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Disclaimer

Mention of any company or product does not constitute endorsement by the National Institute for
Occupational Safety and Health (NIOSH). In addition, icitest to Web sites external to NIOSH do not
constitute NIOSH endorsement of the sponsoring organizations or their programs or products.
Furthermore, NIOSH is not responsible for the content of these Web sites.
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Executi ve Summary

Occupational Exposure Limits (OELglay a critical role in protecting workers and emergency response
personnel from exposure to dangerous concieoiaof hazardous materidiSook 1987 Schulte et al.

201Q Nikfar and Malekirad 20LDeveau etal. 201 k o wr 0 E a n d ]Qreteeralseneelof 2 0 1 5
an OEL, determining the appropriate controls needed to protect workers from chemical exposures can be
challenging. According to the Environmental Protection Agency (EB®)Toxic Substances Control

Act (TSCA) Chemical Substance Inventory currently contains over 85,000 chemicals that are
commercially availabl€EPA 2019 yet only about 1,000 of these chemicals have been assigned an
authoritative (government, consensus, or peer reviewed) OEL. Furthermore, the rate at which new
chemicals are being introduced into commerce significantly outpaces OEL development, creadthg a n

for guidance on thousands of chemicals that lack reliable exposure[Migtsaels 2013 Occupational
exposure banding, also known as hazard banding or health hazard banding, is a systereatibat

uses both qualitative and quantitative hazard information on selected healtlemdigaints to identify

potential exposure ranges or categorfdge NIOSH occupational exposure banding process seeks to

create a onsistentand documentedprocessto characterize chemical hazards so timely and well

informed risk management decisions can bsade for chemicals lacking OELSs.

The concept of using hazabadsed categories to communicate potential health consegnalworkers
and employer$o the need for risk managemt, and inform exposure control requirements is not new.
Numerous hazard classification and catedmaged systems hageenextensive use in the occupational
setting. Such systems are deeply embedded in occupational hygiene practice, particularly in the
pharmaceutical industfjiNaumann et al. 199®&10OSH 2009¢, and are also elements of wdéveloped,
modern hazard communication programs (e.gitddiNations2013 Gobally Harmonized System of
Classification and Laléng of Chemicals). The NIOSHazupationakxposurebandingprocesss
distinguished from other hazard classification and catelgasgl systems in several ways. Tineique
attributes of the NIOSH process includg a threetiered system that allows usersvaiying expertise

to utilize the proces$?2) determination of potential health impacts basedionatoxicological endpoints
separately(3) hazarebased categees linked to quantitative exposure ranges, @a@ssessmerf the
process via extensivavaluationexercises taetermineaccuracy and repeatability.

Each tier of the process has different requirements for data sufficiency, which allows a variety of
stakeholders to use tlprocessn many different situations. The most appropriate tier for banding
depends on the availability and quality of the data, how it will be used, andithiegii@nd expertise of
the userWhile Tier 1 requires relatively littlenformation and modest specialized training, each
successive tierequiresmore chemicabpecific data and more user expertise to successfully assign an
occupational exposureabhd QOEB). A primary goal of Tier 1 is to give the user a quick summary of the
most important health effects associated with exposure to the chemical of interest and to quickly identify
toxic chemicals that should be considered for substitution or elimindtiemnl would likely be most be
appropriatevhen banding a large amount of chemicals and deciding which ones should be prioritized
2
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for elimination or substitutiorin general, Tier 1 can be used as a quick screening method, but NIOSH
recommends going to TieriPthe user expertisand datareavailable.lt should be noted that if the

Tier 1 evaluation results in a band E, Tier 2 is optional given that band E represents the lowest exposure
concentration range and a Tier 2 process would not result in a mogestrrecommendation.

However, completing the Tier 2 process could be beneemh in this situatiomas the user may gather

more detailed chemicaiformation and possibly move the chemical into a different baied.2

requires the user to examin@amber of publicly available databases and extract relevant toxicological
and weightof-evidence data to be used in the NIOSH banding algorithm. Tier 3 engptwitgal

assessment ®valuate experimental data and discern toxicological outcomes.

The NIOSH occupational exposure banding process considers the health effects associatee with
standard toxicological health endpoing&ndpoints evaluated include acute toxicity, skin corrosion and
irritation, serious eye damage and irritation, regpnysensitizationskin sensitization, genotoxicity,
carcinogenicity, reproductive/developmental toxicity, and specific target organ toxicity resulting from
repeated exposure. The process looks at lee&lth endpoinseparately for each chemicahd he
endpoint bandallow the user to make judgements about which health effectiseapgimary concern

for workers who are exposed his type of specificity allows users to customize their control strategies
based on tith the potency of the chemicaid hetarget organ/health effedn Tier 1, respiratory and

skin sensitization are considered together as one endpoint due to the constructionajdbe which

are alphanumeric codes usadhe Globally Harmonized System of Classification and Labetiing
Chemicals (GHS)o designatéhazards.

Another important component of the NIOSH occupational exposure bgmdiogsss the five exposure

bands. Occupational exposure banding uses limited chemical toxicity data to group chemicals into one

of five bands ranging from A through Ehese band®r OEBs define the range of exposures expected

to protectworker healthBand Erepresents th lowest exposure concentration range recommencdation

while band Arepresents the highest exposure concentration rfiig&ernan et al. 206 Users should

note that throughout this document, bands that represent lower exposure ranges are referred to as more
Aprotectivedo than bands that represent higher e

The acupational exposure banding proceas be used to identify potential health effects and target
organs, identify health risks that impact health communication, inform decisions regarding control
interventions, inform medical surveillance decisions, and provide critical information quicidy. O
major benefit of occupational exposure banding isttitmamount of time and data required to
categorize a chemical into an OEHasless than that required to develop an OBHawever there is
greater uncertainty as wehether the OEB is as proteatias an OEL produced by a rigorous risk
assessment proce#sr OEB is not meant to replace an OEL, rather it serves aa starting point to
inform risk management decisionsAn OEB can also assist with prioriéiion of chemicals for which
anOEL should beleveloped.
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NIOSH hagperformedevaluationexerciseso ensurgheaccuracy and repeatability of tbecupational
exposure bandingrpcessTo evaluate the Tier 1 procesd$H compared the OELs 008 chemicals

to the Tier 1 band for those chemicdlkis evaluation found that the NIOSH Tier 1 banding process
resulted in a band that included the OEL or was more protective than the OEL for 91.5% of chemicals.
Fiveiterative phases of Tier 2 reliability testing were performed to a3sessg as the mdtodology

evolved. These assessments involved over 130 unique cherRiesists of these evaluations show that
Tier 2 OEBsappropriatelyreflect the toxicity of a chemicalier 2OEBsinclude the OEL or are more
protective than the OEL for 98% of chemg#tstedln summary, the results from the evaluation
exercises demonstrate that the occupational exposure banding process operates as expected, and can b
useful tool to evaluate chemicals without OEISpecial consideration should be given when bandin
substancesomprised of a mixture of two or more chemicals. Other situations that warrant special
considerationssuch as nanopatrticlese described in detail in this document.

Thenumber ofchemicals that lack authoritative OELssighstantigland rsk managemerguidancefor

these chemicals iseededOccupational exposure banding is @aklitional tool that can be used to
provideguidance. An OEB provides more than a range of exposures that is expected to be protective of
worker health. Rather, an OEB can be utilized to identify potential health effects and target organs,
identify health risks thaffecthealth communication, infm implementation of control interventions

and preparedness plans, inform medical surveillance decisions, and provide critical information quickly.
This document fully details the use and application ofghisessand provides a summary of efforts

takento evaluatets effectivenesand usability.
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revi atili ons

ACGIH American Conference of Governmental Industrial Hygiefiists
ATSDR Agency for Toxic Substances and Disease Registry

BMD BenchmarkDose

BMCL BenchmarkConcentratiorLowerBound

BMDL BenchmarkDoselLowerBound

CalEPA California Environmental Protection Agency

CalOEHHA State of California Office of Environmental Health Hazard Assessment
CalOSHA  California Occupational Safety and Health Administration
CAS Chemical AbstracBervice

CFR Code of Federal Regulations

CICADs Concise International Chemical Assessment Documents
DNEL DerivedNo Effect Level

EDS Endpoint Determinant Score

EHC EnvironmentaHealthCriteria

ECHA European Chemicals Agency

ER GV Emergency Responsguide Value

EU European Union

GHS Globally Harmonized System of Classification and LLiabg of Chemicals
GPMT GuineaPig MaximizationTest

H-code HazardCode

HCS HazardCommunicatiorStandard

HSDB HazardousSubstancédataBank

IARC InternationalAgency for Research on Cancer

IDLH ImmediatelyDangerous td.ife or Health

IRIS U.S.EPA Integrated Risk Information System

ISO International Standards Organization

ITER International Toxicity Estimates for Risk

IUR InhalationUnit Risk

kg Kilogram
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LCso
LDso
LLNA
LOAEL
mg/kg
mg/m?
MRL
NIOSH
NLM
NOAEL
NTP
OEB
OEBker
OECD
OEL
OSHA
PEL
POD

ppm
REACH

REL

RfC

RfD

RoC
SDS

SF

SIDS
STOT-RE
TCos
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MedianLethalConcentration

MedianLethalDose

LocalLymphNodeAssay
LowestObservedAdverseEffect Level

Milligrams perKilogram

Milligrams perCubic Meter ofAir

Minimal Risk Level

National Institute foOccupational Safety and Health
National Library of Medicine

No ObservedAdverseEffect Level

National Toxicology Program
OccupationaExposureBand

EmergencyResponsd&and

Organisation for Economic Cooperation and Develepim
OccupationaExposureLimit

Occupational Safety and Health Administration
PermissibleExposurelimit

Point of Departure

Parts peMillion

Registration, Evaluation, Authorization and Restriction of Chemicals (European
Chemicals Agency)

Recommende@xposureLimit

ReferenceConcentration

Referencdose

U.S. National Toxicology Program Report on Carcinogens
SafetyDataSheet

Slope Factor

ScreeningnformationDataset

Specific TargetOrganToxicity-RepeatedExposure

TumorigenicConcentratiorfor 5% of the population
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TDos TumorigenicDosefor 5% of the population
TDC TolerableDaily Concentration

TDI TolerableDaily Intake

TDS Total DeterminantScore

TI Tolerablelntake

TLV ThresholdLimit Value®

TWA Time-WeightedAverage

U.S. EPA U.S. Environmental Protection Agency
WEEL Workplace Environmental Exposure LeVel
WHO World Health Organization
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Gl ossary

Acute toxicity:refers to those adverse effects occurring following oral or dermal administration of a
single dose of a substance, or multiple doses given within 24 hours, or an inhalation exposure of 4 hours

Aspiration toxicity: severe acute effects such as chemical pneumonia, varying degrees of pulmonary
injury or death following aspiration

Aspiration: the entry of a liquid or solid directly through the oral or nasal cavity, or indirectly from
vomiting, into the trachea and lomespiratory system

Carcinogenicity:the ability of a chemical substance or a mixture of chemical substances to induce
tumors, increase tumor incidence and/or malignancy or shorten the time to tumor occurrence

Control banding: a strategy that groups worlgze risks into control categories or bands based on
combinations of hazard and exposure information. The following four coainol band$hiave been
developed for exposure to chemicals by inhalation:

Band 1: Use good industrial hygiene practice and génentilation.
Band 2: Use local exhaust ventilation.

Band 3: Enclose the process.

Band 4: Seek expert advice.

This qualitative strategy to assess and manage risk focuses resources on exposure controls and describe
how strictly a risk needs to be mandge

Corrosive tometals: a substance or a mixture that by chemical action will materially damage, or even
destroy, metals

Endpoint: a marker of response from exposure to a physical, health, or environmental hazard

Explosive a solid or liquidthatis in itself capable by chemical reaction of producing gas at such a
temperature and pressure and at such a speed as to cause damage to the surroundings

Eye irritation: changes in the eye following the application of a test substance to the front surface of the
eye thatare fully reversil@ within 21 days of application

Flammable aerosolsany gas compressed, liquefied or dissolved under pressure withinrafiiable
container made of metal, glass or plastic, with or without a liquid, paste or pthatisrflammable

Flammable gasa gas having a flammable range in air at 20°C and a standard pressure of 101.3 kPa

Flammable liquid: a liquid having a flash point of natore than 93°C
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Flammable solid:asolid thatis readily combustible, or may cause or contribute to fire through friction

Gases under pressurgases that are contained in a receptacle at a pressure not less than 280 Pa at 20°C
or as a refrigerated liquid

Germ cell mutagenicityan agent that can cause permanent changes to the amount or structure of the
genetic material in a germ cell (an ovum or sperm cell, or one of their developmental precursors),
thereby potentially resulting in the transfer of thatation to the offspring of an exposed recipient,
animal or human

GESTISsubstancedatabasea database of the German Social Accident Insurance that contains
approximately 00chemicals withtoxicological data, physical and chemical properties, reguisfi
and hazard statements, codes, and categories

Hazard categorythe division of citeria within each hazard clas.g., oral acute toxicijyincludes five
hazard categories, and Afl ammable | iquidso incl
hazard severity within a hazard class and should not be taken as a comparison of hazard categories more
generally

Hazard classthe natureof the physical, health or environmental hazard, e.g., flammable solid
carcinogen, oral acute toxicity
Hazard codealphanumeric codesed to designate a hazard statement

Hazard statementa statement assigned to a hazard class and category that describes the nature of the
hazards of @hemical or chemical mixturéncluding, where appropriate, the degree of hazard

Mixture: solutions composed of two or more substances in which they doaobt re

Mutagen: an agent giving rise to an increased occurrence of mutations in populations of cells and/or
organisms

Occupationalexposurebanding: (also called hazard banding)}systematiprocessising qualitative or
guantitative hazard information on selected health effect endpoints to identify potential inHzdatoin
exposure ranges or categories for guiding occupational risk assessment and risk management

Occupational exposure limitLevelsof exposure that most employees may be exposed to for up to 10
hours per day, 40 hours per week, for a working lifetime, without experiencing adverse health effects.

Organic peroxide an organic liquid or solidhat contains the bivalertO-0- structureand may be
considered a derivative of hydrogen peroxide, where one or both of the hydrogen atoms have been
replaced by organic radicals
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Oxidizing gas any gaghatmay, usuallyby providing oxygen, cause or contribute to the combustion of
other material me than air does

Oxidizing liquid: a liquid that, while in itselfis not necessarily combustible, may, generally by yielding
oxygen, cause or contribute to the combustion of other material

Oxidizing solid a solidthat while in itself not necessarily comstible, may, generally by yielding
oxygen, cause or contribute to the combustion of other material

Pyrophoric liquid: a liquid that even in small quantities, is liable to ignite witttirminutesof coming
into contact with air

Pyrophoric solid a solidthat, even in small quantities, is liable to ignite witBiminutesof coming into
contact with air

Reproductive toxicitythe ability of asubstancéo induce adverse effects on sexual functofertility
in adult maleor femalespr adverse developmental effects in offspring

Respiratory sensitizera substance that induces hypersensitivity of the airways following inhalation of
the substance

Self-heating substancea solid or liquid, other than a pyrophoric substance, which, byioeasith air
and without energy supply, is liable to sk#at. This endpoint differs from a pyrophoric substance in that
it will ignite only when in large amounts (kilograms) and after long periods of time (hours or days)

Self-reactive substancea thermally unstable liquid or solilable to undergo a strongly exothermic
thermal decomposition even without participation of oxygen (air)

Serious eye damagéhe production of tissue damage in the eye, or serious physical decay of vision,
following application of a test substance to the front surface of the eye, which is not fully reversible
within 21 days of application

Skin corrosion:the production of irreversible damage to the skin following the application of a test
substance for up to 4 hours

Skin irritation: the production of reversible dama@cluding allergic responset) the skin following
the application of a test substance for up to 4 hours

Skin sensitizera substance that will induce an allergic response following skin contact

Specifictargetorgantoxicity i repeatedxposure:all significant health effects, not otherwise specifically
included in theGlobally Harmonized System of Classification and Labeling of Chem(i&lS) that can
impair function, both reversible and irreversiblemediate and/or delayed after repeated exposure to a
substance
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Specifictargetorgan toxicity i single exposure:all significant health effects, not otherwise specifically
included in theGHS thatcan impair function, both reversible and irreversible, imiatedand/or delayed
after a single exposure to a substance

Substanceachemical element and itempounds in the natural state or obtained by any production
process, including argdditivenecessary to preserve the stability of the product anthgmnyrities
deriving from the process used, but excluding any solhaitmay be separated without affecting the
stability of the substance or changing its compaosition

Substanceghat, in contact with water emit flammable gasesolids or liquidghat by interaction with
water, are liable to become spontaneously flammable or to give off flammable gases in dangerous
guantities

Total determinantscore: a quantitative measure of data sufficieméy compoundor banding inTier 2
of theevaluation Total determinant scommpriseghe sum of component scores assigned for the
availability of endpoinspeific toxicological information. Athreshold of 30 (out of a maximum
possible score df25) marks a chemicalpecific dataset as sufficiefor banding irTier 2.
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Chapter1:l nt r od @Wctciugpmat i onal
ExXposure Banding

1.0.Occupational Exposure Banding: Definition

Occupational exposure limits (OELs) have been an important component of the practice of
occupationahygiene for decadd€ook 1987 Schulte et al. 202WNikfar and Malekirad 2014
Deveauetal. 2015k owr 0o E a n d |@Oroepatozabhkgiedisds Hévelop and
implement control strategies largely based orréfevantOELSs that are available to them.
Exposureto chemicat atconcentrationabovetheir OEL are considered unsafe, and hygienists
actto ensure that worke@re not exposed twoncentrationsf hazardous chemicatkat exceed
their designate@ELs. Unfortunately, he rate that chemicalave beerntroduced into
commercéhassignificantly outpace the development of authoritatiiee., governmental,
consensur peer reviewedOELs[Michaels 2014. TheU.S. Environmental Protection
Agency (BPA) reports that the Toxic Substances Control Act (TSCA) Chemical Substance
Inventory contains over3000 chemical$§EPA 2015, yetonly about 1,000 chemicals have
been assignedlt least onauthoritatve OEL (SeeFigurel-1.)

As NIOSH and other government, international, gmdfessional agencies continteedevelop

new OELs and update existing OELs, guidance for the thousands of chemicaisréatlylack

reliable exposure limits neededThe occupational exposure bandprgcess useshemical

toxicity datato assigna range of concentratiots whichchemical &posures should be

controlled The output of the occupational exposure banding process is an occupational exposure
band (OEB}hatdefines the range of exposures expected to be protective of worker fibakh.
occupational exposure bandiisgone of a number of strategies usedddress workeand
respondesafety and health when the time, data, and resources needed for OEL development are
not available

Figurel-1: Chemicals in Commerce vs. Chemicals with Occupational Exposure Limits

Number of Chemicals with Number of chemicals in
OEL's commerce
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Sometimes referred to as hazard banding or health hazard baocttngational exposure
bandingis defined as a systemapoocesdhat usegualitative or quantitative hazard
information on selected health effect endpoints to identify potential inhalagised exposure
ranges or categories for guiding occupational risk assessment and risk manalgetiment
context of this documente term exposunefers to human contact tia chemical agent in the

work environment. For chemical compounds, exposure can occur through inhalation, ingestion,

or through contact with the skin, eye, mucous membranes, or otheopdre body. The term
hazardis used herein to describe potentiakats to life, health, or weltleing.Chemical lazards
have the potential to cause harm or adverse effects to individuals who are exposed iththem.
purpose of occupational exposure banding is to reduce the risk to workeasegiposed to
chemicalgn the workplace Risk is defined as the probability that a person will experience
adverse effects after exposure to chemical haz@ctsipational exposure banding can be an
effective tool to assess and manage risk to workers.

