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PREFACE

The Occupational Safety and Health Act of 1970 emphasizes the need 

for standards to protect the health and safety of workers exposed to an

ever-increasing number of potential hazards at their workplace. The

National Institute for Occupational Safety and Health has projected a 

formal system of research, with priorities determined on the basis of 

specified indices, to provide relevant data from which valid criteria for 

effective standards can be derived. Recommended standards for occupational 

exposure, which are the result of this work, are based on the health

effects of exposure. The Secretary of Labor will weigh these 

recommendations along with other considerations such as feasibility and 

means of implementation in developing regulatory standards.

It is Intended to present successive reports as research and 

epidemiologic studies are completed and sampling and analytical methods are 

developed. Criteria and standards will be reviewed periodically to ensure 

continuing protection of the worker.

I am pleased to acknowledge the contributions to this report on 

chromium(VI), ie, hexavalent chromium, by members of my staff, the valuable 

and constructive comments presented by the Review Consultants on

Chromium(VI), by the ad hoc committee of the American Academy of 

Occupational Medicine, by Robert B. O'Connor, M.D., NIOSH consultant in 

occupational medicine, and by Edwin C. Hyatt on respiratory protection.



The NIOSH recommendations for standards are not necessarily a consensus of 

all consultants and professional societies that reviewed this criteria 

document on chromium(VI). Lists of the NIOSH Review Committee members and 

of the Review Consultants appear on the following pages.

JL £ tML'K)
John F. Finklea, M.D.
Director, National Institute

for Occupational Safety and Health



The Office of Research and Standards Development, 

National Institute for Occupational Safety and 

Health, had primary responsibility for development 

of the criteria and recommended standard for 

chromium(VI). The University of Michigan developed 

the basic information for consideration by NIOSH 

staff and consultants under contract No. HSM-99-73- 

31. Jack E. McCracken, Ph.D., had NIOSH program 

responsibility and served as criteria manager.
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I. RECOMMENDATIONS FOR A CHROMIUM(VI) STANDARD

The National Institute for Occupational Safety and Health (NIOSH) 

recommends that worker exposure to chromium(VI), ie, hexavalent chromium or 

Cr(VI), in the workplace be controlled by adherence to the following 

sections. The standard is designed to protect the health and safety of 

workers for up to a 10-hour workday, 40-hour workweek over a working 

lifetime. Compliance with all sections of the standard should prevent all 

noncarcinogenic adverse effects of exposure to chromium(VI) In the 

workplace air and through skin exposure and should reduce materially the 

risk of lung cancer from occupational exposure to carcinogenic 

chromium(VI). The standard is measurable by techniques that are valid, 

reproducible, and available. Sufficient technology exists to permit 

compliance with the recommended standard. The standard will be subject to 

review and revision as necessary.

For the purpose of this standard, "chromium(VI)" is defined as the 

chromium In all materials in the +6 (hexavalent) state.

There are 2 recommended standards for chromium(VI). One addresses 

occupational exposure to a group of noncarcinogenic, but otherwise

hazardous, materials, while the other pertains to occupations and

workplaces where there is exposure to other chromium(VI) materials 

associated with an increased incidence of lung cancer.

On the basis of the chemical analysis of airborne chromium(VI) 

materials, there is no practical means of distinguishing between these 2 

groups of chromium(VI) materials. Until the airborne chromium(VI) in a

particular workplace is demonstrated by the employer to be of the type



considered to be noncarcinogenic, all airborne chromium(VI) shall be 

considered to comprise carcinogenic materials.

Based . on current evidence, "noncarcinogenic chromium(VI)" is the 

chromium(VI) in monochromates and bichromates (dichromates) of hydrogen, 

lithium, sodium, potassium, rubidium, cesium, and ammonium, and 

chromium(VI) oxide (chromic acid anhydride). "Carcinogenic chromium(VI)" 

comprises any and all chromium(VI) materials not included in the 

noncarcinogenic group above. "Occupational exposure to carcinogenic 

chromium(VI)" is defined as exposure to airborne chromium(VI) at 

concentrations greater than one-half of the workplace environmental limit 

for carcinogenic chromium(VI). "Occupational exposure to noncarcinogenic 

chromium(VI)" is defined as exposure to airborne chromium(VI) at 

concentrations greater than one-half of the workplace environmental limit 

for noncarcinogenic chromium(VI). Exposure to chromium(VI) at 

concentrations less than one-half of the workplace environmental limit will 

not require adherence to the following sections, except for 3(a,b,c,d), 4a, 

5, 6(b,c,e,f), and 7.

Section 1 - Environmental (Workplace Air)

(a) Concentration of Carcinogenic Chromium(VI)

Carcinogenic chromium(VI) shall be controlled in the workplace so 

that the airborne workplace concentration of chromium(VI), sampled and 

analyzed according to the procedures in Appendices I and II, is not greater 

than 1 /¿g Cr(VI)/cu m of breathing zone air.
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(b) Concentration of Noncarcinogenic Chromium(VI)

Noncarclnogenic chromium(VI) shall be controlled in the workplace so 

that the airborne workplace concentration is not greater than 25 #ig 

Cr(VI)/cu m of breathing zone air determined as a time-weighted average 

(TWA) exposure for up to a 10-hour workday, 40-hour workweek, and is not 

greater than 50 ¿tg Cr(VI)/cu m of breathing zone air as determined by any 

15-minute sample.

Procedures for sampling and analysis of chromium(VI) in air shall be 

as provided in Appendices I and II, or by any method shown to be equivalent 

in precision, accuracy, and sensitivity to the methods specified.

Section 2 - Medical

Medical surveillance shall be made available as outlined below for 

all workers with occupational exposure to carcinogenic or noncarcinogenic 

chromium(VI), including maintenance personnel periodically exposed during 

routine maintenance or emergency repair operations.

(a) Preplacement and annual medical examinations shall include:

(1) A comprehensive or interim work history.

(2) A detailed medical history Including information on

conditions Indicating the Inadvisability of further exposure to 

chromium(VI), eg, potential skin or pulmonary sensitization, a skin or

mucous membrane condition that may be exacerbated by chromium(VI), smoking 

habits, and history of liver or kidney disease.

(3) Examination of the skin for evidence of dermatitis or

chrome ulcers, and of the membranes of the upper respiratory tract for
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irritation, bleeding, ulcerations, or perforations.

(4) An evaluation of the worker's ability to use negative 

or positive pressure respirators.

(5) Urinalysis.

(b) For workers with occupational exposure to carcinogenic 

chromium(VI), preplacement and annual medical examinations shall include 

14" X 17" chest X-rays. Other tests, including sputum cytology and liver 

function studies, shall be considered by the responsible physician.

(c) For workers with occupational exposure to noncarcinogenic 

chromium(VI) and not to carcinogenic chromium(VI), preplacement medical 

examinations shall include 14" x 17" chest X-rays. Thereafter, X-ray 

examinations shall be offered at 5-year intervals and annually after age 

40. Other tests, such as liver function studies, may be considered by the 

responsible physician.

(d) Medical examinations shall be made available to all workers 

with signs or symptoms of skin or upper respiratory tract irritation likely 

to have been the result of exposure to chromium(VI).

(e) If clinical evidence of adverse effects due to chromium(VI) is 

developed from these medical examinations, the worker shall be kept under a 

physician's care until the worker has completely recovered or maximal 

improvement has occurred.

(f) Initial annual examinations for presently employed workers 

shall be offered within 6 months of the promulgation of a standard 

incorporating these recommendations.

(g) The medical representatives of the Secretary of Health, 

Education, and Welfare, of the Secretary of Labor, and of the employer



shall have access to all medical records. Physicians designated and 

authorized by any employee or former employee shall have access to that 

worker's medical records.

(h) Medical records shall be maintained for all employees with

occupational exposure to carcinogenic or noncarcinogenic chromium(VI) and

for maintenance personnel with periodic exposure. Preplacement X-rays and

X-rays for the 5 years preceding termination of employment and all medical 

records with pertinent supporting documents shall be retained at least 30 

years after the individual's employment is terminated.

Section 3 - Labeling (Posting)

(a) Except for shipping and storage containers for lithium

chromate, lithium bichromate, sodium chromate, sodium bichromate, potassium 

chromate, potassium bichromate, rubidium chromate, rubidium bichromate, 

cesium chromate, cesium bichromate, ammonium chromate, ammonium bichromate, 

and chromium(VI) oxide (chromic acid anhydride), as dry solids or

concentrated solutions, all shipping and storage containers for

chromium(VI) shall bear the following label in addition to, or in

combination with, labels required by other statutes, regulations, or

ordinances :
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(Chemical name)
(Synonyms)

DANGER! EXTREME HEALTH HAZARD 
MAY CAUSE IRRITATION, RASH, OR EXTERNAL ULCERS 

INHALATION MAY CAUSE CANCER

Keep container closed.
Avoid contact with skin and eyes.
Avoid breathing dust or solution spray.
In case of contact, immediately flush eyes with plenty of water for
at least 15 minutes. Call a physician. Flush skin with water.
Wash clothing before reuse.

(b) All shipping and storage containers for lithium chromate,

lithium bichromate, sodium chromate, sodium bichromate, potassium chromate, 

potassium bichromate, rubidium chromate, rubidium bichromate, cesium 

chromate, cesium bichromate, and ammonium chromate, the hydrates of these

compounds, high purity aqueous solutions of these compounds, and dry 

mixtures containing only these materials shall bear the same label except 

that "Inhalation may cause cancer" shall be deleted and "Extreme Health 

Hazard" shall be replaced by "Moderate Health Hazard".

(c) Because of the flammable characteristics of ammonium

bichromate (dichromate), shipping and storage containers for dry forms of

this compound shall bear the following label in addition to, or in

combination with, labels required by other statutes, regulations, or 

ordinances:

AMMONIUM BICHROMATE 
DANGER! HIGHLY FLAMMABLE 
MODERATE HEALTH HAZARD 

MAY CAUSE IRRITATION, RASH, OR EXTERNAL ULCERS.

Keep away from heat, sparks, and open flame.
Keep container closed.
Avoid contact with skin and eyes.
Avoid breathing dust or solution spray.
In case of contact, immediately flush eyes with plenty of water for
at least 15 minutes. Call a physician. Flush skin with water.
Wash clothing before reuse.

6



(d) All storage containers of chromic acid, or chromium(VI) oxide 

(chromic acid anhydride) shall bear the following label in addition to, or

in combination with, labels required by other statutes, regulations, or

ordinances.

CHROMIUM TRIOXIDE 
(CHROMIC ACID)

DANGER! POWERFUL OXIDIZER 
CONTACT WITH OTHER MATERIAL MAY CAUSE FIRE 
MAY CAUSE DELAYED BURNS OR EXTERNAL ULCERS

Keep container closed.
Do not get in eyes, on skin, on clothing.
Do not breathe dust or mist from solutions.
In case of contact, immediately flush skin or eyes 
with plenty of water for at least 15 minutes.
For eyes, get medical attention immediately.
Wash clothing before reuse.
Use fresh clothing daily. Take showers 
after work, using plenty of soap.

(e) In areas where there Is occupational exposure to carcinogenic 

chromium(VI), the following warning sign shall be posted in readily visible 

locations, particularly at the entrances to the area.

WARNING 
CANCER-SUSPECT AGENT 
USED IN THIS AREA 

UNAUTHORIZED PERSONS KEEP OUT

The sign shall be printed both in English and in the predominant language

of non-English-speaking workers, if any, unless they are otherwise trained

and informed of the hazardous areas. All illiterate workers shall receive

such training.

(f) In areas where airborne chromium(VI) comprises only lithium 

chromate, lithium bichromate, sodium chromate, sodium bichromate, potassium 

chromate, potassium bichromate, rubidium chromate, rubidium bichromate,
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cesium chromate, cesium bichromate, ammonium chromate, or chromium(VI) 

oxide (chromic acid anhydride), their hydrates, or mixtures containing only 

these chromium(VI) materials, the warning sign shall read as follows:

WARNING
CHROMATES, BICHROMATES OR CHROMIC ACID ANHYDRIDE 

USED IN THIS AREA 
UNAUTHORIZED PERSONS KEEP OUT

The sign shall be posted in readily visible locations, particularly at the

entrances to the area. The sign shall be printed both in English and in

the predominant language of non-English-speaking workers, if any, unless

they are otherwise trained and informed of the hazardous areas. All

illiterate workers shall receive such training.

(g) In areas where airborne chromium(VI) contains ammonium

bichromate, or where ammonium bichromate is stored, manufactured, or used,

the following shall be added to the warning sign in (e) or (f) above:

FLAMMABLE SUBSTANCE

Section 4 - Personal Protective Equipment and Protective Clothing

(a) Protective Clothing

(1) Coveralls or other full-body protective clothing shall 

be worn in areas where there is occupational exposure to chromium(VI). 

Protective clothing shall be changed at least daily at the end of the shift

and more frequently if it should become grossly contaminated.

(2) Impervious gloves, aprons, and footwear shall be worn

at operations where solutions of chromium(VI) may contact the skin. 

Protective gloves shall be worn at operations where dry compounds of
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chromium(VI) are handled and may contact the skin.

(3) Eye protection shall be provided by the employer and

used by the employees where eye contact with chromium(VI) is likely. 

Selection, use, and maintenance of eye protective equipment shall be in 

accordance with the provisions of the American National Standard Practice 

for Occupational and Educational Eye and Face Protection, ANSI Z87.1-1968. 

Unless eye protection is afforded by a respirator hood or facepiece, 

protective goggles or a face shield shall be worn at operations where there 

is danger of contact of the eye with dry or wet compounds of chromium(VI) 

because of spills, splashes, or excessive dust or mists in the air.

(4) The employer shall ensure that all personal protective

devices are inspected regularly and maintained in clean and satisfactory 

working condition.

(5) Work clothing shall not be taken home by employees. 

The employer shall provide for maintenance and laundering of protective 

clothing.

(6) The employer shall ensure that precautions necessary to

protect laundry personnel are taken when soiled protective clothing is 

laundered.

(b) Respiratory Protection from Carcinogenic Chromium(VI) 

Engineering controls shall be used wherever feasible to maintain 

airborne carcinogenic and noncarcinogenic chromium(VI) concentrations below 

those recommended in Section 1 above. Compliance with the permissible

exposure limits by the use of respirators is only allowed when airborne 

chromium(VI) concentrations are in excess of the workplace environmental 

limit because required engineering controls are being installed or tested,
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when nonroutine maintenance or repair is being accomplished, or during 

emergencies. When a respirator is thus permitted, it shall be selected and 

used in accordance with the following requirements:

(1) For the purpose of determining the type of respirator

to be used, the employer shall measure the airborne concentration of 

chromium(VI) in the workplace initially and thereafter whenever process, 

worksite, climate, or control changes occur which are likely to increase 

the airborne concentration of chromium(VI); this requirement does not apply 

when carcinogenic chromium(VI) is present.

(2) The employer shall ensure that no worker is overexposed 

to chromium(VI) because of improper respirator selection, fit, use, or 

maintenance.

(3) A respiratory protection program meeting the

requirements of 29 CFR 1910.134 and 30 CFR 11 which incorporates the 

American National Standard Practices for Respiratory Protection Z88.2-1969 

shall be established and enforced by the employer.

(4) The employer shall provide respirators in accordance

with Table 1-1, or Table 1-2 when appropriate, and shall ensure that the 

employee uses the respirator provided.

(5) Respirators described in Tables 1-1 and 1-2 shall be 

those approved under the provisions of 29 CFR 1910.134 and 30 CFR 11.

(6) The employer shall ensure that respirators are

adequately cleaned, and that employees are instructed on the use of 

respirators assigned to them and on how to test for leakage.

(7) Respirators specified for use in higher concentrations 

of airborne chromium(VI) may be used in workplaces with lower
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concentrations of airborne chromium(VI).

(8) Where an emergency may develop which could result in 

employee injury from chromium(VI), the employer shall provide an escape 

device as listed in Table 1-1, or in Table 1-2 where appropriate.

TABLE 1-1

RESPIRATOR SELECTION GUIDE FOR PROTECTION AGAINST 
CARCINOGENIC CHROMIUM(VI)

Self-contained breathing apparatus with positive 
pressure in full facepiece

Combination supplied air respirator, pressure-demand 
type, with auxiliary self-contained air supply.

Section 5 - Informing Employees of Hazards from Chromium(VI)

At the beginning of employment or assignment for work in a 

chromium(VI) area, employees with occupational exposure to chromium(VI) 

shall be informed of the hazards, relevant signs and symptoms of 

overexposure, appropriate emergency procedures, and proper conditions and 

precautions for the safe use of chromium(VI).

Instruction shall Include, as a minimum, all information in Appendix 

III which is applicable to the specific chromium(VI) product or material to 

which there is exposure. This information shall be posted in the work area 

and kept on file, readily accessible to the worker at all places of 

employment where chromium(VI) is involved in unit processes and operations.
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TABLE 1-2

RESPIRATOR SELECTION GUIDE FOR PROTECTION AGAINST 
NONCARCINOGENIC CHROMIUM(VI)

Multiples of 
TWA Limit Respirator Type

Less than or 
equal to 10X

Less than or 
equal to 100X

Less than or 
equal to 200X

Greater than 200X

Emergency (no con
centration limit)

Evacuation or 
Escape (no concen
tration limit)

Half-mask respirator with replaceable 
high efficiency filter(s) 

or
Type C supplied-air respirator, demand type 
(negative pressure), with half-mask facepiece

Full facepiece respirator with replaceable 
high efficiency filter(s) 

or
Type C supplied-air respirator, demand type 
(negative pressure), with full facepiece 

or
Self-contained breathing apparatus in demand 
mode (negative pressure), with full facepiece

Powered air-purifying (positive pressure) 
respirator with high efficiency filter(s)

Self-contained breathing apparatus with positive 
pressure in full facepiece 

or
Combination supplied-air respirator, pressure-demand 
type, with auxiliary self-contained air supply

Self-contained breathing apparatus with positive 
pressure in full facepiece 

or
Combination supplied-air respirator, pressure-demand 
type, with auxiliary self-contained air supply

Self-contained breathing apparatus in demand or 
pressure-demand mode (negative or positive pressure)

or
Gas mask, Type N, with high efficiency filter, and 
mouthpiece respirator with high efficiency filter(s)

Note: A high efficiency filter is defined as a filter having an
efficiency of at least 99.97% against 0.3 jum DOP(Dioctyl Phthalate)
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A continuing educational program shall be instituted to ensure that 

all workers have current knowledge of job hazards, proper maintenance 

procedures, and cleanup methods, and that they know how to use respiratory 

protective equipment and protective clothing correctly.

Information as specified in Appendix III shall be recorded on US 

Department of Labor Form OSHA-20 "Material Safety Data Sheet" or a similar 

form approved by the Occupational Safety and Health Administration, US 

Department of Labor.

Section 6 - Work Practices

(a) Control of Airborne Contamination

Emission of airborne particulates (dust, mist, spray, etc) of 

chromium(VI) shall be controlled at the sources of dispersion by means of 

effective and properly maintained methods such as fully enclosed operations 

and local exhaust ventilation. Other methods may be used if they are shown 

to effectively control airborne concentrations of chromium(VI) within the 

limits of the recommended standard.

(b) Control of Contact with Skin and Eyes

(1) Employees working in areas of possible contact of skin

or eyes with chromium(VI), dry or wet, shall wear full-body protective 

clothing, including neck and head coverings, and gloves, in accord with 

Section 4(a).

(2) Clean protective clothing shall be put on before each

work shift.

(3) If, during the shift, the clothing becomes wetted with

a solution, slurry, or paste of a chromium(VI) material, or grossly
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contaminated with a dry form of such material, it shall be removed promptly 

and placed in a special container for garments for decontamination or 

disposal. The employee shall wash the contaminated skin area thoroughly 

with soap and a copious amount of water. A complete shower is preferred 

after anything but limited, minor contact. Then, clean protective 

clothing shall be put on before resuming work. When working directly with 

chromium(VI) oxide, with unsealed containers of chromium(VI) oxide, or with 

chromium(VI) oxide in other than fully enclosed operations, protective 

devices and clothing shall be removed and the arms, hands, and face 

thoroughly washed after working with chromium(VI) oxide, and at 30-minute 

intervals when working with chromium(VI) oxide for extended periods of 

time.

(4) Minor areas of skin (principally the hands) 

contaminated by contact with chromium(VI) shall be washed immediately and 

thoroughly with an abundance of water. Water shall be easily accessible in 

the work areas from low-pressure, free-running hose lines or showers.
(5) If chromium(VI) comes into contact with the eyes, the 

eyes should be flushed with a large volume of low-pressure flowing water 

for at least 15 minutes. Medical attention shall be obtained without delay 

but not at the expense of thoroughly flushing the eyes.

(c) Procedures for emergencies, including firefighting, shall be 

established to meet foreseeable events. Necessary emergency equipment, 

including appropriate respiratory protective devices, shall be kept in 

readily accessible locations. Only self-contained breathing apparatus with 

positive pressure in the faceplece shall be used in firefighting. 

Appropriate respirators shall be available for use during evacuation.

14



(d) Special supervision and care shall be exercised to ensure that
■

the exposures of repair and maintenance personnel to chromium(VI) shall be 

within the limits prescribed by this standard.

(e) Prompt cleaning of spills of chromium(VI)

(1) No dry sweeping shall be performed. Wet methods or dry 

vacuuming shall be used as appropriate.

(2) Wet spills and flushing of wet or dry spills shall be 

channeled for appropriate treatment or collection for disposal. They shall 

not be channeled directly into the sanitary sewer system.

(f) General requirements

(1) Good practices of housekeeping shall be observed to 

prevent or minimize contamination of areas and equipment and to prevent 

build-up of such contamination.

(2) Good personal hygiene practices shall be encouraged.

(3) Equipment shall be kept in good repair and free of

leaks.

(4) Containers of dry chromium(VI) shall be kept covered 

insofar as is practical.

Section 7 - Sanitation

(a) Washing Facilities

Emergency showers and eye-flushing fountains with adequate pressure 

of cool water shall be provided and be quickly accessible in areas where 

there is potential of skin or eye contact with chromium(VI). This

equipment shall be frequently inspected and maintained in good working

condition.
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Showers and washbasins shall be provided in the employees' locker 

areas. Employees exposed to chromium(VI) shall wash before eating or 

smoking during the work shift.

(b) Food Facilities

Food storage, preparation, and eating shall be prohibited in areas 

where chromium(VI) is handled, processed, or stored.

Eating facilities provided for employees shall be located in 

nonexposure areas. Washing facilities should be accessible nearby.

(c) Employees shall not smoke in areas where chromium(VI) is

handled, processed, or stored.

(d) Clothing and Locker Room Facilities

Locker room facilities shall be provided in a nonexposure area for 

employees required to change clothing before and after work. The

facilities shall provide for the separate storage of street clothing and

clean work clothing from soiled work clothing. Showers and wash basins

should be located in the locker area to encourage good personal hygiene.

Covered containers should be provided for work clothing discarded at 

the end of the shift or after a contamination incident. The clothing will 

be held in these containers until removed for decontamination or disposai.

Section 8 - Monitoring and Recordkeeping Requirements

Workers are not considered to have occupational exposure to

chromium(VI) if, on the basis of a professional industrial hygiene survey,

(a) the airborne concentration of carcinogenic chromium(VI) is sufficiently 

low that a sampling volume greater than 1.0 cu m is necessary in order to 

collect 0.5 Mg of carcinogenic chromium(VI) and (b) the airborne
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concentration of noncarcinogenic chromium(VI) is not greater than half the 

recommended limit of 25 /Ltg Cr(VI)/cu m. All samples of airborne 

chromium(VI) shall be analyzed by the chemical analytical method in 

Appendix II; if samples can be demonstrated to contain only noncarcinogenic 

chromium(VI), other methods of chemical analysis equivalent to the method 

in Appendix II may be used. Records of these surveys, including the basis 

for concluding that there is no occupational exposure to chromium(VI) shall 

be maintained until a new survey is conducted.

In workplaces where chromium(VI) is handled or processed, surveys 

shall be repeated annually and when any process change indicates a need for 

réévaluation. Requirements set forth below apply to areas in which there 

is occupational exposure to chromium(VI).

Employers shall maintain records of workplace environmental exposures 

to chromium(VI) based upon the following sampling, analytical, and 

recording schedules:

(a) In all monitoring, samples representative of the exposure in

the breathing zone of employees shall be collected by personal samplers.

(b) An adequate number of samples shall be taken in order to

permit construction of TWA exposures for every operation or process. 

Except as otherwise determined by a professional industrial hygienist, the 

minimum number of representative TWA determinations for an operation or 

process shall be based on the number of workers exposed as provided in 

Table 1-3.

(c) The first determination of the workers' exposures to airborne

chromium(VI) shall be completed within 6 months after the promulgation of a

standard incorporating these recommendations.
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(d) A réévaluation of the exposures of workers to airborne 

chropium(VI) shall be made within 30 days after installation of a new 

process or process changes.

(e) Samples of airborne chromium(VI) shall be collected and 

analyzed at least every 2 months for those work areas with occupational 

exposure to carcinogenic chromium(VI) and at least every 3 months if the 

airborne chromium(VI) is noncarcinogenic.

(f) A réévaluation of the worker's exposures to airborne 

chromium(VI) shall be repeated at 1-week intervals when the airborne 

concentration has been found to exceed the recommended workplace 

environmental limit. In such cases, suitable controls shall be instituted 

and monitoring shall continue at 1-week intervals until 3 consecutive 

surveys indicate the adequacy of controls.

(g) Records of all sampling and analysis of airborne chromium(VI) 

and of medical examinations shall be maintained for at least 30 years after 

the individual's employment is terminated. Records shall indicate the 

details of (1) type of personal protective devices, if any, in use at the 

time of sampling, and (2) methods of sampling and analysis used. Each 

employee shall be able to obtain information on his own exposure. In the 

event that the employer who has or has had employees with occupational 

exposure to carcinogenic chromium(VI) ceases business without a successor, 

he shall forward their records by registered mail to the Director, National 

Institute for Occupational Safety and Health.
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TABLE 1-3

SAMPLING SCHEDULE

Minimum Number of Employees 
Number of Employees Exposed Whose Individual Exposures

Shall Be Determined

1-20 50% of the total number
of exposed employees

21-100 10 plus 25% of the excess
over 20 exposed employees

over 100 30 plus 5% of the excess
over 100 exposed employees

(h) A regulated area shall be established and maintained where:

(1) Carcinogenic chromium(VI) is manufactured, reacted, 

repackaged, stored, handled, or used; and

(2) Airborne concentrations of carcinogenic chromium(VI) 

are in excess of the permissible exposure limit in Section 1.

(i) Access to the regulated areas designated by Section 8h shall

be limited to authorized persons. A daily roster shall be made of authorized 

persons who enter; these rosters shall be maintained for 30 years.
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II. INTRODUCTION

This report presents the criteria and the recommended standard based 

thereon which were prepared to meet the need for preventing occupational 

diseases arising from exposure to chromium(VI). The criteria document 

fulfills the responsibility of the Secretary of Health, Education, and 

Welfare, under Section 20(a) (3) of the Occupational Safety and Health Act 

of 1970 to "...develop criteria dealing with toxic materials and harmful 

physical agents and substances which will describe...exposure levels at 

which no employee will suffer impaired health or functional capacities or 

diminished life expectancy as a result of his work experience."

The National Institute for Occupational Safety and Health (NIOSH), 

after a review of data and consultations with others, has formalized a 

system for the development of criteria upon which standards can be

established to protect the health of workers from exposure to hazardous 

chemical and physical agents. It should be pointed out that any criteria 

for a recommended standard should enable management and labor to develop 

better engineering controls resulting in more healthful work environments 

and mere compliance with the recommended standard should not be used as a 

final goal.

These criteria for a standard for chromium(VI) are part of a

continuing series of criteria developed by NIOSH. The proposed standard 

applies to the processing, manufacture, and use of chromium(VI), or its

release as an intermediate, byproduct, or impurity, as applicable under the 

Occupational Safety and Health Act of 1970.

These criteria were developed to ensure that the standard would (1) 

protect against development of acute and chronic poisoning from
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noncarcinogenic chromium (VI) , (2) materially reduce the risk of lung cancer 

from occupational exposure to carcinogenic chromium(VI), (3) be measurable 

by techniques that are valid, reproducible, and available to industry and 

governmental agencies, and (4) be attainable with existing technology.

Skin disorders, distinct from other health effects arising out of the 

inhalation of chromium(VI), are associated with chromium(VI) and result 

from the contact of the materials with the skin. These disorders are best 

prevented by the appropriate work practices outlined in this document.

When chromium(VI) is present in combination or admixture with another 

material(s) for which an environmental standard(s) has been established, 

the most restrictive standard shall apply.

Throughout this document the terms "bichromate" and "dichromate" are 

completely synonymous and Interchangeable, unless otherwise specified.

In a few instances, these recommendations for occupational exposure 

to chromium(VI) revise the 1973 recommendations for occupational exposure 

to chromic acid. One recommended change is the requirement that employers 

demonstrate that chromium(VI) is only that from the monochromates and 

bichromates of hydrogen, lithium, sodium, potassium, rubidium, cesium, and 

ammonium, or chromium(VI) oxide before the less restrictive workplace 

environmental limit will apply. Another is the change in the 

recommendation for chromic acid (chromium(VI) oxide and aqueous solutions 

thereof) regarding retention of medical records; it is now recommended that 

they be retained 30 years instead of 20 years. In addition, it is 

recommended that medical records be kept for all persons with occupational 

exposures to chromium(VI) and not just for those who have been employed for 

more than 1 year.
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There are minor changes in the recommended workplace environmental 

limits from those recommended in the chromic acid criteria document. We 

are now recommending a 15-minute ceiling environmental limit of 50 Mg 

Cr(VI)/cu m instead of 52 jug Cr(VI)/cu m and an 8- to 10-hour TWA limit of 

25 Mg Cr(VI)/cu m instead of an 8-hour TWA limit of 26 Mg Cr(VI)/cu m. We 

are now recommending that records of sampling and analysis be retained 30 

years instead of 20 years as recommended in the chromic acid criteria 

document. The method for analyzing chromium(VI) in the workplace air is 

different in these recommendations from that recommended in the chromic 

acid criteria document.

The standard was not designed for the population-at-large and any 

extrapolation beyond general occupational exposures is not necessarily 

warranted.

Throughout this document, when chemical formulas are used, they are 

written with traditional numerical subscripts on the text-line.
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III. BIOLOGIC EFFECTS OF EXPOSURE

Extent of Exposure

In the United States, chromium(VI) is manufactured from chromite ore 

obtained primarily from the Republic of South Africa, Southern Rhodesia, 

and the USSR, with minor amounts from other areas of the world. [I] No 

chromite ore has been mined in the United States since 1961. [2] Chromite 

(Fe0Cr203) is not found in nature in the pure forms, but generally has some 

FeO replaced by MgO or the Cr203 replaced with A1203. [2] Silica is also 

found in the ore in varying amounts. [2] According to Bourne and Yee [3] 

the approximate analysis of chromite ores from Rhodesia and Transvaal is 

48% chromium(III) oxide, 18% iron(III) oxide, 15% aluminum oxide, 3% 

silicon dioxide, and 12% magnesium oxide.

In the United States, the 3 most common methods of producing 

chromium(VI) compounds are the high-lime, the low-lime, and the lime-free 

processes. [4,5] Each of these processes involves the roasting of chromite 

ore with soda ash and various amounts of lime with subsequent treatment to 

form sodium chromate. Other chromium(VI) compounds may be formed by a 

change of pH and the addition of other compounds. Solutions of 

chromium(VI) compounds thus formed may then be crystallized, purified, 

packaged, and sold.

The consumption of chromite ore in the United States is shown in 

Tables XI-1 and XI-2. Chromium(VI) compounds commonly manufactured include 

sodium dichromate, sodium chromate, potassium dichromate, potassium 

chromate, ammonium dichromate, and chromium(VI) oxide. [6] Other 

chromium(Vl)-containing materials commonly manufactured are various paint
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and primer pigments, graphic art supplies, fungicides, wood preservatives, 

and corrosion inhibitors. [2,6] Synonyms for chromium(VI) oxide are 

chromic acid anhydride and chromic trioxide. Some authors have also used 

the term "chromic acid" synonymously for chromium(VI) oxide, others have 

used it for aqueous solutions of chromium(VI), and still others for the

doubly protonated chromate ion. Chromium(VI) has been used in the 

manufacture of paper matches, lithography solutions, and tanning solutions.

[7] Chromium(VI) has been found in glue, [8] cement, [9-11] detergents, 

[12] and other materials, including chromite ore. [13] NIOSH estimates

that 175,000 workers are potentially exposed directly to chromium(VI) and a 

list of their occupations compiled by the US Public Health Service [14] is 

shown in Table XI-3.

The significant chemical and physical properties of selected 

chromium(VI) compounds are shown in Table XI-4. This list consists of all 

the chromium(VI) compounds found in the Handbook of Chemistry and Physics. 

[15]

Before describing the effects of chromium on humans and animals, a 

brief analysis of the chemical properties should enable the reader to

better understand the problems encountered in describing accurately the 

chromium(VI) agents which have been responsible for these effects. Under 

environmental conditions where oxygen is present, chromium exists in 3 

principal forms: elemental chromium or chromium(O), trivalent chromium or 

chromium(III), and hexavalent chromium or chromium(VI). Chromite, a 

compound of chromium(III), and crocoite, a lead chromate mineral, are the 2 

principal forms of naturally occurring chromium. The former mineral is 

used commercially for the production of chromium-containing materials. In
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recovering chromium from chromite, chromium(III) is oxidized to 

chromium(VI) by atmospheric oxygen at a high temperature. Chromium(VI) is 

produced in a water-soluble form by adding soda ash to the melt. When 

leached by water a highly alkaline solution of sodium chromate is formed. 

Sodium bichromate is produced by acidifying this leachate with sulfuric 

acid.

The form that chromium(VI) assumes in aqueous solution depends on the 

pH and chromium(VI) concentration, but chromium(VI) is always hydrated and 

appears as a monochromate, bichromate, or polychromate ion, protonated to 

various extents. As the pH is decreased, chromium(VI)-containing ions are 

increasingly polymerized and monochromate and polychromate ions are 

increasingly protonated. As chromium(VI) concentration increases, these 

ions are increasingly polymerized.

The oxidizing ability of chromium(VI) in aqueous solution has a great 

dependence on pH and a much smaller dependence upon chromium(VI) 

concentration. Aqueous chromium(VI) solutions are stable towards redox 

(reduction-oxidation) at moderate and high pH but at low pH can oxidize 

water to oxygen, resulting in chromium(III). At pH above 4, chromium(VI) 

is thermodynamically a weaker oxidant than atmospheric oxygen. As the pH 

increases above 4, one would expect chromium(III) to be oxidized by oxygen 

to chromium(VI). Until the pH is increased to 11-12, however, too little 

chromium(III) can be maintained in solution to allow effective oxidation of 

chromium(III) by oxygen. Clearly, the compounds of chromium(VI)—  

chromates, dichromates, or chromic acid anhydride— lose their identity upon 

hydration and tend to be converted by water to whatever forms of 

chromium(VI) that are thermodynamically stable at the prevailing pH and
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chromium(VI) concentration. During the process of dissolving a 

chromium(VI) compound by water, changes in pH may occur because of 

hydration. The presence of buffers and reducing materials may influence 

the pH of the resulting solution.

Detailed chemical analyses of airborne chromium aerosols are 

frequently not feasible, and as an approximation it is often assumed that 

aerpsols in the workplace have characteristics identical or similar to 

those of the emission source. Perhaps any assumption made on this basis is 

no more than a first approximation of the characteristics of an aerosol. 

