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Abstract

Community based programs for assessing and mitigating environmental risks represent a
challenge to participants because each brings a different level of understanding of the
issues affecting the community. These programs often require the collaboration of
several community sectors such as community leaders, local governments and
researchers. Once the primary concerns, community vulnerabilities and assets are
identified, participants plan on how to address immediate actions, rank known risks,
collect information to support decision making, set priorities, and determine an
evaluation process to assess the success of the actions taken. The evaluation process
allows the community to develop new action plans based on the results obtained from
previous actions. Tracking the success of the community actions may be as simple as a
visual/tangible result (e.g. cleaning a park) or complex as the collection of specific
measurements to track the reduction of toxic pollutants or to determine the presence of a
specific contaminant. Recognizing that communities may need to perform measurements
to meet their goals, this paper provides an overview of available measurement methods
for several chemicals and biologicals in relevant environmental samples to a community

setting. The measurement methods are organized into several categories according to



their level of complexity, estimated cost, and sources. Community project technical
advisors are encouraged to examine the objective(s) of the community to be addressed by
a measurement collection effort and the level of confidence that is needed for the data to
make appropriate decisions. The tables provide a starting point for determining which
measurement method may be appropriate for the specific community need.

Keywords: measurement methods, screening, community, analytes, quantitative methods,

databases, analyses, exposure.

Introduction

A community based cumulative risk assessment (Callahan and Sexton, 2007, Sexton and
Hattis, 2007) requires an understanding of the interactions of multiple stressors,
aggregate exposures, and impacts to the particular population in a defined community
(e.q. specific geographical boundaries, age group, gender, ethnicity, etc). The necessity
to obtain information on particular stressors or target analytes within potentially different
time frames, pathways, and routes of exposures may pose difficulties in the process of
quantifying the potential exposure and cumulative risk. Community programs often
undertake a simplified cumulative risk assessment process by first, identifying and
prioritizing their major concerns, then performing a screening level evaluation of their
risks, and finally selecting specific areas where an action can provide a measureable
reduction on a particular exposure and the risk associated with it. To aid community
programs in this process, the United States Environmental Protection Agency (EPA)
provides guidance and assistance to communities in the performance of risk assessments,

measurement methods, predictive models, and hazard identification (USEPA 1976,



USEPA, 1986, USEPA, 1989, USEPA 1990, USEPA 1992, USEPA 1997, USEPA 2000,
USEPA 2002a, USEPA 2002b, USEPA 2003, USEPA 2007a). EPA also provides
opportunities to obtain funding (e.g. grants, cooperative agreements) and technical
assistance through several partnership programs (Clayton et.al., 2003; NACCHO, 2000;
USEPA 2005, USEPA 2008a, USEPA 2008b; Zartarian and Schultz, submitted).
Specifically EPA’s Community Action for a Renewed Environment (CARE) program
provides assistance to communities that want to reduce their levels of toxic pollution
(www.epa.gov/CARE). The program offers a roadmap for communities to get organized
and mobilized to take actions that would reduce their environmental health risks. EPA’s
National Center for Environmental Research provides grants for community—based
participatory research (http://cfpub.epa.gov/ncer_abstracts/index.cfm/). Many
community programs often design projects whose objective is to reduce exposure risks to
a specific stressor or analyte. In the early stages, these projects may require screening
measurements to determine if an analyte is present in order to make decisions on
potential actions. They also may require the quantification of the hazard, stressor or
analyte of interest to track the project success in reducing the exposure and therefore the
potential risk. In many circumstances, this particular need will translate into the
measurement of a specific chemical or biological agent in a targeted environmental media

such as air or water.

The focus of this paper is to identify and summarize available tools for the measurement
of several chemicals and biological agents in environmental samples relevant to a

community setting (Barzyk et al, submitted). It is intended to be an overview of



measurement methods having different levels of complexity, technical skill, and costs.
The methods chosen for inclusion resulted from conversations with researchers involved
in community programs who expressed the need for a summary of measurement methods
appropriate for community applications. Currently these measurement methods are
scattered across various websites, literature, and databases. These methods could be used
to screen for the presence of a suspect stressor (e.g. chemical), develop exposure profiles
in a specific locality and to demonstrate the success of a community project in reducing
or mitigating exposure to a specific analyte. The paper is intended as a reference for
technical staff providing guidance to community groups on how to perform
measurements for specific community projects. To reach community project participants
without extensive technical expertise, EPA is also planning to make the information
available in a “lay-person-friendly” format through EPA’s CARE program and

community lay publications.

The decision to select a specific measurement method depends on several factors
including the needed accuracy, the intended use of the data, the time and resources
available to support data collection, and the quality of available or existing data. Spatial
and temporal sampling issues must also be addressed in the sampling design. The
number of measurements needed, the sampling sites, collection times, and necessary
sensitivity also influence the selection of the most appropriate method(s). The methods
summary tables presented here should aid the technical advisors participating in
community projects in selecting a measurement method and understanding the level of

effort necessary for collecting the desired measurements by providing a general



description of how the measurement is performed. Options are provided for short-term,
low budget efforts for preliminary screening of a specific analyte as well as
methodologies for more extensive studies. The tables are organized by the level of
method complexity ranging from requiring no technical background yielding data with a
relative high uncertainty to more refined methods that produce data with reduced
uncertainty. The measurement methods tables were designed to complement the other
tools found in the Summary of EPA Exposure Tools Available to Communities for
Conducting Cumulative Risk and Exposure Assessment (Barzyk et.al. submitted). The
user should consider how the objective(s) of the community may be addressed by a
measurement collection effort, determine the rationale for selecting a specific method, the
level of confidence desired to make appropriate decisions, the measurements to be
collected, and the overall analysis plan (USEPA 1997). The options available to collect
data are as varied and different as the issues they seek to address. The selection of the

proper measurement method is the first step in a measurement data collection.

