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INTRODUOCTION

The Naticnal Inscitute for Oceupational Safety and Health (NIOSH) is the
primary Federal apency engaged in occupational safety and health research
Located in the Departmenc of Health and Human Services (formerly the
Department of Health, Education, and Welfare), 1t was established by the
Occupational Safety and Health Act of 1970 This legislation mandated NIGSH
to conduct a number of research and educatlon programs separate fram the
standard setting and enforcement functions condueted by the CGceupatiomal
Safecy and Health Administration (OSHA} inm the Department of Labar An
lmportant area of NIQSH research deals with methods for controlling
occupational expasure to potential chemical and physical hazards  The
Engineering Control Technology Branch (ECTB) of the Division of Physical
Sciences and Engineering {(DPSE) has been given the lead within NIOSH to study
the engineering aspects of hazazd control

Since 1976, ECTB has conducted a number of assessments cof health hazard
contral technology on the basis of andustry, common industrial process, or
specific control techniques The objective of each of these studies has been
to document and evaluate effective control techniques for potential health
hazards 1n the i1ndustry or process of interest, and to create a more general
awarenese of the need for or availability of an effective system of hazard
contrel measures

Formaldehyde containing seolutions are the predominant embalming agents in use
in mest mOrcuaries In che pasecus state, formaldehyde 1s colorless,
flammable, and has a pungent odor  NIOSH has classified formaldehyde as a
potential carcinogen, with the Recommended Exposure Limit {REL) of 0 1 ppm,
15-minute ee1ling * The OSHA Permissible Expogsure Limit (PEL) and the
American Conference of Governmental Industrial Hygienists {ACGIH) Threshold
Limit Value (TLV,) are both 1 ppm for 8-hour time weighted-average (TWA) and 2
ppm for a l5-minute interval 2> The ACGIH also recognizes formaldehyde as a
suspected human carcinogen

Mortuaries are typlcally small businesses  Currently, there are just over
20,000 establishments, 68% of which employ 10 ar fewer employees  More than
75,000 people are empleyed in the industry * As small businesses, mortuaries
typieally da not have access to occupational health and safety expertise that
larger companies do  Also, because they are small businesses, mortuaries are
infrequently inspected by OSHA

Seweral studies have been conducted to evaluate the formaldehyde exposures 1in
autopsy and gross anatowy laboratories and mortuaries  Two studies in
mortuarles reported TWA exposures during the embalming procedures to have
ranges of 0 09 to 5 3 ppm and 0 18 to 2 1 ppm 3+® These studies found that
room ventilation had a signmificant effect upon concentrations of formaldehyde
as determimned by area samplimg  Another study, conducted in gross anatomy
laborataries, reported exposures ranged from ¢ 24 te & 8 ppm over 2 1 te 2
hour peried 7 In additien, two other studies have been conducted at the
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Cincinnatl College of Mortuary Science (CCME) in Cincinnati, COhio The first
study at CCMS reported formaldehyde concentrations during the embalming
procedure ranged from O 3 te 8 7 ppm, and that ventilarion rates significantly
affected exposures ® The second study found personal exposures in the
1solation room ranged from 1 24 ppm to 3 64 ppm ? The study reported here was
conducted 1n the 1solation room at GCMS

The goal of this study was to develop and evaluate local exhaust ventilation
concrols which will reduce the embalmer’'s exposure to formaldehyde Since
earlier studies indicated that ventilation rates affeet the exposures, the
peneral room ventilation could be incressed to reduce exposures However,
this solution would result in increased heating and cooling costs, since, for
every cubic foot of air exhausted, another cubie foot must be brought into the
building as makeup air  This makeup alr must be heated or ccooled depending
upon the gseason & potentially more effective system, both inm terms of
operating costs and performance, would utilize local enxhausr ventilation near
the source of formaldehyde emissions A local exhaust ventilation system,
described later in this report, was evaluated at the Cincimmati Collepge of
Mortuary Science

FACILITY AND PROCESS DESCRIPTION

The Cincinnatli College of Mortuary Science has three tables set up for
conducting embalmings Two of the tables are in a large roem which serves as
a laboratery for the students, and the third 1s loecasted in an isclation room
This latter table 15 typically used for suspscted infectious cases (AIDS,
hepatitis) However, all embalmings observed during this study were conducted
in the isolation room, and only non-infectious cases were 1ncluded for the
sampling

