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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 1intended to present successive reports as research and
epidemiologic studies are completed and as 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
formaldehyde by members of the NIOSH staff and the valuable, constructive
comments by the Review Consultants on Formaldehyde, by the ad hoc
committees of the American Conference of Governmental Industrial Hygilenists
and the American Academy of Occupational Medicine, and by Robert B.
0'Connor, M.D., NIOSH consultant in occupational medicine. The NIOSH
recommendations for standards are not necessarily a consensus of all the

consultants and professional societies that reviewed this criteria document
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on formaldehyde. Lists of the NIOSH Review Committee members and of the
Review Consultants appear on the following pages.

)?5@/

C &
Johyr F. Finklea, M.D.
Director, National Institute for

Occupational Safety and Health
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The Division of Criteria Documentation and Standards
Development, National Institute for Occupational
Safety and Health, had primary responsibility for
development of the criteria and recommended standard
for formaldehyde. The Division review staff
consisted of J. Henry Wills, Ph.D., Chairman, and
Richard A. Rhoden, Ph.D. Bert J. Vos, M.D., Ph.D.,
served as a special reviewer. The Department of
Envirommental and 1Industrial Health, School of
Public Health, University of Michigan, developed the
basic information for consideration by NIOSH staff
and consultants under contract No., HSM-99-73-31,
Earl S. Flowers, Ph.D., had NIOSH program

responsibility and served as criteria manager.
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I. RECOMMENDATIONS FOR A FORMALDEHYDE STANDARD

The National Institute for Occupational Safety and Health recommends
that employee exposure to formaldehyde in the occupational environment be
controlled by compliance with the following sections. The standard is
designed to protect the health and to provide for the safety of employees
for up to a 10-hour workday for a 40-hour week over a working lifetime.
Compliance with the standard should prevent adverse effects of exposure to
formaldehyde. This recommended standard 1is not designed to protect an
individual alteady sensitized to formaldehyde. Such individuals should not
be exposed to formaldehyde. The standard is measurable by techniques that
are valid, reproducible, and available to industry and government agencies.
Sufficient technology exists to permit compliance with the recommended
standard. The standard will be subject to review and revision as
necessary.

Occupational exposure to formaldehyde 1is defined as exposure to
formaldehyde in air at a concentration in excess of 0.6 mg/cu m (0.5 ppm),
based on a 30-minute sampling period, or by contact with formaldehyde in
liquid or solid form. Adherence to all provisions of Sections 3-6 is
required in occupational environments where formaldehyde is used regardless
of the concentration of airborne formaldehyde. Medical surveillance and
environmental monitoring are required as specified in Sections 2 and 8,

respectively.

Section 1 ~ Environmental (Workplace Air)

(a) Concentration



Exposure to formaldehyde shall be controlled so that no employee is
exposed to formaldehyde at a concentration greater than 1.2 milligrams per
cubic meter of air (1 ppm) for any 30-minute sampling period.

(b) Sampling and Analysis

Methods for calibration of equipment, air sampling, and analysis for
formaldehyde shall be as provided in Appendices I and II, or by any
procedure shown to be equivalent in precision, accuracy, and sensitivity to

the procedures specified.

Section 2 - Medical

Medical surveillance shall be made available as outlined below to all
workers subject to occupational exposure to formaldehyde.

(a) Preplacement examinations shall include at least:

(1) Comprehensive medical and work histories with special
emphasis on any evidence of chronic inflammatory reaction of the
respiratory tract, of skin reaction or hypersensitivity, or of such other
allergic conditions as asthma, hayfever, and rose fever.

(b) An evaluation of the employee's ability to use positive
and negative pressure respirators.

(2) During examinations, applicants or employees having medical
conditions which would be directly or indirectly aggravated by exposure to
formaldehyde shall be counseled on the increased risk of impairment of
their health from working with this substance.

(3) Initial medical examinations shall be made available to all
workers within 6 months after the promulgation of a standard based on these
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recommendations.

(4) In the event of an overexposure to formaldehyde, a physical
examination as described in (1) (b) above shall be made available within a
reasonable period of time.

(5 Pertinent medical records shall be maintained for all
employees exposed to formaldehyde in the workplace. Such records shall be
kept for at least 5 years after termination of employment. These records
shall be made available to the designated medical representatives of the
Secretary of Health, Education, and Welfare, of the Secretary of Labor, of

the employer, and of the employee or former employee.

Section 3 - Labeling and Posting

(a) All containers of formaldehyde solutions shall bear the
following information in addition to, or in combination with, 1label

information required by other statutes, regulations, and ordinances:

FORMALDEHYDE SOLUTION (Percent formaldehyde by weight)
(MAY CONTAIN METHANOL)

WARNING: HARMFUL IF INHALED OR SWALLOWED. CAUSES IRRITATION OF
SKIN, EYES, NOSE, AND THROAT.

Avoid prolonged or repeated breathing of gas or mist. Avoid
prolonged or repeated contact with skin. Keep container closed.
Use with adequate ventilation. Do not get in eyes, on skin, on
clothing. Wash thoroughly after handling. Wash contaminated
clothing before reuse. Destroy and discard contaminated shoes.

FIRST AID: CALL A PHYSICIAN

On contact, immediately flush skin or eyes with large amounts
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of water for at least 15 minutes; get medical attention. If
inhaled, remove to fresh air, give artificial respiration if
breathing has stopped.

IF SWALLOWED: Induce vomiting. If victim is unconscious, do
not attempt to induce vomiting.

SPECIAL CONTAINER HANDLING AND STORAGE: Before moving a container,

be sure closure is securely fastened. Loosen closure carefully.

In case of spillage, flush with plenty of water.

(b) When environmental monitoring indicates that there 1is
occupational exposure to formaldehyde, the following sign shall be posted

in readily wvisible locations at or near entrances to the area and on or

near process, storage, and other equipment utilizing or containing

formaldehyde.

FORMALDEHYDE

WARNING: IRRITANT TO SKIN, EYES, NOSE, AND THROAT
Avoid prolonged breathing of formaldehyde.

Avoid prolonged or repeated contact.

(c) If formaldehyde concentrations in the air of a workroom or
area exceed the recommended 1limit, the following statement shall be added

in large letters to the signs as required in Section (b):
RESPIRATORY PROTECTION REQUIRED IN THIS AREA

() In any occupational environment or area where accidental or

other release of formaldehyde vapor may cause an emergency requiring the

use of respiratory protection, the signs required by Section (b) shall be
supplemented by an additional sign giving: (1) the location of emergency
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respiratory protective equipment, and (2) instructions for evacuation from
the area and emergency procedures.

(e) Signs shall be printed in English and in the predominant
language of non-English-reading employees, if any, unless employers use
equally effective means to ensure that non-English-reading employees know
the hazards associated with formaldehyde and with areas where formaldehyde

is used, handled, or stored.

