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CONTINUATION OF FISCAL NOTE ANALYSIS
For HB 283

Although the Department supports setting standards for air quality that would
ensure a Tnifnrm, acceptable level for clean indoor air in state offices, it
must be noted that there would be a significant fiscal impact on the cost of
leased space.

The extent of the impact is not known because the proposed standard has not
been established. Increased costs are contingent not only upon the variance
between any new standard and the current codes governing heating, ventilation,
and air conditioning (HVAC) specifications, but also are dependent upon the
inclusion of a method for waiver. In areas where there is absolutely no
possibility of obtaining compliance, or when compliance is determined to be
too costly, an alternative, other than closure of state offices, must be
provided in the Bill.

Currently, the state has 115 leases for office space in excess of the 2,000
square foot threshold in HB 283. These 115 leases contain approximately
1,600,000 square feet at a combined monthly cost of approximately $2,050,000.

The renewal or expiration schedule for the next six.(6) fiscal years is:

*

FY 91: 38 leases 551,873 square feet @ $544.6 per month.

FY 92: 10 leases 125,188 square feet @ $189.6 per month.

28,833 square feet @ $43.0 per month.

FY 93: 4 leases

26,183 square feet @ $31.9 per month.

FY 94: 3 leases

FY 95: 6 leases 216,064 square feet @ $491.7 per month.

FY 96: CURRENTLY NO ESTABLISHED LEASES ARE SCHEDULED FOR RENEWAL
EXPIRATION IN FY 96. BECAUSE MOST LEASES RUN FROM 1 TO 3 YEARS PLUS
VARIOUS RENEWAL OPTIONS, ONLY LEASES COMMENCING DURING OR AFTER
FY 90 WILL HAVE AN IMPACT IN FY 96.

1t**********************************************************************

ADDITIONAL PERSONNEL:

The number of leases that would have to be rebid in order to comply with
revised air quality standards in FY 91 and FY 92 will place a severe strain on
an already overextended purchasing staff. IT the standards are substantially
changed, additional staff will be required. Based on a scenario of rebidding
50" of expiring leases which have renewal options, one Purchasing Agent 111,
Range 18, step A 0 $51,300 per annum will be needed to develop bids and manage
moves for an estimated 14 leases for approximately $250,000 s.f. during FY 91.
A half-time position would be needed in FY 92 and FY 95.

W ‘ * dkk Kk Kk e *-k***************************** *.*-> * * * 'c'c****
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CONTINUATION OF FISCAL NOTE ANALYSIS
For HB 283

INCREASED OPERATING COSTS;

The only experience we have had with setting more stringent HVAC requirements
is in the case of Lease #1445, the Department of Labor Building, 1in Anchorage.
The more stringent requirements were voluntarily complied with by the lessor,
who has indicated an increased operating cost of approximately 10%. [Increases
cover only the additional cost of electricity, gas and filters required by the
higher standard of operation. This does not reflect any cost for actual
changes to a system, just the increased operation of a current system.

Based on the Department of Labor project, a cost increase of 10% should be
anticipated on all affected or noncomplying office spaces. This estimate may
be too low for locations other than Anchorage where natural gas provides a
low cost energy source.

Using a 10% cost factor and applying it to scenarios of 25%, 50% and 75% of
the leases that require replacement or renewal during each fiscal year, the
following additional costs can be anticipated:

LEASES LEASES LEASES
IMPACTED IMPACTED IMPACTED
FISCAL YEAR @ 25% L 0 50% @ 75%
* FY 91: $163.4 $326.8 $490.2
* FY 92: $ 37.6 $ 75.1 $112.7
* FY 93: $ 8.7 $ 17.3 $ 26.0
* FY 94: $ 7.9 $ 15.7 $ 23.6
* FY 95: $ 64.8 $129.6 $194.5
* FY 96: * $ N/A S N/A S N/A
TOTAL = S282.4 $564.5 $846.7

*No existing leases are scheduled for renewal or
expiration in FY 96.

B R ok b Sk L SR S R SRR S Sk R A R o Sk S R R SR Rk S Sk S S R R GRS S S R Sk i R o S *.dc"’dddrk»*

MOVING EXPENSES

Moving expenses may be expected for leases that must be vacated due to new
standards. Basic moving costs are estimated to be S1.50 per square foot.

15/11K1/021609-0/4 Page 3 of 5



CONTINUATION OF FISCAL NOTE ANALYSIS
For HB 283

For example, in FY 91, 9 leases containing 40,683 square feet of office space
are expiring and must be rebid. An additional 27 leases containing 511,190
square feet will require renewal. If just 25 percent of the renewable space
must be replaced due to new air quality standards, the additional cost for
moving alone would be approximately $191.7.

The renewal schedule for the next six (6) fiscal years and the cost to move
25, 50 or 75 percent of the renewable leases is:

NUMBER  RENEWABLE COST TO  COST TO  COST TO
FISCAL OF SQUARE MOVE MOVE MOVE
YEAR LEASES FEET 20 H) )
91 27 511,190 $191.7  $383.4  $575.1
92 7 74,335 $ 12.4 $24.8 $ 37.2
93 2 13,883 $ 5.2 $10.4 $ 15.6
94 1 8,708 $ 6.6 $ 13.1 $ 19.7
95 5 63,926 U $48.0 $95.9  $143.9
HRIRIRINK

TOTAL ESTIMATED OPERATING AND MOVING COSTS:

Based on the forgoing, using 50 percent as a median, the increased operating
moving and personnel costs that would be associated with major changes to ai
quality standards are estimated to be:

FISCAL OPERATING MOVING PERSONAL ANNUAL
YEAR COSTS COSTS SERVICES ESTIMATE
Fy 91 $ 326.8 + $ 383.4 + $ 51.3 = $ 761.5
Fy 92 S 75.1 + $ 24.8 + $ 26.1 = $ 126.0
FY 93 S 17.3 + $ 10.4 + S 0.0 = S 27.7
FY 94 $ 15.7 + $ 13.1 + $ 0.0 = $ 28.8
FY 95 $ 129.6 + $ 95.9 + $ 26.1 > $ 251.6
FY 96 $ 0.0 + $ 0.0 + S n.o = $ 0.0
TOTALS * $ 564.5 $ 527.6 $ 103.5 $1195.6
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CONTINUATION OF FISCAL NOTE ANALYSIS
For HB 283

Since there is no way of knowing how many leases will need to be rebid, we
have used 50 percent of the renewing leases as a factor in reaching the
assumptions presented with the Fiscal Note.

Depending on the extent of the changes to current standards and the need for
major changes to the HVAC of existing buildings, additional lease costs will

be encountered.
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April 17, 1989

Representative Johnny Ellis
Alaska State Legislature
P.0. Box V
Juneau, Alaska 99811

Dear Representative Ellis:

Box 110601
Alaska

P.0O.

