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The Semiconductor Industry Association (SIA)1 appreciates the opportunity to submit 
the following comments to the U.S. Environmental Protection Agency (EPA) on the Draft 
Toxic Substances Control Act (TSCA) Risk Evaluation for N-Methylpyrrolidone (NMP). 
 
Executive Summary 
 
Based on data submitted in these comments and previously submitted data, we 
respectfully ask that EPA consider the conditions of use in the semiconductor 
manufacturing sector, separately from those in other industrial activities and sectors.  In 
this more focused evaluation, we request that EPA correct mistaken assumptions in its 
modeling on the conditions of use and worker exposure in the semiconductor 
manufacturing industry, and as a result its erroneous conclusion that the use of NMP in 
semiconductor manufacturing presents an “unreasonable risk” from dermal exposures 
to semiconductor workers.  Specifically, EPA incorrectly assumed that semiconductor 
workers had dermal exposure to NMP over extended durations, and its models 
therefore overestimated the risks to health from these exposures.   
 
SIA conducted an independent analysis, using EPA’s physiologically based 
pharmacokinetic (PBPK) model and relying on more accurate assumptions of workplace 
exposures under the conditions of use, and found that there is no unreasonable risk of 
injury to human health  to workers from the conditions of use of NMP in the 
semiconductor manufacturing industry (hereafter referred to as “semiconductor 
industry”).  If the conditions of use in the semiconductor industry are considered 
independently of the various broad categories (such as electronics parts manufacturing) 
with which EPA appears to have clustered semiconductor manufacturing, and the data 
SIA has provided are thoroughly considered in the proper context, then the weight of the 
evidence will demonstrate that the use of NMP does not present  unreasonable risks to 

 
1 SIA is the trade association representing leading U.S. companies engaged in the design and 
manufacture of semiconductors.  Semiconductors are the fundamental enabling technology of modern 
electronics that has transformed virtually all aspects of our economy, ranging from information 
technology, telecommunications, health care, transportation, energy, and national defense.  The U.S. is 
the global leader in the semiconductor industry, and continued U.S. leadership in semiconductor 
technology is essential to America’s continued global economic leadership.  More information about SIA 
and the semiconductor industry is available at www.semiconductors.org.  
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workers in the semiconductor industry.  Accordingly, the Agency must update and 
enhance its final risk assessment, and conclude, pursuant to 40 CFR Section 702.49(d) 
of EPA’s Risk Evaluation rules, that the use of NMP in the semiconductor industry does 
not present an unreasonable risk.  Moreover, EPA should determine the conditions of 
use in the sector require no further regulatory scrutiny under Section 6 of TSCA. 
 
SIA’s comments on the draft NMP Risk Evaluation focus solely on the Agency’s 
preliminary finding of “unreasonable risk” from dermal exposures to workers.  We 
concur with EPA’s finding that the use of NMP in semiconductor manufacturing do not 
present an unreasonable risk of injury to the environment and therefore do not address 
those conclusions in these comments; however, SIA reserves the right to address 
environmental risk issues in a future filing if the EPA changes its preliminary 
determination in its final Risk Evaluation. 
 

I. EPA INAPPROPRIATELY GROUPED SEMICONDUCTOR 
MANUFACTURING IN OTHER BROAD INDUSTRY CATEGORIES 

 
EPA’s draft Risk Evaluation improperly grouped semiconductor manufacturing along 
with other industrial activities which have differing conditions of use.  For instance, 
semiconductor manufacturing was grouped with “Paint additives and coating additives 
not described by other codes” (p.315) and “Solvents (for cleaning or degreasing): Use in 
electrical equipment, appliance and component manufacturing” (p.316-317).  EPA’s 
assumption that the practices in the semiconductor manufacturing industry are similar to 
other electronics manufacturing operations is not accurate and is inconsistent with the 
Agency’s Risk Evaluation rules.  The regulations at 40 CFR 702.41(a)(5) require that 
Risk Evaluations rely on analyses that are “suited for their intended purpose” and “well-
tailored” to enable a “technically sound determination” concerning the conditions of use.  
By evaluating the conditions of use in semiconductor operations within the same 
category as other industry sectors with different operations and conditions of use, EPA 
relied on estimates of dermal exposures that greatly exaggerated the conditions 
documented in the exposure study SIA provided to EPA.  By ignoring or undervaluing 
the SIA data EPA failed to rely on the best available information and therefore did not 
apply a weight-of-the evidence approach.   
 
As documented by SIA in information provided to EPA (see footnotes 3 and 4), 
semiconductor manufacturing is considerably different from these other industrial 
operations and EPA was in error in grouping it with these other categories.  
Semiconductor manufacturing involves the fabrication of circuits that are typically less 
than 100 nanometers in dimension.  The process of manufacturing advanced 
semiconductors takes place in highly advanced and complex fabrication plants (“fabs”) 
and requires exceptionally precise and controlled manufacturing equipment and 
processes.  Such processes occur within equipment which are, by design, intended to 
isolate the manufacturing process and chemicals from workers.  Under these near-
pristine and highly controlled conditions, there are no unreasonable risks to workers 
attributable to dermal exposures to NMP. 
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Notwithstanding this information which differentiates the conditions of use and exposure 
to NMP in semiconductor fab operations from other industrial processes, EPA 
incorrectly grouped uses of NMP in the semiconductor industry along with other 
industrial operations.  As a result of this grouping, EPA incorrectly applied the same 
assumptions and drew the same conclusions that may be applicable to these other 
broader categories.  It is inappropriate and unnecessary to group the semiconductor 
industry’s conditions of use of NMP with other industrial sectors when EPA had 
available the information needed to better understand and more reasonably evaluate 
the potential for semiconductor workers to be exposed to NMP under the conditions of 
use unique to semiconductor fabrication facilities.  When such information is readily 
available and the information has been determined by EPA reviewers to be of high 
quality (as was determined here), then it represents the best information for evaluating 
such conditions of use and consequently should be weighted heavily when applying a 
weight-of-the-evidence approach.   
 

II. EPA MADE INCORRECT ASSUMPTIONS AND REACHED ERRONEOUS 
CONCLUSIONS 

 
A. SIA Study Finds Flaws in EPA’s Model and Conclusions 

 
In finding that the use of NMP presented an “unreasonable risk” to workers under the 
conditions of use in the electronics manufacturing industry, EPA incorrectly grouped 
semiconductor manufacturing with other electronics manufacturing and made a number 
of invalid assumptions that led to this flawed conclusion.  In order to better understand 
and validate EPA’s findings, SIA requested and EPA subsequently provided the code 
for the PBPK model.  SIA retained Cardno ChemRisk to review the EPA model and run 
the model using correct assumptions.  The full report (“Cardno Report”) is attached at 
Attachment A.2   
 
The Cardno report demonstrates that the EPA conclusions are mistaken based on 
incorrect assumptions.  Among other things, the report concludes: 
 

Our review of the U.S. EPA assumptions for semiconductor manufacturing 
found that the agency assumed prolonged liquid contact of one or two 
hands for 30 or 60 hours per week, respectively, under conditions 
equivalent to immersion in concentrated (generally >50% for most 
scenarios) or neat NMP. We concluded that this assumption did not 
represent a plausive central (e.g. median) or high-end (e.g.  95th percentile) 
condition of use for the semiconductor industry based on the description of 
the tasks that had been provided by SIA (2019a) to the U.S. EPA. 

 
Using more accurate assumptions that reflect real-world practices in semiconductor 
manufacturing, the Cardno report states: 
 

 
2 “Review and Refinement of Semiconductor Manufacturing Occupational Exposure Scenarios:  October 
2019 U.S. EPA Draft Risk Evaluation for N-Methylpyrrolidone (NMP)” (January 17, 2020). 
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We found that refinement of the semiconductor manufacturing scenarios 
resulted in a conclusion that use of NMP in the semiconductor 
manufacturing industry does not present an unreasonable risk, which was 
supported by a review of the weight of evidence and an uncertainty analysis. 

 
The report concludes: “The resultant acute and chronic MOEs were greater than 30 
indicating support for a conclusion that use of NMP in the semiconductor manufacturing 
industry does not present an unreasonable risk.” 
 

B. EPA Failed to Consider Properly Information Provided by SIA  
 
In addition to these comments, over the past several years SIA has provided extensive 
additional information to EPA on the industry’s practices and procedures for handling 
NMP.  Taken as a whole, these materials demonstrate that the highly complex 
processes involved in manufacturing advanced semiconductors, and the operational 
practices and engineering controls employed when handling chemicals at 
semiconductor fabs, effectively mitigate employee exposures to NMP at a fab.  Among 
other things, SIA has submitted to EPA the following: 
 

• Contemporary information on worker exposure at semiconductor fabs collected 
by member companies.3  These data included 118 air sampling datasets and 
details regarding the durations and frequencies of tasks undertaken by workers 
in fab facilities.   

• SIA met with EPA officials in November 2017 to summarize the conditions of use 
of NMP at semiconductor fabs. 

• SIA hosted a group of EPA officials in February 2019 to tour a semiconductor fab 
of a member company to provide a first-hand understanding of the use and 
handling of chemicals at a fab.   

  

 
3 SIA N-Methylpyrrolidone Risk Management Measures and Worker Exposure Monitoring Results 
(February 22, 2019).  This study was determined to be of high quality by EPA assessors.  We also 
provided the Agency with data from monitoring at fabs in Europe, which we determined were accurate 
and representative of the exposure rates likely to be found at semiconductor fabs in the United States.  
SIA Comments To the EPA Docket on Methylene Chloride and N-Methylpyrrolidone (NMP) (EPA Docket 
# EPA-HQ-OPPT-2016-0743) (Submitted September 18, 2017).  SIA incorporates by reference this 
submission into these comments.  
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• Several submissions to EPA4 describing the risk management measures 
implemented at fabs, including depictions and descriptions of PPE worn by 
workers to minimize the potential that they might come in contact with NMP, as 
well as information concerning the structure and operations of fab facilities which 
are designed to largely eliminate opportunities for any human contact with wafers 
and the chemicals used within semiconductor manufacturing equipment.5   

 
This information clearly demonstrates that fab workers have minimal opportunities for 
direct exposures to NMP and use PPE and engineering controls that reduce exposures 
to levels which present no unreasonable risks to human health.   
 
Unfortunately, it appears that much of the information and data SIA provided were not 
incorporated in the draft Risk Evaluation docket and may not have been thoroughly 
reviewed or were only partially considered by EPA personnel when preparing the draft 
Risk Evaluation.  This reflects a deficiency which should be corrected before the final 
Risk Evaluation is prepared and this must be accomplished if the Agency is to meet its 
obligations under Section 26 of the amended statute to consider information that is 
readily available and apply a weight-of-the-evidence approach when assessing risks. 
 

C. Brief Summary of Errors in the Draft Risk Evaluation 
 
In concluding that the use of NMP in semiconductor manufacturing posed an 
unreasonable risk of injury to worker health, EPA made several significant errors and 
relied on inaccurate assumptions. The Cardno report, included as Attachment A, uses 
the EPA PBPK model and highlights several of these errors.  It concludes that, using 

 
4 SIA submitted information to EPA at various stages in the NMP Risk Evaluation and rulemaking 
processes, including: 

a. SIA Comments On the Preliminary Information on Manufacturing, Processing, Distribution, Use, 
and Disposal: N-Methylpyrrolidone (NMP) (EPA-HQ-OPPT-2016-0743) (Submitted March 15, 
2017). 

b. SIA Comments on EPA Proposal on Methylene Chloride and N-Methylpyrrolidone; Regulation of 
Certain Uses Under TSCA Section 6(a), 82 Fed. Reg. 7464 (Jan. 19. 2017) (EPA Docket # EPA–
HQ–OPPT–2016–0231) (Submitted May 19, 2017). 

c. SIA Comments on Problem Formulation of the Risk Evaluation for N-Methylpyrrolidone (2-
Pyrrolidinone, 1-Methyl-) CASRN: 872-50-4 (EPA-HQ-OPPT-2016-0743) (July 16, 2018). 

SIA incorporates by reference each of these submissions into these comments. 
 
5 Semiconductor manufacturing equipment – enclosed, interlocked, ventilated, and automated 
manufacturing equipment (tools) which separate employees from the product wafer and process 
chemicals. Contemporary tools are designed and fabricated to meet the requirements of SEMI S2 –  
Environmental, Health, and Safety Guideline for Semiconductor Manufacturing Equipment 11 and SEMI 
S6 – Environmental, Health, and Safety Guideline for Exhaust Ventilation of Semiconductor 
Manufacturing Equipment. The SEMI guidelines include provisions that ensure hazardous gases, fumes 
and vapors are controlled such that workplace concentrations are less than 1% of the American 
Conference of Governmental Industrial Hygienists (ACGIH) threshold limit value (TLV) or permissible 
exposure limit (PEL) during normal equipment operation. SEMI S2 requires emissions not exceed 25% of 
the TLV or PEL in the anticipated worst-case breathing zone during equipment failures and maintenance 
activities.  
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assumptions reflecting actual practices in the semiconductor industry, EPA should 
properly conclude that there is no risk from the use of NMP in the industry. 
 
In finding that NMP posed a risk due to dermal exposure, EPA improperly determined 
that workers at semiconductor fabs would be in direct contact with NMP for prolonged 
periods of time.  This assumption is in error.  Workers in the semiconductor industry are 
trained extensively on the use of personal protective equipment (PPE) and companies 
have rigorous programs to ensure compliance with these requirements.  In these 
comments SIA provides additional examples of the training of workers responsible for 
handling NMP and other chemicals.  (Attachment B) 
 
SIA submitted comments to the EPA Science Advisory Committee on Chemicals 
(SACC)6 that enumerate some of the more troublesome deficiencies of the draft Risk 
Evaluation.  We summarize these points here and incorporate the SIA comments to the 
SACC (including the attachments) by reference:  
 

• Only 5 of the 118 personal air samples that SIA member companies collected 
showed concentrations of NMP above the limits of detection.  Three of the 
five samples (0.01, 0.02, and 0.07 ppm) were for fab maintenance tasks.  
Two of the five were for waste truck load / virgin NMP truck offload - tasks 
that occur at many industrial sites and that are not specific to semiconductor 
manufacturing where measured exposures were <0.4 ppm and 1.2 ppm.  

• Of the 5 measured samples that did have NMP concentrations above LOD, 
the highest 8 hr. TWA concentration was 1.18 ppm for tanker truck offloading.  
The virgin NMP truck offload task is conducted once per year and corrective 
actions have been identified to reduce potential exposures.  The measured 
exposure in this instance was only 0.18 ppm above the CAL OSHA 1.0 ppm 8 
hr. TWA, more than a factor of 3 less than the 3.5 ppm ECHA limit and is 10 
times lower than the AIHA’s 10 ppm 8 hr. WEEL. 

• SIA submitted details on the task durations and frequencies which showed 
task durations are short and human exposures are accordingly time-limited.  
EPA apparently did not use these data; instead, EPA’s draft Risk Evaluation 
erroneously assumed workers could be exposed at such levels throughout 
their entire work shift (8-12 hours), rather than episodically. 

• EPA Table 4-49 indicates that EPA made the assumption that semiconductor 
workers have direct dermal contact with liquid NMP and/or liquid mixtures of 
NMP. This assumption is entirely incorrect. SIA has described its engineering 
controls and chemical handling procedures to EPA in presentations and in 
written documentation that has been submitted to EPA (see Appendices A-C). 

 
6 Comments of the Semiconductor Industry Association (SIA) To the Science Advisory Committee on 
Chemicals (SACC) On the  Draft Toxic Substances Control Act (TSCA) Risk Evaluation for  N-
Methylpyrrolidone (NMP), 84 Fed. Reg. 60,087 (Nov. 7, 2019), [EPA–HQ–OPPT–2019–0236; FRL–
10001–87], Submitted November 26, 2019.  SIA incorporates by reference this submission into these 
comments. 
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These procedures are designed explicitly to prevent any dermal contact with 
liquid NMP or other potential forms of residual NMP.   

• The Agency’s application of a glove protection factor of 10 to the skin surface 
area because “workers … are likely to wear gloves” and employees are likely 
to “have at least basic training on glove usage” is still mischaracterizing the 
industry’s use of NMP.  Skin surface area available for direct liquid dermal 
contact by fab workers should be considered zero for the purpose of this Risk 
Evaluation.  The semiconductor industry uses specific procedures for 
selecting the proper gloves for the particular chemical and task. These 
procedures are documented, and cover both the selection of the glove, and 
the procedure for donning and removing the glove (see example training in 
the SACC comments at Appendix D). In recognition of these procedures, the 
glove protection factor should be at least, if not greater than, 20, and certainly 
not 10. 

• SIA provided information on the extensive risk management measures and 
engineering controls employed in the semiconductor industry, including 
personal protective equipment (PPE).  When modeling potential skin 
exposure, EPA did not reference the use of chemically resistant gloves such 
as the MAPA Trionic gloves7 (see SACC Comments at Appendix E) which are 
commonly used in the industry.  Instead, the draft Risk Evaluation suggests 
EPA assumed that as much as one full hand or perhaps two hands are 
directly exposed.  This is an incorrect assumption for this industry, is 
inconsistent with information SIA has provided to EPA, and does not reflect a 
weight-of-the-evidence approach. 

• The basis for the Agency’s handling of air sampling data with observations 
falling below detection limits is not transparent in the draft Risk Evaluation.  
Most of the data submitted by SIA reflected readings that were below 
detection limits and below the lowest US based occupational exposure limit, 
e.g., CAL OSHA PEL.  The draft Risk Evaluation does not explain how non-
detect data could lead to a preliminary conclusion that an ‘unreasonable risk 
of injury to worker health’ exists in semiconductor fab operations.   

• NMP Concentrations in specific conditions of use should be considered.  SIA 
provided data on NMP weight percentage in chemical formulations and waste 
as part of its 2019 study; this data should be used in the Agency’s PBPK 
modeling and overall draft Risk Evaluation. 

 
These are just some of the incorrect assumptions that served as the basis for EPA’s 
erroneous conclusion.  Using appropriate assumptions that accurately reflect practices 
in the semiconductor industry – as demonstrated by the Cardno report included in these 
comments – EPA should conclude that uses of NMP in semiconductor manufacturing 
does not present an unreasonable risk to workers. 
 
  

 
7 Breakthrough time for N-methyl-2-Pyrrolidone 99% using MAPA Trionic gloves  http://www.mapa-
pro.com/our-gloves/protections/critical-environments/p/g/trionic-e-194.html#chemical_chart. 
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Conclusion 
 
EPA incorrectly grouped semiconductor manufacturing with other industrial activities; 
moreover, the Agency relied on erroneous assumptions about the conditions of use of 
NMP in the semiconductor industry and the opportunity for and durations of dermal 
exposure.  The weight of the evidence, when taking into account the considerable 
information SIA made available to EPA including the attached report from Cardno, does 
not support EPA’s findings in the draft Risk Evaluation.  SIA calls on EPA to recognize 
that the weight of the data and information reasonably available to EPA supports the 
conclusion that the conditions of use of NMP at semiconductor fabs do not present an 
unreasonable risk to the environment or to human health or worker safety.  We call on 
EPA to meet its statutory and regulatory obligations concerning Risk Evaluations under 
Section 26 of TSCA and the implementing regulations at 40 CFR Part 702, by 
considering the conditions of NMP use in the semiconductor manufacturing sector 
independently from other industrial activities and sectors. To ensure it has performed a 
Risk Evaluation that is “well-tailored to the problems and decisions at hand” as required 
by 40 CFR 702.41(a)(5), EPA must carefully consider the workplace exposure data 
previously provided by SIA, and the information on employee training and workplace 
practices discussed by SIA and its members during the Peer Review meetings and in 
follow-up submissions.  Applying the scientific standards established by the 
amendments to Section 26 of TSCA, the Agency must rely of these data because they 
constitute the “best available science” concerning the specific conditions of NMP use in 
the semiconductor industry.   
 
For purposes of the final Risk Evaluation EPA must consider the specific conditions of 
NMP use in the semiconductor industry separately from other sectors with which they 
were combined for purposes of the draft Risk Evaluation.  Doing so will lead to Final 
Determination pursuant to 40 CFR §702.49(d) that the conditions of use of NMP in the 
semiconductor sector do not present an unreasonable risk to human health or the 
environment.  Moreover, EPA should conclude the conditions of NMP use in the 
semiconductor sector require no further consideration for regulatory action under 
Section 6 of the Act.  



 
 
 
 
 
 
 
 
 
 
 

Attachment A: 
Review and Refinement of Semiconductor Manufacturing Occupational Exposure 
Scenarios: October 2019 U.S. EPA Draft Risk Evaluation for N-Methylpyrrolidone 

(NMP) 
Cardno ChemRisk 
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JaQXaU\ 2020 CaUGQR CKHPRLVN E[HcXWLYH SXPPaU\   YLL 

E[HcXWLYH SXPPaU\ 

TKH U.S. EPA GUaIW ULVN HYaOXaWLRQ IRU N-MHWK\OS\UUROLGRQH (NMP) ZaV UHOHaVHG LQ NRYHPbHU 2019 IRU 
SXbOLc cRPPHQW (U.S. EPA, 2019a). CaUGQR CKHPRLVN KaV bHHQ aVNHG b\ WKH SHPLcRQGXcWRU IQGXVWU\ 
AVVRcLaWLRQ (SIA) WR UHYLHZ U.S. EPA¶V XVH RI a SK\VLRORJLcaOO\ baVHG SKaUPacRNLQHWLc (PBPK) PRGHO WR 
SUHSaUH WKH RccXSaWLRQaO H[SRVXUH HYaOXaWLRQ RI VHPLcRQGXcWRU PaQXIacWXULQJ ZRUNHUV. OXU c LQcOXGHG 
aQ HYaOXaWLRQ RI WKH U.S. EPA H[SRVXUH aVVHVVPHQW aSSURacK, aV ZHOO aV WKH SUHSaUaWLRQ RI a UHILQHG 
H[SRVXUH aVVHVVPHQW aQG ULVN cKaUacWHUL]aWLRQ IRU VHPLcRQGXcWRU PaQXIacWXULQJ ZRUNHUV baVHG RQ a 
cULWLcaO HYaOXaWLRQ RI WKH cRQGLWLRQV RI XVH LQ WKH LQGXVWU\. OXU UHYLHZ LQcOXGHG a cRQVLGHUaWLRQ RI WKH 
VcLHQWLILc VWaQGaUGV RI ³bHVW aYaLOabOH VcLHQcH´ aQG ³ZHLJKW RI WKH VcLHQWLILc HYLGHQcH´ XQGHU WKH TR[Lc 
SXbVWaQcHV CRQWURO AcW (TSCA) aV aSSOLHG WR WKH XVH RI WKH PBPK PRGHO WR GHWHUPLQH LQWHUQaO ZRUNHU 
H[SRVXUHV LQ WKH VHPLcRQGXcWRU LQGXVWU\. TKH bHQcKPaUN GRVH-UHVSRQVH PRGHOLQJ SHUIRUPHG b\ U.S. 
EPA ZaV QRW LQcOXGHG LQ WKH VcRSH RI WKLV UHYLHZ.  
 
TKH U.S. EPA LQaSSURSULaWHO\ JURXSHG WKH cRQGLWLRQV RI XVH LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\ 
ZLWK RWKHU HOHcWURQLcV PaQXIacWXULQJ RSHUaWLRQV VXcK aV JHQHUaO HOHcWULcaO HTXLSPHQW RU aSSOLaQcH 
PaQXIacWXULQJ. TKH SIA (2019a, 2019b) KaV SUHYLRXVO\ SURYLGHG a GHWaLOHG UHSRUW aQG LQGXVWULaO K\JLHQH 
LQIRUPaWLRQ WKaW GHVcULbH WKH cRQGLWLRQV RI NMP XVH LQ VHPLcRQGXcWRU PaQXIacWXULQJ. TKLV GaWa LQGLcaWHV 
WKaW WaVNV LQYROYLQJ WKH XVH RI NMP aUH XQOLNHO\ WR bH cRPSaUabOH WR WaVNV SHUIRUPHG LQ ³HOHcWURQLc SaUWV 
PaQXIacWXULQJ´ RSHUaWLRQV LQ RWKHU LQGXVWULaO VHcWRUV. TKXV, WKH U.S. EPA VKRXOG UHPRYH WKH aVVXPSWLRQ 
WKaW ³acWLYLWLHV LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\ aUH UHSUHVHQWaWLYH RI WKH RSHUaWLQJ cRQGLWLRQV 
H[SHcWHG aW RWKHU ³HOHcWURQLc SaUWV PaQXIacWXULQJ´ IacLOLWLHV, GXH WR WKH XVH RI VLPLOaUO\ cRQWUROOHG 
RSHUaWLRQV´ (U.S. EPA, 2019a, S. 100, O.. 2067-2068).  TKH UHPaLQGHU RI WKLV UHSRUW aGGUHVVHV WKH 
cRQGLWLRQV RI XVH VSHcLILc WR WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\. 
 
CaUGQR CKHPRLVN GRZQORaGHG WKH U.S. EPA (2019b) PBPK PRGHO ZRUNVSacH ILOH GaWHG DHcHPbHU 13, 
2019, aQG YHULILHG WKH IXQcWLRQaOLW\ RI WKH PRGHO cRGH IRU WKH ³HOHcWURQLcV SaUW PaQXIacWXULQJ VcHQaULR´ 
XVLQJ acVOX VHUVLRQ 3.0.2.1. TKH IXQcWLRQaOLW\ RI WKH PRGHO ZaV cRQILUPHG WR bH VLPLOaU WR WKH U.S. EPA 
YHUVLRQ RI WKH PRGHO aV GHVcULbHG LQ WKH PaLQ WH[W aQG VXSSOHPHQWaO PaWHULaOV RI PRHW HW aO. (2016). WH 
IRXQG WKaW a cRUUHcWLRQ WR WKH VNLQ:bORRG SaUWLWLRQ cRHIILcLHQW KaG QRW bHHQ GRcXPHQWHG LQ WKH 
VXSSOHPHQWaO PaWHULaOV RI WKH PRHW HW aO. (2016) KXPaQ PRGHO cRGH. TKH PLVVLQJ cRUUHcWLRQ HPSKaVL]HV 
WKH LPSRUWaQcH RI U.S. EPA SURYLGLQJ GUaIW HYaOXaWLRQ PRGHO VHW-XS aQG cRGH ILOHV ZKHQ UHTXHVWHG b\ 
LQWHUHVWHG VWaNHKROGHUV RU SHHU UHYLHZHUV. WH aOVR IRXQG WKaW WKH PRGHO KaG QRW bHHQ aGMXVWHG WR 
UHPRYH WKH IHPaOH cRPSaUWPHQWV (H.J. XWHUXV RU PaPPaU\ WLVVXH) IRU WKH PaOH cKURQLc H[SRVXUH 
VcHQaULRV, bXW cRQcOXGHG WKaW PaNLQJ WKHVH aGMXVWPHQWV ZRXOG KaYH a QHJOLJLbOH LPSacW RQ WKH ULVN 
aVVHVVPHQW cRQcOXVLRQV. CaUGQR CKHPRLVN aOVR IRXQG WKaW WKH U.S. EPA VWaWHG aQ LQWHQWLRQ LQ WKH GUaIW 
HYaOXaWLRQ WR XVH a KLJKHU GHUPaO SHUPHabLOLW\ cRQVWaQW IRU QHaW NMP H[SRVXUHV, bXW aSSHaUV WR KaYH 
XVHG WKH ORZHU GLOXWH NMP SHUPHabLOLW\ cRHIILcLHQW LUUHVSHcWLYH RI ZHLJKW IUacWLRQ (U.S. EPA, 2019a).  
 
OXU UHYLHZ GHWHUPLQHG WKaW ZKLOH PaQ\ aVSHcWV RI WKH 2019 U.S. EPA NMP PBPK PRGHO aUH aGHTXaWHO\ 
VXSSRUWHG b\ SULPaU\ aQG VHcRQGaU\ SHHU UHYLHZHG OLWHUaWXUH, WKH XVH RI WKH PRGHO WR aVVHVV GHUPaO 
OLTXLG H[SRVXUHV OacNHG UHIHUHQcH WR VXIILcLHQW SHHU UHYLHZHG, LQGXVWU\ VXSSOLHG RU VcLHQWLILc cRQVHQVXV 
LQIRUPaWLRQ. OXU TXaOLWaWLYH aQG TXaQWLWaWLYH VHQVLWLYLW\ aQaO\VLV VKRZHG WKaW RI WKH WKUHH SaWKZa\V 
(LQKaOaWLRQ, GHUPaO YaSRU aQG GHUPaO OLTXLG), WKH RQO\ SaWKZa\ cRQWULbXWLQJ PHaQLQJIXOO\ WR WKH U.S. EPA 
XQUHaVRQabOH ULVN GHWHUPLQaWLRQ IRU XVH RI NMP LQ WKH VHPLcRQGXcWRU LQGXVWU\ ZaV GHUPaO OLTXLG cRQWacW. 
WH IRXQG WKaW WKH U.S. EPA VcUHHQLQJ aQaO\VLV GLG QRW cRQVLGHU UHaVRQabO\ aYaLOabOH LQIRUPaWLRQ 
SURYLGHG b\ WKH VHPLcRQGXcWRU LQGXVWU\ cRQcHUQLQJ WKH SRWHQWLaO IRU GHUPaO OLTXLG cRQWacW ZLWK NMP-
cRQWaLQLQJ OLTXLG. 
 
OXU UHYLHZ RI WKH U.S. EPA aVVXPSWLRQV IRU VHPLcRQGXcWRU PaQXIacWXULQJ IRXQG WKaW WKH aJHQc\ 
aVVXPHG SURORQJHG OLTXLG cRQWacW RI RQH RU WZR KaQGV IRU 30 RU 60 KRXUV SHU ZHHN, UHVSHcWLYHO\, XQGHU 
cRQGLWLRQV HTXLYaOHQW WR LPPHUVLRQ LQ cRQcHQWUaWHG (JHQHUaOO\ >50% IRU PRVW VcHQaULRV) RU QHaW NMP. WH 
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cRQcOXGHG WKaW WKLV aVVXPSWLRQ GLG QRW UHSUHVHQW a SOaXVLbOH cHQWUaO WHQGHQc\ (H.J. PHGLaQ) RU KLJK-HQG 
(H.J.  95WK SHUcHQWLOH) cRQGLWLRQ RI XVH IRU WKH VHPLcRQGXcWRU LQGXVWU\ baVHG RQ WKH GHVcULSWLRQ RI WKH WaVNV 
WKaW KaG bHHQ SURYLGHG b\ SIA (2019a) WR WKH U.S. EPA. WH aOVR IRXQG WKaW SURORQJHG H[SRVXUH WR 
cRQcHQWUaWHG RU QHaW NMP LV LPSOaXVLbOH (bH\RQG ZRUVW caVH) bHcaXVH LW LV cOaVVLILHG aV a VNLQ LUULWaQW 
SRWHQWLaOO\ caXVLQJ LQWROHUabOH GHUPaWLWLV, bOLVWHULQJ RU cUacNLQJ RI VNLQ LI H[SRVXUH ZHUH WR RccXU WR WKH 
H[WHQW aVVXPHG LQ WKH GUaIW HYaOXaWLRQ. FLQaOO\, ZH IRXQG aQ LPSOaXVLbOH OHYHO RI VLPLOaULW\ LQ WKH U.S. EPA 
acXWH aQG cKURQLc PaUJLQV RI H[SRVXUH (MOEV) IRU VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV ZLWK 
aSSUHcLabO\ GLIIHUHQW WaVNV aQG RSSRUWXQLWLHV IRU cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG. TKLV VLPLOaULW\ ZaV 
QRW cRQVLVWHQW ZLWK WKH LQIRUPaWLRQ SURYLGHG b\ SIA WR U.S. EPA, aQG SUHVHQWV aQ aUHa UHTXLULQJ 
UHILQHPHQW aQG LPSURYHPHQW IRU WKH HYaOXaWLRQ WR UHIOHcW WKH ³bHVW aYaLOabOH VcLHQcH.´.  
 
CaUGQR CKHPRLVN UHYLHZHG WKH VHPLcRQGXcWRU PaQXIacWXULQJ ULVN PaQaJHPHQW PHaVXUHV aQG LQGXVWULaO 
K\JLHQH VaPSOLQJ GaWa VXbPLWWHG b\ SIA (2019a, 2019b), aQG IRXQG WKH UHaGLO\ aYaLOabOH LQIRUPaWLRQ 
SURYLGHG WKH LQGXVWU\ cRPSUHKHQVLYH aQG VXIILcLHQW IRU U.S. EPA WR KaYH aVVLJQHG VcHQaULR-VSHcLILc 
GHUPaO OLTXLG H[SRVXUH IacWRUV WKaW YaULHG b\ VcHQaULRV. FXUWKHUPRUH, CaUGQR CKHPRLVN IRXQG WKaW 
VcLHQWLILc cRQVHQVXV JXLGaQcH GRcXPHQWV ZHUH aYaLOabOH WR WKH U.S. EPA WR IacLOLWaWH WKH aSSOLcaWLRQ RI 
³bHVW aYaLOabOH VcLHQcH´ WR WKH PBPK LQWHUQaO H[SRVXUH PRGHO VcHQaULR GHVcULSWLRQV. FRU H[aPSOH, WKH 
cXUUHQW LQGXVWULaO K\JLHQH GHUPaO PRGHOLQJ WRROV aQG JXLGaQcH aYaLOabOH IURP WKH APHULcaQ IQGXVWULaO 
H\JLHQH AVVRcLaWLRQ (AIHA) SURYLGH UHaGLO\ aYaLOabOH PHaQV IRU UHILQHG GHUPaO cRQWacW aVVHVVPHQW ZKHQ 
a VcUHHQLQJ OHYHO aQaO\VLV (H.J. aQ aVVXPSWLRQ RI SURORQJHG LPPHUVLRQ) VXJJHVWV MOEV bHORZ WKH 
bHQcKPaUN. AV GLVcXVVHG LQ WKH AIHA JXLGaQcH, VROYHQW LPPHUVLRQ VcHQaULRV ZLWK SURORQJHG cRQWacW Pa\ 
QRW UHSUHVHQW UHaOLVWLc RccXSaWLRQaO H[SRVXUH VcHQaULRV. 
 
TKH AIHA WRROV aQG JXLGaQcH aOORZ cRQVLGHUaWLRQ RI WKH aPRXQW RI OLTXLG GHSRVLWHG aQG WKH LPSacW RI 
HYaSRUaWLRQ WLPH RQ GHUPaO abVRUSWLRQ SRWHQWLaO. CaUGQR CKHPRLVN aSSOLHG LQIRUPaWLRQ IURP SIA, WKH 
HVWLPaWHV RI HYaSRUaWLRQ WLPH IURP WKH AIHA IH SNLQPHUP PRGHO, aQG WKH AIHA GHUPaO H[SRVXUH 
aVVHVVPHQW JXLGaQcH WR SUHSaUH UHILQHG LQWHUQaO H[SRVXUH HVWLPaWHV aQG MOEV IRU WKH VHPLcRQGXcWRU 
PaQXIacWXULQJ VcHQaULRV. EVWLPaWHV RI ORaGLQJ, HYaSRUaWLRQ WLPH aQG SRWHQWLaOO\ H[SRVHG VXUIacH aUHa 
ZHUH GHYHORSHG IRU HacK VcHQaULR.  
 
AQ XSGaWHG KXPaQ PBPK aQaO\VLV ZaV SHUIRUPHG XVLQJ WKH U.S. EPA cRGH LQ acVOX VHUVLRQ 3.0.2.1. WH 
PaGH PLQRU PRGLILcaWLRQV WR WKH U.S. PRGHO LQSXW WHPSOaWH (aQ E[cHO ILOH), .P ILOH (aQ acVOX VcULSW ILOH), aQG 
WKH acVOX .cVO ILOH (WKH PRGHO cRGH ILOH). TKH WHPSOaWH ZaV PRGLILHG WR LQSXW SHUPHabLOLW\ cRQVWaQW, GHUPaO 
cRQWacW WLPH aQG Ga\V SHU ZHHN RI H[SRVXUH. TKH VcULSW ILOH ZaV PRGLILHG WR UHaG WKHVH TXaQWLWLHV IURP 
WKH LQSXW WHPSOaWH, aQG GHILQH NMP GHQVLW\ aV a VWaWLc SaUaPHWHU. TKH cRGH ILOH ZaV PRGLILHG WR 
GLIIHUHQWLaWH WKH GHUPaO OLTXLG cRQWacW WLPH IURP WKH LQKaOaWLRQ aQG GHUPaO YaSRU H[SRVXUH WLPH. DHUPaO 
OLTXLG cRQWacW ZaV aVVXPHG WR RccXU aW WKH bHJLQQLQJ RI WKH VKLIW IRU cRPSXWaWLRQaO HIILcLHQc\. WH IRXQG 
WKaW UHILQHPHQW RI WKH VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV WR aGGUHVV LQcRUUHcW U.S. EPA 
aVVXPSWLRQV UHVXOWHG LQ a cRQcOXVLRQ WKaW XVH RI NMP LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\ GRHV 
QRW SUHVHQW aQ XQUHaVRQabOH ULVN. KH\ aVVXPSWLRQV RI WKH UHILQHG aQaO\VLV aUH SUHVHQWHG LQ ES-1 aQG WKH 
cKURQLc MOEV aUH SUHVHQWHG LQ ES-2. AV VKRZQ LQ ES-1, WKH XSGaWHG aQaO\VLV UHVXOWHG LQ cKURQLc MOEV 
JUHaWHU WKaQ 30. A VLPLOaU cRQcOXVLRQ ZaV UHacKHG IRU acXWH H[SRVXUHV. 
 
CaUGQR CKHPRLVN cRQVLGHUHG WKH ZHLJKW RI HYLGHQcH LQ VXSSRUW RI WKH cRQcOXVLRQ WKaW XVH RI NMP LQ WKH 
VHPLcRQGXcWRU LQGXVWU\ GRHV QRW SUHVHQW aQ XQUHaVRQabOH ULVN, aQG IRXQG WKaW: 

x IQGXVWULaO K\JLHQH LQIRUPaWLRQ SURYLGHG b\ SIA (2019a) LQGLcaWHG a ORZ SRWHQWLaO IRU H[SRVXUH WR 
NMP baVHG ZHOO-GHVcULbHG ZRUN aQG PaLQWHQaQcH SUacWLcHV VXSSRUWHG b\ aLU VaPSOLQJ GaWa. TKLV 
GaWa LQGLcaWHG a ORZ GHWHcWLRQ IUHTXHQc\ RI NMP ZLWK a VXLWabO\ ORZ GHWHcWLRQ OLPLW (JHQHUaOO\ OHVV 
WKaQ 1 SSP aV cRPSaUHG NMP VaWXUaWHG YaSRU cRQcHQWUaWLRQ RI aSSUR[LPaWHO\ 400 SSP aW 
aPbLHQW WHPSHUaWXUH) WR GHWHcW GLVSHUVLYH XVHV RI WKH VROYHQW RU OaUJH VXUIacHV ZLWK UHVLGXaO 
NMP. TKH ORZ NMP cRQcHQWUaWLRQV aW VHPLcRQGXcWRU IacLOLWLHV GXULQJ URXWLQH RU PaLQWHQaQcH 
WaVNV aUH QRW LQGLcaWLYH RI WKH SUHVHQcH RI OLTXLG NMP, aQG WKHUHIRUH aUH LQcRQVLVWHQW ZLWK EPA¶V 
aVVXPSWLRQ RI H[WHQVLYH GHUPaO cRQWacW. 
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x TaVN GHVcULSWLRQV SURYLGH b\ SIA (2019a) VKRZ WKaW WKHUH aUH JHQHUaOO\ OLPLWHG RSSRUWXQLWLHV IRU 
VNLQ cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG baVHG RQ WKH ZRUN GHVcULSWLRQV. A OLPLWHG QXPbHU RI 
PaLQWHQaQcH WaVNV KaYH a KLJKHU SRWHQWLaO IRU GHUPaO cRQWacW ZLWK UHVLGXaO NMP. HRZHYHU, 
RSHUaWLRQaO cRQGLWLRQV aQG HQJLQHHULQJ cRQWUROV, VXcK aV IOXVKLQJ RI NMP IURP ILOWHUV SULRU WR ILOWHU 
cKaQJHV, OLPLW WKH RSSRUWXQLW\ IRU cRQWacW ZLWK UHVLGXaO NMP. AGGLWLRQaOO\, LQ PaLQWHQaQcH 
RSHUaWLRQV ZKHUH WKHUH LV a SRWHQWLaO IRU cRQWacW ZLWK UHVLGXaO NMP, WKH WHcKQLcLaQ ZHaUV PPE 
LQcOXGLQJ JORYHV. TKH VHOHcWLRQ RI PPE, GRQQLQJ, XVH aQG WUaLQLQJ LV SHUIRUPHG XQGHU VSHcLILc 
SURcHGXUHV LQ WKH VHPLcRQGXcWRU LQGXVWU\,  

x SWULcW ZRUN UXOHV aQG SURcHGXUHV LQ WKH VHPLcRQGXcWRU LQGXVWU\ LQGLcaWH WKaW WKH JORYH SURWHcWLRQ 
IacWRU (PF) IRU VSHcLILc acWLYLW\ WUaLQLQJ RI 20 (95% HIILcLHQc\) LV aSSURSULaWH, 

x IQ cRQWUaVW WR WKH U.S. EPA GUaIW HYaOXaWLRQ ZKHUH GHUPaO OLTXLG cRQWacW GRPLQaWHG LQWHUQaO 
H[SRVXUH, PRHW HW aO. (2016) GHVcULbHV WKH GHUPaO OLTXLG SaWKZa\ aV W\SLcaOO\ SURYLGLQJ RQO\ ³VRPH 
cRQWULbXWLRQ´ WR LQWHUQaO H[SRVXUH, ZLWK LQKaOaWLRQ LGHQWLILHG aV WKH SULPaU\ URXWH, aQG 

x CRQVHQVXV UHYLHZV RI NMP (H.J. EC SCCS, 2011) QRWH WKaW SURORQJHG VNLQ cRQWacW ZLWK NMP 
caQ caXVHV GHUPaWLWLV, bOLVWHULQJ RU cUacNLQJ RI VNLQ, WKXV LQGLcaWLQJ WKaW WKH SURORQJHG cRQWacW 
(RQH RU WZR KaQGV LPPHUVHG LQ VROYHQW IRU 30 RU 60 KRXUV SHU ZHHN, UHVSHcWLYHO\) aVVXPHG LQ WKH 
U.S. EPA VcUHHQLQJ aQaO\VLV LV LPSOaXVLbOH. 