The concept of usg hazarebased categories to communicate potential health concerns, alert
employers anavorkers to the need for risk management, and even to inform exposure control
requirements is not new. Numerous hazard classification and cateageg systems haseen
extensive use in the occupational setfiiglk and Nelson 20Q&geghy et al. 203 Shin et al.
2014. Such systems are deegybedded in occupational hygiene practarticularly in the
pharmaceutical industrgnd ae also elements ofell-developedmodern hazard

communication program®.g.,UN 2013Globally Harmonized System of Classification and
Labelling of Chemicals

As previously mentioned, mogtiidance on chemical hazards has been in the fofdEas

rather than OEBs. The science and art of evaluating chemical hazards in the workplace and
determining levels of exposure (i.©ELs)thatare associated with minimal risk of adverse
health effects have a mature history in the promotion of occupatidet} sad healtfiBinks
2003 LaszczDavis et al. 2014 Despite this history, derivation of OELs remains a resource
intensive process driven by the need for exposure data, toxicology data, risk assessment
methodology, and other considerati¢8shulte et al. 20J0Consequently, the number of
chemicals for whiclgovernment, consensus peerreviewedOELs havebeen published in the
last halfcentury of practicés relatively low roughly 2,0000ELs covering approximately 1000
chemicalsIn many cases, multiple organizations have assigned different OELs to the same
chemical, making the number of chemicals thaehaeen assigned an OEL even few&tthe
same timethe Occupational Safety and Health Administration (OSHA) has estimated that
80,000 hazardous chemicals are currently used in the United States, and over 40 million
employees are now potentially exposedhazardous chemicals in over 5 million workplaces
[OSHA 2012. The characterization diie potential adverse health effects of chemical and
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physical agents is one of the foundations of occupational hygiene as a public health practice
[OSHA 1999. Thereforestrategies for expedited assessment and characterip&ttbemical
hazards areeedd to inform occupational risk management decisions.

TheNational Institute for Occupational Safety and HeallQSH) occupational exposure
bandingprocessyuides a user through the evaluation and selection of critical health hazard
information to identify the appropria@EB from among five categories of severahealth
outcomegbands A to Eband Ais least severe artghnd Eis most severe)rhus, theOEBs

reflect toxicity potency ranges whdvand A chemicals have the lowest health hazard potential
(and thus higher exposure ranges)dband E chemicals have the highest recognized health
hazard potentigrigure1l-2[McKernan et al. 2016

Figurel-2: Occupational exposure banddcKernan et al. 2016

SN I N

Occupational exposure banding aligvith the professional practice framework of anticipatio
recognition, evaluatiorgontrol and confirmatiorof protection from health hazarflsaszcz

Davis et al. 2014Jahn et al. 20]5Furthernore,occupational exposure bandingl assist in

the qualitative aspects of risk management by providing relative hazard bands for chemicals
being reviewed OSHA 199§. Througha consistenand documentegrocesdor characterizing
chemical hazards accordingrecommended OEB&mely and welinformed risk management
decisions can be made fdremicals lacking OELs. Thocesgsan also be used to prioritize
chemicals for whih OELs should be establishgdcKernan and Seaton 2014n addition, an
occupational exposure bandifigmework carbe used tadentify additional data needs to
establish OELsFinally, occupational exposure bandipackages information in a way that
facilitates hazard communicati@md provides critical informatioguickly. Following the

banding process allows the useirdentify health risks thaffecthealth communication, inform
implementation of control interventiorendinform medical surveillance decisiar@iven these
considerations, NIOSH sought to devetplevaluate amccupational exposure banding
framework and supporting guidance for usassessing and characterizing chemical hazards in
the workplaceThis document provides the NIOSiocesss the result of that effort.

Although the NIOSHbccupational exposure bandipgcesgrovides exposure ranges for each
band that can serve as a guide for risk management, it is important to distinguish the
occupational exposure bandipgpcess from the concept of control bandifgr OEBS, the
processises only hazartased data (e.g.,usties on human health effects or toxicology studies)
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to identify an overall level of hazard potential as$ociate@irborne concentration range for
chemicals with similar hazard profile&/hile theoccupational hygienists can usetput of this
processd make risk management and exposure control decisiongrdbessioes not supply

such recommendations directly contrast, control banding methedsch as the United

Kingdom Health and Safety Executive Control of Substances Haratd Healthessenlly

link hazards to specific control measuf@gdHA 2007; Zalk and Nelson 2008NIOSH 2009¢

Zalk et al. 201pBeaucham et al. 201BISE 2013 (seealso
http://www.hse.gov.uk/coshh/basics.NtifRor this reason the occupational exposure banding
process can ultimately be applied for informing risk management and control decisions, but in
itself is not control bandings demonstrated Figure1-3.
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11  The control banding approach has utility in the field,Hag some limitationsThe UK method,
12 for example, provides one of four very general control recommendations (use genslation,
13 use local exhaust ventilation, enclose the process, or seek expert bdswe)on simplistic

14 inputs from the userThe occupational exposure banding method was developed to ensure a
15 rigorous scientific foundation that has been evaluatetsore confidence in the OEB

16 assignments. The development of OEBs rexjiore sophisticated inputs, and thus tends to a
17  more refined output. Additionally, the purpose of OEBs is not to directly link to a control

18 strategy, but rather define a range of@yres to protect worker health. The information

19 provided by OEBSs, in concert with exposure assessment, can be used to measure the

20 effectiveness of the controls that are in place, and whether additional controls would be

21  advisable.

22 Figurel-3: Potential use obccupationakxposurebanding for the development of risk management
23  strategies.

Assessment of

hazard potential Assignment of a Risk Management
using Occupational health based OEB Strategies
Exposure Banding

24 1.1.History of Occupational Exposure Banding Applications

25 Companies with significant thouseoccupationahygiene, toicology, chemistry,and

26  occupational medicine expertise have used the hazard banding approach for decades to establish
27  exposure control limits or ranges for new chemicals for whectull OEL hasbeen developed

28 Althoughuse of hazard bandirigchniques was already well established at the time, an early
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journal publication on the appr-basedéxposuregh!| i ght
contr ol l i mi t so i n[Naunmaenepah g6maceut i cal sector

The hazard banding technique remains well accepted among the pharmaceutical and larger
chemical company risk assessment comnemithe development dDEBs healthhazard
categories, hazard groums)dhazardbased exposure control limitsdicates a desire within the
health and safety community to share information about risk in ways that can be applied more
broadly withn the occupational hygiene fielfihe need for this effort is supported by the
observation that most chemicals in commerce and, tiusountered in our workplacdsve no
published occupational exposure guidelirigss paucity of chemicadpecific guidance coupled
with the new accessibf@gocesgprovides an immediate and opportuneissrvment for

developing additional risk assessmeisaddition to theDEBs providinginterim risk

management guidance for chemicals without OfBhes occupational exposure banding process
can be used t(l) array the available hazard data and identify #ata gap2) prioritize

chemicals for full OEL development based on data availability and overall hazard profile, and
(3) conduct a quality assurance review for overall consistency in OEL derivation

The call for greater utility obccupational exposea bandinghas become part of the discussion in
the occupational hygiene communjiiipple 2009 and has also beeoptedoy volunteer OEL
setting committeesugh as the Workplace Environmental Exposure Limits (WBELommittee
[Maier 2009. The OEB concept has also gained emphasis as part of a continuum of exposure
guide values for occupational risk assessmentoncept being formalized in the occupational
hygiene community as part of theerarchy of OELgLaszczDavis et al. 2014McKernan and
Seaton 2014Deveau et al. 20219ahn et al. 20]5seeFigurel-4). In this hierarchy, OELs are
categorized based on how muolicological and epidemiological dadaerequired to develp
each limt. Quantitative healthbased OELsre at the top of the hierarchjhese OELs have the
most extensive data requirements and are often considered the most preca®ount and
guality of data to form quantitative, healthsed OELsrenot always availabléor every
potentially hazardous chemic¢ab alternate strategies must be employed to develop-health
protective limit values.These alternative methods are found further down the hierarchg as
data requirements are reduckds importantto note that traditional OELs often vary in their
data requirements based on when they were assagnkthe process used to develop them
Consequently, traditional OELs may be appropriately categorized into seversblieie
hierarchy, depeding on a number of factossich as data and reporting qual’y the base of

the pyramid ar&ealthhazard banding strategies, including the NIQ#6tesgo occupational
exposure banding. Because tlaadrequirement® determine a®EB are much lowe the

precision of the band is also reduced; therefore, occupational exposure banding strategies tend to
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result in lower concentration rangdsn otherprocesssfor developing OEL$Jankovic 2007
LaszczDauvis et al. 2014Deveau et al. 2015

Figurel-4: Hierarchy ofcontrols. Adapted fronfiLaszczDavis et al. 2014Jahn et al. 2015

Quantitative

Most Extensive Data Requirements Health-Based OELs
(human epidemiology _
studies or animal studies)
greater quality, greater certainty Traditional OELs
Regulatory, Authoritative
(TLVs, MAKSs, WEELSs, PELs, RELs)

Working Provisional OELs

{internal company, trade

Moderate Data Reguirements association, vendor limits)

{in vitro and animal studies andanecdotal /N
reports of human health effects) e ]
greater quality, greater certainty Prescriptive Process Based Occupational Exposure
Benchmarks and Guidance Values (OEVs)

(REACH DNELs/DMELS)

Hazard Banding Strategies
Pharmaceutical banding
Occupational exposure banding

1.2.Features of the NIOSHOccupational ExposureBands

The NIOSHoccupationakxposurebandingprocess shares similar scientific underpinnings with
theprocessessed by many organizatiorisey aspects of the process shared by most
organizations include:

Collectingthe data to facilitate evaluation of individual health effect endpoints

Comparngthe hazard data for each endpoint to criteria (qualitative or quantitative) for

that endpoint

1 Identifying the endpoints that appear to generate the greatest level of hazard leading to
selection of an overall hazard band

1 Assigring the band and associated @ncentration range.

il
il

To date few publishegrocessesr resources facilitate harmonization and broader use among
the occupational hygiene communiY/OSH seeks to address this deficit by providing a
comprehensive exposure banding process with broaccappih and utility.
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Some key features of the NIOSdd¢cupationakxposurebandingprocess distinguish it from

other common hazard classification and catedgi@sed system®©ne key feature is the use of

the OEB as a tool for considering the overall hagaodile for multiple health hazard endpoints

at the same timd& he banespecific technical criteria apply tone potential toxicological or

human health outcomed) carcinogenicity(2) reproductive toxicity(3) specific target organ
toxicity, (4) gendoxicity, (5) respiratorysensitization (63kin sensitization(7) acute toxicity,

(8) skin corrosiorandirritation, and(9) eye damage/irritatiof.he integration of each of the

hazards yields the identification of an OEB that considers the sevehiizafd posed for

numerous healtBndpoins relevant to worker healtfithe overall band is assigned on Hasis of
protection against the mastvere effectsThis procesgjoes beyond hazard classification

systems such as the Globally Harmonized System of Classification and Labelling of Chemicals
(GHS) that identify each relevant hazard independently without providing an overall assessment
to guide risk assessment and mamgnt However, NIOSH OEB endpoints are aligned with

GHS and theprocesgelates potency of eadtcupational exposutganding endpoint to GHS

hazard statements and categories, when pos$itdeNIOSH occupational exposure banding
processalso is more amprehensive than systems such asdmardousnaterialsinformation
systemprocesswhichgives a single integrated hazard category based on limgedlly acute

toxicity or lethality, endpointsThe OEB has improved utility for hazard communication

compared to these other systems because it highlights the endpoints that are most likely to affect
overall worker risk.

A second key feature of the NIOSidcupational exposure bandipgpcess is thenkage of
hazardbased categories (i.e., bands) to airborne concentration rdingesorresponding
exposure concentration ranges for eatcthe fiveNIOSH OEBs are designated by the letters A
through E andre listed inTable1-1. This processmproves the utility of the hazatuhsed

system by providing target air concentration rangeat can be used for traditional occupational
risk management purposes such as identifying the adequacy of exposure control stféategges
exposure ranges are intended to reflect the range efHifflOELs that would be expected for a
chemical with asimilar hazard profileBecausehe OEBs are often based on smatiealth
effectsdata sets or less detailed analyses than those of tradifi&hs) they should be used

with this limitation in mind for supporting risk management decisions.
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Table 1-1: Airborne concentration ranges associated witloccupational exposure bands

Occupational Airborne TargeRange [Airborne TargeRange fo
Exposure Band for Particulate Gas oVapor
Concentration (mg/f) Concentration (ppm)
A >10mg/ni >100ppm
B >1 to 10 mg/m >10 to 100ppm
C >0.1 to 1 mg/rh >1 to10ppm
D >0.01 to 0.1 mg/th >0.1to 1 ppm
E 00. 013 mg O 0 pp

As currently practiced, hazard banding requires a significant amount of tedxpealise in
industrial hygiene, which limits the size of the immediate user commumitgddress this
limitation, the NIOSHprocesauniquelyprovides athreetiered assessmeptocesghat allows

for the application of the technique with traditional quational hygiene expertiséoag with

the option of more wdepthprocesss in consultation with specialists in occupational medicine
and toxicology(refer toFigurel-5). Thethreetiers in theprocessnclude the following:

1 Tier 1: Qualitative OEBassignment based on GHS. Tieintolves assigning the OEB
basel on criteria aligned with specific GHBazardcodesand categoriest is intended
for individuals with basic toxicology knowledgéhemicals with potential for
irreversible health effects at relatively low doses waraastgningoandD or bandE.
Chemicals that are likely to cause reversible hesfférts are categorized in band C.
Bands A and B are not assigned in TieBihce there are relatively low data
requirements for Tier 1, there is not enough information to suggest exposure ranges for
chemicalsBands A and Bn Tier 1.In general, Tier Tan be used as a quick screening
method, but NIOSH recommends going to Tier 2 if the user expertise and data are
available.

1 Tier 2: Semiquantitative OEBassignment based @econdarysources: Tier 2nvolves
assigning the OEB oilne basis okey findingsfrom prescribediterature sources,
including use of data from specific types of studiess intended for individuals with
intermediate toxicology knowledg@&ier 2 is more quantitative in natutean Tier 1
Individuals performing Tier 2 assessmenth need to determine a point of departine
using thanstructionsthat are providedbr endpointdo support assigning chemicals into
bands A, BC, D, or E

1 Tier 3: Expert Judgemen©EB based oprimary sources an@xpertjudgement: Tier 3
involvesthe use of expert judgement to asdige OEB based on-depth review of
health effects studiet should only be performed hbydividuals with advanced
toxicology knowledgeTier 3 involves anore quantitativeomprehensive evaluation of
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the scientifianformationand requires integration of all available data to determine the
band assignment

Figurel-5: The three tiers of the NIOSbtcupationakxposurebandingprocess

' Tier 1 8 Qualitative

User Health and safety generalist

A Tier 1 evaluation utilizes GHS Hazard Statements and
Categories to identify chemicals that have the potential to
cause irreversible health effects.

Tier 28 SemiQuantitative

User. Occupational hygienist

A Tier 2 evaluation produces a more robust OEB, based on
point of departure data from reliable sources. Data
availability and quality are considered. Users of Tier 2
should be trainined in the NIOSH process via web training
\_Or in person training.

Tier 30 Expert Judgement

User Toxicologist or experienced occupational hygienist

Tier 3 involves the integration of all available data and
determining the degree of conviction of the outcome.

A third key feature of th&lIOSH processs the incorporation diechnical features that address
challenges in traditional applications of thecupational exposure bandipghcessOne such
feature is the inclusion of a procdes systematic decision making to determine if the existing
data for a chemical are adequate to assign a band with reasonable confileraggproach used
in theoccupational exposure banding prodes® include the calculation oftatal determinant
score (TDS) for the database being evaluat@sb reflects the availability of qualitative and
guantitative data for each endpoifhe presence or absence of data for each health endpoint
results in an endpoint determinant score (EDS), and@iii&is the am of theEDS valuesThe

TDS is a weighted score that considers both the endpoints for which data are available and the

overall relevance or impact to the assessment afffmkexamplethe occupational exposure
banding procesgrovides for a systematancumentation of data availability and whether data
are available for a sufficient array of separate endpoints to derive a band assigimmsent
procesdas the following key uses:
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1 Documents the data availability for eamfithenine potential toxicological or human
healthoutcomesThis proces<an guide new data development priorities.

1 Documents whether data are sufficient to assign a. hiamok, the hierarchy of OEL
concept can be useand alternative techniques such as the threshold of toxicological
concen [Dolan et al. 200pmight be used.

1.3.Evaluation of the Process

Occupationakxposurebanding, ke other hazard or dogesponse tools for occupational risk
assessment, aneof manyprocesssthatoccupational hygienists use fevaluation of
workplacehazardsThe OEBprocesdas been developeathatit closelyalignswith

anticipated OELs for chemicals with similar hazard profilesbuild confidence imccupational
exposure bandinghe alignment between tiEBs and current OELwas evaluatedDEBSs
assignedo chemicals using the NIOSH methodology iatended to bat least as protective as

an OEL assigned to the chemical would be. In this document, an OEB is described at being a
least as protectivas,or more protective thathe lowest OEL when the concentration range of

the OEB includes the OEL or is lower than the OEL. Typically, lower exposures are thought to
be more protective of worker health, and thus the word protéstiveed hereirln aprevious

study, [Brooke 1998 evaluated the effectiveness of a new UK scheme that utilizes toxicological
hazard information to assiginemicalg¢o hazard bands. The UK scheme utilizeghRases,

which were assigned under the European Union (EU) classification scheme, tachsesijpas

to one of five toxicological hazard bands-E). Like the NIOSH process, each band represents a
different target airborne exposure range for dusts and vapdahe WK study, 11ichemicals

were banded using the UK scheme and the target airborne exposoeatration range

associated with the hazard band for a specific chemical was compared with the numerical value
of the OEL. Results of this study showed that for 98% of the chemicals the target exposure for
hazard banding was lower than the OEL.

In this curreneffort, NIOSH hasomparedhe Tier 1 and Tier 2 banding results 620

chemicals with existing OEL#4ore specifically, OEBs were compared e iowest available
concentratiorvalues among several governmental, consensus, and peer reviewedOELSs.
detailed description of thevaluationresultsis availablen Chapter 5The overall of Tier 1
bandsthat wereat least as protective as the OEL was 91.5% (combined vapor and particulate).
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Chapter2:Bandi ng Chemi cal
| nf ormation: The Ti er
Banding Process

2.0.Technical Approach

The Tier 1 technical criteriasehazard phrases, codes, and categories of the Global
Harmonizd Systemof Classification and Labelling of Chemic#&SHS). GHS covers most
hazardous chemicals and provides a uniform approach for communicating hazéedgoela
chemical exposuretinder GHS, chemicals are assigned standardized headedand
categories based on their known toxicological character{siid&CE 2013. As shown inTable
2-1, Tier 1 relies on the use of this information to assign OBRads A and B are not assigned
in Tier 1. Since there are relatively low data requirements for Tier 1, there is not enough
information to suggest higher exposure ranges for chemicals banded inThisrdautious
approach decreases the likelihood of allowing overexposlinesGHS hazard codesd
categories assigned to a chemical of interest can be found on an-Cfaiphant safety data
sheet (SDS), as well as in a number of databases that address chemicd) sty
information on GH$hazard codes and categories is foun8ection2.1

Table 2-1: Tier 1 Criteria Overview: GHS Hazard Codes and Categories for Tier 1 Hazard

Banding*
Pr_ehmmary NIOSH Tier 1 c D E
criteria
Particle > 0.1 to< 1 milligrams per cubic meter of > 0.01to<0.1 <0.01
OEL ranges air (mg/nv) mg/n? mg/n?
Vapor > 1 to< 10 parts per million (ppm) >0.1to<1ppm <0.1ppm
H301
Category 3 H300 H300
H302 Category 2 Category 1
Category 4
H331
Category 3
Acute toxicity H330 H330
H332 Category 2 Category 1
Category 4
H311
Category 3 H310 H310
H312 Category 2 Category 1
Category 4
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Skin corrosion/ irritation H315 o} H3l14
Category 2 Category 1, 1A, 1B, or 1C
Serious eye damage/ ey H319 5 H318
irritation Category 2, 2/0r 2B Category 1
H317 H317 5
Respiratory and skin Category 1B (skin) Category 1 or 1A
sensitization 5 H334 H334
CategorylB Category 1 or 1A
Genotoxicit o} H34l H340
y Category 2 Category 1, 1A or 1B
H350
_ o Category 1, 1A, or 1B
Carcinogenicity 0 o} H351
Category 2
H361 (including H361f, H360 (including H360f, H360 (including H360f,
Reproductive Toxicity H361d, and H361fd) H360d, and H360fd) H360d, and H360fd)
Category 2 Category 1B Category 1 or 1A
H371 H370
Specific target organ Category 2 5 Category 1
toxicity H373 H372
Category 2 Category 1
*Note that the following hazard codes wil/ not be used for Ti

H3 35, H3 36, H Fese Hecodes ate elthérMd dcsupationally relevant, or aresufficientto effect the Tier 1
banding result.

