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Indoor air pollution

Indoor air pollution is a continuing concern;
simple, stable, and moisture-free HVAC systems
can eliminate the “stuffy building syndrome”

By ROBERT H. MORRIS, PE,
President, R. H. Morris & Associates,

Mt. Freedom, N.J.,

and MERLON E. WIGGIN, ME, PhD,
President, Isocon Limited,

Greenport, N.Y.

People always become ill in build-
ings;'"however, due to the rising
cost of energy, the problem has be-
come almost epidemic,' 87810
News services across the country
have actually given this problem a
name: “stuffy building syndrome.”
Recent studies have shown that in-
door air is frequently more con-
taminated than outdoor air, and
with the advent of energy conser-
vation, it seems that indoor air qual-
ity has become worse. Since people
spend 80 to 90 percent of their time
indoors, this contamination is
bound to create health prob-
Iems.l.ﬂ.ll.l2

Indoor air quality and energy

'Superscriptsrefer to references at end of
article.

Table 1—Three basic building types.

Speculative

Office buildings Hospitals
Schools Health care
University classrooms Food processing
Institutional

Hospitals Laboratories
Health care

Industrial

Production facilities Pharmaceutical
Research and development  Food processing

conservation are not conflicting
goals. Recent field studies of over 55
buildings, coupled with system lab-
oratory work, determined that in
each case the cause of either organic
or inorganic contamination could
be traced back to a poorly main-
tained, poorly designed, or poorly
supplied mechanical system.

To study the problem, one first
must define the building type. The
three basic building types are de-
scribed in Table 1. From Table 1,
some types of buildings appear un-
der the speculative (very commer-
cial) type as well as the institutional
(commercial) category or the indus-
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trial classification. The reason is
purely financial depending on how
it was built. There is no direct clear-
cut method in defining a building as
commercial, institutional, or indus-
trial. One method is to ask the
building operator or the consulting
engineer what type of air handling
unit was supplied. There are basic-
ally two types:

® Built-up air handling systems
have units normally located inside
buildings in a mechanical room.
These take up floor space that could
bring in revenue.

@ Rooftop air handling systems
have units normally located out-
doors on top of buildings. These oc-
cupy no interior space so maximum
floor space is utilized for revenue.

Any structure that utilizes roof-
top units most probably was de-
signed and built with economics as
the governing factor.”’ Unfortu-
nately, buildings that utilize either
design can become unhealthy. How-
ever, built-up air handling units
most likely can be corrected after
the health problem source has been
defined.

Built-up air handling systems
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Indoor air pollution

normally cost considerably more
because they utilize backward in-
clined or vane axial rotary air mov-
ing equipment. These mechanical
systems seem to have a greater dy-
namic stability and air volume turn-
down capability. Again, this does
not guarantee that the building will
operate safely.

In a study done by the Energy
Systems Division of the Construc-
tion Engineering Research Labora-
tory (CERL), entitled “Theory
Meets Practicein a Full-Scale Heat-
ing, Ventilating, and Air-Condi-
tioning Laboratory,” the following
observations and conclusions were
reported:

Apparently, these relatively complex
(HVAC) control systems of the type tested
are difficult to maintain. While these sys-
tems can theoretically improve system effi-
ciency, poor performance and failure of con-
trol system components suggest that the
theoretical improvements may be difficult to
achieve in the field.

The measured performance of many of the
HVAC system components tested did not
meet the manufacturer’s specifications as
delivered. For much of the equipment, effi-
cient performance was achieved only after
field adjustment.

Many, if not all, of the problems detected
by the heavily instrumented HVAC system
experiments would be undetected in a field
application where there is little or no instru-
mentation."”

The inability to detect non-
functioninginstruments and equip-
ment becomes a primary reason
why the investigator, even with the
consulting engineer’s assistance, of-
ten cannot determine the problem.
The usual answer is.“the building
was built according to the engineer’s
design and specifications.” Con-
sequently, itis now up to the investi-

gator to determine why the facility
does not work even though it meets
guidelines."®

Distribution systems

The investigation begins by de-
termining how the building was
built and then asking what type of
system control strategy for air dis-
tribution was used. There are two
basic types of air distribution sys-
tems:

® Constant air volume (CVC).

® Variable air volume (VAV).

Constant air volume systems
were probably the most widely used
of the two until the energy “crunch”
of the mid-70s. These systems sup-
plied a constant volume of air and
varied the temperature according to
space conditions. After using this
method for decades, engineers dis-
covered that total building space
never really had to be heated be-
cause the construction methods,
number of lights, and number of
people occupying the building space
could have heated the structure on
its own. In fact, engineers should
have cooled the air even in the win-
ter. This fact, and the energy
“crunch,” led to the acceptance of
the variable air volume system. In
this system, temperature is nor-
mally held constant (55 to 60 F),
and volume is varied into the space
to maintain temperate conditions.

Fig. 1 illustrates the difference in
the amount of air volume handled
by the supply fans between CVC
and VAV systems. Fig. 2 indicates
the amount of outside air either sys-
tem introduces into the building.
Generally, the amount of outside air
introduced is equal in either sys-

tem.””* The amount of outside
air a building requires depends on
the minimum required for oc-
cupancy; the loss due to exhaust
fans such as lab hoods, toilet ex-
haust, and kitchen exhaust; and the
elimination of infiltration of un-
treated air. Table 2 illustrates how
expensive it is to maintain adequate
outside air levels.

In most cases because of the en-
ergy cost, the outside damper is set
at a minimum position to provide
outside air. Many operators and en-
gineers suggest strategies such as
free cooling where they exhaust all
the building air and replace it with
outside air.”"'*'®**° This strategy is
great in theory except that frequent
HVAC system equipment failure as
indicated in the CERL report
makes it an unreliable strategy. If
the outside air damper and the ex-
haust damper change positions
when 100 percent outside air comes
in, and this occurs on either the
coldest day of the year when the
heating coils are frozen and then
burst or the hottest and most humid
day of the year when the air condi-
tioning system is on overload, then
the strategy of free cooling (en-
thalpy control) is disabled forever.

