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1.0 MIST OVERVIEW

1.1 Analyzing Toxicity of Mixtures

The Mixtures Similarity Tool (MiST) is a Microsoft Excel® based tool. MiST automates
the process of evaluating the degree to which chemical mixtures are toxicologically
similar, and whether they are “sufficiently similar’* for risk assessment purposes.
The purpose of MiST is to support risk assessment of chemical mixtures relevant to
human health. Invariably, humans are exposed to complex mixtures of chemicals in the
environment. Toxicological information for chemical mixtures is diverse and often
incomplete. EPA guidance recommends utilizing whole mixture dose-response data for
risk assessment, when possible, rather than data on individual mixture components. In
cases where toxicological information for a mixture is incomplete, EPA recommends
that data from a “sufficiently similar” mixture may be used as an alternative (U.S. EPA

2000). MiST was developed as a tool for researchers and risk assessors to ascertain
the degree to which “candidate mixtures” and “reference mixtures” are similar. For
MiST, “candidate mixtures” are not well-studied and might lack dose-response
information, while “reference mixtures” are better-studied and have estimates of
dose/exposure levels at which adverse effects occur, along with variance information
for these estimates. These comparisons can be used as a decision aid to help judge
whether mixtures are sufficiently similar for the purposes of the investigator (e.g.,
whether similarity is sufficient to allow for use of a reference mixture’s dose-response
data in a risk assessment of a candidate mixture). The development of approaches for
assessing sufficient similarity is an active area of research; various methods have been
applied to diverse chemical sets, including disinfection byproducts (Bull et al., 2009;
Feder et al., 2009a; Feder et al., 2009b; Rice et al., 2009) and petroleum substances

(Murray et al., 2013). MiST is based on a method published by Marshall et al. (2013),
which has since been used to evaluate mixtures of pyrethroids and botanical
supplements (Catlin et al., 2018; Ryan et al., 2019).

Polychlorinated biphenyls (PCBs) are a class of synthetic compounds characterized by
a biphenyl structure with chlorine substitutions. There are 209 possible PCB congeners
that vary according to the numbers and positions of the chlorine substitutions on the
biphenyl molecule. PCB congeners differ not only structurally but also in their toxicity in
humans and animals. PCBs were commercially synthesized as mixtures of congeners,
but the composition of the originally produced PCB mixtures can differ substantially
from mixtures humans may be exposed to in the environment due to processes such
as degradation and weathering (U.S. EPA, 2019). In addition, environmental PCBs can
also be inadvertently generated through combustion activities or manufacturing (e.g.,
waste incineration, or pigment paint production) (Mao et al., 2020; Prithiviraj and
Chakraborty, 2020; Vorkamp, 2015). Most toxicological studies in animals are
conducted using commercial PCB mixtures; there are few toxicological data to

1 Terms included in the

Glossary (Section 5) are indicated in bold italicized text upon the first use in the User Guide.
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represent environmental mixtures of concern for human health risk assessment. MiST
was developed to identify whether PCB mixtures with well-characterized dose-
response information (i.e., reference mixtures) are “sufficiently similar” to a different
mixture that might not have dose-response information for the same health effect (i.e.,
candidate mixture). If one or more reference mixtures are identified as sufficiently
similar, their dose-response information could be used to assess risk for the candidate
mixture. Application of a reference mixture’s dose-response information to assess risk
for a candidate mixture is especially useful when dose-response data are unavailable
for the candidate mixture, as is the case for most PCB mixtures found in the
environment. It is expected that, for many MiST analyses, well-studied commercial
PCB mixtures with abundant dose-response data (e.g., Aroclors) will serve as
reference mixtures for comparisons with candidate mixtures of PCB congeners
measured in the environment. This approach can be used with dose-response data for
any health effect of interest. Toxicological studies of commercial PCB mixtures have
evaluated effects in the following health outcome categories: cardiovascular, dermal,
developmental, endocrine, gastrointestinal, hematopoietic, hepatobiliary, immune
system, metabolic, musculoskeletal, nervous system, ocular, reproductive, respiratory,

and urinary system (U.S. EPA, 2019).

1.2 Theoretical Framework for MiST

The theoretical framework underlying MiST is described in detail in Section 4.0. MiST
(coded in Visual Basic for Applications [VBA]) implements a modification of a published
mixtures similarity approach (Marshall et al., 2013). The amended method considers
one candidate mixture and one or multiple reference mixture(s). The method is
intended to answer two questions:

e Is a given reference mixture "sufficiently similar" to the candidate mixture such that
dose-response data for the reference mixture could be used in a risk assessment
of the candidate mixture?

¢ If more than one reference mixture is "sufficiently similar” to the candidate mixture,
which reference mixture is most similar to the candidate mixture?

To support these conclusions, the method establishes the "distance" between two
mixtures based on:

e Mass fraction for each PCB congener in the mixture (required for all mixtures)

¢ Estimated dose (or concentration) associated with an adverse level of response,
along with a measure of variance (e.g., a standard deviation (SD) or cumulative
distribution function (CDF)) for the estimate (required for all reference mixtures).
MiST can be used with any dose or concentration associated with an adverse level
of response if it is accompanied by variance information. Benchmark
concentrations (BMCs) or benchmark doses (BMDs)? as well as extra risk

2The BMC/BMD is an estimate of the dose associated with a benchmark response (BMR) that
is considered to represent an appropriate response level for risk assessment purposes (e.g.,

10% extra risk for dichotomous endpoints). See the U.S. EPA BMD Technical Guidance (U.S.
EPA, 2012) and the U.S. EPA BMD Software (BMDS) User Guide (U.S. EPA, 2020) for
additional information on deriving BMDs.

Page 8 of 49


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7415523
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2462858
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239433
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1239433
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7591480

TUTORIAL: Step-by-Step Guide to Mixtures Similarity Tool (MiST)
Analyzing Mixtures User Guide

concentrations or doses (ERCs or ERDs) from EPA’s CatReg software® are
examples of values that could be used. For simplicity, the term “BMD” is used in
MiST and in this user guide to refer to any such value compatible with the tool.
Details on how to characterize BMD variance in MiST are provided later in this
section.

e (Optional) The toxicological potency of each PCB congener relative to the
potency of an index congener (often, the most toxic congener) (e.g., Holland and

Pessah, 2021; U.S. EPA, 2010).

Following the example provided by Marshall et al., 2013, MiST calculates the average
weighted Euclidean distance (Dw) between the BMDs for a reference mixture and the
candidate mixture. Euclidean distance is a measure of the shortest distance between
two points that incorporates, in this case, all 209 dimensions for the union of 209
potential constituents of a PCB mixture. In this method, a mixture’s composition is
represented by a vector in C dimensions, where C is the number of mixture
components (so, for PCBs, 209 dimensions, see Figure 1). The Euclidean distance can
be weighted to reduce or magnify the effect of some components of the mixtures based
on information regarding potency. A criterion is established to determine which
distances represent sufficient similarity, and which do not.

For each candidate-reference comparison, the first step is to compare the upper 95th
percentile of all the estimates of Dw (DwUgs) to an established distance bound, referred
to as the "critical value" (CV). The CV defines the boundary of a similarity region for a
given reference mixture’s BMD. If the DwUgs estimate for a candidate mixture falls
within that boundary, the candidate mixture can be considered toxicologically similar to
the reference mixture. If several reference mixtures are compared to the same
candidate mixture, then the reference mixtures are ranked by their mean distance, and
the reference mixture with the smallest mean distance is distinguished as the best
match to the candidate mixture.

The CV should be determined before the analysis. Since the CV represents a similarity
threshold, its determination should be based on statistical and biological dataset
characteristics underpinning mixture similarity (e.g., variability of the observed
responses, statistical and biological significance of differences in outcomes or outcome
levels). The lower (BMDL) and upper (BMDU) bounds of the BMD confidence interval,
as well as the BMD’s CDF, if available, can help to inform the CV. Typically, when BMD
estimates are available, the CV is calculated from the absolute value of the difference
between the mixture’s BMD and a user-defined mixture-specific effective dose (ED)
(or effective concentration (EC)).* Since the CV is meant to represent a statistically
and biologically meaningful mixture-specific difference from the BMD, the appropriate
ED may vary with each mixture (depending on, e.g., the estimated variance of the

3 Please consult the CatReg User Guide for additional information on ERCs/ERDs (U.S. EPA
2017).

4 MiST can accommodate effect levels expressed as doses (e.g., BMD, ED, ERD) or
concentrations (e.g., BMC, EC, ERC) as long as the units are consistent across all effect levels
included within an analysis (i.e., a BMD should not be used with an EC and vice versa). For
simplicity, the terms “BMD” and “ED” are used in MiST and in this user guide to refer to any
type of effect levels compatible with the tool.
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mixture’s BMD)®. ED selection requires expert judgment (Marshall et al., 2013).

