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EXECUTIVE SUMMARY   810 

The EPA has evaluated tris(2-chloroethyl) phosphate, or TCEP, under the Toxic Substances Control Act 811 

(TSCA). In this draft risk evaluation, EPA preliminarily  finds that TCEP presents an unreasonable 812 

risk of injury to human health and the environment. 813 

 814 

In December 2019, EPA designated TCEP as a high-priority substance for TSCA evaluation and in 815 

August 2020 released the final scope of the risk evaluation. This draft risk evaluation assesses human 816 

health risk to workers, consumers, and the general population, as well as risk to the environment.  817 

 818 

Although U.S. production of TCEP has decreased by about 99 percent since 2014, it is still used 819 

domestically to make some paints and coatings and as a flame retardant and plasticizer for specific 820 

aerospace applications. In the past, TCEP was processed in many products made in the United States, 821 

including fabrics and textiles, some types of foam, and construction materialsðsome of which may still 822 

be in use today. TCEP may still be found in a wide range of goods that are imported into the United 823 

States. 824 

 825 

Because TCEP is mixed into but not chemically bonded to materials, it can leach out of products and 826 

into the environment. TCEP that is released into the environment from manufacturing processes or 827 

leaching from products primarily ends up in water, sediment, soil, or dust. TCEP may leach out of 828 

materials dumped in landfills and reach groundwater or surface water. It can also be released into the air. 829 

If TCEP enters the atmosphere, it can be deposited in lakes and rivers through rain and snowfall. TCEP 830 

can be carried long distances via air and water and has been detected in the Arctic. TCEP concentrations 831 

may be even higher indoors than outdoors, because TCEP can leach out of consumer products such as 832 

carpets or wooden TV stands and attach to household dust. Although TCEP is persistent in the 833 

environment (i.e., it does not easily degrade) and has been detected in organisms such as fish exposed to 834 

TCEP in surface water, it does not appear to bioaccumulate because it is not found to accumulate in 835 

people or animals at greater concentrations than exist in the environment.  836 

 837 

Unreasonable Risk to Human Health 838 

Data from laboratory animal testing shows that exposure to TCEP may increase the risk of adverse 839 

effects in people such as kidney cancer and other cancers, as well as harm to neurological and 840 

reproductive systems (Section 5.2.5.3). EPA evaluated the risks of people experiencing these cancers 841 

and harmful neurological and reproductive effects from being exposed to TCEP at work, in the home, by 842 

breastfeeding, and by eating fish taken from TCEP-contaminated water. When determining 843 

unreasonable risk of TCEP to human health, EPA also accounted for potentially exposed and susceptible 844 

populationsðpregnant women, infants exposed through human milk, children and adolescents 845 

(especially males), people who experience aggregated or sentinel exposures, fenceline communities who 846 

live near facilities that emit TCEP, firefighters, and people and tribes whose diets include large amounts 847 

of fish (Section 5.3.3). 848 

 849 

Workers with the greatest potential for exposure to TCEP are those who spray TCEP-containing paints 850 

or coatings, or workers who are involved in processing a 2-part resin used in paints, coatings, and 851 

polyurethane resin castings for aerospace applications (Section 5.3.2.1). Outside the workplace, adults, 852 

infants, and children may be most at risk if they breathe or ingest TCEP that comes out of fabrics, 853 

textiles, foam, and wood products and that either attaches to dust or otherwise gets into indoor air 854 

(Section 5.3.2.2). Infants and children may be at risk if they mouth products containing foam, textiles, or 855 

wood that contain TCEP (Section 5.3.2.3) or are breastfed (Section 5.3.2.4). People who are subsistence 856 

fishers may be at high risk if  they eat TCEP-contaminated fish; tribal people for whom fish is important 857 

https://www.regulations.gov/document/EPA-HQ-OPPT-2018-0476-0036
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dietarily and culturally have even higher risk than the general population and subsistence fishers 858 

(Section 5.3.3).  859 

 860 

EPAôs assessment preliminaril y shows unreasonable risks of cancer and noncancer health effects 861 

from half of the TCEP conditions of use (COUs) to (1) breastfed infants, (2) people who handle 862 

TCEP or handle products formulated with TCEP at work, (3) people who breathe or ingest dust 863 

from TCEP that comes off of consumer products, and (4) people who eat large amounts of fish 864 

contaminated with TCEP. For workers, there are certain activities where acute, short-term, chronic and 865 

lifetime exposures to TCEPðespecially from contact with skinðcontribute to unreasonable risk. 866 

Outside the work environment, TCEP presents unreasonable risk to adults, children, and infants with 867 

acute, short-term/chronic, and lifetime exposure to TCEP, mainly from breathing or ingesting TCEP-868 

containing dust or eating TCEP-contaminated fish. TCEP presents unreasonable risk to children and 869 

infants with acute and short-term/chronic exposure from mouthing consumer products that contain 870 

TCEP. EPA also assessed whether breast-feeding infants were at higher risk than their mothers and 871 

determined that they are not.  872 

 873 

Unreasonable Risk to the Environment 874 

Based on data for three fish species and predictive models for sediment-dwelling organisms, EPA 875 

assessed TCEP exposures to the aquatic environment when TCEP leaches or is released into water 876 

through the manufacturing, processing, or use of TCEP or TCEP-containing materials. EPAôs 877 

assessment preliminarily  shows that chronic exposure to TCEP results in unreasonable risk to fish 878 

from using TCEP as a laboratory chemical and to sediment-dwelling organisms for all uses that 879 

were quantitatively evaluated. EPA preliminarily determined that acute exposure to TCEP does not 880 

present unreasonable risk to aquatic organisms (vertebrate and invertebrate species). Data on soil 881 

invertebrates and mammals indicate that acute and chronic exposure to TCEP does not present 882 

unreasonable risks to land-dwelling animals.  883 

 884 

Considerations and Next Steps 885 

A total of 20 COUs were evaluated for TCEP (see Table 1-1). EPA preliminarily determined that the 886 

following nine COUs contribute to the unreasonable risk that TCEP presents, considered singularly or in 887 

combination with other TCEP exposures: 888 

¶ Manufacturing (import);  889 

¶ Processing ï incorporation into formulation, mixture, or reaction product ï paint and coating 890 

manufacturing;  891 

¶ Processing ï incorporation into formulation, mixture, or reaction product ï polymers used in 892 

aerospace equipment and products;  893 

¶ Processing ï incorporation into article ï aerospace equipment and products; 894 

¶ Commercial use ï paints and coatings;  895 

¶ Commercial use ï laboratory chemicals; 896 

¶ Consumer use ï furnishing, cleaning, treatment/care products ï fabric and textile products;  897 

¶ Consumer use ï furnishing, cleaning, treatment/care products ï foam seating and bedding 898 

products; and 899 

¶ Consumer use ï construction, paint, electrical, and metal products ï building/construction 900 

materials ï wood and engineered wood products ï wood resin composites. 901 

The following five COUs were preliminary determined not to contribute to the unreasonable risk: 902 

¶ Processing ï recycling; 903 

¶ Distribution in commerce;  904 
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¶ Industrial use ï aerospace equipment and products;  905 

¶ Commercial use ï aerospace equipment and products; and   906 

¶ Consumer use ï construction, paint, electrical, and metal products ï building/construction 907 

materials ï insulation.  908 

In addition, there are six COUs for which EPA does not have sufficient information to determine 909 

whether they contribute to TCEPôs unreasonable risks (see Section 5.3.2.3.2 and Section 6.3.1):  910 

¶ Commercial use ï furnishing, cleaning, treatment/care products ï fabric and textile products;  911 

¶ Commercial use ï furnishing, cleaning, treatment/care products ï foam seating and bedding 912 

products; 913 

¶ Commercial use ï construction, paint, electrical, and metal products ï building/construction 914 

materials ï wood and engineered wood products ï wood resin composites;  915 

¶ Commercial use ï construction, paint, electrical, and metal products ï building/construction 916 

materials ï insulation;  917 

¶ Consumer use ï paints and coatings; and 918 

¶ Disposal.  919 

It also is important to note that, in addition to the lack of information on six COUs, the estimates of risk 920 

in the TCEP evaluation include assumptions and modeled predictions around which there are varying 921 

levels of uncertainty. That being said, the totality of information and weight of the scientific evidence 922 

give EPA confidence that under the known, intended, and reasonably foreseen COUs that are subject to 923 

evaluation and regulation under TSCA, TCEP presents unreasonable risks to human health and the 924 

environment. 925 

 926 

This draft risk evaluation has been released for public comment and will undergo independent, expert 927 

scientific peer review. EPA will issue a final TCEP risk evaluation in 2024 after considering input from 928 

the public and peer reviewers. If in the final risk evaluation EPA determines that TCEP presents 929 

unreasonable risk to human health or the environment, EPA will initiate regulatory action to mitigate 930 

those risks. 931 

  932 
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1 INTRODUCTION  933 

EPA has evaluated tris(2-chloroethyl) phosphate (TCEP) under the Toxic Substances Control Act 934 

(TSCA). TCEP is primarily used as an additive flame retardant and plasticizer in polymers used in 935 

aerospace equipment and products and as an additive flame retardant in paint and coating 936 

manufacturing. In the past, TCEP was processed in many products made in the United States, including 937 

fabrics and textiles, some types of foam, and construction materialsðsome of which may still be in use 938 

today. TCEP may also be imported in articles intended for consumer use. Section 1.1 provides 939 

production volume, life cycle diagram (LCD), conditions of use (COUs), and conceptual models used 940 

for TCEP; Section 1.2 includes an overview of the systematic review process; and Section 1.3 presents 941 

the organization of this draft risk evaluation. Figure 1-1 describes the major inputs, phases, and 942 

outputs/components of the TSCA risk evaluation process, from scoping to releasing the final risk 943 

evaluation. 944 

 945 

 946 

Figure 1-1. TSCA Existing Chemicals Risk Evaluation Process 947 

1.1 Scope of the Risk Evaluation 948 

EPA evaluated risk to human and environmental populations for TCEP. Specifically for human 949 

populations, the Agency evaluated risk to (1) workers and occupational non-users (ONUs) via inhalation 950 

and oral routes; (2) workers via dermal routes; (3) consumers via inhalation, dermal, and oral routes; and 951 

(4) the general population via oral, dermal, and inhalation routes. In this risk evaluation the general 952 

population includes various subpopulations such as subsistence fishers and tribal populations. For 953 

environmental populations, EPA evaluated risk to (1) aquatic species via water and sediment, and (2) 954 

terrestrial species via air and soil leading to dietary exposure. 955 

 Life Cycle and Production Volume 956 

The LCD shown below in Figure 1-2 depicts the COUs that are within the scope of the draft risk 957 

evaluation during various life cycle stages, including manufacturing, processing, use (industrial, 958 

commercial, consumer), distribution, and disposal. The LCD has been updated since it was included in 959 

the TCEP final scope document (U.S. EPA, 2020b) to correspond with minor updates to the COUs. The 960 

information in the LCD is grouped according to the Chemical Data Reporting (CDR) processing codes 961 

and use categories, including functional use codes for industrial uses and product categories for 962 

https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-evaluations-existing-chemicals-under-tsca#risk
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10617335
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industrial, commercial, and consumer uses. The CDR Rule under TSCA requires U.S. manufacturers 963 

(including importers) to provide EPA with information on the chemicals they manufacture or import into 964 

the United States. EPA collects CDR data approximately every 4 years with the latest collections 965 

occurring in 2006, 2012, 2016, and 2020.  966 

 967 

Descriptions of the industrial, commercial, and consumer use categories identified from the CDR are 968 

included in the LCD (Figure 1-2) (U.S. EPA, 2016d). The descriptions provide a brief overview of the 969 

use category; the Supplemental Information on Environmental Release and Occupational Exposure 970 

Assessment (U.S. EPA, 2023l) contains more detailed descriptions (e.g., process descriptions, worker 971 

activities, process flow diagrams, equipment illustrations) for each manufacture, processing, use, and 972 

disposal category. 973 

 974 

Because TCEP is also known to co-occur in formulation with other flame retardants, such as 2,2-975 

bis(chloromethyl)-propane-1,3-diyltetrakis(2-chloroethyl) bisphosphate (V6), this draft risk evaluation 976 

evaluates TCEP when it co-occurs with other flame retardants in commercial and consumer products 977 

(e.g., when it co-occurs with V6). However, it does not evaluate the other flame retardants. 978 

 979 

 980 

Figure 1-2. TCEP Life Cycle Diagram 981 
1 Due to lack of reasonably available data, including current CDR data, EPA cannot differentiate between import 982 
and processing sites. 983 
2 See Table 1-1 for additional details on uses. 984 
 985 

As evident in Figure 1-3, import, production volume, and uses of TCEP in the United States have 986 

curtailed in recent years. Although CDR data show production volumes for TCEP in chemical form in 987 

the tens of thousands of pounds from 2012 to 2015, the most recent updated 2020 CDR data showed that 988 

no company reported the manufacture (including import) of TCEP in the United States from 2016 to 989 

2020. However, the reporting threshold for TCEP in CDR is 25,000 lb and some manufacturing could be 990 
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occurring below that threshold (U.S. EPA, 2020a).1 The production volumes for TCEP reported to CDR 991 

for years 2012 to 2015 were all from one company, Aceto US LLC, a chemical manufacturer and 992 

supplier importing TCEP in chemical form. Aceto US LLC indicated to EPA that TCEP was imported 993 

and used as a flame retardant for unsaturated polyester resins and for aircraft furniture (U.S. EPA, 994 

2020b). Note that prior to 2012, production volume in CDR was reported in ranges. From 1986 to 2002, 995 

the production volume reported to CDR (previously known as the Inventory Update Rule, or IUR) was 996 

between 1 and 10 million lb. In 2006, the production volume reported was between 500,000 and 1 997 

million lb and in 2011 the production volume was withheld. 998 

 999 

To supplement the CDR data, EPA also considered Datamyne import volume information that shows 1000 

593 lb of TCEP imported in 2020. Descartes Datamyne is a commercial searchable trade database that 1001 

covers the import-export data and global commerce of more than 50 countries (across 5 continents) and 1002 

includes cross-border commerce of the United States with over 230 trading partners (Descartes, 2020). 1003 

The trade data are gathered from the U.S. Customs Automated Manifest System. Since 2014, total 1004 

imports of TCEP in chemical form range in volume over the time from approximately 96,823 lb (in 1005 

2014) to 593 lb (in 2020) (Descartes, 2020). Note that for 2014, the Aceto US LLC data is included in 1006 

the total production volume for CDR and Datamyne. For 2020, Sigma Aldrich Corp reported the 593 1007 

lb.2 1008 

 1009 

The 2016 CDR reporting data and Datamyne import volume data for TCEP in chemical form are 1010 

provided in Figure 1-3. TCEP imported in articles is not captured in these data. Note, EPA only recently 1011 

added TCEP to the Toxics Release Inventory (TRI) with the first year of reporting from facilities due 1012 

July 1, 2024. 1013 
 1014 

 
1 Note that because CDR generally does not include information on impurities or manufacturing solely in small quantities for 

research and development, and because small manufacturers are exempt from 2020 CDR reporting, some manufacturing 

could be occuring at small manufacturers. However, EPA does not consider domestic manufacturing of TCEP to be 

reasonably foreseeable. Lastly, TCEP imported in articles would not be captured in CDR. 
2 Due to the nature of Datamyne data, some shipments containing TCEP may be excluded due to being categorized under 

other names that were not included in the search terms. There also may be errors in the data that prevent shipment records 

containing the chemical from being located. Datamyne does not include articles/products containing the chemical unless the 

chemical name is included in the description; however, based on descriptions provided on the bills of lading, Figure 1-3 

provides an estimate of the volume of TCEP imported as the chemical (not in an identified product) from 2012 to 2020. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6277143
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10617335
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10617335
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6301380
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6301380
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 1015 

Figure 1-3. Reported Aggregate TCEP Production Volume (lb) 2012ï2020 1016 
Note: CDR data for the 2016 reporting period is available via ChemView. Because of an ongoing CBI 1017 
substantiation process required by amended TSCA, the CDR data available in this draft risk evaluation is more 1018 
specific than currently provided in ChemView (U.S. EPA, 2019a). For 2014, Aceto US LLCôs production volume 1019 
is included in both the CDR data and the Datamyne data.  1020 
 1021 

Given the uncertainties in the current production volume for TCEP, EPA used two production volumes 1022 

in its analyses for this draft risk evaluation: 2,500 and 25,000 lb. The 2,500 lb production volume is used 1023 

as a more realistic estimate reflecting current production volumes, while 25,000 lb is used as an upper 1024 

bound estimate based on the 2020 CDR reporting threshold. There are several reasons why EPA 1025 

considers 2,500 lb to be a more realistic production volume. First, the decreasing aggregate TCEP 1026 

production volumes according to CDR and Datamyne, as shown in Figure 1-3, suggest that the 1027 

production volume is now somewhere below the 2020 CDR reporting threshold of 25,000 lb, with 1028 

Datamyne showing 593 lb of TCEP imported in 2020 and generally the most recent Datamyne 1029 

information (2017 to 2020) in the low thousands of pounds or lower. Additionally, EPA received public 1030 

comments (EPA-HQ-OPPT-2018-0476-0041) on the final scope document (U.S. EPA, 2020b) 1031 

confirming industryôs transition away from the domestic use of TCEP. 1032 

 1033 

Communication with industry further supported the declining use of TCEP as many companies have 1034 

since discontinued or reformulated products that contained TCEP, even though TCEP is still in use for 1035 

several commercial and consumer COUs (EPA-HQ-OPPT-2018-0476-0056). However, there is no 1036 

federal ban on the manufacture, process, or use of TCEP that would prevent production volumes from 1037 

increasing again (see Appendix B for the regulatory history of TCEP). Therefore, EPA used these two 1038 

ttps://java.epa.gov/chemview
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6277143
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10617335
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production volumes to characterize what is possible and what is realistic given reasonably available 1039 

information. Given EPAôs research, the 25,000 lb upper bound production volume is believed to be an 1040 

overestimate of current production volumes in the United States. For these reasons, the 2,500 lb 1041 

production volume is used throughout this draft risk evaluation as EPA has more confidence that it is 1042 

reflective of current production volumes. Estimates using the upper bound of 25,000 lb are presented in 1043 

appendices and supplemental files.  1044 

 Conditions of Use Included in the Draft Risk Evaluation 1045 

The Final Scope of the Risk Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) CASRN 115-96-8 1046 

(U.S. EPA, 2020b) identified and described the life cycle stages, categories and subcategories that 1047 

comprise COUs that EPA planned to consider in the risk evaluation. All  COUs for TCEP included in 1048 

this draft risk evaluation are reflected in the LCD (Figure 1-2) and conceptual models (Section 1.1.2.1). 1049 

Table 1-1 below presents all COUs for TCEP. 1050 

 1051 

In this draft risk evaluation, EPA made edits to the COUs listed in the final scope document. These edits 1052 

reflect EPAôs improved understanding of the COUs based on further outreach and public comments 1053 

received, which have been added to the reference(s) column of Table 1-1. Changes include removing 1054 

ñflame retardantò as the exclusive functional use in the processing conditions of use; editing industrial 1055 

and commercial use in ñaircraft interiors and productsò to ñaerospace equipment and productsò; and 1056 

improved the description of the COU to avoid using the ñproducts not covered elsewhereò description 1057 

from the CDR reporting codes. EPA did not receive public comments on additional commercial uses 1058 

that fall into the ñOther useò category aside from laboratory chemicals, the Agency removed ñe.g.,ò 1059 

from the COU, ñCommercial use ï other use ï e.g., laboratory chemicals.ò 1060 

 1061 

All COUs assessed in this Risk Evaluation are considered on-going uses. However, there are several 1062 

COUs for which part of the life cycle has ceased, such as manufacturing (including import) and 1063 

processing. However, other parts of the lifecycle including recycling, commercial or consumer use, and 1064 

disposal are on-going. These COUs are identified in Table 1-1 and include four COUs for commercial 1065 

use and five COUs for consumer use.  1066 

 1067 

Table 1-1. Conditions of Use in the Risk Evaluation for TCEP 1068 

Life Cycle 

Stagea Categoryb Subcategoryc Reference(s) 

Manufacturing Import Import U.S. EPA (2016d) 

Processing 

Processing ï 

incorporation into 

formulation, mixture, or 

reaction product 

Paint and coating 

manufacturing 

(U.S. EPA, 2019a; Duratec, 2018; U.S. 

EPA, 2017b; PPG, 2016, 2010) 

Flame Control Coatings_meeting 

memo 

Processing ï 

incorporation into 

formulation, mixture, or 

reaction product 

Polymers used in 

aerospace equipment 

and products 

EPA-HQ-OPPT-2018-0476-0015; 

EPA-HQ-OPPT-2018-0476-0012; BJB 

Enterprises (2017); EPA-HQ-OPPT-

2018-0476-0045; Summary of email 

exchanges 

Processing ï 

incorporation into article 

Aerospace equipment 

and products 

EPA-HQ-OPPT-2018-0476-0006; 

EPA-HQ-OPPT-2018-0476-0045; 

Boeing meeting memo 

Recycling Recycling (U.S. EPA, 2019a) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10617335
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6277143
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10604010
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079078
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079078
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10604368
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10604352
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10604005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6277143
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Life Cycle 

Stagea Categoryb Subcategoryc Reference(s) 

Distribution in 

Commerce 

Distribution in 

commerce 

Distribution in 

commerce 

 

Industrial Use Other use Aerospace equipment 

and products 

EPA-HQ-OPPT-2018-0476-0006; 

Boeing meeting memo 

Commercial 

Use 

Other use Aerospace equipment 

and products 

EPA-HQ-OPPT-2018-0476-0006 

Paints and coatings Paints and coatings U.S. EPA (2019a); Alliance for 

Automotive Innovation 

Laboratory chemicals Laboratory chemical TCI America (2018) 

Furnishing, cleaning, 

treatment/care products 

Fabric and textile 

productsd 

EPA-HQ-OPPT-2018-0476-0015 

Furnishing, cleaning, 

treatment/care products 

Foam seating and 

bedding productsd 

Stapleton et al. (2011); Stapleton & 

Hammel meeting memo 

Construction, paint, 

electrical, and metal 

products 

Building/construction 

materials ï insulationd 

EPA-HQ-OPPT-2018-0476-0015; 

EPA-HQ-OPPT-2018-0476-0041; EC 

(2009), cites IARC (1990) 

Construction, paint, 

electrical, and metal 

products 

Building/construction 

materials ï wood and 

engineered wood 

products ï wood resin 

compositesd 

EC (2009), cites IARC (1990), OECD 

(2006); IPCS (1998) 

Consumer Use 

Paints and Coatings Paints and coatingsd 
U.S. EPA (2019a); Alliance for 

Automotive Innovation 

Furnishing, cleaning, 

treatment/care products 

Fabric and textile 

productsd 

EPA-HQ-OPPT-2018-0476-0015 

Furnishing, cleaning, 

treatment/care products 

Foam seating and 

bedding productsd 

Stapleton et al. (2011); Stapleton & 

Hammel meeting memo 

Construction, paint, 

electrical, and metal 

products 

Building/construction 

materials ï insulationd 

EPA-HQ-OPPT-2018-0476-0015; 

EPA-HQ-OPPT-2018-0476-0041; EC 

(2009), cites IARC (1990) 

Construction, paint, 

electrical, and metal 

products 

Building/construction 

materials ïwood and 

engineered wood 

products ï wood resin 

compositesd 

EC (2009), cites IARC (1990), OECD 

(2006); IPCS (1998) 

Disposal Disposal Disposale  

a Life Cycle Stage Use Definitions (40 CFR 711.3) 

 ñIndustrial Useò means use at a site at which one or more chemicals or mixtures are manufactured (including 

imported) or processed. 

 ñCommercial Useò means the use of a chemical or a mixture containing a chemical (including as part of an 

article) in a commercial enterprise providing saleable goods or services. 

 ñConsumer Useò means the use of a chemical or a mixture containing a chemical (including as part of an 

article, such as furniture or clothing) when sold to or made available to consumers for their use. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6277143
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10604374
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2648828
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5186096
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=79051
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6277143
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2648828
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5186096
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=79051
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Life Cycle 

Stagea Categoryb Subcategoryc Reference(s) 

 Although EPA has identified both industrial and commercial uses here for purposes of distinguishing scenarios 

in this document, the Agency interprets the authority over ñany manner or method of commercial useò under 

TSCA section 6(a)(5) to reach both. 
b These categories of COU appear in the LCD, reflect CDR codes, and broadly represent COUs of TCEP in 

industrial and/or commercial settings and for consumer uses. 
c These subcategories reflect more specific COUs of TCEP. 
d Manufacturing (including import) and processing for these COUs has ceased. 
e This COU use includes associated disposal of those COUs for which manufacturing (including import) and 

processing have ceased. 

1.1.2.1 Conceptual Models 1069 

The conceptual model in Figure 1-4 presents the exposure pathways, exposure routes, and hazards to 1070 

human populations from industrial and commercial activities and uses of TCEP. Figure 1-5 presents the 1071 

conceptual model for consumer activities and uses, Figure 1-6 presents general population exposure 1072 

pathways and hazards for environmental releases and wastes, and Figure 1-7 presents the conceptual 1073 

model for ecological exposures and hazards from environmental releases and wastes.1074 
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 1075 

Figure 1-4. TCEP Conceptual Model for Industrial and Commercial Activities and Uses: Potential Exposure and Hazards 1076 
The conceptual model presents the exposure pathways, exposure routes, and hazards to human populations from commercial activities and uses of TCEP. 1077 
 1078 
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 1079 

Figure 1-5. TCEP Conceptual Model for Consumer Activities and Uses: Potential Exposures and Hazards 1080 
The conceptual model presents the exposure pathways, exposure routes, and hazards to human populations from consumer activities and uses of TCEP. 1081 

  1082 
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 1083 

Figure 1-6. TCEP Conceptual Model for Environmental Releases and Wastes: General Population Hazards 1084 
The conceptual model presents the exposure pathways, exposure routes, and hazards to human populations from releases and wastes from industrial, 1085 
commercial, and/or consumer uses of TCEP. 1086 
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 1087 

Figure 1-7. TCEP Conceptual Model for Environmental Releases and Wastes: Ecological Exposures and Hazards 1088 
The conceptual model presents the exposure pathways, exposure routes, and hazards to environmental populations from releases and wastes from 1089 
industrial, commercial, and/or consumer uses of TCEP. 1090 
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 Populations Assessed 1091 

Based on the conceptual models presented in Section 1.1.2.1, Figure 1-8 presents the human and 1092 

ecological populations assessed in this draft risk evaluation. Specifically for humans, EPA evaluated risk 1093 

to workers and ONUs via inhalation routes and risk to workers via dermal routes; risk to consumers via 1094 

inhalation, dermal, and oral routes; risk to the general population via oral, dermal, and inhalation routes. 1095 

For environmental populations, EPA evaluated risk to aquatic species via water and sediment, and risk 1096 

to terrestrial species via air, soil, and water leading to dietary exposure. Human health risks were 1097 

evaluated for acute, short-term/subchronic, chronic, and lifetime exposure scenarios as appropriate, and 1098 

environmental risks were evaluated for acute and chronic exposure scenarios, as applicable based on 1099 

reasonably available exposure and hazard data as well as the relevant populations for each. All 1100 

consumers of products containing TCEP were considered users of those products, and bystanders were 1101 

not assessed separately because all the consumer COUs assessed were article scenarios. For the purposes 1102 

of article exposures, consumers and bystanders are considered the same.  1103 

 1104 

 1105 

Figure 1-8. Populations Assessed in this Draft Risk Evaluation 1106 

1.1.3.1 Potentially Exposed or Susceptible Subpopulations 1107 

TSCA Section 6(b)(4)(A) requires that risk evaluations ñdetermine whether a chemical substance 1108 

presents an unreasonable risk of injury to health or the environment, without consideration of costs or 1109 

other non-risk factors, including an unreasonable risk to a potentially exposed or susceptible 1110 

subpopulation identified as relevant to the risk evaluation by the Administrator, under the conditions of 1111 

use.ò TSCA section 3(12) states that ñthe term ópotentially exposed or susceptible subpopulationô means 1112 

a group of individuals within the general population identified by the Administrator who, due to either 1113 

greater susceptibility or greater exposure, may be at greater risk than the general population of adverse 1114 

health effects from exposure to a chemical substance or mixture, such as infants, children, pregnant 1115 

women, workers, or the elderly.ò 1116 

 1117 

This draft risk evaluation considers potentially exposed or susceptible subpopulations (PESS) 1118 

throughout the human health risk assessment (Section 5). Considerations related to PESS can influence 1119 
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the selection of relevant exposure pathways, the sensitivity of derived hazard values, the inclusion of 1120 

particular human populations, and the discussion of uncertainties throughout the assessment.  1121 

Evaluation of the qualitative and quantitative evidence for PESS begins as part of the systematic review 1122 

process, where any available relevant published studies and other data are identified. If adequate and 1123 

complete, this evidence informs the derivation of exposure estimates and human health hazard 1124 

endpoints/values that are protective of PESS. 1125 

 1126 

EPA has identified a list of specific PESS factors that may contribute to a group having increased 1127 

exposure or biological susceptibility, such as lifestage, occupational and certain consumer exposures, 1128 

nutrition, and lifestyle activities. For TCEP, the Agency identified how the risk evaluation addressed 1129 

these factors as well as any remaining uncertainties. For the TCEP draft risk evaluation, EPA accounted 1130 

for the following PESS groups: infants exposed through human milk from exposed individuals, children 1131 

and male adolescents who use consumer articles or among the exposed general population, subsistence 1132 

fishers, tribal populations, pregnant women, workers and consumers who experience aggregated or 1133 

sentinel exposures, fenceline communities who live near facilities that emit TCEP, and firefighters. See 1134 

Section 5.3.3 and Appendix D for details related to this analysis.  1135 

1.2 Systematic Review 1136 

The U.S. EPAôs Office of Pollution Prevention and Toxics (EPA/OPPT) applies systematic review 1137 

principles in the development of risk evaluations under the amended TSCA. TSCA section 26(h) 1138 

requires EPA to use scientific information, technical procedures, measures, methods, protocols, 1139 

methodologies, and models consistent with the best available science and base decisions under section 6 1140 

on the weight of scientific evidence. Within the TSCA risk evaluation context, the weight of the 1141 

scientific evidence is defined as ña systematic review method, applied in a manner suited to the nature of 1142 

the evidence or decision, that uses a pre-established protocol to comprehensively, objectively, 1143 

transparently, and consistently identify and evaluate each stream of evidence, including strengths, 1144 

limitations, and relevance of each study and to integrate evidence as necessary and appropriate based 1145 

upon strengths, limitations, and relevanceò (40 CFR 702.33). 1146 

 1147 

Systematic review supports the risk evaluation in that data searching, screening, evaluation, extraction, 1148 

and evidence integration and is used to develop the exposure and hazard assessments based on 1149 

reasonably available information. EPA defines ñreasonably available informationò to mean information 1150 

that EPA possesses or can reasonably obtain and synthesize for use in risk evaluations, considering the 1151 

deadlines for completing the evaluation (40 CFR 702.33). 1152 

 1153 

In response to comments received by the National Academies of Sciences, Engineering, and Medicine 1154 

(NASEM), TSCA Scientific Advisory Committee on Chemicals (SACC) and public, EPA developed the 1155 

Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for Chemical Substances (U.S. 1156 

EPA, 2021) to describe systematic review approaches implemented in TSCA risk evaluations. In 1157 

response to recommendations for chemical specific systematic review protocols, the Draft Risk 1158 

Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) ï Systematic Review Protocol (U.S. EPA, 2023n) 1159 

(also referred to as the ñTCEP Systematic Review Protocolò) describes clarifications and updates to 1160 

approaches outlined in the 2021 Draft Systematic Review Protocol that reflect NASEM, SACC and 1161 

public comments as well as chemical-specific risk evaluation needs. For example, EPA has updated the 1162 

data quality evaluation process and will not implement quantitative methodologies to determine both 1163 

metric and overall data or information source data quality determinations. Screening decision 1164 

terminology (e.g., ñmet screening criteriaò as opposed to ñincludeò) was also updated for greater 1165 

consistency and transparency and to more appropriately describe when information within a given data 1166 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151709
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source met discipline-specific title and abstract or full-text screening criteria. Additional updates and 1167 

clarifications relevant for TCEP data sources are described in greater detail in the TCEP Systematic 1168 

Review Protocol (U.S. EPA, 2023n). 1169 

 1170 

The systematic review process is briefly described in Figure 1-9 below. Additional details regarding 1171 

these steps are available in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021). Literature 1172 

inventory trees and evidence maps for each discipline (e.g., human health hazard) displaying results of 1173 

the literature search and screening, as well as sections summarizing data evaluation, extraction, and 1174 

evidence integration are included in the TCEP Systematic Review Protocol (U.S. EPA, 2023n). 1175 

 1176 

 1177 

Figure 1-9. Diagram of the Systematic Review Process 1178 

 1179 

EPA used reasonably available information, defined in 40 CFR 702.33, in a fit-for-purpose approach, to 1180 

develop a risk evaluation that relies on the best available science and is based on the weight of the 1181 

scientific evidence in accordance with TSCA sections 6 and 26. EPA reviewed reasonably available 1182 

information and evaluated the quality of the methods and reporting of results of the individual studies 1183 

using the evaluation strategies described in the 2021 Draft Systematic Review Protocol (U.S. EPA, 1184 

2021) and the TCEP Systematic Review Protocol (U.S. EPA, 2023n).  1185 

 1186 

EPA also identified key assessments conducted by other EPA programs and other U.S. and international 1187 

organizations. Depending on the source, these assessments may include information on COUs (or the 1188 

equivalent), hazards, exposures, and potentially exposed or susceptible subpopulations. Some of the 1189 

most pertinent assessments that were consulted for TCEP include the following: 1190 

¶ U.S. EPAôs 2009 Provisional Peer-Reviewed Toxicity Values (PPRTV) for Tris(2-1191 

chloroethyl)phosphate (TCEP) (CASRN 115-96-8);  1192 

¶ 2009 European Union Risk Assessment Report: CAS: 115-96-8: Tris (2-chloroethyl) phosphate, 1193 

TCEP; 1194 

¶ Environment Canada and Health Canadaôs 2009 Screening Assessment for the Challenge 1195 

Ethanol, 2-chloro-, phosphate (3:1) (Tris(2-chlrorethyl) phosphate [TCEP]); 1196 

¶ Australiaôs 2016 Ethanol, 2-chloro-, phosphate (3:1): Human health tier II assessment; 1197 

¶ Australiaôs 2017 Ethanol, 2-chloro-, phosphate (3:1): Human health tier III assessment; 1198 

¶ ATSDRôs 2012 Toxicological Profile for Phosphate Ester Flame Retardants; 1199 

¶ NTPôs 1991 Technical Report on Toxicology and Carcinogenesis Studies of Tris(2-chloroethyl) 1200 

Phosphate (CASRN 115-96-8) in F344/N Rats and B6C3F1 Mice (Gavage Studies); and 1201 

¶ IARCôs 1999 Monographs on the Evaluation of Carcinogenic Risks to Humans Volume 71. 1202 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151709
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151709
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151709
https://cfpub.epa.gov/ncea/pprtv/documents/Tris2chloroethylphosphate.pdf
https://cfpub.epa.gov/ncea/pprtv/documents/Tris2chloroethylphosphate.pdf
https://echa.europa.eu/documents/10162/2663989d-1795-44a1-8f50-153a81133258
https://echa.europa.eu/documents/10162/2663989d-1795-44a1-8f50-153a81133258
https://www.ec.gc.ca/ese-ees/AD68092D-857E-47FC-9FB9-91810449C249/batch5_115-96-8_en.pdf
https://www.ec.gc.ca/ese-ees/AD68092D-857E-47FC-9FB9-91810449C249/batch5_115-96-8_en.pdf
https://www.industrialchemicals.gov.au/sites/default/files/Ethanol%2C%202-chloro-%2C%20phosphate%20%283_1%29_Human%20health%20tier%20II%20assessment.pdf
https://www.industrialchemicals.gov.au/sites/default/files/Ethanol%2C%202-chloro-%2C%20phosphate%20%283_1%29_%20Human%20health%20tier%20III%20assessment.pdf
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=1119&tid=239
https://ntp.niehs.nih.gov/publications/reports/tr/300s/tr391/index.html?utm_source=direct&utm_medium=prod&utm_campaign=ntpgolinks&utm_term=tr391abs
https://ntp.niehs.nih.gov/publications/reports/tr/300s/tr391/index.html?utm_source=direct&utm_medium=prod&utm_campaign=ntpgolinks&utm_term=tr391abs
https://publications.iarc.fr/89
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1.3 Organization of the Risk Evaluation 1203 

This draft risk evaluation for TCEP includes five additional major sections, a list of REFERENCES, and 1204 

several APPENDICES. Section 2 summarizes basic physical-chemical characteristics as well as the fate 1205 

and transport of TCEP. Section 3 includes an overview of releases and concentrations of TCEP in the 1206 

environment. Section 4 provides a discussion and analysis of the environmental risk assessment, 1207 

including the environmental exposure, hazard, and risk characterization based on the COUs for TCEP. 1208 

Section 5 presents the human health risk assessment, including the exposure, hazard, and risk 1209 

characterization based on the COUs. Section 5 also includes a discussion of PESS based on both greater 1210 

exposure and/or susceptibility, as well as a description of aggregate and sentinel exposures. Sections 4 1211 

and 5 both discuss any assumptions and uncertainties and how they impact the draft risk evaluation. 1212 

Finally, Section 6 presents EPAôs proposed determination of whether the chemical presents an 1213 

unreasonable risk to human health or the environment as a whole chemical approach and under the 1214 

assessed COUs. 1215 

 1216 

Appendix A provides a list of abbreviations and acronyms as well a glossary of select terms used 1217 

throughout this draft risk evaluation. Appendix B provides a brief summary of the federal, state, and 1218 

international regulatory history of TCEP. Appendix C lists all separate supplemental files associated 1219 

with this draft risk evaluation, which can be accessed through hyperlinks included in the references. All  1220 

subsequent appendices include more detailed analysis and discussion than are provided in the main body 1221 

of this draft risk evaluation for TCEP. 1222 

  1223 
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2 CHEMISTRY AND FATE AND TRANSPORT OF TCEP 1224 

Physical and chemical properties determine the behavior and characteristics of a chemical that inform its 1225 

condition of use, environmental fate and transport, potential toxicity, exposure pathways, routes, and 1226 

hazards. Environmental fate and transport include environmental partitioning, accumulation, 1227 

degradation, and transformation processes. Environmental transport is the movement of the chemical 1228 

within and between environmental media, such as air, water, soil, and sediment. Transformation or 1229 

degradation occur through reaction of the chemical in the environment. Thus, understanding the 1230 

environmental fate of TCEP informs the determination of the specific exposure pathways, and potential 1231 

human and environmental populations that EPA considered in this draft risk evaluation. 1232 

2.1 Physical and Chemical Properties 1233 

EPA gathered and evaluated physical and chemical property data and information according to the 1234 

process described in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021). During the 1235 

evaluation of TCEP, EPA considered both measured and estimated physical and chemical property 1236 

data/information summarized in Table 2-1, as applicable. More details are given in Appendix E.1. 1237 

Information on the full, extracted dataset is available in the supplemental file Draft Risk Evaluation for 1238 

Tris (2-chloroethyl) Phosphate (TCEP) ï Systematic Review of Data Quality Evaluation and Data 1239 

Extraction Information for Physical and Chemical Properties (U.S. EPA, 2023t). 1240 

 1241 

TCEP is a clear, transparent liquid with a slight odor (DOE, 2016; U.S. EPA, 2015b; ECB, 2009; Lewis 1242 

and Hawley, 2007; Weil, 2001) and low viscosity (IARC, 1990). As a chlorinated phosphate ester, 1243 

TCEP is used as a flame-retardant additive and plasticizer that melts around ī55 °C and begins to 1244 

decompose at 320 °C (DOE, 2016; U.S. EPA, 2015b; Toscano and Coleman, 2012; ECB, 2009; IARC, 1245 

1990). TCEP is appreciably soluble in water with water solubility of 7,820 mg/L at 20 °C and a low log 1246 

KOW (1.78) (U.S. EPA, 2019b, 2015b; EC, 2009; ECB, 2009; Verbruggen et al., 2005). With a vapor 1247 

pressure of 0.0613 mmHg at 25 °C (U.S. EPA, 2019b; Dobry and Keller, 1957) and a boiling point of 1248 

330 °C (U.S. EPA, 2019b; DOE, 2016; U.S. EPA, 2015a; Haynes, 2014; Toscano and Coleman, 2012), 1249 

TCEP has low volatility and is categorized as a semi-volatile organic compound (SVOC) (ECHA, 2018; 1250 

TERA, 2015). However, TCEP will become more volatile when the temperature increases (0.5 mmHg at 1251 

145 °C) (Toscano and Coleman, 2012; NTP, 1992). 1252 

 1253 

Table 2-1. Physical and Chemical Properties of TCEP 1254 

Property Selected Valuea Reference(s) 
Overall Quality 

Determinationb 

Molecular formula C6H12Cl3O4P   

Molecular weight 285.49 g/mol   

Physical form Clear, transparent liquid 

with slight odor 

(DOE, 2016; U.S. EPA, 2015b; ECB, 

2009; Lewis and Hawley, 2007; Weil, 

2001) 

High 

Melting point ī55 °C (DOE, 2016; U.S. EPA, 2015a, b; 

Toscano and Coleman, 2012) 

High 

Boiling point 330 °C (U.S. EPA, 2019b; DOE, 2016; U.S. 

EPA, 2015a; Haynes, 2014; Toscano and 

Coleman, 2012) 

High 

Density 1.39 g/cm3 at 25 °C (DOE, 2016; Haynes, 2014; Toscano and 

Coleman, 2012) 

High 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151710
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3981013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565574
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3378175
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3378175
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2346119
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3981013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565574
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926157
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565574
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5349334
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926157
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5186315
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926157
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3981013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970179
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5349311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5155555
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5155913
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=670859
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3981013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565574
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3378175
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2346119
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2346119
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3981013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970179
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565574
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926157
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3981013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970179
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970179
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5349311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3981013
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5349311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5332876
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Property Selected Valuea Reference(s) 
Overall Quality 

Determinationb 

Vapor pressure 0.0613 mmHg at 25 °C (U.S. EPA, 2019b; Dobry and Keller, 

1957) 

High 

Vapor density 9.8 (air = 1) (ILO, 2019) High 

Water solubility 7,820 mg/L at 20 °C (U.S. EPA, 2015b; EC, 2009; ECB, 

2009; Verbruggen et al., 2005) 

High 

Octanol:water partition 

coefficient (log KOW) 

1.78 (U.S. EPA, 2015b; EC, 2009; ECB, 

2009; Verbruggen et al., 2005) 

High 

Octanol:air partition 

coefficient (log KOA) 

7.86 to 7.93 (Okeme et al., 2020) High 

Henryôs Law constant 2.945Eī06 atm·m3/mol at 

25 °C (calculated) 

(U.S. EPA, 2012d) High 

Flash point 225 °C (closed cup) (U.S. EPA, 2015a) High 

Autoflammability 480 °C (ILO, 2019; ECB, 2009) Medium 

Viscosity 45 cP at 20 °C (IARC, 1990) High 

Refractive index 1.4721 (Haynes, 2014; Dobry and Keller, 1957) High 

a Measured unless otherwise noted 
b ñOverall Quality Determinationsò apply to all references listed in this table 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5926157
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5186315
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5186315
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5335214
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565574
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5349334
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565574
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5160070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5349334
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6967359
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2347246
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970179
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5335214
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809216
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5349311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5186315
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2.2 Environmental Fate and Transport 1255 

 Fate and Transport Approach and Methodology 1256 

Reasonably available environmental fate dataðincluding biotic and abiotic biodegradation rates, 1257 

removal during wastewater treatment, volatilization from lakes and rivers, and organic carbon:water 1258 

partition coefficient (log KOC)ðare the parameters used in the current draft risk evaluation. In assessing 1259 

the environmental fate and transport of TCEP, EPA considered the full range of results from data 1260 

sources that were rated high-quality. Information on the full extracted dataset is available in the 1261 

supplemental file Draft Risk Evaluation for Tris (2-chloroethyl) Phosphate (TCEP) ï Systematic Review 1262 

TCEP ï Environmental Fate and Transport (Section 2.2): 

Key Points 

 

EPA evaluated the reasonably available information to characterize the environmental fate and 

transport of TCEP, the key points are summarized below: 

¶ TCEP exists in both gaseous and particle phases under environmentally relevant conditions 

and partitions to organic carbon in the air. TCEP is not expected to undergo significant direct 

photolysis, but TCEP in the gaseous phase will rapidly degrade in the atmosphere (t1/2 = 5.8 

hours). 

¶ TCEP is not expected to undergo abiotic degradation processes such as photolysis and 

hydrolysis in aquatic environments under environmentally relevant conditions. However, 

TCEPôs rate of hydrolysis is highly dependent on pH and temperature conditions. 

¶ TCEP does not biodegrade in water under aerobic conditions but will volatilize from surface 

water despite its low Henryôs Law constant (2.945×10ī6 atm·m3/mol at 25 °C). 

¶ TCEP can be transported to sediment from overlying surface water through advection and 

dispersion of dissolved TCEP and deposition of suspended solids containing TCEP. 

However, TCEP may partition between surface water and sediments to varying degrees 

because of its wide range of log KOC values (2.08 to 3.46) and high water solubility (7,820 

mg/L), which could contribute to its mobility in the environment. 

¶ TCEP accumulation in soil is unlikely because of its log KOC values. Due to its high water 

solubility and despite its low Henryôs Law constant, TCEP in moist soil will both migrate to 

groundwater and volatilize. 

¶ TCEP will be minimally removed via conventional drinking water and wastewater treatment 

and will be retained in wastewater effluents with a low fraction being adsorbed onto sludge. 

¶ TCEP has been detected in surface water and groundwater samples; point sources include 

wastewater effluents and landfill leachates. 

¶ TCEP has been detected in surface water, air, and snow in remote locations with no known 

source of releases but is known to undergo long-range transport through atmospheric, plastic 

debris, and other natural processes. 

¶ TCEP does not bioaccumulate in aquatic fish but may in benthic fish. When TCEP 

concentrations are transferred to higher trophic levels in the food web, trophic dilution 

occurs. 

¶ Overall, TCEP appears to be a persistent mobile organic compound (PMOC). PMOCs can 

dissolve in water or bind to particles, resulting in longer environmental half-lives and greater 

potential for long-range transportðespecially in the air, water, and sediment compartments. 
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of Data Quality Evaluation and Data Extraction Information for Environmental Fate and Transport 1263 

(U.S. EPA, 2023r). Other fate estimates were based on modeling results from EPI SuiteÊ (U.S. EPA, 1264 

2012d), a predictive tool for physical and chemical properties and environmental fate estimation.3 1265 

Information regarding the model inputs is available in Appendix E. 1266 

  1267 

Table 2-2 provides selected environmental fate data that EPA considered while assessing the fate of 1268 

TCEP and were updated after publication of Final Scope of the Risk Evaluation for Tris(2-chloroethyl) 1269 

Phosphate (TCEP) CASRN 115-96-8 (U.S. EPA, 2020b) with additional information identified through 1270 

the systematic review process. 1271 

 1272 

Table 2-2. Environmental Fate Properties of TCEP 1273 

Property or 

Endpoint 
Valuea Reference(s) 

Overall Quality 

Determination 

Indirect 

photodegradation 

t1/2 = 5.8 hours (based on ĀOH rate constant of 

2.2Eī11 cm3/mole-sec at 25 °C and 12-hour day 

with 1.5E06 ĀOH/cm3; estimated)b 

(U.S. EPA, 2012d) High 

Direct 

photodegradation 

Not expected to be susceptible to direct photolysis 

by sunlight because the chemical structure of TCEP 

does not contain chromophores that absorb at 

wavelengths >290 nm 

(HSDB, 2015) High 

Hydrolysis half-

life 

t1/2 = 2 years at pH 8 and 25 °C (estimated) (Saint-Hilaire et al., 

2011) 
High 

t1/2 = 0.083 days at pH 13; no significant degradation 

observed over 35 days at pH 7, 9, and 11 

(Su et al., 2016) 

Aerobic 

biodegradation 

Water: 13% and 4% /28 days (OECD 301B) at 10 

and 20 mg/L test substance concentration in 

activated domestic sludge, adaption not specified 

(Life Sciences 

Research Ltd, 

1990b) High 

Soil: DT50 = 17.7 days; 78%/40 days based on test 

substance concentration of 50 µg/kg 

(Hurtado et al., 

2017) 

Anaerobic 

biodegradation 

No data  
 

Bioconcentration 

factor (BCF) 

(L/kg, unless 

noted) 

Whole body BCF = 0.31 ± 0.06, 0.16 ± 0.03, and 

0.34 ± 0.04 at test substance concentrations of 0.04, 

0.2, and 1.0 mg/L, respectively in the muscle of 

juvenile Atlantic salmon (Salmo salar) 

(Arukwe et al., 

2018) 

High 
BCF = 1.0 ± 0.1 (muscle), 4.3 ± 0.2 (liver), 2.6 ± 

0.2 (brain), 1.6 ± 0.1 (gill), and 1.6 ± 0.1 (kidney) at 

test substance concentration of 9.1 µg/L for juvenile 

common carp (Cyprinus carpio) (OECD 305) 

(Tang et al., 2019) 

BCF = 0.8 ± 0.1 (muscle), 2.4 ± 0.1 (liver), 2.2 ± 0.1 

(brain), 1.9 ± 0.2 (gill) at test substance 

(Wang et al., 

2017a) 

 
3 See EPI (Estimation Programs Interface) SuiteÊ for additional information and supporting documents about this freely 

available, online suite of programs, which was reviewed by the EPA Science Advisory Board (SAB, 2007). 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151711
https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2347246
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2347246
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10617335
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2347246
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5185381
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2645418
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2645418
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4568780
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310865
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310865
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310865
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3859184
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3859184
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469342
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469342
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5167286
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4117180
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4117180
https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7860829


PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 41 of 572 

Property or 

Endpoint 
Valuea Reference(s) 

Overall Quality 

Determination 

concentration of 893 µg/L, respectively for zebrafish 

(Danio rerio) (OECD 305) 

Bioaccumulation 

factor (BAF) 

(L/kg, unless 

noted) 

Mean BAF = 794 (muscle), 1,995 (liver), 1,995 

(kidney), and 1,995 (gill)  

(Bekele et al., 

2021) 

High 

Mean BAF = 30.7 (muscle) and 70.7 (liver) for 

crucian carp (Carassius auratus) 

(Choo et al., 2018) 

Mean BAF = 2,198 at test substance concentration 

of 0.464 ng/L for walleye (Sander vitreus) 

(Guo et al., 2017b) 

Mean BAF = 1,248 for snakehead (Ophiocephalus 

argus), 191 for catfish (Clarias batrachus), 109ï202 

for mud carp (Cirrhinus molitorella), 207 for 

crucian carp (Carassius auratus), and 463 for 

Oriental River prawn (Macrobrachium nipponense) 

(Liu et al., 2019a) 

Mean BAF = 6,310 for benthic invertebrates (soft 

tissue); 2,690 for pelagic fish (organ); 4,270 for 

benthic fish (organ and whole body) 

(Wang et al., 

2019b) 

Organic 

carbon:water 

partition 

coefficient 

(log KOC) 

2.08ï2.52 (Cristale et al., 

2017) 

High 

3.23 ± 0.23 (Wang et al., 

2018a) 

3.32 (mean; range 2.5ï4.06) (Zhang et al., 

2018b) 

3.46 ± 0.48 (Zhang et al., 

2018b) 

Removal in 

wastewater 

treatment 

Approximately ī5% removal after primary 

treatment; ī19.1% overall removal 

(Kim et al., 2017) 

High 

Trophic 

magnification 

factor (TMF) 

Benthic food web: 2.6 (tentative due to small sample 

size, n = 15) (Brandsma et al., 

2015) 

High 
No significant relationship with pelagic food web 

and total food web 

Antarctic food chain: 5.2 (Fu et al., 2020) 

No significant relationship with trophic level (Zhao et al., 2018) 

Biota-sediment 

accumulation 

factor (BSAF) 

Mean BSAF (L/kg): 1.09 (muscle) and 2.49 (liver) 

for Crucian carp (Carassius auratus) 

(Choo et al., 2018) 

High Mean BSAF: 0.015ï0.171 (Liu et al., 2019a) 

Mean BSAF: 2.19Eī03 for benthic invertebrates 

and 1.48Eī03 for benthic fishes 
(Wang et al., 

2019b) 

a Measured unless otherwise noted 
b Information estimated using EPI SuiteTM

 (U.S. EPA, 2012c) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6628255
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6628255
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469301
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3985267
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6825744
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5165945
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5165945
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4170638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4170638
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469212
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469212
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5163356
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5163356
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5163356
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5163356
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3862000
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2935128
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2935128
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10296697
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5164234
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469301
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6825744
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5165945
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5165945
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2347246
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 Summary of Fate and Transport Assessment 1274 

Numerous studies have described TCEP as a ñubiquitousò contaminant because it is commonly found in 1275 

various environmental compartments such as indoor air and dust, outdoor air, surface water, drinking 1276 

water, groundwater, soil, sediment, biota, and even precipitation all over the world (Awonaike et al., 1277 

2021; Ma et al., 2021; Propp et al., 2021; Choo and Oh, 2020; Li et al., 2019b; Tan et al., 2019; Arukwe 1278 

et al., 2018; Kim and Kannan, 2018; Cao et al., 2017; Hurtado et al., 2017; Wang et al., 2017a; Bradman 1279 

et al., 2014; Padhye et al., 2014; Cristale et al., 2013; Bradman et al., 2012; Regnery and Püttmann, 1280 

2010b; Benotti et al., 2009; Fries and Puttmann, 2003, 2001). This is because TCEP is primarily used as 1281 

an additive plasticizer and flame retardant. When used as an additive, TCEP is added to manufactured 1282 

materials via physical mixing rather than chemical bonding and as a result, TCEP can easily leach or 1283 

diffuse into its surrounding environment (Qi et al., 2019; Liu et al., 2014; Wei et al., 2014; ATSDR, 1284 

2012; van der Veen and de Boer, 2012; EC, 2009; ECB, 2009; NICNAS, 2001). TCEPôs physical and 1285 

chemical properties suggests that its main mode of distribution in the environment is through water and 1286 

soil, depending on where it is being released (Error! Reference source not found.; Appendix E.2.1.2) 1287 

(TERA, 2015; U.S. EPA, 2012d; Regnery and Püttmann, 2010b; Zhang et al., 2009). 1288 

 1289 

Multiple studies have identified urban sources as sources of TCEP in the environment through fugitive 1290 

emissions to air (Abdollahi et al., 2017; Luo et al., 2015; Möller et al., 2011). The exact sources of 1291 

TCEP emissions from urban environment are unknown, however they are likely the articles that were 1292 

treated with or containing TCEP (Abdollahi et al., 2017; Luo et al., 2015; Wei et al., 2014; Möller et al., 1293 

2011; Aston et al., 1996). Compared to outdoor air, TCEP concentrations are significantly higher in 1294 

indoor air, because TCEP has the potential to volatilize from treated products and diffuse into air, as 1295 

well as partition onto dust, due to its use as an additive (Qi et al., 2019; TERA, 2015; Liu et al., 2014; 1296 

ATSDR, 2012; EC, 2009; NICNAS, 2001). Atmospheric deposition has been identified as an important 1297 

source of TCEP to surface water, especially in urban areas. Several studies showed that higher TCEP 1298 

concentrations in precipitation were generally seen in densely populated areas with high traffic volume 1299 

(Kim and Kannan, 2018; Regnery and Püttmann, 2010b; Regnery and Puettmann, 2009; Marklund et al., 1300 

2005b). In addition, storm water and urban runoff can contribute to additional emissions to surface 1301 

water. 1302 

 1303 

TCEP can be transported to sediment from overlying surface water by advection and dispersion of 1304 

dissolved TCEP and by deposition of suspended solids containing TCEP. However, TCEP may partition 1305 

between surface water and sediments to varying degrees because of its wide range of log KOC values 1306 

(2.08 to 3.46) (Wang et al., 2018a; Zhang et al., 2018b; Cristale et al., 2017) and high water solubility 1307 

(7,820 mg/L) (Lee et al., 2018; Ma et al., 2017; Brandsma et al., 2015; Cao et al., 2012), which could 1308 

contribute to its mobility in the environment. Higher concentrations of TCEP in sediment are expected 1309 

to be found at potential source locations (e.g., near urban and industrialized areas) (Chokwe and 1310 

Okonkwo, 2019; Tan et al., 2019; Lee et al., 2018; Wang et al., 2018a; Cao et al., 2017; Maruya et al., 1311 

2016; Cristale et al., 2013). TCEP accumulation in soil is expected to be unlikely. Due to its high water 1312 

solubility (7,820 mg/L), dissolved TCEP was observed to be mobile and migrated to groundwater by 1313 

common soil transport processes such as advection and diffusion (Propp et al., 2021; Buszka et al., 1314 

2009; Barnes et al., 2004). TCEP in the soil was seen to be vertically transported to deeper soil horizons, 1315 

causing TCEP concentration in the surface soil to be lower (He et al., 2017; Bacaloni et al., 2008). 1316 

Most flame retardants that have ñHighò or ñVery Highò persistence designations, such as TCEP, are 1317 

persistent because they are expected to be stable by design to maintain their flame-retardant properties 1318 

throughout its lifetime in products (U.S. EPA, 2015a). Based on multiple monitoring studies, TCEP 1319 

appears to be a persistent mobile organic compound (PMOC). PMOCs can dissolve in water or bind to 1320 

particles, resulting in longer environmental half-lives and greater potential for long-range transport 1321 
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(Blum et al., 2019; Rodgers et al., 2018; Reemtsma et al., 2016). TCEP was detected in both lake and 1322 

marine waters of the Arctic, where TCEP was quantified in water and air far from human settlements 1323 

(>500 km). Atmospheric deposition and watershed runoff may be the primary sources of TCEP in these 1324 

remote waters where TCEP is unlikely to be rapidly transformed by hydrolysis, photolysis, or 1325 

biodegradation (Na et al., 2020; McDonough et al., 2018; Li et al., 2017b). These findings indicate that 1326 

TCEP has the potential to undergo long-range transport in air and water. TCEPôs long-range transport 1327 

potential (LRTP) was seen to be significantly underestimated when using its physical and chemical 1328 

properties in quantitative structure-activity relationship (QSAR) models because the behavior of TCEP 1329 

in the environment often does not align with its physical and chemical properties. A detailed summary 1330 

of physical and chemical properties and a fate and transport assessment of TCEP is available in 1331 

Appendix E. 1332 

 1333 
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 1334 

Figure 2-1. Transport, Partitioning, and Degradation of TCEP in the Environmenta 1335 
a The diagram depicts the distribution (grey arrows), transport and partitioning (black arrows), and the 1336 
transformation and degradation (white arrows) of TCEP in the environment. The width of the arrow is a 1337 
qualitative indication of the likelihood that the indicated partitioning will occur or the rate at which the indicated 1338 
degradation will occur (i.e., wider arrows indicate more likely partitioning or more rapid degradation). 1339 

  1340 
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 Weight of the Scientific Evidence Conclusions for Fate and Transport 1341 

2.2.3.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the 1342 

Fate and Transport Assessment 1343 

Given the consistent results from numerous high-quality studies, there is a robust confidence that TCEP 1344 

¶ is not expected to undergo significant direct photolysis (Appendix E.2.2); 1345 

¶ will partition to organic carbon in the air (Appendix E.2.2); 1346 

¶ will exist in both the gas and particle phases (Appendix E.2.2); 1347 

¶ showed no significant degradation after undergoing hydrolysis but hydrolysis rate was seen to 1348 

increase with increasing pH (Appendix E.2.3.1); 1349 

¶ does not undergo biodegradation in water under aerobic conditions (Appendix E.2.3.1); 1350 

¶ will volatilize from surface water and moist soil (Appendixes E.2.3.1 and E.2.4.1); 1351 

¶ produces hazardous byproducts when undergoing thermal degradation (Appendix E.2.5.1); 1352 

¶ will not be removed after undergoing wastewater treatment and will be retained in effluents with 1353 

low fraction being adsorbed onto sludge (Appendix E.2.5.2); 1354 

¶ is minimally removed after undergoing conventional drinking water treatment (Appendix 1355 

E.2.5.3); and 1356 

¶ has the ability to undergo long-range transport (Appendixes E.2.2 and E.2.3.1). 1357 

As a result of limited studies identified, there is a moderate confidence that TCEP 1358 

¶ will partition to organic carbon in sediment and soil (Appendixes E.2.3.2 and E.2.4.1); 1359 

¶ will enter surface water and groundwater from landfills (Appendix E.2.4.3); 1360 

¶ will  not bioaccumulate in fish residing in the water column (Appendix E.2.6); 1361 

¶ may bioaccumulate in benthic fish (Appendix E.2.6); and 1362 

¶ does not bioaccumulate when TCEP concentrations are transferred to higher trophic levels in the 1363 

food web (Appendix E.2.6). 1364 

Very limited evidence on anaerobic biodegradation of TCEP exists because only one medium-quality 1365 

study on anaerobic biodegradation in water was identified and no degradation was observed (Appendix 1366 

E.2.3.2). Additionally, no anaerobic biodegradation in sediment study was identified. A detailed 1367 

discussion of strengths, limitations, assumptions, and key sources of uncertainty for the fate and 1368 

transport assessment of TCEP is available in Appendix E.1369 
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3 RELEASES AND CONCENTRATIONS OF TCEP IN THE 1370 

ENVIRONMENT  1371 

EPA estimated environmental releases of TCEP. Section 3.1 describes the approach and methodology 1372 

for estimating releases. Estimates of environmental releases are presented in Section 3.2. Section 3.3 1373 

presents the approach, methodology, and estimates of environmental concentrations that result from 1374 

environmental releases of TCEP.  1375 

3.1 Approach and Methodology 1376 

 Industrial and Commercial 1377 

EPA categorized the COUs listed in Table 1-1 into occupational exposure scenarios (OESs) (see Table 1378 

3-1). EPA developed the OESs to group processes or applications with similar sources of release and 1379 

occupational exposures that occur at industrial and commercial workplaces within the scope of the risk 1380 

evaluation. For each OES, occupational exposure and environmental release results are provided and 1381 

expected to be representative of the entire population of workers and sites involved for the given OES in 1382 

the United States. Note that EPA may define only a single OES for multiple COUs, while in other cases 1383 

multiple OESs may be developed for a single COU. For example, the paint and coating manufacturing 1384 

COU has two associated OESsða 1-part coatings scenario and a 2-part reactive coatings scenario. EPA 1385 

makes this determination by considering variability in release and use conditions and whether the 1386 

variability can be captured as a distribution of exposure or instead requires discrete scenarios. 1387 

Specifically, the 1-part coatings tend to be water-based formulations and could potentially have a greater 1388 

release to water whereas the 2-part reactive coatings could have greater release to incineration or 1389 

landfill. Further information on specific OESs is provided in Supplemental Information on 1390 

Environmental Release and Occupational Exposure Assessment (U.S. EPA, 2023l). 1391 

 1392 

All COUs assessed in this Risk Evaluation are considered on-going uses. However, there are several 1393 

COUs for which part of the life cycle has ceased, such as manufacturing (including import) and 1394 

processing. However, other parts of the lifecycle including recycling, commercial or consumer use, and 1395 

disposal are on-going. These COUs are identified in Table 3-1 and include four COUs for commercial 1396 

use and five COUs for consumer use.  1397 

 1398 

Table 3-1. Crosswalk of Conditions of Use (COUs) to Occupational Exposure Scenarios Assessed 1399 

COU 
OES 

Life Cycle Stagea Categoryb Subcategoryc 

Manufacture Import Import Repackaging 

Processing 

Incorporated into 

formulation, 

mixture, or 

reaction product 

Paint and coating 

manufacturing 

Incorporation into paints and 

coatings ï 1-part coatings 

Incorporation into paints and 

coatings ï 2-part reactive coatings 

Incorporated into 

formulation, 

mixture, or 

reaction product 

Polymers used in aerospace 

equipment and products 

Formulation of TCEP into 2-part 

reactive resins 

Incorporated into 

article 
Aerospace equipment and 

products 
Processing into 2-part resin article 

Recycling Recycling Recycling e-waste 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
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COU 
OES 

Life Cycle Stagea Categoryb Subcategoryc 

Distribution Distribution Distribution in commerce Distribution activities (e.g., 

loading) considered throughout 

life cycle, rather than using a 

single distribution scenario 

Industrial Use Other use Aerospace equipment and 

products 

Installation of article 

Commercial Use 

Other use Aerospace equipment and 

products 

Use and/or maintenance of 

aerospace equipment and products 

Paints and coatings Paints and coatings Use of paints and coatings ï spray 

application OES 

Other use Laboratory chemicals Lab chemical ï use of laboratory 

chemicals 

Furnishing, 

cleaning, 

treatment/care 

products 

Fabric and textile productsd End of service life disposald 

(releases and exposures not 

quantified) 

Foam Seating and Bedding 

Productsd 

End of service life disposald 

(releases and exposures not 

quantified) 

Construction, 

paint, electrical, 

and metal products 

Building/construction 

materials ï insulationd 

End of service life disposald 

(releases and exposures not 

quantified) 

Building/construction 

materials ï wood and 

engineered wood products ï 

wood resin compositesd 

End of service life disposald 

(releases and exposures not 

quantified) 

Disposal Disposal  Disposale Waste disposal (landfill or 

incineration, covered in each 

COU/OES as opposed to a 

separate COU) 

 
a Life Cycle Stage Use Definitions (40 CFR 711.3) 

 ñIndustrial Useò means use at a site at which one or more chemicals or mixtures are manufactured (including 

imported) or processed. 