These codes and categonmevide a basis toategorie chemicaldbased on the severity and
reversibility of the health effects. Chemic#ist have the potential to cause severe and

irreversible health effects at relatively low doses, such as carcinogens, reproductive toxicants,
acutely fatal compounds, and corrosive materais systematically assigned to the most

protective bands. Chemicals that cause reversible health effects at higher doses, such as skin and
eye irritants, are assigned less protective bands, given that the health outcomes are less severe.
As shown in thdier 1 Overview(Figure2-1), GHS codes aresedto discriminate between
extremelypotentchemicals (assigned to bands D or E) and those for whiatritega suggest a

lower level of toxicity. If a chemical has not been evaluated in the GHS system, it cannot be
banded in Tier 1. Additionally, chemicals that have been evaluated by GHS, but have not been
assigned ang00-level H-codes cannot be bandetheirr. These chemicals require a Tier 2
evaluation for band assignmeht.general, Tier 1 can be used as a quick screening method, but
NIOSH recommends going to Tier 2 if the user expertise is availdide.1 would likely be

more be useful when bandiagargenumberof chemicals and deciding which ones should be
prioritized for elimination or substitution.
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Figure2-1: Tier 1 overviewfor quickly bandingchemicals in Tier 1.

Chemical of interest has no OEL

U

Locate GHS hazard codes and categories in recommended databases

U

' N

Compare hazard codes and categories with NIOSH criteria for each he¢alth
endpoint

L& S

U

Assign band for each relevant health endpoint based on criteria

U

Assign a Tier 1 OEB for the chemical based on most protective endpoint band

-

\

2.1 GHS Hazard StatementsCodes, and Categories

Hazard statements, codes, and categories are aligned with a standardized hazard criterion for
toxicological endpoints defined by GHS. These endpoints are talledd classefs

described in the overviewhe health hazard classsssdefined by GHS comprisd)
carcinogenicity(2) reproductive toxicity(3) specific target organ toxicit{4) genotoxicity(5)
respiratorysensitization(6) skin sensitization(7) acute toxicity(8) skin corrosiorandirritation,
and(9) eyedamage/irritationGHS hazard statementre standardized phrases that capture the
nature and extent of the potential risks to human health through contact with a chemic#®l agent
given chemical may have a hazard statement for any or each of these &sndpdithe

statements will vary depending on the severity of the endg@ntexamplea range olGHS

health hazard statements address the acute toxicity potentially associated with dermal exposure

toachemicaThese statements iinrcl adret adtMawi tbkre dilair mf a
contact with skin, o AToxic in contact with sk
30
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Each hazard statement assigned to a chemical by GHS is accompanied by an alphanumerical
hazard codeMarked by simplicity and ease ofejhazard codes related to health endpoints

al ways begin with the |l etter H followed by th
with skino is represented by the code H313 an

Under GHS, chemicals aatso assigned a hazard category. A hazard category is the division of
criteria within each hazard claghese categories compare hazard severity within a hazard class
and are assigned according to specific toxicologicapoutts (such as median lethals®

[LDse]) values for acuteoxicity) or expert judgemerttecisionssuch as for assessing the

potential for human carcinogeniciffhe hazard category can often provide greater distinction
and more specific information than hazard statements and codes.

The full suite of GHS hazard codes, statements, hazard categdisesd in Table A3.1.2 of
[UNECE 2013. As illustrated inTable2-1 of this document, most of these hazard code and
category combinations correspond to a band in the NI@&idpational exposure banding
scheme.

2.2 Data Sources for Hazard Codes and Categories
A number of resources can be used to obtain hazard statementsaoddestegorieNIOSH
recommends the following as information sources:

Safety Data Sheets

Safetydatasheetg(SDSs)are the primary channel through which manufacturers communicate
chemical safety and health information to workers and emergency response personnel who may
be exposed to hazardous chemicale OSHA hazard communication standard is now aligned

with the GH5, meaning that manufacturers must provide a harmonized hazard stateraanhfor
hazard class and categ¢@SHA 2012. As of June 1, 2015, OSHompliantSDSswill

contain GHS hazard statements, codes, and categories that can be used for Tier 1 analysis
(Figure2-2).
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Figure2-2: Required elements in Section 2 of OSHA compleafiety datasheets as defined by the
hazardcommunicatiorstandard (29 CFR 1910.1200(g)), revised in 2012.

Section 2: Hazard(s) Identification

This section identifies the hazards of the chemical presented on the SDS and the appropriate warning information associated with those hazards.
The required information consists of:

The hazard dassification of the chemical (e.g., flammable liquid, category®).

Signal word.

Hazard statement(s).

Pictograms (the pictograms or hazard symbols may be presented as graphical reproductions of the symbols in black and white or be a
description of the name of the symbol (e.g., skull and crossbones, flame).

» Precautionary statement(s).

» Description of any hazards not otherwise classified.

» For a mixture that contains an ingredient(s) with unknown toxicity, a statement describing how much {percentage) of the mixture consists
of ingredient(s) with unknown acute toxicity. Please note that this is a total percentage of the mixture and not tied to the individual
ingredient(s).

Annex VI to theClassification, Labelling and Packaging aubstances andnixtures (CLP)

Annex VI is a European databaseapproximately 1300 chemicalsat is part of the

Classification and Labeling and Packaging of chemical substances and mikhisetatabase

can ke found on the website of the Europ&zmemical AgencyECHA 2013. Information on

chemicals and mixtures, including GHS hazard statements, codes, and categories can be found in
Annex VI.

GESTIS Substance Database

GESTIS is a hazardous chemical database of the German Social Atcsigance that contasn
approximately 800@hemicald GESTIS 2012 This website can be found &ttp://gestis
en.itrust.de/Information in GESTIS includes toxicological data, physical and chemical
propertiesregulations, and hazard statements, codes, and categories.

2.3.Steps in the Tier 1 Analysis

The first step in the Tier 1 analysis is to determine whether an author{iaiygovernment,
consensus, or peeeviewed)or reliable internaDEL is available for the chemical under
considerationExamplesnclude, but are not limited tdIOSH recommended exposure limits
(RELs), OSHApermissibleexposurdimits (PELs),American Conference of Governmental
Industrial Hygienist§ACGIH) thresholdimit values (TLVs®, American Industrial Hygiene
Association(AIHA) /Occupational Alliance for Risk Sciend®ARS) workplaceenvironmental
exposurdimits (WEELS), andeuropean UnionEU) scientific committeeon occupational
exposurdimits. Current OELinformation can be found on an OSHAmpliant SDS, in the
NIOSH Pocket Guide for Chemical HazaflBOSH 201(, or any updates provided by the
organization that derived the OEL being considelfeshe of these OEL®s availableit is not
necessary to define @EB. Controls shoulde implemented to limit worker exposure to the
availableOEL. This step is important as it highlights the fact that OEBs are not a replacement to
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a traditional OEL, the latter typically having much greater data requirements and rdegphn
data evaluatin and peer review proceduréewever,in the absence @xistinggovernment,
consensur peerreviewedOELSs,occupational exposutending can be used to make
decisions about worker exposure and protection.

In gathering information for Tier 1, the user should identify the hazard emdiesategories
assigned to the agefithese can be found ihe sources listed iBection 1.3 of this document
For hazard banding purposesgjority of the300-level hazard coek are used, as they
correspond to health hazar@me 30devel codes are not included, as they represent health
effects that are not sufficient for Tier 1 bandirithe 300level hazard codes that are not used
for banding include: H303, H305, H313, H3H8320, H333, H335, H336, and H362.
Furthermore200-level hazard codehatcorrespond to physical hazards and-#&l| hazard
codegthatcorrespond to ecotoxicologye also not used for banding purposes

Using the hazard codes assigned to a given chemical for each toxicological endpoint, the
technical criteria listed ifable2-1 provide guidance on theelection of the corresponding OEB

for that endpointThe band for each health endpoint for which H codes are available is entered
into the Tier 1spreadsheeWheremultiple H-codes for a single chemical are found arabé-

codes correspond to different bands, the overall OEB is defined as the most protective band. For
example, if Tier 1 Fcodes are found that correspond with band D and band E, the chemical is
assigned band E in Tier 1.

To assist the user in completingethier 1 banding process, Appendixcontains the Tier 1
criteria along with a blank worksheet that can be used to recontlels, hazard categories, and
the corresponding endpoint specific band. iust protective of these bandsecorded at the
bottomof the spreadsheet. This ietTier 1 OEB for the chemical.
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2.4 Detailed Example of a Chemical Banded in Tier {Table 2-2)

Chloral hydrate (302-17-0)

(1) Select a chemical that you are interested in evaluating.
a. Chloral hydrate (304.7-0)

(2) Determine if an authoritativ@EL, such as a NIOSH REL, OSHA PEL, or ACGIHV
is availableIf so, implement controls to limit worker exposure to that leieiot,
proceed with banding process.

a. No OEL, so proceed to Tier 1 banding.

(3) Determine thehreedigit H-codes andhazardcategories assigned to the chemical by
GHS TheseH-codes andhazardcategories can be found in Annex 6 of the GHS, the
GESTISdatabase, and updated, OSHA complabtSs. Note: All 300level Hcodes
correspond to a health hazardswo hundreedevel Hcodes correspond to physical
hazardsand 400level correspond to ecotoxicolagy

a. Forchloral hydratethe Hcodes ar¢1315, H319, and H301
b. The categories are Eye Irrit 3kin Irrit 2, andAcute Tox 3

(4) Use theTier 1criteriaoverview to determine whic®EB corresponds teach of the
health based (30@vel) H-codesfor that chemical.Find the Hcode on the chart, and
find the corresponding OEB at the top of the colulhno H-code exists for a particular
endpointthat endpoint cannot be bandéibte: WhenH-codes corrgsond to more than
one bandthe hazard category is used to determine the endpoint specific band

(5) Assign the overall occupational exposure band for the chemical based owdle(d)
that is/are most protective based on the following rules:

a. If no H-codesare available for the chemical, do not band in Tier 1. Proceed to
Tier 2.

b. The overall band in a Tier 1 procasseveress protective than band C.

c. If the most protective Hode corresponds to both bands D and E, the hazard
categories should be usedmake the final determination. If the hazard category
is not available, band E should be assigned.

For chloral hydrate, the most protectivecbldes correspond tuand C.
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Chemical Name: Chloral Hydrate

Irritation

CAS: 30217-0
Endpoint Hazard Hazard H-code Endpoint
P Code Category Source Band
Inhalation
Acu_te_ Oral H301 Category 3 GHS C
Toxicity
Dermal

Skin Corrosion/Irritation H315 Category 2 GHS C
Serious Eye Damage/ Eye H319 Category 2 GHS C

Respiratory and Skin
Sensitization

Germ Cell Mutagenicity

Carcinogenicity

Reproductive Toxicity

Specific Target Organ
Toxicity

Most Protective Band

This information is distributed solely for the purpose ofgissemination peer review under
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Chapter3:Bandi ng Gl g diHcba | s

The TAcecrupz2at i onBdn dEiIXmogp s

Pr ocess

3.0. Overview

TheTier 2processs recommended by NIOSWhenever data allowecause it is more precise

than Tier &And utilizes point of departure dalithe Tier 1 evaluation results in a band E, Tier 2

is optional given that band E represents the lowest exposure concentration range and a Tier 2
process would not result in a more stringent recommendation. However, completing the Tier 2
process could bleeneficial even in this situation, as the user may gather more detailed chemical
information and possibly move the chemical into a different biaimimost helpfufor

chemicals for which (1) there are @tSH-codes/statements through which a Tieralysis

can be achieved, or (2) the outcome of the latter analysis is incomplete, uncertaimeor
informationis availablethat more clearlyeflects the health potency of the chemical.

Theprocesdor Tier 2occupational exposure bandingesinformation and datéor nine

standard toxicological endpoints and/or health outcahmegsare readily available from
secondary sources such as agency reviews. Endpoints evaluated include acute toxicity, skin
corrosion and irritation, serious eye damage @ritation, respiratorgensitizationskin
sensitization, genotoxicity, carcinogenicity, reproductive/developmental toxicityspauific

target organ toxicity resulting from repeated exposure (SREJ.

Sources of toxicological information have bem®ssed and assigned as Rangréferred
sourceyor Rank 2 ¢econdevel sources Rank 1 sources are those that are most likely to
contain accurate and readily available toxicity data. In the case that information is not found in
Rank 1 sources, theser is advised to search Rank 2. It is not necessary tolcBasik 2 if
appropriate data amllected from Rank IRank 1 and Rank 2 sourcas identifiedn Table

3-2.

The toxicity information for some of the health effects listed almoag becategorical in nature
(presence/absence of genotoxi@tyskin irritation, for example) while other outcomes are
expressed through quantitative information and/or potency data. In the latter case, clearly
specified quantitative benchmarks, such as median lethal doses) k@ acute toxicity and Ro
observeeadverseeffect levels (NOAELS)or equivalent point of degpture such as benchmark
dose lower confidence limit (BMDLJjor STOT-RE, are used. Tho$¢OAEL/BMDL values
that areused ashe basis of agenegerived toxicity benchmarks, such as the reference dose
(RfD) from the U.S. Environmental Protection Agenty§. EPA) or minimum risk level

36
This information is distributed solely for the purpose ofgissemination peer review under
applicable information quality guidelines. It has not been formally disseminated by the National

Institute for Occupational Saty and Health. It does not represent and should not be construed to
represent any agency determination or policy.



N o 0o A W N B

(o]

10
11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28

29
30
31
32

DRAFT

(MRL) from the Agency for Toxic Substances and Disease Registry are preferred for assessing
chemicals in Tier 2 (Rankdr preferredsources)when possiblgNote: The NOAELBMDL

(or, in some casdswest observed adverséect leve) are used in this analysis, NOT the

agency RfD or MRI.because of differences in purpose and dose adjustinémthie absence of
preferredNOAEL/BMDL values from such agency authenticated toxicity benchmarks, clearly
documented NOAELBMDLs from one or more of a suite of designated information sources

can be used (Rankd seconedevel sources).

The numerical cut points defining each OEB reflect the spectrum of possible outcomes, from

little or no adverse effects (band A) through highly toxic/lethal at low exposures (band E).

Earlier, unpublished versions of the Occupational Exposure Bandinggsrocludedand

specific ranges that approximate the GHS hazard categories, but has refined these cut points
based on exposure response analyses, comparisons of OEBs to current Otechracal

expertiseTo ensure the cut points reflect a range depoies, the fraction of chemicals covered

by each occupational exposure band was determined and compared to the potency distribution of
a diverse set of chemicals for some endpoints. Additiorefgnge of uncertainty factorgere
consideredor deriving OELSs that correspond to each band, including interspecies extrapolation,
human variability, and severity of effects.

The Tier 2procesdor occupational exposutending also assesses the sufficiency of toxicity
data to ensure that adequate informatsoavailable to reliably band a chemidalhen toxicity

data are present for a given endpaaniveighted score based omtthealth endpoinis assigned

The scoringorocessyields an endpoint determinant score (EDS) for each health end point and a
total determinant scor€DS) which is thesum of the scores basedthie presence of data for
eachhealthendpoint The TDSis compared to a predetermined threstofddata sufficiency
(seeTable3-1). The TDS is an indication of the presence or absence oflda&al DS was
developed using professional judgment with consideration of the severity of health outcomes and
the likelihood that data regardingparticular endpoint would indicate that the chemical is
sufficiently scrutinized to assign a batidinforms the user whether or not there is enough data

to make &anding decision

This document provides an overall strategy for finding the informageded to band a

chemical. Additionally, the process for scoring the availability and sufficiency of data for

banding in Tier 2 is described. Finally, an electronic web tool and paper worksheets are available
for calculating the TDS and determining the OEB.
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1 Table 3-1: Assigned Scores for thd’resenceof Toxicological Endpoints Encountered in the Tier 2
2  Evaluation

Toxicological Endpoint Endpoint D(eé%rgn)inant Score

Skin Irritation/Corrosion 5
Eyelrritation/Corrosion 5
Skin Sensitization 5
Acute Toxicity/Lethality (LG or LCso) 5
Genotoxicity 5
Respiratory Sensitization 10
Systemic Target Organ Toxicity (STERE) 30
Reproductive and Developmental Toxicity 30
Cancer WOE 20 or 30
Cancer SFIUR, or TD/TGys (Health Canada) 30
Data Sufficiency/Total Determinant Score (TDS) 30/125

3

4
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3.1. Overall Strategy for Banding Chemicals in Tier 2
The overallTier 2 processnvolves collecing quantitative andjualitativetoxicity information on

theninetoxicological endpointsising NIOSHrecommended data sousd&able3-2). These
sources hee been assigned as Rankpteferred sourcé®r Rank 2(secondargourcey If
information is available in Rank 1, it is not necessary to search Rank 2 sdireasures are
also presented ihable3-3. In Table3-3 allows the user to quickly identify which endpoints
each source may hawlata for.Datacan be recorded electronically via the NIOSH Occupational
Exposure Banding eTool or manually via the worksheets located in Appendix B of this
documentEndpointspecific findings are documented in $@eadsheeaind theDEB technical
criteria are used to assign endpeipecific bands and determinant scores for the presence of
data. Ifthe TDS is at least 30,drcating that sufficient data aesvailable for bandinghe most
protective endpoinspecific band is assigned as the OEBe eTool automatically calculates the
TDS, or the TDS can be calculated by tisser by adding all of the EDS valuegether This
processs described irFigure3-1.