In MiST, the original method from Marshall et al. (2013) was modified to allow for
Monte-Carlo estimation of the 95™ percentile of the Dw. Section 5 provides additional
details on the approach. Both the original and the modified approaches report a
distance that is expected to be greater than the “true” distance in 95% of replicates if
the uncertainty in the data were eliminated. Using the Monte-Carlo approach offers an
advantage because it does not rely on the assumption that distance estimates are
normally distributed. It allows for the use of the CDF produced by EPA’s Benchmark
Dose Software (BMDS) (U.S. EPA, 2012), which represents the BMD as the median
or maximum likelihood estimate (MLE) of a profile likelihood distribution to describe the
BMD variance. Each iteration produces one estimate of the distance (Dw) between the
reference mixture and the candidate mixture BMDs. The tool performs 10,000 iterations
for each reference-candidate comparison and selects the 95 percentile from this
distribution (DwUgs). A graphical depiction of the method is presented in
Figure 1Figure 1. Simplified version of the MiST approach that compares one candidate
mixture to two reference mixtures

Reference Mixture 2
— Distance between reference 1
Candidate Mixture BMD and candidate BMD

Reference Mixture 1

L

Chemical 1 Concentration or Dose

—— Distance between reference 2
BMD and candidate BMD

Chemical 2 Concentration or Dose

Figure 1. Simplified version of the MiST approach that compares one candidate
mixture to two reference mixtures

The length of each dashed line segment reflects the uncertainty of the BMD for the
candidate (red) and reference (blue and green) mixtures. The lines between the
dashes represent thousands of Monte Carlo iterations performed to estimate distances
(Dw) between the candidate BMD and the BMDs for reference 1 (black lines) and
reference 2 (purple lines). Mixtures are considered similar if the upper 95" percentile
for the Monte Carlo iterations (DwUgs (bold lines)) is less than the critical value (CV)

5 To maximize the tool’s flexibility, instead of using separate CVs derived from a mixture’s BMD
and ED, MiST users also have the option to assign a single endpoint-specific CV that would be
used for all candidate-reference comparisons. This approach does not consider the slope of
mixture’s dose-response curve and is generally not recommended for use at this time.
However, it is available in case a future application is identified in which the selection of a
single endpoint-specific CV is justified based on user objectives and data availability.
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assigned to each reference versus candidate mixture comparison. This is a simplified
two-dimensional depiction of the approach that has been extended in MiST to a 209-
dimensional calculation for applications to PCB mixtures.

MiST is designed to measure the similarity of a candidate mixture to one or more
reference mixtures for different data availability scenarios. These scenarios,
summarized in

Table 1, are based on the availability of information on the toxicological potencies of
individual mixture constituents (e.g., PCB congeners) and dose-response information
for the candidate mixture:

For PCBs, relative toxicological potencies vary by health effect and are specific
for each PCB congener. If congener-specific relative toxicological potencies are

available for the health endpoint being considered (e.g., Holland and Pessah, 2021;

U.S. EPA, 2010), they can be entered into MiST using the unequal potency option.
For a given endpoint-specific analysis, the same congener potencies are used for
all mixtures. If the toxicological potencies of the congeners are unknown, MiST
assumes that all congener potencies are equal (i.e., all congeners have a relative
toxicological potency estimate of one).

In the data poor scenario (the principal scenario that MiST is intended to address),
BMD information is not available for the candidate mixture but is available for the
reference mixture(s). In this case, sufficient similarity is determined based on (1)
the BMD distributions provided for the reference mixture(s) or estimated for the
candidate mixture$, (2) mixture composition as defined by the congener mass
fractions, and (3) congener-specific potency information (if available). In the data
rich scenario, both the candidate and the reference mixtures have dose-response
information; MiST will estimate the overall distance between the candidate and
reference mixtures using the dose-response information from each.

Note This User Guide focuses on the data poor scenario, as this is expected to be

more commonly used and of most interest to users. In the more atypical data
rich scenario and using the generally preferred option for CV selection, the
default will be to make comparison(s) based on the difference between the
BMD and ED for either the candidate mixture or reference mixture, whichever
difference is larger. However, based on factors such as confidence in the
modeling fit, dataset quality, and confidence in mixture composition
characterization, users may wish to override this automated selection (e.g., to
use the smaller difference) by specifying the CV to be used for the comparison
in the Settings tab. Users should be prepared to justify the rationales for
reference/candidate mixture designations based on their objectives and data
availability.

The dose-response information entered into MiST can take two different forms:
either a BMD mean and SD or a dose-response CDF derived from EPA’'s BMDS
(U.S. EPA, 2012). CDFs are included in the output of all model runs generated by
the more recent versions of BMDS (i.e., starting with version 3.1.1). The different
choices for the relative toxicological potencies, form of the BMD, and data

6 Additional details for how the candidate mixture BMDs are estimated in the data poor scenario
are described in Marshall et al. (2013).
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scenarios define the overall six scenarios in the tool. A decision tree is provided in
Figure 2
6 Equal No BMD Data Poor

2 “Equal potency” refers to an unweighted analysis in which all congeners are assigned a weight of one;
“unequal potencies” refers to a weighted analysis in which relative potency estimates for individual congeners
are available and used. The same congener potency estimates are used for all mixtures in a given analysis
(see section 3.3.1).

e to aid users in relating available input data to the appropriate MiST run scenario.
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Table 1. MiST input data availability scenarios

Toxicological Form of BMD for the Candidate Data
Potencies? Mixture Scenario

1 Unequal BMD as CDF Data Rich
2 Unequal BMD as mean + SD Data Rich
3 Unequal No BMD Data Poor
4 Equal BMD as CDF Data Rich
5 Equal BMD as mean = SD Data Rich
6 Equal No BMD Data Poor

a “Equal potency” refers to an unweighted analysis in which all congeners are assigned a weight of one;
“unequal potencies” refers to a weighted analysis in which relative potency estimates for individual congeners
are available and used. The same congener potency estimates are used for all mixtures in a given analysis
(see section 3.3.1).

(U B 1 Question 2 Data Availability
Are the relative potencies available Does the candidate mixture have a BMD s o
for the constituents of all mixtures? given as CDF or as mean + SD? CENANIO
Higher
Confidence
Yes, CDF L i
(Weighted, Data Rich Analysis)
Yes
) Ly Yes, Mean = SD L L Scenario 2
Unequal Patencies (Weighted, Data Rich Analysis)
Weighted Analysis
Confidence in No | L s 03
Analysis by Data (Weighted, Data Poor Analysis) cenario
Availability
Scenario
Yes, CDF e
f (Unweighted, Data Rich Analysis) Scenario 4
No
L Yes, Mean + SD L L Scenario 5
Equal Potencies {Unweighted, Data Rich Analysis)
Unweighted Analysis
_ No ) Scenario 6
(Unweighted, Data Poor Analysis)
Lower
Confidence

Figure 2. Decision tree illustrating how data inputs relate to available MiST
comparison scenarios

The scenario numbers shown on the right side of the figure correspond to cases in

Table 1. Confidence in the analysis for these data scenarios is depicted by the color
intensity of the boxes for each scenario and the gray arrows shown on the left side of
the figure. Confidence is highest for weighted analyses in which the variance in the
BMD for the candidate mixtures is available as shown at the top of the tree. Confidence
in the analyses generally decreases with data availability scenarios lower in the tree.
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2.0 MiST QUICK START GUIDE
2.1 Minimum Data Requirements

e Congener-specific mass fractions for all mixtures. The method by Marshall et al.
(2013) uses Stork’s methodology (Stork et al., 2008) for hypothesis testing for
“equivalence” and mixed model theory to define sufficient similarity in dose-
response for chemical mixtures containing constituents with different mixing ratios.
MiST uses mass fraction to define a PCB congener’s mixing ratio. A mass fraction
is needed in MiST for each of the 209 congeners. However, users do not have to
calculate mass fractions when mass or concentration data are available. If mass or
concentration data are entered, the tool will adjust the values so that they sum to
one (1), representing mass fractions. Congeners absent from a mixture have a
mass fraction of zero. MiST was not designed to be used to compare partially
characterized PCB mixtures, and conducting a MiST analysis with incomplete
mass fraction data is not recommended. The mass fraction of any given congener
can be calculated as follows:

o)
W; =\—
mr

where w; is the mass fraction of the i*"* congener;
m, is the mass of the i** congener;

and my is the mass of all congeners:
209

Z :m1+m2 +"‘+m209
i=1

e A BMD with uncertainty measures (i.e., SD or CDF) for at least one reference
mixture.

2.2 Optional Inputs

e Critical value to compare to the 95th percentile of the distance.

Note  The preferred approach is to allow MiST to calculate a CV for each mixture
based on mixture-specific EDs and BMDs (when available), which is the
default approach used in MiST if no CV is entered (see Section 1.2). The user
has the option to assign a CV if needed but should not unless there is an
appropriate justification for doing so.

¢ Relative toxicological potencies for mixture constituents. If these are unavailable,
MiST assumes equal potencies.

e A BMD with uncertainly measures (i.e., SD or CDF) for all mixtures (i.e., “data rich
scenario”).
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2.3 Quick Start Guide

A simplified guide for using MiST is presented in Because the application of the
methods described here and the interpretation of the results can be technically
challenging, it is recommended that analyses be performed by or in collaboration with
personnel expert in the procedures and potential pitfalls of this type of analysis.

Note  There is a tab within MiST named “Example Data”. These data are provided
for new users who wish to gain experience with MiST data entry and
functionality prior to entering their own data. It is intended to serve only as an

example.

Table 2 below. Additional information for each step is provided in the step-by-step
tutorial in Section 3.0. Because the application of the methods described here and the
interpretation of the results can be technically challenging, it is recommended that
analyses be performed by or in collaboration with personnel expert in the procedures
and potential pitfalls of this type of analysis.

Note  There is a tab within MiST named “Example Data”. These data are provided
for new users who wish to gain experience with MiST data entry and
functionality prior to entering their own data. It is intended to serve only as an

example.

Table 2. Setup in the Quick Start Guide Tab

Action

Quick Start Guide Tab

Details

Make sure that macros
are enabled in Excel.

Either click the "Enable Content" button at the top when opening
Excel or:

1. Click the File tab

Click Options

Click Trust Center

Click Trust Center Settings

Click Macro Settings

Select "Enable all macros”

oahwdD

Table 3. Step 1 — Enter Mixture Properties in the Data Repository Tab

Action

Data Repository Tab

Details

1. Select a mixture to
edit by clicking the
"Unlock" button.

When prompted "Unlock Which Mix?", enter the mixture number.
Cells will turn blue when unlocked.

Note: When entering a series of new mixtures, users should select
the button to add new mixture (s) for the intended analyses prior to
entering data in the 'Settings Tab'. Once new mixtures are entered,
users can select mixtures to edit/enter mixture properties.

2. Enter the name of
the mixture.

Mixture # populates automatically
Note: The name will be used in the 'Settings' tab to run the analysis.
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Data Repository Tab

Details

3.