 
IQ aGGLWLRQ WR WKH ZHLJKW RI HYLGHQcH aQaO\VLV, CaUGQR CKHPRLVN HYaOXaWHG XQcHUWaLQW\ LQ NH\ 
GHWHUPLQaQWV RI LQWHUQaO H[SRVXUH IRU WKH GHUPaO OLTXLG cRQWacW SaWKZa\ LQcOXGLQJ SURWHcWLRQ IacWRU aQG 
SHUPHabLOLW\ cRQVWaQWV, aQG IRXQG WKaW aQ\ SRWHQWLaO XQcHUWaLQW\ LQ WKHVH IacWRUV LV QRW OLNHO\ WR LPSacW WKH 
UHILQHG cRQcOXVLRQ RI VaIH XVH. UQcHUWaLQWLHV LQ ORaGLQJ aQG VXUIacH aUHa KaYH bHHQ aGGUHVVHG LQ WKLV 
aQaO\VLV b\ VHOHcWLQJ cHQWUaO WHQGHQc\ aQG KLJK-HQG HVWLPaWHV. UQcHUWaLQW\ LQ SRWHQWLaO acXWH (XSVHW, RU 
aW\SLcaO) H[SRVXUHV QRW RccXUULQJ RQ a cKURQLc baVLV ZHUH aVVHVVHG IRU a K\SRWKHWLcaO SOaXVLbOH ZRUVW 
caVH HYHQW ZKHUH 100% NMP ZaV LQ cRQWacW ZLWK WKH SaOP VLGH RI WZR KaQGV, ZLWK a UHVXOWLQJ bHQcKPaUN 
MOE > 30, LQGLcaWLQJ VaIH XVH. UQcHUWaLQW\ LQ WKH UHILQHG aQaO\VLV ZaV aOVR aGGUHVVHG b\ WKH VHOHcWLRQ RI 
SUHcaXWLRQaU\ H[SRVXUH VcHQaULR SaUaPHWHUV. FRU H[aPSOH, WKH PaLQWHQaQcH VcHQaULRV aVVXPHG NMP 
cRQWacW GXULQJ HYHU\ VKLIW, IRU WKH cHQWUaO WHQGHQc\ HVWLPaWH, KRZHYHU, WKH RSSRUWXQLW\ IRU NMP cRQWacW aW 
VRPH IacLOLWLHV Pa\ aSSUHcLabO\ OHVV IUHTXHQW.   
 
IQ VXPPaU\, RXU UHYLHZ IRXQG WKaW WKH U.S. EPA¶V GUaIW cRQcOXVLRQ RI XQUHaVRQabOH ULVN IRU WKH XVH RI 
NMP LQ VHPLcRQGXcWRU PaQXIacWXULQJ UHIOHcWHG a OacN RI UHILQHPHQW aQG WKH LQcRUSRUaWLRQ RI LQcRUUHcW 
aVVXPSWLRQV LQ WKH VcUHHQLQJ VcHQaULR (RQH RU WZR KaQGV LPPHUVHG LQ cRQcHQWUaWHG RU QHaW NMP IRU 30 
RU 60 KRXUV SHU ZHHN), UaWKHU WKaQ a UHaVRQabOH cKaUacWHUL]aWLRQ RI WKH cXUUHQW cRQGLWLRQV RI XVH LQ WKH 
LQGXVWU\. CaUGQR CKHPRLVN UHYLHZHG WKH cRQGLWLRQ RI XVH LQIRUPaWLRQ SURYLGHG b\ SIA (2019a), aQG 
GHYHORSHG UHILQHG H[SRVXUH HVWLPaWHV IRU HacK VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULR. TKLV aQaO\VLV 
LQGLcaWHV a GLIIHUHQWLaWLRQ RI H[SRVXUH SRWHQWLaO bHWZHHQ MRbV, ZLWK VRPH IXQcWLRQV KaYLQJ QR RSSRUWXQLW\ 
IRU GLUHcW GHUPaO cRQWacW ZLWK NMP. TKH UHVXOWLQJ acXWH aQG cKURQLc MOEV ZHUH JUHaWHU WKaQ 30, 
LQGLcaWLQJ VXSSRUW IRU a cRQcOXVLRQ WKaW XVH RI NMP LQ WKH VHPLcRQGXcWRU LQGXVWU\ GRHV QRW SUHVHQW aQ 
XQUHaVRQabOH ULVN WR ZRUNHUV. 
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TabOe ES-1: E[SOaQaWLRQ RI PBPK LQSXW SaUaPHWHUV [XSGaWHV U.S. EPA (2019a) TabOH 2-33] 

 
  

CHQWUaO 
THQGHQc\

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH) RI 

12-KU TWA

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

3 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG
HLJK-HQG 

(95WK SHUcHQWLOH) RI 
12-KU TWA

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU
10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH) RI 

12-KU TWA

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

3 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG
HLJK-HQG 

(95WK SHUcHQWLOH) RI 
12-KU TWA

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU
10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\ N/A

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

NR GHUPaO H[SRXUH WR 
NMP

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG N/A
OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

NR GHUPaO H[SRXUH WR 
NMP

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\

"PKRWROLWKRJUaSK\ 
IRUPXOaWLRQV 

cRQWaLQ <5% NMP 
aQG Pa\ bH NMP 

IUHH" (SIA, 2019a); 
50WK SHUcHQWLOH RI 0 

aQG 5% 

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG

"PKRWROLWKRJUaSK\ 
IRUPXOaWLRQV 

cRQWaLQ <5% NMP 
aQG Pa\ bH NMP 

IUHH" (SIA, 2019a); 
95WK SHUcHQWLOH RI 0 

aQG 5% 

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH) RI 

12-KU TWA

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

50% RI WKH 
SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG
HLJK-HQG 

(95WK SHUcHQWLOH) RI 
12-KU TWA

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU

70% RI WKH 
SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

a TKH W\SLcaO GXUaWLRQ Iab RSHUaWRUV aQG WHcKQLcLaQV SHUIRUP ZRUN LQ WKH Iab LV 10.5 KRXUV RI a 12 KRXU VKLIW (SIA, 2019a). 

GORYeV

T\SLcaO Iab ZRUNHU

MaLQWHQaQcH

WRUN AcWLYLW\
ALU 

CRQceQWUaWLRQ 
DaWa

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW

ShLfW 
DXUaWLRQa

CRQWaLQHU 
KaQGOLQJ, VPaOO 

cRQWaLQHUV

E[SRVXUe 
FUeTXeQc\

CRQWaLQHU 
KaQGOLQJ, GUXPV

NMP WeLghW 
FUacWLRQ 

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

SNLQ 
SXUface 

AUea
E[SRVed

DeUPaO CRQWacW TLPeSceQaULR

12 KRXU 
VKLIW

12 KRXU 
VKLIW

12 KRXU 
VKLIW

12 KRXU 
VKLIW

12 KRXU 
VKLIW
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CHQWUaO 
THQGHQc\ SLQJOH YaOXH 8 KRXU VKLIW OQcH SHU \HaU 10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG SLQJOH YaOXH 8 KRXU VKLIW OQcH SHU \HaU
50% RI WKH 

SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\ SLQJOH YaOXH 8 KRXU VKLIW OQcH SHU PRQWK 10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG SLQJOH YaOXH 8 KRXU VKLIW OQcH HYHU\ WKUHH 
ZHHNV

50% RI WKH 
SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

a TKH W\SLcaO GXUaWLRQ Iab RSHUaWRUV aQG WHcKQLcLaQV SHUIRUP ZRUN LQ WKH Iab LV 10.5 KRXUV RI a 12 KRXU VKLIW (SIA, 2019a). 

WaVWH WUXcN 
ORaGLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

VLUJLQ NMP WUXcN 
XQORaGLQJ

WRUN AcWLYLW\ SceQaULR
ALU 

CRQceQWUaWLRQ 
DaWa

ShLfW 
DXUaWLRQa

NMP WeLghW 
FUacWLRQ

SNLQ 
SXUface 

AUea
E[SRVed

DeUPaO CRQWacW TLPeE[SRVXUe 
FUeTXeQc\ GORYeV
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TabOe ES-2: NRQ-caQcHU ULVN HVWLPaWHV IRU cKURQLc H[SRVXUH [XSGaWHV U.S. EPA (2019a) TabOH 4-28] 

 
 

WeeNO\ 
AYeUage 
ChURQLc 

E[SRVXUe, 
AUC 

AQQXaO 
FUeTXeQc\ 

AQQXaO 
AYeUage 
ChURQLc 

E[SRVXUe, 
AUC 

(hU Pg/L) (ZeeNV 
/\eaU) (hU Pg/L)

CHQWUaO THQGHQc\ 0.09 50 0.09 2018 30

HLJK-HQG 0.22 50 0.21 864 30

CHQWUaO THQGHQc\ 0.01 50 0.01 31345 30

HLJK-HQG 0.44 50 0.43 430 30

CHQWUaO THQGHQc\ 0.02 50 0.02 7777 30

HLJK-HQG 0.10 50 0.09 1983 30

CHQWUaO THQGHQc\ 0.02 50 0.02 7717 30

HLJK-HQG 0.10 50 0.10 1883 30

CHQWUaO THQGHQc\ 0.05 50 0.04 4151 30

HLJK-HQG 0.64 50 0.61 298 30

CHQWUaO THQGHQc\ 0.20 1 0.004 48186 30

HLJK-HQG 0.27 1 0.01 34727 30

CHQWUaO THQGHQc\ 0.04 12 0.01 22160 30

HLJK-HQG 0.11 17.3 0.04 5179 30

NRWH: E[[RQ, 1991 cLWHG aV "E[[RQ, B. (1991). PURMHcW NR. 236535, 26 NRY 1991. ((VSRQVRUHG b\ GAF CRUS., Wa\QH, USA). (aV 
7044 cLWHG LQ OECD, 2007)). Wa\QH, USA: GAF CRUS." LQ U.S. EPA, 2019a. 

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

183

183

183

183

183

183

VLUJLQ NMP 
WUXcN 

XQORaGLQJ

WaVWH WUXcN 
ORaGLQJ

CRQWaLQHU 
KaQGOLQJ, 
GUXPV

T\SLcaO Iab 
ZRUNHU

MaLQWHQaQcH

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW

AQQXaO 
AYeUage 

MOE

BeQchPaUN 
MOE

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

WRUN AcWLYLW\ SceQaULR
HeaOWh EffecW, 
EQdSRLQW aQd 

SWXd\

CRQWaLQHU 
KaQGOLQJ, 

VPaOO 
cRQWaLQHUV

ChURQLc 
POD, 
AUC

(hU Pg/L)

183
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1 IQWURGXcWLRQ 

TKH U.S. EPA UHOHaVHG a GUaIW ULVN HYaOXaWLRQ IRU N-MHWK\OS\UUROLGRQH (NMP) LQ NRYHPbHU 2019 IRU SXbOLc 
cRPPHQW. CaUGQR CKHPRLVN KaV bHHQ aVNHG b\ WKH SHPLcRQGXcWRU IQGXVWU\ AVVRcLaWLRQ WR UHYLHZ U.S. 
EPA¶V XVH RI a SK\VLRORJLcaOO\ baVHG SKaUPacRNLQHWLc (PBPK) PRGHO WR SUHSaUH WKH RccXSaWLRQaO 
H[SRVXUH HYaOXaWLRQ RI VHPLcRQGXcWRU PaQXIacWXULQJ ZRUNHUV. OXU UHYLHZ LQcOXGHV aQ HYaOXaWLRQ RI WKH 
U.S. EPA aSSURacK, aV ZHOO aV WKH SUHSaUaWLRQ RI a UHILQHG H[SRVXUH aVVHVVPHQW aQG ULVN 
cKaUacWHUL]aWLRQ IRU VHPLcRQGXcWRU ZRUNHUV baVHG RQ a cULWLcaO HYaOXaWLRQ RI WKH cRQGLWLRQV RI XVH LQ WKH 
LQGXVWU\. 
 
TSCA SHcWLRQ 26 UHTXLUHV WKaW ULVN aVVHVVPHQWV SHUIRUPHG XQGHU WKH UXOH IROORZ VcLHQWLILc VWaQGaUGV, 
LQcOXGLQJ ³bHVW aYaLOabOH VcLHQcH´ aQG ³ZHLJKW RI WKH VcLHQWLILc HYLGHQcH´ (U.S. EPA, 2017; S. 33726). 
SHcWLRQ 26(K) SURYLGHV IacWRUV UHOHYaQW WR PRGHOV WKaW VKRXOG bH cRQVLGHUHG, LQcOXGLQJ WKH GHJUHH WR 
ZKLcK WKH PHWKRG LV ³cRQVLVWHQW ZLWK WKH LQWHQGHG XVH,´ KaV GRcXPHQWHG WKH ³GHJUHH RI cOaULW\ aQG 
cRPSOHWHQHVV,´ KaV cRQVLGHUHG YaULabLOLW\ aQG XQcHUWaLQW\, aQG KaV bHHQ VXbMHcW WR aQ ³LQGHSHQGHQW 
YHULILcaWLRQ RU SHHU UHYLHZ RI WKH LQIRUPaWLRQ´ (U.S. EPA, 2017; S. 33727). TKH U.S. EPA IXUWKHU cOaULILHG 
WKH TSCA UHTXLUHPHQWV IRU PRGHOV LQ WKH ³PURcHGXUHV IRU CKHPLcaO RLVN EYaOXaWLRQ XQGHU WKH APHQGHG 
TR[Lc SXbVWaQcHV CRQWURO AcW´ UXOH SXbOLVKHG RQ JXO\ 20, 2017. TKH UXOH VWaWHV WKaW WKH aJHQc\ ZLOO XVH 
³UHaVRQabO\ aYaLOabOH LQIRUPaWLRQ LQcOXGLQJ LQIRUPaWLRQ, PRGHOV, aQG VcUHHQLQJ PHWKRGRORJLHV´ aV QHHGHG 
(U.S. EPA, 2017; S. 33751). TKH VHOHcWLRQ RI PHWKRGV ZLOO cRQVLGHU ³WKH TXaOLW\ RI WKH LQIRUPaWLRQ, WKH 
GHaGOLQHV VSHcLILHG LQ TSCA VHcWLRQ 6(b)(4)(G) IRU cRPSOHWLQJ WKH ULVN HYaOXaWLRQ, aQG WKH H[WHQW WR ZKLcK 
WKH LQIRUPaWLRQ UHGXcHV XQcHUWaLQW\´ (U.S. EPA, 2017; S. 33751).  
 
UQGHU WKH UXOH, ³bHVW aYaLOabOH VcLHQcH´ LV GHILQHG aV ³VcLHQcH WKaW LV UHOLabOH aQG XQbLaVHG´ (U.S. EPA, 
2017; S. 33731).  TKH ³ZHLJKW RI VcLHQWLILc HYLGHQcH´ LV GHILQHG aV ³a V\VWHPaWLc UHYLHZ PHWKRG XVLQJ ³a 
SUH-HVWabOLVKHG SURWRcRO WR cRPSUHKHQVLYHO\, RbMHcWLYHO\, WUaQVSaUHQWO\, aQG cRQVLVWHQWO\, LGHQWLI\ aQG 
HYaOXaWH HacK VWUHaP RI HYLGHQcH, LQcOXGLQJ VWUHQJWKV, OLPLWaWLRQV, aQG UHOHYaQcH RI HacK VWXG\ aQG WR 
LQWHJUaWH HYLGHQcH aV QHcHVVaU\ aQG aSSURSULaWH baVHG XSRQ VWUHQJWKV, OLPLWaWLRQV, aQG UHOHYaQcH´ (U.S. 
EPA, 2017; S. 33733). TKH UXOH aOVR VWaWHV WKaW bHVW aYaLOabOH VcLHQcH ³LQYROYHV WKH XVH RI VXSSRUWLQJ 
VWXGLHV cRQGXcWHG LQ accRUGaQcH ZLWK VRXQG aQG RbMHcWLYH VcLHQcH SUacWLcHV, LQcOXGLQJ, ZKHQ aYaLOabOH, 
SHHU UHYLHZHG VcLHQcH aQG VXSSRUWLQJ VWXGLHV aQG GaWa cROOHcWHG b\ accHSWHG PHWKRGV RU bHVW aYaLOabOH 
PHWKRGV (LI WKH UHOLabLOLW\ RI WKH PHWKRG aQG WKH QaWXUH RI WKH GHcLVLRQ MXVWLILHV XVH RI WKH GaWa)´ (U.S. 
EPA, 2017; S. 33748).  
 
OXU UHYLHZ RI WKH U.S. EPA GUaIW VHPLcRQGXcWRU PaQXIacWXULQJ H[SRVXUH VcHQaULRV KaV bHHQ cRQGXcWHG 
LQ cRQVLGHUaWLRQ RI WKH ³bHVW aYaLOabOH VcLHQcH´ aQG ³UHaVRQabO\ aYaLOabOH LQIRUPaWLRQ´ UHTXLUHPHQWV RI 
TSCA. OXU UHYLHZ LQcOXGHG a cRQVLGHUaWLRQ RI WKH VcLHQWLILc VWaQGaUGV RI ³bHVW aYaLOabOH VcLHQcH´ aQG 
³ZHLJKW RI WKH VcLHQWLILc HYLGHQcH´ XQGHU TSCA aV aSSOLHG WR WKH XVH RI WKH PBPK PRGHO WR GHWHUPLQH 
LQWHUQaO ZRUNHU H[SRVXUHV LQ WKH VHPLcRQGXcWRU LQGXVWU\. TKH bHQcKPaUN GRVH-UHVSRQVH PRGHOLQJ 
SHUIRUPHG b\ U.S. EPA ZaV QRW LQcOXGHG LQ WKH VcRSH RI WKLV UHYLHZ 
IQcOXGHG LQ WKLV UHSRUW aUH: 
 

x A UHYLHZ RI WKH U.S. EPA NMP PBPK PRGHO LPSOHPHQWaWLRQ LQcOXGLQJ UHcRPPHQGaWLRQV IRU 
LQcUHaVHG WUaQVSaUHQc\ aQG XVH RI SHHU-UHYLHZHG LQIRUPaWLRQ (SHcWLRQ 2), 

x TKH LGHQWLILcaWLRQ RI VHQVLWLYH H[SRVXUH SaUaPHWHUV IRU WKH VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULR 
(SHcWLRQ 3), 

x A cULWLcaO HYaOXaWLRQ RI U.S. EPA H[SRVXUH VcHQaULR aVVXPSWLRQV IRU WKH VHPLcRQGXcWRU 
PaQXIacWXULQJ VcHQaULR (SHcWLRQ 4), 

x TKH SUHSaUaWLRQ RI UHILQHG H[SRVXUH HVWLPaWHV aQG ULVN cKaUacWHUL]aWLRQ IRU WKH VHPLcRQGXcWRU 
LQGXVWU\ (SHcWLRQ 5),  

x AQ XQcHUWaLQW\ aQaO\VLV (SHcWLRQ 6), aQG  
x A cRQcOXVLRQ RI VaIH XVH RI NMP LQ WKH VHPLcRQGXcWRU LQGXVWU\ (SHcWLRQ 7).  
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2 RHYLHZ RI U.S. EPA NMP PBPK MRGHO  

CaUGQR CKHPRLVN GRZQORaGHG WKH U.S. EPA HXPaQ NMP PBPK PRGHO ILOHV GaWHG DHcHPbHU 13, 2019 
IURP WKH aJHQc\ ZHbVLWH (U.S. EPA, 2019b). TKH NH\ HOHcWURQLc ILOHV UHOHYaQW WR WKH VHPLcRQGXcWRU 
PaQXIacWXULQJ ScHQaULR LQcOXGH: 

x HXPPUegReY2.cOeaQ.cVO: PBPK acVOX PRGHO cRGH 
x hXPaQ_aYg_SaUaPV.P: acVOX VcULSW ILOH cRQWaLQLQJ U.S. EPA caOLbUaWHG SaUaPHWHUV LQcOXGLQJ 

MLcKaHOLV -MHQWHQ NLQHWLc cRQVWaQWV, XULQaU\ ILUVW RUGHU HOLPLQaWLRQ UaWH aQG GHUPaO YaSRU 
SHUPHabLOLW\ cRHIILcLHQW 

x hXPaQ_SaUaPV.P: AGGLWLRQaO PRGHO LQSXW SaUaPHWHUV 
x NMP_ZUNSOc_2019_SeSW04FePaOeY2.[OV aQG NMP_ZUNSOc_2019_SeSW04MaOeY2.[OV: MLcURVRIW 

E[cHO ILOH cRQWaLQLQJ PRGHO LQSXW aQG RXWSXW IRU acXWH IHPaOH aQG cKURQLc PaOH ZRUNHU H[SRVXUH 
VcHQaULRV 

o CeOO A2: RRZ QXPbHU RI OaVW VcHQaULR LQ VSUHaGVKHHW 
o CeOO B2: BRG\ ZHLJKW  (NJ) 
o CROXPQ H: NMP ZHLJKW IUacWLRQ (XQLWOHVV) 
o CROXPQ I: E[SRVHG VXUIacH aUHa (cP3) 
o CROXPQ J: E[SRVXUH GXUaWLRQ (KRXUV) 
o CROXPQ L: DXUaWLRQ baVHG aLU cRQcHQWUaWLRQ (PJ/P3) 
o CROXPQ O: GORYH SURWHcWLRQ IacWRU (XQLWOHVV) 
o CROXPQ U: MRGHO HVWLPaWHG aUHa XQGHU WKH cXUYH IRU PaOH cKURQLc VcHQaULR (K-PJ/L aV a 

ZHHNO\ aYHUaJH) aVVXPLQJ QR GHcUHaVH LQ YaSRU H[SRVXUH GXH WR PaVN 
o CROXPQ V:  MRGHO HVWLPaWHG SHaN VHUXP cRQcHQWUaWLRQ IRU IHPaOH acXWH VcHQaULR (PJ/L) 

aVVXPLQJ QR GHcUHaVH LQ YaSRU H[SRVXUH GXH WR PaVN 
x ZUNSOc_2019.P: ScULSW ILOH ORaGLQJ KXPaQ SaUaPHWHUV aQG VcHQaULR aVVXPSWLRQV aV ZHOO aV 

GLUHcWLQJ PRGHO H[HcXWLRQ aQG ZULWLQJ RXWSXW WR WKH E[cHO VSUHaGVKHHW 
o AVVLJQ SHUPHabLOLW\ cRQVWaQW RI OLTXLG 
o AVVLJQ H[SRVXUH IUHTXHQc\  
o AVVLJQ PRGHO UXQ GXUaWLRQ  
o AVVLJQ IUacWLRQ RI VNLQ H[SRVXUH  

CaUGQR CKHPRLVN HYaOXaWHG WKH cRQWHQW RI WKHVH ILOHV ZLWK a VSHcLILc IRcXV RQ WKH aJHQc\¶V HYaOXaWLRQ RI 
VHPLcRQGXcWRU PaQXIacWXULQJ. CaUGQR CKHPRLVN YHULILHG WKaW WKH PRGHO ZaV VLPLOaU WR WKH PRGHO 
SXbOLVKHG b\ PRHW HW aO. (2016), aQG LGHQWLILHG a W\SRJUaSKLcaO HUURU LQ WKH PRGHO cRGH SXbOLVKHG ZLWK WKH 
2016 SaSHU baVHG RQ aQ H[aPLQaWLRQ RI WKH GUaIW 2019 U.S. EPA PRGHO cRGH (SHcWLRQ 2.1). CaUGQR 
CKHPRLVN aOVR IRXQG WKH U.S. EPA aSSURacK WR WKH GHUPaO OLTXLG cRQWacW SaWKZa\ GLG QRW cRQVLGHU WKH 
cRPSUHKHQVLYH aQG UHaGLO\ aYaLOabOH LQIRUPaWLRQ SURYLGHG b\ SIA, aQG QR baVLV ZaV SURYLGHG WR MXVWLI\ WKH 
aVVXPSWLRQ WKaW SURORQJHG cRQWacW (6 RU 12 KRXUV HacK ZRUN Ga\) RI NMP-cRQWaLQLQJ OLTXLG ZLWK VNLQ LV 
SOaXVLbOH (SHcWLRQ 2.2). FXUWKHUPRUH, WKH U.S. EPA aVVXPSWLRQV abRXW GHUPaO OLTXLG cRQWacW ZHUH QRW 
VXbVWaQWLaWHG ZLWK SHHU UHYLHZHG OLWHUaWXUH. AGGLWLRQaO cRQcHUQV aUH aGGUHVVHG LQ SHcWLRQV 2.3 WKURXJK 
2.5. 

2.1 VeULfLcaWLRQ Rf MRdeO 
AQ LPSRUWaQW cRQVLGHUaWLRQ LQ WKH aSSOLcaWLRQ RI ³bHVW aYaLOabOH VcLHQcH´ WR PRGHOLQJ HYaOXaWLRQV XQGHU 
TSCA LV WKH XVH WR WKH H[WHQW SRVVLbOH RI SHHU UHYLHZHG SULPaU\ aQG VXSSRUWLQJ LQIRUPaWLRQ. TKH U.S. 
EPA caOLbUaWLRQ RI WKH NMP PBPK PRGHO XVHG LQ WKH GUaIW 2019 HYaOXaWLRQ LV GHVcULbHG LQ WKH PRHW HW aO. 
(2016) SHHU UHYLHZHG SXbOLcaWLRQ. CaUGQR CKHPRLVN LPSRUWHG WKH cRGH IURP PRHW HW aO. (2016) aV ZHOO aV 
WKH cRGH XVHG LQ WKH 2019 GUaIW HYaOXaWLRQ (U.S. EPA, 2019b) LQWR acVOX VHUVLRQ 3.0.2.1 WR HYaOXaWLRQ 
SRWHQWLaO GLIIHUHQcHV bHWZHHQ WKH PRGHO XVHG WR aVVHVV VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV aQG WKH 
PRGHO SXbOLVKHG LQ WKH SHHU UHYLHZ OLWHUaWXUH.  

TKH PRGHO XVHG LQ WKH 2019 GUaIW HYaOXaWLRQ aSSHaUV WR UHIOHcW WKH U.S. EPA ³PRGLILHG YHUVLRQ´ GHVcULbHG 
LQ WKH 2016 SHHU-UHYLHZ SXbOLcaWLRQ. CaUGQR CKHPRLVN VXccHVVIXOO\ UHSURGXcHG WKH U.S. EPA SHaN aQG 
AUC SUHVHQWHG LQ TabOH 5 RI PRHW HW aO. (2016) XVLQJ WKH cRGH LQ WKH GUaIW HYaOXaWLRQ SURGXcWLRQ GaWHG 
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DHcHPbHU 13, 2019 (U.S. EPA, 2019b). WH QRWH, KRZHYHU, WKaW WKH KXPaQ cRGH SXbOLVKHG LQ WKH 2016 
SHHU-UHYLHZHG SXbOLcaWLRQ cRQWaLQHG aQ HUURU WKaW aSSHaUV WR KaYH bHHQ cRUUHcWHG b\ WKH U.S. EPA LQ WKH 
UHVXOWV SUHVHQWHG LQ WKH SXbOLcaWLRQ, bXW QRW LQcRUSRUaWHG LQWR WKH cRGH SUHVHQWHG LQ WKH VXSSOHPHQWaO 
PaWHULaOV RI WKH PaQXVcULSW. TKXV, LW ZRXOG KaYH bHHQ YHU\ GLIILcXOW IRU aQ LQGHSHQGHQW UHYLHZHU RI WKH 
2019 GUaIW HYaOXaWLRQ PaGH SXbOLc LQ NRYHPbHU 2019 (U.S. EPA, 2019a) WR UHSURGXcH WKH UHVXOWV 
SUHVHQWHG b\ WKH aJHQc\ XVLQJ SXbOLcO\ aYaLOabOH LQIRUPaWLRQ XQWLO WKH aJHQc\ UHOHaVHG WKH cRGH LQ PLG-
DHcHPbHU 2019 (U.S. EPA, 2019b). TKLV RYHUVLJKW HPSKaVL]HV WKaW SXbOLc GLVcORVXUH RI WKH PRGHO cRGH 
XVHG LQ IXWXUH GUaIW HYaOXaWLRQV LV aQ LPSRUWaQW cRPSRQHQW RI WKH WUaQVSaUHQc\ aQG ³bHVW aYaLOabOH 
VcLHQcH¶´ SULQcLSOHV RI TSCA.  

CaUGQR CKHPRLVN IRXQG a W\SRJUaSKLcaO HUURU LQ WKH SXbOLcO\ aYaLOabOH PRHW HW aO. (2016) VXSSOHPHQWaO 
PaWHULaO PRGHO cRGH SUHVHQWHG LQ VHcWLRQ ³A.5 PUHJQaQW HXPaQ PBPK PRGHO cRGH.´ TKH SXbOLcaOO\ 
aYaLOabOH cRGH GRHV QRW UHIOHcW a cRUUHcWLRQ PaGH b\ WKH U.S. EPA ZKLcK bHcaPH aSSaUHQW WR CaUGQR 
CKHPRLVN aIWHU UHYLHZLQJ WKH cRGH SRVWHG RQ DHcHPbHU 13, 2019 (TabOH 2.1). SSHcLILcaOO\, WKH 2019 GUaIW 
cRGH XVHG b\ U.S. EPA cRUUHcWO\ GHILQHV a VNLQ:bORRG SaUWLWLRQ cRHIILcLHQW, SVNb, aQG aSSOLHV WKLV 
cRHIILcLHQW LQ WKH VNLQ cRPSaUWPHQW. TKH SXbOLcO\ aYaLOabOH cRGH GLG QRW UHIOHcW WKaW WKLV cRUUHcWLRQ KaG 
bHHQ PaGH. TKH UHVXOWV SUHVHQWHG LQ WKH 2016 SHHU UHYLHZHG SXbOLcaWLRQ aSSHaU WR UHIOHcW WKH cRUUHcW 
HTXaWLRQV VKRZQ LQ TabOH 2.1.  

TabOe 2-1: CRPSaULVRQ RI 2016 SXbOLc cRGH WR 2019 aJHQc\ cRGH KXPaQ VNLQ:bORRG SaUWLWLRQ cRHIILcLHQW 

EOePeQW 

PReW eW aO. (2016) 
SXSSOePeQWaO 
MaWeULaOV 

U.S. EPA CRde daWed 
DecePbeU 13, 2019 CRPPeQW 

1 NRW GHILQHG PSKB=0.099 PSKB LV WKH VNLQ:bORRG SaUWLWLRQ cRHIILcLHQW, aQG ZaV 
QRW LQcOXGHG LQ 2016 cRGH  

2 CYSKL = CSKL/PSKL CYSKL= CSKL/PSKB CYSKL LV WKH cRQcHQWUaWLRQ LQ YHQRXV bORRG H[LWLQJ 
OLTXLG H[SRVHG VNLQ. TKH SaUWLWLRQ cRHIILcLHQW bHWZHHQ 
bORRG aQG OLTXLG (PSKL) LV LQcRUUHcWO\ SUHVHQWHG LQ WKH 
2016 VXSSOHPHQWaO PaWHULaOV  

3 CYSKY = CSKL/PSKL CYSKY= CSKL/PSKB CYSKY LV WKH cRQcHQWUaWLRQ LQ YHQRXV bORRG H[LWLQJ 
YaSRU H[SRVHG VNLQ. TKH SaUWLWLRQ cRHIILcLHQW bHWZHHQ 
bORRG aQG OLTXLG (PSKL) LV LQcRUUHcWO\ SUHVHQWHG LQ WKH 
2016 VXSSOHPHQWaO PaWHULaOV 

CaUGQR CKHPRLVN aOVR QRWHV WKaW WKH GHQVLW\ RI NMP LV QRW GHILQHG aV VWaWLc YaULabOH LQ WKH .P ILOH RI WKH 
2019 U.S. EPA cRGH. TKXV, LI WKH PRGHO LV H[HcXWHG LQ a QHZ acVOX ZRUNVSacH, LW LV QHcHVVaU\ WR 
H[SOLcLWO\ GHILQH GHQVLW\ LQ WKH VcULSW ILOH aV VKRZQ LQ AWWacKPHQW A.2.  

IQ VXPPaU\, WKH GHcLVLRQ RI WKH aJHQc\ WR UHOHaVH WKH NMP PBPK cRGH XVHG LQ WKH 2019 GUaIW HYaOXaWLRQ 
(U.S. EPA, 2019a) UHSUHVHQWHG a SUXGHQW SROLc\ GHcLVLRQ bHcaXVH WKH RQO\ SXbOLcO\ aYaLOabOH LQIRUPaWLRQ 
LQ WKH SHHU UHYLHZHG SXbOLcaWLRQ cRQWaLQHG a W\SRJUaSKLcaO HUURU LPSacWLQJ WKH abLOLW\ RI H[WHUQaO UHYLHZHUV 
WR UHaGLO\ YHULI\ WKH aJHQc\¶V aVVHVVPHQW. TKH U.S. EPA PBPK JXLGaQcH VWaWHV, ³PBPK PRGHOV LQWHQGHG 
IRU ULVN aVVHVVPHQW aSSOLcaWLRQV VKRXOG bH HYaOXaWHG IRU TXaOLW\ aQG WUaQVSaUHQc\´ (U.S. EPA, 2006, S. 3-
1) aQG WKaW ³aGHTXaWH GRcXPHQWaWLRQ LV HVVHQWLaO WR WKH WUaQVSaUHQc\ aQG UHSURGXcLbLOLW\ RI ULVN 
aVVHVVPHQWV´ (U.S. EPA, 2006, S. 3-28). TKXV, SXbOLc UHOHaVH RI WKH cRGH UHIOHcWV WKH LPSRUWaQW ULVN 
aVVHVVPHQW SULQcLSOH RI WUaQVSaUHQc\ aQG RYHUVLJKW WKURXJK VWaNHKROGHU SHHU UHYLHZ.   

2.2 IdeQWLfLcaWLRQ Rf PBPK MRdeO EVWLPaWeV LacNLQg SXffLcLeQW BaVLV LQ PeeU 
ReYLeZed LLWeUaWXUe 

MaQ\ aVSHcWV RI WKH U.S. EPA 2019 NMP PBPK PRGHO aUH aGHTXaWHO\ VXSSRUWHG b\ SULPaU\ aQG 
VHcRQGaU\ SHHU UHYLHZHG OLWHUaWXUH, SaUWLcXOaUO\ ZLWK UHVSHcW WR WKH LQKaOaWLRQ aQG GHUPaO YaSRU H[SRVXUH 
URXWHV. IQ cRQWUaVW, WKH XVH RI WKH PRGHO WR aVVHVV GHUPaO OLTXLG H[SRVXUHV OacNV UHIHUHQcH WR VXIILcLHQW 
SHHU UHYLHZHG LQIRUPaWLRQ, LQcOXGLQJ a IaLOXUH WR cRQVLGHU: 

x RHaVRQabO\ aQWLcLSaWHG UHOaWLYH cRQWULbXWLRQ RI LQKaOaWLRQ, GHUPaO YaSRU aQG GHUPaO OLTXLG cRQWacW 
WR GRVH JLYHQ WKH SURSHUWLHV aQG Ka]aUG cKaUacWHULVWLcV RI NMP, 

x RHaVRQabO\ aQWLcLSaWHG GLIIHUHQcHV LQ GHUPaO cRQWacW SRWHQWLaO bHWZHHQ LQGXVWULHV aQG MRbV, aQG 
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x RHaVRQabO\ aQWLcLSaWHG ORaGLQJ RI OLTXLG NMP RQ VNLQ aQG GXUaWLRQ RI cRQWacW accRXQWLQJ IRU 
HYaSRUaWLRQ. 

TKXV, aV GHVcULbHG LQ PRUH GHWaLO bHORZ WKH GHUPaO OLTXLG URXWH HVWLPaWHV RI AUC aQG SHaN VHUXP 
cRQcHQWUaWLRQ GR QRW UHSUHVHQW ³bHVW aYaLOabOH VcLHQcH´ aV GHILQHG XQGHU TSCA. 

2.2.1 CRQWULbXWLRQ b\ URXWe 
TKH UHaVRQabO\ aQWLcLSaWHG cRQWULbXWLRQ RI HacK RI WKH WKUHH URXWHV RI RccXSaWLRQaO H[SRVXUH (LQKaOaWLRQ, 
GHUPaO YaSRU, aQG GHUPaO OLTXLG) WR acXWH RU cKURQLc LQWHUQaO H[SRVXUH LV QRW aGHTXaWHO\ GLVcXVVHG LQ WKH 
2019 GUaIW HYaOXaWLRQ (U.S. EPA, 2019a). A UHYLHZ RI WKH H[SHcWHG cRQWULbXWLRQV b\ URXWH UHIOHcWV aQ 
LPSRUWaQW VWHS LQ PRGHO HYaOXaWLRQ, aQG KHOSV aGG ZHLJKW WR WKH SOaXVLbLOLW\ RI WKH PRGHO SUHGLcWLRQV. TaVN 
GHVcULSWLRQV SURYLGHG b\ SIA (2019a) VKRZ WKaW WKHUH aUH JHQHUaOO\ OLPLWHG RSSRUWXQLWLHV IRU VNLQ cRQWacW 
ZLWK NMP-cRQWaLQLQJ OLTXLG baVHG RQ WKH ZRUN GHVcULSWLRQV. OI LPSRUWaQcH LV WKH RbVHUYaWLRQ WKaW WKHUH 
aUH QR VcHQaULRV ZKHUH KaQGV RU RWKHU bRG\ SaUWV aUH LPPHUVHG LQ NMP-cRQWaLQLQJ OLTXLGV. BaVHG RQ WKH 
SIA ZRUN GHVcULSWLRQV, cHUWaLQ PaLQWHQaQcH WaVNV KaYH a KLJKHU SRWHQWLaO IRU GHUPaO cRQWacW ZLWK UHVLGXaO 
NMP. HRZHYHU, RSHUaWLRQaO cRQGLWLRQV aQG HQJLQHHULQJ cRQWUROV, VXcK aV IOXVKLQJ RI NMP IURP ILOWHUV SULRU 
WR ILOWHU cKaQJHV, OLPLW WKH RSSRUWXQLW\ IRU cRQWacW ZLWK UHVLGXaO NMP. AGGLWLRQaOO\, LQ PaLQWHQaQcH 
RSHUaWLRQV ZKHUH WKHUH LV a SRWHQWLaO IRU cRQWacW ZLWK UHVLGXaO NMP, WKH WHcKQLcLaQ ZHaUV PPE LQcOXGLQJ 
JORYHV. TKH VHOHcWLRQ RI PPE, GRQQLQJ, XVH aQG WUaLQLQJ LV SHUIRUPHG XQGHU VSHcLILc SURcHGXUHV LQ WKH 
VHPLcRQGXcWRU LQGXVWU\. TKXV, WKH IUacWLRQ RI H[SRVXUH aWWULbXWabOH WR GHUPaO OLTXLG cRQWacW LV OLNHO\ WR bH 
QHJOLJLbOH. 

A UHYLHZ RI PRHW HW aO. (2016), aQG WKH 2019 GUaIW HYaOXaWLRQ (U.S. EPA, 2019a) LQGLcaWHV WKaW U.S. EPA 
VWaWHPHQWV UHJaUGLQJ WKH cRQWULbXWLRQ RI GHUPaO OLTXLG cRQWacW WR H[SRVXUH LQ WKH 2019 GUaIW HYaOXaWLRQ aUH 
LQcRQVLVWHQW ZLWK VWaWHPHQWV PaGH LQ WKH PRHW aO. (2016) SHHU UHYLHZHG SXbOLcaWLRQ. SSHcLILcaOO\, LQ 
SHcWLRQ A1.2 RI WKH PRHW aO. (2016) VXSSOHPHQWaO PaWHULaOV, WKH aXWKRUV (LQcOXGLQJ WZR aXWKRUV aIILOLaWHG 
ZLWK WKH U.S. EPA) ZULWH: 

³HXPaQ H[SRVXUHV WR NMP ZLOO bH SULPaULO\ YLa WKH LQKaOaWLRQ URXWH ZLWK VRPH cRQWULbXWLRQ IURP 
WKH GHUPaO URXWH (YaSRUV RU OLTXLG).´ 

IQ cRQWUaVW, ASSHQGL[ I (OLQH 1223 aQG 1224) RI WKH 2019 GUaIW HYaOXaWLRQ (U.S. EPA, 2019a) VWaWHV:  

³HXPaQ H[SRVXUHV WR NMP ZLOO bH SULPaULO\ YLa WKH LQKaOaWLRQ URXWH; cRQWULbXWLRQ IURP WKH GHUPaO 
URXWH (YaSRUV RU OLTXLG) Pa\ aOVR bH VLJQLILcaQW LI QRW SULPaU\ IRU VRPH VcHQaULRV.´ 

TKH U.S. EPA KaV QRW SURYLGHG a WUaQVSaUHQW VXbVWaQWLaWHG aQaO\VLV LQ WKH 2019 GUaIW HYaOXaWLRQ 
H[SOaLQLQJ WKH LQcRQVLVWHQc\ LQ WKH VWaWHG cRQWULbXWLRQ RI OLTXLG cRQWacW bHWZHHQ WKH SHHU-UHYLHZHG SaSHU 
aQG WKH GUaIW TSCA HYaOXaWLRQ. AV VKRZQ LQ SHcWLRQ 3 bHORZ, WKH H[SRVXUH aVVXPSWLRQV aGRSWHG b\ WKH 
U.S. EPA IRU VHPLcRQGXcWRU ZRUNHUV LPSO\ WKaW WKH GHUPaO OLTXLG cRQWacW cRQWULbXWHV XS WR 99% RI WKH 
cKURQLc LQWHUQaO H[SRVXUH, HYHQ ZLWK JORYH XVH aVVLJQHG a SURWHcWLRQ IacWRU (PF) RI 20. TKLV XQH[SHcWHGO\ 
KLJK cRQWULbXWLRQ IURP GHUPaO OLTXLG cRQWacW UHIOHcWV aQ aVVXPSWLRQ b\ WKH U.S. EPA WKaW VHPLcRQGXcWRU 
ZRUNHUV aUH VXbMHcW WR aQ H[SRVXUH VcHQaULR HTXLYaOHQW WR WKH VXUIacH aUHa RI RQH RU WZR KaQGV LPPHUVHG 
LQ NMP-cRQWaLQLQJ OLTXLG IRU 6 RU 12 KRXUV SHU VKLIW (UHVSHcWLYHO\), 5 Ga\V SHU ZHHN IRU 52 ZHHNV SHU \HaU. 
TKLV aVVXPSWLRQ LV LQcRQVLVWHQW ZLWK LQIRUPaWLRQ RQ cRQGLWLRQV RI XVH WKaW WKH SIA SURYLGHG WR WKH aJHQc\ 
(SIA, 2019a), aV ZHOO aV WKH LQWULQVLc VNLQ LUULWaWLRQ Ka]aUG RI NMP.  