Section 4 - Personal Protective Equipment and Protective Clothing

Engineering controls shall be used to maintain the concentration of
airborne formaldehyde at or below the ceiling concentration of 1.2 mg/cu m.
In some situations, the added protection of personal protective equipment
and clothing shall be provided to prevent excessive contact with solutions
and solids containing formaldehyde or inhalation of formaldehyde gas. Such
protective equipment and clothing shall be furnished to employees or shall
be readily available at convenient and appropriate locations. Emergency
equipment shall be located at well-marked and identified stations and shall
be adequate to the needs of all employees, either to escape from the area
or to safely cope with the emergency. Safe work practices including use of
protective equipment and clothing, shall also be used to control exposure.

(a) Protective Clothing

() Employees shall wear gloves made of rubber or of other
impervious material when working with formaldehyde and when contact with
the hands is likely.

(2) Employees shall wear protective sleeves, aprons,
jackets, trousers, and caps as needed to protect them from skin contact
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with formaldehyde. Protective garments shall be made of a material
impervious to formaldehyde. In emergencies or‘ other circumstances
involving exposure to formaldehyde at high concentrations of vapor, mists,
or dusts in the air, full body protection shall be worn. Emergency
garments shall be of an impervious material, and shall fit snugly about the
wrists, neck, waist, and ankles.

(3) Employees handling drums, cans, or other containers of
formaldehyde shall wear leather or rubber safety shoes. Rubbers may be
worn over leather safety shoes as protection from splashes or spills of
formaldehyde.

%) Protective garments shall be cleaned inside and out and
well ventilated after each use, and particularly after contamination has
occurred.

(b) Eye and Face Protection

(1) Cup-type or rubber-framed chemical safety goggles shall
be worn by employees when there is any possibility of eye or facial contact
with formaldehyde solutions. Goggles also protect eyes from contact with
gas. In cases of excessive vapor concentrations, a full face mask
respiratory protective device shall be required; this device may be
substituted for cup-type or rubber-framed chemical safety goggles.

(2) Full-length, plastic face shields shall be required in
addition to safety goggles for face protection when the work process
involves risks of exposure to splashes of formaldehyde. Chemical safety
goggles are required in addition to the face shield when there is danger of
formaldehyde entering underneath or around the sides of the shield.

(3) The safety goggles, full-face masks, and shields shall



be thoroughly decontaminated after each use.

%) Eye-protective measures and equipment shall conform

with the provisions under 29 CFR 1910.133.

(c) Respiratory Protection

Respirators may be wused for nonroutine operations, evacuation, or
emergencies which may involve occasional brief exposures to formaldehyde at
concentrations in excess of 1.2 mg/cu m. Such exposures may occur during
the period necessary to install or test required engineering controls, or
to take protective actioms.

Appropriate respirators as described in Table I~l1 may only be used
pursuant to the following requirements:

D For the purpose of determining the type of respirator
to be used, the employer shall measure the airborne formaldehyde
concentration in the workplace initially, and thereafter whenever process,
operations, worksite, climate, control, or other changes may occur which
are likely to increase the airborne concentration of formaldehyde. This
requirement does mnot apply when only positive pressure supplied-air
respirators are used.

(2) The respirator and cartridge or canister used shall be
of the appropriate class, as determined on the basis of the airborne
concentration of formaldehyde. The employer shall ensure that no employee
is exposed to formaldehyde in excess of 1.2 mg/cu m for any 30-minute
period because of improper respirator selection, fit, use, or maintenance.

(3) A respiratory protective program meeting the
requirements of 29 CFR 1910.134 shall be established and enforced by the
employer.

(4) The employer shall provide respirators in accordance
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with Table I-1 and shall ensure that the employee uses the respirator
properly.

(5) Respiratory protective devices described in Table I-1
shall be those approved under provisions of 30 CFR 11

(6) Respirators specified for use at greater airborne
concentrations of formaldehyde may ©be used in 1lesser airborne
concentrations of formaldehyde.

(N Use of chemical cartridges and canisters more than once
or for a period greater than that indicated in Table I-1 shall be
prohibited.

(8) The employer shall ensure that respirators are
adequately cleaned, maintained, and stored when not in wuse, and that
employees are instructed on the use of respirators assigned tq them and on

how to test for leakage.



TABLE I-1

REQUIREMENTS FOR RESPIRATOR USAGE WHEN THE CEILING CONCENTRATION IS EXCEEDED

Formaldehyde Concentration Respirator Type
Less than or equal (1) Chemical cartridge respirator and
to 2.4 mg/cu m organic vapor cartridge and full-face

mask. Maximum service life of 3 hours

(2) Type C supplied-air respirator, demand
type (negative pressure), and
full-face mask

Greater than 2.4 mg/cu m, (1) Chemical cartridge respirator and organic
up to 12 mg/cu m vapor cartridge and full facepiece.
Maximum service life of 3 hours
(2) Full-face mask, chin type, with
organic vapor canister. Maximum life
of 4 hours

Greater than 12 mg/cu m, (1) PFull-face mask, chest- or back-

up to 120 mg/cu m mounted type, with industrial size
organic vapor canister. Maximum
service life of 2 hours

(2) Type C supplied air-respirator, con-

tinuous~flow or pressure-demand type
(positive pressure), with full face-
piece, hood, or helmet

Greater than 120 mg/cu m (1) Self-contained breathing apparatus with
positive pressure in full facepiece.
(2) Combination supplied-air respirator
pressure-demand type with auxiliary
self-contained air supply

Emergency or firefighting (no (1) Self-contained breathing apparatus with
concentration limit) positive pressure in facepiece
(2) Combination supplied-air respirator,
pressure-demand type, with auxiliary
self-contained air supply

Evacuation or escape (no (1) Self-contained breathing apparatus
concentration limit) in demand or pressure-demand mode
(negative or positive pressure)
(2) Full-face mask, front- or back-
mounted type with industrial size
organic vapor canister.




Section 5 -~ Informing Employees of Hazards from Formaldehyde

(a) At the beginning of employment or assignment in areas that may
involve exposure to formaldehyde and annually thereafter, each employee
shall be informed of the hazards of his occupation and of possible
injuries. He shall be instructed in the proper procedures for the safe
handling and use of this compound, in the operation and use of protective
systems and devices, and in appropriate emergency procedures.

(b) Instruction shall include the pertinent information in the
Material Safety Data Sheet (Appendix III). In addition, employees shall be
informed that repeated or prolonged contact with formaldehyde may result in
sensitization and that excessive exposure may cause irritation of the skin,
eyes, and respiratory tract. This information shall be posted in the work
area and kept on file, readily accessible to employees at all worksites
where exposure may occur. Employees shall be apprised of the location and
availability of this information.

(c) A continuing education program, conducted by a person or
persons qualified by experience or special training, shall be instituted to
ensure that all employees have current knowledge of job hazards, proper
maintenan;e procedures and cleanup methods, and that they know how to use
respirators correctly. The instructional program shall include a
description of the general nature of the medical surveillance procedures
and why it is advantageous to employees to undergo these examinations.

(d) Information shall be recorded on a '"Material Safety Data
Sheet" described in Appendix III or on a similar form approved by the

Occupational Safety and Health Administration, US Department of Labor.
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Section 6 - Work Practices and Engineering Controls

(a) Appropriate protective clothing and equipment (goggles, face
shields, gloves, etc), as described in Section 4, shall be worn by each
employee engaged in the transfer of formaldehyde solution or in any other
task in which splashes, spills, or other circumstances 1likely to involve
contact with the solution may occur. When working with formaldehyde-
generating solids, protective garments shall be worn to prevent contact of
the solids or dust with the eyes or skin.