Select one of three
BMD types:

a. CDF

b. Mean & SD

c. None

After selecting the BMD type, the tool will direct the user to input
either the CDF or Mean & SD for the mixture, below the list of mass
fractions.

Note: When copying and pasting data, users should select the top
cell where data will be pasted before copying and pasting data into
that cell.

Table continues on the next page

3a.

Select one of three
BMD types:
a. CDF

CDF
If the BMD is entered as a CDF for this mixture, the user has two
options:
1. Inthe 'Data Repository' tab, manually enter the BMD values in
relation to their corresponding percentile.
2. Inthe 'Clipboard' tab, paste the percentiles and BMD values
columns A and B, respectively (blue shaded columns).
a. Return to the 'Data Repository' tab and click the "Copy CDF"
button.
b. When prompted 'CDF for which mix?', enter the mixture
number.
c.  When prompted 'ls CDF data on clipboard?’, select yes.
d. The BMD values will then be pasted into the table below the
mixture indicated above.
Note: The BMD values should be entered as a whole number or
decimal greater than zero in ascending order.
Note: If a user does not have all of the BMD values for each
percentile of the CDF for the mixture, a piecewise linear interpolation
function can be performed to estimate the missing values. When
manually imputing the BMD values for each percentile, enter as many
values as possible and select the 'Fill' button located next to the lower
CDF table. Using the ‘Erase’ button here will delete any values in the
CDF table. This will automatically occur if the "Copy CDF" button is
used. See section 4.2 for more information on using the Fill and
Erase buttons to interpolate BMD values as a CDF. Additional
information is available in section 4.2.
Note: If not all CDF values are available for pasting in the clipboard,
the user should add values for the percentiles that are available in
consecutive lines. The "Copy CDF" and "fill"* functions will assign
values to the correct percentiles in the Data Repository tab.
Note: Only blue cells can be edited.
Note: Fill and Erase buttons are only available for unlocked mixtures.

3b.

Select one of three
BMD types:

b. Mean & SD

Mean & SD
Enter the mean and standard deviation to be used as the distribution
of the mixture’s BMD.

3c.

Select one of three
BMD types:

c. None

None

Information on the BMD for this mixture will not be provided.
Note: Mixtures with a BMD type of 'none' cannot be used as
reference mixtures for the analysis.

Enter the ED value

Note: The ED value should be entered as a whole number or decimal
greater than zero.

Note: Entering the ED is the preferred approach. Another option is to
enter a CV in the ‘Settings’ tab. See sections 3.2.3 and 3.3.2 for
more information.

Page 16 of 49



TUTORIAL: Step-by-Step Guide to
Analyzing Mixtures

Mixtures Similarity Tool (MiST)
User Guide

Data Repository Tab

5. Enter the masses,
concentrations, or
mass fractions of
the congeners in
each mixture

Details

Enter the mass, concentration, or mass fraction of each congener in
the mixture. If mass or concentration data are entered, the tool will
adjust the values so that they sum to one (1), representing mass
fractions.

Note: Missing values will result in run errors. Thus, a value (which
may be zero) must be entered for each congener.

Note: If the user encounters a runtime error while entering data, click
the "end" rather than the "debug" button.

Note: MiST was not designed to be used to compare partially
characterized PCB mixtures, and conducting a MiST analysis with
incomplete mass fraction data is not recommended.

6. "Lock" the mixture.

When the information is inputted correctly for the mixture, select the
"Lock" button at the top of the page and enter the mixture number in
the pop-up box. This will lock the mixture and make it available for
analysis.

Additional Tools in
Repository Tab

New Mixture — Generates a new, blank mixture entry

Delete — Allows the user to delete a mixture entry; based on the
mixture number

Reorder — Allows the user to reorder the mixture entries; the user is
prompted to indicate the mixture to move by reporting the mixture
number. The user will then be prompted to select the position the
mixture should be moved to.

Table 4. Step 2 — Determine the parameters and mixtures for analysis in the

Action

settings tab

Settings Tab

Details

1. Select equal or
unequal potencies

Equal — Signifies that the contributions of the mixture components are
all treated equally. If using equal potencies, the relative toxicological
potency estimate for each congener will be set to 1.

Note: If an analysis is run with equal potencies, then the column of
unequal potencies does not need to be filled. The sum of the relative
toxicological potency estimates will be 1.

Unequal — Signifies that relative toxicological potency estimates are
entered for each congener (described in section 3.3.1).

Note: If using unequal potencies, enter the relative potency estimates
in the indicated column. If users select unequal potencies but do not
enter potency data, then an error message appears. In accordance
with the method described by Marshall et al. (2013), potencies are
constrained to sum to the total number of components; for MiST, the
total is 209 (corresponding to the total number of PCB congeners).
This constraint makes the results of the equal and unequal potency
analyses more directly comparable. If the supplied relative
toxicological potency estimates do not sum to 209, the tool will
autoscale the values so that the sum equals 209 once the “run
analysis” action is initiated; autoscaled values will be displayed on the
Results and Settings tabs (see section 3.3.1 for more information).

2. Enterthe CV
(optional)

The user specified CV should be entered as a whole number or
decimal greater than zero.

Note: Users must enter either ED OR a CV, but not both. Entering the
ED is the preferred approach. See sections 3.2.3 and 3.3.2 for more
information.
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Settings Tab

3.

Select data rich or

data poor

Details

Data rich — Indicates that the BMD for the candidate mixture is
available.

Data poor — Indicates that the BMD for the candidate mixture is NOT
available.

Data rich analyses can be useful, for example, when a mixture has
some dose-response information but is otherwise relatively poorly
studied. It might then be compared with another, better-studied
reference mixture to assess sufficient similarity, using not only the
information considered in a data poor analysis but also the dose-
response information that is available.

Enter the

Candidate Mixture

name

Determine which mixture from the 'Data Repository' tab will act as the
candidate mixture for the analysis. Enter the name for this mixture in
full. Mixture names are not case sensitive.

Enter the number
of Reference

Mixtures

Enter a positive, whole number of reference mixture(s) to compare to
the candidate mixture. The appropriate number of boxes will pop up in
column H. No more than 99 reference mixtures are allowed.

Note: Reference mixtures must always have a BMD entered in the
'‘Data Repository' tab. BMDs are also required for candidate mixtures
in a data rich comparison.

Enter Reference
Mixture names

Determine which mixture from the 'Data Repository' tab will act as the
candidate mixture for the analysis. Enter the name for this mixture in
full.

Note: The name is checked for validity only when another cell is
selected. While mixture names are not case sensitive, the names
must be spelled correctly in the Settings and Data Repository tabs.

Run the analysis

When the information is inputted correctly for the analysis, select the
"Run Analysis" button at the top of the page. A successful analysis
will result in a message that says, "Analysis Completed.”

Note: Microsoft excel disables the "undo" feature after running
macros. Users are encouraged to save a version of the MiST
workbook prior to running the analysis.

Tab

Additional Tools in this

Clear — Clears the information from the 'Settings' tab; the 'Data
Repository' tab will not be changed.

Save — Allows the user to save the workbook; recommend saving
each analysis as its own workbook.

Table 5.

Action

Step 3 — Reviewing Results on the Results Tab

Results Tab

Details

1.

Run Settings

The settings selected for the analysis are returned here.
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Results Tab

Details

2. Results for the Candidate Mixture — The candidate mixture name is returned.
Candidate Mixture |BMD? — The BMD estimate for the candidate mixture is returned.
ED — The ED associated with a biological effect of the candidate
mixture is returned (data rich runs only).
Nearest Reference — Indicates the name of the reference mixture
that is the most similar to the candidate mixture as determined by
calculating and comparing the Euclidean distance between the
candidate mixture and each reference mixture.
Distance Dw (mean) — The average Euclidean distance between the
nearest reference mixture (indicated above) and the candidate
mixture.
Note: If there are no reference mixtures deemed similar to the
candidate mixture (similar reference mixtures have a 95th percentile
Euclidean distance lower than the CV), the Nearest Reference will
return 'None' and the Distance Dw (mean) will be left blank. The Dw
for each Reference Mixture is returned in the results tab, regardless
of the similarity conclusion (see item 3 below).

3. Results for the Reference Mixture — The reference mixture name is returned.
Reference BMD? — The BMD of the indicated reference mixture is returned.
Mixture(s) ED - The ED associated with a biological effect of the indicated

reference mixture is returned.

Delta — The CV for the analysis; set to |ED - BMD| by default’. Can
also be set by the user with appropriate justification.

Dw (Mean) — The average Euclidean distance between the reference
mixture and the candidate mixture.

Dw (Upper 95th) — The 95th percentile of the Euclidean distance
between the reference mixture and the candidate mixture.

Conclusions:

Acceptable — The Dw (Upper 95th) value for the reference mixture is
less than the CV (Delta); consider the reference mixture as SIMILAR

to the candidate mixture. The null hypothesis (that the mixtures have

different toxicological effects) is rejected.

Not Acceptable — The Dw (Upper 95th) value for the reference
mixture is greater than the CV (Delta); do NOT consider the reference
mixture as sufficiently similar to the candidate mixture. The data do
not support rejection of the null hypothesis.

Rank: when several reference mixtures are considered similar to the
candidate mixture, the rank indicates which reference mixture is the
best match to the candidate mixture. This is determined by comparing
the Dw (Mean) for each reference mixture. The reference mixture with
the smallest Dw (Mean) is considered the best match and assigned
the rank of 1.

4. Use the clipboard [The clipboard allows users to store data for MiST runs. It also
to copy and store | ensures all values are in an acceptable format for pasting into the
data for the Data Data Repository tab.
Repository Tab

7 For a data rich comparison, this can be based on either the reference mixture or candidate
mixture, depending on which mixture’s BMD-ED difference is larger.
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3.0 TUTORIAL: STEP-BY-STEP GUIDE TO ANALYZING
MIXTURES

3.1 Step 1: Setting Up the Tool

Make sure that macros are enabled in Excel either by clicking the "Enable Content"
button at the top when opening Excel, or manually enabling all macros using the
following steps:

Click the File tab

Click Options

Click Trust Center

Click Trust Center Settings

Click Macro Settings

U S o

Select "Enable all macros”

Note Before using MiST, users are encouraged to save an unused version of MiST
with a different filename to ensure access to a backup copy if the user
inadvertently deletes or disrupts codes hidden in various cells.

