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Chemicals in Occupational
Commerce Exposure Limits

» Approximately 1,000
chemicals with
authoritative OELs

NIOSH RELs
OSHA PELs
California PELs
TLVs

WEELs

MAKs
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The promise of
Occupational Exposure Banding

alilitates more rapid evaluation
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» Stakeholders
» Provides guidance for materials

without OELs

s Jdentifies hazards to be

evaluated for elimination or
substitution

» Aligned with GHS for hazard

communication

» Facilitates the application of

Prevention through Design
principles




IS Occupétional Exposure Banding
the same as Control Banding?

OIS entials is

ding tool that helps small and
enterprises to do risk assessments
and mixtures of chemicals

control band (control approach),

ce on controlling risk from the
in the specified task, and

en guidance and documentation as a




What is Control Banding?

Table 1. Control bands for exposures to chemicals by inhalation

No. Exposure Concentration Hazard group Control

1 >1 to 10 mg/m?3 dust Skin and eye irritants Use good industrial
>50 to 500 ppm vapor hygiene practice and
general ventilation.

>0.1 to 1 mg/m?3 dust Harmful on single Use local exhaust
>5 to 50 ppm vapor exposure ventilation.

2
3 >0.01 to 0.1 mg/m?3 dust Severely irritating and | Enclose the process.
>0.5 to 5 ppm vapor corrosive

4

<0.01 mg/m?3 dust Very toxic on single Seek expert advice
<0.5 ppm vapor exposure, reproductive

Yorpiace.
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Tier 1 Use GHS H-codes to

identify bad actors (C, D
and E) Start at Tier 1. Move on to
Tier 2 and Tier 3 as
resources become available.

Begin here. Rapid
evaluation with least

data requirements

Tier 2

Determine if Use point of departure

sufficient data are information to band in
available. Assign A,B,C DorkE
bands with more
confidence.

&
Tier 3
Use all

Use expert judgment available
and all available data information
to perform an
assessment of health
risk
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Data Requirements, OEB confidence, required user expertise




Tier 1 —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 2—Semi-Quantitative

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—Weight of Evidence

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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Why a Tiered Approach?

;§,detailed expertise needed to make
out these various types of toxicity

) existing hazard classifications - does not require
ent toxicology evaluation

quately familiar to find summary from
reviews and In some cases weigh among studies
ned criteria

e 1o review primary data and make judgments




How is the process

ological endpoints:
Xicity

ye damage and irritation
ry and skin sensitization

C D E
rd Most hézardous




Hazard Classification

- t health hazard is a “hazard class’
nicity is a hazard class)

’ may be sub-divided in the
eral "hazard categories’ based on
everity of the hazard

cal into a “hazard class” , and
Y, a "hazard category’’, is the

sification—determining not only
also the severity of the effect

51




Chemical of interest has no OEL

Tier 1

Overview 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




Endpoint Band C D E
Particles
OEL Ranges Vapors
3,4 2 1

Harmful if swallowed.
Harmful if inhaled.
Harmful in contact with
skin

Toxic if swallowed. Toxic
if inhaled. Toxic in
contact with skir

Acute Toxicity

Fatal if swallowed. Fatal
if inhaled. Fatal in
r .act with skin.

Fatal if swallowed. Fatal
if inhaled. Fatal in
contact with skin.

H301, H302, H. 1,
H332,H 1, H3

H3L H330, H310

‘_ 2

*ausec oKin irritation.
Skin

Corrosion/Irritation H315

2A, 2B

Causes eye irritation
Causes serious eye
irritation

Serious Eye

Damage/ Eye

Irritation H319

H300, H330, H310

1A, 1B, 1C

Causes severe skin
burns and eye damage.

H314

1

Causes serious eye
damage

H318



Band

Endpoint

Particles

OEL Ranges Vapors

Respiratory and Skin
Sensitization

Germ Cell Mutagenicity

Carcinogenicity

1B (resp.)
1A (skin)

1A (resp.)