(b) Appropriate respiratory protective devices, as described in
Section 4, shall be worn by all exposed employees in any operation or area
for which the airborne concentrations of formaldehyde wvapor or form-
aldehyde-generating substances are determined to be 1likely to cause
exposure 1in excess of the recommended 1limit. Suitable respiratory
protection shall be worn by all employees in emergency exposure situations.

(c) Systems or processes using or handling formaldehyde shall be
enclosed to the extent that is feasible for the necessary operations.

@) Total enclosure 1is most desirable, with provision for
venting of excess gas without allowing it to enter the air of the
workplace.

(2) When total enclosure is not possible, processes shall
be designed and operated to limit occupational exposure of employees by
contact with, or inhalation of, any gas, liquid, splash, or mist. Such
installations shall be adequately ventilated to ensure that formaldehyde
concentrations in the workroom air will not exceed the recommended limit.

3) Enclosed process equipment which must be opened
periodically to charge or discharge materials shall be provided with a
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system of venting or ventilation such that employees are protected from
exposures to formaldehyde concentrations in excess of the recommended
limit.

(d) Formaldehyde solutions and formaldehyde-generating substances
shall be stored in securely closed containers in a storage area which is
adequately ventilated to ensure that airborne concentrations of
formaldehyde will not exceed the limit specified in Section 1(a).

(1) Bulk storage tanks for formaldehyde solution:

(A) Shall have vents of such size and design as to
permit the safe venting of tanks for the purpose of pressure and vacuum
relief. The vents must be easily cleared and shall be regularly inspected
and cleaned. Formaldehyde gas shall be vented in such a manner that
excessive exposure of employees or other individuals cannot occur.

(B) Each storage tank shall have one or more manholes
to allow for inspection and cleaning of the tank.

(C) Each tank shall be equipped with positive sealing
connections for filling and draining the tank.

(D) All such tanks shall be adequately grounded to
discharge static electricity.

(2) Drums and barrels of formaldehyde solution shall be
stored with the bungs up and tightly placed.

(3) When drums, barrels, carboys, or other such containers
of formaldehyde solutions are placed in a storage room, trapped floor
drains shall be provided, and the floor shall be pitched toward the drains.

(e) When handling containers of formaldehyde solutions (carboys,
drums, barrels, etc), suitable methods and procedures shall be used to
prevent contact with formaldehyde or inhalation of formaldehyde at airborne
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concentrations in excess of the recommended limit.

(1) Carboys shall be handled with special care to prevent
breakage.

(2) All such containers shall be securely closed or sealed
when being moved or handled, except for the transfer of the solution.

(3) When transferring solution from such containers, pumps
should be used when practical. 1If the solution is removed by tilting, a
supporting device (inclinator) shall be used for all containers of more
than 2-gallon capacity. Transfer operations shall be accomplished in a
manner and by methods which will not result in contact or inhalation
exposures in excess of the recommended limit. Transfer shall be made only
with adequate ventilation for control of the gas concentrations.

(4) Carboys, drums, and barrels shall be completely drained
before being returned for reuse. These containers may not be used for any
other material until cleaned.

(£) When solutions of formaldehyde or formaldehyde-yielding sub-
stances are used in open or unsealed containers, the containers shall be
kept covered as much as possible and provided with general or local exhaust
ventilation adequate to control emission of gas or dust.

(g) The transfer of formaldehyde solution to or from tank trucks
or tank cars may be done only in areas and at facilities designed and
specified for these operations. The area should be level and the wheels of
the vehicle shall be blocked. Connections must be compatible and
specifically identified. Only trained persons may carry out the
procedures.

@8] No such transfers may be made unless authorized by the
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responsible supervisor.

(2) The area shall be posted and unauthorized persons shall
be excluded from the area during such transfers.

(h) Cleaning, maintenance, and repair of tanks and process
equipment or lines may be done only by properly instructed and trained
personnel under responsible supervision. When possible, such work shall be
accomplished from the outside. Entry into confined spaces such as tanks,
pits, tank cars, barges, process vessels, and tunnels shall be controlled
by a permit system. Permits shall be signed by an authorized
representative of the employer certifying that preparation of the confined
space, precautionary measures, and personal protective equipment are
adequate, and that precautions have been taken to ensure that prescribed
procedures will be followed.

(L Tanks, equipment, 1lines, pumps, and valves shall be
drained, then thoroughly flushed with water and drained again before any
work 1is done on them. All spillage shall be flushed to the drain with
large amounts of water. Contact with drainage liquid shall be avoided.

(2) Prior to entry, the atmosphere in any tank or equipment
to be entered for such work shall be tested and found to have adequate
oxygen and to be free of excessive formaldehyde concentrations for work
contemplated and equipment worn.

(3) No employee shall enter any tank or equipment which does
not have a manhole or entry large enough to admit an employee equipped with
safety harness, lifeline, and emergency respiratory equipment. The
employee shall be able to leave the tank or vessel by the same opening.

%) A person shall be stationed at the entry to keep
employees under constant observation and one or more other persons shall be
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readily available in case of an emergency requiring rescue of the
employee(s). A supplied-air or self-contained breathing apparatus with
safety harness and lifeline shall be located outside the tank or vessel for
emergency use.

(5) Prior to entry, provision shall be made for adequate
ventilation of the tank or vessel to provide sufficient oxygen for the
employees inside and to remove or flush any airborne formaldehyde in excess
of the recommended limit.

(6) Before work in or on any tank, line, or equipment is
started, provision shall be made to prevent inadvertent entry of
formaldehyde solution or vapor into the work area.

) Exterior work involving cutting, chipping, riveting,
and welding on a tank, vent, or equipment may not be started until the item
has been cleaned and purged of formaldehyde gas, solutions, or
formaldehyde-yielding solids, and until a test has been made to ensure that
formaldehyde concentrations are below the lower flammable limit.

(i) Employers shall ensure that waste of formaldehyde solutions or
formaldehyde-yielding substances is disposed of by methods and procedures
which will prevent exposure of employees and other persons.

(k) Eye-flushing stations and showers shall be provided in any
area where contact of the eyes or the skin with formaldehyde or
formaldehyde-yielding substances is likely to occur.

(1) All leaks and spills of formaldehyde solution and/or
formaldehyde-generating substances shall be cleaned up immediately. When
the quantities involved are 1likely to produce exposures exceeding the

recommended limit, the employees at such cleanup operations shall wear
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suitable respiratory protection and protective clothing.
(m) Plans and procedures to meet emergency situations shall be
formulated and all personnel shall be trained in their effective use.

(1) All employees shall be thoroughly instructed in
emergency procedures and in the proper use of emergency equipment.

(2) Appropriate emergency equipment including protective
clothing, emergency and rescue breathing apparatus, and first-aid supplies
shall be located in each area where an emergency could occur. Locations of
such emergency stations shall be prominently and clearly posted in the work
areas.,

3) During emergency situations, all personnel shall be
evacuated from the area except the trained and equipped emergency teams.