TKH OLPLWHG cRQWULbXWLRQ RI RccXSaWLRQaO GLUHcW GHUPaO cRQWacW WR NMP LQWHUQaO H[SRVXUH QRWHG LQ PRHW HW 
aO. (2016) UHIOHcWV WKH Ka]aUG cKaUacWHULVWLcV RI WKH VROYHQW. AV QRWHG aW OLQHV 3928-3929 LQ SHcWLRQ 3 RI 
WKH GUaIW HYaOXaWLRQ, ³[Z]RUNHUV H[SRVHG WR NMP GHUPaOO\ H[SHULHQcHG VNLQ LUULWaWLRQ.´ MRUH VSHcLILcaOO\, 
WKH E.U. ScLHQWLILc CRPPLWWHH RQ CRQVXPHU SaIHW\ QRWHV WKaW ³SURORQJHG RU UHSHaWHG H[SRVXUH´ LV 
aVVRcLaWHG ZLWK GHUPaWLWLV, HGHPa, UHGQHVV, bOLVWHU RU cUacNLQJ (E.U. SCCS, 2011). TKH VHPLcRQGXcWRU 
ZRUNHU VcHQaULRV aUH cKaUacWHUL]HG b\ MOEV > 30 ZKHQ GHUPaO OLTXLG cRQWacW LV aVVXPHG WR bH 
QHJOLJLbOH. TKXV, WKH GUaIW aJHQc\ ³XQUHaVRQabOH ULVN GHWHUPLQaWLRQ´ IRU VHPLcRQGXcWRU ZRUNHUV LV KLJKO\ 
VHQVLWLYH WR WKH XQVXbVWaQWLaWHG aVVXPSWLRQ RI H[WHQVLYH aQG LPPHUVLYH VNLQ cRQWacW ZLWK OLTXLG NMP. AQ 
aVVXPHG cRQGLWLRQ RI XVH ZLWK LPPHUVLYH aQG SURORQJHG cRQWacW ZLWK NMP aSSHaUV WR bH LQcRQVLVWHQW 
ZLWK WKH VWaWHPHQW LQ WKH 2016 SHHU-UHYLHZHG SXbOLcaWLRQ WKaW ³KXPaQ H[SRVXUHV WR NMP ZLOO bH SULPaULO\ 
YLa WKH LQKaOaWLRQ URXWH.´ (PRHW HW aO., 2016, SXS. A1, S. 5)  
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2.2.2 DLffeUeQceV LQ deUPaO cRQWacW SRWeQWLaO 
TKH cXUUHQW U.S. EPA aVVHVVPHQW RI GHUPaO OLTXLG cRQWacW LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ VHcWRU 
UHIOHcWV ULVN aVVHVVPHQW SROLc\ GHcLVLRQV OacNLQJ cRQVLGHUaWLRQ RI ³bHVW aYaLOabOH VcLHQcH.´  SSHcLILcaOO\, 
U.S. EPA¶V GHUPaO cRQWacW aVVXPSWLRQV UHIHUHQcH KLVWRULcaO aJHQc\ SROLc\ (H.J., WKH 1991 U.S. EPA 
CKHPLcaO EQJLQHHULQJ BUaQcK MaQXaO) UHVXOWLQJ LQ LPSOaXVLbO\ HTXLYaOHQW H[SRVXUH VcHQaULR aVVXPSWLRQV 
acURVV KHWHURJHQHRXV LQGXVWU\ VHcWRUV. FRU H[aPSOH, WKH U.S. EPA (2019a) aVVXPHG WKaW RQH IXOO KaQG 
(cHQWUaO WHQGHQc\) RU WZR IXOO KaQGV (KLJK HQG) ZHUH LQ cRQWacW ZLWK NMP IRU aOO VcHQaULRV LQ WKH 2019 GUaIW 
HYaOXaWLRQ H[cHSW ³ZULWLQJ´. AV QRWHG abRYH, WKLV aSSURacK LV HTXLYaOHQW WR aVVXPLQJ LPPHUVLRQ RI RQH RU 
WZR KaQGV LQ NMP VROYHQW IRU SURORQJHG SHULRGV, ZKLcK LV LPSOaXVLbOH GXH WR cRQGLWLRQV RI GHUPaWLWLV, 
bOLVWHULQJ RU cUacNLQJ WKaW ZRXOG bH GLIILcXOW WR WROHUaWH IRU SURORQJHG SHULRGV RI WLPH. FXUWKHU, LW LV 
LPSOaXVLbOH WKaW WKH KaQG VXUIacH aUHa RI OLTXLG NMP cRQWacW aQG IUacWLRQ RI WKH VKLIW H[SRVHG WR OLTXLG bH 
WKH VaPH LQ GLVVLPLOaU LQGXVWULHV VXcK aV SaLQW, cRaWLQJV aQG aGKHVLYHV aQG VHPLcRQGXcWRU 
PaQXIacWXULQJ.  

TKH U.S. EPA aVVHVVPHQW aOVR IaLOV WR cRQVLGHU GLIIHUHQcHV LQ WUaLQLQJ b\ aVVXPLQJ WKaW QR LQGXVWU\ 
SURYLGHV aGHTXaWH VSHcLILc acWLYLW\ WUaLQLQJ RQ JORYH XVH, UHPRYaO aQG GLVSRVaO. AcURVV aOO LQGXVWULaO 
VcHQaULRV, WKH U.S. EPA aVVXPHV aW PRVW ³baVLc´ WUaLQLQJ LV LPSOHPHQWHG UHVXOWLQJ LQ a 90% JORYH 
HIILcLHQc\, RU PF RI 10. IQ cRQWUaVW, WKH ECETOC TRA Y3 aSSURacK cLWHG b\ WKH U.S. EPA UHcRPPHQGV a 
PF RI 20 (95% HIILcLHQc\) ZLWK VSHcLILc acWLYLW\ WUaLQLQJ. IW LV LPSOaXVLbOH WKaW QR LQGXVWU\ ZLWK NMP XVHV 
SURYLGHV WKH WUaLQLQJ aQG RYHUVLJKW QHcHVVaU\ IRU SURSHU JORYH XVH, UHPRYaO aQG GLVSRVaO. SXcK WUaLQLQJ LV 
UHaVRQabO\ H[SHcWHG WR bH LQ SOacH LQ PRVW LQGXVWULHV ZLWK VXIILcLHQW SRWHQWLaO IRU NMP cRQWacW ZLWK WKH 
VNLQ GXH WKH VNLQ LUULWaWLRQ Ka]aUG RI NMP.   

2.2.3 LLTXLd deUPaO ORadLQg aQd cRQWacW WLPe 
TKH cXUUHQW GHUPaO OLTXLG cRQWacW H[SRVXUH aVVXPSWLRQV aUH baVHG SULPaULO\ RQ a SROLc\ UaWKHU WKaQ a 
³bHVW aYaLOabOH VcLHQcH´ aSSURacK WKaW cRQVLGHUHG GHWaLOHG LQIRUPaWLRQ VXSSOLHG b\ WKH aVVHVVHG LQGXVWU\. 
TKH HTXaWLRQV XVHG b\ WKH U.S. EPA LPSO\ LPPHUVLRQ IRU SURORQJHG SHULRGV RI WLPH. RaWKHU WKaQ a 
JHQHULc aVVXPSWLRQ RI LPPHUVLRQ LQ NMP-cRQWaLQLQJ OLTXLG, WKH GHUPaO H[SRVXUH cKaSWHU RI WKH AIHA 
UHIHUHQcH WH[W ³MaWKHPaWLcaO MRGHOV IRU EVWLPaWLQJ OccXSaWLRQaO E[SRVXUHV WR CKHPLcaOV, 2QG EGLWLRQ´ 
aGYLVHV WKaW VcHQaULR VSHcLILc OLTXLG ORaGLQJ, VXUIacH aUHa aQG cRQWacW WLPH VKRXOG bH GHWHUPLQHG baVHG 
RQ WKH cRQGLWLRQV RI XVH. TKH cKaSWHU QRWHV WKaW ³a IaU PRUH UHaOLVWLc VcHQaULR LV WR cRQVLGHU a ILQLWH 
YROXPH RI cKHPLcaO GHSRVLWHG RQ WKH VNLQ WKaW LV VXbVHTXHQWO\ UHPRYHG b\ RQH RU PRUH PHcKaQLVPV, 
VXcK aV ZaVKLQJ RU HYaSRUaWLRQ´ (SaKPHO HW aO., 2009, S. 119). 

AW OHaVW RQH SHHU-UHYLHZHG aSSURacK caSabOH RI XVLQJ WKH VcHQaULR VSHcLILc IacWRUV PHQWLRQHG abRYH LV 
aYaLOabOH IRU GHUPaO OLTXLG H[SRVXUH aVVHVVPHQW. TKH IH SNLQPHUP PRGHO LV IUHHO\ aYaLOabOH IURP AIHA 
(KWWSV://ZZZ.aLKa.RUJ/SXbOLc-UHVRXUcHV/cRQVXPHU-UHVRXUcHV/WRSLcV-RI-LQWHUHVW/LK-aSSV-WRROV) aQG 
SUHVHQWHG LQ WKH SHHU-UHYLHZHG OLWHUaWXUH LQ TLbaOGL HW aO. (2014).  IPSRUWaQWO\, WKLV PRGHO aOORZV IRU 
cRQVLGHUaWLRQ RI UHaOLVWLc H[SRVXUH VcHQaULR IacWRUV LQcOXGLQJ VNLQ VXUIacH ORaGLQJ (PJ/cP2) aQG cRQWacW 
WLPH (K) baVHG RQ a cRQVLGHUaWLRQ RI HYaSRUaWLRQ. AV QRWHG aW WKH AIHA ZHbVLWH, IH SNLQPHUP LV a 
cRQVHQVXV SURGXcW RI WKH AIHA E[SRVXUH AVVHVVPHQW SWUaWHJLHV CRPPLWWHH, ZKLcK UHcRPPHQGV WKH 
SaKPHO HW aO. (2009) cKaSWHU PHQWLRQHG abRYH aV a ³XVHIXO UHIHUHQcH IRU XQGHUVWaQGLQJ WKH VcLHQcH aQG 
WHUPLQRORJ\ aVVRcLaWHG ZLWK VNLQ SHUPHaWLRQ.´ 

IQ VXPPaU\, WKH U.S. EPA aSSURacK WR GHUPaO OLTXLG cRQWacW LV QRW cRQVLVWHQW ZLWK ³bHVW aYaLOabOH 
VcLHQcH.´ PURORQJHG cRQWacW RI WKH VNLQ VXUIacH aUHa RI RQH RU WZR KaQGV ZLWK NMP LV LPSOaXVLbOH GXH WR 
VNLQ LUULWaWLRQ Ka]aUGV, aQG WKH UHaVRQabOH aVVXPSWLRQ RI aGHTXaWH JORYH WUaLQLQJ SURJUaPV ZaV QRW 
cRQVLGHUHG. AV GLVcXVVHG LQ PRUH GHWaLO bHORZ, WKH XQH[SHcWHG GRPLQaQW cRQWULbXWLRQ RI NMP cRQWacW 
ZLWK WKH VNLQ WR LQWHUQaO H[SRVXUH VKRXOG KaYH UHVXOWHG LQ aGGLWLRQaO VWHSV b\ WKH aJHQc\ WR cKaUacWHUL]H 
XQcHUWaLQW\ aQG UHILQH PRGHO aVVXPSWLRQV. TKXV, WKH U.S. EPA XQUHaVRQabOH ULVN GHWHUPLQaWLRQ IRU WKH 
VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\ LV XQUHOLabOH. RHILQHPHQWV WR WKH U.S. EPA PBPK PRGHO IRU 
VHPLcRQGXcWRU PaQXIacWXULQJ aUH GHVcULbHG LQ SHcWLRQV 4 aQG 5 bHORZ. 
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2.3 Ph\VLRORgLcaO ReSUeVeQWaWLRQ Rf Whe MaOe 
CaUGQR CKHPRLVN QRWHV WKaW WKH IHPaOH SK\VLRORJLcaO cRPSaUWPHQWV IRU WKH IHPaOH ZHUH QRW UHPRYHG IRU 
WKH PaOH PRGHO UXQV NMP PBPK PRGHO UHIHUHQcHG LQ WKH 2019 GUaIW HYaOXaWLRQ (U.S. EPA, 2019a). 
CaUGQR CKHPRLVN IRXQG WKaW UHPRYLQJ WKHVH cRPSaUWPHQWV aQG UHaOORcaWLQJ WKH YROXPH WR VORZO\ 
SHUIXVHG WLVVXH KaG a QHJOLJLbOH LPSacW RQ WKH PRGHO SUHGLcWLRQV. IW LV UHcRPPHQGHG WKaW WKH U.S. EPA 
cRUUHcW WKH SK\VLRORJLcaO LQSXWV IRU PaOHV aQG IRUPaOO\ cRQILUP WKLV cRQcOXVLRQ LQ WKHLU ILQaO HYaOXaWLRQ. 

2.4 ScRSe Rf IQdXVWULeV AddUeVVed LQ DUafW U.S. EPA PBPK AQaO\VLV 
TKH U.S. EPA LQaSSURSULaWHO\ JURXSHG WKH cRQGLWLRQV RI XVH LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\ 
ZLWK RWKHU HOHcWURQLcV PaQXIacWXULQJ RSHUaWLRQV VXcK aV JHQHUaO HOHcWULcaO HTXLSPHQW RU aSSOLaQcH 
PaQXIacWXULQJ. TKH SIA (2019a, 2019b) SURYLGHG a GHWaLOHG GHVcULbHG WKH cRQGLWLRQV RI NMP XVH LQ 
VHPLcRQGXcWRU PaQXIacWXULQJ, ZKLcK LQGLcaWHV WKaW WaVNV LQYROYLQJ WKH XVH RI NMP aUH XQOLNHO\ WR bH 
cRPSaUabOH WR WaVNV SHUIRUPHG LQ ³HOHcWURQLc SaUWV PaQXIacWXULQJ´ RSHUaWLRQV LQ RWKHU LQGXVWULaO VHcWRUV. 
TKXV, WKH U.S. EPA VKRXOG HOLPLQaWH WKH aVVXPSWLRQ WKaW ³acWLYLWLHV LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ 
LQGXVWU\ aUH UHSUHVHQWaWLYH RI WKH RSHUaWLQJ cRQGLWLRQV H[SHcWHG aW RWKHU ³HOHcWURQLc SaUWV PaQXIacWXULQJ´ 
IacLOLWLHV, GXH WR WKH XVH RI VLPLOaUO\ cRQWUROOHG RSHUaWLRQV´ (U.S. EPA, 2019a, S. 100, O.. 2067-2068). IQ WKH 
UHYLVHG ULVN HYaOXaWLRQ, LW LV cRQcOXGHG WKaW WKH VWaQGaUG RI ³bHVW aYaLOabOH VcLHQcH´ caQ RQO\ bH PHW LI WKH 
VHPLcRQGXcWRU LQGXVWU\ LV aVVHVVHG VHSaUaWHO\, UaWKHU WKaQ aV SaUW RI a PRUH bURaG ³HOHcWURQLcV SaUWV 
PaQXIacWXULQJ´ VHcWRU. TKLV UHSRUW aGGUHVVHV WKH cRQGLWLRQV RI XVH VSHcLILc WR WKH VHPLcRQGXcWRU 
PaQXIacWXULQJ LQGXVWU\. 

 

 



RHYLHZ aQG RHILQHPHQW RI SHPLcRQGXcWRU MaQXIacWXULQJ OccXSaWLRQaO E[SRVXUH ScHQaULRV: 
OcWRbHU 2019 U.S. EPA DUaIW RLVN EYaOXaWLRQ IRU N-MHWK\OS\UUROLGRQH (NMP) 

JaQXaU\ 2020 CaUGQR CKHPRLVN   3-1 

3 SHQVLWLYLW\ AQaO\VLV 

TKH GUaIW U.S. EPA XQUHaVRQabOH ULVN GHWHUPLQaWLRQ IRU VHPLcRQGXcWRU PaQXIacWXULQJ VWaWHV WKaW ³[I]RU aOO 
ZRUNHUV, WKH ZRUNHU XQUHaVRQabOH ULVN GHWHUPLQaWLRQ UHIOHcWV WKH VHYHULW\ RI WKH HIIHcWV aVVRcLaWHG ZLWK 
cKURQLc H[SRVXUHV, HYHQ LQ WKH SUHVHQcH RI H[SHcWHG PPE´ (U.S. EPA, 2019a, S. 317). AGGLWLRQaOO\, LW LV 
VWaWHG WKaW ³[U]HOHYaQW IacWRUV WKaW Pa\ JHQHUaWH XQcHUWaLQWLHV aQG aIIHcW WKH ULVN caOcXOaWLRQV LQcOXGH 
UHSUHVHQWaWLYHQHVV aQG aJH RI WKH GaWa IRU WKH cRQGLWLRQ RI XVH, aV ZHOO aV ³aVVXPSWLRQV abRXW JORYH XVH, 
JORYH HIIHcWLYHQHVV, GXUaWLRQ RI cRQWacW ZLWK NMP, cRQcHQWUaWLRQ RI NMP, aQG aPRXQW RI VNLQ VXUIacH 
cRQWacW ZLWK NMP´ (U.S. EPA, 2019a, S. 317). NRWabO\, KRZHYHU, WKH U.S. EPA KaV QRW SHUIRUPHG a 
VHQVLWLYLW\ aQaO\VLV WR aVVHVV ZKLcK RI WKHVH IacWRUV cRQWULbXWHG aSSUHcLabO\ WR HVWLPaWLRQ RI MOEV OHVV 
WKaQ WKH VWaWHG bHQcKPaUN RI 30. 

3.1 QXaOLWaWLYe SeQVLWLYLW\ AQaO\VLV 
QXaOLWaWLYHO\, LW LV UHaGLO\ aSSaUHQW WKaW WKH LQKaOaWLRQ aQG GHUPaO YaSRU SaWKZa\V cRQWULbXWH QHJOLJLbO\ WR 
LQWHUQaO H[SRVXUH, aQG WKXV aUH QRW LPSRUWaQW cRQWULbXWRUV WR WKH XQVXbVWaQWLaWHG U.S. EPA cRQcOXVLRQ 
WKaW VHPLcRQGXcWRU PaQXIacWXULQJ MOEV aUH OHVV WKaQ WKH cKURQLc bHQcKPaUN RI 30 IRU cRQWaLQHU 
KaQGOLQJ, GUXP KaQGOLQJ, Iab ZRUNHU, PaLQWHQaQcH, WUXcN XQORaGLQJ aQG ZaVWH WUXcN XQORaGLQJ.  

TKH PRHW HW aO. (2016) SURSRVHG cKURQLc RccXSaWLRQaO H[SRVXUH OLPLW (OEL) cRQVLGHULQJ LQKaOaWLRQ aQG 
GHUPaO YaSRU H[SRVXUH LV 24 SSP (97.2 PJ/P3 aVVXPLQJ 4.05 PJ/P3 SHU SSP aW NTP). TKH KLJK-HQG 12-
KRXU WLPH ZHLJKWHG aYHUaJHV (TWAV) SUHVHQWHG LQ GUaIW TabOH 2-66 aUH 0.608, 1.54, 0.405, 0.690 PJ/P3 
IRU VPaOO cRQWaLQHU KaQGOLQJ, GUXP KaQGOLQJ, Iab ZRUNHU aQG PaLQWHQaQcH. SLPLOaUO\, 8-KRXU TWAV aUH 
4.78 aQG 0.709 PJ/P3 IRU YLUJLQ NMP aQG ZaVWH NMP bXON ORaGLQJ, UHVSHcWLYHO\. EacK RI WKH KLJK-HQG 
aLUbRUQH H[SRVXUH cRQcHQWUaWLRQV aVVXPHG b\ WKH EPA IRU VHPLcRQGXcWRU PaQXIacWXULQJ LV PRUH WKaQ aQ 
RUGHU RI PaJQLWXGH OHVV WKaQ WKH OEL SURSRVHG b\ PRHW HW aO. (2016). TKLV cRQcOXVLRQ LV PaLQWaLQHG HYHQ 
LI WKH 12-KRXU TWA aUH LQcUHaVHG WR accRXQW IRU WKH 8-K TWA baVLV RI WKH OEL SURSRVHG b\ PRHW HW aO. 
(2016).  

TKH U.S. EPA 2019 GUaIWV SURSRVHV a VRPHZKaW PRUH SUHcaXWLRQaU\ SRLQW RI GHSaUWXUH (470 K-PJ/L ZLWK 
aQ XQcHUWaLQW\ IacWRU RI 21 LQ PRHW HW aO. (2016) aV cRPSaUHG WR 183 K-PJ/L ZLWK a bHQcKPaUN MOE RI 
30). PRHW HW aO. (2016) GHPRQVWUaWH WKaW aQ LQKaOaWLRQ-RQO\ H[SRVXUH RI 460 SSP cRUUHVSRQGV WR aQ AUC 
RI 470 K-PJ/L XVLQJ WKH U.S. EPA YHUVLRQ RI WKH PRGHO. TKXV, aQ AUC RI 183 K-PJ/L aSSUR[LPaWHO\ 
cRUUHVSRQGV WR a ZRUN-VKLIW aLUbRUQH H[SRVXUH (L.H. H[cOXGLQJ GHUPaO YaSRU aQG GHUPaO OLTXLG URXWHV) RI 
179 SSP RU 725 PJ/P3 (460 SSP [ 183 K-PJ/L / 470 K-PJ/L). FRU H[aPSOH, LW caQ bH URXJKO\ 
aSSUR[LPaWHG WKaW WKH LQKaOaWLRQ cRPSRQHQW RI WKH Iab ZRUNHU ZLOO UHVXOW LQ aQ MOE aSSUHcLabO\ JUHaWHU 
WKaQ 30, L.H. 725 PJ/P3 / 0.405 PJ/P3 # 1800. TKH GHUPaO YaSRU cRPSRQHQW LV a VPaOO IUacWLRQ RI WKH 
LQKaOaWLRQ cRPSRQHQW, UHSUHVHQWLQJ abRXW 19% RI LQKaOaWLRQ+GHUPaO YaSRU LQWHUQaO H[SRVXUH LQ WKH U.S. 
EPA PRGHO SUHVHQWHG b\ PRHW HW aO. (2016). TKXV, WKH MOE IRU GHUPaO YaSRU H[SRVXUH RQO\ ZRXOG bH 
aSSUHcLabO\ JUHaWHU WKaQ 1800. 

IW LV cOHaU baVHG RQ WKH RUGHU-RI-PaJQLWXGH TXaOLWaWLYH aVVHVVPHQW abRYH WKaW WKH U.S. EPA GUaIW 
GHWHUPLQaWLRQ RI XQUHaVRQabOH ULVN UHIOHcWV WKH aVVXPSWLRQ RI SHUYaVLYH aQG SHUVLVWHQW LPPHUVLYH VNLQ 
cRQWacW ZLWK OLTXLG NMP bHcaXVH WKH GHUPaO YaSRU aQG LQKaOaWLRQ URXWHV aORQH UHVXOW LQ MOEV aSSUHcLabO\ 
JUHaWHU WKaQ 30. NRWabO\, WKH cKURQLc MOEV IRU WKH VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV ZaV 
HVWLPaWHG WR YaU\ RYHU WKH LPSOaXVLbO\ QaUURZ UaQJH RI 4 WR 7. SXcK a QaUURZ UaQJH LV LPSOaXVLbOH GXH WR 
ZLGH YaULaWLRQ LQ WaVNV SHUIRUPHG LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV, ZLWK UHaVRQabO\ 
aQWLcLSaWHG YaULaWLRQ LQ OLTXLG GHUPaO cRQWacW SRWHQWLaO. IW caQ bH cRQcOXGHG baVHG RQ WKH TXaOLWaWLYH 
VHQVLWLYLW\ aQaO\VLV WKaW WKH U.S. EPA VKRXOG cRUUHcW WKH VNLQ cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG 
aVVXPSWLRQV XVHG LQ WKH GUaIW HYaOXaWLRQ RI WKH VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV. IQ cRQWUaVW, WKH 
ULVN aVVHVVPHQW cRQcOXVLRQV GR QRW aSSHaU WR bH VHQVLWLYH WR aVVXPSWLRQV UHJaUGLQJ LQKaOaWLRQ 
cRQcHQWUaWLRQV aQG GHUPaO YaSRU H[SRVXUH, aQG WKXV aUH a ORZHU SULRULW\ IRU UHILQHPHQW.  
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3.2 QXaQWLWaWLYe SeQVLWLYLW\ AQaO\VLV 
CaUGQR CKHPRLVN ORaGHG WKH U.S. EPA ZRUNVSacH ILOHV ZLWK SRVWLQJ GaWH RI DHcHPbHU 13, 2019 LQWR 
acVOX VHUVLRQ 3.0.2.1. A bULHI TXaQWLWaWLYH VHQVLWLYLW\ aQaO\VLV ZaV SHUIRUPHG IRU WKH Iab ZRUNHU WR cRQILUP 
WKH ILQGLQJV RI WKH TXaOLWaWLYH VHQVLWLYLW\ aQaO\VLV. TKLV aQaO\VLV LQcOXGHG HYaOXaWLQJ WKH SHUcHQW 
cRQWULbXWLRQ RI HacK SaWKZa\ WR LQWHUQaO H[SRVXUH, aV ZHOO aV a ORcaO VHQVLWLYLW\ HVWLPaWH aVVHVVLQJ WKH 
SHUcHQW cKaQJH LQ LQWHUQaO H[SRVXUH cRUUHVSRQGLQJ WR a 10% cKaQJH LQ VXUIacH aUHa LQ SRWHQWLaO cRQWacW 
ZLWK OLTXLG NMP.  

TKH U.S. EPA aVVXPSWLRQV IRU WKH Iab ZRUNHU VcHQaULR aUH SUHVHQWHG LQ TabOH 3-1, aQG WKH aSSUR[LPaWH 
SHUcHQW cRQWULbXWLRQ b\ URXWH LV SUHVHQWHG LQ TabOH 3-2. TKH MOEV IRU LQKaOaWLRQ-RQO\ ZHUH aSSUR[LPaWHO\ 
1900 WR 5400, GHUPaO YaSRU-RQO\ 10000 WR 30000 aQG GHUPaO OLTXLG-RQO\ 0.3 WR 240. DHUPaO OLTXLG cRQWacW 
accRXQWHG IRU 95% WR QHaUO\ 100% RI WKH LQWHUQaO cKURQLc H[SRVXUH LQ WKH Iab ZRUNHU VcHQaULR. TKH KLJK-
HQG LQKaOaWLRQ-RQO\ MOE RI aSSUR[LPaWHO\ 1860 ZaV VLPLOaU WR WKH aSSUR[LPaWH HVWLPaWH (1800) GHULYHG LQ 
WKH TXaOLWaWLYH aQaO\VLV. 

TabOe 3-1: U.S. EPA Iab ZRUNHU VcHQaULR aVVXPSWLRQV 

SceQaULR 
GORYe 

PF 

DeUPaO 
CRQWacW 

AUea 
(cP2) 

DeUPaO 
CRQWacW 

TLPe 
(hRXUV) 

IQhaOaWLRQ 
TWA 

(Pg/P3) 

IQhaOaWLRQ 
TLPe 
TWA 

(hRXUV) 

NMP 
WeLghW 

FUacWLRQ 
EPA-CHQWUaO WHQGHQc\ Fab ZRUNHU 1 535 6 0.276 6 0.15 

10 535 6 0.276 6 0.15 
20 535 6 0.276 6 0.15 

EPA-HLJK EQG Fab ZRUNHU 1 1070 12 0.405 12 0.999 
10 1070 12 0.405 12 0.999 
20 1070 12 0.405 12 0.999 

TabOe 3-2: ASSUR[LPaWH cRQWULbXWLRQ b\ URXWH IRU U.S. EPA GUaIW Fab ZRUNHU HYaOXaWLRQ 

SceQaUiR 
GlRYe 

PF 

AUC b\ RRXWe (hU-Pg/L) % Rf TRWal AUC MOE 
DeUPal 
LiTXid 
OQl\ 

DeUPal 
VaSRU 
OQl\ 

IQhalaWiRQ 
OQl\ TRWal 

DeUPal 
LiTXid 
OQl\ 

DeUPal 
VaSRU 
OQl\ 

IQhalaWiRQ 
OQl\ 

DeUPal 
LiTXid 
OQl\ 

DeUPal 
VaSRU 
OQl\ 

IQhalaWiRQ 
OQl\ TRWal 

(3A-CHQWUDO WHQGHQF\ 1 16 0.01 0.03 16 100% 0.04% 0.22% 12 26584 5453 12 
10 1.5 0.01 0.03 1.6 97% 0.40% 2.14% 120 29048 5447 117 
20 0.8 0.01 0.03 0.8 95% 0.77% 4.20% 240 29579 5447 228 

(3A-+LJK (QG 1 670 0.02 0.10 670 100% 0.003% 0.01% 0.3 9894 1858 0.3 
10 43 0.02 0.10 43 100% 0.04% 0.23% 4.3 9896 1856 4.3 
20 21 0.02 0.10 21 99% 0.08% 0.47% 8.8 10422 1856 8.7 

A ILQGLQJ RI aSSUHcLabOH VHQVLWLYLW\ RI WKH MOE WR WKH LQcOXVLRQ RU H[cOXVLRQ RI WKH GHUPaO OLTXLG URXWH LV 
LQcRQVLVWHQW ZLWK aQ H[SHcWaWLRQ RI ³VRPH cRQWULbXWLRQ´ RI WKH URXWH WR WRWaO GRVH VWaWHG LQ WKH PRHW HW aO. 
(2016) VXSSOHPHQWaO PaWHULaOV. FXUWKHUPRUH, VXcK a cRQcOXVLRQ LV LQcRQVLVWHQW ZLWK WKH GHVcULSWLRQ RI WKH 
Fab ZRUNHU SURYLGHG WR U.S. EPA LQ SIA (2019a), ZKLcK LQGLcaWHV WKaW WKaW cKHPLcaOV aUH QRW KaQGOHG 
XQGHU URXWLQH cRQGLWLRQV bHcaXVH WKH SURcHVVHV aUH aXWRPaWHG aQG cORVHG. FLQaOO\, aSSUHcLabOH GHUPaO 
OLTXLG cRQWULbXWLRQV WR LQWHUQaO H[SRVXUH aUH LPSOaXVLbOH ZKHQ NMP aLUbRUQH cRQcHQWUaWLRQV aUH UHOaWLYHO\ 
ORZ (UHOaWLYH WR WKH PRHW HW aO. (2016) SURSRVHG OEL), aQG LQ PaQ\ caVHV LQ WKH SIA (2019a) GaWaVHW, 
bHORZ GHWHcWLRQ OLPLWV. TKH ORZ, PHaVXUHG aLUbRUQH cRQcHQWUaWLRQV (L.H. JHQHUaOO\ OHVV WKaQ 1 SSP aV 
cRPSaUHG NMP VaWXUaWHG YaSRU cRQcHQWUaWLRQ RI aSSUR[LPaWHO\ 400 SSP aW aPbLHQW WHPSHUaWXUH) 
VXJJHVW WKaW GLVSHUVLYH UHOHaVHV RI NMP aUH QRW RccXUULQJ, OLPLWLQJ WKH RSSRUWXQLW\ IRU cRQWacW RI OLTXLG 
NMP ZLWK WKH VNLQ.  

A bULHI ORcaO VHQVLWLYLW\ aQaO\VLV ZaV SHUIRUPHG WR HYaOXaWH WKH VHQVLWLYLW\ RI AUC WR cKaQJHV LQ WKH 
aVVXPHG GHUPaO cRQWacW aUHa ZLWK NMP-cRQWaLQLQJ OLTXLG. AV H[SHcWHG, a 10% cKaQJH LQ VXUIacH aUHa 
UHVXOWHG LQ aQ aSSUR[LPaWH 10% cKaQJH LQ AUC. IW caQ bH cRQcOXGHG WKaW WKH VXUIacH aUHa aQG GHUPaO 
cRQWacW WLPH aUH KLJKO\ VHQVLWLYH SaUaPHWHUV LQ WKH HVWLPaWLRQ RI AUC, SHaN VHUXP cRQcHQWUaWLRQ aQG WKH 
acXWH aQG cKURQLc VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV. 
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4 EYaOXaWLRQ aQG RHILQHPHQW RI DUaIW U.S. EPA 
SHPLcRQGXcWRU MaQXIacWXULQJ ScHQaULRV 

CaUGQR CKHPRLVN UHYLHZHG WKH VHPLcRQGXcWRU PaQXIacWXULQJ ULVN PaQaJHPHQW PHaVXUHV aQG LQGXVWULaO 
K\JLHQH GaWa VXbPLWWHG b\ SIA (2019a), aQG IRXQG WKH LQIRUPaWLRQ SURYLGHG VXIILcLHQW IRU U.S. EPA WR 
KaYH aVVLJQHG VcHQaULR-VSHcLILc GHUPaO OLTXLG H[SRVXUH IacWRUV WKaW YaULHG b\ VcHQaULRV. ALUbRUQH NMP 
ZaV QRW GHWHcWHG LQ WKH PaMRULW\ RI WaVNV VaPSOHG ZLWK PRVW GHWHcWLRQ OLPLWV aW a OHYHO RI 1 SSP RU ORZHU. 
TKXV, WKH VaPSOLQJ cRQILUPV WKaW GLVSHUVLYH UHOHaVH RI NMP LV XQOLNHO\ WR RccXU LQ WKLV LQGXVWU\, aQG WKH 
cRQGLWLRQV RI XVH LQcOXGLQJ WKH XVH RI cORVHG SURcHVVHV aQG ZHOO-GHILQHG PaLQWHQaQcH SURcHGXUHV OLPLW 
NMP cRQWacW RSSRUWXQLWLHV. IQ WKLV VHcWLRQ, HacK RI WKH VHPLcRQGXcWRU H[SRVXUH VcHQaULRV aUH bULHIO\ 
VXPPaUL]HG ZLWK aQ H[SOaQaWLRQ RI WKH UaWLRQaOH IRU UHILQHPHQWV RU cRUUHcWLRQV RI WKH VcHQaULR. TKH 
UHILQHPHQWV aQG cRUUHcWLRQV SULPaULO\ aGGUHVV WKH GHUPaO OLTXLG cRQWacW SaWKZa\, ZKLcK ZaV LGHQWLILHG aV 
WKH VHQVLWLYH SaWKZa\ IRU MOE GHWHUPLQaWLRQV. 

4.1 GORYe PURWecWLRQ FacWRU 
TKH U.S. EPA aVVXPHG WKaW WKH Pa[LPXP acKLHYabOH JORYH PF ZaV 10 (90% HIILcLHQc\) VWaWLQJ WKaW WKH 
³EPA KaV QRW IRXQG LQIRUPaWLRQ WKaW ZRXOG LQGLcaWH VSHcLILc acWLYLW\ WUaLQLQJ (H.J., SURcHGXUH IRU JORYH 
UHPRYaO aQG GLVSRVaO) IRU WaVNV ZKHUH GHUPaO H[SRVXUH caQ bH H[SHcWHG WR RccXU LQ a PaMRULW\ RI VLWHV LQ 
LQGXVWULaO RQO\ OESV« (U.S. EPA, 2019a, S. 69, O. 1227-1230). AV H[SOaLQHG LQ WKH GUaIW HYaOXaWLRQ, a PF 
RI 10 cRUUHVSRQGV WR ³baVLc´ WUaLQLQJ ZKHUHaV a PF RI 20 cRUUHVSRQGV WR aGGLWLRQaO WUaLQLQJ bHLQJ 
SURYLGHG. TKH VHPLcRQGXcWRU PaQXIacWXULQJ WaVNV GHVcULbHG LQ SIA (2019a) aUH SHUIRUPHG XQGHU VWULcWO\ 
cRQWUROOHG ZRUN UXOHV. TKXV, LW LV UHaVRQabOH WR aVVXPH JORYH XVH ZLWK a PF RI 20 LV aSSURSULaWH IRU WKLV 
LQGXVWU\. TKH VHQVLWLYLW\ RI WKH UHILQHG aQaO\VLV WR WKH aVVXPSWLRQ RI VSHcLILc acWLYLW\ WUaLQLQJ LV HYaOXaWHG 
LQ WKH XQcHUWaLQW\ VHcWLRQ RI WKH UHSRUW. AGGLWLRQaO LQIRUPaWLRQ RQ JORYH XVH aQG WUaLQLQJ KaV bHHQ 
SURYLGHG LQ SIA (2019b).    

4.2 DeUPaO LRadLQg  
TKH U.S. EPA GRHV QRW VSHcLI\ WKH ORaGLQJ RI NMP RQ WKH VNLQ RU JORYHV bHcaXVH a VcHQaULR HTXLYaOHQW 
WR VNLQ LPPHUVLRQ LQ VROYHQW ZaV aVVXPHG. RHVHaUcK KaV VKRZQ WKaW WKH aPRXQW RI VXbVWaQcH GHSRVLWHG 
RQ WKH VNLQ RU JORYHV caQ YaU\ b\ acWLYLW\ (SaKPHO HW aO., 2009). TKH AIHA GHUPaO H[SRVXUH aVVHVVPHQW 
cKaSWHU VXJJHVWV GHIaXOW GHUPaO ORaGLQJ RI 0.7 WR 2.1 PJ/cP2 IRU LQcLGHQWaO cRQWacW ZLWK OLTXLGV (SaKPHO HW 
aO. 2009). TKHVH HVWLPaWHV aUH baVHG RQ SULRU U.S. EPA UHVHaUcK, ZKLcK IRXQG a PHaQ aPRXQW RI OLTXLG 
UHWaLQHG RQ WKH VXUIacH RI KaQGV aIWHU VXbMHcWV ZLSHG WKHLU KaQGV ZLWK a cORWK VaWXUaWHG ZLWK cRRNLQJ RLO 
(CLQaOOL HW aO., 1992). FRU H[aPSOH, LQ WKH U.S. EPA VWXG\, 2.07 PJ/cP2 ZaV UHWaLQHG aIWHU aSSOLcaWLRQ aQG 
0.75 PJ/cP2 ZaV UHWaLQHG aIWHU SaUWLaO UHPRYaO RI cRRNLQJ RLO ZLWK a GU\ cORWK. AV GHVcULbHG LQ PRUH GHWaLO 
b\ VcHQaULR bHORZ, WKH WaVNV GHVcULbHG b\ SIA (2019a) LQGLcaWHG YHU\ OLPLWHG cRQWacW RSSRUWXQLWLHV RI 
NMP ZLWK VNLQ RU JORYHV. TKXV, LW LV UHaVRQabOH WR aVVXPH WKaW WKH Pa[LPXP GaLO\ ORaGLQJ RI NMP-
cRQWaLQLQJ OLTXLG GXULQJ a ZRUN-VKLIW LV aSSUR[LPaWHO\ 0.7 WR 2.1 PJ/cP2. 

4.3 SXUface AUea Rf LLTXLd CRQWacW 
TKH U.S. EPA aVVXPHG a VXUIacH aUHa RI OLTXLG cRQWacW WKaW LV cRQVLVWHQW ZLWK WKH AIHA UHcRPPHQGaWLRQ 
LQ WKH abVHQcH RI PRUH GHWaLOHG LQIRUPaWLRQ. SaKPHO HW aO. (2009) VXJJHVWV a GHIaXOW VXUIacH aUHa HTXaO WR 
WKH VXUIacH aUHa RI RQH WR WZR KaQGV IRU LQcLGHQWaO cRQWacW ZLWK OLTXLGV. A UHYLHZ RI WKH WaVNV GHVcULbHG b\ 
SIA (2019a), KRZHYHU, LQGLcaWHV a PXcK ORZHU SRWHQWLaO IRU OLTXLG cRQWacW WKaQ WKH VXUIacH aUHa RI RQH WR 
WZR KaQGV. TKXV, UHILQHG HVWLPaWHV RI VXUIacH aUHa aUH SURYLGHG RQ a VcHQaULR-VSHcLILc baVLV bHORZ. 
RHILQHG VXUIacH aUHaV caQ bH GHULYHG IURP WKH U.S. EPA (2011) E[SRVXUHV FacWRU HaQGbRRN. TabOH 4-1 
SUHVHQWV WKH RULJLQaO EPA aVVXPSWLRQ aORQJ ZLWK UHGXcHG VXUIacH aUHaV PRUH UHSUHVHQWaWLYH RI WKH 
GHUPaO cRQWacW SRWHQWLaO LQ WKH VHPLcRQGXcWRU LQGXVWU\. 
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TabOe 4-1: RHILQHPHQW RI VXUIacH aUHa RI VNLQ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG 

QXaQWLW\ 
SXUface aUea (cP2) 

BaVLV MaOe FePaOe 
U.S. EPA E[SRVXUe FacWRUV HaQdbRRN 

TRWaO KaQG (2 KaQGV) 1070 890 U.S. EPA E[SRVXUH FacWRUV HaQGbRRN, 
2011 

EPA DUaIW RLVN EYaOXaWLRQ 
EPA NMP CHQWUaO WHQGHQc\ 535 445 OQH KaQG - WRWaO SA 
EPA NMP USSHU BRXQG 1070 890 TZR KaQGV - WRWaO SA 
PURSRVed ReILQePeQW 
PaOPaU WRWaO (2 KaQGV) 535 445 

PaOPV aUH 50% RI WRWaO KaQGV SA 50% RI SaOPV (2 KaQGV) 267.5 222.5 
70% RI SaOPV (2 KaQGV) 374.5 311.5 
PaOPaU ILQJHUWLS (VLQJOH WLS) 8 7 PaOPaU VXUIacH aUHa RI RQH ILQJHU LV 10% RI 

SaOPaU SA RI RQH KaQG; RQH ILQJHUWLS LV 
30% RI SaOPaU ILQJHU SA. 

PaOPaU ILQJHUWLS (3 WLSV) 24 20 
PaOPaU ILQJHUWLS (10 WLSV) 80 67 

4.4 CRQWacW TLPe 
MaQ\ RI WKH WaVNV LQYROYH WKH XVH RI NMP LQ ZHOO-YHQWLOaWHG VSacHV ZLWK cRQGLWLRQV IaYRULQJ WKH 
HYaSRUaWLRQ RI LQcLGHQWaOO\ JHQHUaWHG VROYHQW UHVLGXaO. AV GHVcULbHG LQ SaKPHO HW aO. (2009), WKH 
cRQVLGHUaWLRQ RI HYaSRUaWLRQ RI YROaWLOH RU VHPL-YROaWLOH cKHPLcaOV IURP WKH VNLQ LV aQ LPSRUWaQW 
GHWHUPLQaQW RI GHUPaO H[SRVXUH SRWHQWLaO. CaUGQR CKHPRLVN GHWHUPLQHG UHaVRQabOH cRQWacW WLPH WLPHV 
IRU NMP baVHG RQ WKH WLPH HVWLPaWHG b\ IH SNLQPHUP (TLbaOGL HW aO, 2014) IRU cRPSOHWH HYaSRUaWLRQ IRU 
ORaGLQJ RI OLTXLG NMP aW a OHYHO RI 0.7 RU 2.1 PJ/cP2. TKH aVVXPSWLRQV aQG UHVXOWV IRU WKH IH SNLQPHUP 
PRGHO aUH SUHVHQWHG LQ AWWacKPHQW B. TKH PRGHO LQGLcaWHG a WLPH WR cRPSOHWH HYaSRUaWLRQ RI 20 aQG 60 
PLQXWHV ZKHQ WKH ORaGLQJ ZaV 0.7 RU 2.1 PJ/cP2, UHVSHcWLYHO\. TKLV cRQcOXVLRQ ZaV LQVHQVLWLYH WR VXUIacH 
aUHa RYHU WKH UaQJH RI 10 WR 1000 cP2. CaUGQR CKHPRLVN cRQILUPHG WKaW WKH GHUPaO SHUPHabLOLW\ 
cRQVWaQW XVHG b\ WKH U.S. EPA RI 4.78 [ 10-4 ZaV VLPLOaU WR WKH YaOXH RI 3.66 [ 10-4 SUHGLcWHG b\ WKH 
aOJRULWKP RI IH SNLQPHUP, WKXV SUHGLcWLRQV RI GHUPaO abVRUSWLRQ ZHUH VLPLOaU LQ bRWK PHWKRGV. 

