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Glutaraldehyde Exposures Among Workers Making
Bioprosthetic Heart Valves

Patrice M. Sutton,1 Julia Quint,2 Janice Prudhomme,2 Jennifer Flattery,2

Barbara Materna,2 and Robert Harrison2

1Public Health Institute, Oakland, California
2California Department of Health Services, Occupational Health Branch, Richmond, California

Exposure to glutaraldehyde is a recognized cause of work-
related asthma. An investigation was undertaken to describe
exposure to glutaraldehyde among workers making biopros-
thetic heart valves and to make recommendations for pre-
vention. At the two largest heart valve manufacturing facili-
ties in California, the work process was observed; employer
representatives and glutaraldehyde-exposed workers were in-
terviewed; and employer written records, including company-
generated industrial hygiene data, were analyzed. Approxi-
mately 600 female workers had continuous airborne exposure
to glutaraldehyde over the course of every work shift and the
routine potential for skin and eye contact with glutaralde-
hyde while making heart valves. Employee short-term (15-
min) glutaraldehyde exposures were all well below the current
regulatory ceiling level (0.20 ppm). Overall, approximately
40% of the glutaraldehyde-related job tasks involved expo-
sures above the American Conference of Industrial Hygien-
ists threshold limit value ceiling of 0.05 ppm; the majority
(71.4% and 83.3%, depending on the company) involved ex-
posures greater than 0.015 ppm. At one company, two cases
of physician-diagnosed asthma were recorded by the employer
in the previous 5-year period; these reports met the surveil-
lance case definition for new-onset, work-related asthma asso-
ciated with a known asthma inducer. Factors that contributed
to worker exposure included large exposed surface areas of
glutaraldehyde under agitation; working with glutaraldehyde-
treated tissue in proximity to workers’ breathing zones; manual
pouring and disposal of glutaraldehyde solutions without local
exhaust ventilation, eye protection, and waste neutralization;
and prolonged use of latex gloves. Workers making biopros-
thetic heart valves are at risk for occupationally acquired
asthma. Employers should implement additional engineering
controls to minimize workers’ exposures to at least below a
level of 0.015 ppm, an appropriate glove to prevent workers’
skin exposure to glutaraldehyde, consistent and universal use
of eye protection, and a medical surveillance program for
glutaraldehyde-exposed workers.

Address correspondence to: Jennifer Flattery, California Depart-
ment of Health Services, Occupational Health Branch, 850 Marina
Bay Parkway, Building P, 3rd Floor, Richmond, CA 94804; e-mail:
jflatter@dhs.ca.gov.

Keywords bioprosthetic heart valves, glutaraldehyde, permissible
exposure limit, work-related asthma

INTRODUCTION

G lutaraldehyde is widely used in the health care industry
as a cold sterilant of medical and surgical instruments.

Glutaraldehyde vapor in the air can cause tearing of the eyes,
burning nose, sore throat, cough, nausea, and headache; symp-
toms may occur even when the amount of glutaraldehyde in
the air is below the current California Department of Indus-
trial Relations, Division of Occupational Safety and Health
(Cal/OSHA) permissible exposure Limit (PEL) of 0.20 ppm
ceiling(1−3) and the American Conference of Industrial Hy-
gienists (ACGIH

©R ) threshold limit value ceiling (TLV
©R –C)

of 0.05 ppm.(4−6) Exposure to glutaraldehyde is a recognized
cause of work-related asthma;(7−19) asthma has occurred in
individuals exposed to low levels of glutaraldehyde, probably
below 0.05 ppm.(20,21) One study reported the development of
asthma in workers whose short-term exposures ranged from
0.015 ppm to 0.21 ppm.(22)

In 2003, Cal/OSHA recommended lowering the PEL for
glutaraldehyde in the workplace to 0.015 ppm ceiling to protect
workers from developing asthma. The 0.015 ppm level was
based on the recommendation of the Cal/OSHA Airborne Con-
taminants Advisory Committee. In 2004, Cal/OSHA held three
supplemental Glutaraldehyde Advisory Committee meetings
to consider the impacts of the proposed change for glutaralde-
hyde; in late 2005, public hearings were held. In April 2006, the
California Occupational Safety and Health Standards Board
adopted a PEL of 0.05 ppm ceiling for glutaraldehyde. The
0.05 ppm ceiling becomes effective on July 8, 2008; until that
time, the following Cal/OSHA exposure limits are currently
in effect: a ceiling limit of 0.20 ppm and a PEL of 0.05 ppm
(8-hour time-weighted average). There is no federal PEL for
glutaraldehyde at present.

