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Foreword

ndoor air qualiv has been idenufied 45 a4 new

and complex public health concern Manv fac-

tors including energy conservaton medsures.
new building matenals. maintenance pracuces.
and changes 1n building use have contnibuted
the potental problems with indoor aie quahin
Less than adequate indoor e qualiv can lead w
4 higher risk of health problems. an mcrease in
student and eacher absenteesm. diminished
learning, and. 1n extreme situanons. 4 hazardous
conditon

We are especially interested 1in understanding
4nd managing indoor air quahre mn schools be
cause vounger people dare at a greater health risk
than the adult population In addwion. some Chil-
dren including special educauon students mas
have health characterisucs which compound their
level of nsk.

An indoor wir qualinv program that addresses
the planning. design. maintenance. and operaton
of public school buildings should be 1mple-
mented Jat the earliest possible date n each focal
~«chool svstem This document nas heen devel-
oped 1o assist local board of e fucanon st re
sponsible for the planning ot schaol construction
projects and for the maintenance and operation
of exisung ~schools We hope archiedts. engineers
school staff and parents will also find 1t usetul

Our understanding of mdoor aic quahie s n s
earliest stages. the knowledge of this wpic wall
undoubtedly grow and chuange at a rapid pace We
welcome anv recommendanons for updaang or
adding to the information found here

David W. Hornbeck
State Superintendent of Schools
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Historic Review

he tpe and frequency of ndoor are quahn

problems present m educational builldings

today are 4 relanvelh new phenomenon Sev-
eral fictors have contributed to the present con-
cern about indoor ar qualiny

Energy Conservation

The energy crists of the early 1970s caused
building owners o make great etforts w conserve
energy Buildings were planned ad renovated o
reduce ounstde e nfilration Window and Jdoor
openings were reduced and more ughtlv seuled.
Outside air ntake for the mechaniaal swstem ws
mintmized. The operaung umes for heatng. ven:
ulation. and air condioning equipment were de-
creased The standards for the number of e
changes per unii of ume tor 1 room were re-
duced Buildings have become more compact in
an etfort to nummize perimeter wall surface and
reduce hear loss and heat gain Compact build:
ings have more spaces without exteriar walls
As 4 result. factliies are more apt o retun pos

tentally hazardous partcles and gases from potlu-

ant sources within the indoor enviconment tor
longer periods of ume and - higher convenerd
tions than ever betore

Product Technology

The number and npe of partucles and gases in-
troduced into mdoor air by new products have
grown aptdly in the last fes decades New prod-
ucts are ntroduced each vear for use during and
ater the construction of builldings The etfects on
humuans of the materiads in these products otten
can not be forecast Mans vears can pass betore
the dungers of 1 chemcal are reahized and
brought mto public anareness Consder. for ex-
ample. the past and present uses ot tormalde-
hvde. asbestos. tobacco and solvents relessed b
glues Product technologe has ginen us matertals
that directly affect the quaim of indoor air m
wavs thdt dre of Increasing coneern o huilding
planners and users

Maintenance

Teacher salaries. instructional materals and
butlding construction have understandably been
anen higher prionne than mamtendinee o school
facthiiies 1 budget decisions As a4 resalt. fonger
peniods of ume bermeen changing are filters,
Seaning condensate pans or Jeamng and rephic
g mechanical equipment have become ceommen
practices i the past The reesaluaiion af mainee
nance practices widl undaoubtdy come about s we
bewin o understand ther relatenships o mndoor
anquahn The reabizaaon thae the health ol sta-
dents and statt may be atteceed byomsatticent
mamntenance will elevite s mportance m budget
Jdecisions

7

Education and Training

People who plan. design. maintn. and operate
butldings have not receved formal education
meervice trunmg regarding indoor are quahin
Pracucing drchitects. engineers educanonat ticim
planners. and manteninee operations pese el
ma not hive recened tramnimg 0 the hnk be-
meeen therr decistons and the quahn o indoor
atr This and other health-related subiects are e
tceabh absent from the curricula o architecural
and engineering ~chools Indoor e quaha s ase
cussed 1 terms of human comfort but not as an
environmental health tactor While worksheps
have been avatlable very recently they are o tew
and not speciticalh gedred o those people n-
solved 10 the planning and aperaton o scies L
cihittes  [Nservice ranmmng programs i petes:
wonal continuing educanon courses wiil huave o
be provided to till this cducanonal aap

Change in Builcing Use

Changes n programs during the hite of & hutia:
1ng Jre common 1 the educatonal freld These
changes can be sumulated by tederal Liws such s
PL O4-142 (Equal Educauonal Opportund g
Handicapped Students i or st and Lol pros
gram implementation Fachn planners miustire

veently modifs schoolt buildings o ace mine wdate
tie change Butlding changes often tahe the oim
of spatral moditications. new equipment or aler.
tons (o electrical and highunyg sestems Mam
unves the mechameal svsiem recenes hegle or noe
corcesponding change resudung m poar Uiy o
nde or e Jdue o over o ander Beanng ool
and vennlanon

Cost of Construction

Construction costs have spieabed up e Lt
decades To reduce costs, huidding sechnedoan fas
heen used to decredse the volume s buddine,
reduce the number of smdows creae muliease
educationdl spaces. and seaphty mechanicad s
tfem designs Cost decisions canand dechave an
impact on the qualine of mdeor e by reating
butldimgs with e or nosoperable swindeas e
mechantcal ssstems that orter mumal venndaten
under opumum conditons [nthe tuture pe ple
will have to add mdoor ae qualiv inte constrae
tron ot decisions

BEST COPY AVAILABLF
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Indoor Air Quality
Problems

ndoor air problems can be discussed under
two categortes: (1) thermal environment and
(2) air contaminants

"he thermal environment involves several van-
ables that cause relative degrees ot human com-
fort or discomfort. These include air emperature.,
radiant temperature of surrounding surfaces. unt-
formity of air temperature. humudiry. and air
movement. Adverse thermal condiions can stress
students or staff and. 1n wrn. affect the qualiy of
the learning situatior.

Air contaminants consist of numerous particu-
lates. fibers. mists, fumes. bioaerosols. and gases
or vapors that can 1mpair human performance as
well as present a full range of implications from
mild irritation of the upper respiratory system to
a serious health threat.

Thermal Environment
Conditions

Sausfaction with the thermal environment 1s
based on a complex. subjective response to ~ev-
eral interacting variables. The design. construc-
tion, and use of an occupied space, as well as the
design, construction. and operation of its heatng
and air conditioning svstems. will determine the
degree of satistaction with the thermal environ-
ment.

Not all individuals perceive the thermal en-
vironment with the same degree of accepubilin:
The perception of comfort relates to an ndi-
vidual’s physical activity, body heat exchange with
the surroundings. and physiological charac-
teristics. The heat exchange berween the indi-
vidual and surroundings is influenced by:

¢ air l€mperature

« thermal radiation

« relauve humidiy

e 3ir movement

« amount of clothing

o activity level

« direct contact with surfaces not at bodyv
temperature

While ideal thermal conditions are complicated
to define for any one individual 1n a parucular
setting, The Americar Societv of Heaung. Re-
frigerating and Air Condstioning Engineers ( ASH-
RAE) has produced a consensus standard (Ther-
mal Enviconmental Conaitions tor Human
Occupancy, ASHRAE 53-1981 ) based upon expert-
ence and research that specities conditions kel
to be thermally acceptable to at least 30 percent

T CBFY RYAILABLE




of the adult occupants of a space These condi-
uons. as they most commonly apply to educa-
uonal faciliues, are presented under the Planning
and Design Considerations section of this docu-
ment. A more complete explanaton of the condr-
uons. factors Mfecung comfort. and the methods
for their determination and measurement ¢an be
found 1n the ASHRAE >tundard Figure 1 1s taken
from the ASHRAE standard and summarizes the
comtort levels.

Studies comparing the basal metabolic rate of
children from kindergarien to high school with
those of adults 1n the same environment show
that 1t 15 not rare to find the comfort levels tor
pupils and teachers separated by at least 3°F Chal-
dren are generallv more comfortable in some-
what cooler emperatures due to their higher
metabolic rate

Indoor Air Contaminants

fndoor arr contaminants can be divided nio
particles (solids or iquid droplets) and gases or
vapors Within these npes are compounds known
to be 1rrtanes that are known or suspected of
causing damage to health Contaminants which
Jare rritants may impaie human performance
without being deleterious o health.

Standards tor vapors Jand gases specifv a quan:
un of pollutant per unit volume. e.g.. parts per
mullion of ar (ppm.standards for parucles often
specifv the mass concentraton of particles ex-
pressed as micrograms per cubic meter (ug m*)
These mdlude all pactcle sizes. or ol sus-
pended particulate concentration { TSPy Large
particles are tiltered by the nisal passages and
cduse no ddverse phyvsiological response unless
then are allergenic or pathogenic Smaller respira-
hle suspended partcles (RSP are important be-
cause they aan lodge i the lung. The wize of re-
spirable parucles canges up to 5 0 micrometerstum)

parucles of specitic interest include:

| Respicable paruculates as a group.

2 Tobacco smohke Gsolid and liquid droplets) tto-
hacco smoke thso contains many vapors and
LANES ).

3 \shestos hibers.

+ Alergens tpollen. tungt. mold spores. insect

teces and parts). and

Pathogens (hactera and vicuses ). afmost always

amtiined mn or on other particulate mater

Pl

\apors and gases of paracular mterest include

1 Carbon monoxide (€O carbon dioxide (€O,)

2 Radon fdecay products become attached o
solids .

4 Formualdehvde cHCHOD

+ Other volaule organie compounds (VO and

Ondes of nitrogen OO and NO )

Pl

Some contaminants. such as sulfur dioxide. are
brought n wuh outside arr bv mechamcal venula-
uon or by uncontrolled mtiltrauon Many of the
conaminanes, for example nitrogen oxides and
carbon monoxide. found n the air outdoors also
have indoor sources. However. most tndoor pollu-
unts emanate from inside sources People are
sources of CO, and biomater. s well as other
conammants characterized as "body odoss™ Peo-
ples activies—smoking. cleaning, educanonal ac
uvities (such as gluing and refinushing furniture
and cooking—ulso cause polluton Building mu-
terals and fimishes can also ougas’ pollutanes

Furmishings. business machines. and appliances
parucularly unvented or poorly vented heaters
and ranges. can be conaminant sources The sonl
surrounding a building can be 4 source of radon
and insecucides that enter the indoors through
cracks. drans. or by diffusion. Heaung venula-
uon air-condinoning ¢HVAC) svstems. drains.
plumbing svstems. dnd poor construction of
maintenance pracuces can result in ‘environmen:
tal niches™ where pathogenic or allergenic orga
nisms can collect and muluply to be remntroduced
into the wr

An additional comphicating factor in the build-
up of contamimants is the non-umform mixing
often present in buildings Concentratons vaey
spatally as well us wemporally Pollutants can emu:
nate from point sources. such s an unvented
space heater. or from area sources. such s wall
panels These variatons add further non-unitor-
muy o the pollutant concentranon

Table 1 provides mformaton about known con:
tminants

Toxicological Considerations

This discussion provides the reader wathi some
background concerning the interpretiton ot n
door air contaminant levels The intormaton pre
«ented here should be considered to miually evai:
wate air momioring data 1t 1s recommended that
all monmonng data be reviewed in detul by pro-
fessionals such as oxicologists and industrial
hvglenists

Exposure Standards .
THERE ARE NO REGULATORY STANDARDS FOR
INDOOR AIR CONTAMINANT LEVELS ESTAB-
LISHED FOR CHILDREN [N sCHOOL> Humun
exposure guidelines for 4 number ot e potlu-
tants have however. been established m regu-
latons or recommended tor other exposure set
ungs by viarious governmental agencies and
protessional organizations Ditferences observed
when comparing the varnious gudehines usuath
oem trom the underhing assumptions about the
population cach gurdelme v intended to proted
For example. e contammant limus tor the work

Q - 9
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place are comparatively high since they are in-
tended to protect a relatively healthy. adult work-
force, are not intended to protect the more
sensitive individuals. and assume little or no ex-
posure to the contaminant bevond the normal 40-
hour work week.

The Occupational Safery and Health Admunistra-
tion (OSHA) regulates workplace exposure
through the use of Permuissible Exposure Limits
{PELs). The National Institute for Occupational
Safety and Health (NIOSH) performs health effects
research and studies. then makes recommenda-
uons to OSHA for new legislauon based on their
work. The OSHA PELs and NIOSH recommenda-
tions are contained in DHHS (NIOSH) Publication
No. 85-114. Pocket Guide to Chemical Hazards.
available from the Superintendent of Documents,
U S Government Printing Office, Washington.
D.C. 20402.

The American Conference of Governmental In-
dustrial Hvgiensts (ACGIH) annually publishes a
list of Threshold Limit Values (TLVs) to be used as
guidelines for the control of potenual health haz-
ards in the workplace The OSHA PELs are based
on the 1968 list of TLVs. TIV booklets are available
from the ACGIH. 6500 Glenway Ave.. Bldg. D-~.
Cincinnau. OH 45211-+438.

The American Industrial Hygiene Association
(AIHA) has developed Workplace Environmental
Exposure Limit (WEEL) Guides for a number of
chemical substances for which there are no legai
or authoritative limits in existence. The WEEL
Guides are available from the AIHA. 475 Wolf
Ledges Parkway. Akron. OH +4311-108~

The National Academy of Sciences ( NAS) Com-
mittee on Toxicology develops recommended ex-
posure limits for narrowly defined occupauonal
groups (military personnel). On at least one occa-
sion they have recommended an indoor air limit
for military housing (the termiticide Chlordane).
The NAS Committee on Toxicology may be con-
tacted in Washington. D.C. at (202)33+4-2538.

The Environmental Protection Agency (EPA) has
developed National Ambient Air Quality Standards
(NAAQS) for six pollutants. These standards are
designed to protect the more suscepuble mem-
bers of the general population (asthmatics. etc.)
and. therefore. may be more applicable for eval-
uating the indoor environment where protection
of similar populations 1s desired.