 ñCommercial Useò means the use of a chemical or a mixture containing a chemical (including as part of an 

article) in a commercial enterprise providing saleable goods or services. 

 ñConsumer Useò means the use of a chemical or a mixture containing a chemical (including as part of an article, 

such as furniture or clothing) when sold to or made available to consumers for their use. 

 Although EPA has identified both industrial and commercial uses here for purposes of distinguishing scenarios in 

this document, the Agency interprets the authority over ñany manner or method of commercial useò under TSCA 

section 6(a)(5) to reach both. 
b These categories of COUs appear in the LCD, reflect CDR codes, and broadly represent COUs of TCEP in industrial 

and/or commercial settings and for consumer uses. 
c These subcategories reflect more specific COUs of TCEP. 
d This COU includes associated disposal of those COUs for which manufacturing (including import) and processing 

have ceased. 
e Section 3.2 provide details on these OESs. 



PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 48 of 572 

The 2016 CDR data (U.S. EPA, 2019a) included a single reporting site, Aceto Corporation in Port 1400 

Washington, New York, importing TCEP, with no downstream industry sectors identified. TCEP was 1401 

not reported in the 2020 CDR (U.S. EPA, 2020a). EPA did identify other data on current import 1402 

volumes and possible import sites from Datamyne, as presented in Figure 1-3, which showed some 1403 

TCEP imports below the CDR threshold of 25,000 lb/site-yr. Nevertheless, processors of TCEP may be 1404 

purchasing the chemical from importers (see Supplemental Information on Environmental Release and 1405 

Occupational Exposure Assessment (U.S. EPA, 2023l) for details). Therefore, EPA assumed TCEP may 1406 

still be imported at volumes below the CDR reporting threshold and EPA assessed the following two 1407 

potential scenarios: (1) one site importing 25,000 lb, and (2) one site importing 2,500 lb. EPA modeled 1408 

environmental releases and occupational exposures for these hypothetical scenarios. For each OES, 1409 

where monitoring data were not available, daily releases were estimated per media of release based on 1410 

EPA Standard Models, Generic Scenarios (GSs), and/or Emission Scenario Documents (ESDs) to 1411 

generate annual releases and for the estimation of associated release days. TCEP is not listed on the 1412 

National Emissions Inventory (NEI) and was only recently added to TRI, with the first year of reporting 1413 

from facilities due July 1, 2024. EPA describes its approach and methodology for estimating daily 1414 

releases and for detailed facility level results in Supplemental Information on Environmental Release 1415 

and Occupational Exposure Assessment (U.S. EPA, 2023l). 1416 

 1417 

 1418 

Figure 3-1. An Overview of How EPA Estimated Daily Releases for Each OES 1419 
BLS = Bureau of Labor Statistics; DEVL = Dermal Exposure to Volatile Liquids model; DMR = Discharge 1420 
Monitoring Report; ELG = Effluent Limitation Guidelines; HSIA = Halogenated Solvents Industry Alliance; 1421 
NF/FF = Near-Field/Far Field; NIOSH = National Institute of Occupational Safety and Health; OSHA = 1422 
Occupational Safety and Health Administration 1423 
 1424 

The releases of TCEP were estimated for each media applicable to the OES. For TCEP, releases could 1425 

occur to water, air, or disposal to land. TCEP released could be in the form of liquid (neat or in 1426 

formulation), vapor, and/or solid waste. 1427 

 1428 
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3.2 Environmental Releases 1429 

 Industrial and Commercial 1430 

EPA combined its estimates for each activity that is reasonably expected to occur during each OES. 1431 

These activities were based on using data from literature, relevant ESDs or GSs. Once these activities 1432 

were identified, existing EPA models and parameters (e.g., the EPA/OPPT Mass Transfer Coefficient 1433 

model, EPA/OPPT Penetration model, ChemSTEER User Guide, etc.) were used in a Monte Carlo 1434 

simulation to create a distribution of releases. From this distribution EPA provides a high-end (95th 1435 

percentile) and central tendency (50th percentile) release values as well as a range of potential release 1436 

days. The releases presented are assumed to be representative of what would be reasonably expected to 1437 

occur at an individual generic site. In some cases, where it was not reasonable to assume a single generic 1438 

site due to throughput constrictions presented in the relevant source (e.g., it is not reasonable to assume 1439 

that a single paint application site or laboratory would use the entire PV of 25,000 lb), a range of 1440 

potential number of sites is presented in Table 5-2. A summary of these ranges of releases across OESs 1441 

is presented in Table 3-2. See Supplemental Information on Environmental Release and Occupational 1442 

Exposure Assessment (U.S. EPA, 2023l) for more details on deriving the overall confidence score for 1443 

each OES. For some OESs, EPA was not able to estimate or did not anticipate there to be releases; for 1444 

example: 1445 

¶ EPA was not able to quantify disposal of articles that historically contained TCEP with 1446 

reasonably available information. This was assessed qualitatively. 1447 

¶ Installation of articles are not expected to lead to significant releases because the articles are 1448 

expected to already be in final form (e.g., electronic potting) and not expected to undergo further 1449 

processing (i.e., shaping, sanding cutting, etc.).  1450 

TCEP ï Environmental Releases (Section 3.2): 

Key Points 

 

EPA evaluated the reasonably available information for releases of TCEP to the environment. The 

key points of the environmental releases are summarized below: 

¶ EPA assessed environmental releases of TCEP from industrial and commercial sources as well 

as consumer products.  

o For industrial and commercial sources, EPA used data from literature, relevant ESDs, or 

GSs to estimate environmental releases to air, surface water, and waste disposal from a 

generic facility for each OES. Some OESs could not be quantified due to insufficient 

data. Of the OESs that could be quantified, the highest release estimates were from  

Á Incorporation into paints and coatings ï 1-part coatings  

Á Incorporation into paints and coatings ï 2-part reactive coatings  

Á Formulation of TCEP-containing reactive resins (for use in 2-part systems)  

Á Use of paints and coatings ï spray application OES. 

o For consumer products, EPA did not have enough information to assess environmental 

releases quantitatively. However, the Agency acknowledges that there may be TCEP 

releases to the environment via the demolition and disposal of consumer articles, as well 

as to wastewater via domestic laundry. These releases were assessed qualitatively. EPA 

included anecdotal information from peer-reviewed literature on releases from consumer 

articles in Section 5.1.2.2.5.   

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
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¶ EPA was not able to quantify releases of TCEP that could occur during the recycling of e-waste. 1451 

Sources used for this provided monitoring data from breathing zone measurements from various 1452 

locations within a facility that recycles e-waste that contained very small amounts of TCEP dust. 1453 

The source of TCEP was not identified and the source further stated that TCEP is rarely used in 1454 

electronics. EPA expects releases that could occur during this activity to be minimal and only 1455 

potentially occur at a small subset of facilities.  1456 

¶ EPA lacks production volume data to assess TCEP exposure from distribution into commerce 1457 

due to the declining production and manufacturing in recent years. Although manufacturing, 1458 

processing, and distribution into commerce of TCEP is declining (see Section 1.1.1, Table 3-1); 1459 

distribution into commerce that has occurred, is ongoing, or is likely to occur during a COU 1460 

subject to evaluation; and exposure to human or ecological populations has occurred or is likely 1461 

to occur; will be included in the risk evaluation as an exposure associated with a COU. 1462 

3.2.1.1 Summary of Daily Environmental Release Estimates 1463 

Table 3-2 and Table 3-3 provide estimated releases that could occur during each OES, the expected 1464 

media of release if releases are expected to occur during that OES, and possible number of sites where 1465 

releases could occur. The estimated daily releases are based on a 2,500 lb production volume. For most 1466 

cases, the number of sites is based on a single generic site; however, in some cases, such as use of paints 1467 

and coatings and laboratory chemicals, a distribution of the number of sites was created. The 1468 

distributions for number of sites were created for these OESs to provide variability in the potential 1469 

number of sites and is further explained in the Supplemental Information on Environmental Release and 1470 

Occupational Exposure Assessment (U.S. EPA, 2023l).  1471 

 1472 
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Table 3-2. Summary of EPAôs Daily Release Estimates for Each OES and EPAôs Overall Confidence in these Estimates for 2,500 lb 1473 

Production Volume  1474 

COU OES 

Estimated Daily 

Release Range across 

Sites (kg/site-day) 
Type of Discharge,a 

Air Emission,b or 

Transfer for Disposalc 

Estimated Release 

Frequency Range 

across Sites (days)d Number of 

Facilitiese 

Overall 

Confidence 
Sources 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Manufacture 

(Import) 
Repackaging 

6.35E00 9.89E00 Surface water 4 4 

1 generic site Medium 

Peer-

reviewed 

literaturee 

(GS/ESD) 

3.18Eī04 6.03Eī04 Fugitive or stack air 4 4 

N/A N/A Waste disposal (landfill 

or incineration) 
N/A N/A 

Processing 
Incorporation into paints and 

coatings ï 1-part coatings 

1.02E01 3.52E01 Surface water 6 2 

1 generic site High 

Peer-

reviewed 

literaturee 

(GS/ESD) 

1.56Eī03 9.60Eī03 Fugitive or stack air 6 4 

1.53E00 9.27E00 Waste disposal (landfill 

or incineration) 
7 2 

Processing 

Incorporation into paints and 

coatings ï 2-part reactive 

coatings 

2.71E01 3.19E01 Surface water 1 1 

1 generic site High 

Peer-

reviewed 

literaturee 

(GS/ESD) 

3.65Eī03 7.90Eī03 Fugitive air 1 1 

3.75Eī03 1.99Eī02 Stack air 1 1 

3.40E01 3.40E01 Waste disposal (landfill 

or incineration) 
1 1 

Processing 

Formulation of TCEP-

containing reactive resins (for 

use in 2-part systems) 

2.52E01 3.15E01 Surface water 1 1 

1 generic site High 

Peer-

reviewed 

literaturef 

(GS/ESD) 

3.25Eī03 8.83Eī03 Fugitive air 1 1 

2.73Eī03 2.07Eī02 Stack air 1 1 

3.40E01 3.40E01 Waste disposal (landfill 

or incineration) 
1 1 

Processing 
Processing into 2-part resin 

article 

N/A N/A Surface water N/A N/A 

1 generic site High 

Peer-

reviewed 

literaturee 

(GS/ESD) 

3.30Eī04 9.90Eī04 Fugitive or stack air 55 113 

3.98Eī01 2.50E00 Waste disposal (landfill 

or incineration) 

92 17 

Processing Recycling e-waste EPA did not have sufficient data to estimate these releases  

Distribution Distribution in commerce Distribution activities (e.g., loading) considered throughout life cycle, rather than using a single distribution scenario. 

Industrial 

Use 

Installation of articles  Releases expected to be negligible 
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COU OES 

Estimated Daily 

Release Range across 

Sites (kg/site-day) 
Type of Discharge,a 

Air Emission,b or 

Transfer for Disposalc 

Estimated Release 

Frequency Range 

across Sites (days)d Number of 

Facilitiese 

Overall 

Confidence 
Sources 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Commercial 

Use 

Use and/or maintenance of 

aerospace equipment and 

products 

Releases expected to be negligible 

Use of paints and coatings ï 

spray applicationg  

2.37E00 2.32E01 Surface water 1 2 95th 

Percentile: 

2,031 

50th 

Percentile: 

281 

Medium 

Peer-

reviewed 

literaturee 

(GS/ESD) 

1.25E01 1.14E02 Fugitive air 1 2 

N/A N/A Waste disposal (landfill 

or incineration) 

N/A N/A 

Lab chemical ï use of 

laboratory chemicals 

3.96Eī01f 8.83Eī01f Surface water 220 214 
13 (1st 

percentile) ï 

6 (5th 

percentile) 

High 

Peer-

reviewed 

literaturee 

(GS/ESD) 

6.47Eī05f 7.99Eī05f Fugitive or stack air 220 214 

N/A N/A Waste disposal (landfill 

or incineration) 
N/A N/A 

Furnishing, cleaning, 

treatment/care products 

¶ Fabric and textile 

products 

¶ Foam seating and 

bedding products 

Manufacturing and Processing of these COUôs has ceased, EPA does not have sufficient data to estimate the releases that 

may occur during disposal of already existing products 

Construction, paint, 

electrical, and metal products 

¶ Building/construction 

materials ï insulation 

¶ Building/construction 

materials ï wood and 

engineered wood 

products ï wood resin 

composites 

Disposal Disposal Waste Disposal (Landfill or Incineration, covered in each COU/OES as opposed to a separate COU) 

a Direct discharge to surface water; indirect discharge to non-POTW; indirect discharge to POTW 
b Emissions via fugitive air; stack air; or treatment via incineration 
c Transfer to surface impoundment, land application, or landfills 
d Where available, EPA used peer reviewed literature (e.g., generic scenarios or emission scenario documents) to provide a basis to estimate the number of release days 

of TCEP within a COU. 
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 1475 

  1476 

COU OES 

Estimated Daily 

Release Range across 

Sites (kg/site-day) 
Type of Discharge,a 

Air Emission,b or 

Transfer for Disposalc 

Estimated Release 

Frequency Range 

across Sites (days)d Number of 

Facilitiese 

Overall 

Confidence 
Sources 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

e Where available, EPA used peer reviewed literature (e.g., generic scenarios or emission scenario documents) data to provide a basis to estimate the number of sites 

using TCEP within a condition of use.  
f ñHigh-endò is the 5th percentile and ñCentral Tendencyò is the 1st percentile. See Section 3.10 of Engineering Supplemental file for rationale of using the 1st and 5th 

percentiles.  
g Multiple throughput and site scenarios are presented in Table 5-1 of the Engineering Supplemental file. 
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Table 3-3. Summary of EPAôs Release Estimates for Each COU/OES and EPAôs Overall Confidence in these Estimates 1477 

Life Cycle 

Stage 
Category Subcategory OES 

Surface 

Water 

Air  Waste Disposal 
Overall 

Confidence 
Sources Fugitive 

Air  

Stack Air Landfill  Incineration 

Manufacture 

(Import) 

Import Import Repackaging X X X W W Medium  Peer-reviewed 

literaturee 

(GS/ESD) 

Processing 

Incorporated 

into 

formulation, 

mixture, or 

reaction 

product 

Paint and 

coating 

manufacturing 

Incorporation 

into paints and 

coatings ï 1-

part coatings 

X X X X W High Peer-reviewed 

literaturee 

(GS/ESD) 

Incorporation 

into paints and 

coatings ï 2-

part coatings 

X X X W X High Peer-reviewed 

literaturee 

(GS/ESD) 

Incorporated 

into 

formulation, 

mixture, or 

reaction 

product 

Polymers used 

in aerospace 

equipment and 

products 

Formulation of 

TCEP-

containing 

reactive resins 

(for use in 2-

part systems) 

X X X W X High Peer-reviewed 

literaturef 

(GS/ESD) 

Incorporated 

into article 

Aerospace 

equipment and 

products 

Processing into 

2-part resin 

article 

W X X X W High Peer-reviewed 

literaturee 

(GS/ESD) 

Recycling Recycling Recycling e-

waste 
Ã Ã Ã Ã Ã Medium NIOSH 

HHEôs used 

for exposure 

estimates; 

insufficient 

data to 

estimate 

releases 

Distribution Distribution 
Distribution in 
commerce 

Distribution in 
Commerce 

Distribution activities (e.g., loading) considered throughout life cycle, rather than using a 
single distribution scenario. 

Industrial 

Use 

Other use Aerospace 

equipment and 

products 

Installation of 

article  

W W W W W Medium Releases not 

expected to 

occur during 
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Life Cycle 

Stage 
Category Subcategory OES 

Surface 

Water 

Air  Waste Disposal 
Overall 

Confidence 
Sources Fugitive 

Air  

Stack Air Landfill  Incineration 

handling of 

aerospace 

articles 

Commercial 

Use 

Other use Aerospace 

equipment and 

products 

Use and/or 

maintenance of 

aerospace 

equipment and 

products 

W W W W W Medium Releases not 

expected to 

occur during 

handling of 

aerospace 

articles 

Paints and 

coatings 

Paints and 

coatings 

Use of paints 

and coatings ï 

spray 

application oes 

1,000 kg daily 

throughput 

X X W W W Medium Peer-reviewed 

literaturee 

(GS/ESD) 

Other use Laboratory 

chemicals 

Lab chemical ï 

use of 

laboratory 

chemicals 

X X X W W   Peer-reviewed 

literaturee 

(GS/ESD) 

Furnishing, 

cleaning, 

treatment/care 

products 

Fabric and 

textile products 

 Ã Ã Ã Ã Ã Medium Peer-reviewed 

literaturee 

Foam seating 

and bedding 

products 

 Ã Ã Ã Ã Ã Medium Peer-reviewed 

literaturee 

Construction, 

paint, 

electrical, and 

metal products 

Building/ 

construction 

materials ï 

insulation 

 Ã Ã Ã Ã Ã Medium Peer-reviewed 

literaturee 
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1478 

Life Cycle 

Stage 
Category Subcategory OES 

Surface 

Water 

Air  Waste Disposal 
Overall 

Confidence 
Sources Fugitive 

Air  

Stack Air Landfill  Incineration 

Building/ 

construction 

materials ï 

wood and 

engineered 

wood products ï 

wood resin 

composites 

 Ã Ã Ã Ã Ã Medium Peer-reviewed 

literaturee 

Disposal   Disposal Evaluated as part of each OES as opposed to a standalone OES 

X= Estimated releases W= Estimated releases but not anticipated Ã= Releases not quantified, assessed qualitatively 
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 Consumer Releases 1479 

Environmental releases to the environment may occur from consumer articles containing TCEP via the 1480 

end-of-life disposal and demolition of consumer articles in the built environment, as well as from the 1481 

associated down-the-drain release of TCEP from domestic laundry that removes TCEP containing dust 1482 

from clothing to wastewater. It is difficult for EPA to quantify these ends-of-life and down-the-drain 1483 

laundry exposures due to limited information on source attribution of the consumer COUs. In previous 1484 

assessments, EPA has considered down-the-drain analysis for consumer products scenarios where there 1485 

is reasonably foreseen exposure scenario where it can be assumed the consumer product (e.g., drain 1486 

cleaner, lubricant, oils) will be discarded directly down-the-drain. Although EPA acknowledges that 1487 

there may be TCEP releases to the environment via the demolition and disposal of consumer articles and 1488 

the release of TCEP to wastewater via domestic laundry, the Agency did not quantitatively assess these 1489 

scenarios due to lack of reasonably available information. EPA instead assessed them qualitatively. 1490 

Anecdotal information in the peer-reviewed literature helps qualitatively describe how TCEP may be 1491 

potentially released to the environment from consumer articles (Section 5.1.2.2.5). 1492 

 Weight of the Scientific Evidence Conclusions for Environmental Releases from 1493 

Industrial , Commercial, and Consumer Sources 1494 

For each OES, EPA considered the assessment approach, the quality of the data and models, and 1495 

uncertainties in assessment results to determine a level of confidence as presented in Supplemental 1496 

Information on Environmental Release and Occupational Exposure Assessment (U.S. EPA, 2023l). EPA 1497 

determined that the various GSs and ESDs had overall quality determinations of high or medium, 1498 

depending on the GS/ESD. The GSs and ESDs are documents developed by EPA or OECD that are 1499 

intended to provide an overview of an industry and identify potential release and exposure points for that 1500 

industry; they cover processes and are not specific to any chemical. This lack of chemical specificity 1501 

creates an uncertainty in the overall release estimateðthe assessed parameter values may not always be 1502 

representative of applications specific to TCEP use in each OES. Another uncertainty is lack of 1503 

consideration for release controls. The GS/ESDs assume that all activities occur without any release 1504 

controls and in an open-system environment where vapor and particulates freely escape. Actual releases 1505 

may be less than estimated if facilities utilize pollution control methods. Although TCEP monitoring 1506 

data would be preferred to modeled estimates from generic scenarios, monitoring data were not 1507 

available for almost all the OESs included in the draft risk evaluation. EPA strengthened modeled 1508 

estimates by using Monte Carlo modeling to allow for variation in environmental release calculation 1509 

input parameters according to the GS/ESD and other literature sources. The Agency was unable to 1510 

quantitatively assess releases to the environment from consumer products containing TCEP.  1511 

3.2.3.1 Strengths, Limitations , Assumptions, and Key Sources of Uncertainty for the 1512 

Environmental Release Assessment 1513 

Use of Reporting Year-Release Trends Analysis 1514 

The 2016 CDR only had one reporter of TCEP while the 2020 CDR had no reporters; it is assumed that 1515 

TCEP has been largely phased out of products it was historically used in such as flexible and rigid foam 1516 

products. EPA expects that current users of TCEP do not surpass the CDR reporting threshold of 25,000 1517 

lb per site-year (i.e., less than 25,000 lb/year is used at any given site). 1518 

 1519 

EPA searched the DMR database for TCEP monitoring data from 2010 to 2021. Monitoring data were 1520 

available for locations in California; however, TCEP was not detected in any of the effluents of the 1521 

POTWs that were monitored (U.S. EPA, 2022b). DMR data are submitted by NPDES permit holders to 1522 

states or directly to the EPA according to the monitoring requirements of the facilityôs permit. States are 1523 

required to load only major discharger data into DMR and may or may not load minor discharger data. 1524 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11181053
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The definition of major vs. minor discharger is set by each state and could be based on discharge volume 1525 

or facility size. Due to these limitations, some sites that discharge may not be included in the DMR 1526 

dataset. It is uncertain the extent to which sites not captured in these databases release TCEP into the 1527 

environment or whether the releases are to water, air, or landfill. TCEP was officially added to TRI at 1528 

the end of 2022. However, companies will not have to report on their possible management and/or use 1529 

of TCEP until July 2024. 1530 

 1531 

EPA also searched other databases including the Water Quality Portal (WQP), where monitoring trends 1532 

indicate a downward trend of TCEP concentrations in surface water (see Figure 3-9).  1533 

 1534 

Use of Generic Scenario and Emission Scenario Documents for Number of Facilities 1535 

In some cases, the number of facilities for a given OES was estimated using GSs and ESDs, which are 1536 

peer-reviewed. These documents typically attempt to find and map applicable North American Industry 1537 

Classification System (NAICS) codes to an OES. This is done by identifying keywords relevant to that 1538 

OES and entering them into the search tool on the U.S. Census Bureauôs website. The results are 1539 

reviewed for relevancy and the most applicable NAICS codes are selected. It is possible that the NAICS 1540 

codes selected may not fully represent all potential types of sites for a given OES.  1541 

 1542 

Uncertainties Associated with Number of Release Days Estimate 1543 

EPA did not have site specific data for the number of release days for most OESs. Typically, in these 1544 

cases, the Agency assumed that an activity occurs once per day (e.g., a facility may process a single 1545 

batch per day). In the event that this assumption leads to a number of operating days that exceeds 365 1546 

days, it may be assumed that a site will be processing more than one batch per day. Given the relatively 1547 

small production volume of TCEP being assessed this situation was not encountered. However, it is 1548 

possible that this could lead to either an under or over estimation of the number of release days. In 1549 

certain circumstances, EPA chose 250 days a year as the upper bound of possible number of operating 1550 

days because that is considered the maximum number of days a worker would be exposed, for most 1551 

OESs the number of release days was well under this value. 1552 

 1553 

 1554 
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3.3 Concentrations of TCEP in the Environment 1555 

 1556 

The environmental exposure characterization focuses on aquatic and terrestrial releases of TCEP from 1557 

hypothetical facilities that use, manufacture, or process TCEP under industrial and/or commercial COUs 1558 

subject to TSCA regulations. To characterize environmental exposure, EPA assessed point estimate 1559 

exposures derived from both measured and predicted concentrations of TCEP in ambient air, surface 1560 

water, and landfills in the United States. 1561 

 1562 

A literature search was also conducted to identify peer-reviewed or gray sources of TCEP monitoring 1563 

and reported modeled data. The tornado plots in the subsequent sections are a summary of the 1564 

monitoring for the various environmental media. The plots provide the range of media concentrations in 1565 

monitoring various studies. The plots are split by U.S. and non-U.S. data, fraction (e.g., vapor, gas, 1566 

particle; see Figure 3-9) and the studies are ordered from top to bottom from newer to older data. The 1567 

plots are colored to indicate general population, remote, near facility, and unknown population 1568 

information.  1569 

 1570 

For more information on TCEP monitoring data, please see the following documents: 1571 

¶ Environmental Monitoring Concentrations Reported by Media Type (U.S. EPA, 2023g). 1572 

¶ Environmental Monitoring and Biomonitoring Concentrations Summary Table (U.S. EPA, 1573 

2023f).  1574 

¶ Data Quality Evaluation Information for General Population, Consumer, and Environmental 1575 

Exposure. (U.S. EPA, 2023v) 1576 

TCEP ï Concentrations in the Environment (Section 3.3): 

Key Points 

 

EPA evaluated the reasonably available information on concentrations of TCEP in the environment. 

The key points on environmental concentrations are summarized below: 

¶ EPA assessed environmental concentrations of TCEP in air, water, and land (soil, biosolids and 

groundwater).  

o For the air pathway, measured data from a variety of locations within and outside of the 

United States provided TCEP concentrations near facilities and locations that would 

represent general population exposure, as well as in remote locations. EPA also modeled 

ambient air concentrations and deposition from facilities releasing TCEP to air. The 

Agency expects dry and wet air deposition of TCEP from air to land and surface waters 

may be an important source of TCEP to the ambient environment. 

o For the water pathway, EPA found measured data on TCEP in surface water, 

precipitation, groundwater, wastewater, and the sediment compartment. The Agency also 

modeled TCEP concentrations in surface water and sediment, including air deposition 

contributions to each, near facilities releasing TCEP. EPA expects surface water and 

sediment to be the main environmental exposure pathways for aquatic organisms.  

o For the land pathway, EPA found measured concentrations of TCEP in soil, biosolids, and 

groundwater. The Agency modeled soil concentrations from air deposition and biosolids 

as well as groundwater concentrations from landfill leachate. EPA does not expect TCEP 

concentrations to accumulate in soil; rather, TCEP in soil is expected to migrate to 

groundwater. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194893
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194895
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194895
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151714
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¶ Data Extraction Information for General Population, Consumer, and Environmental Exposure 1577 

(U.S. EPA, 2023p) 1578 

 Ambient Air Pathway 1579 

EPA searched peer-reviewed literature, gray literature, and databases to obtain concentrations of TCEP 1580 

in ambient air. Section 3.3.1.1 displays the aggregated results of reported monitoring concentrations for 1581 

ambient air found in the peer-reviewed and gray literature from the systematic review. Section 3.3.1.2 1582 

reports EPA modeled ambient air concentrations and deposition fluxes.  1583 

 1584 

Ambient air concentrations of TCEP were measured in six studies in the United States (Figure 3-2). 1585 

Bradman et al. (2014) recorded a maximum concentration of 1.60 µg/m3 at 14 early childhood education 1586 

facilities in California between May 2010 and May 2011. Peverly et al. (2015) sampled TCEP in 1587 

ambient air at 13 locations across Chicago, Illinois. They demonstrated that TCEP ambient air 1588 

concentrations (maximum of 0.335 µg/m3) were slightly higher nearer to downtown Chicago than 1589 

suburban Chicago. 1590 

  1591 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151715
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2539068
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2939998
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3.3.1.1 Measured Concentrations in Ambient Air 1592 

 1593 

 1594 

Figure 3-2. Concentrations of TCEP (ng/m3) in Ambient Air  from 2000 to 2019 1595 

3.3.1.2 EPA Modeled Concentrations in Ambient Air and Air Deposition 1596 

(IIOAC/AERMOD)  1597 

EPA used the Integrated Indoor-Outdoor Air Calculator (IIOAC), and the American Meteorological 1598 

Society (AMS)/EPA Regulatory Model (AERMOD) to estimate ambient air concentrations and air 1599 

deposition of TCEP from facility releases. IIOAC uses pre-run results from a suite of AERMOD 1600 

dispersion scenarios at a variety of meteorological and land-use settings, as well as release emissions, to 1601 

estimate particle deposition at different distances from sources that release chemical substances to the 1602 

air. AERMOD, a higher tier model, was utilized to incorporate refined parameters for gaseous as well as 1603 

particle deposition. AERMOD is a steady-state plume model that incorporates air dispersion based on 1604 

planetary boundary layer turbulence structure and scaling concepts, including treatment of both surface 1605 

and elevated sources, and both simple and complex terrain. 1606 

 1607 
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Industrial and commercial release estimates are presented in Section 3.2. Table 3-3 provides the 1608 

following COUs/OESs that have ambient air releases (stack or fugitive). These facility releases were 1609 

utilized to model ambient air concentrations and deposition via AERMOD and IIOAC. 1610 

 1611 

The full set of inputs and results of IIOAC and AERMOD are presented in Appendix H.3. For the initial 1612 

IIOAC runs, EPA modeled each of the fugitive air and stack air release scenarios for the seven relevant 1613 

OESs. In addition, due to initial uncertainties in the particle size, EPA ran IIOAC for both fine and 1614 

coarse particle settings for TCEP. In IIOAC, all calculated air concentrations of fine and coarse particles 1615 

are capped by an upper limit equal to the National Ambient Air Quality Standards (NAAQS) for 1616 

particulate matter (PM). These limits are 35 and 150 ɛg/m3 for fine and coarse particles (i.e., the 1617 

NAAQS for PM2.5 and PM10), respectively. These limits were met for all the OESs with stack 1618 

emissions. In addition, this limit was reached for the fine particle size, fugitive emissions run for the 1619 

commercial use of paints and coatings (Appendix H.3). 1620 

 1621 

A further limitation of IIOAC is that it does not model gaseous deposition. Due to the inability to model 1622 

gaseous deposition, and due to the initial screening results meeting the NAAQS caps, EPA decided to 1623 

run a higher tier model (AERMOD) for the ambient air pathway. 1624 

 1625 

AERMOD is a steady-state Gaussian plume dispersion model that incorporates air dispersion based on 1626 

planetary boundary layer turbulence structure and scaling concepts, including treatment of both surface 1627 

and elevated sources and both simple and complex terrain. AERMOD can incorporate a variety of 1628 

emission source characteristics, chemical deposition properties, complex terrain, and site-specific hourly 1629 

meteorology to estimate air concentrations and deposition amounts at user-specified population 1630 

distances and at a variety of averaging times. Readers can learn more about AERMOD, equations within 1631 

the model, detailed input and output parameters, and supporting documentation by reviewing the 1632 

AERMOD Usersô Guide (U.S. EPA, 2018). 1633 

 1634 

Additional parameters were required to run the higher tier model, AERMOD. EPA reviewed available 1635 

literature and referenced the fenceline methodology (Draft Screening Level Approach for Assessing 1636 

Ambient Air and Water Exposures to Fenceline Communities Version 1.0) to select input parameters for 1637 

deposition, partitioning factors between the gaseous and particulate phases, particle sizes, 1638 

meteorological data, urban/rural designations, and physical source specifications. A full description of 1639 

the input parameters selected for AERMOD and details regarding post-processing of the results are 1640 

provided in Appendix H.3.3.  1641 

 1642 

AERMOD was run under two land categories: suburban forested and bodies of water. A limited set of 1643 

AERMOD tests suggested suburban-forest was a reasonable and appropriately health-protective default 1644 

land-cover selection when land-cover analysis is not possible. Bodies of water typically led to the 1645 

highest deposition values. Ambient air concentrations for both land categories for each OES are 1646 

presented in Appendix H.3.3. Table 3-4 is an excerpt of the modeled annual air release data for the Use 1647 

of paints and coatings ï spray application OES, 2,500 lb production volume, 95th percentile release 1648 

estimate, suburban forest land category scenario. The ambient air modeled concentrations and deposition 1649 

values are presented for two meteorology conditions (Sioux Falls, South Dakota, for central tendency 1650 

meteorology [MetCT]; and Lake Charles, Louisiana, for higher-end meteorology [MetHIGH]), 10 1651 

distances, and 3 percentiles (10th, 50th and 95th percentiles). These results indicate a maximum ambient 1652 

air concentration of 2.55 ng/m3 at 10 m from the facility and maximum deposition of 17.5 g/m2 at 30 m 1653 

from the facility for the Use of paints and coatings ï spray application OES, 2,500 lb production 1654 

volume, 95th percentile release estimate, suburban forest land category scenario. 1655 

 1656 

https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5203368
https://www.epa.gov/system/files/documents/2022-01/draft-fenceline-report_sacc.pdf
https://www.epa.gov/system/files/documents/2022-01/draft-fenceline-report_sacc.pdf
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Table 3-4. Excerpt of Ambient Air Modeled Concentrations and Deposition for the Use of Paints 1657 

and Coatings ï Spray Application OES, 2,500 lb Production Volume, 95th Percentile Release 1658 

Estimate, Suburban Forest Land Category Scenario 1659 

Meteorologya Distance (m) 

Concentration (ng/m3) by 

Percentile 
Deposition (g/m2) by Percentile 

10th 50th 95th 10th 50th 95th 

MetCT 10 4.98Eī01 9.27Eī01 1.11E00 3.29 7.00 8.14 

MetCT 30 1.11Eī01 2.84Eī01 4.16Eī01 2.80 5.90 7.67 

MetCT 30ï60 5.80Eī02 1.34Eī01 2.86Eī01 1.22 2.67 5.78 

MetCT 60 3.40Eī02 9.42Eī02 1.58Eī01 8.46Eī01 1.87 2.58 

MetCT 100 1.15Eī02 3.36Eī02 6.45Eī02 2.82Eī01 6.68Eī01 9.63Eī01 

MetCT 100ï1,000 1.09Eī04 5.21Eī04 4.90Eī03 2.21Eī03 9.07Eī03 8.13Eī02 

MetCT 1,000 5.92Eī05 1.82Eī04 7.95Eī04 1.39Eī03 3.43Eī03 9.51Eī03 

MetCT 2,500 7.91Eī06 2.39Eī05 1.49Eī04 1.86Eī04 4.53Eī04 1.78Eī03 

MetCT 5,000 2.29Eī06 8.21Eī06 4.83Eī05 5.36Eī05 1.71Eī04 6.49Eī04 

MetCT 10,000 7.68Eī07 2.56Eī06 1.76Eī05 1.85Eī05 5.44Eī05 2.68Eī04 

MetHIGH 10 5.90Eī01 1.03E00 2.55E00 5.88 1.04 3.29 

MetHIGH 30 1.12Eī01 2.71Eī01 7.05Eī01 2.74 6.69 17.5 

MetHIGH 30ï60 4.87Eī02 1.27Eī01 4.32Eī01 1.29 3.17 11 

MetHIGH 60 2.88Eī02 8.69Eī02 2.23Eī01 7.09Eī01 2.06 5.33 

MetHIGH 100 8.77Eī03 3.08Eī02 8.21Eī02 2.13Eī01 7.06Eī01 1.93 

MetHIGH 100ï1,000 6.85Eī05 4.23Eī04 4.60Eī03 1.61Eī03 9.60Eī03 1.06Eī01 

MetHIGH 1,000 3.25Eī05 1.62Eī04 6.08Eī04 7.75Eī04 3.68Eī03 1.47Eī02 

MetHIGH 2,500 4.54Eī06 2.52Eī05 9.06Eī05 1.06Eī04 5.21Eī04 2.19Eī03 

MetHIGH 5,000 1.30Eī06 9.54Eī06 2.87Eī05 3.03Eī05 1.97Eī04 6.75Eī04 

MetHIGH 10,000 2.74Eī07 4.19Eī06 1.32Eī05 7.09Eī06 8.75Eī05 2.99Eī04 

a MetCT refers to meteorological conditions from Sioux Falls, South Dakota, and MetHIGH refers to meteorological 

conditions from Lake Charles, Louisiana. Since the scenarios are not at real locations, they were modeled twice 

using two different meteorological stations. These central tendency and high-end estimates were determined during 

the development of EPAôs IIOAC.  

3.3.1.2.1 TCEP Partitioning between Gaseous Phase and Particulate Phase 1660 

Dry and wet air deposition of TCEP to land and surface waters may be an important source of TCEP to 1661 

the ambient environment. Air deposition may be the result of particle deposition and/or gaseous 1662 

deposition. 1663 

 1664 

There is conflicting information about the particle size of TCEP and whether TCEP is present in the gas 1665 

or particle phase. A study of offices in China suggests that the mass median aerodynamic diameters 1666 

(MMAD) of TCEP is coarse, between 4 and 5 µm, and that the contribution of TCEP is due to indoor 1667 

rather than outdoor air (Yang et al., 2014). Another Chinese study suggests that only 22 percent of 1668 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2544765
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TCEP is found among particle size fractions of dust samples less than 43 µm (He et al., 2018c). A third 1669 

Chinese study indicates that the MMAD of TCEP is fine, between 1 and 2 µm (Cao et al., 2019). 1670 

Schreder et al. (2016) indicates that TCEP is not detected in respirable particulate fractions (<4 µm). A 1671 

team of Canadian scientists sought to make sense of these discrepancies by examining the gas-particle 1672 

partitioning of organophosphate esters. Okeme (2018) evaluated gas-particle partitioning in indoor and 1673 

outdoor air by using a group of single-parameter and poly-parameter models. Their predictions suggest 1674 

that TCEP should be in the gas phase contrary to measurements. Okeme (2018) suggests that the 1675 

unexpectedly high particle fractions reported in many studies is due to sampling artifact. Okeme (2018) 1676 

argues that many of the studies with high particle fractions do not account for safe sampling volumes, 1677 

and that gas-phase sorption could be contributing substantially to the mass of TCEP captured on the 1678 

filters. 1679 

 1680 

As described in the Appendix H.3.3, EPA selected a proportion of emissions in gaseous phase of 82 1681 

percent and the proportion in particle phase of 18 percent based on Wolschke et al. (2016). 1682 

 Water Pathway 1683 

EPA searched peer-reviewed literature, gray literature, water databases to obtain concentrations of 1684 

TCEP in surface water, precipitation, and sediment. Sections 3.3.2.1, 3.3.2.3, 3.3.2.7, and 3.3.2.8 display 1685 

the aggregated results of reported monitoring and reported modeled concentrations for surface water, 1686 

precipitation, and sediment found in the peer-reviewed and gray literature as a result of systematic 1687 

review. Sections 3.3.2.4 provides surface water concentrations as a results of surface water databases. 1688 

Sections 3.3.2.5, 0, 3.3.2.9, and 3.3.2.10 report EPA modeled surface water and sediment 1689 

concentrations.  1690 

3.3.2.1 Geospatial Analyses of Environmental Releases 1691 

No location information is available for facilities that produce, manufacture, or use TCEP. The surface 1692 

water data from the Water Quality Portal (WQP) shows TCEP concentration distributed across the 1693 

United States. Figure 3-3 indicates the detected water concentrations from the WQP from 1995 to 2022. 1694 

Many additional sample sites recorded non-detects, which are not shown in this figure. 1695 

  1696 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4728480
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5425580
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3222316
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5165658
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5165658
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5165658
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3374439
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 1697 

Figure 3-3. Map of Nationwide Measured TCEP Water Concentrations Retrieved from the Water 1698 

Quality Portal, 1995 to 2022 1699 
Source: EPA Accessible Link to Interactive Figure. 1700 
Size of the dots indicate magnitude of concentration; see Appendix H.2.1 for more details.  1701 

3.3.2.1.1 Geospatial Analysis for Tribal Exposures 1702 

Although EPA did not identify facilities that release TCEP on or near tribal lands, TCEP has been 1703 

detected in surface water and/or groundwater on or near tribal lands. Groundwater samples collected in 1704 

2000 downgradient of the Norman Landfill had TCEP concentrations between 0.22 to 0.74 µg/L. Figure 1705 

3-4 indicates that the Norman Landfill was also located within a few miles from the Chickasaw Tribal 1706 

Lands in Oklahoma.  The landfill closed in 1985, was covered with a clay cap, and vegetated (Barnes et 1707 

al., 2004). 1708 

https://rstudio-connect.dmap-stage.aws.epa.gov/content/a3aacc62-cbe5-49c0-8928-6b2783e78fb7
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469339
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469339
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 1709 

Figure 3-4. Map Indicating Norman Landfill in Proximity to Tribal Lands  1710 

 1711 

In 2018, concentrations in groundwater of up to 2.4 µg/L were detected at the Twenty-Nine Palms Band 1712 

of Missions Indians in Coachella, California (Figure 3-5). These concentration data were provided by 1713 

EPAôs STORage and RETrieval (STORET) Data Warehouse rather than collected as part of landfill 1714 

monitoring efforts like the example above. This site was monitored again in 2019 (0.24 µg/L) and twice 1715 

in 2021 (0.79 to 0.84 µg/L) (STORET via (NWIS et al., 2022)). 1716 

 1717 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10663361
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 1718 

Figure 3-5. Groundwater Concentration of TCEP Reported near Twenty-Nine Palms Reservation 1719 

near Coachella, California 1720 
Source: EPA Accessible Link to Interactive Figure. 1721 
See Appendix H.2.1 for more details.  1722 

3.3.2.2 Measured Concentrations in Surface Water 1723 

A summary of surface water monitoring studies is provided in Figure 3-6. Six U.S. studies were 1724 

identified (five in the ñUS Not Specifiedò section and one in the ñMix Not Specifiedò). Sengupta et al. 1725 

(2014) reported TCEP concentrations at 581 ng/L in October 2011 and 785 ng/L in July 2011 in the Los 1726 

Angeles and San Gabriel Rivers during low flow conditions. TCEP concentrations in the Santa Clara 1727 

River, California, were recorded up to 810 ng/L during low flow events in 2013 (Maruya et al., 2016). 1728 

 1729 

A Korean study found midstream concentrations of TCEP 9 times higher than upstream values (234 vs. 1730 

15.0 ng/L) (Choo et al., 2018). This study suggested that a potential cause of the elevated TCEP 1731 

concentrations was due to an industrial complex involving fiber manufacture being located near the 1732 

midstream site.  1733 

 1734 

https://rstudio-connect.dmap-stage.aws.epa.gov/content/a3aacc62-cbe5-49c0-8928-6b2783e78fb7
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4181598
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4182703
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469301
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 1735 

 1736 

Figure 3-6. Concentrations of TCEP (ng/L) in Surface Water from 1980 to 2017 1737 

 1738 

 1739 
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3.3.2.3 Measured Concentrations in Precipitation 1740 

Scott et al. (1996) recorded concentrations of TCEP in precipitation samples from 14.4 to 52.3 ng/L in 1741 

Ontario, Canada, collected in 1994 (Figure 3-7). 1742 

 1743 

 1744 

Figure 3-7. Concentrations of TCEP (ng/L) in Precipitation from 1994 to 2014 1745 

3.3.2.4 Measured Concentrations in Surface Water Databases 1746 

Measured surface water concentrations were obtained from EPAôs Water Quality Exchange (WQX) 1747 

using the WQP tool, which is the nationôs largest source of water quality monitoring data and includes 1748 

results from EPAôs STORage and RETrieval (STORET) Data Warehouse, the U.S. Geological Survey 1749 

(USGS) National Water Information System (NWIS), and other federal, state, and tribal sources. 1750 

 1751 

The complete record of national monitoring of surface water reported by the WQP were reviewed to 1752 

summarize the prevalence of TCEP in raw surface water (NWIS et al., 2022). Data retrieved in January 1753 

2023 included sampling dates from 2001 to 2022 and resulted in 9,892 available sample results (Figure 1754 

3-8.). Full details of the retrieval and processing of ambient surface water monitoring data from the 1755 

WQP are presented in Appendix H.2. Figure 3-8. shows the range of TCEP concentrations detected in 1756 

surface water samples the lowest detected sample concentrations within the data set are 0.02 µg/L. Most 1757 

(95 percent) of the sample records available had no level of TCEP detected above the reported detection 1758 

limit for the analysis (referred to as ñnon-detectsò). The highest detection limit was 2,720 µg/L. The 466 1759 

detected values ranged from 0.47 to 7.66 µg/L, with a median of 0.23 µg/L. 1760 

 1761 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4530235
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10663361
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 1762 

Figure 3-8. Frequency of Nationwide Measured TCEP Surface Water Concentrations Retrieved 1763 

from the Water Quality Portal, 2003 to 2022 1764 

 1765 

The highest concentrations of TCEP detected in surface water in the United States is 7.66 µg/L, detected 1766 

in August 2013 in Rochester, New York (NWIS via [WQP]). This monitoring location is on the Genesee 1767 

river at Ford Street bridge within 1,500 feet downstream of an abandoned Vacuum Oil plant on the west 1768 

bank of the Rochesterôs Plymouth-Exchange neighborhood. The Vacuum Oil plant is a brownfield site 1769 

that is being managed by the New York State Department of Environmental Conservation (DEC). EPA 1770 

lacks data to confirm whether Vacuum Oil is the source of TCEP. Concentrations of up to 2.55 µg/L 1771 

have been detected in Oregon as recent as October 2020 (STORET via [WQP]). Figure 3-9 demonstrates 1772 

that surface water concentrations of TCEP have been decreasing over the last two decades. 1773 

  1774 

https://www.waterqualitydata.us/provider/NWIS/USGS-NY/USGS-04231600/
https://www.waterqualitydata.us/provider/NWIS/USGS-NY/USGS-04231600/
https://www.dec.ny.gov/data/der/factsheet/c828190rir.pdf
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 1775 
Figure 3-9. Time Series of Nationwide Measured TCEP Surface Water Concentrations 1776 

Retrieved from the Water Quality Portal, 2003 to 2022 1777 
Source: EPA Accessible Link to Interactive Figure 1778 
See Appendix H.2.1 for more details.  1779 

3.3.2.5 EPA Modeled Surface Water Concentrations (E-FAST, VVWM -PSC) 1780 

A tiered modeling approach was implemented for estimating surface water concentrations of TCEP. 1781 

EPAôs Exposure and Fate Assessment Screening Tool, version 2014 (E-FAST 2014) (U.S. EPA, 2007b), 1782 

a simple dilution-based model, was first used to estimate total chemical surface water concentrations in 1783 

streams. As E-FAST 2014 does not consider chemical partitioning into various media due to physical 1784 

and chemical properties (KOW, KOC), it tends to overestimate total surface water concentrations and 1785 

underestimate the chemical concentration that is sorbed to soil. Because TCEPôs physical and chemical 1786 

properties lends it to potentially partitioning into various media (Section 2.2.2), E-FAST 2014-derived 1787 

exposures that were greater than the most conservative environmental- or human health-relevant point of 1788 

departure (POD) were triaged for further modeling using the VVWM-PSC model which incorporates 1789 

partitioning and degradation. The VVWM-PSC model was also used to estimate settled sediment in the 1790 

benthic region of streams. 1791 

 1792 

Predicted surface water concentrations were modeled for facility releases as detailed in Section 3.2. The 1793 

aquatic modeling was conducted with E-FAST 2014 using hypothetical annual release/loading amounts 1794 

(kg/yr) and estimates of the number of days per year that the annual load is released (see Section 3.2 for 1795 

more information). As appropriate, two scenarios were modeled per release: release of the annual load 1796 

over an estimated maximum number of operating days per year. Additionally, the Probabilistic Dilution 1797 

Model (PDM), a module of E FAST 2014, was run to predict the number of days a stream concentration 1798 

will exceed the designated COC value. 1799 

https://rstudio-connect.dmap-stage.aws.epa.gov/content/a3aacc62-cbe5-49c0-8928-6b2783e78fb7
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2991013
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Table 3-5 release estimates are presented based on a 2,500 lb per site-year, high-end estimate release 1800 

scenarios, the only deviation from this is the Use of paints and coatings and the Lab chemical OESs. 1801 

These deviations are due to single site throughput constraints within the models used, in these cases, the 1802 

PV of 2,500 lb/year was used to create a distribution of the possible number of sites. The 2,500 lb was 1803 

not divided by COU, rather the full 2,500 lb was considered for each COU. Since CDR reporting is done 1804 

on a per site-year basis, EPA estimated a 2,500 lb per site-year. Section 3.2 provides a summary of the 1805 

release estimates for each COU/OES. For the maximum days of release scenarios, surface water 1806 

concentrations under 7Q10 flow conditions for E-FAST 2014 ranged from 1.27×103 to 1.11×104 for the 1807 

various exposure scenarios. Results for VVWM-PSC are overall slightly lower for all scenarios since 1808 

VVWM -PSC accounts for additional sink effects that are not accounted for in E-FAST 2014. For more 1809 

information on E-FAST 2014 and VVWM-PSC, including information on input parameters, see 1810 

Appendix H.2. 1811 
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Table 3-5. Summary of Modeled Surface Water Concentrations for the 2,500 lb, High-End Release Estimates 1812 

Life Cycle 

Stage 
Category Subcategory OES 

Inputs E-FAST 2014 VVWM -PSC 

Days of 

Release 

Estimated 7Q10 

Flow (m3/day) 

Daily Pollutant 

Load (kg/day) 

Daily Concentration 

ï 7Q10 (µg/L) 

Daily Concentration 

ï 7Q10 (µg/L) 

Manufacture Import Import Repackaging 4 4,130 9.88 2,392 2,390 

Processing 

Incorporated 

into 

formulation, 

mixture, or 

reaction 

product 

Paint and 

coating 

manufacturing 

Incorporation into 

paints and 

coatings ï 1-part 

coatings 

2 3,380 35.18 10,407 10,200 

Incorporation into 

paints and 

coatings ï 2-part 

coatings 

1 3,380 31.89 9,436 8,280 

Polymers used 

in aerospace 

equipment and 

products 

Formulation of 

TCEP into 2-part 

reactive resins 

1 2,850 31.54 11,066 9,190 

Commercial 

Use 

Paints and 

coatings 

Paints and 

coatings 

Use of paints and 

coatings ï spray 

application 

2 4,130 23.26 5,631 5,590 

Other use Laboratory 

chemicals  

Lab chemical ï 

use of laboratory 

chemicals 

182 4,130 0.40 96 96 

 1813 
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3.3.2.6 EPA Modeled Surface Water Concentrations via Air Deposition (AERMOD)  1814 

A study in the lower great lakes suggested that TCEP undergoes net gas phase deposition to lakes at a 1815 

flux of ī3,980 ng/m2 per day (Ma et al., 2021). Other studies in the open ocean have suggested that the 1816 

air-water gas exchanges were dominated by volatilization from seawater to air for TCEP 146 ± 239 1817 

ng/m2 per day (Li et al., 2017b). 1818 

 1819 

EPA used IIOAC and AERMOD to estimate air deposition from facility releases and to calculate a 1820 

resulting pond water concentration near a hypothetical facility. Pond water concentrations from air 1821 

deposition were estimated for the COUs with air releases. Air deposition modeling was conducted using 1822 

IIOAC and AERMOD. Due to limitations of IIOAC in incorporating gaseous and particulate deposition, 1823 

deposition results from the AERMOD were utilized in calculating pond water concentrations. A 1824 

description of the ambient air modeling and the deposition results are provided in Section 3.3.1.2. Using 1825 

the modeled deposition rates, the TCEP concentration in pond water was calculated with the following 1826 

equations: 1827 

 1828 

Equation 3-1 1829 

ὃὲὲὈὩὴὝέὸὈὩὴὃὶὅὊ 1830 

 1831 

Where: 1832 

ὃὲὲὈὩὴ = Total annual deposition to water body catchment (µg) 1833 

ὝέὸὈὩὴ = Annual deposition flux to water body catchment (g/m2) 1834 

ὃὶ  = Area of water body catchment (m2) 1835 

ὅὊ  = Conversion of grams to micrograms 1836 

 1837 

Equation 3-2 1838 

 1839 

ὖέὲὨὡὥὸὩὶὅέὲὧ
ὃὲὲὈὩὴ

ὃὶὖέὲὨ ὈὩὴὸὬ
 1840 

Where: 1841 

ὖέὲὨὡὥὸὩὶὅέὲὧ = Annual-average concentration in water body (µg/L) 1842 

ὃὲὲὈὩὴ  = Total annual deposition to water body (µg) 1843 

ὃὶ = Area of water body (m2); default = 10,000 m2 from EPA OPP 1844 

standard farm pond scenario 1845 

Pond Depth = Depth of pond; default = 2 m from EPA OPP standard farm pond 1846 

scenario 1847 

CF   = Conversion of cubic meters to liters 1848 

 1849 

Appendix H.3.3 presents the range of calculated pond water concentrations for the different emission 1850 

scenarios. The highest estimated 95th percentile pond water concentration, across all exposure scenarios, 1851 

for the 2,500 lb production volume, high-end estimate was for commercial use of paints and coatings 1852 

scenario: 1853 

¶ 1.07×103 µg/L or 1,070 µg/L at 100 m from the source; and 1854 

¶ 8.10 µg/L at 1,000 m from the source. 1855 

 1856 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=9641520
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3862723
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3.3.2.7 Measured Concentrations in Wastewater 1857 

Laundry wastewater may be the primary source of TCEP to wastewater treatment plant influent and 1858 

subsequently to the aquatic environment. This theory suggests that the TCEP in the indoor environment 1859 

is transferred to indoor dust that is subsequently transferred to clothing. The dust is removed from the 1860 

clothing during laundry and this wastewater reaches the wastewater treatment plants. Not all wastewater 1861 

treatment plants are fully effective in removing TCEP, and the subsequent effluent may result in higher 1862 

concentrations in the aquatic environment (Schreder and La Guardia, 2014). Wastewater monitoring 1863 

data from multiple locations in Emeryville, California corroborates this theory, as the highest levels of 1864 

TCEP were shown to come from industrial laundry services at levels of 3.72 µg/L in wastewater 1865 

(Jackson and Sutton, 2008). A study in Albany, New York between 2013 and 2015 indicated mean 1866 

influent concentrations of 1,430 ng/L and effluent concentrations of 1,100 ng/L of TCEP (Kim et al., 1867 

2017). The monitoring data suggests that U.S. values of TCEP in wastewater appear to be higher than 1868 

concentrations in other high-income countries as shown in Figure 3-10. 1869 

 1870 

 1871 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2528320
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1408465
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3862000
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3862000
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 1872 

Figure 3-10. Concentrations of TCEP (ng/L) in Wastewater from 2001 to 2018 1873 

3.3.2.8 Measured Concentrations in Sediment 1874 

Limited information was available on measured concentrations of TCEP in sediment in the United 1875 