Subsequent to the 2003 Cal/OSHA proposal, representa-
tives of medical device manufacturers raised concerns that
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reducing workers’ exposures could adversely affect the man-
ufacture of bioprosthetic heart valves (i.e., heart valves made
from porcine or bovine tissue). Specifically, industry represen-
tatives anticipated that lowering workers’ glutaraldehyde expo-
sures would involve modifying the heart valve manufacturing
work process, lead to costly clinical trials, and jeopardize
patient access to heart valves. Glutaraldehyde has been used
in the manufacture of bioprosthetic heart valves for more 30
years, and almost all commercially available tissue valves are
currently fixed in glutaraldehyde.(23)

The development of alternative fixation techniques is an
area of great interest to the heart valve industry. This is because
glutaraldehyde-fixed tissue tends to calcify, which limits the
durability of the bioprosthetic.(24) However, at the present time,
there does not appear to be a less toxic, commercially available,
alternative to the use of low concentrations (0.5% to less than
3%) of glutaraldehyde for manufacturing bioprosthetic heart
valves.(25,26) The industry reports that the facilities of two
California companies, with more than 6000 employees in the
state, produce 90% of the more than 100,000 bioprosthetic
heart valves used annually throughout the world.

The National Institute for Occupational Safety and Health
(NIOSH) Sentinel Event Notification System for Occupational
Risks (SENSOR) program provides funding to California and
three other states to conduct surveillance for work-related
asthma. The California SENSOR asthma program aims to iden-
tify industries, occupations, and exposures that put workers at
risk for work-related asthma to develop prevention measures.
At the time of Cal/OSHA’s initial proposal to lower the PEL
for glutaraldehyde, California’s SENSOR asthma program had
documented one case of work-related asthma associated with
exposure to glutaraldehyde in the manufacture of bioprosthetic
heart valves. However, there were no published reports of
asthma among workers in this industry, nor had the nature
and extent of worker exposure to glutaraldehyde in heart valve
manufacturing been documented in the scientific literature.
Therefore, an investigation was undertaken to describe expo-
sure to glutaraldehyde among workers making bioprosthetic
heart valves and make recommendations for prevention.

METHODS

Selection Criteria
The facilities were selected because they were the two

largest heart valve manufacturers in California.

Investigation Protocol
The California Department of Health Services’ (CDHS)

SENSOR surveillance program collects existing health and
hazard data pursuant to legislative authority of the CDHS
(California Health and Safety Code 105175). The protocol
for data collection and investigation for the SENSOR asthma
surveillance program has been approved by the California
Health and Human Services Agency Committee for the Pro-
tection of Human Subjects.

At each facility, the investigation protocol included:

� A worksite walkthrough of the bioprosthetic heart valve
manufacturing process. An occupational health physician
and industrial hygienist walked through the facility and
directly observed the glutaraldehyde-related work processes
and the presence and use of glutaraldehyde exposure control
measures; at one facility, a toxicologist also observed the
workplace.

� Employer and worker interviews. Using a detailed industrial
hygiene checklist, employer representatives were queried
about the heart valve work process, job tasks, glutaralde-
hyde exposure control measures, and the employer’s health
and safety program. Worker interviews were conducted by
CDHS researchers during the on-site investigation. A conve-
nience sample of English-speaking workers, selected by the
employer, was interviewed privately as a group, in a room
at the facility. Workers were provided with a description of
the scope and purpose of the investigation, and researchers
answered employee questions, asked employees about their
work, exposure to glutaraldehyde, and any health problems
they may have experienced.

� A review of employer exposure monitoring and other re-
lated health and safety records. All written glutaraldehyde-
related health and safety materials were requested from each
employer including, but not limited to: Injury and Illness
Prevention Program (a written plan for illness and injury
prevention that is required for every California employer by
California Code of Regulations, Title 8, Section 3203), Haz-
ard Communication Program, and glutaraldehyde-related
Material Safety Data Sheets currently in use; employer glu-
taraldehyde air monitoring protocols and results descriptive
of workers’ current exposure levels; ventilation records that
documented the most recent maintenance activities; and
Employer’s Reports of Occupational Injury or Illness and
OSHA 200 and 300 Logs for the previous 5 years.

Data Analysis
Available medical and other records for all glutaraldehyde-

related illness and injury reports recorded on employer OSHA
logs were reviewed by two occupational health physicians
and an epidemiologist. Reports of asthma were evaluated ac-
cording to the NIOSH SENSOR surveillance case definition
and classification scheme.(27) The NIOSH case definition of
work-related asthma requires a health care professional’s di-
agnosis consistent with asthma and an association between
symptoms of asthma and work. The NIOSH definition further
distinguishes between cases of work-related asthma as either
“new-onset” or “work-aggravated” asthma.

Observational and records-based data were compiled by
CDHS researchers separately for each facility; all summa-
rized data regarding the work process, glutaraldehyde exposure
levels, and exposure control measures were reviewed by the
employer for accuracy and trade secrets. A company-specific
report of findings and recommendations for illness prevention
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was disseminated to each employer and its glutaraldehyde-
exposed employees.

At Company A, personal exposure monitoring had been
recently performed for all tasks involving glutaraldehyde ex-
posure at a time when the highest exposures were deemed
likely for each task. For tasks having multiple samples, the
highest measured level was selected to represent the ceiling
level of exposure for that task. For Company B, workers’
current exposures by job task were analyzed as follows: all
personal air monitoring samples collected between 1999 and
2004 were categorized by job task over time. Related de-
partments and job tasks were grouped, and the most recent
measured exposure for each of the glutaraldehyde-related tasks
was selected to represent the current ceiling level of exposure
of workers performing that task; where multiple samples were
taken for a task on the most recent sampling date, the highest
measured exposure from that date was selected to represent
the current ceiling level of exposure of workers performing
that task.

