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FOREWORD
When the U.S. Congress passed the Occupational Safety and Health Act of 1970 (Public
Law 91-596), it established the National Institute for Occupational Safety and Health (NIOSH).
Through the Act, Congress charged NIOSH with recommending occupational safety and health
standards and describing exposure levels that are safe for various periods of employment,
including but not limited to the exposures at which no worker will suffer diminished health,
functional capacity, or life expectancy as a result of his or her work experience. By means of
criteria documents, NIOSH communicates these recommended standards to regulatory agencies
(including the Occupational Safety and Health Administration [OSHA]), health professionals in
academic institutions, industry, organized labor, public interest groups, and others in the
occupational safety and health community. Criteria documents contain a critical review of the
scientific and technical information about the prevalence of hazards, the existence of safety and
health risks, and the adequacy of control methods. This criteria document is derived from
reviews of information from human, animal, and experimental studies of the toxicity of
hexavalent chromium (Cr(VI)) compounds and is intended to describe the potential health effects

of occupational exposure to this group of chemical compounds.

Cr(VI) compounds include a large group of chemicals with varying chemical properties, uses,
and workplace exposures. The major chromium-containing materials in the marketplace are
chromite ore, chromium chemicals, ferroalloys, and metal. The United States is a major world
producer of chromium metal, chromium chemicals, and stainless steel. Sodium dichromate is the
most common chromium chemical from which other Cr(VI) compounds may be produced.
Cr(VI) compounds commonly manufactured include sodium dichromate, sodium chromate,
potassium dichromate, potassium chromate, ammonium dichromate, and Cr(VI) oxide. Other
Cr(VI)-containing materials commonly manufactured include various paint and primer pigments,

graphic art supplies, fungicides, corrosion inhibitors, and wood preservatives.

Currently more than 558,000 U.S. workers are exposed to airborne Cr(VI) compounds in the
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workplace. Some of the industries in which the largest numbers of workers are exposed to high
concentrations of Cr(VI) compounds include electroplating, welding, and painting. It is expected
that these workers’ exposures to Cr(VI) will continue until substitutes acceptable to these
industries have been developed and adopted. Approximately 1,045,500 workers are exposed to

Cr(VI) in cement.

This Criteria Document Update describes the most recent NIOSH scientific evaluation of
occupational exposure to Cr(VI) compounds, including the justification for a revised
Recommended Exposure Limit (REL) derived using current quantitative risk assessment
methodology on human health effects data. The policies and recommendations in this document
are consistent with those of the January 2005 NIOSH testimony on the OSHA Proposed Rule on
Occupational Exposure to Hexavalent Chromium and the corresponding NIOSH Post-Hearing
Comments. NIOSH recommends that airborne exposure to all Cr(VI) compounds be limited to a
concentration of 0.2 ug Cr(VI)/m’ for an 8-hr TWA exposure, during a 40-hr workweek. The
available scientific evidence supports the inclusion of all Cr(VI) compounds into this
recommendation. Due to the residual risk of lung cancer at the REL, NIOSH further recommends
that all reasonable efforts be made to reduce exposures to Cr(VI) compounds below the REL
through the use of engineering controls and work practices. The REL is intended to reduce
workers’ risk of death from lung cancer associated with occupational exposure to Cr(VI)
compounds over a 45-year working lifetime. It is expected that reducing airborne workplace
exposures of Cr(VI) will also reduce the nonmalignant respiratory effects of Cr(VI) compounds

including irritated, ulcerated, or perforated nasal septa.

In addition to limiting airborne concentrations of Cr(VI) compounds, NIOSH recommends that
dermal exposure to Cr(VI) be prevented in the workplace to reduce the risk of adverse dermal
health effects including irritation, ulcers, skin sensitization, and allergic contact dermatitis. Skin
notations of SK-DIR(COR) (causing corrosion by direct skin contact) and SK-SEN (causing
allergic contact dermatitis or other allergic effects due to dermal exposure) are recommended for
iv
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all Cr(VI) compounds.

Engineering controls, appropriate respiratory protection programs, and other preventive
measures should be implemented to minimize workers’ exposures to Cr(VI) compounds. NIOSH
urges employers to disseminate this information to workers and customers. NIOSH also requests
that professional and trade associations and labor organizations inform their members about the

hazards of workplace exposure to Cr(VI) compounds.

Christine Branche, Ph.D., M.S.P.H.

Acting Director, National Institute for
Occupational Safety and Health

Centers for Disease Control and Prevention

T The draft NIOSH Current Intelligence Bulletin, A Strategy for Assigning the New NIOSH Skin Notations for
Chemicals, is in the NIOSH review and clearance process. The skin notations are included here for review with the
expectation that the revised dermal policy will be approved prior to final publication of this Cr(VI) criteria
document.

A\
“This information is distributed solely for the purpose of pre dissemination peer review under applicable
information quality guidelines. It has not been formally disseminated by the National Institute for Occupational
Safety and Health. It does not represent and should not be construed to represent any agency determination or
policy.”



NIOSH Hexavalent Chromium Criteria Document Update
EXTERNAL REVIEW DRAFT September 2008

CONTENTS

To be finalized upon completion of the review process.

