ABSTRACT

The uses of formal dehyde in a medical center, comerci al
availability, and possible health effects of exposure are

di scussed. The new OSHA standard and the need for this

study are presented.

For mal dehyde usage is classified according to type,
| ocation, and anount of use. A sanpling strategy was
devel oped to determ ne possible exposures throughout the
medi cal center. Available sanpling methods and anal yti cal
procedures are |listed and those chosen are di scussed.

Sanple results are presented by area according to type
of use. A brief discussion of operations being carried out
In each area and a summary of sanpling results are given
Results of alnost all formal dehyde sanpling were bel ow new
OSHA standards. For those above prescribed OSHA | evel s, all
follow up sanples were bel ow the standard after inplenenting
adm nistrative controls. Recomendations are made to help
wi th continued fornal dehyde sanpling at the nedical center

The nedical center is currently in conpliance with the
new OSHA requirenents. Reliable, efficient, and cost
effective nmeans of routine sanpling needed to stay in

conpl i ance are di scussed.
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. I NTRODUCTI ON

A. Fornmal dehyde is one of the nost widely used chemcals in
industrial and | aboratory settings. It is used as a
preservative, a hardening and reduci ng agent, a corrosion
inhibitor, and in the manufacturing of resins and ot her
compounds. In industry, it can be used in the manufacturing
of textiles, fertilizers, inks, glue, paper, wood, rubber,
and pharmaceuticals. In health related occupations it is
used by pathol ogi sts, autopsy technicians, norticians,

anatom sts, nurses, and surgeons for tissue preservation,
sterilization, and decontam nation. |t has been esti nmated

that up to one-third of all people occupationally exposed

are in nedical or other health rel ated services. Its w de

and extensive use in the nedical setting is due to its

attributes as a fixative, preservative, disinfectant, and

decont am nati ng agent.

B. Formal dehyde was first synthesized in 1859 by Al exander
Butlerov. Nine years later AW Hoffrman identified

f or mal dehyde when he passed an air-nmethanol m xture over a
hot platinumspiral. The commercial manufacturing of

f ormal dehyde began in 1889 and had reached over five billion
pounds per year by 1986. °
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For mal dehyde is a colorless gas that is available
commercially in saturated solutions of 37.0 to 40. 0% of
f or mal dehyde gas by weight in water. The solution is
commonly called formalin and is considered 100. 0% fornalin,
therefore one part formalin in nine parts of water is not a

4. 0% sol ution but a 10. 0% sol uti on. Commercial formalin

usual 'y contains 10.0 to 15.0% met hanol to increase shelf

life and keep formal dehyde from combining with oxygen to

produce form c acid.

C. Fixing fluids act as tissue preservatives, inhibiting
aut ol yti c changes and bacterial growh. Fi xatives help to
harden tissue by either crosslinking or denaturing and
precipitating protein in them They also inactivate the
enzymes of cells, thereby avoiding digestion of proteins and
ot her macronol ecul ar substances in the cell which would | ead
to postnortem degeneration of tissue. Fi xatives al so kill
bacteria and ot her di sease causing organi sns which m ght be
present in the tissue.

A 10.0% buffered formalin solution is the nmost popul ar
fixing agent in |aboratories. Formalin's advantages include
that it is relatively inexpensive, penetrates rapidly, does
not overharden tissue, preserves fatty tissue, and permts
the use of a w de assortment of staining methods.

For |arger specinens, as in whol e bodies, enbal mng
prevents bacterial and enzymatic deconposition of tissues.
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The fixative is distributed to all parts of the body via the
circulatory system The use of formal dehyde for enbal m ng
pur poses i ncreased dramatically when toxic netallic salts
were banned in the late 1800'5.4 Enbal ming fluids typically
contain 2.0% formalin, 2.0% phenol (to counteract the
f or mal dehyde bl eaching effect), 6.0%glycerin (to soften
tissue and retard drying), 20.0% of 95.0% al cohol, and 70. 0%
wat er .

For mal dehyde has | ong been used as a disinfectant. The
application of fornal dehyde for inactivation of
m croorgani sns was practiced before the turn of the
century.5 One of the first uses of formal dehyde vapor was
to fum gate sick rooms.6

For mal dehyde is believed to inactivate bacteria, fungi,
nol ds, and yeasts by conbining with am no groups of
proteins. In dilutions of 0.5 to 0.75% fornal dehyde kills
aerobic bacteria in six to twel ve hours and anaer obi c
bacteria in two to four days. It is used in place of heat
sterilization in henodialysis units to sterilize the
di al ysis machines. This is done by addi ng approxi nately
140.0 mlliliters (m's) of a 5.0% formalin solution to the
machi ne through a suction line and letting it sit overnight.
I n sone machi nes approximately 10.0 to 15.0 m's of 37.0%
formal dehyde is sucked in and | eft overnight.

For mal dehyde is al so used to decont am nate bi ol ogi ca

safety cabinets, incubators, refrigerators, |aboratory
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roons, or other enclosed spaces. It has becone the chem cal
of choice for space disinfection. !

For mal dehyde can be generated from aqueous fornmalin
solutions containing 37.0 to 40.0% f or mal dehyde by heati ng
or vapori zing the solution or by nm xing potassium
per manganate to formalin in a 40:60% by wei ght volune ratio
to cause an exothernic chenical reaction. Sodi um
di chromat e, bl eachi ng powder, potassium or sodi um chl orate,
or caustic soda can be used with appropriate ratios in place
of potassium permanganate. The preferred nethod of
generating formal dehyde gas is by heating parafornmal dehyde,
which is a solid polyner containing 91.0 to 99. 0%
formal dehyde. Heating is done in an electric frying pan or
deep fat cooker at tenperatures above 150.0 degrees
centigrade in an atnosphere of 21.0 degrees centigrade or
greater and a relative humdity of 60.0% of nore.

For restricted | aboratories where infectious agents are
bei ng used, decontam nation nust be done when that area is
to beconme an unrestricted general use |laboratory. 1In the
case of biological safety cabinets, a routine performance
certification nmay be necessary every six to twelve nonths.
A decont anmi nati on of the cabi net nust be done if infectious
agents were used in order to enter the cabinet at m ninal
risk of infection. |In the subject study, extensive
f or mal dehyde sanpling was done during the decontam nation of

bi ol ogi cal safety cabinets and will be discussed in greater

detail | ater.
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Formalin is also used on a snmaller scale for such

operations as ani mal perfusions, northern bl ot gel
preparation, pap snear sanples, and bl ood sanple tray

prepar ati on. In all these cases a 10.0% buffered formalin
solution is used, either pre-made by the Pharnmacy Depart nent

or diluted as needed prior to use.
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[ I HEALTH EFFECTS

Vari ous health effects of inhalati on and dernal contact
wi th formal dehyde have been reported. Fornal dehyde is a
primary irritant, it is toxic, and it is regarded as an
occupati onal carcinogen. Responses have been produced upon
i ngestion, inhalation, and adsorption through the skin.

Synptons range frommnor eye irritation to pul nonary edenm

and deat h upon ingestion.

A, Anong the first synptons seen are burning of the eyes
(lacrimation) and irritation of the upper respiratory tract.
Ai rborne concentrations as low as 0.1 parts per mllion
(ppm can cause eye, nose, and throat irritation. St ephens
used human subjects to determne an eye irritation threshold
of 1.0 ppmfor five m nutes. Morrill determ ned the
threshold for eye irritation to be between 0.9 and 1.6 ppm
and bourne and Seferian reported eye irritations at
concentration as low as 0.13 to 0.45 ppm This threshol d
limt may be inpossible to determ ne quantitatively due to
variation in individual responses, but npbst studies seemto
support the | ower ranges reported by Bourne and Seferian.

The inhal ati on of high concentrations of formal dehyde

can be extremely dangerous. A concentration of 100.0 ppmis
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i medi ately dangerous to life and health (IDLH) and is

potentially fatal if exposure continues for thirty mnutes

or nmor e.

B. It has been noted that dernal di seases and di sorders
account for over a third of all reportable occupational

di seases, and are a serious problemin the United States
vvorkplace.12 For mal dehyde i s one of the nbst commopn causes
of occupational skin di sease.”” The maj or effects of

f or mal dehyde on the skin are the devel opnent of both
irritant dermatitis and sensitization leading to allergic
contact dermatitis. It may al so cause GF?r%arla (ﬁ????f?

Irritant dermatitis results froma direct injury to the
skin and is nore prone to occur or persist in atopic
i ndi vi dual s, enconpassing 20.0 to 30.0% of the general
population.14 Cases of primary skin irritation due to
contact with formal dehyde have incl uded erythenms,
inflammation of skin folds, decay of fingernails, and
urticaria. Irritant reactions are nore likely to occur
under conditions of low hum dity, repeated wetting and
drying of the skin, tenperature extremes, mechanical trauma
pre-existing skin disease, and concomtant exposure to other
irritating substances. Repeated exposure to formal dehyde
can cause devel opnent of hypersensitivity.15

According to Rostenberg, a 10.0% solution of formalinis

a potential eczematous sensitizer. Patch tests using 0.5%
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f or mal dehyde showed positive responses in five nurses who
had devel oped papul es and vesicles on their fingers and
faces after handling thernometers kept in a 10.0%fornalin
solution. Horsfall showed that 10.5 ppm of fornal dehyde in
air can produce skin effects in sensitive i ndi vi duals. *’
Experiments by Jordan showed that the |evel of formnal dehyde
in liquid products nmust be reduced to 0.3% before the
majority of sensitized individuals can tolerate them *°
Once sensitized, a person may react to skin contact wth any
formof formal dehyde rel eased fromresins or other

conpounds.

C. Formal dehyde is readily absorbed in the respiratory
syst em when i nhal ed because of its high solubility and
reactivity. It is thought that the upper respiratory tract
renoves 95.0% of airborne formal dehyde and only 5.0%reaches
t he bronchi ol es. This is supported by the fact that nost
of the effects of formal dehyde on the respiratory systemare
in the upper portion of the tract. Inhalation of

f or mal dehyde has been shown to cause ciliostasis of the
tracheal mucosa which could hinder the respiratory systens
ability to deal with environnmental insults. Interstitial
inflammation of the lungs of various animals upon exposure
to forml dehyde was shown by C‘oon.zO Kane and Al ari e have
denonstrated a decrease in respiratory rates in mce, which

. . . . . 21
is a characteristic of exposure to Irritants. It was
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found by Andur that guinea pigs exposed to 0.3 ppmto 50.0
ppm of fornmal dehyde had increased resistance to air flow and
reduced conpliance of the Iungs.22 H st opat hol ogi ¢ changes
were found in the nasal turbinates of rats exposed to

f or mal dehyde concentrations from2.0 to 15.0 ppmfor thirty
hours per week over an eighteen nonth period. Epithelial
dyspl asi a and squanous netaplasia were found in many rats at
all exposure levels. Inflammtion of nasal nmucous nenbranes

i 23
was found m sone exposed ani nal s.

D. Long terminhal ation of fornal dehyde gas i s associ at ed
with nasal cancer in experinental aninals. Sonme studies
i n humans exposed to fornmal dehyde have denonstrated

I ncreased nasal and nasopharygeal cancer.”" In 1983 the
Arerican Conference of Governmental |ndustrial Hygienists
(ACA@ H) determ ned formal dehyde to be a suspect human
carci nogen and in 1987 the Environnmental Protection Agency
(EPA) classified formal dehyde as a "Bl probabl e human

carcinogen." This has |ed the Cccupational Safety and
Health Adm nistration (OSHA) to regard fornal dehyde as an
occupati onal carcinogen.

