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1.0 INTRODUCTION

Volatile organic compounds (VOCs) are a diverse group of chemicals characterized by a high
vapour pressure, as they are emitted in the form of a gas from solids or liquids at ordinary room
temperatures.1 They are ubiquitous since they are found in both ambient and indoor air.

Known or suspected human health effects of VOCs vary considerably from one compound to
another and with respect to the level of exposure. Levels of different VOCs present in the home
depend on indoor sources (e.g., smoking, cooking, combustion appliances, building materials,
furniture, and a wide range of consumer products) as well as infiltration of VOCs from outdoors
(Health Canada 2017) or from an attached garage (Mallach etal. 2017). Strength of emissions,
changes in emissions over time, adsorption and desorption processes, secondary reactions with
other chemicals, and amount of ventilation in different rooms and in the house as a whole, all
influence the levels of VOCs that may be measured at any given time.

For a given VOC, the indoor air reference level (IARL) for chronic exposure is an estimate of a
concentration limit for continuous long-term inhalation exposures (up to a lifetime) below which
adverse health effects are not expected to occur. In the case of carcinogenic substances, the IARL
is an estimate of the continuous lifetime exposure associated with a negligible cancer risk.” The
IARL applies to the general population including vulnerable subgroups.

Indoor air reference levels are intended to supplement Health Canada’s Residential Indoor Air
Quality Guidelines (RIAQGs), which are based on comprehensive reviews of the literature, are
externally peer-reviewed, and are submitted for public comment. In developing IARLs, the Health
Canada review is limited to hazard assessments from internationally recognized health and
environmental organizations® and the key studies identified in these assessments.

This overview document provides a summary of IARLs for chronic exposure to VOCs that are
current as of December 2016. This document, along with the derived IARLs, will be updated
periodically to reflect changes in the hazard assessments that form the basis of these values.

Details on the methodology for selecting VOCs for evaluation and deriving TARLSs can be found in
the companion document Derivation of Health Canada Indoor Air Reference Levels: Methodology
for Volatile Organic Compounds (Health Canada 2013). The methodology describes criteria for
evaluating hazard assessments on the basis of the strength of the underlying science as well as
consistency with Health Canada policies and practice.

! Definitions of VOCs are often tailored to a specific application or regulatory context, and therefore may diverge from
a strict chemical definition based on vapour pressure. For all the VOCs referred to in this document, the predominant
route ofhuman exposure is through inhalation.

* An additional lifetime cancerrisk less than orequalto 1in 100 000 is considered to be negligible.

* The following are considered authoritative organizations: Health Canada, the World Health Organization (WHO), the
US Environmental Protection A gency (US EPA), the Office of Environmental Health Hazard Assessment ofthe
California Environmental Protection A gency (CalEPA), the Agency for Toxic Substances and Disease Registry
(ATSDR), the Voluntary Children’s Chemical Evaluation Program (VCCEP), and the National Institute for Public
Health and the Environment (RIVM) of the Netherlands. Assessments by other governmental and recognized public
health organizations may be considered ifthe organization conducts independent assessmen ts of the scientific
literature, its hazard assessmentmethodologies are consistent with those of Health Canada, and the supporting
document for the assessmentis peer-reviewed, published, and available.
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2.0 CONSIDERATIONS IN THE DETERMINATION OF
INDOOR AIR REFERENCE LEVELS

Authoritative agencies and organizations follow similar procedures for conducting hazard
assessments for cancer and non-cancer endpoints. Generally, hazard assessments lead to the
derivation of toxicological reference values (TRVs). The TRV nomenclature varies among the
different organizations and includes chronic reference exposure level, reference concentration
(RfC), tolerable concentration (TC), and minimal risk level. These all provide a quantitative value
below which adverse non-cancer health effects are not expected to be observed for durations of up
to a lifetime exposure, including consideration of vulnerable and susceptible subpopulations. For
non-threshold carcinogenic effects, the TRVs are often referred to as cancer potency factors, slope
factors or inhalation unit risks. For these TRVs, it is necessary to define the level of potential
excess lifetime cancer risk that would be considered negligible or acceptable. For the purpose of
IARLs, a risk level of 1 n 100 000 is retained.

For some VOCs, both cancer and non-cancer TRVs have been derived. Assessments for cancer
and non-cancer health endpoints are considered independently, and the most appropriate TRV for
each effectis identified. The IARL is typically based on the most conservative value of the
selected cancer and non-cancer TRVs, but might vary depending on the mode of action of
carcinogenesis.

No TARL was determined in cases where the available assessments were considered inadequate.

The specific reasons for such a conclusion are included in the rationale of the individual substance
report.

3.0 APPLICATION OF INDOOR AIR REFERENCE LEVELS

The primary use of IARLs is to evaluate the health impacts of indoor VOC emissions from
building materials and consumer products. On the basis of the measured emission factors and
assumptions about typical product use and building characteristics, indoor air concentrations of
different VOCs can be estimated. The associated potential health risks may then be evaluated by
comparing estimated concentrations with ITARLs.

In addition to working to promote the development of Canadian standards, Health Canada may
collaborate with other international organizations in developing new health-based emission
standards or in promoting the use of an existing standard. The IARLs provide benchmarks for
Health Canada to evaluate VOC product emission standards produced internationally and endorse
such standards when appropriate.

In some cases,a VOC may be produced primarily by sources other than building materials or
consumer products (e.g., certain VOCs produced by fuel combustion). In these cases, IARLs may
also be used to identify VOCs in the indoor environment of greatest potential concern to health and
in support of the development of appropriate risk management actions.

SUMMARY DOCUMENT | Indoor Air Reference Levels for Chronic Exposure to Volatile Organic Compounds 7



Derivation of an IARL is also the first step in determining if a full assessment leading to an
RIAQG is required and if so, the level of priority for such an assessment. The framework for this
prioritization process is included as well in the aforementioned Health Canada document published
in 2013. If an RTIAQG is subsequently developed, this guideline value would supersede the IARL
in risk management and communication actions.

4.0 UNCERTAINTIES AND ASSUMPTIONS IN HAZARD
AND EXPOSURE ASSESSMENTS

All hazard assessments must consider the uncertainties in the underlying toxicological and
epidemiological data. Assumptions with respect to intraspecies variability, interspecies
extrapolation, and/or extrapolation from high to low levels of exposure as well as adjustments
related to exposure patterns and duration of toxicological studies are inherent in the hazard
assessment process. The completeness of the scientific literature with respect to the range of
potential health effects on different subpopulations also varies considerably from one compound to
another. In deriving a TRV, these uncertainties are addressed through the use of uncertainty factors
applied in a precautionary manner. Variability and uncertainty canalso be addressed using
chemical-specific data (e.g., with the application of physiologically-based pharmacokinetic models
or chemical-specific adjustment factors). This approach allows health organizations to determine a
level of exposure that would not be expected to result in adverse effects, based on the information
available atthe time of the assessment.

There are also major uncertainties in estimating indoor air concentrations over long periods of time
in Canadian homes. In particular, if the indoor air concentration is modelled on the basis of VOC
emissions from products, as measured in chamber tests, the estimated long-term indoor air
concentration may be quite different from the actual measured concentration over time. Factors
influencing this estimate include the number and type of source materials, patterns of use, age of
the material, and rate of decay of the emissions over time as well as home environmental

conditions (e.g., temperature, humidity, ventilation rate, presence of reactive compounds). If the
indoor air concentration is based on measured concentrations in Canadian homes, the type,
location, and number of homes as well as the demographics of the study participants may limit the
representativeness of the measured concentrations.

Given these uncertainties, any comparison of an estimated indoor air concentration with an IARL
should be mterpreted as providing an indication of potential risk and not a measure of actual risk.
The level of uncertainty in risk estimates may be reduced through additional health or exposure
data. For example, population-based epidemiological studies may provide more information for
evaluating health effects at low concentrations typically encountered in the home. Furthermore,
emission testing under more realistic conditions, or modelling with inputs that are more specific to
the material or environment under consideration, may also reduce the overall uncertainty in risk
estimates.
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5.0 INDOOR AIR REFERENCE LEVELS

The methodology for selecting IARLs has been previously presented (Health Canada 2013).

Table 1 summarizes the IARLs identified for selected VOCs as well as the critical effect on which
the IARL is based and the source of the underlying TRV. Summary tables of the TRVs are
presented in Section 6.

The derivation of eachIARL is documented in a separate report. These individual substance
reports are available upon request (air@hc-sc.gc.ca).

Indoor air reference levels were not reported for acetaldehyde as Health Canada is currently
undertaking a full risk assessment. Should new data become available for the remaining VOCs, a
reevaluation of the IARLs will be completed on a cyclical basis.