States. Maruya et al. (2016) detected TCEP in coastal embayments at up to 6.98 ng/g dry weight in 1876 

Marina Del Ray, Los Angeles, California, in 2013. The mean sediment TCEP concentration was 2.2 1877 

ng/g with a 90th percentile value of 4.0 ng/g Maruya et al. (2016). Concentrations of TCEP were 1878 

reported at a maximum of 41 ng/g in sediment samples of the Elbe River at the mouths of five tributaries 1879 

after a flooding event in Europe in August 2002 (Stachel et al., 2005). 1880 

 1881 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4182703
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4182703
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5740077
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 1882 

Figure 3-11. Concentrations of TCEP (ng/g) in Sediment from 1980 to 2017 1883 

3.3.2.9 EPA Modeled Sediment Concentrations (VVWM -PSC) 1884 

A summary of the benthic pore water and sediment concentrations modeled using VVWM-PSC are 1885 

summarized by COU/OES in Table 3-6. Modeled estimates are presented for the 2,500 lb production 1886 

volume, high-end estimate release scenarios. Section 3.2.2 provides a summary of the release estimates 1887 

for each COU/OES. For the maximum day of release scenarios, sediment concentrations ranged from 1888 

8.94×102 to 5.04×103 µg/kg for the 2,500 lb production volume, high-end estimate release scenarios.  1889 
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Table 3-6. Summary of Modeled Benthic Pore Water and Sediment Concentrations for the 2,500 lb Production Volume, High 1890 

Estimate Releases 1891 

Life Cycle 

Stage 
Category Subcategory OES 

Inputs VVWM -PSC 

Days of 

Release 

Estimated 

7Q10 Flow 

(m3/day) 

Daily 

Pollutant 

Load 

(kg/day) 

Benthic Pore Water 

Concentration 

(µg/L) 

Sediment 

Concentration 

(ng/g) 

Manufacture Import Import Repackaging 4 4,130 9.88 155 894 

Processing 

Incorporated 

into 

formulation, 

mixture, or 

reaction 

product 

Paint and coating 

manufacturing 

Incorporation into 

paints and coatings 

ï 1-part coatings 

2 3,380 35.18 339 1,960 

Incorporation into 

paints and coatings 

ï 2-part coatings 

1 3,380 31.89 155 893 

Polymers used in 

aerospace 

equipment and 

products 

Formulation of 

TCEP into 2-part 

reactive resins 

1 2,850 31.54 185 1,070 

Commercial 

Use 

Paints and 

coatings 

Paints and 

coatings 

Use of paints and 

coatings ï spray 

application OES 

2 4,130 23.26 180 1,040 

Other use Laboratory 

chemicals  

Lab chemical ï use 

of laboratory 

chemicals 

182 4,130 0.40 66 380 

1892 
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For more information on the VVWM-PSC methodology, including inputs used, please see Appendix 1893 

H.2.4. 1894 

3.3.2.10 EPA Modeled Sediment Concentrations via Air Deposition (AERMOD)  1895 

EPA used AERMOD to estimate air deposition from facility releases and calculate a resulting sediment 1896 

concentration near a hypothetical facility. Sediment concentrations from air deposition were estimated 1897 

for the condition of use scenarios with air releases. Air deposition modeling was conducted using IIOAC 1898 

and AERMOD. Due to limitations of IIOAC in incorporating gaseous and particulate deposition, 1899 

deposition results from the AERMOD were utilized in calculating sediment concentrations. A 1900 

description of the modeling and the deposition results is provided above in Section 3.3.1.2. Additional 1901 

details on IIOAC and AERMOD are presented in Appendix H.3.3. Using the modeled deposition rates, 1902 

the TCEP concentration in sediment was calculated with the following equations: 1903 

 1904 

Equation 3-3 1905 

ὃὲὲὈὩὴὝέὸὈὩὴὃὶὅὊ 1906 

 1907 

Where: 1908 

ὃὲὲὈὩὴ = Total annual deposition to water body catchment (µg) 1909 

ὝέὸὈὩὴ = Annual deposition flux to water body catchment (g/m2) 1910 

ὃὶ  = Area of water body catchment (m2) 1911 

ὅὊ  = Conversion of grams to micrograms 1912 

 1913 

 1914 

Equation 3-4 1915 

ὛὩὨὭάὩὲὸ ὅέὲὧὩὲὸὶὥὸὭέὲ
АὫ

ὯὫ

ὃὲὲὈὩὴ

ὃὶὓὭὼ  ὈὩὲί
 1916 

Where: 1917 

ὛὩὨὭάὩὲὸ ὅέὲὧ = Annual-average concentration in water body (µg/kg) 1918 

ὃὲὲὈὩὴ  = Total annual deposition to water body (µg) 1919 

ὃὶ = Area of water body (m2); default = 10,000 m2 from EPA OPP 1920 

standard farm pond scenario 1921 

Pond Depth = Depth of pond; default = 2 m from EPA OPP standard farm pond 1922 

Scenario 1923 

Mix   = Mixing depth (m); default = 0.1 m 1924 

Dens = Density of sediment; default = 1,300 kg/m3 from the European 1925 

Commission Technical Guidance Document (ECB, 2003). 1926 

 1927 

Appendix H.3.3 presents the range of calculated sediment concentrations for the different emission 1928 

scenarios. Equation 3-4 is conservative as it does not include a water solubility parameter. The highest 1929 

estimated 95th percentile sediment concentration amongst all exposure scenarios was for the 2,500 lb 1930 

production volume, high end estimate release commercial use of paints and coatings scenario: 1931 

¶ 1.64×104 µg/kg or 16,400 µg/kg at ñfencelineò population (100 m from the source); and 1932 

¶ 1.25×102 µg/kg or 125 µg/kg at ñcommunityò population (1,000 m from the source). 1933 

 Land Pathway  1934 

EPA searched peer-reviewed literature, gray literature, water databases to obtain concentrations of 1935 

TCEP in soil, biosolids, and groundwater. Sections 3.3.3.1, 3.3.3.3, and 3.3.3.5 display the aggregated 1936 

results of reported monitoring and reported modeled concentrations for soil, sediment, and groundwater 1937 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
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found in the peer reviewed and gray literature as a result of systematic review. Section 3.3.3.6 provides 1938 

groundwater concentrations from water databases. Sections 3.3.3.2, 3.3.3.4, and 3.3.3.7 report EPA 1939 

modeled and estimated soil and groundwater concentrations. 1940 

3.3.3.1 Measured Concentrations in Soil 1941 

There are no reported soil concentrations of TCEP in the United States. A research team in Germany 1942 

observed concentrations of TCEP from 5.07 to 23.48 ng/g dry weight. Snow melt appears to be a 1943 

contributor to amplified soil concentrations. The highest soil concentrations were observed one day after 1944 

snow melt at 23.48 ng/g, whereas soil concentrations at the same location before snowfall were below 8 1945 

ng/g. The meltwater generated at the snow surface percolated downwards due to gravity picking up 1946 

chemicals present at the snow grain edge (Mihajlovic and Fries, 2012). These authors suggested that the 1947 

source of the TCEP may be due to its use in cars (Mihajloviĺ et al., 2011). TCEP levels ranged from 1948 

1.03 to 2.30 ng/g dry weight in Bursa, Turkey, a city known for its textile and automotive parts 1949 

manufacturing (Kurt-Karakus et al., 2018). 1950 

3.3.3.2 EPA Modeled Soil Concentrations via Air Deposition (AERMOD)  1951 

EPA used AERMOD to estimate air deposition from facility releases and calculate a resulting soil 1952 

concentration near a hypothetical facility. 1953 

 1954 

Soil concentrations from air deposition were also estimated for the COUs with air releases (see Table 1955 

3-3 for a crosswalk of COU/OES with air releases). The air deposition modeling was conducted using 1956 

IIOAC and then AERMOD. A description of the modeling and the deposition results is provided above 1957 

in Section 3.3.1.2. Using the modeled deposition rates, the TCEP concentration in soil was calculated 1958 

with the following equations: 1959 

 1960 

Equation 3-5 1961 

ὃὲὲὈὩὴὝέὸὈὩὴὃὶὅὊ 1962 

 1963 

Where: 1964 

ὃὲὲὈὩὴ = Total annual deposition to soil (µg) 1965 

ὝέὸὈὩὴ = Annual deposition flux to soil (g/m2) 1966 

ὃὶ  = Area of soil (m2) 1967 

ὅὊ  = Conversion of grams to micrograms 1968 

 1969 

Equation 3-6 1970 

 1971 

ὛέὭὰὅέὲὧ
ὃὲὲὈὩὴ

ὃὶὓὭὼὈὩὲί
 1972 

Where: 1973 

ὛέὭὰὅέὲὧ = Annual-average concentration in soil (µg/kg) 1974 

ὃὲὲὈὩὴ = Total annual deposition to soil (µg) 1975 

ὓὭὼ  = Mixing depth (m); default = 0.1 m from the European Commission 1976 

Technical Guidance Document (TGD) (ECB, 2003) 1977 

ὃὶ  = Area of soil (m2) 1978 

ὈὩὲί  = Density of soil; default = 1,700 kg/m3 from TGD (ECB, 2003) 1979 

 1980 

The above equations assume instantaneous mixing with no degradation or other means of chemical 1981 

reduction in soil over time and that TCEP loading in soil is only from direct air-to-surface deposition 1982 

(i.e., no runoff). 1983 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2662833
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1051336
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5017070
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
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 1984 

Appendix 481H.3.3 presents the range of calculated soil concentrations corresponding to the emission 1985 

scenarios considered. From the table, the highest estimated 95th percentile soil concentration amongst 1986 

all exposure scenarios was for the commercial use of paints and coatings scenario: 1987 

¶ 1.14×104 µg/kg at ñfencelineò population (100 m from the source); and 1988 

¶ 8.65×101 Õg/kg at ñcommunityò population (1,000 m from the source) 1989 

3.3.3.3 Measured Concentrations in Biosolids 1990 

Wastewater and liquid waste treatment can result in effluent discharge to water and land application of 1991 

biosolids. A study of a wastewater treatment plant in New York reported means of combined sludge 1992 

concentrations (40.1 ng/g dry weight), ash (47.7 ng/g dry weight), and sludge cake (78.9 ng/g dry 1993 

weight) (Kim et al., 2017). TCEP in concentrations up to 317 ng/g dry weight (mean of 10.6 ng/g) was 1994 

detected in sewage sludge collected from wastewater treatment plants located in the United States 1995 

(Wang et al., 2019c). Due to its persistence, it is likely that dissolved TCEP will eventually reach 1996 

surface water and groundwater via runoff after the land application of biosolids. TCEP has been found at 1997 

concentrations of 4 ng/g in Canada in biosolids (Woudneh et al., 2015). 1998 

3.3.3.4 EPA Calculated Soil Concentrations via Biosolids 1999 

Section 2.2.3.1 indicates that TCEP will not be removed after undergoing wastewater treatment and will 2000 

be retained in effluents with a low fraction being adsorbed onto sludge. 2001 

 2002 

To assess soil concentrations resulting from biosolid applications, EPA relied upon modeling work 2003 

conducted in Canada (EC/HC, 2011) that used Equation 60 from TGD (ECB, 2003), as follows: 2004 

 2005 

Equation 3-7 2006 

ὖὉὅ  
ὅ ὃὙ

Ὀ ὄὈ
 2007 

 2008 

Where: 2009 

PECsoil  = Predicted environmental concentration (PEC) for soil (mg/kg) 2010 

Csludge  = Concentration in sludge (mg/kg) 2011 

ARsludg = Application rate to sludge amended soils (kg/m2/yr); default = 0.5 from 2012 

 Table A-11 of TGD 2013 

Dsoil = Depth of soil tillage (m); default = 0.2 m in agricultural soil and 0.1 m in 2014 

 pastureland from Table A-11 of TGD 2015 

BDsoil  = Bulk density of soil (kg/m3); default = 1,700 kg/m3 from Section 2.3.4 of  2016 

    TGD 2017 

 2018 

The concentration in sludge was assumed as 0.079 mg/kg dry weight based on Kim et al. (2017). Using 2019 

these assumptions, the estimated soil concentrations after the first year of application were 0.116 µg/kg 2020 

in tilled agricultural soil and 0.232 µg/kg in pastureland. 2021 

 2022 

A limitation of Equation 3-7 is that it assumes no losses from transformation, degradation, volatilization, 2023 

erosion, or leaching to lower soil layers. Section 3.3.3.7 describes the potential leaching of TCEP from 2024 

landfills. Additionally, it is assumed there is no input of TCEP from atmospheric deposition and there 2025 

are no background TCEP accumulations in the soil. EPA has also assumed that there is only one 2026 

application of biosolids per year.  2027 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3862000
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10228672
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3035593
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809217
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3862000


PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 82 of 572 

3.3.3.5 Measured Concentrations in Groundwater 2028 

TCEP was detected in a groundwater plume downgradient (0.22 to 0.74 µg/L) of the Norman Landfill, 2029 

Oklahoma. The Norman Landfill is a municipal unlined landfill (subtitle D) established in 1920 and 2030 

closed in 1985 (Barnes et al., 2004). One domestic well in Elkhart, Indiana reported TCEP 2031 

concentrations of 0.65 to 0.74 µg/L between 2000 and 2002. This domestic well was near Himco Dump, 2032 

a historical waste site, used for disposal until 1976 (Buszka et al., 2009). A study from Fort Devens, 2033 

Massachusetts reported concentrations of 0.28 to 0.81 µg/L at monitoring wells down-gradient of a land 2034 

application facility (Hutchins et al., 1984). These studies suggest that there is potential for TCEP to 2035 

migrate to groundwater and domestic wells from nearby non-hazardous waste landfills (e.g., Norman 2036 

Landfill) or historical waste sites (e.g., Himco Dump, Indiana, Fort Devens, Massachusetts).  2037 

 2038 

 2039 

Figure 3-12. Concentrations of TCEP (ng/L) in the Not Specified Fraction of Groundwater from 2040 

1978 to 2017 2041 

3.3.3.6 Measured Concentrations in Groundwater Databases 2042 

Data were retrieved from the WQP to characterize observed concentrations of TCEP in groundwater. 2043 

These monitored values may or may not represent locations used as a source for drinking water and are 2044 

analyzed to characterize the observed ranges of TCEP concentrations in groundwaterðirrespective of 2045 

the reasons for sample collection. Data retrieved in January 2023 included sampling dates from 1995 to 2046 

2021 and resulted in 51 detected results. Figure 3-13 shows most (98%, n = 3,325) of the sample records 2047 

available had no TCEP detected above the reported detection limit for the analysis (referred to as ñnon-2048 

detectsò). The 51 detects had a median value of 0.21 µg/L. Full details of the retrieval and processing 2049 

groundwater monitoring data from the WQP are presented in Appendix H.2.  2050 

 2051 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469339
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 2052 
Figure 3-13. Frequency of Nationwide Measured TCEP Groundwater Concentrations Retrieved 2053 

from the Water Quality Portal, 1995 to 2021 2054 

 2055 

The highest concentrations of TCEP detected in groundwater in the United States is 610 µg/L, detected 2056 

in April 2002 in Idaho. Other samples at similar locations in April 2004 were an order of magnitude 2057 

lower (2.8 to 94 µg/L) (NWIS et al., 2022). These estimates are from groundwater wells along the 2058 

Gooding Milner Canal in the Magic Valley. Also in 2002, TCEP was detected in groundwater in 2059 

Belleview, Florida, at a concentration of 3.5 µg/L. A more recent value (May 2017) detected TCEP in 2060 

groundwater at a concentration of 2.4 µg/L in New Mexico. The New Mexico monitoring location is a 2061 

well in the Four Hills Village in Albuquerque, New Mexico, which is about 1 to 2 miles from the 2062 

Kirtland AFB Landfill. Generally, based on the WQP data, concentrations of TCEP in groundwater have 2063 

been decreasing over the last two decades.  2064 

  2065 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10663361
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 2066 

Figure 3-14. Time Series of Nationwide Measured TCEP Groundwater Concentrations Retrieved 2067 

from the Water Quality Portal, 1995 to 2021 2068 
Source: EPA Accessible Link to Interactive Figure. 2069 
See Appendix H.2.1 for more details.  2070 

3.3.3.7 EPA Modeled Groundwater Concentrations via Leaching (DRAS) 2071 

Landfills may have various levels of engineering controls to prevent groundwater contamination. These 2072 

can include industrial liners, leachate capturing systems, and routine integration of waste. However, 2073 

groundwater contamination from disposal of consumer, commercial, and industrial waste streams 2074 

continues to be a prominent issue for many landfills throughout the United States (Li et al., 2015; Li et 2075 

al., 2013). These contaminations may be attributed to perforations in the liners, failure of the leachate 2076 

capturing system, or improper management of the landfills. Groundwater contamination with TCEP may 2077 

occur when the chemical substance is released to landfills, underground injection wells, or surface 2078 

impoundments. Due to its physical and chemical properties (e.g., water solubility, Henryôs law constant) 2079 

and fate characteristics (e.g., biodegradability, half-life in groundwater), TCEP is anticipated to persist 2080 

in groundwater for substantially longer than in other media.  2081 

 2082 

Several sources of TCEP may contribute to groundwater concentrations including industrial facility 2083 

releases and disposal of consumer products in landfills. With many manufacturing and processing uses 2084 

phased out, EPA expects environmental releases of TCEP from industrial facilities to be declining. In 2085 

fact, EPA has seen concentrations in surface water and groundwater generally declining over time. 2086 

However, environmental releases from landfills may remain (or increase). EPA considered the potential 2087 

for groundwater contamination following disposal of waste containing TCEP to landfills.   2088 

 2089 

https://rstudio-connect.dmap-stage.aws.epa.gov/content/a3aacc62-cbe5-49c0-8928-6b2783e78fb7
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3538108
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3538108


PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 85 of 572 

This assessment was completed using the Hazardous Waste Delisting Risk Assessment Software 2090 

(DRAS). DRAS was specifically designed to address the Criteria for Listing Hazardous Waste identified 2091 

in Title 40 Code of Federal Regulations (40 CFR) Section 261.11(a)(3), a requirement for evaluating 2092 

proposed hazardous waste delisting. In this assessment, DRAS is being utilized to determine potential 2093 

groundwater concentrations of TCEP after TCEP-containing consumer products have been disposed of 2094 

into a non-hazardous waste landfill. To understand possible exposure scenarios from these ongoing 2095 

practices, EPA modeled groundwater concentrations of TCEP leaching from landfills where TCEP or 2096 

consumer products containing TCEP have been disposed. The greatest potential for release of disposed 2097 

TCEP to groundwater is from landfills that do not have an adequate liner system. 2098 

 2099 

Potential groundwater concentrations resulting from disposal of TCEP to landfills vary across landfill 2100 

loading rates and concentrations of TCEP in leachate. Estimated exposures presented here are therefore 2101 

based on varying landfill conditions. Production volumes of 2,500 lb (1,134 kg) and 25,000 lb (11,340 2102 

kg) are used as potential loading rates. This assumes that a combination of raw TCEP and TCEP in 2103 

commercial and consumer goods all goes to a single landfill each year.  2104 

 2105 

Masoner et al. (2014a) analyzed leachate concentrations from various landfills across the United States 2106 

in 2011 and 2012. In 2011, the reported range of TCEP in leachate concentrations in these landfills 2107 

ranged from 8.0×10ī1 to 3.2×101 µg/L, with a median of 1.0×101 µg/L and a detection frequency of 35 2108 

percent. In 2012, the maximum leachate concentration was 9.1×10ī1 µg/L with a detection frequency of 2109 

27 percent (Masoner et al., 2016). To account for the uncertainties in these estimates a range of leachate 2110 

concentrations were selected for the DRAS model. Because DRAS calculates a weight adjusted dilution 2111 

attenuation factor (DAF) rather than a groundwater concentration, a back of the envelop computation 2112 

was used to convert the DAF to a potential concentration that people living within one mile of a landfill 2113 

might be exposed if the release were not identified and remediated. For more information on the DRAS 2114 

model please see Appendix H.5.  2115 

 2116 

Table 3-7. Potential Groundwater Concentrations (µg/L) of TCEP Found in Wells within  2117 

1 Mile of a Disposal Facility Determined Using the DRAS Model 2118 

Leachate Concentration 

(µg/L)  

Loading Rate (kg) 

1.00E03 1.00E04 

1.00Eï01 1.08Eī03 1.01Eī02 

1.00E00 1.08Eī02 1.01Eī01 

1.00E01 1.08Eī01 1.01E00 

1.00E02 1.08E00 1.01E01 

Concentrations organized by potential loading rates (kg) and potential leachate concentrations (µg/L) 

 2119 

 2120 
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3.4 Concentrations of TCEP in the Indoor Environment 2121 

The indoor environment exposure characterization focuses on consumer uses, disposals, and background 2122 

exposures of TCEP. In addition to the contribution from consumer uses, indoor environment TCEP 2123 

concentrations were estimated from ambient contributions for air. 2124 

 2125 

Note that indoor air and dust concentrations from consumer uses are presented in Section 5.1.2, 2126 

Consumer Exposures. 2127 

 2128 

For more information on TCEP indoor monitoring and reported indoor modeling data, please see: 2129 

¶ Environmental Monitoring Concentrations Reported by Media Type (U.S. EPA, 2023g). 2130 

¶ Environmental Monitoring and Biomonitoring Concentrations Summary Table (U.S. EPA, 2131 

2023f).  2132 

¶ Data Quality Evaluation Information for General Population, Consumer, and Environmental 2133 

Exposure. (U.S. EPA, 2023v) 2134 

¶ Data Extraction Information for General Population, Consumer, and Environmental Exposure 2135 

(U.S. EPA, 2023p) 2136 

 Indoor Air Pathway  2137 

3.4.1.1 Measured Concentrations in Indoor  Air  2138 

The indoor air monitoring data indicates indoor air concentrations primarily between 1×10ī2 and 1×104 2139 

ng/m3 ranges. One study indicated particulate concentrations of TCEP of up to 1.1×107 ng/m3 max in 2140 

PM2.5 (Wallner et al., 2012). This study may have had issues with sampling artifacts due to the use of 2141 

glass filters as described by Okeme (2018) (see Section 3.3.1.2 for more details). There was only one 2142 

study on vapor/gas in the United States. Dodson et al. (2017) has a 95th percentile concentration of 37 2143 

ng/m3 TCEP in vapor/gas. 2144 

TCEP ï Concentrations in the Indoor Environment (Section 3.4): 

Key Points 

 

EPA evaluated the reasonably available information for concentrations of TCEP in the indoor 

environment. The key points are summarized below: 

¶ The indoor environment exposure characterization focused on consumer uses, disposals, and 

background exposures of TCEP. 

o Indoor air monitoring data show TCEP in particulate or vapor/gas form with 

concentrations primarily between 1×10ī2 and 1×104 ng/m3. 

o Indoor dust is an important exposure pathway for TCEP. EPA found monitoring data 

showing a range of TCEP concentrations in indoor dust in residential spaces, public 

spaces, and vehicles, with concentrations as high as 167,532 ng/g in homes. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194893
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  2146 
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(continued) 2147 

 2148 

Figure 3-15. Concentrations of TCEP (ng/m3) in Indoor Air  from 2000 to 2016 2149 

3.4.1.2 Measured Concentrations in Personal Air 2150 

Two studies measured TCEP in personal air in the U.S. Personal air refers to the area within the 2151 

breathing zone. Schreder et al. (2016) conducted a study on white-collar workers in urban, suburban, 2152 

and rural areas of Washington State. Participants were instructed to wear an Institute of Occupational 2153 

Medicine (IOM) sampler affixed to a shirt collar within the breathing zone continually during a 24-hour 2154 

day during normal activities, including at home and at work, traveling to and from home and work, 2155 

shopping, and socializing, and to wear or hang the sampler at breathing zone level during sleep. 2156 

Schreder et al. (2016) reported mean and maximum inhalable (>4 µm) TCEP concentrations of 19.1 2157 

ng/m3 and 77.8 ng/m3 respectively, detected in 8/9 participants. La Guardia and Hale (2015) conducted a 2158 

study measuring flame retardants among the personal air of four gymnastic coaches at their workplace 2159 

and their homes. TCEP was not detected in the personal air of these coaches. Okeme et al. (2018) 2160 

reported a median personal air concentration of three Canadian office workers of 34 ng/m3. 2161 

Polydimethylsiloxane (silicone rubber) brooches were used for the sampling methodology, and the three 2162 

participants wore the samplers for 7 days.  2163 

 2164 

 2165 

Figure 3-16. Concentrations of TCEP (ng/m3) in Personal Inhalation in General Population 2166 

(Background) Locations from 2013 to 2016 2167 

 2168 

 2169 

  2170 
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3.4.1.3 EPA Modeled Indoor Concentrations as a Ratio of Ambient Air  2171 

IIOAC calculates a mean and high-end indoor air concentration based on the outdoor/ambient air 2172 

concentration and the mean and high-end indoor-outdoor ratios. In IIOAC, indoor-outdoor ratios of 0.65 2173 

and 1 are used for the mean and high-end ratios, respectively. The indoor-outdoor ratio of 0.65 is used to 2174 

calculate indoor air concentrations corresponding to the mean outdoor air concentration for each 2175 

potentially exposed population. The indoor-outdoor ratio of 1 is used to calculate the indoor air 2176 

concentration corresponding to the 95th percentile of outdoor air concentration of each potentially 2177 

exposed population. 2178 

 2179 

IIOAC was used as a tier 1 screening model before estimating ambient exposures via AERMOD. 2180 

Results of IIOAC are presented in Appendix H.3. 2181 

3.4.1.4 Reported Modeled Concentrations in Indoor Air 2182 

Shin et al. (2014) reported TCEP emission rates in a whole house of 48.417 mg/day. Emission rate refers 2183 

to the amount of chemical emitted per unit time.  2184 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2215665
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 Indoor Dust Pathway 2185 

3.4.2.1 Measured Concentrations in Indoor  Dust 2186 

 2187 
  2188 



PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 91 of 572 

(continued) 2189 

 2190 
 2191 

 2192 

Figure 3-17. Concentrations of TCEP (ng/g) in Indoor Dust from 2000 to 2019 2193 

 2194 
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Concentrations of TCEP in dust were significantly higher in facilities with napping equipment (e.g., 2195 

foam beds and mats) made from foam (Bradman et al., 2014). Correlations between organophosphate 2196 

esters in dust and consumer products containing foams, furniture, and electronics strongly implicate 2197 

household items as sources of these chemicals (Abafe and Martincigh, 2019). In the United States, 2198 

concentrations of TCEP in dust are reported at 50.2 ng/g in houses and up to 1,080 ng/g in cars (Fang et 2199 

al., 2013). Phillips et al. (2018) reported maximum concentrations of TCEP of 167,532 ng/g and a 2200 

geometric mean of 864.1 ng/g in North Carolina homes from September 2014 to April 2016 as part of 2201 

the Toddlerôs Exposure to SVOCs in the Indoor Environment (TESIE) study. A study of the Center for 2202 

the Health Assessment of Mothers and Children of Salinas (CHAMACOS) cohort in California reported 2203 

similar concentrations of TCEP as the TESIE cohort. It found that TCEP levels in dust are significantly 2204 

associated with the presence of extremely worn carpets (Castorina et al., 2017). 2205 

3.4.2.2 Reported Modeled Concentrations in Indoor  Dust 2206 

Castorina et al. (2017) reported modeled oral doses of 0.064 µg/kg-day for pregnant women via 2207 

residential indoor dust in Salinas Valley, California. Schreder et al. (2016) reported 50th percentile 2208 

modeled intakes for children (82.8 ng/day) and adults (41.4 ng/day). Ingerowski et al. (2001), a low-2209 

quality study, reported a range of dust intakes of from 0.2 to 2 µg/day. 2210 

 2211 

Rantakokko et al. (2019) modeled inhalation, dermal, and oral intakes of TCEP in children from indoor 2212 

dust. Fiftieth percentile intakes were highest for dust ingestion (2.9 ng/kg-day) vs. dermal absorption 2213 

(1.3 ng/kg/day) and inhalation (0.023 ng/kg-day). This suggests that for childrenôs exposure to dust, oral 2214 

routes may be the most important avenue of exposure. Kademoglou et al. (2017) modeled adult and 2215 

toddler daily dust intakes from European homes and offices. They reported mean toddler dust intakes of 2216 

14.195 ng/kg/day for the high intake rate and 3.549 ng/kg/day in houses located in the United Kingdom. 2217 

Adult intakes were higher in houses (0.624 ng/kg bw with high intake rate) vs. offices (0.0214 ng/kg bw 2218 

with high intake for 8 hours spent in offices). The highest observed modeled dust intakes (1.38 µg/kg-2219 

day) were reported for children at a kindergarten in Hong Kong (Deng et al., 2018b). 2220 

 2221 

 2222 
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4 ENVIRONMENTAL RISK ASSESSMENT 2223 

EPA assessed environmental risks of TCEP exposure to aquatic and terrestrial species. Section 4.1 2224 

describes the environmental exposures through surface water, sediment, soil, air, and diet via trophic 2225 

transfer. Environmental hazards for aquatic and terrestrial species are described in Section 4.2, while 2226 

environmental risk is described in Section 4.3.  2227 
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4.1 Environmental Exposures 2228 

 2229 

 Approach and Methodology 2230 

Soil and surface water are the major environmental compartments for TCEP (see Section 2.2.2). The 2231 

environmental exposure assessment focuses on TCEP concentrations in surface water, sediment, and soil 2232 

as these are the media used to determine risks to aquatic and terrestrial organisms (see Section 4.3). 2233 

Ambient air was also assessed for its contribution via deposition to these media. 2234 

TCEP ï Environmental Exposures (Section 4.1): 

Key Points 

 

EPA evaluated the reasonably available information for environmental exposures of TCEP to aquatic 

and terrestrial species. The key points of the environmental exposure assessment are summarized 

below: 

¶ EPA expects the main environmental exposure pathways for TCEP to be surface water, 

sediment, and soil. The ambient air exposure pathway was also assessed for its contribution via 

deposition to these media. 

¶ TCEP exposure to aquatic species through surface water and sediment were modeled to 

estimate concentrations near industrial and commercial uses. These results were compared to 

measured concentrations of TCEP from databases (i.e., WQP) or published literature from a 

variety of locations. 

o Modeled data estimate surface water concentrations in the low thousands of ppb (Table 

4-9) and sediment concentrations low thousands of ppb (Table 4-11) near industrial and 

commercial uses. 

o Monitoring data show TCEP surface water concentrations in the United States generally 

decreasing over the last two decades. 

o While EPA does not expect TCEP to bioaccumulate in higher trophic levels in the food 

web, biomonitoring from the published literature show TCEP in the tissue of several 

aquatic species including fish in the Great Lakes and harbor seals in San Francisco Bay. 

o EPA also estimated fish tissue concentrations by COU using the modeled water releases 

from industrial and commercial uses.  

¶ TCEP exposure to terrestrial species through soil, air, and surface water was also assessed using 

modeling and monitoring data.  

o TCEP exposure to terrestrial organisms occurs primarily through diet via the soil 

pathway, with deposition from air to soil being a source. Exposure through diet was 

assessed through a trophic transfer analysis, which estimated the transfer of TCEP from 

soil through the terrestrial food web using representative species. 

o TCEP exposure to terrestrial organisms from surface water ingestion is typically 

ephemeral. Therefore, the trophic transfer analysis for terrestrial organisms assumed 

TCEP exposure concentrations for wildlife water intake are equal to TCEP soil 

concentrations for each corresponding exposure scenario. 

o Direct exposure of TCEP to terrestrial receptors via air was not assessed quantitatively 

because dietary exposure was determined to be the driver of exposure to wildlife. The 

contribution of TCEP exposure from inhalation relative to the ingestion exposure route is 

not expected to drive risk because of dilution associated environmental conditions.  
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Monitoring information for aquatic and terrestrial species are presented in Sections 4.1.2 and 4.1.3 2235 

below. Reported monitoring information on environmental media (e.g., surface water, sediment, air) are 2236 

presented in Section 3.3. When available, measured TCEP concentrations from databases (i.e., WQP) or 2237 

published literature were as used as comparative exposure concentrations for risk quotient (RQ) 2238 

calculations and are presented in Section 4.3. 2239 

 2240 

EPA utilized various models to assess the environmental concentrations resulting from the industrial and 2241 

commercial release estimates (Section 3.3). These models are E-FAST, VVWM-PSC, IIOAC, and 2242 

AERMOD. Additional information on these models is available in Section 3.3. TCEP surface water 2243 

concentrations (ppb) were modeled by E-FAST and VVWM-PSC. TCEP pore water and benthic 2244 

concentrations were modeled using VVWM-PSC as described in Section 3.3.2.9. TCEP concentrations 2245 

in soil and water via air deposition at the community level (1,000 m from the source) were modeled as 2246 

described in Sections 3.3.2.10 and 1.1.1, respectively. Reported and modeled surface water and sediment 2247 

concentrations were used to assess TCEP exposures to aquatic species. 2248 

 2249 

Measured and modeled soil concentrations were utilized to assess risk to terrestrial species via trophic 2250 

transfer (see Section 4.1.4). Specifically, trophic transfer of TCEP and potential risk to terrestrial 2251 

animals was based on modeled soil data from AERMOD and concentrations reported within Mihajlovic 2252 

and Fries (2012). Potential risk to aquatic dependent wildlife utilized surface water concentrations 2253 

modeled via VVWM-PSC for each COU in combination TCEP fish concentrations calculated using the 2254 

whole body BCF reported within (Arukwe et al., 2018). Exposure factors for terrestrial organisms used 2255 

within the trophic transfer analyses are presented in Section 4.1.4. Application of exposure factors and 2256 

hazard values for organisms at different trophic levels is detailed within Section 4.3 and utilized 2257 

equations as described in the U.S. EPA Guidance for Developing Ecological Soil Screening Levels (U.S. 2258 

EPA, 2005a). 2259 

 2260 

For more information on TCEP monitoring data in aquatic and terrestrial species, please see the 2261 

following supplemental documents: 2262 

¶ Environmental Monitoring Concentrations Reported by Media Type (U.S. EPA, 2023g). 2263 

¶ Environmental Monitoring and Biomonitoring Concentrations Summary Table (U.S. EPA, 2264 

2023f).  2265 

¶ Data Quality Evaluation Information for General Population, Consumer, and Environmental 2266 

Exposure. (U.S. EPA, 2023v) 2267 

¶ Data Extraction Information for General Population, Consumer, and Environmental Exposure 2268 

(U.S. EPA, 2023p) 2269 

 Exposures to Aquatic Species 2270 

4.1.2.1 Measured Concentrations in Aquatic Species 2271 

A graphical survey of TCEP concentrations in fishes within reasonably available published literature 2272 

(seven studies) is presented in Figure 4-1. Guo et al. (2017b) measured concentrations of TCEP in fish 2273 

samples in the Great Lakes Basin using the Great Lakes Fish Monitoring and Surveillance Program 2274 

(GLFMSP) sampling protocol. TCEP was found in more than 50 percent of the fish samples at a 2275 

geometric mean of 13.3 ng/g lipid, including lake trout (Salvelinus namaycush) or walleye (Sander 2276 

vitreus). The lipid-based concentrations of TCEP in Lake Erie fish were significantly higher than those 2277 

of the other four Great Lakes. These concentrations are in line with lipid-based concentrations from 2278 

Sundkvist et al. (2010), who measured TCEP in mussels (Mytilus edulis), herring (Clupeidae), eelpout 2279 
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(Zoarces viviparus), salmon (Salmo salar), and perch (Perca fluviatilis) in Swedish lakes and coastal 2280 

areas. 2281 

 2282 

TCEP has been recorded in the blubber of harbor seal (Phoca vitulina) within the San Francisco Bay at a 2283 

median concentration of 3.4 ng/g (Sutton et al., 2019). Sutton et al. (2019) indicated that blubber might 2284 

not be a good indicator of exposure to hydrophilic phosphate-based flame retardants due to degradation 2285 

and metabolism. Two European studies present lipid concentrations of TCEP in aquatic mammals at 2286 

similar levels to the lipid concentrations in fish shown above (Sala et al., 2019; Hallanger et al., 2015). 2287 

 2288 

 2289 

Figure 4-1. Measured Concentrations of TCEP (ng/g) in Aquatic Species ï Fish from 2003 to 2016 2290 

4.1.2.2 Calculated Concentrations in Aquatic Species 2291 

In addition to considering monitoring data from published literature, EPA modeled concentrations in 2292 

fish for each industrial and commercial release scenario (Table 4-1). Concentrations of TCEP in fish 2293 

were calculated by multiplying the VVWM -PSC modeled surface water concentrations for each 2294 

industrial and commercial releases scenario by the bioconcentration factor of 0.34 L/kg (Arukwe et al., 2295 

2018) (Table 2-2). These conservative whole fish TCEP concentrations were utilized within the 2296 

screening level assessment for trophic transfer as described in Section 4.1.4. 2297 

  2298 
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Table 4-1. TCEP Fish Concentrations Calculated from VVWM -PSC Modeled Industrial and 2299 

Commercial TCEP Releases 2300 

Scenario Name 
Production 

Volume (lb/year) 

Release 

Distribution a 

SWC 

(µg/L) 

Fish Concentration 

(ng/g) 

Import and repackaging 2,500 High-End 2,370 805 

Incorporation into paints 

and coatings ï 1-part 

coatings 

2,500 High-End 10,300 3,502 

Incorporation into paints 

and coatings ï 2-part 

reactive coatings 

2,500 High-End 9,340 3,175 

Use in paints and coatings 

at job sites 

2,500 High-End 5,580 1,897 

Formulation of TCEP 

containing reactive resin 

2,500 High-End 10,900 3,706 

Laboratory chemicals 2,500 High-End 96 32 

SWC = surface water concentration 
a
 Production volume of 2,500 lb TCEP/year uses high-end estimates (95th percentile for all COUs except the laboratory 

chemicals COU that uses the 1st percentile). 

 2301 

These calculated whole fish results are two to three orders of magnitude higher than the reported fish 2302 

concentrations in Guo et al. (2017b), who reported a geometric mean of 35.6 ng/g lipid in Lake Erie. 2303 

Guo et al. (2017b) also reported a geometric mean concentration of TCEP in Great Lakes water of 2304 

4.64×10ī4 µg/L via Venier et al. (2014), while Arukwe et al. (2018) used a water concentration of 2305 

7.75×102 µg/L to derive the BCF within laboratory-controlled experiments. The current TCEP surface 2306 

water concentrations modeled via VVWM-PSC are one to two orders of magnitude greater that values 2307 

reported in Arukwe et al. (2018); however, it is important to consider that modeled concentration are 2308 

intended to represent COU-based source release concentrations. 2309 

4.1.2.3 Modeled Concentrations in the Aquatic Environment 2310 

E-FAST was used to estimate total TCEP surface water concentration within lotic (i.e., flowing) systems 2311 

and represents TCEP concentration within the water column. The days of exceedance modeled in E-2312 

FAST are not necessarily consecutive and could occur throughout a year at different times. Days of 2313 

exceedance is calculated as the probability of exceedance multiplied by the total modeled days of 2314 

release. While both E-FAST and VVWM-PSC consider dilution and variability in flow, the VVWM-2315 

PSC model can estimate a time-varying surface water concentration, partitioning to suspended and 2316 

settled sediment, and degradation within compartments of the water column. VVWM-PSC considers 2317 

model inputs of physical and chemical properties of TCEP (i.e., KOW, KOC, water column half-life, 2318 

photolysis half-life, hydrolysis half-life, and benthic half-life), allowing EPA to model predicted pore 2319 

water and sediment concentrations. 2320 

 2321 

The VVVM-PSC model utilized relatively low stream orders (i.e., depth of 2 m) as a conservative 2322 

approach for modeling stream reach. Results within PSC are reported as the maximum concentration 2323 

value of the investigated chemical over the specified averaging periods (e.g., 1-day, 3-day, etc.) as well 2324 

as a time-series graph of surface water and benthic pore water concentrations (U.S. EPA, 2019f). TCEP 2325 

surface water concentrations (ppb) were modeled by E-FAST and VVWM-PSC and are presented in 2326 

Table 4-9 for each COU at a production volume of 2,500 lb per year. TCEP pore water concentration 2327 
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and sediment concentration modeled by VVWM-PSC are presented within Table 4-10 and Table 4-11, 2328 

respectively. 2329 

 2330 

EPA used IIOAC and AERMOD to estimate air deposition from facility releases and calculate a 2331 

resulting pond water concentration near a hypothetical facility. Pond water concentrations from air 2332 

deposition were estimated for the COUs with air releases (Table 4-7). AERMOD results indicate air 2333 

deposition to water are not drivers of risk and have significantly reduced TCEP concentrations when 2334 

compared to TCEP when modeled within the water column, pore water, and sediment modeling via E-2335 

FAST and VVWM-PSC. For example, the highest estimated 95th percentile pond water concentration 2336 

from annual deposition from air to water, across all exposure scenarios, was 8.1 µg/L for the 2337 

Commercial use of paints and coatings scenario at an annual production volume of 2,500 lb. This 2338 

highest modeled concentration (8.1 µg/L) within a pond at 1,000 m from a point source was 2339 

approximately 150 times lower than the lowest surface water concentration modeled using VVWM-PSC 2340 

(1,270 µg/L as a maximum 1-day average concentration for the laboratory chemicals scenario at an 2341 

annual production volume of 2,500 lb). Although the IIOAC and AERMOD were applied to a generic farm 2342 
pond setting to calculate concentrations of TCEP in pond surface water and pond sediment, these models do 2343 
not account for media exchange of the chemical of interest as VVWM-PSC does.  2344 

 Exposures to Terrestrial Species 2345 

4.1.3.1 Measured Concentrations in Terrestrial Species 2346 

Two studies (see Figure 4-2) have reported concentrations of TCEP and a TCEP metabolite bis(2-2347 

chloroethyl) phosphate (BCEP) in bird eggs (Guo et al., 2018; Stubbings et al., 2018). From these two 2348 

studies the mean concentration of TCEP in birds by wet weight is 5.3 ng/g with a 90th percentile value 2349 

of 9.7 ng/g. BCEP was among the most abundant metabolites (0.38 to 26 ng/g ww) in bald eagle 2350 

(Haliaeetus leucocephalus) eggs. These values are results of the Michigan Bald Eagle Biosentinel 2351 

Program archive that sampled bald eagles in the Great Lakes Region from 2000 to 2012. 2352 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5166846
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5167023


PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 99 of 572 

  2353 

Figure 4-2. Measured Concentrations of TCEP (ng/g) in Terrestrial Species ï Bird from 2000 to 2354 

2016 2355 

 2356 

Aston et al. (1996) reported TCEP in pine needles (Pinus ponderosa) at six out of nine collection sites in 2357 

the Sierra Nevada Foothills in the mid-1990s with a geometric mean TCEP concentration of 142 ng/g 2358 

and a range of 10 ng/g to 1,950 ng/g (Figure 4-3). Although the source of the TCEP is unknown, the 2359 

authors suspected that concentrations may have been due to aerial transport and deposition from nearby 2360 

point sources such as incinerators. Samples reported within Aston et al. (1996) were collected in 1993 2361 

and 1994 with concentrations from this study representing a period with significantly higher 2362 

concentrations of TCEP in production and use (see Section 1.1.1).  2363 

 2364 

 2365 

Figure 4-3. Measured Concentrations of TCEP (ng/g) in the Wet Fraction of Terrestrial Species ï 2366 

Plant in Remote (Not Near Source) Locations from 1993 to 1994 2367 

4.1.3.2 Modeled Concentration in the Terrestrial Environment 2368 

The contribution of exposure risk from inhalation relative to the ingestion exposure route is not expected 2369 

to drive risk because of dilution associated environmental conditions (U.S. EPA, 2003a, b). In addition, 2370 

TCEP is not persistent in air due to its short half-life in the atmosphere (t1/2 = 5.8 hours) and because 2371 

particle-bound TCEP is primarily removed from the atmosphere by wet or dry deposition (U.S. EPA, 2372 

2012d). Air deposition to soil modeling is described in Section 3.3.3.2. EPA determined the primary 2373 

exposure pathway for terrestrial organisms is through soil via dietary uptake via trophic transfer. As 2374 

described in Section 3.3.3.2, IIOAC and subsequently AERMOD were used to assess the estimated 2375 

release of TCEP via air deposition from specific exposure scenarios to soil. Estimated concentrations of 2376 
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TCEP that could be in soil via air deposition at the community level (1,000 m from the source) exposure 2377 

scenarios have been calculated and are presented in Appendix G.2. 2378 

 Trophic Transfer Exposure 2379 

Trophic transfer is the process by which chemical contaminants can be taken up by organisms through 2380 

dietary and media exposures and transferred from one trophic level to another. EPA has assessed the 2381 

available studies collected in accordance with the 2021 Draft Systematic Review Protocol (U.S. EPA, 2382 

2021) relating to the biomonitoring of TCEP. 2383 

 2384 

TCEP is released to the environment by various exposure pathways (see Figure 2-1). The exposure 2385 

pathway for terrestrial organisms is through soil; deposition of TCEP from air to soil is the primary 2386 

exposure pathway. A secondary source of TCEP contamination in soil is from the application of 2387 

biosolids. However, the concentration of TCEP in soil from biosolids is two orders of magnitude less 2388 

than the TCEP soil concentration from air deposition (see Section 3.3). Therefore, biosolid application is 2389 

not expected to drive risk within the terrestrial environment. The exposure pathway for water includes 2390 

runoff from soil (e.g., after a rain event), deposition from air, and direct releases from water treatment 2391 

plants. Sediment TCEP concentrations determined by VVMW-PSC modeling range from 2.6- to 108.8-2392 

fold greater than surface water concentration across all COUs (see Section 3.3.2.9). Indicating that 2393 

sediment acts as a sink for TCEP and a source of elevated exposure to TCEP through the dietary 2394 

exposure pathway for higher trophic levels in the water column that feed on benthic organisms. Trophic 2395 

magnification is not expected in the water column or terrestrial environments but may occur where 2396 

TCEP concentrations are high (i.e., in the benthic zone) (Table 2-2). 2397 

 2398 

Representative avian and mammal species are chosen to connect the TCEP transport exposure pathway 2399 

via terrestrial trophic transfer from earthworm (Eisenia fetida) uptake of TCEP from contaminated soil 2400 

through invertivore avian (American woodcock [Scolopax minor]) and mammal (short-tailed shrew 2401 

[Blarina brevicauda]) species, to the American kestrel (Falco sparverius) that feeds on invertebrates, 2402 

avian, and small terrestrial vertebrates. 2403 

 2404 

American woodcocks primarily feed on invertebrates with a preference for earthworms. When 2405 

earthworms are not available, other soil invertebrates and a small proportion of vegetation may be 2406 

consumed. Depending on the location and season, earthworms may comprise 58 to 99 percent of 2407 

American woodcock diet (U.S. EPA, 1993b). Short-tailed shrews primarily feed on invertebrates with 2408 

earthworms comprising approximately 31 percent (stomach volume) to 42 percent (frequency of 2409 

occurrence) of their diet. American kestrels have a varied diet that includes invertebrates and vertebrates 2410 

(mammal, avian, and reptile). The proportion of prey type will vary by habitat and prey availability. For 2411 

trophic transfer analysis, the American kestrel diet comprised equal proportions of the three 2412 

representative prey species (i.e., one-third earthworm, one-third American woodcock, and one-third 2413 

short-tailed shrew), which approximates the dietary composition of the American kestrel winter diet 2414 

reported in Meyer and Balgooyen (1987). The calculations for assessing TCEP exposure from soil 2415 

uptake by earthworms and the transfer of TCEP through diet to higher trophic levels are presented in 2416 

Section 4.3.1.10. Because surface water sources for wildlife water ingestion are typically ephemeral, the 2417 

trophic transfer analysis for terrestrial organisms assumed TCEP exposure concentration for wildlife 2418 

water intake are equal to soil concentrations for each corresponding exposure scenario. 2419 

 2420 

The representative semi-aquatic terrestrial species is the American mink (Mustela vison), whose diet is 2421 

highly variable depending on their habitat. In a riparian habitat, American mink derive 74 to 92 percent 2422 

of their diet from aquatic organisms, which includes fish, crustaceans, birds, mammals, and vegetation 2423 

(Alexander, 1977). Similar to soil concentrations used for terrestrial organisms, the highest modeled 2424 
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surface water TCEP concentrations with a production volume of 25,000 lb/year was used as a surrogate 2425 

for the TCEP concentration found in the American minkôs diet in the form of both water intake and a 2426 

diet of fish. For trophic transfer, fish concentrations shown in Table 4-1 are used in conjunction with 2427 

trophic transfer calculations in Section 4.3.1.1. 2428 

 2429 

 2430 

Figure 4-4. Trophic Transfer of TCEP in Aquatic and Terrestrial Ecosystems 2431 

The diagram demonstrates uptake from media to biota and trophic transfer through the food web (blue 2432 

arrows). The width of the arrows shows relative chemical transport between biota or media. Within the 2433 

aquatic environment, the benthic zone is bounded by dashed black lines from the bottom of the water 2434 

column to sediment surface and subsurface layers. The depth that the benthic environment extends into 2435 

subsurface sediment is site specific. The conceptual model illustrates BCFs, BSAFs, and TMFs for 2436 



PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 102 of 572 

aquatic organisms as shown in Appendix E.2.6. Food intake rates (FIRs) are shown for terrestrial 2437 

vertebrates. 2438 

 Weight of the Scientific Evidence Conclusions for Environmental Exposures 2439 

4.1.5.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the 2440 

Environmental Exposure Assessment 2441 

Concentrations of TCEP in environmental and biological media are expected to vary. Release from 2442 

industrial facilities, indoor sources, and long-range transport may all contribute to concentrations of 2443 

TCEP in the environment. Determining the source apportionment of TCEP from each is complex. 2444 

Proximity to facilities and other sources is likely to lead to elevated concentrations compared to 2445 

locations that are more remote. No manufacturing or processing facility locations were identified for 2446 

releases to TCEP. The inability to locate releases by these location contributes to a layer of uncertainty 2447 

when selecting model input parameters that are typically informed by location (e.g., meteorological data, 2448 

land cover parameters for air modeling, flow data for water modeling). 2449 

 2450 

Limited monitoring data are available for aquatic and terrestrial species in the United States. In addition, 2451 

monitoring data collected in previous years when production volume and associated releases of TCEP 2452 

into the environment are expected to have been higher than they are currently and expected to be in the 2453 

future. When considering older monitoring data and monitoring data from international sources, there 2454 

are uncertainties associated with using these data because it is unknown whether those sampling sites are 2455 

representative of current sites within the United States. Recent and future estimated levels of TCEP in 2456 

the area may be lower than past levels due to reported reductions in releases over time. The predicted 2457 

concentrations may be lower than concentrations that consider more years of releases or releases 2458 

associated with higher production volumes. 2459 

 2460 

In modeling environmental concentrations of TCEP, EPA acknowledges the conservative nature of the 2461 

E-FAST model and the additional refinement provided by the VVWM -PSC model. Water dilution 2462 

models can be used to determine the concentration of a chemical in the surface water after a source 2463 

emits the chemical into a water body. Because the E FAST model default values encompass either a 2464 

combination of upper percentile and mean exposure parametric values, or all upper percentile parametric 2465 

values, the resulting model predictions represent high end exposures estimates. A simple dilution model 2466 

such as E-FAST provides exposure estimates that are derived from a simple mass balance approach and 2467 

does not account for partitioning between compartments within a surface water body or degradation over 2468 

time in different media, parameters which are relevant to TCEP. For these reasons, EPA utilized a two-2469 

tier approach by complementing the E-FAST modeling with more refined estimates from the PSC model 2470 

to describe further environmental exposures. 2471 

 2472 

When modeling using E-FAST, EPA assumed that primary treatment removal at POTWs occurred with 2473 

0 percent removal efficiency. EPA recognizes that this is a conservative assumption that results in no 2474 

removal of TCEP prior to release to surface water. Section 2.2.1 and Appendix E.2.5.2 discusses the 2475 

recalcitrance of TCEP to wastewater treatment systems. This assumption reflects both the uncertainty of 2476 

the type of wastewater treatment that may be in use at a direct discharging facility and the TCEP 2477 

removal efficiency in that treatment. 2478 

 2479 

EPA used a combination of chemical-specific parameters and generic default parameters when 2480 

estimating surface water, sediment, soil, and fish-tissue concentrations. For estimated soil concentrations 2481 

from air deposition, specifically, EPA recognizes that different default parameters for gaseous vs. 2482 

particle partitioning, may result in concentrations of a higher magnitude. However, EPA used central 2483 
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tendency, high production volume, and high-end, central tendency production volume values to 2484 

characterize the variability within and across scenarios. To estimate soil concentrations, EPA also used 2485 

central tendency and high-end meteorological inputs. 2486 

 2487 

Comparison of model outputs with monitored values offers one way to ground truth the combination of 2488 

model inputs and outputs used. EPA compared monitoring and modeled surface water, sediment, soil, 2489 

and fish-tissue concentration estimates. Estimates of fish-tissue concentrations are further discussed in 2490 

Section 5.1.3.4.2. In summary, EPA compared monitored and modeled fish tissue concentrations and 2491 

found modeled fish concentrations were two to three orders of magnitude higher than those reported for 2492 

whole fish within published literature (Section 4.1.2.2). The conservative approach for calculated fish 2493 

tissue concentrations presented in Section 4.1.2.2 was utilized for trophic transfer analysis to semi-2494 

aquatic mammals (Section 4.3.1.10). In comparison to measured values reported within published 2495 

literature, these calculated values should be viewed as organisms with direct proximity to source of 2496 

TCEP release as calculated using VVWM-PSC. 2497 

 2498 

EPA conducted modeling of TCEP concentrations in surface water, pore water, and sediment based on 2499 

the assumption that releases entered lotic (flowing) aquatic systems. Although EPA did not consider the 2500 

potential impact of persistence and longer-term sinks in lake and estuary environments, localized 2501 

deposition of TCEP within 1,000 m from hypothetical release sites from air to soil, water, and sediment 2502 

were modeled for each applicable COU via IIOAC and AERMOD.  2503 

  2504 
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4.2 Envir onmental Hazards 2505 

 2506 

 Approach and Methodology 2507 

During scoping, EPA reviewed potential environmental hazards associated with TCEP and identified 14 2508 

sources of environmental hazard data shown in Figure 2-10 of Final Scope of the Risk Evaluation for 2509 

Tris(2-chloroethyl) Phosphate (TCEP) CASRN 115-96-8 (U.S. EPA, 2020b).  2510 

 2511 

EPA completed the review of environmental hazard data/information sources during risk evaluation 2512 

using the data quality evaluation metrics and the data quality criteria described in the 2021 Draft 2513 

Systematic Review Protocol (U.S. EPA, 2021). Studies were assigned an overall quality determination 2514 

of high, medium, low, or uninformative. 2515 

 2516 

EPA assigned an overall quality determination of high or medium to 14 acceptable aquatic toxicity and 2517 

17 acceptable terrestrial toxicity studies. For the aquatic studies, two species had appropriate endpoint 2518 

concentrations (LC50) for assessing acute hazards. The modeling approach, Web-based Interspecies 2519 

Correlation Estimation (Web-ICE) (Version 3.3), can both predict toxicity values for environmental 2520 

species that are absent from a dataset and can provide a more robust dataset to estimate toxicity 2521 

thresholds. EPA used Web-ICE to supplement empirical data for TCEP for aquatic organisms. Details 2522 

outlining the method are included in Appendix F. For terrestrial species, all mammal studies were from 2523 

mice and rats used as human health model organisms. These studies were used to calculate a toxicity 2524 

TCEP ï Environmental Hazards (Section 4.2): 

Key Points 

 

EPA evaluated the reasonably available information for environmental hazard endpoints associated 

with TCEP exposure. The key points of the environmental hazard assessment are summarized below: 

¶ Aquatic species hazard:  

O Aquatic hazard data were available for TCEP for three species of fish; however, no 

aquatic invertebrate or aquatic plant studies were reasonably available.  

O To estimate hazards (mortality) from acute exposures, EPA supplemented the empirical 

data with hazard predictions from an EPA predictive tool, Web-based Interspecies 

Correlation Estimation. These data were used with the empirical fish data to create a 

Species Sensitivity Distribution and calculate a TCEP concentration of concern (COC) 

for acute exposures of aquatic species (85,000 ppb) representing the lower 95th percentile 

of an HC05 (Table 4-4).  

O EPA also calculated a COC for chronic exposures (growth and development of the 

Japanese medaka) to aquatic species (55.9 ppb) using empirical fish data (Table 4-4). 

¶ Terrestrial species hazard: 

O Terrestrial hazard data for TCEP were available for soil invertebrates, mammals, and 

avian species.  

O Based on empirical toxicity data for nematodes and earthworms, the chronic hazard 

threshold for terrestrial invertebrate is 612 mg/kg soil (Table 4-5). 

O Empirical toxicity data for mice and rats were used to estimate a chronic toxicity 

reference value (TRV) for terrestrial mammals of 44 mg/kg-bw/day (Table 4-5). 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10617335
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
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reference value (TRV) for mammals, which is expressed as doses in units of mg/kg-bw/day. Although 2525 

the TRV for TCEP is derived from laboratory mice and rat studies, because body weight is normalized, 2526 

the TRV can be used with ecologically relevant wildlife species to evaluate chronic dietary exposure to 2527 

TCEP. Representative wildlife species chronic hazard thresholds are evaluated in the trophic transfer 2528 

assessments using the TRV. 2529 

 Aquatic Species Hazard 2530 

Toxicity to Aquatic Organisms 2531 

EPA assigned an overall quality determination of high or medium to 14 acceptable aquatic toxicity 2532 

studies. These studies contained relevant aquatic toxicity data for Japanese medaka (Oryzias latipes), 2533 

rainbow trout (Oncorhynchus mykiss), and zebrafish (Danio rerio). EPA identified three aquatic toxicity 2534 

studies, displayed in Table 4-2, as the most relevant for quantitative assessment. The remaining 11 2535 

studies were represented by results at a sub-organ or mechanistic level, which were considered to be 2536 

separated from direct population level effects or did not demonstrate effect(s) at the test concentrations 2537 

employed within their study concentrations gradients. The Web-ICE application was used to predict 2538 

LC50 toxicity values for 18 additional aquatic organisms (16 fish, 1 amphibian, and 1 aquatic 2539 

invertebrate species) from the rainbow trout and zebrafish 96-hour LC50 data (Raimondo and Barron, 2540 

2010). The test species (n = 2) and predicted species (n = 18) toxicity data were subsequently used to 2541 

calculate the distribution of species sensitivity to acute TCEP exposure. 2542 

 2543 

Aquatic Vertebrates 2544 

Fish: Relevant acute toxicity studies for fish that included LC50 data were assigned an overall quality 2545 

determination of high for two 96-hour static condition (Alzualde et al., 2018; Life Sciences Research 2546 

Ltd, 1990a) fish toxicity studies, which evaluated the median lethal concentrations (LC50) from 2547 

exposure to TCEP. The acute 96-hour LC50 values for fish were 249 mg/L for rainbow trout (Life 2548 

Sciences Research Ltd, 1990a) and 279 mg/L for zebrafish embryo (Alzualde et al., 2018). The LC50 2549 

study for rainbow trout did not meet the assumptions of the Probit test. Therefore, a non-linear 2550 

interpolation was used to approximate the LC50 value. The zebrafish embryo study by Alzualde et al. 2551 

(2018) used a nonlinear regression test (sigmoidal dose-response curve) to calculate the LC50.2552 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1266507
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1266507
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5164137
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5164137
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5164137
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Table 4-2. Aquatic Organisms Environmental Hazard Studies Used for TCEP 2553 

Duration  Test Organism (Species) Endpoint 
Hazard Values 

(mg/L) 

Geometric 

Meana (mg/L) 
Effect 

Citation  

(Data Evaluation 

Rating) 

Aquatic vertebrates 

Chronic Fish: Japanese medaka 

(Oryzias latipes) 

14-day NOEC/LOEC 0.25/1.25 0.559 Developmental/ 

Growth 

(Sun et al., 2016) (High) 

Acute 

Fish: rainbow trout 

(Oncorhynchus mykiss) 

96-hour LC50 

96-hour NOEC/LOEC 

249              

50/100 

 

70.7 

Mortality (Life Sciences Research 

Ltd, 1990a) (High) 

Fish: zebrafish embryo 

(Danio rerio) 

96-hour LC50 279 ï Mortality (Alzualde et al., 2018) 

(High) 96-hour EC50 

96-hour NOEC/LOEC 

118 

114/171 

139.7 Developmental/ 

Growth 
a Geometric mean of definitive values only. 