When asking questions of the
operating engineer, the investigator
should ask about the enthalpy con-
trol strategy and if it is actually uti-
lized. The subject of possible coil
damage should be discussed. The
building operator may be quite can-
did and admit that this portion of
the system is basically discon-
nected. This means that the outside
air is always set at minimum condi-
tions.>
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Supply fan volume vs. return air volume, percent
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1 Difference in the amount of air volume handied by the supply fans

between a CVC and VAV system.
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2 Amount of outside air introduced by a VAV or CVC system.
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Common indoor pollutants

Agbestos—a known carcinogen (acoustica) tiles, air duct or pipe insulation).

Carbon dioxide—from people.

Carbon monoxide—from parking garages, hot water heaters, boilers, etc.

Consumer products—plastics, paints, solvents, artificial fibers, cleaners, bleaches, ]
disinfectants, deodorizers, and other substances all emit air contaminants either through

evaporation or “out gassing.”

Formaldehyde—used as a sealant in furniture, fire retardants, foam insulation, cuatmgs
on paper, and numerous other building materials.

Methanol—fram duplicating machines.

Nitro
chan,

Ozone—emitted from photocopy machines.

renes—found in one type of photocopier toner (in March 1980, the formula was '
to reduce the nitropyrene content significantly).

Polychlorinated biphenyls (PCBs)—from waterproof adhesiyes, carbonless paper. '

and various plastics.

Radon—found in buildtng materials derived from soil and rock (a particular problem i m

the Denver, Colorado area

Trichloroethylene (TCE)—found in correction fluids and attributed to at least fom e{

deaths.

Trinitrofluorenone (TNF)—found in copy machines.

o

Vinyl chloride—a known carcinogen and found in most plastics; 1t is also known to cause

ulcers and chronic bronchitis.

The discussion so far has only
looked at supplied mechanical sys-
tems. Once it has been determined
how the building was supposed to
operate and the quality of the
equipment installed, the next step
is to determine the type of irritant
that is causing discomfort to the
occupants.” Irritants can be classi-
fied as organic and inorganic in na-
ture. Some of the more common in-
door pollutants are described in the
accompanying sidebar.

Building pressures

The air quality in many of the
buildings studied was worse than in
some, of the world’s smoggiest cit-

*One report described the
quahty of air in some buildings as
“like everybody in the building tak-
ing a bath in the same water without
ever changing it.”"*® If the building
ventilation system operates prop-
erly, i.e., as designed, enough out-
side air should be introduced so that
a negative vacuum pressure condi-
tion does not exist. One of the most
important steps in investigating a
problem in the building is to mea-
sure the general space pressure vs.
the outdoor pressure.

Except for the very few strategi-
cally designed containment facili-
ties, a building that runs negative to
the outside is “an accident waiting
to happen.”*"###91931 Most build-

Table 2—Representative costs to pro-
cess 1cfm of air in various areas for a fan
operating for 6240 hr per yr. Fan dis~
charge of 5 in. wa and system (duct)
static of 1 in. wa at terminal devices were
used as average values in calculating
cfmcosts.”

Area Cost per ctm, §
New York, NY 297
Washington, DC 2.12
Chicago, IL 2381
Atlanta, GA 201
Boston, MA 391
Los Angeles, CA 1.75
Houston, TX 1.87
Denver, CO 316
Seattle, WA 3.04

*Costs are based on last quarter, 1981 power
rates for indicated area.

ings that have ever been designed in
this country should have been de-
signed to be positive pressure.” This
means that the buildings should
have an internal pressure of 0.02 to
0.03 in. WG greater than the out-
doors. This is equivalent to a 6 to 8
mph wind.? Unfortunately, few
buildings operate this way. This is
the most important sign to investi-
gators that there is a potential
health hazard in the building, and it
is directly pinpointed to the air
handlingsystem.”'>*"#*% Typle 3ig
a partial list of the hazards involved
in a building that is running nega-
tive.

Any building that is running
negative pressure is obviously defi-
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cient in the proper amount of out-
side air.*'® Buildings that run this
way and are involved with a labora-
tory situation with hoods can never
be balanced correctly, nor can they
operate effectively. The first trap
that the investigator will find is that
engineers will say that the negative
pressure of the building is caused by
“stack effect.” The ASHRAE
Handbook of Fundamentals, 1981,
on the subject of stack effect states:
This chapter focuses on envelope and shell
dominated buildings. such as residence or
small commercial buildings in which the en-
ergy load is determined by the construction
performance of the building envelope. The
physical principles discussed herein also ap-
ply to large buildings. With large buildings,
however, ventilation energy load and indoor
air quality conditions depend more on the
ventilation system’s design than on the per-
formance of the building envelope.®
Many buildings, or portions of
buildings, operate at a negative
pressure to the outdoors even

though air supply systems were de-
signed to maintain a positive pres-
sure. This may be due to the often
mentioned “stack effect.” However,
it often is due to (or aggravated by)
the fact that the return air fan sends
back more air than the supply fan
delivers.

Fig. 3 shows how an air handling
unit should operate. Outdoor air
and return air are mixed according
to a desired ratio and delivered to
the conditioned space by the supply
air system. Return air, minus toilet
and other local exhaust, is returned
to the air handling unit. A desired
amount is exhausted to the out-
doors, and the balance is drawn to
the supply air fan. If proper pres-
sure control can be maintained in
the building, infiltration of outdoor
air through the building skin and
building openings is minimized.

The same air handling equip-
ment is used for constant air volume
systems or variable air volume sys-
tems. Fig. 3 shows an optional re-
turn fan. For smaller buildings, re-
lief openings are sometimes used
instead of a return air fan. Also,
sometimes the return air fan is elim-
inated and a relief air fan is used to
handle the building exhaust air.
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The following discussion describes
an air handling unit applied to a
constant volume system.