Factors which may influence aerosol characteristics are ambient temperature 

and humidity, the pressure of other airborne agents, and particulate size 

and lifetime of the aerosol. Dusts from chromic acid anhydride, sodium 

chromate, sodium dichromate, both anhydrous and dihydrate, are hygroscopic 

and deliquescent in humid air but potassium dichromate and chromate are 

not. The ultimate degree of droplet size is determined by time, 

temperature, and humidity. Any change of droplet size due to absorption of 

water would change both the pH and chromium(VI) concentration. The 

chemical properties of the aerosols may be changed by the presence of other 

airborne agents. Although these examples are oversimplified, it is obvious 

that the composition of these dry chromium(VI) sources may be readily 

modified through aerosol formation and transmission.

The fate of aerosols encountering skin surfaces or the respiratory 

tract is uncertain and has not been well studied. However, contact of 

chromium(VI) aerosols with moist, buffered, physiologic surfaces would be 

expected to modify the pH and any oxidizing capabilities of chromium(VI) 

aerosols. Generally the physiologic response, and not the fate of the
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aerosol, has been of Interest to most occupational health researchers.

Historical Reports

What were probably the first cases of occupational injury due to 

exposure to chromium(VI) were reported in 1827 by Cumin. [16] He observed 

2 cases of ulceration of wrists and arms of dyers who immersed their hands 

in a solution of "bichromate of potass." He also observed another dyer who 

developed psoriasis diffusa of the hands which, after some time, 

degenerated to impetigo despite the fact that during this interval exposure 

to dichromate had been markedly diminished. A fourth person, who was 

employed in the manufacture of potassium bichromate, had tissue sloughs on 

the fingers and on the glans penis. The finger lesion was in an area where 

there had been either a wound or an abrasion of the cuticle. Cumin 

described the effects of habitual application of bichromate solution to the 

skin as an eruption of papulae which become pustular and, upon prolonged 

exposure, develop deep sloughs under the pustules. The sloughs were 

described as peculiarly penetrating to the extent of producing in one 

instance a complete perforation of the muscular substance of the hand.

Ducatel [17] in 1753 noted that ulceration of the skin could occur 

from the action of potassium bichromate. He also described a worker who 

accidentally drank some of it and vomited violently until his death 5 hours 

later.

Delpech and Hillairet in 1869 [18] described the manufacture of

potassium chromate and bichromate in Argenteuil, France, and the effects on 

workers which resulted from exposure to those chromium(VI) materials. In 

the process described, chromite ore was either roasted with potassium
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nitrate, thus producing potassium chromate, or with potassium sulfate and 

calcium carbonate, followed by treatment with sulfuric acid, to produce 

potassium bichromate. Seven cases were described in which all workers had 

perforated nasal septa and 3 also had skin ulcers. Their exposures were to 

both acidic and alkaline chromiun(VI) salts but not to chromic acid 

anhydride.

In 1884 Mackenzie described [19] the toxic effects of potassium 

bichromate. He was told by a workman, who had been engaged in the factory 

for 15 years, that destruction of the nasal septum sometimes took place

after 24̂ -48 hours of exposure to bichromate. It is likely that exposures

were massive in the plant for at that time hand-rabbled reverberatory

furnaces were used [6] with little or no forced ventilation or good work

practices.

DaCosta et al [20] in 1916 described in detail 19 of 44 cases of

chrome ulcers in tanners and dyers. The most common sites of ulcers were 

the folds of the dorsal surface of the fingers over the knuckles, with 

other cases on palms, forearms, backs of hands, interdigital folds, sides 

of fingers, edges of finger nails, wrists, knees, and on other parts of the 

body, notably 1 near the groin and another on the foreskin of the penis. 

It was noted that the ulcerated area had been kept wet with chromate 

solution in practically all cases. Aside from describing the etiology of 

the ulcerations, the authors suggested preventive measures including

various impervious coverings for the hands and wrists and a preventive

ointment of lanolin and petrolatum; therapy consisted of soaking in hot

lead water (diluted lead subacetate) and carbonate of soda.
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In 1925, Parkhurst [21] reported 3 cases of chrome dermatitis in 

workers in contact with blueprints that were fixed in a solution of 

potassium dichromate. One case was a 19-year-old woman who had been 

engaged in the production of blueprints for 6 weeks. The appearance of the 

lesion was that of crowded vesicles of pinpoint size on a diffusely

erythematous and edematous background on the hands, wrists, and forearms. 

She showed a positive patch test with a 0.5% solution of potassium

dichromate. The eruption subsided a few days after discontinuation of 

exposure. Frequent rinsing of hands with a solution of sodium bisulfite

and then with water was suggested as a preventive measure to reduce 

hexavalent chromium to trivalent chromium. The other 2 cases treated by

another physician were apparently similar. He prescribed treatment with a 

1% solution of aluminum acetate, Lassar's paste, and calamine lotion.

Bloomfield and Blum [22] in 1928 published a study of workers engaged 

in a chromium plating operation. Workers were exposed primarily to an 

acidic mist of chromium(VI), which the authors called chromic acid,

emanating from plating tanks. Of the 23 workers examined in the operation, 

20 had perforated or ulcerated nasal septa, inflamed mucosa, nosebleed, and 

cutaneous ulcers ("chrome holes").

In the same year, 12 cases of ulceration and signs of irritation of

the respiratory tract from solutions of "chromic acid" were reported by 

Blair. [23] The workers suffered from coryza, sneezing, watery discharge 

from the eyes and nose, itching and burning of the nose, ulceration of the 

nasal mucosa, perforation of the nasal septum (chrome holes), and

ulcerative lesions of the hands and fingers (chrome ulcers).
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In 1930 the Inspectorate of Factories in London issued a report [24] 

which dealt with the examination of 223 persons engaged in chromium-plating 

and an unspecified number of people engaged in anodic oxidation. Of the 

223 chromium-plating workers, 95 (42.6%) had dermatitis, skin ulcers, or 

scars from old skin ulcers; 116 (52%) had perforated or ulcerated nasal 

septa or "devitalization of the mucous membrane." Times from onset of 

exposure to appearance of symptoms were as short as 2 weeks for ulceration 

of the nasal mucous membrane and 6-48 months for perforation of the nasal 

septum.

Smith [25] in 1931 described a man who, upon admission to hospital,

had ulceration of the skin of both hands, difficulty in breathing, and

tenderness of muscles of extremities. Prior to hospitalization he was 

engaged in washing zinc plates with a solution of ammonium bichromate. 

Smith observed erythema of the forearms and hands, desquamation on areas of 

fingers and palms, vesicular lesions, and shallow ulcers on both hands and 

forearms. In addition, she noted 2 similar lesions on the abdomen. The 

diagnosis was chronic chrome poisoning with dermatitis venenata, acute 

nephritis, asthma, and acute myositis of the upper and lower extremities.

The patient was patch- and intradermally-tested with solutions of ammonium 

bichromate followed by evidence of sensitization. Pfeil [26] in 1935 

reported 2 cases of pulmonary carcinoma in men who worked in the chrome x 

industry in Germany. In 1911, a foreman in a large chromium manufacturing 

plant in Germany complaining about coughing and expectoration was examined 

by Pfeil. [26] The man’s sputum had a reddish tinge. Costal pleurisy set

in accompanied by a bloody exudate. The patient also suffered fractured

ribs and was diagnosed as having a lung tumor. Post mortem examination
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confirmed his diagnosis of primary pulmonary carcinoma with metastases. In 

the next year, Pfeil treated a second patient for exudative costal 

pleurisy. This patient, who worked in the same chrome plant as the first, 

was found to have pulmonary carcinoma upon his death. The foreman was 

involved in a secondary process where he was apparently exposed to residues 

from quinone production which probably contained a complex mixture of 

chromium(III) and chromium(VI). The second man was said to work in the 

chrome industry but no further description was given. Five more men died 

from lung cancer in this same chrome plant before 1935. Of the cases of 

lung cancer and gastrointestinal cancer studied by Teleky, [27] some 

occurred among chrome workers. Teleky concluded from this that chromium is 

a lung carcinogen and might be a gastrointestinal carcinogen, but the data 

he presented do not support more than a suggestion of the relationships.

In later years, many additional deaths from lung cancer occurred in 

the German chromate industry, [27-32] but it was not until 1948 [33] that

an excessive incidence of lung cancer was reported among workers in the 

United States chromate industry.

Effects on Humans

In a review, Mertz [34] summarized the occurrence of chromium in 

nature and its function in biologic systems. Later, Glinsmann and Mertz 

[35] studied the relationship between chromium(III) and glucose tolerance 

in humans by the oral administration of aqueous solutions of chromium(III) 

chloride. Six subjects with maturity onset diabetes (where the impairment 

in glucose tolerance did not appear to be related to a simple insulin 

deficiency but rather insulin effectiveness appeared to be reduced) were
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given 0.06-1 mg chromium(III) 3 times/day with meals for periods of 15-120 

days. During this time, oral glucose tolerances were determined. Three of 

the 6 had improved tolerances while on chromium(III), compared to control 

periods. In 10 nondiabetic subjects with normal oral glucose tolerance, 

administration of 0.15-1 mg chromium(III)/day for 21 days resulted in no 

detectable alterations. The authors interpreted these results to suggest 

that chromium is required for optimum glucose use in man.

Several studies have reported and reviewed concentrations of chromium 

in various biologic tissues and fluids. [5,36-42] However, any 

interpretation of the amounts of chromium found in biologic samples should 

be accompanied by a close scrutiny of the analytical chemical methods

employed. As new, more sensitive, and precise methods have been developed

and used, authors have reported lower estimates of the quantities of 

chromium in certain biologic materials. [38,43] The National Academy of 

Sciences-National Research Council Committee on Biologic Effects of 

Atmospheric Pollutants [44] reported a wide range of concentrations of

chromium occurring in biologic samples from both unexposed and 

occupationally exposed populations. For this reason, it would be very 

difficult to interpret biologic concentrations of chromium as a measure of 

the absorption of chromium.

Mancuso [41] reported that men exposed to airborne water-soluble

chromium compounds excreted more chromium in the urine than those exposed 

to water-insoluble ones. He also noted elevated concentrations of chromium 

in the blood and urine for several years after exposure to chromium- 

containing materials. However, because of the wide disparity of "normal" 

and "exposed" blood and urine concentrations reported in the literature,
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any such correlations between exposure and biologic concentrations of 

chromium must be Interpreted with caution.

Chromium(VI) as chromium(VI) oxide, chromic acid, chromate, or 

polychromate, is potentially an oxidizing agent that may react with 

reducing (organic) matter to form chromium(III). [45] It appears that some 

biologic Interactions with chromium(VI) may result in reduction to 

chromium(III) with some subsequent combination with organic molecules. [44] 

Koutras et al [46] have shown that concentrations of 5.25 ¡ig sodium 

chromate/ml of human blood inhibited the activity of glutathione reductase 

in vitro. Grogan and Oppenheimer [47] have demonstrated a strong bond 

between chromium(III) and human plasma proteins, but binding with 

chromium(VI) is quite weak at physiologic pH. Chromium(III) has been shown 

to affect glucose and lipid metabolism in animals [48-51] and man. 

[34,35,37]

Under various conditions, reactions of chromium(VI) and chromium(III) 

with human skin have varied. Samitz and Katz [52,53] found that 0.72 g 

potassium dichromate/liter (pH 4.5) was reduced by abdominal skin from

autopsy in 2 days at 37 C, and proposed that cystine, methionine,

hemoglobin, and lactic acid may have been the reductants. Mali et al [54] 

reported that cadaverous dermis did not chemically reduce sufficient

chromium(VI) to be detectable after 2 days of exposure to 9.5 g potassium

dichromate/liter (pH 4.05) but that lactic acid, a skin component, was 

rapidly oxidized at pH 4.3 by 9.8 g potassium dichromate/liter. In 

contrast, Spier et al [55] found that chromium(III) was oxidized in the 

presence of air and skin scrapings at pH's 4 and 10. In the absence of the 

scrapings, no oxidation occurred. In additional experiments, they found
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that ultraviolet radiation and increased pH's enhanced the rate of 

oxidation of chromium(III). These authors proposed that squalene, an 

easily oxidized agent present in the sebaceous secretions of the skin, was 

one of the intermediates responsible for the oxidation.

From numerous reports in the literature, it may be stated 

unequivocally that chromlum(VI) may cause skin ulcers, [5,3-6-20,22- 

25,41,56-62] ulcers of the nasal mucosae, [5,19,22-24,41,56-61,63] and 

perforations of the nasal septum. [5,18,19,22-24,33,41,56-58,60,61]

Chrome ulcers may appear anywhere on skin given sufficient contact 

with acidic [5,16-20,22-25,41,56-62] and alkaline [5,L8,61,62] solutions of 

chromium(VI). The most frequently reported sites have been nail root 

areas, skin folds over the knuckles, finger webs, the backs of hands, and 

forearms. [16-18,20,61]

Edmundson [61] examined 285 workers in a US chromate-manufacturing 

plant. The chemicals produced from chromite ore in this plant were 

chromium(VI) oxide, potassium dichromate, potassium chromate, sodium 

dichromate, sodium chromate, and ammonium dichromate. He reported in 1951 

that 198 (69.5%) had chrome ulcers or scars and 175 (61.4%) had

perforations of the nasal septum. The full report of the study by the US 

Public Health Service [5] gave a detailed description of the lesions. 

DaCosta [20] in 1916 described the lesions as being associated with joint 

penetration to an extent where amputation was sometimes required. The 

author patch-tested 56 of those with chrome ulcers with a solution of 

potassium bichromate (0.5%) and recorded 2 positive responses in men who 

had a history of dermatitis. The author concluded that there was no 

evidence to indicate a relationship between the development of chrome
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ulcers and sensitization of workers exposed to chromic acid or its alkali- 

metal salts.

Of several papers dealing with the inhalation of chromium(VI) in 

which atmospheric levels are given, a number have dealt predominately with 

exposure to mists of chromium(VI) from plating tanks. [22,56-60,63-65] 

Each of these papers reported airborne chromium(VI) concentrations measured 

at the time of the study, but none reported the pH's of the aerosols 

collected.

In the study by Bloomfield and Blum, [22] 6 plating plants were sur

veyed and the airborne concentration of chromium(VI) was determined in 

each. Nearly all of the 39 samples were collected above the plating tanks 

near the points where the operators stood, and at breathing level. 

Chromium(VI) was collected in 16-oz bottles fitted with Greenberg-Smith 

impingers. The samples were analyzed by iodometric titration in those 

instances where the concentration was high. Review of the authors' 

iodometric titration procedure suggests the sensitivity was about 270 ¿ig 

chromium(VI) oxide/cu m. In the cases where the concentration was reported 

as 1.2 mg chromium(VI) oxide/10 cu m, the more sensitive hematoxylin method 

was probably used. The smallest concentration of chromium(VI) oxide this 

method was capable of detecting and estimating was 800 jug chromium(VI) 

oxide/10 cu m (41.6 /ig chromium(VI)/cu m). Of 19 workers in the chromium 

plating area, 17 had inflamed mucosa, 11 nosebleed, 6 chrome holes, 4 

ulcerated septa, and 3 perforated septa. Using these data and the 

occupational histories of the workers, the investigators estimated the 

airborne concentrations of chromium(VI) to which some workers were exposed 

daily during their employment in the plating room. The authors felt that
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their determinations of the airborne chromium(VI) concentrations were 

closely related to the probable exposures of those persons who were

employed only a short time, since the ventilation system in use at the time

of the survey had been the same throughout these individuals' employment.

Exposures were estimated for 23 workers who were given physical 

examinations. Four of these were controls with no known exposure to 

chromium(VI) oxide or mists containing chromium(VI). Estimated exposures 

for the remaining 19 ranged from 60 to 2800 jug chromium(VI)/cu m. Six 

platers were exposed to chromium(VI) at an estimated concentration of 60 

jug/cu m for 6-7 hours/day. Duration of employment for these 6 was 1 week-7 

months. All 6 had inflamed mucosa and 4 had nosebleed. Their exposures in 

the past may have been different from those observed at the time of the 

study, but the data indicate that distinct injury to the nasal tissues can 

result after relatively short exposures. The exposures of 6 platers were 

short enough to suggest that 60 jug chromium(VI)/cu m may inflame nasal 

mucosae and produce nosebleed in a matter of weeks. The role that direct 

transfer of corrosive chromium(VI) from environmental surfaces to nasal 

mucosa may have played in the production of nasal pathology was not 

evaluated.

In 1953 Lumio [60] reported a study involving 33 chromium platers (20

men and 13 women) exposed to "kromgaserna" (chromium gases) and

"kromangorna" (chromium fumes) in 16 plants in Finland. Twenty-four had 

signs of cutaneous injury; 14 had lesions and 10 had scars due to lesions. 

Thirteen reported burning eyes and excessive tearing, 10 had greater than 

normal exhaustion, and 6 had prolonged headaches in the evening. Ear, 

nose, and throat signs and symptoms which were reported were nasal catarrh
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in 19, repeated nosebleeds in 17, persistent sore throat in 9, persistent 

hoarseness in 8, impaired olfactory sense in 6, coughing in 5, and ear 

irritation in 3. The author concluded from his investigation that the 

symptoms of ear irritation were not necessarily due to chromium. The 

pathological changoa obaervtid in the nonoB wor«; ulceration uml dried 

secretions in 9, scars and dried secretions in 14, septal perforation in 4, 

but 6 were free of nasal irritation and ulceration. Time spent in chromium 

plating was less than 1 year for 3 persons, 1-5 years for 17, 6-10 years

for 5, and over 10 years for 8. Of the 33 workers, 3 did not use rubber 

gloves, 11 did not use rubber aprons, and 29 did not use protective 

goggles. None of the 33 used respirators. In 1 particular shop where 

there were 3 workers, no protective measures were employed except 1 suction 

pump. Two had perforated septa and 1 had an ulcerated nose. Nine shops

lacked ventilation. Each of the sliops was Hurveycd by taking H/unpleH r>0~(>0

cm above the baths. The results from the different shops did not differ 

significantly in spite of the fact that 9 did not have ventilation. The 

highest airborne chromium concentration found was 3 Mg/cu m, reported as 

chromium(VI) oxide. The authors felt that occasional accidents, such as 

failure of protective equipment, were responsible for the signs and 

symptoms reported. However, this particular failure should have only

affected 9 of the shops, the ones with ventilation. It is likely that

recently introduced ventilation had reduced the airborne chromium(VI) 

concentrations from what they had previously been.

Kleinfeld and Rosso [59] studied 9 chromium plating workers exposed 

to the solution and airborne mist emanated from tanks of acidic 

chromium(VI). The airborne chromium(VI) concentrations were 90-700
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jug/cu m. The exposure periods were 2 weeks-12 months. Each of the workers 

studied, ages 18-48, sustained exposure to the mists intermittently 

throughout the normal workday. Six workers complained of lacrimation, 

nasal itching and soreness, and nosebleed. One worker suffered epigastric 

pain that subsided when he was transferred to a different job. Four of the 

men had perforated nasal septa, 3 had ulcerated septa, 2 had moderately 

injected septa, and 1 had moderate congestion of the turbinates. No 

abnormal pulmonary findings on auscultation were found. Chest X-ray 

findings were negative. These data again indicate that lengthy exposures 

are not necessary to produce adverse effects since septal perforation was 

reported after an exposure of as little as 2 months. Considerable 

splashing of the plating solution was encountered. Apparently work 

practices were poor.

Gomes [56] reported the experience of electroplaters in the State of 

Sao Paulo, Brazil. The concentrations of airborne chromium(VI) were 

determined in 81 electroplating operations using solutions of chromium(VI), 

probably prepared from chromium(VI) oxide. Concentrations of airborne 

chromium(VI) were determined by using a universal testing kit with syringe- 

type pump and filter paper. Unfortunately, a direct correlation between 

those exposed to a given airborne concentration of chromium(VI) and the 303 

platers who were examined clinically cannot be made.

Of the 8 hard-chrome plating plants surveyed, 2 had airborne 

concentrations of chromium(VI) of less than 50 ¡lg/cu m. In these 8 plants, 

35 persons were examined, and all had cutaneous or mucous membrane lesions; 

ulcerated nasal septa were found in 14 workers, perforated nasal septa in 

17, and other cutaneous or mucous membrane lesions in 4.
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Sixty-three of the 73 brilliant-chrome electroplating industries were 

surveyed for airborne chromium(VI) concentrations. Of these, 33 had 

environmental levels of chromium(VI) of less than 50 jug/cu m. In the 73 

industries, 223 workers were examined, 85 of whom had ulcerated nasal septa 

and 45 had perforated nasal septa. Of the remaining 93, 56 had other, 

unspecified mucous membrane or cutaneous lesions. Approximately 50% of the 

workers had yellowing and erosion of teeth. Coughing and expectorating 

were observed in half the workers in the brilliant-chrome industries.

Duration of exposure was unstated, but it was mentioned that the harmful 

effects were noted in less than a year, and that few workers remained many 

years in the industry. Individual safety equipment was lacking in 26.6% of 

the plants; this may have been responsible for the high incidence of

cutaneous ulcers.

Zvaifler [63] and Gresh [64] published separate reports of an 

anodizing plant study. Zvaifler [63] noted that there was a distinct 

difference in the physiologic effects of chromium(VI) mists from plating 

tanks and the mists from anodizing tanks but he presented no data to 

support his conclusion. He mentioned that the chromium(VI) poisonings 

which resulted from exposure to mists emanated from anodizing tanks 

containing "5% chromic acid" generally involved ulceration of the nasal 

mucosa and skin rashes but rarely perforation of the septum. Gresh [64]

reported that the original ventilation system allowed chromium(VI)

concentrations in the vicinity of the tanks to be 210-600 jug/cu m. Under 

these conditions, persons working up to 200 feet from the tanks were 

apparently affected by chromium(VI) aerosols and developed nasal 

ulcerations. When more powerful exhaust fans were installed, the airborne
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chromium(VI) concentrations in the vicinity of the tanks decreased to 45-50 

jttg/cu m. Little or no improvement was observed in the physical condition 

of the employees. Operators were furnished with and required to wear 

cartridge respirators designed for "chromic acid mist." In 4 weeks the use 

of respirators did not improve the condition of the operators. At the same 

time, another group of workers was excluded entirely from chromium(VI) 

aerosols and at the end of 4 weeks they showed definite improvement to an 

"almost well" condition. Thus, even with respirators, the operators 

working in the vicinity of airborne chromium(VI) concentrations of 45-50 

Mg/cu m continued to have nasal irritation. Subsequently, the exhaust 

system was revised and when airborne chromium(VI) concentrations became 

"negative," the nasal irritation subsided. Unfortunately, the authors did 

not indicate what they considered to be a "negative" finding.

In 1973, an Investigation of a chromium-plating establishment [57,58] 

was carried out by NIOSH. The 37 workers in the chromium- and nickel-

plating area of the plant were examined. Twelve experienced nasal 

ulceration or perforation after having been employed less than 1 year. 

Fifteen others had been on the job more than 1 year and had ulceration or 

perforation of the nasal septum. The chromium- and nickel-plating line 

used a solution of technical grade chromium(VI) oxide at a concentration of 

approximately 300 g/liter at 118-120 F. In the chromium- and nickel-

plating area, airborne chromium(VI) concentrations ranged from less than 

0.71 up to 9.12 Mg/cu m (mean 3.24 Mg/cu m; SD 2.48 Mg/cu m; 25 samples;

for the purposes of calculating the mean and SD, those filters containing

less than 0.34 Mg chromium(VI) were taken as 0.34 Mg)* The method used for 

determining airborne chromium(VI) concentrations was that of Abell and
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Carlberg. [66] The limit of detection was approximately 0.34 jug/filter. 

Fifteen workers in other areas of the plant were examined and 14 of these 

had normal nasal findings upon examination. One person had a perforated 

nasal septum but admitted to a previous occupation which may have involved 

chromâtes. The exposures to chromium(VI) of 3 of the 15 were found to be 

less than 1.34 jug/cu m. Spot tests revealed that chromium(VI) was present 

on most work surfaces in the plant and on the fingertips of most workers in 

the chrome- and nickel-plating area. The investigation revealed that 

personal protective equipment was not worn and employees frequently wiped 

their faces and picked their noses with unwashed fingers or while wearing 

gloves. The authors thus concluded, probably correctly, that poor work 

practices were responsible to some degree for the nasal involvement. 

Determinations of pulmonary involvement were not reported in the study.

In another study by NIOSH [65] of a different chromium plating plant, 

a maximum airborne chromium(VI) concentration of 3 Mg/cu m was found. In 

this operation, the plating solution contained approximately 210 g 

chromium(VI) oxide/liter. No ulcerated nasal mucosae or perforated nasal 

septa were found, although half of the 32 employees had varying degrees of 

mucosal irritation. This incidence of mucosal irritation was not thought 

to be significant by the investigators because the survey was carried out 

at the peak of the 1972-73 influenza epidemic. Fifteen workers had been 

employed 8 years or more, 7 between 4 and 8 years, 4 between 1 and 4 years, 

and 6 less than 1 year.

Although he did not report airborne concentrations of chromium(VI), 

Meyers [67] in 1950 observed 2 patients who had inhaled chromic acid mists, 

for only a few hours one day. One man developed a cough, severe frontal
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headaches, pulmonary congestion and edema, dyspnea, and persisting

sub8temal pain. The other developed hoarseness and a cough productive of

green mucoid sputum. Five months after exposure, the X-ray examination 

showed some emphysematous changes and a small pleural effusion.

Pascale et al [68] in 1952 reported 5 persons with hepatic injury 

apparently due to exposure to chromic acid mist from plating baths. One 

who had been employed 5 years at a chromium plating factory was 

hospitalized with jaundice and was found to be excreting significant 

amounts of chromium. Her lungs and cardiovascular system were normal. A 

liver biopsy showed microscopic changes resembling those found in toxic 

hepatitis. To Investigate the possibility that the liver damage was of 

occupational origin, 8 fellow workers were screened for urinary chromium 

excretion. Four of these were found to be excreting significant amounts 

and were examined in more detail. In 3 workers who had been exposed to 

chromic acid mists for 1 to A years, liver biopsies and a series of 12 

hepatic tests showed mild to moderate abnormalities. No liver biopsy was 

taken from the fifth worker, who had been removed from further exposure 

because of nasal ulceration after 6 months at the plating bath. Only 1 of 

his liver function tests indicated a borderline abnormality. The urinary 

excretion of chromium (2.8 and 2.9 mg/24 hours) by the 2 workers employed 4 

years was greater than the excretion (1.48 mg/24 hours) by the worker 

employed 5 years who suffered the greatest liver damage. The lowest 

urinary chromium excretion (0.184 mg/24 hours) was measured in the fifth 

worker, the individual with least exposure. All 5 exhibited some signs of

damage to the nasal mucosa. This plus the concentrations of urinary

chromium suggests that exposures to chromium(VI) were significant, but no
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environmental data were reported.

Several authors [5,18,19,33,41,62] have dealt with exposures to 

chromium(VI) materials, exclusive of chromic acid anhydride and aqueous 

solutions thereof (known as "chromic acid").

In the chromate-producing industry in the United States, only a small 

part of which produced chromic acid anhydride, the principal exposures to 

chromium(VI) were probably to sodium chromate and bichromate. To a lesser 

degree, exposure to potassium chromate and bichromate was also present. In 

1884 Mackenzie [19] described the toxic effects of potassium bichromate. 

He related having been told by a workman, who had been engaged in the 

factory for 15 years, that destruction of the nasal septum sometimes took 

place after 24-48 hours of exposure. From his own experience, Mackenzie 

observed that this destruction was preceded by general congestion of the 

mucous membrane, nosebleed, and coryza. The turbinates, nasal pharynx, and 

lower pharynx were also ulcerated. What he described as the lower 

respiratory tract (probably the lower part of the upper respiratory tract) 

was generally found to be highly inflamed and swollen. Accompanying the 

catarrhal symptoms, there were sometimes intense headache, inflammation and 

perforation of the tympanic membranes and subsequent otorrhea. At that 

time hand-rabbled reverberatory furnaces were used [6] and since there was 

little or no forced ventilation or good work practices, it is probable that 

exposure levels were high.

Much later, in 1948, Machle and Gregorius [33] described the 

incidence of nasal irritation and septal perforation in a chromate- 

producing plant that manufactured sodium chromate and bichromate. The 

incidence of nasal septal perforation was 43.5% in 354 employees. Airborne
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chromate concentrations were determined to range from 10 to 2,800 jug/cu m 

at the time of the study, but the plant has been in operation for at least 

17 years. Some employees had probably worked in the plant when 

reverberatory furnaces were used, a notorious source of high exposure.

In the early fifties, an epidemiologic study as reported by Bourne 

and Yee [3] and by Mancuso [41] was carried out in a single chrome plant in 

Ohio which produced sodium chromate and bichromate but no chromium(VI) 

oxide. In this study, the overall incidences of nasal septum perforations, 

chronic chemical rhinitis, and chronic chemical pharyngitis were

significantly greater than those of the control group. The airborne 

chromium(VI) concentrations were 0-500 ng/cu m. However, the incidences of 

these disorders were not significantly greater than those of controls in 

the groups of workers exposed to less than 85 ¡ig chromium(VI)/cu m.

In 1953 the US Public Health Service investigated the hazards 

associated with the chromium-producing industry in the United States, [5] 

excepting the plant in Painesville, Ohio, which had been studied earlier by 

Mancuso and others. [3,41] It is probable that throughout the industry 

most chromium(VI) exposures were to sodium chromate and bichromate since 

these are the principal intermediate and end products, respectively, of the 

usual alkaline roasting operations. The range of time-weighted exposures 

for the occupational groups was 5-170 jug. with a mean of 68 ng water- 

soluble chromium(VI)/cu m. This water-soluble chromium(VI), not 

specifically defined, was probably mostly sodium chromate and bichromate, 

from information on the manufacturing processes involved in the plants. In 

these plants there was also cross-contamination of the chromium materials 

generated in the various work areas. To illustrate, results of analysis of
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airborne chromium showed airborne chromite ore and acid-soluble, water- 

insoluble chromium in nearly all areas of the plants. Airborne water- 

soluble chromium(VI) was found in all areas of the plants. Of the 897 

workers examined, 509 had perforation of the nasal septum. A severely red 

throat was found in 95 of the 897 workers and edema of the uvula in 67. 

The incidence of these signs, as was the incidence of ear disorders such as 

discharge, impaired hearing, and tinnitus, was more than twice that found 

in nonchromate-worker control groups. Liver enlargement was noted in 14 

chromate workers. Those with enlarged livers were at least 15 years older 

and had worked an average of 4 years longer in the chromate industry than 

those without enlarged livers, but the number in the group was too small to 

allow a statistical comparison with a group not exposed to chromate. Those 

with cutaneous ulcers or scars of ulcers numbered 451. Most of the active 

ulcers had occurred within the 6 months prior to the study. Lung cancers 

were also found in this group and will be discussed later.

Urinalysis revealed white and red blood cells and casts with greater 

frequency than is usually observed in the average industrial population. 

Casts in urine were found in a greater percentage of workers who had worked 

10 years or more than in those who had worked less than 10 years. 

Frequency of white blood cells in urine of chromate workers showed an 

increase with years of exposure. The number of red blood cells in urine 

did not change appreciably with years of chromate exposure.

As a result of dental examinations of 561 workers, incidences of 

keratosis of the lips, gingiva, and palate; yellow-stained teeth and 

tongue; and periodontitis were greater than twice the incidences in a 

control population of 124.
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The observed signs of excessive exposure to chromium(VI)— nasal 

mucosal irritation and ulceration and to a lesser extent nasal septal 

perforation— were likely, in the acute or subacute nature of the lesions, 

to be closely related to airborne chromium(VI) at the average concentration 

measured at the time of the study— 68 ng/cu m. There is reason to suspect 

that liver and kidney damage occurred, based on observations of enlarged 

livers and casts in urine, as a result of long-term exposure to 

chromium(VI), but the results were not conclusive.

Numerous cases of allergic dermatitis with varying degrees of eczema 

have been reported. [7-11,21,25,61,62,69-81] Parkhurst [21] in 1925 

reported the case of a woman employed in blueprint production using a 

process where a 1% potassium dichromate solution was used as a fixative. 

He rubbed a 0.5% potassium dichromate solution on the right thigh of the 

woman and soon there was a local sensation of itching and burning. Twelve 

hdurs later, the patient developed a follicular erythematopapular 

dermatitis where the solution had been applied. A similar application was 

made to the left thigh with resulting itching and burning. However, the 

application of an aqueous saturated solution of bisulfite prevented the 

development of a dermatitis in this area.

In 1931, Smith [25] observed a case of chrome poisoning with manifes

tations of sensitization in a man employed in a photographic printing firm, 

where his duties involved handling and washing sheets of zinc treated with 

a solution of ammonium dichromate, and occasionally preparing the solution. 

The man developed a mild erythema 24 hours following a patch test with 1% 

ammonium dichromate solution on a 1-sq cm area of normal skin on his 

forearm. After 3 days the erythematous area had doubled in size and had
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developed vesicles. Eight days later, an intradermal injection of 0.1 cc 

of a 0.5% aqueous solution of ammonium bichromate was given in the right 

forearm. Within an hour the patient developed a generalized pruritus with 

soreness at the site of the injection. Within 6 hours he had (1) a slight 

erythema at the site of a previously negative patch test, (2) an 

erythematous area 5 cm x 3 cm with tenderness at the injection site, (3) a 

localized patch of maculopapules on the area in which the patch test had

been 9 days earlier, (4) a vesicular erythematous dermatitis covering the 

entire hands and lower parts of the forearms, (5) generalized mild erythema 

with a few urticarial wheals on the buttocks, and (6) a recurrence of the 

diaphoresis and sibilant rales he had had some 15 days earlier, upon

admission to the hospital. The man recovered after his exposure to

chromium(VI) ceased. Three control subjects were similarly injected and 

showed no reaction.

Hall [70] in 1944 reported 132 dermatitis cases in aircraft workers

who had contact with a primer consisting of a suspension of zinc chromate 

powder and magnesium silicate in a xylene solution of certain resins, 

including a phenol-formaldehyde resin. Apparently, the mean duration of 

employment was 7 months (range: 1 week-9 years) for those who had

dermatitis from the primer and who were allergic to zinc chromate pigment. 

A series of patch tests showed 90 of the workers (68%) were sensitive to 

the zinc chromate pigment only. (The zinc chromate pigment was apparently 

a mixture of zinc chromate and calcium carbonate.)

In 1949, Pirila and Kilpio [71] reported 45 cases of allergic contact 

dermatitis observed in the Helsinki area from 1945-48. Forty-one reacted 

positively to patch—testing with a 0.5% aqueous solution of potassium
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dichromate (pH 4.15). The breakdown of cases by occupation was as follows: 

bookworkers, 11; cement and lime workers, 10; radio factory workers using a 

photostatic procedure, 7; metal factory workers, 4; painters and polishers, 

4; fur workers, 3; others, 6.

In 1952, Gngebrigtsen [10] reported 8 cases of cement eczema among 

300-400 Norwegian workers exposed "more or less directly" to cement dust 

that contained 0.002-0.020% water-soluble chromium(VI) described only as 

'Vater-soluble chromates." Seven of the 8 patients reacted positively to 

patch tests with 0.5% aqueous solutions of potassium bichromate. Four of 

the 8 also gave positive reactions to cement patch tests. None of the 10 

persons who served as controls gave any positive reactions. Subsequently, 

the author tested the same 8 patients with a cement slurry that had been 

washed free of chromium(VI), and none of the people reacted positively. 

The authors found that chromium in the cement originated in the limestone 

and shale raw materials and in the chromium steel of ball mills. In 1954, 

Denton et al [72] analyzed portland cement for chromium, and reported a

concentration of water-leachable chromium(VI) of 0.03-6.9 ppm and a

concentration of total chromium of 28-60 ppm. These American cements 

tested contained much less water-soluble chromium(VI) on the average than 

the Norwegian cements. [10]

Denton et al [72] patch-tested a patient with a "strong specific 

hypersensitivity to potassium dichromate" with (1) a 50-ppm aqueous 

solution of potassium dichromate, (2) a filtrate containing 1 ppm water- 

soluble hexavalent chromium from American portland cement, and (3) a

filtrate containing 4 ppm water-soluble hexavalent chromium from American 

portland cement. The patient repeatedly had erythematous, edematous, and
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papulovesicular reactions. He did not react to distilled water. The 

control subjects did not react to any of these 3 chromium(VI) solutions. 