A GHUPaO OLTXLG cRQWacW WLPH RI 20 PLQXWHV (cHQWUaO WHQGHQc\) RU 60 PLQXWHV (KLJK-HQG) ZaV aVVXPHG 
baVHG RQ WKH IH SNLQPHUP PRGHO. DHUPaO OLTXLG cRQWacW ZaV aVVXPHG WR RccXU aW WKH bHJLQQLQJ RI WKH 
VKLIW IRU cRPSXWaWLRQaO VLPSOLcLW\.  

4.5 ShLfW DXUaWLRQ aQd WeeNO\ FUeTXeQc\ 
TKH U.S. EPA aVVXPHG VKLIW GXUaWLRQV RI 6 aQG 12 KRXUV IRU 5 Ga\V SHU ZHHN (30 KRXUV/ZHHN cHQWUaO 
WHQGHQc\ aQG 60 KRXUV/ZHHN KLJK-HQG). CaUGQR CKHPRLVN aVVXPHG a VWaQGaUG VKLIW GXUaWLRQ RI 12 
KRXUV, GXULQJ ZKLcK Iab RSHUaWRUV aQG WHcKQLcLaQV W\SLcaOO\ SHUIRUP ZRUN LQ WKH IabV IRU 10.5 KRXUV aV 
SUHVHQWHG LQ SIA (2019a). TKH Ga\V SHU ZHHN RI ZRUN ZaV aVVXPHG WR bH 3 Ga\V SHU ZHHN (36 KRXUV WRWaO 
VKLIW WLPH SHU ZHHN; cHQWUaO WHQGHQc\) aQG 4 Ga\ SHU ZHHN (48 KRXUV WRWaO VKLIW WLPH SHU ZHHN) IRU aOO 
VcHQaULRV H[cHSW bXON YLUJLQ NMP aQG ZaVWH NMP KaQGOLQJ ZKHUH a VKLIW WLPH RI 8 KRXUV ZaV aVVXPHG 
baVHG RQ WKH VaPSOLQJ GXUaWLRQ.  

4.6 PeUVRQaO E[SRVXUe CRQceQWUaWLRQV 
TKH TWA aLU cRQcHQWUaWLRQV XVHG LQ WKH UHILQHG PRGHO ZHUH baVHG RQ WKH 12-KRXU TWAV SUHVHQWHG LQ SIA 
(2019a) ZLWK WKH H[cHSWLRQ RI bXON YLUJLQ NMP aQG ZaVWH NMP KaQGOLQJ, ZKLcK KaG RQO\ aQ 8-KRXU TWA 
aYaLOabOH.  

4.7 LLTXLd PeUPeabLOLW\ CRQVWaQW 
TKH U.S. EPA (2019a) VHOHcWHG GHUPaO OLTXLG SHUPHabLOLW\ cRHIILcLHQWV baVHG RQ WKHLU PRGHOLQJ RI a VWXG\ 
ZKHUH 12 YROXQWHHUV (6 PaOH aQG 6 IHPaOH) ZHUH H[SRVHG WR 300 PJ NMP RI HLWKHU QHaW RU GLOXWHG 50:50 
LQ aQ aTXHRXV VROXWLRQ. TKH GHULYHG YaOXHV ZHUH VLPLOaU (ZLWKLQ a IacWRU RI aSSUR[LPaWHO\ 2) WR WKH YaOXHV 
SUHVHQWHG LQ PRHW HW aO. (2016) SHHU-UHYLHZHG SXbOLcaWLRQ. 

TKH GUaIW HYaOXaWLRQ VWaWHV: 
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³«GLVWLQcW YaOXHV RI WKH OLTXLG SHUPHabLOLW\ cRQVWaQW (PVL), 2.05[10-3 cP/K aQG 4.78[10-4 cP/K, 
ZHUH LGHQWLILHG IURP WKH H[SHULPHQWaO GaWa. TKH aSSURSULaWH YaOXH RI PVL IRU QHaW YV. GLOXWHG NMP 
ZaV XVHG LQ WKH UHVSHcWLYH H[SRVXUH VcHQaULRV LQ WKLV aVVHVVPHQW´ (U.S. EPA, 2019a, S. 200, O. 
4758-4760). 

CaUGQR CKHPRLVN QRWHV WKaW LQ WKH UHVXOWV SUHVHQWHG LQ WKH GUaIW U.S. EPA HYaOXaWLRQ, a PVL RI 4.78[10-4 

cP/K aSSHaUV WR KaYH bHHQ aSSOLHG WR aOO VcHQaULRV, LUUHVSHcWLYH RI WKH ZHLJKW SHUcHQWaJH LQ WKH VcHQaULR. 
TKXV U.S. EPA PBPK PRGHO XVHG a PVL RI 4.78[10-4 cP/K HYHQ LQ VcHQaULRV ZLWK QHaW NMP.  

SLPLOaUO\, CaUGQR CKHPRLVN VHOHcWHG a PVL RI 4.78 [ 10-4 cP/K IRU aOO VHPLcRQGXcWRU PaQXIacWXULQJ 
VcHQaULRV LQcOXGLQJ RQHV ZLWK ZHLJKW SHUcHQWaJHV aSSURacKLQJ 100% bHcaXVH SURORQJHG cRQWacW ZLWK 
QHaW NMP LV QRW H[SHcWHG RccXU LQ WKH LQGXVWU\. PURORQJHG cRQWacW ZLWK VROYHQWV caQ GHQaWXUH WKH cHOOXOaU 
VWUXcWXUH RI WKH VNLQ, aQG aV a UHVXOW, caXVH aSSaUHQW SHUPHabLOLW\ LQcUHaVHV WR a YaOXH JUHaWHU WKaQ 
SUHGLcWHG b\ WKHRUHWLcaO cRQVLGHUaWLRQV.  TKH SRWHQWLaO LPSacW RI aVVXPLQJ WKH KLJKHU PVL IRU KLJK-HQG 
VcHQaULRV ZKHUH QHaW NMP LV SUHVHQW LV GLVcXVVHG LQ SHcWLRQ 6.2.3.  

4.8 FUacWLRQ Rf VNLQ e[SRVed WR deUPaO YaSRU 
TKH U.S. EPA aVVXPHG WKaW XS WR 25% RI WKH VNLQ LV VXbMHcW WR GHUPaO YaSRU H[SRVXUH. TKH VHQVLWLYLW\ 
aQaO\VLV SHUIRUPHG LQ WKLV UHSRUW LQGLcaWHG WKaW LQKaOaWLRQ aQG GHUPaO YaSRU H[SRVXUHV ZHUH QRW LPSRUWaQW 
SaWKZa\V ZLWK UHVSHcW WR WKH cRQcOXVLRQV RI WKH ULVN aVVHVVPHQW. IW LV UHcRPPHQGHG, KRZHYHU, WKaW WKH 
U.S. EPA acNQRZOHGJH WKH cRQVHUYaWLVP RI WKHLU aQaO\VLV aV VRPH RI WKH VHPLcRQGXcWRU PaQXIacWXULQJ 
VcHQaULRV VXcK aV WKH Iab ZRUNHUV aUH cKaUacWHUL]HG b\ H[WHQVLYH JaUPHQW cRYHUaJH. FRU H[aPSOH, a Iab 
ZRUNHU¶V cOHaQURRP VXLW, KRRG aQG bRRWV ZHUH HVWLPaWHG WR cRYHU �98% RI WKH VNLQ. 

4.9 E[SRVXUe SceQaULRV 

4.9.1 CRQWaLQeU haQdOLQg, VPaOO cRQWaLQeUV 
TKH U.S. EPA aVVXPHG a VcHQaULR HTXLYaOHQW WR RQH RU WZR KaQGV RI LPPHUVLRQ LQ NMP-cRQWaLQLQJ OLTXLG 
IRU a 6 KRXU RU a 12 KRXU VKLIW (30 WR 60 KRXUV SHU ZHHN) IRU 52 ZHHNV SHU \HaU IRU WKH VPaOO cRQWaLQHU 
KaQGOLQJ VcHQaULR. CaUGQR CKHPRLVN QRWHV WKaW WKH WaVN GHVcULbHG LQ SIA (2019a) UHSUHVHQWV a YHU\ ORZ 
SRWHQWLaO IRU GHUPaO cRQWacW, SULPaULO\ OLPLWHG WR LQcLGHQWaO cRQWacW ZLWK UHVLGXaO aVVRcLaWHG ZLWK WKH 
aXWRPaWHG cKHPLcaO GHOLYHU\ V\VWHP GXULQJ WKH cRQWaLQHU cKaQJH. NMP ZaV QRW GHWHcWHG LQ SHUVRQaO aLU 
VaPSOLQJ, VXJJHVWLQJ ORZ SRWHQWLaO IRU UHVLGXaO NMP-cRQWaLQLQJ OLTXLG WR cRQWacW VNLQ. NRWabO\, WKH 
SUHVHQcH RI YHQWLOaWLRQ ZRXOG HQKaQcH WKH HYaSRUaWLRQ RI aQ\ UHVLGXH WKXV OLPLWLQJ WKH SRWHQWLaO IRU OLTXLG 
NMP cRQWacW ZLWK WKH VNLQ. TKH IUHTXHQc\ RI cRQWaLQHU cKaQJHRXW YaULHV IURP RQcH SHU ZHHN WR RQcH SHU 
VL[ ZHHNV SHU WUacN WRRO, ZLWK YaULaWLRQ LQ WKH QXPbHU RI WRROV bHWZHHQ IacLOLWLHV. TKLV UHILQHG aQaO\VLV 
aVVXPHV cRQWaLQHU KaQGOLQJ RccXUV HacK VKLIW WR accRXQW IRU YaULaWLRQ LQ WKH QXPbHU RI WRROV, bXW LW VKRXOG 
bH QRWHG WKaW aW VRPH IacLOLWLHV cRQWaLQHU cKaQJHV GR QRW RccXU GaLO\.  

TKH IROORZLQJ UHYLVLRQV ZHUH PaGH WR WKH cRQWaLQHU KaQGOLQJ VcHQaULR: 

x SXUIacH aUHa SRWHQWLaOO\ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG: WKUHH (cHQWUaO WHQGHQc\) WR WHQ (KLJK 
HQG) ILQJHUWLSV baVHG RQ OLPLWHG SRWHQWLaO RI cRQWacW ZLWK OLTXLGV cRQWaLQLQJ NMP GXULQJ cRQWaLQHU 
KaQGOLQJ aQG cKaQJHRXW (VHH TabOH 4-1 IRU aUHaV) 

x DaLO\ GHUPaO ORaGLQJ: 0.7 PJ/P2 (cHQWUaO WHQGHQc\) aQG 2.1 (KLJK-HQG) PJ/cP2 (VHH SHcWLRQ 4.2) 

x DaLO\ GHUPaO cRQWacW WLPH: 20 PLQXWHV (cHQWUaO WHQGHQc\) aQG 60 PLQXWHV (KLJK HQG) 

x WHHNO\ VKLIW IUHTXHQc\: 3 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (cHQWUaO WHQGHQc\, 36 KRXUV/ZHHN) RU 
4 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (KLJK HQG, 48 KRXUV SHU ZHHN) (VHH SHcWLRQ 4.5) 

x AQQXaO IUHTXHQc\: 50 ZHHNV SHU \HaU 

x GORYH XVH: YHV, PF=20 (95%) baVHG RQ WUaLQLQJ SURJUaPV aQG VWULcW ZRUN UXOHV 

TKH UHILQHG VcHQaULR LV cRQVLGHUHG WR bH cRQVHUYaWLYH (OLNHO\ WR RYHUHVWLPaWH H[SRVXUH) bHcaXVH PRVW 
cRQWaLQHU cKaQJHRXW HYHQWV aUH H[SHcWHG WR UHVXOW LQ a ORZ SRWHQWLaO IRU GHUPaO cRQWacW baVHG RQ WKH ORZ 
GHWHcWLRQ IUHTXHQc\ RI NMP LQ VaPSOHG aLU.  AGGLWLRQaOO\, WKH aVVXPHG cRQWacW WLPH RI 20 WR 60 PLQXWHV 
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cRQVHUYaWLYHO\ H[cHHGV OLNHO\ WaVN WLPHV, ZKLcK Pa\ bH aV ORZ aV 5 WR 10 PLQXWHV. IW LV SRVVLbOH, aOWKRXJK 
QRW OLNHO\, WKaW QRQ-URXWLQH HYHQWV cRXOG RccXU UHVXOWLQJ LQ aQ acXWH H[SRVXUH SRWHQWLaO VRPHZKaW JUHaWHU 
WKaQ WKUHH WR WHQ ILQJHUSULQWV SRVVLbO\ XS WR a VXUIacH aUHa HTXaO WR WKH SaOP VLGH RI bRWK KaQGV. AcXWH 
H[SRVXUHV XS WR WKH SaOP VLGH RI bRWK KaQGV aUH HYaOXaWHG LQ SHcWLRQ 6.4.2 RI WKLV UHSRUW. 

4.9.2 CRQWaLQeU haQdOLQg, dUXPV 
TKH U.S. EPA aVVXPHG a VcHQaULR HTXLYaOHQW WR RQH RU WZR KaQGV RI LPPHUVLRQ LQ NMP-cRQWaLQLQJ OLTXLG 
IRU a 6 KRXU RU a 12 KRXU VKLIW (30 WR 60 KRXUV SHU ZHHN) IRU 52 ZHHNV SHU \HaU. CaUGQR CKHPRLVN QRWHV 
WKaW WKH WaVN GHVcULbHG LQ SIA (2019a) UHSUHVHQWV a YHU\ ORZ SRWHQWLaO IRU GHUPaO cRQWacW, SULPaULO\ OLPLWHG 
WR LQcLGHQWaO cRQWacW ZLWK UHVLGXaO aVVRcLaWHG ZLWK GLS WXbHV GXULQJ WKH cRQWaLQHU cKaQJH. NMP ZaV QRW 
GHWHcWHG LQ SHUVRQaO aLU VaPSOLQJ, LQGLcaWLQJ ORZ SRWHQWLaO IRU UHVLGXaO NMP-cRQWaLQLQJ OLTXLG WR cRQWacW 
VNLQ. NRWabO\, WKH SUHVHQcH RI ORcaO H[KaXVW YHQWLOaWLRQ ZRXOG HQKaQcH WKH HYaSRUaWLRQ RI aQ\ UHVLGXH 
WKXV OLPLWLQJ WKH SRWHQWLaO IRU OLTXLG NMP cRQWacW ZLWK WKH VNLQ. LHaN GHWHcWLRQ aQG H[KaXVW aOaUPV IXUWKHU 
OLPLW WKH SRWHQWLaO IRU UHOHaVH. MRVW cRQWaLQHU cKaQJHRXW HYHQWV aUH H[SHcWHG WR UHVXOW LQ de PiQiPiV 
GHUPaO cRQWacW. TKH IUHTXHQc\ RI GUXP cKaQJHRXW YaULHV IURP RQcH SHU ZHHN WR PXOWLSOH WLPHV SHU VKLIW. 
TKLV UHILQHG aQaO\VLV aVVXPHV cRQWaLQHU KaQGOLQJ RccXUV HacK VKLIW WR accRXQW IRU YaULaWLRQ bHWZHHQ 
IacLOLWLHV, bXW LW VKRXOG bH QRWHG WKaW aW VRPH IacLOLWLHV cRQWaLQHU cKaQJHV GR QRW RccXU GaLO\. 

TKH IROORZLQJ UHYLVLRQV ZHUH PaGH WR WKH GUXP KaQGOLQJ VcHQaULR: 

x SXUIacH aUHa SRWHQWLaOO\ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG: WKUHH (cHQWUaO WHQGHQc\) WR WHQ (KLJK 
HQG) ILQJHUWLSV baVHG RQ OLPLWHG aYaLOabLOLW\ RI OLTXLGV cRQWaLQLQJ NMP GXULQJ GUXP KaQGOLQJ aQG 
cKaQJHRXW (VHH TabOH 4-1 IRU aUHaV) 

x DaLO\ GHUPaO ORaGLQJ: 0.7 PJ/P2 (cHQWUaO WHQGHQc\) aQG 2.1 (KLJK-HQG) PJ/cP2 (VHH SHcWLRQ 4.2) 

x DaLO\ GHUPaO cRQWacW WLPH: 20 PLQXWHV (cHQWUaO WHQGHQc\) aQG 60 PLQXWHV (KLJK HQG) 

x WHHNO\ VKLIW IUHTXHQc\: 3 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (cHQWUaO WHQGHQc\, 36 KRXUV/ZHHN) RU 
4 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (KLJK HQG, 48 KRXUV SHU ZHHN) (VHH SHcWLRQ 4.5) 

x AQQXaO IUHTXHQc\: 50 ZHHNV SHU \HaU 

x GORYH XVH: YHV, ZKHQ SRWHQWLaO IRU cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG H[LVWV, PF=20 (95%) 
baVHG RQ WUaLQLQJ SURJUaPV aQG VWULcW ZRUN UXOHV 

TKH UHILQHG VcHQaULR LV cRQVLGHUHG WR bH cRQVHUYaWLYH (OLNHO\ WR RYHUHVWLPaWH H[SRVXUH) bHcaXVH PRVW 
cRQWaLQHU cKaQJHRXW HYHQWV aUH H[SHcWHG WR UHVXOW LQ de PiQiPiV GHUPaO cRQWacW VXSSRUWHG b\ WKH 
abVHQcH RI GHWHcWabOH NMP LQ aLU. IW LV SRVVLbOH, aOWKRXJK QRW OLNHO\, WKaW QRQ-URXWLQH HYHQWV cRXOG RccXU 
UHVXOWLQJ LQ aQ acXWH H[SRVXUH SRWHQWLaO VRPHZKaW JUHaWHU WKaQ WKUHH WR WHQ ILQJHUSULQWV SRVVLbO\ XS WR a 
VXUIacH aUHa HTXaO WR WKH SaOP VLGH RI bRWK KaQGV. AcXWH H[SRVXUHV XS WR WKH SaOP VLGH RI bRWK KaQGV aUH 
HYaOXaWHG LQ SHcWLRQ 6.4.2 RI WKLV UHSRUW. 

4.9.3 T\SLcaO fab ZRUNeU 
TKH U.S. EPA aVVXPHG a VcHQaULR HTXLYaOHQW WR RQH RU WZR KaQGV RI LPPHUVLRQ LQ NMP-cRQWaLQLQJ OLTXLG 
IRU a 6 KRXU RU a 12 KRXU VKLIW (30 WR 60 KRXUV SHU ZHHN) IRU 52 ZHHNV IRU \HaU. CaUGQR CKHPRLVN QRWHV 
WKaW PRVW Iab ZRUNHUV GR QRW cRQWacW NMP aV GHVcULbHG LQ SIA (2019a). IW ZaV QRWHG KRZHYHU, WKaW aW 
VRPH IacLOLWLHV, SKRWROLWKRJUaSK\ WUacN RSHUaWRUV cKaQJH RXW VPaOO cRQWaLQHUV RI NMP-cRQWaLQLQJ 
SKRWRUHVLVW TKXV, CaUGQR CKHPRLVN VHSaUaWHO\ cKaUacWHUL]HV Iab ZRUNHUV SRWHQWLaOO\ SHUIRUPLQJ 
cRQWaLQHU cKaQJHV LQ SHcWLRQ 4.8.4 bHORZ. 

TKH IROORZLQJ UHYLVLRQV ZHUH PaGH WR XQLTXHO\ cKaUacWHUL]H a W\SLcaO Iab ZRUNHU: 

x SXUIacH aUHa SRWHQWLaOO\ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG: QRQH 

x WHHNO\ VKLIW IUHTXHQc\: 3 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (cHQWUaO WHQGHQc\, 36 KRXUV/ZHHN) RU 
4 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (KLJK HQG, 48 KRXUV SHU ZHHN) (VHH SHcWLRQ 4.5) 

x AQQXaO IUHTXHQc\: 50 ZHHNV SHU \HaU 
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x GORYH XVH: YHV, ZKHQ SRWHQWLaO IRU cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG H[LVWV, PF=20 (95%) 
baVHG RQ WUaLQLQJ SURJUaPV aQG VWULcW ZRUN UXOHV 

TKH UHILQHG VcHQaULR LV cRQVLGHUHG WR bH cRQVHUYaWLYH (OLNHO\ WR RYHUHVWLPaWH H[SRVXUH) bHcaXVH PRVW 
cRQWaLQHU cKaQJHRXW HYHQWV aUH H[SHcWHG WR UHVXOW LQ de PiQiPiV GHUPaO cRQWacW VXSSRUWHG b\ WKH 
abVHQcH RI GHWHcWabOH NMP LQ aLU. IW LV SRVVLbOH, aOWKRXJK QRW OLNHO\, WKaW QRQ-URXWLQH HYHQWV cRXOG RccXU 
UHVXOWLQJ LQ aQ acXWH H[SRVXUH SRWHQWLaO VRPHZKaW JUHaWHU WKaQ WKUHH WR WHQ ILQJHUSULQWV SRVVLbO\ XS WR a 
VXUIacH aUHa HTXaO WR WKH SaOP VLGH RI bRWK KaQGV. AcXWH H[SRVXUHV XS WR WKH SaOP VLGH RI bRWK KaQGV aUH 
HYaOXaWHG LQ SHcWLRQ 6.4.2 RI WKLV UHSRUW. 

4.9.4 Fab ZRUNeU Z/ NMP CRQWaLQeU ChaQgeRXW 
SRPH SKRWROLWKRJUaSK\ RSHUaWRUV Pa\ cKaQJH RXW VPaOO cRQWaLQHUV RI SKRWRUHVLVW RU RWKHU IRUPXOaWLRQV 
ZKLcK cRQWaLQ NMP (SIA, 2019a). TKH SaUaPHWHUV RI WKH cRQWaLQHU KaQGOLQJ VcHQaULR ZHUH aSSOLHG WR 
cKaUacWHUL]H Iab ZRUNHUV ZLWK WKHVH UHVSRQVLbLOLWLHV.  

TKH IROORZLQJ UHYLVLRQV ZHUH PaGH cKaUacWHUL]H Iab ZRUNHUV SHUIRUPLQJ NMP cRQWaLQHU cKaQJHRXW: 

x NMP ZHLJKW SHUcHQW RI 2.5% (cHQWUaO WHQGHQc\) aQG 5% (KLJK-HQG) baVHG RQ SKRWROLWKRJUaSK\ 
IRUPXOaWLRQV cRQWaLQLQJ XS WR <5% NMP (SIA, 2019a) 

x SXUIacH aUHa SRWHQWLaOO\ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG: WKUHH (cHQWUaO WHQGHQc\) WR WHQ (KLJK 
HQG) ILQJHUWLSV baVHG RQ OLPLWHG aYaLOabLOLW\ RI OLTXLGV cRQWaLQLQJ NMP GXULQJ cRQWaLQHU KaQGOLQJ 
aQG cKaQJHRXW (VHH TabOH 4-1 IRU aUHaV) 

x DaLO\ GHUPaO ORaGLQJ: 0.7 PJ/P2 (cHQWUaO WHQGHQc\) aQG 2.1 (KLJK-HQG) PJ/cP2 (VHH SHcWLRQ 4.2) 

x DaLO\ GHUPaO cRQWacW WLPH: 20 PLQXWHV (cHQWUaO WHQGHQc\) aQG 60 PLQXWHV (KLJK HQG) 

x WHHNO\ VKLIW IUHTXHQc\: 3 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (cHQWUaO WHQGHQc\, 36 KRXUV/ZHHN) RU 
4 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (KLJK HQG, 48 KRXUV SHU ZHHN) (VHH SHcWLRQ 4.5) 

x AQQXaO IUHTXHQc\: 50 ZHHNV SHU \HaU 

x GORYH XVH: YHV, ZKHQ SRWHQWLaO IRU cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG H[LVWV, PF=20 (95%) 
baVHG RQ WUaLQLQJ SURJUaPV aQG VWULcW ZRUN UXOHV 

TKH UHILQHG VcHQaULR LV cRQVLGHUHG WR bH cRQVHUYaWLYH (OLNHO\ WR RYHUHVWLPaWH H[SRVXUH) bHcaXVH PRVW 
cRQWaLQHU cKaQJHRXW HYHQWV aUH H[SHcWHG WR UHVXOW LQ de PiQiPiV GHUPaO cRQWacW VXSSRUWHG b\ WKH 
abVHQcH RI GHWHcWabOH NMP LQ aLU. IW LV SRVVLbOH, aOWKRXJK QRW OLNHO\, WKaW QRQ-URXWLQH HYHQWV cRXOG RccXU 
UHVXOWLQJ LQ aQ acXWH H[SRVXUH SRWHQWLaO VRPHZKaW JUHaWHU WKaQ WKUHH WR WHQ ILQJHUSULQWV SRVVLbO\ XS WR a 
VXUIacH aUHa HTXaO WR WKH SaOP VLGH RI bRWK KaQGV. AcXWH H[SRVXUHV XS WR WKH SaOP VLGH RI bRWK KaQGV aUH 
HYaOXaWHG LQ SHcWLRQ 6.4.2 RI WKLV UHSRUW. 

4.9.5 MaLQWeQaQce 
TKH U.S. EPA aVVXPHG a VcHQaULR HTXLYaOHQW WR RQH RU WZR KaQGV RI LPPHUVLRQ LQ NMP-cRQWaLQLQJ OLTXLG 
IRU a 6 KRXU RU a 12 KRXU VKLIW (30 WR 60 KRXUV SHU ZHHN). CaUGQR CKHPRLVN QRWHV WKaW WKH PaLQWHQaQcH 
WaVNV GHVcULbHG LQ SIA (2019a) UHSUHVHQW VRPH SRWHQWLaO IRU GHUPaO cRQWacW, bXW WKaW U.S. EPA KaV 
aVVXPHG LPSOaXVLbO\ KLJK cRQWacW WLPHV aQG VXUIacH aUHaV. NMP ZaV JHQHUaOO\ QRW GHWHcWHG LQ SHUVRQaO 
aLU VaPSOLQJ ZLWK a Pa[LPXP GHWHcWHG cRQcHQWUaWLRQ RI 0.99 SSP RYHU a VaPSOLQJ GXUaWLRQ RI 32 PLQXWHV 
GXULQJ ZHW bHQcK aQQXaO PaLQWHQaQcH. SHYHUaO IacWRUV OLPLW WKH GHUPaO H[SRVXUH SRWHQWLaO LQ PaLQWHQaQcH 
acWLYLWLHV, LQcOXGLQJ:  

x LHaN GHWHcWLRQ aQG ORcaO H[KaXVW YHQWLOaWLRQ LV W\SLcaOO\ SUHVHQW, 

x FLOWHU OLQHV aUH GHSUHVVXUL]HG aQG IOXVKHG SULRU WR cKaQJHV, 

x NMP SRWHQWLaOO\ aVVRcLaWHG ZLWK KRW SOaWHV LV GULYHQ IURP WKH UHVLVW GXULQJ WKH baNH VWHS, aQG 

x PHUIRUPaQcH RI SaUWV cOHaQLQJ LQ H[KaXVWHG HQcORVXUHV. 

TKH IUHTXHQc\ RI PaLQWHQaQcH WaVNV YaULHV. FRU H[aPSOH, WRRO cOHaQLQJ caQ bH SHUIRUPHG a IHZ WLPHV SHU 
VKLIW WR RQO\ RQcH SHU \HaU. TKLV UHILQHG aQaO\VLV aVVXPHV PaLQWHQaQcH acWLYLWLHV RccXU HacK VKLIW WR 
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accRXQW IRU YaULaWLRQ acURVV ZRUNHUV aQG IacLOLWLHV, bXW LW VKRXOG bH QRWHG WKaW VRPH PaLQWHQaQcH WaVNV GR 
QRW RccXU GaLO\.  

TKH IROORZLQJ UHYLVLRQV ZHUH PaGH WR WKH PaLQWHQaQcH VcHQaULR: 

x SXUIacH aUHa SRWHQWLaOO\ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG: 50% WR 70% RI WKH SaOP VLGH RI bRWK 
KaQGV baVHG RQ WKH GHVcULSWLRQ RI WKH WaVNV LQ SIA (2019a) (VHH TabOH 4-1 IRU aUHaV) 

x DaLO\ GHUPaO ORaGLQJ: 0.7 PJ/P2 (cHQWUaO WHQGHQc\) aQG 2.1 (KLJK-HQG) PJ/cP2 (VHH SHcWLRQ 4.2) 

x DaLO\ GHUPaO cRQWacW WLPH: 20 PLQXWHV (cHQWUaO WHQGHQc\) aQG 60 PLQXWHV (KLJK HQG) 

x WHHNO\ VKLIW IUHTXHQc\: 3 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (cHQWUaO WHQGHQc\, 36 KRXUV/ZHHN) RU 
4 Ga\V SHU ZHHN, 12 KRXUV SHU Ga\ (KLJK HQG, 48 KRXUV SHU ZHHN) (VHH SHcWLRQ 4.5) 

x AQQXaO IUHTXHQc\: 50 ZHHNV SHU \HaU 

x GORYH XVH: YHV, ZKHQ SRWHQWLaO IRU cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG H[LVWV, PF=20 (95%) 
baVHG RQ WUaLQLQJ SURJUaPV aQG VWULcW ZRUN UXOHV 

TKH UHILQHG VcHQaULR LV cRQVLGHUHG WR bH cRQVHUYaWLYH (OLNHO\ WR RYHUHVWLPaWH H[SRVXUH) bHcaXVH PaQ\ 
PaLQWHQaQcH WaVNV GR QRW LQYROYH NMP cRQWaLQLQJ OLTXLGV. TKXV, WKH aVVXPHG IUHTXHQc\ RI WaVNV ZKHUH 
NMP-cRQWaLQLQJ OLTXLG LV aVVXPHG WR bH SUHVHQW LV OLNHO\ cRQVHUYaWLYHO\ JUHaWHU WKaQ WKH H[SHcWHG 
IUHTXHQc\ aW PaQ\ IacLOLWLHV. IW LV SRVVLbOH, aOWKRXJK QRW OLNHO\, WKaW QRQ-URXWLQH HYHQWV cRXOG RccXU 
UHVXOWLQJ LQ aQ acXWH H[SRVXUH SRWHQWLaO VRPHZKaW JUHaWHU WKaQ 50 WR 70% RI WKH SaOP VLGH RI WKH KaQG 
SRVVLbO\ XS WR a VXUIacH aUHa HTXaO WR WKH SaOP VLGH RI bRWK KaQGV. AcXWH H[SRVXUHV XS WR WKH SaOP VLGH 
RI bRWK KaQGV aUH HYaOXaWHG LQ SHcWLRQ 6.4.2 RI WKLV UHSRUW. 

4.9.6 VLUgLQ NMP WUXcN XQORadLQg 
TKH U.S. EPA aVVXPHG a VcHQaULR HTXLYaOHQW WR RQH RU WZR KaQGV RI LPPHUVLRQ LQ NMP-cRQWaLQLQJ OLTXLG 
IRU a 6 KRXU RU a 12 KRXU VKLIW (30 WR 60 KRXUV SHU ZHHN) IRU 5 Ga\V SHU ZHHN IRU 52 ZHHNV SHU \HaU. AV 
QRWHG LQ SIA (2019a) YLUJLQ NMP WUXcN XQORaGLQJ RccXUV RQcH SHU \HaU. TKH WaVN UHTXLUHV VaPSOLQJ aQG 
OLQH cRQQHcWLRQ/GLVcRQQHcWLRQ. TKLV UHILQHG aQaO\VLV aVVXPHV VRPH SRWHQWLaO IRU cRQWacW ZLWK NMP, OLPLWHG 
WR WKH SRUWLRQ RI WKH KaQG SHUIRUPLQJ WKH OLQH cRQQHcWLRQ/GLVcRQQHcWLRQ RU VaPSOLQJ WaVN. 

TKH IROORZLQJ UHYLVLRQV ZHUH PaGH WR WKH YLUJLQ NMP WUXcN XQORaGLQJ VcHQaULR: 

x SXUIacH aUHa SRWHQWLaOO\ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG: 10 ILQJHUWLSV (cHQWUaO WHQGHQc\) WR 
50% RI WKH SaOP, RU WHQ ILQJHUV (KLJK HQG) baVHG RQ WKH WaVNV SHUIRUPHG (VHH TabOH 4-1 IRU 
aUHaV) 

x DaLO\ GHUPaO ORaGLQJ: 0.7 PJ/P2 (cHQWUaO WHQGHQc\) aQG 2.1 (KLJK-HQG) PJ/cP2 (VHH SHcWLRQ 4.2) 

x DaLO\ GHUPaO cRQWacW WLPH: 20 PLQXWHV (cHQWUaO WHQGHQc\) aQG 60 PLQXWHV (KLJK HQG) 

x WHHNO\ VKLIW IUHTXHQc\: 1 Ga\ SHU ZHHN (8-KRXU VKLIW) 

x AQQXaO IUHTXHQc\: 1 ZHHN SHU \HaU 

x GORYH XVH: YHV, ZKHQ SRWHQWLaO IRU cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG H[LVWV, PF=20 (95%) 
baVHG RQ WUaLQLQJ SURJUaPV aQG VWULcW ZRUN UXOHV 

IW LV SRVVLbOH, aOWKRXJK QRW OLNHO\, WKaW QRQ-URXWLQH HYHQWV cRXOG RccXU UHVXOWLQJ LQ aQ acXWH H[SRVXUH 
SRWHQWLaO VRPHZKaW JUHaWHU WKaQ 10 ILQJHUWLSV RU 50% RI WKH SaOP VLGH RI WKH KaQGV SRVVLbO\ XS WR a 
VXUIacH aUHa HTXaO WR WKH SaOP VLGH RI bRWK KaQGV. AcXWH H[SRVXUHV XS WR WKH SaOP VLGH RI bRWK KaQGV aUH 
HYaOXaWHG LQ SHcWLRQ 6.4.2 RI WKLV UHSRUW. 

4.9.7 WaVWe WUXcN ORadLQg 
TKH U.S. EPA aVVXPHG a VcHQaULR HTXLYaOHQW WR RQH RU WZR KaQGV RI LPPHUVLRQ LQ NMP-cRQWaLQLQJ OLTXLG 
IRU a 6 KRXU RU a 12 KRXU VKLIW (30 WR 60 KRXUV SHU ZHHN) IRU 5 Ga\V SHU ZHHN IRU 52 ZHHNV SHU \HaU. SIA 
LQGLcaWHV WKaW ZaVWH WUXcN XQORaGLQJ caQ RccXU WZLcH SHU \HaU, RQcH SHU PRQWK RU RQcH HYHU\ WKUHH ZHHNV. 
TKH WaVN UHTXLUHV VaPSOLQJ, WUaQVIHU KRVH RSHUaWLRQ aQG UHPRYaO RI UHVLGXaO ZLWK SUHVVXUL]HG aLU. TKLV 
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UHILQHG aQaO\VLV aVVXPHV VRPH SRWHQWLaO IRU cRQWacW ZLWK NMP, OLPLWHG WR WKH SRUWLRQ RI WKH KaQG 
SHUIRUPLQJ WKH WUaQVIHU KRVH SOacHPHQW aQG SUHVVXUL]aWLRQ. 

TKH IROORZLQJ UHYLVLRQV ZHUH PaGH WR WKH ZaVWH WUXcN ORaGLQJ VcHQaULR: 

x SXUIacH aUHa SRWHQWLaOO\ H[SRVHG WR NMP-cRQWaLQLQJ OLTXLG: 10 ILQJHUWLSV (cHQWUaO WHQGHQc\) WR 
50% RI WKH SaOP, RU WHQ ILQJHUV (KLJK HQG) baVHG RQ WKH WaVNV SHUIRUPHG (VHH TabOH 4-1 IRU 
aUHaV) 

x DaLO\ GHUPaO ORaGLQJ: 0.7 PJ/P2 (cHQWUaO WHQGHQc\) aQG 2.1 (KLJK-HQG) PJ/cP2 (VHH SHcWLRQ 4.2) 

x DaLO\ GHUPaO cRQWacW WLPH: 20 PLQXWHV (cHQWUaO WHQGHQc\) aQG 60 PLQXWHV (KLJK HQG) 

x WHHNO\ VKLIW IUHTXHQc\: 1 Ga\ SHU ZHHN (8-KRXU VKLIW) 

x AQQXaO IUHTXHQc\: OQcH SHU PRQWK (cHQWUaO WHQGHQc\) RU RQcH HYHU\ WKUHH ZHHNV (KLJK-HQG) 

x GORYH XVH: YHV, ZKHQ SRWHQWLaO IRU cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG H[LVWV, PF=20 (95%) 
baVHG RQ WUaLQLQJ SURJUaPV aQG VWULcW ZRUN UXOHV 

IW LV SRVVLbOH, aOWKRXJK QRW OLNHO\, WKaW QRQ-URXWLQH HYHQWV cRXOG RccXU UHVXOWLQJ LQ aQ acXWH H[SRVXUH 
SRWHQWLaO VRPHZKaW JUHaWHU WKaQ 10 ILQJHUWLSV RU 50% RI WKH SaOP VLGH RI WKH KaQGV SRVVLbO\ XS WR a 
VXUIacH aUHa HTXaO WR WKH SaOP VLGH RI bRWK KaQGV. AcXWH H[SRVXUHV XS WR WKH SaOP VLGH RI bRWK KaQGV aUH 
HYaOXaWHG LQ SHcWLRQ 6.4.2 RI WKLV UHSRUW. 
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5 RHILQHG E[SRVXUH EVWLPaWHV IRU SHPLcRQGXcWRU 
MaQXIacWXULQJ 

TKLV VHcWLRQ SUHVHQWV WKH UHVXOWV RI WKH UHILQHG H[SRVXUH aVVHVVPHQW UHIOHcWLQJ WKH XSGaWHG VcHQaULR 
SaUaPHWHUV SUHVHQWHG LQ SHcWLRQ 4. TKH XSGaWHG PBPK PRGHO UHVXOWV aUH SUHVHQWHG LQ a IRUPaW VLPLOaU WR 
WKH IRUPaW XVHG LQ WKH 2019 U.S. EPA GUaIW HYaOXaWLRQ.  

5.1 SXPPaU\ Rf PBPK MRdeOLQg PaUaPeWeUV 
TKH XSGaWHG VXPPaU\ RI PBPK PRGHOLQJ SaUaPHWHUV IRU LQKaOaWLRQ aQG GHUPaO YaSRU LV SUHVHQWHG LQ 
TabOH 5-1. TKLV WabOH XSGaWHV U.S. EPA (2019a) TabOH 2-31, aQG UHIOHcWV a W\SLcaO VKLIW WLPH RI 12 
KRXUV/Ga\ IRU 3 RU 4 Ga\V SHU ZHHN. TKH IXOO-VKLIW TWA LV baVHG RQ VaPSOHV ZKHUH a 12 KRXU VKLIW WLPH 
ZaV QRWHG ZLWK WKH H[cHSWLRQ RI WKH WUXcN ORaGLQJ VcHQaULRV. 
 
TabOe 5-1: SXPPaU\ RI PBPK PRGHOLQJ SaUaPHWHUV IRU ZRUNHU LQKaOaWLRQ H[SRVXUH [XSGaWHV U.S. EPA 
(2019a) TabOH 2-31] 

 
  

ShLfW 
TLPe

ShLfW 
FUeTXeQc\

AQQXaO 
FUeTXeQc\

FXOO-ShLfW NMP ALU
CRQceQWUaWLRQ

(hRXUV/ 
da\)

(da\V/ 
ZeeN)

(ZeeNV/ 
\eaU) (Pg/P3, TWA)

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

12 3 50 0.51 SIA, 2019a

HLJK-HQG 
(95WK SHUcHQWLOH)

12 4 50 0.61 SIA, 2019a

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

12 3 50 0.013 SIA, 2019a

HLJK-HQG 
(95WK SHUcHQWLOH)

12 4 50 1.6 SIA, 2019a

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

12 3 50 0.14 SIA, 2019a

HLJK-HQG 
(95WK SHUcHQWLOH)

12 4 50 0.41 SIA, 2019a

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

12 3 50 0.14 SIA, 2019a

HLJK-HQG 
(95WK SHUcHQWLOH)

12 4 50 0.41 SIA, 2019a

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

12 3 50 0.02 SIA, 2019a

HLJK-HQG 
(95WK SHUcHQWLOH)

12 4 50 0.70 SIA, 2019a

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

8 1 1 4.8 SIA, 2019a

HLJK-HQG 
(95WK SHUcHQWLOH)

8 1 1 4.8 SIA, 2019a

CHQWUaO WHQGHQc\ 
(SLQJOH VaPSOH) 8 1 12 0.72 SIA, 2019a

HLJK-HQG 
(SLQJOH VaPSOH) 8 1 17.3 0.72 SIA, 2019a

CRQWaLQHU 
KaQGOLQJ, GUXPV

 T\SLcaO Iab 
ZRUNHU

MaLQWHQaQcH

10

28

36

WRUN AcWLYLW\ SRXUcePaUaPeWeU 
ChaUacWeUL]aWLRQ

CRQWaLQHU 
KaQGOLQJ, VPaOO 

cRQWaLQHUV

NXPbeU 
Rf 

VaPSOeV

14

1

1

28

VLUJLQ NMP WUXcN 
XQORaGLQJ

WaVWH WUXcN 
ORaGLQJ

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW
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TKH XSGaWHG VXPPaU\ RI PBPK PRGHOLQJ SaUaPHWHUV IRU GHUPaO OLTXLG cRQWacW LV SUHVHQWHG LQ TabOH 5-2. 
TKLV WabOH XSGaWHV U.S. EPA (2019a) TabOH 2-32, aQG aGGV a GHUPaO cRQWacW WLPH aVVXPSWLRQ RI 20 
PLQXWHV (cHQWUaO WHQGHQc\) RU 60 PLQXWHV (KLJK-HQG) baVHG RQ WKH IH SNLQPHUP PRGHOLQJ SUHVHQWHG LQ 
SHcWLRQ 4.4. TKLV UHILQHPHQW aOVR cRQVLGHUV SOaXVLbOH cHQWUaO WHQGHQc\ aQG KLJK-HQG VXUIacH aUHaV aV 
GHVcULbHG LQ SHcWLRQ 4.9. A JORYH PF RI 20 ZaV VHOHcWHG aV GLVcXVVHG LQ SHcWLRQ 4.1. DHUPaO OLTXLG 
cRQWacW LV aVVXPHG WR RccXU aW WKH bHJLQQLQJ RI WKH VKLIW IRU cRPSXWaWLRQaO VLPSOLcLW\. CaUGQR CKHPRLVN 
PaGH a PLQRU PRGLILcaWLRQ WR WKH U.S. EPA PBPK acVOX cRGH WR IacLOLWaWH WKH LQcOXVLRQ RI a GHUPaO OLTXLG 
cRQWacW WLPH OHVV WKaQ WKH VKLIW WLPH.  
 