Table 1. Indoor Air Reference Levels
IARL Critical Effect
(Mg/m®) Cancer Non-Cancer Reference
1,3-Butadiene 1.7 leukemia EC/HC (2000a)
' 1,4-Dichlorobenzene |~ 60 ' nasal lesions ' ATSDR (2006) '
' 2-Butoxyethanol ' 11000 | ' hematological effects ' EC/HC (2002) '
' ' ' ' testicular degeneration ' '
2-Ethoxyethanol 70 and hematological CalEPA (2000)
changes

peripheral nerve

3-Chloropropene 1 damage US EPA (1991)

| Acetaldehyde? ' ' ' ' '

' Acetone ' 70000 | ' developmental effects ' VCCEP (2003) '
Acrolein 0.35 respiratory epithelial -~ 1EpA (2008)

lesions

" Aniline o1 " effects on spleen ' US EPA (1990a)
Carbon tetrachloride |~ 1.7 fl?r;e(;‘lfr'sg'a”d US EPA (2010)

' Chloroform ' 300 | ' kidney and liver toxicity = CalEPA (2000) '

' Cyclohexane ' 6000 | ' reduced pup weight ' US EPA (2003a)

' Dichloromethane . 600 | ' effects on liver ' USEPA (2011) '

[ _ . . ' ' ' histological changes in ' '
Epichlorohydrin 1 the nose US EPA (1994)

' ' ' " effects on, pituitary ' '
Ethylbenzene 2000 gland and liver CalEPA (2000)
Ethylene oxide 0.002  lymphoid and US EPA (2016)

breast cancer
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Critical Effect

IARL
(Mg/m® Cancer Non-Cancer Reference
Isopropyl alcohol 7000 kidney lesions CalEPA (2000)

' Isopropylbenzene® 400 | ' effects on kidney ' USEPA (1997) '

' Methyl ethyl ketone 5000 ' developmental effects | US EPA (2003b)
Methyl sobuty! 3000 developmental effiects  US EPA (2003c)

' . ' ' ' olfactory epithelium ' '
Propionaldehyde 8 atrophy US EPA (2008)
Propylene oxide o7  hasalcauty US EPA (1990b)

tumours

' Styrene ' 850 ' neurotoxicity ' ATSDR (2010) '

' ' ' ' neurotoxicity, visual ' '
Tetrachloroethylene 40 impairment, and X'SI'SEDPRA (gﬂz)

neurobehavioural effects

' Toluene diisocyanate ' 0.008 | ' decreased lung function ' CalEPA (2016) '
Xylenes, mixture 100 g‘;;eased sensitivity to 5 EpA (2003d)

'Data for four additional VOCs(1,1,2,2-tetrachloroethane; 1,2-dichloroethane; 4,4-methylenedianiline; phenol) were reviewed, but were
notincluded inthistablebecause no IARL wasrecommended. These VOCsmay be revisited in the future if data to select an IARL
become available.

*Health Canada iscurrently undertaking a full riskassessment of acetaldehydein indoor air.

*Isopropylbenzene and methyl isobutyl ketone are currently beingassessed by Health Canada’sChemicalsManagement Plan, which
may warrant revisiting theirrespective IARL.
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6.0 TABLES OF TRVs FOR INDIVIDUAL VOCs

TOXICOLOGICAL REFERENCE VALUES FOR 1,3-BUTADIENE (CAS No. 106-99-0)

NEOPLASTIC NON-NEOPLASTIC
Organization1 CalEPA Health Canada“ CalEPA
Yearof publication 1992° 2000 2002 2013° 2002
Species Mice Humans Humans Mice Mice
Endpoint Lungtumours  Leukemia Leukemia Ovarian atrophy Ovarian atrophy
Unitrisk (ug/m?)" 1.7x10™ 59x10° 3x10°
Concentrationat1x10®
risk level (ug/m°®) 7 17 0.3
. BMCL =0.664
Point of departure mg/m305 HEC BMCL 1ot = 2 mg/m’®
. 4 300 1000
Uncertainty factors (UFy = 10, UFA =30)  (UFw = 10, UFs =3, UF, = 10, UFos = 3)
Concentration (ug/m?) 2.2 2
Critical study® 1 2 2 3 3
BMCL s vec:
Benchmark

LECo: = 300 ug/m’ concentration

with adjustmentsfrom :

Health Canada and adjusted for
TCx =1.7mg/m*® | furtheradjustment for
cancerincidence not
mortality.
Factorof 2 applied to [3ts|.snangg;2?nn;del
adjust for potential for data)g

fema'et?;‘l’ bemore | gMCLy x5/7 days x
susceptible. 6/24 hoursx

US EPA expressed medium confidencein the study selected, butlow
confidencein the dataset and resulting reference concentration.
[Suggested by application of UF_to a BMCL.]

BMCL 1 ec based on 2 lower doses, adjusted for continuousexposure
and time to response (5/7 daysx 6/24 hours).

ppm equivalence acrossspeciesassumed (equal to use RGDR = 1)
UFps mainly forlackof 2-generational reproductive and
neurodevelopmental studies.

continuousexposure
and dosimetric

Comments differencesbetween

Unit risk =
(0.01)/TCx

spunodwo)) orues i) AME[OA 0} 2MsodxF oruoIy)) J0J SPPAYT UIJY Ay Joopu] | INHINNDOA AYVININNS
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1.68 DAF

'The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (2000a).

*The TRV in the bolded column wasretained asthe IARL.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011).
*UFu = intraspeciesvariability, UFa = interspeciesvariability, UF. = use of a LOAEL oreffect level extrapolation factor, UF s = database deficiency
®1.Melnicketal. (1990): 2-yearinhalation study; 2. Delzell, Sathiakumarand Macaluso (1995): retrospective cohort; 3. NTP (1993): 2-year inhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR 1,4-DICHLOROBENZENE (CAS No. 106-46-7)

NEOPLASTIC NON-NEOPLASTIC

Organization1 CalEPA ATSDR" Health Canada
Yearof publication 1999° 2006 2001° 1993c; 1996
Species Mice Rats Rats Rats

Reduced body weight and
food consumption; tremors; | Increased liverand kidney

Endpoint Livertumours Nasal lesions nasal and oculardischarge; weights; increased urinary
increased liverand kidney | protein/coproporphyrin
weights

Unitrisk (ug/m®)’ 1.1x10°

Concentrationat

1x 10;5 risk level 0.9

(ug/m?)

-_ 3
'ﬁgﬁ'é'l-_'_‘:gg mgll'“3 LOAEL =900 mg/m® LOAEL = 3000 mg/m*®
Pointof depart =10 mgim NOAEL =300 mg/m® NOAEL =450 mg/m®
ointofdeparture gmgtw =57 Togir?;/m'*‘ NOAEL ko, = 78mg/m’ NOAEL 0, = 67 mg/m*
10 ADJ = - -
BMCLo ve = 1.6 mg/m® NOAELwe = 78 mg/m NOAELpgc =48 mg/m
. 30 100 500

Uncertainty factors UFy =10, UFA =3, UFy =10, UFA =10,

Y (UFy =10, UFs =3) EJFSH= 3 EJFSH= 5

Concentration (ug/m°®) 60 800 95

Critical study® 1 2,3 4 5

NOAELec = NOAEL
BMCLy e = NOAEL x 5/7  NOAELrec =NOAEL x 7/7 5/? da gEXC6/24OhoursXx
Comments days x 6/24 hours x0.16 | daysx 6/24 hoursx 1.0 Y

0.71 (breathingrate

(RGDR) (RGDR) adjustment)

2001 1994
Rats Rats

Increased liverand kidney
weights; increased urinary | Increased liverweight
protein/coproporphyrin

LOAEL =900 mg/m*®
NOAEL =300 mg/m*®
NOAELnpy = 75 mg/m®
NOAELgc = 75 mg/m*®

LOAEL =3000 mg/m®
NOAEL =450 mg/m*®
NOAELap, = 67 mg/m®

100
100
- _ (UFy =10, UF4 =3,
(UFw = 10, UF4 =10) UF- = 3)
670 800
6 4

NOAELap; = NOAEL x 5/7
days x 5/24 hoursx 0.71
(breathing rate
adjustment).

Appearsto be same
critical study asLoeser
and Litchfield (1983).

NOAELec = NOAEL x
7/7 days x 6/24 hours

'The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (1993c)and Health Canada (1996). The RIVM assessment was

Eublished underthe authorship of Baarsetal. (2001).
The TRV in the bolded column wasretained asthe IARL.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011).