Note Users without administrative privileges may encounter difficulty enabling
macros. MiST also includes a hidden Templates tab that defines data
validated terms used in MiST. Users unable to enable macros or who wish to
view the templates should consult with their employer's IT professionals to
modify these settings. Users with administrative control can find additional
guidance through Microsoft Excel Support.

Note Macros running other excel files may interfere with macros coded in MiST.
Therefore, users should close any other macro-enabled excel file prior to
opening MiST.

3.2 Step 2: Entering Mixture Properties

Mixture properties should be entered in the ‘Data Repository’ tab (Figure 3).

Note Blue cells in the ‘Data Repository’ and ‘Settings’ tabs can
be edited by users.
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MiST

Mixtures Similarity Tool

New Mixture Delete Reorder Unlock Copy CDF

Version 1.1
Version Date: 2/18/2022

Mixture # 1 Mixture % 2
Name Reference Example MName Candidate Example
BMD Type [CDF BMD Type
ED |90 | ED 156 94
Table of Mass Fractions for Mixture 1 Table of Mass Fractions for Mixture 2
IChemical # Name Mass Fraction| IChemical # Name Mass Fraction|
1]|2-Chlarabiphenyl 0005197521 1]2-Chlorobiphenyl 0.003383439
2|3-c 000019992 2|3-Chiorobiphenyl 0.000299192
3|4-Chlorobiphenyl 0.0014994 3|4-Chlorobiphenyl 0.001795153
4[2 2-Dichlorobiphenyl 0.036185526 2,2-Dichlorobiphenyl 0.030717064
2 3-Dichlorobiphenyl 000169932 2,3-Dichlorobiphenyl 0.00139623
|2, 3-Dichlarobiphenyl 0.016393443 2,3"Dichlorobiphenyl 0.014261484
2.4-Dic 0.00289884 2,4-Dichiorobiphenyl 0.00259295%
8|2 4-Dichlorobiphenyl 0.082866353 8|2.4"Dichlorobiphenyl 0.070310163
9(2,5-Dichlorobiphenyl 0.005797681 9|2,5-Dichlorobiphenyl 0.004986536
10{2 6-Dichlorabiphenyl 0.00229908 10{2,6-Dichlorobiphenyl 0.001994613
11[2,3 Dichlarobiphany! 0 11]3,7Dichlorabipheny! 0
12(3 4-Dicl 0.00069972 12|3,4-Dichlorobiphenyl 0000398384
13|3.4-Dichlorobiphenyl 0.00239904 13[3.4Dichlorabiphenyl 0.002194076
14(3,5-Dichlerobiphenyl 0 143,5-Dichlorobiphenyl 0
15(4 4-Dichlorobiphenyl 0. 15|4.4-Dichlorobiphenyl 0.020943433
62,2 3-Tric i 0038 16]2,2' 3-Trichlorobiphenyl 0.031315448
17{2,2° 4-Tridl 0.0397¢ 17|2,2 4-Trichlorobiphenyl 0031215718
18|22 5-Trichlorobiphenyl 0.10855 13 0.08507031

Data Repository

Figure 3. Data repository tab for entering mixture properties

3.2.1 Entering a New Mixture or Editing a Mixture

1. In the “Data Repository” tab, select a mixture to edit by clicking the "Unlock" button,
or add another mixture using the “New Mixture” button (Figure 4).

2. Enter the name of the mixture in the “Name” field (Figure 6). The number of
mixtures added will be shown in the top left corner (arrow).

Note In step 1, when prompted " Unlock Which Mixture #?", enter the desired
mixture number (Figure 5). The mixture number automatically populates. The
selected fields will turn blue when unlocked indicating that they can be edited.
All three fields (i.e., Name, BMD Type and ED) must contain values. Once
values are correctly entered, users must lock the mixture data in the
Repository tab before running the analysis. To maximize the assisted entry in
the tool, information should be entered for one mixture at a time before
moving onto to data entry on subsequent mixtures.

Note In step 2, the mixture name in the Data Repository tab must be used in the
'Settings' tab to run the analysis. Mixture names are not case sensitive, but
the spelling must agree across tabs.

MiST

Mixtures Similarity Tool

New Mixture Delete Reorder Unlock Copy CDF

Version 1.1
Version Date: 2/18/2022

2

Mixture # 1 Mixture # 2

Name Name |Candidate Example

BMD Type [CDF BMD Type
ED (o0 | ED 156.94

Figure 4. New mixture and unlock buttons
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Unlock

=

: x|

- .
Unlock Which Mixture # 7 3

Figure 5. Specifying the mixture to unlock in the dialogue box

MiST

Mixtures Similarity Tool

New Mixture

Version 1.1
Version Date: 2/18/2022

2@

Mixture # 1

Name Reference Example
BMD Type |CDF

ED 90

Figure 6. Entering the mixture name
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3.2.2 Entering BMD Type

While the mixture is unlocked, select one of three BMD types (Figure 7):

e CDF,
e Mean & SD, or
e None.

MiST

Mixtures Similarity Tool

New Mixture

Version 1.1
Version Date: 2/18/2022
Mixture # 1 1
Name Reference Example K
BMD Type |CDF =
ED 2
Mean & SD
None

Figure 7. Selecting the BMD type

BMD Type: CDF

If a CDF is selected for this mixture (Figure 7), MiST will automatically move the cursor
to the correct cell to enter CDF data (below the mass fraction data in the Data
Repository tab). Values can be entered either as decimals or whole numbers. The user
has two options to enter the data:

1. In the 'Data Repository' tab, manually enter the BMD values in relation to their
corresponding percentile of its CDF.

2. Inthe 'Clipboard' tab, paste the available percentiles and BMD values in columns A
and B, respectively (blue shaded columns). If all CDF values are not available, the
user should add values for the percentiles that are available in consecutive lines in
the clipboard. The "Copy CDF" and "fill" functions will assign values to the correct
percentiles in the Data Repository tab.

i. Return to the 'Data Repository' tab and click the "Copy CDF" button.

i. When prompted 'CDF for which mix?', enter the mixture number.

iii. When prompted 'ls CDF data on clipboard?", select yes.
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iv. The BMD values will then be pasted into the table below the mixture indicated
above.

Note

Data output from BMDS are described elsewhere (U.S. EPA, 2020). Briefly,
BMDS generates dataset-specific results workbooks containing separate
worksheets for each model-option set combination that consist of tabular and
graphical summaries of the modeling inputs and results. The BMD table from
BMDS is found in the results workbook worksheets and can be copied and
pasted into the MiST tool.

Note

The BMD values should be entered as a whole number or decimal greater
than zero in non-decreasing order.

If a user does not have BMD values for every percentile, a piecewise linear
interpolation function can be performed to estimate the values for the missing
percentiles of the CDF. When manually imputing the BMD values, enter as
many values as possible and select the 'Fill' button located next to the lower
BMD table. Using the ‘Erase’ button here will delete any values in the BMD
table. This will automatically occur if the "Copy CDF" button is used. See
section 4.2 for more information on using the Fill and Erase buttons to
interpolate BMD values as a CDF.

Only blue cells can be edited.

The clipboard allows users to store data for MiST runs. It also ensures all
values are in an acceptable format for pasting into the Data Repository tab.

BMD Type: Mean & SD

Enter the mean and SD to be used as the distribution of the mixture’s BMD. Once
“Mean & SD” is selected, enter the Mean and SD values at the bottom of that column
(rows 229-232).

Note Once the BMD type is selected, MiST automatically moves the cursor to the
cell where users will enter the mean and SD values.

BMD Type: None

Choosing “None” means that information on the BMD for this mixture will not be
provided.

Note Mixtures with a BMD type of 'none' cannot be used as reference mixtures for
the analysis

After selecting the BMD type, the tool will direct the user to input either the CDF or
Parameters for the mixture. For more information on BMD types, see Section 4.2.
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3.2.3 Entering the ED Value

MiST

Mixtures Similarity Tool

New Mixture
Version 1.1
Version Date: 2/18/2022

Mixture # 1

Name Reference Example
BMD Type |CDF

ED 90

Figure 8. Entering the ED value in the ED field

Enter the ED value in the ED field.

Note  For all reference mixtures and candidate mixtures in a data rich comparison?,
either an ED must be specified, or a CV must be entered on the Settings tab.
The ED should be entered as a whole number or decimal greater than zero. It
is used to generate the CV (calculated as the absolute value of the difference
between the ED and BMD) if no CV is entered by the user on the Settings tab.

Note  The preferred approach is to allow MiST to calculate a CV for each mixture
based on mixture-specific EDs and BMDs, which is the default approach used
in MiST if no CV is entered (See Section 1.2). The user has the option to
assign an overriding CV (in the Settings tab) if needed but should not unless
there is an appropriate justification for doing so.

