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Effectiveness of Downdraft
Ventilation in Morgues

Reported by R.E. Korczynski

Introduction

The Workplace Safety and Health Branch
conducted a case study to assess the effec-
tiveness of a downdraft ventilation table
recently installed in the morgues at the St.
Boniface General Hospital, Winnipeg,
Manitoba, Canada. This study was in re-
sponse to concerns raised in the health-
care and funeral industries regarding the
appropriateness of this ventilation system
in hospital morgues and embalming
rooms. Most morgues and embalming
rooms employ the conventional dilution
ventilation system. The recent change in
the allowable airtbome formaldehyde con-
centration [American Conference of Gov-
emmental Industrial Hygienists (ACGIH)
threshold limit valueceiling (TLV-C) to
0.3 ppm adopted 1992]") and concem over
exposure to bloodborne pathogens in au-
topsy and embalming procedures®> have
prompted a search for an effective alternate
means of capturing contaminants at the
source.

A previous 3-year study in the funeral
industry in Manitoba® prompted ques-
tions from the funeral directors regarding
effective ventilation controls in embalm-
ing rooms. Specifically, is the downdraft
table effective in controlling personal ex-
posures to airborne formaldehyde to lev-
els below the current ACGIH TLV-C
standard of 0.3 ppm, and if so, at what
flow rate? The cost of these tables is
another consideration in this industry.

Background

Formalin, widely used in embalming so-
lutions, has been predominant in this
trade since the turn of the century.® The
long-term implications of formaldehyde
use, particularly its link to human cancer,
are as yet unresolved. Possible carcino-
genic effects of formaldehyde in occupa-
tional environments have been cited by
the National Insttute for Occupational
Safety and Health (NIOSH), the Inter-
national Agency for Research on Cancer,
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and the Occupational Safety and Health
Administration.® Effects of exposure to
airborne formaldehyde include irritation
of the eyes, nose, and throat; chest tight-
ness; headaches; and fatigue.®®

Most embalming rooms and hospital
morgues in Manitoba employ conven-
tional diluton ventilation systems with
wall or ceiling exhaust fans (air flow rates
of 75 to 100 ft>/min.® These fans are
often poorly located, relative to the em-
balming table, to provide for efficient
movement of contaminants out of the
room. The result is costly energy loss and
reduced contaminant control effective-
ness.® Airborne formaldehyde exposures
among embalmers in 83 percent of the
embalming rooms were found to exceed
the ACGIH TLV-C of 0.3 ppm.® Vari-
ability was attributed to existing ventila-
tion in the embalming room and individ-
ual work practices.

Local exhaust ventilation is one of
the primary techniques used in control-
ling workplace exposures to airborne
contaminants.”-® Employing this prin-
ciple, modifications to existing em-
balming tables have been developed
and tested.® Local exhaust ventilation
was found to control the mean personal
formaldehyde concentrations during
the embalming procedures to less than
0.73 ppm.®

In other studies in the funeral industry,
personal formaldehyde exposures were
also found to be in excess of the current
ACGIH standard. At a college of mortu-
ary science, personal exposures ranged
from 0.31 to 8.72 ppm (21 ppm peak).(1®
Monitoring at seven funeral homes in the
West Virginia area found time-weighted
average personal formaldehyde exposures
ranging from 0.1 to 0.4 ppm and from
0.5 to 1.2 ppm during the embalming of
intact and autopsied bodies, respective-
ly.0Y A study of Toronto embalmers
found that ambient formaldehyde con-
centrations were 0.36 * 0.19 ppm.(?
Airborne formaldehyde exposures in
Pennsylvania mortuaries ranged from
0.03 to 3.15 ppm.©'¥ In the Detroit area,

exposures in embalming rooms ranged
from 0.09 to 5.26 ppm.(¥

Methods

Downdraft Table Specifications

The model DEM autopsy table, manu-
factured by The Jewett Refrigerator Co.,
Inc. (Buffalo, New York), is divided into
two main areas: the pedestal base and
the drainboard (Figure 1). The table’s
basic features include an electric verti-
cal height adjustment (81 to 97 cm), a
180° table rotation, and perimeter spray
tubes for quick flushing. The table
drainboard consists of three perforated
movable panels. The table was modi-
fied to have an 800 ft3/min exhaust
flow rate. The outside diameter of the
air exhaust vent line is 15.2 cm. The
central table exhaust is covered with a
25-cm? removable perforated strainer
to capture any debris that may fall off
the drainboard (Figure 2).

The table exhausted 40 to 50 percent
of the room air supply. The remainder
was exhausted through a slot exhaust lo-
cated at the head of the work bench
which extended along one wall and grills
located at the perimeter of the ceiling.