May cause an allergic skin
reaction

May cause allergy or
asthma symptoms or
breathing difficulties if

_.naled

May cause an allergic skin
action

May cause allergy or
asthma symptoms or
breathing difficulties if
inhaled

H\ \4
H3:\ ¢

1B

1A

.ou ~cte of causing

Jenetic defects

May cause genetic defects

May cause genetic defects

H341

H340

H340

2
1B
1A

Suspected of causing
cancer

May cause cancer
May cause cancer

H351, H350




ier 1 Validation




ier 1 Validation Results

R

fsfources of the minimum full
or validation of Tier 17

Source of minimum OEL

TLV
MAK
WEEL

NIOSH REL

CAL PEL

OSHA PEL

2 sources

3 sources

4 sources

5 sources

Frequenc
117
109

Wele

__Source of minimum OEL _|Frequency
 NIOSHREL |
. CALPEL |
__4sources |
. 5sources |




Cvierall Band using H-codes & classifications

VAPORS - Minimum OEL values vs. Overall Band (n=4839)

- « 76.7% of chemicals had Tier 1 Bands
equally or more protective than
corresponding OEL-based bands

» 23.3% of chemicals had Tier 1 Bands less
protective than the corresponding OEL-
29 005 | 6% based bands
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Cwerall Band using H-codes & classifications

PARTICLES - Minimum OEL values vs. Overall Band (n=255)
D B

Sl © 84.7 % of chemicals had Tier
1 bands equally or more
protective than the

corresponding OEL-based
bands

2obs 1%

* 15.3% of chemicals had Tier
1 bands less protective than
the corresponding OEL-
based bands
B
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Tier 1 Validation -Thoughts

of Tier 1 bands being at least
the OEL was 79.4% ( combined

of the time the Tier 1 band is
e as the OEL.

the Tier 2 process if you get




Tier 1 Example: Folpet Qﬁj\,

» Workers involved in
mixing, loading and
applying folpet may be
occupationally exposed

» Some qualitative and

quantitative data exist,
but...
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/ //Q////// No OEL exists

7

.




Chemical of interest has no OEL

Tier 1

Overview 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







Examples of Data
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Tier 1 Example: Folpet

Step 1: Locate GHS H-codes and categories from recommended datal

— o
e@ I‘g http://gestis-en itrust.de/nit/gateway.dll/gestis_en/000000 xmiff=ter eng:sdbeng$3.0 P-2C “ Ero | ) Folpet - Pub... ‘ 2 epagov (=) adama.com | (2 GESTIS S... ] Folpet - Pub... how to SUEE---‘ | ik 3t

%g !:ﬁﬁhe;g:s eeeeee hen Unfallversicherung (S)EE?TIS SUbStance Data?@?:e Exact search B - mr‘
/ TR DOCUMENT _ [ ——
/ Folpet A eNHit Doc Prev Hil Match Next it Match Clear Highlights Sel Bookmark i
- <A

% %:girc%ﬁ)sw ECOTOXICOLOGY Folpet Sea rCh by Name or CAS —_
B

/ EECCUPA'IIONAL HEALTH AND FIRST

% Sk

/ (5] REFERENCES /

% Pyt SR HeEhE], S At =S °X|CO|Ogyl Ecotoxicology | Physical and chemical properties | Occupational health
% Elg ttb LSBT S and first aid | Safe handling | Regulatlons | Lperature register

% é% Zt: tfpm;tf " IDENTIFICATION

% Substance list :c-)(l([')l'er:chloromethyl) thio)-phthalamide

/ Faa ZVG No: 490164

% i “2 CAS No: 133-07-3

Lo oot e

/ .

% = g Vv | CHARACTERISATION




Tier 1 Example: Folpet

Step 1: Locate GHS H-codes and categories from recommended datal

5]
=

OTOXICOLOGY
EMICAL

NN

EALTH AND FIRST

S substance

=

usage

A T Y

| REGULATIONS

GHS Classification/Labelling | Old Classification | Waorkplace labelling | Water hazard class | Air quality control | Transport Regulations | Hazard Incii
Qrdinance | Further regulations | Medical check-ups

Classification:

Acute toxicity, Category 4, inhalation; H332
Skin sensitisation, Category 1; H317

Eye irritation, Category 2; H319
Carcinogenicity, Category 2; H351

Signal Word: "Warning"

Hazard Statement - H-phrases:

H332: Harmful if inhaled.

H317: May cause an allergic skin reaction.
H319: Causes serious eye irritation.

H351: Suspected of causing cancer.
H400: Very toxic to aquatic life.