Approach

A systematic approach was used to identify and prioritize the available methods relevant
to community research. First, environmental concerns identified by communities
(Barzyk et.al. submitted) were consolidated into measurable parameters (i.e. chemical,
biological, physical). The information was gathered by the EPA’s Office of Research
and Development in 2007 by surveying the project officers working in the Community
Action for a Renewed Environment (CARE) program. The survey results showed that

most issues could be categorized into specific areas including air quality (e.g. fine



particulate), children’s health (e.g. residential mold), and drinking water (e.g. ground
water and discharges to surface waters). Within these specific areas, the majority of the
observed impacts on the community were categorized into measureable parameters,
mainly chemical or biological (Barzyk et. al., submitted). Second, the focus was placed
on chemical and biological analytes of concern. The most common routes of human
exposure for the identified analytes were inhalation and ingestion. For inhalation, three
distinctive environmental samples were indentified: outdoor air, indoor air, and particles
either in the form of particulate matter in air (such as PM ;) or residential dust. The
analytes of concern for these samples varied from radon to pesticides to allergens. The
ingestion pathway focused on two relevant areas: water and food. Water quality
perception of residents was dependent on the source (i.e., from a public delivery system
or a well) and the plumbing (both inside and outside the residence). The analytes were
varied and the methodologies available could be broken down into methods for fresh
water systems, well water, and drinking/tap water. Food contamination was another
important issue recognized by some communities but, generally, the importance seemed
to be localized. Measuring specific chemicals in foods is not an easy task and often
requires extensive technical knowledge to perform the measurement and interpret the
results. Existing databases on levels of contaminants in food may provide communities
some insights on potential dietary exposures (Office of Pesticide Program’s Pesticide
Data Program, http://www.ams.usda.gov/science/pdp/ or FDA’s Total Diet Study,

http://www.cfsan.fda.gov/~comm/tds-toc.html).



After reviewing the survey information provided by the community, the third step
consisted of determining the chemicals, environmental samples and methods useful to
community groups. As a fourth step, the potential users of the methods and participants
in the measurement collection were identified. This allowed the summary tables to be
more focused. Based on the existing methods, the following measurement categories
were identified: Existing Measurement Data, Screening, Quantitative Screening, and
Refined Quantitative. The existing measurement data category relates to measurement
databases and is discussed in detail by Barzyk et.al. For the other categories, specific
information on the applicability of the method is provided to the user. The four
categories require different technical skill and, accordingly, each one provides data of
varying uncertainty related to the measurement procedure used. For the purpose of this
paper, the result of a measurement is defined as an approximation or estimate of the true
value of the specific quantity being measured as described by the National Institute of
Standards and Technology in their “Guidelines for Evaluating and Expressing the
Uncertainty of NIST Measurement Results”
(http://physics.nist.gov/Pubs/guidelines/cover.html). The term uncertainty is defined as
the several components of the measurement that may influence the result making it closer
or farther from its true value. Some components that may introduce uncertainty to the
result include sample collection, sample handling, and analyte detection. The level of
confidence is therefore defined as the extent to which the measured result is expected to
be true usually expressed as a percentage. Accuracy is defined as the degree to which the
measured value is close to its real or true value. Precision is defined as the repeatability

of the results obtained by the performed measurements.



The fifth step consisted in tabulating available measurement methods according to

categories and environmental media. Representative measurement methods that are

available commercially and official EPA methods are included in categorized tables. For

a method to be included, information on the applicability, accuracy, and uses of the

resulting data needed to be available. The information in the tables is intended as an

informational tool on where to find basic methodologies for a project. The web addresses

and price ranges may vary from the time of submission to the publication date of this

paper.

Results

Existing Measurement Data

A question that is often raised after discussing uncertainty associated with selected
measures and analyses is: do we use data that are already available or collect a new
measurement? There are several sources of existing measurement data. Barzyk et. al.
provide examples of databases that have useful measurement data including toxic
chemical releases, lead hazards, Superfund sites, smog and particulates, hazardous
pollutants, Clean Water Act activities, watershed indicators, animal waste, and other
parameters. The primary question that arises with searching existing databases is how
useful are they for the purpose of the specific project. The user needs to know the “data
about the data” or metadata information. Metadata usually provide details that help the
user understand the intended use of the database, how the data were acquired, and

possible data limitations. It is recommended that only databases with documented



information be used. Understanding the intended use of the data allows the user to decide

if the database will meet the data quality needs of their specific project objectives.

Measurement databases are commonly maintained by local or state government as well
as organizations that provide services to a community. An example of this type of
information is drinking water databases (http://www.nmenv.state.nm.us/ ) kept by local
governments or organizations providing the service. Municipalities and agencies
responsible for drinking water delivery systems monitor regulated drinking water
analytes and provide the data to the consumers
(http://www.epa.gov/enviro/html/sdwis/sdwis_query.html). It is worth noting that self
contained ground water systems, such as wells, must be monitored by the users or
independent entities to assure the water quality. Databases providing data quality

information for ground systems are scarce.