Our decision to report maximum measured exposure levels
by task (rather than, for example, mean exposure) is to pro-
mote comparison with a ceiling regulatory limit, which is not
allowed to be exceeded at any time. Samples collected with
passive diffusion badges that had values of “not detectable”
were assigned a value of 0.01 ppm. Descriptive statistics were
used to analyze the distribution of workers’ glutaraldehyde
exposures.

Evaluation Criteria
Criteria to assess worker exposure to glutaraldehyde were:

(a) the potential for one or more routes of worker exposure to
glutaraldehyde, i.e., skin, air, eye, and ingestion; (b) compar-
ison of employer glutaraldehyde air monitoring data to glu-
taraldehyde levels of 0.20 ppm ceiling (the current Cal/OSHA
PEL), 0.05 ppm ceiling (the current TLV-C and newly approved
Cal/OSHA PEL that will take effect July 8, 2008), and 0.015
ppm ceiling (the level recommended by the Cal/OSHA Air-
borne Contaminants Advisory Committee); (c) the presence,
use, and efficacy of measures to limit workers’ exposures, i.e.,
engineering and administrative control measures and personal
protective equipment; and (d) the presence of worker training
and hazard communication about glutaraldehyde exposure.

RESULTS

Data Collection
A walkthrough was conducted at each facility in 2004; 7 and

15 employer representatives were present during the on-site
investigation, and 12 and 11 English-speaking workers were
interviewed as a group, at Companies A and B, respectively.
All requested employer records were available, provided to
CDHS researchers, and comprehensively reviewed. Additional
records were also available and reviewed, including Doctor’s
First Reports of Occupational Illness or Injury (DFR) (i.e.,
California physicians are required to file a DFR within 5 days

of initial treatment for every injury or illness that may be related
to work, including first aid injuries); medical records associated
with illnesses recorded on the OSHA logs; company-specific
Injury/Illness Incident Analysis Reports (for selected cases);
Respiratory Protection Program, health and safety training ma-
terials, spill procedures, new employee physical examination
form, and job descriptions currently in use; and minutes of
the monthly Health and Safety Committee meetings (January
2002–June 2004).

Work Force
There were a total of 600 employees (mostly female) with

potential exposure to glutaraldehyde at the two facilities, 400
at Company A and 200 at Company B. Workers spoke up to
11 different languages/dialects, including Vietnamese, Korean,
Spanish, Taiwanese, and Cambodian. Employees worked one
of two 8- to 10-hour shifts, 5 days per week, and overtime as
required. There was no union representing the employees at
either facility.

Work Process
Tissue Staging and Fixation

At both companies, workers received bovine and/or porcine
tissue at the facility, manually cleaned the fresh tissue in saline,
and prepared the tissue for fixation in glutaraldehyde.

Company A. Workers submerged the tissue in uncovered
tanks of glutaraldehyde for a period of time. The tissue was
submerged horizontally across the tank. Workers also manually
placed tissue in open containers of glutaraldehyde and put the
containers in an enclosure. An automated system agitated the
glutaraldehyde while the tissue was in the enclosure. Workers
used a hose to manually fill and drain glutaraldehyde from
the fixation containers. Workers sat at laboratory benches and
sized, cut, and evaluated the tissue using hand-held tools and
microscopes.

Company B. Workers manually secured the valves onto long
tubes and loaded the tubes horizontally into fixation “rigs.” A
0.2% solution of glutaraldehyde was pumped into and out of
the fixation rigs through an enclosed system. When the valve
fixation process on the rigs was finished, workers manually
removed each valve from the rig and placed the valves in 5-
gallon buckets of glutaraldehyde solution. A 0.2% solution of
glutaraldehyde was manually dispensed into the 5-gallon buck-
ets from a faucet. The buckets were stored on shelves. Workers
removed a bucket of valves from the storage shelves, placed
the bucket on a laboratory bench, and sat at the laboratory
bench with an open or loosely-covered 5-gallon bucket of 0.2%
glutaraldehyde solution on either side of their workstations.
Workers removed each valve individually from the fixation
bucket to inspect and test each valve and returned the valve to
the appropriate bucket.

Manufacturing
Company A. Workers sat at laboratory benches. Tissue was

stored in jars of glutaraldehyde at each workstation. Workers
manually removed the tissue from the jar and sewed the tissue.
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The tissue was kept wet with glutaraldehyde during the sewing
process. The jars of glutaraldehyde were variably open or
loosely capped with the jar’s lid during the sewing process.
Some workers sewed while looking at the tissue through a
large magnifying glass or microscope that was attached to the
bench. Workers also manually inspected, cut, selected, tested,
and packaged each glutaraldehyde-treated valve at various
workstations. The jars of glutaraldehyde were filled by pouring
from a spigot and emptied by pouring the glutaraldehyde down
a sink that led to the sanitary sewer system.