A diagram of the CCMS mortuary laboratory 1s shown im Figure 1, while Figure 2
shows a detailed diagram of the isolation room The embalming table 1s of
porcelain on steel construetion, with the top of the table having a slight
slope The body 15 placed om the table sc¢ that the head 1s higher than the
feet A drain 1g located at the foot of the table A shorc length of rubber
hose leads from the drain to a urinal located belaw the table Blood and
emhalming fluid flow down the table, through the drain, and inte the urinal
The table can be rotated and the heirght and slope alsc can be adjusted
Located near the foot of the table 15 a hot and cold water supply, an
agpirater, and a punp for 1njecting the cwmbalming sclutrlan

Prior to the i1nstallaticn of the local exhaust wentilation system, the only
cantrol far formaldehyde emissions was the general ventilation system  The
exhaust and supply locations are shown in Figure 2 The supply was located in
the cerling abeve the embalming table  The exhaust was located approximately
2 feet ¢ff the flecer in one corner of the room  The supply system was
designed to provide 215 cubic feet per minute (¢fm) to the room, while the
exhaust system remeved the same amount  The general ventilatlon system
remalned 1n operation during the evaluation of the lecal exhaust ventilation
system
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LOCAL EXHAUST VENTILATION DESICGN

The local exhaust ventilation system developed for the mortuary consisted of
local exhaust ventilatien in the form of slot hoods on either side of the
embalming table  The desiegn of the slot hood 1s shown 1n Figure 3 As an
initial approximation, 1t was assumed that the constant velocity contours
would take the shape of a quarter ecylinder, as shown in Figure 4 While a
guarter cylinder may not have been the precise shape of the velocity contour,
1t did serve as a initial approximation  The exhaust volume for slots, Q, was
estimated by the equation!®

O=2nFrLV (L

whare, = yolumetric flow of the hood, cfm
= fraction of a whale cylinder
contrel distance, ft

length of slot hood, ft

control velecity at distance ¥ from the heod, fr/min

Q
F
r
L
vV

For the gquarter cylinder, F = 0 25, therefore this equation reduces to

0=152rLV {22

The slot hood 1installed at the college consisted of two & faot sections, one
on each side of the table From equation {2), for a volumetric flow of BCO
cfm, the resultant control velocity at the center of the tahle (r = 1 2 ft)
would be 35 ft/min  For a l-inch zlot, the slot wvelocity (velocity at r = 0)
would be BQGD ft/min  While the 35 fc/min control weloclty may seem low in
comparison with the ACGIH Ventilation Manual recommendation ef 50 ft/min
manimum,!! 1t was anticipated that this low veloclty might be sufficient since
the 1solation room 1s small with few crossdrafis

The actual exhaust volume required for control was determined experimentally
in the NIOSH ventilation laboratory  The slot hoods were get up in a fashion
similar to the proposed installation at CCMS The ducts were connected Te an
exhsust system and the flow was controlled through adjustment of a blast gate
Flows ranging from 600 cfi to 1200 cfin were eveluated in 100 cfm increments

A mannequlin was placed on the table and a tracer gas, nltrous oxide, was
released at a known generatilon rate at the chest area ¢f the mannequin A
Miran 1A (Foxbore, Co , East Bridgewater, MA), an infrared monitor, measured
the nitrous oxide concentrations in the duct, 1ndicating the amcunt of nitrous
oxide captured by the ventilation system These concentrations ranged from 30
to 70 ppm, depending upon the exhaust flow rate  This series of tests
indicated the minimum flow ratve for effective capture was around 700 cfm
Therefore, the exhaust system 1nstalled at CCMS was sized to exhaust 700 cfm
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The use of an air shower also was 1investigated The rationale for the air
shower was that it would push the contaminated air down and toward the slot
hoods, thereby reducing the exhaust volume required tc achieve contrel In
this series of tests, 1t was determined that the air shower did not improve
the capture efficiency of the slot hoods at the flow rates (600-1200 cfm)
evaluated Therefore, the air shower was not i1nstalled for the field
evaluation at CCMS

The pressure drop for the hood also was measured in the laboratery fer the
different flows evaluated Far the 700 c¢fm flow used in the installation at
CCMS, the static pregsure for the hood was found to be 0 8§ 1nches of water A
plot of the exhaust flow wversus pressure drop 1s listed 1n Appendix A

4 metal ramp was fabricated te fit acrass the slet heod on one side of the
table This ramp was used to make 1t easier te moeve the bodies over the slot
hood and to protect the bodies from dsmage by the front adge cof the hood The
ramp was removed after the body was moved onto the table, befers the embalming
procedure was started

