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CHALLENGE

▪ Workers are exposed to potentially harmful chemicals in their workplace.

▪ Occupational exposure limits (OELs) guide risk management decisions. 

▪ Most chemicals in use and commerce lack guidance on safe levels of exposure.

▪ This leaves workers at risk of exposure to chemicals that may be harmful.

▪ CDC Strategic Priority: Prevent illness, injury, disability, and premature death.



CHEMICALS IN 

COMMERCE

OCCUPATIONAL 
EXPOSURE LIMITS

• Approximately 1,000 chemicals 

with authoritative OELs
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• Approximately 85,000 

chemicals in commerce



OBJECTIVE

To create a consistent and 

documented process to 

characterize chemical 

hazards so timely and well-

informed risk management 

decisions can be made for 

chemicals lacking OELs.
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IMPORTANT POINT

An OEB is not meant to 

replace an OEL, rather it 

serves as a starting point to 

inform risk management 

decisions. 
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HISTORY

 One of the best ways to prevent and control 

occupational injuries, illnesses, and fatalities is to "design 

out" or minimize hazards and risks. 

 NIOSH leads a national initiative called Prevention 

through Design (PtD). 

 PtD encompasses all of the efforts to anticipate and 

design out hazards to workers in facilities, work methods 

and operations, processes, equipment, tools, products, 

new technologies, and the organization of work.

 The Occupational Exposure Banding Initiative emerged 

from this fundamental philosophy.
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HIERARCHY OF OELS
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WHAT IS OCCUPATIONAL EXPOSURE BANDING?

A mechanism to quickly and accurately assign chemicals into “categories” 

or “bands” based on their health outcomes and potency considerations
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A
>10 mg/m3

>100 ppm

B
>1 to 10 mg/m3

>10 to 100 ppm

C
>0.1 to 1 mg/m3

>1 to10 ppm

D
>0.01 to 0.1 mg/m3

>0.1 to 1 ppm

E
≤0.01 mg/m3

≤0.1 ppm
Dust/Particulate

Gas/Vapor



WHY DO WE NEED OEBS?
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PROPOSED NIOSH OCCUPATIONAL EXPOSURE BANDS

Occupational 

Exposure Band

Airborne Target Range for 

Particulate Concentration 

(mg/m3)

Airborne Target Range for Gas 

or Vapor Concentration    

(ppm)

A >10mg/m3 >100 ppm

B >1 to 10 mg/m3 >10 to 100 ppm

C >0.1 to 1 mg/m3 >1 to10 ppm

D >0.01 to 0.1 mg/m3 >0.1 to 1 ppm

E ≤0.01 mg/m3 ≤0.1 ppm
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THE PROMISE OF OCCUPATIONAL EXPOSURE BANDING

Facilitates more rapid evaluation 
of health risk 

Provides guidance for materials 
without OELs

Highlights areas where data are 
missing

Provides a screening tool for the 
development of RELs

 Identifies hazards to be 
evaluated for elimination or 
substitution

 Aligned with GHS for hazard 
communication

 Facilitates the application of 
Prevention through Design 
principles
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IS THIS THE SAME AS CONTROL BANDING?  NO.

 COSHH Essentials is a control banding tool that helps small and 

medium-sized enterprises to do risk assessments for chemicals 

and mixtures of chemicals 

 identifies the control band (control approach), 

 produces advice on controlling risk from the chemical used in the specified 

task, and 

 provides written guidance and documentation as a result of the assessment

 NIOSH has reviewed control banding strategies previously
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OCCUPATIONAL EXPOSURE BANDING IS DIFFERENT!

 OEBs derived from toxicology and potency 

 OEBs can be used to identify one of many control strategies
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Assessment of 
hazard potential 

using Occupational 
Exposure Banding

Assignment of a 
health based OEB

Risk Management 
Strategies



TOOLS FOR THE OCCUPATIONAL HYGIENIST

Occupational 

Exposure 

Bands

Engineering 

Controls

Medical Surveillance

Exposure Monitoring OELS

Quantitative Risk 

Assessments

Hazard 

Communication

GHS

classifications

PPE
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HOW IS THE PROCESS ORGANIZED?