Many states are in vartous stages of develop-
ment for ‘air toxics’ regulations or guidelines.
Most of these states are applying safety factors tc
workplace exposure limits to develop ambent
toutdoor) exposure limits.

10

The safety factors that the states are using are
applied gene 1cally. That is. the same safety factor
is applied to a large group of chemicals. generally
with little or no regard 1o toxicity or mode of ac-
tion within the human body. The rauonale 1s that
a conservative safety factor is chosen so that «f the
chemical exists in the air below the ambient limut
{workplace standard,safety factor) it can be as-
sumed to exert no toxic effect. If the air con-
centration is above the ambient himit. however. 1t
is not assumed to be a hazard per se but a condt-
tion that warrants further invesugauon. Use of
these “air toxics™ limits in this manner 1s termed
a “screening” approach. Marvland is currentlv
using this approach informally and has proposed
regulations which would incorporate this concept

The Hazardous Pollutant Evaluatuon Secton of
the Swate of Marvlands Auir Management Adminis-
tration (225-5270) may be consulted concerning
the use and derwvation of these ‘screening levels
as well as the status of the proposed regulations.
The Division of Stauonary Source Enforcement
{225-5250) mav be consulted concerning the EPA
NAAQS.

Tha American Society of Heaung, Refrigerating
and Arr Conditioning Engineers (ASHRAE ) has
recommended indoor air limits for five coatami-
nants (ASHRAE Standard 62-19811. Tht  «.adard
is currently being revised. Information regarding
ASHRAE Standards is available form ASHRAE.
1791 Tullie Circle. N.E.. Atlanta. GA 30329.

The Population at Risk

The populaton characteristics that must be
taken into considerauon when evaluating the po-
tenual health effects related to indoor air qualinv
are age. sex, occupation. and health <tatus The
age of the school system population generally will
range from approximately five to over 60 vears of
age. with special education services mandated
from birth to age 21 Factors related to the
younger age groups (elementary school age) in-
clude a higher respirauon rate per unit body
weight and less ability to comprehend and com-
municate adverse health responses «this later
concern may be applicable to 4 wider age range
for spectal education students). The significance
of the higher respiration rate per unit bodv
weight has 10 do with the amount of toxic mate-
rial per pound of body weight that will produce
an adverse health effect. Therefore. «f a child
breathes 1n more material per unit of weight. ihe
child will theoreucally experience adverse effects
before an adult.

The health status of the school populauon s
important since many indoor atr pollutants mav
aggravate preexisting disease. For example. indi-
viduals with lung disease (e.g.. asthma. bronchits.

3
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emphyvsema) will have their symptoms aggravated
by respiratory 1rrtants.

Nature of the Exposure

Exposures to mdoor aie pollutants and therr
ensuing health effects are generally clasaitied us
Jcute or chronic Acute exposure t a4 chemical s
usually measured 1 minutes o 1IN some cases
~econds. and acute health eftects are those man-
tfested almost immediately (e.g. recnation of mu-
cous membranes. cough). Chronic exposure 10 1
chemical refers t a repeated exposure over 4
long durauon: usually measured 1n days. months.
or vears Chronic health effects are those that de-
velop and perstst over ume te.g.. cancers, liver
and kidnev effects) Since chronic effects develop
over ume. thetr Jppearance masy or may not coin-
cide with exposure to the causauve agent(s).

Although some elevated chemical exposures
can occur indoors due to spills and the misuse of
chemucals. exposures 1n the indoor environment
are generallv characterized by the comparauvely
low concentratons of large numbers of pollutants
and the subtle heaith effects that result Tpical
concentrauons found for individual pollutants n
the indoor environment are 2-3 orders of magni-
tude. re.. 100-1000 umes. below those found n
the industrial workplace

The adverse health responses to pollutants 1n
the indoor environment are often subtle head-
ache. malase. et ). 1e.. the reactions are not al-
wavs immedrately obvious as being related to an
air contamination problem. Conversely. industrral
workplace exposures are more commonly related
to clear toxic reactons te g. choking. severe et
Q@uon. tremores).

Modification of Workplace Exposure Limits
in the mndustrial workplace. exposure 15 mont-
tored and single or small numbers of contami-
nants are denatied Protection for workers may
be pronided. where necessarv. and alertness to
the hazard s common [n schools. many different
substances are found. varving gready in ume and
space and m the occupants’ reactions 0 them

It worhplace stundards are to be used as an ud
in assessing the ndoor enviconment. the stan-
dards must be moditied to account for the more
susceptible members of the school population
and for exposure o muluple pollutants Work-
place standacds are frequentdy divided by a sufen
tactor of 10t account tor more susceptible indi-
viduals  There s no consensus on how to handle
muluple exposures Some have recommended 4
simple addiive approdach, but the true nteracton
betweer ollutanes mav range from protection
tone poluant protects agamst the effects ot an-
other 1 to ssnergism the combined ettect s more

O

than addituve) The saferv factor of 100 has been
used by others 10 account for alt the special con-
sideranons mentioned above including suscepti-
ble indwiduals.

Note to Investigators and Designers

[t 15 hoped that this information will equip the
reader with some nsight into the complexin of
evaluaung indoor air exposures and health etfect.

The facilinv planner should appreciate that he
or she 15 designing a facilinv to be used bv 4 pop-
ulavion that includes a large number of indr-
viduals who. because of age or health <tatus. are
at increased risk of experiencing adverse health
etfects due to exposure to mdoor aie pollutants
Therefore. everv etfort should be made to anuct-
pate posstble sources of indoor aie polluton and
to take appropriate action. Likewtse the invesuga-
tor should understand the peculianiuies of the
school populaton and the complexiues of at-
tempting to link health etfects to indoor air pollu-
tant exposure While air monuoring data should
be reviewed bv appropriate health protessionals.
the invesugator can use the informaton mn this
section to help guide the invesugation.

Control Methods

Control methods are important means of mit-
gaung indoor contaminant problems. There are
six basic methods for lowering concentrations of
indoor contaminants.

1 Ventilation 1s 2 commonly used method for
controlling indoor contaminants Usually 1t 15 em-
ploved to both dilute the indoor aie with - uan-
uties of outdoor air that are presumed to be less
conaminated and to exhaust poltluted air In
buildings with mechanical venulaung ssstems.
outdoor air quantties are provided by design at
rates specified 1n the applicable building codes
In other cases. local exhaust mav be emploved to
remove contamination near its source, such s in
restrooms. studios. and laboratories

2 Filtration and purification of contami-
nants are emploved where specitic problems exist
and pracucal devices are available Paruculate fil-
tering 15 a highly advanced technology, but 1n-
creased performance can involve sigmificantlv
higher costs Ordinary furnace fiiters are not ef:
fecuve 1n capturing pollen and other small parti-
cles Higher performance filters are svarlable at
higher cost.

\apor and gas removal equipment 1s also avadl-
able. but the technology for general use in ordr-
narv occupied spaces 1s expensive Activated char
coal filters are used to adsorb high molecular
weight gaseous molecules in vanang etficiencies
and hoiding capacities. asually at costs i relation

1
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to their performance. However. 1t 15 difficult to
determine when the filters are loaded. and thev
can desorb lighter molecules previously ad-
sorbed. Potassium permanganate impregnated
into porous alumina pellets and other chem-
wals) are aailabie in vrder to oxidize or other-
wise change particular gases and vapors into
other. less hazardous or odorous torms.

3 Removal or substitution of materals that
contribute to indoor atr problems should be
practiced. However, much work 1s necessary to

idenufy these materials and to provide saustactory

substitutes. Such materials include paints and
other finishes. manufactured wood products. plas-
tics. cleaning and maintenance materials Also in-
cluded are a mulutude of manufacturing pro-
cesses that may be used to lessen the outgassing
of some undesicable materials.

4+ Encapsulation with coating materials. or
othersise intertering with the materials™ ability o
off-gas pollutants. 1s another control method.

5 The Time of Use of a contaminant 15 an
important administeatve steategy: Contaminants
should be used when the least number of people
will be exposed.

6. Education of the building occupants 1s an
important activity If people are provided informa-
tion about the sources and effects of contami-
nants. they can act to miutigate their personal ex-
posure More building users will minimize therr
use of possible conaminants indoors when they
are provided an understanding of their refauon-
ship to indvor ate qualiey:




Description of Contaminants (Table 1)

Description Sources Standards & Guidelines
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Comfort & Health Effects

Measurement Methods

Control Measures
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Investigation of an

Indoor Air Quality Problem

his section s designed w help ~chool otti-

crals who respond o reports of indoor aic

qualiy problems {18 aimed at acute symp-
toms, such as headache and mucous membrane
irrianon. most commonly caused by poor indoor
air qualine Two forms are presented on the fol-
lowing pages. a short form and an extended torm
The short form will serve for invesugations with
an obvious source of the problem The extended
form should be used when the cause of the prob-
lem is not immediatelv apparent to the invesuga-
tor The purpose of these torms 1s to provide a
mechanism ftor school svstem statf to quickly in-
vestigate and solve indoor air qualin problems
with their own resources whenever possible A
prompt visit is keyv to idenufving manyv sources
and to maintaining good relations with the peo-
ple experiencing the problem

The investigauon ts symptoms-driven. vou be
gin when svmptoms are reported and stop when
svmptoms are elimmated If symptoms appear to
be sertous. life-threatening. or hkelv to cause
long-term health damage. 1t mav be necessarv to
bring 1n an outside consultant immediatels and
move verv raptdlv through the invesugaton while
taking tmmediate steps to protect faculny: seatf. and
students This mav include building evacuaton
This invesugauon process does not replace a di-
saster plan such as would be required for g
chemical ~piil near a ~chool nor address long
term hazards

The torms should be filled out at the ~ite of the
problem Prmanly two individuals are involved
the reporter” who s the person who has recog:
nized the problem and the ‘invesugator who s
assigned to evaluate the problem When the torm
15 completed. 1t should be tiled at the central of-
tice and at the school

—
) |

Once the school otficials have designed a et
egy to idenufv and or solve the problem. they
mav obtain outside assistance. if needed Con-
sultation mav be avatlable from the public as nell
as the private sector and could involve medical
dragnosis. air pollutant monttoning, and or HVAC
svstem evaluation and redesign Previous sork
should prepare school officials t clearls detine
what tasks a consultant 1s to pertorm. the wch-
niques to emplov. the anucipated product. and
how 1t will ard the solution Everv buillding v Jif-
ferent and needs for consultaton must be consid
ered on a1 case-bv-case basts Finallv. schoal ity
cuals need to be prepared to follow the
consultants recommendations

B IP
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Investigation of an Indoor Air Quality Problem

(Short Form)

Date Time Noufied: Who Reported

Position.

Building Name

Building Locatuon

Designated Invesugator Posion

On-Site Evaluanon Date: Time:

People Present

Reporter  Describe the problem including svmptoms.

Invesugator  |s there an obvious source of the problem? If so. record the source and describe vour assessment and plan ot
acuon (if a plan of acuon 1s not apparent. seek consultant services ).

Signarwres: [nvesugator Date-

Prinaipal. Date-

If there 1> no obvious cause of the problem. proceed to the following extended form.

16
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Investigation of an Indoor Air Quality Problem

(Extended Form)

Symptoms Questionnaire
Complete this questionnaire for each person atfected tuse addinicnal pages as required )

Name of person.

Specific building locatonts) involved.

Date: Time:

Person admunistering quesuonriaire
(Mav be self-administered)

Do vou have a history of allergies? If ves. describe the npe of problem. when 1t occurs. and any medication vou take

Check anv svmptoms vou have expernienced since the beginning of the school vear. Esumate and check number ot davs vou
have had this symptom

0-24 Hrs 24 Hrs-1wk

>4 Wks
D Headache —
D Drv mouth
O Dizziness or Faintness
O Weakness
] Difficuley Concentrating
O Eve Irreation
3 Hoarseness
3 Fever
T Burning of the Nose

Throat [rritaton

Nasal Congestion
T Coughing
T skin [rruauon
1 Other (describe k:

{1ac
oooooaoonooooou
(101000 0oOoooaaan

Qun0oooeoneneit ‘l;
&

COLI0C RO p st 3e e it

Have vour symptoms occurred . Conunually — Intermittently

Did vou have any of these symptoms during the last summer ot school vear? If ves. name them.

if vou checked anv svmptoms. please describe in more detal:

ERIC | 17
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Have vou sought medical atenuon for these symptoms? Describe.

During which months are vou likely o expenence symptoms? Circle all that apply).
JF M A MJJ ASO0OND

During which davs of the week are vou likels to expenence symptoms? tCircle all that apply)
M T W Th F s 5

During which part of the dav are vou likelv to experience symptoms? (Circle all that zpply)
an. p-m All-the-ume Anvume

What are the weather conditons when vou experience symptoms’
2 Rainv. stormy O Calm. mild 2 Hot. humid
O Dry O windy 3 Cold
How long have vou worked attended school in this building?
After vou began work or started school in this building. how long was 1t before symptoms started?  (Circle one)

Right awav davs weeks months vears

Svmptoms began before { was 1n this building

If vou leave the building. do vour svmptoms improve? Yes No
If ves. how rapidly: mtnutes hours overrght davs
Do vou smoke? Yes No

Are vou bothered bv cigarene smoke? Yes No

Have vou detected any odors? Describe.

What do vou think 1s the cause of vour symptoms.

Potential Sources of Indoor Air Quality Problems

The investugator may complete this section 0 the extent necessarv to denufv a likelv source of contamination.

There are manv potental sources of indoor atr polluton, many not immediately apparent This questionnaire will assist n
the recollection of events that may have contributed to exposure o specific pollutants This should be a4 “brain-storming ~es-

won” with the mnvestuigator collecung all possible information and not trying, yet. to judge its relevance to the present prob-
lem

it appropriate. sketch the affected area including equipment, actviues. lighung, intake and exhaust ducts. room dividers.
and windows Also include the adjacent rooms and spaces (e g . science classroom) Atach vour drawing.