Prelimnary results were released in 1980 by the
Chem cal Industry Institute of Toxicology (CUT) froma
chronic toxicity and carcinogenicity study of inhaled

24
f ormal dehyde mrats and m ce. These results showed t hat

rats exposed to 15.0 ppm fornmal dehyde for six hours per day.
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five days per week over ei ghteen nonths devel oped squanous
cell carcinomas of the nasal cavities. The study was
conpleted in 1981 and final results published in 1983 showed
nasal cancers in rats exposed to 5.6 and 14.3 ppm benign
nasal tunors in rats exposed to 2.0 ppm and nasal cancer in
m ce exposed to 14.3 ppm fornal dehyde for six hours per day,
five days per week for twenty-four rmnths.25

In a separate study done by researchers at New York
University, twenty-five out of one hundred rats devel oped
squanous cell carcinomas of the nasal cavity after exposure
to 14.0 ppm fornal dehyde for six hours per day over 814
days, corroborating ClIT s finding that fornmal dehyde is an
ani mal carcinogen.26 Horton found no tunors of the |ung
after exposing mce to |levels of formal dehyde ranging from

40.0 to 700.0 ppmfor three hours per week for up to thirty-

. 27
five weeks.

Current epidem ol ogic studies provide little evidence of
i ncreased risk of nasal cancer from formal dehyde exposure
but do indi cate excesses of | eukenm a and cancers of the
brai n and m)uth.28 Further studies are underway although
nost epi dem ol ogi ¢ studies are not yet conpleted. OSHA
bel i eves that overall cancer nortality is not an appropriate
eval uation to determ ne causal rel ationshi ps.

Gof nekl er observed an increase of pregnancy in rats by
approximately 15.0% a decrease in lung and |iver weight in

of fspring, and increased weights of the thynus, heart,
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ki dneys, and adrenal s upon exposing pregnant mce to 0.8 and
0. 01 ppm fornmal dehyde. The nost marked changes were in the
kidney.30 After review of a report by d sen and Dossi ng and
a report by Shumlina, OSHA stated that there appeared to be
little, if any, risk of reproductive or teratogenic effects

fromthe | evels of exposure to fornal dehyde typical of the

. . 31
occupati onal environnent.

O her biol ogical effects have been noticed in ani nmal
resear ch. Korean studi es have indicated increased arthritis
in rabbits upon intra-articular injections of fornmalde-
hyde.32 In mal e mce chronic exposure to fornal dehyde is

associated with |iver cytoplasm c vacuol ar change and

testicul ar degeneration.

E. Throughout the years both the increased use of

f or mal dehyde and awar eness of potential health effects have
br ought about changes in the standard for perm ssible
exposure. The changes made in the OSHA standard refl ect the
experimental evidence showi ng fornal dehyde first as a

cytopl asm ¢ poison causing irritation and dernmal effects,

| ater a system c poi son causing sensitization, and nost
recently a carcinogen causing nasal cancer in rats.

In 1943, Henderson and Haggard suggested an airborne
exposure limt for fornaldehyde of 20.0 Eﬁﬁ?‘ I n 1946, the
ACG H set a 10.0 ppmthreshold Iimt value (TLV) for
f or mal dehyde which was lowered to 5.0 ppmin 1948. The
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ACG H Ilater set a 5.0 ppmceiling limt in 1963, not to be
exceeded at any tine. OSHA adopted a 3.0 ppm ei ght hour
time weighted average (TWA) and a 5.0 ppmceiling limt in
1971 based on 1967 Anerican National Standards Institute
(ANSI) standards. In 1973, the AC@H |owered their
recommended ceiling limt to 2.0 ppmand as early as 1983

recommended a 1.0 ppm ei ght hour TWA TLV.

F. The new OSHA for nal dehyde standard whi ch becane
effective February 2, 1988 is due in large part to the
evidence of its carcinogenicity. The latest standard is 1.0
ppm ei ght hour TWA perm ssi bl e exposure |evel (PEL), 2.0 ppm
fifteen m nute short term exposure |level (STEL), and a 0.5
ppmei ght hour TWA action level (AL)."M'" The peak allowabl e
exposure of 10.0 ppmfor no nore than thirty m nutes was
r evoked.

The new standard carried with it a six nonth conpliance
period meani ng that by August 2, 1988 exposure
determ nation, medical surveillance, and energency
procedures nust be conpleted. The deadline for |aboratories

was extended until Septenber 2, 1988.34
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[ I OBJECTI VES

This study was conducted to denonstrate how a nodern
medi cal center could neet the requirenents for conpliance of
OSHA standards in a way that m ght serve as a nodel for
ot her nedical centers. An additional objective was to
conpare sone of the formal dehyde sanpling nmethods avail abl e
and make recommendations for continued and routine sanpling.

The first objective was to plan a conprehensive survey
of formal dehyde users at the medical center. A conplete and

t horough survey is necessary before planning a sanpling
strat egy.
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I V. PERFORM NG THE SURVEY

A.  Because of formal dehyde's w despread and often sporadic
use, developing a sanpling strategy at a nedical center can
be difficult. There are many small unrel ated departnents
using formalin in their own unique way. Acconplishing an
adequat e survey was critical in developing a good strategy.
The survey started by determning the distribution of
formal dehyde within the nedical center. By finding out from
purchasi ng who i s buying fornal dehyde in any form one can
determne who is using it. In the case of this medical
center, the Central Pharnmacy Department nakes up 10.0%
buffered formalin from 37.0% f ornal dehyde and packages it in
one gallon containers. Alot of one hundred to two hundred
one gallon containers is periodically brought to the
Mat eri al s Management Department where it is distributed to
the departments that use it. Obtaining a [ist from
Materi al s Managenent of departments that had checked out the
formalin in the past six nonths hel ped identify users. An
exanple of this list can be found in Appendi x Nunber One.
This list, along with information from purchasing as to
persons buying 37.0% f or nal dehyde or paraformal dehyde, gave
a starting point to help |ocate users of formal dehyde.
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Wth this information, contact was made by phone with
each person or departnent on each list. Information was
gat hered and recorded to further determ ne fornal dehyde
usage. Information included what forml dehyde was bei ng
used for, how much (quantity/tinme), how often, how | ong
during the day, how it was used (laboratory conditions,
hoods, personal protective equipnent), what the current
status was, who was responsible for use, |ocation of use
(building, |aboratory nunber), and a contact nane and phone
nunmbers. An exanple of the table used to gather this
i nformati on appears in Appendi x Nunber Two.

It was determined fromthis infornation that
f or mal dehyde use was w despread, sonetines heavy, but nore

often sporadic and m ni mal .

B. Wth the usage information in hand, a wal k-t hrough
survey was conducted. Each area using formal dehyde was
visited for inspection and to obtain further information
fromthe enpl oyees and supervisor of that area. The nunber
of people in that area and | aboratory conditions were noted
and possi bl e sanpl e scheduling or further contact was
est abl i shed.

Screeni ng was then done in the heavy use areas by taking
grab sanpl es using National Draeger detection tubes.  The
grab sanple results gave an idea of exposure concentrations

in these areas and hel ped determ ne how nuch further

sanmpling was needed. These results are listed in Table 1.
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Dr aeger Tube Fornal dehyde G ab Sanpl es

Ar ea Sanpl ed

Sout h

Sout h

Pat h. Lab (M324)
H st. Lab (M29)

Aut opsy Lab (M321)

Aut opsy St orage Room

Phar nacy Vault

Nor t h
D al .
D al .
D al .
Nor t h
Sout h
D al .
D al .
Sout h
Jones
D al .
D al .

D al .

Pat h.
Hi st.

D al .

Pat h. Lab (3 544)

West

M x Room

Mai N Room

Dial. (9224)

Hi st. Lab (M329)

Mai n Room
Hone Train Room
H st. Lab

Lab #249

M X Room
West

Nor t h

= Pat hol ogy
= Hi st ol ogy

= Dialysis

Tabl e 1

Dat e

PPM

1.0-1.4

<0. 5

<0. 5

<0. 5

16

Activity

Cener a

Dilution

Gener al

Durmmpi ng
BSC Decon.
Dilution

N
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Care nust be taken in using these results, as Bal nat
found that nonitoring for forml dehyde with the Draeger tube
can produce excessively high results.’’ Another st udy
i ndi cated the sane problem at |ow and high | evels of
hum dity and ten‘perature.g7 However, to err on the high
side is acceptabl e when using the tube as a screening device
and the information obtained is still very useful in that
cont ext .

A master's report submitted to the faculty of the
Uni versity of North Carolina by Jolley showed that the
Draeger tube can al so be used to neasure peak exposures
during forml dehyde use. ” Jolley also used the Mran-1A
Anbient Air Analyzer to nmeasure peak exposures. The Mran
can al so be used as a pre-sanpl e screening device in areas

of high formal dehyde usage.

C. The first step in planning a strategy is know ng your
resources. Becoming famliar with your work area,
col | eagues, and what is available to you is essential. The
nmost critical issue is of course your budget, as nost of
your plans revol ve around what can or cannot be afforded.
Al t hough a good study will have no financial boundaries,
this is not always the case.

Wth the usage information and the screening results,
where and when to sanple was then determ ned. OSHA states

that to protect the health of enpl oyees, exposure
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measur enments nmust be unbi ased and representative of enpl oyee
exposure.39 A wel | designed sanpling strategy show ng that
all enpl oyees are exposed below the PEL with a 95. 0%
certainty is sufficient evidence that the exposure limts

are being net, provided approved anal ytical nmethods are used

f or neasur enents.

There is no best neasurenent strategy for al
situations. Sone elenents to consider when devel oping a
strategy include the availability and cost of sanpling
equi prent and anal ytical facilities, |location and work
operations of enployees, intraday and interday variations in
t he process, nunber of sanpl es needed, and precision and
accuracy of sanpling and anal ytical nmethods. Systematic
changes in the exposure of an enpl oyee to fornal dehyde can
be caused by the enpl oyee changi ng patterns of novenent in
t he workpl ace, closing or opening doors and w ndows,
ventilation changes from season to season, changes in
production processes or work habits of enployees, and
decreases in ventilation efficiency or failure of
engi neering controls.

It was decided for this study to i mediately and
periodically sanple the heaviest users. Areas such as
Aut opsy, Surgical Pathology, and Dialysis were sanpled nuch
nore frequently than others because of their heavy usage.
The nunber of people exposed to formal dehyde in their work

practices determ ned how many sanples were taken in each
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area. Snaller use areas that had simlar work practices
were included together. Wrst case scenarios were then
determ ned and sanpled. Areas were broken down into heavy,
noderate, and | ow use by frequency or vol une of use (Table
2). Type of use was then described for each category.

Tabl e 2A shows how each area was classified as to type of
Area sanples may not be representative of enployee
exposure. Personal sanples better describe actual enployee
exposure and should be used to docunment them However, area

sanpl es were taken in sone cases to assess general room
concentrations, to determne mgration of formal dehyde into
nearby areas, and in one specific area where formal dehyde
exposure occurs but is used by nore than one person. |If
there was an area where fornal dehyde was used sporadically
t hroughout the day by a nunber of enployees entering and

| eaving that area, it was assuned that if the formal dehyde

concentrati on was below the action |l evel in that area and

any one person working in that area would not be exposed
over the action | evel.

