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EXECUTIVE SUMMARY

TSCA 8 6(b)(4) requires the U.S. Environmental Protection Agency (EPA) to establish a risk evaluation
process. In performing risk evaluations for existing chemicals, EPA is directed to “determine whether a
chemical substance presents an unreasonable risk of injury to health or the environment, without
consideration of costs or other non-risk factors, including an unreasonable risk to a potentially exposed
or susceptible subpopulation identified as relevant to the risk evaluation by the Administrator under the
conditions of use.” In December of 2016, EPA published a list of 10 chemical substances that are the
subject of the Agency’s initial chemical risk evaluations (81 FR 91927), as required by TSCA §
6(b)(2)(A). N-methylpyrrolidone (NMP) was one of these chemicals.

TSCA 8 6(b)(4)(D) requires that EPA publish the scope of the risk evaluation to be conducted, including
the hazards, exposures, conditions of use and potentially exposed or susceptible subpopulations that the
Administrator expects to consider. In June 2017, EPA published the Scope of the Risk Evaluation for
NMP (EPA-HQ-OPPT-2016-0743) As explained in the scope document, because there was insufficient
time for EPA to provide an opportunity for comment on a draft of the scope, as EPA intends to do for
future scope documents, EPA is publishing and taking public comment on the problem formulation
document to refine the current scope, as an additional interim step prior to publication of the draft risk
evaluation for NMP. Comments received on this problem formulation document will inform
development of the draft risk evaluation.

This problem formulation document refines the conditions of use and exposures presented in the scope
of the risk evaluation for NMP and presents refinements to the conceptual models and analysis plan that
describe how EPA expects to evaluate risks.

N-methylpyrrolidone, also called N-methyl-2-pyrrolidone, or 1-methyl-2-pyrrolidone, is a high
production volume (HPV) chemical that is widely used during the manufacture and production of
polymers, pharmaceuticals, agrichemicals and petroleum products (U.S. EPA, 2015). For the purposes
of this problem formulation, “NMP” refers to N-methylpyrrolidone (CASRN 872-50-4). NMP is subject
to federal and state regulations and reporting requirements. In terms of federal regulation, NMP has been
a reportable Toxics Release Inventory (TRI) chemical under Section 313 of the Emergency Planning and
Community Right-to-Know Act (EPCRA) since 1995. NMP is also reported under the Toxic Substances
Control Act’s Chemical Data Reporting (CDR) Rule. NMP is subject to Clean Air Act (CAA) Section
111 Performance Standards for New Stationary Sources of Air Pollution for volatile organic carbon
(VOC) emissions from synthetic organic chemical manufacturing industry distillation operations and
reactor processes. NMP also is listed under the CAA’s National Volatile Organic Compound Emission
Standards for Aerosol Coatings. NMP is identified on both the Third (2009) and Fourth (2016)
Contaminant Candidate Lists under the Safe Drinking Water Act (SDWA).

Information on domestic manufacture, processing and use of NMP is available to EPA through its
Chemical Data Reporting (CDR) Rule, issued under TSCA. In 2015, more than 160 million pounds of
NMP was reported to be manufactured (including imported) in the U.S. According to a recent EPA
market report, the primary uses for NMP include petrochemical processing, engineering plastic coatings,
electronics, pharmaceutical and agrichemical manufacturing and solvent cleaning (EPA-HQ-OPPT-

2016-0743).

This document presents the potential exposures that may result from NMP conditions of use considered
under the scope of the risk evaluation. Exposures may occur to workers and occupational non-users (i.e.,
workers who do not directly handle NMP but perform work in an area where it is used), consumers and
bystanders (i.e., non-users who are incidentally exposed to NMP as a result of consumer product use)
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and members of the general population. Workers and occupational non-users may be exposed to NMP
during various conditions of use (e.g., manufacturing, processing and industrial/commercial uses).
General population exposures may result from industrial and/or commercial uses; industrial releases to
air, water or land and other conditions of use. EPA expects the highest exposures to NMP will generally
involve workers in industrial and commercial settings; however, NMP occurs in numerous consumer
products and can therefore, result in exposures outside the occupational setting. For NMP, EPA
considers workers, occupational non-users, consumers, bystanders, and certain other groups of
individuals who may experience greater exposures than the general population to be potentially exposed
or susceptible subpopulations. During risk evaluation, EPA expects to further analyze inhalation
exposures to NMP vapor and mist (for workers, occupational non-users, consumers and bystanders).
EPA also expects to analyze dermal exposures from direct contact with NMP-containing liquids (for
workers and consumers) and indirect exposure from vapor-through-skin contact (for workers,
occupational non-users, consumers and bystanders).

NMP has been the subject of numerous assessments with various hazards identified following oral,
dermal and inhalation exposure. Reproductive/developmental effects were identified as sensitive
endpoints for evaluating human health risks in the previous assessment of NMP use in paint and coating
removal (U.S. EPA, 2015). EPA expects to evaluate all potential hazards for NMP, using the previous
analysis as a starting point for identifying key and supporting studies and including any information
found in recent literature. The relevant studies will be evaluated using the data quality criteria provided
in the Application of Systematic Review in TSCA Risk Evaluations document (U.S. EPA, 2018).
Previously identified human health hazards include irritation and adverse effects on hepatic, renal,
immune, reproductive/developmental and central nervous systems. If additional hazard concerns are
identified during systematic review of the literature, these effects will also be considered. Risks will be
evaluated based on the specific hazards and exposure scenarios identified.

The revised conceptual models presented in this problem formulation identify conditions of use;
exposure pathways (e.g., media); exposure routes (e.g., inhalation, dermal, oral); potentially exposed or
susceptible subpopulations; and hazards EPA expects to consider during risk evaluation. The initial
conceptual models provided in the scope document were revised during problem formulation based on
evaluation of reasonably available information for physical and chemical properties, fate, exposures,
hazards, and conditions of use and based upon consideration of other statutory and regulatory
authorities. In each problem formulation document for the first 10 chemical substances, EPA also
refined the activities, hazards, and exposure pathways that will be included in and excluded from the risk
evaluation.

EPA’s overall objectives are to conduct timely, relevant, high-quality and scientifically credible risk

evaluations within the statutory deadlines and to evaluate the conditions of use that raise the greatest
potential for risk 82 FR 33726, 33728 (July 20, 2017).
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1 INTRODUCTION

This document presents for comment the problem formulation of the risk evaluation to be conducted for
NMP under the Frank R. Lautenberg Chemical Safety for the 21st Century Act. The Frank R.
Lautenberg Chemical Safety for the 21st Century Act amended the Toxic Substances Control Act
(TSCA), the Nation’s primary chemicals management law, on June 22, 2016. The new law includes
statutory requirements and deadlines for actions related to conducting risk evaluations of existing
chemicals.

In December of 2016, EPA published a list of 10 chemical substances that are the subject of the
Agency’s initial chemical risk evaluations (81 FR 91927), as required by TSCA 8§ 6(b)(2)(A). These 10
chemical substances were drawn from the 2014 update of EPA’s TSCA Work Plan for Chemical
Assessments, a list of chemicals that EPA identified in 2012 and updated in 2014 (currently totaling 90
chemicals) for further assessment under TSCA. EPA’s designation of the first 10 chemical substances
constituted the initiation of the risk evaluation process for each of these chemical substances, pursuant to
the requirements of TSCA § 6(b)(4).

TSCA 8 6(b)(4)(D) requires that EPA publish the scope of the risk evaluation to be conducted, including
the hazards, exposures, conditions of use and potentially exposed or susceptible subpopulations that the
Administrator expects to consider, within 6 months after the initiation of a risk evaluation. The scope
documents for all first 10 chemical substances were issued on June 22, 2017. The first 10 problem
formulation documents are a refinement of what was presented in the first 10 scope documents. TSCA §
6(b)(4)(D) does not distinguish between scoping and problem formulation, and requires EPA to issue
scope documents that include information about the chemical substance, including the hazards,
exposures, conditions of use, and the potentially exposed or susceptible subpopulations that the
Administrator expects to consider in the risk evaluation. In the future, EPA expects scoping and problem
formulation to be completed prior to the issuance of scope documents and intends to issue scope
documents that include problem formulation.

As explained in the scope document, because there was insufficient time for EPA to provide an
opportunity for comment on a draft of the scope, as EPA intends to do for future scope documents, EPA
is publishing and taking public comment on a problem formulation document to refine the current scope,
as an additional interim step prior to publication of the draft risk evaluation for NMP. Comments
received on this problem formulation document will inform development of the draft risk evaluation.

The Agency defines problem formulation as the analytical phase of the risk assessment in which “the
purpose for the assessment is articulated, the problem is defined and a plan for analyzing and
characterizing risk is determined” [see Section 2.2 of the Framework for Human Health Risk Assessment
to Inform Decision Making; (U.S. EPA, 2014)]. The outcome of problem formulation includes the
conceptual model(s) and an analysis plan. The conceptual model describes the linkages between
stressors and adverse human health effects, including the stressor(s), exposure pathway(s), exposed life
stage(s) and population(s) and endpoint(s) that will be addressed during risk evaluation (U.S. EPA
2014). The analysis plan follows the development of the conceptual model(s) and is intended to describe
the approach for conducting the risk evaluation, including its design, methods, key inputs and intended
outputs as described in EPA’s Human Health Risk Assessment Framework (U.S. EPA, 2014). The
problem formulation documents refine the initial conceptual models and analysis plans that were
provided in the scope documents.

EPA identified exposure pathways that are covered under the jurisdiction of regulatory programs and
associated analytical processes carried out under other EPA-administered environmental statutes —

Page 11 of 135



namely, the Safe Drinking Water Act (SDWA), and the Resource Conservation and Recovery Act
(RCRA) — which EPA does not expect to include in the risk evaluation. As a general matter, EPA
believes certain programs under other Federal environmental laws adequately assess and effectively
manage the risks for those covered exposure pathways. To use Agency resources efficiently under the
TSCA program, to avoid duplicating efforts taken pursuant to other Agency programs, to maximize
scientific and analytical efforts and to meet the three-year statutory deadline, EPA is planning to
exercise its discretion under TSCA 6(b)(4)(D) to focus its analytical efforts on exposures that are likely
to present the greatest concern and consequently merit a risk evaluation under TSCA, by excluding, on a
case-by-case basis, certain exposure pathways that fall under the jurisdiction of other EPA-administered
statutes.! EPA does not expect to include any such excluded pathways in the risk evaluation. The
provisions of various EPA environmental statutes and their implementing regulations represent the
judgement of Congress and the Administrator, respectively, as to the degree of health and environmental
risk reduction that is sufficient under various environmental statutes.

EPA also identified any conditions of use, hazards, or exposure pathways which were included in the
scope document and that EPA expects to include in the risk evaluation but which EPA does not expect
to further analyze during risk evaluation. EPA expects to be able to reach conclusions about specific
conditions of use, hazards or exposure pathways without further analysis and therefore expects to
conduct no further analysis on those conditions of use, hazards or exposure pathways in order to focus
the Agency’s resources on more extensive or quantitative analyses. Each risk evaluation will be "fit-for-
purpose," meaning not all conditions of use will warrant the same level of evaluation and the Agency
may be able to reach some conclusions without comprehensive or quantitative risk evaluations. 82 FR
33726, 33734, 33739 (July 20, 2017).

EPA received comments on the published scope document for NMP and has considered the comments
specific to NMP in this problem formulation document. EPA is soliciting public comment on this
problem formulation document and when the draft risk evaluation is issued, the Agency intends to
respond to comments that are submitted. In its draft risk evaluation, EPA may revise the conclusions and
approaches contained in this problem formulation, including the conditions of use and pathways covered
and the conceptual models and analysis plan, based on comments received.

1.1 Regulatory History

EPA conducted a search of existing laws and regulations and assessments pertaining to NMP. EPA
compiled information available from federal, state, international and other government sources, as cited
in Appendix A. EPA evaluated and considered the impact of existing laws and regulations (e.g.,
regulations on landfill disposal, design, and operations) during problem formulation to determine what,
if any further analysis might be necessary as part of the risk evaluation. Additional consideration of the
nexus between these existing regulations and TSCA conditions of use may be necessary as specific
exposure scenarios are developed during the analysis phase of the risk evaluation.

Federal Laws and Regulations

NMP is subject to federal statutes or regulations other than TSCA, that are implemented by other offices
within EPA and/or other federal agencies/departments. A summary of federal laws, regulations and
implementing authorities is provided in Appendix A.1.

L As explained in the final rule for chemical risk evaluation procedures, “EPA may, on a case-by case basis, exclude certain
activities that EPA has determined to be conditions of use in order to focus its analytical efforts on those exposures that are
likely to present the greatest concern, and consequently merit an unreasonable risk determination.” 82 FR 33726, 33728 (July
20, 2017).
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State Laws and Regulations
NMP is subject to state statutes or regulations implemented by state agencies or departments. A
summary of state laws, regulations and implementing authorities is provided in Appendix A.2.

Laws and Regulations in Other Countries and International Treaties or Agreements

NMP is subject to statutes or regulations in countries other than the United States and/or international
treaties and/or agreements. A summary of these laws, regulations, treaties and/or agreements is provided
in Appendix A.3.

1.2 Assessment History

EPA has identified assessments conducted by other EPA Programs and other organizations (see Table
1-1). Depending on the source, these assessments may include information on conditions of use,
hazards, exposures and potentially exposed or susceptible subpopulations. Table 1-1 shows the
assessments that have been conducted. EPA found no additional assessments beyond those listed.

In addition to using this information, EPA intends to conduct a full review of the relevant
data/information collected in the initial comprehensive search [see NMP (CASRN 872-50-4)
Bibliography: Supplemental File for the TSCA Scope Document, (EPA-HQ-OPPT-2016-0743)]
following the literature search and screening strategies documented in the Strategy for Conducting
Literature Searches for NMP: Supplemental File for the TSCA Scope Document, EPA-HQ-OPPT-2016-
0743). This will ensure that EPA considers all data/information that has been made available since these
assessments were conducted.

Table 1-1. Assessment History of NMP

Authoring Organization Assessment
EPA Assessments
U.S. EPA, Office of Pollution Prevention and Toxics | TSCA Work Plan Chemical Risk Assessment
(OPPT) N-Methylpyrrolidone: Paint Stripping Use
CASRN 872-50-4 U.S. EPA (2015)
U.S. EPA, OPPT Re-assessment of Pesticide Inert Ingredient

Exemption under the Food Quality Protection
Act U.S. EPA (2006a)

Other U.S.-Based Organizations

California Office of Environmental Health Hazard Proposition 65 Maximum Allowable Dose

Assessment (OEHHA) Level for Reproductive Toxicity OEHHA
(2003)

International

National Industrial Chemicals Notification and Human Health Tier I1l assessment NICNAS

Assessment Scheme (NICNAS), Australian (2013)

Government

Government of Canada, Environment Canada, Draft Screening Assessment of Risks to Human

Health Canada and Ecological Receptors EC/HC (2017)

European Commission (EC), Scientific Committee on | Evaluation of Occupational Exposure Limits for

Occupational Exposure Limits (OELS) NMP EC (2016)
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Authoring Organization Assessment

Organisation for Economic Co-operation and NMP: SIDS Initial Assessment Profile

Development (OECD), Cooperative Chemicals OECD (2007)

Assessment Program

World Health Organization (WHO) International Concise International Chemical Assessment

Programme on Chemical Safety (IPCS) Document 35 N-METHYLPYRROLIDONE
WHO (2001)

Danish Ministry of the Environment Survey of NMP - Miljgstyrelsen

Environmental Protection Agency (Danish EPA, 2015)

1.3 Data and Information Collection

EPA/OPPT generally applies a systematic review process and workflow that includes: (1) data
collection; (2) data evaluation; and (3) integration of the scientific data used in risk evaluations
developed under TSCA. Scientific analysis is often iterative in nature as new knowledge is obtained.
Hence, EPA/OPPT expects multiple refinements regarding data collection will occur during the process
of risk evaluation. Additional information that may be considered, and was not part of the initial
comprehensive bibliographies will be documented in the Draft Risk Evaluation for NMP.

Data Collection: Data Search

EPA/OPPT conducted chemical-specific searches for information on: physical-chemical properties;
environmental fate and transport; conditions of use; environmental and human exposures; and ecological
and human health hazards, including potentially exposed or susceptible subpopulations.

EPA/OPPT designed its initial data search to be broad enough to capture a comprehensive set of sources
containing data and/or information potentially relevant to the risk evaluation. For most disciplines, the
search was not limited by date and was conducted on a wide range of data sources, including but not
limited to: peer-reviewed and gray literature (e.g., publicly-available industry reports, trade association
resources, government reports). When available, EPA/OPPT relied on the search strategies from recent
assessments to identify relevant references and supplemented these searches to identify relevant
information published after the end date of the previous search to capture more recent literature. Strategy
for Conducting Literature Searches for NMP: Supplemental File for the TSCA Scope Document (EPA-
HQ-OPPT-2016-0743) provides details about the data sources and search terms used in the literature
search.

Data Collection: Data Screening

Following the data search, references were screened and categorized using selection criteria outlined in
the Strategy for Conducting Literature Searches for NMP: Supplemental File for the TSCA Scope
Document (EPA-HQ-OPPT-2016-0743). Titles and abstracts were screened against the criteria as a first
step with the goal of identifying a smaller subset of the relevant data to move forward into the
subsequent data extraction and data evaluation steps. Prior to full-text review, EPA/OPPT anticipates
refinements to the screening strategies, as informed by an evaluation of the performance of the initial
title/abstract screening and categorization process.

The categorization scheme (or tagging structure) used for data screening varies by scientific discipline
(i.e., physical-chemical properties; environmental fate and transport; chemical use/conditions of use
information; environmental and human exposures, including potentially exposed or susceptible
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subpopulations identified by virtue of greater exposure; human health hazards, including potentially
exposed or susceptible subpopulations identified by virtue of greater susceptibility; and ecological
hazards). However, within each data set, there are two broad categories or data tags: (1) on-topic
references or (2) off-topic references. On-topic references are those that may contain data and/or
information relevant to the risk evaluation. Off-topic references are those that do not appear to contain
data or information relevant to the risk evaluation. The Strategy for Conducting Literature Searches for
NMP: Supplemental File for the TSCA Scope Document (EPA-HQ-OPPT-2016-0743) discusses the
inclusion and exclusion criteria that EPA/OPPT used to categorize references as on-topic or off-topic.

Additional data screening using sub-categories (or sub-tags) was also performed to facilitate further
sorting of data/information. For example, identifying references by source type (e.g., published peer-
reviewed journal article, government report); data type (e.g., primary data, review article); human health
hazard (e.g., liver toxicity, reproductive toxicity); or chemical-specific and use-specific data or
information. These sub-categories are described in the Strategy for Conducting Literature Searches for
NMP: Supplemental File for the TSCA Scope Document (EPA-HQ-OPPT-2016-0743) and will be used
to organize the different streams of data during the stages of data evaluation and data integration steps of
systematic review.

Results of the initial search and categorization results can be found in the NMP (CASRN 872-50-4)
Bibliography: Supplemental File for the TSCA Scope Document, (EPA-HQ-OPPT-2016-0743). This
document provides a comprehensive list (bibliography) of the sources of data identified by the initial
search and categorization for on-topic and off-topic references. Because systematic review is an iterative
process, EPA/OPPT expects that some references may move from on-topic to off-topic categories, and
vice versa. Moreover, targeted supplemental searches may also be conducted to address specific needs
for the analysis phase (e.g., to locate specific data needed for modeling); hence, additional on-topic
references not initially identified in the initial search may be identified as the systematic review process
proceeds.

1.4 Data Screening During Problem Formulation

EPA/OPPT is in the process of completing the full text screening of the on-topic references identified in
the NMP (CASRN 872-50-4) Bibliography: Supplemental File for the TSCA Scope Document, (EPA-
HQ-OPPT-2016-0743). The screening process and criteria at the full-text level is described in the
Application of Systematic Review in TSCA Risk Evaluations document (U.S. EPA, 2018). Appendix G
provides the inclusion and exclusion criteria applied at the full text screening. The eligibility criteria are
guided by the analytical considerations in the revised conceptual models and analysis plan, as discussed
in the problem formulation document. Thus, it is expected that the number of data/information sources
entering evaluation is reduced to those that are relevant to address the technical approach and issues
described in the analysis plan of this document.

Following the screening process, the quality of the included data/information sources will be assessed
using the evaluation strategies described in the Application of Systematic Review in TSCA Risk
Evaluations (U.S. EPA, 2018).
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2 PROBLEM FORMULATION

As required by TSCA, the scope of the risk evaluation identifies the conditions of use, hazards,
exposures and potentially exposed or susceptible subpopulations the Administrator expects to consider.
To communicate and visually convey the relationships between these components, EPA included in the
scope document a life cycle diagram and conceptual models that describe the potential relationships
between NMP and human and ecological receptors. During problem formulation, EPA revised the
conceptual models based on further data gathering and analysis as presented in this document. An
updated analysis plan is also included which identifies, to the extent feasible, the approaches and
methods that EPA may use to assess exposures, effects (hazards) and risks associated with the
conditions of use identified for NMP.

2.1 Physical-Chemical Properties

Physical-chemical properties influence the environmental behavior and the toxic properties of a
chemical, thereby informing the potential conditions of use, exposure pathways, routes and hazards that
EPA intends to consider. During problem formulation, EPA considered the measured or estimated
physical-chemical properties set forth in Table 2-1. The value reported for vapor pressure was updated
(0.345 mmHg) to reflect information obtained from a primary source, which is considered more
defensible than the original value (0.19 mmHg) taken from a secondary source.

Table 2-1. Physical-Chemical Properties of NMP

Property Value 2 Reference
Molecular formula CsH9ON
Molecular weight 99.1 g/mole O'Neil et al. (2006)

Physical form

Colorless to yellow liquid; amine odor

O'Neil et al. (2006)

coefficient (log Kow)

Melting point -25°C Ashford (1994)

Boiling point 202°C O'Neil et al. (2006)
Density 1.03 at 25°C O'Neil et al. (2006)

Vapor pressure 0.345 mmHg at 25°C Daubert and Danner (1989)
Vapor density 34 (air=1) NFPA (1997)

Water solubility 1,000 g/L at 25°C O'Neil et al. (2006)
Octanol:water partition | 34 o p50c Sasaki et al. (1988)

Henry’s Law constant

3.2 x 10 atm m®/mole

U.S. EPA (2012b)

Flash point

95°C (open cup)

Riddick et al. (1986)

Autoflammability

Not available

Viscosity

1.65 mPa-s at 25°C

O'Neil et al. (2006)

Refractive index

Not applicable

Dielectric constant

Not applicable

a Measured unless otherwise noted.




2.2 Conditions of Use

TSCA § 3(4) defines the conditions of use as ‘the circumstances, as determined by the Administrator,
under which a chemical substance is intended, known, or reasonably foreseen to be manufactured,
processed, distributed in commerce, used, or disposed of.”’

2.2.1 Data and Information Sources
In the scope documents, EPA identified, based on reasonably available information, the conditions of
use for the subject chemicals. EPA searched available data sources (e.g., Use and Market Profile for
NMP, EPA-HQ-OPPT-2016-0743). Based on this search, EPA published a preliminary list of
information and sources related to chemical conditions of use (see Preliminary Information on
Manufacturing, Processing, Distribution, Use, and Disposal: NMP, EPA-HQ-OPPT-2016-0743-0003)
prior to a February 2017 public meeting on scoping efforts convened to solicit comment and input from
the public. EPA also convened meetings with companies, industry groups, chemical users and other
stakeholders to aid in identifying conditions of use and verifying conditions of use identified by EPA.
The information and input received from the public and stakeholder meetings was incorporated into this
problem formulation document to the extent appropriate, as indicated in Table 2-3. Thus, EPA believes
the identified manufacturing, processing, distribution, use and disposal activities constitute the intended,
known, and reasonably foreseen activities associated with the subject chemical, based on reasonably
available information.

2.2.2 ldentification of Conditions of Use
To determine the current conditions of use of NMP and conversely, activities that do not qualify as
conditions of use, EPA conducted extensive research and outreach. This included EPA’s review of
published literature and online databases including the most recent data available from EPA’s Chemical
Data Reporting program (CDR) and Safety Data Sheets (SDSs). EPA also conducted online research by
reviewing company websites of potential manufacturers, importers, distributors, retailers, or other users
of NMP and queried government and commercial trade databases. EPA also received comments on the
Scope of the Risk Evaluation for NMP (EPA-HQ-OPPT-2016-0743) that were used to determine the
conditions of use. In addition, EPA convened meetings with companies, industry groups, chemical users,
states, environmental groups, and other stakeholders to aid in identifying and verifying the conditions of
use identified by EPA. Those meetings included a February 14, 2017 public meeting with such entities
(EPA-HQ-OPPT-2016-0743).

EPA has removed from the problem formulation any conditions of use that EPA does not plan to include
in the risk evaluation — for example because EPA has insufficient information to find certain activities
are circumstances under which the chemical is actually “intended, known, or reasonably foreseen to be
manufactured, processed, distributed in commerce, used or disposed of.” EPA has also identified any
conditions of use that EPA does not expect to include in the risk evaluation. As explained in the final
rule for Procedures for Chemical Risk Evaluation Under the Amended Toxic Substances Control Act,
TSCA section 6(b)(4)(D) requires EPA to identify "the hazards, exposures, conditions of use, and the
potentially exposed or susceptible subpopulations that the Administrator expects to consider” in a risk
evaluation, suggesting that EPA may exclude specific activities that EPA has determined to be
conditions of use on a case-by-case basis. (82 FR 33736, 33729; July 20, 2017). For example, EPA may
exclude conditions of use that the Agency has sufficient basis to conclude would present only de
minimis exposures or otherwise insignificant risks (such as use in a closed system that effectively
precludes exposure, or use as an intermediate).
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The activities that EPA no longer believes are conditions of use or that were otherwise excluded during
problem formulation are described in Section 2.2.2.1. The conditions of use included in the scope of the
risk evaluation are summarized in Section 2.2.2.2

2.2.2.1  Categories and Subcategories Determined Not to be Conditions of Use or
Otherwise Excluded During Problem Formulation
Based on the foregoing research and outreach, EPA does not have reason to believe that any conditions
of use identified in the NMP Scope document should be excluded from the risk evaluation.

Table 2-2. Categories and Subcategories Determined Not to be Conditions of Use or Otherwise
Excluded During Problem Formulation

Life Cycle Stage Category @ Subcategory P References

No activities were
excluded from risk
evaluation.

2.2.2.2 Categories and Subcategories of Conditions of Use Included in the Scope of
the Risk Evaluation
For NMP, EPA has conducted public outreach and literature searches to collect information about
NMP’s conditions of use and has reviewed reasonably available information obtained by EPA
concerning activities associated with NMP. Based on this research and outreach, EPA does not have
reason to believe that any conditions of use identified in the NMP scope should be excluded from risk
evaluation. Therefore, all NMP conditions of use will be included in the risk evaluation.

NMP is widely used in the manufacture and production of electronics, petroleum products,
pharmaceuticals, polymers and other specialty chemicals. It also has numerous applications in paints,
coatings, and adhesives as well as products that facilitate their removal.

Table 2-3 summarizes each life cycle stage and the corresponding categories and subcategories of
conditions of use for NMP that EPA expects to consider during risk evaluation. Using the 2016 CDR
(U.S. EPA, 2016b), EPA identified industrial processing or use activities, industrial function categories
and commercial and consumer use product categories. EPA identified the subcategories by
supplementing CDR data with other published literature and information obtained through stakeholder
consultations. For risk evaluations, EPA intends to consider each life cycle stage (with corresponding
use categories and subcategories) and assess the potential sources of release and related exposures
associated with that life cycle stage.

Beyond the uses identified in the Scope of the Risk Evaluation for NMP ( EPA-HQ-OPPT-2016-0743),
EPA has received no additional information identifying additional current conditions of use for NMP
from public comment and stakeholder meetings.

Table 2-3. Categories and Subcategories of Conditions of Use Included in the Scope of the Risk
Evaluation

Life Cycle a b
Stage Category Subcategory References
Manufacture | Domestic Domestic Manufacture U.S. EPA (2016h)
Manufacture
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Life Cycle

a b
Stage Category Subcategory References
Import Import U.S. EPA (2016b)
Processing |Processing as a Intermediate in Plastic Material |U.S. EPA (2016b),
reactant or and Resin Manufacturing and in | Public comments EPA-HQ-
intermediate Pharmaceutical and Medicine OPPT-2016-0743-0010, EPA-
Manufacturing HQ-OPPT-2016-0743-0015,
EPA-HQ-OPPT-2016-0743-
0017
Other U.S. EPA (2016b)
Incorporated into | Adhesives and sealant chemicals |U.S. EPA (2016b), Market
formulation, in Adhesive Manufacturing profile EPA-HQ-OPPT-2016-
mixture or reaction 0743, Public comments EPA-
product HQ-OPPT-2016-0743-0007,
EPA-HQ-OPPT-2016-0743-
0009, EPA-HQ-OPPT-2016-
0743-0011
Anti-adhesive agents in Printing |U.S. EPA (2016b), Market
and Related Support Activities profile EPA-HQ-OPPT-2016-
0743
Paint additives and coating U.S. EPA (2016b), Market
additives not described by other |profile EPA-HQ-OPPT-2016-
codes in Paint and Coating 0743, Public comments EPA-
Manufacturing; and Print Ink HQ-OPPT-2016-0743-0007,
Manufacturing EPA-HQ-OPPT-2016-0743-
0009, EPA-HQ-OPPT-2016-
0743-0013
Plating agents and surface U.S. EPA (2016b)
treating agents in Fabricated
Metal Product Manufacturing
Processing |Incorporated into | Processing aids, not otherwise U.S. EPA (2016b),

formulation,
mixture or reaction
product

listed in Plastic Material and
Resin Manufacturing

Public comments EPA-HO-
OPPT-2016-0743-0015, EPA-
HQ-OPPT-2016-0743-0017,
EPA-HQ-OPPT-2016-0743-
0035, EPA-HQ-OPPT-2016-
0743-0038
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Life Cycle

Stage Category @ Subcategory P References
Solvents (for cleaning or U.S. EPA (2016b), Market
degreasing) in Non-Metallic profile EPA-HQ-OPPT-2016-
Mineral Product Manufacturing; |0743, Public comments EPA-
Machinery Manufacturing; HQ-OPPT-2016-0743-0010,
Plastic Material and Resin EPA-HQ-OPPT-2016-0743-
Manufacturing; Primary Metal 0011, EPA-HQ-OPPT-2016-
Manufacturing; Soap, Cleaning |0743-0027, EPA-HQ-OPPT-
Compound and Toilet 2016-0743-0028
Preparation Manufacturing;

Transportation Equipment
Manufacturing; All Other
Chemical Product and
Preparation Manufacturing;
Printing and Related Support
Activities; Services; Wholesale
and Retail Trade
Solvents (which become part of |U.S. EPA (2016b), Market
product formulation or mixture) |profile EPA-HQ-OPPT-2016-
in Electrical Equipment, 0743, Public comments EPA-
Appliance and Component HQ-OPPT-2016-0743-0007,
Manufacturing; Other EPA-HQ-OPPT-2016-0743-
Manufacturing; Paint and 0009, EPA-HQ-OPPT-2016-
Coating Manufacturing; Print Ink |0743-0010, EPA-HQ-OPPT-
Manufacturing; Soap, Cleaning |2016-0743-0011, EPA-HO-
Compound and Toilet OPPT-2016-0743-0019, EPA-
Preparation Manufacturing; HQ-OPPT-2016-0743-0024,
Transportation Equipment EPA-HQ-OPPT-2016-0743-
Manufacturing; All Other 0031, EPA-HQ-OPPT-2016-
Chemical Product and 0743-0034
Preparation Manufacturing;
Printing and Related Support
Activities; Wholesale and Retail
Trade

Processing | Incorporated into Surface active agents in Soap, U.S. EPA (2016b), Market

formulation,
mixture or reaction
product

Cleaning Compound and Toilet
Preparation Manufacturing

profile EPA-HQ-OPPT-2016-
0743

Other uses in Oil and Gas
Drilling, Extraction and Support
Activities; Plastic Material and
Resin Manufacturing; Services

U.S. EPA (2016b), Market
profile EPA-HQ-OPPT-2016-
0743, Public comment EPA-
HQ-OPPT-2016-0743-0016
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Life Cycle

a b
Stage Category Subcategory References
Incorporated into Lubricants and lubricant U.S. EPA (2016b), Market
article additives in Machinery profile EPA-HQ-OPPT-2016-
Manufacturing 0743
Paint additives and coating U.S. EPA (2016b)
additives not described by other
codes in Transportation
Equipment Manufacturing
Solvents (which become part of |U.S. EPA (2016b),
product formulation or mixture), |Market profile EPA-HQ-OPPT-
including in Textiles, Apparel 2016-0743, Public comment
and Leather Manufacturing EPA-HQ-OPPT-2016-0743-
0027
Other, including in Plastic U.S. EPA (2016b), Market
Product Manufacturing profile EPA-HQ-OPPT-2016-
0743; EPA-HQ-OPPT-2016-
0743-0067
Repackaging Wholesale and Retail Trade U.S. EPA (2016b)
Recycling Recycling U.S. EPA (2017b), U.S. EPA
(2016b), Public comments
EPA-HQ-OPPT-2016-0743-
0017, EPA-HQ-OPPT-2016-
0743-0031
Distribution |Distribution Distribution in Commerce U.S. EPA (2017b), U.S. EPA
in commerce (2016Db); Use document EPA-
HQ-OPPT-2016-0743-0003
Industrial Paints and coatings |Paint and coating removers U.S. EPA (2016b), Market
commercial profile EPA-HQ-OPPT-2016-
and 0743, Public comments EPA-
consumer HQ-OPPT-2016-0743-0008,
use EPA-HQ-OPPT-2016-0743-

0010, EPA-HQ-OPPT-2016-
0743-0011, EPA-HQ-OPPT-
2016-0743-0018, EPA-HQ-
OPPT-2016-0743-0023, EPA-
HQ-OPPT-2016-0743-0025,
EPA-HQ-OPPT-2016-0743-
0035

Adhesive removers

Market profile EPA-HQ-OPPT-
2016-0743, Public comments
EPA-HO-OPPT-2016-0743-
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Life Cycle

Stage Category @ Subcategory P References
0011, EPA-HQ-OPPT-2016-
0743-0018
Market profile EPA-HQ-OPPT-
2016-0743, Public comments
Lacquers, stains, varnishes, EPA-HQ-OPPT-2016-0743-
primers and floor finishes 0018, EPA-HQ-OPPT-2016-
0743-0032, EPA-HQ-OPPT-
2016-0743-0035
Powder coatings (surface Market profile EPA-HQ-OPPT-
preparation) 2016-0743, Public comments
EPA-HQ-OPPT-2016-0743-
0016
Paint additives and |Use in Computer and Electronic |U.S. EPA (2016b),
coating additives Product Manufacturing, Public comments EPA-HQ-
not described by Construction, Fabricated Metal |OPPT-2016-0743-0006, EPA-
other codes Product Manufacturing, HQ-OPPT-2016-0743-0007,
Paint additives and | Machinery Manufacturing, Other |EPA-HQ-OPPT-2016-0743-
coating additives Manufacturing, Paint and 0009, EPA-HQ-OPPT-2016-
not described by Coating Manufacturing, Primary |0743-0011, EPA-HQ-OPPT-
other codes Metal Manufacturing, 2016-0743-0013, EPA-HQ-
Transportation Equipment OPPT-2016-0743-0018, EPA-
Manufacturing, Wholesale and  |HQ-OPPT-2016-0743-0019,
Retail Trade EPA-HQ-OPPT-2016-0743-
0023, EPA-HQ-OPPT-2016-
0743-0024, EPA-HQ-OPPT-
2016-0743-0027, EPA-HQ-
OPPT-2016-0743-0031, EPA-
HQ-OPPT-2016-0743-0032,
EPA-HQ-OPPT-2016-0743-
0035, EPA-HQ-OPPT-2016-
0743-0036, EPA-HQ-OPPT-
2016-0743-0063; EPA-HQ-
OPPT-2016-0743-0064
Industrial Solvents (for Use in Electrical Equipment, U.S. EPA (2016b),
commercial |cleaning or Appliance and Component Public comments EPA-HQ-
and degreasing) Manufacturing. OPPT-2016-0743-0006, EPA-
consumer HQ-OPPT-2016-0743-0007,

use

EPA-HQ-OPPT-2016-0743-

0009, EPA-HQ-OPPT-2016-

0743-0023, EPA-HQ-OPPT-

2016-0743-0024, EPA-HQ-

OPPT-2016-0743-0027

Ink, toner and
colorant products

Printer ink

U.S. EPA (2016b), Use

document, EPA-HQ-OPPT-
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Life Cycle
Stage

Category @

Subcategory P

References

Processing aids,
specific to
petroleum
production
Processing aids,
specific to
petroleum
production

2016-0743-0003, Public
comments EPA-HO-OPPT-
2016-0743-0006, EPA-HO-
OPPT-2016-0743-0016, EPA-
HQ-OPPT-2016-0743-0018

Inks in writing equipment

U.S. EPA (2016b), Market
profile EPA-HQ-OPPT-2016-
0743, Public comment EPA-
HQ-OPPT-2016-0743-0018

Petrochemical Manufacturing

U.S. EPA (2016b),
Public comment, EPA-HQ-
OPPT-2016-0743-0031

Adhesives and
sealants

Adhesives and sealant chemicals
including binding agents

U.S. EPA (2016b), Market
profile EPA-HQ-OPPT-2016-
0743, Public comments EPA-
HQ-OPPT-2016-0743-0006,
EPA-HQ-OPPT-2016-0743-
0007EPA-HQ-OPPT-2016-
0743-0007, EPA-HQ-OPPT-
2016-0743-0011EPA-HQ-
OPPT-2016-0743-0011, EPA-
HQ-OPPT-2016-0743-
0016EPA-HQ-OPPT-2016-
0743-0016, EPA-HQ-OPPT-
2016-0743-0018EPA-HQ-
OPPT-2016-0743-0018, EPA-
HQ-OPPT-2016-0743-0023

Industrial
commercial
and
consumer
use

Adhesives and
sealants

Single component glues and
adhesives, including lubricant
adhesives

U.S. EPA (2016b), Market
profile EPA-HQ-OPPT-2016-
0743, Public comments EPA-
HQ-OPPT-2016-0743-0011,
EPA-HQ-OPPT-2016-0743-
0018, EPA-HQ-OPPT-2016-
0743-0035, EPA-HQ-OPPT-
2016-0743-0036

Two-component glues and
adhesives, including some resins

U.S. EPA (2016b), Market
profile EPA-HQ-OPPT-2016-
0743, Public comments EPA-
HQ-OPPT-2016-0743-0011,
EPA-HQ-OPPT-2016-0743-
0016, EPA-HQ-OPPT-2016-
0743-0018,
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Life Cycle
Stage

Category @

Subcategory P

References

Soldering materials

Market profile EPA-HQ-OPPT-
2016-0743, Public comments
EPA-HQ-OPPT-2016-0743-
0023

Other uses

Anti-freeze and de-icing products

U.S. EPA (2016b)

Automotive care products

U.S. EPA (2016b), Public
comment,
EPA-HQ-OPPT-2016-0743-
0035

Lubricants and greases

U.S. EPA (2016b)

Metal products not
covered elsewhere

U.S. EPA (2016b),

Public comment,
EPA-HQ-OPPT-2016-0743-
0027, EPA-HQ-OPPT-2016-
0743-0028 Public comment,
EPA-HQ-OPPT-2016-0743-
0027, EPA-HQ-OPPT-2016-
0743-0028

Laboratory chemicals

U.S. EPA (2016b),

Public comments EPA-HQ-
OPPT-2016-0743-0007, EPA-
HQ-OPPT-2016-0743-0009

Industrial
commercial
and
consumer
use

Other uses

Lithium ion batteries

Market profile EPA-HOQ-OPPT-
2016-0743, Public comment
EPA-HQ-OPPT-2016-0743-
0005

Cleaning and furniture care
products, including wood
cleaners, gasket removers

Market profile EPA-HQ-OPPT-
2016-0743, Public comment
EPA-HQ-OPPT-2016-0743-
0025, EPA-HQ-OPPT-2016-
0743-0035

Other uses in Oil and Gas
Drilling, Extraction and Support
Activities €

U.S. EPA (2016b),

Lubricant and lubricant additives,
including hydrophilic coatings

Market profile EPA-HQ-OPPT-
2016-0743

Fertilizer and other agricultural
chemical manufacturing -
processing aids and solvents

U.S. EPA (2016b),

Public comment EPA-HQ-
OPPT-2016-0743-0010, EPA-
HQ-OPPT-2016-0743-0036
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Life Cycle

a b
Stage Category Subcategory References
U.S. EPA (2016b),
Pharmaceutical and Medicine Public comment
Manufacturing - functional fluids |EPA-HQ-OPPT-2016-0743-
(closed systems) 0031
Market profile EPA-HQ-OPPT-
Wood preservatives 2016-0743, Public comment
P EPA-HQ-OPPT-2016-0743-
0023
Disposal Disposal Industrial pre-treatment U.S. EPA (2017b)
Industrial wastewater treatment
Publicly owned treatment works
(POTW) U.S. EPA (2017b)

Underground injection

Landfill (municipal, hazardous or U.S. EPA (2017h),

other land disposal) Public comment EPA-HO-
Emissions to air OPPT-2016-0743-0031

Incinerators (municipal and
hazardous waste)

2 These categories of conditions of use appear in the life cycle diagram, reflect CDR codes and broadly represent NMP
conditions of use in industrial and/or commercial settings.

b These subcategories reflect more specific uses of NMP.

