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Introduction:

As required in ECL 27-1415(6)(c), the New York State Department of Environmental
Conservation (NYSDEC) is required to update the Soil Cleanup Objectives (SCOs)
tables every 5 years. NYSDEC has reviewed those tables and a summary of the
changes made are provided below. This is an addendum to the Technical Support
Document (TSD) issued in September 2006 and is available on NYSDEC’s website.

Applicability:

Once the revisions to 6 NYCRR Part 375, including revised SCOs are adopted, the
revised SCOs will apply to any State Superfund or Environmental Restoration site for
which a remedy has not been selected by the Department and for any Brownfield Site
for which the Remedial Action Work Plan has not been approved by the Department.

Updating the list of chemicals:

Adding:

Two chemicals were added to the list of volatile organic chemicals (VOCs), aniline and
nitrobenzene. These chemicals were identified as contaminants of concern for at least
one site since the initial publication of Subpart 375-6, and SCOs were developed to
address the contamination at those sites. These chemicals are included in this revision
to allow for sampling for these chemicals at other sites where they may be present. .
These chemicals can be analyzed for using the same EPA Standard Method used for
other VOCs, so little or no increased cost as expected.

Moving:
Two chemicals had changes to the category they were listed under.

e Dibenzofuran was initially listed under the category of PCBs/Pesticides. This
semivolatile organic chemical is not a pesticide or a PCB, so it is more
appropriate to include it under the “Semivolatile organic compound” list.

e 1,4-dioxane is a volatile organic chemical in its pure form. However, because of
the way 1,4-dioxane interacts with water, it behaves more like a semivolatile
compound as it exists in environmental media. The United States Environmental
Protection Agency (USEPA) has listed it as a semivolatile organic compound in
their contract lab protocol (CLP), and the preferred analytical method for this
compound is EPA method 8270, which is used to evaluate semivolatile organic
compounds. Special sampling methods to prevent volatilization are not
necessary. 1,4-dioxane has therefore been moved to the semivolatile organic
compound list.
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Removing: 2,4,5 TP Acid (Silvex) is an herbicide used to defoliate broadleaf plants that
was banned from use in the United States for food crops since 1970, and for all uses
since 1985.

No herbicides are included in the USEPA “Target Analyte List”, which NYSDEC
references as the list of chemicals that are to be evaluated at remediation sites (DER-
10). Silvex is the only herbicide included in the SCOs. The rest of the pesticides are
insecticides.

The Technical Support Document describes the process used to select the chemicals for the
SCOs. Silvex was not on the original list developed by NYSDEC. It was added to the list as a
result of public comment (there was not a record of who made that request).

The TSD indicated that they used the following criteria in considering the comments:

» the chemical is listed on typical analytical scans,
» the chemical is typically found at sites, and
« the chemical is typically found in soils.

11 Compounds were added to the priority list following public comment (listed below).
Silvex is the only one of those not on the TAL/TCL list:

« barium,

» beryllium,
e selenium,
+ silver,

+ acenaphthene,

* acenaphthylene,

* pyrene,

» 2-methylphenol (o-creosol),

« 3-methylphenol, (m-creosol)
* 4-methylphenol, (p-creosol)

+ Silvex

Over 11,000 samples from over 260 sites have been analyzed for Silvex. This chemical
was detected in 180 samples at 17 sites, with a maximum concentration of 0.056 mg/kg.
The unrestricted use SCO for this chemical is 3.8 mg/kg. Silvex has also been analyzed
by Suffolk County as part of their groundwater program, and it has not been detected.
There are no sites that have identified Silvex as a contaminant of concern. Silvex was
detected in the groundwater at 6 sites at levels up to 0.88 ug/l, which is significantly
below the groundwater standard of 10 ug/l. This testing fails to demonstrate that Silvex
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is “typically found in soils” and is “typically found at sites” and supports removing the
chemical from the SCO tables.

If there is a site where herbicides were disposed, then NYSDEC would require testing
for the herbicides suspected of being disposed, which might include Silvex, but which
would likely include other herbicides not on the SCO list.

Protection of Public Health SCOs

In response to NYSDEC's request, the New York State Department of Health (DOH)
has reviewed the health based SCOs. There have been numerous updates in the
toxicity data and in the methods and data used to estimate soil-related exposures. DOH
has used these updates to derive revised health based SCOs for 81 contaminants and
new SCOs for 4 more. Those changes and their derivation are described in the attached
document, “New York State Brownfield Cleanup Program Development of Soil Cleanup
Objectives Technical Support Document 2020 Addendum” Prepared By: New York
State Department of Environmental Conservation and New York State Department of
Health March 2020.

Protection of Public Health SCOs are calculated for 3 forms of mercury: elemental
mercury (CAS Number 7439-97-6), mercury inorganic salts, organic mercury. The SCO
table will list only total mercury and will cite the lowest values for these 3 forms. The
only ELAP certified method available is for Total Mercury. Analysis for the three forms
listed above are not certified by ELAP and are not widely available. If mercury is found
in soil above the published SCO, then subsequent analysis of the separate species of
mercury can be taken into consideration during the remedy selection process. Mercury
SCOs for the protection of groundwater and the protection of ecological resources are
only available for total mercury.

Protection of Groundwater SCOs

Clarification of Section 7.5: The Technical Support Document indicates that a dilution
attenuation factor (DAF) of 100 is used to account for the mechanisms that prevent all
of the contamination that leaves the contaminated soil from impacting groundwater,
including:

1) volatilization;

2) sorption and desorption;

3) leaching and diffusion;

4) transformation and degradation; and
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5) change in concentration of contaminants after reaching and/or mixing with the
groundwater surface.

While a DAF of 100 was used for organic compounds to develop the original SCOs, a
DAF of 20 was used to calculate the original SCOs for inorganic chemicals, based on
the assumption that volatilization, sorption, and transformation would not play a
significant role in fate and transport of inorganic chemicals.

It is noted that some substances are much more susceptible to these mechanisms than
others. None of the chemicals in the PCBs/Pesticides group are volatile, and all have
limited degradation potential. In the VOC group, many of the chemicals are both highly
volatile and are readily degraded by aerobic bacteria. Yet, the same DAF is applied
uniformly. Degradation can also be site dependent, since aerobic conditions would
rapidly degrade some VOCs, while other VOCs are only bio-degraded anaerobically.
Since these variations are not accounted for in the SCOs, they must be taken into
consideration during the selection of the remedy. For example, sites with chlorinated
solvents (trichloroethene or tetrachloroethene) often will require groundwater treatment
even if no soil results exceed the protection of groundwater SCO, while sites with PCB
concentrations exceeding the protection of groundwater SCO will very seldom have
groundwater contamination issues. Caution is therefore required if protection of
groundwater SCOs are applied outside the remedy selection process.

Revisions to Section 7.7: The below revisions to Section 7.7 reflect the following
changes in the procedure for calculating the protection of groundwater SCOs in the
2020 update of Part 375. The key revisions to this section include:

1. One of the “authoritative bodies” was no longer available.

2. A number of chemicals leach differently as pH varies. The pH assumed in
calculating the protection of groundwater SCOs is now indicated, and a reference
is cited to provide additional information.

3. A number of different equations are available to calculate the Koc from the Kow.
NYSDEC has cited the equation from the principal authoritative body listed below
(HHRAP). The source of the previously provided equation was not identified.

4. We have provided a table indicating the protection of groundwater SCOs that
have changed in this update, along with the criteria used to calculate these
values.

7.7 Hierarchy of Authoritative Bodies

1. HHRAP: USEPA (United States Environmental Protection Agency). 1998.
Human Health Risk Assessment Protocol for Hazardous Waste Combustion
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Facilities. Region 6: Office of Solid, Waste and Emergency Response. EPA530D-
D-98-001A. July 1998.
https://archive.epa.gov/epawaste/hazard/tsd/td/web/html/risk.html. The appendix
listing Koc values was replaced by The Hazardous Waste Companion Database
(ACCESS). This database updates and replaces the hard-copy listing of
chemical-specific parameter values originally found in Appendix A of the 1998
HHRAP. USEPA has committed to maintaining the database, and will post
periodic updates on the same web site;

2. ATSDR: Agency for Toxic Substances and Disease Registry. Toxicological
Profiles for
various chemicals. https://www.atsdr.cdc.gov/toxprofiledocs/index.html

3. HSDB: US National Library of Medicine. 2004. Hazardous Substances Data
Base. Bethesda MD. http://toxnet.nIm.nih.gov/cgi-bin/sis/htmlgen?HSDB

4. SGDSS: US EPA. 2002. Supplemental Guidance for Developing Soil Screening
Levels for Superfund Sites. OSWER 9355.4-24. December 2002. (Prepared for
USEPA Office of Emergency and Remedial Response)

The order of the references listed above was used as a hierarchy for finding the
chemical-specific parameters of: logKow, Koc, and solubility. For any parameters not
found in the first reference, the second reference was consulted and so forth until a
value for the parameter was found, or the hierarchy of references was exhausted.

HHRAP (Reference #1) provided a single Koc value for a majority of the chemicals. The
Koc for Xylene (mixed) is a geometric mean of the Koc for 3 isomers.

The following have been identified as being particularly sensitive to variations in pH:
pentachlorophenol, Arsenic, Barium, Beryllium, Cadmium, Chromium(+lIl),
Chromium(+VI), Mercury, Nickel, Silver, Selenium, Thallium, and Zinc. The values used
for these chemicals reflect a pH of 6.8. Kd values for different pH conditions can be
found in Exhibits C2 and C4 of the SGDSS (reference 5).

The equation to estimate Kd using Koc, taken from EPA’s Human Health Risk
Assessment Protocol for Hazardous Waste Combustion Facilities (Reference #1), is

Kd = foc * Koc Where foc is estimated between 0.002 and 0.024 but the mid-range value of
0.01 is generally used.

If Koc was not found in the reference hierarchy, Koc was calculated with one of the
following equations, taken from Appendix A of HHRAP (Reference 1) (appendix A, Page
A-2-11);

For semi-volatile, nonionizing organic compounds:
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Log Koc=0.00028+(0.983*Log Kow)
For volatile nonionizing organics, chlorinated benzenes and chlorinated pesticides

Log Koc = 0.0784 + (0.7919 * log Kow)
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Table 7-1. Protection of Groundwater SCOs for Inorganic Chemicals
GW | Calculated | 2006 2020
CAS Contaminant Kd ref | (ugl/l) SCO SCO SCO
7440-38-2 | Arsenic 29| 1 25 145 | 16" | 16'
7440-39-3 | Barium 41| 1] 1000 820 | 820 | 820
7440-41-7 | Beryllium 790 | 1 3 47 | 47 47
7440-43-9 | Cadmium 75| 1 5 75|75 |73
16065-83-1 | Chromium II| 1,800,000 | 1 50| 1,800,000 | NS | NS
18540-29-9 | Chromium VI 19| 1 50 19 | 19 19
7440-50-8 | Copper 430 200 1,720 | 1,720 | 1,720
57-12-5 Cyanide 99| 1 200 40 | 40 40
7439-92-1 | Lead 200 | 1 25 450 | 450 | 430
7439-96-5 | Manganese 65 300 390 | 20007 | 2,000°
7439-97-6 | Mercury 52| 1 0.7 73|73 | .73
7440-02-0 | Nickel 65| 1 100 130 | 130 | 130
7782-49-2 | Selenium 5| 1 10 1.0 | 4 41
7440-22-4 | Silver 83| 1 50 83|83 |83
7440-66-6 | Zinc 62| 1| 2000 2,480 | 2,480 | 2,480
Table 7-2. Protection of Groundwater SCOs for Organic Chemicals
GW
Criteria | Calculate | 2006 | 2020
CAS Contaminant Ref Koc (ugll) SCO SCO | SCO
71-55-6 1,1,1-Trichloroethane 1 | 1.35E+02 5 0.68| 0.68| 0.68
75-34-3 1,1-Dichloroethane 1 | 5.34E+01 5 027| 027 0.27
75-35-4 1,1-Dichloroethene 1 | 6.50E+01 5 0.33| 0.33| 033
95-63-6 1,2,4-Trimethylbenzene* 3| 1.18E+03 5 590 | 3.60 5.9
95-50-1 1,2-Dichlorobenzene 1| 3.79E+02 3 1.1 1.1 1.1
107-06-2 1,2-Dichloroethane 1 | 3.80E+01 0.6 0.02| 0.02] 0.02
156-59-2 1,2-Dichloroethene (cis) 1| 3.83E+01 5 019 | 025| 0.19
1,2-Dichloroethene 0.19 0.19
156-60-5 | (trans) 1 | 3.80E+01 5 0.19
108-67-8 1,3,5-Trimethylbenzene* 1| 6.12E+02 5 3.1 8.4 3.1
541-73-1 1,3-Dichlorobenzene 1 | 8.50E+02 3 26| 24 2.6
106-46-7 | 1,4-Dichlorobenzene 1 | 6.16E+02 3 18| 1.8 1.8
123-91-1 1,4-Dioxane* 1| 5.40E-01 50 0.03| 0.1° 0.1¢
93-72-1 2,4,5-TP Acid 3| 1.22E+02 0.26 03| 38 0.3
78-93-3 | Zbutanone (methyl ethyl 1| 1.93E+00 50 04| 012| 0.0
etone)
72-54-8 4,4-DDD 1| 4.58E+04 0.3 14 14 14
72-55-9 4,4-DDE 1 | 4.64E+04 0.2 9.3 17 9.3
50-29-3 4,.4-DDT 1| 6.75E+05 0.2 135 | 136 135
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GW

Criteria | Calculate | 2006 | 2020
CAS Contaminant Ref Koc (ugll) SCO SCO | SCO
83-32-9 Acenaphthene 1| 4.90E+03 20 98 98 98
208-96-8 | Acenapthylene 3 | 7.30E+03 50 365 | 107 365
67-64-1 Acetone 1| 5.80E-01 50 0.03| 0.05| 0.03
309-00-2 | Aldrin 1|4.87E+04 | 0.004 0.19| 0.19] 0.19
319-84-6 | Alpha-BHC 1| 1.76E+03 0.01 0.02| 0.02| 0.02
62-53-3 aniline 1| 7.67E+00 5 0.04 | New | 0.04
1,000 | 1,000°¢

120-12-7 Anthracene 1| 2.35E+04 50| 1,175.00 c
56-55-3 Benz(a)anthracene 1| 3.58E+05| 0.002 0.72 1 1
71-43-2 Benzene 1| 6.17E+01 1 0.06| 0.06| 0.06
50-32-8 Benzo(a)pyrene 1]9.69E+05| 0.023 22 22 22
205-99-2 Benzo(b)fluoranthene 1| 1.05E+06 | 0.002 2.1 1.7 2.1
1,000 | 1,000°¢

191-24-2 Benzo(g,h,i)perylene 3 | 3.29E+06 50 1,000 ©
207-08-9 | Benzo(k)fluoranthene 1]9.92E+05| 0.002 2| 1.7 2
319-85-7 Beta-BHC 1| 2.14E+03 0.04 0.09 | 0.09 0.09
56-23-5 Carbon tetrachloride 1| 1.52E+02 5 0.76 | 0.76 0.76
5103-71-9 | Chlordane (alpha) 3| 9.05E+04 .05 4.5 2.9 4.5
108-90-7 Chlorobenzene 1| 2.24E+02 5 4.5 1.1 4.5
67-66-3 Chloroform 1| 5.25E+01 7 0.37 | 0.37 0.37
218-01-9 | Chrysene 1|4.01E+05| 0.002 0.80 1 1
319-86-8 Delta-BHC 3 | 2.27E+03 0.04 01| 025 0.1
1,000 | 1,000°

53-70-3 Dibenz(a,h)anthracene 11 1.79E+06 50 | 89,500.00 ¢
132-64-9 Dibenzofuran 3 | 2.19E+03 50 110 | 210 110
60-57-1 Dieldrin 1| 2.55E+04 | 0.004 0.1 0.1 0.1
959-98-8 | Endosulfan | 3 | 1.29E+03 50 65| 102 65
33213-65-9 | Endosulfan I 3 | 8.81E+02 50 44 | 102 44
1031-07-8 | Endosulfan sulfate 3 | 9.48E+02 50 47 | 1,000 47
72-20-8 Endrin (technical) 1]1.08E+04 | 0.002 0.02| 0.06| 0.06
100-41-4 Ethylbenzene 1| 2.04E+02 5 1.0 1.0 1.0
1,000 | 1,000°

206-44-0 | Fluoranthene 1| 4.91E+04 50 2,455 c
86-73-7 Fluorene 1|7.71E+03 50 386 | 386 386
58-89-9 Gamma-BHC (lindane) 3 | 1.06E+03 0.05 0.05| 0.1 0.05
76-44-8 Heptachlor 1| 9.53E+03 0.04 0.38 | 0.38 0.38
118-74-1 Hexachlorobenzene 1 | 8.00E+04 0.04 32| 32 3.2
193-39-5 Indeno(1,2,3-cd)pyrene 1| 3.08E+06 | 0.002 66| 82 6.6
108-39-4 m-Cresol(s) 1 | 8.45E+01 1 0.08 | 0.33°| 0.33°¢
1634-04-4 | Methyl tert-butyl ether 3 | 6.65E+00 10 0.1] 0.93 0.1
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GW
Criteria | Calculate | 2006 | 2020
CAS Contaminant Ref Koc (ugll) SCO SCO | SCO
75-09-2 Methylene chloride 1 | 1.00E+01 5 0.05| 0.05| 0.05
91-20-3 Naphthalene 1| 1.19E+03 10 12 12 12
104-51-8 | n-Butylbenzene 3 | 3.52E+03 5 18 12 18
98-95-3 nitrobenzene 1| 1.19E+02 0.4 0.05| New .08
103-65-1 n-Propylbenzene 3 | 1.00E+03 5 5| 39 5
95-48-7 o-Cresol(s) 1| 8.26E+01 1 0.08 | 0.33°| 0.33°
106-44-5 p-Cresol(s) 1| 7.38E+01 1 0.07 | 0.33°| 0.33°
87-86-5 Pentachlorophenol 1 | 5.92E+02 1 059| 0.8] 0.80°
1,000 | 1,000°
85-01-8 Phenanthrene 1] 2.65E+04 50| 1,325.00 c
108-95-2 Phenol 1| 2.98E+01 1 0.03 | 0.33°| 0.33°¢
Polychlorinated
1336-36-3 gphe”y'sf (PCBs) 3.44+04 |  0.09 32| 32| 32
eometric Mean of
Arochlors
1,000
129-00-0 Pyrene 1| 6.80E+04 50 3,400 < | 1,000°
135-98-8 | sec-Butylbenzene 3 | 4.98E+03 5 25 11 25
98-06-6 tert-Butylbenzene 3 | 2.15E+03 5 11 5.9 11
127-18-4 | Tetrachloroethene 1 | 2.65E+02 5 13| 13| 1.30
108-88-3 | Toluene 1| 1.40E+02 5 o70| 0.7] 0.70
79-01-6 Trichloroethene 1| 9.43E+01 5 0.47| 047| 047
75-01-4 Vinyl chloride 1 | 1.54E+01 2 0.03| 0.02] 0.03
1330-20-7 | Xylene 1| 2.46+02 5 12| 1.6 1.2

@ The SCOs for residential, restricted-residential and ecological resources use were
capped at a maximum value of 100 ppm. See TSD section 9.3.

® The SCOs for commercial use were capped at a maximum value of 500 ppm. See TSD
section 9.3.

¢ The SCOs for industrial use and the protection of groundwater were capped at a
maximum value of 1000 ppm. See TSD section 9.3.

4 The SCOs for metals were capped at a maximum value of 10,000 ppm. See TSD
section 9.3.

¢ For constituents where the calculated SCO was lower than the contract required
quantitation limit (CRQL), the CRQL is used as the SCO value.

" For constituents where the calculated SCO was lower than the rural soil background
concentration as determined by NYSDEC and DOH rural soil survey, the rural soil
background concentration is used as the Track 2 SCO value for this use of the site.
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Section 9.4 Detection Limits:

In some cases, the calculated SCOs are below levels at which laboratories can report
the results with certainty. In these cases, the calculated values have been replaced with
the lowest level that laboratories are able to achieve, referred to as the Contract
Required Quantitation Levels (CRQL). The CRQL corresponds to the lowest
concentration level on the analytical method calibration curve. Section 27-1415.6(c) of
the Environmental Conservation Law requires that the tables of SCOs be updated every
five years. These updates will incorporate improvements in detection and quantitation
limits by the laboratories and include revised CRQLS as appropriate.
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INTRODUCTION/BACKGROUND

Legislation establishing New York State’s Brownfield Cleanup Program (i.e., Article 27,
Title 14 of the Environmental Conservation Law, ECL § 27-1415) required the Department of
Environmental Conservation (NYS DEC), in consultation with the Department of Health (NYS
DOH), to develop regulations that create an approach for the remediation of contamination at
Brownfield sites (NYS 2006a). ECL § 27-1415.6 established the requirements for soil cleanup
objectives (SCOs), which are contaminant-specific remedial action objectives for soil (i.e.,
contaminant soil concentrations expressed in ppm [parts per million] or mg/kg [milligrams of
contaminant per kilogram of soil]) based on a site’s current, intended, or reasonably anticipated
future use.

These SCOs are listed in the Brownfield Cleanup Program regulation (Title 6, New York
Codes Rules and Regulations [6 NYCRR], sub-Part 375-6 [NYS, 2006b]) in tables of
contaminant-specific SCOs that are protective of public health (human health-based SCOs) or
the environment (groundwater or ecological SCOs). Section 27-1415.6(b) of the legislation
states that SCOs “... shall not exceed an excess cancer risk of one-in-one million for
carcinogenic endpoints and a hazard index of one for non-cancer endpoints; provided, however,
that if the background soil concentration for a contaminant in rural soils in New York state
exceeds such risk level the contaminant specific action objective for such contaminant may be
established equal to such background concentration.”

New York State set SCOs for 85 priority soil contaminants in 2006. ECL § 27-1415.6.c
states that SCOs initially promulgated under the Brownfield Cleanup Program shall be updated
every five years. DEC requested that DOH update its health-based SCOs in anticipation of
proposing revisions to the 6 NYCRR Part 375 regulations.

Human health-based SCOs are estimates of contaminant-specific soil levels that are
without appreciable risk of either non-cancer or cancer health effects. They are based on a
combination of toxicity assessment and exposure assessment. Since 2006, there have been
substantial changes in the toxicity data for numerous priority soil contaminants, and in the
methods and data used to estimate soil-related exposures. Updated toxicity information and
exposure parameters were used to derive revised health-based SCOs for 81 priority
contaminants and new SCOs for 7 additional priority contaminants. The revisions based on the
updated information are summarized below, organized according to the specific sections of the
original New York State Brownfield Cleanup Program Development of Soil Cleanup Objectives
Technical Support Document (2006 TSD) (NYS 2006c¢).

Section 4.0 Target Chemicals

4.1 Identification of Target Chemicals

Based on the methods summarized in Section 4.1 of the 2006 TSD (NYS 2006c¢), aniline
(CAS Number 62-53-3), elemental mercury (CAS Number 7439-97-6), mercury inorganic salts,
organic mercury, nitrobenzene (CAS Number 98-95-3), perfluorooctane sulfonic acid (CAS
Number 1763-23-1), and perfluorooctanoic acid (CAS Number 335-67-1) were added to the Soil
Cleanup Objectives Priority List, and 2-(2,4,5-trichlorophenoxy)propionic acid (Silvex) was
removed.



Section 5.0 Protection of Human Health

5.1.1.3 Selection of Toxicity Values for Non-Cancer Effects
5.1.1.5 Selection of Toxicity Values for Cancer Effects

Review of the toxicity values for priority contaminants available from authoritative bodies
was completed in 2018. For each contaminant, decisions were made to retain or change the
toxicity values recommended in 2006, using the same selection criteria outlined in the original
2006 TSD. Fact sheets for each contaminant containing a summary of the available toxicity
values, the selected value, and a brief rationale in support of the selection are found in
Appendix Ad-A. Table Ad-1 lists the 2018 toxicity values for each soil contaminant, as well as
toxicity values used in the original 2006 TSD (NYS 2006c).

5.2.2 Exposure Assessment Parameters and Values

There were no changes to the five land-use categories (totaling 10 exposure scenarios)
evaluated in 2006 or to the exposure pathways considered within each exposure scenario. The
structure of all formulas used for each exposure pathway is unchanged. The only exposure-
assessment changes related to the selection of parameter values for the various exposure
pathways.

Review and evaluation of the latest information on soil exposure was completed in 2018.
This process ensured that exposure estimates used to calculate the SCOs are consistent with
new data and recommended risk assessment methods. When deciding to retain or revise a
value for each exposure factor used to derive the 2006 health-based chronic SCOs, two general
criteria were considered:

(1) Maintaining consistency with updated US EPA values when possible and appropriate. In
2014, the United States Environmental Protection Agency (US EPA, 2014) updated its
guidance on recommended values for standard default exposure factors used to
evaluate exposures of adults and children to environmental chemicals at hazardous
waste sites. The US EPA recommended values were adopted when the values were
judged to be reasonable estimates or were updated conventional defaults (based on
new data) for exposure-factor values appropriate for use in deriving SCOs. Examples of
these values include:

adult body weight of 80 kg instead of 70 kg,

child (age 2 years) body weight of 15 kg instead of 13.3 kg,

26-year residency at a single home instead of 70 years,

increased incidental soil ingestion rates for child residents and outdoor workers, and
revised age categories for “lifetime” cancer risk assessment.

(2) The existence of or lack of new data for New York State-specific parameter values.
When a New York State-specific value for an exposure factor was used to calculate the
2006 SCOs, new data on the factor were reviewed. The New York State-specific value
was revised if supported by the more recent data. Otherwise, these state-specific values
remained unchanged. Examples of these values include:




o number of days per year where outdoor exposure to soil is possible (“warm season”)
increased from 217 to 224,

e increased adult incidental ingestion rates for indoor dust containing outdoor soil from
0 mg/day to 24 mg/day,

¢ In some cases, a 2006 New York State-specific exposure-factor was mandated by
the enabling legislation and the value was based on professional judgement because
of inadequate empirical data for that factor. No new data were found to support
revising those values. Examples of these values include:

o allocation of 20% of total contaminant dose to soil-related exposures,

o default adjustment factors that consider doses received via home-grown
produce consumption and home-produced animal product consumption,

o nearly all elements of the New York State-specific child visitor (commercial
settings) and adolescent trespasser (industrial settings) exposure scenarios.

Tables Ad-2.1, Ad-2.2, and Ad-2.3 contain a list of more than 240 exposure factors and
their 2006 and 2018 values. The 2018 values were used in the calculation of the revised health-
based SCOs.

5.3 Calculation of Chronic Human Health-based Soil Cleanup Objectives

The revised toxicity and exposure values described above were used to calculate health-
based chronic SCOs for children and adults based on the chronic non-cancer effects of all
contaminants, and SCOs for children/adults (i.e., children developing into adults) based on the
cancer effects of those contaminants with toxicity values for cancer effects. Other than the
revised toxicity and exposure parameter values, the calculations followed exactly the same
structure as described in Section 5.3 of the 2006 TSD (NYS 2006c¢).

5.4 Calculation of Acute Soil Ingestion SCOs

SCOs based on the acute toxicity of contaminants in a child exhibiting pica behavior
(i.e., a child who persistently eats non-food substances such as soil) were recalculated using a
revised child body weight and following the procedure described in Section 5.4 of the 2006 TSD.
The revised SCOs based on acute soil ingestion are shown in Table Ad-3.

5.6 Final Human Health-based SCOs

After revised SCOs were calculated for all land-use categories, final health-based SCOs
for each contaminant were obtained following the same procedure as described in Section 5.6
of the 2006 TSD. Table Ad-4 presents the final health-based SCOs based on consideration of
chronic cancer and noncancer health risks, acute health risks, dermal irritancy health risks, and
the rural background concentration data (when available) for each contaminant.
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Table Ad-1. Toxicity Values for Priority Contaminants @

Oral Toxicity Values Inhalation Toxicity Values
Cancer Reference A
Substance CASRN @ REEENES DIDEE Potency Factor Concentration s R'ilfl
(mg/kg/day) (mg/kg/day)™ (mcg/m?) (mcg/m?)
2006 | 2018 2006 | 2018 2006 | 2018 2006 | 2018
acenaphthene 83-32-9 0.06 -@ 210 @ -G
acenaphthylene 208-96-8 0.06 ® -® 210 “9 -®
acetone 67-64-1 0.9 -@® 30,000 -@©
aldrin 309-00-2 0.00003 17 0.10 @ 0.0049 ©®
aniline* 62-53-3 -0 | 0.007 -® | 0.0034 -0 |1 -@  10.00000097 ©
anthracene 120-12-7 0.3 -® 1000 ¥ -®
arsenic 0.0003 15 0.03 ‘ 0.015 0.0015
barium 0.02 0.2 -® 0.5 -G
benz[a]anthracene 56-55-3 0.03® 0.0003 @ | 0.903 9 0.1 @9 100 “8 0.002 @V | 0.00011 9| 0.00006 *0
benzene 71-43-2 0.004 0.0005 0.055 0.1 30 3 0.0000078 0.000016
benzo[a]pyrene 50-32-8 0.03® 0.0003 9.03 1 100 48 0.002 0.0011 0.0006
benzolb]fluoranthene 205-99-2 0.03® | 0.0003® | 0.903 9 0.1 10 100 “8 | 0.002 Y | 0.00011 9 | 0.00006 *0
benzol[g,h,i]perylene 191-24-2 0.03® | 0.0003 ® -® 100 “8 | 0.002 @D -®
benzo[Kk]fluoranthene 207-08-9 0.03® 0.0003 @ | 0.0903 19 \ 0.01 9 100 “8 0.002 @1 10.000011 (10)\ 0.000006 9
beryllium 0.002 -G 0.007 0.0024
n-butylbenzene 104-51-8 0.1 @2 0.05 -® 400 @2 180 ¥ -G
sec-butylbenzene 135-98-8 0.1 @2 0.037 12 -@ 400 @2 130 “12) -G
tert-butylbenzene 98-06-6 0.1 @2 0.037 #2 -@ 400 @2 130 “12) -®
cadmium 0.0007 0.0001 0.38 0.067 0.02 0.01 0.0042
cadmium (child) -1 0.000011 -1 - (19 - (19
carbon tetrachloride 56-23-5 0.0007 0.004 0.13 ‘ 0.07 2 ‘ 100 0.000015 ‘ 0.000006
chlordane 12789-03-6 0.0005 0.35 0.7 0.0001
chlordane (child) 12789-03-6 -3 [ 0.000033 - 13 - 13 - 13
chlorobenzene 108-90-7 0.02 -G 60 50 -G
chloroform 67-66-3 0.01 0.031 50 100 0.000000068
chromium (l1l) (soluble salts) 0.005 -® - (14 -®
chromium (l11) (insoluble salts) 1.5 -@ 60 -G
chromium (VI) 0.003 0.0009 - 0.5 0.1 0.05
chrysene 218-01-9 0.03® 0.0003 @ | 0.0903 @9 0.0119 100 “48) ‘ 0.002 1 10.000011 (10)‘ 0.000006 9
copper 0.14 -G 490 @ -G




Oral Toxicity Values

Inhalation Toxicity Values

Reference Dose CENMEE Referencg Unit Risk
Substance CASRN® a/d Potency Factor Concentration Im3)L
(mg/kg/day) (mg/kg/day)™ (mcg/m?) (mcg/m®)
2006 2018 2006 | 2018 2006 2018 2006 | 2018
cyanide 57-12-5 0.02 0.0006 -G 25 0.8 -
DDD 72-54-8 0.0005 0.125 1.8® 0.000036 ©
DDE 72-55-9 0.012 0.185 42 4 0.000053 ©
DDT 50-29-3 0.0005 0.189 1.8® 0.000054 ©
dibenz[a,h]anthracene 53-70-3 | 0.03® | 0.0003®@ | 9.0310 | 100 100 “® [ 0.002 @D | 0.0011 @@ [ 0.0006 @9
dibenzofuran 132-64-9 0.002 0.001 -0 7@ 4@ -0
1,2-dichlorobenzene 95-50-1 0.021 0.3 -0 200 -0
1,3-dichlorobenzene 541-73-1 0.003 -G 10@® -G
1,4-dichlorobenzene 106-46-7 0.03 ‘ 0.07 0.011 800 0.0000031®
1,1-dichloroethane 75-34-3 -9 0.0057 -9 0.0000016
1,1-dichloroethene 75-35-4 0.05 -® | 0270 200 | 4.4 - @ | 0.000076
1,2-dichloroethane 107-06-2 0.045 0.047 400 0.000013 ©
cis-1,2-dichloroethene 156-59-2 001 [ 0.002 -G 354 | 60 -@
trans-1,2-dichloroethene 156-60-5 0.02 -0 60 -
dieldrin 60-57-1 0.00005 8.32 0.18 @ 0.0024 ©®
1,4-dioxane 123-91-1 0.1 0.026 0011 | 01 3600 30 |0.0000031®| 0.000005 ©
endosulfan (technical) 115-29-7 | 0.00067 0.002 -0 23 @ 5.6 -0
endrin 72-20-8 0.0003 -@ 1@ -G
ethyl benzene 100-41-4 0.1 0.0035 2000 ‘ 260 0.000001
fluoranthene 206-44-0 0.04 -G 140 @ -G
fluorene 86-73-7 0.04 -G 140 @ -G
heptachlor 76-44-8 0.0015 0.79 52 0.00023 ®
heptachlor (child) 76-44-8 - (19) 0.00003 - (19) - (19) - (19)
hexachlorobenzene 118-74-1 0.0008 0.00001 1.09 2.8@ 0.035 ® | 0.00029 © 0.00031 ®
alpha-hexachlorocyclohexane 319-84-6 0.0005 3.4 1.8 0.00097 ®
beta-hexachlorocyclohexane 319-85-7 0.00001 0.96 0.035 @ 0.00027 ©®
delta-hexachlorocyclohexane 319-86-8 0.025 -G 88 ¥ -G
gamma-hexachlorocyclohexane 58-89-9 0.00004 | 0.000012 0.71 0.14® 0.042 ¥ 0.0002 ©
indeno[1,2,3-cd]pyrene 193-39-5 0.03® 0.0003 @ | 0.903 9 ‘ 0.1 10 100 48 0.002 1 | 0.00011 “0) ‘ 0.00006 0
manganese 0.05 -G 0.15 0.09 -
manganese (child) - | 0.03 - 1) - (1) - 1)
mercury (elemental)* 7439-97-6 - 19 -® 009 | 0.03 -®




Oral Toxicity Values

Inhalation Toxicity Values

Reference Dose CENMEE Referencg Unit Risk
Substance CAS RN @ a/d Potency Factor Concentration Im3)L
(mg/kg/day) (mg/kg/day)™ (mcg/m?) (mcg/m®)
2006 | 2018 2006 | 2018 2006 | 2018 2006 | 2018
mercury (inorganic salts)* 0.00016 -® - 19 -®
mercury (organic)* -0 0.0001 -® -0 | 035 -G
methylene chloride 75-09-2 0.06 0.006 0.0062 | 0.002 400 0.000000037| 0.00000001
methyl ethyl ketone 78-93-3 0.6 -G 5000 -
2-methylphenol 95-48-7 0.05 0.1 -0 180 ¥ 350 @ -0
3-methylphenol 108-39-4 0.05 0.1 -0 180 @ 350 @ -0
4-methylphenol 106-44-5 0.005 0.1 -0 18 @ 350 ¥ -G
methyl tert-butyl ether 1634-04-4 0.033 0.0034 8000 0.00000026
naphthalene 91-20-3 0.02 -0 9 -0 ] 0.000034
nickel 0.02 -G 0.09 0.014 0.00048
nitrobenzene* 98-95-3 -0 | 0.002 -0 0.14 @9 -0 9 -0 0.00004
pentachlorophenol 87-86-5 0.001 0.12 0.4 35® 0.000034 ®| 0.000114
pentachlorophenol (child) 87-86-5 - 19 0.001 - 19 - (19 - (19
perfluorooctane sulfonic acid* | 1763-23-1 -0 0.000002 - 12.8 -0 0.0063 @ - ) 0.0036 ©®
perfluorooctanoic acid* 335-67-1 - 0.0000015 - 5.3 - 0.0052 @ -0 0.0015 ®
phenanthrene 85-01-8 0.03® | 0.0003® -® 100 48 | 0.002 @D -®
phenol 108-95-2 0.3 -@ 20 -G
n-propylbenzene 103-65-1 0.1 48 -G 400 @ | 260 (O -®
pyrene 129-00-0 0.03 -G 100 @ -G
selenium 0.005 -G 18 ® -G
silver 0.005 -@ 18 ® -G
tetrachloroethene 127-18-4 0.01 0.006 0.05 | 0.0021 100 30 0.000001 | 0.0000061
toluene 108-88-3 0.2 0.08 -® 300 5000 -G
1,1,1-trichloroethane 71-55-6 0.28 2 -0 2200 5000 -
trichloroethene 79-01-6 0.00146 0.0005 0.00572 ‘ 0.046 40 2 0.000002 ‘ 0.0000041
1,2,4-trimethylbenzene 95-63-6 0.05 0.01 -0 6 60 -0
1,3,5-trimethylbenzene 108-67-8 0.05 0.01 -G 6 60 -®
vinyl chloride
(child and adult exposure) 75-01-4 0.003 1.5 100 0.0000088
vinyl chloride (adult exposure) 75-01-4 0.003 0.75 100 0.0000044
xylenes 1330-20-7 0.2 -G 100 -G
zinc 0.3 -® 1000 @ -G




CAS RN: Chemical Abstracts Service Registry Number

mg/kg/day: milligrams per kilogram per day

mcg/m?3: micrograms per cubic meter

*Denotes a chemical added to the list of priority contaminants for this update. Updates to toxicity values for perfluorooctane sulfonic
acid and perfluorooctanoic acid were made in 2019.

(@ Toxicity values for lead and polychlorinated biphenyls are not listed because the New York State Department of Health used
chemical-specific risk assessment approaches and federal guidelines to establish soil cleanup objectives for these
substances.

(2 chemical Abstracts Service Registry Numbers are not included for metals except for elemental mercury. The toxicity values
for metals are intended for use with various inorganic forms found in the environment.

) The carcinogenic potency of the substance has either not been studied, the studies of their carcinogenic potency did not
show a dose-related increased in cancer incidence, or some evidence of carcinogenic potency has been observed but the
guality of the studies or the data do not allow quantitative estimation of carcinogenic potency.

) A reference concentration is calculated from the recommended reference dose for chemicals that are systemic toxicants,
assuming a 70 kilogram individual inhales 20 cubic meters of air per day. See also Footnote 24 for Tables Ad-2.1 to Ad-
2.3.

() Based on acenaphthene.

®) A unit risk is calculated from the recommended cancer potency factor for chemicals that are systemic carcinogens,
assuming a 70 kilogram individual inhales 20 cubic meters of air per day. See also Footnote 24 for Tables Ad-2.1 to Ad-
2.3.

(") Substance not on the list of priority contaminants in 2006.

(8) Based on pyrene reference dose.

() Based on benzo[a]pyrene reference dose.

(10) Based on benzo[a]pyrene and application of recommended relative potency factors.

(11) Based on benzo[a]pyrene reference concentration.

(12) Based on isopropylbenzene (cumene).

(13) Child toxicity value not available.

(14) The contaminant lacks non-cancer toxicity data sufficient for the derivation of a reference dose or reference concentration.

(15) A cancer potency factor is calculated from the recommended unit risk assuming a 70-kilogram individual inhales 20 cubic meters
of air per day. See also Footnote 24 for Tables Ad-2.1 to Ad-2.3.

(16) Based on ethylbenzene.






Tables Ad-2.1 to Ad-2.3. Comparison of 2006 and 2018 Values for
Exposure Factors Used to Calculate Soil Cleanup Objectives

Table Ad-2.1. Exposure Factors and Values Applicable to All Substances

Land-Use Category, Receptor, Endpoint, Parameter | 2006 Value | 2018 Value
Unrestricted, Restricted Residential, Residential Settings — Child, Noncancer®

Age Range 2 to 3 years 0 to 6 years
Body Weight* 13.3 kg 15 kg
Incidental Ingestion Rate - Outdoor Soil* 80 mg/day 200 mg/day
Incidental Ingestion Rate - Household Dust* 80 mg/day

Fraction of Household Dust that is Outdoor Soil* 0.50

'Soil in Household Dust' Incidental Ingestion Rate* 40 mg/day®

Outdoor Soil Exposure Season (NYS Warm Season)*

217 days/year 224 days/year®

Soil Ingestion Exposure Frequency (During NYS Warm
Season)*

5 days/week 7 days/week

Household Dust Ingestion Exposure Frequency (Year-
Round)*

7 days/week

Incidental Ingestion Rate - Total Soil (Time-Weighted
Average)

74 mg/day 137 mg/day®**

Soil Vapor Inhalation Duration (During NYS Warm
Season)*

24 hours/day

Soil Vapor Inhalation Frequency (During NYS Warm
Season)*

7 days/week

Soil Particle Inhalation Duration (During NYS Warm
Season)*

3 hours/day® 24 hours/day

Soil Particle Inhalation Frequency (During NYS Warm
Season)*

5 days /week 7 days /week

Soil Adherence Factor*

0.2 mg/cm?

Skin Surface Area*

1870 cm? 2373 cm?

Soil Dermal Contact Frequency (During NYS Warm
Season)*

5 days/week 7 days/week

Dust Dermal Contact Frequency (Year-Round)*

7 days/week

Unrestricted, Restricted Residential, Residential Setting

s — Adult, Noncancer®

Body Weight* 70 kg | 80 kg
Incidental Ingestion Rate - Outdoor Soil* 100 mg/day

Incidental Ingestion Rate — Household Dust* 0 mg/day | 24 mg/day
Fraction of Household Dust that is Outdoor Soil* 0.50

'Soil in Household Dust' Incidental Ingestion Rate* 0 mg/day® 12 mg/day?”

Outdoor Soil Exposure Season (“NYS Warm Season”)*

217 daysl/year 224 daysl/year®

Soil Ingestion Exposure Frequency (During NYS Warm
Season)*

2 days/week 7 days/week

Household Dust Ingestion Exposure Frequency (Year-
Round)*

0 days/week® 7 days/week

Incidental Ingestion Rate - Total Soil (Time-Weighted
Average)

17 mg/day 66 mg/day®

Soil Vapor Inhalation Duration (During NYS Warm
Season)*

24 hours/day

Soil Vapor Inhalation Frequency (During NYS Warm
Season)*

7 days/week
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Soil Particle Inhalation Duration (During NYS Warm
Season)*

3.9 hours/day

24 hours/day

Soil Particle Inhalation Frequency (During NYS Warm
Season)*

7 days/week

Soil Adherence Factor*

0.07 mg/cm?

Skin Surface Area*

4850 cm?

6032 cm?

Soil Dermal Contact Frequency (During NYS Warm
Season)*

2 days/week

7 days/week

Dust Dermal Contact Frequency (Year-Round)*

0 days/week®

7 days/week

Unrestricted, Restricted Residential, Residential Settings — Cancer®
Body Weight — Age Class 0 to <1 year 9.1 kg 8.3 kg
Body Weight — Age Class 1 to <2 years 12.3 kg 11.4 kg
Body Weight — Age Class 2 to <6 years* 16.2 kg 17.4 kg
Body Weight — Age Class 6 to <16 years* 39.8 kg 44.3 kg
Body Weight — Age Class 16 to <26 years* 70 kg 80 kg
Incidental Ingestion Rate - Total Soil (Time-Weighted (10)

Average) — Age Class 0 to <1 year 0 mg/day 88.5 mg/day
Incidental Ingestion Rate - Total Soil (Time-Weighted

Average) — Age Class 1 to <2 years 74 mg/day 137 mg/day
Incidental Ingestion Rate - Total Soil (Time-Weighted

Average) — Age Class 2 to <6 years 74 mg/day 137 mg/day
Incidental Ingestion Rate - Total Soil (Time-Weighted

Average) — Age Class 6 to <16 years 17 mg/day 137 mg/day
Incidental Ingestion Rate - Total Soil (Time-Weighted 17 mg/day Not Applicable

Average) — Age Class 16 to <70 years

Incidental Ingestion Rate - Total Soil (Time-Weighted
Average) — Age Class 16 to <26 years

Not Applicable

66 mg/day

Exposure Duration — Age Class 0 to <1 year 1 year
Exposure Duration — Age Class 1 to <2 years 1 year
Exposure Duration — Age Class 2 to <6 years 4 years
Exposure Duration — Age Class 6 to <16 years 10 years

Exposure Duration — Age Class 16 to <26 years 54 years 10 yearstD*
Body Weight — Age Class 16 to <18 years (dermal only)* 61.3 kg 71.6 kg
Body Weight — Age Class 18 to <70 years (dermal only)* 70 kg Not Applicable
Body Weight — Age Class 18 to <26 years (dermal only)* Not Applicable 80 kg
Skin Surface Area — Age Class 0 to <1 year 1870 1260
Skin Surface Area — Age Class 1 to <2 years 1870 1590
Skin Surface Area — Age Class 2 to <6 years* 1870 2040
Skin Surface Area — Age Class 6 to <16 years* 4526 4020
Skin Surface Area — Age Class 16 to <18 years* 4526 4256
Skin Surface Area — Age Class 18 to <70 years* 4850 Not Applicable
Skin Surface Area — Age Class 18 to <26 years* Not Applicable 6032

Soil Adherence Factor — Age Class 0 to <1 year* 0.2
Soil Adherence Factor — Age Class 1 to <2 years* 0.2
Soil Adherence Factor — Age Class 2 to <6 years* 0.2
Soil Adherence Factor — Age Class 6 to <16 years* 0.07
Soil Adherence Factor — Age Class 16 to <18 years* 0.07

Soil Adherence Factor — Age Class 18 to <70 years*

0.07

Not Applicable

Soil Adherence Factor — Age Class 18 to <26 years*

Not Applicable

0.07
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Exposure Frequency — Age Class 0 to <1 year (dermal
only)

0 days/year? 144 days/year*?

Exposure Frequency — Age Class 1 to <2 years (dermal
only)

155 days/year 287 days/year®?

Exposure Frequency — Age Class 2 to <6 years (dermal
only)*

155 days/year 287 days/year*?

Exposure Frequency — Age Class 6 to <16 years (dermal
only)*

155 days/year 287 days/year®?

Exposure Frequency — Age Class 16 to <18 years (dermal
only)*

155 days/year 287 days/year*®

Exposure Frequency — Age Class 18 to <70 years (dermal
only)*

62 daysl/year Not Applicable

Exposure Frequency — Age Class 18 to <26 years (dermal
only)*

Not Applicable 287 days/year*®

Averaging Time 70 years

Commercial Settings — Child, Noncancer®

Age Range 2 to 3 years 0 to 6 years
Body Weight* 13.3 kg 15 kg
Incidental Ingestion Rate - Outdoor Soil* 53 mg/day 50 mg/day*®
Incidental Ingestion Rate — Indoor Dust* 0 mg/day®®

Fraction of Indoor Dust that is Outdoor Soil* Not Applicable | Not Applicable
'Soil in Indoor Dust' Incidental Ingestion Rate* 0 mg/day*®

Outdoor Soil Exposure Season (“NYS Warm Season”)*

217 dayslyear | 224 dayslyear®

Soil Ingestion Exposure Frequency (During NYS Warm
Season)*

2 days/week

Indoor Dust Ingestion Exposure Frequency (Year-Round)*

0 days/week*®)

Incidental Ingestion Rate - Total Soil (Time-Weighted
Average)

9 mg/day 9 mg/day®”

Soil Vapor Inhalation Duration (During NYS Warm
Season)*

2 hours/day

Soil Vapor Inhalation Frequency (During NYS Warm
Season)*

2 days/week

Soil Particle Inhalation Duration (During NYS Warm
Season)*

2 hours/day

Soil Particle Inhalation Frequency (During NYS Warm
Season)*

2 days/week

Soil Adherence Factor*

0.20 mg/cm?

Skin Surface Area*

1870 cm? | 2373 cm?

Soil Dermal Contact Frequency (During NYS Warm
Season)*

2 days/week

Soil Dermal Contact Frequency (full year)

60 days/year

Dust Dermal Contact Frequency (Year-Round)*

0 days/week*®)

Commercial Settings — Adult, Cancer & Noncancer@®

Body Weight* 70 kg 80 kg
Incidental Ingestion Rate - Outdoor Soil* 50 mg/day 100 mg/day*®
Incidental Ingestion Rate — Indoor Dust* 0 mg/day®®

Fraction of Indoor Dust that is Outdoor Soil* Not Applicable

'Soil in Indoor Dust' Incidental Ingestion Rate* 0 mg/day®

Outdoor Soil Exposure Season (“NYS Warm Season”)*

217 dayslyear | 224 dayslyear®
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Soil Ingestion Exposure Frequency (During NYS Warm
Season)*

4 days/week 5 days/week

Indoor Dust Ingestion Exposure Frequency (Year-Round)*

0 days/week*6)

Incidental Ingestion Rate - Total Soil (Time-Weighted
Average)

17 mg/day 40 mg/day@0**

Soil Vapor Inhalation Duration (During NYS Warm
Season)*

12 hours/day 8 hours/day

Soil Vapor Inhalation Frequency (During NYS Warm
Season)*

4 days/week 5 days/week

Soil Particle Inhalation Duration (During NYS Warm
Season)*

12 hours/day 8 hours/day®V

Soil Particle Inhalation Frequency (During NYS Warm
Season)*

4 days/week 5 days/week

Soil Adherence Factor*

0.2 mg/cm? 0.12 mg/cm?

Skin Surface Area*

2480 cm? 3527 cm?

Soil Dermal Contact Frequency (During NYS Warm
Season)*

4 days/week 5 days/week

Dust Dermal Contact Frequency (Year-Round)*

0 days/week*6)

Exposure Duration (cancer only) 25 years

Averaging Time (cancer only) 70 years

Industrial Settings — Child, Noncancer@

Age Range 15 years 11 to <16 years
Body Weight* 58.1 kg 57 kg
Incidental Ingestion Rate - Outdoor Soil* 100 mg/day®??

Incidental Ingestion Rate — Indoor Dust* 0 mg/day®®

Fraction of Indoor Dust that is Outdoor Soil* Not Applicable

'Soil in Indoor Dust' Incidental Ingestion Rate* 0 mg/day*®

Outdoor Soil Exposure Season (“NYS Warm Season”)* 217 dayslyear | 224 dayslyear®
Soil Ingestion Exposure Frequency (During NYS Warm 1 day/week

Season)*

Indoor Dust Ingestion Exposure Frequency (Year-Round)*

0 days/week*®)

Incidental Ingestion Rate - Total Soil (Time-Weighted
Average)

8.5 mg/day 9 mg/day®

Soil Vapor Inhalation Duration (During NYS Warm
Season)*

4 hours/day

Soil Vapor Inhalation Frequency (During NYS Warm
Season)*

1 day/week

Soil Particle Inhalation Duration (During NYS Warm
Season)*

4 hours/day

Soil Particle Inhalation Frequency (During NYS Warm

Season)* 1 day/week
Soil Adherence Factor* 0.07 mg/cm?
Skin Surface Area* 4256 cm?
Soil Dermal Contact Frequency (During NYS Warm 1 day/week

Season)*

Soil Dermal Contact Frequency (full year) 30 daysl/year

Dust Dermal Contact Frequency (Year-Round)*

0 days/week*®)

Industrial Settings — Adult, Cancer & Noncancer®®

Body Weight*

70 kg 80 kg

Incidental Ingestion Rate - Outdoor Soil*

50 mg/day 100 mg/day*®)
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Incidental Ingestion Rate — Indoor Dust*

0 mg/day“®

Fraction of Indoor Dust that is Outdoor Soil*

Not Applicable

'Soil in Indoor Dust' Incidental Ingestion Rate

0 mg/day®

Outdoor Soil Exposure Season (“NYS Warm Season”)*

217 dayslyear

224 daysl/year®

Soil Ingestion Exposure Frequency (During NYS Warm
Season)*

2 days/week

5 days/week

Indoor Dust Ingestion Exposure Frequency (Year-Round)*

0 days/week*6)

Incidental Ingestion Rate - Total Soil (Time-Weighted
Average)

8.5 mg/day

40 mg/day@0**

Soil Vapor Inhalation Duration (During NYS Warm
Season)*

12 hours/day

8 hours/day

Soil Vapor Inhalation Frequency (During NYS Warm
Season)*

2 days/week

5 days/week

Soil Particle Inhalation Duration (During NYS Warm
Season)*

12 hours/day

8 hours/day

Soil Particle Inhalation Frequency (During NYS Warm
Season)*

2 days/week

5 days/week

Soil Adherence Factor*

0.2 mg/cm?