OSHA states that if enployees nay be exposed above the
action level, the enployer nust neasure the exposure. In
this study exposure was nmeasured initially and if the
exposure was above the action |level, further sanpling was
done. |If exposure was above the PEL, recomendations were

made to | ower exposure and subsequent sanpling was done.
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Tabl e 2

For mal dehyde Concentrati ons by Usage

Ar ea Type of Use Aver aere PPM

Heavy Usacre

Aut opsy Lab Ti ssue Preservati on 0. 12
Path./Hi St. Lab t ' 0. 29
Phar macy Di |l uti on 0. 10
Aut opsy Lab ! 0. 19
D al ysi s ! 1.84
Bi 0. Safety Cabi net Decont ami nati on 0. 23
Di al ysi s Sterilization 0. 10
0. 41 Avg
Moder at e Usage
D al ysi s Sterilization 0.10
Dial. West/North Di l ution 0.0
Dept. of Medicine Bi opsi es 0.13
Allergy. Pulm dinic ! 0. 10
Inst, of AIl. Inf. D s. Preservati on 0.13
0. 09 Avg.
Low Usage
Neur opat hol ogy Pr eservati on 0. 03
Heart, Lung, & Bl ood Inst, ! 0.0
Anat. Di v. of OBGYN Per f usi on 0. 03
Mcro./Imm Lab #316 Nort hern Bl ot Gel 0. 03
" Gel Transfer 0. 21
RP #3 Lab #109 Bl ood Trays 0.0
” Readi ng Trays 0.0
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Ti ssue Preservation

Aut opsy Lab

Pat hol ogy Lab

Hi st ol ogy Lab

Dept. of Surgery Lab #125
Neur opat hol ogy

Vi vari um

Heart, Lung, Blood Inst.
Del i very Room

VA Pat hol ogy Lab
Hyperbaric Cin Program
Rheun? | mm Lab #369 Carl
Di v. Neurosurgery (Busse)
Emer gency Depart ment
Surgical Diag. dinic

Surgical Qut-Patient din

Bl ood Tray Prep.

Dept of Mcro/lnmRP #3
VA Pat hol ogy Lab

Reagent Prep.

Chemistry |ab #341
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Tabl e 2A

O assification by Type of Use

Lou

D lution

Central Pharnmacy
Aut opsy Lab

Di al ysis Min
Dial . North/Wst
Vi vari um

VA Pat hol ogy Lab 1
Mcro/ I nm Dept (3) 1

Per f usi ons

N oW oo N ®

Hyperbaric Clin Prog 2

Dept. Med. Lab #350 2
Div of Neurosurgery !
Dept of Mcro/lmm 1

Anatony Div of OBGYN 1

Bi opsy Speci nens

Dept of Med Endoscopy 4

Algy & Pulm dinic
Surgical Diag. Cinic 1

Use Scal e*

Mbder at e

21

Sterili zat i on/Decontani |ation

Bi 0. Safety Cabinet

Di al ysis Min
Dialysis North

Di al ysi s West

Surgical Diag. dinic
Sur gi cal Qut-Patient

Northern Bl ot GCels

Mcro/ I mm Dept Lab #316
Lab #311

Lab #350

Lab #328

Dept of Med/ Neur. Div.
RP #1

RP #3

Pap Snears

10 Heavy

* Conpared within type of use

0.

Allergy & Pulnonary din
2 Emergency Dept.

a a v W o0
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—
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V. SAMPLI NG AND ANALYSI S

A, Accurate and precise neasurenents of fornmal dehyde in the
wor kpl ace is beconming nore inportant as the health effects
are better understood. Formal dehyde sanpling methods are
numer ous, varied, and still being researched and refined.

One of the earliest nethods for collection and anal ysis of

f or mal dehyde mair was published in 1943.%° G owi ng
concern of the potential adverse health effects associated
with fornmal dehyde has generated renewed interest in sanpling
and anal ytical nmethods. Table 3 lists the nethods avail abl e
for formal dehyde sanpling and analysis. Table 4 shows some

operational paraneters and Table 5 |ists sonme advant ages,

di sadvant ages, and limtations.

The best known and nobst sensitive collection nethod is

the inpinger with solution. Mny different solutions can be
used in the inpinger to collect formal dehyde vapor including
Grard T Reagent, distilled water, 3.0% hydrogen peroxide in
0. 025 N sodi um hydroxi de, and 2,4 dinitro-phenyl hydrazi ne
(DNPH) plus perchloric acid. The nost conmmon sol ution and

t he one suggested in the National Institute of QCccupational
Safety and Health (NI OSH) method 3500 is 1.0% sodi um
bisulfite. This NI OSH net hod 3500 was originally adapted
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TABLE 3, Methods Available for Formal dehyde Sanpling and Anal ysis*

Met hod Govt No. Anal ytical Schene
Chr onot r opi ¢ PacAM Collect in inFinger with distilled water; add 1% chronotropic
Acid (CTA) 125 acid (CTA) followed by concentrated sulfuric acid; meanuro
spectrophotonetrically at 580 nm
P&CAM Col l ect on alum na sorbent; desorb innediatelg into 1% sol ution
235 of methanol in water; determne formal dehyde by CTA nethod.
Di ffusive Forna!deh%de collected in sodiumbisulfite solution in pnBnive
Moni tors sanpl i ng badge; formal dehyde in solution determned by CTA nethod

(Dupont)~.

For mal dehyde col | ected on bisulfite-inpregnated pad in passive
sanpl i ng badge; formal dehyde-bisulfite adduct oluted with v;nter;
f or mal dehyde™ det ernmi ned by CTA nethod (3M

Par ar osani | i ne Fornaldehxde collected in water in an inpinger; mx with solution
(PR) of tetrachloronmercurate Il plus sodiumsul fate; add
pararosaniline solution and neasure specphotometrically at 560

For mal dehyde col | ected in inPinger with deionized water; add
acidified pararosaniline followed by sodiumsulfite; nmeasure
spectrophotonetrically at 570 nm

For mal dehyde col | ected on 13 X nol ecul ar sieve, desorbed with
dei oni zed wat er; formal dehyde determ ned by PR nethod.

2,4 Dinitro- For mal dehyde col | ected in bubblers containing DNPH in
phenyl hydr azi ne hydrochl oric acid, which react to forminsoluble precipitate;
( DNPH) dissolve filtered precipitate in acetonitrile and neasure, using

hi gh performance |1 quid chromatography with U detection

For mal dehyde col | ected in_inpingers containing 2,4-DNPI| plus
perchloric acid Scatalyst); meaSure hydrazone formed using |1 PLC to
with UV detection.
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Met hod

2,4 Dnitro-

phenyl hydrazi ne
(DNPH) (con't)

3- Mot hyl - 2-

benzot hi azol one

(MBTH)

Arard T
Reagent

Hydr azi ne
(H2NNH2)

Oxi dati ve
Char coal

N- Benzyl et h-
anol am ne

( BAE)

Govt

Nl OSI |
S327

NI OSH
318

NI OSH
354

OSHA 52

TABLE 3. (Conti nued)

No. Anal ytical Schene

Col I ect formal dehyde on silica gel coated with DNPH desorb with
acetonitrile; neasure with HPLC with UV detection

For mal dehyde collected on XAD-2 resin coated with 2,4 DNPH
thrazone eluted with ethyl ether and neasured using gas
chromat ography with flame ionization detection

For mal dehyde collected on filter paper, silica gel, or in
i npi nger coated with/containing MOTH, add ferric chloride to form

Elge cationic dye; neasure spectrophotonetrically at 635 nm or
7 nm

Col | ect formal dehyde in bubbler containing MBTH, add ferric
chloride and sulfamc acid to formblue cationic dye; measure
spectrophotonetrically at 628 nm

Col I ect formal dehyde in inpinger with Grard T reagent; neasure
formal dehyde-G rard T reagent derivative by pol arography.

Col | ect formal dehyde in bubbl er using 10% et hanol in water;
react solution with hydrazine (HZNNH2) to form fornal dehyde-
hydrazone; measure derivative by differential pul se pol arography.

Col I ect fornal dehyde on charcoal inpregnated wth oxidizin?
agent; desorb in 0.1% hydrogen peroxi de sol ution; neasure Tormte
Ion by ion chronmatography.

Col | ect formal dehyde on charcoal inpregnated with BAE;, the
benzl oxazolidine Torned is desorbed with i sooctane and neasured

usi ng capillary-colum gas chromatography with flane ionization
det ecti on.

Formal dehyde in air drawn through XAD- 2 sorbent coated with 2-
(hydroxynet hyl ) piperidine to form oxazolidine; oxazolidine
desorbed with toluene and measured using ?acked col um gas
%hro?atograph wi th nitrogen-phosphorous flame ionization detector

NPD) .
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TABLE 3. (Concl uded)

Net hod Govt No. Anal ytical Schene
, Col | ect formal dehyde in inpingers containing 3% hydrogen x
pasl e e in 0.025 N sodlun¥I|ydroxJE% Yeasure formate | on for md ug

chr omat ogr aphy.

it i AR IIe t fo dehyde in, inp, ont ai ni ng.0. | pH .
T T obenzor ¢ posp ate Bu} (s 21 M\%eéﬁﬁfi itess DTt el 2 afided *°
acid) DTNB e collected sa les to formthe for IdeT% e bisulfite

adduct the excess bisulfite Is react ed ith DB to forma
Bro duct neasured spectrophotonetrically a t 412 nm the anount
Isulfite what has reacted with the formal dehyde 1s then

cal cul ated by difference.

*E. R Kennegy Teas Gagnon, For Ide t Chem stry an
Fo | COl 00% VAT osll<1| Ercr“fg“?rltm/ince '[}Adr‘e J{ $ A% 9& b E]x an&eag

et! U and Gt knecht, Rest. U-. k G105
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Met hod

TABLE "i 7.

Chronotropi C Acid

Di f fusi ve nonitors

Par ar osani l i ne

2, 4- DNPH

MBTH

Grard T

Hydr azi ne

Oxi dati ve char coal

DAE- coat ed t ube

2- HHP

Basi ¢ Per oxi de

DTNB

*E. R Kennedy, A. W Teass, and Y. T. Gagnon,
Advances in

Toxi col ogy, " V. Turoski
Neefus and Qutknecht ,Rese*&JVT&F*AJle XKMAMGME] APY wc-M My,

Qperationa

Sanpl er Type
i npi nger
sor bent

al um na

t ube,

badge
badge

i npi nger
bubbl er
nol ecul ar si eve

sor bent tube

bubbl er

i nmpi nger
silica ge
coat ed
XAD- 2 tube
coat ed

t ube

i npi nger
bubbl er

bubbl er

bubbl er

coat ed char coal
XAD- 2 coat ed
XAD- 2 coat ed

i npi nger

i mpi nger

Edi t or,

Parameters for

Sanpl e

Rat e

(L/in)

0.

0.

.0

.2

. 0017
. 0569

5

26-5

"For mal dehyde Anal ytica
Chemi stry Series 210, 1985.

Avai | abl e Met hods”

Sanpl e Measur e Limt of
Vol urme Limt Quantitation
(ug/ sanp) (ppm
60 1.5 0. 020
6 1.0 0. 14
0.8 0. 25 0. 25
27 0.8 0. 02
28 2.0 0. 06
60 1.8 0. 02
30 1.0 0. 02
30 0. 05 0. 002
31 0. 25 0. 007
20 2.5 0. 11
5 0. 64 0. 11
250 5.0 0. 016
250 2.0 0. 007
18 6.0 0. 25
30 1.0 O. oos8
100 3.0 0. 02
38 2.0 0. 04
24 0. 48 0. 013
30 2.0 0. 05
4 0.12 0. 009

to
en

Cheni stry and
Expanded by
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TABLE 5".
Met hod
Chronotropi c P&CAM

Aci d 1225

Di ffusive
Moni t ors

Par arosani |l i ne
(PR

2,4 Dinitro-
phenyl hydr azi ne
( DNPH)

W R Kennedy

Neef us and Gut knecht,

P&CAM
235

Dupont

3M

, A

V7. Teass, and Y.

No. Advant ages D sadvant ages

Sinpl e instrunentation;
sensitive

Solid Borbent for col
|l ection; HCHO i n net h—
anol el uent stable for
one nonth

Easy to use; exposed
badge can be stored

two weeks; humdity has
no effect.

Easy to use

Selectivity superior to
CTA net hod, 2x detection
limt over CTA

Low detection limt

(0.1ng); no other
organi c interference

Pl i enol, alcohols, olefins
interfere; requires work

with cone, sulfuric acid,;
absor bance of final sol u-

tion increases with tine

CTA et hod; | oss of HCUO
on al um na sorbent after
one hour

CTA net hod

CTA net hod; badges un-
stable at high tem
perature

Smal | al dehydes, sulfite,
S2, cyani de, hydroxyl -
am ne interfere; PR
tends to precipitate

Requi res conpl ex instru-
ment ati on (HPLC)

Advant ages, Disadvantages, and Liabilities of Available Methods*

G >vt Limtati ons

| mpi ngers difficult

to use

Desorption efficien-
cy about 85%

Response tinme about
3 seconds; shoul d
detect 15-30 m nute

peak exposure
| evel s.