*UFy = intraspeciesvariability, UFx = interspeciesvariability, UFs = extrapolation for study duration

®1. NTP (1987): 2-yeargavage study; 2. Aiso et al. (2005): 2-yearinhalation study; 3. Japan Bioassay Research Center (1995): 2-yearinhalation study; 4. Chlorobenzene Producers
Association (1986): 2-generation reproductive inhalation study; 5. Loeserand Litchfield (1983): 2-yearinhalation study; 6. Riley et al. (1980): 2-yearinhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR 2-BUTOXYETHANOL (CAS No. 111-76-2)

NON-NEOPLASTIC
ATSDR

Organization1

Yearof publication 1998
Species Humans
Endpoint Hematological effects

Point of departure NOAEL =2.9 mg/m°

Uncertainty factors® 3

(UFy = 3)
Concentration (ug/m?) 970
Critical study® 1

The small significant effectson
hematological parametersreported
in humanswere within the range of
normal clinical values (hence the
concentration wasdesignateda
NOAEL).

Comments

Health Canada”®
2002

Rats

Hematological effects
BMCgs= 5.3 mg/m’®

0.5
(UFu = 10, UFA=0.05)

11000
2

UFa includes adjustment factors
of 0.5 (toxicokinetics)and 0.1
(toxicodynamics) to account for
lower sensitivity of humans
compared to rats.

2010
Rats
Hemosiderin deposition

BMCLm,HEc: 16 mg/m"

10
(UFH= 10, UFA=1,UFDB= 1)

1600
2

The BMCL oec Was back-calculated from the BMCL ¢ for 2-butoxyacetic
acid (area underthe curve in blood = 133 pmol-hour/L)using a PBPK
model.

US EPA hashigh confidencein the study, and a medium-to-high
confidencein the RfC and database.

'The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (2002)

*The TRV in the bolded column wasretained asthe IARL.

SUFy = intraspeciesvariability, UF, = interspecies variability, UFps = database deficiency
*1. Haufroid et al. (1997): occupational study; 2. NTP (1998, 2000): 2-yearinhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR 2-ETHOXYETHANOL (CAS No. 110-80-5)

NON-NEOPLASTIC

Organization CalEPA’

Yearof publication 2000° 1991 2010

Species Rabbits Rabbits Rats

Endpoint Ii:ﬁ;:ls"‘" degeneration and hematological Testicular degeneration and hematological changes Developmental toxicity

Unitrisk (ug/m?)"

Concentrationat1x107°
risk level (ug/m®)

= 3 NOAEL = s
. NOAEL =380 mg/m . [0) 380 mg/m . NOAEL =40 mg/m®

Point of departure NOAELp, = 68 mg/m NOAELaps =68 mg/m NOAEL o = 10 ma/m®

NOAELzc = 68 mg/m’ NOAEL ¢ = 68 mg/m’ s = 10 MaIm
Uncertainty factors® 1000 300 100

(UFu = 10, UFA=10, UFs = 10) (UFy = 10, UFa =3, UFs = 10) (UFw = 10, UFa = 10)
Concentration (ug/m®) 70 200 100
Critical study® 1 1 2,3

LOAEL = 1485 mg/m®
LOAEL = 1485 mg/m®
NOAELaps = NOAEL x 6 hours/24 hoursx 5 days/7

NOAELap, = NOAEL x 6 hours/24 hours x 5 days
Comments days/7 days NOAELaps = NOAEL x 6 hours/24 hours

NOAEL#ec = NOAELpy x 1 (RGDR)
NOAELyec = NOAELap; x 1 (RGDR)

US EPA hasmedium confidencein the study,

database and RfC.

'The TRV in the bolded column wasretained asthe IARL.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b).
*UFy = intraspeciesvariability, UFa = interspecies variability, UFs = extrapolation for study duration

1. Barbe etal. (1984): 13-weekinhalation study; 2/3. Tinston et al. (1983); Doe (1984): gestation day 6—15 developmental inhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR 3-CHLOROPROPENE (CAS No. 107-05-1)

NEOPLASTIC NON-NEOPLASTIC
Organization CalEPA US EPA’
Yearof publication 1999° 1991
Species Mice Rabbits and rats
Endpoint Squamouscell papilomasand carcinomasof the forestomach Peripheral nervedamage
Unitrisk (ug/m®)" 6.0x10°
Concentrationat 1 x 10™risk level
(ug/m’) o7
NOAEL =17 mg/m®
Point of departure NOAELp, = 3.6 mg/m®
NOAELec =3.6 mg/m®
Uncertainty factors’ ?l.(l)lg:): 10, UFa=3, UFs =10, UFos = 10)
Concentration (ug/m?) 1
Critical study® 1 2

NOAELap; = NOAEL x 6 hours/24 hours x 6 days/7 days

Inhalationunit riskderived from an oral cancer potency factorin

Comments female mice exposed by gavage

NOAELuec =NOAELans x 1 (RGDR)

US EPA has low confidence in the study, database and RfC.

'The TRV in the bolded column wasretained asthe IARL.

“Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2011).
*UFy = intraspeciesvariability, UF = interspecies variability, UFs = extrapolation for study duration, UF ps = database deficiency

*1. NCI (1977): 78-weekingestion study (gavage); 2. Lu et al. (1982): 3-month inhalation study



91

spunodwo)) orues Q) J[IE[OA 0} 2MSOdXE OIuaIy)) J0J SPPAT UIRJY Ay Joopu] | INHINNDOA AYVININNS

TOXICOLOGICAL REFERENCE VALUES FOR ACETONE (CAS No. 67-64-1)

NON-NEOPLASTIC

Organization1 ATSDR
Yearof publication 1994 2003
Species Humans Rats
Endpoint Neurological effects Dev elopmental effects
. _ 3 NOAEL =5300 mg/m®
Point of departure LOAEL =3000 mg/m NOAE Lyec = 2100 mg/m3
. 100 30
rtainty factors’
Uncertainty factors (UFw = 10, UF. = 10) (U = 10, UFa = 3)
Concentration (ug/m?) 31000 70000
Critical study® 1 2
Comments NOAELec calculated using PBPK modelling

'The VCCEP assessment was published underthe authorship of American Chemistry Council Acetone Panel (2003).

*The TRV in the bolded column wasretained asthe IARL.

UFy = intraspeciesvariability, UF = interspeciesvariability, UF, = use of a LOAEL

1. Stewart etal. (1975): 6-weekcontrolled human exposure study; 2. Mast et al. (1988): 2-generation reproductive inhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR ACROLEIN (CAS No. 107-02-8)

NON-NEOPLASTIC

Organization1 (oF:1] .\ Health Canada
Yearof publication 2008° 2000
Species Rats Rats
Endpoint Respiratory epithelial lesions Respiratory epithelial lesions
LOAEL =1400 ugln313 B ,
Point of departure mgﬁg::;"fgga’g e gmgzz A‘J:;E ?J/ngs
NOAEL4gc = 70 pug/m®
Uncertainty factors’ (zt?rgﬂ = 10, UF4 = 2 (toxicokinetics) x 100
3 (toxicod,ynamics), UFs = 3) (UFw =10, UF, = 10)
Concentration (ug/m®) ' 0.35 0.4
Critical study® 1 2

NOAELuec = NOAEL x 5/7 days x 6/24 hours x BMCos aps = BMCos x 6/24 hours

Comments 0.85 (DAF) Based on a 3-day rat inhalation study with only 5 to
UF, of 2 (toxicokinetics) was due to uncertainty ' 6 malesforeach of 2 treated doses; LOAEL
in use of a DAF from a chemical analogue. approach also considered.

'The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (2000b).
*The TRV in the bolded column wasretained asthe IARL.

2003
Rats

Respiratory epithelial lesions

LOAEL =900 pg/m®
LOAELaps = 160 ug/m®
LOAELgc= 20 ug/m?

1000
(UF4 =10,UFa =3, UF. =3, UFs =10)

0.02
3

NOAELec = NOAEL x 5/7 days x6/24 hoursx 0.14
(RGDR)

The UF_ was for use of a minimal LOAEL. Dose-
related effectswere observed, althoughonlyin 1 out
of 12 animalsat thisdose. Similar effectswere
observed at a lowerdose in another study.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b).