Screening Measurement Methods

A community project may require specific measurement collection to meet its needs and
answer questions related to the issue of concern. A good starting point is screening
methods. For this article, screening measurement methods are defined as methods used
to rapidly identify analytes or biologicals of interest informing whether a more thorough
assessment is advisable. These methods have the advantage of being cost effective,
relatively quick, and usually having a simple sample collection protocol. However, their
simplicity frequently allows the user to introduce a higher level of uncertainty to the final

results by not defining what a representative sample may be (Harper and Gutkencht, 2001



et. al., 2001). The detection of the analyte may also provide another source of
uncertainty, for example, colorimetric results are dependent on interpretation of a specific
color. The color perception could be influenced by the light in the area where the results
are read and the user’s eyesight (e.g. not distinguishing tonal differences in color).
Screening methods are most useful in determining potential contaminants in a particular
area or identifying “hot spots”. Commercial test kits for multiple environmental samples
such as air, surfaces, and water are available as screening methods. The ranges of
analytes that can be detected by these kits include mold, ozone, radon, asbestos, metals,
various pesticides, and disinfection byproducts among others. Table | provides examples
of commercially available test kits by environmental media, analytes, information, and
estimated cost. The environmental media and analytes on the table are representative of
those identified as important by communities participating in the 2007 survey. Table |
provides a general description of the screening method to provide user tools that could

inform the method selection process.

Test kits may provide useful information by identifying areas of concern within a
community where potential actions may be needed. The users have to consider that most
responses provided by the kits are visual and often provide a wide margin of
interpretation. Some require a colorimetric comparison with standards or titration of the
sample with solutions of known value while others provide “present” or “not present”
answers. The technical knowledge necessary to use these Kits is minimal. Users may
include adults as well as children in school. As with any analysis, the results of the kits

are dependent on how the sample was taken, the environmental media, and experience of



the user. For example, when testing for lead in paint, sample collection can be influenced
by the painted surface composition (e.g. thick, thin, brittle, rubbery, or a combination of
two different kinds of paint) (Harper and Gutkencht, 2001 et. al., 2001). The underlying
substrates on which the paint has been placed may also influence the ease or difficulty of
removing it. Examples of these substrates include wood, dry wall or plaster, and metal.
To add to the complexity, where to sample on a surface may also be an issue. The
screening method results may or may not be totally representative of the actual
concentration of the analyte of interest but screening methods provide a good starting
point. Interpretation of screening measurement results may also prove to be challenging
depending on the response for the analyte. For example, when measuring mold (Figure
1), yeast or fungus in indoor air, media designed for mold growth is exposed to the air
allowing for colonies to develop. The user has to determine roughly how many colonies
are present to know the quality of the air and its potential impact on the residents of the
house or building. The time elapsed between sample collection to results varies
depending on the kit from 24 hrs to 7 days. The user has to follow the instructions
provided by the vendor to make sure that the sample was collected appropriately, no
potential cross contaminants are present, and that the results are read at the appropriate
time. If a more sophisticated approach is needed for mold determination, additional
information is available on an environmental relative moldiness index (Vesper et.al.,
2007a) as well as quantitative determination (\Vesper et.al., 2007b).

Another example of a commercially available Kit is the screening method designed for
testing carbon dioxide (CO,), carbon monoxide (CO), indoor formaldehyde (HCHO), and

nitrogen dioxide (NO,). These test Kits use dosimeter tubes that undergo a color change



after the air sample has been collected and the reaction time within the dosimeter has
expired (around 10 hrs). Figure 2 shows an example of a visual chart included with the

screening kit allowing the user to qualitatively determine the air quality.

Reading color from a reference chart is dependant on the user, the type of light available
and general perception of the color observed. Some charts have very subtle color
changes which may make it difficult for the user to decide between the colors shown.

An example is the detection of total nitrate/nitrite in water (Figure 3). The user may have
to use their best jJudgment to determine which color best represents the results of the test.
The EPA recommended maximum level for nitrate in water is 10 parts per million (ppm)
and 1 ppm for nitrite
(http://www.epa.gov/OGWDW)/contaminants/dw_contamfs/nitrates.html). Based on this
guideline the user may only be able to determine if the water sample is within or above

the recommendation.

Some test kits have been successfully used by communities and school systems to
monitor air and water. The Kits provide a fast, practical, and reliable way to check certain
parameters of air and water quality. An example is the determination of ground-level
ozone by middle and high school students (http://artofteachingscience.org/ozone/ground-
level _ozone.html, http://www2.gsu.edu/~mstjrh/ozone.html,
http://www.dnr.state.wi.us/org/caer/ce/eek/earth/field/milkweed/index.htm)

The data are collected by the students and shared with the community through the

internet. Kits have also been used by schools for water quality monitoring



(http://edtech.mcc.edu/amen/wetnet.htm,
http://www.lamotte.com/pages/edu/homelist.ntml). The students compile and analyze
the information which can be mapped to provide the community with an idea of the water
quality in the area and sometimes in residences

(http://www.studentwatermonitoringnetwork.org/).