Precautionary Statement - P-phrases:

P273: Avoid release to the environment.

P280: Wear protective gloves.

P305+P351+P338: IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing

Manufacturer's specification by Sigma-Aldrich Group

Reference: 01221



Tier 1 ExamE Folpet

Step 1 : Locate GHS codes and categones from recommended data

/ Health Endpoint Hazard Hazard H-code Endpoint
Code Category source Band
Acute Toxicity H332 4 GESTIS

Skin Corrosion/Irritation

Serious Eye Damage/ Eye Irritation H319 yJ GESTIS
Respiratory and Skin Sensitization H317 1 GESTIS
Germ Cell Mutagenicity

Carcinogenicity H351 yJ GESTIS

Tox1c to Reproduction

LNMMMMNMNMNMNMNMNMNMOCOCODO

Spec1f1c Target Organ Toxicity

.



Chemical of interest has no OEL

Tier 1

Overview 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




Tier 1 Example: Folpet

Step 2: Determine corresponding band with NIOSH Tier 1 OEB Criteria Chart

Endpoint

Band C

D

E

OEL Ranges

Acute Toxicity

Particles > 0.1 and &1 mg/m3 | >0.01 <0.1 mg/m?3 < 0.01 mg/m3
Vapors >1<1Q ppm >0.1<1ppm < 0.1 ppm
3(4 2 1

Harmful if swallowed.
Harmful if inhaled.
Harmful in contact
with skin

Toxic if swallowed.
Toxic if inhaled. Toxic
in contact with skin.

Fatal if swallowed.
Fatal if inhaled. Fatal
in contact with skin.

Fatal if swallowed.
Fatal if inhaled.
Fatal in contact with
skin.

@ H302, H331,
4332, H311, H312

Skin
Corrosion/Irritatio
n

H300, H330, H310

2

H300, H330, H310

Causes skin irritation.

1A, 1B, 1C

Causes severe skin
burns and eye
damage.

H314




Tier 1 Example: Folpet

Step 2: Determine corresponding band with NIOSH Tier 1 OEB Criterig

_

/

% Health Endpoint Hazard Hazard H-code Endpoint
/ Code Category source Band
.

% Acute Toxicity H332 4 GESTIS C
/ Skin Corrosion/Irritation

% Serious Eye Damage/ Eye Irritation H319 2 GESTIS

% Respiratory and Skin Sensitization H317 1 GESTIS

% Germ Cell Mutagenicity

% Carcinogenicity H351 2 GESTIS

% Toxic to Reproduction

/ Specific Target Organ Toxicity

.




Chemical of interest has no OEL

Tier 1

Overview 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




Tier 1 Example: Folpet

Step 2: Determine corresponding band with NIOSH Tier 1 OEB Criterig

/ Health Endpoint Hazard Hazard H-code Endpoint
Code Category source Band
Acute Toxicity H332 4 GESTIS C

Skin Corrosion/Irritation

Serious Eye Damage/ Eye Irritation H319 yJ GESTIS C
Respiratory and Skin Sensitization H317 1 GESTIS D
Germ Cell Mutagenicity

Carcinogenicity H351 yJ GESTIS E

Toxic to Reproduction

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

/ Spec1f1c Target Organ Toxicity

7



Chemical of interest has no OEL

Tier 1

Overview 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




Tier 1 Example: Folpet

Step 3: Select the most conservative band as the Tier 1 OEB

/ Health Endpoint Hazard Hazard H-code Endpoint
Code Categor source Band

5SK o MOSt protective band
Respirator Band E
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ler 2 is an additional level of
analvsis used when:

the outcome of the Tier 1 analysis
. u 0 y
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How is decision logic organized?
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Begin Tier 2 process

Tier 2

Overview Search recommended databases for toxicity information

Compare qualitative and quantitative data to criteria

Assign band for each health endpoint based on criteria

Assign a Tier 2 OEB for the chemical based on most
protective endpoint band
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Some Key Toxicology Concepts

nd OEBs are established following the
erse (critical) effect endpoint

l_ly cause more than one effect

“adverse” - need to interpret the impact
. //////////% of effects can be qualitative (hazard

///////////Z//é//// q _.gntltatlve (potency or dose-response
//%% | expertise and professional judgment to
select the ¢ nt on which to base the assessment
/.

