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SECTION 1: INTRODUCTION

Between 60,000 and 100,000 of the over 8,000,000 chemicals listed by the Chemical Abstracts
Services Regigtry are commercidly produced and are potentia environmenta pollutants. Some kind of
risk-based evauation for these chemicasis often required to evauate the impacts of chemical use or
releases, for regulatory action, and to set priorities for pollution prevention. The time and resources,
however, are not reasonably available to test all of these chemicasfor their potentiad health and
environmenta effects. During the last decade there have been vast improvements in the methods used
to test chemicasfor toxicity and environmenta fate and to interpret these data within a risk assessment
framework. We have not, however, developed generaly accepted and widely used tools to better
enable usto st priorities and focus limited resources on sdecting those chemicas for study that would
yield the grestest environmenta benefits.

Risk-based ranking and scoring systems can be used to focus attention and resources on the largest
potentia hazards. Risk-based chemica ranking and scoring combines an assessment of both the toxic
effects of chemicas (human and/or environmental) and the potentid exposure to those chemicasto
provide a rdative evauation of risk. Along with toxicity and exposure, ranking and scoring systems
may include other environmental impacts (e.g. 0zone depletion) and some measure of economic impact
and/or societal value.

Although numerous ranking and scoring systems have been or are being developed, there is currently
no scientific consensus on risk ranking methods. Chemica risk ranking has received the most attention,
and severd systems have been used, for example, to determine which chemicas should be included in
various regulatory pollutant lists. To facilitate development of a framework for overdl human hedth and
environmentd risk ranking, this report presents an evauation of existing chemica ranking and scoring
sysems. Approximatdy fifty systems are compared and evauated in terms of

. the purpose and application of the ranking and scoring system;
. the human hedlth criteria and endpointsincluded;

. the criteria and endpointsincluded for environmentd effects;

. whether measures of exposure are included;

. the data selection approach! and handling of missing data;

1 "Data sdlection approach’” is aterm used here to describe the methods used to build a comparable
data set for a specific measurable characteristic across a set of chemicas of interest. Asan example, to
characterize the bioconcentration potentia for a set of 100 organic compounds, measured
bioconcentration factors are selected firgt for al chemicals where thisinformation is avallable. For all
other chemicas, a bioconcentration value is estimated from the octanol-water partitioning coefficient or
from water solubility data.



. the use of aggregation and weighing of different hedth and environmenta impacts,
. methods of accounting for chemical potency and severity of effects, and
. incluson of other impacts or issues.

An evaudion of the important issues inherent to the development of any consensus ranking and scoring
system is presented, and important Smilarities and differences among the systems evaluated are
discussed.

In this document, following the introduction, Section 2 presents the methods used by the evaluated
systems. Thisincludesalist and summary of the systems, a more detailed description of the systems,
and a description of important eements and applications of ranking systems. Section 3 containsa
discussion, based on the anadlysis of systemsin Section 2, of the gpplication of risk assessment
principlesto chemica ranking and scoring, Smilarities and differences among the systems, and generd
strengths and weaknesses of the evaluated systems.  Section 4 presents conclusions and suggestions for
future work.



SECTION 22 METHODS

21 SUMMARY OF SYSTEMS

Fifty-one ranking and scoring systems have been reviewed for thisreport (listed in Table 1). A
summary is provided for each of thesein Appendix A. The systems selected for evaluation span awide
range of methodologies and levels of complexity (from smple and straight-forward to fantasticaly
elaborate). Evauating this variety of sysemsisintended to provide a representative sampling of the
gpproaches to chemical ranking and scoring and the issuesinvolved in developing a standardized (or
consensus) framework.

It is necessary to distinguish chemical ranking and scoring systems from other risk ranking systems
such as those that primarily rank sites (e.g. potentia stesfor listing on the Nationd Priorities List) or
issues (e.g. risk from hazardous waste Stes versus air pollution, etc.). The mgority of ranking and
scoring systems that we have evauated are based on a chemical-specific approach, which involves
ranking, scoring, or categorizing alist of chemicals based on chemical-specific atributes. A sytemiis
considered a chemical ranking or scoring system if it meets the following criteria

. it ranks or scores alist of chemicals,

. it resultsin ardative ranking or scoring, not quantitative measure(s) of risk;

. it includes measures of either toxicity done or toxicity and exposure; or

. if it isasubsystem of a gte or issue ranking method, the gpproach ranks Sites or issues

based on an initid chemica-specific evauation.

Thirteen of the fifty-one syssems reviewed here did not meet these conditions. The following systems
reviewed did not meet the criteria of a chemica scoring or ranking system as defined above:

. CERCLA Hazard Ranking System (HRS) (EPA 1990): a gite ranking system;
. Modified Hazard Ranking System (Hawley & Napier, 1985): a Ste ranking system;
. A Groundwater Pollution Priority System (Hutchinson & Hoffman): a Ste ranking

sysem,

. EPA Unfinished Business Report (Morgenstern et. d., 1987): used to rank
environmenta issues which pose societd risks;

. Coastal Hazardous Waste Ste Review (Beckvar & Harris, 1985): a Ste ranking
sysem,

. Ste Ranking System (SRS) for Chemical and Radioactive Waste (Rechard et. d.,
1988, 1991): adteranking system;

. Evaluating Contamination Potential of Surface Impoundments (Silka &
Swearingen, 1978): adte ranking system;



TABLE 1. List of Ranking and Scoring Systems Evaluated

System
no.?® System Nameor Title Reference

1 TRI Environmental Indicators Methodology (draft) Abt Associates, Inc., 1992

2 ATSDR, "CERCLA Section 104 Third Priority List" ATSDR, 1992

3 Existing Chemicals of Environmental Relevance Behret, 198%

4 Existing Chemicals of Environmental Relevance Il, Selection Criteria Behret, 1989b
and Second Priority List

5 Review of Region VII TRI Strategy Bouchard, 1991

6 Candidate Substance List for Bans or Phase-outs Sochaet al, 1992

7 Criterialdentifying High Risk Pollutants BNA, 1991

8 A Classification System for Hazardous Chemical Wastes Crutcher & Parker, 1990

9 CERCLA Hazard Ranking System (HRS) EPA, 1990

10 I dentifying Chemical Candidates for Sunsetting: George Washington Foran & Glenn, 1993
University

11 Existing Chemicals: Systematic Data Collection and Handling for Gjgsetad., 1989
Priority Setting

12 Substances and Preparations Dangerous for the Environment: A Gustafsson & Ljung, 1990
System for Classification, Labeling and Safety Data Sheets

13 Notes on Ranking Chemicals for Environmental Hazard Halfon & Reggiani, 1986

14 Application of the Hazard Ranking System to the Prioritization of Hallstedt et al., 1986
Organic Compounds Identified at Hazardous Waste Remedial Action
Sites

15 Modified Hazard Ranking System (mHRS); A Ranking System for Hawley & Napier, 1985
Hazardous Waste Sites with Mixed Radioactive and Hazardous
Wastes

16 A Groundwater Pollution Priority System (GWPPS) Hutchinson & Hoffman,

1983
17 The Great Lakes Water Quality Agreement (GLWQA) Annex 1, Lists 1JC, 1989

123



TABLE 1. List of Ranking and Scoring Systems Evaluated

System
no.?® System Nameor Title Reference
18 Chemical Scoring by a Rapid Screen of Hazard (RASH) Method Joneset al., 1987
19 Systematic Approach for Environmental Hazard Ranking of New Kleineta., 1988
Chemicals (" Schmallenberg")
20 WM S Scoring System Konemann & Visser, 1988;
Timmer et d., 1988
21 Benchmark Comparisons Laskowski et al., 1982
22 Michigan Critical Materials Register (MCMR) Michigan DNR, 1987
23 USEPA Unfinished Business Report: A Comparative Assessment of Morgenstern et al., 1987
Environmental Problems
24 Chemical Scoring System for Hazard and Exposure I dentification O'Bryan & Ross, 1988
25 Effluent Monitoring Priority Pollutant List (EMPPL) Environment Ontario, 1987,
1988
26 Coastal Hazardous Waste Site Review Beckvar & Harris, 1985
27 Site Ranking System (SRS) for Chemical and Radioactive Waste Rechard et al., 1988;
Rechard et ., 1991
28 A Practical Method for Priority Selections and Risk Assessment Sampaolo & Binetti, 1986,
Among Existing Chemicals 1989
29 UT Chemical Ranking System (draft) Daviset d., 1993
30 A Manual for Evaluating Contamination Potential of Surface Silka& Swearingen, 1978
Impoundments
31 The EPS Enviro-Accounting Method Steen & Ryding, 1992
32 Defense Priority Model (FY 1993 Version) U.S. DOD, 1991
3 Hazardous Air Pollutants: Proposed Regulations Governing EPA, 1993b (40 CFR 63)
Constructed, Reconstructed and Modified Major Sources
4 Ranking System for Clean Water Act Section 307(a) List of Priority Poston & Prohammer, 1985;

Pollutants

Cornaby et a, 1986



TABLE 1. List of Ranking and Scoring Systems Evaluated

System
no.?® System Nameor Title Reference
35 CERCLA Section 102 Reportable Quantity Ranking Process EMS, 1985;
EPA, 1989c
36 The Source Category Ranking System Radian Corp., 1990
37 Sax Toxicity Ratings (or Hazard Index) Sax & Lewis, 1939
33 Examination of the Severity of Toxic Effects and Recommendations Environ 1986
of a Systematic Approach to Rank Adverse Effects
39 Screening Procedure for Chemicals of Importance to the Office of EPA, 1986
Water
40 Measuring Air Quality: The New Pollutants Standards Index EPA, 1978
41 Ranking the Relative Hazards of Industrial Dischargesto POTWs Abt Assoc., 1991
and Surface Waters
12 Targeting Pollution Prevention Opportunities Using the 1988 TRI ICF, 1990
43 EPA Design for the Environment Program Use Cluster Scoring EPA, 1993a
System (also called: Chemica Use Clusters Scoring Methodology)
44 Screening Methodol ogy for Pollution Prevention Targeting EPA (date unknown)
Toxic Chemical Release Inventory Risk Screening Guide EPA, 198%
TSCA's TRI Chemical Risk Assessment Pre-Screening M ethodol ogy EPA (date unknown)
47 Priority Setting of Existing Chemicals (" Schmallenberg™) Weisset al., 1988
48 Multi-Media Environmental Pollutant Assessment System Whelan et a., 1987; Droppo
(MEPAS), formerly the Remedia Action Priority System (RAPS) etd., 1989; Strengeet d.,
1989;
Whelan et a., 1992
49 Canadian Accelerated Reduction/Elimination of Toxics (ARETS) CLC, 1992; Canadian ARET,
Scoring Protocol 1993
50 Risk Assessment Guidance under CERCLA, screening chemicals of EPA, 1982d

potential concern



TABLE 1. List of Ranking and Scoring Systems Evaluated

System
no.?® System Nameor Title Reference
51 EC Proposal for Priority Setting of Existing Chemica Substances van der Zandt & van

(Draft) Leeuwen, 1992

(a) System numbers are used as a shorthand method of tracking the systems. They were based on a preliminary
alphabetical list of references, but at thistime are essentially an arbitrarily assigned number.