FOTEWOTA .ottt ettt ettt et e e e e e e et ee e e e e e e ee e e e e e e e e et ee e e et eeerer et eeeeeeeeaeeeeeeeaees
A DDTEVIATIONS - ettt e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e eeeeeaeeeaanaaaaeeeeeeenennnas
ACKNOWICAZIMENES. ..ottt ettt et ettt et e et e e beeesbeesseeeabeessteesseensaesnseessseenseennnas

I TNEEOAUCTION ...ttt ettt b et ettt et et sbe et e stebeease e
1.1 Purpose and scope of this document.............cccueeeviieeiiieciiieceeecee e
1.2 History of the NIOSH RELS for Cr(VI) compounds...........ccceeeveeviienieeniienieeieenneenns
1.3 The revised REL for Cr(VI) compounds ...........ccccueeeiiieiiiieeiiieeciie e

2 Properties, Production, and Potential for EXposure..........ccceovvieeiiiiiiiiecieecie e
2.1 Physical and chemical Properties..........ceevvieeiierireiiienieeiieeieeiee e seeeree e

2.2 Production and use in the United States ..........coceeviiiiiiiiiiiieneeeeeeeeeee e

2.3 Potential sources of occupational €XPOSULE. ........c.cccveeruierieeriienieeriienieeiieereeneeeeeeees

2.4 Number of workers potentially €Xposed.........ccceeevieriiiiiiiieniieeeie e

2.5 Measured exposure in the WOrkplace............cccueeviieriiiiieniieieeeeece e

2.5.1 Blade €t al. [2007]..eic o

2.5.2 Shaw Environmental Report [2000] .........cccueeviieniiriiieiieeieeiieeieeiie e

2.6 Existing occupational eXposure HMItS .........cccveeeevieriieeriieeeiieeeieeesveeesreeeseveeeeveas

2.7 SUITINATY ..tteeeiiie ettt eeiee ettt e ettt e ettt e ettt e et eesabteessbaeesabeeesabeeesabeeesseesnseesnseesnnneas

3 Measurement Of EXPOSUIE ....cc.eeeuiiiieiiiieiieeiieeiee ettt ettt et site et e st e et e seteebeeseneeseesnseas
3.1 Sampling CONSIAETATIONS ......ccuvvieeiiiieiiiieeiieeiteeesteeeciteesteeesreeesreeessseeesaseeesseeesaeenns

3.2 Sampling and analytical methods ...........cccoeviiiiiiiiinii e

3.2.1 Cr(VI) detection in WOTkplace @ir..........cceecuveerciiieniieeniieeeiee e

3.2.2 Wipe sampling methods..........ccoeviiiiiiniiiiieiiiciiee e

3.3 B10logIiCal MATKEIS .......viieiiiieiiieceeee et e

3.3.1 Biological markers Of €XPOSUIE ........ccueeruiiriieriieiiienie et

3.3.2 Biological markers of €ffect..........ccccuieeiiieiiiieeiiece e

4 Human Health BIFECtS.......couiiiiiiiiee e et
A1 CAINICET ..ottt ettt ettt ettt et

4. 1.1 LUNZ CANCET ....eetieiiiiiee ettt e eeiiteeeeetiee e e e ateeeesabteeessaebaeesesnsaeeesanssseeesnnssneasanns

4.1.2 Nasal and SINUS CANCET .........evueerieeriirienieeterieseete ettt

4.1.3 NONTESPITALOTY CANCETS ...uvvreererreerreearreeeirreessreesseeessseeessseessseesssseessseesssseesns

4.1.4 Cancer Meta-analySeS..........cccuierierieeriieniieniieeieeieeeteesieesaeesseesreeaeeseaeenseens

4.1.5 Summary of cancer and Cr(VI) €XPOSUIE ........ccevvrieriiieeriiieeiiieeieeeveeeieee s

4.2 Nonmalignant €ffECtS ........ooouiiiiiiiiiiiiiee e

4.2.1 Respiratory €ffeCtS ...ccuuiiiiiieeiiieciieceeee e

Vi
“This information is distributed solely for the purpose of pre dissemination peer review under applicable
information quality guidelines. It has not been formally disseminated by the National Institute for Occupational
Safety and Health. It does not represent and should not be construed to represent any agency determination or
policy.”



NIOSH Hexavalent Chromium Criteria Document Update
EXTERNAL REVIEW DRAFT September 2008

4.2.2 DermatologiC €fECTS ... .iiiiiieiiieeiie et
4.2.3 Reproductive €fTECES ......eeouvieriieiiieiiieeie ettt
4.2.4 Other health effects .........coouiiiiiiiii e

5 EXperimental StUAIES ......cc.eeiiiiiiiiieeiieesee ettt et e e e ennneeen
5.1 PharmacOKINELICS .......ccovuvvieeieireeeeeeieeeeeeete e eetee e e et eeeeetae e e e eetaeeeeeeaaaeeeeenaneeeeeennneas
5.2 MechaniSmS Of tOXICIEY ..cuvieiriieeiiieeiiie et e esiieeeite e et e e steeesreeesaeeessbeeesaseeennseeensseeans
5.3 Health Effects in ANIMAIS...........ccooiuiiiiiiiiiei e

5.3.1 Subchronic inhalation STUAIES ..........cooevuvveiiiiiii e e
5.3.2 Chronic inhalation StUAIES.........ccueeeeeeirieeieiieeee et
5.3.3 Intratracheal STUAIES. ......ooovviviiiiiiiiieieeee et e e e
5.4.4 Intrabronchial StUAIES.......ccvviiieiiviiieieiieie e e
5.4.5 Summary of animal StUAIES.........ccccuiieriieeiiieeiiieceee e
5.3 Dermal STUAIES .....uvvvieeeeieiee ettt e e e e e eaneas
5.3.1 HUMAN STUAIES....euvveiiieiiiiieiiiiiiiee ettt e e ee ettt e e e e e e eenaraeeeeeeesseennraes
5.3.2 AnIMAl STUAIES ...vveiiiiiiiiiieieee e et
5.3.3 In VItro SKIn STUAIES .....cooviiiiiiiiiiiii ettt e e e
5.3.4 Cell Culture StUAIES......eeeiieieeeeeeeieie et e e e

