites evaluated 
may not be within MSAs (1). The publication 
is available in paperbound, microfiche, and 
computer tape form by MSAs. If further 
resolution of population data for areas 
enumera t ed  by blocks is desired,  t h e  
publication Block Statistics (Series PHCSO-1) 
may be consulted. That publication contains 
information on population statistics by block. 
The Block Statirtics report series is available by 
state in microfiche form and is supplied with 
state block and MSA block index maps. 

The Bureau of the Census also has several 
informative computer tapes available. Those 
data tapes are entitled Master Area Reference 
Files (MARF). The MARF tapes, referred to 
as MARF 1, provide basic census counts 
arranged from the state to block groups (BGs, 
subdivisions of census tracts) or enumeration 
districts (EDs, for areas that are not block 
numbered). The tapes contain numeric codes 
and names of geographic areas used in the 1980 
Census and are available by state. MARF 2 
contains, in addition to the basic census counts 
as in MARF 1, geographical coordinates (i.e., 
latitude and longitude) of population centroids. 
This set of tapes contains latitudinal and 
longitudinal coordinates and numeric codes for 
geographical areas and is also available by state. 
MARF 5, the Zip Code Equivalency File, 
associates zip codes with BGs or EDs. This set 
of computer tapes, available by state, contains 
population count data by state down to BGs or 
EDs and zip code areas. 

Printed publications of the Bureau of the 
Census are available through the Government 

Printing Office [GPO; Superintendent of 
Documents, Government Printing Office, 
Washington, DC 20402; tel. (202) 783-3238]. 

- Publications on microfiche or on tape can be 
ordered from Customer Services, Data User 
Services Division, Bureau of the Census, 
Department of Commerce, Washington, DC 
20233; tel. (301) 763-4100. Some Bureau of the 
Census reports are accessible through other 
sources such as Bureau depository libraries or 
district officesof the Department of Commerce 
(refer to Appendix C of USDOC, 1986). 
Regional Information Services of the Bureau 
of the Census may be of assistance in providing 
information on Bureau publications. For other 
publications of the Bureau of the Census that 
may b e  of use in enumerat ing and 
characterizing potentially exposed populations, 
consult the Census Catalog and Guide 1989 (2). 
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The following information is reprinted from C h u s  W &sics, a publkation of the U.S Dcparmrent of 
Commerce. Bureau of the Census 

US. BUREAU OF 
THE CENSUS 
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THE IMPORTANCE OF 
THE CENSUS 

Two hundred yeam of 
taking in America oertainly quali- 
fiea the decennial count as a 
national tradition. The results of 
the enumeration of people and 
their housing units every 10 yeara 
reflect the social and eumomic fab 
ric of M c a n  life. Accurate 
counw from the 1990 census will 
be the bash for pluming our com- 
munities, making bulbaa deci- 
sim. and acoompliahing a hoat of 
other activities in the lamt decade 
of this century. The amua d#, 

' will help provide a solid statistical 
framework for the 21at ~811tury. 

TbeCerunw Bureauexpbctsto 
employ an army of 480,000 cannus 
workem-mam thrn the number of 
people who join the Armed Farces 
in a year--over the psriod 1988-91. 
They compile and check addrew 
Lists and gather and procem vitd 
infomation on approxhately 250 
million people and 106 million 
houmngunitsinthe.unibdshtes. 
T h a y . b o e n ~ p s o p l e m d  
hamagunitsin Puerto Rico. the 
V i  Islands of the Unitad 
Stab.  GuUu tbb chnnmml-th 
of the NoIthenl MuiMa Ialaada, 
AmeaicanSamoaandPalau 

Tbedtawil lbea-Day 
snywhot of population. m&mce 
nomic and housiug hracmn& . . ca. 
The data collected will influence: 

* Foiitical power-The number of 
smta to which each Stab is enti- 
rbd in the U.S. Haum of Rsprt 
santatives is detsrmined by am- 
sus numbers. and the bomdnries 

aekctedforcozyZressioaaland 
Stab IeginWve W c t a  ue 
~ y ~ b y t h e m . A t  
the arunty and municipal levels. 
election districb must be drawn 
~oensusstatiaticstoansure 
equal 

Fedsrrl sad St8tepmyp.m 
t u D d e h d a t a u e u s s d b y  
Federal and State govcmmatd 
to distribute billioas of dollan 
erchyeartotheNation'sLoca 
gowmments for a wide variety 
of public p u p x m .  

P ~ f o r t h e f u ~  
data ue vital in j b m h g  ~ o r p  

munity, private. and public fad- 
itibsandspavices,machasshap 
piag centem. rrhmlr, and home 
health care. Accurate oansus C ~ d d r s s s s s f a r ' 9 0 ~  
infamatiorrb-ti8ltothelp 
ennUe the 8UC- of 
developments. 

ACTIVITIES FOR 
CENSUS '90 

IrrlfM4.theJlO.ybuos~1s 
cpcb-With8-0f- 
d public mmmart-bal public 
m r r t i n e s . w ~ . F & d  
dur fonun~ a-fdlarred by 3 
~ 0 f ~ t 4 8 t m a l v l l l  
t o w ~ ~ d p m o b  
durafartlmbi#awt.AfuU 
dm8rshsrrsrlnrsWintbc 
aping of 1988 in parta of Mimmi 
UKlwdingm 

A ~ o f ~ ~ ~  
withprspuinedc4xhahgthe 
~ t h a n f * H a r e a r e  
highkhta about -me of them: 



Postal workers sort census questionnaires 

by census taken. lbqmdemts will 
b e r s k s l t o ~ c e n s u s q u e s  
tiom and renun forms by Census 
Day, April 1. Thub. ths cansus is 
truly a "bit-yaurself* couot. In 
the mom sparsely settled areas and 
in Punto Rico. enumsntors will 
pick up and. if nemmry, help 
respondents complete the question- 
naires. On the n@t of March 20. 
enumerators wrll count people liv- 
ing in preidenti6ed shelters. on the 
streeu. and in similar situations. 

and provide documentation to sup 
their codusiona. The pre 

gram consists of two -: a pre 
c s n s u s r e v i e n o f ~ o n t h e  
number of lmmag units derived 
fromadd1~8Lisbinareasfor 
which the Censue Bursau compiled 
such lists. and a poammm rwiew 
of pr " ' y h e u n i t  counts 
from the census. Cenw staff will 
use the results of each rwim to 
pinpoint sreas in d of comeetive 
action. 

The Follow-Up-The calmla 
mta Fmaw&--ts nill 
rearm most m g u s s t i m  

Blnsau will have about 300.000 bymailtoansofovar4Wdistrict 
temporary worLsrs during this ~ f k ! S ~ D O s l o r t o o n s ~ f ~  
peak period Many help by follow- 
ing up. either by phane or per#mal 
visit. at houaag units for which 
the Census Bureau has not 
nrsivsd a qumhmb or received 
one not completely 6lled out. Abo. 
the e a ~ ~  collect informa- 
tion about vacant units and for 
people living in group quarters. 

L a d  Rmitw-The Census 
Bunau's L a d  Revisw Program 
giveslocalofficiabop~tiesto 
mt ouc - W- heupit i . . . 

coverage appears w, be inamplete Census Day is on April 1st 
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proasslng centers. The distxict 
office8wlllpelformoertrinclerical 
cbscbngaad*-an 
tbbql=-MtLyym - * the initial pmamhg, the 
qmstionnairesdbytheldib 
trictofha.repackdintotnrclra 
w h i c h a r e m a l e d f a r ~ . a n d  
s e n t t o m o f  tbepmamhgaen- 
t Q I t o b e n a r l t & l m ~ .  

TbslaR==hg- 

C o n v e r t ~ i n t o  
c o m p u c e r ~ f o r m u a i n g  
FOSDIC (Film Optical ,6nrin9 
DeviQ for input ta computersl 
-t 

Edit the data by caxputar to 
chsck for c o m p l e ~  and can- 
aist4ulcy 

Tnnsmit data e k t m i d y  to 
(hnmua Bureau bdqumea,  or 
d q u e a ~ b a c k t Q d i &  
trietof5cmifulditinmalfdow- 
up is requld 

b the data have anived at 
Csasus Bureau bdquamm CeP 
sus Bureau staff: 

Mom computer coding, edit 
in& and relatad apations to 
prepam the tapm tcrlbd aiited 
d s t r i l f i l e s ) w i r h t h 6 ~ f o r  
a l l~urr i tsmdiad iv iduab 
faprogsaing 

R.lur+ms-=DeP- 
m m t o f ~ d ~ 1 9 9 0  
a M M o n J n t s t o t b s ~ d  
t o t b s s t a t u l b y t b s ~ m t  
forth in Title 13 of th U.S. Coda 
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1990. for the total population 
count bv State and April 1. 1991. 
for detailed population counu 
within each State. If no decision on 
adjustment has been made by the 
statutory deadlines. the d t s  of 
the traditional enumeration will be 
published with a notation stating 
that these population counts are 
subject to possible correction for 
undercount or overwunt. If a deci- 
sion is made to adjust. the 
adjusted figum will be demd no 
later than July 15. 1991. (Addi- 
tional information on data prod- 
ucu presf!nung 1990 cenmrs IeSUIts 

is furnished later in the "Data 
Products " section.) 

CONFIDENTIALITY 
Census officials are k h l y  aware 

of the importance of confidentialitv 
in taking the census. Conducung a 
census in a democracy that values 
personal privacy requires special 
steps u, gain cooperation. Title 13 
of the U.S. Code authorizes the 
census. outlines its timing and 
scope (and the scope of other Cen- 
sus Bureau censuses and surveys). 
requires the public to answer the 
questions. mandates that all indi- 
vidual responses be held conliden- 
ti81 and sets the d t i e s  for dis- 
closing coddentik information. 

Census publications and other 
products generallv contain com- 
bined statistics for geographic 

.4 p t e r  on w a y  in Census B u ~ a u  
buildings -. -. - . - -  - 

J - 6  

Poster done by Jennifer Costello. a pupil in the 5th grade at the Sbaw Visual 
and Performing Arts Center. St. Louis. Missoh 

a=. Also, samplea of respon~ej 
(with =am. addresses. and other 
identifying information runoved) 
am available for usars who want to 
deumgn their own tabulations. The 
census qwstionnaire doea not ask 
for Sodsl Security numbers. 

The Bureau works hard to 
ensure that m t i a l i t y  is not 
b d e d .  Edits are pedormd on 
all data producta to make sure con- 
fidential information is not released 
for any individual or household. 
Confidentiality means that only 
snarn ernpbyew of the Census 
Bureau may have amma to individ- 
ual amus  infomarion for a penod 
of 72 yearn. with the axaption 
that individuals or thair legal rep 
~ t a t i v w  csnobfrinof6dal 
tmmxipts of infamuion about 
t ) u m u l v a r 6 u a l a ~ f o r u a e  
a s ~ 0 f ~ ~ .  
sup, or the lika 

Aftm 72 yearn. the mads 
beoanepublie.Copiesofcansus 
rr)rrhrlar (forma on which en-- 
atars recordsd infomation) from 
1790 thmug.h 1910 are available. 
usually on microfilm for researth 
at the National Arcbivw and a t  
Libraries in various parts of the 
unaaey. --- - - - 

CENSUS CONTENT AND 
SAMPLE DESIGN 

Information from the 1990 cen- 
ma will be derived either from 
questions asked of the emtire popu- 
lation or from questions asked of 
only a sample of the population. 
Those questions asked about every 
person and housing unit are called 
1Wpercent or short-form ques- 
tions. The others are called sample 
or l o ~ f 0 r m  questions. 

- Those howeholds receiving the 
short-form questionnaire will be 
a8ked only the 100-psroant q u e  
tiosrs. and those M v i n g  the long- 
farm q u a s t i d  wi l l  be asked 
both the sample queationa and the 
1Wpercent questions. 

Some 17.7 million hauarng units 
will receive a long farm out of an 
estimated total of 106 m;P;rm 
units Sampling ram dl vary 
dspsndrne on geo(g.phie locatian 
a d  population size. Key alrrmpnts 
of the scheme are as fallons: 

Haumiag units in govaramantal . . .  j m .  mch M -ties 
and h a p m t d  with an 
eshated popuLtiaa of fewer 
thn 2.500 in 1988 dl be mn- 
pled at  the ram of 1 in 2 - - 



Jmct iona  having an eat& 
mated 1988 populatian of 2.500 
or more will be sampled at a 1- 
in-6 rate. exmpt for very p o p  
lousaensuspactsdblodr. 
n m b d n g  areas lbaaed on p m  
c e r r s u s ~ u n i t ~ t a l t h a t  
willbeSampledat 1in8. 

Data items that d be collected 
~ s h m i n f i g u R l . T h e 1 9 9 0  
qumtiona are aimilar tn those 
asked in the 1980 csnsus. This ia 
primarily becauae of the continuing 
mqmtame of basic facta about the 
population and housing of the 

Natias and the need to have am- 
parable data for - c h g e a  
gCeLllljlL80verth8dauIde. 

Tabuhiam of data from the 
l O & p e n x n t ~ w i U b e p r e  
p a d  for arsao M umall as a blo& 
(Bee *ption below). as 4 M 
~ ~ B e c a u a e l ~ t  
dataarenotsubjeettomnphg 
vtuialdity, they are u#aate for 
 area^ an small M blocka. 