(n) Protective clothing, respirators, goggles, and other personal
protective gear which have been contaminated by contact with formaldehyde
or formaldehyde-yielding substances shall be thoroughly washed or cleaned

before reuse by the employee.

Section 7 - Sanitation

(a) Eating and food preparation or dispensing (including vending
machines) shall be prohibited in formaldehyde work areas.

(b) Smoking shall not be permitted in areas where formaldehyde is
used, transferred, stored, or manufactured.

(c) Employees who handle formaldehyde or equipment contaminated
with formaldehyde shall be instructed to wash their hands thoroughly with
soap or mild detergent and water before eating, smoking, and using toilet

facilities.
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(d) Waste material contaminated with formaldehyde shall be
disposed of in a manner not hazardous to employees and in compliance with

local regulations.

Section 8 ~ Monitoring and Recordkeeping Requirements

(a) Workroom areas shall not be considered to have formaldehyde
exposure if airborne concentrations of formaldehyde, as determined on the
basis of annual industrial hygiene surveys, do not exceed a ceiling
concentration of 1.2 mg/cum (1 ppm) and if there 1is no occupational
exposure to formaldehyde solutions. Records of these surveys, including
the basis for concluding that the airborne concentration of formaldehyde
does not exceed either half of the ceiling concentration limit, or the
celling concentration limit, shall be maintained.

(b) Employers shall maintain records of exposures to airborne
formaldehyde based upon the following sampling and recording schedules:

(1) The first workplace environmental survey shall be
completed within 6 months of the promulgation of a standard incorporating
these recommendations.

(2) Workplace environmental surveys shall be conducted
within 30 days after installation of a new process or any process changes.

(c) Should environmental sampling indicate airborne formaldehyde
concentrations between half of the celling concentration 1limit and the
ceiling concentration 1limit, the following requirements shall apply:
Samples shall be collected at least semiannually in accordance with Section
1(b) for the evaluation of the workplace environment with respect to the
recommended standard. Each employee or employee 1location shall be
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evaluated at least once every year. Samples shall be collected in
accordance with Appendix I and analyzed in accordance with Section 1(b) for
the determination of the airborne 30-minute ceiling concentrations of
formaldehyde.

(d) When employee exposure exceeds the 30-minute ceiling limit,
environmental controls shall be applied. Monitoring and recordkeeping
shall be repeated on a weekly basis until two consecutive sampling periods
have demonstrated that corrective measures have decreased airborne
formaldehyde concentrations at or below the limit.

(e) Records of all sampling and analysis of airborne concentra-
tions of formaldehyde shall be retained for at 1least 5 years. Records
shall indicate the type of personal protective devices, if any, in use at
the time of sampling. Records shall be maintained and classified so that
an employee shall be able to obtain information about his or her own
present and past workplace exposures to formaldehyde.

(£) Access to records

(1) All records required to be maintained by this section
shall be made available upon request to authorized representatives of the
Assistant Secretary of Labor for Occupational Safety and Health and to the
Director of the National Institute for Occupational Safety and Health.

(2) Employee exposure determination and exposure
measurement records required to be maintained by this section shall be made
available to employees and their designated representatives.

(3) Without interfering with the measurement, observers
shall be entitled to receive an explanation of the measurement procedure,

visually observe all steps related to the measurements that are being

performed at the place of exposure, and record the results obtained.
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IT. INTRODUCTION

This report presents the criteria and the recommended standard based
thereon which were prepared to meet the need for preventing occupational
diseases and injuries arising from exposure to formaldehyde. 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 1life expectancy as a result of his work
experience."

The National Institute for Occupational Safety and Health (NIOSH),
after a review of data and consultation with others, formalized a system
for the development of criteria upon which standards can be established to
protect the health and provide for the safety of employees by limiting
their exposure to hazardous chemical and physical agents. Criteria for a
standard should enable management and labor to develop better engineering
or administrative controls, resulting in more healthful work practices and
mere compliance with the recommended standard should not be regarded as a
final goal.

The criteria and recommended standard for formaldehyde are a part of
a continuing series of documents published by NIOSH. The proposed standard
applies only to the processing, manufacture, and use of formaldehyde as
applicable under the Occupational Safety and Health Act of 1970,

The standard was not designed for the population-at-large, and any
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extrapolation beyond the occupational environment is not warranted. It 1is
intended to (1) protect against injury from formaldehyde, (2) allow
measurement by valid, reproducible procedures available to industry and
official agencies, and (3) be attainable by using existing technology.

For the purpose of this standard, formaldehyde is defined as
monomeric formaldehyde, HCHO. Sources of formaldehyde include aqueous
solutions, such as formalin (37 to 42% formaldehyde), and formaldehyde-
yielding substances, such as trioxane, paraformaldehyde, polyoxymethylene,
and hexamethylenetetramine.

There is a need to obtain more information on possible chronic
effects produced by prolonged exposures to formaldehyde at 1low
concentrations. Information on the solution chemistry of formaldehyde and
its reactive derivatives would be wuseful in developing sampling and
analytical procedures. The formation of bis-chloromethyl ether, a potent
carcinogen, from the reaction of formaldehyde with chlorides appears

unlikely at low concentrations of formaldehyde in air, but additional

research on this topic is desirable.
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III. BIOLOGIC EFFECTS OF EXPOSURE

Extent of Exposure

Formaldehyde, HCHO, and its derivatives are chemicals used“ in
numerous industrial operations involving the manufacture, formulation,
commercial distribution, and production of a variety of products [l].
Selected chemical and physical properties of formaldehyde monomer (FM) are
listed in Table XII-l. The wutilization of formaldehyde in the United
States is summarized in Table XII-2, Clearly, formaldehyde is an important
industrial chemical, so that demand, production, and use of formaldehyde
should increase.

In the vapor phase, formaldehyde exists as a monomer FM, whereas the
chemistry of formaldehyde in aqueous solutions is more complex [1]. An
understanding of the basic chemistry of formaldehyde and its derivatives,
shown schematically in Figure III-1 and described in Table XII-3, is
essential to any discussion of biologic effects.

Reactions of FM with itself, as described by Walker [1], depend
primarily upon temperature and concentration. The presence of small
amounts of water, metals, or other impurities may significantly accelerate
reactions. The anhydrous gas (FM) is stable in the gas phase over the
temperature range of 80-100 C, but wundergoes polymerization wupon
condensation and cooling. Formaldehyde in alcohol and/or water solutions
(FS) slowly polymerizes, forming paraformaldehyde and amorphous higher
polymers of polyoxymethylene (PF). Amorphous polyoxymethylenes containing
100 residues or more are derived from FM and are regarded as alpha-

polyoxymethylenes (PO alpha). PO alpha may be formed by addition of
sulfuric acid to FS or PF.
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Slow addition of H2S04 at 0-5 C produces a highly ordered clear-crystalline
polyoxymethylene (PO beta). Esterification of PO alpha yields a relatively
stable amorphous product which undergoes rearrangement on heating to
various temperatures and forms polymeric ethers and esters (PT), including
PO delta. With continued reaction, higher molecular weight insoluble
polyoxymethylenes may be formed and are designated as PW. Repeated
distillation of the cyclic trimer, trioxane, yields a polyoxymethylene
residue, PO epsilon. PO alpha is labile to degradation yielding FM on
destructive distillation or on dissolving in alcohol or water. Other PO
derivatives are more resistant to degradation and are not generally
regarded as sources of FM.