6 ASSESSIMENT OF RISK ....ooiuiiiiiiiiiiii ettt e e e e e e e eeareeeens
6.1 Analyses of the Baltimore chromate production data............c.cccccvveeviiienciieenieeene.
6.2 Analyses of the Painesville chromate production data .............cccevveeveniinienennennn.
6.3 Other cancer riSK aSSESSIMEITS. .......uviiieiiiiiiiiieeieeeeeeeeiirereee e e e e e e e e e e e e e e e e eeasaaereeeas
6.4 NONCANCET TISK ASSESSIMENTS ....uvvvviiiiiiiiiieiiiiiiiieeee e e ettt ee e e e s e st arre e e e e e e s sesraraeeeeeeeas
0.5 SUIMNIMATY ....vieiiiieeiiee ettt e stee e st e e staee e taeeetseessseeesssaeessseeessseeensseeensseesnsseenns

7 Recommendations for an EXposure Limit .........c.ccccvevciieriiiiienieiiieiiecieesee et
7.1 The NIOSH REL for Cr(VI) compounds...........cccecueeiieiniieniiinieeieeeieeieesee e
7.2 Basis for previous NIOSH standards ............ccceceervieiieiiienieiiicieece e
7.3 Evidence for the carcinogenicity of Cr(VI) compounds........c..cccevveveniiniencnnicnens
7.4 Basis for the NIOSH REL.........cooiiiiiiiieeee e
7.5 Applicability of the REL to all Cr(VI) compounds ..........ccceevuerienirniinieneenenienens
7.6 Analytical feaSiDIIITY .......ccoveiiiieriiieiieie et ees
7.7 Controlling worker exposure below the REL .........c.cccccooiiiiiiniiniiiiicicee
7.8 Controlling dermal @XPOSUIE..........cccueervieriieiiienieeieeeieesteesreesreesreesseessseesseessseesseenns
7.9 SUIMIMATY ...eoniviiiiieiieee ettt ettt ettt ettt e e st e et e s s e eneenane e

8 RISK MANQZEIMENT ......eiiiiiiiieeiiieiie ettt ettt ettt et eebeesateebeesneeenneens
8.1 The NIOSH Recommended Exposure Limit..........cccceeevuierieniienieniienieeieeee e

8.1.1 The NIOSH REL.....cccieiiiieiieieeeee ettt

8.1.2 Sampling and analytical methods .............ccoeeiiriiiiiiniiieieeece e

8.2 Informing workers about the hazard..............coccooiiiiiiiiii,

vii
“This information is distributed solely for the purpose of pre dissemination peer review under applicable
information quality guidelines. It has not been formally disseminated by the National Institute for Occupational
Safety and Health. It does not represent and should not be construed to represent any agency determination or
policy.”



NIOSH Hexavalent Chromium Criteria Document Update
EXTERNAL REVIEW DRAFT September 2008

8.2.1 Safety and health programs............cccceeveeeiiieeiiieeie e
8.2.2 Labeling and POSING.........ccueerieeiiierieiiieeiie et eiie ettt et e ereeseeesaeesee e
8.3 Exposure control measures
8.3.1 ENGINEEring CONIOLS ........eevuiiriiieiiiiieeiieeiie ettt ettt
8.3.2 Administrative controls and Work practices ..........ccceevvveervieeenrieervieeeneee e
8.3.3 Protective clothing and equipment............c.coceeriienieeiiienieeieeeeeieeiee e
8.4 EMETZENCY PIOCEAUIECS ... ..eeiierieiieiieeiiieeiiieeitteeetteeetteeseeeeseeeessseeessseeessseeessseeessseeanns
8.5 EXposure monitoring StrateEY ........c.eeeueerueerieeniieeieeniieeieenieeeieesteeeseenseesseesseesseennns
8.6 Medical MONTLOTING. .....cccviiiiiieiiiieeciee et e et ete et e e et e e steeesteeesaraeessseeensseeenssaeenns
8.6.1 Medical monitoring program dir€Ctor.........ccueeruierieeriienieeiierie e
8.6.2 Medical monitoring program elements............ccoecuveeeeiieniieenciieecie e
8.6.3 Medical T@POTLING........eovuiiiiieiieeiieiie ettt ettt
8.6.4 EMPIOYET ACHIONS ...veieiiiieiiieeeiieeciieeeieeeeiee et e et e et e e aaeeeeaeesaaeeennaaesnneeas
8.7 SMOKING CESSATION ....eevviiiiieiieeiieeiie et eiee et et e et e et eesae e bt e esbeebeessaeeseesnseenseesnseennes
8.8 RECOTA KEEPINE ..vviiiiiiieeiiie ettt ettt e et e e e et e e et e e s aeeeesbaeessseeessseeennseeenns
RETEIEIICES ...ttt ettt et et e et e s bt e e bt e s bt e eabeesabeenbeesaeeenneens
Appendices
A. NIOSH testimony on the OSHA proposed Cr(VI) tule ........ccceeevienieeiiiiniieiiecieeieeeeeieee
B. NIOSH posthearing comments on the OSHA proposed Cr(VI) rule.......cccoeevvvveeniieiniennnneen.
viii

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



NIOSH Hexavalent Chromium Criteria Document Update
EXTERNAL REVIEW DRAFT September 2008