Does this area or a nearbv area have:

O Motor vehicles O Garbage storage T Duplicaung machine
2 Arts and crafts (3 Science T Industrial arts
O Animals [0 Cigarette smoking Z Other

ERIC 18
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Has there been any:
_ I N\ew construcuon
T Pesucides used

Is there amv evidence of.
— Wter damage or stins

2} Equipment

1

1

Type, brand, model number

Material description or brand

T Painung
O Installauon of carpets

2 Mold growth

Equipment, Materials, Supplies

List equipment. materials and supplies that have been introduced ot modified. or whouse emissions are not being remaoved

Date installed

b1 List materials used tn this classtoom or work area

Date of use

p—
—
o
—

Cleaners used
Other

Dirt around air ducts

Special comments

Special comments (any
warnings on labels?)

&1 List furniture. decessories, and their protecuve coaung used Include rugs. drapes. curtuns. or other decoratne matertals

Type

1

H

[ %]

(S

Pl

Material Date introduced

Comments

14
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ﬁ

d) List any chemicals introduced such as paints. surface coatings. floot. rug or fabric cleaners. deodorants. tnsecucides. de-
tergents. etc.

Type of material
(include brand) Use Last date used How often used Comments
1

)

3

Activities
a1 List acuviues performed in this classcoom or work area:
Emissions from activity

Activity Usual schedule (heat, odors, fumes)
1

i

[$}

Episodic or Unusual Events

Building problems someumes begin after an event such as pipes breaking, roof leaks. etc. Describe any such events

Event When occurred Comments
1

)

3

Evaluation of Heating, Ventilation, and Air Conditioning (HVAC) Systems

As needed. the mvesugator ot a person knowledgeable about proper operaton and main: ‘ance of heaung. ventlation.
and arr conditioning svstems should complete this secuon of the protocol. Often the HVAC syst=n 1s the cause of an indoor
air problem. delivering air that is the improper temperature or humidity or delivering too few air changes for human com-
fort Also. improper matntenance can lead to mold growth. which may be the source of symptoms [t 1s important 1o have 2
way to denufy these problems In most cases. adjustments n the HVAC system will eliminate indoor aic svmptoms When 4

point source 15 causing the problem. several solutions exist. the source can be eliminated, local venulauon can be nstalled.
or alterations 1n the HVAC svstem mayv be necessary

20
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The following pages will allow vou to svstemaucally review the HVAC wstem and rdenurv common npes of problems
some school svstems may be able to collect additional data due o appropruate stuf and equipment.

In anv nvesugation of 4 problem with the indoor environment. 1t 18 1Mporant t understand how the HVAC svwtem in te
huilding works and to document any recent changes that mav have occurred 1n the HVAC svstem s design or operation

It will he very impoctant o the mvestigauon 1f, 1n addion to anssenng the general questons pelow the invesnigator - olas
prints or Jragrams of the HVAC sstem for the affected are. s weil 1s 4 deserption of the bullding intase and exbuuse s
tems and anv other pertinent mformaton

1 Is the bullding <erved by one HVAC svstem or 1s the building dvided 1nto sections sened by ditferent unies - Desc ribe

2 What ope of heating 1s used for the building?

13 On site botler  Yes No It ves. what npe of fuel:
Gas # Oil  Other
Approximate age of botler

by Central steam- Yes

¢ Electric. Yes

d) Other

NO —

NO

3 Is accessury heaung used 1n the affected arza? Yes
if ves. please describe

NO

+ What avpe of cooling’
— None _ Central  Area — Individuad € nut

S Temperature
What 1~ the air temperature of the roomes) involved?

Room Time Wet-Bulb Temp Dry-Bulb Temp
Ky

b
W
d

o \enulauon
Can windows be opened? Yes No
I~ there a central venulauon svstem? Yes No
Where s the fresh air intake wath respect to any building exhausts? (e g boiler tlue. kitchen exiaust)

\re the outdoor air dampers on aie handling unts fixed in the closed position or not providing outdoor air for 4ne sther
redson’ Yes No
It ves. hist each wr handling unit and the spacets) sened:
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8 Are there other areas in the building that share the same conditioned air as the area where symptoms have oc-

curred? Yes No

If ves. there mav be activities within these areas that could emit gases or aerosol of liquids or solids 1nto the air circu-
lated throughout the building. Based upon what vou know about acuvities 1n the building. please list those which shoutd

be investgated

9 Are there anv acuviues outside the building. such as garages. industrial plants. restaurants. and drv cleaners. whose emis-

stons can under certain conditidns be taken in by the building venulatuon svstem?

List them

10 Are condensate pans 1n air handling units draining? Yes No

11 Mere there anv changes made in the heaung. ventilauon. and air condittoning system around the ume of the nci-

dent? If so. describe them.

Investigator’s Assessment:

Review previous data collected Summarize the main features of this problem and what vou think are the relevant ~ources or
HVAC information This should be onlv a few paragraphs and should demonstrate the logic of vour hvpothesis as to what s

causing the problem

Do vou have an explanaton for these svmptoms? (for assistance. review Frequently Encountered Problems on Pg 18}

Yes No

it ves. what s the cause

What 18 the recommended solution and time frame?

It no. what (~ the next step (this 15 2 matter or judgment for the invesugator)?
Monntor for 1-3 weeks to determine if the problem continues

Initiate turther evaluauon

Signatures: [nvesugator

Date

Principal

Dawe
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Follow-Up: «complete 4 or B as appropriate} Follow-up should take place 1-3 months after the miual response or Jfter
the action plan 15 completed. Conunuous communicauon should be maintained with the reporterts)

A This problem has been solved:

Signatures: [nvesugator

Date: -

Principal

Date.

B This problem has not vet been solved rdescribe the ongoing problem brieflv .

Actton planned and ume frame (describe):

We have discussed the problem and recommend the above plan of acuon for s evaluauon and solution

Signatures: [nvesugator

Date

Principal.

Date:

Frequently Encountered Problems

{ \‘enulauon “Fumes”
® \ents obstructed by turrature. partiions. etc e \elding
® Local exhaust improperly used funcuoning ® Auto. bus. truck exhaust
shop areas
p areas Thermal
Arts and crafts :
N ® High or low temperature
Science labs e High or low humidirv
Home ecuonomics g
Photo lab Other
® Loose Fibrous glass insulation 1inside ductwork ¢ Formaldehvde
€ \aintenance or repair Of HVAC svstem Phwood and pressed sood produdts
Inadequate fresh air intake Carpet and glue
Improper air flows (check setungs of dampers) Draperies. turmiture. etc
Fans blowers wired incorrectly ¢ Carbon monuxide
Toxic solvents used to clean the svstem Boilers and turnaces
fnadequate aic distribution Motor vehicle exhaust
. e Paruculates
2 \olaule organic compounds ruculues
i Tobacco smoke
® Paints .
: Diesel exhaust
¢ Cleaning fluids ;
® Furniture -tripping ® Carbon dxox_lde
® Arts and crafts
¢ Heaung ol
SN ® Molds
¢ science lab In standing watet
® Auto repair tdegreasers. cleaners. gasoline) 8
1 23

L ]

"o




O

ERIC

P A v et provided by ERic

Building Maintenance
and Operations

sibility for preserving good indoor air qualiy

rests with the building operations and mamn-
tenance funcuons. School svstems mus: establish a
comprebensive facilities mantenance program

Once a building has been constructed. respon-

The office that supports this program should be
involved before a new school or one that has un-
dergone major renovauon is accepted. This il
enable its staff 1o understand the building svwtems
as designed and installed

Program Management

In order to implement & maintenance opera-
tions program, three elements that must be pro-
vided:

1 Administrative Support from the highest
level of the organizaton. including a firm
commitment from the school board and or
supervisors must be solicited:

2. Staffing bv trained. and competent person-
nel

3. Budgetary Allocations to provide the opera-
tions and maintenance staff with the re-
sources o provide the comprehenswe sen-
1ces necessary to mainiin indoor air quahin:

The following areas need to be addressed and
documented 1n a written program:
1. Inventory
A What are the major building svstems?

i  Electrical

ii. HVAC

i Humudificauon

v Incinerauon

v.  Plumbing

vi. Special Areas:
Loading Docks
Food Services
Art Areas
Theatre Crafts
Automotive Repair Shops
Industrial/Vocauonal Shops
Duplicaung and Copy Rooms
Teacher Lounges
Gvmnasiums-Pools
Laboratories
Storage Facilities

2. Systems Description

A descripuon of the svstems. their specttica-
uons, control parameters. and design should be
part of a Comprehensive Facilites Maintenance
Plan. This 1s a particularly important and otten
overlooked program element It 15 of cructal im-
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portance to both existing and new staff in the
building

3. Operational Plan

A written operanons manual should describe
how to actuallv run the building svstems The
plan should provide a detailed step by step proce-
dure covering operauon from start up to shut-
down. This document will be an essential refer-
ence for day to dav acuvines and 15 a useful
rraining document for new cutolovees.

The written operatonal plza should cover the
building swstem instrumentation that will gather
information or data on physical plant system per-
formance It should list design criteria; perform-
ance criteria: acceptable ranges for fluctuations 1n
gauges. meters. and recorders. and trouble shoot-
ing strategies Information on the frequency of
both routine and prevenuve maintenance should
be part of the document.

4. Comprehensive Preventive Maintenance
Plan
A The Concept

Prevenuve maintenance should be incorporated
nto amv ndoor ar quahin program It 1s vial to
periodically check svstems to prevent small defi-
cencies from blossoming into major costly out-
Jges For example. otling a bearing on a fan sys-
tem on 4 monthlv basis will extend the useful
lifeume of the unit and prevent the potenual loss
of make-up or exhaust air necessary for adequate
mndoaor aie quality

B Muantenance Scheduling

scheduling periodic maintenance can be an
imporiant determinant of indoor are quality Both
the frequency and uming are important For ex-
ample. bological growth of fungr and bacterial
organisms have often been solated from a unut
window venalator with condensaton pans In
some enviconmental studies, these organisms
have been shown to cause disease 1in building oc-
cupants sinee sehool systemn unit ventilators run
throughout the school vear, they sl accumulate
an mereasing bioload as the vear progresses and
il potenualiy be disseminating brologically ac:
e deronals o the butldings occupants It the
~chool sustem waits unul June o clean and disin-
fect these untts. they mas pose 4 greater risk o
huilding occupants than it they were to disinfect
these units several umes during the vear

Preventive mamtenance must be ted to the
burlldings ualizaton schedule For example. pant
ng. cotl ceaning or other projects involving the
ase ot volanle orzanie chemicals should be
scheduled o minmize the number of people po
tentllv exposed These actavines are best done
when there are tew accupants and the nalin has
the opportumin 1o e out

20

S. A Materials Management Program

[t is important to understand that the chemicals
used 1n housekeeping. maintenance. operauons,
pest control. and cafeteria services can etfect aie
quahey and. subsequently. the health of a build-
ings occupants The chemucals used in the build-
ing should be inventoried and 4 materual safeny
dara sheet obtained from the manutacturers or
distiibutors If the chemical composition s not
specifically stated. the school has an obligation to
reject the material and therebv not subject the
buildings poptdation to unkrnouwn and poten-
tally harmfid effects

The chemical compositon must be evaluated
with regard to hazardous ingredients and also
hazardous reaction potenual based upon the use
or applicauon Wherever possible. materials.
chemicals. and reagents that present the lowest
toxic potenual should be used. By this. 1t 15 meant
that 1if two floor strippers are evaluated. their <ol-
vent composttions should be compared on the
basis of acute toxicity. concentrauon to be used
the task, and vapor pressure Consideratuon must
aso be given to materials that present a risk of
€arcINOZenICIly. Mutageniciny. or OXICIY (O 4 spe-
ctfic organ 1n the body.

Less toxic materials should be subsututed for
more toxic materials. In general, water soluble
materials should be given preference to organic
solvent svstems. Materials that are higher in flash
point andsor have a lower vapor pressure e dlso
preferred For example. latex. water-based paints
are less noxious than oil-based paints 1t ol based
paints must be used. special low odor pants and
or venulation practices can be emploved. Sulfuric
Jad based drain cleaners have resulted i the
emussion of hvdrogen sultide gas in some institu-
uons. sodium hyvdroxide drain cleaners might be
preferable.

Minimize the quanuues of potentially haz-
ardous materials purchased. stored. and dis-
pensed. One way of doing the latter 15 to evaluate
the tfrequency of cerin procedures For example.
one nstitution 1ssued a contract 1o Jan ouwside
firm to pertorm pest control 1n cateteria and food
storage Jreas. The outside firm was most anxious
to appear conscienuous and competent. In their
zeal, thev undertook a spray application program
every five davs. The compound selected for use
had a4 7 5 dav haif life tie., if one pound were dis-
tributed 1n the area. ™5 davs later half 4 pound
would sull be left on the surfaces). Within a4 short
pertod of ume there were no insects o be seen.
nevertheless. the company conunued to apply the
msecucide, increasing the build-up of indoor en-
vronmental nsecucide concentrauons In addi-
uon. stored concentrated stock solutions were
tound to be leaking and emanating vapors that
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were captured and circulated by the building
HVAC svstem.

6. Roofs

Poorly drained roofs mav be a potenual source
of poor indoor ar qualiy: The architects design-
mg tacthtes snould ke special care to ensure
that roots are ~ound and well sloped Mimmailv
sloped roots invarably pool water and leak or re-
quire extensive maintenance involving adhesives
or tars These materials frequently enter the air
intakes The adhesnes commonly used are potent
central and penipheral nervous svstem toxins The
rooting tars are known to contain sensitizing
Jgents. carcinogenic and mutagenic polvnuclear
dromatic compounds

These materials mav be particularly harmful to
children with growing bodies Roofing operations.
therefore. should be undertaken when the ex-
posures to building occupants can be minimized.
The best time 1s when the school 1s unoccupied.
Wherever feasible. enclosed day tankers of tars
should be used nstead of open kettles to mini-
mize the evolution of organic vapors. The tar
tanks should be located as tar from air intakes as
possible and preferably downwind from the
building If such measures are not teasible. then
certain air mtakes should be temporarily blocked
while provisions for supptemental uncontami-
nated outside air are made using porwble fans

Pooling on roofs resulting 1n stagnant. standing
water can support the growth of algae. bactena.
and possibly viruses that can be drawn into build-
ing air svstems. Leaks 1n roofs result in water
damage or accumulation 1n ceiling ules. rugs. or
internal wall spaces. Fungi and bacteria that op-
portunustically capitalize on this moisture have
been found to be responsible for allergies and
respiratory disease. Consequently. when roofs are
sloped inadequately or roof repairs are
postponed, indoor air qualitv can easily be com-
promised. Water-damaged materials must be re-
moved and replaced in a timely fashion before
they serve as a substrate for biological growth.