Anchorage, 99511

Rtt'ONq:QZO 1089

I an writing to you about an issue that nay affect all of us - indoor air
pollution. Vc take for granted the air we breathe, especially the fact
that the air we breathe will not harn us. An increasing r.uaber of people
are realizing this is not true. Vc Alaokano spend sost of our tine
indoors, we have a greater chance than people insouthern states that the

air we breathe indoors cay affect us.

I an a state worker and 1 know the

indoor air quality at cy work place

affects cy health. New Hacpohire ar.d Maine recognized indoor air quality
prcMecs and passed laws in 1988to set nlnlsua ventilation standards in
their state office buildings. HB28J directs The Departnent of Labor to
establish ainicua ventilation rates for state office buildings. I
encourage the Health. Education and Social Services Cocaittee to hold

hearings on this bill before the end of

Inforcation
forward to

Enclosed 1is an EPA
pollution. I look
envlroneent and thereby

sheet describing coco facts about
working with you to
lower state health care costs.

the session.

indoor air

provide a safer work

Sincerely.
Bill Ashton
cc: Carl HIld, Alaska Health Project w/o enclosures

Deboruh Vi lilacs.
Rich Seiffert,
Penny Palcquist,

Acerican Lur.g Association of Alaska,
Alaska Cooperative Extension Service,
ASEA w/o0 enclosures

w/o0 enclosures
w/0 enclosures



069 JL
86-2332
01

iVfcu

SB 269-rV

STAIl or m  KAKPSHIRX

In the yeer of Our Lord on* thousand
nIn* hundred and eighty-eight

KM ACT

relative to Indoor air quality In csrtaln stats buildings.

Ba It Knactsd by tha Ssnata and Houss of Keprssen-
tatlvas In Cenersl Court convsnsd:

(Jy. 1 Ktu Chaptsr; Stats Buildings. Aasnd USA by Inssrting aftsr chsptsr

10 ths following nsw chsptsr:
CKAPTKS 10-A

CLKAJt IMDOOR AIK IK S7ATK BUILOIWSS
10-A: 1 Osfinltlons. In this chaptsr "clean air*™ ssans ths standards
tst by ths division of public hsalth ssrvlcst, department of hsalth and
human ssrvlcss, In consultation with department of labor.
10-A:2 Clean Air Required.

I. The director of plant and property management, department of
adalnlstratlve services, or any other state agency authorised to build,
acquire, or lease office spece. shell require that, after January 1. 1989.
any W state building, any existing building acquired by the state, any
Initial lease of a state building by the state, or any building bequeathed

to the state shall seat clean air standards before It nay be used for any

state purposes, other than storage.



SB 269-FM
2 .

It. Tha division of public health services, department of health and
huaan services, ahall be responsible for certification In writing to the
director of plant and proparty nanagaaent or othar approprlata atata agency
haad that tha buildings Ilatad undar paragraph | oaat tha claan air
standards.

I1l. Any parson entering Into an Initial laasa for any building
Ilatad undar paragraph 1| which doas not oaat tha claan air standards asy
terminate such laasa.

10-A:3 Rulemaking.
I. Tha dlractor of plant and proparty aanaganont shall adopt rulas,

undar USA 541-A, ralatlva to:

(@ Contant and format of any forms nacassar/ undar RSA 10-A:2, Z.
(b) Kannar of acquiring cartlflcatlon frca tha division of public

haalth sarvlcas.

(c) Any othar aattar nacassary to tha administration of this
chaptar.

IX.Tha dlractor, division of public haalth sarvlcas, aftar
consultation with tha csaelsaloner of labor, shall adopt rulas, undar
RSA 541-A, ralatlva to what constltutastha claan air standard.

XXI.  Tha dlractor. division of public haalth sarvlcasshall adopt

rulas, undar RSA 541-A, ralatlva to:

(@ Contant and format of any forma nacassary undar RSA10-A:2,

(b> Cartlflcatlon procaduras.

(c) Any othar aattar nacassary to tha administration of this

chaptar.



Iw-A:4 Exceptions.

r. This Chaptar ahall not apply to tha unlvaralty ayatom of New

Hampshire.

1. Tha governor and council, upon recommendation by tha dlractor
plant and proparty management or othar stata agancy authorized to bulLld,
acqulra, or laaae offlea apaca, may autpand tha anforcaoant of all or part
of thl* chaptar or any rula adopted undar it upon finding that an emergency

or hardahlp axiata which makes compliance with tha proviaiona of thia act

unfeasible.

(Ob\ 2 Effective Date. Thia act ahall take effect January 1, 1989.

or-~prtorcl  (XpAjJ-
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Chapter 1800 Occupational Health Rules
Statutory Authority: RSA 10-B

Part He-P 1804 CLEAN AIR IN STATE BUILDINGS

He-P 1804.01 "Initial Lease" means any lease of a bulding executed on behalf
of a state agency when either no prior lease of that building by the state
agency existed or the previous lease of that building by that state agency has

expired.

He-P 1804.02 Testing Required - It shall be the responsibility of the builder,
seller, lessor, or donor (or the donor®"s executor) of a building, or portions
of buildings subject to these rules, which 1s to be built for, leased, rented,
sold or bequeathed to the state, to cause such building or portions thereof to
be tested 1n order to demonstrate compliance with the clean air standards set
forth under He-P 1805. Samples shall be collected by a Certified Industrial
Hyglenlst or an Individual who 1s under the supervision of a Certified
Industrial Hyglenlst. Tests shall be conducted by laboratories accredited by

the American Industrial Hygiene Association.

He-P 1804.03 Certification of Clean Air Standards - The Dullder, seller,
lessor, or donor (or donor"s executor) shall certify the quality of the Indoor
air present 1n buildings, or portions of buildings, subject to these rules.
Certification shall be deemed complete upon written receipt by the Division of
Public Health Services of the following Information:

(a) Hailing address for the building

(b) City or town where the building 1s located

(c) ldentification of those sections of the building subject to these
rules

(d) Names, addresses, and telephone numbers of persons conducting
sampling or analysis pursuant to He-P 1804.01.

(e) Copies of test results used to determine compliance with He-P 1805

() One of the following two statements:

) "I hereby certify that sampling and analyses conducted
pursuant to He-P 1804.02 was performed 1n accorda®ce with
best professional practice and accurately represents usual
conditions In the areas tested. | further certify that the
Indoor air quality of this building, or those portions of
said building subject to these rules, 1s 1n compliance with

He-P 1805."™; or

2 "I hereby certify that sampling and analysis conducted
pursuant to He-P 1904.02 was performed In accordance with
best professional practlve and accurately represents usual
conditions 1n the areas tested. | further certify that the
Indoor air quality of this building, or of those portions of
said building subject to these rules, 1s not 1n compliance

with He-P 1805.".

(g) Notarized signature of the builder, seller, lessor or donor (or
donor®s executor).
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(h) Documentation of the qualifications of person(s) conducting either
sampling or analysis necessary to demonstrate compliance with He-P
1805. Such documentation shall Include a work performance history
and copies of any relevant special licenses or accreditations held by
persons so employed.

