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AIRBORNE INFECTION ISOLATION ROOM WITH NEGATIVE PRESSURE
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2 The Basics
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What Does Engineering Have to Do with Infection Control?
The Basics

airflow per hour CFM X 60 minutes

ACH =
room volume cubic feet
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THE LETTERS AND LAWS

REGULATIONS GUIDELINES

OSHPD' CallOSHA® cDcC* ASHRAE* AlAS
Room de@ignaliﬂn negative-pressure atmospheric TB isolation infectious airborne infection
isolation room isolation rooms and isolation room isolation room

treatment rooms

Applies to new & remodel all all new & remodel new & remodel
Total air changes =10 =12 prefer =12 =6 =12

per hour {(ACH) minimum =6

In-room HEPA anly for remodel under yes yes, if used to no yes
recirculation allowed? PIM 4, dated 2/16/96 achieve 12 ACH

Total ACH can include no yes yes o yes

HEPA recirculation?

HEPA filtered no yes only if unaveoidable no yes
recirculation to
other areas?

Dedicated exhaust yes no no no no

required?

Exhaust discharge on roof 25" from sufficiently to prevent reentry on reof, minimum on roof, 25" from

location openings, and separated from of air into building 10" high, away fresh air intakes
minimum 7" high, fresh air intakes unless HEPA-filtered from openings

or HEPA filtered

Minimum outside air 2 not addressed not addressed 2 2
change rate (OSA ACH)

Minimum exhaust 75 CFM not addressed 10% of supply or not addressed 50 CFM
air excess airflow 50 CFM, whichever
(offset) is greater
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THE LETTERS AND LAWS

REGULATIONS GUIDELINES

, OSHPD" CallOSHA® cDcC® ASHRAE® AlAs
MinimurﬂJ‘room 0.001" W.G. not addressed 0.001" W.G. not addressed not addressed
pressure differential
Minimum air velocity 100 FPM not addressed not addressed not addressed not addressed
under door
Air distribution supply high, not addressed see figure 53-2 from clean (ceiling) from clean to

exhaust low, specific on page 75 to less clean less clean areas
arrangement of CDC Guidelines (floor) areas

Upper room or in-duct
UVGI allowed?

not addressed

yes, but not in lieu
of ventilation

yes, but not in lieu
of ventilation

not addressed

yes, but not in lieu
of ventilation

Variable air volume no not addressed not addressed yes, but maintain yes, but maintain

ventilation allowed minimum code ACH minimum code ACH
and pressurization and pressurization

Anteroom required? yes no no “may be desirable” no

Minimum anteroom 10 not addressed not addressed 10 10

ACH

Minimum anteroom 2 not addressed not addressed 2 no recommendation

outside air change rate

{(OSA ACH)

Antercom positive to not addressed positive to not addressed positive to

pressurization?

isolation room,
neutral to comdor

isolation room,
may vary to cormdor

isolation room,
negative to comidor

Monitoring of
negative pressure

continuous, alarmed

test annually

check daily
while being used
for isolation

not addressed

not addressed
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IscoLaTion Rooms. DEsicr, AsSsSEsSsSMENT, anD UrcsRraDE

Dedicated Bathroom Case Study

Background
Assume an isolation room with a dedicated bathroom_. Supply air to the isolation room
iIs measured and found to be 200 CFMNL
The isolation room volume is approximatehy 1 _ 000 cubic feet, so the supply air change
rate is 12 ACH.
ou are Installing a new exhaust fan with a capacity of 300 CFM that will serve only the
isolation room suite. Local codes mandate a minimurm air change rate of 10 ACH in
toillet rooms. The tollet room volume 1Is approximately 240 cubic feet, so a rminimmurm of
A0 CFM exbaust s reguired .

The Options
How should the 300 CFM of exhaust air be split up between the bathroom and the
1Isolation room™?

L Should 250 CFM be exhausted in the isolation room and S50 CFEFM N the bath-
roorm’?

- Or should 200 CFM be exhausted in the isolation room and the remaining 100
CFEFMN in the bathroorm™?

The Best Arrangement
The preferred armrangemeaent is to exhaust 250 CFM at the isolation room and 50 CFMNM at
the bathroom (as shown in the diagram on the next page), rather than 200 CFM at the
iIsolation room and 100 CFM at the bathroom.

The Reason
Each arrangement will result in both a 100 CFM offset across the isolation room door
and an equal volume of air mowving through the isolation roorm. But only the preferred
option provides more exhaust thlan supply in the isolation room itself and increases
airflow towards the head of the bed.

Also, code officials may reqguire that direct exhaust from the isolation room exceed
direct supphy air. The latter option would result in a room with supply equal to exhaust.
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Dedicated Bathroom Case Study

EXHAUST
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T SUPPLY
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IsoLamon Room PrREssurRE Monmimor CHECKLIST

R SmMm NAME AMND NUMBER
i
AITOR MANUFACTURER AND MODEL MUMBER

T form should be completed anmnually and updated monthily for each room pressure maonitor.
MNelbative pressure should be wverified monthily o validate the monitor. A copyw of the completed
form should be kept in the Policies and Procedure binder for the department.