METHODOLOGY

SAMPLING

Area and personal exposure menitoring was used to determine the effectiveness
of the local exhaust ventilation system  Sampling and analysis was performed
11 accardance with NIOSH Method 2502 *2 This method calls for the use of
salid sorbent tubes {2-(benzylamina}ethancl on Chromcsorh 102 or XAD-2, 120
mg /60 mg) with a maximunm flow rate of 0 05 1/min For this study, all
sampling pumps were calibrated at approximately O Q5 1/min The estimated
limit of detection for the method 1s 1 ug

For each run, personal samples were collected in the breathing zone of two of
the embalmers comducting the procedure in the 1solation room  Three area
samples were collected for each run  one area sample was collected in the
i1gsolation roeom, one in the hallway just outside the isolation roam, and one 1in
the laboratory office, These zampling locatiens are shown in Flgure 1 Both
the personal and the area samples were collected during the entire time
required for the embalming procedure, which varied from rum to run

EXPERIMENTAL DESIGN

The origilnal study design intended to evaluate the effectiveness of the local
exhaust ventilaction system for both autopsied and nenautopsied bodies In an
earlier study at CCM3, approximately half of the procedures sampled were for
autopsied bodies In that study, autopsy was found to be a significant faetor
i the effecting exposures, possibly due to the slightly different methods
used on autopsied bodies ® However, for the study reported here, CCMS was mot
able to provide an agqual number of sutopsied and nonautopsied bodies
Therefore, the local exhaust ventilation system evaluation was based on the
types of embalming cases avallable te CCMS



The study was conducted with the lecal exhaust ventilation system in place and
oparating for all rums The study was designed to determine 1f the local
ventilation system could control personal formaldehyde exposures to 1 ppm or
less This 1 ppm level was chosen for twd Yeasons First, 1n order to
deteymine the number of repetitions needed, a target value for the exposure
was needed The 1 ppm level was as low a concentration possible without
requiring an unreasonable numnber of samples For this study, sixteen
embalming procedures were sampled  Second, the 1 ppm level 1s also the OSHA
PEL level and the ACGIH TLV level If the local exhaust ventilation system
could not comtrol personal formaldehyde concentrations te 1 ppm or less, 1ts
value as a contrel system would be minimal  The overall goal was to reduce
the formaldehyde concentrations to as low a level as possible

EMBALMING PROCELURES

0f the 16 runs sampled, only two were with bodies that were autopsied Of the
remaining 14 runs, 12 of the bodies were anatomical preparations for a local
medical college  Anatomical procedures differed from the normal embalming
procedures 1n that a final high pressure injection of approximately 3 gallons
of a mixture of phenol, ethanol, glycerol, formaldehyde, and a disinfectant 1s
made  This mixture contains 2% formaldehyde  Alse, a formaldehyde conmtainming
gel 15 routipely applied to the face, hands, and feet of the anatomical

bodies The analysis of the data was done without breasking out the type of
procedure since there were only twa each of the normal and autcpsied
enbalmings

RESULTS

Of the 32 personal samples, (2 samples for each of 16 runs) the formaldehyde
concentration of 5 samples were found to be higher than 1 ppm  Run number 8,
personal sample number 2 showed a concentration of 1 9 ppm, highest of all
measurements However, the slot hood wes cbstructed by the ramp used to slide
the bodies on and off the table The worker with this sample was positioned
on the side of the table with the obatructed slot  Because of the obstructed
slot, this =ample was not included in the analysis of the data 0Of the 94
personal, area and ducc samples callected, 37 were found te be bhelow the limit
of detection For the purpose of the data analysis, these samples were
assigned a sample mass of 0 71 pp, the limit of detection divided by the
square root of 2 13

The means and standard deviations for the formaldehyde sampling are listed 1in
Table 1 & full listing of the dara from this study 1s 1n Appendix B A
caleulstien of the upper confidence limit of the mean of the personal semples
showed that the local exhaust ventilation system conttrolled formaldehyde
exposures to £ 73 ppm (93% confidence) Simlarly, & calculation of the upper
confidence limit for the area location inside the isclation reom i1ndicated
that local exhaust system contrelled concentrations inside the room to 0 31
ppm There were two other area sample locations, one in the hallway just
outside the embalming rocm and the other located in the embalming laboratory
office An analysis of variance comparing these twe outside area lecations
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with the area lacetien inside the embalming room showed no statistically
significant differences in concentration *

Table 1  Summary of formaldehyde sampling results

Sample Standard “
Meaan bPeviation

o (ppm} {ppm)
Personal 32 0 60 0 41 l
Area, Isolation Room ié 0 24 014
Area, Hallway 1é 021 0 12 |
Area, Laborateory COffice 16 018 D o7
Exhaust Duct Qutlet 13 0 81 0 4z