0.12 mg/cm?

Skin Surface Area*

2480 cm?

3527 cm?

Soil Dermal Contact Frequency (During NYS Warm
Season)*

2 days/week

5 days/week

Dust Dermal Contact Frequency (Year-Round)*

0 days/week®6)

Exposure Duration (cancer only)

25 years

Averaging Time (cancer only)

70 years
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Table Ad-2.2. Exposure Factors and
Values Applicable to All Land-Use Categories

Parameter 2006 Value | 2018 Value

Default Absorption Fraction for Route-to-Route Dose 1

Extrapolation
Body Weight for Route-Route Dose Extrapolation 70 kg®@¥
Inhalation Rate for Route-to-Route Dose Extrapolation 20 mé/day
Adjustment for Persistent, Bioaccumulative & Toxic 0.1

Substances '
Adjustment for Homegrown Pr_oduce and Home-Produced 0.1

Animal Product Consumption '
Adjustment for Homegrown Produce Consumption 0.2(5)
Default Relative Source Contribution (Decimalized) 0.2
Age Dependent Adjustment Factor (Ages 0 to 2) 10
Age Dependent Adjustment Factor (Ages 2 to <16) 3
Age Dependent Adjustment Factor (Ages 216) 1

Soil Vapor and Particle Dispersion Models

Particulate Emission Factor

1.21 E+09 m¥/kg

Dispersion Term (the inverse of the mean air
concentration at the center of a square 0.5-acre area
source)

83.53 g/m?-s per kg/m?3

Representative cities for particulate transport model

Cleveland, OH; Harrisburg, PA; Hartford,
CT, Philadelphia, PA

Brownfield Surface Area 0.5 acres
Respirable Fraction Emission Rate 0.036 g/m>?-hr
Brownfield Percentage of Vegetative Cover (decimalized) 0.5

Mean Annual Wind Speed 4.69 m/s
Equivalent Threshold Friction Velocity®® 11.32 m/s
Wind Speed Distribution Function®” 0.194
Mass-limit Volatilization Factor®®) 2.67 E+04 m3/kg
Average Duration of Volatilization 70 years®®
Brownfield Dry Soil Bulk Density 1.5 kg/L
Brownfield Depth of Contamination 4.6 m©0)
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Table Ad-2.3. Exposure Factors and Values Applicable to Specific Substances

Parameter and Contaminant | 2006 Value | 2018 Value
New or Revised Dermal Absorbed Fractions (Decimalized)

aniline Not Applicable 0.1
4,4'-DDD 0 0.1
4,4'-DDE 0 0.1
dieldrin 0 0.1
endosulfan (technical) 0 0.1
endrin 0 0.1
heptachlor 0 0.1
alpha-hexachlorocyclohexane 0 0.1
beta-hexachlorocyclohexane 0 0.1
delta-hexachlorocyclohexane 0 0.1
gamma-hexachlorocyclohexane 0.04 0.1
mercury (elemental) Not Applicable 0
mercury (organic) Not Applicable 0
nitrobenzene Not Applicable 0.1
perfluorooctane sulfonic acid Not Applicable 0
perfluorooctanoic acid Not Applicable 0

New Rural Soil Background Concentrations©V

aniline Not Applicable None Available
cyanide - 2.3 mg/kg
hexachlorobenzene - 0.03 mg/kg
mercury (elemental) - None Available
mercury (organic) - 0.009 mg/kg
nickel - 30 mg/kg
nitrobenzene Not Applicable 0.08 mg/kg

perfluorooctane sulfonic acid

Not Applicable

None Available [TBD]

perfluorooctanoic acid

Not Applicable

None Available [TBD]

phenanthrene - 1.1 mg/kg
New Volatility Determinations
aniline Not Applicable Volatile
mercury (elemental) Not Applicable Volatile
mercury (organic) Not Applicable Volatile
nitrobenzene Not Applicable Volatile
perfluorooctane sulfonic acid Not Applicable Non-volatile
perfluorooctanoic acid Not Applicable Non-volatile
New Persistent, Bioaccumulative & Toxic Determinations
aniline Not Applicable Not PBT
mercury (elemental) Not Applicable PBT
mercury (organic) Not Applicable PBT
nitrobenzene Not Applicable Not PBT
perfluorooctane sulfonic acid Not Applicable PBT
perfluorooctanoic acid Not Applicable PBT

New Mutagenic Mode of Action Determinations

aniline

Not Applicable

Non-mutagenic

nitrobenzene

Not Applicable

Non-mutagenic
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perfluorooctane sulfonic acid Not Applicable Non-mutagenic

perfluorooctanoic acid Not Applicable Non-mutagenic

Notes for Tables Ad-2.1 to Ad-2.3.:

*Values are averages assumed for the entire exposure period.

**This determination had a relatively substantial impact on the final chronic health-based
SCOs.

Unrestricted, Restricted Residential, Residential Settings — Child Incidental Ingestion
Rate (Total Soil, Time-Weighted Average). The TWA was substantially increased
due primarily to an increase in the average incidental soil ingestion rate during the
assumed 224-day NYS “Warm Season” from 80 mg/day to 200 mg/day. The increase
improves consistency between US EPA and NYS DOH risk assessment approaches.

Unrestricted, Restricted Residential, Residential Settings - Exposure Duration for
Age Class 16 to 26 years. The magnitude of lifetime cancer risk from residence on
brownfields was substantially reduced by a decrease in the exposure duration from an
assumed 70-year lifetime to an upper percentile residency period estimate of 26 years.
Consistent with US EPA guidance, a person residing on brownfields is assumed to be
potentially exposed to brownfield soil only from birth to age 26 years.

Commercial and Industrial Settings — Adult Incidental Ingestion Rate (Total Soil,
Time-Weighted Average). The TWAs were substantially increased due primarily to an
increase in the adult incidental soil ingestion rate during the 224-day NYS Warm
Season. Consistent with US EPA guidance, an outdoor worker/landscaper working on
one or more brownfields is now assumed to incidentally ingest an average of 100
mg/day of outdoor sail, including the outdoor soil component of indoor dust, during the
NYS Warm Season. The prior NYS DOH ingestion rate assumptions were 17 mg/day
(commercial setting adult) and 8.5 mg/day (industrial setting adult).

@ Hypothetical child and adult receptors in the unrestricted, restricted residential, and
residential land use scenarios are residents. For the unrestricted scenario, children and
adults are members of a farm family (or otherwise consume an unusual volume of food
grown or raised on-site).

80 mg dust/day x 0.5 mg soil/mg dust = 40 mg soil/day

©® Mean continuous frost-free period for La Guardia Airport, which is near Astoria, Queens
(1941-2015).

@ Child TWA IR = [200 mg/day x (224 days/365 days) x (7 days/7 days)] + [40 mg/day x (126
days /365 days x (7 days/7 days)] + [0 mg/day x (15 days /365 days) x (7 days/7 days)] =
137 mg/day

® Soil particle exposures were previously assumed to occur only while outdoors. Soil particle
erosionis dependent on the cube of wind speed, so that brief (one to two-minute duration)
wind gusts are highly influential, and during wind gusts respirable soil particle transport
through open windows is reasonably anticipated. We now consider constant particle
exposure during the 224-day NYS Warm Season, which is consistent with US EPA
guidance.
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©® The adult resident soil ingestion rate was previously assumed to include ingestion of the
outdoor soil component of household dust. The scientific literature now supports a
specific soil-in-household dust ingestion rate for adult residents of 12 mg/day.

(0 24 mg dust/day x 0.5 mg soil/mg dust = 12 mg soil/day

® Adult TWA IR = [100 mg/day x (224 days/365 days) x (7 days/7 days)] + [12 mg/day x (126
days/365 days) x (7 days/7 days)] + [0 mg/day x (15 days/365 days)] = 66 mg/day

© The adult resident was previously assumed to have no contact with the outdoor soil
component of household dust. The updated approach assumes contact with the outdoor
soil component of indoor household dust year-round, except for 15 vacation days.

(10) Children under 1 year of age were previously assumed not to ingest, or have skin contact
with, outdoor soil or the outdoor soil component of indoor household dust. The updated
approach assumes incidental ingestion of outdoor soil, as well as the outdoor soll
component of indoor household dust, beginning at age 6 months.

1) For purposes of cancer risk assessment, a person resides at brownfields from birth to age
26 years, rather than from birth to age 70 years. The shorter (26-year) duration is
consistent with current US EPA risk assessment practice.

12 A child age 0 to 1 years is assumed to have dermal contact with outdoor soil, or the
outdoor soil component of indoor dust, only between the ages of 6 and 12 months. The
exposure frequency (EF) is therefore one-half that of a child ages 1 to 2 years: EF = 287
days/year x 0.5 = 144 daysl/year.

(13 Based on the assumption that outdoor soil contact occurs 224 days/year, that there is no
dermal contact with soil or household dust during vacation 15 days/year, and that 50% of
household dust is outdoor soil, the child and adult resident exposure frequency (EF) is
calculated: EF = 224 days/year + [(365 days/year — 224 days/year - 15 days/year) x 0.5] =
287 dayslyear.

4 1n the commercial exposure scenario the hypothetical child is an occasional commercial (or
passive-recreational) brownfield site visitor with little opportunity for soil exposure.

1% The commercial brownfield child visitor is assumed to have less contact with soil compared
with a child resident, so the child visitor incidental ingestion rate is not an upper percentile
value for a child resident, but rather a central tendency value.

(16) Ingestion and dermal exposures to the outdoor soil component of workplace dust, and from
tracking of soil from brownfields into the home, are likely to be relatively trivial compared
with the high-normal incidental ingestion rate selected for this receptor, and are therefore
adequately reflected in the selected incidental ingestion rate.

@7 Child TWA IR = (50 mg/day x (224 days/365 days) x (2 days/7 days)] + [0 mg/day x (15
days/365 days)] = 9 mg/day

(18) Hypothetical adults on commercial and industrial properties are outdoor
workers/landscapers as described by US EPA guidance, with a downward adjustment to
account for the default NYS Warm Season of 224 days/year.
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19 US EPA recommendation for an outdoor worker/landscaper. This value includes outdoor
soil and the outdoor soil component of indoor (workplace) dust.

20) Qutdoor Worker TWA IR = [100 mg/day x (202 days/365 days) x (5 days/7 days)] + [0
mg/day x (15 days/365 days)] = 40 mg/day

(1) US EPA recommends that risk assessors assume the standard 8-hour work day for
outdoor workers/landscapers.

22) In the industrial exposure scenario the hypothetical child is a brownfield site trespasser
with soil exposure on only 30 days/year, and an incidental ingestion rate on those days
that is the same as the rate assumed for adults residing on a brownfield (100 mg/kg).

(23 Child Trespasser IR = [100 mg/day x (224 days/365 days) x (1 day/7 days)] + [0 mg/day x
(15 days/365 days)] = 9 mg/day

@4 A body weight of 70 kg, rather than 80 kg, is used for route-to-route dose extrapolation
because when authoritative bodies required adult body weights during the development
of toxicity values, a body weight of 70 kg was most often employed. See, for example,
posterior predictions for representative internal human doses in US EPA’s Toxicological
Review of Trichloroethylene (US EPA, 2011), and the oral RfD summary for silver in US
EPA’s IRIS database (US EPA, 1991).

2% These are the Department’s generic adjustments employed to calculate SCOs for
unrestricted parcels (Persistent, Bioaccumulative & Toxic Substances factor, and
Homegrown Produce Consumption and Home-Produced Animal Product Consumption
factor) and residential parcels (Homegrown Produce Consumption factor only).

26 The minimum friction velocity that is required to initiate movement of a brownfield soil
particle resting on the soil surface, adjusted for monitor height. The US EPA’s
recommended default value is used.

") The wind speed distribution function is derived from the mean annual wind speed and the
threshold friction velocity. The US EPA’s recommended default value is used.

28 The mass-limit volatilization factor represents the degree of vapor release from brownfield
soil when it is assumed that contaminant release from soil occurs at a constant rate over
a specified period.

29 The volatile analyte is assumed to be released from brownfield soil, exhausting the
contaminant mass over a 70-year period. The 70-year duration was selected to reflect a
likely condition at brownfields, involving a slow release of soil volatiles over several
decades. Choosing a lower value for this parameter (e.g., a residential duration of 26
years) would imply rapid contaminant release, and would result in higher estimates of soll
particle inhalation exposure.

@0 Soil contamination to a depth of 4.6 meters (15 feet) below the ground surface was

specified. SCOs developed for commercial and industrial land uses are applicable to this
depth.
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@1 New Rural Soil Background Concentrations are estimated 98" percentile values based on
results from the Department’s Statewide Rural Soil Survey and/or reviews of the scientific
literature, derived in a manner that avoids the establishment of RSBCs that are below
normally achieved reporting limits. The RSBC for organic mercury is 3% of the RSBC for
total mercury, based on the observation that 3% is an approximate upper-bound organic
mercury percentage for most soils absent an obvious source of organic mercury
contamination (see US EPA 1997).
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Table Ad-3. 2018 Acute Soil Ingestion SCOs M

Contaminant SCOacute (MQg/kg)
barium 410
cadmium 9.7
copper 280
cyanide (free) 28
nickel 320
pentachlorophenol 6.9
phenol 830

2018 acute soil cleanup objectives are based on a 13.8 kilogram
child who ingests 10 grams of soil per exposure event.
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Table Ad-4. 2018 Soil Cleanup Objectives After Consideration of
Chronic Cancer and Noncancer Health Risks, Acute Health Risks,
Dermal Irritancy Risk, and Rural Soil Background Concentrations

Unrestricted Residential Res_trlcte_d Commercial Industrial
Substance (ma/kg) (ma/kg) Residential (ma/kg) (ma/kg)
(mg/kg)
acenaphthene 130 240 980 9,500 16,000
acenaphthylene 130 240 980 9,500 16,000
acetone 2,000 3,800 19,000 300,000 360,000
aldrin 0.0048 @ 0.0088 0.044 0.33 0.33
aniline 5.5 6.7 8.1 36 36
anthracene 640 1,200 5,000 47,000 65,000 @
arsenic 16 W 16 W 16 W 16 W 16 W
barium 410 ® 410 ® 410 @ 410 @ 73,000
benz(a)anthracene 1.0® 1.0® 1.4 37 37
benzene 0.68 1.2 3.7 20 20
benzo(a)pyrene 1@ 1@ 1@ 3.7 3.7
benzo(b)fluoranthene 1@ 1@ 1.4 37 37
benzo(g,h,i)perylene 0.64 1.2 4.9 47 78
benzo(k)fluoranthene 0.8W 1.2 4.9 47 78
beryllium 4.4 8.8 43 670 750
n-butylbenzene 100 190 650 5,000 5,000
sec-butylbenzene 75 140 470 3,600 3,600
tert-butylbenzene 75 140 470 3,600 3,600
cadmium 25W 25W 25W 3.7 4.4
carbon tetrachloride 1 1.9 7.1 41 41
chlordane 0.014 0.14 0.65 8.2 11
chlorobenzene 40 73 220 1,500 1,500
chloroform 2.4 4.8 24 180 180
chromium (lI1) 30® 30® 110 1,700 2,000
chromium (VI) 0.033 0.066 0.33 11 11
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Restricted

Substance Unrestricted Residential Residential Commercial Industrial
(mg/kg) (mg/kg) (ma/kg) (mg/kg) (mg/kg)
chrysene 1@ 1.2 4.9 47 78
copper 280 ® 280 ® 280 ® 280 ® 56,000
cyanide 2.3 2.6 13 28 @ 240
4,4-DDD 0.12 1.2 5 33 33
4,4-DDE 0.081 0.78 3.4 22 22
4,4-DDT 0.079 0.78 3.8 27 27
dibenz(a,h)anthracene 01®W 0.1®W 0.14 3.7 3.7
dibenzofuran 2.1 4.2 18 180 290
1,2-dichlorobenzene 480 740 1,400 7,000 7,000
1,3-dichlorobenzene 6.1 11 38 280 280
1,4-dichlorobenzene 5.8 10 24 130 130
1,1-dichloroethane 11 19 47 240 240
1,2-dichloroethane 1.4 2.4 5.8 30 30
1,1-dichloroethene 0.24 0.41 0.98 5.1 5.1
cis-1,2-dichloroethene 4.4 8.7 41 590 590
trans-1,2-dichloroethene 41 75 240 5,200 12,000
dieldrin 0.005 @ 0.017 0.075 0.48 0.48
1,4-dioxane 0.73 1.4 5.7 36 36
endosulfan 4.3 8.4 35 360 580
endrin 0.13 1.2 5.3 55 87
ethylbenzene 18 32 76 390 390
fluoranthene 85 170 660 6,200 11,000
fluorene 85 170 660 6,200 11,000
heptachlor 0.013 0.12 0.53 5.1 5.1
hexachlorobenzene 0.03® 0.042 0.18 1.8 2.9
alpha-hexachlorocyclohexane 0.022 0.042 0.18 1.2 1.2
beta-hexachlorocyclohexane 0.021 0.042 0.18 1.8 2.9
delta-hexachlorocyclohexane 54 100 440 4,500 7,200
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Unrestricted Residential Res_trlcte_zd Commercial Industrial
Substance (ma/kg) (ma/kg) Residential (ma/kg) (ma/kg)
(mg/kg)
gamma-hexachlorocyclohexane 0.025 0.05 0.21 2.1 3.4
indeno(1,2,3-cd)pyrene 05W 05W 14 37 37
lead - @ - @ - @ - @ )
manganese 2,000 W 2,000 W 2,000 @ 10,000 11,000
mercury (elemental) 0.26 ® 0.26 ® 0.26 ® 11 11
mercury (inorganic salts) 0.07 ® 0.7® 35 53 64
mercury (organic) 0.043 ® 0.38 1.3 9.8 9.8
methyl tert-butyl ether 21 40 150 890 890
methylene chloride 8.3 17 81 2,000 2,100
methyl ethyl ketone 1300 2500 10,000 100,000 100,000
2-methylphenol (o-cresol) 210 420 1800 18,000 29,000
3-methylphenol (m-cresol) 210 420 1800 18,000 29,000
4-methylphenol (p-cresol) 210 420 1800 18,000 29,000
naphthalene 43 84 350 3,600 5,800
nickel 44 87 320® 320® 5,900
nitrobenzene 0.45 0.77 1.8 8.9 8.9
pentachlorophenol 0.18 0.34 1.3 6.9 7.0
perfluorooctane sulfonic acid 0.00088 0.0088 0.044 0.44 0.44
perfluorooctanoic acid 0.00066 0.0066 0.033 0.5 0.6
phenanthrene 1.1@ 1.2 4.9 47 78
phenol 640 830 ©® 830 ©® 830 ©® 87,000
polychlorinated biphenyls -@ -@ -@ -@ -@
n-propylbenzene 200 370 1,100 7,700 7,700
pyrene 64 120 500 4,700 8,000
selenium 11 22 110 1,700 2,000
silver 11 22 110 1,700 2,000
tetrachloroethene 12 15 18 81 81
toluene 1,800 3,600 13,000 27,000 27,000
1,1,1-trichloroethane 4,000 7,300 22,000 150,000 150,000
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Unrestricted Residential Res_trlcte_d Commercial Industrial
Substance (ma/kg) (ma/kg) Residential (ma/kg) (ma/kg)
(mg/kg)
trichloroethene 0.91 1.7 6.4 54 54
1,2,4-trimethylbenzene 21 41 150 1400 1400
1,3,5-trimethylbenzene 21 41 150 1400 1400
vinyl chloride 0.05 0.099 0.48 7.1 7.1
xylenes 290 440 730 3,500 3,500
zinc 660 1300 6600 100,000 120,000

Notes:

mg/kg = milligrams per kilogram of soil or parts per million

The New York State Department of Environmental Conservation will reduce some of the soil cleanup objectives in this table to protect
groundwater, or to accommodate ecological toxicity, ecological rural soil background concentrations, contract required quantitation
limits, and “caps” (default upper limits that consider, among other factors, violations of critical modeling assumptions regarding soil
adherence to skin, wind dispersion, absence of free-phase contamination, etc., at very high soil contaminant levels).

@ The lowest health-based SCO was below the RSBC, so the RSBC was selected.

@ The dermal irritancy SCO was below the chronic health-based SCO, therefore the dermal irritancy SCO was selected.

©) The acute health-based SCO was below the chronic health-based SCO, so the acute SCO was selected. The acute health-based
SCOs, which are based on soil ingestion by a child, are not considered in the selection of SCOs for industrial land use.

@ Toxicity values for lead and polychlorinated biphenyls are not listed because the NYS DOH used chemical-specific risk assessment
approaches and federal guidelines to establish SCOs for these substances.

®) The SCO applies when all forms of mercury (elemental, inorganic, organic) are quantified. Otherwise, only the total mercury
concentration is considered, in which case the RSBC for total mercury of 0.3 mg/kg is applicable.
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Appendix Ad-A

Toxicity Value Fact Sheets for Priority Contaminants



Chemical Name: Acenaphthene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Acenaphthene (CAS Number 83-32-9)

Reference Point of Departure

Agency Dose! Dose Bas UF Summary
(mg/kg/day) (mg/kg/day) asits

US EPA IRIS (2004)

Also used by: Based on hepatotoxicity in
US EPA Region 3 male and female mice in a
* g 0.06 175 NOEL | 3,000 |90-day oral gavage study.
N Study LOEL = 350
+ USEPA ODW > Ralda
(2004) g/kg/aay.
+ USEPA HEAST
(1997)

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The US EPA value is the only available reference dose for acenaphthene from an authoritative body
from listed in item 5 (below), and is derived using methods that reflect general consistency with current
risk assessment practice. Therefore, the US EPA reference dose (0.06 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for
acenaphthene.

3. Review Dates

Summary table completion: July, 2004; no revision January 2018
Toxicity value recommendation: September, 2004; no revision January 2018

4. References for Summary Table

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update 9200.6-303 997-1. Washington, DC: Office of Research and
Development. Office of Emergency and Remedial Response.



US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA ODW (Office of Drinking Water). 2004. 2004 Edition of the Drinking Water Standards and
Health Advisories. EPA 822-R-04-005. Office of Water. U.S. Environmental Protection Agency
Washington, DC. Last accessed (01/18/2018) at http://www.epa.gov/waterscience/drinking/

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/17/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands


https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://www.epa.gov/waterscience/drinking
http://www.epa.gov/iris

Chemical Name: Acenaphthene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1.  Summary of Available Oral Cancer Potency Values for Acenaphthene (CAS Number 83-32-9)

Risk Cancer Extrapolation
Agenc Specific Potency Methods Summar
gency Dose! Factor Highto | Animal to y

(mg/kg/day) | (mg/kg/day)! | Low Dose | Human

Human and animal
-- -- -- -- -- data are not
available.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for acenaphthene is not available.

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow gquantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: September, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4.  References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations



Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands



Chemical Name: Acenaphthene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Acenaphthene
(CAS Number 83-32-9)

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m?) Concentration | Basis
(mcg/m?3)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable

concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for acenaphthene is not available from the authoritative bodies
listed in item number 5 (below). Acenaphthene is a systemic toxicant that is expected to be absorbed

into the body following both oral and inhalation exposure, and for which an oral reference dose based on

effects distant from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-

inhalation extrapolation assuming a 70 kg adult continuously exposed and breathing 20 m?® of air per day
is used to derive a reference concentration from the reference dose. The recommended oral reference
dose for acenaphthene is 0.06 mg/kg/day. Therefore, a reference concentration of 210 mcg/m?® based on
exposure route extrapolation is the toxicity value recommended for use in the derivation of an inhalation

non-cancer-based soil cleanup objective for acenaphthene.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018

Toxicity value recommendation: February, 2005 no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System

National Center for Environmental Assessment

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed

Toxicity Values)

Region 3 Risk-Based Concentrations
Office of Pesticides




Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands



Chemical Name: Acenaphthene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Acenaphthene (CAS Number 82-32-9)

Risk Specific Extrapolation
Air Unit Risk Methods
AGENCY | concentration | (meg/m3)* | Highto | Animal to Summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for acenaphthene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit

risk.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides


http://www.epa.gov/iris

Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands



Chemical Name: Acenaphthylene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Acenaphthylene (CAS Number 208-96-8)

Reference Point of Departure
Agency Dose’ Dose .| UF Summary
(mg/kg/day) (mg/kg/day) Basis

No information available from
listed sources.

!Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
UF: uncertainty factor.

2. Recommendation and Rationale

An oral reference dose for acenaphthylene is not available. An oral reference dose is available for
acenaphthene, which is structurally and chemically similar to acenaphthylene. The similarity between
the two chemicals provides a basis for using toxicity data for acenaphthene to represent acenaphthylene.
Therefore, the US EPA reference dose for acenaphthene (0.06 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for
acenaphthylene (see Oral Non-Cancer Toxicity Value Documentation for acenaphthene).

3. Review Dates

Summary table completion: July, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System

National Center for Environmental Assessment

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)

Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water



Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Acenaphthylene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Acenaphthylene (CAS Number 208-96-8)

Risk Cancer Extrapolation
Agency Specific Potency Methods Summary
Dose! Factor Highto | Animal to
(mg/kg/day) | (mg/kg/day)! | Low Dose | Human
Human data are not
US EPA IRIS (2004) available. Data from
N N N N animal studies are

inadequate.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x10°%dose =1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for acenaphthylene is not available.
* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of

carcinogenic potency has been observed, but the quality of the studies or the data do not allow guantitative estimation of a
cancer potency factor.

3. Review Dates
Summary table completion: September, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018
4. References for Summary Table
US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.
5. Authoritative Bodies
United States Environmental Protection Agency

Integrated Risk Information System
National Center for Environmental Assessment
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Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Acenaphthylene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Acenaphthylene
(CAS Number 208-96-8)

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

LAgencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for acenapthylene is not available from the authoritative bodies
listed in item number 5 (below). Acenaphthylene is a systemic toxicant that is expected to be absorbed
into the body following both oral and inhalation exposure and for which an oral reference dose for a
chemically similar surrogate (acenaphthene) based on effects distant from the site of contact (i.e., the
gastrointestinal lining) exists. A default oral-to-inhalation extrapolation assuming a 70 kg adult
continuously exposed and breathing 20 m? of air per day is used to derive a reference concentration from
the reference dose. The recommended oral reference dose for the chemical surrogate (acenaphthene) is
0.06 mg/kg/day. Therefore, based on the chemical surrogate and exposure route extrapolation, a
reference concentration of 210 mcg/m? is the toxicity value recommended for use in the derivation of an
inhalation non-cancer-based soil cleanup objective for acenaphthene.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
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Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Acenaphthylene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Acenaphthylene (CAS Number 208-96-8)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m3)® | Highto | Animal to summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for acenaphthylene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
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Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Acetone
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Acetone (CAS Number 67-64-1)

Reference Point of Departure
Agency Dose' Dose : UF Summary
(mg/kg/day) | (mg/kg/day) Basis

US EPA IRIS (2004) Based on kidney toxicity

(nephropathy) in male rats

Also used by: . 0.9 900 NOEL | 1000 | exposed by drinking water
+ US EPA Region 3
for 13 weeks. Study LOEL
(2003) = 1700 mg/kg/day
+ USEPA HEAST '
(1997)

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale
The US EPA value is the only available reference dose for acetone from an authoritative body listed in
item 5 (below), and is derived using methods that reflect general consistency with current risk
assessment practice. Therefore the US EPA reference dose (0.9 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for acetone.

3. Review Dates
Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table
US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update. Washington, DC: Office of Research and Development. Office of
Emergency and Remedial Response. 9200.6-303 (97-1).

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.
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US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section.
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Acetone
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Acetone (CAS Number 67-64-1)

Risk Cancer Extrapolation
Agenc Specific Potency Methods summar
gency Dose! Factor Highto | Animalto y
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human
Available
US EPA IRIS (2004) epidemiology and
- - -- -- animal studies show
no evidence of
carcinogenicity.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for acetone is not available.

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3.  Review Dates

Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4.  References for Summary Table
US EPA IRIS (United States Environmental Protection Agency Integrated Risk Information System).
2004. Office of Research and Development, National Center for Environmental Assessment.
http://www.epa.gov/iris/index.html. Agency consensus date: 05/29/2003. Last revised: 07/31/2003.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
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National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Acetone
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Acetone (CAS Number 67-64-1)

Reference Point of Departure
Agency Concentration? Air _ | UF Summary
(mcg/m?) Concentration | Basis
(mcg/m?3)
Based on neurological
ATSDR (2002) 3x10%* 2.97 x 10° LOEL | 100 | effects in a 6 week human
study.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

NOEL.: no observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

*The ATSDR value is reported as 13 parts per million (ppm). For acetone, 1 ppm = 2.37 mg/m?.

2. Recommendation and Rationale

The ATSDR value is the only available reference concentration for acetone from an authoritative body
listed in item 5 (below), and is derived using methods that reflect general consistency with current risk
assessment practice. Therefore, the ATSDR reference concentration (30,000 mcg/m?) is the toxicity
value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup objective
for acetone.

3. Review Dates

Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: October, 2004; no revision January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 2002. Toxicological Profile for acetone.
US Department of Health and Human Services. Atlanta, Georgia: Public Health Service.
https://www.atsdr.cdc.gov/toxprofiledocs/index.html

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
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National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands

22



Chemical Name: Acetone
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Acetone (CAS Number 67-64-1)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m®* | Highto | Animalto summary
(mcg/m?3) Low Dose | Human

Inadequate human
and animal data, and

> (EZ|3'8\4I)RIS N - - - generally negative
results in
genotoxicity studies.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An inhalation unit risk for acetone is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3. Review Dates
Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018
4. References for Summary Table
US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.
5. Authoritative Bodies
United States Environmental Protection Agency

Integrated Risk Information System
National Center for Environmental Assessment
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Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Aldrin
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Aldrin (CAS Number 309-00-2)

Reference Point of Departu re
Agency Dose! Dose _ UF Summary
(mg/kg/day) | (mg/kgiday) | SO>S
US EPA IRIS (2004)
Alsﬁgsgigy%e ion 3 Based on increased liver-to-
* (2003) g body weight ratio and liver
. US EPA OPP (1997) 3x10° 0.025 LOEL | 1000 | histopathological changes in
US EPA ODW male and female rats in a 2-
* (2002) year dietary study.
+ USEPA HEAST
(1997)
Based on NOELs of 1
mg/kg in diet of dogs and
0.5 mg/kg in diet of rats,
equivalent to 0.025
WHO (2017) 1x 10 0025 | NOEL | 250 | M9/kg/day in both species.
Limited information is
available on the precise
studies and points of
departure used to obtain the
reference dose.
Based on same study and
ATSDR (2002) 3x10° 0.025 LOEL | 1000 | analysisas US EPA IRIS
(2004).
Based on liver toxicity in
rats in same study as US
RIVM (2001) 1x10% 0.025 LOEL 250 | EPAIRIS (2004), and on
liver toxicity in dogs in a
25-month dietary study.

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale
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The basis for the various reference doses for aldrin are essentially identical with respect to choice of
study, species, adverse effect and identification of the point of departure (0.025 mg/kg/day). Limited
documentation for the WHO reference dose designates the level of 0.025 mg/kg/day a NOEL in rats and
dogs. However, this exposure level produced increased liver to body weight ratios and histopathological
liver lesions in rats, and is thus considered a LOEL. The RIVM reference dose uses an uncertainty
factor of 2.5 for using a LOEL rather than a NOEL as the point of departure, while the US EPA and
ATSDR reference doses use an uncertainty factor of 10 for this purpose. The lower uncertainty factor
for the RIVM value is based on the marginal nature of the liver effects at the LOEL. However, the
effect is not necessarily marginal considering the presence of histopathological lesions. An uncertainty
factor of 10 for use of a LOEL is considered appropriate and is also most consistent with accepted risk
assessment practices of United States health agencies. The US EPA reference dose (3 x 10 mg/kg/day)
is the toxicity value recommended for use in the derivation of an oral non-cancer-based soil cleanup
objective for aldrin.

Review Dates

Summary table completion: February, 2004; revised January, 2018
Toxicity value recommendation: March, 2004; no revision January, 2018

References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 2002. Toxicological Profile for Aldrin
and Dieldrin. US Department of Health and Human Services. Atlanta, Georgia: Public Health Service.

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of human-
toxicological maximum permissible risk levels. RIVM Report No. 711701025, National Institute of
Public Health and the Environment, Bilthoven, The Netherlands, March 2001. p.244-248.

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update. Washington, DC: Office of Research and Development. Office of
Emergency and Remedial Response. 9200.6-303 (97-1).

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency Office of Drinking Water). 2002.
Office of Drinking Water, Drinking Water Standards and Health Advisories. Washington, DC. EPA
822-R-02-038.

US EPA OPP (United States Environmental Protection Agency Office of Pesticide Programs). 1997.
Reference Dose Tracking Report. Washington, DC: Office of Pesticide Programs, Health Effects
Division. HED reviewed 08/08/86.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based

Concentration Table. Superfund Technical Support Section. https://www.epa.gov/risk/regional-
screening-levels-rsls-generic-tables
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WHO (World Health Organization). 2017. Guidelines for drinking water quality, 4" Ed. World Health
Organization, Geneva. https://www.who.int/water_sanitation_health/publications/drinking-water-
quality-guidelines-4-including-1st-addendum/en/

. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Aldrin
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Aldrin (CAS Number 309-00-2)

Risk Cancer Extrapolation
Agenc Specific Potency Methods Summar
gency Dose! Factor Highto | Animalto y
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human
Chronic dietary
studies showed
aldrin increased the
incidence of liver
tumors in both sexes
US EPA IRIS (2004) of three strains of
Also used by: Iintleqrized body mice. The_re vf\f?s no
+ USEPARegion3 | 5.8x10% 17 multistage | g face | SEX OF strain etfect.
model, ” The cancer potency
(2003) extra risk area factor is the
+ US EPA OPP .
geometric mean of
(1997) three separate cancer
+ Cal EPA (2004) .
potency factors;
each derived from a
different dose
response dataset.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.
2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®32,

2.  Recommendation and Rationale

The US EPA IRIS cancer potency factor is the only available cancer potency factor from an
authoritative body listed in item 5 (below), and is derived using methods that reflect general consistency
with current risk assessment practice. Therefore, the US EPA IRIS cancer potency factor (17 per
mg/kg/day) is the toxicity value recommended for use in the derivation of an oral cancer-based soil
cleanup objective for aldrin. The aldrin risk specific dose calculated from this toxicity value is 5.8 x 108
mg/kg/day.
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Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: April, 2004; no revision January, 2018

References for Summary Table

Cal EPA (California Environmental Protection Agency), 2004. Office of Environmental Health Hazard
Assessment. Toxicity Criteria Database. Last accessed (01/17/2018) at https://oehha.ca.gov/chemicals

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA OPP (United States Environmental Protection Agency Office of Pesticide Programs). 1997.
Reference Dose Tracking Report. Washington, DC: Office of Pesticide Programs, Health Effects
Division. HED reviewed 08/08/86.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/17/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Aldrin
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Aldrin (CAS Number 309-00-2)

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for aldrin is not available from the authoritative bodies listed in
item number 5 (below). Aldrin is a systemic toxicant that is expected to be absorbed into the body
following both oral and inhalation exposure, and for which an oral reference dose based on effects
distant from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation
extrapolation assuming a 70 kg adult continuously exposed and breathing 20 m? of air per day is used to
derive a reference concentration from the reference dose. The recommended oral reference dose for
aldrin is 3 x 10" mg/kg/day. Therefore, a reference concentration of 0.1 mcg/m? based on exposure route
extrapolation is the toxicity value recommended for use in the derivation of an inhalation non-cancer-
based soil cleanup objective for aldrin.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
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Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Aldrin
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Aldrin (CAS Number 309-00-2)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m3)! | Highto | Animal to summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for aldrin is not available from the authoritative bodies listed in item number 5
(below). Aldrin is a systemic toxicant that is expected to be absorbed into the body following both oral
and inhalation exposure, and for which an oral cancer potency factor based on cancer effects distant
from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation extrapolation
assuming a 70 kg adult continuously exposed and breathing 20 m® of air per day is used to derive a unit
risk from the cancer potency factor. The recommended oral cancer potency factor for aldrin is 17 per
mg/kg/day. Therefore, a unit risk of 4.9 x 10-® per mcg/m? based on exposure route extrapolation is the
toxicity value recommended for use in the derivation of an inhalation cancer-based soil cleanup
objective for aldrin. The risk specific air concentration calculated from this toxicity value is 2 x 10
mcg/m?.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies
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United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Aniline*
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Aniline (CAS Number 62-53-3)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
US EPA OSRTI Based on erythrocytic and splenic
Also used by: 0.007 7 LOEL | 1000 |toxicity in rats exposed via the
¢ US EPA RSL diet in a 104-week study.
HC PSAP 0.0014 79 LOEL | 5000 Based on same study, species, and

effects used by US EPA OSRTI.
Based on fatty metamorphosis,
fibrosis and papillary hyperplasia
of the spleen, hemosiderosis of
NYS DEC (1997) 0.15 150 LOEL | 1000 {the liver and kidney, and
endometrial stromal polyps in rats
exposed via the diet in an 8-week
study.
LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

LOEL.: lowest-observed-effect level; UF: uncertainty factor.

*Aniline is a new priority contaminant and this is a new fact sheet. Aniline was not identified as a priority contaminant
in the 2006 Technical Support Document for the Development of Soil Cleanup Objectives in the New York State
Brownfield Cleanup Program.

2. Recommendation and Rationale

The US EPA and HC PSAP reference doses for aniline are based on the same 104-week dietary study
in rats. This study is preferred over the study used by NYS DEC as the basis of a chronic reference
dose because the study length was substantially longer (104 weeks compared to 8 weeks). The US
EPA applied a total uncertainty factor of 1000 to the LOEL to compensate for animal-to-human
extrapolation (10), the use of a LOEL (10), and human variation (10). HC PSAP used the same
uncertainty factors but added a 5-fold uncertainty factor for limited evidence of carcinogenicity. Given
that cancer risks are evaluated separately in the Brownfield Cleanup Program, the US EPA reference
dose (0.007 mg/kg/day) is the toxicity value recommended for use in the derivation of an oral non-
cancer-based soil cleanup objective for aniline.

3. Review Dates
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Summary table completion: January, 2018
Toxicity value recommendation: January, 2018

4. References for Summary Table and Recommendation and Rationale

HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (01/25/2018) at
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined
Regulatory Impact and Draft Environmental Impact Statement. Human Health Fact Sheet. Ambient
Water Quality Value for Protection of Human Health and Sources of Potable Water. Aniline. Albany,
NY: Division of Water

US EPA OSRTI (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). Provisional Peer Reviewed Toxicity Values for Superfund. Last
accessed (01/25/2018) at http://hhpprtv.ornl.gov/quickview/pprtv_papers.php.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/25/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Aniline*
Exposure Route: Oral

Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Aniline (CAS Number 62-53-3)

Risk Specific Cancer Extrapolation Methods
Agency Doset! Potency Factor High to Low| Animal to Summary
(mg/kg/day) | (mg/kg/day)? Dose Human
Based on the combined
incidence of splenic
sarcomas, fibrosarcomas,
US EPA IRIS lineari stromal sarcomas,
Inearized body lar sarcomas and
Al , 1.8 x 10* 5.7x 103 multistage | surface | coPoar :
so used by: model area? hemangiosarcomas in
¢ USEPARSL male rats exposed via the
diet to aniline
hydrochloride in a 104-
week study.
linearized body  |CA EPA CPF adopted the
CA EPA CPF 1.8 x 10 5.7x103 multistage | surface [US EPA IRIS derivation and
model area? cancer potency factor.
linearized Based on same study,
NYS DEC (1997) 2.9x10* 34x10% multistage | BW¥?2 [species, sex, and tumors
model used by US EPA IRIS.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10 dose

=1 x 10%/cancer potency factor.
2Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®33.
3Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®2.

*Aniline is a new priority contaminant and this is a new fact sheet. Aniline was not identified as a priority contaminant
in the 2006 Technical Support Document for the Development of Soil Cleanup Objectives in the New York State
Brownfield Cleanup Program.

2. Recommendation and Rationale

The cancer potency factors for aniline derived by authoritative bodies are all based on the same study
and effects (the combined incidence of splenic sarcomas, fibrosarcomas, stromal sarcomas, capsular
sarcomas, and hemangiosarcomas in male rats exposed via the diet in a 104-week study). The only
difference in the derivations is the method used to extrapolate animal doses to equivalent human doses.
The NYS DEC derivation used BW?* scaling while the US EPA/CA EPA derivations used body
surface area scaling. Since BW®* scaling is the current recommendation of the US EPA and CA EPA,
the NYS DEC cancer potency factor (3.4 x 10 per mg/kg/day) is the toxicity value recommended for
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use in the derivation of an oral cancer-based soil cleanup objective for aniline. The aniline risk specific
dose calculated from this toxicity value is 2.9 x 10 mg/kg/day.

3. Review Dates

Summary table completion: January, 2018
Toxicity value recommendation: January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (01/25/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined
Regulatory Impact and Draft Environmental Impact Statement. Human Health Fact Sheet. Ambient
Water Quality Value for Protection of Human Health and Sources of Potable Water. Aniline. Albany,
NY: Division of Water

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/25/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/25/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Aniline*
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Aniline (CAS Number 62-53-3)

Reference Point of Departure

Agency Concentration® Air _ UF Summary
(mcg/m3) Concentration Basis

(mcg/m?3)

Based on lack of observed
toxicity in rats, guinea pigs
and mice exposed via
inhalation for 6 hours/day, 5
days/week for 20 to 26 weeks
US EPA IRIS (NOELexe = 19 mg/m? and

3 NOELaps? = 3.4 mg/m?) and
Also used by: 1 3400 NOEL aps-+ec” | 3000 supported by the observation
+ USEPARSL of splenic toxicity in rats
exposed via inhalation for 6
hours/day, 5 days/week for 2
weeks (LOELexp = 64.7
mg/m® and LOELap,? = 11.6
mg/m®).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

ZNOELap; or LOELap;= NOELEexp or LOELEgxp X 6 hours/24 hours x 5 days/7 days.

3NOEL aps-Hec: adjusted NOEL human equivalent concentration (HEC), which equals NOELap; X 1 (default ratio for the
ratio of the animal blood:air partitioning coefficient to the human blood:air partitioning coefficient for aniline).

NOELexp: experimental no-observed-effect level; NOELap;: NOELexp adjusted to continuous exposure; LOELgxp:
experimental lowest-observed-effect level; LOELap;: LOELexp adjusted to continuous exposure; UF: uncertainty
factor.

*Aniline is a new priority contaminant and this is a new fact sheet. Aniline was not identified as a priority contaminant
in the 2006 Technical Support Document for the Development of Soil Cleanup Objectives in the New York State
Brownfield Cleanup Program.

2. Recommendation and Rationale
The US EPA reference concentration for aniline is the only value from an authoritative body listed in
item 5 (below). The animal point of departure (NOELap;) for splenic toxicity was converted to a
human NOELaps-+ec Using the US EPA recommended dosimetric adjustment for extrarespiratory effects

of category 3 gases. This compensates for animal-human differences in the pharmacokinetics of
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inhaled aniline. The US EPA applied a 3000-fold uncertainty factor to compensate for animal-to-
human extrapolation (10), use of subchronic study (10), human variation (10) and the lack of
appropriate reproductive studies (3). The US EPA reference concentration (1 mcg/m?) is the toxicity
value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup objective
for aniline.

3. Review Dates

Summary table completion: January, 2018
Toxicity value recommendation: January, 2018

4. References for Summary Table and Recommendation and Rationale

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/25/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/25/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Aniline*
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Inhalation Unit Risk Values for Aniline (CAS Number 62-53-3)

Risk Specific Air Unit Risk Extrapolation Methods
H 1
Agency Concent/raglon (mcg/md)* | High to Low | Animal to Summary
(mcg/m”) Dose Human

Based on default routeorar-

. . to-routeinhalation

linearized bod :

CA EPA CPF 0.62 16x10° | multistage surface [EXtrapolation of the US
' ' model area? EPA IRIS oral cancer

potency factor of 5.7 x 107
per mg/kg/day.

The air concentration associated with an increased lifetime cancer risk of one-in-one million, where 1 x 10 air
concentration = 1 x 10°%/unit risk.
2Factor for dose adjustment from animals to humans is (animal body weight/numan body weight)®33,

*Aniline is a new priority contaminant and this is a new fact sheet. Aniline was not identified as a priority contaminant
in the 2006 Technical Support Document for the Development of Soil Cleanup Objectives in the New York State
Brownfield Cleanup Program.

2. Recommendation and Rationale

Aniline is a toxicant that is expected to be absorbed into the body and cause systemic cancer effects
after oral or inhalation exposure. The CA EPA unit risk for aniline is the only available value from an
authoritative body listed in item 5 (below). This value was derived from a cancer potency factor using
a default routeoral-to-routeinnaiation €xtrapolation assuming a 70 kg adult continuously exposed and
breathing 20 m? of air per day. However, the NYS DEC cancer potency factor (3.4 x 10 per
mg/kg/day) rather than the CA EPA cancer potency factor (5.7 x 10° per mg/kg/day) was
recommended as the toxicity value for use in the derivation of an oral cancer-based soil cleanup
objective for aniline (see Oral Cancer Toxicity Value Documentation for Aniline). A default routeoral-
to-routeinnalation €Xtrapolation assuming a 70 kg adult continuously exposed and breathing 20 m? of air
per day was used to derive a unit risk from the recommended cancer potency factor. Therefore, the unit
risk of 9.7 x 107" per mcg/m? is the toxicity value recommended for use in the derivation of an
inhalation cancer-based soil cleanup objective for aniline. The aniline risk specific concentration
calculated from this toxicity value is 1.0 mcg/m?.

3. Review Dates

Summary table completion: January, 2018
Toxicity value recommendation: January, 2018
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4. References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (01/25/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/25/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Anthracene

Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Anthracene (CAS Number 120-12-7)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
US EPA IRIS (2004)
: Based on a lack of
AIS% lgs;ezoll3 ’t&yl.?e o3 treatment-related effects in
! (2003) : 0.3 1.000 NOEL | 3000 male and female mice in a
US EPA ODW ' ’ 90-day gavage study. The
! (2002) NOEL was assigned to the
. USEPA HEAST highest dose tested.
(1997)
Based on RIVM’s
evaluation of total
petroleum hydrocarbons and
RIVM (2001) 0.04 NA NA NA | its designation of anthracene

as a non-carcinogenic
aromatic containing 9 to 16
carbons.

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL: no observed effect level; UF: uncertainty factor; NA: not applicable.

2. Recommendation and Rationale

The US EPA reference dose is based on chemical-specific toxicity information for anthracene and is
derived using methods that reflect general consistency with current risk assessment practice. The
RIVM value is based on a generic approach for petroleum related chemicals and is not derived from a
chemical-specific evaluation. Therefore the US EPA reference dose (0.3 mg/kg/day) is the toxicity
value recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for

anthracene.

3. Review Dates
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Summary table completion: February, 2004; no revision January, 2018
Toxicity value recommendation: March, 2004; no revision January, 2018

4. References for Summary Table

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of
human-toxicological maximum permissible risk levels. RIVM Report No. 711701025, National
Institute of Public Health and the Environment, Bilthoven, The Netherlands, March 2001.

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment
Summary Tables). 1997. FY 1997 Update. Washington, DC: Office of Research and Development.
Office of Emergency and Remedial Response. 9200.6-303 (97-1).

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency Office of Drinking Water). 2002.
Office of Drinking Water, Drinking Water Standards and Health Advisories. Washington, DC. EPA
822-R-02-038.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/16/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Anthracene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Anthracene (CAS Number 120-12-7)

Risk Cancer Extrapolation
Specific Potency Methods
Dose! Factor Highto | Animalto
(mg/kg/day) | (mg/kg/day)? | Low Dose | Human

Agency Summary

Human data are not
available. Cancer
effects were not
observed in several
US EPA IRIS (2004) limited or

ATSDR (1995) inadequate studies in
animals exposed
orally, dermally, and
by lung
implantation.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for anthracene is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: March, 2004; no revision January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 1995. Toxicological Profile for
Polycyclic Aromatic Hydrocarbons. US Department of Health and Human Services. Atlanta, Georgia:
Public Health Service.
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US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Anthracene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Anthracene (CAS Number 120-12-
7)

Point of Departure

Reference :
Agency Concentration® Air | uF Summary
(mcg/m?3) Concentration | Basis

(mcg/md)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for anthracene is not available from the authoritative bodies
listed in item number 5 (below). Anthracene is a systemic toxicant that is expected to be absorbed into
the body following both oral and inhalation exposure, and for which an oral reference dose based on
effects distant from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-
inhalation extrapolation assuming a 70 kg adult continuously exposed and breathing 20 m? of air per
day is used to derive a reference concentration from the reference dose. The recommended oral
reference dose for anthracene is 0.3 mg/kg/day. Therefore, a reference concentration of 1000 mcg/m?®
based on exposure route extrapolation is the toxicity value recommended for use in the derivation of an
inhalation non-cancer-based soil cleanup objective for anthracene.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
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Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Anthracene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Anthracene (CAS Number 120-12-7)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration? (mcg/m®)t | Highto | Animal to Summary
(mcg/m?®) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for anthracene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of
unit risk.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies
United States Environmental Protection Agency

Integrated Risk Information System
National Center for Environmental Assessment

48


http://www.epa.gov/iris

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Arsenic
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Inorganic Arsenic

Reference Point of Depal’tu re
Agency Dose! Dose . UF Summary
(mg/kg/day) (mg/kg/day) Basis
US EPA IRIS
Also used by: Based on hyperpigmentation, keratosis
: 4 4 9 and possible vascular complications in a
: 82 EEQ SSIYV 3x10 8x10 NOEL 3 Taiwanese population chronically
+ US EPA exposed via drinking water.
HEAST (1997)
] ] Based on same study and analysis as US
4 4
ATSDR (2000) 3x10 8x10 NOEL | 3 EPA IRIS.
Based on the incidence (LEDos:*) of
CA EPA PHG 39x10% 3 117x 102 |LEDm?| 30 cerebrovascular disease in a Taiwanese
' ' oL population chronically exposed via
drinking water.
Based on critical effects on the skin in
humans and derived from the World
Health Organization PTWI? for arsenic of
RIVM (2001) 0.001 21x10% | NOEL | 2 0.015 mg/kg/week for adults of 70 kg of

body weight. The daily equivalent
(0.0021 mg/kg/day) was considered a
NOEL by the Health Council of the
Netherlands.

1Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2The NOEL of 0.009 mg/L and LOEL of 0.17 mg/L (reported in a later study of the same cohort by the same
investigators) were adjusted to 8 x 10 mg/kg/day and 0.014 mg/kg/day, respectively, assuming a 55-kg adult drinks

4.5 L water/day.

3A reference dose was not derived. CA EPA applied a total UF of 10 to the LEDo; and assumed an exposure duration of
70 years and relative source contribution of 20% for arsenic from drinking water to calculate a health-protective value
(HPV) of 0.0009 mg/L (i.e., 0.00086 mg/L = [3 (mg/L)yr x 0.2]/[70 years x /10 UF].) A Cpwec (a lifetime exposure
concentration protective of non-cancer health effects assuming all exposure comes from drinking water) can be
calculated from the HPV by eliminating the relative source contribution factor of 0.2 from the above equation (i.e.,
0.00043 mg/L = [3 (mg/L)yr]/[70 years x /10 UF]. A reference dose of 3.9 x 10* mg/kg/day can be calculated from
the Cpwer (0.0043 mg/L) using US EPA IRIS assumptions on the water consumption rates and dietary intakes for
Taiwanese populations (i.e., where daily intake from water =CpweL X 4.5 L/day =0.0194 mg/person-day) and is
exposed to 0.002 mg/day arsenic from dietary exposure (i.e., (0.0194 + 0.002 mg)/55 kg/day = 3.9 x 10 mg/kg/day).
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*LEDo1: The 95% lower confidence limit on the cumulative dose [i.e., 3 (mg/L)yr] associated with a 1% increase
(relative to controls) in cerebrovascular disease in the exposed population.

