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Indoor air quality from co~ioning 
through building operations 
Commissioning and operations play major roles 

in the actual performance of HVAC systems 

By Milton Meckler, P.E. 
Fellow ASHRAE 

B
uilding commission­
ing and operations 
are both important 
factors in maintain­

ing acceptable indoor air qual­
ity (IAQ) in new or existing 
buildings. As defined by ASH­
RAE Standard 62-1989, accept­
able IAQ is indoor air: that 
contains no known contami­
nants at harmful concentrations 
as determined by cognizant 
authorities; and with which 
800fo or more of the people 
exposed do not express dissat­
isfaction. 2 

The commissioning pro­
cess includes procedures and 
methods for verifying and doc­
umenting the performance of 
HVAC systems to ensure proper 
operation according to the orig­
inal or reconfigured design 
intent. The commissioning 
process also includes docu­
mentation and verification that 
the owners' or tenants' design 
criteria have been adhered to, a 
description of installed HVAC 
systems and their intended 
operational modes, and per­
formance goals (see Figure 1). 

Although most buildings 
are generally considered by the 
public to be safe, healthy work­
ing environments, appearances 
can be deceiving. The manner 
in which buildings are delivered 
to their owners or operators 
often makes them prone to 
potential IAQ problems. 

Important factors that 
contribute to the buildup of 
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Figure 1. Sample commissioning process process (from ASHRAE Guideline 1-1989, 
Guideline for Commissioning of HVAC Systems). 
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indoor air contaminants involve the placement of synthetic 
materials, the out-gassing of wlatile pollutants, energy conser­
vation measures that minimize the infiltration and introduction 
of -; ; tdoor air, tightly sealep building envelopes (now demanded 
b> _-Jildingowners, ~eµants and energy use/construction codes, 
etc.), inadequate 9esign, unsafe operations, and poor maintenance 
practices._ Volatile pollutants include fonnalddlyde, volatile organic 
compounds (VOCs) and semi-volatile organic compounds 
(SVOCs). -

-To help avQid subsequent and costly IAQ problems, design-
-ers must now look fo the manufacturers of interior ' building 

tenance. When commissioning becomes an integral element of the 
design/construction/ move-in process, most potentjal IAQ prob­
lems are more easily identified and, therefore, more easily 
prevented. -

Verifying ve~ation for reconfagured space 
Ventilation requirements originally intended for a given 

space use may not be adequate if, subsequently, the same build­
ing area becomes,reconfigured space. Reconfiguring a space is 
definecfas cnanging the purpose of an originally intended use. For 
example, when older office space is reconfigured, the net effect 

produ~s to futiiishdata on chemical com­
position, pos$ible -emissions and manu- ~============================~ 
-'ctu'dµg test methods prior to their 
-.1ecti_on, specification and approval. The 

A.Il).eriean Society of Tusting and Materials 
(ASTM) recently adopted the Standard 
l'Juide for Determination of VOC Emis-
1ions in -Environmental Chambers from 
\laterkils and Products, which may serve as 
he basis for more specific standards for 
esting .,~~issions from various interior 
1uildirig 'm~teria1s. 

~Pei building commissioning1.3 can 
lay a major role in the actual performance 
f,oth~ properly designed and installed 
[VAC syst~. It is' dlffictiltto determine 
te full designintent Tp aVoid performance 
~fects, the designer should: document the 
:sign intent <;learly in a suitably ,written 
m1;3 make it available throughout the 
sign/consttuction process to architects, 
mers, contractors and commissioning 
thorities; and ultimately employ it as 
rehicle to assist in the .training of build­
~ operations and maintenance (O&M) 
:sonnel. 