The EPS Enviro-Accounting Method (Steen & Ryding, 1992): developed for life
cycle impact assessment;

Defense Priority Model (U.S. DOD, 1991): asite ranking system;

Examination of the Severity of Toxic Effects (Environ Corp., 1986): not chemical
specific;

Ranking the Relative Hazards of Industrial Discharges to POTWs and Surface
Waters (Abt Assoc., 1991): adte ranking system;

Targeting Pollution Prevention Opportunities Using the 1988 TRI (ICF, 1990): a
gteranking sysem; and

Multi-media Environmental Pollutant Assessment System (MEPAS) (Whelan et.
al., 1987; Droppo et. a., 1989; Strenge et. d., 1989; Whelan et. d., 1992): adte
ranking system.

For the sake of completeness, and to illustrate the diversity among what are caled risk ranking systems,
these thirteen systems are dso summarized in Appendix A.

22 DETAILED DESCRIPTION OF SYSTEMS

Descriptions of the fifty-one systems have been didtilled into two-page summaries (Appendix A) that
indude the fallowing information:

System name or title;

publication references,

the intended user of the system;

the purpose or application;

chemicas addressed or used for demonstration;

summary of method or dgorithm;

an outline of the criteria, subcriteria and endpoints used; and
data selection approach.

Severd other surveys of exiging (primarily chemical) ranking and scoring systems have been identified:

Waters . d. (1993) describes saventeen ranking and scoring systems, including nine
methods for ranking existing Stes and eight "various chemical and substance ranking
methodologies';

Foran and Glenn (1993) andyze eight "existing chemica scoring sysems' in detail, and
include summary tables of effects criteria, endpoints, and scoring methods for the
screening systems analyzed;



. |CF (1993) provides detailed summaries and comparisons of five chemica scoring
systems with brief descriptions of fifteen additiond sysemsin a bibliography;

. Abt Associates, Inc. (1992) summarizes, in some detail, twenty-one U.S.
Environmenta Protection Agency (EPA) ranking systems. An additiond thirteen
"ranking and indexing efforts’ from outside of the EPA are described briefly. All of the
systems surveyed make use of TRI data;

. The Organization for Economic Cooperation and Development (OECD, 1986)
describes fifteen ranking and scoring systems in some detall and lists an additiond fifty
"known priority ranking systems' by system name, developer, and intended user of the
system. Full referencesfor thefifty systems were not included;

. Environ Corp. (1986) describes thirty-four "chemica ranking schemes', including
eleven from the EPA, eight from other federa agencies, four state ranking schemes, two
"degree of hazard" ranking schemes, three from internationa agencies, two "other
ranking schemes’, and four carcinogen ranking schemes, and

. Hushon and Kornreich (1984) summarize thirty-four "existing chemical scoring
systems' in atable that includes the system title, purpose, developer(s), user(s), criteria
used for scoring, agorithms used, substances scored, and references.

When dl of the systems described by these authors are included, atotal of 147 ranking and scoring
systems have been identified. A complete listing of theseis provided in Appendix B, with the system
name, the developers and intended users of the system, the purpose or application of the system, and
the system gpproach (where the information was available).

23 DESCRIPTION OF IMPORTANT ELEMENTSAND APPLICATIONS OF
RANKING SYSTEMS

Important components of any chemica ranking and scoring system include;

. the purpose and gpplication of the ranking and scoring system,
. the human hedth criteria and endpointsincluded;

. the criteria and endpointsincluded for environmenta effects;

. whether measures of exposure are included;

. the data sdection approach and handling of missng data; and
. the use of aggregation and weighing of different impacts.



Other issues addressed include mgor ecologica impacts, chemicd mixtures, gpplication to life cycle
assessment (LCA), and economic and social considerations. These are discussed below with examples
of various gpproaches used by the evauated systems.

2.3.1 Purposeand Application of Chemical Ranking and Scoring Systems

Chemicd ranking and scoring systems are typicaly used as screening tools for a rapid assessment of
relative chemica hazards. They consder the toxic effects of chemicas and some measure of exposure,
but are not intended to serve the same purpose as a quantitative risk assessment.

The purpose or intended use of the ranking and scoring system affects dl of the aspects of the system,
including the human heath and environmental impacts considered, the use of aggregation and weighing,
and how missing data are handled. Chemicd ranking and scoring systems have been developed for the
broad purposes of regulatory action, priority setting, and impact evaluations. Each of theseis discussed
below.

Regulatory Action

The need for the regulation of chemicas of concern has been the driving force behind the devel opment
of many of the chemica ranking and scoring systems evduated. Examples of this gpplication are
described below:

The CERCLA Section 102 Reportable Quantity Ranking Process (EMS, 1985; EPA, 1989)
established reportable quantities (RQs) through a scoring process that takes into account environmenta
and human hedlth hazards of chemicas on the CERCLA lis. RQs are threshold quantities at which
certain chemical releases must be reported to the EPA.

The Michigan Critical Materials Register (CMR) (MDNR, 1987) ranking process resultsin alist of
chemicals that may threaten water qudity in Michigan. Chemicasincluded in theregister are
consdered to pose a high degree of environmenta concern, and companies must report their use and
discharge of these chemicdls.

The Ontario Ministry of the Environment (MOE) Candidate Substance List for Bans or Phase-
outs(Sochaet. d., 1992) isaranking system that identifies chemica substances for release reduction,
bans, or phase-outs.

The George Washington University (GWU) scoring system (Foran and Glenn, 1993) isintended to

serve as atool for pollution prevention in the Great Lakes region through the identification of chemical
substances for Sunsetting (bans or phase-outs) and other activities.
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Priority Setting
Severa ranking and scoring systems have been devel oped specifically for assessng chemica hazards
for priority setting for non-regulatory purposes. For example:

The EPA Design for the Environment Program (DfE) Use Cluster Scoring System (EPA, 1993) is
amed a measuring potential health and environmenta risks of chemicasthat are used in industry
clugters (i.e.,, certain common industrid processes) as away of eva uating the benefits of subgtitutes for
those chemicas. The rdative risk scores are provided to industry as ameans of encouraging the
voluntary adoption of pollution prevention measures.

The Wet Milieugevaarlijke Soffen (WMS) Scoring System (Kodnemann and Visser, 1988; Timmer
et. d., 1988) was developed by the Directorate Genera for Environmental Protection of the
Netherlands Minigtry of Housing, Physica Planning, and the Environment. It was intended for usein
industry, government, and academia for the sdlection of alimited number of chemicas as priorities for
further investigation.

The Agency for Toxic Substances and Disease Registry (ATSDR) System (ATSDR, 1992): The
Superfund Amendments and Reauthorization Act (SARA) of 1986 required the ATSDR to prepare a
ligt, in order of priority, of the hazardous substances commonly found at National Priority List Sitesthat
pose the most significant potential human hedth threats. Substances on this priority list become
candidates for the preparation of toxicologica profile reports prepared by ATSDR.

The University of Tennessee (UT) Center for Clean Products and Clean Technologies chemical
ranking system (Daviset. d., 1993) prioritizes chemicals for safe subgtitutes assessments. The system
has also been used for impact evauation, as discussed below, and for scoring of TRI releases from
chemica production facilities.

Impact Evaluation
Other scoring systems have been developed to evauate the potentid impacts of chemical releases.

The Toxics Release Inventory (TRI) Environmental Indicators Methodology (Abt Assoc., 1992) is
intended to evauate TRI releases and derive a vaue to indicate the overdl impacts of those releases by
al fadilities and to each environmenta medium. Annud caculations of the indicator numbers dlow a
comparison of potentia TRI impacts from year to year.

The UT ranking system (Davis et. d., 1993) has been modified to alow a comparative assessment of
the potentia hazard or risk posed by aggregate TRI chemical releases and transfers from an entire state
or from facilities (Kincaid and Bartmess, 1993). The modified system was used to assess, on arelative
bas's, the potential impacts from chemica releases for the five states with greatest releases (Tennessee,
Texas, Louisana, Indiana, and Ohio) and is being used to score TRI releases from chemical production
fadlities

11



The New Pollutant Standards Index (EPA, 1978) was developed for use by locd and Sate air
pollution control agencies to provide a smple method for reporting daily air pollutant concentrations
and to inform the public about the potential health effects associated with these concentrations. The
index is caculated from ameasured ar pollutant concentration and its nationa ambient air quality
gandard, and is characterized with terms such as "good” or "unhedthful”.

Another aspect of impact assessment is within the field of life cycle assessment (LCA). The methods
for conducting life cycle impact assessment are currently being developed (SETAC, 1993). Chemica
ranking and scoring methods with a focus on impact assessment have the potentia to be applied to this
emerging technology. LCA isdiscussed further in section 2.3.7.

2.3.2 Human Health Criteria and Endpoints

In order to assess the potentia or actua hazard associated with a particular chemica substance,
chemica ranking and scoring systems may include criteria for scoring the toxicity of achemica to
terrestrid mammals, non-mammdian terrestrid species, aguatic organiams, and/or plants. The toxicity
of chemicasto these organismsis used to eva uate potentia effects to human health and the
environment. Acute, subchronic and chronic mammdian toxicity data are often used as surrogates for
human hedth effects. Ecologica effects typicaly include acute, subchronic and chronic toxicity to
terrestrid mammas, non-mammadian terrestrid species, aguatic organisms and plants. Although some
ranking and scoring systems include biocaccumulation and/or persstence in the environmentd effects
category, these are discussed within the framework of this paper as factors affecting exposure.

Overview of Human Health Effects

Human hedlth effects include many responses in humans caused by chemica exposure. Epidemiologica
datamay be used to characterize hedth effects, but |aboratory mammalian toxicity data are most often
included in chemica ranking and scoring systems. The numbers and types of endpoints used to assess
potentid hedth effects vary sgnificantly.

Criteriafor evauaing hedth effects often include toxicity resulting from varying durations of exposure.
Those effects resulting from acute, sub-chronic and chronic exposure are commonly included in
chemicd ranking and scoring systems. A brief description of each of these types of effectsislisted
below:

Acute Effects. Acute toxicity tests usudly involve asingle dose and a 14-day observation period.
These tests are most commonly conducted on the mouse or rat, but other species, such asthe dog or
rabbit, may be used. Acute effects are often characterized by lethality, commonly reported as the
mammaian median lethd dose or concentration (LD5, or LCy). Thisisthe dose or concentration
required to dicit lethdity in 50% of the animalstested. Non-letha acute effects are sometimesincluded
aswdl. Skinor eyeirritation and sengdtization are examples of such effects. Routes of adminigration
commonly preferred include ora, derma and inhdation exposure. Some systems use data from other
routes of exposure in the absence of preferred data

12



Sub-chronic Effects. The most common test duration is 90 days for these tests, but the exposure time
may vary. Themain god of these studies is to determine the no-observed-effect-level (NOEL) and to
identify the specific organs affected after repeated doses of the test substance. These tests are usually
conducted on the rat or the dog by an ora route of administration, but other species and routes may be
used (Klaassen and Eaton, 1993).