Sor bent nust be kept

noi st - - probl ens at
low R H

| mpi ngers difficult
to use; 13x nolecii-
iar sieve has 15

m nut e sanpling
limt at 00% R H

Must desorb within

.1-2 days when col =

l ecting on silica
gel coated with
2, 4-DNPI |

. . _ T. Gagnon, "Fornal dehyde Anal ytical Chem stry and
Toxi col ggy," V. Turoski, Editor, Advances 1n Chemstry Series 210, 1985.

Expanded by
Rt~ AFPY Noc. A n,»i»
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Met hod

3- Met hyl - 2-

benzot hi azol one

(MBTH)

Grard T
Reagent

Hydr azi ne
<H2NNH2)

Oxi dati ve
Char coal

N- Benzyl et h-
anol am ne

( BAE)

2- (hydr oxy-
net hyl )

pi peri di ne
(HWP)

Govt No.

NI CsH
S327

NI CsH
3ia

NI CsH
354

OCSHA 52

TABLE S>
Advant ages

Sanpl es stable for two
weeks

None

No phenol interference
relatively rapid pro-
cedure; no interference
from acrol ein, acetal -
dehyde and benzal dehyde

H gh sanpl e capacity;
exposed tube can be
stored one nonth; solid
sorbent easy to use

14 day sanple stability;
solid sorbent easy

to use; GC offers high
sel ectivity

Sol i d sorbent easy

to use; GC offers high
sel ectivity; sanples
stabl e 18 days

(Conti nued)

Di sadvant ages

Non- sel ecti ve for

al dehydes

Conpl ex instrunentation
(pol argraph) requires
training in el ectro-
chem stry; pol argraphy
not very sel ective

Conpl ex instrunmentation
(pul se pol ar graph);

el ectrochemi stry | acks
selectivity

Formate, formc acid
interfere; conplex
instrunentation (1C

Conpl ex instrunentation
(60

Conpl ex i nstrunmentation

(G0); commercial tubes
not avail abl e

Limtati ons

| mpi ngers difficult

must neasur e devel -

oped color within
one hour

I mpi ngers difficult

to use

I mpi ngers difficult

to use

None

Tube (BAE-coat ed
chroraosorb 102)
capacity 150 /ig at
80% R. H.; conpounds

havi ng equi val ent GC

retention tinmes wll
interfere.

Conpounds cont ai ni ng
nitrogen or phos-

phorous could inter-
fere if GC retention

ti me equival ent

00
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Met hod

Basi c
Per oxi de

5,5' - di t hi obi 8
(2-nitroben2oic
aci d) DTNB

CGovt

TABLE S
Advant ages

H gh sanpl e capacity

Sinmple instrunentation

(Concl uded)

Di sadvant ages

Formate, formc acid
interfere; conplex
i nstrumentation (10Q

Col or-form ng reaction
nust be tinmed exactly

Limtati ons

I npingers difficult

to use

| mpi ngers difficult

to use
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fromthe Intersociety Comrttee and designated P + CAM

422

125 This nethod is considered "active'" because air’is

drawn through the inpinger at a known flow rate by a
cal i brated sanpling punp.

Al'ternatives to the inpinger sanpling nmethod have been
sought due to the awkwardness of wearing an inpinger and the
l'i kelihood of liquid spillage or breakage of the gl ass
impinger. There are also nore interferences with the
i mpi nger nethod by such chemi cals or air contam nants as
phenol s, al cohols, and ol efins.

Anot her active method is drawing air at a known fl ow
rate through a sorbent tube. Many different sorbents have
been used, nost coated or inpregnated with specific
conmpounds. Since charcoal alone as a sorbent was found to
be ineffective due to | ow recovery, many different sorbents
have been tried and are still being devel oped. Sone of
t hese sorbents include alum na, 13X activated nol ecul ar
sieves, silica gel or XAD-2 resin coated with 2,4 DNPH, and
XAD-2 coated with 2-(hydroxynethyl)pi peridine. The sorbent
suggested by N OSH net hod 2502 (P+ CAM 354) is chronosorb
102 or XAD-2 coated with 2-(ben2y|am’no)ethano|.43 These
t ubes are avail able commercially as Supel co ORBO 22 sor bent
tubes. A new tube has just been devel oped and tested and
consists of silica gel inpregnated with 20.0% sodi um
bisulfite '**

Anot her alternative to both inpinger sanpling and active

sanpling in general is known as passive or diffusive
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monitoring. This nethod is by far the easi est and si npl est
to use but can have many limtations.

Thi s met hod consi sts of using a passive sanpling badge
that does not draw air in actively but by diffusion. The
badge is | ess cunbersome to wear for the enpl oyee and can be
used in area sampling for |onger periods of time over
several work shifts if needed. It is |lightweight, conpact,
and less restrictive. It is sinply clipped to the
enpl oyee's collar or set in an area where there is
sufficient air novenent. |If the badge is put in an area
wi t hout sufficient air novenent or where the air is
stagnant, diffusion may be inefficient causing inaccurate
nmonitoring. Oher limtations include extrene tenperatures,
extrene relative humdities, shelf life, post-use storage
capabilities, and inability to use for short termfifteen
m nut e exposures.

Different types of commercially avail abl e badges i ncl ude
the DuPont Series Il type C60, 3M 3720 and 3721, Kem
Medi cal Vapor-trak, and the Air Quality Research PF-20. The
DuPont C-60 badge contains a sodiumbisulfite solution and
the 3M Kem Medical, and Air Quality Research badges all use
a bisulfite inpregnated pad. Each badge type has its own
advantages and |imtations and should be carefully reviewed
before choosing a particul ar badge.

A wide variety of analytical nethods are avail able for

measur enent of sanpl ed formal dehyde. Table 3 shows the
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correspondi ng anal ysis techni que for each sanpling

met hodol ogy while Table 4 |ists sone operational paraneters.
Because of fornal dehyde's instability and reactivity,

anal ytical nethods do not involve direct neasurenent of the

foi rmal dehyde. A product of a reaction between formal dehyde

and anot her chem cal i s neasured instead.

The nost conmmon anal yti cal procedures are the
chronotropic acid (CTA) and pararosaniline nethods. Both
met hods consi st of a formation of col ored products that can
be nmeasured using a spectrophotoneter. The CTA nmethod forns
a purpl e nmonocati oni c chronpgen upon addition of
chronotropic acid and sulfuric acid to a two to four
milliliter aliquot of the formal dehyde sanple. The
absor bance of the colored solution is read in a
spectrophotometer at 580.0 nanonmeters and is proportional to
t he anount of fornal dehyde in the solution. |npinger
sanples and all diffusive nonitors are anal yzed using the
CTA nethod. Sone sorbent tubes are analyzed in this way,
such as an alum na sorbent and the new silica ge

i mpregnated with 20.0% sodi um bi sul fite tube. The CTA

net hod is described in the NI OSH 3500 net hod.

Anot her anal ytical procedure is gas chromatography with
a packed columm and nitrogen-phosphorus flane ionization
detector (FID). This procedure is used for the comrercia
XAD- 2 tubes (Supelco ORBO 22) and is outlined by OSHA 5245
and the NI OSH 2502"""" nmethods. Qther anal ytical procedures
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i nclude liquid chromat ography with ultra-violet detection,

i on chromat ography, and pol ar ography.

B. Part of the sanpling strategy is choosing the
appropri ate sanpling equi pnent and neans of anal ysis.
Equi prent was chosen based on accuracy, reproducibility,

cost, availability, ease of use, and how quickly results

coul d be obt ai ned. Extensive literature research was
conducted in order to |l earn nore about each nethod's
procedures, effectiveness, and limtations. Table 5 |ists
sone of these limtati ons which should be consi dered before
choosi ng whi ch nethod to use.

Several different nethods were used for conparison
pur poses and to establish a reliable, cost efficient neans
of sanpling followng this study. Two active nethods were
used, the inmpinger with 20.0 m of 1.0% sodiumbisulfite
solution and a Supel co ORBO 22 sorbent tube. The inpinger
met hod was used for short term personal sanpling, from
fifteen mnutes to one hour, and for long term (ei ght hour
TWA) area sanples. |t was chosen because it is the nost
sensitive nmethod, everything needed was readily avail abl e,
and because anal ysis could be done i medi ately in-house
usi ng a spectrophotoneter.

The Supel co ORBO 22 sorbent tube was used for long term
personal and area sanpling. It was chosen because it is

|l ess awkward for an enployee to wear all day than the
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i mpi nger and because it was originally planned to be

anal yzed i n-house, using an avail abl e gas chromat ograph. It
was | ater decided that in-house analysis would be too
difficult and tinme consuning, therefore the tubes were sent
to an accredited | aboratory for anal ysis.

A third active nmethod using 13X activated nol ecul ar
Si eves, suggested by ol d46 and a naster's report submtted
to the faculty of the University of North Carolina by
befner,4jkas initially tried. Their work showed that the
13X nol ecul ar sieves could be used to efficiently coll ect
formal dehyde. This nethod could be used at very little cost
because the tubes could be prepared by the person doing the
sanpling and anal ysis coul d be done in-house using the
spectrophotoneter. This nethod was abandoned due to poor
results and tinme restraints, but should still be consi dered
in the future for formal dehyde sanpli ng.

Six different kinds of passive nonitors were used during
this study. Mnitors that were already in the Environnenta
Saf ety Departnent and those that were sent as free sanpl es
were used until a decision was nade as to which fit our
needs. The nonitors used were the DuPont Series Il type C
60, 3M3720, 3MB721, Kem Medical Vapor-trak, Ar Quality
Research PF-20, and the Bacharach Air-Scan. The DuPont C-60
and 3M 3721 coul d be anal yzed in-house using the CTA net hod
and the spectrophotoneter. The 3M 3720, Kem Medi cal Vapor -

trak, and Air Quality Research PF-20 were all sent back to
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t he manufacturer for analysis. The Bacharach nonitor was
anal yzed inmmedi ately after use and gave results within eight
to ten mnutes by a staining nethod.

The Air Quality Research PF-20 and Bacharach Air-Scan
monitors were both used only on two separate occasions. The
PF-20' s use was di sconti nued due to cost and turn around
time for results. The Bacharach was no | onger used because
of cost, difficulty with analysis, and sanple results.

The Kem Medi cal Vapor-trak was used throughout the study
for fifteen mnute short termsanpling and |l ong term
personal and area sanpling. The Vapor-trak is the only
di ffusive nonitor reconmended for short term sanpling and
was used with and later in place of the inpinger.

Both the DuPont C-60 and the 3M 3720 were used initially
for long term personal and area sanpling. A field study
done by Kennedy and Hull conpared the two nethods for
per f ormance and reliability.48 The DuPont C-60 was
eventual |y chosen over the 3M 3720 because both the nonitors
and the sanple results could be obtained nore quickly. The
3M 3720 and 3721 were | ater conpared but were di scarded

because of poor results and slow delivery of the badges.

Tabl e 6 shows what net hods were used for each situation.
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Tabl e 6

Met hods Used for Sampling

Type of Sanple Sanpl i ng Met hods Used

Long Ter m Per sonal ORBO- 22 Sor bent Tube, DuPont C-60
Badge, Kem Medi cal Badge, 3M 3720/
3721 Badge, Air Quality Research
PF- 20, Bacharach Air-Scan

Long Term Ar ea | mpi nger with 1. 0% NaHSO., ORBO 22
tube, 13X Mol ecul ar Si eves, DuPont C-

60 Badge, 3M 3720/ 3721 Badge, Kem
Medi cal Badge

Short Ter m Per sonal | rrpi nger with 1.0% NaHSO , Kem
Medi cal Badge

I nst ant aneous Grab Nat i onal Draeger Col orati on Tube
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VI . RESULTS

A brief discussion is given for each area as to how
f ormal dehyde i s used, how often, how many people use it, and
condi tions or handling procedures that existed. Results are
then listed for air sanpling done in that area. Heavy use
areas are discussed first, followed by noderate and finally
| ow use areas. Table 2A shows the types of use and areas
t hat use fornal dehyde in that way. Al enpl oyees were

notified of the sanpling results using the formfound in
Appendi x Nunber 3.