Quantitative Screening Measurement Methods

The need for more accurate results is answered by another set of tools that combine the
“ease of use” of the screening methods with laboratory analysis or an electronic aid.
Usually the kits discussed in the previous section are upgraded with an electronic reading
device that provides an accurate read out of the results or laboratory analyses with related
fees included in the kit price. General technical skills are needed to use these methods.
Table Il provides examples of the commercially available test kits that include laboratory
analyses in their purchase price. The primary source of uncertainty for this particular
group of measurement methods is sample collection. Like the previous set of
measurement methods- how the sample is collected, collection location, and sample
preservation represent potential sources of variability. The advantage of this particular
set of methods is that a more precise concentration of the analyte is provided thus

reducing measurement uncertainty.

The primary source of uncertainty for this particular group of measuring methods is in
the sample collection step. Like the previous set of measurement methods, how the

sample is collected, where it is collected, and how the sample is preserved prior to



analyses represent potential sources of variability. The advantage of this particular set of
methods is that a more precise concentration of the analyte is provided. This reduces the

uncertainty due to user interpretation.

Quantitative screening methods may be developed for specific applications and may be in
a developmental research state therefore providing users with limited access. These
methods often require technical knowledge for data interpretation and can be costly
depending on the particular application. Immunochemical, biomarker, and bioavailability
methods are within this category. Immunochemical methods in particular have been used
to quantitate pesticides and their metabolites, dioxins, polycyclic aromatic hydrocarbons
(PAHS), polychlorinated biphenyls (PCBs), and microbial products in several samples
including soil, sediment, water, milk, beef, potatoes, urine, and serum (Van Emon et.al.,
1986, 1986; Johnson J.C. and Van Emon, J.M., 1996; William et.al., 1996 K.J., 1996;
Barcelo-D. et.al., 1998; Dankwardt, A. and Hock, 1997; Van Emon, 2001; Nichkova, M.
et. al., 2002, Nichkova, M. et. al., 2004; Brena, B. M. et. al., 2005; Watanabe, H. et.al.,
2006; Van Emon, J.M., 2006; Chuang, J.C. et. al., 2008). These methods use selective
antibody or antibodies to bind the specific chemical of interest. They are commonly used
in the biological sciences and as clinical diagnostics. Few companies sell these assays for
environmental monitoring and many can be found under the trademark of RaPID Assay®
(PAHS analyses sold by Strategic Diagnostics, Inc. www.sdix.com) or pesticides RaPID
Assay ™ Kit (Aldicarb kit sold by Mallinckrodt Baker, Inc.). Many universities have
immunoassay development programs and are often looking for real-world samples to test

their methods. Mutually beneficial partnerships can be formed between a community and



a university with the community supplying samples and the university providing

measurement results back to the community.

A common immunoassay format is the enzyme-linked immunosorbent assay (ELISA)
that gives a colored end point and can be read visually or by a spectrophotometer.

ELISA testing kits for environmental contaminants typically contain antibody-coated test
tubes, standards, reagents and plasticware necessary to perform the analysis (Van Emon
2006). These “lab in a kit” procedures can be tailored to provide yes/no, qualitative,
semi-quantitative or even highly quantitative results. Prices vary depending on the
analyte, the number of analyses (bulk pricing), and the required precision and accuracy of
the method. Many tests can be performed for under $300.00 and ELISA is significantly
cheaper than instrumental methods. Immunoassay testing Kkits have been used by
community members to monitor their tap water for pesticides and by local watch groups
to look for pesticide residues on produce (Van Emon 2001). School projects checking for
pesticides in community water sources have also relied on immunoassay testing Kits.
Simple extraction procedures can be coupled with immunoassay detection to analyze
other samples of interest such as soil, dust, and air (Chuang et al 2008). ELISA methods
can also be modified and used for monitoring biomarkers in urine and other biological

samples.

Biomarker methods measure a chemical or its metabolites in the body providing
information about exposures and potential outcomes or diseases. They have been used to

assess human exposures to chemicals in the environment and to inform cumulative risk



assessments (Ryan, P.B. et. al. 2007) but interpretation of results often requires a
comprehensive understanding of exposure issues, dose and body functions (Pleil et. al.
2007). Biomarker methods require the collection of samples such as serum, blood, urine,
or exhaled breath (Pleil et. al., 2005). The metabolites, adducts or by-products of interest
are measured in those samples by using ELISA methods or sophisticated analytical
instrumentation (Nichkova, M., Galve, R., Marco, M.P. 2002, Nichkova M., et.al. 2004).
The sample collection may be performed by community members in some instances but
the analysis and interpretation of the results require that someone with appropriate
expertise analyzes the samples and provides technical knowledge on the interpretation of
the results within the context of the sample collection. Most biomarker methods are
characterized as quantitative screening methods because they often provide an idea of the
total exposures an individual incurred without providing specific information on the
duration, frequency, location, and time of the exposure. Results from biomarker methods
may be used to provide insight on potential exposures in a community, potential health
effects, and to aid in identifying high risk/highly exposed individuals within a group.
EPA is working on developing exposure reconstruction pathways from biomarker data
(Pleil et. al. 2007). Once these tools become available, the results of biomarker
measurements could be interpreted with better accuracy. The cost of using biomarkers in
a community study depends on the media to be collected, number of samples, biomarker
to be analyzed, and duration of the collection phase which could be extended throughout

several weeks to provide statistically significant data.