FIGURE 1. Downdraft ventilation table show-
ing the pedestal base and drainboard consist-
ing of three movable perforated panels.
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Fresh air was supplied through three
vents, each contributing 525 ft3/min (to-
tal = 1575 ft3/min). The positioning of
the vents simulates a laminar flow over
the table, analogous to a push-pull system.

The morgue was under slightly nega-
tive pressure, with an air exchange rate of
approximately 20/h.

Analytical Testing

A theoretical air flow analysis and a nor-
mal work condition were monitored to
assess the effectiveness of the downdraft
table. In the theoretical test, the tracer
gas, sulfur hexafluoride (12% SF,:88%
N,), was used to determine the effective-
ness of gas removal from the worker’s
breathing zone. For this test there was no
body on the table. Under normal work-
ing conditions, an embalming of an au-
topsied body was monitored to assess per-
sonal exposures to airborne formaldehyde.

Theoretical Analysis

Sulfur hexafluoride was selected as the
most suitable tracer gas.('> The MIRAN
IB portable ambient air infrared analyzer
was used (minimum detectable concen-
tration 10 ppb). The gas was introduced
via a line from the cylinder through a
fritted glass bubbler distributing the gas in
a spherical manner.

The gas was released at secondary
points above the table, but monitoring
was conducted only at the worker’s
breathing zone (80 cm above the tabletop
and 6 cm from the worker’s nose). At
each of the secondary points, the gas was
continuously introduced for 3 minutes at

a flow rate of 80 L/min (total = 240 L).
Gas concentrations were recorded as
5-second averaging.

The first secondary release point was
immediately above the perforated drain-
board (10 cm from the tabletop). Two
successive locations were 30 cm (body
height) and 80 cm (breathing zone of the
worker) above the tabletop (Figure 3).

Before releasing gas at each secondary
point, the ambient concentration was al-
lowed to decay to a nondetectable level.
Velocity readings were taken at each of
the three release points using the TA
3000 air flow instrument.

Normal Working Conditions

Airborne formaldehyde monitoring to
assess the personal exposures of the em-
balmers was conducted during the em-
balming of an autopsied body. The actual
air flow rate would be impeded by the
presence of a body. Embalming proce-
dures are discussed in Polson and Mar-
shall.® The solution injected was a 20
percent formalin solution. The duration
of this test was 70 minutes.

Personal exposures were determined
by pinning two sets of impingers onto
the outer garments of the two embalm-
ers. In addition, four area samples were
taken. One area sample was situated ad-
Jjacent to the embalming machine which
contained the formalin embalming solu-
tion. This location was chosen since, in
practice, this unic is left uncovered to
avoid creating an internal vacuum which
would impede flow during injection.

FIGURE 2. Downdraft ventilation table showing the movable perforated drainboard panels and
central exhaust with a 10-inch movable perforated strainer.
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The other three samples were located in
close proximity to the downdraft table.

Samples were analyzed using NIOSH
Method 3500 (lower detection level 0.1
ppm). All samples were analyzed at the
Environmental Sciences Centre, an
American Industrial Hygiene Association
board-certified laboratory, 745 Logan
Avenue, Winnipeg, Manitoba.

Results and Discussion

In the theoretical air flow analysis, no
tracer gas was detected in the worker’s
breathing zone (80 cm) when sulfur
hexafluoride was released immediately
above (10 cm) the tabletop (Figure 3).
The downward velocity recorded at this
level was 1000 ft/min. Also, no gas was
detected in the worker’s breathing zone
when sulfur hexafluoride was released at
the table body height (30 cm) (Figure 3).
The downward velocity recorded at this
level was 725 ft/min.

Sulfur hexafluoride was, however, de-
tected in the worker’s breathing zone
when released at the level of the worker’s
nose (80 cm) (Figure 3). At this heighe,
the gas concentration averaged 277 ppm
[arithmetic mean (AM), standard devia-
tion (SD) * 169, peak 880]. The down-
ward velocity recorded at this level was
60 to 90 ft/min. As expected, these data
confirm that the table exhaust has a re-
duced capacity as the point of generation
increases from the table surface.

Under normal working conditions,
the presence of a body on the table will
impede the flow rate. Although the
drainboard is perforated, the size of the
body would be a contributing factor.('®
In the test conducted under actual work-
ing conditions, the body embalmed cov-
ered approximately 70 percent of the
drainboard.

Both the personal exposures and am-
bient formaldehyde concentrations in the
morgue were within the current ACGIH
standard. The overall exposure of the
two embalmers compared well with their
movements to different locations during
the embalming procedure and air flow
patterns around the table.