Figure3-1: Overview of Tier 2 process

Begin Tier 2 process

2

Search recommended databases for toxicity information

2

Compare qualitative and quantitative data to NIOSH Tier 2
banding criteria

- J

2

Assign band for each health endpoint based on NIOSH tier
banding criteria

2

Assign a Tier 2 OEB for the chemical based on most protectiye
endpoint band
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Table 3-2: List of Information Sources for Banding in Tier 2

ENDPOINT SOURCE OF INFORMATION ACRONYM
U.S. National Toxicology Program Report on Carcinog®&ieP-ROC 2016 NTP-RoC
U.S. EPA Integrated Risk Information SystgEiPA 2014 IRIS
Carcinogenicity International Agency for Research on Carj¢t&RC 2015 IARC
Health CanadfCanada 1996 HC
State of California Office of Environmental Health Hazard Assessfa#it/EPA 201Q Cal OEHHA
- 0000
U.S. National Toxicology PrografiNTP 2016 NTP
Health CanadgCanada 1996 HC
California Environmental Protection Ageng$AL/EPA 2014 CalEPA
Agency for Toxic Substances & Disease Registry Toxicological Pr¢tN€SDR 2016 ATSDR
Reproductive toxicity Organization for Economic Goperation and Developmef@®@ECD 2016 OECD
World Health Organizatiointernational Programme on Chemical SafdtHO-IPCS 2015 WHO-IPCS
U.S. EPA Office of Pesticides: Reregistration Eligibility Decision Docum{ets\ 20164 U.S. EPA RED
European Chemicals Agency; Registration, Evaluation, Authorisation and Restriction of ECHA;
Chemical{ECHA 2014 REACH
Agency for Toxic Substances & Disease Registry Toxicological Pr¢tN€SDR 2016 ATSDR
U.S. EPA Integrated Risk Information SystgaPA 2014 IRIS
California Environmental Protection AgengQAL/EPA 2014 CalEPA
SpecificTarget Organ U.S. National Toxicology PrografiNTP 2016 NTP
Toxicity (STOT-RE) Health Canad@Canada 1996 HC
Europ_ean Chemicals Agency; Registration, Evaluation, Authorisation and Restriction of REACH
Chemical{ECHA 2014
Organization for Economic Goperation and Developmef®ECD 2016 OECD
World Health Organization International Programme on Chemical J&f8#0-IPCS 201% WHO-IPCS
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U.S. National Toxicology PrografiNTP 2016 NTP
1 Agency for Toxic Substances & Disease Registry Toxicological Pr¢tN€SDR 2016 ATSDR
U.S.National Toxicology Program Report on Carcinoggd§P-ROC 2014 NTP-RoC
Genotoxicity World Health Organizatiomternational Programme on Chemical SafgtHO-IPCS 2015 WHO-IPCS
Hazardous Substance Data Ba4HISDB 2016 HSDB
2 Europ_ean Chemicals Agency; Registration, Evaluation, Authorisation and Restriction of REACH
Chemical§ECHA 2016
-]
Organization for Economic Goperation and Developmef®ECD 2016 OECD
1 Europ_ean Chemicals Agency; Registration, Evaluation, Authorisation and Restriction of REACH
Chemical{ECHA 2016
Respiratory sensitization World Health Organizatiointernational Programme on Chemical SafdtHO-IPCS 2015 WHO-IPCS
Agency for Toxic Substances & Disease Registry Toxicological Pr¢tN€éSDR 2016 ATSDR
2 U.S. EPA Integrated Risk Information SystgaPA 2014 IRIS
Association of Occupational and Environmental Clifis®EC 2016 AOEC
-]
NIOSH Skin Notation ProfileENIOSH 2009 SK Profiles
European Chemicals Agency; Registration, Evaluation, Authorisation and Restriction of REACH
1 Chemicals[ECHA 2014
Skin sensitization Organization for Economic Goperation and Developmef®ECD 2016 OECD
World Health Organizatiomternational Programme on Chemical Safst#fHO-IPCS 201% WHO-IPCS
2 Hazardous Substance Data BaHISDB 2016 HSDB
-0
National Library of Medicine ChemID PIj§i€hemID 201§ ChemlIDPlus
. U.S. EPA Superfund Chemical Data MatePA 20160 U.S. SCDM
Acute Toxicity 1 - X
Pesticide Properties Databd8¥DB 2007 PPDB
World Health Organizatiomternational Programme on Chemical Safg¥HO-IPCS 201% WHO-IPCS
41
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5 Hazardous Substance Data Ba4HISDB 2016 HSDB
Agency for Toxic Substances & Disease Registry Toxicological Pr¢tN€SDR 2016 ATSDR
- 000__000000_]
NIOSH Skin Notation ProfileENIOSH 20090 SK Profiles
World Health Organizationternational Programme on Chemical Safd¥HO-IPCS 201% WHO-IPCS
o ) 1 European Chemicals Agency; Registration, Evaluation, Authorisation and Restriction of
Skin Irrltatlo_n/Skln ChemicaldECHA 2014 REACH
Corrosion Organization for Economic Goperation and Developmef@®ECD 2016 OECD
5 Agency for Toxic Substances & Disease Registry Toxicological ProfAdsSDR 2016 ATSDR
U.S. EPA Integrated Risk Information SystgEPA 2014 IRIS
- 0000000__000000___]
Organization for Economic Cooperation and Developi@ECD 2016 OECD
1 World Health Organizatiointernational Programme on Chemical SafdtHO-IPCS 2015 WHO-IPCS
Serious E_ye _Damage/Eye Europ_ean Chemicals Agency; Registration, Evaluation, Authorisation and Restriction of REACH
Irritation Chemical{ECHA 2014
5 Agency for Toxic Substances & Disease Registry Toxicological Pr¢tN€SDR 2016 ATSDR
U.S. EPA Integrated Risk Information SystgaPA 2014 IRIS
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1 Table 3-3: Recommended Sources for Tier 2 Banding by Endpoint

2
OEB Endpoint
sourees CEEE] Re‘lpc:gi?:li{[;tlve S-IF-%CI;T. S o) SReenSs?':ir?;?igyn Seniii:ilgation Tﬁ)cducti(tay Corros%:ll/rll rritation Corrosilc:_))rqflrritation
NTP-ROC Rank 1 Rank 1
NTP Rank 1 Rank 1 Rank 1 Rank 1
IRIS Rank 1 Rank 1 Rank 2 Rank 2 Rank 2
IARC Rank 1
HC Rank 1 Rank 1 Rank 1
Cal OEHHA | Rank 1
ATSDR Rank 1 Rank 1 Rank 1 Rank 2 Rank 2 Rank 2 Rank 2
Cal EPA Rank 1 Rank1
OECD Rank 2 Rank 2 Rank 1 Rank 1 Rank 1 Rank 1
Chem ID plus Rank 1
US SCDM Rank 1
PPDB Rank 1
NIOSH SKN Rank 1 Rank 1
HSDB Rank 2 Rank 2 Rank 2
AOEC Rank 2
WHO-IPCS Rank 2 Rank 2 Rank 1 Rank1 Rank 1 Rank 1 Rank 1 Rank 1
REACH Rank 2 Rank 2 Rank 1 Rank 1 Rank 1 Rank 1
EPA RED Rank 2 Rank 2
3
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3.2. Assessing Data Sufficiency for Hazard Banding in Tier 2: The Total

Determinant Score

A compound©6s T [Quntitatsve ndeastre of dath sudfisien@y for banding in Tier 2
of the evaluation. The TDS is the end product of a scoring system based on the availability of
guantitative and/or categorical (sequantitative) information on the entire range of

toxicological outcomes (determinants).

A Tier 2 evaluation for banding purposes is potentially more discriminating than that based on

GHS statements and codes, and could result in a chemical being moved from the band selected in

the Tier 1 evaluation. However, assegghe sufficiency of information is desirable in Tier 2 to
avoid overreliance on an inadequate or limited data set that may not reflect the potential health
hazard that occupational exposure to a chemical represents.

A numerical scheme for data adequacysedo evaluate chemicals with different combinations
of toxicological outcomes and available data.

Technical Approach

Individual scores are assigned to chemicals for the presence of deterspeaifit information.
The individual score for a given &léh endpoint is referred to #seendpoint determinant score
(EDS). The TDS, which is the sum of the EDS values, is then compared to a predetermined
numerical threshold (30 points). This threshisld professionajudgment on the minimum
amount of infomation for assigning a chemical to a band in Tier 2 with reasonable reliability.

As shown inTable3-1, different scores are used for the presence of different toxicological
outcomes. These EDS values represent weights for the relative importance and severity of the
toxicological outcomes undeonsideration. Thus, the presence of cancer and the existence of
guantitative data on systemic toxicological impacts score higher than less severe or life
threatening outcomes, such as eye irritation. Recognizing this disparity, the schemeaassigns
EDSof 30 to a chemical for the presence of quantitative data or categorical information on
cancer and a score of 30 for systemic toxicity to target organs such as the liver or kidney, etc. In
contrast, a score of 5 is assigned for toxicological outcomearthaither less crucial to the

overall health of an exposed individual or less reliable as an index of chemical hazard through
occupational exposure (for example, acute toxicity).

As shown inTable3-1, the data sufficiency threshold of 30 (out of a maximum possible TDS of
125) has been selected empirically with the goal of ensuring that at least one of the more health
critical endpoints is present farchemical to be banded in Tier 2. A chemmaécific TDS of

less than 30 would indicate that the substance cannot be reliably banded in Tier 2. In such
circumstances, a Tier 3 evaluation would be necessary. A TDS of 30 or more would justify
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choosing thenost stringent band from all of the determinants evaluated as the Tier 2 outcome. If
this differs from the outcome of the Tier 1 evaluation, it would then be justifiable to band the
chemical to either a less or more health protective band than thateohitaifier 1.The

minimum TDS criteria arevaived if any of the endpoint bands are E. In this case, the chemical is
assigned an overall band E regardless of TDS. The rationale for this is that even when very
limited data are available, indications of highkicity should alert the user to adopt the most
stringent band until additional toxicity data are generated.

Practical Considerations: The Endpoint Determinant Score

The concept of an EDIgas been introduced to avoid overreliance on a partidatarminant for
banding where several data points may be available within a specific toxicological category.
Thus, if a number of indices of acute toxicity are availables¢.DCso) for a particular

chemical, simplistically, these might unbalance thewatan by resulting inmEDS of 10.

However, using the EDS concept, the presence of any or all of these determinants would still
result in an EDS of 5. The Tier 2 checklist shows how this information should be recorded (see
highlighted cells inrable3-4).

Special TDS considerations for Cancer Data

If quantitative cancer information for a chemical is available, it will take precedence over
gualtative or categorical data. An EDS of 30 is assigned for any type of quantitative data
described in the NIOSH criteria (e.g. SF,of Cos, etc.). In the absence of quantitative data,
categorical data is used. An EDS of 20 is assigned for the presence of categorieatdata,
when the categorical data results in a band E. In the latter case, an EDS of 30 is assigned.
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1 Table 3-4: Checklist for Tier 2 Hazard Banding

Chemical Name:
CAS:
_ Endpoint
Endpoint Data EDS Band

Acute Toxicity

Source:
Skin Corrosion/Irritation

Source:
Serious Eye Damage/ Eye
[rritation

Source:
Respiratory Sensitization

Source:
Skin Sensitization

Source:
Genotoxicity

Source:
Carcinogenicity

Source:
Reproductive Toxicity

Source:
Specific Target Organ
Toxicity Source:

OVERALL Tier 2 BAND TDS=
46
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3.3 Banding Potentially Hazardous Chemicals omthe Basis ofCarcinogenicity

Cancer is a group of diseases that cause cells in the body to change and grow out of control.

Abnormally reproducing cells of this kind can spread throughout the body (metastasize),
crowding out normal cells and tissimethe procesfACS 2013.

A carcinogenis a

carcinogens unless there is strong evidence that the mechanism of tumor formation is not

. .i substance or a mixture of substances which induce canoerease its
incidence. Substances which have induced benign and malignant tumorspericethed
experimental studies on animals aomsidered also to be presumed or suspected human

relevant for humargs More explicitly, chemicals are defined as carcinogenic if they induce

tumors, increase tumor i@nce and/or malignancy or shorten the time to tumor occurrence.
Benign tumors that are considered to have the potential to progress to malignant tumors are
generally considered along with malignant tumors. Chemicals can potentially inducelgancer

any raite of exposure (e.g., when inhaled, ingested, applied to theoskmected), but

carcinogenic potential and potency may depend on the conditions of exposure (e.devalute,
and

pattern

Evi dence

of

d u MUNECERR813 0of exposure). o

an ag e nthdmananay arsa from gueiesiofgroypedf e nt 1 a l

people who have been exposed environmentally or in the workplace dofigiterm studies in
experimental animals.

Data Sources Carcinogenicity

Sources for Tier 2 information for carcinogenicity can be fourithinle 3-5.

Table 3-5: Information Sourcesfor Carcinogenicity Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM

U.S. .Natlonal Toxicology Program Report on NTP-ROC
Carcinogens
U.S. EPA Integrated Risk Information System IRIS

Carcinogenicity 1 International Agency for Research on Cancer IARC
Health Canada HC
State of California Office of Environmental Health Cal OEHHA
Hazard Assessment

Classification Criteria T Carcinogenicity

Carcinogenicity can be assessgrntitatively or qualitativelydepending on the data available.
For banding purposes, either qualitative assessments or quantitative assessments can be used, but
if both are available, the banding resulting from the qtetite assessment takes precedence.

Recommended sources faformation aboutarcirogenicity are listed ifable3-5.

47
This information is distributed solely for the purpose ofgissemination peer review under
applicable information quality guidelines. It has not been formally disseminated by the National
Institute for Occupational Safety and Health. It doesraptesent and should not be construed to
represent any agency determination or policy.



© 00 NO O b WDN P

[N
o

11
12
13
14
15
16

17

18
19
20
21
22
23
24
25
26
27
28
29
30

Quantitative Assessment Carcinogenicity

DRAFT

The guantitative assessment of carcinogenicity uses a measure of potency as a more accurate
way to band chemicals tharpurelyqualitativeapproachBecausé)EBs represent
concentration ranges, potency information is more valuable in t#freedecting the appropriate
band.Potency datawhenavailable, may be in the form of a slope fa§®F), an inhalation unit
risk (IUR), or a tumorigenic dog@ Dos) or concentratiorfTCos) associated with a 5% increase
in tumor incidence or mortalitylo conduct a quantitative assessm#rg potency measure is

converted to appropriate units (if necessary) and compared to quantitative banding criteria to

select the appropriate basdown inTable3-6.

Table 3-6: Criteria for Carcinogenicity Toxicity (Quantitative Analysis)

NIOSH Banding Criteria fo€ancer
Exposure/ Dosing Endpoint Band
Route C D E
Slope factor <0.01 (mg/kgday): | © 0. 01 t o-dayJt!] O 10 {dayh/
Inhalation unit risk | <3x10°( ¢ Fyin O 3 "9t 01 & 0 90 O 0. 0B
TDos > 5 mg/kgday > 0.005 t-day d O 0. 00 ®aym
TCos > 1670°% > 5 to 03%16 O 5 3%sg/

Three sources, U.S. EPA IRIS, Health Canada, and State of Cali@ffita of Environmental
Health Hazard AssessmdbalFOEHHA, have sufficienguantitativeinformation to refine the
carcinogenicity hazard barahd should besed for quantitative assessmédnce a band has
been selected based on a potency estimate, there is no need to go on to the next source for this

analysis.

Endpoint-Specific Band Selection Quantitative Carcinogenicity

1 To band a chemicaising a SFor IUR, first ensure that the values are in the appropriate

units or convert the values to the appropriate units.
1 Compare the SF or IUR to the quantitative criteria and assign a band aclor@iagle
3-6). The band assigned on the basis of SF or IUR takes precedence over any band
assigned based @yualitative description.
1 If bothaSFandanlUR areavailable whichever gives the more protective band takes
precedence for band selection in TieilflBe most protective SF and IUR values are the
highest rather than the lowest values, as these values represent the proportion of a
population at risk for developingancer.

IfaTCosi s

= =4 A

avai

abl

e

for t he

If a TDos is available for the agent, ensure that the units are nugig
adent ,
If quantitative carcinogenicity dasme available, assigmEDS of 30 points.

ensur e
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Qualitative Assessment Carcinogenicity

In the qualitative assessment, souticeéBable3-2 should be checked for carcinogen
classificationsand assessed using criteridliable 37. Special guidance for each of these

sources follows.

Table 3-7: Criteria for Carcinogenicity Toxicity (Qualitative Analysis)

Classification Endpoint Endpoint Determinant
Band Score
National Toxicology Program Report on Carcinogens
Known to be human carcinogen E 30
Reasonably anticipated to be human carcinogen E 30
Environmental Protection Agency Integrated Risk Information System
Group A (human carcinogen) E 30
Carcinogenic to humans E 30
Group B1 (probable human carcinogen) E 30
Group B2 (probable human carcinogen) E 30
Likely to be carcinogenic to humans E 30
Group C (possible human carcinogen) D 20
Suggestive evidence of carcinogenic potential D 20
Group D(not classifiable as to human carcinogenicity)) No band 0
Data are inadequate for an assessment of carcinogen No band 0
potential
Group E (evidence of nezarcinogenicity for humans) A 30
Not likely to be carcinogenic to humans A 30
International Agency for Research on Cancer
Group 1 (carcinogenic to humans) E 30
Group 2A (probably carcinogenic to humans) E 30
Group 2B (possibly carcinogenic to humans) E 30
Sroup 3 (not classifiable as to its carcinogenicity to No band 0
umans)
Group 4 (probably not carcinogenic to humans) A 30
State of California Office of Environmental Health Hazard Assessment
Type of toxicity = cancer | E | 30

Endpoint-Specific Band Selectionr Qualitative Carcinogenicity
National Toxicology Program Report onCarcinogens

1 The most recerReport on Carcinogen®0C) can be searched for tbhemicalof
interest. If NTP has classified the chemical as eithexvn to be human carcinogen
reasonably anticipated to be human carcinogessigran EDS of 30 and band E.

1 If neither of these designations is located, this source does not have information about the
carcinogenicity of thishemical In this case, the EDS & No band is assigned, and the

next source is assessed.
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Environmental Protection Agency Integrated Risk Information System

1 The U.S. EPA IRIS carcinogen classification can be checked on the U.S. EPA IRIS
website. The weight of evidence (WOE) descriptor should be evaluated.
1 If the WOE descriptor is

o Group A (human carcinogentarcinogenic to humans, Group B1 (probable
human carcinogenl.ikely to be carcinogenic to humaosGroup B2 (probable
human carcinogen)pssign a determinant score of 30 and band E.

o Group C (possible human carcinogensuggestive evidence of carcinogen
potential),assign a determinant score of 20 and banEdDthis group, U.S. EPA
found some evidence of carcinogenicity but the data were not sufficiently robust
to have high confidence in the assessment.

o Group D (not classifiable as to human carcinomgty or data are inadequate for
an assessment of carcinogenic potent@kileterminant score of 0 is assigned. No
band is assigned based on this source. For this groupP#did not find
enough information to assess the carcinogenicity ofhieenici

0 Group E (evidence of necarcinogenicity for humansr not likely to be
carcinogenic to humansjssign a determinant score of 30 andpointband A.

For this group, EPA found that the data were sufficiently robust to conclude that
the chemical is ndikely a human carcinogen.

International Agency for Research on Cancer

1 The IARC carcinogen classification can be fommdthelARC Monographwebsite
(Table3-5). Check the corresponding IARC monograpébsite foranyadditional
information If IARC has classified thehemicalas
o Group 1 (carcinogenic to humans), Group 2A (probably carcinogenic to humans)
or Group 2B (possibly carcinogenic to humans), assign a determinant score of 30
and a preliminargndpointband E.
o Group 3 (not classifiable as to its carcinogenicity to human$ARC has not
classified thechemicalat all, move to the next sourcéNo score is assigned.
o Group 4 (probably not carcinogenic to humaresign a determinant score of 30
andendpointband A.

State of California Office of Environmental Health Hazard Assessment

1 CalOEHHA listschemicalknown tocause cancer as part of its Proposition 65 list. The
list is availableonlineandcan be searched by nameGAS rumber?f the chemicalhas
t he designati on 0 cTgpe ofdoaxioityassigmaedetermiraet schore adi n g
of 30 andendpointband E.

Health Canada

1 Health Canada does not independently assasinogenicity withVOE descriptors.
Instead theyreport carcinogenicity designations from ACGIH, CalEPA, the European
Union, IARC, and NTPThis source should not be consulted for qualitative data. Use this
source for quantitative carcinogenicity information only.
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3.4. Banding Potentially Hazardous Chemicals based on Reproductive Toxicity
Reproductive toxicity includes adverse effects onadpctive health in adults and
developmental toxicity in offspring. As discussed in the NTP monodsaggkifications for the
Conduct of Studies to Evaluate the Reproductive and Developmental Toxicity of Chemical,
Biological and Physical Agents in Laboratofyimals for the National Toxicology Program
[NTP 2011, data derived from developm@l and reproductive studies focus on three main
topics (1) fertility and reproductive performance, (2) prenatal development, and (3) postnatal
development.

Endpoints of reproductive toxicity include desgated impacts on fertility and fecundity, and
any changes to interrelated reproductive parameters that may suggest arelaggt
perturbation of reproductive functiofihese could include effects on estrous cyclicity, sperm
parameterdjtter observations, histopathology of reproductive organsat, tend reproductive
indices and performanckndicabrsin the latter category might include compotnethted
changes to the weights of uterus and placemddifferences in the numbers of corpora lutea,
implantations, resorptions, and dead and lifetgses.