In buildings that contain asbestos surface or
Jcoustical reatments, water damage represents a
particular health threat. Water can delaminate as-
bestos coatings. fireproofing, or decorative treat-
ments The weight of water-soaked asbestos mav
be sufficient to separate the coaung from the sub-
strate Upon impact at the floor. free fibers of as-
bestos can he released into the room and distrib-
uted throughout the entire building.

In butldings where ashestos materiai has been
encapsulated with a bridging agent. the weight of
wiater from a leaking roof can bring portions of
the encapsulated asbestos down The resultant

{iber release trom the interior of the encapsulated
matenial then creates a hazardous conditon

~. Condensation Pans

For vears. chloroben (dichlorobenzene ) has
heen 1n common usage as Jan dlgaecide 1in con-
densauon pans Normailv i s mixed ina b to 4
ratio with water. and a cup 15 placed nto the con-
densaton pan on 1 monthly bavs One institution
had 0 evacuate pregnant otfice ~tut with swmp-
toms of nausea. headaches and malase after 4
maintenance Jpplicaton of one gallon of pure
cloroben 1into an operaung air hundhng < stem
The organic compound volaulized and created
arrborne concentrations 10 excess of 200 parts per
mullion (ppm) Chloroben has been associated
with changes in bone rarrow and blood cells 1t
often contains 4 manufacturing contaminant. ben-
zene. that has been assocuated with leukemia This
substance 1s inuppropriate 1n school setungs This
unfortunate incident highlights the importance of
understanding that "more 15 not necessanly
better”

Condensauon pans must be periodically
<leaned and checked to ensure that thev are
draining. If an algaeaidal treatment 15 not pert-
odicallv administered. the drain hnes can become
blocked and must be reamed out Non-dramning
condensation pans can provide an deal dark
moist environment for hrological gronth within
aie distiibution systems.

8. Welding, Brazing, Cutting or Soldering

Maintenance operatons, automotive repair and
theater or craft procedures involving welding. cut-
ung. brazing, or soldering ~should be pertormed
in venulated facihines dedicated o those tasks
Often. however. these operauons cannat be done
in such a controlted setting and tield operatuons
must be undertaken. Welding, cuting. ~oldering.
and brazing evolve toxic gases and particulates
that should be vented outdoors [t this 1s not pos-
sible or impracucal. then filtrauon 15 needed. T
protect indoor air quality a portable svstem
equipped with a high efficiency particulate filter
backed with an acuvated carbon tilter should be
used. [t 1s essenual that such swstems be equipped
with a flexible capture hood to entrain environ-
mental contaminants at their source.

9. mechanical Systems

Pullevs, belts. bearings. dampers. heating and
cooling coils. and other mechanical svstems must
be checked periodically A checklist should be de-
veloped that 1s custom tailored for the parucular
building. This will assist the maintenance and op-
eranons stff when performing inspectons
Pullevs and belts should be ughtened as needed
and changed prior to tature Bearings ~hould be
lubricated or repacked to prevent maor tature o
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vital svstem components. Aic distribution dampers
and batfles should be cleaned and cleared of de-
bris penodically Falure to perform these ac-
uvittes will result 1n an increase in resistance
causing 1 decrease in aie supply

The air distiibution duct neewvork should have
Jccess ports o facilitate vacuunung deposited
Just and partculate matter [t mav be necessary at
some point in the buildings lifespan to use a di-
tute solution of bleach (sodium hvpochlorite 5%)
to decontaminate the mner surtaces of air ducts
This procedure 1~ particulacly useful if tobacco
combustion products have condensed on the inte-
rior surlaces of the duct resulung in a stale” e
condion This npe of building mamntenance task
can not be performed it the duct has an internal
fibrous nose nsulaung hining Intenior duct 1n-
sulaton should be avoided if at all possible. In
addion. arr filters must be changed periodically

Building venulauon distribution netvorks are
svstems The common practice of arburanly ad-
jusung the dampers or batfles to accommodate
complaints from one area should be avoided By
changing the air flow 1n one area, the system bal-
ance 1s shifted and disteibution throughout the
enure necwork will be etfected. If there are com-
planes. 1t s recommended that the buildings aic
handhing svstem be evaluated as a whole Annual
air balancing should be performed to confirm
that the HVAC svstem and distribution network
are adequate and meet design specificanons

In order for the buillding venulauon svstem (0
sunctuion properly, the control mechanisms must
operate correctly Gauges must be n calibrauon.
sensors must engage Jt designated ranges. and
transmisston lines must not be defectve. Pneu-
mate and hvdraulic transmussion lines should be
checked tor leaks The control mechanisms
<hould be included 1n the annual prevenuve
muintenance program. They should be checked
maore trequenty of the venulation svstem does not
perform as expected.

10. Vacuuming

Normal industrial vacuums emit pacticles and
tibers in thewr exhaust An improvement 1n per-
tormance can be obtained if thev can be tited
with 4 high etficieney pactculate airfilter (HEPA)
HEPA vacuums should be selected 1n areas that
nught have spores or microorganisms HEPA vac
uum tiltcaton ensures that potenually xic or
harmful aerosols are not dispersed while re-
sponding o 1 problem HEPA vacuums are also
recommended tor use 1n automotive Jnd 1ndus-
trial shops and 1n cratt actvines that generate
Jdusts. tumes. or partuculates Drv sweeping in
these areas should be curtailed.

bR}

11. Electrical Transformers

Electrical transformers that contan polvehlori-
nated biphenvls ¢ PCBs) must be checked monthly
and inspected for leaks. The EPA has esumated
that the risk of a4 transtormer fire is on the order
of +-3-1000 unuts over a ranstormers hteume
The operations and mauntenance program should
contain a plan to either delist these units to PCB
concentrations below S0 ppm or dispose of the
liquid and metal carcass. The EPA has enacted
regulations requiring network transtormers o be
decontaminated or scrapped by 1990 The EPA
regulatons require establishing an msututon m-
ventory of transtormers and capacutors that con-
tain more than 30 ppm of polvchlornnated bi-
phenvls The transtormers. capacutors. and
transformer vaults must be labeled as <pecihicatl
dicected 1n the EPA regulauons Local fire depart.
ments must be supplied with a list of the locatuon
and descripuion of the electrical components con-
taining PCBs A log book of monthly inspecuons
of transformer vaults must be maintained as well
as manifests documenung approved disposal

Operatons and maintenance procedures need
to be drafted to maintain these units unul the
threat of 4 tire or PCB uncontroiled release can
be ehiminated Venulauon o the transtormer
vaults mav need to be modified to prevent wxic
combusuon products from being transported (o
the marn areas of the building Floor dramns
should be sealed 1n the vault areas and the areas
posted 1n compliance with federal regulanons
The operauons and mainenance staf needs
have 4 working and written contingency plan tor
hundling tires and spills ot polvehloninated bi-
phensls

The EPA regulauons do not specifically require
that PCB tluorescent light ballasts be handled as
hazardous materials. Ballasts manufactured
through 1978 may contaun a small PCB capacitor
Ballast tlure can volatlize both PCBs and the as-
phalt tir used t encapsulate the ballasts Measur:
able quanuues of PCBs have been documented by
the EPA as long as a4 vear post fallure Asphalt tars
have been assocuated with svmptoms of upper
respicaton treitaton e 1s recommended that
these npe of ballasts be phased out as repairs
and moditicatons are made 1n the buildings hight
ing ssstem Small quanuues of ballasts can be dis-
posed of us ordinary sold waste.

12. Drains

Dramns i laboratories must be kept clear and
in working order. Sediment 1n drain traps <an
provide an area where conditions support the
growth and accumulation of biological organisms
In laboratory areas, broken mercury ther-
mometers have often led o the pooling of metal-
lic mercury in the sink traps. This phenomeno,
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can chronically introduce mercury vapors into the
indoor air. Acute exposures to plumbers and
maintenance personnel must also be considered.
Substitution of non mercury thermometers and
gauges in laboratories 15 an easy prevenuve solu-
ton to this problem.

The anusiphon traps 1n sinks must contain
water t prevent noxtous odors from the sanitary
sewer lines from migraung back nto the indoor
air spuaces Sinks and drains that are used infre-
quently can dev out allowing a path tor gases to
enter Cupsinks 1n laboratory fume hoods and on
benches frequently dev out and have often been
found o be the sources of odors This problem
<an be resolved and prevented by periodically
running water 1n these drains. plugging unused
drains with a rubber stopper. or using a non-toxic
liquid with a low vapor pressure such as ethvlene
glveol to till the anusvphon drain

13. Building Use Changes

special care must be exercised when building
space utthzatton 1s changed. Renovation. redesign.
or changes 1n butlding use can create situatons
that may lead to compromises 1n indoor aie qual-
v For example. if a mimeograph or copy ma-
chine is brought into a small closet or other un-
venulated space chemical emissions such as
mineral spirits or vzone may suddenly become
problems [mpacts on heat load and nowe levels
must also be anucipated 1t new equipment 15
added to an already existing area.

A common renovation problem acses when ad-
dinonal personnel need to be accommodated 1n 4
space Otfice or instructional areas are often parti-
uoned and additional furniture and equipment 1n-
stalled. Antcipate the need to modifving the air
distribution 1n these sitwations Conversels. when
parutions are removed creating new spaces. the
venuiation distribution and balance must be re-
vised. Care must be taken to ensure that. 1n the fi-
nal design. air supplies are not located too near
the exhausts so that short circutting does not oc-
cur.

14. Pipe Leaks

Pipe leaks can occur through corrosion. me-
chanical failure. or because of the expansion of
water due to treezing temperatures In any case of
leakage. repair or replacement of the damaged
pipe secton must be performed immediatelv It 1s
important that anv and ail leaked water be quickly
removed and disposed of by pouring into a sani-
tary or storm drain. [t s prudent to have available
wet vacuums, submersible pumps. and squeeze
brooms and mops to handle water emergencies,
Water damaged ceiling ules. rugs. insulauon, or
laggings must also be drnied or removed and re-
placed 1n a umely fashion to prevent mold from

o
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growing. Following storms. 1t 1s good practice to
inspect the building for discolored reiling ules or
leaks as signs of water problems Freezing can be
prevented by ensuring that pipes that are poten-
uallv subjected to subfreezing temperatures are
insulated or that the immediate spaces are con-
nected 1o the heated interior of the building.

15. Filters

Mechanical equipment for venulauon. heating.
and air conditoning contain tilter media or
screens to collect particulate matter from con-
tamnating the coils. fans and interior housings
and duct work. Oniginally. the primacy considera-
uon was to protect the svstem from contamina-
uon and loss 1 efficiency resultng 1n equipment
shutdown and extensive cleaning. Recognition 1s
now given to the role filiers can play in improv-
ing indoor air qualiry.

Filters are primarily classitied 1nto three «3)
npes. mechanical filtrauon. adsorpuion. and elec-
trostatic. Corresponding examples f each are as
follows. fiberglass filters seen 1n our home fur-
naces. self-contained filter fans seen in motel
bathrooms that contain a charcoal filter. and large
untts usually placed on incinerators to remove
charged particulate macter.

School svstems are primarily concerned with
mechanical filtrauon filters Commonly used are
the replaceable fiberglass tilter media. the me-
chanical screen media that requires cleaning and
recoaung. and bag npe filters on large air han-
dling equipment This fiter equipment performs
the funcuon of coil protecton. reduction of par-
uculate macter to the air supplied to the occupied
spaces. and reducing dirt contaminaton to ducts
and accessory components. Filters are rated by ef-
fictency. air flow resistance. and contaminant
holding capacitv. The method of entrapment 1s bv
impingement that locks the paruculates within the
filter. Filters have a life expectancy rated 1n hours
when placed 1n use for a given air flow with ex-
pected conramunants. This life expectancy can be
reduced by contaminants reaching the tilter from
events like severe drv spells blowing excessive
dirt or intertor dust producing activiues.

Filters 1n air handling heaung units should be
changed based upon the pressure drop in the
svstem and according to the manufacturers rec-
ommendations. In manv cases. filters are not
being changed this frequently Consider what this
means o the operauon of the equipment and the
occupants ot the space:

| Equipment ctficiency 1s reduced and more
energy 1s required to run the fan for pulling the
ate through the uleer.
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2. Some contaminants pass through an over-
loaded filter clogging the coils and entering the
occupied spaces.

3 Over an extended period of time the dirt
collecon on the coils will diminish the thermal
transfer etficiency of the unit resulung in higher
energy consumption.

+ Contaminants on the coils can become a
breeding ground for bacterial and fungus growth.

The above comments on air handling heating
units are applicable to all types of equipment
contaming ventilation. heating, and/or air condi-
uoning coil systems. One must consider the ex-
pense of extensive cleaning to return this equip-
ment to proper operation as compared to the
cost of replacing filters on a scheduled basis. All
filters are not equal. In procuring replacement fil-
ter media, 1t is important to specify the proper fil-
ter media for the equipment that it will be in-
stalled on. Remember the characteristics of air
filters: efficiency. air flow resistance, and contami-
nant holding capacity Consider these charac-
teristics in developing vour specifications for filter
media replacement and the development of your
schedule for replacing filters in your equipment.
The results of these considerauons are a healthier
environment. energy savings. and reduced costs
for unscheduled cleaning of coil and duct systems
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Building Planning and
Design

Codes and Standards

The following codes and standards are userul
references to those involved 1n the planning and
design of educauonal facilities Some mav: in fact.
be mandated directly by State or local law or by
reference in adopted codes Manv wrnisdictions
adopt a code in an amended form o meet spe-
cific objectives

Thermal Environmerntal Conditions for Human
Occupancy—ASHRAE Standard 53-1981 The
standard specifies temperature and humidiev con-
ditions desirable for the comfort of healthv peo-
ple

Ventilation for Acceptable indoor Ar Qualiy—
ASHRAE Standard 62-1981 Now in the revision
process. an earlier edition of this standard.
62-1973, has been used extensiely as the basis
for ventilation air requirements 1n model codes

HVAC Duct System Design—>SMACNA 1985 This
manual prescribes techniques for design of air
distribution svstems.