8 For data rich comparisons, the CV is the difference between the ED and BMD of the reference
mixture or the difference between the ED and BMD of the candidate mixture, whichever is

larger.
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3.2.4 Entering the Mass Fractions

MiST

Mixtures Similarity Tool

New Mixture Delete Reorder
Version 1.1
Version Date: 2/

Mixture # 1

MName Reference Example
BMD Type |CDE

ED 90

Table of Mass Fractions for Mixture 1
Chemical # Name Mass Fraction
2-Chlorobiphenyl
3-Chlorobiphenyl
4-Chlorobiphenyl
2 2 Dichlorobiphenyl
2,3-Dichlorobiphenyl
2, 3-Dichlorobiphenyl
2 4-Dichlorobiphenyl
2 &-Dichlorobiphenyl
2,5-Dichlorobiphenyl
10|2 6-Dichlorobiphenyl
11[3,3-Dichlorobiphenyl
12|3 4-Dichlorobiphenyl
13|3,4-Dichlorobiphenyl
14|3 5-Dichlorobiphenyl
15(4 4'Dichlorobiphenyl
16|2,2" 3-Trichlorobiphenyl
17[2,2" 4-Trichlorobiphenyl
18|2 2" 5-Trichlorobiphenyl
19(2,2" 6-Trichlorobiphenyl
20(2,3,3-Trichlorobiphenyl
21(2,3 4-Trichlorobiphenyl
22|23 4-Trichlorobiphenyl
23|2,3,5-Trichlorobiphenyl

wloo|~|o || |w|r |

24|23 6-Trichlorobiphenyl
25|23 4-Trichlarobiphenyl

Figure 9. Enter mass fraction values

Note Enter the mass, concentration, or mass fraction values; if the total does not
equal one (1), the tool will adjust the values so that they equal 1 when “Lock”
is selected.

Note  All mass fractions appear as zero when a new mixture is defined. Values must
be entered by the user. If there are any missing values (i.e., blank cells), the
user will receive an error message when attempting to lock the mixture.

3.2.5 Locking the Mixture

When the information is entered correctly for the mixture, select the "Lock" button at
the top of the page (Figure 10) and enter the mixture number in the pop-up box. This
will lock the mixture and make it available for analysis.
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Microsoft Exce

1 Lock Which Mixture 2 7 2 3 * oK
l Cancel

Figure 10. “Lock Which Mixture #?” dialogue box

3.2.6 Additional Tools in the “Data Repository”

MiST
Mixtures Similarity Tool )
New Mixture Reorder Unlock Copy CDF
Mixture # 1 Midure # 2
Name Reference Example Name Candidate Example
BMD Type |[CDF BMD Type [Mean & SD
ED (90 | ED 156.94
Table of Mass Fractions for Mixture 1 Table of Mass Fractions for Mixture 2
Chemical # Name Mass Fraction Chemical # Name Mass Fraction
1|2-Chlorobipheny! 0005197921 1|2-Chlorobipheny! 0005385459
2]3-Chlorobiphenyl 000019992 2]3-Chlorobiphenyl 0000299192
3[4-Chiorobiphenyl 00014994 3[4-Chiorobipheny! 0001795153
4]2,2"Dichlorobiphenyl 0.036185526 4]2,2-Dichlorobiphenyl 0030717064
5[2.3-Dichlorobipheny! 000169932 5[2,3-Dichlorobipheny! 0.00139623
6/2,3"Dichlorobiphenyl 0016393443 6]2,3"Dichlorobiphenyl 0014261494
7[2.4-Dichlorobipheny! 000285884 7[2.4-Dichlorobipheny! 0002592999
8[2.4"Dichlorobiphenyl 0.082866853 8[2,4'Dichlorobiphenyl 0070310163
9[2.5-D 0005797681 9[2,5-Dichlorabipheny! 0004986536
10/2,6-D 0.00229908 10/2,6-D 0.001994615
11]3,3"Dichlorobiphenyl 0 11]3,3"Dichlorobiphenyl 0
12|3.4-D 0.00069972 12|3.4-D 0.000598384
133,4"Dichlorobiphenyl 000239904 13|3,4"Dichlorobiphenyl 0002194076
14(35-D o 14(35-D o

Settings || Resuts.

Figure 11. New mixture, delete, and reorder features

o New Mixture - generates a new, blank mixture entry (user can enter up to 99
mixtures)

o Delete - allows the user to delete a mixture entry; based on the mixture number

e Reorder - allows the user to reorder the mixture entries; the user is prompted to
indicate the mixture to move by reporting the mixture number. The user will then be
prompted to select the position to which the mixture should be moved.

3.3 Step 3: Determine the Parameters and Mixtures for Analysis

Enter parameters for the mixtures and the analysis in the Settings Tab. The user will

Page 27 of 49



TUTORIAL: Step-by-Step Guide to Mixtures Similarity Tool (MiST)
Analyzing Mixtures User Guide

define the data inputs that define data rich or data poor run conditions and specify
candidate and references mixtures.

3.3.1 Select Equal or Unequal Potencies

MiST
Mixtures Similarity Tool Run Analysis

Version 1.1
Version Date: 2/18/2022

Step 1: Fill in mixture properties on the Data Repository sheet, and Lock
Step 2: Select potencies and (optionally) the critical value 1
Step 3: Select data rich or data poor method

Step 5: Run analysis and view results

Reference Mixdures

Use equal or unequal potencies? Unequal] | AR1254

Critical value (optiona) £ AR1242
Unequal

Data rich or data poor —— 2

Candidate mixture name:
Mumber of Reference Mixtures

Chemical # Name Relative Potencies
1|2-Chiorobiphenyl 3.717088926
2[3-Chiorobiphenyl 0
3|4-Chiorobiphenyl 0
42 Z-Dichlorobiphenyl 2.071049547
5|2,3-Dichlorobiphenyl 3.533084524
6|2,3-Dichlorobiphenyl 3.533084524
7|2 4-Dichlorobiphenyl 4.08509773
8|2 4-Dichlorobiphenyl 1267030312
9|2 5-Dichiorobiphenyl o

102 8-Dichlorobiphenyl 2.163051793
11]3,3-Dichlorobiphenyl 3.566083313
12|3 4-Dichlorobiphenyl 3452082386
13|3.4-Dichlorobiphenyl o
143 5-Dichlorobiphenyl o
15| 4 4-Dichlorobiphenyl o
16)2,2" 3-Trichlorobipheny! 0.853020407
172, 4-Trichlorobipheny!| 0.741017728
18|2,2 5-Trichlorobipheny! 1.363032608
] £.Trichlorohiohen 2 95A0TH g

Data Repositary

Figure 12. Selecting equal or unequal potencies

e ‘“Equal potencies” signifies that the contributions of the mixture components are
all treated equally. If using equal potencies, the relative potency estimates for each
congener will be set to 1 in the column that appears below. Choose this option if
the relative potencies of all mixture components (e.g., PCB congeners) are known
to be equal or are not known. When congener potencies are assumed to be equal,
congener contributions to the similarity determination are based only on mixture
fractions.

¢ “Unequal potencies” signifies that a user will input congener-specific relative
toxicological potencies. If using “unequal potencies”, the user must assign a
relative toxicological potency estimate to each PCB congener in the blue cells in
the “Relative Potencies” column. When using this option, each congener’s mixture
fraction and its resulting contribution to the similarity determination is scaled based
on congener-specific potency. Any congener potencies left blank will be assumed
to be zero. Congener potencies assigned a zero value will be automatically
populated in the results tab after the user initiates the run.

Note:  The relative toxicological potency estimates entered in MiST are derived by
users prior to conducting a mixtures similarity analysis or are available in the
published literature (e.g., Holland and Pessah, 2021; U.S. EPA, 2010).
Toxicological potency for each congener is estimated relative to an index
congener, which is typically the congener with the highest known potency and
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is assigned a relative potency estimate of 1. Once relative toxicological
potency estimates are entered in this format and the “run analysis” action is
initiated, MiST will autoscale the potencies so that the sum equals 209, the
maximum number of components possible in a PCB mixture. This action
makes the results of the equal and unequal potency analyses more directly
comparable (see Table 4 for more information).

Note  The same congener-specific potency estimates are used for all mixtures in an
analysis. Additional information on relative toxicological potency is presented
in section 1.2.

3.3.2 Enter the Critical Value

MiST
Mixtures Similarity Tool New Run Run Analysis

Version 1.1
Version Date:

Step 1: Fill in mixture properties on the Data Repository sheet, and Lock
Step 2: Select potencies and (optionally) the critical value
Step 3: Select data rich or data poor method
Step 4: Select one locked candidate mixture, and one or more locked reference mixtures
Step 5: Run analysis and view results
Reference Mixtures

Use equal or unequal potencies? Unequal
Critical value

Data rich or data poor Data rich
Candidate mixture name: Field Sample 1
Number of Reference Mixtures: 2

Data Repository m Results

Figure 13. Entering the CV

The optional user-specified CV should be entered as a whole number or decimal
greater than zero.

Note Selection of an appropriate CV requires expert judgment (see Section 1.2). If
no value is entered, the CV will be determined by the default (and preferred)
approach of calculating the absolute difference between the user-specified
BMD and the ED, required mixture-specific entries in the Data Repository tab.
Users should only override the default approach with an appropriate
justification.
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3.3.3 Select Data Rich or Data Poor

MiST
Mixtures Similarity Tool Run Analysis

Version 1.1
Version Date: 2

Step 1: Fill in mixture properties on the Data Repository sheet, and Lock

Step 2: Select potencies and (optionally) the critical value

Step 3: Select data rich or data poor method

Step 4: Select one locked candidate mixture, and one or more locked reference mixtupes
Step 5: Run analysis and view results
Reference Mixtures
Use equal or unequal potencies?
Critical value

Data rich or data poor

Candidate mixture name:
Number of Reference Mixtures:

Data Repository || Results

Figure 14. Defining inputs as data rich or data poor

e Data rich indicates that the BMD for the candidate mixture is available.
e Data poor indicates that the BMD for the candidate mixture is NOT available.

3.3.4 Enter the Candidate Mixture Name

MiST
Mixtures Similarity Tool New Run Run Analysis

Version 1.1
Version Date: 2/18/2022

Step 1: Fill in mixture properties on the Data Repository sheet, and Lock
Step 2: Select potencies and (optionally) the critical value
Step 3: Select data rich or data poor method
Step 4: Select one locked candidate mixture, and one or more locked reference mixtures
Step 5: Run analysis and view results
Reference Mixtures

Use equal or unequal potencies? Unequal
Critical value
Data rich or data poor Data rich

Candidate mixture name: : Field Sample 1
Number of Reference Mixtures:

Data Repository m Results

Figure 15. Entering candidate mixture names

Determine which mixture from the 'Data Repository' tab will act as the candidate
mixture for the analysis and enter it in the “Candidate mixture name” field.