For developmental toxicity, indiaats of compounerelated impacts to the fetus would be sex
ratio; fetal weight and overall sizencidence of external, visceral, or skeletal malformations or
variations clinical signs and/or other fetal chang#sat become evident on necropsy and
histopathology.

Reproductive toxicity includeSa dver se effects on sexual funct.i
and females, as well as developtnem! t ox i ci t YJUNEGE2018e of f springo

Data Sources Reproductive Toxicity
Sources for Tier 2 information for reproductive toxiagn be found in

Table3-8. Standard animal studies in rats and other experimental animals provide relevant data
for banding chemicals according to reproductive toxicity. In assigning a band for these effects,
NOAELs/BMDLs that are specified in reviews of studies featuring oral, dermal, and inhalation
exposures in experimental animals are aligned to the quantitative technical criteria li&btein
3-9, with emphasis on those studies conducted using internationally accepted protocols (i.e.,
OECD and U.S. EPA Test Guidelines).
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Table 3-8: Sources of Information for Reproductive Toxicity Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
U.S. National Toxicology Program NTP
Health Canada HC
1 California Environmental Protection Agency CalEPA
Age_ncy fo_r Toxic Substances Risease Registry ATSDR
Toxicological Profiles
Reproductive Orga?lzatlon for Economic Goperation and OECD
toxicity Development — .
World Health Organizatiomternational Programme on WHO-IPCS

Chemical Safety

2 U.S. EPA Office of Pesticides: Reregistration Eligibility| U.S. EPA
Decision Documents RED
European Chemicals Agency; Registration, Evaluation, ECHA;
Authorisation and Restriction of Chemicals REACH

Classification Criteria 1 Reproductive Toxicity

For a Tier 2 assessment, human or animal data are needed for assigning a band that reflects the
reproductive toxicity potential of ehemical NIOSH recommends occupational exposure

banding assignments for reproductive toxicity based on NOAELs/BMDaisI¢3-9). This
doseresponse information provides the quantitative basis for assigning a band for this endpoint.
NOAELSBMDLs are generally availablfrom reviews conducted by governmental, national,
internationaland professional agencies. The dosgponse information provides the quantitative
basis for assigning the band for this endpoint.

NOAEL and BMDL values should be derived from studies tisainternationally accepted test
methods such as th©®ECD Guidelines for the Testing of Chemicalsd EPAGood Laboratory
Practices (GLP) thatssess

(1) Developmental toxicity

(2) Perinatal and postnatal toxicity

(3) Onegeneratioror two-generation toxicity

(4) Reproductive/developmental toxicity

(5) Combined repeated dose toxicity study with reproduction/developmental toxicity

(6) Shorttermor longterm repeated dose toxicifiye., studieshat have reported adverse
effects or changes that have been judged likelyrpair reproductive function arttiat
occur in the absence of signifitageneralized toxiciy
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Table 3-9: Criteria for Reproductive Toxicity Endpoint
NIOSH Banding Criteria foReproductive Toxicity

(NOAEL/BMDL/BMCL)
Exposure/ Endpoint Band
Dosing Route A B C D E
Oral. dermal >300mgkg | > 30 t| > 3 td> 0.3[00. 3 -n
’ day mg/kgday mg/kgday mg/kgday day

Inhalation (gases > 1,000 to >100to > 10 t

and vapors) > 10,000 ppmi- o 47 , 001 O1, 000 ppm 010 p
Inhalation (dusts an{ > 10,000 >1,000to >100to > 10 t| -~
; 010, 0{ 4 010 Dy
mists) ug/m? ug/n? 01,0086 ug/m?

Approach to Data Selectiori Reproductive Toxicity

Recommendedourcesare consulted for relevant NOAEBVIDLs and whentheseare not
available, the LOAELfor the reproductivéoxicity endpoint (see Table&for data sources)
The following approach is suggested.

Endpoint-Specific Band Selectioni Reproductive Toxicity
Thefollowing steps are suggested to assign a band:

(1) If route-specific NOAEL$BMDLs are available, use them directly to assign a band.

(2) If a LOAEL but no NOAEL is available for any routdyide the LOAELby 10 to
convert the LOAEL ta NOAEL equivalent.

(3) If multiple NOAELYBMDLs are available for givenroute of exposure, the lowest
NOAEL/BMDL is used for that route.

(4) When NOAEL$BMDLs are available fomultiple exposureoutes,assign the most
stringent band as the overall band for the reproductive toxititye chemical

(5) If no routespecific NOAEL$BMDLs (or LOAELS) are available, criteria for the
reproductive toxicity endpoint are not met and no reproductive toyspiggific bands
assigned for thishemical

Endpoint Determinant Scorei Reproductive Toxicity

Thedetermination of thavailability of adequate data authoritative reviewo supporbanding
decisions idased on (1) quantitative epidemiological information on the reproductive effects of
toxicants in exposed humans and/or (2) experinhelata on these outcomes in experimental
animals. If a NOAEIBMDL or LOAEL is available, a EDSof 30is assigned to indicate

sufficient information is available for banding in Tier 2. This score is assigned on the availability
of the informationyegardlssof the outcome of the test or observation (positive/negative).
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Unit Conversions for Inhalation Datai Reproductive Toxicity
TheU.S.EPA[Jarabek et al. 1994rovides a detailed explanation of how the tenets oifciba!

gas law can be used to convert concentrations of gases and vapors expressed in pprh to mg/m
and vice versa.

At 25°C and 760 mm Hg d-mole of a perfect gas or vapor occupies 24.46rider these
conditions, the conversion becomes:

mg/n? = (ppm x MW)/24.45

Converting concentrations expressed in nigrppm would require inverting the above
calculationas follows:

ppm = (mg/m x 24.45)/MW
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3.5. Banding Potentially Hazardous Chemicals othe Basis ofSpecific Target

Organ Toxicity (STOT-RE)

Specific Target Organ Toxicity fllwing Repeated Exposure (STARE) is the consequence of

a Anconsistent and identifiable toxic effect
significant changes which have affected the function or morphology of a tissue/organ, or has
prodwced serious changes to the biochemistry or hematology of the organism and these changes
are relevant [UNBCERMUIan heal t ho

Examples otoxicological endpoints applicable to the STBE hazard banding category

include (1) irreversible gross or histopathological changes to major target organs such as the liver
and kidney, (2) doseelated trends in absolute or relative organ weights,di83istent changes

to hematological parameters, and (4) persistent alterations in those clinical chemistry parameters
that reflect physiological impairment to one or more target organs. Iltems in the latter category
might include elevations in the serum centrations of urea nitrogen or creatinine (indicative of
damage to the kidneys) or increases in the activities of those enzymes (such as alanine
aminotransferase, aspartate aminotransferase, or gamma glutamyl transferase) that are thought to
reflect the functional activity of the liver.

Data Sources STOT-RE
Sources for Tier 2 information for STERE can be found iffable3-10.

Table 3-10: Criteria for Specific Target Organ Toxicity (STOT-RE) Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
Age_ncy fqr Toxic _Substances & Disease Registry ATSDR
Toxicological Profiles
U.S. EPA Integrated Risk Information System IRIS
1 California Environmental Protection Agency CalEPA
Specific U.S. National Toxicology Program NTP
iarge_'i Organ Health Canada HC
(SO'I)'(E():!I')-/RE) European Chemicals Agency; Registration, Evaluation, REACH
Authorisation and Restriction of Chemicals
5 Organization for Economic Goperation and OECD
Development
WorId_HeaIth Organization International Programme or WHO-IPCS
Chemical Safety

Classification Criteria T STOT-RE

For a Tier 2 assessment, human or animal data are needed for assigning RESH& to a

chemical These data are generally available fraumthoritative reviews conducted by

governmental, national, international and professional agencies throughout the world. These
agencies have published reference doses or concentrations (RfDs and RfCs), minimal risk levels
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(MRLs), acceptable daily intakemlerable daily intakes or concentrations (TDIs or TDCs),
tolerable intakes (TIs) or tolerable concentrations (TC), etc. These values are based on target
organ toxicity information and critergpecific to the organization that developed th&hese
referencedoses/concentrations are derived based on NOARBIBLS or LOAELS (when

NOAELSs are not availableghat are relevant for the STEHE classification. The

NOAELYBMDLs used by the agency to derive the agency recommendations should be used as
the quantitatie basis for assigning the band for this endpdfittie reference dose is based on
something other than STERE (for instance, reproductive toxicity), the NOABMDL or

LOAEL used to derive the reference dose should not be used for banding for theRETOT
endpoint.Instead, thosdata shoulde usedor the relevant health endpoint.

NIOSH recommends criteria for each of teeupational exposutegandsas listed inTable3-11.
The criteria refer to dose/concentratidrean standard 94@lay toxicitystudiesconducted imrats
However, availability of a reliable NOAEBMDL from a repeat dose study of adequate quality
in another animal model would be acceptable to assign a SRE)Fand to &hemical

Similarly, a NOAELBMDL from a study of less than 90 days duratibut (@t leas28 days or)
would be applicable for banding@ording to this endpoint, if a suitable conversion factor is
applied to acount for the shorter duration.

Table 3-11: Criteria for Specific Target Organ Toxicity (STOT-RE) Endpoint
NIOSH Banding Criteria foBpecific Target Organ Toxicity (NOAEL/BMDL)

Exposure/ Endpoint Band

Dosing Route A B C D E
>100 to
Oral, dermal >1,000 01,00 >10 to >1 to 01 mgldy
mg/kg-day mg/kgday mg/kg-day mg/kg-day

Inhalation (dusts >30,000 >§’3000t0 ol . >300 to >30 to 530 B

and mists) ug/m? ug/mg’ 03,0086 ug/me S
Inhalation (gases >3,000 to >300 to >30 to 8

and vapors) >30,000 ppmi- o 575 , 00| O3, 000 ppm 030 p

* Multiple NOAEL$BMDLsfor one chemical may be available. Tp@nt of departure valuselected for banding should be the
NOAELBMDL used bythe agency as the basis for the reference dose/concentration.

Approach to Data Selection STOT-RE

Whendoseresponse information and derived target organ toxicity benchmark values are
available from Rankl1 sourceBable 2.8, identify, for each route, the single NOABMDL

that isthe mostealthprotectiveand enter the value(s) in the appropriate sedidhe
chemicalspecificeTool or papeworksheetsThe applicabl&NOAEL/BMDL is compared to the
NIOSH criteria(Table3-11).andthe most stringent bansl assigneds theendpointband for the
chemical
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In the absence of Rank 1 data, there are other sources of BE@ormation (e.g.,
authoritative compilation of studies such as SIREACH) from which endpointpecific
NOAELsBMDLs may be obtained (Rank 2).

Endpoint-Specific Band Selection STOT-RE

Human data from repeated exposures are the primary source of evidence for this hazard class and

the associated bands, but standard animal studies in rats and other expesimreatalthat
provide this information are 28ay, 90day, or lifetime studies (up to 2 years). Because human
data are not readily available, NOAEB#IDLs are identified in experimental animals following
oral, dermaland inhalation exposures.

Severaldjustments may be needed before using data to assign a band. Depending on study
design, a duraticadjustment may be necessary. [f@fy or longer duration NOAEIBMDLs

are available, these values are used directly to assign a band for a chemic@lAER/BMDL

is from a 28day but less than 98ay exposure, this should be divided by a factor of three to
derive a NOAEIBMDL equivalent to a 9@day exposure. The resulting value is used to assign a
band.

Another adjustment that may be required is a LOA&NOAEL adjustment. If a LOAEL rather
than a NOAEL is available, tHEOAEL is divided by 10 to convert the LOAEL to a NOAEL
equivalent.

If multiple NOAELYBMDLs are availabldéor any route of exposure, thewestvalueis used for
that route. When NOAELare available for each route and respecific bands are assigned, the
overall STOFRE band is represented by the most heaititective band (the most stringent). If
no routespecific NOAELSs are available, criteria for the STBE endpoint are not mehd no
STOT-RE specific band will be assigned for thisemical

Endpoint Determinant Scorei STOT-RE

The NOAELBMDL that serves as the basis for the safe dose/concentration provided in
authoritative reviews can be based on (1) quantitative epidemiological information orRRHOT
endpoint in exposed humans and/or (2) experimental data on these outcomes in experimental
anmals. If a NOAELBMDL is availablean EDSof 30is assigned, indicatingufficient

information is available for banding a chemical in Tier 2.
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3.6. Banding Potentially Hazardous Chemicals othe Basis ofGenotoxicity

Thegenotoxicity healtlendpointis related to changes in genetic materllhile genotoxicity

and germ cell mutagenicity are similar terms, it is important to drawistiaction Germ cell

mutagens are chemicals that may cause permanent heritable changes in the amount or structure
of thegenetic material in germcell. Germ cellanclude an ovum or sperm cell or one of its
developmental precursoglutagenicity refers specifically to heritable changes in the DNA

coding sequence, while genotoxicity is a more general term that includasamsiand other

DNA or chromosome level chang8$us, genotoxicity, by definition, includes mutagenicity.
Chemicals can belassified asd genotoxicityfrom a range of in vivo and in vitro tegtSNECE

2013.

Agents with demonstrabenotoxicproperties have been subdivided into categories according
to the available evidence. For example, chemicals for which positive evidence exists from human
epidemiological studies may be regarded as adg@isnto be genotoxic.

In practice, data for few #nygenotoxic chemicalgse to this level of certaintynd results

from a variety of alternative assays shbe considered (s@able3-12). The process of reaching
conclusions regarding genotoxicity potential is challenging because the many different types of
assays do not all measure the same aspects of alterations in gertetial. For example, a

chemical that causes small changes in the DNA sequence at a single point may not show any
effect in assaythatprimarily assess chromosome changes or large scale DNA damage. Thus, the
assessment of genotoxicity potential needstwsider both the nature of available assays as well

as the results (positive or negative) for each assay.

Table 3-12 Examples of Genotoxicity TestApplicable to the Tier 2 Hazard Banding Process

Type of test Examples
Rodent dominant lethal mutation test
Mouse heritable translocation assay
Mouse specific locus test

In vivo heritable germ cell
mutagenicity tests

In vivo somatic cell Mammalian bone marrow chromosome aberration test
mutagenicity tests Mammalian erythrocyte micronucleus test

Mutagenicity tests on germ| Mammalian spermatogonial chromosome aberration test
cells Spermatid micronucleus assay

Genotoxicity tests in germ | Sister chromatid exchange analysis in spermatogonia
cells Unscheduled DNAynthesis test in testicular cells
Genotoxicity tests in Liver unscheduled DNA synthesis test in vivo

somatic cells Mammalian bone marrow sister chromatid exchange

In vitro mammalian chromosome aberration test
In vitro mutagenicity tests | In vitro mammalan cell gene mutation test
Bacterial reverse mutation (Ames) test

Source{UNECE 2013.
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Approach to Data Selectiori Genotoxicity
For Tier 2assessments, the preference is to rely on the overall judgment on genotoxicity
provided from an authoritative Rank 1 or Rank 2 so(ifedle3-13). Relevant information on

all of these tests can be found in authoritative reviews and summaries, as listed below. For ease
of access, agersipecific findings are usually gathered togetheherelevant section or chapter

and frequently tabulated. Where such authoritative sources are not available, data gathering for
banding chemicals according to this criterion involves searching for chespieeific data from

a range of genotoxicity tests

Data Sources Genotoxicity
Sources for Tier 2 information for Genotoxicity can be foun@ahle3-13.

Table 3-13: Sources for GenotoxicityEndpoint

Authorisation and Restriction of Chemicals

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
U.S. National Toxicology Program NTP
Agency for Toxic Substances & Disease Registry ATSDR
U.S. National Toxicology Program Report on Carcinogg NTP-RoC

Genotoxicity \C/:Vr:)erlrtrj]i?;aétgfg;gan|zat|ornternat|onal Programme on WHO-IPCS
Hazardous Substance Data Bank HSDB
European Chemicals Agency; Registration, Evaluation, REACH

Endpoint-Specific Band Selection Genotoxicity
The totalityof the evidence ofenotoxicity, as provided by summaries and or tabulated data in
authoritative reviews, should be entered by source ispgheadsheetf there was no record for a

particul ar

infforma t i

on

enter fino datao for

t hat

compound enter fAno genotoxicitye i nf o. O

particul ar

negative in the appropriate row for that source, depending on the preponderance of the evidence.

For the checklist, choose the band that is most appropriaté baske summary statements in
authoritative reviews or evaluation of the d#a shown inTable3-14, the following bands
apply: A (negative results), C (mixed results), or E (positaelty. These determinations are
general in natureand for data sets that do not provide a clear conclusion regaeiogoxicity
potential a Tier 3 evaluatigrerformedby a toxicologist or othespecialist should be considered.
The following are some characteristics of data sets that provide théeggeatest confidence

in the determination of genotoxicity:

1 Availability of a summary statement on genotoxicity from an authoritative source
1 Availability of genotoxicity from in vivo assays and mammalian assays supported by in
vitro and noamammalian ass/s
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1 Consistent results in a diverse array of assays that evaluate different types of effects on

genetic material (e.g., assays eoug several rows iable3-12)

I f there are no studi es f ospreadskeelithe determinantt y ,
score when appropriate data aneilable is 5 for genotoxicity. Leave blank if there are no data.

Table 3-14: Criteria for Genotoxicity Endpoint

NIOSH Banding Criteria foGGenotoxicity

Endpoint Band

A C

E

Negative Results Mixed results

Positive Results

Endpoint Determinant Scorei Genotoxicity

If acceptable data point ayenotoxicity is availableascore of 5 is assigned to the endpoint

determinant score. The presence of multiple acceptable studies also warrants a sclbre of 5.

there are no available data for genotoxicity, no band is assigned for genotoxicity and a

deteminant score of O is assigned. This score is assigned on the availability of the information,

irrespective of the outcome of the test bservation (positive/negative).

This information is distributed solely for the purpose ofgissemination peer review under
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3.7. Banding Potentially Hazardous Chemicals on the Basis of Respiratory
Sensitization

Sensitizationcan be differentiateshto two subclasses: respiratory sensitization and skin
sensitizationA respiratory sensitizetis fia substance that wil/ I
airways following inhalation of the substarcgJNECE 2013. This chapter discusses
respiratory sensitization.

In Tier 2 respiratory sensitizers are allocated bands using qualitittadf epidemiological or
clinical doseresponse data are available for respiratory sensitization, the resulting
NOAELsBMDLs are considered under the specific target organ toxicity endpoint.

Data Sources Respiratory Sensitization
Sources for Tier thformation for respiratory sensiison can be found imable3-15.

Table 3-15: Data Sources forRespiratory Sensitization Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
Organization for Economic Goperation and OECD
Development
1 European Chemicals Agency; Registration, Evaluation, REACH
Authorisation and Restriction of Chemicals
Respiratory World Health Organizatiomternational Programme on WHO-IPCS
sensitization Chemical Safety
Agency for Toxic Substances & Disease Registry ATSDR
2 U.S. EPA Integrated Risk Information System IRIS
Association of Occupational and Environmental Clinics AOEC

Classification Criteria T Respiratory Sensitization

ead

For a Tier 2 assessment, human or animal data are needed to assign a respiratory sensitization
band to a substance. These data are generally available from authoritative reviews conducted by

governmental, national, international, and professional ageacée$ection of which are listed in
Table3-15.

Respiratory sensitization or respiratory allergy refers to an allergic reaction in the respiratory
tract (e.g., asthma) following exposure to the chemRakpiratory sensitization does not refer
to irritation or damage to pulmonary tisswdldwing chemical exposure hEse outcomes would
be considered for banding under specific target organ toxicityrafteated or prolonged
exposure. Acute or single exposure respiratory irritagamt used in the OEB protocol.
According to the OSHA HCS, fAsensitization
specialized immunological memory in an indiual by exposure to an allergen. The second
phase is elicitation, i.e., production of a eekdiated or antibodynediated allergic response by
exposure of a sensitized individual to an
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lungs (e.g., alveolitis) are also considered.

Genaeally, to assess respiratosgrsitization risk, regulatory agencies have adopted a qualitative

approach as a first step. Because of lack of validated assay protocols that provide quantitative
human or animal data on respiratory sensitization, GHEECE 2013 has proposedo specific
guantitative potency criteria for Category 1 respiratory sensitizers.