A. The largest and nost w despread use of fonaal dehyde was
found to be for tissue preservation or fixation. It

i ncludes the heaviest users of formal dehyde in Autopsy and
Surgical Pathology. In nost cases a 10.0%formalin solution
was used to preserve aninal parts or human tissue for |ater
exam nati on and experi nentati on.

The Aut opsy Laboratory can be one of the | argest users
of formalin at a nedical center. Wenever an autopsy is
performed, all tissue renoved fromthe body is placed in a
container with formalin for later gross exam nation. The

brain is renoved and stored in a ten quart pot with
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formalin. Autopsies are perfornmed on unpreserved bodi es
received directly fromthe hospital. The bodies are kept
refrigerated if an autopsy cannot be perforned i nmedi ately
after deat h.

Thi s nedi cal center's Autopsy Lab has four technicians
working init. Two of the four assist in autopsies, one is
responsi bl e for fornmal dehyde dil uti on and occasi onal pot
dunping, and the fourth is a "runner” who transports bodies
and does general office work. Both area sanpl es and
personal sanples on the technicians were coll ected.

For mal dehyde exposures can occur in three different
ways. The first is when a technician is in the | aboratory
assisting with an autopsy. The technician is responsible
for laying out instruments, preparing the body, filling pots
and containers with formalin, and transferring the formalin
contai ners between the autopsy table and storage. Autopsies
are not done everyday and nornally there are no nore than
one or two in a day. There may be occasi ons when nore than
two are done in a day, but it is a rare occurrence.

A second source of potential exposure in Autopsy is when
formal dehyde is diluted to 10.0% formalin. This will be
di scussed in detail later with the other dilution
pr ocedur es.

The third potential source of exposure in Autopsy is
when pots containing brains in fornmalin are periodically

dunmped. Anywhere fromten to twenty pots are nornally
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dunped approxinately every six to twelve weeks. The
formalin in the pots is poured down a sink under the exhaust
hood in the Autopsy Laboratory and nornmally takes
approximately thirty mnutes to conplete. The brains are
then put in a plastic bag and | ater burned in an
incinerator. The technician wears gl oves and an apron
during the dunping procedure. All sanple results are well
bel ow the OSHA PEL and STEL. All areas where fornal dehyde
exposure can occur were well ventilated. Routine sanpling
is suggested due to the high fornal dehyde use. These
results are summari zed in Table 7.

Anot her heavy user of formalin for preserving tissue is
t he Surgical Pathol ogy Laboratory. This |aboratory receives
speci nens from surgery or from areas doing biopsies in
containers with 10.0%formalin. The containers are kept on
a storage shelf in the laboratory for further exam nation.

There are two tissue speci ren secti oni ng roonms where
pat hol ogy residents exam ne and descri be these speci nens.
Each of these roons is small (approximately 7.5 feet by 7.5
feet) and has a cutting area with | ocal exhaust ventilation
where the resident works. The resident renoves the
speci nens fromthe container, cuts and exanines it while
dictating, and places it in a small (approximately 1/2 inch
X 1 1/2 inches) perforated plastic container called a "tint.
The tins are then placed in a one gallon plastic container

containing 10.0% formalin. The formalin is |ater poured
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Sanpl e #

88- A09

88- A10

88- All

88- A12

88- A13

88- Al4

88-67

88-69

88-71

88- 35

88- 44

88- 54

Dat e

6-28

8-18

Table 7

Aut opsy Laboratory Sanple Results

Met hod
| mpi nger
ORBO- 22
13X Si eve
3M 3720
DuP C- 60
Vapor -t rak

Vapor -t r ak

DuP C-60

Vapor -t rak

DuP C- 60

Sanpl e
Time (rains.)

438

438

438

435

437

436

33

15

30

466

393

452

PPH

<det.

oOo. =Z2==

0.

<det .

<det .

0.

[imt

002

limt

limt

13

Comment s

Lab area sanple

Pot dunp

Dunped snmal | containers

Pot dump

Tech.

inlab

40
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off, replaced with water, and the tins are brought to the
Hi st ol ogy Laboratory for processing and further exam nati on.
Normally two or three doctors worked in a room during an

ei ght hour period, therefore area sanpling was done in each
roomnear the cutting area to determ ne exposure.

Al t hough many peopl e worked in the Pathol ogy Laboratory,
only one technician had the potential for exposure. The
technician is responsible for checking in each speci nen
container (wth opportunity to open it), keeping a five
gallon jug of formalin filled in each sectioning room
setting up containers in sectioning roons for residents to
work with, pouring off the formalin in the container that
residents place tins in, and transporting tinms to Hi stol ogy.
Personal sanples were taken of this technician on several
different days. The results of these sanples and of the
area sections room sanples are shown in Table 8. Al
sanples results were well below the OSHA PEL, show ng
adequat e | ocal exhaust ventilation in the sections room and
good work practices by the technician.

Smal | er | aboratories that are a part of the Surgical
Pat hol ogy Departnment include Hi stol ogy and Neuropat hol ogy.
Formalin use in each of these | aboratories is mnimal. They
each receive specinens for preparati on and exanm nation on a
smal | er scal e than the Pat hol ogy | aboratory.

The Hi stol ogy Laboratory has two potential sources of

exposure. Each operation is short termand has one
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Ar ea Sanpl e #

Pat hol ogy 88- A25
88- A26
88- A27
88- A28
88- A35
88- A36
88- A42
88- 16
88-17
88- 18
88- 49
88- 50

88-62

Table 8

Pat hol ogy Laboratory Sanple Results

Dat e Met hod
7-28 | npinger
" ORBO- 22
" 3M 3720
" 3M 3721
8-18  ORBO 22
" DuP C 60
9-1 Vapor - t r ak
7-14  ORBO 22
" 3M 3720
" AQRPF- 20
8-16  ORBO 22
" DuP C 60
8- 30

Vapor -t rak

Sanpl e
Time (mns.)

450

484

300

505

500

501

480

PPW Comrent s

0. 01 Sections room area
=det . ILim t >>
o . A= --
ol O = -
=det . 1imt -
ol O S >
ol O = >
<det. limt Path, technician
0. 09
0. 03

sanpl e

42
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technician responsible for it. The first procedure consists
of | oading specinens into tins and putting tins into a netal
basket to be processed. Sone specinens are taken out of
pint containers with fornalin, rinsed with water, and put in
tine. Most of the tins are already filled with speci nens
and have been rinsed. This procedure is done at a sink in a
back room of the Hi stology Laboratory. It normally takes
ten to twenty mnutes to conplete and is done at the end of
every working day. It used to be done on a | arger scale
three tinmes a week after the first workshift but was

di sconti nued m dway through this study. Fifteen mnute
short term personal sanples were taken during this

pr ocedure.

The second source of exposure was found to be during the
dunping of formalin fromone gallon jugs. Every Mnday,
Wednesday, and Friday three or four one gallon jugs are
renoved fromthe processor and dunped along with two one
gall on water jugs and ten to fourteen one gallon jugs of
al cohol . This is done in a sink in the corner of the main
Hi stol ogy Laboratory. The dunping takes fifteen to twenty
m nutes, including re-filling all formalin, alcohol, and
water jugs. The technician wears rubber gloves and an apron
whil e perform ng this operation.

The first fifteen m nute short term personal sanple
taken was found to be above the OSHA STEL (88-48). A second

sanpl e was bel ow the STEL but still above the action |evel
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(88-65). During the dunping, the water tap was |eft running
the entire time. A simlar high result was found in the
Dialysis unit (discussed later in Section C) when pouring
formalin in a sink while tap water was running. It was

t herefore thought that the running water was creating

t ur bul ence and causi ng fornal dehyde vapor to be brought up
fromthe sink to the worker's breathing zone. Two
subsequent sanples were taken on separate occasions. The
techni ci an was asked to dunp the formalin first w thout the

tap water running. In both cases the exposure was greatly

reduced, both being below the detection limt of the
sanpl i ng device (88-73, 88-82).

I n the Neuropat hol ogy Laboratory, there are three
di fferent people who can have m ni mal exposure to
formal dehyde. One potential source of exposure is |oading
tinse in a basket to be processed. Al tins with specinens
have been rinsed with water before arriving in the
| aboratory. The specinmen containers are kept under an
exhaust hood and any speci nen renoval or pouring off of
for mal dehyde fromthese containers is done at the sink in
t he | aboratory.

Anot her source of exposure includes naking up slides by
putting one or two drops of 20.0% fornal dehyde on them
These slides are made up al nost every day but only a couple
of times in a day. Exposure can also conme from nmaki ng up

five gallons of 2 0.0% fornal dehyde approxi mately once a
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month or making four liters of Elvers fixative approximately
every six to eight weeks. Elvers fixative includes
formalin, glycerin, acetic acid, and al cohol.

Anot her procedure in the Neuropat hol ogy Departnent that
is a potential source of exposure is brain cutting. Every
Wednesday at four o'clock a doctor cuts and exani nes a
nunber of brains while eight to twel ve Pat hol ogy residents
surroundi ng hi m make observati ons. Each brain takes
approximately fifteen mnutes to cut and normally one to
four are processed. The brains have been sitting in 10.0%
formalin for a period of tinme but are nornmally rinsed with
wat er and placed in a container with water before cutting.
This is done in a classroomon a cart with no | ocal exhaust
ventilation. The doctor wears gl oves and an apron.

The sanple results for both Hi stology and Neuropat hol ogy
are summari zed in Table 9. Except for the dunpi ng procedure
in the histology |aboratory discussed earlier, all sanples
t aken were bel ow t he OSHA PEL and STEL.

There are four areas that use fornal dehyde for specinen
preservation during biopsies. These are the Endoscopy
Laboratory, the Allergy and Pul monary dinic, the Surgical
D agnostic Cinic, and the OBGYN Cinic. Al four use
formalin to preserve specinens as they are renoved froma
patient during a biopsy. A pint container of formalin is
kept on hand and opened | ong enough to drop the specinen in.

Bi opsi es are done on a particular day, but it is never known
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Ar ea

Hi st ol ogy 88-14

Neur opat h

88-48

88- 65

88-73

88-82

88-83

88-81

Sanple # Date

Met hod

7-12 | npi nger

8-15

9-21

10-12

10-12

Vapor -t rak

Table 9

Sanpl e
Time (mns.)

13

15

60

480

Hi st ol ogy and Neuropat hol ogy Sanple Results

PPH

<det .

limt

.02

.04

Conmment s

Ti m | oadi ng

Durrpi ng

Brain cutting

Tech. personal sanple
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whet her a specimen will be taken until the biopsy is done.
Generally two to six biopsies are done in a day, therefore

t he container could be opened six times during the course of
a day for a total of less than thirty m nutes.

O the four units, the Endoscopy Laboratory has nore
opportunity to use the formalin. There is nornmally nore
t han one nurse who assists in the biopsies, therefore area
sanpl es were taken near the formalin container to determ ne
exposure. An area sanple was set up in the proctoscopy room
of the Surgical Diagnostic dinic due to nore than one
person assisting on the biopsies. Personal sanples were
al so taken in the Endoscopy Laboratory and the Allergy and
Pul nonary Cinic when only one person assisted with
biopsies. Al results were below the OSHA PEL and are given
in Tabl e 10.

There are three areas that use fornal dehyde to preserve
specinens in after surgery. They are the Energency
Departnment, the Delivery Room and the VA Medical Center
Pat hol ogy Laboratory. Each uses fornmal dehyde very
sporadically and has limted potential exposure.