TabOe 5-2: SXPPaU\ RI ZRUNHU GHUPaO OLTXLG H[SRVXUH SaUaPHWHUV [XSGaWHV U.S. EPA (2019a) TabOH 2-
32] 

 
 
  

NMP 
WeLghW 

FUacWLRQ

ShLfW 
FUeTXeQc\

AQQXaO 
FUTXeQc\ 

DeUPaO 
CRQWacW 

TLPe

BRd\ 
WeLghW

UQLWOeVV (da\V/ 
ZeeN)

(ZeeNV/ 
\eaU)

MaOe 
(cP2)

FePaOe 
(cP2)

(h) (Ng)

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

20 0.6 3 50 24.08 20.03 0.33

HLJK-HQG 
(95WK SHUcHQWLOH)

20 0.75 4 50 80.25 66.75 1.00

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

20 0.5 3 50 24.08 20.03 0.33

HLJK-HQG 
(95WK SHUcHQWLOH)

20 0.75 4 50 80.25 66.75 1.00

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

20 N/A 3 50 0.0 0.0 0.00

HLJK-HQG 
(95WK SHUcHQWLOH)

20 N/A 4 50 0.0 0.0 0.00

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

20 0.025 3 50 24.08 20.03 0.33

HLJK-HQG 
(95WK SHUcHQWLOH)

20 0.05 4 50 80.25 66.75 1.00

CHQWUaO WHQGHQc\ 
(50WK SHUcHQWLOH)

20 0.5 3 50 267.5 222.5 0.33

HLJK-HQG 
(95WK SHUcHQWLOH)

20 1 4 50 374.5 311.5 1.00

CHQWUaO WHQGHQc\ 
(SLQJOH VaPSOH) 20 1 1 1 80.25 66.75 0.33

HLJK-HQG 
(SLQJOH VaPSOH) 20 1 1 1 267.5 222.5 1.00

CHQWUaO WHQGHQc\ 
(SLQJOH VaPSOH) 20 0.92 1 12 80.25 66.75 0.33

HLJK-HQG 
(SLQJOH VaPSOH) 20 0.92 1 17.3 267.5 222.5 1.00

CRQWaLQHU 
KaQGOLQJ, GUXPV

 T\SLcaO Iab 
ZRUNHU

MaLQWHQaQcH

WRUN AcWLYLW\ PaUaPeWeU 
ChaUacWeUL]aWLRQ

CRQWaLQHU 
KaQGOLQJ, VPaOO 

cRQWaLQHUV

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW

GORYe 
PURWecWLRQ 

FacWRU

74 (I)
88 (P)

74 (I)
88 (P)

74 (I)
88 (P)

74 (I)
88 (P)

SNLQ SXUface AUea
E[SRVed b

74 (I)
88 (P)

74 (I)
88 (P)

VLUJLQ NMP WUXcN 
XQORaGLQJ

WaVWH WUXcN 
ORaGLQJ

74 (I)
88 (P)
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TKH UHILQHG PBPK PRGHO aVVXPSWLRQV aUH SUHVHQWHG LQ TabOH 5-3 ZKLcK XSGaWHV TabOH 2-33 LQ WKH U.S. 
EPA GUaIW HYaOXaWLRQ. TKLV WabOH VXPPaUL]HV WKH UHILQHPHQWV aQG cRUUHcWLRQV GHVcULbHG LQ SHcWLRQ 4, 
TabOH 5-1 aQG TabOH 5-2. OI QRWH, WKLV WabOH LQcOXGHV aQ aSSUHcLabO\ JUHaWHU aPRXQW RI GHWaLO SHU ZRUN 
acWLYLW\ WKaQ SUHVHQWHG LQ U.S. EPA (2019a) TabOH 2-33. A cRQcLVH VXPPaU\ RI WKH PBPK LQSXWV LV 
SURYLGHG LQ TabOH 5-4 XSGaWLQJ U.S. EPA (2019a) TabOH 2-34. 
TabOe 5-3: E[SOaQaWLRQ RI PBPK LQSXW SaUaPHWHUV [XSGaWHV U.S. EPA (2019a) TabOH 2-33] 

 
  

CHQWUaO 
THQGHQc\

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH) RI 

12-KU TWA

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

3 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG
HLJK-HQG 

(95WK SHUcHQWLOH) RI 
12-KU TWA

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU
10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH) RI 

12-KU TWA

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

3 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG
HLJK-HQG 

(95WK SHUcHQWLOH) RI 
12-KU TWA

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU
10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\ N/A

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

NR GHUPaO H[SRXUH WR 
NMP

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG N/A
OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

NR GHUPaO H[SRXUH WR 
NMP

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\

"PKRWROLWKRJUaSK\ 
IRUPXOaWLRQV 

cRQWaLQ <5% NMP 
aQG Pa\ bH NMP 
IUHH" (SIA, 2019a); 
50WK SHUcHQWLOH RI 0 

aQG 5% 

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG

"PKRWROLWKRJUaSK\ 
IRUPXOaWLRQV 

cRQWaLQ <5% NMP 
aQG Pa\ bH NMP 
IUHH" (SIA, 2019a); 
95WK SHUcHQWLOH RI 0 

aQG 5% 

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU

NR GHUPaO 
H[SRXUH WR 

NMP

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH) RI 

12-KU TWA

OQcH SHU VKLIW, 
WKUHH VKLIWV SHU 
ZHHN, 52 ZHHNV 

SHU \HaU

50% RI WKH 
SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG
HLJK-HQG 

(95WK SHUcHQWLOH) RI 
12-KU TWA

OQcH SHU VKLIW, IRXU 
VKLIWV SHU ZHHN, 52 

ZHHNV SHU \HaU

70% RI WKH 
SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

a TKH W\SLcaO GXUaWLRQ Iab RSHUaWRUV aQG WHcKQLcLaQV SHUIRUP ZRUN LQ WKH Iab LV 10.5 KRXUV RI a 12 KRXU VKLIW (SIA, 2019a). 

GORYeV

T\SLcaO Iab ZRUNHU

MaLQWHQaQcH

WRUN AcWLYLW\
ALU 

CRQceQWUaWLRQ 
DaWa

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW

ShLfW 
DXUaWLRQa

CRQWaLQHU 
KaQGOLQJ, VPaOO 

cRQWaLQHUV

E[SRVXUe 
FUeTXeQc\

CRQWaLQHU 
KaQGOLQJ, GUXPV

NMP WeLghW 
FUacWLRQ 

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

SNLQ 
SXUface 

AUea
E[SRVed

DeUPaO CRQWacW TLPeSceQaULR

12 KRXU 
VKLIW

12 KRXU 
VKLIW

12 KRXU 
VKLIW

12 KRXU 
VKLIW

12 KRXU 
VKLIW
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TabOe 5-3 (cRQWLQXed): E[SOaQaWLRQ RI PBPK LQSXW SaUaPHWHUV [XSGaWHV U.S. EPA (2019a) TabOH 2-33] 

 
 
 
 
 

CHQWUaO 
THQGHQc\ SLQJOH YaOXH 8 KRXU VKLIW OQcH SHU \HaU 10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG SLQJOH YaOXH 8 KRXU VKLIW OQcH SHU \HaU
50% RI WKH 

SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

CHQWUaO 
THQGHQc\ SLQJOH YaOXH 8 KRXU VKLIW OQcH SHU PRQWK 10 ILQJHUWLSV

WLWK a GHUPaO ORaGLQJ 
RI 0.7 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
20 PLQXWHV. 

CHQWUaO WHQGHQc\  
(50WK SHUcHQWLOH)

HLJK-HQG SLQJOH YaOXH 8 KRXU VKLIW OQcH HYHU\ WKUHH 
ZHHNV

50% RI WKH 
SaOP VLGH RI 
HacK KaQG

WLWK a GHUPaO ORaGLQJ 
RI 2.1 PJ/cP2, WKH 
HYaSRUaWLRQ WLPH RI 

NMP LV aSSUR[LPaWHO\ 
60 PLQXWHV. 

HLJK-HQG 
(95WK SHUcHQWLOH)

a TKH W\SLcaO GXUaWLRQ Iab RSHUaWRUV aQG WHcKQLcLaQV SHUIRUP ZRUN LQ WKH Iab LV 10.5 KRXUV RI a 12 KRXU VKLIW (SIA, 2019a). 

WaVWH WUXcN 
ORaGLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

YHV, HPSOR\HHV 
SURYLGHG ZLWK 

cRPSUHKHQVLYH 
JORYH WUaLQLQJ

VLUJLQ NMP WUXcN 
XQORaGLQJ

WRUN AcWLYLW\ SceQaULR
ALU 

CRQceQWUaWLRQ 
DaWa

ShLfW 
DXUaWLRQa

NMP WeLghW 
FUacWLRQ

SNLQ 
SXUface 

AUea
E[SRVed

DeUPaO CRQWacW TLPeE[SRVXUe 
FUeTXeQc\ GORYeV
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TabOe 5-4: PBPK PRGHO LQSXW SaUaPHWHUV [XSGaWHV U.S. EPA (2019a) TabOH 2-34] 

 
 
 

FXOO-ShLfW NMP 
ALU

CRQceQWUaWLRQ

NMP 
WeLghW 

FUacWLRQ

ShLfW 
WLPe

ShLfW 
FUeTXeQc\

AQQXaO 
FUeTXeQc\

DeUPaO 
CRQWacW TLPe

BRd\ 
WeLghW

(Pg/P3, TWA) UQLWOeVV (hRXUV/ 
da\)

(da\V/ 
ZeeN)

(ZeeNV/ 
\eaU)

MaOe 
(cP2)

FePaOe 
(cP2)

(h) (Ng)

CHQWUaO THQGHQc\ 0.511 0.6 12 3 50 20 24.08 20.03 0.33

HLJK-HQG 0.613 0.75 12 4 50 20 80.25 66.75 1.00

CHQWUaO THQGHQc\ 0.013 0.5 12 3 50 20 24.08 20.03 0.33

HLJK-HQG 1.557 0.75 12 4 50 20 80.25 66.75 1.00

CHQWUaO THQGHQc\ 0.139 N/A 12 3 50 20 0.00 0.00 0.00

HLJK-HQG 0.409 N/A 12 4 50 20 0.00 0.00 0.00

CHQWUaO THQGHQc\ 0.139 0.025 12 3 50 20 24.08 20.03 0.33

HLJK-HQG 0.409 0.05 12 4 50 20 80.25 66.75 1.00

CHQWUaO THQGHQc\ 0.020 0.5 12 3 50 20 267.50 222.50 0.33

HLJK-HQG 0.696 1 12 4 50 20 374.50 311.50 1.00

CHQWUaO THQGHQc\ 4.822 1 8 1 1 20 80.25 66.75 0.33

HLJK-HQG 4.822 1 8 1 1 20 267.50 222.50 1.00

CHQWUaO THQGHQc\ 0.715 0.92 8 1 12 20 80.25 66.75 0.33

HLJK-HQG 0.715 0.92 8 1 17.3 20 267.50 222.50 1.00

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW

74 (I)
88 (P)

WRUN AcWLYLW\ SceQaULR
GORYe 

PURWecWLRQ 
FacWRU

SNLQ SXUface AUea
E[SRVed

CRQWaLQHU 
KaQGOLQJ, VPaOO 

cRQWaLQHUV

74 (I)
88 (P)

CRQWaLQHU 
KaQGOLQJ, GUXPV

74 (I)
88 (P)

T\SLcaO Iab ZRUNHU 74 (I)
88 (P)

MaLQWHQaQcH 74 (I)
88 (P)

VLUJLQ NMP WUXcN 
XQORaGLQJ

74 (I)
88 (P)

WaVWH WUXcN 
ORaGLQJ

74 (I)
88 (P)
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5.2 SXPPaU\ Rf USdaWed IQWeUQaO E[SRVXUe aQd MOEV 
TKH XSGaWHG KXPaQ PBPK aQaO\VLV ZaV SHUIRUPHG XVLQJ WKH U.S. EPA (2019b) cRGH LQ acVOX VHUVLRQ 
3.0.2.1. WH PaGH PLQRU PRGLILcaWLRQV WR WKH U.S. PRGHO LQSXW WHPSOaWH (aQ E[cHO ILOH), .P ILOH (aQ acVOX 
VcULSW ILOH), aQG WKH acVOX .cVO ILOH (WKH PRGHO cRGH ILOH) (SHH ASSHQGL[ A). TKH WHPSOaWH ZaV PRGLILHG WR 
LQSXW SHUPHabLOLW\ cRQVWaQW, GHUPaO cRQWacW WLPH aQG Ga\V SHU ZHHN RI H[SRVXUH. TKH VcULSW ILOH ZaV 
PRGLILHG WR UHaG WKHVH TXaQWLWLHV IURP WKH LQSXW WHPSOaWH, aQG GHILQH NMP GHQVLW\ aV a VWaWLc SaUaPHWHU. 
TKH cRGH ILOH ZaV PRGLILHG WR GLIIHUHQWLaWH WKH GHUPaO OLTXLG cRQWacW WLPH IURP WKH LQKaOaWLRQ aQG GHUPaO 
YaSRU H[SRVXUH WLPH. 

TKH LQWHUQaO H[SRVXUH aQaO\VLV SUHVHQWHG bHORZ LV baVHG LQ WKH SRLQW RI GHSaUWXUH (POD) GHWHUPLQHG LQ 
WKH U.S. EPA GUaIW KXPaQ KHaOWK Ka]aUG aVVHVVPHQW. TKH U.S. EPA (2019a) VHOHcWHG a cKURQLc POD 
HTXaO WR aQ AUC RI 183 KU-PJ/L baVHG RQ UHGXcHG PaOH IHUWLOLW\ aQG aQ acXWH POD HTXaO WR a SHaN VHUXP 
cRQcHQWUaWLRQ (CPa[) RI 216 PJ/L. A UHYLHZ RI WKH GHWHUPLQaWLRQ RI WKH POD ZaV QRW LQ WKH VcRSH RI WKLV 
aQaO\VLV. 

USGaWHG AUCV aQG MOEV IRU WKH cKURQLc PaOH VcHQaULR aUH SUHVHQWHG LQ TabOH 5-5, aQG XSGaWHG SHaN 
VHUXP cRQcHQWUaWLRQ aQG MOEV IRU WKH acXWH IHPaOH VcHQaULR aUH SUHVHQWHG LQ TabOH 5-6. TabOH 5-5 
XSGaWHV U.S. EPA (2019a) TabOH 4-28 aQG TabOH 5-6 XSGaWHV U.S. EPA (2019a) TabOH 4-27. TKH acXWH 
aQG cKURQLc MOEV aUH JUHaWHU WKaQ 30 LQGLcaWLQJ VaIH XVH RI NMP LQ VHPLcRQGXcWRU PaQXIacWXULQJ 
VcHQaULRV. CKURQLc MOEV YaULHG IURP 298 WR 48200, aQG acXWH MOEV YaULHG IURP 942 WR 60100. AV 
H[SHcWHG GXH WR LQcUHaVHG SRWHQWLaO IRU GHUPaO cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLGV, WKH ORZHVW KLJK-HQG 
cKURQLc aQG acXWH MOEV ZHUH aVVRcLaWHG ZLWK WRRO PaLQWHQaQcH.  BaVHG RQ WKH UHVXOWV RI WKLV XSGaWHG 
aQaO\VLV, LW caQ bH cRQcOXGHG WKaW ZRUNHU XVH RI NMP LQ WKH VHPLcRQGXcWRU LQGXVWU\ GRHV QRW SUHVHQW aQ 
XQUHaVRQabOH ULVN RI LQMXU\ WR KHaOWK. PRWHQWLaO XQcHUWaLQWLHV LQ WKLV aQaO\VLV aUH aGGUHVVHG LQ SHcWLRQ 6 RI 
WKLV UHSRUW. 
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TabOe 5-5: NRQ-caQcHU ULVN HVWLPaWHV IRU cKURQLc H[SRVXUH [XSGaWHV U.S. EPA (2019a) TabOH 4-28] 

 
  

WeeNO\ 
AYeUage 
ChURQLc 

E[SRVXUe, 
AUC 

AQQXaO 
FUeTXeQc\ 

AQQXaO 
AYeUage 
ChURQLc 

E[SRVXUe, 
AUC 

(hU Pg/L) (ZeeNV 
/\eaU) (hU Pg/L)

CHQWUaO THQGHQc\ 0.09 50 0.09 2018 30

HLJK-HQG 0.22 50 0.21 864 30

CHQWUaO THQGHQc\ 0.01 50 0.01 31345 30

HLJK-HQG 0.44 50 0.43 430 30

CHQWUaO THQGHQc\ 0.02 50 0.02 7777 30

HLJK-HQG 0.10 50 0.09 1983 30

CHQWUaO THQGHQc\ 0.02 50 0.02 7717 30

HLJK-HQG 0.10 50 0.10 1883 30

CHQWUaO THQGHQc\ 0.05 50 0.04 4151 30

HLJK-HQG 0.64 50 0.61 298 30

CHQWUaO THQGHQc\ 0.20 1 0.004 48186 30

HLJK-HQG 0.27 1 0.01 34727 30

CHQWUaO THQGHQc\ 0.04 12 0.01 22160 30

HLJK-HQG 0.11 17.3 0.04 5179 30

NRWH: E[[RQ, 1991 cLWHG aV "E[[RQ, B. (1991). PURMHcW NR. 236535, 26 NRY 1991. ((VSRQVRUHG b\ GAF CRUS., Wa\QH, USA). (aV 
7044 cLWHG LQ OECD, 2007)). Wa\QH, USA: GAF CRUS." LQ U.S. EPA, 2019a. 

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

183

183

183

183

183

183

VLUJLQ NMP 
WUXcN 

XQORaGLQJ

WaVWH WUXcN 
ORaGLQJ

CRQWaLQHU 
KaQGOLQJ, 
GUXPV

T\SLcaO Iab 
ZRUNHU

MaLQWHQaQcH

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW

AQQXaO 
AYeUage 

MOE

BeQchPaUN 
MOE

RHSURGXcWLYH 
EIIHcWV

DHcUHaVHG FHUWLOLW\
(E[[RQ, 1991)

WRUN AcWLYLW\ SceQaULR
HeaOWh EffecW, 
EQdSRLQW aQd 

SWXd\

CRQWaLQHU 
KaQGOLQJ, 

VPaOO 
cRQWaLQHUV

ChURQLc 
POD, 
AUC

(hU Pg/L)

183
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TabOe 5-6: NRQ-caQcHU ULVN HVWLPaWHV IRU acXWH H[SRVXUH [XSGaWHV U.S. EPA (2019a) TabOH 4-27] 

 

AcXWe E[SRVXUe, 
PeaN BORRd 

CRQceQWUaWLRQ
(Pg/L)

CHQWUaO 
THQGHQc\ 0.02 13107 30

HLJK-HQG 0.04 5169 30

CHQWUaO 
THQGHQc\ 0.004 60090 30

HLJK-HQG 0.05 4223 30

CHQWUaO 
THQGHQc\ 0.004 48496 30

HLJK-HQG 0.01 16931 30

CHQWUaO 
THQGHQc\ 0.004 48448 30

HLJK-HQG 0.01 16749 30

CHQWUaO 
THQGHQc\ 0.039 5499 30

HLJK-HQG 0.23 942 30

CHQWUaO 
THQGHQc\ 0.141 1536 30

HLJK-HQG 0.20 1067 30

CHQWUaO 
THQGHQc\ 0.025 8781 30

HLJK-HQG 0.15 1417 30

VLUJLQ NMP WUXcN 
XQORaGLQJ

DHYHORSPHQWaO EIIHcWV
IQcUHaVHG FHWaO 

RHVRUSWLRQV
(SaLOOHQIaLW HW aO., 2003)

216

WaVWH WUXcN 
ORaGLQJ

DHYHORSPHQWaO EIIHcWV
IQcUHaVHG FHWaO 

RHVRUSWLRQV
(SaLOOHQIaLW HW aO., 2003)

216

NRWH: SaLOOHQIaLW HW aO., 2003 cLWHG aV "SaLOOHQIaLW, AM; GaOOLVVRW, F; MRUHO, G. (2003). DHYHORSPHQWaO WR[LcLW\ RI N-PHWK\O-2-
S\UUROLGRQH LQ 7259 UaWV IROORZLQJ LQKaOaWLRQ H[SRVXUH. FRRG CKHP TR[LcRO 41: 583-588." LQ U.S. EPA, 2019a. 

T\SLcaO Iab ZRUNHU

DHYHORSPHQWaO EIIHcWV
IQcUHaVHG FHWaO 

RHVRUSWLRQV
(SaLOOHQIaLW HW aO., 2003)

216

MaLQWHQaQcH

DHYHORSPHQWaO EIIHcWV
IQcUHaVHG FHWaO 

RHVRUSWLRQV
(SaLOOHQIaLW HW aO., 2003)

216

Fab ZRUNHU Z/ 
NMP cRQWaLQHU 

cKaQJHRXW

DHYHORSPHQWaO EIIHcWV
IQcUHaVHG FHWaO 

RHVRUSWLRQV
(SaLOOHQIaLW HW aO., 2003)

216

CRQWaLQHU 
KaQGOLQJ, VPaOO 

cRQWaLQHUV

DHYHORSPHQWaO EIIHcWV
IQcUHaVHG FHWaO 

RHVRUSWLRQV
(SaLOOHQIaLW HW aO., 2003)

216

CRQWaLQHU 
KaQGOLQJ, GUXPV

DHYHORSPHQWaO EIIHcWV
IQcUHaVHG FHWaO 

RHVRUSWLRQV
(SaLOOHQIaLW HW aO., 2003)

216

BeQchPaUN 
MOEWRUN AcWLYLW\ HeaOWh EffecW, 

EQdSRLQW aQd SWXd\

AcXWe POD, 
CPa[

(Pg/L)
SceQaULR MOE
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6 UQcHUWaLQW\ AQaO\VLV 

TKH U.S. EPA OcWRbHU 2019 GUaIW HYaOXaWLRQ LQGLcaWHV WKaW XQUHaVRQabOH ULVN GHWHUPLQaWLRQV IRU ZRUNHUV 
XVLQJ NMP LV GULYHQ b\ ³UHSURGXcWLYH HIIHcWV IURP cKURQLc LQKaOaWLRQ aQG GHUPaO H[SRVXUHV´ (U.S. EPA, 
2019a; S. 21, O. 221-222). CaUGQR CKHPRLVN SHUIRUPHG a VHQVLWLYLW\ aQaO\VLV XVLQJ WKH Iab ZRUNHU 
cOaVVLILcaWLRQ aV aQ H[aPSOH aQG IRXQG WKaW LQKaOaWLRQ aQG GHUPaO YaSRU H[SRVXUHV ZHUH QRW PHaQLQJIXO 
GHWHUPLQaQWV LQ WKH U.S. EPA XQUHaVRQabOH ULVN GHWHUPLQaWLRQ. TKH aSSUHcLabOH cRQWULbXWLRQ RI WKH GHUPaO 
OLTXLG cRQWacW SaWKZa\ WR WKH ULVN GHWHUPLQaWLRQ VXSSRUWV WKH GHYHORSPHQW aQG H[HcXWLRQ RI a UHILQHG 
aQaO\VLV IRU WKLV SaWKZa\ ZLWK a PRUH GHWaLOHG cRQVLGHUaWLRQ RI WKH LQGXVWU\ cRQGLWLRQV RI XVH WKaQ ZaV 
SURYLGHG LQ WKH OcWRbHU 2019 GUaIW HYaOXaWLRQ (U.S. EPA, 2019a). CaUGQR CKHPRLVN XSGaWHG WKH U.S. 
EPA aVVHVVPHQW WR LQcOXGH a PRUH GHWaLOHG cRQVLGHUaWLRQ RI WKH LQGXVWU\ cRQGLWLRQV RI XVH aQG IRXQG QR 
XQUHaVRQabOH ULVN IRU ZRUNHUV XVLQJ NMP LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\. TKLV VHcWLRQ 
HYaOXaWHV WKH XQcHUWaLQWLHV LQ WKH cRQcOXVLRQ RI WKH UHILQHG aQaO\VLV, aQG SUHVHQWV a GLVcXVVLRQ RI VSHcLILc 
NH\ GHWHUPLQaWHV RI H[SRVXUH SRWHQWLaO. 

6.1 GeQeUaO DLVcXVVLRQ 
CaUGQR CKHPRLVN SHUIRUPHG a VHQVLWLYLW\ aQaO\VLV WR HYaOXaWH WKH U.S. EPA VWaWHPHQW WKaW cKURQLc 
LQKaOaWLRQ aQG GHUPaO H[SRVXUHV cRQWULbXWHG WR WKH GHWHUPLQaWLRQ RI XQUHaVRQabOH ULVN. AV GLVcXVVHG LQ 
SHcWLRQ 3, LQKaOaWLRQ aQG GHUPaO YaSRU H[SRVXUHV cRQWULbXWH QHJOLJLbO\ WR WKH XQUHaVRQabOH ULVN 
GHWHUPLQaWLRQ, ZLWK WKH PaMRULW\ RI WKH SHaN VHUXP cRQcHQWUaWLRQ RU AUC GHWHUPLQHG b\ WKH OLTXLG 
aYaLOabOH IRU GLUHcW cRQWacW ZLWK WKH VNLQ RU JORYHV (aV ZHOO aV GXUaWLRQ RI cRQWacW). ALUbRUQH cRQcHQWUaWLRQV 
RI NMP aUH ZHOO bHORZ WKH OEL GHULYHG LQ PRHW HW aO. (2016), RU aQ HTXLYaOHQW OEL WKaW cRXOG bH GHULYHG 
baVHG RQ WKH U.S. EPA UHYLVHG POD aQG bHQcKPaUN MOE. IW caQ bH cRQcOXGHG WKaW XQcHUWaLQW\ LQ WKH 
aVVXPSWLRQV aVVRcLaWHG ZLWK aLUbRUQH cRQcHQWUaWLRQV RI NMP GRHV QRW aIIHcW WKH cRQcOXVLRQV RI 
XQUHaVRQabOH ULVN. TKXV, WKH SULPaU\ IRcXV RI WKLV XQcHUWaLQW\ aQaO\VLV LV RQ WKH cRQWacW RI NMP-
cRQWaLQLQJ OLTXLG ZLWK ZRUNHU VNLQ. 

AV SaUW RI WKH XQcHUWaLQW\ aQaO\VLV, CaUGQR CKHPRLVN aVVHVVHG WKH ZHLJKW RI HYLGHQcH, ZKLcK LQGLcaWHV 
WKaW GHUPaO OLTXLG cRQWacW LV XQOLNHO\ WR bH WKH GRPLQaQW VRXUcH RI NMP IRU ZRUNHUV LQ WKH VHPLcRQGXcWRU 
LQGXVWU\ IRU WKH IROORZLQJ UHaVRQV: 

x IQGXVWULaO K\JLHQH LQIRUPaWLRQ SURYLGHG b\ SIA (2019a) LQGLcaWHG a ORZ SRWHQWLaO IRU H[SRVXUH WR 
NMP baVHG ZHOO-GHVcULbHG ZRUN aQG PaLQWHQaQcH SUacWLcHV VXSSRUWHG b\ aLU VaPSOLQJ GaWa. TKLV 
GaWa LQGLcaWHG a ORZ GHWHcWLRQ IUHTXHQc\ RI NMP ZLWK a VXLWabO\ ORZ GHWHcWLRQ OLPLW (JHQHUaOO\ OHVV 
WKaQ 1 SSP aV cRPSaUHG NMP VaWXUaWHG YaSRU cRQcHQWUaWLRQ RI aSSUR[LPaWHO\ 400 SSP aW 
aPbLHQW WHPSHUaWXUH) WR GHWHcW GLVSHUVLYH XVHV RI WKH VROYHQW RU OaUJH VXUIacHV ZLWK UHVLGXaO 
NMP. TKH ORZ NMP cRQcHQWUaWLRQV aW VHPLcRQGXcWRU IacLOLWLHV GXULQJ URXWLQH RU PaLQWHQaQcH 
WaVNV aUH QRW LQGLcaWLYH RI WKH SUHVHQcH RI OLTXLG NMP, aQG WKHUHIRUH aUH LQcRQVLVWHQW ZLWK EPA¶V 
aVVXPSWLRQ RI H[WHQVLYH GHUPaO cRQWacW. 

x TaVN GHVcULSWLRQV SURYLGH b\ SIA (2019a) VKRZ WKaW WKHUH aUH JHQHUaOO\ OLPLWHG RSSRUWXQLWLHV IRU 
VNLQ cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG baVHG RQ WKH SIA ZRUN GHVcULSWLRQV. A OLPLWHG QXPbHU RI 
PaLQWHQaQcH WaVNV KaYH a KLJKHU SRWHQWLaO IRU GHUPaO cRQWacW ZLWK UHVLGXaO NMP. HRZHYHU, 
RSHUaWLRQaO cRQGLWLRQV aQG HQJLQHHULQJ cRQWUROV, VXcK aV IOXVKLQJ RI NMP IURP ILOWHUV SULRU WR ILOWHU 
cKaQJHV, OLPLW WKH RSSRUWXQLW\ IRU cRQWacW ZLWK UHVLGXaO NMP. AGGLWLRQaOO\, LQ PaLQWHQaQcH 
RSHUaWLRQV ZKHUH WKHUH LV a SRWHQWLaO IRU cRQWacW ZLWK UHVLGXaO NMP, WKH WHcKQLcLaQ ZHaUV PPE 
LQcOXGLQJ JORYHV. TKH VHOHcWLRQ RI PPE, GRQQLQJ, XVH aQG WUaLQLQJ LV SHUIRUPHG XQGHU VSHcLILc 
SURcHGXUHV LQ WKH VHPLcRQGXcWRU LQGXVWU\,  

x SWULcW ZRUN UXOHV aQG SURcHGXUHV LQ WKH VHPLcRQGXcWRU LQGXVWU\ LQGLcaWH WKaW WKH JORYH PF IRU 
VSHcLILc acWLYLW\ WUaLQLQJ RI 20 (95% HIILcLHQc\) LV aSSURSULaWH, 

x IQ cRQWUaVW WR WKH U.S. EPA GUaIW HYaOXaWLRQ ZKHUH GHUPaO OLTXLG cRQWacW GRPLQaWHG LQWHUQaO 
H[SRVXUH, PRHW HW aO. (2016) GHVcULbHV WKH GHUPaO OLTXLG SaWKZa\ aV W\SLcaOO\ SURYLGLQJ RQO\ ³VRPH 
cRQWULbXWLRQ´ WR LQWHUQaO H[SRVXUH, ZLWK LQKaOaWLRQ LGHQWLILHG aV WKH SULPaU\ URXWH, aQG 
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x CRQVHQVXV UHYLHZV RI NMP (H.J. EC SCCS, 2011) QRWH WKaW SURORQJHG VNLQ cRQWacW ZLWK NMP 
caQ caXVHV GHUPaWLWLV, bOLVWHULQJ RU cUacNLQJ RI VNLQ, WKXV LQGLcaWLQJ WKaW WKH SURORQJHG cRQWacW 
(RQH RU WZR KaQGV LPPHUVHG LQ VROYHQW IRU 30 RU 60 KRXUV SHU ZHHN, UHVSHcWLYHO\) aVVXPHG LQ WKH 
U.S. EPA VcUHHQLQJ aQaO\VLV LV LPSOaXVLbOH. 

TaNHQ WRJHWKHU, WKH ZHLJKW RI HYLGHQcH aQaO\VLV LQGLcaWHV WKaW LQWHUQaO H[SRVXUHV IURP cRQWacW ZLWK NMP-
cRQWaLQLQJ OLTXLG aUH XQOLNHO\ WR VXbVWaQWLaWH aQ XQUHaVRQabOH ULVN GHWHUPLQaWLRQ. TKLV cRQcOXVLRQ ZaV 
IXUWKHU HYaOXaWHG b\ H[aPLQLQJ XQcHUWaLQW\ LQ WKH VSHcLILc IacWRUV WKaW cRQWULbXWH aSSUHcLabO\ WR LQWHUQaO 
H[SRVXUHV IURP WKH GHUPaO OLTXLG cRQWacW SaWKZa\.  

6.2 SSecLfLc FacWRUV 

6.2.1 LRadLQg aQd cRQWacW WLPe 
UQcHUWaLQW\ LQ ORaGLQJ aQG cRQWacW WLPH ZHUH aGGUHVVHG b\ XVLQJ ORZHU aQG XSSHU bRXQG ORaGLQJ 
HVWLPaWHV baVHG RQ SULRU U.S. EPA UHVHaUcK aQG AIHA UHcRPPHQGaWLRQV. TKH cHQWUaO WHQGHQc\ HVWLPaWH 
ZaV baVHG RQ WKH ORZHU bRXQG RI WKH AIHA UHcRPPHQGaWLRQ bHcaXVH LQ PaQ\ caVHV QR cRQWacW ZLWK 
NMP-cRQWaLQLQJ OLTXLG RccXUV, aQG ZKHQ LW GRHV RccXU, WKH aPRXQW RI UHVLGXH LV H[SHcWHG WR bH PLQLPaO. 
TKH XSSHU bRXQG ORaGLQJ ZaV VHW WR WKH XSSHU bRXQG RI WKH UaQJH UHcRPPHQGHG b\ AIHA. CRQWacW WLPH 
ZaV HVWLPaWHG baVHG RQ a WLPH WR cRPSOHWH HYaSRUaWLRQ IRU HacK ORaGLQJ HVWLPaWH, ZLWK WKH KLJKHU ORaGLQJ 
HVWLPaWHG VXJJHVWLQJ XS WR RQH KRXU RI cRQWacW WLPH. 

6.2.2 GORYe SURWecWLRQ facWRU 
TKH VWULcW ZRUN UXOHV LQ WKH LQGXVWU\ aQG WUaLQLQJ SURJUaPV VXSSRUW a JORYH PF RI 20 (95%). TKH U.S. EPA 
GUaIW aVVHVVPHQW GHIaXOWV WR ORZHU PF RI 10 (90%) aVVRcLaWHG ZLWK ³baVLc´ WUaLQLQJ. TKH LPSacW RI ORZHULQJ 
WKH MOE WR 10 ZaV HYaOXaWHG IRU WKH KLJK-HQG cKURQLc PaLQWHQaQcH ZRUNHU VcHQaULR, ZKLcK UHSUHVHQWHG 
WKH ORZHVW aQQXaO aYHUaJH MOE. AV VKRZQ LQ TabOH 6-1, XVH RI a ORZHU PF GLG QRW LPSacW WKH cRQcOXVLRQ 
RI WKLV aVVHVVPHQW WKaW NMP GRHV QRW SUHVHQW aQ XQUHaVRQabOH ULVN.  

TabOe 6-1: MOE b\ JORYH PF IRU PaLQWHQaQcH ZRUNHU cKURQLc VcHQaULR 

SceQaULR GORYe PF 
AQQXaO AYeUage 

AUC (h-Pg/L) MOE BeQchPaUN MOE CRQcOXVLRQ 
MaLQWHQaQcH, HLJK EQG, 
GORYH XVH = \HV 

20 0.61 298 30 DRHV QRW SUHVHQW 
aQ XQUHaVRQabOH 
ULVN 

MaLQWHQaQcH, HLJK EQG, 
GORYH XVH = \HV 

10 1.07 171 30 DRHV QRW SUHVHQW 
aQ XQUHaVRQabOH 
ULVN 

6.2.3 LLTXLd SeUPeabLOLW\ cRQVWaQW 
AV QRWHG LQ SHcWLRQ 4.7, LW aSSHaUV WR KaYH bHHQ WKH LQWHQW RI U.S. EPA WR XVH a VOLJKWO\ KLJKHU PVL IRU 
QHaW aV cRPSaUHG WR GLOXWH NMP. OIWHQ WLPHV, SURORQJHG cRQWacW ZLWK VROYHQWV caQ GHQaWXUH WKH cHOOXOaU 
VWUXcWXUH RI WKH VNLQ, WKXV LQcUHaVLQJ WKH aSSaUHQW SHUPHabLOLW\ WR a OHYHO JUHaWHU WKaQ SUHGLcWHG b\ 
WKHRUHWLcaO cRQVLGHUaWLRQV. CaUGQR CKHPRLVN XVHG WKH ORZHU SHUPHabLOLW\ cRQVWaQW LQ WKH UHILQHG 
aVVHVVPHQW bHcaXVH SURORQJHG cRQWacW ZLWK NMP LV XQOLNHO\.  

CaUGQR CKHPRLVN HYaOXaWHG WKH LPSacW RI XVLQJ WKH KLJKHU SHUPHabLOLW\ cRQVWaQW SURSRVHG b\ U.S. EPA 
IRU QHaW NMP IRU WKH PaQXIacWXULQJ VcHQaULR.  AV VKRZQ LQ TabOH 6-2, XVH RI WKH KLJKHU SHUPHabLOLW\ 
cRQVWaQW GLG QRW LPSacW WKH cRQcOXVLRQ RI WKLV aVVHVVPHQW. IW LV QRWHG WKaW WKH LQcUHaVHG SHUPHabLOLW\ 
aVVRcLaWHG ZLWK QHaW NMP VNLQ cRQWacW LV XQOLNHO\ WR RccXU LQ WKH VHPLcRQGXcWRU LQGXVWU\ bHcaXVH 
SRWHQWLaO H[SRVXUH HYHQWV aUH WUaQVLHQW, aQG OLNHO\ GR QRW RccXU HYHU\ VKLIW.  
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TabOe 6-2: MOE b\ PVL IRU PaLQWHQaQcH ZRUNHU cKURQLc VcHQaULR 

SceQaULR 
PVL 

(cP/h) 
AQQXaO AYeUage 

AUC (h-Pg/L) MOE BeQchPaUN MOE CRQcOXVLRQ 
MaLQWHQaQcH, HLJK EQG, 
FUacWLRQ = 100% 

4.78[10-4 0.61 298 30 DRHV QRW SUHVHQW 
aQ XQUHaVRQabOH 
ULVN 

MaLQWHQaQcH, HLJK EQG, 
FUacWLRQ = 100% 

2.05[10-3 2.12 86 30 DRHV QRW SUHVHQW 
aQ XQUHaVRQabOH 
ULVN 

6.2.4 SXUface aUea 
A UaQJH RI VXUIacH aUHaV RI SRWHQWLaO cRQWacW ZLWK NMP-cRQWaLQLQJ OLTXLG ZaV GHWHUPLQHG baVHG RQ WKH 
GHVcULSWLRQV RI WKH WaVNV SURYLGHG LQ SIA (2019a) aQG aGGLWLRQaO cOaULILcaWLRQ SURYLGHG b\ SIA. TKHUH ZHUH 
QR WaVN GHVcULSWLRQV WKaW VXJJHVWHG WKaW WKH VXUIacH RI RQH RU WZR KaQGV ZRXOG bH LPPHUVHG LQ NMP IRU 
SURORQJHG SHULRGV. AGGLWLRQaO IHHGbacN IURP SIA UHSUHVHQWaWLYHV LQGLcaWHG WKaW LQ W\SLcaO caVHV OLWWOH WR QR 
GLUHcW cRQWacW ZLWK NMP ZaV OLNHO\ WR RccXU, bXW WKaW VRPH PaLQWHQaQcH acWLYLWLHV SRWHQWLaOO\ SUHVHQWHG aQ 
RSSRUWXQLW\ IRU cRQWacW ZLWK a SRUWLRQ RI WKH SaOP VLGH RI WKH KaQG. TKH KLJKHVW VXUIacH aUHa cRQVLGHUHG LQ 
WKH UHILQHG aVVHVVPHQW ZaV 70% RI WKH SaOP VLGH RI WZR JORYHG KaQGV LQ PaLQWHQaQcH WaVNV. IW LV 
LPSRUWaQW WR QRWH WKaW WKLV HVWLPaWH OLNHO\ RYHUHVWLPaWHV WKH cKURQLc H[SRVXUH SRWHQWLaO aSSUHcLabOH, aV 
WKLV OHYHO RI H[SRVXUH ZRXOG QRW RccXU URXWLQHO\. AGGLWLRQaO IHHGbacN IURP WKH LQGXVWU\ LQGLcaWHG WKaW LW LV 
SRVVLbOH WKaW XQGHU QRQ-URXWLQH cRQGLWLRQV (H.J. RQH RU OHVV WLPHV SHU \HaU), LW LV SRVVLbOH, bXW QRW OLNHO\ 
WKaW WKH IXOO SaOP VLGH RI HacK JORYHG KaQG cRXOG cRQWacW NMP.  IW ZRXOG QRW bH aSSURSULaWH WR cRQVLGHU 
WKLV aW\SLcaO OHYHO RI JORYH cRQWacW WR RccXU cKURQLcaOO\. TKXV, a VXSSOHPHQWaO acXWH VcHQaULR ZaV 
SHUIRUPHG WR aVVHVV WKH acXWH MOE IRU a SOaXVLbOH acXWH ZRUVW caVH UHSUHVHQWLQJ aQ aW\SLcaO RU XSVHW 
cRQGLWLRQ ZKHUH 100% NMP cRQWacWHG WKH SaOP VLGH RI WZR JORYHG KaQGV. AV VKRZQ LQ TabOH 6-3, WKHUH LV 
QRW aQ XQUHaVRQabOH ULVN LQ WKH XQOLNHO\ HYHQW WKaW QHaW NMP ZHUH WR cRQWacW WKH SaOP VLGH RI WZR JORYHG 
KaQGV.  