In 1960, Calnan [9] showed that British cement contained from nondetectable 

amounts to 12 ppm chromium(VI), expressed as potassium bichromate. He 

concluded that cement dermatitis was primary irritant dermatitis 

complicated by a secondary contact sensitivity to "hexavalent chromate"

[chromium(VI)].

Winston and Walsh [73] reported that 6 out of 200 employees were 

incapacitated by chromate dermatitis in a diesel locomotive repair shop. 

One of the 6 cases was described; the dermatitis consisted of patchy, 

pruritic, erythematous, slightly scaly lesions extending from the dorsum of 

the hands over both forearms to the elbows. All were exposed to an 

alkaline diesel locomotive radiator fluid which was prepared from sodium

dichromate, soda ash, disodium phosphate, and sodium silicate. One and 

one-half pounds of this powdered mixture, which contained 66% sodium

dichromate, was dissolved in 2 gallons of water in an open pail. This

solution (approximately 6% sodium dichromate) was poured into the radiator 

and diluted with about 210 gallons of water, giving a solution of about 

0.08% sodium dichromate. All of the men gave positive reactions to 0.25% 

sodium dichromate (pH 4.25) patch tests and to samples of the radiator 

fluid (pH 10).

Walsh [62] in a summary report on chromate hazards in industry 

described results of some patch tests: 2% "chromic acid" applied for 24 

hours on superficial skin abrasions produced a crusted lesion in 3 weeks; 

0.5% sodium dichromate, reapplied daily for 3 days, produced a crusted 

lesion in 3 weeks; 0.5% potassium chromate, applied for 8 hours/day for 3
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days, produced lesions in 3 days; 0.05% sodium dichromate, 0.005% sodium 

dichromate, and pure zinc chromate also produced lesions in 3 days after 

being in contact with the skin for 8 hours/day for 3 days. Lead chromate 

did not produce a reaction after the same exposure period. A 10% solution 

of chromium(III) nitrate produced redness after the solution was reapplied 

daily for 3 days.

Edmundson [61] patch-tested 56 men who had chrome ulcers with 0.5% 

potassium bichromate for 24 hours. Only 2 yielded positive reactions and 

they were said to have a history of chrome dermatitis. He interpreted his 

results to indicate that when chrome produces ulcers it does not sensitize 

workers.

Morris [8] in 1955 reported 2 cases of sensitization to chrome glue 

prepared at least in part from scraps of chrome tanned leather. Both 

patients gave positive reactions to the otherwise undescribed chrome- 

bearing parent material to which they were exposed, and both were allergic 

to chrome-dyed leather shoes. From the nature of the tanning process it 

seems probable that the substance causing the sensitivity was 

chromium(III). One of these patients reacted positively to a 0.1% solution 

of sodium bichromate.

McCord et al [7] described in detail the lithography process, as it 

existed in 1930, which used an extremely acidic solution of chromium(VI). 

Twenty-five lithographers and 12 tanning workers who had been exposed to 

chromium, but showed no signs of dermatitis, were selected for study. Each 

lithographer was patch-tested on normal skin with each of 3 different kinds 

of gauze dressings. The dressings were wetted with 1% potassium dichromate 

solution or 4.5% potassium dichromate solution (pH 4.05 and pH 3.75,
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respectively) or water. Rubber tissue covers were placed over these 

dressings and observations were made after 24 hours when the dressings were 

removed. A second observation was made at the end of 48 hours. In a 

similar manner a 4.5% solution of ammonium bichromate, a 0.5% solution of 

chromium(VI) oxide (pH 1.4), and a control solution (pH 3.8) of monosodium 

phosphate, phosphoric acid, and water were applied on gauze pads to the 

forearms of the 12 tanners. Twenty of the 25 lithographers and 10 of the 

12 tanners gave positive reactions to dichromate. Four of the 12 tanners 

developed a "trivial" papular dermatitis after testing with "chromic acid" 

(an aqueous solution of chromium(VI) oxide). Four of the 25 lithographers 

developed vesicles following applications of potassium bichromate but no 

vesicles following application of ammonium bichromate at equal 

concentration under similar conditions. No control solutions gave positive 

reactions. This report was apparently the first to note that injury from 

chromium(VI) could occur without previous skin trauma or disease.

Levin et al, [74] from similar studies conducted in the late 1950's, 

confirmed that chromium(VI) was the primary causative agent in 

lithographer's dermatitis. However, they found that trauma and the use of 

various other chemicals associated with lithography such as fat solvents 

and primary irritants made workers' skin more prone to irritation by the 

chromium(VI)-bearing materials.

In 1961, Fregert [69] described the manufacture of matches and 

demonstrated that match heads which contained chromium(VI) could partially 

dissolve when held in moist fingers and could cause an allergic eczematous 

contact dermatitis. The source of chromlum(VI) was probably an ingredient 

of the manufacture since potassium dichromate is usually added both to the
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igniting composition and to the striking composition. The author was, 

however, unable to find chromium(VI) in the striking composition, probably 

because it had been reduced to chromium(III). Although this study was done 

in Sweden, he attalyzed matches from 21 countries and found concentrations 

as high as 1.7% water-leachable chromium(VI) expressed as potassium 

dichromate in unburnt matches and 1-10% of the original chromium(VI) 

concentration in the burnt matches. He stated that every patient in a 

group of 33 who had chromate eczema reacted positively to either unburnt or 

burnt match heads.

In 1963 2 separate studies [75,76] of dermatitis resulting from 

chromium(VI) used in the automobile industry were published. Engel and 

Calnan [75] investigated an outbreak of dermatitis in the British 

automobile industry among workers who were engaged in the wet sanding of 

primer paint containing zinc chromate. Almost all (91%) of them had

positive reactions to a 0.5% solution of potassium dichromate (pH 4.15); 

however, a few did not react until the solution was made alkaline (pH 10.3)

Newhouse [76] found dermatitis in automobile assemblers from handling

a chromate dip used as an antirust agent on bolts, nuts, screws, and

washers. About one-quarter of these responded positively to potassium 

dichromate patch-testing.

Fregert and Ovrum [77] in 1963 reported a case of a welder who

contracted a facial dermatitis after inhalation of and contact with welding 

fumes from either arc welding or oxygas welding. Subsequent investigation 

demonstrated that the chromium in certain welding rods could be oxidized to 

chromium(VI) and that chromium(VI) was dispersed into the air in the 

vicinity of the weld. The authors patch-tested 5 people who were
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hypersensitive to chromate with an aqueous solution of collected welding 

fumes calculated to be 0.1% chromium(VI) (as potassium dichromate). All 

gave positive reactions. The authors elicited no response from 10 subjects 

not hypersensitive to chromate. Their analyses of various commercial 

welding rods showed chromium contents up to 18%.

A year later, Shelley [78] reported a similar case. A crane operator 

provided a history of chronic eczematous eruptions of both hands. Twenty- 

eight compounds were patch-tested and the only positive reaction was to an 

aqueous 0.25% solution of potassium dichromate (pH 4.28). Two and one-half 

months later, the man walked by an acetylene-welding operation where the 

fumes were strong and experienced appreciable inhalation of the fumes. On

the next day he reported a rapidly developing vesicular flare on his hands. 

The dermatitis subsided after he avoided further contact with chromium- 

containing objects and welding fumes.

Jaeger and Pelloni [11] in France demonstrated that workers with 

cement eczema were sensitive to potassium bichromate. They patch-tested 32 

patients with cement eczema and 168 patients with eczema from other causes. 

Thirty (94%) of those with cement eczema gave positive patch tests with

aqueous 0.5% solutions of potassium bichromate while only 5% of the other 

eczema patients exhibited positive reactions from the bichromate. These 

authors further tested 8 of the patients with cement eczema who reacted to 

0.5% aqueous solutions of potassium bichromate in patch tests. In

addition, all reacted to aqueous 0.5% solutions of potassium chromate, 

chromic acid, ammonium bichromate, sodium bichromate, and ammonium 

chromate. These subjects failed to react to aqueous 0.5% solutions of 

chromium(III) fluoride or sulfate or to an aqueous suspension of lead
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chromate (the concentration of chromate in an aqueous suspension of lead 

chromate should be approximately 0.2 ppm). All 3 masons with eczema 

reacted positively when tested with aqueous solutions of chromium(VI) oxide 

and of potassium bichromate at concentrations as low as 0.1%. One mason 

reacted to an aqueous 0.01% solution of chromium(VI) oxide and also to an 

aqueous 0.001% solution of potassium bichromate. in this part of the 

study, among 18 controls with eczema, there were no reactions to aqueous 

solutions of chromium(VI) oxide or potassium bichromate as concentrated as 

3%, the most concentrated solution tested.

Perone et al [81] reported in 1974 the patch-testing of 95 

construction workers who regularly worked with cement. An aqueous 0.25% 

potassium dichromate solution produced a reaction in 1 man and an aqueous 

solution containing 450 ppb (450 ng/g) chromium(VI) extracted from cement 

produced a reaction in another man. It is interesting to note that this 

second man did not react to the aqueous 0.25% potassium dichromate 

solution. At the time of patch-testing, 15 of the group had a mild 

dermatitis of the hands, and 25 had a more active disease manifested by 

eczematous lesions with vesicles, erythema, and fissures in various stages. 

Because of the paucity of reactions to chromium(VI) solutions, the authors 

considered cement dermatitis to be associated with the irritative nature of 

cement. The workers were clearly not generally hypersensitive to 

chromium(VI) solutions.

In 1962 Cairns and Calnan [80] treated a man who had been working 

with cement for approximately 6 months and who had developed cement eczema 

on the backs of the hands, fingers, and exposed parts of the arms and 

forehead. The man also noted that part of a green tattoo had become
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nodular and itchy. The green pigment was found to contain chromium, but no 

determination of the oxidation state was made. The man reacted positively 

to patch tests of aqueous 0.1% and 0.5% solutions of potassium dichromate 

and a 2% solution of cobalt chloride, and scratch and intracutaneous tests 

with a 0.1% solution of potassium dichromate, but did not react when tested 

with a 1% solution of basic chromium(III) sulfate. Loewenthal [79] also 

observed a positive reaction to patch tests with 0.1-2% solutions of 

potassium dichromate in a man with a green tattoo shown to contain 

chromium(VI). The man was a bricklayer and had a persistent eczema of the 

hands and legs. An aqueous 0.1% solution of chromiura(VI) oxide produced a 

positive reaction. Moistened portland cement, a solution of chromium(III) 

sulfate, and a solution of chromium(III) chloride did not yield positive 

reactions following patch testing.

The only report regarding the threshold of irritation came from the 

Soviet Union. [82] This study by Cooperman was intended to establish a 

maximum permissible concentration of chromium(VI) in atmospheric air. He 

exposed 10 "practically normal volunteers" to chromium(VI) condensation 

aerosols produced by heating chromium(VI) oxide. In attempting to 

establish the threshold of irritation for chromium(VI), he stated that 250 

determinations were made with 12 different chromium(VI) aerosol concentra

tions ranging from 1.5 to 40 jig/cu m. None of the volunteers could 

perceive chromium(VI) at 1.5 jug/cu m. The threshold of perception for the 

most sensitive volunteer was 2.5 jug chromium(VI)/cu m. The authors felt 

that inhalation of air containing 10-24 #zg chromium(VI)/cu m even for a 

brief period of time elicited the sensation of sharp irritation in the 

nostrils. Inhalation of chromium(VI) at lesser concentrations produced
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slight irritation of the upper respiratory tract.

Goldman and Karotkin [83] in 1935 reported a case of acute exposure 

involving a ■25-year-old woman who had swallowed an aqueous solution 

containing a heaping teaspoonful of potassium dichromate crystals. Shortly 

thereafter she had a paroxysm of vomiting. Two days later she was 

hospitalized. At this time she had severe nephritis and severe hepatitis, 

an erythematous skin eruption, and a "positive" chromium test in urine. 

The skin rash began to fade 13 days after the initial reaction and 

disappeared after 5 more days; she recovered from hepatitis and nephritis 

in 3 months.

Major [84] reported the development of severe nephritis in a patient 

the day after chromium(VI) oxide was applied to a wound as a cauterant; the 

man died 19 days later.

Vigliani and Zurlo [85] studied over a 3-year period approximately 

150 workers in a plant producing alkali chromates; during this time the 

airborne chromium(VI) concentration range was 57-78 ng/cu m. Ulceration of 

the nasal septum, inflammation of the conjunctiva and laryngeal mucosa, and 

chronic asthmatic bronchitis were the most commonly seen disturbances, but 

their frequency was not mentioned. One case of nasal septal cancer and 1 

of lung cancer were also observed. No data regarding sampling locations, 

sampling techniques, or analytical methods were presented.

Unequivocal evidence relating a specific chromium(VI) compound to the 

development of lung cancer in humans has not been developed. There is, 

however, epidemiologic evidence in workers and experimental evidence in 

animals that suggests carcinogenic properties of some chromium(VI)-

56



containing materials. This evidence is discussed in the following 2 

sections.

Epidemiologic Studies

The first extensive epidemiologic studies involving exposure to 

chromium(VI)-containing materials and the risk of lung cancer were 

performed in Germany by Lehmann. [86] He found only 2 cancer cases and 

dismissed them as nonoccupatlonal in nature but the reasons for this 

conclusion seem to be faulty in view of current knowledge. Lehmann gave no 

information on the extent of exposure to chromium(VI).

Later German reports, reviewed by Baetjer [87] in 1950, described at 

least 52 cases of pulmonary cancer in the chromate-producing industry and 

11 cases in the chrome-pigment industry. She also reported 57 cases in the 

United States, and 1 case each in Switzerland and in England. All of the

cases outside Germany involved the chromate-producing industry. She

reported 22 years as the average length of employment of workers who 

developed pulmonary carcinoma in the German chromate-producing plants, in 

the German pigment plants as 12 years, and in the United States plants as 

16 years.

One of the studies referred to by Baetjer is of particular interest. 

Gross and Kolsch [88] reported lung cancer in workers involved with the

production of chrome pigments in Germany in 1943. In the industry

investigated, lead chromate (chrome yellow) and zinc chromate (zinc yellow) 

were manufactured and shaded with other pigments. Lead chromate was 

prepared by precipitation from lead acetate and potassium dichromate. The 

precipitate was washed, filtered, pressed, and dried at 30-35 C with a
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strong air draft. Longer washing produced higher percentages of basic lead 

chromate. Zinc chromate was prepared by adding zinc white (zinc oxide) to 

a small amount of water, keeping the temperature at 50 C, and then adding 

bichromate. The zinc yellow was then washed, filtered, cut, and dried at 

50-90 C. It was noted that in these processes there was not much dust, but 

in the subsequent mixing with shading components, milling, grinding, and 

casking, a great deal of dust was evolved. Barium sulfate and iron(III) 

hexacyanoferrate(II) were often added at this point for shading chrome 

yellow to produce chrome green. From the 3 firms engaged in this 

manufacturing, 8 deaths from lung cancer were reported. The number of 

workmen involved was given for 2 of the 3 firms that reported 7 of the 8 

deaths from lung cancer. The number of men involved in the 2 plants was 

probably less than 50, of which 7 died from lung cancer. The 7 had worked 

in the industry 5-17 years. The man with 5 years of exposure in the 

chrome-pigment industry also had worked 8 months in the chromate-producing 

industry. No estimates of the extents of exposure were given. It was 

noted that the 7 were exposed to dust of lead chromate and zinc chromate, 

and the eighth was exposed only to zinc chromate.

Very little was published [88] about the carcinogenicity of 

chromium(VI) pigments until 1975 when Langard and Norseth [89] reported 

their study of cancer in a Norwegian company comprising 3 separate plants. 

The company began operation in 1948 and produced only lead chromate pigment 

until 1951. From 1951 to 1956 both lead chromate and zinc chromate were 

produced. From 1956 to 1974, only zinc chromate was manufactured. Plant B 

began production in 1965 and plant C was built in 1972.
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Airborne chromium concentrations were determined in plants A, B, and 

C; none of the workers examined, however, worked in plant C. No bronchial 

carcinomas were found in workers in plant B. Airborne chromium 

concentration was 0.19-0.43 mg chromium/cu m in Plant A, and 0.04-1.35 mg 

chromium/cu m in Plant B. Although chromium(VI) was not determined, most 

airborne chromium was probably chromium(VI) in light of the production 

processes involved. The authors noted that although ventilation had been 

altered in the plants during the period of production, the amount of 

pigment produced had increased; they conducted interviews which led them to 

conclude that the airborne concentrations of chromium were of about the 

same magnitude at present as in the past.

The company employed 133 persons between 1948 and 1972. Of these a 

cohort of 24 was derived comprising those who were employed for more than 3 

years. Six members of the cohort were exposed for 4 years, 4 for 5 years, 

and 14 for more than 5 years.

Four cases of cancer occurred in the cohort— 3 were in the bronchus 

and 1 in the pancreas.

One worker developed an anaplastic small cell carcinoma of the left 

main bronchus and died 20 years after his first exposure to lead chromate, 

and 17 years after his first concomitant exposures to lead chromate and 

zinc chromate. He left plant A after 6 contiguous years of exposure.

The second worker developed an oat cell carcinoma of the lower right 

bronchus and died 10 years after he was first exposed to lead chromate and 

zinc chromate in plant A. In his 7.5 consecutive years of exposure he 

mixed sodium bichromate and zinc white (zinc oxide) and sacked the finished 

pigment. He was described as a heavy smoker.
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The third worker was diagnosed as having a highly differentiated 

carcinoma of the right lower lobe in 1972, 16 years after he began work in 

plant A. He was exposed to zinc chromate for about 8 contiguous years.

The fourth worker in the cohort developed gastrointestinal cancer 

diagnosed by the development of a large, metastatic liver and by the 

cytologic examination of ascites which showed adenocarcinoma. The man died 

in 1972, 18 years after his first exposure to lead chromate and zinc 

chromate; he had 4 continuous years of exposure.

Because the authors apparently determined that the pancreas was the

primary site adenocarcinoma, and as there have been no other reports of 

chromium(VI) causing cancer of the pancreas, it seems improbable that 

chromium(VI) was the causative agent.

In addition to the cancer cases in the cohort, 1 man developed an 

adenocarcinoma of the prostate after an unmentioned exposure period and 

another, a 33-year-old man, was diagnosed as having an adenoid cystic 

carcinoma of the inferior nasal turbinate after working in the plant for 3 

months. The plants in which these men worked were not designated.

In light of the short, less than 3-year, period of employment of the

worker who developed prostate cancer and the lack of any other report 

linking exposure to chromium(VI) and prostate cancer, it is unlikely that 

chromium(VI) was responsible. Because the worker who developed a carcinoma 

of the nasal turbinate was exposed for only 3 months, an extremely potent 

carcinogen must have been present. Other reports [87,88] do not suggest 

that chromium(VI) is capable of producing cancer in such a short time.

The authors calculated the risk of getting lung cancer for each 

worker separately for each calendar year of the observation period. This
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was accomplished by using the age-specific incidence rates of cancer

supplied to them by the Cancer Registry of Norway. The total risk for the 

population of workers was then obtained by adding the risks for each worker 

for each year of the observation period. The expected number of cases of 

cancer obtained by this method was then compared to the observed number in 

the group. The expected number of lung cancer cases in the cohort was 

calculated to be 0.079 for the total period of observation. Since 3 cases 

were found, the observed/expected ratio was 38. The total number of man- 

years at risk of the cohort was 244.

The first study of the incidence of lung cancer in the United States 

chromate industry was reported by Machle and Gregorius [33] in 1948.

Exposure in the plant had been to mixtures of chromium(III) and 

chromium(VI). This study was based upon data available from 7 chromate- 

producing plants for periods of 3-17 years, from 1930 to 1947. Available 

data regarding airborne concentrations of chromium(VI), reported as 

"chromâtes” were obtained from 4 of the plants. Among the plants, the 

concentrations of airborne chromium(VI) ranged from 5 to 11,500 jug/cu m. 

Evaluating individual workers' exposures is impossible, but a few 

conclusions may be drawn.

In plant A1 there were 18 deaths from lung cancer from 1936-46, 9 of 

which were diagnosed in 1944-45. Of these 9 men, 6 had exposure for only 

6-12 years. In this plant, available exposure data indicate that 

chromium(VI) concentrations probably ranged from 10 to 500 jug/cu m during

the years 1941-47. However, there was an excess of deaths from lung cancer

in plant Al, 4.86/1000,(3,500 man-years, 1936-46) compared to the control 

population, 0.09 deaths/1000 (60,000 man-years, 1933-38). (The authors
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used the term "male years" Instead of "man-years" to indicate that the 

plant population was exclusively male).

There were 40-50 people in Plant C in the years 1938-47. Available 

data indicate that the chromium(VI) concentrations were in the range 5- 

1,400 /ig/cu m. Mortality data were not reported.

During the years 1930-47, the population of plant Dl was 

approximately 150. Available data indicate that the chromium(VI) 

concentrations were in the range 20-2,300 mg/cu m. In this period, 5 

workers died from lung cancer, 1 of whom died in 1947 after exposure for 7 

years.

Between 1944 and 1947, 2 men of plant E died from lung cancer after 

working 8 and 11 years, respectively. The plant population was 

approximately 230. Exposure data indicated the range of airborne 

chromium(VI) concentrations was 1.5-11,500 jug/cu m. These 2 cases are also 

reported in the extensive epidemiologic study performed later by Mancuso, 

[41] Mattcuso and Hueper, [90] Bourne and Yee, [3] Bourne et al, [91] Urone 

et al, [92] and Bourne and Streett. [93]

There were several shortcomings in the Machle and Gregorius study. 

[33] The lack of inclusion of workers who had left the chromate industry 

and the basing of conclusions on clinical findings alone led to a further 

study by Baetjer. [94] She analyzed the distribution by occupation of the 

lung cancer cases in the hospitals of Baltimore, Maryland, where a chromate 

producing plant is located, and compared this distribution with the distri

bution by occupation of control groups chosen from the same hospitals. The 

records of 1 of the 2 hospitals showed that there were 198 cases of men 

with lung cancer confirmed by microscopic examination of biopsy or autopsy
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material. The records of the 2nd hospital for the period 1930-48 showed 92 

such cases. Two control groups were selected from the 1st hospital and 1 

from the 2nd. One in the 1st hospital consisted of all 226 males who 

remained in the hospital 10 days or longer, excluding those admitted for 

traumatic injuries or psychiatric illness. Baetjer further stated that

this type of random sample was chosen because it was comparable to the 

cancer group in that the patients chose to come or were referred to the 

hospital for illnesses of varying severity. The 2nd control group from the 

1st hospital consisted of 177 males with cholelithiasis. This group was 

selected, according to the author, because cholelithiasis, like lung

cancer, poses difficult diagnostic problems in necessitating the facilities 

of a large medical center. The control group from the 2nd hospital 

consisted of 499 men meeting the criteria imposed on the 1st control group 

of the 1st hospital. All 3 control groups were of the same age

distribution as the cancer groups. Groups were mutually exclusive.

Results indicated that 7 (3.5%) of the 198 lung cancer cases in the 

1st hospital and 3 (3.3%) of the 92 lung cancer cases at the 2nd hospital 

occurred in chromate plant workers. None of the control population

reported exposure to any chromium compounds. Chi-square analysis of the 

data using the Yates small-sample correction indicated that in the patients 

with lung cancer, the percentage of those who had worked with chromate was 

significantly higher than those who had not. Comparisons of the combined

percentage of chromate workers in the 2 hospital lung cancer series with

the percentage of chromate workers in the employed population of Baltimore 

also show lung cancer rates in the chromate-exposed group to be 

significantly higher. No exposure levels were reported. This study



supported the conclusions of Machle and Gregorius [33] regarding the 

increased incidence of pulmonary cancer in the chromate-producing industry.

In the late 1940's, an epidemiologic study was undertaken at a 

chromate-bichromate manufacturing plant in Ohio, mentioned among others by 

Machle and Gregorius. [33] Aspects pertaining to health were reported by 

Mancuso and Hueper, [90] and by Mancuso. [41] Laboratory evaluation of the 

air-sampling methods was reported by Bourne and Streett. [93] 

Determinations of chromium(VI) in the air in the chromate plant were 

reported by Bourne and Yee [3] and outside the chromate plant by Bourne and 

Rushin. [95]

The authors differentiated exposure to 2 categories of chromium 

compounds, ie, soluble and insoluble, but did not differentiate between 

chromium(III) and chromium(VI).

Chromium(III) and chromium(VI) materials leachable by water were 

classified as the soluble group. [92] The insoluble group of compounds 

included all those not leached by the repeated treatment with water. This 

group probably included primarily chromite ore, based on the degrees of 

water-solubillty of the compounds which were probably present. Thus, 

although the authors did not determine chromium (III) and chromium(VI) 

directly, it appears that "insoluble" compounds were predominately 

chromium(III) and "soluble" compounds were predominately chromium(VI). 

Chromium(VI) of only slight water solubility was not determined in this 

study, but based on the analytical procedure used [92] part of it was 

likely found in the soluble group and part in the insoluble group. The 

pH's of airborne samples were 6.7-9.4, indicating that most samples 

included both chromates and dichromates.
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All samples germane to the chromate-plant study were apparently taken 

by air filtration using the apparatus mentioned by Bourne and Streett. [93] 

Collection efficiencies for chromium(VI) oxide as a mist using this 

apparatus were determined at 0.07 mg/cu m, 0.14 mg/cu m, and 0.22 mg/cu m 

to be 93.6%, 98.3%, and 92.5%, respectively, for 15-minute samples at a

flow rate of 28.3 liters/min. Collection efficiencies for dust were 

determined at 4.62 mg/cu m and 25 mg/cu m to be 99.0% and 99.9%, 

respectively. Mists used in the collection efficiency test were generated 

using an apparatus, described by Silverman and Ege, [96] which nebulized 

into the air stream an aqueous solution of chromium(VI) oxide (25%) and 

sulfuric acid (0.125%). The dusts were generated in the same equipment 

except that the nebulizer was replaced with a vibrating vessel into which 

dust was introduced.

The size distribution of the particles in the mist in the chromate 

plant was: 15.87% less than 1.5 pm, 50% less than 3.8 jum, and 84.13% less 

than 9.8 /an. In the dust the distribution was 15.87% less than 0.8 fm, 50% 

less than 1.7 /xm, and 84.13% less than 3.7 im.

Mancuso and Hueper [90] investigated the incidence of cancer in this 

chromate plant. Using the results of analyses of air samples for soluble 

and insoluble chromium, they calculated the possible exposures of 7 men who 

died from lung cancer between 1938 and 1950. Although none of the 7 were 

working in the plant when the sampling and analysis were performed, the 

calculated TWA exposures could have had some relationship to their actual 

exposures. The years of first exposure in the chrome plant for the 7 were 

1931-41. Changes in the concentrations of chromium in airborne dusts and 

mists could have occurred during the years of exposure of these men to



decrease the relevance of determinations of TWA exposures made at the time 

of this study. The scope of such changes is very difficult to evaluate.

The airborne concentrations of chromium leachable by water determined 

by Mancuso and Hueper [90] to which the 7 were exposed were 0.01-0.15 mg/cu 

m (Table XI-5). These concentrations were apparently calculated time- 

weighted average concentrations taking into account the various jobs the 

men accomplished during the average day. The men were also exposed to 

chromium not leachable by water, in addition, at airborne concentrations of 

0.1-0,58 mg/cu m. Because of the lack of specificity in the analytical 

method used [92], the airborne concentration of the only slightly water- 

soluble chromium(VI) is inestimable.

In another paper, Mancuso [41] reported the incidences of other 

effects found in the epidemiologic study. Although the various groups were 

defined by total chrome exposure and ratio of insoluble to soluble chrome, 

the actual maximum ranges of concentrations of chromium, either leachable 

or not leachable by water, have been calculated from their data and appear 

in Table XI-6. Even though some chromium(VI) may have been reported as 

insoluble and some chromium(III) may have been reported as soluble, the 

insoluble group is denoted Cr(III) and the soluble group Cr(VI). Again, it 

must be emphasized that it is impossible to assign only slightly water- 

soluble chromium(VI) exclusively to either group. Significant incidences 

of nasal septum perforation, chronic chemical rhinitis, and chronic 

chemical pharyngitis were indicated. In a 31-member control group, 2 

exhibited nasal septal perforation and 2 were diagnosed as having chronic 

chemical rhinitis. (The authors studied a 33-member control group but 

found that 2 with perforated nasal septa had had 2 weeks of direct exposure



to chromates; these are excluded from their control group for consideration 

here.) The exposed groups had incidences of these conditions of 29-85% and 

57-100%, respectively. None of a 33-member control group experienced 

chronic chemical pharyngitis, but 29-75% of the exposed groups had this 

condition. Symptoms are not Included in Table XI-6 in instances where the 

incidence is not at least twice as high as that of the control group.

In 1959 Baetjer et al [97] reported the determination of chromium in 

the lungs of 16 decedents who had been employed in old chromate plants. 

Eleven of the men who had been employed for 2-42 years had lung cancer; 5 

of the men employed 1.5-19 years did not. The results of analyses by the 

method presented in an appendix to their report [97] were both highly 

variable and inconclusive, that is, there was no significant correlation 

between the presence of lung cancer and chromium in lung tissue.

The US Public Health Service published in 1953 a report [5] of an 

extensive study of the health of 897 workers in the chromate-producing 

industry. Morbidity and mortality data were based upon paid death claims 

and cases of sickness and nonindustrial injuries disabling for 8 calendar 

days or longer among the members of the sick benefit plans of the plants. 

From 1940 to 1948, there were 28.9 times as many deaths from respiratory 

cancer among males in the study as would have been expected on the basis of 

the average death rate for the United States for the period 1940-48 

inclusive, excluding violent, accidental deaths.

Medical examinations were performed on about 96% (897 males) of the 

total work force of the 6 study plants. Ten workers were considered to 

have bronchogenic carcinoma, a rate for chromate workers of more than 50 

times the rate for the general population. Three of these men were known
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to have had lung cancer prior to the survey. These 10 men, who averaged 

54.5 years of age, had a mean duration of exposure of 22.8 years (Table XI- 

7). This represents a very high lung cancer incidence. Five hundred nine 

(56.7%) had perforation of the nasal septum. The incidence of perforation 

of the nasal septum was stated to have no relation to either years of 

exposure or to the incidence of lung cancer. Studies relating exposure to 

chromium compounds and incidence of dental caries indicated a low degree of 

correlation, but there was an increased incidence of gingivitis and 

periodontitis. X-ray examinations showed no significant fibrosis, but 

bilateral hilar enlargements were noted. There was no significant 

correlation between duration of exposure and heart disease. Other positive 

correlations mentioned were an increased frequency of white blood cells and 

casts in the urine and a decreased sedimentation rate of erythrocytes, all 

of which were related to years of exposure. Blacks appeared to be more 

severely affected, in general, than whites, perhaps due to a greater 

exposure among blacks.

This study also involved an extensive sampling program in which over 

1,800 samples of air contaminants, settled dust, and process material were 

collected and analyzed. The report stated that the dry-end processes, ie, 

milling, roasting, and leaching, generated dusts containing principally 

lime, chromite ore, soda ash, roast residue, and sodium chromate. Sodium 

dichromate and sodium sulfate were usually associated with the wet-end 

operations of neutralizing, treating, and concentrating.

In 1952, Brinton et al [98] published a study of the morbidity and 

mortality in the chromate workers of another study. [5] They demonstrated 

a greater rate of sickness and nonindustrial injury in chromate workers as
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compared to a large industrial group. This difference was due to the 10- 

fold increase in the incidence of cancer in chromate workers, largely 

because of respiratory cancer, which was increased 14-fold for whites and 

80-fold for nonwhites.

In 1966 Taylor reported a study [99] in which a group of chromate 

workers was examined over a period of 24 years (1937-60, inclusive) using 

records of Old Age and Survivors Disability Insurance (OASDI). The study 

encompassed all male workers in 3 chromate plants, 70% of the total 

population of chromate workers in 1937, who were born during or after 1890 

and worked long enough to have earnings reported to OASDI for 1 or more 

calendar quarters. In all, 1,212 chromate workers were included in the 

chromate-exposed cohort. Deaths were classified by cause stated in death 

certificates and compared to age-specific expected deaths for the total 

male population of the United States. Respiratory cancer was shown to be 

the chief cause of excess mortality. Of the 263 deaths, 71 (27%) were due 

to respiratory cancer when only 8 were expected. Other lesser increases of 

observed deaths over expected were found for all other cancers (32 

observed, 24 expected) and respiratory diseases (19 observed, 8 expected). 

The concentrations of chromium(VI) to which the workers were exposed were 

not reported, but there was a definite positive trend between age-adjusted 

respiratory cancer rates and cumulative years of experience in the chromate 

industry.

There was sufficient overlap of the persons studied and plants 

investigated in the above [5,33,41,90,97-99] that an accurate grouping of 

data is not possible.
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Bidstrup [100] in 1949 found only 1 case of lung cancer after 

interviewing and taking 14 x 17-inch chest X-rays of 724 British chromate 

workers in plants where airborne concentrations of chromium(VI) were found 

by Buckell and Harvey [101] to range from 0.4 to 17,000 ug/cu m. From such 

a wide range in airborne chromium(VI) concentrations it is very difficult 

to construct a dose-response relationship. Thirty-one other workers were 

X-rayed, but not interviewed. Bidstrup and Case [102] in 1956 reported a 

follow-up study which encompassed the nearly 6-year period from the 

completion of the previous study in 1949 to August 1955. During this 

period 217 workers left the chromate industry and were not followed up, 57 

men retired because of age or ill health, and 59 men died. Of the 59 

deaths, 12 were due to lung cancer. The mean latent period for the 12 who 

died from carcinoma of the lung was 21 years. The expected number of lung 

cancer deaths was 3.3, based on the age-adjusted mortality data from the 

population of England and Wales. Thus, 3.6 times as many workers died of 

lung cancer as would have been expected in the male population of England 

and Wales. This difference was shown to be statistically significant. The 

authors examined the possibility that the increase might have been due to 

nonoccupational factors such as diagnostic bias, place of residence, social 

class, or smoking habits, and concluded that these did not markedly alter 

their conclusions. Questions or responses regarding smoking habits were 

not reported and employee-specific exposures to chromium(VI) were not 
provided.

Vigliani and Zurlo [85] in 1955 reported a study of 150 workers 

exposed to alkali chromâtes. They reported only that atmospheric 

chromium(VI) concentrations were 55-75 ug/cu m during a 3-year period and
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observed 1 worker with ulceration of the nasal septum, a few with 

inflammation of the conjunctiva and laryngeal mucosa, some with chronic 

bronchitis, 1 with cancer of the nasal septum, and 1 with lung cancer.

The US Public Health Service [5] studied a refractory plant in which 

chromite ore was used to make chromite bricks. Deaths occurring from 1937 

to 1950 were investigated and, because there was 1 lung cancer death 

observed and 1 lung cancer death expected, the report concluded that 

chromite ore was not carcinogenic. However, no environmental data or 

lengths of exposure were reported.

The chromate workers in the preceding studies [3,5,33,

41,90,94,97,99,100,102] were exposed to various chromium(III) and 

chromium(VI) compounds as well as to other materials. None of the studies 

presented conclusive evidence regarding the causative agent of the

pulmonary carcinomas observed, neither did they correct lung cancer rates

for exposure to other pulmonary carcinogens or for cigarette smoking.

There is very little good evidence implicating Chromite ore, a water- 

insoluble chromium(III) material, as a carcinogen. It is apparent from 

these studies that the increased incidence of lung cancer resulted from 

increased duration of exposure to materials present in plants manufacturing 

chromium-bearing compounds. However, it is not known from these reports 

whether all chromium(VI) compounds or only certain ones were responsible 

for this increased incidence.