Constant volume systems

A constant volume system is set
up by a balancing contractor who
adjusts the supply fan and the re-
turn fan so that a minimum amount
of outside air comes into the build-
ing plus whatever extra is required
to make it slightly positive. There is
nothing constant about a mechani-
cal fan. The following list includes
some of the things that can change
air volume from time to time:

® Bearing wear,

® Belt wear,

® Voltage fluctuations (brown-
outs), .

® Filter loading,

@ Heating and cooling coil, si-
lencers, and dirt and moisture con-
taminant buildup that causes fric-
tional changes,

® Duct leakage changes,

® Duct friction changes (mois-
ture, velocity wear on lined ducts,
corrosion, and oxidation),

® Qutside air damper positions
or actuator failures,

® Chimney effect in return duct
riser network.

Even though HVAC engineers
have always considered CVC sys-
tems as constant, simple logic tells
us that they‘are not. The return fan
or the return volume balancing
damper, in all actuality, should be
used as a brakein the system.

Fig. 4 shows what happens when
the return air volume is greater than
the supply fan volume. The outside
air opening becomes a building ex-
haust port. Even though the mini-
mum outside air opening is wide
open, no outside air is intro-
duced.”>*® If any outside air is intro-
duced into the building, it will be
done through mechanically induced
infiltration.

The return riser is nothing more
than an exhauster called a return
fan. If left unmonitored or un-
controlled, as with every CVC de-
signed system, then during the win-
ter a tremendous stack effect
developsin the return air chase. The
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return fan output overtakes the sup-
ply fan, and the building becomes
negative to the outdoors. Cold air is
introduced through the perimeter
envelope where it produces drafts
and overheating. This happens be-
cause the terminal perimeter heat-
ing systems generally are propor-
tional control only devices. The
overheated air expands and rises to
floors above. This action is very sim-
ilar toinducing a draft in a fireplace.

One of the studies mentioned ear-
lier found that buildings as low as
four stories could actually have
static pressure differentials as high
as 1.5 in. WG with respect to the
outdoors on the top floor. Keep in
mind that the supply fan is nor-
mally balanced to provide air vol-
umes to the rooms with less than 1.0
in. WG system static pressure at the
terminal device.

With this arrangement, the oc-
cupants on the upper floors receive
insufficient volumes of supply air.

Table 3—Infiltration hazards from a
building that is running negative vacuum.

Worker complaints about draft.

Ventilation through roof exhaust ventilators,

chemical and biological hoods, and flow-through

smoke stacks with natural or induced drafts
- greatly reduced.

Carbon monoxide hazards from backdratting
- that takes place in hot water heaters, boilers,

and furnaces.

Reduced general mechanical ventilation.

Doors that are difficult to open.

Reduced exhaust tlows.

Infiltration of either unfiltered or treated air

(will require greater housekeeping).

During winter, below recommended RH; during

summer, above recommended RH (organic haz-

ard).

Terminal reheat boxes that use proportional
- band control may overheat perimeter air that
~could then expand and rise to floors above.

" Carbon monoxide from parking garages and

: exhaust vents on lower parking Ievels may in-

* filtrate building.

. Reduced velocity of exhaust rates affects plume

* development.

» Energy waste and tan performance reduction.

Staircase pressurization failure that will cause

fire and smoke problems.

Polluted outside air makeup due to cross ven-

" filation.

. Sewer gases induced into building from per-
culator effect through traps and drains.

Since the pressure of the space is
greater than what the supply fan
can deliver, these people suffer from
dizziness, nausea, and artificial fa-
tigue.?**® These conditions also
play havoc in buildings where there
are exhaust hoods and where very
precarious balancing situations
have to be attained. These condi-
tions normally reach a point where
complaints force the balancing con-
tractor back into the building to
balance it for that season. Of course,
as the seasons change, so does the
problem.

Perhaps the worst tragedy of all is
the effect that occurs when the out-
door air system becomes an exhaust
system. The system then cross con-
taminates other air-handling sys-
tems that share the same outside air
louver or the same side of the build-
ing.? This unfortunately was discov-
ered in many hospitals and biologi-
cally sensitive facilities.™

Loop control

Variable air volume systems are
plagued by the same problem of the
return fan being msenmtwe to
what the supply fan is doing.”** If
the system studied is a VAV system,
one of the first questions that the
investigator must answer is if the
control system is an “open loop” ora
“closed loop” control system.

If the system uses open loop con-
trol, it can be guaranteed immedi-
ately that the negative building
pressure is caused hy this control
strategy. Open loop control is where
the static pressure of the supply sys-
tem is measured; this signal is then
sent to a device that manipulates
the supply fan to maintain a con-
stant static pressure discharge.
This signal is also randomly sent to
the return fan, which will the-
oretically track up and down the
supply air volume. The 1980 ASH-
RAE Handbook, Systems, tells en-
gineers not to use this type of sys-
tem since it is insensitive to load
changes and will cause the building
to change pressurization. Engineers
are learning that when a building
goes negative pressure with respect
to the outdoors, it may become unfit
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3 Proper operation of a VAV (or CVC) system. Supply fan volume, percent

5 Duty cycle chart of TRNSYS modeling program for VAV system
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4 Improper operation of a VAV air system. Return air fan overpowers
the supply air fan, which forces return air out of the outdoor air inlet
and creates a negative pressure within the building.

8 Industrial process control of supply and return fans with up to 35
percent overcapacity. Building remains positive over full range of
system operation.

for occupancy.

The only reason open loop con-
trol systems are selected is because
they are less costly than closed loop
systems. Be particularly wary of
some of the variable speed fan drive
concepts being advocated. Market-
ing people have suggested that open
loop control can work if both the
supply and return fans are con-
trolled by the same motor speed
control device. However, each fan is
subject to the previously listed me-
chanical factors that affect fan
operation.