He-P 1804.04 Certification by the Division of Public Health Services - If the
information submitted pursuant to He-P 1804.02 demonstrates compliance with
all standards established 1n He-P 1805 then the Division shall Issue a
statement of certification 1n accordance with RSA 10-B:2 Il. The following
Information shall be Included 1n the statement of certification:

(@) Hailing address of the building.
(b) Actual location of the building.
(c) Ildentification of those sections of the buildingsubject to these

rules.
(d) The following statement:

(€D "l hereby certify, based upon Information submitted pursuant
to He-P 1804.02, that the Indoor air quality of the building
described above complies with He-P 1804.05.".

(e) Signature of the Director, Division of PublicHealthServices.

He-P 1805 INDOOR AIR STANDARDS

He-P 1801.01 Ventilation - Ventilation standards shall be In accordance with
the American Society of Heating, Refrigerating and Alr Conditioning
Engineers., Inc. standards established In the edition published In 1981
entitled “Yentilation for Acceptable Indoor Air Quality."

He-P 1805.02 Noise - Noise standards shall be the preferred noise criteria
established by”tKe American Institute of Architects Architectural Graphic
Standards Seventh Edition published 1n 1981 by John Wiley and Son, Publisher.

He-P 1805.03 Radon - The maximum allowable concentration of radon shall be 4.0
plcocurles of radon per liter of air.

He-P 1805.04 Carbon Dioxide - The maximum allowable concentration of carbon
dioxide shall be 800 parte cf carbon dioxide per million parts of air.

He-P 18j5.05 Asbestos - The maximum allowable concentration of asbestos shall
be 0.1 fibers oflasbestos per cubic centimeter of air.

He-P 1805.06 - Formaldehyde - The maximum allowable concentration of
formaldehyde shall be b.1 part of formaldehyde per million parts of air.

JCP/dk1/1407s



CalOSHA Indoor Air Quality Standard- Passed in IQRFi

STANDARD!) PRESENTATION— Py _i_
CALIFORNIA OCCUPATIONAL SAFETY AND HEALTH STANDARDS BOARD

Adopt new Section 5142 as followsx

5142. Control-by-UaotU a tion. Mechanically Driven
Heating, Ventilating and Air Conditioning ihVAc )" Systems to
Brovide Minimum Building Ventilation.

(a) Operation:

(¢H) The HVAC system ahall be maintained and operated to
Jrovide~at least tne quantity ol outdoor™air required bY the
State"BUTIYVIMG' Stand&Tds tdde’, - "fritle 24, Part o p?] ifornia’
Administrative Code, in effect at the time the building per—
mit was 1issued. 1 - -

(2 The HVAC system shall be operated continuously
during wording hours except;

(A) during scheduled maintenance and emergency repairs;

(B) during periods not exceeding a total of 90 hours per
calendar year wnen a serving electric utility by contractual
arrangement requests 1its customers to decrease electrical
power demand? or

(C) during periods for which the employer can
demonstrate that the quantity of outdoor air supplied by
nonmechanical means meets tne outdoor air supply rate
required by (a)ll) of~thi s~ Sect ion". Fhe employer must have
available a record of calculations and/or measurements
substantiating that the required outdoor air supply rate is
satisfied by infiltration and/or by a nonmechanically driven

outdoor air supply system.
(b) Inspection and Maintenance:

(1) The HVAC system shall be inspected at least
annually, and problems found during these inspections shall
be corrected within a reasonable time.

(2) Inspections and maintenance of the HVAC system shall
be documented in writing." the employer shall record the
name of the individual(s) inspecting and/or maintaining- the

stem, the date of the 1inspection and/or maintenance. anc*~
as spedi®ic findings and actions taken, the employer shall
ensure that such records are retained for at least fTive

years .



STANDARDS PRESENTATION Py of
CALIFORNIA OCCUPATIONAL SAFETY AND HEALTH STANDARDS BOARD

3 The empl r sha ake all récords required b his
section” Va8 e ta r BRbkriiarTan Anadsehiing o' 5 dn s Fis
hours oi a request, to any authorized representative oi the
Division, to any employee oi the employer aifected by this"
Section, and to any designated representative of said
employee oi the employer aHected by this Section.

Note: Authority cited; Section 142.3, Labor Code.
Reference cited: Section [lAii.j, Labor Code.



Standard Proposed in New Jersey to Cover Public Employees

PROPOSES S7A20A?J>

Ver.cilacion and Air Quality for
Public Buildings arc Places of Zcolcynent
for Public Srnlovees*

Background:

Indoor air quality has beer, responsible for a significant number of
ccnplair.rs froa CVA. aeabers, inducing headache, drowsiness, nausea, eye
and respirator/ tract irritation, dirtiness, shin itching or rash,
difficulty in breathing and sinus congestion.

Offices and ocher indoor environaencs have always been subject to
acaospheric concaainacion. Unfortunately, such problems are on the
increase anc associated with che aeasures oeiag taken for energy conserva—
tion, and with the introduction of pollution creating new technology and
building products. Building tightening, early shutdown and lace startup
of the ventilation system, reducing or elininating outdoor air, greater
air recirculation, lover air velocities, elininating hunidificacion or
dehunicificatlon syscens, and vapor, dust and microbe accumulation are
being pemitted without consideration being given to possible adverse
health effects.

Tne causes of L.door air problens are well-icmcvn and largely pre—
ventable. But because no adequate standard has been adopted and enforced,
very little is being acccnpiished co rectify these problens.

Over/lev of che Standard:

The proposed standard calls for acceptable indoor air quality co be
achieved by providing ventilation air of best available quality and
specified quantity*" co occupied building spaces. The standard specifies
how nuch outdoor air nusc be supplied per person in snoking and ncnsnoking
areas. It further requires chat oucdoor air nusc be drawn frcn an area relatively
free fron pollution sources. It is felt chat neasurerents car. be readily
cakec of che quantities of air supplied; physical inspection ar.d observa—
tion can reveal if che intake is properly sited. Thus che standard is
enforceable.

The alternative perfomance standard nechod of accepting air quality
in occupied building spaces as long as certain identified contaminants
are kept below sec Halts has been rejected. It relies ainosz totally co
difficult, costly and inprtcise air nonicoring and set linits which nay be
coo permissive or nonexistent for sose contaminants.

“Including laboratories ar.d hospitals.

""The outdoor air requirenents for ventilation have beer, taker, from
ASKrUa Standard 61-1961, "Vencilation for Acceptable Indoor Air Quality"-



We believe our approach is reasonable. [I: is based or. che follow

beliefs:

1. Oucdoor air quality is almost always better chan air
qualicy in a pccrly-ventilited ingoor space.

2. Employees are encicied co breathe indoor air of no
verse quality chan outdoor air.

3. Where serious outdoor air quality problems exist
which inpact incccr air quality, che work sice should

be relocated until the pollution is coacrolled at the
source. Cleaning outdoor air before bringing it indoors
is technologically impractical in rest cases.

i. Various air conrdinarcs will build up in inadequately
ventilated occupied spaces. These nay include carbon non-
oxide, fomaldehyce, cnone, oxides of nitrogen, fibrous
building racerials , circro®oes.