¢ Industrial use added to reflect the use of NMP in products in the Oil and Gas Drilling, Extraction This addition to the risk
evaluation will help ensure that EPA determines whether NMP presents an unreasonable risk “under the conditions of use,”
TSCA 6(b)(4)(A).

Although the NMP Scope Document indicated that uses assessed in the 2015 risk assessment would not
be re-evaluated (EPA-HQ-OPPT-2016-0743), EPA has decided to include these conditions of use in the
risk evaluation as described in this problem formulation. EPA is including these conditions of use so that
they are part of EPA’s determination of whether NMP may present an unreasonable risk “under the
conditions of use,” TSCA 6(b)(4)(A). EPA has concluded that the Agency’s assessment of the potential
risks from this widely used chemical will be more robust if the risks from these conditions of use are
evaluated by applying the standards and guidance provided under amended TSCA. This includes
ensuring the evaluation is consistent with the scientific standards in Section 26 of TSCA, the Procedures
for Chemical Risk Evaluation under the Amended Toxic Substances Control Act (40 CFR Part 702) and
EPA’s supplemental document, Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018). EPA also expects to consider other available hazard and exposure data to ensure that all
reasonably available information is taken into consideration. It is important to note that conducting these
evaluations does not preclude EPA from finalizing the proposed NMP regulation (82 FR 7464).
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2.2.2.3  Overview of Conditions of Use and Life Cycle Diagram
The life cycle diagram provided in Figure 2-1 depicts the conditions of use that are considered within
the scope of the risk evaluation during various life cycle stages including manufacturing, processing,
distribution, use (industrial, commercial, and consumer) and disposal. Additions or changes to
conditions of use based on additional information gathered or analyzed during problem formulation are
described further in Sections 2.2.2.1 and 2.2.2.2. The information is grouped according to Chemical
Data Reporting (CDR) processing codes and use categories (including functional use codes for industrial
uses and product categories for industrial, commercial and consumer uses), in combination with other
data sources (e.g., published literature and consultation with stakeholders), to provide an overview of
conditions of use. EPA notes that some subcategories of use may be grouped under multiple CDR
categories.

Use categories include the following: “industrial use” means use at a site at which one or more
chemicals or mixtures are manufactured (including imported) or processed. “Commercial use” means
the use of a chemical or a mixture containing a chemical (including as part of an article) in a commercial
enterprise providing saleable goods or services. “Consumer use” means the use of a chemical or a
mixture containing a chemical (including as part of an article, such as furniture or clothing) when sold to
or made available to consumers for their use (U.S. EPA, 2016b).

To understand conditions of use relative to one another and the associated exposure potential under
those conditions of use, the life cycle diagram includes the production volume associated with each
stage of the life cycle, as reported during the 2016 CDR reporting period (U.S. EPA, 2016b), when the
volume was not claimed confidential business information (CBI).

The 2016 CDR reporting data for NMP are provided in Table 2-4 from EPA’s CDR database. This
information has not changed from that provided in the scope document.

Table 2-4. Production Volume of NMP in CDR Reporting Period (2012 to 2015) @

Reporting Year 2012 2013 2014 2015

Total Aggregate 164,311,844 168,187,596 171,095,221 160,818,058
Production Volume (Ibs)

2The CDR data for the 2016 reporting period is available via ChemView (https://java.epa.gov/chemview) (U.S. EPA,
2016b). Because of an ongoing CBI substantiation process required by amended TSCA, the CDR data available in the scope
document is more specific than currently in ChemView.

Descriptions of the industrial, commercial and consumer use categories identified from the 2016 CDR
(U.S. EPA, 2016b) and included in the life cycle diagram are summarized below. The descriptions
provide a brief overview of the use category; Appendix B contains more detailed descriptions (e.g.,
process descriptions, worker activities, process flow diagrams, equipment illustrations) for each
manufacture, processing, use and disposal category. The descriptions provided below are primarily
based on the corresponding industrial function category and/or commercial and consumer product
category descriptions from the 2016 CDR and can be found in EPA’s Instructions for Reporting 2016
TSCA Chemical Data Reporting (U.S. EPA, 2016a).

The “Paints and Coatings” category encompasses chemical substances contained in products that are
used in a variety of coatings including paints, glazes, grouts, hydrophilic coatings, stains and wood
preservatives. Removers of paints and coatings also fall into this category. Products in this category

Page 26 of 135



have applications in industrial, commercial and consumer settings and are available in both liquid and
aerosol formulations.

The “Solvents for Cleaning and Degreasing” category encompasses various chemical substances used
to dissolve oil, grease and similar materials from a variety of substrates including metal surfaces,
glassware and textiles. This category includes industrial, commercial and consumer uses of NMP for
cleaning electrical equipment, gaskets, leather and other textiles, as well as a variety of other substrates.
This category also includes chemical substances used as solvents during the production of electronic
products and lithium ion batteries. Most NMP formulations in this category are liquid, but aerosol
cleaning formulations are also available.

The “Ink, Toner and Colorant Products” category encompasses chemical substances that are
contained in products used for printer inks and toners. Specifically, NMP can be found as a component
of ink thinners, weather resistant markers for polyurethane tags and inks used in 3D printers. NMP is
also found in inks used within industrial, commercial and consumer settings, and is typically formulated
as a liquid.

The “Processing Aids, Specific to Petroleum Production” category encompasses chemical substances
which are used to aid in the production of petrochemical, plastic and rubber products. This category is
primarily industrial, and formulations are liquid.

The “Adhesives and Sealants” category encompasses chemical substances contained in adhesive and
sealant products used to fasten other materials together. NMP is used as an adhesive or sealant for a
wide variety of products including: pressure-sensitive adhesives, polyurethane curatives, floor sealants
and sealants for automotive parts. These products have industrial, commercial and consumer
applications and can be found in liquid, solid and aerosol formulations.

The “Other uses” category covers a wide variety of products containing NMP, including automotive
care products, deicers as well as NMP use in laboratory settings. EPA notes that some of the uses
identified for NMP may be considered critical to national security. These uses and their importance to
national security will be considered during the risk evaluation, and as part of any resulting regulatory
actions the Agency may deem necessary to protect human health and the environment.

Figure 2-1 depicts the life cycle diagram of NMP, from manufacturing to the point of disposal.

Activities related to distribution (e.g., loading, unloading) will be considered throughout the NMP life
cycle, rather than using a single distribution scenario.
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2.3 EXxposures

For TSCA exposure assessments, EPA expects to evaluate exposures and releases to the environment
resulting from the conditions of use applicable to NMP. Post-release pathways and routes will be
described to characterize the relationship or connection between the conditions of use for NMP and the
exposure to receptors, including potentially exposed or susceptible subpopulations and ecological
receptors. EPA will take into account, where relevant, the duration, intensity (concentration), and
frequency of exposures in characterizing exposures to NMP.

2.3.1 Fate and Transport
Environmental fate includes both transport and transformation processes. Environmental transport is the
movement of the chemical within and between environmental media. Transformation occurs through the
degradation or reaction of the chemical with other species in the environment. Hence, knowledge of the
environmental fate of the chemical informs the determination of the specific exposure pathways and
potential human and ecological receptors EPA expects to consider during risk evaluation. Table 2-5
provides environmental fate data that EPA identified and considered in developing the scope for NMP.
This information has not changed from that provided in the scope document.

During problem formulation, fate data including information pertaining to volatilization during
wastewater treatment, volatilization from lakes and rivers, biodegradation rates and the organic
carbon:water partition coefficient (log Koc) were used when considering changes to the conceptual
models. Model results and basic principles were used to support the fate data while relevant literature is
evaluated via the systematic review process.

EPI Suite™ modules were used to predict volatilization of NMP from wastewater treatment plants,
lakes, and rivers (U.S. EPA, 2012b). The EPI Suite™ module that estimates chemical removal in
sewage treatment plants (“STP”” module) was run using default settings to evaluate the potential for
NMP to biodegrade, volatilize to air or adsorb to sludge during wastewater treatment. The STP module,
using BIOWIN predictions for biodegradation rates, estimates that most (> 90%) of the NMP releases to
wastewater will be removed by biodegradation. BIOWIN model predictions further indicate negligible
(< 1%) removal of NMP via adsorption to sludge or volatilization to air.

The EPI Suite™ module that estimates volatilization from lakes and rivers (“Volatilization” module)
was run using default settings to evaluate the potential for NMP to volatilize from surface water. The
input parameters required for estimating the volatilization (evaporation) rate of an organic chemical
from a water body are water depth, wind speed and current velocity of a river or lake. The model results
indicate that volatilization from surface water is unlikely to be a significant removal pathway for NMP
(U.S. EPA, 2012b). Aerobic biodegradation is expected to be the primary removal pathway for NMP in
many surface water environments based on measured data (see Table 2-5).

Experimental data and EPISuite™ model predictions indicate that NMP will degrade in aerobic
environments (U.S. EPA, 2012b); however, the BIOWIN module within EPISuite™ that estimates
anaerobic biodegradation potential (BIOWIN 7) predicts that NMP will not rapidly biodegrade under
anaerobic conditions. These model predictions are consistent with previous NMP assessments (OECD
2007; WHO, 2001; U.S. EPA, 1998b).
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Table 2-5. Environmental Fate Characteristics of NMP
Property or Endpoint Value @ Reference

Direct photo-degradation Not available

Indirect photo-degradation 5.8 hours (estimated for atmospheric degradation) |U.S. EPA (2015)
Hydrolysis half-life Does not undergo hydrolysis U.S. EPA (2015)

Biodegradation 99% (duration not indicated) (aerobic in water, U.S. EPA (1998b)
coupled-units)

50% in < 12 days (aerobic in soil)

95% removal in 2 weeks (aerobic in static die-
away system test, sewage sludge inoculum, OECD
301A)

95% in 7 days (SCAS, OECD 303A)

73% in 28 days (aerobic in water, Modified U.S. EPA (2015)
Ministry of International Trade and Industry
(MITI), OECD 301C)

91-97% in 28 days (aerobic, Sturm, OECD 301B)
98% in 4 days (aerobic in water and sludge, Zahn-
Wellens, OECD 302B)

88% in 30 days (closed-bottle test, OECD 301D)
99% in 19 days (modified screening, OECD 301E)

Bioconcentration factor 3.16 (estimated) U.S. EPA (2015)
(BCF)

Bioaccumulation factor 0.9 (estimated) U.S. EPA (2012b)
(BAF)

Soil organic carbon/water  |0.9 (estimated) U.S. EPA (2012b)
partition coefficient
(log Koc)

a Measured unless otherwise noted.

NMP does not persist in the environment. Upon release into the atmosphere, it is expected to biodegrade
via reaction with photo-chemically produced hydroxyl radicals in ambient air. The half-life for this
reaction is approximately 5.8 hours, assuming a hydroxyl radical concentration of 1.5 x 10° hydroxyl
radicals/cm? air and a 12-hour day (U.S. EPA, 2015). NMP is hygroscopic and can dissolve in water
droplets. Atmospheric releases may be removed via condensation, wet deposition or further reaction
with hydroxyl radicals.

Although neat (pure) NMP is slightly volatile, volatilization from water and moist soils is not likely
based on its Henry’s Law constant (3.2 x 10 atm m*/mole). NMP is not expected to adsorb to
suspended solids or sediment upon release to water due to its estimated soil organic carbon/water
partition coefficient (log Koc = 0.9). NMP exhibits high mobility in soil; hence, environmental releases
are expected to migrate from soil to ground water (U.S. EPA, 2012b).

NMP exhibits low potential for bioaccumulation in the environment. Measured bioconcentration studies
for NMP were not presented in EPA’s previous evaluation of risks associated with NMP use in paint and
coating removal (U.S. EPA, 2015); however, based on the estimated BAF and BCF values (0.9 and 3.16,
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respectively), NMP is not expected to bioaccumulate or bioconcentrate in aquatic organisms (U.S. EPA
2012b, 1999); OECD, 2007, 3809443}.

2.3.2 Releases to the Environment
Releases to the environment from conditions of use (e.g., industrial and commercial processes,
commercial or consumer uses resulting in down-the-drain releases) are one component of potential
exposure and may be derived from reported data that are obtained through direct measurement,
calculations based on empirical data and/or assumptions and models.

A source of information EPA expects to consider for evaluating exposures are data reported under the
Toxics Release Inventory (TRI) program. Under the Emergency Planning and Community Right-to-
Know Act (EPCRA) Section 313, NMP is a TRI-reportable substance effective January 1, 1995. During
problem formulation EPA further analyzed the TRI data and examined the definitions of elements in the
TRI data to determine the level of confidence that a release would result from specific types of disposal
to land (e.g., RCRA Subtitle C hazardous landfill and Class | underground Injection wells) and
incineration. EPA also examined how NMP is treated at industrial facilities.

Table 2-6 provides production-related waste management data (also referred to as waste managed) for
NMP reported by industrial facilities to the TRI program for 2015. Table 2-7 provides more detailed
information on the actual quantities of NMP released to air and water or disposed of on land.

Table 2-6. Summary of NMP TRI Production-Related Waste Managed in 2015 (Ibs)

Number of Energy Total Production
Facilities Recycling Recovery Treatment | Releases*™¢| Related Waste
386 47,453,751 7,603,919 14,944,336 8,807,902 78,819,909

Data source: 2015 TRI Data (updated March 2017) (U.S. EPA, 2017b).
aTerminology used in these columns may not match the more detailed data element names used in the TRI public data and

analysis access points.
® Does not include releases due to a one-time event not associated with production such as remedial actions or earthquakes.

¢ Counts all releases including release quantities transferred and those disposed of by a receiving facility reporting to TRI.

In 2015, 386 facilities reported a total of 78.8 million pounds of NMP waste managed. Of this total, over
47.5 million pounds of NMP were recycled; 34 TRI facilities reported recycling NMP on-site and 85
facilities reported distribution of NMP off-site for recycling, representing approximately 60% of the
total waste managed. In addition, approximately 7.6 million pounds of NMP was used for energy
recovery; 14.9 million pounds were treated and 8.8 million pounds were released to the environment.

Table 2-7. Summary of NMP TRI Releases to the Environment in 2015 (Ibs)

Air Releases Land Disposal
Class |
Number | Stack | Fugitive Under- RCRA?2 | All other
of Air Air Water ground | Subtitle C Land Other Total

Facilities | Releases | Releases| Releases | Injection | Landfills | Disposal ® | Releases® | Releases®
Subtotal 884,851 | 542,101 3,625,939 | 93,217 | 2,719,441
Total 386 1,426,952 14,092 6,438,597 28,099 8,108,070
Data source: 2015 TRI Data (updated March 2017) (U.S. EPA, 2017b).
2 RCRA (Resource Conservation and Recovery Act)
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Air Releases Land Disposal

Class |
Number | Stack | Fugitive Under- RCRA? | All other
of Air Air Water ground | Subtitle C Land Other Total
Facilities | Releases | Releases| Releases | Injection | Landfills | Disposal ® | Releases® | Releases ®

® Terminology used in these columns may not match the more detailed data element names used in the TRI public data and

analysis access points.
¢ These release quantities do include releases due to one-time events not associated with production such as remedial actions

or earthquakes.

Roughly 79% (~ 6.4 million pounds) of the environmental releases reported for NMP in 2015 were to
land, 18% (~ 1.4 million pounds) were to air (stack and fugitive emissions), and 0.2% (~14,000 pounds)
were discharged to water (Table 2-7). The stack releases reported to TRI represent the total amount of
NMP air releases from stacks, confined vents, ducts, pipes or other confined air streams. Many facilities
reported stack air releases from NMP destruction via incineration, including hazardous waste facilities
and facilities that perform other industrial activities (i.e., federal, state or municipal). These estimates
likely represent decomposition products, as NMP destruction via incineration is highly efficient.

Most of the on-site land disposal reported for NMP in 2015 was to Class | underground injection wells
(~ 3.6 million pounds). Only 13 pounds went to on-site landfills other than RCRA Subtitle C Landfills
and other land disposal. No NMP was reported as disposed on-site in Class I1-V underground injection
wells, on-site land treatment, or on-site surface impoundments. Most off-site releases (~ 2.7 million
pounds) went to landfills other than RCRA Subtitle C Landfills. Other release amounts were reported as
transfers to RCRA Subtitle C Landfills (~ 93,217 pounds), other land disposal types (~ 25,648 pounds)
and off-site land treatment (~ 330 pounds).

While the production-related waste managed shown in Table 2-6 excludes any quantities reported as
catastrophic or one-time releases (TRI Section 8 data), release quantities shown in Table 2-7 include
both production-related and non-routine quantities (TRI Section 5 and 6 data). As a result, release
quantities may differ slightly and may further reflect differences in TRI calculation methods for reported
release range estimates (U.S. EPA, 2016c).

EPA is aware of additional sources of information for NMP release data, such as assessments from other
countries. and the Discharge Monitoring Report (DMR) Pollutant Loading Tool, which provides
additional information on releases to surface water. For example, the 2011 European Chemicals Agency
(ECHA) Dossier on the identification of NMP as a substance of very high concern includes a
compilation of the conditions of use for NMP, along with some discussion of potential sources of
environmental release information. The DMR loading tool calculates pollutant loadings from permit and
DMR data from EPA’s Integrated Compliance Information System for the National Pollutant Discharge
Elimination System. The limited DMR data available for NMP will be further analyzed during risk
evaluation.

2.3.3 Presence in the Environment and Biota
Monitoring studies or a collection of relevant and reliable monitoring studies provide(s) information that
can be used in an exposure assessment. Monitoring studies that measure environmental concentrations
or concentrations of chemical substances in biota provide evidence of exposure. Limited environmental
Monitoring data were identified in EPA’s data search for NMP.
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EPA has developed an electronic STOrage and RETrieval system for water quality monitoring data
known as STORET, which maps monitoring sites and allows for download of sampling data of surface
water monitoring sites (U.S. EPA, 2012c¢). In addition, the Water Quality Portal, a cooperative service
sponsored by the U.S. Geological Survey (USGS), EPA and the National Water Quality Monitoring
Council (NWQMC, 2017) provide both STORET data and surface water and ground water monitoring
data from USGS. An initial search within the STORET system listed NMP as a sampled parameter, but
did not include any site-specific information for NMP (NWQMC, 2017).

NMP has been detected in industrial landfill leachate (Danish EPA, 2015). Although it is not currently
subject to any proposed or promulgated water regulations, NMP has been detected in wastewater (WHO,
2001) and is included on EPA’s Drinking Water Contaminant Candidate Lists (CCL) 3 and 4 because it
is a suspected contaminant in public water systems that may require regulation under the Safe Drinking
Water Act (SDWA) (74 FR 51850, October 8, 2009 and 81 FR 81099 November 16, 2016).

The Air Quality System contains air pollution monitoring data collected by EPA, as well as state, local
and tribal agencies. A preliminary search of this database revealed that NMP is not a pollutant included
in national, state or tribal ambient air monitoring programs.

According to the Environment Canada and Health Canada Draft Screening Assessment, NMP has been
monitored in indoor air samples in Canada. NMP air concentrations associated with carpet and rubber-
based flooring were reported in a Canadian study on indoor air releases from building materials and
furnishings. NMP also was detected in air and dust samples collected from homes during a field study in
Quebec (EC/HC, 2017).

2.3.4 Environmental Exposures
The manufacturing, processing, distribution, use and disposal of NMP can result in releases to the
environment. In this section, EPA presents exposures to aquatic and terrestrial organisms.

Aquatic Exposures

EPA did not identify water monitoring data for NMP during its review of the national surface water
monitoring database. The 2015 TRI data on direct and indirect environmental releases were used to
estimate NMP concentrations in surface water. Direct releases represent environmental releases of NMP
that are discharged directly from a facility into a receiving water body (after treatment), whereas indirect
releases represent discharges to surface water that occur following treatment at a municipal wastewater
facility.

To capture “high-end” surface water concentrations, EPA compiled the release data for six facilities that
reported the largest NMP direct water releases. This represented > 99% of the total volume of NMP
reported as a direct discharge to surface water during the 2015 TRI reporting period. Since there were
many more facilities reporting indirect releases of NMP to surface water, seven of the facilities reporting
the largest indirect water releases (representing ~ 11% of the total number of facilities reporting indirect
discharges) were compiled. The volume of NMP released from these facilities encompassed more than
68% of the total volume of NMP reported as an indirect discharge to surface water (see Appendix C).

For problem formulation, EPA used release data reported in the 2015 TRI to predict surface water
concentrations near the associated reporting facilities. To examine whether (near-facility) surface water
concentrations may present a risk concern for aquatic organisms, EPA employed a first-tier screening
approach, utilizing readily-available data, modeling tools and conservative assumptions.
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EPA’s Probabilistic Dilution Model (PDM) was used to estimate site-specific surface water
concentrations based on the 2015 TRI data for “on-site” NMP releases to surface waters (U.S. EPA
2007). The reported TRI releases were based on available information including monitoring data,
emission factors, mass balance and/or other engineering calculations. The PDM also incorporates
wastewater treatment removal efficiency. For this analysis, wastewater treatment removal efficiency was
conservatively assumed to be 0%, as the reported NMP water releases were assumed to account for
wastewater treatment a priori. Further, as the total days of release were not reported in these sources,
EPA assumed a range of possible release days (i.e., 12 and 250 days/year) for facilities directly
discharging NMP to surface water and 250 days/year for indirect discharges from wastewater treatment
plants or Publicly Owned Treatment Works (POTWSs) receiving indirect discharges of NMP).

The “high-end” surface water concentrations (i.e., those obtained assuming a low stream flow for the
receiving water body) from all PDM runs ranged from 224 pg/L to 0.00005 pg/L, for the acute (i.e.,
assumed fewer than 20 days of environmental releases per year) and chronic exposure scenario (i.e.,
more than 20 days of environmental releases per year assumed), respectively. The maximum acute
scenario concentration was 224 pg/L and the maximum chronic scenario concentration was 11 pg/L. For
a full table of results, see Table_Apx C-1 in Appendix C.

Terrestrial Exposures

Terrestrial populations living near industrial and commercial facilities that use NMP may be exposed via
multiple routes. EPA did not identify monitoring data for NMP releases to the environment; however,
the 2015 TRI data indicate that most of the reported releases were landfilled or injected underground.

2.3.5 Human Exposures
In this section EPA presents information on occupational, consumer and general population exposures.
Subpopulations within these exposed groups, including potentially exposed or susceptible
subpopulations, are also presented.

2.35.1 Occupational Exposures
Exposure pathways and exposure routes are listed below for worker activities under the various
conditions of use (industrial or commercial) described in Section 2.2. In addition, exposures to
occupational non-users (i.e., individuals who do not directly handle NMP, but perform work in an area
where it is present) are also listed. Engineering controls and/or personal protective equipment may
impact occupational exposure levels.

In the previous risk assessment (U.S. EPA, 2015), EPA assessed dermal and inhalation exposures
associated with occupational use of NMP in paint and coating removal. These uses and exposure
pathways will be further considered during risk evaluation.

Workers and occupational non-users may be exposed to NMP when performing activities associated
with the conditions of use described in Section 2.2 including, but not limited to:

e Unloading and transferring NMP to and from storage containers to process vessels;

e Using NMP in process equipment (e.g., applying photoresists during silicon wafer production);

e Applying formulations and products containing NMP onto substrates (e.g., applying adhesives,
sealants and NMP-containing products that facilitate their removal);

e Cleaning and maintaining equipment;

e Sampling chemical formulations or products containing NMP for quality control

¢ Repackaging chemical formulations or products containing NMP
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¢ Handling, transporting and disposing wastes containing NMP;
e Performing other work activities in or near areas where NMP is used.

Key Data

Key data that inform occupational exposure assessment include the Occupational Safety and Health
Administration (OSHA) Chemical Exposure Health Data (CEHD) and National Institute for
Occupational Safety and Health (NIOSH) Health Hazard Evaluation (HHE) program data. OSHA data
are workplace monitoring data from OSHA inspections. OSHA data can be obtained through CEHD
https://www.osha.gov/opengov/healthsamples.html. Table_Apx B-1and Table_Apx B-2 in Appendix B
provide a summary of the monitoring data available for NMP (air samples obtained from OSHA
inspections conducted between 2011 and 2016). NIOSH HHEs are conducted at the request of
employees, union officials, or employers and help inform potential hazards at the workplace. HHESs can
be downloaded at https://www.cdc.gov/niosh/hhe/. Table_Apx B-3 provides a summary of the NMP air
monitoring data obtained from NIOSH HHEs. EPA will review these data and evaluate their utility
during risk evaluation.

There is a potential for dermal and inhalation exposures to NMP in the workplace (including contact
with liquid, aerosol mist and vapor forms of NMP). OSHA has not established regulatory exposure
limits for NMP. The only recommended exposure limit identified for NMP is a non-regulatory limit
established by the American Industrial Hygiene Association (AIHA): a workplace environmental
exposure level (WEEL) of 10 ppm as an 8-hour (hr) time weighted average (TWA), with the addition of
a cautionary note addressing concerns for skin contact. Additional information can be obtained at
https://www.tera.org/OARS/WEEL .html.

Dermal

Based on the occupational exposure scenarios identified in Table 2-3, EPA expects a potential for
worker exposure via skin contact with NMP (liquid, vapor, mist or dust). Because NMP is readily
absorbed through the skin, dermal exposures can significantly impact body burden. Dermal exposure is
therefore expected to be an important pathway for workers and occupational non-users (i.e., vapor-
through-skin exposure).

Inhalation

Although NMP has a relatively low vapor pressure, some conditions of use identified in Table 2-3 may
present a concern for inhalation exposure to workers and occupational non-users, particularly those that
involve vaporization or spray application. Exposures can also occur from NMP (i.e., vapor, mist, dust)
that deposits in the upper respiratory tract. Because NMP is expected to be rapidly absorbed at the point
of contact, materials deposited in the upper airway will be considered as an inhalation exposure.

2.3.5.2 Consumer Exposures
NMP can be found in consumer products and/or commercial products that are readily available for
purchase at common retailers (EPA-HQ-OPPT-2016-0743-0003, Sections 3 and 4 and Table 2-3) and
can therefore result in exposures to consumers and bystanders (non-users who are incidentally exposed
to NMP as a result of consumer product use).

In the previous risk assessment (U.S. EPA, 2015), EPA investigated dermal and inhalation exposures
from consumer use of NMP-containing products during paint and coating removal. EPA modeled
exposures to consumers and bystanders using a variety of indoor exposure scenarios that varied specific
input parameters including (but not limited to) the product formulation (NMP weight fraction), method
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of application (i.e., brush vs. spray), and duration of use (U.S. EPA, 2015). The conditions of use
assessed in the previous NMP assessment will be further considered during risk evaluation.

Dermal

EPA expects dermal exposure to be a significant route of exposure for consumers and bystanders.
Dermal exposure to consumers may occur from direct contact with NMP-containing liquids or from
deposition onto skin (e.g., vapor, mist or dust). Direct skin contact with NMP-containing liquids could
be concurrent with vapor-through-skin exposures for some conditions of use, particularly those that
involve heating or spray application. The frequency/duration and extent of exposure (i.e., surface area of
exposed skin) are expected to significantly impact body burden. Bystanders are not expected to have
direct contact with NMP-containing liquids, but may be exposed via skin deposition.

Inhalation

Although NMP has a low vapor pressure, there is potential for inhalation exposure to consumers and
bystanders during heating or spray application of products that contain NMP. Exposures to consumers
and bystanders may also occur through ingestion of airborne materials that deposit in the upper
respiratory tract. EPA assumes these exposures are absorbed via inhalation.

Oral

There is potential for oral exposure to consumers from contact with NMP-containing products via hand-
to-mouth activity. Mouthing behaviors may also be an important consideration, especially for children.
The frequency and duration of these activities and the NMP content in related products can significantly
impact exposure potential. During risk evaluation. EPA expects to further analyze oral exposures to
consumers that may result from incidental ingestion of NMP during use of formulations, products or
other articles that contain NMP (e.g., children’s toys, arts and crafts kits, games, bedding, textiles, and
kitchenware).

EPA’s previous assessment of NMP use in paint and coating removal did not include an evaluation of
oral exposure to consumers, which may have resulted in an underestimation of the total exposure
potential for this population. During problem formulation, EPA reviewed publicly available consumer
product data (e.g., the Centers for Disease Control Household Database and the Chemical and Product
Categories database). Based on the use categories listed in Table 2-3, a table of preliminary exposure
scenarios was developed to map the associated conditions of use and exposure pathways identified for
NMP (see Appendix Table_Apx E-1. Supporting Table for Consumer Activities and Uses Conceptual
Model).

2.3.5.3 General Population Exposures
Wastewater/liquid wastes, solid wastes or air emissions of NMP could result in potential pathways for
oral, dermal or inhalation exposure to the general population

Oral

Oral exposure to NMP is expected to be a relevant route of exposure for the general population.
Individuals may be exposed to NMP levels that occur in drinking water and/or well water. EPA was
unable to locate monitoring data for NMP levels in the ambient environment; however, wet deposition
from air could be a significant (air-to-ground) removal pathway. NMP exhibits high mobility in soil;
environmental releases are ultimately expected to migrate to water.
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Dermal
General population exposure to NMP may occur through dermal contact with NMP concentrations in
drinking water and/or well water during bathing, or from public recreation in impacted waterways.

Inhalation

Inhalation is expected to be a relevant route of exposure for the general population due to the propensity
for NMP air releases from ongoing commercial and industrial activities. Limited information was
identified for air emissions resulting from NMP use in industrial operations.

2.3.5.4  Potentially Exposed or Susceptible Subpopulations
TSCA requires the determination of whether a chemical substance presents an unreasonable risk to “a
potentially exposed or susceptible subpopulation identified as relevant to the risk evaluation” by EPA.
TSCA § 3(12) states that “the term “potentially exposed or susceptible subpopulation’ means a group of
individuals within the general population identified by the Administrator who, due to either greater
susceptibility or greater exposure, may be at greater risk than the general population of adverse health
effects from exposure to a chemical substance or mixture, such as infants, children, pregnant women,
workers, or the elderly.” General population is "the total of individuals inhabiting an area or making up a
whole group” and refers here to the U.S. general population (U.S. EPA, 2011).

As part of problem formulation, EPA identified potentially exposed or susceptible subpopulations for
further analysis during the development and refinement of the conceptual models, exposure scenarios
and analysis plan. In this section, EPA addresses the potentially exposed or susceptible subpopulations
identified as relevant based on greater exposure. EPA will address the subpopulations identified as
relevant based on greater susceptibility in the hazard section.

EPA identifies the following as potentially exposed or susceptible subpopulations that EPA expects to
consider in the risk evaluation due to their greater exposure:

e Workers and occupational non-users;

e Consumers and bystanders associated with consumer use. NMP has been identified in products
available to consumers; however, only some individuals within the general population may use
these products. Therefore, those who do use these products represent a potentially exposed or
susceptible subpopulation due to greater exposure.

e Other groups of individuals within the general population who may experience greater
exposures due to their proximity to conditions of use identified in Section 2.2 that result in
releases to the environment and subsequent exposures (e.g., individuals who live or work near
manufacturing, processing, use or disposal sites).

In developing exposure scenarios, EPA will analyze available data to ascertain whether some human
receptor groups may be exposed via pathways that may be distinct to a particular subpopulation or life
stage and whether some human receptor groups may have higher exposure via identified pathways of
exposure due to unique characteristics (e.g., activities, duration or location of exposure) when compared
with the general population (U.S. EPA, 2006b).

In summary, in the risk evaluation for NMP, EPA expects to analyze the following potentially exposed
groups of human receptors: workers, occupational non-users, consumers, bystanders associated with
consumer use and other groups of individuals within the general population who may experience greater
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exposure. EPA may also identify additional potentially exposed or susceptible subpopulations that will
be considered based on greater exposure.

2.4 Hazards (Effects)

For scoping, EPA conducted comprehensive searches for data on hazards of NMP, as described in the
Strategy for Conducting Literature Searches for NMP: Supplemental File for the TSCA Scope Document
EPA-HQ-OPPT-2016-0743). Based on initial screening, EPA expects to analyze the hazards of NMP
identified in this problem formulation document. However, when conducting the risk evaluation, the
relevance of each hazard within the context of a specific exposure scenario will be judged for
appropriateness. For example, hazards that occur only as a result of chronic exposures may not be
applicable to acute exposure scenarios. Thus it is unlikely that all identified hazards will be considered
for every exposure scenario.

2.4.1 Environmental Hazards
EPA identified the following sources of environmental hazard data for NMP: U.S. EPA (2006a), OECD
(2007), (U.S. EPA, 2015), (Danish EPA, 2015), EC/HC (2017) and Ecological Hazard Literature Search
Results in the NMP (CASRN 872-50-4) Bibliography: Supplemental File for the TSCA Scope Document
(EPA-HQ-OPPT-2016-0743). Only the on-topic references listed in the Ecological Hazard Literature
Search Results were considered as potentially relevant data/information sources for the risk evaluation.
Inclusion criteria were used to screen the results of the ECOTOX literature search (as explained in the
Strategy for Conducting Literature Searches for NMP: Supplemental Document to the TSCA Scope
document, CASRN 872-50-4). Data from the screened literature are summarized below (Table 2-8) as
ranges (min-max). EPA expects to review these data/information sources during risk evaluation using
the data quality review evaluation metrics and the rating criteria described in the Application of
Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018).

Acute Toxicity to Aguatic Organisms

The acute 96-hour LCso values reported for fish range from >500 mg/L Rainbow trout (Oncorhynchus
mykiss) to 4,030 mg/L for Orfe (Leuciscus idus). Four acute toxicity studies with aquatic invertebrates
have been identified; two used the water flea and two studies used grass shrimp as the test species. The
48-hr ECso for water fleas ranged from 1.23 to 4,897 mg/L, whereas the reported 48-hr ECso for grass
shrimp ranged from > 299 to 1,107 mg/L. For green algae, the 72-hr ECso values ranged from > 500 to
600.5 mg/L.

Chronic Toxicity to Aquatic Invertebrates

Chronic aquatic toxicity data are available for NMP. From a 21-day study with Daphnia magna, the
chronic toxicity value was calculated as 17.68 mg/L based on reproduction (using the NOEC value of
12.5 mg/L and the LOEC value of 25 mg/L).