Formaldehyde exists in freshly prepared aqueous solutions as a mono-
hydrate form, methylene glycol (MG) (See Figure III-1). Depending on the
age and concentration of the solution, a series of paraformaldehyde and low
molecular weight polyoxymethylene glycols (PF) having the typical formula,
HO(CH20)xH, may be present. Lower concentrations of formaldehyde favor
formation of methylene glycol as the principal molecular species while
higher concentrations and aging of the solutions favor formation of
polymeric forms of formaldehyde (PO, PT, PW). Aqueous solubility of the
higher polymers decreases with increasing molecular weight, resulting in
precipitation of the higher polymers (PO, PT, PW) from solution. To
prevent or retard continued polymerization, methanol or other alcohols may
be added to formulations as stabilizers. Aqueous solutions of formaldehyde
generally contain 1less than 0.1%7 FM, However, distillation of such
solutions yields a vapor that consists primarily of wunhydrated FM in
equilibrium with a low concentration of MG vapor [1]. Although FM is not
found in significant amounts in solid or liquid products, formulations, or
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derivatives, vapor produced by, or evolved from, such materials may contain
significant amounts of FM gas. Distillation of an alkaline solution
containing polymeric aldehydes derived from formaldehyde is a fundamental
process for obtaining or recovering FM.

The number of employees engaged in the direct production of
formaldehyde monomer, supplied as an anhydrous product or in solution, has
been estimated by NIOSH to be 8,000. Formaldehyde is used (see Table XII-
4) in the manufacture of a variety of derivatives, including phenolic
resins, urea-formaldehyde resins, polyacetal resins, melamine,
pentaerythritol, hexamethylenetetramine, fertilizers, and acetylene
derivatives. Some of these materials may contain unreacted formaldehyde
residues or yield formaldehyde on decomposition. The population of
employees potentially exposed to formaldehyde or substances acting as
sources of formaldehyde 1s uncertain. Although an estimated 8,000
employees may be at risk of exposure to the high concentrations found in
industrial synthesis, formulation, and distribution of concentrated
products, the numerous wuses of formaldehyde and its derivatives indicate
that a substantially larger population of employees may be at risk from
intermittent exposures to products containing sources of formaldehyde or
its congeners and derivatives.

Commercial production of formaldehyde is accomplished by a variety of
techniques, including controlled oxidation of 1low molecular weight
aliphatic petroleum hydrocarbons [2] and oxidation of methanol in the
presence of a metal catalyst [1,3,4,5]. Two basic techniques for the
production of formaldehyde by oxidation of methanol are operation of the

process in either a fuel-rich mode or a' fuel-lean mode. Other variations
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in the oxidation processes are related to differences in catalyst and the
extent to which off-gases are recirculated.

Formaldehyde gas has a characteristic pungent odor. The pure, dry
gas is stable in the temperature range of 80-100 C [1]. At usual room
temperatures, polymerization occurs slowly and produces a white film of
polyoxymethylene on the walls of containers, while cooling to temperatures
between -20 to -80 C can cause condensation and more rapid polymerization.
Table XII-3 lists the composition, properties, and structures of various
formaldehyde polymers described by Walker [1]. Stability of the monomer
depends on purity. Even traces of polar compounds (water, acids, or bases)
can accelerate polymerization [2]. Water is a usual contaminant.

Commercial preparations of formaldehyde are available in grades of
methanol free, methanol stabilized (NF), or reagent. In addition to
methanol or other alcohols, commercial preparations may contain formic acid
[6]. Aqueous solutions consist of 0-15% alcohol (methyl, propyl, n-butyl,
or disobutyl) [7,2,6] in water containing 30-50% dissolved formaldehyde by
weight, which is introduced as a gas consisting of FM, Formaldehyde
solutions are supplied in glass carboys of 5- to 13-gallon capacity, lined
steel drums of 5- to 50-gallon capacity, 55-gallon stainless steel drums,
lined wooden barrels, stainless steel or lined tank trucks of 2,000- to
3,000-gallon capacity, or 8,000- to 10,000-gallon tank cars. In the
industrial setting, it is possible to encounter formaldehyde in a variety
of containers, processes, and products. One product,
hexamethylenetetramine (HT), (CH2)6N4, which is formed by reaction of
formaldehyde with ammonia, reacts as formaldehyde in many instances and 1is
regarded as a special form or source of formaldehyde in industrial use [1].
Occupational groups at risk from formaldehyde exposure are listed in Table

XII-5.
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Although a substantial number of individuals may be intermittently
exposed to formaldehyde or substances acting as a source of formaldehyde
gas, a relatively smaller number of employees engaged in primary
production, formulation, and distribution operations are at comparatively
higher risk of incurring occupational exposure by either inhalation or skin

and eye contact.

Historical Reports

The preparation and identification of several aldehydes had been
elucidated by mid-19th century but the first member of the aldehyde family
was unknown. Butlerov prepared formaldehyde in 1859 while attempting a
synthesis of MG through hydrolysis of methyl acetate [1]. He also prepared
polyoxymethylene using two procedures: by reaction of either methylene
iodide with silver oxalate or of methylene iodide with silver oxide.
Reaction of the polymeric products with ammonia yielded a crystalline
product, hexamethylenetetramine (HT). However, Hofmann [8] reported the
direct synthesis and definite identification of formaldehyde in 1867, when
he passed a mixture of methanol and air over a heated platinum spiral.
This method is a direct forerunner of a modern method of manufacture,.

In 1913, Brunnthaler [9] noted that as early as 1893 Blum [10] had
shown that formaldehyde combines with proteins. Subsequently, other
investigators, Benedicenti [11] in 1897, Sollmann [12] in 1902, Kendall
[13] in 1927, Gubareff and Bystrenin [14] in 1932, and Zipf and Bartscher

[15] 4in 1933 demonstrated that formaldehyde combines with specific amino

acids.

26



Formaldehyde reacts with terminal hydrogen atoms, particularly in
free amino groups of amino acids. Hydroxymethylated derivatives are
formed, which then may interact with other terminal hydrogen atoms by
elimination of water and crosslinking in protein chains [16,17]. Stewart
[18] showed that red blood cells treated with formaldehyde at 0.2% in
solution lost the ability to take up oxygen but retained normal
permeability to ammonium chloride and normal impermeability to sodium
chloride. A more concentrated solution of formaldehyde (4%) destroyed the
selective permeability of the red blood cells presumably produced by
crosslinking of protein chains and opening pores in evelopes of the red
blood cells.

Ingestion of formaldehyde has resulted 1in headache, upper
gastrointestinal pain [19-23], allergic reactions [19], damage to tissues
of the upper gastrointestinal and respiratory tracts [21, 22,24,25],
systemic damage [22-24], and death [21,22,26].

In 1904, Levison [26] reported that a person who swallowed 2-3 oz of
a "commercial" formaldehyde solution collapsed and died 20 minutes later.
At autopsy, the mucosa of the lower esophagus, stomach, and duodenum were
dark brown and hardened, and there was an excessive amount of mucus in the
bronchi.