2554 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4292102
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5164137
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The ChV is the geometric mean of the lowest-observed-effect concentration (LOEC) and no-observed-2555 

effect concentration (NOEC). The overall quality determination for relevant studies with ChV values 2556 

were high for two 96-hour studies for rainbow trout and zebrafish (Alzualde et al., 2018; Life Sciences 2557 

Research Ltd, 1990a) and one 14-day study for Japanese medaka (Sun et al., 2016). The 96-hour 2558 

rainbow trout had a ChV of 70.7 mg/L for mortality (Life Sciences Research Ltd, 1990a), the 96-hour 2559 

zebrafish embryo had a ChV of 139.7 mg/L for development and growth (Alzualde et al., 2018), and the 2560 

14-day Japanese medaka had a ChV of 0.559 mg/L for development and growth (Sun et al., 2016).  2561 

 2562 

No chronic exposure duration data for fish were available. The Sun et al. (2016) study encompassed 14-2563 

day TCEP exposures across approximately 9 days of embryo development followed by approximately 5 2564 

days of larval development. The duration of this experimental exposure covering all of embryogenesis 2565 

and 5 days of larval development represents sensitive lifestages for fishes. As a result, the Japanese 2566 

medaka 14-day NOEC/LOEC for development and growth was the most sensitive endpoint within the 2567 

reasonably available data and will be considered a chronic hazard value. For the chronic toxicity 2568 

assessment of fish an assessment factor and/or acute-to-chronic ratio will be applied to the chronic 2569 

health value (ChV) and will be described within Section 4.2.4.1. 2570 

  2571 

Amphibians 2572 

No amphibian studies were available to assess potential hazards from TCEP exposure. However, 2573 

modeled data from Web-ICE predicted a bullfrog (Lithobates catesbeianus) 96-hour LC50 of 333 mg/L. 2574 

Therefore, amphibians are accounted for within the Web-ICE and species sensitivity distribution (SSD) 2575 

results. 2576 

 2577 

Aquatic Invertebrates 2578 

No aquatic invertebrate studies were available to assess potential hazards from TCEP exposure. 2579 

However, modeled data from Web-ICE predicted daphnia (Simocephalus vetulus) 48-hour EC50 of 337 2580 

mg/L. In addition, EPAôs Ecological Structure Activity Relationships (ECOSAR) model predicted a 2581 

daphnia 48-hour LC50 of 170 mg/L and a ChV of 10 mg/L from TCEP exposure (U.S. EPA, 2022c). 2582 

 2583 

Aquatic Plants 2584 

No aquatic plant or algae studies were available to assess potential hazards from TCEP exposure. 2585 

However, the ECOSAR model predicted a green algae 96-hour EC50 of 210 mg/L and a ChV of 72 2586 

mg/L (U.S. EPA, 2022c). 2587 

 Terrestrial Species Hazard 2588 

EPA assigned an overall quality determination of high or medium to 17 acceptable terrestrial toxicity 2589 

studies. These studies contained relevant terrestrial toxicity data for two Norway rat (Rattus norvegicus) 2590 

strains (F334 and Sprague-Dawley), two mouse (Mus musculus) strains (CD-1 IGS and B6C3F1), 1 2591 

earth worm (Eisenia fetida), and 1 nematode (round worms; Caenorhabditis elegans). EPA identified a 2592 

total of seven terrestrial toxicity studies, displayed in Table 4-3, as the most relevant for quantitative 2593 

assessment. 2594 

 2595 

Terrestrial Vertebrates 2596 

Five relevant chronic toxicity studies for terrestrial vertebrates that included no-observed-effect level 2597 

(NOEL) and/or lowest-observed-effect level (LOEL) data were assigned an overall quality 2598 

determination of high or medium with reproduction, mortality, and/or neurotoxicity (e.g., lesions to 2599 

hippocampus) endpoints for rodents (n = 4) and thyroid effects for the single avian toxicity study. One 2600 

study with a medium overall quality determination was for the reproduction endpoints reported within 2601 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5164137
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4292102
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6310866
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5164137
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4292102
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4292102
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10527398
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10527398
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Matthews et al. (1990). Mortality endpoints within the same study received an overall quality 2602 

determination of high. 2603 

 2604 

Similarities among mammalian studies with ecologically relevant, population-level effects were 2605 

observed. Of the three studies that included mice, two studies resulted in LOEL values. Reproductive 2606 

effects (NOEL = 175 mg/kg, LOEL = 700 mg/kg) due to reduced sperm count was shown in Matthews 2607 

et al. (1990). An initial dose gradient for a single dose reproduction study found that the lowest test dose 2608 

with mortality effects in mice was LOEL = 1,000 mg/kg (Hazleton Laboratories, 1983). Additionally, 2609 

ataxia and tremors were noted shortly after dosing of the mice, which may be related to neurotoxicity. 2610 

Male rats were more sensitive (NOEL = 88 mg/kg, LOEL = 175 mg/kg) to TCEP exposure through the 2611 

oral route for mortality endpoints than females (NOEL = 175 mg/kg, LOEL = 350 mg/kg) (Matthews et 2612 

al., 1990). The 2-year studies for neurotoxicity (degenerative lesions of cerebrum and brain stem) and 2613 

mortality endpoints showed a NOEL of 44 mg/kg and a LOEL of 88 mg/kg (NTP, 1991b). A 60-day 2614 

Sprague-Dawley rat study also resulted in neurotoxicity with lesions in the hippocampus (Yang et al., 2615 

2018a). These studies indicate that neurotoxicity of the brain may be a mode of action (MOA) for TCEP 2616 

exposures in rodents. 2617 

 2618 

For avian species, one high-quality study was available for the American kestrel (Fernie et al., 2015). 2619 

The study reported statistically significant increases in the plasma free thyroid hormones 2620 

triiodothyronine (T3) and thyroxine (T4) (LOEL = 0.0025 mg/kg-bw/day) with no effects on body 2621 

weight or food consumption from 21-day TCEP exposure through the diet. 2622 

 2623 

Soil Invertebrates 2624 

Relevant chronic toxicity studies for soil invertebrates included two studies that were assigned an overall 2625 

quality determination of high. The earthworm had a NOEL of 0.1 mg/kg soil and a LOEL of 1.0 mg/kg 2626 

soil at 3, 7, and 14 days of exposure to TCEP that showed a significant dose response relationship with 2627 

degradation of the digestive tract and exfoliation of the typhlosole (Yang et al., 2018b). The nematode 2628 

study results show a NOEL of 500 mg/kg soil and a LOEL of 750 mg/kg soil at 3 days exposure to 2629 

TCEP for reduced growth and shortened lifespan, and an LC50 of 1,381 mg/kg soil at 6 days exposure 2630 

to TCEP (Xu et al., 2017). 2631 

 2632 

Terrestrial Plants 2633 

No terrestrial plants studies were available to assess potential hazards from TCEP exposure. 2634 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469641
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469641
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=790471
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469641
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469641
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469669
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5353113
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469239
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Table 4-3. Terrestrial Organisms Environmental Hazard Studies Used for TCEP 2635 

Duration  Test Organism Endpoint 
Hazard Values 

(mg/kg)a 

Geometric Meanb 

(mg/kg) 
Effect 

Citation  

(Data Evaluation Rating) 

Mammals 

Chronic 

F344/N rats 

(Rattus norvegicus) 

2-year NOEL/LOEL 44/88 62.2 Neurotoxicity/ 

mortality 

(NTP, 1991b) (High) 

16-week 

NOEL/LOEL 

Female:175/350 

Male: 88/175 

247.5 

124.1 

Mortality (Matthews et al., 1990) 

(High) 

B6C3F1 mice (Mus 

musculus) 

16-week NOEL/ 

LOEL 

175/700 495.0 Reproduction (Matthews et al., 1990) 

(Medium) 

Sprague-Dawley rat 

(Rattus norvegicus) 

60-day NOEL/LOEL 50/100 70.7 Neurotoxicity (Yang et al., 2018a) (High) 

Acute CD-1 IGS outbred mice 

(Mus musculus) 

8-day LOEL 1,000 NA Mortality (Hazleton Laboratories, 

1983) (High) 

Avian 

Chronic American kestrel (Falco 

sparverius) 

14-day LOEL 0.0025 NA Thyroid (Fernie et al., 2015) (High) 

Soil invertebrates 

Chronic Earth worm (Eisenia 

fetida) 

3, 7, 14-day, 

NOEC/LOEC 

0.1/1.0 0.3 Gastrointestinal (Yang et al., 2018b) (High) 

Acute Nematode 

(Caenorhabditis elegans) 

3-day NOEC/LOEC 

6-day LC50 

500/750 

1,381 

612.4 

NA 

Growth/mortality (Xu et al., 2017) (High) 

a Hazard values for mammals and avian are in mg/kg-bw/day. 
b Geometric means of definitive values only (i.e., >48 mg/kg was not used in the calculation). 

2636 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469669
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 Environmental Hazard Thresholds 2637 

EPA calculates hazard thresholds to identify potential concerns to aquatic and terrestrial species. For 2638 

aquatic species, the hazard threshold is called a concentration of concern (COC), and for terrestrial 2639 

species, the hazard threshold is called a hazard value or toxicity reference value (TRV). These terms 2640 

(COC, TRV, and hazard value) describe how the hazard thresholds are derived and can encompass 2641 

multiple taxa or ecologically relevant groups of taxa as the environmental risk characterization serves 2642 

populations of organisms within a wide diversity of environments. See Appendix F for more details 2643 

about how EPA weighed the scientific evidence. Hazard thresholds are then used to calculate RQs in the 2644 

risk characterization step of the environmental risk evaluation. After weighing the scientific evidence, 2645 

EPA selects the appropriate toxicity value from the integrated data to use as a hazard threshold for each 2646 

assessment type.  2647 

 2648 

For aquatic species, EPA estimates hazard by calculating a COCs for a hazard threshold. COCs can be 2649 

calculated using a deterministic method by dividing a hazard value by an assessment factor (AF) 2650 

according to EPA methods (U.S. EPA, 2016e, 2014b, 2012b). 2651 

 2652 

Equation 4-1 2653 

COC = toxicity value ÷ AF 2654 

 2655 

COCs can also be calculated using probabilistic methods. For example, an SSD can be used to calculate 2656 

a hazardous concentration for 5 percent of species (HC05). The HC05 estimates the concentration of 2657 

TCEP that is expected to be protective for 95 percent of species. This HC05 can then be used to derive a 2658 

COC, and the lower bound of the 95 percent confidence interval (CI) of the HC05 can be used to 2659 

account for uncertainty instead of dividing by an AF. Aquatic hazard values within Section 4.2.2 are 2660 

presented in mg/L, while the subsequent section will demonstrate the calculation of acute and chronic 2661 

COC in µg/L or ppb to conform with conform with modeled and monitored environmental media 2662 

concentrations presenting within Section 4.3 Environmental Risk Characterization. 2663 

4.2.4.1 Aquatic Species COCs Using Empirical and SSD Data 2664 

For the acute COC, EPA used the 96-hour LC50 toxicity data from rainbow trout and zebrafish studies 2665 

from Table 4-2 as surrogate species to predict LC50 toxicity values for 18 additional aquatic organisms 2666 

(16 fish, 1 amphibian, and 1 aquatic invertebrate species) using the Web-ICE application (Raimondo and 2667 

Barron, 2010). The test species (n = 2) and predicted species (n = 18) toxicity data were then used to 2668 

calculate the distribution of species sensitivity to TCEP exposure through the SSD toolbox as shown in 2669 

Appendix F.2.1.2 (Etterson, 2020). The calculated HC05 was 121.5 mg/L (95 percent CI = 85.0 to 170.6 2670 

mg/L). The lower 95 percent CI of the HC05 was then multiplied by 1,000 to convert mg/L to µg/L (or 2671 

ppb) resulting in 85,000 µg/L. The chronic COC was derived from the ChV of the 14-day LOEC/NOEC 2672 

of 0.559 mg/L for Japanese medaka with the application of an AF of 10. The ChV for Japanese medaka 2673 

represents effects of development and growth throughout the embryo and larval period for this species 2674 

(Sun et al., 2016).  2675 

  2676 

Secondary acute and chronic COCs were derived from the previously described COCs for aquatic 2677 

organisms within the water column. Acute data from the use of Web-ICE and subsequent SSD includes 2678 

empirical data from fishes and modeled data from: fishes, an amphibian, and the freshwater daphnid 2679 

(Simocephalus vetulus). A secondary acute COC was calculated with an addition AF of 10 applied to the 2680 

acute COC and a secondary chronic COC was calculated with an AF of 100 applied previously 2681 

described fish ChV. This approach considers the data landscape for TCEP environmental hazards and 2682 

acknowledges the increased uncertainty associated with the limited number of hazard studies available 2683 
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for aquatic species that will be reflected in the overall confidence derived from hazard thresholds 2684 

detailed in Section 4.2.6.1.  2685 

 2686 

The acute COC derived from the HC05 for TCEP is 85,000 µg/L or ppb. 2687 

 2688 

The secondary acute COC with the additional AF of 10 = 85.0 mg/L/(AF of 10) × 1,000 = 8,500 µg/L or 2689 

ppb. 2690 

 2691 

For the chronic COC, the ChV of the 14-day LOEC/NOEC of 0.559 mg/L for Japanese medaka, based 2692 

on development and growth was used. Therefore, the chronic COC = 0.559 mg/L/(AF of 10) = 0.0559 2693 

mg/L × 1,000 = 55.9 µg/L or ppb. 2694 

 2695 

The chronic COC for TCEP is 55.9 ppb. 2696 

 2697 

A secondary chronic COC with the additional AF of 10 = 0.559 mg/L/([AF of 10] [AF of 10]) = 0.00559 2698 

mg/L × 1,000 = 5.59 ppb. 2699 

4.2.4.2 Aquatic Species COCs Using ECOSAR Modeled Data 2700 

ECOSAR modeling estimated potential TCEP hazard values for green algae and daphnia that are 2701 

currently not represented with empirical data. The potential extension of information from ECOSAR to 2702 

create COCs for aquatic plants and acute and chronic benthic COCs was considered as an alternative 2703 

approach to the previously detailed COCs using a combination of empirical and Web-ICE SSD results. 2704 

Specifically, predictions for green algae included a 96-hour EC50 of 210 mg/L and a ChV of 72 mg/L 2705 

(U.S. EPA, 2022c). Estimated daphnia hazard values were reported with a 48-hour LC50 of 170 mg/L 2706 

and ChV of 10 mg/L (U.S. EPA, 2022c). 2707 

 2708 

A COC for aquatic plants was derived with an AF of 100 to account for uncertainties associated with 2709 

ECOSAR to empirical hazard values. Acute and chronic COCs are represented using ECOSAR values 2710 

from daphnid EC50 and ChV values. An acute COC was derived from the ECOSAR-predicted daphnid 2711 

48-hour LC50 of 170 mg/L with an AF of 50 applied. This AF for the acute COC is represented with the 2712 

application of an AF of 5 for acute invertebrate hazard value and an additional AF of 10 for uncertainties 2713 

associated with the use of an ECOSAR hazard value for a water column invertebrate. A chronic COC 2714 

from ECOSAR modeled data utilized the daphnid ChV of 10 mg/L with an AF of 100 applied. As a 2715 

result, the chronic COC is represented with the application of an AF (10) for chronic invertebrate hazard 2716 

and an additional AF (10) for uncertainties associated with the use of an ECOSAR hazard value for a 2717 

water column. 2718 

 2719 

The algae COC derived from an ECOSAR 96-hr LC50 for TCEP with an additional AF of 100 = 210 2720 

mg/L/(AF of 100) × 1,000 = 2,100 µg/L or ppb. 2721 

 2722 

The acute COC derived from an ECOSAR daphnid 48-hr LC50 for TCEP with an additional AF of 50 = 2723 

170 mg/L/(AF of 50) × 1,000 = 3,400 µg/L or ppb. 2724 

 2725 

The chronic COC derived from an ECOSAR daphnid ChV for TCEP with an additional AF of 100 = 10 2726 

mg/L/(AF of 100) × 1,000 = 100 µg/L or ppb. 2727 

4.2.4.3 Terrestrial Species Hazard Values 2728 

For terrestrial species, EPA estimates hazard by using a hazard value for soil invertebrates, a 2729 

deterministic approach, for calculating a TRV for mammals. The TRV is expressed as doses in units of 2730 
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mg/kg-bw/day. Although the TRV for TCEP is derived from laboratory mice and rat studies, body 2731 

weight is normalized, therefore the TRV can be used with ecologically relevant wildlife species to 2732 

evaluate chronic dietary exposure to TCEP. Representative wildlife species chronic hazard threshold 2733 

will be evaluated in the trophic transfer assessments using the TRV. The following criteria were used to 2734 

select the data to calculate the TRV with NOEL and/or LOEL data (U.S. EPA, 2007a). For more details 2735 

see Appendix F.2.2. 2736 

 2737 

Step 1: At least three results and two species tested for reproduction, growth, or mortality general 2738 

end points. 2739 

¶ The minimum dataset required to derive either a mammalian or avian TRV consists of three 2740 

results (NOEL or LOEL values) for reproduction, growth, or mortality for at least two 2741 

mammalian or avian species. If these minimum results are not available, then a TRV is not 2742 

derived. 2743 

Step 2: Are there three or more NOELs in reproduction or growth effect groups? 2744 

¶ Calculation of a geometric mean requires at least three NOEL results from either the 2745 

reproduction or growth effect groups. 2746 

¶ Because there was a single reproduction effect result and no growth effect results, then 2747 

proceed to Step 3. 2748 

Step 3: If there is at least one NOEL result for the reproduction or growth effect groups: 2749 

¶ Then the TRV is equal to the lowest reported no-observed-adverse-effect level (NOAEL) for 2750 

any effect group (reproduction, growth, or mortality), except in cases where, the NOEL is 2751 

higher than the lowest bounded LOEL. 2752 

¶ Then the TRV is equal to the highest bounded NOEL below the lowest bounded LOEL. 2753 

 2754 

For TCEP, the NOEL for reproduction is 350 mg/kg-bw/day, and the lowest mortality LOEL is 88 2755 

mg/kg-bw/day with a NOEL of 44 mg/kg-bw/day. 2756 
 2757 

Toxicity Reference Value (TRV) for Terrestrial Toxicity 2758 

The chronic TRV for mammals is 44 mg/kg-bw/day. 2759 

For soil invertebrates, EPA estimates hazard by calculating the ChV for a hazard threshold. The ChV is 2760 

the geometric mean of the NOEC and LOEC values. Although the most sensitive adverse outcome from 2761 

TCEP exposure is for earthworm gastrointestinal damage, the ecologically relevant effects for soil 2762 

invertebrates are for reproduction, population, and growth. The nematode NOEC (500 mg/kg soil) and 2763 

LOEC (750 mg/kg soil) for reduced growth and shortened lifespan are used to calculate the ChV. 2764 

The ChV for soil invertebrates is 612.4 mg/kg soil. 2765 

 Summary of Environmental Hazard Assessment 2766 

For acute aquatic exposures to TCEP, the 96-hour LC50 toxicity values are 249.0 and 279.1 mg/L for 2767 

rainbow trout and zebrafish, respectively, from two high-quality studies (Alzualde et al., 2018; Life 2768 

Sciences Research Ltd, 1990a). For chronic aquatic exposures, a ChV is 0.559 mg/L from the Japanese 2769 

medaka 14-hour NOEC/LOEC for development and growth (Sun et al., 2016). No studies were available 2770 

for aquatic plants. However, the ECOSAR model estimated a green algae 96-hour EC50 of 210 mg/L 2771 

and a ChV of 72 mg/L (U.S. EPA, 2022c). Although no amphibian or aquatic invertebrate studies were 2772 

available to assess potential hazards from TCEP exposure, modeled data from Web-ICE provided a 2773 

bullfrog LC50 of 333 mg/L and a daphnid LC50 of 337 mg/L. In addition, the ECOSAR model 2774 
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estimated a daphnid 48-hour LC50 of 170 mg/L and ChV of 10 mg/L from TCEP exposure (U.S. EPA, 2775 

2022c). 2776 

 2777 

EPA utilizes COCs derived from aquatic species with empirical and SSD data addressing uncertainties 2778 

using additional assessment factors as described in Section 4.2.4.1. EPA also considered ECOSAR 2779 

predictions. The acute COC is represented by an SSD with Web-ICE representing fish, an amphibian, 2780 

and a daphnid species. The representation of an SSD and derived acute COC was chosen over the 2781 

potential extrapolation of a single existing daphnid ECOSAR value. Similarly, the chronic COC derived 2782 

from a high-quality study on embryo/larval development in medaka serves as a sensitive endpoint as 2783 

compared to the alternative application of an AF of 100 with single daphnid ChV from ECOSAR. 2784 

 2785 

EPA calculated COCs for aquatic organisms inhabiting the water column, which are summarized in 2786 

Table 4-4. These COCs will be utilized to determine risk to aquatic organisms from modeled and 2787 

published concentrations of TCEP in surface water, benthic pore water, and sediment. EPA calculated 2788 

an acute COC from the HC05 of 85,000 ppb for aquatic organisms and a secondary acute COC of 8,500 2789 

ppb based on the LC50 toxicity values from 2 test species and 16 additional fish, 1 amphibian, and 1 2790 

aquatic invertebrate species using Web-ICE (Raimondo and Barron, 2010). The test species (n = 2) and 2791 

derived species (n = 18) toxicity data were then used to calculate the distribution of species sensitivity to 2792 

TCEP exposure through the SSD toolbox (Etterson, 2020). The calculated HC05 was 121,500 µg/L. The 2793 

acute COC = lower 95 percent CI of the HC05 = 85,000 µg/L ppb, and 8,500 ppb secondary acute COC 2794 

with the additional AF of 10. For the chronic COC, the ChV of the 14-day LOEC/NOEC of 0.559 mg/L 2795 

for Japanese medaka, based on development and growth, was used with the application of an AF of 10, 2796 

resulting in 55.9 ppb. EPA also calculated a secondary chronic COC from the chronic COC with an 2797 

additional AF of 10, resulting in 5.59 ppb.  2798 

 2799 

For chronic terrestrial mammalian exposures to TCEP, the NOEL, and/or LOEL toxicity data ranged 2800 

from a rat NOEL of 50 mg/kg-bw/day to a mouse LOEL of 1,000 mg/kg-bw/day for reproduction, 2801 

mortality, and/or neurotoxicity endpoints, and were assigned an overall quality determination of high for 2802 

all five studies with the exception of one medium overall quality determination for a reproduction 2803 

endpoint (Yang et al., 2018a; Matthews et al., 1993; NTP, 1991b; Matthews et al., 1990; Hazleton 2804 

Laboratories, 1983). EPA calculated chronic toxicity to mammals from TCEP exposure using a TRV. 2805 

The TRV is equal to the highest NOAEL below the lowest LOAEL for mortality. The chronic TRV for 2806 

mammals is 44 mg/kg-bw/day (Table 4-5). The TRV is then used as the chronic hazard threshold for 2807 

representative species during the trophic transfer assessments. 2808 

 2809 

For soil invertebrate exposure to TCEP, a NOEC of 500 mg/kg soil and a LOEC of 750 mg/kg soil at 2810 

three days exposure to TCEP was expressed for reduced growth and shortened lifespan of nematodes. 2811 

The ChV is 612 mg/kg soil for growth and reduced lifespan (Xu et al., 2017) (Table 4-5).  2812 

 2813 

Hazard threshold values for earthworms and American kestrels (Table 4-4) are represented by toxicity 2814 

endpoints, including degradation of the digestive track in earthworms and increases in plasma thyroid 2815 

hormones in kestrels. Although the most sensitive adverse outcome within soil invertebrates from TCEP 2816 

exposure is for earthworm, the ecologically relevant effects for soil invertebrates are for reduced growth 2817 

and shortened lifespan with a ChV of 612 mg/kg soil, from which an RQ value can be calculated. 2818 

Similarly, while the hazard value for the American kestrel within this analysis is based on elevated 2819 

plasma free thyroid concentrations at 7 days, the study did not detect any effects on free thyroid 2820 

concentrations, kestrel growth (i.e., body weight), nor food consumption at the conclusion of the 21-day 2821 

dietary exposure study with TCEP (Fernie et al., 2015). Because the apical assessment endpoint of 2822 

growth was not affected, it is difficult to assess the ecological relevancy of the change. 2823 
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Table 4-4. Environmental Hazard Thresholds for Aquatic Environmental Toxicity 2824 

Environmental Aquatic Toxicity  
Hazard Value 

(µg/L) 

Assessment 

Factor (AF) 

COC 

(µg/L) 

Acute aquatic exposure: 

Lower 95% CI of HC05 from SSD 

85,000 N/Aa 85,000 

Chronic aquatic exposure: based on fish ChV 559 10 55.9 

Secondary acute aquatic exposure: based on 

Lower 95% CI of HC05 from SSD 

85,000 10 8,500 

Secondary chronic aquatic exposure: based on fish ChV 559 100 5.59 

a Used lower 95% CI of the HC05 to account for uncertainties rather than an AF 

 2825 

Table 4-5. Environmental Hazard Thresholds for Terrestrial Environmental Toxicity  2826 

Environmental Terrestrial Toxicity  Hazard Value or TRV 

Mammal 44 mg/kg-bw/day 

American Kestrel (Falco sparverius) 0.0025 mg/kg-bw/day 

Nematode (Caenorhabditis elegans) 612 mg/kg soil 

Earthworm (Eisenia fetida) 0.3 mg/kg soil 

 Weight of the Scientific Evidence Conclusions for Environmental Hazards 2827 

EPA uses several considerations when weighing and weighting the scientific evidence to determine 2828 

confidence in the environmental hazard data. These considerations include the quality of the database, 2829 

consistency, strength and precision, biological gradient/dose response, and relevance (see Appendix 2830 

F.2.3.1) and are consistent with the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021). Table 4-6 2831 

summarizes how these considerations were determined for each environmental hazard threshold. 2832 

Overall, EPA considers the evidence for chronic mammalian hazard thresholds robust, the evidence for 2833 

aquatic vertebrate and invertebrate and terrestrial invertebrates hazard thresholds moderate, and the 2834 

evidence for chronic avian hazard thresholds slight. Hazard confidence in COCs for secondary acute and 2835 

chronic assessments with additional assessment factors are ranked as slight. A more detailed explanation 2836 

of the weight of the scientific evidence, uncertainties, and overall confidence levels is presented in 2837 

Appendix F.2.3.1. 2838 

4.2.6.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the 2839 

Environmental Hazard Assessment 2840 

Quality of the Database; and Strength (Effect Magnitude) and Precision 2841 

All the studies used to calculate COCs (aquatic fish), TRVs (terrestrial mammals), and hazard thresholds 2842 

(terrestrial invertebrates) received a high overall quality determination from the systematic review data 2843 

quality evaluation. Effect size was not reported for mammal studies. Effect size was reported for aquatic 2844 

fish and nematode studies using LC50s. 2845 

 2846 

Model approaches such as Web-ICE have more uncertainty than empirical data and are not substitutes 2847 

for empirical data when determining the hazard or risk. For aquatic organisms, three fish species were 2848 

represented in the empirical data from systematic review, and two of these species had data appropriate 2849 

for the SSD model. EPA was able to supplement the dataset for aquatic organisms for TCEP with 2850 

predictions from Web-ICE, which included predictions for 16 fish species, 1 amphibian species, and 1 2851 

invertebrate species. The use of two species available as inputs for the Web-ICE application reduces the 2852 
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confidence in the Web-ICE and subsequent SSD output. However, the use of the probabilistic approach 2853 

within this risk evaluation increases confidence compared to a deterministic approach using the two 2854 

studies on fishes with acute hazard study endpoints. The use of the lower 95 percent CI instead of a 2855 

fixed AF of 5 also increases confidence as it is a more data-driven way of accounting for uncertainty. 2856 

 2857 

A 14-day study with a ChV as an endpoint of growth and development was used to calculate the chronic 2858 

COC. The 14-day exposure was conducted throughout both sensitive embryo and larval developmental 2859 

periods within the Japanese medaka fish (Sun et al., 2016). The study duration, developmental periods 2860 

of TCEP exposure, and application of an AF 10 increase confidence that the chronic COC was not 2861 

underestimated. There were no reasonably available empirical toxicity data available for benthic 2862 

organisms. Using the acute and chronic COCs creates an additional uncertainty associated with 2863 

extrapolating water column organism sensitivity from TCEP exposure. With the addition of an AF of 10 2864 

for secondary chronic COC calculations, confidence decreased that toxicity to aquatic organisms was 2865 

represented by empirical data. 2866 

 2867 

For terrestrial mammal species, no wildlife studies were available from systematic review; however, 2868 

four high-quality level studies with two species, mice and rats, represented were used from human 2869 

health animal model studies. A TRV derived from the mammal studies was used to calculate the hazard 2870 

threshold in mg/kg-bw. 2871 

 2872 

For avian species, a single, high-quality level study was available for the American kestrel. The avian 2873 

study detected transient differences in thyroid hormone level with no apparent effects on body weight or 2874 

food consumption. Although the test did not detect any effects on apical assessment endpoints of 2875 

regulatory interest (i.e., impaired growth, survival, or reproduction) and the ecological relevancy of 2876 

change in thyroid hormone level is uncertain, the study is still useful for the trophic transfer assessment. 2877 

For example, if the results of the trophic transfer show that exposure from TCEP is lower than (i.e., is 2878 

protective for) the hazard threshold for effect on thyroid hormones, then a qualitative assertion can be 2879 

made that the exposure levels from TCEP do not indicate risk. 2880 

 2881 

For soil invertebrates, two high-quality level soil invertebrate studies were available. The earthworm 2882 

study did not have an ecologically relevant endpoint effect, although the earthworm is still useful for 2883 

assessing trophic transfer hazards both because of its direct ingestion of soil and because the earthworm 2884 

is expected to be part of the diet of other trophic levels (short-tailed shrew, woodcock, and American 2885 

kestrel). 2886 

 2887 

Consistency: For aquatic fish species, the behavior effect of hypoactivity under dark phase stimulation 2888 

and development/growth effects was similar in Japanese medaka and zebrafish. Activity under light and 2889 

dark phases, as well as development/growth effects, were not tested with rainbow trout. Mortality effects 2890 

for NOEC/LOEC and LC50s were similar for zebrafish and rainbow trout. The mortality endpoint was 2891 

not reported in the Japanese medaka study. However, there is still some uncertainty associated with the 2892 

small number of studies (n = 3) to assess consistency in outcomes. 2893 

 2894 

For terrestrial mammal species, human health animal model studies (rats) are in agreement with respect 2895 

to neurotoxicity effects resulting from lesions to the brain. Confidence is robust on the MOA for rats on 2896 

exposure to TCEP via diet due to neurotoxic effects with lesions to the brain. Three studies included 2897 

mice; however only a single study resulted in a LOEL for mortality. The maximum dose in all the 2898 

studies that included both rats and mice were all below the single study for mice where the lowest test 2899 

concentration resulted in the LOEL.  2900 

 2901 
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The single avian, earthworm, and nematode studies were insufficient to characterize consistency in their 2902 

respective outcomes. 2903 

 2904 

Biological Gradient/Dose-Response 2905 

A dose response was reported for all studies used for calculating hazard thresholds as well as the 2906 

earthworm study used in trophic transfer. However, because the American kestrel study only had one 2907 

dose concentration, no dose-response was reported. 2908 

 2909 

Biological Relevance: Behavior and developmental/growth effects were in agreement between both 2910 

species tested, zebrafish and Japanese medaka (Alzualde et al., 2018; Sun et al., 2016). Mortality effects 2911 

were also in agreement between species tested (zebrafish and rainbow trout). All rat studies across 2912 

multiple strains exhibited brain lesions from TCEP exposure that was associated with the mortality 2913 

endpoint. Data were insufficient to observe correspondence of adverse outcomes across species within 2914 

taxa group for avian of terrestrial invertebrates. 2915 

 2916 

Physical/Chemical Relevance: Empirical data were on the effects of the chemical of interest, which 2917 

increases confidence. TCEP was identified, including source, for all organisms. Purity was either not 2918 

reported or not analytically verified for rainbow trout, earthworm, one of the mouse/rat studies 2919 

(Matthews et al., 1990), and the American kestrel study (Fernie et al., 2015). 2920 

 2921 

Environmental Relevance: Additional uncertainty is associated with laboratory to field variation in 2922 

exposures to TCEP are likely to have some effect on hazard threshold; that is, gavage vs. natural forage 2923 

diet for mammals (rats and mice) and invertebrate substrate (i.e., nematodes maintained on nematode 2924 

growth medium and earth worms on artificial soil). Test conditions for fish species correspond well with 2925 

natural environmental conditions. The creation of secondary acute and chronic COCs considered the 2926 

data landscape for TCEP; however, these COCs have decreased environmental relevance when 2927 

compared to empirical and probabilistic methods employed when deriving acute and chronic COCs. The 2928 

application of addition AFs for these secondary COCs decreases confidence in relevance of these values 2929 

and potentially overestimates hazard. 2930 

 2931 
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Table 4-6. TCEP Evidence Table Summarizing the Overall Confidence Derived from Hazard Thresholds 2932 

Types of Evidence 
Quality of the 

Database 
Consistency 

Strength and 

Precision 

Biological Gradient/ 

Dose-Response 
Relevancea 

Hazard 

Confidence 

Aquatic 

Acute aquatic assessment ++ ++ ++ +++ +++ Moderate 

Chronic aquatic assessment ++ ++ ++ +++ +++ Moderate 

Secondary acute aquatic 

assessment (+ AF) 

+ ++ ++ +++ + Slight 

Secondary chronic aquatic 

assessment (+ AF) 

+ ++ ++ +++ + Slight 

Terrestrial 

Chronic avian assessment + + + + ++ Slight 

Chronic mammalian assessment ++ +++ +++ +++ +++ Robust 

Terrestrial invertebrates ++ + ++ ++ +++ Moderate 

a Relevance includes biological, physical/chemical, and environmental relevance 

+++ Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of the scientific evidence 

outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on the hazard estimate. 

++ Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against the 

uncertainties is reasonably adequate to characterize hazard estimates. 

+ Slight confidence is assigned when the weight of the scientific evidence may not be adequate to characterize the scenario, and when the assessor is 

making the best scientific assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered. 

2933 
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4.3 Environmental Risk Characterization 2934 

 2935 

EPA considered fate, exposure, and environmental hazard to characterize the environmental risk of 2936 

TCEP. For environmental receptors, EPA estimated: (1) risks to aquatic species via water and sediment, 2937 

and (2) to terrestrial species via exposure to soil by air deposition and through diet via trophic transfer. 2938 

Risk estimates to aquatic-dependent terrestrial species included exposures to TCEP through water and 2939 

diet. As described in Section 2.2.2, TCEP is described as a ñubiquitousò contaminant because it is 2940 

commonly found in various environmental compartments such as surface water, soil, sediment, and 2941 

biota. TCEPôs physical and chemical properties suggests that its main mode of distribution in the 2942 

environment is water and soil, depending on the media of release (Figure 2-1; Appendix E.2.1.2). TCEP 2943 

has the potential to undergo long-range transport in air and water (LTRP) that could be significantly 2944 

underestimated when using its physical and chemical properties in QSAR models. Oftentimes TCEPôs 2945 

behavior in the environment does not align with its physical and chemical properties. TCEP can be 2946 

transported to sediment from overlying surface water by advection and dispersion of dissolved TCEP 2947 

and by deposition of suspended solids containing TCEP. However, TCEP may partition between surface 2948 

water and sediments to varying degrees because of its wide range of Log KOC values (2.08 to 3.46) 2949 

(Zhang et al., 2021; Wang et al., 2018a; Zhang et al., 2018b; Cristale et al., 2013) and high water 2950 

TCEP ï Environmental Risk Characterization (Section 4.3): 

Key Points 

 

EPA evaluated the reasonably available information to support environmental risk characterization. 

The key points of the environmental risk characterization are summarized below: 

¶ For aquatic species, chronic RQs are above 1 and have corresponding days of exceedance 

greater than 14 days within the sediment compartment (sediment and benthic pore water) for 5 

of 20 COUs (Table 4-20). Because of TCEPôs affinity to bind to sediment and persistence in 

the aquatic compartment, there could be a lasting effect on benthic biota and potential 

community-level impacts from chronic TCEP exposure. EPA has moderate confidence in the 

RQ inputs for the acute and chronic aquatic assessment. 

¶ For aquatic species, the laboratory chemicals COU resulted in a chronic RQ greater than 1 

with over 14 days of exceedance within surface water (Table 4-20). 

¶ Monitoring data show RQs from TCEP surface water concentrations and sediment within the 

WQP database or published literature were below 1 (Table 4-12). However, differences in 

magnitude between modeled and measured concentrations may be due to measured 

concentrations not being geographically or temporally close to releases of TCEP from a 

facility. 

¶ For terrestrial species, EPA did not identify RQs greater than or equal to 1. 

o RQs for soil invertebrates or terrestrial mammals were less than 1 using either modeled 

soil concentrations or concentrations taken from the very limited monitoring data set 

available (from an urban area of Germany) (Table 4-21). EPA has moderate confidence 

in the RQ inputs for the terrestrial invertebrate assessment.  

o RQs were below 1 for all representative species and corresponding trophic level using 

TCEP soil concentrations from available published literature. RQs were below 1 for 

semi-aquatic terrestrial receptors via trophic transfer from fish and using the highest 

modeled TCEP surface water concentrations (Table 4-21). EPA has moderate confidence 

in the RQ inputs for the screening level trophic transfer assessment. 
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solubility (7,820 mg/L) (U.S. EPA, 2015b; EC, 2009; ECB, 2009), which could contribute to its 2951 

mobility in the environment. For example, TCEP in the soil was seen to be vertically transported to 2952 

deeper soil horizons, causing TCEP concentrations in the surface soil to be lower (He et al., 2017; 2953 

Bacaloni et al., 2008). TCEP does not undergo hydrolysis under environmentally relevant conditions and 2954 

is considered persistent in water (Appendix E.2.3.1), sediment (Appendix E.2.3.2), and soil (Appendix 2955 

E.2.4.1). 2956 

 2957 

Direct exposure of TCEP to terrestrial receptors via air was not assessed quantitatively because dietary 2958 

exposure was determined to be the driver of exposure to wildlife. The contribution of exposure risk from 2959 

inhalation relative to the ingestion exposure route is not expected to drive risk because of dilution-2960 

associated environmental conditions (U.S. EPA, 2003a, b). The gaseous phase of TCEP is expected to 2961 

have a short half-life in the atmosphere (t1/2 = 5.8 hours) with a high KOA, suggesting this compound 2962 

would adsorb to organic carbon present in airborne particles (Okeme et al., 2020; Ji et al., 2019; Wang et 2963 

al., 2017b; U.S. EPA, 2012d). The resulting particle-bound TCEP would be expected to be removed 2964 

from the atmosphere through wet or dry deposition. Annual air deposition to water and soil was modeled 2965 

using AERMOD for applicable COUs (Table 4-7), and these modeled values are included as 2966 

components within the current environmental risk characterization. 2967 

 2968 

EPA quantitatively assessed TCEP concentrations in surface water, pore water, sediment, and soil for 2969 

aquatic and terrestrial receptors via modeled concentrations (EFAST, VVWM-PSC, AERMOD) 2970 

representing COU-based releases of TCEP. As reported in Section 3.3.2.5, EPA estimated surface water 2971 

concentrations from COU based releases of TCEP and reported from 1,271 ppb (or µg/L) to 11,066 ppb 2972 

with a production volume of 2,500 lb/year. Considered to be a minor component, annual air deposition 2973 

of TCEP to water was modeled using AERMOD indicating deposition to a lentic (i.e., relatively static) 2974 

system at 1,000 m from the source at 8.1 ppb, which was approximately 150 times less than the lowest 2975 

surface water concentration modeled using the model, VVWM-PSC. Mean (± SEM) TCEP surface 2976 

water concentrations in ambient water were 0.33 ± 0.02 ppb and ranged from 0.01 ppb to 7.66 ppb for 2977 

466 detected values in the WQP (2003 to 2022). TCEP water concentrations in published literature were 2978 

reported in Section 3.3.2 and represent ambient TCEP concentrations from surface waters and are not 2979 

associated with direct environmental releases of TCEP. Maximum TCEP concentrations in surface 2980 

waters were collected near urban environments recorded at 0.581, 0.785, and 0.810 ppb during low-flow 2981 

conditions in the Los Angeles, San Gabriel, and Santa Clara Rivers in California, respectively (Maruya 2982 

et al., 2016; Sengupta et al., 2014). 2983 

 2984 

As reported in Section 3.3.2.9, modeled benthic pore water TCEP concentrations ranged from 138 to 2985 

873 ppb for the production volume of 2,500 lb/year, respectively. Modeled sediment concentrations 2986 

ranged from 893 ppb (or µg/kg) to 5,040 ppb for the production volume of 2,500 lb/year. Air deposition 2987 

to sediment, as reported in Section 3.3.2.10, indicated the highest annual deposition at 1,000 m was 125 2988 

ppb, which is almost 7 times lower than the lowest sediment TCEP value modeled with VVWM-PSC 2989 

(Incorporation into paints and coatings ï solvent borne at 893 ppb) and about 40 times lower than the 2990 

highest PSC value for laboratory chemicals (5,040 ppb). As reported in Section 3.3.3.2, calculated TCEP 2991 

soil concentrations resulting from modeled air deposition 1,000 m from the source with a production 2992 

volume of 2,500 lb/year ranged from 1.49×10ī6 to 0.0039 mg/kg and 1.92×10ī6 to 0.0055 mg/kg for 2993 

central tendency and high-end meteorology conditions. 2994 

 2995 

Section 4.2 details available environmental hazard data and indicates that TCEP presents hazard to 2996 

aquatic and terrestrial organisms. For acute exposures, TCEP is a hazard to aquatic animals at 85,000 2997 

ppb based on the lower 95 percent CI of the HC05 resulting from an SSD utilizing EPAôs Web-ICE 2998 

(Raimondo and Barron, 2010) and SSD toolbox applications (Etterson, 2020). For chronic exposures, 2999 
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TCEP is a hazard to aquatic organisms with a ChV of 55.9 ppb for fish. For terrestrial exposures, TCEP 3000 

is a hazard to mammals at 44 mg/kg-bw/day and a hazard to soil invertebrates with a ChV of 612 mg/kg. 3001 

In addition, TCEP presented sub-organ level hazard values for birds at doses of 0.0025 mg/kg-bw/day 3002 

and for soil invertebrates at 0.3 mg/kg soil and will serve to supplement terrestrial receptors via a 3003 

conservative approach to estimate risk from trophic transfer. 3004 

 3005 

EPA assigned an overall quality determination of high or medium to 14 acceptable aquatic toxicity 3006 

studies and 17 acceptable terrestrial toxicity studies (see Risk Evaluation for Tris(2-chloroethyl) 3007 

Phosphate ï Systematic Review Supplemental File: Data Quality Evaluation of Environmental Hazard 3008 

Studies (U.S. EPA, 2023u)). The Risk Evaluation for Tris(2-chloroethyl) Phosphate ï Systematic Review 3009 

Supplemental File: Data Quality Evaluation of Environmental Hazard Studies (U.S. EPA, 2023u) 3010 

presents details of the data evaluations for each study, including evaluations of each metric and overall 3011 

study quality level. As detailed in Section 4.2.6, EPA/OPPT considers the evidence for terrestrial 3012 

chronic mammalian robust, the evidence for aquatic hazard thresholds and terrestrial invertebrates 3013 

moderate, and the evidence for terrestrial chronic avian slight. 3014 

 Risk Characterization Approach 3015 

EPA characterized the environmental risk of TCEP using RQs (U.S. EPA, 1998b; Barnthouse et al., 3016 

1982), which are defined as 3017 

 3018 

Equation 4-2 3019 

RQ = Environmental Exposure Concentration/ Hazard Threshold 3020 

 3021 

Environmental exposure concentrations for each compartment (i.e., surface water, pore water, sediment, 3022 

and soil) were based on measured (i.e., monitored data and/or reasonably available literature) and/or 3023 

modeled (i.e., E-FAST, VVMW -PSC, AERMOD) concentrations of TCEP from Section 3.3  3024 

Concentrations of TCEP in the Environment. EPA calculates hazard thresholds to identify potential 3025 

concerns to aquatic and terrestrial species. These terms describe how the values are derived and can 3026 

encompass multiple taxa or ecologically relevant groups of taxa as the environmental risk 3027 

characterization serves populations of organisms within a wide diversity of environments. For hazard 3028 

thresholds, EPA used the COCs calculated for aquatic organisms, and the hazard values or TRVs 3029 

calculated for terrestrial organisms as detailed within Section 4.2. 3030 

 3031 

RQs equal to 1 indicate that environmental exposures are the same as the hazard threshold. If the RQ is 3032 

above 1, the exposure is greater than the hazard threshold. If the RQ is below 1, the exposure is less than 3033 

the hazard threshold. RQs derived from modeled data for TCEP are shown in Table 4-9, Table 4-10, and 3034 

Table 4-11 for aquatic organisms, and Table 4-15 for terrestrial organisms. For aquatic species, acute 3035 

risk is indicated when the RQ is greater than or equal to 1 for acute exposures, or chronic risk is 3036 

indicated with a RQ greater than or equal to 1 with days of exceedance at or above 14 days for chronic 3037 

exposures. The chronic COC was derived from a 14-day exposure, therefore, the days of exceedance to 3038 

demonstrate risk reflects the exposure period for that hazard value. Secondary COCs were represented 3039 

from the acute COC and chronic COC with the application of an additional assessment factors (Table 3040 

4-4); however, confidence in these COCs are ñslight.ò For terrestrial species, RQ values are calculated 3041 

from the hazard value for soil invertebrates (nematode) and TRV for mammals as detailed in Section 3042 

4.2.4, and risk is indicated when the RQ greater than or equal to 1. 3043 

 3044 

EPA used modeled (e.g., E-FAST, VVWM/PSC, AERMOD) and measured (e.g., monitoring 3045 

information from peer-reviewed literature or relevant databases) data to characterize environmental 3046 

concentrations for TCEP and to calculate the RQ. Table 4-7 represents the COUs with relevant 3047 
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environmental releases represented in the current risk characterization on aquatic and terrestrial 3048 

receptors. Exposure data are especially helpful to characterize exposures from facilities and/or COUs. In 3049 

the absence of facility-specific releases for TCEP, estimated releases were generated for a generic 3050 

facility for each COU with production volume scenarios set at 2,500 lb/year (Table 4-7). Exposure data 3051 

and corresponding RQ values produced with a production volume of 25,000 lb/year are presented within 3052 

Appendix G. Surface water monitoring data on TCEP from available databases such as the WQP and 3053 

published literature were used as additional approaches to characterize risk to aquatic receptors. The 3054 

purpose of using monitored data and published literature, when available, was to determine if 3055 

concentrations in the ambient environment exceeded the identified hazard benchmarks for aquatic and 3056 

terrestrial receptors while also providing support for or concurrence with modeled concentrations. 3057 

 3058 

As described in Section 3.3.3.2, IIOAC and subsequently AERMOD were used to assess the estimated 3059 

release of TCEP via air deposition from specific exposure scenarios to soil (Table 4-7). Estimated 3060 

concentrations of TCEP that could be in soil via air deposition at the community level (1,000 m from the 3061 

source) exposure scenarios have been calculated. 3062 

 3063 

Table 4-7. Risk Characterization to Corresponding Aquatic and Terrestrial Receptors Assessed 3064 

for the Following COUs 3065 

COU (Life cycle stage/ Category/ 

Sub-category) 

Occupational 

Exposure Scenario 

RQ Values 

Calculated for 

Aquatic 

Receptorsa 

RQ Values 

Calculated for 

Terrestrial 

Receptorsb 

Manufacture/ Import/ Import Repackaging Yes Yes 

Processing/ Incorporated into formulation, 

mixture, or reaction product/ Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

1-part coatings 

Yes Yes 

Processing/ Incorporated into formulation, 

mixture, or reaction product/ Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

2-part reactive 

coatings 

Yes Yes 

Processing/ Incorporated into formulation, 

mixture, or reaction product/ Polymers used in 

aerospace equipment and products 

Formulation of TCEP 

into 2-part reactive 

resins 

Yes Yes 

Processing/ Incorporated into article/ Aerospace 

equipment and products 

Processing into 2-part 

resin article 
N/Ad Yes 

Processing/ Recycling/ Recycling Recycling e-waste EPA did not have sufficient data to 

estimate these releasesc 

Distribution in Commerce/ Distribution in 

commerce 

Distribution in 

commerce 

Distribution activities (e.g., loading) 

considered throughout life cycle, 

rather than using a single 

distribution scenario 

Industrial use/ Other use/ Aerospace equipment 

and products 

Installing article 

(containing 2-part 

resin) for aerospace 

applications 

(electronic potting) 

Releases expected to be negligible c 

Commercial use/ Other use/ Aerospace equipment 

and products 

Installing article 

(containing 2-part 

resin) for aerospace 

applications 

Releases expected to be negligible c 
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COU (Life cycle stage/ Category/ 

Sub-category) 

Occupational 

Exposure Scenario 

RQ Values 

Calculated for 

Aquatic 

Receptorsa 

RQ Values 

Calculated for 

Terrestrial 

Receptorsb 

Commercial use/ Paints and coatings/ Paints and 

coatings 

Use in paints and 

coatings at job sites 
Yes Yes 

Commercial use/ Laboratory chemicals/ 

Laboratory chemicals 

Lab chemical ï use of 

laboratory chemicals 
Yes Yes 

Commercial use/ Furnishing, cleaning, treatment 

care products/ Fabric and textile products 

 
End of service life disposal 

(Releases and exposures not 

quantified) c 

Commercial use/ Furnishing, cleaning, treatment 

care products/ Foam seating and bedding products 

 
End of service life disposal 

(Releases and exposures not 

quantified) c 

Commercial use/ construction, paint, electrical, 

and metal products/ Building/construction 

materials ï insulation 

 
End of service life disposal 

(Releases and exposures not 

quantified) c 

Commercial use/ Construction, paint, electrical, 

and metal products/ Building/construction 

materials ï wood and engineered wood products ï 

wood resin composites 

 
End of service life disposal 

(Releases and exposures not 

quantified)c 

Consumer use/Paints and coatings/ Paints and 

coatings 

 
No quantified environmental 

releases from consumer usesd 

Consumer use/Furnishing, cleaning, treatment 

care products/ Fabric and textile products 

 
No quantified environmental 

releases from consumer usesd 

Consumer use/ Furnishing, cleaning, treatment 

care products/ Foam seating and bedding products 

 
No quantified environmental 

releases from consumer usesd 

Consumer use/ Construction, paint, electrical, and 

metal products/ Building/construction materials ï 

insulation 

 
No quantified environmental 

releases from consumer usesd 

Consumer use/ Construction, paint, electrical, and 

metal products/ Building/construction materials ï 

wood and engineered wood products ï wood resin 

composites 

 
No quantified environmental 

releases from consumer usesd 

Disposal/ Disposal/ Disposal 
 

Waste disposal (Landfill or 

Incineration, covered in each 

COU/OES as opposed to a separate 

COU)c 
a RQ values calculated for aquatic receptors based on TCEP releases from wastewater, WQP database, and published 

literature 
b RQ values calculated for terrestrial receptors based on TCEP releases as fugitive air and stack air deposition to soil, 

trophic transfer, and published literature 
c Section 3.2 provides details on these OESs  
d Section 5.1.2.2.5 details the lack of information to characterize exposures for disposal of consumer wastes 

 3066 

EPA used IIOAC and AERMOD to estimate air deposition from hypothetical facility releases and 3067 

calculate resulting sediment concentrations to a pond. Air deposition to sediment as reported in Section 3068 

3.3.2.10 indicated the highest annual deposition at 1,000 m was 125 µg/kg which is approximately 7 3069 

times lower than the lowest sediment TCEP value modeled with VVWM-PSC (incorporation into paints 3070 

and coatings ï solvent borne at 893 µg/kg) and approximately 40 times lower than the highest PSC 3071 
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value for laboratory chemicals (5,040 µg/kg). RQs for each relevant COU listed in Table 4-7 were 3072 

calculated for air deposition to sediment at 1,000 m and are available are presented within Appendix G 3073 

for both production volumes and meteorological conditions. RQs were greater than 1 for TCEP use in 3074 

paints and coatings at job sites with both meteorological conditions for the 2,500 lb/year production 3075 

volume. All RQ values for the high production volume scenario of 25,000 lb/year were less than 1, with 3076 

the highest RQ at 0.13 for TCEP use in paints and coatings at job sites. The low production volume 3077 

scenario modeling used high-end estimates for at 95th percentile of the mean. RQs for the mean (50th 3078 

percentile) air to sediment deposition with the AERMOD for both meteorological models were below 1. 3079 

It is not anticipated that air deposition to water will significantly contribute as TCEP concentrations 3080 

within the water column, pore water, and sediment will utilize modeling via E-FAST and VVWM-PSC. 3081 

      3082 

Frequency and duration of exposure can affect the potential for adverse effects in aquatic receptors. 3083 

Within the aquatic environment, a two-tiered modeling approach was employed to predict surface water, 3084 

pore water, and sediment TCEP concentrations. If the E-FAST predicted 7Q10 surface water 3085 

concentrations were greater than the chronic or acute COCs, the VVWM-PSC model was then used to 3086 

confirm whether the predicted surface water concentration days of exceedance as determined by the 3087 

acute COC and chronic COC. For TCEP, all six applicable OESs (Table 4-7) modeled in E-FAST 3088 

produced chronic RQ values greater or equal to 1, prompting the use of VVWM-PSC for greater 3089 

ecological resolution on TCEP concentrations and days of exceedance within the water column and 3090 

benthic compartments. 3091 

 3092 

Environmental RQ values by exposure scenario with TCEP surface water concentrations (ppb) were 3093 

modeled by E-FAST and VVWM-PSC and are presented in Table 4-9. The max day average 3094 

concentrations produced by VVWM-PSC represent the maximum concentration (ppb) over a 1- or 14-3095 

day average period corresponding with the acute or chronic COC used for the RQ estimate. 3096 

Environmental RQ values by exposure scenario for aquatic organisms with TCEP pore water 3097 

concentration and sediment concentration modeled by VVWM-PSC are presented within Table 4-10 and 3098 

Table 4-11, respectively. Scenarios and production volume allow for the calculation of RQs and days of 3099 

exceedance that for risk estimation to aquatic organisms (scenarios with an acute RQ greater than or 3100 

equal to 1, or a chronic RQ greater than or equal to 1 and 14 days or more of exceedance for the chronic 3101 

COC). 3102 

 3103 

VVWM -PSC considers model inputs of physical and chemical properties of TCEP (i.e., KOW, KOC, 3104 

water column half-life, photolysis half-life, hydrolysis half-life, and benthic half-life) allowing EPA to 3105 

model predicted benthic pore water and sediment concentrations. The role of KOC within the VVWM-3106 

PSC on sediment TCEP concentrations was investigated with a sensitivity analysis. Model inputs for 3107 

this physical and chemical property were represented as the mean and 5th percentile of the mean with 3108 

values of 2.82 and 2.13, respectively. Results of TCEP concentrations within surface water and benthic 3109 

pore water were not influenced by model inputs of KOC; however, sediment concentrations were highly 3110 

influenced by this model parameter. The use of the 5th percentile of the mean (2.13) produced TCEP 3111 

concentrations for sediment within one to two orders of magnitude of reported within published 3112 

literature (Maruya et al., 2016; Stachel et al., 2005). Results for VVWM-PSC model output presented 3113 

within Section 4.3.2 utilized a KOC value of 2.13, while results utilizing the mean of 2.82 are presented 3114 

within Appendix G in Table_Apx G-2, Table_Apx G-3, and Table_Apx G-4.   3115 

 3116 

EPA considers the biological relevance of species that COCs or hazard values are based on when 3117 

integrating these values with the location of the surface water, pore water, and sediment concentration 3118 

data to produce RQs. Life-history and habitat of aquatic organisms influence the likelihood of exposure 3119 

above the hazard threshold in an aquatic environment. EPA has identified COC values associated with 3120 
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aquatic hazard values and include acute COC, chronic COC, secondary acute COC, and secondary 3121 

chronic COC. The acute COC for aquatic species is the lower 95 percent CI of the HC05 of an SSD, a 3122 

modeled probability distribution of toxicity values from multiple taxa inhabiting the water column. The 3123 

chronic COC is represented by a growth and development endpoint from 14-day exposures to TCEP 3124 

within the water column. Calculated RQ values for pore water and sediment are represented with acute 3125 

and chronic COCs in addition to secondary COCs derived from acute and chronic COCs as detailed in 3126 

Section 4.2.4. The secondary acute COC and secondary chronic COC values have been applied to 3127 

environmental concentrations to demonstrate RQ values for pore water and sediment; however, the 3128 

confidence in these RQ inputs were described a ñslightò within Table 4-6 as compared to the ñmoderateò 3129 

confidence determinations for the acute COC and chronic COC. 3130 

4.3.1.1 Risk Characterization Approach for Trophic Transfer  3131 

Trophic transfer is the process by which chemical contaminants can be taken up by organisms through 3132 

dietary and media exposures and transfer from one trophic level to another. Chemicals can be transferred 3133 

from contaminated media and diet to biological tissue and accumulate throughout an organismsô lifespan 3134 

(bioaccumulation) if they are not readily excreted or metabolized. Through dietary consumption of prey, 3135 

a chemical can subsequently be transferred from one trophic level to another. If biomagnification occurs, 3136 

higher trophic level predators will contain greater body burdens of a contaminant compared to lower 3137 

trophic level organisms. 3138 

EPA conducted screening level approaches for aquatic and terrestrial risk estimation based on exposure 3139 

via trophic transfer using conservative assumptions for factors such as: area use factor, TCEP absorption 3140 

from diet, soil, and water. Section E.2.5 details persistence as this compound is expected to persist 3141 

within aquatic and terrestrial environments. Under laboratory conditions, mean whole body BCF for 3142 

juvenile Atlantic Salmon (Salmo salar) is reported as 0.34 L/kg wet weight for an experimental 3143 

exposure concentration of 1.0 mg/L (Arukwe et al., 2018). TCEP is not considered bioaccumulative; 3144 

however, geometric mean concentrations within biota in Lake Erie have been reported at concentrations 3145 

of 35.6 ng/g lipid as reported by Guo et al. (2017b) in Section 4.1.2. Section 4.1 reports measured 3146 

concentrations of TCEP within biota with seven studies indicating TCEP concentrations within whole 3147 

fish and lipid (see Section 4.1.2.1), one study within a marine mammal (Section 4.1.2.1), and two studies 3148 

with terrestrial organisms (see Section 4.1.3.1). A screening level analysis was conducted for trophic 3149 

transfer and formulation of RQ values from aquatic and terrestrial hazard values. If RQ values were 3150 

greater than or equal to 1, risk estimation based on potential trophic transfer of TCEP is indicated from 3151 

this screening level approach and further refined analysis is warranted. If an RQ value is less than 1, risk 3152 

based on potential trophic transfer of TCEP is not indicated from screening level approach and no 3153 

further assessment is necessary. The screening level approach employs a combination of conservative 3154 

assumptions (i.e., conditions for several exposure factors included within Equation 4-3 below) and 3155 

utilization of the maximum values obtained from modeled and/or monitoring data from relevant 3156 

environmental compartments. 3157 

Following the basic equations as reported in Chapter 4 of the U.S. EPA Guidance for Developing 3158 