EPA is committed to researching new measurement methods for communities to apply in
their exposure assessment efforts and understanding underlying risks related to the
exposures. One development area is bioavailability research. Bioavailability
measurements determine how much of a chemical present in a specific contaminated
media (e.g. soil, dust) will be absorbed by an organism following exposure. The human
health oral bioavailability is defined as “the fraction of an ingested dose that crosses the
gastrointestinal epithelium and becomes available for distribution to internal target tissues
and organs” (USEPA 2007b). The importance of the method resides in the fact that in
most cases, the actual exposures (e.g. toxic metals) related to specific environmental
samples are much less than predicted by traditional methods such as determination of
toxic metal total concentration (Bradham et. al., 2006, Dayton et. al., 2006). New
bioavailability methods based on human physiology are being developed. These quick,
inexpensive, cost effective methods estimate bioavailability for use in estimating
exposure for health risk assessments. The estimated cost per sample is approximately
$150 (Kelley et al., 2002). However, many of these methods have not been validated or
they may only be validated for specific types of media, a specific analyte or a specific
concentration range. Therefore, methods used to assess bioavailability are usually
complemented by models that help predict the risk of a specific analyte to an individual.
Most risk assessment applications employing bioavailability data have been done using
toxic metals (USEPA 2007b, 2007c, 2007d). As with biomarker measurements, the
drawback of bioavailability measurements are the difficulties in data interpretation and
the need to perform a risk assessment (e.g. risk calculation) with the data produced. It is

considered a quantitative screening technique because it allows the determination of



potential risk and risk mitigation actions once the data are used in a health risk
assessment. However, at this time, research is on-going to accurately interpret
bioavailability results and build up the necessary technical knowledge to interpret the

data and understand its underlying impact.

Refined Quantitative Measurement & Analytical Methods

This last category of available methods is the most familiar to individuals in a laboratory
setting. The methods provide quantitative/numerical results for the analytes of interest.
They require advance technical knowledge and instrumentation. This category includes
detailed procedures for sample collection, sample preparation, and analysis. Methods are
available for most relevant environmental samples and analytes of interest. The costs are
dependent on the type and number of samples, desired analysis, detection limits, and
reporting requirements. Table I1l shows some of the EPA methods available on line.
Many of these methods are used by local governments, federal agencies, and industry to
measure regulated analytes. They are also used for pilot studies that need to gather

baseline information about environmental exposures.

Communities that may be interested in using this level of methodology may partner with
their local government, universities, industry or other organizations that have the
capability to acquire and prepare samples and perform the analysis. A practical way to
implement a community effort that requires high end instrumentation would be to utilize
a relative easy procedure for sample collection. One example testing this concept of a

“simple” sampling technique paired up with high end analytical instrumentation in a



community setting was launched by EPA in 1998. A partnership was established
between EPA, the private sector, and residents of 16 counties in the Dallas/Fort Worth
(DWEF) area. The project was called the Passive Ozone Network in Dallas (POND)
project (Sather et.al., 2001, Varns et. al., 2001). The project began after EPA announced
the eight hour ozone National Ambient Air Quality Standard (NAAQS) in 1997

(http://www.epa.gov/air/ozonepollution/fs20080317.html).

The POND project’s goal was to gather data that would provide a better understanding of
ozone exposures and allow localities to identify non-attainment areas in a cost effective
way. It used a passive sampler device (PSD) (Figure 4) network to measure ozone (O3)
in the Dallas/Fort Worth area. EPA scientists joined efforts with concerned citizens in
the Dallas/Fort Worth area. A passive network of 30 sites was established within 16
counties. Daily PSD ozone data were collected during 8 weeks. The sites operators
included EPA employees EPA, members of organizations such 4-H Club and Master
Gardeners, and farm retirees recommended by the county agricultural extension service
agents. EPA prepared a tutorial video (Varns et.al., 1998) explaining the sample
collection and mailing process. Once the samples were received at EPA, they were
extracted and analyzed by gas chromatography/mass spectrometry (GC/MS). The data
were reported back to the community. The feasibility of deploying a passive sampling
network in a community-based participatory research project was tested in this effort.
The passive network results showed an excellent correlation (95-97%) with the
continuous monitoring sites. The project success was due to a clear objective, easy to

follow procedures, and the trust and commitment of all participants. The project showed



that with the right partnerships, a community can successfully acquire monitoring data
that are meaningful to their locality. The selection of an appropriate sampling method
and clear procedures on sample handling and shipment to the laboratory along with

tutorial visual aids made this effort successful.

Sometimes a simple sample collection method is not appropriate to answer the particular
question the community may have. It may be necessary to utilize complex sampling
equipment with highly technical protocols. The cost and technical skill level needed for
an effort requiring complex instrumentation is high. To be able to interpret the results,
participants need to clearly understand the purpose and problem formulation, the data
quality objectives, the sampling statistical design plan satisfying the desired uncertainty
parameters, and the rationale for the overall analysis plan. Measurement data are
interpreted within the boundaries established by the planning stages and should be used
only for its intended purpose.