Chronic Effects. These are long-term (longer than 3 months) studies designed to assess the cumulative
toxicity of chemicals (Klaassen and Eaton, 1993). Chronic test data are often utilized in chemica
scoring systems. Chronic hedlth effects may be evauated on the basis of awide variety of toxicologica
endpoints. Carcinogenicity, mutagenicity, teratogenicity, reproductive toxicity, and other chronic toxic
effects are often included in chemica scoring systems. Generd chronic effects may be characterized by
RQs, reference doses (RfDs), threshold planning quantities (TPQs), the minimum effective dose
(MED), or other measures.

A brief description of chronic effects often assessed in chemicd ranking and scoring is provided below:

Carcinogenicity. Chemica carcinogens are substances which cause cancer in humans or other animals.
Carcinogenicity is often evauated on the basis of weight-of-evidence classifications developed by the
EPA and/or strength-of-evidence classfications by the International Agency for Research on Cancer
(IARC). Weight-of-evidence classfication consders al long-term anima and reevant human studies
aswdl as metabolism, pharmacokinetic and mechanigtic information, Structure-activity relationships
(SARs) and other sudiesinvolving biochemica or physiologica function. Strength-of-evidence
classfication may refer to the magnitude of conviction about the results of an experiment. For example,
the Nationa Toxicology Program (NTP) classifies each carcinogenic bioassay according to the amount
and type of data from an experiment (Scala, 1993). The strength-of-evidence scheme developed by
IARC excludes mechanigtic information relaing to the relevance to humans of bioassay datawhich
show evidence of carcinogenesisin animas. This scheme does not consder dl relevant data. For
these reasons, the IARC classification scheme is considered to be based on strength-of-evidence rather
than weight-of-evidence (Ashby et. d., 1990).

Sometimes one or both of the EPA and IARC dassfications are combined with a measure of potency,
usudly the dope factor (g,) or the ED,, in chemica ranking and scoring systems. Potency refersto the
relationship between the dose and the response. The dope factor is an upper bound estimate of the
probability of aresponse per unit intake of achemica over alifetime. It isused to estimate the
probability of an individua developing cancer resulting from a lifetime exposure to a carcinogen (EPA
1989b). Thisisthe potency factor normally used in EPA risk assessments. The ED, is the estimated
dose associated with alifetime cancer risk increase of 10 percent. Thisis used in establishing RQs
under CERCLA Section 102.

Mutagenic Effects. Mutagenesis occurs when chemicals cause changesin the genetic materid which
can be transmitted during cedll division (Klaassen and Eaton, 1993). Severd procedures, both in vitro
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and in vivo, have been developed to test chemicas for possble mutagenicity. Tests for mutagenicity
are often used to screen for potentid carcinogenesis because theinitiation of chemicd carcinogenesisis
believed to be a mutagenic occurrence (Klaassen and Eaton, 1993). Like carcinogenicity, mutagenicity
is often eva uated according to weight-of-evidence classification which is sometimes combined with a
measure of potency and/or severity. Mutagenic effects may aso be of interest in terms of genetic
dterdionsin the next generation.

Reproductive Toxicity. Thisrefersto the occurrence of adverse effects, resulting from exposure to
chemicd or physicd agents, on the mae or femde reproductive system. These may include effects on
fertility, gestation, or lactation, among others (Klaassen Eaton, 1993). These effects are usualy scored
according to some type of weight-of-evidence and/or potency and severity.

Teratogenic Effects. Teratogenicity occurs when exposure to some chemicd or physical agent induces
defects during the development of an organism from conception to birth (Klaassen and Eaton, 1993).
Teratogenicity is sometimes consdered separately from other reproductive effects. Likewise, these
effects are often scored on the basis of weight-of-evidence and/or some measure of potency and/or
Severity.

Neurotoxicity. Thisincludes adverse effects on the nervous system caused by chemica exposure which
may be structura and\or functiona and may include behaviora changes and learning disabilities.

Severd chemicd ranking systemsinclude toxicity scoring criteria based not on specific toxicologicd
endpoints, but on indices that combine or scale one or more toxicological endpoints, such as.

. RQ: A hazardous substance, under CERCLA, released in a quantity above this amount
must be reported to the Nationa Response Center, the State Emergency Response
Commission and the Local Emergency Planning Committee;

. RfD: An estimated daily exposure to the human population that islikely to be without
appreciable risk or adverse effectsin alifetime, expressed in mg/kg/day; and

. TPQ: The amount of an extremely hazardous substance present at afacility above

which the emergency planning notification must be provided to the State Emergency
Response Commission and the Loca Emergency Planning Committee.
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Endpoints Used for Human Health Effects

Member countries of the OECD have undertaken the investigation of gpproximately 600 high
production volume (HPV) chemicals. A data set has been established which is necessary to provide an
initia screening of health and environmenta risks. The Screening Information Data Set (SIDS) isthe
minimum informeation needed for deciding whether or not aHPV chemica should be considered of low
current concern, consdered for further information gathering or testing, or a candidate for further
review with possible action to reduce risks posed by the chemica (Auer, 1992). Thisrepresents an
effort to sandardize, on an international bag's, the basic experimenta data needed to characterize the
potential health and environmentd effects of chemicas.

The SIDS database (Auer, 1992) includes the following toxicological data:

. acute toxicity;

. repesated dose toxicity;

. genetic toxicity (two endpoints, generdly point mutation and chromosomal aberrations);
and

. reproductive toxicity (including fertility and developmentd toxicity).

The endpoints used to score human hedlth and ecologica effects are presented in Appendix C and in
Table2. (The use of criteriaand endpointsis discussed further in section 3.2.1.) Although most
chemicd ranking and scoring systems evauated were desgned with human hedlth protection in mind,
most of them do not clearly digtinguish between endpoints included to assess human hedlth from those
used to characterize toxicity to other terrestrid mammals. Often a score for 'generd toxicity' is
determined. The manner in which systems evauate hedlth effects varies dramatically among the many
different systems. As can be seen, the specific endpoints selected to represent hedth effects are
NUMErous.

The Nordic System (Gjas et. al., 1989) scores hedth effects based on data pertaining to acute
mammadian toxicity, irritation, sendtization, generd toxicity, genotoxicity, carcinogenicity and
reproduction damage/teratogenicity.

The EPA DfE Use Cluster Scoring System (EPA, 1993) assigns a human hedth hazard ranking for
chemicals. This system assigns a score on the basis of criteria such asthe RfD, RQ, or the TPQ,
among others. The carcinogenic properties of each chemicd are dso scored and the higher of the two
scoresis selected as the human hedth hazard potentid score.
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TABLE 2. Endpoints Used for Scoring Environmental and Human Health Effects

Endpoint System Number for Method Using this Endpoint 2
Plant Toxicity (8 systems)®

phytotoxicity in higher plants (qualitative) 28

qualitative effects (algae) 28,47

aguatic, terrestrial 1Cg, 17

EC,, 6, 22, 25, 47, 49

NOAEL/NOAEC 6, 25, 49
Aquatic Toxicity (26 systems)

AWQC (acute or chronic) 1,942, 45

AALAC (ambient aquatic life advisory 19

concentration)

NOAEL 1,6, 10, 25,49

acute LCg, 1,2,3,4,5,6,9, 10, 11, 12, 17, 19, 20, 22, 24, 25, 28, 29, 34,

35, 39,49
acute LD, 17
acute EC,, 3,4,10,11, 12,17, 19, 20, 22, 24, 28,

subchronic or chronic ECg,
subchronic or chronic MATC
NOEL/NOEC

aquatic toxicity RQ

population growth rate (PGR) (algae)
lethality (LET) (algae)

acute and prolonged fish, Daphniatoxicity
Terregtrial (non-mammal) Toxicity
subchronic or chronic effects

acute LCg,

acute LD,

chronic NOAEL

severity and effective dose
subchronic or chronic NOEL

acute toxicity (bird, earthworm)

6,25, 34,49
6,22, 25, 34,49
20,24,29
41,42

5

5

47

(8 systems)
6

2

10, 22, 28
10

2

25,49

47
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TABLE 2. Endpoints Used for Scoring Environmental and Human Health Effects

Endpoint System Number for Method Using this Endpoint 2
unspecified 11
Mammalian Toxicity® (19 systems)

acute LD,

acute LCg,

subacute NOEL/NEL

subchronic or chronic NOAEL

skin or eyeirritation

skin or eye sensitization

severity and effective dose
subchronic or chronic NOEL
subchronic or chronic LOAEL
subchronic or chronic LD,,and TD,,
acute, subchronic, and chronic toxicity (rat)
General Ecological Effects
ecological disruption

ecosystem recovery potential
ecological effects benchmarks
AWQC

aquatic toxicity RQ

team rank chemical category
ecotoxicity

ecological effects RQ

effect on fertility (mammals, birds, plants, etc)

2,3,4,6,7,10,11, 12, 17, 19, 20, 24, 25, 28, 29, 34, 35, 49
2,3,4,6,7,11,12,17, 24, 25, 28, 35,49

19, 20, 28

6

19,28

19,28

24

25,49

17

Systemic (Non-car cinogenic) or General Health Effects (30 systems)

acute LD, and LCy,

NOAEL and LOAEL

LOEL

10-day health advisory (HA)

max. concentration level

9,29,37
1,43

7

5

8
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TABLE 2. Endpoints Used for Scoring Environmental and Human Health Effects

Endpoint

System Number for Method Using this Endpoint 2

severity and effective dose
number of "highly toxic" chemicals
potency, relative potency

other toxic effects

type of effect

unspecified

chronic MED

RfD/RfC

chronic toxicity severity rating (R,)
systemic mammalian toxicity
irritation

sensitization

general acute or chronic toxicity
chronic ADI

RQ (acute, chronic, cancer)
NAAQS

TPQ

neurotoxicity

Toxic Substances Control Act chemical scoring
system category (TSCA CSSC)

HWQC

chemical category human toxicity estimate
(CCHTE)

human health structure activity rank (HHSATR)
Carcinogenicity/M utagenicity/Genotoxicity®
carcinogenicity

weight, amount, or type of evidence;
or probability

potency or slope factor (q,* or CPF)
EDlO

qualitative potency or effects

10

16

18,23

35

35, 36, 37, 38

46

12,35

1,5,7,9, 23, 33,42, 43,45, 48, 50
2

10

11, 47,51

11,47,51

5,8,11, 33,36,44,51
27,32

33,41, 42,43, 45

40

42,43,45

29,44

43

43
43

43

(36 systems)