1. Carcinogenicity

2. Reproductive toxicity 

3. Specific target organ toxicity 

resulting from repeated 

exposure

4. Acute toxicity 

5. Genotoxicity

6. Skin corrosion and irritation

7. Respiratory sensitization 

8. Skin sensitization

9. Serious eye damage and 

irritation
17

Bands are assigned based on the findings for nine standard 

toxicological endpoints: 



Tier 1 —GHS Hazard Codes                  

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 2— Secondary Data Sources               

User: Properly trained occupational hygienist

A Tier 2 evaluation produces a more refined OEB, 
based on point of departure data from reliable sources. 
Data availability and quality are considered.

Tier 3—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.
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TIER 1 OVERVIEW

THE FINDINGS AND CONCLUSIONS IN THIS PRESENTATION HAVE NOT BEEN FORMALLY DISSEMINATED BY THE NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AND 
SHOULD NOT BE CONSTRUED TO REPRESENT ANY AGENCY DETERMINATION OR POLICY.
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TIER 1

 GHS hazard codes and categories provide the basis for Tier 1 criteria

 Relatively low data requirements

 Chemicals can be banded in bands C, D, and E

 Chemicals are assigned Tier 1 OEBs based on severity and reversibility of 
effects

 Tier 1 is useful as a screening tool, but Tier 2 is recommended if data and 
expertise are available
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GLOBALLY HARMONIZED SYSTEM OF CLASSIFICATION AND 

LABELING OF CHEMICALS 

 GHS is a hazard classification system developed by the United Nations to 

standardize chemical regulations in different countries

 Within GHS, each physical or health hazard is a hazard class (e.g., 

Carcinogenicity is a hazard class)

 A hazard class may be sub-divided into several hazard categories based on the 

severity of the hazard

 GHS uses alphanumeric hazard codes to represent these hazards
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Chemical of interest has no OEL

Locate GHS hazard codes and categories in recommended databases

Compare hazard codes and categories with NIOSH criteria for each 
health endpoint

Assign band for each relevant health endpoint based on criteria

Assign a Tier 1 OEB for the chemical based on most protective endpoint 
band (C, D, or E)
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TIER 1 Criteria C D E

OEL Ranges
Particle > 0.1 to < 1 milligrams per cubic 

meter of air (mg/m3)
> 0.01 to < 0.1 mg/m3 < 0.01 mg/m3

Vapor > 1 to < 10 parts per million (ppm) > 0.1 to < 1 ppm < 0.1 ppm

Acute Toxicity

H301

Category 3 H300

Category 2

H300

Category 1H302

Category 4

H331

Category 3 H330

Category 2

H330

Category 1H332

Category 4

H311

Category 3 H310

Category 2

H310

Category 1H312

Category 4

Skin Corrosion/ Irritation
H315

Category 2

H314

Category 1, 1A, 1B, or 1C

Serious Eye Damage/ Eye 

irritation

H319

Category 2, 2A or 2B

H318

Category 1

Respiratory and Skin 

Sensitization

H317

Category 1B

H317

Category 1 or 1A

H334

Category 1B

H334

Category 1 or 1A

Genotoxicity
H341

Category 2

H340

Category 1, 1A or 1B

Carcinogenicity

H350

Category 1, 1A, or 1B

H351

Category 2

Toxic to Reproduction
H361 (including H361f, H361d, and 

H361fd)

Category 2

H360 (including H360f, H360d, 

and H360fd)

Category 1B

H360 (including H360f, H360d, 

and H360fd)

Category 1 or 1A

Specific Target Organ Toxicity

H371

Category 2

H370

Category 1

H373

Category 2

H372

Category 1
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TIER 1 Criteria C D E