Early delegation of a commissioning 
:hority to oversee the commissioning 
>cess is often· the key to achieving 
1ected performance goals. Early in~ 
tement of the various material manufac­
~rs, suppliers and key subcontractors in 
mrissioning is essential for identifying 
~ntial construction or installation prob­
s. The commissioning authority must 
' be directly responsible for training 
iing operato~ '(prior to turning over the 
:ling -to its: owners). bY 'employing the 
re-referenced documentation as training 
; and helping to faniiliarize blril_ding 
ators with-overall HVAC system fea­
. and controls. 
A detailed commissioning plan t,3 

Id' contain a complete listing of the 
1nsibilitie5 -each team member is ex­
d to assume in such things as the work 
'.ule, documentation for construction, 
.tions and training verification proce­
for installed operating systems, staff­
:quirements for ensuring adequate 
tissioning, and operations and main-
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Reduce Energy While Increasing Comfort 
A balanced bydronic circuit optimizes heating and cooling loads and prouides 
comf011 for the occupallts at mi11imum energy costs. 

1'he. Right Balancing Valve 
The Armstro11g CBV Balancing Valves provide the balancing contractor and building 
commissioner u·ith an acwrate and simple method to balance hydronic circuits. 
•precise flow measurement 
•positive. no-drip shutoff ll'itb a soft seat 
•precision flow bala11ci11g using the micrometer-t;pe hand tcheel and 

11111ltitum adjustment 
• tamper proof memory stop 
• 21/l "-12" have grooced ends and are conm1ible betu·een straight and angle 
• accessibi!izl' assured due to interchangeable }loll' measumnent and drain po11s 

Ci~cu-it Balarzcing Valves 1/2"-12" 
ARMSTRONG PUMPS INC. 

-.15 E.-\~T WE\l 'E 
\OHTH TO\ -\\\-\\ll_-\ _ \E\\' YORI\ l-tll(J-11';94 

-16-M.' -XH l5 F.-\\ -lll-6'!5-~'nt 

S.A. ARMSTRONG LIMITED 
l~ BERTR.~\O W E\l"E 

~C.\RB6ROl 'GH. O\ T.-\Rl< l \11 L 21'5 
-116--'i'i-2291 F.-1\ tl\>--:;'i-H4C11J 

(Clrcle No. 41 on Aellder Service Card) 

ARMSTRONG PUMPS LIMITED 
l't-:.-IRTREE KOAll. q _\ \\U Y 
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Indoor air quality 
Continued from page 4' 

prolonged unacceptable IAQ can be avoided. Preventive measures 
may, in some cases, increase construction and occupancy costs. 
However, failure to maintain adequate IAQ can ultimately be 
more costly because of loss of productive time, subsequent 
modification or replacement of troublesome HVAC components, 
and interior finishes and materials (i.e., carpet, paneling, etc.) that 
may-be needed to correct the problems. 

The following procedures are recommended during applica­
· ble phases: 

Design phase. Choose building materials, finishes and 
equipment carefully and review those selections made by an out­
side interior decorator. 

Design an energy-efficient HVAC system that provides a 
reasonably contaminant-free interior environment. HVAC sys­
tems (otherwise adequately designed for peak thermal loads) may 
not be suitable for meeting ventilation needs at all part-load con-

. ditions. Additionally, questionable energy conservation measures 
affecting air supply rates should not be allowed to jeopardize IAQ 
or occupant health concerns without a thorough review of all 
foreseeable operating modes and related consequences. 

Allow-proper access to all HVAC systems for ease of main­
tenance: .or ·r~placement of potential microbial contaminant 
sources. 

Construction phase. Do not substitute materials or modify 
the design where such changes are known.to result in increased 
indoor ,_air contamination. 

Check carefully to ensure that the entire HVAC system is 
installed according to the design. It is not uncommon for entire 
ductwork runs to be omitted or dead-ended; for all moving parts 
not to be operating; for fans and motors to be omitted or in reverse 
relation; or for supply and return ducts to be omitted, inter­
changed or interconnected. The owner's O&M staff should be in 
attendance during the construction phase. 

Close-out phase. Thoroughly clean the HVAC system and 
especially remove all dust and debris from all interior equipment 
surfaces prior to start-up. 