1,2,4,6,7,9, 10,17, 20, 22, 24, 25, 29, 33, 35, 39, 43, 44, 49

1,942, 43,50
1,910,33,35
2,3,4,23,25,34,48,49

18



TABLE 2. Endpoints Used for Scoring Environmental and Human Health Effects

Endpoint System Number for Method Using this Endpoint 2
CERCLA hazard rank 7

carcinogen (yes or no) 11,20, 47
URF (unit risk factor) 57,45

UCR 27

cancer potency RQ 41,43

EEC guidance 28
unspecified endpoint 36,51

number of carcinogens 16
mutagenicity

weight, amount, or type of evidence 1,4,17,22,51
severity or dose 1

effects 34,34

EEC guidance 28

bacterial or short-term tests 19,20
mutagen (yes or no) 29,47
genotoxicity

weight, amount, or type of evidence 1,17,24
severity or dose 1

genotoxin (yes or no) 11
Developmental/Reproductive Toxicity (19 systems)
unspecified 36, 44

weight, amount, type of evidence 1,10, 22,24,51
severity, dose 1,10
teratogenic effects 6, 34

effective dose 6,17, 22,25, 49
LOEL 7
developmental or reproductive toxin (yes, no) 11, 29, 39, 47
teratogen, EEC guidance 28
teratogenesis and fetotoxicity 3
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TABLE 2. Endpoints Used for Scoring Environmental and Human Health Effects

Endpoint

System Number for Method Using this Endpoint 2

Physical Hazard and Other Properties
ignitability, flash point
boiling point

reactivity, explosivity

(15 systems)
2,11,22,28, 35,37
2,11,28,35,51
2,11, 22,28, 35, 37

corrosivity 2
odor/taste and appearance 22
pH 2
molecular weight 28,48
melting point 28
relative density 28
vapor pressure 28, 48, 51
surface tension 28
water solubility 28,48
fat solubility 28
oxidizing properties 28
ecological risk reduction potential (ERRP) 43
human health risk reduction potential 43
(HHRRP)

radionuclide dose factors 15,48
welfare effects (recreation, aesthetics etc.) 23
gross apha 16
Sax toxicity rating 14,16
presence on CAA Amendmentslist 12
low Kow 51
other dangers not covered by specific 12

criteria

(a) refer to Table 1 for the corresponding systems

(b) the number of systems listed in parentheses indicates how many of the evaluated systems consider some
endpoint in the listed category

(c) criteria could apply to ecological and/or human receptors, depending on the system. Often, thisdistinction is not
clear in the system documentation.
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The CERCLA HRS (EPA, 1990) evduates human hedlth effects based on acute toxicity and two
categories of chronic toxicity, which include cancer and non-cancer toxicologica responses. The non-
cancer scoreis based on the RfD, and the score for carcinogenicity is based onthe¢,”. The higher of
the two chronic toxicity scoresis the score assigned for human toxicity. Acute toxicity dataare used to
score human toxicity only in the absence of RfD and ;" data.

The Ontario MOE Candidate Substances List for Bans or Phase-outs system (Sochaet. d., 1992)
includes mammadian acute lethdity, sublethd effects on mammals and chronic effects such as
teratogenicity, genotoxicity/mutagenicity and carcinogenicity for evauating human hedth effects.

Not only isthere awide variation of endpoints selected for assgning ascore or scores in the area of
human hedlth effects, but the preference given to these endpoints may vary aswell. For example, the
HRS (EPA, 1990) prefers chronic toxicity data over acute data, whereas many other scoring systems
include both. Often, the purpose or application of the system affects the choice of criteriato be
considered.

Potency and Severity of Effects

Potency. The dose required to elicit atoxic effect is referred to as potency. Data regarding the potency
of chemicdsin test organisms are more frequently used to assess acute rather than chronic effectsto
terrestria and aguatic plants and animas. For acute toxicity endpoints such as lethdity, the dose
required to dicit the effect (i.e. potency) is commonly reported (eg. LCs;). Dataregarding the potency
of chemicals required to dicit chronic effects such as mutagenicity or carcinogenicity, however, are
often limited.

Many ranking and scoring systems assign scores, particularly for carcinogenicity, based only on the
weight of evidence that the chemical causes the effect in humans. Examplesincude:

. Michigan CMR (MDNR, 1987);

. German Existing Chemicals of Environmental Relevance List | and Il (BUA,;
Behret, 1989a,b); and

. The MOE Candidate Substance List for Bans or Phase-outs (Socha et. al., 1992).

It ishelpful to distinguish between a highly potent carcinogen and a moderately potent one, but the
availability of potency dataislimited. A few systemsinclude both welght-of-evidence and potency
data. For example, GWU (Foran and Glenn, 1993) assigns a score according to amatrix which
includes a weight-of-evidence classfication as wel as the potency factor (1/ED,) that has been used to
assign reportable quantities for carcinogens by the CERCLA Section 102 program. In the EPA DfE
Use Cluster Scoring System (EPA, 1993) welight-of-evidence is combined with the reportable
quantity potency factor or theq,”. The CERCLA HRS (EPA, 1990) assigns values based on weight-
of-evidence and the ¢, or an estimate based on the ED, .
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Severity. Severity isafunction of both the type and magnitude of the effect. Thetype of effect (e.g. a
gpecific biochemica effect) reflects the mechanism of action as well as the target organ of a particular
chemical. The magnitude of the effect (e.g. the percent change from norma of the biochemicd effect)
reflects the dose-response properties associated with a chemica (Environ, 1986).

Currently, there is no widely accepted method for incorporating severity into chemica ranking and
scoring systems and many systems do not include messures of severity a al. This may yield mideading
results. For example, two chemicas may have exactly the same NOEL of 0.3 mg/kg/day for
neurotoxicity. Assigned scores based on the NOEL would be the same for these two chemicals, even
though at Smilar doses one may cause atemporary narcotic effect and the other long-term irreversible
brain damage. Below are examples of two systems that do include severity when scoring substances:

The Toxic Substances Control Act (TSCA) System (O'Bryan and Ross, 1988) includes severity in
severd parameters. For example, for nonlethd acute toxicity, the dose score is multiplied by the
severity score to arrive at afind score in this category. The severity of effects are scored according to
whether the effect islife-threstening or severe, moderately serious, mild, or no effects are observed a
high doses.

The Michigan CMR (MDNR, 1987) dso includes severity in severd parameters. For example, a
score for "other toxicity” (chronic or subchronic) to terrestrid animalsincludes severity ranging from
adverse effects to severe effects. Examples of each effect classfication are provided to guide decisons
in response to the question of how severeisthe effect. For example, "moderate effects” include effects
such as degenerative or necrotic changes with no apparent decrement of organ functions; or reversible,

dight changesin organ function.
2.3.3 Criteriaand Endpointsfor Environmental Effects

Overview of Environmental Effects

Ecologicd effects resulting from chemica exposure may occur in populations of organisms from many
trophic levels. Theseinclude both terrestrid mammalian and non-mammealian species, aquatic
organisms, and plants. Mot ranking systems eva uate ecological effects through the use of toxicity test
data Typicdly, surrogate Species are selected for use in the evauation of the potentia environmenta
hazards of chemicals.

When indluding toxicity information in a chemicd ranking and scoring system, it isimportant to specify
the following information regarding the endpoints to be considered (EPA, 1989d):

organism tested or observed;

nature of the effect;

concentration or dose needed to produce the effect;
duration of exposure needed to produce the effect; and
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* environmenta conditions under which the effects were obsarved.

Similar to tests used for evaduating human hedth effects, the durations for testing chemicals of ecologica
concern include acute, sub-chronic and/or chronic exposure periods. Observationsinclude lethdity as
well as sub-lethd effects. Lethd dosesdirectly disrupt important physiologica functions and result in
death. Sub-lethd toxicity may have long-term physiologica or behaviord impacts on a population.

Terredtrid effects. Terrestria organisms commonly considered by chemica ranking and scoring systems
to be important receptors include mammals, non-mammals and plants. Most scoring systems do not
make a ditinction between mammadian toxicity and human hedlth effects. At least two of the chemica
ranking and scoring systems examined use the same endpoint for human hedth effects as was used to
characterize terrestridl mammalian toxicity (rodent acute toxicity). Terrestrid non-mammalian data are
usualy derived from tests on avian species such as the mallard duck or ring-neck pheasant. Data for
terredtria plants are sometimesincluded, but such dataare limited. Other organisms may be included
as surrogates, but unfortunately, there is not alarge data base of information regarding the effects of
chemicals on mogt terrestria organisms.

Aquatic effects. The aguatic receptors of interest in most chemica ranking and scoring systems include
non-mammadian aquatic organisms and plants. The most common surrogates for evauating the toxic
potentid of chemicasinclude fish, Daphnia and dgae. Thereisafairly large data base of information
regarding the toxicity of chemicasto these organisms. The mgority of avallable data are from short-
term toxicity tests performed on these species, but in redlity there is often greater concern regarding the
effects of long-term exposure and effects. Additiondly, the types of organisms most often tested are
not necessarily those about which thereisthe most concern. Due to standardized test methods and
data availability, however, it is reasonable to include these commonly tested organismsin chemical
ranking and scoring systems.

The endpoints most frequently included in ranking and scoring systems for aquitic toxicity are the LCg,
and the EC;,. The LCs, describes|ethdlity and the EC5, describes the concentration at which there are
observed effectsin 50% of the test population. The effects may be behaviora or physiologica and may
indicate immobilization or changesin growth and reproduction, among others. Other endpoints, such as
the no-observable-adverse-effect-level (NOAEL) or regulatory standards such as ambient water
qudity criteria (AWQC) may be included.

In the absence of data, there are over fifty high-quality quantitative structure-activity relationships
(QSARYS) for estimating biological effectsin these three organisms (Clements, 1993). QSARs are
discussed further in section 2.2.5.

Endpointsused for Environmental Effects

23



Endpoints used for environmentd effects for each system are presented in Appendix C and are
summarized in Table 2. (The use of criteria and endpointsis discussed further in section 3.2.1.) The
following examplesillustrate some of the types of data used to evauate ecological effects:

The Schmallenberg System (Klein et. d., 1988; Weiss et. d., 1988) was developed by a group of
French and German officids and scientists and uses many endpoints to assess ecologica effects,
including acute, subacute and chronic effectsin dgag, plants, earthworms, birds and fish.

The GWU system (Foran and Glenn, 1993) includes acute and chronic toxicity to aguatic organisms as
well asterrestriad and avian species.

The EPA Toxics Release Inventory Environmental |ndicators Methodology (Abt Assoc., 1992)
scores ecologica effects based on amatrix of aguatic toxicity and bicaccumulation. Aquatic toxicity is
scored according to the LCs, life cycle/chronic NOAEL, or other measures such as the Acute or
Chronic Ambient Water Qudlity Criteria (AWQC). Bioconcentration is based on the water solubility,
log K, Or bioconcentration factor (BCF).

The EPA DfE Use Cluster Scoring System (EPA, 1993) scores ecologica hazard based on the
AWQC (acute and chronic) or Aquatic Toxicity Reportable Quantities.

The Michigan Critical Materials Register (MDNR, 1987) scores acute and chronic effects on
aquatic organiams (fish, invertebrates, amphibians), acute and chronic effects on terrestrid animals, and
plants.