OEL Ranges
Particle > 0.1 to < 1 milligrams per cubic 

meter of air (mg/m3)
> 0.01 to < 0.1 mg/m3 < 0.01 mg/m3

Vapor > 1 to < 10 parts per million (ppm) > 0.1 to < 1 ppm < 0.1 ppm

Acute Toxicity

H301

Category 3 H300

Category 2

H300

Category 1H302

Category 4

H331

Category 3 H330

Category 2

H330

Category 1H332

Category 4

H311

Category 3 H310

Category 2

H310

Category 1H312

Category 4

Skin Corrosion/ Irritation
H315

Category 2

H314

Category 1, 1A, 1B, or 1C

Serious Eye Damage/ Eye 

irritation

H319

Category 2, 2A or 2B

H318

Category 1

Respiratory and Skin 

Sensitization

H317

Category 1B

H317

Category 1 or 1A

H334

Category 1B

H334

Category 1 or 1A

Genotoxicity
H341

Category 2

H340

Category 1, 1A or 1B

Carcinogenicity

H350

Category 1, 1A, or 1B

H351

Category 2

Toxic to Reproduction
H361 (including H361f, H361d, and 

H361fd)

Category 2

H360 (including H360f, H360d, 

and H360fd)

Category 1B

H360 (including H360f, H360d, 

and H360fd)

Category 1 or 1A

Specific Target Organ Toxicity

H371

Category 2

H370

Category 1

H373

Category 2

H372

Category 1
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TIER 1 Criteria C D E

OEL Ranges
Particle > 0.1 to < 1 milligrams per cubic 

meter of air (mg/m3)
> 0.01 to < 0.1 mg/m3 < 0.01 mg/m3

Vapor > 1 to < 10 parts per million (ppm) > 0.1 to < 1 ppm < 0.1 ppm

Acute Toxicity

H301

Category 3 H300

Category 2

H300

Category 1H302

Category 4

H331

Category 3 H330

Category 2

H330

Category 1H332

Category 4

H311

Category 3 H310

Category 2

H310

Category 1H312

Category 4

Skin Corrosion/ Irritation
H315

Category 2

H314

Category 1, 1A, 1B, or 1C

Serious Eye Damage/ Eye 

irritation

H319

Category 2, 2A or 2B

H318

Category 1

Respiratory and Skin 

Sensitization

H317

Category 1B

H317

Category 1 or 1A

H334

Category 1B

H334

Category 1 or 1A

Genotoxicity
H341

Category 2

H340

Category 1, 1A or 1B

Carcinogenicity

H350

Category 1, 1A, or 1B

H351

Category 2

Toxic to Reproduction
H361 (including H361f, H361d, and 

H361fd)

Category 2

H360 (including H360f, H360d, 

and H360fd)

Category 1B

H360 (including H360f, H360d, 

and H360fd)

Category 1 or 1A

Specific Target Organ Toxicity

H371

Category 2

H370

Category 1

H373

Category 2

H372

Category 1
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TIER 2 OVERVIEW

THE FINDINGS AND CONCLUSIONS IN THIS PRESENTATION HAVE NOT BEEN FORMALLY DISSEMINATED BY THE NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AND 
SHOULD NOT BE CONSTRUED TO REPRESENT ANY AGENCY DETERMINATION OR POLICY.
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TIER 2

Tier 2 is always recommended, but especially useful when:

 there are no GHS H codes

 the outcome of the Tier 1 analysis is incomplete, or an insufficient 

reflection of the health potency of the chemical

27



TIER 2

Tier 2 – Both Qualitative and Quantitative

 Some training in toxicology  

 Based on readily available secondary data from authoritative sources 

(government, professional health agencies, authoritative toxicological 

benchmarks)

 Needs sufficient data to generate reliable OEB

 Prescriptive analytical strategy to ensure consistency

 Potential for chemicals to be moved from the Tier 1 OEB to a more or less 

protective OEB
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Begin Tier 2 process

Search recommended databases for toxicity information

Compare data to NIOSH criteria for each health endpoint and assign endpoint band 
and endpoint determinant score