Tabuhiam h m  the oample 
~ n i l l b e p l a p a r e d f o r a r e a s  
as d as block groups and for all 
gtwemmital units, census tracts. 
and block numbering areas. The 

highs ma@e rate for Qn31 mma 
c b # i b e d a b o v e . i s ~ t o ~  
d p o s d a u a s ~ ~ t h a t f o r  
lagsl-• 

Progssing rrmnle daw which 
 oft^ in* n i i w i n  mspmem, 
n i U t a k e ~ t h 8 I l ~ o f  
1ooparcezrt data. Thmbe, 100- 
pecantdahformyamadlbe 
avdeble Mom the mnpie date 
f a  that uea Th6 amount of detail 
publishedwillingensrrlbe 
g r s r b r f m l a r g e ~ l i k e ~  
tklagecitiea.matmpditrnata- 
tistieaax8M.andStstsa 

Figure 1. 1990 CENSUS CONTENT 

1WPERCPJT COMPONENT 

PopPLtion HorrriDg 
Household relationship Number of unita in structure 
Serr Number of mme in unit 
Race Tetuum-ownd or rented 
Ace Vahre of home or monthly rent 
Marital status Cuagmgate housing (meals induded in rent) 
Hispanrc origin . . 

v-cy- 

SAMPLE COMPONENT 

Popuktion H e  

S o d  chuac&tia: Year moved into residena 
Education-enmllment and attainment Numberof bedrooms 
Place of b i  citmmhip. and year of entry to U.S. Plumb@ and kitchan facilities 
An-try Tabphoneinunit 
Lamguge spoken at home VeWea available 
Migration (resideaQ in 1985) Hsltingfual 
Dinability Saxwofwatmdmetbodof senagedisposal 
Fertility Y o u  strucnYs built 
veteran status 

. . 
Caadormnarm atatua 
F m n  lvdence 
SMter costa. hhdbg utilitk 

Economic &mcalistics: 
Label f a z  NOTE: Quemtiona deal& with the aubjecta a w e d  in 
Oaxpation. industry, and class of worker t b e l O O . ~ t c o m p o n a n t w i l l b e ~ o f . 1 1  
P h  of nork and journey tn work p a r a r r s d h o u a i n g u n i t s . T h ~ ~ b y  
Work m e m e  in 1989 ~ ~ c o m p o ~ ~ ~ t w i U b e M b d o f a p a t i a n  
Income in 1989 m ~ o f ~ ~ t i o n d ~ u n i b .  
Year last worked 
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GEOGRAPHIC AREAS 

Censusdatauepmvidedfor 
various poktical and statistical 
areas. Many are ill-ted in fig. 
ure 2. (See page 6.1 

Polifical areas 

United States 

States, the District of Columbia 
Pueao Rico, the virgin lalsnds 
of the United States. Guua the 
Commonwealth of the Nathern 
Ma- I t d d a .  Ammican 
Samoa and Palau 

Congressional districts 

voting districts 

Counties 

Minor civil divisions (MCDs; 
legal subdivisions of counties. 
called townships in many States) 

Incorporated plaoes (cities. vil- 
lages, and so forth) 

American Indian reservations 
and assodated trust lands 

Alaskn Native Regional Corpora- 
tions (ANRCs) 

Statistical arena include: 

Census regions and divimons- 
The 50 States and the District of 
Columbia have been grouped 
into four regions. each contain- 
ing two or three divisions. 

MetropoLtan statistical amas 
IMSAs). formerfy h o r n  as stan- 
dad meuopoiitm itatistical 
aner~ (SMSAs)-Aress d t -  
ing of m e  or more counties 
(minor civil divisiom in New 
England) iucludiag a Large popu- 
lation nucceus and nsarby am- 
.inunities that have a high r k g m  
of interaction. Rimay metropol- 
itan statistical (PMSAs) 
are MSAs that make up d- 
dated mevopolitau statistical 
areas (CMSAs). 

U r b m i d  arws f U A d - D e w  
by population density. each 
indudk a amual city and the 
yumnmriing dosely settled 
urban frine! csuburbsl that 

J - 8  

oansus 4060 and 4061 a d  their blocks 
map has bean rsdugdl 

together have a popuiation of (kclms tracts-SmaUloclrlly 
50,000 or more with a population de6ned a t a t i a t d  acme in met- 
demity genaally exoesding rqditan arena d soms other 
1.000 people persquare mile. ca\mties. They g e n d l y  have 
u--All- Living s t r b l s ~ d . n 8 ~ 1 .  
inurban;zarlareaaandinplama age population of 4,000. 

of 2.500 or mom pogulatidn out- 
skb of UAs anlatituts the Blmk n- (BNAsl- 
" u r h n " ~ d l o t h a s  A m m c M l n ~ i w i t h h h  
amtituta the "nuJ" papula. for gruuping md number 
tjnn ineblockaandnpatineauib 

o f a a w t y d c 6 d b y t h e C k n -  B & d r g n o u p s 4 ~ o f o a p  
sus Bureau in umpaarian with ml8bkkBnithinntrrrs 
Stab offidab in 21 States where 
m i n o r a v i l d i ~ d o n o t e d s t  

cud BNAa ~Thula rspLes the 
distriete (ED4 for 

o r u s n o t ~ f o r p r a i u c  r r h i c h t b e c h a u a B ~ ~  
ing subcaunty statistics. d a d  data for m m ~ r  .rsu of the 
a m u ~ ~  dd#nated pk%S Nation in the 1980 -1 
ICDPSI-My senbd papula. 
tioncant8rawithaut Legally Blocks-The a i n a h t  aannrs 
de6ned cotpomte limib or axpe g w g m p h c ~ a a d ~  
rats mm'ern. ~ L y ~ 8 n d O t h C f  

ATSDR Public Health 
G L l i c m m M d  



P-t physical features. Figme 2. 
County, MCD. and phm limits 
a b o s e r v e ~ b l o c k ~ .  
Blockanlay be as d m  a typ 
i d  city block bounded by four 
streataoraslargb~mwd 
~ m i i e s i n M l j ( ~ l d a a T h e J  
1990oeasuswillbetbefirstcs~ 
sun in which d.ta will be avail- 
abb by block for tbe antire 
Nltioe 

A h h  NaLiM yiuIclb statibLiCd 
Msrs ~Am'SqskA 1990 - 
s ~ t i c a l u s r t h a t ~  
thb nettled m a  of eaeh ALaaLa 
Native (ANVI. Of6cbla of 
Ahaka Native &&ud Corpora- 
tiom (buaineaa and nonprofit 
cmpomte entities) outlined the 
ANVSAs for the Cams Bureau 
for the sole purpose of prsssnt- 
ing1990~luusdats 

ZXbal deqaaod statistid 
man (TDSAsl-Geographic 
nrema outlined for 1990 csnsus 
tdnhticm purposss by Amsri- 
UD Indian mbd  offidab of r e e  
ogmdtribss that donot have a 
mcxgnmd land area 

'Ih'bd jurisdiction stat is t id  
atws r TJSAskGagmphic 
a m  delineated by tribal offi- 

Geokaphic Subdivbio~ in a MatmpoIitaa County .......................... 

AREA 
M ~ t u l ~ k a ( M S A ~  
d-+-um+aty 
dthmmmamb# 
==wak thm A k a l 2 x E h /  
+ ~ w - " B L f r " -  putof c 
rhrhurhombrd 

I m w p l m W d b - c a y l  

U M A m  
(dlrhdd- 

IooDlPPrPd PI.01 
M i m ~  Civil tMCDI ar 

&,,,,w ,m 

-- 
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Appendix J 
Census lrformation 

. ............. ................................................ d in a Non-Metroplitan County 

POPULATION SIZE AREA 

Mhm Civil Diviakm IMCD) or 
CemM Caunty Diviakm ~CCD) 

BLorkNumbarng~rca(ussdin 
m t i a a  that do nor have 
canrms track31 

- Block Group (BG: subdivision of 
~ t r u t d a r b l o c L n ~  
rrw* BG'r in m d  amaaumdly 
urLgsrin~rsr,ch.nthoeminmons 
& a e d y ~ ~ )  

ATSOR Public H- 
ClLlnrreeM- 



DATA PRODUCTS 
The products from the 1990 cen- 

sus will be avallnhln in a variety of 
new and traditional media The 
Census Bureau expects the tradi- 
tional media forma-printed 
reports. maps. and cumputar tap 
es-to provide the largest amount 
of 1990 census data to users. I t  
also will release a number of prod- 
ucts on microfiche and CD-ROM 
laser disks and through its online 
d m .  C E ~ A T A ~ .  ~ e e  the 
lists of products. figures 3. 5, 
and 6. 

Rinted Repone-Printed reports 
will be the most convenient and 
readily avadable source of data for 
many c e w s  users. Data presented 
in the 1990 census reports will be 
similar in kind and quantity to the 
data contained in reports resulting 
from the 1980 census. As in 1980. 
the reports will not indude data for 
blocks or block groups. 
The census data contained in 

printed reports are mangeti in 
tables. as illustrated in figure 4. 
Population and housing character- 
istics are presented for spedfied 
geographic areas: for example, a 

. . table may pxwent the number of 
rented houslng units in a census 
tract. the number of pasons 65 
years of age or older in a city. or 
the total population of a county. 

The Census Bureau will release 
1990 e m s  reports in weral  
series. described in figure 3. Report 

series that present data at the 
d - a r e a  level, such as census 
tracts. will contain limited subject- 
matter detail (for examph, counts 
of people by age ranges-under 5 
yeam 5 to 9 years. etc-rather 
tbanbysngleyears).Repartethat 
include greater amounts of subject- 
matter detail will indude less gee 
graphic detail 
There are severai impartant dif- 

ferences betweem 1990 and 1980 
repolts: 

SpeediarreleaeeofdataOPeof 
the Census Bureau's major goab 
for 1990 is quicker reEease of 
data products. RepaJ will be 
published over the penod 1991 
thraugh 1993. 

Fewer report series for '90. In 
1980 users had to grapple with 
several report series that wem 
superseded by latar reports. 
Therewillbenopl" ' yor 
advance reports for 1990. 

No reports like the 1980 D e  
tailed Population Chamaaistics 
or the 1980 Metropoiitan Hous- 
ing C ~ t e f j s t i c s .  Instead 
much of the infomation previ- 
Ouay showninthemreportswill 
appear in the seriea of subject 
rqnnts and associated computer 
files. 

More subject reports for 1990. 
Generally they will offer only 
hatianal level date: some repwts 
may include data for other 

h i s h l ~ p o p u l a t e d ~  
a r m  such as states MSAS. 
cumiea.orlargeeitieg 
O t k ~ f a r ' 9 0 . T h e b  
~ ~ ~ B u ~ ~ a u i a m a k i n g w m b  
c h a n g e s i n & W a y t h a t ~  
displayramandHisprnicstatib 
tiEa In 1980. aabgbtdbwaa 
IWpaltdforeQchrrros~far 
~ I n 1 9 9 0 , m o & ~  
willgmuptogsCbar.ii-for 
aspe&craesorfaHispanica 
makingitpoanibbfgttbbumr 
totrrtnallthe' ' " for 
earhgroupinomphm. 

CampPtaTapW-Deoannialcen- 
sus data have beem avriLble on 
camputartapsssirrasths1960cen- 
sua The k u u a  Bursau prwides 
nruch~dataontapethanin 
printed reporu. and ail of the tabu- 
lated figures. whether in print or 
n a . a p p e a r o n ~ * w = J -  

- - -  -.;: .,-...... -:=:.-. 
k- .. -. .- --;:r 

Public Law @ 4 - 1 7 l ~ ~  
amoouPtsthatSUtmuaeinlagb 
lative Thfa data 6le 
willbetheearliest1990osnsus 
producttoprovided.t.forareae 
SmakthaUStateamdtbefirst' 
anaxaputgltapa~arrmts 
ala~ will be availahla m CDROM 
adinprintoutaofthsamputra 
tapaE.esrptswillbervld.bleon 
CENDATA The anmb will 
indude tot& for poprLtiop ram 
BroPps,Hispanrcad-newto 
t h i s p r o d u c t i n l 9 9 0 - - ~  
1 8 p e a r s d o v e r 9 d ~ a a i t  
anmts .This~ tha tpopJa t ioa  
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Appendix J 
Census Informatton 

- -- -- ~p 

Figare 3. 1990 Census of Populatiou and Housing Printed Reports 

Suiea Title 

Unit of iseuel 
p r o w  
rclease date 

POPULATION AND HOUSING 
1-nr data 

1990 Summary Popuia- A report for the U.S.1 Population and housing Local govenunental units 
CPH-1 tion and Hooaing 1992: each State and unit couats. and sum- (i.e.. counties. i n c o p  -- 

C h a t a d t i c a  DC11991-1992. mary statistics on age. rated places. and t o m  - 
sex. race. Hispe.uk ori- and townships) and Amer- 
gin, household relation- ican Indian and U k a  
ship. units in saunure. Xative areas 
value and rent. number 
of rooms. tenure. and 
vacancy characteristics 

i990 Population and h report for the U.S.i Total population and States. counries. minor 
CHP-2 Housinq Unit 1992: each State and housing unit counts ior civil divisions tMCDsll 

Counts DCll991-1992' 1990 and previous cen- census county divisions 
suse9 (CCDsl. places. and sum- 

mary geographic areas 
(for example. urban and 
nual. metropolitan and 
nonmeuopolitan resi- 
dence, 

1Wperctnt and sample data 

Population and h reporc for each MSA Statistics on 100- In MSAs: census tracts/ 
Housing Cbarac and each Stam1992- percent and sample BNAs. places of 10.000 or 
terhtica for Cen- 1993* popuiacion and housing more mhabitants. and 
sun 'haas and subjects counties. In the remain- 
Block Numbuing der of each State: census 
.ba le  tracts BNAs. places ii 

10.000 or more. and coun- 
ties 

1990 Population and A report for each State Statistics on 100- Congressional districts 
CPH-4 Housing C h a m  and DC11993 percent and sample CDs) and within CDs, 

teristiar for Con- population and housing counties. places of 10.000 
grenaionai Die subjects or more mhabitants. 
tricts of the 103rd MCDs of 10.000 or more 
Congress in selected States. and 

American Indian and 
Alaska Native areas 

Sample data 

1990 % n u n f u y ~  A report for the Statistics on 100- Local governmental units 
CPH-5 Economic. and U.SJ1993: each State percent and sample (La. counties. in- 

Housing Cbarac and DC11992* population and housing rated places. and towns 
teris tics subjects and townships in selected 

States) and Amencan 
Indian and Alaska Native 
areas 

- 

*Repons ior Puem Rico and the Virgin Islanda of the Unitad Sutea us included. 