DILUTION VENTILATION COMPARISCN

A calculation was made to estimate the dilution ventilation rate needed to
achieve the same control over the formaldehyde emissions as the loecal exhaust
ventilation system Table 1 shows the mean formaldehyde concentration and
standard deviation for the exhaust duct samples A t-test showed that the
mean for this location 1is net sipgnificantly different than 1 ppm  The mean
duct concentration was used to caleulate an average generation rate and the
dilution wventilation rate needed to control fermaldehyde emissions te the same
level as the local exhaust vent:ilation system Farst, the mean concentration
of the 1solation room atea samples was used as an estimate of the 1sclation
roam formaldehyde concentration after completion of the embalming procedure
Multipliying rhis concentration (0 24 ppm) by the room volume (864 fr*),
regsulrted 1t & mass 7 34 mg of formaldehyde remaining in the 1solation room
Wext, the mase of Formaldehyde removed from the room was calculated by
multiplying the mean exhaust duct concentratien by the mean time of the
procedure, yielding a mass of 1669 mg of formaldehyde The total mass of
formaldehyde released, 1676 mg, is the sum of these two masses Dividing the
mass release by the average time for a procedure yields a generation rate of
1183 mg/hr  The dilutien ventilation flow rate was calculated from the
following equation 1°

o= XC (3)

C

= gxhaust volume (cfm)
mixing feector (3 to 10)
generation rate {mg/hr)
concentration (mg/m*)

where

|

Q
K
G
c



To determine the dilution wentilation flow rate, Q, which results in
equivalent control of the formaldehyde emissions, C 1s taken to be the mean
concentration of the petrsonal samples, ¢ 60 ppm, and ¢ 1s 1183 mg/hy, as
calculated above The mixing factay, K, takes 1nto account the degree of
mixing within the room For ¥ equals 3 (a well mixed room}, the required
dilucion ventilacion rate, Q, 1s 2800 cfm, while for a K eof 10 (1litctle eor no
mixing in the room), the ventilatien rate would be 9300 e¢fm A detailed
talculation of these exhaust volumes {s given in Appendlx C

CONCLUSIONS AND RECOMMENDATIONS

Based upen this study, the local exhaust ventilation system presented in this
report controlled personal formaldehyde exposure c¢oncentratiens to O 73 ppm
(85% confidence) The statistical analysis of the area samples results showed
that the concentratien in the isolation voom was controlled to a level that
was not significantly different than the concentrations measured outside the
room From these results, 1t 1s recommended that a local exhaust ventilation
system similar te the desipgn tested here, should he 1nstalled permanently in
the 1solation room and on the other tables in the main embalming laberatory

The calculation of the dilution ventilation flow rate regquired to control
formaldehyde emissions to the same level as the local ventilation system shows
how effective ventilatlon can be when applied locally  Even 1f a well mixed
room is assumed, 1t would require up to 4 times the exhaust volume to reduce
formaldehyde concentraticns to the same level as the local exhaust venrilation
system If the roam 1s& assumed to he poorly mixed, more than 10 times che
exhaust volume 1s required The reduced exhaust volume for the local system
will result in lower operating costs, due mainly to the reduction In the
amount of make-up air reguired

It should be noted that the design tested 1n this study was merely a
praototype For a permanent installation, additional wark sheuld be performed
to design a more efficient plenum to reduce the pressure drop in the system
This will reduce the fan size, thereby reducing the system purchase price and
operating Costs
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Appendix A

Statle Pressure, hood {In water)
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Figure Al Plot of pressure drop versus exhaust volume for local exhaust
ventillation hood
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Appendix B