5. Tne health effects of exposure indoors co low levels
of various air corcar-"rar.e is not well-known end ought co
be mininired.

6. The phenonena of hypersensitivity pneunonicis (HP)
will also be controlled by the reasuris required in che
standard. NICSZ found in investigations of five large
office buildings where iu? was reported chat several
buildings were characterized by a history of repeated
flooding and all contained nechanical systens with pools
of stagnant water and nicrobial slices.

7. NI0SS, in core than 2CC indoor air quality investiga—
tions in a variety of office buildings, found five major
problems— contamination generated inside che office space
(21—). contamination from sources outside che office

space (10—), contamination from building materials and
products (3.51), biological contamination (3.51), and

tight buildizr®-ca-liced problems in which ventilation was
inadequate <§22) )

It can therefore be anticipated chat 501 of buildings
will not be in compliance with the ventilation requirements
in che table of this standard, shoving che need for che
standard. Since che ocher 50* of buildings can be expected
co already oe in compliance, che reasonableness of tneecing
the standard is also shown.

8. Contaminants released at roof level cay spread over
tne entire roc: and enter nearby ventilation intakes.
Contaminants carried by che. vine over tne side may flow
back up onto the roof. Thus, design of exhaust ver.es

is an important issue in the stsr.card.



o Ic assure discharge avay free che building, efflu—
ents must be exhausted above the roof contour height

or che roof eddy tone. |If this is not possible, high
velocity, vertical discharge above che roof at the
highest practical level is required. Architectural

roof fences intended to improve appearance shall aoc

be pemirred to interfere vith discharge.

Scacks oust be designed and located for satis—
factory operation during all vine conciricns. In
no case should discharge be at roof level or at
velocity below average vi-c velocity. The sticks
should be located on the highest roof of a building
whenever possible. Stack caps that deflect che
effluent downward or drastically reduce velocity
should aoc be used.

5. If possible che building should be operated so
chac inside pressure is slighcly positive with re—
spect to che acnosphere co prevent pollutants
entering through idle exhaust ducts and aiscellaneous
stacks and vents.

6. Distribution of air shall be such chac no oc—
cupied area receives less chan 75" of che amounts
specified in che cable.

7. Distribution cf air shall be such chat no oc—
cupied area has drafts.

S. Ac a niaiais, ventilation systems shall operate
during ail hours when buildings are occupied. Early-
startup may be required after periods of shutdown for
holidays ar.d weekends. When required for energy
conservation purposes,early shutdown shall ncc excead
30 minutes.

9. Relative humidity in occupied spaces shall be in
che 30-60Z range. HVAC systems with water spray unr.es
should be equipped with proper denisters and dehumidi—
fiers, and cooling colls should be run at a temperature
low enough to dehuaidify venciiacion air. Ir. buildings
where relative humidity is excessive, outdoor air nay
initially have co be passed over refrigeration colls
for dehumidificatlon prior co passage inco AEUs.

10. Humidifiers in HVAC systems should preferentially

use stean as a water source. Humidifiers utilising re—
circulated water are noc recommenced as these may become
rapidly contaminated with organic dusts anc microorganisms,



11. -liters used ir. AHUs shall have a moderate (fC zo
70~) efficiency as measured by che American Sociezy cf
Heacir.g, Refrigerating anc Air-conditioning Engineers
(ASHSAZ) acnospheric dust seez cesz, anc in general
should be che extended surface type. To prolong the
life of these filters ar.c cc improve cost effectiveness,
prefiicers (such as the roil type) should be used to
filter che air prior co passage over the higher ef—
ficiency filters. Filters of this "efficiency will remove
spores as well as organic dusts that support nicrobial
grouch.

Preventive Maintenance Programs Affecting Ventilation
and Air Quality

1. All external and internal utter leaks shall be
promptly and pemanenciy repaired.

2. Floors, vails, ceilings and vork surfaces shall
be kept clean, dry and cust-free.

3. Stagnant water shall not be allowed to accumulate
under cooling deck coils of AHUs. Proper inclination
and continuous drainage of drain pans is required.

AHU cooponencs should be routinely inspected at regular
intervals. If concanlnacion with nicrobial slice is
found, it shall be removed. Scean lancing can be used
co remove slice providing chat this treatcent does net
damage heat exchange surfaces. Chlorine generating
slimicices and proprietary biocides nay be used co re—
move slime from AHUs provided chat these chemicals are
removed before AHUs areereactivated."

b. Filters used in AEUs shall be replaced ac regular
intervals, .

»
5. Humidifiers which use recirculated water shall be

subject co a fastidious preventive maintenance program
involving regular inspection, cleaning, and disinfection.

Remedial Action in Buildings where H? or Similar Diseases
are Occurring

1. Where carpet, upholstery, ceiling tiles ar.d ocher
porous furnishings are grossly contaminated with microbes,
it is beccer co discard these items rather chan attempt

disinfection.

2. During building cleanup, mactootally-lacen materials
should be carefully removed so as to minimize aerosolirati
of respiraole antigenic materials. Structural ar.d other
building surfaces should be vacuumed with an instrument in
corporazing a high efficiency parttcuiace atr filter and
then disinfected with bleach or proprietary btocide.



s.no.ovea .-vccass to ictom aticn

1. The following documents r.s: be prepared ar.d available irr
ir.speerier, and copying ar each wcrk sire by employees arc
their representatives ar.c Scare enforcement agencies.

a. Written standard operating procedures for the
ventilation sysren including the retrod used ter
regulating percentage of curdecr air and what perrenrage
is used..

b. Written standard maintenance procedures for the
ventilacior. syster.

c. A scieratic diagram of che building exterior
and roof shoving all inrakes and exhausts and
specifying che nacure of effluents, velocity in
fpc of exhausts, volures in cfr of intakes and
exhausts and stack heights.

a. A dragvan shewing vine directions and percentage
of the tire wind blows in each direction at effluent
exhaust points.

e. A schematic diajran shewing location, type and
sequence of all central ventilation equipment in—
ducing fans, ductwork, air cleaners and filters,
energy recovery unit, ktrridificarioa and dekuddifici™*
Cion syseers, plenums, air-conditioning and heating
equipment, etc.

f. A schematic diagram shoving layout cf ductwork

ar.d rntaae vents end windows, and exhaust vents for each floor
specifying volumes in cfr ter vents and windows. Layouts shall also
show each desk or ocher work sration, walls, doors and

partitions. Seeking and nen-sreking areas shall be

indicated and che location cf equipment covered in 32.

2. Tne following information shall be posted at each work site:

a. The name and telephone number of perscn(s) re—
sponsible for conplianca with these standards.

b. The name and telephone number of perscn(s) to
whom problems may be reported.

c. Any malfunctions, breakdowns, repairs or
changes in ventilation equipment or procedures
which are occurring and am estimation of when
standard procedures are expcaced to resiuoe.

d. The layouts described in Section If for each
floor shall be posted on chac floor.

e. The equipment listed ir. le shall be labeled
clearly or. its exterior ir. a prominent place.