ATSOR Public Health Assesgmen 
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Figure 3. 1990 Census of Population and Ho-g Printed Reports-Con. 

Suies Title 

Unit of iseuei 
pm- 
nlsare date 

POPULATION 
1-t dAta 

hurl Popula- A report for the Detaiied statistics on States. counties. pieoeS of 
tion Cbaracruie- U.SJ1992: each State age. sex, race. Xispamc 1.000 or mom inhabitants. 
tics and DC11992* masital status. M C D s  of 1.000 or more in 

and household relation- & c t d  3ma4, S t ~ t a  
ship c h a r a c ~ r i c s  parts of Indian 

and Alaska Native areaa 
a n d s u m m a r g ~ ~  
areas such aa urban and 
rival 

1990 hd Popula- A single repom Detailed statistics on 4merican Indian and 
C P- tion Cbaracruis- 1992 age. sex. race. Hispanic .UasLa Native areas. ia. 
1 - 1 A tics for American origin. marital status. American Indian merva- 

I n d h  and and household relation- tions, trust lands. tribal 
ALub Native ship characteristics jurisdiction statistical 
Arus areas in OLlrhnrna 

Alaska Native village sta- 
cistidareAB.ndAlaska 
Native regional axpom- 
ti- 

1990 C s n d  Popda- A single repow Detailed statistics on Individual MSAa and 
CP- tion Chsmrruis- 1992 age. sex. race. Hispanic their component areas. 
1-1 B tios for Metropoii- origin, marital starus. For MSAs split by State 

tan Statbtieai and household relation- bourrdanes. sumxnaries 
Anas shrp characteristics are provided both for the 

parts and for the whole 
MSA 

1990 hd Pop&- A single repom Detailed statistics on Individual UAs and their 
CP- tion Characruie- 1992 age. sex. race. Hispmc component sress. For 
1-1C tia for Urbdzed origin. marital status. UAs split by State 

Amam and household relation- baundsries.summaries 
ship charactaistics are provided both for the 

parta and for the whole 
UA 

h p l c  data 

1990 Sockl and Ece A report for the US.. Statistics on 100- Stues (indudmg summa- 
CP-2 nomic Chamcur- each State and p r a a t  and sample ieasuchrsurbanand 

utice DC/1993* population subjects nxd. c o u a h  phcm of 
2.300ormors' 
MCDa of 25W= 
a e h d  S- and the 
State pardam of 
1ndi.n and Ahaka Native 
amm 

ior Purrro R i a  .ad the Virgin Idmda of che U n i d  St.ro ur IB&&. 

ATSOR Public Health Assessment 
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Figure 3. 1990 Gnme of Population and Homing Printed Repom-Con. 

Unit of b u d  

Saiea Title relaw date Dmaiptim Geographic srcere 

POPULATION-Con 
sample dAt44n 

1990 S o e L l m d b  A single report1 Statistics on 100- American Indian and 
CP- nomicchmxer 1993 perwnt and sample Alsska Native areas. as -- 
2-1A irtia far Am& population subjects for CP-1-1~  

- 

anindimd 
Ahaka Native 
Ahu 

1990 M m d b  A single repod Statiaucs on 100. Individual MSAs and 
CP- aomic c h . c t ~ .  1993 perant and sample their component areas. as 
2-1B istia for Me- populauon subjects for CP-1-1B 

politan StatLtical 
Am8a 

~ - -  

1990 Sod.landE- A single repom Statistics on 100- Individual UAs and their 
CP- nomic C h a m  1993 percent and sample component areas. as ior 
2-1C i a t h  for Urban- population subjects CP-1-1C 

izcdArras 

1990 Population Sub A report for each AppmdmatPly 30 Generally limited to the 
CP-3 ject Repons subject11993 reports on population U.S.. reeons. and divi- 

cemw subjecu such as sions: for some reports. 
migration. education. other highly popdated 
income. the older popu- areas such as States. 
lation. and r h a l  and MSAs, counties. and 
ethnic groups large cities 

HOUSING 
lOOpcmnt data 

1990 CcovalHoUg A repon for the U.S.1 Detarled sraustics on States. counties. places oi 
CH-1 Chumcruistica 1992: each State and units in suucture. 1.000 or more uhabitants. 

DC11992' value and rent. number YCDs of 1.000 or more in 
of rooms. tenure. and s e k t d  States. State 
vacancy characteristics pans of American Indian 

and Alaska Native areas. 
and summary geographic 
amas such as urban and 
d 

1990 Houdng A srngle repod D e W  statistics on hmrican Indian and 
CH- hrrairtia 1992 units in suucture. AUra Native mas. ie.. 
1-1A forAmcri~lll value and rent. number American 1ndi.n r e m a -  

Indim md of rooms. tenure. and t i w .  vust lands. tribal 
&aka Native vacancy characteristics jurisdiction staristical 
t b a 8  aroma in Oklahoma. 

rUdra Native village sta- 
tistical areas. and Alaska 
Native regional corpora- 
tions 

*~cporu ior Puma Rim and the Virgin I h d s  oi the Unitd Sum ue d u d a i  

.--. 
J-14 ATSOR Prrblic Health Asseesmen 

wdmceM81XIII( 



Figure 3. 1990 Census of Population and Housing Printed Reports-Con. 

Series Title 

Unit of imud 
P=M 
r e l a u ~  date Description 

1990 General Houeing A single reporti Detailed statistics on Individual MSAs and 
CH- Chumcurbtics 1992 units in structure. their cornpanant areas. 
1-18 for Metropolitan value and rent. number For MSAs spkt by State 

St.tistid Anae of rooms. tenure, and boumbks. summsries 
vacancy characteristics are provided both for the 

paru and for the whole 
MS A 

1990 General Housing A single repom Detailed statistics on Individual UAs and their 
CH- Chararruistics 1992 units in strucnue. component areas. For 
1-1C for Urbanized value and rent. number UAs split by State 

Areas of rooms. tenure. and boundaries. summaries 
vacancy characteristics are provided both for the 

pans and for the whole 
UA 

Sample data 
1990 D e d e d  Houring A report for the Statistics on 100- States tindudiag summa- 
CH-2 Chum-= U.S.11993: each State percent and sample ries such as urbm and 

and DC11992-1993' housing subjects dl. counties. places of 
2.500 or more inhabitants. 
MCDs of 2.500 or more in 
selected States. State 
parts of American Indian 
and Alaska Native areas 

1990 Detailed Housing -4 single reporv Statistics on 100- .4merican Indian and 
CH- Cb&tiarr 1993 perant and sample ;Uaska Native .has .  as 
3,-1A for American housing subjects in CH-1-1A 

1ndi.n And 
.4 luk~ Native 
Arsu 

1990 Det&d Homing .4 &e repod  Statistics on 100. Individual MSAS and 
CH - Chu8aai8tics 1993 percent and sample their component arecu. as 
5-1B fm Mctropoli- housing subjects in CH-1-1B 

Stdmticrl Arem~ 

1990 Detriled HoPdng A am& repod St.tistiu on 100. Individual UAs and their 
CH- -re 1993 pammt and sample component a m .  as in 
2-1C for Utb.nirad l-unmq subjecu CH-14 

Arm8 

1990 HoPrine Subject A npa for each Appmnmarsly 10 Generally Iimited to U.S. 
. CH-3 &pons subjectll993 rapaas on housing cen- mgbns. d divisioas: for 

SWJ subjects such as some rqmts. other 
stnrcnval-• my-- 
tica and mace utiliza- such as States. MSAs 
tion ~ a u ~ t i - .  eutd large cities 

ATWR Public Hdth Assessment 
OuldanceMenual 



Census lrformation 

Figure 4. Tabb From a 1980 &par-PHC-. Summw Chcr&&iw for Govvnmea J U& and 
Strodad Metropolitan Statbtial Arers 

andhararngunitanmta~tha 
~ a r 8 a a ( b l o c L s ~ t o t b s l a r g -  
eetwillbetav.itbbwithinaywr 
after the cxmue. iadding voting 
d i & h  w h  S- h.Vb -ti- 
6edfhamfortheCsMlsBulwmL 

Indditiontothiadbt&hg 
~ t h e ~ B ~ l r s ~ l . b o w i l l  
atdasumm~ptnpefibasubject 
6lm.pubiiCwmierod.trumnla 
6lm.mdspsdrlfiles. 

T w  Nas ( s f i s ) -  Tbe 
SPF'sarsdmilpdtopnmdesta- 
ristiEs with greater subject Qhil 
f o r ~ ~ t h n i a f ~  
bhadmhbbtopmvidein 
printadrsportkTbsyrillrmt.in 
~ y t h e s r m s r J l p s s o f b f o r  
n u t i m r ~ m t b b ~ - j u e t  

of i t  
Hadarswmsm-  

ElehSTFrrillwt.p.rtinr- 
~ m t o f d r t r * f o r ~ c  
typaof-mrr. 
ErhSITrriUhrvsthrssor 
mors6letypmlinrltrtdbya 
b a a e U f 6 x ~ t o t b b r n  
numbar)th.tditdarinthetypes 
of g e o a a p h i c u l s p a e d  
but coauirr Lbb mmm data detail. 

m thecansus qumiamak. There 
r r i U ~ ~ o s e t s o f ~ m i r r o  
datafilea 

A ~ t a u n p b o f ~  
rmitrinrrtrichedhmwkrlA 
rsoordincMm&tobttJm 
~ ( k a o w i n ~ l p o ~ p o f  
mmtiv (or " amnlty 
a r m u l L s ~ t b d ~ h  
lmtarl 
A fib prwenting a 1-t 
smnpleof bauumguah It 
aborrs data for nnaqdha ata- 
t W d  ~y (MSlb) in the 1990 
c Q 8 u 8 d O t b a ~ u a a I n  
1sBO.tbarswmllJ~~with 
lproantllmpberrtbathrn 
barrs6lO~1990.Tb61980 
1I=-turrmL-d- 
f t x ~ S t U w u u l ~ o f  
arullrr~wiilaocbe4gmb 
dPod in 1990. 
' I b ~ ~ ~ o f  

a q p - t y g r o ~ p ~ ~ -  
hbtihdi%amin1980,1wm 
prroarWhtim~bor1990ia 
t h . t & u m b o & i r s d ~  . . lhmfbJh.YbLdddtoweb 
p m w m c d t o d t b , B b r ~  
iabprolnm. 

-w--m?@ 
kllbr-OtbaQmm.rlaaulAlth 
mtbbC-ua@- 
O p p m i t y  (EEOI Fib d tha 
C-w-Um-~ 
!b-6. 
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Append#J 
Census Itdormation 

figure 5. 1990 Census of Population and Housing Summary Tape Files 

Summary Tape File 
(STF 1A. lB. etc, 
and dau  type 
1100 percent or 
 ole^ 

p m w  
r e h w  &rc Gemgraphic uur 

- -  - 

A*+ 1991-1992 Statas. counties. MCDslCCDs. p h .  cmsus v a c w  7 
BNAs. block gmups tBGsl I 

STF 1 Bat 1991-1992 S-. cauntias. MCDdCCDs. placas. c e .  uacw I 

I 100 percent1 B N ~ .  BGS. blocks I A ~ O U C  1.000 c e ~  

Ct 1992 U.S.. rqions. diviaiom. Stated (including nrmmaries I i temof IOfkpamnt 
such u urban and nualh mries. piam of 10.000 ad houe 
or more d i t a n t d .  MCDS of IO.OOO+ in u~ [ ~ ~ ~ ~ w d e a c h ~  
S t a b .  MSAs. UAs. Amenan Indian and A l h  
Nuive MU 1 wn 

STF 2 
I1 00 percent l 

D 1993 Chugrwmonsl districrs (CDsl by State: and within J each CD: counties, p l m  of 10.000+. MCDs of 
lO.oOo+ in #lanad S t a m  

.4 1992 In MSAs: census WWBNAS. p h  of 10.000 or 7, 
mom mhabitanrs. ana counties. In the nmrnder oi 
each Stata: wunries. p h  oi 10.000+. and census 

Ova 2.000 &items 

vrcw BNAs 

B 1992 S u t c s  linduding summaries such as urban and 
d l .  counriss. p h  of 1.000+. MCDs of 1.000+ 
in d a ~ t d  Status. State poruon of Amencan Indian 
and A h k a  Native areas the STF 2 film will 

indude a mt of tabula- 
C 1992 U.S.. regio~.  divisions. Stam tinduding summeries tiona for tha d pop 

such .s urban d ndl. counties. plsces of ulation uld mepant4 
10.000+. MCDs of 10.000+ in s e k t d  States. 
MCDs of fewer than 10.000+ in New England 
MSAs. Amavsll Indian and A h k a  Native areas. 
MSAs. UAs 