Energy Conservation in New Budding Design—
ASHRAE Standard 90A- 1980 This standard. aow
undergoing revision. provides design guidance
for energy efficient building design [t 1s the basts
for the Basic Energyv Conservauon Code

Energy Conservation in Existng Bruldings—In-
stitutional ASHRAE Standard 100 5-1981 This
standard provides guidelines for reducing energy
use in existing insutuuonal builldings including
schools.

Afr Conditioning and Ventlaung systems—NFPA
Standard 90A This standard 1s the primary reter:
ence for design of air distribution svstems for ef-
fective fire safece The basis for most building
codes.

Basic:National Building Code BOCA— 1984 This
model building code has heen adopred by the
State of Marvland and most counues within the
state. It 1s amended by some jurisdictions to meet
specific objectives.

Basic Mechanical Code—BOCA- 1984 Thus
model code specifically addresses mechanical svs-
tems It has been adopted by many jurisdictions
in Marvland.

Basic Energy Conservation Code— 1984 This
code 1s stmilar to ASHRAE Standard 90A in code
format and has been adopted by many state juris
dictions.
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Siting

Environmentally poor building sites can con-
unually present negative influences on the 1indoor
atr qualitv of a4 ~chool. Effects of various site fac-
tors are discribed below

Roadways

schools located near streets and highways may
have elevated levels of lead and carbon monoxide
in the 1indoor air. Road surfaces can also produce
diet and dust within a school building Facters
that influence the potential impact of roadways
are the proximity of the roadwav. prevailling mete-
orological conditions. and paterns of road usage.

Vegetation

Shrubbery and trees must be used carefully
since thev can offer both advantages and disad-
vantages to the building environment ‘vegetation
can reduce wind-induced air infiltrauon and cap-
ure particulates carried by outdoor air. Hedges
on the edge of school site can capture some road
contaminants On the other hand. vegetation can
be 1 significant source of allergens If planted low
and close w a building, vegetauon can €ncourage
mold growth and distribute pollen directly 1nto
air 1ntakes or other building openings.

Soil

Radon anises from the radioacuve decay of cer-
wn elements 1n the soil. Radon levels in the 1n-
door air depend upon the concentration of radon
sources 1n the soil. the potenual for migraton
into the building. and the air exchange rate of the
<tructure Below grade building levels are more
susceptible to radon contaminaton. Unvented
craw! spaces are also potenual problems. There 15
1 test o examine sotl for radon. however. there 1s
no Jagreement on how to interpret these tests and
apply the findings to school building siting or de-
Sgn.

School planners also have to consider prior
usage of 2 site or adjacent sites before purchasing
property for school use. Of particular concern are
the prior use of chemicals as well as previous
landfill and hazard waste disposal sues.

Ventilation

Introduction

If the source of an ndoor pollutant cannot be
svarded or reduced. venulation becomes the pri-
marv means of control of air contaminants within
accupted spaces Properly filtered outside atr 15
normally sutficiently tree of building or occupant
generated contaminants such as carbon dioxide.
hacteria. and tobacco smoke) t offer the means
for diluting those contaminants In the absence of
rong sources, contaminant levels can be held to
aceeptable levels by atr supplied at the approprt-
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ate rate and well distributed. Recirculated aic.
when filtered or otherwise purified to remove
contaminants. 15 also used for effectve dilution
and control. Removal of contaminants at the gen-
eration source through exhaust ventilauon. eg.
hood exhaust in a science classcoom. 15 another
effecuve way to control indoor ar qualuy.

Outdoor Air

The outdoor air emploved for ventilation
should not have contaminants exceeding con-
centration limits stated in the Nauonal Ambient
Asr Quality Standards (NAAQS) as established bv
the U'S Environmental Protection Agency and en-
forced by the Marvland Department of the En-
vironment.

If outdoor air gaseous and paruiculate contami:
nant concentrations are known to exceed the
maximum levels established by the EPA NAAQS.
the air should be treated by filtration and sorp-
tion or other proven gas removal methods to re-
duce contaminants to acceptable levels.

Air inlets and exhaust air outlets at the building
exterior should be located to avoud contamination
of the ventilation air supply Contaminants from
sources such as cooling towers. sanitary vents. ve-
hicular exhaust from parking garages. loading
docks. and street traffic should be avoided. Whers
sotls contain high concentrauons of radon. ven-
ulation practices that place craw! spaces. base-
ments. or underground ductwork under negative
pressure could increase radon concentrations 10
buildings and should be avoided.

Basis of Control of Indoor Contaminants

Providing appropriately treated outdoor air at 2
sufficient rate to dilute contaminants that are gen-
erated 1nternally by building occupants. pro-
cesses. or building materrals 1s 2 means of achier-
ing acceptable indoor air quality. Indoor aie
quality 1s usually considered acceptable if outdecor
are of accepuble quality 15 supplied to the oc-
cupied space at the rates prescribed in Table 2.
Generally, the contaminants generated within a
space are assumed to be related to the occupants
and their acuvities.

The provision of acceptable outdoor air at the
rates indicated 1n Table 2 1s intended to achieve
an accepwble level of indoor air quality by con-
trolling CO, to a concentration of 1.000 ppm or
less. CO,. not uself considered a harmful con-
taminant at this concentrauon. is used 4s a surro-
gate measure for other contaminants common ©
those occupted spaces. including some particu-
tates and odors The outdoor 2ir bewng supphed
should be appropriately treated and cleaned w
reduce dusts. pollens. smoke, and other parucu:
late or gaseous contaminants o an Jeceptable
level
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Table 2
Outdoor Air Requirements For Ventilation*

Estimated Max. Outdoor Air
Applications Occupancy CFM/ CFM/  Notes
’ People/1,000 Ft.2 Person Ft.2
{
Classrooms S0 15 .
Laboratories 30 20 - Note 1
Training Shops 30 20 . Naote 1
Music Rooms 50 15
; Libraries 20 15
Corndors - - 01
Auditoriums 150 15
smoking Lounges -0 60
Office Space - 20 .
f Conference Rooms 50 20 . Note 2
{ Recepuon Areas 60 15 .
§ Locker Rooms - 03
i Gvmnasiums
: (Plaving Floors) 30 20 :
] Swimming Pools 30 20 Note 3
: Spectator Areas 150 15
. Public Restrooms - 50 . Note +
Il Darkrooms - - 05
i Kitchens 20 15 Note 3
‘l Cafeteria 100 15
[}
l Note 1 Special contaminant control svstems may be required for processes or functions
' Note 2 Supplementary tobacco smoke removal equipment may be required.
\ Note 3 Higher values may be required for humidity control.
; Note + Vialue given 1s cfm per water closet or urinal.
1 Note 5 Make-up air for hood exhaust may require more venulaton air The sum ot out

the dJraft

e e — e s & -

door air and transfer 2ir of acceptable qualiy from adjacent spaces shoutd pro-
vide an exhaust rate of not less than 1.5 ¢fm per ft?

° Tuble 2 and other material contained in these guidelines have been extracted from proposed ANSE ASHRAE
Standard 62-1981R published 1n drast form for public review dated Julv 15 1986 [t must be recornized that
certn data and matenal ulumately published in the completed standard mav differ trom that contaned in

Exhaust air from one space sometimes can be
used as supply air to another space where differ-
ent contaminants are generated (corridors and of:
tice spaces exhausted through toilet rooms or ad-
jacent areas exhausted through kitchens): this
exhaust atr should then be considered equivalent
1o acceptable outdoor air.

A space may require ventilation to remove con-
tamination generated within the space. but unre-
lated to human occupancy (e g.. outgassing from
buil ng materials or furmishings). For these
cases. Table 2 lists quanuues of cfrvft* or an
equivalent term. If human carcinogens or other
harmful contaminants are suspected to be present
in the occupied space. other relevant standards or
guidelines requiring higher venulation rates te g

OSHA. EPA) must take precedence over these
guidelines However. in general. every etfort
should be made 1o eliminate highly toxic mate-
rials from the school If suitable substitutes can
not be found. well-engineered local exhaust svs-
tems should be emploved if appropriate.

Where several rooms are supplied from a sin-
gle ventilation svstem. those rooms with high ven-
tilauon rate requirements, such Jas conterence
rooms. mav not recewe an adequate amount of
outside air. This sttuation often results when the
amount of outside atr 15 determined bv summing
the requirements of the areas served by the s
tem For example 4 conference room mav reguire
supplemental or independent venulation to en
sure that the amount of outside air per person 1~
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sufficient to achieve the indoor quality.

The estimsted maximum occupancy density fig-
ures given in ‘icble 2 are a guideline that may be
helpful where rnore precise information is not
available. In some cases it may be difficult to de-
rive an estimated maximum occupancy density
figure because the number of persons cannot be
estimated accurately or varies considerably.

Where peak occupancies are less than three
hours. the outdoor air flow rate (1.e., cfmvperson
or cfrmyft?) may be based on the average occu-
pancv level for the area during the period the sys-
tem is operating, provided the average occupancy
level is not less than half the maximum occu-
pancy figure for that particular area. Automatic
dampers or fan operations can control the quan-
tity of outdoor air to sufficiently dilute airborne
contaminants to an acceptable level. The system
can be operated so the dilution is achieved be-
fore people arrive (lead occupancy) or after they
arrive (lag occupancy).

If the source of contaminants are related to oc-
cupants, such as a build up of carbon dioxide, the
system will have to supply an outdoor air supply
at a rate high enough to overtake the rate at
which contaminants are generated. During this in-
terim period, people should not experience dis-
comfort from the build up of contaminants. When
contaminants are generated inside the building
independently of the occupancy, the system
should be operated so sufficient outside air di-
lutes the contaminants before the people arrive

Where contamnants are occupant related, in-
struments may be used to sense the level of CO,
in the building and automatically regulate the
amount of outside arr brought into the ventilation
svstem. Thus the system only draws enough out-
side air necessary to maintain the contaminant
level below a set level for any given time. This
provision has the potential for significant energy
<avings

when spaces are unoccupied for long periods
of ume. venulation is not generally required un-
less necessary to avoid the accumulation of con-
taminants harmful or obnoxious to incoming oc-
cupants, the building or its contents. Ventilation
should be introduced before people arrive when
necessary to control building generated contami-
nants

Natural Ventilation

Natural venulaton s defined as the movement
ot air 1nto and out of a space through inten-
uonally provided openings such as windows and
doors, through non-powered ventlators, or by 1n-
filtration

28

Natural venulation in Marvland schools is nor-
mally a supplementary rather than the primary
means of ventilation. The ability to provide ven-
tilation through operable windows is desirabie
for emergency use: for example. as hear relief in
the absence of air conditioning or for purging
smoke from a fire. If emploved, natral ventila-
tion should not prevent reasonable control of the
thermal environment or otherwise impair the in-
tended use of the space.

Space Distribution
ventilation atr should be distributed uniformly
within the occupied zone of a building space.

The amounts of outdoor air listed in Table 2 as-
sume good mixing with recirculated air in the
supply air ventilation system, and uniform distri-
bution within the occupied zone. Ventilation et-
fectiveness can be stated as the ratio of the
amount of outdoor air reaching the occupants
compared to the total amount of outdoor air sup-
plied to the space. Ideally, the ventilation effec-
tiveness of a space should approach unity {1.0)

If the air distribution allows the ventilation air
to bypass the occupant as 1t moves from supply
outlet 1o point of exhaust, the venulation effecuve-
ness will be less than 1.0.

Ventilation effectiveness of the air distribution
within an area determines the capability of the
supply air to limit the concentration of contami-
nants. The value can be less than 1.0 for both
constant and variable a' - volume (VAV) systems
However, effecuveness may decrease for VAV sys-
tems as air flow is reduced. Supply air flow re-
duction occurs in VAV svstems in response to a re-
duced thermal load (not necessarily cowncident
with reduced contaminant generation )therefore,
the capability to control contaminant levels .nav
be lowered.

A space with good air distribution and with
supply and return locauons that will minimize
chances of short circuiting supply air to the re-
turn outlets can be expected to have a venulatuon
effecuveness near 1.0. Inferior space air distribu-
uon and VAV systems operating at reduced flow
can result in ventilation effectiveness of S0 per-
cent or less.

When ventilation is less than 100 percent effec-
uve, outdoor air flow should be increased in an
nverse proportion to compensate.

Variable Air Volume Systems

Variable air volume systems are commonly de-
signed to (1) mainuin a constant outdoor air sup-
plv to the air conditioning system (not to each
space served by the system) or (2) vary the out-
door air supply 1n proporuon to total supply air.
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VAV systems should provide a mmnimum total
air flow to an individual space at least equal to
the outdoor air rate stated in Table 2 for the max-
imum occupancy anticipated.

Svstem control should also assure that the sys-
tem outdoor A quantry not be reduced below
that necessary to avoid excessive contaminant lev-
els as the total svstem air flow responds to space
temperature control demand.

System Distribution

Microbial contamination can originate from
water reservoirs in the air condiuoning distribu-
tion system and cooling towers. Condensate pans
1n air supply units should be designed for self-
drainage to preclude the build-up of such con-
tamination. Provision should be made to permit
access and periodic cleaning of cooling coils and
condensate pans in central air handling and room
units. Where humidification is necessary. steam is
the preferred mousture source. but contamination
from boiler water or steam supply additives
should be avoided. Recirculating water spravs and
associated reservoirs require frequent mainte-
nance and blowdown. and their applicauon in ed-
ucational facilities should be limited to special sut-
uations. Mineral contamination can also occur
due to evaporauon of aersoling humidifiers and
sprays; a demineralized make-up water source
may be required. If the relative humidity 1n oc-
cupted spaces and low velocity ducts and plen-
ums exceeds ~0 percent. fungal growth and con-
tamination can dramaticallv increase. Entrainment
of moisture drift from cooling towers 1nto the
make-up air and building vents should be
avoided. Warer in cooling tower systems should
be treated with bacteriocide. Performance of the
treatment should be monitored.