The US Department of Agriculture [19] investigated the use of
formaldehyde as a food preservative in 1909, Eleven male volunteers
received daily 100 mg of formaldehyde in milk for 5 days followed by daily
doses of 200 mg of formaldehyde in milk for the next 10 days. During the
15-day test period, one subject stopped taking the formaldehyde after the
11th day, when he took a 100-mg dose, while two others took only 100 mg on
the 14th day and nothing on the 15th. Ten of the 11 subjects complained of
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stomach or intestinal pain and headache during the test period and for 10
days after their last dose. A burning sensation in the throat and a slight
decrease in body temperature were noted in 'the majority of cases." A dis-
tinct itching rash appeared on the chest and thighs of four of the
subjects. This observation was perhaps the earliest evidence of a
systemically induced skin reaction to formaldehyde.

In 1909, Bower [23] reported a case involving a 20-year-old woman who
swallowed about 0.5 oz of formalin (37-40% aqueous formaldehyde solution).
A stomach lavage was performed before the victim collapsed and lost
consciousness. The woman regained consciousness after administration of
strychnine and later complained of pain in the throat and paroxysmal pain
in the stomach. Kidney damage, as evidenced by analysis and physical
appearance of the urine, was slight. A diuretic mixture containing about
130 mg each of potassium acetate and potassium citrate was given every 2-4
hours. Recovery was complete after 4 days.

Ely [21] reported in 1910 a case of formaldehyde poisoning that
resulted in the death of a child who had ingested a few drops of a 40%
formaldehyde solution. At post-mortem examination, the mucous and
submucous coatings of the epiglottis, larynx, and trachea were thickened.
Upper respiratory tract damage appeared to be a result of direct contact of
formaldehyde with tissues at the juncture of the epiglottis and the
esophagus and infiltration of the irritant into the trachea.

Earp [24] in 1916 reported three cases of formaldehyde ingestion in-
volving adults. One man who drank 1.5 oz of formalin became cyanotic and
cold and vomited. Mucous membranes of the mouth and throat were dry and
white. The patient had a weak, irregular pulse, and his respiration was
shallow. He was given a quart of milk and periodic injections of various
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respiratory and cardiac stimulants. Recovery occurred in 4 days.
Ingestion of 0.5 oz formalin by another man produced very little cyanosis,
and only a dry, sore throat, and vomiting. The victim recovered after a
stomach washing with milk of magnesia, dilute ammonia water, and later a
quart of milk administered by means of a stomach tube. A woman who
attempted suicide by drinking 4 oz of formalin showed signs of cyanosis,
reduced body temperature (96 F), shallow respiration, and a weak, rapid,
and irregular pulse. She improved rapidly following administration of an
oral dose of dilute ammonia water and 1injection of strychnine sulfate.
Recovery occurred in 4 days.

In 1925, Kline [22] presented 12 fatal case histories from his own
files and from those of other physicians, listing clinical treatments and
pathologic changes as a result of formaldehyde ingestion. The amount of
formaldehyde ingested varied from "a few drops" to 7.5 oz of solutions
containing various concentrations of formaldehyde. Pathologic examinations
revealed damage that was severe in the lower esophagus and even more
extensive in the stomach. Damage produced in these organs varied from
hardening of the tissue to extreme corrosion. Congestion, edema, tissue
erosion, and hemorrhage were frequently observed, particularly in the lower
esophagus. The author noted that, in cases in which victims died 13 hours
or more after ingestion of formaldehyde, degenerative changes involving
slight cloudy swelling, fatty degeneration, and necrosis in the
parenchymatous organs were seen.

Vinson and Harrington [25] reported a case of corrosive stenosis of
the stomach in a 59-year-old man caused by the accidental ingestion of
formaldehyde. He experienced severe epigastric pain for 2-3 hours after
swallowing the solution and was able to ingest only soft foods for about 10
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days after the accident. Thereafter, 8wallowing even of fluids became
impossible for 4 days before he entered the hospital. Surgery was
performed to bypass the pyloric sphincter and to form an opening into the
stomach near the cardiac sphincter. After 2 months of treatment to dilate
a stricture below the cardia, the patient was able to swallow any type of
food and was permitted to return home. The authors commented that
additional dilations of the stricture just below the cardia probably would
be needed.

Inhalation of formaldehyde has caused severe irritation of the upper
respiratory tract [27,29] and death [27]. 1In 1934, B8hmer [27] reported
that exposure to high concentrations of formaldehyde gas may lead to
pulmonary edema. In one case, respiratory paralysis and death occurred
within 15 minutes after drinking a 30% solution of formaldehyde. Pulmonary
edema from inhalation of formaldehyde appears to be an uncommon response.
Respiratory embarassment from acute inflammatory edema of the larynx is the
most usual result [28].

In a 1935 report, Krans [29] described a case of chronic exposure to
fumes and vapor produced during hot molding of formaldehyde-base synthetic
resins. During the parting of 2-piece molds, a cloud of dense, acrid fumes
containing "various amounts'" of formaldehyde gas was released and, at
times, caused immediate throat irritation. Airborne formaldehyde concen-
trations, durations of exposure, and analyses for other irritants were not
reported. Six vyears earlier, Krans had encountered a man who had been
working a short time in a hot molding operation and had acquired a slight
cough. Over the next few months, the worker developed a typical bronchial
cough. Between 1929 and 1932, the coughing gradually worsened. In 1932,
he was suddenly taken ill with what the attending physician diagnosed as
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pneumonia. The author concluded that the condition was actually secondary
bronchopneumonia caused by the progressive irritant damage resulting from
the prolonged mixed exposure to vapor and dust containing formaldehyde at
excessive concentrations. Airborne formaldehyde and dust concentration in
the plant were not reported.

Prior to 1945, the bulk of the literature describing the effects of
short- and long-term contact of the skin with formaldehyde was published in
Germany [30-40]. The dangers resulting from the contact of formaldehyde
with the skin and nails were summarized in a review article by Chajes [41]
published by the International Labour Office in 1930. Individual
differences in susceptibility to formaldehyde were noted. Some individuals
adapted to exposure, others became progressively more sensitive. Prolonged
use of 2-10% formaldehyde solutions produced eczema on the fingers and
hands which were covered with vesicles, fissures, and ulcerations; these
could eventually extend to the skin of other parts of the body [41].
Erythematous rash and wurticaria were reported in some cases. Chajes
mentioned a 1922 report from the Medical Inspector of Factories in Great
Britain in which dermatitis was said to appear among workmen polishing
celluloid substitutes containing 0.015% formaldehyde. Similar cases
arising from the industrial wuse of dilute (less than 0.5%) formaldehyde
solutions and pastes were noted. Fingernails, after prolonged contact with
formaldehyde, showed a tendency to become brown, to soften, and to decay,
while the skin folds of the fingers became inflamed, with suppuration at
the site. In other cases, nails became scaly and friable prior to the
appearance of inflammation. Occasionally, the fingertips developed a
sensitivity which was accompanied by a '"tightening pain," extending up to
the arms in some cases.
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Effects on Humans

(a) Respiratory Tract Irritation

Respiratory tract irritation has been observed after inhalation [42-
54] and ingestion [55,56] of formaldehyde. Irritation after inhalation has
produced localized effects in the nose [42-47,57-59], the throat [42~-45,47~
51], and tracheo-bronchial tree [43,47,48,59]. Cases involving respiratory
irritation following ingestion [55,56] were due to invasion of the
formaldehyde via the glottis.