Toxicity to Sediment and Terrestrial Organisms

EPA did not identify data on NMP hazards to sediment invertebrates, or terrestrial organisms including
soil invertebrates; however, based on the physical-chemical and fate properties of NMP, accumulation in
these environmental compartments is unlikely (see Section 2.3.1). NMP exposure to soil- or sediment-
dwelling organisms is not expected to be significant; therefore, hazards to these organisms will not be
analyzed further during risk evaluation (see Section 2.3.4).
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Table 2-8. Ecological Hazard Characterization of NMP

. : . Hazard . .
Duration | Test organism | Endpoint value* Units  [Effect Endpoint | Reference
Aquatic Organisms
Fish LCso >500-4030 | mg/L Mortality (BASF, 1983) as cited in
OECD (2009b); (BASF,
1986) as cited in OECD
(2009b)

Acute Immobilization Lan et al. (2004); GAF
Aquatic (1979) as cited in OECD
invertebrates ECso 1.23-4897 | mg/L (2009b)

Algae > 500- Growth
g ECso 600.5 mg/L (ECHA, 2014b)
Acute COC 0.246 mg/L
Fish ChVv - mg/L
NOEC 12.5

Chronic Aquatic LOEC 25 BASF AG (2001) as cited
invertebrates Chv 17.68 mg/L Reproduction in OECD (2009b)
Algae 125

Chv (NOEC) mg/L (ECHA, 2014b)
Chronic COC 1.768 mg/L
Terrestrial Organisms
. 2500- mg/kg- . Hazelton Lab (1980) as
Acute Avian LD50 5000 bw Mortality cited in OECD (2009b)

* Values in the tables are presented as reported by the study authors; - = endpoint not addressed

Concentrati

ons of Concern

The screening-level acute and chronic concentrations of concern (COCs) for NMP were derived based
on the lowest or most toxic ecological toxicity values (e.g., L/EC50). The information below describes
how the acute and chronic COC’s were calculated for environmental toxicity of NMP using assessment

factors.

The application of assessment factors is based on established EPA/OPPT methods (U.S. EPA, 2013,
2012d) and were used in this hazard assessment to calculate lower bound effect levels (referred to as the
concentration of concern; COC) that would likely encompass more sensitive species not specifically
represented by the available experimental data. Also, assessment factors are included in the COC
calculation to account for differences in inter- and intraspecies variability, as well as laboratory-to-field
variability. It should be noted that these assessment factors are dependent upon the availability of
datasets that can be used to characterize relative sensitivities across multiple species within a given taxa
or species group, but are often standardized in risk assessments conducted under TSCA, since the data
available for most industrial chemicals is limited.

The concentrations of concern for each endpoint were derived based on the ecological hazard data for
NMP. The information below describes how the acute and chronic COCs were calculated for aquatic

toxicity.

The acute COC is derived by dividing the aquatic invertebrates 48-hr EC50 of 1.23 mg/L (the lowest

acute value in the dataset) by an assessment factor of 5:

e Lowest acute value for 48-hr aquatic invertebrates EC50 (1.23 mg/L)/5 = 0.246 mg/L (246 ug/L)
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The acute COC of 246 pg/L, derived from the experimental aquatic invertebrate endpoint, is used as a
conservative hazard level for NMP in this problem formulation.

The chronic COC was determined based on the lowest chronic toxicity value divided by an assessment
factor of 10:

e Lowest chronic value for (21-day) Daphnia = 17.68 mg/L/10 = 1.768 mg/L (1,768 ug/L)

The chronic COC of 1,768 pg/L, derived from the experimental aquatic invertebrate endpoint, is used as
the lower bound hazard level for NMP in this problem formulation.

2.4.2 Human Health Hazards
EPA recently published a risk assessment on NMP use in paint and coating removal, hence many of the
hazards of NMP exposure have been compiled and reviewed (U.S. EPA, 2015). EPA relied heavily on
this comprehensive review in preparing the current problem formulation document. Numerous human
health hazards have been identified for NMP including adverse effects on hepatic, renal, immune,
reproductive/developmental and central nervous systems (RIVM, 2013; OECD, 2007; WHO, 2001).
EPA expects to use the previous review as a starting point for identifying both key and supporting
studies that will be used to inform hazard characterization, including dose-response analysis. The
relevant studies will be evaluated using the data quality criteria in the Application of Systematic Review
in TSCA Risk Evaluations document (U.S. EPA, 2018). EPA also expects to consider studies that have
been published since this review, as identified in the literature search conducted by the Agency (NMP
(CASRN 872-50-4) Bibliography: Supplemental File for the TSCA Scope Document, EPA-HQ-OPPT-
2016-0743). Based on reasonably available information, the following sections briefly describe the
potential hazards that may be associated with NMP exposure.

2.4.2.1  Non-Cancer Hazards
Irritation and Sensitization
NMP is a skin, eye and possible respiratory irritant. Although the available sensitization data have
significant limitations, there are multiple studies of NMP in humans with no reports of sensitization
following NMP exposure (RIVM, 2013).

Acute Toxicity

The acute toxicity of NMP is expected to be low based on results from laboratory animal studies
including oral, dermal, inhalation, intraperitoneal and intravenous routes of exposure in rats and mice
(RIVM, 2013; OECD, 2007; WHO, 2001).

Systemic Effects

Systemic effects observed following oral repeated-dose toxicity testing include body weight reductions,
alterations in hematology and clinical chemistry parameters, liver and kidney toxicity, neurotoxicity and
thymic atrophy. More severe effects have been noted following whole-body inhalation exposure (which
includes dermal and oral uptake), including bone marrow hypoplasia, testicular effects, necrosis of
lymphoid tissue (observed in the thymus, spleen and lymph nodes) and mortality (RIVM, 2013; OECD,
2007; WHO, 2001).

Reproductive/Developmental Toxicity
A continuum of biologically relevant reproductive/developmental effects have been reported following
NMP exposure (e.g., decreased fetal and pup body weight, delayed ossification, skeletal malformations
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and increased fetal and pup mortality). EPA previously identified reproductive/developmental effects as
sensitive endpoints for evaluating the human health risks associated with NMP exposure U.S. EPA

(2015).

2.4.2.2  Genotoxicity and Cancer Hazards
NMP is not mutagenic, based on results from bacterial and mammalian in vitro tests and in vivo systems
and is not considered to be carcinogenic (RIVM, 2013; OECD, 2007; WHO, 2001).

Unless new information indicates otherwise, EPA does not expect to conduct additional in-depth
analysis of genotoxicity and cancer hazards during risk evaluation.

24.2.3 Potentially Exposed or Susceptible Subpopulations
TSCA requires that the determination of whether a chemical substance presents an unreasonable risk
include consideration of unreasonable risk to “a potentially exposed or susceptible subpopulation
identified as relevant to the risk evaluation” by EPA. TSCA § 3(12) states that “the term ‘potentially
exposed or susceptible subpopulation” means a group of individuals within the general population
identified by the Administrator who, due to either greater susceptibility or greater exposure, may be at
greater risk than the general population of adverse health effects from exposure to a chemical substance
or mixture, such as infants, children, pregnant women, workers, or the elderly.” In developing the hazard
assessment, EPA will analyze available data to ascertain whether some human receptor groups may have
greater susceptibility than the general population to the chemical’s hazard(s). In the previous risk
assessment (U.S. EPA, 2015), EPA identified young children and pregnant women as potentially
susceptible subpopulations.

2.5 Conceptual Models

EPA risk assessment guidance (U.S. EPA, 2014, 1998c), defines problem formulation as the part of the
risk assessment framework that identifies the major factors to be considered in the assessment. It draws
from the regulatory, decision-making and policy context of the assessment and informs the assessment’s
technical approach.

A conceptual model describes the actual or predicted relationships between the chemical substance and
receptors, either human or environmental. These conceptual models are integrated depictions of the
conditions of use, exposures (pathways and routes), hazards and receptors. The initial conceptual models
describing the scope of the assessment for NMP, have been refined during problem formulation. The
changes to the conceptual models in this problem formulation are described along with the rationales.

In this section EPA outlines those pathways that will be included and further analyzed in the risk
evaluation; will be included but will not be further analyzed in risk evaluation; and will not be included
in the TSCA risk evaluation; and the underlying rationale for these decisions.

EPA determined as part of problem formulation that it is not necessary to conduct further analysis on
certain exposure pathways that were identified in the NMP Scope Document (EPA-HQ-OPPT-2016-
0743) and that remain in the risk evaluation. Each risk evaluation will be "fit-for-purpose,” meaning not
all conditions of use will warrant the same level of evaluation and the Agency may be able to reach
some conclusions without extensive or quantitative risk evaluations 82 FR 33726, 33734, 33739 (July
20, 2017).

As part of this problem formulation, EPA identified exposure pathways under regulatory programs of
other environmental statutes, administered by EPA, which adequately assess and effectively manage
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exposures and for which long-standing regulatory and analytical processes already exist, i.e., the Safe
Drinking Water Act (SDWA) and the Resource Conservation and Recovery Act (RCRA). OPPT worked
closely with the offices within EPA that administer and implement the regulatory programs under these
statutes. In some cases, EPA has determined that chemicals present in various media pathways (i.e., air,
water, land) fall under the jurisdiction of existing regulatory programs and associated analytical
processes carried out under other EPA-administered statutes and have been assessed and effectively
managed under those programs. EPA believes the TSCA risk evaluation should generally focus on those
exposure pathways associated with TSCA conditions of use that are not adequately assessed and
effectively managed under the regulatory regimes discussed above because these pathways are likely to
represent the greatest areas of risk concern. As a result, EPA does not expect to include in the risk
evaluation certain exposure pathways identified in the NMP scope document.

2.5.1 Conceptual Model for Industrial and Commercial Activities and Uses: Potential
Exposures and Hazards
The revised conceptual model (Figure 2-2) describes the pathways of exposure from industrial and
commercial activities and uses of NMP that EPA expects to include in the risk evaluation. There is a
potential for inhalation and dermal exposure to workers during manufacturing, processing, use and
disposal of NMP. Inhalation and vapor-through-skin exposures are also possible for occupational non-
users, particularly with conditions of use that involve heating or spray application.

Dermal exposure is expected to be a major route of concern in occupational settings; however, there is a
potential for inhalation exposure with some conditions of use that involve heating or spray application.
EPA expects to evaluate dermal and inhalation risks to workers and occupational non-users exposed
during manufacturing, processing, distribution, use and disposal of NMP.

Inhalation

EPA’s previous assessment of NMP use in paint and coating removal identified inhalation as a route of
concern for occupational exposure U.S. EPA (2015). NMP is well absorbed from the respiratory tract
(Akesson and Paulsson, 1997), but has a low vapor pressure which effectively limits inhalation
potential. Lung uptake is directly related to the NMP air concentration and duration of exposure. EPA
expects that inhalation exposure may be significant for some conditions of use identified in Table 2-3,
particularly those that involve heating or spray application. Incidental ingestion of inhaled NMP
(vapor/mist/dust) will be considered as an inhalation exposure. EPA expects to further analyze
inhalation exposures to workers and occupational non-users during risk evaluation.

Dermal

EPA’s previous assessment identified dermal contact as a major route of concern for NMP U.S. EPA
(2015). For workers, dermal exposures would be concurrent with inhalation exposures and NMP is well
absorbed; therefore, dermal contact (e.g., liquid, vapor, mist, dust) is expected to significantly impact
body burden (Bader et al., 2008; Keener et al., 2007). Because occupational non-users would not handle
NMP directly, EPA does not expect to further analyze dermal exposure via liquid contact. During risk
evaluation, EPA expects to further analyze dermal exposures to workers from skin contact with NMP
(e.g., liquid, vapor, mist, dust) and vapor-through-skin contact in occupational non-users.

The Occupational Safety and Health Administration (OSHA) has not established regulatory exposure

limits for NMP. The only recommended exposure limit identified is a non-regulatory limit established
by the AIHA: a workplace environmental exposure level (WEEL) of 10 ppm as an 8-hr time weighted
average (TWA), with the addition of a cautionary note addressing concerns for skin contact (AIHA,
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2011). EPA expects to further analyze dermal exposure to workers and occupational non-users during
risk evaluation.

Waste Handling, Treatment and Disposal

Figure 2-2 shows that waste handling, treatment and disposal is expected to lead to the same exposure
pathways as other industrial and commercial activities and uses. The path leading from “Waste
Handling, Treatment and Disposal” to “Hazards Potentially Associated with Acute and/or Chronic
Exposures” was re-routed to accurately reflect the expected exposure pathway, route and receptors
associated with the conditions of use identified for NMP.
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2.5.2 Conceptual Model for Consumer Activities and Uses: Potential Exposures and
Hazards
The revised conceptual model (Figure 2-3) illustrates the pathways of exposure resulting from NMP
consumer uses that EPA expects to evaluate. In the (U.S. EPA, 2015) risk assessment, dermal and
inhalation exposures were assessed as the most likely exposure routes; however, there is a potential for
oral exposure under some conditions of use. It should be noted that consumers may purchase and use
products primarily intended for commercial use.

Inhalation

As mentioned above, EPA/OPPT’s 2015 assessment of NMP use in paint stripping identified inhalation
as a route of concern U.S. EPA (2015). EPA expects inhalation exposure to be significant for some
conditions of use identified in Table 2-3, particularly those that involve heating or spray application.
Incidental ingestion of inhaled NMP (vapor/mist/dust) will be considered as an inhalation exposure.
EPA expects to further analyze inhalation exposures to consumers and bystanders during risk evaluation.

Dermal

There is a potential for dermal exposure from use of consumer products that contain NMP. Dermal
exposure may occur from vapor or mist deposition onto skin, or from direct contact with NMP liquid
during use. Dermal exposure to liquid NMP could be concurrent with vapor-through-skin exposures for
some conditions of use, particularly those that involve heating or spray application of products with a
high NMP weight fraction. Bystanders will not have dermal contact with liquid NMP, but could have
vapor-through-skin uptake.

Consumers and bystanders can have skin contact with NMP vapor concurrently with inhalation
exposures. As noted for workers (see Section 2.5.1), lung uptake is impacted by the NMP weight
fraction in liquid, the NMP vapor concentration in air and the duration and extent of dermal contact (i.e.,
surface area of exposed skin) with liquid and vapor forms of NMP. EPA expects to further analyze
dermal exposure to consumers via direct contact with NMP-containing liquids and vapor-through-skin
exposure to consumers and bystanders.

Oral

There is a potential for oral exposure to consumers from contact with NMP-containing products via
hand-to-mouth activity. Mouthing behaviors may also be an important consideration, especially for
children. The frequency and duration of these activities, as well as the NMP content in related products
can impact exposure potential. EPA expects to further analyze consumer oral exposures that may result
from hand-to-mouth activity and mouthing behaviors during use of formulations, products or other
articles that contain NMP (e.g., toys, textiles).

Disposal

There is a potential for consumer exposure via oral, dermal and inhalation routes during disposal of
NMP-containing products. Individuals may be exposed via contact with liquid or vapor forms of NMP
when products are discarded. During risk evaluation, EPA expects to further analyze consumer
exposures associated with the disposal of consumer products that contain NMP.

For each condition of use identified in Table 2-3, a determination was made as to whether each unique
combination of exposure pathway, route, and receptor would be further analyzed during risk evaluation.
The results of that analysis along with the supporting rationale are presented in Appendix C and
Appendix E.
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2.5.3 Conceptual Model for Environmental Releases and Wastes: Potential Exposures
and Hazards
The revised conceptual model (Figure 2-4) illustrates the exposure pathways anticipated for humans and
other ecological receptors from environmental releases and waste streams associated with industrial and
commercial use of NMP that EPA expects to include in the risk evaluation. The exposure pathways that
EPA expects to include but not further analyze in the risk evaluation are described in Section 2.5.3.1 and
shown in the conceptual model.

2531 Pathways That EPA Expects to Include in Risk Evaluation but Not Further
Analyze
EPA does not expect to further analyze environmental exposures to NMP.

Ambient Water Pathways

EPA does not plan to further analyze exposures to humans or ecological receptors including fish, aquatic
invertebrates and algae from NMP releases to ambient surface water. Based on 2015 TRI reporting, an
estimated 14,092 pounds of NMP was released to surface water from industrial and commercial sources
(U.S. EPA, 2017b). Although NMP exhibits high water solubility, it is not expected to persist in surface
waters because it readily biodegrades under aerobic conditions.

Environmental monitoring data were not identified for NMP; however, based on the estimated exposure
concentrations (described in Section 2.3.4), and available ecological hazard information (summarized in
Section 2.4.1), EPA does not plan to further analyze risks to aquatic organisms from NMP releases to
surface water. A first-tier exposure analysis predicted surface water concentrations as high as 224 ug/L
and 11 pg/L for the acute and chronic exposure scenarios, respectively based on reported TRI releases
(summarized in Section 2.4.1). These values do not exceed the acute and chronic COCs for aquatic
organisms (246 pg/L and 1,768 pg/L, respectively) indicating a low risk concern. This finding is
supported by a recent ecological risk classification completed by Environment and Climate Change
Canada which identified a low risk concern for NMP (ECCC, 2016).

EPA does not plan to further analyze exposures to humans that may result from NMP releases to
ambient surface water. A first-tier analysis used to estimate NMP surface water concentrations based on
the highest water releases reported in the 2015 TRI database showed that NMP levels in well water
could be as high as 0.07 mg/kg/day. In the previous NMP risk assessment (U.S. EPA (2015), EPA
identified a point of departure (POD) for chronic exposure in humans (48 mg/kg/day), which when
compared to the estimated exposure concentration, resulted in a margin of exposure (MOE) that
exceeded the benchmark MOE (675 versus 30, respectively). EPA also estimated oral and dermal
exposure to NMP during showering/bathing. The calculated MOE, based on aggregate estimates of oral,
inhalation and dermal exposure (338), exceeded the benchmark MOE (30), indicating a low risk
concern.

Sediment Pathway

EPA does not plan to further analyze exposures to sediment-dwelling organisms during risk evaluation,
as NMP is unlikely to accumulate in sediment. NMP is not expected to adsorb to sediment due to its
water solubility (> 1000 g/L) and low partitioning to organic matter (log Koc = 0.9). This is supported by
EPISUITE fugacity model predictions which indicate limited partitioning to sediment (< 1%). No
ecotoxicity studies were identified for sediment-dwelling organisms; however, the available hazard data
indicate a low concern for NMP toxicity to plants and aquatic organisms. Because NMP toxicity to
sediment-dwelling invertebrates is expected to be comparable to that of aquatic invertebrates and NMP
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is unlikely to accumulate in sediment, a low risk concern is expected for this environmental
compartment.

Land-Applied Biosolids Pathway

EPA does not plan to further analyze other land releases during risk evaluation, including those that may
result from land application of biosolids. NMP exhibits high water solubility (1000 g/L) and limited
potential for adsorption to organic matter (estimated log Koc = 0.9); therefore, land releases will
ultimately partition to the aqueous phase (i.e., biosolids associated waste water and soil pore water) upon
release into the environment. Because NMP readily biodegrades in environments with active microbial
populations, NMP residues that remain following waste water treatment are not expected to persist.
NMP concentrations in biosolids-associated water are expected to decrease, primarily via aerobic
degradation, during transport, processing (including dewatering), handling, and land application of
biosolids (which may include spraying).

Migration of NMP between ground water and surface water has not been documented, but may be
mitigated by abiotic and biotic degradation in the water column. Overall, the NMP concentrations in
surface water resulting from land application of biosolids are expected to be much less than those
associated with direct release of wastewater treatment plant effluents to surface water. EPA’s
conservative assessment of this exposure scenario predicted NMP surface water concentrations that are
well below the hazard benchmarks identified for humans and aquatic organisms (see Appendix C);
therefore, this exposure pathway is not expected to present a risk concern.

Ambient Air Pathways

EPA does not plan to further analyze NMP air releases or associated exposures to terrestrial wildlife, as
inhalation exposure and bioaccumulation potential are expected to be low (BCF = 3.16, BAF = 0.9; see
Section 2.4). Negligible volatilization of NMP is expected from moist soil and wastewater. Because
NMP exhibits low volatility and readily biodegrades under aerobic conditions (U.S. EPA (2015), the
concentrations in ambient air are unlikely to reach levels that would present a risk concern for terrestrial
organisms. This conclusion is supported by the ecological risk classification derived for NMP by
Environment and Climate Change Canada, which identified a low ecological risk concern for NMP
(ECCC, 2016).

EPA does not plan to further analyze human exposures that may result from inhalation of outdoor air
containing NMP released from industrial and commercial facilities. A first-tier screening analysis was
used to estimate the potential (near field) exposure to populations located downwind of facilities
reporting the highest NMP air releases based on 2015 TRI data. Using EPA’s SCREEN3 Model and the
highest reported stack emissions, the estimated NMP concentration in ambient air was approximately
0.41 mg/m?3,

In the previous NMP assessment, EPA used data on NMP-induced decreases in fetal body weight as the
basis for risk estimation. Benchmark dose modeling of internal dose estimates based on physiologically-
based pharmacokinetic modelling was used to determine a POD (48 mg/kg/day) for estimating risks
associated with chronic exposure in humans (U.S. EPA (2015). This POD was converted to an
inhalation dose (based on a total dose of 3,840 mg/day, and 80 kg bodyweight). EPA’s EFAST model
uses a default breathing rate of 0.61 m*hour over a 24-hour period (14.6 m*/day). Hence the inhalation
POD is: (3,840 mg/day)/(14.6 m3/day) = 263 mg/m?(24-hour TWA). EPA also expects to consider
studies that have been published since this assessment, as identified in the literature search conducted by
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the Agency (NMP (CASRN 872-50-4) Bibliography: Supplemental File for the TSCA Scope Document,
EPA-HQ-OPPT-2016-0743).

During problem formulation, EPA assessed the risks associated with chronic NMP exposure by
comparing the estimated concentration of NMP in ambient air (0.41 mg/mq) to the POD for inhalation
exposure (263 mg/m?). This resulted in a margin of exposure (MOE) that exceeded the benchmark MOE
(641 versus 30, respectively) indicating a low risk concern.

EPA acknowledges the possibility that NMP releases to ambient air may be wet deposited to soil and
surface water; however, aerobic degradation and atmospheric dispersion are expected to limit the NMP
air concentrations available to organisms that inhabit these compartments. As such, NMP air removal
via wet deposition (from air to water or soil) is not expected to result in significant accumulation in these
environmental compartments. This conclusion is supported by EPA’s conservative assessment of NMP
concentrations in air and surface water; the Tier 1 exposure estimates for these media do not indicate a
concern for humans or other ecological receptors. The exposure pathways associated with NMP releases
to ambient air will not be further analyzed during risk evaluation.

2.5.3.2  Pathways that EPA Does Not Plan to Include in the Risk Evaluation
Exposures to receptors (i.e., general population, terrestrial species) may occur from industrial and/or
commercial uses, industrial releases to air, water or land, and other conditions of use. As described in
Section 2.5, EPA does not expect to include in the risk evaluation pathways under programs of other
environmental statutes, administered by EPA, which adequately assess and effectively manage
exposures and for which long-standing regulatory and analytical processes already exist. These
pathways are described below.

Drinking Water Pathway
EPA has regular analytical processes to identify and evaluate drinking water contaminants of potential
regulatory concern for public water systems under the Safe Drinking Water Act (SDWA).

The Contaminant Candidate List (CCL) is a list of unregulated contaminants that are known or
anticipated to occur in public water systems and that may require regulation. EPA must publish a CCL
and make Regulatory Determinations to regulate at least five CCL contaminants every 5 years. To
regulate a contaminant, EPA must conclude the contaminant may have adverse health effects, occurs or
is substantially likely to occur in public water systems at a level of concern and that regulation, in the
sole judgement of the Administrator, presents a meaningful opportunity for health risk reduction.

NMP is listed on EPA’s fourth CCL. NMP is on the CCL because EPA’s Office of Water concluded that
based on occurrence and health information the chemical is known or anticipated to occur in public
water systems and may require regulation. Based on TRI information, the Agency concluded that NMP
may occur in public water systems. Once contaminants have been placed on the CCL, EPA identifies if
there are any additional data needs, including gaps in occurrence data for evaluation under Regulatory
Determination; if sufficient occurrence data is lacking, the contaminant may be considered for
monitoring under the Unregulated Contaminant Monitoring Rule. Hence, because the drinking water
exposure pathway for NMP is being addressed under the regular analytical processes used to identify
and evaluate drinking water contaminants of potential regulatory concern for public water systems under
SDWA, EPA does not expect to include this pathway in the risk evaluation for NMP under TSCA.
EPA’s Office of Water and Office of Pollution Prevention and Toxics will continue to work together
providing understanding and analysis of the SDWA regulatory analytical processes for public water

Page 49 of 135



systems and to exchange information related to toxicity and occurrence data on chemicals undergoing
risk evaluation under TSCA.

Disposal Pathways

The general standard in RCRA section 3004(a) for the technical criteria that govern the management
(treatment, storage, and disposal) of hazardous waste (i.e., Subtitle C) are those "necessary to protect
human health and the environment,” RCRA 3004(a). The regulatory criteria for identifying
“characteristic” hazardous wastes and for “listing” a waste as hazardous also relate solely to the
potential risks to human health or the environment. 40 C.F.R. §8 261.11, 261.21-261.24. RCRA
statutory criteria for identifying hazardous wastes require EPA to “tak[e] into account toxicity,
persistence, and degradability in nature, potential for accumulation in tissue, and other related factors
such as flammability, corrosiveness, and other hazardous characteristics.” Subtitle C controls cover not
only hazardous wastes that are landfilled, but also hazardous wastes that are incinerated (subject to joint
control under RCRA Subtitle C and the Clean Air Act (CAA) hazardous waste combustion maximum
achievable control technology) or injected underground into Class | hazardous waste wells (subject to
joint control under Subtitle C and SDWA).

EPA does not expect to include emissions to ambient air from municipal and industrial waste
incineration and energy recovery units in the risk evaluation, as they are regulated under section 129 of
the Clean Air Act. CAA section 129 requires EPA to review and, if necessary, add provisions to ensure
the standards adequately protect public health and the environment. Thus, combustion by-products from
incineration treatment of NMP wastes (approximately 6 million lbs) would be subject to these
regulations, as would NMP burned for energy recovery (7.6 million Ibs).

EPA does not expect to consider on-site NMP land releases that are disposed via underground injection
in the risk evaluation. Most of the on-site land disposal reported for NMP in the 2015 TRI was to Class |
underground injection wells (approximately 3.6 million pounds), with no reported environmental
releases via underground injection to Class I1-VI wells (U.S. EPA, 2017b). Environmental disposal of
NMP via injection into Class | wells is managed and prevented from further environmental releases by
RCRA and SDWA regulations. Therefore, disposal of NMP via underground injection is not likely to
result in environmental and general population exposures.

EPA does not plan to consider on-site land releases that go to RCRA Subtitle C hazardous waste
landfills during risk evaluation. Based on the 2015 TRI data, approximately 93,217 pounds of NMP
were transferred to RCRA Subtitle C landfills; smaller amounts (approximately 25,648 pounds) were
characterized as “other” land disposal and off-site land treatment (approximately 330 pounds) (U.S.
EPA, 2017b). Design standards for Subtitle C landfills require double liner, double leachate collection
and removal systems, leak detection system, run on, runoff, and wind dispersal controls, and a
construction quality assurance program. They are also subject to closure and post-closure care
requirements including installing and maintaining a final cover, continuing operation of the leachate
collection and removal system until leachate is no longer detected, maintaining and monitoring the leak
detection and groundwater monitoring system. Bulk liquids may not be disposed in Subtitle C landfills.
Subtitle C landfill operators are required to implement an analysis and testing program to ensure
adequate knowledge of waste being managed and to train personnel on routine and emergency
operations at the facility. Hazardous waste being disposed in Subtitle C landfills must also meet RCRA
waste treatment standards before disposal. Given these controls, general population exposure to NMP
from Subtitle C landfill leachate is not expected to be a significant exposure pathway.
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EPA does not expect to include releases to land from RCRA Subtitle D municipal solid waste (MSW)
landfills or exposures to the general population or terrestrial species from such releases in the risk
evaluation. While permitted and managed by individual states, MSW landfills are required by federal
regulations to implement some of the same requirements as Subtitle C landfills. MSW landfills must
have a liner system with leachate collection and conduct groundwater monitoring and corrective action
when releases are detected. MSW landfills are also subject to closure and post-closure care
requirements, as well as providing financial assurance for funding of any needed corrective actions.
MSW landfills have been designed to allow for the small amounts of hazardous waste generated by
households and very small quantity waste generators (< 220 pounds per month). Bulk liquids, such as
free solvent, may not be disposed of in MSW landfills.

EPA does not expect to consider on-site releases to land from industrial non-hazardous waste and
construction/demolition waste landfills in the NMP risk evaluation. Industrial non-hazardous and
construction/demolition waste landfills are primarily regulated under state regulatory programs. States
must also implement limited federal regulatory requirements for siting, groundwater monitoring and
corrective action and a prohibition on open dumping and disposal of bulk liquids. States may also
establish additional requirements such as for liners, post-closure and financial assurance, but are not
required to do so. Therefore, EPA does not expect to include this exposure pathway in the risk
evaluation.
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2.6 Analysis Plan

The analysis plan presented in this problem formulation is a refinement of the initial analysis plan
published in the Scope of the Risk Evaluation for NMP (U.S. EPA, 2017a).

The analysis plan outlined here is based on the conditions of use identified for NMP, as described in
Section 2.2 of this problem formulation. EPA is implementing systematic review approaches to identify,
select, assess, integrate and summarize the findings of studies supporting the TSCA risk evaluation. The
analytical approaches and considerations in the analysis plan are used to frame the scope of the
systematic review activities for this assessment. The supplemental document, Application of Systematic
Review in TSCA Risk Evaluations (U.S. EPA, 2018), provides additional information about criteria and
methods that have been and will be applied to the first 10 chemical risk evaluations.

While EPA has conducted a search for reasonably available information from public sources as
described in the Scope of the Risk Evaluation for NMP (U.S. EPA, 2017a), EPA encourages submission
of additional existing data, such as full study reports or workplace monitoring from industry sources,
that may be relevant for refining conditions of use, exposures, hazards and potentially exposed or
susceptible subpopulations during the risk evaluation. EPA will continue to consider new information
submitted by the public.

During risk evaluation, EPA will rely on the comprehensive literature results [NMP (CASRN 872-50-4)
Bibliography: Supplemental File for the TSCA Scope Document, EPA-HQ-OPPT-2016-0743], or
supplemental literature searches to address specific questions. Further, EPA may consider any relevant
CBI in the risk evaluation in a manner that protects the confidentiality of the information from public
disclosure. The analysis plan is based on EPA’s knowledge of NMP to date, which includes partial, but
not complete review of identified literature. If additional data or approaches become available, EPA may
refine its analysis plan based on this information.

2.6.1 Exposure
Based on their physical-chemical properties, expected sources, and transport and transformation within
the outdoor and indoor environment chemical substances are more likely to be present in some media
and less likely to be present in others. Media-specific levels will vary based on the chemical substance
of interest. For most chemical substances, level(s) can be characterized through a combination of
available monitoring data and modeling approaches.

2.6.1.1 Environmental Releases
EPA expects to consider and analyze releases to relevant environmental media as follows:

1) Review reasonably available published literature or information on processes and activities
associated with NMP conditions of use to evaluate the types of releases and wastes generated.
EPA has reviewed some key data sources containing information on processes and activities
resulting in releases. EPA will continue to review potentially relevant data sources identified in
Appendix B during risk evaluation.

2) Review reasonably available chemical-specific release data, including measured or estimated
release data (e.g., data collected under the TRI program). EPA has reviewed key data sources
including TRI,; this data is summarized in Section 2.3.2 above. EPA will continue to review
relevant data sources during risk evaluation. EPA will match identified data to applicable
conditions of use and identify data gaps where no data are found for specific conditions of use.
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3)

4)

5)

6)

EPA will attempt to address data gaps identified as described in steps 3 and 4 below by
considering potential surrogate data and models.

Review measured or estimated release data for surrogate chemicals that have similar uses,
volatility, and physical-chemical properties. Data for solvents that are used in the same types of
applications may be considered as surrogate data for NMP. Perchloroethylene,
dimethylformamide and NMP are used in paints, coatings, adhesives, sealants, and cleaning
formulations. In addition, NMP is sometimes used as a replacement for methylene chloride in
some paint removal use applications. EPA will review the literature sources identified and if
surrogate data are found, EPA will match these data to applicable conditions of use to determine
their suitability for filling data gaps. EPA will evaluate the utility of surrogate data to fill data
gaps where uses of NMP and other solvents align. If surrogate data are used, EPA normally
converts air concentrations using the ratio of the vapor pressures of the two chemicals.

Understand and consider regulatory limits that may inform estimation of environmental releases.
EPA has identified information from various EPA statutes (including, for example, regulatory
limits, reporting thresholds or disposal requirements) that may be relevant to release estimation.
EPA will further consider relevant regulatory requirements in estimating releases during risk
evaluation. While NMP is not a hazardous air pollutant regulated under the Clean Air Act, some
related rules may provide relevant information on sectors that use NMP. For example, the
National Emission Standards for Hazardous Air Pollutants (NESHAP) for Paint Stripping and
Miscellaneous Surface Coating Operations (40 CFR Part 63, Subpart HHHHHH) may provide
useful information on industry sectors that use solvents (including NMP) for paint removal and
surface coating applications.

Review and determine the applicability of the Organisation for Economic Cooperation and
Development (OECD) Emission Scenario Documents (ESD) and EPA Generic Scenarios to
estimation of environmental releases. Potentially relevant OECD ESDs and EPA Generic
Scenarios (GS) have been identified that correspond to some conditions of use. For example, the
ESD on Industrial Use of Adhesives for Substrate Bonding, the ESD on the Coating Industry
(paints, lacquers and varnishes), and the GS on Application of Agricultural Pesticides are some
of the ESDs and GSs that EPA may use to assess potential releases. EPA will need to critically
review the GSs and ESDs to determine their applicability to the conditions of use assessed. EPA
was not able to identify ESDs or GSs corresponding to several conditions of use, including the
manufacture and import of NMP, use of NMP in soldering materials and use of NMP in
petrochemical purifications. EPA will perform additional targeted research to understand those
conditions of use which may inform identification of release scenarios. EPA may also need to
perform targeted research for applicable models and associated parameters that EPA may use to
estimate releases for specific conditions of use. If ESDs and GSs are not available to fill data
gaps, other methods may be considered, including existing emission factors, such as those from
EPA AP-42, to estimate environmental releases of NMP to air from various conditions of use.

Map or group condition(s) of use to release assessment scenario(s). EPA has identified release
scenarios and mapped them to some conditions of use. For example, some scenario groupings
include Contractor Adhesive Removal and Industrial Spray Application of Lacquers, Paints, and
Coatings. EPA grouped similar conditions of use (based on factors including process equipment
and handling, release sources and usage rates of NMP and formulations containing NMP, or
professional judgement) into scenario groupings but may further refine these groupings as
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additional information becomes available during risk evaluation. EPA was not able to identify
release scenarios corresponding to several conditions of use due to a lack of general knowledge
of those conditions of use. EPA will perform additional targeted research to understand those
uses which may inform identification of release scenarios.

Evaluate the weight of evidence for environmental release data. The data integration strategy will
be designed to be fit-for-purpose in which EPA will use systematic review methods to assemble
the relevant data, evaluate the data for quality and relevance, including strengths and limitations,
followed by synthesis and integration of the evidence.

2.6.1.2 Environmental Fate

EPA expects to consider and analyze fate and transport in environmental media as follows:

1)

2)

3)

Review reasonably available measured or estimated environmental fate endpoint data collected
through the literature search.

A general overview of persistence and bioaccumulation was presented in the TSCA Work Plan
Chemical Risk Assessment of N-Methylpyrrolidone: Paint Removal Use CASRN 872-50-4 (U.S.
EPA, 2015). Key environmental fate characteristics were included in the Scope of the Risk
Evaluation for N-Methylpyrrolidone (U.S. EPA, 2017a) and in previous assessments of NMP,
including those conducted by EPA’s Office of Pesticide Programs (U.S. EPA, 2015), US
California Office of Environmental Health Hazard Assessment (OEHHA, 2003), Australia
Department of Health, National Industrial Chemicals Notification and Assessment Scheme
(Australian Government Department of Health, 2016), Environment Canada, Health Canada
(EC/HC, 2017), and European Commission, Scientific Committee on Occupational Exposure
Limits (EC, 2016). These information sources will be used as a starting point for the
environmental fate assessment. Other sources that will be consulted include those that are
identified through the systematic review process. Studies will be evaluated using the evaluation
strategies laid out in the supplemental document, Application of Systematic Review in TSCA Risk
Evaluations (U.S. EPA, 2018).

If measured values are not available (this will be determined during systematic review), chemical
properties will be estimated using EPI Suite, SPARC and other chemical parameter estimation
models. Estimated fate properties will be reviewed for applicability and quality.

Using measured environmental fate data and/or environmental fate modeling, determine the
influence of environmental fate endpoints (e.g., persistence, bioaccumulation, partitioning,
transport) on pathways and routes of exposure for human and environmental receptors.

Measured fate data including atmospheric photolysis rates, hydrolysis, and aerobic and anaerobic
biodegradation rates, along with physical-chemical properties and models such as the EPI
Suite™ STP model (which estimates removal during wastewater treatment due to adsorption to
sludge and volatilization to air), will be used to characterize the movement of NMP within and
among environmental media and the persistence of NMP within specific media.

Evaluate the weight of the evidence of environmental fate data.
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2.6.1.3 Environmental Exposures

EPA does not plan to further analyze environmental exposures to NMP, based on the rationale described
in Section 2.3.4.

2.6.1.4  Occupational Exposures

EPA expects to consider and analyze exposures to workers and occupational non-users as follows:

1)

2)

3)

Review reasonably available exposure monitoring data for specific condition(s) of use. Exposure
data to be reviewed may include workplace monitoring data collected by government agencies
such as OSHA and the National Institute of Occupational Safety and Health (NIOSH), and
monitoring data found in published literature. These workplace monitoring data may include
personal exposure monitoring data and area monitoring data (e.g., stationary sampling). Data,
information, and studies will be evaluated using the evaluation strategies laid out in the
Application of Systematic Review in TSCA Risk Evaluations document (U.S. EPA, 2018). EPA
has reviewed available monitoring data collected by OSHA (see the summary in Appendix
2.6.3B.2) and will match these data to applicable conditions of use. EPA has also identified
additional data sources that may contain relevant monitoring data for the various conditions of
use. EPA will review the sources identified in Appendix B and extract relevant data for
consideration and analysis during risk evaluation. Data gaps will be identified where no data are
found for specific conditions of use. EPA will attempt to address data gaps identified as
described in steps 2 and 3 below. Where possible, job descriptions may be useful in
distinguishing exposures to different subpopulations within a specific condition of use.