The SIDS database (Auer, 1992) includes the following ecotoxicological data:

. acute toxicity to fish;

. acute toxicity to daphnids;

. acute toxicity to dgae; and

. terredtrid toxicity (if Sgnificant exposure in terrestrid environment or if aguatic toxicity
testing is not possible).

2.3.4 Measuresof Exposure

As dated earlier, chemical ranking and scoring systems span awide range of complexity. The Smplest
level isto usetoxicity dataaone. When exposure is consdered, the systems become more complex.
In fact, the level of complexity is primarily afunction of the degree of sophidtication used to estimate
exposure. In aquantitative risk assessment, a dose to each receptor from each potential pathway is
estimated on a site-specific basis using measured or modeled concentrations for each potentialy
contaminated environmental medium. This gpproach represents a high degree of sophidtication and is
not used in most chemical ranking and scoring systems. In asimpler gpproach, production or use
volume or TRI emission data are often used as surrogates for dose. An intermediate leve of
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sophigtication might employ a multimedia fate and transport modd to estimate the distribution of
chemicalsin the environment based on rdease data.

Many factors affect the potentia for exposure to achemica. These factors generdly relate to
properties of the chemical, characterigtics of the human or environmenta receptors of concern, amount
of the chemicd available for exposure, and the behavior (fate, transport) of the chemica inthe
environment. Appendix C and Table 3 present the measures of exposure used by the ranking systems
evauated. Thisisaso discussed further in section 3.2.1. Examples of the use of these various
measures for exposure follow.

The WMS Scoring System (K6nemann and Visser, 1988; Timmer et. a., 1988) assigns scores for
environmenta exposure according to use volume, percentage release to the environment, degradation in
air, soil and/or water, relative occurrence in these media and bioconcentration. Expaosure via products
is aso scored, and thisincludes use patterns, exposure frequency and intensity of exposure.

The GWU system (Foran and Glenn, 1993) assesses exposure according to the bioaccumulation,
persistence, and release or production volume.

The Michigan CMR (MDNR, 1987) scores chemical exposure according to bioaccumulation,
persstence, and afew physicochemica properties such as flammability, reactivity, and corrosivity.

The Effluent Monitoring Priority Pollutants List (EMPPL) (Environment Ontario, 1987, 1938)
includes environmenta persstence, bicaccumulation and detection in the environment.

The German Beratergremium fir Umweltrelevante Altstoffe (BUA) System (Behret, 1989a,b)
includes biocaccumulation, persstence and production volume.

The EPA Toxics Release Inventory Environmental |ndicators Methodology (Abt Assoc., 1992)
uses facility-specific data and generic fate, trangport, and exposure models to estimate a "'surrogate
dosg", or the amount of chemica an individua might be exposed to. A separate evaudion is
conducted for each release pathway dlowing comparisons across media. Theleve of uncertainty is
included in the scoring for exposure. Exposure of aguetic life is obtained by estimates of the ambient
water concentration.
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Table 3. Endpoints Used for Scoring Exposure

Endpoint

System Number for Method Using this Endpoint 2

Degradation or Transformation Potential

degradability in air, water, soil and/or sediment
(ty)

bi odegradation

transformation

oxidation

photolysis

hydrolysis

BOD 1/2 life, BOD/COD, BOD,,,, BOD/ThOD
voldtilization half-life

log Ko,

qualitative degree of persistence/
expert judgement

source existence (yrs)

EPA persistence rating scale
M obility/Partitioning
adsorption (K, K,

water solubility

log Koy, (P, Pyy)

BCF

BAF (some systems consider BCF=BAF)
molecular weight (regarding bioconcentration)
bioconcentration (yes/no)

vapor pressure

initial partitioning/transport

evaporation

volatilization

site-specific characteristics

leaching potential

environmental transfer factors (e.g. soil to plants)

26

(25 Systems)®
3,4,6,9, 10, 20, 21, 22, 24, 25, 34, 48, 49

8,19, 47

24,45

A

9, 35,47
8,9,29,34,35
11,12,28, 29,35
9

9,43

16,43

16

14

(30 Systems)
8, 21, 34, 45
1,911,21

1,3,4,6,9,11, 12,19, 20, 21, 22, 24, 25, 28, 34, 43, 47, 49,

51

1,3,4,6,9,12, 17, 20, 22, 24, 25, 29, 39, 43, 49
10,17,22,34

11,51

45

21

19, 24, 45, 47, 48, 51
22

9,45

16, 32
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Table 3. Endpoints Used for Scoring Exposure

Endpoint

System Number for Method Using this Endpoint 2

environmental spread/degree of mobility
(qualitative)

28,16

Estimated Dose, Environmental Occurrence, Concentration, or Releases (37 Systems)

Dose estimate

human exposure potential (mg/kg/day)
theoretical daily dose

estimated daily intake

chemical concentration, frequency or occurrence

exposure to contaminant or medium containing
contaminant

exposure viamigration pathway

projected levels in various media/compartments
estimated ambient concentrations

frequency of occurrence/application
occurrence in air/soil/water

measured concentrations

concentration of chemical introduced

Use, production amounts, release or emission data

number of sites of discharge/use

emission source data

emissions estimates (rate,type,release height,
temp.,flow rate,vent diameter)

TRI releases/transfers

national emissions data (various sources)
release to environment (annual)
production volume

import volume

waste volume

use volume

quantity on the market

release reduction potential

27

32

9

19, 46, 47,
17,23
2,14,21,23,34
3,4,20,27,39
15, 26, 32, 40, 50
21

34,43
36, 45
36

5,29, 42,46

7

10, 24, 34,41, 43, 44, 45
10,11, 12,19, 21, 24, 44,51
11,12,51

16

10, 20, 43

28

43



Table 3. Endpoints Used for Scoring Exposure

Endpoint System Number for Method Using this Endpoint 2

Exposure Frequency or Intensity (Receptor Characteristics) (11 Systems)

use pattern 19, 20, 51
population size/number potentially exposed 1,23,24,27,28, 32,43
land use 32
distance from site 32
presence of critical environments 32
intensity of exposure 20,23,24
length of exposure 23
probability of exposure 24
frequency of exposure 20,23
plurality of exposure 28
geographical extent of exposure (ecological) 23

(a) refer to Table 1 for the corresponding systems

(b) the number of systems listed in parentheses indicates how many of the evaluated systems consider some
endpoint in the listed category
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The SIDS database (Auer, 1992) includes the following data to assess sources and levels of exposure:

. production ranges (metric tons per annum);
. categories and types of use;

and environmentd fate and pathways.

. aerobic biodegradability;

. abiotic degradability (hydrolyss and photodegradation by estimation); and

. edimates of environmenta fate, pathways and concentrations (including Henry's Law
constant, aerosolization, volatilization, soil adsorption and desorption).

2.3.5 Missing Data, Data Selection Approach

Due to the extensive time and resources required to perform thorough testing of each of the thousands
of chemicasin commerce, the available data necessary for complete assessment of the hazards of these
chemicadsarelimited. Therefore, chemica ranking and scoring systems must somehow work in the
absence of complete data setsfor every chemica. An overview of the approaches for assigning vaues
to criteria or endpoints used by the ranking systems evauated can be found in Appendix C. Four
genera gpproaches were identified:

1. Assign one endpoint per criteria being assessed and estimate missing data (e.g. use ora
LD, for rats for acute human toxicity criteria). Inthe UT system (Daviset. d., 1993) thereis only one
endpoint specified for each criterion, and missing data are estimated usng QSARS, surrogate
chemicds, or other structure-activity relationships (SARS).

2. Choose data from a hierar chy of endpoints, listed in order of preference, based on data
quality, appropriateness of test, etc. The Chemical Use Cluster Scoring Methodology (EPA,
1993) uses a data hierarchy based on data qudity for scoring the toxicity components. Preferenceis
given to high qudity data as specificaly defined in the document. Data of medium or low quality may
be used in the absence of high quality data. \When scoring non-carcinogens, the RfD and RQ are
classfied as "high qudity" data whereas chronic and sub-chronic NOAEL s are "medium qudity”. If
multiple deta are available within the high quality dassification, then the data yielding the highest score
(i.e. most conservative or hedth-protective) is used.

3. Choose the most conservative value from a pool of different endpoints. The GWU System
(Foran and Glenn, 1993) is an example of a system where a group of endpoints could be considered
for agiven criterion, and the data yielding the most conservative (hedth-protective) result are chosen.
If multiple data are available for aparticular criterion (e.g. acute mammdian toxicity), then the data
resulting in the highest score are used. One drawback that should be noted for such asystem isthat it
does not encourage further testing of compounds, because it is unlikely that a score for a chemica can
be lowered by filling data gaps.
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4. Assign cutoff (or trigger) valuesto alarge number of criteria and select a chemical if one or
a specified number of thecriteriaare met. Severa systems designed to select chemicasfor
regulatory action or for further study do not provide an overall score for achemica. Rather, achemica
issdected if it meets certain criteria. Examples of this type of system include the Michigan CMR
(MDNR, 1987), where achemical is sdected for regulatory action if it receives a certain score; and the
Candidate Substance List for Bans or Phase-Outs (Sochaet. d., 1992), where certain cut-off values
are used to determine if a substance isto be considered as "perdastent”, "bioaccumulative' and/or
"toxic". The primary list conssts of substances consdered to be al three of these.

For approaches where required data are not available, it is necessary to somehow estimate the missing
data. SARs, QSARSs, default values, and/or ad hoc expert judgement have been used in the absence of
experimentd data SARs and QSARSs are often used in many chemica scoring and ranking systemsto
estimate chemica properties for which dataare lacking. SARs quditatively reate known datafrom a
chemica with smilar molecular or molecular fragment structure, and therefore smilar expected
biologicd activity or other properties, to the chemica with missng data QSARSs are obtained primarily
through regression analyss which results in mathematica equations representing corrdaions. Chemica
dructure or physicochemica properties, such as molecular weight and octanol-water partitioning
coefficients, are typically compared with chemica toxicity or fate (Hermans, 1989). The limitations of
these methods must be weighed againg the impact of missng data on the results of a chemica ranking
or scoring system.

Examples of sysemsthat use SARs QSARs for predicting the effects of chemica exposure are
discussed below.

The Schmallenberg system (Klein et. d., 1988; Weiss et. d., 1988) defines the minimum data set
required for priority-setting. Data on mutagenesis and acute aguetic toxicity are essentid and may be
estimated by QSARs when necessary. Other important missing data can be estimated from QSARS,
but any information, even if it is semi-quantitative in nature is consdered.

The German (BUA) scoring system (Behret, 1989a,b) assigns negative scores where data are
unavailable. These scores are based largely on SARs. The use of negative scores occurred for only a
few chemicas evauated by this system.

The UT system (Daviset. d., 1993) requires a quantitative assessment for many of the endpoints
included in the dgorithm. Thisis obtainable through the use of expert judgement, SARs or QSARs for
edimation.