*UFy = intraspeciesvariability, UF, = interspeciesvariability, UF_ = use of a LOAEL, UFs = extrapolation for study duration

*1. Dorman et al. (2008): 13-weekinhalation study; 2. Cassee, Groten and Feron (1996): 3-day inhalation study; 3. Feron et al. (1978): 13-weekinhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR ANILINE (CAS No. 62-53-3)

NEOPLASTIC NON-NEOPLASTIC
Organization CalEPA US EPA’
Yearof publication 1999° 1990
Species Rats Rats
Endpoint Spleen tumours Effects on spleen
Unitrisk (ug/m®)" 1.6x10°

Concentrationat 1 x 10™risk level

(ng/m?) 6.25

NOAEL =19 mg/m®
Point of departure NOAELap, = 3.4 mg/m®
NOAELec = 3.4 mg/m®

3000

Uncertainty factors®
(UFu = 10, UFa=10, UFs = 10, UF g = 3)

Concentration (ug/m?) 1
Critical study” 1 2,3
NOAELap; = NOAEL x 6 hours/24 hours x 5 days/7 days

Based on a US EPA oral slope factor. US EPA (1994)did not derive

Comments aninhalation unit risk.

NOAELuec = NOAELAbs x 1 (RGDR)

US EPA has low confidence in the study, database and RfC.

'The TRV in the bolded column wasretained asthe IARL.

“Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2011).

*UFy = intraspeciesvariability, UFa = interspecies variability, UFs = extrapolation for study duration, UF o5 = database deficiency

*1. ClIT (1982): 2-yearingestion study; 2.Oberst et al. (1956): 20- to 26-weekinhalation study; 3. E.I. duPont deNemoursand Company Inc. (1982): 2-weekinhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR CARBON TETRACHLORIDE (CAS No. 56-23-5)

Organization'

Yearof publication

Species
Endpoint

Unitrisk (ug/m?)"

Concentration at
1x 10é5 risk level
(ug/m®)

Pointof departure

Uncertainty factors’

Concentration (ug/m?)

Critical study®

Comments

NEOPLASTIC

CalEPA
1987°

Mice
Hepatomas

4.2x107

0.24

Linearmultistage BMD modelling

procedure

Single treated
dose

2010
Mice

Adrenal gland
tumours

6x10°

1.7

2,3

with PBPK to
get LECy from
which unitrisk

was calculated.

NON-NEOPLASTIC
ATSDR

2005

Rats

Livertoxicity

NOAEL =32 mg/m®
NOAELHEC =57
mg/m?®

30
(UFn =10, UFA=3)

190

NOAELec = NOAEL
5/7 days x6/24 hrx 1
(RGDR)

2001°

Guinea pigs

Livertoxicity

LOAEL =32 mg/m?®
LOAELgc =11 mg/m®

300
(UFi =10, UFa=3,
UF. =3, UFs =3)

40

LOAELec=LOAEL
5/7 days x 7/24 hrx
1.7 (RGDR)

2001
Rats

Livertoxicity

NOAEL =32 mg/m®
NOAELHEC =6.3
mg/m

100
(UFw = 10, UFa = 10)

60

NOAELHEC =
NOAEL 5/7 daysx
7124 hr

2010
Rats

Livertoxicity

BMCL10 HEC = 14.3
mg/m?®

100
(UFy = 10; UFA = 3;
UFDB = 3)

100

2,3

BMD with PBPK to
estimate BMDL yo,
converted to human
equivalent.

UFps forlack ofa
reproductive study

1999
Rats

Liverand kidney toxicity

(1) NOAEL = 6.1 mg/m’

(2) NOAEL =32 mg/m?;

NOAELgc=6.7 mg/m
(3) NOAEL =32 mg/m
NOAELpgc=5.7 mg/m

(1) 1000

(UFy=10,UFa=10, UFs=

10)
(2) 1000

(UFh=10,UFA=10, UFs=

10)
(3) 500

(UFy = 10, UFA= 10, UF, = 5)

(1)6.1
2)6.7
3)11.4

(1)6

(2)4
3)3

Three TCswere derived
based on three different

studies.

(3) UFL of 5 used formarginal

3
3
3

effectinstead of NOAEL.

'The RIVM assessment was published underthe authorship of Baarsetal. (2001).
*The TRV in the bolded column wasretained asthe IARL.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011).
‘UFy = intraspeciesvariability, UF, = interspeciesvariability, UF_ = use of a LOAEL, UFs = extrapolation for study duration, UFps = database deficiency

*1. Edwardsand Dalton (1942): 8-month gavage study (only 4-month exposure); 2. Nagano et al. (2007): 2-year inhalation study; 3. Japan Bioassay Research Center (1998): 2-year

inhalation study; 4. Adamsetal. (1952): 7-month inhalation study; 5. Vermeire et al. (1991): summary report; 6. Prendegast (1967): 90-day inhalation study



TOXICOLOGICAL REFERENCE VALUES FOR CHLOROFORM (CAS No. 67-66-3)

NEOPLASTIC NON-NEOPLASTIC
Organization’ CalEPA Health Canada 'ATSDR
Yearof publication 1990° 2001 2001 1997 2000° 2001
Species Rats Rats Mice Humans Rats Rats
Endpoint Kidney tumours Kidney tumours Hep_atocellular Livertoxicity Kid_ne_y and liver None
carcinoma toxicity
Unitrisk (ug/m°y" 5.3x10° 2.3x10°
Concentrationat1x10®
risk level (Hg/m°) 1.9 04
; - 3 LOAEL =120 mg/m® _ 3
Point of departure LOAEL =10 mg/m LOAELuec = 75 mg/m’ NOAEL =110 mg/m
) 100 300 1000
Uncertainty factors _ _ (UFy =10, UF, =3, (UF4 =10,UFA =10,
(UFy =10, UF_=10) UF. = 10) UFs = 10)
Concentration (ug/m?) 147 000 100 300 100
Critical study® 1,2,3,4 1 2 5 6 6
Unsarmulisags | PP usea o detemmine
procedure with .t ? pt boli ’ LOAELyec = LOAEL x UFs for 4 hour/day,
PBPK rate ol meianoism 5/7 days x 7/24 hours x | 5 days/week, 6-month
associated with a 5% . . .
Comments Based ona 1990 increase in tumour risk Linearized multistage 3 (RGDR) exposure. )
California (TCes) procedure, extra risk CalEPA used a different | RIVM used a different part
Department of 20 . part of the same study | ofthe same study as
Health Services | Adjusted forlifetime to as RIVM. CalEPA.
. TCos = 147 mg/m
analysis.

'"The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (2001a). The RIVM assessment was published underthe authorship of
Baarsetal. (2001).

*The TRV in the bolded column wasretained asthe IARL.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2011, 2014a, 2014b).

*UF4 = intraspeciesvariability, UFa = interspeciesvariability, UF. = use of a LOAEL, UFs = extrapolation for study duration

®1. Jorgenson et al. (1985): 2-yeardrinking water study; 2. NCI (1976): 78-weekgavage study; 3. Roe, Palmerand Worden (1979): 80-weekstudy in toothpaste; 4. Tumasonis, McMartin
and Bush (1985): 2-yeardrinking water study; 5. Bomski, Sobolewska and Strakowaki (1967): 1-to 4-year occupational case-control study; 6. Torkelson, Oyen and Rowe (1976): 6-
month inhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR CYCLOHEXANE (CAS No. 110-82-7)

NON-NEOPLASTIC

Organization US EPA’

Yearof publication 2003

Species Rats

Endpoint Reduced pup weight (F1 and F2 generations)
NOAEL = 6886 mg/m®

Point of departure NOAELp; = 1700 mg/m®
BMCLs’ = 1822 mg/m®

Uncertainty factors’ ?&?H =10, UFa =3, UFos =10)

Concentration (ug/m?) 6000

Critical study® 1,2

NOAEL s = NOAEL x 6/24 hours x 1 (RGDR)

UFps for lack of data for chronic and dev elopmental neurotoxicity studies

'The TRV in the bolded column wasretained asthe IARL.

*BMCL1sqrec): benchmarkconcentration lower limit of a 1-sided 95% confidence intervalfor 1 standard deviation; human equivalent concentration.
%UFy = intraspeciesvariability, UF = interspecies variability, UFps = database deficiency

*1/2. DuPont HLR (1997); Kreckmann et al. (2000): 2-generation reproductive inhalation study

Comments



TOXICOLOGICAL REFERENCE VALUES FOR DICHLOROMETHANE (CAS No. 75-09-2)

NEOPLASTIC

Organization1 CalEPA

Health Canada

US EPA

NON-NEOPLASTIC
ATSDR
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Yearof

3
publication 1989
Species Mice
Endpoint Lung tumours
Unitrisk -6
(pg/ms)_1 1.0x10

Concentration
at1x10°risk 10
level (ug/m®)

Point of
departure

Uncertainty
factors’

Concentration
(ug/m?)

Critical study® 1,2

Comments

1993
Mice

Lung tumours

2.3x10%

435

1,2

Based on the lowest
PBPK modified
TDo_os value.

