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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any emplpyer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found. \

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial nygiene technical and consultative
ass1stance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupat1ona1 health hazards and to
prevent re]ated trauma and d1sease :

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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I. SUMMARY

In May, 1982, the National Institute for Occupational Safety and Health
(NIOSH) received a request from the management of Olympic Peninsula Kidney
Center to determine the employees' exposure to formaldehyde.

On June 30, and July 21, 1982, NIOSH collected nine breathing zone and
general area environmental air samples to determine the workers’ exposure
to formaldehyde vapors. The employees were interviewed regarding current
and past adverse health effects.

A1l the workers except the one who flushes the artificial kidneys had
formaldehyde exposures that were from 0.04 to 0.12 ppm. During the one
hour he flushed the kidneys his average exposure was 0.36 ppm and during
the -10-minute period he emptied and refilled the carboy with formaldehyde
his exposure was 1.75 ppm. This worker stated that when he empties and
refills the carboy his eyes burn and tear and his nose burns.

On the basis of the data collected for this investigation, NIOSH
determined that one worker had a formaldehyde exposure of 0.36 ppm when he
flushed the artificial kidneys and 1.75 ppm when he emptied and refilled
the carboy with formaldehyde. The other employees had formaldehyde
exposure of 0.04 to 0.12 ppm. Since NIOSH recommends that formaldehyde be
considered a potential occupational carcinogen, as a prudent public health
measure, engineering controls and stringent work practices should be
employed to reduce occupational exposures to the lowest feasible limit.
Recommendation involving exhaust ventilation and work practices have been
included in the report.
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INTRODUCTION

In May 1982 the the National Institute for Occupational Safety and Health
(NIOSH) received a request form the management of Olympic Peninsula Kidney
Center, Bremerton, Washington, to determine employees' exposure to
formaldehyde. An environmental survey was conducted on June 30, and July
21, 1982, An interim report including the environmental results and
recommendations was submitted to the requester on Septemher 2, 1082.

ITI.BACKGROUND

Nlympic Peninsula Kidney Center is an outpatient dialysis facility in
Rremerton, Washington, where 30 patients are put on dialvsis machines 3
times a week for periods up to 4 hours. There are six dialysis machines
at the center. There are 7 emplovees who work in the facility over 2
10-hour shifts A davs a week.

Artificial kidneys can he reused several times. Formaldehvde is used in
the preservation of the kidneys until the same patient returns and reuses
it. Before dialysis hegins, the artificial kidney is hooked up to -the
dialysis unit. The formaldehyde solution is flushed out of the svstem and
piped to a small raised drain pipe. After dialvsis the artificial kidney
is removed from the unit. It is then flushed with deionized water. When
flushing is complete one liter of 2% formaldehyde solution is passed
through the kidneys. The kidney is sealed with the formaldehvde solution
in it until it is reused during the next visit of the patient. The
formaldehyde that is flushed through the kidney is dvrained into an open
sink. This flushing procedure takes about 25 to 30 minutes per artificial
kidney. Thnse that can he reiysed are flushed, one after the other, This
occurs once or twice per shift. The 2% formaldehyde solution is stored in
a in a 20 liter carboy directly over the sink. When there is one 1iter of
solution 1eft, the carboy is removed from the shelf and the remaining
1iter s poured in the sink. The 37% formaldehvde stack solntion is
measured out in a graduated beaker and added to the carboy. It is then
filled to the 20 Titer capacitv. This refilling takes about 0 minutes.

The formaldehyde exposure nccurs when the formaldehyde is flushed through
the artificial kidnev and when the cavhoy nf 2% formaldehyde s refilled,
which occurs several ftimes a week., These jinohs are done hy one person each
shift,

The room where the kidnevs are flushed is 10' by 12' in size. Above the
sink avea is a small ceiling fan. Smoke tube tests show that the exhaust
rate is verv Tow and it has no effect nn formaldehyde vapors released from
this area. Any vapor released in this room can migrate out %o the patient
dialysis area.
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EVALUATION DESIGN AND METHODS

The eanronmenfaT survev consisted of measuring the Pmplovﬂps axponsire to
airborne vapors of formaldehvde in their hreathing zone and the general
work area. Nine samples for formaldehyde vaoors were collected in 1%
sodium hisulfite solutinn in inpingers at a flow rate aof 1 Tpm. The
chemical analvsis was performed according to NIOSH analytical method P&TAM
125 (1). The employees were questinned vegardina svmotoms during the use
of formaldehyde.