NOEL.: no- observed-effect level; LOEL.: lowest- observed-effect level; UF: uncertainty factor.
2. Recommendation and Rationale

The basis for the US EPA IRIS, ATSDR, and RIVM reference doses for arsenic is skin effects in
human populations chronically exposed to elevated arsenic in drinking water. There is limited
documentation of the specific data providing the basis of the RIVM reference dose, and RIVM chose to
apply an uncertainty factor of 2 to the NOEL point of departure, while US EPA and ATSDR applied an
uncertainty factor of 3. The US EPA notes that an uncertainty factor of 3 accounts for the lack of data
addressing reproductive toxicity as well as human variation. An uncertainty factor of 3 is considered
more consistent with accepted risk assessment practices of United States health agencies.

CA EPA based their reference dose on the LEDo: for cerebrovascular disease in the human populations
chronically exposed to elevated arsenic in drinking water. CA EPA applied a total uncertainty factor
(UF) of 10 to the LEDo: to compensate for human variation (3) and to extrapolate to a level of
negligible risks (3).

The reference dose derived by US EPA and ATSDR or estimated from the CA EPA toxicity value for
non-oncogenic skin or vascular effects are similar (3 x 10* mg/kg/day and 3.9 x 10 mg/kg/day,
respectively). Moreover, the available data strongly support the conclusion that oral exposures to
arsenic are strong risk factors for both skin and vascular diseases. Lastly, both derivations are based on
good epidemiological studies. Although the US EPA/ATSDR derivation is based on ecological studies,
the cohort size was large and the derivation was based on exposure parameters specific to the
population. CA EPA used the study that was strengthened by the use of estimated individual
cumulative arsenic exposures and linkage to disease outcome. The study accounted for potential
confounding factors (i.e., age, gender, hypertension, diabetes mellitus, cigarette smoking, and alcohol
consumption), which strengthens confidence in the dose-response relationship between cumulative
arsenic exposure and the incidence of cerebrovascular disease. The differences in quality between the
two studies and derivations are too small to support a clear choice of one value over the other.
Although the use of a benchmark dose is generally preferred over a NOEL as a point of departure, the
CA EPA use of an uncertainty factor of 3 with the use of a LEDo1 may be overly conservative.
Therefore, the US EPA/ATSDR reference dose (3 x 10 mg/kg/day) is the toxicity value recommended
for use in the derivation of an oral non-cancer-based soil cleanup objective for arsenic.

3. Review Dates

Summary table completion: April, 2004; revised January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
01/21/2018) at http://www.atsdr.cdc.gov/toxpro2.html, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.
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CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/21/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/21/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/21/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/21/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/21/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/21/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

6. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Arsenic
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Inorganic Arsenic

Risk Cancer Extrapolation Methods
Specific Potenc .
Agency IFZ))ose1 Factory High to Antlgn al Summary
(mg/kg/day) | (mg/kg/day)? | Low Dose Human
Estimated from
US EPA IRIS increased incidence
linearized of skin cancer
Also used by: multistage observed in
+ USEPARSL 6.7 x 107 15 model (time B Taiwanese
+ US EPA HEAST ' ' and dose populations
(1997) related consuming
formulation) drinking water with
elevated levels of
inorganic arsenic.
Based on same data
. as US EPA IRIS,
HC PSAP 3.6 x 107 2 I|nea11:r incorporating
(TERA) 0 X N ext_rl_a[p)). rom N background rates
05 .
of skin cancer for
Canadians.
3
Based on lung
cancer and urinary
linear bladder cancer
relative-risk mortality data in
analysis of epidemiology
CAPHG* 5.3x 108 combined -- studies from
cancer Taiwan, Chile and
mortality Argentina and
data background cancer
mortality rates in
the US.
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Poisson
relative-risk
model fit to Based on Iu_ng,
mortality liver and urinary
data for bladde_r cancer
6.2 x 107 to each tumor mortality data from
HC DWQ * A4 x 10 -4 site (a ran -- Taiwan, including
: ge
of unit risks Some Of. the Same
Was populations as in
reported for the study used by
the different USEPAIRIS.
tumor sites)

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.
2No cancer potency factor was derived. The risk specific dose was obtained by linear extrapolation from the modeled
TDos (= 0.84 mg/L in drinking water, assuming 1.5 L/d water consumption and 70 kg adult body weight), the dose
associated with a 5% increase in mean tumor incidence (not a lower-bound estimate; TERA, 2004)
3No cancer potency factor was derived. The risk specific dose was obtained from the drinking water unit risk of
5.4 x 10 per microgram per liter, assuming a 70 kg person drinks 2 liters of water per day. (The original unit risk is
expressed as 2.7 x 10 per microgram per liter for a unit drinking water consumption rate of 1 liter per day, and so was
adjusted to reflect a default 2 liter per day drinking water intake.)
*No cancer potency factor was derived. The risk specific dose range was obtained from the upper-bound drinking water
unit risk range of 6.49 x 10 to 4.64 x 10-° per microgram per liter, assuming a 70 kg person drinks 2 liters of water per
day.

*Agency’s toxicity value added or revised during an update of fact sheets to support updated soil cleanup objectives for
the New York State Brownfield Cleanup Program.

2.  Recommendation and Rationale

The US EPA IRIS and HC PSAP cancer potency factors are based on increased incidence of skin tumors
among Taiwanese populations consuming drinking water containing elevated levels of inorganic arsenic.
Both agencies used a time and dose-related formulation of the multistage model, but differed in
assumptions regarding background skin cancer rates. The US EPA IRIS value is based on the upper-
bound estimate of the modeled dose-response slope at low doses, while the HC PSAP value is a linear
extrapolation to the low dose region from a maximum likelihood estimate of the dose at 5% incremental
risk. Although the difference between the two values is relatively small, the use of Canadian
background skin cancer rates may be less appropriate than those assumed for the US population. The
HC PSAP approach of extrapolation from a central tendency estimate instead of from a statistical lower
bound is also less consistent with generally-accepted risk-assessment practice.

HC DWQ and CA EPA PHG derived drinking water unit risk estimates for inorganic arsenic based on
tumor mortality data from multiple tumor sites including lung, liver and urinary bladder. HC DWQ
based its estimates on data that include at least some of the same Taiwan populations as used by US
EPA. CA EPA PHG included Taiwan data along with other cancer data from studies in Chile and
Argentina. HC DWQ reported a range of unit risks based on excess mortality modeled separately for
each tumor site (lung, liver or bladder), while CA EPA PHG estimated cancer risk based on cancer
mortality data for lung and bladder tumors combined. Both HC DWQ and CA EPA report their results
as drinking water unit risks, without providing a cancer potency factor estimate.

54



The US EPA, HC DWQ and CA EPA derivations are all similar in applying some form of non-threshold
relative risk model to epidemiologic data that relates tumor incidence or cancer mortality to arsenic
drinking water concentrations. Information on the mode-of-action by which inorganic arsenic causes
cancer is inadequate to clearly indicate whether any of the different modeling approaches used in the
three assessments is preferred. The HC DWQ assessment presents a range of unit risk estimates for
different tumor sites. The most potent unit risk estimate (lung tumor data) results in a risk-specific dose
roughly equal to the US EPA IRIS risk-specific dose based on skin cancer incidence. The CA EPA
assessment includes epidemiologic data from other cohorts in addition to the Taiwan study populations.
Including these additional data could result in more robust relative-risk estimates. The CA EPA
assessment also accounts for the increased risk of mortality from tumors in multiple tissues associated
with arsenic exposure by combining the two tumor sites (lung and bladder) that account for most of the
excess cancer mortality observed in studies they used. However, a number of uncertainties are
introduced into the CA EPA unit risk analysis that raise questions about its reliability as the basis of a
soil cleanup objective. In general, epidemiologic analysis based on tumor incidence is preferred over
mortality data for risk assessment, since incidence is a less-severe outcome. Although the CA EPA
assessment attempted to address the combined risk of two significant tumor types (lung and bladder),
they applied a combined excess mortality rate for the two sites to background lung cancer rates, rather
than applying tumor-specific rates to tumor-specific background rates and then combining the results. If
the relative background rates for lung and bladder cancer mortality differed significantly in the study
populations and the US population to which the observed relative risks were applied, this approach
could introduce a significant bias in the combined analysis. The CA EPA assessment appears to obtain
mean unit risk estimates rather than upper-bound estimates, which are preferred, and they average
together male and female unit risks without weighting these for the relative number of total excess
deaths for males and females. The CA EPA assessment also applies common drinking-water
consumption rates for males and females, based on South American studies, to all the study populations
in the analysis. Other analyses of the Taiwan cancer data apply a significantly larger daily water
consumption rate for males in that population. These uncertainties in the CA EPA assessment may tend
to overestimate cancer risk in some cases, and underestimate risk in others. The overall effect on the CA
EPA unit risk estimate of these various analysis uncertainties is unknown and, therefore, confidence in
the assessment is reduced. Therefore, the US EPA IRIS cancer potency factor (1.5 per mg/kg/day) is the
toxicity value recommended for use in the derivation of an oral cancer-based soil cleanup objective for
inorganic arsenic. The arsenic risk specific dose calculated from this toxicity value is 6.7 x 107
mg/kg/day.

Review Dates

Summary table completion: April, 2004; revised January, 2018

Toxicity value recommendation: June, 2004; no revision January, 2018

References for Summary Table and Recommendation and Rationale

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/17/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.

Last accessed (01/17/2018) at https://www.canada.ca/en/health-canada/services/environmental-
workplace-health/water-quality/drinking-water/canadian-drinking-water-guidelines.html

55


https://www.canada.ca/en/health-canada/services/environmental
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HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (01/17/2018) at
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php.

TERA (Toxicology Excellence for Risk Assessment). International Toxicity Estimates for Risk (ITER).
Last accessed (01/17/2018) at http://www.tera.org/iter/

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/17/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/17/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/17/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Arsenic
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Inorganic Arsenic

Point of Departure

Reference :
Agency Concentration® Air _ UF Summary
(mcg/md) Concentration | Basis

(mcg/m?)

Based on decreases in intellectual
function and adverse effects on
neurobehavioral development in
CA EPA REL 0.015 0.46 LOEL | 30 | 201 children (10 years of age)
exposed each day via drinking
water for 9.5 to 10.5 years. A
study NOEL was not identified.
US EPA RSL adopted the CA

US EPARSL 0.015 h - | EPA REL reference concentration.
RIVM decided the most critical
effect after chronic inhalation

RIVM (2001) 10 10 L OEL 10 | &xposure of humans is lung

cancer. Study LOEL =10
mcg/m?3, based on the incidence of
lung cancer in smelter workers.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level

LOEL.: lowest-observed-effect level; UF: uncertainty factor.
2. Recommendation and Rationale

CA EPA derived their reference concentrations using a LOEL based on decreases in intellectual function
and adverse effects on neurobehavioral development in 10-year-old children. The LOEL was identified
as a drinking water concentration of arsenic (2.27 mcg/L). CA EPA assumed a water intake of 1
liter/day, essentially complete intestinal absorption, and converted the water concentration to an arsenic
absorbed dose of 2.3 mcg/child/day (i.e., 2.3 mcg/child/day = 2.27 mcg/L x 1 L/child/day). CA EPA
then converted the daily oral absorbed dose to an equivalent air concentration (0.46 mcg/m?®) assuming a
10-year old boy inhales 9.9 m®/day and absorbs 50% of the inhaled arsenic (i.e., 0.46 mcg/m?® = [2.3
mcg/child/day/9.9 m®/child/day/0.5). CA EPA applied a total uncertainty factor of 30 to compensate for
the use of a LOEL (3) and human variation (10) to derive a reference concentration of 0.015 mcg/m?.
The RIVM value is based on a carcinogenic endpoint, which is not relevant in the current context since
cancer and non-cancer endpoints are being evaluated separately. Therefore, the CA EPA reference
concentration (0.015 mcg/m?®) is the toxicity value recommended for use in the derivation of an
inhalation non-cancer-based soil cleanup objective for arsenic.
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3. Review Dates

Summary table completion: November, 2004; revised January, 2018
Toxicity value recommendation: December, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure
Levels. Last accessed (01/18/2018) at http://www.oehha.ca.gov/air/hot_spots/rels_dec2008.html.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/18/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Arsenic
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Inorganic Arsenic

Extrapolation

Risk Specific Methods

Air Unit Risk

Agency

Concentration® | (mcg/m?)!
(mcg/m?3)

High to
Low Dose

Animal
to
Human

Summary

US EPA IRIS
(2004)

Also used by:

+ USEPA
Region 3
(2004)

Absolute-
risk linear
model

2.3x 10" 4.3x10°

Based on the incidence of
lung cancer in males
occupationally exposed to
arsenic at two different
smelters. A geometric
mean was estimated for
each smelter cohort from 2
or 3 calculated unit risks.
The final estimate is the
geometric mean of these
two values. The increase
in age-specific lung cancer
mortality rate was assumed
to be a function only of
cumulative exposure.

Cal EPA (2002)

Relative

-3
3.3x10 risk model

3.0x10*

Based on lung tumor
incidence from human
occupational exposure (one
of the cohorts used in US
EPA IRIS (2004)) and
adjusted for interaction
with tobacco smoking.

Health Canada
(1993)

7.8 reported as
TCos?; linear
equivalent risk -
specific
concentration
=1.6x10*

Estimated from the
standardized mortality
ratios for respiratory cancer
from one of the same study
cohorts as US EPA IRIS
(2004).
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WHO reviewed available
literature of the incidence
of lung cancer in smelter
workers and decided that a
safe level for inhalation
exposure cannot be

linearized recommended. At an air
WHO (2000) 6.6 x 10 1.5x10° multistage -- ion of m?3
model concentration of 1 mcg/m®,

an estimate of lifetime risk
is 1.5 x 1073 (based on
pooling several unit risk
estimates from the cohorts
used by US EPA as well as
an additional cohort).

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where

1 x 10 dose = 1 x 10/ cancer potency factor.

2 TCos = The concentration in air (expressed in mcg/m?) associated with a 5% increase in incidence or mortality due to
tumors.

® The risk estimate was only reported as a risk-specific concentration; a unit risk was not explicitly reported, but would
be equal to 1 x 10 divided by the 107 risk-specific concentration.

2. Recommendation and Rationale

The inhalation unit risks and risk specific air concentrations derived by authoritative bodies are all based
on increased incidence of lung cancer among workers exposed to arsenic from smelters. All of the
estimates fall into a fairly narrow range, with the high and low values differing only by a factor of less
than three. Health Canada calculated a TCos which was generated directly from the dose response curve,
and is not based on a lower confidence limit. Consequently, the risk specific air concentration derived
from this value is not directly comparable to the other risk specific concentrations, which are based on
the 95% lower bound air concentrations. The WHO, US EPA and Cal EPA estimates of potency are
similar, however, the WHO analysis represents a more updated analysis of previously studied cohorts
and includes an additional cohort not used by the US EPA and Cal EPA. Since this value considers a
greater amount of the available human data, the WHO unit risk (1.5 x 10 per mcg/m?®) is the toxicity
value recommended for use in the derivation of an inhalation cancer-based soil cleanup objective for
arsenic. The arsenic risk specific air concentration calculated form this toxicity value is 6.6 x 10
mcg/m?.

3. Review Dates

Summary table completion: November, 2004; no revision January, 2018
Toxicity value recommendation: December, 2004; no revision January, 2018

4.  References for Summary Table
Cal EPA (California Environmental Protection Agency). 2002. Technical Support Document for
Describing Available Cancer Potency Factors, December. Sacramento, CA: Office of Environmental

Health Hazard Assessment, Air Toxicology and Epidemiology Section, California Environmental
Protection Agency.
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https://oehha.ca.gov/media/downloads/crnr/tsdcancerpotency.pdf

Health Canada. 1993. Priority Substances List Assessment Report: Arsenic and its compounds:
Environment Canada, Ministry of Public Works and Government Services.
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/psl1-Ispl/arsenic_comp/index-eng.php#a0

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. https://www.epa.gov/risk/regional-
screening-levels-rsls-generic-tables

WHO (World Health Organization). 2000. Air Quality Guidelines (2" Ed.), Chapter 6.1, Arsenic.
World Health Organization, Copenhagen, Denmark.
http://lwww.euro.who.int/__data/assets/pdf_file/0005/74732/E71922.pdf

Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Barium
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Inorganic Barium

Reference Point of Departure
Agency Dose! Dose . UF Summary
(mg/kg/day) | (mg/kg/day) Basis

*
USEPA RIS Based on increased incidence of

renal lesions in mice exposed
each day via drinking water in a
2-year study.

Also used by: 0.2 63 BMDLos?| 300
+ USEPARSL*
+ US EPA ODW*

Based on the absence of
cardiovascular effects (age-
specific mean systolic and
diastolic blood pressures,
prevalence rates for stroke, heart
disease)in an epidemiological
study of human populations from
two cites with different barium
concentrations in the drinking
water.

Based on the same study used by
CA EPA PHG.

CA EPA PHG 0.07 0.2 NOEL 3

RIVM (2001) 0.02 0.2 NOEL 10

Based on the same study used by

3 3
HC DWQ 0.02 0.2 NOEL 10 CA EPA PHG.

Based on the same study used by
* 4 4
WHO (2011) 0.02 0.2 NOEL 10 CA EPA PHG.

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2BMDLgs: The lower 95% confidence limit on the benchmark dose associated with a 5% increase (above control mean) in
the incidence of mice with renal lesions.

3A reference dose was not derived. The point of departure and the reference dose were derived from a water
concentration assuming a 70 kg person drinks 2 liters of water/day.

“A reference dose was not derived. The point of departure and the reference dose were derived from a water
concentration assuming a 60 kg person drinks 2 liters of water/day.

NOEL: no-observed-effect level; UF: uncertainty factor.
*Agency's toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale
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The basis for the various reference doses for barium (except for the US EPA reference dose) is
essentially identical with respect to choice of study, species, potential adverse effect, and identification
of the point of departure (NOEL = 0.2 mg/kg/day). The NOEL is based on the absence of
cardiovascular effects in people drinking water containing barium at approximately 7.3 mg/L. Recently,
US EPA IRIS re-evaluated the scientific quality of the study and rejected its use as the basis for their
reference dose. US EPA noted that human epidemiological studies have not found evidence of
hypertensive effect even at the highest exposure concentrations measured. Thus, US EPA concluded
that epidemiological studies do not provide sufficient data to support or refute the hypothesis that
chronic barium exposure causes hypertension. In the absence of dose-response data for barium-induced
hypertension, US EPA did not consider it scientifically sound to base the reference dose on this effect.
All five peer-reviewers of the US EPA reference dose derivation agreed with US EPA decision.

US EPA based their reference dose on the increased incidence of renal lesions in mice exposed via
drinking water each day for 2 years. The study was well designed and conducted, and was peer
reviewed. The derivation was peer-reviewed, well documented and is consistent with generally
accepted risk assessment practices, including the use of benchmark dose modeling and appropriate
uncertainty factors to compensate for animal-to-human extrapolation (10), human variation (10), and
database deficiencies (3). Therefore, the US EPA reference dose (0.2 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for inorganic
barium.

3. Review Dates

Summary table completion: August, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/13/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.
Last accessed (01/13/2018) at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/13/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/13/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/13/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening

Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/13/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables
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http://www.epa.gov/iris
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php
https://oehha.ca.gov/water/public-health-goals-phgs

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition. Last
accessed (01/10/2018) at https://www.who.int/water_sanitation_health/publications/drinking-water-
quality-guidelines-4-including-1st-addendum/en/

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Barium
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Inorganic Barium
Risk Cancer Extrapolation
Agenc Specific Potency Methods Summar
gency Dose! Factor Highto | Animalto y

(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human

The absence of
carcinogenic effects
in several animal
US EPA IRIS (2004) - - -- -- studies suggests that
barium is not likely
to cause cancer in
humans.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for barium is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: August, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.
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5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Division of Drinking Water and Environmental Management
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Barium
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Inorganic Barium

Reference Point of Departure
Agency Concentration? Air ) ) UF Summary
(mcg/m?) Concentration | Basis
(mcg/m?3)
US EPA HEAST
ased on fetotoxicity in rats
(1997) Based on f icity i
2 exposed by inhalation for 4
Also used by: 0.5 500 NOEL | 1000 months. Details on
+ US EPA Region 3 derivation not available.
(2004)
Based on cardiovascular
effects in rats exposed via
inhalation to insoluble
RIVM (2001) 1 110 NOEL | 100 barium carbonate dust for 4
hours per day, 6 days per
week, for 4 months. Study
LOEL not provided in
documentation.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2US EPA HEAST (1997) lists 800 mcg/m? as an experimental NOEL but provides no detail on the derivation of the
assumed point of departure as implied by the reference concentration and the value of the uncertainty factor.

NOEL.: no observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

Documentation for the derivation of reference concentrations for barium derived by authoritative bodies
from the list in item 5 (below) is limited. The available reference concentrations are based on
fetotoxicity and cardiac toxicity in subchronic studies in rats, with NOELSs being identified for each
endpoint. Neither derivation used pharmacokinetic modeling to obtain a human equivalent
concentration. Each study was conducted for four months, and the NOEL for fetotoxic effects is about
four times higher than the NOEL for cardiac effects. RIVM uses uncertainty factors of 10 each for
interspecies and intraspecies extrapolation. Although not clearly documented, the US EPA apparently
uses uncertainty factors of 10 each for inter- and intraspecies extrapolation, but also uses an additional
uncertainty factor of 10 to extrapolate from a subchronic to a chronic study. The US EPA’s use of the
subchronic uncertainty factor is consistent with current risk assessment practice and is supported by the

67



fact that both studies are four months, which is considerably less than lifetime for rats. In addition, due
to limited documentation, there is uncertainty about whether the US EPA NOEL is lower than the RIVM
LOEL, which would suggest a lower reference concentration that offers a larger margin of exposure
against effect levels should be chosen. Therefore, the US EPA reference concentration (0.5 meg/m?®) is
the toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for barium.

3. Review Dates

Summary table completion: November, 2004; no revision January, 2018
Toxicity value recommendation: December, 2004; no revision January, 2018

4. References for Summary Table

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update 9200.6-303 997-1. Washington, DC: Office of Research and
Development. Office of Emergency and Remedial Response.

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of human-
toxicological maximum permissible risk levels. RIVM Report No. 711701025, National Institute of
Public Health and the Environment, Bilthoven, The Netherlands, March 2001. Available at
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Barium
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Inorganic Barium
Risk Specific Extrapolation
Agenc Air Unit Risk Methods Summar
gency Concentration® | (mcg/m®)? Highto | Animal to y
(mcg/m?3) Low Dose | Human

No data on humans
and subchronic
inhalation studies in
US EPA (2004) N - - - animals do not
provide evidence of
carcinogenicity

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale
An inhalation unit risk for barium is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3.  Review Dates

Summary table completion: November, 2004; no revision January, 2018
Toxicity value recommendation: December, 2004; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
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Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Benz[a]anthracene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Benz[a]anthracene (CAS Number 56-55-3)

Point of Departure
Dose . UF Summary
Basis

(mg/kg/day)

Reference Dose!
(mg/kg/day)

Agency

A reference dose for
benz[a]anthracene is not
available from the authoritative
bodies listed in item 5 (below).

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2. Recommendation and Rationale

Benz[a]anthracene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). Reference doses derived from chemical-
specific toxicity data are available for six polycyclic aromatic hydrocarbons identified as priority
contaminants in the Brownfield Cleanup Program (acenaphthene, anthracene, benzo[a]pyrene,
fluoranthene, fluorene, and pyrene, see NYS, 2006). Benz[a]anthracene is chemically similar to each of
these six listed polycyclic aromatic hydrocarbons. Each of these six priority contaminants could be
used to represent the noncancer toxicity of benz[a]anthracene. Similarity of chemical structure cannot
be used as a basis of choosing a chemical surrogate for benz[a]anthracene because toxicity data are
insufficient to accurately describe the relationship between the chemical structure and non-cancer
toxicity of polycyclic aromatic hydrocarbons. The recommended reference dose for benzo[a]pyrene is
lower than that of the other five polycyclic aromatic hydrocarbons. Without data on which of these six
polycyclic aromatic hydrocarbons would be the best surrogate for benz[a]anthracene, the recommended
reference dose for benzo[a]pyrene (3 x 10 mg/kg/day, see Oral Non-Cancer Toxicity Value
Documentation for Benzo[a]pyrene) is the toxicity value recommended for use in the derivation of an
oral non-cancer-based soil cleanup objective for benz[a]anthracene.

3. Review Dates

Summary table completion: February, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil

Cleanup Obijectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.
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5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benz[a]anthracene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Benz[a]anthracene (CAS Number 56-55-3)

Risk Specific|Cancer Potency|Extrapolation Methods
Agency Dose! Factor Highto |Animalto Summary
(mg/kg/day) | (mg/kg/day)? | Low Dose | Human

US EPA IRIS Based on a relative potency
factor of 0.1 applied to the US
Also used by: 1x10° 0.1 - - EPA IRIS benzo[a]pyrene
¢+ NYSDEC cancer potency factor of 1
(2017) (mg/kg/day)™.

Based on a potency equivalency
factor of 0.1 applied to the CA
CA EPA CPF 8.3x 107 1.2 -- -- EPA CPF benzo[a]pyrene
cancer potency factor of 12
(mg/kg/day)™.

Based on a relative potency
factor of 0.1 applied to the
RIVM (2001) 5.0x10° 0.02@ -- -- RIVM benzo[a]pyrene cancer
potency factor? of 0.2
(mg/kg/day)™.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10
dose = 1 x 10"%cancer potency factor.

2A cancer potency factor was not reported. The derivation directly extrapolates from an experimental dose with
significant increased tumor incidence above background to the environmental dose associated with a one-in-ten-
thousand risk level; the risk-specific dose is not a lower-bound estimate.

2. Recommendation and Rationale

Benz[a]anthracene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). The cancer potency factors for
benz[a]anthracene available from the authoritative bodies listed in item 5 (below) are based on a cancer
potency factor for benzo[a]pyrene (also a polycyclic aromatic hydrocarbon) and the application of a
relative potency factor for benz[a]anthracene (see Chapter 5.1.5 of NYS (2006) for discussion of relative
potency factors). The recommended cancer potency factor for benzo[a]pyrene is 1 per mg/kg/day (see
Oral Cancer Toxicity Value Documentation for Benzo[a]pyrene). The benzo[a]pyrene cancer potency
factor is multiplied by the recommended relative potency factor of 0.1 for benz[a]anthracene (NYS
2006) to obtain a cancer potency factor of 0.1 per mg/kg/day. This is the toxicity value recommended for
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use in the derivation of an oral cancer-based soil cleanup objective for benz[a]anthracene. The
benz[a]anthracene risk specific dose calculated from this toxicity value is 1 x 10° mg/kg/day.

3. Review Dates

Summary table completion: February, 2004; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4.  References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (02/13/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (02/13/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (02/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft Human Health
Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Benz[a]anthracene. Albany, NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (02/13/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benz[a]anthracene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Benz[a]anthracene (CAS Number 56-55-3)

Point of Departure

Reference _
Agency Concentration® Air | uF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?)

A reference concentration for
benz[a]anthracene is not
available from the authoritative
bodies listed in item 5 (below).

LAgencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Benz[a]anthracene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). A reference concentration based on
chemical-specific inhalation toxicity data for benz[a]anthracene is not available from the authoritative
bodies listed in item 5 (below).

Benzo[a]pyrene is the only polycyclic aromatic hydrocarbon identified as a priority contaminant in the
Brownfield Cleanup Program for which a reference concentration is available. Benzo[a]pyrene is
chemically similar to benz[a]anthracene and can be used to represent its noncancer inhalation toxicity
(see Inhalation Non-Cancer Toxicity Value Documentation for Benzo[a]pyrene). Therefore, based on
using benzo[a]pyrene as a chemical surrogate, a reference concentration of 2 x 103 mcg/m?is the
toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for benz[a]anthracene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (02/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
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California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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C

hemical Name: Benz[a]anthracene

Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Benz[a]anthracene (CAS Number 56-55-3)
Risk Specific Extrapolation
Agenc Air Unit Risk Methods Summary
gency Concentration' | (mcg/m®* | Highto | Animalto
(mcg/m?3) Low Dose | Human

Based on the CA EPA
unit risk for
benzo[a]pyrene (which is
derived from the

CAEPA (2009) | 9.1x10% 1.1x10% - .| ncreased incidence of

respiratory tract tumors in
hamsters exposed by
inhalation) and
application of a potency
equivalency factor of 0.1.

Based on application of a
relative potency factor of
0.1 to the US EPA IRIS
US EPA IRIS 1.6 x 1072 6 x 10° -- -- unit risk for
benzo[a]pyrene, which is
derived from the same
study used by CA EPA

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 air
concentration), where 1 x 10 concentration = 1 x 10/ inhalation unit risk.

2. Recommendation and Rationale

The unit risk values for benz[a]anthracene are based on benzo[a]pyrene and the application of relative
potency factors. The recommended unit risk value for benzo[a]pyrene is 6 x 10 per mcg/m? (see
Inhalation Cancer Toxicity Value Documentation for benzo[a]pyrene). Application of the
recommended relative potency factor (0.1) for benz[a]anthracene to the unit risk for benzo[a]pyrene
yields a unit risk of 6 x 10" per mcg/m?, which is the toxicity value recommended for use in the
derivation of an inhalation cancer-based soil cleanup objective for benz[a]anthracene (see Chapter 5.1.5
of technical support document [NY'S 2006] for discussion of recommended relative potency factors).
The begz[a]anthracene risk specific air concentration calculated from this toxicity value is 1.6 x 10
mcg/m®.
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Review Dates

Summary table completion: November, 2004; revised January, 2018
Toxicity value recommendation: December, 2004; revised January, 2018

References for Summary Table

CA EPA (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). 2009. Technical Support Document for Cancer Potency Factors 2009. Appendix B:
Chemical-Specific Summaries of the Information Used to Derive Unit Risk and Cancer Potency
Values. Last accessed (02/9/2018) at http://oehha.ca.gov/air/crnr/technical-support-document-cancer-
potency-factors-2009.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (02/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (02/13/2018) at http://www.epa.gov/iris/.

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization

78


http://www.epa.gov/iris
http://www.dec.ny.gov/chemical/34189.html
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Chemical Name: Benzene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Benzene (CAS Number 71-43-2)

Reference Point of Departure
Agency Dose’ Dose Basi UF Summary
(mg/kg/day) | (mg/kg/day) asls

Based on route-to-route
extrapolation of the results of
benchmark dose modeling of

US EPA IRIS
decreased lymphocyte counts
Also used by: in male and female workers
. _3 - .
. USEPARSL 4x10 1.2 BMDL 154 300 | exposed by inhalation for an

average of 6.4 years. Study
LOEL = 1.2 mg/kg/day
(adjusted for continuous
exposure and route
extrapolation).

+ USEPAODW

Based on hematological
effects (leukopenia and
erythrocytopenia ) in female
rats in a six month gavage
study. Study LOEL =35.7
mg/kg/day.

NYS DEC (1997) 7.1x10* 0.71 NOEL 1000

Based on route-to-route
extrapolation of the results of
benchmark dose modeling of
decreased B-cell counts in
male and female workers
ATSDR* 5x 10 0.014 BMDLo2ssa | 30 | exposed by inhalation for an
average of 6.1 years. Study
LOEL = 0.074 mg/kg/day
(adjusted for continuous
exposure and route
extrapolation).

Based on route-to-route
extrapolation of air
monitoring data for workers
exposed by inhalation for up
to 21 years without signs of
blood cell effects or
increased leukemia
mortality.

CA EPA PHG* 8.7 x 103 0.087 NOEL 10
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1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.

BMDLysq: 95% lower confidence limit on dose corresponding to an “x” standard deviation change from the mean
background response; NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

*Agency’s toxicity value added or revised during an update of fact sheets to support updated soil cleanup objectives
for the New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The NYS DEC derived its reference dose based on hematological effects in a subchronic gavage study
in rats, while the US EPA and ATSDR derived reference doses based on route-to-route extrapolation of
air concentrations resulting in blood changes in humans exposed by inhalation in the workplace. The
CA EPA PHG assessment was also based on route-to-route extrapolation of an occupational exposure
study. The CA EPA study used retrospective analysis of routine worker surveillance data, rather than
prospective monitoring, and the reported NOEL is higher than the LOEL air level observed in the
prospective ATSDR study. Therefore, the CA EPA PHG study is not preferred as the basis for the
reference dose. The US EPA and ATSDR derivations use benchmark dose modeling that is consistent
with current risk assessment practice. In addition, the US EPA and ATSDR values are based on high-
quality human data which is preferred in this case, even though the animal data are route specific. The
ATSDR assessment is based on higher quality occupational epidemiology data than the US EPA IRIS
assessment, as the ATSDR study assessed workplace exposure with multiple air samples collected over
16 months and had an exposed study population size of 250. The US EPA IRIS study involved
workplace air sampling over a two-week period and had an exposed population size of 44. The
ATSDR study observed a lower LOEL exposure level than did the study used by US EPA IRIS,
suggesting that a more sensitive endpoint was used for the ATSDR assessment. The resulting ATSDR
point of departure is lower than the US EPA IRIS point of departure, despite ATSDR’s use of a
somewhat less conservative benchmark response (0.25 sd below the control mean, rather than 1 sd).
ATSDR noted that, at the benchmark response of 0.25 sd below the control mean, the benchmark dose
was slightly below the mean exposure level in the lowest exposure group, making this an appropriate
choice. US EPA IRIS applied a total uncertainty factor to the BMDL of 300, including 10-fold to
account for human variability, and 3-fold each to account for use of a benchmark dose considered
equivalent to a minimal LOEL, a subchronic mean exposure duration and database deficiencies due to
the lack of a 2-generation reproductive study and lack of developmental toxicity studies. ATSDR
applied a total uncertainty factor of 30, including 10-fold to account for human variability and 3-fold to
account for uncertainty due to route-to-route extrapolation. The two assessments are of similar quality,
but the ATSDR assessment is based on a more sensitive study with a much larger study population.
Therefore, the ATSDR reference dose (5 x 10 mg/kg/day) is the toxicity value recommended for use
in the derivation of an oral non-cancer soil cleanup objective for benzene.

3. Review Dates
Summary table completion: March, 2004, revised January, 2018
Toxicity value recommendation: April, 2004; revised January, 2018
4. References for Summary Table and Recommendation and Rationale
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ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/12/2018) at https://www.atsdr.cdc.gov/mrls/index.asp, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/12/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined
Regulatory Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for Benzene.
Albany, NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/12/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/12/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/12/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards
http://www.epa.gov/iris
https://oehha.ca.gov/water/public-health-goals-phgs
http://www.atsdr.cdc.gov/toxprofiles/index.asp
https://www.atsdr.cdc.gov/mrls/index.asp

Chemical Name: Benzene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Benzene (CAS Number 71-43-2)

Risk Specific goigﬁi; Extrapolation Methods
Agency [/)ISS?; Factor High to Low | Animal to Summary
(markg/day) | o/kg/day) Dose Human
Benzene is a known human
carcinogen based on
epidemiology studies that
provide clear evidence of a
causal association between
benzene exposure in the
workplace and acute
linear nonlymphocytic leukemia.
extrapolation The cancer potency factors
US EPA IRIS* models, were derived from a range of
based on inhalation unit risks derived
Also used by: 1.8x10° 0.015t0 0.055 | maximum from a study of
+ USEPA t0 6.7 x 10°° likelihood N occupationally exposed
RSL relative risks workers by assuming an
with inhalation rate of 20 m®/day,
cumulative an adult body weight of 70
dose kg, and 50% and 100%
absorption via inhalation and
ingestion, respectively. The
range reflects different
exposure assessments and
dose-response models
applied to data from one
cohort study.
linear
extrapolation
models, The cancer potency factor is
based on derived from the geometric
NYS DEC 5 maximum mean of the high and low
(1997) 34x10 0.029 likelihood “ | maximum likelihood
relative risks estimates of cancer potency
with from US EPA IRIS.
cumulative
dose
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CA EPA PHG

1x10°

0.1

weighted
cumulative
dose relative
risk model
and lifetable
analysis

Based on the mean of upper-
bound risk estimates from
two occupational inhalation
cohort studies, including the
same study used by US EPA
IRIS, but using a different
model to estimate unit risks
The cancer potency factor
was derived by assuming an
inhalation rate of 20 m3/day,
an adult body weight of 70
kg, and 50% and 100%
absorption via inhalation and
ingestion, respectively.

HC DWQ*

7.9x10°
to
1.0x10°

A range of drinking-water
unit risks was reported based
on the CA EPA PHG
assessment and using 3.5 L
per day drinking water
equivalent exposure from all
routes.

WHO (2011)*

2.9x10°

Based on the inhalation unit
risk for leukemia from
occupational studies.
Details of assessment are not
provided, but the reported
drinking water risk-specific
guideline concentrations are
the same as the risk-specific
concentrations in US EPA
IRIS that reflect the upper-
end of the cancer potency
factor range.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where

1 x 10 dose = 1 x 10/ cancer potency factor.

2No cancer potency factor was derived. The range of risk specific doses was obtained from the drinking water unit
risks of 4.8 x 10 to 6.3 x 10 per microgram per liter, assuming a 70 kg person has exposure from all routes
equivalent to drinking 3.5 liters of water per day.

¥No cancer potency factor was derived. The risk specific dose was obtained from the drinking water unit risk of 1 x 10°
6 per microgram per liter, assuming a 70 kg person drinks 2 liters of water per day.

* Agency’s toxicity value added or revised during an update of fact sheets to support updated soil cleanup objectives
for the New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The various oral cancer potency factors for benzene are all based on the increased incidence of
leukemia in occupationally exposed workers breathing benzene, and on a route-to-route extrapolation
from inhalation unit risk values derived from the occupational studies. The US EPA IRIS and CA EPA
PHG each derived inhalation unit risks from separate analyses of occupational inhalation data and then
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calculated oral cancer potency factors by assuming an inhalation rate of 20 m%/day, an adult body
weight of 70 kg, and 50% and 100% absorption via inhalation and ingestion, respectively. The other
assessments in the table above are either based directly on, or are equivalent to, the US EPA IRIS
assessment (NYS DEC, WHO) or are based directly on the CA EPA PHG assessment (HC DWQ).

The CA EPA PHG assessment of the inhalation unit risk for benzene was preferred over the US EPA
IRIS assessment due to the use by CA EPA of more data from a second, much larger occupational
cohort (in addition to the cohort used by US EPA), the modeling of leukemia incidence in the entire
general population rather than mortality only in a sub-set of the general population, and by the use of
upper-bound estimates of cancer risk from the dose-response models, rather than maximum-likelihood
values. The CA EPA PHG oral cancer potency factor obtained by route-to-route extrapolation from the
CA EPA PHG inhalation unit risk is therefore also preferred. The CA EPA PHG cancer potency factor
(0.1 (mg/kg/day)?) is the toxicity value recommended for use in the derivation of an oral cancer-based
soil cleanup objective for benzene. The benzene risk-specific dose calculated from this toxicity value is
1 x 10°® mg/kg/day.

Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: May, 2004; revised January, 2018

References for Summary Table and Recommendation and Rationale

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (06/10/2015) at
http://www.oehha.ca.gov/water/phg/allphgs.html.

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.
Last accessed (06/10/2015) at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined
Regulatory Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for Benzene.
Albany, NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (06/10/2015) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (06/10/20151) at
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm.

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition.
Last accessed (06/10/2015) at
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html, with
supporting documentation at
http://www.who.int/water_sanitation_health/dwg/chemicals/en/index.html.
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http://www.who.int/water_sanitation_health/dwq/chemicals/en/index.html
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm
http://www.epa.gov/iris
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php
http://www.oehha.ca.gov/water/phg/allphgs.html

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Benzene (CAS Number 71-43-2)

Reference
Concentration!
(mcg/m?)

Agency

Point of Departure

Air
Concentration
(mcg/m?)

Basis

UF

Summary

US EPA IRIS

Also used by: 30

+ USEPA
RSL

8.2 x 10°

BMCLaps-1sD

300

Based on decreased B-
lymphocyte cell count in a
human study of 44 exposed
workers and 44 matched controls
where exposure duration ranged
from 0.7 to 16 years (mean = 6.3
years). LOELaps = 24,300
mcg/m? (LOELoccup) X 10
m3/20 m® x 5 days/7 days = 8700
mg/m?.

ATSDR* 10**

96

BMCLApj-0.255D

10

Based on decreased B-
lymphocyte counts in a study of
250 male and female workers
exposed by inhalation for an
average of 6.1 years and 140
matched controls. LOELap; =
1820 mcg/m® (LOELoccue) X 8
hours/24 hours x 6 days/7 days =
520 mg/m?.

CA EPA REL* 3

652

BMCLaps-05sD

200

Based on same study and effects
as ATSDR. LOELap; = 1820
mcg/m® (LOELoccup) X 10
m®/day/20 m®/day x 6 days/7
days = 780 mcg/m?,

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

ppm: parts per million in air (1 ppm benzene = 3190 mcg/m?); BMCLaps-xsa: 95% lower confidence limit on adjusted
concentration corresponding to an ”’x” standard deviation change from the mean background response; NOEL: no

observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.
**The ATSDR value is reported as 0.003 parts per million (ppm). For benzene, 1 ppm = 3.19 mg/m3,
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2. Recommendation and Rationale

The reference concentrations for benzene derived by authoritative bodies from the list in item 5 (below)
are based on hematological effects in studies of workers exposed to benzene. The US EPA IRIS
estimated a lower bound on a benchmark concentration associated with a one standard-deviation
reduction below the control mean absolute lymphocyte count in a two-week study of 44 exposed
workers. The ATSDR and CA EPA estimated lower bounds on benchmark air concentrations
associated with a 0.25 and 0.5 standard-deviation reduction, respectively, on the control mean B-
lymphocyte count in a study of 250 exposed workers. The ATSDR and CA EPA assessments are based
on higher quality occupational epidemiology data than the US EPA IRIS assessment. The study used
by ATSDR and CA EPA assessed workplace exposure with multiple air samples collected over a
longer period of time (16 months compared to two weeks) and had a larger exposed study population
size (250 compared to 44) than the study used by US EPA IRIS The study used by ATSDR and CA
EPA also observed effects at a lower benzene air concentration than did the study used by US EPA
IRIS, suggesting a more sensitive toxicological endpoint. Therefore, the US EPA derivation will not be
considered further.

The difference between the points of departure for the ATSDR and CA EPA derivations is the choice
of a BMCL associated with a 0.25 or 0.5 standard-deviation reduction, respectively, of the control
mean B-lymphocyte counts. Using the BMCL based on the 0.25 standard-deviation reduction is a
somewhat more conservative approach since it characterizes a smaller change from the mean as an
adverse effect. The ATSDR and CA EPA derivations also apply different uncertainty factors to the
points of departure to obtain their reference concentrations. ATSDR used a total uncertainty factor of
10 to account for human variability, but did not use an uncertainty factor to account for the use of a less
than lifetime study in humans (i.e., an average of 6.1 years of exposure out of a 70-year lifetime). We
disagree with this decision, and note that both US EPA and CA EPA used and uncertainty factor to
compensate for a less-than-lifetime exposure. CA EPA applied a total uncertainty factor of 200 to its
point of departure, including a factor of 3 for use of a less than lifetime study, and a combined
intraspecies (human variability) uncertainty factor of 60. CA EPA supported their uncertainty factor
with benzene-specific toxicity data. The primary reasons given for the intraspecies uncertainty factor
were 1) evidence for significant benzene toxicokinetic variation in the adult human population, 2)
uncertainties related to toxicokinetic differences between adults (the subjects of the critical study) and
children, and 3) uncertainties related to toxicodynamic differences between adults and children. A
specific rationale for the value of 60 was not provided, other than to state it is twice the default
intraspecies uncertainty factor used by CA EPA’s Office of Environment Health Hazard Assessment.
The two assessments are of similar quality, although we have more confidence in the magnitude of
uncertainty factor used by CA EPA than by ATSDR. We also noted that reference concentration
derived by CA EPA is slightly lower (and more health protective) than that derived by ATSDR.
Therefore, the CA EPA reference concentration (3 mcg/md) is the toxicity value recommended for use
in the derivation of an inhalation non-cancer soil cleanup objective for benzene.

3. Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: October, 2004; revised January, 2018
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4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/21/2018) https://www.atsdr.cdc.gov/mrls/mrllist.asp with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure
Levels. Appendix D. Individual Acute, 8-Hour, and Chronic Reference Exposure Level Summaries
Last accessed (01/10/2018) at http://oehha.ca.gov/air/hot_spots/2008/AppendixD1_final.pdf.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/10/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/10/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health

Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Benzene (CAS Number 71-43-2)

Risk Specific Air Unit Risk Extrapolation Methods
-1 | UnitRis .
Agency Co?r;ecr;t/::gl)on (mog/m?):| High to Low Antl(r)nal Summary
Dose
Human
Based on the incidence of
leukemia in several studies of
the Pliofilm occupational
US EPAIRIS 0.13 10 0.45 2.2x10%to0 Ic_)w-d(_)se B cohqrt. Uni'g ris!<s are
Also used by: ' ' 7.8x10° linearity m?_xmtum “Eekl)lhogd
estimates and based on
+ USEPARSL several estimates of benzene
exposure.
Based on the mean of upper-
* weighted bound risk estimates from the
CAEPAPHG cumulative dose Pliofilm and Chinese Worker
) 3 1.6 x 10° relative risk cohorts. CA EPA PHG used a
f‘ls%f’gjptz' 0.064 (0.05/ppm) | model & © |different model than US EPA
(2011) 2 I|fetab!e IRIS to estimate ur_nt risks
analysis from each occupational
cohort.
Selected from a range of
linear non- values based on human
threshold model occupational studies a
for human data; (including the same data used
CA EPA CPF 0.03 2.9x10°@|  linearized by US EPA IRIS) and oral
multistage and inhalation animal
model for bioassay data. The selected
animal data value is an upper bound
estimate from human data.
Based on the geometric mean
of several estimates of the
multiplicative excess lifetime risk of
WHO (2000) 0.17 6.0 x 106 risk moo_lel, B leukemia a_t an air ,
cumulative concentration of 1 mcg/m
exposure derived from two studies of
the Pliofilm occupational
cohort.
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Based on direct adoption of
the lower end of the range of
risk-specific concentrations
developed by the EU
\Working Group evaluation
RIVM (2001) 0.2 -0 -- --  (for ambient air. This value is
also the WHO risk-specific
concentration rounded to one
significant digit. Limited
derivation information
available.

The Health Canada TCos
estimate was based on a study

1.5 x 10* reported of the Pliofilm cohort in
as a TCos; linear which the observed and
HC PSAP equivale_n_t risk 5 . __ |expected numpers of deaths
specific due to leukemia were small
concentration and for which there were few
=0.3 actual measurements of
benzene concentrations in the
workplace.

! The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10°® dose), where
1 x 10 dose = 1 x 10%/cancer potency factor.

2 CA EPA (2011) gives the “safe harbor” inhalation intake at 10°° lifetime risk as 13 mcg/d, which results in an
inhalation unit risk of 1.54x10° (mcg/m®)?. The slight difference is due to rounding.

% Applying an assumption of 50% absorption by inhalation to this value would make it equivalent to the CA EPA CPF
risk-specific concentration.

4 The unit risk is presented as equivalent to a cancer potency factor obtained via route-to-route extrapolation of 0.1
(mg/kg/d). This implies that the relative bioavailabilities by the oral and inhalation routes were assumed to both be
100%. Other assessments (including more recent CA EPA assessments) assume inhalation bioavailability is 50% of
oral bioavailability.

® The risk estimate was only reported as a risk-specific concentration; a unit risk was not explicitly reported but would
be equal to 1 x 10 divided by the 10 risk-specific concentration.

ppm: parts per million in air (1 ppm benzene = 3190 mcg/m?); TCos = The concentration in air (expressed in mcg/m?3)
associated with a 5% increase in incidence or mortality due to tumors (the TCos represents a maximum likelihood
estimate rather than a lower-bound estimate).

*Agency’s toxicity value added or revised during an update of fact sheets to support updated soil cleanup objectives
for the New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The unit risks and/or risk-specific concentrations derived by authoritative bodies are largely based on
the increased incidence of leukemia in human occupational studies. One of the CA EPA derivations
also included risk-specific concentrations based on increased incidence of tumors at several anatomical
sites (including leukemias) in mice and rats exposed orally or by inhalation. All the analyses apply
some form of linear-low dose extrapolation model to the dose-response data, assuming a non-threshold
mode of action for the cancers observed in the occupational cohorts and in animal studies. The range of
unit risk estimates based on human studies stems from differences in the exact form of the selected
high-to-low dose extrapolation model and in the assumptions used to estimate occupational exposures.
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US EPA IRIS obtained a range of unit risk values based on a published assessment of an occupational
cohort (the “Pliofilm” cohort) that derived 96 separate unit risk estimates reflecting differences in
disease endpoints, dose-response modeling assumptions, and different published exposure assessments
for the cohort. Based on limited understanding of the mode of action for benzene-induced
hematopoietic tumors (e.g., leukemias), US EPA restricted the analysis to results from linear models to
obtain the range of unit risks reported in IRIS. The US EPA IRIS unit risks are maximum-likelihood
estimates and are based on lifetable analysis of leukemia mortality rates for the U.S. population.

CA EPA PHG derived an inhalation unit risk from Pliofilm cohort data using some of the same
exposure assessment data used by US EPA IRIS and similar dose-response modeling approaches.
However, the CA EPA PHG analysis estimated upper-bound unit risks, rather than the maximum-
likelihood estimates. CA EPA PHG also obtained an upper-bound unit risk estimate from a second
larger occupational cohort (the “Chinese Worker” cohort). The CA EPA PHG analysis applied
leukemia incidence rates from both cohorts to life-table analysis based on the entire California
population (all races and both sexes) to estimate population-wide excess risk of developing leukemia
from low-level benzene exposure. CA EPA PHG states that this approach differs from nearly all
previous assessments (including the US EPA IRIS assessment) that used white males as the target
population for lifetable analysis.

The CA EPA CPF value is the upper 95% confidence bound estimate from the analysis of human data
(the Pliofilm occupational cohort) considered most credible by US EPA IRIS, and was recommended
as the unit risk (originally equated to an inhalation cancer potency factor of 0.1 per mg/kg/d for the
California Proposition 65 program in 1988. More recent values from the Proposition 65 program for
the benzene inhalation cancer potency and corresponding benzene inhalation unit risk (CA EPA 2011)
are reduced by a factor of about two from the earlier CA EPA CPF value. Although the difference is
not clearly documented, recent US EPA and CA EPA assessments of benzene absorption by different
exposure routes indicate that the inhalation absorption fraction is approximately 50% (rather than 100%
as assumed by CA EPA CPF). This different absorption fraction would account for the lower unit risk
in CA EPA (2011) and, if applied to the CA EPA CPF unit risk value, would make it essentially equal
to the CA EPA PHG unit risk value.

The WHO value is the geometric mean of a range of unit risks based on two studies of the Pliofilm
occupational cohort. The RIVM risk-specific concentration was selected from the lower end of a range
of risk-specific concentration values derived by the EU Working Group, but details of the derivation
are not available. HC PSAP’s value is based on the Pliofilm cohort and is a TCos maximum likelihood
value that, when extrapolated linearly to 1 x 107 lifetime risk, would results in a risk-specific
concentration within the range reported by US EPA IRIS.

US EPA IRIS noted that all epidemiological studies considered in its benzene assessment have some
methodological limitations such as confounding exposures. US EPA IRIS asserts that limitations in all
studies (including the Chinese Worker cohort) but one (i.e., the Pliofilm cohort) preclude their use in
quantitative cancer risk assessment. CA EPA PHG noted limitations with use of the “Chinese Worker”
cohort data for dose-response modeling and chose to focus on a cohort subset with more reliable
exposure information. Despite these limitations, the unit risks derived by CA EPA PHG based on the
data from the two cohorts are fairly close (0.044 and 0.056 ppm™; equivalent to 1.4 x 10° and 1.8 x 10°
per mecg/m?, respectively) and their recommended unit risk is the mean of the two unit risks.