2011

Mice

Lung and liver
tumours

1.0x10°®

1000

1,2

Application of age-

dependent adjustment
factorsresultsina 70-
yearrisk of 1.7 x 107,

'The RIVM assessment was published underthe authorship of Baarsetal. (2001).
*The TRV in the bolded column wasretained asthe IARL.
*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011)..
*UFy = intraspeciesvariability, UF . = interspeciesvariability, UF_ = use of a LOAEL, UFps = database deficiency
1. NTP (1986b): 2-yearinhalation study; 2. Mennearet al. (1988): 2-yearinhalation study; 3. Nitschke et al. (1988): 2-yearinhalation study; 4. DiVincenzo and Kaplan (1981): 5-day

occupationalinhalation study

2000
Rats

Effectson liver

NOAEL =170 mg/m?®
NOAELADJ=
31 mg/m®

30
(UFy = 10, UFA = 3)

1000

3

NOAELaps = NOAEL
5/7 days x 6/24 hours
UFA = 3 because of
considerationof
RGDR (value of 1
used).

COHb levelsalso
increased >10% at
700 mg/m®.

2000°

Humans

Increased
carboxyhemoglobin

LOAEL =
139 000 mg/m®
LOAELADJ =
48700 mg/m®

100
(UFy = 10, UF. = 10)

400

4

LOAELApy =LOAEL x
5/7 days x

[(10 m¥d)/(20 m%d)]
Limitedsubjectsand

exposure information.

2001

Humans

Increased
carboxyhemoglobin

LOAEL =90 mg/m®
LOAELap; =3 mg/m?®

3000

4

LOAELapy = LOAEL x
5/7 days x

7.5/24 hoursx (0.1/1).
The last factorwas to
adjust foran
unacceptable0.1%
increase in COHb,
relative to the
observed 1% COHb
increase.

Limited subjectsand
exposure information.

2011
Rats

Effects on liver

BM DL10 =532 mg
dichloromethane
metabolized via CYP
pathway/L liver

tissue/day s
HEC:y = 17.2 mg/m

30
(UFy =3,UF,= 3,
UFDB = 3)

600

3

HEC,,, determined by
PBPK modelling of
calculated BMDL
value.

Value of 600 pyg/m*

was rounded from
573 pg/m®,
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TOXICOLOGICAL REFERENCE VALUES FOR EPICHLOROHYDRIN (CAS No. 106-89-8)

Organization

Yearof publication

Species
Endpoint

Unitrisk (ug/m?)"

Concentrationat1x107°
risk level (ug/m®)

Point of departure

Uncertainty factors®

Concentration (ug/m?)

Critical study®

Comments

NEOPLASTIC

CalEPA

1999° 1988
Rats Rats
Papillomasand carcinomasof the

forestomach

2.3x107 1.2x10°
0.43 8

1 2

Inhalation unit riskderived from oral cancer
potency factorin male ratsexposed via
drinking water.

Data from the Laskin etal. (1980)
inhalation study were not retained due to
the poorsurvival of the study animals (data
considered to be lesssuitable for
generatinga cancer potency factor than
the data from the study of Konishi etal.
(1980)).

Relevance of forestomachtumoursin
rodentsto humansis unclearand not well
addressed in thisassessment.

"The TRV in the bolded column wasretained asthe IARL.
“Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011).
*UFy = intraspeciesvariability, UFa = interspecies variability, UFs = extrapolation for study duration, UF ps = database deficiency
*1. Konishi etal. (1980): 81-weekingestion study (drinking water); 2. Laskin et al. (1980): 30-day inhalation study; 3. Quast et al. (1979): 90-day inhalation study (whole body)

Nasal cavity tumours

NON-NEOPLASTIC
CalEPA
2001

Rats and mice

Histological changesin the nose

NOAEL =19 mg/m®
NOAELap, = 3.4 mg/m?®
NOAELgc=0.31 mg/m®

100
(UFy =10, UFa = 3, UFs = 3)

3
3

NOAELaps; = NOAEL
X 6 hours/24 hours x 5 days/7 days

NOAELHEC = NOAELADJ

x 0.14 m¥%day /20 m%day

x 200 cm?/15 cm? (based on rat
data)

1994

Rats and mice

Histological changes in the nose

NOAEL =19 mg/m®
NOAELp, = 3.4 mg/m®
NOAELgc = 0.36 mg/m®

300
(UF4 =10, UFA=3, UFs = 10)

1
3

NOAELaps = NOAEL x 6 hours/24 hours
x 5 days/7 days

NOAELHEC= NOAELADJ
x 0.14 m¥/day / 20 m*/day
x 177 cm?11.6 cm?(based on rat data)

US EPA has medium confidence in the RfC,
in the study and in the database.
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TOXICOLOGICAL REFERENCE VALUES FOR ETHYLBENZENE (CAS No. 100-41-4)

Organization1

Yearof publication

Species
Endpoint
Unitrisk (ug/m?)"
Concentrationat

1x 10;5 risk level
(Mg/m”)

Point of departure

Uncertainty factors®

Concentration (ug/m?)

Critical study’

Comments

NEOPLASTIC
CalEPA

2007° 2007
Rats Mice

Kidney tumours' Lung tumours

2.5x10"

4

40500 mg
metabolised in

lung/kg lung/wk

300

(UFy = 10,
UFa = 3,
UFseverity of
lesion = 10)

2100
1 1

More recent
evidence
suggests
ethylbenzene
maybe a
threshold
carcinogen.

NON-NEOPLASTIC

ATSDR
2010
Rats

Effectson kidney

LOAEL =
330 mg/m®

300

(UFy = 10,
UFa = 3,
UF. =10)

260
1

More recent data
suggest effectson
kidney,
particularly
chronic
progressive
nephropathy
(commonin aging
rats), are unlikely
to be relevant to
humans.

CalEPA*
2000°

Rats and mice

Effects on pituitary

gland and liver
(mice)

LOAEL =
1100 mg/m®
NOAEL =

330 mg/m’®
NOAE LADJ =

57 mg/m®

30
(UFy = 10, UFA = 3)

2000
1,2

NOAELap, = NOAE
L x 5/7 days x
6/24 hours

'The RIVM assessment was published underthe authorship of Baarsetal. (2001).

*The TRV in the bolded column wasretained asthe IARL.

2001

Rats and mice

Effectson liver
and kidney

NOAEL =
430 mg/m®
NOAELADJ =
77 mg/m®

100
(UFy = 10,
UFa = 3)

770

NOAELADJ =
NOAEL x
5/7 days x
6/24 hours

1991
Rabbits

Developmental
effects

LOAEL =
4340 mg/m®

300
(UFy = 10, UFA =3,
UFs = 10)

1000
4,5

US EPA haslow
confidencein this
derivation;
published priorto

Sub-chronic study | NTP (1999).

2007
Rats

Auditory effects

LOEL =860 mg/m®
|-EDo1054 =

272.8 mg-h
ethylbenzene/L
RPT */wk

100
(UFy = 10, UF, =3,
UFs = 3)

1300
6

Sub-chronic study
supportive of
chronic effects

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011).
*LEDos: the 95% upper confidence limit on the lowest effective dose resulting ina lossof 1.05% percent of outer haircellsin the cochlea.
°RPT:richly perfused tissue.
*UFy = intraspeciesvariability, UFx = interspeciesvariability, UFs = extrapolation for study duration, UFps = database deficiency
1. NTP (1999): 2-yearinhalation study; 2. Chan et al.(1998): 2-yearinhalation study; 3. NTP (1992): 13-weekinhalation study; 4. Andrew et al. (1981): gestationdays 1-19 and 1-24,
developmental study; 5. Hardin , Bond and Sikov (1981): gestation days 1-19 and 1-24, developmental study; 6. Gagnaire et al. (2007): 13-weekinhalation study

1996

Rats and mice

Effectson liver
and kidney

NOEL = 2150
mg/m?®

100
(UFy =5,UFa =
10, UFps = 2)

22000
3

Stated NOAEL
would be higher
than 4300 mg/m®
because organ
weightincreases
were not
accompanied by
cellularchanges.



TOXICOLOGICAL REFERENCE VALUES FOR ETHYLENE OXIDE (CAS No. 75-21-8)

NEOPLASTIC NON-NEOPLASTIC

Organization" CalEPA Health Canada CalEPA
Yearof publication 1987° 2001 2016 2001°
Species Rats Rats Humans Rats
Endpoint Mononuclearleukemia Mononuclearleukemia Lymphoid and breastcancer Neurological effects
Unitrisk (ug/m®)" 8.8x10° 2.3x10° 5.0x107°
Concentrationat 1 x 10 risk
level (ug/m?) 0.11 0.43 0.002

. NOAEL =18 mg/m’
Point of departure NOAELaps = 3.2 mg/m®

. 4 100

Uncertainty factors (UFw = 10, UFa = 3, UFs = 3)
Concentration (ug/m?) 30
Critical study® 1 2 3 2

Adult-based value was 3.0x 10
per pg/m®, to which age-

. I -5 3y-1
Based ona 1985 US EPA analysis | Unitrisk 0f2.3 x107 (ug/m~) dependent adjustment factors NOAEL apy = PoD x 5/7 days x

Comments ;hoasteconsdered human equivalent ;s;nr;zt/e;tfrom TCos value of were applied to prov ide the 6/24 hours
' lifetime exposure value
presented above.