Ecological Soil Screening Levels (U.S. EPA, 2005a), wildlife receptors may be exposed to contaminants 3159 

in soil by two main pathways: incidental ingestion of soil while feeding, and ingestion of food items that 3160 

have become contaminated due to uptake from soil. The general equation used to estimate the risk from 3161 

exposure via these two pathways is provided below: 3162 

 3163 
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Equation 4-3 3164 

Ὑὗ
ὛέὭὰzὖ &z)2z!& В ὄ ὖzᶻ&)27)2z!& !z5&

ὌὝ
 3165 

Where: 3166 

RQj = Risk quotient for contaminant (j) (unitless) 3167 

Soilj = Concentration of contaminant (j) in soil (mg/kg dry weight) 3168 

N = Number of different biota type (i) in diet 3169 

Bij = Concentration of contaminant (j) in biota type (i) (mg/kg dry weight) 3170 

Pi = Proportion of biota type (i) in diet 3171 

FIR = Food intake rate (kg of food [dry weight] per kg body weight per day) 3172 

WIR = Water intake rate (kg of water per kg body weight per day) 3173 

AFij   = Absorbed fraction of contaminant (j) from biota type (i) (for screening   3174 

  purposes set equal to 1) 3175 

AFsj = Absorbed fraction of contaminant (j) from soil (s) (for screening purposes  set 3176 

equal to 1) 3177 

HTj = Hazard Threshold (mg/kg-BW[wet weight]/day) 3178 

Ps = Proportion of total food intake that is soil (kg soil/kg food) 3179 

AUF = Area use factor (for screening purposes set equal to 1) 3180 

 3181 

Table 4-8. Terms and Values Used to Assess Potential Trophic Transfer of TCEP for Terrestrial 3182 

Risk Characterization 3183 

Term 
Earthworm  

(Eisenia fetida) 

Short-Tailed Shrew 

(Blarina 

brevicauda) 

American 

Woodcock 

(Scolopax minor) 

American Kestrel 

(Falco sparverius) 

American 

Mink  

(Mustela vison) 

Soilj  
a   0.0055 mg/kg b 

TCEP 

0.0055 mg/kg b 

TCEP 

0.0055 mg/kg b  

TCEP 

0.0055 mg/kg b 

TCEP 

10.3 mg/Lc 

TCEP 

N 1 1 1 3 1 

Bij 
0.0055 mg/kg b 

TCEP (soil) 

0.0055 mg/kg TCEP 

(worm) 

0.0055 mg/kg 

TCEP (worm) 

0.0055 mg/kg 

TCEP (worm) 

3.71 mg/kg d 

TCEP (Fish) 

0.0046 mg/kg 

TCEP (short-tailed 

shrew) 

0.0057 mg/kg 

TCEP (woodcock) 

Pi 1 1 1 0.33 1 

FIR 1 0.55 e 0.77 e 0.30d 0.22 e 

WIR 1 0.223 e 0.1 e Dietary hydration 0.104 e 

AFij 1 1 1 1 1 

AFsj 1 1 1 1 1 

HTj  0.3 mg/kg-

soil/day 

0.66 mg/kg-bw/day N/Af 0.0025 mg 

TCEP/kg-bw/day 

24.2 mg 

TCEP/kg-

bw/day 

Ps 1 0.03g 0.164g 0.057g 1 

AUF 1 1 1 1 1 
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Term 
Earthworm  

(Eisenia fetida) 

Short-Tailed Shrew 

(Blarina 

brevicauda) 

American 

Woodcock 

(Scolopax minor) 

American Kestrel 

(Falco sparverius) 

American 

Mink  

(Mustela vison) 
a TCEP concentration in surface water for Mink 
b Highest soil concentration of TCEP obtained using AERMOD modeling (2,500 lb/year) 
c Highest surface water concentration of TCEP obtained using VVWM -PSC modeling (2,500 lb/year) 
d Highest fish concentration (mg/kg) calculated from surface water concentration TCEP (VVWM-PSC) and whole body 

BCF of 0.34 (Arukwe et al., 2018) 
e Exposure factors (FIR and WIR) sourced from EPAôs Wildlife Exposure Factors Handbook (U.S. EPA, 1993b) 
f No TCEP hazard threshold value for this representative species is available 
g Soil ingestion as proportion of diet represented at the 90th percentile sourced from EPAôs Guidance for Developing 

Ecological Soil Screening Levels (U.S. EPA, 2005a) 

 3184 

Terrestrial hazard data are available for soil invertebrate and mammals using hazard values detailed in 3185 

Section 4.2.4. Representative avian and mammal species are chosen to connect the TCEP transport 3186 

exposure pathway via trophic transfer from earthworm uptake of TCEP from contaminated soil through 3187 

invertivore avian (American woodcock) and mammal (short-tailed shrew) species, to the American 3188 

kestrel that feeds on invertebrates as well as avian and small terrestrial vertebrates. 3189 

 3190 

At the screening level, the conservative assumption is that the invertebrate diet for the American 3191 

woodcock and short-tailed shrew comprises 100 percent earthworms from contaminated soil. Similarly, 3192 

the dietary assumptions for the American kestrel are 100 percent of the invertebrate, avian, and mammal 3193 

diet are from the earthworm, American woodcock, and short-tailed shrew, respectively. Additionally, 3194 

the screening level analysis uses the highest modeled or monitored soil contaminate level to determine if 3195 

a more detailed assessment is required. Because surface water sources for wildlife water ingestion are 3196 

typically ephemeral, the trophic transfer analysis for terrestrial organism assumed TCEP exposure 3197 

concentration for wildlife water intake are equal to soil concentrations for each corresponding exposure 3198 

scenario. 3199 

 3200 

Exposure factors for food intake rate (FIR) and water intake rate (WIR) were sourced from the EPAôs 3201 

Wildlife Exposure Factors Handbook (U.S. EPA, 1993b). The proportion of total food intake that is soil 3202 

(Ps) is represented at the 90th percentile for representative taxa (short-tailed shrew, woodcock, and 3203 

hawk) and was sourced from calculations and modeling in EPAôs Guidance for Developing Ecological 3204 

Soil Screening Levels (U.S. EPA, 2005a). Additional assumptions for this analysis have been considered 3205 

to represent conservative screening values (U.S. EPA, 2005a). Within this model, incidental oral soil 3206 

exposure is added to the dietary exposure resulting in total oral exposure greater than 100 percent. In 3207 

addition, EPA assumes that 100 percent of the contaminant is absorbed from both the soil (AFsj) and 3208 

biota representing prey (AFij). The proportional representation of time an animal spends occupying an 3209 

exposed environment is known the area use factor (AUF) and has been set at 1 for all biota within this 3210 

equation (Table 4-8). 3211 

 3212 

The following hazard values were used for trophic transfer of TCEP from media (soil) through trophic 3213 

levels: earthworm ChV of 0.3 mg/kg soil, mammal TRV dose of 44 mg/kg-bw/day, and American 3214 

kestrel LOEL at doses of 0.0025 mg/kg-bw/day. Short-tailed shew and American mink hazard threshold 3215 

values were calculated from the mammal TRV (44 mg/kg-bw/day) to represent the mean short-tailed 3216 

shew and American mink body weight values of 0.015 kg and 0.55 kg, respectively, reported in EPAôs 3217 

Wildlife Exposure Factors Handbook (U.S. EPA, 1993b). It is important to reiterate that hazard values 3218 

within this screening-level trophic transfer analysis for earthworm and American kestrel are represented 3219 

by endpoints of gastrointestinal damage and increaser plasma thyroid hormones, respectively. Although 3220 

the most sensitive adverse outcome within soil invertebrates from TCEP exposure is for earthworm, the 3221 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469342
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3056849
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=81978
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3056849
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=81978
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=81978
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3056849
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ecologically relevant effects for soil invertebrates are for reduced growth and shortened lifespan with a 3222 

ChV of 612 soil mg/kg from which an RQ value can also be calculated. The inclusion of earthworms 3223 

and kestrels from this screening-level analysis represent an additional conservative approach for 3224 

estimating risk to terrestrial organisms via trophic transfer. 3225 

 3226 

For semi-aquatic terrestrial species, the TRV was used with the American mink for the screening level 3227 

assessment (Table 4-8). Similar to the above soil concentrations used as term Soili in Equation 4-1, the 3228 

highest surface water concentration modeled via VVWM-PSC was used as a surrogate for the TCEP 3229 

concentration found in the American minkôs diet, which is highly variable depending on habitat. In a 3230 

riparian habitat, mink derive 74 to 92 percent of their diet from aquatic organisms, which includes fish, 3231 

crustaceans, birds, mammals, and vegetation (Alexander, 1977). The American mink was used as the 3232 

representative species for semi-aquatic mammals. As a conservative assumption, 100 percent of the 3233 

American minkôs diet is predicted to come from fish. Fish concentration (mg/kg) was calculated using 3234 

surface water concentrations of TCEP from VVWM-PSC assuming a BCF of 0.34 as reported for whole 3235 

body values from 1 mg/L TCEP exposures under laboratory conditions (Arukwe et al., 2018). 3236 

 Risk Characterization for Aquatic Receptors 3237 

The physical and chemical properties of TCEP and its persistence translate to removal from the water 3238 

column by particulate and sediment organic matter and persistence within sediment (see Section 2.2.2). 3239 

TCEP may partition between water and sediment due to its physical and chemical properties and, as a 3240 

result, exposure of TCEP and the duration of that exposure to organisms dwelling within the sediment 3241 

could be elevated. Many benthic invertebrates are detritivores, meaning they feed on dead plant and 3242 

animal material or contribute to the liberation of additional nutrient resources by further breaking down 3243 

these materials. Detritivorous benthic invertebrates often serve as an important food source for many 3244 

juvenile fishery and non-game resident species. In several cases, days of exceedance were greater in 3245 

pore water (Table 4-10) and sediment (Table 4-11) than the surface water (Table 4-9), further indicating 3246 

that TCEP would be a more persistent hazard to benthic dwelling organisms with increased durations of 3247 

exposure.  3248 

 3249 

The VVWM-PSC model identified substantial deposition of TCEP to the sediment (Table 4-11) with a 3250 

production volume of 2,500 lb/year. Listed below are the 5 out of 20 COUs (Life cycle stage/ Category/ 3251 

Sub-category with their respective OES) evaluated, RQs for chronic duration exposures were greater 3252 

than or equal to one with more than 14 days of exceedance within both pore water and sediment. A 3253 

major concern centered around the RQs within sediment and pore water is the lasting effects on benthic 3254 

biota and potential community-level impacts from chronic TCEP exposure within this aquatic 3255 

compartment.  3256 

 3257 

Manufacture/ Import/ Import/ Import and Repackaging 3258 

Surface Water: Surface water acute RQ values for import and packaging TCEP was less than 1 via both 3259 

E-FAST and VVWM-PSC modeling. Both E-FAST and VVWM-PSC models demonstrated chronic 3260 

RQs greater than 1; however, no days of exceedance were greater than or equal to 14 days. Specifically, 3261 

E-FAST and VVWM-PCS days of exceedance were 2 and 5 days, respectively.  3262 

 3263 

Pore Water: The pore water acute RQ for importing and repackaging TCEP was less than one the acute 3264 

COC. The chronic RQ for importing and repackaging TCEP was greater than one for the chronic COC 3265 

at 2.47. The corresponding days of exceedance for the chronic COC was 49 days. 3266 

  3267 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3700746
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469342
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Sediment: The sediment acute RQ for importing and repackaging TCEP was less than one for the acute 3268 

COC. The chronic RQ for importing and repackaging TCEP was greater than one for the chronic COC 3269 

at 14.29. The corresponding days of exceedance for the chronic COC was 119 days.  3270 

 3271 

Processing/ Incorporated into Formulation, Mixture, or Reaction Product/ Paints and Coating 3272 

Manufacturing/ Incorporation into Paints and Coatings ï 1-Part Coatings 3273 

Surface Water: Surface water acute RQ values for TCEP incorporation into paints and coatings ï 1-part 3274 

coatings were less than 1 via both E-FAST and VVWM-PSC modeling. Both E-FAST and VVMW-PSC 3275 

models demonstrated chronic RQs greater than 1; however, no days of exceedance were greater than or 3276 

equal to 14 days. Specifically, E-FAST and VVWM-PCS days of exceedance were 0 and 4 days, 3277 

respectively.  3278 

 3279 

Pore Water: The pore water acute RQ for TCEP incorporation into paints and coatings ï 1-part coatings 3280 

was less than one for the acute COC. The chronic RQ for importing and repackaging TCEP was greater 3281 

than one for the chronic COC at 5.44. The corresponding days of exceedance for the chronic COC was 3282 

82 days. 3283 

 3284 

Sediment: The sediment acute RQ for TCEP incorporation into paints and coatings ï 1-part coatings was 3285 

less than one for the acute COC. Chronic RQs for importing and repackaging TCEP was greater than 3286 

one for the chronic COC at 31.31. The corresponding days of exceedance for the chronic COC was 145.  3287 

 3288 

Processing/ Incorporated into Formulation, Mixture, or Reaction Product/ Paints and Coating 3289 

Manufacturing/ Incorporation into Paints and Coatings ï 2-Part Coatings 3290 

Surface Water: Surface water acute RQ values for TCEP incorporation into paints and coatings ï 3291 

resins/solvent-borne were less than 1 via both E-FAST and VVWM-PSC modeling. Both E-FAST and 3292 

VVMW -PSC models demonstrated chronic RQs greater than 1; however, no days of exceedance were 3293 

greater than or equal to 14 days. Specifically, E-FAST and VVWM-PCS days of exceedance were 0 and 3294 

3 days, respectively.  3295 

 3296 

Pore Water: The pore water acute RQ for TCEP incorporation into paints and coatings ï resins/solvent-3297 

borne was less than one for the acute COC. The chronic RQ for importing and repackaging TCEP was  3298 

greater than one for the chronic COC at 2.49. The corresponding days of exceedance for the chronic 3299 

COC was 48 days. 3300 

 3301 

Sediment: The sediment acute RQ for TCEP incorporation into paints and coatings ï resins/solvent-3302 

borne was less than one for the acute COC. The chronic RQs for importing and repackaging TCEP was 3303 

greater than one for the chronic COC at 14.29. The corresponding days of exceedance for the chronic 3304 

COC was 118 days.  3305 

 3306 

Commercial use/ Paints and coatings/ Paints and coatings/ Use in Paints and Coatings at Job Sites 3307 

Surface Water: Surface water acute RQ values for TCEP use in paints and coatings at job sites were less 3308 

than 1 via both E-FAST and VVWM-PSC modeling. Both E-FAST and VVMW-PSC models 3309 

demonstrated chronic RQs greater than 1; however, no days of exceedance were greater than or equal to 3310 

14 days. Specifically, E-FAST and VVWM-PCS days of exceedance were 1 and 3 days, respectively.  3311 

 3312 

Pore Water: The pore water acute RQ for TCEP use in paints and coatings at job sites was less than one 3313 

for the acute COC. The chronic RQs for paints and coatings at job sites was greater than one for the 3314 

chronic COC at 2.95. The corresponding days of exceedance for the chronic COC was 56 days. 3315 

 3316 
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Sediment: The sediment acute RQ for TCEP use in paints and coatings at job sites was less than one for 3317 

the acute COC. The chronic RQ for paints and coatings at job sites was greater than one for the chronic 3318 

COC at 17.01. The corresponding days of exceedance for the chronic COC was 125 days.  3319 

 3320 

Processing/ Incorporated into Formulation, Mixture, or Reaction Product/ Polymers Used in 3321 

Aerospace Equipment and Products/ Formulation of TCEP into 2-Part Reactive Resins 3322 

Surface Water: Surface water acute RQ values for formulation of TCEP into 2-part reactive resins were 3323 

less than 1 via both E-FAST and VVWM-PSC modeling. Both E-FAST and VVMW-PSC models 3324 

demonstrated chronic RQs greater than 1, however, no days of exceedance were greater than or equal to 3325 

14 days. Specifically, E-FAST and VVWM-PCS days of exceedance were 1 and 3 days, respectively.  3326 

  3327 

Pore Water: The pore water acute RQ for formulation of TCEP into 2-part reactive resins was less than 3328 

one for the acute COC. The chronic RQ for 2-part reactive resins was greater than one for the chronic 3329 

COC at 2.90. The corresponding days of exceedance for the chronic COC was 55 days. 3330 

 3331 

Sediment: The sediment acute RQs for formulation of TCEP into 2-part reactive resins were less than 3332 

one for both the acute COC and secondary acute COC. Chronic RQs for 2-part reactive resins were both 3333 

greater than one for the chronic COC and secondary chronic COC at 16.74 and 167.44, respectively. The 3334 

corresponding days of exceedance for the chronic COC and secondary chronic COC were 124 and 190 3335 

days.  3336 

 3337 

Commercial Use/ Laboratory Chemicals/ Laboratory Chemicals/ Laboratory Chemicals 3338 

Surface Water: Within the water column, acute RQ values for laboratory chemicals were less than 1 via 3339 

both E-FAST and VVMM-PSC modeling. VVMW-PSC modeling demonstrated a chronic RQ of 1.74 3340 

with days of exceedance of 179.  3341 

 3342 

Pore Water: The pore water acute RQs for laboratory chemicals was less than one for the acute COC. 3343 

The chronic RQ for laboratory chemicals was greater than one at 1.18. The corresponding days of 3344 

exceedance for the chronic COC was 84 days. 3345 

 3346 

Sediment: The sediment acute RQ for laboratory chemicals was less than one for the acute COC. The 3347 

chronic RQ for laboratory chemicals was greater than one for the chronic COC at 6.80. The 3348 

corresponding days of exceedance for the chronic COC was 209 days.   3349 
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Table 4-9. Environmental Risk Quotients (RQs) by COU with Production Volumes of 2,500 lb/year for Aquatic Organisms with 3350 

TCEP Surface Water Concentration (ppb) Modeled by VVWM-PSC  3351 

COU (Life Cycle 

Stage/Category/Sub-category) 

Occupational 

Exposure Scenario 

Production 

Volume 

(lb/year)a 

Days of 

Release 

Release 

(kg/day) 

Modeled Using VVWM-PSCc 

Max Day 

Average 

(ppb)b 

COC 

Type 

COC 

(ppb) 

Days of 

Exceedance 

(days per 

year) 

RQ 

Manufacture/ Import/ Import 
Import and 

repackaging 
2,500 4 9.88 

2,390 Acute 85,000 N/A 0.03 

683 Chronic 55.9 5 12.22 

Processing/ Incorporated into 

formulation, mixture, or reaction 

product/ Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

1-part coatings 

2,500 2 35.17 

10,200 Acute 85,000 N/A 0.12 

1,480 Chronic 55.9 4 26.48 

Processing/ Incorporated into 

formulation, mixture, or reaction 

product/ Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

2-part reactive 

coatings 

2,500 1 31.89 

8,280 Acute 85,000 N/A 0.10 

673 Chronic 55.9 3 12.04 

Commercial use/ Paints and 

coatings/ Paints and coatings 

Use in paints and 

coatings at job sites 
2,500 2 23.25 

5,590 Acute 85,000 NA 0.07 

804 Chronic 55.9 3 14.38 

Processing/ Incorporated into 

formulation, mixture, or reaction 

product/ Polymers used in aerospace 

equipment and products 

Formulation of 

TCEP into 2-part 

reactive resins 

2,500 1 31.53 

9,190 Acute 85,000 N/A 0.11 

789 Chronic 55.9 3 14.11 

Commercial use/ Laboratory 

chemicals/ Laboratory chemicals 

Laboratory 

chemicals 
2,500 182 0.39 

96 Acute 85,000 N/A 1.13E

ī03 

97 Chronic 55.9 179 1.74 
a Production volume of 2,500 lb TCEP/year uses high-end estimates (95th percentile for all COUs except the laboratory chemicals COU uses the 1st percentile) 
b Max day average represents the maximum concentration over a 1- or 14-day average period corresponding with the acute or chronic COC used for the RQ 

estimate 
c VVWM -PSC model input parameter for KOC utilized the 5th percentile (2.13) of the mean (2.82)  

N/A = Days of exceedance are modeled for the application of chronic COCs and do not apply for acute COCs and corresponding RQs 

 3352 

 3353 

 3354 
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Table 4-10. Environmental Risk Quotients (RQs) by COU with Production Volumes of 2,500 lb/year for Aquatic Organisms with 3355 

TCEP Pore Water Concentration (ppb) Modeled by VVWM-PSC  3356 

COU (Life Cycle 

Stage/Category/Sub-

category) 

Occupational 

Exposure Scenario 

Production 

Volume 

(lb/year)a 

Days of 

Release 

Release 

(kg/day) 

Benthic Pore 

Water 

Concentration  

(ppb)b 

Benthic Pore Waterc 

COC 

Type 

COC 

(ppb) 

Days of 

Exceedance 
RQ 

Manufacture/ Import/ Import 
Import and 

repackaging 
2,500 4 9.88 

154 Acute 85,000 N/A 1.82Eī03 

138 Chronic 55.9 49 2.47 

Processing/ Incorporated into 

formulation, mixture, or 

reaction product/ Paint and 

coating manufacturing 

Incorporation into 

paints and coatings ï 

1-part coatings 

2,500 2 35.17 

339 Acute 85,000 N/A 3.99Eī03 

304 Chronic 55.9 82 5.44 

Processing/ Incorporated into 

formulation, mixture, or 

reaction product/ Paint and 

coating manufacturing 

Incorporation into 

paints and coatings ï 

2-part reactive 

coatings 

2,500 1 31.89 

155 Acute 85,000 N/A 1.82Eī03 

139 Chronic 55.9 48 2.49 

Commercial use/ Paints and 

coatings/ Paints and coatings 

Use in paints and 

coatings at job sites 
2,500 2 23.25 

185 Acute 85,000 N/A 2.18Eī03 

165 Chronic 55.9 56 2.95 

Processing/ Incorporated into 

formulation, mixture, or 

reaction product/ Polymers 

used in aerospace equipment 

and products 

Formulation of 

TCEP into 2-part 

reactive resins 

2,500 1 31.53 

180 Acute 85,000 N/A 2.12Eī03 

162 Chronic 55.9 55 2.90 

Commercial use/ Laboratory 

chemicals/ Laboratory 

chemicals 

Laboratory 

chemicals 
2,500 182 0.39 

66 Acute 85,000 N/A 7.76Eī04 

66 Chronic 55.9 84 1.18 

a Production volume of 2,500 lb TCEP/year uses high-end estimates (95th percentile for all COUs except the laboratory chemicals COU uses the 1st percentile) 
b Max day average represents the maximum concentration over a 1- or 14-day average period corresponding with the acute or chronic COC used for the RQ 

estimate 
c VVWM -PSC model input parameter for KOC utilized the 5th percentile (2.13) of the mean (2.82) 

N/A = Days of Exceedance are modeled for the application of chronic COCs and do not apply for acute COCs and corresponding RQs 

 3357 

 3358 
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Table 4-11. Environmental Risk Quotients (RQs) by COU with Production Volumes of 2,500 lb/year for Aquatic Organisms with 3359 

TCEP Sediment Concentration (ppb) Modeled by VVWM-PSC 3360 

COU (Life Cycle 

Stage/Category/Sub-category) 

Occupational 

Exposure Scenario 

Production 

Volume 

(lb/year)a 

Days of 

Release 

Release 

(kg/day) 

Sediment 

Concentration  

(ppb)b 

Sedimentc 

COC 

Type 

COC 

(ppb) 

Days of 

Exceedance 
RQ 

Manufacture/ Import/ Import 
Import and 

repackaging 

2,500 4 9.88 894 Acute 85,000 N/A 0.01 

799 Chronic 55.9 119 14.29 

Processing/ Incorporated into 

formulation, mixture, or reaction 

product/ Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

1-part coatings 

2,500 2 35.17 1,960 Acute 85,000 N/A 0.02 

1,750 Chronic 55.9 145 31.31 

Processing/ Incorporated into 

formulation, mixture, or reaction 

product/ Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

2-part reactive 

coatings 

2,500 1 31.89 893 Acute 85,000 N/A 0.01 

799 Chronic 55.9 118 14.29 

Commercial use/ Paints and 

coatings/ Paints and coatings 

Use in paints and 

coatings at job sites 

2,500 2 23.25 1,070 Acute 85,000 N/A 0.01 

951 Chronic 55.9 125 17.01 

Processing/ Incorporated into 

formulation, mixture, or reaction 

product/ Polymers used in 

aerospace equipment and 

products 

Formulation of TCEP 

into 2-part reactive 

resins 

2,500 1 31.53 1,040 Acute 85,000 N/A 0.01 

936 Chronic 55.9 124 16.74 

Commercial use/ Laboratory 

chemicals/ Laboratory chemicals 

Laboratory chemicals 2,500 182 0.39 380 Acute 85,000 N/A 0.01 

380 Chronic 55.9 209 6.80 

a Production volume of 2,500 lb TCEP/year uses high-end estimates (95th percentile for all COUs except the laboratory chemicals COU uses the 1st 

percentile) 
b Max day average represents the maximum concentration over a 1- or 14-day average period corresponding with the acute or chronic COC used for the RQ 

estimate 
c VVWM -PSC model input parameter for KOC utilized the 5th percentile (2.13) of the mean (2.82) 

N/A = Days of exceedance are modeled for the application of chronic COCs and do not apply for acute COCs and corresponding RQs 

3361 
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EPA used surface water monitoring data from the WQP and published literature to characterize the risk 3362 

of TCEP to aquatic organisms. These monitored surface water data reflect concentrations of TCEP in 3363 

ambient water. WQP data show an average (± SEM) concentration for TCEP of 0.33 ± 0.02 ppb in 3364 

surface water from 466 measurements taken throughout the United States between 2003 and 2022. The 3365 

highest concentration recorded during this period was 7.66 ppb, which was recorded in August 2013 in 3366 

Rochester, New York. Table 4-12 shows that RQ estimates were less than 1 for both acute and chronic 3367 

COCs. There are no sediment samples above the detection limit for TCEP in the WQP. 3368 

 3369 

Table 4-12. Risk Quotients (RQs) Calculated Using Monitored Environmental Concentrations 3370 

from WQX/WQP  3371 

Monitored Surface Water Concentrations 

(ppb) from 2003ï2022 

RQ Using Acute COC of 

85,000 ppb 

RQ Using Chronic COC of 

55.9 ppb 

Mean (Standard Error of the Mean): 

0.33 (0.02) ppb 

3.88Eï05 5.9Eī03 

Maximum: 7.66 ppb 9.01Eï05 0.13 

 3372 

Five of the six studies from reasonably available published literature sampled waters within the United 3373 

States, while one included sample sites from both U.S. and Canadian waters (Scott et al., 1996). All six 3374 

studies from published literature are represented by general population surface water sampling where 3375 

TCEP concentration are not associated with a specific facility. One study encompassed 85 sample sites 3376 

for TCEP with study design placing sampling directly downstream from ñintense urbanization and 3377 

livestock production, detecting TCEP within 49 of the 85 samples and resulting in minimum and 3378 

maximum TCEP concentrations of 0.02 and 0.54 ppb, respectivelyò (Kolpin et al., 2002). Across all 3379 

studies a total of 185 samples resulted in 141 samples with TCEP detected and 44 non-detected 3380 

samplings between 1994 and 2013. The mean (±SEM) for TCEP concentrations reported within surface 3381 

water in the reasonably available published literature is 0.16 (±0.05) ppb with minimum and maximum 3382 

concentrations of 0.0002 and 0.81 ppb, respectively.  3383 

 3384 

Table 4-13 shows RQs estimates close to zero for both acute and chronic COCs. 3385 

 3386 

Table 4-13. Risk Quotients (RQs) Calculated Using TCEP in Surface Water from Monitored 3387 

Environmental Concentrations from Published Literature 3388 

 3389 

Two studies representing TCEP sediment concentrations from the United States and another conducted 3390 

within Germany and the Czech Republic were presented within the reasonably available literature. The 3391 

study conducted in the United States sampled sediment within coastal embayments in southern 3392 

California and the Santa Clara River Watershed (Maruya et al., 2016). The mean sediment TCEP 3393 

concentration was 2.2 µg/kg and 90th percentile of the mean of 4.0 ppb with maximum TCEP 3394 

concentrations in sediment within coastal embayments and the Santa Clara Watershed at 6.98 ppb and 3395 

5.08 ppb, respectively (Maruya et al., 2016). A survey of 37 sample sites along the Elbe River within 3396 

Germany and the Czech Republic following a flooding event in 2002 reported a range of TCEP in 3397 

Monitored Surface Water Concentrations 

(ppb) from Published Literature 

RQ Using Acute COC of 

85,000 ppb 

RQ Using Chronic COC of 

55.9 ppb 

Mean (Standard Error of the Mean): 

0.16 (0.05) ppb 

1.8Eï06 2.8Eï03 

Maximum: 0.81 ppb 9.5Eï06 1.4Eï02 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4530235
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3353787
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4182703
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4182703


PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 134 of 572 

sediment from less than 1 to 41 ppb and a median concentration of 7.4 ppb (Stachel et al., 2005). RQs 3398 

were less than 1 for acute COCs for all mean, median, and maximum TCEP concentrations (Table 4-14). 3399 

RQs for TCEP in sediment using the chronic COC were also less than one for all values within these 3400 

published studies.    3401 

 3402 

Table 4-14. Risk Quotients (RQs) Calculated Using TCEP Concentrations in Sediment from 3403 

Published Literature 3404 

 Risk Characterization for Terrestrial Receptors 3405 

RQs were less than 1 for all relevant exposure scenarios when using the highest AERMOD predictions 3406 

for air deposition to soil at 1,000 m. Table 4-15 presents soil concentration and chronic RQ values from 3407 

the exposure scenario with the highest TCEP soil concentrations, indicating RQs below 1 for soil 3408 

organisms based on modeling data. The highest soil concentration recorded from AERMOD predictions 3409 

is 0.0055 mg/kg based on TCEP use in paints and coatings at job sites at 1,000 m. Soil concentrations 3410 

and RQ values for all scenarios, production volumes, and meteorology models are presented within 3411 

Table_Apx G-8. 3412 

 3413 

Table 4-15. Calculated Risk Quotients (RQs) Based on TCEP Soil Concentrations (mg/kg) as 3414 

Calculated Using Modeled Data 3415 

Occupational 

Exposure Scenario 

Production 

Volume 

(lb/year)a 

Meteorological 

Modelb 

Soil Concentration 

(mg/kg) at 1,000 mc 

Chronic RQ (Hazard 

Value: 612 mg/kg) 

 

Use in paints and 

coatings at job sites 
2,500 

MetCT 3.97Eï03 6.49Eï06  

MetHIGH 5.58Eï03 9.11Eï06  

a Production volume of 2,500 lb TCEP/yr uses high-end estimates (95th percentile)  
b The ambient air modeled concentrations and deposition values are presented for two meteorology conditions 

(Sioux Falls, South Dakota, for central tendency meteorology; and Lake Charles, Louisiana, for higher-end 

meteorology) 
c Estimated concentrations of TCEP (90th percentile) that could be in soil via air deposition at a community (1,000 

m from the source) exposure scenario 

 

 3416 

Risk characterization and trophic transfer for terrestrial receptors is based on modeled soil data from 3417 

AERMOD since there are no published literature or monitoring databases with TCEP soil concentrations 3418 

from U.S. sites and one comparative study from Germany (Mihajlovic and Fries, 2012). Transient 3419 

increases in TCEP concentration have been observed with mean concentrations elevated from 0.008 to 3420 

0.023 mg/kg immediately following snowmelt conditions (Mihajlovic and Fries, 2012). RQs to soil 3421 

Monitored Sediment 

Concentrations (ppb) from 

Published Literature 

RQ Using Acute 

COC of 85,000 ppb 

RQ Using Chronic 

COC of 55.9 ppb 

Reference 

(Overall Quality 

Determination) 

Mean: 2.2 ppb 2.58Eī05 0.03 

(Maruya et al., 2016) 
(High) Maximum: 6.98 ppb 8.21Eī05 0.12 

Median: 7.4 ppb 8.70Eī05 0.13 

(Stachel et al., 2005) 
(Medium) Maximum: 41 ppb 4.82Eī04 0.73 
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invertebrates were below 1 for soil TCEP concentrations as reported for different sample periods from 3422 

Mihajlovic and Fries (2012) (Table 4-16). 3423 

 3424 

Table 4-16. Risk Quotients (RQs) Calculated Using TCEP Soil Concentrations from Published 3425 

Literature  3426 

Sample Collection 

Conditions 

Mean TCEP 

Concentration in Soil 

(mg/kg) 

Chronic RQ (Hazard 

Value: 612 mg/kg) 

Reference 

(Overall Quality 

Determination) 

Soil TCEP concentrations in 

January 

5.89Eï03 9.62Eï06 

(Mihajlovic and 

Fries, 2012) 
(High) 

Soil TCEP concentration prior 

to snowmelt 

7.67Eï03 1.25Eï05 

Soil TCEP concentration 24 

hours after snowmelt 

2.34E10ï02 3.76Eï05 

 Risk Characterization Based on Trophic Transfer in the Environment 3427 

Trophic transfer of TCEP and potential risk to terrestrial animals was evaluated using a screening level 3428 

approach conducted as described in the EPAôs Guidance for Developing Ecological Soil Screening 3429 

Levels (U.S. EPA, 2005a). TCEP concentrations within biota and resulting RQ values for all six relevant 3430 

COUs represented by seven OESs (Table 4-7), two production volume scenarios (2,500 and 25,000 3431 

lb/year), and two meteorological models for soil deposition are presented in  3432 

Table_Apx G-9. Table 4-17 presents biota concentrations and RQ values for the highest soil 3433 

concentration via AERMOD (Paints and coatings at job sites) at the 2,500 production volumes. RQs 3434 

were below 1 for all soil concentrations and COUs based on the chronic hazard threshold for terrestrial 3435 

invertebrate identified within Section 4.2.4.3. The chronic TRV, calculated using empirical toxicity data 3436 

with mice and rats, also resulted in RQs less than 1 for all  modeled soil concentrations. The overall 3437 

hazard confidence for the chronic mammalian assessment and terrestrial invertebrates reported within 3438 

Section 4.2.6 as robust and moderate, respectively, providing increased confidence in the application of 3439 

these ecologically relevant hazard thresholds. 3440 

 3441 

Estimates of risk represented as RQ values were calculated using hazard thresholds with in vivo data 3442 

measuring ecologically relevant endpoints such as mortality, reproduction, or growth. These RQ values 3443 

are all below 1 for all species and corresponding trophic levels represented (Table 4-17). The earthworm 3444 

and American kestrel are important tools in this screening-level trophic transfer analysis as they 3445 

represent an animal with direct ingestion of soil (i.e., the earthworm) and as a top avian predator (i.e., 3446 

the kestrel). Hazard values representing effects at the sub-organ level were identified for the earthworm 3447 

(alterations in gastrointestinal tract) and American kestrel (alterations in plasma thyroid hormone 3448 

levels). TCEP in biota calculated for the earthworm and American kestrel are at doses of 0.0055 and 3449 

0.0016 mg/kg/day, respectively, for the highest modeled soil TCEP concentration with a production 3450 

volume of 2,500 lb/year. They did not equal or exceed these species hazard thresholds described within 3451 

Section 4.2.4.3. The hazard value for the American kestrel (doses of 0.0025 mg/kg/day) did not result in 3452 

any detectable impacts to ecologically relevant endpoints of body weight or food consumption from this 3453 

21-day dietary exposure study with TCEP (Fernie et al., 2015). One COU (i.e., Use in paints and 3454 

coatings at job sites) at the 25,000 lb/year production volume resulted in TCEP concentrations of 0.025 3455 

mg/kg/day; however, this production volume is believed to be an overestimate of current production 3456 

volumes in the United States (see Section 1.1.1). In addition, the screening-level analysis used equation 3457 
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terms (e.g., area use factor and the proportion of TCEP absorbed from prey and soil) all set to the most 3458 

conservative values further emphasizing a cautious approach to risk to TCEP via trophic transfer. 3459 

 3460 

Table 4-17. Risk Quotients (RQs) for Screening Level Trophic Transfer of TCEP in Terrestrial 3461 

Ecosystems Using EPAôs Wildlife Risk Model for Eco-SSLs a 3462 

Organism 

TCEP Concentration 

in Biota 

(mg/kg/day)b 

Hazard 

Threshold 

(mg/kg-bw/day) 

Reference for Hazard 

Value or TRV 

(Overall Quality 

Determination) 

RQ 

Nematode 

(Caenorhabditis 

elegans) 

0.0055  612 (Xu et al., 2017) (High) 9.0Eï06  

Mammal 0.004 44 N/Ac 9.8Eï05 

Short-tailed shrew 

(Blarina 

brevicauda) 

0.004  0.66 N/Ac 0.007  

Woodcock 

(Scolopax minor) 

0.005  N/A N/Ad N/A 

a Calculated using highest modeled soil TCEP concentrations with a production volume of 2,500 lb/year (0.0055 

mg/kg); see also Equation 4-1. 
b TCEP concentration represents the highest modeled soil concentration via AERMOD modeling with a production 

volume of 2,500 lb/year. 
c Mammal TCEP TRV value calculated using several studies as per (U.S. EPA, 2007a).  
d No TCEP hazard threshold value for this representative species is available. 

 3463 

There are no reported studies within the pool of reasonably available published literature that quantify 3464 

TCEP soil concentrations in the United States. A study with an overall quality determination of high 3465 

monitored TCEP soil concentrations in the summer (August) and winter (January and February) months 3466 

in Germany (Mihajlovic and Fries, 2012). The soil collection site was characterized as being located 3467 

approximately 3 km from the city center of Osnabrueck and about 20 m from buildings constructed of 3468 

reinforced concrete with facades predominately comprised of glass. Biota concentrations and RQ values 3469 

were calculated using the same assumptions as described previously in Table 4-8, utilizing the highest 3470 

TCEP soil concentration reported in Mihajlovic and Fries (2012). Note that this study should be 3471 

considered to represent TCEP concentrations in soil from an ambient urban environment and is not 3472 

directly comparable to scenarios detailed within the current draft risk evaluation. In a related study at the 3473 

same site, the authors postulated that TCEP concentrations resulted from atmospheric deposition and 3474 

potentially from cars, and emphasizing the importance of considering atmospheric deposition of 3475 

chlorinated organophosphate esters (e.g., TCEP) in future risk assessments (Mihajloviĺ et al., 2011). The 3476 

RQs are below 1 for all species and corresponding trophic level represented (Table 4-18). TCEP 3477 

concentrations in biota calculated for the earthworm and American kestrel were 5.89×10ī3 and 3478 

1.70×10ī3 mg/kg/day, respectively, and do not equal or exceed these species hazard thresholds described 3479 

in Section 4.2.4.3.  3480 

 3481 

 3482 

 3483 

 3484 
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Table 4-18. Risk Quotients (RQs) Calculated with Highest Mean TCEP Soil Concentration 3485 

(5.89Eï03 mg/kg) from Monitored Values in Published Literature for Screening Level Trophic 3486 

Transfer of TCEP in Terrestrial Ecosystems Using EPAôs Wildlife Risk Model for Eco-SSLs a 3487 

Organism 

TCEP 

Concentration in 

Biota (mg/kg/day)b 

Hazard 

Threshold 

(mg/kg-bw/day) 

Reference for Hazard 

Value or TRV 

(Overall Quality 

Determination) 

RQ 

Nematode 

(Caenorhabditis elegans) 

5.89Eï03 612 (Xu et al., 2017) (High) 9.6Eï06 

Mammal 4.60Eï03 44 N/Ac 1.0Eï04 

Short-tailed shrew 

(Blarina brevicauda) 

4.60Eï03 0.66 N/Ac 6.9Eï03 

Woodcock 

(Scolopax minor) 

5.70Eï03 N/A N/Ac N/A 

a  As reported in (Mihajlovic and Fries, 2012); see also Equation 4-1. 
b TCEP concentration represents the highest mean recorded soil concentration (5.89Eī03 mg/kg) as reported in 

(Mihajlovic and Fries, 2012). 
c Mammal TCEP TRV value calculated using several studies as detailed in (U.S. EPA, 2007a). 
d No TCEP hazard threshold value for this representative species is available. 

 3488 

RQs were below 1 for semi-aquatic terrestrial receptors via trophic transfer from fish and the highest 3489 

modeled TCEP surface water concentrations (Table 4-19). RQ and biota concentration values for all 3490 

COUs are presented within Table_Apx G-10. The hazard confidence for the chronic mammalian 3491 

assessment was reported as robust within Section 4.2.6 and BCF values used to approximate TCEP 3492 

concentrations within fish were from a high-quality study (Arukwe et al., 2018). The modeled TCEP 3493 

concentrations within this analysis are five orders of magnitude greater than surface water 3494 

concentrations identified from the WQP database and the published literature (Table 4-12 and Table 3495 

4-13). These results align with previous risk assessments that concluded that TCEP is not viewed as a 3496 

bioaccumulative compound (U.S. EPA, 2015a; EC, 2009; ECB, 2009). 3497 

 3498 

Table 4-19. Selected Risk Quotients (RQs) (Highest Fish TCEP Concentrations) Based on 3499 

Potential Trophic Transfer of TCEP from Fish to American Mink (Mustela vison) as a Model 3500 

Aquatic Predator Using EPAôs Wildlife Risk Model for Eco-SSLs a 3501 

Occupational 

Exposure 

Scenario 

Production 

Volume 

(lb/year) 

Release 

Distribution  

SWCa 

(ppb) 

Fish 

Concentration 

(mg/kg) 

American Mink  

(Mustela vison) 

TCEP in Biota 

(mg/kg/day) 
RQ 

Formulation of 

TCEP Containing 

Reactive Resin 

2,500 High-End 10,900 3.71 2.34 0.08 

a See also Equation 4-1 
b TCEP Surface Water Concentration (SWC) calculated using VVWM-PSC 

 3502 

  3503 
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 Connections and Relevant Pathways from Exposure Media to Receptors 3504 

4.3.5.1 Aquatic Receptors  3505 

Surface Water, Benthic Porewater, and Sediment 3506 

Within the aquatic environment, a two-tiered modeling approach was employed to predict surface water, 3507 

pore water, and sediment TCEP concentrations. If the E-FAST predicted 7Q10 surface water 3508 

concentrations were greater than the chronic or acute COCs, the VVWM-PSC model was then used to 3509 

confirm whether the predicted surface water concentration days of exceedance as determined by the 3510 

acute COC and chronic COC. For TCEP, all five applicable COUs (Table 4-7) modeled in E-FAST 3511 

produced chronic RQ values greater or equal to 1, prompting the use of VVWM-PSC for greater 3512 

ecological resolution on TCEP concentrations and days of exceedance within the water column and 3513 

benthic compartments (see Section 4.3.1). 3514 

 3515 

Air Deposition to Water and Sediment 3516 

EPA used IIOAC and AERMOD to estimate air deposition from hypothetical facility releases and to 3517 

calculate pond water and sediment concentrations 1,000 m from the hypothetical facility. Pond water 3518 

concentrations from air deposition were estimated for the COUs with air releases (Table 4-7). The 3519 

highest estimated 95th percentile pond water concentration from annual deposition, across all exposure 3520 

scenarios, was 8.1 ppb for the Commercial use of paints and coatings scenario at an annual production 3521 

volume of 2,500 lb per year. This highest modeled concentration within a pond at 1,000 m from a point 3522 

source was approximately 150 times lower than the lowest surface water concentration modeled using 3523 

VVWM -PSC (1,270 ppb as a maximum 1-day average concentration for the Laboratory chemicals 3524 

scenario at an annual production volume of 2,500 lb per year). Air deposition to sediment as reported in 3525 

Section 3.3.2.10 indicated the highest annual deposition at 1,000 m was 125 ppb, which is about seven 3526 

times lower than the lowest sediment TCEP value modeled with VVWM-PSC (Incorporation into paints 3527 

and coatings ï solvent borne at 893 ppb) and about 40 times lower than the highest PSC value for 3528 

laboratory chemicals (5,040 ppb). Using VVWM-PSC, sediment concentrations from aquatic releases of 3529 

TCEP ranged from 893 ppb to 5,040 ppb for the production volume of 2,500 lb/year, respectively, and 3530 

represent a significant driver of TCEP deposition to sediment within flowing water systems. Although 3531 

the IIOAC and AERMOD were applied to a generic farm pond setting to calculate concentrations of 3532 

TCEP in pond surface water and pond sediment, these models do not account for media exchange of the 3533 

chemical of interest as is the case for VVWM -PSC. In addition, it is not anticipated that air deposition to 3534 

water will significantly contribute as TCEP concentrations within the water column, pore water, and 3535 

sediment will utilize modeling via E-FAST and VVWM-PSC. 3536 

 3537 

TCEP Runoff from Biosolids 3538 

Due to its persistence, it is likely that dissolved TCEP will eventually reach surface water via runoff 3539 

after the land application of biosolids. A review of reasonably available literature indicates that modeled 3540 

surface water, pore water, and sediment concentrations are approximately half the highest concentrations 3541 

and approximately 50 times greater than the mean values biosolid concentrations reported in Wang et al. 3542 

(2019c). Direct exposure of TCEP to aquatic receptors via biosolids was not assessed quantitatively (see 3543 

Section 3.3.3).  3544 

4.3.5.2 Terrestrial Receptors 3545 

Inhalation by Wildlife 3546 

Direct exposure of TCEP to terrestrial receptors via air was not assessed quantitatively because dietary 3547 

exposure was determined to be the driver of exposure to wildlife. The contribution of exposure risk from 3548 

inhalation relative to the ingestion exposure route is not expected to drive risk because of dilution 3549 

associated environmental conditions and the deposition of TCEP from air to soil (U.S. EPA, 2003a, b).  3550 
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The contribution of exposure risk from inhalation relative to the ingestion exposure route is not expected 3551 

to drive risk because of dilution associated environmental conditions and the deposition of TCEP from 3552 

air to soil (U.S. EPA, 2003a, b). AERMOD results indicate a maximum ambient air concentration (95th 3553 

percentile, MetHIGH) of 6.08×10ī7 ɛg/m3 at 1,000 m from a hypothetical facility for the Use of paints 3554 

and coatings ï spray application OES under the 2,500 lb/year production volume using the Suburban 3555 

forest land category scenario (see Section 3.3.1.2). AERMOD results for the same conditions and COU 3556 

for air deposition to soil indicate a TCEP concentration of 5.58 ɛg/kg at 1,000 m from a hypothetical 3557 

facility (Table_Apx G-8). In addition, TCEP is not persistent in air due to short half-life in the 3558 

atmosphere (t1/2 = 5.8 hours) (U.S. EPA, 2012d) and because particle-bound TCEP is primarily removed 3559 

from the atmosphere by wet or dry deposition (see Section 4.1.3.2). 3560 

 3561 

Biosolids 3562 

TCEP is released to the environment by various exposure pathways (Figure 2-1). The exposure pathway 3563 

for terrestrial organisms is through soil. Deposition of TCEP from air to soil is the primary exposure 3564 

pathway. A secondary source of TCEP contamination in soil is from the application of biosolids. 3565 

However, the maximum modeled concentration of TCEP in soil from biosolids (2.32×10ī4 mg/kg for 3566 

pastureland) is two orders of magnitude less than the maximum modeled TCEP soil concentration from 3567 

air deposition 8.65×10ī2 mg/kg (see Section 3.3). Therefore, biosolid application is not expected to have 3568 

an impact on the terrestrial risk assessment (see Section 4.1.4). 3569 

 3570 

Air Deposition to Soil 3571 

As described in Section 3.3.3.2, EPA Modeled Soil Concentrations via Air Deposition (AERMOD), 3572 

IIOAC and subsequently AERMOD were used to assess the estimated release of TCEP via air 3573 

deposition from specific exposure scenarios to soil (Table 4-7). Estimated concentrations of TCEP that 3574 

could be deposited in soil via air deposition at the community level (1,000 m from the source) exposure 3575 

scenarios have been calculated (see Section 4.3.1). 3576 

 3577 

Soil in Diet 3578 

Following the basic equations as reported within Chapter 4 of EPAôs Guidance for Developing 3579 

Ecological Soil Screening Levels, wildlife receptors may be exposed to contaminants in soil by two main 3580 

pathways: incidental ingestion of soil while feeding, and ingestion of food items that have become 3581 

contaminated due to uptake from soil (U.S. EPA, 2005a). Within this model, incidental oral soil 3582 

exposure is added to the dietary exposure resulting in total oral exposure greater than 100 percent (see 3583 

Section 4.1.4). 3584 

 3585 

Surface Water Ingestion in Wildlife 3586 

Because surface water sources for wildlife water ingestion are typically ephemeral, the trophic transfer 3587 

analysis for terrestrial organisms assumed TCEP exposure concentration for wildlife water intake are 3588 

equal to soil concentrations for each corresponding exposure scenario (see Section 4.1.4). 3589 

 3590 

For semi-aquatic terrestrial species, the TRV was used with the American mink for the screening level 3591 

assessment (Table 4-8). Similar to the soil concentrations used as term Soili in Equation 4-3, the highest 3592 

surface water concentration modeled via VVWM-PSC was used as a surrogate for the TCEP 3593 

concentration found in the American minkôs diet (see Section 4.3.1.1). 3594 

 3595 

Semi-aquatic Wildlife 3596 

The American mink was used as the representative species for semi-aquatic mammals. As a 3597 

conservative assumption, 100 percent of the American minkôs diet is predicted to come from fish. Fish 3598 

concentration (mg/kg) was calculated using surface water concentrations of TCEP from VVWM-PSC 3599 
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assuming a BCF of 0.34 as reported for whole body values from 1 mg/L TCEP exposures under 3600 

laboratory conditions (Arukwe et al., 2018). The conservative approach for calculated fish tissue 3601 

concentrations presented in Section 4.1.2.2 was utilized for trophic transfer analysis to semi-aquatic 3602 

mammals (see Section 4.3.1.10). 3603 

 Summary of Environmental Risk Characterization 3604 

4.3.6.1 COUs with Quantified Release Estimates 3605 

EPA had uncertainty in the production volume and hazard value for sediment dwelling species; 3606 

however, even at the realistic production volume of 2,500 lb/year, EPA found chronic RQs above 1 with 3607 

more than 14 days of exceedance for aquatic receptors in the sediment compartment using both COCs 3608 

that help bound uncertainties in the hazard. Additionally, because of the physical-chemical and fate 3609 

properties, EPA expects TCEP to partition between water and sediment and be persistent within the 3610 

sediment compartment. Therefore, EPA has moderate confidence that there is risk to aquatic organisms 3611 

in the sediment compartment for 5 out of 20 COUs. 3612 

 3613 

The current environmental risk characterization on TCEP utilizes two alternate production volume 3614 

assumptions for the calculation of RQ values. The 25,000 lb/year production volume is used as the high-3615 

end estimation. It is based on the reporting threshold for TCEP in CDR; however, given EPAôs research, 3616 

this is believed to be an overestimate of current production volumes in the United States. Therefore, the 3617 

2,500 lb production volume is reflective of estimated current production volumes. In the current section, 3618 

the analyses using 2,500 lb/year production volume are presented. Table 4-20 and Table 4-21 present 3619 

RQ values for exposure scenarios with a production volume of 2,500 lb/year and corresponding 3620 

environmental risk for aquatic and terrestrial receptors, respectively. Exposure data and corresponding 3621 

RQ values produced with a production volume of 25,000 lb/year are presented within the Appendix G.  3622 

 3623 

Within the aquatic environment, chronic RQs for aquatic receptors from TCEP exposure are elevated 3624 

above one and have corresponding days of exceedance greater than 14 days within pore water and 3625 

sediment compartments of benthic environment based on the affinity and persistence of this compound. 3626 

EPA calculated risks to sediment organisms using two hazard thresholds (or COCs)ðone representing a 3627 

more conservative threshold and the other a less conservative threshold that were referred to as 3628 

secondary acute COC and secondary chronic COC. Risk was consistently identified within sediment and 3629 

pore water using both COCs, which gives EPA more confidence the use of the COCs for RQ values 3630 

presented throughout Section 4.3.2. Secondary COCs represent the acute COC and chronic COC with 3631 

the application of additional assessment factors (Table 4-4); however, overall hazard confidence was 3632 

determined to be ñslight.ò The overall hazard confidence for acute COC and chronic COC were both 3633 

rated as ñmoderateò (Table 4-6) with overall confidence in the RQ inputs also as ñmoderateò (Table 3634 

4-23). Acute and chronic COCs with ñmoderateò hazard confidence represent RQs within the current 3635 

summary section as the corresponding confidence in risk characterization RQ inputs were also rated as 3636 

ñmoderateò (Table 4-23). 3637 

 3638 

Exposure concentrations were modeled based on COU related releases to the aquatic environment and 3639 

are represented by TCEP values within surface water, pore water, and sediment. Confidence in aquatic 3640 

exposure estimates is ñmoderateò with modeling parameters considering inputs from COUs and physical 3641 

and chemical and fate parameters specific to TCEP. Surface water monitoring data were available from 3642 

the WQP database and published literature, while monitoring data for TCEP in sediment was available 3643 

from published literature. Table 4-20 displays RQ estimates for all exposure scenarios with a production 3644 

volume of 2,500 lb/year in surface water TCEP concentrations modeled via VVWM-PSC modeling. For 3645 

TCEP modeled in surface water, one COU (Laboratory chemicals) had a chronic RQ greater than or 3646 
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equal to one and greater than 14 days of exceedance. The COU for laboratory chemicals resulted in 3647 

surface water concentrations 1.7 times above the chronic COC with 179 days of exceedance. The 3648 

Laboratory chemicals COU is characterized by greater days of released compared to other COUs with 3649 

quantified surface water releases, indicated by the exceedance of the chronic COC duration. For other 3650 

COUs with modeled TCEP concentrations for surface water, RQs using the chronic COC resulted in 3651 

values also greater than one; however, the days of exceedance were well below the days of exceedance 3652 

represented for chronic risk. All relevant TCEP exposure concentration values for both E-FAST and 3653 

VVWM -PSC results for modeled surface water concentrations are provided in Table 4-9. The overall 3654 

exposure confidence for acute and chronic aquatic assessment were both rated as ñmoderateò (Table 3655 

4-23) with the inclusion of physical and chemical parameters represented within models performed with 3656 

VVWM -PSC. No RQs over 1 were identified from TCEP surface water concentrations within the WQP 3657 

database or published literature (Table 4-12).  3658 

 3659 

No acute RQs were greater than 1 for modeled surface water TCEP at 2,500 lb/year production volume 3660 

via both E-FAST and VVMW-PSC modeling. 3661 

 3662 

Chronic RQs were not greater than 1 and days of exceedance were less than 14 days for surface water 3663 

TCEP modeled via VVWM-PSC at the 2,500 lb/year production volume for 4 of the 5 relevant COUs 3664 

(Life cycle stage/ Category/ Sub-category/ OES): 3665 

¶ Manufacturer/ Import/ Import/ Repackaging 3666 

¶ Processing/ Incorporated into formulation, mixture, or reaction product/ Paint and coating 3667 

manufacturing/ Incorporation into paints and coatings ï 1-part coatings and 2-part reactive 3668 

coatings 3669 

¶ Commercial use/ Paints and coatings/ Paints and coatings/ Use in paints and coatings at job sites 3670 

¶ Processing/Incorporated into article/ Aerospace equipment and products/ Processing into 2-part 3671 

resin article 3672 

The VVWM-PSC model identified substantial deposition of TCEP to the benthic compartment, which 3673 

comprises sediment and benthic pore water. Physical and chemical properties including but not limited 3674 

to KOC, benthic half-life, and hydrolysis half-life within the VVWM-PSC model, aligns with the 3675 

partitioning to organic carbon in sediment (Appendix E.2.3.2) and persistence (Appendix E.2.3.1). 3676 

These parameters resulted in modeled data indicating TCEP concentrations residing within pore water 3677 

and sediment over longer durations of time (days of exceedance) when compared to results from surface 3678 

water concentrations for the chronic COC (55.9 ppb). For pore water, chronic RQs were greater than or 3679 

equal to 1 with over 14 days of exceedance for all five relevant COUs (Table 4-20). Days of exceedance 3680 

were greater in pore water (Table 4-10) than surface water (Table 4-9), indicating that TCEP will be a 3681 

more persistent hazard to benthic dwelling organisms with increased durations of exposure. All relevant 3682 

COCs and relevant flow data for VVWM-PSC results for modeled pore water concentrations are 3683 

available in Table 4-10. There are no pore water TCEP concentrations reported in the WQP database or 3684 

published literature. 3685 

 3686 

No acute RQs were greater than or equal to 1 for modeled pore water TCEP at 2,500 lb/year production 3687 

volume via VVMW-PSC modeling. 3688 

 3689 

Chronic RQs were greater than one with over 14 days of exceedance for pore water TCEP modeled via 3690 

VVWM -PSC at the 2,500 lb/year production volume for all five relevant COUs (Life cycle stage/ 3691 

Category/ sub-category/ occupational exposure scenario): 3692 

¶ Manufacturer/ import/ import/repackaging 3693 
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¶ Processing/ incorporated into formulation, mixture, or reaction product/ paint and coating 3694 

manufacturing/ incorporation into paints and coatings ï 1-part coatings and 2-part reactive 3695 

coatings 3696 

¶ Commercial use/ paints and coatings/ paints and coatings/ use in paints and coatings at job sites 3697 

¶ processing/ incorporated into article/ aerospace equipment and products/ processing into 2-part 3698 

resin article 3699 

¶ Commercial use/ laboratory chemicals/laboratory chemicals/ lab chemical ï use of laboratory 3700 

chemicals 3701 

For sediment, chronic RQs were greater than 1 and greater than 14 days of exceedance within five 3702 

COUs (Table 4-20). As previously stated, concern for these RQs within sediment and pore water is the 3703 

lasting effects on benthic biota and potential community-level impacts from chronic TCEP exposure 3704 

within this aquatic compartment. Many benthic invertebrates are detritivores, meaning they feed on dead 3705 

plant and animal material or contribute to the liberation of additional nutrient resources by further 3706 

breaking down these materials. These detritivorous benthic invertebrates often serve as an important 3707 

food source for many juvenile fishery and non-game resident species. No RQs over 1 were identified 3708 

from TCEP sediment concentrations within published literature (Table 4-14).  3709 

 3710 

No acute RQs were greater than or equal to 1 for modeled sediment TCEP at 2,500 lb/year production 3711 

volume via VVMW-PSC modeling. 3712 

 3713 

Chronic RQs were greater than one with over 14 days of exceedance for sediment TCEP modeled via 3714 

VVWM -PSC at the 2,500 lb/year production volume for all five relevant COUs (Life cycle stage/ 3715 

Category/ Sub-category/ Occupational exposure scenario): 3716 

¶ Manufacturer/ import/ import/ repackaging 3717 

¶ Processing/ incorporated into formulation, mixture, or reaction product/ paint and coating 3718 

manufacturing/ incorporation into paints and coatings ï 1-part coatings and 2-part reactive 3719 

coatings 3720 

¶ Commercial use/ paints and coatings/ paints and coatings/ use in paints and coatings at job sites 3721 

¶ Processing/ incorporated into article/ aerospace equipment and products/ processing into 2-part 3722 

resin article 3723 

¶ Commercial use/ laboratory chemicals/ laboratory chemicals/ lab chemical ï use of laboratory 3724 

chemicals 3725 

 3726 

  3727 
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Table 4-20. Exposure Scenarios (Production Volume of 2,500 lb TCEP/year) and Corresponding Environmental Risk for Aquatic Receptors 3728 

with TCEP in Surface Water, Sediment, and Pore Water  3729 

COU 

Occupational 

Exposure 

Scenarioa 

Aquatic Receptorsc 

Surface Water Sediment Pore Water 

Life Cycle 

Stage/Category 
Sub-category 

Acute 

RQd 

Conf in 

Acute 

RQ 

Inputse 

Chronic 

RQf 
DoEg 

Conf in 

Chronic 

RQ 

Inputse 

Acute 

RQd 

Conf in 

Acute 

RQ 

Inputse 

Chronic 

RQf 
DoEg 

Conf in 

Chronic 

RQ 

Inputse 

Acute 

RQd 

Conf in 

Acute 

RQ 

Inputse 

Chronic 

RQf 
DoEg 

Conf in 

Chronic 

RQ 

Inputse 

Manufacture/ 

import 

Import Repackaging 0.03 Moderate 12.2 5 Moderate 0.01 Moderate 14.3 119 Moderate 1.8Eī03 Moderate 2.5 49 Moderate 

Processing/ 

incorporated 

into formulation, 

mixture, or 

reaction product 

Paint and 

coating 

manufacturing 

Incorporation 

into paints and 

coatings ï 1-part 

coatings 

0.12 Moderate 26.5 4 Moderate 0.02 Moderate 31.3 145 Moderate 4.0Eī03 Moderate 5.4 82 Moderate 

Processing/ 

incorporated 

into formulation, 

mixture, or 

reaction product 

Paint and 

coating 

manufacturing 

Incorporation 

into paints and 

coatings ï 2-part 

reactive coatings 

0.10 Moderate 12.0 3 Moderate 0.01 Moderate 14.3 118 Moderate 1.8Eī03 Moderate 2.5 48 Moderate 

Processing/ 

incorporated 

into formulation, 

mixture, or 

reaction product 

Polymers 

used in 

aerospace 

equipment 

and products 

Formulation of 

TCEP into 2-

part reactive 

resins 

0.11 Moderate 14.1 3 Moderate 0.01 Moderate 16.7 124 Moderate 2.1Eī03 Moderate 2.9 55 Moderate 

Commercial 

use/paints and 

coatings 

Paints and 

coatings 

Use in paints 

and coatings at 

job sites  

0.07 Moderate 14.4 3 Moderate 0.01 Moderate 17.0 125 Moderate 2.2Eī03 Moderate 3.0 56 Moderate 

Commercial 

use/laboratory 

chemicals 

Laboratory 

chemicals 

Lab chemical ï 

use of laboratory 

chemicals  

1.1Eī03 Moderate 1.74 179 Moderate 0.01 Moderate 6.8 209 Moderate 7.8Eī04 Moderate 1.1 84 Moderate 

Modeled TCEP concentrations and RQ values for all relevant exposure scenarios are available in Table 4-9, Table 4-10, and Table 4-11. 
a Production volume of 2,500 lb TCEP/yr uses high-end estimates (95th percentile for all COUs except the laboratory chemicals COU uses the 1st percentile). 
b Risk assessed to aquatic receptors based on TCEP releases from wastewater, WQP database, and published literature. 
c All exposure values and Days of Exceedance (DoE) modeled using VVWM-PSC. 
d Acute Risk Quotient derived using a Concentration of Concern of 85,000 ppb. 
e Conf = Confidence. Confidence in Acute Risk Quotient or Chronic Risk Quotient inputs is detailed in Section 4.3.7.2. 

f Chronic Risk Quotient derived using a Primary Concentration of Concern of 55.9 ppb. 
g Days of Exceedance (DoE) modeled using VVWM-PSC. 
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Table 4-21. Exposure Scenarios (Production Volume of 2,500 lb TCEP/year) and Corresponding Environmental Risk for Terrestrial 3730 

Receptors with TCEP in Soil (Invertebrates) and Trophic Transfer 3731 

COU 

Occupational 

Exposure Scenarioa 

Meteroro-

logical Modelb 

Terrestrial Receptorsc 

Life Cycle Stage/Category Sub-category 

Soil (invertebrates)d Trophic Transfer (soil)d 
Trophic Transfer 

(water)e 

RQ 
Conf. in 

RQ Inputsf 

Short-Tailed 

Shrew RQ 

Conf. in RQ 

Inputsf 

American 

Mink  RQ 

Conf. in 

RQ Inputsf 

Manufacture/import  Import Repackaging 
MetCT 2.4Eī06 

Moderate 
1.8Eī06 

Robust 0.02 Robust 
MetHI 3.1Eī09 2.3Eī06 

Processing/incorporated into 

formulation, mixture, or 

reaction product 

Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

1-part coatings 

MetCT 5.4Eī08 

Moderate 

4.0Eī05 

Robust 0.08 Robust 
MetHI 9.3Eī08 6.8Eī05 

Processing/incorporated into 

formulation, mixture, or 

reaction product 

Paint and coating 

manufacturing 

Incorporation into 

paints and coatings ï 

2-part reactive 

coatings 

MetCT 1.8Eī08 

Moderate 

1.3Eī05 

Robust 0.07 Robust 
MetHI 3.9Eī08 2.9Eī05 

Processing/incorporated into 

formulation, mixture, or 

reaction product 

Polymers used in 

aerospace equipment 

and products 

Formulation of TCEP 

into 2-part reactive 

resins 

MetCT 2.0Eī08 

Moderate 

4.7Eī05 

Robust 0.08 Robust 
MetHI 4.2Eī08 4.6Eī05 

Processing/incorporated into 

article 

Aerospace equipment 

and products  

Processing into 2-part 

resin article  

MetCT 6.4Eī08 
Moderate 

1.5Eī05 
Robust NA Robust 

MetHI 6.3Eī08 3.1Eī05 

Commercial Use/paints and 

coatings 
Paints and coatings 

Use in paints and 

coatings at job sites 

MetCT 6.5Eī06 
Moderate 

0.005 
Robust 0.04 Robust 

MetHI 9.1Eī06 0.007 

Commercial Use/laboratory 

chemicals 
Laboratory chemicals 

Lab chemical ï use of 

laboratory chemicals  

MetCT 7.9Eī08 

Moderate 

5.8Eī05 

Robust 7.0Eī04 Robust 
MetHI 7.6Eī08 5.6Eī05 

a Production volume of 2,500 lb TCEP/year uses high-end estimates (95th percentile for all COUs except the laboratory chemicals COU uses the 1st percentile). 
b The ambient air modeled concentrations and deposition values are presented for two meteorology conditions (MetCT: Sioux Falls, South Dakota, for central tendency 

meteorology; and MetHI: Lake Charles, Louisiana, for higher-end meteorology). 
c Risk assessed to terrestrial receptors based on TCEP releases as fugitive air and stack air deposition to soil, trophic transfer, and published literature. 
d Estimated concentrations of TCEP (90th percentile) that could be in soil via air deposition at a community (1,000 m from the source) exposure scenario. 
e Fish concentration (mg/kg) was calculated using surface water concentrations of TCEP from VVWM-PSC assuming a BCF of 0.34 as reported for whole body values from 1 

mg/L TCEP exposures under laboratory conditions (Arukwe et al., 2018). 
f  Conf = Confidence; Confidence in Risk Quotient (RQ) inputs are detailed in Section 4.3.7.2. 