The US EPA IRIS and CA EPA PHG assessments are both based on robust analyses of occupational
cohort data that have been extensively investigated by multiple authors in the peer-reviewed literature.
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They are thus preferred over the CA EPA CPF, WHO, RIVM and HC PSAP assessments. The CA EPA
PHG assessment improves on the US EPA assessment by incorporating more data from a second, much
larger occupational cohort, by modeling leukemia incidence in the entire general population rather than
mortality only in a subset of the general population, and by using upper-bound estimates of cancer risk
from the dose-response models, rather than maximum-likelihood values. Therefore, the CA EPA PHG
unit risk (1.6 x 10 per mcg/m?3) is the toxicity value recommended for use in the derivation of an
inhalation cancer-based soil cleanup objective for benzene. The benzene risk specific air concentration
calculated from this toxicity value is 0.064 mcg/m?.

Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

References for Summary Table and Recommendation and Rationale

CA EPA (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). 2011. Proposition 65 Safe Harbor Levels: no significant risk levels for carcinogens and
maximum allowable dose levels for chemicals causing reproductive toxicity, September 2011. Last
accessed (06/15/2015) at. http://oehha.ca.gov/prop65/pdf/Sept2011Status.pdf

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Adoption of the Revised Air Toxics Hot Spots Program Technical Support Document for
Cancer Potency Factors. Last accessed (06/15/2015) at
http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (06/15/2015) at
http://www.oehha.ca.gov/water/phg/allphgs.html.

HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (06/15/2015) at
http://www.hc-sc.gc.ca/ewh-semt/contaminants/existsub/eval-prior/index-eng.php

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (06/15/2015) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (06/15/2015) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (06/15/2015) at
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm.

WHO (World Health Organization). 2000. Air Quality Guidelines for Europe. Last accessed

(06/15/2015) at http://www.euro.who.int/en/what-we-publish/abstracts/air-quality-guidelines-for-
europe.
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http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.hc-sc.gc.ca/ewh-semt/contaminants/existsub/eval-prior/index-eng.php
http://www.oehha.ca.gov/water/phg/allphgs.html
http://www.oehha.ca.gov/air/hot_spots/tsd052909.html
http://oehha.ca.gov/prop65/pdf/Sept2011Status.pdf

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[a]pyrene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Benzo[a]pyrene (CAS Number 50-32-8)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
Based on increased kidney
abnormalities (e.g., tubular casts)
CA EPA PHG* 1.7 x 1073 5 LOEL 3000 |in male rats exposed via the diet
in a 90-day study at the lowest
dose tested.
US EPA IRIS Based on neurobehavioral
changes in rats exposed by
¢ Also used by: 3x10* 0.092 BMDLisp® | 300 [gavage on postnatal days 5 to 11.
NYS DEC Study NOEL = 0.2 mg/kg/day;
(2017) Study LOEL = 2 mg/kg/day.

1Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2The HED\oeL is the human equivalent dose at which the human internal dose equals the rat internal dose at the rat lowest-
observed-effect level. The human equivalent dose was obtained from the lowest-observed-effect level through [body
weight]®* interspecies scaling. The lowest-observed-effect level was adjusted by a factor of (0.18 kg/80 kg)®%, or 0.22.

3The BMDLsp is the 95% lower confidence limit on benchmark dose (BMD) corresponding to a change in the mean
equal to one standard deviation (SD) of the control mean.

LOEL.: lowest-observed-effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The available reference doses for benzo(a)pyrene are derived by the CA EPA and the US EPA. The CA
EPA reference dose for benzo[a]pyrene is based on kidney effects in a 90-day dietary study in rats. CA
EPA used a LOEL as the point of departure, and applied a total uncertainty factor of 3000, which is the
maximum uncertainty factor used by the agency, although the assigned individual uncertainty factors
(10 each for use of a LOEL, use of a subchronic study, inter- and intraspecies extrapolation) resulted in a
total uncertainty factor of 10,000. The US EPA IRIS based its reference dose on a study that reported
developmental effects (neurobehavioral changes persisting into adulthood as indicated by altered
responses in three behavioral tests) in rats exposed by gavage on postnatal days 5 to 11. A total
uncertainty factor of 300 (10 each for inter- and intraspecies extrapolation and 3 for database
deficiencies) was applied to a benchmark response level (a BMDL1sp) to obtain the reference dose. The
US EPA IRIS did not use body weight scaling to account for pharmacokinetic interspecies differences
based on concerns that this scaling, which is derived from data in adult animals, may not be valid when
extrapolating doses in neonatal animals.

94



The US EPA IRIS derivation used a study that reported statistically significant neurodevelopmental
effects at a lower effect level (0.02 mg/kg-day) than the LOAEL for kidney effects (5 mg/kg-day),
which was the basis of CA EPA’s reference dose. US EPA also selected a benchmark dose, rather than
a LOAEL, as the point of departure. Both choices (i.e., selection of the lowest effect level from available
studies and use of benchmark doses rather than point estimates, when possible) are generally preferred
risk assessment practices. The study used by the US EPA evaluated a sensitive toxicological endpoint in
rats exposed during a critical stage of development, and the relevance of such effects to humans is
supported by several epidemiology studies that associate PAH exposure with reduced growth and
development. Therefore, the US EPA IRIS reference dose (3 x 10 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for
benzo[a]pyrene.

3. Review Dates

Summary table completion: April, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/13/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft New York State
Human Health Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources
of Potable Water. Benzo(a)pyrene. Albany, NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/13/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary) Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[a]pyrene

Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Benzo[a]pyrene (CAS Number 50-32-8)

Risk Specific Cancer Extrapolation Methods
Agency Dose! Potency Factor Hi : Summary
) ghto Low | Animal to
1
(mg/kg/day) | (mg/kg/day) Dose Human
Based on the increased
US EPAIRIS time-to-tumor incidence of tumors of the
Also used by: 1 x 10 1 mo_del B34 @ forestomach, esophagus,
(multistage tongue and larynx in
+ NYS DEC . : i
(2017) Weibull model) fema!e mice exposed in
the diet for two years
Based on increased
.. |incidence of squamous
not specified, .
cell papillomas and
L but parallel !
linearized inhalation |carcinomas of the
CA EPA CPF 8.3x 108 12 multistage . forestomach in mice
analysis used ) )
model exposed in the diet for
body surface ing lenaths of i
area® scaling varying lengths of time
ranging from 70 to 197
days.
Based on increased
two-stage birth- incidence of forestomach
WHO (2011) 2.2x10° 0.46 death mutation | body weight* |tumors in the same
model feeding study in mice used
by CA EPA CPF
Based on the increased
time-to-tumor combined incidence of
model tumors of the esophagus,
CA EPA PHG 5.9x107 290 (1.7) | (multistage-in-| BW” @  |forestomach or tongue in
dose Weibull- mice from the same two-
in-time model) year study used by US
EPA IRIS.
Based on tumor
linear development in a variety
5 6 extrapolation . .2 |0f organs and tissues in an
RIVM (2001) 50x10 from the body weight oral (gavage) rat study
TDLo” (limited methodology
information available).
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The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10 dose
=1 x 10%/cancer potency factor.

2Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®25.

3Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®,

*Factor for dose adjustment from animals to humans is 1.

*The CA EPA PHG recommended cancer potency factor is 2.9 (mg/kg/day), which reflected the use of age-dependent
adjustment factors to compensate for the increased sensitivity of children to the carcinogenic effects of benzo[a]pyrene.
It was calculated by multiplying the standard cancer potency factor (1.7 (mg/kg/day)?) by a CA EPA calculated
adjustment factor of 1.7 [i.e., 1.7 (mg/kg/day)™ x 1.7 = 2.9 (mg/kg/day)™)]. In the Brownfields Cleanup Program,
however, this adjustment is made using a different approach, which uses the standard cancer potency factor. Thus, we
used 1.7 (mg/kg/day) instead of 2.9 (mg/kg/day) as the cancer potency factor for CA EPA PHG, and to calculate the
risk specific dose.

®A cancer potency factor was not reported. The derivation directly extrapolates from an experimental dose with
significant increased tumor incidence above background to the environmental dose associated with a one-in-one
million risk level; the risk-specific dose is not a lower-bound estimate.

"TDvLo = The lowest experimental (toxic) dose that produces a significant increase in tumor incidence above background
incidence.

2. Recommendation and Rationale

The cancer potency factors for benzo[a]pyrene derived by the CA EPA CPF and WHO are based on a
mouse dietary study that is clearly inferior in design to more recent studies on which the cancer potency
factors derived by US EPA IRIS, CA EPA PHG, and RIVM are based. Major limitations of the study
included the use of groups composed of both males and females, variable group sizes, benzo[a]pyrene
administration beginning at different ages for different groups, and variable treatment (and less-than-
chronic) dosing periods. The RIVM derivation was based on a chronic gavage study in rats, and it is
likely that the pharmacokinetics and pharmacodynamics of mutagenic carcinogens such as
benzo[a]pyrene differ greatly between dietary doses and gavage doses, particularly when the site of
contact is the site of cancer. Since dietary doses are more likely to mimic human oral exposures at
Brownfield sites than gavage doses, they are preferable to use as a basis to derive soil cleanup objectives
for benzo[a]pyrene. Moreover, RIVM’s derivation procedure does not produce a lower-bound estimate
on the risk-specific dose and is not consistent with generally accepted risk assessment practice for
animal-to-human extrapolations.

The US EPA IRIS and CA EPA PHG derivations are based on a two-year mouse dietary study, and are
consistent with generally accepted risk assessment practice. Both use the currently recommended
animal-to-human extrapolation method (BW®“) and a time-to-tumor model to obtain the lower
confidence limit on a 10% benchmark response. The resulting potency values from the benchmark
responses are numerically similar (1.4 per mg/kg/day and 1.7 per mg/kg/day for US EPA IRIS and CA
EPA PHG, respectively). The US EPA IRIS derivation includes larynx tumors (in addition to tumors of
the forestomach, esophagus and tongue), while the CA EPA PHG derivation does not. Accordingly, the
US EPA IRIS derivation may represent a slightly more robust evaluation of the carcinogenic potential of
benzo[a]pyrene on the alimentary canal since it includes additional relevant tumor sites. Further, the
documentation for US EPA IRIS derivation is peer-reviewed by independent expert scientists, and is
extensively documented, which facilitates evaluation of the methods used. Therefore, the US EPA IRIS
cancer potency factor, 1 per mg/kg/day, is the toxicity value recommended for use in the derivation of
an oral cancer-based soil cleanup objective for benzo[a]pyrene. The benzo[a]pyrene risk specific dose
calculated from this toxicity value is 1 x 10® mg/kg/day.
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Review Dates

Summary table completion: April, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

References for Summary Table

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last accessed
(01/19/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/19/2018) at
http://www.oehha.ca.gov/water/phg/allphgs.html.

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft Human Health
Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Benzo[a]pyrene (BaP). Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/19/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition. Last
accessed (01/19/2018) at
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html, with
supporting documentation at http://www.who.int/water_sanitation_health/dwg/chemicals/en/index.html.

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[a]pyrene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Benzo[a]pyrene (CAS Number 50-32-8)

Reference Point of Departure
Agency Concentration? Air _ UF Summary
(mcg/m?) Concentration Basis
(mcg/m?3)
Based on decreased fetal
survival in rats exposed by
US EPA IRIS 2x10°% 4.6 HECLoel? | 3000 | inhalation for 4 hours per

day on gestation days 11 to
20.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2The HECyoeL is the human equivalent air concentration at which the human internal dose equals the rat internal dose at
the rat lowest-observed-effect level. The human equivalent air concentration was obtained from the lowest-observed-
effect level (25 mcg/m?®) by multiplying it by an adjustment factor for non-continuous exposure (0.17) and by a
dosimetric adjustment factor of 1.1 (see text below).

LOEL.: lowest-observed-effect level; UF: uncertainty factor

2. Recommendation and Rationale

The US EPA reference concentration for benzo(a)pyrene is the only available value from an
authoritative body listed in item 5 (below). The reference concentration is based on decreased fetal
survival in the offspring of rats exposed during gestation. The lowest experimental exposure level (25
mcg/m®) was identified as the LOEL. A human equivalent air concentration was obtained from the
experimental exposure by a two-step process. First, the non-continuous experimental exposure level was
converted to a continuous environmental exposure level (4.2 mg/m®) using time weighting (25 mcg/m?® x
4 hours exposure per day/24 hours per day = 4.2 mg/m®). Then, a human equivalent concentration (4.6
mc/m®) was calculated by multiplying the animal time-weight-average level by a regional deposited
dose ratio of 1.1, which represent an animal-to-human dosimetric adjustment factor for the extra-
respiratory (i.e., systemic) effects of benzo[a]pyrene (4.2 mcg/m? x 1.1 = 4.6 mcg/m®) (US EPA 1994).
A total uncertainty factor of 3000 (10 for use of a LOEL, 3 for interspecies extrapolation, 10 for
interspecies extrapolation, and 10 for database deficiencies) was applied to the human equivalent
concentration to obtain the reference concentration. The derivation is well-documented and peer-
reviewed and is consistent with generally accepted risk assessment practices for high to low dose and
animal to human extrapolations. Therefore, the US EPA reference concentration (2 x 10 mcg/m?®) is
the toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for benzo(a)pyrene.

3. Review Dates
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Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table

US EPA (United States Environmental Protection Agency). 1994. Methods for derivation of inhalation
reference concentrations and application of inhalation dosimetry [EPA Report] (pp. 1-409). (EPA/600/8-
90/066F). Research Triangle Park, NC: U.S. Environmental Protection Agency, Office of Research and
Development, Office of Health and Environmental Assessment, Environmental Criteria and Assessment
Office. Last accessed (01/19/2018) at

https://cfpub.epa.gov/ncealrisk/recordisplay.cfm?deid=71993&CFID=51174829&CFTOKEN=2500631
1.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[a]pyrene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Benzo[a]pyrene (CAS Number 50-32-8)

Risk Specmc . Extrapolation Methods
Air Unit Risk
Agency Concentration? (mcg/m3)'1 Highto Low | Animal to Summary
(mcg/m?3) Dose Human
Based on the increased
incidence of lung
linearized cancer in workers
WHO 112 x 10 8.7 x 1072 multistage B exp_osgd to coke-c_)ven
(2000) model, extra emissions, assuming
risk the benzo(a)pyrene
content of coke oven
emissions is 0.71%.
Based the increased
1.6 x10° incidence of
Health reported as respiratory tract tumors
Canada TCos2; linear linearized in hamsters exposed by
(1994) equivalent risk 3 multistage - inhalation for 4.5 hours
e - not specified
(see also specific model, extra per week, for 7 days a
TERA, concentration risk week for the first 10
2004) =0.032 weeks, then 3 hours
per day for the
remaining 96 weeks.
linearized Based on the same
Cal EPA 4 3 multistage body surface | inhalation study used
(2009) 9.1x10 1.1x10 model, extra area* by Health Canada
risk (1994)
Based digestive tract
linearized and respiratory tract
NYS DOH 17 x 103 6 x 10 multistage body surface | tumors in hamsters in
(1990) ' model, extra area* the same inhalation
risk study used by Health
Canada (1994).
multistage equal risk Based on the same
US EPA 3 - time to tumor | assumed at | inhalation study used
IRIS 16x10 6x10 Weibull equal air by Health Canada
model concentrations | (1994).
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The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 air
concentration), where 1 x 10 concentration = 1 x 10/ inhalation unit risk.

2 TCos = The concentration in air (expressed in mcg/m3) associated with a 5% increase in incidence or mortality
due to tumors.

®No cancer potency factor was derived. The risk specific air concentration was obtained by linear extrapolation from
the modeled TCos (TERA, 2004).

4 Factor for dose adjustment from animal to human is (human body weight/animal body weight)®33.

2. Recommendation and Rationale

The inhalation unit risks derived by authoritative bodies from the list in item 5 (below) are based on
increased incidence of lung, respiratory tract, and digestive tract tumors observed in animal and human
studies.

The WHO unit risk is based on the incidence of lung cancer in an epidemiology study of workers
exposed to coke-oven emissions, assuming 0.71% of the content was benzo[a]pyrene. However, coke
oven emissions are a complex mixture of chemicals, and the contribution of the chemicals other than
benzo(a)pyrene to the observed increased incidence in lung cancer is not known. Thus, this study is not
chosen for deriving a quantitative estimate of cancer potency for benzo[a]pyrene.

Health Canada, Cal EPA, NYS DOH and the US EPA IRIS base their values on the same inhalation
study in hamsters. Health Canada derived a TCos, which cannot be directly compared to the other
estimates because it represents the maximum likelihood estimate on the risk-specific air concentration
rather than a 95% lower bound, and therefore this value was not considered further.

The unit risk estimates derived by the Cal EPA, NYS DOH and US EPA IRIS are numerically similar.
The Cal EPA and NYS DOH derivations omit results from the highest exposure group due to a high
incidence of mortality and use body surface area to scale the animal doses to human doses. The US
EPA IRIS derivation uses a time to tumor model to help account for competing risks associated with
decreased survival times and other causes of death. The US EPA IRIS also assumed, in the absence of
data to inform a basis for extrapolation to humans, that equal risk for all species would be associated
with equal benzo[a]pyrene air concentrations at anticipated environmental concentrations, as would be
the case for a soluble gas. The US EPA IRIS derivation uses a more robust model to account for the
early deaths of study animals, is peer-reviewed by independent expert scientists, and is extensively
documented, which facilitates evaluation of the methods used. Therefore, the US EPA IRIS unit risk (6
x 10 per mcg/md) is the toxicity value recommended for use in the derivation of an inhalation cancer-
based soil cleanup objective for benzo[a]pyrene. The benzo[a]pyrene risk specific air concentration
calculated from this toxicity value is 1.6 x 10 mcg/m?.

3. Review Dates

Summary table completion: November, 2004; revised January, 2018
Toxicity value recommendation: December, 2004; revised January, 2018

4.  References for Summary Table

CA EPA (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). 2009. Technical Support Document for Cancer Potency Factors 2009. Appendix B:
Chemical-Specific Summaries of the Information Used to Derive Unit Risk and Cancer Potency Values.
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Last accessed (01/19/2018) at http://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-
factors-2009.

Health Canada. 1994. Priority Substances List Assessment Report: Polycyclic Aromatic Hydrocarbons.
Ottawa: Environment Canada, Ministry of Public Works and Government Services. Last accessed
(01/19/2018) at http://www.hc-sc.gc.ca/ewh-semt/alt_formats/hecs-sesc/pdf/pubs/contaminants/psl1-
Isp1/hydrocarb_aromat_polycycl/hydrocarbons-hydrocarbures-eng.pdf

TERA (Toxicology Excellence for Risk Assessment). 2004. International toxicity estimates for risk
database. Last accessed (01/19/2018) at http://www.tera.org/iter/

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

WHO (World Health Organization). 2000. Air Quality Guidelines for Europe. Last accessed
(01/19/2018) at http://www.euro.who.int/en/what-we-publish/abstracts/air-quality-guidelines-for-europe.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[b]fluoranthene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Benzo[b]fluoranthene (CAS Number 205-99-2)

Reference Point of Departure
Agency Dose’ Dose : UF Summary
(mg/kg/day) | (mg/kg/day) Basis

A reference dose for

benzo[b]fluoranthene is not

available from the authoritative

bodies listed in item 5 (below).

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2. Recommendation and Rationale

Benzo[b]fluoranthene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). Reference doses derived from chemical-
specific toxicity data are available for six polycyclic aromatic hydrocarbons identified as priority
contaminants in the Brownfield Cleanup Program (acenaphthene, anthracene, benzo[a]pyrene,
fluoranthene, fluorene, and pyrene, see NYS, 2006). Benzo[b]fluoranthene is chemically similar to each
of these six listed polycyclic aromatic hydrocarbons. Each of these six priority contaminants could be
used to represent the noncancer toxicity of benzo[b]fluoranthene. Similarity of chemical structure cannot
be used as a basis of choosing a chemical surrogate for benzo[b]fluoranthene because toxicity data are
insufficient to accurately describe the relationship between the chemical structure and non-cancer
toxicity of polycyclic aromatic hydrocarbons. The recommended reference dose for benzo[a]pyrene is
lower than that of the other five polycyclic aromatic hydrocarbons. Without data on which of these six
polycyclic aromatic hydrocarbons would be the best surrogate for benzo[b]fluoranthene, the
recommended reference dose for benzo[a]pyrene (3 x 10 mg/kg/day, see Oral Non-Cancer Toxicity
Value Documentation for Benzo[a]pyrene) is the toxicity value recommended for use in the derivation
of an oral non-cancer-based soil cleanup objective for benzo[b]fluoranthene.

3. Review Dates

Summary table completion: March, 2004, revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil

Cleanup Obijectives. Technical Support Document. Last accessed (2/13/2017) at
http://www.dec.ny.gov/chemical/34189.html.
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5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[b]fluoranthene
Exposure Route: Oral

Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Benzo[b]fluoranthene (CAS Number 205-99-2)

Agency

Risk Specific
Dose?
(mg/kg/day)

Cancer
Potency
Factor
(mg/kg/day)*

Extrapolation Methods

Animal to
Human

High to
Low Dose

Summary

US EPA IRIS

Also used by:
. NYS DEC
(2017)

1x10°

0.1

Based on a relative
potency factor of 0.1
applied to the US EPA
IRIS benzo[a]pyrene
cancer potency factor of 1
(mg/kg/day)™.

CA EPA CPF

8.3x107

1.2

Based on a potency
equivalency factor of 0.1
applied to the CA EPA
CPF benzo[a]pyrene
cancer potency factor of
12 (mg/kg/day)™.

RIVM (2001)

5.0x10°

0.02@

Based on a relative
potency factor of 0.1
applied to the RIVM
benzo[a]pyrene cancer
potency factor? of 0.2
(mg/kg/day)™.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10
dose = 1 x 10°%/cancer potency factor.

2A cancer potency factor was not reported. The derivation directly extrapolates from an experimental dose with
significant increased tumor incidence above background to the environmental dose associated with a one-in-one
million risk level; the risk-specific dose is not a lower-bound estimate.

2. Recommendation and Rationale

Benzo[b]fluoranthene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). The cancer potency factors for
benzo[b]fluoranthene available from the authoritative bodies listed in item 5 (below) are based on a
cancer potency factor for benzo[a]pyrene (also a polycyclic aromatic hydrocarbon) and the application
of a relative potency factor for benzo[b]fluoranthene (see Chapter 5.1.5 of NYS (2006) for discussion of
relative potency factors). The recommended cancer potency factor for benzo[a]pyrene is 1 per
mg/kg/day (see Oral Cancer Toxicity Value Documentation for Benzo[a]pyrene). The benzo[a]pyrene
cancer potency factor is multiplied by the recommended relative potency factor of 0.1 for
benzo[b]fluoranthene (NYS 2006) to obtain a cancer potency factor of 0.1 per mg/kg/day. This is the
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toxicity value recommended for use in the derivation of an oral cancer-based soil cleanup objective for
benzo[b]fluoranthene. The benzo[b]fluoranthene risk specific dose calculated from this toxicity value is
1 x 10° mg/kg/day.

Review Dates

Summary table completion: March, 2004; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last accessed
(01/19/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/19/2018) at
http://www.dec.ny.gov/chemical/34189.html

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft Human Health
Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Benzo[b]fluoranthene. Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/19/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[b]fluoranthene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Benzo[b]fluoranthene (CAS Number 205-99-2)

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

A reference concentration for

benzo[b]fluoranthene is not

available from the authoritative

bodies listed in item 5 (below).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Benzo[b]fluoranthene is a polycyclic aromatic hydrocarbon (i.e. a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). A reference concentration based on
chemical-specific inhalation toxicity data for benzo[b]fluoranthene is not available from the
authoritative bodies listed in item 5 (below).

Benzo[a]pyrene is the only polycyclic aromatic hydrocarbon identified as a priority contaminant in the
Brownfield Cleanup Program for which a reference concentration is available. Benzo[a]pyrene is
chemically similar to benzo[b]fluoranthene and can be used to represent its noncancer inhalation toxicity
(see Inhalation Non-Cancer Toxicity Value Documentation for Benzo[a]pyrene). Therefore, based on
using benzo[a]pyrene as a chemical surrogate, a reference concentration of 2 x 103 mcg/m?is the
toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for benzo[b]fluoranthene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (01/19/2018) at
http://www.dec.ny.gov/chemical/34189.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
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Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[b]fluoranthene
Exposure Route: Inhalation
Toxicity: Cancer

1.

Summary of Available Inhalation Unit Risk Values for Benzo[b]fluoranthene (CAS Number 205-99-2)

New York State Department of Health

Inhalation Cancer Toxicity Value Documentation

Agency

Risk Specific
Air
Concentration®
(mcg/m?®)

Unit Risk
(mcg/m3)t

Extrapolation
Methods

Highto | Animalto
Low Dose | Human

Summary

CA EPA (2009)

9.1x 103

1.1x10*

Based on the CA EPA
unit risk for
benzo[a]pyrene (which
is derived from the
increased incidence of
respiratory tract tumors
in hamsters exposed by
inhalation) and
application of a potency
equivalency factor of
0.1.

Health Canada
(1994)

2.7 x 10
reported as
TCos @; linear
equivalent
specific
concentration
= 0.53

Based on reported TCos
for benzo[a]pyrene
(derived from the
increased incidence of
respiratory tract tumors
in hamsters exposed by
inhalation) and
application of a relative
potency factor of 0.06.
The relative potency
factor for
benzo[b]fluoranthene is
based on its ability
(relative to
benzo[a]pyrene) to
induce lung tumors in
rats exposed by lung
implantation.
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Based on application of
a relative potency factor
of 0.1 to the US EPA
IRIS unit risk for
US EPA IRIS 1.6 x 1072 6 x10° -- -- benzo[a]pyrene, which
is derived from the
same study used by CA
EPA and Health
Canada.
The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 air
concentration), where 1 x 10 concentration = 1 x 10/ inhalation unit risk.
2TCos = The concentration in air (expressed in mcg/m?) associated with a 5% increase in incidence or mortality
due to tumors.
®No cancer potency factor was derived. The risk specific air concentration was obtained by linear extrapolation from
the modeled TCos.

2. Recommendation and Rationale

The unit risk values for benzo[b]fluoranthene are based on benzo[a]pyrene and the application of
relative potency factors. The recommended unit risk value for benzo[a]pyrene is 6 x 10 per mcg/m?3
(see Inhalation Cancer Toxicity Value Documentation for benzo[a]pyrene). Application of the
recommended relative potency factor (0.1) for benzo[b]fluoranthene to the unit risk for benzo[a]pyrene
yields a unit risk of 6 x 10° per mcg/m?3, which is the toxicity value recommended for use in the
derivation of an inhalation cancer-based soil cleanup objective for benzo[b]fluoranthene (see Chapter
5.1.5 of technical support document [NYS 2006] for discussion of recommended relative potency
factors). The benzo[b]fluoranthene risk specific air concentration calculated from this toxicity value is
1.6 x 102 mcg/m?3.

3.  Review Dates

Summary table completion: November, 2004; revised January, 2018
Toxicity value recommendation: December, 2004; revised January, 2018

4. References for Summary Table

CA EPA (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). 2009. Technical Support Document for Cancer Potency Factors 2009. Appendix B:
Chemical-Specific Summaries of the Information Used to Derive Unit Risk and Cancer Potency Values.
Last accessed (01/19/2018) at http://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-
factors-2009.

Health Canada. 1994. Priority Substances List Assessment Report Polycyclic Aromatic Hydrocarbons:.
Ottawa: Environment Canada, Ministry of Public Works and Government Services.
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-
publications/environmental-contaminants/canadian-environmental-protection-act-priority-substances-
list-assessment-report-polycyclic-aromatic-hydrocarbons.html

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/19/2018) at
http://www.dec.ny.gov/chemical/34189.html
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US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[g,h,i]perylene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Benzo[g,h,i]perylene (CAS Number 191-24-2)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) | (mg/kg/day) Basis

Based on kidney effects (renal
tubular pathology, decreased
RIVM (2001) 0.03 -- -- --  |kidney weights) in mice exposed
to pyrene via gavage each day in
a 13-week study.

1Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2. Recommendation and Rationale

Chemical-specific reference doses for benzo[g,h,i]perylene have not been derived by the authoritative
bodies listed in item 5 (see below). RIVM derived a reference dose for benzo[g,h,i]perylene based on a
chemical surrogate. Benzo[g,h,i]perylene is an aromatic hydrocarbon and can be placed in a specific
fraction of total petroleum hydrocarbons (i.e., non-carcinogenic aromatic hydrocarbon with an
equivalent carbon (EC) number in the >EC16 to ECss range)*. The RIVM reference dose for this fraction
of total petroleum hydrocarbons is the US EPA IRIS reference dose for pyrene (0.03 mg/kg/day), and is
the RIVM reference dose for benzo[g,h,i]perylene.

Benzo[g,h,i]perylene also is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more
fused aromatic rings containing only carbon and hydrogen atoms). Reference doses derived from
chemical-specific toxicity data are available for six polycyclic aromatic hydrocarbons identified as
priority contaminants in the Brownfield Cleanup Program (acenaphthene, anthracene, benzo[a]pyrene,
fluoranthene, fluorene, and pyrene, see NY'S [2006]). Benzo[g,h,i]perylene is chemically similar to each
of these six listed polycyclic aromatic hydrocarbons. Each of these six priority contaminants could be
used to represent the noncancer toxicity of benzo[g,h,i]perylene. Similarity of chemical structure cannot
be used as a basis of choosing a chemical surrogate for benzo[g,h,i]perylene because toxicity data are
insufficient to accurately describe the relationship between the chemical structure and non-cancer
toxicity of polycyclic aromatic hydrocarbons. The recommended reference dose for benzo[a]pyrene is
lower than that of the other five polycyclic aromatic hydrocarbons. Without data on which of these six
polycyclic aromatic hydrocarbons would be the best surrogate for benzo[g,h,i]perylene, the
recommended reference dose for benzo[a]pyrene (3 x 10 mg/kg/day, see Oral Non-Cancer Toxicity

! Equivalent carbon (EC) number is an index based on the boiling point of a chemical normalized to the boiling point of
n-alkanes or its retention time in a boiling point gas chromatographic column (GC). In other words, the EC number of
compound X represents the number of carbon atoms that an imaginary n-alkane should have in order to present exactly
the same boiling point as compound X.
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Value Documentation for Benzo[a]pyrene) is the toxicity value recommended for use in the derivation
of an oral non-cancer-based soil cleanup objective for benzo[g,h,i]perylene.

3. Review Dates

Summary table completion: March, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table and Recommendations and Rationale

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (01/19/2018) at
http://www.dec.ny.gov/chemical/34189.html.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/19/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[g,h,i]perylene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Benzo[g,h,i]perylene (CAS Number 191-24-2)

Risk Cancer Extrapolation
Specific Potency Methods
Dose! Factor Highto | Animalto
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human

Agency Summary

Human data are not
available. Data from
lung implant, skin-
painting and
US EPA IRIS (2004) subcutaneous
ATSDR (1995) injection studies in
animals do not
provide convincing
evidence for
carcinogenicity.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for benzo[g,h,i]perylene is not available. *

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow guantitative estimation of a
cancer potency factor.

3. Review Dates
Summary table completion: September, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018
4.  References for Summary Table
ATSDR (Agency for Toxic Substances and Disease Registry). 1995. Toxicological Profile for
Polycyclic Aromatic Hydrocarbons. US Department of Health and Human Services. Atlanta, Georgia:

Public Health Service. Last accessed (01/18/2018) at
https://www.atsdr.cdc.gov/toxprofiledocs/index.html
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US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Benzolg,h,i]perylene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Benzo[g,h,i]perylene (CAS Number 191-24-2)

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

A reference concentration for
benzo[g,h,i]perylene is not
available from the authoritative
bodies listed in item 5 (below).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Benzo[g,h,i]perylene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). A reference concentration based on
chemical-specific inhalation toxicity data for benzo[g,h,i]perylene is not available from the authoritative
bodies listed in item 5 (below).

Benzo[a]pyrene is the only polycyclic aromatic hydrocarbon identified as a priority contaminant in the
Brownfield Cleanup Program for which a reference concentration is available. Benzo[a]pyrene is
chemically similar to benzo[g,h,i]perylene and can be used to represent its noncancer inhalation toxicity
(see Inhalation Non-Cancer Toxicity Value Documentation for Benzo[a]pyrene). Therefore, based on
using benzo[a]pyrene as a chemical surrogate, a reference concentration of 2 x 103 mcg/m?is the
toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for benzo[g,h,i]perylene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (01/17/2018) at
http://www.dec.ny.gov/chemical/34189.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
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Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzolg,h,i]perylene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Benzo[g,h,i]perylene (CAS Number 191-24-2)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m3)® | Highto | Animal to summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration = 1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for benzo[g,h,i]perylene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
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Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Benzo[k]fluoranthene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Benzo[k]fluoranthene (CAS Number 207-08-9)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) | (mg/kg/day) Basis

A reference dose for
benzo[k]fluoranthene is not
available from the authoritative
bodies listed in item 5 (below).

!Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2. Recommendation and Rationale

Benzo[k]fluoranthene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). Reference doses derived from chemical-
specific toxicity data are available for six polycyclic aromatic hydrocarbons identified as priority
contaminants in the Brownfield Cleanup Program (acenaphthene, anthracene, benzo[a]pyrene,
fluoranthene, fluorene, and pyrene, see NYS, 2006). Benzo[k]fluoranthene is chemically similar to each
of these six listed polycyclic aromatic hydrocarbons. Each of these six priority contaminants could be
used to represent the noncancer toxicity of benzo[k]fluoranthene. Similarity of chemical structure cannot
be used as a basis of choosing a chemical surrogate for benzo[k]fluoranthene because toxicity data are
insufficient to accurately describe the relationship between the chemical structure and non-cancer
toxicity of polycyclic aromatic hydrocarbons. The recommended reference dose for benzo[a]pyrene is
lower than that of the other five polycyclic aromatic hydrocarbons. Without data on which of these six
polycyclic aromatic hydrocarbons would be the best surrogate for benzo[k]fluoranthene, the
recommended reference dose for benzo[a]pyrene (3 x 10 mg/kg/day, see Oral Non-Cancer Toxicity
Value Documentation for Benzo[a]pyrene) is the toxicity value recommended for use in the derivation
of an oral non-cancer-based soil cleanup objective for benzo[k]fluoranthene.

3. Review Dates

Summary table completion: March, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.
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5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[k]fluoranthene
Exposure Route: Oral

Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Benzo[k]fluoranthene (CAS Number 207-08-9)

Agency

Risk
Specific
Dose?
(mg/kg/day)

Cancer
Potency
Factor
(mg/kg/day)?t

Extrapolation
Methods

High to
Low Dose

Animal to
Human

Summary

US EPA IRIS

Also used by:
+ NYS DEC (2017)

1x10*

0.01

Based on a relative
potency factor of 0.01
applied to the US EPA
IRIS benzo[a]pyrene
cancer potency factor of
1 (mg/kg/day)™.

CA EPA CPF

8.3x 107

1.2

Based on a potency
equivalency factor of 0.1
applied to the CA EPA
CPF benzo[a]pyrene
cancer potency factor of
12 (mg/kg/day)™.

RIVM (2001)

5.0x 107

02@

Based on a relative
potency factor of 0.1
applied to the RIVM
benzo[a]pyrene cancer
potency factor? of 0.2
(mg/kg/day) .

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10 dose
=1 x 10%/cancer potency factor.

2A cancer potency factor was not reported. The derivation directly extrapolates from an experimental dose with
significant increased tumor incidence above background to the environmental dose associated with a one-in-one
million risk level; the risk-specific dose is not a lower-bound estimate.

2. Recommendation and Rationale

Benzo[k]fluoranthene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). The cancer potency factors for
benzo[k]fluoranthene available from the authoritative bodies listed in item 5 (below) are based on a
cancer potency factor for benzo[a]pyrene (also a polycyclic aromatic hydrocarbon) and the application
of a relative potency factor for benzo[k]fluoranthene (see Chapter 5.1.5 of NYS (2006) for discussion of
relative potency factors). The recommended cancer potency factor for benzo[a]pyrene is 1 per
mg/kg/day (see Oral Cancer Toxicity Value Documentation for Benzo[a]pyrene). The benzo[a]pyrene
cancer potency factor is multiplied by the recommended relative potency factor of 0.01 for
benzo[k]fluoranthene (NYS 2006) to obtain a cancer potency factor of 0.01 per mg/kg/day. This is the
toxicity value recommended for use in the derivation of an oral cancer-based soil cleanup objective for
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benzo[k]fluoranthene. The benzo[k]fluoranthene risk specific dose calculated from this toxicity value is
1 x 10* mg/kg/day.

Review Dates

Summary table completion: February, 2004; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last accessed
(01/13/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft Human Health
Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Benzo[k]fluoranthene. Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/13/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/13/2018) at http://www.epa.gov/iris/.

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[k]fluoranthene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Benzo[K]fluoranthene (CAS Number 207-08-9)

Point of Departure

Reference :
Agency Concentration® Air | uF Summary
(mcg/m?3) Concentration | Basis

(mcg/md)

A reference concentration for

benzo[k]fluoranthene is not

available from the authoritative

bodies listed in item 5 (below).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Benzo[k]fluoranthene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). A reference concentration based on
chemical-specific inhalation toxicity data for benzo[k]fluoranthene is not available from the
authoritative bodies listed in item 5 (below).

Benzo[a]pyrene is the only polycyclic aromatic hydrocarbon identified as a priority contaminant in the
Brownfield Cleanup Program for which a reference concentration is available. Benzo[a]pyrene is
chemically similar to benzo[k]fluoranthene and can be used to represent its noncancer inhalation toxicity
(see Inhalation Non-Cancer Toxicity Value Documentation for Benzo[a]pyrene). Therefore, based on
using benzo[a]pyrene as a chemical surrogate, a reference concentration of 2 x 10 mcg/m?is the
toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for benzo[k]fluoranthene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (2/13/2017) at
http://www.dec.ny.gov/chemical/34189.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
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California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Benzo[k]fluoranthene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Benzo[k]fluoranthene (CAS Number 207-08-9)

Agency

Risk Specific
Air
Concentration®
(mcg/m?®)

Unit Risk

Extrapolation
Methods

(mcg/m3)t

Highto | Animalto
Low Dose | Human

Summary

CA EPA (2009)

9.1x 103

1.1x10*

Based on the CA EPA
unit risk for
benzo[a]pyrene (which
is derived from the
increased incidence of
respiratory tract tumors
in hamsters exposed by
inhalation) and
application of a potency
equivalency factor of
0.1.

Health Canada
(1994)

4.0 x 10*
reported as
TCos @; linear
equivalent
specific
concentration
= 0.8

Based on reported TCos
for benzo[a]pyrene
(derived from the
increased incidence of
respiratory tract tumors
in hamsters exposed by
inhalation) and
application of a relative
potency factor of 0.04.
The relative potency
factor for
benzo[k]fluoranthene is
based on its ability
(relative to
benzo[a]pyrene) to
induce lung tumors in
rats exposed by lung
implantation.

US EPA IRIS

0.16

6 x 10

Based on application of
a relative potency factor
of 0.01 to the US EPA
IRIS unit risk for
benzo[a]pyrene, which
is derived from the
same study used by CA
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EPA and Health
Canada.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 air
concentration), where 1 x 10 concentration = 1 x 10/ inhalation unit risk.

2TCos = The concentration in air (expressed in mcg/m?) associated with a 5% increase in incidence or mortality
due to tumors.

®No cancer potency factor was derived. The risk specific air concentration was obtained by linear extrapolation from
the modeled TCos.

2. Recommendation and Rationale

The unit risk values for benzo[k]fluoranthene are based on benzo[a]pyrene and the application of
relative potency factors. The recommended unit risk value for benzo[a]pyrene is 6 x 10 per mcg/m?3
(see Inhalation Cancer Toxicity Value Documentation for benzo[a]pyrene). Application of the
recommended relative potency factor (0.01) for benzo[k]fluoranthene to the unit risk for benzo[a]pyrene
yields a unit risk of 6 x 10 per mcg/m?3, which is the toxicity value recommended for use in the
derivation of an inhalation cancer-based soil cleanup objective for benzo[k]fluoranthene (see Chapter
5.1.5 of technical support document [NYS 2006] for discussion of recommended relative potency
factors). The benzo[k]fluoranthene risk specific air concentration calculated from this toxicity value is
0.16 mcg/m?.

3. Review Dates

Summary table completion: November, 2004; revised January, 2018
Toxicity value recommendation: December, 2004; revised January, 2018

4. References for Summary Table

CA EPA (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). 2009. Technical Support Document for Cancer Potency Factors 2009. Appendix B:
Chemical-Specific Summaries of the Information Used to Derive Unit Risk and Cancer Potency Values.
Last accessed (01/13/2018) at http://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-
factors-2009.

Health Canada. 1994. Priority Substances List Assessment Report Polycyclic Aromatic Hydrocarbons:.
Ottawa: Environment Canada, Ministry of Public Works and Government Services.
http://www.hc-sc.gc.ca/hecs-sesc/exsd/psl1.htm.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/13/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
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Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Beryllium
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Inorganic Beryllium

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
US EPA IRIS (2004)

Also used by:

+ USEPARegion 3 ﬁ?ZESnOaT Isens]ii)l:\s in
(2004) 2x10° 0.46 BMDLi 2 | 300 : K
US EPA ODW dpgs inal172-wee

* (200) dietary study.

+ USEPA HEAST
(1997)

Based on the same
ATSDR (2002) 2x10° 0.56 BMDL1o 2 | 300 | study used by US

EPA (2004).

15x10* 15 NOEL

Based on the same
Cal EPA (2003) - -- - 1000 | study used by US

EPA (2004).

2x10% 0.2 BMDLos 2

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.

NOEL.: no observed effect level; UF: uncertainty factor.

2BMDLy = The 95% lower confidence bound on the modeled benchmark dose associated with an excess lifetime risk of

the observed effect of X%.

2. Recommendation and Rationale

The basis for the various reference doses for inorganic beryllium is essentially identical with respect to

choice of study, species and adverse effect. The US EPA IRIS, ATSDR and one of the Cal EPA

derivations used a benchmark dose approach to estimate a lower-bound point of departure associated
with either a 5 or 10% excess lifetime risk of the observed effect (intestinal lesions). The Cal EPA also
identified a NOEL point of departure from the same study. In the principal study, dogs were exposed

via the diet to one of four non-zero doses. The Cal EPA identified the second-lowest dose level in

females as the NOEL. However, there were no statistically significant effects observed in dogs of either
sex at the next highest dose (1.1 mg/kg/day in males, 1.3 mg/kg/day in females), so that the choice of the
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next-lower dose as the NOEL is questionable. Both Cal EPA derivations apply a total uncertainty factor
of 1000, including a factor of 10 to account for intraspecies variability, a factor of 3 to account for
interspecies variability (based on the site-of-contact nature of the lesions, therefore not requiring an
adjustment for pharmacokinetic variability), a factor of 3 to account for database deficiencies and an
additional factor of 10 to address uncertainties regarding the carcinogenicity of beryllium via ingestion.
The additional 10-fold factor for carcinogenicity is not applicable in the current context as cancer and
non-cancer effects are being addressed separately. The US EPA IRIS and ATSDR derivations are
essentially equivalent, although the estimates of the BMDL o differ slightly. Both apply the same total
uncertainty factor of 300 (10-fold each to account for intraspecies and interspecies variability and an
additional 3-fold to account for database deficiencies). Therefore, the US EPA reference dose (2 x 103
mg/kg/day) is the toxicity value recommended for use in the derivation of an oral non-cancer-based soil
cleanup objective for inorganic beryllium.

3. Review Dates

Summary table completion: August, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 2002. Toxicological profile for beryllium.
Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.
https://www.atsdr.cdc.gov/toxprofiledocs/index.html

Cal EPA (California Environmental Protection Agency). 2003. Public Health Goal for beryllium and
beryllium compounds in Drinking Water. Sacramento, CA: Office of Environmental Health
Assessment, California Environmental Protection Agency. Last accessed (01/17/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update 9200.6-303 997-1. Washington, DC: Office of Research and
Development. Office of Emergency and Remedial Response.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA ODW (Office of Drinking Water). 2004. 2004 Edition of the Drinking Water Standards and
Health Advisories. EPA 822-R-04-005 Office of Water. U.S. Environmental Protection Agency.
Washington, DC. Last accessed (01/17/2018) at http://www.epa.gov/waterscience/drinking/

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
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http://www.epa.gov/iris
https://oehha.ca.gov/water/public-health-goals-phgs
https://www.atsdr.cdc.gov/toxprofiledocs/index.html

National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Division of Drinking Water and Environmental Management
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Beryllium

Exposure Route: Oral

Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Inorganic Beryllium

Agency

Risk
Specific
Dose?
(mg/kg/day)

Cancer
Potency
Factor
(mg/kg/day)?t

Extrapolation
Methods

High to
Low Dose

Animal to
Human

Summary

Cal EPA (2004)

1.4 x 107

Oral cancer potency
factor for beryllium
oxide based on
human occupational
exposure. Very
limited
documentation
available.

Cal EPA (2004)

3.3x 1010

3000

Oral cancer potency
factor for beryllium
sulfate. Very
limited
documentation
available.

US EPA IRIS (2004)

Based on limited
animal studies, data
were considered
inadequate to derive
an oral cancer
potency value.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

The two cancer potency factors derived by Cal EPA are reported on the Toxicity Criteria Database for
specific beryllium compounds (beryllium oxide and beryllium sulfate). Both values are derived by Cal
EPA by reference to a 1987 health assessment of beryllium prepared by the US EPA (US EPA, 1987).
The Cal EPA only provides a table extracted from that document as the basis for their values. An oral
cancer potency factor that was previously published on US EPA IRIS was based on a lifetime study of
rats exposed to beryllium sulfate in drinking water. This may have been the same value cited by Cal

EPA for beryllium sulfate (3000 per mg/kg/d), but the value on IRIS was withdrawn because the tumor
incidence did not differ significantly between control and exposed animals and because adequate data to

develop a quantitative oral assessment were not available. Neither of the Cal EPA values is chosen for

use in the derivation of a soil cleanup objective for several reasons including the lack of documentation
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explaining the basis of the two Cal EPA compound-specific cancer potency factors, the current US EPA
assessment concluding that data are inadequate to derive an oral cancer potency factor and the large
difference in potency between beryllium sulfate and beryllium oxide suggesting that an assessment of
oral cancer potency should be compound specific. The Cal EPA drinking water program has published
another beryllium cancer potency factor for use in deriving a public health goal for drinking water (Cal
EPA, 2003). However, that value is an inhalation cancer potency factor that is only applied to estimate
the cancer risk associated with inhaling aerosols from drinking water containing beryllium, not the risk
associated with beryllium ingestion. That value is therefore not chosen as an oral cancer potency factor
for use in the derivation of a soil cleanup objective. Therefore, an oral cancer potency factor for oral
beryllium exposure is not available.

3. Review Dates

Summary table completion: August, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4. References for Summary Table

Cal EPA (California Environmental Protection Agency). 2003. Public Health Goals for Chemicals in
Drinking Water. Beryllium and Beryllium Compounds. Office of Environmental Health Hazard
Assessment. Last accessed (01/17/2018) at https://oehha.ca.gov/water/public-health-goals-phgs

Cal EPA (California Environmental Protection Agency). 2004. Toxicity Criteria Database. Office of
Environmental Health Hazard Assessment. https://oehha.ca.gov/chemicals

US EPA (United States Environmental Protection Agency). 1987. Health Assessment Document for
Beryllium. Office of Health and Environmental Assessment. Washington DC. EPA/600/8-84/026F

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Division of Drinking Water and Environmental Management
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Beryllium
Exposure Route: Inhalation

Toxicity: Non-Cancer

New York State Department of Health

Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Inorganic Beryllium

Reference Point of Departure
Agency Concentration® Air ) ) UF Summary
(mcg/md) Concentration Basis
(mcg/m?3)
US EPA IRIS (2004) Based on beryllium
sensitization in workers
Also used by: 0.02 0.2 LOEL 10 | and progression to
+ US EPA Region 3 chronic beryllium
(2004) disease.
Based on the same
Cal EPA (2001) 7x103 0.2 LOEL 30 | study as US EPA IRIS
(2004).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.
LOEL.: lowest observed effect level; UF: uncertainty factor

2. Recommendation and Rationale

The reference concentrations for beryllium derived by authoritative bodies from the list in item 5
(below) are both based on the same occupational study which documented beryllium sensitization (an
immune response) and progression to chronic beryllium disease (a chronic inflammatory lung lesion)
among workers exposed occupationally by inhalation for an average of six years. The reference
concentrations are based on the same point of departure, but differ in the choice of the uncertainty

factors. The US EPA applied an uncertainty factor of 3 (rather than a full 10) to account for the use of
a LOEL, based on the sensitive nature of the subclinical effect (beryllium sensitization). The US EPA
also used an uncertainty factor of 3 for database deficiencies, citing the poor quality of the monitoring
data in the principal study, and did not use an intraspecies uncertainty factor based on the conclusion
that 1 to 5% of the population is susceptible to chronic beryllium disease and that the workers in the
principal study constituted the most sensitive subpopulation. The Cal EPA used a full uncertainty
factor of 10 for use of a LOEL and also applied an uncertainty factor of 3 for intraspecies variation,
based on their conclusion that even though a sensitive population (i.e., beryllium-sensitized workers)
may have been identified by the principal study, additional factors may also determine beryllium
sensitivity. Given that chronic beryllium disease (which is made more likely by beryllium
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sensitization) is a debilitating and irreversible condition, retention of an uncertainty factor of at least 3
for intraspecies variation and 10 for use of a LOEL are more consistent with current risk assessment
practices. Therefore, the Cal EPA reference concentration (7 x 10 mcg/m?) is the toxicity value
recommended for use in the derivation of an inhalation non-cancer-based soil cleanup objective for
beryllium.

3. Review Dates

Summary table completion: November, 2004; no revision January, 2018
Toxicity value recommendation: December, 2004; no revision January, 2018

4. References for Summary Table

Cal EPA (California Environmental Protection Agency). 2004. Chronic Reference Exposure Levels:
Chronic Toxicity Summary for Beryllium and Beryllium Compounds. Sacramento, CA: Office of
Environmental Health Assessment, California Environmental Protection Agency.
http://www.oehha.ca.gov/air/chronic_rels/AllChrels.html

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/17/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Beryllium
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Inorganic Beryllium

Risk Specific Extrapolation
Agency Air Unit Risk Methods Summary
Concentration® | (mcg/m3)? | Highto | Animal to
(mcg/m?) Low Dose | Human
US EPA IRIS
(2004)
Based on the incidence of
Also used by: 4 3 relative lung cancer in males
+ USEPA 4.2x10 2:4x10 risk B occupationally exposed to
Region 3 beryllium.
(2004)
+ Cal EPA
(2002)

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

The US EPA unit risk is the only available value from an authoritative body listed in item 5 (below),
and is derived using methods that reflect general consistency with current risk assessment practice.
Therefore, the US EPA unit risk (2.4 x 10" per mcg/m?) is the toxicity value recommended for use in
the derivation of a inhalation cancer-based soil cleanup objective for beryllium. The beryllium risk
specific air concentration calculated from this toxicity value is 4.2 x 10 mcg/m?®.

Review Dates

Summary table completion: November, 2004; no revision January, 2018
Toxicity value recommendation: December, 2004; no revision January, 2018

References for Summary Table

Cal EPA (California Environmental Protection Agency). 2002. Technical Support Document for
Describing Available Cancer Potency Factors, December. Sacramento, CA: Office of Environmental
Health Hazard Assessment, Air Toxicology and Epidemiology Section, California Environmental
Protection Agency
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US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). Risk-based
Concentration Table. Superfund Technical Support Section. 2004. Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: n-Butylbenzene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for n-Butylbenzene (CAS Number 104-51-8)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) | (mgikg/day) | C2'S
Based on liver effects in parental
male rats exposed by olive oil
US EPA OSRTI* gavage every day for a total of 16
to 18 weeks in a two-generation
Also used by: 0.05 137 BMDLyo | 3000 | reproductive study. The BMR
+ USEPA was an increased incidence in
RSL hepatocellular hypertrophy.
Study NOEL = 100 mg/kg/day.
Study LOEL = 300 mg/kg/day.

1Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

BMR: benchmark response; BMDL1o: 95% lower limit on benchmark dose associated with 10% incidence above

background; NOEL.: no-observed-effect level; LOEL.: lowest-observed-effect level; UF: uncertainty factor.

*Agency's toxicity value added or revised during an update of fact sheets to support updated soil cleanup objectives for
the New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The US EPA OSRTI value is the only available reference dose for n-butylbenzene from an authoritative
body listed in item 5 (below), and is derived using methods that reflect consistency with generally
accepted risk assessment practices. Therefore, the US EPA OSRTI reference dose (0.05 mg/kg/day) is
the toxicity value recommended for use in the derivation of an oral non-cancer-based soil cleanup
objective for n-butylbenzene.

3. Review Dates

Summary table completion: March, 2004, revised January, 2018
Toxicity value recommendation: July, 2004; revised January, 2018

4. References for Summary Table
US EPA OSRTI (United States Environmental Protection Agency, Office of Superfund Remediation

and Technology Innovation). Provisional Peer Reviewed Toxicity Values for Superfund. Last
accessed (01/22/2018) at http://hhpprtv.ornl.gov/quickview/pprtv_papers.php.
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US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/22/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: n-Butylbenzene
Exposure Route: Oral
Toxicity: Cancer

1.

New York State Department of Health
Oral Cancer Toxicity Value Documentation

Summary of Available Oral Cancer Potency Values for n-Butylbenzene (CAS Number 104-51-8)

Risk Cancer Extrapolation
Agenc Specific Potency Methods Summar
gency Dose! Factor Highto | Animalto y

(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human

No information
available.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for n-butylbenzene is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow guantitative estimation of a
cancer potency factor.

Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: July, 2004; no revision January, 2018

References for Summary Table

Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System

National Center for Environmental Assessment

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)

Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
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New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: n-Butylbenzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for n-Butylbenzene (CAS Number 104-51-8)

Point of Departure

Reference _
Agency Concentration® Air | UF Ssummary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

Data suitable for derivation of

- -- -- -- -- | achemical-specific reference

concentration are not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

n-Butylbenzene is a toxicant that is expected to be absorbed into the body and cause systemic non-
cancer effects following oral or inhalation exposure. A default routeorai-to-routeinnaiation €xtrapolation
assuming a 70 kg adult continuously exposed and breathing 20 m? of air per day is used to derive a
reference concentration from the recommended reference dose based on systemic effects (0.05
mg/kg/day; see Oral Non-Cancer Toxicity Value Documentation). Therefore, a reference concentration
of 180 mcg/m? based on exposure route extrapolation is the toxicity value recommended for use in the
derivation of an inhalation non-cancer-based soil cleanup objective for n-butylbenzene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
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Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: n-Butylbenzene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for n-Butylbenzene (CAS Number 104-51-8)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m3)! | Highto | Animal to summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration = 1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for n-butylbenzene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow guantitative estimation of unit
risk.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies
United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
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Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: sec-Butylbenzene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for sec-Butylbenzene (CAS Number 135-98-8)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) | (mg/kg/day) Basis
* Based on toxicity data for cumene
CAEPANL 0.037 N N | (isopropylbenzene).
US EPA OSRTI
) Based on toxicity data for cumene
fxlscl)JuSseEdPiy. 0.1 N N | (isopropylbenzene).
RSL

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

UF: uncertainty factor.

*Agency's toxicity value added or revised during an update of fact sheets to support updated soil cleanup objectives for
the New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The CA EPA and US EPA OSRTI values for sec-butylbenzene use cumene (isopropylbenzene) as a
surrogate chemical, as both chemicals are branched, short-chain alkylbenzenes which are structurally
similar. The structural chemical similarity between the two chemicals provides a basis for using toxicity
data for cumene to represent sec-butylbenzene. The CA EPA and US EPA OSRTI oral reference doses
for cumene are both based on an adjusted NOAEL of 110 mg/kg/day for increased average kidney
weights in female rats exposed by gavage 139 times over a 194-day period. Each agency used
uncertainty factors of 10 to account for animal-to-human extrapolation, 10 to account for human
variation, and 3 for the use of a subchronic study. The CA EPA derivation used an uncertainty factor of
10 for database deficiencies, while the US EPA OSRTI derivation used a database uncertainty factor of
3. A full uncertainty factor of 10 is preferable in light of the fact that the cumene database lacks oral
studies to evaluate reproductive and developmental toxicity, as well as chronic two year cancer
bioassays by any route of exposure. Therefore, the CA EPA reference dose for cumene (0.037
mg/kg/day) is the toxicity value recommended for use in the derivation of an oral non-cancer-based soil
cleanup objective for sec-butylbenzene.

3. Review Dates
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Summary table completion: March, 2004; revised January, 2018
Toxicity value recommendation: July, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA NL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Notification Levels for Chemicals in Drinking Water. Last accessed (01/14/2018) at
https://oehha.ca.gov/water/notification-levels-chemicals-drinking-water

US EPA OSRTI (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). Provisional Peer Reviewed Toxicity Values for Superfund . Last accessed

(01/14/2018) at https://www.epa.gov/pprtv/provisional-peer-reviewed-toxicity-values-pprtvs-
assessments

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/15/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: sec-Butylbenzene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for sec-Butylbenzene (CAS Number 135-98-8)

Risk Cancer Extrapolation
Specific Potency Methods
Agency Dose! Factor Highto | Animalto Summary

(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human

No information
available.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for sec-butylbenzene is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: July, 2004; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System

National Center for Environmental Assessment

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)

Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
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New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: sec-Butylbenzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for sec-Butylbenzene (CAS Number 135-98-8)

Point of Departure

Reference _
Agency Concentration® Air | UF Ssummary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

Data suitable for derivation of

- -- -- -- -- | achemical-specific reference

concentration are not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Reference concentrations based on chemical-specific inhalation toxicity data for sec-butylbenzene or its
potential chemical surrogates are not available from the authoritative bodies listed in item 5 (below).
sec-Butylbenzene is a toxicant that is expected to be absorbed into the body and cause systemic non-
cancer effects following oral or inhalation exposure. The recommended oral toxicity value for sec-
butylbenzene is based on cumene (isopropylbenzene) as a surrogate chemical, and the similarity
between the two chemicals provides a basis for using toxicity data for cumene to represent sec-
butylbenzene. A default routeora-to-routeinnaiation €xtrapolation assuming a 70 kg adult continuously
exposed and breathing 20 m? of air per day is used to derive a reference concentration for sec-
butylbenzene from the recommended reference dose for the chemical surrogate cumene. Therefore,
based on the chemical surrogate and exposure route extrapolation, a reference concentration of 130
mcg/m? is the toxicity value recommended for use in the derivation of an inhalation non-cancer-based
soil cleanup objective for sec-butylbenzene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; January, 2018

4. References for Summary Table and Recommendation and Rationale

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry

California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada

National Institute of Public Health & Environmental Protection, Netherlands (RIVM)

New York State Department of Environmental Conservation

New York State Department of Health

United States Environmental Protection Agency
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Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites

World Health Organization
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Chemical Name: sec-Butylbenzene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for sec-Butylbenzene (CAS Number 135-98-8)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m3)! | Highto | Animal to summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration = 1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for sec-butylbenzene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
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Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: tert-Butylbenzene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for tert-Butylbenzene (CAS Number 98-06-6)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) | (mg/kg/day) Basis
* Based on toxicity data for cumene
CAEPANL 0.037 N N | (isopropylbenzene).
US EPA OSRTI
) Based on toxicity data for cumene
'?ISCEJUSSEszy' 0.1 N N | (isopropylbenzene).
RSL

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

UF: uncertainty factor.

*Agency's toxicity value added or revised during an update of fact sheets to support updated soil cleanup objectives for
the New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The CA EPA and US EPA OSRTI values for tert-butylbenzene use cumene (isopropylbenzene) as a
surrogate chemical, as both chemicals are branched, short-chain alkylbenzenes which are structurally
similar. The structural chemical similarity between the two chemicals provides a basis for using toxicity
data for cumene to represent tert-butylbenzene. The CA EPA and US EPA OSRTI oral reference doses
for cumene are both based on an adjusted NOAEL of 110 mg/kg/day for increased average kKidney
weights in female rats exposed by gavage 139 times over a 194-day period. Each agency used
uncertainty factors of 10 to account for animal-to-human extrapolation, 10 to account for human
variation, and 3 for the use of a subchronic study. The CA EPA derivation used an uncertainty factor of
10 for database deficiencies, while the US EPA OSRTI derivation used a database uncertainty factor of
3. Afull uncertainty factor of 10 is preferable in light of the fact that the cumene database lacks oral
studies to evaluate reproductive and developmental toxicity, as well as chronic two year cancer
bioassays by any route of exposure. Therefore, the CA EPA reference dose for cumene (0.037
mg/kg/day) is the toxicity value recommended for use in the derivation of an oral non-cancer-based soil
cleanup objective for tert-butylbenzene.
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3. Review Dates

Summary table completion: March, 2004; revised January, 2018
Toxicity value recommendation: July, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA NL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Notification Levels for Chemicals in Drinking Water. Last accessed (01/15/2018) at
https://oehha.ca.gov/water/notification-levels-chemicals-drinking-water

US EPA OSRTI (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). Provisional Peer Reviewed Toxicity Values for Superfund. Last accessed

(01/15/2018) at https://www.epa.gov/pprtv/provisional-peer-reviewed-toxicity-values-pprtvs-
assessments

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/15/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: tert-Butylbenzene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for tert-Butylbenzene (CAS Number 98-06-6)

Risk Cancer Extrapolation
Agenc Specific Potency Methods Summar
gency Dose! Factor Highto | Animalto y

(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human

No information
available.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for tert-butylbenzene is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow guantitative estimation of a
cancer potency factor.

3.  Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: July, 2004; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System

National Center for Environmental Assessment

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)

Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

158



Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: tert-Butylbenzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for tert-Butylbenzene (CAS Number 98-06-6)

Point of Departure

Reference :
Agency Concentration! Air | uF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?)

Data suitable for derivation of
- -- - - -- | achemical-specific reference
concentration are not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Reference concentrations based on chemical-specific inhalation toxicity data for tert-butylbenzene or
its potential chemical surrogates are not available from the authoritative bodies listed in item 5 (below).
tert-Butylbenzene is a toxicant that is expected to be absorbed into the body and cause systemic non-
cancer effects following oral or inhalation exposure. The recommended oral toxicity value for tert-
butylbenzene is based on cumene (isopropylbenzene) as a surrogate chemical, and the similarity
between the two chemicals provides a basis for using toxicity data for cumene to represent tert-
butylbenzene. A default routeora-to-routeinnaiation €xtrapolation assuming a 70 kg adult continuously
exposed and breathing 20 m® of air per day is used to derive a reference concentration for tert-
butylbenzene from the recommended reference dose for the chemical surrogate cumene. Therefore,
based on the chemical surrogate and exposure route extrapolation, a reference concentration of 130
mcg/m? is the toxicity value recommended for use in the derivation of an inhalation non-cancer-based
soil cleanup objective for tert-butylbenzene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry

California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada

National Institute of Public Health & Environmental Protection, Netherlands (RIVM)

New York State Department of Environmental Conservation
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New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: tert-Butylbenzene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for tert-Butylbenzene (CAS Number 98-06-6)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration? (mcg/m®)t | Highto | Animal to Summary
(mcg/m?®) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for tert-butylbenzene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of
unit risk.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies
United States Environmental Protection Agency

Integrated Risk Information System
National Center for Environmental Assessment
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Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Cadmium
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Inorganic Cadmium

Reference Point of Departure
Agency Dose’ Dose Basis | 7 Summary
(mg/kg/day) (mg/kg/day) asis

General Population

Based on the highest level of
cadmium in the human renal

US EPAIRIS 5 x 10 (water) 0.005 NOEL 10 | cortex not associated with
Also used by: significant proteinuria, obtained
. _3 .
. USEPARSL 1 x 107 (food) 0.01 NOEL | 10 | from many studies on the

toxicity of cadmium in both

+ USEPA ODW .
humans and animals.

Based on a meta-analysis of
seven studies reporting 11 total
dose-response relationships
between urinary cadmium
levels and biomarkers of kidney
effects in humans. Study results
were partitioned geographically,
and a statistical lower-bound on
lowest urinary cadmium level
associated with a 10% increase
in kidney function biomarkers
among the three geographic
data sets was chosen as the
point of departure.

0.00033
(females)
ATSDR* 1.0x10* UCDL1p | 3
0.0007
(males)

Based on a meta-analysis of 35
studies reporting associations
between urinary cadmium
concentrations a biomarker of
EFSA (2009)* 36 x 10 0.00036 BMDL05 ) kid_ney toxicity in humans. The
(adjusted) point of departure was
estimated as the average daily
dietary intake that would result
in 95% of the exposed
population having a urinary
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cadmium concentration not
exceeding the adjusted BMDLos
of 0.001 mg Cd/g creatinine in
urine.

CA EPA PHG*

6.3 x 10

0.0003

NOEL

50

Based on estimates of daily oral
cadmium intake that limit daily
cadmium excretion in urine to
0.001 mg/g creatinine, thereby
preventing renal toxicity.

RIVM (2001)

5.0x 10*

0.001

LOEL

RIVM concluded that human
data demonstrated that kidney
damage will be prevented if
cadmium levels in the renal
cortex and urine are below 50
mg/kg and 0.0025 mg/g
creatinine, respectively, and that
these cadmium levels are likely
to be reached following a
lifetime exposure to a dose of
0.001 mg/kg/day.

WHO (2011)*

8.6 x10*

0.0008

NOEL

Based on identification of a
daily dietary cadmium intake of
0.0008 mg/kg as resulting in a
daily urinary cadmium
concentration of 0.00524 mg/g
creatinine, a urinary level below
which urinary biomarkers of
Kidney toxicity are not elevated.
Documentation of this reference
dose is limited and only
provides the point of departure
and an associated drinking
water guideline value based on
a 10% relative source
contribution attributed to
drinking water.

NYS DEC (1997)

7.0x10*

The reference dose is the
average of 5 values derived by
NYS DOH (0.0007 mg/kg/day),
US EPA (0.0005 mg/kg/day),
US FDA (0.0008 mg/kg/day),
WHO (0.0010 mg/kg/day) and
ATSDR (0.0007 mg/kg/day).
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Based on multi-compartmental
model for cadmium distribution
in the body and the conclusion
that a daily intake of 0.04 to

6x 10 0.05 mg would lead to only 0.1
HC DWQ to - - -- | percent of the population
7x10%4® reaching the critical cadmium

concentration of 0.2 mg/g in the
renal cortex after 50 years.
Documentation on actual
derivation is limited.

Child-Specific Reference Dose (chRD)

Child-specific reference dose
based on tubular damage
indicated by the appearance of
CA EPA chRD* 1.1x10° 1.0x 107 LOEL 90 | small proteins in the urine in an
epidemiological study of a cross
sectional sample of the adult
Belgian population.

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.

2Application of a default UF was not reported. The BMDLs was obtained from a statistical model relating outcome and
exposure biomarkers based on group means, rather than individual-level data. An adjustment factor of 3.9 was applied
to the resulting BMDLs to estimate expected variation in urinary cadmium clearance in the absence of individual-level
data. The adjustment factor assumes urinary cadmium is log-normally distributed with inter-individual coefficient of
variation = 100%. EFSA considered this value to be a chemical-specific adjustment factor that resulted in an adjusted
BMDLgs.

3 The documentation does not provide an uncertainty factor that what used to derive the reference dose, and a reference
dose was not reported. The reference dose value was obtained from the drinking water guideline of 0.003 mg/L,
assuming a 70 kg adult body weight and the relative source contribution of 10% used by WHO (2011). Based on the
reported NOEL point of departure and the resulting reference dose based on the drinking water guideline, the effective
UF would be approximately 1.

“A reference dose was not calculated. The range of reference doses was obtained from the daily intakes of 0.04 to 0.05
mg/day assuming a 70 kg adult body weight.

NOEL.: no observed effect level; LOEL: lowest observed effect level; UCDL1o: 95% lower confidence limit on the
urinary cadmium dose associated with a 10% increase in kidney biomarker levels above background; BMDLgs: 95%
lower confidence limit on the benchmark dose associated with a 5% increase in kidney biomarker levels above
background;

chRD: child-specific reference dose; UF: uncertainty factor.

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale
The basis for the various cadmium reference doses is dietary exposure associated with kidney toxicity

in humans. All of the derivations are based on relationships between oral cadmium intake, urinary
cadmium levels or cadmium levels in the renal cortex, and biomarkers of kidney toxicity. The specific
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human data and assumptions used to derive a reference dose value differ among the authoritative
bodies.

The NYS DEC obtained their reference dose by averaging values from other authoritative bodies,
including some values that have subsequently been revised by those authorities. The derivations from
WHO and HC do not provide complete information to assess the assumptions used as the basis of the
reference dose values. The NYS DEC, WHO and HC values are not considered further.

The US EPA IRIS values (separate values for food and drinking water based on assumed differences in
cadmium absorption) and several of the values that were averaged to derive the NYS DEC value are
based on a critical concentration of 0.2 mg cadmium/g of human kidney cortex that is associated with
minimal renal tubule dysfunction (initially manifested clinically as proteinuria) in the general
population. A cadmium pharmacokinetic model predicts the chronic cadmium intake that will result in
a specific cadmium level in the kidney cortex. This cadmium concentration in kidney cortex reflects
data from many older studies on cadmium exposure and kidney toxicity in human populations and
laboratory animals, and has been considered a NOEL body burden by many authoritative bodies. The
CA EPA chRD and RIVM reference dose derivations are similar, except that 0.05 mg/g in the kidney
cortex is considered a critical level, one that RIVM states is associated with about 4% incidence of
renal toxicity.

The ATSDR, CA EPA and EFSA (2009) reference dose values are based on observed relationships in
human between urinary cadmium levels and sensitive urinary biomarkers of kidney toxicity, rather than
on an assumed critical cadmium level in kidney cortex and pharmacokinetic modeling. The ATSDR
reference dose is based on a meta-analysis of human epidemiology studies relating urinary cadmium
levels to urinary biomarkers of kidney damage (beta-2-microglobulin). Based on separate analyses for
studies grouped geographically, ATSDR identified the point of departure as the lowest estimate of the
95% lower bound on the urinary cadmium concentration associated with a 10% increase in the excess
risk of urinary low-molecular-weight proteinuria. Although the population-based studies used as the
basis of the point of departure likely included sensitive subpopulations, an uncertainty factor of 3 was
applied to the point of departure to account for additional human variability, particularly as diabetics
may be especially sensitive to cadmium renal toxicity and diabetics were excluded from a number of
the studies.

The CA EPA reference dose is based on a level of urinary cadmium assumed to not result in increased
excretion of urinary protein biomarkers that are very sensitive indicators of the onset of renal toxicity.
CA EPA points to data from a large number of human studies (including some also used by ATSDR)
relating urinary cadmium and renal toxicity biomarker levels as the basis of their point of departure.
However, no clear quantitative or narrative analysis is presented that supports the specific value chosen
for the point of departure. CA EPA applied a total uncertainty factor of 50 to their NOEL point of
departure, including a factor of 5 to account for human variability, particularly uncertainties due to
limited information on the toxicokinetics of cadmium, and an additional factor of 10 to account for the
carcinogenicity of cadmium by the oral route.

The EFSA (2009) reference dose is based on a meta-analysis of 35 studies reporting associations
between urinary cadmium concentrations and beta-2-microglobulin in humans. The BMDLos was
adjusted with a chemical-specific adjustment factor to account for variation in urinary cadmium
clearance. Using a one-compartment pharmacokinetic model, a point of departure was estimated as the
average daily dietary intake that would result in 95% of the exposed population having a urinary
cadmium concentration not exceeding the adjusted BMDLos of 0.001 mg Cd/g creatinine in urine.
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Although several assessments of chronic kidney toxicity due to cadmium ingestion have been based on
a cadmium level in kidney cortex of 0.2 mg/g as a NOEL, CA EPA and RIVM both noted more recent
studies that have found indicators of kidney toxicity can be detected in a small percentage of the
population at levels as low as 0.05 mg cadmium/g kidney cortex. The RIVM assessment is less robust
than either the ATSDR, EFSA (2009) or CA EPA derivations, as it is based on a single study. In
addition, the RIVM application of a total uncertainty factor of 2 to a LOEL point of departure (even if a
minimal LOEL) is not clearly justified and does not appear to adequately account for uncertainties
regarding human variability. The CA EPA, ATSDR and EFSA (2009) reference doses are all based on
robust analyses of a number of human studies that include direct observation of cadmium biomarkers
and sensitive biomarkers of the onset of kidney toxicity. However, the CA EPA reference dose
includes an additional 10-fold uncertainty factor accounting for cadmium carcinogenicity by the oral
route. This is not relevant in this context as carcinogenicity is considered separately in the brownfields
program.

The EFSA (2009) and ATSDR derivations were peer-reviewed, are well-documented, and are similar in
their overall analytical approach, that is, the use of a pooled analysis of multiple human biomarker data
sets and the use of benchmark dose analysis and pharmacokinetic modeling to estimate a point of
departure. The EFSA derivation is based on a larger total sample of data sets, but the pooled analysis
was conducted using study group means, requiring a statistical adjustment to the estimated BMDL s to
account for assumed inter-individual variance in urinary cadmium excretion. The ATSDR derivation
involved fewer total data sets, but individual study-participant data were modeled from each data set,
the results were stratified geographically and then were pooled in order to choose the most sensitive
geographic sub-group to derive a point of departure. Pharmacokinetic extrapolation to an oral point of
departure at the BMDL was accomplished with a one-compartment classical kinetic model in the EFSA
derivation, while the ATSDR derivation used a multi-compartment biokinetic model. Although overall
study quality is similar for the two derivations, ATSDR’s use of individual study-participant data for
dose-response modeling in their pooled assessment and the use of a multi-compartment biokinetic
model to obtain an oral point of departure are slightly preferred analytical approaches. Therefore, the
ATSDR reference dose (1 x 10* mg/kg/day) is the toxicity value recommended for use in the derivation
of an oral non-cancer-based soil cleanup objective for cadmium in scenarios involving only adult
exposure.

CA EPA has developed a program to derive reference doses for evaluating childhood exposures to
contaminants in and around schools. This program stems from the possibility that children may be
more sensitive than adults to contaminant exposures. CA EPA derived a child-specific reference dose
(chRD) based on a 50-year oral intake (1 microgram/kg/day in Belgian subjects) that corresponds to a
mean renal cortex concentration of 0.05 mg cadmium/g kidney cortex and a risk of renal effects at or
above a urinary excretion rate of 2 micrograms cadmium in 24 hours. A total uncertainty factor of 90
was applied to the LOEL (10 for intra-human variability, 3 for use of a LOEL based on a minimal
effect, and 3 to account for differences in GI absorption among children and adults) to obtain the chRD.
The CA EPA chRD (1.1 x 10° mg/kg/day) is the only child-specific toxicity value derived by an
authoritative body in item 5 (below), and is the toxicity value recommended for use in the derivation of
an oral non-cancer-based soil cleanup objective for cadmium in scenarios involving child exposure.

3. Review Dates
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Summary table completion: February, 2012; revised January 2018
Toxicity value recommendation: February, 2012; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/10/2018) at http://www.atsdr.cdc.gov/mrls/index.asp, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/10/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

CA EPA chRD (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Child-Specific Reference Doses. Last accessed (01/10/2018) at
http://www.oehha.ca.gov/public_info/public/kids/chrds.html.

EFSA (European Food Safety Authority). 2009. Cadmium in Food. Scientific Opinion of the Panel on
Contaminants in the Food Chain. Question No EFSA-Q-2007-138. EFSA J. 980:1-139. Last accessed
(01/10/2018) at https://www.efsa.europa.eu/en/efsajournal/pub/980.

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.
Last accessed (01/10/2018) at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined
Regulatory Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for
Cadmium. Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/10/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/10/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2012
Edition of the Drinking Water Standards and Health Advisories. EPA 822-S-12-001. Last accessed
(01/10/2018) at http://water.epa.gov/drink/standards/hascience.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/10/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition.

Last accessed (01/10/2018) at https://www.who.int/water_sanitation_health/publications/drinking-
water-quality-guidelines-4-including-1st-addendum/en/
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5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Cadmium
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Inorganic Cadmium

Risk Specific Cancer Extrapolation Methods
Agency Dose! Potency Factor
(mg/kg/day) | (mg/kg/day)?

High to Low | Animal to Summary

Dose Human
linear Based on a marginally dose-
extrapolation related increase in testicular
NYS DEC 5 ) a3 [tumors (i.e., interstitial-cell or
(2014) 15x10 0.067 from BMDL 10 BW Leydig cell tumors) in male rats

estimated using a

. exposed to cadmium in the diet for
multistage model

77 weeks.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2BMDLo: The lower 95% confidence limit on the benchmark dose associated with a 10% increase (relative to controls)
in the incidence of tumors.

3Factor for dose adjustment from animals to humans is (animal body weight (0.4 kg)/human body weight (80 kg)®2,
where 80 kg is the mean adult human body weight recommended in US EPA (2011), and human LED1o = rat LED4o X
(0.4 kg / 80 kg)¥.

2. Recommendation and Rationale

The NYS DEC cancer potency factor is the only available factor from an authoritative body listed in
item 5 (below), and is derived using methods that reflect general consistency with current risk
assessment practice. The NYS DEC cancer potency factor (0.067 per mg/kg/day) is therefore the
toxicity value recommended for use in the derivation of an oral cancer-based soil cleanup objective for
cadmium. The cadmium risk specific dose calculated from this toxicity value is 1.5 x 10° mg/kg/day.

3.  Review Dates

Summary table completion: August, 2014; no revision January, 2018
Toxicity value recommendation: August, 2014; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS DEC (New York State Department of Environmental Conservation). 2014. Draft Human Health

Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Cadmium. Albany, NY: Division of Water.
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US EPA (U.S. Environmental Protection Agency). 2011b. Exposure Factors Handbook. 2011 Edition.
EPA/600/R-09/052F. Last accessed (01/16/2018) at
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=20563.

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Cadmium
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health

Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Inorganic Cadmium

Agency

Reference
Concentration?
(mcg/m?)

Point of Departure

Air
Concentration
(mcg/m?)

Basis

UF

Summary

ATSDR *

Also used by:
US EPARSL *

0.01

0.1°2

UCDL1g

10

Based on a modeled human
inhalation exposure that,
when combined with
background oral cadmium
exposure, would result in a
urinary cadmium
concentration of 0.5 mcg/g
creatinine. Thisisa
statistical lower-bound on
the lowest urinary cadmium
level associated with a 10%
increase in biomarkers of
kidney damage among three
sets of human (nonworker)
exposure-response data.

CA EPA REL

0.02

0.5

NOEL

30

Based on kidney and
respiratory toxicity in
workers exposed to
cadmium by inhalation. The
NOEL (1.4 mcg/m?®) was
adjusted to a human
equivalent concentration
that accounts for
occupational ventilation
rates and continuous
exposure. Study LOEL =
21 meg/m®.
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200 mcg
cadmium/gram Based on a collective
Kidney cortex; evaluation of epidemiologic
biokinetic evidence for kidney toxicity
modeling in workers exposed to
NYS DOH (1990) 0.02 relates this LOEL 5 cadmium and modeled data
body burden to that suggests 40 mcg
total daily cadmium/gram is associated
intake of with a 0.1% risk of renal
14.3 mcg dysfunction.
cadmium?®

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2The point-of-departure air concentration was estimated using cadmium biokinetic modeling of a continuous inhalation
exposure combined with an average background oral cadmium intake to obtain a urinary cadmium concentration equal
to 0.5 microgram per gram creatinine.

3The same model predicts an acceptable level of 40 mcg cadmium/g kidney cortex would result from a daily intake of
2.9 mcg/day from all routes of exposure. NYS DOH corrected this intake for the cadmium intake from food and water
(1.7 mcg/day) and used an allocation factor 15% to account for cadmium exposure in air. The resulting intake from air
(0.18 mcg/day) was converted to an air concentration of 0.02 mcg/m? assuming an inhalation rate of 20 m*/day and that
50% of the inhaled dose is absorbed.

NOEL.: no observed effect level; LOEL.: lowest observed effect level; UCDL1o: 95% lower-bound on the urinary
cadmium dose (expressed as microgram cadmium per gram creatinine excreted) associated with a 10% increase in
kidney biomarker levels above background; UF: uncertainty factor.

* Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The reference concentrations for cadmium derived by authoritative bodies from the list in item 5
(below) are all based on kidney toxicity (and in one case also respiratory toxicity) in humans. The
ATSDR reference concentration is based on the most sensitive point of departure for kidney toxicity
from a meta-analysis of 11 datasets from seven studies of people exposed to cadmium occupationally
and in the general population. The ATSDR used a pharmacokinetic model to estimate the cadmium air
concentration that would result in a urinary cadmium concentration of 0.5 microgram per gram
creatinine, assuming continuous inhalation exposure and taking background oral cadmium exposure
into account. This urinary cadmium concentration is associated with a 10% increase in beta2-
microglobulin, a sensitive biomarker for kidney damage. An uncertainty factor of 3 for human
variability and a modifying factor of 3 for lack of adequate human data to compare the relative
sensitivities of the respiratory tract and kidneys were applied to the point of departure. The Cal EPA
derivation is based on estimated air exposure levels that caused kidney effects (proteinuria) and
respiratory toxicity (reduced spirometry parameters) in workers exposed to cadmium for an average of
4.1 years. A total uncertainty factor of 30 (3 for use of a subchronic study and 10 for human
variability) was applied to the time-weighted NOEL to obtain the reference concentration. The NYS
DOH value is based on pharmacokinetic modeling and the weight of epidemiologic evidence
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suggesting that subtle kidney toxicity effects are associated with kidney Cd levels of 200 mcg/g kidney
cortex. The air concentration is set at a level that is predicted to result in a kidney level of 40 mcg/g by
age 50, or a 5-fold lower level than the kidney concentration thought to be associated with effects.

The ATSDR reference concentration is preferred because it is based on a robust analysis of three
population-based studies (rather than only workers in a single study, as in the CA EPA derivation) and
it uses observed relationships between urinary cadmium levels and a sensitive urinary biomarker of
kidney toxicity, rather than the assumed critical cadmium level in kidney cortex (as in the NYS DOH
derivation). Furthermore, recent studies have found that indicators of kidney toxicity can be detected in
a small percentage of the population at levels as low as 50 mcg cadmium/g kidney cortex, suggesting
the 200 mcg/g point of departure used for the NYSDOH derivation may not be adequately protective.
Therefore, the ATSDR reference concentration (0.01 mcg/mq) is the toxicity value recommended for
use in the derivation of an inhalation non-cancer-based soil cleanup objective for cadmium.

3. Review Dates

Summary table completion: December, 2013; no revision January, 2018
Toxicity value recommendation: December, 2013; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/12/2018) at http://www.atsdr.cdc.gov/mrls/index.asp, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure
Levels. Last accessed (01/12/2018) at http://www.oehha.ca.gov/air/hot_spots/rels_dec2008.html.

NYS DOH (New York State Department of Health). 1990. Ambient Air Criteria Document:
Cadmium. Albany, NY: Bureau of Toxic Substance Assessment.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/12/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
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http://www.atsdr.cdc.gov/mrls/index.asp

Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Cadmium
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Inorganic Cadmium

Risk Specific Cancer Extrapolation
peciie Potency Methods
Agency Concentration - - Summary
(mcg/m?) Factor Highto | Animalto
g (mcg/m®)* | Low Dose | Human
US EPA IRIS (2004) Based on evidence
two stage of lung, tracheal,
Also used by: 5.6 x 10™ 1.8x 107 model, - and bronchus cancer
. : deaths in workers
+ US EPA Region 3 extra risk -
exposed to cadmium
(2004) _ )
by inhalation.
poisson
regression Based on the same
Cal EPA (2002) 2.4 x 10 4.2 x 103 T@g?;ggd study used by US
analysis EPA IRIS (2004).
scaled
5.1 based on | Based on an
reported as a linearized default | increased incidence
TCos ?; linear multistage breathing | of lung tumors in
Health Canada (1994) | equivalent risk -3 mo delg rates and | rats exposed by
speC|f|c_ extra risk pody inhalation 23 hours
concentration weights of | per day for 18
=1.0x10* rats and | months.
humans
linear Based on the same
NYS DOH (1990) 5x 10 20x10% | TP — | study used by US
risk model EPA IRIS (2004).

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®

dose), where 1 x 10 concentration = 1 x 10/ cancer potency factor.

2 TCos = The concentration in air (expressed in mcg/m?3) associated with a 5% increase in incidence or mortality due to
tumors. The TCos represents a maximum likelihood estimate rather than a lower-bound estimate.

% The risk estimate was only reported as a risk-specific concentration; a unit risk was not explicitly reported, but would
be equal to 1 x 10 divided by the 10 risk-specific concentration.
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2. Recommendation and Rationale

The inhalation unit risks derived by authoritative bodies from the list in item 5 (below) are based on
increased incidence of lung tumors in human occupational studies or in rats exposed by inhalation for
18 months. Health Canada derived an inhalation risk-specific concentration from the rat study, but
only reported a maximum likelihood TCos that does not provide a lower-bound estimate on the risk
specific concentration. The Health Canada derivation also used an interspecies scaling procedure based
on inhaled dose and body weight scaling which is not consistent with currently-accepted risk
assessment practice.

The US EPA, Cal EPA and NYS DOH derivations are all based on the same occupational lung cancer
data for cadmium smelter workers. Small differences in the unit risks are due to use of different dose-
response models. The Cal EPA derivation accounts for the influence of a healthy-worker effect on
expected lung-cancer mortality, while the US EPA and NYS DOH derivations do not. Therefore, the
Cal EPA unit risk (4.2 x 10" per mcg/m?) is the toxicity value recommended for use in the derivation of
an inhalation cancer-based soil cleanup objective for cadmium. The cadmium risk specific air
concentration calculated from this toxicity value is 2.4 x 10 mcg/m?®.

3. Review Dates

Summary table completion: September, 2004; no revision January, 2018
Toxicity value recommendation: October, 2004; no revision January, 2018

4.  References for Summary Table

Cal EPA (California Environmental Protection Agency), 2002. Office of Environmental Health Hazard
Assessment. Air Toxics Hot Spot Program Risk Assessment Guideline. Part 11. Technical Support
Documentation for Describing Available Cancer Potency Factors. Available at
http://www.oehha.ca.gov/air/cancer_guide/TSD2.html.

Health Canada. 1994. Priority Substances List Assessment Report: Cadmium and its Compounds.
Ottawa: Environment Canada, Ministry of Public Works and Government Services.
http://www.hc-sc.gc.ca/hecs-sesc/exsd/psl1.htm

NYSDOH (New York State Department of Health) 1990. Ambient Air Criteria Document: Cadmium.
Albany, NY: Bureau of Toxic Substance Assessment.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section.
http://lwww.epa.gov/reg3hwmd/risk/human/index.htm

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
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National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Division of Drinking Water and Environmental Management
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Carbon Tetrachloride

Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Carbon Tetrachloride (CAS Number 56-23-5)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) | (mg/kgiday) | B21S
Based on liver effect in rats
exposed by corn oil gavage 5
US EPAIRIS days/week for 12 weeks.
Also used by: 4x10° 3.9 BMDL | 1000 | Study LOEL = 7.1 mg/kg/day.
The BMR was a 2-fold
+ USEPARSL increase in serum SDH activit
+ USEPA ODW Vity
above the control mean, time
weighted to daily exposure.
Based on same study, species,
RIVM (2001) 4x103 1 NOEL | 250 | and effects as used by US EPA
IRIS.
Based on same study, species,
WHO (2011) 1.4x103 0.71 NOEL | 500 | and effects as used by US EPA
IRIS.
Based on same study, species,
CA EPA PHG 7x 10 0.71 NOEL | 1000 | and effects as used by US EPA
IRIS.
Based on same study, species,
HC DWQ 7x10% 0.71 NOEL | 1000 | and effects as used by US EPA
IRIS.

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and

chronic minimal risk level.

BMR: benchmark response; BMDL: 95% lower limit on benchmark dose; NOEL: no-observed-effect level; UF:

uncertainty factor; SDR: sorbitol dehydrogenase

2. Recommendation and Rationale

The basis for the various reference doses for carbon tetrachloride is essentially identical with respect to
choice of study, species and adverse effect. Agencies differ in their identification of the point of
departure (a NOEL of 1.0 mg/kg/day, 5 days per week or a BMDL). The RIVM value does not time-
weight the NOEL dose for the 5 days per week dosing scheme and reduces the uncertainty factor for a
subchronic study from 10 to 2.5 without clearly documenting a justification for that choice. The WHO,
HC DWQ and CA EPA PHG values were almost identically derived, except WHO chose to reduce the
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total uncertainty factor applied to the NOEL by a factor of 2 due to the use of bolus gavage dosing.
The WHO did not provide sufficient justification for reduction of the uncertainty factor. The US EPA
IRIS derived a BMDL based on a specific marker of liver toxicity (increased serum sorbitol
dehydrogenase activity). The US EPA IRIS derivation is more consistent with generally accepted risk
assessment practices by using a benchmark-dose approach for the point of departure and applying 10-
fold uncertainty factors to account for animal-to-human extrapolation and human variation, and 3-fold
uncertainty factors to account for the use of a subchronic study and for database deficiencies.
Therefore, the US EPA IRIS reference dose (4 x 10 mg/kg/day) is the toxicity value recommended for
use in the derivation of an oral non-cancer-based soil cleanup objective for carbon tetrachloride.

3. Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: June, 2004; revised January, 2018

4. References for Summary Table

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/18/2018) at
http://www.oehha.ca.gov/water/phg/allphgs.html.

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.
Last accessed (01/18/2018) at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/18/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/18/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/18/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition.
Last accessed (01/18/2018) at
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html, with
supporting documentation at
http://www.who.int/water_sanitation_health/dwg/chemicals/en/index.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
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http://www.who.int/water_sanitation_health/dwq/chemicals/en/index.html
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards
http://www.epa.gov/iris
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php
http://www.oehha.ca.gov/water/phg/allphgs.html

Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Carbon Tetrachloride
Exposure Route: Oral

Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Carbon Tetrachloride (CAS Number 56-23-5)

Risk Specific Cancer Extrapolation Methods
Agency Dose? Potency Factor | High to Low | Animal to Summary
(mg/kg/day) | (mg/kg/day)* Dose Human
Based on
hepatocellular
carcinomas and
multistage adenomas in mice
US EPA IRIS model with | o holizeq | &XPOsed for 6
: linear _ dose based hours/day, 5
Also used by: 1.4x10 0.07 ex;rapola;]tlon on PBPK2 daysliwgek_ fﬁr|10'4
+ USEPARSL rom the modeling | VE€Ks by Inhalation.
point of Pharmacokinetic
departure models were used to
perform a route nhalation-
tO-I’OUtBom
extrapolation.
Based on
hepatocellular
2.9x10° carcinomas in rats and
HC DWQ to -3 -- -- mice in two studies,
8.6 x 10° including the same
study used by US EPA
IRIS
Based on hepatomas in
male and female mice
exposed by gavage
linearized two to three times per
CA EPA PHG 5.6 x 10°® 0.18 multistage -- weeks for a total of 46
model treatments (about 4

months) and then
obhserved for about
another 3 months.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10 dose
= 1 x 10°%/cancer potency factor.

2Dose adjustment from animals to humans were based on physiologically-based pharmacokinetic models.

3A cancer potency factor was not derived. The range of risk specific doses was obtained from the drinking water unit risk
range of 3.3 x 107 to 1.0 x 10° per microgram per liter, assuming a 70 kg person drinks 2 liters of water per day. It is

not clear whether these estimates represent maximum likelihood or upper-bound risk values.
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2. Recommendation and Rationale

The US EPA IRIS and CA EPA PHG cancer potency factors and the HC DWQ risk-specific doses for
carbon tetrachloride are based on liver tumors in animals. They differ in the specific animal dose
response data sets chosen for the derivations and the methods used to derive cancer potency factors or
risk-specific doses. HC DWQ reports drinking water unit risk values (cancer risk per unit concentration
in drinking water), does not specify whether the values are maximum likelihood or upper-bound risk
estimates and provides very little detail documenting how the drinking water unit risks were derived.
The CA EPA PHG cancer potency factor is based on rodent data from a relatively short-duration study
and the documentation does not fully describe how the value was derived. The US EPA IRIS derivation
is more transparent, uses data from a full-lifetime duration study, and is more consistent with generally
accepted risk assessment practices. Therefore, the US EPA IRIS cancer potency factor (0.07 per
mg/kg/day) is the toxicity value recommended for use in the derivation of an oral cancer-based soil
cleanup objective for carbon tetrachloride. The carbon tetrachloride risk specific dose calculated from
this toxicity value is 1.4 x 10> mg/kg/day.

3. Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: November, 2004; revised January, 2018

4.  References for Summary Table

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (01/18/2018) at https://oehha.ca.gov/air/air-toxics-hot-spots

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/18/2018) at
http://www.oehha.ca.gov/water/phg/allphgs.html.

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.
Last accessed (01/18/2018) at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/18/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
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https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://www.epa.gov/iris
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php
http://www.oehha.ca.gov/water/phg/allphgs.html
https://oehha.ca.gov/air/air-toxics-hot-spots

Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary T) Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Carbon Tetrachloride
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health

Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Carbon Tetrachloride (CAS Number 56-23-5)

Agency

Reference
Concentration?
(mcg/md)

Point of Departure

Air
Concentration
(mcg/md)

Basis

UF

Summary

US EPA IRIS

Also used by:
+ USEPARSL

100

1.43 x 10*
(HEC)

BMDL
(internal
dose
metric)

100

Based on liver toxicity in
male and female rats
exposed via inhalation for 6
hours/day, 5 days/week for
104 weeks. Time-weighted-
continuous study NOEL =
5.6 x 10° mcg/m?® (0.9 ppm);
LOEL = 2.8 x 10* mcg/m3
(4.5 ppm). BMR was a
10% increase (above
controls) in incidence of rats
with fatty changes in the
liver. HEC derived using
PBPK models for rats and
humans.

ATSDR

180
(0.03 ppm)

5.6 x 10°

(0.9 ppm)
(HEC)

NOEL

30

Based on the same study
used by US EPA IRIS.
HEC derived using default
systemic gas dosimetric
adjustment.

CA EPA REL

40

1.1 x 10*
(1.7 ppm)

LOEL

300

Based on increased relative
liver weight in female
guinea pigs exposed via
inhalation for 7 hours/day, 5
days/week for 6 months.

No effects were observed in
males.

RIVM (2001)

60

6.4 x 10°

NOEL

100

Based on liver toxicity in
male and female rats in a
200-day inhalation study.
Study LOEL = 1.3 x 10*
mcg/m?®,

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.
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BMR: benchmark response; BMDL: 95% lower limit on benchmark dose; HEC: human equivalent concentration; NOEL:
no-observed-effect level; LOEL: lowest-observed-effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The reference concentrations for carbon tetrachloride derived by authoritative bodies listed in item 5
(below) are all based on liver toxicity observed in rats or guinea pigs exposed via inhalation, as well as
kidney and spleen toxicity observed in rats in one study. A LOEL was observed in the subchronic
guinea pig study that, on a time-weighted continuous basis, was between the rat LOELs and the rat
NOELSs (one of which was from a chronic study). Although this might suggest that guinea pigs could be
a more sensitive species than rats for carbon tetrachloride liver toxicity, CA EPA REL considered the
response observed in guinea pigs a minimal LOEL, since effects were only seen in one sex (females, not
males) and the increase in relative liver weight, although statistically significant, was only about 10%.
Therefore, the lowest dose in the guinea pig study appears to be close to a subchronic NOEL. The well-
conducted chronic inhalation study in rats is preferred to the subchronic guinea pig or the subchronic rat
study as the basis for a chronic reference concentration. The US EPA IRIS used a full physiologically-
based pharmacokinetic modeling approach, combined with benchmark dose modeling to derive a point
of departure from the chronic rat study. US EPA IRIS applied a total uncertainty factor of 100 to the
point of departure, including 10 for human intraspecies variability, a reduced interspecies uncertainty
factor of 3 based on the use of models to account for species differences in pharmacokinetics and an
additional database uncertainty factor of 3 (given the lack of a multi-generation reproductive toxicity
study). The ATSDR chronic minimal risk level was derived by using the study NOEL as the point of
departure and applying a total uncertainty factor of 30 to the point of departure. The ATSDR
uncertainty factors included 10 for intraspecies variability and a reduced value of 3 for interspecies
variation based on a default interspecies pharmacokinetic extrapolation for a systemic gas. Overall, the
US EPA reference concentration derivation is more consistent with generally accepted risk assessment
practices. Therefore, the US EPA IRIS reference concentration (100 mcg/m?d) is the toxicity value
recommended for use in the derivation of an inhalation non-cancer-based soil cleanup objective for
carbon tetrachloride.

3. Review Dates

Summary table completion: July, 2004; revised January, 2018
Toxicity value recommendation: October, 2004; revised January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/19/2018) at http://www.atsdr.cdc.gov/toxpro2.html, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure
Levels. Last accessed (01/19/2018) at http://www.oehha.ca.gov/air/hot_spots/rels_dec2008.html.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-

Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/19/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.
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http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.oehha.ca.gov/air/hot_spots/rels_dec2008.html
http://www.atsdr.cdc.gov/toxprofiles/index.asp
http://www.atsdr.cdc.gov/toxpro2.html

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/19/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Carbon Tetrachloride
Exposure Route: Inhalation

Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Inhalation Unit Risk Values for Carbon Tetrachloride (CAS Number 56-23-5)

Risk Specific _— Extrapolation Methods
A Air Unit Risk S
gency Concentration? (mcg/m3)'1 High to Low | Animal to ummary
(mcg/m?3) Dose Human
Based on adrenal
pheochromocytomas in
. average .
linear mice exposed for 6
. blood level
extrapolation of parent hours/day, 5 days/week
US EPA IRIS from a point gnd for 104 weeks by
017 6 x 1076 of departure associated inhalation. Increased
Also used by: ' based on air level liver tumor incidences
+ USEPARSL benchmark were also observed in
: based on ; ;
concentration ) mice and rats in the same
. PBPK .
modeling . study. Adrenal tumors in
modeling : .
mice gave highest
potency estimate.
Unit risks were estimated
based on routeoral-to-
route|nhalation
extrapolation of data
from four studies where
increased incidence of
liver tumors was
observed in mice, rats,
and hamsters exposed
linearized body via gavage for varying
US EPA HEAST 0.07 1.5x10° multistage surface less-than-lifetime
model area’ durations. Extrapolation

assumed 70 kg adult
body weight, 20 m3/day
continuous inhalation
and 40% human
absorption via inhalation.
The unit risk value is the
geometric mean of the
results from the four
studies.
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Based on three of the
same studies and reviews
used by US EPA
HEAST (rat data were
excluded). Routeoral-to-
routeinhalation
extrapolation assumed

linearized body _
CA EPA CPF 0.024 4.2 x10° multistage surface | 69 kg adult body weight,
model area3 continuous exposure,

daily inhalation rate of
18 m3/day, and 50%
human absorption via
inhalation. The unit risk
value is the middle
estimate of the results
from the three studies.

The air concentration associated with an increased lifetime cancer risk of one-in-one million, where 1 x 10 air
concentration = 1 x 10°%/unit risk.

2Dose adjustment from animals to humans were based on physiologically-based pharmacokinetic models.

3Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®,

2. Recommendation and Rationale

The inhalation unit risks for carbon tetrachloride derived by authoritative bodies are based on increased
incidence of pheochromocytomas in mice exposed by inhalation (US EPA IRIS) or by route-to-route
extrapolation of data showing increased liver tumor incidence in rats, mice and hamsters exposed via
gavage (US EPA HEAST, CA EPA CPF). In the absence of other study deficiencies, assessment based
on data from a study using the relevant route of exposure (i.e., inhalation) is preferable to assessment
based on route extrapolation. The data used by US EPA IRIS are from a well-conducted, lifetime
inhalation study in mice and rats and so are preferred both because they represent response via the
relevant exposure route and for full lifetime exposure, unlike the gavage studies. The US EPA IRIS
derivation based on pharmacokinetic modeling to estimate a human equivalent benchmark concentration
is also more consistent with generally accepted risk assessment practices. Therefore, the US EPA IRIS
unit risk (6 x 10 per mcg/m?®) is the toxicity value recommended for use in the derivation of an
inhalation cancer-based soil cleanup objective for carbon tetrachloride. The carbon tetrachloride risk
specific air concentration calculated from this toxicity value is 0.17 mcg/m?3.

Review Dates

Summary table completion: July 2004; revised January, 2018
Toxicity value recommendation: November, 2004; revised January, 2018

References for Summary Table

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (01/18/2018) at https://oehha.ca.gov/air/air-toxics-hot-spots.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/18/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.
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US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/18/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5.  Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary T) Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chlordane

Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Chlordane (CAS Number 12789-03-6)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
General Population
USEPAIRIS Based on hepatic necrosis in
-4 . . . L
Also used by: 5x10 0.15 NOEL | 300 T(;Z(_evs;(g)lgzigdwa the dietin a
+ USEPARSL y:
+ USEPA ODW
Based on liver hypertrophy in
US HEAST 6x 107° 0.055 NOEL | 1000 | female rats exposed via the diet
in a 130-week study.
Based on same study, species,
NYS DEC (1997) 5.5x10° 0.055 NOEL | 1000 | sex, and effects as US EPA
HEAST (1997).
Based on same study, species,
ATSDR 6x 107 0.055 NOEL | 100 | sex, and effects as US EPA
HEAST (1997).
Based on same study, species,
WHO (2011) 5x 10 0.05 NOEL | 100 | sex, and effects as US EPA
HEAST (1997).
Child-Specific Reference Dose (chRD)
Based on alterations of sex
steroid mediated behaviors of
male and female rats exposed
during gestation and lactation
(day 4 of gestation through day
CA EPA chRD* 3.3x10° 0.1 LOEL | 3000 | 2L Of lactation) and directly via

gavage from postnatal day 22 to
postnatal day 80. Both dams
and pups were dosed (0.1
mg/kg/day) with technical
chlordane. The study did not
identify a NOEL.

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and

chronic minimal risk level.

NOEL.: no-observed-effect level; LOEL. lowest-observed-effect level; UF: uncertainty factor.
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*Agency's toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The basis for the US EPA IRIS chlordane reference dose is liver necrosis in mice chronically exposed to
chlordane via the diet. The basis for the reference doses derived by the other four agencies (US HEAST,
NY DEC, ATSDR and WHO) is liver hypertrophy in female rats chronically exposed to chlordane via
the diet in a parallel experiment by the same investigators as the US EPA IRIS mouse study. Although
US EPA IRIS previously based a reference dose derivation on the female rat data, the IRIS derivation
discusses a re-evaluation of those data and notes that interpretation of the liver lesions is confounded by
leukemia-related liver effects in some animals. The older EPA analysis (US HEAST) also included a
10-fold uncertainty factor to account for lack of an adequate reproductive toxicity study and an adequate
chronic toxicity study in a second species and the generally insensitive endpoints studied. The latter two
points are questionable, given the two rodent studies used as the critical studies in the two different
assessments, and the large database of supporting studies indicating the liver as the primary target organ
for chlordane toxicity. In the more recent US EPA IRIS derivation, an extra uncertainty factor of 3 was
applied to account for the lack of an adequate reproductive study, and is more consistent with the quality
of the database and accepted practice. Given the confounding of the female rat liver non-neoplastic
effects by the leukemia-related effects and the database uncertainty factor used in the US EPA IRIS
assessment, the US EPA IRIS reference dose (5 x10* mg/kg/day) is the toxicity value recommended for
use in the derivation of an oral non-cancer-based soil cleanup objective for chlordane in scenarios
involving only adult exposure.