In the Emergency Room formalin is used to drop noles or
| esions in that have been renoved froma patient. The
greatest use of formalin in the Energency Roomis for
preserving aborted fetuses. The fetus is put in an

appropriate container according to its size. The assisting

nurse will fill the container with 10.0% formalin to be sent
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Sanpl e Results from Areas Perform ng Biopsies

Sanmpl e # Date Method

Endoscopy 88-Al5 7-14 | npi nger

" 3M 3720

" DuP C- 60

" ORBO- 22

" 88-75 9-22 DuP C- 60

Lab
88- A16
" 88- A17
" 88- Al18
All . 88-20
+ Pulm

S. D. C. 8a-Al19

S. D. C. 88- A20

S.D.C. 88-A21

All.+Pulm = Allergy

S.D.C. = Surgical

7-20 AQRPF- 20

" ORBO 22

" 3M 3720

DuP C- 60

and Pul nonary Cinic

Di agnostic Cinic

Sanpl e
Tinme (mns.)

497

500

496

496

450

470

480

PPM

<det .

O

[ > 2

=det .

<det .

limt

limt

Conttients

Fornmal i n contai ner
opened five tinmes
a = -
= s ==

Per sonal - cont ai ner

opened three tines

Per sonal - cont ai ner

opened one tinme

Area-formalin not used
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later to the Surgical Pathol ogy Laboratory. This may be
done once or twi ce a week as needed.

In the Delivery Room specinens are put in containers
with 10.0% fornalin when doing bilateral tubal |igations or
perforn ng C sections on patients. Each may be done two or
three tines in a day with the containers being opened for
just a few seconds to drop specinens in. Both operations
are energency procedures, therefore use of formalin is
unpr edi ct abl e.

The VA Pat hol ogy Laboratory uses formalin even nore
sporadically, only once or twice in a day once a week.
Specinens are put in containers with formalin and are
brought to the nedical center's Pathol ogy Laboratory.

No sanples were taken in any of these three |aboratories
due to the sporadic and unpredictable use. The potenti al
exposure was assuned to be represented by other areas that
use formal dehyde in a simlar way nore frequently.

Animal research is very prevalent in a nedical research
facility. Many different aninmals are used, including pigs,
nonkeys, dogs, rabbits, and nostly mce and rats. Wile the
vol ume of formal dehyde used does not approach that used by
t he Aut opsy or Pat hol ogy Laboratories, the nunmber of
| aboratori es conducting ani nal experinentation is greater
and the use is nore widespread. Nine different | aboratories
were found during this study that used sone form of

f or mal dehyde for animal research and experinmentation.
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There are five | aboratories that use fornmalin during
animal surgery to store specinens. There are generally one
to four people perfornm ng surgery in each | aboratory and it
may be done anywhere fromtwo or three tines a week to once
every two or three nonths. The containers are opened j ust
Il ong enough to introduce speci nens in. In a one to two hour
surgery the container m ght be opened for a total of ten to
fifteen m nutes.

The Institute of Allergy Infectious Diseases in the
Departnent of Surgery does surgery one or two tinmes in a
week. It is done on a table by one of three people with no
| ocal exhaust ventilation. They also transfer these
speci nens fromtest tubes to tins approxinately once a
month. The transfer is done under a hood and ten to twenty
tubes are typically used taking ten to fifteen m nutes.

The Division of Neurosurgery, the Rheunatol ogy and
| mmunol ogy Research Laboratory, and the Vivariumall perform
ani mal surgery under a hood once every two to three nonths.
The Vivariumperforns rat necropsies on a |larger scale than
the other two | aboratories, but none of the three did any
surgery during the tine of this study so no sanpling was
done.

The Heart, Lung, and Blood Institute is the fifth
| aboratory using formal dehyde for aninmal research. One of
two people periodically renoved rat hearts from containers

wth formalin to cut theminto snaller pieces and take
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phot ographs. This was done every two to three weeks on a
tabl e and generally took three to six hours to conpl ete,
dependi ng on the nunber of hearts. The hearts were rinsed
with tap water at "a sink after renoving fromthe formalin
and before cutting.

There are al so four other | aboratories and one nenti oned
previ ously that use some type of fornal dehyde for ani nal
perfusions. Two of these | aboratories, the Hyperbaric
Clinical Program and the Anatony Division of the OBGYN
Departnent, use liquid formalin for perfusion during ani nal
surgery. Each one has the fornalin run into a cavity inside
the animal for ten to fifteen mnutes during the surgery.
One person is responsible for the surgery and it is done as

needed on a wor kbench w t hout | ocal exhaust ventil ati on. It

is normal ly nonths between perfusions and is very
unpr edi ct abl e.

The Division of Neurosurgery nmentioned previously, the
Division of Allergy Cinical Care of the Departnent of
Medi ci ne, and one | aboratory of the Departnent of
M cr obi ol ogy and | nmunol ogy al so do ani nal perfusions. Each
of these three | aboratori es use parafornmal dehyde when doi ng
ani nal surgery once every two to three nonths. One person
is responsible for heating and dissol ving approxi mately ten
grans of paraforml dehyde in fifty to one hundred
mlliliters of water or gl uteral dehyde sol uti on under a

hood. The solution is then used for perfusion during
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surgery or electromcroscopy of aninmals. This is also done
under a hood. The fixative solution generally runs for ten
to fifteen mnutes during a one to two hour operation.

Al'l nine | aboratories use fornmal dehyde for tissue
preservation or fixation during ani nal research
sporadically, in snall quantities, and the operators are
generally well protected. Exposures to fornal dehyde in any
of these | aboratories was believed to be mnimal. Sanpling
could not be schedul ed due to the unpredictabl e use,

t herefore sanpling was sporadic and mnimal. The results of

sanpling done in all of the nine | aboratories are shown in

Tabl e 11.

B. Using formal dehyde for sterilization and decontamni nation
in a hospital setting can be traced back one hundred years
ago.5 Along with heat sterilization, it is one of the npbst
wi dely used neans of inactivating mcroorganisnms. The
nunber of different areas that use fornal dehyde for these
pur poses is not as great as the nunber that use it for
ti ssue preservation and fixation, but the nunber of people
in contact with formal dehyde in these areas and the
potenti al exposures are greater.

The bi ggest user of formal dehyde for sterilization
purposes is the Dialysis Laboratory. At the nedical center

there are two units, a Henodialysis unit in the North

Hospital with eight beds and a |larger Dialysis Center off
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Ar ea Sanpl e #
I Al D 88- 36
| Al D 88- A29
| Al D 88- A30
HLBI 88-22
HLBI 8-23
HLBI 88- 27
ADOB 88-76
| AID
HLBI = Heart, Lung,
ADOB =

Dat e

8-9

7-29

Ani mal

Met hod

DuP C-60

ORBO- 22

DuP C-60

ORBO- 22

DuP C-60

3M 3721

Vapor -t rak

Table 11

Resear ch Sanpl e Results

Sanpl e
Time (mns.) PPM

180 0.13

450 <det. limt
1 m A

444 <det. limt
1 n

405 H
30 0.(B

= Institute of Allergy Infectious D sease

and Blood Institute

= Anatony Division of the OBGYN

53

Connment s

Formalin for specinmens

Lab area sanple

Formalin for specimens

Formalin for perfusion
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campus with three sections and twenty-five beds. Both of

these units use a 5.0%formalin solution to sterilize their
di al ysi s nmachi nes.

In the North Henodialysis Unit, six technicians are
responsi bl e for taking care of patients and the dialysis
machi nes. Typically these patients are on the machines only
during the first eight hour work shift, but occasionally
there is a need for a patient to be on a machine for an

extended period of time. There is a large roomwth five

machi nes and three smaller roons with one nachine in each.
Each machine is sterilized with formalin solution at the
end of each use. One person, usually the head nurse, is
responsi ble for mxing up seven liters of a 5.0% formalin
solution. This is done at a sink in a small room and
generally takes five to ten mnutes. This seven liter
container is then used by any one of the six technicians to
sterilize the dialysis machines. This is done by placing a
vacuum |l i ne down into the container. The machi ne then sucks
in approximately 150.0 mlliliters of the formalin solution,
t aki ng about ten mnutes to do so. The formalin is left in
t he machi ne overnight. One technician will then cone in
early the next day to set up the machines. The first thing
the technician does is drain the formalin out of the
machine. The formalin is enptied through a hose-line into a

floor drain. Splattering may occur here, but the technician
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is generally not near the machine. The draining process
takes approxinmately ten mnutes and the machine is then
ready for use. Al day personal sanples and fifteen mnute
short term sanples were taken in North Henodial ysis during
di | uti on.

The Dialysis Center is conposed of three separate areas,
all in one building, approximtely three nmiles fromthe
North Hospital. Al three areas receive patients daily for
six to eight hours and no patients renmain overnight. The
three areas are the main roomw th seventeen dialysis
machi nes, Dialysis West with five machi nes, and the hone
training roomwth three machines. The main roomis the
| argest of the three sections (~30 feet by 40 feet) and
typically has eight technicians assigned to it. Al
seventeen machines are sterilized daily with 5.0%formalin
sol ution according to the procedure described for the North
Henodi al ysis Unit.

Dialysis Wst, with an area one-third the size of the
main room normally has two technicians operating the five
machi nes. Four of the five nmachines are sterilized daily
with 5.0%formalin and one machine is sterilized by sucking
in approximately 1/4 cup of 40.0% formal dehyde sol ution
The sane sterilization procedure is used for all five
machi nes.

The hone training roomal so has two technicians who

operate three machines in an area the size of Dialysis Wst.
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All three of these nachines are sterilized using the sane
procedure but use 1/4 cup of 40.0% formal dehyde sol ution
instead of the 5.0% formalin solution. Toward the end of
this study, the home training roomwas not being used
regularly but only for overflow fromthe main room

One technician is responsible for sterilizing the RO
wat er systemonce a nonth. The technician pours one cup of
40. 0% f or mal dehyde solution into the systemwhere it is |eft
for eight to ten hours. The formal dehyde is then drained
out into a floor drain.

The ot her potential formal dehyde exposure is during the
5.0%formalin mxing done every day. A different technician
each day is responsible for the dilution in the nain room
and one technician does the dilution in Dialysis Wst. The
dilution and the fifteen mnute short term sanpl es taken
during it will be discussed in greater detail |ater.

All twenty technicians in each of the four areas of
Dialysis rotate between areas. The technicians have
opportunity to work in either the North Henodialysis Unit or
in one of the three areas in the Dialysis Center. Long term
personal and area sanples were taken in each area along wth
the fifteen mnute short termsanples. The nunber of
sanpl es taken depended on the nunber of people working in

the area. Al long term personal and area sanpl es taken
were well below the OSHA PEL. The results are sunmarized in

Tabl e 12.
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Table 12

Di a ysis Sanple Results

Ar ea Sanpl e # Dat e Met hod

Mai n 88- A22 7-26  ORBO- 22

> 88- A23 " 3M 3721

H 88- A24 u 3M 3720

b 88-31 8-4 DuP C- 60

H 88- 38 8- 10 K

<< 88-52 8-17 !

o 88-56 8-24 "

Mo 88- 66 9-1 Vapor -t r ak

R 88-74 9-22 DuP G 60
Nor t h 88- 26 7-27 "

H 88- 47 8-15 "

= 88- 63 8-31  Vapor-trak
vest 88- 32 8-4 3M 3721

H 88- 33 " 3M 3720

H 88- 39 8-10 DuP G 60

H 88-55 8-24 "

Main = Main Room of Dialysis Center

North = North Hospital Dialysis Unit

West = Dialysis West

Sanpl e

Tine (mns )

450

453

428
505
480
345
460
450
463
452
320
420
420

499

PPM

<det .

0.

<det .

<det.

0.

0.