Review reasonably available exposure data for surrogate chemicals that have uses, volatility and
physical-chemical properties that are comparable to NMP. EPA will review literature sources
identified and if surrogate data are found, these data will be matched to applicable conditions of
use for potentially filling data gaps. For several uses (e.g., use as solvent), EPA believes that
dimethylformamide may share the same or similar conditions of use and may be considered as a
surrogate for NMP.

For conditions of use where data are limited or not available, review existing exposure models
that may be applicable in estimating exposure levels. Models may be generic, broadly applicable
models or may be specific to conditions of use (e.g., some OECD Emission Scenario Documents
(ESDs) and U.S. EPA Generic Scenarios (GSs) may be identified as potentially mapping to some
conditions of use). EPA has identified potentially relevant OECD ESDs and EPA GSs that
correspond to some conditions of use. For example, the ESD on Industrial Use of Adhesives for
Substrate Bonding, the ESD on Metal Finishing and the GS on the Manufacture and Use of
Printing Inks are some of the ESDs and GSs that EPA may use to estimate occupational
exposures. EPA will need to critically review these scenarios to determine their applicability to
the conditions of use identified for NMP. EPA was not able to identify ESDs or GSs
corresponding to several conditions of use, including recycling of NMP and solvent mixtures
containing NMP, processing and formulation of NMP into industrial, commercial and consumer
products, use of NMP in paints and coatings, and use of NMP in petrochemical purifications.
EPA will perform additional targeted research to understand those conditions of use, which may
inform identification of exposure scenarios. EPA may also need to perform targeted research to
identify applicable models that EPA may use to estimate exposures for specific conditions of
use. If any models are identified as applicable, EPA will search for appropriate model parameter
data (as described in step 4 below). If parameter data can be located or assumed, exposure
estimates generated from these models may be used for potentially filling data gaps.
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4) Review reasonably available information that may be used in developing, adapting or applying
exposure models to the risk evaluation. This step will be performed after Steps 2 and 3 above.
Based on information developed from Steps 2 and 3, EPA will evaluate relevant data to
determine whether the data can be used to develop, adapt, or apply models for specific
conditions of use (and corresponding exposure scenarios). EPA previously assessed dermal and
inhalation exposure to workers and occupational non-users during NMP use in paint and graffiti
removal (U.S. EPA, 2015). Inputs to the PBPK model were developed from air monitoring data
and dermal parameter data and assumptions for workers. EPA will utilize results from the
previous assessment during risk evaluation. EPA may develop models for other conditions of
use, where appropriate.

5) Consider and incorporate applicable engineering controls and/or personal protective equipment
into exposure scenarios. EPA will review potentially relevant data sources on engineering
controls and personal protective equipment as identified in Table_Apx B-7 and determine their
applicability for incorporation into specific exposure scenarios during risk evaluation. OSHA has
not established any occupational exposure limits for NMP; however, AIHA has adopted a
recommended workplace environmental exposure level (WEEL) of 10 ppm based on a time-
weighted average (TWA) over an 8-hour workday. EPA will consider the influence of the
recommended exposure guidelines in its occupational exposure assessment.

6) Map or group each condition of use to occupational exposure assessment scenario(s). EPA has
identified occupational exposure scenarios and mapped them to conditions of use. For example,
one scenario grouping is the Industrial Spray Application of Lacquers, Paints, and Coatings,
where products containing NMP are applied to substrates via spraying methods in an industrial
setting. EPA grouped similar conditions of use (e.g., based on factors including process
equipment and handling, usage rates and NMP content of product formulations, exposure/release
sources, or professional judgement) into scenario groupings but may further refine these
groupings as additional information is identified during risk evaluation. EPA was not able to
identify occupational exposure scenarios corresponding to several conditions of use due to a lack
of general understanding of those conditions of use. For example, EPA has not identified
information related to exposure during the use of NMP in petrochemical purifications. EPA will
perform targeted research to understand those uses which may inform identification and
refinement of occupational exposure scenarios.

7) Evaluate the weight of evidence of occupational exposure data. The data integration strategy will
be designed to be “fit-for-purpose”. EPA will use systematic review methods to assemble the
relevant data and evaluate data quality, including strengths and limitations, followed by synthesis
and integration of the evidence.

2.6.1.5 Consumer Exposures
EPA expects to consider and analyze exposures to consumers as follows:

1) Refine and finalize exposure scenarios for consumers by considering unique combinations of
sources (consumer uses), exposure pathways, exposure settings, exposed populations and
exposure routes. For NMP, the following are noteworthy considerations in constructing exposure
scenarios for consumers:

e reasonably available data sources, including those that provide information on NMP content
in manufactured, processed, used, or recycled consumer products and articles, including
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2)

3)

4)

5)

6)

temporal trends associated with such data; an example of an information source with product
information (e.g., NMP content) is the CDC Household Products Database.

e information characterizing use patterns for consumer products that contain NMP including
how the product is used, the amount of product used, the frequency and duration of use and
specific characteristics regarding the room in which the product is used,

e the exposure setting and route of exposure for potentially exposed populations, including
susceptible subpopulations that may be exposed via consumer product use, including those
who use commercial products that contain higher concentrations of NMP, or those who may
use NMP-containing products more frequently;

e information characterizing the potential for NMP release from products and articles into the
indoor environment through diffusion from materials to air, physical abrasion, or direct
transfer to dust;

e EPA will map products according to their NMP content, use patterns and exposure routes,
including potentially exposed or susceptible subpopulations to develop exposure scenarios.

Evaluate consumer exposures to products and articles containing NMP. The 2015 NMP Risk
Assessment for Paint Removal Use provides an in-depth characterization of paint removal
products, including the NMP content, use patterns and associated exposures that may occur via
their use. During risk evaluation, EPA will consider these paint removal uses along with other
consumer uses to conduct a first-tier exposure analysis. The results of this analysis will then be
used to determine which consumer use scenarios may need a more refined exposure assessment.
In addition to the comparison of consumer exposure scenarios to each other, the associated
exposure estimates for each scenario will also be compared to the hazard benchmarks identified
for dermal and inhalation exposure. Based on the results of this evaluation, EPA may consider a
subset of consumer use scenarios for a more extensive analysis.

Evaluate the indoor exposure pathways based on available data. Indoor exposures are likely to be
higher than outdoor exposures and may include a potential for oral, dermal and inhalation
contact. Data sources associated with these pathways have not been comprehensively evaluated;
however, quantitative comparisons across exposure pathways will be considered during risk
evaluation.

Review existing consumer exposure models that may be applicable in estimating indoor air
concentrations (near field and far field) for the user and in estimating dermal exposure to
consumer users. Determine the applicability of the identified models for use in a quantitative
exposure assessment.

Review reasonably available consumer product-specific sources to determine how exposure
estimates compare with each other and with indoor monitoring data on NMP levels in dust or
indoor air. EPA will review the available empirical data for use in developing, adapting or
applying exposure models such as the Consumer Exposure Model (CEM) to the risk evaluation.
The CEM parameters used in EPA’s 2015 assessment of NMP use in paint removal and will be
reviewed to determine if they can be used to evaluate other NMP use scenarios.

Review reasonably available population- or subpopulation-specific exposure factors and activity

patterns to determine if EPA’s identification of potentially exposed or susceptible subpopulations
need to be further refined. Possible considerations include:
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e the characteristics of the user of the consumer product and the bystander(s) in the room,
including for example, women of child bearing age and children.

e subpopulations who may have greater exposure due to the magnitude, frequency or
duration of exposure as applicable to specific consumer products.

7) Evaluate the weight of evidence available for consumer exposure estimates based on different
approaches.

2.6.1.6  General Population Exposures
EPA does not expect to include general population exposures in the risk evaluation for NMP. EPA has
determined that the existing regulatory programs and associated analytical processes adequately assess
and effectively manage the risks of NMP that may be present in various media pathways (e.g., air, water,
land) for the general population. For these cases, EPA believes that the TSCA risk evaluation should
focus not on those exposure pathways, but rather on exposure pathways associated with TSCA
conditions of use that are not subject to those regulatory processes, because the latter pathways are likely
to represent the greatest areas of concern to EPA.

2.6.2 Hazards (Effects)

2.6.2.1 Environmental Hazards
EPA’s conservative screening analysis demonstrated a low risk concern for NMP based on currently
available information (e.g., physical-chemical properties, fate characteristics and TRI-reported
environmental releases). EPA does not expect to further analyze environmental hazards.

2.6.2.2  Human Health Hazards
EPA expects to consider and analyze human health hazards as follows:

1) Review reasonably available human health hazard data, including data from alternative test
methods as needed (e.g., computational toxicology and bioinformatics; high-throughput
screening methods; data on categories and read-across; in vitro studies; systems biology).

Human health studies will be evaluated using the evaluation strategies laid out in the
supplemental document, Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018). Human and animal data will be identified and included as described in the inclusion and
exclusion criteria in Appendix G. EPA expects to prioritize the evaluation of mechanistic
evidence. Specifically, EPA does not plan to evaluate mechanistic studies unless needed to
clarify questions about associations between NMP and health effects and its relevance to
humans. The Applications of Systematic Review in TSCA Risk Evaluations document describes
the process of how studies will be evaluated using specific data evaluation criteria and a
predetermined approach. Study results will be extracted and presented in evidence tables by
hazard endpoint. EPA expects to evaluate relevant studies identified in the TSCA Work Plan
Chemical Risk Assessment on NMP use in Paint Stripping U.S. EPA (2015). In addition, EPA
intends to review studies that were captured in the comprehensive literature search conducted by
the Agency for NMP [NMP (CASRN 872-50-4) Bibliography: Supplemental File for the TSCA
Scope Document, (EPA-HQ-OPPT-2016-0743)], and supplemental literature searches to address
specific questions. Further, EPA will consider any relevant CBI in a manner that protects the
confidentiality of the information from public disclosure.

2) When evaluating available data, determine whether specific individual groups may have greater
susceptibility to NMP hazard(s) than the general population.
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3) Conduct hazard identification (the qualitative process of identifying human health hazard
endpoints) and dose-response assessment (the quantitative relationship between hazard and
exposure) for all identified human health hazard endpoints.

Human health hazards from acute and chronic exposures will be identified by evaluating the
human and animal data that meet the data quality criteria described in Application of Systematic
Review in TSCA Risk Evaluations (U.S. EPA, 2018). Studies meeting data quality criteria will be
grouped by routes of exposure relevant to humans.

4) Dose-response assessment will be performed in accordance with EPA guidance (U.S. EPA
2012a). Dose-response analyses performed to support the TSCA Work Plan Chemical Risk
Assessment on NMP use in Paint Stripping U.S. EPA (2015) may be used if the data meet data
quality criteria and if additional information on the identified hazard endpoints or additional
hazard endpoints would not alter this analysis.

5) Derive POD and conduct benchmark dose modeling when feasible based on the available data.

Hazard data will be evaluated to determine the type of dose-response modeling that is applicable,
if updates are needed. When modeling is feasible, a set of dose-response models that are
consistent with a variety of underlying biological processes will be applied to empirically model
the dose-response relationships within the range of the observed data consistent with EPA’s
Benchmark Dose Technical Guidance Document. When dose-response modeling is not feasible,
NOAEL or LOAEL values will be identified.

6) Consider the route(s) of exposure (oral, inhalation, dermal), available exposure data and
modeling approaches to integrate exposure and hazard assessment.

7) Evaluate the weight of evidence based on human health hazard data.

EPA will rely on the weight of scientific evidence when evaluating and integrating human health
hazard data. The strategy will be designed to be “fit-for-purpose”. EPA will use systematic
review methods to assemble the relevant data, evaluate for quality and relevance, including
strengths and limitations, followed by synthesis and integration of the evidence.

2.6.3 Risk Characterization
Risk characterization is an integral component of the risk assessment process for both ecological and
human health risks. EPA will derive the risk characterization in accordance with EPA’s Risk
Characterization Handbook (U.S. EPA, 2000). As defined in EPA’s Risk Characterization Policy, “the
risk characterization integrates information from the preceding components of the risk evaluation and
synthesizes an overall conclusion about risk that is complete, informative and useful for decision
makers.” Risk characterization is considered to be a conscious and deliberate process to bring all
important considerations about risk, not only the likelihood of risk but also the strengths and limitations
of the assessment and a description of how others have assessed the risk into an integrated picture.

Risk characterization at EPA assumes different levels of complexity depending on the nature of the risk
being characterized. The level of information contained in each risk characterization varies according to
the type of assessment for which the characterization is written. Regardless of the level of complexity or
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information, the risk characterization for TSCA risk evaluations will be prepared in a manner that is
transparent, clear, consistent and reasonable (U.S. EPA, 2000). EPA will also present information in this
section consistent with approaches described in the Procedures for Chemical Risk Evaluation Under the
Amended Toxic Substances Control Act (82 FR 33726). For instance, in the risk characterization
summary, EPA will further carry out the obligations under TSCA section 26; for example, by
identifying and assessing uncertainty and variability in each step of the risk evaluation, discussing
considerations of data quality such as the reliability, relevance and whether the methods utilized were
reasonable and consistent, explaining any assumptions used, and discussing information generated from
independent peer review. EPA will also be guided by EPA’s Information Quality Guidelines (U.S. EPA
2002) which provide guidance for presenting risk information. Consistent with those guidelines, in the
risk characterization, EPA will identify: (1) Each population addressed by an estimate of applicable risk
effects; (2) the expected risk or central estimate of risk for the potentially exposed or susceptible
subpopulations affected; (3) each appropriate upper-bound or lower-bound estimate of risk; (4) each
significant uncertainty identified in the process of the assessment of risk effects and the studies that
would assist in resolving the uncertainty; and (5) peer reviewed studies known to the Agency that
support, are directly relevant to, or fail to support any estimate of risk effects and the methodology used
to reconcile inconsistencies in the scientific information.
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APPENDICES

Appendix A
A.l

Table Apx A-1. Fede

REGULATORY HISTORY

Federal Laws and Regulations

ral Laws and Regulations

Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

EPA Regulations

Toxic Substances
Control Act (TSCA)
— Section 6(a)

Provides EPA with the authority to prohibit
or limit the manufacture (including import),
processing, distribution in commerce, use or
disposal of a chemical if EPA evaluates the
risk and concludes that the chemical presents
an unreasonable risk to human health or the
environment.

Proposed rule (82 FR 7464)
regulating NMP uses in paint
and coating removal

Toxic Substances
Control Act (TSCA)
— Section 6(b)

Directs EPA to promulgate regulations to
establish processes for prioritizing chemicals
and conducting risk evaluations on priority
chemicals. In the meantime, EPA is directed
to identify and begin risk evaluations on

10 chemical substances drawn from the 2014
update of the TSCA Work Plan for Chemical
Assessments.

NMP is on the initial list of
chemicals to be evaluated for
unreasonable risk under TSCA
(81 FR 91927, December 19,
2016)

Toxic Substances
Control Act (TSCA)
— Section8(a)

The TSCA section 8(a) Chemical Data
Reporting (CDR) Rule requires
manufacturers (including importers) to give
EPA basic exposure-related information on
the types, quantities and uses of chemical
substances produced domestically and
imported into the US.

NMP manufacturing, importing,
processing and use information
is reported under the Chemical
Data Reporting (CDR) rule (76
FR 50816, August 16, 2011).

Toxic Substances
Control Act (TSCA)
— Section8(b)

EPA must compile, keep current and publish
a list (the TSCA Inventory) of each chemical
substance manufactured, processed, or
imported in the United States.

NMP was on the initial TSCA
Inventory and therefore was not
subject to EPA’s new chemicals
review process (60 FR 16309,
March 29, 1995).

Toxic Substances
Control Act (TSCA)
— Section 8(e)

Manufacturers (including importers),
processors and distributors must immediately
notify EPA if they obtain information that
supports the conclusion that a chemical
substance or mixture presents a substantial
risk of injury to health or the environment.

Seven notifications of substantial
risk (Section 8(e)) received
(2007 — 2010) (US EPA,
ChemView. Accessed April 13,
2017).
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

Toxic Substances
Control Act (TSCA)
— Section 4

Provides EPA with authority to issue rules
and orders requiring manufacturers
(including importers) and processors to test
chemical substances and mixtures.

Six submissions from a test rule
(Section 4) received in the mid-
1990s. (US EPA, ChemView.
Accessed April 13, 2017).

Emergency Planning
and Community
Right-To-Know Act
(EPCRA) — Section
313

Requires annual reporting from facilities in
specific industry sectors that employ 10 or
more full time equivalent employees and that
manufacture, process, or otherwise use a
TRI-listed chemical in quantities above
threshold levels. A facility that meets
reporting requirements must submit a
reporting form for each chemical for which it
triggered reporting, providing data across a
variety of categories, including activities and
uses of the chemical, releases and other
waste management (e.g., quantities recycled,
treated, combusted) and pollution prevention
activities (under section 6607 of the
Pollution Prevention Act). This data includes
on-site and off-site data as well as
multimedia data (i.e., air, land and water).

NMP is a listed substance
subject to reporting requirements
under 40 CFR 372.65 effective
as of January 1, 1995.

Federal Food, Drug
and Cosmetic Act
(FFDCA) — Section
408

FFDCA governs the allowable residues of
pesticides in food. Section 408 of the
FFDCA provides EPA with the authority to
set tolerances (rules that establish maximum
allowable residue limits), or exemptions
from the requirement of a tolerance, for all
residues of a pesticide (including both active
and inert ingredients) that are in or on food.
Prior to issuing a tolerance or exemption
from tolerance, EPA must determine that the
tolerance or exemption is “safe.” Sections
408(b) and (c) of the FFDCA define “safe”
to mean the Agency has a reasonable
certainty that no harm will result from
aggregate exposures to the pesticide residue,
including all dietary exposure and all other
exposure (e.g., non-occupational exposures)
for which there is reliable information.
Pesticide tolerances or exemptions from
tolerance that do not meet the FFDCA safety
standard are subject to revocation. In the
absence of a tolerance or an exemption from
tolerance, a food containing a pesticide
residue is considered adulterated and may
not be distributed in interstate commerce.

NMP is currently approved for
use as a solvent and co-solvent
inert ingredient in pesticide
formulations for both food and
non-food uses and is exempt
from the requirements of a
tolerance limit (40 CFR Part
180.920).
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

Clean Air Act (CAA)
— Section 111 (b)

Requires EPA to establish new source
performance standards (NSPS) for any
category of new or modified stationary
sources that EPA determines causes, or
contributes significantly to, air pollution
which may reasonably be anticipated to
endanger public health or welfare. The
standards are based on the degree of
emission limitation achievable through the
application of the best system of emission
reduction which (considering the cost of
achieving reductions and non-air quality
health and environmental impacts and energy
requirements) EPA determines has been
adequately demonstrated.

NMP is subject to Clean Air Act
Section 111 Standards of
Performance for New Stationary
Sources of Air Pollutants for
VOC emissions from synthetic
organic chemical manufacturing
industry distillation operations
(40 CFR Part 60, subpart NNN)
and reactor processes (40 CFR
Part 60, Subpart RRR).

Clean Air Act (CAA)
— Section 183(e)

Section 183(e) requires EPA to list the
categories of consumer and commercial
products that account for at least 80 percent
of all VOC emissions in areas that violate the
National Ambient Air Quality Standards for
ozone and to issue standards for these
categories that require “best available
controls.” In lieu of regulations, EPA may
issue control techniques guidelines if the
guidelines are determined to be substantially
as effective as regulations.

NMP is listed under the National
Volatile Organic Compound
Emission Standards for Aerosol
Coatings (40 CFR part 59,
subpart E).

Clean Air Act (CAA)
— Section 612

Under Section 612 of the Clean Air Act
(CAA), EPA’s Significant New Alternatives
Policy (SNAP) program reviews substitutes
for ozone depleting substances within a
comparative risk framework. EPA publishes
lists of acceptable and unacceptable
alternatives. A determination that an
alternative is unacceptable, or acceptable
only with conditions, is made through
rulemaking.

Under EPA’s SNAP program,
EPA listed NMP as an
acceptable substitute for
“straight organic solvent
cleaning (with terpenes, C620
petroleum hydrocarbons,
oxygenated organic solvents
such as ketones, esters, alcohols,
etc.)” for metals, electronics and
precision cleaning and
“Oxygenated organic solvents
(esters, ethers, alcohols,
ketones)” for aerosol solvents
(59 FR, March 18, 1994).

Safe Drinking Water
Act (SDWA) —
Section 1412 (b)

Every 5 years, EPA must publish a list of
contaminants (1) that are currently
unregulated, (2) that are known or
anticipated to occur in public water systems,

NMP was identified on both the
Third (2009) and Fourth (2016)
Contaminant Candidate Lists (74
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

and (3) which might require regulations
under SDWA. EPA must also determine
whether to regulate at least five contaminants
from the list every 5 years.

FR 51850, October 8, 2009) (81
FR 81099 November 17, 2016).

Other Federal Regulations

Occupational Safety
and Health Act
(OSHA)

Requires employers to provide their workers
with a place of employment free from
recognized hazards to safety and health, such
as exposure to toxic chemicals, excessive
noise levels, mechanical dangers, heat or
cold stress, or unsanitary conditions.

Under the Act, OSHA can issue occupational
safety and health standards including such
provisions as Permissible Exposure Limits
(PELSs), exposure monitoring, engineering
and administrative control measures and
respiratory protection.

OSHA has not established a PEL
for NMP, though OSHA
identifies potential symptoms
and health effects associated
with NMP including eye
irritation, severe skin irritation
with chronic exposure and
reproductive hazards including
possible fetal toxicity.

Federal Food, Drug
and Cosmetic Act
(FFDCA)

Provides the U.S Food and Drug
Administration (FDA) with authority to
oversee the safety of food, drugs and
cosmetics.

Food and Drug Administration
identifies NMP as an “Indirect
Additive Used in Food Contact
Substances” specifically as:

1) an adjuvant substance in the
preparation of slimicides (21
CFR 176.300),

2) an adjuvant substance in the
production of polysulfone resin
authorized for use as articles
intended for use in contact with
food (21 CFR 177.1655) and

3) a residual solvent in
polyetherone sulfone resins
authorized as articles for
repeated use in contact with food
(21 CFR 177.2440).

FDA also identifies NMP as a
Class 2 solvent, namely a solvent
that “should be limited in
pharmaceutical products because
of their inherent toxicity.”

FDA established a Permissible
Daily Exposure (PDE) for NMP
of 5.3 mg/day with a
concentration limit of 530 ppm.
FDA'’s Center for Veterinary
Medicine developed a method in
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

2011 for detection of the
residues of NMP in edible
tissues of cattle (21 CFR
500.1410)

A2

State Laws and Regulations

Table Apx A-2. State Laws and Regulations

State Actions

Description of Action

State Air Regulations

New Hampshire (Env-A 1400: Regulated Toxic Air Pollutants) lists NMP
as a regulated toxic air pollutant.

Vermont (Vermont Air Pollution Control Regulations, 5261) lists NMP as
a hazardous air contaminant.

Chemicals of Concern to
Children

Several states have adopted reporting laws for chemicals in children’s
products that include NMP including Oregon (OAR 333-016-2000),
Vermont (18 V.S.A. sections 1771 to 1779) and Washington state (WAC
173-334-130). Minnesota has listed NMP as a chemical of concern to
children (Minnesota Statutes 116.9401 to 116.9407).

State Permissible
Exposure Limits

California PEL is 1 ppm as an 8hr-time-weighted average (TWA), along
with a skin notation (Cal Code Regs, title 8, section 5155).

State Right-to-Know Acts

Massachusetts (454 CMR 21.00), New Jersey (42 N.J.R. 1709(a)) and
Pennsylvania (Chapter 323. Hazardous Substance List).

Other

In California, NMP is listed on Proposition 65 (Cal. Code Regs. title 27,
section 27001) due to reproductive toxicity. California OEHHA lists a
Maximum Allowable Dose Level (MADL) for inhalation exposure =
3,200 pg/day MADL for dermal exposure = 17,000 pg/day.

The California Department of Toxic Substances Control (DTSC) Safer
Consumer Products Program lists NMP as a Candidate Chemical for
development toxicity and reproductive toxicity. In addition, DTSC is
moving to address paint strippers containing NMP and specifically
cautioned against replacing Methylene Chloride with NMP. California is
considering a separate rule on NMP.

California Department of Public Health’s Hazard Evaluation System and
Information Service (HESIS) issued a Health Hazard Advisory on NMP in
2006 and updated the Advisory in June 2014. The Advisory is aimed at
workers and employers at sites where NMP is used.

Page 73 of 135




A.3  International Laws and Regulations

Table Apx A-3. Regulatory Actions by Other Governments and Tribes

Country/Organization

Requirements and Restrictions

European Union

In 2011, NMP was listed on the Candidate list as a Substance of Very High
Concern (SVHC) under regulation (EC) No 1907/2006 - REACH
(Registration, Evaluation, Authorization and Restriction of Chemicals).

In March 2017, NMP was included in the public consultation of chemicals
recommended for inclusion in Annex XIV of the European Chemicals
Agency (ECHA) under Annex (Authorisation list) of regulation (EC) No
1907/2006 - REACH (Registration, Evaluation, Authorization and
Restriction of Chemicals).

In 2013, the Netherlands submitted a proposal under REACH to restrict
manufacturing and all industrial and professional uses of NMP where
workers’ exposure exceeds a level specified in the restriction (European
Chemicals Agency (ECHA) database. Accessed April 18, 2017).

On April 18, 2018, the European Union added NMP to REACH Annex
XVII, the restricted substances list. The action specifies three conditions of
restriction. The conditions are: 1) NMP shall not be placed on the market
as a substance on its own or in mixtures in concentrations greater than
0.3% after May 9, 2020, unless manufacturers, importers and downstream
users have included chemical safety reports and safety data sheets with
Derived No-Effect Levels (DNELSs) relating to workers’ exposures of 14.4
mg/m3 for exposure by inhalation and 4.8 mg/kg/day for dermal exposure;
2) NMP shall not be manufactured, or used, as a substance on its own or in
mixtures in a concentration equal to or greater than 0.3% after May 9, 2020
unless manufacturers and downstream users take the appropriate risk
management measures and provide the appropriate operational conditions
to ensure that exposure of workers is below the DNELSs specified above:
and 3) the restrictions above shall apply from May 9, 2024 to placing on
the market for use, or use, as a solvent or reactant in the process of coating
wires.

Australia

NMP was assessed under Human Health Tier I11 of the Inventory Multi-
tiered Assessment and Prioritisation (IMAP) (National Industrial
Chemicals Notification and Assessment Scheme, NICNAS, 2017, Human
Health Tier I11 assessment for 2-Pyrrolidinone, 1methyl-. Accessed April,
18 2017).

Japan

NMP is regulated in Japan under the following legislation:
e Act on the Evaluation of Chemical Substances and Regulation of
their Manufacture, etc. (Chemical Substances Control Law;
CSCL)
e Industrial Safety and Health Act
(National Institute of Technology and Evaluation (NITE) Chemical Risk
Information Platform (CHIRP). Accessed April 18, 2017).
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Country/Organization

Requirements and Restrictions

European Union and
Australia, Austria,
Belgium, Canada
(Ontario), Denmark,
Finland, France,
Germany, Ireland, Italy,
Latvia, New Zealand,
Poland, Spain, Sweden,
Switzerland, The
Netherlands, Turkey and
the United Kingdom.

Occupational exposure limits for NMP (GESTIS International limit values
for chemical agents (Occupational exposure limits, OELS) database.
Accessed April 18, 2017).
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Appendix B PROCESS, RELEASE AND OCCUPATIONAL
EXPOSURE INFORMATION

This appendix provides information and data found during preliminary data gathering for NMP.

B.1 Process Information

Process-related information potentially relevant to the risk evaluation may include process diagrams,
descriptions and equipment. Such information may inform potential release sources and worker
exposure activities for consideration. Note that the processing information below is representative of
NMP, but not inclusive of all uses. EPA will consider this information and data in combination with
other data and methods for use in the risk evaluation.

B.1.1  Manufacture (Including Import)

According to 2016 public CDR data, NMP is both domestically manufactured in and imported into the
United States (U.S. EPA, 2016b).

B.1.1.1  Domestic Manufacturing
NMP can be manufactured using different methods. One method involves reaction of butyrolactone with
an excess of pure or aqueous methylamine in a high pressure tube (Harreus et al., 2011). This reaction is
shown in Figure_Apx B-1 and is taken from (Anderson and Liu, 2000). This exothermic reaction takes
place under adiabatic conditions, and produces a reaction product containing NMP that is subsequently
distilled to purify the NMP produced. This method of manufacturing results in a 97% yield of NMP
(Harreus et al., 2011).

0
|
| | + CHgNH; == HO(CHj3)3CNHCH3 — | | + H0
0" 70 l’l‘l 0
CHj
Figure_Apx B-1. NMP Manufacturing Under Adiabatic Conditions

Another process for manufacturing NMP involves reacting gamma-butyrolactone (GBL) and
monomethylamine (MMA), as shown in Figure_Apx B-2 (Johnson Matthey Process Technologies,
2017). This reaction is non-catalyzed and takes place in two stages. The first stage produces a long-chain
amide that is cyclized, then dehydrated to form NMP during the second stage of the reaction. The
reaction product which contains NMP is then distilled to purify the NMP.
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H
gamma - butyrolactone MMA n-methyl-2-pyrrolidone water
(GBL) (NMP)

Figure_Apx B-2. NMP Manufacturing Using Gamma-Butyrolactone (GBL) and
Monomethylamine (MMA)

NMP is also manufactured from maleic anhydride in an integrated production process at a Mitsubishi
plant in Japan (Mitsubishi Chemical, 2017).

B.1.1.2  Import
Typical import activities for NMP include storage in warehouses prior to distribution for further
processing and use and quality control sampling.

Transfers of NMP are generally done with steel piping, as rubber hose is not suitable for handling. NMP
may be transported in tank cars, tank trailers or drums. Shipping containers normally consist of unlined
steel (Anderson and Liu, 2000).

B.1.2  Processing

B.1.2.1  Reactant/Intermediate
The exact process operations involved during the use of NMP as a chemical intermediate are dependent
on the final product that is being synthesized. For NMP use as a chemical intermediate, operations
would typically involve unloading NMP from transport containers and feeding it into reaction vessel(s),
where the NMP would either react fully or to a lesser extent. Following completion of the reaction, the
produced substance may or may not be purified further, thus removing unreacted NMP (if present). The
reacted NMP is assumed to be destroyed and therefore is not expected to be released to the environment
or to present a potential for worker exposure.

B.1.2.2  Incorporation into Formulation, Mixture, or Reaction Product
NMP is incorporated into formulations for a wide range of products, including cleaning products, paints,
coatings, adhesives, sealants, inks and toners (ECHA, 2011). Formulation processes for these products
typically involve similar operations. First, the components of the product formulation are unloaded from
transport containers, either directly into the mixing equipment or into an intermediate storage vessel.
Transfer from transport containers may be manual or automated, through the use of a pumping system.
An automated dispenser may be used to feed components into the mixing vessel to ensure that precise
amounts are added at the proper time during the mixing process. Once in the mixing vessel, the
components are then mixed in either a batch or continuous system. Evaporative losses of NMP and other
volatile components will depend on whether a closed or open system is used during the mixing process
(OECD, 2010a).

Depending on the specific product, the formulation may be further processed through filtering. Once the
formulation is completed, it is sampled for quality purposes. The final formulation is then filled into
containers, either through manual dispensing from transfer lines or through utilization of an automatic
system. Automatic filling systems are generally used for the filling of smaller containers that are
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intended for consumer and commercial applications, whereas manual filling is done for larger containers
(e.g., tank trucks, totes, drums) which are typically used in an industrial setting (OECD, 2010a).

B.1.2.3  Incorporation into Article
EPA defines articles as manufactured items that are formed to a specific shape or design during
manufacture and for which the end use is dependent in whole or in part upon their shape or design. The
exact process operations involved in the incorporation of NMP are dependent on the article.
Incorporation into an article typically refers to a process in which a chemical becomes an integral
component of an article (as defined at 40 CFR 704.3) for distribution in commerce. The exact process
operations involved in the incorporation of NMP-containing formulations or reaction products are
dependent on the article. EPA identified the following processing activities that incorporate NMP and
NMP formulations or reaction products into articles.

B.1.24  Repackaging
Typical repackaging operations involve transferring of NMP into appropriately sized containers to meet
customer demands/needs.

B.1.25 Recycling
NMP is used as an extractive solvent for effective removal of various compounds by petrochemical and
other industries (ECHA, 2011). In this capacity, NMP absorbs the compound being extracted and can be
regenerated and recycled for reuse; this is described in further detail in the Petrochemical Processing
Aid section.

B.1.3  Uses
In this document, EPA has grouped uses based on CDR categories and identified examples within these
categories as subcategories of use. Note that some subcategories may be grouped under multiple CDR
subcategories. These differences will be further investigated and refined during risk evaluation.

B.1.3.1  Paints and Coatings
The physical-chemical properties of NMP make it miscible in water and many hydrocarbon solvents,
allowing NMP to be used in a diverse range of paint and coating applications (ECHA, 2011). The
components of the paint or coating are formulated as discussed in the previous section. Note that many
paint and coating formulations are filtered to remove any undesired solids (such as gel, pigment or filler
agglomerates) (OECD, 2010a) prior to packaging into transport containers.

Containers of formulated paints and coating products are then sent to the customer for application,
where they may be diluted and mixed prior to application (OECD, 2011). Application techniques
include brushing, rolling, spraying, printing, dipping and curtain coating, and may be manual or
automated. Once applied to the substrate, the paint or coating is allowed to dry or “cure” during this
time, the NMP in the coating evaporates completely (ECHA, 2011). The drying/curing process may be
promoted through the use of heat or radiation (radiation can include ultraviolet and electron beam
radiation), but this more common for waterborne coatings (OECD, 2010a). Due to its evaporation
potential, NMP is not assumed to be present in articles after the drying/curing process is complete
(ECHA, 2011).

NMP is used for paint removal in a variety of industries, such as the automotive, aircraft, construction
and refinishing industries. Application methods include manual or automated, with techniques such as
spraying, brushing, pouring, wiping and rolling. Additional details on this use of NMP can be found in
the previous risk assessment which evaluated the use of NMP in paint and coating removal (U.S. EPA
2015).
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B.1.3.2  Solvents for Cleaning and Degreasing
NMP is used in a variety of cleaning products, because of its high solvating power for plastics, resins,
oil and grease (ECHA, 2011). NMP is used in industrial cleaners and degreasers, graffiti-removing
products and consumer cleaning products. NMP is also used in the electronics industry as a solvent
carrier in photoresist formulations, and for removal of excess photoresist from silicon wafers (ECHA
2011).

Once formulated, cleaning solutions containing NMP can be applied to substrates using a variety of
application methods, including roller application, brushing, dipping, pouring, spraying and wiping. NMP
application may be automated or manual, depending on the cleaning product. Consumer cleaning
solutions are likely to be applied manually, whereas industrial cleaning processes are often automated.
The applied cleaning solution is then removed from the substrate, along with the contaminants, and
discarded as waste.

Degreasing operations are used to remove dirt, grease and surface contaminants from the substrate.
NMP is reportedly used as a solvent in degreasing tanks in the aerospace industry (ECHA, 2011).
Industrial degreasing operations can involve batch or continuous processes; actual operation can include
vapor-phase and/or liquid-phase degreasing (e.g., cold cleaning) (U.S. EPA, 2016b).

Photoresist formulations containing solvents, such as NMP, are applied using a dispensing apparatus
that applies small amounts of photoresist formulations to wafers, which are then spun at a high speed to
uniformly coat their surface. The excess photoresist that is spun off of the wafer is then disposed of as
waste. The coated wafers are subsequently baked to evaporate the carrier solvent, exposed to form an
image and then baked again to ensure that trace amounts of solvent are evaporated (OECD, 2010b).
Wafers are then developed to dissolve unwanted portions of the photoresist and etched to remove
unwanted areas of silicon substrate or deposited film before the residual photoresist is removed. Wet
removal processes involve submersion of wafers in a bath solution containing chemicals such as
solvents, acids or bases, to dissolve the photoresist. The waste bath containing the dissolved photoresist
is collected, and potentially treated, prior to disposal (OECD, 2010b).

B.1.3.3  Ink, Toner and Colorant Products
Printing inks are comprised of colorants (e.g., pigments, dyes and toners) dispersed in a formulation to
form a paste, liquid or solid which can be applied to a substrate surface and dried (OECD, 2010c). In
addition to colorants, ink formulations contain several types of substances including solvents such as
NMP, binders, thinners, dispersing agents and drying agents. During product formulation, colorants are
generally added after all of the other components have been combined and mixed. Dispersion usually
involves a milling process, to break up and evenly distribute the colorant throughout the formulation.

Transport containers for inks and toners can vary widely depending on the intended end use of the
product formulation. Consumer products are packaged into smaller containers, such as cartridges for
printing or writing inks, whereas product formulations intended for industrial printing operations are
generally packaged into larger (e.g., 1-5-gallon) containers (OECD, 2010c).

Industrial printing processes can be categorized as lithographic, flexographic, gravure, letterpress, screen
printing or digital printing. Commercial printing may involve lithographic, flexographic, gravure and
letterpress printing - all of which involve the transfer of images from printing plates to a substrate.
Screen printing requires a mesh screen to transfer the ink to a substrate, whereas digital printing allows
for the transfer of a digital image directly onto a substrate. Inkjet printing is the most common form of
digital printing. It involves the application of small drops of ink onto a substrate, with direct contact
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between the ink nozzle and the substrate. Consumer printing is generally limited to digital inkjet
printing; however, consumers also use inks that are pre-loaded into a pen prior to distribution in
commerce (ECHA, 2011).