CA EPA has developed a program to derive reference doses for evaluating childhood exposures to
contaminants in and around schools. This program stems from the possibility that children may be more
sensitive than adults to contaminant exposures. CA EPA bases child-specific reference doses (chRD),
when possible, on studies in young animals or children rather than on studies based on adult animal or
humans and the use of an uncertainty factor to compensate for typically unknown adult-child differences
in pharmacokinetics and pharmacodynamics. CA EPA identified such studies for chlordane. CA EPA
based their child-specific reference dose for chlordane on developmental neurological effects in young
male rats exposed prenatally and postnatally. Although the study was published in a peer-reviewed
journal, the US EPA IRIS has serious concerns about the study results, interpretation, and the
identification of a LOEL. US EPA IRIS noted that “The lack of consistent dose-response relationships
among the effects noted in this study, as well the uncertainty of their toxicological significance, preclude
a clear interpretation of this study and assignment of any adverse effect levels.” Consequently, US EPA
IRIS did not use the study to derive a reference dose. CA EPA applied a total uncertainty factor of 3000
to the study LOEL to compensate for animal to human extrapolation (10), the use of a LOEL (10),
human variation (10), and inadequate database for hematotoxicity, immunotoxicity, neurotoxicity, and
the lack of a valid developmental study (3). The CA EPA chRD (3.3 x 10° mg/kg/day) is the only
child-specific toxicity value derived by an authoritative body in item 5 (below), and is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for chlordane
in scenarios involving child exposure.

3. Review Dates

Summary table completion: June, 2004; revised January, 2018
Toxicity value recommendation: June, 2004; revised January, 2018
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4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/16 /2018) at http://www.atsdr.cdc.gov/mrls/index.asp, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA chRD (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Child-Specific Reference Doses. Last accessed (01/16 /2018) at
http://www.oehha.ca.gov/public_info/public/kids/chrds.html.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for Chlordane. Albany,
NY: Division of Water.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/16 /2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/16 /2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/16 /2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/16 /2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition.
Last accessed (01/16 /2018) at
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html, with
supporting documentation at http://www.who.int/water_sanitation_health/dwg/chemicals/en/index.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://www.epa.gov/iris
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards
http://www.oehha.ca.gov/public_info/public/kids/chrds.html
http://www.atsdr.cdc.gov/toxprofiles/index.asp
http://www.atsdr.cdc.gov/mrls/index.asp

Chemical Name: Chlordane

Exposure Route: Oral

Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Chlordane (CAS Number 12789-03-6)

Risk Cancer Extrapolation
Agenc Specific Potency Methods summar
gency Dose! Factor Highto | Animalto y
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human
US EPA IRIS (2004) Based on the
Also used by: Imeqnzed geometric mean of 5
+ USEPAHEAST | 2.9x10° 0.35 multistage | g\ 2 | et of dose-
(1997) ' ' model, response data for
US EPA Redion 3 extra risk liver tumors in mice
* (2004) g exposed via the diet.
Linear Based on the
extrapo- geometric mean of 4
lation from sets of dose-
-7 3/4 2
CAEPA (1997) 7x10 13 LED1o 8 BW response data for
point of liver tumors in mice
departure exposed via the diet.
Based on the
linearized geometric mean of 4
-6 multistage 4 2 | sets of dose-
NYS DEC (1997) 1.5x 10 0.68 model. BW response data for
extra risk liver tumors in mice
exposed via the diet.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.
2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®2.

3LED10 = The 95% lower confidence limit on the dose that causes a 10% increase in tumor incidence.

2. Recommendation and Rationale

The basis of the cancer potency factors for chlordane derived by authoritative bodies is an increased

incidence of liver tumors in male and female mice chronically exposed to chlordane in the diet. In each

case, the derived cancer potency factor is a geometric mean of cancer potency factors from several
individual tumor-data sets. Four data sets are common to all three derivations, while the US EPA value
includes data from a fifth study not represented by the other two values. All values are based on body
weight interspecies dose scaling. Cal EPA derived their value based on a point-of-departure low-dose
extrapolation methodology, while the NYS DEC and US EPA values are derived using the linearized

multistage model extrapolation procedure. Although the Cal EPA point-of-departure method derivation

is more consistent with current accepted risk assessment practices, the US EPA value reflects more
extensive and more recent dose-response data. Therefore, the US EPA cancer potency factor (0.35 per
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mg/kg/day) is the toxicity value recommended for use in the derivation of an oral cancer-based soil
cleanup objective for chlordane. The chlordane risk specific dose calculated from this toxicity value is
2.9 x 10°® mg/kg/day.

Review Dates

Summary table completion: June, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

References for Summary Table

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/18/2018) at
http://www.oehha.ca.gov/water/phg/allphgs.html.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for Chlordane. Albany,
NY: Division of Water.

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update 9200.6-303 997-1. Washington, DC: Office of Research and
Development. Office of Emergency and Remedial Response.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/16/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/16/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chlordane
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Chlordane (CAS Number 57-74-9)

Reference Point of Departure
Agency Concentration? Air UF Summary
(mcg /m3) Concentration | Basis
(mcg/m®)
US EPA IRIS (2004) Based on increased liver
weights in rats exposed by
Also used by: 0.7 650 NOEL | 1000 | nhalation 8 hours per day, 5
. US EPA Region 3 days per week, for 13
(2004) weeks. Study LOEL = 6500
mcg/m?,
Based on hepatocellular
hypertrophy in the same
ATSDR (1994) 0.02 24 NOEL | 1000 | study used by US EPA IRIS
(2004). Study LOEL =240
mcg/m?,

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.
NOEL.: no observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The available reference concentrations for chlordane derived by authoritative bodies from the list in item
5 (below) are based on the same subchronic inhalation study in rats. The ATSDR considered the lowest
exposure level from this study a NOEL and the next level (the middle exposure level) a LOEL for mild
liver effects (hepatocellular enlargement or vacuolization and slight changes in serum chemistry). The
ATSDR applied a total uncertainty factor of 1000 to the NOEL, including 10-fold each for intraspecies
variability, interspecies variability, and use of a subchronic study. The US EPA did not consider the
mild liver lesions at the middle exposure level adverse, and designated this level the NOEL. The LOEL
was assigned the highest exposure level for increased liver weights and changes in serum chemistry
indicative hepatic functional alteration. The US EPA used dosimetric modeling for a particle
extrarespiratory effect to estimate the human equivalent concentration at the NOEL, and applied a total
uncertainty factor of 1000, including 3 for inter species extrapolation, 10 for intraspecies variability, 10
for the use of a subchronic study, and an additional 3-fold to account for database limitations, based on
the lack of reproductive studies. Although the mild effects seen at the lowest dose in the study
progressed to more pronounced effects at higher doses in rats, the same study reported no effects in
monkeys at the middle exposure level. This suggests that rats may be more sensitive to the liver effects
of chlordane than primates, and supports US EPA’s use of the higher LOEL, as response levels in
primates may be more relevant to human effect levels. The US EPA derivation also uses dosimetric
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modeling to estimate the point of departure, which is more consistent with current risk assessment
practices. Therefore, the US EPA reference concentration (0.7 mcg/m?) is the toxicity value
recommended for use in the derivation of an inhalation non-cancer-based soil cleanup objective for
chlordane.

3. Review Dates

Summary table completion: December, 2004; no revision January, 2018
Toxicity value recommendation: December, 2004; no revision January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 1994. Toxicological Profile for
Chlordane Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.
Last accessed (01/16/2018) at https://www.atsdr.cdc.gov/toxprofiledocs/index.html

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/16/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. 2004. Last accessed (01/16/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chlordane
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Inhalation Unit Risk Values for Chlordane (CAS Number 57-74-9)

Risk Specific Extrapolation
Air Unit Risk Methods
Concentration® | (mcg/m3)? Highto | Animalto
(mcg/m?) Low Dose | Human

Agency Summary

The unit risk was
estimated from an oral
cancer potency factor
using routeorai-to-
routeinhalation €Xtrapolation.

US EPA IRIS linearized The cancer potency factor
Also used by: 0.01 1x10* multistage BW”2 | isthe geometric mean of
+ USEPARSL model five dose-response
datasets from three
chronic dietary studies in
which chlordane increased
the incidence of liver
tumors in mice.

The unit risk was
estimated from an oral
cancer potency factor
using routeoral-to-
routeinnaation €Xtrapolation.
Chronic dietary studies
showed chlordane
increased the incidence of
liver tumors in mice. The
cancer potency factor is
based on the geometric
mean of four dose-
response datasets from
four studies.

CAEPATCDB
(supporting linearized BW
documentation from 29x103 3.4x10* | multistage | surface
CA EPA PHG, NYS model area ®
DEC, 1997)

The air concentration associated with an increased lifetime cancer risk of one-in-one million, where 1 x 10 concentration
=1 x 10® inhalation unit risk.

2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®25,

3Factor for dose adjustment from animals to humans is (animal body weight/human body weight)=3,

2. Recommendation and Rationale

Chlordane is a toxicant that is expected to be absorbed into the body and cause systemic cancer effects
following oral or inhalation exposure. A unit risk for chlordane based on inhalation exposures is not
available from the authoritative bodies listed in item number 5 (below). However, the US EPA IRIS
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derived a unit risk (1 x 10 per mcg/m?®) from their oral cancer potency factor (0.35 per mg/kg/day) using
a default routeora-to-routeinnaiation €xtrapolation assuming a 70 kg adult continuously exposed and
breathing 20 m2 of air per day. The CA EPA derived unit risk (3.4 x 10 per mcg/m?®) from their oral
cancer potency factor (1.2 per mg/kg/day) using the same exposure route extrapolation used by US EPA.
The recommended cancer potency factor for chlordane is US EPA’s value of 0.35 per mg/kg/day (see Oral
Cancer Toxicity Value Documentation for Chlordane). Therefore, a unit risk of 1 x 10 per mcg/m®
based on the exposure route extrapolation is the toxicity value recommended for use in the derivation of
an inhalation cancer-based soil cleanup objective for chlordane. The risk specific air concentration
calculated from this toxicity value is 0.01 mcg/m?.

Review Dates

Summary table completion: December, 2004; no revision January, 2018
Toxicity value recommendation: December, 2004; no revision January, 2018

References for Summary Table and Recommendation and Rationale

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/17/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

CA EPA TCDB (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Toxicity Criteria Database. Last accessed (01/17/2018) at https://oehha.ca.gov/chemicals.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for Cadmium. Albany, NY:
Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/17/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/17/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
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Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chlorobenzene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Chlorobenzene (CAS Number 108-90-7)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) | (mg/kgiday) | oIS
AILSJOSUESE?bIRIS (2004) Based on histopathologic
. US EPAyﬁegion 3 changes in the liver of male
(2003) 0.2 19| NOEL 11000 |G e i capeues
or 13 weeks. Study
’ ?139E7F)>A HEAST for 13 weeks. Study LOEL
+ NYS DEC (1997) = 39 mg/kg/day
Based on the same data as
RIVM (2000) 0.2 19.5 NOEL 100 | the US EPA IRIS
derivation.
Based on histopathologic
changes in liver of male rats
Health Canada (1992) 0.086 43 NOEL | 500 | and mice given
chlorobenzene by gavage
for 103 weeks.
Based on same data as
WHO (1996) 0.086 43 NOEL | 500 Health Canada (1991).

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The basis for the US EPA IRIS and RIVM chlorobenzene reference doses is liver histopathology effects in
dogs exposed orally for 13 weeks. The basis for the Health Canada and WHO reference doses for
chlorobenzene is liver neoplastic nodules in male rats chronically exposed to chlorobenzene via gavage.
Although the rodent study would generally be chosen as the basis for a reference dose because animals were
exposed for their entire lifetimes (rather than only sub-chronically as in the dog study), the dog study
identified a LOEL dose essentially the same as the NOEL dose in the rat study, suggesting dogs may be a
more sensitive species. RIVM only applied a total uncertainty factor of 100 to the dog NOEL, suggesting that
an additional uncertainty factor to account for the use of sub-chronic value was unnecessary because a higher
NOEL dose existed (i.e., the rat NOEL). This rationale does not account for the LOEL dose in the dog study
and is not consistent with generally accepted risk assessment practice. Therefore, the US EPA reference dose
(0.02 mg/kg/day) is the toxicity value recommended for use in the derivation of an oral non-cancer-based soil
cleanup objective for chlorobenzene.
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3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 1990. Toxicological Profile for
Chlorobenzene. U.S. Department of Health and Human Services, Public Health Service. December. Last
accessed (01/17/2018) at https://www.atsdr.cdc.gov/toxprofiledocs/index.html

Health Canada. 1992. Priority substances list assessment report No. 3: Chlorobenzene. Ottawa. Ministry
of Public Works and Government Services.
Last accessed (01/17/2018) at https://www.tera.org/iter/HCPSL 1supportdoc.pdf

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of human-
toxicological maximum permissible risk levels. RIVM report no. 711701025, National Institute of Public
Health and the Environment, Bilthoven, The Netherlands, March 2001, p 193-216.

Last accessed (01/17/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

NYSDEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for Chlorobenzene.
Albany, NY: Division of Water.

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update. Washington, DC: Office of Research and Development. Office of
Emergency and Remedial Response. 9200.6-303 997-1).

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/17/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/17/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

WHO. (World Health Organization). 1996. Monochlorobenzene.
Last accessed (01/17/2018) at https://www.who.int/water_sanitation_health/water-
quality/guidelines/chemicals/monochlorobenzene/en/

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables

203


https://www.who.int/water_sanitation_health/water
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://www.epa.gov/iris
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New York State Department of Health
New York State Department of Environmental Conservation

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Health Canada

World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chlorobenzene

Exposure Route: Oral

Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Chlorobenzene (CAS Number 108-90-7)

Risk Cancer Extrapolation
Agency Specific Potency Methods Summary
Dose? Factor Highto | Animal to
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human

ATSDR (1990)

RIVM (2000)
US EPA IRIS (2004)

Health Canada (1991)

One chronic animal
bioassay showed a
positive trend for
carcinogenicity but had
serious methodological
flaws. Data are
inadequate to evaluate
carcinogenic potential.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for chlorobenzene is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of their

carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of carcinogenic
potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a cancer potency

factor.

3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 1990. Toxicological Profile for
Chlorobenzene. U.S. Department of Health and Human Services, Public Health Service. December. Last

accessed (01/17/2018) at https://www.atsdr.cdc.gov/toxprofiledocs/index.html

Health Canada. 1992. Priority substances list assessment report: Chlorobenzene. Ottawa. Ministry of
Public Works and Government Services. Last accessed (01/17/2018) at
https://www.tera.org/iter/HCPSL 1supportdoc.pdf
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RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of human-
toxicological maximum permissible risk levels. RIVM report no. 711701025, National Institute of Public
Health and the Environment, Bilthoven, The Netherlands, March 2001, p 193-216. Available at
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/17/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chlorobenzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health

Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Chlorobenzene
(CAS Number 108-90-7)

Point of Departure

Reference i
Agency Concentration* Alr _ UF Summary
(mcg/m?) Concentration Basis
(mcg/m?3)
Based on liver and kidney
toxicity in parental and
US EPA OSRTI* 4.6 x 10* ?rfﬁiﬁ)git?gnr?fr %Xr?c?j(resd/db%/
Also used by: 50 (HEC) BMCLio | 1000 | 2ng7 days/week in a
e USEPARSL* multigenerational study.
Study LOEL = 1.73 x 10°
mcg/m? (time weighted).
Based on increased
HC PSAP modified by absolute and relative liver
Health Canada 4 weights in rats exposed by
(19964, b) as cited by 10 5x 10 LOEL 5000 inhalation for 7 hours/day,
TERA, 2004 5 days/week for up to 24
weeks.
Based on same study as
Health Canada. Value was
RIVM (2001) 500 -- -- -- | adopted from a third-party
risk assessment without
supporting documentation.
CA EPA REL 1x 10° 1.2 x 10° NOEL | 100 | Basedonsamestudy as US

EPA OSRTI.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable

concentration and chronic minimal risk level.

HEC: human equivalent concentration; BMCL10: 95% lower limit on benchmark concentration at 10% response above
background; NOEL: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the

New York State Brownfield Cleanup Program.

2. Recommendation and Rationale
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The reference concentrations for chlorobenzene derived by authoritative bodies from the list in item 5
(below) are all based on liver or kidney toxicity in rats exposed via inhalation. The Health Canada and
RIVM derivations are based on a subchronic LOEL for liver toxicity in rats exposed via inhalation.
RIVM concluded no adequate data were available to derive a reference concentration, but chose to adopt a
value derived by another organization without any supporting documentation. The Health Canada
derivation is a modification of the value they derived under the priority substances program (HC PSAP).
TERA (2004) reports that Health Canada indirectly scaled the exposure concentration in rats to an
exposure concentration in a human child (age 5 —11) by estimating per unit body weight intake in rats and
then back-calculating a human exposure concentration based on assumed inhalation rates and body
weights. Despite that adjustment, Health Canada applied a 10-fold uncertainty factor for animal-to-
human variability, along with 10-fold factors for human variability and use of a subchronic value. They
also used a 5-fold uncertainty factor for use of a minimal LOEL, for a total uncertainty factor of 5000.
The CA EPA value is derived from a NOEL in a multigenerational reproductive study where increased
liver weights and kidney tubule dilation were observed in both parental and offspring male rats. US EPA
OSRTI derived an RfC based on the same data by estimating the 95% lower bound on a benchmark
concentration at 10% extra risk. US EPA applied a total uncertainty factor of 1000, including 10-fold to
account for human variability, 3-fold with a default pharmacokinetic adjustment (equal to 1) to account
for animal-to-human variability, 10-fold for the lack of a chronic inhalation study and an additional 3-fold
to account for database uncertainties including lack of data on neurotoxicity and toxicity of the entire
respiratory system. The CA EPA applied the same 10-fold and 3-fold uncertainty factors to account for
intra- and animal-to-human variability, respectively, and included a 3-fold uncertainty factor for use of a
subchronic NOEL. CA EPA used a pharmacokinetic adjustment of 2-fold to increase the human
equivalent NOEL, based on the ratio of blood:air partitioning coefficients in rats and humans. Current
guidance is to use a default pharmacokinetic adjustment of 1 if partitioning coefficient data are
unavailable or if the animal:human ratio is greater than 1. Overall, the US EPA derivation is most
consistent with generally-accepted risk assessment practice. Therefore, the US EPA reference
concentration (50 mcg/m?) is the toxicity value recommended for use in the derivation of an inhalation
non-cancer-based soil cleanup objective for chlorobenzene.

3. Review Dates

Summary table completion: May, 2004, revised January, 2018
Toxicity value recommendation: October, 2004; revised January, 2018

4. References for Summary Table

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure Levels.
Last accessed (01/18/2018) at https://oehha.ca.gov/air/crnr/notice-adoption-air-toxics-hot-spots-program-
technical-support-document-derivation

HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (01/18/2018) at
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php.

Health Canada. 1996a. Health-Based Tolerable Daily Intakes/Concentrations and Tumourigenic

Doses/Concentrations for Priority Substances. Ottawa: Ministry of Supply and Services Canada. H46-
2/96-194E.
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https://oehha.ca.gov/air/crnr/notice-adoption-air-toxics-hot-spots-program

Health Canada. 1996b. Canadian Environmental Protection Act. Priority Substances List. Supporting
Documentation: Health-Based Tolerable Daily Intakes/Concentrations and Tumourigenic
Doses/Concentrations for Priority Substances. (unpublished). (as cited by TERA, 2004)

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/18/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

Toxicology Excellence for Risk Assessment (TERA). 2004. International toxicity estimates for risk
database. Last accessed (01/18/2018) at http://www.tera.org/iter/

US EPA OSRTI (United States Environmental Protection Agency, Office of Superfund Remediation and
Technology Innovation). Provisional Peer Reviewed Toxicity Values for Superfund . Last accessed
(01/18/2018) at http://nhpprtv.ornl.gov/quickview/pprtv_papers.php.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chlorobenzene

Exposure Route: Inhalation

Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Chlorobenzene (CAS Number 108-90-7)

Risk Specific Extrapolation
Air Unit Risk Methods
AGENCY | Concentration® | (meg/m®* | Highto | Animal to Summary
(mcg/m?®) Low Dose | Human

No human data, inadequate

US EPA animal data and predominantly

IRIS - - -- - negative genetic toxicity data in

(2004) bacterial, yeast, and mouse

lymphoma cells.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An inhalation unit risk for chlorobenzene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their carcinogenic
potency did not show a concentration-related increase in cancer incidence or because some evidence of carcinogenic potency

has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit risk.

3. Review Dates

Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System
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National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada

World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chloroform

Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health

Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Chloroform (CAS Number 67-66-3)

Agency

Reference
Dosel
(mg/kg/day)

Point of Departure

Dose
(mg/kg/day)

Basis

UF

Summary

US EPA IRIS*

Also used by:

*

L4
L4
L4

US EPA RSL
US EPA OPP
US EPA ODW
US EPA HEAST
(1997)

0.01

0.01

12.9

1.2

LOEL

BMDL1g

1000

100

Based on moderate to marked
fatty cyst formation in the liver
and elevated SGPT (serum
glutamate-pyruvate
transaminase) in male and
female dogs in a 7.5-year
feeding (gelatin capsule) study.
The study LOEL of 15
mg/kg/day was time-weighted
based on exposure for 6 days
per week. US EPA IRIS also
fit a benchmark dose model to
the same data, obtaining a
lower point of departure, but
also decreasing the total UF,
resulting in the same RfD.

ATSDR

0.01

12.9

LOEL

1000

Based on the same study and
review as US EPA IRIS.

RIVM (2001)

0.03

30

LOEL

1000

Based on liver toxicity in male
and female mice in a chronic
drinking water study (limited
information available.)

WHO (2011)*

0.015

12 mg/L

LEDos

25

Based on the same data used
by US EPA IRIS. A PBPK
model was used to estimate the
internal dose associated with a
5% increased incidence of
hepatic cysts. The point of
departure was reported as the
continuous lifetime drinking
water exposure level
corresponding to the modeled
internal dose metric at the
LEDgs.
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Based on the same data used

* -3
HC DWQ 6.2x 10 13 LOEL | 2100 |\ Us EPA IRIS.

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.

BMDL1o: 95% lower limit on benchmark dose associated with a 10% increased risk above background; LEDos: 95% lower
limit on effective dose associated with a 5% increased risk above background; LOEL.: lowest observed effect level; PBPK:
physiologically-based pharmacokinetic model; UF: uncertainty factor.

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The basis for the US EPA IRIS, ATSDR, WHO and HC reference doses is liver toxicity in dogs
chronically exposed to chloroform in gelatin capsules. The basis for the RIVM reference dose for
chloroform is liver toxicity mice chronically exposed to chloroform in drinking water. A NOEL was not
observed in either study. The lower LOEL in the dog study was dismissed in the RIVM derivation
without a clear rationale provided in the limited documentation for that value. The dog study suggests
that effects may occur at lower doses than the LOEL identified in the mouse study. HC DWQ used the
same LOEL point of departure as US EPA IRIS and ATSDR (rounded to two significant figures) but
applied a total uncertainty factor of 2100, including 10-fold factors for human and animal-to-human
variability, a factor of 7 to account for less-than-lifetime exposure and a factor of 3 to account for the use
of a LOEL. Treating data from a 7.5 year study as representing subchronic effects is not consistent with
generally-accepted risk assessment practice. US EPA IRIS and ATSDR both considered the 7.5 year
duration of the dog study to be a sufficient fraction of the lifetime to not require a further uncertainty
factor for the use of less-than-lifetime data. Therefore, the HC DWQ value is not preferred. WHO (2011)
obtained a point of departure by using a PBPK model to estimate the lower bound on the internal dose
associated with a 5% increase in incidence of liver cysts, and then estimating the continuous lifetime
drinking water exposure concentration corresponding to this internal dose metric. WHO then applied a
total uncertainty factor of 25 to this point of departure, and assumed a 64 kg adult drinks 2 liters of water
per day to obtain their RfD. The uncertainty factor included a factor of 10 to account for human
variability and a factor of 2.5 (combined with a pharmacokinetic model) to account for animal-to-human
variability. US EPA IRIS and ATSDR applied a total uncertainty factor of 1000 to the study LOEL,
including 10-fold factors to account for human and animal-to-human variability and the use of a LOEL.
US EPA IRIS also showed that obtaining a BMDL 1o from the same dose-response data and applying a
total uncertainty factor of 100 to that point of departure (treating the BMDL 1 as equivalent to a NOEL),
resulted in the same RfD. The WHO assessment based on pharmacokinetic modeling of a 5% effect level
internal dose is consistent with generally-accepted risk assessment practices, but their use of a 2.5 animal-
to-human uncertainty factor as well as a default adult body weight of 64 kg deviates somewhat from
conventional practice. If conventional defaults of an animal-to-human uncertainty factor of 3 (with a
pharmacokinetic model) and adult body weight of 70 kg were applied to WHO point of departure, the
resulting RfD would be nearly the same as the US EPA IRIS and ATSDR value. Therefore, the US EPA
IRIS and ATSDR reference dose (0.01 mg/kg/day) is the toxicity value recommended for use in the
derivation of an oral non-cancer-based soil cleanup objective for chloroform.

3. Review Dates

213



Summary table completion: April, 2004; revised January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/16/2018) at https://www.atsdr.cdc.gov/mrls/mrllist.asp, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.
Last accessed (01/16/2018) at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/16/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation and
Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update. Last
accessed (01/16/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/16/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/16/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA OPP (United States Environmental Protection Agency, Office of Pesticide Programs). Pesticide
Reregistration Status. Last accessed (01/16/2018) at
http://www.epa.gov/opp00001/reregistration/status.htm.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/16/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition. Last
accessed (01/16/2018) at
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html

5. Authoritative Bodies
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
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http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards
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http://www.atsdr.cdc.gov/toxprofiles/index.asp
https://www.atsdr.cdc.gov/mrls/mrllist.asp

Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chloroform

Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Cancer Potency Values for Chloroform (CAS Number 67-66-3)

Agency

Risk

Specific

Dose!

(mg/kg/day)

Cancer
Potency
Factor
(mg/kg/day)?t

Extrapolation
Methods

Highto | Animal to
Low Dose Human

Summary

US EPA IRIS

The US EPA states there is
sufficient evidence to
conclude that a non-
genotoxic mode of action
for carcinogenicity applies
to chloroform. Based on a
margin of exposure
analysis, the chloroform
RfD is considered
protective for oral cancer
risk.

CA EPA (1990,

2009) 3

2x10°

0.031

linearized

multistage
model,

extra risk

body
surface
area 2

Based on the geometric
mean of 11 slope factors
from several studies of the
incidence of liver and
kidney tumors in male and
female mice and rats

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10®/ cancer potency factor.
2Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®33.

2. Recommendation and Rationale

The CA EPA cancer potency estimate is based on the geometric mean of 11 data sets from seven studies
showing an increased incidence of liver and kidney tumors in rats and mice. The US EPA does not
recommend an oral cancer potency factor for chloroform because of evidence that suggests that

chloroform-induced kidney and liver cancers in laboratory animals are the result of repeated cytotoxicity

and regenerative cell proliferation in these target organs, and that these events occur only after high

chloroform doses. Although sustained or repeated cytotoxicity with regenerative hyperplasia is probably

a causal factor in animal cancers caused by chloroform, other modes of action (e.g., genotoxicity) could
also contribute at lower doses, and these have not been rigorously investigated. Therefore, the CA EPA
cancer potency factor (0.031 per mg/kg/day) is the toxicity value recommended for use in the derivation
of an oral cancer-based soil cleanup objective for chloroform. The chloroform risk specific dose
calculated from this toxicity value is 3.2 x 10° mg/kg/day.
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3. Review Dates

Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA (California Environmental Protection Agency). 1990. Proposed Identification of Chloroform as a
Toxic Air Contaminant: Part B Health Assessment. Sacramento, CA: California Air Resources Board,
California Environmental Protection Agency. Last accessed (01/20/2018) at
https://www.arb.ca.gov/toxics/id/summary/chloroform_B.pdf

CA EPA (California Environmental Protection Agency). 2009. Technical Support Document for Cancer
Potency Factors 2009. Office of Environmental Health Hazard Assessment. Last accessed (01/20/2018)
at: http://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-factors-2009

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chloroform
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Chloroform (CAS Number 67-66-3)

Reference Point of Departure
Agency Concentration® Air ) ) UF Summary
(mcg/md) Concentration | Basis
(mcg/md)
Based on liver effects in 68
ATSDR 100* 9.8 x 10° LOEL | 100 | Workersoccupationally
exposed to chloroform over
one to four years.
Based on the ATSDR RfC
US EPA RSL** 98 9.8 x 10° LOEL | 100 | rounded to two significant
digits.
Based on liver and kidney
CA EPA REL 300 78x10° | LOEL | 300 |Wxicityinratsexposed by
inhalation for 7 hours/day, 5
days/week for 6 months.
Based on the same study as
RIVM (2001) 100 11x10° | NOEL | 1000 | CAEPA: limited
documentation.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

NOEL: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor; ppm: parts per million.

*The ATSDR value is reported as 0.02 parts per million (ppm). For chloroform, 1 ppm = 4.88 mg/m?®.
** Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The reference concentrations for chloroform derived by authoritative bodies from the list in item 5
(below) are based on liver toxicity observed in workers exposed to chloroform in workplace air, and liver
and kidney toxicity observed in mice and rats exposed to chloroform via inhalation. The CA EPA and
RIVM based their derivations on a 6-month rat inhalation study. The CA EPA considered the lowest
exposure level in that study a LOEL and converted that exposure level to a human equivalent air
concentration by adjusting to a time-weighted continuous exposure that was then increased by a
pharmacokinetic adjustment of 3-fold representing the ratio of rat:human blood:air partitioning
coefficients. RIVM cites an earlier chloroform assessment without full documentation that identified the
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same exposure level in the rat study as a NOEL. The CA EPA REL documents significant increased
relative kidney weight compared to controls at the lowest dose in all animals tested. Therefore, the RIVM
analysis appears to be in error in this respect. RIVM equated the rat exposure level to an equivalent
human exposure level without any adjustment for non-continuous exposure or pharmacokinetic
variability. The CA EPA applied a total uncertainty factor of 300, including 10-fold to account for human
variability, 3-fold (with a pharmacokinetic adjustment) to account for animal-to-human variability and 10-
fold for use of a LOEL. The CA EPA pharmacokinetic adjustment does not following US EPA’s
inhalation dosimetry default guidance to use a conversion factor of 1 for category 3 gases when the animal
blood:air partitioning coefficient is larger than the human partitioning coefficient. RIVM applied a total
uncertainty factor of 1000 that, as cited by TERA, included 10-fold factors for intra- and animal-to-human
variability and another 10-fold factor accounting for the adjustment from discontinuous to continuous
exposure. Neither the CA EPA nor RIVM provided any justification for not including an uncertainty
factor accounting for the use of a subchronic point of departure. In terms of estimating the human
equivalent concentration and in terms of applying uncertainty factors, neither the CA EPA nor the RIVM
derivation is entirely consistent with generally accepted risk assessment practice and do not clearly
document the bases for judgments made.

The ATSDR based their value on a human occupational study where workers were exposed to chloroform
vapors for one to four years at concentrations that varied by approximately 100-fold. They considered the
lower end of this range a LOEL for liver effects and applied a total uncertainty factor of 100 to that LOEL
to account for human variability and the use of a LOEL. US EPA RSL adopted ATSDR’s RfC derivation,
with only a slight difference in rounding. When expressed with one significant figure, the values are the
same. The ATSDR and US EPA derivations are generally more consistent with currently-accepted risk
assessment practice than the CA EPA and RIVM derivations and are also preferred since they are based
on human data. Therefore, the ATSDR reference concentration (100 mcg/m?3) is the toxicity value
recommended for use in the derivation of an inhalation non-cancer-based soil cleanup objective for
chloroform.

Review Dates

Summary table completion: July, 2004; revised January, 2018
Toxicity value recommendation: October, 2004; revised January, 2018

References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/16/2018) at https://www.atsdr.cdc.gov/mrls/mrllist.asp, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure Levels.
Last accessed (01/16/2018) at https://oehha.ca.gov/air/crnr/notice-adoption-air-toxics-hot-spots-program-

technical-support-document-derivation.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/16/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

TERA (Toxicology Excellence for Risk Assessment). International Toxicity Estimates for Risk (ITER).
Last accessed (01/16/2018) at https://www.tera.org/iter/
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https://www.atsdr.cdc.gov/mrls/mrllist.asp

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/16/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chloroform
Exposure Route: Inhalation

Toxicity: Cancer

New York State Department of Health

Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Chloroform (CAS Number 67-66-3)

Risk Specific Extrapolation
Agency Air Unit Risk Methods Summary
Concentration® | (mcg/m3)?! | Highto | Animalto
(mcg/m?) Low Dose | Human
US EPA IRIS Based on route-to-route
(2004) linearized bod extrapolation from a single
0.04 23 5 | multistage y data set of hepatocellular
, . 3x10 surface . ) .
Also used by: model, area’ carcinoma in female mice
+« USEPA extra risk in a two-year oral gavage
Region 3 study.
(2004)
Based on route-to-route
extrapolation of several oral
cancer potency estimates
from chronic oral studies in
mice and rats, specifically
incorporating the arithmetic
average of unit risks for
renal tumors in male rats
PBPK from two different ar_lalyses
estimate of two dlffere_nt _studles
: (four total unit risks) and
of internal .
dose the geometric mean for two
linearized | metric or dlfferen_t analyses of
multistage bod supporting data sets of renal
Cal EPA (2002) 0.2 5.3x 10 mod Ig f y tumors in male mice and
ext?a reis:k Sl;rezge liver tumors in female rats
. (an additional four total unit
depending risks)
on data set '
and study
analysis
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Based on the relationship
between internal dose
metrics derived via PBPK
modeling and kidney tumor
incidence in rats exposed
for their lifetimes via
drinking water. Benchmark
PBPK | dose modeling was used to
estimate | derive the equivalent rate of

7.4 x 10°
reported as
Health Canada | lower bound on

3. 1;
(%Ioe(t):i)l : (;] %;S e-lc;lcj:i% al’elr:tn fiasrk -4 - of internal | metabolite formation in
TERA (2004) specific dose | humans associated with a
concentration metric | 5% Increase In lifetime
- 148 cancer risk and then a

continuous inhalation

exposure associated with

the benchmark rate of

metabolite formation was

derived as the risk-specific

concentration.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®

dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®32,

8 TCos = The concentration in air (expressed in mcg/m?) associated with a 5% increase in incidence or mortality due to
tumors.

4 The risk estimate was only reported as a risk-specific concentration; a unit risk was not explicitly reported, but would
be equal to 1 x 10 divided by the 10 risk-specific concentration.

2.  Recommendation and Rationale

The inhalation unit risks derived by authoritative bodies are all based on route-to-route extrapolation
from studies of rats or mice orally exposed to chloroform. Increased incidence of liver tumors in mice
and kidney tumors in rats was observed in these studies. The US EPA IRIS value is derived from liver
tumor data in mice exposed by gavage while the Cal EPA and Health Canada values are based on the
incidence of kidney tumors in rats exposed by gavage or drinking water. The US EPA IRIS notes that
their assessment, originally done in 1987, does not incorporate new data or more recent cancer risk-
assessment guidelines and is currently being revised. The oral cancer risk assessment on IRIS reflects
the conclusion that chloroform carcinogenicity results from a non-genotoxic mode of action involving
regenerative hyperplasia following tissue necrosis. Therefore, an oral cancer potency factor is not
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derived and a margin of exposure analysis is presented supporting the oral reference dose (RfD) as being
protective of increased cancer risk from chloroform exposure. The Cal EPA value was derived from
two combined analyses of four separate data sets. One analysis followed older default practices for
animal to human dose scaling, while the other used PBPK-based scaling to develop human doses
equivalent to rodent exposures in terms of an internal dose metric. Of the four data sets, two were
considered as the primary dose-response data by Cal EPA and two others were considered to be
supporting data. No basis is provided for this distinction, and no basis is provided for the method used
to combine the data sets, which entailed taking a geometric mean of the four derivations based on the
supporting data sets and then combining, via an arithmetic mean, that geometric mean with the four
derivations based on the primary data sets. The Health Canada derivation is based on one of the data
sets considered as primary data by Cal EPA and used PBPK modeling and a benchmark dose approach
to estimate the lower bound on the air concentration associated with a 5% increased excess tumor
incidence. This derivation follows currently accepted risk assessment practice, but Health Canada did
not explicitly report a unit risk or a 10°® risk-specific concentration based on their derivation. However,
since the 95% lower bound on the TCos is reported, a linear extrapolation to the 107 risk-specific
concentration is implied following currently accepted risk assessment practice by dividing the lower
bound on the TCos by 50,000. Dividing 10 by the 10 risk-specific concentration implied by the lower
bound on the TCos would yield the equivalent unit risk. Therefore, the Health Canada unit risk

(6.8 x 108 per mcg/m?®) is the toxicity value recommended for use in the derivation of an inhalation
cancer-based soil cleanup objective for chloroform. The chloroform risk specific air concentration
calculated from this toxicity value is 14.8 mcg/m?.

3. Review Dates
Summary table completion: July, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4.  References for Summary Table

Cal EPA (California Environmental Protection Agency). 2002. Air Toxics Hot Spots Program Risk
Assessment Guidelines: Part Il Technical Support Document for Describing Available Cancer Potency
Factors. Sacramento, CA. Last accessed (01/18/2018) at
https://oehha.ca.gov/media/downloads/crnr/tsdcancerpotency.pdf

Health Canada, Environment Canada. 2004. Health Bases Guidance Values for Substances on the
Second Priority Substances List. Health Canada. Last accessed (01/18/2018) at
http://publications.gc.ca/collections/Collection/H49-187-2004E.pdf

TERA (Toxicology Excellence for Risk Assessment). 2004. International toxicity estimates for risk
database. Last accessed (01/18/2018) at http://www.tera.org/iter/

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/18/2018)
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies
United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
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http://www.epa.gov/iris
http://www.tera.org/iter
http://publications.gc.ca/collections/Collection/H49-187-2004E.pdf
https://oehha.ca.gov/media/downloads/crnr/tsdcancerpotency.pdf

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chromium (I11)
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for Inorganic Chromium (I11)

Reference Point of Departure
Agency Dose* Dose _ | UF Summary
(mg/kg/day) | (mg/kg/day) Basis

Based on the absence of toxic
effects in male and female rats
fed 5% Cr,03 baked in bread
for 600 feedings (840 days) for

US EPA IRIS (2004) an average total dose of 1800
g/kg. A LOEL was not
Also used by: identified. The NOEL was
+ US EPA Region 3 15 1468 NOEL | 1000 adjusted for continuous
(2003) exposure and the molar
+ USEPAHEAST fraction contribution of
(1997) chromium (1) to Cr20s3. This

RfD is limited to metallic
chromium (I11) of insoluble
salts.

Based on two chronic feeding

5 x 10° study in rats with chromium
(water soluble 2.5 500 y i
X NOEL compounds of varying water
chromium 0.46 100 e i
solubility (limited information
compounds) .
available).
RIVM (2001) Based on RIVM’s assertion
5 that chronic NOELSs for water
(insoluble B B B insoluble chromium
chromium compounds are approximately
compounds) 1,000 times higher than for

soluble chromium compounds.

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

Both chromium (I11) reference doses are based on NOELSs from chronic feeding studies in rats. There
is a large degree of variation in NOEL (and therefore reference dose) estimates between the US EPA
and RIVM because the toxicity in rodent feeding studies apparently varies substantially with the water
solubility of the particular chromium compound being tested. The US EPA reference dose is only
intended for assessment of exposure to insoluble chromium (111) salts. RIVM derived a value
specifically from a soluble form of chromium (l11), and then extrapolated that result to a second
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reference dose for insoluble chromium compounds, based on an inference from available chronic
rodent NOELSs that insoluble forms were approximately 1000-fold less toxic than soluble forms. If
chromium (I11) is present in the form of soluble salts, or if the form of chromium (I11) (and, therefore,
its solubility) is unknown, then the RIVM reference dose for water-soluble compounds (5 x 1073
mg/kg/day) is the toxicity value recommended for use in the derivation of a non-cancer-based soil
cleanup objective for chromium (I11). If it is known that chromium (I11) is present as insoluble salts,
then the US EPA reference dose (1.5 mg/kg/day) is the toxicity value recommended for use in the
derivation of an oral non-cancer-based soil cleanup objective for insoluble chromium (111) salts.

3. Review Dates

Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4. References for Summary Table

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of
human-toxicological maximum permissible risk levels. RIVM report no. 711701025, National Institute
of Public Health and the Environment, Bilthoven, The Netherlands, March 2001, p 249-257. Available
at http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment
Summary Tables). 1997. FY 1997 Update. Washington, DC: Office of Research and Development.
Office of Emergency and Remedial Response. 9200.6-303 997-1.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System

National Center for Environmental Assessment

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed

Toxicity Values)

Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
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http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chromium (I11)
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Inorganic Chromium (111)

Agenc Specific Potency Methods Summar
gency Dose? Factor High to | Animal to y
(mg/kg/day) | (mg/kg/day)? | Low Dose | Human
Human data are not
available. Negative results
US EPA IRIS for rats arld mice have peen
(2004) - - -- - reported in oral, inhalation,
ATSDR (2000) !ntrapleural_lnj_ectlon, or
intrabronchial implantation
laboratory studies.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for chromium (I11) is not available.*
* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of

carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates
Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018
4.  References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 2000. Toxicological profile for
chromium. Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.
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http://www.epa.gov/iris

Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chromium (I11)
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health

Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Inorganic Chromium (111)

Agency

Reference
Concentration?
(mcg/m3)

Point of Departure

Air
Concentration
(mcg/m?3)

Basis

UF

Summary

US EPA IRIS (2004)

Data are considered to be
inadequate for
development of an RfC
due to the lack of a
relevant toxicity study
addressing respiratory
effects of chromium (111).

RIVM (2001)

60

600

NOEL

10

Based on kidney effects in
workers occupationally
exposed to metallic
chromium. The reference
concentration is intended
only for metallic
chromium and insoluble
Cr(11) salts.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable

concentration and chronic minimal risk level.

NOEL.: no observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The RIVM value is the only available reference concentration for chromium (I11) derived by an

authoritative body from the list in item 5 (below). Therefore the RIVM reference concentration (60
mcg/m?®) is the toxicity value recommended for use in the derivation of an inhalation non-cancer-based
soil cleanup objective for chromium(Il1I).

3. Review Dates

Summary table completion: September, 2004; no revision January, 2018

Toxicity value recommendation: October, 2004; no revision January, 2018
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4. References for Summary Table

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of human-
toxicological maximum permissible risk levels. RIVM Report No. 711701025, National Institute of
Public Health and the Environment, Bilthoven, The Netherlands, March 2001.
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chromium (I11)
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Inorganic Chromium (111)
Risk Specific Extrapolation
N Air Unit Risk |- Metnods__ ‘
gency Concentration® | (mcg/mq)* Il_g to | Anima ummary
3 ow to
(mcg/m®)

Dose Human

The data from inhalation
exposures of animals to

trivalent chromium do not

> (EZ%'8\4I)RIS - N N - support determination of the
carcinogenicity of trivalent
chromium.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration = 1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for chromium (I11) is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow guantitative estimation of unit
risk.

3.  Review Dates

Summary table completion: September, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
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http://www.epa.gov/iris

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Chromium (V1)
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Inorganic Chromium (VI)

Reference Point of Departure
Agency Dose? Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis

US EPA IRIS

Based on a lack of adverse effects in male
Also used by: and female rats exposed via drinking
¢ USEPARSL 3x10° 2.5 NOEL | 900 |water each day to chromium (VI) as
¢ USEPA ODW K2CrOy4 in a 1-year drinking water study.
¢ USEPA A study LOEL was not identified.

HEAST (1997)

RIVM (2001) 5 x 102 25 NOEL 500 IIBF?ISSed on the same study used by US EPA
Based on indications of mild
hepatotoxicity (chronic inflammation,

CA EPA PHG* 2 % 1074 0.2 LOEL | 1000 fat_ty ghanges) in female rats eqused via
drinking water each day to chromium
(VI) as Na2Cr207in a 2-year study. A
study NOEL was not identified.
Based on indications of diffuse epithelial
hyperplasia of the duodenum in female
* 4 2 mice exposed via drinking water each day
ATSDR 9x 10 0.09 BMDL1o%) 100 to chromium (V1) as Na2Cr207 in a 2-year
study. A study NOEL was not identified.
Study LOEL = 0.38 mg/kg/day.

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2BMDL.o: The lower 95% confidence limit on the benchmark dose (BMD) associated with a 10% increase (relative to
controls) in the incidence of female mice with diffuse epithelial hyperplasia of the duodenum.

NOEL.: no-observed-effect level; LOEL: lowest-observed-effect level; UF: uncertainty factor.

*Agency's toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The animal study used as the basis for the US EPA IRIS and RIVM reference dose of chromium (V1)
did not detect any effects. This is a serious limitation of the study. CA EPA and ATSDR based their
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reference doses on observed effects (chronic inflammation and fatty changes in the livers of female rats
or indications of diffuse epithelial hyperplasia of the duodenum in female mice, respectively) in lifetime
studies that were well-designed, well conducted/reported and peer-reviewed. The 2-year studies used by
CA EPA and ATSDR are a more appropriate basis for the derivation of a reference dose. In addition,
both derivations are consistent with generally accepted risk assessment practices for high-to-low dose
and animal-to-human extrapolations of non-cancer effects. CA EPA identified a LOEL, and used a
1000-fold uncertainty factor to compensate for animal-to-human extrapolation (10), the use of a LOEL
(10), and human variation (10). ATSDR performed benchmark dose modeling of a variety of endpoints
and selected the lowest BMDL g as their point of departure. ATSDR used a 100-fold uncertainty factor
to compensate for animal-to-human extrapolation (10) and human variation (10). In this case, where a
NOEL was not identified for the species/endpoint used by each agency, the selection of a benchmark
dose as the point of departure is preferred because it replaces an assumed relationship between a LOEL
and NOEL (a 10-fold difference) with a procedural equivalent of the NOEL (i.e., BMDL.1o) based on the
actual data and a mathematical model. Therefore, the ATSDR reference dose (9 x 10 mg/kg/day) is the
toxicity value recommended for use in the derivation of an oral non-cancer-based soil cleanup objective
for chromium (V1).

Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: June, 2004; revised January, 2018

References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/20/2018) at https://www.atsdr.cdc.gov/mrls/mrllist.asp with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/20/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/20/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/20/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/20/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening

Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/20/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
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http://www.epa.gov/iris
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
https://oehha.ca.gov/water/public-health-goals-phgs
http://www.atsdr.cdc.gov/toxprofiles/index.asp
https://www.atsdr.cdc.gov/mrls/mrllist.asp

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chromium (V1)
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health

Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Inorganic Chromium (V1)

Risk Specific |Cancer Potency| Extrapolation Methods
Agency Dose? Factor : : Summary
(mg/kg/day) | (mg/kg/day) H'ggg‘;e"ow Aﬂ err}]a;rfo
linear . Based on increased incidences of
CA EPA :Xtrachl)EIEEI)tlog adenomas and carcinomas in the
PHG* 2x10° 0.5 esrt(i)rrrrl]ate q ulsoin’g BW34®  |small intestine of male mice
a multistage exposed via drinking water in a 2-
model year study.
Based on increased incidences of
CA EPA Iinea}rized body  |benign and mgligna_nt stgmach
CPE* 2.3x10° 0.42 multistage surface |tumors (cqmbmed) in mice
model area® |exposed via drinking water in a
three-generation study.
linear
extrapolation
2
NYSDEC | 95 10¢ 0.53 from LED10", | g\ys12®) | same basis as for CA EPA PHG.
(2017) estimated using
a multistage
model
No data were located in the
US EPA available literature that suggests
IRIS® N N N N chromium (V1) is carcinogenic
by the oral route of exposure.
linear Based on increase incidences of
extrapolation adenomas and carcinomas in the
US EPA Draft 2 % 10 05 fror_n BMDL}07, B\V34 @ small intes_tine_of _male mice_
(2010)* estimated using exposed via drinking water in a
a multistage 2-year study. Same study as
model used by CA EPA PHG.
linear Based on increased incidences of
extrapolation adenomas and carcinomas in the
US EPA 5 from BMDLo’, 323y |Small intestine of male mice
RSL8 * 2x10 05 estimated using BWHE exposed via drinking water in a

the “best-fit”
guantal model

2-year study. Same study as
used by CA EPA PHG.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10 dose

=1 x 10 /cancer potency factor.
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2LLED1o = The 95% lower confidence limit on the effective dose (LED) associated with a 10% increase (relative to
controls) in the incidence of tumors.

3Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®2.

“Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®%,

SFactor for dose adjustment from animals to humans is (animal body weight (0.05 kg)/human body weight (80 kg)®?,
where 80 kg is the mean adult human body weight recommended in US EPA (2011), and human LED1o = mouse LED1g
X (0.05 kg / 80 kg)Y4.

®US EPA IRIS file on carcinogenicity was last updated in 09/03/1998, and animal study used by CA EPA PHG to derive a
cancer potency factor was published in 2008.

"BMDL.o: The lower 95% confidence limit on the benchmark dose (BMD) associated with a 10% increase (relative to
controls) in the incidence of tumors. It is equivalent to the LEDxs.

8US EPA RSL adopted the derivation and cancer potency factor of NJ DEP (2009).

*Agency's toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2.  Recommendation and Rationale

The CA EPA CPF cancer potency factor for chromium (V1) is based on a study with several
methodological problems, including a viral infection that caused substantial intercurrent mortality, a
single dose level, differences in the length of survival in different generations, and other factors. Thus,
both CA EPA PHG and US EPA IRIS concluded that the study was unsuitable for the assessment of the
oral carcinogenicity of chromium (VI1). The CA EPA PHG and US EPA RSL cancer potency factors
(0.5 per mg/kg/day) are the only other available final values from an authoritative body listed in item 5
(below). Both were derived using methods that are consistent with generally accepted risk assessment
practices. The draft cancer potency factor derived by the US EPA IRIS is also 0.5 per mg/kg/day. New
York State derived a cancer potency factor of 0.53 per mg/kg/day based on the same study as CA EPA
and US EPA RSL, but using the US EPA’s most recent recommendation of 80 kg for mean adult human
body weight (US EPA, 2011). This value is preferred because it is based on the agency’s most recent
recommendation. Therefore, the NYS DEC cancer potency factor (0.53 per mg/kg/day) is the toxicity
value recommended for use in the derivation of an oral cancer-based soil cleanup objective for
chromium (VI). The chromium (V1) risk specific dose calculated from this toxicity value is 1.9 x 10
mg/kg/day.

3.  Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: June, 2004; revised January, 2018

4.  References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (01/15/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/15/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

NJ DEP (New Jersey Department of Environmental Protection). 2009. Derivation of Ingestion-Based
Soil Remediation Criterion for Cr+6 Based on the NTP Chronic Bioassay Data for Sodium Dichromate
Dihydrate. Last accessed (01/15/2018) at http://www.state.nj.us/dep/dsr/chromium/.
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http://www.oehha.ca.gov/air/hot_spots/tsd052909.html
https://weight)0.33
https://weight)0.25

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft Human Health
Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Chromium (hexavalent). Albany, NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/15/2018) at http://www.epa.gov/iris/.

US EPA Draft (United States Environmental Protection Agency Integrated Risk Information System).
2010. Toxicological Review of Hexavalent Chromium (External Review Draft). EPA/635/R-10/004A.
Washington, DC: US EPA. Last accessed (01/15/2018) at
http://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=221433.

US EPA (United States Environmental Protection Agency). 2011. Exposure Factors Handbook: 2011
Edition. EPA/600/R-09/052F. Last accessed (01/15/2018) at
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=20563.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chromium (V1)

Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Inorganic Chromium (V1)

Agency

Reference

Point of Departure

Concentration!
(mcg/m?)

Air

Concentration

(mcg/m?3)

Basis

UF

Summary

US EPA IRIS

8.0x 103

0.714

LOEL

90

Based on nasal septum atrophy
in workers exposed in chrome
plating plants. The reference
concentration applies to chromic
acid mists and dissolved
chromium (V1) aerosols.

US EPA IRIS

Also used by: 0.1

¢ USEPARSL*

34

BMCL1¢?

300

Based on increased lung and
spleen weight and several
indicators of toxic effects on the
lower respiratory system in
bronchioalveolar lavage fluid in
rats from two studies exposed to
sodium dichromate particulate
aerosols for 90 days. The
reference concentration applies
to chromium (V1) particulates.

0.2

24.5

BMCLos?