Company B. Workers sat at laboratory benches, removed
a valve from a 4-oz container of 0.2% glutaraldehyde solu-
tion, and manually cut and sewed each valve onto a stent.
While working, workers periodically rinsed the valve in a small
aluminum bowl containing saline solution. Each stent was
prepackaged in a sealed cup containing 4 oz of glutaraldehyde
solution. Workers disposed of the glutaraldehyde solution in
the stent cups as follows: they pulled off the heat-sealed foil
cover, poured the glutaraldehyde solution into one of two sinks
in the workroom, rinsed the container with water, and put the
empty stent cup in the trash. At other workstations, workers
removed the lid from each glutaraldehyde solution-filled con-
tainer; took the valve out of its container; and manually in-
spected, tested, and measured the valve. To package the valves,
workers manually decanted and filled cups with glutaralde-
hyde solution (less than 1%). Workers manually poured off the
glutaraldehyde solution from each cup into a funnel that was
attached to tubing that led to a 5-gallon carboy. Workers trans-
ferred valves to a container and then filled the container with

TABLE I. Engineering Controls at Two Bioprosthetic Heart Valve Manufacturing Facilities

Work Process Company A Company B

Fixation Fixation tanks equipped with LEVA “slots” Tight-fitting lids and LEV installed on the fixation rigs. LEV
designed to pull air away from workers’ system a self-contained exhaust fan that drew air over the tank
breathing zones. Glutaraldehyde supplied to surface, into a charcoal filter bed, and returned the filtered air
and removed from the tanks through an to the room. The units were not equipped with a reliable and
enclosed system. Tissue also fixed in a fully adequately sensitive monitoring system to indicate adsorbent
enclosed locally exhausted box. breakthrough. A hydrogen peroxide-based solution was used

for sterilizing the fixation rigs (eliminated the use of 2.5%
glutaraldehyde for this task). Valve storage container fill
volume was reduced, equipment used to fill the containers
used a “no drip” nozzle, and the storage containers had a
gasket snap lid.

Manufacturing LEV slots on manufacturing workstations Filling and sealing stent-filled cups of glutaraldehyde solution
designed to exhaust glutaraldehyde vapors under LEV. Tissue carrousel under LEV. Final packaging
out of the room before entering the workers’ performed in a biological safety cabinet designed to draw
breathing zones. room air past the worker and into the cabinet.

Solutions Glutaraldehyde solutions mixed in an Glutaraldehyde solutions mixed in an enclosed system. A
enclosed system. Glutaraldehyde dispensed closed system automatically filled and delivered
from the enclosed system at the various glutaraldehyde solutions to the process areas.
tanks and workstations through a spigot.

ALEV = local exhaust ventilation.

new glutaraldehyde solution using an automated dispenser.
Workers placed cups containing glutaraldehyde solution and a
valve in an oven for the sterilization process.

Solutions
Direct observations were not made of this area. Depend-

ing on the facility, concentrated glutaraldehyde (25%) was
reportedly mixed into a variety of solutions ranging from 0.2%
to 2.5% glutaraldehyde, or concentrated glutaraldehyde was
diluted with water to a 0.625% buffered solution. Monthly
glutaraldehyde usage was in the range of thousands of liters at
each company.

Exposure Control Measures
Engineering

Various types of industrial hygiene engineering controls
were present at both facilities to reduce worker exposure dur-
ing tissue fixation, manufacturing, and mixing and delivering
glutaraldehyde solutions to the process areas (Table I).

Administrative
CDHS researchers observed the following work practices

at one company: containment of glutaraldehyde-soaked towels
within a sealed container, use of isopropyl alcohol instead of
glutaraldehyde to clean gloves, and use of saline instead of
glutaraldehyde solution to keep tissue wet during mounting.

Employee health and safety communication was accom-
plished at both companies through safety meetings, training
programs, bulletin boards, written communication, safety
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posters and other postings, and anonymous reporting. One
company had a labor-management Health and Safety Com-
mittee. At both facilities, all new employees received 2 hours
of health and safety training. The format used was an oral Pow-
erPoint presentation in English. Material Safety Data Sheets
were available in each work area.

Neither company had a medical monitoring program for
glutaraldehyde-exposed employees. At one facility, the Injury
and Illness Protection Program specified: “All pregnant em-
ployees must notify Health Services after confirmation of preg-
nancy by a physician. The Occupational Health Nurse will
evaluate and determine proper placement.” The employer’s
stated rationale for this policy was that “employees are asked
to notify Health Services of pregnancy so a full disclosure of
chemical exposure can be given to the employee’s health care
provider to determine work status.”

Personal Protective Equipment
All workers wore a disposable head cover, gown, booties,

and latex gloves while working with glutaraldehyde. Safety
glasses were required when workers handled glutaraldehyde
if there was a potential for splash or aerosolization of the
chemical (Company A), and for workers entering selected
areas and/or while performing selected tasks (Company B). No
respiratory protection was in use for routine glutaraldehyde-
related manufacturing tasks at Company A; selected work-
ers were part of the written respiratory protection program at
Company B. For tasks that required the use of a respirator, i.e.,
sampling glutaraldehyde by the QA technician, mixing various
glutaraldehyde solutions, custodial cleaning of the fixation
room during glutaraldehyde use, and cleaning of the fixation
rigs, workers at Company B were required to wear a negative-

FIGURE 1. Glutaraldehyde exposures by job tasks at two heart valve manufacturing facilities. Note: At Company A, the results are based on
61 samples collected over an approximately 6-week period in 2003 categorized by job task. The highest exposure for each job task was selected
to represent the current exposure of the worker performing that task. To describe workers’ current exposures at Company B, 147 personal air
monitoring samples collected between 1999 and 2004 were categorized by job task over time. The highest and most recent measured exposure
for each of the 30 glutaraldehyde-related tasks was selected to represent the current exposure of workers performing that task. Exposures that
are no longer relevant due to changes in the work process were excluded from this analysis.

pressure, full-face, air-purifying respirator with organic va-
por/acid gas/cartridges.