/ ///{////’/// fensibility 1s critical - a goal of systematic OEB
)

d o se that protection against other effects if this
//// endpoint) iIs prevented
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Acute Toxicity
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NIOSH Tier 2 Acute Toxicity
Cr1ter1a

e

Band A B C D E
NIOSH Oral toxicity [ >2,000 mg/kg- |[>300 and <2,000 | >50 and <300 >5 and < 50 <5 mg/kg-
banding (LDs,) bodyweight mg/kg- mg/kg- mg/kg- bodyweight
criteria for bodyweight bodyweight bodyweight
acute toxicity ™o ol | > 2,000 mg/ke- | >1,000and< | >200and < 1,000 | >50 and<200 | <5 mg/ke-

toxicity bodyweight 2,000 mg/kg- mg/kg- mg/kg- bodyweight
(LDs,) bodyweight bodyweight bodyweight
Inhalation > 20,000 >2.500and < [ >500and <2.500| >100 and <500 | <100 ppmV/4h
gases (LC5,) ppmV/4h 20.000 ppmV/4h ppmV/4h ppmV/4h
Inhalation > 20.0 >10.0and <20.0 | >2.0and <10.0 | >0.5and <2.0 <0.5
vapors mg/liter/4h mg/liter/4h mg/liter/4h mg/liter/4h mg/liter/4h
(LCsp)
Inhalation | > 5.0 mg/liter/4h | >1.0and <5.0 >0.5and < 1.0 >0.05 and <0.5 <0.05
dusts and mg/liter/4h mg/liter/4h mg/liter/4h mg/liter/4h
mists (LCs,)

\cnc\

Wkpl




ENDPOINT SOURCE OF INFORMATION ACRONYM WEBSITE

A for Toxic Subst s & Dises . .
ge.ncy or foxic substances 15635 | ATSDR http://www.atsdr.cdc.gov/toxprofiles/index.asp
/ Registry
U.S. EPA Integrated Risk Inf ti
/ fegrated sk intormation IRIS http://www.epa.gov/iris/
/ o~ | System
- . . .
c | Association of Occupational and
o AOQEC http://www.aoec.
/ o | Environmental Clinics nttp://www.aoec.org/
/ NIOSH Skin Notation Profiles SK Profiles | http://www.cdc.gov/niosh/topics/skin/skin-notation profiles.html
/ European Chemicals Agency;
/ Registration, Evaluation, Authorisation | REACH http://echa.europa.eu/web/guest
/ and Restriction of Chemicals
0 ization for E ic Co-
/ reanization for =conomic ~o OECD http://www.oecd.org/
/ operation and Development
/ International Programme on Chemical IPCS http://www.inchem.org/
Skin sensitization Safety
/ National Toxicology Program
/ — | Interagency Coordinating Committee ICCVAM http://iccvam.niehs.nih.gov
/ fcu on the Validation of Alternative ' = -ENS-NM.E
/ & | Methods
/ ™~
/ < | Hazardous Substance Data Bank HSDB http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
% :
/ National Library of Medicine ChemID | ChemID http://chem.sis.nlm.nih.gov/chemidplus/chemidlite.jsp.
/ Plus plus
U.S. EPAS fund Chemical Dat .
/ Matrix upertund themicat bata U.5. 5CDM http:,‘,f\-xfwv-f.epa.govfsuperfund,’s|tes,'“npl;’hr'sres,'“toolsfscdm.htm\
/ Pesticide Properties Database PPDB http://sitem.herts.ac.uk/aeru/ppdb/en/ 3

International Programme on Chemical

—
v
-
c
]
oc

Acute Toxicity _ . .
Safety IPCS http://www.inchem.org/ )
Hazardous Substance Data Bank HSDB http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB /
Agency for Toxic Substances & Disease ATSDR http://www.atsdr.cdc.gov/toxprofiles/index.asp

Registry

i

L

\



Acute Toxicity (5 points possible)

Accepted values Rejected values
Oral LDy, (mg/kg bodyweight) Animal model Oral LDy, (mg/kg bodyweight) Animal model Reason for Rejection Source Comments/Questions
600 mouse ChemID
1900 rat ChemID

q Dermal LD,
Dermal LDg; (mg/kg bodyweight) Animal model 5_" (mg/kg Animal model Reason for Rejection Source Comments/Questions
bodyweight)
4ml /kg rabbit units ChemID
Accepted values Rejected values