Allow emissions from new interior construction materials 
to vent to the atmosphere before gasses permeate other build­
ing materials, thus lengthening the off-gassing period. This 
can be done by ordering the materials and receiving them at 
the construction site early enough to allow unpacking and vent­
ing potential odors outdoors long before actual installation is 
completed. 

Thoroughly test balance the HVAC system according to 
applicable industry practices. For example, the ratio of outdoor 
make-up air to clean recirculat~ air, particularly in VAV systems, 
cannot be allowed to change during· part-load (i.e., variable 
supply-air rate) conditions. One way to accomplish this is to sup­
ply. outdoor air by a separate supply fan that _can maintain a 
predetermined flow rate. Another way is to utilize an automatic 
return-air damper that is controlled by return airflow and is there­
fore capable of adjusting to a lower system pressure loss at 
part-loads. 

Be sure to take appropriate airflow measurements as part of 
the HVAC system balancing process. Also, consider increasing the 
make-up air substantially for the first few weeks or even months 
of building operations. Advise occupants as to potential causes 
of stress related to moving, odors due to new construction, and 
individuals to contact in case of complaints. 

-- - ---

's..,. ). -;°:'" .... ~ 't:f ~ .. -

The following test procedure is recommended as a minimum 
and should be modified, where required, based on the complex­
ity of each building to obtain the best possible test results: 

• Inspect the HVAC and electrical systems to verify proper 
installation/interconnection and to ensure that all corrective 
measures have been finalized according to construction contract 
requirements. 

• Clean the building interior to ensure that it is free of stand­
ing water prior to testing. 

_ • Install movable screens, furniture and other fixtures prior 
to testing. 

• Set the HVAC system to operate at a maximum -heating 
mode for at least 24 hours with full lighting on. The bake-out time 
required to heat some heavy structural masses may require more 
than 24 hours, so consider the effect of construction mass in 
setting this appropriate timeframe. (Bake-out is when the air 
temperature and ventilation in a building are increased for acer­
tain time period to promote off-gassing.) 

• Set the HVAC system to operate at a normal operation 
mode for 12 to 24 hours after a predetermined temperature has 
been reached. 

• Set the HVAC system to operate at a maximum heating 
mode for 12 to 24 hours with all lighting on after a predetermined 
temperature has been reached. 

•Set the HVAC system to operate at a normal mode for a 
minimum of 24 hours after a predetermined temperature has been 
reached. 

• In buildings with repetitive, typical floors and separate 
· HVAC systems, it may be economically advisable to measure the 
concentrations of indoor air contaminants on the first floor for 
a week or two to determine if it is effective or if additional bake­
out time is necessary. This will be invaluable in case of subsequent 
litigation. 

Occupancy phase. Provide heating or cooling capability 
early in the morning (before normal office hours) on a daily basis 
with lOOo/o outdoor air only for the first few weeks (or longer if 
necessary), followed by normal heating or cooling operations with 
maximum ventilation provided (for purging). During occupancy 
hours in the first few months, operate the HVAC system below 
normal thermostat settings to reduce adverse off-gassing effects. 

To evaluate IAQ conditions (temperature, humidity, stuffi­
ness, etc.), designate one employee on each floor to· record these 
conditions a few times each day. 

While monitoring employee comments very closely, decrease 
the cooling/heating/ventilation requirements prescribed-.above 
gradually over three to six months until normal design .. cool­
ing/heating/ventilation levels are established. 

Operations and maintenance. Avoid outside sources·thatwill 
contaminate air intakes such as bird nests or feathers, standing 
water, and exhaust air from adjacent buildings, parking garages 
or streets. Replace outside air filters regularly. 

Use adequate ventilation air to avoid the buildup of indoor 
air contaminants. A decrease in lighting load to conserve:ener­
gy may result in a decreased heating load and air change re­
quirement. Using inadequate outdoor make-up .air can cause 
excessive recirrulation of indoor air contaminants and should be 
avoided at all costs. Also, inadequate recirculation can create 
stagnant air. 