The EPA DfE Use Cluster System (EPA, 1993) dlows a score for human hedlth hazard potentid to

be assgned by a structure activity team. Ecologica hazard potentid may be scored according to
QSAR concentrations of concern.
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Another gpproach to filling data gaps results in the assgnment of default valuesin the absence of data
or reliable QSARs or SARs. The European Communities (EC) system (van de Zandt and van
Leeuwen, 1992) uses default vaues and flags the data to identify when default values are used.

A few systlems use expert judgement to give quditative or semi-quantitative scores to chemicals (eg.
high, med., low). An example of a system using this gpproach is the EPA Unfinished Business Report
(Morgengtern et. d., 1987). The project was described as being based on "informed judgement”.
Quantitative information available within the EPA was collected on the various environmenta problems
addressed, but because the qualitative judgement was extensive, the study results were not considered
to be scientificaly "reproducible’.

2.3.6 Aggregation and Weighing

The mgority of the chemicd ranking and scoring systems reviewed include human hedth and
environmentd effects aswell as exposure parameters. The manner in which these parameters are
combined to give an overdl ranking or risk categorization varies tremendoudy and sgnificantly effects
the find result. Scores may be added, multiplied, divided or not combined at al. Scores may be
weighted differently for human versus environmentd effects (e.g. Screening Methodol ogy for
Pollution Prevention Targeting, EPA, date unknown), acute versus chronic effects (e.g. EPA, 1990)
or exposure viawater versus exposure viaair (eg. Klein et. d., 1988; Weisset. d., 1988). Examples
of various aggregation and weighing methods follow.

Chemica sdection in the Michigan CMR (MDNR, 1987) is based on combinations of scoresin the
various parameters. For example, selection for the Register may occur if achemica scoresa™5" intwo
or more criteria. These criteriainclude al of the hedth, environmental and exposure parameters where
none are considered more important than the others.

The Nordic system (Gjas et. d., 1989) sdlects chemicads with a score of "high” in an effects category
(hedth or environmenta) regardiess of the exposure score or chemicals with an effect score of
"medium" and an exposure score of "high'.

The WMS Scoring System (Konemann and Visser, 1988; Timmer et. a., 1988) calculates ten scores
for ten different combinations of exposure and effects. Examples of such combinationsinclude 1)
Exposure viaar and generd toxicity for mammas, carcinogenicity, and mutagenicity; and 2) Exposure
via products and generd toxicity for mammals, carcinogenicity, and mutagenicity.

In the MOE Candidate Substance List for Bans and Phase-outs (Socha et. d., 1992) substances are
selected on the basis of combinations of scoresin toxicity, persstence and bioaccumulation. For
example, asubstance is placed on the primary list if it scoresa 10" in any one of the seven toxicity
categories and has a persstence of a hdf-life of 50 days and it has a bioconcentration factor of more
than 500.

31



Inthe ATSDR Priority List (ATSDR, 1992) scores are assigned for each of three criteria: frequency
of detection a National Priorities List (NPL) Sites, toxicity, and potentid for human exposure. The
total score is smply the sum of the scores assigned for each of these parameters.

Once scores are obtained for each of the various exposure and effects parameters, chemicals may be
placed into categories, such as salected or non-selected chemicalss, or they may be ranked in order of

priority.

Categorization may be accomplished by determining an overdl concern score of high, medium or low,
or by sdecting chemicas according to combinations of numerica scoresin the exposure and effects
categories. For example:

The Schmallenberg system (Klein et. d., 1988; Weiss et. al., 1988) scores chemicals and places them
in one of three categories. immediate action, observation, or no action.

The GWU Method (Foran and Glenn, 1993) assgns scores of high, medium or low in severd toxicity
categories, release and production, persstence, and bioaccumulation. A chemicdl issdected asa
candidate for Sunsetting if 1) it scores "high' in any toxicity category and "high' in release and
production (excluding pesticides) or 2) it scores "high" in any acute or chronic toxicity category and
"high" in perdstence or bicaccumulation (including pesticides).

The WMS Scoring System (Konemann and Visser, 1988; Timmer et. d., 1988) categorizes chemicals
into three areas of priority by plotting an image point on atwo-dimensiond diagram. The image point is
determined after each chemica has been assigned arank for exposure and effects.

The MOE Candidate Substances List for Bans or Phase-outs (Sochaet. d., 1992) assigns numerical
scores for environmenta transport, persistence and biocaccumulation as well as seven categories for
toxicity. Specific combinations of scores in these categories result in the inclusion of the chemical on the
primary or secondary list for appropriate action.

The scoring systems which are designed to rank chemicas often include an dgorithm for combining
individua scores for toxicity and exposure in order to determine an overdl score which represents a
relative indicator of hazard for each chemica. These

ranking systems then prioritize chemicasin order of ther potentid hazard to human and environmentd
hedth. For example:

The UT Method (Davis €. d., 1993) uses an dgorithm which includes both additive and multiplicative

parameters to determine an overadl hazard vaue for each chemica. The chemica rank indicatesits
hazard relative to the other chemicasthat are scored.
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The ATSDR Method (ATSDR, 1992) places 275 substances in order of hazard potential based on the
tota score. The totd score is obtained by the following formula:

Total score = NPL frequency + Toxicity + Potential for human exposure

The EPA DfE Use Cluster Scoring System (EPA, 1993) arrives a an overdl chemica score as
follows

Chemical score = Human risk reduction potential+Ecological risk reduction potential+EPA interest level

The average chemica score for the entire cluster is then added to the cluster score for pollution
prevention potentid to give an overal cluster score which forms the basis for prioritizing clusters.

Whether a method results in categorization or ranking of chemica substances will depend on the
specific gods of the system. Systems developed for regulatory objectives frequently categorize
chemicds by selecting those that pose the greatest potentia threat for regulation and/or monitoring.
Systemsfor prioritization for other purposes may rank chemicasin order to focus research or other
activities on those chemicas highest on the lis.

2.3.7 Other Issues
Other issues that can be consdered in chemica ranking and scoring include:

. indirect ecologica impacts, such as greenhouse gases, acid rain, eutrophication, and
stratospheric o0zone depletion;

. effect of chemica mixtures,

. goplication to life cycle assessment, specificaly, life cycle impact assessment; and

. socid or economic impacts.
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Indirect Ecological | mpacts

The release of chemicadsinto the environment can have direct effects on human hedth and the
environment, but indirect effects may result aswell. Certain substances are known to affect abiotic
components of the environment and ultimately result in large scale ecologica disruption. For example, a
few substances (e.g. carbon dioxide) are considered "greenhouse gases' because they are believed to
have the potentid to change the globa climate. Other examples of chemicals that may cause these
indirect impacts are sulfur and nitrous oxides, which contribute to acid rain, chlorofluorocarbons
(CFCs), which contribute to stratospheric ozone depletion, and nitrous oxides and volatile organic
compounds (V OCs) which contribute to tropospheric (low amosphere) ozone formation. Another
example is eutrophication of surface waters caused by excess nutrient inputs.

Most chemica ranking and scoring systems do not include these types of indirect impacts as scoring
criteria. The hazards posed by substances causing these effects have not been quantified in such
manner that they can be eadly included. Thisisnot to say that the risks are not significant or that they
should be ignored in chemicd scoring. Ayres (1993), in an analysis of the relationship between naturd
resources and economic growth, concludes by asserting that “those activities that are most likely to
interfere with natura climatologica and nutrient cycling processes' should be of primary importance to
both economic development and environmenta protection policy.

Foran and Glenn (1993) list severa reasons why there is no mechanism currently available for
predicting or quantifying large scae ecologicd disruption. Firgt, duein part to alack of understanding
of how hazardous compounds affect the structure and function of ecosystemsit is difficult to predict the
adverse impacts a an ecosystem or globd level. Additionally, hazardous substances may interact with
components of ecosystems, but due to alack of understanding of the fate and transport characteristics
of these substances, their effects on ecosystems are difficult to predict. It isimportant to have
information about the use and rel ease patterns of a chemica in order to predict large-scale ecological
disruption, but thisinformation is not generdly available when achemicd is creasted and tends to change
over time.

The GWU system (Foran and Glenn, 1993) considers evidence for ecological disruption when
selecting candidates for Sunsetting. The data available are mostly derived from studies of effectsin
natura ecosystems, but other chemical-specific studies may be considered aswell. Laboratory studies
or theoretica evauations that suggest ecologica disruption potentid must be supported by predicted
use and release patterns of the substance.

The TRI Environmental Indicators Methodology (Abt Assoc., 1992) has not yet included scoring
criteriafor these effects, but it notes amgor EPA project amed a determining the risks associated
with CFCs and their aternatives. The modd is complicated but could perhaps be used to evauate the
risks posed by the emissons of these substances. Methods are dso suggested for developing an
indicator for tropospheric ozone. Thiswould involve identifying al VOCs reported in the TRI that are
consdered to be ozone precursors and to sum the releases of these compounds from each facility.
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Alternatively, policy changes which would require reporting of VOCs and nitrous oxides (NOx) asa
group would help in the development of an indicator. The developers of the system are dso examining
models designed to determine the exposure resulting from particle deposition to evauate the risks
posed by airborne chemicals which are deposited into other media, such as surface water.

Because chemicd ranking and scoring systems have focused on direct toxicity to humans and other
organiams in the environment, indirect, large-scae impacts such as those discussed above have rardy
been taken into account. Impact assessment approaches have been developed, and the challenge will
be to incorporate these with the direct toxicologica impacts. The field of life cycle assessment,
discussed below in section 2.3.7.3 is one place where this chalenge is being addressed.

Effect of Chemical Mixtures

The mgority of toxicity tests are conducted for sngle chemicals, usudly a high doses. Organismsin
the environment, however, are more typicaly exposed to low levels of severd chemicasrather than to
one chemicd a atime. Chemicas may interact with one another to dlicit effects thet are different from
the combined effects of the individua chemicals. The effects may be additive, where the totd effects
goproximately equa the sum of the individua chemica effects, synergistic, where the totd effects are
greater than the additive effects; or antagonistic, where the total effects are less than the additive effects.
Other types of chemicd interaction can aso occur that result in unanticipated effects. There are limited
data regarding the effects of chemical mixtures. One data source developed by the EPA (MIXTOX)
contains summary information from and literature citations on studies of toxicologica interactions,
primarily for binary mixtures (EPA, 1992).

The chemica ranking and scoring systems evauated do not consider the effects of chemica mixtures.
Because they are not usudly site-specific, they are designed to evauate the genera potentiad harm from
subgtances on a chemica by chemica basis without regard to the effects of mixtures. It isdifficult to
predict the effect of chemica mixtures on humans and environment. If incorporation of mixture toxicity
into chemical ranking and scoring systems is agod, however, there is some evidence to suggest that
redl world Stuations involving many organic chemicas are likely to result in gpproximate additive
toxicity (McCarty and MacKay, 1993).