In another study in 1972 by Korallus et al [103] in Germany, 106 

workers who had been exposed to 0-13.2 mg/cu m chromium(III) oxide and 0- 

2.7 mg/cu m chromium(III) sulfate (42 for less than 10 years, 64 for more 

than 10 years) were examined clinically. Medical histories and clinical
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results, including FEV, exhaling capacity, and urine and blood status 

appeared normal. X-ray examinations revealed 6 instances of pneumoconiosis 

but no lung tumors.

In a presentation at the 5th Merseburger Symposium in 1972 on "Health 

and the Working Environment," Bittersohl [104] described the results of a 

study of 30,000 employees of a large chemical unit for the period 1921- 

1970. In particular, 588 malignancies in men and 170 in women were 

evaluated for the period 1957-70. In 1971, 108 new malignancies in men and 

29 in women came to light. In a chromate factory the carcinoma rate was 

far above average. The factory manufactured catalysts through the reaction 

of chromic acid and iron(III) oxide and nitric acid. The airborne 

concentration of chromium was often in the same order of magnitude as the 

MAK (undefined), but short-term excursions above 400 Mg/cu m occurred. The 

perforation of the nasal septum was apparently a commonplace occurrence. 

The incidence of malignant neoplasms in employees in the chromate factory 

was 852/10,000 employees. In 1'non-exposed" personnel, the incidence of 

malignant neoplasms was 84/10,000 employees. Approximately 86% of all with 

malignant neoplasms were smokers, and 78% of those without malignant 

neoplasms were smokers.

In 1974 and 1975, representatives of Allied Chemical Corporation 

presented the results of a mortality study to NIOSH (WJ Hill, written 

communications, July 1974 and February 1975). The retrospective study 

examined the personnel of the Baltimore Chrome Works in Maryland. The 

objectives were to determine (1) whether there was a downward trend in lung 

cancer incidence at the Baltimore plant and (2) if employees entering the 

plant after the last process change (1961) are at no greater risk than the
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Baltimore City employment pool. One hundred five cases of lung cancer have 

appeared among the employees of this plant since 1932. The workers who 

began employment prior to 1932 had an average exposure time of 24 years 

before developing lung cancer. The author calculated standardized 

mortality ratios (SMR’s) for 4 groups of employees. The SMR’s were the 

observed number of deaths divided by the expected number of deaths. The 

groups were selected by the author to allow the effects of process changes 

to be examined. For the 1932-41 group the SMR was 680, for the 1942-51 

group the SMR was 480, and for the 1952-61 group the SMR was 160. Little 

could be said about the 1962-73 group. The conclusions the author made 

were (1) that a significant downward trend in incidence and death had 

occurred, and possible causes included "reduction in dust exposure levels, 

changes in race ratio, smoking habits, employment levels, age patterns, and 

other prior exposure experience of employees" and (2) "the present employee 

population (1962-present) cannot be said to be at a greater risk than the 

employee pool from which it comes, but ten or more years of further 

observation will be needed to draw more statistically powerful 

conclusions." In view of the long latent period associated with the 

development of lung cancer from exposure to chromium compounds, at least 10 

years of further observation are necessary in order to develop better data.

No epidemiologic studies of lung cancer in the chromate-using 

industries have been reported, as contrasted to chromate-producing, that 

included determinations of airborne chromium(VI) concentrations. This is 

unfortunate because the chromate-using group is much larger than the 

chromate-producing group.
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Animal Toxicity

Lukanln [28] in 1930 reported placing 30 rabbits and 3 cats alongside 

workers in a chromate-producing plant in Germany for 1-8 months. 

Chromium(VI) concentrations were less than 1 up to 25 mg/cu m. The author 

observed either diffuse thickening or rupture of alveolar walls and 

proliferation of cellular elements along the blood vessels and bronchi. 

Desquamation of the bronchial epithelium was also found. No tumors were 

found, but the maximum exposure was only 8 months.

In 1930, Hunter and Roberts [105] injected subcutaneously Macacus 

rhesus monkeys with various amounts of an aqueous 2% solution of potassium 

bichromate. One monkey given 36.3 cc of the solution (0.02 g/kg) and 

another given 10 cc were dead 12 hours later. Evidence of acute lesions- 

was present in the kidneys of both animals. Four other monkeys were given 

repeated, 1-5 cc doses of the solution at 3- to 7- week intervals. In 2 of 

these, acute lesions were also found in the kidneys. The other 2 animals 

lived longer, for about 160 days, and sustained chronic renal damage; in 1, 

practically all the original epithelium of both proximal and distal 

convoluted tubules was destroyed. The authors further remarked that the 

regeneration of tubular epithelium was of distinctly atypical morphology 

and that the tissue was apparently resistant to further injury by 

bichromate.

In 1940 Shimkin and Leiter [106] reported the intravenous injection 

of various materials into tumor-susceptible strain A mice. Single, 5-mg 

injections of chromite ore did not result in an increased incidence of 

pulmonary tumors over control animals despite the observation of chronic 

irritation. Chromite ore also did not affect the development of tumors by
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intravenous injection of 20-methylcholanthrene.

Hueper [107] implanted finely divided chromite ore roast mixed with 

benzene-extracted sheep fat into the thigh muscle tissue and pleural cavity 

of rats. After 2 years, 2 of 25 male rats with pleural implants developed 

squamous cell carcinomas coexisting with sarcomas of the lung, and 2 

developed tumors, 1 of which was benign, remote from the site of 

implantation. The authors stated that only 4 of the 25 rats survived into 

the cancer-bearing period. Three fibrosarcomas of the thigh and 10 tumors, 

4 of which were benign, developed in the 31 female rats which received 

thigh implants. Twenty-nine of the 31 rats in this group were alive at the 

appearance of the first of these tumors. Two series of controls consisting

of 15 female rats each were implanted only with extracted sheep fat in the

pleural cavity in 1 series and in the thigh in the other. Of the pleural 

implant controls, 1 developed a benign tumor at the implantation site and 3 

developed tumors remote from the site, 2 of which were benign. No tumors 

developed at the site of implantation in the thigh implant controls, but 3 

developed tumors, 1 benign, remote from the implant. The author concluded 

that his results suggested that the chromite ore roast contained 

carcinogenic material. However, he may have given undue weight to

injection-site sarcomas.

Hueper and Payne [108] implanted pellets of finely pulverized calcium 

chromate, sintered calcium chromate, sintered chromium(VI) oxide, and

barium chromate in sheep fat into the pleural cavity and into the thigh 

muscle of rats. Each pellet contained 25 mg of the respective chromium 

compound and 75 mg of sheep fat. Sintered compounds were formed from their 

parent materials by heating the respective compounds to 2,000 F for 1 hour.
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The authors assumed that during this process some of the chromium(VI) had 

been converted to a lower oxidation state, thereby forming some 

chromium(III) chromate. Of the 20 male and 15 female rats in each series, 

those implanted with calcium chromate developed 8 thigh tumors and 21 

pleural tumors; rats implanted with sintered calcium chromate developed 8 

thigh tumors and 17 pleural tumors; rats implanted with sintered 

chromium(VI) oxide developed 15 thigh tumors and 14 pleural tumors. On the 

other hand, rats implanted with barium chromate did not develop any tumors 

either in the thigh muscle or in the pleural cavity. With 1 exception, a 

squamous cell carcinoma of the lung produced by pleurally implanted calcium 

chromate, all tumors were sarcomas, usually spindle cell sarcomas or 

fibrosarcomas. No tumors were observed in the control groups, which 

consisted of 2 series of 20 male and 15 female rats, each implanted with 

pellets containing only sheep fat. The duration of exposure was 12-14 

months for each exposure group and was 12 months for the control groups. 

The authors determined the concentrations of chromium(VI) in water and 

Ringer's solution at 37 C that resulted from leaching of various 

chromium(VI)-bearing materials (Table III-l).
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TABLE III-l

SOLUBILITIES OF CHROMATES

Compound

Water

Solubility, mg/ml

Ringer's Solution

Calcium chromate 2.47 3.04
Sintered calcium chromate 1.28 1.50
Sintered chromium(VI) oxide 1.71 1.78
Zinc chromate 0.61 0.83
Strontium chromate 0.23 0.32
Barium chromate 0.0085 0.0090
Lead chromate <0.001 <0.001

These data suggested to the investigators that certain materials 

containing chromium(VI) of moderate leachability may produce cancer when 

introduced into rat tissue in the form of a depot assuring prolonged

exposure to chromium(VI) in small amounts.

Payne [109] in 1960 implanted pellets of calcium chromate and 

sintered calcium chromate mixed with extracted sheep fat in the thighs of

mice. After 14 months of observation of the 26 male and 26 female mice

implanted with chromium(VI)-containing pellets, 9 mice receiving sintered 

calcium chromate and 2 mice receiving calcium chromate developed tumors at 

the site of implantation. Pellets consisted of 10 mg of chromium(VI)

compound mixed with 20 mg of sheep fat. No tumors were observed in a

control group of 26 male and 26 female mice implanted with pellets

containing only sheep fat. The tumors found were usually spindle cell

sarcomas or fibrosarcomas. Hueper and Payne [108] also injected calcium
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chromate, and sintered chrbmium(VI) oxide in a tricaprylin vehicle 

subcutaneously into the nape of the necks of mice. The dose given to each 

mouse was 10 mg of dust in 0.2 ml of vehicle. One tumor was observed in 26 

male and 26 female mice injected with calcium chromate. No tumors were 

seen in similar groups injected with sintered calcium chromate, sintered 

chromium(VI) oxide, or the control group which received only the 

tricaprylin vehicle. In another series, 12.5 mg of calcium chromate in 

gelatin capsules was implanted intramuscularly and intrapleurally in rats. 

After 7 months, of the 6 rats with intramuscular implants, 2 developed 

tumors; of the 6 rats with intrapleural implants, 3 developed tumors. The 

latter experiment, despite its lack of a control group, appears to verify 

that the chromium(VI) compounds and not the sheep fat were the causative 

agents for the tumors observed.

Payne [110] fractionated and analyzed the residue from the first 

leaching of roasted chromite ore, and tested the material in animals. This 

residue had been suggested by the US Public Health Service study [5] as 

being most apt to contain carcinogenic agents. The residue was

fractionated into 4 particle-size ranges by diameter: (1) > 10 jum, (2) 5-

10 fmi, (3) 2-5 jum, and (4) < 2 /m. Analyses for chromium indicated that 

the weight percentage of chromium(VI) leached by water from the residue 

increased with decreasing particle size. Animal testing was performed in 2 

parts. First, 10 groups of 26 male and 26 female mice were given single 

subcutaneous injections of various materials into the nape of the neck. 

The various materials contained a known carcinogen in a tricaprylin

vehicle. The 10 groups were as follows: (1) tricaprylin vehicle only

(controls), (2) 3,4-benzpyrene, (3) water-extracted residue < 10 jxm, (4)
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water-extracted residue and 3,4-benzpyrene, (5) chromium(III) phosphate < 

10 /m, (6) chromium(III) phosphate and 3,4-benzpyrene, (7) residue, 5-10

jum, (8) residue 5-10 ¡xm. and 3,4-benzpyrene, (9) residue < 2 /zm, and (10) 

residue < 2 jum and 3,4-benzpyrene. Of the 4 sets of animals given only a

chromium-containing substance, 3 injection-site sarcomas were found in the 

group receiving extracted residue; no tumors were found in the other 3 

groups or in the control group. By comparing the tumor incidences in the 5 

groups tested with 3,4-benzpyrene alone and those tested with the mixture 

of 3,4-benzpyrene and chromium compound the authors observed that increased 

amounts of chromium(VI) were associated with a decreased tumor incidence. 

In the second phase of the experiment, groups of rats and mice received 

pellet implants of roast residue in sheep fat in the thigh and in the 

pleural cavity and tumors developed in 3 of 35 rats receiving pleural 

implants and in 1 of 35 with thigh implants. No tumors were found in a 

control group of 35 rats that received Implants of sheep fat only. All of 

the tumors observed in both phases of the study were injection-site 

sarcomas. None of the 52 mice receiving thigh implants developed any 

tumors. No mice received pleural Implants. None of the 52 mice in a

control group, which received only sheep fat, developed tumors. The 

authors postulated that leaching of the more acutely toxic sodium chromate 

from the residue without removing other constituents might have been 

responsible for the higher tumor incidence in the water-extracted residue 

fraction. The chromium(VI) leached from the residue was presumed by the 

author to be sodium chromate.

In a further study, Hueper and Payne [111] gave rats monthly 

intrapleural and intramuscular injections of sodium dichromate in gelatin.
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Each injection consisted of 2 mg of sodium dichromate dissolved in 0.05 ml 

of a 10% gelatin solution. A total of 16 injections were given. Survivors 

were sacrificed at the end of a 24-month observation period. Various

tumors were seen. Of the 20 male and 19 female rats in each series

receiving intrapleural injections, 3 developed malignant tumors, 1 of which 

was at the site of injection. Rats receiving intramuscular injections

developed 4 benign and 2 malignant tumors, none at the site of injection. 

The 4 tumors which were not at the injection sites were of a type found in

a similar incidence in control animals. Four benign and 12 malignant

tumors, none at the site of injection, were observed in the control group. 

Because of the greater incidence of malignant tumors in control animals, it 

is impossible to conclude that sodium dichromate was responsible for any 

malignancies. In another experiment, [111] the authors gave 218 

anesthetized rats intratracheal instillations of calcium chromate,

strontium chromate, and zinc chromate in gelatin. Each dose consisted of 2 

mg of the compound in 0.05 ml of a 10% gelatin solution. The dose was 

given every 2 months until a maximum of 5 instillations containing up to 10 

mg of chromate had been given. Equal amounts of the gelatin solution were 

administered intratracheally to a control group. Despite large death rates 

from pulmonary complications during the first 4 weeks after each 

application, tumors were observed. Of the 85 rats receiving calcium 

chromate, 78 of which died early in the experiment, 3 developed malignant 

tumors, 2 of which were at the site of instillation; of the 60 rats

receiving strontium chromate, 40 of which died early, 3 developed tumors (1 

benign, 2 malignant), 1 of which (a malignancy) was at the site of

instillation. The 3 malignancies at the site of instillation were all



fibrosarcomas. No tumors were observed at the site of instillation in 

either the zinc chromate or the gelatin control groups, although 1 

malignancy in the former and 4 malignancies in the latter groups were 

observed at other sites. In a second control series, 12.5 mg of calcium 

chromate was Implanted in a gelatin capsule into the right pleural cavity 

and into the thigh muscle of 2 sets of rats. Of the 14 rats with pleural 

implants, 8 developed malignant tumors at the site of implantation; of the 

8 rats receiving muscle implants, 6 developed malignant tumors, 4 of which 

were at the site of implantation. Hueper and Payne concluded from this 

[111] and previous work [107-110,112] that chromium(VI) and chromium(IH) 

possess carcinogenic properties, but they placed unwarranted significance 

on injection-site sarcomas.

Baetjer et al [113] reported an extensive series of experiments with 

different animal species, chromium materials, and routes of entry. Three 

strains of mice— A, Swiss, and C57 Black— with very high, moderately high, 

and very low incidences of spontaneous lung tumors, respectively, and 1 

mixed strain of rats from Wister (sic) and McCollum stock were exposed by 

inhalation to a roast dust (pH 10-11) from a chromate-producing plant with 

1% potassium dlchromate added. This dust was said to be similar to that 

found in the air of the old chromate-producing plants. The median particle 

diameter of the exposure material was 0.8 /m. The mice were exposed to a

dust prepared from a mixture of finely ground roast material (13.7%

chromium(VI) oxide, 9.3% sodium oxide, 6.9% chromium(III) oxide, 17.7%

iron(III) oxide, 9.4% aluminum oxide, 8.7% magnesium oxide, 31% calcium

oxide, 0.2% vanadium(V) oxide, and 2.4% silicon oxide) to which was added 

1% potassium bichromate. The analysis of the dust indicated that it was
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97% water- or acid-soluble, and that 90% of this "soluble" chromium was 

water-soluble and 10% was acid—soluble. The concentration of airborne 

chromium(VI) in the dust chamber containing mice was 0.47-0.94 mg/cu m 

water-soluble chromium(VI) and 0.052-0.104 mg/cu m water-insoluble, acid- 

soluble chromium(VI). The concentration of airborne chromium(VI) in the 

dust chamber containing rats was 0.94-1.4 mg/cu m water-soluble

chromium(VI) and 0.104-0.156 mg/cu m water-insoluble, acid-soluble 

chromium(VI). The animals were exposed for 4 hours/day, 5 days/week until 

they died or were killed. In another series of experiments a few mice were

exposed to 7.5-12.5 mg chromium/cu m 30 minutes/day, 5 days/week (the 

fraction of this chromium which was chromium(VI) was not stated, but, based 

on interpretation of data in the report, was about 50%). Similar groups of 

animals were maintained as controls in all inhalation experiments. In

further experiments, the mice and rats were subjected to repeated (5-6 

doses at 4-week intervals for mice and 15 doses at 2-week intervals for 

rats) intratracheal or intrapleural injections of the mixed roast- 

dichromate material suspended in olive oil or to intratracheal or 

intravenous injections of either basic potassium zinc chromate 

(K20.4Zn0.4Cr03.3H20) or barium chromate in saline solutions. Control

animals were given injections of either olive oil, zinc carbonate, barium 

sulfate, or saline solution. No increase in the incidence of benign or 

malignant tumors over controls was observed in any of the experimental 

animals. The pulmonary adenomas present in experimental mice occurred at 

an earlier age than in respective control mice when exposures were to mixed 

roast-dichromate dust by inhalation or intraperitoneal injection, or to 

potassium zinc chromate by intratracheal or intravenous injection. The



intratracheal Injection of basic potassium zinc chromate produced an 

epithelization of the alveoli in mice.

Later Steffee and Baetjer [114] repeated their inhalation and 

intratracheal experiments [113] using rabbits, guinea pigs, rats, and mice. 

Inhalation exposure of all animals was to a sequence of (1) a mixed dust 

similar to that previously used [113] with the difference that the 

dichromate was blown into chambers as a mist rather than being mixed with 

the dust, (2) a mist produced by atomizing a 17.5% solution of sodium 

chromate, and (3) pulverized residue dust consisting of roast material from 

which sodium chromate had been leached. Chromium(VI) concentration [both 

water-soluble chromium(VI) and acid-soluble, water-insoluble chromium(VI)] 

was 1.5-2 mg/cu m. Animals were exposed for 4-5 hours/day, 4 days/week. 

Unexposed animals were inhalation controls. Intratracheal exposures were 

to mixed dust, basic potassium zinc chromate, lead chromate, and residue. 

Control groups received dry portland cement, wet portland cement, lead 

titanate, saline, or no Injection. No bronchogenic carcinomas were 

produced, but a number of so-called alveologenic adenomas and 

lymphosarcomas were produced in guinea pigs, rats, and mice. One rat 

exposed by inhalation to chromate dust developed a keratinizing tumor of 

the lung which the authors felt to be benign. An increased incidence of 

prominence of alveolar epithelium was found in rabbits, guinea pigs, and 

mice receiving intratracheal injections of basic potassium zinc chromate. 

Increased incidences of alveolar and interstitial inflammation were found 

in guinea pigs inhaling mixed dust and mist and in mice injected with basic 

potassium zinc chromate. Granulomas appeared in most chromate-exposed 

animals regardless of chemical or group, but were rare in control groups.



Roe and Carter [115] injected rats intramuscularly with calcium 

chromate in arachis oil. Injections were given weekly for 20 weeks. The 

first 2 injections contained 5.0 mg of calcium chromate, but signs of 

severe local inflammation developed, so the dosage of the last 18 

injections was 0.5 mg. Of 24 test rats, 11 (45.8%) developed spindle cell 

sarcomas and 7 (29.2%) developed pleomorphic sarcomas at the site of injec

tion. All sarcomas were invasive but did not metastasize. No tumors were 

seen in 16 controls.

Hueper summarized [116] the neoplastic responses of rats to various 

chromium-containing materials. For each substance, intramuscular and 

intrapleural implantations in a sheep fat vehicle were made in 35 rats. In 

the 35 rats with intramuscular implantations of calcium chromate, 10 

developed implantation site cancers. In the 35 rats with intrapleural 

implantations of calcium chromate, 28 developed implantation-site cancers. 

For the other materials the following malignant tumors at the implantation 

sites were reported: strontium chromate, 16 intramuscular, 17

Intrapleural; barium chromate, none intramuscular, 2 intrapleural; lead 

chromate, 3 intramuscular, 3 intrapleural; sodium dichromate, none 

Intramuscular, 2 intrapleural; chromite roast residues, 1 intramuscular, 8 

intrapleural; zinc yellow, 16 intramuscular, 22 intrapleural; chromium(III) 

acetate, 1 intramuscular, 1 intrapleural; chromium(III) chromate, 30 

intramuscular, 34 intrapleural; sintered calcium chromate, 13 

intramuscular, 21 intrapleural; sheep fat (the implantation vehicle in all 

the above) no cancers by either route.

In 1968 and 1969 Laskin et al [13] reported a study of selected 

chromium compounds in a cholesterol carrier using a new intrabronchial
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implantation technique. The pellets used were in the form of a cylindrical 

matrix of stainless steel mesh and about 1 mm in diameter and 5 mm in 

length. They were implanted in the bronchus and held in place by a trochar 

fitted with spring-wire hooks and introduced through a tracheotomy. 

Pellets were prepared from molten mixtures of exposure materials dispersed 

in equal quantities of cholesterol carrier. Compounds under investigation 

included chromium(III) chromate, chromium(III) oxide, chromium(VI) oxide, 

calcium chromate, and process residue. Process residue contained mixtures 

of various water-leachable chromium(VI) materials, chromate-chromite 

complex material, and chromium(III) oxide. The studies included material 

of various solubilities and oxidation states and involved over 500 rats 

under observation for periods of up to 136 weeks.

Lung cancers that closely resembled lung cancer in man (ie, squamous 

cell carcinoma and adenocarcinoma) were found. 113,117] Of the 100 rats 

implanted with calcium chromate, 6 squamous cell carcinomas were found in 

animals dying from 386-671 days (mean: 540 days) and 2 adenocarcinomas

from exposures of 366 and 609 days developed at the sites of implantation. 

One of 100 rats implanted with process residue developed a squamous cell 

carcinoma at the site after 594 days. No other compounds produced tumors 

at the site of implantation, although among the 100 rats in each group 

hepatocell carcinomas were observed in 1 rat given process residue, in 1 

rat given chromium(III) chromate, and in 2 rats given chromium(VI) oxide. 

Five of 24 control rats developed squamous metaplasia and, in addition, 1 

developed a sarcoma. Of the tumors seen, all were invasive and some had 

metastasized. In all experimental groups except the 1 exposed to 

chromium(VI) oxide, there was evidence of atypical squamous metaplasia of
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the bronchus.

Since these studies implicated calcium chromate as a lung carcinogen, 

inhalation studies using this compound were begun. [118] Early range- 

finding studies [119] with calcium chromate resulted in rapid and 

significant mortality at both 10 and 20 mg/cu m (2.7 and 5.4 mg 

chromium(VI)/cu m, respectively) in both rats and hamsters. Results [118] 

reported in 1972 suggested a carcinogenic action in rats and possibly in 

hamsters after chronic exposure to calcium chromate aerosols at 2.0 mg/cu tn 

(0.67 mg chromium(VI)/cu m). After 589 exposures over 891 days, 4 

carcinomas were observed. Of the original 100 rats, 1 keratinizing 

squamous cell carcinoma of the lung, 1 laryngeal squamous cell carcinoma 

with invasion of perineural spaces and adjoining cartilaginous rings, and 1 

malignant peritruncal tumor of undetermined type and origin were observed. 

One squamous cell carcinoma of the larynx was found among the original 100 

hamsters. In addition, a number of mucosal changes were noted. [118] In 

rats, 2 animals showed laryngeal hyperplasia and 3 showed laryngeal 

squamous metaplasia. Effects in hamsters were more marked with 8 animals 

showing laryngeal hyperplasia. Eight additional animals showed squamous 

metaplasia of which 5 were atypical with downgrowth. Another hamster, 

dying at 611 days, showed a squamous papilloma in the larynx with 

hyperplasia and hyperkeratosis. [118]

Nettesheim et al [120] exposed 136 female mice and 136 male mice, all 

germ-free derived and specific-pathogen-free C57BL/6, to 1 jun diameter 

calcium chromate aerosol at a concentration of 13 mg/cu m. He also exposed 

545 mice of the same type to PR8 influenza virus prior to the calcium 

chromate exposure. Two control groups of the same size and composition
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breathing filtered air were used and only 1 was infected with the virus. 

In all, 21 pulmonary adenomas were obaerved in the 2 exposed groups and 

only 5 in the uninfected controls. No tumors were found in the infected 

controls. No bronchogenic tumors were found. The authors determined that 

there was a significantly larger (P<0.0077) incidence of lung tumors in 

mice exposed to calcium chromate, compared to controls. Prior exposure to 

100 roentgens of whole-body X-radiation in another series of mice did not 

affect tumor incidence, but prior PR8 influenza infection appeared to 

reduce the incidence of tumors from calcium chromate. The authors [120] 

also gave 15 weekly intratracheal injections of calcium chromate to 2 

groups of hamsters. Hamsters in 1 group received 0.5 mg/week, the hamsters 

in the other group received 0.1 mg/week. The lesions produced were similar 

to those observed in the mice, but scarring of the lung parenchyma was more

widespread and adenomatosis was regularly observed. Hamsters also had

frank bullous emphysema and extensive goblet cell hyperplasia in all parts 

of the tracheobronchial tree.

In a study by Zekeev et al [121] in 1973, the blastomogenic and toxic 

effects of chromium(III) oxide, ammonium bichromate, sodium bichromate, 

chromium ores, and dolomite were observed in rats. Some rats were 

preliminarily treated with "non-carcinogenic" doses of 3,4-benzpyrene. 

Chromium(III) oxide was lntrapleurally administered in wool fat. Chromium 

ore (380-515 mg/cu m), dolomite (540-837 mg/cu m), sodium bichromate (0.05- 

0.10 mg/cu m), and ammonium bichromate (0.05-0.10 mg/cu m) were

administered to rats in a dust chamber 3 times/week for 2 hours for 6 

months. Microscopic examination of the lungs of those dying during the 

experiment revealed "precancerous changes." Exposure to chromite and



dolomite dust did not result in the development of any precancerous 

changes. Precancerous changes were observed in rats exposed to dusts of 

sodium bichromate and ammonium bichromate. The authors did not indicate 

whether control animals were used. The exposure of experimental rats to 

supposedly noncarcinogenic doses of 3,4-benzpyrene prior to exposure to 

chromium materials makes an interpretation of the results extremely 

difficult. Thus, it is not possible to assess the significance of this 

study.

A written communication from LS Levy in 1975 described an animal 

study done at Chester Beatty Research Institute, London. Random-bred 

Parton Wistar rats of both sexes received a pellet in the left inferior 

bronchiolus via trachectomy under anesthesia. The rats were kept for 2 

years. One hundred rats were set up for each of the chromium-containing 

material test groups. The pellets which were implanted contained 2 mg of 

test material suspended 50/50 (w/w) in cholesterol. Negative control

groups received either blank metal pellets or pellets and vehicle. 

Positive control groups received 3-methylcholanthrene. Lungs of all rats 

either dying during the study or killed at its termination were examined 

both macroscopically and microscopically. Apart from those in the lung, 

tumors were similar both in type and number in all groups. The bronchial 

tumors found and microscopically confirmed are given in Table III-2 along 

with the average induction periods. Additional lung tumors, not of 

bronchial origin and not considered by the authors to be causally related 

to implantations are also listed in Table III-2. The majority of bronchial 

tumors were large keratinizing squamous cell carcinomas. Intrathoracic 

invasions, particularly to the right lung in the hilar region, were common
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and metastases to local lymph nodes and to kidneys were seen.

Squamous cell carcinomas were found in 8/100 rats receiving calcium 

chromate, 3/100 rats receiving zinc chromate (zinc potassium chromate), 

3/100 rats receiving chromic chromate dispersed in silica, and 1/100 rats 

receiving ground chromic acid. It may be that the chromic acid 

implantation produced a carcinoma only because it was converted to a less- 

soluble chromium(VI) material by reaction with cholesterol. Because of its 

extremely great oxidizing ability, some of it may have been chemically 

reduced by cholesterol, forming chromic chromate. Calcium chromate 

produced carcinomas in 5/100 rats when mixed with primene, and carcinomas 

in 7/100 rats when mixed with diphenylguanidine. Primene 81-R benzoate and 

diphenylguanidine failed to produce tumors when administered by themselves. 

No bronchial carcinomas were found in negative control groups and in rats 

receiving sodium dichromate dihydrate or sodium chromate.
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TABLE III-2

LUNG TUMORS FOUND AND MICROSCOPICALLY CONFIRMED

Experi- Com- No. Bronchial Induction Lung Tumors
mental pound Test Material Rats Carcinoma Period not Associated
Group No. in of Left in Days with Treatment
No. Group Lung (Range)

I 1 Ground chro
mite ore

1 0 0 0

2 2 Bolton high 
lime residue

11 I I

3 3 Residue after 
alumina pre
cipitation

11 I f

4 4 Residue from 
slurry tank- 
free of 
soluble Cr

11 I f

5 5 Residue from 
vanadium 
filter

VI ff

6 6 Residue from 
slurry
disposal tank

1 0 1
I I

7 7 Sodium dichro- 
mate dihydrate

1 0 0
ff

8 8 Sodium chromate 1« ff

9 9 Chromic acid 
(ground)

I I
1 560

1 0 1 0 Chromic oxide 
(metal)

u
0

1 1 1 1 Calcium chromate I f 8 604(473-734)
1 2 1 2 Chromic chloride 

hexahydrate
11 0

13 13 Zinc chromate- 
type II*

I I 3 708(657-734)
14 14 Chrome tan 11 0
2 1 15A Diphenyl- 

guanidine (DPG)
I I ff

22 15B DPG + calcium 
chromate

ff 7 656(502-732)

Pulmonary adenoma 
of left lung

Anaplastic car
cinoma of upper 
left lung 

Adenoma of right 
lung 

Fibrosarcoma of 
upper left lung

Lymphoma of 
right lung

Zinc potassium chromate
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TABLE III-2 (CONTINUED)

LUNG TUMORS FOUND AND MICROSCOPICALLY CONFIRMED

Experi Com No. Bronchial Induction Lung Tumors
mental pound Test Material Rats Carcinoma Period not Associated
Group No. in of Left in Days with Treatment
No. Group Lung (Range)

23 16A Primene 81-R 
benzoate

100 0

24 16B Primene + cal
cium chromate

I I 5 620(440-732)

25 17A Chromic chromate I I 0
26 17B Chromic chromate I I 3 698(666-730)

dispersed in silica
15 15 Pellet + cho

lesterol
150 0 Adenoma of 

right lung '
16 16 Blank pellet tt f f Adenocarcinoma 

of right lung
28 28 Pellet + cho

lesterol + 
Kieselguhr

100 I I

20 20 100% 3-MCA 48 34 493(217-730)
17 17 100% 3-MCA I I 36 498(270-701)
18 18 50% 3-MCA I I 18 474 (.284-696)
19 19 25% 3-MCA I I 13 517(297-698)
27 27 50% 3-MCA 50 36 498(269-732)

Correlation of Exposure and Effect

Chromium(VI) materials have been implicated as responsible for such 

effects as: skin ulceration, [5,16-20,22-25,41,56-60,62] ulcerated nasal

mucosae, [5,19,22-24,41,56-60,63] perforated nasal septa, [5,18,19,22-

24,33,41,56-58,60] rhinitis, [5,19,23,41,56-58,60] nosebleed, [5,19, 22,56] 

perforated eardrums, [19] kidney damage, [84,105] pulmonary congestion and 

edema, [67] epigastric pain, [59] erosion and discoloration of the teeth, 

[5] and dermatitis. [7-11,21,25,61,62,69,71-81] In addition they have been 

associated with an increased incidence of lung cancer. [5,33,41,85-
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90,94,98-100,102,104,116] In the tradeB which have used chromic acid anhy

dride or alkali-metal salts of chromic acid, rather than compounds of 

lesser water solubility, chromium(VI) has been responsible for allergic 

contact dermatitis, [7-11,21,25,61,69,71-81] skin ulcers, [16,17,20,22-

25,56-60,62] nasal membrane irritation and ulceration, [22-24,56-60,63] 

nasal septal perforation, [22-24,33,56-58,60] rhinitis, [23,56-58,60] 

nosebleed, [22,56] liver damage, [68] pulmonary congestion and edema, [67] 

epigastric pain, [59] erosion and discoloration of the teeth, [5,56,] and 

nephritis. [84] In the chromate-bichromate producing industry which uses 

the alkaline oxidation of chromite ore, and in the pigment-manufacturing 

industry, chromium(VI)-bearing materials have been associated with an 

excessive incidence of lung cancer, [5,33,88-90] skin ulcers, [5,19] nasal 

membrane irritation and ulceration, [5,19,33,41] nasal septal perforation, 

[5,19,33,41,88] perforated eardrums, [19] and discoloration of the teeth. 

[5] Although it is apparent that any chromium(VI) materials may cause the 

less severe effects if they are present in aqueous solution in sufficient 

concentrations, the specific materials which were responsible for lung 

cancer have not been identified. To some extent the toxicities of 

chromium(VI) materials vary with their solubilities, but denotation of 

compounds on the basis of solubility alone has not been sufficiently 

precise to suggest a dichotomy of toxic effects,

(a) Chromium(VI) Materials Not Implicated

in Lung Cancer Production 

In the 1948 study by Machle and Gregorius, [33] it was determined 

that in a part of the chromate industry which only dried and packaged 

sodium bichromate and manufactured and packaged chromium(VI) oxide (chromic
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acid anhydride) and basic chromic sulfate, no deaths from lung cancer, 

among 33 deaths, occurred from 1930-47. In comparison, the plant which 

supplied this plant with sodium bichromate had 5 deaths from lung cancer 

from 1930-47. In this supplying plant alkaline roasting of chromite ore 

was done. The significance of this difference in mortality due to lung 

cancer is amplified by the lack of adequate evidence at this time that 

sodium and potassium chromate and bichromate and chromic acid anhydride by 

themselves cause lung cancer. Significant quantities of highly water- 

soluble chromium(VI) materials are used in chromium plating and anodizing. 

These operations were discussed in the previous chromic acid criteria 

document. [122] Reports [57,58,65] which have been prepared since the 

document was written tend to substantiate the position assumed in the 

document that the environmental limit and work practices recommended 

therein are appropriate to prevent adverse effects from exposure to chromic 

acid anhydride. The chromic acid criteria document [122] did not apply to 

the manufacture and use of any chromium(VI) materials other than 

chromium(VI) oxide and the hydrogen chromates and hydrogen polychromates. 

A series of references pertaining to chromic acid mist exposures [22- 

24,56,63,68] formed the basis for the recommended environmental standard in 

the chromic acid document. [122]

Since the document [122] was prepared, 2 studies of chromium-plating 

operations were made by NIOSH [57,58,65] and a third was found in the 

literature. [60] In 1 of these studies, from which 2 reports were made,

[57,58] NIOSH reported high incidences of nasal mucosal irritation and 

septal perforation where the greatest concentration of airborne chromium 

was 9.1 fig/cu m. However, in this workplace there was strong evidence that
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direct transfer of chromium(VI) from work to nasal surfaces occurred 

frequently.

In a study by Lumio [60] where the airborne chromium(VI) 

concentration was reported as 3 jug/cu m or less, the lack of proper work 

practices, ventilation, and protective equipment was probably primarily 

responsible for the signs and symptoms of chromium(VI) poisoning. The fact 

that 24 of the patients had cutaneous ulcers or scars of ulcers indicates 

that sloppy conditions existed in most workplaces studied. It was not 

stated in the article [60] what the total population at risk was in the 

plating shops, making an evaluation of the overall prevalence of signs and 

symptoms of chromium(VI) poisoning difficult.