Ensure that total determinant score is sufficient for banding

Assign a Tier 2 OEB for the chemical based on most protective endpoint 
band
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TIER 2 BANDING PROCESS

 Search authoritative databases for summary 

toxicity information:

For 9 specified health endpoints, search authoritative 

databases for summary toxicity information 

 Combine information through a weighted 

score: 

Find the weighted score (Total Determinant Score) and 

calculate the Occupational Exposure Band (this is done 

automatically in the e-Tool)
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TOTAL DETERMINANT SCORE

 Endpoint determinant score (EDS) = weighted score indicating the 

presence/absence of data for a specific health endpoint.

 Total determinant score (TDS) = sum of weighted scores for each health 

endpoint. Overall score gives an indication of sufficiency of data for banding.              

TDS ≥ 30: sufficient data for banding in Tier 2

Example: a cancer inhalation unit risk value tells us a lot about the hazardous nature 

of a chemical, so the presence of that information corresponds to a EDS of 30. 

However, an LD50 value for the acute toxicity endpoint is only weighted as a EDS of 5. 
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TOTAL DETERMINANT SCORE

Health Endpoint
Endpoint Determinant Score 

(EDS)
Skin Irritation/Corrosion 5

Eye Irritation/Corrosion 5

Skin Sensitization 5

Acute Toxicity/Lethality (LD50 or LC50) 5

Genotoxicity 5

Respiratory Sensitization 10

Systemic Target Organ Toxicity (STOT-RE) 30

Reproductive and Developmental Toxicity 30

Cancer Weight of Evidence Descriptor 20 or 30

Cancer Quantitative Measures 30

Data Sufficiency/Total Determinant Score (TDS) 30/125
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 Requires expertise in toxicology

 Requires intensive review and evaluation of primary data

 Is required when insufficient data for Tier 2 banding

 Completed when no detailed guidance is available

33
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MORE THAN A BAND

 Identify potential health effects 

and target organs

 Identify health risks to improve health communication

 Inform implementation of control interventions

 Inform medical surveillance decisions

 Provide critical information in a timely fashion
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MORE THAN A BAND (CONT’D)

 Innovative approach to provide guidance 

prescriptive enough to be used by small- and 

medium-sized establishments

 Occupational Exposure Banding process to 

provide guidance for chemicals without OELs

 Accompanying electronic tool (e-Tool) also 

created 
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ADDITIONAL
GUIDANCE



OCCUPATIONAL EXPOSURE BANDING E-TOOL

THE FINDINGS AND CONCLUSIONS IN THIS PRESENTATION HAVE NOT BEEN FORMALLY DISSEMINATED BY THE NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AND 
SHOULD NOT BE CONSTRUED TO REPRESENT ANY AGENCY DETERMINATION OR POLICY.
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OEB E-TOOL LINK

https://wwwn.cdc.gov/niosh-oeb
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https://wwwn.cdc.gov/niosh-oeb


DISSEMINATION

▪ Occupational safety and health professionals who serve 

small- and medium-sized businesses

▪ Stakeholders from multiple organizations, including 

organized labor, industry safety and health professionals, 

and government agencies

 Feedback is overwhelmingly positive 

 Confirmed need for a banding approach and tool 

 Suggestions for improvement – simplicity and training



NEXT STEPS

• Promote broad application of e-Tool and banding guidance 

• Address public health challenge of protecting workers from 

the myriad chemicals lacking guidance

• Coordinate with partners (AIHA, ASSP, SCHC) for 

dissemination and continuing widespread use in the 

occupational safety and health community



OEB TEAM MEMBERS

 Jane Chen, M.S.

 Stephen J. Gilbert, M.S.

 Thomas J. Lentz, Ph.D.

 Andy Maier, Ph.D., CIH, DABT

 Lauralynn Taylor McKernan, Sc.D., CIH,

 Pranav Rane, M.P.H. 

 Melissa Seaton, M.S.

 Christine Whittaker, Ph.D. 
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