Life Cycle Assessment

Recently, much attention has been focused on the methodology of LCA, a halistic gpproach to
evauating the human hedth and environmenta burdens associated with a product or processlife cycle.
LCAsaretools for evauating the effects on the environment associated with products, processes or
activities (SETAC, 1993). A full LCA includes a quantitative inventory of resource and energy inputs
and pollutant outputs and some form of impact assessment. A life cycle impact assessment is a process
for assessing the potential and actud effects of environmenta |oadings identified in the inventory
(SETAC, 1993). Chemical ranking and scoring could become an essentid eement in the development
of tools for assessing the impacts to hedth and the environment from chemica releases throughout the
life cycle of products.
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LCA has severd uses, dthough its uses are more limited if some form of impact assessment is not
included. LCA can be used for interna product improvements, for designing new products, for setting
public policy on products and materias, and for environmenta labeling. Clearly, the different uses of
LCA create different needs for impact assessment. An LCA used for internd product improvement,
for example, might smply use the inventory component and operate on a"less-is-best” approach. An
LCA used for setting public policy on materids or products would need to include some framework for
asessing and comparing the sgnificance of environmentd releases and resource and energy use of the
different products and materias being compared.

One of the systems evauated was developed for life cycle impact assessment. The EPS-Enviro-
Accounting Method (Steen and Ryding, 1992) was developed to assess the hedlth and ecologica
effects associated with the entire life-cycle of a product, process, or activity. The main objective of the
EPS Method isto provide one overal economic measure of resource depletion and potentia health
and environmenta impacts throughout alife cycle.

In this system, values are assigned to impacts on the environment in terms of five 'safe-guard subjects
(human hedlth, biodiversity, production, resources & aesthetic vaues) according to willingnessto pay to
restore them to normal status. Emissions, use of resources, and other human activities are then valued
according to their estimated contribution to the changes in these safeguard subjects. The information on
environmental impacts originates from LCA-based inventory of the materia /process under study.

Economic Considerations

Chemicd ranking and scoring systems are usudly designed to be fairly quick and smple, limiting the
time and resources required for assessment to aminimum. It is usualy beyond the scope of these
systems to determine potentiad economic impacts caused by releases of a particular chemicd.

One system that does include economic congderations is the EPS Enviro-Accounting system (Steen
and Ryding, 1992) which isintended for life cycle impact assessment. Impacts on five safeguard
subjects are valued on ardative scale which is based on the willingness to pay for avoiding undesired
effects. Environmenta |oad units (ELUs) which are slandard monetary vaues, are assigned accordingly
to score impacts. As another example, the Unfinished Business Report (Morgenstern et. d., 1987)
consders monetary estimates of damage when categorizing environmenta problems asthey relate to
welfare effects.
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Social Values

Economic impacts can be included under the broader category of sociad welfare or socid vaues.
SETAC (1993, p. 20) outlines avariety of "socid welfare impact categories'; some of these issues or
impacts possibly relevant to chemica ranking and scoring include:

. demographic impacts, induding fertility and mortdity, morbidity, migration;

. sociopalitical impacts, including legd, governmentd;

. socid impacts, induding quadlity of life;

. community impacts, including land use, physica gppearance of community, community
satisfaction;

. socioculturd impacts, including socid judtice, aesthetics, environmentd vaues, and

. psychosocid impacts, including anxiety or stress.

Only afew systemsinclude socid consderations, per se, in the scoring or sdection criteria One
example, The Michigan Critical Materials Register (MDNR, 1987) includes aesthetic considerations
such astaste, odor and gppearance as criteria for scoring chemicals within one parameter. The
Unfinished Business Report (Morgenstern et. d., 1987), dthough not specificaly a chemica ranking
system, ranks issues related to social welfare such as recreation, losses in aesthetics and non-user
vaues. The EPSEnviro-Accounting method (Steen and Ryding, 1992) includes aesthetic values as
one of the five safeguard subjects for which impacts are eval uated.
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SECTION 3: DISCUSSION

31 RISK ASSESSMENT PRINCIPLESAPPLIED TO CHEMICAL RANKING AND
SCORING

Chemica ranking and scoring systems are typicdly intended to be fairly smple and quick methods for
determining the health and environmenta hazards posed by the use and release of chemica substances.
Although not intended to provide a quantitative assessment of risk, the mgority of the systems reviewed
do rely on the basic principles of risk assessment for chemica ranking and scoring.

Chemicd risk isaproduct of both toxicity and exposure. Maost chemica ranking and scoring systems
include measures of both toxicity and exposure and, in thisway, are Smilar to quantitative risk
assessment methods. The mgor differenceis the extent to which the exposure assessment is
performed.

Exposure assessment in a quantitative risk assessment involves an analyss of contaminant releases,
identification of exposed populations, identification of al potentid exposure pathways, and estimation of
exposure point concentrations and contaminant intakes. The exposure assessment results in an estimate
of the magnitude, frequency and duration of actua or potentid human exposures through various
pathways expressed as atotd dose. None of the chemical ranking and scoring systems reviewed
include a detailed Ste-specific quantitative risk assessment, dthough the (TRI) Environmental
Indicators Methodology (Abt Assoc., 1992) approachesthis level of detail.

The system developed by Jones et. d. (1988) is one of the few systems that does not include any
exposure assessment. The stated purpose of the system, however, is to estimate only the relative
toxicologica potency for hazardous substances rather than overdl hazard. Another example is the
method developed by the EPA (1993b) for demondirating the relative hazard of emissions under
section 112(g) of the Clean Air Act. Asrequired, offsetting emission decreases must be considered
"more hazardous' than emission increases. For categorizing emissons, toxicity criteriadone are
conddered. The Sax Toxicity Ratings (Sax and Lewis, 1989) is dso based only on chemica properties
posing aphysica hazard and toxicologica characterigics. The other systems reviewed include some
measure of exposure, dthough the endpoints used to characterize exposure vary significantly.

Thefina step in abasdine risk assessment isrisk characterization. Here, chemica toxicity data are
combined with potentia exposure levels for the receptors of interest at a Site to arrive a a quantitative
estimate of the risk that receptors will suffer adverse effects. Such Ste-specific characterization is not
generdly performed in chemica ranking and scoring, but most of the systems reviewed do combine
toxicity and exposure in some manner to score, salect, or prioritize chemicas. Asdiscussed in Section
2.3.6, the manner in which toxicity and exposure are combined for an overal assessment aso varies
sgnificantly.

38



32 SIMILARITIESAND DIFFERENCESAMONG SYSTEMSREVIEWED

3.2.1 Most Common Effectsand Exposure Endpoints Used

The effects and exposure categories specified by the systems were difficult to compare. They were
divided, as best could be done, into categories of commonly recognized criteriafor presentation in
Tables2 and 4 and in Appendix C. Moreinformation is available in Appendix A , where the criteria,
subcriteria, and endpoints as defined by each system are outlined. Some criteria and endpoints were
commonly used in many systems while others were unique to a particular sysem. The most commonly
listed endpoints for mgjor classes of effects criteriainclude:

. car cinogenicity, mutagenicity, genotoxicity, most often characterized by the weight,
type, or amount of evidence that a chemical would dlicit that effect;

. systemic (non-carcinogenic) or general health effects most commonly characterized
by chronic or subchronic Rfd or RfC vaues,

. aquatic toxicity, most often quantified by acute LCs, and EC;, data;

. mammalian toxicity, most often quantified by acute LDs, and LCs, data;

. devel opmental/reproductive toxicity, again most often measured by the weight, type,

or amount of evidence;
. physical hazard, most often characterized by ignitability, boiling point, and reactivity;

. plant toxicity, most commonly measured by ECs, data;
. terrestrial non-mammalian toxicity, most often characterized by acute LD5,; and
. general ecological effects with no specific endpoint used by more than one system.

The most commonly listed endpoints for major classes of exposure criteriainclude:

. degradation or transformation potential: most commonly measured by hdf-lifein the
environment and some type of BOD data;

. mobility and partitioning, most often characterized by Kow and BCF;

. estimated dose, environmental occurrence, concentration, or amount released,
maost commonly measured by annud releases to environment and production volume;
and

. exposure frequency or intensity, relates to potentia receptors and usudly is measured

by population size or number potentialy exposed.

The classes of criteriaare listed in both casesin decreasing order from the most to the least often
included as components of the evauated systems.

3.2.2 Ranking versus Categorization

As mentioned in Section 2.3.6, there are two mgor types of chemica ranking and scoring systems,
those that rank chemicals and those that categorize chemicals. Examples of categories that may be
used include substances of high, medium or low concern or selected chemicals, non-selected chemicals
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and chemicasfor further review. Ranking systems, however, usudly derive overal scores and rank
chemicas relative to one another based on these scores.

In developing a consensus framework for chemical scoring, adecison must be made whether to use the
system to rank chemicals, salect or categorize chemicals, or rank and select chemicds. To acertain
extent, this decision depends on the purpose of the system, but one disadvantage for a system that only
categorizes or salects chemicalsis that those selected substances cannot be further prioritized. For
example, suppose such a system were used to choose a subset of chemicals that are considered to be
of high concern from aregulatory perspective. If 200 chemicas meet the criteriato be consdered high
concern, there may need to be ameans of further prioritizing these substances before regulatory policy
decisons could be made. van de Zandt and van Leeuwen (1992) suggest that aranking system is
preferable to classfication methods for this reason.

Three of the systems reviewed assign chemical scores which are not used to rank or categorize the
chemicas. For example, the TRI Environmental Indicators Methodology (Abt Assoc., 1992) scores
TRI chemicalsto reflect the impacts of the releases and transfers. These numbers can then be
compared from one year to the next to monitor changesin impacts. Chemicas are not ranked or
selected.

Severd systems assign chemica scores and rank the substances according to relative hazard. The
priority list of substances prepared by the ATSDR (1992) is the result of ranking and scoring, in order
of priority, chemicas commonly found at NPL Stes.

Chemicd ranking may be used for sdecting chemicas for further review, regulatory action or some
other activity. An exampleisthe Ranking System for the Clean Water Act (Poston and Prohammer,
1985; Cornaby et. d., 1986) in which chemicals were ranked and then selected as candidates for
possible inclusion on or deletion from the Priority Pollutant List. There are seven systems reviewed
which result in both ranking and selection of chemicals.

Thirteen of the systems eva uated resulted in the sdlection or categorization of chemicas, mostly for
regulatory purposes (ten systems), without first ranking them. An example of such a system is that
developed by ICF (1990) for the EPA which sdects chemicds as "High Priority Pollutants' if certain
exposure and effects criteriaare met. Another example isthe Michigan CMR (MDNR, 1987) which is
derived from scoring chemicals for various exposure and effects criteria Chemicas are then sdected
for indusion in the Regidter if they receive ascorea 5" (the maximum score) in two or more criteria or
score an additive level of "15" or greater for dl criteria. Chemicals are chosen for more detailed
scrutiny if other smilar criteriaare met.