3732 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469342
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RQs were less than 1 for all relevant COUs for air deposition to soil at 1,000 m (Table 4-21). The 3733 

highest soil concentration from AERMOD predictions is 0.0055 mg/kg based on TCEP use in Paints and 3734 

coatings at job sites at 1,000 m with the 2,500 lb/year production volume and higher-end meteorology 3735 

condition. There are no published literature or monitoring databases with TCEP soil concentrations from 3736 

U.S. sites and one comparative study from Germany (Mihajlovic and Fries, 2012). RQs for soil 3737 

invertebrates were less than 1 with soil TCEP concentrations as reported for different sample periods 3738 

from Mihajlovic and Fries (2012) (Table 4-16). This study should be considered to represent TCEP 3739 

concentrations in soil from an ambient urban environment and is not directly comparable to scenarios 3740 

detailed within the current risk evaluation. Mihajloviĺ et al. (2011) emphasized the importance of 3741 

atmospheric deposition of chlorinated organophosphate esters in risk assessments, which the current risk 3742 

evaluation has taken into consideration for environmental risk characterization. 3743 

 3744 

Trophic transfer of TCEP and potential risk to terrestrial animals was based on modeled soil data from 3745 

AERMOD and concentrations reported within Mihajlovic and Fries (2012). A screening level approach 3746 

was conducted as described in EPAôs Guidance for Developing Ecological Soil Screening Levels (U.S. 3747 

EPA, 2005a). The two analyses performed represented: (1) trophic transfer for animals from exposures 3748 

originating with TCEP soil concentrations and terrestrial prey items (Table 4-18), and (2) trophic 3749 

transfer based for animals from exposures with TCEP water concentrations and aquatic prey items 3750 

(Table 4-19). Table 4-21 demonstrates that RQs were less than 1 for any modeled soil concentrations 3751 

and COUs based on the chronic hazard threshold for terrestrial invertebrate identified in Appendix G. 3752 

The chronic TRV, calculated using empirical toxicity data with mice and rats, also demonstrated RQs 3753 

less than 1 for all modeled soil concentrations (Table 4-21). In addition, RQs were less than 1 for all 3754 

species represented within trophic levels using TCEP soil concentrations reported within Mihajlovic and 3755 

Fries (2012) (Table 4-18). For semi-aquatic animals, RQs were also less than 1 for semi-aquatic 3756 

terrestrial mammals via trophic transfer from fish and the highest modeled TCEP surface water 3757 

concentrations (Table 4-19). The results of these screening level trophic transfer analyses corroborate 3758 

previous risk assessments indicating TCEP is not a bioaccumulative compound (U.S. EPA, 2015a; EC, 3759 

2009; ECB, 2009). 3760 

 3761 

In the current environmental risk characterization for aquatic and terrestrial organisms, EPA considered 3762 

aggregating exposure that a population would experience from multiple facilities in proximity releasing 3763 

TCEP to the environment. However, EPA did not aggregate across facilities for environmental 3764 

exposures or risk because location information was not available for facilities releasing TCEP to the 3765 

environment. Environmental media concentrations from monitoring data (i.e., not associated with a 3766 

specific exposure scenario or COU) were not aggregated with modeled environmental media 3767 

concentrations associated with a specific exposure scenario or COU. TCEP from monitored surface 3768 

water data reported within the WQP indicated a mean of 0.33 + 0.02 ppb (Section 4.3.2). Table 4-12 3769 

demonstrates that this mean surface water concentration for TCEP resulted in acute and chronic RQ 3770 

values of 3.8×10ī5 and 5.9×10ī3, respectively. Similar database monitoring information were not 3771 

available for sediment TCEP concentrations; however, the model used to predict surface water, 3772 

sediment, and porewater TCEP concentrations was inclusive of physical and chemical properties (i.e., 3773 

KOW, KOC, water column half-life, photolysis half-life, hydrolysis half-life, and benthic half-life) known 3774 

to contribute to TCEPôs persistence within these media. 3775 

 3776 

EPA also considered aggregating across pathways of exposure for aquatic and terrestrial organisms, but 3777 

did not, because releases of TCEP to surface water and sediment were found to significantly contribute 3778 

to these media when compared to deposition to water and/or sediment via air (see Section 4.3.5.1). 3779 

Similarly, the most significant pathway for exposure to terrestrial receptors is via soil, which was 3780 

modeled from air deposition (see Section 4.3.5.2). For aquatic organisms, surface water and sediment 3781 
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pathways involve primary exposure routes such as epithelial uptake (skin, gills) and oral uptake. 3782 

Aggregation of exposures via both surface water and dietary exposure was not conducted for aquatic 3783 

organisms because TCEP is not expected to bioaccumulate expect at very high concentrations that could 3784 

result in risk directly from surface water (see Appendix E.2.6). The screening level trophic transfer 3785 

analysis performed included TCEP within prey in addition to soil ingestion for terrestrial receptors and 3786 

water ingestion for semi-aquatic mammals (see Section 4.3.1.1).  3787 

4.3.6.2 COUs without Quantified Release Estimates 3788 

Table 4-7 represents the COUs for which quantitative risk characterization could be performed for 3789 

aquatic and terrestrial receptors. The following section represents a qualitative discussion of those 3790 

remaining COUs and subsequent OESs lacking quantitative risk estimates. 3791 

 3792 

Recycling and Distribution and Commerce 3793 

EPA did not have sufficient data to estimate releases to the environment for the following COUs:  3794 

¶ Processing ï recycling 3795 

¶ Distribution in commerce  3796 

EPA was not able to quantify releases of TCEP to the environment during the recycling of e-waste. E-3797 

waste recycling activities include receiving e-waste at the facility, dismantling or shredding the e-waste, 3798 

and sorting the recycled articles and generated scrap materials (NIOSH, 2018; Yang et al., 2013; Sjödin 3799 

et al., 2001). There are 1,455 recycling facilities in the United States (U.S. BLS, 2016; U.S. Census 3800 

Bureau, 2015) indicated via NAICS code 562920 ï ñMaterials Recovery Facilities.ò However, only a 3801 

subset of electronic waste facilities is expected to handle TCEP-containing products. The exact number 3802 

of these facilities is unknown and data were not available on the volume or source of TCEP contained in 3803 

electronics processed at any of the facilities identified. 3804 

 3805 

TCEP-containing materials from the recycling process are typically treated or disposed following the 3806 

initial processing and not reprocessed or reused (Yang et al., 2013). EPA did not find reasonably 3807 

available data to quantify environmental releases of TCEP from e-waste facilities. The total releases are 3808 

expected to be low since TCEP is not typically used in electronics but is predominantly found in 3809 

polyurethane foam (Stapleton et al., 2011). The NIOSHôs Health Hazard Evaluation Program Report on 3810 

metals and flame retardants at an electronic recycling company categorized TCEP as ñless commonly 3811 

used in electronics now and in the pastò with a detection percentage 18 percent and range of ñnot 3812 

detectableò to 10 ng/m3 based on full-shift personal air sampling for 19 participants over 2 days (Grimes 3813 

et al., 2019). A fraction of the products are recycled and recycling will likely be dispersed over many e-3814 

waste sites. This qualitative analysis indicates that releases of TCEP to the environment are potentially 3815 

present from the recycling of e-waste. However, since TCEP releases are expected to be lower relative 3816 

to other quantified scenarios, the recycling COU would be expected to have lower risk than the 3817 

quantified scenarios described within Section 4.3.6.1.  3818 

 3819 

Production volume data for TCEP is below reporting levels so the precise production volume is 3820 

unknown in order to fully assess TCEP exposure from distribution in commerce. Generally, TCEP 3821 

production volumes have declined and this decline would logically lead to decreased distribution into 3822 

commerce. Exposure to the environment during distribution in commerce is still possible from ongoing 3823 

manufacturing, processing, industrial, and commercial uses. EPA has assessed some risks related to 3824 

distribution in commerce (e.g., based on fugitive releases from loading operations) within other relevant 3825 

COUs (e.g., manufacturing/repackaging). However, EPA lacks data to assess all risks to the 3826 

environment from environmental releases and exposures related to distribution of TCEP in commerce. 3827 

Due to limited reasonably available data for the full set of possible exposures, EPA has not made any 3828 
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conclusions regarding risk for this COU separately from the risks already estimated for other relevant 3829 

COUs.  3830 

 3831 

Aerospace Equipment and Products 3832 

EPA does not expect significant releases to the environment for the following COUs/OESs:  3833 

¶ Industrial use ï other use ï aerospace equipment and products 3834 

o OES: Installing article (containing 2-part resin) for aerospace applications (electronic 3835 

potting)  3836 

¶ Commercial use ï other use ï aerospace equipment and products 3837 

o OES: Installing article (containing 2-part resin) for aerospace applications  3838 

Specifically, EPA does not expect significant releases to occur during the installation of TCEP-3839 

containing aircraft and aerospace articles into or onto the relevant transportation equipment. After 3840 

TCEP-containing resins have cured, EPA expects TCEP release will be limited by the hardened polymer 3841 

matrix. Releases may occur via the mechanism of ñbloomingò or volatilization from the cured resin 3842 

surface during the service life of the aircraft or aerospace article, but EPA expects that releases via this 3843 

mechanism during installation activities will be negligible (OECD, 2009; NICNAS, 2001). The Agency 3844 

was not able to quantify environmental releases from blooming in addition to a lack of information on 3845 

the end use and service life of the product. EPA considered risk to the environment from installation of 3846 

TCEP-containing aircraft and aerospace articles into or onto the relevant transportation equipment. Risk 3847 

to the environment from releases of TCEP to the air via blooming from these COUs are expected to have 3848 

lower risk compared to quantified scenarios described within Section 4.3.6.1. 3849 

 3850 

Commercial Uses (COUs) That Have Been Phased Out 3851 

The COUs listed below are only linked to end of service life disposal as manufacturing and processing is 3852 

not ongoing: 3853 

¶ Commercial use ï furnishing, cleaning, treatment/care products ï fabric and textile products; 3854 

¶ Commercial use ï furnishing, cleaning, treatment/care products ï foam seating and bedding 3855 

products;  3856 

¶ Commercial use ï construction, paint, electrical, and metal products ï building/construction 3857 

materials ï insulation; and 3858 

¶ Commercial use ï construction, paint, electrical, and metal products ï building/construction 3859 

materials ï wood and engineered wood products ï wood resin composites 3860 

EPA has confirmed from literature sources that TCEP was used for these purposes in past decades. 3861 

However, these commercial uses were phased out beginning in the late 1980s or early 1990s and 3862 

replaced by other flame retardants or flame-retardant formulations. EPA did not locate data to estimate 3863 

the TCEP throughput used for these products, the amounts of these products that have already reached 3864 

the end of their service life, or amounts that have already been disposed. The Agency assumes that 3865 

products with TCEP that are still in use represents a fraction of the overall amount of TCEP previously 3866 

used for these purposes and these types of products (e.g., insulation and furniture) will result in a final 3867 

deposition to landfills for disposal. However, since TCEP releases are expected to be lower relative to 3868 

other quantified scenarios, these commercial COUs would be expected to have lower risk than the 3869 

quantified scenarios described within Section 4.3.6.1. 3870 

  3871 
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Processing/Incorporated into Formulation, Mixture, or Reaction Product Processing/Incorporated 3872 

into Article  3873 

EPA identified the following environmental releases via waste disposal; however, the Agency was 3874 

unable to perform quantitative risk characterization of environmental releases related to waste disposal 3875 

for the following COUs:  3876 

¶ Processing/incorporated into formulation, mixture, or reaction product/ paint and coating 3877 

manufacturing; 3878 

¶ Processing/incorporated into formulation, mixture, or reaction product/ paint and coating  3879 

manufacturing; 3880 

¶ Processing/incorporated into formulation, mixture, or reaction product/ polymers used in 3881 

aerospace equipment and products; and 3882 

¶ Processing/incorporated into article/aerospace equipment and products 3883 

EPA was able to perform quantitative risk characterization (Table 4-7) on the COUs listed above based 3884 

on environmental releases to either fugitive or stack air and/or wastewater to onsite treatment or 3885 

discharge to POTW, where applicable (Table 3-2). Waste disposal refers to either landfill or incineration 3886 

and relies on inputs provided by the ESD or GSs. The proportion of the throughput that goes to either 3887 

landfills or incinerators was not detailed within the ESD or GS. Although details pertaining to the fate of 3888 

disposal to these waste streams were unknown, a qualitative analysis of the disposal COU is presented 3889 

below.  3890 

 3891 

Consumer Uses 3892 

Although there is the possibility of environmental releases from consumer articles containing TCEP via 3893 

offgassing of consumer articles, down the drain release of TCEP from domestic laundry, the end-of-life 3894 

disposal and demolitions of consumer articles, EPA was unable to quantify the environmental releases 3895 

for the following COUs: 3896 

¶ Consumer use ï paints and coatings; 3897 

¶ Consumer use ï furnishing, cleaning, treatment/care products ï fabric and textile products; 3898 

¶ Consumer use ï furnishing, cleaning, treatment/care products ï foam seating and bedding  3899 

products; 3900 

¶ Consumer use ï construction, paint, electrical, and metal products ï building/construction 3901 

materials ï insulation; and 3902 

¶ Consumer use ï construction, paint, electrical, and metal products ï building/construction 3903 

materials ï wood and engineered wood products ï wood resin composites 3904 

EPA was unable to quantify environmental exposures from consumer releases and disposal due to 3905 

limited information on source attribution of the consumer COUs. In previous assessments, EPA has 3906 

considered down the drain analysis for consumer products for which a reasonably foreseen direct 3907 

discharge exposure scenario can be assumed (e.g., drain cleaner, lubricant, oils). TCEP containing dust 3908 

present on consumer clothing may be released to the environment via domestic laundry; however, due to 3909 

uncertainties in the source attribution of consumer COUs to dust, and the subsequent loading of dust on 3910 

to clothing, EPA did not quantify environmental exposures for this scenario. Consumer releases to the 3911 

environment are anticipated to be less than occupational releases, and wastewater concentrations from 3912 

manufacturing, commercial and processing COUs were shown to be significantly lower than acute and 3913 

chronic COCs identified in Section 4.2. 3914 

  3915 
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Disposal  3916 

TCEP was among the 10 most frequently found compounds in a study that collected wastewater from 3917 

multiple sites in the Research Triangle Park area of North Carolina between 2002 and 2005 (Giorgino et 3918 

al., 2007). The study detected TCEP in 61.9 percent of wastewater samples, with a maximum 3919 

concentration of 0.7 ppb. The maximum concentration from the USGS study (0.7 ppb) is similar to the 3920 

maximum surface water TCEP concentration reported within published literature (0.81 ppb) used to 3921 

calculate risks (see Section 4.3.2) and resulted in RQ values of less than one for both acute and chronic 3922 

COCs (Table 4-13). The researchers indicated that flame retardants were measured primarily at sites 3923 

downstream from municipal wastewater discharges and elevated concentrations were due to surface 3924 

waters collected at a site downstream from an industrial fire.  3925 

 3926 

Incineration of articles containing TCEP may create localized environmental releases. Aston et al. 3927 

(1996) reported TCEP concentrations of up to 1.95 mg/kg in pine needles (Pinus ponderosa) in the 3928 

Sierra Nevada foothills in the mid-1990s (Table 4-3). The source of the TCEP is unknown; however, 3929 

authors suspected that these levels may have been due to aerial transport and deposition from nearby 3930 

point sources such as incinerators.  3931 

 3932 

The demolition and removal of commercial and consumer articles may result in environmental 3933 

exposures to TCEP. Construction waste and old consumer products can be disposed of in municipal 3934 

solid waste landfills and construction and demolition landfills. Section 3.3.3.7 models the resulting 3935 

groundwater concentration that may occur from TCEP that leaches from landfills. Section 3.3.3.5 3936 

highlights suspected leaching of TCEP from nearby landfills (Norman Landfill, Himco Dump and Fort 3937 

Devens, MA) (Buszka et al., 2009; Barnes et al., 2004; Hutchins et al., 1984). The Himco Dump is a 3938 

closed, formerly unlicensed landfill that included a 4-acre construction debris area. EPA issued a notice 3939 

in the Federal Register finalizing the deletion of part of the Himco Dump Superfund site from the 3940 

National Priorities List (NPL). The Indiana Department of Environmental Management (IDEM) 3941 

formally concurred with EPAôs proposal on January 26, 2022, and EPA proposed the Site for partial 3942 

deletion in March 2022 Groundwater from one well in Elkhart, Indiana, near the Himco Dump reported 3943 

TCEP concentrations of 0.65 ppb to 0.74 ppb (Buszka et al., 2009). Fort Devens is also an EPA 3944 

superfund site, a former army installation established in 1917 and closed in 1996. Monitoring wells 3945 

down-gradient of a land application facility near Fort Devens, Massachusetts, indicated TCEP 3946 

concentrations from 0.28 ppb to 0.81 ppb (Hutchins et al., 1984). TCEP was detected throughout the 3947 

entire length of a leachate plume near a municipal landfill (subtitle D) near Norman, Oklahoma (Barnes 3948 

et al., 2004). TCEP concentration detected within the groundwater plume down-gradient of the Landfill 3949 

in Norman, Oklahoma, ranged from 0.22 ppb to 0.74 ppb (Barnes et al., 2004). Leachate samples from 3950 

landfill sites in Japan detected TCEP at ranges from 4.1 to 5430 mg/mL with authors indicating that 3951 

plastic wastes may serve as the origin (Yasuhara, 1995). 3952 

 3953 

Without a full characterization of non-hazardous landfill (e.g., Norman Landfill) conditions and 3954 

historical wastes (e.g., Himco Dump and Fort Devens) around the country, the data needed to produce 3955 

quantitative risk estimates for disposal is not reasonably available. EPA does not have data representing 3956 

municipal and managed landfills and is uncertain how often contaminant migration occurs given modern 3957 

practices of non-hazardous landfill and historical site management. Source attribution of the consumer 3958 

uses to the leaching concentration exhibited within Sections 3.3.3.6 and 3.3.3.7 are not available; 3959 

therefore, it is unknown if these concentrations are the result of consumer and/or commercial disposal. 3960 

The possibility of environmental exposure to TCEP after the release from disposal of consumer wastes 3961 

exists. The maximum TCEP concentrations recorded within groundwater at the Norman Landfill, Himco 3962 

Dump, and Ft. Devens are 0.74 ppb, 0.81 ppb, and 0.74 ppb, respectivelyðwhich are similar to the to 3963 

the maximum surface water concentrations reported within published literature (0.81 ppb) used to 3964 
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calculate risks (see Section 4.3.2) resulting in RQ values less than one for both acute and chronic COCs 3965 

(Table 4-13). TCEP releases from disposal of consumer and commercial articles are expected to be 3966 

lower relative to other quantified scenarios, the disposal COU would be expected to have lower risk than 3967 

the quantified scenarios described within Section 4.3.6.1. 3968 

 Overall Confidence and Remaining Uncertainties Confidence in Environmental 3969 

Risk Characterization 3970 

The overall confidence in the risk characterization combines the confidence from the environmental 3971 

exposure, hazard threshold, and trophic transfer sections. This approach aligns with the 2021 Draft 3972 

Systematic Review Protocol (U.S. EPA, 2021) and Systematic Review Protocol for the Draft Risk 3973 

Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) (U.S. EPA, 2023n). The confidence from the 3974 

trophic transfer section was completed in the same manner as the confidence in hazard threshold 3975 

presented in Section 4.2.6 and Appendix F.2.3.1. For trophic transfer, EPA considers the evidence for 3976 

chronic mammalian robust, the evidence for invertebrates moderate, and the evidence for chronic avian 3977 

slight (Table 4-22). Synthesis of confidence for exposure, hazard, and trophic transfer (when applicable) 3978 

resulted in the following confidence determinations for risk characterization RQ inputs: (1) robust for 3979 

chronic mammalian evidence, (2) moderate for acute and chronic aquatic evidence, and (3) slight for 3980 

secondary acute and secondary chronic aquatic assessments with additional assessment factors and 3981 

chronic avian evidence (Table 4-23). 3982 

4.3.7.1 Trophic Transfer Confidence 3983 

Quality of the Database; and Strength (Effect Magnitude) and Precision 3984 

Several conservative assumptions were applied across different representative organisms within trophic 3985 

groups to represent a screening level approach. For example, modeled TCEP concentrations within 3986 

water (VVWM-PSC) and soil (via AERMOD) were applied to all COUs. TCEP concentrations obtained 3987 

from these models were specific to each COU and production volume scenarios. Examination of 3988 

potential risk from TCEP using this hazard value should be viewed as a conservative approach 3989 

employed using both AERMOD modeled data and soil concentrations within published literature 3990 

(Mihajlovic and Fries, 2012). 3991 

 3992 

Trophic transfer analysis utilized American woodcock and American kestrel within the soil-based 3993 

pathway to determine potential risk from TCEP. The hazard value for the raptor species is limited to a 3994 

single study observing increased thyroid hormone production with no effects on body weight or food 3995 

consumption from a 21-day feeding study (Fernie et al., 2015). No representative hazard data were 3996 

available for the woodcock as an avian insectivore. RQ values were not calculated for the woodcock, 3997 

which served as a prey item to the kestrel, representing uptake and transfer from a soil invertebrate to 3998 

insectivore to carnivore. 3999 

 4000 

Short-tailed shrew and American mink were employed as representative species using a mammalian 4001 

TRV adjusted to their respective body weights. Mammalian hazard values for trophic transfer utilized 4002 

ecologically relevant endpoints from high-quality studies originating from human health animal model 4003 

investigations. The resulting TRV (Table 4-5) derived from mammal studies was used to calculate the 4004 

hazard threshold in mg/kg-bw. Because the TRV is scaled by body weight, smaller representative 4005 

species will have greater body burden from TCEP exposure than larger species. 4006 

 4007 

For soil invertebrates, two high-quality soil invertebrate studies were available. Trophic transfer analysis 4008 

used an ecologically relevant ChV from a nematode with endpoints related to reduced growth and 4009 

shortened lifespan. The earthworm hazard value was also demonstrated in this analysis, although the 4010 

earthworm did not have an ecologically relevant endpoint effect. The earthworm is still useful for 4011 
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assessing trophic transfer hazards because of its direct ingestion of soil. The earthworm also serves as a 4012 

relevant prey item for all trophic levels (i.e., short-tailed shrew, woodcock, and American kestrel). 4013 

 4014 

Consistency 4015 

Inputs for soil and water TCEP concentrations displayed similarities among modeled and monitored 4016 

concentrations. The highest soil concentrations modeled via AERMOD (Table 4-15) were within one 4017 

order of magnitude to the highest soil concentrations reported within published literature (Table 4-16) 4018 

(Mihajlovic and Fries, 2012). Concentrations of TCEP in whole fish reported within published literature 4019 

(Guo et al., 2017b) represent concentrations two to three orders of magnitude lower than calculated fish 4020 

TCEP concentrations (see Section 4.1.2). Any comparison to measured values reported within published 4021 

literature should be viewed conservatively as organisms with direct proximity to source of TCEP release 4022 

and resulting surface water concentrations as calculated using VVWM-PSC. 4023 

 4024 

Biological Relevance 4025 

The use of hazard values derived from singular studies for American kestrel, earthworm, and nematode 4026 

are limiting in biological relevance; however, the application of conservative assumptions at each 4027 

trophic level ensures a cautious approach to determining potential risk. For example, if the results of the 4028 

trophic transfer show that exposure from TCEP is lower than the hazard threshold for thyroid effects, 4029 

than a qualitative assertion can be made that the exposure levels from TCEP do not indicate risk. For 4030 

avian species, only a single high-quality level study was available for the American kestrel with no 4031 

hazard value for the avian insectivore within this analysis. The short-tailed shrew and American mink 4032 

were selected as appropriate representative mammals for the soil- and aquatic-based trophic transfer 4033 

analysis, respectively (U.S. EPA, 1993b). Overall, the use of exposure factors (i.e., feed intake rate, 4034 

water intake rate, the proportion of soil within the diet) from a consistent resource assisted in addressing 4035 

species specific differences within the RQ equation (U.S. EPA, 1993b). 4036 

 4037 

Physical and Chemical Relevance 4038 

The highest modeled TCEP concentrations for water and soil were used to investigate potential risk 4039 

from trophic transfer. Assumptions within the trophic transfer equation (Equation 4-3) for this analysis 4040 

have been considered to represent conservative screening values (U.S. EPA, 2005a) and those 4041 

assumptions were applied similarly for each trophic level and representative species. Applications across 4042 

representative species included assuming 100 percent TCEP bioavailability from both the soil (AFsj) and 4043 

biota representing prey (AFij). It is likely these considerations overrepresent TCEPôs ability to transfer 4044 

among trophic levels; however, it is a precaution built into the screening level approach (U.S. EPA, 4045 

2005a). 4046 

 4047 

Environmental Relevance 4048 

Although several aspects of the RQ equation were conservative and represented various species, there 4049 

are still uncertainties associated with overall relevance of this model to fit all wildlife scenarios for 4050 

potential TCEP risk. The current trophic transfer analysis investigated potential risk resulting from 4051 

TCEP exposure in media such as soil and water. This analysis was extended to represent uptake from 4052 

those media to soil invertebrates and fishes as a basis of trophic transfer from these prey to other higher 4053 

trophic levels. Analysis included TCEP soil concentrations from published literature but ultimately 4054 

relied on modeled TCEP water concentrations as the monitored TCEP values from WQP are three to 4055 

five orders of magnitude less than modeled concentrations. The area use factor is the home range size 4056 

relative to the contaminated area (i.e., site/home range = AUF with the AUF within this screening level 4057 

analysis designated as 1 for all organisms). Application of this value in the RQ equation increases the 4058 

conservative approach to trophic transfer analysis for larger animals such as mammals and birds 4059 

assuming longer residence within an exposed area or a large exposure area.  4060 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2662833
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3985267
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3056849
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3056849
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=81978
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=81978
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=81978


PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 152 of 572 

Table 4-22. TCEP Evidence Table Summarizing Overall Confidence Derived for Trophic Transfer 4061 

Types of Evidence 
Quality of the 

Database 
Consistency 

Strength and 

Precision 

Biological Gradient/ 

Dose-Response 
Relevancea 

Trophic Transfer 

Confidence 

Aquatic 

Acute Aquatic Assessment N/A N/A N/A N/A N/A N/A 

Chronic Aquatic Assessment N/A N/A N/A N/A N/A N/A 

Aquatic plants (vascular and algae) N/A N/A N/A N/A N/A N/A 

Terrestrial 

Chronic Avian Assessment + ++ + N/A + Slight 

Chronic Mammalian Assessment +++ ++ ++ N/A ++ Moderate 

Terrestrial invertebrates ++ ++ ++ N/A ++ Moderate 

a Relevance includes biological, physical/chemical, and environmental relevance. 

+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of the scientific evidence 

outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on the hazard estimate. 

+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against 

the uncertainties is reasonably adequate to characterize hazard estimates. 

+ Slight confidence is assigned when the weight of the scientific evidence may not be adequate to characterize the scenario, and when the assessor is 

making the best scientific assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered. 

 4062 
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4.3.7.2 Risk Characterization Confidence 4063 

Environmental risk characterization evaluated confidence from environmental exposures and 4064 

environmental hazards. Hazard confidence was represented by evidence type as reported previously in 4065 

Section 4.2.6. Trophic transfer confidence was represented by evidence type as reported in the preceding 4066 

Section 4.3.7.1. Exposure confidence has been synthesized from Section 4.1.5.1 and is further detailed 4067 

in the current section. The following confidence determinations for risk characterization RQ inputs are: 4068 

(1) robust for chronic mammalian evidence, (2) moderate for acute and chronic aquatic evidence, and 4069 

(3) slight for secondary acute and secondary chronic aquatic assessments and chronic avian evidence 4070 

(Table 4-23). 4071 

 4072 

Surface water concentration of TCEP were modeled initially using E-FAST and further refined using 4073 

VVWM -PSC. Refined modeling with VVWM-PSC allowed estimates of TCEP pore water and sediment 4074 

concentrations in addition to providing modeled days of exceedance for each compartment. Uncertainty 4075 

associated with location-specific model inputs (e.g., flow parameters and meteorological data) is present 4076 

as no facility locations were identified for TCEP releases. 4077 

 4078 

The modeled data represent estimated concentrations near hypothetical facilities that are actively 4079 

releasing TCEP to surface water, while the reported measured concentrations represent sampled ambient 4080 

water concentrations of TCEP. Differences in magnitude between modeled and measured concentrations 4081 

may be due to measured concentrations not being geographically or temporally close to known releasers 4082 

of TCEP. VVWM -PSC allowed for the application of a standard, conservative set of parameters and 4083 

adjust for physical-chemical properties of TCEP. For example, stream reach was set to represent a 4084 

waterway with a width of 8 m and depth of 2 m.  4085 

 4086 

Physical and chemical properties including, but not limited to KOC, benthic half-life and hydrolysis half-4087 

life appear to accurately represent TCEPôs persistence; however, sensitivity analysis indicated that KOC 4088 

input parameters heavily influenced the role of sediment deposition to sediment. As a result, KOC was 4089 

represented as both the mean (2.82) and the 5th percentile of the mean (2.13), as detailed within Section 4090 

4.3.1. Maruya et al. (2016) represents an ambient environmental monitoring study within the published 4091 

literature that made both surface water and sediment collections at the same sites and similar time 4092 

periods within a watershed. Surface water collected in August and October 2013 and sediment samples 4093 

collected in September 2013 were taken at 6 sites downstream of urban areas along the Santa Clara 4094 

River in Southern California. TCEP sediment concentrations were consistently one order of magnitude 4095 

higher than TCEP surface water concentrations across all sample sites. Specifically, mean (+ SE) TCEP 4096 

concentrations for surface water and sediment were 0.32 + 0.04 ppb and 2.59 + 0.75 ppb, respectively. 4097 

Although a single study, Maruya et al. (2016) illustrates how TCEP within the water column of a 4098 

flowing system can sorb to sediment to produce elevated concentrations. The WQP data and published 4099 

literature on surface water TCEP concentrations is three to four orders of magnitude lower than modeled 4100 

surface water concentrations. Confidence in the exposure components of the RQ inputs for benthic 4101 

assessment is supported as studies within published literature are one to three orders of magnitude lower 4102 

than results obtained from VVMW-PSC modeling. Confidence in exposure parameters for surface water 4103 

have been rated ñmoderateò as the results are modeled from directly downstream from a hypothetical 4104 

facility releasing TCEP.  4105 

 4106 

Similar to aquatic exposures for TCEP, environmental exposures to soil invertebrates, mammals, and 4107 

avian species relied on modeling air deposition to soil via AERMOD with supporting information from 4108 

published literature. The AERMOD model included two meteorological conditions (Sioux Falls, South 4109 

Dakota, for central tendency meteorology; and Lake Charles, Louisiana, for higher-end meteorology) in 4110 
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addition to different production volumes (2,500 and 25,000 lb/year) to characterize potential amounts of 4111 

annual TCEP deposition to soil from air. One high-quality comparative study on TCEP soil 4112 

concentrations was identified within the published literature. TCEP fish tissue concentrations within the 4113 

Great Lakes (Guo et al., 2017b) are two to three orders of magnitude lower than the TCEP tissue 4114 

concentrations calculated using a whole organism BCF value from another high-quality study (Arukwe 4115 

et al., 2018). Modeled soil concentrations were within one order of magnitude of a single study from 4116 

published literature (Mihajlovic and Fries, 2012); however, it is important to note that similarity with a 4117 

single study is not enough to build confidence in the relevance or accuracy of modeled results. 4118 

 4119 

Table 4-23. TCEP Evidence Table Summarizing Overall Confidence for Environmental 4120 

Risk Characterization 4121 

Types of Evidence Exposure Hazard 
Trophic 

Transfer 

Risk 

Characterization 

RQ Inputs 

Aquatic 

Acute aquatic assessment ++ ++ N/A Moderate 

Chronic aquatic assessment ++ ++ N/A Moderate 

Secondary acute aquatic 

assessment (+ AF) 
++ + N/A Slight 

Secondary chronic aquatic 

assessment (+ AF) 
++ + N/A Slight 

Terrestrial 

Chronic avian assessment ++ + + Slight 

Chronic mammalian assessment ++ +++ ++ Robust 

Terrestrial invertebrates ++ ++ ++ Moderate 

+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting 

weight of the scientific evidence outweighs the uncertainties to the point where it is unlikely that the uncertainties 

could have a significant effect on the hazard estimate. 

+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting 

scientific evidence weighed against the uncertainties is reasonably adequate to characterize hazard estimates. 

+ Slight confidence is assigned when the weight of the scientific evidence may not be adequate to characterize the 

scenario, and when the assessor is making the best scientific assessment possible in the absence of complete 

information. There are additional uncertainties that may need to be considered. 

 4122 

  4123 
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5 HUMAN HEALTH RISK ASSESSMENT  4124 

EPA assessed human health risks of TCEP exposure to workers and ONUs, consumers, and the general 4125 

population. Section 5.1 describes exposures to workers and ONUs via inhalation and oral routes; 4126 

workers via dermal routes; consumers via inhalation, dermal, and oral routes; and the general population 4127 

via oral, dermal, and inhalation routes. Human health hazards, including cancer and non-cancer endpoint 4128 

identification and dose-response, are described in Section 5.2. Human health risk characterization is 4129 

described in Section 5.3.  4130 
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5.1 Human Exposures 4131 

 4132 

 4133 

TCEP ï Human Exposures (Section 5.1): 

Key Points 
 

EPA evaluated all reasonably available information for occupational, consumer, and general 

population exposure to TCEP, including consideration of the potential for increased susceptibility 

across PESS considerations (see also Section 5.3.3 and Appendix D). The following bullets 

summarize the key points of this section of the draft risk evaluation: 

¶ Workers and ONUs can be exposed to TCEP via inhalation by dust or vapor. 

o However, large amounts of dust are not expected to be generated based on the types of 

activities that occur during the processing or use of TCEP-containing products or articles. 

o Workers can also be exposed to mists generated during the spray application of TCEP-

containing paint products, but ONUs are not expected to be present during this use.  

o Workers will be exposed to TCEP via dermal exposure when processing liquid TCEP. 

however, once TCEP has been incorporated into an article the ability for appreciable 

amounts of TCEP to be absorbed through the skin will decrease significantly as there is 

little need for further processing of an article during installation. 

¶ Chronic TCEP exposures from consumer articles to infants and children are the most relevant 

duration and populations of interest. Childrenôs mouthing activity is an important factor when 

estimating exposure to TCEP in consumer products. 

o For consumer exposures, the inhalation route dominates exposure for building and 

construction materials such as roofing insulation, acoustic ceilings, and wood flooring. 

Exposures to infants and children for fabric and textiles, foam seating and bedding 

products, and wooden TV stands is dominated by the oral route.  

o Inhalation exposures are highest for building and construction products due to emission 

of vapors from consumer articles.  

o Dermal exposures are highest for wood resin products to children. 

o Ingestion exposures are highest for foam seating and bedding products for children.  

¶ Fish ingestion is the most important exposure scenario for TCEP exposure to the general 

population. BAF and fish ingestion rate are sensitive parameters that influence these exposure 

estimates. Tribal populations for whom fish is important dietarily and culturally may have even 

higher exposure than the general population and subsistence fishers. 

¶ Fenceline communities may have elevated exposure from facilities that release TCEP. No site-

specific information was available for TCEP, so EPA varied several inputs to show a range of 

possible exposures from a hypothetical facility. 

¶ EPA identified several PESS groups: Infant exposure to TCEP via human milk was estimated 

by considering a maternal dose due to occupational, consumer, and general population 

exposures. Firefighters were identified as a PESS group through occupational exposure 

(Section 5.3.3). Children and infants were identified as PESS through consumer exposure. 

Subsistence fishers, children, infants, and fenceline communities were identified as PESS 

through general population exposures. 
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 Occupational Exposures 4134 

 4135 

The following subsections briefly describe EPAôs approach to assessing occupational exposures and 4136 

results for each condition of use assessed. For additional details on development of approaches and 4137 

results refer to the Draft Risk Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) ï Supplemental 4138 

Information File: Supplemental Information on Environmental Release and Occupational Exposure 4139 

Assessment (U.S. EPA, 2023l). As discussed in Section 3.1.1, EPA has mapped the industrial and 4140 

commercial COUs to OESs in Table 3-1. 4141 

5.1.1.1 Approach and Methodology 4142 

As described in the Final Scope of the Risk Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) 4143 

CASRN 115-96-8 (U.S. EPA, 2020b), for each COU, EPA distinguishes exposures for workers and 4144 

ONUs. Normally, a primary difference between workers and ONUs is that workers may handle TCEP 4145 

and have direct contact with the chemical, while ONUs are working in the general vicinity of workers 4146 

but do not handle TCEP and do not have direct contact with it. Where possible, for each COU, EPA 4147 

identified job types and categories for workers and ONUs.  4148 

 4149 

As discussed in Section 3.1.1, EPA established OESs to assess the exposure scenarios more specifically 4150 

within each COU. Table 3-1 provides a crosswalk between COUs and OESs. Figure 5-1 provides the 4151 

approaches used by EPA to estimate exposures for the OESs included in this draft risk evaluation of 4152 

TCEP. EPA did not identify any relevant inhalation exposure monitoring data to TCEP vapor for any of 4153 

the OESs, because TCEP does not have an Occupational Safety and Health Act (OSHA) permissible 4154 

TCEP ï Occupational Exposures (Section 5.1.1): 

Key Points  

 

EPA evaluated the reasonably available information for occupational exposures. The key points of 

the occupational exposure assessment are summarized below: 

¶ Occupational exposure data available for TCEP: 

o EPA only identified monitoring data for dust occurring within an electronic waste 

recycling facility; monitoring data for the remaining COUs/OESs was not found, most 

likely because TCEP does not have an assigned OSHA PEL and is therefore not typically 

tested for in the workplace.  

o For OESs that do not have data, EPA used relevant generic scenario and/or emission 

scenario documents to identify worker activities and exposure routes that are reasonably 

expected to occur. Exposure distributions were then created using Monte Carlo 

simulation with 100,000 iterations and the Latin Hypercube sampling method.  

¶ The OES, use of paints and coatings ï spray application, had the highest occupational 

exposure for inhalation and dermal exposure; this is due to mist being generated during 

application as well as a higher dermal loading value:  

o Inhalation exposure for use of paints and coatings ï spray application ranges from 5.500 

mg/m3 (95th percentile, 8-hr TWA, resin-based paints) to 1.7×10ī1 mg/m3 (50th 

percentile, 8-hr TWA, water-based paints). EPA identified mist generation as the main 

driver of exposure but is not expected to occur during other COUs/OESs.  

o Dermal acute retained dose (mg/kg-day) ranges from 8.02 (95th percentile) to 1.48 (50th 

percentile). 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
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exposure limit (PEL). For two OESs monitoring data was available for TCEP in dust. The quality of the 4155 

monitoring data was evaluated using the data quality review evaluation metrics and the categorical 4156 

ranking criteria described in the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations 4157 

for Chemical Substances (U.S. EPA, 2021). Relevant data were assigned an overall quality 4158 

determination of high, medium, low, or uninformative. In addition, EPA established an overall 4159 

confidence for the data when integrated into the occupational exposure assessment. The Agency 4160 

considered the assessment approach, the quality of the data and models, as well as uncertainties in 4161 

assessment results to assign an overall confidence level of robust, moderate, or slight. 4162 

 4163 

Where monitoring data were reasonably available, EPA used this data to characterize central tendency 4164 

and high-end inhalation exposures. Where no inhalation monitoring data were identified, but inhalation 4165 

exposure models were reasonably available, EPA estimated central tendency and high-end exposures 4166 

using only modeling approaches. If both inhalation monitoring data and exposure models were 4167 

reasonably available, where applicable, EPA presented central tendency and high-end exposures using 4168 

both. EPA only identified measured dermal exposure estimates for dust generated at e-waste facilities. 4169 

Monitoring data were not reasonably available for any other COUs. EPA standard models, such as the 4170 

EPA Mass Balance Inhalation Model and Fractional Absorption Model, were used to estimate high-end 4171 

and central tendency inhalation and dermal exposures for workers in each OES. 4172 

 4173 

For many cases, EPA did not have monitoring data to estimate inhalation exposure for ONUs. In some 4174 

cases, this was addressed with the use of exposure models, when available. However, most OESs do not 4175 

contain inhalation exposure estimates for ONUs. In general, EPA expects ONU exposures to be less 4176 

than worker exposures. Dermal exposure for ONUs was not evaluated because these employees are not 4177 

expected to be in direct contact with TCEP. 4178 

 4179 

 4180 

Figure 5-1. Approaches Used for Each Component of the Occupational Assessment for Each OES 4181 
CDR = Chemical Data Reporting; GS = Generic Scenario; ESD = Emission Scenario Document; BLS = Bureau 4182 
of Labor Statistics; NIOSH (HHE) = National Institute of Occupational Safety and Health (Health Hazard 4183 
Evaluations); Fab = Fractional Absorption Model 4184 
 4185 

In Table 5-1, EPA provides a summary for each OES by indicating whether monitoring data were 4186 

reasonably available; how many data points were identified, the quality of the data; EPAôs overall 4187 

confidence in the data; whether the data were used to estimate inhalation exposures for workers and 4188 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
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ONUs; and whether EPA used modeling to estimate inhalation exposure to dust, vapors, or mist and 4189 

dermal exposures for workers and ONUs. 4190 

 4191 

Table 5-2 provides a summary of EPA estimates for the total number of potentially exposed workers and 4192 

ONUs for each OES. To prepare these estimates, EPA first attempted to identify NAICS codes 4193 

associated with each OES. For these NAICS codes, EPA then reviewed Standard Occupational 4194 

Classification (SOC) codes from the Bureau of Labor Statistics (BLS) and classified relevant SOC codes 4195 

as workers or ONUs. All other SOC codes were assumed to represent occupations where exposure is 4196 

unlikely. EPA also estimated the total number of facilities associated with the NAICS codes previously 4197 

identified based on data from the U.S. Census Bureau. 4198 

 4199 

EPA then estimated the average number of workers and ONUs potentially exposed per generic site by 4200 

dividing the total number of workers and ONUs by the total number of facilities. Finally, using EPAôs 4201 

estimates for the number of facilities using TCEP, the Agency was able to estimate the total number of 4202 

workers and ONUs potentially exposed to TCEP for each OES. Additional details on EPAôs approach 4203 

and methodology for estimating the number of facilities using TCEP and the number of workers and 4204 

ONUs potentially exposed to TCEP can be found in the Draft Risk Evaluation for Tris(2-chloroethyl) 4205 

Phosphate (TCEP) ï Supplemental Information File: Supplemental Information on Environmental 4206 

Release and Occupational Exposure Assessment (U.S. EPA, 2023l). 4207 

 4208 

 4209 

 4210 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
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Table 5-1. Summary for Each Occupational Exposure Scenarios (OES) 4211 

OES 

Inhalation Exposure Dermal Exposure 

Monitoring  Modeling 
Inhalation Exposure 

Confidencea Monitoring  Modeling 
Dermal Exposure 

Confidencea 

  Worker  
# Data 

Points 
ONU 

# Data 

Points 

Overall 

Quality 

Determ-

ination 

Worker  ONU Worker  ONU Worker  

Overall 

Quality 

Determ-

ination 

Worker  Worker  ONU 

Manufacture (import) ï 

repackaging 

O N/A O N/A N/A V O Moderate Slight O N/A V Moderate N/A 

Processing ï 

incorporation into paints 

and coatings ï 1-part 

coatings 

O N/A O N/A N/A V O Moderate Slight O N/A V Moderate N/A 

Processing ï 

incorporation into paints 

and coatings ï 2-part 

reactive coatings 

O N/A O N/A N/A V O Moderate Slight O N/A V Moderate N/A 

Processing ï formulation 

of TCEP-containing 

reactive resins (for use in 

2-part systems) 

O N/A O N/A N/A V O Moderate Slight O N/A V Moderate N/A 

Processing ï processing 

into 2-part resin article 

O N/A O N/A N/A V O Moderate Slight O N/A V Moderate N/A 

Processing ï recycling e-

waste 

V 55 V 21 High O O Moderate Moderate O N/A V Moderate N/A 

Distribution ï 

distribution in commerce 
 Distribution activities (e.g., loading) considered throughout life cycle, rather than using a single distribution scenario 

Industrial use ï 

installation of article 

V 1 (Surrogate) O N/A High O O Slight Slight O N/A O N/A N/A 

Commercial use ï use 

and/or maintenance of 

aerospace equipment and 

products 

V 1 (Surrogate) O N/A High O O Slight Slight O N/A O N/A N/A 

Commercial 

use ï use of paints and 

coatings ï spray 

application 

V Surrogate 

Spray GS 

O N/A High O O Moderate Slight O N/A V Moderate N/A 
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 4212 

4213 

OES 

Inhalation Exposure Dermal Exposure 

Monitoring  Modeling 
Inhalation Exposure 

Confidencea Monitoring  Modeling 
Dermal Exposure 

Confidencea 

  Worker  
# Data 

Points 
ONU 

# Data 

Points 

Overall 

Quality 

Determ-

ination 

Worker  ONU Worker  ONU Worker  

Overall 

Quality 

Determ-

ination 

Worker  Worker  ONU 

Commercial use ï lab 

chemical ï use of 

laboratory chemicals 

O N/A O N/A N/A V O Robust Moderate O N/A V Moderate N/A 

commercial uses:  

furnishing, cleaning, 

treatment/care products 

fabric and textile 

products 

¶ Foam seating and 

bedding products 

Construction, paint, 

electrical, and metal 

products 

¶ Building/construction 

materials ï insulation 

¶ Building/construction 

materials ï wood and 

engineered wood 

products ï wood 

resin composites 

O N/A O N/A N/A O O N/A N/A O N/A O N/A N/A 

Disposal Evaluated as part of each OES as opposed to a standalone OES   

Where EPA was not able to estimate ONU inhalation exposure from monitoring data or models, this was assumed equivalent to the central tendency experienced by workers for 

the corresponding OES; dermal exposure for ONUs was not evaluated because they are not expected to be in direct contact with TCEP. 
a Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of the scientific evidence outweighs the uncertainties to 

the point where it is unlikely that the uncertainties could have a significant effect on the hazard estimate. 

Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against the uncertainties is reasonably 

adequate to characterize hazard estimates.  

Slight confidence is assigned when the weight of the scientific evidence may not be adequate to characterize the scenario, and when the assessor is making the best scientific 

assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered. 
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5.1.1.2 Summary of Inhalation Exposure Assessment 4214 

Table 5-2 summarizes the number of facilities and total number of exposed workers for all OESs. 4215 

 4216 

Table 5-2. Summary of Total Number of Workers and ONUs Potentially Exposed to TCEP for 4217 

Each OESa 4218 

OES 

Total Exposed 

Workers / 

Site 

Total 

Exposed 

ONUs / 

Site 

Total Exposed / Site 

(Exposure days/yr 

High-End ï 

Central Tendency) 

Number of 

Facilitiesa 
Notes 

Manufacture 

(import) ï 

repackaging 

1 0 1 

(7 ï 4) 

1 generic site 424690 ï Other 

Chemical and Allied 

Products Merchant 

Wholesalers 

Processing ï 

incorporation into 

paints and coatings 

ï 1-part coatings 

14 5 19 

(38 ï 6) 

1 generic site 325510 ï Paint and 

Coating Manufacturing 

Processing ï 

incorporation into 

paints and coatings 

ï 2-part reactive 

coatings 

14 5 19 

(2 ï 1) 

1 generic site 325510 ï Paint and 

Coating Manufacturing 

Processing ï 

formulation of 

TCEP-containing 

reactive resins (for 

use in 2-part 

systems) 

27 12 39 

(6 ï 1) 

1 generic site 325211 ï Plastics 

Material and Resin 

Manufacturing 

Processing ï 

processing into 2-

part resin article 

75 64 139 

(250 ï 72) 

1 generic site 326400 ï Aerospace 

Product and Parts 

Manufacturing 

Processing ï 

recycling e-waste 

2 2 4 

(250 ï 250) 

Unknown 562920 ï Materials 

Recovery Facilities 

Distribution ï distribution in commerce Distribution activities (e.g., loading) considered throughout life 

cycle, rather than using a single distribution scenario 

Industrial use ï 

installation of 

article  

75 64 139 

(250 ï 250) 

1 generic site 326400 ï Aerospace 

Product and Parts 

Manufacturing 

Commercial use ï

Use and/or 

maintenance of 

aerospace 

equipment and 

products 

75 64 139 

(250 ï 250) 

1 generic site 326400 ï Aerospace 

Product and Parts 

Manufacturing 

Commercial use ï 

use of paints and 

coatings ï spray 

application 

3 0 3 Sites vary based 

on multiple 

throughput 

scenarios; see 
Table 3-2 

811121 ï Automotive 

Body, Paint, and 

Interior Repair and 

Maintenance 
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OES 

Total Exposed 

Workers / 

Site 

Total 

Exposed 

ONUs / 

Site 

Total Exposed / Site 

(Exposure days/yr 

High-End ï 

Central Tendency) 

Number of 

Facilitiesa 
Notes 

4 0 4 

(Exposure days based 

on 1-, 2-, or 250-day 

scenarios) 

238320 ï Painting and 

Wall Covering 

Contractors 

Commercial Use ï 

lab chemical ï use 

of laboratory 

chemicals 

3 3 6 

 

(220 ï 214) 

13 sites (1st 

percentile) 

 

6 sites (5th 

percentile) 

541380  Testing 

laboratories 

541713  Research and 

development in 

nanotechnology 

541714  Research and 

development in 

biotechnology (except 

nanobiotechnology) 

541715  Research and 

development in the 

physical, engineering, 

and life sciences 

(except nanotechnology 

and biotechnology) 

621511  Medical 

Laboratories 

Commercial Uses ï 

¶ Furnishing, cleaning, 

treatment/care products 

o Fabric and textile products 

o Foam seating and bedding 

products 

¶ Building/construction materials 

o Insulation 

o Wood resin composites 

Manufacturing and processing for 

these COUôs has ceased 

 

N/A 

Disposal Evaluated as part of each OES as opposed to a standalone OES 

a EPAôs approach and methodology for estimating the number of facilities using TCEP and the number of workers 

and ONUs potentially exposed to TCEP can be found in the Draft Risk Evaluation for Tris(2-chloroethyl) Phosphate 

(TCEP) ï Supplemental Information File: Supplemental Information on Environmental Release and Occupational 

Exposure Assessment (U.S. EPA, 2023l). 