NIOSH recommends banding criteria for respiratory sensitization on the basis of qualitative
criteria, as set forth iable3-16. Given the imprecise nature of the-patints for banding this
endpoint, some latitude is available for persons to ugeabtativeapproach, on the basis of the

total evidence.

Table 3-16: Criteria for Re spiratory Sensitization Endpoint

NIOSH Banding Criteria foRespiratory Sensitization

Endpoint Band

A C E
No ewdenc_e_ of respiratory Mixed results Positive eV|dgnce _of respiratory
sensitization sensitization

Approach to Data Selectiori Respiratory Sensitization
Although no validated quantitative animal bioassays currently exist from which a reliable point

of departure

can

be ident.i

fi

ed,

nferent.

response can be drawn frmonclusions provided ireviewsfrom recommended databages.,
ATSDR, IRIS, REACH assessments, OECD SIDS, etc.)

Endpoint-Specific Band Selectioni Respiratory Sensitization
The following steps are followed to assign a band:

(1) Assign band, if the classification systeindicates the substance is a respiratory

sensitizer.

a l

(2) Assign band C, if results from these sources are mixed or the evidence is determined to

be inconclusive.

(3) Assign band A if thelassification system avidence indicates the substance is not a

respirabry sensitizer.
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3.8. Banding Potentially Hazardous Chemicals on the Basis of Skin Sensitization

In addition to respiratory sensitization, the banding process evaluates a chemicals potential to
cause skin sensitization. 9kin sensitizer s fia substance that wil/
foll owi ng [WMECB20t30nt act O

In Tier 2, skin sensitizers are assigned to drfeve endpointbands, ranging from band E
(extreme sensitizers) to band A (reensitizers), on the basis of local lymph node assay (LLNA)
EC3 value ranges or other standard assays. EC3 is defined as the effective concentration
necessary to produce a stilation index of 3 or more.

Data Sources Skin Sensitization
Sources for Tier 2 information for skin sensitization can be foufGie3-17.

Table 3-17: Data Sources for Skin Sensitization Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
NIOSH Skin Notation Profiles SK Profiles
European Chemicals Agency; Registration, Evaluatior, REACH
Authorisation and Restriction of Chemicals
Skin 1 Organization for Economic Goperation and OECD
sensitization Development _ _
WorId_HeaIth OrganizatiomternationalProgramme on WHO-IPCS
Chemical Safety
2 Hazardous Substance Data Bank HSDB

Classification Criteria T Skin sensitization

Skin sensitization or skin allergy refers to an allergic reaction of the skin (e.g., allergic contact
dermatitis) following exposure to the chemical. Skin sensitization does not refer to irritation and
corrosion to skin following chemical exposure; theseomes are a measure of Skin Corrosion
and Irritation that are addressed as a separate endpoint@cc¢hjzational exposure banding
process. According to the OSHA HCS, fAsensi
induction of specialized immwfogical memory in an individual by exposure to an allergen. The
second phase is elicitation, i.e., production of ammetiated or antibodynediated allergic
response by exposure of a Bvielanseioftskinsensitizationd i v i

humans is usually assessed by a diagnostic patch test. Evidence for skin sensitization in standard

animal assays includes the local lymph node assay, the guinea pig maximization test, and the
Buehler assay.

NIOSH has patrtially established its semsition banding criteria on GH&HS has proposed
specific quantitative potency criteria for Category 1 (subcategories 1A andihBgsisitizers

These criteria are based on human evidence, EC3 values in the mouse LLNA, and the percentage

of positive animals in relation to the induction concentration tested in guinea pig maximization
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testand Buehler guinea pigtest GHS a c k n o wl e ca are notganaratedfinh u ma n
controlled experiments for the purpose of hazard classification but rather as part of risk
assessment to confirm | a[ONECEA1IeThefere teddersee e n
from animal studies is often used and supplemented by observational data drawn from situations
where humans have become exposed in either the workplace or environment.

In a Tier 2 assessmigmlata for assigning a bafat skin sensitization are gathered and evaluated
from authoritative reviewBoth qualitative and quantitative t@ria are outlined ifable3-18.

In the case that both qualitative and quantitative data exist for this endpoint, each should be
surveyed against the NIOSH skin sensitizatioredatand whichever data providiee most

health protective band should be used. The NIOSH skin no&dgignment can also be used to
assign a band for skin sensdirmn as indicated ifable3-18.

If LLNA EC3 values are available, the chemical is assigned one of five potency categoEgs (A
on the basis of their associated threshold concentrations with respect to skin sensitazdrd

In the absence of LLNA EC3 values, NIOStommends using incidence of sensitization in
relation to the induction concentration tested in GPMT and Buehler test, based on 2012
European Chemical Agency recommendations.

Table 3-18: Criteria for Skin Sensitization Endpoint
NIOSH Banding Criteria foSkin Sensitization

Endpoint Band
Test Type A c E
EC3 (%) (based on| Non-skin (WEegk:’;o nfo(;’/gzate OS2 EC3 (%) 02.0 (
LLNA) sensitizer o skin sensitizer)
sensitizer)
30% to 60% responding O 30% respond
No positive at > 0.1% intradermal intradermal induction
GPMT response or induction concentration concentrat i on
low incidencel OR O 3 0% r e respondingh >0. 1%
data > 1% intradermal intradermal induction
induction concentration concentration
No positive OO 620 o/f[’ Or eos p2( O_l 5% respondi
Beuhler response or | . d Uction d topical inductionconcentration
low incidence responding at > 20% OR O 60% resp
data ponding a ° | topical induction concentration
topical induction dose

Approach to Data Selectiori Skin Sensitization

Band the chemical based on the LLNA EC3 value or the incidence data for skin sensitization.
Selectthemost healtkprotective band as the final band. When quantitative skin sensitization
data are available from more than one assay, select the band that is mogirbesdtive.
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Qualitative data will determine band assignments only in the absence otafuantata, as
guantitativedata take precedence.

Endpoint-Specific Band Selectionn Skin Sensitization

Although human data are the most desirable source of evidence for this hazard class and the
associated bands, skin sensitization band selection eatats from standard animal studies in
mice (LLNA) and guinea pigs (Buehler test) from authoritative organizations.

The following steps are followed to assign a band:

(1) Consult athoritative reviewsTable3-17) to identify reliable LLNA EC3 or sensitization
incidence data reported in Buehler guinea pig test for a chemical. For banding purposes, these
are compared to the technicaiteria set forthin Table3-18.

(2)Assign a band based on mouse LLNA EC3 value and/or Buehler test incidence data for
sensitization.

(3) If multiple LLNA EC3 values and/or incidence data for sensitization from Buehler test are
available, the most healffrotective value or incidence data is used.

(4) If no quantitative EC3 value or incidence data are available, criteria for banding the skin
sensitization endpoint are based on qualitative skin sensitization data gathered from the
recommendedources according fbable3-17.

Endpoint Determinant Scorei Respiratory and Skin Sensitization

The availability of data to support conclusions provided in authoritative reviews can be based on
observationainformation in humans or experimental data in animalgespiratory sensitization.

If appropriate data for bandimgeavailable, this contributesx&DS of10 in the overall

assessment of whether sufficient information is available for banding a chemiaad 2. The
availability of data on skin sensitization contributes=DSof 5 in the overall assessment of
whether sufficient information is available for banding a chemical in Tier 2. These scores are
assigned on the availability of the informatioegardles®f the outcome of the test or

observation (positive/negative).
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3.9. Banding Potentially Hazardous Chemicals othe Basis ofAcute Toxicity
Acute toxicity refers to those fAadverse
of asingle dose of a substance, or multiple doses given within 24 hours, or an inhalation

exposur e

[(WNECE 2030 ur s . O

When acute toxicity data are used for hazard banding, chemicals are assigneaf fiovene
bands according to numerical values expressing the (@ oral or dermal exposure) or the
median lethal concentration (k§ (for inhalation exposure). The lsbPand LGo represent the
doses or concentrations that result in the death of 50% @Xtosed group within an
appropriate timeusually 14 daysafter a single exposure.

Data Sources Acute Toxicity
Sources for Tier 2 information for Acute Toxicity can be foundable3-19.

Table 3-19: Data Sources for Acute Toxicity Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
National Library of Medicine ChemID Plus ChemiID Plus

U.S. EPA Superfund Chemical Data Matrix U.S. SCDM

1 Pesticide Properties Database PPDB

Acute Toxicit izati '

y \C/:Vﬁéﬁi?;aétgfg;gan|zat|omternat|onal Programme on WHO-IPCS

5 Hazardous Substance Data Bank HSDB

Agency for Toxic Substances & Disease Registry ATSDR

Classification Criteria for the Bands i Acute Toxicity
The banding scheme uses five categories (A to E) in which band E is the most precautionary.
The numericatriteria (cutpoints) for the LBos and 4hour LGses are given irmable3-20.

Approach to Data Selectioni Acute Toxicity
Banding a chemical for acute toxicity in Tier 2 involves searctiingugh NIOSH

recommended literature sources listedale3-19 and recording all available ldpand LGo
values for the chemical. $preadshees provided for this purposa Appendix B The lowest

(most healthprotectivg value by exposure route is used to determine the appropriate band

according to the LEYLCso techntal criteria shown ifable3-20. This determinatiors then
entered into the Tier 2 checklist in the appropriate row and column.

A determinanscore of 5 is entered if any acceptable acute lethality data are availabie for
chemical in question. If more than otype of acute lethalitydata areavailable for a chemical
under investigation, for example, an oralsg@ndan inhalation LGo, theacute toxicity
determinant score remains at 5.

66

This information is distributed solely for the purpose ofgissemination peer review under
applicable information quality guidelines. It has not been formally disseminated by the National

Institute for Occupational Safety and Health. It doesraptesent and should not be construed to

represent any agency determination or policy.

ef fect



1

(o226 ) B~ GO I \V)

7
8
9

10

11

12

13

14

15
16
17
18
19
20
21
22
23

DRAFT

Table 3-20: Criteria for the Acute Toxicity Endpoint

NIOSH banding criteria foAcute Toxicity
Exposure/Dosing Endpoint Band
Route A B C D E
.- >2,000 >300 t>50 30®| >5 to :
Ora&tgxsnty mg/kg 2,000 mg/kg mg/kg mg/kg tg)d 5ei ?tg
5 bodyweight | bodyweight | bodyweight | bodyweight ywelg
. > 2,000 >1,000 >200 t§>50 to| ~
Dern(13|3to;< icity mg/kg 2,000mg/kg | 1,000mg/kg mg/kg (80 d mgk%t
50 bodyweight | bodyweight | bodyweight | bodyweight ywelg
Inhalation gases > 20,000 >2, 5000 >500 1.4 45q O 100
(LCs0) ppmV/4h 20,000 2,500 ppmV/4h ppmV/4h
>0 ppmV/4h ppmV/4h
Inhalation vapors > 20.0 g 12(;)0 Ols2.0 t{>0.5 t O 0. ¢
(LCs0) mg/liter/4h mgliter/4h mg/liter/4h mg/liter/4h mg/liter/4h
Inhalation dusts >5.0 >1.0 t|>0.5 t|>0.05 O 0.0
and mists (LGso) mg/liter/4h mg/liter/4h mg/liter/4h mg/liter/4h mg/liter/4h

Rules for Accepting or Rejecting Lethality Data for Band Selectioni Acute Toxicity

Acute toxicity data may be available from a variety of different types of studies, some of which
may be more reliable and relevant to banding than others. Not all acute toxicity values are
appropriate for bandindJse the following rules to accept or rejelata points for band selection

1 Only values from studies using routinely employed experimental animals such as rats,
mice, rabbits, guinea pigs, etc. should be employed for banding. Values from species that
are less likely to be adequate models fordibykin humansguch as<hicken, frog, etc.)
should not be used for banding.

1 Studies where the administration of the chemical ees®other than oral, dermal, or
inhalation (e.g., subcutaneous, intraperitoneal, intravascular) should be rejected and not
used for banding.

Other conditions requiring rejection for banding purposesinclude:

Studies where the experimental animal is not stated

Studies where the experimental animal i s
Lethality data that do naeflect the median lethalose,such ad.D1o, or LD,o, etc.

Values preceded by a greater than (>) symbol, where the numerical value falls within the
criteria for bands BE

Values from experiments in which more than a single dose was administered

Values presented as a range of cotraions, where any of the numerical values in the
range fall within the criteria for bands B, except when the range refers to separate

values for male and female (e.g., dol@f 2 mg/kg for males and 10 mg/kg for females

il
il
1
1

= =
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reported as a range of 20 mg/lg). In that case, the low end of the range is used for
banding

For LG5 values, the following additional rules apply:

Studies where the exposure duration is unknown should be rejected libeatsecentrations

cannot bescalel to the standard-Aour exposureegimen. lfthe exposure duration is known but

was other than 4 hours, the LC50 should be convertedtwardequivalent Whi | e Haber 0 ¢
(simple proportionality) is sometimes used for these types of conversiihSH recommends

0o N O O~

10
11

12
13
14

15
16
17
18
19

20

21

usingthe ten Berge equation:

Where: LC50 (t) = LC50 determined over t hours from the study being used; and t is the number

Adjusted LGO (4 hours) £.C5Q(t) x ((t/4)*M)

of hours of exposure in the study being used to estimatehibar&quivalent value

n = the ten Berge constdmén Berge etlal1984. A default value of 1 is used fér nvéhen
extrapolating to longer durations and a default value of 3 is usédriethen extapolating to

shorter durations.

Table3-21 gives(1) a list of adjustment factor§?) the resulting shour LG calculated for an
experimentally derived value of 100 md/for the different exposure periods, g@the
comparable 4our LG values determined through the simple application of simple

proportionality

(Haber os

chemical, and can be applied for particles and vapors/gases.

Table 3-21: Duration Adjustment Factors for Acute Toxicity

rul e) .

This adjust me

I(ijpogure ten Berge Adjustment | Derived 4-hour Comparable 4
uration hour LC s0s by
constant factor LCso N
(hours) Haber 0s
1 1 0.25 25 25
2 1 0.5 50 50
3 1 0.75 75 70
4 1 1 100 100
5 3 1.08 108 125
6 3 1.14 114 150
7 3 1.2 120 175
8 3 1.26 126 200
9 3 1.31 131 225
10 3 1.36 136 250
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As shown inTable3-21, for exposures longer than 4 hours, the derivbdudr LGso values are
lower, and thus more healthr ot ect i ve t han those calcul at ed
that this differencenay affect band selection for some chemicals.

After making appropriate conversions, the user shoutler ¢he values in the appropriate units
(ppm/4 hours omilligrams per liter of aig hours) according to whether the agent is a gas,
vapor, or dust/mist=or banding purposes, the appropriatepmints for LGo values associated
with agents in different physat forms are given ifable3-20. An explanatory note with
applicable definitions is given in the Addendum.

Endpoint-SpecificBand Selectioni Acute Toxicity

When all theacceptablé.D50 and LC50 data have been assembleddatgy source for each route
(oral, dermal, inhalationjhe lowest value wilbe compared to the technical criteria for band
selection The spreadsheet enters the selected band in the column headed Esphmiict band
selection (righthand side) based d@he most stringent band among all the routes with acceptable
LD50 or LC50values.

Endpoint Determinant Scorei Acute Toxicity

If at least one acceptable data point is availaddeore of 5 is assigned to the endpoint

determinant score. The presenceniltiple acceptable data points also warrants a score Ibf 5.

there are no available values for a particular acute toxicity/lethality endpoint, no band is assigned
for acute toxicity and a determinant score of O is assigned.
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3.10. Banding Potentially Hazardous Chemicals omthe Basis ofSkin Corrosion and
[rritation

Skin corrosionigit he production of irreversible damage

through the epidermis and into the dermis, following the application of a test substance for up to

4 hours. o These corrosive react ibgand attheendt ypi f

of a 14day observation period, by discoloration due to blanching of the skin, complete areas of
alopecia, and scarSkin irritatoni s def i ned as fithe producti on
following the application of atestssii ance f or [WNECE2013.Biredt effectsen. 0
the skin can be defined as nonimmune mediated-g@lergic) adverse health effectsudting in
damage or destruction of the skin localizéar near the point of contd®IOSH 2009.

Common manifestations of direct effects in addition to irritation/corrosion inc{ijle:

permanent pigmentation changes (i.e., bleaching or staining of the(&8kinpnimmune

phototoxic reaction an(8) defatting that leads to great susceptibility of the skin to toxic
exposures. Many direct skin effects @dfectthe skin barrier integrity resulting in an increased
potential of chemical penetration and subseqtisktof systemic toxicity NIOSH 20095.

Direct effects on the skin beyond irritation/corrosion are not defined or included in the GHS
decision process. Despite their absence from GHS, these effects may have substantial adverse
effects on the lives and health of workersdbpth descriptions of these health endpoints, in
addition to supplemental information useful for hazard characterization purposes of such direct
skin effects beyond irritation and corrosion, are available in the NIOSkentintelligence

Bulletin Number 61/NIOSH 2009k.

Data Sourcesi Skin Corrosion/Irritation
Sources for Tier 2 information fekin corrosiodirritation can be found imable3-22.

Table 3-22: Data Sources for Skin Corrosion/Irritation Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
NIOSH Skin Notation Profiles SK Profiles
World_HeaIth Organizatiotternational Programme on WHO-IPCS
Chemical Safety
1 European Chemicals Agency; Registration, Evaluation, REACH
Skin Irritation Authorisation and Restriction of Chemicals
Organization for Economic Goperation and OECD
Development
5 Agency for Toxic Substances & Disease Registry ATSDR
U.S. EPA Integrated Risk Information System IRIS

Classification Criteria 1 Skin Corrosion/Irritation

For the Tier 2 assessment, information for assigning a skin corrosion/irritation band to a

substance is generally available from authoritative reviews conducted by governmental, national,
70
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internationaland professional agencies throughout the wasltiged inTable3-22. GHS
[UNECE 2013 hasproposed criteria for Categories 1 and 2, butGetegory3, skin
corrosion/irritation substances. NIOSH has not recommended band assignnteetbasis of
potency information (e.g., dosesponse data, Draize scores) for skin corrosion/irritation
subgances under Tier 2 assessments. Where @dsgp®nse data are available for irritation or
other direct effects, such data may be used as part of the STOT entpeneicommended
NIOSH criteria showm in Table3-23 assigrs bands for skin corrosion/irritation ad on
classification systems froauthoritaive organizations.

Table 3-23: Criteria for Skin Corrosion/Irritation  Endpoint

NIOSH Banding Criteria foskin Irritation/Skin Corrosion
Endpoint Band
A B C E
Moderate to severe irritation;
reversible direct effects

Skin corrosion; irreversible

Mild to effects
Norirritating moderate OR. -
L If results are mixedr indicate
irritation - X ) . pH value 0f<2.0 or>11.5
irritant potential with severity
unspecified

Approach to Data Selectiori Skin Corrosion/Irritation
The following provide information on the potential of a substance asbigned a band based on
the Skin Corrosion/Irritation endpoint:

1 Classification system from an authoritative organization (e.g., NI&8thotation
strategy]NIOSH 2009b]

1 Conclusions provided by authoritative reviews (e.g., ATSDR, European Chegsisy,
IRIS, Organisation for Economic Gaperation and Development Screening Information
Data Set, REACH assessments)

Whenmultiple classifications or conclusions by various authoritative reveee/present, the

most healtkprotective bandorresponding to those conclusions is seledtbd.assessment is
based on the substance in pure form, unless banding is being developed for a specific product
that includes diluted or neconcentrated material. For example, a strong acid such as
hydrochlaic acid banded using this process would be classifibdrd E for the Skin
corrosionirritation endpoint, even though naoncentrated dilutions can be ripritating.