;The Health Canadaassessmentwas publishedunderthe authorship of Environment Canada and Health Canada (2001b).

The TRV in the bolded column wasretained asthe IARL.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011).

*UFy =intraspeciesvariability, UF = interspeciesvariability, UFs = extrapolation for study duration

*1. Snellings, Weil and Maronpot (1981): 2-yearinhalation study; 2. Snellings, Weil and Maronpot (1984): 10-or 11-weekinhalation study; 3. Steenland et al. (2003, 2004): retrospective
cohort
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TOXICOLOGICAL REFERENCE VALUES FOR ISOPROPYL ALCOHOL (CAS No. 67-63-0)

NON-NEOPLASTIC

Organization CalEPA’
Yearof publication 2000°

Species Rats and mice
Endpoint Kidney lesions

NOAEL =1200 mg/m®
NOAELec = 220 mg/m®

30
(UFy = 10, UFA = 3)

Point of departure

Uncertainty factors®

Concentration (ug/m?) 7000
Critical study® 1
Comments NOAEL:ec = NOAEL x 5/7 days x 6/24 hours x 1 (RGDR)

'The TRV in the bolded column wasretained asthe IARL.

“Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreport (2015,2014a, 2014b).
*UFy = intraspeciesvariability, UF = interspeciesvariability

“1.Burleigh-Flayeretal. (1997): 78-week(mice) or 2-year (rat)inhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR ISOPROPYLBENZENE (CAS No. 98-82-8)

NON-NEOPLASTIC

Organization US EPA’

Yearof publication 1997

Species Rats

Endpoint Effects on kidney

NOAEL =2438 mg/m®

Point of departure NOAEL,ce = 435 mglm3

: 2 1000
Uncertainty factors (UFw = 10, UFA =10, UFs = 10)
Concentration (ug/m?) 400
Critical study”® 1

NOAEL:ec = PoD x 5/7 days x 6/24 hours x 1 (RGDR)

Since the publication of this assessment, a 2-year study has been published (NTP 2009).
'The TRV in the bolded column wasretained asthe IARL.

2UFy = intraspeciesvariability, UFa = interspeciesvariability, UFs = extrapolation for study duration

*1. Cushman etal. (1995): 13-weekinhalation study

Comments



TOXICOLOGICAL REFERENCE VALUES FOR METHYL ETHYL KETONE (CAS No. 78-93-3)

NON-NEOPLASTIC

Organization US EPA’

Yearof publication 2003

Species Rats

Endpoint Dev elopmental effects

LECy =5202 mg/m®

Point ofd rt
ointotdeparture LEC10 HEC =1517 mglm3

: 2 300
Uncertainty factors (UFw = 10, UFs = 3, UFos =10)
Concentration (ug/m?) 5000
Critical study”® 1,2,3

LEC10 HEC = LEC10 X 7/24 hours

UFps for lack of developmental neurotoxicity data, chronic inhalation toxicity study, and multigeneration reproductiv e toxicity study.

"The TRV in the bolded column wasretained asthe IARL.

2UFy = intraspeciesvariability, UFa = interspeciesvariability, UFpg = database deficiency

®1. Schwetz et al. (1991): gestation day 6-15developmental inhalation study; 2. Mast et al. (1989): gestation day 6-15 developmental inhalation study; 3. NTP (1990): gestationday 6-15
developmentalinhalation study

Comments

spunodio)) a1 i0) S[UE[OA 0} 9MSOdXH JIUOIYD) 0] SPAST DU My T00pu] | LNHINNDOA ATVININNS



spunodio)) a1 i0) S[IE[OA 0} 9MSOdX JIUOIYD) 0] SPAST DU Ay I00pu] | LNHINNDOA AIVININNS

6¢

TOXICOLOGICAL REFERENCE VALUES FOR METHYL ISOBUTYL KETONE (CAS No. 108-10-1)

NON-NEOPLASTIC

Organization US EPA’

Yearof publication 2003

Species Rats and mice
Endpoint Dev elopmental effects

NOAEL =4100 mg/m®

Point of departure NOAELyec = 1026 mg/m®

: 2 300
Uncertainty factors (UFw = 10, UFs = 3, UFos =10)
Concentration (ug/m?) 3000
Critical study”® 1

NOAEL;ec = PoD x 6/24 hours x 1 (RGDR)
UFos for lack of dev elopmental neurotoxicity, neurotoxicity, and chronic toxicity studies.
US EPA has low to medium confidence in this RfC. Since the publication of this assessment, a 2-year study has been published by the NTP

in 2007, which is under review.
"The TRV in the bolded column wasretained asthe IARL.
2UFy = intraspeciesvariability, UF = interspeciesvariability, UFps = database deficiency
¥, Tyl etal. (1987): gestationday 6-15 developmental inhalation study

Comments



TOXICOLOGICAL REFERENCE VALUES FOR PROPIONALDEHYDE (CAS No. 123-38-6)

NON-NEOPLASTIC

Organization US EPA’

Yearof publication 2008

Species Rats

Endpoint Olfactory epithelium atrophy
LOAEL =357 mg/m®

Point of departure BMCL =128 mg/m®
BMCLm HEC = 8.3 mglm3

1000

rtainty factors®
Uncertainty factors (UF = 10, UFa =3, UFs = 10, UFog = 3)

Concentration (ug/m?) 8
Critical study”® 1

BCMLyec 10 = BMCL4o x 7/7 days x 6/24 hours x 0.26 (RGDR)

UFos for lack of a 2-generation reproductiv e toxicity study.

US EPA has medium confidence in the critical endpoint, low to medium confidence in the study selected, and low confidence in overall
database.

'The TRV in the bolded column wasretained asthe IARL.

2UFy = intraspeciesvariability, UFa = interspeciesvariability, UFs = extrapolation for study duration, UFps = database deficiency

*1. Union Carbide (1993): inhalation developmental study

Comments
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TOXICOLOGICAL REFERENCE VALUES FOR PROPYLENE OXIDE (CAS No. 75-56-9)

NEOPLASTIC
Organization CalEPA
Yearof publication 1999° 1990
Species Mice Mice
Endpoint Nasal cavity tumours Nasal cavity tumours
Unitrisk (ug/m>)" 3.7x10° 3.7x10°
Concentrationat 1 x 10 risk level
2.7 .
(ug/m?) 21

Point of departure

Uncertainty factors®

Concentration (ug/m?)

Critical study” 1,2 1,2

Comments

"The TRV in the bolded column wasretained asthe IARL.

NON-NEOPLASTIC

CalEPA
2000
Rats

Atrophy of olfactory epithelium
and degeneration of respiratory
epithelium

LOAEL =71 mg/m’®
LOAELpec= 3 mg/m®

100
(UFy = 10, UFA =3, UF. = 3)

30
3

LOAELec= LOAEL x 5/7 days
x 6/24 hoursx 0.23 (RGDR)

US EPA concluded there was
medium confidence inthe study
selected, dataset, and resulting
RfC.

1990
Rats

Atrophy of olfactory epithelium and
degeneration of respiratory epithelium

LOAEL =71 mg/m’®
LOAELpec= 3 mg/m?®

100
(UFy =10, UFA =3, UF_=3)

30
3

LOAELuec= LOAEL x5/7 daysx

6/24 hoursx 0.23 (RGDR)

No studiesin mice at lower concentrations
than those in NTP (1985) were identified.

“Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b, 2011).

*UFy = intraspeciesvariability, UFa = interspeciesvariability, UFs = extrapolation for study duration

*1. NTP (1985): 2-yearinhalation study; 2. Renne et al. (1986): 2-yearinhalation study; 3. Kuper et al. (1988): 2-yearinhalation study
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TOXICOLOGICAL REFERENCE VALUES FOR STYRENE (CAS No. 100-42-5)

Organization1

Yearof publication

Species
Endpoint

Unitrisk (ug/m?)"

Concentrationat1 x 10°
®risk level (ug/m?)