Jj- An emoioyee representative shall be assured the op—
portunity co observe any inspection anc/or casting of che
ventilation svstan ar.d receive a copy o: results.



l. The relieving shall nee be used ir.eeerr unless ir has
beer, decerrired ir advance char their use vill rot creacii
neasuraele levels oi _air .cor.cacinarts for rere than one
week after i: .tallacioa or first dse.

a. Particle board, plywood, floor coverings,
carpet backings, textiles and other zaterials
containing forzaldehyde resizs.

b. Orea-fctzxidehyde ioaz insulation.

c. Adhesives, paints ana sealants containing
solvents, isocyanates and other organic
chenicals.

d. ouccrirg, insulation, coating, textiles
or other zaterials containing ashestos.

2. During installation or application of the zaterials
listed in la-c, the building spaces involved shall act be
occupied.

3. After installation or applicatioc cf the zaterials
listed in la-c, the building spaces involved shall be
overheated for a ainizuz of 12 hours foilcved by ventila—
tion for a zizizuz of 12 hours to bake out the organic
contazizazts, before che spaces are reoccupied.

Construction. Renovations. P.oofizg

L. when dusty construction or renovations occur, dust shall
be contained by sealing the construction and renovation work
areas vith plastic sheeting and nalntainir.g then under
negative pressure using high voiure dust collectors vented
outside che building.

2. \When roofing using heated or volatile sealants occurs,

intakes in the roofing work area shall be baffled, extended
through tenporary cuccvork cr otherwise rearranged so chat
concazinacec air is not drawn in.

3. When che procedures in I) and 2) are ineffective or not
used, affected building spaces ahall not be occupied during
construction, renovation or roofing work.



Table: Outdoor AirT P.ecuirenanrs for "er.cllaticn

SnCftmr Mor.snckir.z
cfn/oerscr.
Offices
Office Space 20
.Meeting ar.c Waiting Space 25

Pocc ar.d leverage Services
Kitchens _ 10
Dining"Rocus, Cafeterias, Past Peed facilities 25 !
i cfn/ft.~floor
?ar:<mg Garages, Autc Repair Shops 15 15

Public Spaces
Corridors ana Utility Rocus 0.02

Public Rescrocus 75 cfn/stali cr urmal

*Qucoaor aar as ca.<en fron che external acnosohere and, therefore,
not previ-;us_y carcuuacec through the systes. |If proper air cleaners
and acecuace cenperature controls are provided, part of this air uay be
recarcuaacec but tr.e cutdcor air portion oust never be less than.

Ocn, person or 20z- or the total required, whichever is higher
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Indoor Alr Facts
SICK BUILDINGS

YOEPA

INTRODUCTION

A new building term-sick building-has
been coined jn Tecent vears. A building is
characterized as 'sick” when its occupants
complain of health and comfort_ problems that
can be related to working_ or being in the
building. Problems assoCiated with sick
buildings are “sick building s¥ndrome’

SBS) and 'building related illness* (BRI).
These terms generally apply to problems
related to indoor air Bol_lut_mn; they are not
used to characterize buildings whére
complaints stem solely from“inadequate

temperature or humidity control.

A World Health Organization Committee
estimates that up t 30 percent of new and
remodeled buildings may have such problems
In fact, almost every building may at some
time experience indoor air quall

Problems. F,re_ﬂuentl_y, the problems result
rom the building bemg? used, oBerated, or
maintained in ways unioreseen by those who
on%nally_demgned_ it, or from poor judgment
in The building”design itself.

SBS. Symptoms - A building is said to
manifest SBS when:

* A substantial percentage of building
occupants complain of symptoms associated
with ‘acute_ discomfort-eadache; eye, nose,
orthroat irritation; dry cough; _dr¥ or itchy
skin: dizziness and nausea; difficulty in
cgncentratlng; fatigue; and sensitivity to
odors.

» The cause of the syr_nptoms IS not known.

» Most of the complainants report relief upon
leaving the building.

BB1.Symptoms . when occupant exposure
to Indoor contaminants results in a clinically

defined illness, disease, or infirmity, the
qundlnr i5 said to manifest building-related
lllness, which Is characterized by;

» Complaints of s¥mptoms_such as cough:
chest tightness; fever; chills, and musCle
aches which can be associated with illness.

» The cause or causes of the symptoms are
believed to be exposure to indoor pollutants.
» Complainants may require prolonged.
recovery times aftér leaving the building.

It is important to note that it is normal for
some_percentage of building occupants to
experience oné or more of such symptoms,
and that occupant comPlamts may also result
from an illness contracted outside the
building, acute sensitivity (allergies,
perhaps) of certain individuals, IJob-related
stress or dissatisfaction, or othe _
Esgchosoual factors. Nevertheless, studies
how that such symptoms may be caused or
exacerbated by incoor air contamination.

CAUSES OF SICK BUILDINGS

Indoor air problems that have been cited as
causes of or contributing factors to sick
buildings include;

» Inadeauate ventilation, -

» Pollutants emitted inside (he building,
» Contamination from outside sources.

* Biological contamination.

These causes usuallx act in combination, and
often supplement other occupant complaints
such as inadequate temperature, humidity, or
lighting. However, even after a building
Investigation, specific causes of SBS

problems may remain undetermined.

Inadeguate Ventilation - Prior tq the
1973 oil embargo, most building heating,



ventilating, and air conditioning (HVAC)
systems were designed and operated to
provide as much“as 15 cubic-feet-per-
minute &cfn%) of outside air for each building
occupant. To sa' a en_erg)(, conservation
measures have been implemented which
reduce the amount of outdoor air provided for
vent'lation to only ,j cfm per occupant. Also,
many HVAC systems do not effectwelr _
distribute _the “ventjlation air to people in the
building. The result is inadequate ventilation
which allows pollution levels from existing
sources to increase. This is thought to be a
major contributing factor to SBS.

Indoor Pollutants - Some _ indoor
Bol_lutants come from sources insida the
uilding. For examPIe, adhesives, carpeting,
vinyl of rubber modmﬁ, manufagtyred wood
products, copying machines, pesticides, and
cleaning agents may emit volatile organic
compounds (VOCs); including_formaldehyde.
Research shows that some VOC's can cause
acute and chronic health effects at high
concentrations, and some are known
carcinogens. Tobacco smoke is also a source of
Indoor ar é)ollunon, contributing fo harmiul
lr%\g%lt% r0| VCCs and respirable paniculate

Contamination from Outside Sources-.

The indoor air can also be contaminated from
sources outside the building, This occurs
primarily when pollutants “from motor
vehicle ‘exhausts, plumbing vents, and
building exhausts (such as toilets arid
kitchens) enter the building through
improperly located outsige air intakes,
windows, and other openings. In addition,
combustion products Such as carbon. monoxide
and nitrogen dioxide can enter a building from
an attached or underground garage. These
pollutants can cause oth SBS and BRI
symptoms.