Discussion

Measurements data are needed when an information gap exists to support action(s) or
answer a question relevant to a community concern making method selection critical for
obtaining the appropriate data. Simple yes/no responses indicating the presence/absence
of contaminants may be adequate for a decision. The measurement activity usually is a
combination of several methods for sample collection, sample preparation, and
detection/determination of the analyte of interest (Quevauviller, P. 2004 a,b, Quevauviller,
P. and Donard, O., 2001). Before investing time and effort in measurement collection, it

is important to a) have a clear understanding of the purpose and scope of the desired



effort, b) identify the participants, approach and resources available to the project, and c)
review previous efforts done by communities with similar issues of concern. Those
involved in designing a community project need to carefully consider the limitations of
resources, data already available and potential measurement methods to be used.
Consideration of the potential risks, prioritization of issues and pathways, and the need or
availability of technical information should also be included during the planning stages of
any measurement endeavor. Once a clear understanding of what question or hypothesis
will be answered by the measurement collection, it is time to address the uncertainty,
level of confidence, precision, and criteria for selecting the measurement method.
Conclusions

The measurement methods presented in this paper provide an overview of methods
representing different levels of confidence and precision. Screening methods are useful
to determine the presence or absence of an analyte. They may aid a community to
determine if particular analytes are present and if there are any “hot spots”. The data
uncertainty from these methods may result from the sample collection step, sample
handling, and the interpretation of the results. The user does not need to have technical
skills to apply these methods. The results from these methods may inform the decision
plan to take a specific action. Quantitative screening methods provide a lower level of
uncertainty. The sources of uncertainty are associated with the sample collection, sample
handling, and the instruments used to read the results. These methods usually require two
levels of skill: a user with minimal technical expertise performing the collection and
sample handling, and an analyst with technical skills appropriate to the instrument

complexity level. The most sophisticated methods require a high level of technical



knowledge. The sample collection, preparation and analysis require careful planning,
design, greater resources, and sophisticated instrumentation often with low detection
limits.

When a community needs to fill information gaps for action plan development or
evaluate the impact of actions taken to reduce exposures, measurement methods produce
data to inform community decisions. Selection of a particular method is done based on
resources, data quality requirement, and level of uncertainty while focusing on the
appropriateness of the produced data to answer the original questions. This paper
provided an overview of measurement method tools that could be used as a starting point
for an exposure assessment addressing a community concern. These methods provide
users with basic information to select the most appropriate measurement tool to address

the needs of a community—based exposure project.
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presentation and publication. Mention of trade names or commercial products does not
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Figure 1. Examples of mold colonies in Petri Dishes

Pictures by S. Vesper, USEPA

Mold tests require the user to wait at several hours before reading the results. The
number of identifiable colonies formed provides the basis ranking the quality of the
media tested. For example, good air quality translates to the formation of 1-3 distinct
colonies, 4-6 means marginal air quality, 7-12 is considered poor air quality and over 12
is considered very poor air quality. The user needs to know how a colony looks like and
how to distinguish among them.

Figure 2. Example of a visual chart used to determine air quality

0.6 Good 1
1.0 Marainal 3
5.0 Poor 6
Very Poor
CO; HCHO

Some test kits use dosimeter tubes to determine air quality. Each tube is specific for an
analyte. The dosimeter tube is opened and exposed to air for 10 hours. After the
sampling time has elapsed, a colorimetric change will be observed in the tube. The user
compares the color with a visual chart provided by the vendor. The chart provides
different color ranges representing different concentration ranges for each analyte. The
results are interpreted as good, marginal, poor or very poor air quality for each analyte.



Figure 3. Example of Colorimetric Responses for Total Nitrate/Nitrite
Concentrations in Water

0 ppm 2.0 ppm 10 ppm 20 ppm 50 ppm

Water can be tested for chlorine, nitrate, nitrite, copper as well as pH, hardness, and
oxygen content. Some test Kits provide strips that can be dipped into the water and
provide a colorimetric result within one minute. The user compares the result with a
visual chart provided with the kit. Sometimes the color changes may be difficult to
interpret as colors in the chart may be similar, perception of color may be different from
user to user, and different lights (natural vs. fluorescent) may affect the read-out.

Figure 4. Ambient Air Passive Sampler Device (PSD) used in the POND study. The device has a
cylindrical polymeric body (2cm diameter by 3cm long) housing a coated glass fiber disk at each end. The
device produced by Ogawa & Co., Inc., FL. This type of passive sampler can be used for NO-NO,, NOx,
SO,, Og, and NHg. It is reusable except for a pre-coated pad.



Table I: Screening Measurement Methods: Examples of Commercially Available

Analyte(s)

Mold and Bacteria
Formaldehyde, Nitrogen
Dioxide, Carbon Monoxide

and Carbon Dioxide

Ozone

Toxic black mold, bacteria,

and yeast

Mold Spores Bacteria

Fungus

Phosphate

Chlorine

Ammonia Nitrogen
Chloride

Bacteria/Mold
Pesticides-Atrazine &
Simazine, Ammonia,
Nitrate & Nitrite, Iron,
Chlorine Copper ,Hydrogen
Sulfide, Lead

Arsenic

Ammonia, Nitrogen,

Test Kits*
Estimated Price General Description

Range as of 2007
Indoor Air

$ 69.95 for one; Spot tests for rooms and forced hot air heating and

$109.95 for two air conditioning systems for mold, yeast and fungus.
User needs to count colonies formed.
Dosimeter tube tests for other gases.

$14.95 Kit includes: Four One-Hour Ozone Test Cards. If
ozone is present, the card will change color. The
color is compared with a color chart.

$19.95 Air from vent tested for 1 minute. Results in 24 to 72
hours by comparing growth to the provided chart.

$13.95 per set Air is sampled on a pretreated Petri dish. Results

after 36-40 hours. User visually counts the number of

mold colonies.
Water
50 tests- $71.90 For each analyte, swirl or dip strips according to
50 tests- $61.20 instruction. Read color change and compare with
50 tests- $48.50 color chart.
50 tests- $39.50
$8.99 to $35.95 Bacteria test results after 48 hours of collection, a

positive or negative color response is obtained. For
lead and pesticides a positive/negative visual line is
obtained. Test strips results are compared against the

color charts provided.