Endpoint-Specific Band Selection Skin Corrosion/Irritation

NIOSH recommends thelfowing potency criteria for assigning bands for the Skin
corrosionirritation endpoint under Tier 2 assessmiEaible3-23, the findings based on
classification systems provided by authoritative organizations or conclusions provided in
authoritative reviewsTable3-22).
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For skin irritation or corrosion, the following guidance is provided:

)l
)l

T
T
T

Assign band E if the substance is characterizeskioycorrosion

Assign band C if the substance is characterizednaxlarateskin irritant, or if results

are mixed or indicate the potential for skin irritation, but do not specify severity.

Assign band B if the substance is characterizedikkor weakirritant.

Assign band A if the substance is nakanirritant.

Othe indications that a chemical causes irritation include qualitative descriptions that
suggest that the chemical is associated with erythema, peeling skin, dry or cracked skin,
reddening, swelling, and/or itching of the skin. These descriptors can beusett

skin irritants based on the severity of the reaction. Reversible, mild effects that occur at
high concentrations should be placed into bands B and C, while serious, irreversible
effects that occur at low concentrations are banded in bands D and E.

For direct effects on the skin other than skin irritation/corrosion, the following guidance is
provided:

T

Assign band C if the substance is identified to cause a reversibleaffemttonthe skin
other than irritation/corrosion, or if results indicate the potential for a direct effect of the
skin associated with a nonimmune mediated mechanism, but does not specific severity.

Endpoint Determinant Scorei Skin Corrosion and Irritation

The availability of adequate data to support conclusions provided in authoritative reviews can be
based on (1) observational information in humans who are topically exposed to a chemical in the
workplace or in an emergency situation or (2) expenital data on skin corrosion and irritation

or other direct effects on the skin tla@eassociated with a nonimmune mediated mecmarn
experimental animals. If data that can be used for bamdingbeen provided by the

authoritative reviews, thisontributes a EDSof 5 in the overall assessment of whether

sufficient information is available for banding a chemical in Tier 2. ERSis assigned on the
availability of the information, irrespective of the outcome of the test serghtion

(positivdnegative).
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3.11. Banding Potentially Hazardous Chemicals omhe Basis ofEye

Damage/Irritation

Seriouseye damagessit he production of tissue damage i n
vision, following application of a test substance to the anterior surface of the eye, which is not

fully reversibl e wi Eyeirritatioils ddaeyfsi medictzapsgs | i tchae i 0

changes in the eye following the application of test substance to the anterior surface of the eye,
which are fully reversi WNECEWME hin 21 days of

Data Sources Eye Damagelfritation
Sources for Tier 2 information for Eye Damage/Irritation can be fouiidlue 3-24.

Table 3-24: Data Sources for Eye Damage/Eye Irritation Endpoint

ENDPOINT | Rank SOURCE OF INFORMATION ACRONYM
Organization for Economic Cooperation and Developm OECD
L World_HeaIth Organizatioimternational Programme on WHO-IPCS
Chemical Safety
Eye Irritation European Chemicals Agency; Registration, Evaluation, REACH
Authorisation and Restriction of Chemicals
5 Agency for Toxic Substances & Disease Registry ATSDR
U.S. EPA Integrated Risk Information System IRIS

Classification Criteria 1 Eye Damage/Irritation

For a Tier 2 assessment, data for assigning a band to a substance based on its capacity to cause
serious eye damage or irritatiare gathered and evaluated from authoritative reviews conducted
by governmental, national, international, and professional agencies with interests in the human
health impacts of hazardous chemiddlable3-24). However, for a Tier 2 assessment, NIOSH

has not recommended band assignments based on potency information (ergspumsse data,

Draize scores, etc.) for theye damagdeye irritationendpoint. Instead, NIOSH recommends
assigning bands on thasis ofqualitative datgrovided by authoritative revieveas shown in

Table3-25.

Table 3-25: Criteria for Eye Damage/Eye Irritation Endpoint
NIOSH Banding Criteria foBerious Eye Damage/Eye Irritation
Endpoint Band
A B C E
Severe irritation; moderate tq
severe irritation

Mild to
o OR :
Norrirritating moderate . . e Irreversible eye damage
irritation Irritant with unspecified

severity, no conclusion, or
mixed results
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Data Quality AssessmenParametersi Eye Damage/lrritation
Thefollowing provides information on the potential of a substance to be assigned a band based
on the Eye Damage/Eye Irritation endpoint:

1 Conclusions provided in authoritative reviews (e.g., ATSDR, IRIS, OECD HUOSA
dossiery

1 Whenmultiple classifications by various authoritative revieaxsst, the most health
protective band corresponding to the classifications is sel€Tadde 3-25)

Endpoint Specific Band Selectiori Eye Damage/Eye Irritation

(1) Assign band E if the substance is characterized as causwgrsible eyalamage.

(2) Assign band C if the substance is charazéetias aevere eye irritanimoderate to
severe eye irritantor if results are mixed.

(3) Assign band B if the substance is characterizediltsto moderate irritation

(4) Assign band A if the substance is not an eye irritant.

Endpoint Determinant Scorei Eye Damage/Eye Irritation

The availability of adequate data to support conclusions provided in authoritative reviews can be
based on (1) observational information in humans who are splashed in the eye with a chemical or
exposed to its vapor in the workpéaor in an emergency situation and/or (2) experimental data

on eye corrosion and irritation in experimental animals. If a conclusion has been provided by the
authoritative reviews, this contributes a determinant score of 5 in the overall assessment of
wheter sufficient information is available for banding a chemical in Tier 2. This score is

assigned on the availability of the information, irrespective of the outcome of the test or
observation (positive/negative).
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3.12. Issues of Certainty BoundingBand Selection

In deriving a TDS as an index of data sufficiency for banding, the measure addresses the range of
toxicological endpoints that are identified for a particular compound but notithberof

studies within each toxicological category. Gitbka higher degree of certainty associated with
multiple studies of each endpoint, it is likely that varying degrees of certainty on band selection
will be determined for chemicals where the TDS is similuis is to be expectednd users may

wish to takethis factor into consideration when banding chemicals. NIOSH has not developed
specific guidance on this point.

3.13. Applicability and Suggested Rules for Using Human Data for Hazard Banding
This section addresses the use of qualitative and quantitatiwan data in band selection at the
Tier 2 level. For endpoints where a dassponse analysis and the identification of a toxicity
threshold is required for band selection (reproductive and/or developmental teygettifjc

target organ toxicity througtepeated exposure, and carcinogenicity), the desirability of using
guantitative human data centers on the possibility of reducing uncertainty in extrapolating
dosimetric data obtained in experimental animals to health deficits that might occur in exposed
humans. However, toxicological data in environmentally or occupationally exposed human
cohorts are often beset by imprecision in the exposure term, uncertain duration, and the
likelihood of concurrent exposure to other chemicals. In practice, therefonpacatively few
well-documented human exposure data sets are available feredpsmse analysis and band
selection.

For endpoints where a categorical outcome can be evaluated on a qualitatirequantitative
basis, information on such endpoints kg &ind eye irritation and skin and respiratory
sensitization may be available from exposed groups or through testing in volunteers. Simple
statements covering the presence of an effect or the severity of the outcome (no effect, mild,
severe) may contribatto our understanding of the possible impact of the chemical on these
endpoints, and thus apply to their banding, in accordance with applicable technical criteria. The
following paragraphs give some simple rules for using quantitative and qualitative huma
exposure information for banding at the Tier 2 level.

Quantitative Information
Human data may be applicable for hazard banding in Tier 2 if the following criteria apply:

(1) The data have been obtained from Rank 1 sources.

(2) Agencies have used them to devdioxicity benchmarks, such as an RfC (U.S. EPA) or
MRL (ATSDR).

(3) A doserelated response is evident from the principal study, with a clearly defined
NOAEL.
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NOTE: The use of human exposure data from Rank 2 sources is not recommended for banding
because, in my if not all cases, the dosimetry is likely to be less reliable, and, by analogy to the
rules for determining an animaipecific NOAEL, the dostependent human health deficits and
related pointsof-departure may be less cleaut.

Examplewhere human exgsure data are applicable

1T TheUS.EPAOGs Rf €and X6tolueme didspcganate mixture is based on a
NOAEL of 0.006 mg/r(0.0009 ppm) that was observed in a prospective occupational
study with a decline in lung function as the primary effiém et al. 198 A LOAEL
of 0.014 mg/m (0.0019 ppm) was given in the summadpnd E would apply to these
findings.

An example where animal data better define the primary effect, though supported by human
exposure data

1 The primary effect of chronic exposure th@xane is peripheral neuropathy. This effect
has been described in a number of reports on health effects of shoe anebjeadser
workers. However, because these reports contain imprecise inforrnatexposure
levels,thedb. S EPAGs | RI'S database devel oped an Rf
nervous system deficits in Wistar rats, the BMCL of 430 m@h#2 ppm) placing the
chemical inband D. Surveying the accounts of epidemiological studiesraports in the
IRIS toxicological review of fhexane suggests a pownftdeparture for the critical effect
in the vicinity of 50 ppm, also applicableltand D. However, the latter estimate, while
useful as a check, would itself be inadequate as theprisource for banding because it
was not used to develop the RfC, and precise-tesmonse information is generally
lacking.

Qualitative Information

Information on categorical outcomes such as skin and eye irritation and skin and respiratory
sensitization may be obtained from human studies on the basis of simple summary statements to
be found in secondary sources such as HSDB, EHC documents, and from other secondary
documents as may apply to the chemical under evaluation.

Example

1 An illustration of theprocessnay be obtained from consideration of the HSDB record for
styrene. A suggested procedure would be to open the record for the chemical and (1)
click onHuman Health Effectg2) track down through the record to the subhea8ikig,
Eye, anl Respiratory Irritations(3) document any relevant findings from the short
paragraphs given in this section. For styrene, the chemical is saidrtitai@g to skin,
and thaexposure to concentration of styrene above 200 ppm causes irritationeyfethe
and respiratory tractBand B would be a reasonable selection for both outcomes, on the
basis of these statements. However, a more precautionary band selection might be
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warranted if skin and eye tests in animals give a more severe outcome such as skin
corrosion or other irreversible effects.

3.14. OEB T Considerations for Application of the Range of Concentrations

The occupational exposure bandprgcessises a set of endpoigpecific criteria to identify the
hazardbased band most representativéhef health effects profile for the chemical being
evaluated. Each band corresponds to a range of airborne concentmtiesist with risk
management decisions

The OEB range that is the product of the banding procedure contrasts with a traditional OEL,
which is typically represented as a single value for risk management purposes. Despite the
difference in the OEB and OEL derivatiprocessthe interpretation and usetbe band and
associated concentration range is not \dfferent from traditional occupational hygiene

practice for OELs. The practical similarity in OEBs and OELs stems from the fact that OELs are
not precise estimates of a qudint between safe and dgerous. Most OELs are deriveg

weighing the relevant data inpaocess that includes selection of a measure of toxic potency (the
point of departure) and application of uncertainty factors (which often are order of magnitude
estimates)Like most OELs, a OEB can be used ag’'WA with a specific duration of time,

such as &irs. An OEB can also be wkor shorter durations, such@ad5min STEL when

useful The range of unctainty in an OELdepends on the level of confidence in the underlying
data andhe extrapolation involved. Overall, the OEB identified in using the procedure in this
NIOSH guidance is intended to provide a credibtegeafor risk management. Consequently, the
NIOSH processequires a risk management structure that can accommosdaisetiof a range of
guide values.

Many organizations apply the concept of hazaaded banding strategjessich as the NIOSH
occupational exposure bandipgpcessas a supportive component of a risk management
strategy Occupational exposure bandiagd related categorical hazard assessprexcesseare
a key component of existing control banding techniques. The value of such a strategy is that it
does not attempt to force inappropriate precision from the hazard analysis. A categorical view of
the kands also aligns with the practical consideration that exposure control strategies are also
categorical in nature. In practice, combinations of controls available for a given exposure
scenariaare not infinite The use of the bands as control ranges isistant with common
applications of the contrddanding procedure. Based on such an approach, an organization
implementing theccupational exposure banding procesght have a default suite of control
requirements for each band. Thus, band A chemicabtmequire only standard workplace
precautions, while a band E chemical might require use or handling only with full containment
methods. Each control regime would have been vetted for ability to control to the lowest
concentration in the band. In thisseathe lower end of the band is often used as the default
exposure control. The use of the lower end of the bati immosthealth protectivatrategyif
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additional chemicaspecific assessments are not being made to refine the OEB or the resulting
defaut control strategies.

As an alternative ttheuse of acategorical approach, the OEBows for further customization

of risk management procedures by selectiggide valugange within theOEB. Some

stakeholders may select a guide value range ofdfi¥%e OEB range, whereas others use a

guide value range including the median, or 75% of the OEB range. The decision of a guide value
range should be based upon the individual scenario involedetcti®n ofany point estimate

within the range would typidly reflect a deeper level of evaluation of the daiat provides

more specificity than the Tier 2 process does, as written

3.15. Consideration of Special Categories of Aerosols

Theoccupational exposure bandipgpcess for particles depends on toxicity assumptions that
are generally based on information on aerosols in the range of 0.1 to 100 micrometers
aerodynamic diameter (microscale particles). As fordmgmica) the toxicity profile for
microscale partickeis a function of the dose received at the affected target site (e.qg., different
regions of the respiratory tract or other systemic targets following uptake into the blood). For
airborne microscale and nanoscgdetween 1 and 100 nanometgpajticles, he amount (e.g.,
total mass or surface area of the aerosol) that reaches and deposits in the target site in the
respiratory tract has been associated with the extent and severity of effects in animals and
humangGreen et al. 200 Kuempel et al. 200Kuempel et al. 2014 A doseresponse
relationship is observed when the incidence or severity of an effect becomes makdegpoob
pronouncedvith increasing target tissue dose.

Some particles have unique physical characteristics that support modifications to the general
occupational exposure banding procddss modification is needed to address the observation
that the tadl mass dose delivered does not always describe well theeksmse behavior for a
single chemical across all particulate sizes and forms. One well documented example is the
respiratory tract toxicity of titanium dioxide (THD which is associated withe total particle
surface area dose retained in the lungs in rodent stii@SH 201]. As a result, the NIOSH

REL for ultrafine (nanoscale) Ti€X0.3 mg/nd) is lower than the REL for fine (microscale) TiO
(2.4 mg/ni), by the same factor as the relative particle surface area of findteafthe TiQ
evaluated in the rodent studi@lOSH 201]. Other physical and/or chemical properties can
also influence the degree of toxicity observed for inhaled particles (e.g., size, shape, surface
reactivity, solubility). Examples of particle categories include liquid aerosols, fibeks, an
nanopatrticles (defined as particles having at least one dimension of the primary particles <100
nanometer$BSI 2007 ISO 2007 2008 NIOSH 2009alSO 2014). Recommendations for the
application of theoccupational exposure bandipgpcess for particles in these categories are
descibed in this section.
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Liquid aerosols Patrticulates in the liquid phase can be evaluated using the gecauphtional
exposure bandingrocess regardless of aerodynamic diameter.refisctsthat the toxicity of

liquid aerosols is typically driven by the interaction of molecules that reach cellular targets after
the material has dissolved thoroughly dispersed biological fluids. Such molecular

interactions are not expected to vary gseathong exposures to different particle size

distributions of liquid materials (assuming equivalent molecular concentrations among liquid
particle sizes). However, differences in the nature and severity of effects could still be observed
to the extent thalifferences in particle sizes result in differences in deposited doses in the
respiratory tract regior{$linds 1982.

Fibers. Fibers have unique aerodynamic features that are dependent on their geometry (e.g.,
lengthto-width aspect rido and crosssectional diameter) and influence their deposition in the
respiratory tract. In addition, the physical shape and size of fibers can directly influence
toxicologicalproperties and the nature of their interactions with target cells. Thesdegitiep

require approaching fibers with a Tier 3 assessment, and the OEB criteria are not recommended
[Hinds 1982.

Nanoscale solibhase particlesFor the purpose of this document nanoscale particles are

defined as those particles with primary particle diameters less than 100 nandM€&id

20094. Significant evidence indicates that for some poorly soluble particles, increases in toxic
potencyoccur forachemical when comparing the same mass dose of microscale and nanoscale
materials (see review in NIOSI2011]). However, the total particle surface area dose retained in
the lungs in rodents was a good predictor of adverse lung €iffi@SH 2011. This finding

has | ed to the concltuali omag $ ad e pahaysadagdately ¢ o ens
predict doseesponse behavior or toxic potency across particle sizes. This difference might
reflect increases in the available surface area for biochemical reactivity, increased bioavailability
at the cellulalevel, or other factors. In addition, the deposition efficiency of rthameter

particles in the respiratory tract is greater than that of rd@meter particles, and a higher
proportion of the airborne nasbameter particles is capable of deposiimghe pulmonary
(gasexchange) region of the lunfidlaynard and Kuempel 200®berddrster et al. 20D5

These empirical data and mechanistic hypotheses have been used to support applibation o
hazard banding procedures within control banding schemes for engineered nanoparticles (e.g., as
applied inff[ANSES 2010ISO 2014). On the basis of similar criteria, NIOSH recommends that
theoccupational exposure banding procg@ssvhen applied to nanoparticl@és are modified

according to the following guidelines:

1 Poorly-solublenanoscale particles:
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If the toxicity data include NOAELSs that were develogeécificallyfor the nanoscale
form of the chemical, the NIOSbtcupational exposure banding process be used
directly with no modifications.

If data are only available fdhe microscale form of the chemical the band assignment
should be shifted to the next most potent band oageemptiorthat poorly soluble
nanoscale agents will likely be an order of magnitude more toxic that their microscale
equivalents.

This assumptin is supported by evidence of an approximatelyol® higher potency for
some nanaliameter poorlysoluble particles compared to the same mass dose of-micro
diameter particles (reflecting an approximatelyfdld difference in specific surface area,
e.g, 5 vs. 50 r/g) [NIOSH 2011.

1 Solublenanoscale patrticles:

Data support a role of increased total particle surface in the increased toxicity associated
with poorly-soluble nanoscale particles as discussed above. Thus, because the retained
surface area is lower over time for soluble parti¢ies to dissolution), increased

solubility would decrease the potency of particftabe adverse effects are due to the

retained particle surface dose. On the other hand, higher solubility could result in
increased potency (compared to poorly soluble@es) if the toxic effects are due to

released ions. lons can react with cells at either the site of entry, such as lungs, or in other
organs, potentially causing tissue damage and decreased organ function at certain doses.
Particle size may play less afrole in the toxicity of highesolubility particles assuming

similar molecular concentrations and ion release rates. Thus, as particle solubility
increases, there may be less need for the OEB to account for enhanced toxicity due to the
nanoparticlespecfic characteristics. In the ANSH301(d and International Standard
Organization (ISO)2014 control banding schemes, soluble particles (defined as

solubility in water > 0.1 g/l) are addressed with regard to the toxicity of the solute,

without congeration of nanopatrticlepecific toxicity.

However, acceptance of these general conclusions requires daedeuse oimited

data on which to evaluate their effectiveness. For example, data and methods are not yet
available to predict adverse effestdely on the basis of specific physicdlemical

properties, such as solubility. Moreover, moderately soluble particles may elicit effects
related to both their particulate and solute components. Despite these knowledge gaps on
the role of nanoscale chataristics on the potential toxicity of inhaled particles and

fibers, some aspects of the enhanced toxicity observed with inhaled nanoscale particles
may relate to higher respiratory tract deposition and bioavailability (which would also
occur regardlessf particle solubility). Given these uncertainties, it is recommended that

in the absence of data to the contrary, all nanoscale particles should be treated in the same
manner without regard to solubility. Accordingly, NIOSH recommends shifting the
bandingassignment to the next most potent band if data are only available for the
microscale form of the agent.
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1 Nanoscale fibers (or tubesgince the toxicity of nanoscale fibers and nanoscale tubes
may differ significantly from other forms of the commal) the occupational exposure
banding process described in this document may not fully and accurately capture the
toxicity of thesechemicals Thereforetier 1 and tier2 shouldnot be usednstead, aier
3 assessment is required as described for other fibers.