In the other study by NIOSH, [65] a maximum airborne concentration of 

3 ng chromium(VI)/cu m, a concentration similar to that in the other 2 

plants, was found. [57,58,60] No ulcerated or perforated nasal septa were 

found although half the 32 workers had varying degrees of mucosal 

irritation. This incidence of mucosal irritation was not considered by the 

investigators to be necessarily significant because the survey was carried 

out at the peak of the 1972-73 influenza epidemic.

Of particular importance is the difference in duration of employment 

in the 3 plating establishments. [57,58,60,65] In the first one, [57,58] 

where high incidences of ulceration and perforation occurred, there were 37 

employees. Twelve of the 21 workers employed 1 year or less and 15 of the 

16 workers employed more than 1 year had ulceration and crusting of septal 

mucosa, avascular scarified areas of septal mucosa without erosion or 

ulceration, or perforation of the nasal septum. In the plant in Finland, 

[60] the incidence of signs and symptoms of chromium(VI) poisoning is
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impossible to establish because insufficient information was provided. 

However, it is apparent that most persons with signs and symptoms had been 

employed for 1-5 years, during which time the working conditions were less 

hygienic than those in effect at the time of the study. The third plant 

[65] with 32 employees provided great contrast with the other 2. [57,58,60] 

In this plant [65] no ulceration or perforation occurred, despite the fact 

that the workers had been employed for a much longer period of time— 15 

were employed 8 years or more; 7, between 4 and 8 years; 4, between 1 and 4 

years; and only 6, less than 1 year.

There were apparently significant differences in work practices in

the 3 similar electroplating plants. [57,58,60,65] In 1 of the 2 plants

[57,58] with high incidences of effects on nasal mucosae, employees were 

frequently observed putting contaminated fingers to their noses. [57] The 

plant in Finland [60] apparently also had poor work practices. Based on 

the well-documented [16,17,20,22-25,56,59,62] relationship between exposure 

to "chromic acid" and resulting skin ulceration, the lack of skin 

ulceration in the third contrasting study [65] suggests that good work 

practices were used in this plant.

The criteria document [122] on exposure to chromic acid concluded

that, in the presence of good work practices, an environmental limit of 50 

Mg chromium(VI) oxide [26 jug chromium(VI)/cu m] as a time-weighted average

and 100 fig chromium(VI) oxide [52 /ig chromium(VI)/cu m] as a 15-minute

ceiling would be sufficient to protect against irritation and ulceration of 

nasal mucosae, perforation of nasal septa, and other harmful effects. 

These 3 studies [57,58,60,65] provide additional basis for the 

recommendations in the criteria document that appropriate work practices
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are important in preventing occupationally related health problems.

As stated above, the ability of mists from chromium-plating tanks and 

splashes from plating solutions to cause skin ulcers, nasal mucosal 

irritation and ulceration, nasal septal perforation, [22-24,56,59,63,68] 

and liver damage [68] has been documented. One case history [84] reported 

severe nephritis followed by death due to the application of chromic acid 

anhydride to the wound resulting from the surgical removal of a facial 

carcinoma. The same effects, however, have been reported in persons having 

mixed exposures to sodium bichromate and sodium chromate, [5,19,33,41] 

being exposed to mists of chromium(VI) from plating or anodizing 

operations. In 1 instance [83] an acute oral poisoning with potassium 

bichromate resulted in severe nephritis and severe hepatitis. An animal 

study [105] of the effects of subcutaneous injections of potassium 

bichromate on monkeys’ kidneys served to demonstrate that large, single 

doses and smaller, repeated doses damaged epithelium of proximal and distal 

convoluted tubules.

In 1884, Mackenzie [19] reported that ulceration of the nasal mucosal 

membrane followed by nasal septal perforation usually occurred after an 

exposure to bichromate of only a few days. Corrosion of both the nose and 

throat was also common and was occasionally accompanied by inflammation and 

perforation of the ear drums. No estimates of the degree of exposure 

required to produce these disorders were presented, but at that time the 

manufacturing processes were undoubtedly accompanied by an extremely dusty 

environment.

In a survey of the chromate-producing industry in 1948, Machle and 

Gregorius [33] reported a wide range of airborne mixed chromate
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concentrations of 3-21,000 fig/cu m. In only 1 plant the degree of nasal 

septal irritation and perforation and airborne chromate concentrations were 

recorded. This plant comprised only the alkaline roasting operations, 

leaching to produce sodium chromate, and acidification to produce sodium 

bichromate and did not produce chromic acid anhydride. Among 354 employees 

examined, 35 reported nasal irritation and 154 reported nasal septal 

perforation. In this plant the range of "chromate" concentrations was 40- 

4,600 #ig/cu m. It is not unreasonable to assume that many of those with 

nasal perforation had been exposed to airborne "chromate" concentrations in 

excess of 4,600 /Ltg/cu m, because the plant began operation at least as

early as 1930 at which time the several plants used reverberatory furnaces, 

notorious sources of exposure.

In a later extensive retrospective study by Mancuso [41] of 1 of the 

plants studied by Machle and Gregorius, [33] excessive incidences of nasal 

septal perforation and chronic chemical rhinitis and chronic chemical 

pharyngitis were found in workers who had been exposed to chromium(VT) 

concentrations in areas which, at the time of the study, were near 0-0.5 

mg/cu m. In this plant sodium chromate and sodium bichromate were

manufactured, but chromic acid anhydride was not. Although there was

insufficient sampling to allow a statistically significant correlation

between urinary chromium and chromium(VI) exposure, it was noted that the 

workers exposed primarily during those operations that follow roasting had 

urinary chromium concentrations greater than those whose exposure was 

during operations preceding leaching. Workers in the cement plant control 

group had significantly less urinary chromium than the chromate workers.
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In a survey by the US Public Health Service in the early fifties, [5] 

509 of the 897 chromate workers had a nasal septal perforation. The 

duration of employment prior to developing a nasal septal perforation was 

determined for 473 of these 509 workers. About 23% of these workers 

developed nasal septal perforations in the first 6 months of employment,

50.2% during the first year, and 71.5% during the first 3 years. Four

hundred fifty-one of the 897 chromate workers had skin ulcers and scars 

produced by skin ulcers. Seventeen had lesions which were suggestive of 

chromate dermatitis. Seven separate plants were surveyed; sodium 

bichromate was the principal manufactured product of 6. One produced 

pigments from all of the bichromate it produced. Two of the 7 plants 

manufactured chromic acid anhydride as well. Two of the plants packaged 

sodium chromate and 2 manufactured potassium bichromate. All the plants 

apparently used alkaline roasting and thus sodium chromate was present as 

an intermediate. It is possible that some of the workers with these 

disorders had exposure to chromium(VI) oxide, but the vast majority were 

probably exposed only in processes not associated with chromic acid 

anhydride production. In addition, of all the operations surveyed, the 

chromic acid cookers-packers had nearly the lowest exposure to airborne 

chromium(VI) exposure of all the groups studied, less than 50 jug total 

chromium/cu m and less than 30 jig water-soluble chromium(VI)/cu m. This 

further supports the contention that chromic acid anhydride contributed

only very little to the airborne chromium(VI) concentration.

Thus, it is apparent that identical effects on health occur, 

regardless of whether the chromium(VI) exposure is to sodium chromate and 

sodium bichromate, or to mists from plating or anodizing tanks filled with
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acid solutions of chromium(VI). Indeed, the chromium(VI) in either 

solutions of soluble bichromate or chromium(VI) oxide is mostly in the same 

form, viz, hydrogen chromate ion. Although the acidities of the 2 

solutions and the chemical oxidation potentials of the solutions may 

differ, the corrosive abilities of solutions of bichromates prepared from 

chromâtes and chromic acid anhydride are all apparently sufficient to 

produce nearly identical effects on nasal mucosal membranes, nasal septa, 

and exposed skin.

Although there is no information on the inhalation toxicity of 

ammonium bichromate that allows comparison with other chromium(VI) 

compounds, on the basis of chemical and physical properties (Table XI-4), 

it might be expected to be similar in toxicity to sodium and potassium 

bichromates. Ammonium bichromate was among the materials produced in the 

plant in which 198 workers out of 285 examined had ulcers, scars, and nasal 

septal perforations. [61] The literature is extensive relating exposure to 

sodium chromate and bichromate, potassium chromate and bichromate, and 

ammonium bichromate to the production of contact dermatitis. [7- 

11,21,25,61,62,69,71-81]

Fregert [69] found positive reactions to water-soluble hexavalent 

chromium in patients with chromate eczema. Morris [8] reported positive 

reactions to chrome-containing glue and chrome-dyed leather shoes. Calnan 

[9] concluded that cement dermatitis was primary irritant dermatitis 

complicated by a secondary contact sensitivity to "hexavalent chromate" 

[presumably chromium(VI)]. Engebrigtsen [10] confirmed that workers with 

cement eczema reacted positively to patch tests with aqueous 0.5% solutions 

of potassium bichromate. Jaeger and Pelloni [11] found that 94% of those

99



with cement eczema gave positive patch test results with aqueous 0.5% 

solutions of potassium bichromate. McCord et al [7] reported that 4 out of 

25 lithographers developed vesicles following applications with aqueous 1% 

and 4.5% solutions of potassium dichromate but none had blisters following 

application with aqueous 4.5% solutions of ammonium bichromate. Parkhurst

[21] observed a woman who produced blueprints and developed a follicular 

erythematopapular dermatitis following application of an aqueous 0.5% 

solution of potassium dichromate on her thigh. Smith [25] reported the 

allergic reactions of a man sensitized to ammonium bichromate, which 

included a vesicular erythematous dermatitis, profuse perspiration, and 

sibilant rales. Edmundson [61] found that few workers who developed chrome 

ulcers were sensitized to an aqueous solution of 0.5% potassium bichromate. 

Pirila and Kilpio [71] reported that some workers who had been exposed to 

materials likely to contain chromium compounds— bookworkers, cement and 

lime workers, persons working with fish glue, metal factory workers, 

painters and polishers, and fur workers— were allergic to aqueous 0.5% 

solutions of potassium dichromate. Denton et al [72] reported on a man who 

reacted strongly to an aqueous 0.005% solution of potassium dichromate. 

Winston and Walsh [73] reported on a man who had a patchy, pruritic, 

erythematous dermatitis from working with a chromate-silicate-phosphate 

mixture (pH 10); the man had positive reactions to 0.25% sodium dichromate 

and to the above mixture. Levin et al [74] reported that lithographers 

developed an allergy to chromium(VI) which was elucidated by patch tests 

with various chromium(VI) materials including an aqueous 1% solution of 

potassium dichromate and other nondescript solutions. Engel and Calnan 

[75] found a group of workers who wet-sanded zinc chromate primer paint and
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who reacted positively to aqueous 0.5% solutions of potassium dichromate, 

and a group who did not react to an aqueous 0.5% solution of potassium 

dichromate until it was made alkaline (pH 10.3). Newhouse [76] found that 

24% of the automobile assemblers studied yielded positive reactions to 

aqueous 0.5% solutions of potassium dichromate. The chromate dip used on 

bolts, nuts, and washers as an antirust agent was ascertained to have been 

responsible for the dermatitis. Fregert and Ovrum [77] found that welders 

exposed to aerosols of chromium(VI) developed hypersensitivity which was 

confirmed by patch testing with aqueous 0.1% solutions of chromium(VI) as 

potassium dichromate derived from welding fumes. Shelley [78] reported a 

similar sensitivity to welding fumes; a man with chronic, eczematous 

eruptions had positive reactions to aqueous 0.25% solutions of potassium 

dichromate. Loewenthal [79] observed a green-tattooed bricklayer with 

eczema who yielded positive reactions to aqueous 0.1% and 2% solutions of 

potassium dichromate. Cairns and Calnan [80] described a green-tattooed 

cement worker with eczema who reacted to aqueous 0.1% and 0.5% solutions of 

potassium dichromate and to an aqueous 2% solution of cobalt chloride.

Walsh [62] ascertained that aqueous 0.5% sodium dichromate, 0.5% 

potassium chromate, 0.05% sodium dichromate, and 0.005% sodium dichromate 

solutions produced lesions on abraded skin. Perone et al [81] found that 

among 95 construction workers who worked regularly with cement, 1 reacted 

to an aqueous 0.25% solution of potassium dichromate and 1 other man 

reacted to an aqueous extract of cement containing 450 ppb (450 ng/g) 

hexavalent chromium but not to the 0.25% solution of potassium dichromate.
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(b) Chromium(VI) Materials Implicated in Lung Cancer Production

Chromium(VI) materials of some slight degree of water solubility

appear to have had primary responsibility for the high incidence of lung 

cancer in 2 industries. [5,33,88-90] The industry [5,33,90] which has been 

examined the most extensively is that which uses alkaline oxidation of 

chromite ore to produce chromate. Another industry [88,89] which has been 

found to have a seemingly high incidence of lung cancer is the chromium(VI) 

pigment industry. Other industries which use or produce slightly soluble 

chromium(VI) materials have not been studied to any extent, 

[5,11,33,62,70,75] but through evidence supplied by animal studies, 

[13,107-111,115-118,120, written communication from LS Levy, 1975] it 

appears that workers exposed to any slightly soluble salts of chromic acid 

are probably at greater than normal risk from lung cancer.

In the chromate-producing industry, an excessive incidence of lung

cancer was reported in the late 1940's by Machle and Gregorius [33] who 

found a total of 42 fatal cases of lung cancer in the industries in the 

United States producing sodium chromate and bichromate from chromite ore by 

alkaline oxidation between 1930 and 1947. These workers had begun their 

employment in the chromate industry between 1898 and 1939. One plant which 

used alkaline oxidation of chromite ore and produced sodium bichromate, 

chromium(III) oxide, and lead chromate employed 30-50 people and recorded 

no deaths from any cause. It had been in operation from 1938 to 1947.

Whether or not this lack of deaths is significant cannot be determined from

the data provided.

One particular plant, plant E of the Machle and Gregorius study, [33] 

was extensively studied later by Mancuso and others. [3,41,90] Exposures
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of job classifications in the various production departments were 

determined by extensive air sampling and several individual workers' 

exposures were estimated. Chromium(VI) concentrations were the greatest in 

the roasting and finish crystals departments. The smallest concentrations 

were found in the ore preparation and neutralizing operations.

The smallest average departmental concentration of chromium(VI) was 

30 jug/cu m; the largest was 280 fig/cu m. The mean chromium(VI) 

concentration of all 9 departments was 140 /ig/cu m. In this plant, many of 

the departments and processes were not isolated from one another, thus 

allowing cross-contamination of airborne contaminants. Although the 

authors [90] estimated time-weighted average exposures for the 7 persons 

who died from lung cancer, it was acknowledged that the number of deceased 

lung cancer victims was too small to provide a good basis for a statistical 

correlation with the calculated "exposure years". In addition, it should 

be noted that the calculated exposure years were based upon measured 

environmental chromium(VI) concentrations which were thought to be the 

lowest ever attained in this plant which had begun operation around 1932. 

In order to meet price and quality competition, improvements in equipment 

and processes had been made periodically. Therefore, it is reasonable to 

assume that the environment was less dangerous in the late 1940's than in 

1932. A cleanup plan was instituted in 1949, which was largely completed 

in 1951, and produced substantial reductions in airborne chromium 

concentrations in all departments. [91] At about the same time 

Improvements were also made in other plants. [123]

At the time of the study in 1949 [3,41,90] the range of exposures for 

the 7 who died from lung cancer was estimated from employment histories,
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job classifications, and 1949-50 environmental chromium concentrations. 

The range of exposures was calculated to be 10-150 fxg/cn m and the mean was 

50 jig/cu m , (Table XI-5). It is important to note that with 1 possible 

exception, all men died before the environmental data were gathered with 1 

death occurring approximately 10 years before the study. The 2 persons 

with the lowest calculated exposures to chromium(VI), 10 Mg/cu m, were

apparently in the same job category; 1 was a crane operator who had some 

coke plant exposure following his chromate employment.

Animal studies have been performed [13,28,106-121, LS Levy, written 

communication, March 1975] in attempts to identify the materials 

responsible for lung cancer in the chromate-producing industry. The dust 

in the plants where alkaline oxidation was done in the absence of lime was 

found to contain greater than 10% each of chromium, iron, magnesium, 

sodium, and aluminum; 1-10% each of silicon and manganese; 0.05-1% each of 

vanadium and potassium. Less than 0.05% each of copper, zinc, calcium, and 

lead was also found. [5] In a lime-using process one would expect to find 

much larger amounts of calcium. The refuse created by a high-lime roasting 

process has been found to contain 38% calcium oxide, 23% iron(III) oxide, 

15% aluminum oxide, 10% magnesium oxide, 3% silicon dioxide, 2% sodium 

oxide, 2% chromium(VI) [expressed as chromium(VI) oxide], 3% chromium(III) 

[expressed as chromium(III) oxide], 0.15% vanadium, 0.23% titanium, and 

0.15% manganese according to WS Ferguson, written communication, September 

1974. The chromium(VI) in the refuse comprised sodium chromate, calcium 

alumino-chromate, and calcium chromate(V), a "pentavalent chromium 

compound." The chrome residue following leaching contains similar 

percentages of the nonchrome materials and slightly larger percentages of

104



chromium(VI) and chromium(III).

Because residue from the leaching operation contained chromium(III), 

calcium, and chromium(VI), it was suggested [107,108, 112-114] that calcium 

chromate, chromium(III) chromate, or a complex containing the 3 species 

were carcinogenic. For this reason, animal toxicities of calcium chromate, 

residue, mixed chromate dusts, and sintered chromium(VI) oxide were

evaluated. Calcium chromate of indefinite composition was found to produce 

tumors. [107-109,111,113-117,120, written communication from LS Levy, March 

1975] Intramuscular Injection in rats using arachls oil as a medium 

produced spindle cell sarcomas and pleomorphic sarcomas but no metastases. 

[115] Intramuscular implantation of calcium chromate in sheep fat produced 

a spindle cell injection-site sarcoma in 1 of 52 mice. [109] By

intramuscular Implantation of calcium chromate in gelatin capsules, 2 of 6 

rats developed injection-site sarcomas. [109] By intrapleural implantation 

of calcium chromate in gelatin 3 of 6 rats developed injection-site

sarcomas. By subcutaneous injection in tricaprylin, 1 of 52 mice developed 

an injection-site sarcoma. [109] Calcium chromate was found to produce 

tumors in 21 of 35 rats, both sarcomas and carcinomas following intraplural 

implantation. [108] Intratracheal injection of calcium chromate produced 3 

malignant tumors in 85 rats in less than 12 months. [Ill] Calcium chromate 

implants in gelatin capsules produced 14 malignant tumors among 22 rats. 

[Ill] Eight cancers were found in a group of 100 rats when pellets of 

calcium chromate in a cholesterol carrier were implanted intrabronchially. 

Six of these were squamous cell carcinomas and were found in animals dying 

after 386—671 days. One animal dying after 474 days had metastases to the 

kidney. Two adenocarcinomas produced by calcium chromate were observed at
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366 and 609 days. Both of these demonstrated mucus production. These rats 

showed atypical squamous metaplasia of the bronchus. [117] Calcium 

chromate produced cancers in 10 of 35 rats at the sites of intramuscular 

injections. [116] In addition, it produced cancers in 28 of 35 rats at the 

sites of intrapleural administration. [116] Inhalation of calcium chromate 

produced in rats 1 keratinizing squamous cell carcinoma, 1 laryngeal 

squamous cell carcinoma with invasion of perineural spaces and adjoining 

cartilagenous rings, and 1 malignant peritruncal tumor of undetermined type 

and origin. At the same concentration of airborne calcium chromate, 1 

hamster developed a squamous cell carcinoma of the larynx which was 

invading and destroying the cartilage. In terms of chromium(VI), this 

calcium chromate concentration was 670 ¡ig/cu m. Animals received 589 

exposures at this concentration over 891 days. In view of these findings, 

the investigators examined the larynges. Two rats showed laryngeal 

hyperplasia and 3 showed laryngeal squamous metaplasia. Effects in 

hamsters were more marked with 8 animals showing laryngeal hyperplasia. An 

additional 8 animals showed squamous metaplasia of which 5 were "atypical 

with downgrowth." Another hamster, dying after 611 days, showed a squamous 

papilloma in the larynx with hyperplasia and hyperkeratosis. [118]

One study [120] used calcium chromate with a solubility in water of 

1,200-1,400 ppm ground in a ball mill after the solubility was determined. 

Approximately 136 C57BL/6 mice of each sex were exposed to 13 mg calcium

chromate/cu m for 5 hours/day, 5 days/week for their lifetimes. Six males 

in the exposed group developed lung tumors; 3 of the unexposed had lung 

tumors. Eight females in the exposed group had lung tumors; 2 in the 

control group had lung tumors. The lung tumors in the calcium chromate-
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exposed animals were generally not different from those in the control. 

All tumors were pulmonary adenomas or adenocarcinomas.

In 1 experiment, [113] mice were exposed by inhalation to a mixture 

of finely ground chromium roast material (13.7% chromium(VI) oxide, 9.3% 

sodium oxide, 6.9% chromium(III) oxide, 17.7% iron(III) oxide, 9.4% 

aluminum oxide, 8.7% magnesium oxide, 31% calcium oxide, 0.2% vanadium(V) 

oxide, and 2.4% silicon dioxide) to which was added 1% potassium 

bichromate. The concentration of airborne chromium(VI) to which the mice 

were exposed was 470-940 jug water-soluble chromium(VI)/cu m and 52-104 MS 

water-insoluble, acid-soluble chromium(VI)/cu m. No squamous cell 

carcinomas were produced in the mice. All lung tumors appeared to be the 

usual type of adenomas. Rats exposed to the same chromate material [113] 

did not develop bronchogenic carcinomas, but 4 of these 100 experimental 

rats developed lymphosarcomas and 1 developed a hepatoma. Three of the 

lymphosarcomas involved the lung and 1 appeared to originate In the lung. 

The concentration of airborne chromium(VI) to which the rats were exposed 

was 940-1,400 Mg water-soluble chromium(VI)/cu m and 104-156 Mg water- 

insoluble, acid-soluble chromium(VI)/cu m. Three of 85 control rats had 

malignancies, 1 had a subcutaneous fibrosarcoma, 1 had a mammary 

adenocarcinoma, and 1 had a lymphosarcoma involving the mesenteric lymph 

nodes. An additional experiment involved the study of 306 normal stock 

rats of the same strains as the 85 control rats. Final results indicated a 

total of 4 out of 100 experimental rats with fibrosarcoma and 2 out of 391 

control rats with fibrosarcoma, a difference which was felt to be 

statistically significant. However, the authors mentioned that 

lymphosarcomas are not uncommon in rats and that, although this finding was



suggestive, it could not be ascribed to chromate exposure unless confirmed 

by other experiments.

In a later experiment with rabbits, guinea pigs, and rats, [114] a 

mixed inhalation exposure was used, consisting of (1) the above [113] roast 

dust plus the mist produced by atomizing a 5% solution of potassium 

dichromate for 2 days a week; (2) a mist produced by atomizing a 17.5% 

solution of sodium chromate for 1 day/week; and (3) "pulverized residue 

dust" which consisted of roast material from which the sodium chromate had 

been leached, for 1 day/week. Finely ground potassium dichromate was added 

in a concentration of 1% to the chromate roast and residue materials. 

Inhalation exposures continued 4-5 hours/day, 4 days/week. Average 

concentration of chromium(VI) was 1.5-2 mg/cu m and the average weekly

exposures were 26, 22, and 24 mg-hr for rabbits, guinea pigs, and rats,

respectively. None of the 8 rabbits developed lymphosarcomas from the 

mixed dust. One of 50 guinea pigs developed a lymphosarcoma, and 3 

developed alveologenlc adenomas. Of the 44 controls, 1 developed 

lymphosarcoma, and none developed alveologenlc adenomas. Of the 78 rats, 4 

developed lymphosarcomas and 3 developed alveologenlc adenomas. Of the 75 

controls, 4 developed lymphosarcomas and 2 developed alveologenlc adenomas.

A finely powdered chromate roast was mixed with extracted sheep fat 

and implanted into the pleural cavities of 25 male rats. [107] Thirty-one 

female rats received implants into the muscle tissue of the right thigh. 

Control groups of 15 females received sheep fat implants in the thighs and 

pleural cavities. Pulmonary squamous cell carcinomas were found in 2 rats

with intrapleural deposits of chromite roast in sheep fat. Che of these

rats had a metastatic carcinomatous nodule in 1 kidney. The 3 injection-
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site tumors that were found in the rats given chromium-bearing sheep fat 

were fibrosarcomas. One of these rats had mesenteric metastases. Seven of 

the control rats had tumors, 3 of which were large round cell sarcomas 

involving the ileocecal and mesenteric lymph nodes. In a later experiment, 

[108] 2 groups of 35 rats received thigh and pleural implants,

respectively, of sintered calcium chromate, the composition of which was 

not determined. Eight of those with thigh implants and 17 of those with 

pleural implants with this material developed injection-site spindle cell 

sarcomas or fibrosarcomas. Sintered chromium(VI) oxide (sintered chromic 

acid anhydride) implanted in the thighs and pleural cavities of 2 groups of 

35 rats, respectively, produced injection-site sarcomas. Of these 70 rats, 

29 developed injection-site sarcomas. Sintered chromium(VI) oxide has an 

indefinite composition, containing both chromium(III) and chromium(VI). 

This material has been referred to as chromic chromate in some instances. 

[116,108]

In a study by Payne, [109] sintered calcium chromate was mixed with 

sheep fat and implanted into muscle tissue of the thighs of 52 mice. At 

the end of 14 months, a total of 9 implantation-site sarcomas were found.

Animal experiments have recently (March 1975) been completed, 

according to a written communication from LS Levy, which distinguish 

between the chromium(VI) compounds which are carcinogenic and those which 

are not. In this study, sodium dlchromate and chromate were tested and 

found to lack carcinogenicity. The less soluble chromium(VI) compounds 

tested, ie, chromic chromate in silica, calcium chromate, and zinc 

chromate, were found to be potent carcinogens.
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While the animal data leave much to be desired, there is sufficient 

information to support the conclusion that chromium(VI) compounds are 

implicated in the production of cancer, regardless of the mode of 

administration.

From the information available, it appears that a chromium(VI) mate

rial generated by the alkaline roasting of chromite ore, has carcinogenic 

characteristics when inhaled. [5,33,90,118-120] It is not conclusive that 

the carcinogen is any discrete, identifiable material, although it is 

apparently a chromium(VI) material of only slight solubility. [33,90] It 

is not reasonable, on the basis of the epidemiologic and animal studies, to 

exclude chromium(VI) materials of only slight solubility from those which 

are potentially carcinogenic.

There is a group of chromium(VI) materials which have been used for 

pigments. [5,6,124] Pigments are generally materials having very low water 

solubilities. Examples of pigments most widely used containing 

chromium(VI) are lead chromate, [88,89,124] zinc chromate,

[70,75,88,89,124] strontium chromate, [124] and cadmium chromate, all of 

which are poorly soluble. [124] Various shades of pigments may contain 

other substances in addition to these compounds. There are 2 studies 

[88,89] implicating pigments in lung carcinogenicity.

In 1943, Gross and Kolsch [88] reported lung cancer in workers 

involved with the production of lead chromate and zinc chromate. Lead 

chromate was prepared from lead acetate and potassium dichromate. Zinc 

chromate was prepared from zinc oxide and bichromate. It was noted that in 

these processes there was not much dust, but in the subsequent mixing with 

shading components, milling, grinding, and casking, a great deal of dust
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was evolved. From the 3 firms engaged in this manufacturing, 8 deaths from 

lung cancer were reported. The number of workmen Involved was given for 2 

of the 3 firms which reported 7 of the 8 deaths from lung cancer. The 

number of men involved in the 2 plants was probably less than 50, 7 of whom 

died from lung cancer. The 7 had worked in the industry for 5-17 years. 

No estimates of the degrees of exposure were given. It was noted that 7 of 

the 8 were exposed to zinc chromate and lead chromate, and the eighth was 

exposed only to zinc chromate.

In 1975, a study [89] of cancer in Norwegian workers in a similar 

pigment manufacturing process was published. Three workers in a cohort of 

24 developed lung cancer; 2 had exposure to both zinc chromate and lead 

chromate. The third worker had exposure to zinc chromate. The authors 

calculated that the ratio of the observed number of lung cancers for this 

cohort was 38. The total number of man-years-at-risk was 244. The 

airborne concentration of chromium in this plant (probably in 1972) was 

0.19-0.43 mg/cu m. Although these determinations were made 16-23 years 

after the workers began their employment, interviews by the authors led 

them to conclude, that airborne chromium(VI) concentrations at the time of 

the study (1972) were of the same magnitude as those in prior years.

The development of lung cancer following exposure to only slightly 

soluble chromium(VI) materials appears to be better documented In the 

chromate-production industry than in the pigment industry. Nevertheless, a 

reasonably good correlation can be made based on the findings in the 

studies of both the chromate-producing industry, [5,33,79] and the chrome- 

pigment-producing industry. [88,89] Other industries might be expected to 

exhibit excess lung cancer mortality if examined. Among these are
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manufacturers who use chromium(VI) in the production of pyrotechnics, 

matches, certain fungicides and seed sterilants, and dry batteries.

Several chromium(VI) materials which fall into this group of 

chromium(VI) materials which have been implicated in lung cancer production 

also have caused dermatitis. Sixty-five men [75] in a population of 250 

who were involved in the wet-sanding of automobile primer paint containing 

zinc chromate developed dermatitis. Lesions were generally red, scaly or 

vesicular dermatitis involving the hands, fingers, and forearms. Some had 

areas of patchy eczema, some had erythema or scattered papules, and others 

had a dyshidrotic pompholyx type of eruption, nummular eczema, or a 

follicular irritative dermatitis. Fifty-eight of the patients were patch- 

tested with an aqueous 0.5% solution of potassium dichromate and 91% had 

positive reactions. It is likely that the chromium(VI) in the primer was 

responsible for the dermatitis. Zinc has been implicated [125] in allergic 

dermatitis only on rare occasions. The concentration of chromium(VI) in 

quasi-equilibrium with zinc chromate was [108] 610 Mg/ml water and 830

Mg/ml Ringer's solution. The concentration of 610 ng chromium(VI)/ml 

corresponds to a 0.17% aqueous solution of potassium dichromate. It is 

therefore not surprising that 91% of these men reacted to a solution of 

0.5% potassium dichromate. As mentioned earlier, [11] persons who have 

become sensitive to chromium(VI) yield positive skin reactions to 0.1%, 

0.01%, and 0.001% solutions of potassium dichromate.

Hall [70] reported numerous cases of dermatitis in aircraft workers 

who worked with a zinc chromate primer, among other compounds. Ninety 

workers were patch—tested with a mixture of zinc chromate and calcium 

carbonate and 68% yielded positive reactions.
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Although there have been reports of skin ulcers, nasal mucous 

membrane irritation, and nasal septal perforations in workers in the 

chromate-producing industry, [5,33,41] it is inappropriate to attribute 

these effects solely to the products of the roasting and leaching 

operations; rather, these effects have been found throughout many segments 

of the industry.

Tables III-3 and III-4 summarize, respectively, the results of 

epidemiologic studies of cancer mortality in chromium(VI)-producing and 

chromium(VI)-using plants, and the results of animal toxicity studies of 

chromium(VI) materials. Table III-5 classifies the various chromium(VI) 

materials as noncarcinogens and carcinogens. In Table III-5 evident

noncarcinogens are those for which there is evidence of their lack of 

carcinogenicity; Inferred noncarcinogens are those that have chemical and 

physical properties similar to the evident noncarcinogens. The evident

carcinogens in Table III-5 are those chromium(VI) materials for which there 

is strong evidence of their carcinogenicity; Inferred carcinogens are those 

materials for which either there is no evidence to suggest they are not 

carcinogens or they have chemical and physical properties sufficiently

similar to those of the carcinogens that they are reasonably inferred to be

carcinogens.
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TABLE III-3

RESULTS OF EPIDEMIOLOGIC STUDIES IN
CHROMIUM(VI) PRODUCING AND USING PLANTS

fiant Materials Concentration

Al
Chroaate-produclng; 
alkaline oxidation 
of chroalta ora 
with lina

»1
Chroaate-produclng; 
alkaline oxidation 
of chroalte ora 
wich lima

E
Chroaate-produclng; 
alkaline oxidation 
of chroalte ora 
with liae

Celdua and
chromlum(lll) chromatea 
and bichromates; traca 
aaounts of othar aetals

Chroalte, soda ash» fuaed 
mixture, sodium chroaate, 
sodium bichroaate, sodium 
aulfata, sulfuric acid, 
(calcium and chromium(lll) 
chromatea and bichroaatas; 
traca amounts of other 
aetals)

Calclua and chromlum(lll) 
chrosutes and bichromates, 
traca aaouata of othar 
«stala

10-500 MS/cu a

20-2,300 pg/cu i

I .5-
II,500 Mg/cu i

D2
ChroMte-processlng; 
no alkallna oxida
tion of chroalta ora

Baltimore, Md, 
Chroaate-produclng; 
alkallna oxidation 
of chroalta ora 
with lise

Sodium bichroaate, chroalc No exposure 
acid, basic chrome estimate
sulfate, aulfurlc acid

Chromite, soda ash» 
lima, fused mixture, 
sodiua chroaate, sodiua 
bichroaate, sulfuric acid

Vnreported

4.86 deaths from lung 33
cancer/1000 man-yeara.
Controls! 0.09 deaths from 
lung cancer/1000 man-year*.

1.61 deaths froa lung 33
cancer/1000 man-years. Controls:
0.09 deaths from lung cancer/
1000 aan-yeara.

2.52 deaths froa lung cancer/ 33 
1000 man-years. Controls: 0.09 
dsatha froa lung cancer/
1000 man-years.

bio deaths froa lung cancer/ 33
1853 aan-yeara.

7 of 198 lung cancer cases in 94 
ona plant and 3 of 92 in another 
plant vere in chroaate plant 
workera. Control group had 
signlflcantly lower incidence 
of lung cencer.

feineeviUe, Ohio, 
Chroaate-produclng. 
alkaline oxidation 
of chroalta ora 
with lime

6 study plants, 
other than the one 
in Falnesvllle, Ohio, 
including the 
Baltimore, Md, 
plant. Chroaate- 
produclng, alkaline 
oxidation of 
chroalte ore 
with lime

3 atudy plants, 
comprising 70S of 
the chroaate- 
producing industry 
(1,212 workers) 
Alkaline oxidation 
of chroalte ore 
with lime

British chroaate- 
produclng, alkaline 
oxidation of 
chroalta ore 
with limestone

Chroalte ore, soda ash, 
lima, fused mixture, 
chromlum(lll). Sodium 
aulfata, sodium chroaate, 
sodium bichroaate.

Chroalte ore, aoda aah, 
lime, fuaed mixture, 
chroaium(IH), sodium 
sulfate. sodiua chrosute, 
chroalum(Vl) oxide, 
potassium bichroaste, 
chroae tan

Unmentloned but 
probably same aa above

0-500 Mg/cu i

0-432 jjg ‘Veter- 
soluble" Cr(Vt)/ 
cu m, 0-312 Mg 
acld-aoluble 
water-insoluble 
Cr(VI)/cu m.

bnreported

Chroalte ore, soda ash, 
llmeatone, sodium 
chroaate, sodium 
dichroaate, sulfuric acid, 
sodium sulphate, potaeslua 
chloride, potassium 
dlchromato, potassium 
chroaate, ohroalua(VI) 
oxide, chroae tan

0.4-17,000 
fig Cr (VX) / cu i

18.21 of deaths in chroaate 90
plant population were froa lung 
cancer; 1.2Z of deaths in control 
group were froa lung cancer.