<det .

limt

03

limt

.15

limt

.13

. 26

.04

.21

13

17

limt

Coni nent s

Area sanple

H

Tech. sartple
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Two ot her areas using 10.0% formalin solution for
sterilization purposes are the Surgical Diagnostic inic
and the Surgical Qut-Patient Cinic. Each unit uses
formalin to sterilize tools in once a week. Approximately
1/2 gallon of 40.0% fornal dehyde solution is poured into a
basin in a sink. The tools are soaked for approxi mtely one
hour. The fornmal dehyde is then poured down the drain and
the tools are rinsed with water. The exposure was thought
to be mnimal, therefore, no sanples were taken.

For mal dehyde is, in general, the chem cal of choice for
space di si nfection. Bi ol ogi cal safety cabinets,

i ncubators, refrigerators, |aboratory roons, building, or
ot her encl osed spaces can be disinfected with fornmal dehyde.
The opportunity to sanple during decontam nati on of

bi ol ogi cal safety cabinets presented itself and will be

di scussed.

When bi ol ogi cal safety cabinets are used in bionedical
research, a routine performance certification is necessary
when infectious agents have been used in the cabinet.

Before certification can be done, a thorough decontam nation

of the cabi net nust be achieved to allow the certifier to

enter the cabinet without risk of infection. Decontanination
is done with formal dehyde by heating parafornmal dehyde insi de
the sealed cabinet to |iberate formal dehyde gas. The gas is

left in the cabinet for two to four hours or in sone cases

overnight. After this time a neutralizing agent, usually
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amoni um car bonate, is heated and allowed to mix with the
f or mal dehyde gas. The cabinet is then purged slowy and
opened for the certification process. The certifier can
then enter the confined space of the cabinet to wi pe down
the gas residue and to check the cabinet's filters for
| eaks.

For mal dehyde exposures were neasured during the
decontam nation and certification process and at certain
ti mes when peak exposures were expected. Both personal and
area long-term sanples were taken along with fifteen mnute
short-term sanpl es during purging. Personal sanples were
t aken on the person performng the certification and his
assistant. Area sanples were taken in the |aboratory area
approximately three feet fromthe face of the cabinet to
determ ne possible mgration of formal dehyde vapor and to
determ ne the potential exposure if a person worked in that

Al'l but one of the Iong term personal and area sanpl es
taken were bel ow the OSHA ei ght hour TWA PEL. Two personal
sanpl es were above the OSHA action |level of 0.5 ppm (88-01,
88-45). Personal sanples taken on two separate people
wor ki ng on the sanme cabi net showed slightly higher results
for the person nore involved with the decontam nation

One long term area sanple was above the OSHA PEL of 1.0
ppm It was taken in a | aboratory where the formal dehyde

gas was left in the cabinet overnight, showing a source of
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potential exposure for someone working in that |aboratory
during that time. The area sanple taken the next day after
neutralization was consi derably | ower and bel ow t he OSHA
PEL.

None of the fifteen m nute sanples were above the OSHA
STEL of 2.0 ppm One sanple did approach the STEL (88-61)
whi |l e others were high, showi ng that peak exposures did
occur during the purging process. The weighing out and
addi ti on of parafornmal dehyde to the heating devices could
provi de anot her source of peak exposures. No fifteen mnute
sanpl es were taken during this procedure because the
par af or mal dehyde had al ready been pre-wei ghed earlier by the
peopl e doing the decontam nation. A sunmary of results are
shown in Tabl e 13.

Fromthese results it is concluded that as |ong as care
is taken to properly seal the cabinet and the neutralization
process is done, persons perform ng the decontam nation and
certification of biological safety cabinets have a | ow
potential health risk fromfornmal dehyde exposure.
Recommendat i ons i nclude wearing gl oves when w ping down the
resi due inside the cabinet to avoid skin contact, wearing a
respirator when inside the cabinet during certification, and
attaching a flexible hose to the cabi net exhaust vent

connecting to | ocal exhaust ventilation when purging the

cabinet if the cabinet is not hard ducted.
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Tabl e 13

Bi ol ogi cal Safety Cabinet Decontanination Sanple Results

Sanmpl e
Ar ea Sanple # Date Met hod Tinme (mns.) PPM Cof i ment's
Jones Lab 88-A01 6-15 DuP C- 60 985 1.15 Over ni ght decon-area
" 88- A02 " 3H 3720 1020 <det. limt "
" 88- A04 6-16 | npi nger 360 ! Area sanple after neut.
! 88- A05 ! DuP C- 60 360 0. 16 ™M
! 88- AO6 u 3M 3720 360 <det. limt L
! 88- AO7 ! Bachar ach 360 ! 1
n 88- A0S n vapor -t r ak 290 0.02 H
" 88-01 6-15  DuP C60 75 0.6 Personal during set-up
n 88-02 " 3M 3720 75 <det. limt o
H 88-03 6-16 3M 3720 350 ! Personal after neutrili
n 88- 04 ! Bachar ach 340 >1. 61 !
! 88- 05 ! ORBO- 22 350 0. 07 !
Carl Lab 88- A31 8-10 DuP C 60 402 0.17 Area during decon.
H 88- A32 " ORBO- 22 407 <det. limt !
H 88- 40 " DuP C-60 383 0.09 Personal -cert. asst.
a 88-41 ! " " 0.21 Per sonal - decon. tech.
H 88-42 " Vapor - t r ak 15 <det. limt Par af orm addition
" 88-43 ! ! 15 ! Cabi net purge
Wi te 88- A33 8-11 ORBO- 22 280 H Area during decon.
! 88- A34 ! Vapor - t r ak ! ! "
" 88-45 ! QuP C 60 250 0.60 Personal during decon.
CM 88- A37 8-24 DuP C- 60 840 0.12 Over ni ght decon. -area
" 88- A38 8-25 " 395 0. 47 Area during decon. -
H 88- A39 " ORBO- 22 405 <det. limt no neutr.
h 88- 58 ! DUP C-60 240 0.18 Personal during decon.
! 88-59 " Vapor - t r ak 15 <det. limt Personal during purge
Bl ue 88- A40 8-26  ORBO 22 250 <det. linmit Area during decon.
" 88- A1l ! Vapor -t r ak " 0.07 "
- 88- 60 ! ! 250 0.06 Personal during decon.
! 88-61 ! ! 15 1.53 During Purge
RP #3 88- A43 9- 29 DuP C- 60 270 0.17 Area during decon.
! 88- Ad4 " | npi nger " 0.01 "
u 88-77 ! DuP C- 60 280 0.33 Per sonal - decon. tech.
H 88-78 ! ! " 0.17 Personal -cert. asst.
" 88-79 ! Vapor -t r ak 15 0.68 Per sonal - cabi net pruge
n 88-80 ! | npi nger 15 0.27 "

Wiite = South Hospital White Zone

CM = dinical Mcrobiology Lab

Blue = South Hospital Blue zone

RP #3 = Research Park Buil ding Nunber 3
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C. Different areas that dilute 37.0 to 40. 0% f or nal dehyde
solution to nake different strength formalin solutions are
i ncl uded together because there are so many different areas
and because the procedures are simlar. The only mgjor

di fference between each area is the volune of solution made.

The | argest vol une producer of formalin is the Pharmacy
Departnment. One person from Pharnmacy is responsible for
periodically mxing sixty gallons of 10.0% formalin
solution. This is done in a stainless steel vat in a
building called the "vault" outside of the hospital. If the
weat her is good, mxing in the vat is done outside the
vault. [If the weather is bad, the vat is set just inside
t he door and all doors and vents in the vault are kept open
during mxing. The operator wears gloves and an apron while
perform ng the m xi ng.

The procedure starts with filling the vat with fifty
gallons of distilled water. Nine hundred and seven grans of
sodi um aci d phosphate (nonobasic) is then added and the
m xer is turned on until it dissolves. Two and one-half
pounds of dibasic sodi um phosphate is then added and m xed
until it dissolves. Six gallons of 37.0% fornmal dehyde

solution is then added and m xed wel | . Distilled water is

added to bring the volunme to sixty gallons and the entire

solution is mxed well. Wth a rubber hose attached to the
bottom of the vat, the mxture is punped out of the vat into

one gallon plastic containers. The containers are |abeled
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and stored in the vault for later delivery to the Materials
Managenent Departnent. The one gallon containers are

di spensed to various departnents throughout the nedica
center. This operation takes place as needed, generally
every three to five weeks. All sanple results were well

bel ow the OSHA PEL and are listed in Table 14.

Anot her | arge vol une producer of formalin is the Autopsy
Laboratory. Sixty gallons of formalin is m xed as needed,
generally every two to three weeks. The dilution is done in
a small (approxinately ten by ten feet) storage room
adj acent to the Autopsy office and takes approxi mately
fifteen mnutes to conplete. The roomhas its own
ventilation and the technician wears gl oves, an apron, and a
hal f-mask respirator while performng the dilution. Three
gal l ons of 37.0% fornal dehyde are added to two separate
thirty gallon containers, two cups of potassiumacetate is
added to one container, then each container is filled with
water to thirty gallons using a hose. The formalin is taken
from each contai ner as needed out the bottomfroma spout.
Al fifteen mnute short term sanples were well bel ow the
OSHA STEL and are listed in Table 14.

As previously nentioned, a daily dilution is done in
each of three separate areas of the D alysis Departnent. A
single seven liter batch is m xed once a day both in the
North Hospital Henodialysis Unit and the Dialysis Wst Unit.

In North it is done at a sink in a room approximately six by
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Tabl e 14

Sampl e Results from Areas Doing Dilutions

Sanpl e
Ar ea Sanpl e # Dat e Met hod . Ti me (m' ns. ) PPM Conmment s

Phar macy 88-11 7-12 | npinger 30 0.16 60 gal dilution in vaul

" 88-12 " DuP C- 60 30 0.21 !

u 88-13 ! 3M 3720 30 <det. limt H

" 88- 64 8-31  vapor-trak 35 0.03 "
Aut opsy  88-28 8-2 | npi nger 15 0.56 60 gal . dilution

" 88- 29 " Vapor -t r ak 15 <det. linit Y

" 88-51 8- 16 " 15 u H
Nor t h 88- 07 6-24 | npi nger 9 H 7 liter dilution
Mai n 88-08 6- 27 " 15 " 3-7 liter dilutions

" 88-21 7-20  Vapor-trak 15 4,11 3-3.5 1 dilutions

" 88- 25 7-21 " 15 12. 42 "

u 88-53 8-17 ! 12 <det. limt 2-9 | dilutions

" 88-57 8- 24 " 15 " 3-9 | dilutions

" 88- 68 9-1 " 10 H 2-3.5 1 dilutions
M | #316 88-37 8-9 ! 15 ™M 65 m dilution
M | #328  88-70 9-19 " S3 0.03

gel prep-5 min dil

North = North Dialysis Unit

Main = Main Room of Dialysis Center

H'| #316 = Mcrobiol ogy and | munol ogy Lab #316
M| #328 = Mcrobiol ogy and | munol ogy Lab #328
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nine feet and takes approximately five to ten mnutes. In
D alysis West, the dilution is done in the wonen's bat hroom
(approximately four by six feet) and takes five to ten

m nut es.

The main room of the Dialysis Center makes up a | arger
vol une of formalin solution because of the greater nunber of
machi nes. Generally two to four nine liter jugs of formalin
are mxed at the sink in a thirteen by sixteen foot utility
room behind the main room The dilution takes approxinmately
ten to twenty mnutes and is done by a different person each
day. There are two w ndows which sone technicians preferred
to have open. One technician chose to have a fan running
behi nd them while the wi ndows were open.

Result of formal dehyde sanpling during dilution for
these areas was typically well below the OSHA STEL. There
were two sanples taken during dilution on successive days
t hat were above the STEL (88-21, 88-25). |In each case, as
in the fornalin dunping operation done in the Hi stol ogy
Laboratory described earlier, formalin solution was poured
down the sink while the tap water was running. The first
day, the sanple result was 4.11 ppm after pouring
approximately one liter of formalin in the sink. The second
day the sanple result was 12.42 ppm after approxinmately
three liters had been poured down the sink. Results of
sanpl es taken after asking the technician not to run the tap
wat er while dunping formalin in the sink were all well bel ow
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the STEL. Al results fromDialysis dilution can be found
in Table 14.