Fig. 4 shows what happens when
the return air riser is affected by the
chimney or stack effect. Therefore,
with a VAV system, it may be neces-
sary to vary the speed of the return
air fan differently from that of the
supply fan to have the return air
volume properly track the supply
air volume. If both fan motors are
tied to the same speed controller, it
is not possible to vary simulta-
neously the two fan speeds by a dif-
ferent amount.

Closed loop control is similar to
open loop control only because they
have identical static pressure sys-
tems. The air volume of the supply

fan is measured and sent to a com-
puting device. Likewise, the return
air volume is measured and sent to
the same computing device, which
compares the two volumes and re-
sets the return fan to maintain a
fixed differential that is made up by
the outdoor air component.”® This
control method is very similar to the
strategy used for fuel air rationing
in a combustion system. Com-
bustion control suppliers use good,
sound engineering practices; unfor-
tunately, the analogy too often ends
there.

Usually, the instrumentation
provided to measure the system
supply volume and the return vol-
ume is so inadequate that it cannot
trace the full building demand duty
cycle curve. Fig. 5 has been devel-
oped by TRNSYS Modeling Pro-
gram to indicate this curve. %%

Fig. 6 shows the typical duty cycle
required for a building. As noted,
the air volume supply fan must turn
down to a volume that is approxi-
mately 20 percent of its maximum
volume output.”****37 The return
fan has to track or silhouette the
supply fan demand curve. Fig. 7 in-
dicates what happens when the re-
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turn fan fails to track.” Like the
constant volume system, the return
fan acts like an exhaust fan, and the
building becomes negative pressure.
There are several reasons for this
situation besides inadequate in-
strumentation. Many of the rooftop
air handling systems that were dis-
cussed earlier cannot reduce vol-
umes below 50 percent.

When the return fan is backed off
to its minimum, it is still sending
back 50 percent of volume. In fact,
even some of the more expensive fan
systems cannot back off far enough
to prevent a catastrophe.”® The ma-
jority of the fan systems designed
are grossly oversized, which will ul-
timately require greater turndown.
I have asked consulting engineers
why, and the general answer is that
a consulting engineer is never sued
for making a system too large.” The
oversizing will require greater turn-
down capability in the equipment
as well as the instrumentation.

Energy conservation

Energy conservation will be a
continuing design element for
buildings. A building that is healthy
today may be unhealthy in the fu-
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Indoor air pollution

ture because the system became
oversized due to energy conser-
vation programs that placed greater
demand on the existing equipment
and its turndown capabilities. As
one engineer stated, an HVAC engi-
neer's only goal is to bring a little bit
of outside air to each and every one
in the building. Obviously, that goal

a portion of the time.

We do know that if the proper
amount of ventilation is introduced
into the building, the inorganic con-
tamination can be diluted to the
point where it is not harmful to the
inhabitants.'*'***** Buildings that
run negative pressure have the po-
tential to be health time bombs.

Operating time, percent

————-Building runs negative-——-={—

= HEA e o
| |

—*Infiltration of —,—

unconditioned air N
- hegi?s at this point . L _

T [ —— —-—---j'-‘--.,_.. .

—o—Supply fan volume
Return fan volume

i | ~

30 40

+

5 60 70 8 93
Fan volume, percent

7 Commercial grade control of supply and return fans that are both precisely sized for
system with no overcapacity. Building turns negative due to inability of controls to reduce

return fan capacity.

Qutdoor air

Exhaust airjr

Return fan =

Supply fan

P,V PV

8 Tocontrol& VAV system, closed loop con-
trol systems with sensors capable of re-
sponding to the full ranges of P,V, and PzV;
are required.

e

is not met as often as it should be.
The problem in controlling a VAV
system can be best understood as
the solution to the relationship in
Fig. 8. An equation cannot be solved
with more than one unknown.
Operating constant volume systems
with no supervision of any of the
variables is like trying to solve the
problem with four unknowns. A
VAV system using open loop control
is attempting to solve the control
problem with three unknowns. The
VAV system using closed loop con-
trol, but with sensors that cannot
resolve the total duty cycle, is at-
tempting to solve the problem only

T8

Some have already “exploded.”

These control strategies were
brought about to save energy, but
they do not save as much energy as
we are led to believe. If the systems
were designed properly and if they
actually functioned properly all the
time, then health and energy sav-
ings could be achieved jointly.

Stack effect

One very fascinating sidelight toa
negative pressure building is that all
of the staircases become more nega-
tive than the spaces. In other words,
not only is there a potential toxic
problem, but there is a genuine
smoke problem in case of fire.***° It
is totally impossible to provide
stairwell pressurization to a build-
ing that runs negative.

An example of a building in which
mechanically induced stack effect
presents problems is illustrated in
Fig. 9. This is a “pressure print” of
an 80 story building that used a
CVC system for system strategy.
Fig. 9 shows the pressure re-
lationship inside the building vs.
the outdoors on a November day.
On this day, the lobby was minus

0.25 in. WG with respect to the out-
doors. The 80th floor was a positive
2.3 in. WG with respect to the out-
doors. It was also noted that all the
stairwells, as well as the elevator
shafts, were also more negative than
the general corridor space.

This building was divided into
three zones for control: upper, mid-
dle, and lower. Each zone had its
own mechanical room and associ-
ated air handling equipment. Be-
cause of the obvious problems in
operating a building this way, the
upper level was retrofitted to a VAV
system. The system was unique in
that the instrumentation and con-
trol system were designed to track
the full duty cycle curve that the
building experienced.

Fig. 10 illustrates the change in
the building pressure print after the
return fan system tracked the sup-
ply system. This curve indicates
that the upper floor region is now
being overpressurized by the “out of
control mechanical systems” on the
lower floors (lobby to 53rd floor). A
very obvious correction has taken
place on the upper level where the
stack effect problem has been re-
versed in the proper direction.