Listing of sampling data (*) 1ndicates nondetected sample

Run  Sample Sample  Sample Hon Formaldehyde
No Lecation Time Mass Detected Conc {ppm)
1 OUT AREA 1 146 071 * 008
1 OUT AREA 2 147 a 71 * 0 09
1 IN AREA 1 146 1 013
1 PERSONAL 1 134 3 0 39
1 PERSCONAL 2 133 3 43
2 OUT AREA 1 34 a7 * 0 22
2 OUT AREA 2 34 a7l * 0 22
2 IN AREA 1 54 0 71 * 021
2 FERSONAL 1 53 g7l * 0 25
2 PERSONAL 2 24 1 0 35
3 OUT AREA 1 137 a 71 * o ¢9
3 OUT AREA Z 137 0 7t * 0 09
3 IN AREA 1 135 0 71 * 010
3 PERSONAL 1 13¢ ¢ 71 & 010
3 FERSONAL 2 134 G 71 * 0 09
3 EXHAUST 137 1 c 12
4 OUT AREA 1 &7 071 * 0 27
4 QUT A4AREA 2 48 071 * 0 28
4 IN AREA 1 &7 1 0 37
4 PERSONAL 1 48 &4 1 43
4 PERSONAL 2 68 3 1 04
4 EXHAUST 48 3 117
5 OUT AREA 1 69 D71 * 0 17
5 QUT AREA 2 iQ 071 * 0 17
5 IN AREA 1 71 1 Q0 23
5 PERSONAL 1 69 P 0 46
5 PERSONAL 2 6y 3 0 69
3 EXHAUST 11 5 1 32
& CUT AREa 1 73 071 * 017
6 CUT AREA 2 13 071 * 0o 17
& IN AREA 1 73 ¢ 71 * o 17
6 PERSONAL 1 70 071 * 018
6 PERSONAL 2 73 o 71 * 0 18
G EXHAUST 71 1 0 24
7 CUT AREA 1 71 071 * 015
7 QUT AREA 2 71 071 * 0 16
7 IN 8REA 1 70 071 0 17
7 PERSDNAL 1 72 2 0 53
7 PERSONAL 2 72 1 G 25
7 EXHAUST 69 1 a 25
B OUT AREA 1 127 071 * 0 10
B OUT AREA 2 128 1 a1z
g IN AREA 1 127 071 * 0 o9
8 PERSONAL 1 128 3 0 43
g PERSONAL 2 127 14 1 91

12



18 blanks were anslyzed, all were nondetected

EXHAUST
OUT AREA 1
OUT AREA 2
IN AREA 1
PERSONAL 1
PERSONAL 2
EXHAUST
QUT AREA 1
QUT AREA 2
IN AREa 1
PERSONAL 1
PERSOMNAL 2
EXHAUST
OUT AREA 1
CUT AREA 2
IN AREA 1
PERSONAL 1
PERSONAL 2
EXHAUST
OUT AREA 1
OUT AREA 2
IN AREA 1
PERSONAL 1
PERSONAL 2
EXHADST
OUT aREA 1
OUT AREA 2
IN AREA 1
PERSONAL 1
PERSCHAL 2
EXHAUST
OUT AREA 1
OUT AREA 2
IN AREA 1
PERSONAL 1
PERSONAL 2
EXHAUST
CUT AREA 1
QUT AREA 2
IN AREA 1
PERSORAL 1
PEESCNAL 2
EXHAUST
OUT AREA 1
OUT AREA 2
IN AREA 1
PERSONAL 1
PERSONAL 2
EXHAUST

127
i
g2
g1
42
93
94
56
57
57
55
56
57
&40
80
80
B0
84
79
47
47
47
48
47
A4
81
§1
81
81
51
a1

122

123

121

123

123

124
68
68
68
67
L1
68

101

142

101

102

102

100
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40
36
37
13
ia
75
16
22

30
56
9y
15
42
17
39
42
63
04
37
29
66
09
44
37
14
17
21
80
42
(i1
11
11
14
43
15
42
50
17
26
58
52
82
12
13
34
74
16
59



Appendlx C

Dilution ventilation flow rate calculation

Mass in isolation room, inside concentration — 0 244 ppm room velume = 864
£

(=)
0 244 pom x 1 23 =0 30 24
o ppm m

K1
0 305 wo6q FEd x T =7 34
m 35 Ftd i

Mass exhausted, Cencentratilon in duct = O 807 ppm

exhaust Flow = 700 cfm
average Ltime of procedure = §5 minutes

F
0 807 ppmx 1 23 2 S - g g9 BE
be Ppm m?

3 3
UQQE—?xTDUH&x m
M

an X 38 75 x 86min = 1669 mg

Total mass emitted from procedure

1669 mg + 7 34 mg = 1676 mg

Calculation of generation rate

i g0min _ ng .
1676 mg % 55 oin X T hr 1133 hr G

Calculation ¢f Q, € =0 £03 ppm

Lff) g
m ) m
0 605 ppm x 1 23 =0 744

P ppm m*

. X6
2 ey
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For £ = 3

o £1183) (3) | 4ypq 22

0 744 hr
3 | k|
a770 M2 35 FET L hr a4, EE
hr 1P £0 m1n min
For ¥ = 10
_ 11833 {10) _ Fi
@ 0 744 15=c0 hr
k) 3 3
1s3pg FE o, 35 fer o Lhr _g5n5 fE7
hr 1m &0 min min
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