Biological gflfl.lmlnl flfl . Another
major cause Of sick buildings is biological
contamination by bacteria, molds and”their
spores, pollen, Viruses, and other biological
material. Such contamination is often

associated with HVAC systems, For example,
biological contamination may breed in
stagniant water allowed to accumulate in
humidifiers and cooling, coil condensate pans,
or where water has collected on ceiling tiles,
carpeting, insulation, and internally lined
duct work. Physical symptoms related to
hiological contamination Include cough, chest
lightness, fever, chills, muscle aches, and
génera allergic type responses such as
mucous membrang irritation and upper
respiratory congestion. One such indoor
bacterium, Legionella, has caused
Legionnaire's Disease and other illnesses.

WHAT ABOUT RADCN AND ASBESTOS?

Because SBS and BRI problems aro associated
with acute (short-term) symptoms, indoor
pollutants such as radon and ashestos, which
are of concern because of their Iong-term
health effects, are not considered to be among
the causes of sick buildings. However, this
does not mean that they do not pose an
important health risk. Radon and asbestos
should be included in any comprehensive
effort to evaluate a huilding's JAQ, radon
particularly in low-rise buildingS and
ashestos in older buildings.

ASSESSING THE PROBLEM-THE FIRST
STEPS

The first step for individuals with symptoms
similar to SBS or BRI Is to be examined by a
physician to determine the cause of the
symptoms and to establish whether the
symptoms may be ielate. 1to the work
environment ” Consultation with a Beard*
certified specialist in occupational medicine
may also be advisable.

If it is determined that the Workmﬂ
environment may be the cause of the
symptoms,  supervisors, building
maintenance personnel, and union
representatives will need to work together to
Identﬂr and resolve the problem. Initially,
this effort should Include checking to moke
sure adequate ventilation is beind provided,



removing suspected pollutant “sodrces. If. for
example, a biological contaminant is |
suspected, actions to be considered might
include replacing water-stamed ce||,|ng?, tile
and carpeting; removing room humidifiers;
and cleaning“and properly maintaining air
handllnq equipment. ReloCating your Work
space €lsewhere in the building might also be
discussed.

In many instances such coordinated effort by
employees, management, building
mainténance personnel, and oth%rs, Wil
resolve an Indoor air quality problem.
However, in other instances, it may be
Beclassary for an 1AQ consultant to study the
uilding.

WHAT 1AO CONSULTANTS LOOK AT

Because ihere may be many different sources
of symptoms and complaints, in a sck
building, 1AQ consultants will try to use.
investigatory Proce,dures that dre practical,
economically feas.bie. and sensitive' enough »
detect the multiple sources of potential
Proble,ms., Their erﬁcedlires can be applied to
nvestlgatln% a sick building, a "non
complaint* building as a preventive measure,
or to the design ol"a new or remodeled
building. The process usually involves, three
phases; a consultation phase, and qualiiatrve
and quanwatrve diagnoses phases. _
Tho purpose of the ‘consultation phase is to
identify the nature of existing or potential
IAO problems. Investigators “obtain
preliminary _inlormation on_problems and
complaints in confidential discussions and
Pe_rfor_m a walk-through of the building. A
his time, they may Tormulate preliminary
hypotheses arxut the cause or causes of the

IAQ problems and prosert preliminary
recommendations. In many Cases, this is al
that is necessary to resolve an 1AQ plobtem.

In the qualitative diagnostics phase, the
investigators characterize problems and

complaints and evaluate the bund,mg's
environmental control system design and

and. if practical, either modifying or

performance relative to building
performance criteria. They may”evaluate,
suspected health problems a xJ sample air for
suspected pollutants. If discomfort or SBS is
suspected, the |nvest|?ators may do an
engineering analysis of the HVAC system and
other bui'ding stpport systems. [f"BRI is
thought to bé the problem, they may
recommend immediate medical assistance
along with appropriate biological or chemical
samgllng.

Finally, in the quantitative diagnostics
phase, investigators perform on-site

investigations and [aboratory and engineering
analyses whicn include objective
measuyrements cf chemical, Ehg,smal, and
biological parameters, and subjective
respanses of occupants to their environment.
The report generally inoudes a series of
recommendations for remedial actjons,
maintenance procedures, and building
systems operation.

SOLUTIONS TO SICK BUILDING
PROBLEMS

Solutions to sick_buildingz problems usually
include combinations of the following:

+ Pollutant source removal, _ . .
modification, or substitution. This is
the most effective way to resolve an indoor
air quality problem when specific_sources
causing the problem can be identified. This
approach reduces or eliminates the emissions
from a pollutant source, and may bo_ used in
combination with increased ventilation to
dilute the Indoor pollutant level. Examples of
this method include cleaning or replacing
contaminated filters in the HVAC system,
removing water-stained ceiling tilé. and
carpeting; instituting a nc or Testricted
smoking~policy; exhiausting combusthr*
products to the outdoors; and using and
storing paints, adhesives, soNents, and
pesticides In well-ventilated areas.. In fact,
resolution of a building which manifests BRI
usually requires removal of the pollutant



sourco.

» Time of use adjustment of a
pollutant aourca. This is another
Important 1AQ control strategy. When
feasiblo. pollutant sources should be used
when the least number of people wilt be
exposed, e.g.. pamtmg’
working hours, and alowm? hui>6.ng
materials in new or remodeled areas to off*
gas pollutants under high vent latton
conditions hofore occupancy.

* Increasing ventilation rates. This can
often he a cost-effective means of reducing
Indoor pollutant levels, 1 buildings with™,
mechanical ventilation systems, outdoor air
quantities should be provided al rates at least
as high as those speafied m appropriate
standards or codes, P-a Amurican Sqciety of
Heating. Refrigerating and Air Conditioning
Engineers (ASHRAE] proposed ventilation
standard 62-1981R ‘species a minmum of
15 ¢fm P_er_person. It'is important to check
that ventilation systems are operated snd
maintained to provide it last these rates.
AJso. when there are strong pollutant
sources, additional ventilation should be
provided to dilute or exhaust contaminated
air. Optimally, local exhaust should be
employed to’ remove indoor pollution near
such surces as, restrooms, copying rooms,
and printing facilities, (For a miore detailed
discussion 0f ventilation, seo Indoor Air Facts
No. 3. VerMatlon and Air Quality in Offices.)

o Air filtration and pur' cation. Thesa
processes can be used in ooMt&nation with,
source control and ventilation where Specific
problems are identified and practical air |
cleaning options exist. Paniculate filtration,
for example, is a highly advanced technology,
bu! increased performance can involve
s_|?n|f|cantly higher_ costs. Ordinary furnace
filters do not effectively capture pollen and
othor small panicles, but higher
erformance fillers are more eipensive.
apor and gas removal equipment is also
avaHIable for some pollutants, bué,the
technology for general use in ordinary

during weekend or non*

occupied soaces is expensive and requiros
frequent maintenance.