ADt  1992 St.tas. counties. MCDdCCDs. piam. census uacw -, 
BNAs. BGs I 

0 

STF 3 Bt 1993 5digit ZIP c~ha  within each State ! 
(sample1 Over 2.300 allditcms 

Ct !993 U.S.. repons. divisions. Statas. counties. MCDs of ; of sample popuhuon 
10.000+ m sclstsd Stam. p h  oi 10.000+. > and housmg-- 
American indian and Alaska Native areas. MSAs. I isricsforarch@ee 
W A S  ; grapiricarea 

D 1993 Canamdad disvicu tCDsl by State.: and within 
l 

each CD: cauntiem lacas of 10.000+. MCDs of 
lo.Ooo+ in scd&t~m J 

STF 4 A 1992 In MSh. annrs trrculBNAs. of 10.000 or 
{sampler inhabiunfs. m d  couorias. In the mmider of 

uch State c o u l ~ .  places of lO.OOO+. snd census 
u r u l B N A s  

B 1992-1993  stat^ ~~ mmmuk such .s urban and 
d aountisr. p k  of 2.500+. MCDs of 2.500+ 
in nkud StUa.  MCDa of fewer thrn 2.500 in 
New Englad M S h .  Suta panim of Amariun 
Indim d Alukr Native ~ l s  

U.S.. regkms. M o n a .  S w  lmduding urban and 
d d m r u c ~ d i u ~ u ~ d  tan c o m p  

10.000 in New End.nrl MSAs. Amaiun Indian 
a d  A k  Nativa uau. MSAs. UAs 

7 

b c W e r m o f t . b u L  
tiana for tbe toul pop 

..4v.iLbL an mouficb (SIT 18 d t x d n h  ia .a rrmrcrr. 
t.4vJlbk on Lrr dirk (CD-ROMI. GTF 1B data an CDROM u aa Q ~ C L I  
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Figure 6. Special Computer Tape Files and Other Data Products 

P m j d  
Title r t & ~  date (ho6fmphic areas - 
Public Law 94-171 Rior to April statistics on total population. age. States. counties. hlCDs/ 
Counts File (redstrict- 1991 sex. race. Hispanic origm avdable CCDs. places. census uacw' 
ing data) in paper copy and computer files: BNAs. BGs. and blocLs. and 

housing uait mf9 on computer voting disuicrs where States 
tape files only have ideaufied them for the 

Census Bureau 

Census Equal Employ- 1992 
ment O p p o d t v  
IEEO) Special File 

Countv-teCounty 
hligration File 

Sample tabulations showing Counties. hiSAs. places of 
detailed occupations and educa- 50.000 or more hab i t an t s  
tional atrainment data by age. 
Cross tabulated by sex Hispanic 
origin. and race 

Summary statistics for all intra- 
srate county-tocounty migration 
streams and si@cant interstate 
county-uxounty migration 
streams. Each record will indude 
codes for the geographic area of 
destination. and selected character- 
istics of the persons who made up 
the migration stream 

States. counties 

Public Use Microdata 
Sample t PUSIS) Files 

.', Percent-County 1993 
Groups 

1 Percent- %I e tre  1993 
politan Statistical 
.-es identified in 
1990 

Cornputenzed files containing a 
sample of individual long-form cen- 
sus records showing most popula- 
tion and housing characteristics 
but with identifymg infomation 
removed 

Countv groups or smaller 
areas with 100.000 or more 
inhabitants 

MSAs and other large areas 
with 100.000 or more 

User-Defined Area 
Tabulations 

Rintouts. tapes or other products Userdefined areas created 
with data tables. maps, and narra- from blocks 
rive (if requested). The cable format 
will be sraadard or fired for these 
tabulations 

Special Tabulations Special tabulations for any s@c Userdefined areas or scan- 
geographic or subject-matter area dard nreas 
in any format (mpom. tapes. and 
microfichel 

ATSOR P&lk Health 
QuidmceMBnual 



Microfiche--Block statistics will be 
available on mimfiche M they 
wem in 1980. The microfiche will 
prssent a subset of the tabulations 
for blocks found in STF 1B. In 
1990. for the first fima the i t ire  
Nation is blockmi This wdi 
in- the number of blocks for 
which the Cemw Bumu pmvideta 
data from 2.5 m;liinn in 1980 to 

' about 7 million in 1990. The aost 
and storage of block data of this 
magnimde would be prohibitive if 
they wem published in prind 
nporu. 

!jTFs 1A and 3A will be made 
available on microfiche. as well. 

Other M A - N e a n r  media also 
will be used for 1990 products: 

Online idormauoa systams- 
The Census Burenu b+ its 
own o r h e  mfonnation &a? 
called C E N D A T A ~  in 1984. A 
number of Census Bumau 
reports. in whole or in part, are 
offered online. For 1990. CEN- 
DATA WAU provide upmtheday 
dormauon about the avaiiabil- 
ity of data products and will 
carry selection8 of Stua county. 
metropolitan statintical  am^ and 
place data from the Public Law 
(PW 94-171 tape & and SIT'S 1 
and 3. CE-XDATA is available 
through two dormation ven- 
don. CompuServe and DIA- 
LOG. 

C D - R O M a m p a n  disk-raad 
only memory. a type of optical 
orlassrdiskbthemost 
= = t l V d - w  
f o r d a t d s u n g s m d r e ~ a L  
One 4 314-bch CD-ROM can 
hold the amtdllts of rppsod- 

- m u a y  1.500 fledbb e, - - o r t h e o r f a r ~ h i g h d m a i t y  

tapes. For 1990. the Public Law 
94-171 file uld 1A. 
1B (axuact). 1C. 3A 3B. md 3C 
will be avahbh oa CDROM. 

Curtonr Data ~ T h e l a O  
p ~ r r r f o r u w n n t t o ~  
unique t a b d u h a  c&t are not 

indudd in Census Bureau stan- 
dard products: for exan& infor- 
muion for locally defined gee. 
graphic arsaa Any data that the 
ceMusB~furnishssorrillbe 
subject to the usual standards to 
enatrs that ddent ia i  individual 
i a f d o n  is not r w d  

U m L k h d  Arrra Tabulations- 
Thin program will provide data 
for locally doheld geogqbk 
a m a t h a t d o n o t ~ t o  
s t r n d a r d c m s u r r ~ h i ~  
m. Uaam will ideatify the 
m c  arena of intamat to 
thambycom@ingcaasus 
blocks. The Cmma Bureau then 
will create a set of predehed 
tabha of infarmatian for them? 
amaa. 

S@cd Tabulations-The Census 
Bur8au will pmpare specral tabu- 
latiana. paid for by the 
raqueEt%r. for any specrfic gee 
graphic or subject-matter area 
Standard rrports. tapes. and 
xaia~khe should be uaal when- 
war possible. though. since spe 
dsl t a b u k h s  are fairly expem- 
sive and csn only be done when 
the demands of regular work 
mt- 

MAPS AND GEOGRAPHIC 
FILES 

M.p.-GmAa mapa am w s a r y  
for vkardly dl uses of d - a r e a  
mmadatr They aremaidto 
~ ~ ~ b i c s r e a o  
md rtudy the rpatial n?Modip 
of the data for mslytic puqmm. 
Tb6 Cmma Buxmaa plans to offer a 
-of 1 9 9 0 ~ ~ ~ ~ ~ .  
AmmgtllemniUbetbssethr& 
N r h  

Apperd#J 
Census Ifformaion 

~ e ~ l e ~ c  
m a - A I l 1 9 9 0 ~ ~ ~  
w i u i n d u d e 1 9 9 0 ~ ~ h i c  
m c o c b s  and otk- 
~ o o * t O t h t ~  
s(ptd on the 1980 M u t a  Am8 
M m m w  File 2. 

TbbCensuaBur~~hudewl- 
opai an autamatd m c  
data base. known u t& TIGER 
(TopbgWlv I n b g m d  GOCP 
g m p h k E n c o d i a g m d ~  
S- that will .Ilorr the produe 
tion of vsrious gbo(prphic products 
to oupporz the 1990 oanrur I t  pm 
vi&s -bad  map 
: for thbedmUmitd  

S t a t e u P u a M R i e a t b ~ i  
IdlIvlruldtheP.Ci6Ct.rritarig 
a v r ~ w & i c h t h e U ~ s t . t w h u  
j m  
Th TIGER S m  dl m- 

unt ly  imprwe lwo - map 
and geographic pducta 
m d r r i l l p e n n i t ~ u , ~  
byaunputur,mrpu- 
~ f o r m y ~ ( p . . o f  
th. QILmtrp. 
Tb6 final kt of TIGER prod. 

U C t a h M n o t ~ L -  - ibot  
~ ~ B u r s r u ~ t h t  
arPrctr fraPn the TIGER Syrtan 
d l b e ~ i n d ~  
o m a d r r c t o f r l r t r r l ~  
8 d  crrto(prphic ir' b 
d a d  tb6 TIGEIUL~M &IS. 

ATSOR Public HBa#h 'Laaaaamcmr 
GuldEmwMd 



Digitizing geographic coardinaku into 

TIGER/Line &a amtab bmic 
data for tha aegmnh of each 
barndyr or fetature (e.g.. d. 
mhada. and r i m ) ,  iadudhg 

' adjacent ansus -uea &. lati-tu& coordi- 
uam of segumt d points. the 
name and type of the fentam. and 
tharelevantcensusfeaturaclsss 

idenhfymg tha f8ature ae!g. 
ment by catcgory. TIGERhine 
6l~slsofurnishaddressrsnges 
a d  associated ZIP Codas for each 
sicb of stmec aegmemts for srsas 
a p p m ~ t i n g  the urbanid amas. 

The TIGERLb files am oga- 
nizad by carnty and am available 
to the public now in a 
version and later in a hall990 
amma version. The 6iba am 

TAPPING OTHER CENSUS 
BUREAU RESOURCES 

The Census Bureau has more to 
offa than jusr the ruulta of the 
census of popuiation and housing. 
Through other censuses. aurveys. 
and estimates program. it corn. 
p i h  and publish data on sub 
jecu as divene as appliance sales. 
neiabborhood conditions. and 

a TIGER5iae file 

erparts to other countries. The 
other ceasuses. such as retail trade. 
manufactures. and gommmeats. 
am collected for yearn e d a g  in 
"2" and "7." survsys and uti- 
matas programs gararate d t s  
asofteaasemrymonth 
Hem are examples of the infor- 

mation published about- 
* Pwple: Age, race. sex income. 
poverty,childcare.childsup 
port. fettility, noncash bansfifits. 
educatloa commuung habits. 
penmon coverage. unemploy- 
ment. anasstry. 
Buriness and indwpr: Number 
of ernployrw. total paymll. saes 
and recaipts. products manufae 
nusdorsold 
Houskrg rod oo~dtnt&ae. Value 
of nsn ~ c t i o n ,  nuxDbea3 of 
0 W m l Y d n n t g s . ~  
vahwornmtpaidhoumg 
stand. fudsused.martga(p 
costs. 

Fums:  Number. aaeags live 
stack. crop solem. 
G o v a r ~ m s n t s : ~  and 
upandifurss. tersa employ- 
nmt.pensionfunds. 
F ~ ~ E s p o r u a n d  
impats. oxi@ and dwtination. 
units shippai 

mtsa death rates. literacy. f e d -  
ity. 

Many of the monthly "economic . . 
- " t b a t ~ h o a r t b o  
N a t h  is doiug come M y  or 
i d k t l y  h a  the Cauma Bureau 
- :e=phymat .Dd~~e~~ 
~ h o u m n g s u u t ~ ~ w h o i e  
~ 0 a d r U t a i l t r a d s : ~ -  
cm'&pmcmca in- and 
ardas:arpanoad-eads. 
and aa&n of aiaglefaaniiy homes. 
US, the attached form to 

reque8t more iaformation about 
any of these subjects. 

HOW TO OBTAIN 
REFERENCE M A T E R W  
AND ASSISTANCE 

Key Reference So&- he Cen- 
S U  BWU ~SSUM ~ e ~ d  r e f t 2 ~ ~  
pubiicatiom that are of value to 
mrny data rwn. 

1990 Census of Population and 
Hauing Tabulatioa rod Atblica- 
tiaD Program-This h e  report 
given more complete descriptio~~ 
of 1990 products. utim~ted pub 
liation d a b .  and a comparison 
of 1990 producu with those of 
1980. and more. Ordv bv send- 
ing in the attached form. 



rnformation about the 1990 cen- 
sus ma illusuatea a variety of 
ways the data can be used 
Order by sen* in the attached 
form 

. . 

1990 Ceasus of PopStion aad 
Housing Guide-The primary 
guide to the 1990 oensus that 
&l provide detailed information 
about all aspecu of the oensus 
and a cornprrhcrrsive glouw of 
ccnnutmmu.Signuptomcaive 
anorQtfonnforitas8mmas 
it's &y by sending in the 
attached form. . 

&mu~ and You-The &asus 
Bureau's monthly n m d s a a  for 
data users. It npolts on the lat- 
est 1990 census dcdopmeats. 
vLavlnewpubliufunrsmd 
amputar t a p .  other - 
uad surveys. dtvdop-t8 in 
~ B ~ s l m i ~ t o u K ! r s .  