It was noted that all the stair-
wells, as well as the elevators, be-
came more positive with respect to
the general space corridor. These
changes were implemented to save
energy, and the results indicated a
three year payback. Improved
health of the building was a bonus,

Generally, multistory buildings
should be treated by engineers more
like “chemical distillation columns”
with each individual floor acting as
a tray within the distillation col-
umn. Unfortunately, HVAC engi-
neers generally treat a building as a
“smoke stack.” The use of open win-
dow control for ventilation has not
been used for several decades; how-
ever, the tendency is to treat the
buildings as if the technology has
never changed.”®

Microbial infestations
Itis possible to have two tragedies
in a building occurring at the same
continued on page 83
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continued from page 78
time. Not only does an improperly
designed and a poorly maintained
air conditioning system cause the
building to be negative, but the
same system can also pump millions
of allergens and antigens into the
workspace. This could cause flu-like
symptoms, rheumatoid/arthritic
symptoms, hay fever symptoms,
and neurological complaints from
many of the workers.**'**** There
are actual buildings in this country
that have been abandoned because
of microbial -infestations that have
made some work areas unin-
habitable. The presence of moisture
is necessary to have a building be-
come a breeding ground for bacte-
ria, fungi, and protozoa.****

Table 4 presents a partial listing

of airborne transmission of diseases,
microorganisms, and toxic sub-
stances that have been found re-
cently in buildings with con-
taminated air.***® The following is a
checklist of some of the items that
should be looked into if there is sus-
picion of microbial infestation:

® The hot water supply temper-
ature to the heating coils in an air
handling unit used to be approxi-
mately 140 F. Because of the energy
crunch, this temperature has often
been reset to 120 F. This is an ideal
temperature for microbial incu-
bation."’

® Air handling packages, either
“built-up” or “rooftop,” are sup-
ported on concrete curbs. These
curbs have no means of draining and
allow stagnant water to accumu-

late.’ Because these air handling
systems are sometimes poorly man-
ufactured and maintained, they
leak like a “sieve”® and constantly
introduce bacteria into the heating,
ventilating, and air conditioning
systems.

@ The relative humidity should
never be above 70 pereent at any
time.""*"*® Unfortunately, as dis-
covered in the CERL testing, none
of the commercially available hu-
midity sensors operated more than
a few days before failure. The few
sensors that did operate registered
humidities 30 to 40" percent in er-
ror.'"Very few humidity sensors are
calibrated to the U.S. National Bu-
reau of Standards NBS Two-Pres-
sure Humidity Generator Stan-
dard.

gg E > Penthouse ggf} Penthouse  1.08in.  ___—-—-—"
7, WG —=\=—0.025 to 0.035 in. WG
15+ 15+ \
10+ 70+ \{-—0.005 to 0.021 in. WG
65 65
60f 60F 1.3451 \
t=—~0.075in. WG
| 53rd flaor & 54th floor = 534 floor
50+ 1.505 in. WG 50}
7/ 1.505in. WG
d 45' w 45' /
S g
o 40F = 40r
; 0.049t0 0.071 in. WG 0.049 to 0.071 in. WG
35+ 35F
30+ 30k
25+ 251
20k 0.025 to 0.055 in. WG 20k 0.025 to 0.055in. WG
15 15F
9 Neutral level ar
5} / ; skl 5L Neutral pressure level
AR /) _—0.26in. W6
.:] L L 1 L 1 L L 1 L L. 0 L i ik 'l 1 1 o | i 1 L
—0.25 0 0.250.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 —0.25 0 0.250.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50
Differential pressure, in. WG Differential pressure, in. WG
Key: Key:
— Corridor to outside — Corridor to outside
=== Stairwell to corridor ~=~ Stairwell to corridor
=-= Elevator shaft to corridor —-— Elevator shaft to corridor

9 Pressure relationship inside an 80 story building vs. the outdoors

on a Novemnber day.
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10 Change in pressure relationship of an B0 story building after the

return fan system tracked the supply system. .




Indoor air pollution

® Cooling coil assemblies at the
air handling unit can either be
“blow-through” (on the discharge
side of the supply fan), or “draw-
through” (on the suction side of the
supply fan). Accordingto ASHRAE
standards, the air velocity through
the cooling coil unit should not be
above 500 fpm. This eliminates the
possibility of moisture being en-
trained in the air and carried down-
stream into dirty glass fiber lined

Air handling
unit 40 percent greater
) / than suction on
Coil catch pan static supply fan
E‘ = _—can produce

Slnpe —_— |

Curb

Air handling
unit drain

.f‘f:".{?;f'l":;/ e A
wirrzyiFloor drain |

11 Proper condensate drain trap design is
essantial for safe operation of air handling
units.

ducts and establishing a microbial
breeding ground. Unfortunately,
the investigators should check the
velocity through these coil units. In
too many cases, the coil units were
actually much smaller than the cas-
ing sizes of the air handling units.
During the construction phase of a
project, air handling equipment
suppliers routirrely. offer cost reduc-
tions for providing cooling coils at a
higher velocity than requested.
Some manufacturers attempt to
provide a moisture capture device
downstream of these high velocity
cooling coil units, Whlch never-
theless proves ineffective.®

@ The investigator should check
that the filter medium on the up-
stream side of the heating and cool-
ing coil units at the air handling
system is not velocity disintegrated
or misaligned so that gaping holes
appear in the filter section. The in-
creased velocity through these
openings can cause the same effects
that too high a velocity t.hrough a
cooling coil section causes.”

@ Air filters should have prop-
erly rated “dust spot efficiencies,”
and pleated glass fiber filters should
be checked for disintegration and
possible glass fiber pollution.***”*!