EVALUATION CRITERIA

A. Environmental

The environmental criteria for exposure to toxic substances used in
this evaluation are hased on the MIOSH Criteria Documents,
Recommended Standard for Nccupational Expnsure to Formaldehyde (2,3)
and the Washington State Department of Lahor and Industrv General
‘Nccupational Health Standards (4). The Washington State Standard has
a permissible 8 hour time weighted average expnsure level of ? ppm
which is also a ceiling value not to he exceeded at any time. 1In
1976 NINSH recommended a permissible exposure Tevel! of 1 ppm for anv
30 minute period. However, in 1981, based on reasearch that
indicated formaldehvde is a potential nccupational carcinogen, NIOSH
recommended that formaldehvde exposure he reduced to the Towest
feasihle 1imit.

B. Toxicology of Formaldehvde (3)

"Formaldehyde has induced a rare form of nasal cancer in hoth Fischer
344 vats and in BAC3F1 mice as reported in an ongoing study hy the
CIIT. 1In a second study bv MYU, formaldehvde appears to have induced
the same tvpe of cancer in Spraque-Dawley rats. Although humans and
animals may differ in their susceptibility to specific chemical
compounds, anv substance that prnduces cancer in experimental animals
should be considered a cancer risk to humans. Formaldehvde has also
demonstrated mutagenic activity in several test svstems. Although a
substance cannot as yet be designated a potential occupational
carcinogen hased solely on results of mutagenicity tests, positive
results in mutagenicity tests should bhe used as supnor+1nq nV1dence
for identifying a potential occupational carcinogen.

Based on these results, NIOSH recommends that formaldehyde he handled
in the workplace as a potential nccupational carcinogen. Safe levels
of exposure to carcinogens have not been demonstrated, but the
probability of developing cancer should be veduced by decveasing
exposure. An estimate of the extent of the cancer risk to workers
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exposed to various levels of formaldehvde at or below the current 3
ppm (U.S. Department of Labor, QOSHA Standard) standard has not vet
heen determined. In the interim, NIOSH recommends that, as a prudent
public health measure, engineering controls and stringent work
practices be employed to reduce occupational exposure to the lowest
feasible 1imit."

Other Health Effects - "The first sians or symptoms noticed on
exposure to formaldehyde at concentrations ranging from 0.1 to 5 pom
are burning of the eyes, tearing (lacrimation), and and general
irritation to the upper respiratory passages. Higher exposures (10
to 20 ppm) may produce coughing, tightening in the chest, a sense of
pressure in the head, and palpitation of the heart. Exposures at

50 - 100 ppm and above can cause serious injury such as cnllection of
fluid in the Tungs (pulmanary edema), inflamation of the lungs
(pneumonitis), or death.

In one report, five nurses working near an artificial kidney
fhemodialvsis) machine developed wheezing and recurvent enisndes of
productive cough. The attacks generally occurved in winter and often
followed cnlds. The formaldehvde used to sterilize the machine was
found to have cansed this respiratary distress.

Dermatitis due to formaldehyde solutions or formaldehvde-containing
resins is a well-recognized problem. After a few days of exposure, a
worker may develop a sudden inflammatnry (eczematous) reaction of the
skin of the eyelids, face, neck, scrotum, and flexor surfaces of the
‘arms. An eczematous reaction mav also apoear on the fingers, hack of
the hands, wrists, forearms, and parts of the body that are exposed
to the rubbing of clnthing. This sometimes occurs after years of
repeated exposure."