Exposure Levels
Workers were primarily exposed to glutaraldehyde by in-

halation. There was also potential for workers’ skin and eyes
to come into contact with glutaraldehyde.

Company A. At the time of this investigation, the most
recent air sampling to evaluate worker exposure to glutaralde-
hyde was conducted in 2003 by a certified industrial hygienist
retained by the facility. Personal exposure monitoring was
performed for all tasks involving glutaraldehyde exposure at
a time when the highest exposures were deemed likely for
each task. Areas where the contractor presumed there was
“100% confidence” that the level of glutaraldehyde was below
0.015 ppm were not sampled. The contractor consulted with
supervisory staff to determine which tasks involved glutaralde-
hyde exposure and when the highest exposures would occur.
All personal samples were collected for 15 min on treated
glass fiber filters and analyzed according to the OSHA 64
method.(28)

A total of 61 personal air-monitoring samples were col-
lected from four locations representing 28 glutaraldehyde-
related tasks. Workers’ glutaraldehyde exposure levels ranged
from 0.003 ppm to 0.10 ppm. Of 61 air samples, 21 (34.4%)
were less than 0.015 ppm, 51 (83.6%) were less than 0.05 ppm,
and all were below 0.20 ppm. Of the 10 air samples greater
than 0.05 ppm, 9 were collected in the Fixation area. The six
tasks with the highest exposures to glutaraldehyde involved
sterilizing, fixing, and preparing the tissue.

Company B. Between 1999 and April 2004, a total of
147 personal air-monitoring samples were collected from
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14 departments representing at least 30 glutaraldehyde-related
tasks. Of the 147 personal air samples, 103 (70%) were col-
lected by a certified industrial hygienist consultant retained by
the employer. These personal samples were collected for 15
min on treated glass fiber filters and analyzed according to the
OSHA 64 method.(28) The estimate quantification limit for this
method was 0.05 µg per sample (0.00044 ppm). The remaining
44 samples (30%) were personal air samples collected in-house
by the Facilities Environmental Health and Safety Manager
for approximately 15 min using passive diffusion badges and
analyzed according to OSHA Method 64. The detection limit
was 0.02 ppm for this method.

Of the 147 personal air samples, glutaraldehyde exposure
levels ranged from less than detection to 0.83 ppm; 12 sam-
ples (8.2%) were less than 0.015 ppm, 66 (44.9%) were less
than 0.05 ppm, 140 (95.2%) were below 0.20 ppm, and 7
(4.8%) were 0.20 ppm or greater. Of the 7 samples greater
than 0.20 ppm, 3 were obviated by changes in the work process
that modified or eliminated the tasks. The remaining 4 samples
greater than 0.20 ppm involved tasks that were subsequently
documented as having exposures reduced to below 0.20 ppm.
All workers’ documented current glutaraldehyde personal ex-
posure levels were below 0.20 ppm; however, exposures ex-
ceeded 0.05 ppm for workers performing 17 of 30 tasks. The
majority of the 75 personal samples collected in 2004 (56%)
were greater than 0.05 ppm, up to a maximum of 0.11 ppm.

The Figure presents the percentage of documented cur-
rent glutaraldehyde exposure levels among bioprosthetic heart
valve workers according to the highest and most recently mea-
sured exposure for each job task. Exposure levels were greater
than 0.05 ppm for 6 of 28 job tasks (21.4%) and 17 of 30
tasks (56.7%) at Companies A and B, respectively. Overall,
of 58 tasks with documented current exposure to
glutaraldehyde at these two companies, 39.7% were greater
than 0.05 ppm.

TABLE II. Glutaraldehyde-Related Health
Outcomes

Health Care
Health Outcome Number Provider Diagnosis?

Glutaraldehyde exposure 5 No
to eyes

Asthma 2 Yes
Allergic rhinitis 2 Yes
Contact dermatitis 1 Yes
Both allergic rhinitis and 1 Yes

allergic contact dermatitis
Chemical rhinitis (allergic 1 Yes

or irritant not specified)
Eye and skin irritation 1 No
Total 13

Notes: Recorded in two employers’ OSHA Logs among workers making
bioprosthetic heart valves (January 1999 to April 2004, Company A; January
1999 to December 2003, Company B).

Glutaraldehyde-Related Health Outcomes
Between January 1999 and December 2003, seven cases of

health care provider-diagnosed, glutaraldehyde-related illness
were recorded on the OSHA Logs at Company A; between
January 1999 and April 2004, six cases of glutaraldehyde-
related injury or illness were recorded on the OSHA Logs at
Company B (Table II). Workers experienced glutaraldehyde
exposure to the eyes, asthma, rhinitis, dermatitis, and eye and
skin irritation (Table II).