ABBREVIATIONS
ACD allergic contact dermatitis
ACGIH American Conference of Governmental Industrial Hygienists
ACS American Cancer Society
AIM alveolar macrophage
AL action level
AM arithmetic mean
ATSDR Agency for Toxic Substances and Disease Registry
BAL bronchoalveolar lavage
BEI Biological Exposure Index
BMC benchmark concentration
CCA chromated copper arsenate
CI confidence interval
CPC chemical protective clothing
Cr chromium
Cr(0) metallic or elemental chromium
Cr(I1IT) trivalent chromium
Cr(VI) hexavalent chromium
CrOs chromic acid or chromium trioxide
d day
DECOS Dutch Expert Committee on Occupational Standards
DNA deoxyribonucleic acid
EID Education and Information Division
EPA U.S. Environmental Protection Agency
FEF»s5.75 forced expiratory flow (liter/second) between 25% and 75% of the forced
vital capacity
FEV, forced expiratory volume in one second
FEV,/FVC ratio of forced expiratory volume in one second (FEV)) to forced vital
capacity (FVC)
FVC forced vital capacity
G2/M gap 2/mitosis
GM geometric mean
GSD geometric standard deviation
hr hour
H,0, hydrogen peroxide
HIF-1 hypoxia-induced factor 1
HHE Health Hazard Evaluation
Ig immunoglobulin
1.t. intratracheal
IARC International Agency for Research on Cancer
ICDA International Chromium Development Association
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LCL
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LDs
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LOAEL
LOD

mg/m’
MIG
MLE

MMA
MMD
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Immediately Dangerous to Life and Health
International Labour Organization

Integrated Management Information System
International Organization for Standardization
International Unit

liter

lower confidence limit

lactate dehydrogenase

lethal dose resulting in 50% mortality
luteinizing hormone

lymphatohematopoietic cancer

lowest observed adverse effect level

limit of detection

molar

milligrams per cubic meter of air

metal inert gas (welding)

maximum likelihood estimate

millimolar

manual metal arc (welding)

mass median diameter

mass median aerodynamic diameter
minimum risk level

Material Safety Data Sheet

Mine Safety and Health Administration
number (sample size)
N-acetyl-pf-D-glucosaminidase

not detectable

nanogram

nanomoles

nickel

nicotinamide adenine dinucleotide phosphate
North American Industrial Classification System
National Institute of Environmental Health Sciences
National Institute for Occupational Safety and Health
no observed adverse effect level

National Occupational Exposure Survey
National Toxicology Program

Office of the Director

Occupational Exposure Limit

odds ratio

Occupational Safety and Health Administration
probability
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personal breathing zone

proportionate cancer mortality ratio
Permissible Exposure Limit
pulmonary function test

personal protective equipment

parts per million

polyvinyl chloride

red blood cell(s)

reduction-oxidation

Recommended Exposure Limit
reference concentration

reactive oxygen metabolite

reactive oxygen species

standard deviation

Standard Industrial Classification

skin notation denoting substance that results in corrosion by direct skin
contact

skin notation denoting substance that causes allergic contact dermatitis, or
sensitization of skin, mucous membranes, or airways due to dermal exposure
standardized mortality ratio
superoxide dismutase

specific pathogen free

tons

Threshold Limit Value

time-weighted average

microgram(s)

microgram(s) per gram

microgram(s) per liter

microgram(s) per cubic meter of air
micromolar

upper confidence limit

Union Internationale Contre le Cancer
United Kingdom

United States

vascular endothelial growth factor
white blood cell(s)

World Health Organization

week

year(s)
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CHAPTER ONE: INTRODUCTION
1.1 PURPOSE AND SCOPE
This Criteria Document Update describes the most recent NIOSH scientific evaluation of
occupational exposure to Cr(VI) compounds, including the justification for a revised REL
derived using current quantitative risk assessment methodology on human health effects
data. This Criteria Document Update focuses on literature published since the NIOSH
[1975] Cr(VI) criteria document through February 2006. The policies and
recommendations in this document are consistent with those of the January 2005 NIOSH
testimony on the OSHA Proposed Rule on Occupational Exposure to Hexavalent
Chromium and the corresponding NIOSH Post-Hearing Comments (Appendices A and
B, respectively).

1.2 HISTORY OF THE NIOSH REL FOR Cr(VI) COMPOUNDS

In the 1973 Criteria for a Recommended Standard: Occupational Exposure to Chromic
Acid, NIOSH recommended that the Federal standard for chromic acid, 0.1 mg/m’ as a
15-minute ceiling concentration, be retained due to reports of nasal ulceration occurring
at concentrations only slightly above this concentration [NIOSH 1973]. In addition,
NIOSH recommended supplementing this ceiling limit with a time-weighted average of
0.05 mg/m’ for an 8-hour work day to protect against possible chronic effects, including

lung cancer and liver damage.

In the 1975 Criteria for a Recommended Standard for Occupational Exposure to
Chromium(VI), NIOSH supported two distinct recommended standards for Cr(VI)
compounds [NIOSH 1975]. Some Cr(VI) compounds were considered to be
noncarcinogenic at that time, including the chromates and bichromates of hydrogen,
lithium, sodium, potassium, rubidium, cesium, and ammonium, and chromic acid
anhydride. These Cr(VI) compounds are relatively soluble in water. It was recommended
that a 10-hr TWA limit of 25 ug Cr(VI)/m®and a 15-minute ceiling limit of 50 pg
Cr(VI)/m’ be applied to these Cr(VI) compounds.

1
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All other Cr(VI) compounds were considered carcinogenic [NIOSH 1975]. These Cr(VI)
compounds are relatively insoluble in water. At that time NIOSH subscribed to a
carcinogen policy which called for “no detectable exposure levels for proven
carcinogenic substances” [Fairchild 1976]. Thus the basis for the REL for carcinogenic
Cr(VI) compounds, 1 ug Cr(VI)/m’ TWA, was the quantitative limitation of the

analytical method available for measuring workplace exposures to Cr(VI) at that time.