100

Based on the same rat studies as
the US EPA IRIS reference
concentration for chromium (V1)
particulates. This reference
concentration is intended to
apply to soluble hexavalent
chromium compounds other than
chromic acid.

CA EPA REL

2x103

0.68

LOEL

300

Based on the same human study
as the US EPA IRIS reference
concentration for chromium (V1)
chromic acid mists and
dissolved aerosols. This
reference concentration is
intended to apply to chromium
trioxide as chromic acid mist.
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Based on the same rat studies as
the US EPA IRIS reference
concentration for chromium
(V1) particulates. This reference
concentration is intended to
apply to chromium particulates.

Based on nasal irritation,
mucosal atrophy, and ulceration
and decreases in spirometric
parameters in workers
ATSDR* 5x10° 0.5 LOEL 100 |occupationally exposed to
chromic acid mist. This
reference concentration applies
to dissolved chromium (V1)
aerosols and mists.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2BMCLos or 10: The lower 95% confidence limit on the benchmark concentration (BMC) associated with a 5 or 10%
increase (relative to controls) in the incidence of the selected toxicity endpoint.

SWhether TERA’s BMCL represents a level associated with a 5 or 10% incremental increase in the modeled effect is not
clearly presented in their documentation, but the range of BMCL values is the same as the range presented by US EPA
IRIS documentation for their BMCL 1o estimates, suggesting TERA’s estimates are also BMCLgs.

NOEL.: no-observed-effect-level; LOEL.: lowest-observed-effect level; UF: uncertainty factor.

TERA (2004) 0.3 80 BMCL2® | 300

*Agency's toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The reference concentrations for chromium (V1) derived by authoritative bodies from the list in item 5
(below) are based on data from occupational studies and inhalation studies in rats. The US EPA IRIS
derived separate reference concentrations for particulate chromium (V1) aerosols and for chromic acid
mists and other soluble chromium (V1) aerosols. TERA’s reference concentration is specifically for
hexavalent chromium particulates.

The CA EPA derived two reference concentrations, based on the same rat and human studies used for
the two US EPA derivations, but one is specified for chromic acid mists and the other is for other
hexavalent chromium soluble compounds. Thus, the CA EPA has not derived a reference concentration
specifically for evaluation of chromium (V1) particulates. However, CA EPA’s derivation of the value
for dissolved hexavalent chromium compounds other than chromic acid is very similar to the US EPA
and TERA derivations for particulate hexavalent chromium and includes a pharmacokinetic adjustment
based on relative particulate deposition in the respiratory tract of rats and humans. The particulate
reference concentrations are the only values relevant to exposure scenarios involving contaminated soil.
Therefore, the US EPA, CA EPA, and ATSDR reference concentrations based on exposures to chromic
acid mists are not further considered as potential toxicity values for use in the derivation of an inhalation
non-cancer-based soil cleanup objective for chromium (V1).

The three remaining reference concentrations are all based on benchmark concentration estimates for a
large number of quantitative endpoints associated with lower respiratory tract and immune system
toxicity and increased spleen weight in rats exposed via inhalation for 90 days in two related studies.
The US EPA used the lowest BMCL 1o estimate from the various endpoints as their point of departure,
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and the CA EPA used a single BMCLs estimate for their point of departure, although whether or not
this was the lowest value is unclear from their documentation. TERA based their value on the arithmetic
average of all the BMCLs they estimated. TERA’s documentation does not specify whether their
estimates are BMCLoss or BMCL s, but the reported range of BMCLSs is the same as the range reported
by US EPA, suggesting the TERA value is an arithmetic mean of BMCL10s. All three derivations used
the same pharmacokinetic adjustment to account for relative particulate deposition in the lower
respiratory tract of rats versus humans.

The US EPA, TERA, and CA EPA all used a 10-fold uncertainty factor to account for human variation
and a 3-fold factor to account for interspecies variability. The US EPA and TERA used a default 10-
fold factor to account for use of a subchronic study, whereas CA EPA used its standard default 3-fold
factor to account for the use of a subchronic animal study. The US EPA noted that data from one of the
90-day rat studies indicated that particles were still accumulating in the lung at the end of the study,
suggesting that a longer exposure duration could achieve a critical concentration for lung effects at a
lower exposure level than a shorter exposure period. The US EPA also suggested that subchronic
studies may not adequately predict inflammatory effects in the lung associated with chronic exposure.
These uncertainties warrant maintaining a default factor of 10 for the use of a subchronic study.

The US EPA chose to use the lowest BMCL as their point of departure, while TERA used the arithmetic
mean of all the BMCL estimates. The BMCL estimates range by more than 3-fold from lowest to
highest, and so, based on US EPA benchmark dose default guidance, the BMCL shows some model
dependence that should be accounted for by using the lowest BMCL estimate as the point of departure.
Therefore, the US EPA reference concentration (0.1 mcg/m?) is the toxicity value recommended for use
in the derivation of an inhalation non-cancer-based soil cleanup objective for chromium (VI).

Review Dates

Summary table completion: September, 2004; revised January 2018
Toxicity value recommendation: October, 2004; no revision January 2018

References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/12/2018) at https://www.atsdr.cdc.gov/mrls/mrllist.asp with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure
Levels. Appendix D.3 Chronic RELs and Toxicity Summaries using the Previous Version of the Hot
Spots Risk Assessment Guidelines (OEHHA 1999) Last accessed (01/12/2018) at
https://oehha.ca.gov/air/crnr/notice-adoption-air-toxics-hot-spots-program-technical-support-document-
derivation

TERA (Toxicology Excellence for Risk Assessment). International Toxicity Estimates for Risk (ITER).
Last accessed (01/12/2018) at https://www.tera.org/iter/

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/12/2018) at http://www.epa.gov/iris/.
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US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/12/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chromium (V1)
Exposure Route: Inhalation
Toxicity: Cancer

1. Summary of Inhalation Unit Risk Values for Inorganic Chromium (V1)

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

Agency

Risk Specific Air
Concentration?
(mcg/m?3)

Unit Risk
(mcg/m?3)?

Extrapolation Methods

High to
Low Dose

Animal to
Human

Summary

*

US EPA IRIS

Also used by:

US EPA
HEAST
(1997)

8 x 10°

0.012

multistage
model

Based on the incidence of
lung cancer in a combined
cohort of 332 workers. The
original study assumed
cancer mortality was due to
chromium (VI), which was
further assumed to be no
less than 1/7™ of total
chromium. However, the
unit risk derivation is based
on total chromium exposure.

US EPA RSL*

1.2x10°

0.084

Based on multiplying the
US EPA IRIS unit risk by 7

CA EPA CPF

6.7 x 10°®

0.15

linearized
multistage
model

Based on the same study as
US EPA IRIS. CA EPA
reports that their unit risk
estimate is an upper bound
from a multistage linearized
“crude” procedure, whereas
the US EPA derivation is a
maximum likelihood
estimated from a multistage
“competing risks” analysis.

HC PSAP

1.3x10°3

0.66
(TCos) 23)

Based on the same study as
US EPA IRIS. The TCos is
derived for chromium (V1)
assuming that it is 1/7" of
total chromium and assumes
no competing causes of
death.

NYS DOH
(1990)

2x10°

0.05

linear
average
relative
risk model

Based on the same study as
US EPA IRIS. The unit risk
is based on analytical data
indicating that 21% of the
total chromium in facility
air was chromium (V1).
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WHO (2000)

25x10°

0.04

Based on several
occupational cohort studies
of chromate workers not
including the study cohort
used by US EPA IRIS. The
unit risk is the geometric
mean of four estimates that
span about 1 order of
magnitude.

RIVM (2001)

2.5x10°

0.04

Based on the WHO
derivation.

The air concentration associated with an increased lifetime cancer risk of one-in-one million, where 1 x 10 air
concentration = 1 x 10°%/unit risk.

2TCos = The tumorigenic concentration in air (expressed in mcg/m?®) associated with a 5% increase in incidence or
mortality due to tumors. The TCos represents a maximum likelihood estimate rather than a lower-bound estimate.

3A unit risk was not derived. A linear extrapolation to 1 x 107 risk from TCqs would yield a risk specific concentration of
1.3 x 10 per meg/m? (risk specific air concentration = (TCos X 1 X 107 risk level)/0.05 risk level).

*Agency's toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

Recommendation and Rationale

The unit risks for chromium (V1) derived by authoritative bodies are all based on increased incidence of
lung cancer in cohort studies of chromium industry workers. The US EPA IRIS and RSL, CA EPA,
NYS DOH, and HC derivations are all based on the same cohort analysis but use differing procedures to
derive their unit risk or risk-specific concentration values. The WHO (and RIVM) value is derived from
analyses of four other occupational cohort data sets. The US EPA IRIS considered some of the studies
used by the WHO as possible sources of dose-response data and concluded that there were significant
deficiencies with the exposure data available from those studies, which precluded their use in deriving a
unit risk. The HC value is a modeled maximum likelihood estimate of the exposure level associated
with a 5% increased tumor incidence and therefore does not represent a lower-bound exposure estimate,
but could be used as the basis of a linear extrapolation to a maximum likelihood 107 risk-specific air
concentration. The CA EPA and the US EPA IRIS analyses differ in that the US EPA IRIS unit risk is a
maximum likelihood estimate rather than an upper bound and the US EPA IRIS analysis takes
competing causes of mortality into account while the CA EPA “crude” analysis assumes no competing
causes of mortality. Both differences contribute to a more conservative CA EPA unit risk estimate,
although US EPA IRIS showed that the difference between the crude and competing mortality
derivations was small. The US EPA RSL derivation multiplied the US EPA IRIS unit risk by 7 because
the IRIS unit risk was derived for total chromium even though US EPA IRIS assumed that not less than
1/7" of the chromium was chromium (V). The NYS DOH derivation makes use of chromium (V1)
analytical data for the same chromium facility and cohort considered in the US EPA IRIS, CA EPA and
HC derivations. The result is a unit risk based on empirical data specifically for the species of interest
(chromium (V1)) rather than an assumption about the percentage of total chromium at the facility that
was chromium (V1). Therefore, the NYS DOH unit risk (0.05 per mcg/m®) is the toxicity value
recommended for use in the derivation of an inhalation cancer-based soil cleanup objective for
chromium (VI). The chromium (V1) risk specific air concentration calculated from this toxicity value is
2 x 10°° meg/m?,
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3.  Review Dates

Summary table completion: September, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4.  References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (01/20/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (01/20/2018) at
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php.

NYS DOH (New York State Department of Health). 1990. Ambient Air Criteria Document for
Chromium. Bureau of Toxic Substance Assessment. Albany, NY: NYSDOH.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/20/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/20/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/20/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

WHO (World Health Organization). 2000. Air Quality Guidelines for Europe. Last accessed
(01/20/2018) at http://www.euro.who.int/en/what-we-publish/abstracts/air-quality-guidelines-for-europe.

5. Authoritative Bodies
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chrysene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Chrysene (CAS Number 218-01-9)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mgrkg/day) | (mg/kgiday) | B2

A reference dose for chrysene is
not available from the
authoritative bodies listed in item
5 (below).

1Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2. Recommendation and Rationale

Chrysene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused aromatic rings
containing only carbon and hydrogen atoms). Reference doses derived from chemical-specific toxicity
data are available for six polycyclic aromatic hydrocarbons identified as priority contaminants in the
Brownfield Cleanup Program (acenaphthene, anthracene, benzo[a]pyrene, fluoranthene, fluorene, and
pyrene, see NYS, 2006). Chrysene is chemically similar to each of these six listed polycyclic aromatic
hydrocarbons. Each of these six priority contaminants could be used to represent the noncancer toxicity
of chrysene. Similarity of chemical structure cannot be used as a basis of choosing a chemical surrogate
for chrysene because toxicity data are insufficient to accurately describe the relationship between the
chemical structure and non-cancer toxicity of polycyclic aromatic hydrocarbons. The recommended
reference dose for benzo[a]pyrene is lower than that of the other five polycyclic aromatic hydrocarbons.
Without data on which of these six polycyclic aromatic hydrocarbons would be the best surrogate for
chrysene, the recommended reference dose for benzo[a]pyrene (3 x 10* mg/kg/day, see Oral Non-
Cancer Toxicity Value Documentation for Benzo[a]pyrene) is the toxicity value recommended for use in
the derivation of an oral non-cancer-based soil cleanup objective for chrysene.

3. Review Dates

Summary table completion: March, 2004, revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil

Cleanup Objectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.
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5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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C

hemical Name: Chrysene

Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

Summary of Oral Cancer Potency Values for Chrysene (CAS Number 218-01-9)

Risk Specific Cancer Extrapolation Methods

Agency Dose! Potency Factor Hiaghto | Animal to Summary
(mg/kg/day) | (mg/kg/day)* LOV\? Dose | Human
US EPA IRIS Based on a relative potency
factor of 0.01 applied to the
Also used by: 1x10* 0.01 -- -- US EPA IRIS benzo[a]pyrene
+ NYSDEC cancer potency factor of 1
(2017) (mg/kg/day)™.

Based on a potency
equivalency factor of 0.01
applied to the CA EPA CPF
benzo[a]pyrene cancer
potency factor of 12
(mg/kg/day)™.

CA EPA CPF 8.3x10° 0.12 - -

Based on a relative potency
factor of 0.1 applied to the
RIVM (2001) 5.0 x 10 0.02 @ -- - RIVM benzo[a]pyrene cancer
potency factor? of 0.2
(mg/kg/day) ™.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10

dose = 1 x 10"cancer potency factor.

2A cancer potency factor was not reported. The derivation directly extrapolates from an experimental dose with

2.

significant increased tumor incidence above background to the environmental dose associated with a one-in-one
million risk level; the risk-specific dose is not a lower-bound estimate.

Recommendation and Rationale

Chrysene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused aromatic rings
containing only carbon and hydrogen atoms). The cancer potency factors for chrysene available from the
authoritative bodies listed in item 5 (below) are based on a cancer potency factor for benzo[a]pyrene
(also a polycyclic aromatic hydrocarbon) and the application of a relative potency factor for chrysene
(see Chapter 5.1.5 of NY'S (2006) for discussion of relative potency factors). The recommended cancer
potency factor for benzo[a]pyrene is 1 per mg/kg/day (see Oral Cancer Toxicity Value Documentation
for Benzo[a]pyrene). The benzo[a]pyrene cancer potency factor is multiplied by the recommended
relative potency factor of 0.01 for chrysene (NYS 2006) to obtain a cancer potency factor of 0.01 per
mg/kg/day. This is the toxicity value recommended for use in the derivation of an oral cancer-based soil
cleanup objective for chrysene. The chrysene risk specific dose calculated from this toxicity value is 1 x
10 mg/kg/day.
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3. Review Dates

Summary table completion: February, 2004; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last accessed
(01/13/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft Human Health
Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Chrysene. Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/13/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/13/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chrysene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Chrysene (CAS Number 218-01-9)

Point of Departure

Reference :
Agency Concentration® Air | uF Summary
(mcg/m?3) Concentration | Basis

(mcg/md)

A reference concentration for
chrysene is not available from
the authoritative bodies listed in
item 5 (below).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Chrysene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused aromatic rings
containing only carbon and hydrogen atoms). A reference concentration based on chemical-specific
inhalation toxicity data for chrysene is not available from the authoritative bodies listed in item 5
(below).

Benzo[a]pyrene is the only polycyclic aromatic hydrocarbon identified as a priority contaminant in the
Brownfield Cleanup Program for which a reference concentration is available. Benzo[a]pyrene is
chemically similar to chrysene and can be used to represent its noncancer inhalation toxicity (see
Inhalation Non-Cancer Toxicity Value Documentation for Benzo[a]pyrene). Therefore, based on using
benzo[a]pyrene as a chemical surrogate, a reference concentration of 2 x 10 mcg/m?3 is the toxicity
value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup objective
for chrysene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
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California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Chrysene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Chrysene (CAS Number 218-01-9)

Risk Specific Extrapolation
Air Unit Risk Methods Summary
Agency Concentration® | (mcg/m®)® | Highto | Animal to
(mcg/m?®) Low Dose | Human

Based on the CA EPA
unit risk for
benzo[a]pyrene (which
is derived from the
increased incidence of
CA EPA (2009) 9.1x107? 1.1x10° -- - respiratory tract tumors
in hamsters exposed by
inhalation) and
application of a potency
equivalency factor of
0.01.

Based on application of
a relative potency factor
of 0.01 to the US EPA
IRIS unit risk for
benzo[a]pyrene, which
is derived from the
same study used by CA
EPA

US EPA IRIS 0.16 6 x 10 -- --

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 air
concentration), where 1 x 10 concentration = 1 x 10/ inhalation unit risk.

2. Recommendation and Rationale

The unit risk values for chrysene are based on benzo[a]pyrene and the application of relative potency
factors. The recommended unit risk value for benzo[a]pyrene is 6 x 10 per mcg/m? (see Inhalation
Cancer Toxicity Value Documentation for benzo[a]pyrene). Application of the recommended relative
potency factor (0.01) for chrysene to the unit risk for benzo[a]pyrene yields a unit risk of 6 x 10 per
mcg/m?, which is the toxicity value recommended for use in the derivation of an inhalation cancer-based
soil cleanup objective for chrysene (see Chapter 5.1.5 of technical support document [NYS 2006] for
discussion of recommended relative potency factors). The chrysene risk specific air concentration
calculated from this toxicity value is 0.16 mcg/m?.
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Review Dates

Summary table completion: November, 2004; revised January, 2018
Toxicity value recommendation: December, 2004; revised January, 2018

References for Summary Table

CA EPA (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). 2009. Technical Support Document for Cancer Potency Factors 2009. Appendix B:
Chemical-Specific Summaries of the Information Used to Derive Unit Risk and Cancer Potency Values.
Last accessed (01/19/2018) at http://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-
factors-2009.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/19/2018) at
http://www.dec.ny.gov/chemical/34189.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Copper

Exposure Route: Oral
Toxicity: Non-Cancer

1. Summary of Available Oral Reference Doses for Inorganic Copper

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

Agency

Reference
Dose!
(mg/kg/day)

Point of Departure

Dose
(mg/kg/day)

Basis

UF

Summary

US EPA HEAST (1997)

Also used by:
+ US EPA Region 3
(2003)

0.04

0.08

LOEL

Based on current US
EPA action level for
copper in drinking water
of 1.3 mg/L, which was
derived from a LOEL of
5.3 mg/person (0.08
mg/kg/day for a 70-kg
person) from a single
dose oral study reporting
gastrointestinal irritation.
The allocation of all the
dose to water, and the
assumption of water
consumption rate of 2
L/day

RIVM (2001)

0.14

Equal to the RIVM
derived maximum daily
copper intake of the
(Dutch) population.

IOM (2001)

0.14

0.14

NOEL

Based on absence of
liver effects in 7 adults
(assumed weight of 70
kg) who ingested 10 mg
copper daily (as copper
gluconate) during a 12-
week study

LAgencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
LOEL.: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale
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The basis for the US EPA and RIVM reference dose values are not well documented. The US EPA
drinking water action level (and the HEAST reference dose) are based on a report (Wyllie, 1975) of
gastrointestinal irritation in women who consumed a copper-contaminated beverage (a cocktail
containing alcohol). A review of the report, however, reveals potential confounding factors and
significant uncertainties in dose estimates that seriously weaken confidence in the derived reference
dose. The RIVM value appears to be an exposure-based, rather than health-effect-based reference dose.

The IOM (2001) considered a large uncertainty factor unnecessary given the large international
database in humans indicating no adverse effects from daily consumption of 10 to 20 mg/day of copper
in foods and the rarity of observed liver damage from copper exposure in human populations with
normal homeostatic mechanisms for regulation the uptake and excretion of copper. Moreover, copper
is an essential element, and the routine application of traditional uncertainty factor leads to reference
doses that are below those doses needed for nutritional needs (NRC, 2000). Therefore, the IOM (2001)
reference dose (0.14 mg/kg/day) is the toxicity value recommended for use in the derivation of an oral
non-cancer-based soil cleanup objective for copper.

Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

References for Summary Table

IOM (Institute of Medicine). 2001. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic,
Boron, Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and
Zinc. Washington, DC: National Academy Press.

NRC (National Research Council). 2000. Copper in Drinking Water. Washington, DC: National
Academy Press.

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of
human-toxicological maximum permissible risk levels. RIVM report no. 711701025, National Institute
of Public Health and the Environment, Bilthoven, The Netherlands, March 2001. Available at
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment
Summary Tables). 1997. FY 1997 Update. Document No. 9200.6-303 997-1. Washington, DC:
Office of Research and Development, Office of Emergency and Remedial Response.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

Wyllie, J. 1957. Copper poisoning at a cocktail party. Am. J. Public Health. 47:617.
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5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Copper
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Inorganic Copper
Risk Cancer Extrapolation
Agenc Specific Potency Methods summar
gency Dose! Factor Highto | Animalto y

(mg/kg/day) | (mg/kg/day)? | Low Dose | Human

There are no human
data and inadequate
animal data on the
US EPA IRIS (2004) potential
carcinogenicity of
copper compounds.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for copper is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.
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5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Copper
Exposure Route: Inhalation
Toxicity: Non-cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for Inorganic Copper

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m3) Concentration | Basis

(mcg/m?3)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for copper is not available from the authoritative bodies listed in
item number 5 (below). Copper is a toxicant that is expected to be absorbed into the body following
both oral and inhalation exposure, and for which an oral reference dose based on effects distant from
the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation extrapolation
assuming a 70 kg adult continuously exposed and breathing 20 m? of air per day is used to derive a
reference concentration from the reference dose. The recommended oral reference dose for copper is
0.14 mg/kg/day. Therefore, a reference concentration of 490 mcg/m? based on exposure route
extrapolation is the toxicity value recommended for use in the derivation of an inhalation non-cancer-
based soil cleanup objective for copper.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
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Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Copper
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Inorganic Copper
Risk Specific Extrapolation
Agenc Air Unit Risk Methods Summar
gency Concentration® | (mcg/m3)® | Highto | Animal to Y
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for copper is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
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Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Cyanide
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

6. Summary of Oral Reference Doses for Free Cyanide (CAS Number 57-12-5)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
US EPA IRIS
Based on decreased cauda epididymis
Also used by: 6x10* 1.9 BMDLisq¢? | 3000 jweight in male rats exposed via
¢ USEPARSL? drinking water each day for 13 weeks
¢ USEPA ODW?
Based on the absence for absence (at
any dose) of clinical and histological
effects in female rats exposed via the
NYS DEC (1997) 0.022 10.8 NOEL 500 diet (4.6 or 10.8 mg/kg/day) each day
for 2 years. The identified NOEL
was the highest dose tested.
US EPA HEAST Based on same study used by NYS
(1997) 0.022 10.8 NOEL 500 DEC (1997).
Based on same study used by NYS
CA EPA PHG 0.022 10.8 NOEL 500 DEC (1997).
Based on the same study used by
NYS DEC (1997). The identified
RIVM (2001) 0.05 5 NOEL | 100 [NOEL was 5 mg/kg/day because
there was an increased concentration

of cyanide metabolites in the blood of

rats at the highest tested dose.

1Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.
2BMDLs: 95% lower confidence limit on the benchmark dose corresponding to a change in the mean response equal to 1
standard deviation (SD) from the control mean.
3Reported for hydrogen cyanide.

NOEL.: no-observed-effect level; UF: uncertainty factor

7. Recommendation and Rationale

The basis for the NYS DEC, US EPA HEAST, CA EPA PHG, and RIVM reference doses for cyanide is
identical with respect to choice of study and species, but the presence or absence of effects at the two
non-zero doses in the study has been interpreted differently. There were no toxic effects observed in the
study, and the NYS DEC, US EPA HEAST and CA EPA PHG considered the higher dose a NOEL.
However, RIVM (based on an earlier WHO analysis) noted that increased cyanide metabolites were
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observed in blood at the higher dose and considered the lower dose the NOEL. The limited RIVM
documentation does not fully support this decision as the appearance of increased cyanide metabolites in
the blood is a reflection of detoxification of the increased cyanide dose and would not necessarily
suggest an increased risk for toxicity. The US EPA IRIS derivation is based on a well-designed,
conducted, and reported 13-week study. The study identified statistically significant male reproductive
effects in rats and mice that increased in severity in a dose-dependent manner. The observed effects
included decreased cauda and whole epididymis weights, decreased testes weight, and altered sperm
parameters. The US EPA IRIS selected decreased cauda epididymis weight as the critical effect because
it was determined that this effect represents the most sensitive endpoint indicative of male reproductive
toxicity. The derivation is consistent with generally accepted risk assessment practices for high-to-low
dose and animal-to-human extrapolations of non-cancer effects, including the use benchmark dose
models. The US EPA IRIS used a 3000-fold uncertainty factor for animal-to-human extrapolation (10),
the use of a subchronic study (10), human variation (3), and deficiencies in the toxicity database (3),
which included the lack of a multigenerational reproductive toxicity study and a sensitive
neurodevelopmental toxicity study. Although the study used by US EPA IRIS was shorter (13 weeks)
than the study used by the other agencies (2 years), the lack of observed effects in the latter study is a
serious limitation. Thus, the US EPA IRIS reference dose (6 x 10* mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for free
cyanide.

8. Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

9. References for Summary Table and Recommendation and Rationale

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/14/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/14/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/14/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/14/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/14/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening

Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/14/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
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http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
https://oehha.ca.gov/water/public-health-goals-phgs

7. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Cyanide
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Free Cyanide (CAS Number 57-12-5)

Risk Specific Cancer Extrapolation Methods
A Dose Potency s
gency /ISS?d Factor Highto | Animal to ummary
(mg/kg/day) (mg/kg/day)?! | Low Dose Human

No values or reviews
-- -- -- -- were found in any of
the listed sources.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for cyanide is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3.  Review Dates

Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
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New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Cyanide
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Free Cyanide (CAS Number 57-12-5)

Agency

Reference
Concentration!
(mcg/m?)

Point of Departure

Air Concentration
(mcg/m?)

Basis

UF

Summary

US EPA IRIS

Also used by:

¢ USEPARSL?

0.82

2500

LOELAps*®

3000

Based on statistically significantly
altered rates of iodide uptake by
the thyroid, thyroid enlargement,
and CNS symptoms (e.g., self-
reported increased incidence of
headache, weakness, and sensory
changes for taste and smell) in
workers exposed via inhalation
for 5-15 years in three
electroplating factories.
LOELWorkaace = 707 mg/m3

RIVM (2001)

25

2500

LOELAps*®

100

Based on same study and effects

as US EPA IRIS.

LAgencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.
2Derived for hydrogen cyanide (HCN; CAS No. 74-90-8) but also the reference concentration for free cyanide. The
reference concentration for free cyanide (CN—; CAS No. 57-12-5) = (0.83 mcg/m?® (reference concentration for HCN) x
26 (molecular weight for CN-)/27 (molecular weight for HCN) = 0.80 mcg/m®.
3The workplace LOEL of 7.07 mg HCN/m?® was adjusted for daily exposure by multiplying the workplace air
concentrations x 10 m* per workday/20 m?* per day x 5 days per workweek/7 days per week (LOAEL apy = 7.07 mg/m3
HCN x 10/20 x 5 /7 = 2.5 mg/m® HCN = 2500 mcg/m® HCN.
“Reported for hydrogen cyanide.

LOELap;: adjusted lowest-observed-effect level; UF: uncertainty factor.

2. Recommendation and Rationale

Both the US EPA IRIS and RIVM used the same occupational study, toxic effects, LOEL, and LOEL apy
as the basis of the reference concentration. However, the US EPA IRIS used a total uncertainty factor of
3000 to compensate for human variation (10), the use of a LOEL (10), the use of a subchronic study (3),
and deficiencies (lack of developmental and multigenerational reproductive toxicity studies) in the
cyanide inhalation database (10). RIVM used a total uncertainty factor of 100 to compensate for human
variation (10) and the use of a LOEL (10). RIVM did not use uncertainty factors for the use of a
subchronic study or database deficiencies because the mechanism of cyanide toxicity is well-known,
which reduces the need for additional uncertainty factors. However, RIVM appears to be focusing on
the mechanism of action for neurotoxicity (chemical asphyxiation), whereas US EPA IRIS concluded
that hydrogen cyanide may also cause effects by disrupting thyroid function via inhibition of iodide
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uptake by the primary metabolite (thiocyanate) of hydrogen cyanide. US EPA IRIS used a subchronic
uncertainty factor in the absence of information indicating the effects observed in the occupational study
would not progress in incidence or severity. US EPA IRIS used a database deficiency uncertainty factor
because interference with iodide uptake during pregnancy could lead subclinical hypothyroidism, with
associated nervous system effects in the infants. Thus, US EPA IRIS identified the lack of
developmental neurotoxicity studies or developmental studies assessing maternal and fetal thyroid
function to be major database deficiencies. Finally, the US EPA IRIS derivation is well-documented,
peer-reviewed and is consistent with generally accepted risk assessment practices. Therefore, the US
EPA reference concentration (0.8 mcg/m?®) is the toxicity value recommended for use in the derivation of
an inhalation non-cancer-based soil cleanup objective for cyanide.

Review Dates

Summary table completion: September, 2004; revised January, 2018
Toxicity value recommendation: October, 2004; revised January, 2018

References for Summary Table and Recommendation and Rationale

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/14/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/14/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/14/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Cyanide
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Inorganic Cyanide
Risk Specific Extrapolation
Agenc Air Unit Risk Methods Summar
gency Concentration® | (mcg/m?3)?! Highto | Animal to y
(mcg/m?) Low Dose | Human

Cancer potency
-- - -- -- - values for inhalation
were not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®
dose), where 1 x 10 concentration = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An inhalation unit risk for cyanide is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3. Review Dates

Summary table completion: September, 2004; no revision January, 2018
Toxicity value recommendation: October, 2004; no revision January, 2018

4.  References for Summary Table
5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
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New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Division of Drinking Water and Environmental Management
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyldichloroethane (DDD)
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for p,p’-Dichlorodiphenyldichloroethane (DDD)
(CAS Number 72-54-8)

Reference Point of Departure
Value! UF Summary
Agency (mg/kg/day) (m gI/DkOgS/?jay) Basis

Based on liver lesions in rats
fed commercial grade DDT in
corn oil mixed with powdered
RIVM (2000) 5x10* 0.05 NOEL | 100 | food for 27 weeks. DDD is
structurally similar to and is a
metabolite of DDT. Study
LOEL = 0.25 mg/kg/day.

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.
2. Recommendation and Rationale
The RIVM value is the only available reference dose for p,p’-DDD from an authoritative body listed in
item 5 (below), and is derived using methods that reflect general consistency with current risk

assessment practice. Therefore the RIVM reference dose (5 x 10 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for p,p’-DDD.

3. Review Dates
Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018
4. References for Summary Table
RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of human-
toxicological maximum permissible risk levels. RIVM Report No. 711701025, National Institute of

Public Health and the Environment, Bilthoven, The Netherlands, March 2001, p 249-257. Available at
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

5. Authoritative Bodies
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United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyldichloroethane (DDD)
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for p,p’-Dichlorodiphenyldichloroethane (DDD)
(CAS Number 72-54-8)

Risk Cancer Extrapolation
Agenc Specific Potency Methods Summar
gency Dose! Factor Highto | Animal to y
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human
Cancer potency
US EPA IRIS (2004) Linearized factor based on
. multistage body mcr_eased mmdgnce
e Cal EPA (2004) extra risk to DDD in their
diets for 130 weeks.
. i Based on the same
Linearized tumor incidence data
NYSDEC (1997) | g4y 109 0.125 mr‘:]'gjfl‘ge sw?3 | asthe US EPA IRIS
- cancer potency
extra risk
factor.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®32,
3Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®2.

2. Recommendation and Rationale

The basis of the cancer potency factors derived by authoritative bodies is identical with respect to study,
species, critical effect and tumor incidence data. The only difference between the values is the use of
body surface area scaling for interspecies extrapolation by the US EPA and BW?* scaling by the NYS
DEC. The latter method is more consistent with currently accepted risk assessment practice. Therefore,
the NYS DEC cancer potency factor (0.125 per mg/kg/day) is the toxicity value recommended for use in
the derivation of an oral cancer-based soil cleanup objective for p,p’-DDD. The p,p’-DDD risk specific
dose calculated from this toxicity value is 8.0 x 10" mg/kg/day.

3. Review Dates

Summary table completion: February, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

275


https://weight)0.25
https://weight)0.33

4. References for Summary Table

Cal EPA (California Environmental Protection Agency). 2004. Toxicity Criteria Database. Office of
Environmental Health Hazard Assessment. Last accessed (01/18/2018) at https://oehha.ca.gov/chemicals

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for p,p’-DDD. Albany,
NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/14/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyldichloroethane (DDD)
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for p,p'-
Dichlorodiphenyldichloroethane (DDD) (CAS Number 72-54-8)

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for p,p’-DDD is not available from the authoritative bodies listed
in item number 5 (below). DDD is a systemic toxicant that is expected to be absorbed into the body
following both oral and inhalation exposure, and for which an oral reference dose based on effects
distant from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation
extrapolation assuming a 70 kg adult continuously exposed and breathing 20 m® of air per day is used to
derive a reference concentration from the reference dose. The recommended oral reference dose for
p,p’-DDD is 5 x 10* mg/kg/day. Therefore, a reference concentration of 1.8 mcg/m? based on exposure
route extrapolation is the toxicity value recommended for use in the derivation of an inhalation non-
cancer-based soil cleanup objective for p,p’-DDD.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table
5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
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Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'Dichlorodiphenyldichloroethane (DDD)
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for p,p'Dichlorodiphenyldichloroethane
(DDD) (CAS Number 72-54-8)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration' | (mcg/m®) | Highto | Animalto Summary
(mcg/m?) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®
dose), where 1 x 10 air concentration = 1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for p,p’-DDD is not available from the authoritative bodies listed in item number
5 (below). DDD is a systemic toxicant that is expected to be absorbed into the body following both oral
and inhalation exposure, and for which an oral cancer potency factor based on cancer effects distant
from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation extrapolation
assuming a 70 kg adult continuously exposed and breathing 20 m3 of air per day is used to derive a unit
risk from the cancer potency factor. The recommended oral cancer potency factor for p,p’-DDD is
0.125 per mg/kg/day. Therefore, a unit risk of 3.6 x 10° per mcg/m?® based on exposure route
extrapolation is the toxicity value recommended for use in the derivation of an inhalation cancer-based
soil cleanup objective for p,p’-DDD. The risk specific air concentration calculated from this toxicity
value is 0.028 mcg/m®.

2. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

3. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/14/2018) at http://www.epa.gov/iris/.
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4. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyldichloroethylene (DDE)
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for p,p’-Dichlorodiphenyldichloroethylene (DDE)
(CAS Number 72-55-9)

Reference Point of Departure
Value! UF Summary
Agency (mg/kg/day) (m gI/DkOgS/?jay) Basis

Based on liver lesions in rats
fed commercial grade DDT in
corn oil mixed with powdered
RIVM (2000) 5x10* 0.05 NOEL | 100 | food for 27 weeks. DDE is
structurally similar to and is a
metabolite of DDT. Study
LOEL = 0.25 mg/kg/day.
Based on liver effects

NYS DEC (1997) 0.012 12 LOEL | 1000 | (centrilobular necrosis) in rats
in a 78-week dietary study.
Toxicity studies reviewed, but
ATSDR (2002) - - -- - a chronic reference value was
not derived.

!Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The basis of the NYS DEC reference dose for p,p’-DDE is liver toxicity in a chronic rat feeding study.
The RIVM value is derived based on structural similarity of p,p’-DDE to p,p’-DDT, the presumption
that structurally similar chemicals have similar toxic effects, and DDE’s relationship as a metabolite of
DDT. The NYS DEC value is based on chemical specific information. In addition, the study used by
the NYS DEC (NCI, 1978) exposed the animals for a larger portion of their lifetimes than the study used
by RIVM. Therefore, the NYS DEC reference dose (0.012 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for p,p’-DDE.

3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: April, 2005; no revision January, 2018
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4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 2002. Toxicological Profile for DDT,
DDE and DDD. US Department of Health and Human Services. Atlanta, Georgia: Public Health
Service. Last accessed (01/18/2018) at https://www.atsdr.cdc.gov/toxprofiledocs/index.html

NCI (National Cancer Institute). 1978. Bioassays of DDT, TDE and p,p’-DDE for possible
carcinogenicity. US Department of Health Education and Welfare, Public Health Service, National
Institutes of Health. NCI-CG-TR-131.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for p,p’-DDE. Albany,
NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of human-
toxicological maximum permissible risk levels. RIVM Report No. 711701025, National Institute of
Public Health and the Environment, Bilthoven, The Netherlands, March 2001. Available at
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyldichloroethylene (DDE)
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for p,p’-Dichlorodiphenyldichloroethylene
(DDE) (CAS Number 72-55-9)

Risk Cancer Extrapolation Methods
Agenc Specific Potency : : Summar
gency Dose! Factor High to Low | Animal to y
(mg/kg/day) | (mg/kg/day)? Dose Human
The cancer slope factor
is the geometric mean
of six slope factors
from three different
dietary studies. The
US EPA IRIS studies observed
(2004) hepatocellular
Linearized body carcinomas and
Also used by 29 %10 0.34 multistage surface hepatomas_in both
. USEPA R egion ' ' mode_l, extra area ? sexes of mice after 78
3 (2003) risk apd 130 weeks of DDE
+ Cal EPA (2004) dletary_exposure,
respectively, and an
increase in liver
neoplastic nodules in
both sexes of hamsters
after 128 weeks dietary
exposure to DDE.
anISﬁ?sftI;SS , Slope factor based on
NYS DEC (1997) 5.4x10° 0.185 model extra BW”*3 | same studies as US
- EPA.
risk

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®=3,

3Factor for dose adjustment from animal to humans is (animal body weight/human body weight)25,

2.Recommendation and Rationale

The basis of the cancer potency factors derived by authoritative bodies is identical with respect to study,
species, critical effect and tumor incidence data. The only difference between the values is the use of
body surface area scaling for interspecies extrapolation by the US EPA and BW** scaling by the NYS
DEC. The latter method is more consistent with currently accepted risk assessment practice. Therefore,
the NYS DEC cancer potency factor (0.185 per mg/kg/day) is the toxicity value recommended for use in
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the derivation of an oral cancer-based soil cleanup objective for p,p’-DDE. The p,p’-DDE risk specific
dose calculated from this toxicity value is 5.4 x 10° mg/kg/day.

3.Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

Cal EPA (California Environmental Protection Agency). 2004. Toxicity Criteria Database. Office of
Environmental Health Hazard Assessment. Last accessed (01/18/2018) at https://oehha.ca.gov/chemicals

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for p,p’-DDE. Albany,
NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/14/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/15/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands

284


https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://www.epa.gov/iris
https://oehha.ca.gov/chemicals

Chemical Name: p,p'-Dichlorodiphenyldichloroethylene (DDE)
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for
p,p’-Dichlorodiphenyldichloroethylene (DDE) (CAS Number 72-55-9)

Point of Departure

Reference _
Agency Concentration® Air | UF Summary
(mcg/m?3) Concentration | Basis

(mcg/m?3)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

LAgencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for p,p'-DDE is not available from the authoritative bodies listed
in item number 5 (below). DDE is a systemic toxicant that is expected to be absorbed into the body
following both oral and inhalation exposure, and for which an oral reference dose based on effects
distant from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation
extrapolation assuming a 70 kg adult continuously exposed and breathing 20 m® of air per day is used to
derive a reference concentration from the reference dose. The recommended oral reference dose for
p,p'-DDE is 0.012 mg/kg/day. Therefore, a reference concentration of 42 mcg/m?3based on exposure
route extrapolation is the toxicity value recommended for use in the derivation of an inhalation non-
cancer-based soil cleanup objective for p,p'-DDE.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: April, 2005; no revision January, 2018

4. References for Summary Table
5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
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Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyldichloroethylene (DDE)
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for p,p’-Dichlorodiphenyldichloroethylene (DDE)
(CAS Number 72-55-9)

Risk Specific Extrapolation
Air Unit Risk Methods
AGENCY | concentration | (meg/m3)* | Highto | Animal to Summary
(mcg/m?) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for p,p’-DDE is not available from the authoritative bodies listed in item number
5 (below). DDE is a systemic toxicant that is expected to be absorbed into the body following both oral
and inhalation exposure, and for which an oral cancer potency factor based on cancer effects distant
from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation extrapolation
assuming a 70 kg adult continuously exposed and breathing 20 m3 of air per day is used to derive a unit
risk from the cancer potency factor. The recommended oral cancer potency factor for p,p’-DDE is 0.185
per mg/kg/day. Therefore, a unit risk of 5.3 x 10~ per mcg/m? based on exposure route extrapolation is
the toxicity value recommended for use in the derivation of an inhalation cancer-based soil cleanup
objecti;/e for p,p’-DDE. The risk specific air concentration calculated from this toxicity value is 0.019
mcg/m®.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/14/2018) at http://www.epa.gov/iris/.
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Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyltrichloroethane (DDT)
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for p,p’-Dichlorodiphenyltrichloroethane (DDT)
(CAS Number 50-29-3)

Reference Point of Departu re
Agency Dose! Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
US EPA IRIS (2004)
Based on liver lesions in rats fed
Also used by: 4 commercial grade DDT in corn
+ USEPA HEAST 5x 10 0.05 NOEL | 100 oil mixed with powdered food for
(1997) 27 weeks. Study LOEL =0.25
+ US EPA Region 3 mg/kg/day.
(2003)
4 Based on same data used to
NYS DEC (1997) 5x10 0.05 NOEL | 100 derive US EPA IRIS value
4 Based on same data used to
ATSDR (2002) 5x10 0.05 NOEL | 100 derive US EPA IRIS value
4 Based on same data used to
RIVM (2001) 5x10 0.05 NOEL | 100 derive US EPA IRIS value

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale
The basis for the various reference doses for DDT (and the reference doses themselves) are identical
with respect to choice of study, species, adverse effect and identification of the point of departure (0.05
mg/kg/day). Therefore, the US EPA reference dose (5 x 10 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for DDT.

3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: July, 2004; no revision January, 2018
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4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). 2002. Toxicological Profile for DDT,
DDE, DDD. U.S. Department of Health and Human Services, Public Health Service. Last accessed
(01/17/2018) at https://www.atsdr.cdc.gov/toxprofiledocs/index.html

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined
Regulatory Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for p,p’-
DDT. Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of
human-toxicological maximum permissible risk levels. RIVM Report No. 711701025, National
Institute of Public Health and the Environment, Bilthoven, The Netherlands, March 2001. Available at
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment
Summary Tables). 1997. FY 1997 Update. Washington, DC: Office of Research and Development.
Office of Emergency and Remedial Response. 9200.6-303 997-1).

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/19/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyltrichloroethane (DDT)
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for p,p‘-Dichlorodiphenyltrichloroethane (DDT)
(CAS Number 50-29-3)

Risk Cancer Extrapolation
Agency Specific Potency Methods Summary
Dose! Factor Highto | Animal to
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human
Based on
hepatocellular
adenomas and
carcinomas and
malignant lung
US EPA IRIS (2004) tumors in two rat
and four mouse
Also used by: Iintleqrized body stu_die? where
+ EPA Region 3 29x10° 0.34 multistage | ¢, face | BNIMalswere
model, ” exposed in their diet
(2004) extra risk area for their lifetime or
+ Cal EPA (2004) for multiple
generations (two of
the mouse studies).
The potency factor
is the geometric
mean of 10
individual values.
r!ﬁ?ﬁglt;ei , Value was based on
NYS DEC (1997) 5.3x 10 0.189 q Ig BW/“ 3 | same studies used
MOgel, by EPA IRIS.
extra risk

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.
2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)=3,
3Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®2,

2. Recommendation and Rationale

All the cancer potency factors derived by authoritative bodies are based on the same set of 10 cancer
potency factors derived from six feeding studies in mice and rats showing an increased incidence of
liver and lung tumors. The US EPA IRIS value is a geometric mean of the 10 individual values. The
NYS DEC value differs only in applying BW** scaling rather than body surface area scaling to
convert the rodent potency factor to a human potency factor. Since that methodology is more
consistent with currently accepted risk assessment practice, the NYS DEC cancer potency factor

291



https://weight)0.25
https://weight)0.33

(0.189 per mg/kg/day) is the toxicity value recommended for use in the derivation of an oral cancer-
based soil cleanup objective for DDT. The DDT risk specific dose calculated from this toxicity value
is 5.3 x 10® mg/kg/day.

Review Dates

Summary table completion: March, 2004; no revision January, 2018

Toxicity value recommendation: July, 2004; no revision January, 2018

References for Summary Table

Cal EPA (California Environmental Protection Agency). Toxicity Criteria Database. Office of
Environmental Health Hazard Assessment. Last accessed (01/18/2018) at https://oehha.ca.gov/chemicals

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for p,p’-DDT. Albany,
NY: Division of Water.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables.

Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyltrichloroethane (DDT)
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for
p,p’-Dichlorodiphenyltrichloroethane (DDT) (CAS Number 50-29-3)

Point of Departure

Reference :
Agency Concentration® Air | uF Summary
(mcg/m?d) Concentration | Basis

(mcg/m?)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for p,p'-DDT is not available from the authoritative bodies listed
in item number 5 (below). DDT is a systemic toxicant that is expected to be absorbed into the body
following both oral and inhalation exposure, and for which an oral reference dose based on effects
distant from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation
extrapolation assuming a 70 kg adult continuously exposed and breathing 20 m® of air per day is used to
derive a reference concentration from the reference dose. The recommended oral reference dose for
p,p'-DDT is 5 x 10* mg/kg/day. Therefore, a reference concentration of 1.8 mcg/m? based on exposure
route extrapolation is the toxicity value recommended for use in the derivation of an inhalation non-
cancer-based soil cleanup objective for p,p'-DDT.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
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Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: p,p'-Dichlorodiphenyltrichloroethane (DDT)
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for p,p’-Dichlorodiphenyltrichloroethane (DDT)
(CAS Number 50-29-3)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration' | (mcg/m®)* | Highto | Animalto Summary
(mcg/m?) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10®
dose), where 1 x 10 air concentration = 1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for p,p’-DDT is not available from the authoritative bodies listed in item number
5 (below). DDT is a systemic toxicant that is expected to be absorbed into the body following both oral
and inhalation exposure, and for which an oral cancer potency factor based on cancer effects distant
from the site of contact (i.e., the gastrointestinal lining) exists. A default oral-to-inhalation extrapolation
assuming a 70 kg adult continuously exposed and breathing 20 m3 of air per day is used to derive a unit
risk from the cancer potency factor. The recommended oral cancer potency factor for p,p’-DDT is 0.189
per mg/kg/day. Therefore, a unit risk of 5.4 x 10~ per mcg/m? based on exposure route extrapolation is
the toxicity value recommended for use in the derivation of an inhalation cancer-based soil cleanup
objecti;/e for p,p’-DDT. The risk specific air concentration calculated from this toxicity value is 0.018
mcg/m®.

3.  Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4.  References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.
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Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: Dibenz[a,h]anthracene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Dibenz[a,h]anthracene (CAS Number 53-70-3)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) | (mg/kg/day) Basis

A reference dose for
dibenz[a,h]anthracene is not
available from the authoritative
bodies listed in item 5 (below).

LAgencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.

2. Recommendation and Rationale

Dibenz[a,h]anthracene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). Reference doses derived from chemical-
specific toxicity data are available for six polycyclic aromatic hydrocarbons identified as priority
contaminants in the Brownfield Cleanup Program (acenaphthene, anthracene, benzo[a]pyrene,
fluoranthene, fluorene, and pyrene, see NYS, 2006). Dibenz[a,h]anthracene is chemically similar to each
of these six listed polycyclic aromatic hydrocarbons. Each of these six priority contaminants could be
used to represent the noncancer toxicity of dibenz[a,h]anthracene. Similarity of chemical structure
cannot be used as a basis of choosing a chemical surrogate for dibenz[a,h]anthracene because toxicity
data are insufficient to accurately describe the relationship between the chemical structure and non-
cancer toxicity of polycyclic aromatic hydrocarbons. The recommended reference dose for
benzo[a]pyrene is lower than that of the other five polycyclic aromatic hydrocarbons. Without data on
which of these six polycyclic aromatic hydrocarbons would be the best surrogate for
dibenz[a,h]anthracene, the recommended reference dose for benzo[a]pyrene (3 x 10 mg/kg/day, see
Oral Non-Cancer Toxicity Value Documentation for Benzo[a]pyrene) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for
dibenz[a,h]anthracene.

3. Review Dates

Summary table completion: March, 2004, revised January, 2018
Toxicity value recommendation: September, 2004; revised January, 2018

4. References for Summary Table and Recommendations and Rationale

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.
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5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Dibenz[a,h]anthracene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Oral Cancer Potency Values for Dibenz[a,h]anthracene (CAS Number 53-70-3)

Extrapolation
Risk Specific Cancer Methods
Agency Dose? Potency Factor High to Animal Summary
(mg/kg/day) | (mg/kg/day)? Low Dose to
Human
US EPA IRIS Based on a relative potency
factor of 1 applied to the US
Also used by: 1x10° 1 - -- EPA IRIS benzo[a]pyrene
+ NYS DEC cancer potency factor of 1
(2017) (mg/kg/day)™.
Based on a relative potency
factor of 1 applied to the
RIVM (2001) 5.0 x 10 0.2®@ -- --  |RIVM benzo[a]pyrene cancer
potency factor? of 0.2
(mg/kg/day) ™.
L Based on increased incidence
linearized | body of lung carcinomas in mice
CA EPA CPF 2.4x107 4.1 multistage | surface g caf .
model area® e>.<posed via an aqueous olive
oil emulsion.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where 1 x 10
dose = 1 x 10°%/cancer potency factor.

2A cancer potency factor was not reported. The derivation directly extrapolates from an experimental dose with
significant increased tumor incidence above background to the environmental dose associated with a one-in-one
million risk level; the risk-specific dose is not a lower-bound estimate.

3Factor for dose adjustment from animals to humans is (animal body weight/human body weight)®%,

2.  Recommendation and Rationale

The CA EPA cancer potency factor for dibenz[a,h]anthracene is based on a less than lifetime study of
mice given an aqueous olive-oil emulsion of dibenz[a,h]anthracene instead of drinking water. Only one
dose level was used, and all the mice that were exposed for more than 200 days developed lung tumors
(14 males and 13 females). The use of a single dose level, the less than lifetime study length, the small
number of animals, and the 100% tumor incidence are all limitations of the study, and reduce confidence
in the derived cancer potency factor. Therefore, the CA EPA cancer potency factor is not used in the
derivation of an oral cancer-based soil cleanup objective for dibenz[a,h]anthracene.

Dibenz[a,h]anthracene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). The cancer potency factors for
dibenz[a,h]anthracene available from the authoritative bodies other than CA EPA listed in item 5
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(below) are based on a cancer potency factor for benzo[a]pyrene (also a polycyclic aromatic
hydrocarbon) and the application of a relative potency factor for dibenz[a,h]anthracene (see Chapter
5.1.5 of NYS (2006) for discussion of relative potency factors). The recommended cancer potency factor
for benzo[a]pyrene is 1 per mg/kg/day (see Oral Cancer Toxicity Value Documentation for
Benzo[a]pyrene). The benzo[a]pyrene cancer potency factor is multiplied by the recommended relative
potency factor of 1 for dibenz[a,h]anthracene (NY'S 2006) to obtain a cancer potency factor of 1per
mg/kg/day. This is the toxicity value recommended for use in the derivation of an oral cancer-based soil
cleanup objective for dibenz[a,h]anthracene. The dibenz[a,h]anthracene risk specific dose calculated
from this toxicity value is 1 x 10°® mg/kg/day.

3. Review Dates

Summary table completion: February, 2004; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last accessed
(01/13/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Obijectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

NYS DEC (New York State Department of Environmental Conservation). 2017. Draft Human Health
Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources of Potable
Water. Dibenz[a,h]anthracene. Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/13/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/13/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
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Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Dibenz[a,h]anthracene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Dibenz[a,h]Janthracene (CAS Number 53-

70-3)
Reference Point of Departure

Agency Concentration! Air | UF Summary
(mcg/m?) Concentration | Basis

(mcg/md)

A reference concentration for
dibenz[a,h]anthracene is not
available from the authoritative
bodies listed in item 5 (below).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Dibenz[a,h]anthracene is a polycyclic aromatic hydrocarbon (i.e., a chemical with three or more fused
aromatic rings containing only carbon and hydrogen atoms). A reference concentration based on
chemical-specific inhalation toxicity data for dibenz[a,h]anthracene is not available from the
authoritative bodies listed in item 5 (below).