Two cases of physician-diagnosed asthma met the NIOSH
surveillance case definition for new-onset, work-related asthma
associated with a known asthma inducer. The two cases of
asthma were diagnosed 2 and 8 months after worker exposure
to glutaraldehyde began. One case of latex allergy was also
recorded during this time period.

DISCUSSION

Worker Exposure to Glutaraldehyde
Worker exposure to glutaraldehyde at both facilities in this

investigation occurred throughout the work process and in all
manufacturing locations. No other published reports docu-
menting exposure to glutaraldehyde among workers making
bioprosthetic heart valves have been identified.

Workers had continuous airborne exposure to glutaralde-
hyde over the course of every work shift. Based on the most
current exposure monitoring data available at the time of
this investigation, short-term (15-min) employee glutaralde-
hyde exposures were all well below the current regulatory
ceiling level (0.20 ppm). Overall, approximately 40% of the
glutaraldehyde-related job tasks identified at these companies
involved exposures above 0.05 ppm; the majority (71.4% and
83.3%, depending on the company) involved exposures greater
than 0.015 ppm (Figure).

At these two companies, health effects can occur at current
levels of airborne exposure. Occupational exposure to glu-
taraldehyde can cause asthma, which in some individuals may
cause serious morbidity.(7–19) Symptoms of asthma include
chest tightness, shortness of breath, wheezing, and cough. An
individual who has developed sensitizer-induced asthma can
have symptoms when exposed to even very small amounts of
glutaraldehyde or other irritant chemicals, making it difficult
or impossible to continue working where glutaraldehyde ex-
posure continues to occur.

Heart valve workers also had the potential for skin and eye
contact with glutaraldehyde. Glutaraldehyde can remove the
skin’s natural protective oils. This can irritate the skin and
cause dermatitis (skin rash), with dryness, redness, flaking,
and cracking of the skin. Repeated exposure can also cause an
allergic skin reaction.(29) Based on animal data, there is also
some concern that skin sensitization from glutaraldehyde may
lead to asthma.(30,31)

Exposure Control Measures
Engineering controls were implemented at both companies,

including (a) a closed system to minimize handling of large
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volumes of glutaraldehyde, and (b) dilution and local exhaust
ventilation (Table I). However, many factors that contribute to
worker exposure to glutaraldehyde persisted, including:

� The presence of large exposed surface areas of glutaralde-
hyde under agitation. At both facilities, existing dilution and
local exhaust ventilation was unable to capture and remove
glutaraldehyde vapor effectively during all glutaraldehyde-
related tasks. For example, at Company A, 9 of the 10 most
highly exposed tasks occurred in the area where the tissue
was fixed in glutaraldehyde in locally exhausted open tanks
and in an enclosed box. Assuming that the local exhaust
ventilation system for the fixation enclosure was maintained
in working order, fixation still required that workers manip-
ulate the open containers in and out of the box, exposing
a large surface area of glutaraldehyde and treated tissue.
Additionally, many other containers of glutaraldehyde were
simultaneously uncovered in all the work areas, resulting
in a large exposed surface area of glutaraldehyde at both
facilities.

� Working with glutaraldehyde-treated tissue in proximity to
workers’ breathing zones. Although significant efforts were
made at one facility to pull the flow of air away from work-
ers’ breathing zones via local exhaust ventilation slots on
the workstations, the existing dilution and local exhaust
ventilation systems were not designed to fully capture glu-
taraldehyde vapors at their source.

� Manual pouring and disposal of glutaraldehyde solutions
without local exhaust ventilation, eye protection, and waste
neutralization. Although the jars and other containers of
glutaraldehyde that were manually handled were relatively
small, there was a large volume of glutaraldehyde poured
and dispensed by hand without local exhaust ventilation
and without eye protection at both facilities. Existing poli-
cies did not result in consistent, universal use of safety
glasses. Moreover, disposing of glutaraldehyde solutions
down the drain without neutralization has been reported to
result in extremely high vapor levels at the point of
disposal.(32,33)

� Prolonged use of latex gloves. Latex gloves should not be
used for prolonged skin protection against glutaral-
dehyde.(34) Chemicals can permeate gloves without visibly
affecting the materials and thus gain access to the skin in an
insidious manner.(35) Latex gloves are suitable in situations
where only short-term, incidental contact with glutaralde-
hyde is expected. Tests on latex gloves against glutaralde-
hyde have shown breakthrough in less than 45 min with
2% to 3.4% solutions.(36) The protection afforded by latex
gloves can be improved by double gloving and changing
gloves every 10 to 15 min. Although the data provided by
one glove manufacturer indicates that its gloves will resist
permeation to glutaraldehyde for more than 480 min, this
may not be fully relevant to the conditions of use while
making bioprosthetic heart valves, which involves exposure
to glutaraldehyde in solution with other chemicals, including
the use of isopropyl alcohol to clean the gloves. Moreover,

latex gloves themselves present their own hazards. They
have been associated with dermatitis, sensitization, and al-
lergic reactions, including asthma.(7,37)