B.1.3.4  Processing Aids Specific to Petroleum Production
NMP is used as a petrochemical processing aid in a variety of applications including extraction of
aromatic hydrocarbons from lube oils; separation and recovery of aromatic hydrocarbons from mixed
hydrocarbon feedstocks; recovery of acetylenes, olefins and diolefins; removal of sulfur compounds
from natural gas and refinery gases; and dehydration of natural gas (Anderson and Liu, 2000).

Extractive distillation involves distillation in the presence of a solvent (or mixture of solvents) which
acts as a separating agent, displaying both a selectivity for, and the capacity to solubilize components in
a mixture to be separated (Doherty and Knapp, 2004). Solvents interact differently with the components
of the mixture to be separated, thereby altering their relative volatility and allowing them to be
separated. Solvent are added near the top of the extractive distillation column, while the mixture to be
separated is added at a second feed point further down the column. The component with the higher
volatility in the presence of a solvent is distilled overhead as the distillate and components with lower
volatility are removed with the solvent in the column bottoms. The solvent is then separated from other
components of the mixture, generally through distillation in a second column, and then recycled back to
the extractive distillation column (Doherty and Knapp, 2004).

NMP is used both for the extraction of unwanted aromatics from lube oils and the recovery of
hydrocarbons from feedstocks, via extractive distillation (ECHA, 2011). NMP is favorable for the
extractive distillation of hydrocarbons because hydrocarbons are highly soluble in NMP, and the use of
NMP for extraction does not lead to the formation of azeotropes. NMP also has high resistance to heat
and chemicals (Stevens et al., 2007).

Other uses of NMP in petrochemical processing involve first using NMP to absorb specific compounds,
then separating the NMP from the absorbed compounds, similar to the extractive distillation process
(Anderson and Liu, 2000). Examples of absorptive processes include NMP use in the recovery of
acetylenes, olefins and diolefins; removal of sulfur compounds from natural and refinery gases; and the
dehydration of natural gas.

Absorption using a solvent, such as NMP, generally involves two towers, an absorption tower and a
removal tower. The mixture to be separated and the solvent are first introduced into the absorption
tower. Here the solvent absorbs the miscible compound and this heavier stream leaves in the bottoms of
the column. The solvent mixture is then sent to another column where the absorbed compound is
recovered from the solvent. The solvent may undergo further processes, such as scrubbing, to be fully
regenerated before being recycled back into the absorption column (Gannon and Schaffer, 2003).
(Information specific to the use of NMP for hydraulic fracturing operations was not identified.)

B.1.3.5 Adhesives and Sealants
NMP is used as a component in the formulation of solvent-based adhesives and sealants (OECD
2009a). Once the adhesive or sealant is received by the user, it may be diluted or mixed prior to
application (OECD, 2015). The adhesive formulation is then loaded into the application reservoir or
apparatus and applied to the substrate via spray, roll, curtain, syringe or bead application which may be
manual or automated. After application, the adhesive or sealant is allowed to dry, usually at ambient
temperature. During this time the solvent completely evaporates and a bond is formed between the
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substrates. In some instances, heat is applied to the substrate to promote the drying or curing of the
adhesive or sealant (OECD, 2015).

B.1.3.6  Other Uses
A number of other uses have been identified for NMP, including laboratory use for various research and
cleaning purposes. These activities typically occur within a fume hood, on a bench with local exhaust
ventilation, or under conditions that include general ventilation (ECHA, 2011).

Lithium lon Battery Manufacturing

NMP use as a solvent for electrode preparation and in electrolyte formulations used for lithium ion
battery manufacturing is growing (Daniel, 2008). Electrolyte formulations usually include a lithium salt
dissolved in a solvent-based solution (Kamienski, 2004). The electrolyte is formulated separately, then
filled into the assembled cell, which consists of the electrode structures. Once the electrolyte solution is
added, the battery is sealed.

Pharmaceuticals
NMP is increasingly being used as a solvent and extraction medium for the manufacture and formulation
of pharmaceuticals (ECHA, 2011).

Reaction Medium

in industry, NMP is often used as a reaction medium for polymerization reactions, because many
polymers are soluble in NMP (Anderson and Liu, 2000). Specific polymers that are soluble in NMP
include polyvinyl acetate, polyvinyl fluoride, polystyrene, nylon, polyimides, polyesters, acrylics,
polycarbonates and synthetic elastomers. Depending on the intended product, once the polymer is
synthesized in the NMP-containing reaction medium, it may be isolated and precipitated. However,
some polymer-based resin and coating formulations, such as polyurethane dispersions, will include
NMP in the final formulation (BPI, 2017). Additional uses of NMP as a reaction medium have not been
identified.

Textiles and Clothing
NMP has been found in textiles; however, EPA has not identified information specific to the use of
NMP in the textile industry.

B.1.4 Disposal
NMP is not designated as a hazardous substance under federal regulations thus, there are no federal
regulations determining how NMP and NMP-containing products may be disposed. However, three
states, Massachusetts, New Jersey and Pennsylvania have designated NMP as a hazardous substance,
thereby regulating NMP disposal. EPA has not identified other specific NMP disposal information.

B.2  Occupational Exposure Data

EPA presents herein some examples of occupational exposure-related information for NMP obtained
from preliminary data gathering. EPA expects to consider this information in combination with other
readily available data and methods for use in risk evaluation.

Table_Apx B-1 and Table_Apx B-2 show mappings of release and worker exposure scenarios to
industry sectors with available OSHA monitoring data obtained from OSHA inspections between 2002
and 2016 for personal monitoring data and area monitoring data, respectively. EPA attempted to group
industry sectors, designated by North American Industry Classification System (NAICS) code,
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according to possible release/exposure scenarios, but there is a great degree of uncertainty where and
how NMP may be used in these industries. The industry sectors in Table_Apx B-1 and Table_Apx B-2
were extracted from the OSHA CEHD (OSHA, 2017a).

EPA also found some NIOSH HHE data since 2000 that are summarized and included in Table_Apx
B-3.

Table_Apx B-1. Mapping of Scenarios to Industry Sectors with NMP Personal Monitoring Air
Samples Obtained from OSHA Inspections Conducted Between 2012 and 2016

Possible Release/Exposure Scenario NAICS NAICS Description
Paint stripping; Adhesive removal by contractors; Roll/curtain, spray, or 811420 Reupholstery and Furniture
manual application of lacquers, stains, varnishes, and primers Repair
Aerosol degreasing; Wipe cleaning; Spray, manual (brushing), or dip 333249 Other Industrial Machinery
application of metal finishing products; Manufacturing
Unknown — this establishment is an OSHA facility 923110 Administration of Education
Programs

@ Samples are not 8-hr TWA. Results include non-detects (below limit of quantification) and exclude blank samples.

Table_Apx B-2. Mapping of Scenarios to Industry Sectors with NMP Area Monitoring Air
Samples Obtained from OSHA Inspections Conducted Between 2012 and 2016

NAICS NAICS Description

Possible Release/Exposure Scenario

Re-upholstery and

Paint stripping; Adhesive removal by contractors; Roll/curtain, spray, or manual
Furniture Repair

S . . ; 811420
application of lacquers, stains, varnishes, and primers

@ Samples are not 8-hr TWA. Results include non-detects (below limit of quantification) and exclude blank samples.

Table_Apx B-3. Summary of NIOSH HHE NMP Data

- Number of | Minimum of | Maximum of
Exposure/Release Facility
. - Exposure Exposure Exposure Comments Source
Scenario Description
Samples |Values (ppm) | Values (ppm)

. . Samples are a mix of .
Paint and coating ... |7(PB2Z) 1.4 (PBZ) 5.2 (PBZ) i ) Kiefer
removal Floor refinishing 13 (Area) 2.2 (Area) 9.3 (Area) 1;L)|(IFI)OSShlJ|2:nd short-term (1994)

Spray Individual data points
S;’irr?é aff;;fr?t'sor;r?g application of |48 (PBZ)  |0.01 (PBZ) |1.27 (PBZ) 22} plirr?gllsgi f’;nurgzn 4 |NIOSH
paints, g, paints onto 20 (Area) 0.01 (Area) |25.0 (Area) Y g 1998
adhesives automotive seals average of exposure
values by job function.

PBZ — Personal Breathing Zone
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B.3  Sources Containing Potentially Relevant Data or Information

Some sources of information and data related to releases and worker exposure were found during the
Systematic review literature search. Sources of data or information identified in the Analysis Plan
Sections 2.6.1.1 (releases) and 2.6.1.3 (occupational exposures) are shown in the four tables below. The
data sources identified are based on preliminary results to date of the full-text screening step of the
systematic review process. Further screening and quality evaluation are on-going. These sources will be
reviewed to determine the utility of the data and information in the Risk Evaluation.
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Appendix C

SURFACE WATER ANALYSIS OF NMP RELEASES

This appendix provides an analysis of surface water concentrations based on reported surface water

releases of NMP.

EPA considered several scenarios to estimate NMP concentrations in surface water resulting from
industrial discharges. Using 2015 TRI available data and EPA’s first-tier, Probabilistic Dilution Model
(PDM) within the EPA Exposure and Fate Assessment Screening Tool (E-FAST), facilities with the
largest releases of NMP were modeled for 12 days of release, and 250 days of release. The 12-day
release scenario represents an acute scenario in which periodic maintenance and cleaning activities
result in periodic releases. The 250-day scenario represents a chronic scenario in which operations
consist of fairly constant discharges of NMP. Six facilities had reported direct discharges of NMP to
surface waters and seven facilities reported indirect discharges, that is discharges sent to a municipal
treatment facility also known as a public-owned treatment works (POTW) for treatment and discharge
into surface waters. The single day release was considered the most conservative scenario since the
NMP surface water concentrations were highest (see Table_Apx C-1).

Table Apx C-1. Estimated NMP Surface Water Concentrations

Indirect |PDM; input loadings PDM; stream NMP
Top Facility Discharges (2015) Direct TRI TRI (kg/site/day) concentrations
Pounds | Pounds 12day | 250day

Facility Location State (Ibs/yr) (Ibs/yr) | scenario | scenario | 12 day (ug/L) (250 day (ug/L)
WILMINGTON NC 8,987 0 339.71 16.31 224.00 10.75
RICHMOND VA 4,602 0 173.96 8.35 119.70 5.75
ESSEX JUNCTION VT 451 0 17.05 0.82 44.49 2.14
BRADFORD PA 26.83 0 1.01 0.05 8.49 0.4
FORT WAYNE IN 22.1 0 0.84 0.04 5.56 0.27
WYANDOTTE Mi 2 21.52 0.08 0.00 0.0011 0.0000538
WESTBOROUGH MA 8,048 304.21 14.60 69.03
WILMINGTON MA 42,682 1613.38 77.44 4.79
PENSACOLA FL 12,384 468.12 22.47 467.92
SAINT LOUIS MO 12,001 453.64 21.77 50.86
ALOHA OR 13,600 514.08 24.68 39.91
HILLSBORO OR 40,800 1542.24 74.03 119.72

EPA then compared the surface water concentrations with the aquatic organism acute and chronic COCs
estimated during problem formulation, 246 ppb and 1,768 ppb, respectively.
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Figure_Apx C-1. Estimated Surface Water Concentration for 12-Day NMP Discharge
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Figure_Apx C-2. Estimated Surface Water Concentration for 250 Day NMP Discharge
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Facilities Reporting NMP Surface Water Discharges in TRI

For all modeled NMP release scenarios, none of the facility discharges resulted in an exceedance of the
acute or chronic levels of concern identified for ecological receptors.

Page 92 of 135



GET J0 £6 abed

‘uonyeJado sy} Bulinp
pa10adxa Jou sI JIIN Bururejuod
1SNP pUE 1SIW JO UOIRIBUID)

ON

NNO
‘S18YJ0/\

uoneeyul/fewlsq

sna
/SIN

‘[eaiwayd
3yl Yum BUIIOM Ul PAAJOAUL
Apoaaip siaxiom o3 Ajrewnid

3 0} pajoadxa s1 ainsodxa [ewlaq

ON

NNO

[ewssg

10e1U0D
pinbi

"UI90u09 Jo

Aemured e s1 upjs-ybnoayi-lodep
"(STOZ 'Vd3 'S'N) ainsodxe
uewiny 03 Apuedlyiubls sangIu0d
AleaidAy aseyd Joden ayy

woJ} dINN Buipnjour uondiosge
Jewlsp pue sainsodxa [ewiap
Buimoj|oy pagJosge |1am st dIANN

SOA

NNO
‘SIIOM

[ewag

lodep

"(BHWW G7E°0 = dA) dIAN

J0 AIj17e]0A MOJ 8Y) 01 BNp asn

JO SUOINPUOD UIBLID Jo) Pyl
aq 01 pajoadxa aJe sainsodxs
uonejeyui se ‘renualod uonelsush
Jloden arenjens Jayuny ||IM d3

SOA

NNO
'S18J0/\

uorereyuj

Jodep

"(saus TT) ¥ao Jod panwi|

SI dINN Buninioenuew saus

10 Jaquinu ay ‘Aemyred Arewnd e
3 01 pajoadxa s1 ainsodxa [ewlsq

SOA

SISYIOAN

[ewssg

1081U0D
pinbi

dAIN
0 ainjoejnuelp

alnjoejnuel ansswoqg

alnoejnuen

onsawog alnjoejnuen

SISAJeuy Jayyan4 ou
/ SIsAjeuy Jaylin4 104 sjeuoney

sIsAjeuy
Jaynnd

uone|ndod
/ 101daday

91n0yY aansodx3

Aemyred
ainsodx3g

011euads
aansodx3
/ ases|ay

Ai10bareogns

abels

A10Ba1ed a[ok2 Ay

(uonenjens s syl Jo

adods ay3 wouy papnjoxe ade Aeab ul papeys smod 1eyl aloN) ajgeL bunioddng |apoN [enidasuo)d aansodx3 JaXJoMN T-A XAy 9|qeL

"13dOIN "1IVNLdaONOD S3SN ANV S3ILIAILDOV
AVIOHIANINOD ANV TTVIHLSNANI 404 F1dVL ONILHOddNS

a Xipuaddy



GET JO 16 abed

‘uonyeJado sy} Bulinp
pa10adxa Jou sI JIN Bururejuod
1SNP pUe 1SIW JO UOIRIBUID)

ON

NNO
‘S18YJ0/\

uoneeyul/fewlsq

sna
/SIN

‘[eaiwayd
aU1 yum BUIIOM Ul PAAJOAUL
Apoaaip siaxiom 03 Ajewnid

3 0} pajoadxa s1 ainsodxa [ewlaq

ON

NNO

[ewssg

10e1U0D
pinbi

"Ul9ou0d Jo
Aemured e s1 upjs-ybnoayi-lodep
"(STOZ 'Vd3 'S'N) ainsodxe
uewiny 03 Apuealyiubls sangrIuod
Aj1ea1dAy aseyd soden ayp wouy
dINN Buipnjour uondiosae [ewlsp
pue sainsodxa Jewsap Buimojjoy
pagJosae |[am S dIAIN "SJaureiuod
pazis Jualay)lp oul pabiexoedal

sl [eLiayew papoduwil 8y JUans

3y} u1 Ajuo pardadxa ainsodx3

SOA

NNO
‘SIIOM

[ewsag

Jodep

“(BHWW sve0

=dA) dIAIN J0 Al jIIRIOA MO)

3y} 03 8NP 3SN JO SUOIIPUOD UIBLISD
1o} panwi| aq 0} paydadxa ale
sainsodxa uoneeyul se ‘jenuajod
uoneJauash Joden arenfens

Jayuny [1IM d3 "SIaureIu0d

pazis Jualayllp oul pabexoedal

Sl [eLiayew pauoduwil 8y JUsAS

3yl u1 Ajuo pardadxa ainsodx3

SOA

NNO
‘S18J0/\

uorereyuj

Jodep

“(s19)40M J0 Jaquunu

10} YH3IN J0 190 Butwiepo
SUOISSILIQNS 6 PUE ‘SIaYI0M

005 01 00T Bunodal uoissiwgns
T ‘sIaxJ0Mm Q0T 01 0§ Buodal
SUOISSILUGNS G ‘SIa%J0M GZ 01 OT
Bunuodal uoissiLgns T ‘SIayI0M
0T> Bunuodai suoissiugns

€T) ¥ao Jad ybiy aq Aew
pasodxa Ajjenualod siaxiom Jo
Jaguinu ay ‘JaAamoH ‘Moj aq Aew
AKouanbauy ainsodx3 ‘siaureiuod
pazis Jualapip oul pahiexoedal
Sl [elayew papoduwi sy Juand
ay} ul Ajuo paoadxa ainsodx3

sISAJeuy Jayyan4 ou
/ SIsAleuy Jaylin4 1oy sjeuoney

SOA

sIsAjeuy
Jaynn4

SIEMPIAVIY

uone|ndod
/ 101daday

[ewssg

91n0y aunsodx3

JorU0D
pinbi

Aemyred
ainsodx3g

slaurejuod
vodwi
10 Buibexoeday

011eudds
aansodx3
/ ases|ay

A10bareOgns

yodwi)

yodw

A10Ba1eD

alnjoejnueln

obels
81940 811




GET J0 G6 abed

"(GT0Z 'Vd3 'S'N) a4nsodxa
uewny 01 Ajpueaiyiubis saINqLIL0D

‘spinyy Buiues|o
J0 uone|nWioS

anse|d ‘Bunnioenuen
Kisuiyoey ‘Buunoeynueln

Aj[ea1dAy aseyd soden ayy soA . NNO [ewssq Jodep ‘sjonpoud 10Npo.d [eJBUIN
woJ} dINN Buipnjour uondiosge SI9NIOM Buisealbap a1j[e18N-uoN ui (Buisealbap
Jewap pue sainsodxa [ewap pue Buiues|d Jo Buiues|d Joy) s1uanjos
Buimolo} pagJosge |1am st dINN JO uone|nwIoS ‘BuinoeynUeN 19NpOId
"(BHWW G¥E°0 = dA) dIAN ‘sfealwayd [218IN paredLiqe ul syusbe
J0 A|17e|OA MO 3y} 0} 8np asn Buysiuly jersw Buiress; aaepns pue susbe | 1onpoid uonoes.
JO SUOIIPUOD UIENdI 10} pajwl| NNO JO uone|nwIoS Buneld ‘Burinoeynuey 10 aInxiw
SAA . uonejeyu| Jodep . . .
ag 03 pajoadxa are sainsodxa SENTITYY ‘syjur bunund MUl g ‘Bunnioeinuel uone|nwIoy Buissasoid
uoneeyui se ‘fenusjod uolelaush JO uonenwioS Buneo) pue jured ol
loden ajenfens Jayuny [[IM Vd3 ‘sbuieod Ul S9p02 J3Y10 Aq paqLIasap pajelodioau|
“(s19)10M pue ‘siuted 10U SaARIppe Bulrod pue
000'T 01 00G 01 OT> wouy Buibuel JO uonenwio4 SSAILPPE Juled :SSINANIY
slaydom Jo Jaquinu Bunuodal EI0 ‘saunixiw 1oddng parejay pue
suoissiwgns 7€) ¥ao Jad ybiy aq SOA SIaI0M JewlaQg ¥ _“c_ 9 |ea1WBYd Bunurd ui syuabe anisaype
Kew pasodxa Ajjenusiod siaxiom pInb JO uonenwoH -y ‘Buninjoeynuey
10 Jaquinu ay] ‘Aemyred Arewrid e ‘SaAIsaype AAISAYPY Ul S[edIWay?
aq 01 pajoadxa sI ainsodxa [ewlaq 10 uonenwioS JUR[RaS pUE SAAISAYPY
‘uonyeJado sy} Bulinp
NNO 1sng
pa12adxa Jou SI dIN Bulurejuod ON . uoneeyu/fewlsg
SI93I0/\ /ISIN
1SNP pUe 1SIW JO UOIRIBUID)
‘[ea1wayd
3yl Yyum Burjiom ul panjoAul 10BIU0D
Apoaaip siaxiom 03 Ajrewid ON NNO [euls@ pinbiT
ag 03 pajoadxa sI ainsodxa [ewlaq
*UJa2u09 Jo
Aemued e s1 upjs-ybnoayi-lodep
"(STOZ 'Vd3 'S'N) ainsodxe
uewny 01 AjJueaiyiubis ssIngriuod NNO
Ajea1dAy aseyd Joden ayy SOA ‘SINI0MN [eulsg JodeA
woJ} dINN Buipnjour uondiosge Burinyoesnuey mc_._suo&:mm_\,_ |ealwsyo aleIpaLLIaIUl
[ewsp pue sa.nsodxa |ewisp [eanusyd 18Lp0 “BunmoeinueN 10 JUE)0Ea) BuISsa01d
Buimoyjoy pagJosge |19m si dIAIN ‘Burinioesnuew 3UIDIP3IAl pUB |e31INaJBULIBYH e se BUISSA001 ;
(PHWW SPE0 = dA) JAN [eannaseuLeyd ul aleIpawIalu|
J0 AIj17e]0A MOJ 8Y) 01 BNp asn
JO SUONIPUOD UIeNSI J0) pajwl| NNO
3 03 pajoadxa ause sainsodxa SOA ‘SI9YJOMN uonereyul JodeA
uonejeyui se ‘renualod uonelsush
Joden a1enjens Jayuny |Im vd3
*(S19340M JO Jaquuinu Joy
VN Buniodal uoissiwgns T pue
SIax40M Q00T 03 00S Bunodal
10BIU0D
uoissiwgns T) ¥ao Jad ybiy aq SOA SENTINYY Jewsaq
pinbi
Aew pasodxa Ajjenualod siaxiom
10 Jaquinu ay] ‘Aemyred Arewnd e
ag 01 pajoadxa sI ainsodxa [ewlaq
011eudds
sisfeuy Jayuing ou sisAeuy uone[ndog 91n0y aunsodx3 Aemued aansodx3 A10bareOgns A10Ba1eD sbe1s
/ SisA[euy JaylanH 1oy sjeuoiyey Jayun4 / 401da0ay ainsodx3 319AD a1

| 9ses|ay




GET J0 96 abed

JO SUOIIPUOD UIeNdI J0) palwl|
aq 01 u&,ooax@ aJe sainsodxa SoA » NNO uonefeyu] Jodep
uoneeyui se ‘fenusjod uolelaush SI9YI0MN BuLnoEINUEBIN Uonesedal
loden ajenfens Jayuny [[IM Vd3 HMIEINUEI uol d 1onpoud uonoeal
s1onpoud pue 1oNpold [ealway) 10 BIMXIW
“(s19510Mm [eanynoLibe 1810 |1V ‘Butinoeinuey yorTE|nwiIoy BLISS3001
000'T 01 00S 01 OT> Wouy Buibuel Jejnuelb 1310 Ul (ainxiw ; o ;
sJaydom Jo Jaquinu Bunodal 0 uonenw.ioH 10 uonenw.oy 1onpoud jo :
19BIU0D payesodioou]
suoissiwgns 7€) ¥ao 1ad ybiy aq SOA SINIOM lewusq b Hed 8W008q Y2IYM) SIUBAIO0S
ARew pasodxa Ajjenusiod sieyiom pInbITy
J0 Jsquinu 8y ‘Aemyred Arewnd e
3 031 pajoadxa sI ainsodxa [ewlaqg
'SaNIANDOY 1oddns
pue uonoenx3 ‘Bullug
Se9 pue [IQ Ul $ash Jay10
‘Burinoesnueln uonesedald
19101 pue punodwo)
Buiues|) ‘deos ui syusbe
3AI10B 30BLING ‘apel] |19y
pUE 3[eS8JOUAN ‘SBIIIAIOY
1oddng parejay pue Bunuid
‘Burinioesnuel uonesedald
pue 19npo.d [ea1way)d
J8YI0 |1V ‘Bulinioeinuey
“Uonesado siyy Bunnp EmEa_:cm_.co:mto%cm._.r
pa10adxa 10U SI JWN BuIureluoD oN MO uonerequi/eweg | 00 Bunnioesnuey
1SNp pUE ISIW JO UOIBIaUsD) M0/ [ISIN uolnesedald 19[10] pue
punodwo) Buiues|) ‘deos
‘BurinioenueN Mu| ulid
‘Burinioesnuely Buneo) pue
ured ‘Buunoeinue 18yl0
‘BurinioesnuelA Jusuodwo)
pue aouelddy ‘quswdinb3
19113093 Ul (34MX1W
J0 uonenwJo} Jonpoud Jo
1ed aW093q YoIym) SIUSA|0S
‘apel [1B19Y pUue 8JBS3|OYAA
‘S90IAIBS ‘SAINANOY
1oddng parejay pue Bunuid
‘Burinioesnuey uolesedaid
‘[edtwsyd pue 19npo.d [ealway)
U3 Ynm Buppiom Ul panjoAul oN ANO [ewaq 1EU0D J8YI0 |1V ‘Burinioeinuey
Apoaaip s1exiom 03 Ajrrewid pinbr juawidinb3g uoneyodsuel |
ag 03 pajoadxa sI ainsodxa [ewlaqg ‘BurimoeyNUeA
uoneredald 18|10
pue punodwo) Buiues|d
syonpoud ‘deos ‘Burinioeinuel [e18|N
"UJadu0d Jo Jeatwiayoonad Arewnd ‘Buninioeinuein
Aemuyped e s1 upys-ybnoayi-iodep 10 uone|nwioS uIsay pue |eLdleN
011eudds
sisfeuy Jayuing ou sisAeuy uone[ndog 91n0y aunsodx3 Aemued aansodx3 A10bareOgns A10Ba1eD sbe1s
/ SisA[euy JaylanH 1oy sjeuoiyey Jayun4 / 401da0ay ainsodx3 | aseajay] 319AD a1




GET J0 /6 abed

‘Aemyted Arewnd e
aq 01 pajaadxa s1 ainsodxa |ewag

SOA

SIIOM

[ewssg

10e1U0D
pinbi

Buipunodwod
sonse|d

BurinioenuB 19NpoId
anse|d ut Buipnjau 4ay10

3]o1LIe oI
pajelodioau|

Buissasoid

‘uonelado siyy burinp
pa10adxa Jou sI JIIN Bulurejuod
1SNp pue 1SIW JO UOI.IaUID

ON

NNO
‘SI9NI0MN

uoneeyu|/fewisq

1sna
/ISIN

‘[ea1wayd
3y} yum BuIIom Ul paAjoAul
Apoauip siaxjiom oy Ajurewid

3q 01 pa1oadxa s ainsodxa |ewag

ON

NNO

[ewssg

JorU0D
pinbi

"Ulaou0d Jo
Aemued e s1 uiys-ybnoayi-lodep
"(GT0Z 'Vd3 'S'N) ainsodxa
uewiny 03 Apuealyiubis sangrIu0d
Aj[ea1dAy aseyd Joden ayp

woly dINN Buipnjour uondiosge
Jewlsp pue sainsodxa [ewlap
Buimoj|oy paglosge |1am s AN

SOA

NNO
‘S18YJ0/\

[ewsag

Jodep

"(BHWW G7€°0 = dA) dIAN

J0 AJI[17e]0A MO] 8Y) 0} Bnp asn

JO SUOIIPUOD UIBLID 1o} paiiwl|
aq 0} pajoadxa aJe sainsodxa
uolyefeyui se ‘fenusiod uoinelaush
loden arenjens Jayuny ||IM 43

SOA

NNO
‘SIIOM

uoneeyu|

lodep

‘Aemyted Arewnd e
3 0} pajoadxa s1 ainsodxa [ewlaq

SOA

SIEMPIOAVIY

[ewlag

1081U0D
pinbi

S|edIWwayYd
Buiysiuny a|1xel
J0 uoe|nwIo4
‘sBuneo)
pue sjured
J0 uoe|nwIo4
‘syueangn|
10 uone|nwIo4

Burinioeinue

Jayyea] pue |ateddy ‘sajiixal
ul Buipnpour ‘(ainixiw

10 uone|nwioy 19npo.d Jo
1ed awo093q Yo1ym) SJUsA|0S
‘Bunimoeynue uawdinbg
uolyerodsuel ] Ul S9P0OI JBYI0
AqQ pagiosap 10U SaAIIppe
Buireod pue sannIppe

JuIed ‘Burinoeinuey
Aisuiyoey ui seanippe
WedLIgN| pUR SjuedLIgNT

3]9114e 01Ul
paielodioau|

Buissaooid

‘uonye.ado sy} burinp
pa12adxa Jou uoielauab 1SN

ON

NNO
‘S18YI0/\

uoneeyul/fewisq

SIN

"UJ32u09 JO
Aemuyped e s1 upys-ybnoayi-lodep
"(GT0Z 'Vd3 'S'N) ainsodxa
uewny 03 Apueaiyiubis seNqLIU0d
AJeardAy aseyd Joden ayy

woly dINN Buipnjour uondiosge
[ew.ap pue sainsodxa [ew.sp
Buimof|o4 Pagosae [1am st dIAIN

SOA

NNO
‘S18YJ0/\

[ewsag

Jodep

‘[ea1wayd
3yl yum BuIIOMm Ul paAjoAUl
Apoauip siasjiom oy Ajurewid

aq 01 pa1aadxa s1 ainsodxa |ewsag

ON

NNO

[ewsag

JorU0D
pinbi

"sjonpo.d pijos Jo Bunoeinuew
Burinp ajqgissod si uonewJoy 1snQ

SOA

NNO
‘S18YJ0/\

uonefeyu|

1sna

"(BHWW S¥€°0 = dA) dAN
0 Auj11R|OA MO By} 01 3np asn

sISAJeuy Jayyan4 ou
/ SIsAleuy Jaylin4 1oy sjeuoney

sIsAjeuy
Jaynn4

uone|ndod
/ 101daday

91n0y aunsodx3

Aemyred
ainsodx3g

011eudds
aansodx3
/ ases|ay

A10bareOgns

A10Ba1eD

obels
81940 811




GET J0 86 abed

Aemured Areind e ) SENTL) ew.ls 1EIUOD BuijoAoa BuroAos Buissaoo.
aq 01 pa12adxa sl ainsodxa |ewlaq A PHOM _ a pinbiT : d " d : d
‘uorresado siyy Burinp o
pa10adxa Jou SI 4N Bulurejuod ON QM_JW uonejeyul/fewlag «Hm_n_
1SNP pUE 1SIW JO UOIRIBUID) PHOM BN
‘[ea1wayd
3yl yum BuIIoM Ul PanjoAuUl 19€1U0D
Apoaaip siaxiom o3 Ajewnid ON NNO eulsg pinbiT
ag 03 pajoadxa sI ainsodxa [ewlaqg
"ulaguod Jo
e o
pue afJe| oul apeJ] |1e1ay pue ajesajoy Buibexoeday Buissaooid
uewny 01 ARUESIUBIS SaNGLII0Y SA NNO Jewsaq Jodep, Buibexjoeday
Aj[eaidAy aseyd loden ayy ‘SINIOMN ;
woJ} dINN Buipnjour uondiosge
Jewap pue sainsodxa [ewap
Buimoy|oy pagJosge |19m s dIAIN
auop aq |]Im SIsAjeue NNO
19A3]-Bu1u881ds - Buiyues Mo SOA ‘SI9NI0MN uonerEyUl JodeA
auop aq |]Im SIsAjeur 10BIU0D
19A3]-Bu1u881ds - Buiyues Mo SOA SIBXIOM euliad pinbim
‘uonyeJado siy3 Burinp NNO
pa10adxa Jou uonelauab IsIN ON ‘SI9YJ0AN tohefeyul/fewad BIN
"UJadu0d JO
Aemuyzed e si upjs-ybnoiyi-lodep
"(ST0Z 'Vd3 'S'N) ainsodxe
uewny 03 Apuediubis sangiuod NNO
Aj[ea1dAy aseyd Joden ayp SOA ‘SI9NI0M eued Jode/
woly dINN Buipnjour uondiosge
Jewuap pue sainsodxs [ewap
Buimoj|oy paglosge |1am st AN
‘[ealwayd
3yl Yyum Burjiom ui paajoaul 19BIUI0D
Anoaaip siaxiom o3 Ajrewrid ON ANO euied pinbiT
ag 03 pajoadxa sI ainsodxa [ewlaq
"saniAnoe Buissasoad onsed s NNO R sn
Buunp a|qissod s1 uonew.oy 1sng A ‘SI9YJOMN Hereyul 1na
‘(BHWW G7€°0 = dA) dIAN
J0 Aujire|OA MO 8y} 03 8np asn
O SUORIPUOI UIeLad 1o} palwl| soA NNO vonefeyu| Jodep
3 01 pajoadxa aJe sainsodxa ‘SINI0MN ;
uoneeyui se ‘fenusjod uorelsush Bunianuod
loden ajenjens Jayuny |Im d3 sonse|d pue
011eudds
sisfeuy Jayuing ou sisAeuy uone[ndog 91n0y aunsodx3 Aemued aansodx3 A10bareOgns A10Ba1eD sbe1s
/ SisA[euy JaylanH 1oy sjeuoiyey Jayun4 / 401da0ay ainsodx3 319AD a1

| 9ses|ay




GET J0 66 abed

‘uolyeJado siy) Buninp 1nado NNO [e1sN Atewilid
01 pa1oadxa si UoIeIauaB ISI SOA SIOIOM uonejeyu| ISIN — ‘Burinioegnuepy Buneo)d
"(BHWW G¥E°0 = dA) dINN DUE SIUe[Eas pue jured ‘Bunimoeynue|
JO Au|17R|OA MO 3y} 0} anp asn DU 'SoAISOLDE 1810 ‘Burinoeinue sjuefess
JO SUOINPUOD UIBLID J0) paniwl| SoA NNO uone[Eyu| Jode ‘sBUR0D ‘Sured Asauiyoey ‘Burinoeynuey pue SaAISAYPY
3 0] pajoadxa ale sainsodxs ‘SIOIOM : o uoneondde 19Npo.d [eI13IN palesLige 'S9P09 J3YI0 asn
uolrefeyui se ‘fenuslod uoinelauab Jouot \wv‘_ ds ‘uononisuo) ‘Burinioeinueln Aq paquiosap Jawinsuod
Joden arenjena Jayuny ||IM d3 pue uoneondde 19Npo.d 21U0193|3 10U SaAIIpPe pue
“(s19)410M 000°0T< c_S.SoV__om pue Jaindwo) ui asn Buieo)d Buneos | ‘lerdsswiwiod
0} s1axdom QT> wouy Buibuel ($J0J981U0D Aq pue uted :(uonesedaid pue saAnIppe ‘[ersnpu|
Sslaydom Jo Jaquinu ay Bunuodal ) 89e4Ins) sbuieod Ied ‘sbuneod
: 1981U0D Jenowsal Buieod
suolssiwgns 91) ¥ao Jad ybiy aq SOA SIIOM [ewlsqg pinbi pUe Jured 19pMOd ‘Saysiuly 1004 pue sjuted
Kew pasodxa Ajjenusiod siaxiom S pue m>_m¢s.u< pue siawid ‘saysiuleA ‘sueis
10 Jaquinu ay] ‘Aemyred Arewd e ; ‘sianboe] ‘sianowal Buireod
3 0} pajoadxa s1 ainsodxs [ewlsq pue jured pue aAISaypY
sjonpoud
. 1N paje|nwJoy
3y} U1 Jn220 Ajuo X _Mwwmmw%wm_m ON NNO uonereyu] / lodep Jo uonnglasia uonnguisig uonnquisig 8913LuLLoD Ul
JUSWISSASSE 1o} \.s:o_a MO SIDIOM /lewind W_ﬂ_w__nw_o wEmE%_u_:_\m,_w__ NM T oo uonnquisia
o 40 uonnqLISI
‘uonelado siyy burinp .
pa10adxa Jou sI JIIN Bulureiuod ON .&_MJW uolefeyul/fewsaqg Hm_n_
1SNP pUE ISIW JO UOIEIBUID PHOM [N
‘[eaiwayd
3yl yum BuIIoM Ul panjoAul 1981U0D
Anoaaip siaxiom o3 Ajrewrid ON ANO eued pinbiT
aq 01 pajaadxa s1 ainsodxa |ewag
"Uulaouod Jo
Aemued e si uis-ybnoayi-lodep
"(GT0Z 'Vd3 'S'N) ainsodxad M_H_\D_m_w_,_w“_“m_mwmwm
uewny 03 Apuealyiubis sainqiIuod NNO
Al1e21dAy aseyd Jodea sy oA ‘SI9NIOM ewed Jode/\ 40 Buijphoay
woly dINN Buipnjour uondiosge
Jewap pue sainsodxa ew.ap
Buimoj|oy pagJosge |1am st dIAN
‘(BHWW G7€°0 = dA) dIAN
J0 AJIj17e]0A MO] 8Y) 01 BNp asn
JO SUOINPUOD UIBLID o) paliwl| soA NNO uoneyRuYul Jode
3 01 pajoadxa aJe sainsodxa ‘SINI0MN ;
uolyefeyui se ‘fenuslod uoielauab
loden arenjens Jayuny ||IM W43
0LIeUdIS
sisfeuy Jayuing ou sisAeuy uone[ndog 91n0y aunsodx3 Aemued aansodx3 A10bareOgns A10Ba1eD sbe1s
/ SIsAleuy Jaylin4 1oy sjeuoney Jaynn4 / 101daoay ainsodx3 319K a1