The Vivarium has four different people who nake a
formal dehyde dilution in three separate areas. The formalin
is used for specinen preservation after rat necropsies or
animal surgeries as described earlier. A technician in the
Vi varium Pat hol ogy Laboratory will nake five gallons of
10.0% formalin solution every three to four nonths. This
operation is done under a hood and takes approxi mately ten
to fifteen mnutes to conplete. One gallon of a 2. 0%
formalin solution is made up fromeither a 37.0%
f or mal dehyde solution or 10.0% formalin solution every two
to three nonths in a separate |aboratory. The dilution
takes only five to ten mnutes but every day ten test tubes
are filled with ten mlliliters of the 2.0% sol ution taking
approximately fifteen mnutes. |In the second floor
Aut opsy/ Necropsy roomtwenty liters of 10.0%formalin is
made every six nonths. This takes approximately fifteen
m nutes but is done without a hood. None of these
procedures described for the Vivariumwere done during the
time of this study, therefore no sanples were taken. It was
assunmed the exposure was represented by the | arger volune
di l utions.

In the VA Hospital Pathology Laboratory, one of three or
four people make up ten liters of 10.0% formalin solution

every three or four nmonths to use for specinen preservation.
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Thi s procedure takes five to ten mnutes and i s done under a
hood. No sampling was done.

Remai ni ng areas that did dilutions did so in very smal
quantities and only occasionally. Three separate
| aboratories in the Departnent of M crobiol ogy and
| nmunol ogy diluted 37.0% foirmal dehyde to 20. 0% formalin for
use in nmaking Northern Blot gels. Each |aboratory has two
or three people that would nake up thirty-two to fifty
mlliliters of the formalin solution for gels. The dilution
is done at a | aboratory workbench and takes just a few

mnutes to conplete. Northern Blot preparation will be

di scussed in detail later in Section JD.

D. There are a nunber of other uses of formal dehyde where
in nost cases the use was so infrequent, sporadic, and snal
that sanpling could not be done. Al these areas are
i ncl uded toget her as niscell aneous use.

Use of fornmal dehyde for making Northern Blot gels is
wi despread but typically mninml and very sporadic. Most
| aboratories stated that when doing northern blots, the gels
can be made up two or three times a week for up to four or
five weeks. But npst said they could go for up to six
mont hs before they did any northern bl ots.

The northern blots technique is used to denature DNA.
The gels are nmade up with 10.0 to 20.0% formalin and are

used to transfer the DNA sanples to the northern blots for
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|l ater study. Al but one | aboratory cut up the gel to be
used in an encl osed machine the foll ow ng day after
preparation. W rking with the gel typically took only ten
to twenty mnutes. One |laboratory did the transfer by hand
by placing the gel on blotter paper, placing the northern
bl ot on top, and placing paper towels over both overnight to
absorb the buffer and transfer the sanple fromgel to blot.
Al but one laboratory did their own dilution of
f or mal dehyde sol utions as described earlier, with the one
| aboratory using Pharmacy-nmade 10.0% formalin. Mking the
formalin solution, pouring it into the gel, and working with
the gel were the only potential sources of exposure. The
Departnment of M crobi ol ogy and | munol ogy had six different
| aboratories that worked with northern bl ots. Each
typically had four to six people that could do this type of
wor k. The Departnent of Medicine has two separate
| aboratories, the D vision of Neurology and the Division of
Hemat ol ogy, that uses northern blots. Two or three people
can do this work in each of these two | aboratories under a
hood, but it only occurs approxi mately every six nonths.
Fifteen mnute sanples were taken during dilution in one
| aboratory and |long term sanples were taken in the one
| aboratory that did the transfer by hand. None of the other
| aboratories worked with northern blots during the course of

this study. Al sanple results were well bel ow the OSHA PEL
and STEL and are listed in Table 15.
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Tabl e 15

Sanpl e Results from Areas Preparing Northern Blot Gels

Sanpl e
Area Sanmple _# Dat e Met hod Time Cmins.) PPM Conment s
M| #316 88- 37 8-9 Vapor -trak 15 <det. limt 65 m dilution
M| #328  88-70 9-19  Vapor-trak 53 0.03 Gel Preparation
. 88-72 9-20 DuP G 60 440 0.21 Tr ansf er

M1 #316

M crobi ol ogy and | mmunol ogy Lab #316

M1 #328

M crobi ol ogy and | munol ogy Lab #328
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There are two areas that use 10.0% fornmalin solution to

drop slides in after doing a pap snear. These two areas are
the Allergy and Pulnmonary dinic and the Energency
Departnent. Each one drops slides in a small bottle
containing forty to fifty milliliters of formalin. In the
Al l ergy and Pul nonary dinic, a doctor can do the pap snears
in one of three roons. The bottle is only open for a few
seconds at a tine. In the Energency Room there are two
roons where pap snears are done once or twice in a week by
the physician on duty. |In both areas, the pap snears are
never schedul ed so air sanpling was difficult. Both areas
received their bottles already filled with formalin fromthe
Pat hol ogy Laboratory and returned the bottles to Pathol ogy
with the pap snear slides.

The VA Hospital Pathol ogy Laboratory and one of the
M cr obi ol ogy and | nmunol ogy Laboratories use 37.0%
f or mal dehyde sol uti on on bl ood sanple trays. Two or three
drops of formal dehyde are put on each tray to sit overnight.
The foll owi ng day soneone reads each tray under a m croscope
for a few minutes. Each |aboratory has just one person
assigned to do this procedure. The VA Pathol ogy Laboratory
does this very infrequently, normally does only four trays,
and m ght not read each one the next day. The M crobi ol ogy
and | munol ogy Laboratory does this procedure every two to

three weeks and may have twenty or nore trays at atinme to

do.
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One of the Chem stry Departnent |aboratories uses
formal dehyde to prepare reagents. This is done every three
or four nonths by using paraforml dehyde. Two grans of
par af or mal dehyde is dissolved in solution under a hood. No
more than five mnutes is spent on weighing and adding the
par af or mal dehyde to sol uti on.

Sanmpling was done in the M crobiology and | mmunol ogy
Laboratory in the Research Park building nunber three during
both the formal dehyde addition to the trays and reading the
trays the next day. Results were well bel ow CSHA
regul ations and are listed in Table 16.

For mal dehyde may react with ionic chloride conmpounds in
humd air to produce bis-chloromethyl ether (BCME) which has
been shown to be a powerful carcinogen. OSHA has set an
ei ght hour TWA PEL for BCME of one part per billion (ppb).

Initial plans included taking air sanples for BCMVE in
areas where chloride conpounds are used, as in the Dialysis
Department where Clorox bleach is used to clean the dialysis
machi nes and equi pnent. Due to tine constraints and the
fact that the sanpling method is very different than that
used for formal dehyde, it was decided that sanpling could
not be done during this study.

It was then decided that a nenp woul d be sent to al

areas storing formal dehyde with Clorox or any other chloride
conpound instructing themto separate each so there woul d be

no chance of reaction. The decision was | ater nade not to


NEATPAGEINFO:id=26244672-6840-4899-A9A6-FA4ABEF8EAEA


Tabl e 16

Sanpl e Results from Areas Preparing Bl ood Sanple Trays

Sanpl e
Area Sanple # Date Met hod Time (mns.) PPM Connent s
Lab #109 88-30 8-3  Vapor-trak 8 <det. limt 16 trays done
| 88- 34 8- 4 " 340

Lab #109 = Research Park Building #3 Lab #109

72


NEATPAGEINFO:id=0731C119-AA13-46B1-85B7-1F6F350135C9


73

send the nenp after reviewing the results of two separate
studies. Studies done by Kallos and Sol omon . and by Tou
and KaII0351both concl uded that BCME does not form at the
detection limt of 0.1 ppb after reacting fornal dehyde vapor
wi t h hydrogen chloride at concentrations of 100.0 ppm of
each or reacting aqueous hydrogen chloride with fornal dehyde
vapor in concentrations of 2000.0 ppm They stated that
occupational health problems would not be expected from
hydrogen chl oride and fornal dehyde, since BCME is not forned

even at concentrations of these reactants significantly

above that which hunans can tol erate. S0
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VI . CONCLUSI ONS

For mal dehyde is used extensively in a medical center
environnent. A conprehensive exposure survey was needed at
t he medi cal center because of formal dehyde's w despread use
and to help comply with OSHA' s new formal dehyde standard.

A conpl ete survey of areas that use fornal dehyde
t hroughout the medical center was achieved. An account of
type of use, frequency of use, work practices and
condi tions, and exposure popul ati on was made.

The fact that so many procedures are non-routine and
I nfrequent makes sanpling difficult in the tinme given for
any one study, but woul d be possible with continuing and
routine surveillance. Each type of fornal dehyde use was
represented by air sanpling, if not each area. An attenpt
was made to sanple as many areas as possible, with sanmpling
being at |east representative of areas that use formal dehyde
in nmuch the sanme way.

Al'l long termsanples taken were bel ow the OSHA ei ght
hour TWA PEL except for one area sanple taken during the
decontam nation of a biological safety cabinet. Only two
| ong term personal sanples were above the OSHA action |evel,
al so during a decontam nation procedure. Al followup
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sanples after these three were well below the OSHA PEL. Al
but three fifteen mnute short termsanples were bel ow the
OSHA STEL. The three that were above the STEL were in two
separate areas with very simlar procedures. After changing
the procedure for both, followup sanples were well bel ow
t he GSHA STEL.

It can be concluded fromthese results that exposure to
f ormal dehyde vapor at the medical center was at an
acceptable level and in conpliance with OSHA. Wth the
m ni mal usage in nost areas, excellent work practices in
every area, and adequate engineering controls in heavy use
areas, it can be said that the potential health risk for
formal dehyde at the medical center is very low Wth
continued nonitoring of formal dehyde exposures and an
I ncreased awareness of the potential health risks through
education, the nmedical center can remain in conpliance with

OSHA regul ations and continue to provide safe working
conditions for its enployees.
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AV I B I RECOMIVENDATI ONS

O her than specific recommendati ons nade for individual
areas, there are sone general recomendati ons that apply to
f or mal dehyde sanpling done at the nedical center.

The first and npbst inportant recommendation is to review
the formalin distribution and fornmal dehyde purchasi ng
records every six nonths to a year. This will help keep up
with who is using fornmal dehyde and possi bly uncover new
areas that have started using it. Fromthese records it
wi Il be possible to continue updating fornal dehyde usage.

Sanpl ing should be continued in the heavy use areas such
as Autopsy, Surgical Pathology, and Dialysis. Routine
nmoni tori ng should be scheduled to keep up with any changes
that are nade with regard to handl i ng procedures, personne
changes, or working conditions.

Wth regard to sanpling nethods and anal ysis, a nunber
of cost effective techni ques should be pursued. Sanple
anal ysis should continue to be done in-house by use of the
chronotropi ¢ aci d/ spectrophot oneter met hod and by perfecting
the use of the Environnental Safety Departnent gas
chromat ograph for sorbent tube analysis. The nost

I nexpensi ve ways of formal dehyde sampling if in-house
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spectrophotometer analysis is available are the 13X

nol ecul ar sieves and the 3M 3721 diffusive nonitor. Both of
t hese sanpling methods shoul d be devel oped to provide the

| east expensive nmeans of continued routine sanpling.

Finally, the Bacharach Air-Scan nonitor should be | ooked at

nmore closely to provide results that can be obtained al nost
i mredi ately after sanpling.
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DEPftRWNIfi L USAGE BY V' Ji  FROM BILLING FILE
fIPRL, 1983 (Includes ftdjustsients J Credits fts Separate Entry)
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