These general recommendations are considered precautionary in nature. Limitations in the
available scientific information include uncertainty in the mechanisms of potential potency
differencesm toxicity of nanoscale vs. microscale particles of various chemical composition,
surface properties, shape, degree of agglomeration, etc. The nurochenu¢alsvith adequate

data for such sizbased toxicity comparisons is small, which prevents drafiimgconclusions

at this time about relative potencies among various particle types and sizes. NIOSH is currently
evaluating the state of the science for deriving OELs or OEBs for nanomdtdt@isH 2014,

and is also examining thErocessand data for developing hazard categories for nanomaterials
based on biological mode of action and physatemical properties.
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Chapter4: T1 e®@c c3u p aBE xi poonsau r e
Bandi ng: Usi ng Expert
Experi ment al Dat a

The overall concept of the NIOSbtcupational exposuteanding process is the employment of
simple procedures and clear rules for assigning chemicalsnarnhealtfrelatedexposure
bands. h Tier1, this is basedn information abstracted from GHSh Tier 2,it is basedn data
summarized in authoritative secondary sourekesvever, therocessecognizes that some
chemicals may not be amenable to these processes because of insuffaimation If a user
desires tescrutinize the potential human health impacts of a chemical beyond BiewBen a
TDS of 30 cannot be reachddrther evaluation may require a detailed survey of the relevant
primary literature and analysis of rethud) experimental data on timne primary toxicological
effects that provide input to tleecupational exposutendingprocess. Thegerocedures should
be done by, or in consultation withersons with experience in evaluating experimental
toxicologicalinformation

Important elements of the Tier 3 process include (1) carrying out targeted electronic literature
searches of bibliographic databases for research information and data on a chemical under
consideration, (2) selecting studies of the chemictiegsapply to the toxicological endpoints
under consideration, (3) retrieving copies of appropriate articles from libraries or vendors, and
(4) critically reading and evaluating the studies to discern the toxicological outcomes, including
any available dasresponse informatiomhe latter information may provide a basis for deriving
toxicity benchmarks such as NOAELs, LOAELs, SFs, and [IRsivation of one or more of
these parameters is likely to be critical in assigning chemicals under evaluatian nootste
appropriate banddo this end, the same outcofsgecific technical criteria and determinant
scores that apply to Tier 2 are used in Tier 3 for band selection and ensuring data sufficiency.
This process is shown Figure4-1.
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Figure4-1: Flow chart for the Tier $iazardbandingprocess

Data is Insufficient for Tier 2. Proceed with
Tier 3

Carry out a Targeted Literature Search
Linking the Chemical to the
Eight Toxicological Endpoints

Toxicological Information found for the
chemical?

YES I NO

Evaluate Title and Abstracts to Select Papers
for Further Analysis

v

Potentially Relevant Information Identified

‘ Stop! Chemical Cannot be Banded in Tier 3

Are there Data Applicable to the
Occupational Exposure Banding Technical

Criteria?
YES YES NCl
Assign Bands to Those Carry Out Dose-Response Analysis -
Categorical Endpoints for ‘ ‘ to Identify Quantitative Toxicity ‘ ‘ R
which Data Exisits Benchmarks as Appropriate

v

Is there Sufficient Data (TDS = 30)
to Band the Chemical in Tier 3?

Assign the Most Precautionary Endpoint- Stop! Chemical Cannot be Banded in
Specific Band to the Chemical According Tier 3
to the Technical Criteria

4.1 Tier 3 Procedures

Searching the Literature

It is recommended that a readily available gateway such as PubMed
(http://www.ncbi.nim.nih.gov/pubmedbe used tadentify andaccess the relevant scientific
information Simple search statements linkifnggetchemicabr its CAS No. to the appropriate
toxicological and human health outcomes should be constridtedsearch should cover the
period from the year before the most recently published authoritative review to the present, or for
an unlimited periodf there are no agenegponsored documents covering the subject chemical.
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Selecting Relevant Studies

Titles and abst r aotievedmw tvalaate Whefihdr any of the idehtibed | d b e
articles are likely to contain categorical andloseresponse information on the toxicological or
human health impacts of the chemical under investigafibbpotentially relevant articles should

be retrieved from libraries or purchased from vendors.

Evaluating the Studies

Expert judgment should be use/hile reading the studies to determine whether-desgonse
information on the appropriate toxicological outcomes is avail&ikele the primary toxicity
benchmark for banding is the NOAEL, persons examining the data may need to derive other
appropria¢ benchmarks such as the LOAEL, BMDL, BMCL, or, for cancer incidence data, the
SF or IUR It is assumed that individuals carrying out the Tier 3 evaluation will be familiar with
these procedureBactors to consider include power, standard procedures),raoddimitations.

In addition, evaluating the reliability of the toxicological data by use of procedures such as the
Klimisch score should be considered.

In conducting amssessmena method to differentiate study quality or reliability should be
employed Klimisch and colleagueiKlimisch et al. 1997 proposed such a method by the
devel opment of what is now called AKIimisch s

1 Studiesthatwere carried out according to generally valid and/or internationally accepted
testing guidelines (e.ggood laboratory practig¢er in whichthe test parameters
documented are based on a specific testing guideline (e.g., OECD testing guideline) are
given a Klimisch score of.]A study with a Klimisch score of 1 is considered to be
Areliable without restr i cdbhbyoontradlaborbarisst s uc h
for industry.

1 Studies inwhich the test parameters documented do not totally comply with the specific
testing guideline, but are sufficient to accept, are given a Klimisch scor& bé&e are
studiesthatwere probably not pesfmed undegood laboratory practiogonditions and
did not follow an internationally verified testing guideline (e.g., OECD), but which are
nevertheless well documented and scientifically acceptisfast of these studies are
conducted by academiaandare nsi dered Areliable with resHt

1 According to Klimischet al.[19971, fist udi es or data from t he
there are interferences between the measuring system and the test substance or in which
organisms/test systems were used which are not relevant in relation to the exposure (e.qg.,
unphysiologic pathwas/of application) or which were carried out or generated according
to a method which is not acceptable, the documentation of which is not sufficient for an
assessment and which is not convincing for
scoreof3andrae consi dered to be finot reliable. o

1 Studies or data from the literatureatdo not give sufficient experimental details dhdt
are only listed in short abstracts or secondary literature (e.g., books and reviews) are
given a Klimisch scoreof 4and®n der ed fAnot assignabl e. o
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Selecing a Band

Derived toxicity benchmarks such as the NOAEL and any others mentioned above where
applicable, should be compared to the relevant Tier 2 technical criteria for each toxicological
endpoint As before, the mogtedth-protectiveband within and among endpoints should be
selected athe overall band

Judging Data Sufficiency

Information availability on the toxicological endpoints of interest provides critical input on data
sufficiency in a similar manner to that debed for Tier 2 The existence of data on a particular
endpoint (for example, reproductive/developmental toxicity) contributes to a determinant score
which, when combined with those available for other endpoints, should meet or exceed the TDS
threshold of30 out of a possibl&25 (if all endpoints were representeffpilure to achieve a

TDS of 30 would suggest that the chemical cannot be banded beyond the default within the
NIOSH process.

Assessing Uncertainty

In a similar manner to the Tier 2 evaluation, it is recognized that the TDS addresses the range of
toxicological endpoints that are identified for a particular compound but notuthberof

studies within each toxicological categoBiven the higher dege of certaintypotentially

associated with multiple studies of each endpoint, it is likely that varying degrees of certainty on
band selection will be determined for chemicals where the TDS is above the threshold for
sufficiency Users should alsbe awae that certainty can also be reduced when study results

d on Ot Ineogoratireg procedures such as the Klimisch scores may help address this issue.
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Chapter5:Speci al Otesspati ona
ExXposure Banding

5.1 Impacts of Physical Form onOEB Selection

OEBs and Associated OEL Ranges

After arraying the hazard data for easidpoinf the appropriate overall OEB for the chemical is
determined considering ahdpoins togetherEach of the bands is associated with a range of
exposure concentrations thargss as potential exposure control targets orragx@osure
concentratiommange. Note that the concentration ranges are provided for additional context for
the bands to support for their application in risk management deamsikimg. The ranges reflect
likely values for a healtihased OEL given similar health hazard. However, the OEL ranges are
designed only as a potential exposure control ramMyise it is most protective to keep

exposures below the lower bound of the OFIR, dctual control target ol reflect any value in

the range or other values based on other risk management considerations. These considerations
include the level of confidence in the data set, the margin of safety associated with the specific
exposure scenario being assessedflamadonsequences of selecting an exposure control target
that leads to control strategies that arefiisient or more than adequate.

Selecting the OEL Range Category

Two possible OEL rangemeassociated with each bgnéflectingthe need for exposure control
ranges that differ for chemicals in different physical forms. Guidelines for selecting the OEL
range category a&s follows

1 The OEL range for bands for exposures to chemicals that are present in the form of gases or
liquids that can form vapors in the occupational environment is provided in units of parts per
million (ppm).

1 The OEL range for bands for exposures to chemical that are present in the form of solid
particles is provided in units of mgfm

1 Some chemicals thataliquids atstandard temperature and preswaee sufficiently low
vapor pressures that occupational exposure can occur in both the particulate phase (as liquid
aerosols) and vapor phase. Such chemicals should generally be compared to the OEL range
categry for gas/vapor phase exposures (see details helow)

1 The OEL ranges for each band are specific to each physical form andwafratechgainst
healthbased OELs for chemicals of similar physical characterjgtics, gas or vapor phase
chemicalsshould not be convertedo units of mg/m for OEL range selection. Rather the
OEB is determined first, and the related OEL range corresponding to that band is provided in
the NIOSHoccupational exposure banding process
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OEL Range Concentrations Differ by Fhysical Form

The values of the CEEconcentration ranges were developedhanbasis oéxperience in field
application of hazard bandiqpgocesseandevaluationagainst existing OEL databases. The

need for different OEL concentration ranges by physigahfis based on the observation that

the distribution of OELSs for gases and vapors is shifted to higher concentrations when compared
to particles when both forms are represented in units of fnion examplea relatively low

potency chemical vapor suchasetone has a NIOSH REL of 250 ppm (590 niy/in the

context of controlling exposure to particulate exposures, a concentration of 599isnyketi

above the allowable limit for even inert solid particles, which often have OELs in the range of 1
to 10 mg/m°. Note that the distributions do overlap, and thus clearly some vapors are more
potent than some particles ammg/nt basis.

Certainrespiratory tract physiolagal mechanisms might explain this difference in relative
potency distributions oanmg/nT basis for gases and vapors when compared to particulates
[Oberdorster 1988 PA 1994 Oberdorster 1995

1 An upper bound limit on exposuressiolid particulates relates to physical mechanisms in the
lung for overloading of normal particle clearance. This particle overload phenomenon caps
the potency distribution for particles, but is not relevant for gases and vapors

1 Many toxic chemicals exetheir effects at the level of the tissue responséherbasis of
local tissue dose. Thus, for a given total mass of chemical inhaled, the larger the surface area
contacted, the lower the tissue concentration of the chemical at any single tissue.location
Thus, for soluble patrticles, the local tissue dose can be higher for a given total exposure due
to high deposition site doses compared to gases and vapors that are governed by dose
diffusion.

1 Forinsoluble particles overall respiratory tract retentioretis often higher than for gases
and vapors. To the degree that such particles induce a toxic response, the cumulative dose
(reflecting local dose and amount of time the tissue is exposed) can be higher for solid
particles compared to gases and vapors.

1 The relative biological activity of low vapor pressure liquids is compkcauseuch
chemicals have properties that are intermediate between gases and solid gantitles.
basis ofanalysis of healttbased OELSs for such low vapor pressure liquids, tBB €anges
identified onthe basis othe NIOSHprocesgyenerally align best with the vapor phase. This
might reflect that such liquids dissolve in fluid layers of the respiratory tract and generally
act more like vapors than solid particles in terms of clearance and local tissue doses.
However, the less solldand lower the vapor pressure the more like a solid particle such
liquids will act. For liquids at the extreme end of the range for such properties both OEL
range categories can be evaluated with recommendations to apply the banthérabs
protectve onerecommendetiecause liquids at either extreme may have properties that more
closely resemble that of either gases or soliisch evaluations could occur as part of an
expert evaluation through a Tier 3 assessment.
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To avoid the confusion in thesldferences by physical form, tleecupational exposure banding
processisesppmas the preferred concentration units for gases/vapors. For solid particles, the
bandsarebased on mg/f

5.2 Mixed Exposures

Introduction

Workers from agriculture, construati, mining and other industries are commonly exposed to
combinations of chemicglbiological or physical agents, and other stressors. However,
knowledge idimited about potential health effects from mixed exposures. Research has shown
that physiological interactions from mixed exposures can lead to an increase in severity of the
harmful effect. For example, exposure to noise and the solvent toluene results ier aiskgbf
hearing loss than exposure to either stressor alone. Exposioth tmrbon monoxide and

methylene chloridpr oduces el evated | evels of catyboxyhe
to carry oxygen in our bodieBlanaging mixed exposuresascomplex issuggiven the large

number of combinations that occur every day in a variety of workplaces and in our everyday life
experiences.

History

Over the years NIOSH has published RELSs for various mixed exposures within criteria
documents and current intelligence bulletins. phecessapplied for mixed exposures has been
unigue depending upon the mixed exposures involved, state of the sciempmiciee employed
at the time, and potential health effects. In the first decatledfational Occupational Research
Agenda(NORA), theNORA Mixed ExposuresTeam was established to facilitate the study of
occupational mixed exposurds.December, 2004he NORA Mixed Exposuresleam

published a report based on its examination of the literature and ongoing r¢ sSe@SHI

2004. The report is a useful roadmap for understanding the complexity of dealing with mixed
exposures. It identified the issues involved and research needed to appropriately handle
occupational exposures to mixtures.

Development of OEBs for Mixed Exposure$§NRC 2009

Few mixedexposuréDELs have been establishibdcause assessment methods for mixed
exposures have been based on extrapolation rather than direct toxicologi¢lutataz et al.

1999. The current challenge for environmental and occupational scientists is to provide a sound,
scientific basis that enables policymakers to substitute current, simplistic, single chemical
standard setting with reéife, mixture-oriented standard settifgeron et al. 1995

Given the complexity of mixed exposures, multiptecesss are needed to sample and assess
exposure and risk-he current state of knowledge does not provide a basis for proposing a single
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process for risk assessment of nabexposuresSeveral methodologies may be considered,
including but not limited to the followingrocesss:

Whole-Mixture ProcesgMixture Treated as a Single Toxic AgentiNIOSH 2004

Whole-mixture testing considers the mixture as a single entity and conducts a standard health
risk assessment for the chemical mixture in the same way that one is conducted for a single
chemical. It is the simplest way to study the effects of a mixtuoause the sole information
needed to apply thigrocesss the doseaesponse curve of the whole mixture in the organism
desired.

Similar-Mixture ProcesgNIOSH 2004

The similarmixture processises data on a wedtudied, but toxicologically similar mixture to
estimate the risk fromhe mixture. Mixtures are usually judged to be toxicologically similar on
the basis of composition or observed toxicological properties.

Group of SimilarMixtures ProcesgNIOSH 2004

In the similarmixtures processr comparativepotency method approach, the human toxicity of
themixtue i s estimated from that mixtureds toxi
proportionality constant that is estimated from data on the other mixtures.

ComponeriBased MixtureProceses[NIOSH 2004

A single component of a chemical mixture may be a relevant index of toxicity thae

component is suspected to account, qualitatively and quantitatively, for most of the toxicity. This
processs useful, under the appropriate conditions, because only theeksanse information

for the indicator is required’his method should only be used when synergy is not expected or
known.

Special consideration should be given when banding chemicals comprised of a mixture of two or
more chemicals. If health effect literatdoe the mixture exists, it should be used &nd the

chemical. If health information does not exist for the mixture, practitioners will band each
chemical constituent independently in order to con@kBsfor mixtures exposures. The

resulting bands from chemical constituents will then be compamnddhe most protective band

will be selected for the mixture.

Employees may also be exposed to several individual chemicals at the same time in the
workplace. In these situations, the OEBs should be conducted independently by chemical. These
bands will beconsidered chemical by chemical in this mixed exposure. Care should be taken to
determine if there are any synergistic effects of the mixed exposure.
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Chapter6:Pr el 1 mi nary Eval ua
Ti er 2 Protocol s

Accuracy and usability of the NIOSH OccupatioBaposure Banding Criteria are important to
the success of the proceds.order to evaluate the occupational exposure banding decision
logic, NIOSH answeadthe following questions:

1 Do the banding criteria reflect toxicity as determined by an indeperdehtation (e.g., OELS)?
91 Are the banding criteria consistent and specific wéngplied byindependent users?
9 Are some health effeeindpoints moreeliably banded than other health effects?

These evaluations provide additional confidence that the tool can be used effectively and
consistently by stakeholders.

6.1.Evaluation of Tier 1 Criteria

Although NIOSH does not recommend banding chemicals with existing OELs, thegtangial
indicators of health hazard and potency. To evaluate the Tier 1 process, NIOSH compared the
OELs of 804 chemicals to the Tier 1 OEBs for the same chem@#Blss are not a perfect

standard focomparison; however, thegpresent the current level to which chemical hazards are
controlled. Thechemicals selected for this exercise are all chemicals that have been assigned at
least one full shifOELSs,includingNIOSH RELs, OSHA PELs, C&DSHA PELs, German

MAKs, ACGIH TLVs, and AIHA WEELs.

During the evaluatio\IOSH determined whether the assigned OEB range included the existing
OEL value for that chemical. The criterion for acceptance of the Tier 1 evaluation was that the
assigned OEB would either contain the OEL ommee protective than the OEL for more than
80%of the chemicalsBased on other commonly used validation critesighty percent was

used rather than a lower percentage because the team determined it was the minimal level which
provided confidence in theomparison. A higher percentage was not selected as it might

diminish the usefulness of the OEB methodolodythé Tier 1 banding protocol was at least as
protective as the OEL at least 80% of the tithes would demonstrate successful assignment of

the GHS codes to OEB3Vhen more than one OEL was available for a substance, the lowest
OEL was used for comparisohhis step would further diminish bias that might be inherent to
OELs based on the age for the OEL and the agency tragitated fromTable6-1 below
showswhich type of OEL was utilized to conduct the comparisons. Note that the sum of sources
in Table6-1 is greater than 804 because nearly half the time the minimum OEL was the same
value from 2 or more sources. The minimum OEL came from 2 sources 118 times, 3 sources
134 times4 sources 92 times and 5 sources 37 times.
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Table 6-1; Sources of OELs for the Tier 1 Evaluation exercise

Source of mini Freque
TLV 448
MA K 204
WE E L 106
NI OSH REL 324
CAL PEL 356
OSHA PEL 176

* Sum is greater than 804 because the minimum OEL came from 2 or more sources 381 times.

NIOSH was able to retrieve GHS hazard codes and categories from the GESTIS database for 600

of the 804 chemicals. This data was used as the basis of our Tier 1 comp&hisre were 409
gases/vapors and 191 dusts/particulates evaluated against the Tier 1 criteria based on GHS
hazard codes and categories.

In the figures below, the OEL on theaxis is compared to the Tier 1 band on thexis.Each

circle on the figuresepresents an individual chemical. The color of the areas within the figure
represent the level of protection that the OEB offers compared to the RElvaporgFigure

6-1), 91% of the chemicals were assigned a band in Tier 1 band that is at least as protective as
the OEL used for comparisohhese chemicals fall within thggeenportion ofthe figure.For 32

of the 409 chemicals (8%), the Tier 1 band was one band less protective (shown in yellow) and
for 6/409 chemicals (1%), the Tier 1 band was two bands less protective (shown in red).
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Figure6-1: OEL valuesys. Tier 1 band for vapors

[ 1 Band and OEL equally
[ 1] 1 or more bands more
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t han
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For particlegFigure6-2), 93% of the chemicals banded in Tier 1 were assigned a band that is at
least as protective as the OEL usedcomparison (shown in greemor 10/191 chemicals
(5%), the band was one bams$ protective (shown in yellow) and for 3/191 substances (2%) of
the time, the band was two bands less protective than the OEL (shown in red).
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