| 9ses|ay




GET J0 00T abed

‘Aemyted Arewnd e 1081U0D Buisealbap
aq 01 pajaadxa s1 ainsodxa |ewag SOA SISHIOM eulsg pinbiT |0solay [eLasnpu|
‘uonelado siyy burinp
NNO 13N
pa10adxa Jou sI JIIN Bulurejuod ON . uolefeyul/rewsaqg
SIIOM /1SIN suisal
1SNP pUE ISIW JO UOIRIBUID) .
i awos Buipnjoul ‘seAlsaype
0 [E21W3Y2 pue sanjf Jusuoduwiod
3yl yum BuIIOM Ul PaAjoAUL i e (EULIAG 1981U0D -OM ] ‘SBAISaUPE UBdLGN]
Apoaaip siaxiom oy Ajrewid pinbi Buipnoul ‘seAIsaype
3q 01 pa1oadxa s ainsodxa |ewaq pue san|B Jusuodwod u_mc_m
‘ul3ouoo Jo ‘syusfe Buipuig Buipnjoul
Remuyzed e s1 unys-ybnoay-iodep S[RIWAYD JUB[Eas pue
"(GT0Z 'Vd3 'S'N) ainsodxa SI9A0Wa SOAISAUPY ‘apel |Ieay pue SRS
uewny 9>>_Emmc_cm_m ME:M_:CS SOA _NNO [eweq Jodep pue sjuefess 3[esajoyM ‘BurinoenueA pue SaAISaYPY
1ea1dA) sseyd soden sup SII0OM pue ‘SaAISaype wswdinb3 uoienodsuel | ‘S9p02 JaYl0 asn
wo.}y dIAIN Butpnjour uondiosge ‘sbureod ‘syured ‘Burinioenue Aq paquasap Jawinsuod
[euliap pue sainsodxa [euliap 10 uoneordde [e18N Arewiid 10U SaAIIPPE
Buimof|o4 pagJosae [1am st dIAIN peaq/aburlAs ‘Bunimoegnuel Buneo)d Buipeod
“(BHWW Gv€°0 = dA) dINN pue uonednjdde pue jured ‘Buninaenuein pUE SaAIlIppe
40 Aj|13|0A MO] 8y} 0} 3Np asn (ysnugyiayjo1) J8YyiQ ‘Buninoeinuey Ied ‘sbuijeod
40 SUORIPUOY UIENdI 1o} pajwl| SaA . NNO uonerRyYl Jodep lenueln Aisuiyoey ‘Buumoeinuel pue syured
8 03 pajoadxas ase sainsodxs SENTIYY 19npoid [EIBIN PaTedLige
uorereyur se ‘fenuajod uoielsusb ‘uononaisuo) ‘Burinioenueln
JodeA 81en[eAs JayUNy |IIM Vd3 19Npo.d 21U04193|3
“(s19x140m 000°0T< pue Jaindwo) ui asn Buieo)
01 S19310M QT> Wl Buibuel pue ured ‘(uonesedsid
S18)J0M J0 Jaquinu sy} Buriodas 19e100D 80e4ns) sBuireod Japmod
suossiwans 9T) ¥Ao Jad ybiy aq SOA SIDNIOM [ewss@ pinbi ‘SySIuLY. 100}} pue ssawid
Aew pasodxa A[fenusiod siasiom o ‘saysILIBA ‘sule)s ‘sianboeT]
10 Jaquinu ay] ‘Aemyred Arewnd e
3 0} pajoadxa s1 aInsodxa [ewlaq
‘uonelado
y NNO
siy1 Burinp pajoadxa Jou st JIAIN ON . uoneeyu|l/ewiaqg 1sNQ
SIIOM
Buiureluog 1snp Jo uolreIaUSD
"ulaguod Jo suisal
Aemued e s1 upjs-ybnoayi-lodep awos Buipnjoul ‘sanisaype
"(GT0Z "'Yd3 'S'N) ainsodxa pue san|f jusuodwod
uewny 03 Apueayyiubis sangiIuod NNO -OM ] ‘SBAISaYpe JuedLgn|
Ajea1dAy aseyd Joden ayy SOA ‘SINI0MN euliad JodeA Buipnjout ‘sanisaype
woJ} dINN Buipnjour uondiosge pue san|f jusuodwod a)buls
|ewap pue sainsodxa |ewap ‘syuabe Buipuiq Buipnjoul
Buimolo} pagJosge |1am st dINN S|e2IWaYD Jue[eas pue
‘[ea1wayd SAAISAYPY ‘9pel] [1e1ay pue
3yl yum BuIIOM Ul PaAjOAUL 19€1U0D a[esajoy ‘Burinioesnue|n
Apoaaip siaxiom o3 Ajrewnid ON ANO euLed pinbiT juswdinb3 uonreyodsuel |
3 01 paoadxa s1 ainsodxa [ewlaq ‘BuImaRNUeI
0LIeUdIS
sisfeuy Jayuing ou sisAeuy uone[ndog 91n0y aunsodx3 Aemued aansodx3 A10bareOgns A10Ba1eD abers
/ SIsAleuy Jaylin4 1oy sjeuoney Jaynn4 / 101daoay ainsodx3 319K a1

| 9ses|ay




GET J0 TOT abed

‘uoiyesado
siy3 Burinp pajoadxa 1ou s dINN ON . NNO uonefeyul/fewiad 1sng
SI9IOM
Buiureluog 1snp Jo uoleIaUSD
"Ulaouod Jo
Aemued e s1 uis-ybnoayl-lodep
"(ST0Z 'Vd3 'S'N) ainsodxe
uewny 03 Apuealyiubis sanqiIu0d NNO
Aj[ea1dAy aseyd Joden ayp SOA ‘SI9NI0M eued Jode/
wolj dINN Buipnjour uondiosge
Jewap pue sainsodxa ew.ap
BUIMO|[O} PACIOSTE [9M SI dIAIN Burinoeynuey (Burseaibap
“[eaItayd jusuodwo) pue souel|ddy Jo Buiues|d
U UM BUIIOM Ul PaAJOAUL 198)U0D) ‘Juswdinb3 [ed1308]3 Ul s 10}) sjuanjos
' | : " ON NNO ewsg
Anoaaip siaxiom o3 Ajrewrid pinbiT
3 0] paoadxa s1 ainsodxa [ewlaq
"uonesado siyy Burnp 1220 NNO
0} payoadxa s uonesauab 1S SOA ‘SI9IOM uonereyul BIN
‘(BHWW G7€°0 = dA) dIAN
J0 AJIj17e]0A MO] 8Y) 01 BNp asn
JO SUOINPUOD UIBLID o) paliwl| soA » NNO uoneyRuYul Jode
3 01 pajoadxa aJe sainsodxa SI9NIOMN asn
uolyefeyui se ‘fenuslod uoielauab Jawnsuod
loden arenjens Jayuny ||IM W43 pue
0LIeUdIS
sisfeuy Jayuing ou sisAeuy uone[ndog 91n0y aunsodx3 Aemued aansodx3 A10bareOgns A10Ba1eD sbe1s
/ SIsAleuy Jaylin4 1oy sjeuoney Jaynn4 / 101daoay ainsodx3 o520)99 319K a1




GET J0 20T abed

‘[eaiwayd
3yl yum BuIIoM Ul PanjoAul
Apoaaip siaxiom o3 Ajrewnid

3 0} pajoadxa s1 ainsodxa [ewlaq

ON

NNO

[ewssg

10B1U0D
pinbi

"ulaouod Jo
Aemured e s1 upjs-ybnoayi-lodep
"(STOZ 'Wd3 'S'N) ainsodxe
uewny 03 Apuesiyubis sangruod
Aj[ea1dAy aseyd soden ayy

woJy dINN Buipnjour uondiosge
Jew.ap pue sainsodxa [ewap
Buimoyjoy pagJosge |19m s dIAIN

SOA

NNO
‘SIIOM

[ewsag

lodep

"(BHWW G¥E°0 = dA) dIAN

10 AI[178]OA MO] 81 0] Bnp asn

JO SUOINPUOD UIBLID J0) paniwl|
aq 01 pa1oadxa aJe sainsodxs
uolrefeyui se ‘fenuslod uoinelauab
Jloden sjenjens Jayuny |Im vd3

SOA

NNO
‘SIIOM

uorereyuj

Jodep

“(s19)10Mm 00G

01 00T Bunodai uoissiugns T pue
s1ayio0m QT> Buiniodal uoissiugns
T) 40 Jad panuui| st siaxiom

J0 Jsquinu 8y ‘Aemyred Arewnd e
aq 0} pajoadxa S1 a1nsodxa [ewtaq

SOA

SIEMPIOIVIY

[ewsag

JorU0D
pinbi

Bunund
[e1913WwWod
/ feLasnpuj

ur sajuud

s1onpouad
URI0[0D
pue 1auo) ‘yuj

asn
Jawinsuoo
pue
‘|e12J8WWo9
‘leLasnpul

‘uonyeJado siy3 Bulinp
paj0adxa jou sI JIIN Bururejuod
1SNP pUE ISIW JO UOIRIBUID)

ON

NNO
‘SIIOM

uoneeyul/fewisq

1sna
[ SIN

‘[ea1wayd
3y} yum BuIIom Ul paAjoAul
Apoauip siasjiom o0y AjLrewiid

8q 03 pa12adxa S ainsodxa [ewusq

ON

NNO

[ewsag

Joru0D
pinbi

"Ulaou0d Jo
Aemuyed e s upjs-ybnoayl-lodep
"(GTOZ 'Vd3 'S'N) ainsodxe
uewiny 03 Apuedlyiubis sangLIu0d
AJeardAy aseyd Joden ayy

woly dINN Buipnjour uondiosge
Jewlsp pue sainsodxa [euwlap
Buimoy|o} pagJosae [1am s dIAIN

SOA

NNO
‘S18J0/\

[ewsag

Jodep

"(BHWW G7€°0 = dA) dIAN

J0 AJI[17e]0A MO] 8Y) 0} Bnp asn

JO SUOIIPUOD UIBLID 10} Pt
aq 0} pajoadxa aJe sainsodxa
uolyefeyui se ‘fenusiod uoneisush
loden s1enjens Jayuny |IMm Vd3

SOA

NNO
‘SIIOM

uoneeyu|

Jodep

"ARemuyred Arewid e
3 01 pajoadxa s1 ainsodxa [ewlsq

sISAJeuy Jayyan4 ou
/ SIsAleuy Jaylin4 1oy sjeuoney

SOA

sIsAjeuy
Jaynn4

SIEMPIOIVIY

uone|ndod
/ 101daday

[ewsag

91n0y aunsodx3

JorU0D
pinbi

Aemyred
ainsodx3g

Buiuea|o adipn

011eudds
aansodx3
/ ases|ay

Burinjoeynuey

jusuodwo) pue aouerjddy
‘awdinb3 |ea1no9|3 Ul asn

A10bareOgns

(Buiseabap
J1o Bulues|d
10}) SIUBA|0S

A10Ba1eD

asn
JaWnsu09
pue
‘[e1a1awwod
‘lerasnpu|

obels
81940 811




GET J0 £0T abed

"(BHWW G7€°0 = dA) dIAN

J0 AJI[178]0A MO] 8Y) 0} Bnp asn

JO SUOIIPUOD UIeND 10} panwi|
aq 0} pajoadxa aJe sainsodxa
uolyefeyui se ‘renusiod uoneisusb
loden sjenjens Jayuny |IMm Vd3

SOA

NNO
‘SIIOM

uoneeyu|

Jodep

"(s1ex1dom Jo Jaquunu

10) WHMN Buniodas suoissiwgns
Z pue siasdom 00T 01 0G Buniodas
uolissiwqgns 1) ¥ao Jad paywij

sI pasodxa Ajjenualod siayiom

J0 Jsquinu 8y ‘Aemyred Arewnd e
3 03 pajoadxa sI ainsodxa [ewlaqg

SOA

SIEMPIOAVIY

[ewsag

1081U0D
pinbi

Buriaplos
[e12J3WwWod
pue [ersnpu|

s|elis1ew Bulisplos

sjuejess
pue saAISaypy

asn
Jawinsuod
pue
‘[e1213Wwwod
‘leLnsnpul

‘uonyeJado siy3 Bulinp
pa10adxa Jou sI JIIN Bulurejuod
1SNP pUE ISIW JO UOIRIBUID)

ON

NNO
‘SIIOM

uoneeyul/fewisq

1sna
1SIN

‘[ea1wayd
3y} yum BuIIom Ul paAjoAul
Apoauip siaxjiom 03 AjLrewid

aq 0} pajaadxa s1 ainsodxa |ewaq

ON

NNO

[ewsag

Joru0D
pinbi

"Ulaou0d Jo
Aemuyed e s upjs-ybnoayl-lodep
"(GTOZ 'Vd3 'S'N) ainsodxe
uewiny 03 Apuealyiubis sangLIu0d
Aj[ea1dAy aseyd soden ayy

woly dINN Buipnjour uondiosge
Jewlsp pue sainsodxa [ewap
Buimoy|oy pagJosge |19m s dIAIN

SOA

NNO
‘SI9NI0MN

[ewsag

Jodep

"(BHWW G7€°0 = dA) dIAN

J0 AJI[17e]0A MO] 8Y) 0} Bnp asn

JO SUOIIPUOD UIBLID 10} Pt
aq 0} pajoadxa aJe sainsodxa
uolyefeyui se ‘fenusiod uoneisush
loden sjenjens Jayuny |1

SOA

NNO
‘SIIOM

uoneeyu|

Jodep

“(s13>110M Jo Jaquunu

10} WwYMN bBuruodas suoissiugns
Z pue s1axom 00T 01 0G Buniodal
uoissiwgns 1) ¥ao Jad panwij

sI pasodxa Ajjenuajod siaxiom

10 Jaquinu ay] ‘Aemyied Arewnd e
8q 03 pa12adxa S ainsodxa [ewusq

SOA

SIEMPIAVIY

[ewssg

JorU0D
pinbi

suoneayund
[edlwayo018d
‘UONJRIIXD
seb pue |10

BurImorNUBIA [e21IWBYD0.18d

uononpouad
wnajosnad
01 213193ds
‘spie Bu1ssado.d

asn
J3Wwnsuod
pue
‘[e1a1awwod
‘[ensnpul

‘uonyeJado siy3 Burinp
pa10adxa Jou sI JIIN Bururejuod
1SNP pUE ISIW JO UOIRIBUID)

sISAJeuy Jayyan4 ou
/ SIsAleuy Jaylin4 1oy sjeuoney

ON

sIsAjeuy
Jaynn4

NNO
‘SIIOM

uone|ndod
/ 101daday

uoneeyu|/fewlsq

91n0y aunsodx3

1sna
/ISIN

Aemyred
ainsodx3g

011eudds
aansodx3
/ ases|ay

A10bareOgns

A10Ba1eD

obels
81940 811




GET J0 0T abed

"ARemuyred Arewnd e s SIBO - 10R1U0D 10 uonedljdde paJano02 Jou syonpod sasn 1o ‘[e1aJawwiod
3 03 pajoadxa sI ainsodxa [ewlaq A PHOM _ a pinbim Aeuds [elow “B'a ‘sasn j0so.ae J1BYIO wo ‘lernsnpu|
‘uorresado siyy Burinp o
pa10adxa Jou SI 4N Bulurejuod ON éwzo uonejeyul/fewlag 15nd saAleAlasald
IO /SN
1SNP pue IsiW JO UoIeIBUSD poom
“Tea1wayd Jo uoneorjdde
U} Y1M BUIIOM Ul PaAJOAUL 198JU0D (usniqyaised) S3AIRAIaS3.Id POOAN
>_Hummu ENTOI MH Ajewnd ON NNO [euls@ pinbi _ lenuely meSm\Amm paso]d) spinjy
8 01 pa1dadxa sI a1nsodxa |ewlaq .suonoenxs [euonouny - buLINjoBINUBIA
"ulaouod Jo [edrwayd SUIDIP3IAl pue [edlinadewlieyd
ARemured e si ups-ybnoiyi-iodep [eannsdeweyd ‘s1anowsai a3seb
“(ST0Z "'Yd3 'S 1) 2insodxa ‘Buiues)d adipn ‘slaueajd poom Bulpnjoul
uewiny o} AJuediuBbIs SsINQLIU0D NNO ‘asn Ausneq ‘sjonpoud a1ed aunjuiny asn
Al1e21dAy aseyd Joden ays SOA ‘SIIOM [ewieq Jodep ) lerisnpuj pue m_.___._mo_o. ‘sallaneq Jawinsuod
woJy dIAIN Butpnjour uondiosge ‘asn E,Sm._oga._ uor wniyy Hm_mu_Emso sasn JBUI0 pUe
[eLwIap pue sainsodxa jew.iap ‘sonpoud Aioyesoge] ta1aymasid [BI0IAWWOD
Buimoloy pagJosqe |1am St dINN Buiysiuy Ppa1an03 Jou sponpoud ‘eLnsnpu]
(PHWW SPE0 = dA) JAN |e1W Jo [e1sN ‘sBuneod anjiydolpAy :
40 AY|ITRIOA MO] 34} 0} AN 3sn uonesi|dde dip Buipnjaul ‘saAnippe juesLgn|
4O SUOIHIPUOD UIEM30 104 Pt ANO pue (Buiysniq) pue JueongnT :saseall
aq 0] pajoadxa ale sainsodxa SOA ‘SIBYI0M uonereyul JodeA [enuein pue sjueatign] sjonpoud
co_um_msc_ se ‘lenuajod uonelauab 0 LM_M_MQ:%%M m:woc wb_wovevﬂmw NMM”_U_MDM
loden ajenjens Jayunj |Im vd3 ! I~ -l
“SajoIe Buipnjoul ‘68 ‘sasn |osoJae-uou Jayli0
ojul paresodionul SI dIAIN 84aym ‘Buroinies
10€1U0D aAnowolne
umouun si ainsodxa Joy [enusjod SAA SENTIYY Jewsaq 1nbr :
au ‘1anamoH “Aemuyred Arewnd e pInb [e1213WWoY
8 03 pajoadxa sI ainsodxa [ewlaqg
‘3]qeatjdde si uonessush
N NNO 1sng
P pue ISIW §I SUIWIBIBP SOA . uolejeyul/fewlag
SISNIOM /SIN
0} 81enjeAs Jayunj |IM Vd3
‘[ea1wayd
3yl Yyum Buijiom ul panjoaul 19BIU0D
Anoaaip siaxiom o3 Ajrewrd ON ANO eued pinbiT
aq 01 pajoadxa s ainsodxa |ewag
"UJadu0d Jo
Aemuyred e s1 upjs-ybnoayi-iodep
"(GT0Z 'Vd3 'S'N) ainsodxa
uewny 03 Apuediubis sangiuod NNO
AJeardAy aseyd Joden ayy SOA RIENTITYY euleg JodeA
woJy dINN Buipnjour uondiosge
Jewuap pue sainsodxs [ewap
Buimoy|oy paglosae [1am si dIAIN
011eudds
sisfeuy Jayuing ou sisAeuy uone[ndog 91n0y aunsodx3 Aemued aansodx3 A10bareOgns A10Ba1eD sbe1s
/ SisA[euy JaylanH 1oy sjeuoiyey Jayun4 / 401da0ay ainsodx3 319AD a1

| 9ses|ay




GET J0 GOT abed

"UJ3du0d JO
Kemyzed e si unis-ybnoayi-lodep
"(GTOZ 'Vd3 'S'N) ainsodxa
uewny 03 Ajuealyiubis saNqLIU0d
Al1ea1dAy sseyd Joden ayy

woJy dINN Buipnjour uondiosge
[ewap pue sainsodxa ewssp
Buimojjo} paglosge |jam st NN

SOA

NNO
‘SISOM

[ewsag

Jodes

‘[eaiwayd
aU1 yum BUIIOM Ul PAAJOAUL
Apoaanp siaxiom 03 Ajewd

3 0} pajoadxa s1 ainsodxa [ewlaq

ON

NNO

[ewssg

1oe1U0D
pinbr

"(BHWW G¥E°0 = dA) dIAN

10 AI[178]OA MO] 81 0] Bnp asn

JO SUOINPUOD UIBLID J0) paniwl|
aq 01 pa1oadxa aJe sainsodxs
uolrefeyui se ‘fenuslod uoinelauab
Jloden arenjens Jayuny ||IM d3

SOA

NNO
‘S18YJ0/\

uorereyuj

Jodep

‘parenjens
9 0] SPsaU UOISIBWWI [ewlap

10} enualod ay} pue ainsodxa

10 Aouanbai4 *Aemyred Arewrid e
3 0} pajoadxa s1 ainsodxs [ewlsq

SOA

SINIOM

[ewssg

10BIU0D
pinbr

alsem
Jo [esodsip pue
Burpuey Jaxi0pn

sa1seMm dIAIN 10 Jesodsiq

Jesodsiq

pue JusWIIeal |
‘BurjpueH
IS

[esodsiq

‘Wwioy pijos
U1 8g 0} pa1oadxa 10U SI [BaIWAYD

ON

NNO
‘SIIOM

uoneeyul/fewisq

1$ng

"Ulaouod Jo
Aemued e s1 uis-ybnoayl-lodep
"(ST0Z 'Vd3 'S'N) ainsodxe
uewny 03 Apuealyiubis sanqiIu0d
Aj[ea1dAy aseyd Joden ayp

woly dINN Buipnjour uondiosge
Jewap pue sainsodxa ew.ap
Buimoj|oy paglosge |1am st AN

SOA

NNO
'S18J0/\

[ewssg

Jodep

AERIEDR)
3yl yum BuIIoM Ul panjoAul
Anoaaip siaxiom o3 Ajrewrid

3 0] paoadxa s1 ainsodxa [ewlaq

ON

NNO

[ewssg

JorU0D
pinbi

"uonjeJado siys Burinp Inddo
0] pa1oadxa si uolesauab IS

SOA

NNO
‘S18YJ0/\

uorereyuj

SIN

“(BHWW Gyg°0 = dA) dWN

J0 AJIj17e]0A MO] 8Y) 01 BNp asn

JO SUOINPUOD UIBLID o) paliwl|
3 01 pajoadxa aJe sainsodxa
uolyefeyui se ‘fenuslod uoielauab
loden arenjens Jayuny ||IM W43

sISAJeuy Jayyan4 ou
/ SIsAleuy Jaylin4 1oy sjeuoney

SOA

sIsAjeuy
Jaynn4

NNO
‘SI9NI0MN

uone|ndod
/ 101daday

uonefeyu|

91n0y aunsodx3

Jodep

Aemyred
ainsodx3g

uoneoldde
Jaziniay
[e10JaWwwo)
‘syonpoud
Bulues|o

10 uoneoldde
Joso.ae/Aelds
‘sjonpoud
Buiysiuiy jersw

011eudds
aansodx3
/ ases|ay

SJUBA|0S pue spre Buissasoud
- BulinjoeinueW [B21WaYd
[eanyna1iBe Jaylo pue
18z1]1184 ‘slanowal 1ayseh
‘slaueajd poom Buipnjoul
‘sponpo.d a1ed ainjuiny

pue Buiues|d ‘a1aymas|a

A10bareOgns

A10Ba1eD

asn
Jawnsuod
pue

obels
81940 811




GET 40 90T 8abed

‘salnsodxa
[ewap BuIMo]|0) PagIosae [1aM SI dININ d2Uls
Aemyred Arewnd e aq 0] pa12adxa sI ainsodxa [ewlaq

SOA

SJIBWNSU0D

[ewlsQ

19%1U092 pInbiT

uoneaijddy
Aeids

slanowsal
Buneod
pue Jured

sbuneo)
pue sjured

asn
Jawinsuon

"siapurIsAq 1oy AjaxIjun aq 03 paidadxa

S1 9JN0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 8Insodxa Jawnsuod Ul 3jnsas Aew ash plaly
-Jeau woJy Bunynsas spuey Jo UOIRUILEILOD NN

SOA

siapurisAg

[e10

19e1U09 pInbi

dIAIN Bulureluoa spinbij ynm
10€JU02 19341p 9ARY 0} Pajdadxa 10U aJe SIapuelSAg

ON

siapueIsAg

[ewlsQ

19%1U092 pInbIT

"(BHWW G¥€°0 = dA) dIAN

10 AJ11B[OA MO] 8} 01 8np 8sN JO SUOIIPUOI UIBLISI
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘renuajod uoneiauab JodeA ayenjeAs Jayuny [[IM Vd3

SOA

slapueisAg
/slawinsuo)

uonefeyu|

1SN/ Joden

D
0) pajoadxa S1 81n0J [0 BIA ainsodxa dIAN “uonsabul
BIA AN 01 31ns0dxa Jawnsuod ul 3jnsal Aew asn
1onpoud wody Bunnsal spuey Jo UoITRUILIRIU0I AN

N

SJawnsuo)

[e10

1981U09 pInbiT

"UI92U09 Jo Aemyied

e s1 upys-ybnoayr-1ode (eSTOZ ‘Vd3 'S'N) ainsodxa
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
JodeA ayy woly AN Buipnjoul uondiosge fewlsp pue
sainsodxa [ewap Buimo|jo) paglosqe [jam si dIANN

SN

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘salnsodxa
Jewuap BuIMO||0} PagIoSae |1aM SI dINN d2UlS
Aemyied Arewnid e aq 0] pa1dadxa si ainsodxa [ewlsq

SOA

SJauwnsuo)

[ewuag

1981U09 pInbIT

90BLINS WOJ)
uonelodens

slanowsal
Buneod
pue Jured

sbuneo)
pue sjured

asn
Jawinsuo)

sisAjeuy JayLin4 ON /SIsAjeuy Jayuin4 1oJ sjeuoney

sIsAjeuy
Jayun4
Joj pasodoid

101d32%9y

saInoy
ainsodx3

Aemyied
ainsodx3

01Ieua2s
ainsodx3
/ ases|ay

AiobBareagns

AioBaed

abeig
3194 a1

[9POIA [en1daduo) sasn pue SaIlIAIdY Jawnsuo) Jo) ajqel bunuoddns T-3 xdy ajgel

"19dOIN "'TVNLdIdONOD
S3SN ANV SALIAILOV HINNSNOD HO4 319VL ONILHOddNS 3 xipuaddy



GET 40 0T abed

"(BHwW 5¥€°0 = dA) dIAIN

10 AJ11B[OA MO] 83 01 8np 8sN JO SUOIIPUOI UIBLISI
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘fenualod uoneiauab Jodea s1enjeAs Jayuny [[IM Vd3

SOA

siapueisAg
/slawinsuo)

uonefeyu|

IsIA/JodeA

D

01 pa12adxa SI 31N0J [RIO BIA 8Ins0dxa dIAIN ‘uonssbul
BIA AN 0 8insodxa JaWNsuod Ul 3nsal Aew asn
10nposd woly Bunnsal spuey Jo UOITRUILIEBIUOI JINN

SOA

SIBWINSU0D

[el0

19e1U09 pInbi

"UI32u09 Jo Aemyed

e s1 upys-ybnoayi-1oden *(eSTOZ ‘Vd3 'S'N) ainsodxa
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
JodeA ay1 wouy dAIN Buipnjoul uondiosae few.lsp pue
sainsodxa [ewap Buimo]|o) paglosqe [1am si dIANN

SOA

slapueisAg
/S18WNSU0D

[ewlsQ

uns
ybnouyy Jodep

"sainsodxa
Jewuap BuiMo||0} PagIosae [1aMm SI dINN d2uls
Aemyred Arewnid e aq 0} pa1oadxa si ainsodxa jewlsq

SOA

SIBWINSU0D

Jewsaq@

19e1U09 pInbi

80BJINS WO}
uonelodeny

SIaAOWBl
aISaYPY

sbuneo)
pue sjured

asn
Jawinsuo)

"siapurIsAq 1oy AjaxIjun aq 0} paidadxa

S1 9)N0J [2J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 81nsodxa Jawnsuod ul 3jnsas Aew ash plaly
-Jeau woJy Bunynsas spuey Jo UoIRUILEILOD JINN

SOA

slapurisAg

[el0

1981U09 pInbiT

dIAIN Bulureuoad spinbij yum
19€JU0J 19341P 9ARY 0} Pa}aadxa 10U aJe SIapuelsAg

ON

siapueisAg

[ewsQ

1981U09 pInbIT

"(BHWW S¥¢°0 = dA) dIAN

JO AJ111B[OA MO] 8} 01 8np 8sN 4O SUOIIIPUOI UILLISI
10} paliwl| aq 0} pajdadxa ale saINsodxa uoleeyul se
‘fenualod uoneiauab Jodea ayenjeAs Jayuny [[IM Vd3

N

slapurisAg
/slawinsuo)

uonereyu

1St/ Joden

ED

0] pa)oadxa SI 31N0J [RIO BIA 3Ins0dXa dIAIN ‘uonssbul
BIA AN 0 8insodxa JaWNsuod Ul 3nsal Aew asn
19npoud woly Bunnsal spuey Jo UOIRUILIEBIUOI JINN

N

Slawnsuo)

[el0

1981U092 pInbIT

"UJ92u09 Jo Aemyied

e s1 upys-ybnoayi-toden *(eSTOZ ‘Vd3 'S'N) ainsodxs
uewiny 0y Ajpueaiyiubis sengriuod AjeardAr aseyd
JodeA ay) wous dIAN Buipnjoul uondiosae few.lsp pue
salnsodxa Jewuap BuIMO||0) PACIOSTR [|9M SI dINN

SOA

slapueisAg
/slawinsuo)

[ewuag

uns
ybnouyy Jodep

uoneaijddy
Aeids

slanowsl
Buneod
pue jured

sbuneo)
pue sjured

asn
Jawinsuo)

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET J0 80T abed

"UI32u09 Jo Aemyied

e s1 upys-ybnoayi-1oden *(eST0Z ‘Vd3 'S'N) ainsodxa
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
Jodea ay1 wouy dIN Buipnjoul uondiosae few.lsp pue
sainsodxa [ewap BuiMo]|o) paglosqe [1am si dIANN

SOA

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘salnsodxa
Jewuap BuIMO||0} PagIosae |1aM SI dINN d2Uls
Aemyred Arewnid e aq 01 pajoadxa si ainsodxa jewaq

SOA

SIBWINSU0D

Jewsaq@

19e1U09 pInbi

90BJINS WO}
uolrelodeny

saysiuly 100}
pue ssswnd
‘saysiuten
‘sures
‘sjanboe]

sbuneo)
pue sjured

asn
Jawnsuon

"siapurISAq 10y AjaxIjun aq 03 pajdadxa

S1 9JN0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 8Insodxa Jawnsuod Ul 3jnsas Aew ash plaly
-Jeau woJy Bunynsas spuey Jo UoIRUILEILOD NN

SOA

slapurisAg

[e10

19e1U09 pInbi

dNN Buiurejuod spinbij ynm
108102 19811P 9ARY 0} Paloadxa 10U aJe sispuelsig

ON

siapueIsAg

[ewlsQ

19%1U092 pInbIT

"(BHWW G¥€°0 = dA) dIAN

J0 Alj1re|0A MO 8Y1 03 8NP 8SN JO SUOIIPUOD UIBLB)
10} pa)iwi] aq 03 pajoadxa aJe sainsodxa uoire[eyul se
‘lenuajod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

SOA

slapueisAg
/sI3WNSU0)

uonefeyu

IsIA/10de

"MO] 8¢
0] pa199dxa SI 81N0J [eJ0 BIA 3INS0dXa dIAIN “Uonsabul
BIA dINN 01 8nsodxa Jawinsuod ul 3jnsal Aew asn
10npo.d woly Buninsal spuey 40 UoIRUILEIU0I JINN

SOA

SIBWNSU0D

[el0

1981U09 pInbiT

"UJ92u09 Jo Aemyied

e s1 upys-ybnoayi-1oden *(eST0Z ‘Vd3 'S'N) ainsodxs
uewiny 01 Ajpueaiyiubis sengriuod AjeardAr aseyd
JodeA ay) wous dIN Buipnjoul uondiosae few.lsp pue
salnsodxa Jewuap BuIMO||0) PACIOSTR [|9M SI dINN

SOA

siapueisAg
/slawinsuo)

[ewuag

uns
ybnouyy Jodep

"sainsodxe
Jewap BUIMO]|0) PaCIOSae |]aM SI dINN d2Uls
Aemyred Arewrid e ag 01 pa1oadxa si ainsodxa jewaq

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

uoneaijddy
Aeids

S19AOWal
anIsaUPY

sbuneo)
pue sjured

asN
Jawinsuo)

‘sIapurISAq 10y AjaxIjun aq 0} pajdadxa

SI 91N0J |RJO BIA 3INS0dXa dIAN "uonsabul eIA
dIAIN 01 3Insodxa Jawnsuod ul 3nsai Aew asn pjaly
-Jeau woJy Bunnsas spuey Jo UoRUILEILOI JINN

N

slapueisAg

[el0

1981U09 pInbiT

dN Buiurejuoa spinbij yum
10R]U09 12341p dABY 0 Paldadxa 10U aJe SiapurisAg

ON

slapueIsAg

[ewlsQ

1981U09 pInbiT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abeis
319D a1




GET J0 60T abed

dININ Bulureiuoa spinbij ynm
1081U09 10341p aARY 0] Paloadxa 10U aJe SIapuerlsAg

ON

slapueisAg

[ewlsQ

1981U09 pInbiT

"(BHWW S7€°0 = dA) dIAN

0 A1|17R|OA MO] 8} 03 8NP 3sn JO SUORIPUOD UIeMad
10} paliwl| aq 0] pajdadxa ale sainNsodxa uoleeyul se
‘lenuaiod uolessusB Jodea sjenjens Jayuny |IM Vd3

SOA

siapueisAg
/slawinsuo)

uonefeyu|

1SN/ Joden

W ED
0] pa)oadxa SI 8IN0J [RIO BIA 8Insodxa dIAN ‘uonssbul
BIA AN 01 8Insodxa Jawnsuod ul 3ynsal Aew asn
10npoud woly Bunnsal spuey Jo UOITRUILIEBIUOI JINN

SOA

SIBWINSU0D

[el0

19e1U09 pInbi

"UI82U09 Jo Aemyled

e s1 upys-ybnoayi-toden “(eSTOZ ‘Vd3 'S'N) ainsodxa
uewiny 01 Ajpueaiyiubis sangriuod AjeardAy aseyd
JodeA ay1 wous NN Buipnjoul uondiosae [ew.lsp pue
salnsodxa Jewsap BuIMo||0) PaCIoSae [[aM SI dINN

SOA

slapueisAg
/slawinsuo)

Jewsaq@

uns
ybnouyy Jodep

‘saunsodxe
Jewsap BuIMOo||0} PagIosae |1aM SI dININ d2Uls
Aemyred Arewnid e aq 0] pa1dadxa sI ainsodxa [ewlaq

SOA

SIBWNSU0D

Jewsaq@

19e1U09 pInbi

uonesljddy
Aeids

saysiuly 00|}
pue siawnd
‘SaysiuIen
‘sureis
‘s1anboe]

sbuneo)
pue sjured

asn
Jawinsuon

“(BHWW G€°0 = dA) AWN

0 A11j17R|OA MO] 8Y) 03 8NP 3sn JO SUOIIPUOD UIBLISD
1o} pajiwi| ag 03 pajoadxa aJe sainsodxa uoirefeyul se
‘lenualod uoieiauab Jodea ayenjeAs Jayuny [|IM Vd3

N

slapueisAg

uonereyu

IsHA/10deA

dN Buiurejuoa spinbij yum
10R]U09 12341p dABY 0) Paloadxa 10U ale SiapueisAg

ON

slapueisAg

[ewlsQ

1981U09 pInbiT

"SIapueISAq J0j Ajayijun aq 03 paidadxa

S1 91N0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 81nsodxa Jawnsuod Ul 3jnsas Aew ash plaly
-Jeau woJy Bunynsas spuey Jo UoIRUILEILOD JINN

SOA

slapurisAg

[e10

1981U09 pInbiT

‘(BHWW G7€°0 = dA) dIAN

10 A11j11e[0A MO] 8U) 01 8NP 8SN JO SUOIIIPUOD UIRLD
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘fenualod uoneiauab Jodea ayenjeAs Jayuny [[IM Vd3

N

slapurisAg
/slawinsuo)

uonefeyu

IstA/Joden

D
0] pa)oadxa SI 31N0J [RIO BIA 3Ins0dxa dIAN ‘uonsabul
BIA AN 01 8insodxa JaWNSuU0d Ul 3 nsal Aew asn
19npoud woly Bunnsal spuey Jo UOIRUILIEBIUOI JINN

SOA

SJIBWNSU0D

[e10

1981U09 pInbiT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO OTT obed

"UIa2u09 Jo Aemyied

e s1 upys-ybnoayi-tode (eSTOZ ‘'Vd3 'S'N) ainsodxa
uewiny 01 Apueaijiubis saangriuod AjeaidAy aseyd
Jodea a3y wolj AN Buipnjoul uondiosge fewlsp pue
sainsodxa [ewap Buimojjos paglosge |[am st JIAIN

N

slapueisAg
/sI3WNsSU0)

[ewlsQ

umpjs
ybnouyy Jodep

"saunsodxe
Jewap BUIMO]|0) PaCIOSae ||aM SI dINN d2Uls
Aemyred Arewrd e ag 01 pa1oadxa si ainsodxs jewaqg

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

uoneaijddy
Aeids

apelL |reey
pue a[esajoy
‘UoIONISU0D

SaAINppe
Buireod pue
SaAIlppe
lured

asn
Jawinsuo)

‘sIapurISAq 10y AjaxIjun aq 03 paidadxa

SI 91N0J |RJO BIA 3INS0dXa dIAIN "uonsabul eiA
dIAIN 01 3insodxa Jawnsuod ul 3nsai Aew asn pjaly
-Jeau woJy Bunnsas spuey Jo UOIRUILEILOD JINN

N

slapueisAg

[e10

1981U09 pInbiT

dN Buiurejuoa spinbij yum
1081U09 12341p aARY 0] Paldadxa 10U aJe SiapueisAg

ON

slapueisAg

Jewsaq@

198109 pInbiT

“(BHWW G¥€°0 = dA) AN

J0 Alj1Te|OA MO 81 03 8NP 3SN JO SUOIIPUOD UIBLIBD
10} paliwl] aq 03 pajoadxa aJe sainsodxa uolrefeyul se
‘lenualod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

N

slapueisAg
/slawinsuo)

uonefeyu

IsHA/10deA

D
0] pa)oadxa SI 81N0J [RIO BIA 3Insodxa dIAN ‘uonssbul
BIA AN 0 8insodxa JaWNsuUod Ul 3nsal Aew asn
19npoud woly Bunnsal spuey Jo UOIRUILIEBIUOI JINN

N

Slawnsuo)

[el0

1981U09 pInbiT

"UI92U09 Jo Aemyied

e s1 upys-ybnoayl-1ode (eST0Z ‘Vd3 'S'N) ainsodxe
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
JodeA ayy woly AN Buipnjoul uondiosge fewlsp pue
sainsodxa [ew.ap Buimo||o) paglosqe [jam si dINN