Death froa cancer of respira** 
tory systea occurred at a rate 
of 470.8/100,000 in chroaate 
plants; rate waa 16.7/100,000 
in the population of the 
United States.

263 deaths occurred; 71 99
were due to cancer of 
respiratory aystaa, 8 deatha 
from cancer of respiratory 
system were expected.

1 case of lung cancer in 100,101
724 chroaate workers; 3.6
times as many workers died
of lung cancer as would have
been expected in the male
population of England and
Wales.

Chromium pigment 
production; 
chroaate-using 
plant

Chromium pigment 
production; 
chromats-uslng 
plant (A)

Lead acetate, potaaaiua Unreported
dichroaate, lead chroMte,
sine oxide, potasslua
dichroaate, sine
potassium chroaste,
beriua sulfste, iron(Xll)
hexacyanoferrate(ll)

Sodiua bichroaate, cinc 190-430
oxide, lead chroaate. Mg Cr/cu a
sine chroaate

7 deatha froa lung cancer 
in fewer than 50 workers.

3 cases of cancer of the 
bronchus; expected caaea 
was 0.079.

88
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TABLE III-4

RESULTS OF ANIMAL TOXICITY STUDIES
OF CHROMIUM(VI) MATERIALS

Material Route of Administration An Inal Number Raaulta Rafaranca

Chromite or« 11m roeat 
and bensena-extractad 
•hoop fat

Implantation in thigh 
ausela

Rats
(faaala)

31 3 fibrosarcomas, thigh
2 round call sarcomas, 
aaaantarlc lymph nodaa

3 carcinomas, uterus
1 cholanglomacardnoma, 
llvar

107

Sheep fat 15 2 round call aarcomaa, 
aasantarlc lymph nodaa 

1 cholangioma, llvar

Cbroait« or« lima roast 
and bensene-extracted 
ahaap fat

laplantation in plaural 
cavity

Rata
(aala)

25 2 aquanous cell
carcinomas, Implant 
alte

1 adenoma, adrenal 
1 cholanglomacardnoma, 
llvar

107

Stiaap fat Rats
(faaala)

15 1 adenoma, Implant 
alte

2 adenoflbroma, braaat 
1 round call earcoma,
mesenteric lymph nodaa

Finely pulverised , 
calciua cbromata in 
sbaap fat

Pellet laplantad in 
plaural cavity

Rats 35 21 sarcomas, Implant 
site

107

Sintered calcitai 
chroaata in ahaap fat

" h 17 sarcomae, implant 
alte

108

8intarad chroaiua(VI) 
oxida in ahaap fat

" " 14 sarcomas, implant 
site

"

Barlua chroaata in 
ahaap fat

h No tumors it

Shaap fat M " No tumors "

Finely pulverised 
calcivi chroaata in 
ahaap fat

Pallat Implanted in 
thigh auada

Rats 35 8 sarcomas, Implant 
site 

1 aquamous cell 
carcinoma, implant 
alte

108

ftintarad calcium 
chroaata in shaap fat

it " " 8 aarcomaa, implant 
site

"

tintarad chroaiua(Vl) 
oxida in shaap fat

15 sarcomas, Implant 
site

Barlua chroaata in 
shaap fat

m " No tumors "

Shaap fat - - " " "

Calciua chroaata in 
axtractad sbaap fat

Pallat lnplantad In 
thigh auada

Mica 52 2 sarcomae, Implant 
site

109

Sintered calciua 
chroaata in axtractad 
ahaap fat

it h 9 sarcomae, implant 
site

Shaap fat M h » No tunore "

Calciua chroaata in 
trlcaprylln

Injaction into napa of 
nack

Klca 52 1 sarcoma, Injection 
site

109

Sintarad calciua 
chroaata in trlcaprylln

" " No tumors ■i

Sintarad chroalua(VX) 
oxida in trlcaprylln

" " " " "

Trlcaprylln " » " "

Calciua chroaata 
in gelatin capsules

laplantad intraauscularly 
in thigh

Rata 6 2 sarcomas, Implant 
site

109

Calciua chroaata 
in galatln capsulaa

laplantad lntraplaurally " 3 sercomes, implant 
aite

11

Vatar-extrected raaldua 
froa alkaline llaa 
roasting and laachlng 
oparation in chroaata- 
producing industry

Subcutanaoua injaction 
into napa of nack

Klca 52 3 sarcomas, Injection 
aita

110
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TABLE III-4 (CONTINUED)

RESULTS OF ANIMAL TOXICITY STUDIES 
OF CHROMIUM(VI) MATERIALS

Material Route of Administration Animal Number Results Reference

Roast residue in 
sheep fee

Pellet Implanted 
intrapleurally

Mice 35 3 sarcomas, Implant 
site

110

SUeep fet " " No tumors »

Roaat residue la 
sheep fat

Pellet Implanted in thigh Mice 52 No tumors 110

Sheep fat 11 » " " "

Sodiua bichromate 
in gelatin

16 monthly Intrapleural 
Injections, each

16 monthly intramuscular 
injections, each

Rats 39 1 adenocarcinoma, 
Injection site

2 reticulum cell 
sarcomas, liver

1 adenofibroma, breast 
1 cystadenooa, ovary 
I adenoma, renal cortex 
1 cholangloma 
1 round cell sarcoma.
ileocecal lymph nodes 

1 squamous cell carcinoma, 
uterine mucosa

111

Untreated None 60 4 unspecified tumors, 
remote 

12 unspecified malignant 
tumors, remote

Calcium chromate 
in gelatin

Intratrecheal Instillation 
every 2 months

Rats 85 1 unspecified malignant 
tumor, remote

2 fibrosarcomas, injec
tion site

111

Strontium chromate 
in gelatin

60 1 unspecified benign 
tumor, remote 

1 fibrosarcoma, injection 
site

1 adenofibroma, breast
{line chromate Ip 
pplatin

" 73 1 unspecified malignant 
tumor, remote

"

Untreated " 35 4 unspecified malignant 
tumors, remote

"

Calcium chromate 
In gelatin capsule

Implantation in pleural 
cavity

Rats 14 8 unspecified
malignant tumors, 
implant site

111

Calcium chromate in 
gelatin capsule

Implantation in thigh 
muscle

8 2 unspecified malignant 
tumors, remote 

4 unspecified malignant 
tumors, Implant site

"

Roast dust from 
alkaline lime roasting 
process In chromate 
producing plant with 
IX potaaslun dichromate 
added to it«

Inhalation of duet; 0.47- 
0.94 mg/cu m water- 
soluble chromlum(VI) and 
0.052-0.104 mg/cu m 
water-insoluble, acid- 
soluble chromium. 
Solubilities were undefined.

Mice 500 241 survivors, 114 
with lung adenomas

113

Control None M 448 353 survivors, 160 
with lung adenomas

Roast dust from 
alkaline lima roasting 
process in chromate 
producing plant with 
IX potassium dichromate 
added to it.

Inhalation of duet; 
0.94-1.4 mg/cu m water- 
soluble chromium(VI) 
and 0.104-0.156 mg/cu m 
water-Insoluble, acid- 
soluble chromium(Vl). 
Solubilities were 
undefined.

Rats 110 3 lymphosarcomas, lung 
1 hepatoma 
1 lymphosarcoma 
appeared to originate 
in lung

113

Control None

«

100

306

1 subcutaneous 
fibrosarcoma 

1 mammary adenocarcinoma 
1 lymphosarcoma

1 lymphosarcoma
2 unspecified 
malignancies
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TABLE III-4 (CONTINUED)

RESULTS OF ANIMAL TOXICITY STUDIES 
OF CHROMIUM(VI) MATERIALS

Material Route of Administration Animal Number Results Reference

Roast dust from 
alkaline lime roasting 
process in chromate 
producing plant with 
1% potassium dichromate 
added to it.

Inhalation of dust;
15-25 mg chromlum/cu m 
(expressed as chromium(VI) 
oxide). Exposed 30 mln/day

Mice 61 30 survivors, 14 with 
lung adenomas

113

Control None " 49 30 survivors, 13 with 
lung adenomas

"

Roast dust from 
alkaline lime roasting 
process in chromate 
producing plant with 
1% potassium dichromate 
added to it.

Intratracheal injection,
5-6 doses at 4- to
6-week intervals

Mice 506 . 183 survivors, 112 
with lung adenomas

113

Control Intratracheal injection 
of 55 with saline

" 458 272 survivors, 155 
with adenomas

Roast dust from 
alkaline lime roasting 
process in chromate 
producing plant with 
IX potassium dichromate 
added to it. Suspended 
in olive oil.

Intratracheal injection, 
15 doses at 2-week 
intervale

Rats 40 No tumors .113

Olive oil Intratracheal injection » 42 „ ■■ "

Zinc potassium chromate Intratracheal injection Mice 106 62 survivors, 30 with 
lung adenomas

113

Saline " " 39 31 survivors, 14 with 
lung adenomas

"

Control None 99 68 survivors, 38 with 
lung adenomas

"

Barium chromate Intratracheal Injection Mice 52 38 survivors, 29 with 
lung adenomas

113

Control None " 49 31 survivors, 22 with 
lung adenomas

"

Roast dust from 
alkaline lime roasting 
process in chromate 
producing plant with 
1% potassium dichromate 
added to it.

Intrapleural injection Mice 55 41 survivors, 25 with 
lung adenomas

113

Control None " 41 30 survivors, 20 with 
lung adenomas

"

Basic potassium zinc 
chromate

Intravenous injection Mice 27 20 survivors, 16 with 
lung adenomas

113

Saline " " 26 22 survivors, 14 with 
lung adenomas

"

Control None " 27 22 survivors, 14 with 
lung adenomas

”

Barium chromate Intravenous injection Mice 40 38 survivors, 29 with 
lung adenomas

113

Saline " " " 34 survivors, 22 with 
lung adenomas

"

Control None 45 30 survivors, 19 with 
lung adenomas

"
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TABLE III-4 (CONTINUED)

RESULTS OF ANIMAL TOXICITY STUDIES 
OF CHROMIUM(VI) MATERIALS

Materiel Route of Administration Animal Number Results Reference

Sequence of exposures 
to (1) litte rout dust 
from an alkaline roast
ing proceas in chromate 
plant pluli a mist of 
1% potassium 
bichromate; (2) feist 
of 17.5fc solution of 
eodiu* chronate;
(3) pulveritSd residue 
duet conaiating of line 
roast material Which 
had been leached With 
water to remove Sodium 
chromate

Inhalation; water- 
soluble chromlum(Vl) 
concentration was 
1.5-2 mg/cu m; acid- 
soluble f water-insoluble, 
chromlum(Vl) concentration 
was 1.5-2 mg/cu m. Animals 
were exposed 4-5 hours/day, 
4 days/week.

Rabbits 
Guinea pigs

Rats

6
50

78

Effects on Lunft Tissue
I alveolar hyperplaaia
II alveolar hyperplasia 
3 alveologenic adenomas 
1 lymphosarcoma
5 alveolar hyperplaaia 
3 alveologenic adenomas

114

Control None Rabbits 

Guinea pigs 

Rats

5

44

75

1 lymphosarcoma

2 alveolar hyperplasia 
2 alveologenic adenomas 
4 lymphosarcomas

"

Lime roast duat from 
alkaline roasting 
procees in chromate 
producing plant vltli 
IX potassium bichromate

3-5 intratracheal 
injections at 3-month 
Intervals
6 Intratracheal injec
tions at 3-month 
Intervals

Rabbits 

Guinea plga

10

19

2 alveolar hyperplasia 114

Hlxtd lime roast 
chromate duat, 
potaasium bichromate

16 Intratracheal 
Injections at 1-month 
Intervals

Rats 38
2 lymphosarcomas

Zinc potassium chronate 6 intratracheal injec
tions at 6-week inter
vals

Mice 62 28 alveolar hyperplasia 
31 alveologenic adenomas 
2 lyaphosaromas

M

3-5 Intratracheal 
injections at 3«snonth. 
intervals

Rabbits 7 6 alveolar hyperplaaia

" 6 intratracheal injections 
at 1-month Intervals

Guinea pigs 21 13 alveolar hyperplasia 
1 alveologenic adenoma

"

Lead chromate 3-5 Intratracheal 
injections at 3-month 
Intervals

Rabbits 7 1 alveolar hyperplasia

" 6 intratracheai Injections 
at 1-month intervals

Guinea plga 13 2 alveolar hyperplasia "

Residue from water 
leaching of lime 
roaat material produced 
by alkaline oxidation 
of chromite ore

3-5 Intratracheal 
injections at 3-month 
intervals

Rabbits 7

6 intratracheal 
injections at 1-month 
intervals

Guinea plga 19 1 alveolar hyperplasia M

Saline 3-5 intratracheal 
injections at 3-month 
intervals

Rabbits 5 No hyperplasia "

Control None 2 ■■
Saline 6 intratracheal 

injections at 1-month 
intervale

Guinea pigs 18 5 alveolar hyperplasia

Control None Mice
"

2 alveolar hyperplasia 
7 alveologenic adenomas 
2 lymphosarcomas

fcinc carbonate 
(control)

6 intratracheal injections 
at 6-week intervals

" 12 1 alveolar hyperplasia 
3 alveologenic adenomas

"

Lead tltanate 
(control)

6 intratracheal Injections 
at 1-month Intervals

Guinea plga 6 1 alveolar hyperplaaia "
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TABLE III-4 (CONTINUED)

RESULTS OF ANIMAL TOXICITY STUDIES 
OF CHROMIUM(VI) MATERIALS

Material Rout« of Administration Animal Number Results Reference

Calcium chromât« ■ 
in arachls oil

20 once-weekly intra
muscular injections 
into right flank

Rats 2 4 11 spindle cell
sarcomas, injection 
site

7 plemorphic sarcomas, 
Injection site

115

Arachis oil " " 16 No tumors "

Chromic chromât« Intramuscular injection Hats 35 30 cancers, injection 
site

116

Intrapleursl injection 34 cancers, injection 
site
(1 carcinosarcoma of 
lung
1 osteogenic sarcoma 
with squamous cell 
nests In the lung)

Calcium chromât« Intramuscular injection " " 10 unspecified cancers, 
injection site

» • Intrapleural injection " 28 unspecified cancers,,

Slnt«r«d calcium 
chromât«

Strontium chromât«

Barium chromât«

L«ad chromât«

Intramuscular injection

Intrapleural injection

Intramuscular injection

Intrapleural injection 

Intramuscular injection

Intrapl«ural injection

Intramuscular inj«ctlon

Intrapleural injection

Sodium bichromate Intramuscular injection

11 Intrapleural injection

Chromite roast residue Intramuscular Injection

" Intrapleural injection

Zinc yellov

Sheep fat

Intramuscular injection 

lntrapl«ural injection 

Intramuscular injection 

Intrapleural injection

injection site 
(2 comifled squamous 
cell carcinomas of 
lung)

13 unspecified cancers, 
injection site

21 unspecified cancers 
injection site

17 unspecified cancers 
injection site

No cancers, injection 
site

2 unspecified cancers 
Injection site

3 unspecified cancers 
injection site

3 unspecified cancers, 
Injection site 
(1 adenocarcinoma 
with squamous cell 
transformations in 
lung)

No cancers, injection 
site

2 unspecified cancers, 
injection site

1 unspecified cancer, 
Injection site

8 unspecified cancers 
Injection site

16 unspecified cancers, 
Injection site

22 unspecified cancers, 
injection site

No cancers, injection 
site
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TABLE III-4 (CONTINUED)

RESULTS OF ANIMAL TOXICITY STUDIES
OF CHROMIUM (VI ) MATERIALS

Material Route of Administration Animal Number Results Reference

Roast residue in Pellet implanted in thigh Rats 35 1 sarcoma» implant 110
sheep fat site

Sheep fat ” " " No tumors "

Residue, in cholesterol Intrabronchial Implant 
from alkaline lime roasting 
of chromite ore after 
leaching by water

Rats 10Û 1 squamous cell 13 
carcinoma 

1 hepato-cell carcinoma 
atypical squamous 
metaplasia of bronchus

Calcium chromate in " 
cholesterol

6 squamous cell " 
carcinomas 

1 hepato-cell carcinoma 
atypical squamous 
metaplasia of bronchus

Chromium(lII) oxide 11 
in cholesterol

» 98 No carcinomas, atypical 
squamous metaplasia of 
bronchus

Chromlum(VI) oxide " 
in cholesterol

fl 100 2 hepato-cell " 
carcinomas

Cholesterol " » 24 No carcinomas M

Calcium chromate Inhalation; 2 mg/cu m
589 exposures in 891 days

Rats Unknown 1 keratinizing squamous 118 
cell carcinoma of lung

1 laryngeal squamous 
cell carcinoma with 
invasion of perineural 
spaces and adjoining 
cartilagenous rings

1 malignant peritruncal 
tumor

2 laryngeal hyperplasia
3 laryngeal squamous 
metaplasia

Hamsters M 1 squamous cell " 
carcinoma of larynx 

8 laryngeal hyperplasia 
of larynx 

8 squamous metaplasia 
of larynx 

1 squamous papilloma of 
larynx with hyperplasia
and hyperkeratosis

Calcium chromate Inhalation; 13 mg/cu m 
S hours/day » 5 days/week

Mice
(males)

136 6 lung tumors 
No bronchogenic tumors

120

Air Inhalation control " 2 lungs tumorB 
No bronchogenic tumors

"

Calcium chromate Inhalation; 13 mg/cu m 
5 hours/day, 5 days/week

Hice
(females)

136 8 lung tumors 
No bronchogenic tumors

120

Air Inhalation control " tt 2 lung tumors 
No bronchogenic tumors

Calcium chromate 15 weekly intratracheal 
Injections

Hamsters Frank bullous emphysema 120 
extensive goblet cell 
hyperplasia, bronchiollza- 
tion of alveoli
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TABLE III-5

NONCARCINOGENIC AND CARCINOGENIC CHROMIUM(VI)

Evident Noncarcinogens Inferred Noncarcinogens 
(see text for basis for 

Inferences)

Evident Carcinogens Inferred Carcinogens

Sodium bichromate Lithium bichromate Calcium chromate [3,5, Alkaline earth chromâtes
[33, LS Levy, writ Lithium chromate 13,33,41,90,93,94, and bichromates
ten communication, Potassium bichromate 98-102,107,119, LS Levy, Chromyl chloride
1975] Potassium chromate written communication, t-Butyl chromate

Sodium chrornate Rubidium bichromate 1975] Other chromimum(VI)
[LS Levy, written Rubidium chromate Sintered calcium chromate materials not listed
communication, 1975] Cesium bichromate [108] in this table

Chromium(VI) oxide Cesium chromate Alkaline lime roasting
[33] Ammonium bichromate 

Ammonium chromate
process residue [13] 

Zinc potassium chromate 
[88,89, LS Levy, 
written communication, 
1975]

Lead chromate [88,89]
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IV. ENVIRONMENTAL DATA

Sampling and Chemical Analysis
Air sampling for chromium compounds has been performed by a variety 

of methods suitable for particulate sampling and poses no significant prob

lems. Samples have been collected using electrostatic precipitators, 

[5,92] standard and midget impingers, [5,92,126-129] and numerous kinds of 

filters. [5,9?, 12<>,129-133] All such sampling methods are in reality 

methods for total chromium and are not specific for chromlum(VI). On the 

basis of convenience and sampling efficiency, the use of membrane filters 

is preferred, and several methods rely on collection by this means. [132] 

It has been shown, [134] however, that chromium(VI) may be reduced to 

chromlum(III) by reaction with cellulose filters, hence such filters are 

apt recommended if samples must be stored for an appreciable length of time 

prior to analysis. Abell and Carlberg [66] demonstrated that the use of 

polyvinyl chloride (PVC) filters eliminates this difficulty and presented 

data to show that storage pf collected samples for periods up to 2 weeks

did not result in a measurable amount of reduction of chromium(VI).

It Is probable that chromium in other oxidation states will accompany 

chromium(VI) In the air; hence, analytical methods are required which 

differentiate between chromium(VI) and the other forms. Most published 

methods relying on Instrumental analysis are in reality total chromium

methods, and will differentiate chromium(VI) from chromium(III) only if 

certain separation steps are included in the procedure. One separation

procedure, the method for determining chromium(VI) recommended in the NIOSH 

criteria document for occupational exposure to chromic acid, [122,135]
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relies on the complexation of chromium(VI) with ammonium pyrrolidine 

dithiocarbamate (APDC), followed by extraction with methylisobutyl ketone 

(MIBK). Under the conditions described, [135] chromium(VI) is complexed, 

thud effecting a separation of chromium(VI) from chromium(III).

Numerous methods have been published In which analysis is 

accomplished by means of atomic absorption spectrophotometry, [132,135-142] 

neutron activation analysis, [143-145] emission spectrography, [146,147] 

polarography, [92,130] spark source mass spectrometry, [148] and X-ray 

fluorescence. [149] It is also feasible, after forming chromium 

acetylacetonates or trifluoroacetylacetonates, to determine chromium by 

means of the very sensitive and selective gas chromatographic procedures. 

[150-153]

Beyerman [154,155] published a comprehensive review of the analytical 

methods for minute amounts of chromium. He critically compared the many 

methods with regard to their sensitivities, specificities, accuracies, and 

precisions. In addition he examined certain processes which are common to 

many methods such as the digestion of biologic samples in various strong 

acids. He specifically noted that consistently low results occurred when 

digestions were performed with perchloric acid due to the formation of 

chromyl chloride which was emitted as a gas. He further studied many 

common analytical reagents and showed that some of them were significantly 

contaminated with chromium, which could lead to erroneous results and high 

blank values. Errors due to the adsorption by the walls of glassware used 

were also appreciable, and other errors inherent in common analytical 

procedures were described. A particularly thorough study of extraction of 

chromium compounds with organic solvents was made, and various means of
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separating chromium(VI) by extraction were described. The analytical 

methods considered by Beyerman Included those based on colorimetric 

measurements, emission spectrography, flame photometry, X-ray emission 

spectrography, activation analysis, and 2 electrometric methods—  

polarography and biamperometry.

Most Instrumental procedures are generally not specific for

chromium(VI) and are not suitable for such analyses unless, as stated

above, prior separations are made. In the NIOSH method recommended in the 

criteria document for occupational exposure to chromic acid [122] for

example, atomic absorption spectrophotometrlc analysis is performed after 

extraction of chromium(VI) from the chromium(III).

There are means of performing an analysis in such a manner that only 

chromium(VI) is determined, and several such methods are based on the fact 

that chromlum(VI) reacts with iodide to form iodine that may thereafter be 

determined by a variety of standard iodometrlc procedures. [86,126,128] 

Such methods are not truly specific for chromium(VI) for they may be 

subject to interference by other oxidants or reductants. The reagents 

hematoxylin [86,128] and s-dlphenylcarbazlde [5,126-128,131,133,156-158] 

have been used for chromium(VI) analyses, and the latter reagent in

particular is widely favored for analysis of chromium(VI) in air. s- 

Diphenylcarbazide forms a colored complex with chromium(VI), but not with 

other chromium compounds, and the stability of the color formed contributes 

to the sensitivity of the method. Several materials, notably iron, copper, 

nickel, and vanadium, may interfere with the analysis [156], but relatively 

large amounts are tolerated without significant effect. In addition, 

certain other compounds such as cyanides, organic matter, and reducing



agents may also interfere. The effect of reducing substances, if present, 

must be taken into account in any method for determining chromium(VI), 

since they tend to decrease the actual airborne concentration of 

chromium(VI). In many sampling situations, however, the presence of 

significant quantities of such interferences may be ruled out and it is 

probable that in all but exceptional circumstances the method may be 

considered specific for chromium(VI) and subject to a minimum of 

interferences. As noted previously, Abell and Carlberg [66] have 

demonstrated that reduction of chromium(VI) by the organic matter of the

filter does not occur if polyvinyl chloride filters are used, and it is 

likely, though not proved, that certain other types of filtration media 

would also be suitable.

Subsequent experience with, and the development of, refinements to 

the s-diphenylcarbazide method by NIOSH demonstrates the superiority of 

this method. NIOSH now recommends this as well for chromic acid instead of 

the method in the chromic acid criteria document [122] because the s-

diphenylcarbazide method has shown at least indirectly the ability of many

hygienists to obtain excellent results with it. In addition, the s-

diphenylcarbazide method is simpler to use than the method in the chromic 

acid criteria document [122] and requires the purchase and use of less 

expensive, more commonplace analytical instrumentation.

For many years, test papers have been commercially available which 

rely on the reaction of chromium(VI) with a paper impregnated with s- 

diphenylcarbazide reagent. [96] Such papers, at best, give only an 

approximate indication of the concentration of chromium(VI) if present in a 

mist and cannot be expected to reliably indicate the presence of dry
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particulate matter containing chromium(VI).

There has been great interest in the determination of chromium in 

biologic materials, both for nutrition studies and in relation to occupa

tional exposure to chromium compounds. [137,138,142,147,151,159-162] Dif

ferential analysis for chromium(VI) in biologic samples is not easy, and 

most analyses reflect the total chromium intake. Many of the analytical 

difficulties encountered in chromium analyses are particularly troublesome 

in biologic samples where the extremely low concentrations of the element 

and the difficulties of ensuring complete oxidation of the chromium may 

cause substantial analytical errors. It is perhaps for these reasons that 

biologic monitoring of chromium, as discussed in Chapter III, is of 

relatively little value in assessing exposure to chromium(VI) in the 

occupational environment.

Control of Exposure

In many operations in the production and use of chromium(VI), 

exposures can be eliminated or kept within safe limits by use of closed 

system operations for reactors, conveyors, and holding or storage 

containers. [3,91,123] In such systems care must be exercised to ensure 

tight and reliable seals and joints, access ports, covers, and other such 

places. Failure of such seals can result in dust or spray emission into 

the atmosphere of the workroom. [123] When possible, such closed systems 

should be maintained under negative gage pressure. Even with closed 

systems, there will be unloading, charging, transferring, discharging, 

packaging, and transporting operations which afford various opportunities 

for contact with chromium(VI) and for the emission of dust and mist
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containing chromium(VI).

Emission of airborne chromium(VI) can be controlled at the source by 

suitably designed exhaust ventilation. In employing exhaust ventilation 

for such control, certain recommended practices, [163] and design and 

operating fundamentals [164] should be followed. Sources of emission 

should be as fully enclosed by hoods as possible. The exhaust air should 

be passed through air cleaners of suitable efficiency to reduce the

chromium(VI) concentration to acceptable levels before discharge into the 

community air.

Atmospheric exposure to and other contact with chromium(VI) can and 

should be reduced or controlled by isolating the process or emission source 

from employees. Location of an operation in an isolated area can also 

limit the number of employees who will be exposed in that operation. Such 

operations must be amenable to remote or automated control or to only 

intermittent attention by an operator.

In effect, the worker can be Isolated from the process by providing a 

clean area (clean room) in which the atmosphere is maintained essentially

free of chromium(VI) and other significant contaminants. This may be

accomplished by supplying air from an uncontaminated area or by filtering 

ambient air through high-efficiency filters. A clean area may be 

established as the control room for remote control operations or as an area 

to which operators may retreat for such periods as their presence may not 

be required at the process equipment.

Ventilation and Isolation of the processes will reduce the

probability of excessive contact with chromium(VI). For protection of eyes 

and skin, however, these measures may not be adequate for some operations.
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For those operations where contact of the chemicals with the eyes or skin 

may occur, whether by the nature of the work or by accidental splashes, 

sprays or spills, proper protective equipment, work clothing, and good work 

practices are required to control the exposure (see Chapter VI).

The operations for which it is most difficult to control exposures

are those of the maintenance and repair workers. The duties of these

employees require that they enter or otherwise come into close contact with

equipment or areas which may be grossly contaminated with chromium(VI). 

Often they must work under emergency conditions. The duration and fre

quency of their exposures are variable and irregular. Exhaust ventilation, 

protective clothing, and respiratory protective equipment should be used as 

practicable and combined with good work practices, carefully supervised, to 

ensure that exposures are below the recommended workplace environmental 

standard. Administrative controls may be used in addition, if necessary.
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V. DEVELOPMENT OF STANDARD

Basis for Previous Standards

The first standard in the United States specifically applicable to 

chromium(VI) was published by the American Standards Association Inc (now 

the American National Standards Institute Inc) in 1943. [165] It specified 

that "The maximum allowable concentration of chromium as chromate or 

dichromate dust, or as chromic acid mist, shall be 1 milligram of chromic 

acid anhydride (Cr03) in 10 cubic meters of air, for exposures not

exceeding a total of eight hours daily." The standard was based largely on 

the 1928 report by Bloomfield and Blum. [22] In 1971, the ANSI Z37

committee [166] reaffirmed the 1943 standard [165] thus updating it, but 

leaving it unchanged.

In 1973, the American National Standards Institute Inc [167] recom

mended a standard which included a celling of 0.3 mg chromium(VI) oxide for 

chromic acid anhydride and soluble chromates, and a TWA concentration of 

0.1 mg chromium(VI) oxide/cu m for an 8-hour day, 40-hour week. Thus, the 

TWA of 1 mg/10 cu m was left unchanged. For workweeks longer than 40

hours, it was recommended that the TWA concentration be reduced

proportionately. The same TWA was recommended for insoluble chromates but 

no ceiling was recommended for these compounds. The standard [167]

recommended a TWA concentration of 0.1 mg/cu m of lead chromate as 

chromium(VI) oxide because that was equivalent in terms of lead content to 

the current [168] ANSI lead standard of 0.2 mg/cu m. In the 1973 standard,

the American National Standards Institute Inc cited reports by Bloomfield

and Blum, [22] Mancuso, [41] Mancuso and Hueper, [90] Bourne and Yee, [3]
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the US Public Health Service, [5] Kleinfeld and Rosso, [59] Dankman, [169] 

Bidstrup, [100] Bidstrup and Case, [102] Vigliani and Zurlo, [85] the

Threshold Limit Committee of the American Conference of Governmental 

Industrial Hygienists, [170] a private communication from Mancuso to ANSI, 

[167] Hartogensis and Zielhuis, [171] Baetjer, [87] Machle and Gregorius, 

[33] Alwens and Jonas, [30] and Pfeil. [26]

In 1948, the Threshold Limits Committee of the American Conference of 

Governmental Industrial Hygienists [172] adopted a Threshold Limit Value 

for chromic acid and chromates of 0.1 mg chromic acid anhydride/cu m, which 

remained unchanged until 1973. [173] The reports by Bloomfield and Blum,

[22] Mancuso, [41] the US Public Health Service, [5] Kleinfeld and Rosso, 

[59] Vigliani and Zurlo, [85] Baetjer, [87] Mancuso and Hueper, [90] 

Bidstrup, [100] Buckell and Harvey, [101] Machle and Gregorius, [33] and 

Hueper and Payne [108] were considered when documentation for the TLV was 

published in 1971. [170] The TLV documentation stated "A review of the

present status of the suitability of the TLV between TLV subcommittee

members and industrial-hygiene representatives of the chromate industry 10 

years after improved controls had been in operation revealed that (1) the

TLV for chromic acid mist was satisfactory; (2) it contained a safety

factor of 3 or 4; and (3) the limit was probably satisfactory for the pre

vention of lung cancer, as no new cases had appeared during the 10-year

period; but (4) that the 10-year period was probably too short to be 

certain of its validity in this respect." [170] Data in support of these

points were not presented and discussed.

In the 1973 edition of the Threshold Limit Values [173] a change was 

proposed in the chromium TLV's. The TLV for chromic acid and chromates
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remained 0.1 mg/cu m as chromic acid anhydride. The TLV for "Chromium, 

sol. chromic, chromous salts as Cr" remained 0.5 mg/cu m, but the category 

"chromium... metal and insoluble salts", which had been 1.0 mg/cu m, [170] 

was marked for intended changes in order to be included as a group of 

substances in industrial use that have proved carcinogenic in man, or have 

induced cancer in animals under appropriate experimental conditions. The 

group was labeled "Chromates, certain insoluble forms" with a TLV of 100 

Mg/cu m. This group of certain insoluble chromates probably included 

calcium and zinc chromates and sintered chromium(VI) oxide (called chromic 

chromate) and others. The group was discussed in the 1971 TLV 

documentation [170] under "Chromic Acid and Chromates" for which the TLV 

was 0.1 mg/cu m, but in 1973 these materials were apparently removed from 

that group and placed under "chromium...metal and insoluble salts." It was 

not mentioned, however whether this intended TLV, 100 ng/cu m, was in terms 

of chromium, chromium(VI) oxide, or as chromates. Thus, the intended 

change to 100 jug/cu m may have been an increase, no change, or a decrease 

in the TLV for these materials. Nonetheless, the intent was apparently to 

denote "Chromates, certain insoluble forms" as "Human carcinogens."
I

In 1974 the situation was clarified, [174] in that the TLV for 

"chromic acid and chromates" was 0.1 mg/cu m as chromium(VI) oxide and that 

the TLV’s of "Chromates, certain insoluble forms, (Pb, Zn, and chromate- 

chromite ore...)" were 0.1 mg/cu m as chromium and these materials were 

noted as human carcinogens. It should be noted that the 1974 TLV for these 

compounds represented an increase in the TLV over the 1972 TLV.

The present (1975) federal standard for chromic acid and chromates is 

a ceiling concentration of 1 mg/10 cu m, ie, 100 ng/cu m, (29 CFR
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1910.1000) based on the American National Standard Z37.7-1971. [166]

In 1963 [175] the Threshold Limits Committee recommended a limit of

0.1 mg chromium(VI) oxide/cu m for tertiary butyl chromate, an ester of 

tertiary butyl alcohol and chromic acid, which was unchanged in the 1974 

TLV's. [174] As support for this recommendation, they cited the study by 

Roubal and Krivucova [176] in the 1971 documentation. [170] Roubal and 

Krivucova [176] reported that tertiary butyl chromate is readily converted 

to tertiary butyl alcohol and chromate by water. They reported that a 

technician experienced nausea and vomiting when exposed to an unknown 

airborne concentration of tertiary butyl chromate. When they exposed rats 

to unspecified airborne concentrations of tertiary butyl chromate, the 

animals experienced rapid breathing, signs of irritation, muscular

weakness, twitching neck and diaphragm muscles, and coughing. Microscopic 

examinations showed focal edema of the lungs and inflammatory alterations 

in the bronchial pathways. There was also some evidence of liver damage

and hyperemia of the kidneys. Where the skin was in contact with tertiary 

butyl chromate, necrosis occurred.

The present (1975) federal standard for tertiary butyl chromate is a 

ceiling concentration of 0.1 mg chromium(VI) oxide/cu m (29 CFR 1910.1000) 

based on the 1968 TLV. [177]

Standards have also been reported for chromium(VI) in other countries 

and in several states. In 1971, the West German maximum workplace

concentration (MAK) [178] for chromate was established at as low a

concentration as possible, ideally approaching zero, because, "no 

concentration can be stated which may be viewed as harmless." This MAK was 

set because "according to experience" this material is able to cause cancer
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in humans. In 1975, Sweden [179] set an occupational environmental limit 

for chromic acid and chromâtes, as chromium(VI) oxide, of 50 /¿g/cu m and 

considered poorly soluble chromâtes as carcinogens, as capable of causing 

sensitization, and as absorbable through the skin. Standards have been set 

in other countries and are summarized in Table XI-8; however, the basis in 

most cases was the same as that for the TLV for the US described above.

Basis for a Recommended Environmental Standard

Certain effects such as contact dermatitis, [7-11,21,25,61,.62,71-77] 

skin ulcers, [5,16-20,22-25,41,56-60,62] irritation and ulceration of the 

nasal mucosa, [5,19,22-24,41,56-60,63] and perforation of the nasal septum 

[5,18,19,22-24,33,41,56-58,60] have been reported and have resulted from 

contact with many different chromlum(VI) materials. Since there is no 

evident demarcation of categories of such compounds, it is concluded that 

all chromium(VI) materials can cause these effects. Other effects which 

have resulted from exposure to chromium(VI), eg, kidney damage, 

[5,83,84,105] liver damage, [5,68,83] pulmonary congestion and edema, [67] 

epigastric pain, [59] erosion and discoloration of the teeth, [5,56] and 

perforated eardrums [19] have been reported on occasions, but again it

seems reasonable that sufficient contact with any chromium(VI) material

could cause these effects.