Ettinger and Jeremias [44] noted eye, nose, and throat irritatiom in
cutters, sewers, and other employees handling nylon fabric coated with
urea-formaldehyde resins. These symptoms were attributed primarily to
formaldehyde gas present in the workroom in concentrations of 1-11 ppm and
secondarily to the contamination of employees' hands with tiny flakes of
resin during handling. 1In the latter case, subsequent rubbing of the eyes
with the hands caused irritation and conjunctivitis. In such cases, flakes
which had become imbedded in the skin had to be removed by a physician.
They also noted that gaseous formaldehyde was released from the fabric
during curing and storage, but airborne concentrations of formaldehyde were
not reported. The authors concluded that the ideal method for the
elimination of the health hazard was improvement of the curing system to
achieve complete polymerization in as short a time and at as low a
temperature as possible.

In 1957, Zannini and Russo [48], as part of a study of irritant
gases, examined a man who had undergone a single acute inhalation of
formaldehyde. The patient complained of dyspnea, asthma attacks, asthenia,
weight loss, and nervousness. An initial chest radiograph showed
accentuated bilateral bronchiovascular markings. Clinical examination
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revealed pulmonary edema with diffuse harsh respiration, a 407 decrease in
vital capacity, a maximum loss of pulmonary ventilation of 457%, an enlarged
left atrium, an accentuated second pulmonary sound, and hyperthyroidism. A
second radiograph made 5 months later revealed that the left and right
atria and the right ventricle were enlarged. Diaphragmatic hypomobility
was also noted at this time. An electrocardiogram showed slight signs of
atrial overloading and an intraventricular conduction defect.

Sim and Pattle [46] reported the effects of possible smog irritants
on 12 male subjects, all healthy and ranging in age from 18 to 45 years.
The men were exposed simultaneously to 13.8 ppm (17.0 mg/cu m) of
formaldehyde for 30 minutes in a 100-cu m chamber. No restrictions were
placed on their activities; they were allowed to walk around and smoke if
they wished to do so. Airborne formaldehyde was generated by bubbling air
through a formaldehyde solution. The concentration of formaldehyde in the
chamber air was determined as total aldehydes by passing air from the
chamber through hydroxylamine hydrochloride at pH 4.5 and determining the
amount of HC1 1liberated by titration with base back to pH 4.5,
Formaldehyde at 13.8 ppm produced considerable nasal and eye irritation
when the men first entered the chamber, but produced no severe effect
despite continued slight 1lacrimation. The eye irritation was not severe
and wore off after about 10 minutes in the chamber. Thus, this study
provided some evidence of short~-term human adaptation to an irritant
stress.

Bourne and Seferian [42] in 1959 reported complaints of burning and
stinging eyes, headaches, and nose and throat irritation by customers and
employees 1in several dress shops. The odor was described as suffocating.

Complaints were most numerous when the ambient temperature was the highest.
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Air sampled in the dress shops was found to contain 0.13-0.45 ppm
formaldehyde. Samples of apparel from these same shops contained 5-8 mg of
formaldehyde for each 10 g of rayon textiles and 3.4 mg/10 g of cotton,
while a wool dress was found to be formaldehyde-free. The authors
recommended a ventilation rate of 15 air changes/hour for the shops to
remedy the situation.

Glass [49] reported in 1961 that breathing-zone concentrations of 16-
30 ppm formaldehyde, as determined by detector tubes, produced irritation
of the throat and smarting of the eyes in an unspecified number of the 60
employees in a resin-manufacturing and paper plant. Sixteen workers also
had dermatitis with marked erythema of the face and neck. Five of the 16
had edema of the eyelids. Two of these five did not handle the resin but
were exposed to both airborne resin dust and formaldehyde gas.

In 1961, Morrill [50] published the results of a study of exposure to
formaldehyde in a paper-conditioning installation. Two employees were
exposed to airborne formaldehyde released from paper treated with either
urea-formaldehyde or melamine-formaldehyde resin. Samples of air taken in
the area of the employees' breathing zone contained 0.9-1.6 ppm form-
aldehyde. No further details as to the number of air samples or the
analytical methods used were reported. The employees complained of itching
eyes, dry and sore throats, disturbed sleep, and wunusual thirst upon
awakening in the morning. This report does not take into account, however,
the fact that during the work operation one employee stood partially in a
ventilated booth housing the paper dryer which may have altered that
employee's exposure.

Hovding [45] reported complaints of dryness and irritation of the
nose and throat, a burning sensation in the eyes, and itching eruptions of
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the skin of the face, neck, and forearms in four women exposed to pyrolysis
products generated by thermocutting of polyethylene. The four women
presented mild dermatitis, primarily in the vicinity of the eyes, and also
on the neck and volar areas of the forearms. Formaldehyde and acrolein
were identified as two of these pyrolysis products. The employees also
noted feelings of drowsiness and headache at the end of the working day.
These last two symptoms and the nose, throat, and eye irritation
disappeared during absences from the workplace, but recurred on resumption
of work. The employees had been engaged in thermocutting for 1.5 years.
They had no histories of previous skin diseases. Occasionally, other
employees in the room complained of discomfort from the smoke, so that the
cutting operation had to be stopped. One woman working next to the cutting
machine showed no clinical signs of dermatitis but, along with the four
women employed at the thermocutting operation, gave a positive patch test
to a 4% formaldehyde solution.

In 1968, Shipkovitz [58] reported the findings of an investigation of
eight textile plants in which formaldehyde was released from fabrics
treated with formaldehyde-containing resins. Thirty-two samples of air
were examined for formaldehyde by drawing air through fritted bubblers
containing sodium bisulfite at the same times that air was drawn through 32
detector tubes. All but two of the detector tube samples failed to detect
any formaldehyde (limit of detection either 0.5 or 2 ppm, depending upon
which tube was used); the two positive tubes yielded results that were
considerably different from those obtained with the bubbler samples.
Bubbler samples were analyzed for total aldehyde by iodometric- titration,
using a method which has a limit of detection of 0.5 ppm but which is not
specific for either formaldehyde or total aldehyde. Shipkovitz reported
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airborne formaldehyde concentrations of 0-2.7 ppm, with an average of 0.68
ppm. Annoying odor, constant prickling irritation of mucous membranes,
heavy tearing, wheezing, excessive thirst, and disturbed sleep were
reported by the employees. Based upon "composite estimates'" obtained from
plant records, interviews with plant foremen, management, and several
employees at each plant, the prevalence of respiratory i1llness and
complaints was over 15% for four plants and 5-15% for the other four. The
author [58] also mentioned that upon entering certain plant areas an odor
was detected immediately which would decrease in intensity as he spent time
in the area, but would occur again the next day. This report of olfactory
adaptation to formaldehyde is consistent with the observations of Sim and
" Pattle [46].