Illness Reports
In California over a 10-year period (1993–2003), CDHS’

tracking system identified 20 cases of work-related asthma
associated with exposure to glutaraldehyde. Of these 20 cases,
2 (10%) were new-onset, work-related asthma associated with
glutaraldehyde in workers making bioprosthetic heart valves.
In general, cases reported by physicians of work-related asthma
are likely to underestimate the true incidence for several rea-
sons: (1) workers are not routinely required to be examined
by physicians as part of medical monitoring programs for
agents that cause work-related asthma; (2) physicians may
not recognize symptoms and signs of work-related asthma and
report these cases as work related; (3) individuals who develop
symptoms of asthma may leave the workplace before physician
diagnosis; and (4) workers’ fear of retaliation prohibits full
reporting.

Training and Hazard Communication
Workers received training and communication about haz-

ards. However, as we did not observe any training and did not
implement a validated mechanism to assess worker knowledge,
we do not know whether this system overall was fully effective.
For example, in light of the mix of language and literacy
skills and the use of English, PowerPoint training may not
be effective.

A strength of one company’s program was its ongoing main-
tenance of an active, cross-departmental Health and Safety
Committee, including managerial and nonmanagerial repre-
sentatives. Documentation of the proceedings and tracking of
changes suggested a transparent and accountable process. The
need to monitor and control worker exposure to glutaraldehyde
was routinely discussed.

A weakness of the hazard communication efforts at Com-
pany A was its policy of requiring exposed workers to report
their pregnancies to the employer. Whether glutaraldehyde
can affect the reproductive system has not been well studied.
Glutaraldehyde is believed unlikely to affect pregnancy or
male or female reproductive function so long as exposure
levels are below those that cause irritation or other obvious
symptoms. The mandatory reporting of pregnancy policy at
Company A is not an effective health and safety measure
to protect against glutaraldehyde-related or other reproduc-
tive/developmental toxicity in the workplace. Consistent with
the requirements of the Cal/OSHA Hazard Communication
Standard, workplace reproductive hazards, including hazards
to pregnancy, should be identified, and the prevention measures
employed to protect against the hazards should be discussed
proactively with all employees as a part of health and safety
training. If particular hazards selectively impact the outcome
of pregnancies, the employer’s policy for addressing these
hazards, including alternative work assignments, should be
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clearly stated and included as a part of health and safety training
regardless of pregnancy status.

In addition, a mandatory reporting of pregnancy policy (a)
breaches workers’ privacy; (b) may cause workers who fear
economic loss or retaliation to hide their pregnancy rather
than seek care or removal from a hazardous exposure; (c) is
inconsistent with the fact that the timing of exposure to toxic
chemicals can have a significant impact on fetal outcomes, yet a
worker may not recognize her condition in the early weeks and
months of pregnancy; and (d) does not account for the potential
for reproductive impacts as a result of paternal exposure to
toxic substances.

Limitations
The scope of this investigation was limited to the use of

glutaraldehyde at the facilities discernible through observation,
record review, and worker and employer representative inter-
views. We did not take independent measurements of workers’
glutaraldehyde exposures and did not validate the assumptions
underlying the sampling strategies at these facilities. The im-
pact of these limitations on the findings of this investigation is
not known.

Sampling was conducted by three individuals, and 30% of
the samples at Company B were obtained with a less sensi-
tive sampling method. Therefore, comparisons of exposures
between companies may be imprecise. The grouping of vari-
ous job tasks at Company B for the purpose of this analysis
may have obscured differences in exposures among individual
workers performing the same task, or differences in similar
tasks.

Workers’ airborne exposures to glutaraldehyde were mea-
sured for 15-min periods in accordance with the recommended
OSHA method. High levels of exposure that may have occurred
over much shorter time periods would have been averaged into
the 15-minute sample; therefore, the results of air monitoring
may have underestimated workers’ ceiling or instantaneous
exposure levels.

The efficacy of the written respiratory protection program at
Company B, and of worker training and hazard communication
at both facilities, was not independently verified by CDHS re-
searchers. Language barriers and the lack of a pre-established,
independent mechanism for direct worker input limited the
ability to gather information about workers’ knowledge about
their exposure to glutaraldehyde and the worker perspective
on health and safety. The limited nature of this investigation
was resource driven and did not imply there were, or were not,
other health and safety issues at these workplaces.

CONCLUSIONS AND RECOMMENDATIONS

W orkers making bioprosthetic heart valves are at risk for
occupationally acquired asthma. Workers had continu-

ous airborne exposure to glutaraldehyde over the course of ev-
ery work shift at levels that can result in health effects, as well as
potential skin and eye contact with glutaraldehyde. Reductions
in worker exposure to glutaraldehyde could be achieved by

implementing additional engineering controls and by making
improvements in the type and use of personal protection equip-
ment, as described in the recommendations below. Therefore,
industry concerns that reductions in worker exposure would
lead to modifying the work process in such a way as to warrant
new clinical trials, and would place patient care in jeopardy,
appear to have been unwarranted.