In addition to causing these effects, some chromium(VI) compounds 

have been found to be associated with an increased incidence of lung 

cancer. [3,5,33,41,88-93,95,180] Because of the many valid reports showing

this association and because of experimental studies [107,117-120, LS Levy, 

written communication, March 1975] demonstrating some chromium(VI)

compounds to be carcinogens in animals, it is concluded that the
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association is causal, ie, that some chromium(VI) compounds cause lung 

cancer.

Recommending standards to protect workers from all these effects of 

chromium(VI) poisoning poses several difficulties because chromium(VI) is 

likely to be encountered in workplace air in a wide variety of forms and is 

often mixed with other materials. Sampling and analytical methods have not 

been developed which adequately distinguish between different compounds of 

chromium (VI).

Although there are Insufficient data available to allow the 

derivation of an appropriate environmental limit for each chromium(VI) 

compound, grouping of compounds with similar toxicities is possible. Oae 

such group of compounds includes chromium(VI) oxide, sodium bichromate, 

sodium chromate, potassium bichromate, and potassium chromate. From the 

data reviewed below, it appears that these chromium(VI) compounds are 

capable of producing similar toxic effects upon inhalation.

Delpech and Hillalret in 1869 [18] described the effects of potassium

chromate and bichromate on workers in the French chromate industry.

Workers suffered respiratory ailments from the first day of their 

employment. One assigned the task of washing "simple chromates", began to

suffer from nasal membrane injury, headache, and shortness of breath

several days after he started this job. Another worker, involved in 

calcining and bichromate extraction also had shortness of breath. No 

environmental data were reported but exposures were probably high because 

of the then prevailing poor hygiene around reverberatory furnaces.

In the chromate-producing Industry in the United States, only a small 

part of which produced chromic acid anhydride, the principal exposures to
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chromium(VI) were evidently to sodium chromate and bichromate because these 

were and are the principal intermediate and product of the alkaline 

roasting operation. To a lesser degree, there was also exposure to 

potassium chromate and bichromate. In 1884 Mackenzie [19] related having 

been told by a workman that destruction of the nasal septum sometimes took 

place after 24-48 hours of exposure. This destruction was associated with 

general congestion of the mucous membrane, nosebleed, coryza, ulceration of 

the turbinates, nasal pharynx, and lower pharynx, and inflammation of the 

lower respiratory tract. Intense headache, Inflammation and perforation of 

the tympanic membranes, and subsequent otorrhea also occurred. Exposures 

in this plant were probably very high, based on remarks about the history 

of the operation. [6]

In 1948, Machle and Gregorius [33] reported the incidence of nasal 

septal perforation in a sodium chromate-sodlum bichromate-producing plant 

to be 43.5% in 354 employees. Airborne chromate concentrations were 10- 

2,800 Mg/cu m at the time of the study. The plant had been In operation 

for at least 17 years; thus, some employees had probably worked in the 

plant when reverberatory furnaces were used, a notorious source of 

exposure. This study provided evidence that exposure to sodium bichromate 

and chromic acid anhydride does not produce lung cancer. During the 17- 

year period plant D2 had been in operation, no deaths from lung cancer 

occurred. By contrast, In plant Dl, which used alkaline roasting of 

chromite ore to manufacture sodium chromate, there were 5 deaths from lung 

cancer in the same period. As discussed in the section on Epidemiologic 

Studies, exposure to the intermediate in alkaline roasting has been 

associated with an Increased incidence of lung cancer.
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In the early 1950's, an epidemiologic study [3,41] was carried out in 

a single chrome plant in Ohio which produced sodium chromate and bichromate 

but no chromium(VI) oxide. In this study, the overall incidences of nasal 

septum perforations, chronic chemical rhinitis, and chronic chemical 

pharyngitis were significantly greater than those of the control group. 

The chromium(VI) concentration was as great as 0.5 mg/cu m. However, the 

incidences of these disorders in the groups of workers exposed at less than 

85 Mg chromium(VI)/cu m were not significantly greater than those of 

control groups.

In 1953 the US Public Health Service [5] investigated the hazards 

associated with some of the chromium-producing industry in the United 

States. As mentioned above, it is likely that throughout the industry most 

of the exposures to chromium(VI) were to sodium chromate and bichromate. 

The range of time-weighted exposures was 5-170 pg water-soluble 

chromium(VI)/cu m based on the s-dlphenylcarbazide method of chemical 

analysis. The mean exposure was 68 ¿¿g water-soluble chromium(VI)/cu m. 

Results of analysis of airborne chromium showed cross-contamination of work 

areas in that airborne chromite ore and water-soluble chromium(VI) as well 

as acid-soluble, water-insoluble chromium, were found in nearly all areas 

of the plants; the acid-soluble, water-insoluble chromium was analyzed by 

direct colorimetry. Of the 897 workers examined, 57% had perforation of 

the nasal septum, 11% had a severely red throat, 8% had edema of the uvula 

and 50% had cutaneous ulcers or scars. The Incidence of severely reddened 

throat and edema of the uvula was greater than twice that of control 

groups. Data on cutaneous effects in the control group were not given. 

There was also an Increased incidence of lung cancer in these chromate



workers. A more recent study [57,58] has Indicated poor work practices 

(eg, nose-picking) to be the likely causes of nasal ulcers and 

perforations. It seems evident that ulcers on the skin and hands (and 

other exposed skin areas) are also from local contact, thus the result of 

poor work practices. Although Mancuso [41] and the US Public Health 

Service report [5] did not make observations on this point, it seems likely 

that the high incidence of nasal and cutaneous ulcers and sequelae in their 

studies was also largely, conceivably entirely, due to such work habits. 

However, a contributory role of airborne chromlum(VI) in the development of 

nasal ulcers and septal perforations and the major role in the development 

of primary nasal irritation must be considered.

Liver enlargement was noted In about 2% of the chromate workers. 

Those with enlarged livers were at least 15 years older and had worked an 

average of 4 years longer in the chromate industry than those without 

enlarged livers. The frequency with which white and red blood cells and 

casts were found in the urine was usually greater than that in the average 

industrial population, suggesting kidney damage.

The nonneoplastlc signs of exposure to chromium(VI)— nasal mucosal 

irritation and ulceration and, to a lesser extent, nasal septal 

perforation— were likely to be closely related to airborne chromium(VI) at 

the average concentration measured at the time of the study, ie, 68 jug/cu 

m. There was some evidence that liver and kidney damage occurred as a 

result of long-term exposure to chromium(VI). Results were more conclusive 

relative to kidney damage in controlled experiments with monkeys, which 

sustained [105] kidney damage after subcutaneous Injections of sodium 

bichromate. Absorption of large amounts of chromium(VI) has, on a few
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occasions, [68,83] resulted in hepatic injury; it has also produced severe 

nephritis. [83,84] Because there have been several instances [5,83,84,105] 

in which kidney damage has apparently been the result of chromium(VI) 

absorption, routine urinalysis should be performed where there is 

occupational exposure to chromium(VI). Hepatic injury [5,68,83] has also 

been reported [5,68,83] as the result of chromium(VI) absorption; for this 

reason, it is recommended that in routine medical examinations the 

responsible physician should consider appropriate liver studies.

From these studies of the effects of exposure to sodium or potassium 

chromate or bichromate, two [5,41] contain information useful in deriving 

an exposure-effect relationship. The work of Mancuso [41] indicated only a 

slight and statistically Insignificant increase over controls in the 

incidences of nasal and pharyngeal disorders In workers exposed at less 

than 85 Mg chromium(VI)/cu m. From the US Public Health Service report, 

[5] it appears that an average exposure of 68 Mg water-soluble 

chromium(VI)/cu m, comprising chromate and bichromate, was enough to 

produce irritation of the nasal mucosae and severely reddened throats in 

some workers.

Based on several studies [22,56,59,63,64] which showed that 

inflammation and ulceration of nasal mucous membranes can occur at airborne 

chromium(VI) oxide concentrations in excess of 0.1 mg/cu m in a short 

period of time, it was recommended in the chromic acid criteria document 

[122] in 1973 that the then current federal standard (ceiling) of 0.1 mg/cu 

m (reported as chromium(VI) oxide) (29 CFR 1910.93, recodified in 1975 to 

29 CFR 1910.1000) be retained and supplemented by a TWA concentration limit 

of 0.05 mg/cu m in order to afford the worker additional protection against
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possible effects of chronic exposure. After reconsideration of evidence 

presented in the chromic acid criteria document, NIOSH reaffirms, in 

principle, its recommendations for the workplace environmental standard

proposed for chromlum(Vl) oxide. The TWA workplace environmental limit of

0.05 mg/cu m as chromium(VI) oxide is 26 Mg/cu m as chromium(VI). If this 

recommended environmental limit is extended to sodium chromate and 

bichromate and potassium chromate and bichromate, it would represent a 

considerable reduction from 68 ng/cu m chromium(VI) average airborne

concentrations which produced [5] a slightly greater incidence of 

irritation of eye and throat mucous membranes in the chromate-producing 

Industry than in the control groups. Because the exposure-effect 

relationships for sodium chromate and bichromate and potassium chromate and 

bichromate appear to be nearly identical with those described in studies of 

plating and anodizing operations, [22,56,59,63,64] a recommendation that

the previously (1973) proposed environmental limit in the chromic acid 

criteria document [122] be modified and expanded to include these salts in 

addition to "chromic acid anhydride and aqueous solutions thereof" would be 

addressing a group of compounds of uniform toxicity.

In the light of the study by Machle and Gregorius [33] which showed 

an elevated incidence of lung cancer only in that part of the operation 

involving lime roasting, it seems clear that the lung cancer found in the 

US Public Health Service study [5] occurred in that part of the population 

involved in lime roasting. This is supported by some observations of the 

authors, [5] in that, of those workers with lung cancer whose work history 

was sufficiently described, most had worked at or near the lime mills or 

kilns. It is also supported by Laskln et al [118] and written information
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supplied by Levy in 1975 which indicated that the highest incidence of lung 

cancer was found in animals treated with calcium chromate. The information 

from Levy indicated no lung cancers were produced in animals treated with 

sodium chromate or bichromate.

When the toxicities of chromium(VI) compounds are examined, it 

becomes apparent that several have demonstrated carcinogenic activity.

[3,5,33,A1,88-93,95,107,117,118,120,161,180] Nearly all the implications of 

carcinogenicity have arisen from studies of the worker population of the 

chromate-bichromate producing industry and from animal studies using the

intermediates produced in that industry. Some Implications have arisen 

from the pigment-producing industry [88,89] and from animal studies [116, 

LS Levy, written communication, March 1975] using pigments and chemically 

analogous chromium(VI) compounds. Other Industries and processes are 

suspect despite the absence of appropriate studies because they use or 

produce materials chemically similar to the Intermediates in the chromate- 

bichromate industry or chromium(VI) pigments. [124,181]

The only industry which has been extensively studied [5,33,41,90- 

93,95,161,180] has been the chromate-bichromate producing industry in the 

United States. However, even studies of this industry have provided only

small amounts of information. Thus, the relationship between airborne

concentrations of certain chromium(VI) compounds and the incidence of 

cancer is uncertain. Machle and Gregorius [33] published the first report 

of a high incidence of lung cancer among workers in the US chromate 

industry. In 1,966 man-years of employment in 5 plants, there were 32 

deaths from lung cancer. The death rate for chromate workers from cancer 

of the bronchi and lungs was 29.2 times that of a control population. This
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study indicated that a high incidence of lung cancer was associated with 

exposure only to the alkaline roasting and roast leaching operations which 

produced intermediates of ill-defined, only slightly soluble chromium(VI) 

compounds. Plant D1 manufactured sodium bichromate from chromite ore using 

alkaline oxidation (roasting) and leaching. Airborne concentrations of

"chromates" in the kiln and milling areas were 0.8-4.6 mg/cu m. It is 

reasonable to conclude that in terms of chromlum(VI) this range was 

approximately 0.4-2.3 mg/cu m. In this plant, the SMR from cancer of the 

lungs and bronchi in the <50-year age group was 2,420 (P<0.01). In the

>50-year age group, the SMR was 1,090 (P<0.05). Overall SMR for all ages

for death from this cause was 1,499 (P<0.01). The incidence of deaths from 

other causes was not significantly greater in the chromate industry than in 

the control population.

Plant £, studied by Machle and Gregorius, [33] was later examined 

extensively by another team of investigators. [3,41, 90-93,95,161,180]

This plant produced sodium chromate and sodium bichromate through alkaline 

roasting of chromite ore, but no chromium(VI) oxide.

In 1 study, Mancuso and Hueper [90] reported 7 deaths from lung

cancer in Plant E (v.s.), the calculated TWA exposures being 10-150 ng 

chromium(VI)/cu m. It is unclear how the authors derived these TWA 

concentrations because the range of exposures in the various .departments 

was 30-260 /tig chromium/cu m. Because of (1) the time which elapsed between 

the dates at which the 7 workers began their chromate employment (January 

1932-October 1941) and their death dates (December 1938-March 1950) and (2) 

the time between their periods of employment and the analysis of airborne 

chromium(VI), it is unlikely that the calculated TWA exposures adequately

141



reflected the actual exposure to chromium(VI) the men had while working. 

In addition, airborne chromium(III) and chromium(VI) were present in all 

areas of this plant making it impossible to associate the high incidence of 

lung cancer with exposure to a particular chromium compound.

In 1953 the US Public Health Service published a survey 15] 

describing conditions in other chrotnate-producing plants. This study of 

897 workers revealed 10 workers with bronchogenic carcinoma, a rate of 

1,115/100,000 population. By contrast, they reported that, in a general 

Boston chest X-ray survey, 54 of 259,072 had bronchogenic carcinoma, an 

incidence of 20.8/100,000 population. These 10 workers had various job 

classifications in the chrome plants studied. Mean exposures to 

chromium(VI) in the various job classifications studied were 5-170 pg/cu m. 

Again, It is unlikely that these exposures were true Indications of the 

exposures experienced by the 10 who developed bronchogenic carcinoma 

because all had begun their chromate exposure between 1910 and 1942. Nine 

probably had exposure to the reverberatory furnaces abandoned in the early 

1930's. The average number of years of exposure was 22.8 (range: 8-39).

As in the above study [90] the large number of variables in this study [5] 

precludes the derivation of a dose-response relationship.

In 1975, Watanabe and Fukuchl reported preliminary results [182] of a 

recent survey of a Japanese chromate-produclng plant. The survey showed 

that in 136 workers who had been employed for at least 9 years there were 

10 cases of lung cancer. The number of deaths from lung cancer was 21.2 

times as high as the expected number of deaths. Table XI-9 provides the 

data which have been reported; the proper analysis of the results of this 

study is contingent on the future publication of the necessary details.
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Publication of additional details of this study has not yet (October 1975) 

been accomplished.

Because of the uncertain character of the airborne chromium(VI) 

present in the chromate-producing plants studied, [3,5,33,41, 90-

93,95,161,180,182] and the wide ranges in airborne chromium(VI) 

concentration— reported as 0-600 jig/cu m, [5] 30-280 ¿tg/cu m, [90] 3-21,000 

jug/cu m [33]— it is impossible to derive a dose-response relationship and 

thus it is impossible to derive a safe environmental limit for chromium(VI) 

carcinogens.

In the plants studied by Gross and Kolsch [88] which produced lead 

chromate pigments and zinc chromate pigments from chromium(VI), a high 

incidence of lung cancer was also reported. Unfortunately, no information 

was provided on airborne concentrations of chromlum(VI) materials in these 

plants.

Langard and Norseth [89] found the incidence of lung cancer in a 

plant producing both lead chromate and zinc chromate pigments to be 38

times the expected Incidence. In a cohort of 24 workers, the 3 who

developed lung cancer were exposed for 6, 7.5, and 8 years. In this plant

they estimated the exposures of those who developed lung cancer to have 

been 0.19-0.43 mg chromium(VI)/cu m.

Preliminary results (JF Morgan, written communication, October 1975) 

of an epidemiologic study of 3 lead chromate manufacturing plants in the US 

have indicated that there has been an excess of lung cancer deaths, as a 

percentage of total deaths, among the exposed group of employees. The

expected date of completion of this epidemiologic study has been estimated 

to be the last quarter of 1975.
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In animal studies, inhalation of calcium chromate was found [118] to 

produce 1 keratinizing squamous cell carcinoma, 1 laryngeal squamous cell 

carcinoma, and 1 malignant peritruncal tumor in rats, and a squamous cell 

carcinoma of the larynx in a hamster. In other animals, laryngeal 

hyperplasia, laryngeal squamous metaplasia, and a squamous papilloma were 

found. Intrabronchial implantation of calcium chromate in cholesterol in 

rats produced [117] squamous cell carcinomas with metastases, 

adenocarcinomas with mucus production, and atypical squamous metaplasia of 

the bronchus.

Chromate roast material produced squamous cell carcinomas in rats 

following intrapleural deposition. [107]

From the above, it can be concluded there is a great likelihood that 

the solubility or leachability of a chromium(VI) material has some 

Influence on its carcinogenicity. Less-soluble chromium(VI) compounds—  

lead chromate and zinc chromate pigments, calcium chromate of ill-defined 

origin, and chromate roast material— are suspect carcinogens while the 

highly soluble chromium(VI) materials have not been found to be 

carcinogenic. There are insufficient data available, however, to 

accurately identify carcinogenic chromium(VI) materials solely on the basis 

of solubility. From the above information, it is likely that alkaline 

earth monochromates, most of which are only slightly water soluble, are 

carcinogenic despite the lack of experimental or epidemiologic evidence on 

some of these compounds.

On this basis, a grouping of chromium(VI) compounds is possible, 

despite the lack of sufficient toxicologic information on each. To the 

group of compounds for which the toxicity has been shown not to include
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carcinogenicity, additional compounds may be added, based on known chemical 

and inferred toxicologic properties. They are the chromates and 

bichromates of hydrogen, lithium, rubidium, cesium, and ammonium. 

Protection from these compounds will be afforded by the same environmental 

limits recommended in the chromic acid criteria document, [122] a TWA of 26 

Mg chromium(VI)/cu m, a celling of 52 Mg chromium(VI)/cu m, and appropriate 

work practices.

Although arithmetical conversion of the workplace environmental 

limits expressed as chromium(VI) oxide in the chromic acid criteria 

document [122] to expressions as chromium(VI) generates 26 Mg and 52 Mg> 

respectively, these limits suggest more accuracy is possible in deriving 

safe workplace environmental concentrations than is warranted; therefore, 

it is recommended that a TWA limit of 25 Mg Cr(VI)/cu m and a ceiling limit 

of 50 Mg Cr(VI)/cu m be applied Instead.

As was expressed in the chromic acid criteria document, [122] a 

ceiling on airborne workplace concentrations of noncarcinogenic 

chromium(VI) is needed to augment protection provided by the recommended 

TWA limit. This additional protection should prevent adverse effects which 

have been found [19,22,64] to result from exposures to chromium(VI) for 

short periods of time.

Lithium, rubidium, and cesium are Included because, like sodium and 

potassium, they are alkali metals. Ammonium salts of chromium(VI) are 

included because of their high solubility and other similarities to other 

alkali metal salts. [183] Hydrogen chromates and bichromates are hydrated 

forms of chromium(VI) oxide.
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The remainder of the chromates and polychromates constitute a group 

containing several compounds which are potent carcinogens the only 

slightly soluble chromates of lead, zinc, or calcium, and complex mixtures 

produced as intermediates in the chromate-manufacturing process. Because 

toxicologic evidence is not available to exonerate any of the many 

compounds in this group, and because there is strong evidence that several 

are carcinogens, it is concluded that all of this group should be treated 

as carcinogens. It is Interesting that all of these compounds are only 

slightly soluble in water, which is consistent with the postulate that 

water solubility is one of many factors in the carcinogenicity of 

chromium(VI) compounds. In view of the fact that there are no reliable 

data on which to base a safe airborne concentration of this group of 

chromium(VI) compounds, exposure to them should be kept as low as possible.

From the above discussion, it is concluded that different 

recommendations are appropriate for noncarcinogenic chromium(VI) than those 

for the chromium(VI) carcinogens. The standard Includes different 

recommendations for the environmental limit, monitoring chromium(VI), 

medical surveillance, labeling, and respiratory protection. However, there

is no sampling and analytical method that will adequately determine the

recommendations that should apply to a given workplace. The compliance

officer will not be able to determine the correct regulation to use solely

on results of environmental monitoring.

For this reason, it is proposed that the recommendations for the 

carcinogenic chromium(VI) compounds be routinely applied. When it is 

demonstrated that only the noncarcinogenic compounds are present in a 

discrete area the recommendations for noncarcinogenic chromium(VI)
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apply. Thus, within a given plant, different recommendations might apply 

to specific discrete areas within the plant. The term "discrete areas" 

Implies no cross-contamination from one area to the other. Whether cross- 

contamination is prevented by separate ventilation systems and barriers, by 

physical isolation, or by other means, contamination of areas subject to 

the standard for noncarcinogenic compounds by carcinogenic chromium(VI) 

compounds should Invalidate the arrangement.

Evidence relevant to a demonstration that only noncarcinogenic 

compounds are handled in a specific area could Include Identification of

the compounds brought in and those transported out as well as chemical
/

substances involved in the operation Itself. For example, if chromite ore 

were roasted with lime and then converted to sodium dichromate or 

chromium(VI) oxide, a significant likelihood of exposure to calcium 

chromate, a carcinogenic compound, would exist.

It is possible that sampling and analytical methods may be developed 

which adequately distinguish, on the basis of samples of airborne 

chromium(VI). These may also be used as evidence for such a demonstration.

Two analytical methods have been evaluated by NIOSH for the 

determination of chromium(VI). [66,122] The first [122] uses atomic

absorption spectrophotometry for the determination of chromium after 

chromium(III) is removed from the sample by solvent extraction. This 

method was recommended in the chromic acid criteria document. [122] The 

second method [66] uses a simpler, colorimetric procedure, not requiring 

solvent extraction. NIOSH has found that each of these 2 methods is 

capable of determining 0.5 Mg chromium(VI) with 10-20% precision. Each 

method can detect smaller amounts of chromium(VI) but without acceptable
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reliability, itaalyses by the method recommended in the chromic acid 

criteria document, which uses atomic absorption spectrophotometry, have 

been subsequently found by NIOSH to be much more time consuming than those 

using the s-diphenylcarbazide colorimetric method; thus, it appears that 

routine analysis would be simplified by a recommendation that the s- 

diphenylcarbazide colorimetric method be used for the determination of all 

chromium(VI) compounds, whether or not carcinogenic.

Therefore, the recommended analytical chemical method is that 

described in Appendix II and it uses the spectrophotometric determination 

of a colored complex of chromium(VI) and s-diphenylcarbazide.

Because of the carcinogenicity of some chromium(VI) materials and the 

lack of evidence suggesting a safe workplace environmental limit, it seems 

appropriate to recommend that no detectable amounts of these substances be 

allowed in workplace air with a specified method of sampling and chemical 

analysis. The recommended analytical method (v.s.) will reliably detect 

0.5 jug chromium(VI). The lower detection limit is approximately 0.05 jig 

chromium(VI) by this method but detection and determination are not 

reliable at this limit because of (1) variations in the background 

concentrations of airborne and reagent substances that interfere with the 

determination of chromium(VI) at this trace level and (2) the Inherent 

unreliability of the calibration curve generated by determinations of known 

amounts of chromium below, at, and slightly above the detection limit. 

Because of this unreliability at this limit of detection and the resultant 

questions about the validity of compliance actions at airborne chromium(VI) 

concentrations at this limit, it is concluded that a finite workplace 

environmental limit based on the least reliably detectable and determinable
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concentration of chromium(VI) should be recommended. To ensure that this 

environmental limit is very low, a long sampling time to Increase the 

volume of air sampled is proposed.

In order to collect sufficient airborne particulates in a day to 

allow the presence or absence of carcinogenic chromium(VI) to thus be 

reliably detected and determined, it Is recommended that the largest sample 

feasibly collected by currently available sampling pumps and filters for 

the periods of workers' daily activities be taken. Personal sampling pumps 

are reliably operated for up to 8 hours if they operate at approximately 1 

llter/min. In this time, about 0.5 cu m of air will be filtered.

It is concluded that (a) 0.5 Mg chromium(VI) should be collected in 

order to evaluate whether or not carcinogenic chromium(VI) Is present in 

the workplace air and (b) that 0.5 cu m of air should be filtered over the 

period of a workday In order to effectively sample the workers' 

environment. As a result of these recommendations, it can be calculated 

that the workplace environmental limit for airborne carcinogenic 

chromlum(VI) is 1 Mg Cr(VI)/cu m as a TWA for an 8- to 10-hour workday.

Because carcinogenic chromlum(VI) and noncarclnogenic chromium(VI) 

are frequently encountered in the same workplace and because of the long 

latent period for the development of lung cancer, it seems appropriate to 

recommend that medical records for employees with either type of exposure 

be retained for a similar length of time, ie, 30 years.

It is recognized that many workers may handle small amounts of non- 

carcinogenic chromium(VI) compounds or are working in situations where, 

regardless of the amount used, there is only negligible contact with these 

compounds. Under these conditions, it should not be necessary to comply
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with many of the noncarcinogen provisions of this recommended standard, 

which has been prepared primarily to protect worker health under more 

hazardous circumstances. Concern for worker health requires that 

protective measures be instituted below the enforceable workplace 

environmental limit to ensure that exposures stay below that limit. For 

these reasons, "occupational exposure to noncarcinogenic chromium(VI)" has 

been defined as exposure above half the time-weighted average environmental 

limit, thereby characterizing those work situations which do not require 

the expenditure of resources for environmental and medical monitoring and 

associated recordkeeping. Half the environmental limit has been chosen on 

the basis of professional judgment rather than on quantitative data that 

differentiate nonhazardous areas from areas in which a hazard may exist. 

However, because of nonrespiratory hazards such as those resulting from 

skin irritation or eye contact, it is recommended that appropriate work 

practices and protective measures be required regardless of the airborne 

concentration of chromium(VI).

There are several gaps which have been found in the available 

information relating exposure to chromium(VI) compounds and effects on 

humans. One such gap is the lack of appropriate sampling and analytical 

methods which can elucidate directly, on the basis of samples of airborne 

chromium(VI), whether carcinogenic chromium(VI) is present or not. Another 

gap pertains to chromium(VI) materials for which the toxicity is not well 

known. One such compound is chromyl chloride, a chromium(VI) compound 

generated from chromium(VI) oxide and chloride. It is a liquid with a 

vapor pressure of 20 mmHg at room temperature. Gaseous chromyl chloride, 

which is a vapor-phase chromium(VI) compound, may therefore be liberated by
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the appropriate combination of chromium(VI), acid, and chloride in the 

presence or absence of water. Hill and Worden [184] in 1962 made a 

preliminary investigation of the preparation and collection of chromyl 

chloride and experienced insurmountable difficulties In sampling and 

analyzing airborne chromyl chloride. They speculated that chromyl chloride 

was produced in a European chrome plant they sampled, wondered whether or 

not it played a role in the development of lung cancer, and advised readers 

that "grave Industrial exposures" to It have occurred in the US and should 

be further Investigated. WS Ferguson (written communication, February 

1975) mentioned that before 1961 the chromic acid operation occasionally 

used sodium bichromate which contained chloride and that based on his 

personal observations (further undescrlbed) chromyl chloride was sometimes 

present. It seems reasonable, after consideration of these preliminary 

investigations and observations, that this gaseous chromium(VI) compound 

and others may be generated in places where chromium(VI) compounds are 

used. Currently available air sampling and chemical analytical regimens 

are probably unable to detect gaseous chromium(VI) compounds, eg, chromyl 

chloride, and In addition, their toxicltles are yet unknown.
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VI. WORK PRACTICES

In the production and use of chromium(VI) materials, work practices 

must be designed to minimize or to prevent the inhalation of such materials 

and their contact with skin and eyes. Good work practices are a primary 

means of controlling certain exposures and will often supplement other 

control measures.

Enclosure of materials, processes, and operations is completely 

effective as a control only when the integrity of the system is maintained. 

Such systems should be inspected frequently for leaks and any leaks found 

should be promptly repaired. Special attention should be given to the 

condition of seals and joints, access ports, and other such places. [123] 

Similarly, points of wear or damage should be inspected regularly.

Ventilation systems require regular inspection and maintenance to 

ensure their effective operation. The effects of any changes or additions 

to the ventilating system or to the operations being ventilated should be 

assessed promptly, including measurements of air flow and of environmental 

levels of contaminants under the new conditions. Work practices should 

introduce no obstructions or interferences which would reduce the 

effectiveness of the ventilating system.

Because chromium(VI) compounds cause irritation of the skin, skin 

ulcers, and skin sensitization, contact with these materials should be 

prevented by full-body protective clothing consisting of (a) protection for 

the head, neck, and face, eg, a hat preferably with a broad brim, such as a 

full-brimmed hard hat or respirator hood, (b) coveralls or the equivalent, 

(c) impermeable gloves with gauntlets, and (d) shoes and apron where
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solutions or dry materials containing chromium(VI) may be contacted.

The proper use of protective clothing requires that all openings be 

closed and that garments fit snugly about the neck, wrist, and ankles 

whenever the wearer is in an exposure area. Clean work clothing should be 

put on before each shift. At the end of the shift, the employee should 

remove the soiled clothing, place it in the covered container provided, and 

shower before proceeding to his locker to put on his street clothes. The 

shower should Include a good lathering with soap. Care should be exercised 

to keep contaminated work clothing away from street clothing.

These procedures also apply when, during a shift, the work clothing 

becomes wetted or grossly contaminated with a material containing 

chromium (VI).

Gloves, aprons, goggles, face shields, and other personal protective 

devices must be maintained in good hygienic and uncontaminated condition. 

They should be cleaned or replaced frequently and on a regular schedule. 

Employees should keep such equipment In suitable, designated containers or 

places when the equipment is not in use.

Workers may reduce the potential exposures significantly by retiring 

to clean areas when their presence at the operation point is not necessary. 

A clean area may simply be a room or a space where sustained environmental 

levels are such that it can be considered as being without occupational 

exposure to chromium(VI). A clean area can be deliberately established by 

means of ventilation which provides either filtered air or air from an 

uncontaminated source in a manner and amount which maintains the environ

mental level of chromium(VI) at a nonexposure level.
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In areas and at operation sites where the use of respiratory 

protection is required, the employee shall wear the designated type of 

respirator and observe the practices of the respiratory protective devices 

program. The necessity of cleanliness and maintenance of respirators 

should be emphasized. Practices which lead to the contamination of the 

interior of the facepiece should be prohibited.

When spills of chromium(VI) occur, they should be cleaned up promptly 

by means which will minimize any inhalation of, or contact with, the 

materials. Wet vacuuming is preferred for spills of dry material. Liquid 

or wet material spills should be flushed with an abundance of water. This 

liquid waste should be channeled to a treatment system or to a holding 

container for recycling or for safe disposal. Dikes should be sufficient 

to contain the volume of liquid from process or storage containers.

If chromlum(VI) comes into contact with the skin, the affected area 

must be flushed promptly with large amounts of running water. When there 

is gross contact, the area should be washed with mild soap and water. The 

eyes, if splashed, sprayed, or otherwise contaminated with chromium(VI), 

must be flushed Immediately for 15 minutes with a copious flow of water, 

then promptly be examined by a physician to determine the need for further 

treatment. The employee shall be fully informed of the need for carefully 

observing these procedures.

The duties of maintenance and repair workers pose special problems of 

potential contact and exposure. Often the very circumstances that require 

the maintenance or repair work and under which work must be done will 

negate some of the normal control procedures. Because of these factors, 

very careful supervisory control must be exercised for such activities.
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The availability of an unrestricted supply of water near all 

workplaces where contact with chromium(VI) is likely is necessary. The 

water may be provided by a free-running hose, at low pressure, or by 

emergency showers. Where contact with the eyes is likely, eye-flushing 

fountains should be provided.

Careful attention to personal hygiene practices is important to the 

control of skin exposures.

Employees shall be fully Informed of the hazards and of the proper 

work procedures. They should be trained to report promptly to their 

supervisor any leaks observed, failures of equipment or procedures, wet or 

dry spills, cases of gross contact, and Instances of suspected 

overexposure. The employees should be Instructed in the location and use 

of protective equipment and they should be periodically refreshed on these 

matters.
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VIII. APPENDIX I

Sampling for Chromium(VI) [66]

Breathing zone air is drawn at the rate of 1-2 liters/minute through 

a 37-mm PVC filter having a 5-jum or smaller pore size mounted in a 2- or 3- 

piece cassette which is attached to the worker's collar. PVC is 

recommended because other materials may chemically reduce chromium(VI) to 

chromium(III). A portable battery-operated personal sampling pump 

connected to the cassette by flexible vinyl tubing and worn by the worker 

shall be used for sampling and must be calibrated (v.l.) in accordance with 

this appendix. Minimum sample volume for determining time-weighted average 

exposure to noncarcinogenic chromium(VI) should be 192 liters. For 

determining ceiling concentrations, the minimum sample volume should be 96 

liters. Alternative sampling systems may be used, providing the necessary 

volume of air is sampled through a chemically inert filter in the breathing 

zone of the worker. The minimum quantity of chromium(VI) which must be

collected in order to determine with reliability the presence or absence of

chromium(VI) in a sample is 0.5 /ig Cr(VI) . In order to determine that 

chromium(VI) is present only in the workplace at concentrations less than

0.5 /ig/cu m, it is necessary that each sample of airborne chromium(VI) that

is analyzed for the purpose of making this determination be the residue 

from the filtration of at least 1.0 cu m of workplace air.

Upon completion of sampling, plastic caps should be replaced on the 

inlet and outlet openings of the cassette and an appropriate identifying 

number attached to it. Samples should be stable for periods up to 2 weeks, 
but should be analyzed as soon as possible.

SAMPLING AND CALIBRATION PROCEDURES
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Calibration

The accuracy of an analysis can be no greater than the accuracy with 

which the volume of air is measured; the accurate calibration of a sampling 

device is essential to the correct interpretation of the volume indicator. 

The frequency of calibration depends on the use, care, and handling of the 

pump. Pumps should be calibrated if they have been misused or if they have 

just been repaired or received from a manufacturer. If the pump receives 

hard usage, it should be calibrated more frequently.

Ordinarily, pumps should be calibrated in the laboratory both before 

they are used in the field and at frequent intervals while being used. The 

accuracy of calibration is dependent on the type of instrument used as a 

reference. The choice of calibration instrument may depend largely upon 

where the calibration is to be performed. For laboratory testing, a soap- 

bubble flow meter (eg, an inverted buret), where appropriate, or wet-test 

meter is recommended, although other standard calibrating instruments such 

as a spirometer or dry-gas meter can be used. The actual set-up should be 

connected as shown in Figure XI-1. In this way, the calibration instrument 

will be at atmospheric pressure. Each personal sampling pump must be 

calibrated separately. If the inverted buret is used, it should be set up 

so that the flow is toward the narrow end of the unit.

Care must be exercised in the assembly procedure to ensure that seals 

at the joints are airtight; the length of connecting tubing in the 

calibration system upstream from the filter cassette should be minimized. 

The pump's rotameter must be calibrated with a representative filter and 

filterholder In the line. The temperature and pressure at which the pump's 

rotameter is calibrated should be recorded.
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IX. APPENDIX II

Chromium(VI): The s-diphenylcarbazide method using a PVC filter and

modifications made by Abell and Carlberg [66] is recommended.

Principle

Chromium(VI) airborne particulates are collected on a polyvinyl 

chloride (PVC) filter.

The filter is washed with dilute sulfuric acid, and s-

diphenylcarbazide is added to form a colored complex.