Note  Although mixture names are not case sensitive, users should enter the name
for this mixture in full as spelled in the 'Data Repository' tab.
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3.3.5

3.3.6

Enter the Number of Reference Mixtures

MiST
Mixtures Similarity Tool New Run Run Analysis

Version 1.1
Version Date: 2/

Step 1: Fill in mixture properties on the Data Repository sheet, and Lock
Step 2: Select potencies and (optionally) the critical value
Step 3: Select data rich or data poor method
Step 4: Select one locked candidate mixture, and one or more locked reference mixtures
Step 5: Run analysis and view results
Reference Mixtures

Use equal or unequal potencies? Unequal
Critical value
Data rich or data poor Data rich

Candidate mixture name: Field Sample 1
Number of Reference Mixtures: :ﬂ
Data Repository m Results
Figure 16. Entering number of reference mixtures

Enter a positive, whole number of reference mixture(s) to compare to the candidate
mixture. The appropriate number of boxes will pop up in column H.

Note  Each reference mixture must have a BMD entered in the 'Data Repository’
tab.

Enter the Reference Mixture Names

MiST

Mixtures Similarity Tool New Run Run Analysis
Version 1.1
Version Date: 2/ 22
Step 1: Fill in mixture properties on the Data Repository sheet, and Lock
Step 2: Select potencies and (optionally) the critical value
Step 3: Select data rich or data poor method
Step 4: Select one locked candidate mixture, and one or more locked reference mixtures
Step 5: Run analysis and view results
Reference Mixtures
Use equal or unequal potencies? Un&ua\
Critical value
Data rich or data poor Data rich
Candidate mixture name: Field Sample 1
Number of Reference Mixtures 2
Chemical # Name Relative Potencies
1 |2-Chlarabiphenyl 3717088926
2|3-Chlorobiphenyl 0
3|4-Chlorobiphenyl 0
4|2.2-Dichlarobipheny! 2071049547
5|2 3-Dichlorobiphenyl 3.533084524
8]2.3-Dichlorabiphenyl 3533084524
72.4-Dichlorobiphenyl 408509773
8|2.4"Dichlorabiphenyl 1267030312
9|2.5-Dichlorobiphenyl 0
10|2 6-Dichlorobiphenyl 2.165051795
11]3.3-Dichlorabiphenyl 3.366085313
12|3.4-Dichlorobiphenyl 3452082386
13(3.4"Dichlorebiphenyl 0
14{3.5-Dichlorobiphenyl 0
15(4.4"Dichlorebiphenyl 0

Data Repository

Figure 17. Entering reference mixture names

1. Enter the number of Reference Mixtures in the field. This will generate the
Reference Mixtures fields to the right.
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2. Determine which mixtures from the 'Data Repository' tab will act as the reference
mixture(s) for the analysis. Enter the name for each mixture as it is written in the
'Data Repository' tab in the box to the right

3.3.7 Run the Analysis

When the information is entered correctly for the analysis, select the "Run Analysis"
button at the top of the page. A successful analysis will result in a popup message that
says, "Analysis Completed."

Note  All mixtures must be locked on the Data Repository Tab before the analysis
can be run.

3.3.8 Additional Tools in the Settings Tab

MiST
Mixtures Similarity Tool New Run Run Analysis
Version 1.1
Version Date: 2022
Step 1: Fill in mixture properties on the Data Repositol , and Lock
Step 2- Select potencies and (optionally) the critical value
Step 3: Select data rich or data poor method
Step 4: Select one locked candidate mixture, and one or more locked reference mixtures
Step 5: Run analysis and view results
Reference Mixtures
Use equal or unequal potencies? Uniua\
Critical value
Data rich or data poor Data rich
Candidate mixture name: Field Sample 1
Number of Reference Mixtures 2
Chemical # Name Relative Potencies
1 |2-Chlarabiphenyl 3717088926
2|3-Chlorobiphenyl 0
3|4-Chlorobiphenyl 0
42 7 Dichlorobiphenyl 2071049547
5|2 3-Dichlorobiphenyl 3.533084524
6]2.3-Dichlorabiphenyl 3533084324
72.4-Dichlorobiphenyl 408509773
8|2.4"Dichlorabiphenyl 1267030312
9|2.5-Dichlorobiphenyl 0
10|2 6-Dichlorobiphenyl 2.165051795
11]3.3-Dichlorabiphenyl 3.366085313
12|3.4-Dichlorobiphenyl 3452082386
13|3.4"Dichlorebiphenyl 0
14{3.5-Dichlorobiphenyl 0
15(4.4"Dichlorebiphenyl 0

Data Repository Settings |ESTH Clipboard *®

Figure 18. Additional tools in the ‘Settings’ tab

e Edit — Unlocks the information for editing but does not erase it.

e New Run — Clears the information from the 'Settings' tab; the 'Data Repository' tab
will not be changed

e Save — Allows the user to save the workbook; it is recommended to save each
analysis under a new filename. This is the same as the Excel “Save As” feature.
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3.4 Step 4: Review the Results

These properties/actions are housed in/can be accomplished in the ‘Results’ tab.

MiST
Mixtures Similarity Tool

Version 1.1
Version Date: 2/18

Run Settings Candi Mixture Candi Reference Mixture Reference Example
BMD 1186 BMD 5
Use equal or unequal potencies? Unequal ED 156.94 Delta 85
Critical value (optiona) Dw (Mean) 29.17
Data rich or data poor Datarich Dw (Upper 95th) 33.9
Candidate mixture name: Candidate Example Mearest Reference _ Conclusion _I
Number of Reference Mixtures: 1 Distance Dw (mean) Rank
Chemical # Name i Mass Fraction Mass Fraction
1]2-cl i 3.717088926 0.005385459| 0.000200797|
2|3-cl 0 0.000289192] 0
3|4-chiorobiphenyl 0] 0.001795153] 0f
4]2,2-Di 2.071048547| 0.030717064| 0.000200797|
52,301 3.533084524 0.00139623 0]
6|2, 3-Dichlorabiphenyl 3.533084524 0.014261494| 0.000100399)
7)2.4-D1 4.08509773 0.002592999| 0]
8|2 4-Di 1.267030312 0.070310163| 0.000401584]
9[2.5-D 0 0.004986536| 0
10|2 6-Dichlorobiphenyl 2165051795 0.001994615| 0]
11]3,3-Di 3.568085313 0] 0]
12|3,4-D1 43882586 0.0005898384| 0
13[3.4-Dicniorobipnenyt ey o 0002194076 0
14]3,5-Di 0 0] 0]
15]4,4-Dichlorabiphenyl 0 0.020943453)] 0.000100399)

Data Repository | Settings Igu Example Data

Figure 19. Reviewing the results on the ‘Results’ tab

3.4 | Run Settings

The settings selected for the analysis are returned at the top of the Results Tab.

MiST
Mixtures Similarity Tool
Version 1.1 Run Date
Version Date: 2 22 B/ 21
B = Run Settings
Use equal or unequal potencies? Unequal
Critical value (optiona)
Data rich or data poor Data rich
Candidate mixture name: Candidate Example U neq ual
Number of Reference Mixtures: 1
Chemical # Name Potencies
1|2-Chlarobiphenyl 3717088926 1
2|3-Chlarobiphenyl 0] Data rICh
3|4-Chlorobiphenyl 0] .
4[22-Dichlrcbighsny 2071049547 Candidate Example
5|2 3-Dichlorobiphenyl 3533084524
|2,3-Dichlorobiphenyl 3.533084524| 1
7|2 4-Dichlorobiphenyl 4 08509773
8|2 4-Dichlorobiphenyl 1. 267030312
9|2 5-Dichlorobiphenyl 0]
10|2 6-Dichlarobiphenyl 2 165051795
11/3,3-Dichlorobiphenyl 3. 566085313
12|3,4-Dichlarobiphenyl 3452082586
13|3.4-Dichlorobiphenyl 0]
143 5-Dichlarobiphenyl 0]
"-Dichlorobipl

Figure 20. Run Settings entered on the ‘Settings’ tab populate
on the ‘Results’ tab
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3.4.2 Results for the Candidate Mixture

Mixtures Similarity Tool (MiST)
User Guide

B Candidate Mixture

B BMD
B ED

B Nearest Reference
B Distance Dw (mean)

Candidate Example

118.5

156.94

Figure 21. Candidate mixture results for BMD, ED, nearest reference, and
distance Dw (mean)

e Candidate Mixture — The candidate mixture name is returned.
¢ BMD - If mean and SD were entered, the mean BMD is returned. If a CDF was

entered, the 501 percentile is returned.

e ED - The ED value of the candidate mixture is shown (data rich runs only).

¢ Nearest Reference — Indicates the name of the reference mixture that is the most
similar to the candidate mixture as determined by calculating and comparing the
Euclidean distance between the candidate mixture and each reference mixture.

o Distance Dw (mean) — The average weighted Euclidean distance between the
nearest reference mixture (indicated above) and the candidate mixture.

Note  The Nearest Reference and Distance Dw (mean) boxes are colored green if
the nearest reference is deemed “Acceptable” or are colored red otherwise.
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3.4.3 Results for the Reference Mixture

Reference Mixture Reference Example
BMD 5

ED 90

Delta 85

Dw (Mean) p.r s

Dw (Upper 95th) 25.798

Conclusion
Rank 1

Figure 22. Reference mixture results for BMD, delta, Dw (mean), Dw (upper 95"),
conclusion, and rank

¢ Reference Mixture — The reference mixture name is returned.

e BMD - If mean and SD were entered, the mean BMD is returned. If a CDF was
entered, the 50t percentile is returned.

e ED - The ED for the reference mixture is returned, if specified by the user.

e Delta — The CV for the analysis, either from the Settings tab or calculated as the
absolute value of the difference between ED and BMD for that reference.