TabOe 6-3: POaXVLbOH acXWH ZRUVW caVH 

SceQaULRa 
SXUface 

AUea (cP2) 

AcXWe E[SRVXUe, 
PeaN BORRd 

CRQceQWUaWLRQ 
(Pg/L) MOE BeQchPaUN MOE CRQcOXVLRQ 

CHQWUaO WHQGHQc\ AcXWH, 
FUacWLRQ = 100%, LRaGLQJ 
= 0.7 PJ/cP2, GORYH XVH 
= \HV, PF=20 

445 (SaOP 
VLGH, WZR 
KaQGV) 

0.16 1372 30 DRHV QRW SUHVHQW 
aQ XQUHaVRQabOH 
ULVN 

HLJK EQG AcXWH, 
FUacWLRQ = 100%, , 
LRaGLQJ = 2.1 PJ/cP2, , 
GORYH XVH = \HV, PF=20 

445 (SaOP 
VLGH, WZR 
KaQGV) 

0.52 416 30 DRHV QRW SUHVHQW 
aQ XQUHaVRQabOH 
ULVN 

aALU cRQcHQWUaWLRQ ZaV VHW WR 0.13 aQG 1.2 PJ/P3 baVHG RQ WKH PHGLaQ aQG 95WK SHUcHQWLOH RI WKH SIA (2019a) GaWa cRUUHVSRQGLQJ WR 
a 12-KRXU VKLIW WLPH. TKH HVWLPaWHG MOE LV QRW VHQVLWLYH WR WKH aLUSRUW cRQcHQWUaWLRQ aVVXPSWLRQV.  

IQ VXPPaU\, a cRQVLGHUaWLRQ RI WKH ZHLJKW RI HYLGHQcH aQG VSHcLILc H[SRVXUH IacWRUV VXSSRUWV WKH 
cRQcOXVLRQ WKaW NMP GRHV QRW SUHVHQW aQ XQUHaVRQabOH ULVN, aQG WKaW XQcHUWaLQW\ LQ WKH PRGHO HVWLPaWHV 
ZaV UHaVRQabO\ aGGUHVVHG LQ WKLV aVVHVVPHQW.  UQcHUWaLQW\ LQ WKH UHILQHG aQaO\VLV ZaV aOVR aGGUHVVHG b\ 
WKH VHOHcWLRQ RI SUHcaXWLRQaU\ H[SRVXUH VcHQaULR SaUaPHWHUV. FRU H[aPSOH, WKH PaLQWHQaQcH VcHQaULRV 
aVVXPHG NMP cRQWacW GXULQJ HYHU\ VKLIW, IRU WKH cHQWUaO WHQGHQc\ HVWLPaWH, KRZHYHU, WKH RSSRUWXQLW\ IRU 
NMP cRQWacW aW VRPH IacLOLWLHV Pa\ aSSUHcLabO\ OHVV IUHTXHQW.  
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7 CRQcOXVLRQ 

CaUGQR CKHPRLVN UHYLHZHG WKH U.S. EPA¶V XVH RI a SK\VLRORJLcaOO\ baVHG SKaUPacRNLQHWLc (PBPK) 
PRGHO WR SUHSaUH aQ RccXSaWLRQaO H[SRVXUH HYaOXaWLRQ RI VHPLcRQGXcWRU PaQXIacWXULQJ ZRUNHUV. TKLV 
UHYLHZ LQcOXGHG aQ HYaOXaWLRQ RI WKH U.S. EPA aSSURacK, aV ZHOO aV WKH SUHSaUaWLRQ RI a UHILQHG H[SRVXUH 
aVVHVVPHQW aQG ULVN cKaUacWHUL]aWLRQ IRU VHPLcRQGXcWRU PaQXIacWXULQJ ZRUNHUV baVHG RQ a cULWLcaO 
HYaOXaWLRQ RI WKH cRQGLWLRQV RI XVH LQ WKH LQGXVWU\. OXU UHYLHZ LQcOXGHG a cRQVLGHUaWLRQ RI WKH VcLHQWLILc 
VWaQGaUGV RI ³bHVW aYaLOabOH VcLHQcH´ aQG ³ZHLJKW RI WKH VcLHQWLILc HYLGHQcH´ XQGHU TSCA. OXU UHYLHZ 
GHWHUPLQHG WKaW ZKLOH PaQ\ aVSHcWV RI WKH 2019 U.S. EPA NMP PBPK PRGHO aUH aGHTXaWHO\ VXSSRUWHG 
b\ SULPaU\ aQG VHcRQGaU\ SHHU UHYLHZHG OLWHUaWXUH, WKH XVH RI WKH PRGHO WR aVVHVV GHUPaO OLTXLG 
H[SRVXUHV OacNHG UHIHUHQcH WR VXIILcLHQW SHHU UHYLHZHG RU VcLHQWLILc cRQVHQVXV LQIRUPaWLRQ.  

OXU TXaOLWaWLYH aQG TXaQWLWaWLYH VHQVLWLYLW\ aQaO\VLV VKRZHG WKaW RI WKH WKUHH SaWKZa\V (LQKaOaWLRQ, GHUPaO 
YaSRU aQG GHUPaO OLTXLG), WKH RQO\ SaWKZa\ cRQWULbXWLQJ PHaQLQJIXOO\ WKH U.S. EPA XQUHaVRQabOH ULVN 
GHWHUPLQaWLRQ IRU XVH RI NMP LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\ ZaV GHUPaO OLTXLG cRQWacW. OXU 
UHYLHZ RI WKH U.S. EPA aVVXPSWLRQV IRU VHPLcRQGXcWRU PaQXIacWXULQJ IRXQG WKaW WKH aJHQc\ aVVXPHG 
SURORQJHG OLTXLG cRQWacW RI RQH RU WZR KaQGV IRU 30 RU 60 KRXUV SHU ZHHN, UHVSHcWLYHO\, XQGHU cRQGLWLRQV 
HTXLYaOHQW WR LPPHUVLRQ LQ cRQcHQWUaWHG (JHQHUaOO\ >50% IRU PRVW VcHQaULRV) RU QHaW NMP. WH cRQcOXGHG 
WKaW WKLV aVVXPSWLRQ GLG QRW UHSUHVHQW a SOaXVLbOH cHQWUaO WHQGHQc\ (H.J. PHGLaQ) RU KLJK-HQG (H.J.  95WK 
SHUcHQWLOH) cRQGLWLRQ RI XVH IRU WKH VHPLcRQGXcWRU LQGXVWU\ baVHG RQ WKH GHVcULSWLRQ RI WKH WaVNV WKaW KaG 
bHHQ SURYLGHG b\ SIA (2019a) WR WKH U.S. EPA 

WH IRXQG LQ RXU UHYLHZ WKaW WKH GaWa SURYLGHG b\ WKH VHPLcRQGXcWRU LQGXVWU\ aQG cXUUHQW LQGXVWULaO 
K\JLHQH GHUPaO PRGHOLQJ JXLGaQcH aYaLOabOH IURP WKH APHULcaQ IQGXVWULaO H\JLHQH AVVRcLaWLRQ (AIHA) 
SURYLGH UHaGLO\ aYaLOabOH WRROV aQG LQIRUPaWLRQ IRU UHILQHG GHUPaO cRQWacW aVVHVVPHQW. CaUGQR CKHPRLVN 
aSSOLHG WKH LQIRUPaWLRQ IURP SIA, WKH AIHA IH SNLQPHUP PRGHO aQG AIHA GHUPaO H[SRVXUH aVVHVVPHQW 
JXLGaQcH WR SUHSaUH UHILQHG LQWHUQaO H[SRVXUH HVWLPaWHV aQG MOEV IRU WKH VHPLcRQGXcWRU PaQXIacWXULQJ 
VcHQaULRV. WH IRXQG WKaW UHILQHPHQW RI WKH VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV UHVXOWHG LQ a 
cRQcOXVLRQ WKaW XVH RI NMP LQ WKH VHPLcRQGXcWRU PaQXIacWXULQJ LQGXVWU\ GRHV QRW SUHVHQW aQ 
XQUHaVRQabOH ULVN, ZKLcK ZaV VXSSRUWHG b\ a UHYLHZ RI WKH ZHLJKW RI HYLGHQcH aQG aQ XQcHUWaLQW\ 
aQaO\VLV.  

IQ VXPPaU\, RXU UHYLHZ IRXQG WKaW WKH GUaIW ILQGLQJ RI WKH U.S. EPA cRQcOXGLQJ XQUHaVRQabOH ULVN IRU WKH 
XVH RI NMP LQ VHPLcRQGXcWRU PaQXIacWXULQJ UHIOHcWHG WKH OacN RI UHILQHPHQW aQG XVH RI LQcRUUHcW 
aVVXPSWLRQV LQ WKH VcUHHQLQJ VcHQaULRV (RQH RU WZR KaQGV LPPHUVHG LQ cRQcHQWUaWHG RU QHaW NMP IRU 30 
RU 60 KRXUV SHU ZHHN), UaWKHU WKaQ a cKaUacWHUL]aWLRQ RI WKH cXUUHQW cRQGLWLRQV RI XVH LQ WKH LQGXVWU\. 
CaUGQR CKHPRLVN UHYLHZHG WKH LQIRUPaWLRQ SURYLGHG b\ SIA (2019a), aORQJ ZLWK aGGLWLRQaO 
VXSSOHPHQWaU\ LQIRUPaWLRQ RQ WKH cRQGLWLRQV RI XVH, aQG GHYHORSHG UHILQHG H[SRVXUH HVWLPaWHV IRU HacK 
VHPLcRQGXcWRU PaQXIacWXULQJ VcHQaULRV. TKLV aQaO\VLV LQGLcaWHV a GLIIHUHQWLaWLRQ RQ H[SRVXUH SRWHQWLaO 
bHWZHHQ MRbV, ZLWK VRPH IXQcWLRQV KaYLQJ QR RSSRUWXQLW\ IRU GHUPaO GLUHcW cRQWacW. TKH UHVXOWaQW acXWH 
aQG cKURQLc MOEV ZHUH JUHaWHU WKaQ 30 LQGLcaWLQJ VXSSRUW IRU a cRQcOXVLRQ WKaW XVH RI NMP LQ WKH 
VHPLcRQGXcWRU LQGXVWU\ GRHV QRW SUHVHQW aQ XQUHaVRQabOH ULVN. 
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ASSHQGL[ A USGaWHG U.S. EPA NMP PBPK CRGH 

TKLV ASSHQGL[ SUHVHQWV PRGLILcaWLRQV WR WKH U.S. EPA PBPK cRGH LPSOHPHQWHG WR IacLOLWaWH WKLV UHYLHZ. 
TKH HGLWV LQcOXGH: 

x SHcWLRQ A.1: EGLWV LQ bROG LQ .cVO ILOH LQcOXGHG WR VHW GHUPaO OLTXLG cRQWacW WLPH, 

x SHcWLRQ A.2: EGLWV LQ bROG LQ .P ILOH LQcOXGHG WR VHW GHUPaO OLTXLG cRQWacW WLPH, PVL aQG GHQVLW\, 

x SHcWLRQ A.3: MRGLILHG U.S. EPA VSUHaGVKHHW VcHQaULR WHPSOaWH IRU cKURQLc H[SRVXUHV, aQG 

x SHcWLRQ A.4: MRGLILHG U.S. EPA VSUHaGVKHHW VcHQaULR WHPSOaWH IRU acXWH H[SRVXUHV. 
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A.1 U.S. EPA NMP PBPK MRdeO CRde MRdLfLed b\ CaUdQR ChePRLVN (.cVO) 
PROGRAM NMPKXPPG.ACSL 1 
 2 
!PBPK MODEL FOR N-METHYL PYRROLIDONE LQ SUHJQaQW ZRPHQ 3 
 4 
!T.S. POET,P HINDERLITER. CHEMICAL DOSIMETRY GROUP, PNNL, RICHLAND, WA   5 
!FLUVW CUHaWHG 8.8.08 6 
!FINAL REPORT FROM INITIAL UaW MODEL DEVELOPMENT SUBMITTED 9.02 7 
!MODEL CONFIGURED FOR INHALATION (OPEN, WHOLE BODY/NOSE ONLY) 8 
!   IV, ORAL,  DERMAL, AND IP  ROUTES OF ADMINISTRATION.                       9 
!MODEL TRACKS DISPOSITION OF NMP AND 5-HNMP.                     10 
!ASSUMPTIONS:                                                     11 
!    (1) FLOW-LIMITED (ALL COMPARTMENTS)                          12 
!    (2) METABOLISM OF NMP BY A VaW PATHWAY TO FORM 5HNP   13 
!    (3) METABOLISM OF HNP BY SATURABLE PATHWAY TO ETC.    14 
!    (5) METABOLISM OCCURS ONLY IN THE LIVER                      15 
!    (6) TISSUE:BLOOD PART. COEFF. RAT = HUMAN = KRISHNAN EQN  16 
!  XSGaWHG LQ cPG ILOH WR PHaVXUHG LQ-KRXVH 17 
!    (7) 5HNP ELIMIN FROM MIXED VENOUS - 1ST ORDER 18 
! THIS DIFFERS FROM 02: URINE BY *GFR CLEARANCE FROM KIDNEY 19 
!   METAB RATE CONST. FROM REPORT - UPDATED WITH LIT VALUES LQ cPG ILOH 20 
!   OWKHU SaUaPHWHUV cKaQJHG QRPLQaOO\ WR KaUPRQL]H ZLWK IHWaO IPA PRGHO RI  21 
!     GHQWU\ HW aO. RHJX TR[ PKaUP 36:51-68, 2002 22 
! GHQWU\ PRGHO QRWHV: 23 
! -CRGLQJ IRU SUHJQaQc\ LV IURP MHHJFaW.CSL ZLWK VRPH PLQRU cKaQJHV 24 
! -PK\VLRORJLcaO SaUaPHWHUV aUH IURP MHHJFaW.CSL (aMXVWHG aV QHHGHG) 25 
! -NRQ-SUHJQaQW PaPPaU\ WLVVXH aQG XWHULQH YROXPH LV IURP ICRP 26 
! -NRQ-SUHJQaQW PaPPaU\ WLVVXH aQG XWHULQH bORRG IORZV aUH baVHG RQ WKH 27 
! - UaWLRV RI PaPPaU\ aQG XWHULQH WLVVXH YROXPHV WR UaSLGO\ SHUIXVHG 28 
! - WLVVXH YROXPH aQG bORRG IORZ WR UaSLGO\ SHUIXVHG WLVVXH ZKHUH UaSLGO\ 29 
! - SHUIXVHG WLVVXH LQcOXGHV OLYHU, OXQJ, HWc. 30 
! - ((VMaPC/VRaSC)*QRaSC) aQG ((VUWUC/VRaSC)*QRaSC) 31 
! -DaWa XVHG WR ILW cXUYH IRU JURZLQJ UaSLGO\ SHUIXVHG WLVVXH LQ 32 
! - MHHJFaW.CSL ZaV UHILW VHSaUaWHO\ WR ILW cXUYHV IRU JURZLQJ XWHUXV 33 
! - aQG PaPPaU\ WLVVXH LQ WKLV PRGHO 34 
! -BRG\ ZHLJKW aQG caUGLac RXWSXW aUH caOcXOaWHG aV WKH LQLWLaO YaOXHV 35 
! - SOXV WKH cKaQJH LQ WKH JURZLQJ cRPSaUWPHQWV 36 
! -IQcUHaVH LQ bORRG IORZ WR IaW, PaPPaU\ WLVVXH, aQG XWHUXV aUH PRGHOHG 37 
! - aV bHLQJ SURSRUWLRQaO WR WKH LQcUHaVH LQ YROXPH LQ WKRVH cRPSaUWPHQWV 38 
! - baVHG RQ WKH GaWa LQ TKRUHVHQ aQG WHVcKH, 1988 (XWHUXV aQG PaPPaU\ 39 
! - WLVVXH) 40 
! 41 
! FXUWKHU XSGaWHV b\ PaXO ScKORVVHU, US EPA LQ AXJXVW 2013 aQG SHSWHPbHU 2014 42 
 43 
 44 
INITIAL 45 
 ! WabOH UHVOYO, 1, 2881 / 2881*0.0, 2881*0.0 / 46 
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 47 
! HXPaQ TRWaO PXOPRQaU\ VHQWLOaWLRQ RaWH (L/KU IRU 1 NJ aQLPaO) 48 
  CONSTANT     QPC = 27.75 49 
 50 
! HXPaQ BORRG FORZV (IUacWLRQ RI caUGLac RXWSXW) 51 
  CONSTANT     QCC = 12.9        ! CaUGLac RXWSXW (L/KU IRU 1 NJ aQLPaO) 52 
  CONSTANT   QFaWC = 0.052        ! FaW (QRQ-SUHJQaQW IHPaOH) 53 
  CONSTANT   QLLYC = 0.227        ! LLYHU 54 
  CONSTANT   QMaPC = 0.027        ! MaPPaU\ WLVVXH (QRQ-SUHJQaQW IHPaOH) 55 
  CONSTANT   QRaSC = 0.325       ! RaSLGO\ SHUIXVHG 56 
  CONSTANT   QSNC = 0.058        ! SNLQ 57 
  CONSTANT   QUWUC = 0.0062       ! UWHUXV (QRQ-SUHJQaQW IHPaOH) 58 
 59 
! PHUPHabLOLW\-AUHa PURGXcW (L/KU) 60 
  CONSTANT    PAFC = 0.01         ! DLIIXVLRQ RQ IHWaO VLGH RI SOacHQWa IURP GHQWU\ 61 
 62 
! HXPaQ TLVVXH VROXPHV (IUacWLRQ RI bRG\ ZHLJKW) 63 
  CONSTANT  BWIQLW = 67.8        ! PUH-SUHJQaQc\ bRG\ ZHLJKW (NJ) 64 
  CONSTANT   VAOYC = 0.0079       ! AOYHROaU bORRG 65 
  CONSTANT VBLC=0.06 66 
  CONSTANT   VFaWC = 0.273        ! FaW (QRQ-SUHJQaQW IHPaOH) 67 
  CONSTANT   VLLYC = 0.026        ! LLYHU 68 
  CONSTANT   VMaPC = 0.0062      ! MaPPaU\ WLVVXH (QRQ-SUHJQaQW IHPaOH) 69 
  CONSTANT   VRaSC = 0.1044        ! RaSLGO\ SHUIXVHG 70 
  !CONSTANT   VSOZC           ! SORZO\ SHUIXVHG LV caOcXOaWHG bHORZ 71 
  CONSTANT   VUWUC = 0.0014        ! UWHUXV (QRQ-SUHJQaQW IHPaOH) 72 
  CONSTANT VSKC=0.19 73 
  74 
! HXPaQ DHUPaO E[SRVXUH PaUaPHWHUV 75 
  CONSTANT       P = 0.0016           ! PHUPHabLOLW\ cRQVWaQW (KS) (cP/KU) 76 
  CONSTANT     PV=31.0  ! PERMEABILITYT CONSTANT (CM/HR) FOR VAPOR 77 
   78 
 !FOR PARENT MODEL, SKIN COMPARTMENT IS ONLY DEFINED AS DOSED SKIN 79 
   CONSTANT      SAL = 0.01          !SURFACE AREA EXPOSED WR OLTXLG, SQ.CM 80 
   CONSTANT      SAYc = 0.25          !IUacWLRQ SURFACE AREA EXPOSED WR JaV/YaSRU, SQ.CM 81 
   CONSTANT aPaVN = 0.03 82 
   CONSTANT HT=170.0  !KHLJKW (RU OHQJWK) RI UHIHUHQcH PaQ 83 
     TSA = 71.81*(BWLQLW**0.425)*(HT**0.725) !IRU KXPaQV, DXBRLV aQG DXBRLV, 1916, aV UHSRUWHG LQ RHIHUHQcH MaQ 84 
  SAY = SAVC*TSA         ! SURFACE AREA EXPOSED WR JaV/YaSRU, SQ.CM 85 
    VSKOC = VSKC*SAO/TSA 86 
     QSKOC = QSKC*SAO/TSA 87 
    VSKYC = VSKC*SAY/TSA 88 
     QSKYC = QSKC*SAY/TSA 89 
 90 
CONSTANT FAD = 0.0  !FRACTION ABSORBED - FROM BADER ET AL, CALCULATE FROM AMNT REMAINING 91 
ON GAUZE 92 
 CONSTANT PVL=0.0 93 
     94 
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  ! SORZO\ SHUIXVHG (GHILQHG aV baOaQcH RI WLVVXHV aQG IORZV) 95 
   VSOZC = 0.91 - ( VFaWC + VLLYC + VMaPC + VRaSC + VUWUC + VSKYC + VSKOC) 96 
    ! NOTE: 0.91 IS APPROX WHOLE BODY LESS BONE 97 
   VSLZC5=0.91 - (VFaWC + VLLYC + VRaSC)        98 
    QSOZC = 1.0 - (QFaWC + QLLYC + QMaPC + QRaSC + QUWUC + QSKYC + QSKOC) 99 
   QSOZC5 = 1.0 - (QFaWC + QLLYC + QRaSC) 100 
     101 
! MROHcXOaU WHLJKWV 102 
  CONSTANT  MW=99.13      !MOL. WT. NMP, MG/MMOL 103 
 CONSTANT  MW1= 116.14     !MOL. WT. 5-HNP, MG/MMOL 104 
 105 
     SWRcK = MW1/MW 106 
 107 
! HXPaQ NMP/BORRG PaUWLWLRQ CRHIILcLHQWV 108 
!EXPERIMENTALLY MEASURED RATVALUES 109 
  CONSTANT    PB = 450.0        ! BORRG/aLU 110 
  CONSTANT    PFaW = 0.61         ! FaW 111 
  CONSTANT    PLLY = 1.00         ! LLYHU 112 
  CONSTANT    PMaP = 1.0          ! MaPPaU\ WLVVXH, HVWLPaWHG IURP OLYHU 113 
  CONSTANT    PPOa = 0.31         ! POacHQWa 114 
  CONSTANT    PRaS = 1.0         ! RaSLGO\ SHUIXVHG WLVVXH, OLYHU 115 
  CONSTANT    PSOZ = 0.30         ! SORZO\ SHUIXVHG WLVVXH, PXVcOH 116 
  CONSTANT    PUWU = 0.34         ! UWHUXV 117 
  CONSTANT    PSKA = 44.5     ! XVH (bORRG/aLU)*(UaW VNLQ:OLTXLG)/(KXPaQ bORRG:OLTXLG) 118 
  CONSTANT    PSKL = 0.42   ! MEASURED SKIN;LIQUID (UaW) 119 
 cRQVWaQW  SVNb = 0.099 ! (UaW VNLQ:OLTXLG)/(KXPaQ bORRG:OLTXLG) 120 
  CONSTANT    PLU= 0.1    ! LUNG:BLOOD 121 
   122 
!METABOLIC RATE CONSTANTS 123 
!**THESE ARE FROM PAYAN ET AL 124 
  !NMP TO 5HNP 125 
  CONSTANT AI1 = 0.0112 ! AFFINITY CONSTANT, O/MG 126 
  CONSTANT VK1C = 0.4663 ! VPa[c/KP, 1/(KU * BW^0.75 ) 127 
 128 
! HXPaQ 5HNMP YROXPH RI GLVWULbXWLRQ 129 
 CONSTANT VOD5Hc = 0.3 ! VOLUME-OF-DISTRIBUTION 130 
 VOD5H = VOD5Hc*BWLQLW 131 
  !NR IHWaO cRPSaUWPHQW IRU PHWabROLWH, NMP LV cRQVLGHUHG WKH acWLYH PRLHW\  132 
  133 
!5HNP TO OTHER METABS 134 
    ! CONSTANT  KM2=22.8       !MICHAELIS CONSTANT, MG/L 135 
    ! CONSTANT  VMAX2C=1.0       !MAX. ENZ. ACT., MG/HR/L 136 
    CONSTANT VK2C=0.0326 ! VMAX2C/KM2, VLQcH cOHaUaQcH a OLQHU 1/(KU*NJ^0.75) 137 
! HXPaQ USWaNH aQG COHaUaQcH PaUaPHWHUV 138 
  !URINARY ELIMINATION OF 5-HNMP - CLEARED FROM BLOOD 139 
  !QRWH ILUVW RUGHU UaWH cRPPHQWHG RXW, VaWXUabOH ILWV bHWWHU 140 
      CONSTANT KAS=5.0 141 
    CONSTANT  KME=3.83       !FLUVW-RUGHU cRQVWaQW IRU 5HNMP LQ XULQH (L/KU) 142 
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    CONSTANT KUMNE=0.182  !FLUVW-RUGHU CONSTANT FOR NMP IN URINE (L/KU) 143 
     144 
! IQLWLaOL]H HXPaQ CRQcHQWUaWLRQV LQ TLVVXHV (PJ/L) 145 
  CONSTANT   ICAUW = 0.0          ! BORRG 146 
  CONSTANT   ICFaW = 0.0          ! FaW 147 
  CONSTANT   ICLLY = 0.0          ! LLYHU 148 
  CONSTANT   ICRaS = 0.0          ! RaSLGO\ SHUIXVHG 149 
  CONSTANT   ICSNQ = 0.0          ! SNLQ 150 
  CONSTANT   ICSOZ = 0.0          ! SORZO\ SHUIXVHG 151 
     ICMaP = ICSOZ                ! MaPPaU\ WLVVXH 152 
     ICUWU = ICRaS                ! UWHUXV 153 
  154 
! DRVLQJ PaUaPHWHUV 155 
  CONSTANT    CRQcSSP = 0.0          ! IQKaOHG cRQcHQWUaWLRQ (SSP) 156 
  CONSTANT   CONCMGM = 0.0 ! IQKaOHG cRQcHQWUaWLRQ (PJ/P3) 157 
  CONSTANT  IVDRVH = 0.0          ! IV GRVH (PJ/NJ) 158 
  CONSTANT   PDRVH = 0.0          ! OUaO GRVH (PJ/NJ) 159 
 cRQVWaQW PDRVH2=0.0 160 
 cRQVWaQW PDRVH3=0.0 161 
  CONSTANT  PDULQN = 0.0          ! DULQNLQJ ZaWHU GRVH (PJ/NJ/Ga\) 162 
  CONSTANT   TCKQJ = 24.0         ! LHQJWK LQK. H[SRVXUH RU IV LQM.(KUV) 163 
  CONSTANT  Da\VWN = 5.0          ! NXPbHU RI H[SRVXUH Ga\V SHU ZHHN 164 
  CONSTANT    TMa[ = 24.0         ! Ma[LPXP WLPH IRU H[SRVXUHV 165 
CONSTANT V2=0.0   !INHALATION ON 166 
CONSTANT S2=3.0   !INHALATION EXPOSURE 167 
CONSTANT S3=3.16   !INHALTION RESUME (HANOVER STUDY) 168 
CONSTANT P3=3.0   !SECOND DAILY EXPOSURE PERIOD 169 
cRQVWaQW RQ3=1.0 ! SHW WR ]HUR WR WXUQ RII 2QG GaLO\ SXOVH; 170 
cRQVWaQW IXOOZHHN=168.0 ! KUV LQ a IXOOZHHN 171 
KUVZHHN=24.0*Da\VWN ! KUV/ZHHN LQ ZRUNSOacH 172 
 173 
! STARTDS IS ADDED TO TCHNG TO ALLOW FOR DOSING THAT DOES NOT START AT T=0 174 
!INITIAL EXPOSURE CONDITIONS 175 
 !DERMAL 176 
      CONSTANT CONCL = 0.0       !CONC OF NMP IN LIQUID, MG/L 177 
     ! CaUdQR edLW VWaUW 178 
      CONSTANT LIQUIDTIME = 0 179 
     ! CaUdQR edLW eQd 180 
 181 
       cRQVWaQW VUaWH = 0.0   ! PJ/KU GHOLYHUHG WR VNLQ b\ VSUa\ aSSOLcaWLRQ 182 
      CONSTANT VLIQ0 = 1.0H-99  !INITIAL VOLUME APPLIED, L 183 
      CONSTANT DENSITY=1.02H6 ! DHQVLW\ (PJ/L) @ 40C, a VNLQ WHPSHUaWXUH 184 
     CONSTANT RESID=0.0          !AMOUNT STICKING TO EXPOSURE SYSTEM, MG 185 
   cRQVWaQW BRUSH=0.0   ! SHW WR 1.0 IRU bUXVK/OLTXLG H[SRVXUH 186 
      DDN = (CONCL - 1.0)*VLIQ0*FAD ! SXbWUacW 1 PJ/L, a 1 SSP, IURP LQLWLaO cRQc. WR aYRLG VLIQ --> 0 187 
   AH20 = (DENSITY+1.0-CONCL)*VLIQ0 ! ... aQG aGG LW WR H20. 188 
! NRWH, IRU aSSOLcaWLRQ RI 100% NMP, LW LV QRW SRVVLbOH IRU CSURF WR GURS bHORZ 100%.   189 
! 100% NMP LV QRW GLOXWHG LQ aQ\WKLQJ, VR WKH "VROXWLRQ" caQ'W bHcRPH OHVV GLOXWH.  190 
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! TKH YROXPH (VLIQ) ZRXOG acWXaOO\ GHcUHaVH XQWLO LW'V aOO abVRUbHG.  191 
! UQOHVV WKH H[SHULPHQW UXQV ORQJ HQRXJK IRU 100% abVRUSWLRQ, WUHaW VLIQ aV 192 
! H[WUHPHO\ OaUJH, a 10^9, IRU 100% NMP. 193 
! BXW cKHcN WKaW \RX GRQ'W SUHGLcW PRUH abVRUSWLRQ WKaQ ZaV acWXaOO\ aSSOLHG! 194 
 195 
       !IN VITRO HUMAN VAN DYK ET AL. AIHA J 56: 651-660 196 
        !START WITH SMALL SA SO VSKE IS NON-ZERO (USED IN DENOMINATOR OF CSK CALCULATION) 197 
 198 
 199 
  ! E[SRVXUH CRQGLWLRQV BaVHG RQ UVHU DHILQHG IQLWLaO APRXQWV RI CKHPLcaO (PJ) 200 
  IF (cRQcSSP.EQ.0.0) THEN 201 
     cRQcPJ=cRQcPJP/1000.0      !CONCERT MG/M3 WR PJ/L 202 
  ELSE 203 
       CONCPJ = CONCSSP*MW/24451.    !CRQYHUW SSP WR PJ/LLWHU! 204 
  ENDIF 205 
 206 
!CONSTANT CONCMG=0   !HANNOVER STUDY UNIT MG/M3 SO CONCMG /1000(O/M3)           207 
CONSTANT   DOSEINTERVAL=24.0  !TIME BETWEEN DAILY DOSES 208 
         209 
! SLPXOaWLRQ CRQWURO PaUaPHWHUV 210 
  CONSTANT SWaUWDV = 0.0          ! TLPH ILUVW GRVH LV JLYHQ (KUV) 211 
  CONSTANT   TSWRS = 6480.0       ! RXQ VLPXOaWLRQ IRU abRXW 9 PRQWKV 212 
  CONSTANT   CIQWC = 0.1 213 
 CONSTANT GDVWaUW = 0.0  ! GHVWaWLRQ Ga\ RQ ZKLcK VLPXOaWLRQ VWaUWV 214 
 215 
! ScaOHG HXPaQ PXOPRQaU\ VHQWLOaWLRQ RaWH (L/KU) 216 
        QP = QPC * (BWIQLW**0.75) 217 
      QAOY = 0.67 * QP 218 
 219 
! ScaOHG HXPaQ BORRG FORZV (L/KU) 220 
    QCIQLW = QCC * (BWIQLW**0.75) 221 
    QFaWI = QFaWC * QCIQLW  222 
    QLLY = QLLYC * QCIQLW 223 
    QMaPI = QMaPC * QCIQLW 224 
     QPOaI = 58.5 * VPOaI ! YaOXH IRU 'Ga\V'=0 SHU caOcXOaWLRQ bHORZ 225 
    QRaS = QRaSC * QCIQLW 226 
    QSOZ = (QSOZC * QCIQLW) - QPOaI 227 
    QUWUI = QUWUC * QCIQLW 228 
    QSNO = QSKOC * QCIQLW 229 
    QSNY = QSKYC * QCIQLW 230 
 231 
 232 
! ScaOHG HXPaQ TLVVXH VROXPHV (L) 233 
      VAOY = VAOYC * BWIQLW 234 
      VFaWI = BWIQLW*(VFaWC+(0.09*H[S(-12.90995862*H[S(-0.000797*24.0*GDVWaUW))))  235 
      VFHWI = 3.50 * (H[S(-16.081*H[S(-5.67H-4*24.0*GDVWaUW))+ H[S(-140.178*H[S(-7.01H-4*24.0*GDVWaUW))) 236 
      VMaPI = BWIQLW*(VMaPC+(0.0065*H[S(-7.444868477*H[S(-0.000678*24.0*GDVWaUW)))) 237 
      VPOaI = 0.85*H[S(-9.434*H[S(-5.23H-4*24.0*GDVWaUW)) 238 



RHYLHZ aQG RHILQHPHQW RI SHPLcRQGXcWRU MaQXIacWXULQJ OccXSaWLRQaO E[SRVXUH ScHQaULRV: 
OcWRbHU 2019 U.S. EPA DUaIW RLVN EYaOXaWLRQ IRU N-MHWK\OS\UUROLGRQH (NMP) 

JaQXaU\ 2020 CaUGQR CKHPRLVN    A-7 

      VUWUI = BWIQLW*(VUWUC+(0.02*H[S(-4.715669973*H[S(-0.000376*24.0*GDVWaUW)))) 239 
      VLLY = VLLYC * BWIQLW 240 
      VRaS = VRaSC * BWIQLW 241 
     VSKO = VSKOC * BWLQLW 242 
     VSKY = VSKYC * BWLQLW 243 
       VBL=VBLC * BWINIT 244 
       VSOZ = (VSOZC * BWIQLW) 245 
 246 
! ScaOHG HXPaQ MHWabROLVP PaUaPHWHUV 247 

VK1 = VK1C * (BWIQLW**0.75) 248 
      VK2 = VK2C * (BWIQLW**0.75) 249 
! IQLWLaOL]H HXPaQ NMP APRXQWV LQ TLVVXHV 250 
     IAAUW = ICAUW * VAOY 251 
     IAFaW = ICFaW * VFaWI 252 
     IALLY = ICLLY * VLLY 253 
     IAMaP = ICMaP * VMaPI 254 
     IARaS = ICRaS * VRaS 255 
     IASNO = ICSNQ * VSKO 256 
     IASNY = ICSNQ * VSKY 257 
     IASOZ = ICSOZ * VSOZ 258 
     IAUWU = ICUWU * VUWUI 259 
   IQLWTRW = IAAUW + IAFaW + IALLY + IAMaP + IARaS + IASNO + IASNY + IASOZ + IAUWU 260 
 261 
 262 
! IQLWLaOL]H SWaUWLQJ VaOXHV 263 
        BW = BWIQLW 264 
     DULQN = (PDULQN * BW) / 24.0      ! DULQNLQJ ZaWHU GRVH (PJ/KU) 265 
      CINT = CIQWC 266 
        IV = 0.0 267 
    Da\E[S = 1.0 268 
      CIQK = 0.0 269 
     CONSTANT  FRACIN = 0.97     !FRACTIONAL UPTAKE OF NMP BY INHAL,START AT 65% 270 
                      !RI aOYHROaU - aV LQ ANHVVRQ HW aO 1997 271 
    CONSTANT  FRACOR = 1.0      !FRACTION ABSORBED ORALLY, INITALLY 100% 272 
 273 
! CRQYHUW RUaO GRVH IURP XJ/NJ WR XPROHV  274 
! MRGLI\ GRVH WR accRXQW IRU IUacWLRQaO abVRUSWLRQ  275 
ODOSE=0.0 ! IQLWLaO YaOXH 276 
ODOSE1= PDOSE * BW * FRACOR    ! XPROHV 277 
ODOSE2= PDOSE2* BW * FRACOR    ! XPROHV 278 
ODOSE3= PDOSE3* BW * FRACOR    ! XPROHV 279 
 280 
CONSTANT TIME=0.0 281 
CONSTANT TIME1 = 0.0  ! !'GaLO\ UaW H[SR (KU)'      282 
CONSTANT TIME2 = 4.0  ! !'SECOND DAILY EXPOSURE (KU)'  283 
CONSTANT TIME3 = 4.0  ! !'THIRD DAILY DOSE' 284 
CONSTANT REPTM=720.0 ! CHANGE TO 24 FOR DAILY DOSING 285 
  286 
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SCHEDULE DOSE1 .AT. TIME1 287 
 288 
DZONE = 1.0 ! SWaUW ZLWK GHUPaO aQG IL[HG cRQc LQKaOaWLRQ H[SRVXUH RQ 289 
VcKHGXOH RIIG.aW.S2 290 
VcKHGXOH OND2.aW.24.0 291 
LI (ON3) VcKHGXOH OND3.aW.V3 292 
 293 
END                ! EQG RI IQLWLaO 294 
 295 
DYNAMIC 296 
  ALGORITHM  IALG = 2             ! GHaU VWLII PHWKRG 297 
 298 
 DISCRETE DOSE1 299 
 ODOSE = ODOSE+ODOSE1 300 
 SCHEDULE DOSE2 .AT. (TIME+TIME2) 301 
 END 302 
  303 
 DISCRETE DOSE2 304 
 ODOSE = ODOSE+ODOSE2 305 
 SCHEDULE DOSE3 .AT. (TIME+TIME3) 306 
 END 307 
 308 
 DISCRETE DOSE3 309 
 ODOSE = ODOSE+ODOSE3 310 
 SCHEDULE DOSE1 .AT. (TIME+REPTM-TIME2-TIME3) 311 
 END 312 
 313 
DISCRETE DRVHOQ    ! SWaUW GRVLQJ 314 
  INTERVAL DRVHIQW = 24.0         ! IQWHUYaO WR UHSHaW GRVLQJ 315 
  SCHEDULE DRVHOII .AT. T + TCKQJ 316 
  IF ((T.GE.SWaUWDV) .AND. (T.LT.TMa[)) THEN 317 
  IF (T.LE.(SWaUWDV+TCKQJ)) THEN 318 
   IF (IVDRVH.GT.0.0) CINT = MIN(CIQWC, (TCKQJ/10.0)) 319 
      IV = (IVDRVH*BW) / TCKQJ    ! RaWH RI LQWUaYHQRXV GRVLQJ (PJ/KU) 320 
  ENDIF 321 
 ENDIF 322 
END ! DRVHOQ 323 
 324 
DISCRETE DRVHOII 325 
  CIQK = 0.0 326 
  CINT = CIQWC 327 
  IV = 0.0 328 
END 329 
 330 
GLVcUHWH OND2 331 
 DZONE=1.0 332 
 SCHEDULE OND2.AT.(T+24.0) 333 
 SCHEDULE OFFD.AT.(T+P2) 334 
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END 335 
 336 
GLVcUHWH OND3 337 
 DZONE=1.0 338 
 SCHEDULE OND3.AT.(T+24.0) 339 
 SCHEDULE OFFD.AT.(T+P3) 340 
END 341 
 342 
!EXPOSURE CONTROL 343 
DISCRETE OFFD   344 
 DZONE=0.0 !TURN OFF DERMAL & FIXED CONC INHALATION 345 
END 346 
 347 
DERIVATIVE 348 
     HRXUV = T 349 
   MLQXWHV = T * 60.0 350 
      Da\V = T / 24.0 + GDVWaUW 351 
  GWLPH = T + GDVWaUW*24.0 352 
 353 
! VROXPH RI KXPaQ IaW (L) 354 
      VFaW = BWIQLW*(VFaWC+(0.09*H[S(-12.90995862*H[S(-0.000797*GWLPH)))) 355 
 356 
! VROXPH RI KXPaQ IHWXV (L) 357 
      VFHW = 3.50 * (H[S(-16.081*H[S(-5.67H-4*GWLPH))+ H[S(-140.178*H[S(-7.01H-4*GWLPH))) 358 
 359 
! VROXPH RI KXPaQ PaPPaU\ WLVVXH (L) 360 
      VMaP = BWIQLW*(VMaPC+(0.0065*H[S(-7.444868477*H[S(-0.000678*GWLPH)))) 361 
 362 
! VROXPH RI KXPaQ SOacHQWa (L) 363 
      VPOa = 0.85*H[S(-9.434*H[S(-5.23H-4*GWLPH)) 364 
 365 
! VROXPH RI KXPaQ XWHUXV (L) 366 
      VUWU = BWIQLW*(VUWUC+(0.02*H[S(-4.715669973*H[S(-0.000376*GWLPH)))) 367 
 368 
! IQcUHaVH LQ KXPaQ bRG\ ZHLJKW (NJ) 369 
        BW = BWIQLW + (VFaW - VFaWI) + VFHW + (VMaP - VMaPI) + VPOa + (VUWU - VUWUI) 370 
 371 
! ScaOHG KXPaQ aOYHROaU YHQWLOaWLRQ (L/KU) 372 
        QP = QPC * (BW**0.75) 373 
      QAOY = 0.67 * QP 374 
 375 
! IQcUHaVH LQ KXPaQ bORRG IORZV (L/KU) 376 
      QFaW = QFaWI * (VFaW / VFaWI) 377 
      QMaP = QMaPI * (VMaP / VMaPI) 378 
      QUWU = QUWUI * (VUWU / VUWUI) 379 
 380 
! HXPaQ BORRG IORZ WR SOacHQWa (L/KU) 381 
      QPOa = 58.5 * VPOa 382 
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 383 
! IQcUHaVHG KXPaQ caUGLac RXWSXW (L/KU) 384 
        QC = QCIQLW + (QFaW - QFaWI) + (QMaP - QMaPI) + (QPOa - QPOaI) + (QUWU - QUWUI)  385 
   QSOZ5 = Qc - (QFaW + QLLY + QRaS) 386 
   VSOZ5 = BW - (VFaW + VLLY + VRaS) 387 
 388 
! ScaOHG SHUPHabLOLW\-aUHa SURGXcW 389 
       PAF = PAFC * (VFHW**0.75) 390 
 391 
! ------------------ HUMAN NMP MODEL ------------------------- 392 
 393 
! APRXQW E[KaOHG (PJ) 394 
     RAE[K = QAOY * CAOY 395 
      AE[K = INTEG(RAE[K, 0.0) 396 
 397 
!CI = cRQcPJ*c]RQH + RESLVL(T) !UQLcH 398 
CI = cRQcPJ*c]RQH 399 
! IRU a 5 Ga\/ZN H[SRVXUH, cKaQJH ILUVW SXOVH WR SXOVH(0,7*24,5*24) 400 
! IRU GaLO\, SXOVH(0,1H6,24) 401 
 402 
  TORAL= ODOSE1 - AO      !AMT ABSORBED ORALLY, MG! 403 
RSTOM = -KAS*AO 404 
RAO = KaS*AO    ! CKaQJH LQ VWRPacK (XPROH/KU)  405 
AO=ODOSE1+INTEG(RVWRP,0.0)    ! APW LQ VWRPacK (XPROH)  406 
 407 
! APRXQW LQ FaW (PJ) 408 
     RAFaW = QFaW * (CAUW - CVFaW) 409 
      AFaW = INTEG(RAFaW, IAFaW) 410 
      CFaW = AFaW / VFaW 411 
     CVFaW = CFaW / PFaW 412 
 413 
! APRXQW LQ FHWXV (PJ) 414 
     RAFHW = PAF * (CPOa - CFHW) 415 
      AFHW = INTEG(RAFHW, 0.0) 416 
      CFHW = AFHW / VFHW 417 
   AUCCFHW = INTEG(CFHW, 0.0) 418 
    419 
! APRXQW LQ LLYHU (PJ) 420 
     RALLY = (QLLY * (CAUW - CVLLY)) + RAO + DULQN - RAMHW1 421 
      ALLY = INTEG(RALLY, IALLY) 422 
      CLLY = ALLY / VLLY 423 
     CVLLY = CLLY / PLLY 424 
 425 
! APRXQW MHWabROLVHG LQ LLYHU -- SaWXUabOH (PJ) 426 
    RAMHW1 = VK1 * CVLLY / (1 + aI1*CVLLY) 427 
     AMHW1 = INTEG(RAMHW1, 0.0) 428 
 429 
! APRXQW LQ MaPPaU\ TLVVXH (PJ) 430 