Point of departure

Uncertainty factors®

Concentration (ug/m°®)

Critical study®

Comments

NON-NEOPLASTIC
ATSDR"
2010

Humans

Neurotoxicity

LOAEL =85.2 mg/m®
LOAELp, = 20.4 mg/m®

30
(UFu =10, UF, = 3)

850

LOAELnp, = LOAEL x
8 hours/24 hours x
5 days/7 days

2000°

Humans

Neurotoxicity

BMCLs=7.2 mg/m®
BMCLgsapy = 2.6 mg/m?

(UFy=3)

900

BMCLgsADJ= BMCLQsX
10 m%20 m*x
5 days/7 days

Health Canada
1993
Rats

Body weight change;
neurotoxicity

LOEL =260 mg/m®
LOELapy =65 mg/m®
LOELec =46 mg/m*®

500
(UFy = 10, UFA = 10,
UF.=5)

92

3,4

LOELADJ =
LOEL x 6 hours/24 hours

LOELHEC=
LOELapyx [(0.11 m%¥0.35

kg)/(m®/0.35 kg)]

2001

Humans

Neurotoxicity

LOAEL =107 mg/m*®
LOAELppy =26 mg/m®

30
(UFy = 10, UF_ = 3)

900
2*

LOAELapy=LOAEL x
8 hours/24 hours x
5 days/7 days

*RIVM doesnot
explicitly citea critical
study. It is likely Mutti
etal. (1984).

1992

Humans

Neurotoxicity

NOAEL =106 mg/m®

Lower95% confidence
limit of the NOAEL =
94 mg/m*®

NOAELap, = 34 mg/m®

30
(UFH = 3, UFDB = 3,
UFs=3)

1000
2

Lower95% confidence
limit of the NOAEL =
NOAEL x0.88
NOAELp; =lower95%
confidence limit of
NOAEL x 10 m*¥20 m®
x 5 days/7 days

US EPA hasmedium
confidencein the RfC
and study, and medium

to high confidencein
the database.

2000

Humans

Neurotoxicity

LOAEL =107 mg/m*®
LOAELapy =26 mg/m®

100
(UF4 =10, UF_=10)

260
2

LOAEL adjusted by a
factorof 4.2 to convert
from occupational to
continuousexposure

'"The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (1993a). The RIVM assessment was published underthe authorship of

Baarsetal. (2001).

*The TRV in the bolded column wasretained asthe IARL.
*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b).

*UFu = intraspeciesvariability, UFa = interspecies variability, UFs = extrapolation for study duration, UFps = database deficiency, UF. = use of a LOAEL
®1. Benignusetal. (2005): meta-analysisof several occupational studies; 2. Mutti et al. (1984): occupational study (average exposure: 8.6 years); 3. Kishi etal.(1992a): gestational days
7-21, developmental study (in utero exposure of the pups via maternalinhalation exposure); 4. Kishi et al. (1992b): gestational days7-21, developmental study (in utero exposure of the
pups via maternal inhalation exposure).



TOXICOLOGICAL REFERENCE VALUES FOR TETRACHLOROETHYLENE (CAS No. 127-18-4)

NON-NEOPLASTIC
ATSDR

NEOPLASTIC

CalEPA US EPA Health Canada

Organization1
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Yearof publication

Species
Endpoint

Unitrisk (ug/m?)"

Concentrationat 1 x 10 risk

level (ug/m®)

Point of departure

Uncertainty factors®

Concentration (ug/m°®)

Critical study®

Comments

2012
Mice

Liver
tumours

2.6x10”

40

Unit risk
calculated
using
PBPK
modelling

2014
Humans

Neurobehavioral
effects

LOAEL =50.3 mg/m®
LOAEL o, = 12 mg/m®

300
(UFyw =10,UF_=10,
UFDB = 3)

40

3,4

LOAELaps = LOAEL x
5/7 days x 8/24 hours

1993
Mice

Nephrotoxicity,
hepatotoxicity

LOAEL =678 mg/m®
LOAELap, = 360 mg/m?®

1000
(UFy = 10, UF4 = 10,
UF. = 10)

360

LOAELapy = LOAEL x
5/7 days x 6/24 hoursx
3 (volume/body weight
adjustment of mice to
humans)

2001

Humans

Nephrotoxicity

LOAEL =
100 mg/m?
LOAELADJ =
25 mg/m*®

100
(UFy = 10,
UF. =10)

250

LOAELans = LOAEL
x 40 hr/week/168 hr
week

2012
Humans

Neurotoxicity, visual
impairment

From two studies:
Study 6

LOAEL =156 mg/m®
LOAELp; = 56 mg/m’®
Study 3

LOAEL =42 mg/m®
LOAELp, = 15 mg/m®

1000
(UFy =10, UF_.= 10,
UFDB = 10)

40
(rounded average of 15
and 56)

3,6

LOAELap; = LOAEL x
5/7 days x 10/20 m*d,
breathing rate.

UFps for lack of
neurological,
developmental, and
immunological studies.

2010

Humans

Nephrotoxicity

LOAEL =100 mg/m®
LOAELaps =25 mg/m®

100
(UFy = 10, UF. = 10)

250

LOAELApy=LOAEL x
40 hr/week /168 hr
week

'The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (1993b). The RIVM assessment was published under the authorship of

Baarsetal. (2001).

*The TRVsin the bolded column were retained asthe IARL.
*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2011).
*UFyu = intraspeciesvariability, UF = interspeciesvariability, UF, = use of a LOAEL, UFps = database deficiency
®1. NTP (1986a): 2-yearinhalation study; 2. JISA (1993): 2-year inhalation study; 3. Cavalleri et al. (1994): occupational neurobehavioural testing; 4. Gobbaet al. (1994): occupational

neurobehavioural testing; 5. Mutti et al. (1992): occupational exposure study; 6. Echeverria, White and Sampaio (1995): occupational neurobehavioural testing.
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TOXICOLOGICAL REFERENCE VALUES FOR TOLUENE DIISOCYANATE (MIXED ISOMERS) (CAS No. 26471-62-5)

NEOPLASTIC

Organization CalEPA

Yearofpublication | 1999°
Species Rats
Endpoint Subcutaneousfibroma/fibrosarcoma

Unitrisk (ug/m?)" 1.1x10°

Concentrationat
1x 10;5 risk level 0.91
(Hg/m”)

Point of departure

Uncertainty factors®

Concentration

(Hg/m®)
Critical study® 1

Inhalationunitriskderived from an
Comments oral cancerpotency factorin malerats

exposed by gavage to a commercial
mixture of toluene diisocyanate

"The TRV in the bolded columnswasretained asthe IARL.

“Refers to the actual date of assessment. Toxicological reference value information wassummarized from CalEPA reports (2016, 2015, 2011).
*UFy = intraspeciesvariability, UF. = use of an adverse effect level, UFs = extrapolation for study duration, UFp = database deficiency

NON-NEOPLASTIC
ATSDR

2015

Humans

Decreased lung function

AEL =0.0085 mg/m®
AELapy =0.00202 mg/m®

100
(UFr = 10, UFA=10)

0.02

2

AELap;=AEL x 5/7 daysx 8/24 hours

2016

Humans

Decreased lung function

NOAEL =0.006 mg/m®
NOAEL o, = 0.002 mg/m’®

300
(UFu = 100, UFs = 3)

0.008

3

NOAELap; = NOAEL x 10 m¥20 m*

x 5 days/7 days

1995
Humans

Decreased lung function

NOAEL =0.006 mg/m?
NOAELap, =0.002 mg/m?®

30
(UF4=10,UFsp=3)

0.07

3
NOAELpp; = NOAEL x 10 m%20 m*x 5
days/7 days

US EPA hasmedium confidencein the
study, database and RfC.

*1. NTP (1986¢): 106-weekingestion study (gavage); 2. Clarket al. (1998): 5-year occupational study; 3. Diem et al. (1982): 5-year occupational study
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TOXICOLOGICAL REFERENCE VALUES FOR XYLENES, MIXTURE (CAS No. 1330-20-7)

Organization1

Yearof publication

Species

Endpoint

Point of departure

Uncertainty factors®

Concentration (ug/m?)

Critical study®

Comments

NON-NEOPLASTIC

ATSDR
2007
Humans

Symptomsof
neurotoxicity,
sore throat,
nose, and eye
irmitation

LOAEL =
61 mg/m®

300

(UFy =10,
UFL = 10,

UFDB =3)

220
1

UFps forlack of
chronic
neurotoxicity
data

CalEPA
2000°

Humans

Symptomsof
neurotoxicity, sore
throat, nose, and eye
irmitation

LOAEL =61 mg/m®
LOAELgc= 22 mg/m®

30
(UFw = 10, UFL = 10)

700
1

Continuousexposure
adjustment: multiplied
PoDby [(10 m¥d)
(20 m%d)x 5 d/7 d]

Health Canada
1993
Rats

Unspecified maternal effects
and fetal skeletal retardation

LOEL =250 mg/m®
LOELec = 180 mg/m”®

1000

(UF4 = 10, UFA =10, UF, = 10)

180
2

0.72 appliedto PoD to account
forinhalation volume/body
weight of young ratsrelative to

humans(i.e., rats
[(0.11 m%day)/0.35 kg] to

humansaged 5to 11 years

[(12 m¥%day)/27 kg).