 4219 

A summary of inhalation exposure results based on monitoring data and exposure modeling for each 4220 

OES is presented for workers in Table 5-3 and Table 5-4, respectively. ONUs are presented in Table 4221 

5-5. These tables provide a summary of time-weighted average (TWA) inhalation exposure estimates as 4222 

well as acute exposure concentrations (AC), average daily concentrations (ADC), lifetime average daily 4223 

concentrations (LADC), and subchronic average daily concentration (SCADC). The ADC is used to 4224 

characterize risks for chronic non-cancer health effects whereas the LADC is used for chronic cancer 4225 

health effects. The SCADC represents repeated exposure for approximately 30 days. Additional details 4226 

regarding AC, ADC, LADC, and SCADC calculations along with EPAôs approach and methodology for 4227 

modeling inhalation exposure can be found in Draft Risk Evaluation for Tris(2-chloroethyl) Phosphate 4228 

(TCEP) ï Supplemental Information File: Supplemental Information on Environmental Release and 4229 

Occupational Exposure Assessment (U.S. EPA, 2023l). 4230 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
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Table 5-3. Summary of Inhalation Exposure Results for Workers Based on Monitoring Data for Each OES 4231 

OES 

Inhalation Monitoring (Worker, ppm)  

TWA  AC ADC LADC  SADC 

High-End 
Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 

Processing ï recycling e-waste  9.68Eī04 1.00Eī07 6.6Eī04 6.80Eī08 4.51Eī04 4.66Eī08 2.31Eī04 1.85Eī08 4.83Eī04 4.99Eī08 

Industrial use ï installation of 

article  

1.3Eī05 1.3Eī05 8.8Eī06 8.8Eī06 6.5Eī06 6.5Eī06 3.1Eī06 

 

2.4Eī06 6.5Eī06 6.5Eī06 

Commercial use ï use and/or 

maintenance of aerospace 

equipment and products 

1.3Eī05 1.3Eī05 8.8Eī06 8.8Eī06 6.5Eī06 6.5Eī06 3.1Eī06 

 

2.4Eī06 6.5Eī06 6.5Eī06 

 4232 
 4233 

Table 5-4. Summary of Inhalation Exposure Results for Workers Based on Exposure Modeling for Each OES 4234 

OES 

Inhalation Modeling (Worker,  mg/m3) 

TWA (8-hr)  AC ADC LADC  SADC 

High-End 
Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 

Manufacture (import) ï 

repackaging 

4.1Eī02 1.1Eī02 2.8Eī02 7.5Eī03 3.1Eī03 8.9Eī05 1.2Eī04 3.4Eī05 3.7Eī03 1.1Eī03 

Processing ï incorporation into 

paints and coatings ï 1-part 

coatings 

1.0Eī01 1.7Eī02 7.1Eī02 1.1Eī02 8.0Eī04 1.9Eī04 3.2Eī04 7.3Eī05 9.2Eī03 2.2Eī03 

Processing ï incorporation into 

paints and coatings ï 2-part 

reactive 

4.0Eī01 9.6Eī02 2.7Eī01 6.5Eī02 7.9Eī04 1.9Eī04 3.1Eī04 7.1Eī05 9.6Eī03 2.3Eī03 

Processing ï formulation of 

TCEP-containing reactive 

resins (for use in 2-part 

systems) 

4.1Eī01 7.4Eī02 2.8Eī01 5.1Eī02 8.4Eī04 1.8Eī04 3.3Eī04 6.9Eī05 1.0Eī02 2.2Eī03 
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OES 

Inhalation Modeling (Worker,  mg/m3) 

TWA (8-hr)  AC ADC LADC  SADC 

High-End 
Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 

Processing ï processing into 2-

part resin article 

1.8Eī02 3.4Eī03 1.2Eī02 2.3Eī03 2.3Eī03 3.9Eī04 9.2Eī04 1.5Eī04 8.1Eī03 1.6Eī03 

Distribution ï distribution in 

commerce 

Distribution activities (e.g., loading) considered throughout life cycle, rather than using a single distribution scenario 

Commercial use ï paints & 

coatings ï spray (1-part 

coatings, 1-day application) 

(OES #7) 

1.1E00 1.7Eī01 7.5Eī01 1.1Eī01 2.1Eī03 3.1Eī04 1.1Eī03 1.3Eī04 2.5Eī02 3.8Eī03 

Commercial use ï paints & 

coatings ï spray (1-part 

coatings, 2-day application) 

1.1E00 1.7Eī01 7.5Eī01 1.1Eī01 4.1Eī03 6.3Eī04 2.1Eī03 1.37Eī04 5.0Eī02 7.7Eī03 

Commercial use ï paints & 

coatings ï spray (1-part 

coatings, 250-day application) 

1.1E00 1.7Eī01 7.5E-01 1.1Eī01 5.1E-01 7.9Eī02 2.6Eī01 3.1Eī02 5.5E-01 8.4Eī02 

Commercial use ï paints & 

coatings ï spray (2-part 

coatings, 1-day application) 

5.5E00 8.5Eī01 3.8E00 5.7Eī01 1.0Eī02 1.6Eī03 5.3Eī03 6.3Eī04 1.3Eī01 1.9Eī02 

Commercial use ï paints & 

coatings ï spray (2-part 

coatings, 2-day application) 

5.5E00 8.5Eī01 3.8E00 5.7Eī01 2.1Eī02 3.1Eī03 1.1Eī02 1.3Eī03 2.5Eī01 3.8Eī02 

Commercial use ï paints & 

coatings ï spray (2-part 

coatings, 250-day application) 

5.5E00 8.5Eī01 3.8E00 5.7Eī01 2.6E00 3.9Eī01 1.3E00 1.6Eī01 2.8E00 4.2Eī01 

Commercial use ï lab chemical 

ï use of laboratory chemicals 

9.3Eī04 5.8Eī04 7.9Eī04 5.1Eī04 4.3Eī04 2.7Eī04 1.5Eī04 8.8Eī05 4.6Eī04 2.9Eī04 

Disposal Assessed as part of each OES and not as a stand-alone OES 

 4235 
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Table 5-5. Summary of Inhalation Exposure Results for ONUs Based on Monitoring Data and Exposure Modeling for Each OES 4236 

OES 

Inhalation Monitoring (ONU, mg/m3) 

TWA  AC ADC LADC  SADC 

High-End 
Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 
High-End 

Central 

Tendency 

Recycling of e-waste 1.9Eī04 1.0Eī07 1.3Eī04 6.8Eī08 8.9Eī05 4.7Eī08 4.5Eī05 1.9Eī08 9.5Eī05 5.0Eī08 

Note that for many cases, EPA was not able to estimate inhalation exposure for ONUs, but EPA expects these to be lower than inhalation exposure for workers. 

 4237 
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5.1.1.3 Summary of Dermal Exposure Assessment 4238 

Table 5-6 presents the estimated dermal acute retained dose for workers in various exposure scenarios. 4239 

The exposure estimates are provided for each OES based on the maximum possible exposure 4240 

concentration (Yderm), which is the highest concentration level of TCEP that a worker handles 4241 

throughout the process. The exposure concentration is determined based either on EPAôs review of 4242 

currently available products and formulations containing TCEP or the assumption that neat TCEP is 4243 

handled to formulate these products.  4244 

  4245 

The occupational dermal dose estimates assume one exposure event (applied dose) per workday and that 4246 

absorption through and into the skin may occur for up to 8 hours as representative of a typical workday. 4247 

Also, it is assumed that workers will thoroughly wash their hands with soap and water at the end of their 4248 

shifts. Regarding material remaining in the skin post-washing, EPA considers the quantity of material 4249 

remaining in the skin as potentially absorbable in accordance with OECD Guidance Document 156 4250 

(OECD, 2022). Therefore, overall occupational dermal exposure consists of the amount absorbed during 4251 

the 8-hour workday plus the amount remaining in the skin after washing the hands at the end of the 8-4252 

hour workday. 4253 

 4254 

In order to estimate occupational dermal exposures to TCEP, EPA relied on fractional absorption data 4255 

from Abdallah et al. (2016). This study used a low concentration (å0.005 wt % in acetone) of TCEP for 4256 

in vitro dermal absorption testing of a finite dose (i.e., 500 ng/cm2) over a 24-hour period. As mentioned 4257 

above, the occupational exposure estimates are based on a typical 8-hour workday. Cumulative 4258 

absorption data from Abdallah et al. (2016) show 82.69 ng/cm2 absorbed after 8 hours of exposure and 4259 

the fraction remaining in the skin is 0.068 after 24 hours of exposure. Because there were no data for the 4260 

quantity remaining in the skin after 8 hours of exposure, EPA conservatively assumed that the quantity 4261 

in the skin after 24 hours of exposure is representative of the amount remaining in the skin after 8 hours 4262 

of exposure. EPA used the cumulative absorption data to determine the fraction absorbed after an 8-hour 4263 

exposure period (0.165), and then conservatively added the fraction remaining in the skin at 24 hours 4264 

(0.068). Therefore, the overall fractional absorption from an 8-hour exposure was calculated for a dilute 4265 

solution containing TCEP as fabs = 0.165 + 0.068 = 0.233.  4266 

 4267 

 4268 
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Table 5-6. Summary of Dermal Retained Dose for Workers Based on Exposure Modeling for Each 4269 

OES 4270 

OES 

Max TCEP 

Weight Fraction 

(Max Yderm) 

Non-occluded Worker Dermal Retained Dose 

Dose (mg/day) 

High-End 
Central 

Tendency 

Manufacture (import) ï repackaging 1.0E00 6.54E00 2.18E00 

Processing ï incorporation into paints 

and coatings ï 1-part coatings 

1.0E00 6.54E00 2.18E00 

Processing ï incorporation into paints 

and coatings ï 2-part reactive coatings 

1.0E00 6.54E00 2.18E00 

Processing ï formulation of TCEP-

containing reactive resins (for use in 2-

part systems) 

1.0E00 6.54E00 2.18E00 

Processing ï processing into 2-part 

resin article 

4.0Eī01 2.62E00 8.73Eī01 

Processing ï recycling e-waste 1.40Eī05 4.4Eī05 1.8Eī05 

Distribution ï distribution in commerce Distribution activities (e.g., loading) considered throughout life cycle, 

rather than using a single distribution scenario 

Industrial use ï installation of article  N/A N/A N/A 

Commercial use ï use and/or 

maintenance of aerospace equipment 

and products 

N/A N/A N/A 

Commercial use ï use of paints and 

coatings ï spray application OES 

0.25 8.02E00 1.48E00 

Commercial use ï lab chemical ï use of 

laboratory chemicals 

1.0 6.54E00 2.18E00 

Commercial uses:  

¶ Furnishing, cleaning, 

treatment/care products 

o Fabric and textile products 

o Foam seating and bedding 

products 

¶ Construction, paint, electrical, and 

metal products 

o Building/construction 

materials ï insulation 

o Building/construction 

materials ï wood and 

engineered wood products ï 

wood resin composites 

N/A N/A N/A 

Disposal Evaluated as part of each OES as opposed to a standalone OES 

All dermal exposure scenarios are considered to be to a finite dose; therefore, no scenario is considered occluded. 

 4271 
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5.1.1.4 Weight of the Scientific Evidence Conclusions for Occupational Exposure 4272 

Draft Risk Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) ï Supplemental Information File: 4273 

Supplemental Information on Environmental Release and Occupational Exposure Assessment (U.S. 4274 

EPA, 2023l) provides a summary of EPAôs overall confidence in its inhalation exposure estimates for 4275 

each of the OESs assessed. 4276 

5.1.1.4.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for  4277 

the Occupational Exposure Assessment 4278 

Number of Workers 4279 

Several uncertainties surround the estimated number of workers potentially exposed to TCEP. Current 4280 

CDR data reported in 2020 do not show production volumes that exceed the threshold of 25,000 pounds 4281 

and therefore, information was not available to estimate the number of workers associated with 4282 

manufacturing, processing, or use of TCEP.  4283 

 4284 

There are inherent limitations to the use of CDR data as reported by manufacturers and importers of 4285 

TCEP. Manufacturers and importers are only required to report if they manufactured or imported more 4286 

than 25,000 lb of TCEP at a single site during any calendar year; as such, CDR may not capture all sites 4287 

and workers associated with any given chemical because it is possible for entities to use less than the 4288 

CDR threshold. Therefore, EPA assumes that any ongoing manufacturing, import, processing, or use of 4289 

TCEP occurs using volumes below the CDR threshold. 4290 

 4291 

There are also uncertainties with BLS data, which are used to estimate the number of workers for the 4292 

remaining COUs. First, BLSô OES employment data for each industry/occupation combination are only 4293 

available at the 3-, 4-, or 5-digit NAICS level, rather than the full 6-digit NAICS level. This lack of 4294 

granularity could result in an overestimate of the number of exposed workers if some 6-digit NAICS are 4295 

included in the less granular BLS estimates but are not likely to use TCEP for the assessed applications. 4296 

EPA addressed this issue by refining the OES estimates using total employment data from the U.S. 4297 

Censusô Statistics of U.S. Businesses (SUSB). However, this approach assumes that the distribution of 4298 

occupation types (SOC codes) in each 6-digit NAICS is equal to the distribution of occupation types at 4299 

the parent 5-digit NAICS level. If the distribution of workers in occupations with TCEP exposure differs 4300 

from the overall distribution of workers in each NAICS, then this approach will result in inaccuracy but 4301 

would be unlikely to systematically either overestimate or underestimate the count of exposed workers. 4302 

 4303 

Second, EPAôs judgments about which industries (represented by NAICS codes) and occupations 4304 

(represented by SOC codes) are associated with the uses assessed in this report are based on EPAôs 4305 

understanding of how TCEP is used in each industry. Designations of which industries and occupations 4306 

have potential exposures is nevertheless subjective, and some industries/occupations with few exposures 4307 

might erroneously be included, or some industries/occupations with exposures might erroneously be 4308 

excluded. This would result in inaccuracy but would be unlikely to systematically either overestimate or 4309 

underestimate the count of exposed workers. 4310 

 4311 

Analysis of Exposure Monitoring Data 4312 

This risk evaluation uses existing worker exposure monitoring data to assess exposure to TCEP during 4313 

some COUs, depending on availability of data. To analyze the exposure data, EPA categorized each data 4314 

point as either ñworkerò or ñoccupational non-user.ò The categorizations are based on descriptions of 4315 

worker job activity as provided in literature and EPAôs judgment. In general, samples for employees that 4316 

are expected to have the highest exposure from direct handling of TCEP are categorized as ñworkerò and 4317 

samples for employees that are expected to have the lower exposure and do not directly handle TCEP 4318 

are categorized as ñoccupational non-user.ò 4319 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194890
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Exposures for ONUs can vary substantially. Most data sources do not sufficiently describe the proximity 4320 

of these employees to the TCEP exposure source. As such, exposure levels for the ñoccupational non-4321 

userò category will have high variability depending on the specific work activity performed. It is 4322 

possible that some employees categorized as ñoccupational non-userò have exposures similar to those in 4323 

the ñworkerò category depending on their specific work activity pattern. 4324 

 4325 

Some scenarios have limited exposure monitoring data in literature, if any. Where there are few data 4326 

points available, it is unlikely the results will be representative of worker exposure across the industry. 4327 

In cases where there was no exposure monitoring data, EPA used monitoring data from similar COUs as 4328 

a surrogate. For example, EPA did not identify inhalation monitoring data for installation of aircraft and 4329 

aerospace articles based on the systematic review of literature sources. However, EPA estimated 4330 

inhalation exposures for this OES using monitoring data for TCEP exposures during furniture 4331 

manufacturing (Mäkinen et al., 2009). EPA expects that inhalation exposures during furniture 4332 

manufacturing occur from handling or contacting TCEP-containing products, which is comparable to 4333 

inhalation exposures expected during installation of TCEP-containing products for aircraft or aerospace 4334 

applications. While these COUs have similar worker activities contributing to exposures, it is unknown 4335 

that the results will be fully representative of worker exposure across different COUs. 4336 

 4337 

Where sufficient data were reasonably available, the 95th and 50th percentile exposure concentrations 4338 

were calculated using reasonably available data. The 95th percentile exposure concentration is intended 4339 

to represent a high-end exposure level, while the 50th percentile exposure concentration represents a 4340 

typical exposure level. The underlying distribution of the data, and the representativeness of the 4341 

reasonably available data, are not known. Where discrete data were not reasonably available, EPA used 4342 

reported statistics (i.e., 50th and 95th percentile). Since EPA could not verify these values, there is an 4343 

added level of uncertainty. 4344 

 4345 

EPA calculated ADC and LADC values assuming workers and ONUs are regularly exposed during their 4346 

entire working lifetime, which likely results in an overestimate. Individuals may change jobs during 4347 

their career such that they are no longer exposed to TCEP, and actual ADC and LADC values would be 4348 

lower than the estimates presented. 4349 

 4350 

The following describe additional uncertainties and simplifying assumptions associated with use of this 4351 

modeling approach for TCEP: 4352 

¶ No OSHA PEL (Very Little Monitoring Data): While EPA has confidence in the models used, it 4353 

is possible that they may not account for variability of exact monitoring processes and practices 4354 

at an individual site. 4355 

¶ No 2020 CDR Reporters and Only One 2016 CDR Reporter (with No Downstream Details 4356 

Provided): Assumptions of an ongoing production volume of 2,500 and 25,000 lb per site-year 4357 

could overestimate actual amount of TCEP handled at a given site, thus overestimating actual 4358 

exposures and releases. Release and exposure information using the 25,000 lb per site-year is 4359 

provided in the Engineering Supplemental file.  4360 

Modeled Dermal Exposures 4361 

The Fractional Absorption Model is used to estimate dermal exposure to TCEP in occupational settings. 4362 

The model assumes a fixed fractional absorption of the applied dose; however, fractional absorption 4363 

may be dependent on skin loading conditions. The model also assumes a single exposure event per day 4364 

based on existing framework of the EPA/OPPT 2-Hand Dermal Exposure to Liquids Model and does 4365 

not address variability in exposure duration and frequency. Additionally, the studies used to obtain the 4366 

underlying values of the quantity remaining on the skin (Qu) did not take into consideration the fact that 4367 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2560628
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liquid retention on the skin may vary with individuals and techniques of application on and removal 4368 

from the hands. Also, the data used were developed from three kinds of oils; therefore, the data may not 4369 

be applicable to other liquids. Based on the uncertainties described above, EPA has a moderate level of 4370 

confidence in the assessed baseline exposure (see Table 5-1). 4371 

 Consumer Exposures 4372 

5.1.2.1 Approach and Methodology 4373 

The migration of additive flame retardants from indoor sources such as building materials, fabrics, 4374 

textiles, and wood articles (from either ongoing COUs or in service products/articles at the end of their 4375 

life cycle) appear to be a likely source of flame retardants found in indoor dust, suspended particles, and 4376 

indoor air (Dodson et al., 2012; Weschler and Nazaroff, 2010). However, the relative contribution of 4377 

different sources of TCEP in these matrices is not well characterized. For example, building insulation, 4378 

textiles, and paints and coatings that contain TCEP have differing magnitudes of emissions that depend 4379 

on a variety of differing conditions. 4380 

 4381 

Modeling was conducted to estimate exposure from the identified consumer COUs. Exposures via 4382 

inhalation, oral, and dermal routes to TCEP-containing consumer products were estimated using EPAôs 4383 

Consumer Exposure Model (CEM) Version 3.0 (U.S. EPA, 2019d). Figure 5-2 below displays the 4384 

embedded models within CEM 3.0. 4385 

 4386 

TCEP ï Consumer Exposures (Section 5.1.2): 

Key Points  

 

EPA evaluated the reasonably available information for the following consumer exposures, the key 

points of which are summarized below: 

¶ Limited information is available on TCEP in consumer products. 

O There are no current safety data sheets. 

O Weight fraction estimates in some cases were derived from literature values that were over 

20 years old and from maximum values reported in Washington State databases.  

¶ The highest exposure estimates were from inhalation of the roofing insulation scenario (1.42 

mg/kg/d) and the wood flooring scenario (1.24 mg/kg/day). However, EPAôs confidence in 

these estimates is low. Of the scenarios with moderate or robust confidence, the highest 

inhalation and oral exposure estimates were from the textile for childrenôs outdoor play 

structures scenario (0.0604 mg/kg/day, 0.185 mg/kg/day, respectively). 

¶ Inhalation is the driver for exposure to building and construction materials (e.g., roofing 

insulation, acoustic ceiling) and wood flooring for adults.  

¶ Oral ingestion is the driver for exposure for fabric and textile products, foam seating and 

bedding products, and wooden tv stands for children and infants.  

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2557649
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2618505
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5205098
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 4387 

Figure 5-2. Consumer Pathways and Routes Evaluated in this Assessment 4388 

 4389 

CEM 3.0 estimates acute dose rates and chronic average daily doses for inhalation, ingestion, and 4390 

dermal exposures of consumer products and articles. CEM 3.0 gives exposure estimates for various 4391 

lifestages, including the following: 4392 

¶ Adult   (>21 years) 4393 

¶ Youth 2  (16ï20 years) 4394 

¶ Youth 1  (11ï15 years)  4395 

¶ Child 2  (6ï10 years) 4396 

¶ Child 1  (3ï5 years) 4397 

¶ Infant 2  (1ï2 years) 4398 

¶ Infant 1  (<1 year)  4399 

¶ Lifetime LADD/LADC (lifetime average daily dose/lifetime average daily concentration) 4400 

Exposure inputs for these various lifestages are provided in the EPAôs CEM Version 3.0 Appendices 4401 

(U.S. EPA, 2019e). CEM 3.0 acute exposures are for an exposure duration of 1 day, and chronic 4402 

exposures are for an exposure duration of 1 year. For more information on specific use patterns, and 4403 

exposure inputs for populations, please see H.4.6 (Consumer Exposure). A summary of key parameters 4404 

used for the various consumer exposures scenarios are provided in Table 5-10.  4405 

5.1.2.2 Consumer COUs and Exposure Scenarios 4406 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5205300
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Table 5-7. Summary of Consumer COUs, Exposure Scenarios, and Exposure Routes 4407 

Life Cycle 

Stage 
Category Subcategory 

Consumer Use and Exposure 

Scenario 
Form(s) 

Routes Evaluated 

Consumer User 

Oral  Inhalation Dermal 

Consumer 

Use 

Paints and 

coatings 
Paints and coatings N/A 

Liquid   Q 

Vapor  Q  

Mist   Q 

Consumer 

Use 

 

Furnishing, 

cleaning, 

treatment/care 

products 

Fabric and textile products 

Direct contact through use of 

products/articles containing 

TCEP 

Air/Particulate  V  

Dust V  V 

Article/Product 

Contact/Mouthing 

V  V 

Consumer 

Use 

 

Furnishing, 

cleaning, 

treatment/care 

products 

Foam seating and bedding 

products 

Direct contact through use of 

products/articles containing 

TCEP 

Air/Particulate  V  

Dust V  V 

Article/Product 

Contact/Mouthing 

V  V 

Consumer 

Use 

Construction, 

paint, 

electrical, and 

metal products 

Building/construction 

materials ï insulation 

 

Direct contact through use of 

building/construction materials 

made containing TCEP 

Air/Particulate  V  

Dust V  V 

Article/Product 

Contacta    

Building/construction 

materials ï wood and 

engineered wood products ï 

wood resin composites 

Direct contact through use of 

wood and wood products made 

containing TCEP 

 

Air/Particulate  V  

Dust V  V 

Article/Product 

Contact/Mouthing 
V  V 

Disposal  

Wastewater, 

liquid wastes, 

and solid 

wastes 

Wastewater, liquid wastes, 

and solid wastes 

Direct contact through use of 

products/articles containing 

TCEP 

Article/Product Contact   Q 

Dust   Q 

Air/Particulate  Q  

Long-term emission/mass-

transfer through use of products 

containing TCEP 

Dust   Q 

Air/Particulate 
 Q  

V= Quantitatively assessed; Q =  Qualitatively assessed 
a Contact with the product is not expected (see Section 5.1.2.2.1). 

 4408 
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Paints and Coatings 4409 

Consumers are no longer able to purchase paints and coatings containing TCEP because their domestic 4410 

retail production and manufacturing has ceased. It is possible that old paint cannisters stored in 4411 

basements, crawlspaces, and/or garages may result in exposure to TCEP from off-gassing or during use 4412 

by consumers. Furthermore, the exposure to paints and coatings containing TCEP may occur via an 4413 

article scenario in which the paint and coating has already been applied. There is a higher likelihood that 4414 

older buildings may have used TCEP-containing paints and coatings when the use of TCEP in consumer 4415 

paints and coatings was more common. This dried scenario is like the acoustic ceilings/drywall scenario 4416 

that was assessed for the building/construction materials COU. The exposure scenario of dried paints 4417 

and coatings present in the indoor environment is qualitatively assessed.  4418 

 4419 

Due to limited information regarding the use of paints and coatings and the uncertainties surrounding the 4420 

weight fraction, activity and use patterns, and duration of use, EPA did not quantitatively assess the use 4421 

of paints and coatings containing TCEP. 4422 

 4423 

Fabric and Textile Products 4424 

In a study of the CHAMACOS cohort in California, Castorina et al. (2017) indicates that TCEP levels in 4425 

dust are significantly associated with the presence of extremely worn carpets. Crowding, poor housing 4426 

quality, and lack of maintenance by landlords can result in ñextremely wornò carpets, warranting 4427 

replacement. This suggests that individuals who are lower socioeconomic status may have increased 4428 

exposure to TCEP due to the inability to replace extremely worn carpets. 4429 

 4430 

Ionas et al. (2014) measured TCEP concentrations in different types (e.g., hard plastic, soft plastic and 4431 

rubber, wood and foam and textile) of childrens toys in Antwerp, Belgium. This study reported a median 4432 

TCEP concentration of 3 µg/g, mean of 10 µg/g, and maximum of 45 µg/g of TCEP in 36 percent in 25 4433 

foam and textile products sampled. For soft plastics and rubber products, a detection frequency of 42 4434 

percent in 31 toys with a median of 5 µg/g, mean of 10 µg/g, and maximum of 65 µg/g was reported. 4435 

For hard plastic toys, the study author reported a detection frequency of 14 percent in 50 toys with a 4436 

median of 2 µg/g, mean of 10 µg/g, and maximum of 25 µg/g. These mean concentrations correspond to 4437 

a weight fraction of 0.001 percent.  4438 

 4439 

EPA searched the Ecology Washington database (WSDE, 2023) in August 2022 and retrieved various 4440 

information for fabric and textile products containing TCEP. The Ecology Washington database 4441 

sampled for fabric and textile products that are likely to be mouthed or used by children under the age of 4442 

three. The database had 67 products classified as textiles (synthetic fibers and blends), there were 2 4443 

detects at 0.01 percent and 1.3 percent. The 1.3 percent weight fraction was detected in the surface 4444 

textile of a childrenôs mini chair. The database indicated four detects of TCEP in carpet padding and rug 4445 

mats. The weight fractions for these carpet products ranged from 0.01 to 0.02 percent.  4446 

 4447 

Little additional information was found in the literature search on the percentages of TCEP in carpet 4448 

back coating. A European patent has suggested that flame retardants may be generally used in carpet 4449 

back coating at between 5 to 30 percent (Herrlich et al., 2013).  4450 

 4451 

Two scenarios were modeled for the fabric, textile, and leather products not covered elsewhereðone for 4452 

an outdoor childrenôs play structure and one for carpet back coating. The CEM 3.0 scenario used for 4453 

both scenarios were Fabrics: curtains, rugs, wall coverings (see Table 5-9). Values of 1.3 percent for 4454 

fabric in childrenôs play structure and 0.02 percent for the carpet back coating were selected for weight 4455 

fractions for consumer modeling as these values are believed to be more representative of products 4456 

readily available in the United States.  4457 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3864462
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2345985
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10731919
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11133655
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Foam Seating and Bedding Products 4458 

Various studies have reported the use of TCEP in furniture, automotive, and bedding foams (Maddela et 4459 

al., 2020). In the early 2000s, Ingerowski et al. (2001) recorded TCEP in mattresses at 890 mg/kg (0.09 4460 

percent) in Germany. Ali et al. (2012) reported much lower concentrations of TCEP on mattresses 4461 

surfaces (0.11 µg/g) in New Zealand. Two different case reports reported the acute death of dogs (a pit 4462 

bull, a German shepherd, and a rottweiler) after chewing old automobile foams. The case studies found 4463 

significant amounts (>2 ppm) of TCEP in their stomach contents (Lehner et al., 2010).  4464 

 4465 

Fang et al. (2013) has measured another flame retardant (V6) at levels of 3.63 percent in couch foam and 4466 

5.3 percent in auto foams. TCEP has been reported to be an impurity in V6 of up to 14 percent. V6 is the 4467 

dimer of TCEP, and it would be expected that TCEP would be an impurity of a V6 mixture. Hence, the 4468 

product of these two values suggests TCEP is available in couch foams at 0.51 percent and in auto 4469 

foams at 0.74 percent (Fang et al., 2013). Although Ingerowski et al. (2001) recorded TCEP in 4470 

polyurethane soft foam at 19,800 mg/kg (1.98 percent), values from Fang et al. (2013) were selected for 4471 

this furniture foam and auto foam scenarios as they were thought to be more current and representative 4472 

of the U.S. population. 4473 

 4474 

For the foam toy block scenario, a weight fraction of 0.64 percent was calculated using information from 4475 

Fang et al. (2013). This was based on the knowledge of 4.6 percent of V6 in polyurethane foam with an 4476 

understanding that TCEP has been reported to be an impurity in V6 of up to 14 percent. Ionas et al. 4477 

(2014) reports a lower weight fraction (0.001 percent) of TCEP in 25 foam and textile toys.  4478 

 4479 

Building/Construction Materials ï Insulation   4480 

TCEP has been reportedly used in building materials, including wood preservations coatings, glass fiber 4481 

wallpapers, and acoustic ceilings (Maddela et al., 2020). High TCEP concentrations in dust (94 mg/kg) 4482 

at a Swedish library were suggested to have been due the use of TCEP in the acoustic ceiling (Marklund 4483 

et al., 2003). 4484 

 4485 

Ingerowski et al. (2001) reported TCEP in polyurethane soft foam at 19,800 mg/kg (1.98 percent), and 4486 

68,000 mg/kg (6.8 percent) in acoustic ceilings. Kajiwara et al. (2011) recorded concentrations of TCEP 4487 

in insulation boards of up to 10 ng/g in products purchased in Japan. 4488 

 4489 

To assess the building/construction materials scenario, two exposure scenarios were run in CEM 3.0: 4490 

roofing insulation (under the Plastic articles ï foam insulation scenario) and acoustic ceiling (under the 4491 

Drywall scenario). The weight fractions used for this modeling were 1.98 and 6.8 percent, respectively. 4492 

These exposures scenarios measured the chronic release of TCEP from the roofing insulation and 4493 

acoustic ceiling to the indoor air and indoor dust. They did not consider do-it-yourself (DIY) scenarios 4494 

of a consumer installing these articles because they are no longer commercially available. 4495 

 4496 

Wood and Engineered Wood Products 4497 

A case study reported neurotoxic signs (muscular weakness) experienced by a 5-year-old child after 4498 

exposure to TCEP. It was postulated that the exposure was due to wood paneling that had been treated 4499 

with a wood preserver coating containing 3 percent TCEP. However, TCEP in dust was not quantified. 4500 

The study reported 600 mg/kg (0.06 percent) of TCEP in wood as cited in (SCHER, 2012). Ionas et al. 4501 

(2014) reported a detection frequency of 25 percent in 8 wooden toys with a median of 4 µg/g, mean of 4502 

4 µg/g, and maximum of 5 µg/g, which corresponds to a mean weight fraction of 0.0004 percent. The 4503 

products sampled in Ionas et al. (2014) were around 2007, with around half of the products coming from 4504 

China.  4505 

 4506 
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Anecdotally, TCEP concentrations have been reported to be present in imported wooden TV stands. The 4507 

photo below lists TCEP on a California Proposition 65 label on a wooden TV stand product imported to 4508 

the United States from Malaysia (Figure 5-3). 4509 

 4510 

 4511 

Figure 5-3. Photo of TCEP Label on Wooden Television Stand 4512 
Source: Photo by Yousuf Ahmad, U.S. EPA. 4513 

 4514 

To assess the wood and engineered wood products scenario, two exposure scenarios for wood products 4515 

(exposure from wood flooring and wooden TV stand) was run in CEM 3.0 utilizing the wood articles: 4516 

hardwood floors, furniture predefined scenario with a weight fraction of 3 percent. 4517 

 4518 

Wastewater, Liquid Wastes, and Solid Wastes 4519 

Consumers may be exposed to articles containing TCEP during the handling of disposal and waste. The 4520 

removal of articles in DIY renovation scenarios may lead to direct contact with articles and the dust 4521 

generated from the articles leading to consumer exposure. Due to the difficulties in quantifying 4522 

consumer disposal of products containing TCEP, consumer disposal of TCEP was not quantitatively 4523 

assessed for this risk evaluation. Section 5.1.2.2.5 discusses the qualitative assessment for consumer 4524 

disposals including the landfilling of building products and articles that contain TCEP.  4525 

5.1.2.2.1 Consumer Exposure Routes Evaluated 4526 

The COUs that were evaluated for TCEP were all articles. As such, the relevant underlying models 4527 

utilized for TCEP included those listed in Table 5-8 below. 4528 

 4529 

Table 5-8. CEM 3.0 Model Codes and Descriptions 4530 

Model Code Description 

E6 Emission from article placed in environment 

A_INH1 Inhalation from article placed in environment 

A_ING1 Ingestion after inhalation 

A_ING2 Ingestion of article mouthed 

A_ING3 Incidental ingestion of dust 

A_DER1 Direct transfer from vapor phase to skin 

A_DER2 Dermal dose from article where skin contact occurs 



PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 177 of 572 

Model Code Description 

A_DER3 Dermal dose from skin contact with dust 

 4531 

CEM 3.0 contains 73 specific product and article categories and several generic categories that can be 4532 

user-defined for any product and article. Table 5-9 presents a crosswalk between the COU subcategories 4533 

with these predefined scenarios. In some cases, one COU mapped to multiple scenarios, and in other 4534 

cases one scenario mapped to multiple COUs. 4535 

 4536 

Table 5-9. Crosswalk of COU Subcategories, CEM 3.0 Scenarios, and Relevant CEM 3.0 Models 4537 

Used for Consumer Modeling 4538 

TCEP COU Subcategory Exposure Scenario CEM 3.0 Scenario 

E
6
 

A
_

IN
H

1
 

A
_

IN
G

1
 

A
_

IN
G

2
 

A
_

IN
G

3
 

A
_

D
E

R

1
 

A
_

D
E

R

2
 

A
_

D
E

R

3
 

Fabric and textile products 

Carpet back coating Fabrics: curtains, rugs, 

wall coverings 
 ̧  ̧  ̧  ̧  ̧  ̧  ̧  ̧

Textile for outdoor 

childrenôs outdoor 

play structures 

Fabrics: curtains, rugs, 

wall coverings  ̧  ̧  ̧  ̧  ̧  ̧  ̧  ̧

Foam seating and bedding 

product 

Foam used in 

automobiles, foam 

used in living room 

furniture 

Plastic articles: furniture 

(sofa, chairs, tables) 
 ̧  ̧  ̧  ̧  ̧  ̧  ̧  ̧

Mattress Plastic articles: mattresses  ̧  ̧  ̧  ̧  ̧  ̧  ̧  ̧

Other foam objects 

(toy blocks) 

Plastic articles: other 

objects with potential for 

routine contact (toys, 

foam blocks, tents) 

 ̧  ̧  ̧  ̧  ̧  ̧  ̧  ̧

Building/construction 

materials ï insulation 

Insulation Plastic articles: foam 

insulation 
 ̧  ̧  ̧   ̧  ̧   ̧

Acoustic ceiling Drywall (acoustic ceiling)  ̧  ̧  ̧   ̧  ̧   ̧

Building/construction 

materials ï wood and 

engineered wood products 

ï wood resin composites 

Wood flooring Wood articles: hardwood 

floors, furniture  ̧  ̧  ̧  ̧  ̧  ̧  ̧  ̧

Wooden TV stand Wood articles: hardwood 

floors, furniture 
 ̧  ̧  ̧  ̧  ̧  ̧  ̧  ̧

 4539 

In total, the four COUs for TCEP were mapped to nine CEM 3.0 scenarios. Relevant consumer 4540 

behavioral pattern data (i.e., use patterns) and product-specific characteristics were applied to each of 4541 

the scenarios. For more information on specific use patterns and product-specific characteristics please 4542 

see Appendix H.4.6 (Consumer Exposure). 4543 

 4544 

Inhalation, oral and dermal routes were evaluated for each of the article COUs. The article model 4545 

Ingestion of article mouthed (A_ING2) was only evaluated for the COUs where it was anticipated that 4546 

mouthing of the product would occur. For example, it is unlikely that a child will mouth roofing 4547 

insulation or an acoustic ceiling, hence the A_ING2 Model was deemed inappropriate for estimating 4548 

exposure for these COUs. The A_DER2 Model (dermal dose from article where skin contact occurs) 4549 
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was not used for estimating dermal exposure to roofing insulation and acoustic ceilings because dermal 4550 

contact is not expected to occur for these articles. 4551 

 4552 

The chronic and lifetime exposure estimates are the most relevant durations for consumer articles. 4553 

Furnishings, building materials, and foam seating and bedding products are typically used over a longer 4554 

time frame than other types of consumer products with direct applications (e.g., household cleaners, 4555 

solvents). The exposure scenario of relevance for consumers for building and construction materials, 4556 

fabric and textile products, and foam seating and bedding products is that of a repeated exposure over a 4557 

chronic duration. As such, the exposure estimates presented in the successive sections focus on the 4558 

chronic average daily doses rather than the acute estimates. A summary of the acute, chronic, and 4559 

lifetime exposure estimates are presented in Section 5.1.2.3 and further discussed in Appendix H.4.6 4560 

(Consumer Exposure). 4561 

 4562 

The CEM Version 3.0 was selected for the consumer exposure modeling as the most appropriate model 4563 

to use based on the type of input data available for TCEP-containing consumer products. The advantages 4564 

of using CEM to assess exposures to consumers and bystanders are as follows: 4565 

¶ CEM model has been peer reviewed; 4566 

¶ CEM accommodates the distinct inputs available for the products containing TCEP; and 4567 

¶ CEM uses the same calculation engine to compute indoor air concentrations from a source as the 4568 

higher-tier Multi-Chamber Concentration and Exposure Model (MCCEM) but does not require 4569 

measured chamber emission values (which are not available for TCEP). 4570 

Consumer modeled exposure estimates were compared to the reported monitoring and reported modeled 4571 

estimates for indoor air and indoor dust. Residential indoor air, indoor dust, and personal breathing zone 4572 

data were identified and evaluated during systematic review (U.S. EPA, 2023p, v). Sections 3.4.1 and 4573 

3.4.2 provide a summary of the reported monitoring and reported modeled data in indoor air and indoor 4574 

dust. A challenge in comparing EPA modeled exposures estimates with the reported monitoring and 4575 

modeled data in the literature is that EPAôs modeled exposure estimates are by COU, whereas reported 4576 

information in the literature are not typically specified by COU. For a characterization of model 4577 

sensitivity and full exposure results, see Appendix H.4.6 (Consumer Exposure). 4578 

 4579 

 4580 

 4581 

 4582 

 4583 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151715
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11151714
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Table 5-10. Summary of Key Parameters for Article Modeling in CEM 3.0a 4584 

Consumer 

Exposure 

Scenarios 

Initial 

Concentration of 

SVOC in Article 

(mg/cm3) 

Weight 

Fraction of 

Chemical 

(%) 

Density 

Product/Article 

(g/cm3) 

Duration of 

Article 

Contact (min) 

Frequency of 

Article Contact 

(Events/Day) 

Surface 

Area of 

Article (m 2) 

Thickness 

of Article 

Surface 

Layer (m) 

Interzone 

Ventilation 

Rate (m3/h) 

Use 

Environment 

Volume (m3) 

Textile-

outdoor 

play 

structures 

4.03E00 1.30 0.31 180 1 17.8608 0.055 1Eī30 492 

Carpet back 

coating 

4.00Eī02 0.02 0.2 1,140 5 1.6 0.5 1Eī30 492 

Foam living 

room 

2.22E01 0.74 0.03 600 10 0.4225 0.01 88.6092 50 

Foam auto 2.22E01 0.74 0.03 600 1 0.4225 0.01 9.4872 2.4 

Mattresses 2.67Eī02 0.09 0.03 600 1 3.097 0.5 107.01 36 

Other foam 

objects 

1.92Eī01 0.64 0.03 3.8 40 0.6606 0.01 108.978 50 

Roofing 

insulation 

5.94Eī01 1.98 0.03 0 1 158 0.5 1Eī30 492 

Wood 

flooring 

3.00E01 3.00 1 1,140 10 211 0.1 88.6092 50 

Wood TV 

stand 

3.00E01 3.00 1 120 10 1.38 0.1 88.6092 50 

Acoustic 

ceiling 

1.12E01 6.80 0.165 0 1 12.6 0.5 107.01 36 

a For detailed information on selection of parameters refer to Draft Risk Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) ï Supplemental Information File: 

Consumer Exposure Modeling Inputs (U.S. EPA, 2023c). 

4585 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194896
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5.1.2.2.2 Inhalation Exposure Assessment 4586 

Due to its vapor pressure of 0.0613 mm Hg at 25 °C, it is expected that under non-heated conditions 4587 

TCEP concentrations in air would be negligible. However, research has indicated that inhalation 4588 

exposure of TCEP can be higher than dermal exposure (Ortiz Carrizales, 2018). In addition, 4589 

concentrations of TCEP in the indoor air have been shown to be higher than ambient air concentrations 4590 

(Wong et al., 2018). In general, concentrations of organophosphate flame retardants increase both 4591 

indoors and outdoors during warmer seasons (Wang et al., 2019a). 4592 

 4593 

Generally, TCEP release is higher at higher temperatures. However, the material to air coefficient (KMA) 4594 

values for TCEP have been shown to be similar at 35 and 55 °C. This implies that after reaching a 4595 

certain temperature, TCEP emission rates increase in a KMA-independent manner with further increase in 4596 

temperature. The KMA value at 23 °C for polyisocyanurate (PIR) foam was 7.76×106 and for 4597 

polyurethane foam (PUF) was 3.87×106 (Maddela et al., 2020). 4598 

 4599 

Due to its presence in particulates both less than and greater than 2.5 µm, and its presence in the gaseous 4600 

phase, EPA expects both inhalation pathways (<2.5 µm deposits in lung and <0.1 µm deposits in 4601 

alveolar region) and ingestion pathways (>2.5 µm deposits in mouth) to be contributors to TCEP 4602 

exposure. See Section 3.3.1.2.1 for more details regarding the particle vs. gas phase distribution of 4603 

TCEP. Consumer inhalation exposure to TCEP is expected through the direct inhalation of indoor air 4604 

and dust. Table 5-11 below illustrates the steady state SVOC concentrations and respirable particle (RP) 4605 

concentrations resulting from consumer exposure to articles containing TCEP. 4606 

 4607 

Table 5-11. Steady State Air  Concentrations and Respirable Particle of TCEP from Consumer 4608 

Modeling (CEM 3.0) 4609 

COU Subcategory Consumer Scenario 
Air  SVOC 

(mg/m3) 

Respirable 

Particles 

(µg/mg) 

Fabric and textile products  

Carpet back coating  3.06Eī02 3.79Eī02 

Textile-outdoor play 

structures 

3.96E00 4.80E00 

Foam seating and bedding product 

Foam auto 1.04Eī04 2.43Eī05 

Foam living room 9.33Eī06 3.33Eī06 

Mattresses 4.45Eī04 1.33Eī04 

Other foam objects 1.26Eī05 4.50Eī06 

Building/construction materials ï insulation 
Roofing insulation 9.32E00 1.13E01 

Acoustic ceiling 7.52Eī01 2.25Eī01 

Building/construction materials ï wood and 

engineered wood products ï wood resin composites  

Wood flooring 8.11E00 3.30E00 

Wood TV stand 5.31Eī02 2.16Eī02 

 4610 

The insulation scenario followed by the wood-resin scenario had the highest TCEP air concentrations 4611 

(9.32 and 8.11 mg/m3 respectively). 4612 

 4613 

Exposures doses (chronic average daily inhalation doses [CADDs]) for all of the COU subcategories 4614 

were estimated for the inhalation pathway via the following formulae) (A_INH1): 4615 

  4616 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11134391
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5163827
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469991
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7276644
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Equation 5-1 4617 

 4618 

ὅὃὈὈ
ὅ ὊὶὥὧὝὭάὩὍὲὬὥὰὃὪὸὩὶὅὊ

ὄὡ ὅὊ
 4619 

Equation 5-2 4620 

 4621 

ὅὃὈὈ
ὛὠὕὅὙὖ Ὑὖ ρ ὍὊὊὶὥὧὝὭάὩὍὲὬὥὰὃὪὸὩὶὅὊ

ὄὡ ὅὊ
 4622 

 4623 

Equation 5-3 4624 

ὅὃὈὈ ὅὃὈὈ ὅὃὈὈ  4625 

 4626 

Where: 4627 

ὅὃὈὈ   = Potential Chronic Average Daily Dose, air (mg/kg-day) 4628 

ὅὃὈὈ  = Potential Chronic Average Daily Dose, particulate (mg/kg-day) 4629 

ὅὃὈὈ   = Potential Chronic Average Daily Dose, total (mg/kg-day) 4630 

ὅ ͺ   = Average gas phase concentration (µg/m3) 4631 

ὛὠὕὅὙὖͅ  = Average SVOC in RP concentration, air (µg/mg) 4632 

Ὑὖ ͺ   = Average RP concentration, air (mg/m3) 4633 

ὍὊ   = RP ingestion fraction (unitless) 4634 

ὊὶὥὧὝὭάὩ  = Fraction of time in environment (unitless) 4635 

ὍὲὬὥὰὃὪὸὩὶ  = Inhalation rate after use (m3/hr) 4636 

ὅὊ   = Conversion factor (24 hr/day) 4637 

ὄὡ   = Body weight (kg) 4638 

ὅὊ    = Conversion factor (1,000 µg/mg)  4639 

 4640 

Exposures doses (Acute Dose rate ADRs) for all of the COU subcategories were estimated for the 4641 

inhalation pathway via the following formulae (A_INH1): 4642 

 4643 

Equation 5-4 4644 

 4645 

ὃὈὙ
ὅ ͺ ὊὶὥὧὝὭάὩὍὲὬὥὰὃὪὸὩὶὅὊ

ὄὡ ὅὊ
 4646 

 4647 

Equation 5-5 4648 

 4649 

ὃὈὙ
ὛὠὕὅὙὖͅ Ὑὖ ͺ ὊὶὥὧὝὭάὩὍὲὬὥὰὃὪὸὩὶὅὊ

ὄὡ ὅὊ
 4650 

 4651 

Equation 5-6 4652 

 4653 

ὃὈὙ ὃὈὙ ὃὈὙ  4654 

 4655 

Where:  4656 

ὃὈὙ   = Potential Acute Dose Rate, air (mg/kg-day) 4657 

ὃὈὙ  = Potential Acute Dose Rate, particulate (mg/kg-day) 4658 

ὃὈὙ    = Potential Acute Dose Rate, total (mg/kg-day) 4659 
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ὅ ͺ    = Maximum gas phase concentration (µg/m3) 4660 

ὛὠὕὅὙὖͅ  = Maximum SVOC in RP concentration, air (µg/mg) 4661 

Ὑὖ ͺ    = Maximum RP concentration, air (mg/m3) 4662 

ὊὶὥὧὝὭάὩ   = Fraction of time in environment (unitless) 4663 

ὍὲὬὥὰὃὪὸὩὶ  = Inhalation rate after use (m3/hr) 4664 

ὅὊ   = Conversion factor (24 hr/day) 4665 

ὄὡ   = Body weight (kg) 4666 

ὅὊ    = Conversion factor (1,000 µg/mg)  4667 

 4668 

The ADR and CADD equations (Equation 5-1, Equation 5-2, Equation 5-3, Equation 5-4,  4669 

Equation 5-5, and 4670 

Equation 5-6) for A_INH1 consider both contributions from air and particulates. The average gas phase 4671 

concentration is considered for CADDair, and the maximum gas phase concentration is considered for 4672 

ADRair. The average SVOC in the RP concentration is considered for CADDparticulate, and the 4673 

maximum SVOC in the RP concentration is considered for ADRparticulate. CADDair and 4674 

CADDparticulate are summed to obtain CADDtotal. Similarly, ADRair and ADRparticulate are 4675 

summed to get ADRtotal. The SVOC in the RP concentration is given in µg/mg and is multiplied by an 4676 

average RP concentration (in mg/m3).  4677 

 4678 

Although the inhalation exposures to consumer articles containing TCEP are dominated by gas phase air 4679 

concentrations versus the SVOC in RP concentrations, EPA decided to include both in the inhalation 4680 

exposure estimates. Therefore, EPA presented consumer inhalation values as doses (mg/kg-day), rather 4681 

than concentrations (mg/m3), because the dose values expressed as mg/kg-day included contributions 4682 

from both the gas and particulate phases.  4683 

 4684 

CEM 3.0 outputs include inhalation doses for all lifestages. Inhalation doses are calculated for lifestages 4685 

by varying the BW and inhalation rate for the various population groups. These inhalation dose 4686 

calculations are simplified and do not take into consideration lifestages differences in ventilation, 4687 

anatomy, and metabolism. This risk evaluation presents one inhalation value (the adult value) by COU 4688 

(see Table 5-15 and Table 5-16). Appendix I.1.1 presents the reported CEM inhalation doses with 4689 

breathing weight and body weight adjustments for all lifestages.  4690 

 4691 

A summary of the acute, chronic, and lifetime inhalation doses are presented in Section 5.1.2.3. Table 4692 

5-10 presents a summary of the key parameters used for consumer modeling with CEM 3.0. For more 4693 

information on CEM 3.0, input parameters, sensitivity analysis, and assumptions used for consumer 4694 

modeling please see Appendix I. 4695 

5.1.2.2.3 Dermal Exposure Assessment 4696 

Consumers may be dermally exposed to TCEP via skin contact with consumer articles, skin contact with 4697 

dust generated from consumer articles, or the deposition of vapor generated from articles onto the skin. 4698 

CEM 3.0 contains dermal modeling components that estimate absorbed dermal doses resulting from 4699 

dermal contact with chemicals found in consumer products: Direct transfer from vapor phase to skin 4700 

(A_DER1), dermal dose from article where skin contact occurs (A_DER2), and dermal dose from skin 4701 

contact with dust (A_DER3). All three models were used to estimate exposure to articles containing 4702 

TCEP, except for A_DER2, which was not used for the Building/construction materials ï insulation 4703 

COU because direct article contact with skin was not expected.  4704 

 4705 
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Contact of skin with articles drives the dermal exposure estimate in cases where contact is expected. 4706 

Otherwise, skin contact with dust is the driver of dermal exposure. The following equation was used to 4707 

calculate CADD for A_DER2: 4708 

 4709 

Equation 5-7 4710 

ὅὃὈὈ
#

Ὓὃ
ὄύ ὰ ὊὙ ͺ ὉὈ

ὃὝ
 4711 

Where: 4712 

ὅὃὈὈ  = Potential Chronic Average Daily Dose (mg/kg-day) 4713 

ὅὥὶὸ  = Chemical concentration in article (mg/cm3) 4714 

Ὓὃ/ὄὡ = Surface area to body weight ratio (cm2/kg) 4715 

ὊὙὥὦί_ὥὶὸ = Fraction absorbed (unitless) 4716 

ὉὈὧὶ  = Exposure duration, chronic (years) 4717 

ὃὝὧὶ  = Averaging time, chronic (years) 4718 

L  = Average distance a diffusing molecule travels per contact (cm/day) 4719 

 4720 

Many of these parameters are calculated within CEM. The parameter l is a function of duration of article 4721 

contact (min/day). A_DER3 has a similar formula: 4722 

 4723 

Equation 5-8 4724 

ὅὃὈὈ
Ὀόίὸͅ

Ὓὃ
ὄὡ ὃὊ Ὂὃ ὉὺὈὉὈ

ὅὊ ὃὝ
 4725 

Where: 4726 

Ὀόίὸὧὶ_ύὫ = Chronic weighted dust concentration (ɛg/mg) 4727 

AF  = Adherence factor of dust to hand (mg/cm2-event) 4728 

FA  = Fraction absorbed (unitless) 4729 

EvD  = Frequency of article contact per day (events/day) 4730 

CF1  = Conversion factor (insert value) 4731 

 4732 

Compared to A_DER2, this formula substitutes a chronic weighted dust concentration for the chemical 4733 

concentration and replaces the l term with an adherence factor (AF) and frequency of article contact 4734 

(EvD). 4735 

 4736 

A key parameter in estimating results for A_DER2 and A_DER3 is fraction absorbed (Fabs). While the 4737 

duration of interaction with materials that contain TCEP may be shorter than the duration that was tested 4738 

in the dermal absorption study (i.e., a 24-hour exposure), EPA cannot assume that consumers would 4739 

immediately wash their hands following contact with treated objects (e.g., carpets). Therefore, the dose 4740 

that is deposited on the skin during an activity would be expected to remain on the skin until the skin is 4741 

eventually washed. As a result, EPA applied a 24-hour value for fraction absorbed (35.1 percent) from 4742 

Abdallah et al. (2016) to all consumer dermal exposures scenarios. 4743 

 4744 

Table 5-12 provides the chronic dermal doses from each of the underlying models in CEM 3.0 and for 4745 

adults and children 3-6 years of age. All life-stages were analyzed. For more information on the 4746 

consumer dermal exposure inputs, equations, results (for all life-stages) and sensitivity analysis please 4747 

see Appendix I and EPAôs CEM 3.0 Appendices (U.S. EPA, 2019e).  4748 

  4749 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3120332
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5205300
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Table 5-12. Chronic Dermal Average Daily Doses (mg/kg-day) of TCEP from Consumer Article 4750 

Modeling for Adults and Children 3 to 6 Years of Age (CEM 3.0) 4751 

COU Subcategory 
Consumer 

Scenario 

Life 

Stage 

A_DER1 

Vapor to 

Skin 

A_DER2 

Skin 

Contact 

A_DER3 

Skin Contact 

with Dust 

Total 

Chronic 

Dermal ADD 

Fabric and textile 

products  

Carpet back 

coating 

Adult 2.29Eī07 3.16Eī04 8.60Eī06 3.25Eī04 

Child 3.68Eī07 5.07Eī04 5.53Eī05 5.63Eī04 

Textile-outdoor 

play structures 

Adult 2.97Eī06 1.26Eī02 2.10Eī04 1.29Eī02 

Child 4.77Eī06 2.03Eī02 1.35Eī03 2.17Eī02 

Foam seating and 

bedding product 

Foam auto 
Adult 3.87Eī10 5.65Eī03 4.44Eī09 5.65Eī03 

Child 6.43Eī10 9.38Eī03 2.95Eī08 9.38Eī03 

Foam living 

room 

Adult 6.95Eī10 1.26Eī02 5.40Eī09 1.26Eī02 

Child 1.15Eī09 2.10Eī02 3.59Eī08 2.10Eī02 

Mattresses 
Adult 1.33Eī07 6.14Eī03 3.99Eī07 6.14Eī03 

Child 2.20Eī07 1.02Eī02 2.65Eī06 1.02Eī02 

Other foam 

objects 

Adult 2.41Eī10 2.23Eī04 7.40Eī09 2.23Eī04 

Child 4.19Eī10 3.87Eī04 5.15Eī08 3.88Eī04 

Building/construction 

materials ï insulation  

Roofing 

insulation 

Adult 3.49Eī05 0 2.50Eī04 2.84Eī04 

Child 5.61Eī05 0 1.61Eī03 1.66Eī03 

Acoustic ceiling 
Adult 2.81Eī06 0 8.48Eī06 1.13Eī05 

Child 4.53Eī06 0 5.45Eī05 5.91Eī05 

Building/construction 

materials ï wood and 

engineered wood 

products ï wood 

resin composites 

Wood flooring 
Adult 6.08Eī05 2.37Eī01 1.33Eī03 2.38Eī01 

Child 9.76Eī05 3.80Eī01 8.55Eī03 3.89Eī01 

Wood TV stand 
Adult 3.98Eī07 7.68Eī02 8.71Eī06 7.68Eī02 

Child 6.38Eī07 1.23Eī01 5.59Eī05 1.23Eī01 

5.1.2.2.4 Oral Exposure Assessment 4752 

Consumers may be exposed to TCEP via transfer from hand to mouth, ingestion after inhalation, mouthing of 4753 

articles, and the incidental ingestion of dust generated from consumer articles. CEM 3.0 contains an 4754 

ingestion modeling component that estimates ingestion doses resulting from consumer products: 4755 

ingestion after inhalation (A_ING1), ingestion of article mouthed (A_ING2), and incidental ingestion 4756 

from dust (A_ING3). All three models were used to estimate exposure to articles containing TCEP, 4757 

except for A_ING2, which was not used for the building/construction materials COU as mouthing of the 4758 

article was not expected. 4759 

 4760 

Mouthing is a particular important route for estimating exposure to children and infants who may have 4761 

higher exposures to toys and childrenôs products. CEM 3.0 has four choices for mouthing scenarios: 0, 1 4762 

(low), 10 (medium), and 50 (high) cm2. The high mouthing input was selected for outdoor play 4763 

structures and other foams (toy blocks) because these are childrenôs products. The medium values were 4764 

selected for carpet back coating, wood flooring, wooden TV stand, foam furniture in the living room, 4765 

foam seat in an automobile, and the mattress scenarios. 4766 

 4767 

The following equation was used to calculate CADD for A_ING2: 4768 
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Equation 5-9 4769 

ὅὃὈὈ 
ὓὙ ὅὃ Ὀ  ὉὈ ὅὊ

ὄὡ ὃὝ ὅὊ
 4770 

Where: 4771 

ὅὃὈὈ  = Potential Chronic Average Daily Dose (mg/kg-day) 4772 

ὓὙ  = Migration rate of chemical from article to saliva (mg/cm2/hr) 4773 

CA  =  Ὓὃ/ὄὡ= Surface area to body weight ratio (cm2/kg) 4774 

Ὀά  = Duration of mouthing (min/hr) 4775 

ὉὈὧὶ  = Exposure duration, chronic (years) 4776 

ὅὊ1  = Conversion factor (24 hr/day) 4777 

ὃὝὧὶ  = Averaging time, chronic (years) 4778 

ὄὡ  = Body weight (kg) = Conversion factor (60 min/hr) 4779 

 4780 

The following equation was used to calculate CADD for A_ING3: 4781 

 4782 

Equation 5-10 4783 

ὅὃὈὈ
Ὀόίὸͅ ὊὶὥὧὝὭάὩὈόίὸὍὲὫ

ὄὡ ὅὊ
 4784 

Where: 4785 

ὅὃὈὈ  = Potential Chronic Average Daily Dose (mg/kg-day) 4786 

Ὀόίὸὧὶ_ύὫὸ = Chronic weighted dust concentration (ɛg/mg) 4787 

ὊὶὥὧὝὭάὩ = Fraction of time in environment (unitless) 4788 

ὈόίὸὍὲὫ = Dust ingestion rate (mg/day) 4789 

ὄὡ  = Body weight (kg) 4790 

ὅὊ  = Conversion factor (1,000 ɛg/mg) 4791 

 4792 

The chronic weighted dust concentration was weighted between the dust available from the respirable 4793 

portion, floor dust, and abraded particles. 4794 

 4795 

Table 5-13 presents the chronic ingestion doses from each of the underlying models in CEM 3.0 and for 4796 

adults and infants 1 to 2 years of age. All life-stages were analyzed. For more information on the 4797 

consumer dermal exposure inputs, equations, results (for all life-stages) and sensitivity analysis please 4798 

see Appendix I and EPAôs CEM 3.0 Appendices (U.S. EPA, 2019e). 4799 

  4800 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5205300
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Table 5-13. Chronic Ingestion Average Daily Doses (mg/kg-day) of TCEP from Consumer Article 4801 

Modeling for Adults and Infants 1 to 2 Years of Age (CEM 3.0) 4802 

COU Subcategory Consumer Scenario 
Life 

Stage 

A_ING1 

Ingestion 

after 

Inhalation 

A_ING2 

Mouthing 

A_ING3 

Ingestion 

of Dust 

Total Chronic 

Ingestion 

ADD 

Fabric and textile 

products  

Carpet back coating 
Adult 3.44Eī08 0 2.47Eī05 2.47Eī05 

Infant 1.25Eī07 2.22Eī01 3.14Eī04 2.22Eī01 

Textile-outdoor play 

structures 

Adult 4.13Eī06 0 3.02Eī04 3.06Eī04 

Infant 1.50Eī05 2.22Eī01 3.83Eī03 2.26Eī01 

Foam seating and 

bedding product 

Foam auto 
Adult 6.66Eī10 0 3.22Eī10 9.88Eī10 

Infant 2.43Eī09 2.22Eī01 4.09Eī09 2.22Eī01 

Foam living room 
Adult 7.55Eī12 0 7.83Eī10 7.91Eī10 

Infant 2.75Eī11 2.22Eī01 9.94Eī09 2.22Eī01 

Mattresses 
Adult 6.70Eī10 0 1.45Eī07 1.46Eī07 

Infant 2.44Eī09 2.70Eī01 1.84Eī06 2.70Eī01 

Other foam objects 
Adult 9.69Eī12 0 1.05Eī09 1.06Eī09 

Infant 3.53Eī11 1.11E00 1.33Eī08 1.11E00 

Building/construction 

materials ï insulation  

Roofing insulation Adult 9.82Eī06 0 7.19Eī03 7.20Eī03 

Infant 3.58Eī05 0 9.13Eī02 9.13Eī02 

Acoustic ceiling 
Adult 1.12Eī06 0 2.44Eī04 2.45Eī04 

Infant 4.07Eī06 0 3.10Eī03 3.10Eī03 

Building/construction 

materials ï wood and 

engineered wood 

products ï wood resin 

composites 

Wood flooring 
Adult 9.21Eī06 0 1.91Eī03 1.92Eī03 

Infant 3.36Eī05 2.22Eī01 2.43Eī02 2.46Eī01 

Wood TV stand 
Adult 6.03Eī08 0 1.25Eī05 1.26Eī05 

Infant 2.20Eī07 2.22Eī01 1.59Eī04 2.22Eī01 

 4803 

For children and infants, mouthing was the dominant route of exposure. For teenagers and adults, 4804 

ingestion of dust was the dominant route of exposure as no mouthing of the consumer articles are 4805 

expected.  4806 

 4807 

Sensitivity analyses indicated that ñArea of article mouthedò was the driver for the mouthing estimates. 4808 