\enulaung ducts and plenums should be con-
structed and maintained to minimize accumula-
uon of dirt and moisture thereby inhibiting
growth and dispersion of microorganisms
through the HVAC system. They should be fabri-
cated to minimize bends and internal lips or pro-
jections at the joints. Such structures cause tur-
bulent loses in the svstem and become sites of
dirt accumulation. Likewise insulatung the duct
helps avoid cold surfaces that lead to moisture
deposits. Internal linings should be avoided or
their use minimized. Access to the interior of
ductwork should be provided at key locatuons for
inspections and cleaning.

Particulate and gaseous contaminants from local
sources within a space should be captured. col-
lected. and removed as close to the source as
pracucal; for example. bench and hood exhaust 1n
chemustryv laboratories. photography darkrooms.
art studios. and vocational shops

An adequate make-up air source. such as an in-
let from adjacent space or outdoors. shouid be
provided for local exhaust, clothes drvers. and
combustion equipment. Contaminated air should
not be recirculated. discharged into awucs. crawl
spaces. or near outdoor air intakes.

Recirculation, Filtration and Purification

Airborne particle contaminants vary in s1ze Mi-
croorganisms. dusts. fumes, smoke. and other par-
ticulate mater may be caprured by air filters.
Many bacteria (99 percent exceed 1 micrometer
1n size) are arached to larger parucles ~uch as
human skin flakes. Viruses generally occur in
clusters or on other particles. Tobacco smoke
consists of particulates i1n the respirable range
and gases. Indoor air quality 1s greatly improved
when particulates are removed from both out-
door and recirculated ait Thus the venulatnon sivs-
tem should alwavs emplovee tilters or some other
effecuve air cleaning device.

Removal of partuiculate contaminants from both
outdoor and recirculated air contributes signui-
cantly to indoor air quality by reducing the con-
centration of such impurities swithin the occupied
space. Therefore. the recirculauon of air emplov-
ing filters or other effectuve air cleaning tech-
niques to materially reduce the concentration of
particulates generated within the building will im-
prove the indoor air quality.

Filters used should have been rated for etfi-
clency, Le. tested in accordance with ASHRAE
Standard 52-76 Higher efficiency filters tabove 30
percent) can be effecuve at reducing levels uf re-
spirable particles. Filters can also be specified
based upon their removal efficiency tor particles
of a spectfic partcle size.

Filter efficiencies in the order of 30 o S0 per-
cent can frequently be jusutied. though shghtlv
higher in cost than those of lower performance.
because of the improvement obtainable with 1n-
door air quality.

Dust collectors may be wet. dnv. or electrostatc
as required by parucle size and loading

Control of gaseous contaminants. where neces-
sary because of poor outdoor air quality or inter-
nal generation, usually requires methods based
on sorption with or without oxidaton. Such
methods are generally expensive but may be tai-
lored to deal with a specific contaminant. Com-
monly used sorbents are actvated charcoal and
potassiurn permanganate. The maintenance proce-
dures anendant with such purtficatuon techniques
are complex and require special attention In ad-
dition. sorption methods do not work well when
they are applied to large areas or used to control
high levels of contaminants
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Building Materials

Some building materials may produce varyving
amounts of air contaminants. The decisions that
facilitv planners and architects make concerning
building materials can increase or decrease the
number of air contaminant sources This section
discusses many common building materials and
thetr relauonship to ndoor air quality:

Pressed Wood Products

School construction frequently uses pressed
wood products in a variety of appiications Part-
cle and chip-boards are composed of processed
wood often bound together bv amber colored
glue composed of urea-formaldehyde. The mate-
rials are pressed together to form a hard. smooth
board that can be used to form cabinets. wall
sheathing. and furniture. Plywood and wall panel-
ing are built up in lavers of thin wood shaved
from logs and bound intermintently with the same
npe of glue used in partcle board.

Since pressed wood products are 1n many Cases
much cheaper or more desirable than their alter-
natives, they have become very popular, especially
true n prefabricated or otherwise mass produced
products such as cabinetry

Newly manufactured urea-formaldehrcz prod-
ucts are believed to release much more formalde-
hyde than do products which have been allowed
to age. The half-life for these materials is from
two to five vears and aging may eventually render
most formaldehyde-emitting materials harmless
Higher temperatures and higher humidity are
known to increase overall emission rates from
these materials. Most formaldehyde-related com-
plaints have been associated with newly built and/
or renovated structures. In view of the significant
increases n release rates for formaldehvde-con-
rining materials when they are exposed to heat
and humidity. these materials should not be
placed in areas where heat and humidity are ex-
pected.

Federal regulauon (CFR 24 Part 3280) ad-
dresses tormaldehyde emission from pressed
wood products used in manufactured homes. Any
buver can obtain plywood and particleboard that
would comply with this standard if specified in
the construction documents The National Par-
ticleboard Associaton and the Hardwood
Plywood Manufactures Association have a volun-
wary standard for formaldehvde emission (NPA
8-86 and HPMA FE-86) which equate to the fed-
eral standard.

Concrete, Brick, and Rock

The main pollutant of concern from the pres-
ence of concrete, brick or rock products 1s radon
gas. However. truly hazardous radon emanaton
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rates are rare. Studies and survevs of concrete
used in various parts of the United States have
shown that emanation rates from random con-
cree samples have only small magnitudes. Rates
for brick and block are. npically. even lower.

Gypsum Board

Gypsum is a major component of wall-board
(sheet rock). Athough 1t has been theorized that
gvpsum made with phosphorus-containing mate-
rial would produce significant amounts of radon.
survevs have indicated that no significant increase
in indoor levels of radon have been auributed to
this source.

Roofing Materials

Asbestos-conuining roofing felts have been
used in construction since the early 1900s and
conunue to be used today. Tipically. roofing felts
are used as an underlayment for shingles to en-
sure waterproofness of the roof Roofing felts are
commonly 10-15 percent asbestos and may be-
come friable as they age and deteriorate.

Building, Pipe, and Duct Insulation
The primary insulation materials to have an ad-
verse impact on indoor air quality are:

® Urea-formaldehvde foam insulation (UFFI)
and

® Sprayed. troweled. or pre-formed asbestos-
containing acoustical. fireproof, and therral
insulation.

In the past. UFFI was used as an insulauon ma-
terial because of its many desirable properues.
UFFI could be ijected as a hquid into exisung
walls and then foamed to drasucally increase its
volume. enabling it to completely fill any voids 1n
wall spaces. The precise formulations used in
these applications were usually proprietary. but.
essenually. UFFI consisted of the same glue used
in various pressed wood products, a strong acid
used to cure the glue, and a foaming chemacal
called a surfactant. These agents were mixed at
the injecuon point and immediately introduced
into the wall to be insulated.

Environmental factors and improper formula-
uon can lead to significant emissions of formalde-
hyde from ttus type of foam insulation. High hu-
mudity increases the decomposition rate of the
polymer. leading to formaldehyde release. Excess
resin in the mixture will also evaporate over a pe-
riod of ume. since it 1s not chemically bound. In
addition, temperatures above that of a normal
room will significantly aggravate both of these
condions LUFFI has now been banned 1n Canada
and parts of the United States.

Ashestos has been used in a wide vanety of
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building materials. Asbestos can give off very
small fibers when it is disturbed or degraded.
The fibers will float in the air and. when inhaled.
may become lodged in the lungs. In light of the
hazards posed by the presence of asbestos fibers
1n the air. it 1s essenual to avoid the use of these
materials in new construction.

Caulks, Sealants, and Adhesives

These compounds are used in a variery of ap-
plicauons. Caulks are used around windows and
doors to lower nfiltrauon rates through building
envelopes. Caulks are also used in bathrooms
around showers. water fixwures. and tile to pre-
vent water leakage. Sealants are commonly used
1o waterproof surfaces and roof joints Adhesives
are used to install asphalt tile. to secure wall and
flioor panels, and to tulfill a variew of mus-
cellaneous needs

VOC emissions from sealants, adhesives. and
caulks are difficult to characterize. A large num-
ber of different compounds have been found to
be emitted from these materials. The composition
and intensity of the emussions vary depending on
the compound. In large part. these emissions de-
pend on the ype of solvent used 1n the specific
formulauon for each compound. Also. emission
rates tend to be highest during the curing period.
Studies to date indicate that it would be prudent
to reduce the use of these materials to the extent
possible and provide adequate venulation when
In use.

Floor Coverings, Carpets, and Vinyl Products
Adhesives used to apply flooring often contains
VOCs capable of causing health problems The
main con@aminant emanating from carpet 1s for-
maldehvde used as glues i1n carpet backings Vinvl
products can off-gas plasucizers. Both these emis-
sions diminish dramatically over ume. Wool fibers
can cause allergic reactions 1n sensiuzed 1ndi-
viduals. Vinvl asbestos ule remains in many
school and office buildings. Accepuable work and
disposal practices must be used when repairing,
removing, or otherwise disturbing this material.

Paints

Paints are highlv variable muxtures of VOCs.
and it 1s difficult to predict emission rates VOC
release 15 shorwerm during the curing process
with much lower levels over a long period of
ume. Paint should be applied and cured only 1n
well-venulated conditions.

Thermal Environment

Air Temperature

The air temperature 1n a space that s likely to
produce acceptable comfort 1o a majoriey of occu-
pants 1s dependent upon several interacung vari-

BEST G

ables. They include individual phvsiology.
clothing, activity, and preference. For classrooms
and offices where students. faculty. and staff are
mainly sedentarv. 68° 1o “6°F represents a range
of acceptability during winter. During summer. the
range of acceprability will be higher The effects
of other variables upon the acceptable level of air
temperature are discussed below:

Radiant Temperature

The body transfers heat to and from surround-
ing surfaces. such as walls or windows, by radia-
tion. The rate of exchange is dependent upon the
temperature difference berween the bodv. the
space geometry, building construction. and the lo-
cation of the individual. A space enclosed even
parually by cold walls will require a hugher asr
temperature for comfort than one with surfaces at
space temperature. especially for those seated
near the cold surfaces For example. students
seated near a large window without a source of
heat to warm the glass surface w1il notuce radiant
heat loss to that surface during cold weather.
They will generallv prefer a warmer room or
more clothing than others 1n the room farther
away from the outside wall. Radiauon to the body
to or from the cold or hot surtaces may be asyvm-
metrical (e.g.. radiation on the back. but not the
front) to a degree that discomfort will result re-
gardless of adjustments 1n air temperature Such
discomfort can occur where a person 1s seated in
direct sunlight or close to a large. unheated or
unshaded single-pane glass window.

Uniformity

Air temperature within a room generally in-
creases from floor to ceiling If a sutticiently large
difference exists in the occupied zone so that the
temperature at the head is more than 5°F higher
than near the floor. discomfort mav result Good
air muang. and insulauon of wall and tloor <ur-
faces can reduce temperature differences

Floor Temperature

To minimize foot discomfort. the surface tem-
perature of the floor should be betwveen 65°F and
84°F Floors of occupted spaces above unheated
Jareas require adequate mnsulation. Similariy. floors
above boiler rooms may require insulation. if not
for foot comfort. to control heat gain to the space
above.

Temperature Change

Some space temperature controls can produce
sufficiently large changes or rapid rates ot change
in the operauve temperature (as detined by ASH-
RAE) of a space that will cause discomtort. Con-
trol strategies that may cause this phenomena are
two posiuon ton-off). wide dead band «a large
space temperature span berween modes of air
condiuoning when the control provides neither
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heaung nor cooling). and wide proporuening
band trequiring 1 large air temperature change .t
the control o van the heatng or cooling trom
MINIMUM O Mmum cpacn s For example.
profonged ott-avele tor 4 contral of @ hedter on
an outside wall could cesult i down dragts at the
wall and @ large Cunge 0 emperaure espectdh
m the lover level o the cecupted zone close o
the wail

Humidity
tn educauonal facilines the thermal etfect ot
humidin «n the comtort of sedentary mdn wdudls

v smuall i the humidin level s too high or los
concerns ma daeise over mold or bacteria gronth
and cespiratony health erfects [0 s usually neces-
sary o I hunudine levels m winter to prevent
condensaon on windows mietal sash and unmsue
Lated walis

Comfort Chart

Figure 1 tiken trom the ASHRAE Stndard
33,1921, desertbes generally aceeprable ranges of
temperature and hunudin toc hghddy clothed
manh sedentary adules
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OPERATIVE TEMPERATURE

Accepuble ranges of operative temperature and humudin for persons clothed in npaial
summer and winter clothing. & hight, mainlv sedenuary. Jamn
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Air Movement

While hule or no atr movement may be neces-
<art o achieve thermal comtort. the dilution of
contaminants within the occupted zone or sub-
rones will requure eftfecuve dilunon with adequate
amounts of venulation air toutdoor or recireu:
Lued ur appropriaels condinoned by filteation.
purtticaton of hoths supph and retura aie diseet-
hution sustems sers ing occuptes zones should be
Jdestgned and operited o achieve etfective venula-
ton and temperature unifornmin duning all oper-
atng modes during the occupanay pertod  [n
WiINter Jverage e movement above 30 feet per
mmute 10 the accupred zone may result in un
comtortable drats

Clothing

The insulation value of clothing varles depend-
ing upon the season and the outdoor climate- in-
door clothing worn in sinter can be twice that
worn 1n summer Thus the comtort range of oper-
Juve temperatures 1> higher in summer than in
sinter Since this shifung of the comfort em-
perature range s usually consistent with energy
comservaton 1t 5o 15 1 sound basis tor operation
and. where necessary, seasonal adjustments of
space thermostat setungs. Addimonally. appropr-
dte ature to the season should be encouraged to
promote comtort and etfectve energy use.