NIOSH revised its policy on Cr(VI) compounds in its 1988 testimony to OSHA on the
Proposed Rule on Air Contaminants [NIOSH 1988b]. NIOSH testified that while
insoluble Cr(VI) compounds had previously been demonstrated to be carcinogenic, there
was now sufficient evidence that soluble Cr(VI) compounds were also carcinogenic.
NIOSH recommended that all Cr(VI) compounds, whether soluble or insoluble in water,
be classified as potential occupational carcinogens based on the OSHA carcinogen
policy. The adoption of the most protective of the available standards, the NIOSH RELs,
was recommended. Consequently the REL of 1 ug Cr(VI)/m® TWA was adopted by
NIOSH for all Cr(VI) compounds.

NIOSH reaffirmed its policy that all Cr(VI) compounds be classified as occupational
carcinogens in its response to the 2002 OSHA Request for Information on Occupational
Exposure to Hexavalent Chromium and in its testimony on the OSHA Proposed Rule on
Occupational Exposure to Hexavalent Chromium [NIOSH 2002, 2005a] (see Appendix
A).

1.3 THE REVISED REL FOR Cr(VI) COMPOUNDS

NIOSH recommends that airborne exposure to all Cr(VI) compounds be limited to a
concentration of 0.2 ug Cr(VI)/m’ for an 8-hr TWA exposure, during a 40-hr workweek.
The use of NIOSH Methods 7605 or 7703 (or validated equivalents) is recommended for
Cr(VI) determination in the laboratory and field, respectively. The REL represents the

2
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upper limit of exposure for each worker during each work shift. Due to the residual risk
of lung cancer at the REL, NIOSH further recommends that all reasonable efforts be
made to reduce exposures to Cr(VI) compounds below the REL through the use of
engineering controls and work practices. The available scientific evidence supports the
inclusion of all Cr(VI) compounds into this recommendation. The REL is intended to
reduce workers’ risk of death from lung cancer associated with occupational exposure to
Cr(VI) compounds over a 45-year working lifetime. Although the quantitative analysis is
based on lung cancer mortality data, it is expected that reducing airborne workplace
exposures will also reduce the nonmalignant respiratory effects of Cr(VI) compounds

including irritated, ulcerated, or perforated nasal septa.

In addition to limiting airborne concentrations of Cr(VI) compounds, NIOSH
recommends that dermal exposure to Cr(VI) be prevented in the workplace to reduce the
risk of adverse dermal health effects including irritation, ulcers, skin sensitization, and
allergic contact dermatitis. Based on the draft NIOSH Current Intelligence Bulletin, A
Strategy for Assigning the New NIOSH Skin Notations for Chemicals', skin notations of
SK-DIR(COR) (causing corrosion by direct skin contact) and SK-SEN (causing skin
sensitization or allergic contact dermatitis) are recommended for all Cr(VI) compounds
[NIOSH 2008 draft]. The SK-DIR notation identifies Cr(VI) compounds as substances
known to cause direct damage to the skin. The sub-category (COR) identifies Cr(VI)
compounds as corrosive. The SK-SEN identifies Cr(VI) compounds as substances that

cause skin sensitization or allergic contact dermatitis.

" The draft NIOSH Current Intelligence Bulletin, A Strategy for Assigning the New NIOSH Skin Notations
for Chemicals, is in the NIOSH review and clearance process. The skin notations are included here for
review with the expectation that the revised dermal policy will be approved prior to final publication of this
Cr(V]) criteria document update.
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CHAPTER TWO: PROPERTIES, PRODUCTION, AND POTENTIAL FOR EXPOSURE
2.1. PHYSICAL AND CHEMICAL PROPERTIES
Chromium (Cr) is a metallic element that may occur in several valence states, including Cr*and
Cr * through Cr'®. In nature chromium exists almost exclusively in the trivalent (Cr(III)) and
hexavalent (Cr(VI)) oxidation states. In industry the oxidation states most commonly found are

Cr(0) (metallic or elemental chromium), Cr(II), Cr(Ill), and Cr(VI).

Select chemical and physical properties of select Cr(VI) compounds are listed in Table 2—1. The
chemical and physical properties of Cr(VI) compounds relevant to workplace sampling and analysis

are discussed further in Chapter Three: Measurement of Exposure.
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Table 2—1. Chemical and physical properties of select hexavalent chromium compounds

Solubility
Molecular Boiling Melting Cold water Other
Compound Weight point (°C) point (°C) g/100 cc °C
Ammonium chromate 152.07 — Decomposes at 40.5 30 Insoluble in alcohol,;
180 slightly soluble in NH3,
acetone

Ammonium dichromate ~ 252.06 Decomposes at 30.8 15 Soluble in alcohol;

170 insoluble in acetone

Barium chromate 253.32 — — 0.00034 160 Soluble in mineral acid

Calcium chromate 156.07 _ —2H,0, 200 16.3 20 Soluble in acid, alcohol

(dehydrate)

Chromium (VI) oxide 99.99  Decomposes 196 67.45 100 Soluble in alcohol,
ether, sulfuric acid,
nitric acid

Lead chromate 323.19 Decomposes 844 0.0000058 25 Soluble in acid, alkali,
insoluble in acetic acid

Lead chromate oxide 546.39 _ —_ Insoluble _ Soluble in acid, alkali

Potassium chromate 194.19 — 968.3 62.9 20 Insoluble in alcohol

975 36 20
Potassium dichromate 294,18 Decomposes at  Triclinic becomes 4.9 0 Insoluble in alcohol
500 monoclinic at 241.6; 102 100
Melting point is 398

Silver chromate 331.73 —_— Decomposes 0.0014 —_— Soluble in NH4,OH,

KCN
(Continued)
5

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



NIOSH Hexavalent Chromium Criteria Document Update
EXTERNAL REVIEW DRAFT  September 2008