UF_ also included limitations of

critical study.

2001
Rats

Decreased
rotarod
performance in
offspring

LOAEL =
870 mg/m*®

1000

(UFy = 10,
UFA= 10,
UF. =10)

870
3

2003
Rats

Decreased latencyin paw -

lick response (i.e.,
sensitivity to pain)

LOAEL =434 mg/m®
NOAEL =217 mg/m®
NOAEL:ec = 39 mg/m®

300
(UF4 =10,UFA =3,
UFs = 3, UFps = 3)

100
4

NOAEL:ec = NOAEL x
5/7 days x 6/24 hours
UFoe for lack of 2-

generation reproduction

study.

2005
Rats

Decreased rotarod performance in
males(i.e., decreased motor
activity)

LOAEL =434 mg/m’
NOAEL =217 mg/m®
NOAELap, = 39 mg/m?®
NOAEL e = 66 mg/m*®

100
(UFH = 10, UFA = 3, UF3= 3)

660
4

NOAELap; = NOAEL x 6/24 hoursx
5/7 days

NOAELpec = NOAELapy X 1.7
(RGDR)

'"The Health Canadaassessment was published underthe authorship of Environment Canada and Health Canada (1993d). The RIVM assessment was published under the authorship of

Baars etal. (2001).

*The TRV in the bolded column wasretained asthe IARL.

*Refers to the actual date of assessment. Toxicological reference value information was summarized from CalEPAreports (2015, 2014a, 2014b).

*UFy = intraspeciesvariability, UF = interspeciesvariability, UF, = use of a LOAEL, UFs = extrapolation for study duration, UFps = database deficiency
®1. Uchida et al. (1993): occupational study; 2. Ungvary and Tatrai (1985): gestation day 7—15 developmental inhalation study; 3. Hass and Jakobsen (1993): developmental neurotoxidity
inhalation study; 4. Korsak, Wisniewska-Knypl and Swiercz (1994 ): 3-month neurotoxicity inhalation study
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7.0 TABLES OF TRVs FOR INDIVIDUAL VOCs (NO IARLSs RECOMMENDED)

TOXICOLOGICAL REFERENCE VALUES FOR 1,1,2,2-TETRACHLOROETHANE (CAS No. 79-34-5)

NEOPLASTIC
Organization CalEPA
Yearof publication 1999’
Species Mice
Endpoint Livertumours
Unitrisk (ug/m°)" 5.8x10°
Concentrationat 1 x 10 risk level (ug/m?) 0.17
Critical study” 1
Comments’ Based on a US EPA oral slope factor. US EPA did not derive an inhalation slope factor.

'Refers to the actual date of assessment. Toxicological reference value information wassummarized from CalEPAreports (2015, 2011).

1. NCI (1978a): 78-weekgavage study
*No IARL was determined because of limited dataon health effectsfrom inhalation and the infrequent or lackof detection of these VOCsin Canadian homes.
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TOXICOLOGICAL REFERENCE VALUES FOR 1,2-DICHLOROETHANE (CAS No. 107-06-2)

NEOPLASTIC NON-NEOPLASTIC
Organization’ CalEPA INED
Yearof publication 1985° 2001 1991 2001 2001
Species Rats Rats (assumed) Rats Rats Rats
Endpoint Hemangiosarcomas Hemangiosarcomas Hemangiosarcomas No effects Effectson liver
Unitrisk (ug/m°)" 2.1x10° 2.1x10° 2.6x10°

Concentrationat 1 x 10 risk

level (pg/ms) 0.48 4.8 0.38
. _ 3 NOAEL =40 mg/m*®
Point of departure NOAEL =222 mg/m NOAEL ¢ = 12 mg/m®
: 3 90 30
Uncertainty factors (UFy = 3, UFa = 10, UFge = 3) (UFw = 10, UFs =3)
Concentration (ug/m?) 2500 400
Critical study® 1 1,2 1 3 4

Based on gavage study Based on gavage study

NOAELpec =PoD x 5/7 daysx

5 R .
Comments Based on gavage study Assessment |r_1I Dt;JItch, " As of 2000, under review One dose, no control group 7/24 hoursx 1.5 (RGDR)
E“n”;ﬂ”s";‘]ryava' ableonlyin ' hy Us EPAIRIS

'"The RIVM assessment was published underthe authorship of Baarsetal. (2001).

“Refers to the actual date of assessment. Toxicological reference value information wassummarized from CalEPAreports (2015, 2014a, 2014b, 2011).

*UFy = intraspeciesvariability, UFa = interspecies variability, UFps = database deficiency

*1. NCI (1978b): 78-weekgavage study; 2. Vemeire et al. (1991): gavage study (length of study unspecified); 3. Cheeveretal. (1990): 2-yearinhalation study; 4. Spreaficoet al. (1980):
1-yearinhalation study

®No IARL was determined asnew data on inhalation health effectshave become available and existing TRVswere derived from oralexposure studies. A 2014 Health Canada
assessment for the derivation of a guideline for Canadian drinking water quality identified a 2006 inhalation study asthe critical study.
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TOXICOLOGICAL REFERENCE VALUES FOR 4,4'-METHYLENEDIANILINE (CAS No. 101-77-9)

NEOPLASTIC NON-NEOPLASTIC
Organization CalEPA CalEPA
Yearof publication 1999' 2001"
Species Mice Guinea pigs
Endpoint Livertumours Oculartoxicity
Unitrisk (ug/m?)" 4.6x10"
(C;%r;;%;tratlonaﬂ x107risk level 0.02
LOAEL =440 mg/m’
Point of departure LOAELap; =52 mg/m®
LOAELygc =52 mg/m®
Uncertainty factors’ (SL(J)ISHO=1O, UFa=3, UFs=10, UF=10)
Concentration (ug/m?) 20
Critical study” 1 2

Inhalationunit riskderived from an oral cancer potency factorin
4 . , — ; o LOAELapy=LOAEL x4 hours/24 hoursx 5 days/7 days
Comments mgle_ mice exposed to 4,4’-methylenedianiline dihydrochloride in LOAELec=LOAELam x 1 (RGDR)
drinking water
'Refers to the actual date of assessment. Toxicological reference value information wassummarized from CalEPAreports (2015, 2014a, 2014b, 2011).
2UFy = intraspeciesvariability, UFa = interspecies variability, UFs = extrapolation for study duration, UF. = LOAEL uncertainty

*NTP (1983): 103-weekingestion study (drinking water); 2. Leong et al. (1987): 2-weekinhalation study (nose-only)
*No IARL was determined because of iimited dataon health effectsfrom inhalation and lackof detectionin Canadianhomes.
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TOXICOLOGICAL REFERENCE VALUES FOR PHENOL (CAS No. 108-95-2)

NON-NEOPLASTIC

Organization1 CalEPA
Yearof publication 2000° 2001
Species Rats, mice, and monkeys Rats, mice, and monkeys

No effect on pulmonary, cardiovascular,
Endpoint hematological,hepatic orrenal systems(NOAEL). = Not reported
Neurological and hepatic effects (LOAEL).

; NOAEL =20 mg/m”® _ 3
Point of departure NOAEL ¢ = 20 mg/m® NOAEC = 20 mg/m
. 100 1000
Uncertainty factors®
y (UFy = 10, UFA = 3, UFs =3) (UFua =100, UFs = 10)
Concentration (ug/m?) 200 20
Critical study” 1,2 (1)
RIVM cited ATSDR (1998) asthe source of the NOAEC. However, the updated

c ts NOAELec = NOAEL x 1 (RGDR) ATSDR Toxicological Profile (2008) doesnot explicitly report a NOAEC and ATSDR

omments LOAEL =26 ppm considered the reviewed studiesasinadequate. The NOAEC waslikely derived from

the summary of Sandage (1961) reportedin ATSDR (1998).

'The RIVM assessment was published underthe authorship of Baarsetal. (2001).

’Refers to the actual date of assessment. Toxicological reference value information wassummarized from CalEPAreports (2015, 2014a, 2014b).
*UFy = intraspeciesvariability, UFa = interspeciesvariability, UFs = extrapolation for study duration

*1. Sandage (1961): 90-day inhalation study; 2. Dalinand Kristoffersson (1974): 15-day inhalation study.

*No IARL was determined because of a limited toxicological database
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