, m d u p c o m r n ~ ~ m d  
prinine caurrss. (Uw the 
~ f o r m t o r a q u a s t a m m -  
plecopy.) A ~ ~ c o r t d  
S12 pa year. Make chacka pay- * to " S u p m i a ~ t  of Docu- 

- ~ ~ . " a a d # n d t o t b e S ~ p a r i n -  
- tadeat of Docuumlts. US. 

Gommmentprintme- 
W a a h g w n  DC 20102: or call 
2021783-3238 to to a 
VISA. M I s t a C u d  or GPO 
drpoPt mt. Cite the code 
"DUN" in your arda. 
1 9 9 0 C a n s r u P U ~ a 0 O r d e r  
Farms-For basic infmmcion (a 

brief description. prices. and 
s t o c k n u m b e r a l o n ~ 1 9 9 0  
~ r e p o r t a . g e t o n r h e d -  
ing list to rsaive or& forms as 
the rsporrs are published Com- 
pletamdreturatheauached 
form For inionnation about all 
1 9 9 0 ~ p r o d u c ~ d p r o d -  
u m  from other cxasuw and 
v s ,  too. SUM to 
Marrrhly Aoduct A n a m  
mmt. -bed nut. 

Maothiy M u a  Announoemant 
iMPAI-A ~ K I  mantbly listing 
of dl new t h m ~  Bumm publi- 
ratinnl: microfiche: maps; data 
6 l a s o n ~ ~ n e s . o r C D -  
ROM's: and tlrhnical documen- 
tation. 1990 cemsus products wrll 
be qmcudly n o d  For a sub 
scription. complete and mail in 
the attachad form 

Cansus Catalog and Guide--A 
comprehensive annual darcrip 
tion of Census B u m  data prod- 
ucts (from 1980 to dam). statisti- 
cal programs. and services of the 
CaMw Bureau It provides 
abstracts of the publidons. 
data 61es. miamfiche. maps. and 
itaims online. In addition, the 
Census W o g  and Guide offers 
such features as informadon 
abaut cmsuses and surveys and 
~ ~ ( ~ C a c t l i s t s f o r d a t a  
qmadists at  the Cemw Bureau. 
thh State data ccllm. and other 
dua-wrviacmm. 
'b awt for tbc 1989 edition is 
s21. whm orddug. givc the 
swck 003424470090. 
(It u sold by the S u m r a d m t  
0 f ~ u : n e m ~  
~ f o r ~ r r r d  You 
rbora) 

0th- Curmr Meam-The Can- 
s u s B w r u h a ~ ~ w h o m  
u s a r m a y a m n t l t 8 t t h e W ~  

h d q u m m  andits.12 
m g i O B a l 0 f k t 3 . T h s p ~  
iaquirimby-au.aplu- 
dencuandpar#mrlvisitRom 
tinmtotime.theyabocohd 
w o r k d m p s . a e m b a m d ~  
-. 

W o n a l  oKce a o n w -  
Atknta GA 4041947-2274 
Boston MA 617lW-7078 
Charlotte. NC 70419716144 
Chi-. IL 312B55.0980 
Dabs.  TX 2141767.7105 
~anva. co manmn50 
Detroit. MI  31US644M 
Kmsm City. KS 8161891-7562 
IAB Angah. CA 8lWS28674 
New York NY 21212644730 
PbiLdaphia PA 2156974313 
Seutle. WA 206/72&5314 



N . t i 0 o . l ~ ~  
( A m h g h m  fa can- 

sua DauSrviegL albtingof 
~ ~ . n d &  
 thato offer^ 
t r a o r i a & ~ I E d U a i 4  
d r t . ~ b y t b r c . c u u e  
Buruu. For a liat of puddprnu 
inthrNatiod- 
~ ~ r a t p n ! ~  

a m c u  f- 

N & u d  * Prqsrrm-The 
N.tLa.lse#icYuRoICrrm 
INSP) p- r rtrPcaPs for 
a m p o w o a ~ t h e -  
Btmru md nationally b d  
O r g d Z n t i o m t h a t ~ C  
M t i m  or 0 t h  -u of 
the popuhoa who have been 
histosically uu&couufad in 
d d  ummma Ths panid- 
prnts iaclude soda d c d .  busi- 
ness, pro- avil right& 
eduatiand. and rdigiaw 
gropps. To leM mom about the 
NSP, e t a  to the Natiosul Ser- 
vicaa Rogram. Data User Ser- 
vima Division. Burenu of the 
Camu. W a s w n .  DC 20233. 
or call 3011763-1384. 

Depaamy LibrmMm-There are 
1.400 librsrias that recaivt Ikom 
the Govvnmmt Rinting Officel 
those Federal publications which 
thoy think chair pavons wdl 
need Often soma of these publi- 
c a t i o n s a r e ~ B u r e a u  
rapau. The Canw Bureau pro 
vidm free mpart~ to an addi- 
t i d  120 C a u u  depository 
h i .  ALo. many libraries 
p w c h ~ ~  sow reports for their 
8reM. 

F a  RPrhsr Infarmadon-To 
receive additid iafommtian on 
the 1990 census M it beamm 
avril.hlr. and on Cemw Bureau 
products in ~QSOA. mail the 
attached form 

i (hmm '90 Bad- 

0 19#) Chsns of Popoktba a d  H o w  Tibphrkm aad Rtblhthn 
p w -  

0 &mas A B C s - - ~ p p t k u ~  in Bauiuau a d  Chmmauiry 

0 19#) Ccorrrr of Pqpoktba and Homdpg Guide ode h - - u  soon 
uitisrady 

0 Ma forms for 1990 cepror n p m s  u soon as t h q  am prepad 

0 Frw ample capg of t%uas md You, the Ceasu B~VCIU'S mmthly 
nersletta 

0 Free subscription to Moatm Produu clrraoaaaemc~t 

i a Ltu of Stata Data Omtars. Bur;.laurindww Data C.ntm 
~BfDcs). and chmghm orgawamm 

i S Information about CENDATA, the h r u  Bunru's o d h c  savice 

i Information about Census Bureau statistics on: 

j G Agricaltnre 0 Intaoational 
i Z Businas 0 MaaufrctPring 
i G Constmaim 0 Mineral Industries 
: 5 Foreign trade 0 Papoktion 
i O Gwanmcnts 0 Transportation 
i 0 Housing 

i City. 

i s t a t c t m -  
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Cbli.rs.uwM& 



APPENDIX K 
UNITS AND CONVERSION FACTORS 

THE METRIC SYSTEM 
The metric system, established by international 
treaty at the Metric Convention in Paris in 
1875, has been extended and improved. The 
currently established official metric system is 
called the International System of Units (SI). 
The metric system has seven hrndamental units 
(Table K.1.) from which all others can be 

Table K 1. Metric System Units 

Quantity Unit Symbol 

length meter m 

mass gram g 

time second s, or sec 

electric current ampere A, or amp 

temperature Kelvin Y o r %  
luminous intensity candela cd 

amount of substance mole mol 

derived using the prefixes shown in Table K2. 
Table K.3. identifies conversion factors that can 
be used to convert from English to SI units. 

Table K2 Metric System P h e s  

Prefix Symbol Multiplier 
mega M ~,CKQOO~ or 106 
~ d b  k 1,000 or ld 
dad d 0.1 or lo-' 

a n t i  c Q01 or 
milli m a001 1u3 

micro P QOOOOOI or lo4 

naw n O.OOOOOOOOI or 1g9 - 

CALCULATING ATMOSPHERIC 
CONCENTRATIONS 

Concentrations of atmospheric contaminants 
are usually expressed either as the weight or 
mass of the contaminant per specified volume 
of air (e.g., mglm3) o r  as the volume of 
contaminant gas or vapor per specified volume 
of air, such as ppm. Other common measures 
include mg/L and p& An example would be 
if air were sampled for 30 minutes at a sampling 
rate of 2 liters of air per minute, and an analysis 
of the sample showed that 0.5 mg of the 
contaminant had been collected. In this case, 
the concentration of contaminant, C, in terms 
of mum3 would be: 

VOLUME PER UNIT VOLUME 
The concentration of gases, vapors, and liquids 
is often expressed as volume of contaminant in 
a specific volume of air or water, referred to as 
volume per unit volume. This is most 
conveniently expressed as parts per million 
(ppm) or percent by volume. Parts per million 
is the volume of contaminant per million 
volumes of air. Any volume unit can be used as 
long as the units for both parts are the same 
(e-g., liters of con taminant per million liters of 
air or water). Measurements in percent volume 
arc less applicable t o  hazardous waste 
characterization because tbey reprocat wxy 
high concentrations that would not usually be 
found in environmental contamination 
sihmtions. Parent  by volume can be tbought 
of as parts per hundred, so: 

(% by volume) x (10,000) = ppm 

ATSDR Public Health Assessment K -  1 
Guidance Manual 



Appendix K 
Units and Conversion Factors 

T a b  K3. U.S. to SI Commbm 

U.S. Name ~ ~ r e v r o t k n  ComvembnFaaor 8ymbd - SI Nome 

acre ame M4!5 ha kctare 

acre-fa  acre-ft 1.234 m3 cubic meters 

cubic foot ft3 2832 L liter 

cubic inch in3 16.387 mL milliliters 

cubii f o o ~ u t e  f?/min 2832 Umin literslminute 

feet ts~col~~ n/s a m  m/s mete- 

toot ft a305 m meters 

&sb P l  3.785 L liters 

pIlons/Wday gal/acrdd 9.353 W d  litersmeCtare/day 

gaIlo~nlday f l d  4.381E-5 Ud literslday 

gaIlom/minu~ gal/min 0.0631 u s  literslsecond 

inches in 254 cm centimeters 

inchesthour intb 254 cmb centimeters/hour 

mile mi 1.609 Ian kilometers 

mkmOur mi/h 0.45 laam kilometers/hour 

milliongalbns Mgal 3.785 ML megaliters 

million gallacre MgaVacre 8353 m 3 b  cubic meterstkctare 

mnuOn gallday MgaVday 43.0 Us liters/second 

Ounce OZ 2835 B Brams 

parts per million PPm 1.0 m%L milligramstliter 

pounds lb 0.454 @ kilogram 
pounds/acre/day Ib/acre/d 1.12 L%ha/d kilogramslhectare/day 

pounds/cubic foot lb/ft3 0.0162 gim3 graWcubic centimeter 

poundslsquare inch lb/in2 0.059 wcd kilogramslsquare cm 

square foot ft2 0.0929 m2 square meters 

square inch in2 6.452 cm2 square centimeters 

yard fl 0.914 m meters 

To convert from the English Unit to the SI Unit, multiply by the conversion factor. For example, to comnert 
4 feet to meters: 4 ft x 0.305 = 1.22 meters. 

To convert from the SI Unit to the English Unit, divide by the conversion factor. For example, to conven 
1.22 meters to feet 1.22 meters 10.305 = 4 ft 

K - 2 ATSDR Public Health Assessment 
Guidance Manual 



Appendix K 
Units and Conversion Factors 

TEMPERATURE AND PRESSURE 
CONVERSIONS 

When concentration is expressed in terms of 
mass of contaminant per volume of air, changes 
in temperature and pressure result in changes 
in the volume of air but not in the mass of the 
contaminant. Therefore, the concentration 
expressions are accurate only at a specified 
temperature and pressure. Because of this 
relationship, it is necessary to understand the 
use of molecular weights and molecular 
volumes. Likewise, i t  is necessary t o  
understand the  effects of pressure and 
temperature changes and to be able to use 
these in calculations. 

Absolute temperature must be used when 
calculating changes in gas volumes. Absolute 
temperature is based on a theoretical absolute 
zero point, which has been determined to be 
-273'~ or 0 ('K The absolute temperature scale 
is calculated as follows: 

where, 

"K = temperature in Kelvin 
O C  = temperature in Centigrade 

Changes in gas volume can be calculated based 
on the following relationship: 

If, for example, a volume of gas is 40 ft3 at 40%; 
what is its volume at 70O~? First, convert from 
Fahrenheit to Centigrade using the following 
formula. 

Then convert the temperature to Kelvin. 

Using the same method, 70 OC is equal to 
294.1 % Next calculate the new volume. 

Changes in pressure usually do not affect 
volume to a large degree. If large changes in 
pressure occur, pressure must be factored into 
the  calculation. T h e  Table  K.4. gives 
conversion factors for pressure based o n  
altitude, where: 

selected altitudevolume = volume at 0 ft x factor 

Table K4. Altitude Pressure Comersion Factors 

Altitude Altitude 
Abovesea AbovoSea 

Level - Factor Level - - Factor - 
-1000 am 3000 1.115 

-500 0.W 4000 1.156 

0 1.0 5000 1.200 

500 1.018 6000 1.248 

loo0 1.035 MOO 1.295 

2000 1.074 In00 1.349 

It is important to note that a volume of gas is 
assumed to be at standard temperature (0' C) 
and pressure (760 mm Hg or 1 atmocphcre) 
unless otherwirt stated. At ti ma^, "normaln 
temperature and prawure are given referring to 
VC and 760 mm Hg. To correctly calculate 
concentrations of a con taminant ia air, use the 
following equation: 
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Units and Conversion Factors 

C = chemical concentration in mg/kg 
24.45 = the volume in liters of 1 mole of gas 

at normal temperature and pressure 
MW = the molecular wight of the cbemicaL 

DENSITV OF LIQUIDS ANb GASES 
Tbe density of a substance is defined as the mass 
of that substance per unit volume of the 
substance. The commonly encountered 
measures of density are: grams per cubic 
centimeter (g/cm3), grams per liter (g/L), 
kilograms per liter (kg/?.,), pounds per cubic 
foot (1b/ft3), and pounds per gallon (Iblgal). 