Table 2—1 (Continued). Chemical and physical properties of select hexavalent chromium compounds

Solubility
Formula Boiling Melting Cold water Other
Compound weight point (°C) point (°C) g/100 cc °C
Sodium chromate 161.97  — 19.92 87.3 30 Slightly soluble in
alcohol; soluble in
MeOH
Sodium dichromate 261.97 Decomposes — 238 (anhydrous) 0 Insoluble in alcohol
At 400 180 20
(anhydrous)
Strontium chromate 203.61 — — 0.12 15 Soluble in HCI, HNO;,
acetic acid, NH, salts
Zinc chromate 181.36 — — Insoluble Insoluble Soluble in acid, liquid
NHj;; insoluble in
acetone
Source: The Merck Index [2006].
6
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2.2. PRODUCTION AND USE IN THE UNITED STATES
The major chromium-containing materials in the marketplace are chromite ore, chromium
chemicals, ferroalloys, and metal. The United States is a major world producer of chromium metal,
chromium chemicals and stainless steel [USGS 2004]. No chromite ore has been mined in the United
States since 1961. From 2001 to 2004, chromite ore was imported into the United States primarily
from South Africa (53%) and Kazakhstan (29%) [USGS 2006]. Table 2-2 lists select statistics of

chromium use in the United States.

Sodium dichromate is the primary chemical from which other Cr(VI) compounds are produced.
Currently the United States has only one sodium dichromate production facility. Although
production processes may vary, the following is a general description of Cr(VI) compound
production. The process begins by roasting chromite ore with soda ash and varying amounts of lime
at very high temperatures to form sodium chromate. Impurities are removed through a series of pH
adjustments and filtrations. The sodium chromate is acidified with sulfuric acid to form sodium
dichromate. Chromic acid may be produced by reacting concentrated sodium dichromate liquor with
sulfuric acid. Other Cr(VI) compounds may be produced from sodium dichromate by adjusting the
pH and adding other compounds. Solutions of Cr(VI) compounds thus formed may then be
crystallized, purified, packaged, and sold. Cr(VI) compounds commonly manufactured include
sodium dichromate, sodium chromate, potassium dichromate, potassium chromate, ammonium
dichromate, and Cr(VI) oxide. Other Cr(VI)-containing materials commonly manufactured include
various paint and primer pigments, graphic art supplies, fungicides, corrosion inhibitors, and wood

preservatives.
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57
Table 2-2. Selected chromium statistics, United States, 2001-2005
[In thousands of metric tons, gross weight]
Statistic 2001 2002 2003 2004 2005*
Production, from scrap 141 174 180 168 170
Imports for consumption 239 263 317 326 330
Exports 43 29 46 35 40
Source: USGS [2006].
* Estimated
58

59 2.3 POTENTIAL SOURCES OF OCCUPATIONAL EXPOSURE

60  Workers have potential exposures to airborne Cr(VI) compounds in many industries including
61  chromium metal and chromium metal alloy production and use, electroplating, welding, and the
62  production and use of Cr(VI)-containing compounds. Primary industries with the majority of

63 occupational exposures to airborne Cr(VI) compounds include: welding, painting, electroplating,
64  steel mills, iron and steel foundries, wood preserving, paint and coatings production, chromium
65  catalyst production, plastic colorant producers and users, production of chromates and related

66  chemicals from chromite ore, plating mixture production, printing ink producers, chromium metal

67  production, chromate pigment production, and chromated copper arsenate producers [ Shaw

68  Environmental 2006]. Operations and industries with limited potential for occupational exposure to

69  Cr(VI) compounds include: producers of chromium dioxide, chromium dye, and chromium sulfate;

70 chemical distributors, textile dyeing, glass production, printing, leather tanning, chromium catalyst

71  users, refractory brick producers, woodworking, solid waste incineration, oil and gas well drilling,

72 Portland cement producers, non-ferrous superalloy producers and users, construction, and concrete

73 products [Shaw Environmental 2006].
74

75  Workers have potential dermal exposure to Cr(VI) compounds in any industry or task in which there

76 is the potential for splashing, spilling, or other skin contact with Cr(VI)-containing material.
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Construction workers and others who work with Portland cement are exposed to the Cr(VI) that

occurs naturally in the cement.

2.4 NUMBER OF U.S. WORKERS POTENTIALLY EXPOSED

The National Occupational Hazard Survey, conducted by NIOSH from 1972 to 1974, estimated that
2.5 million workers were potentially exposed to chromium and its compounds [NIOSH 1974]. It was
estimated that 175,000 workers were potentially exposed to Cr(VI) compounds. The National
Occupational Exposure Survey (NOES), conducted from 1981 to 1983, estimated that 196,725
workers were potentially exposed to Cr(VI) compounds [NIOSH 1983a].

In 1981, Centaur Research, Inc. estimated that 391,400 workers were exposed to Cr(VI) in U.S.
workplaces, with 243,700 workers exposed to Cr(VI) only and an additional 147,700 workers

exposed to a mixture of Cr(VI) and other forms of chromium [Centaur 1981].

In 1994, Meridian Research, Inc. estimated that the total number of production workers in U.S.
industries with potential exposure to Cr(VI) was 808,177 [Meridian 1994]. Industries included in the
analysis included electroplating, welding, painting, chromate producers, chromate pigment
producers, CCA producers, chromium catalyst producers, paint and coatings producers, printing ink
producers, plastic colorant producers, plating mixture producers, wood preserving, ferrochromium
producers, iron and steel producers, and iron and steel foundries. More than 98 percent of the
potentially exposed workforce was found in six industries: electroplating, welding, painting, paint

and coatings production, iron and steel production, and iron and steel foundries.