SN

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘salnsodxa
Jewuap BuIMOo||0} PagIosae [1aM SI dINN d2Uls
Aemyied Arewnid e aq 0] pa1dadxa si ainsodxa [ewlsq

SOA

SJIBWNSU0D

[ewlsQ

1981U09 pInbiT

90BJINS WOy
uolrelodens

apelL |re1ey
pue a[esajoyA
‘UoIoNAISU0D

SaAIlIppe
Buireod pue
SaAIlppe
lured

asn
Jawinsuo)

"SIapurISAq J0) AjaxIjun aq 0} pajdadxa

S1 91N0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 81nsodxa Jawnsuod ul 3jnsas Aew ash plaly
-Jeau wouy Bunjnsas spuey Jo UoRUILEILOD JINN

SOA

slapurisAg

[el0

1981U09 pInbiT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO TTT obed

"sIapueISAq J0) AjaxIjun aq 0] pajdadxa

S1 9)N0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 81nsodxa Jawnsuod Ul 3jnsas Aew asn plaly
-Jeau woJy Bunynsas spuey Jo UOIRUILEILOD AN

SOA

slapurisAg

[e10

19e1U09 pInbi

dININ Bulureiuoa spinbij ynm
1081U09 19341p aARY 0] Paloadxa 10U aJe SIapuerlsAg

ON

slapueisAg

[ewlsQ

1981U09 pInbiT

"(BHWW 5¥€°0 = dA) dIAN

0 A1|17R|OA MO] 8} 03 8NP 3sn JO SUOIIPUOD UIeMad
10} paliwl| aq 0] pajdadxa ale sainNsodxa uoleeyul se
‘lenusiod uolessusB Jodea sjenjens Jayuny |IM Vd3

SOA

Slswnsuo)

uonefeyu|

IsIA/JodeA

D
01 pa1oadxa S1 81n0J [0 BIA ainsodxa dIAN uonsabul
BIA JIAIN 01 21ns0odxa Jawinsuod ul 3jnsai Aew asn
1onpoud woly Bunnsal spuey Jo uoieUIWRIU0I dIAIN

SOA

Slswnsuo)

210

108109 pInbIT

"UI32u09 Jo Aemyed

e s1 upys-ybnoayi-1oden (eST0Z ‘Vd3 'S'N) ainsodxa
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
Jodea ay1 wouy dN Buipnjoul uondiosae few.lsp pue
sainsodxa [ewap Buimo||o) paglosqe [jam si dINN

SOA

slapueisAg
/S18WNSU0D

[ewlsQ

uns
ybnouyy Jodep

‘sainsodxe
Jewuap BuiMo||0} PagIosae |1aM SI dINN d2Uls
Aemyred Arewnid e aq 01 pajoadxa si ainsodxa jewaq

SOA

SJauwnsuo)

[ewuag

1981U09 pInbiT

80BJINS WO}
uonrelodeng

Burnoeynue
jusuodwo)
pue aouelddy
‘quswdinb3
1e214198|3
ur asn

(Buisealbap
pue Bulues|d
10}) SJUBA|0S

asn
Jawinsuon

'sIapuelSAq 10} Aj@x1jun aq 01 pajoadxa

S1 9)N0J [J0 BIA 3Insodxa dIAN "uonsabui eia
dIAIN 01 8I1nsodxa Jawnsuod Ui 3jnsas Aew asnh plaly
-Jeau woJy Bunnsas spuey Jo UoRUILEILOI NN

SOA

slapueisAg

210

1981U09 pInbiT

dNN Buiurejuod spinbij ynm
1081U09 10841p 9ARY 0} Pa1oadxa 10U aJe sispuelsig

ON

slapueisAg

[ewlsQ

1981U09 pInbiT

"(BHWW S¥€°0 = dA) dIAN

J0 Alj17e|OA MO 81 03 8NP 3SN JO SUOIIPUOD UIBMIBD
10} pa)iwl] aq 03 pajoadxa aJe sainsodxa uolrefeyul se
‘fenuajod uoijeiauab Jodea syenjeAs Jayuny [[IM Vd3

N

slapueisAg
/slawnsuo)

uonereyu

1St/ Joden

D
0) pajoadxa S1 81n0J [0 BIA ainsodxa dINN uonsabul
BIA AN 01 31ns0dxa Jawnsuod ul 3nsal Aew asn
1onpoud wody Bunnsal spuey Jo UoITRUILIRIUOI AN

N

SJawnsuo)

[e10

198109 pInbiT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO ¢TT abed

"MOJ 8q
0) pajoadxa S1 81n0J [0 BIA ainsodxa dIAN ‘uonsabul
BIA JIAIN 01 24nsodxa Jawinsuod ul 3jnsai Aew asn
1onpo.d wouiy Bunjnsal spuey JO UOITRUILRIUOI dIANN

SOA

Slswnsuo)

[el0

1981U09 pInbIT

"UI82U09 Jo Aemyled

e s1 upys-ybnoayi-1oden *(eSTOZ ‘Vd3 'S'N) ainsodxa
uewiny 01 Ajpueaiyiubis sangriuod AjeardAy aseyd
JodeA ay1 wous NN Buipnjoul uondiosae [ew.lsp pue
salnsodxa Jewsap BuIMmo||0) PaCIoSae [[aM SI dINN

SOA

slapueisAg
/slawinsuo)

Jewsaq@

uns
ybnouyy Jodep

"sainsodxe
Jewap BUIMO]|0) PaCIOSae [|aM SI dINN d2Uls
Aemyred Arewrd e ag 01 pa1oadxa si ainsodxs jewaqg

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

90BLINS WOJ)
uolrelodeny

Ut JauLd

s1onpoud
1URJI0|02 pue
Jauo] “Mu|

asn
Jawinsuo)

‘siapurISAq 10y AjxIjun aq 03 pajdadxa

SI 91N0J |RJO BIA 3InS0dXa dIAIN "uonsabul eiA
dIAIN 01 3insodxa Jawnsuod ul 3 nsai Aew asn pjaly
-Jeau wouy Bunnsas spuey Jo UOIRUILEILOD JINN

N

slapueisAg

[e10

1981U09 pInbiT

dNN Buiurejuoa spinbij yum
1081U09 12341p aARY 0] Paldadxa 10U aJe SiapueisAg

ON

slapurisAg

[ewlsQ

1981U09 pInbiT

"(BHWW S¥€°0 = dA) dIAN

10 Alj1TR|OA MO 8Y1 03 8NP 3Sh JO SUOIIPUOD UIBLIBD
10} pa)iwl] aq 03 pajoadxa aJe sainsodxa uolrefeyul se
‘fenuajod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

N

slapueisAg
/slawinsuo)

uonefeyu

IstA/Joden

D
0) pajoadxa S1 81n0J [0 BIA ainsodxa dINN uonsabul
BIA JIAIN 01 8Ins0dxa Jawnsuod ul 3nsal Aew asn
1onpoud wody Bunnsal spuey Jo UoITRUILRIUOI AN

N

SJawnsuo)

[el0

1981U09 pInbiT

"UI82U09 Jo Aemyied

e s1 upys-ybnoayi-toden *(eST0Z ‘Vd3 'S'N) ainsodxs
uewiny 01 Appueaiyiubis sangriuod AjeardAy aseyd
Jodea ay) wouy AN Buipnjoul uondiosae few.lsp pue
sainsodxa [ewap BuMo]|o) paglosqe [jam si dIANN

SOA

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

"sainsodxe
Jewap BUIMO]|0) PagIoSae ||aM SI dINN d2Uls
Aemyred Arewrid e ag 01 pa1oadxa s1 ainsodxa jewaq

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

uonesiddy
Aeids

Burinioenuey
jusuodwo)
pue souelddy
‘Juswdinb3
1ea1199|3
urasn

(Buisealbap
pue Bulues|d
10J) SJUBAJ0S

asn
Jawinsuo)

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO £TT abed

‘siapurISAq 1oy AjxIjun aq 0} paidadxa

SI 91N0J |RJO BIA 3INS0dXa dIAIN "uonsabul eIA
dIAIN 01 3insodxa Jawnsuod ul 3 nsai Aew asn pjaly
-Jeau woJy Bunnsas spuey Jo UOIRUILEILOD JINN

SOA

siapurisAg

[e10

19e1U09 pInbi

dN Buiurejuoa spinbij yum
1081U09 19341p aARY 0] Paldadxa 10U aJe siapueisAg

ON

siapueisAg

Jewsaq@

19e1U09 pInbi

"(BHWW S¥€°0 = dA) dIAN

J0 Al1j17e|0A MO 81 03 8NP 8SN JO SUOIIPUOD UIBLIBD
10} pajiwi] aq 03 pajoadxa aJe sainsodxa uoie[eyul se
‘lenuajod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

SOA

slapueisAg
/slawinsuo)

uonefeyu|

1SN/ Joden

D
0) pajoadxa S1 81n0J [0 BIA ainsodxa dIAN ‘uonsabul
BIA AN 01 81ns0dxa Jawnsuod ul 3nsal Aew asn
1onpoud wouiy Bunjnsal spuey JO UOITRUILRIUOD dINN

N

SJawnsuo)

[e10

1981U09 pInbiT

"UJ92u09 Jo Aemyied

e s upys-ybnoiyr-iode “(eSTOZ ‘Vd3 'S'N) ainsodxe
uewiny 01 Apueaijiubis saangriuod AjeaidAy aseyd
Joden ay3 woly AN Buipnjoul uondiosge fewssp pue
sainsodxa [ewuap Buimol|o) paglosge [jam st dINN

N

slapurisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘sainsodxe
Jewuap BuIMOo||0) PagIoSae |1aM SI dININ d2UlS
Aemyred Arewnd e aq 01 pajoadxa si ainsodxa jewaq

SOA

SIBWNSU0D

[ewlsQ

1981U09 pInbiT

80BJINS WO}
uonelodens

juswadinba
Bunum ur syu|

s1onpoud
1URJI0|0D pue
Jauo} “Mu|

asn
Jawinsuo)

"siapurIsAq 1oy AjaxIjun aq 0] pajdadxa

S1 9JN0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 8Insodxa Jawnsuod Ul 3jnsas Aew ash plaly
-Jeau woly Bunjnsal spuey Jo UoeUILEILOD dINN

N

slapueisAg

[e10

1981U092 pInbIT

dIAIN Bulureuoad spinbij yum
19€]U0J 19341P 9ARY 0) Pa)oadxa 10U aJe SIapuelsAg

ON

slapueisAg

[ewuaqg

1981U09 pInbIT

"(BHWW G¥€°0 = dA) dIAN

0 A11j17e|OA MO] 8Y) 03 8NP asn JO SUOIIPUOD UIeLISD
10} pa)iwl] 3g 0} pajoadxe ate sainsodxa uolrefeyul se
‘lenualod uoieiauab JodeA syenjeAs Jayuny [|IM Vd3

N

slapueisAg
/slawnsuo)

uonereyu

1St/ Joden

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO ¢TT abed

"MOJ 8q
0) pajoadxa S1 81n0J [0 BIA ainsodxa dIAN ‘uonsabul
BIA JIAIN 01 31ns0odxa Jawinsuod ul 3jnsal Aew asn
1onpoud wouy Bunjnsal spuey Jo UOITRUILRIUOI dIAN

SOA

Slswnsuo)

210

1981U09 pInbIT

"UJ92u09 Jo Aemyied

e s1 upys-ybnoayi-todeA “(eST0Z ‘Vd3 'S'N) ainsodxs
uewiny 01 Ajpueaiyiubis sengriuod AjjeardAr aseyd
JodeA ay) wous NN Buipnjoul uondiosae jew.sp pue
salnsodxa Jewuap BuIMO||0) PACIOSae [|aM SI dIANN

SOA

siapueisAg
/slawinsuo)

[ewlag

uns
ybnouyy Jodep

‘salnsodxa
Jewsap BuIMOo||0} PagIosae |1aM SI dININ d2Uls
Aemyred Arewnid e aq 0} pa1oadxa si ainsodxa [ewlsq

SOA

SIBWNSU0D

Jewsaq@

19e1U09 pInbi

uoneaijddy
Aeids

siuabe Bulpuiq
Buipnjoul
S|ealwayd
weess
puUe SaAISaypy

SjueRasS pue
SaAISaUPY

asn
Jawinsuon

'sI9pueISAq 10} Aj@x1jun aq 01 paloadxa

S1 9)N0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 8Insodxa Jawnsuod Ui 3jnsaJ Aew ash plaly
-Jeau woJy Bunynsas spuey Jo UoIRUILEILOD NN

SOA

slapueisAg

[e10

198109 pInbiT

dIAIN Bulureuoad spinbij yum
19€1U0 19311P 9ARY 0) Pa)aadxa 10U ale SIapuelsAg

ON

slapueIsAg

[ewlsQ

1981U09 pInbiT

"(BHWW 5¥€°0 = dA) dAIN

10 AJJ11B[OA MO] Y] 01 8np 8sN JO SUOIIPUOI UL
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘fenuajod uoneiauab JodeA ayenjeAs Jayuny [[IM Vd3

SOA

siapueisAg
/slawinsuo)

uonefeyu|

IsHN/10deA

T ED

0] pa)oadxa S 81N0J [RIO BIA 3Insodxa dIAIN ‘uonsabul
BIA AN 01 8insodxa Jansuod ul 3ynsal Aew asn
10npoud woly Bunnsal spuey Jo UOIRUILIEBIUOI dINN

SOA

SIBWNSU0D

[el0

1981U09 pInbiT

"UI92U09 Jo Aemyied

e s1 upys-ybnoayi-toden “(eSTOZ ‘'Vd3 'S'N) ainsodxa
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
Jodea ay3 woly AN Buipnjoul uondiosge fewlsp pue
sainsodxa [ewap BuIMo]|0) paglosqe [jam si dINN

N

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

"sainsodxe
Jewap BUIMO]|0) PagIoSae ||aM SI dINN d2Uls
Aemyred Arewrid e ag 01 pa1oadxa s1 ainsodxa jewaq

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

80eJINS WO}
uonelodeng

swuabe Buipuiq
Buipnjoul
s|ealwayo
efess
pue SaAISaypY

s)uR|Ras pue
SOAISaUPY

asn
Jawinsuo)

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO GTT abed

‘sainsodxe
Jewap BUIMO]|0) PaCIOSae []aM SI dINN d2Uls
Aemyred Arewnid e aq 01 pajoadxa si ainsodxa jewaq

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

uonesljddy
Aeids

pue san|b
jusuodwod
abuis

s)ueRas pue
SOAISAUPY

asn
Jawinsuo)

‘siapurISAq 10y AjaxIjun aq 03 paidadxa

SI 91N0J |RJO BIA 3INS0dXa dIAIN "uonsabul eiA
dIAIN 01 3insodxa Jawnsuod ul 3 nsai Aew asn pjaly
-Jeau wouly Bunnsas spuey Jo UOIRUILEILOD JINN

N

slapueisAg

[e10

1981U09 pInbiT

dNN Buiurejuoa spinbij yum
1081U09 12341p aARY 0] Paldadxa 10U aJe SiapueisAg

ON

siapueisAg

Jewsaq@

19e1U09 pInbi

"(BHWW S¥€°0 = dA) dIAN

J0 Al1|17R|OA MO BY3 03 8NP 3sn JO SUORIPUOD UIeLad
10} pa)iwl] ag 0} pajoadxa aJe sainsodxa uoire[eyul se
‘lenualod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

N

slapurisAg
/slawnsuo)

uonereyu

1stA/J0dep

D
0] pa)oadxa SI 81N0J [RIO BIA 8Insodxa dIAIN ‘uonssbul
BIA AN 0 8insodxa JaWnsuod Ul 3nsal Aew asn
10npoud woly Bunnsal spuey Jo UOITRUILIEBIUOI JINN

SOA

SJIBWNSU0D

[e10

19%1U09 pInbIT

"uIa2u09 Jo Aemyied

e s upys-ybnoiyr-1oden (eST0Z ‘Vd3 'S'N) aInsodxe
uewiny 01 Apueaijiubis saangriuod AjeaidAy aseyd
Joden ay3 woly AN Buipnjoul uondiosge fewssp pue
sainsodxa [ewap Buimol|o) paglosge [jam st dINN

N

slapurisAg
/slawnsuo)

[ewlsQ

uns
ybnouyy Jodep

"saunsodxe
[ewap BUIMO]0} PaCIOSae []aM SI dINN d2UlS
Aemyred Arewrd e aq 01 pajoadxa si ainsodxa jewaqg

SN

Slawnsuo)

[ewlsQ

1981U092 pInbIT

90BLINS WOJ)
uonelodens

SanlIsaype
eoLgn|
Buipnjoul
‘SanIsaype
pue san|b

jusuodwod

a|buis

sjuefess pue
SAAISAYPY

asn
Jawinsuo)

‘siapurISAq 1oy AjaxIjun aq 03 pajdadxa

S1 8104 [J0 BIA 3Insodxa dIAN "uonsabul ein
dIAIN 01 3insodxa Jawnsuod ul 3jnsai Aew asn pjaly
-Jeau woJy Bunnsas spuey Jo UOIRUILEILOD JIAN

N

slapueisAg

[el0

1981U092 pInbIT

dNN Buiurejuoa spinbij yum
10R]U09 12341p aABY 0 Paloadxa 10U aJe SiapueisAg

ON

slapueisAg

[ewuaqg

1981U09 pInbiT

"(BHWW G¥€°0 = dA) dIAN

0 A11j17e|OA MO] 8Y) 03 8NP asn JO SUOIIPUOD UIeLISD
10} pa)iwl] 3g 0} pajoadxe ate sainsodxa uolrefeyul se
‘lenualod uoieiauab JodeA syenjeAs Jayuny [|IM Vd3

SOA

slapueisAg
/slawinsuo)

uoneeyu

IsIA/10deA

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET J0 91T abed

"(BHWW G¥€°0 = dA) dIAN

10 AJ11B[OA MO] 8} 01 8np 8sN 4O SUOIIPUOI UIBLISI
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘fenualod uoneiauab JodeA ayenjeAs Jayuny [[IM Vd3

SOA

siapueisAg
/slawinsuo)

uoneeyu

IsHA/10deA

W ED
0] pa)oadxa SI 8IN0J [RIO BIA 8Insodxa dIAN ‘uonssbul
BIA AN 01 8insodxa Jawnsuod ul 3ynsal Aew asn
10npoud woly Bunnsal spuey Jo UOITRUILIEBIUOI JINN

SOA

SIBWINSU0D

[e10

19e1U09 pInbi

"UJ92u09 Jo Aemyied

e s1 upjs-ybnouyi-loden "(BST0Z ‘Wd3 'S'N) ainsodxa
uewny 0y Apueaiyiubis sengriIuod AjfeaidAr aseyd
Joden ay3 woly AN Buipnjoul uondiosge fewdsp pue
salnsodxa Jewuap BuIMO||0) PACIOSaR [|9M SI dIANN

SOA

siapueisAg
/slawinsuo)

[ewlag

uns
ybnouyy Jodep

"saunsodxe
Jewap BUIMO]|0) PaCIOSae ||aM SI dINN d2Uls
Aemyred Arewrd e ag 01 pa1oadxa si ainsodxs jewaqg

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

80BJINS WO}
uonelodeny

suisal
awos Buipnjoul
‘SanISaype
pue san|b
yusuodwod
-OM ]

s)ue|Ras pue
SOAISaUPY

a5
Jawinsuo)

"Slapue)sAq 1oy Aj@x1jun aq 01 pajdadxe

SI 91N0J |RJO BIA 3INS0dXa dIAIN "uonsabul eIA
dIAIN 01 3insodxa Jawnsuod ul 3nsai Aew asn plaly
-Jeau wouJy Bunnsas spuey Jo UOIRUILEILOD JINN

N

slapueisAg

[el0

1981U09 pInbiT

dNN Buiurejuoa spinbij yum
1081U09 12341p aARY 0 Paldadxa 10U aJe SiapueisAg

ON

slapueisAg

[ewuaqg

1981U09 pInbIT

“(BHWW G€°0 = dA) AN

J0 Alj1Te|OA MO 81 03 8NP 3SN JO SUOIIPUOD UIBMBD
10} pajiwi| ag 03 paoadxa aJe sainsodxa uoirefeyul se
‘lenualod uoieiauab JodeA syenjeAs Jayuny [|IM Vd3

N

slapueisAg
/slawinsuo)

uonereyu

IsHA/10deA

‘MOJ 8q
01 pa1oadxa SI 81n0J [eJ0 BIA 8insodxa dIAIN “uonsabul
BIA JIAIN 01 8Insodxa Jawnsuod ul 3ynsas Aew asn
1onpoud wouy Bunjnsal spuey Jo UOIRUILRIUOI dIAN

N

Slawnsuo)

[el0

1981U09 pInbIT

"UI92u09 Jo Aemyied

e sl upys-ybnoiyr-iode “(eST0Z ‘Vd3 'S'N) ainsodxe
uewiny 0y Ajpueaiyiubis sengriauod AjeardAr aseyd
Joden ay woly AN Buipnjoul uondiosge fewsap pue
sainsodxa Jewuap BuIMO||0) PACIOSTR [|9M SI dINN

SOA

slapurisAg
/slawinsuo)

[ewuag

uns
ybnouyy Jodep

SanIsaype
ueoLgn|
Buipnjoul
‘SanISaype

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO LTT obed

*u139u09 Jo Aemyred

e s1 upys-ybnoayi-1oden *(eST0Z ‘Vd3 'S'N) ainsodxa
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
Jodea ay1 wouy dIN Buipnjoul uondiosae few.lsp pue
sainsodxa [ewap BuiMo]|o) paglosqe [1am si dIANN

SOA

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘salnsodxa
Jewsap BuIMOo||0} PagIosae |1aM SI dININ d2Uls
Aemyred Arewind e aq 0] pa12adxa sI ainsodxa [ewlsq

SOA

SJIBWNSU0D

Jewsaq@

19e1U09 pInbi

90BJINS WO}
uolrelodeny

s19npoud aJed
aAnowoINY

sasn Jay10

asn
Jawnsuon

"SIapueISAq 10J AjaxIjun aq 0] pa1dadxa

S1 8]n0J [eJ0 BIA 3Insodxa dIAN "uonsabul ein
dIAIN 01 81nsodxa Jawnsuod Ul 3jnsas Aew asn plaly
-Jeau woJy Bunynsas spuey Jo UOIRUILEILOD NN

SOA

siapueisAg

[el0

19%1U092 pInbiT

dN Buiureiuoa spinbij yum
10R]U09 12341p 9ABY 0} Paloadxa 10U aJe siapueisAg

ON

slapueisAg

[ewsQ

1981U09 pInbiT

“(BHWw 5v€°0 = dA) dIAN

0 A1117R|OA MO] 8Y) 03 8NP 3sn JO SUONIPUOD UIeLIsd
10} pa)iwl] 3g 03 pajoadxe ate sainsodxa uolrefeyul se
‘lenualod uoneiauab Jodea syenjeAs Jayuny [[IM Vd3

SOA

slapueisAg
/slawinsuo)

uoneeyu

1SN/ 10deA

T ED
0] pa)oadxa SI 31N0J [RIO BIA 3Insodxa dIAIN ‘uonssbul
BIA AN 01 8insodxa Jawnsuod ul 3ynsal Aew asn
19npoud woly Bunnsal spuey Jo UOIRUILIEBIUOI JINN

SOA

SJIBWNSU0D

[e10

1981U09 pInbiT

*u139u09 Jo Aemyred

e s1 upys-ybnoayi-toden *(eST0Z ‘Vd3 'S'N) ainsodxs
uewiny 01 Ajpueaiyiubis sangriuod AjeardAy aseyd
JodeA ay) wouy dIN Buipnjoul uondiosae fewlsp pue
sainsodxa [ewap BuiMo]|o) paglosqe [jam si dINN

SOA

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘salnsodxa
Jewuap BuIMO||0} PagIoSae |18M SI dININ d2UlS
Aemyied Arewnid e aq 0} pa1dadxa si ainsodxa [ewlsq

SOA

SJauwnsuo)

[ewuag

1981U09 pInbiT

80eJINS WO}
uonelodens

S|ersa1eW
Buiiepjos

s)uR|Ras pue
SAISAUPY

asn
Jawinsuo)

'sIapueISAq 10} Aj@x1jun aq 01 paloadxa

S1 9)N0J [JO BIA 3Insodxa dIAN "uonsabui eia
dIAIN 01 81nsodxa Jawnsuod Ul 3jnsas Aew ash plaly
-Jeau wouly Bunnsas spuey Jo UoiRUILEILOI dINN

SOA

slapurisAg

[el0

1981U09 pInbiT

dIAIN Bulureuoad spinbij yum
10B]1U0 19311P 9ARY 0) Pa)aadxa 10U ale SIapuelsAg

ON

siapueisAg

[ewsQ

1981U09 pInbIT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO 81T abed

's1apurISAq J0j AjaxIjun aq 03 pajdadxa

SI 8)n0J [eJ0 BIA 3Insodxa dIAN "uonsabul ein
dIAIN 01 3insodxa Jawnsuod ul 3nsai Aew asn pjaly
-Jeau woJy Bunynsas spuey Jo UOIRUILEILOD JINN

SOA

siapueisAg

[e10

19%1U092 pInbIT

dN Buiureiuoa spinbij yum
10R1U0D 10341 9ABY 0} Paloadxa Jou aJe siapueisAg

ON

slapuelsAg

[ewuaqg

1981U09 pInbIT

"(BHWwW 5v€°0 = dA) AN

0 A1117R]OA MO] 8Y) 03 8NP 3sn JO SUOIIPUOD UIeLISd
10} pa)iwl] 3g 03 pajoadxa aJe sainsodxa uolrefeyul se
‘lenualod uoneiauab JodeA syenjeAs Jayuny [|IM Vd3

SOA

slapueisAg
/slawinsuo)

uoneeyu

IsHA/10deA

D

0] pa)oadxa SI 8IN0J [RIO BIA 8Insodxa dIAIN ‘uonssbul
BIA AN 01 8insodxa Jawnsuod ul 3ynsal Aew asn
10nposd woly Bunnsal spuey Jo UOITRUILIEBIUOI JINN

SOA

SIBWINSU0D

[el0

19e1U09 pInbi

"UI32U09 Jo Aemyled

e s1 upys-ybnoayi-1oden *(eST0Z ‘Vd3 'S'N) ainsodxa
uewiny 01 Ajpueaiyiubis sangriuod AjeardAy aseyd
Jodea ay1 wouy dN Buipnjoul uondiosae few.lsp pue
sainsodxa [ewap BuiMo]|o) paglosqe [jam si dINN

SOA

slapueisAg
/slawinsuo)

Jewsaq@

uns
ybnouyy Jodep

‘saunsodxe
Jewuap BuIMO]|0} PagIoSae [1aM SI dINN d2Uls
Aemyred Arewnid e aq 0] pa1dadxa sI ainsodxa [ewlaq

SOA

SJIBWNSU0D

[ewlsQ

1981U09 pInbiT

uonesiddy
Aeids

syonpoud a1ed
annowoINy

Sasn IaylO

a5
Jawinsuo)

"SIapurISAq 10J AjaxIjun aq 0] pa1dadxa

S1 91N0J [2J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 81nsodxa Jawnsuod Ul 3jnsas Aew asn plaly
-Jeau woJy Bunynsas spuey Jo UoIRUILEILOD JINN

SOA

slapurisAg

[e10

1981U09 pInbiT

dN Buiurejuoa spinbij yum
10RJU09 12341p 9ABY 0} Paloadxa 10U aJe SiapueisAg

ON

slapueIsAg

[ewlsQ

1981U09 pInbiT

‘(BHWW G7€°0 = dA) dIAN

10 AJ11B[OA MO] 8] 01 8np 8sN JO SUOIIIPUOI UL
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘fenualod uoneiauab JodeA ayenjeAs Jayuny [[IM Vd3

SOA

slapueisAg
/slawinsuo)

uonefeyu|

IsHN/10deA

D

0] pa)oadxa SI 81N0J [RIO BIA 3Insodxa dIAN ‘uonssbul
BIA AN 0 8insodxa JaWNsuod Ul 3 nsal Aew asn
10npoud woly Bunnsal spuey Jo UOIBUILIEBIUOI JINN

N

Slawnsuo)

[el0

1981U092 pInbIT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO 6TT abed

10} paliwl| aq 0] pajdadxa ale sainNsodxa uoleeyul se
‘fenuajod uoieiauab Jodea syenjeAs Jayuny [[IM Vd3

SOA

siapueisAg
/slawinsuo)

uonefeyu|

IsIA/JodeA

I ED
01 pajoadxa S 81n0J [eJ0 BIA 8insodxa dIAIN “uonsabul
BIA dIAIN 01 81nsodxa Jawnsuod ul 3ynsas Aew asn
1onpoud wouy Buninsal spuey Jo UoIRUIRIUOD dIAN

SOA

SJIBWNSU0D

[e10

19%1U092 pInbiT

"UJaou09 Jo Aemyied

e s1 upys-ybnoayi-toden (eST0Z ‘Vd3 'S'N) ainsodxa
uewiny 01 Ajpueaiyiubis sangriuod AjeardAy aseyd
JodeA ay1 wouy dAIN Buipnjoul uondiosae few.lsp pue
salnsodxa Jewsap BulMmo||0) PaCIoSae [[aM SI dINN

SOA

slapueisAg
/slawinsuo)

Jewsaq@

uns
ybnouyy Jodep

‘salnsodxa
Jewsap BuIMOo||0} PagIosae |1aM SI dININ d2Uls
Aemyred Arewnid e aq 0} pa1oadxa si ainsodxa [ewlsq

SOA

SIBWINSU0D

Jewsaq@

19e1U09 pInbi

uonedljddy
Aeidg

sosealb
pue SsjueaLIgn

sasn Jay10

asn
Jawinsuo)

"SIapueISAq J0J AjaxIjun aq 0] pajdadxa

S1 9)N0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 81nsodxa Jawnsuod Ul 3jnsaJ Aew asn plaly
-Jeau woJy Bunynsas spuey Jo UoIRUILEILOD AN

SOA

slapurisAg

[e10

198109 pInbiT

dN Buiurejuoa spinbij yum
10B1U0I 12341 9ABY 0 Paloadxa 10U aJe SiapueisAg

ON

slapueIsAg

[ewlsQ

1981U09 pInbiT

"(BHWW G¥€°0 = dA) dIAN

10 AJJ11B[OA MO] Y] 01 8np 8sN JO SUOIIPUOI UL
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘fenualod uoneiauab JodeA syenjeAs Jayuny [[IM Vd3

SOA

siapueisAg
/slawinsuo)

uoneeyu

1SN/ 10deA

T ED
0] pa)oadxa S 81N0J [RIO BIA 3Insodxa dIAIN ‘uonsabul
BIA AN 01 8insodxa Jansuod ul 3ynsal Aew asn
10npoud woly Bunnsal spuey Jo UOIRUILIEBIUOI dINN

SOA

SIBWNSU0D

[el0

1981U09 pInbiT

"UJ92u09 Jo Aemyied

e s upys-ybnoiyr-1ode “(eST0Z ‘Vd3 'S'N) ainsodxe
uewiny 01 Ajpueaiyiubis sengriuod AjeardAr aseyd
Joden ay3 woly AN Buipnjoul uondiosge fewssp pue
salnsodxa Jewuap BuIMO||0) PACIOSTR [|9M SI dINN

SOA

slapurisAg
/slawinsuo)

[ewuag

uns
ybnouyy Jodep

"sainsodxe
Jewap BUIMO]|0) PagIoSae ||aM SI dINN d2Uls
Aemyred Arewrid e ag 01 pa1oadxa s1 ainsodxa jewaq

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

30eLINS WO}
uolrelodens

sasealb
pue sjueaLign

sasn IBYl10

asn
Jawinsuo)

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET J0 0ZT abed

‘salnsodxa
Jewuap BuIMO||0} PBgIOSae |18M SI dINN 82UlS
Aemyred Arewrid e aq 01 pajoadxa si ainsodxa jewsaq

SOA

Slswnsuo)

[ewlag

1981U09 pInbiT]

uoneaijddy
Aeids

‘syonpoud
8Jed aInjuIny
pue Bulues|d

sasn Jay10

asn
Jawinsuon

"siapurISAq J0) AjaxIjun aq 0} paidadxa

SI 91N0J |RJO BIA 3Ins0dxa dIAN "uonsabul eIA
dIAIN 01 81nsodxa Jawnsuod Ui 3jnsas Aew ash plaly
-Jeau woly Bunnsas spuey Jo UoiRUILEILOD dINN

SOA

slapueisAg

[el0

1981U09 pInbiT

dININ Bulureluoa spinbij yum
19BJU09 19341p 9ARY 0} Pajdadxa 10U aJe SIapuelsAg

ON

siapueIsAg

[ewlsQ

19%1U09 pInbiT

"(BHWW S¥€°0 = dA) dIAN

10 Al|17R|OA MO 81 0} 8NP 3sn JO SUORIPUOD UIeLad
10} paliwl| aq 0] pajdadxa ale sainNsodxa uoleeyul se
‘fenuajod uoneiauab Jodea a1enjeAs Jayuny [[IM Vd3

SOA

slapurisAg
/slawinsuo)

uonefeyu|

1SN/ Joden

ED

03 pajoadxa 1 81n0J [0 BIA ainsodxa dIAN uonsabul
BIA JIAIN 01 21nsodxa Jawnsuod Ul 3jnsas Aew asn
1onpoud wody Bunnsal spuey Jo uoieUIWRIU0I AN

SOA

SIBWINSU0D

[el0

198109 pInbiT

"UI82U09 Jo Aemyied

e s1 upys-ybnoayi-todeA *(eSTOZ ‘Vd3 'S'N) ainsodxs
uewiny 01 Apueaiyiubis sangriuod AjeardAy aseyd
JodeA ay) wouy dIAN Buipnjoul uondiosae fewlsp pue
salnsodxa Jewuap BuIMO||0) PACIOSTR [|9M SI dINN

SOA

siapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘sainsodxe
Jewuap BuiMo||0) pagIosae |1aMm SI dINN d2Uls
Aemyred Arewnd e aq 01 pajoadxa i ainsodxa jewaq

SOA

SJauwnsuo)

[ewuag

1981U09 pInbIT

90BLINS WOJ)
uolrelodeny

slanowsl
19y5eh
‘Slaues|o
poom Buipnjoul
‘syonpoud
aIed aInjuIny
pue Bulues|d

sasn 1IBYl10

asn
Jawinsuo)

'sIapueISAq 10} Aj@x1jun aq 01 paloadxe

S1 9)n0J [JO BIA 3Insodxa dIAN "uonsabui eia
dIAIN 01 81nsodxa Jawnsuod Ul 3jnsas Aew ash plaly
-Jeau woly Bunnsas spuey Jo UoiRUILEILOI dINN

SOA

slapueisAg

210

1981U09 pInbiT

dNN Buiurejuod spinbij ynm
1081U09 10841p 9ARY 0} Paoadxa 10U aJe sispuelsig

ON

siapueisAg

[ewsQ

1981U092 pInbIT

"(BHwW 5¥¢°0 = dA) dIAN
10 AJ11178]OA MO] 8Y) 03 8np 8sN JO SUOIIPUOI UMD

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET J0 TZT abed

dNN Buiurejuoa spinbij yum
10BIUO0D 10341p 8ARY 0 pa1dadxa Jou aJe SiapuelsAg

ON

siapueisAg

Jewsaq@

19e1U09 pInbi

"(BHWW S¥€°0 = dA) dIAN

J0 AlJ17R|OA MO BY3 03 8NP 8SN JO SUOIIPUOD UIBLIBD
10} pa)iw] ag 03 pajoadxa aJe sainsodxa uoire[eyul se
‘lennuajod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

N

slapueisAg
/sIaWNsu0)

uonereyu

1stA/J0dep

"MOJ 8q
03 pajoadxa S1 81n0J [0 BIA ainsodxa dINN uonsabul
BIA JIAIN 01 31ns0odxa Jawinsuod ul 3jnsai Aew asn
1onpoud wody Bunnsal spuey Jo uoieUIWRIU0I AN

SOA

Slswnsuo)

[e10

1981U09 pInbIT

"(BHWW S5¥€°0 = dA) dIAIN

10 AJ11B[OA MO] 83 01 8np 8sN JO SUOIIPUOI UIBLISI
10} paliwl| aq 0] pajdadxa ale sainsodxa uoljeeyul se
‘fenualod uoneiauab JodeA ayenjeAs Jayuny [[IM Vd3

SOA

siapueisAg
/slawinsuo)

Jewsaq@

uns
ybnouyy Jodep

‘sainsodxe
Jewuap BuIMO||0) PagIOSae |18M SI dINN 82UlS
Aemyred Arewnid e aq 01 pajoadxa si ainsodxa jewaq

SOA

Slswnsuo)

[ewlag

1981U09 pInbiT]

80BJINS WO}
uonelodens

sbuneod
a1pydolpAy
Buipnjoul
‘SsaAllIppe
eoLgn|
pue JuBdLIgNT]

sasn Jay10

asn
Jawinsuo)

‘siapurISAq 10y AjxIjun aq 03 pajdadxa

S1 9)n0J [eJO BIA 3Insodxa dIAN "uonsabui eia
dIAIN 01 8Insodxa Jawnsuod Ui 3nsas Aew asn plaly
-Jeau woJy Bunnsal spuey Jo uoiRUIWLEILOI NN

SOA

slapueisAg

210

1981U09 pInbIT

dNN Buiurejuod spinbij ynm
108102 19811P 9ARY 0} Paloadxa 10U aJe sispuelsig

ON

slapueisAg

[ewlsQ

1981U09 pInbiT

"(BHWW S¥€°0 = dA) dIAN

10 AJ1178]OA MOJ 8Y1 01 8NP 8sN JO SUOIIPUOD UIeMad
10} pa)iwl] aq 03 pajoadxa aJe sainsodxa uolrefeyul se
‘fenualod uoneiauab Jodea ayenjeAs Jayuny [[IM Vd3

N

slapurisAg
/slawnsuo)

uonereyu

1St/ Joden

ED
0} pajoadxa S1 31n0J [0 BIA ainsodxa dIAIN uonsabul
BIA JIAIN 01 81nsodxa Jawinsuod Ui 3jnsas Aew asn
1onpoud wody Bunnsal spuey Jo UoITRUILIRIU0I AN