To determine the density of a solid, liquid, or 
gas, determine the weight of a known volume 
and divide by the volume. 

Otber Useful Conversions - Water: 

where, 

C = concentration (mg/L) 
p = pollutant density (glrnL) 

SlGNlFlCANT FIGURES 
Some uncertainties in measurement are 
inevitably introduced through factors such as 
human error, malfunction of measuring 
devices, and experimental bias (error in one 
direction, as by a ruler with "inches" that are 
too short). Information is useful only to the 
extent that one can be confident of its validity. 
To ensure sucb utility, each figure or digit in the 
numerical expression of a measurement should 
be significant. A significant figure may be 
defined as a number that is believed to be 
correct within some specifmi or implied limit of 
error. Thus, if the height of a man, expressed 

in sirmifirnnt figures, is written as 5.78 feet, it is 
assumed that only the lastjipmuq be in error. 
Clearly, any uncertainty in the hrst or second 
figure would remove all signifjcance Emm the 

-last figure (ic, if you do not kww the number 
of feet, it is useless to speak of inches). If mv 
have reason to believe that t k  last f i p  will 
be in doubt by a speciEied amount, we may m 
indicate by arpmion such as 5.78 * 0.01 feet. 

To count the number of significant figures in a 
number, read the number from the left to the 
right and count all digits starting with the h t  
digit tbat is  not zero. Ibe decimal point should 
be ignored because it is determined by the 
particular units employed, not by the precision 
of the measurement. Thus, the measurements 
122 cm and 122 mm are equivalent, and both 
have three signi6cant figures. Guard against 
introduction of uncertainty by arithmetical 
procedures. Tbe following rules will be helpful. 

Rule 1. In addition or subtraction, any figure in 
the answer is significant only if each number in 
the problem contributes a signi6cant figure at 
that decimal level (that is, the level of greatest 
magnitude will determine how many significant 
figures should be carried in the answer):. 

Rule 2. When a number is "rounded oEF' 
(nonsignificant figures discarded), the last 
significant figure is unchanged if the next figure 
is less than 5, and is i n d  by 1 if the next 
figure is 5 or more: 

4.6349 + 4.635 (four significant fibres) 
4.6349 + 4.63 (three si@cant figures) 
2.8150 -+ 282 (three si-t figures) 

Ruk 3. In multiplication and division, the 
number of significant figures in the answer is 
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Units and Conversion Factors 

the same as that in the quantity with the fewest 
significant figures: 

Rule 4. In a multi-step computation, it will be 
convenient first to determine the number of 
significant figures in the answer by rules 1-3 
above, and to round off each number that 
contains excess significant figures to one or 
more significant figures than necessary. Then 
round off the answer to the correct number of 
significant 'figures. This procedure will 
preselve significance with minimum labor. 

Example. 

There are two significant figures in the number 
4.3; therefore, the answer will have two 
~ i ~ c a n t  figures. Round off according to 
rules 1 and 2, to one extra significant figure. 
Note that the presence of only one significant 
figure in the number 2 does not mean that there 
is onty one significant figure in the answer 
because 784-2 = 782, which has th ree  
significant figures. Thus, 

Sohe and round off to two significant figures, 
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APPENDIX L 
SITE SUMMARY FORM 

The following fonn should be included as an appendir to  preliminary 
health assessments when available information is insufficient to 

perform a complete health assessment. A MulriMate version of this 
fonn may be obtained from ATSDR. 
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-L 
Site Summary F onn 

CERCLIS NO. 

Date Prepared 

Preparer 

ATSDR SITE SmMARY 

I. 
0 

INFORHATION 

Site Name: 
(Include other names by which site is known.) 

Region: City: County : State : 

Site Management Responsibility 
[ ]Fund Lead [ ]Enforcement Lead (PRP) 
[ ]State Lead [ ]Federal Facility 

Remedial Schedule Status 
[ I PA/SI 
[ ] Workplan Development 
[ ] RI scheduled/under vay 
[ ] Other 

(Review of EPA Site File(s) and, where appropriate, include State 
monitoring information) 

I1.A. W a b h v  of Data/Information Sources: 

Document Dote of Document 

ATSOR P W  Health Asrregsmerr L - 3  
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Site Summary Form 

1I.B. Bticr Des- of Site ( u l u d e  waste conta-t status1 

11.c. Previous Recoxnuendations [ ] Y e s  [ ] N o  

[ ] Health Consultation (Verbal-Documented on SRC) 

[ ] Health Consultation (Written Memo/Letter) 
Dates 

Explain Recomendations and Actions Taken: 

L - 4  ATSOR Public H d h  Assessment 
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1I.D. prinei~al Contaminants of Concern 

ON-SITE 

Ranges (specify units) *Data Source and 
Contaminant M e d i ~  Uh Pate of S a m ~ l i ~  

OFF-SITE 

Off-Site Data Reported [ J Yes [ ] No 

Ranges (specify units) *Data Source and 
Hcdie La! ttinh Pate of S a w  

*See Part 1I.A. for Appropriate Number 

ATSDR Public He&h L- 5 
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I1.E. Site Access Resttic- 

1. [ ] Unrestricted Access 
2. [ ] Restricted Access (Explain Below) 

COMPIENTS: (e.g., type of restrictions, restricting authority, etc.) 

1I.F. m v a l  Actionq 

1. Have removal actions occurred? [ ] Yes [ ] No 
2. Describe the removal actions: 

1. Distance to closest residence: - 
2.  Size of population within a - mile radius of the site: - 
3. Special population concerns: [ ] Yes [ ] No 

(Are there schools, nursing homes. hospitals, parks, 
playgrounds, etc.. within the radius?) 
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Site Summary Form 

1I.H. ~nvlronmental/Lxvosure Pathvavs 

II.H.l. Graundvater 
Private Wells 

a. There are private wells in use within the vicinity of the site. 
[ ] Yes [ ] No [ ] No data/infomation available within 

a radius of miles. 

b. Private well is used for: 
1. [ ] Drinking 0. [ ] Livestock 
2. [ ] Cooking 5. [ ] Irrigation of crops 
3. [ ] Other domestic uses 6. [ ] Other 

c .  There is reason to believe that the private wells are 
are not contaminated because of: 

1. [ ] Private well data 
2. [ ] Monitoring well data 
3. [ ] Public system data 
4. I ] Other 

d.  The earliest documented date of private vell contamination is: 

Public Walls 

a. There are public/municipal wells in use within the vicinity of 
the site. 

[ ] Yes [ ] No [ ] No data/infomation available within 
a radius of miles. 

b. Public vell water is used for: 
1. [ ] Drinking I. [ ] Livestock 
2. [ ] Cooking 5 .  [ ] Irrigation of crops 
3.  [ ] Other domestic uses 6. [ ] Other 

c. There is reason to believe that the public vells are 
are not contaminated because of: 

1. [ ] Private well data 
2. [ ] Honitoring vell data 
3. [ ] Public system data 
4. [ ) Other 

d. The earliest documanted &to of vell contamination is: 

Cements on private/public/irrigarion well contamination: 

ATSDR Pu#k HeaW1 hswmmn 
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I I . H . 2 .  Surf.ce V a t s  
a .  Are any of the following categories of surface water located 

on-s i te  (or passing through the s i t e ) :  
[ ] Drainage d i t ch  (or in termit tent  scream) 
[ ] Stream or creek 
( ] River 
[ ] Wetlands, pond, or lake 

Surface vater  is used for:  
[ ] Drinking [ ] Cooking I ] Fishing 
[ ] Livestock [ ] Swimming [ ] I r r iga t ion  
( 0  ] Other 

Surface vater  t rea ted p r io r  t o  use: 
[ ] unknovn [ ] no [ ] yes 
Name of system owner: 

b. Are any of the following categories of surface water adjacent 
t o  (bordering) the s i t e :  
[ ] Drainage di tch  (or intermittent  stream) 
[ ] Stream o r  creek 
[ ] River 
[ ] Wetlands. pond, o r .  lake 

Surface vater  i s  used for:  
[ ] Drinking [ ] Cooking [ ] Fishing 
( ] Livestock [ ] Swimming [ ] I r r iga t ion  
[ ] Other 

Surface vater  treated p r io r  t o  use: 
I u-om [ I no [ I Yes 

Name of system owner: 

c. Arm any of the following categories of surface water impacted 
by the s i t e :  
[ ] Drainage ditch (o r  intermittent  stream): Distance co - 
[ ] Stream o r  creek: Distance t o  - 
[ ) River: Distance to  - 
[ ] Wetlands, pond, or lake: Distance t o  - 
Surface vater  is used for: 
[ ] Drinking [ ] Cooking [ ] Fishing 
[ ] Livestock [ J Swimming [ ] I r r iga t ion  
[ ) Other 

Surface vater treated p r io r  t o  use: 
]-own [ I n 0  I y -  

Name of system owner: 

ATSDR Public Hedth 7 
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Sie Summary Form 

d. Summary of documentation of surface vater contamination 
(include earliest date of contamination, discuss potential fot 
contamination, discuss sampling that indicates surface waters 
may be contaminated): 

a. Off-site soil contamination confirmed: [ ] Yes [ ] No 
Confirmed by: [ ] Sampling [ ] Visible evidence 

b. On-site soil contamination confirmed: [ ) Yes [ ] No 
Confirmed by: [ ] Sampling [ ] Visible evidence 

c .  The public is likely to come in contact with contaminated soil: 
[ ] Yes Contact will occur: [ ] Off-site [ ] On-site 

Explain in Comments Section 
[ I No 

d .  On-site employees are likely to come in contact with 
contaminated soil: [ ] Yes [ ] No 

e. The earliest of soil contamination is: 
[ ] Off-site / / 
[ I On-site ,-,-I-, 

f. Comments: 

SOURCE (s) : 
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Site Summary Form 

a. Release of volatiles or gases has been measured: 
[ ]Yes [ I N 0  

Keasurements were taken: [ ] On-site [ ] Off-site [ ] In Residence 

There is a history of odor complaints in the vicinity of the site: 

[ ] Yes [ ] No Explain: 

b. A release of airborne particulates has occurred: 
[ 1 Yes Release confirmed by: [ ] Air sampling 

[ ] physical evidence 
[ I No 

c. Comments on Ambient Air: 

II.H.5. Food 

a. GwLs 
1. Are grown in the vicinity of the site: [ ] Yes [ ] No 

Type [ ] Commercial agriculture [ ] Residential gardetis 

2. Crops likely to be contaminated: [ ] Yes [ ] No 

3. Verified by [ ] Sampling 
[ ] Observation (evidence of migration or stressed 

vegetation) 
6. Crops (list) 
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Site Summary Form 

1. Are kept in the vicinity of the site: [ ] Yes [ 1 No 
Type [ ] Commercial [ ] Residential 

2. Animals likely to be contaminated: [ ] Y e s  [ ] N o  

3. Verified by [ ] Sampling 
[ ] Observed waste migration 
[ ] Reports of animal illness 

, I. Livestock/Fowl (list) 

COMMENTS : 

c. Fithinn 

1. Occurs in the vicinity of the site: [ ] Yes [ ] No 

2. Type: [ ] Commercial 
[ ] Recreational 
[ ] Food staple for area 

3. Animals likely to be contaminated: I 1 Yes [ 1 No 

3. Verified by [ ] Sampling 
[ ] Observed contamination 
[ ] Fish kills 

1. Is likely to occur in the vicinity of the site: [ ] Yes [ 1 No 

2. [ ] Came is sold comercia1 
[ ] Recreational 
[ ] Came is a local food staple 

3 .  Came is likely to be contaminated: [ ] Yes [ ] No 

4. Contamination verified by 
[ I S=IJling 
[ ] O b s e ~ e d  contamination 
[ 1 Reports of animal illnera 



AppendDtL 
Sie Summay Form 

5 .  Type of Came ( l i s t ) .  

e .  w t s  of Food-Chain C o w t i o n ;  

111. BEpORTED H w  C O M P a  

Reports of Increased Health Problem(s) Associated With the S i t e :  
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(hridanceM8nual 



VI. - 
A.  9-N f o r  exbosure to -water conSa&u3tlon; 

1. [ ] has occurred [ ] is occurring [ ] is nor occurring 
[ ] is potentially occurring 

2. If exposure occurred: 
[ ] >10 yrs ago ( ] 1-10 yrs ago [ ] <1 yr ago [ ] unknown 

3. Route of exposure: 
[ ] ingestion 
[ ] inhalation 
[ ] dennal contact 

B. -tv for a exDosure to surface water con- Ion. - t' . 
1. [ ] has occurred [ ] is occurring [ ] is nor occurring 

[ ] is potentially occurring 

2. If exposure occurred: 
[ ] >10 yrs ago [ ] 1-10 yrs ago [ ] <1 yr ago [ ] unknown 

3. Route of exposure: 
[ ] ingestion . 
[ ] inhalation 
[ ] dennal contact 

C. m f o r b u m a D e x o o s u r e t o -  
1. [ ] has occurred [ ] is occurring [ ] is not occurring 

[ ] is potentially occurring 

2. If exposure occurred: 
[ ] >10 yrs ago [ ] 1-10 yrs ago [ 1 <1 yr ago [ I unknown 

3. Route of exposure: 
[ ] ingestion 
[ ] inhalation 
[ ] dermal contact 

D. -tv for to 
1. [ ] hu occurred [ ] is occurring [ ] is nor occurring 

[ ] i8 potentially occurring 

2. Zf axposure occurred: 
[ ] >10 yrs ago [ 1 1-10 yrr ago [ ] <1 yr ago [ ] unknown 

3. Route of exposure: 
[ ] inhalation 

] dermal contact 

ATsOR P ~ b k  Health Assessmerx L- 13 
CudanceManual 



Append#L 
Site summary Form 

E. 