Inhalation Gas LCs; (ppmV/4h) Animal model & ‘m‘_‘h"au Animal model Reason for Rejection Source Comments/Questions

Rejected values

e : Inhalation V LC
Inhalation Vapor LCg (mg/liter/4h) Animal model G ;flllit a?:;) ol Animal model Reason for Rejection Source Comments/Questions
mg/liter.
10.8 mouse ChemID

Rejected values

Inhalation Dust/Mist LCg; (mg/liter/4h) Animal model T Animal model Reason for Rejection Source Comments/Questions

(mg/liter/4h)




?///////////////////’///////’//’/////W
/ - - Serious Eye Damage/ Eye Irritation ... o, production
% B Hazard Code & Category Hazard Code & Category
/ Acute Toxicity . )
_ ) | Code: 318, Category: 1 _
/ gory ) | Code: 3604, Category: 1a
% Hazard Code & Category ) ' )
/ () | Code: 319, Category: 2a ~ | Code: 360d. Cate b
/ [ | Code: 300, Category: 1 gory
/ ) | Code: 319, Cate :2b
/ - gory )

Code: 300, Cate -2 - ’ -
% O gory " | Code: 360f, Category: 1a
% Respiratory and Skin Sensitization & | Code: 360 Catesory: 16
% [] | Code: 301, Category: 3 Hazard Code & Category : : gory:
/ [] | Code: 302, Category: 4 ) _ ] () | Code: 360fd, Category: 1a
/ () | Code: 317, Category: 1a (skin)
% [] | Code: 310, Category: 1 o) | Code: 317, Category: 1b (skin) () | Code: 3460fd, Category: 1b
% [] | Code: 310, Category: 2 ) | Code: 334, Category: 1a (resp.) () | Code: 361d, Category: 2
% [] | Code: 311, Category: 3 () | Code: 334, Category: 1b (resp.} () | Code: 361f, Category: 2
% L | Code: 312, Category: 4 Germ Cell Mutagenicity () | Code: 361fd, Category: 2
% [] | Code: 330, Category: 1 Hazard Code & Category ] B
% N code 390 cor p Specific Target Organ Toxicity
% [] | Code: 330, Category: 2 (O | “ode: 340, Category: 1a Hazard Code & Category
% [] | Code: 331, Category: 3 O | Code: 340, Category: 1b
/ () | Code: 370, Category: 1
% [] | Code: 332, Category: 4 () | Code: 341, Category: 2 T cone 371 con ,

() | Code: , Category:

% " C:rms::;”:zm:egu Carcinogenici () | Code: 372, Category: 1

aza e&Ca ry
% . , Hazard Code & Category () | Code: 373, Category: 2
/ () | Code: 314, Category: 1a
/ - () | Code: 350, Category: 1a -
% () | Code: 314, Category: 1b Physical State
% ~ | Code: 314, Category: 1c @ | Code: 350, Category: 1b Liquid/Vapor []Particles
% 5 | Code: 315, Category: 2 () | Code: 351, Category: 2 " Calculate Tier 1 OEEt)
%/

.
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e.g. OELs)?
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in Independent evaluation
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Tier 2 Validation - phase 1

pert users and new users)
2 process on 102 chemicals

///4//// the chemicals with OELs to the

7
éy///,

/’//
2500 X4
%% 47’/{/’
9/ /// 7

scales and units for vapors
cles (mg/m’)

NIOSH and both users




Mot

banded

Cwerall Tier 2 band

Minimum QEL values banded vs. NIOQSH Overall Tier 2 Band

(o =vapors, +=particles) (n=53)

Oobs [ 0%

1obs [ 2%

o

Jobs /6% Jabs
0

IE%
Ll

“ o

Oobs /0%

Oobs /[ 0%

Oobs [ 0%

Oobs [ 0%

Oobs /0%

Oobs [/ 0%

O obs [ 0%

0obs /0% Oabs 7 0%

0obs /0%

(. B

QEL value banded




Tier 2 Exercises




d
Q

-

-

(G

Q
g
)

-

O

)

N

Q

—

7



Next Steps
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More than just an OEB...