In 2006, OSHA estimated that more than 558,000 workers are exposed to Cr(VI) compounds [71
Fed. Reg. 10099 (2006)"; Shaw Environmental 2006]. The largest number of workers potentially
exposed to Cr(VI) were in the following application groups: carbon steel welding (>141,000),
stainless steel welding (>127,000), painting (>82,000), electroplating (>66,000), steel mills
(>39,000), iron and steel foundries (>30,000), and textile dyeing (>25,000) [71 Fed. Reg. 10099

" Federal Register. See Fed. Reg. in references. 9
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(2006); Shaw Environmental 2006]. Within the welding application group (stainless steel and
carbon steel combined) the largest numbers of exposed workers were reported in the construction
(>140,000) and general industries (>105,000). Within the painting application group the largest
number of exposed workers were reported in the general (>37,000) and construction industries
(>33,000). Table 2—3 summarizes the estimated number of workers exposed by application group

[71 Fed. Reg. 10099 (2006)].

In addition to those workers exposed to airborne Cr(VI) compounds, there are 1,045,500 workers
potentially exposed to Cr(VI) in cement [Shaw Environmental 2006]. Most of these workers are

exposed to wet cement.
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Table 2—-3. Number of Cr(VI)-Exposed Workers by Application Group
(Adapted from 71 Fed. Reg. 10099, Table VIII-3 [2006]).

Application Group Number of Exposed Workers
Welding (stainless steel and carbon steel) 269,379
Painting 82,253
Electroplating 66,859
Steel mills 39,720
Iron and steel foundries 30,222
Textile dyeing 25,341
Woodworking 14,780
Printing 6,600
Glass producers 5,384
Construction Other* 4,069
Chemical distributors 3,572
Paint and coatings producers 2,569
Solid waste incineration 2,391
Non-ferrous metallurgical uses 2,164
Chromium catalyst users 949
Plastic colorant producers and users 492
Chromium catalyst producers 313
Chromate production 150
Plating mixture producers 118
Printing ink producers 112
Chromium dye producers 104
Refractory brick producers 90
Ferrochromium producers 63
Chromate pigment producers 52
Chromated copper arsenate producers 27
Chromium sulfate producers 11
Total 558,431

* Does not include welding, painting, and woodworking; does include government construction

11
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2.5 MEASURED EXPOSURE IN THE WORKPLACE

2.5.1 Blade et al. 2007

From 1999 through 2001, NIOSH conducted a Cr(VI) field research study consisting of industrial-
hygiene and engineering surveys at 21 selected sites representing a variety of industrial sectors,
operations, and processes [Blade et al. 2007]. This study characterized workers’ exposures to
Cr(VI)-containing airborne particulate and evaluated existing technologies for controlling these
exposures. Evaluation methods included the collection of full work shift, personal breathing-

zone (PBZ) air samples for Cr(VI), measurement of ventilation system parameters, and
documentation of processes and work practices. Operations and facilities evaluated included:
chromium electroplating; painting and coating; welding in construction; metal cutting operations on
chromium-containing materials in ship breaking; chromate-paint removal with abrasive blasting;
atomized alloy-spray coating; foundry operations; printing; and the manufacture of refractory brick,
colored glass, prefabricated concrete products, and treated wood products. The field surveys
represent a series of case studies rather than a statistically representative characterization of U.S.

occupational exposures to Cr(VI).

The industrial processes and operations were classified into one of four categories based on a
qualitative assessment of the potential relative difficulty of controlling worker Cr(VI) exposures to
the approximate magnitude of the existing REL of 1 ug/m’ using the exposure and exposure-control
information collected at each site. Specifically, the measured exposures were compared with the
REL, and in cases of exposures exceeding that level, the extent to which it was exceeded was
considered along with a qualitative assessment of effectiveness of the existing controls, and a
qualitative determination based on professional judgement then was made as to the likely relative
difficulty of improving control effectiveness to an adequate degree to achieve the REL. The four
categories into which the processes or operations were categorized are as follows: (1) those with
minimal worker exposures to Cr(VI) in air; (2) those with workers’ exposures to Cr(VI) in air easier
to control to existing NIOSH REL than categories (3) and (4); (3) those with workers’ exposures to
Cr(VI) in air moderately difficult to control to the existing NIOSH REL; and (4) those most difficult

12
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to control workers’ airborne Cr(VI) exposures to approximate magnitude of the existing NIOSH

REL.

The results of the field surveys are summarized in Tables 2—4 through 2—7. The results characterize
the potential exposures as affected by engineering controls and other environmental factors but not
by the use or disuse of PPE as the PBZ air samples were collected outside any respiratory protection
worn by the workers. A wide variety of processes and operations were classified as those with
minimal worker exposures to Cr(VI) in air or where workers’ exposures to airborne Cr(VI) would be
easier to control to the existing REL. Most of the processes and operations where controlling
workers’ Cr(VI) exposures to the existing REL would be moderately difficult involved joining and
cutting metals when the chromium content of the materials involved was relatively high. All of the
processes and operations where it would be most difficult to control workers’ airborne Cr(VI)
exposures to the existing REL involved the application of coatings and finishes. The classification of
these processes based on the potential relative difficulty of controlling occupational exposures to
Cr(VI) in air without reliance on respiratory protection devices represents qualitative assessments
based on the professional judgment of the authors of this paper. Recommendations for reducing

workers’ exposures to Cr(VI) at these sites are discussed in Blade et al. [2007] and in Chapter Eight.
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Table 2—4. Summary of Results for NIOSH Personal Breathing-Zone, Full-Work Shift Air Sampling for Cr(VI), 1999 Through 2001,
for Category 1 Processes and Operations (Minimal Worker Exposures to Cr[VI] in Air).