Maintain the HVAC system to be operational at all times. 
Thlln O&M personnel thoroughly on complete system operation 
and acceptable tolerances for system adjustments, emergency pro­
cedures, use of O&Mmanuals, and other factors. Maintainastan­
dard method of recording HVAC operation complaints. 
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Investigating IAQ problems 
Investigating IAQ problems poses a great challenge even to 

the most experienced health professionals because the complaints 
in buildings can be rather diverse and non-specific. For example, 
-BS has been known to cause non-specific symptoms such as 
,eadache, dizziness, nausea and eye irritation. 

Table 2 shows some probable causes of SBS resulting from 
346 indoor air investigations conducted by the National Institute 
of Occupational Safety and Health (NI OSH). Of the 346 inves­
tigations conducted, 179 (or 51.70Jo) were attributed to inadequate 
ventilation. 

If building owners, managers., operators or others wish-to 
investigate IAQ problems~ they may gather the necessary infor­
mation by using questionnaires that also promote the efficient use 
of investigative time during subsequent site inspections. These 
questionnaires should inelude inquiries about occupants, build-

. ing and building environments, and HVAe systems. 

Table 2. Probable C.u•s of Sick Bulldlng Syndrome 

Cases No.of 
Probable Causes Investigated(%) c-• 
Fabric Contamination 4.0 14 
Microbiological Contamination 5.5 19 
Outside Contamination 11.0 38 
Inside Contamination 16.5 57 
Inadequate Ventilation 51.7 179 
Unknown Sources 11.3 39 

voe levels in new and existing buildings may be measured 
by using screening devices such as a survey meter. Levels in excess 
of 1 ppm may call for an in-depth investigation. However, 
increased ventilation rates may not always reduce the voe con­
centrations. 

Other control techniques such as a bake-out may be U$ed. As 
mentioned, high temperatures maintained for a sufficiently long 
time increase the voe emissions and eventually driv~ them off 
from furnishings and building materials. 

Necessary precautions must be taken to avoid material 
damages due to low relative humidity and high temperature. The 
high costs of conducting a bake-out and delayed occupancy may 
limit the use of this process in all buildings. 

Failure to identify the cause of an IAQ problem following the 
above-referenced inspections may warrant a more extensive inves­
tigation. If that occurs, the actual airflow rates of outdoor and 
recirculated air should be measured and compared to the design 
and recommended Standard 62-1989 airflow rates. 

Other measurements that should be taken are the indoor air 
temperature, relative humidity, and outdoor wind velocity and 
direction. These measurements will help ascertain whether 
symptoms coincide with specific outdoor weather conditions 
consistent with transmission of seasonal pollens and dust. Low 
relative humidity (less than 300Jo) can also cause dryness of the 
eyes, nose and throat, while high humidity (greater than 70%) can 
cause proliferation of micro-organisms. 

The use of air sampling to confirm prevailing IAQ levels can 
be expensive, and the results may not always reliably indicate 

Continu1donpag148 

.. Over 50% on heatii:ig costs. That's how much. And it's quite a comment on 
their efficiency. 

••part of this efficiency is due to thirty years experience with infrared gas 
heating. And part is due to the kind of quality Space-Ray puts into every heater 
they make. 

••Like using only aluminized steel heat exchangers which are calorized 
for higher emissivity-and which operate at higher temperatures. Then, of 
course, Space-Ray gas-fired infrared heaters make clean gas energy even 
more economical. 

••But look. Talk to them. They can save your client a bundle too." 
For all the particulars we couldn't include here, call 

1-800-438-4936. (In NC: 1-800-432-7734) Or write: Space-Ray 
Infrared Gas Heaters, PO Box 36485, Charlotte, NC 28236. 