® Humidifiers should utilize
steam (but not boiler steam!) as a
water source and not rec:rculated
Wate 41,47,62,63,64,66,56,67,6

® Spray coil systems should be
abandoned. These are found pri-
marily, but not exclusively, in the
goutneﬁgn states in older build-
ings.

® The investigator should mea-
sure the suction static on a supply
fan. He should also check the fan
specification to see the maximum
negative pressure that the fan could
possibly produce. As Fig. 11 illus-
trates, maximum suction pressure
should be multiplied by 1.4. This
dimension should then be com-
pared to the height of the trap that
is provided on the air handling unit.
If the depth of the trap is equal to or
less than the static pressure, it is
basically ineffective for removing
water from the cooling coil section.
It should actually be generous
enough to ensure that no problems
exist. Many drain systems in build-
ings are basically ineffective, and
they are actually drawing sewer gas
into the air handling systems. The

distributed to these fan-coil units,
which have their own small fans.
These take air from the space and
recirculate it through a secondary
cooling coil system. Unfortunately,
many of these systems have “fool-
proof” methods of draining off mois-
ture. This moisture collects on the
coils, as well as on the catch pan,
and it becomes a biological hazard.
This type of mechanical system
should be totally abandoned if
proper installation and mainte-
nance cannot be guaran-

d 5,41,44,56,57,68

® What becomes a biological
mass in one season becomes a spore
release in another season. When in-
dividuals complain of sneezing and
general allergy symptoms, the in-
vestigator should check the static
pressure control loop on the supply
fan. These systems are often so
poorly designed that they do not
have the proper algorithms to pro-
vide stable control. The supply
fan’s surging blows the dust, dirt,
and spores trapped in the ducts
throughout the building.?

® Air washers that utilize re-
circulating waber sg,!stems should be
abandoned.*!

@ Because of the energy crunch,
some manufacturers have resurrec-
ted a method of spraying water on

Table 4—Partial listing of airborne diseases, microorganisms, and toxic substances that

have been found in buildings.

Actinomyces thermophilia

Diseases of unknown etiology

Meningococcal meningitis

Airborne lead poisoning Histoplasmosis Micropolyspora faeni
Airborne phenol poisoning Hypersensitivity pneumonia Pseudomonas aeruginosa
Aspergillosis fungus influenza Psittacosis

' Bizarre case of airborne rabies Inhalation anthrax Pulmonary tuberculosis
Brucellosis Klebsiella Smallpox
Coccidioidomycosis Legionella pheumophila Staphylococcal and
Coxsackie Lymphocytic choriomeningitis streptococcal pneumania

sewer gas combines with the inabil-
ity of the water to be discharged. A
“microbial soup” is thus pro-
duced.™®®

® The building should be
checked to see-if fan-coil and heat
pump units are utilized for primary
or secondary refrigeration and
heating. Air from the supply fan is

the roof to produce some evapo-
rative cooling. This method should
be carefully watched since with poor
drainage, the casual water can back-
fill curbs on rooftop units and result
in stagnant water accumu-
lation.

® The location of cooling towers
and their relationship to the out-
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side air intake should be
checked-il,ﬁﬂ,ﬂl,62

® As Fig. 12 illustrates, the ex-
haust fans used for lab hoods
(chemical or biological) and toilet
exhaust count on plume devel-
opment and high discharge to send
the pollutants into the atmosphere
for dilution. When the energy
crunch arrived, it became vogue to
shut off hoods and reduce the dis-
charge to save energy. As indicated
in Table 2, 1 ¢fm of outside air costs
anywhere from $2 to $3 per year.”

Fig. 13 shows what happens when
the volume discharge of the exhaust
fans is constantly reduced as each
hood is shut off. The discharge
plume disappears, and the pollut-
ants hang around the roof of the
building and almost become a toxic
swimming pool that short cycles
back into the outside air supply. If
the building is running negative,
this occurs through infiltration.

Fig. 14 strikes a compromise be-
tween individuals who are over-
zealous about energy savings and
individuals who want a healthy,
operating building. The static pres-
sure on the exhaust fan is controlled
by manipulating a raw outside air
bypass for carrier air. The exhaust
fan operates on constant volume; in
this case, rather than using ex-
pensive indoor air, raw untreated
outside air is mixed with the air
from the hoods so the correct plume
and terminal velocity are guaran-
teed. This method does use more
brake hp; however, some energy
must be spent to make a building
safe.

® The collection pan for cooling
coil condensate, located within the
air handling unit, normally stands
stagnant and undrained during
shutdown periods when the build-
ing is unoccupied. In one recent
test, water samples after 8 hr shut-
down showed bacterial levels higher
than those normally experienced in
chemically treated cooling towers.

This contaminated moisture is
then distributed in the air system
downstream where the effects raise
the bacteria level in the occupied
areas as high as what is found in a

Heating/Piping/Air Conditioning  February 1985

Exhaust fan
OQutside air
\\

Air handling unit or mechanical room

12 Adequate exhaust plume is necessary
to disperse building exhaust to prevent con-
centrated exhaust from being drawn into the
building.

Exhaust fan
Air handling unit

13 Inadequate exhaust plume can cause
poliutants to collect at roof level where they
can be drawn back into the building.

Plume
Exhaust fan

Raw outside air

Air handling unit

14 Method of reducing exhaust volume
while maintaining an adequate plume to dis-
perse the exhaust.

“chicken cmp.ﬂl.iz.ﬁﬁ,ﬁs.ﬁ’i',&ﬂ

I have only highlighted the more
obvious items that should be in-
cluded in an investigation of a
“stuffy building.” The maintenance
of a mechanical system plays an
equal role in this problem. Another
problem is that HVAC engineers
must not grade working systems in
buildings by the mere fact that the
owner does not complain. Many
times the owner is an absent land-
lord and could not care less.