» Education. This is the most Imponant
control method. If building occupants,
management, building maintenance
personnel, and others f,ullg understand tho
sources and effects of indoor pollutants, they
can act togeiner to reduce indoor pollutant
exposures.

FOR FURTHER INFORMATION

For additional information on indoor air
pollution, contact your state or local health
departments, non profit agencies such as
Your local American Lung”Association, or the
ollowing-

Division of Respiratog Disease Studies
Hatll(%ﬂal Institute for Occupational Safety and

ea
944 Chestnut Ridge Road
Morgantown, WV 26505

Public Relations Office o
American Society of Heating, Refrlsq_elzratlng
and Air Conditioning Engineers (ASHRAE]
1791 Tutlie Circle.” NE

Atlanta, Georgia 30329

Building Owners and Managers Association
International

1250 Eye Street. NW

Washington, DC 20005

Additional cotpio_s of this fact sheet and others
In the Indoor Air Senes are available from:

Public information Center

U.S. Environmental Protection Agency
Mail Code PM-21IB

401 M Street. SW

Washington. DC 20460
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Controlling Indoor Air Pollution

Adirborne combustion

products,

toxic

chemicals and

)|

radioactivity are

moreabundantindoors than outdoors. Should indoorairberegulated?

Ifso, how ?Putting risks in perspective helps to answerboth questions

ecause emissions from factories,
pow er plants, waste dumps and
automobiles can harm people
as well as the biosphere In

en
al. many countnes have establisheg

extensive systems for identifying
and controlling such pollution. Vet
the greatest exposures to airborne
combustion products, volatile toxic

chemicals and radioactivity typical-
ly occur not ou.doors but inside res-

idences. offices and oiher nonin-

dustrial bulldIngs-settmgs that tra-

ditionally have been neglect'd b
pollution-control agencies. Indeed,
the health risks incurred merely by

breathing the air at home can sub-

stantially exceed the general limits

on risk that re?_ulatory agencies im-
ing pollutants in out-

pose in controlli
doorairor drinking water
On the other hand, the risks from

inhaling indoor pollutants are typi-

cally less than those associated with
manY voluntary activities lhai are
regulated only marginally. Ifat all. By
choosing to Smoke cigarettes a per
son greatly increases the likelihood
of later suffering from heart disease

and lung cancer. Vei smoking is con-

trolled indirectly in the I1S, where
manufacturers are required only to
print warnings on cigarette packages
and inadvertising

The risks posed by indoor pollut-
ants are in fact comparable in mag-
nitude to those associated with ex-

posure to chemicals or radiation in
Industrial sellings living in certain
houses and working at certain tubs
are also similar in that buth involve
assuming some risk (rum exposure
to pollutants in exchange for some

by Anthony V. Nero, Jr.

eersonal benefit (ahome oranlary).

et the approach for re%ulating occu-

pational exposures, which Is based
rrimarily on setting concentration
imits for each pollutan., would be
extremely difficult to apply I
trolling the quality of Indoor air. The
causes of Indoor air pollution are so
diverse and the concentrations are
so variable that continual monitor-
ing would be required In virtually
all building'—more than 80 million
In the U.S. alone. Moreover, govern-
ments may hesitate to intrude Into
private houses in the name of pollu-
tion control, preferring merely to
warn people of the dangers and let
them decide for themselves whether
or not to take action.

Although building codes could be
rewritten to reduce the chance of
having high pollutant levels in new
structures, the Incidence of buildings
with indoor concentrations five. 100r
even 100 times the average Justifies
an active effort to find and fix such
buildings now. The effori may affect
hundreds of thousands of houses in
the U S.. requiring as large an envi-
ronmental program as has ever been
undertaken. The scope of such a
program, the variability In structures
and pollutant concentrations and the
balancing of personal choice, risk
and benefit make construction of an
effective and sensible overall strate-

gy for the control of indoor tU qual-

ity a daunting challenge to the re-
scare hand regulatory community

n"he pollutants found in indoor air
i are similar to those found out-
doors and in some instances actual-

In con-

ly come from outdoor sources. Yet
the pollutants measured in the high-
est concentrations Indoors are those
that arise from within buildings or
their substructures. They reach such
levels simply because they are emit-
ted Into a small volume—the Indoor
atmosphere—from which they can-
noteasily escape.

One of'the most familiar Indoor pol-
lutants is cigarette smoke, which is
composed mainly of organic aero-
sols. or tiny airborne particles. Heat-
ing and cooking appliances that burn
natural gas. kerusene. oil and wood
SOF peat, coal and dungi, as is the case
In some countries) also emit vary-
ing quantities of respirable panicles
along with carbon oxides, nitrogen
oxides and trace organic chemicals
Less familiar indoor pollutants in-
clude methylene chloride, formalde-
h?/de and a vast range of more com-
plex organic chemicals that are given
off by building materials, furniture,
cleaning fluids, pesticides, paints and
paint strippers Respirable fibers of
ashestos can be released indoors
from insulating material in older
buildings. Indoor air pollutants even
include the products of living organ-
isms or the organisms themselves,
such as bacteria, fungi and house
mites Perhaps most disconcemng
for the occupants of many houses is
the lad that the ground on which the
houses sii isa major source of radon
a radioactive gas that is generated
naturally as a product of the nuclear
dccav of radium, an element present
in trace quantities throughout the
earth's crust.

These classes of pollutants, whnh



arc almost always present in indoor
air, \ary over a wide range of con-
centrations among residential and
office bu_Hqus. The variability de-
pends primarily on the rate at which
each pollutant is emitted into the In-
door atmosphere. A home with \ ent-
ed heating and cooklnq appliances
(and without smokers), Tor example,
will ordinarily not have high concen-
trations of combustion products In
the air. Similarly, measurements of
radon concentrations done ir. 100
U.S. houses In the late 1970's si owed
that differences In the entry rate
of the gas accounted for most of
the variability in the concentrations
among the houses.

tI1s now understood that radon en-

ers houses in the air that is drawn
from the underlying soil by small dif-
ferences in air pressure between in-
doors and outdoors. These pressure
differentials (amounting to no more
than .0001 atmosphere?arlse in part
from th*>"stack" effect: the tendency
for air to rise whenever I: Is warmer
than the surrounding atmosphere.
(The stack efTcct Is the working prin-
ciple ofa chimney.) Hence whenever
it Is warmer Indoors than outdoors,
air tends to flow in through the lower
part and out through the upper part
of a building's shell (its substruc-
ture. walls and roof). It does this by
"infiltrating" through various open-
ings. particularly around windows
and doors and penetrations for pipes
and wiring. Winds blowing against
a building can also produce similar

ressure differences—and thus air-
lows—across the building’s shell, al-
though the airflows exhibit a pat-
tern substantially different from the
Patterns produced by the stack ef-
fect Only a small part of the infiltrat-
ing alr.ac.tuaIIK comes from the soil,
but (his is what carries the radon
Into houses. The entry rate of the
gas therefore depends on the perme-
ability of the soil to airflow, along
with other (I;eologlc, meteorologlc
and structural factors,

The bulk of the Infiltrating air actu-
ally comes from the outdoor atmos-
phere and accounts for the general
ventilation of small structures such
as houses. (In contrast, large struc-
tures such as office buildings usual-

MICROORGAMSMS lound In ordinary
household dust, such as miles trorl. lungl
1m|ddle) and bacicru (hocfoml. are dassi
led as indoor air pol'uianit because thcv
can cause allergic reactions and olher
illnesses, as more lamihar polluianis do



lJ rely on fans, air conditioners and
ucts to provide ventilation.) A sur-
prising amount of outdoor air man-
ages to (cak Into a house by means of
infiltration. In most houses outdoor
air replaces the volume of indoor air
every one to two hours.