1. [ ] has occurred [ ] is occurring [ ] is not occurring 
[ ] is potentially occurring 

2. If exposure occurred: 
[ ] >10 yrs ago [ ] 1-10 yrs ago [ 1 <1 yr ago [ I unknown 

3. Route of exposure: 
[ ] ingestion 

F. Any other relevant human exposure information (historical 
exposure)? 

VII. -a1 Corns ( o ~ t i a :  
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Stte Summary Form 

Iv. ABOUT THE SITE 
- 

The interview objectives are: 
1. to verify information found in the site file review and 
2. to acquire essential information not found in the site file(s). 

A. Name: Organization Date 

Comments : 

B. Name: Organization Date 

Comments : 

C. Name: Organization Date 

Comments : 
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- 
D. Name: Organization Date 

Cements : 

The purpose of the site visit is to verify information collected 
during the site file review and the site interviews with 
knowledgeable parties and to gather essential information not found 
during the previous two steps. 

Sita Visits: [ ] Yes [ ] No 

By Whom Date 

Comments : 



absorption: the penetration of a substance 
into another. . . 

: ~ccumcy: the nearness of a result or the mean 
of a set of results to the true or accepted 
value. 

adsorption: the adherence of a gas, liquid, or 
dissolved substance to the surface of a solid. 

aerosol: a suspension of h e  liquid or solid 
particles in gas. 

aerosolization: the dispersion of a liquid in the 
form of a fine mist. 

allphatlc compounds: open-chain carbon 
compounds that are normally methane 
derivatives or fatty compounds. 

alluvium: a general term for all sediment 
deposited in land environments by streams. 

a m  a chemical component of a sample to 
be determined or measured. 

andytlcal metbod: defines the sample 
preparation and instrumentation 
procedures or steps that must be performed 
to estimate the quantity of analyte in a 
sample. 

analyticnl s p l k  the addition of a known 
amount of a standard after digestion. 

eqoicl& an impermeable stratum that acts as 
a barrier to the n<nu of groundwater. 

aquifer: a permeable rock stratum below the 
earth's surface through which groundwater 
moves; generally capable of producing water 
for a well. 

+tad a semipermeable formation that 
does not rapidly transmit fluids and hinders 
flow of groundwater. 

aromatic compounds: compounds that 
contain a benzene ring. 

arteslon: refers to  groundwater under 
sufficient pressure to rise above the aquifer 
containing it. 

background correction: a technique t o  
compensate for variable background 
contriiution to the instrument signal and 
the determination of trace metals. 

base-pnir mutation: substitution mutation in 
which the wrong base is inserted into the 
DNA and is paired with its atural partner 
during replication resulting in a new pair of 
incorrect bases in the DNA 

bedmck: the continuous solid rock of the 
continental crust. 

biorrcc~molrrtlon: the  process by which 
organisms retain chemical pollutants in their 
tissues at levels greater than in the ambient 
environment. This term is synonymous with 
bioconcentration. 

bhdqpdation: the breaking down of a 
chemical compound into simpler chemical 
components under naturally occurring 
biological processes. 

bionqpifhtion: the  process whereby 
chemicals concentrate to a higher level in 
organisms at one kvcl in a food chain than 
in thosc at the prcccding (laver) kvcl in the 
food chain. 

c a l i b ~ t h ~  the atablishmcnt of an anaiytkal 
arm b a d  on the abrbance, emission 
intensity, or other measured charackristic 
of known standards. The calibration 
standards must be prepared using the same 
type of acid or concentration of acids as used 
in the sampk preparation 

crlibrrtio~ bLmk a volume of acidified 
de-ionizcd/distPlrA water. 
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carbonate a mineral formed by t h e  
combination of the complex (m)z with a 
positive ion; for example, C a m  (calcite). 
Used for any rocks containing carbonate 
miner& such as limestone and dolomite. 

c a t k  a positively charged ion. 

c n t h  ex&- the reversible exchange 
between a cation in solution and another 
cation adsorbed onto any surface-active 
material, such as clay or organic matter. 

eonon clcbaEge cspedty (CEC): represents 
the extent to which the clay and humic 
fractions of the soil will retain charged 
species such as metal ions. The CEC is an 
important factor in evaluating transport of 
lead, cadmium, and other toxic metals. Soils 
with a high CEC will retain correspond'ingly 
high levels of these substances. The 
hazardous chemicals will be prevented from 
leaching into groundwater in the short-term, 
but in the long-term these soils may be a 
reservoir for continuing releases. Expressed 
in milliequivalents per 100 grams of soil (or 
clay). 

chromosome aberration: changes in t he  
number,  shape,  o r  s t ruc ture  of 
chromosomes. 

chmnic toxicity: a prolonged health effect that 
may not become evident until many years 
after exposure. 

clostlc pertaining to  a rock or sediment 
composed of broken fragments that are 
derived from preexisting rocks or minerals. 

clpy: (1) soil separate consisting of particles 
less than 0.002 mm in equivalent diameter. 
(2) soil material containing more than 40 
percent clay, less than 45 percent sand, and 
less than 40 percent silt. 

claypa: a compact, slowly permeable layer in 
the subsoil having a much higher clay 
content than the overlying material, from 
which it is separated by a sharply defined 
boundary. Claypans are usually hard when 
dry, and plastic and sticky when wet. 

soil or 
water-  

: any loos~, poorly sorted mass of 
rock material deposited by rapid, 
,deficient processes, such as 

landslides, rockfalls, and mudaam; usually 
formed at the base of a steep slope; the soil 
or rock may range in size from clay to 
boulders. 

compambm. a qual i ta t ive parameter  
expressing the confidence with which one 
data set can be compared with another. 
Sample data should be comparable with 
other measurement data for similar samples 
and sample conditions. 

c o m p k ~  t h e  percentage of 
measurements made that are judged to be 
valid measurements. The completeness 
goal is to generate sufficient amount of valid 
data based on project needs. 

cone of depmsion: a conical depression in the 
water table immediately surrounding a well. 

confining be& includes terms "aquiclude," 
"aquitard," and "aquifugew and is defined as 
a body of "impermeable" material  
stratigraphically adjacent to one or  more 
aquifers. 

contact: when a substance touches the body of 
a receptor. 

continuing dibratlon: analytical standard 
run every 10 analytical samples or every 
2 hours, whichever is more frequent, to 
verify the calibration of the analytical 
system. 

control Umlts: a range within which specified 
measurement results must fall t o  be 
compliant. Cont ro l  limits may be  
mandatory, requiring corrective action if 
exceeded, o r  advisory, requiring that 
noncompliant data be flagged. 

comlatfon cocmcient: a number (r) that 
indicates the  degree  of dependence 
between two variables (e.g., concentration 
and absorbency). The more dependent they 
are, the closer the value to one. Determined 
on the basis of the b t -  squares rule. 

~- - - 
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data quality objectives: qualitative and 
quantitative statements that specify the 
quality of the data required to support 
decisions during remedial response 
activities. Data quality objectives are 
determined based on the end uses of the 
data to be collected. 

detection limit: the minimum concentrations 
that must be accurately and precisely 
measured by the laboratory and/or specified 
in the quality assurance plan. 

dissolved metals: analyte elements that have 
nnt been digested before analysis and that 
will pass through a 0.45 pm Wter. 

DNA repair: repair of genetic material by 
cellular enzymes that can excise or 
recombine alterations in structure of DNA 
to restore original information. 

depdatlon: a chemical reaction involving the 
breakdown of a molecule to form a simpler 
structure. 

detritus: the accumulated particles of broken 
rock and skeletal remains of dead organisms. 

dlp (of a stratum): the angle in degrees 
between a horizontal plane and an inclined 
plane, measured down from horizontal in a 
plane perpendicular to the strike. Dip is 
measured with a clinometer. 

d k b q e  the amount of water passing a given 
point in a given unit of time, as gallons per 
minute (gpm) or cubic feet per second (cfs). 

dbsodatkn: the separation of a chemical 
compound into simpler components. 

divide the line that separates adjacent 
drainage basins. 

ddodtc: a carbonate mineral, magnesium 
limestone CaMg(W)z; a rock composed 
mainly of dolomite is referred to as a 
dolomite rock or a dolostone. 

Appendix M 
Glossary 

the amount of a contaminant that is 
absorbed or deposited in the body of an 
arposed organism for an increment of time. 
Total dose is the sum of doses received by a . 
person from a contaminant in a given . . 

interval resulting from interaction with all 
environmental media that contain the 
contaminant. Units of dose and total dose 
(mass) are often converted to units of mass 
per volume of physiological fluid or mass of 
tissue. 

draw- lowering of water level caused by 
pumping. It is measured for a given quantity 
of water pumped during a specific period or 
after the pumping level has become 
constant. 

duplicates: identical splits of individual 
samples that are analyzed by the laboratory 
to test for method reproducibility. In this 
case, samples are split in the laboratory. 

fluent: the discharge from a relatively 
self-contained source, such as from a sewage 
treatment plant or a nuclear power plant 
thermal discharge, generally carrying 
pollutants; the liquid substance, 
predominantly water, containing inorganic 
and organic molecules of tbose substances 
that do not precipitate by gravity. 

equipment rimsates the final analyte-free 
watcr rinse from equipment cleaning 
collected daily during a sampling event. 

m i o n :  (1) the wearing away of the land 
surtect by running water, wind, ice, or other 
geological agents, including such proccrses 
as gravitational crccp. (2) detachment and 
movement of soil or rock by water, wind, ice, 
or gravity. 

apornr -): an event that occun when 
tbcre is contact at a boundary between a 
human being and the emrironment with a 
con taminant of a spedfic concentration for 
an interval of time, the units of exposure are 
concentration multiplied by time. 

apotlu, -): a place whcrc d i d  rock is 
- expod at earth's surface 
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field blsnls: blanks arc coUccted and analyzed 
to determine the level of contamination 
introduced into the sample because of 
sampling technique. Tbey may consist of 
the source water used in dCCOntamination 
a d  steam c k m h s  At a minimum, one 
sample Emm each event and each source of 
water must be collected and analyzed. 

ikld dupliatea ud  split^^ samples that have 
been divided into two or  more portions 
while in the field. Each portion is then 
carried through the remaining steps in the 
measurement prsr;tsr. A sample may be 
replicated in the field or at dEerent points 
in the analytical process. For field 
replicated samples, precision information 
would be gained on homogeneity, handling, 
shipping, storage, preparation, and analysis. 

flwiol: of or pertaining to a river or rivers. 

foM: a pronounced bend in layers of rock. 

food c h i a  the transfer of food energy from 
the source (in plants) through a series of 
organisms that successively &pend on each 
other for food. 

fmmcshlit mutotioa mutation resulting from 
insertion or deletion of a base-pair from a 
triplet codon in the DNA; the insertion or 
deletion products a scrambling of the DNA 
or a point mutation. 

h m a  solid particles generated by 
condensation from the gaseous state, 
generally after volatilization from a molten 
state. Formation is often accompanied by 
oxidation or other chemical reactions. 

gas: formless fluids that can be changed to the 
liquid or solid state by increased pressure 
and decreased temperature. 

gene mutation: a stable change in a single gene. 

genetic toxicity: an adverse event resulting in 
damage to genetic material; damage may 
occur in exposed individuals or may be 
expressed in subsequent generations. 

geow map a map showing the distniution, 
at the surface, of rocks of various kinds or 
of various ages. 

geomorpbom the branch of geology dealing 
with the form and the general configuration 
of the Earth's surface and the changes that 
take place in the evolution of landforms. 

grab -pie a discrete sample representative 
of a s p e c i k  location at e given point in time. 

p m d w n t e r ~  water beneath the surface of the 
ground in a saturated zone. 

hpdroulk conductivity: indicates the ease with 
which water will flow through the soil. It 
depends upon a vafiety of soil factors. 

hydrolqic cycle the  complete cycle of 
phenomena through which water passes 
from the atmosphere to the earth and back 
into the atmosphere. 

hydro- the science encompassing the 
behavior of water as it occurs in the 
atmosphere, on the land surface, and 
underground. 

bydmlgsls: (1) the formation of an acid and a 
base from a salt by interaction with water; it 
is caused by the ionic dissociation of water. 
(2) the  decomposition of organic 
compounds by interaction with water, either 
in the cold or on heating, alone or in the 
presence of acids or alltalis. 

bydmstatic pressure the pressure of, or 
corresponding to, the might of a column of 
water at rest. 

Wtrst lo~~ the movement of water into and 
through a soil. 

-&adrm)hll(CtbCbRCSt- 
an analytical device is capable of measuring. 
This may be defined several ways: For 
example, (1) that concentration of analyte 
which produces an output signal twice the 
root mean square of the background noise 
may be determined under ideal conditions 
or (2) determined by multiplying by 3 times 
the standard deviation obtained for the 
analysis of a standard solution (each analyte 
in reagent water) at a concentration of 3 to 
5 times the instrument deteztion limit on 
three nonconsecutive days with seven 
consecutive measurements per day. 
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internal standards: compounds added to 
every standard, blank, matrix spike, matrix 
spike duplicate, sample (for volatile), and 
sample extract (for semivolatile) at a known 
concentration before analysis. Internal 
standards are  used as the basis for 
quantitation of the target compounds. 