© 1990 American Gas Association 

(Circle No. 52 on Rellder Service Card) 
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Indoor air 
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abnormal operating conditions. Permissi­
ble exposure limits (PEL) and threshold 
value limits (TVL) - developed by the 
.Occupational Safety and Health Adminis­
tration and the American Conference of 
Governmental Industrial Hygienists, 
respectively-~e based primarily on 
industri(II envirQnments. 

These pr~ures are used for sam­
pling an 8-hour time .. weighted average 
(TWA) and a .15~tn.inute short-term expo.. 
sure limit (STEL). However, the sampling 
procedures m.ay ~~capable of measur .. 
ing contaminant ~oncentrations much 
lower than those .n~ally found in indus­
trial environmC11ts. Th.erefore, they may not 
be applicable to -~ i,n~oor environments. 

Some colllQlOnJ.y collected samples 
~d instrumen~ipn (detector tubes or 
direct .. reading devices) include carbon 
monoxide (2-200 ppm), carbon dioxide 
(0-2,000 ppm), nitrogen oxides, ozone, 
radon and particulates (as low as 2,000 par .. 
ticles/cubic centimeter of air). 4 

To determine the nature of a specific 
IAQ problem, additional information not 
available through questionnaires may be 
necessary. This information should be col .. 
lected by a walk .. through inspection of a 
building to look for possible indoor air 
contaminants in materials, finishes, fur .. 
nishings, equipment and supplies. Insome 
cases, the walk-through may require several 
site inspections and a more intensive IAQ 
investigation, including environmental 
monitoring. Prior to a walk-through, it is 
recommended the building and HVAC 
system blueprints, the HVAC modification 
and O&M records, and the current em­
ployee list be thoroughly reviewed. • 
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PUMPS 
An overview of pumps and equipment 
available in the HVAC&R marketplace 

To receive additional information, circle the appropriate number on the Reader Service Card 

Bronze pump 
Grundfos Pump Corporation, Clovis, 
California, has added a new model to the 
Series 7000 centrifugal pump line. The 
Bronze pump features bronze housing and 
stainless steel fittings. It can be used in hot 
or cold water applications ( 5 ° to 250 °F or 
-15 ° to 121 °C) as well as potable systems 
and other open loop applications using 
clean, non-explosive thin liquids. It is capa­
ble of flows up to 230 gpm (14.5 Lis). 

Circle Item No. 151 

Pump controller 
The Series 7592 microprocessor-based 
pump controller provides flow rate, speed, 
rpm, torque and repeat dispensing. Avail­
able from Barnant Company, Barrington, 
Illinois, the controller is programmable 
through the membrane keypad or external 
controller. It comes in wall-mountable 
NEMA enclosures and slope-front bench­
top housing. A hand-held remote feature is 
optional. 

Circle Item No. 152 

Sequencing device 
Alyan Pump Company, Upper Darby, 
Pennsylvania, is introducing a pumr ~ -~­
quencing device for domestic water :· _,: ~ ­
sure systems. The module sequences the 
pumps through a flow sensor in the suction 
line. The system's gpm is displayed through 
ari analog or liquid crystal display. A trans­
mitter and dual alarm modules transmit 
signals to the control panel and display. 

Circle Item No. 153 

Chemical service p ump 
The Duriron Company Inc., Pump Drr'.· 
sion, Dayton, Ohio, has refined its Marl 
III line of chemical service process pumr' 
to simplify service and prolong equipm~: 
life. The pumps feature an oversized stu f!~ 
ing box that allows larger, more rugf_r.: 
mechanical seals; provides more area 1", 
liquid circulation and hec.~ . . ,-. ~ fr r: a~ 
more room for corrosive ; , 10 ~ 
trifuge out and away from , , _ <a I. Ot , 
features include heavy-duty power C'~ 
design with several lubrication and bea~·~ 
options, improved oil seals and pre"o·~~v 
maintenance features; improved h~d ~ 
lies· a micrometer-type impeller a .1 -

me~t· oil level sightglass· double lippc-d;; 
' , · d d(\U• 

seals; and permanently Iubncate 
sealed bearings. 

Circle Item N.- .. 
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