$25.95 fortwo tests  Requires addition of three reagents. Colorimetric
change is compared to a chart.

Options ranging from  [ndividual test kits with colorimetric detection in a



Calcium, Magnesium, Free

Carbon Dioxide,
Chloride,Chlorine,
Chromium(Chromate),
Copper, Cyanide, Iron,
Nitrate, Phosphorus

(Phosphate), Sulfide

Trihalomethanes

Bacteria, atrazine &

simazine; nitrate, nitrite ,

iron, chlorine, copper , lead

Mold

Lead

Lead

$164.35-$516
depending on the
number samples and
analytes to be

detected.

carrying case. Each kit contains multiple tests (40-

50), report forms, and handbooks.

Drinking/Tap Water

$ 449 for 100 tests

$14.95- $59.95

5 tests : $34.95
10 tests: $44.95

15 tests: $54.95

8 tests:$18.45 16

tests:$34.95

$27.95- 29.95, add

$4.50 for shipping.

Includes 3 reagent solutions and a reagent powder.
The analytes react are equimolar with reagents
giving a visual change.

Bacteria tested on vial with growth powder and after 48
hours a positive or negative response is obtained
depending on the color observed. Lead and pesticides
positive/negative presence compared with line on
strip. Nitrate, nitrite, iron- color change observed on

the specific strip is compared with color chart.

Surfaces

A wipe sample is tested. After 3-7 days user
compares dot colonies with reference material for
interpretation of results.

Measures leachable lead by turning pink or red on
contact with the surface.

A solution is mixed; drops are placed onto a paint
sample. A black color change indicates that there is

lead present in quantities greater than 1 percent.

*An extended table (Table S1) can be found on line as a supplement. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use.



Table Il. Examples of Quantitative Screening Methods: Instrument or Laboratory

Analyte(s)

Ozone

Mold

20 types of mold
spores, pollen and

dust

mold and mildew

Radon

Mold Spores Test
Dander Test
Carcinogenic Fibers

Pollen Test

Estimated Price
Rangeas of 2007

$299- 329.99 +

5 tests: $34.95,
10 tests: $44.95,

15 tests: $54.95

$149.00

$99.95

One test: $ 14.95

3 tests: $ 36.00

Basic Home Quality Kit
(dust & dust mites): $30
Add-mold:$45

Add-dander: $45

Determination®
General Description

Indoor Air
Monitor for ambient ozone detection. 0.02-0.14 PPM range.

LED readout.

Price includes sampling unit with mold collection device,
instructions, consumer information handbook, and postage-

paid mailer for laboratory testing.

Price includes Air Check Pump Rental (10 Days), 2 Test
Cassettes, Free Return Shipping LABORATORY FEES for

complete analysis.

Price includes 2 Test Swabs or 2 Strips/Vials, Pre-Paid Reply
Envelope, Instruction Sheet. Time for Results 5-10 days
allowed for colony growth. Colonies are identified by the lab

and a measure of growth is provided.

Simple instructions are provided. All necessary supplies for
sampling and mailing are included without additional cost to the lab

for analysis.

Need to order the basic home air quality kit and add on other
tests of interest. The price includes laboratory analysis. The

users have to create a sampler as describe in the instructions



Bacteria Test Add-carcinogenic fibers  and return the sampler card to the lab for analysis. Results are
fiberglass, ashestos): . s .
(fiberg ) provided within seven days of receipt of samples or 14 days
$33
for bacteria analysis.
Add-pollen: $ 35

Add-bacteria: $99

Water
Aluminum, Photometer, $920 Battery operated photometer pre-programmed to measure 30
Ammonia, Packs of 30 analytes. Uses self-filling ampoules. The system can be
Bromine, disposable update by a program upload procedure. Stores up to 100 data
Chlorine, ampoules $24-$34  points. The readout is given in concentration, absorbance or
Chloride, Copper, percent transmittance.

Formaldehyde,
Fluoride, Glycol,
Iron, peroxide,
manganese,
molybdate, nitrate,
nitrite, phenols,
phosphate, sulfate,

sulfidie, zinc

Total Coliformand ~ Test Price: $122.95 Kit includes refrigerant, sampling bottles, Styrofoam box,

E.Coli bacteria, 17 With Pesticide shipping box, instructions. Return postage is included for

heavy metals, 5 Option: $152.95 ; mailing the kit back to the laboratory. Results are provided

inorganic chemicals, . .
10-15 business days from date of receipt.

5 physical factors, 4

trihalomethanes, and

44 volatile organic

chemicals



Pesticide Option
includes 20
additional organic
pesticides,herbicides

and PCB's

Radon $27.95- $35.00

Trihalomethanes $3012 for portable

spectrophotometer

Free & total $352-370 pocket

chlorine colorimeter
Iron

Ammonia
Fluoride
Copper
Phosphate
Nitrate

Ozone, Nickel,
Managanese,
Lead, Zinc,
Molybdate,

Aluminum

The price includes water sample collection vial, instructions,
first class postage and laboratory analysis. Results are

available online the next business day.

Portable Spectrophotometer has over 240 pre-installed
analytical methods and can run on electrical power or a

lithium-ion battery. Cells and accessories available.