¢ Dw (Mean) — The average Euclidean distance between the reference mixture and
the candidate mixture.

e Dw (Upper 95th) — The 95th percentile of the Euclidean distance between the
reference mixture and the candidate mixture.

Conclusions:

e Acceptable — The Dw (Upper 95th) value for the reference mixture is less than the
CV (Delta); consider the reference mixture SIMILAR to the candidate mixture.

e Not Acceptable — The Dw (Upper 95th) value for the reference mixture is greater
than the CV (Delta); do NOT consider the reference mixture sufficiently similar to
the candidate mixture.

Note Rank: The reference mixture with the smallest Dw (Mean) is the considered
the best match and assigned the rank of 1.

Page 35 of 49



MiST Documentation Mixtures Similarity Tool (MiST)
User Guide

4.0 MIST DOCUMENTATION

4.1 Assumptions

The main assumptions built into the current tool are:
1. The chemical mixtures consist of PCB congeners.

2. All congener mass fractions are specified without any estimate of their potential
uncertainty or error.

3. The mass fractions sum to one, meaning no chemicals other than PCBs are
present in the mixture.

4. The relative potency of each congener is specified without an estimate of
uncertainty or error.

5. Each reference mixture has a BMD, or BMD-like estimate, with an associated
uncertainty distribution, for some health effect.

6. The health effects for all reference mixtures and any candidate mixtures in a single
analysis are comparable.

Note It is the responsibility of the user to assure that BMDs refer to comparable
health effects.

7. The “relative toxicological potency” of each congener is an estimate of the
congener’s potency relative to the potency of an index congener, which is typically
the congener with the highest known potency and is assigned a relative potency
estimate of 1.

Note  The BMD of a mixture is the weighted sum of the BMD of its congeners, there
iS no synergism or antagonism among congeners (dose additivity).

8. The BMD distribution for the candidate mixture is independent of those for the
reference mixtures, meaning the covariance between the two distributions is
assumed to be zero.

Note Marshall et al. (2013) allowed for the use of variance-covariance matrices, but
this is not currently supported in MIST.

9. The difference between the candidate and reference BMDs (calculated as the
weighted Euclidean distance in equation 1, section 3.3) defines how toxicologically
“similar” the two mixtures are to each other.
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There is some degree of uncertainty in the BMD for each mixture. Two methods are
available in MiST for describing this uncertainty: CDF or mean with SD.

If the CDF method is used, the user specifies any integer percentiles they may have for
BMD values on from the 1st to 99th, and optionally the minimum and/or the maximum
as well. It is assumed that any non-specified percentiles are uniformly spaced between
those that are given. The tool has a “Fill” button that performs this interpolation. It is
necessary that this is done before comparing a candidate mixture to reference
mixtures.

If the mean and SD are specified, it is assumed that the distribution is normal. The tool
then generates the integer percentiles from that normal distribution automatically. It
also sets the maximum and minimum at plus or minus three SDs from the mean, as
these points are a little beyond the 99th and first percentiles, respectively.

Once all the percentiles along with the minimum and maximum are determined, the tool
may start the Monte Carlo iterations for calculating distance between the candidate
mixture and each reference mixture.

2082 2' 3.3 45566 -Nonachlorobiphenyl 0
209 |Decachlorobiphenyl 0
Name Reference Example
BMD type [CDF |

Percentiles of CDF for BMD, Mixture 1
Percentile |Value

Minimum -

Data Repository Settings | Results || @

Figure 23. Fill and erase buttons for interpolating or clearing CDF values

Fill and Erase buttons are available to the user to aid in entering or clearing BMD
values entered as a CDF in the Repository Tab. The “Erase” button will remove all
values and formats entered into the CDF table. The Fill and Erase buttons are only
available if the mixture is unlocked. The Fill button can be used to interpolate a partial
list of CDF percentiles using the following rules:

1. The CDF is not complete until all 101 values are specified. These are the
minimum, percentiles 1-99, and the maximum.

2. BMD values can only be entered for the whole number percentiles (1-99) listed.
BMD values may be entered as decimals or whole numbers.
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3. No value may be negative.
4. No value may be smaller than a value at a lower percentile.

5. If two or more values are entered, the user may use the “Fill” button to populate the
rest.

Note The “Fill” button uses the following logic:

Each integer percentile gap (between two specified values) is filled by linear
interpolation. Interpolation can be used to fill towards the minimum value, the
maximum value, or in both directions.

Values above the highest specified percentile are filled using the same slope
(increase per percentile) as occurs between the two largest specified values.
The same slope (decrease per percentile) applies to interpolation to the
minimum.

The concept behind MiST is that the difference in BMD between the candidate and a
reference mixture can be characterized by randomly sampling each uncertainty
distribution and calculating the distance between the mixtures. On one iteration, the
distance is defined as

2
Dw = |52 P(T,a, — T.a,) @

label uniquely identifying each of the 209 PCB congeners.
; potency of congener j, relative to the index potency of one
estimate of BMD as sampled from appropriate distribution (either 7 or ¢)
; mass fraction of congener j in the mixture (either r or c)
reference mixture
e ¢ candidate mixture

L [ ]
~N v

]
=

If T, and T, were known precisely, the distance in equation (1) between the candidate
and each reference mixture would just be evaluated once. The point is that both T,. and
T. have uncertainty, so their true values are not known. The Monte Carlo approach
involves selecting random samples for T,. and T, and evaluating the distance for that
pair of values. The MiST tool currently samples T,. and T, independently, under the
assumption that there is no appreciable correlation expected between them. This
produces a set of Dw values, one per iteration. Ten thousand iterations are run for
each analysis.

It may be noted that even if the candidate mixture had the same BMD distribution as
some reference mixture, the distance between them would never be zero unless

(T, a;, — T,-ajc)2 were zero for all congeners j. This would require that the same
sample values be drawn for T,. and T, on the same iteration and that all the mass
fractions were the same in the two mixtures, which is unlikely. Apart from this, all Dw
are positive.
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The method requires that the “true” Dw should be below the CV threshold of
acceptability for the candidate to be considered “similar” to a given reference. Since the
true value of Dw remains unknown, it is required that 95% of the Monte Carlo iterations
produce a sample Dw below the CV threshold for acceptance. Since all iterations are
equally valid estimates, this equates to a 95% confidence that the true Dw is below the
CV.

All reference mixtures must have a BMD distribution specified. This is optional for the
candidate mixture. If a candidate uncertainty distribution is given, then it is the “data
rich” case, discussed here. When the distribution for the candidate is not known, it is
called the “data poor” case and is discussed in the next section.

The data rich case uses equation (1) with two independently drawn random samples
for T,. and T.. In practice, this is achieved by first generating random samples from a
uniform distribution between zero and one. These are then rounded to two decimal
places and multiplied by 100. The corresponding percentile from the distribution is then
used. For both cases (either the CDF or the mean with SD), all percentiles from 1 to 99
are computed and stored, along with a minimum and maximum. If the uniform random
sample is below 0.005, it rounds to zero to two decimal places, and the minimum is
used. If it is above 0.995 the maximum is used. Each of these occurs 0.5% of the time.
Each percentile from 1 to 99 occurs (on average) 1% of the time. The MiST tool is
currently set to perform 10,000 iterations per run, so each percentile will be selected
100 times on average. The values of the other variables in equation (1) do not change
on each iteration. This method produces 10,000 estimates of Dw between the
candidate and the given reference.

If there is more than one reference mixture being compared to the candidate, the
above steps are repeated for each reference. In practice this means another 10,000
random samples are generated for each reference. This is relatively fast and avoids

any possibility of the results for one reference influencing the results for another.

Preliminary tests demonstrated that 1,500 iterations should be sufficient for
convergence (Hong et al., 2016). However, that conclusion depends in part on the
specific uncertainty distributions being used, so 10,000 iterations were selected to
reliably ensure convergence.

Once all the iterations are complete, the mean and 95th percentiles of the Dw samples
are found and reported on the Results tab for each reference. If the 95th percentile is
below the threshold, the “Conclusion” cell for that reference is colored green. If not, it is
colored red. Under the candidate mixture on the Results tab, the reference with the
smallest mean Dw is indicated and colored green if appropriate. MiST ranks references

according to which has the closest 95th percentile of Dw.
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The data poor case uses equation (1), only the distribution for T is assumed to be the
same as for T,.. Even so, the Monte Carlo approach draws separate samples for T,. and
T.. This ensures that if the candidate happens to have a BMD distribution that
essentially duplicates that of T,., the results will still be independent under assumption
(9). If the same samples were used for T,. and T, that would correspond to an
assumption of a covariance of unity, contrary to assumption (9).

If the candidate is being compared to several references, then the sampled T, values
are different for each reference. This is already the case using the data rich method
because different random percentiles are drawn on each iteration for each reference. In
the data poor case, the values corresponding to the same percentiles of T, are also
different, depending on which reference it is being compared with. As a practical
matter, the tool does not distinguish the data rich and data poor cases, apart from the
matter of where it looks up the percentiles for T,.

Once the iterations are complete, as in the data rich case the mean and 95th percentile
of the Dw samples are found and reported on the Results tab for each reference. If the
95th percentile is below the threshold, the “Conclusion” cell for that reference is colored
green. If not, it is colored red. Under the candidate mixture on the Results tab, the
reference with the smallest mean Dw is indicated and colored green if appropriate.
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5.0 MIST VALIDATION

Validation of MiST included review by internal and external reviewers. Original reports
detailing numerical results and codes used for validation tests from internal and

external reviewers are summarized here and are available upon request (Gennings,
2017). Internal validation was conducted by ICF and submitted to EPA is also available
upon request (Hong et al., 2016).

A. The following tests were conducted to validate underlying assumptions of
MiST, and results are summarized in Table 6.

¢ Run the modified test case from Marshall et al. (2013). NOTE: the test case in
Marshall et al. (2013) was an analysis of pyrethroids that included fewer mixture
constituents than the 209 supported by MiST. Thus, there were some differences
between this analysis and the specific analyses presented in that publication due to
the nature of the test example.