MoMnITOoOR SETTINGS

Normal pressure reading (monitor reading with door closed) "ONWLC
Adarm will sound Iif pressure differential drops to "NWLC
Time delayw saeconds

Raemote alarm location{s)

AnnmuarL MonimTor CHECKS

TAasK DareE ComMmPLETED SicneED OFF BY

PMMomitor calibrated 1 accordance with
manufacturer’s reqguireaments

Confirmnmed negative pressure using smoke trail
testing (this test should be repeated monthiy
and signed off below)

wWeaerified alarmm operation by holding door open
or blocking off exhaust grille)

Adarm sounded after— = seconds

FPressure reading at alarmm — " W

MMomitor use and functions demonstrated
to all Tloor staff

MoMmTHLY MNMeEcaTivE PrREssuRE THECK

date/initials
date/ initials
date/initials

date/initials

datesfinitials
datesfinitials
datesfinitials

datesfinitials

datesinitials
datesinitials
datesinitials

datesinitials
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Clinic Case Study: Episode 7

BEBackground

Routimne annual tuberculin skin testing revealed that two employees 1IN a small, single-—
storny county clinic converted their TB skin tests over the last yvear., Both employeaes
were clerks imn the billing department; neither had patient contact.

T he clinic manager, Janet Abaermathy, was concaermeaed because the billing department
shares a cormridor with the room used to isolate TEB patients. AF #H transmission may
hawve ococurred due to failed engineering controls at the isolation roormm.

Assessment

Janet tested pressurization of the isolation room with a piece of tissue. The room was
clearly positive with respect to the comidor. She felt airflowvw from the supply grille. Ewven
after wiping off the considerable amount of dust on the exhaust grille, there was no air
mowverment. A tissue held against the grille was not pulled toward the grille as would be
expected .

T he county facilities department sent out a maintenance engiNneser, Cynthia Fine, to
IiNmwvestigate further.

Cywnthia remembered conwverting this room into an isolation room for TB patients about
two yvears ago. She had sealed the room and installed a small dedicated rooftop
exhaust fan. But now she found that dust and lint had acocumulated on the fan mMmotor,
causing the motor to overheat and burm out. She cleaned the fanmn and ductwork and
replaced the motor. Exhaust was now measured and found to bbe 150 CFMNL

Room air supply was 130 CFM, which was 20 CFM less than exhaust. Howewver, a
saeries of smokese tests showed that thhe room was now at neutral pressure rather than
Nnegative pressure. Obwiouslhy, rnoomm air leakage exceaeded the 20 CFHFMN offset.

Calculate Ajir Change Rate

T he room was square-shaped (15 feet each side), withh a ceilling height of 8.5 feaet.
T he exhaust air change rate was calculated as follows:

room wolume = 15 X 15 X 8.5 = 1913 cubic Teet

exhaust air change rate = 150 CFMNM X &G0 minuites /7 1913 cubic feet = S5 ACH
T herefore, even with the exhaust fan fixed, the room was unsuitable for isolation
because it was at neutral pressure with a low air change rate .

Clearly, something had to be done. See Section 6 for conclusion.
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Clinic Case Study: Episode 7
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Upgrading or converting an existing room

ICS=-0.006
CDC=-0.001
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Clinic Case Study: Episode 2

Calculate Additional Airflow

Although Janet, the clinic manager, wanted to bring the isolation room into compliance
with CDC engineering control recommendations, she thought her budget was too
limited to accomplish this.

Cwynthia, the engineer, suggested a portable HEPA filter unit as an affordable upgrade
option. A HEPA filter unit would provide additional airflow. If a portion of the discharge
were ducted outside, it would also create negative pressure.

The first step was to calculate the additional airflow required:
Airflow required for 12 ACH = 1913 cubic feet X 12 ACH/60 minutes

= approximately 400 CFM
Additional airflow required =400 CFM - 150 CFM = 250 CFM

Sizing and Installing a Portable HEPA Filter Unit

A HEPA filter unit that produced at least this much airflow was required. Cynthia
contacted a mechanical equipment supplier. Two units were available: a small $2000
unit rated for 150 to 300 CFM; and a large $2800 unit rated for 250 to 750 CFM. Each
unit had a variable speed switch and an optional connection that could be used to duct
some of the discharge air outdoors.

Janet suggested buying the small unit to save money. If run at high speed, it would
provide more than enough airflow. Howewver, Cynthia explained that most people turn
down the fan speed switch because the units can be noisy. The units may also
praoduce less airflow than the catalog claims. She suggested adding a 25% safety
factor, then buying a unit listed for this airflow at low or medium speed.

Additional airflow plus safety factor = 250 CFM + 25% = approximately 310 CFM

Based on this, the larger unit was selected and placed in the room. Cynthia replaced a
window pane with a sheet metal panel. She connected a flexible duct from the HEPA
unit discharge to a hole in the sheet metal panel, set the unit to about 300 CFM, and
diverted about a third of the discharge air to the outdoors.

The Happy Ending

The room was now clearly at negative pressure, the airflow was improved, and the
noise from the HEPA filter unit was acceptable.

Cynthia’s final measurements showed that the HEPA filter was returning approximately
250 CFM, with 80 CFM of this discharged outside and the remaining 170 CFM recircu-
lating in the room.

Effective supply: 130 CFM + 170 CFM = 300 CFM
Effective exhaust: 150 CFM + 250 CFM = 400 CFM
Effective offset: 400 CFM - 300 CFM = 100 CFM
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