RHYLHZ aQG RHILQHPHQW RI SHPLcRQGXcWRU MaQXIacWXULQJ OccXSaWLRQaO E[SRVXUH ScHQaULRV: 
OcWRbHU 2019 U.S. EPA DUaIW RLVN EYaOXaWLRQ IRU N-MHWK\OS\UUROLGRQH (NMP) 

JaQXaU\ 2020 CaUGQR CKHPRLVN    A-11 

     RAMaP = QMaP * (CAUW - CVMaP) 431 
      AMaP = INTEG(RAMaP, IAMaP) 432 
      CMaP = AMaP / VMaP 433 
     CVMaP = CMaP / PMaP 434 
   435 
! APRXQW LQ POacHQWa (PJ) 436 
     RAPOa = (QPOa * (CAUW - CVPOa)) + (PAF * (CFHW - CPOa)) 437 
      APOa = INTEG(RAPOa, 0.0) 438 
      CPOa = APOa / VPOa 439 
     CVPOa = CPOa / PPOa 440 
   441 
! APRXQW LQ RaSLGO\ PHUIXVHG TLVVXH (PJ) 442 
     RARaS = QRaS * (CAUW - CVRaS) 443 
      ARaS = INTEG(RARaS, IARaS) 444 
      CRaS = ARaS / VRaS 445 
     CVRaS = CRaS / PRaS 446 
 447 
!ASKO = AMOUNT NMP IN OLTXLG-H[SRVHG SKIN TISSUES (MG) AND DERMAL DOSING (IURP YaSRU) 448 
! LLTXLG H[SRVXUH ZKHQ c]RQH = 1, RWKHUZLVH c]RQH = 0. CI = aLU cRQcHQWUaWLRQ 449 
c]RQH = SXOVH(0.0,IXOOZHHN,KUVZHHN)*DZONE 450 
 451 
! CaUdQR edLW VWaUW 452 
cc]RQe = c]RQe*SXOVe(0.0,24,LIQUIDTIME) 453 
!cc]RQe=SXOVe(0.0,24,6) 454 
 455 
! CaUdQR edLW eQd 456 
 457 
! IRU a 5 Ga\/ZN H[SRVXUH, XVH IXOOZHHN=7*24, KUVZHHN=5*24 (Da\VZN=5) 458 
! IRU a VLQJOH Ga\, IXOOZHHN=1H16, KUVZHHN=24 (Da\VZN=1) 459 
 460 
RADL = (PVL*SAL/1000.0)*(CSURF - (CSKL/PSKL))*cc]RQH*BRUSH !cKaQJH WR cc]RQH 461 
  ! NHW UaWH RI GHOLYHU\ WR "L" VNLQ IURP OLTXLG, ZKHQ OLTXLG LV WKHUH 462 
 ADLL = LQWHJ(RADL, 0.0) 463 
RADVL = (PV*SAL/1000.0)*(CI - (CSKL/PSKA))*(1.0-cc]RQH) !cKaQJH WR cc]RQH 464 
 ! NHW UaWH RI GHOLYHU\ WR "L" VNLQ IURP aLU, ZKHQ OLTXLG QRW SUHVHQW 465 
 ADVL = LQWHJ(RADVL, 0.0) 466 
ASURF = INTEG(-RADL, DDN) ! ARXQW LQ OLTXLG.  DDN LV WKH LQLWLaO aPRXQW. 467 
VLIQ = (AH20 + ASURF)/DENSITY 468 
CSURF = ASURF/VLIQ 469 
 470 
RASKL = QSKL*(CAUW - CYSKL) + RADL + RADVL  ! RaWH RI cKaQJH LQ "L" VNLQ cRPSaUWPHQW 471 
ASKL = INTEG(RASKL, 0.0) ! APRXQW LQ "L" VNLQ 472 
CSKL = ASKL/VSKL    ! CRQcHQWUaWLRQ LQ "L" VNLQ 473 
CYSKL = CSKL/PSKB    ! CRQcHQWUaWLRQ LQ YHQRXV bORRG H[LWLQJ "L" VNLQ 474 
 475 
 476 
!ASKY = AMOUNT NMP IN YaSRU-H[SRVHG SKIN TISSUES (MG) AND DERMAL DOSING (IURP YaSRU); 477 
! "SKY" (YaSRU-RQO\-H[SRVHG) VNLQ cRPSaUWPHQW.  CI = aLU cRQcHQWUaWLRQ 478 
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 479 
RADVY = (PV*SAY/1000.0)*(CI*(1.0 - AMASK/SAVC) - (CSKY/PSKA))   ! NHW UaWH RI WUaQVIHU IURP aLU WR VNLQ 480 
  ! IQ abRYH, CI LV UHGXcHG LQ SURSRUWLRQ WR PaVN IUacWLRQaO cRYHUaJH (AMASK), VR *aYHUaJH* 481 
  ! cRQcHQWUaWLRQ RI aLU RYHU H[SRVHG VNLQ LV UHGXcHG IURP CI b\ AMASK/SAVC. 482 
  ! II WKH cRQcHQWUaWLRQ LQVLGH WKH PaVN LV 10% RI H[SRVXUH aQG WKH VXUIacH aUHa IUacWLRQ RI WKH IacH 483 
  ! (cRYHUHG b\ WKH PaVN) LV 'PaVN' = 0.03, aQG SAVC LV WKH VXUIacH aUHa IUacWLRQ RWKHUZLVH H[SRVHG, 484 
  ! WKHQ WKH aYHUaJH cRQcHQWUaWLRQ RI YaSRU-H[SRVHG VNLQ (ZHLJKWHG b\ VXUIacH aUHa) LV: 485 
  ! [(SA IXOO\ H[SRVHG)*CI + (SA RI PaVN)*10%*CI]/SAVC = 486 
  ! [(SAVC - PaVN)*CI      +         PaVN*0.1*CI]/SAVC = [1 - 0.9*PaVN/SAVC]*CI  487 
  !           488 
             489 
  = (1 - AMASK/SAVC)*CI, 490 
  ! LI AMASK = 0.9*PaVN; L.H., WKH PaVN HIIHcWLYHO\ cRYHUV 90% RI WKH IacH, UHGXcHV CI b\ 491 
AMASK/SAVC. 492 
 493 
       ADVY = INTEG(RADVY,0.0)   !'AMT NMP ABSORBED DERMAL,MG' 494 
RASKY = QSKY*(CAUW - CYSKY) + RADVY  ! RaWH RI cKaQJH LQ "V" VNLQ 495 
ASKY = INTEG(RASKY, 0.0)           ! APRXQW LQ "V" VNLQ 496 
CSKY = ASKY/VSKY                   ! CRQcHQWUaWLRQ LQ "V" VNLQ 497 
CYSKY = CSKY/PSKb                  ! CRQcHQWUaWLRQ LQ YHQRXV bORRG H[LWLQJ "V" VNLQ 498 
 499 
! APRXQW LQ SORZO\ PHUIXVHG TLVVXH (PJ) 500 
     RASOZ = QSOZ * (CAUW - CVSOZ) 501 
      ASOZ = INTEG(RASOZ, IASOZ) 502 
      CSOZ = ASOZ / VSOZ 503 
     CVSOZ = CSOZ / PSOZ 504 
 505 
! APRXQW LQ UWHUXV (PJ) 506 
     RAUWU = QUWU * (CAUW - CVUWU) 507 
      AUWU = INTEG(RAUWU, IAUWU) 508 
      CUWU = AUWU / VUWU 509 
     CVUWU = CUWU / PUWU 510 
 511 
! BLOOD VENOUS ARTERIAL (c)  512 
CVEN=(QFAT*CVFaW + QLIV*CVLLY + QMAM*CVMaP + QPLA*CVPOa + QRaS*CVRaS + QSOZ*CVSOZ & 513 
           + QUWU*CVUWU + QSKV*CVSKY + QSKL*CVSKL + IV) / QC 514 
LYWRW=INTEG(IV, 0.0) 515 
 516 
! APRXQW LQ AUWHULaO BORRG (PJ) 517 
 RAINH = QAOY*(CI*FRACIN - CAOY) 518 
     RABOG = RAINH + QC*(CVHQ-CAUW) - RAUNP 519 
 INKaOWRW = INTEG(RAINH, 0.0) 520 
      ABOG = INTEG(RABOG, IAAUW) 521 
      CAUW = ABOG / VBL 522 
      CAOY = CAUW / PB 523 
   CAOYPPM = CAOY * 24450.0 / MW 524 
   AUCCBOG = INTEG(CAUW, 0.0) 525 
 526 
! APRXQW LQ UULQH (PJ) 527 
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   RAUNP = KUMNE*CART   !FIRST ORDER RATE OF LOSS (URINE 528 
 AUNP = INTEG(RAUNP,0.0) 529 
 530 
! -------------------- HUMAN 5HNMP MODEL -------------------------- 531 
 532 
! APRXQW LQ bRG\ (PJ) 533 
    RA5H = (RAMHW1*STOCH) - RAMHWM1 - RAUHP 534 
     A5H = INTEG(RA5H, 0.0) 535 
     CYHQ1 = A5H / VOD5H 536 
 537 
! APRXQW MHWabROLVHG [LQ LLYHU] -- SaWXUabOH (PJ) 538 
  RAMHWM1 = VK2*CYHQ1 539 
    AMHWM1 = INTEG(RAMHWM1, 0.0) 540 
 541 
! APRXQW LQ UULQH (PJ) 542 
   RAUHP = KME*CYHQ1 543 
AUHP = INTEG(RAUHP,0.0) 544 
 545 
! ----------------- CHECK MASS BALANCE ------------------------------ 546 
  INTOT=INTEG((QAOY*CI*FRACIN), 0.0) 547 
 548 
   TDRVH = INTOT  + AO + IQLWTRW+TORAL+ADLL+ADVL+ADYV  549 
   NMPTOT = ABOG + AFaW + AFHW + ALLY + AMaP + APOa + ARaS + ASNO + ASNY + ASOZ + AUWU + AE[K + AUQS + 550 
AMET1 551 
      MaVVBaO = TDRVH/(NMPTOT+0.000000000001) 552 
   553 
TERMT(T.GT.TSTOP, 'SLPXOaWLRQ FLQLVKHG') 554 
 555 
END                ! EQG RI DHULYaWLYH 556 
 557 
TERMINAL 558 
   DAUCCBOG = AUCCBOG * 24.0 / TSWRS 559 
   DAUCCFHW = AUCCFHW * 24.0 / TSWRS 560 
END 561 
 562 
END                ! EQG RI D\QaPLc 563 
END                ! EQG RI PURJUaP 564 
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A.2 U.S. EPA NMP PBPK MRdeO ChURQLc SceQaULR .P FLOe MRdLfLed b\ 
CaUdQR ChePRLVN 

WLc 1 
 2 
XVH KXPaQ_SaUaPV 3 
XVH KXPaQ_aYJ_SaUaPV 4 
BWINIT=74; DAYSWK=5; TSTOP=168; BRUSH=1; VLIQ0=1H6; S3=4.5; P3=4;  5 
PVL=4.78H-4; GDSTART = 0; % ZRPaQ RI cKLOGbHaULQJ aJH, QRW SUHJQaQW 6 
VWaUW @QRcaOObacN 7 
%SUHSaUH @cOHaU T CVEN CZONE CI 8 
 9 
%CaUdQR ChePRLVN EdLWV START **** 10 
SUeSaUe @cOeaU T CART ADLL CVEN CZONE CCZONE CI 11 
CART_ALL = [ ]; 12 
ADLL_ALL = [ ]; 13 
fQaPe="NMP_ZUNSOc_JaQ2020_MaOe_CC.[OV" 14 
DENSITY = 1020000; 15 
%CaUdQR ChePRLVN EdLWV END **** 16 
 17 
% SWaUW b\ UHaGLQJ OaVW URZ # WR aQaO\]H (A2) aQG BW (B2) IURP IQaPH: 18 
IVW=[OVRHaG(IQaPH, "cKURQLc H[SRVXUHV GaWa", "A2:B2"); BWINIT=IVW(2); 19 
% TKHQ VHW UaQJHV WR UHaG GaWa XVLQJ OaVW URZ #, aQG UHaG LQSXW GaWa. 20 
KUQJ=cWRV(['H3:J',QXP2VWU(IVW(1))]); GaW=[OVRHaG(IQaPH, "cKURQLc H[SRVXUHV GaWa", KUQJ); 21 
OUQJ=cWRV(['L3:L',QXP2VWU(IVW(1))]); GcRQc=[OVRHaG(IQaPH, "cKURQLc H[SRVXUHV GaWa", OUQJ); 22 
RUQJ=cWRV(['R3:R',QXP2VWU(IVW(1))]); SIJ=[OVRHaG(IQaPH, "cKURQLc H[SRVXUHV GaWa", RUQJ); 23 
 24 
%CaUdQR ChePRLVN EdLWV START **** 25 
NUQg=cWRV(['K3:K',QXP2VWU(fVW(1))]); WOLT=[OVRead(fQaPe, "chURQLc e[SRVXUeV daWa", NUQg); 26 
PUQg=cWRV(['M3:M',QXP2VWU(fVW(1))]); dSZ=[OVRead(fQaPe, "chURQLc e[SRVXUeV daWa", PUQg); 27 
QUQg=cWRV(['N3:N',QXP2VWU(fVW(1))]); SYO=[OVRead(fQaPe, "chURQLc e[SRVXUeV daWa", QUQg); 28 
%CaUdQR ChePRLVN EdLWV END **** 29 
 30 
aJORYH=890; % cP^2 cRYHUHG b\ JORYHV ZKHQ ZRUQ (ZKHQ SIJ > 1) 31 
PaVN=0.03; % FUacWLRQ RI VNLQ cRYHUHG b\ PaVN 32 
UHV=[]; % HPSW\ UHVXOWV WabOH 33 
%CINTC=1 34 
VaOLVW=[]; % HPSW\ aUUa\ IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 35 
IRU VcHQ=1:OHQJWK(GcRQc)  36 
  37 
%CaUGQR CKHPRLVN EGLWV START **** 38 
  LIQUIDTIME=WOLT(VcHQ); 39 
 LI (LIQUIDTIME > 4)  40 
      LIQUIDTIME = LIQUIDTIME + 0.5 % AGG 1/2 KRXU WR Ga\ IRU OXQcK (cRGH H[cOXGHV H[S). LI 41 
GHUPaO cRQWacW > 4 KRXUV 42 
  HQG 43 
 44 
  DAYSWK=GSZ(VcHQ); 45 
  %SHWV Ga\V SHU ZHHN 46 
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 47 
  PVL=SYO(VcHQ); 48 
  %SHWV PVL 49 
 50 
%CaUGQR CKHPRLVN EGLWV END **** 51 
 52 
    CONCL=GaW(VcHQ,1)*DENSITY; SAL=GaW(VcHQ,2)/SIJ(VcHQ); % SAL = (SA H[SRVHG)/(JORYH PF) 53 
 CONCMGM=GcRQc(VcHQ); P2=GaW(VcHQ,3); ON3=0; JORYHV = SIJ(VcHQ) > 1; % 1 ZKHQ JORYHV RQ 54 
 UH[S=[VcHQ GaW(VcHQ,1) SAL P2 SIJ(VcHQ)]; % VWaUW URZ RI UHVXOWV 55 
 LI (P2 > 4)  56 
  ON3 = 1; P3 = P2 - 4; P2 = 4;  57 
 HQG 58 
 UVa=[];  % HPSW\ URZ RI UHVXOWV IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 59 
 IRU FRACIN=[1 0.1] % "1" LV QR PaVN, 100% aLU cRQc, 0.1 LV aLU cRQc UHGXcHG 10[ b\ PaVN 60 
  AMASK=PaVN*(1-FRACIN); % ]HUR PaVN aUHa ZKHQ QR PaVN, FRACIN=1  61 
  SAVC=0.25 - (JORYHV*aJORYH + (1-JORYHV)*SAL)/TSA; 62 
  VWaUW @QRcaOObacN 63 
  UH[S=[UH[S (AUCCBLD*24/TSTOP) Pa[(_cYHQ)]; 64 
  UVa=[UVa,ADVV];  % aSSHQGLQJ WR URZ RI UHVXOWV IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 65 
  LI VcHQ==7 66 
   %SORW(_W,_cYHQ,_W,_cL*1000,'ZUNSORW.aSV') 67 
      %SORW(_W,_cc]RQH,_W,_c]RQH,'ZUNSORW.aSV') 68 
        HQG 69 
    LI VcHQ==8 70 
   %SORW(_W,_cYHQ,_W,_cL*1000,'ZUNSORW.aSV') 71 
      %SORW(_W,_cc]RQH,_W,_c]RQH,'ZUNSORW.aSV') 72 
        HQG 73 
     74 
    %CaUGQR CKHPRLVN EGLWV START **** 75 
     76 
     CART_ALL = [CART_ALL _caUW ]; 77 
     ADLL_ALL = [ADLL_ALL _aGOO ]; 78 
 79 
    %CaUGQR CKHPRLVN EGLWV END **** 80 
 81 
 HQG % ZLWK/ZLWKRXW PaVN 82 
 UHV=[UHV;UH[S] % aGG UHVXOWV URZ WR UHVXOWV WabOH 83 
 VaOLVW=[VaOLVW;UVa]; % aSSHQGLQJ WR UHVXOWV IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 84 
 85 
HQG % VcHQaULR 86 
SUQJ=cWRV(['S3:[',QXP2VWU(IVW(1))]); 87 
[OVWULWH(IQaPH, "cKURQLc H[SRVXUHV GaWa", SUQJ, UHV); 88 
 89 
%CaUGQR CKHPRLVN EGLWV START **** 90 
     91 
 CART_ALL = [_W'; CART_ALL']'; 92 
 ADLL_ALL = [_W'; ADLL_ALL']'; 93 
 94 
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 VaYH CART_ALL @ILOH=CART_MaOH.cVY @IRUPaW=aVcLL @VHSaUaWRU=cRPPa 95 
 VaYH ADLL_ALL @ILOH=ADLL_MaOH.cVY @IRUPaW=aVcLL @VHSaUaWRU=cRPPa 96 
  97 
%CaUGQR CKHPRLVN EGLWV END **** 98 
WRc 99 
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A.3 U.S. EPA NMP PBPK MRdeO AcXWe SceQaULR .P FLOe MRdLfLed b\ CaUdQR 
ChePRLVN 

WLc 1 
 2 
XVH KXPaQ_SaUaPV 3 
XVH KXPaQ_aYJ_SaUaPV 4 
BWINIT=74; DAYSWK=5; TSTOP=168; BRUSH=1; VLIQ0=1H6; S3=4.5; P3=4;  5 
PVL=4.78H-4; GDSTART = 0; % ZRPaQ RI cKLOGbHaULQJ aJH, QRW SUHJQaQW 6 
VWaUW @QRcaOObacN 7 
%SUHSaUH @cOHaU T CVEN CZONE CI 8 
 9 
%CaUdQR ChePRLVN EdLWV START **** 10 
SUeSaUe @cOeaU T CART ADLL CVEN CZONE CCZONE CI 11 
CART_ALL = [ ]; 12 
ADLL_ALL = [ ]; 13 
fQaPe="NMP_ZUNSOc_JaQ2020_FePaOe_CC.[OV" 14 
DENSITY = 1020000; % DeQVLW\ LQ Pg/L aW VNLQ WePSeUaWXUe 40C 15 
%CaUdQR ChePRLVN EdLWV END **** 16 
 17 
 18 
% SWaUW b\ UHaGLQJ OaVW URZ # WR aQaO\]H (A2) aQG BW (B2) IURP IQaPH: 19 
IVW=[OVRHaG(IQaPH, "acXWH H[SRVXUHV GaWa", "A2:B2"); BWINIT=IVW(2); 20 
% TKHQ VHW UaQJHV WR UHaG GaWa XVLQJ OaVW URZ #, aQG UHaG LQSXW GaWa. 21 
KUQJ=cWRV(['H3:J',QXP2VWU(IVW(1))]); GaW=[OVRHaG(IQaPH, "acXWH H[SRVXUHV GaWa", KUQJ); 22 
OUQJ=cWRV(['L3:L',QXP2VWU(IVW(1))]); GcRQc=[OVRHaG(IQaPH, "acXWH H[SRVXUHV GaWa", OUQJ); 23 
RUQJ=cWRV(['R3:R',QXP2VWU(IVW(1))]); SIJ=[OVRHaG(IQaPH, "acXWH H[SRVXUHV GaWa", RUQJ); 24 
 25 
%CaUdQR ChePRLVN EdLWV START **** 26 
NUQg=cWRV(['K3:K',QXP2VWU(fVW(1))]); WOLT=[OVRead(fQaPe, "acXWe e[SRVXUeV daWa", NUQg); 27 
PUQg=cWRV(['M3:M',QXP2VWU(fVW(1))]); dSZ=[OVRead(fQaPe, "acXWe e[SRVXUeV daWa", PUQg); 28 
QUQg=cWRV(['N3:N',QXP2VWU(fVW(1))]); SYO=[OVRead(fQaPe, "acXWe e[SRVXUeV daWa", QUQg); 29 
%CaUdQR ChePRLVN EdLWV END **** 30 
 31 
aJORYH=890; % cP^2 cRYHUHG b\ JORYHV ZKHQ ZRUQ (ZKHQ SIJ > 1) 32 
PaVN=0.03; % FUacWLRQ RI VNLQ cRYHUHG b\ PaVN 33 
UHV=[]; % HPSW\ UHVXOWV WabOH 34 
%CINTC=1 35 
VaOLVW=[]; % HPSW\ aUUa\ IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 36 
IRU VcHQ=1:OHQJWK(GcRQc)  37 
  38 
%CaUdQR ChePRLVN EdLWV START **** 39 
  LIQUIDTIME=WOLT(VceQ); 40 
 Lf (LIQUIDTIME > 4)  41 
 LIQUIDTIME = LIQUIDTIME + 0.5 % Add 1/2 hRXU WR da\ fRU OXQch (cRde e[cOXdeV e[S). Lf deUPaO cRQWacW > 4 hRXUV 42 
  eQd 43 
   44 
  %SeWV WLPe fRU OLTXLd cRQWacW 45 
 46 
  DAYSWK=dSZ(VceQ); 47 
  %SeWV da\V SeU ZeeN 48 
 49 
 PVL=SYO(VceQ); 50 
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  %SeWV PVL 51 
 52 
%CaUdQR ChePRLVN EdLWV END **** 53 
   54 
   55 
  CONCL=GaW(VcHQ,1)*DENSITY; SAL=GaW(VcHQ,2)/SIJ(VcHQ); % SAL = (SA H[SRVHG)/(JORYH PF) 56 
 CONCMGM=GcRQc(VcHQ); P2=GaW(VcHQ,3); ON3=0; JORYHV = SIJ(VcHQ) > 1; % 1 ZKHQ JORYHV RQ 57 
 UH[S=[VcHQ GaW(VcHQ,1) SAL P2 SIJ(VcHQ)]; % VWaUW URZ RI UHVXOWV 58 
 LI (P2 > 4)  59 
  ON3 = 1; P3 = P2 - 4; P2 = 4;  60 
     61 
 HQG 62 
 UVa=[];  % HPSW\ URZ RI UHVXOWV IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 63 
 IRU FRACIN=[1 0.1] % "1" LV QR PaVN, 100% aLU cRQc, 0.1 LV aLU cRQc UHGXcHG 10[ b\ PaVN 64 
  AMASK=PaVN*(1-FRACIN); % ]HUR PaVN aUHa ZKHQ QR PaVN, FRACIN=1  65 
  SAVC=0.25 - (JORYHV*aJORYH + (1-JORYHV)*SAL)/TSA; 66 
  VWaUW @QRcaOObacN 67 
  UH[S=[UH[S (AUCCBLD*24/TSTOP) Pa[(_cYHQ)]; 68 
  UVa=[UVa,ADVV];  % aSSHQGLQJ WR URZ RI UHVXOWV IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 69 
  LI VcHQ==7 70 
   %SORW(_W,_cYHQ,_W,_cL*1000,'ZUNSORW.aSV') 71 
      %SORW(_W,_cc]RQH,_W,_c]RQH,'ZUNSORW.aSV') 72 
       73 
  HQG 74 
 75 
    LI VcHQ==8 76 
   %SORW(_W,_cYHQ,_W,_cL*1000,'ZUNSORW.aSV') 77 
      %SORW(_W,_cc]RQH,_W,_c]RQH,'ZUNSORW.aSV') 78 
       79 
  HQG 80 
     81 
    %CaUdQR ChePRLVN EdLWV START **** 82 
     83 
     CART_ALL = [CART_ALL _caUW ]; 84 
     ADLL_ALL = [ADLL_ALL _adOO ]; 85 
 86 
    %CaUdQR ChePRLVN EdLWV END **** 87 
 88 
 HQG % ZLWK/ZLWKRXW PaVN 89 
 UHV=[UHV;UH[S] % aGG UHVXOWV URZ WR UHVXOWV WabOH 90 
 VaOLVW=[VaOLVW;UVa]; % aSSHQGLQJ WR UHVXOWV IRU aPRXQW abVRUbHG IURP YaSRU WKURXJK VNLQ 91 
 92 
HQG % VcHQaULR 93 
SUQJ=cWRV(['S3:[',QXP2VWU(IVW(1))]); 94 
[OVWULWH(IQaPH, "acXWH H[SRVXUHV GaWa", SUQJ, UHV); 95 
 96 
%CaUdQR ChePRLVN EdLWV START **** 97 
     98 
 CART_ALL = [_W'; CART_ALL']'; 99 
 ADLL_ALL = [_W'; ADLL_ALL']'; 100 
 101 
 VaYe CART_ALL @fLOe=CART_FePaOe.cVY @fRUPaW=aVcLL @VeSaUaWRU=cRPPa 102 
 VaYe ADLL_ALL @fLOe=ADLL_FePaOe.cVY @fRUPaW=aVcLL @VeSaUaWRU=cRPPa 103 
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  104 
 105 
%CaUdQR ChePRLVN EdLWV END **** 106 
 107 
WRc 108 
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A.4 E[ceUSW Rf U.S. EPA TePSOaWe SSUeadVheeW fRU ChURQLc SceQaULRV MRdLfLed b\ CaUdQR ChePRLVN 
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A.5 E[ceUSW Rf U.S. EPA TePSOaWe SSUeadVheeW fRU AcXWe SceQaULRV MRdLfLed b\ CaUdQR ChePRLVN 
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ASSHQGL[ B IH SNLQPHUP EYaSRUaWLRQ AQaO\VLV 

TKH cXUUHQW YHUVLRQ RI IH SNLQPHUP VHUVLRQ 2.04 ZaV RbWaLQHG IURP WKH AIHA ZHbVLWH 
(KWWSV://ZZZ.aLKa.RUJ/SXbOLc-UHVRXUcHV/cRQVXPHU-UHVRXUcHV/WRSLcV-RI-LQWHUHVW/LK-aSSV-WRROV). TKH PRGHO 
SaUaPHWHU GHIaXOWV ZHUH VHOHcWHG ZLWK WKH H[cHSWLRQ RI WKH GHUPaO ORaGLQJ SaUaPHWHU ZKLcK ZaV baVHG RQ 
SaKPHO HW aO. (2009). TKH SaUaPHWHUV XVHG LQ WKH PRGHOLQJ, LQcOXGLQJ WKH GHIaXOW SaUaPHWHUV IRU NMP 
LQcOXGHG LQ WKH IH SNLQPHUP PRGHO aUH VKRZQ LQ TabOH B.1.  

B.1 MRdeO AVVXPSWLRQV 
TabOe B-1: IH SNLQPHUP PaUaPHWHUV IRU NMP 

PaUaPeWeU VaOXe UQLWV  SRXUce 
THPSHUaWXUH 25 �C IH SNLQPHUP GHIaXOW IRU NMP 

OcWaQRO/ZaWHU SaUWLWLRQ cRHIILcLHQW (LRJ KRZ) -0.38 XQLWOHVV IH SNLQPHUP GHIaXOW IRU NMP 
WaWHU VROXbLOLW\ 1000000 PJ/L IH SNLQPHUP GHIaXOW IRU NMP 
VaSRU SUHVVXUH 46 Pa IH SNLQPHUP GHIaXOW IRU NMP 

MROHcXOaU ZHLJKW 99.31 J/PRO IH SNLQPHUP GHIaXOW IRU NMP 
DHQVLW\ 1030 PJ/cP3 IH SNLQPHUP GHIaXOW IRU NMP 

MHOWLQJ SRLQW -24 �C IH SNLQPHUP GHIaXOW IRU NMP 
TKLcNQHVV RI VWaJQaQW aLU 1 cP IH SNLQPHUP GHIaXOW 

SNLQ VXUIacH aUHa 
10 
100 
1000 

cP2 RaQJH RI VXUIacH aUHaV WR WHVW 
HYaSRUaWLRQ WLPH 

WHLJKW IUacWLRQ 1 XQLWOHVV Ma[LPXP IURP SIA, 2019a 
SNLQ aGKHUHQcH 0.7 - 2.1 PJ/cP2 SaKPHO HW aO. 2009 

 

B.2 MRdeO ReVXOWV 
TKH IH SNLQPHUP aOJRULWKP ZaV LPSOHPHQWHG XVLQJ WKH SaUaPHWHUV VKRZQ LQ TabOH B.1 WR HVWLPaWH WKH 
WLPH WR cRPSOHWH HYaSRUaWLRQ RYHU a UaQJH RI VXUIacH aUHaV. TKH UHVXOWLQJ HYaSRUaWLQJ WLPHV aUH VKRZQ LQ 
TabOH B.2. EYaSRUaWLRQ WLPHV ZHUH IRXQG WR bH 20 PLQXWHV IRU a VNLQ aGKHUHQcH RI 0.7 PJ/cP2 aQG 60 
PLQXWHV IRU a VNLQ aGKHUHQcH RI 2.1 PJ/cP2 IRU aOO VNLQ VXUIacH aUHaV.  
 
TabOe B-2: IH SNLQPHUP OXWSXWV 

SXUface 
AUea 
(cP2) 

SNLQ 
AdheUeQce 
(Pg/cP2) 

TRWaO 
DeSRVLWLRQ 

(Pg) 

ASSUR[LPaWe 
EYaSRUaWLRQ 
TLPe (PLQ) 

MaVV 
AbVRUbed 

(Pg) 
FUacWLRQ 

AbVRUbed 
MaVV 

EYaSRUaWed 
(Pg) 

FUacWLRQ 
EYaSRUaWed 

10 0.7 7 20 1.76 25.2% 5.24 74.8% 
10 2.1 21 60 4 19.1% 17 80.9% 
100 0.7 70 20 17.6 25.20% 52.4 74.8% 
100 2.1 210 60 40 19.10% 170 80.9% 
1000 0.7 700 20 176 25.20% 524 74.8% 
1000 2.1 2100 60 400 19.10% 1700 80.9% 
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B.3 E[aPSOe MRdeO RXQ 
E[HPSOaU IH SNLQPHUP PRGHO LQSXW aQG RXWSXW VcUHHQV aUH VKRZQ IRU a VNLQ VXUIacH aUHa RI 100 cP2 aQG 
a VNLQ aGKHUHQcH RI 0.7 PJ/cP2 LQ FLJXUHV B.1 aQG B.2 bHORZ.  
 
FLgXUe B-1: IH SNLQPHUP MRGHO E[aPSOH IQSXW ScUHHQ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RHYLHZ aQG RHILQHPHQW RI SHPLcRQGXcWRU MaQXIacWXULQJ OccXSaWLRQaO E[SRVXUH ScHQaULRV: 
OcWRbHU 2019 U.S. EPA DUaIW RLVN EYaOXaWLRQ IRU N-MHWK\OS\UUROLGRQH (NMP) 

JaQXaU\ 2020 CaUGQR CKHPRLVN    B-3 

FLgXUe B-2: IH SNLQPHUP MRGHO E[aPSOH OXWSXW ScUHHQ 

 
 

 

 

 

 

 



IQVHUW RHSRUW TLWOH 
IQVHUW PURMHcW NaPH 

 

JaQXaU\ 2020, COLcN RU WaS KHUH WR HQWHU WH[W. CaUGQR RHIHUHQcHV   8-5 
CCR DUaIW RHSRUW SIA NMP PBPK 1.17.2020 COHaQ 

 
 

 
 
 
 
 

 

AbRXW CaUdQR 
CaUGQR LV aQ ASX-200 SURIHVVLRQaO LQIUaVWUXcWXUH aQG HQYLURQPHQWaO VHUYLcHV 
cRPSaQ\, ZLWK H[SHUWLVH LQ WKH GHYHORSPHQW aQG LPSURYHPHQW RI SK\VLcaO aQG VRcLaO 
LQIUaVWUXcWXUH IRU cRPPXQLWLHV aURXQG WKH ZRUOG. CaUGQR¶V WHaP LQcOXGHV OHaGLQJ 
SURIHVVLRQaOV ZKR SOaQ, GHVLJQ, PaQaJH, aQG GHOLYHU VXVWaLQabOH SURMHcWV aQG 
cRPPXQLW\ SURJUaPV. CaUGQR LV aQ LQWHUQaWLRQaO cRPSaQ\ OLVWHG RQ WKH AXVWUaOLaQ 
SHcXULWLHV E[cKaQJH [ASX:CDD]. 
 

CaUdQR ZeUR HaUP 
AW CaUGQR, RXU SULPaU\ cRQcHUQ LV WR GHYHORS aQG PaLQWaLQ 
VaIH aQG KHaOWK\ cRQGLWLRQV IRU aQ\RQH LQYROYHG aW RXU SURMHcW 
ZRUNVLWHV. WH UHTXLUH IXOO cRPSOLaQcH ZLWK RXU HHaOWK aQG 
SaIHW\ PROLc\ MaQXaO aQG HVWabOLVKHG ZRUN SURcHGXUHV aQG 
H[SHcW WKH VaPH SURWRcRO IURP RXU VXbcRQWUacWRUV. WH aUH 
cRPPLWWHG WR acKLHYLQJ RXU ZHUR HaUP JRaO b\ cRQWLQXaOO\ 
LPSURYLQJ RXU VaIHW\ V\VWHPV, HGXcaWLRQ, aQG YLJLOaQcH aW WKH 
ZRUNSOacH aQG LQ WKH ILHOG. SaIHW\ LV a CaUGQR cRUH YaOXH aQG 

WKURXJK VWURQJ OHaGHUVKLS aQG acWLYH HPSOR\HH SaUWLcLSaWLRQ, ZH VHHN WR LPSOHPHQW 
aQG UHLQIRUcH WKHVH OHaGLQJ acWLRQV RQ HYHU\ MRb, HYHU\ Ga\. 
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������0LFURQ�7HFKQRORJ\��,QF��$OO�ULJKWV�UHVHUYHG��,QIRUPDWLRQ��SURGXFWV��DQG�RU�VSHFLILFDWLRQV�DUH�VXEMHFW�WR�
FKDQJH�ZLWKRXW�QRWLFH� $OO�LQIRUPDWLRQ�LV�SURYLGHG�RQ�DQ�´$6�,6µ�EDVLV�ZLWKRXW�ZDUUDQWLHV�RI�DQ\�NLQG��
6WDWHPHQWV�UHJDUGLQJ�SURGXFWV��LQFOXGLQJ�UHJDUGLQJ�WKHLU�IHDWXUHV��DYDLODELOLW\��IXQFWLRQDOLW\��RU�FRPSDWLELOLW\��
DUH�SURYLGHG�IRU�LQIRUPDWLRQDO�SXUSRVHV�RQO\�DQG�GR�QRW�PRGLI\�WKH�ZDUUDQW\��LI�DQ\��DSSOLFDEOH�WR�DQ\�
SURGXFW��'UDZLQJV�PD\�QRW�EH�WR�VFDOH��0LFURQ��WKH�0LFURQ�ORJR��DQG�DOO�RWKHU�0LFURQ�WUDGHPDUNV�DUH�WKH�
SURSHUW\�RI�0LFURQ�7HFKQRORJ\��,QF��$OO�RWKHU�WUDGHPDUNV�DUH�WKH�SURSHUW\�RI�WKHLU�UHVSHFWLYH�RZQHUV�

%2,�6$)(7<�² 33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

/HDUQLQJ�,WHP��������

������0LFURQ�7HFKQRORJ\��,QF��$OO�ULJKWV�UHVHUYHG��,QIRUPDWLRQ��SURGXFWV��DQG�RU�VSHFLILFDWLRQV�DUH�VXEMHFW�WR�
FKDQJH�ZLWKRXW�QRWLFH� $OO�LQIRUPDWLRQ�LV�SURYLGHG�RQ�DQ�´$6�,6µ�EDVLV�ZLWKRXW�ZDUUDQWLHV�RI�DQ\�NLQG��
6WDWHPHQWV�UHJDUGLQJ�SURGXFWV��LQFOXGLQJ�UHJDUGLQJ�WKHLU�IHDWXUHV��DYDLODELOLW\��IXQFWLRQDOLW\��RU�FRPSDWLELOLW\��
DUH�SURYLGHG�IRU�LQIRUPDWLRQDO�SXUSRVHV�RQO\�DQG�GR�QRW�PRGLI\�WKH�ZDUUDQW\��LI�DQ\��DSSOLFDEOH�WR�DQ\�
SURGXFW��'UDZLQJV�PD\�QRW�EH�WR�VFDOH��0LFURQ��WKH�0LFURQ�ORJR��DQG�DOO�RWKHU�0LFURQ�WUDGHPDUNV�DUH�WKH�
SURSHUW\�RI�0LFURQ�7HFKQRORJ\��,QF��$OO�RWKHU�WUDGHPDUNV�DUH�WKH�SURSHUW\�RI�WKHLU�UHVSHFWLYH�RZQHUV�
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%2,�6$)(7<��33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

2FWREHU���������_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=���������������

*RDO
7KLV�WUDLQLQJ�FRYHUV�FKHPLFDOO\�UHVLVWDQW�JORYHV���7KH�SXUSRVH�RI�WKLV�H/HDUQLQJ�FRXUVH�LV�WR�
LQIRUP�ZRUNHUV�RI�FKHPLFDOO\�UHVLVWDQW�JORYH�UHTXLUHPHQWV�DQG�OLPLWDWLRQV�DQG�KRZ�WR�
SURSHUO\�ZHDU�DQG�PDLQWDLQ�WKHP�

2EMHFWLYHV
$W�WKH�FRQFOXVLRQ�RI�WKLV�WUDLQLQJ�ZRUNHUV�ZLOO�EH�DEOH�WR�

'HPRQVWUDWH�SURSHU�GRQQLQJ��GRIILQJ��DGMXVWLQJ��DQG�ZHDULQJ�RI�WKH�UHTXLUHG�3HUVRQDO�
3URWHFWLYH�(TXLSPHQW��33(��
'HVFULEH�WKH�OLPLWDWLRQV��GXUDELOLW\��XVHIXO�OLIH��LQFRPSDWLELOLWLHV��RI�WKH�VSHFLILHG�33(�
PDWHULDOV�
'HVFULEH�SURSHU�FDUH��PDLQWHQDQFH��DQG�GLVSRVDO�RI�WKH�DSSOLFDEOH�33(�LWHPV��
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%2,�6$)(7<��33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

2FWREHU����������

/HDUQLQJ�&RPSOHWLRQ
3ULRU�WR�ZHDULQJ�&KHPLFDOO\�5HVLVWDQW�*ORYH�33(�DW�07,��ZRUNHUV�PXVW�FRPSOHWH�WKH�
IROORZLQJ�WKURXJK�WKH�6)�/HDUQLQJ�V\VWHP�

�� (B/51���������5HYLHZ�WKLV�SUHVHQWDWLRQ�WR�JDLQ�D�IXOO�XQGHUVWDQGLQJ�RI�WKH�33(�VSHFLILF�
WUDLQLQJ�FRQWHQW��DQG�FRPSOHWH�WKH�DVVRFLDWHG TXL]��ELHQQLDO�UHTXLUHPHQW��

�� &(57��������3HUIRUP�D�µKDQGV�RQ¶�GHPRQVWUDWLRQ�RI�GRQQLQJ��GRIILQJ��DQG�ZHDULQJ�RI�WKH�33(�
LWHP�V��XQGHU�WKH�GLUHFWLRQ�RI�WKHLU�VXSHUYLVRU�RU�D�TXDOLILHG�GHVLJQHH��RQH�WLPH�FHUWLILFDWLRQ��

%RWK�UHTXLUHPHQWV��H/HDUQLQJ��FHUWLILFDWLRQ��FDQ�EH�IRXQG�DV�LQGLYLGXDO�OHDUQLQJ�LWHPV�
ORFDWHG�RQ�WKH�ZRUNHU¶V�6)�/HDUQLQJ�SODQ�

_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=��������������
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%2,�6$)(7<��33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

2FWREHU����������

&KHPLFDOO\�5HVLVWDQW�*ORYHV���'RQQLQJ��GRIILQJ��DGMXVWLQJ��DQG�ZHDULQJ
6HOHFW�D�JORYH�VL]H�WKDW�ILWV�VQXJO\�DQG�FRPIRUWDEO\�ZLWKRXW�H[FHVV�DPRXQWV�RI�ORRVH�RU�
EXQFKHG�XS�PDWHULDO�WKDW�FRXOG�LQWHUIHUH�ZLWK�ZRUN�DFWLYLWLHV��

&KHFN�WKH�JORYHV�IRU�SLQ�KROH�OHDNV��VHH�EHORZ��DQG�RWKHU�GHIHFWV��VXFK�DV�FUDFNV��WHDUV��
PDWHULDO�WKLQQHVV��HWF��EHIRUH�GRQQLQJ�

_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=��������������
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%2,�6$)(7<��33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

2FWREHU����������

&KHPLFDOO\�5HVLVWDQW�*ORYHV���'RQQLQJ��GRIILQJ��DGMXVWLQJ��DQG�ZHDULQJ
:HDU�WZR�SDLU�RI�1RUWK�QDWXUDO�UXEEHU�³$FLG´�JORYHV�ZKHQ�FRQWDFW�ZLWK�FRUURVLYH�OLTXLG�LV�OLNHO\�

(QVXUH�WKDW�JORYHV�FRYHU�WKH�HQWLUH�KDQG�VXUIDFH�DQG�DUH�SXOOHG�XS�RYHU�WKH�ZULVW�ORZHU�DUP�

5HPRYH�E\�FDUHIXOO\�WXUQLQJ�WKH�JORYH�LQVLGH�RXW�IURP�WKH�FXII�WR�WKH�ILQJHUV�ZLWKRXW�WRXFKLQJ�
WKH�RXWHU�VXUIDFH�RI�WKH�SURWHFWLYH�JORYH��

6LOYHU�6KLHOG�*ORYH 1RUWK�¶$FLG·�*ORYH 1LWULOH�*ORYH

_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=��������������

Laurie Beu
B-7



%2,�6$)(7<��33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

2FWREHU����������

&KHPLFDOO\�5HVLVWDQW�*ORYHV���/LPLWDWLRQV
&KHPLFDOO\�UHVLVWDQW�JORYHV�DUH�LQWHQGHG�IRU�RQH�VLQJOH�XVH�SULRU�WR�GLVSRVDO��

:HDU�WR�SURWHFW�DJDLQVW�VPDOO��LQFLGHQWDO�VSODVKHV�RU�VSLOOV��WKH\�DUH�W\SLFDOO\�QRW�LQWHQGHG�IRU�
FRQWLQXRXV�FKHPLFDO�FRQWDFW���3URPSWO\�UHPRYH�IRU�DSSURSULDWH�GLVSRVDO�XSRQ�XQLQWHQGHG�
FRQWDFW�ZLWK�FKHPLFDO�PDWHULDOV�

*ORYHV�DUH�QRW�YHU\�GXUDEOH��DQG�WKH\�FDQ�EH�HDVLO\�SXQFWXUHG�RU�WRUQ��SDUWLFXODUO\�GXULQJ�
SK\VLFDO�ZRUN�ZLWK�KDQG�WRROV���&KHFN�IRU�GDPDJH�RU�ZHDNQHVV�UHJXODUO\�GXULQJ�ZRUN��DQG�
LPPHGLDWHO\�UHPRYH�DQG�UHSODFH�GDPDJHG�JORYHV�

7KH�OHYHO�RI�FKHPLFDO�UHVLVWDQFH�RI�WKH�JORYH�PDWHULDO�ZLOO�YDU\�GHSHQGLQJ�RQ�WKH�LGHQWLW\�RI�WKH�
FRQWDFWHG�FKHPLFDO���7KH�JORYH�PDWHULDO�DOORZV�PRVW�RI�WKH�FRQWDFWHG�OLTXLG�WR�UXQ�RII��EXW�VRPH�
FKHPLFDOV�PD\�SHQHWUDWH�WKURXJK�WKH�PDWHULDO�RYHU�WLPH����

_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=��������������
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%2,�6$)(7<��33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

2FWREHU����������

&KHPLFDOO\�5HVLVWDQW�*ORYHV���&DUH��PDLQWHQDQFH��DQG�GLVSRVDO
6WRUH�LQ�D�GHVLJQDWHG�FOLPDWH�FRQWUROOHG�ORFDWLRQ�DQG�LQ�D�PDQQHU�WKDW�ZLOO�QRW�GDPDJH�WKH�
VWUXFWXUDO�LQWHJULW\�RI�WKH�FKHPLFDOO\�UHVLVWDQW�PDWHULDO�

'R�QRW�DWWHPSW�WR�UHSDLU�RU�WDSH�GDPDJHG�JORYHV��SURSHUO\�GLVSRVH�RI�WKH�GDPDJHG�JORYHV��DQG�
UHSODFH�LPPHGLDWHO\�ZLWK�D�QHZ�SDLU�

'LVSRVH�RI�SRWHQWLDOO\�FRQWDPLQDWHG�JORYHV�DFFRUGLQJ�WR�WKH�VSHFLILF�DUHD�UHTXLUHPHQWV��SODFH�
LQ�WKH�DUHD�GHVLJQDWHG�ZDVWH�FRQWDLQHU����&RQWDFW�WKH�(QYLURQPHQWDO�&RPSOLDQFH�'HSDUWPHQW�
IRU�DVVLVWDQFH��LI�QHHGHG�

_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=��������������
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%2,�6$)(7<��33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV

2FWREHU����������

1H[W�VWHSV
�� 3OHDVH�UHWXUQ�WR�\RXU�6)�/HDUQLQJ�SODQ�WR�FRPSOHWH�WKH�TXL]�

�� 5HIHU�WR�\RXU�DUHD�SURFHGXUHV�WR�GHWHUPLQH�ZKDW�FKHPLFDOO\�UHVLVWDQW�JORYH�33(�LV�UHTXLUHG�DQG�
ZKHQ�LW�LV�QHFHVVDU\�IRU�VSHFLILF�WDVNV��:RUN�ZLWK�\RXU�DUHD�WR�HQVXUH�\RX�DUH�DZDUH�RI�WKH�
ORFDWLRQ�RI�WKH�33(�\RX�ZLOO�QHHG�WR�ZHDU�

�� &RQWDFW�\RXU�VXSHUYLVRU�WR�EH�FHUWLILHG�RQ�WKLV�33(��<RX�ZLOO�SHUIRUP�D�µKDQGV�RQ¶�GHPRQVWUDWLRQ�
RI�GRQQLQJ��GRIILQJ��DQG�ZHDULQJ�RI�WKH�33(�LWHP�V���<RXU�VXSHUYLVRU�PD\�XVH�WKH�'HPRQVWUDWLRQ�
&KHFNOLVW DV�D�JXLGHOLQH�IRU�SHUIRUPLQJ�WKH�FHUWLILFDWLRQ�SURFHVV�DQG�WR�VLJQ�\RX�RII�LQ�\RXU�6)�
/HDUQLQJ�SODQ��<RX�PD\�ZLVK�WR�SUHYLHZ�WKH�'HPRQVWUDWLRQ�&KHFNOLVW�EHIRUH�\RX�DVN�WR�EH�
FHUWLILHG�WR�IDPLOLDUL]H�\RXUVHOI�ZLWK�WKH�VWHSV�\RX�ZLOO�EH�DVNHG�WR�SHUIRUP�

1RWH��$�VXSHUYLVRU�PD\�VHOHFW�D�TXDOLILHG�GHVLJQHH�WR�REVHUYH�WKH�GHPRQVWUDWLRQ�IRU�FHUWLILFDWLRQ�SXUSRVHV�
�WKH�VXSHUYLVRU�ZRXOG�WKHQ�VLJQ�RII�RQ�WKH�FHUWLILFDWLRQ�LQ�6)�/HDUQLQJ��

5HIHU�WR�WKH�07,�VLWH�33(�&DWDORJ IRU�OLVWLQJV�RI�DSSURYHG�33(�LWHPV��6$3�SDUW�QXPEHUV��LPDJHV��
YHQGRU�OLQNV��DQG�RWKHU�DGGLWLRQDO�33(�LQIRUPDWLRQ�

(PDLO�6$3B07,B6$)(7< RU�GLUHFWO\�FRQWDFW�DQ\�PHPEHU�RI�WKH�07,�6DIHW\�'HSDUWPHQW�LI�\RX�KDYH�
TXHVWLRQV�RU�FRPPHQWV�

_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=��������������

Laurie Beu
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'RFXPHQW�&RQWURO�,QIRUPDWLRQ

2FWREHU���������

$SSURYDO��%2,)$&B6$)(7<B33(B$335
1RWLILFDWLRQ��%2,)$&B6$)(7<B7($0
)LQDO�9LHZHU�$FFHVV�

$//B0,&521B(03/2<((B:25.(56
$//B0,&521B&2175$&725B:25.(56

5HWHQWLRQ���0)*�± &RQWUROOHG�'RFXPHQW������\HDUV�

(&1�)DFLOLW\� )$&,/,7,(6�%2,6( (&1�$UHD� %2,�6$)(7<
2ZQHU�V�� 6DIHW\ 7DUJHW�$XGLHQFH� %RLVH�6DIHW\�7HDP�DQG�ZRUNHUV�ZLWK�IXWXUH�FHUWLILFDWLRQV�LQ�

/,�������
'RFXPHQW�7\SH� 7UDLQLQJ '2& ,'�� +�+9�0(=5-(=��������������

5HYLHZ�
6FKHGXOH�

%LHQQLDO /DVW�0RGLILHG� ����������

(&1�+LVWRU\ 6XEPLW�DQ�(&1

_��0LFURQ�&RQILGHQWLDO�_�9HUVLRQ���_�'2&�,'���+�+9�0(=5-(=��������������

Laurie Beu
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����������� 0LFURQ�7HFKQRORJ\��,QF��$OO�5LJKWV�5HVHUYHG�
&RQILGHQWLDO�DQG�3URSULHWDU\�,QIRUPDWLRQ
('&�,'���+�+9�0(=5-(=�������������� �0'0�������DHI�����D���
%RLVH�)DFLOLWLHV�&RQWUROOHG�'RFXPHQW�� 8QFRQWUROOHG�3ULQWHG�&RS\
3DJH�� RI�� 9HUVLRQ���

%2,�6$)(7<�± 3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��
3URJUDP

(&1�)DFLOLW\� )$&,/,7,(6�� %2,6( (&1�$UHD� %2,�6$)(7<
2ZQHU�V�� 6DIHW\�'HSDUWPHQW 7DUJHW�$XGLHQFH� 6DIHW\�:RUNHUV��$UHD�

6XSHUYLVRUV��$UHD�
7UDLQHUV

'RFXPHQW�7\SH� 3URJUDP '2&�,'�� +�+9�0(=5-(=�
�������������

5HYLHZ�6FKHGXOH� %LHQQLDO /DVW�0RGLILHG� ���������

(&1�+LVWRU\ 6XEPLW�DQ�(&1

��� 3XUSRVH
7R�HQVXUH�0LFURQ ZRUNHUV�KDYH�DQG�SURSHUO\�XVH�WKH�DSSURSULDWH�SHUVRQDO�SURWHFWLYH�
HTXLSPHQW��33(��WR�SURWHFW�WKHP�IURP�WKH�KD]DUGV�WKDW�WKH\�PD\�HQFRXQWHU�LQ�WKH�
ZRUNSODFH��
7R�HQVXUH�07,��%RLVH�VLWHV��PHHW�WKH�UHTXLUHPHQWV�VHW�IRUWK�LQ�WKH�26+$�3HUVRQDO�
3URWHFWLYH�(TXLSPHQW�VWDQGDUG�����&)5�����������

��� 6FRSH
6LWH�V��LPSDFWHG��7UHDVXUH�9DOOH\�6LWHV
7DUJHW�XVHU�DXGLHQFH��6DIHW\�'HSDUWPHQW�HPSOR\HHV��DUHD�VXSHUYLVRUV�KRVWV�
1RQ�0LFURQ�HPSOR\HHV��H�J��FRQWUDFWRUV��YHQGRUV��HTXLSPHQW�UHSUHVHQWDWLYHV��HWF���
PXVW�DOVR�FRPSO\�ZLWK�WKH�UHTXLUHPHQWV�RI�WKLV�SURJUDP�WKURXJK�WKH�GLUHFWLRQ�DQG�
VXSHUYLVLRQ�RI�WKHLU�0LFURQ�KRVWV�

&RQWUDFWRUV�FUHDWLQJ�WKHLU�RZQ�KD]DUG�EDVHG�RQ�WKH�VSHFLDOL]HG�ZRUN�WKH\�DUH�
SHUIRUPLQJ�ZLOO�EH�UHVSRQVLEOH�IRU�ERWK�WKH�SURSHU�VHOHFWLRQ�XVH�RI�33(�IRU�WKHLU�
RZQ�ZRUNHUV�DV�ZHOO�DV�FRPPXQLFDWLQJ�WKLV�LQIRUPDWLRQ WR�DQ\�RWKHU�DIIHFWHG�
0LFURQ�ZRUNHUV�
,I�D�FRQWUDFWRU
V�ZRUN�LQYROYHV�SRWHQWLDO�H[SRVXUH�WR�0LFURQ
V�KD]DUGRXV�PDWHULDOV�
RU�SURFHVVHV��0LFURQ�ZLOO�LQIRUP�WKHP�RI�WKH�KD]DUGV�DQG�UHFRPPHQG DSSURSULDWH�
33(� DV�QHHGHG�

��� 6DIHW\
��� -RE�+D]DUG�$QDO\VLV

7KLV�GRFXPHQW�ZDV�HYDOXDWHG�IRU�SRWHQWLDO�MRE�KD]DUGV��7KLV�SURFHGXUH�LQFOXGHV�QR�
UHFRJQL]HG�ULVNV�DQG�D�-RE�+D]DUG�$QDO\VLV��-+$��UHFRUG�LV�QRW�UHTXLUHG��,I�FKDQJHV�
DUH�UHTXLUHG�WR�WKLV�SURFHGXUH��WKRVH�FKDQJHV�PXVW�EH�HYDOXDWHG�IRU�SRWHQWLDO�MRE�
KD]DUGV� )RU�DGGLWLRQDO�-+$�LQIRUPDWLRQ��UHIHU�WR�WKH�-+$�VLWH��ZHE�DOLDV�-+$�

��� 'HILQLWLRQV�DQG�$FURQ\PV
26+$� 2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ
33(��3HUVRQDO�3URWHFWLYH�(TXLSPHQW
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%2,�6$)(7<�� 3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��3URJUDP

����������� 0LFURQ�7HFKQRORJ\��,QF��$OO�5LJKWV�5HVHUYHG�
&RQILGHQWLDO�DQG�3URSULHWDU\�,QIRUPDWLRQ
('&�,'���+�+9�0(=5-(=�������������� �0'0�������DHI�����D���
%RLVH�)DFLOLWLHV�&RQWUROOHG�'RFXPHQW�� 8QFRQWUROOHG�3ULQWHG�&RS\
3DJH�� RI�� 9HUVLRQ���

��� 5ROHV�DQG�5HVSRQVLELOLWLHV

7LWOH�RU�'HSDUWPHQW 5ROH�RU�5HVSRQVLELOLW\

6DIHW\�'HSDUWPHQW�
HPSOR\HHV

$VVLVW�DUHDV�RU�GHSDUWPHQWV�FRPSOHWH�WKHLU�ZRUNSODFH�
KD]DUG�DVVHVVPHQWV��L�H���MRE�KD]DUG�DQDO\VHV���LI�QHHGHG
$VVLVW�DUHD VXSHUYLVRUV�KRVWV�ZLWK�33(�VHOHFWLRQ�	�
WUDLQLQJ��DV�QHFHVVDU\

$UHD�VXSHUYLVRUV�KRVWV

(QVXUH�WKDW�ZRUNHUV�GHPRQVWUDWH�DQ�XQGHUVWDQGLQJ�RI�WKH�
33(�WUDLQLQJ�DQG�WKH�DELOLW\�WR�XVH�33(�SURSHUO\
6HOHFW DQG�KDYH�HDFK�DIIHFWHG ZRUNHU�XVH�WKH�W\SHV�RI�
33( WKDW�ZLOO�SURWHFW�WKH�DIIHFWHG�ZRUNHU IURP�LGHQWLILHG�
DUHD KD]DUGV
&RQWDFW�WKH�6DIHW\�'HSDUWPHQW�IRU�DVVLVWDQFH�ZLWK�33(�
VHOHFWLRQ DQG�WUDLQLQJ��LI�QHFHVVDU\
&RPPXQLFDWH�VHOHFWLRQ�GHFLVLRQV�WR�DIIHFWHG�ZRUNHUV �L�H��
GLUHFW�FRPPXQLFDWLRQ��ZULWWHQ�SURFHGXUHV��-+$V��HWF��
(QVXUH�WKDW�GLUHFW�UHSRUWV�DFFRPSOLVK�DQG�PDLQWDLQ�WKHLU�
33(�WUDLQLQJ�UHTXLUHPHQWV�FHUWLILFDWLRQV��DV�QHFHVVDU\�IRU�
WKH�DUHD�RU�WDVNV�WR�EH�SHUIRUPHG DQG�DV�UHTXLUHG�LQ�6)�
/HDUQLQJ

6DIHW\�'HSDUWPHQW�
,QGXVWULDO�+\JLHQLVW�V�

(YDOXDWH�33(�WR�HQVXUH�VDIH�GHVLJQ�DQG�FRQVWUXFWLRQ�IRU�
WKH�ZRUN�WR�EH�SHUIRUPHG

0LFURQ�ZRUNHUV :HDU�WKH�33(�DV�UHTXLUHG�E\�DUHD�SURFHGXUHV�-+$V�ZRUN�
SODQV WR�SURWHFW�DJDLQVW�LGHQWLILHG�KD]DUGV�

��� 3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��3URJUDP
��� 26+$�5HTXLUHPHQWV

7KLV�SURJUDP�DGGUHVVHV WKH�IHGHUDO�OHJDO�UHTXLUHPHQWV�LQ�WKH�2FFXSDWLRQDO�6DIHW\�DQG�
+HDOWK�$GPLQLVWUDWLRQ¶V��26+$��3HUVRQDO�3URWHFWLYH�(TXLSPHQW�VWDQGDUG�����&)5�
����������DQG�RWKHU�LQIRUPDWLRQ�QHFHVVDU\�IRU�0LFURQ�WR�PHHW�WKHVH�REOLJDWLRQV��

����� 7R�FRPSO\�ZLWK�WKH�26+$�33(�VWDQGDUG��0LFURQ�VKDOO�
$VVHVV�WKH ZRUNSODFH�WR�GHWHUPLQH�LI�KD]DUGV�DUH�SUHVHQW�
6HOHFW�DQG�KDYH�HDFK�DIIHFWHG�ZRUNHU XVH�33(�WKDW�ZLOO�SURWHFW�WKHP�IURP�
WKH�KD]DUGV��DQG�
7UDLQ�ZRUNHUV�RQ�WKH�SURSHU�XVH�RI�33(�
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%2,�6$)(7<�� 3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��3URJUDP

����������� 0LFURQ�7HFKQRORJ\��,QF��$OO�5LJKWV�5HVHUYHG�
&RQILGHQWLDO�DQG�3URSULHWDU\�,QIRUPDWLRQ
('&�,'���+�+9�0(=5-(=�������������� �0'0�������DHI�����D���
%RLVH�)DFLOLWLHV�&RQWUROOHG�'RFXPHQW�� 8QFRQWUROOHG�3ULQWHG�&RS\
3DJH�� RI�� 9HUVLRQ���

��� :RUNSODFH�+D]DUG�$VVHVVPHQW�	�33(�6HOHFWLRQ

����� 0LFURQ�ZLOO�FRQGXFW�D�KD]DUG�DVVHVVPHQW�RI�WKH�ZRUN�DUHDV�WDVNV WR�GHWHUPLQH�
LI�KD]DUGV�DUH�SUHVHQW��RU�DUH�OLNHO\�WR�EH�SUHVHQW��ZKLFK�ZDUUDQW�WKH�XVH�RI�
33(�

����� $V�SDUW�RI�WKH�VLWH�ULVN�DVVHVVPHQW�SURFHVV��0LFURQ�HPSOR\HHV�DVVHVV WKH�
KD]DUGV�RI�ZRUN�DUHDV�DQG�WDVNV�WR�EH�SHUIRUPHG�

����� 0LFURQ�PXVW�YHULI\�WKDW�WKH�UHTXLUHG�ZRUNSODFH�KD]DUG�DVVHVVPHQW�KDV�EHHQ�
SHUIRUPHG�WKURXJK�D�ZULWWHQ�FHUWLILFDWLRQ���

����� +D]DUG�DVVHVVPHQWV�DUH IRUPDOO\�GRFXPHQWHG�RQ�MRE�KD]DUG�DQDO\VLV��-+$��
IRUPV WKDW�DOVR�LQFOXGH DQG�RU�FRPSO\�ZLWK�WKH�IROORZLQJ�

7KH�ZRUNSODFH�ORFDWLRQ�WKDW�ZDV�HYDOXDWHG²FRPSOHWHG�-+$V�LGHQWLI\ WKH�
ZRUNSODFH�ORFDWLRQ�WKDW�ZDV�HYDOXDWHG�
7KH�SHUVRQ�FHUWLI\LQJ�WKDW�WKH HYDOXDWLRQ�KDV�EHHQ�SHUIRUPHG²FRPSOHWHG�
-+$V�OLVW WKH�QDPH�RI�WKH�SHUVRQ�WKDW�SHUIRUPHG�WKH�DQDO\VLV�
7KH�GDWH�RI�WKH�KD]DUG�DVVHVVPHQW²FRPSOHWHG�-+$V�LQFOXGH WKH�GDWH�WKDW�
WKH�HYDOXDWLRQ�ZDV FRPSOHWHG�
,GHQWLILFDWLRQ�RI�WKH�GRFXPHQW�DV�D�FHUWLILFDWLRQ�RI�KD]DUG�DVVHVVPHQW²
FRPSOHWHG�-+$V�VKDOO�VHUYH�DV�07,
V ZULWWHQ�FHUWLILFDWLRQ�V� RI�KD]DUG�
DVVHVVPHQW�

����� ,I�ZRUNSODFH�KD]DUGV�DUH�SUHVHQW��RU�OLNHO\�WR�EH�SUHVHQW��WKH�GHSDUWPHQW�RU�
DUHD�VXSHUYLVLRQ��ZLWK�WKH�DVVLVWDQFH�RI�D�6DIHW\�HPSOR\HH��LI�QHFHVVDU\��
VKDOO�

6HOHFW��DQG�KDYH�HDFK�DIIHFWHG�ZRUNHU XVH��WKH�W\SHV�RI�33( WKDW�ZLOO�
SURWHFW�WKH�DIIHFWHG�ZRUNHU IURP�WKH�KD]DUGV�LGHQWLILHG�LQ�WKH�ZRUNSODFH�
KD]DUG�DVVHVVPHQW�
&RPPXQLFDWH�VHOHFWLRQ�GHFLVLRQV�WR�HDFK�DIIHFWHG�ZRUNHU DQG�
6HOHFW�33(�WKDW ZLOO�SURSHUO\�ILW�HDFK�DIIHFWHG�ZRUNHU��

����� $OO�33(�ZLOO�EH�RI�VDIH�GHVLJQ�DQG�FRQVWUXFWLRQ�IRU�WKH�ZRUN�WR�EH�SHUIRUPHG�
2QO\�33(�WKDW�KDV�EHHQ�SUHYLRXVO\�DSSURYHG�E\�WKH�6DIHW\�'HSDUWPHQW�
VKRXOG EH�XVHG��VHH�33(�&DWDORJ��
'HIHFWLYH�RU�GDPDJHG�33(�PD\�QRW�EH�XVHG�

����� :RUNHUV�PXVW�ZHDU�WKH�VHOHFWHG�33(�DV�UHTXLUHG�E\�WKHLU�VXSHUYLVRUV��DUHD�
SURFHGXUHV��RU�-+$V WR�SURWHFW�DJDLQVW�LGHQWLILHG�KD]DUGV LQ�WKH�ZRUNSODFH��

��� 7UDLQLQJ

����� 7KH�VXSHUYLVRU �ZLWK�DVVLVWDQFH�IURP�6DIHW\��LI�QHFHVVDU\��ZLOO�SURYLGH�
WUDLQLQJ�WR�ZRUNHUV�ZKR�DUH�UHTXLUHG�WR�ZHDU�DQG�XVH�33(� (DFK�ZRUNHU VKDOO�
EH�WUDLQHG�WR�NQRZ�DW�OHDVW�WKH�IROORZLQJ�

:KDW 33(�LV UHTXLUHG�DQG�ZKHQ�LW�LV QHFHVVDU\�
+RZ�WR�SURSHUO\�GRQ� GRII��DGMXVW��DQG�ZHDU�33(�
7KH�OLPLWDWLRQV��H�J��GXUDELOLW\��XVHIXO�OLIH��LQFRPSDWLELOLWLHV��HWF���RI�WKH�
33(��DQG
7KH�SURSHU�FDUH��PDLQWHQDQFH��DQG�GLVSRVDO�RI�WKH�33(�

1RWH��6HH�LQGLYLGXDO�33(�GRFXPHQWV��OLVWHG�EHORZ��IRU�PRUH�GHWDLOHG WUDLQLQJ�
UHIHUHQFH�PDWHULDO�
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%2,�6$)(7<�� 3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��3URJUDP

����������� 0LFURQ�7HFKQRORJ\��,QF��$OO�5LJKWV�5HVHUYHG�
&RQILGHQWLDO�DQG�3URSULHWDU\�,QIRUPDWLRQ
('&�,'���+�+9�0(=5-(=�������������� �0'0�������DHI�����D���
%RLVH�)DFLOLWLHV�&RQWUROOHG�'RFXPHQW�� 8QFRQWUROOHG�3ULQWHG�&RS\
3DJH�� RI�� 9HUVLRQ���

����� ,I�0LFURQ�SURYLGHV�WKH�33(�WR�FRQWUDFWRUV��YHQGRUV��HTXLSPHQW�
UHSUHVHQWDWLYHV��HWF���WKH�0LFURQ�KRVW�RU�GHVLJQHH��ZLWK�DVVLVWDQFH�IURP�
6DIHW\��LI�QHFHVVDU\��ZLOO�DOVR�SURYLGH�WKH�WUDLQLQJ�RQ�LWV�SURSHU�XVH�

����� 7UDLQHG�ZRUNHUV�ZLOO�GHPRQVWUDWH�ERWK�DQ�XQGHUVWDQGLQJ�RI�WKLV�WUDLQLQJ�DQG�
WKH�DELOLW\�WR�XVH�33(�SURSHUO\�EHIRUH�EHLQJ�DOORZHG�WR�SHUIRUP�ZRUN�UHTXLULQJ�
WKH�XVH�RI�33(�

$UHD�VXSHUYLVRUV�KRVWV �ZLWK�DVVLVWDQFH�IURP�6DIHW\��LI�QHFHVVDU\��ZLOO�
YHULI\�WKDW�HDFK�DIIHFWHG�ZRUNHU KDV�UHFHLYHG�DQG�XQGHUVWRRG�WKH UHTXLUHG�
WUDLQLQJ�
33( FHUWLILFDWLRQV LQ�6)�/HDUQLQJ�PXVW FRQWDLQ DW�OHDVW WKH�IROORZLQJ�

�� 1DPHV RI�HDFK�HPSOR\HH�WUDLQHG�
�� 'DWH�V��RI�WKH�WUDLQLQJ� DQG�
�� 6XEMHFW�V� RI�WKH�FHUWLILFDWLRQ�

7KH�IROORZLQJ�33(�WUDLQLQJ�LWHPV DUH�FXUUHQWO\�DYDLODEOH�WKURXJK�6)�
/HDUQLQJ�

�� &KHPLFDOO\�UHVLVWDQW�FORWKLQJ�
&KHPLFDOO\�5HVLVWDQW�&ORWKLQJ�7UDLQLQJ�3UHVHQWDWLRQ
&KHPLFDOO\�5HVLVWDQW�&ORWKLQJ�'HPRQVWUDWLRQ�
&KHFNOLVW
%2,�6$)(7<�� 33(��&KHPLFDOO\�5HVLVWDQW�&ORWKLQJ�
�H/HDUQLQJ���(B/51��������
%2,�6$)(7<�� 33(��&KHPLFDOO\�5HVLVWDQW�&ORWKLQJ�
�&HUWLILFDWLRQ���&(57�������

�� &KHPLFDOO\�UHVLVWDQW�JORYHV�
&KHPLFDOO\�5HVLVWDQW�*ORYHV�7UDLQLQJ�3UHVHQWDWLRQ
&KHPLFDOO\�5HVLVWDQW�*ORYHV�'HPRQVWUDWLRQ�&KHFNOLVW
%2,�6$)(7<�� 33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV�
�H/HDUQLQJ���(B/51��������
%2,�6$)(7<�� 33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV�
�&HUWLILFDWLRQ���&(57�������

�� (QFDSVXODWLQJ��/HYHO�$��6XLW�
(QFDSVXODWLQJ��/HYHO�$��6XLW�7UDLQLQJ�3UHVHQWDWLRQ
(QFDSVXODWLQJ��/HYHO�$��6XLW�'HPRQVWUDWLRQ &KHFNOLVW
%2,�6$)(7<�� 33(��(QFDSVXODWLQJ��/HYHO�$��6XLW�
�H/HDUQLQJ��(B/51��������
%2,�6$)(7<�� 33(��(QFDSVXODWLQJ��/HYHO�$��6XLW�
�&HUWLILFDWLRQ���&(57�������

�� (\H�DQG�)DFH�3URWHFWLRQ�
(\H�	�)DFH�3URWHFWLRQ�7UDLQLQJ�3UHVHQWDWLRQ
(\H�	�)DFH�3URWHFWLRQ�'HPRQVWUDWLRQ�&KHFNOLVW
%2,�6$)(7<�� 33(��(\H�	�)DFH�3URWHFWLRQ��H/HDUQLQJ��
�(B/51��������
%2,�6$)(7<�� 33(��(\H�	�)DFH�3URWHFWLRQ�
�&HUWLILFDWLRQ���&(57�������
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%2,�6$)(7<�� 3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��3URJUDP

����������� 0LFURQ�7HFKQRORJ\��,QF��$OO�5LJKWV�5HVHUYHG�
&RQILGHQWLDO�DQG�3URSULHWDU\�,QIRUPDWLRQ
('&�,'���+�+9�0(=5-(=�������������� �0'0�������DHI�����D���
%RLVH�)DFLOLWLHV�&RQWUROOHG�'RFXPHQW�� 8QFRQWUROOHG�3ULQWHG�&RS\
3DJH�� RI�� 9HUVLRQ���

�� :RUN��7KHUPDO��DQG�&XW�5HVLVWDQW�*ORYHV�
:RUN��7KHUPDO��	�&XW�5HVLVWDQW�*ORYHV�7UDLQLQJ�
3UHVHQWDWLRQ
:RUN��7KHUPDO��	�&XW�5HVLVWDQW�*ORYHV�
'HPRQVWUDWLRQ�&KHFNOLVW
%2,�6$)(7<�� 33(��:RUN��7KHUPDO��DQG�&XW�
5HVLVWDQW�*ORYHV��H/HDUQLQJ���(B/51��������
%2,�6$)(7<�� 33(��:RUN��7KHUPDO��DQG�&XW�
5HVLVWDQW�*ORYHV��&HUWLILFDWLRQ���&(57�������

�� +HDG�3URWHFWLRQ�
+HDG�3URWHFWLRQ�7UDLQLQJ�3UHVHQWDWLRQ
+HDG�3URWHFWLRQ�'HPRQVWUDWLRQ�&KHFNOLVW
%2,�6$)(7<�� 33(��+HDG�3URWHFWLRQ��H/HDUQLQJ��
�(B/51��������
%2,�6$)(7<�� 33(��+HDG�3URWHFWLRQ��&HUWLILFDWLRQ��
�&(57��������

�� 'LVLODQH�3URWHFWLYH�*HDU�
'LVLODQH�3URWHFWLYH�*HDU�7UDLQLQJ�3UHVHQWDWLRQ
'LVLODQH�3URWHFWLYH�*HDU�'HPRQVWUDWLRQ�&KHFNOLVW
%2,�6$)(7<�� 33(��'LVLODQH�3URWHFWLYH�*HDU�
�H/HDUQLQJ���(B/51��������
%2,�6$)(7<�� 33(��'LVLODQH�3URWHFWLYH�*HDU�
�&HUWLILFDWLRQ���&(57��������

�� )ODPH�5HVLVWDQW�&ORWKLQJ�
)ODPH�5HVLVWDQW�&ORWKLQJ�7UDLQLQJ�3UHVHQWDWLRQ
)ODPH�5HVLVWDQW�&ORWKLQJ�'HPRQVWUDWLRQ�&KHFNOLVW
%2,�6$)(7<�� 33(��)ODPH�5HVLVWDQW�&ORWKLQJ�
�H/HDUQLQJ���(B/51��������
%2,�6$)(7<�� 33(��)ODPH�5HVLVWDQW�&ORWKLQJ�
�&HUWLILFDWLRQ���&(57��������

����� 5HWUDLQLQJ RI�ZRUNHUV�PD\�EH�QHFHVVDU\�XQGHU�FHUWDLQ�FLUFXPVWDQFHV�LQFOXGLQJ�
&KDQJHV�LQ�WKH�ZRUNSODFH�UHQGHU�SUHYLRXV�WUDLQLQJ�REVROHWH�
&KDQJHV�LQ�WKH�W\SHV�RI�33(�UHTXLUHG�WR�EH�XVHG�GXH�WR�DUHD KD]DUGV�
UHQGHU�SUHYLRXV�WUDLQLQJ�REVROHWH� DQG
,QDGHTXDFLHV�LQ�DQ�DIIHFWHG�HPSOR\HH
V�NQRZOHGJH�RU�XVH�RI�DVVLJQHG�33(�
LQGLFDWH�WKDW�WKH�HPSOR\HH�KDV�QRW�UHWDLQHG�WKH�UHTXLVLWH�XQGHUVWDQGLQJ�RU�
VNLOO�

��� 'RFXPHQW�&RQWURO
$SSURYDO��%2,)$&B6$)(7<B0$1$*(5
1RWLILFDWLRQ��%2,)$&B6$)(7<B7($0
)LQDO�9LHZHU�$FFHVV� $//B0,&521B(03/2<((B:25.(56��
$//B0,&521B&2175$&725B:25.(56�
5HWHQWLRQ��0)*�� &RQWUROOHG�'RFXPHQW�����\HDUV�
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%2,�6$)(7<�� 3HUVRQDO�3URWHFWLYH�(TXLSPHQW��33(��3URJUDP

����������� 0LFURQ�7HFKQRORJ\��,QF��$OO�5LJKWV�5HVHUYHG�
&RQILGHQWLDO�DQG�3URSULHWDU\�,QIRUPDWLRQ
('&�,'���+�+9�0(=5-(=�������������� �0'0�������DHI�����D���
%RLVH�)DFLOLWLHV�&RQWUROOHG�'RFXPHQW�� 8QFRQWUROOHG�3ULQWHG�&RS\
3DJH�� RI�� 9HUVLRQ���

��� 4XDOLW\�0DQDJHPHQW
7KH�33(�3URJUDP VKDOO�EH�UHYLHZHG�DW�OHDVW�ELHQQLDOO\�E\�SHUWLQHQW�(+6�PDQDJHPHQW��RU�
GHVLJQHHV��DQG�XSGDWHG�DV QHFHVVDU\�WR�LPSURYH�WKH�V\VWHP�RU�PHHW�WKH�UHTXLUHPHQWV�
RI�WKH�PRVW�FXUUHQW�IHGHUDO�DQG�0LFURQ�VWDQGDUG�V��
3HULRGLF�UHYLHZV�DQG�XSGDWHV�VKDOO�EH�HYLGHQFHG�WKURXJK�WKH�SHULRGLF�GRFXPHQW�UHYLHZ�
�3'5��SURFHVV DQG�DQ\ DVVRFLDWHG�UHYLVLRQ�FRPPHQWV�RU�GRFXPHQW�FKDQJHV�
'RFXPHQW�XSGDWHV�WKDW�LQFOXGH�FRQWHQW�FKDQJHV�VKDOO�EH�URXWHG��H�J�� HPDLO�QRWLILFDWLRQ��
('0�,QER[�QRWLILFDWLRQ��HWF���E\�WKH�6DIHW\�'HSDUWPHQW�WR�LPSDFWHG�ZRUNHUV�IRU�
DSSURYDO�UHYLHZ�

��� 5HODWHG�$VVRFLDWHG�'RFXPHQWV�DQG�5HIHUHQFHV
3HUVRQDO�3URWHFWLYH�(TXLSPHQW�����&)5����������
:RUNSODFH�+D]DUG�$VVHVVPHQW�	 33(�6HOHFWLRQ
&HUWLILFDWLRQ�RI�:RUNSODFH�+D]DUG�$VVHVVPHQW
07,�33(�&DWDORJ
(\H�DQG�)DFH�3URWHFWLRQ������&)5����������
+HDG�3URWHFWLRQ�����&)5����������
)RRW�3URWHFWLRQ�����&)5����������
+DQG�3URWHFWLRQ�����&)5 ���������
5HVSLUDWRU\�3URWHFWLRQ�����&)5����������
(OHFWULFDO�3URWHFWLYH�'HYLFHV�����&)5����������

� 6HFWLRQV�����DQG�����RI�WKLV�3URJUDP�DSSO\�RQO\�WR�����(\H�DQG�)DFH�3URWHFWLRQ������&)5����������������+HDG�
3URWHFWLRQ�����&)5����������������)RRW�3URWHFWLRQ�����&)5������������DQG�����+DQG�3URWHFWLRQ�����&)5�����������
:RUNSODFH�+D]DUG�$VVHVVPHQW�DQG�7UDLQLQJ�UHTXLUHPHQWV�IRU�5HVSLUDWRU\�3URWHFWLRQ ����&)5���������� DQG�
(OHFWULFDO�3URWHFWLYH�'HYLFHV�����&)5���������� DUH�DGGUHVVHG�VHSDUDWHO\�LQ�RWKHU�SURJUDPV�RU�SURFHGXUHV��H�J��
5HVSLUDWRU\�3URWHFWLRQ�3URJUDP��
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'RFXPHQW� ,'��;(�.�+'�$38'��������������
7UDLQLQJ�&HUWLILFDWLRQ� 5HIHUHQFH�'RFXPHQW� 2QO\

33(�'(021675$7,21� &+(&./,67
%2,�6$)(7<�� 33(��&KHPLFDOO\�5HVLVWDQW�*ORYHV��&(57�������

$V�SDUW�RI�WKH�3HUVRQDO�3URWHFWLYH�(TXLSPHQW�VWDQGDUG��26+$�UHTXLUHV�WKDW�DIIHFWHG�
ZRUNHUV�GHPRQVWUDWH�WKH�DELOLW\�WR�XVH�33(�SURSHUO\� 7KH�07,�H[SHFWDWLRQ�WR�VDWLVI\�
WKLV�UHTXLUHPHQW�LV�WR�KDYH�WKH�FHUWLI\LQJ�ZRUNHU�SHUIRUP�D�KDQGV�RQ�GHPRQVWUDWLRQ�
RI�WKH�GRQQLQJ��ZHDULQJ��DQG�SURSHU�UHPRYDO�RI�WKH�33(�LWHP�V��XQGHU�WKH�GLUHFWLRQ�
RI�WKHLU�VXSHUYLVRU�RU�D�TXDOLILHG� GHVLJQHH VHOHFWHG�E\�WKH�VXSHUYLVRU�

7KLV�GHPRQVWUDWLRQ�FKHFNOLVW�PD\�EH�XVHG�DV�D�JXLGDQFH�GRFXPHQW E\�WKH�
VXSHUYLVRU�RU�TXDOLILHG� GHVLJQHH�DV�WKH�FHUWLI\LQJ�ZRUNHU GHPRQVWUDWHV WKHLU�DELOLW\�
WR�SURSHUO\�XVH�WKH�33(�LWHPV�

6XSHUYLVRU��
�� 7R�VLJQ RII�WKLV�FHUWLILFDWLRQ��ODXQFK�

WKH�WHDP�PHPEHU¶V�6)�/HDUQLQJ�3ODQ�
DQG�VHOHFW�WKH�33(�&HUWLILFDWLRQ�
/HDUQLQJ�,WHP��6HOHFW�WKH�SDSHU�FOLS�
LFRQ�WR�YLHZ�WKH�HOHDUQLQJ� 7UDLQLQJ�
3UHVHQWDWLRQ�IRU�UHIHUHQFH��LI�QHHGHG�

�� <RX�RU�\RXU�GHVLJQHH�ZLOO�REVHUYH�
WKH�WHDP�PHPEHU�SHUIRUP�WKH�
DFWLRQV�RQ�WKH�FKHFNOLVW�EHORZ��
,I�WDVNV�DUH�FRPSOHWHG�
VXFFHVVIXOO\��VLJQ�WKH�WHDP�
PHPEHU�RII�E\�VHOHFWLQJ�
5HFRUG�/HDUQLQJ�

&KHPLFDOO\�UHVLVWDQW� JORYHV��H�J���µ$FLG¶�JORYHV��QLWULOH� JORYHV��ODWH[�JORYHV��
6LOYHU�6KLHOG�JORYHV��HWF���

�� 3XW�RQ�WKH�33(�LWHP�

6HOHFW�D�JORYH�VL]H�WKDW�ILWV�VQXJO\�DQG�FRPIRUWDEO\�ZLWKRXW�H[FHVV�DPRXQWV�
RI�ORRVH�RU�EXQFKHG�XS�PDWHULDO�WKDW�FRXOG�LQWHUIHUH�ZLWK�ZRUN�DFWLYLWLHV��

&KHFN�WKH�JORYHV�IRU�SLQ�KROH�OHDNV��VHH�)LJXUH 2QH QH[W�SDJH��DQG�RWKHU�
GHIHFWV��VXFK�DV�FUDFNV��WHDUV��PDWHULDO�WKLQQHVV��HWF��EHIRUH�GRQQLQJ�

(QVXUH�WKDW�JORYHV�FRYHU�WKH�HQWLUH�KDQG�VXUIDFH�DQG�DUH�SXOOHG�XS�RYHU�WKH�
ZULVW�ORZHU�DUP�

�� 3URSHUO\�UHPRYH�WKH�33(�LWHP�

5HPRYH�E\�FDUHIXOO\�WXUQLQJ� WKH�JORYH�LQVLGH�RXW�IURP�WKH�FXII�WR�WKH�ILQJHUV�
ZLWKRXW�WRXFKLQJ�WKH�RXWHU�VXUIDFH�RI�WKH�SURWHFWLYH�JORYH�
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'RFXPHQW� ,'��;(�.�+'�$38'��������������
7UDLQLQJ�&HUWLILFDWLRQ� 5HIHUHQFH�'RFXPHQW� 2QO\
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i. Donning Chemical Resistant PPE 
 

Step Action Note/Results 
1. Don dry, clean chemical-resistant 

gloves over. 

 

Place a 2 to 3 inch cuff in the glove to 
catch any drips which may run down the 
gloves.  

2. Don the chemical resistant gown by 
placing neck strap over the head and 
placing arms into the sleeves. 
 

 

Place the gown sleeve over or under the 
glove cuff (either is acceptable) such that 
chemicals can not directly contact the 
skin in the event of a splash or liquids 
being on the glove. Tighten the sleeve of 
the gown over the glove using draw 
string and tie off (if applicable). Taping 
once around the wrist with clean room 
tape is recommended when reaching or 
when the sleeve is not snug around the 
glove cuff. Create a 2" tab for easy 
removal by folding the tape back onto 
itself.  

3. Put on protective eyewear, note splash 
resistant goggles required when 
handling corrosives. 
 
  
When wearing Dryden helmet:  
attach Dryden helmet face shield. 

Ensure that the fit is comfortable and is 
not too tight or too loose.  Move head 
side to side and up and down to ensure 
that the goggles will not slip during 
usage. 
  
Keep safety glasses on; Chemical goggles 
are not required when wearing helmet. 

4. Don the face shield. 
 

The face shield must be worn down over 
the face when ever there is the potential 
for splash to the face area i.e. pouring 
chemicals, wiping up freestanding 
liquids, etc. 
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