¢ Run the same mixture as both candidate and reference

o Use the same BMD distribution for candidate and reference but alter the mass
fractions substantially

Table 6. Summary of Internal MiST Validation

Scenario \ Tool Settings | Expected Result = Confirmation
Compare two e data rich, equal potency Distance (Dw) Expected
chemicals with the e data rich, unequal potency |[should be 0 and SE | results
exact same mixing e data poor equal potency should be 0 in the confirmed
ratios, BMD, SE of |4 data poor, unequal potency |data poor case
BMD, and ED
Compare two e data rich, equal potency Distance (Dw) Expected
chemicals with the e data rich, unequal potency |should be 0 but SE | results
exact same mixing of distance should confirmed
ratios, BMD, and ED, increase with
but with a different increasing SE of
SE of BMD BMD
Compare two e datarich, equal potency The distance and SE | Expected
chemicals with the | e datarich, unequal potency | (distance) should results
exact same mixing increase for confirmed
ratio and SE of the increasing difference
BMD but different between the BMDs
BMD/ED
Compare two e data rich, equal potency Distances will likely | Expected
chemicals with the e data rich, unequal potency |be maximized results
exact same BMD/ED across all test confirmed
and SE of the BMD scenarios
but different mixing
ratios

B. ICF validated the implementation of the Monte Carlo method to measure
standard error of the BMD by conducting the following tests (Trgovcich et al.,
2021):
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e Compare the Monte Carlo results to the earlier Delta method that was
recommended in the Marshall and colleagues.

e Test the assumption of independence between the two mixtures used in the Monte
Carlo and delta method tests by comparing the standard error of the distance
estimates when the variance-covariance matrix was used as the data prescribe
versus when the variance-covariance matrix was forced to 0 (the independent
assumption case).

These validation tests confirmed that the two methods provide similar results, with the
difference being larger in the data rich case (which uses two different BMD
distributions) than in the data poor case (which assumes both mixtures have the same
BMD distribution). With respect to the assumption of independence between the
mixtures, the effect of using the Monte Carlo method compared with the delta method
gives a larger proportional difference in these variable values than the assumption of
independence alone. Taken together, results of these tests confirmed that the two
methods are in sufficient agreement to justify using the Monte Carlo method.

Additional validation tests were conducted to validate MiST features added or modified
during MiST development (Trgovcich et al., 2021). General function tests were also
conducted and confirmed that features added or modified during development did not
alter the MiST code or expected conclusions.

C. External validation of MiST was conducted by the academic research group
headed by Dr. Chris Gennings in 2017. Dr. Gennings’ report under EPA
Contract No. EP-C-14-001 Work Assignment 3-15 was entitled “Expert
Assistance for the IRIS Draft Toxicological Review of PCBs - Effects other
than Cancer: Testing of Mixtures Similarity Tool” (Gennings, 2017). External
reviewers conducted the following analyses:

e Compared 4 Aroclor mixtures (AR1254, AR1242, AR1016, and AR1260) of PCBs
using specific test conditions, including data rich, data poor, weighted, and
unweighted analyses. Following the published method (Marshall et al., 2013),
researchers developed and used a SAS code to test for sufficient similarity
between PCB mixture AR1254 (reference mixture) and each of the three candidate
mixtures: AR1242, AR1016, and AR1260. External validation tests confirmed that
MiST generated expected results for these tests.

e The preferred statements for understanding the results of MiST were reviewed and
revised are as follows:

e Candidate mixture is similar to reference mixture: claimed when the null
hypothesis is rejected, i.e., when the upper 95% confidence limit is less than
the similarity boundary.

e Unable to claim similarity between the candidate and reference mixtures:
stated when the null hypothesis is not rejected, i.e., when the upper 95%
confidence limit exceeds the similarity boundary.

o Reviewed the Monte-Carlo simulation for determination of the estimated standard
error of the distance (Dw) and recommended for a minimum number of iterations to
be performed for the Monte Carlo simulation that has a meaningful impact on tool
conclusions and analysis. Tests concluded that 1500 iterations should be sufficient.
The revised tool now builds in a safety factor by using 10,000 iterations.
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Following internal and external validation, several small modifications were
made to the MiST to improve efficiency and resolve identified issues with
layout and presentation of the results. A summary of these changes are

available upon request (Trgovcich et al., 2021).
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6.0 TROUBLESHOOTING

1. Saving files. Before using MiST, save a backup version of MiST with a different
filename such as MiST 1.0_backup.

Note Once data are entered into the tool and saved, Microsoft Excel will overwrite
the original file. Saving a pristine backup file will ensure the user has access
to the original tool.

2. Macros running other excel files may interfere with macros coded in MiST.
Therefore, users should close any other macro-enabled excel file prior to opening
MIST.

3. Entering CDF or Mean and SD data. It may be necessary to scroll past the mass
fraction data to enter the CDF or mean and SD data.

4. Problems accessing the “undo” function in Excel. Microsoft Excel disables the
"undo" feature after running macros. Macros are executed when selecting any
button at the top of the Settings and Data Repository tabs. Users are encouraged
to save their work before overwriting existing data.

5. Problems pasting data. VBA scripts may be activated upon selecting cells which
may preclude pasting data copied before selecting the correct cell. To avoid
problems pasting data, users should first select the cell where data will be pasted,
then copy the data, then paste.
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7.0 GLOSSARY

Benchmark Concentration (BMC) or
Benchmark Dose (BMD)

Benchmark Dose Software (BMDS)

Candidate mixture

CatReg Software

Critical Value (CV)

An exposure due to a dose of a substance
associated with a specified low incidence of risk,
generally in the range of 1% to 10%, of a health
effect; or the dose associated with a specified
measure or change of a biological effect.
BMCs/BMDs can be expressed in a variety of units,
including mg/kg-d and mg/kg as well as ppm and
mg/m3. A benchmark expressed as a concentration
(e.g., ppm) is generally referred to as a BMC while
a benchmark expressed as a dose (e.g., mg/kg-d)
is a BMD. BMDs/BMCs are functionally equivalent
for the purpose of MiST, but it is essential to match
the units of the BMDs/BMCs compared in a data
rich analysis.

Software developed by EPA to estimate reference
doses (RfDs), reference concentrations (RfCs), and
slope factors, which are used along with other
scientific information to set standards that protect
human health from the effects of chemical
exposures.

Mixtures that have been selected for risk evaluation
but lack adequate dose-response data for
estimating levels of exposure associated with
adverse effects. In many cases, these represent
mixtures encountered in the environment.

Software developed by EPA to perform categorical
regression analyses on toxicity data after effects
have been assigned to ordinal severity categories
(e.g., no effect, adverse effect, severe effect) and
associated with up to two independent variables
corresponding to the exposure conditions (e.g.,
concentration and duration) under which the effects
occurred. CatReg calculates the probabilities of the
different severity categories over the continuum of
the variables describing exposure conditions.

The value against which the 95™ percentile distance
is compared to determine sufficient similarity. The
preferred method is to calculate this value for each
reference mixture as the difference between its
BMD and a mixture-specific ED value. Alternatively,
a single generic CV that is applied to all reference
mixtures can be set by MiST users but only with
appropriate justification.
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Cumulative Distribution Function (CDF) A function that gives the probability that a random

Dw

Effective Concentration (EC) or
Effective Dose (ED)

Extra Risk Concentration (ERC) or
Extra Risk Dose (ERD)

Index Congener

Mass Fraction

Maximum Likelihood Estimate

Reference mixture

variable is less than or equal to the independent
variable of the function.

Weighted Euclidean distance between reference
mixture and candidate mixture

Effective concentration or dose associated with a
biological effect in x% of the individuals. Selection
of EC/ED values for use in mixtures similarity
analyses requires careful consideration and is
described further in Section 1.2. Example units for
an EC include ppm and mg/m?; example units for
an ED include mg/kg-day.

An exposure due to a dose of a substance
associated with a specified low incidence of risk,
generally in the range of 1% to 10%, of a health
effect; or the dose associated with a specified
measure or change of a biological effect. Example
units for an ERC include ppm and mg/m3; example
units for an ERD include mg/kg-day.

The congener selected as the basis for
standardization of toxicity of components in a PCB
mixture. The index congener must have a clearly
defined dose-response relationship.

Ratio of the mass of a component in the mixture to
the total mass of the mixture. Mass fraction is
dimensionless. For PCB mixtures, the congener
composition can be characterized using the mass
fractions of all constituent congeners.

Estimate of a population parameter most likely to
have produced the sample observations (U.S. EPA
2015)

Mixtures for which estimates of exposure levels
associated with adverse effects (e.g., BMDs or
ERCs from EPA’s CatReg software), along with
variance information for the estimates, can or have
been derived.
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Potency is a measure of chemical or toxicant
activity expressed in terms of the amount required
to produce an effect of given intensity. The relative
toxicological potency of each PCB congener is an
estimate of the congener’s potency relative to the
potency of an index congener, which is typically the
congener with the highest known potency and is
assigned a relative potency estimate of 1. For
example, if exposure to a PCB congener causes a
toxicological effect at a dose twice as large as the
dose required for the index congener to cause the
same level of the same effect, the relative potency
of the congener would be 0.5 because it is half as
potent as the index congener. For PCBs, relative
toxicological potencies vary by health effect. For
MiST, equal or unequal potencies can be assigned
based on data availability.

The case in which toxicological similarity between a
candidate and reference mixture is judged sufficient
to allow for use of the reference mixture’s dose-
response data in a risk assessment of the
candidate mixture. Toxicological similarity exists
between mixtures with components that are not
very different in toxicological potency and are in
about the same proportions such that the
toxicological consequences of exposure to the two
mixtures or their components are nearly identical

(U.S. EPA, 2000).

A chemical or mixture with toxicological data
sufficient for use in risk assessment that is used to
support risk assessment of a related chemical or
mixture for which data are limited or unavailable.
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