Mu_tual goals

Conservation of energy and in-
door air quality need not be con-
flicting goals. Both the causes and
the cures of indoor pollution are di-
verse and surprisingly simple. Sys-
tems should be less complex, have

dynamic stability, and have un-
controlled excessive moisture cor-
rected. Basically, all that is required
is communication with the building
through drift-free sensors (pres-
sure, temperature, humidity, and
flow). If these instruments report
back information that is factual,
then there is no problem in having a
safely operating building. If they
send back misinformation or lies,
then catastrophe is around the cor-
ner.

My biggest fear is that there is a
“new wave” in the HVAC industry
that computers (the ultimate black
box) will be the salvation of all the
engineer’s problems. Unfortu-
nately, a computer is only as good as
the software provided and the infor-
mation sent. If garbage is sent to the
computer, then garbage will come
out. Nothing will replace good,
sound engineering practices. Q

This article was written while Mr. Mor-
ris was Systems Engineering Manager at
Air Monitor Corporction’s Research and
Development Facility in Parsippany, New
Jersey.

References

1) Makower, J., Office Hazards, Tilden
Press, ISBNO-9605750-0-6.

2) Dubin, F., and T. Fisher, “Up in the Air,”
Progressive Architecture, April 1983.

3) Wallingford, K., and R. Keenlyside,
“Tight Building Syndrome—Approaches to
Indoor Air Quality in Non-Industrial Work-
places,” American Society of Testing and
Materials Indoor Air Pollution Sym-
posium,Bal Harbour, Fla., October 1983.

4) Morey, P., “Studies in Moldy Office
Buildings,” Symposium with the Philadel-
phia American Industrial Hygiene Confer-
ence, June 1983.

5) O’Day Cantor, D., “Tight Building Syn-
drome is a Growing Health Concern,” Air
Conditioning, Heating & Refrigerating
News, July 11, 1983,

6) Morey, P., M. Hodgson, G. Kullman, K.
Morring, C. Reaux, and W. Sorenson, “In-
dustrial Hygiene Studies in Moldy Office
Buildings,” National Institute of Safety and
Health.

7) Pappas, N., “Breathing Not Easy in
Some Offices,” Hartford Courant, June 18,
1983.

8) Ponte, L., “The Menace of Indoor Pollu-
tion,” Reader's Digest, February 1983.

9) Pappert, A., “Worker Beware,” Home-
maker's Magazine, Toronto, Canada, April
1984.

10) Lewis, J., “Bateson Office Workers Air




Indoor air pollution

Complaints of Iliness,” Sacramento Bee,
March 26, 1982,

11) Moramarco, S., “Does Your Office
Make You Sick?” Review, March 1983.

12) “Air Pollution Blamed for 2% of
Deaths,” Star Ledger, Newark, N.J., Novem-
ber 15, 1983.

13) Int-Hout III, D., “Tight Building Syn-
drome: Is It Hot Air?” Heating/Piping/Air
Conditioning, January 1984.

14) Woods, J., E. Maldonado, and G. Rey-
nolds, “How Ventilation Influences Energy
Consumption and Indoor Air Quality,” ASH-
RAE Journal, September 1981.

15) “Engineers Plan Education Push on
Air Quality,” Air Conditioning, Heating &
Refrigerating News, July 16, 1984.

16) Lee-Thorp, V., “A Review of the Build-
ing Controls Industry—1980," ASHRAE
Journal, July 1980.

17)Dolan, W., D. Hittle, D. Leverenz, and
R. Rundus, “Theory Meets Practice in a Full-
Scale Heating, Ventilating and Air Condi-
tioning Laboratory,” ASHRAE Journal, No-
vember 1982.

18) Thomas, D., “Is This Building Slow]y
Killing Us?” The Other Press, Vol. 14, No. 9,
April 13, 1983.

19) Schwab, D., “School Shut by Stuffy
Building Ills,” Star Ledger, Newark, N.J.,
November 5, 1982.

20) FCC-Advisory Board of Building En-
gineers, “Experiences with Variable Air Vol-
ume HVAC Systems,” Transactions of the
Federal Construction Council for 1979-80,
Washington, D.C.

21) Zeller, C., Personal communication,
Zeller & Associates, Washington, D.C.

22) Morris, R., and K. DeBaun, Engineer’s
Manualto Audit VAV Systems, Air Monitor
Corporation, Book I.

23) Olivieri, J., “Building Sickness Contro-
versy,” Air Conditioning, Heating and Re-
frigerating News, July 11, 1983.

24) Myler, K., “Office Designers Grappling’

with Indoor Pdllution,” Chicago Tribune,

January 8, 1984.
25) Wallace, L., and W. Ott, “Personal

Monitors: A State-of-the-Art Survey, Air

Pollution Control Assa¢iation Journal, Vol.
32, No. 6, June 1982.

26) Ralbovsky, M., “Your Job Can Make
You Sick,” National Enquirer, November 2,
1982,

27) Ott, W., and P. Flachsbart, “Field Sur-
wveys of Carbon Monoxide Levels in Commer-
cial California Setting,” Science News, Vol
120, No. 20, 1981.

28) McGilothlin, J., J. Harris, and V.
Hampl, Health Hazard Evaluation Report,
TAB0-024-887, Department of Justice Com-
plex, Washington, D.C.

29) Wallace, L., “High Carbon Monoxide
Concentrating in Air and Breath of Employ-
ees in an Office Located Adjacent to a Park-
ing Garage,” unpublished.

30) Gorman, R., “Cross Contamination
and Entrainment,” American Conference of
Governmental and Industrial Hygienists
Symposium, Atlanta, Ga., March 1984,

31) Schirmer, J., Ventilation Survey of

Camden County Administration Building,
New Jersey Department of Health Epi-
demiology Division, Occupational Health
Program.

32) Stone, A., “Suit Over a Chemical-
Linked Death,” San Francisco Chronicle,
June 12, 1984,

33) Barber, J., “Health Woes Tied to Low
Air Flow,” Energy User News, January 23,
1984.