RESULTS AND DISCUSSION

The results of the environmental sampling are shown in Table 1. The area
samples collected in the patient areas were representative of the workersg'
exposures. The formaldehyde concentration in the patient djalvsis area
was 0.04 ppm when there was no formaldehyde heing nsed in the adjacent 1ah
room, This bhackground level is probablv the result of the formaldehyde
that is piped directly to the drain from the dia'vsis unit when an
artificial kidney is being prepared for reuse. During the time periods
that the artificial kidneys were heing flushed and the carhovs refilled
with formaldehyde in the adiacent 1ab room, the formaldehyde concentration
in the patient areas were 0.N9 and 0.12 ppm. The slight increase is
probably the result of inadeauate 1ocal exhaust ventilation in the labh.
For the employees, these exposures are very low.and should not produce any
irritation of the eyes or respiratory svstem, however, it may affect snme
patients. Since manv of the patients on dialvsis have nther health
problems even concentrations as low as 0.12 ppm mav cause an adverse
health effect.
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The concentration in the lab while 4 artificial kidneys were flushed with
formaldehvde was 0.36 ppm. During the 1 1/2 hours hefore and during the
flushing of one kidney, the concertration was 0.23 ppm and during a 2 1/2
hour period that included the flushing of three kidneys and the refilling
of the 20 Titer carboy with formaldehyde, the concentration was 0.51 ppm.
It takes ten minutes or less to empty the Tast 1iter of solution from the
20 Titer carboy and to refill it. During this operation the worker's
exposure was 1.75 ppm. The worker stated that when he dnes this joh his
eyes will burn and tear and his nose will burn.

VII.CONCLUSION

A1T the workers except one have formaldehyde exposures that are less than
0.12 ppm. The employee who flushed the artificial kidneys has a low
exposure (about 0.12 ppm or less) for all but one hour during which time
he is flushing the kidneys and then the average concentration is 0,36
ppm. During the period he empties and refills the carboy with
formaldehyde his ten minute exposuvre went to 1.75 ppm. Since NIOSH
recommends that formaldehyde be considered a potential occupational
carcinogen, as a prudent public health measure, engineering contrnls and
stringent work practices should he employed to reduce nccupnational
exposures to the lowest feasihle 1imit.

VITI.RECOMMENDATIONS

14 A new exhaust system should be designed and installed in the area
where the artificial kidnevs are flushed,

2. When installing a new exhaust hood the following items should he
taken into consideration.

a. Enclose the hood on all sides as much as possihle. The ohject
is to take a1l the availahle exhaust air and have it enter the
hood over the point of work. This concept gives a greatly
increased capture efficiency.

h. The hood can he constructed out of auarter inch clear acrylic
plastic that permits light to enter and also provides visihility,

c. The air entering any open area of the hood should have a
- velocitv of 100 - 1AN fpm. Stated another wav, the volume of
air exhaust shonld be 100 - 150 cfm per square for square foot
of open hond area. As an example if the hond has 4 square feet
of open area then the total volume of. exhaust air should be 400
to 600 cfm.

3. A lateral exhaust slot hood can be used. Again, baffles on the sides
and the top increase the capture efficiency.

4, The exhaust hood should include the sink area. A1l work with
formaldehyde should he done under Tocal exhaust ventilation,



5. The exhaust of the system should not terminate near any door or
window that can he opened.

6. Emplovees should he informed as to the hazard of formaldehyde, its
control and appropriate personal hygiene pvwncedire,
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FORMALDEHYDE AIR CONCENTRATIONS

OLYMPIC PENINSULA KIDNEY CENTER
BREMERTON, WASHINGTON

HETA B2-242
SAMPLE TIME FORMALDEHYDE
TIME ngE CONCENTRATION
JOB OR LOCATION DATE MIN. DAY PPM

GA* - Above sink in lab before h-3N-8? 145 Q:25A - 11:R0A 0.13
any artificial kidnevs were flushed

GA - Above sink in lah during time 4 6-30-82 R3 11:52A - 12:4kp 0.38
artificial kidneys were flushed

BZ** 0f worker during time 4 6-30-82 53 11:R2A - 12:45P 0.3A
artificial kidneys were flushed

BZ - Emptied formaldehyde solution A-30-87 10 12:45P - 12:55P 1.758
into sink and refilled carboy

GA - In patieht dialysist area. Four f-30-8? 120 11:15A - 1:15P 0.12
kidneys were flushed and one carhoy of
formaldehyde was mixed in adiacent 1ab

GA - In patient dialysist area (No artificial 7-21-82 1258 9:18A - 11:23p n.na
kidnevs were flushed duving this time)

GA - In patient dialysist area. Four 7-21-82 142 11:23A - 11:45P 0.na
artificial kidnevys were flushed and one '
carhoy nf formaldehyde was mixed in
adjacent lab

" GA - Ahove sink in lah. Time hefore and 7-21-82 114 9:18A - 11:17p 0.23
duving the flushing of one kidney

GA - Above sink in lah. Three kidnevs were 7-21-82 153 11:12A - 1:45P 0.51
flushed and one carboy nf formaldehvde
was mixed.

* GA - General Avea
** R7 - Breathing Zone Personal Sample
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