N

SJawnsuo)

[el0

1981U09 pInbiT

"UJ92u09 Jo Aemyred

e s1 upys-ybnoayi-toden *(eST0Z ‘Vd3 'S'N) ainsodxs
uewiny o3 Ajpueaiyiubis sengriauod AjjeardAr aseyd
JodeA ay) wous dIAN Buipnjoul uondiosae few.lsp pue
salnsodxa Jewuap BuIMO||0) PACIOSTR [|9M SI dINN

SOA

slapueisAg
/slawinsuo)

[ewuag

uns
ybnouyy Jodep

SJlanowal
19yseh
‘slaues|d
poom Buipnjoul

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET J0 ¢ZT abed

"UJa9u09 Jo Aemyled

e s1 upys-ybnoayi-1oden *(eST0Z ‘Vd3 'S'N) ainsodxa
uewiny 01 Ajpueaiyiubis sangriuod AjeardAy aseyd
Jodea ay1 wois NN Buipnjoul uondiosae [ew.lsp pue
salnsodxa Jewsap BuIMo||0) PaCIoSae [[aM SI dINN

SOA

slapueisAg
/slawinsuo)

Jewsaq@

uns
ybnouyy Jodep

‘salnsodxa
[ewap BuIMO]|0) PagIOSae []aM SI dININ d2UlS
Aemyred Arewind e aq 0] pa12adxa sI ainsodxa [ewlaq

SOA

SJIBWNSU0D

[ewlsQ

1981U09 pInbIT

90BJINS WO}
uonrelodeng

sanleAlssald
poo

sasn Jay10

asn
Jawinsuon

"SIapueISAq 10J AjaxIjun aq 0] pajdadxa

S1 8]n0J [J0 BIA 3Insodxa dIAN "uonsabul ein
dIAIN 01 81nsodxa Jawnsuod Ui 3jnsas Aew asn plaly
-Jeau woJy Bunynsas spuey Jo UoIRUILEILOD JIANN

SOA

siapueisAg

[el0

19%1U092 pInbIT

dN Buiureiuoa spinbij yum
10R]U09 12341p dABY 0} Paloadxa 10U aJe siapueisAg

ON

slapuelsAg

[ewuag

108109 pInbIT

"(BHWW G¥€°0 = dA) dINN

0 A1117R|OA MO] 8Y) 03 8NP 3sn JO SUONIPUOD UIeLIsD
J1o} paliwi] ag 03 pajoadxa aJe sainsodxa uolrefeyul se
‘lenualod uoieiauab Jodea syenjeAs Jayuny [|IM Vd3

SOA

slapueisAg
/slawinsuo)

uoneeyu

IsHA/10deA

‘MOJ 8q
01 pa1oadxa SI 81n0J [eJ0 BIA 8insodxa dIAIN “uonsabul
BIA JAIN 01 8Insodxa Jawnsuod ul 3ynsas Aew asn
1onpoud wouy Buninsal spuey Jo UOIRUILRIUOI dIAN

N

Slawnsuo)

[el0

1981U09 pInbIT

"UI82U09 Jo Aemyied

e s1 upys-ybnoayi-1oden (eST0Z ‘'Vd3 'S'N) ainsodxa
uewiny 01 Ajpueaiyiubis sangriuod AjeardAy aseyd
Jodea ay3 wolj AN Buipnjoul uondiosge fewlsp pue
sainsodxa [ewap BuiMo]|o) paglosqe [jam si dINN

SOA

slapueisSAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

‘salnsodxa
Jewuap BuIMOo||0} PagIosae [1aM SI dINN d2Uls
Aemyied Arewnid e aq 0] pa1dadxa si ainsodxa [ewlsq

SOA

SJIBWNSU0D

[ewlsQ

1981U09 pInbiT

uonesiddy
Aeids

sbuneod
a1jydolpAy
Buipnjoul
‘SsannIppe
weoLgn|
pue JuBdLIgNT]

Sasn I1aylO

asn
Jawinsuo)

"SIapurISAq J0) AjaxIjun aq 0} pajdadxa

S1 91N0J [J0 BIA 3Insodxa dIAN "uonsabul eia
dIAIN 01 81nsodxa Jawnsuod ul 3jnsas Aew ash plaly
-Jeau wouy Bunynsas spuey Jo UoIRUILEILOD JINN

SOA

slapurisAg

[el0

1981U09 pInbiT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET J0 £2T abed

‘siapurISAq 10y AjaxIjun aq 03 pajdadxa

SI 91N0J |RJO BIA 3INS0dXa dIAIN "uonsabul eiA
dIAIN 01 3insodxa Jawnsuod ul 3 nsai Aew asn pjaly
-Jeau wouly Bunjnsas spuey Jo UOIRUILEILOI JINN

SOA

slapueisAg

210

1981U09 pInbiT]

dNN Buiurejuod spinbij ynm
108102 19811P 9ARY 0} Pa10adxa 10U aJe sispuelsig

ON

siapueisAg

Jewsaq@

19e1U09 pInbi

"(BHWW S¥€°0 = dA) dIAN

10 Al|17R|OA MO 8} 0} 8NP 3sn JO SUORIPUOD UIeLad
10} pa)iw] ag 03 pajoadxa aJe sainsodxa uoire[eyul se
‘fenualod uoneiauab Jodea ayenjeAs Jayuny [[IM Vd3

N

siapurisAg
/slawnsuo)

uonereyu

1stA/J0dep

"MOJ 8q
0) pajoadxa S1 81n0J [0 BIA ainsodxa dIAN “uonsabul
BIA JIAIN 01 24nsodxa Jawinsuod ul 3jnsai Aew asn
1onpo.d wouy Buninsal spuey JO UOITRUILRIUOD dIANN

SOA

Slswnsuo)

210

1981U09 pInbIT

"UJ92u09 Jo Aemyied

e s upys-ybnoiyr-iode “(eSTOZ ‘Vd3 'S'N) ainsodxe
uewiny 01 Ajpueaiyiubis sengriauod AjjeardAr aseyd
Joden ay3 woly dIAIN Buipnjoul uondiosge fewdap pue
salnsodxa Jewuap BuIMO||0) PACIOSTR [|9M SI dINN

SOA

slapurisAg
/slawinsuo)

[ewlag

uns
ybnouyy Jodep

‘sainsodxe
Jewuap BuIMO||0} PagIOSae |13M SI dINN d2UlS
Aemyred Arewnid e aq 01 pajoadxa si ainsodxa jewaq

SOA

SJauwnsuo)

[ewuag

1981U09 pInbiT

uoneaijddy
Aeids

sanleAlssald
POOM

sasn 1IBYl10

asn
Jawinsuon

‘siapurISAq J0j AjaxIjun aq 03 paidadxa

S1 9)N0J [J0 BIA 3Insodxa dIAN "uonsabui eia
dIAIN 01 8I1nsodxa Jawnsuod Ui 3jnsas Aew asnh plaly
-Jeau wouly Bunjnsal spuey Jo uoeUILEILOI dIAN

SOA

slapueisAg

210

1981U09 pInbiT

dNN Buiurejuod spinbij ynm
1081U02 19811P 9ARY 0} Pa1oadxa 10U ale sispuelsig

ON

slapueisAg

[ewlsQ

1981U09 pInbiT

"(BHWW S¥€°0 = dA) dIAN

J0 Alj17e|OA MO 81 03 8NP 3SN JO SUOIIPUOD UIBMIBD
10} paliwl] aq 03 pajoadxa aJe sainsodxa uoirefeyul se
‘fenuajod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

N

slapueisAg
/slawnsuo)

uonereyu

1St/ Joden

D
0) pajoadxa S1 81n0J [0 BIA ainsodxa dINN uonsabul
BIA AN 01 81ns0odxa Jawnsuod ul 3nsal Aew asn
1onpoud wody Bunnsal spuey Jo UoITRUILIRIUOI AN

N

SJawnsuo)

[e10

198109 pInbiT

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET JO ¥ZT abed

"MOJ 3q
01 pa12adxa SI 810l [e.0 BIA 3Insodxa dIAN “uonsabul
BIA AN 01 81ns0dxa Jawnsuod ul 3nsal Aew asn
1onpo.d wouy Bunjnsal spuey Jo UoIRUIWLRIUOI dIAIN

SOA

SJIBWNSU0D

[e10

19%1U09 pInbiT

"UJa2u09 Jo Aemyied

e s1 upys-ybnoayi-tode (eSTOZ ‘'Vd3 'S'N) ainsodxa
uewiny 01 Apueaijiubis saangriuod AjeaidAy aseyd
Jodea ayy woly AN Buipnjoul uondiosge fewlsp pue
sainsodxa [ewap Buimojjos pagiosge |[am st JIAIN

N

slapurisAg
/slawnsuo)

[ewlsQ

uns
ybnouyy Jodep

‘sainsodxe
Jewuap BuIMO||0} PBgIOSae |18M SI dINN 82UlS
Aemyred Arewnd e ag 01 pajoadxa si ainsodxa jewaq

SOA

Slswnsuo)

[ewlag

1981U09 pInbIT

uonesljddy
Aeids

S|eusIeN
AqQoH ‘syeid
pue suy

Sasn IaylO

asn
Jawinsuon

‘siapurISAq 10y AjxIjun aq 03 paidadxa

SI 91N0J |RJO BIA 3Ins0dxa dIAN "uonsabul eIA
dIAIN 01 3insodxa Jawnsuod ul 3 nsai Aew asn pjaly
-Jeau woly Bunnsas spuey Jo UoRUILEILOD AN

SOA

slapueisAg

[el0

1981U09 pInbIT]

dNN Buiurejuoa spinbij yum
108JU09 12341p dABY 0} Paloadxa Jou ale SiapueisAg

ON

slapurisAg

[ewlsQ

1981U09 pInbiT

“(BHWW G€°0 = dA) AN

J0 Alj17e|0A MO 81 03 8NP 3SN JO SUOIIPUOD UIBLIBD
10} paliwl] aq 03 pajoadxa aJe sainsodxa uolrefeyul se
‘fenuajod uoneiauab Jodea ayenjeAs Jayuny [|IM Vd3

N

slapueisAg
/slawinsuo)

uonefeyu

IstA/Joden

"MO] 3¢

0] pa193dxa SI 81N0J [eJ0 BIA 3INS0dXa dIAIN “Uonsabul
BIA JINN 01 8insodxa JaWnsuod ul 3jnsal Aew asn
10npo.d woly Buninsal spuey 40 UOIRUILIEIU0I JINN

SOA

SJauwnsuo)

[el0

1981U09 pInbiT

"UI92U09 Jo Aemyied

e s1 upys-ybnoayl-1ode (eST0Z ‘Vd3 'S'N) ainsodxe
uewiny 01 Apueaiyiubis saangriuod AjeaidAy aseyd
JodeA ay) woJy AN Buipnjoul uondiosge fewlsp pue
sainsodxa [ewap BuIMo||0) paglosqe [jam si dINN

SN

slapueisAg
/slawinsuo)

[ewlsQ

uns
ybnouyy Jodep

"sainsodxe
Jewap BUIMO]|0) PagIoSae ||aM SI dINN d2Uls
Aemyred Arewrid e ag 01 pa1oadxa s1 ainsodxa jewaq

N

SJawnsuo)

[ewlsQ

1981U09 pInbiT

80eJINS WO}
uonelodeng

NEBEIC
AQQoH ‘syeid
pue suy

Sasn I1aylO

asn
Jawinsuo)

sisA[euy Jaynin4 ON /sisAjeuy/ Jayun4 Joj sfeuoney

SIsAjeuy
Jayun4
Joj pasodoud

J01daosy

saInoy
ainsodx3

Aemuyred
ainsodx3

0LIeUdIS
ainsodx3
| 8ses|ay

AKiobBareagns

AioBaed

abe1s
319D a1




GET J0 GZT abed

*101IARY3Q Bulyinow s,uaip|iyod o3 anp soA (uaipyo) (Buryanow) 198}U00 pInbi]
2Insodxa JO 824N0S 8g PIN0J 3|91LIe Ul JIAIN [enpisay slawnsuo) [elo N0
‘s1gyue|q ‘sAo} S3[oIUY sasn 1yl hmemmm_oo
‘sainsodxa (uaIpiIuD) 140S s,ualp(yd
[ewap BuIMO||0) P3CIOSTe |[9M SI dIAIN '24nsodxa SAA emEﬂ_w.uw [ewsa@ 1083U09 pInbiT
[eWJap JO 824N0S 3¢ PIN0I 3|91LIe Ul JIAIN [enpisey S
‘siapurISAq 10y AjaxIjun aq 03 paidadxa
SI 91N0J |RJO BIA 3INS0dXa dIAIN "uonsabul eIA s s1opuEISk - 1083109 pinb
dIAIN 01 8Insodxa Jawnsuod Ui 3jnsas Aew asnh plaly A P g 810 pInbn
-Jeau woJy Bunnsas spuey Jo UOIRUILEILOD NN
dIAIN Bulureuod spinbij yum
10B1U09 10341P dARY 0} Paloadxa 10U ale SiapuelsAg ON SIS [eulaq 10B1U00 pinbyy
“(BHWW 5v€°0 = dA) dIAIN
0 A1117R|OA MO] 8Y) 03 8NP 3sn JO SUORIPUOD UIeMsd SIA slapueisAg uone[eyy| ysin/iodeA
10} paliwl] 3g 0} pajoadxa ate sainsodxa uolrefeyul se /slawinsuo)
‘lenusiod uolessusb Jodea sjenjens Jayuny |IM Vd3
L saInoy Aemuyred OLIBUSS abe1s
sIsAjeuy JayLin4 opN /sISAjeuy Jaylin4 1o} afeuoliey Jayun4 SO EREN| aInsodxg ainsodx3 ainsodx3 AKiobBareagns Kiobared a[ok5 3l

Joj pasodoud

| ases|ay




GET J0 92T abed

‘(0/6
000'T = Aljignjos Jarem) aseyd snoanbe ayp ui

BWIpas
01 Buluoniued 12a.1pul

(MLOd)
SHIOAA Juswiieal | PauMQ

c_mE,e 0] Pa19adxa SI AN "1UBWIPas pue mm.c:._m ON | se19adS [elnsalla ] ITENTOELS DUE Jalem a0ens | AJoijang o1 Jajsuen uau [esodsiq
[1aspuonE edionpalastxsouISIINNN(EI0 0JUI 9Sea]al 198l “uswiean-aid Jeriasnpu
=00 60]) saiuadoid earwaya-eaisAyd uo paseg : _ 'a eLasnpul
(/6 JuaWIpas (ML1Od)
000'T = Aljignjos) saseyd .w:o%_um paleId0SSe 3y} o saivads onenby JUBLINES 01 Burtuoniued 19a11pul | SHIOAN JUBWIIRSIL PAUMO esodsig
u1 Aels peaisul ||1m pue (6'0 = 20 Bo) Juswipas pue JaJem adeins |  AJd1jgnd 03 Jajsuei] usy)
pue ‘abpnjs ‘|10s 01 uondios moj sey dIAN OJUI 8Sealal 10841 | ‘Quswieas-ald [erasnpul
‘swisiueflo [eLsa.l9) 10} UIaduod
S1I MoJ & Juasaid 0] pardadxa aJe Jle Jo uoineeyul ON | Sa198ds |eLnsalls ] (MLOd)
pue Jayem Jo uonsabul eiA ainsodxe dIAIN J91eM 90BLINS | SHIOMN JUSWIESL] PAUMO
N 5 b OJUI 8seajal 19841 | AJd1jgnd 01 Jajsuei] usy)
(y°£ 2 uonoss 99s) swsiuebio onenbe 1oy uIBIUOI oN saioadg onenby JOIEM BOBLINS Yuawean-aid [erasnpul T
S1I MOJ Sa1ealpul Bulusalas T Jall aAITRAIaSUOD
(/6 000'T) Auianios ON | sa199dS [ensalia L Juswipas
Jayem ybiy 01 anp saseyd snoanbe pajeidosse ay) 01 Buluoniured 12aJ1pul suonelado Juswiea)
ul Aels peaisul [[Im pue (60 = 90 60oj) Juswipas pue JayeM 39eLINS 181eMB]SEM [RLIISNPU|
pue ‘abpnjs ‘10s 0} uondios Moj sey dINN ON sa1oads onenby ULt OJUI 3Se3|al 193110
‘swsiueblo
[e11Sa.19) J0) ainsodxa dIAIN JO 81nod Juedijiubis [esodsig
© 9 01 pa12adxa 10U SI Jajem Jo uonsabuj ON | Sa12ads [elnsalla]
AR 5 B ] W N o S LRI 13JeM d0ejINs suoiyesado Juswyeas
MO] Sa1edIpul BulusaIds T 4311 aAITRAISSUOD O1UI 358881 10311 J81EMBISEM [BLISNPU]
("2 uonaass ass) swsiuebio a1enbe J0) UIB2UOD oN saioadg onenby 101EM 90BLING
S1I MOJ Sa1ealpul Bulusalas T JalL aAITRAISSUOD
sIsAfeuy ¢SIsAleuy uolnrejndod sa1n0y RIPSIN 25291 abe1s
Jayrind opN /sIsA[euy Jaylan4 Joj ajeuoney Jayung / 101da23y ainsodx3 JRemyied ainsodx3 194 319D a3y

[9POIA [en1dadun) sa1sepN pue Seses|ay [eluswuodiAug Jo) ajge ] bunioddns '1-4 xdv a|geL

"13dOIN "TVNLd4ONOD
SA1SVM ANV S3ASVI1dd 'TVLNIINNOHIANT 404 F1aVL ONILHOddNS

- Xipuaddy



GET J0 /2T obed

"(1/6 000'T) ANJIgN|OS Jayem pue
(6:0) 90 60| ayr 01 anp Jerempunolh 0] uonelbiw

Sjuswiyaled |l1os pue

DUE UONEPEIBap0Iq 21Q0I3E 0} AN ALl 40 SpoLad ON | Ss8198ds eLnsalls ] [10S | Jayem Jo se1poq Agueau
0} uonisodap 10841pu|
Buoj oy 110s Ul urewss 01 padadxa 1ou Si dIAN
qes S3111]198) Jesu I
1€5¢ BuiAl uaipjiys pue SUOITRAUAIUOI JIe
u01193s 8as) uolrejndod [esausb 03 UIBIUOD ON ) uoneeyul 11 03 suoIssIwg
sy npy :uonejndod juaIquie A1jIoey JeaN
SII MO S81ealpul Buluaalds T 4311 dAIAIISUOD
[elauss
*19]eM 3JBLINS 0} SJUBN|Ya
jue|d JusLLIIeaI] JBTRMBISEM JO 3Se3|al 103JIP YlIM SanIj1oe) Jeau
PaleI20SSe 3SOU] UBY] $S3] yanwi aq 01 paldadxa o Buial] uaipiyo pue uonsabuj
aJe sp1josolq Jo uonealjdde pue| Woiy sases|al N synpy :uoneindod | - Jarempunolo
dIAIN "J81em 39epns ul 4IAIN JO SUOIRIIUSOU0D [elaus
MO] S81edIpUl BUIUS3IIS T JBIL SAITRAISSUOD uonisodap [10S 0} [esodsIp
|10S BIA SP110SOIq LBl DUE SDI10SO! [esodsig
‘uswedwod woJy uoneIbIN pue| pue spijosolg
|EIUSWUOIIAUS SIY) Ul uolejnwindde Jiwlj 0}
u&bmaxm.em [10s ul Ajjiqow pue uonepelbapoiq oN | seroads fernsania) 10S
210043k {J10S 01 uoniyued 0] padadxa J0u SI JINN
‘(71/6 000‘T = AM[1gN|OS JaYem pue ‘60 = 20
Bo|) ‘sanuadoud [ealwayd-eaisAyd s,dIAN 01 anQa
SIsAjeuy ¢SIsAreuy uone|ndod sa1noy RIPSN 25231 abe1g
Jayrin4 opN /SIsAjeuy Jaylan4 Joj ajeuoney Jayun4 / 101da08y ainsodx3 /Remuired aansodx3 1°d 319AD 8}




Appendix G INCLUSION AND EXCLUSION CRITERIA FOR
FULL TEXT SCREENING

Appendix G contains the eligibility criteria for various data streams informing the TSCA risk evaluation:
environmental fate; engineering and occupational exposure; exposure to consumers; and human health
hazard. The criteria are applied to the on-topic references that were identified following title and abstract
screening of the comprehensive search results published on June 22, 2017.

Systematic reviews typically describe the study eligibility criteria in the form of PECO statements or a
modified framework. PECO stands for Population, Exposure, Comparator and Outcome and the approach is
used to formulate explicit and detailed criteria about those characteristics in the publication that should be
present in order to be eligible for inclusion in the review. EPA/OPPT adopted the PECO approach to guide
the inclusion/exclusion decisions during full text screening.

Inclusion and exclusion criteria were also used during the title and abstract screening, and documentation
about the criteria can be found in the Strategy for Conducting Literature Searches document published in
June 2017 along with each of the TSCA Scope documents. The list of on-topic references resulting from
the title and abstract screening is undergoing full text screening using the criteria in the PECO statements.
The overall objective of the screening process is to select the most relevant evidence for the TSCA risk
evaluation. As a general rule, EPA is excluding non-English data/information sources and will translate on
a case by case basis.

The inclusion and exclusion criteria for ecotoxicological data have been documented in the ECOTOX
SOPs. The criteria can be found at https://cfpub.epa.gov/ecotox/help.cfm?helptabs=tab4) and in the
Strategy for Conducting Literature Searches document published along with each of the TSCA Scope
documents.

G.1  Inclusion Criteria for Data Sources Reporting Environmental Fate
Data

EPA/OPPT developed a generic PESO statement to guide the full text screening of environmental fate data
sources. PESO stands for Pathways and Processes, Exposure, Setting or Scenario, and Qutcomes.
Subsequent versions of the PESO statement may be produced throughout the process of screening and
evaluating data for the chemicals undergoing TSCA risk evaluation. Studies that comply with the inclusion
criteria in the PESO statement are eligible for inclusion, considered for evaluation, and possibly included in
the environmental fate assessment. On the other hand, data sources are excluded if they do not meet the
criteria in the PESO statement.

Assessors seek information on various chemical-specific fate endpoints and associated fate processes,

environmental media and exposure pathways as part of the process of developing the environmental fate
assessment.
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G.2  Inclusion Criteria for Data Sources Reporting Releases and

Occupational Exposure Data

EPA/OPPT developed a generic RESO statement to guide the full text screening of releases and
occupational exposure literature (Table_Apx G1). RESO stands for Receptors, Exposure, Setting or
Scenario, and Outcomes. Subsequent versions of the RESO statement may be produced throughout the
process of screening and evaluating data for the chemicals undergoing TSCA risk evaluation. Studies
that comply with the inclusion criteria specified in the RESO statement will be eligible for inclusion,
considered for evaluation, and possibly included in the environmental release and occupational exposure
assessments, while those that do not meet these criteria will be excluded.

The RESO statement should be used along with the engineering, release and occupational exposure data
needs table (Table_Apx G2) when screening the literature.

Since full text screening commenced right after the publication of the TSCA Scope document, the
criteria for engineering and occupational exposure data were set to be broad to capture relevant
information that would support the risk evaluation. Thus, the inclusion and exclusion criteria for full text
screening do not reflect the refinements to the conceptual model and analysis plan resulting from
problem formulation. As part of the iterative process, EPA is in the process of refining the results of the
full text screening to incorporate the changes in information/data needs to support the risk evaluation.

Table_Apx G-1. Inclusion Criteria for Data Sources Reporting Release and Occupational
Exposure Data
RESO Element Evidence

e Humans:
Workers, including occupational non-users
Receptors . . .
Please refer to the conceptual models for more information about the ecological and human
receptors included in the TSCA risk evaluation.

e Worker exposure to and relevant occupational environmental releases of the chemical
substance of interest
o Dermal and inhalation exposure routes (as indicated in the conceptual model)

Exposure

Please refer to the conceptual models for more information about the routes and media/pathways
included in the TSCA risk evaluation.

e Any occupational setting or scenario resulting in worker exposure and environmental releases

Setting or (includes all manufacturing, processing, use, disposal indicated in Table_Apx G below.
Scenario

¢ Quantitative estimates* of worker exposures and of relevant environmental releases from
occupational settings
- - - - *
Qutcomes |, General information and data related and relevant to the occupational estimates

* Metrics (e.g., mg/kg/day or mg/m?3 for worker exposures, kg/site/day for releases) are determined by
toxicologists for worker exposures and by exposure assessors for releases; also, the Engineering, Release, and
Occupational Exposure Data Needs (Table_Apx G2) provides a list of related and relevant general information.
TSCA=Toxic Substances Control Act



Table_Apx G-2. Engineering, Environmental Release and Occupational Data Necessary to Develop
the Environmental Release and Occupational Exposure Assessments

Objective
Determined
during Scoping

Type of Data

General
Engineering
Assessment (may
apply for either
or both
Occupational
Exposures and /
or Environmental
Releases)

1.

Description of the life cycle of the chemical(s) of interest, from manufacture to end-of-life (e.g., each
manufacturing, processing, or use step), and material flow between the industrial and commercial life cycle
stages. {Tags: Life cycle description, Life cycle diagram} 2

. The total annual U.S. volume (Ib/yr or kg/yr) of the chemical(s) of interest manufactured, imported,

processed, and used; and the share of total annual manufacturing and import volume that is processed or
used in each life cycle step. {Tags: Production volume, Import volume, Use volume, Percent PV} 2
Description of processes, equipment, unit operations, and material flows and frequencies (Ib/site-day or
kg/site-day and days/yr; Ib/site-batch and batches/yr) of the chemical(s) of interest during each industrial/
commercial life cycle step. Note: if available, include weight fractions of the chemical of interest and
material flows of all associated primary chemicals (especially water). {Tags: Process description, Process
material flow rate, Annual operating days, Annual batches, Weight fractions (for each of above,
manufacture, import, processing, use)}?

. Basic chemical properties relevant for assessing exposures and releases, e.g., molecular weight, normal

boiling point, melting point, physical form, and room temperature vapor pressure. {Tags: Molecular
weight, Boiling point, Melting point, Physical form, Vapor pressure, Water solubility} 2

Number of sites that manufacture, process, or use the chemical(s) of interest for each industrial/
commercial life cycle step and site location. {Tags: Numbers of sites (manufacture, import, processing,
use), Site locations} @

Occupational
Exposures

10.

11.

12.

13.

14.

15.

16.

17.

Description of worker activities with exposure potential during the manufacture, processing, or use of the
chemical(s) of interest in each industrial/commercial life cycle stage. {Tags: Worker activities
(manufacture, import, processing, use)}?
Potential routes of exposure (e.g., inhalation, dermal). {Tags: Routes of exposure (manufacture, import,
processing, use)}?
Physical form of the chemical(s) of interest for each exposure route (e.g., liquid, vapor, mist) and activity.
{Tags: Physical form during worker activities (manufacture, import, processing, use)} 2
Breathing zone (personal sample) measurements of occupational exposures to the chemical(s) of interest,
measured as time-weighted average (TWA), short-term exposures, or peak exposures in each occupational
life cycle stage (or in a workplace scenario similar to an occupational life cycle stage). {Tags: PBZ
measurements (manufacture, import, processing, use)} @
Avrea or stationary measurements of airborne concentrations of the chemical(s) of interest in each
occupational setting and life cycle stage (or in a workplace scenario similar to the life cycle stage of
interest). {Tags: Area measurements (manufacture, import, processing, use)} 2
For solids, bulk and dust particle size distribution (PSD) data. {Tags: PSD measurements (manufacture,
import, processing, use)}?
Dermal exposure data. {Tags: Dermal measurements (manufacture, import, processing, use)}
Data needs associated with mathematical modeling (will be determined on a case-by-case basis). {Tags:
Worker exposure modeling data needs (manufacture, import, processing, use)}?
Exposure duration (hrs/day). {Tags: Worker exposure durations (manufacture, import, processing, use)}?
Exposure frequency (days/yr). {Tags: Worker exposure frequencies (manufacture, import, processing,
use)}?
Number of workers who potentially handle or have exposure to the chemical(s) of interest in each life
cycle stage. {Tags: Numbers of workers exposed (manufacture, import, processing, use)}?
Personal protective equipment (PPE) types employed by industries within the scope. {Tags: Worker PPE
(manufacture, import, processing, use)}?
Engineering controls employed to reduce occupational exposures in each occupational life cycle stage (or
in a workplace scenario similar to the life cycle stage of interest), and associated data or estimates of
exposure reductions. {Tags: Engineering controls (manufacture, import, processing, use), Engineering
control effectiveness data}?
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Environmental
Releases (to
relevant
environmental
media)

18.

19.

20.
21.
22.

23.

Description of sources of potential environmental releases, including cleaning of residues from process
equipment and transport containers involved during the manufacture, processing, or use of the chemical(s)
of interest in each life cycle stage. {Tags: Release sources (manufacture, import, processing, use)}?2
Estimated mass (Ib or kg) of the chemical(s) of interest released from industrial and commercial sites to
each environmental medium (water) and treatment and disposal methods (POTW), including releases per
site and aggregated over all sites (annual release rates, daily release rates) {Tags: Release rates
(manufacture, import, processing, use)}?

Release or emission factors. {Tags: Emission factors (manufacture, import, processing, use)}?

Number of release days per year. {Tags: Release frequencies (manufacture, import, processing, use)}?
Data needs associated with mathematical modeling (will be determined on a case-by-case basis). {Tags:
Release modeling data needs (manufacture, import, processing, use)}?

Waste treatment methods and pollution control devices employed by the industries within scope and
associated data on release/emission reductions. {Tags: Treatment/ emission controls (manufacture, import,
processing, use), Treatment/ emission controls removal/ effectiveness data}

Notes:

8 These are the tags included in the full text screening form. The screener makes a selection from these specific tags, which
describe more specific types of data or information.

Abbreviations:

hr = Hour

kg = Kilogram(s)

Ib = Pound(s)
yr = Year

PV = Production volume

PBZ = Personal breathing zone

POTW = Publicly owned treatment works
PPE = Personal protective equipment
PSD = Particle size distribution

TWA = Time-weighted average
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G.3  Inclusion Criteria for Data Sources Reporting Exposure Data on
Consumers and Ecological Receptors

EPA/OPPT developed PECO statements to guide the full text screening of exposure data/information for
human (i.e., consumers, potentially exposed or susceptible subpopulations) and ecological receptors.
Subsequent versions of the PECO statements may be produced throughout the process of screening and
evaluating data for the chemicals undergoing TSCA risk evaluation. Studies that comply with the
inclusion criteria in the PECO statement are eligible for inclusion, considered for evaluation, and
possibly included in the exposure assessment. On the other hand, data sources are excluded if they do
not meet the criteria in the PECO statement. The NMP-specific PECO is provided in Table_Apx G1 thru
Table_Apx G4.

Since full text screening commenced right after the publication of the TSCA Scope document, the
criteria for exposure data were set to be broad to capture relevant information that would support the risk
evaluation. Thus, the inclusion and exclusion criteria for full text screening do not reflect the
refinements to the conceptual model and analysis plan resulting from problem formulation. As part of
the iterative process, EPA is in the process of refining the results of the full text screening to incorporate
the changes in information/data needs to support the risk evaluation.

Table_Apx G-3. Inclusion Criteria for the Data Sources Reporting N-Methylpyrrolidone
Exposure Data on Consumers and Ecological Receptors

PECO Element Evidence

Human: Consumers (i.e., individuals who use a product directly) and
bystanders (i.e., those individuals who happen to be in close proximity during
use of NMP-containing products), including, susceptible populations (e.g.,
lifestages, preexisting conditions, genetic factors), such as infants, children,
pregnant women, women of child bearing age; do-it-yourself (DIY) or high-end
consumers.

Population

Ecological: Aquatic and terrestrial biota (organisms and plants).

Expected Primary Exposure Sources, Pathways, Routes

Sources: Consumer uses in the home producing releases of NMP to air and
dermal contact; industrial and commercial activities that generate releases to
surface water; NMP remaining primarily in aqueous media of biosolids after
wastewater treatment.

Pathways: Indoor/outdoor air and dermal contact with NMP in consumer
products (e.g., liquid contact), vapor/mist/dust, dust; biosolids application to
soil.

Routes: oral (dust or by mouthing), inhalation (vapor/mist), dermal (liquid
contact); dermal (vapor to skin).

EXxposure

Human: Consider media-specific background exposure scenarios and
use/source-specific exposure scenarios as well as which receptors are and are
Comparator not reasonably exposed across the projected exposure scenarios.

Scenario . . . . . .
( ) Ecological: Aquatic and terrestrial species exposure via contact with or

ingestion of surface water; terrestrial species exposure via contact with soil.
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PECO Element Evidence

Human: Acute, subchronic, and/or chronic external exposure dose estimates
(mg/kg/day); acute, subchronic, and/or chronic air concentration estimates
Qutcomes for (mg/m3 or mg/L). Both external potential dose and internal dose based on

Exposure biomonitoring and reverse dosimetry mg/kg/day will be considered.
Concentration or
Dose Ecological: A range of ecological receptors will be considered using surface

water concentrations, sediment concentrations, and soil concentrations.

Abbreviations:
NMP = N-Methylpyrrolidone
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G4
Hazards

Inclusion Criteria for Data Sources Reporting Human Health

EPA/OPPT developed chemical-specific PECO statements Table Apx G1 thru Table_Apx G4) to guide
the full text screening of the human health hazard literature. Subsequent versions of the PECOs may be
produced throughout the process of screening and evaluating data for the chemicals undergoing TSCA
risk evaluation. Studies that comply with the criteria specified in the PECO statement will be eligible for
inclusion, considered for evaluation, and possibly included in the human health hazard assessment,
while those that do not meet these criteria will be excluded according to the exclusion criteria.

In general, the PECO statements were based on (1) information accompanying the TSCA Scope
document, and (2) preliminary review of the health effects literature from authoritative sources cited in
the TSCA Scope documents. When applicable, these authoritative sources (e.g., IRIS assessments,
EPA/OPPT’s Work Plan problem formulations or risk assessments) will serve as starting points to

identify PECO-relevant studies.

Table_Apx G-4. Inclusion Criteria for Data Sources Reporting Human Health Hazards Related to

N-Methylpyrrolidone (NMP) 2

PECO

Element Evidence Stream

Papers/Features Included

Papers/Features Excluded

Population ® Human

Any population
All lifestages
Study designs:
o Controlled exposure, cohort, case-control,
cross-sectional, case-crossover
o Case studies and case series that are related
to deaths from acute exposure

e Case studies and case series for all
endpoints other than death from acute
exposure

Animal

All non-human whole-organism mammalian
species
All lifestages

¢ Non-mammalian species

Exposure Human

Exposure based on administered dose or
concentration of NMP, biomonitoring data (e.g.,
urine, blood or other specimens), environmental
or occupational-setting monitoring data (e.g.,
air, water levels), job title or residence

Primary metabolites of interest as identified in
biomonitoring studies (5-hydroxy-N-methyl-2-
pyrrolidone (5-HNMP) and 2-hydroxy-N-
methylsuccinimide (2-HMSI))

Exposure identified as or presumed to be from
oral, dermal, inhalation routes

Any number of exposure groups

Quantitative, semi-quantitative or qualitative
estimates of exposure

Exposures to multiple chemicals/mixtures only
if NMP or related metabolites were
independently measured and analyzed

¢ Route of exposure not by inhalation,
oral or dermal type (e.g.,
intraperitoneal, injection)

o Multiple chemical/mixture exposures
with no independent measurement of or
exposure to NMP (or related
metabolite)
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PECO

Evidence Stream

Papers/Features Included

Papers/Features Excluded

developmental toxicity
o  Immunotoxicity
o  Neurotoxicity
o lrritation
e Other endpoints ¢

Element
Animal e A minimum of 2 quantitative dose or e Only 1 quantitative dose or
concentration levels of NMP plus a negative concentration level in addition to the
control group? control
e Acute, subchronic, chronic exposure from oral, | e Route of exposure not by inhalation,
dermal, inhalation routes oral or dermal type (e.g.,
e Exposure to NMP only (no chemical mixtures) intraperitoneal, injection)
¢ Quantitative or semi-quantitative estimates of o No duration of exposure stated
exposure are included o Exposure to NMP in a chemical
mixture
Comparator Human e A comparison population [not exposed, o No comparison population for
exposed to lower levels, exposed below endpoints other than death from acute
detection] for endpoints other than death exposure
from acute exposure
Animal ¢ Negative controls that are vehicle-only o Negative controls other than vehicle-
treatment and/or no treatment only treatment or no treatment
outcome Human ¢ Endpoints described in the NMP scope
document ©:
o Acute toxicity (neurotoxicity and
lethality)
o  Reproductive toxicity
o  Growth (early life) and
Animal

General Considerations

Papers/Features Included

Papers/Features Excluded

Written in English ©

Reports primary data

Full text available

Reports both NMP exposure and a health
outcome

¢ Not written in English

o Reports secondary data (e.g., review
papers) @

o No full text available (e.g., only a
study description/abstract, out-of-print
text)

o Reports NMP-related exposure or a
health outcome, but not both (e.g.
incidence, prevalence report)

2 Some of the studies that are excluded based on the PECO statement may be considered later during the systematic review process. For NMP, EPA will
evaluate studies related to susceptibility and may evaluate, toxicokinetics and physiologically based pharmacokinetic models after other data (e.g., human
and animal data identifying adverse health outcomes) are reviewed. EPA may need to evaluate mechanistic data depending on the review of health effects
data. Finally, EPA may also review other data as needed (e.g., animal studies using one concentration, review papers).

® Mechanistic data are excluded during the full text screening phase of the systematic review process but may be considered later (see footnote a).

¢ EPA will review key and supporting studies in EPA’s 2015 Work Plan Chemical Risk Assessment for non-cancer and cancer endpoints as well as studies
published after the assessment.

9EPA may screen for hazards other than those listed in the scope document if they were identified in the updated literature search that accompanied the

scope document.

¢ EPA may translate studies as needed.
Abbreviations: NMP= N-Methylpyrrolidone
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