34) “'Sick’ Buildings A Pandora's Box,”
Engineer’'s News Record, October 27, 1983.

35) Freeman, T., TRNSYS—A Transient
Simulation Program, Report #38, University
of Wisconsin Solar Energy Laboratory.

36) Simmons, G., S. Alj, and J. Batford,
Department of Chemical Engineering, Uni-
versity of Iowa: Subject Modeling and Con-
trol of Geothermal Heating Systems, In-
strument Society of America 1980
International Conference, October 1980.

37) Edwards, L., and R. Baldus, Gems
Documentation Describing Data Inputs
Simulation Options, Idaho Research Foun-
dation, 1977,

38) Ballou, H., “Consulting Engineers Not
Doing Their Jobs,” Contractor, March 15,
1984.

39) “Hotel Fire Kills 10,” Democrat and
Chronicle, Rochester, N.Y., March 7, 1982.

40) O’Day Cantor, D., “Smoke Funneled
Through HVAC Equipment Contributed to
Fatalities at MGM Grand,” Air Condi-
tioning, Heating and Refrigerating News,
November 29, 1982.

41) Morey, P., “Environmental Studies in
Moldy Office Buildings: Biological Agents,
Sources and Preventive Measures,” Govern-
mental Industrial Hygienists Conference,
March 5, 1984, Atlanta, Ga.

42) Bernstein, R., W. Sorenson, D. Gar-
abrant, C. Reaux, and R. Treitman, “Expo-
sures to Respirable Airborne Penicillin from
a Contaminated Ventilation System: Clin-
ical, Environmental and Epidemiological
Aspects,” American Industrial Hygienists
Association Journal, Vol. 44, No. 3, pp. 161-
169.

43) “It’s not Monday; It's Just the Air,”
Dynamic Years, Toronto, Canada, March-
April 1984.

44) Health Hazard Evaluation 82-168,
National Institute of Safety and Health,
March 15, 1982, Washington, D.C.

45) “Cancer Unit Closed After Fungus in
Air Killed 4, Syracuse Herald American,
Syracuse, N.Y., October 9, 1983.

46) Rhodes, W., Personal communication
with Rhodes Consultants, Inc.

47) Morey, P., Personal communication
with National Institute of Safety and Health,
Morgantown, W. Va.

48) Hurley, W., Personal communication
with National Bureau of Standards, Wash-
ington, D.C.

49) Wallace, L., “Washington Area Nurs-
ing Home Respirable Particulates (Piezo
Balance), unpublished.

50) Michaels, T., Personal commu-
nication, Tom Michaels and Associates, Bir-
mingham, Ala.

51) U.S. Department of Health, Edu-
cation and Welfare: Criteria for a Recom-
mended Standard—Occupational Expo-
sure to Fibrous Glass, National Institute of
Safety and Health Publication No. 77-152,
1977.

52) Board on Toxicology and Environmen-
tal Health Hazards, “An Assessment of the
Health Risks of Morpholine and Di-
ethylaminoethanol,” National Academy
Press, Washington, D.C. August 1983.

53) Betts, M., and R. Mullin, “Boiler
Chemicals in Steam Lines May Cause Health
Woes,” Energy Users News, Vol. 8, No. 43,
October 24, 1983.

54) Biddle, W., “Art in Cornell Museum
Coated by Chemicals Used in Steam Lines,”
New York Times, July 29, 1983.

55) Rundus, R., and P. Morey, “HVAC Sys-
tem Operational Parameters and Affect of
Airborne Fungal Levels in Occupied Spaces,”
Third International Conference on Indoor
Air Quality and Climate, Stockholm, Swe-
den, August 1984.

56) Arnow, P., J. Fink, D. Schlueter, J.
Barboriak, G. Mallison, S. Said, S. Martin,
G. Unger, G. Scanlon, and V. Kurup, “Early
Detection of Hypersensitivity Pneumonitis
in Office Workers,” American Journal of
Medicine, Vol. 64, 1978, pp. 236-242,

57) Edwards, J., “Microbial and Immu-
nological Investigations and Remedial Ac-
tion After an Outbreak of Humidifier Fever,”
British Journal of Industrial Medicine, Vol.
37, 1980, pp. 55-62.

58) Solomon, W., “Fungus Aerosols Aris-
ing from Cold Mist Vaporizers,” Journal of
Allergy and Clinical Immunology, Vol. 54,
1974, pp. 222-228.

59) Barron, J., “60 Overcome by Fumes;
L.I High School Closed,” New York Times,
November 4, 1982,

60) Miller, R. P., “Cooling Towers and
Evaporative Condensers,” Annals of Inter-
nal Medicine, Vol. 90, 1979, pp. 667-670.

61) Adams, A. P., and B. Lewis, “Micro-
biology of Spray Drift from Cooling Towers
and Cooling Canals,” Proceedings from Con-
ference on Microbiology of Power Plant Ef-
fluent, University of lowa-Press: Iowa City,
Iowa, 1978, pp. 31-36.

62) “Legionella Contributes to Two
Deaths,” Air Conditioning, Heating and Re-
frigerating News, September 24, 1984,

63) “High Cancer Rates at Two State
Buildings,” Press Democrat, Sacramento,
Calif., November 16, 1983.

64) “Woman Sues Rutger's State of Can-
cer,” Star Ledger, Newark, N.J., January 8,
1984.

65) Seabrook, C., “Indoor Pollution—It’s
Enough to Make You Sick,” Atlanta Weekly,
March 6, 1883.

66) ASHRAE Handbook of Funda-
mentals, 1981, American Society of Heating,
Refrigerating and Air-Conditioning Engi-
neers, Inc., Atlanta, Ga., p. 22.1.

*A listing of recommended reading is avail-
able from the authors.

Heating/Piping/Air Conditioning e February 1885