The area of article mouthed was more important for the ingestion estimate compared to the initial 4809 

concentration of the SVOC in the article, the density of the article, the surface area of the article, and the 4810 

duration of article contact. 4811 

 4812 

For more information on the consumer ingestion exposure inputs, equations, results (for all life-stages) 4813 

and sensitivity analysis please see Appendix I and EPAôs CEM Version 3.0 User Guide and Appendices 4814 

(U.S. EPA, 2022a). 4815 

  4816 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11204170
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5.1.2.2.5 Qualitative Exposure Assessment 4817 

Paints and Coatings 4818 

A review of literature reporting TCEP used outside the US from the early 2000s provides some evidence 4819 

of the use of TCEP in paints and coatings. Ingerowski et al. (2001) detected TCEP in 85 percent of 983 4820 

household products in Germany and reported TCEP in wood preservation coatings at a concentration of 4821 

10,000 mg/kg (1.0%). Haumann and Thumulla (2002) detected TCEP in paints at a maximum of 840 4822 

mg/kg (0.084 percent) in Germany prior to 2002 (TERA, 2013). 4823 

 4824 

Table 5-14 is a summary of the information gathered for the commercial use of paints and coatings 4825 

COU. This data indicate TCEP is used at a high-end of 25 percent in commercial paints and coatings. 4826 

 4827 

Table 5-14. Summary of Commercial Paints and Coatings Concentrations and Density of TCEP 4828 

Paint Products 

TCEP Concentration 

(Mass Fraction) 

Product Density 

(kg/m3) 

Low-End High-End Low-End High-End 

7 Industrial and commercial paints and 

coatings 

0.1% 25% 1,000 1,490 

 4829 

Consumer exposures to articles that have been coated with TCEP-containing paints and coatings will 4830 

mimic consumer exposures from the article scenarios (e.g., acoustic ceilings, wood resin products). The 4831 

paints and coatings scenario within CEM 3.0 is for the active application of paints and coatings in a 4832 

product scenario. Thus, for this risk evaluation, the dried paints and coatings scenario can be considered 4833 

a part of the quantitatively assessed articles scenarios. 4834 

 4835 

The maximum weight fractions (25 percent) presented in Table 5-14. are up to 4 times higher than the 4836 

weight fractions available for consumer articles (6.8 percent). This suggests that commercial and 4837 

industrial products contain higher levels of TCEP than products and articles available for the consumer 4838 

market. With the increasing availability of commercial and industrial products sold on the internet and 4839 

the increase in DIY trends, consumers potentially could obtain paints and coatings that contain TCEP at 4840 

concentrations applicable to commercial uses. 4841 

 4842 

The dermal route is the most important route to consider for exposures to paints and coatings containing 4843 

TCEP. The occupational dermal exposure estimates for workers using TCEP-containing paints and 4844 

coatings are presented in Section 5.1.1.3. The commercial use of paints and coatings results in a high-4845 

end exposure estimate of 8.02 mg/day and a central tendency estimate of 1.48 mg/day (see Table 5-6). 4846 

This scenario is based on a spray application scenario under working conditions for non-occluded 4847 

scenarios. 4848 

 4849 

Differences in the occupational and consumer exposure scenarios of paints and coatings provide context 4850 

to this qualitative assessment. Products available for the industrial and commercial market are 4851 

formulated differently than for consumers. Moreover, workers work with industrial grade formulations 4852 

that have higher concentrations of TCEP and may be exposed to paints and coatings containing TCEP 4853 

under exposures scenarios that result in higher exposures (e.g., spray application vs. typical domestic 4854 

painting). 4855 

 4856 

  4857 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=32734
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Wastewater, Liquid Wastes, and Solid Wastes 4858 

At the end of their life cycles, consumer articles may be disposed of in municipal solid waste landfills, 4859 

construction, and demolition landfills, or undergo incineration. Groundwater monitoring data in Section 4860 

3.3.3.5 suggests that TCEP can migrate from municipal unlined landfills to groundwater via landfill 4861 

leachate. Water discharges from laundered clothing that picks up TCEP may also be a potential source 4862 

of TCEP to surface waters. The successive sections attempt to describe TCEP exposures that may be a 4863 

result of the disposal, demolition and removal of household articles and dust containing TCEP. Due to 4864 

the difficulties in source attribution, EPA was unable to relate consumer COUs to these TCEP 4865 

exposures. However, they are qualitatively discussed to capture additional ways individuals may be 4866 

exposed to TCEP via consumer articles. 4867 

 4868 

Wastewater: Section 3.3.2.7 states that laundry wastewater may contribute to elevated environmental 4869 

surface water concentrations of TCEP. Clothing has been hypothesized to act as a sink for TCEP to 4870 

transfer organophosphate esters from the indoor environment to surface waters via wastewater from 4871 

domestic and commercial laundry sources (Schreder and La Guardia, 2014). A study investigating the 4872 

relationship between the fate of phthalates and flame retardants transferring from clothing to laundry 4873 

wastewater found that chemicals with a log KOW less than 4 showed a greater than 80 percent release to 4874 

laundry water, whereas chemicals with a log KOW greater than 6 only showed less than 10 percent 4875 

release to laundry wastewater (Saini et al., 2016). Furthermore, these findings also suggest that dermal 4876 

exposure to TCEP may be enhanced from clothing to sweat (Saini et al., 2016). 4877 

 4878 

TCEP was among the 10 most frequently found compounds, detected at 61.9 percent in wastewater 4879 

samples (maximum of 0.7 µg/L), in a study that collected wastewater from multiple sites in Research 4880 

Triangle Park area of North Carolina between 2002 and 2005 (Giorgino et al., 2007). Flame retardants 4881 

were measured primarily at sites downstream from municipal wastewater discharges and at a site 4882 

downstream from an industrial fire. TCEP samples were detected in four of eight sites, and at three of 4883 

three sites that had major upstream wastewater discharges. A possible explanation for TCEP detection at 4884 

the one other site (without an upstream wastewater discharge) was that a fire at an industrial cleaning-4885 

supply warehouse occurred upstream a few months before the sampling event. It is believed that water 4886 

applied to control the fire had entered the nearby tributary. In addition, two of these sites near 4887 

wastewater discharges are also located near state recreation areas where public facilities, campgrounds, 4888 

dump stations, swimming beaches and boating access are available (Giorgino et al., 2007). 4889 

 4890 

Solid Wastes: A CDC NIOSH report evaluated the occupational exposure to flame retardants at four 4891 

gymnastics studios in the mid-2010s. The researchers sampled old foam blocks, mats, padded equipment 4892 

and employees via hand wipe samples before and after work. TCEP was detected at 343 ng/ft2 at one of 4893 

the gymnastics studios in June 2014, but was not detected in April 2015 after the replacement of new 4894 

foam blocks (Broadwater et al., 2017). A similar study measured 1.6 to 1.9 µg/g dry weight of TCEP in 4895 

polyurethane foam blocks in a Seattle gym. TCEP was detected at a mean concentration of 1.18 µg/g dry 4896 

weight in gym dust concentrations across four gyms. Dust samples were collected from the homes of 4897 

four gym instructors. TCEP was found at a mean concentration of 2.5 µg/g dry weight at the instructorsô 4898 

residences (La Guardia and Hale, 2015).  4899 

 4900 

A study from the Sierra Nevada foothills suggests that the presence of TCEP on the surfaces of 4901 

ponderosa pine needles can be explained by the aerial transport and deposition from nearby point 4902 

sources where chemicals were released during the incineration of plastic waste articles (Aston et al., 4903 

1996). 4904 

 4905 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2528320
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3462778
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PUBLIC RELEASE DRAFT ï DO NOT CITE OR QUOTE 

December 2023 

 

 

Page 189 of 572 

Recycling: TCEP is not typically used in electronics but is predominantly found in polyurethane foam 4906 

(PUF) (Stapleton et al., 2011). A CDC NIOSH report assessed employee exposure to flame retardants at 4907 

an electronics recycler in November 2016 and February 2017. TCEP was detected in surface wipe 4908 

samples at the disassembly workstation at 154 ng/100 cm2. The report indicated the workers were 4909 

incorrectly wearing N95 respirators and were dry sweeping. To prevent exposure to airborne TCEP dust 4910 

particles, the report recommends prohibiting dry sweeping to clean work areas (Grimes et al., 2019). 4911 

 4912 

Landfills: The demolition and removal of consumer articles may result in exposures to TCEP. 4913 

Construction waste and old consumer products can be disposed of in municipal solid waste landfills and 4914 

construction and demolition landfills. Section 3.3.3.7 models the resulting groundwater concentration 4915 

that may occur from leaching of TCEP from landfills. Section 3.3.3.5 highlights suspected leaching of 4916 

TCEP from nearby landfills (Norman Landfill, Himco Dump, and Fort Devens) (Buszka et al., 2009; 4917 

Barnes et al., 2004; Hutchins et al., 1984). The Himco Dump is a closed unlicensed landfill that included 4918 

a 4-acre construction debris area. EPA issued a notice in the Federal Register finalizing the deletion of 4919 

part of the Himco Dump Superfund site from the National Priorities List (NPL). The Indiana 4920 

Department of Environmental Management (IDEM) formally concurred with EPAôs proposal on 4921 

January 26, 2022, and EPA proposed the site for partial deletion in March, 2022. Fort Devens is also an 4922 

EPA superfund site, a former army instillation site that was established in 1917 and closed in 1996, is 4923 

also a closed superfund sites. TCEP was detected throughout the entire length of a leachate plume near a 4924 

municipal landfill (subtitle D) near Norman, Oklahoma (Barnes et al., 2004). Leachate samples from 4925 

landfill sites in Japan detected TCEP at ranges from 4.1 to 5430 mg/mL This study suggested that the 4926 

origin may be due to plastic wastes (Yasuhara, 1995). 4927 

 4928 

Without a full characterization of non-hazardous landfill (e.g., Norman Landfill) conditions and 4929 

historical wastes (e.g., Himco dump and Ft. Devens) around the country, EPA is uncertain how often 4930 

contaminant migration occurs given modern practices of non-hazardous landfill and historical site 4931 

management. However, the possibility of exposure to TCEP after the release from disposal of consumer 4932 

wastes exists. 4933 

5.1.2.3 Summary of Consumer Exposure Assessment 4934 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2648828
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Table 5-15. Summary of Acute Daily Rate of Consumer Articles Modeled with CEM 3.0 4935 

COU Sub-category 
Consumer Exposure 

Scenario 
Life-Stage 

Exposure Dose (mg/kg/day) 

Oral  Inhalation Dermal 

Fabric and textile products 

Carpet back coating 
Adult 2.43Eī04 5.11Eī02 4.03Eī04 

Children 1.84Eī01 N/A 1.05Eī03 

Textile for childrenôs 

outdoor play structures 

Adult 3.84Eī03 1.06E00 1.53Eī02 

Children 2.35Eī01 N/A 3.73Eī02 

Foam seating and bedding product  

Foam automobile 
Adult 3.01Eī07 2.89Eī04 5.65Eī03 

Children 1.81Eī01 N/A 9.39Eī03 

Foam living room 
Adult 1.86Eī07 5.19Eī04 1.26Eī02 

Children 1.81Eī01 N/A 2.10Eī02 

Mattress 
Adult 3.50Eī06 3.15Eī03 6.16Eī03 

Children 4.95Eī02 N/A 1.03Eī02 

Foam ï other (toy block) 
Adult 2.47Eī07 7.02Eī04 2.24Eī04 

Children 9.03Eī01 N/A 4.00Eī04 

Building/construction materials ī 

insulation 

Roofing insulation 
Adult 8.87Eī02 2.32E01 3.64Eī03 

Children 1.27E00 N/A 2.07Eī02 

Acoustic ceiling 
Adult 5.92Eī03 5.31E00 3.35Eī04 

Children 8.45Eī02 N/A 1.52Eī03 

Building/construction materials ī 

wood and engineered wood products ī 

wood resin composites 

Wood flooring 
Adult 1.42Eī01 2.21E02 3.46Eī01 

Children 2.21E00 N/A 1.03E00 

Wooden TV stand 
Adult 9.32Eī04 1.45E00 7.75Eī02 

Children 1.94Eī01 N/A 1.28Eī01 

 4936 

  4937 
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Table 5-16. Summary of Chronic Average Daily Doses of Consumer Articles Modeled with CEM 3.0 4938 

COU Sub-category 
Consumer Exposure 

Scenario 
Lif eīStage 

Exposure Dose (mg/kg/day) 

Oral  Inhalation Dermal 

Fabric and textile products 

Carpet back coating Adult 2.48Eī05 4.66Eī03 3.25Eī04 

Children 1.81Eī01 N/A 5.63Eī04 

Textile for outdoor 

childrenôs outdoor play 

structures 

Adult 3.06Eī04 6.04Eī02 1.29Eī02 

Children 1.85Eī01 N/A 2.17Eī02 

Foam Seating and Bedding Product  

Foam automobile  Adult 9.88Eī10 7.94Eī07 5.65Eī03 

Children 1.81Eī01 N/A 9.38Eī03 

Foam living room  Adult 7.90Eī10 1.42Eī06 1.26Eī02 

Children 1.81Eī01 N/A 2.10Eī02 

Mattress 

 

Adult 1.45Eī07 6.79Eī05 6.14Eī03 

Children 4.95Eī02 N/A 1.02Eī02 

Foam-other (toy block) 

 

Adult 1.05Eī09 1.92Eī06 2.23Eī04 

Children 9.03Eī01 N/A 3.88Eī04 

Building/construction materials ī 

insulation 

Roofing insulation Adult 7.20Eī03 1.42E00 2.84Eī04 

Children 1.03Eī01 N/A 1.66Eī03 

Acoustic ceiling Adult 2.45Eī04 1.15Eī01 1.13Eī05 

Children 3.50Eī03 N/A 5.91Eī05 

Building/construction materials ī 

wood and engineered wood products ī 

wood resin composites 

Wood flooring Adult 1.92Eī03 1.24E00 2.38Eī01 

Children 2.08Eī01 N/A 3.89Eī01 

Wooden TV stand Adult 1.26Eī05 8.09Eī03 7.68Eī02 

Children 1.81Eī01 N/A 1.23Eī01 

4939 
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Table 5-17. Summary of Lifetime Average Daily Doses of Consumer Articles Modeled with CEM 4940 

3.0 4941 

COU Sub-category 
Consumer Exposure 

Scenario 

Exposure Dose (mg/kg/day) 

Oral  Inhalation Dermal 

Fabric and textile products 

Carpet back coating 2.02Eī02 6.03Eī03 1.56Eī05 

Textile for outdoor 

childrenôs outdoor play 

structures 

0 0 0 

Foam seating and bedding 

product 

Foam automobile 2.01Eī02 1.03Eī06 7.62Eī05 

Foam living room 2.01Eī02 1.84Eī06 1.70Eī04 

Mattress 1.73Eī02 8.78Eī05 8.34Eī05 

Foam ï other (toy block) 0 0 0 

Building/construction materials ī 

insulation 

Roofing insulation 1.72Eī02 1.84E00 3.31Eī04 

Acoustic ceiling 5.84Eī04 1.48Eī01 1.13Eī05 

Building/construction materials ī 

wood and engineered wood 

products ī wood resin composites 

Wood flooring 2.47Eī02 1.60E00 4.90Eī03 

Wooden TV stand 2.01Eī02 1.05Eī02 1.03Eī03 

 4942 

5.1.2.4 Weight of the Scientific Evidence Confidence for  Consumer Exposure 4943 

The overall exposure confidence for the various consumer scenarios ranged from slight to moderate. 4944 

Low confidence in the exposure estimates were mainly due to data uncertainties. Information on article 4945 

weight fraction was sparse, and it was unclear whether many of the literature values were still relevant 4946 

for articles used today. EPA considered a worst-case approach to consumer weight fraction and varied 4947 

this parameter in the sensitivity analysis as reported in Appendix H.4.6 (Consumer Exposure). 4948 

Information on exposure scenarios (e.g., mouthing durations, use durations, frequency of contacts per 4949 

day) were also limited. Furthermore, limited monitoring data were available to corroborate the modeled 4950 

consumer exposure estimates and validate current use of TCEP in consumer articles. In addition, there 4951 

are uncertainties related to CEM 3.0 modeling approaches (e.g., deterministic vs. stochastic approaches, 4952 

background concentrations, assumptions for dermal absorption parameters). 4953 

 4954 
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Table 5-18. Weight of the Scientific Evidence Confidence for Chronic Consumer Exposure Modeling Scenarios 4955 

Consumer 

Condition of Use Confidence 

in Model 

Useda 

Confidence 

in Model 

Default 

Valuesb 

Confidence in User-Selected Varied Inputsc 

Monitoring 

Data 

Overall 

Exposure 

Confidencei Category Subcategory Form 
Density 

Usedd 

Use 

Duratione 

Weight 

Fraction f 

Room of 

Useg 

Dermal 

Kp, Fabs, 

Mouthing h 

Fabric and 

textile 

products 

Carpet back 

coating 

Article ++ +++ ++ +++ ++ +++ + Limited Moderate 

Textile for 

outdoor 

childrenôs 

outdoor play 

structures 

Article +++ + ++ ++ ++ ++ ++ Limited Moderate 

Building/ 

construction 

materials ï 

insulation  

Roofing 

insulation 

Article ++ ++ + N/A + +++ + None Slight 

Acoustic 

ceiling 

Article + ++ + N/A + ++ + Limited Slight 

Foam 

seating and 

bedding 

product 

Foam 

automobile 

Article +++ +++ ++ ++ ++ +++ + Limited Moderate 

Foam living 

room 

Article +++ +++ ++ +++ ++ +++ ++ Limited Moderate 

Mattress Article +++ +++ ++ +++ + +++ + None Slight 

Foam-other 

(toy block) 

Article +++ +++ ++ ++ + +++ ++ None Slight 

Building/ 

construction 

materials ï

wood and 

engineered 

wood 

products ï 

wood resin 

composites 

Wood flooring Article +++ +++ ++ +++ + +++ + None Slight 

Wooden TV 

stand 

Article +++ +++ ++ ++ + +++ + Limited Moderate 

a Confidence in Model Used considers whether model has been peer reviewed, as well as whether it is being applied in a manner appropriate to its design and 

objective. The model used (CEM 3.0) has been peer reviewed, is publicly available, and has been applied in a manner intended, to exposures associated with 
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Consumer 

Condition of Use Confidence 

in Model 

Useda 

Confidence 

in Model 

Default 

Valuesb 

Confidence in User-Selected Varied Inputsc 

Monitoring 

Data 

Overall 

Exposure 

Confidencei Category Subcategory Form 
Density 

Usedd 

Use 

Duratione 

Weight 

Fraction f 

Room of 

Useg 

Dermal 

Kp, Fabs, 

Mouthing h 

uses of household products and/or articles. Medium was selected for the carpet-back coating scenario and a roofing insulation scenario because of uncertainties 

surrounding the barrier layers. Low was selected for acoustic ceiling because the related CEM scenario was Drywall, and these products have different product 

characteristics. 
b Confidence in Model Default Values considers default value data source(s) such as building and room volumes, interzonal ventilation rates, and air exchange 

rates. These default values are all central tendency values (i.e., mean or median values) sourced from EPAôs Exposure Factors Handbook(U.S. EPA, 2011b) 

(U.S. EPA, 2017c). Low was selected for outdoor play structures, as there were uncertainties on the area volumes related to this scenario. 
c Confidence in User-Selected Varied Inputs considers the quality of their data sources, as well as relevance of the inputs for the selected consumer condition of 

use. 
d Density Used was primarily based on gray literature values available for product descriptions. (1987) 
e Use Duration is primarily sourced from the EPAôs Exposure Factors Handbook and by the judgment of the exposure assessor. 
f Weight fraction of TCEP in articles was sourced from the available literature and database values.  
g Room of use (zone 1 in modeling) is informed by professional judgment of the exposure assessor based on the article scenario. The reasonableness of these 

judgments is considered in the reported confidence ratings. 
h The dermal permeability coefficient (Kp) used (0.022 cm/hr) and fraction absorbed (Fabs) used (35.1%) was derived from a study of TCEP tested on human ex 

vivo skin (Abdallah et al., 2016). Frequency of mouthing (Low, Medium, High) was estimated using the assessors judgment when considering the exposure 

scenario. Literature values override (2000) CEM 3.0 default values for fraction absorbed. 
i + + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of the scientific evidence 

outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on the exposure estimate. 

+ +     Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against the 

uncertainties is reasonably adequate to characterize exposure estimates.  

+        Slight confidence is assigned when the weight of the scientific evidence may not be adequate to characterize the scenario, and when the assessor is making 

the best scientific assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered. 

 4956 

 4957 
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5.1.2.4.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for 4958 

the Consumer Exposure Assessment 4959 

EPA recognizes the need to include an uncertainty analysis. One important distinction for such an 4960 

analysis is variability vs. uncertaintyðboth aspects need to be addressed. Variability refers to the 4961 

inherent heterogeneity or diversity of data in an assessment. It is a quantitative description of the range 4962 

or spread of a set of values and is often expressed through statistical metrics, such as variance or 4963 

standard deviation, which reflect the underlying variability of the data. Uncertainty refers to a lack of 4964 

data or an incomplete understanding of the context of the risk evaluation decision. 4965 

 4966 

Variability cannot be reduced but can be better characterized. Uncertainty can be reduced by collecting 4967 

more or better data. Quantitative methods to address uncertainty include non-probabilistic approaches 4968 

such as sensitivity analysis and probabilistic or stochastic methods. Uncertainty can also be addressed 4969 

qualitatively by including a discussion of factors such as data gaps and subjective decisions or instances 4970 

where professional judgment was used. 4971 

 4972 

Uncertainties associated with approaches and data used in the evaluation of consumer exposures are 4973 

described below. A sensitivity analysis was conducted for the following COUs to understand the drivers 4974 

for the inhalation, ingestion, and dermal estimates (Table 5-19). 4975 

 4976 

Table 5-19. Sensitivity Analysis for Chronic Consumer Exposure Modeling Scenarios 4977 

Consumer Conditions of Use User-Selected Varied Inputs a 

Results 
Subcategory 

Consumer 

Exposure 

Scenario 

Initial SVOC 

Concentration in 

Article (mg/cm3) b 

Mouthing 

Duration  

(min) c 

Surface 

Area of 

Article (m 2) 

Events 

per 

day (n) 

Fabric and 

textile products 

Textile for 

outdoor 

childrenôs play 

structures 

4.03 

0.93 

0.30 

High 

(8.4/7/10) 

Low 

(2.3/3.65/5) 

ï ï Mouthing duration is 

a driver of ingestion 

exposures. 

 

Building/ 

construction 

materials ï 

insulation  

Roofing 

insulation 

0.594 

0.180 

0.06 

ï ï ï SVOC concentration 

is a driver of 

inhalation 

exposures. 

 

Building/ 

construction 

materials ï

wood and 

engineered 

wood products 

ï wood resin 

composites 

Wood flooring 30 

12 

ï 211 

105 

10 

5 

SVOC concentration 

is a driver of dermal 

exposures. 

Surface area of the 

article and Events 

per day (n) influence 

the dermal exposure 

estimates  

a User selected inputs were varied for each of the listed consumer exposure scenarios. 
b Initial SVOC concentration in article is a function of the product weight fraction and article density.  
c The high mouthing duration defaults in CEM 3.0 were 10 min/event for an infant (<1 year of age), 7 min/event for 

an infant aged 1ï2 years, and 8.4 min/event for a child 3ï5 years. EPA modified the mouthing durations to 5 

min/event for infants <1 years, 3.65 min/event for 1ï2 years, and 2.3 min/event for children 3ï5 years to test the 

sensitivity of this parameter. 

 4978 
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A clear finding of the sensitivity analysis indicated that the initial SVOC concentration (a product of the 4979 

density and weight fraction) was a significant driver in the inhalation and dermal exposure estimates for 4980 

all scenarios. The initial SVOC concentration was also relevant for the ingestion estimate for the 4981 

inhalation scenario, likely because there was no estimate for direct mouthing of this COU. Mouthing 4982 

duration is an important driver of ingestion exposures for childrenôs play structures. For full results on 4983 

the sensitivity analysis please refer to Appendix I (Consumer Exposures). 4984 

 4985 

In the absence of parameter information from the literature, EPA used scientific judgement to select 4986 

parameters for consumer modeling. There are uncertainties associated with any scientific judgment. The 4987 

Draft Risk Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) ï Supplemental Information File: 4988 

Consumer Exposure Modeling Inputs (U.S. EPA, 2023c) provides a full list of parameters and 4989 

description of rationale as to why certain parameter values were selected.  4990 

 4991 

Weight Fraction 4992 

The key uncertainty in the consumer exposures assessment was the availability of relevant article weight 4993 

fractions data. The Ecology Washington database was the main source of weight fraction information 4994 

for the fabric, textile, and leather products scenarios. The 1.3 percent weight fraction for Textiles in 4995 

outdoor play structures was based on a value from the Washington State Database where the maximum 4996 

weight fraction of 67 articles was 1.3 percent (WSDE, 2023). Of the 67 articles, there were only 2 that 4997 

contained TCEP. The other article had a level of TCEP of 0.5 percent. Additionally, the database 4998 

indicated four detects of TCEP in carpet padding and rug mats (ranged from 0.01 to 0.02 percent). This 4999 

illustrates the limited data availability of weight fraction information for the fabric and textile products 5000 

scenario. 5001 

 5002 

The building and construction products scenario (e.g., insulation, acoustic ceiling, wood resin products) 5003 

relied on old, foreign literature values from Ingerowski et al. (2001) as cited in SCHER (2012). 5004 

Anecdotal information from the literature suggested TCEP is present in these products but did not have 5005 

specific information on weight fraction and article concentrations. 5006 

 5007 

Values from Fang et al. (2013) were used to estimate weight fractions for foam seating and bedding 5008 

products. There are uncertainties in these estimates because concentrations of V6 (a dimer of TCEP) 5009 

were utilized in determining a TCEP weight fraction. This study measured TCEP at 14 percent as an 5010 

impurity in V6, and hence this proportion was used to estimate weight fractions of foam seating and 5011 

bedding products (Fang et al., 2013). There are uncertainties associated with how much TCEP is present 5012 

as an impurity in V6. 5013 

 5014 

TCEP in articles are not captured in CDR or Datamyne databases, as Datamyne does not include 5015 

articles/products containing the chemical unless the chemical name is included in the description. Based 5016 

on descriptions provided on the bills of lading, Figure 1 3 provides an estimate of the volume of TCEP 5017 

imported as the chemical (not in an identified product or article) from 2012 to 2020. This limitation 5018 

further illustrates the difficulty in obtaining current concentrations and weight fractions of TCEP in 5019 

consumer products.   5020 

 5021 

Duration and Frequency of Contact and Mouthing 5022 

For the carpet back coating scenario and wood flooring scenario, a literature value indicated that 5023 

children under 12 years old spend 19 hours per day indoors (EFH 2011). It was assumed that the 5024 

frequency of contact per day was 5 events for carpet and 10 events for flooring, and that the area 5025 

mouthed was 10 cm2. It should be noted that these values are conservative assumptions for duration and 5026 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194896
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10731919
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=32734
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6301480
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1676728
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1676728
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frequency of contact (i.e., typical frequency may be less than these estimates). The dermal exposure 5027 

estimates are sensitive to the frequency of events per day parameter.  5028 

 5029 

A further limitation for the carpet back coating and insulation scenario is the presence of a boundary 5030 

layer (e.g., top of the carpet, drywall in between insulation and living space) between the TCEP 5031 

containing material and the potentially exposed human (e.g., infant, child, adult). CEM 3.0 uses an 5032 

overall mass transfer coefficient that is empirically estimated from an equation based on the AMEM 5033 

guidance (the complexity of individual phase mass transfer is subsumed into an overall mass transfer 5034 

coefficient that is either measured or estimated from a regression equation based on assorted chemical 5035 

measurements). Although CEM 3.0 does not explicitly consider a boundary layer in its modeling, this 5036 

does not mean that the model does not attempt to capture this complexity. Nevertheless, it is an 5037 

uncertainty associated with the consumer modeling for the scenarios where a boundary layer would be 5038 

expected. The modeling as conducted suggests that the TCEP would migrate to the surface of the carpet 5039 

from the back coating components, or the dust particles would migrate from the insulation behind the 5040 

drywall to the living area. 5041 

 5042 

Oral ingestion estimates are driven by mouthing of articles for infants and children. A sensitive 5043 

parameter driving these estimates is the duration of mouthing parameters. The recommended estimates 5044 

from CEM 3.0 are 8.4 min/hr, 7 min/hr, and 10 min/hr for young children (aged 3ï5 years), infants (1-2 5045 

years), and infants (<1 year), respectively.  5046 

 5047 

Trends and Monitoring Data 5048 

The paucity of monitoring information related to the consumer COUs makes it difficult for EPA to have 5049 

confidence in whether the consumer articles are nationally representative. Moreover, the decreasing 5050 

trend of TCEP use, seen in the production volume data and environmental monitoring data, coupled with 5051 

the understanding that many manufactures have replaced TCEP with alternatives in their products, build 5052 

more uncertainty about the relevance of the consumer modeling to current consumers. 5053 

 5054 

A systematic review of the peer-reviewed and gray literature revealed that there is limited information 5055 

related to weight fractions of TCEP in consumer articles. No SDS were available for TCEP in consumer 5056 

products. For the limited monitoring and experimental literature that was available, it is unclear how 5057 

relevant the concentrations of TCEP at the time of sampling is related to consumer articles that are 5058 

produced today.  5059 

 5060 

In 2013, the State of California amended Technical Bulletin 117, a residential upholstered furniture 5061 

flammability standard that was first implemented in 1975. The original TB 117 required interior filling 5062 

materials of upholstered furniture to withstand exposure to a 12 second small open flame (the small 5063 

flame impingement test, a one second flame, and the open flame test). This was replaced with a smolder 5064 

resistance test, which tests a lighted cigarette on the fabric outside of the foam in 2013. TB 117-2013 is 5065 

of significance to consumer articles, particularly fabric and textiles, and foam seating and bedding 5066 

products, as article manufacturers no longer are required to meet the stringent flame standards of TB 5067 

117. Flame retardant concentrations in these articles are expected to decrease following this change. The 5068 

available monitoring and experimental data on TCEP used in this consumer assessment was gathered 5069 

pre-2013 (Table 5-20). 5070 

  5071 
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Table 5-20. Summary of Sampling Date for TCEP Weight Fraction Data 5072 

COU Subcategory Weight Fraction Selected Source Sampling Date 

Fabric and textile 

products 
¶ 0.02% carpet back coating 

¶ 1.3% fabric in childrenôs play 
structures 

Ecology Washington 

database (WSDE, 2023) 
2012 

Foam seating and 

bedding products 
¶ 0.51% furniture foam 

¶ 0.74% auto foam 

¶ 0.64% toy foam blocks 

Fang et al. (2013) 2009ï2011 

Building/construction 

materials ï insulation 
¶ 1.98% insulation 

¶ 6.8% acoustic ceiling 

Ingerowski et al. (2001) <2001 

Building/construction 

materials ï wood and 

engineered wood 

products ï wood 

resin composites 

¶ 3% hardwood floors, wooden 

TV stand 
(SCHER, 2012) 1997a 

a Ionas et al. (2014) did provide more recent (2007) data on TCEP in wood toys at 0.0004%. However, due to the 

recent evidence suggesting TCEP use in wooden TV stands, and because TB 117-2013 is relevant for upholstered 

foam and furniture materials, EPA selected a weight fraction of 3% for consumer modeling.  

 5073 

Due to the limited information available on article weight fractions, EPA was unable to select a range of 5074 

weight fraction for each of the COUs, and rather proceeded to assess consumer exposures to TCEP 5075 

containing articles with a single discrete weight fraction value per article scenario. Additional sensitivity 5076 

analysis varying the initial SVOC concentration in the article was conducted to help characterize the 5077 

results (Table 5-19).   5078 

 5079 

Ionas et al. (2014) stratified their data on TCEP in toys by time of manufacture (before and after 2007 5080 

when the REACH regulation went into force). Pre-2007, TCEP was detected in 32 percent of 63 5081 

childrens toys whereas post-2007 TCEP was detected in 22 percent of 51 childrens toys. Nevertheless, 5082 

consumer modeling was conducted with possible weight fractions to understand the potential exposure 5083 

of such products in furnishings and the built consumer environment.  5084 

 5085 

Table 5-21 summarizes the indoor air and indoor dust monitoring data that was available in the United 5086 

States. For a description of statistical methods, methodology of data integration, and treatment of non-5087 

detects and outliers used to generate these estimates, please see the Supplemental Information File: 5088 

Environmental Monitoring Concentrations Reported by Media Type (U.S. EPA, 2023g). 5089 

  5090 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10731919
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1676728
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2345985
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2345985
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Table 5-21. Summary of Indoor Monitoring Data of TCEP from U.S. Studies 5091 

Matrices 
Location 

Type 

Count of Estimates 

from Studies 

Containing U.S. Data 

Unit  Fraction 

Average of 

Arithmetic 

Estimates 

Average of 

90th Percentile 

Estimates 

Indoor Air 
Public spaces 1 ng/m3 Particulate 2.0E00 4.6E00 

Residential 1 ng/m3 Vapor/gas 9.5E00 2.1E01 

Indoor Dust 

Public spaces 1 ng/g Dry 8.2E02 1.9E03 

Residential 9 ng/g Dry 1.1E03 2.2E03 

Vehicles 1 ng/g Dry 4.2E03 8.9E03 

 5092 

The maximum SVOC air concentration of 9.32 mg/m3 for the insulation condition of use is five orders 5093 

of magnitude higher than the 90th percentile estimate of indoor residential air concentrations found in 5094 

one U.S. study (2.1×10ī5 mg/m3) (Dodson et al., 2017). The maximum respirable portion dust 5095 

concentration of 11.13 µg/mg (1.1×107 ng/g) is four orders of magnitude higher than the 90th percentile 5096 

estimate of residential indoor dust concentrations among nine U.S. studies (2.2×103 ng/g). 5097 

 5098 

Modeling Approach Uncertainties  5099 

CEM 3.0 is a deterministic model where the outputs are fully determined by the choices of parameter 5100 

values and initial conditions. Stochastic approaches feature inherent randomness, such that a given set of 5101 

parameter values and initial conditions can lead to an ensemble of different model outputs. The overall 5102 

approach to the CEM modeling is intended to capture a range of low- to high-intensity user exposure 5103 

estimates by varying only a limited number of key parameters that represent the range of consumer 5104 

product and use patterns for each scenario. A limited set of parameters were varied in the sensitivity 5105 

analysis described in Table 5-19. Since not all parameters were varied, there is uncertainty regarding the 5106 

full range of possible exposure estimates. Although these estimates are thought to reflect the range of 5107 

exposure estimates for the suite of possible exposures based on the varied parameters, the scenarios 5108 

presented are not considered bounding or ñworst-case,ò as there are unvaried parameters that are also 5109 

identified as sensitive inputs held constant at a central tendency value. Because EPAôs largely 5110 

deterministic approach involves choices regarding highly influential factors such as weight fraction and 5111 

mouthing duration, it likely captures the range of potential exposure levels although it does not 5112 

necessarily enable characterization of the full probabilistic distribution of all possible outcomes.  5113 

 5114 

CEM 3.0 has a set of predefined consumer exposure scenarios that do not always line up with the 5115 

conditions of use. For example, the CEM scenario utilized for consumer exposure to carpet back coating 5116 

was Fabrics: curtains, rugs, wall coverings. There are uncertainties on how TCEP migrates from carpet 5117 

back coatings to the surface of carpets and rugs. The literature describes that triphosphate esters such as 5118 

TCEP have óblooming potentialô which refers to the ability for the chemical to diffuse from a rubber or 5119 

plastic material to the outer surface after curing (SCHER, 2012). Furthermore, the study from Castorina 5120 

et al. (2017) has indicated that TCEP levels in dust are significantly associated with the presence of 5121 

extremely worn carpets, suggesting that TCEP can be sampled in the dust from carpets and make it to 5122 

the surface.  5123 

 5124 

Background levels of TCEP in indoor air and indoor dust are not considered or aggregated in this 5125 

assessment; therefore, there is potential for underestimating consumer exposures. Furthermore, 5126 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5755270
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6301480
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3864462
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consumer exposures were evaluated on a COU specific basis and are based on the use of a single 5127 

consumer article, not multiple articles in the indoor environment.  5128 

 5129 

There are uncertainties regarding the use of the 35.1 percent dermal fraction absorption (Fabs) parameter 5130 

for the consumer dermal exposure estimates. This is the 24-hour value for fraction absorbed from 5131 

Abdallah et al. (2016). EPA cannot assume that consumers would immediately wash their hands 5132 

following contact with consumer articles. Therefore, it was assumed that the dose that deposited on the 5133 

skin during exposure to a consumer article would remain on the skin until the skin was eventually 5134 

washed. While the duration of interaction with materials that contain TCEP may be shorter than the 5135 

duration that was tested in the dermal absorption study (i.e., a 24-hour exposure), EPA decided to use 5136 

the 35.1 percent fraction absorption value from Abdallah et al. (2016), due to uncertainties related to 5137 

consumer hand-washing behaviors.  5138 

 General Population Exposures 5139 

 5140 

General population exposures occur when TCEP is released into the environment and the environmental 5141 

media is then a pathway for exposure. Section 3.3 provides a summary of the monitoring, database, and 5142 

modeled data on concentrations of TCEP in the environment. Figure 5-4 below provides a graphic 5143 

representation of where and in which media TCEP is estimated to be found and the corresponding route 5144 

of exposure. 5145 

 5146 

TCEPï General Population Exposures (Section 5.1.3): 

Key Points  

 

EPA evaluated the reasonably available information for the following general population exposures, 

the key points of which are summarized below: 

¶ Oral ingestion for subsistence fishers had the highest exposure estimates (2.17 to 75.5 mg/kg-

day) among all routes. The highest subsistence fishing exposure estimates were for the 

incorporation into paints and coatings ï resins/solvent-borne OES.  

¶ The hypothetical scenario of a child playing in mud near a facility releasing TCEP to the 

ambient air resulted in the highest dermal exposures at a maximum of 7.97 mg/kg-day for use 

of paints and coatings at job sites OES. Estimates for a child conducting activities with soil 

(2.12×10ī3 mg/kg-day) and incidental soil ingestion (1.08×10ī1 mg/kg-day) were calculated. 

Paints and coatings was the only OES for the children playing in mud scenario with MOEs 

below the benchmark for non-cancer as described in Section 5.3.2.3. 

¶ The highest inhalation exposure concentrations were for the use of paints and coatings at job 

sites OES at a central tendency estimate of 3.36×10ī5 and a 95th percentile of 8.21×10ī5 

µg/m3. 

¶ Exposure estimates for drinking water non-dilute from surface water (1.46×10ī4 mg/kg-day) 

were highest for the formulation of TCEP containing reactive resins OES. 

¶ Children in fenceline communities and subsistence fishers are PESS who may have elevated 

exposure to TCEP compared to rest of general population due to industrial and commercial 

environmental releases. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3120332
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3120332
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 5147 

Figure 5-4. Potential Human Exposure Pathways to TCEP for the General Populationa 5148 
a The diagram presents the media (white text boxes) and routes of exposure (italics for oral, inhalation, or dermal) 5149 

for the general population. Sources of drinking water from surface or water pipes is depicted with grey arrows.  5150 

 5151 

This diagram pairs with Figure 2-1 depicting the fate and transport of the subject chemical in the 5152 

environment. 5153 

5.1.3.1 Approach and Methodology 5154 

TCEP is used primarily as an additive flame retardant in a variety of materials. TCEP has been detected 5155 

in the indoor and outdoor environment and in human biomonitoring indicating that some amount of 5156 

exposure is occurring in some individuals, although exposures likely vary across the general population. 5157 

See Section 3.3 and Draft Risk Evaluation for Tris(2-chloroethyl) Phosphate (TCEP) ï Systematic 5158 

Review Supplemental File: Data Extraction Information for General Population, Consumer, and 5159 

Environmental Exposure (U.S. EPA, 2023p) for a summary of environmental and biomonitoring studies 5160 

where TCEP has been detected. 5161 

 5162 
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Releases of TCEP are likely to occur through the following mechanisms: diffusion from sources, gas-5163 

phase, and particle-phase mass-transfer, abrasion of materials to form small particulates through routine 5164 

use, and direct transfer from articles to dust adhered to the article surface. Releases of flame retardants 5165 

to the outdoor environment may occur through direct releases to water, land, and air as well as indirect 5166 

releases from the indoor environment. 5167 

 5168 

For a more detailed discussion about indoor SVOC exposure, fate, and transport in the indoor 5169 

environment, please see Section 2.2.2.  5170 

 5171 

Exposure to the general population was estimated for the industrial and commercial releases per OES. 5172 

Table 3-3 illustrates how the industrial and commercial releases to the environmental media varies by 5173 

OES.  5174 

 5175 

Modeled air concentrations (Section 3.3.1.2) were utilized to estimate inhalation exposures (5.1.3.2) to 5176 

the general population at various distances from a hypothetical facility. Modeled surface water 5177 

concentrations (Section 3.3.2.5) were utilized to estimate oral drinking water exposures, oral fish 5178 

ingestions exposures, incidental oral exposures (Section 5.1.3.4), and incidental dermal exposures 5179 

(Section 5.1.3.3) for the general population. Modeled groundwater concentrations (Section 3.3.3.7), 5180 

were also used to estimate oral drinking water exposures (Section 5.1.3.4) to the general population. 5181 

Modeled soil concentrations (Section 3.3.3.2) via deposition were used to estimate dermal and oral 5182 

exposures (Sections 5.1.3.3 and 5.1.3.4) to children who play in mud and other activities with soil. 5183 

 5184 

Exposures estimates from industrial and commercial releases of TCEP were compared to exposure 5185 

estimates from non-scenario specific monitoring data to ground truth the results (e.g., indoor dust 5186 

exposures). Table 5-22 summarizes the environmental media monitoring data that was available in the 5187 

United States. For a description of statistical methods, methodology of data integration and treatment of 5188 

non-detects and outliers used to generate these estimates please see the Draft Risk Evaluation for Tris(2-5189 

chloroethyl) Phosphate (TCEP) ï Supplemental Information File: Environmental Monitoring 5190 

Concentrations Reported by Media Type (U.S. EPA, 2023g). 5191 

 5192 

Table 5-22. Summary of Environmental Monitoring Data of TCEP from the L iterature for U .S. 5193 

Studies 5194 

Matrices Location Type 

Count of Estimates 

from Studies 

Containing U.S. Data 

Unit  Fraction 

Average of 

Arithmetic 

Estimates 

Average of 

90th Percentile 

Estimates 

Environmental media 

Ambient Air General Population 6 ng/m3 Any 1.3Eī01 2.5Eī01 

Drinking Water General Population 1 ng/L Any 4.9E00 9.5E00 

Sediment General Population 1 ng/g Dry 2.3E00 4.1E00 

Surface Water General Population 5 ng/L Any 1.3E02 2.5E02 

Wastewater 
Treated Effluent 2 ng/g Wet 2.1E01 4.3E01 

Treated Effluent 4 ng/L Wet 8.1E02 1.2E03 

Ecological media 

Aquatic Fish General Population 1 ng/g Lipid 1.0E01 2.5E01 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11194893
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Matrices Location Type 

Count of Estimates 

from Studies 

Containing U.S. Data 

Unit  Fraction 

Average of 

Arithmetic 

Estimates 

Average of 

90th Percentile 

Estimates 

Terrestrial 

Birds 

General Population 2 ng/g Wet 5.3E00 9.7E00 

Terrestrial 

Plants 

Remote 1 ng/g Wet 1.3E02 2.2E02 

Human biomonitoring 

Human Hair General Population 2 ng/g Dry 2.7E02 4.2E02 

Human Nails General Population 1 ng/g Dry 6.3E02 1.4E03 

 5195 

Figure 5-5 depicts the direct and indirect methods EPA used to estimate general population exposures. 5196 

The direct assessment used environmental release estimates that were related to the industrial and 5197 

commercial OES (see Section 3.2). Release estimates were used to model ambient air concentrations 5198 

(see Section 3.3.1.2), surface water concentrations (see Section 3.3.2.5), soil concentrations (see Section 5199 

3.3.3.2), and groundwater concentrations as a result of landfill leachate (see Section 3.3.3.7). EPA 5200 

modeled estimates for the environmental media were used to estimate inhalation, dermal and ingestion 5201 

doses for various anticipated scenarios (e.g., childrens dermal exposure to soil, fish ingestion for the 5202 

general population, drinking water ingestion exposure). Further information on the assessed exposure 5203 

scenarios is presented in the individual sections below. In addition, EPA estimated exposure doses using 5204 

an indirect estimation method via reverse dosimetry (see Section 5.1.3.5). Furthermore, to help ñground 5205 

truthò the results, the reported environmental monitoring and reported modeled data (i.e., TCEP 5206 

concentration and doses in dietary sources, dust, soil, ambient air, indoor air, and surface water) were 5207 

compared against the exposure estimates calculated from the direct assessment patterns.   5208 

 5209 
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 5210 
Figure 5-5. Direct and Indirect  Exposure Assessment Approaches Used to Estimate General 5211 

Population Exposure to TCEP 5212 

 5213 

For each exposure pathway, central tendency and high-end exposures were estimated. EPAôs Guidelines 5214 

for Human Exposure Assessment defined central tendency exposures as ñan estimate of individuals in 5215 

the middle of the distribution.ò It is anticipated that these estimates apply to most individuals in the 5216 

United States. High-end exposure estimates are defined as ñplausible estimate of individual exposure for 5217 

those individuals at the upper end of an exposure distribution, the intent of which is to convey an 5218 

estimate of exposure in the upper range of the distribution while avoiding estimates that are beyond the 5219 

true distribution.ò It is anticipated that these estimates apply to some individuals, particularly those who 5220 

may live near facilities with elevated concentrations. 5221 

https://www.epa.gov/sites/default/files/2020-01/documents/guidelines_for_human_exposure_assessment_final2019.pdf
https://www.epa.gov/sites/default/files/2020-01/documents/guidelines_for_human_exposure_assessment_final2019.pdf
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5.1.3.1.1 General Population Exposure Scenarios 5222 

Figure 5-4 provides an illustration of the exposure scenarios considered for general population exposure. 5223 

 5224 

Ambient Air Exposure Scenarios 5225 

The Ambient Air Methodology utilizing AERMOD evaluated exposures to human populations at eight 5226 

finite distances (10, 30, 60, 100, 1,000, 2,500, 5,000, and 10,000 m) and one area distance (100 to 1,000 5227 

m) from a hypothetical releasing facility for each OES. Human populations for each of the eight finite 5228 

distances were placed in a polar grid every 22.5 degrees around the respective distance ring. This results 5229 

in a total of 16 modeled exposure points around each finite distance ring for which exposures are 5230 

modeled. Figure 5-6 provides a visual depiction of the placement of exposure points around a finite 5231 

distance ring. Although the visual depiction only shows exposure point locations around a single finite 5232 

distance ring, the same placement occurred for all eight finite distance rings. 5233 

 5234 

 5235 

Figure 5-6. Modeled Exposure Points for Finite Distance Rings for Ambient Air Modeling 5236 

(AERMOD)  5237 

 5238 

Modeled exposure points for the area distance evaluated were placed in a cartesian grid at equal 5239 

distances between 200 and 900 m around each releasing facility (or generic facility for alternative 5240 

release estimates). Exposure points were placed at 100-meter increments. This results in a total of 456 5241 

points for which exposures are modeled. Figure 5-6 provides a visual depiction of the placement of these 5242 

exposure points (each dot) around the area distance ring. 5243 

 5244 

Although the ambient air is a minor pathway for TCEP, the general population may be exposed to 5245 

ambient air concentrations and air deposition because of TCEP releases. Relevant exposures scenarios 5246 
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considered in this draft risk evaluation include ambient air inhalation for populations living nearby 5247 

releasing facilities, and ingestion and dermal exposure of soil to children result of ambient air deposition 5248 

from a nearby facility. 5249 

 5250 

Soil Exposure Scenarios 5251 

Air deposition fluxes from AERMOD were used to estimate soil concentrations at various distances 5252 

from the hypothetical facility for each OES (see Section 3.3.3.2). Oral ingestion and dermal absorption 5253 

exposure estimates of soil were calculated for children aged 3 to 6 years. Ingestion estimates were 5254 

calculated for a central tendency and high intake rate. Dermal absorption estimates were calculated for 5255 

two exposure scenarios: a child playing in mud, and a child performing activities with soil.  5256 

 5257 

Water Exposure Scenarios 5258 

TCEP is expected to be found predominantly in water or soil. Section 3.3.2.5 provides modeled 5259 

estimates of TCEP in surface water due to release of TCEP to water. Section 1.1.1 provides model 5260 

estimates of TCEP in surface water due to air deposition to surface waters. Section 3.3.3.7 provides 5261 

modeled estimates of TCEP in groundwater due to estimated migration from landfill leachate. Each of 5262 

these estimates were used to calculate an exposure dose from drinking water for the general population. 5263 

Additionally, modeled surface water concentrations (see Section 3.3.2.5) were used to calculate a dermal 5264 

exposure estimate from swimming, incidental ingestion estimates from swimming, fish ingestion 5265 

exposure.  5266 

5.1.3.2 Summary of Inhalation Exposure Assessment 5267 

Modeled ambient air concentrations for various distances from a hypothetical facility for each COU are 5268 

presented in Section 3.3.1.2. Figure 5-7 below is a graph of the inhalation concentration by distances for 5269 

the low production volume (2,500 lb/year) low-end and high-end estimates by the central tendency and 5270 

high meteorology data. The x-axis is in log scale of distances in meters and the y-axis is in log scale of 5271 

the 50th percentile concentrations in ppm.  5272 

 5273 
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 5274 
Figure 5-7. General Population Inhalation Concentrations (ppm) by Distance (m) in Log Scale 5275 

 5276 

Table 5-23 below indicates the ambient air concentrations at one distance (100 m) for each of the OES. 5277 

For a full set data for all distances please see Appendix H. 5278 

 5279 
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Table 5-23. Excerpt of Ambient Air Modeled Concentrations for the 2,500 lb Production Volume, 5280 

High-End Release Estimate for all COUs at 100 m, Suburban Forest Land Category Scenario  5281 

OESa Meteorology Source 
Concentration (ppm) by Percentile 

10th 50th 95th 

Use in paints and coatings at job 

sites 

MetCT FUG_U 1.15Eī05 3.36Eī05 6.45Eī05 

MetHIGH FUG_U 8.77Eī06 3.08Eī05 8.21Eī05 

Use of laboratory chemicals 
MetCT ALL  1.51Eī08 2.04Eī08 3.33Eī08 

MetHIGH ALL  1.16Eī08 2.24Eī08 3.32Eī08 

Repackaging of import containers 
MetCT ALL  1.50Eī10 3.88Eī10 9.12Eī10 

MetHIGH ALL  2.34Eī10 4.39Eī10 1.12Eī09 

Processing into 2-part resin article 
MetCT ALL  1.48Eī08 1.93Eī08 2.70Eī08 

MetHIGH ALL  9.46Eī09 1.96Eī08 2.72Eī08 

Incorporation into paints and 

coatings ï 2-part reactive coatings 

MetCT ALL  2.60Eī11 1.60Eī09 1.14Eī08 

MetHIGH ALL  3.46Eī10 2.29Eī09 1.11Eī08 

Incorporation into paints and 

coatings ï 1-part coatings 

MetCT ALL  4.80Eī09 1.31Eī08 2.87Eī08 

MetHIGH ALL  4.00Eī09 1.35Eī08 3.51Eī08 

Formulation of TCEP containing 

reactive resin 

MetCT ALL  2.72Eī11 1.78Eī09 1.26Eī08 

MetHIGH ALL  3.73Eī10 2.52Eī09 1.21Eī08 

a Table 3-3 provides a crosswalk of industrial and commercial COUs to OESs 

5.1.3.3 Summary of Dermal Exposure Assessment 5282 

5.1.3.3.1 Incidental Dermal from Swimming 5283 

The general population may swim in affected surface waters (streams and lakes) that are affected by 5284 

TCEP contamination. Modeled surface water concentrations from EFAST 2014 were used to estimate 5285 

acute doses and average daily doses because of dermal exposure while swimming. 5286 

 5287 

The following equations were used to calculate incidental dermal (swimming) doses for all COUs, for 5288 

adults, youth, and children: 5289 

 5290 

Equation 5-11 5291 

ὃὈὙ 
Ὓὡὅ  ὑ Ὓὃ ὉὝ ὅὊρ ὅὊς 

ὄὡ
 5292 

 5293 

Equation 5-12 5294 

ὃὈὈ 
Ὓὡὅ  ὑ Ὓὃ ὉὝ ὙὈ ὉὝ ὅὊρ ὅὊς 

ὄὡ ὃὝ ὅὊσ
 5295 

 5296 

Where: 5297 

ADR = Acute Dose Rate (mg/kg-day) 5298 

ADD = Average Daily Dose (mg/kg-day) 5299 

SWC = Chemical concentration in water (µg/L) 5300 
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Kp = Permeability coefficient (cm/h) 5301 

SA = Skin surface area exposed (cm2) 5302 

ET = Exposure time (h/day) 5303 

RD = Release days (days/year) 5304 

ED = Exposure duration (years) 5305 

BW = Body weight (kg) 5306 

AT = Averaging time (years) 5307 

CF1 = Conversion factor (1.0×10ī3 mg/µg) 5308 

CF2 = Conversion factor (1.0×10ī3 L/cm3) 5309 

CF3 = Conversion factor (365 days/year) 5310 

 5311 

A summary of inputs utilized for these exposure estimates are provided in Appendix H. 5312 

 5313 

EPA used the dermal permeability coefficient (Kp) (0.022 cm/h) derived by Abdallah et al. (2016) from 5314 

their in vitro study that measured TCEP absorption through excised human skin.  5315 

 5316 

Table 5-24. Modeled Incidental Dermal (Swimming) Doses for all COUs for Adults, Youths, and 5317 

Children, for the 2,500 lb High-End Release Estimate 5318 

OESa 

Surface Water 

Concentration 
Adult (Ó21 years) Youth (11ï15 years) Child (6ï10 years) 

30Q5 

Conc. 

(µg/L) 

Harmonic 

Mean 

Conc. 

(µg/L) 

ADRPOT 

(mg/kg-

day) 

ADD 

(mg/kg-

day) 

ADRPOT 

(mg/kg-

day) 

ADD 

(mg/kg-

day) 

ADRPOT 

(mg/kg-

day) 

ADD 

(mg/kg-

day) 

Repackaging of import 

containers 

862.129 1,366.528 1.39Eī03 6.02Eī06 1.06Eī03 4.61Eī06 6.44Eī04 2.80Eī06 

Incorporation into 

paints and coatings ï 

1-part coatings 

3,819.444 5,912.114 6.14Eī03 2.61Eī05 4.70Eī03 2.00Eī05 2.85Eī03 1.21Eī05 

Incorporation into 

paints and coatings ï 

2-part reactive 

coatings 

3,462.800 5,360.066 5.57Eī03 2.36Eī05 4.27Eī03 1.81Eī05 2.59Eī03 1.10Eī05 

Use in paints and 

coatings at job sites 

2,029.305 3,216.574 3.26Eī03 1.42Eī05 2.50Eī03 1.09Eī05 1.52Eī03 6.58Eī06 

Formulation of TCEP 

containing reactive 

resin 

4,844.722 6,245.374 7.79Eī03 2.75Eī05 5.97Eī03 2.11Eī05 3.62Eī03 1.28Eī05 

Use of laboratory 

chemicals 

34.555 54.722 5.59Eī05 2.41Eī07 4.26Eī05 1.85Eī07 2.58Eī05 1.12Eī07 

a Table 3-3 provides a crosswalk of industrial and commercial COUs to OES. 

5.1.3.3.2 Incidental Dermal Intake from Soil 5319 

Dermal absorbed doses (DAD) were calculated for TCEP using the following formula: 5320 

 5321 

Equation 5-13 5322 

ὈὃὈ 
ὅ  ὅὊ ὃὊ ὃὄὛ Ὓὃ  Ὁὠ 

ὄὡ ὃὝ
 5323 

Where: 5324 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3120332
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AF = Adherence factor of soil to skin (mg/cm2-event) 5325 

ABSd =  Dermal absorption fraction 5326 

SA =  Skin surface area 5327 

EV  =  Events per day 5328 

BW =  Body weight 5329 

AT  = Averaging time 5330 

 5331 

Modeled soil concentrations were calculated from 95th percentile air deposition (Section 3.3.3.2) for 5332 

100 and 1,000 m. These calculations were conducted for the COM-paints-use scenario (LOW PV ï 5333 

2,500 lb, HE-95th percentile release). The dermal absorption fraction (ABSd) used was 35.1 percent 5334 

(Abdallah et al., 2016). The skin surface area for the arms (0.106 m2), hands (0.037 m2), legs (0.195 m2) 5335 

and feet (0.049 m2), and body weight (18.6 kg) of a 3- to 6-year-old was used from the Exposure 5336 

Factors Handbook (U.S. EPA, 2017c). EPA used two different scenarios for the adherence factor of soil 5337 

to skin: 96 mg/cm2 for a child playing in mud and 0.467 mg/cm2 for childrenôs activity with soil. With an 5338 

assumption of one event per day and an averaging time of 2 days, the dermal exposure estimates for the 5339 

different scenarios were as follows: 5340 

 5341 

Table 5-25. Modeled Soil Dermal Doses for the Commercial Use of Paints and Coatings COU, for 5342 

Children 5343 

OES 
Exposure 

Scenario 

Distance 

(m) 

95th Percentile Soil 

Concentration 

Dermal Absorbed Dose 

(mg/kg-day) 

Use in 

paints and 

coatings at 

job sites 

Activities 

with soil 

100 1.14E04 3.88Eī02 

1,000 8.65E01 2.12Eī03 

Playing in 

mud 

100 1.14E04 7.97E00 

1,000 8.65E01 4.36Eī01 

5.1.3.4 Summary of Oral Exposures Assessment 5344 

  5345 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3120332
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097842
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5.1.3.4.1 Drinking Water Exposure  5346 

 5347 

 5348 

Figure 5-8. Concentrations of TCEP (ng/L) in Drinking Water from 1982 to 2014 5349 

 5350 

A study of drinking water systems in the United States indicated a maximum of 470 ng/L and a median 5351 

of 120 ng/L of TCEP in finished water, and a maximum of 200 ng/L and a median of 140 ng/L in 5352 

distributed waters in 6 out of 19 drinking water systems. The drinking water systems collected samples 5353 

from 19 drinking water treatment plants (DWTPs) across the United States, representing drinking water 5354 

for more than 28 million Americans (Benotti et al., 2009). 5355 

 5356 

TCEP has been detected in tap water in Korea at a mean of 39.5 and a maximum of 87.4 ng/L as 5357 

recently as 2017 (Park et al., 2018). Because the OPFR concentrations were correlated with the distance 5358 

of the pipes (both from the water intake source to the drinking water treatment facility and the drinking 5359 

water treatment facility to the sampling site), this study has suggested that a possible source of OPFRs in 5360 

tap water were pipes. Pipe materials are known to promote the formation of disinfection by products or 5361 

biofilms (Park et al., 2018). 5362 

 5363 

Drinking Water Intake Estimates via Modeled Surface Water Concentrations 5364 

Modeled surface water concentrations (see Sections 1.1.1 and 3.3.2.5) were used to estimate drinking 5365 

water exposures. A 0 percent drinking water treatment removal efficiency was used for the purposes of 5366 

this exposure estimation. 5367 

 5368 

Drinking water intakes were calculated using the following formulae: 5369 

 5370 

 5371 

Equation 5-14 5372 

ὃὈὙ  
Ὓὡὅ ρ  

ὈὡὝ
ρππ ὍὙ ὙὈ ὅὊρ 

ὄὡ ὃὝ
 5373 

 5374 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1406528
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079822
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079822



















































































































































































































































































































































































































































































































































































































































































































