3.2.3 Quantitative versus Qualitative Endpoints

Chemicd ranking and scoring systems are basicdly quantitative in nature, oftentimes resulting in ranking
or selection based on numeric cut-off vaues for various criteria. The assgnment of scores for specific
endpoints, however, is not aways based on quantitative data. Many of the systems reviewed include a
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combination of both qualitative and quantitative endpoints. Particularly for chronic hedlth effects, such
as carcinogenicity, quditative data are essentia. A large number of the systems which include
carcinogenicity as a scoring criterion utilize weight-of-evidence and/or strength-of-evidence information.
Sometimes, as in the GWU system (Foran and Glenn, 1993), these qualitative data are combined with
quantitative potency estimates where available. Quditative data are also used frequently in the absence
of quantitative datafor certain criteria. For example, the BUA system (Behret, 1989a,b) assigns
negetive scores where quditative information is utilized in the absence of a desired quantitative
endpoint. When thereis no data such asthe K, or bioconcentration factor (BCF) regarding
bioaccumulation, then a score of -1 isassgned if there is no suspicion of bioaccumulation or a-2 if
biocaccumulation potentia is suspected. Quadlitative data, such as SARs, are frequently used to fill data

gaps.

3.24 Assgning Scoresto Endpoint Data

For those systems where there is agreement on which particular endpoint to use, there till exissa
variety of gpproaches to assgn corresponding numerical scores. To illugtrate this, BCF isused asan
example of an endpoint included in severd systems and scored in avariety of ways. Table 4 presents
the numerical scores assgned to BCF or log BCF by eight systems. For comparison purposes, dl
BCF data are converted to log BCF and the scores are normalized on ascale of 0 to 1 corresponding
to the minimum and maximum vaue assigned by the system. Thisinformation is aso presented
grgphicdly in Figure 1.

A few items are worthy of note. Fird, there is anoticeable lack of agreement; the eight systems
represented here use seven different schemes to assign vauesto BCF data. Second, the mgjority of
systems use some kind of step function to assign values to endpoint data (i.e. if log BCF is between 3
and 4, then assign avaue of x). One exception isthe UT system, which uses a continuous linear
function with upper and lower bounds. The systems that use step functions use different numbers of
steps. The BUA system has only two; it amply assgns a minimum score if the log BCF islessthan 2
and amaximum scoreif it is greater than 2. Severd others usefive seps. Findly, it can be seen that
different systems assign varying levels of sgnificance to BCF vaues. The BUA system conddersalog
BCF of 2.1 to be of maximum significance, while, for this same BCF vaue, the Michigan CMR assgns
arddively low vdue and the UT system assigns a mid-range score.

Similar evauations could be ussful for al endpointsincluded in achemica ranking and scoring system,
but are beyond the scope of this report.
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TABLE 4. Bioconcentration Factor (BCF) Scoresfor Several Systems

System name BCF Log BCF Score  Normalized
(System no.) score?
Candidate Substance List for Bans or >15,000 >4.2 10 10
Phase-outs (6); 500 - 15,000 27-42 7 0.7
Effluent Monitoring Priority Pollutant 20-500 13-27 4 04
List (EMPPL) (25); <20 <13 0 0
Canadian Accelerated
Reduction/Elimination of Toxics
(ARET) Scoring Protocol (49)
Michigan Critical Materials Register >100,000 >5 S(sufficient) 1.0°
(MCMR) (22) 10,000 - 99,999 4-5 5 0.71
1,000- 9,999 3-4 3 043
100-999 2-3 1 0.14
<1-99 <2 0 0
WM Scoring System (20) >3 2 10
15-3 1 05
<15 0 0
Chemical Scoring System for Hazard >1000 >3 9 10
and Exposure ldentification (TSCA) 200- 1,000 23-3 7 0.78
(24) 100- 200 2-23 5 0.56
10-100 1-2 3 0.33
<10 <1 0 0
TRI Environmental |ndicators >10,000 >4 50,000 10
Methodology (1) 1,000 - 10,000 3-4 5,000 .79
100- 1,000 2-3 500 57
10-100 1-2 50 .36
1-10 0-1 5 15
<1 <0 05 0
Existing Chemicals of Environmental >100 >2 2 10
Relevance (BUA) | & 11 (3,4) <100 <2 0 0
UT Method (29) >4 25 10
1-4 0.5l0gBCF+0.5 (calc)
<1 1 04

(a) normalized on ascale from 0 to 1 by dividing each score by the maximum s_core for that system
(b) normalized assuming a maximum score of 7
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Figure 1
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3.3 GENERAL STRENGTHSAND WEAKNESSES OF EVALUATED SYSTEMS

A detalled critique of dl fifty-one systems reviewed is beyond the scope of this report. Insteed, a
generd discusson is presented for condderation either in choosing an existing system, or in developing
anew or hybrid sysem. Van de Zandt and van Leeuwen (1992) suggest that a priority setting system
should be:

. quick to use as a screening tool to identify priority substances for further review;

. systematic and computerized;

. transparent, with methodol ogies described in detail for clarity to the user

. flexible

. accurate, avoiding too many false pogtives or negatives and working with available

datato give congstent results;

. based on a scientificaly judtifiable framework and generaly accepted methodologies;
and

. based on exposure and effects, with emphasis on long-term effects.

These aspects, dong with afew additiona issues we have identified, are discussed below:

Ease of use, complexity. The EPA chemicals of potential concern sdection processis smple and
sraight forward when concentration data are available. The required toxicity data, however, are
reedily avalable for only alimited number of chemicds. The TRI indicators methodology is very
complex and amounts to practicaly conducting a quantitative risk assessment a every facility that
reports TRI releases. The time and resources required is an important deciding factor in choosing or
developing amethod. Also, the mathematical or mechanical processes of scoring and ranking should
be straight forward enough so that the system istransparent to the user. It should easy to understand
the results given a basic knowledge of the chemicals and data used.

Hexibility. A sysem should have enough flexibility so the user can augment or smplify it, add or
subtract components, add new data as they become available, or change the weighing for various
criteriawhile the sygem maintains its integrity. The UT system isan example of ardatively flexible
sysem.

Availability of deta Many systems require data that either are not readily available or frequently require
estimation methods. As much of the required data as possible should be peer-reviewed. The Use
Cluster Scoring System (EPA, 1993) draws on anumber of possible endpoints, arranged in a
hierarchy for high, medium and low qudity data. This data sdection gpproach dlows the user to draw
from amuch wider range of data, and should result in fewer instances of missing data.

Comparahility to other systems. Ranking and scoring results, especialy when regulations are involved,
should be comparable across regulatory programs and acrossindustries. Idedly, they should also be

44



comparable on an internationd basis. One example where international comparability could be
important is where trade issues are involved. Three of the evaluated systems (the Canadian Substance
List for Bans or Phase-outs the EMPPL system, and the ARETS Scoring Protocol) use the same
scoring criteria, based on the MOE scoring criteria, although their selection processes differ dightly.
Otherwise, thereis little congstency among the evauated systems.

Number of chemicals the existing system has been demondrated on. Some systems may seem likea
good idea, but may disintegrate under the pressure of alarge number of chemicas. A few of the
evauated systems were presented only in theory, with no demongtration using red chemica data
Others have been demongtrated or used on hundreds of chemicals. For example, over 700 chemicals
were ranked by the CERCLA 104 Priority List system (ATSDR, 1992), and van de Zandt and van
Leeuwen (1992) addressed 2000 HPV chemicasin the Priority Setting of Existing Chemical
Substances system.

Applicability to various dasses of chemicds. lons, metas and radionuclides pose problems thet are
very different from organic compounds. For example, many QSAR or SAR estimation methods do not
goply to inorganic chemicds. The CERCLA HRS system (Hallstedt et. d., 1986) was intended only
for ranking organic compounds, but has been modified to include radionuclidesin the Site ranking
process (Hawley & Napier, 1985).

Reproducibility or subjectiveness of scoring methods. Results from apanel of experts or when
qualitative estimations are used may not be reproducible a different times or when gpplied by different
users. For example, the WMS Scoring System relies an a pand of experts to score chemicds; if used
in another gpplication, different experts could arrive at different scores for the same chemicas. In
addition, a system should be based on scientific principles and an understanding of risk assessment
methodologies.

Completeness. All potentia and important effects should be included in a sysem. The following
components should be included, or the decision not to include a component should be made clear:

. the purpose and application of the ranking and scoring system;

. the human hedlth criteria and endpointsincluded;

. the criteria and endpointsincluded for environmentd effects;

. whether measures of exposure are included;

. the data sdlection gpproach and handling of missng data;

. the use of aggregation and weighing of different hedth and environmenta impacts;
. methods of accounting for chemica potency and severity of effects, and

. inclusion of other impacts or issues.
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SECTION 4: CONCLUSIONS

Thisreview of various chemica ranking and scoring systems demondirates that there is currently no
consensus regarding an gppropriate framework for evauating adverse impacts to human hedlth and the
environment from exposure to chemica substances. There is much variation in the degrees of
sophigtication, the types and numbers of endpoints incorporated, the data selection gpproach and the
manner of weighing and/or combining scoresto arrive at afina assessment.

Clearly, the purpose for which the ranking or scoring tool isintended will affect these factors. Although
the intended purpose of aranking or scoring system can influence its design, it would be useful to
develop a standard framework for chemical ranking and scoring that is flexible enough to be adapted
for most purposes. A standardized system for ranking and scoring chemicals is desirable for severd
reasons. It could assist business and regulatory agencies to target their pollution prevention efforts;
enable environmentd policy and business decisons to be made on smilar, objective, and scientificaly-
based methods; provide consstency nationdly across regulatory programs as well as internaiondly;
make use of and build on previous experience gained from the development of existing systems; dlow
new information to be incorporated while maintaining system integrity; and save on time and expense
incurred by continuing to develop new systems from scratch with every new application.

Dueto the large variation among ranking systlemsin terms of criteria, endpoints, data sdlection
gpproaches, and scoring methods, one logical way to approach a consensus on methods would require
the following steps (illustrated in Figure 2):

. Deveop a consensus on the overall framework for chemica ranking and scoring,
including its component parts. criteria, endpoints, data selection approach, and scoring
formulg

. Work toward agreement on the component parts, such as.

- which criteria should be included in any chemicd ranking and scoring system

- which endpoint(s) should be used to measure or score that criteria

- what data selection approach should be used to select or estimate data for the
criteria

- how should criteria scores be weighted and combined to reach an overdl score
or rank for each specific chemicd (if an overdl score per chemicd isthe god)
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Figure 2
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- what level of sophigtication in exposure estimation is gppropriate - from tota
amounts produced, used or released, to multimedia environmenta fate models,
to Ste-gpecific modes including estimates of dose over time

. Reassemble these dements into the agreed-upon framework, providing flexibility to use
some or al of the components for specific purposes.

The process of developing the consensus framework should involve dl of the significant stakeholders -
government agencies, chemica manufacturers and users, environmental and consumer groups, and
academic researchers. Thiswill creste greater acceptance of the results.

Given the current interest in chemical ranking and scoring, and the many potentid applications, an effort

to develop a consensus framework for chemica ranking and scoring would be an important
contribution to reducing chemicd risk.
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