The absorbance of the solution at 540 nm is determined and compared 

to the absorbance of standards.

Range and Sensitivity

When using 22-mm cells and a 15-ml final volume, an absorbance of 

0.0044 occurs, which corresponds to a 1% reduction in % transmittance (%T), 

with about 0.05 jug of chromium(VI).

The useful range for the colorimetric method is 0.5-10 ¿ig

chromium(VI). For a 1000-liter air sample, this corresponds to 0.5-10 fig

Cr(VI)/cu m. Dilutions are easily made.

Interferences

Possible interferences for the diphenylcarbazide method include many 

of the heavy metals. The elements likely to be encountered at appreciable 

levels are Iron, copper, nickel, and vanadium. Tests show that 10 jug of

ANALYTICAL CHEMICAL PROCEDURES FOR DETERMINATION OF CHROMIUM(VI)
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any of these causes an absorbance of less than 0.002 (a reduction of less 

than 0.5% transmittance), which is equivalent to about 0.02 fig 

chromium(VI).

Precision and Accuracy

Ten filters spiked with 1.0 ng of chromium(VI) (a 0.01-ml droplet of 

100 ppm chromium(VI) standard solution was placed on each filter and 

allowed to dry) gave recoveries of 93% with a relative standard deviation 

of 3.2% when analyzed within 1 hour of deposition; after 1 week, the 

average recovery dropped to 50%. Twenty-two filters, each loaded with 

about 5 ng of chromium(VI) in a chromic acid mist generator, gave results 

with a relative standard deviation of 4.3%. No corroborative tests have 

been performed on this method.

Apparatus

22-mm round, matched cuvettes.

Filtering apparatus.

Spectrophotometer set to operate at 540 nm.

Reagents

Water: Unless otherwise designated, all water used is double distilled

or deionized.

Half-normal sulfuric acid solution: Add 13.9 ml of concentrated

sulfuric acid to some water in a 1-liter volumetric flask and dilute to 

mark. The exact concentration is not critical but it is suggested that the 

same solution be used for a complete test— samples, blanks, and standards.
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After thorough mixing, it is convenient to transfer part of the solution to 

a small plastic wash bottle.

Diphenylcarbazide solution: Dissolve 0.50 g of s-diphenylcarbazide

in a mixture of 100 ml of acetone and 100 ml of water. Store in a dark

bottle in the refrigerator. The solution will remain stable for about 1 

month.

Chromlum(VI) standard solution: Dissolve 0.2829 g of potassium

dichromate (reagent grade or better) in water in a 1-liter volumetric flask

and dilute to mark. This solution is 100 ppm in chromium(VI).

Procedure

(a) Cleaning of equipment

(1) Wash all containers in hot, soapy, tap water and follow

with tap and distilled water rinses.

(2) Soak in concentrated nitric acid (10% nitric acid for

plastics) for 30 minutes. Rinse thoroughly with water.

(b) Collection and shipping of samples

(1) Samples are collected on PVC filters with 5-fm pore

size. The temperature and pressure or elevation at which the samples are 

collected should be recorded.
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(2) Air is drawn through the filter by means of an

appropriate sampling pump. Some minimum sampling volumes for collection of 

approximately 0.5 Mg chromium(VI) are:

Concentration to be Minimum required
measured, Mg chromium(VI)/cu m sample size (liters)

0.5 1000
1.0 500
5.0 100
10.0 50
25.0 20

(3) With each batch of samples, 1 filter labeled as a blank 

should be submitted. This filter should be subjected to exactly the same 

handling as the samples except that no air is drawn through it.

(4) The samples should be shipped in a suitable container, 

designed to prevent damage in transit.

(c) Analysis of samples

(1) Pipet 15 ml of water into each cuvette to be used. Put

a piece of tape on the cuvette so that its bottom edge matches the

meniscus. Rinse the cuvetteB.

(2) Blank filters are folded and placed directly into

cuvettes. Sample filters are folded and placed in large test tubes.

(3) Six or 7 ml of 0.5 K sulfuric acid is added to each

tube and the tube is shaken to assure that all surfaces of the filter are 

washed. The filters are removed from the tubes with small forceps with

careful washing of all surfaces with an additional 1 or 2 ml of 0.5 N

sulfuric acid. The washed filters are discarded.

(4) Solutions from actual samples should be filtered

through a PVC filter when transferring them from the original tubes to 22-
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mm cuvettes. This removes suspended particles. A No. 5, 2-hole stopper, 

if altered by enlarging 1 hole, can accommodate a small Buechner funnel and 

vacuum line and will fit a 22-mm cuvette. After the solution has filtered 

through, wash the funnel and filter with several milliliters of the 0.5 N 

sulfuric acid. Standards should be set up along with each set of samples 

being analyzed as in the section below on calibration and standards.

(5) Add 0.5 ml of the diphenylcarbazide solution to each 

cuvette. Then add more 0.5 N sulfuric acid until the meniscus matches the 

bottom edge of the tape. Shake the cuvette to mix, and wipe the outside 

with absorbent tissue.

Put 6-7 ml of 0.5 N sulfuric acid into each of 7 of the 22-mm 

cuvettes. Pipet 0,2, 5, 10, 20, 50, and 100 jul of the 100-ppm standard 

into the cuvettes forming 0-,0.2-,0.5-, 1.0-, 2.0-,5.0-, and 10.0-/ug 

standards, respectively. Add 0.5 ml of the diphenylcarbazide solution and 

sufficient 0.5 N sulfuric acid to dilute to the 15-ml mark. Shake and wipe 

clean. The 0-jug standard is used to set the 0 absorbance reading of the 

spectrophotometer at 540 nm. The absorbances of the other standards are 

read and recorded along with those of the samples.

A calibration curve is drawn by plotting the absorbance of the 

standards against Mg chromium(VI).
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Calculations
Blank absorbance values, if any, should be subtracted from each

sample absorbance value.

The indicated sampling rate must be corrected for deviations from the 

atmospheric temperature and pressure at which the pump's rotameter was

calibrated. The correction equation is:

q(actual) - q (indicated) P (calibrated) x T (actual)
P (actual) T (calibrated)

where: q * volumetric flow rate

P * atmospheric pressure

T = temperature (Kelvin or Ranklne)

The concentration of chromium(VI) in air is calculated as follows:

mg/cu m chromium(VI) ■ jug chromium(VI) from calibration curve
liters of air sampled

Advantages and Disadvantages

The method is extremely simple, very selective for chromium(VI), and 

sensitive. The samples, when collected on PVC filters, are very stable. 

The recovery after 2 weeks is essentially the same as for the first day. 

Filters kept for 9 weeks gave an average recovery that was 79% of the first 

day's results. However, samples made by spiking PVC filters are not very 

stable and give poor recoveries. Spiked filters are therefore not 

recommended for standards.
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X. APPENDIX III - MATERIAL SAFETY DATA SHEET

The following items of Information which are applicable to a specific 

product or material shall be provided in the appropriate block of the 

Material Safety Data Sheet (MSDS).

The product designation is Inserted in the block in the upper left 

corner of the first page to facilitate filing and retrieval. Print in 

upper case letters in as large type size as possible. It should be printed 

to read upright with the sheet turned sideways. The product designation is 

that name or code designation which appears on the label, or by which the 

product is sold or known by employees. The relative numerical hazard 

ratings and key statements are those determined by the rules in Chapter V, 

Part B, of the NIOSH publication, An Identification System for 

Occupationally Hazardous Materials. The company identification may be 

printed in the upper right corner if desired.

(a) Section I. Product Identification

The manufacturer's name, address, and regular and emergency telephone 

numbers (Including area code) are inserted in the appropriate blocks of 

Section I. The company listed should be a source of detailed backup 

Information on the hazards of the material(s) covered by the MSDS. The 

listing of suppliers or wholesale distributors is discouraged. The trade 

name should be the product designation or common name associated with the 

material. The synonyms are those commonly used for the product, especially 

formal chemical nomenclature. Every known chemical designation or 

competitor's trade name need not be listed.
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(b) Section II. Hazardous Ingredients

The "materials" listed in Section II shall be those substances which 

are part of the hazardous product covered by the MSDS and individually meet 

any of the criteria defining a hazardous material. Thus, one component of 

a multicomponent product might be listed because of its toxicity, another 

component because of its flammability, while a third component could be 

included both for its toxicity and its reactivity. Note that a MSDS for a 

single component product must have the name of the material repeated in 

this section to avoid giving the impression that there are no hazardous 

ingredients.

Chemical substances should be listed according to their complete name 

derived from a recognized system of nomenclature. Where possible, avoid 

using common names and general class names such as "aromatic amine," 

"safety solvent," or "aliphatic hydrocarbon" when the specific name is 

known.

The "%" may be the approximate percentage by weight or volume 

(indicate basis) which each hazardous ingredient of the mixture bears to 

the whole mixture. This may be indicated as a range or maximum amount, ie, 

"10-40% vol" or "10% max wt" to avoid disclosure of trade secrets.

Toxic hazard data shall be stated in terms of concentration, mode of 

exposure or test, and animal ' used, eg, "scu-rbt LDLo:243 mg/kg" or 

"permissible exposure from 29 CFR 1910.1000," or if not available, from 

other sources of publications such as the American Conference of 

Governmental Industrial Hygienists or the American National Standards 

Institute Inc. Flammable or reactive data could be flash point, shock 

sensitivity, or other brief data indicating nature of the hazard.
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(c) Section III. Physical Data

The data in Section III should be for the total mixture and should 

include the boiling point and melting point in degrees Fahrenheit (Celsius 

in parentheses); vapor pressure, in conventional millimeters of mercury 

(mmHg); vapor density of gas or vapor relative to the density of air; 

solubility in water, in parts/hundred parts of water by weight; specific 

gravity (water « 1); percent volatiles (Indicated whether by weight or by 

volume) at 70 degrees Fahrenheit (21.1 degrees Celsius); evaporation rate 

for liquids or sublimable solids, relative to the evaporation rate of butyl 

acetate; and appearance and odor. These data are useful for the control of 

toxic substances. Boiling point, vapor density, percent volatiles, vapor 

pressure, and evaporation rate are useful for designing proper ventilation 

equipment. This information is also useful for design and deployment of 

adequate fire and spill containment equipment. The appearance and odor may 

facilitate the identification of substances stored in improperly marked 

containers, or when spilled.

(d) Section IV. Fire and Explosion Data

Section IV should contain complete fire and explosion data for the 

product, including flash point and autoignltlon temperature in degrees 

Fahrenheit (Celsius in parentheses); flammable limits, in percent by volume 

in air; suitable extinguishing media or materials; special firefighting 

procedures; and unusual fire and explosion hazard information. If the 

product presents no fire hazard, insert "NO FIRE HAZARD" on the line 

labeled "Extinguishing Media."

(e) Section V. Health Hazard Information
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The "Health Hazard Data" should be a combined estimate of the hazard 

of the total product. This can be expressed as a TWA concentration, as a 

permissible exposure, or by some other indication of an acceptable 

standard. Other data are acceptable, such as lowest LD50 if multiple 

components are involved.

Under "Routes of Exposure," comments in each category should reflect 

the potential hazard from absorption by the route in question. Comments 

should indicate the severity of the effect and the basis for the statement 

if possible. The basis might be animal studies, analogy with similar 

products, or human experiences. Comments such as "yes" or "possible" are 

not helpful. Typical comments might be:

Skin Contact— single short contact, no adverse effects likely; 
prolonged or repeated contact, mild irritation and possibly some 
blistering.

Eye Contact— some pain and mild transient irritation; no corneal 
scarring.

"Emergency and First Aid Procedures" should be written in lay 

language and should primarily represent first aid treatment that could be 

provided by paramedical personnel or individuals trained in first aid.

Information in the "Notes to Physician" section should include any 

special medical information which would be of assistance to an attending 

physician including required or recommended preplacement and periodic 

medical examinations, diagnostic procedures, and medical management of 

overexposed workers.

(f) Section VI. Reactivity Data

The comments in Section VI relate to safe storage and handling of
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hazardous, unstable substances. It is particularly important to highlight 

instability or incompatibility to common substances or circumstances such 

as water, direct sunlight, steel or copper piping, acids, alkalies, etc. 

"Hazardous Decomposition Products" shall include those products released 

under fire conditions. It must also Include dangerous products produced by 

aging, such as peroxides in the case of some ethers. Where applicable, 

shelf life should also be indicated.

(g) Section VII. Spill or Leak Procedures

Detailed procedures for cleanup and disposal should be listed with 

emphasis on precautions to be taken to protect workers assigned to cleanup 

detail. Specific neutralizing chemicals or procedures should be described 

in detail. Disposal methods should be explicit including proper labeling 

of containers holding residues and ultimate disposal methods such as 

"sanitary landfill," or "incineration." Warnings such as "comply with 

local, state, and federal anti-pollution ordinances" are proper but not 

sufficient. Specific procedures shall be identified.

(h) Section VIII. Special Protection Information

Section VIII requires specific information. Statements such as 

"Yes," "No," or "If Necessary" are not informative. Ventilation 

requirements should be specific as to type and preferred methods. 

Respirators shall be specified as to type and NIOSH or US Bureau of Mines 

approval class, ie, "Supplied air," "Organic vapor canister," "Suitable for 

dusts not more toxic than lead," etc. Protective equipment must be 

specified as to type and materials of construction.
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(i) Section IX. Special Precautions

"Precautionary Statements" shall consist of the label statements 

selected for.use on the container or placard. Additional information on 

any aspect of safety or health not covered in other sections should be 

inserted in Section IX. The lower block can contain references to 

published guides or in-house procedures for handling and storage. 

Department of Transportation markings and classifications and other 

freight, handling, or storage requirements and environmental controls can 

be noted.

(j) Signature and Filing

Finally, the name and address of the responsible person who completed 

the MSDS and the date of completion are entered. This will facilitate 

correction of errors and identify a source of additional information.

The MSDS shall be filed in a location readily accessible to workers 

potentially exposed to the hazardous material. The MSDS can be used as a 

training aid and basis for discussion during safety meetings and training 

of new employees. It should assist management by directing attention to 

the need for specific control engineering, work practices, and protective 

measures to ensure safe handling and use of the material. It will aid the 

safety and health staff in planning a safe and healthful work environment 

and suggesting appropriate emergency procedures and sources of help in the 

event of harmful exposure of employees,
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MATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION

M AN U FA CTU RER'S NAME
REGULAR TELEPHONE NO. 
EMERGENCY TELEPHONE NO

ADDRESS

TRADE NAME

SYNONYMS
II HAZARDOUS INGREDIENTS

M ATERIAL O R COMPONENT % H A Z A R D  D A T A

III PHYSICAL DATA
BOILING POIN T. 760 MM HG M E L T IN G  POINT

SPECIFIC GRAVITY (H jO -D VAPOR PRESSURE

VAPOR DENSITY (A IR -1) S O L U B IL IT Y  IN H zO. %  BY WT

% V OLATILES BY VO L E V A P O R A T IO N  RATE (BU T YL  AC ETA TE ■ 1)

APPEARANCE A N D  ODOR
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IV FIRE AND EXPLOSION DATA
FLASH POINT 
(TEST METHOD)

AUTOIGNITION
TEMPERATURE

FLAMMABLE LIMITS IN A IR , % BY VOL. LOWER UPPER

EXTINGUISHING
MEDIA

SPECIAL FIRE
FIGHTING
PROCEDURES

UNUSUAL FIRE 
AND EXPLOSION 
HAZARD

V HEALTH HAZARD INFORMATION
HEALTH HAZARD DATA

ROUTES OF EXPOSURE 

INHALATION

SKIN CONTACT

SKIN ABSORPTION

EYE CONTACT

INGESTION

EFFECTS OF OVEREXPOSURE 
ACUTE OVEREXPOSURE

CHRONIC OVEREXPOSURE

EMERGENCY AND FIRST AID PROCEDURES 

EYES

SKIN:

INHALATION:

INGESTION

NOTES TO PHYSICIAN



VI REACTIVITY DATA

CONDITIONS CONTRIBUTING TO INSTABILITY

INCOMPA1 iBILITY

HAZARDOUS DECOMPOSITION PRODUCTS

CONDITIONS CONTRIBUTING TO  HAZARDOUS POLYM ERIZATION

VII SPILL OR LEAK PROCEDURES

STEPS TO  BE TAKEN IF M ATERIAL IS RELEASED OR SPILLED 

NEU TRA LIZIN G  CHEMICALS

WASTE DISPOSAL METHOD

_____________ VIII SPECIAL PROTECTION INFORMATION
VENTILATION REQUIREM ENTS

SPECIFIC PERSONAL PROTECTIVE EQUIPMENT 

RESPIRATORY  (SPECIFY IN DETAIL!

EYE

GLOVES

OTHER CLOTHING AND EQUIPMENT
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IX SPECIAL PRECAUTIONS
PRECAUTIONARY
STATEMENTS

O THER HANDLING AND 
STORAGE REQUIREM ENTS

PREPARED BY

ADDRESS:

DATE
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XI. TABLES AND FIGURE

TABLE XI-1

US CONSUMPTION OF CHROMITE BY INDUSTRY OF USAGE 
THOUSAND SHORT TONS

Year Metallurgical* Refractory** Chemical

1952 677 340 147
1953 743 441 152
1954 502 278 133
1955 994 431 159
1956 1212 475 160
1957 1177 435 148
1958 778 312 131
1959 796 379 162
1960 665 391 164
1961 662 375 163
1962 590 365 176
1963 632 368 187
1964 832 430 189
1965 907 460 217
1966 828 439 194
1967 866 310 179
1968 804 311 202

Some part of the total, usually between 10,000 and 20,000 
tons was added directly to steel. The balance was used 
to make ferroalloys and Cr metal.

** A small quantity, usually between 5,000 and 10,000 tons,
was used in direct furnace repairs; the balance was used in 
making brick and other refractory products.

Derived from reference 185

187



TABLE XI-2

FORECAST GROWTH IN CHROMITE AND CHROMIUM CONSUMPTION IN THE US
THOUSAND SHORT TONS

Chromite After
Allowance for Scrap % Change
1968 1973

Stainless steel 525 659 +26
Alloy steel 125 157 +26
Tool steel (1) (all types) 16 19 +19
High-temp & nonferrous alloys 61 87 +43
Foundries-metallurgical 61 84 +38
Miscellaneous metallurgical

applications (2) 6 10 +67
Subtotal, metallurgical 794 (4) 1016 +28

Foundries-facing sand 26 65 +150
Refractories 310 250 -19
Chemicals (3) 226 254 +12
GRAND TOTAL 1356 1585 +17

(1) Based on production of 96,000 tons of tool steel with an average
Ct content of 6%.

(2) Includes cutting and wear-resistant materials, welding and hard 
facing rods and use in other steels.

(3) Consumption in chemicals market in 1968 was estimated at 149,000 
tons of sodium dichromate equivalent. One ton of Na2Cr207.2H20 
requires 1.4 tons of ore based upon an 80-85% recovery.

(4) This is calculated as 50% ore, but small quantities of chemical 
grade ore (44-45% Cr) and refractory grade ore (34-37% Cr) are 
used.

The projection includes allowance for losses during use of the ferroalloys 
in metallurgical processing and an additional 10% loss for processing 
chromite into ferroalloys. The average assay of ore for metallurgical uses 
is 50% Cr203; the average assay of ore for refractory use is 35% Cr203 and 
no processing loss is assumed; average assay of ore for chemicals and 
facing sand uses is 45% Cr203.
Derived from reference 185
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TABLE XI-3

POTENTIAL OCCUPATIONAL EXPOSURES

Abrasive makers 
Acetylene purifiers 
Adhesive workers 
Airplane sprayers 
Alizarin makers 
Alloy makers 
Aluminum anodizers 
Aniline black makers 
Anodizers
Battery makers, dry
Biologists
Blueprint makers
Boiler scalers
Candle makers, colored
Cement workers
Ceramic workers
Chromate workers
Chrome alloy workers
Chrome alum workers
Chromium platers
Chromium workers
Color makers
Copper etchers
Copper plate strippers
Corrosion inhibitor workers
Crayon makers, colored
Diesel locomotive repairmen
Drug makers
Dry color makers
Dye makers
Dyers
Electroplaters 
Enameler workers 
Explosive makers 
Fat purifiers 
Fireworks makers 
Flypaper makers 
Furniture polishers 
Fur processors 
Glass fiber makers 
Glass frosters 
Glass makers

Glass makers, colored 
Glue makers 
Histology technicians 
Ink makers 
Jewelers
Laboratory workers, chemical
Leather finishers
Linoleum workers
Lithographers
Magnesium treaters
Match makers
Metal cleaners
Metal cutters
Metal etchers
Metal treaters
Milk preservers
Mordanters
Oil drillers
Oil purifiers
Organic chemical synthesizers
Painters
Paint makers
Palm oil bleachers
Paper dyers
Paper waterproofers
Pencil makers, colored
Perfume makers
Photoengravers
Photographers
Photographic chemical workers 
Pigment makers 
Platinum polishers 
Porcelain decorators 
Potter frosters 
Pottery glaze makers 
Pottery glazers 
Printers
Printing ink workers 
Process engravers 
Pyrotechnic workers 
Railroad engineers 
Refractory brick makers
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TABLE XI-3 (CONTINUED) 

POTENTIAL OCCUPATIONAL EXPOSURES

Rubber makers
Rust inhibitor workers
Shingle makers
Silk screen makers
Smokeless powder makers
Soap makers
Sponge bleachers
Stainless steel workers
Tanners
Textile dyers

Textile mordanters 
Textile printers 
Textile waterproofers 
Wallpaper printers 
Wax bleachers 
Wax ornament workers 
Welders
Wood preservative workers 
Wood stainers 
Wood stain makers

Derived from reference 14
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TABLE XI-4

CHEMICAL AND PHYSICAL PROPERTIES 
OF SELECTED HEXAVALENT CHROMIUM COMPOUNDS

Solubility: r/100 cc
Molecular Formula Boiling Melting •

Compound Formula Weight Point, C Point, C Density
Cold Vater • Other

Ammonium (NR4)2Cr04 152.06
chromate

Ammonium (NH4)2Cr207 252 .̂ 6 
dichromate

Ammonium (NH4)2Cr04 400.51
magnesium MgCr04 
chromate 6H20

Decomposes
180

Decomposes
170

Decomposes

Barium
chromate

Barium
dichromate

BaCr04

BaCr207

Barium BaCr207,
dichromate, 2H20 
hydrate

Bismuth (B10)2
dichromate, Cr207 
basic

Calcium
chromate

Cesium
chromate

CaCr04
2H20

Cs2Cr04

253.33

353.33

389.36

665.94

192.09

361.80

-2H20. 120

-2H20, 200

Chromium(VI) Cr03 
oxide

Chromium Cr02C12 
oxychlorlde

99.99 Decomposes 196

154.90 117 -96.5

Dysprosium
chromate

Iron(III)
dichromate

Lead
chromate

Lead
chromate
basic

Lead
chromate»
basic
Lead
dichromate

Lithium
chromate
Lithium
dichromate,
dihydrate

Dy2(Cr04)3 853.13 Decomposes -3 1/2 H20, 
10H20 150

Fe2(Cr207)3 759.66

Nat. ero- 323.18 Decomposes 844
colte,
chromate
yellow, PbCr04

Chrome red 546.37 
PbCr04.Pb0

Pb2(OH)2 564.39
Cr04

PbCr207 423.18

L12Cr04 165.90
.2H20
L12Cr207 265.90 -2H20

1 »91

2.15

1.84

4.498

4.237

2.70

1.911

.2H20 (110 C)

920

-2H20 130 

187 Decomposes

191

6 . 12

6.63

6.63

2.34

40.5 
(30 C)

30.8 
(15 C)

Very sol
uble

0.00034
(160 C)

Slightly
soluble

Decomposes

Insoluble

16.3
(20 C)

71.4 
(13 C)9

67.45 
(100 C)

Decomposes

Insoluble in 
alcohol; slightly 
soluble In NH3, 
acetone

Soluble in 
alcohol; insol
uble in acecone

Soluble in 
mineral acid
Soluble in hot 
concentrated
H2S04

Soluble in con
centrated Cr03 
solution

Soluble in 
acid; insol
uble In alkali

Soluble in acid» 
alcohol

Soluble in alcohol, 
ether, sulfuric acid, 
nitric acid

Decomposes in 
alcohol; soluble 
in ether, acetic 
acid

1.002 (25 C)

Soluble Soluble in acid

0.0000058 Soluble in acid,
(25 C) alkali; insol

uble in acetic
acid, NH3

Insoluble Soluble in acid,
alkali

Insoluble Soluble in K0H

Decomposes Soluble in acid, 
alkali

52 (20 C)

187 (30 C) Soluble in, reacts 
56 (30 C) with alcohol



TABLE XI-4 (CONTINUED)

CHEMICAL AND PHYSICAL PROPERTIES 
OF SELECTED HEXAVALENT CHROMIUM COMPOUNDS

Solubility: g/100 cc
Molecular Formula Boiling Melting _____

Compound Formula Weight Point, C Point, C Density
Cold Water Other

Lithium Li2Cr207. 265.90 Decomposes -2H20 130
dichromate .2H20

151 (30 C)

Magnesium
chroinate

MgCrOA
.7H2Ü

Mercury(I) Hg2Cr04 
chromate

266.AL 211.5
(30)

517.17

Mercury(II) HgCrOA 316.58
chromate

-3H20, 120

Decomposes

Decomposes

1.695 Very sol
uble
Very slight- Soluble in HC1, HCN, 
ly soluble HN03; insoluble 

in alcohol, 
acetic acid

Slightly
soluble,
decomposes

Soluble in NH4C1; 
decomposes in 
acid; Insoluble 
in acetone

Neodymium
chromate
Potassium
chromate

Potassium
dichromate

Potassium
chromium
chromate,
basic

Nd2(Cr04)3 780.58 
.8H20
K2Cr04 
Nat. tara- 
pacaite
K2Cr207

K2Cr04 
,[Cr(OH) 
.CrOA]

19A.20 968.3
975

294.19 Decomposes Triclinic
500

2.676

564.19

becomes mono
clinic 241.6 
melting point 398
300 2.28

0.027

62.9 (20 C) Insoluble in 
36 (20 C) alcohol

4.9 (0C) Insoluble in
102 (100 C) alcohol

Insoluble Insoluble in 
alcohol, acetone, 
acid

Potassium
magnesium
chromate
Potassium
peroxo

K2Cr04
MgCr04
21120

K3Cr08

370.53

297.30 Decomposes
170

2.59

Slightly
soluble

Potassium
zinc
chromate
Rubidium
chromate
Rubidium
dichromate

Samarium
chromate

K20.4ZnO
.ACr03
.3H20
Rb2Cr0A

Rb2Cr207

873.71

286.93

386.93

Sm2(Cr04)3 792.80 
.8H20

3.518

Slightly
insoluble,
decomposes
62 (0 C)

Tricli- 4.96 (18 C) 
nie 3.125 
monocli
nic 3.02 5.42

0.043 (25 C)

Silver
chromate
Silver
dichromate
Sodium
chromate

Ag2Cr04

Ag2Cr207

Na2Cr04

Sodium Na2Cr207
bichromate .2H20 
dihydrate

331.73

413.73

161.97

Sodium Na2CrOA 342.13
chromate . 101120
decahydcate

Decomposes

19.92

298.00 Decomposes -2H20, 100 
400 356.7
(anhydr) (anhydr)

5.625

4.770

2.710-
2.736

1.463

2.52

0.0014 Soluble in 
NR40H, KCN

.0014 (0 C) Soluble in MeOH, 
NH40H, KCN;

87.3 (30 C) Slightly sol
uble in alcohol; 
soluble in MeOH

50 (10 C) Slightly soluble 
126 (100 C) in alcohol; insol

uble in acetic acid
238 (0 C) 
(anhydr) 
180 (20 C)

Insoluble in 
alcohol
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TABLE XI-4 (CONTINUED)

CHEMICAL AND PHYSICAL PROPERTIES 
OF SELECTED HEXAVALENT CHROMIUM COMPOUNDS

Molecular Formula Bolling Melting
Solubility: g/100 cc

Compound Formula Weight Point, C Point, C Density
Cold Water Other

Strontium
chromate

SrCr04 203.61 ... ... 3.895 0.12 (15 C) Soluble in HC1, 
HN03, acetic acid, 
NH4 salts

Thallium
chromate

T12Cr04 524.73 • ’ * 0.03 (00 C) Slightly soluble 
in acid, alkali; 
insoluble in 
acetic acid

Thallium
dichromate

T12Cr207 624.73 Insoluble Decomposes in acid

Tin(IV) 
chromate

Sn(Cr04)2 350.68 ... Decomposes ... Soluble ...

Zinc
dichromate

ZnCr207 
. 3H20

335.40 Very soluble Insoluble in alcohol, 
ether; soluble in 
acid

Zinc
chromate

ZnCr04 181.36 3.40 Insoluble Soluble in acid, 
liquid NH3; insol
uble in acetone

Adapted from reference 15
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TABLE XI-5

TABULATION OF DEATHS CAUSED BY LUNG CANCER IN CHROMATE WORKERS

Time-weighted Exposure 
First Latent mg Cr03/cu m*

Sub- Exposure Death Years of Period ___________________________
ject Date Date Exposure in

Years Water Water Total
Insoluble Soluble

CB 5-33 8-43 9.0 10.0 0.37 0.17 0.54
TG 1-32 3-50 14.5 14.3** 0.37 0.08 0.45
FJ 5-36 12-44 12.5 12.5 0.19 0.02 0.21
JK 5-36 6-45 7.5 9.0 0.92 0.29 1.21
EL 1-34 1-48 9.25 14.0 1.12 0.15 1.25
ESM 10-41 12-48 2.0 7.2 0.19 0.02 0.21
WDS 8-31 12-38 7.25 7.25 1.12 0.15 1.27

* Based upon samples taken during the first half of 1949 by Bourne and 
Yee [3]

** Pneumonectomy, 1946 
Derived from reference 90
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TABLE XI-6

TABULATION OF SIGNIFICANT EFFECTS OF CHROMIUM

Airborne Chromium Concentration Effects*

Cr (Total) 
mg/cu m

Cr(VI) 
mg/cu m

Cr(III) 
mg/cu m

Nasal Septum 
Perforation

Chronic
Rhinitis

Chronic
Pharyngitis

0.00-0.25 0.00 -0.125 0.00 -0.125
G
R 2/4 50.0% 4/4 100.0% 3/4 75.0%

0.26-0.51 0.26 -0.255 0.00 -0.255
u
u 3/7 42.9% 6/7 85.7% 4/7 57.1%

0.52-1.00 0.26 -0.5 0.00 -0.5
r

i
4/8 50.0% 7/8 87.5% 3/8 37.5%

0.00-0.25 0.00 -0.119 0.00 -0.208
G
R
r\

7/9 77.8% 8/9 88.9% 4/9 44.4%

0.26-0.51 0.044-0.124
U

0.136-0.424 U 20/32 62.5% 28/32 87.5% 14/32 43.8%

0.52-1.00 0.09 -0.48 0.272-0.83
r

ii
11/15 73.3% 15/15 100.0% 7/15 46.7%

0.00-0.25 0.00 -0.042 0.00 -0.245
G
Rn 2/7 28.6% 4/7 57.1% 2/7 28.6%

0.25-0.51 0.005-0.085 0.217-0.500 u 1/2 50.0% 0/2 0.0% 0/2 0.0%

0.52-1.00 0.01 -0.167
r

0.433-0.981
III

11/13 84.6% 12/13 92.3% 4/13 30.8%

* Effects data are expressed both as a ratio: No. with Effect/No. examined
and as a percentage.

Derived from reference 41
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TABLE XI-7

PERTINENT INFORMATION ON TEN CASES OF CANCER IN CHROMATE WORKERS

Case
Number

Age in 
Years

Years of 
Exposure

Time-Weighted 
Average Exposure*

Number of 
Cigarettes**

1 43 21 0.04-0.7 10

2 45 18 0.15-1.1 It

3 62 39 0.48-1.5 0

4 62 25 0.12-1.4 20

5 53 14 0.50-1.5 40

6 63 22 0.04-0.7 14

7 62 27 0.04-0.8 15

8 53 21 0.50-1.5 10

9 48 8 0.71-1.0 II

10 54 33 0.04-0.54 1

* Very crude estimates from atmospheric concentration data collected 
at time of study and from patient's work history, but excessive 
previous exposure likely in all cases.

** Based on case histories 
Derived from reference 5
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TABLE XI-8

STANDARDS FOR CHROMIUM

Country or State Substance Concentration, mg/cu m

Bulgaria

Czechoslovakia

Finland

Hungary

Japan

Poland

Rumania

United Arab Republic 

Syrian Arab Republic 

Florida

Hawaii

Massachusetts

Mississippi

Pennsylvania

South Carolina

Chromic acid, chromâtes, 
bichromates (as Cr203)

Chromium and chromâtes TWA
Ceiling

Chromic acid and chromâtes, 
as chromium(VI) oxide

Chromic acid and chromâtes, 
irritant

Chromium, as chromium(VI) oxide

Chromâtes and bichromates

Chromium (chromic acid, 
chromâtes, bichromates as 
chromium(VI) oxide (also 
absorbed by the skin

Chromic acid

Chromic acid and chromates 
as chromium(VI) oxide

Chromic acid

Chromic acid and chromates as 
chromlum(VI) oxide, ceiling

Chromic acid and chromates 
as chromium(VI) oxide, TWA

Chromic acid and chromates 
as chromium(VI) oxide

0.1

0.05
0 .10

0. 1

10.0

0 . 1
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TABLE XI-8 (CONTINUED)

STANDARDS FOR CHROMIUM

Country or State Substance Concentration, mg/cu m

Alaska

California

Colorado

Iowa

Michigan 

New Hampshire 

New Jersey 

New York 

North Carolina 

Oregon 

Texas

Washington

Wisconsin

USSR

Yugoslavia

Chromic acid and chromâtes, 
as chromium (VI) oxide

Current TLV

Chromic anhydride, 
chromâtes, bichromates, as 
chromium(VI) oxide

Chromic acid and chromâtes 
as chromium(VI) oxide

1967 TLV 

Current TLV

1960 TLV 

1967 TLV
II

1966 TLV 

1963 TLV 

Current TLV 

0.1
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TABLE XI-9

PRELIMINARY DATA FROM STUDY OF LUNG CANCER 
IN JAPANESE CHROMATE-PRODUCING INDUSTRY WORKERS

INDIVIDUAL LUNG CANCER DATA

Case
No. Age

Duration
of

Exposure,
Years

Smoking 
History, 

(Pieces/Day 
x Years)

Date
of
Death

Carcinoma
Type

1 27 9 20x10 1/60 Small round cell
2 65 12 Pipe 8/66 —

3 56 31 n 11/69 —

4 40 25 — 12/70 —

5 56 30 — 10/71 Squamous cell
6 57 27 10x40 7/73 tf

7 41 13 15x8 I t Small round cell
8 59 29 30x30 Alive Squamous cell
9 49 25 25x30 tf I t

10 56 36 20x35 I t tt

LUNG CANCER MORTALITY DATA

Chromate Workers Deaths/
100,000 Expected

Age Person-Years, Number Person- Number
Group Observed of Years, of Deaths,

Population Deaths General
Population

Chromate
Workers

20-29 19 1 0.32 0.00
30-39 363 0 1.30 ft
40-49 516 2 5.76 0.03
50-59 448 3 26.78 0.12
60-69 174 1 79.43 0.14
70-79 29 0 129.78 0.04

Total 1,549 7 0.33
Derived from reference 182
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FIGURE XI - 1. CALIBRATION SETUP FOR PERSONAL SAMPLING PUMP WITH FILTER CASSETTE

Filter
Cassette

L

Tubing

Soapbubbie
Meter

(inverted buret)

500

1000

Personal 
Sampling Pump

(»water)

Beaker Soap
Solution

*O.S. GOVERNMENT PRINTING OFFICE: 1976 - 657-696/5537
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