In 1975, Kerfoot and Mooney [52] surveyed six funeral homes using
formaldehyde and paraformaldehyde in the embalming process. The average
concentrations in the air of the embalming rooms were 0.25-1.39 ppm
formaldehyde while the total range for all samples was 0.09-5.26 ppm.
Formaldehyde exposures were determined by sampling air at a rate of 1.5
liters/minute through a single midget impinger containing 10 ml of 0.1%
chromotropic acid in concentrated sulfuric acid until a purple color was
obtained. The color intensities of the sampling solutions were read on a
recording spectrophotometer. This method is specific for formaldehyde but
may have been in error on the low side because the paraformaldehyde could
have dissociafed to formaldehyde before collection. No prefilter was used.
Separate samples of airborne paraformaldehyde dust were collected with a
thermal precipitator, and dust particles were sized microscopically. The
airborne dust was found to have a geometric mean particle size of 1.6 m.
The investigators noted eye and upper respiratory tract irritation in some
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employees at "most" establishments, but this may have been due partly to
paraformaldehyde and partly to formaldehyde adsorbed on the dust. The in-
vestigators also experienced irritation which wore off within an hour while
they remained in the room but reappeared after lunch away from the
establishment or upon returning to it on the next day.

The authors also noted that employees other than the embalmers might
be severely irritated when entering a room in which an embalmer was
working. The investigators suggested that the embalmers become "inured to
the vapor" as concentrations gradually increased with time, and that such
chronic exposures may contribute to lung diseases. However, they offered
no proof for the latter hypothesis.

In a 1966 study [53] of a clothing store, the California Department
of Public Health reported airborne work zone concentrations of 0.9-3.3 ppm
formaldehyde. The 1nvestigators sampled for formaldehyde in air with
fritted midget absorbers, containing a solution of 3-methyl-2-
benzothiazolone hydrazone hydrochloride (MBTH), for 15-minute periods and
analyzed the contents colorimetrically. This method is sensitive to
formaldehyde at 1low concentrations but responds also to other aldehydes.
The only aldehyde likely to have been present was formaldehyde. Odors
attributed to formaldehyde were noticeable and were accompanied by
complaints of mild eye irritation. The investigators postulated that
allergies, chronic respiratory diseases, or any preexisting respiratory
ailments in employees might be aggravated by such airborne exposures to
aldehydes.

The California Department of Public Health conducted another occupa-
tional health study [54] in the same year at a textile garment factory
where '"perma-press" clothing was manufactured. The odor of formaldehyde
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was readily noticeable to the observers and was accompanied by eye and
upper respiratory tract irritation. Air was drawn through Greenburg-Smith
impingers containing sodium bisulfite solution. The method of analysis
used, given the large volume of air required in using Greenburg-Smith
impingers, provided adequate sensitivity but was a measure of total
aldehyde. Again, formaldehyde was probably the only aldehyde present. The
airborne formaldehyde concentrations ranged from 0.9 to 2.7 ppm. The
greatest discomfort, tearing of the eyes and irritation of the nasal
passages and the throat were reported by the employees in areas where the
largest quantities of partially completed garments were accumulated. The
irritant effects were greatest at the beginning of the workday and~ after
the lunch period. Irritation lasted for about 15-20 minutes during these
two periods after which the formaldehyde became tolerable. This study
reinforces the observations of Shipkovitz [58] and Kerfoot and Mooney [52]
that any "acclimatization' to formaldehyde lasted for no more than a few
hours and that dirritation returned after a 1-2 hour interruption of
exposure.

Porter [59] experienced acute respiratory distress after working with
formalin. As a neurology resident, he spent 2 hours preparing brain
specimens and inhaled high concentrations of formaldehyde gas. The
previous week, he had been exposed to formaldehyde gas for 15 hours. After
his more recent exposure of 2 hours, he developed dyspnea and tightness of
the chest which became progressively worse during a 15-hour period. His
wife noticed an odor of formaldehyde on his breath. Immediately before
onset of respiratory distress, there were unpleasant effects on the
conjunctivas and nasal mucosa. On hospitalization, the patient was
dyspneic. A radiograph of his chest was interpreted to indicate an
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inflammatory reaction in his lungs with early edema. Isolated occasional
rhonchi.where noted and soft diffuse rales were heard over both lung
fields. Porter was known to be atopic to a wide range of allergens, and
the respiratory distress could have been due to a hypersensitivity reaction
but more likely was an acute chemical pneumonitis provoked by formaldehyde.
The author suggested that inhalation of formaldehyde gas may entail serious
danger to susceptible individuals.

In a study reported by both Yefremov [47] and Zaeva et al [51], 278
employees working in wood-processing plants were examined medically. One
hundred twenty-nine (78%) were found to have signs of upper respiratory
tract irritation, including hypertrophic, inflammatory, subtrophic or
atrophic rhinitis. Airborne formaldehyde concentrations of 2.6-11 mg/cu m
(2.1-8.9 ppm), with a maximum of 36.3 mg/cu m (31.2 ppm), produced illness
in 39.1-66.2% of those exposed. [51] Airborne formaldehyde concentrations
of generally 0.6-4.1 mg/cu m (0.5-3.3 ppm), with a maximum of 8.8 mg/cu m
(7.1 ppm), produced an illness rate of 14.6-37.5% [51]. A control group of
200 individuals of corresponding ages had an incidence of respiratory
catarrh of 8.9% [51]. Yefremov [47] further noted that signs of chronic
respiratory tract irritation were most pronounced in persons 30-59 years of
age and in those who had worked for less than 5 years. He further noted
that pronounced morbid states developed from inflammatory phenomena in the
mucosa of the wupper respiratory tract consequent to inhalation of
formaldehyde vapor. Initial signs indicating onset of inflammatory
pneumonia were: (1) increased travel time of carbon particles from the
nares to the nasopharynx (2) more rapid absorption of noratropine from a

tampon inserted into the nasal cavity, and (3) decreased olfactory activity

for such substances as rosemary, thymol, camphor, and tar.
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Zaeva et al [51] also mentioned a study by A. K. Sgibnev without
stating where the original information was published. Sgibnev's study
reported that particularly sensitive individuals exposed to 1 mg/cu m (0.8
ppm) formaldehyde developed irritation of the mucous membranes of the upper
respiratory tract and eyes, respiratory disorders, changes in the function
of the autonomic nervous system and enhancement of the alpha-rhythm of the
EEG. All perceived the odor.

In 1971, Kratochvil [43] evaluated the health status of employees en-
gaged in the processing of textiles impregnated with urea-formaldehyde and
melamine-formaldehyde resins. Airborne formaldehyde concentrations in the
workshop did not exceed 5 mg/cu m. The employees complained of irritation
of the conjunctivas, nasopharynx, and skin. Objective findings were
catarrhal conjunctivitis in 72% of the employees, inflammatory rhinitis in
28%, s8lightly reddened, dry facial skin in 11%, and chronic bronchitis in
22% of the employees. The author stated that the frequency of occurrence
of bronchitis did not differ from that in the general population.

(b) Gastrointestinal Irritation

Ingestion of formaldehyde solutions has caused irritation [55,56,60-
62] and damage [55,56,61,62] to the tissues of the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>