Activity Level

The range of comfortable operatve tem-
peratures shutt downward as the average phusical
Jeovny level and metabolic rate become higher
than the level for lighty clothed. mainly sedentary
activin upon which Figure 1 s based. For equal
clothing insulanon. industrial arts shops with
higher levels of acuvine than the average class-
room could have comtort ranges 3°F below the
opicdl classroom However. thus shift in the com-
fort range could be matenally offset by shedding
ot sume lothing—a common occurrence with
the onset of greater physical actviy,

Zoning

Building spaces with dissimular heaung and
cooling load characterisucs. such ds amount of
window exposure. occupancy paterns. Jand inter-
nal energy sources should have independent
means of emperature control fnterior spaces
generally should not be on the same emperature
control zone as spaces on the penimeter of the
buillding [n wineer. interior spaces frequenth ma
require cooling while perimeter spaces mav re-
quire cooling or heaung.

Intertor spaces. such as otfices. mav be grouped
on e common zone when the thermal load char
acteristics dand occupanay profifes are quite stim
ilar Classrooms, hibractes and gmnastums
<hould be zoned sepuarately

O
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Where a sanstactory thermal enviconment miust

he provided tor certamn ~ections of 4 ~chool build-

ing 1t umes when most of the buillding 15 unoc.
cupied and unused. separate svstems wth inde
pendent conteol of heaung and cooling will be
necessary For example. it would be un-
economical o e condiiion an enare schoeal
buillding 1in summer months when onlv the rtiee
starf may be at work and require comteort
conditons
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Specific Educational
Programs

n the design process for public school facilities.
Iarchiteas. planners. engineers. and educators

must be aware of the potential health hazards
associated with specific educational acuvities. The
following table addresses each activity. its potential
indoor air contaminants, and recommended con-
trol methods for eliminating or reducing potenual
health hazards.

Specific Educational Programs (Table 3)

Potential Contaminants

Coatrol Methods

An materals thar mav afect indoor ar quaby
nd personal health include- Clavs contaning
sikca dust. fumes and gases produced dunng
kln finng, punung, pigments n powdered
form. varushes and lcquers. stone. wood.
meul, plasuc, wax. xids. ks, sohvents

C o —

-

@

Never work with producs when the compasinon 1§ unknown:

Obtan matenal salety daa sheets on products used:

Use less hazardous subsunutes for hazardous marenals, 1.¢ . asbegos-free rlcs. leadfree glazes mowt premuxed maner tman
powdered pigments. glazes, and colorants.

Develop a list of materuls no 10 be used. ¢ 8., benzene, carbon wetrachlonde. tetracnioroethwiene, chiorotorm -
chloroethviene, carbon dsulfice, dioxane. and phenol:

{f at all possible. pronde educanonal actmnes that 4o Aot require TESDIFALORS:

Use appropnase protecve equipment such 25 gloves. face stuelds. and aprons. If resprrators are wsed. he requirements
n OSHA regulation 29 CFR1910 134 must be met:

* Mainwin good housekeeping:

@

8

Follow approved methods of disposing of hazardous substances according 1o Marviand Department of the Eavironment
Regulations.

vechanical. Local exhaust (2 muumum of 100 fpm. average. across the face of the nood ) must be Srovided s nen 3nMg
with hazardous matenals This includes the use of canopy hoods aver kins, movable exhaust hoods for weiung, sprav
booths for air brush and pau spranng, and stot hoods or enclosed hoods for aad etcrung.

Theater craits including props. scenery light:
ng. 1nd costume 1rezs use or produce 3 Wide
vanew of toxe materials. These matenals -
clude powdered pigments and dves. fireproofing
hericals, vanous vpes of plasuc resin coaung
wsiems. speav achesives and glues. welding and
soldenng materuals, szwdust. floor waxes, meal
rouge. powdered metais. vermculiie. and pants.

P R O

Purchase onlv matenals tar have labels,

Obtan mazenal safetv data sheets for all products,

Substirute water-based products when possible:

Choose products 0 soluuon rather than powdered form.

Use approprate protectve equipment. 1 ¢ . gloves, goggles.

Libel contaners

Keep contners closed when not (n use;

Mechanical Theater workshop reas and backstage areas should be gven the same constderanion {of venulation 35 Alus
wul educaton and visual arts aboratones Provisions shoutd be made 10 3COMMOGaRE e vaNOUS (Ve of aaMues a
herent (0 theater operatons. 1€, welding, sprav pamung. cumng. and mulling. Theater operanoqs should aave 3 ocat ex-
haust svsiem for processes that produce urbome ConamINANS.

Industnal/Nocanonal educanon operaons
wtuch have healh hazards wnclude ma-
hurung, ceramac coanng, drv forming
1nd forqng, gninding operznons. mogen metals.
open surface tanks. paint spraving, planing, vapor
JSegreasung, gas fumaces or oven heanng opera-
nons ¢ , bakang, drang, exe ) hugh tem-
peranures for hox castng, unlagged sieam pipes.
process equipment. wet gnnding, and gas of
elecnc arc welding.

SCP ke N g =

Substirute a2 less harmful maenal for one that 1s dangerous 10 health,

Change or aker 2 process to muumuze Sudent Congat:

Lsolate ot enclose 2 process or work operaton © reduce the number of persons expased.

Use wet methods to reduce generanon of dust i operanons,

Use appropnaie personal protecuve devices as recommended by the manutactuser

Exercise 200d housexeeping, including cleantiness of the work place. wasee cusposal. and adequate ¥2smng,
Mechanical

12) Incustrial arts aailiues must be thermally cremed for vear-round use with specal anenuon beng gven to mecnan:
icallv forced i svsiems that provide for the venulanon and arculanon of fresh air The amount of venulauon ar “¢
quired 1s dependent upon the vpes of actmtes 10 be conduaed. This should be determined early i the Jesign pro-
cess. because 1t 15 umpoctant for student and teacher comdort and the prosecuon of equipmenk from rust and
corroston damage due 1o excess humidav:

1b) Specul consideranon must be gen 10 local exhaust from Labs for speciat actrnes. such 2s for tumes generaed ™
welding. furnaces. masoney dust. and sprav panung, Folvester of staunless sieel XS HOVKS 3N SIS e TeL.M
mended for tumes from the use of plasuc masenals.

18} An exbaust svstem must be provided for each welding booth area. Each welding boot should meet. 3t 3 rumumurn
MOSHA sandards.

«d) A means of exhausung engine tumes 10 the outside must be provided (n nstrucuonal 2res, where nemal wmbus
ot engunes are wsed.

te1 Separare HVAC controls for tndustnal urts aboraones should be provded f everung programs ur use £ 1€ indusisiy
arts facilv 15 planned &t umes other than during the school Jav.

D A exhaust svsiem with HEP filers should be used when changing brake liungs

VISUAL
ARTS
AREAS
THEATER
CRAFT
AREAS
INDUSTRIAL/
VOCATIONAL
SHOPS
34
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Potential Contaminants

Control Methods

WELDING
CUTTING

A number of powennally hazardous matenals
are emploved tn thixes, coanngs. covenngs. ind
filler metals used 1 welding and curang or are
teleased to the atmosphere during welding and
ung, These include. but ase not bumited to.
admium, uorne compounds. k. lead. berdl-
lum. mercury. chlonnazed. chrome. vdrocar-
bons. carbon monoude.

1 Store flummable gas cvinders and oxvgen cvlinders in storage separated by 20 feet of 3 barner < feet ugh nawng 1 Jne
hour fire resistance
2 Secure and store cvlinders shece thev cannot be knocked over:
3 Keep valve protecuve caps 1n place when avlinders are used.
4 Condua ail weiding and cutung ar a safe distance from flammable hazards.
3 Shut off valves when cvlinders are 20t being used:
o Protect nearby students from ultravioler welding fash. A welding screen area 1s 2 useful techruque i thus regard.
" Keep exposure trom cutung and selding fumes wiun accepuable lumits. Use local exhaust to meet accectable bumuts.
3 Mechanical
(21 A local exhaust svstem 15 the most effecve means of control for arbome conzminants produced by welding or st
ung Local exnaust can be provided bv several npes of equipment ncluaing fixed enclusures * bootns). freen movaple
hoods. and Jown-drait bencnes After 3 svstem 15 installec 1nd set 1 operzon. 1S perormance shouic be cnecxec 10

e that 1t meets enguneerning specticauons. correct fate X ar flow Juc selociees. g negative Sressures e
MOSHA 19102321

SPRAY
BOOTHS

3peav Hooths are commoniv used for sprav
ranung Some bookhs are used for bleactung.
cementing. 2lazing. metalzing. <leaning, or
~elding Flammable maenals. vapors musts.
compustble residues. dust. or Jeposits e com
0N SontamIAING

1 Lse noncombustble matenal such 35 steel. concrete. or masonry 1n construcuon
1 Design sprav booths (o drrect air flow toward the exhaust outlet.
3 Construat the wntenor surfaces of sprav bookhs to be smooth and conunuous WUt edges NG JeNgned 1o revent
nockeung of residues. fictlate cleaning. and wasiung without niury
+ Keep the mterior surfaces of booths free of combusuble sepasits +see MOSHA 1910 157+ Nonc.mbusttle remava i
1ngs are Malable.
3 Provide expiosion-Droof lights and switcnes Keep poruble lamps wav from sprav operaons
o Keep sprinkler heads clean.
" Make sure thar belts and pullevs inside the booth are fullv enclosed.
3 Ground eleqtric dning appararus.
3 Mechamea
1) General—All spraving areas should be provided with mecharucal venulation acequate 10 remove Sammatle apers
fmusts. or Powders to 3 safe location and to control combusuble residues Mechanical venulanon snouie D€ xect:n o
eraton 2t All umes whule spraving operauons are betng conducted and for 2 sutficient ume Zereaner ¢ 2o VIO
from dning coated arucles and drving tinishung matenal residue to be exhausiea.
b1 Venulatng “ind exnaust svstems should be n sccordance with the sanaara for blower ¢ XSt SEMS 207 IO
removal NFPA No 31,
“¢1 Ensure that elecnc moiors for exhaust fans inside booths or cucts are explosion-Croof
1) Assure 3 venulanon rare across the face of the pant sprav booth at least 100 fpm

SCIENCE
LABS

Exploowes. corrosives tammable hquids.
towe hemucls, OUAZING MAtenas. gases. vi-
pors. mists. smoke. sobvents. and nononwang [
JULON dre COMMON CONtMINANGS

I Secure all compressed gas whnders.
2. Have appropriate equipment and matenals aaable for spill contrel.
3 if possible. purchase cheauaals in class-size quanuues onty.
1 Label all chemicals sccuratelv wth daze of recetpt or preparation, wutiaied by tie person fespasbie 1ng Dernent 2re
auuonany informauon on handling.
S Follow alt direcuons for disposing residues and unused poruons of reagents.
o Store damemable liquids in small quanuues.
~ Manwin 3 complete inventorv of chemicals.
3 Use wluted subsuances rather than concentraies whenever possible:
9 Use instrucuonal techniques wuch require the least quanuty o matenals,
10 Use films. ndeowpes. and other methods rather than experuments nvohing nazardous subsunces.
11 Storage Factliues
() Never store chemicals in usles.
b {nswll chemical storage shebves wath lips. and never used stacked boxes 1n ueu o snewes
»¢1 Use onfv explosion-prool refngerators for Lib storage:
wd) Flammable ind toxc chemecals require 2 carefully planned cabinet o rom The fuum GDIKE Tudl D¢ XTAALH
sentlaied. Rooms must contan smoke ard heat detectors: explosion-proot ilghung. SlC trew <Hiliey NG el
Jutlets Rooms should be ur conditoned and humsdsy controlled.
12 Mechamical
121 Laboratory hoods are expected to caprure all gases or serosols released watun it
1bh The locanon of the hood 15 verv umporuny Whenever possible. thev shouid be focated dune an -xuter ¥all ana tar
from anv doorway to avoid turbulence from opentng and closing doors Placing hoods w uter aals iso adows -or
easv placement of ducung to the outside ®th a meumum of bends and elbows Outsive exnust Must D wCitea ©
soid re-entry into the building by wav of open sndows. fresh-ar neaxe. etc.
11 Reguiarty check hoods tor proper air fiow

TEACHER'S
LOUNGE

Conaminants mnclude agareae smoke. L0ok-
ing odors carbon monoxde. furruture ind rug
durs @rmaldetwde. cleanung duids. and du-
ciaung flind

1 Prolubit smoking or ave o separaie lounges.
2 Clean up daudv. rcluding vacuumung.
3 Use the least hazardous cleaning agents when possible.
1 Mechanical
12) Mecnanucal venulatson should be based upon the crorected number f emDIGVEES wINR e 3N NS e Ve A
equipment o be instalied. e g . stove. cetngerator. mucrowae oven. Follow the west DHRAE vancwrs *.0 2m 1
person.
ib1 Stoves shoutd have local exnaust

DUPLICATING
AND
COFYING
AREAS

Contamnants niclude metwl atconol ( meth-
anol), vzone. ind ammonwa.

1 Wash etposcd skun after each duplicaung run.

2 Allow duplicaung paper o drv before collaung and sapling,

3 Allow onﬁ propcrgp( traned staff to use equipment.

1 Do not use duplicaung flud 15 2 cleanup sotvent.

S woid spilling, develop spill procedures that follow the manufacrurers recommendauuns
6 Mechanical Provde adequate venulanon as recommended by the manutacurer

PHOTO

Conaminants wiclude toners aromauc hvdro-
arbons wzone. heat

1 Follow manufacurers recommendaons.
2 Obtan marenal safety data sheets on toners and arners.
3 Follow manufacrurers auidetines for muumum accepuable floor space

4 Mecharucl Pronde adequate venulanon 10 meet MINUEACTULETS recommMendanons 1n all rocms A nere ShuteRrashi, o5 o
uCTs are used

meoEe

st bue v BuAiLRBLE

o
)

- 40




Q

ERIC

Aruitoxt provided by Eic:

1

Case Studies

he following case studies are discussed to 1l-
lustrate nvpical examples of indoor air quality
problems n schools

Case 1:

Students and faculty 1n the science wing of a
muddle school began to experience headaches.
eve. nasal irritation. and chest ughtness associated
with an intermittent foul odor. Since a source was
not apparent, the problem was thought to be due
to discontented teachers. Considerable hosulity
resulted. with the ensuing conflict between the
parent-teacher association. the adminustration. and
teachers union well documented 1n the local pa-
per.