One embalmer had an average per-
sonal exposure of 0.15 ppm (AM, N = 2,
SD * 0.003). The other embalmer had
a personal exposure of 0.16 ppm (AM,
N = 2, SD * 0.01).

Ambient formaldehyde concentration
for the area sample located by the uncov-
ered embalming machine was 0.15 ppm.
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CERTIFICATION TRAINING SOFTWARE IN DOS, MAC & WINDOWS
DATACHEM SOFTWARE

CIH* (3000+ questions) CSP* (2000+ questions) CHMM* (900+ questions)

Ventilation Chemistry Safety Engineering  Fire Protection Hazardous Waste Mgmt. PCB/Asbestos
Toxicology Air Pollution Systems Safety Physical Safety Air Pollution Water Pollution (SDW)
Noise Hazardous Waste Applied Sciences Hazardous Waste Underground Storage Health & Safety Program
Management Regulations Management Industrial Hygiene CERCLA HAZMAT and DOT

Simulate certification exams ¢ Test your knowledge * Improve your skills
Target your time * Identify your strengths and weaknesses
Easy to use (NO Programming Required!)

Datachem Software has been a leader in career development and certification training software for years. Our easy to use databases make studying much
easier and more cost effective. Current customers include IBM, Texaco, Los Alamos Labs, Army, Navy, Marines, Air Force, NIOSH, OSHA, NIEHS, NIH, '
USC, UNC, UMichigan and many others.

New Features: Increase in number of questions, improved menus, new calculator, simulates a 500 question exam, and user can select several discipiines
at one time to review. CHMM currently available in DOS only.

NOW AVAILABLE IN DOS, MAC AND WINDOWS! ORDER TODAY!

CIHprep V6.0 ) Ind. license .......... $349.95/EA. CHMM** Ind. license ........... $299.95/EA.
Site license .......... $795.00/EA. Site license ........... $595.00/EA.
CSprep V3.0 7 Network............... $895.00/EA. Shipping/Handling $10.00 US/$20.00 Rush/Int'l ||

TO ORDER Call 1-800-377-9717 or FAX to Datachem Software (508) 366-5278
We accept Visa/MC/PO/Co. checks. Specify disk size and version.
For further information call Datachem Software at (508) 366-5277 ~ 181 Ruggles St., Westboro, MA 01581
*These certifications offered by the ABIH, BCSP and IHMM respectively. ~ **Available in DOS only.

Circle reader action no. 125

a7 1 g The other three area samples were all
ppm #3 BI':'E“ ATHING ZONE below the detection limit of 0.1 ppm.

Conclusions
Independent variables that can influence
a worker’s personal exposure are diffu-
sion and mixing rates, supply and exhaust
rates, free convection around the work-
ers, and the rate of generation of the
contaminants.?-1617)  Future research
should focus on their individual and
combined effects.
0 ppm #1 1 10em Engineering controls recommended to
e A achieve effective exhaust capability of the
downdraft table for use in hospital
1 I~ morgues and embalming rooms include:

25 em °
\ / . © O
1. Increasing the capacity of the down-

— draft table from the manufacturer’s
800 cfm specifications of 280 ft*/min (Carmen
S. Muniz, Jewett International Cor-
poration, personal communication) to
800 ft3/min. This can be achieved by
Downdraft Table boosting the fan size. A damper on the
fan is recommended to reduce the

FIGURE 3. Sulfur hexafluoride concentrations (ppm) recorded at the worker’s breathing zone noise output.
when released at points 1 (10 cm), 2 (30 cm), and 3 (80 cm) above the drainboard. 2. Adequate maintenance of the table ex-

0 ppm #2 —— 30cm
BODY HEIGHT
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haust to ensure that the system is oper-
ating at its 800 f*/min capacity and
removing any debris that accumulates
on the strainer impeding air flow.

3. Placement of the supply air vents di-
rectly above the table to augment the
performance capabilities of the down-
draft system.

4. An air make-up unit to replace air
exhausted from the table, ceiling
grills, and any stationary bench slot.

5. Balancing the air handling system to
maintain a slight negative pressure in
the morgue with respect to adjacent
rooms.

6. Keeping the cover on the embalming
machine and opening a small vent into
the unit to allow for replacement air as
the embalming fluid is pumped out.

When these criteria were imple-
mented, the downdraft table appeared to
be effective in reducing a worker’s per-
sonal exposure to airborne formaldehyde
in a morgue to below the current
ACGIH TLV-C of 0.3 ppm.
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