Several options exist for the user including generic Pocket
Colorimeter instruments as well as specialized kits for
specific analytes. The specific kits are calibrated to specific
parameters and wavelengths for the analyte. The colorimeter
is reusable and kits include necessary reagents, sample cells,
manuals and other necessary materials such as pre-calibrated

curves.



Alachlor
Atrazine

s-Metolachlor

Mold

Asbestos

Price depends on
the analyte and

number of assays.

Price depends on
sample & sampling
media- Tape= $50;
Air= $60,
Bulk=$100.00, e.g. 4
sg.in. of drywall, 1
sq.ft. of mold-suspect

fiberglass

$20- $37.99, Lab
Fees & Shipping

Included

Uses ELISA methods?® for the determination of the specific

analyte.

The user is responsible for collecting the sample. Several
collection media is accepted such as tape samples
(instructions on how to sample with tape are provided),
Zefon(R) air sample cassettes, personal air sampler slides,
spore traps, vacuum samples, and bulk material samples
among others. Processing turnaround time is 24 hrs from the

time of receipt.

User needs personal protective equipment to collect the
sample. A razor knife or similar is used for sampling. The fee

includes the analysis and pre-paid postage envelope.

* An extended table can be found on-line as Table S2. Mention of trade names or commercial products
does not constitute endorsement or recommendation for use.

®Most ELISA methods commercially available are used in the food safety, pharmaceutical, and agricultural
industries therefore only one example is given in the table. More information can be obtained from

companies such as Neogen, Agdia, and Romerlabs.



Table I11. Refined Quantitative Methods: EPA Measurement Methods tools*

Source

EPA Method Collections

Manual of Manuals

EPA Technology Transfer
Network, Ambient
Monitoring Technology
Information Center

EPA Emissions
Measurement Center

Alir

Air

EPA Technology Transfer
Network: Ambient
Monitoring Technology

Information Center

Description Web address

EPA Information

Forum of Environmental Measurements http:/mww.epa.gov/OSA/fem/met

Provides contact information & methods heollectns.htm
related to: Air and Radiation; Solid Waste and
Emergency Response; Sampling Methods;
Water; Prevention, Pesticides, and Toxic
Substances; Research and Development;
Analytical and Sampling Method Sources.
Quick cross-reference of EPA methods by

http://www.epa.gov/nerlcwww/m

analyte ethmans.html

Monitoring Programs, Monitoring methods, http://www.epa.gov/ttnamtil/
Documents and articles, Trends & Non-
attainment, Regulations.

Emission Measurement Center (EMC) http://www.epa.gov/ttn/emc/
provides searchable information on test
methods for measuring pollutants from
smokestacks and other industrial sources. This
site compiles the test methods available for
emission measurement, and EMC staff
provides technical assistance in the use and
application of the methods.

Operated by EPA's Ambient Air Monitoring http://www.epa.gov/ttn/amtic/
Group (AAMG).

Information on ambient air quality monitoring

programs, monitoring methods, relevant

documents, air quality trends and non

attainment areas, and federal regulations

related to ambient air quality monitoring.



EPA Clean Water Act

Analytical Test Methods

Safe Drinking Water Act
Analytical Methods and
Laboratory Certification
EPA Microbiology Home
page

ORD methods for water

Whole Effluent Toxicity

(WET) Page

Analytical Methods Developed
by the Office of Ground Water
and Drinking Water

EPA Office of Solid Waste

Test Methods

New Test Methods On-line

Superfund Analytical

Analytical methods that are approved not
promulgated methods, alternative methods,
updated methods.

Information on approved analytical methods,
drinking water programs and laboratory
certification.

EPA methods and information related to
bacteria, viruses and protozoans.

Drinking and Marine water methods.

Methods for measuring acute toxicity and short
term chronic toxicity to freshwater and marine

organisms, guidance documents and regulatory
actions.

Chemical methods for the determination of organic

chemicals in drinking water.

Information and guidance on analytical
chemistry, testing methodologies,
environmental sampling and monitoring, and
quality assurance in support RCRA. SW-846
methods.

new SW-846 methods are intended to be
guidance methods which contain general
information on how to perform an analytical
procedure or technique which a laboratory can
use as a basic starting point for generating its
own detailed Standard Operating Procedure
(SOP).

Provides information on EPA's Superfund

http://www.epa.gov/waterscience/

methods/

http://www.epa.gov/safewater/method

s/

http://iwww.epa.gov/nerlcwww/

http://www.epa.gov/nerlcwww/ordme

th.htm#marine

http://www.epa.gov/waterscience/met

hods/wet/

http://www.epa.gov/safewater/methods/an

alyticalmethods_ogwdw.html

http://lwww.epa.gov/epaoswer/hazwas

te/test/

http://www.epa.gov/epaoswer/hazwas

te/test/new-meth.htm

http://www.epa.gov/oerrpage/superfu



Services / Contract Analytical Services/Contract Laboratory nd/programs/clp/index.htm
Laboratory Program Program (CLP). Provides guidance, analyses,

cost for the analyses, tools, and contacts.
EPA Corrective Action Guidance related to RCRA (e.g. regulated http://www.epa.gov/epaoswer/hazwas
Guidance Page hazardous waste). Provides monitoring te/ca/guidance.htm

methods for groundwater & soil screening.

*An extended table (Table S3) can be found on line. The extended table provides information on other
federal agencies measurement methods websites.