Key Job(s) Exposed
(NIOSH Full-shift PBZ Cr(VI) Other Jobs Process Details,
SIC Site No.) Exposures in Air® Exposed, Full- Engineering Exposure-
Operation(s) Code Job Range, Geometric Tasks, Shift PBZ Cr(VI) Control Measures,
Site Title(s) pg/m’ Mean, pg/m’ | Comments | Exposures i3n Air? Other Comments
Description (N =no. (Geometric (ng/mr)
of values) Std. Dev.)
“Bright” chromium (1) Chromium ~0.09 - 0.28 0.15 Place and
electroplating 3471 | electroplating Production remove parts None. No local exhaust ventilation.
(mfg.) and coating worker (N=6) (1.6) to be plated,
processes (mfg.) tend tanks.

Chromium coating (1) Chromium 0.27 (N=1, Place and “Strip line” operator No local exhaust ventilation.
processes (non- 3471 | electroplating Production | “still zinc”). N/A remove parts 0.25 pg/m’ (N=1). One tank on “cad line” covered
electroplating) and coating worker 0.25 (N=1, to be coated, “Dye line” operator with tarp.

(mfg.) processes (mfg.) “cad line”) tend tanks. ~0.10 pg/m’ (N=1)

TIG, fusion, dual- (14) Welding <0.06 —<0.08 TIG welding Fusion, dual-shield weld, | “Welding fume extractor” local
shield welding; 3494 | and cutting on TIG N/A on stainless submerged-arc plasma cut |  exhaust ventilation on welding
submerged-arc stainless and mild Welder | (N=6,all "not steel (all on mild steel); all “not | gtations, but contaminant capture
plasma cutting steels (mfg.) detected”) detected,” <0.2 (N=15) |  po0r; none on plasma cutting.

Foundry — casting (19) Foundry — All 0.008 - 0.19 0.032 Melt alloy, “Good” local exhaust ventilation

operations — stainless | 3324 | stainless steel casting pour. Alloy Cr None. in “old facility” (N=3 exposure
steel, other ferrous and other ferrous | operations (N=13) 2.4) content measurements, all <0.02), but

alloys (mfg.) alloys (mfg.) workers <0.25% —26% none yet in “new facility.”

Stick, MIG welding (20) Welding on <0.04 - 0.42 Welding Welding outdoors, One indoor area had effective

on steel, galvanized | 1711 | piping and sheet Welder (N=7) N/A (mainly “stick”) <0.04 - 0.053 local exhaust ventilation. Other
piping and sheet metal (N=4, “not and grinding, (N=8) work areas in the open, partially

metal (construction) (construction) detected”) indoors (N=6, “not detected”) enclosed, or passive ventilation.

14
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Manufacturing of (10) Manufacture 0.22, 0.36 All other jobs, Cr(VI) is natural constituent of

pre-cast concrete 3272 | of pre-cast Mixer N/A Mixes batches <0.02-0.25 portland cement. Minimal
products concrete operator (N=2) (N=32) exposure-control measures, no
products (N=9, “not detected”) engineering exposure controls.

Table 2—4 (continued). Summary of Results for NIOSH Personal Breathing-Zone, Full-Wo
Through 2001, for Category 1 Processes and Operations (Minimal Worker Exposures to C

rk Shift Air Sampling for Cr(VI), 1999
r[VI] in Air).

Foundry — (15) Foundry — <0.04 -0.04 Little to no exposure. Local
ductile iron 3321 | ductile iron All jobs (N=27) N/A All foundry None. exhaust ventilation in furnace
(mfg.) (mfg.) (N=26, “not tasks area, but ineffective capture.
detected”) Elsewhere, general ventilation.
Crushing and (12) Crushing <0.02-0.03 Cr(VI) is natural constituent of
recycling of 1795 | and recycling of All jobs (N=4) N/A All tasks None. portland cement. Little to no
concrete from concrete from (N=3, “not exposure. Outdoor operations,
demolition demolition detected”) water-spray dust suppression.
Manufacturing of (6) Manufacture <0.02 -0.02 Local exhaust ventilation at
colored glass 3229 | of colored glass All jobs (N=9) N/A All tasks None. pigment weighing, and batch
products, using products (N=8, “not weighing and mixing; spray-mist
chromate pigments detected”) dust suppression at cullet station.
Screen printing (8) Screen <0.02 No detectable exposure. Local
(mfg.) with inks 2759 | printing (mfg.). All jobs (N=4, N/A Ink mixing, None. exhaust ventilation for ink-mixing,
containing Also, electronic- all “not screen printing general ventilation with HEPA-
chromate pigments component mfg. detected”) filtered supply for screen-printing.
Chromate-conversion (8) Screen <0.02 Operate No detectable exposure. Local
treatment process 3679 | printing (mfg.). All jobs (N=2, N/A chromic-acid | None. exhaust ventilation for chromic
(mfg.) for electronic- Also, electronic- both “not tank (“chromate acid tanks, general ventilation
component boards component mfg. detected”) conversion” for adjacent shipping dept.

Source: Blade et al. [2007].
A concentration value preceded by a “less-than” symbol (“<”) indicates that the Cr(VI) level in the sampled air was less than the minimum detectable concentration (i.e.,

the mass of Cr[VI] collected in the sample was less than the analytical limit of detection [LOD]). A concentration value preceded by an “approximately” symbol (

(T3L)

indicates that Cr(VI) was detectable in the sampled air, but at a level less than the minimum quantifiable concentration (i.e., the mass of Cr[VI] collected in the sample
was between the analytical LOD and limit of quantification [LOQ]). These con