\isits to the school rooms indicated no 1m-
proper use of science equipment and adequaie
thermal control and humidity.

An outside consulting group distributed a
svmptom quesuonnaire that confirmed the symp-
toms. Lung funcuion tests were normal. One
weekend an indicator smoke was injected into the
sewer system and emerged in the venulauon
ducts of the rooms. Review of the building indi-
cated improper sealing of the sewage svstem dur-
ing construcuion. Sealing of the waste ducts re-
solved the odor and the symptoms.

Comment: Often indoor air complaints begin
with the recognition of an odor and wriauon. In
this case. the selection of an outside consulung
group was important for several reasons.

1. The source of the problem was not imually
denufied.

. The symptoms persisted.

~

3. Considerable hostility and bad press had oc-
curred that might have been avoided by an
earlier consultation.

Case 2:

Faculty members complained of extreme fa-
ugue and lethargy as well as dry mouth and eves
These symptoms occurred in the late fall and
earlv spring, particularly in the afternoon.

Review of the rooms indicated an average tem-
perature of 83°F The symptoms occurred in
rooms that faced west and had sun in the after-
noon.

Shades were installed to decrease radiant heat
and temperature adjusted to "2°F Symptoms were
resolved.
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Comment: Thermal discomfort 1s 2 common and
readily resolvable cause of indoor air problems.
Thermal discomfort is well recognized to cause
decreased productivity: Hot. sleepy students can
not learn. A visit to the room at the time of symp-
toms is the way to recognize this problem.

Case 3:

The teacher and students 1n several classrooms
suddenly detected an acrid odor and developed
tearing of the eves and coughing. The teacher im-
mediately evacuated the classroom and took the
students to the gvmnasium. Investigation revealed
a truck carrving chlorine gas had been in an acci-
dent. Students were evacuated from the school
for the dav until the spill was cleaned up.

Comment: The outside environment can pose
an immediate and sudden danger. Disaster plans
are important.

Case 4:

A student with asthma began developing
wheezing while at school, requiring several trips
to the nurse and sick time. Investigation indicated
that remodeling was occurring in the adjacent
hall and paint fumes were entering the classroom.
The painting was then scheduled for non-school
hours. and the student had no further exacerba-
tions.

Comment: A range of organic vapors. including
cologes and perfumes, can exacerbate asthma.

Case 5:

Teachers complained of eves. nose. and throat
irritation in classrooms located on the first floor.
Thev noted intermittent odors of unclear origin.
Investigation of the building indicated that science
rooms were located on the next floor. above the
classroom where symptoms occurred. When a co-
logne was poured down the drain in the science
lab. the odor was discernible in the classroom be-
low. The drain in an unused sink in the back of
the classroom was found to be improperly sealed.
The odor and symptoms were resolved with seal-
ing of the drain.

Comment: Ingenuity can be used to trace
fugitive odors and irritants.

Case 6:

A school secretarv developed nasal stuffiness
and itching of the eves in the spring and fall. Eval-
uauon of this condition by an allergist indicated
that the secretarv was allergic to oak trees and
rag weed. Treatment of allergies improved the
svmptoms.

Comment: Upper respiratory svmptoms can be

caused by allergies. It is importnt to distinguish
berween work-related and non-work-related con-
ditions.

Case 7:

A grade school teacher developed eve itching.
nasal congestion. and wheezing associated with
being in his classroom. The symptoms had not
occurred previously. Careful review of the class-
room environment tndicated that the symptoms
began when the class started a project on inimals
and began keeping guinea pigs in the room Re-
moval of the animals resolved the svmptoms

Comment: Just as there are people allergic to
cats and dogs. there are people allergic to small
animals.

Case 8:

A group of teachers in an administration build-
ing developed recurrent mucous tembrane irr1-
wtion, sinusitis, and fatigue requiring frequent ab-
sences. All were located along a single corridor.

Administration failed to respond to calls asking
that the problem be addressed. The teachers
called in an consultant who cultured legioneila
from the water supply. The building was evacu-
ated. and n.wspaper headlines appeared.

Review of the history of the symptoms and
serology indicated that svmptoms were not due to
legionella infection. However. water leaks and
flooding had been occurring for several vears and
obvious profuse mold growth was present in
rugs. on ceiling tiles, and 1in filters frorn heaters.

The carpets were removed, filters changed, and
duct work cleaned. Landscaping. roof repairs. and
sealing prevented future leaks. The onginal teach-
ers were unable to return to that office area with-
out a rapid recurrence of svmptoms. confirmed
by medical evaluauon. New occupants have not
vet developed symptoms.

Comment: Because a possible pollutant 1s 1dent-
fied doesn't mean that 1t 1s the cause of the prob-
lem. A svstematc evaluauon may be required.
drawing upon the knowledge of experts.

Case 9:

A teacher began to experience eve, nasal irrua-
tion, and fatigue while at work. He nually 1g-
nored the symptoms. but then found he had diffi-
culty concentraung and could hardly teach.
particularly in the afternoon. Over several months
a pattern developed: symptoms would occur after
working six hours on Monday. four hours Tuesdas.
two hours Wednesday. By Wednesday evening he
would craw] into bed. sleep unul noon Thursdav
On Fridav he would return to work but would

3=
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again experience irritation and fatigue that would
gradually resolve over the weekend. His erratic
work pattern caused him to disciplined by the
principal and to be labeled a “problem teacher.”

Medical evaluation confirmed chronic upper
respiratory irritanon and symptom diaries con-
firmed a work-associated pattern. He had pre-
viouslv been an excellent teacher and did not
abuse drugs or alcohol. Review of his work loca-
tion indicated that his classroom had poor ventila-
uon and frequent water leaks. It was a basement
room that had previously been used for storage,
but was converted to a classroom because of lack
of space.

On recommendation by a phvsician, he was
moved to a new classroom. His symptoms re-
solved and he returned to full productivitv.

Comment: On rare occasions. individuals may
develop marked and disabling symptoms in spe-
cific environments. If a review of the location
demonstrates no remedial cause, relocation mav
be necessarv.

Case 10:

A clerical worker 1n a school district began to
develop nasal congestion and shortness of breath
while at work. The svmptoms became progres-
swelv more severe and required repeated physi-
cian visits. lost work. and dailv medication. Med:-
cal evaluation indicated her lung function was
reduced to "0 percent of normal values and
blood tests showed postuve 1gG precipitins (a
blood protein indicating an allergic reaction)
against the mold aspergillus niger. Air samples
from her work environment indicated the pres-
ence of hugh levels of aspergillus niger in the ven-
ulaton svstem 1n her office.

She was removed from her office. Over six
months her lung function improved and her
svmptoms resolved.

Comment: This 1$ an unusual example of a se-
rious. mold-induced lung condition.

33
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Existing Statutory
Authority And
Government Activity

Federal Government

lead agency within the federal government

for control of air pollutton The legal man-
date for EPAs authonitv 1s derived primaaily from
the Clean Air Act that gives EPA »esponsibiliy for
“ambient air,” a term nterpreted to mean that
portion of the atmosphere external to buildings
The U.S. General Accounung Oftfice ¢ GAO) con-
curs with this interpretation. but has acknowl-
edged that indoor air pollution has recewed litle
support precisely because no one federal agency
has jurisdiction over nonindustrial indoor en-
vironments.

The Environmental Protection Agency 1s the

In addition to the Clean Air Act. several other
statutes are interpreted o allow the EPA to ke
action on indoor air qualinv. The Toxic Substances
Control Act (TSCA) is aimed at controlling haz-
ardous air pollutants EPA has already used this
statute to require ashestos management n
schools and 1s currently considering the need for
regulatory action 10 deal with the 1ssue of formai-
dehvde exposures. The Federal Insecucide.
Fungicide. and Rodenucide Act ¢ FIFRA) provides
a mandate for the regulatuon of pesucides. includ-
ing their applicaton indoors The Uranum Mull
Tailings Radiation Control Act « U MTRCAY applies
to urantum mill tailings. especially as thesy are
used for landfill in residental areas or 1in the con-
struction of dwellings. Because such uses could
lead to elevated radon concentrations indoors.
EPA has established guidelines tor acceptable
radon concentrauons inside homes built in hugh
risk areas. The Safe Drinking Water Act «NDWXA)
mught also be used to deal with indoor radon
problems 1n instances where drninking water 1~
derwed from radon-emutuing substrata Because
volatle organic compounds and radionuclides
from hazardous waste sites can migrate through
the sotl and enter nearby buildings. the Compre-
hensive Enviconmental Response. Compensaiton.
and Liability Act (CERCLA) or Superfund * Author-
1ty could also be used to address certain indoor
dic qualiy problems

Congress appropriated $2 mullion in fisaal vear
1984 for EPA to intensifv 1ts research etforts on -
door air qualiy Another 32 muithion was anpropri-
dted by Congress tor fiscal vear 1985 Qverall. cur-
rent funding tor indoor air quahty research
constitutes about 3 percent of EPAS total wir pollu-
uon research budget
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Besides EPA. a number of other federal agen-
cies have responsibility for specific aspects of
nonindustrial indoor air quality The Occupational
Safery and Health Administration (OSHA) is re-
sponsible for safeguarding workers health 1n the
workplace. Nevertheless. most OSHA actviues
have focused on industrial work environments,
with relauvely linle anention given to problems in
nonindustrial s2mngs. such as building-related ill-
nesses 1in office buildings.

The Department of Energy (DOE) is responsi-
ble for energy conservation programs that atfect
cesidences and new buildings DOE has funded
studies to develop. evaluate. and sandardize
measurement techniques. as well as research to
examine human health effects from organic va-
pors. airborne particles, and radon. The Bon-
neville Power Administrauon (BPA) in Oregon is
curcently financing a project to measure a vanety
of indoor pollutants nside both new and existing
buildings within its service area and to determine
the 1mpact of weatherizauon measures on indoor
aie quality.

Ensuring that consumer products are safe and
do not present unreasonable health risks 1s the
responsibility of the Consumer Product Safety
Commusston (CPSC) CPSC has banned the use of
abestos-containing spackling compounds. pro-
pused a ban of urea-formaldehyde foam nsula-
ton (overturned in court). and 1itated studies of
emissions from unvented combustion appliances.
including kerosene heaters and gas-fired space
heaters

The Department of Housing and Urban Devel-
opment (HUD) establishes building standards for
HUD runded projects and material standards for
mobile home construction HUD has required
that indoor radon concentrations i high natueal
radium Jreas of Montana and South Dakota be
helow established minimums before home buvers
qualify for HUD-assisted financing. HUD refused
w approve FHA-financed loans for new home
construction on reclaimed phosphate lands i
Florda, due to possibility of elevated indoor
cadon levels HUD recently promulgated regu-
lations specifyving formaldehvde-emssion hmi-
tons for plywood and parucle-board products

The Federal Trade Commussion « FTC) 18 re-
sponsible for ensuring that consumert Jdverusing
contams Jecurdte. teuthtul, and usetul mtormation
The FTC recenth charged mwo manutacturers of
room dair Jdeaners with el adverusig that
therr devices eftectvely remove tobacco smoke
and other pollutants trom indoor e o reaching
consent Jgreements with the FTC both com-
panies agreed not o mistepresent the capabilities
ot therr aie Jeaneres

)

During 1983. the Congressionally-mandated -
teragency Commuutee on Indoor Air Quality
(CIAQ) was established to coordinate federal re-
search activities. Representauves from EPA. DOE,
the Department of Health and Human Services
(DHHS). and CPSC serve as co-chairs. Among the
other federal agencies involved in the CIAQ ace
BPA. the Department of Defense, FTC. the General
Services admimstration (GSA), the Nauonal Aero-
nautics and Space Administration. the National
Bureau of Standards. OSHA. the Tennessee \illev
Authonny:. and the Department ot Transportauon
The CIAQ is presently compiling an inventory of
federal indoor aic research to idenufy needed re-
search by both the public and private sectors

State and local health agencies have been more
acuve than federal agencies m dealing with 1n-
door air quality issues Massachuseus. for in-
stance. banned the use of urea-formaldehvde
foam insulation. and both Minnesota and Wiscon-
sin have promulgated formaldehvde stundards in
new mobile homes. In Californua. the sale and op-
ecaton of unvented combuston space heaters for
use in residenual buildings 15 prohibited. Mans
state and local governments (primdetly Cities)
have nstuuted Jnti-smoking ordinances

Through the Pesucide Apphicators Law Section
within the Department of Agriculure. the Stae ot
Marvlund regulates the use of pestucides n
schools and other buildings In 1979, Marvland
became involved with asbestos hazards i school
buildings manly through 1 technieal assistanee
program for local school officials The state has
developed resources to mvesugate low lael fuc-
maldehvde exposure and formaldehvde hus been
mewsured m several schools i response o com
plants No specific regulanons regarding indoor
air pollution have been enacted. however. Man:
land 1» soll actve i the technical assistance ds-
pects of indoor air pollution invesugations A list
of consultants working i the indoor ar pollution
field has been developed and 1s avatlable from
the Marvlund Department ot the Environment
school officials ~seeking technical informatoen an
idoor ar polluton matters mav catl the Man-
land Department of the Enstronment 2t
(3012235755

State and local health departments ace the
Jgencies that deal closely with citizens concerns
and questons about indoor e qualiv In recent
vears, complants about inadequuate indoor ar
qualin and requests for mtormation about spe-
aific indoar pollutants tre. tormualdehvde and as
hestos) have mereased signitrcantly A recent 0
tondl surver revealed that 32 staees have o
progeam or stut responsible for evaluatmg ex
posuces O one of more wdoot e poliutne
Twent -nmne sLies have programs O ASsEsy noenin
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Maryland State Dept. of Education
Office of Administration and Finance
Office of School Facilities
200 West Baltimore Street
Baitimore, Maryland 21201
(301) 333-2508
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