&a: an electrically charged particle of matter 
dissolved in water. For example, in water, 
salt forms sodium ions (Na) with positive 
charges, and chloride ions (a) with negative 
charges. 

b n  a c h o m  a reversible chemical reaction 
between a solid and a fluid mixture by means 
of which ions may be interchanged; used in 
water softening and separation of 
radioactive isotopes. 

ionization: the  process of converting a 
substance whoIly or partially into ions. 

lobomtony oontrol snmple: a control sample of 
known composition. Aqueous and solid 
laboratory control samples are analyzed 
using the same sample preparation, 
reagents, and analytical methods employed 
for samples received. 

labomtory q d t y  assurance c o o ~ t o r :  an 
employee of a laboratory who has no 
analysis or production responsibilities and 
who implements QA and QC. This person 
is responsible for ensuring that all quality 
assurance problems are resolved. 

late- t he  period between stimulus 
application and response onset. 

LrLlte a solution obtained by leaching. 
Leachate from a sanitary landfill is a 
mineralized liquid with a high content of 
organic and inorganic substances. Any 
liquid, including any suspended components 
in the liquid, that has percolated through or 
drained Erom hazardous waste. 

the continued removal, by water, of 
soluble matter from wastes, regolith, or 
bedrock. 

hestme a sedimentary rock consisting 
chiefly of the mineral calcite. 

load (of a stream): the material canied at a 
given time, by a stream, by a current of water, 
by the wind, or by a glacier. 

mstrb .the predominant material comprising 
the sample to be analyzed. The most 
common matrices arc water, s o m n t ,  
and sludge. 

matrix splke an aliquot of a matrix (water or 
soil) spiked with known quantities of 
compounds and subjected to the entire 
analytical procedure in o&r to indicate the 
appropriateness of the method for the 
matrix by measuring recovery. 

matrix spike dopWG: a second aliquot of the 
same matrix as the matrix spike that is spiked 
in order to determine the precision of the 
method. 

mctabollc advation: the use of extracts of 
plant or animal tissue to provide enzymes 
that can convert a promutagen into an active 
mutagen, or a procarcinogen into an active 
carcinogen. 

method blank a blank sample run to ensure 
that reported an- results are not the 
results of laboratory contamination. 

method blPnL .Id spike the distilled andlor 
deionized water for mil or sand spiked with 
known compounds or ekmcnts. 

metbod dctsctlon WQ: minimum concen- 
trations of a substance that can be measufcd 
and reported with 9996 con6dence that the 
value b above tero. Th: sample is carried 
through the entire method under ideal 
cobditions. 
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method of standud additions: the addition of 
three increments of a standard solution 
(spikes) to sample aliqwts of the same size. 
Measurements are made on the original and 
after each addition. Tbe slope, x-intercept, 
and y-intercept a r e  determined by 
least-squares analysis. The  analyte 
concentration is determined by the absolute 
value of the x-intercept Ideally, the spike 
volume is low relative to the sample volume 
('10% of the volume). Standard addition 
may counteract matrix effects; it will not 
counteract spectraleffects. I t  is also 
referred to as standard addition. 

minimal risk level (MRL): an estimate of daily 
exposure of a human being to a chemical (in 
mg~wday) that is likely to be without an 
appreciable risk of deleterious effects 
(noncarcinogenic) over a specified duration 
of exposure. MRLs are based on human and 
animal studies and are reported for acute (s 
14 days), intermediate (15-364 days), and 
chronic (2365 days). MRLs are published 
in ATSDR Toxicological Profiles for 
specific chemicals. 

mutagenic compounds with the ability to 
induce stable changes in genetic material. 

oqank carbon content: the amount of natural 
organic material in a soil has a strong effect 
on retention of organic pollutants. The 
greater the fraction by weight of organic 
carbon (foe), the greater the adsorption of 
organic chemicals. Soil foc ranges from less 
than 2 percent for many subsurface soils to 
more than 20 percent for a peat soil. 

out of control: one o r  more of several 
conditions relating to the plotting of control 
data and indicating unacceptable re$:! its. 

oxidation: the process of removing one or 
more electrons from an ion, atom, or 
molecule. 

portlculpte: small, discrete, solid or liquid 
bodies, especially those suspended in a 
Liquid or gaseous medium. 

partitioning: the separation or division of a 
substance into two or more compartments. 
Environmental partitioning refers to the 

- distr ibut ion of a chemical in to  
environmental media (soil, air, water, and 
biota). 

parts per mUlIon (ppa): a common basis of 
reporting water analysis. One part per 
million (ppm) equals 1 pound per million 
pow& of water; 17.1 equals one grain per 
U. S. gallon; 14.3 equals one grain per 
Imperial gallon. 

p e m n t  solids: the proportion of solid in a soil 
sample determined by drying an aliquot of 
the sample. 

perched groundwater: groundwater in a 
saturated zone separated from the main 
body of groundwater by unsaturated rock. 

percolation: mwement of contaminants from 
soil to groundwater occuning primarily by 
dissolution and transport with percolating 
soil water. Perculation is thevolumetric flux 
per unit area of soil. 

permeability: (1) the ease with which gases, 
liquids, or  plant roots penetrate or pass 
through a bulk mass of soil or a layer of soil; 
varies with different soil layers. (2) the 
property of a porous medium relating to the 
ease with which gases, liquids, or other 
substances can pass through it; the capacity 
of rock o r  unconsolidated material to 
transmit a fluid 

pH: an expression of the acidity or alkalinity of 
a solution. It represents the minus base 10 
logarithm of the concentration of free 
hydrogen ions. 'Ibe range of possible pH 
values is 1 (most acidic) t o  14 (most 
alkaline). The  value of 7 represents 
neutrality. 

phamacokinetk relating to  the charac- 
teristic interactions of a drug and the body 
in terms of absorption, distribution, 
metabolism, and excretion. 

pbotodegradstio~~: the chemical breakdown of 
molecules caused by radiant energy. 

plunge: the vertical angle between a fold axis 
and the horizontal plane. 
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porosity: the proportion, usually stated as a 
percentage, of the total volume of rock 
material or regolith that consists of pore 
space or voids; the volume percentage of the 
total soil volume not occupied by solid 
particles (ie., the volume of the voids). In 
general, the greater the porosity, the more 
readily fluids may flow through the soil. An 
exception is clay mils, in which fluids are 
held tightly by capillary forces. 

porous: containing pores, voids, or other 
openings that may or  may not be  
interconnected. 

potable: drinkable water. 

prpdsion: measure of the reproducibility of a 
set of replicate results among themselves or 
the agreement among repeat observations 
made under the same conditions. 

preparation blank (recrgent blank, method 
blank): an analytical control that contains 
distilled, deionized water and reagents, 
which is carried through the entire analytical 
procedure (digested and analyzed). An 
aqueous method blank is treated with the 
same reagents as a sample with a water 
mat* a solid method blank is treated with 
the same reagents as a soil sample. 

purge and trap: an analytical technique used 
to  isolate volatile (purgable) organic 
compounds by stripping the compounds 
from water or soil by a stream of inert gas, 
trapping the compounds on a porous 
polymer trap, and thermally desorbing the 
t rapped compounds onto  the  gas 
chroma tographic column. 

quality assurance: a planned system of 
activities (program) whost purpose is to 
provide assurance of the reliability and 
defensibility of the data 

quality comtrol: a routine application of 
procedures for controlling the monitoring 
process. QC is the responsibility of all those 
paforming hands-on operations in the field 
and in the laboratory. 

reagent water. water in which an analyte is not 
observed at o r  above the minimum 
quantitation limit of the parameters of 
interest. 

rumwerg: usually expressed as a percent. The 
numerical ratio of the amount of analyte 
measured by the laboratory method divided 
by the known amount of analyte added to 
the matrix (i.e., spiked sample) to be 
an- 

rdemnce dose o): an estimate (uncednty 
spanning perhaps an order of magnitude) of 
a daily exposure (mghg/day) to the general 
public (including sensitive subgroups) that is 
likely to be without an appreciable risk of 
deleterious effects during a lifetime 
exposure (chronic Rfd) or exposure during 
a limited time interval (subchronic IUD). 

regolith the blanket, consisting of loose, 
n o n ~ m e n t e d  rock particles and mineral 
grains, that commonly overlies bedrock. 

reWE the difference in altitude between the 
high and low parts of a land surface. 

rrporthgdct4ctlon UdQ: the same as method 
detection limits with consideration given for 
practical limitations, such as sample size, 
matrix interferences, and dilutions. 

repmsentottvclacss: expresses the degree to 
which sample data accurately and precisely 
represent a characteristic population, 
parameter variations at a sampling point, or 

- r a l a d h . L  m 
is a qualitative parameter that is  most 
concerned with tbc proper design of tbe 
-pling 

r r m p k b d d h g ~  timausuitoa8ccmin 
the validity of results based on the holding 
time of the sampk from timc of colkction 
to timc of analysis or sample preparation. 
Holding times may vary depending on the 
analysis, EPA regional preferences, and 
other h r s .  

ntmmtal ro#: that part of a watcr-bcaring 
material in which all voids, large and small, 
arc filled with water. 
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scale ( d a  map): the proportion between a unit 
of distance on a map and the unit it 
represents on the Earth's surface. 

met*. the process of rapidly identifying 
potentially important chemical 
contaminants and exposure pathways by 
eliminating those of known lesser 
significance. 

seepage (1) the  appearance and 
disappearance of water at the ground 
surface; (2) the type of movement of water 
in unsaturated material; distinguished from 
percolation, the predominant type of 
movement of water in saturated material. 

semivolstile compounds: compounds 
amenable to analysis by extraction of the 
sample with an organic solvent. Used 
synonymously with base neutral acid or 
extractable compounds. 

serlol dilution: the dilution of a sample by a 
known factor. When corrected by the 
dilution factor, the diluted sample must 
agree with the original undiluted sample 
within specified limits. Serial dilution may 
reflect the influence of interferents. 

sllt: a fine-grained sediment having a particle 
size intermediate between that of h e  sand 
and clay (between 0.02 and 0.002 mm in 
diameter). 

sink: a large solution cavity open to the sly, 
generally created by collapse of a cavern 
roof. 

sludge any solid, semi-solid, or Liquid waste 
generated from a municipal, commercial, or 
industrial waste water treatment plant, 
water supply treatment plant, or air 
pollution control facility. 

solid8 - total, dissolved ud snsptRd& (1) 
Total mlids represent the sum of diilved 
and suspended SOW, (2) dissolved solids 
are in true solution and cannot be r e m d  
by filtration. Their origin lics in the solvent 
action of the water in contact with the 
earth's minerals; (3) suspended solids arc 
those not in trut rolution and removable by 
filtration, and they may be imparted Emm 
small particles of insolubk matter, .from 
turbulent action of water on soil, or Emm 
domestic and industrial wastes. 

solution csvltles: numerous holes and 
openinp that form in carbonate rocks as a 
result of chemical activity. 

sorption: the act of taking up and holding a 
chemical or substance by either adsorption 
or absorption. 

spikes: known amounts of specific chemical 
constituents added by the labbratory to 
selected samples to test the appropriateness 
and recover efficiencies of specific analytical 
methods within the actual sample matrices. 

standard kvtotk~: the square root of the 
variana of a set of values. 

stmtlgrsphy: the definition and description of 
major and minor natural divisions in layered 
rocks, such as groups, formations, and 
members. 

s u ~ t c s :  compounds added to every blank, 
sample, matrix spike, matrix spike duplicate, 
and standard and used to evaluate analytical 
efficiency of the method by measuring 
recovery. Surrogates are brominated, 
fluorinated, or  isotopically labelled 
compounds not apccted to be detected in 
environmental media. These are used 
typically in organic methods. 

tentatively identified compounds (TICS): 
compounds detected in samples that are not 
target compounds, internal standards, or 
surrogate standards. Up to 30 peaks (those 
greater than 10% of peak areas or heights of 
nearest internal standards) are subjected to 
mass spectral hirary searches for tentative 
identification. 
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total metals: analyte elements that have been 
digested before analysis. 

transformation: t h e  act of changing in 
composition or structure. 

vapor: a substance in the gaseous state as 
distinguished from the liquid or solid state; 
volatile form of substances normally in the 
liquid or solid state at normal temperature 
and pressure. 

vapor pmssum the pressure exerted by a 
vapor, either by itself or in a mbaure of 
gases; often taken to mean saturated vapor 
pressure, which is the pressure of a vapor in 
contact with its liquid form. 

variance: the sum of the squares of the 
difrence between the individual values of 
a set and the arithmetic mean of the set, 
divided by one less than the number of 
values. 

volatile: characterized by rapid evaporation. 

volstile mmpoPnds: compounds amenable to 
analysis by the purge and trap techniques. 
Used synonymously with purgable 
compounds. 

volatility: the ability of a chemical to vaporize 
or evaporate. 

vdotilhtion: the conversion of a liquid or 
solid into vapors. 
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v o l o ~  to evaporate or turn into vapor from 
a liquid or solid state. 

wasbut: occurs when falling raindrops or . 
snowflakes collide with and retain large 
aerosol particles; it is effective only in the 
removal of large particles. 

watersbed: the area, defined by physical 
drainage divides, that is drained by a stream 
or stream system. 

water tabk the upper surface of the zone of 
saturation where the water pressure is equal 
to atmospheric pressure. 
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