CDHS recommends the following measures (in italics) be
implemented to prevent exposure to glutaraldehyde among
workers making bioprosthetic heart valves. These recommen-
dations are also applicable to other work processes for which
a safer substitute for glutaraldehyde is not presently available.

Implement additional engineering controls to minimize
workers’ exposures. When it is currently not possible to substi-
tute a toxic chemical with a safer alternative, engineering con-
trols should be implemented to control worker exposures. The
current TLV-C, equal to the newly approved Cal/OSHA PEL
ceiling limit of 0.05 ppm, was not based on protecting workers
against asthma. Data suggest that respiratory sensitization to
glutaraldehyde is possible at a level of 0.015 ppm.(16) There-
fore, engineering controls should be implemented to minimize
workers’ exposures to at least below a level of 0.015 ppm.

Many opportunities to further reduce exposures through the
use of engineering controls remain to be implemented. At one
company, procedures such as fixation that require large vol-
umes of the chemical under pressure could be separated from
other work areas. Tight-fitting lids should be put on fixation
tanks, trays, jars, and all other glutaraldehyde containers to
reduce the exposed surface area of glutaraldehyde. Fixation
tanks could be redesigned to increase their depth (i.e., allowing
for vertical submersion of the tissue, rather than horizontal
submersion, to reduce the size of the opening of the tanks) to
further minimize the exposed surface area.

In all areas, when container lids must be breached to ma-
nipulate the tissue or solution, release of glutaraldehyde vapor
should be controlled by installing local exhaust ventilation
located at the point of discharge to prevent the vapor from
escaping into the room air.(34) Enclosure hoods are considered
the best choice for highly toxic materials.(38)

Depending on the task, glutaraldehyde should be poured
under local exhaust ventilation, and automatic dispensing sys-
tems and/or splash-resistant safety nozzles should be used. The
work process should be reviewed to determine how the nu-
merous pouring steps could be centralized and conducted un-
der appropriate engineering controls. Research has shown that
implementation of low-cost, splash-resistant safety nozzles can
significantly reduce the exposure of workers pouring 2.6%
glutaraldehyde solution.(32) Glutaraldehyde solutions should
be neutralized before disposal. A recent study(32) demonstrated
that neutralization of glutaraldehyde with sodium bisulfite for
only 5 min resulted in reducing worker exposure to below
0.01 ppm.

Involving directly exposed production workers in the plan-
ning and implementation of recommended engineering con-
trols is likely to improve the efficacy of these steps. It is
essential to remonitor exposures after changes are made.
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Identify and implement an appropriate glove to prevent
workers’ skin exposure to glutaraldehyde and latex. Latex
gloves should not be used to control workers’ skin exposure
to glutaraldehyde. Nitrile and butyl rubber gloves are suit-
able for use with up to 50% glutaraldehyde, and polyethylene
gloves can be used with low concentrations of glutaralde-
hyde (less than 3–4%). Glove manufacturers should be asked
to provide documentation to support the suitability of their
gloves for glutaraldehyde protection under conditions of use.
Specifically, consideration should be given to the impact of
buffered solutions of glutaraldehyde and alcohol on glove
permeability.

Require the use of safety glasses when handling glutaralde-
hyde solutions. Eye contact with glutaraldehyde is harmful and
easily prevented. As it may be difficult to identify all situations
with potential for a “splash,” workers should always use safety
glasses when working with glutaraldehyde.

Implement a medical surveillance program for glutar-
aldehyde-exposed workers. Early diagnosis and removal from
exposure significantly improves the prognosis for recovery af-
ter the development of sensitizer-induced occupational
asthma.(47−49) The medical surveillance program in the
Cal/OSHA Formaldehyde Standard is designed to address sen-
sitization and could be used as a template to implement medical
surveillance among glutaraldehyde-exposed workers making
bioprosthetic heart valves (CCR, Title 8, Section 5217; the
federal standard is 29 CFR 1910.1048). Any worker poten-
tially exposed to glutaraldehyde should also be included in
a medical surveillance program. An annual respiratory ques-
tionnaire should be administered, with medical evaluation and
spirometry as indicated by work-related symptoms.

In the event of medical removal due to work-related health
problems, a Medical Removal Protection Program should be
in place to protect the workers from loss of salary and benefits.
Medical Removal Protection is essential to the success of a
medical surveillance program because it allows workers to
come forward with symptoms without the fear of job loss or
retaliation.

Mandatory reporting of pregnancy is not an effective health
and safety measure. Workers are protected from potential re-
productive hazards by preventing hazardous exposures for all
employees, training and communicating reproductive hazard
information to all workers (so they will have this information in
time to ensure they are adequately protected), and establishing
a voluntary mechanism for workers to report any disability for
which they may need accommodation.

Integrate worker health and safety considerations into the
assessment of alternatives to glutaraldehyde-fixation at the
onset of process redesign. Future use of an alternative to glu-
taraldehyde in the manufacture of bioprosthetic heart valves
will not eliminate the need to monitor and control worker
exposure to other chemicals. Worker health and safety con-
siderations should be anticipated by employers and regulatory
agencies and integrated into the assessment of alternatives to
glutaraldehyde-fixation at the onset of process redesign.
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