Benzo[a]pyrene is the only polycyclic aromatic hydrocarbon identified as a priority contaminant in the
Brownfield Cleanup Program for which a reference concentration is available. Benzo[a]pyrene is
chemically similar to dibenz[a,h]anthracene and can be used to represent its noncancer inhalation
toxicity (see Inhalation Non-Cancer Toxicity Value Documentation for Benzo[a]pyrene). Therefore,
based on using benzo[a]pyrene as a chemical surrogate, a reference concentration of 2 x 10 mcg/m?is
the toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for dibenz[a,h]anthracene.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendations and Rationale
NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (01/13/2018) at
http://www.dec.ny.gov/chemical/34189.html.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
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California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Dibenz[a,h]anthracene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Dibenz[a,h]anthracene (CAS Number 53-70-3)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m®)® | Highto | Animal to summary
(mcg/m?®) Low Dose | Human
Estimated from route-
to-route extrapolation of
an oral cancer potency
linearized factor of 4.1 per
CA EPA (2009) 8.3 x 104 12 x 103 multistage | not cl_egrly mg/kg/day, WhiCh was
model, specified | based on the increased
extra risk incidence of lung
carcinomas in mice
exposed in agueous
olive oil emulsion.
Based on application of
a relative potency factor
US EPA IRIS 1.6 x 103 6x10% -- - of 1 to the US EPA
IRIS unit risk for
benzo[a]pyrene.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 air
concentration), where 1 x 10 concentration = 1 x 10/ inhalation unit risk.

2. Recommendation and Rationale

The Cal EPA inhalation unit risk for dibenz[a,h]anthracene is based on a less than lifetime oral study in
mice that used a single exposure level. The primary limitations of the study include the use of one
exposure level (at which 100% of the animals tested developed lung tumors) which consequently
provides no information on dose response, and the relevance of the administration in an aqueous olive
oil emulsion to exposure by inhalation. The Cal EPA oral study is therefore not chosen for deriving a
quantitative estimate of the inhalation unit risk.

The unit risk value for dibenz[a,h]anthracene is based on benzo[a]pyrene and the application of a
relative potency factor. The recommended unit risk value for benzo[a]pyrene is 6 x 10 per mcg/m? (see
Inhalation Cancer Toxicity Value Documentation for benzo[a]pyrene). Application of the recommended
relative potency factor (1) for dibenz[a,h]anthracene to the unit risk for benzo[a]pyrene yields a unit risk
of 6 x 10 per mcg/m?®, which is the toxicity value recommended for use in the derivation of an
inhalation cancer-based soil cleanup objective for dibenz[a,h]anthracene (see Chapter 5.1.5 of technical
support document [NY'S 2006] for discussion of recommended relative potency factors). The
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dibenz[a,h]anthracene risk specific air concentration calculated from this toxicity value is 1.6 x 107
mcg/m®.

3. Review Dates

Summary table completion: November, 2004; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table

CA EPA (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). 2009. Technical Support Document for Cancer Potency Factors 2009. Appendix B:
Chemical-Specific Summaries of the Information Used to Derive Unit Risk and Cancer Potency Values.
Last accessed (01/9/2018) at https://oehha.ca.gov/air/crnr/technical-support-document-cancer-potency-
factors-2009

NYS (New York State). 2006. New York State Brownfield Cleanup Program. Development of Soil
Cleanup Objectives. Technical Support Document. Last accessed (01/9/2018) at
http://www.dec.ny.gov/chemical/34189.html

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/9/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Dibenzofuran
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Oral Reference Doses for Dibenzofuran (CAS Number 132-64-9)

Reference Point of Departure
Agency Dose’ Dose _ UF Summary
(mg/kg/day) | (mg/kg/day) Basis

Based on reduced body length

US EPA OSRTI* -
and organ weights, and excess

) 1x1073 12.3 LOEL | 10,000 |abdominal fat in female rats
Also used by: exposed via the diet in a 200-
+ USEPARSL* P
day study.
Based on same study, species,
NYS DEC (2013)* 1x10°% 31@ LOEL | 3000 |sex, effects, and LOEL used by
US EPA OSRTI.

1Agencies use different terms for the reference dose, including acceptable daily intake or dose, tolerable daily intake, and
chronic minimal risk level.
2The point of departure was adjusted by a dosimetric adjustment factor [(animal BW/human BW)¥4] equal to (0.32 kg/80 kg)““.

LOEL.: lowest-observed-effect level; UF: uncertainty factor.

*Agency's toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale
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The basis for the US EPA OSRTI and NY'S DEC reference doses for dibenzofuran is identical with
respect to choice of study, species, sex, effect and point of departure. The US EPA OSRT]I applied a
total uncertainty factor of 10,000 to the LOEL of 12.3 mg/kg/day to compensate for animal to human
extrapolation (10), use of a minimal LOEL (3), use of a 200-day study (3), human variation (10) and
deficiencies in the toxicity database (10), including the lack of developmental data and the minimal data
details reported in the key study. The NYS DEC modified the point of departure using a dosimetric
adjustment factor based on body weight scaling, according to US EPA recommendations (US EPA
2011). Consequently, they used an uncertainty factor of 3 (rather than 10) to account for differences in
pharmacodynamics between animals and humans, and applied a total uncertainty factor of 3000 to the
adjusted point of departure (3.1 mg/kg/day), rather than the 10,000-fold UF applied by the US EPA
OSRTI to the unadjusted point of departure (12.3 mg/kg/day). Although the references doses are
numerically equivalent, the use of an excessively large uncertainty factor (10,000) is not consistent with
generally accepted risk assessment practices. Moreover, the NYS DEC provided a scientifically sound
and well-documented rationale for the use of a 3000-fold uncertainty factor, and used the currently
recommended method for interspecies extrapolation. Therefore, the NYS DEC reference dose (1 x 103
mg/kg/day) is the toxicity value recommended for use in the derivation of an oral non-cancer-based soil
cleanup objective for dibenzofuran.

3. Review Dates

Summary table completion: April, 2004; revised January, 2018
Toxicity value recommendation: August, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

NYS DEC (New York State Department of Environmental Conservation). 2013. Draft New York State
Human Health Fact Sheet. Ambient Water Quality Value for Protection of Human Health and Sources
of Potable Water. Dibenzofuran. Albany, NY: Division of Water.

US EPA (U.S. Environmental Protection Agency). 2011. Recommended Use of Body Weight®* as the
Default Method in Derivation of the Oral Reference Dose. EPA/100/R11/0001. Last accessed
(01/24/2018) at https://www.epa.gov/risk/recommended-use-body-weight-34-default-method-
derivation-oral-reference-dose

US EPA OSRTI (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). Provisional Peer Reviewed Toxicity Values for Superfund. Last accessed
(01/24/2018) at http://nhpprtv.ornl.gov/quickview/pprtv_papers.php.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/24/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry

California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada

National Institute of Public Health & Environmental Protection, Netherlands (RIVM)

New York State Department of Environmental Conservation
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New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Dibenzofuran
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for Dibenzofuran (CAS Number 132-64-9)

Risk Cancer Extrapolation
Agency Specific Potency Methods Summary
Dose! Factor Highto | Animalto
(mg/kg/day) | (mg/kg/day)? | Low Dose | Human
US EPA IRIS (2004) B B . _ dNo humgn or animals
ata available.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for dibenzofuran is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of

carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: August, 2004; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies
United States Environmental Protection Agency

Integrated Risk Information System
National Center for Environmental Assessment
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Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands

310



Chemical Name: Dibenzofuran
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Inhalation Reference Concentrations for Dibenzofuran (CAS Number 132-64-9)

Point of Departure

Reference :
Agency Concentration® Air | uF Summary
(mcg/m?d) Concentration | Basis

(mcg/md)

A reference concentration for
dibenzofuran is not available
from the authoritative bodies
listed in item 5 (below).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration in air, and chronic minimal risk level.

2. Recommendation and Rationale

Dibenzofuran is a toxicant that is expected to be absorbed into the body and cause systemic non-cancer
effects after oral or inhalation exposure. A default routeorai-to-routennaation €xtrapolation assuming a 70
kg adult continuously exposed and breathing 20 m® of air per day is used to derive a reference
concentration (4 mcg/m3) from the recommended reference dose based on systemic effects (1 x 103
mg/kg/day; see Oral Non-Cancer Toxicity Value Documentation for Dibenzofuran). Therefore, a
reference concentration of 4 mcg/m? is the toxicity value recommended for use in the derivation of an
inhalation non-cancer-based soil cleanup objective for dibenzofuran.

3. Review Dates

Summary table completion: February, 2005; revised January, 2018
Toxicity value recommendation: February, 2005; revised January, 2018

4. References for Summary Table and Recommendation and Rationale
5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
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Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: Dibenzofuran
Exposure Route: Inhalation

Toxicity: Cancer

New York State Department of Health

Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for Dibenzofuran (CAS Number 132-64-9)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m3)® | Highto | Animal to summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10

dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for dibenzofuran is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of

carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit

risk.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed

Toxicity Values)

Region 3 Risk-Based Concentrations
Office of Pesticides
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Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,2-Dichlorobenzene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for 1,2-Dichlorobenzene (CAS Number 95-50-1)

Reference Point of Departure
Dose?
(mg/kg/day)

Dose UF Summary

(mg/kg/day)

Agency Basis

US EPA IRIS
Also used by: Based on the absence of treatment
+ USEPARSL related effects in rats and mice
+ USEPA HEAST 0.09 85.7 NOEL 1000 | exposed by corn oil gavage for

(1997) 103 weeks.

+ USEPA ODW
+ NYS DEC (1997)

Based on tubular degeneration
(sic) in the kidneys of the most
WHO (2011) 0.429 42.9 NOEL 100 | highly exposed male mice
exposed by corn oil gavage for
103 weeks.

Based on tubular regeneration in
the kidneys of the most highly
exposed male mice exposed by
corn oil gavage for 103 weeks.

RIVM (2001) 0.43 43 NOEL 100

Based on tubular regeneration in
the kidneys of the most highly
exposed male mice exposed by
corn oil gavage for 103 weeks.

ATSDR* 0.3 30.74 BMDLio | 100

Based on liver toxicity in rats
CA EPA PHG* 0.09 89.3 NOEL 1000 | exposed by corn oil gavage for 13
weeks.

Based on increases in serum
cholesterol (males), total serum
protein (females) and serum
glucose levels (females) in rats
exposed by gavage 5 days per
week for 13 weeks (same
subchronic study used by CA
EPA).

HC DWQ 0.021 21 LOEL 1000

Based on tubular regeneration in
the kidneys of the most highly
exposed male mice exposed by
corn oil gavage for 103 weeks.

HC PSAP 0.43 43 NOEL 100
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LAgencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
BMCL10: 95% lower limit on benchmark concentration at 10% response above background; NOEL.: no observed effect
level; LOEL.: lowest observed effect level; UF: uncertainty factor.

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The basis for the reference doses for 1,2-dichlorobenzene derived by the US EPA, WHO, RIVM,
ATSDR and HC PSAP is identical with respect to choice of study and species, but the interpretation of
the critical effect or lack of effect in the study varies among the authoritative bodies. The US EPA
concluded that the renal tubule regeneration observed in the high-dose male mice was of questionable
significance since the effect was not observed in female mice or rats of either sex, and because the male
mouse control incidence was significantly lower that those of three other approximately concurrent
control groups. The US EPA therefore considered the highest dose tested a NOEL. The WHO, RIVM,
ATSDR and HC PSAP considered the increasing trend in the renal tubule effect in male mice treatment
related, and so chose the low dose as a NOEL. ATSDR used these data to estimate a 95% lower bound
on the benchmark dose at 10% extra risk as the point of departure. The US EPA included an additional
uncertainty factor of 10 to account for database deficiencies (including lack of a supporting reproductive
study and inadequate chronic toxicity in a second species) that the WHO, RIVM, ATSDR and HC PSAP
did not include, presumably because they considered the available chronic toxicity studies in rats and
mice to be of sufficient quality. CA EPA also questioned the significance of the renal tubular
regeneration in male mice at the high dose in the chronic study, but instead of considering that dose a
chronic NOEL, chose a NOEL from the subchronic segment of the same study as its point of departure.
CA EPA applied a total uncertainty factor of 1000 to this subchronic NOEL, 10-fold each to account for
human and animal-to-human variability and10-fold for a subchronic extrapolation. Since the chronic
high dose and the subchronic NOEL were nearly equal, the CA EPA RfD results in the same value as
the US EPA RfD. For its Water Quality and Health program, HC DWQ derived a reference dose based
on changes in serum chemistry parameters in the same subchronic rat gavage study used by CA EPA.
These were observed at lower doses than the exposure level CA EPA considered a LOEL from that
study. HC DWQ used uncertainty factors of 10 for use of a LOEL, 10 for use of a subchronic study and
10 for animal-to-human extrapolation to derive its reference dose. An uncertainty factor for human
variation was not used on the basis that the LOEL was considered to be for a sensitive effect and at an
exposure level below the NOELSs in the chronic study. The serum chemistry changes observed in the
subchronic segment of the NTP study were characterized as “slight”, “minimal” or “relatively small” in
the original NTP study report and might not be biologically significant. That no effects of clear
biological significance were observed at exposure levels above this subchronic LOEL in the subsequent
chronic gavage study suggests these biochemical changes were not precursors of more overt toxic
responses and may only have been transient compensatory responses. The chronic gavage study was a
well-conducted lifetime duration study in two rodent species and so is preferred for deriving a chronic
oral RfD. Among the values based on the chronic data, the ATSDR chronic MRL derivation is most
consistent with generally-accepted risk-assessment practice. Therefore 0.3 mg/kg/d is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for 1,2-
dichlorobenzene.

3. Review Dates
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Summary table completion: April, 2004; revised January, 2018
Toxicity value recommendation: October, 2004; revised January, 2018

4. References for Summary Table

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/18/2018) at https://www.atsdr.cdc.gov/mrls/mrllist.asp, with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/18/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

HC DWQ (Health Canada). Guidelines for Canadian Drinking Water Quality - Technical Documents.
Last accessed (01/18/2018) at http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php.

HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (01/18/2018) at
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php.

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for 1,2-Dichlorobenzene.
Albany, NY: Division of Water.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/18/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/18/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/18/2018) at http://www.epa.gov/iris/.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/18/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition.

Last accessed (01/18/2018) at
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html

5. Authoritative Bodies
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http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards
http://www.epa.gov/iris
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php
http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/index-eng.php
https://oehha.ca.gov/water/public-health-goals-phgs
http://www.atsdr.cdc.gov/toxprofiles/index.asp
https://www.atsdr.cdc.gov/mrls/mrllist.asp

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: 1,2-Dichlorobenzene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for 1,2-Dichlorobenzene (CAS Number 95-50-1)

Risk Cancer Extrapolation
Agency Specific Potency Methods Summary
Dose! Factor Highto | Animalto
(mg/kg/day) | (mg/kg/day)?! | Low Dose | Human
Human data are not
US EPA IRIS (2004) available. Available
RIVM (2000) animal studies show
Health Canada (1991) N N N N both positive and
NYSDEC (1997) negative trends for
carcinogenicity

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.

2. Recommendation and Rationale

An oral cancer potency factor for 1,2-dichlorobenzene is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

Health Canada. 1993. Priority substances list assessment report: 1,2-dichlorobenzene. Ottawa. Ministry
of Public Works and Government Services. Last accessed (01/18/2018) at
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-
publications/environmental-contaminants/canadian-environmental-protection-act-priority-substances-
list-report-1-2-dichlorobenzene.html

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for 1,2-Dichlorobenzene.
Albany, NY: Division of Water.
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https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of
human-toxicological maximum permissible risk levels. RIVM report no. 711701025, National Institute
of Public Health and the Environment, Bilthoven, The Netherlands, March 2001, p 193-203. Available
at http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5.  Authoritative Bodies Checked for Cancer Potency Values:

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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http://www.epa.gov/iris
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

Chemical Name: 1,2-Dichlorobenzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for 1,2-Dichlorobenzene
(CAS Number 95-50-1)

Reference Point of Departure
Agency Concentration? Air ) ) UF Summary
(mcg/m?®) Concentration | Basis
(mcg/m?)
US EPA HEAST (1997) Based on decreased
5 weight gain in rats
Also used by: 200 2x 10 NOEL | 1000 exposed by inhalation for
+ US EPA Region 3 7 months.
(2003)
Based on decreased spleen
weight in guinea pigs
4 exposed via inhalation for
RIVM (2000) 600 6 x 10 NOEL | 100 7 hours/day, 5 days/week
for up to 7 months. LOEL
= 5.6 x 10° mcg/m?®.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

The reference concentrations for 1,2-dichlorobenzene derived by authoritative bodies from the list in
item 5 (below) are both based on subchronic inhalation studies. The US EPA reference concentration
is based on decreased weight gain in rats, while the RIVM value is based on decreased spleen weight in
guinea pigs. Both values are derived using default reference concentration methods, including
application of 10-fold uncertainty factors to account for inter- and intraspecies variability. The US
EPA derivation includes an additional 10-fold uncertainty factor for use of a subchronic study. Study
durations were very similar in both cases and the additional 10-fold uncertainty factor is consistent with
current risk assessment practices. Therefore, the US EPA reference concentration (200 mcg/m?) is the
toxicity value recommended for use in the derivation of an inhalation non-cancer-based soil cleanup
objective for 1,2-dichlorobenzene.

3. Review Dates
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Summary table completion: May, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January, 2018

4. References for Summary Table

RIVM (National Institute of Public Health & Environmental Protection). 2001. Re-evaluation of
human-toxicological maximum permissible risk levels. RIVM Report No. 711701025, National
Institute of Public Health and the Environment, Bilthoven, The Netherlands, March 2001.
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment
Summary Tables). 1997. FY 1997 Update 9200.6-303 997-1. Washington, DC: Office of Research
and Development. Office of Emergency and Remedial Response.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://www.rivm.nl/bibliotheek/rapporten/711701025.pdf

Chemical Name: 1,2-Dichlorobenzene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for 1,2-Dichlorobenzene (CAS Number 95-50-1)

Risk Specific Extrapolation
Air Unit Risk Methods
AGENCY | Concentration! | (meg/m®* | Highto | Animal to summary
(mcg/m?®) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration =1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for 1,2-dichlorobenzene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow guantitative estimation of
unit risk.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
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http://www.epa.gov/iris

Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,3-Dichlorobenzene

Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for 1,3-Dichlorobenzene (CAS Number 541-73-1)

Reference Point of Departure
Agency Dose! Dose _ UF Summary
(mg/kg/day) (mg/kg/day) Basis
Based on biochemical
indicators of liver
NYS DEC (1997) 9x10°3 9 LOEL | 1000 | dysfunction in male rats
exposed by corn oil gavage
for 90 days
. Based on same study and
US EPA Region 3 3
(20032 2004; Draft) 3x10 9 LOEL | 3000 | same effects as NYS DEC
reference dose.
Information on the basis of
US EPA OW (2004) 0.09 -- - -- | the reference dose is

unavailable.

1Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
LOEL.: lowest observed effect level; UF: uncertainty factor.
2 Value in online table is in error; correct value obtained via personal communication (US EPA Region 3, 2004)

2. Recommendation and Rationale
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The basis of the US EPA Region 3 and NYS DEC reference doses is identical with respect to study,
species and critical effect. The basis of the US EPA Office of Water value is unclear based on
available documentation. NYS DEC applied an uncertainty factor of 1000 to the subchronic LOEL.
They cited US EPA IRIS documentation noting that in a study of chronic oral exposure to a related
chemical (1,4-dichlorobenzene) in rats, liver lesions in rats did not progress in severity with increasing
duration of exposure, and so used a less than 10-fold uncertainty factor (unspecified, but would be UF
= 1 if other conventional UF’s are assumed) to account for the use of a subchronic study. The US EPA
Region 3 value is based on application of a total uncertainty factor of 3000, accounting for interspecies
and intraspecies variability, the use of a LOEL, the use of a subchronic study and database deficiencies.
In citing the lack of progression of the rat liver lesions with chronic 1,4-dichlorobenzene exposure, the
US EPA IRIS documentation for the 1,4-dichlorobenzene reference concentration reduces the sub-
chronic uncertainty factor from 10 to 3, rather than 1. Therefore, the US EPA Region 3 reference dose
(3 x 10 mg/kg/day) is the toxicity value recommended for use in the derivation of an oral non-cancer-
based soil cleanup objective for 1,3-dichlorobenzene.

3. Review Dates

Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined
Regulatory Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for 1,3-
Dichlorobenzene. Albany, NY: Division of Water.

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Cited as an NCEA provisional value (not
peer reviewed). Last accessed (01/18/2018) at https://www.epa.gov/risk/regional-screening-levels-rsls-
generic-tables

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2004. Personal
communication from Region 3 staff correcting error in risk-based concentration table.

US EPA Region 3 (United States Environmental Protection Agency Region 3). Draft. Risk assessment
issue paper for: derivation of a provisional RfD for 1,3-dichlorobenzene (CASRN 541-73-1).

US EPA ODW (United States Environmental Protection Agency Office of Water). 2004. 2004 Edition
of the Drinking Water Standards and Health Advisories. EPA 822-R-04-005. Last accessed
(01/18/2018) at http://www.epa.gov/waterscience/drinking/standards/dwstandards.pdf

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
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http://www.epa.gov/waterscience/drinking/standards/dwstandards.pdf
https://www.epa.gov/risk/regional-screening-levels-rsls

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,3-Dichlorobenzene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for 1,3-Dichlorobenzene (CAS Number 541-73-1)

Risk Cancer Extrapolation
Agenc Specific Potency Methods Summar
gency Dose! Factor Highto | Animal to y

(mg/kg/day) | (mg/kg/day)? | Low Dose | Human

Human data and
chronic animal
bioassays are not
available. Limited
genotoxicity studies
do not suggest
carcinogenic
potential.

US EPA IRIS (2004) - - - -

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.
2. Recommendation and Rationale

An oral cancer potency factor for 1,3-dichlorobenzene is not available.*

* Chemicals may lack a cancer potency factor because their carcinogenic potency has not been studied, because studies of
their carcinogenic potency did not show a dose-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of a
cancer potency factor.

3. Review Dates

Summary table completion: March, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies Checked for Cancer Potency Values:
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United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed Toxicity
Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,3-Dichlorobenzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for 1,3-Dichlorobenzene
(CAS Number 541-73-1)

Point of Departure

Reference _
Agency Concentration! Air | uF Summary
(mcg/m3) Concentration | Basis

(mcg/md)

Data suitable for derivation
of a chemical-specific
reference concentration are
not available.

IAgencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.

2. Recommendation and Rationale

An inhalation reference concentration for 1,3-dichlorobenzene is not available from the authoritative
bodies listed in item number 5 (below). 1,3-Dichlorobenzene is a systemic toxicant that is expected to
be absorbed into the body following both oral and inhalation exposure, and for which an oral reference
dose based on effects distant from the site of contact (i.e., the gastrointestinal lining) exists. A default
oral-to-inhalation extrapolation assuming a 70 kg adult continuously exposed and breathing 20 m? of air
per day is used to derive a reference concentration from the reference dose. The recommended oral
reference dose for 1,3-dichlorobenzene is 3 x 10 mg/kg/day. Therefore, a reference concentration of 10
mcg/m?® based on exposure route extrapolation is the toxicity value recommended for use in the
derivation of an inhalation non-cancer-based soil cleanup objective for 1,3-dichlorobenzene.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table
5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
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Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada

World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,3-Dichlorobenzene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for 1,3-Dichlorobenzene (CAS Number 541-73-1)

Risk Specific Extrapolation
Air Unit Risk Methods
Agency Concentration® | (mcg/m3)! | Highto | Animal to summary
(mcg/m?3) Low Dose | Human

Data suitable for
derivation of a chemical-
specific inhalation unit
risk are not available.

The air concentration associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10
dose), where 1 x 10 air concentration = 1 x 10/ unit risk.

2. Recommendation and Rationale

An inhalation unit risk for 1,3-dichlorobenzene is not available.*

* Chemicals may lack a unit risk because their carcinogenic potency has not been studied, because studies of their
carcinogenic potency did not show a concentration-related increase in cancer incidence or because some evidence of
carcinogenic potency has been observed, but the quality of the studies or the data do not allow quantitative estimation of unit
risk.

3. Review Dates

Summary table completion: February, 2005; no revision January, 2018
Toxicity value recommendation: February, 2005; no revision January, 2018

4. References for Summary Table

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/20/2018) at http://www.epa.gov/iris/.

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
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http://www.epa.gov/iris

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,4-Dichlorobenzene
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for 1,4-Dichlorobenzene (CAS Number 106-46-7)

Reference Point of Departure
Dose!
(mg/kg/day)

Dose UF Summary

(mg/kg/day)

Agency Basis

Equivalent values based on
NOEL for multiple effects
seen in dogs exposed to 1,4-
10 NOEL 100 | dichlorobenzene for one
110 LOEL 1000 | year and LOEL for kidney
and parathyroid toxicity in
male rats exposed via
gavage for 2 years.

RIVM (2001) 0.1

Based on a subchronic
NOEL for kidney toxicity in
NYS DEC (1997) male rats exposed by

01 107 NOEL | 1000 | gavage for 13 weeks and a
Also used by: ' 107 LOEL 1000 | chronic LOEL for kidney

e USEPA ODW* toxicity in male rats
exposed by gavage for 2
years

Based on increased liver
weight and increased serum
alkaline phosphatase in
male and female dogs orally
0.07 7 BMDLisg | 100 | exposed for one year (same
dog study as was used by
RIVM). Study LOEL was
36 mg/kg/day (time
weighted).

ATSDR*

Also used by:
e USEPARSL*

Based on kidney and
parathyroid toxicity in male
rats exposed by corn oil
gavage for 2 years.

WHO (2011) 0.107 107 LOEL | 1000

Based on changes in liver
and kidney weight in female
rats orally exposed for 192
days.

CA EPA PHG* 0.013 13 NOEL | 1000

Based on route to route
HC PSAP 0.078 39 NOEL 500 | extrapolation in rats
exposed by inhalation for 76
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weeks.

LAgencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
BMDLsg: 95% lower limit on benchmark dose at 1 standard deviation above the mean control response; NOEL: no
observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

2. Recommendation and Rationale

The basis for the WHO reference dose and one of the RIVM reference dose derivations for 1,4-
dichlorobenzene is essentially identical with respect to choice of study, species, adverse effect and
identification of the point of departure (rat LOEL; 110 mg/kg/day when rounded to 2 significant digits).
The RIVM reference dose is also supported by a chronic dog NOEL that is 10-fold lower than the rat
LOEL, resulting in the same reference dose value. The basis for the NYS DEC and US EPA ODW
reference dose includes the same chronic rat LOEL as used by RIVM and WHO, as well as a subchronic
NOEL that is essentially equal to the chronic LOEL. The Health Canada value is based on an inhalation
exposure study and is not chosen for derivation of an oral reference dose, given the availability of good
quality oral data. The CA PHG value is based on a subchronic oral exposure study and is not preferred
as data from good quality chronic studies are available. The ATSDR and US EPA RSL values are based
on a chronic oral study in dogs (the same data used as support for the RIVM reference dose). ATSDR
estimated a 95% lower limit on the benchmark dose associated with a one standard deviation increase
above the control mean response and applied 10-fold uncertainty factors to account for animal-to-human
and human variation. The dog study identified a lower LOEL than the rat studies used by other
authoritative bodies, and the ATSDR derivation is more consistent with generally-accepted risk
assessment practices. Therefore, the ATSDR reference dose (0.07 mg/kg/day) is the toxicity value
recommended for use in the derivation of an oral non-cancer-based soil cleanup objective for 1,4-
dichlorobenzene.

3. Review Dates

Summary table completion: March, 2004; revised January, 2018
Toxicity value recommendation: June, 2004; revised January, 2018

4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/17/2018) at https://www.atsdr.cdc.gov/mrls/mrllist.asp with supporting documentation at
http://www.atsdr.cdc.gov/toxprofiles/index.asp.

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/17/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (01/17/2018) at
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php.

335


http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php
https://oehha.ca.gov/water/public-health-goals-phgs
http://www.atsdr.cdc.gov/toxprofiles/index.asp
https://www.atsdr.cdc.gov/mrls/mrllist.asp

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/17/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA ODW (United States Environmental Protection Agency, Office of Drinking Water). 2011
Edition of the Drinking Water Standards and Health Advisories. Last accessed (01/17/2018) at
http://water.epa.gov/action/advisories/drinking/drinking_index.cfm#dw-standards.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/17/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

WHO (World Health Organization). 2011. Guidelines for Drinking-Water Quality, Fourth Edition.
Last accessed (01/17/2018) at
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/index.html

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: 1,4-Dichlorobenzene
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for 1,4-Dichlorobenzene (CAS Number 106-46-7)

Risk Cancer Extrapolation
Agency Specific Potency Methods Summary
Dose? Factor Highto | Animal to
(mg/kg/day) | (mg/kg/day)? | Low Dose | Human
US EPA HEAST (1997) Based on the
linearized body comblned incidence
Also used by: 4.2 x10° 0.024 multistage surface of Ilyer ader!omasl and
+ US EPA Region 3 model area’ carcinomas In mafe
(2003) mice exposed by
gavage for two years
Range based on
hepatocellular
adenomas in male
6.6 x 10° linearized body rr:lce dand adrenal
Health Canada (1987) to -3 multistage | surface glan
2 4 % 10 model area’ phaeochro_mocytomas
in male mice exposed
by gavage for two
years.
linearized Based on the same
Cal EPA (1997) 1.9 x 10* 5.4x103 multistage | BW % # | tumor data as the US
model EPA value
:T::?S;'tie% Based on the same
NYS DEC (1997) 9.1x10° 0.011 modelg BW % 4 | tumor data as the US
(extra risk) EPA value

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where

1 x 10 dose = 1 x 10/ cancer potency factor.

2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®33,

$No cancer potency factor was derived. The risk specific dose was obtained from the drinking water unit risk range of
1.2 x 107 to 4.3 x 10 per microgram per liter, assuming a 70 kg person drinks 2 liters of water per day.

“Factor for dose adjustment from animal to humans is (animal body weight/human body weight)?25,

337



https://weight)0.25
https://weight)0.33

2.

Recommendation and Rationale

The basis for the various cancer potency values for are essentially identical with respect to choice of
study, species and tumor data, and all three values were derived using a linearized multistage approach
to model the dose-response data. Health Canada also used an additional data set for adrenal gland
tumors in male mice exposed by gavage to get a range of risk-specific water concentrations for their
Water Quality and Health program. The NYS DEC and Cal EPA both used BW % scaling for
interspecies extrapolation, while the US EPA (HEAST and Region 3 RBC) and Health Canada used
body surface area scaling. Cal EPA also used an adjustment for intercurrent mortality that reduced their
cancer potency factor by about 2-fold compared to the NYS DEC value. Survival did not differ
significantly between control and dosed animals in the critical study, and a clear technical rationale was
not provided for the adjustment used by Cal EPA. Therefore, the NYS DEC cancer potency factor
(0.011 per mg/kg/day) is the toxicity value recommended for use in the derivation of a cancer-based soil
cleanup objective for 1,4-dichlorobenzene. The 1,4-dichlorobenzene risk specific dose calculated from
this toxicity value is 9.1 x 10> mg/kg/day.

3. Review Dates

Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table

Cal EPA (California Environmental Protection Agency). 1997. Public Health Goal for 1,4-
Dichlorobenzene in Drinking Water. Office of Environmental Health Hazard Assessment. Last accessed
(01/18/2018) at https://oehha.ca.gov/water/public-health-goals-phgs

Health Canada. 1987. Water Quality and Health. Guidelines for Canadian Drinking Water Quality.
Healthy Environments and Consumer Safety. Last accessed (01/18/2018) at
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/water-
quality/drinking-water/canadian-drinking-water-guidelines.htmi

NYS DEC (New York State Department of Environmental Conservation). 1997. Combined Regulatory
Impact and Draft Environmental Impact Statement; Human Health Fact Sheet for 1,4-Dichlorobenzene.
Albany, NY: Division of Water.

US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update. Washington, DC: Office of Research and Development. Office of
Emergency and Remedial Response. 9200.6-303 997-1).

US EPA Region 3 (United States Environmental Protection Agency Region 3). 2003. Risk-based
Concentration Table. Superfund Technical Support Section. Last accessed (01/18/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

United States Environmental Protection Agency
Integrated Risk Information System
National Center for Environmental Assessment
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Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)
Region 3 Risk-Based Concentrations
Office of Pesticides
Office of Drinking Water
Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency
Office of Environmental Health Hazard Assessment
Health Canada
World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,4-Dichlorobenzene
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health

Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for 1,4-Dichlorobenzene
(CAS Number 106-46-7)

Agency

Reference
Concentration!
(mcg/m?)

Point of Departure

Air
Concentration
(mcg/m?3)

Basis

UF

Summary

US EPA IRIS

Also used by:

*

*

US EPA RSL
US EPA HEAST
(1997)

CA EPA REL

800

7.5 x 10 NOEL

100

Based on increased liver
weights in male rats
exposed by inhalation for 6
hours/day and 7 days/week
in a multigenerational
study. Study LOEL =2.25
x 10° meg/m®.

ATSDR*

60**

1.6 x 10° BMCL1o

30

Based on nasal olfactory
lesions in female rats
exposed by inhalation for 6
hours/day, 5 days/week for
104 weeks. Study LOEL =
1.3 x 10* meg/m?. A time-
weighted HEC was
obtained by estimating the
benchmark concentration
at 10% above the
background response.

HC PSAP

270°

6.7 x 10* NOEL

500

Based on increased liver
and kidney weights and
urinary protein in rats
exposed by inhalation 5
hours/day, 5 days/week for
76 weeks. Study LOEL =
4.5 x 10° meg/m®. A
tolerable daily intake of
0.078 mg/kg/day was
derived based on default
assumptions for rat body
weight and respiration rate.
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RIVM (2001)

670

6.7 x 10*

NOEL

100

Based on the same study
used by Health Canada
(1998).

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable

concentration and chronic minimal risk level.

2Derived from a per-unit-body-weight tolerable daily intake based on default assumptions of 70 kg adult body weight and
20 m?® per day respiration rate.

BMCL1o: 95% lower confidence limit on benchmark concentration at 10% response above background; HEC: human
equivalent concentration; NOEL.: no observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.

**The ATSDR value is reported as 0.01 parts per million (ppm). For 1,4-dichlorobenzene, 1 ppm = 6.01 mg/m?.
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2. Recommendation and Rationale
The available reference concentrations for 1,4-dichlorobenzene derived by authoritative bodies from the
list in item 5 (below) are based on two different rat studies that reported similar effects and similar
NOEL points of departure, and on a third rat study that reported effects on the respiratory tract following
chronic exposure. The ATSDR value is based on nasal lesions in rats exposed to 1,4-dichlorobenzene
by inhalation for 104-weeks. The point of departure was derived using the EPA’s inhalation dosimetric
adjustment methodology (US EPA, 1994) and calculation of the regional gas deposition ratio between
rats and humans, treating 1,4-dichlorobenzene as a Category 1 gas. However, 1,4-dichlorobenzene does
not have some of the characteristics of a Category 1 gas as defined by EPA’s guidance (US EPA, 1994),
which include water solubility and lack of significant accumulation in the blood. Also, no evidence is
provided suggesting the nasal lesions are the result of local absorption and metabolism, which is another
defining characteristic of a Category 1 gas. The ATSDR does not provide a justification for this
categorization, and therefore the value is derived in a manner not entirely consistent with EPA’s
guidance. The US EPA IRIS value is based on increased liver weights in rats exposed via inhalation in a
2-generation study, while the Health Canada and RIVM values are based on increased liver and kidney
weights and urinary protein levels in rats exposed via inhalation for 76 weeks, with an additional 36
weeks of observation. The US EPA derivation includes a total uncertainty factor of 100, including a
factor of 10 accounting for human variability, a factor of 3 combined with a pharmacokinetic adjustment
(equal to 1) to account for animal-to-human variability and a factor of 3 to account for the use of a
subchronic study. The latter uncertainty factor was reduced from 10 based on other data suggesting that
rodent liver lesions generally did not progress with longer duration of exposure to 1,4-dichlorobenzene.
RIVM applied 100-fold uncertainty factors to account for animal-to-human and human variability, while
Health Canada applied a total uncertainty factor of 500. Health Canada derivation included a 10-fold
factors to account for human and animal-to-human variability, but also included a factor of 5 to account
for uncertainties regarding carcinogenicity. They also included an indirect adjustment for inhalation
intake in rats compared to inhalation intake in humans by deriving a dose per unit body weight tolerable
daily intake from the inhalation point of departure, using default assumptions for rat respiration rate and
body weight. The additional factor regarding carcinogenic uncertainty is inappropriate in the current
context, since non-cancer and cancer effects are being assessed separately. The indirect
pharmacokinetic adjustment based on default body weights and breathing rates is also not consistent
with currently-accepted risk assessment practice. The US EPA IRIS derivation is most consistent with
generally accepted risk assessment practice since it explicitly employs a pharmacokinetic adjustment for
a gas that causes systemic effects, and adjusts the animal-to-human uncertainty factor accordingly.
Therefore, the US EPA reference concentration (800 mcg/m?) is the toxicity value recommended for use
in the derivation of an inhalation non-cancer-based soil cleanup objective for 1,4-dichlorobenzene.

3. Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: October, 2004; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale

ATSDR (Agency for Toxic Substances and Disease Registry). Minimal Risk Levels. Last accessed
(01/19/2018) at https://www.atsdr.cdc.gov/mrls/mrllist.asp

CA EPA REL (California Environmental Protection Agency, Office of Environmental Health Hazard

Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Noncancer Reference Exposure
Levels. Last accessed (01/19/2018) at http://www.oehha.ca.gov/air/hot_spots/rels_dec2008.html.
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HC PSAP (Health Canada). Priority Substances Assessment Program. Last accessed (01/19/2018) at
http://www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/index-eng.php.

RIVM (National Institute of Public Health & Environmental Protection, Netherlands). 2001. Re-
Evaluation of Human-Toxicological Maximum Permissible Risk Levels. RIVM Rapport 711701025.
Last accessed (01/19/2018) at http://www.rivm.nl/bibliotheek/rapporten/711701025.html.

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/19/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA IRIS (United States Environmental Protection Agency, Integrated Risk Information System).
Last accessed (01/19/2018) at http://www.epa.gov/iris/.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/19/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: 1,4-Dichlorobenzene
Exposure Route: Inhalation
Toxicity: Cancer

New York State Department of Health
Inhalation Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Unit Risk Values for 1,4-Dichlorobenzene (CAS Number 106-46-7)

Risk Specific Extrapolation
Agenc Air Unit Risk Methods Summar
9eneY | concentration | (mcg/m®* | Highto | Animal to N Y
(mcg/m?®) Low Dose | Human
Estimated from route-to-
route extrapolation of an
oral cancer potency factor
body of 0.022 per mg/kg/day,
linear which was based on the
6 2
US EPARSL 0.16 6.3x 10 multistage S‘;[‘;z‘;e incidence of combined
hepatocellular adenomas
and carcinomas in male
mice exposed by gavage for
two years.
Based on liver tumors in
* 6 B B male and female mice
US EPA OPP 0.25 4.0x 10 exposed by inhalation.
Limited details provided.
Based on same study as US
body EPA RSL. Estimated from
) linear route-to-route extrapolation
5
CA EPA CPF 0.091 1.1x10 multistage Sl;:];zge of an oral cancer potency
factor of 0.04 per
mg/kg/day.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where

1 x 10 dose = 1 x 10/ cancer potency factor.

2The value was originally reported as an inhalation cancer slope factor (per mg/kg/day) and was converted to a unit risk
by assuming a 70 kg adult breathes 20 m? of air per day.

3Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®33,

*Agency’s toxicity value added or revised during update of fact sheet to support updated soil cleanup objectives for the
New York State Brownfield Cleanup Program.
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2. Recommendation and Rationale

Both the US EPA RSL and CA EPA unit risks are based on an increased incidence of liver tumors in
mice exposed by gavage to 1,4-dichlorobenzene for two years. However, these values are derived via
oral-to-inhalation route extrapolation from oral cancer potency factors that were not recommended as
the oral cancer toxicity value for 1,4-dichlorobenzene. The US EPA OPP unit risk appears to be derived
from liver tumor data from an inhalation study in mice. However, the OPP documentation provides
little detail about the data set or the methods used to derive the unit risk, and cites as the basis for the
unit risk a 2006 revised final draft toxicological review from the EPA IRIS program that is not available
on the IRIS or NCEA web sites. The IRIS draft toxicological review available on the web site is an
external review draft dated 2003 and concludes that data appropriate for conducting an inhalation cancer
risk assessment are not available. Since no clearly documented toxicity values from the authoritative
bodies listed in item 5 (below) are based on inhalation data, and at least one authoritative body derived a
unit risk using exposure route extrapolation, a default oral-to-inhalation extrapolation assuming a 70 kg
adult continuously exposed and breathing 20 m2 of air per day is used to derive a unit risk from the
recommended cancer potency factor. The recommended oral cancer potency factor for 1,4-
dichlorobenzene is 0.011 per mg/kg/day (see Oral Cancer Toxicity Value Documentation for 1,4-
Dichlorobenzene). Therefore the unit risk of 3.1 x 10 per mcg/m? is the toxicity value recommended
for use in the derivation of an inhalation cancer-based soil cleanup objective for 1,4-dichlorobenzene.
The 1,4-dichlorobenzene risk specific air concentration calculated from this toxicity value is 0.32
mcg/m?.

3. Review Dates

Summary table completion: May, 2004; revised January, 2018
Toxicity value recommendation: December 2004; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA CPF (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Air Toxics Hot Spots Risk Assessment Guidelines: Cancer Potency Factors. Last
accessed (01/14/2018) at http://www.oehha.ca.gov/air/hot_spots/tsd052909.html.

US EPA OPP (United States Environmental Protection Agency, Office of Pesticide Programs).
Pesticide Reregistration Status. Last accessed (01/14/2018) at
http://www.epa.gov/opp00001/reregistration/status.htm.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/14/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables

5. Authoritative Bodies

Agency for Toxic Substances and Disease Registry

California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada

National Institute of Public Health & Environmental Protection, Netherlands (RIVM)

New York State Department of Environmental Conservation

New York State Department of Health
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United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values
Regions 3, 6 & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization
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Chemical Name: 1,1-Dichloroethane
Exposure Route: Oral
Toxicity: Non-Cancer

New York State Department of Health
Oral Non-Cancer Toxicity Value Documentation

1. Summary of Available Oral Reference Doses for 1,1-Dichloroethane (CAS Number 75-34-3)

Reference Point of Departure
Agency Dose’ Dose : UF Summary
(mg/kg/day) | (mg/kgiday) | B2

Based on moderate daily CNS

US EPA PPRTV : , .
depression and increased urinary

Also used by 0.2 714 NOEL | 3000 | enzyme markers for renal
US EP X.RSL damage in rats exposed for 13
) weeks by gavage.

Based on route-to-route
extrapolation from a 13-week
CA EPA PHG 0.04 40 NOEL | 1000 | study in cats exposed by
inhalation where kidney
damage was observed.

Based on route to route
extrapolation from a 13-week
rat inhalation study where no
effect was observed. The rats in
0.1 115 NOEL | 1000 | this study and the cats in the
study used by CA EPA PHG
were exposed simultaneously,
along with rabbits and guinea

pigs.

US EPA HEAST (1997)

!Agencies use different terms for the reference dose, including acceptable daily intake and chronic minimal risk level.
NOEL.: no observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The available reference dose values for 1,1-dichloroethane derived by authoritative bodies from the list
in item 5 (below) all have significant uncertainties due to study quality issues and problems in data
interpretation. The US EPA PPRTYV reference dose is the only value derived from route-specific data
and is based on evidence of transient central nervous system depression after dosing and changes in
some urinary enzyme markers suggestive of kidney damage in rats exposed by gavage. US EPA noted
that results were not presented for several urinary and serum biochemical markers that were assayed in
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the study, raising uncertainties about whether or not those results showed any treatment-related effects.
The urinary enzyme marker identified as the critical effect in the study showed erratic results, with
transient increases above control levels at weeks 6 and 8, and then lower levels than controls at week 12.
According to US EPA PPRTYV, these changes included the lowest dose group, but this group was
identified as a NOEL in the assessment without any explanation of this apparent inconsistency. The CA
EPA PHG reference dose is based on route-to-route extrapolation from a limited 13-week inhalation
study which observed kidney toxicity in cats. The study limitations include a small number of animals
per exposure group (two per sex) and an unconventional exposure design where groups of four different
species (rats, guinea pigs and rabbits, in addition to cats) were all simultaneously exposed in the same
chamber. The exposure design also exposed the same animals consecutively to the two different
exposure concentrations, rather than exposing separate groups of animals concurrently. Serum
biochemical indicators of kidney effects were only observed in cats during the high exposure phase of
the study and corresponded with observed kidney histopathology after study termination. However, no
direct observations of the kidney were made in cats during the low exposure phase, and it is not clear
that the low exposure level can be unambiguously identified as NOEL. The US EPA HEAST reference
dose is based on route to route extrapolation from a subchronic inhalation NOEL in rats from the same
study used as the basis of the CA EPA PHG reference dose. No adverse effects were observed in rats at
either exposure level. The inhaled dose at the lower of the two exposure levels was calculated and used
as the point of departure. However, the highest NOEL is more typically used as the point of departure,
and as noted for the cat data, it is unclear how to unambiguously assign effect level qualifiers to the
different exposure phases in this study. Since the database for 1,1-dichloroethane is very limited, and all
three reference dose derivations have significant uncertainties, a reference dose for use in derivation of
an oral non-cancer-based soil cleanup objective for 1,1-dichloroethane is not recommended. The
development of the oral-based soil cleanup objective will use the recommended cancer toxicity value.

3. Review Dates

Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: October, 2004; no revision January, 2018

4. References for Summary Table and Recommendation and Rationale

CA EPA PHG (California Environmental Protection Agency, Office of Environmental Health Hazard
Assessment). Public Health Goals for Chemicals. Last accessed (01/20/2018) at
https://oehha.ca.gov/water/public-health-goals-phgs

US EPA HEAST (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). 1997. Health Effects Assessment Summary Tables. FY 1997 Update.
Last accessed (01/20/2018) at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=2877#Download.

US EPA OSRTI (United States Environmental Protection Agency, Office of Superfund Remediation
and Technology Innovation). Provisional Peer Reviewed Toxicity Values for Superfund . Last accessed
(01/20/2018) at http://hhpprtv.ornl.gov/quickview/pprtv_papers.php.

US EPA RSL (United States Environmental Protection Agency, Regions 3, 6, & 9 Regional Screening
Levels for Chemical Contaminants at Superfund Sites). Last accessed (01/20/2018) at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables

5. Authoritative Bodies
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Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency, Office of Environmental Health Hazard Assessment
Health Canada
National Institute of Public Health & Environmental Protection, Netherlands (RIVM)
New York State Department of Environmental Conservation
New York State Department of Health
United States Environmental Protection Agency
Integrated Risk Information System
Office of Drinking Water
Office of Pesticide Programs
Office of Superfund Remediation and Technology Innovation
Health Effects Assessment Summary Tables
Provisional Peer Reviewed Toxicity Values

Regions 3, 6, & 9 Regional Screening Levels for Chemical Contaminants at Superfund Sites
World Health Organization

349



Chemical Name: 1,1-Dichloroethane
Exposure Route: Oral
Toxicity: Cancer

New York State Department of Health
Oral Cancer Toxicity Value Documentation

1. Summary of Available Oral Cancer Potency Values for 1,1-Dichloroethane (CAS Number 75-34-3)

Risk Cancer Extrapolation
A Specific Potency Method; ol s
gency Dose! Factor High to Low ntl(rJna ummary
-1
(mg/kg/day) | (mg/kg/day) Dose Human
Based on mammary
gland
multistage body | adenocarcinomas
Cal EPA (2002) 1.8x10* 5.7x 103 time-to- surface | observed in female

tumor model area’ | rats exposed by corn
oil gavage in a
chronic bioassay.

The dose associated with an increased lifetime cancer risk of one-in-one million (i.e., 1 x 10 dose), where
1 x 10 dose = 1 x 10/ cancer potency factor.
2Factor for dose adjustment from animal to humans is (animal body weight/human body weight)®32,

2. Recommendation and Rationale

The Cal EPA cancer potency factor is the only available factor from an authoritative body listed in item
5 (below), and is derived using methods that reflect general consistency with current risk assessment
practice. The Cal EPA cancer potency factor (0.0057 per mg/kg/day) is therefore the toxicity value
recommended for use in the derivation of an oral cancer-based soil cleanup objective for
1,1-dichloroethane. The 1,1-dichloroethane risk specific dose calculated from this toxicity value is

1.8 x 10* mg/kg/day.

3. Review Dates

Summary table completion: April, 2004; no revision January, 2018
Toxicity value recommendation: June, 2004; no revision January, 2018

4. References for Summary Table
Cal EPA (California Environmental Protection Agency). 2002. Toxicity Criteria Database. Office of
Environmental Health Hazard Assessment. Cancer Potency Values. Technical Support Document for

Describing Available Cancer Potency Factors. Last accessed (01/18/2018) at
http://www.oehha.ca.gov/air/hot_spots/pdf/TSDNov2002.pdf.
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5. Authoritative Bodies

United States Environmental Protection Agency

Integrated Risk Information System

National Center for Environmental Assessment

Office of Superfund Remediation and Technology Innovation (Provisional Peer Reviewed
Toxicity Values)

Region 3 Risk-Based Concentrations

Office of Pesticides

Office of Drinking Water

Health Effects Assessment Summary Tables
New York State Department of Health
New York State Department of Environmental Conservation
Agency for Toxic Substances and Disease Registry
California Environmental Protection Agency

Office of Environmental Health Hazard Assessment
Health Canada

World Health Organization
National Institute of Public Health & Environmental Protection, Netherlands
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Chemical Name: 1,1-Dichloroethane
Exposure Route: Inhalation
Toxicity: Non-Cancer

New York State Department of Health
Inhalation Non-Cancer Toxicity Value Documentation

1. Summary of Available Inhalation Reference Concentrations for 1,1-Dichloroethane (CAS Number

75-34-3)
Reference Point of Departure
Agency Concentration® Air UF Summary
(mcg/m°) Concentration | Basis
(mcg/m®)
US EPA HEAST Based on kidney damage in
(1997) cats exposed by inhalation
500 5x 10° NOEL | 1,000 | 3 hourli ]EJer day, fl\f days
Also used by: per week for 13 wee 2_
+ US EPA Region 3 Study riaiak Rt
(2004) mcg/md.

1Agencies use different terms for the reference concentration, including chronic reference exposure level, tolerable
concentration and chronic minimal risk level.
NOEL.: no observed effect level; LOEL.: lowest observed effect level; UF: uncertainty factor.

2. Recommendation and Rationale

The US EPA value is the only available reference concentration for 1,1-dichloroethane derived by an
authoritative body from the list in item 5 (below). The US EPA HEAST reference concentration is
based on kidney toxicity in a limited subchronic inhalation study in cats that used two exposure levels.
The study is weakened by the small number of animals per exposure group (two), and the fact that the
same animals were used for both exposure levels, meaning that the exposures to different levels of 1,1-
dichloroethane did not happen concurrently, and in fact involved the same animals. Since the database
for 1,1-dichloroethane is very limited, and the study used as the basis for the reference concentration has
significant methodological limitations, a reference concentration for use in derivation of an inhalation
non-cancer-based soil cleanup objective for 1,1-dichloroethane is not recommended. The development
of the inhalation-based soil cleanup objective will use the recommended cancer toxicity value.

3. Review Dates

Summary table completion: July, 2004; no revision January, 2018
Toxicity value recommendation: September, 2004; no revision January,2018

4. References for Summary Table
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US EPA HEAST (United States Environmental Protection Agency Health Effects Assessment Summary
Tables). 1997. FY 1997 Update 9200.6-303 997-1. Washington, DC: Office of Research and
Deve