Such an exchange of air represents
a constant energy *'drain,"* since en-
erg){ has to be expended to heat or
cool the outdoor air as It replaces
the indoor air. Consequently in the
mid-1970's energy-conscmus home-
owners in the U.S. and elsewhere be-
gt.-._l to reducle Infiltration by welatrt]ﬁr
stripping, plugging openings In the
bmﬁﬂng S Ehe?l and cgulklng around
windows and doors. Studies indicate
that these measures reduce ventila-

tion rates by roughly
cent, depending on how carefully the
measures arc Implemented. While

the modest decreases result In use-

ful energy savings, the resulting

changes In the concentrations of In-

door pollutants are small compared

with the ten- or hundredfold differ-
ence in concentrations observed be-

tween one house and another.
There is In addiiion a third factor
that determines indoor pollutant con-

centrations: the rate at which a par-
ticular pollutant reacts with other air-
borne species or Interior surfaces. Ni-

trogen dioxide, for example, Is found
to be removed from .ndoor air as

much by such reactions as by venti-

lation. The chemical form and -on-
RADON
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centrations of radon's decay prod-
ucts (isotopes of polonium, lead and
bismuth) also depend on the amount
of airborne particles and the pattern
of air movement in a particular build-
ing. Influencing the radiation nose
the products ultimately impart to the
lungs when they are inhaled. Many
other potentially Important aspects
of Indoor-air chemistry remain virtu-
all]y unexplored. o
aken together, the variability In
entry rates, ventilation rates and re-
action rates is the cause ofan Impres-
sive range of concentrations for most
Indoor pollutants. No better example
can be givnn than that of radon. In
the U.S. concentrations in single-fam-
ily houses vary over four orders of
magnitude (factors of 10)—frcm a few
becquerels per cubic meter of air to
more than 10,000, with an average
level of about SO becquerels per cu-
bic meter. (One becquerel Is equal to
one radioactive decay per second.
Another common unit of measure-
ment Is the plcocurie per liter, which
Is equal to 37 becquerels per cubic
meter.) The average indoor level rep-
resents a radiation dose about three
times larger than the dose mostJJ_eo-
ple get from Xrays and other medical
procedures in the course of their life-
time, Those exposed to higher levels
receive proportlonatelfv higher dos-
es. Indeed, hundreds of thousands of
Americans Ilvm? inhouses that have
high radon levels receive as large a~.
exposure of radiation yearly as those
8e0p|e living in the vicinity of the
hernobyl nuclear Power plant did in
198(5. when or.c of Its reactors ex-
ploded and released radioactive ma-
terial into the environment.

he wide range of pollutant types
Tand concentrations entails a cor-

respondingly wide range of health

risks. Cigarette smoke, ashestos fi-
bers. the decay products of radon,
formaldehyde and many other or-
ganic chemicals arc demonstrated or
potential carcinogens. Most of these
pollutants can also lead to chronic or
acute diseases, such as respiratory
infections and allergic responses, as
can combustion products in general
and a variety of indoor bacteria and
fungi. Extremely high levels of car-
bon monoxldc-a combustion prod-
uct-can e\rn result in immediate
death. Yet only in j rclattvrls less
cases, >uch as acute allergic reac-
tions or carbon monoxide poisoning,
is there aclemi-cui lelation between a
given exposure in an indoor pollut
ant and an associated health ilfeci
M fe ofien than not a given instance



of respiraiory disease or cancer "an-
not be directly aitribulcd lo a specific
cause, environmental or otherwise.
Instead scientists stud
rence of pollution-related diseases in
heavily exposed groups (sometimes

human beings but more often ani-

mals) In order to obtain probabilistic

relations between exposures to pol-
lutants and the chance that the dis-

eases will appear in the general pop-
ulation. This approach {Jro_wdes the
basis for estimating, albeit usua_llf(/
with substantial uncertainty, the ris

of cancer and other disease associ-

ated with the lower pollutant concen-
trations qenerally found In water and
air, both Indoors and outdoors.

In quantifying such health risks
one must also consider the risk of
suffering nonfatal diseases. Because
these illnesses can occur with higher
frequency, the overall risk they pose
may bejudged to be asimportant as,
say, the risk of cancer. Y.'t it is dif-
ficult to treat all illnesses—fatal rr
otherwise—on a common basis; this
would require an equivalence be-
tween days sick and days of life lost.
It may also be inappropriate to do so,
since acute llinesses such as allergic
{estﬂonses are Immediately apparent
0
cal risks, as is the case with cancer.

[;or.derto estimate the risks r)osed
y indoor radon, for example, re-
vIts from epidemiologic studies of

underground miners who were ex-
posed to high concentrations of ra-
don's deca)( products are extrapolat-

ower exposures charac-

ed to the |
teristic of a typical house. Based on
these estimates, the average indoor
concentration of radon in the U.S.

corresponds to a chance of contract-

ing lung cancer of about one in 250,
or - percent, which would account
for approximately 10.000 lung-can-
cer deaths per year in the country.

Although the risk estimates for in-
door radon exposure do have a de-

gree of uncertainty. It Is much less
than for estimates of risk from other
environmental pollutant exposures,
such as those from toxic chemicals,

which are usualh based on extrapo-
doses and responses a thou-

Iatingf thot
sandfold. In fact, no extrapolation is
needed to estimate ti.? health risks in
houses with cxcccdinglv high levels
of radon, lor example, people who
hav ¢ lived for 20 >ears in houses that
have 1.000 becquerels oi radon per
cubic meter (which number in the
lens of thousands in the U A*fate jn
additional 2 or 4 percent chance ol
contracting lung cancer.

the occur-

e sufTerer, not merely hypotheti-

LIFETIME RISK OF PREMATURE DEATH (PERCENT)
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ESTIMATED PROBABILITY of suffering a fatal disease is substantially higner for expo-
sure to Indoor air pollutants (black) than for exposure to the pollutanits in outdoor air.
drinking wat-r and food (pale red). tTr]ge risk of death from exposure to irdgor pollut-

ants. however, i1s no more than t

at from cenaln voluntary activities (red), such as

h
smoking, and occupational hazards (gray), such as those faced in mining"uranium.

The<e figures are nothing short
of remarkable. Pollutants In the out-
door environment are regulated so
that the estimated risks of premature
death from exposure to them are usu-
ally less than 001 percent. Indeed
Just about the only environmental
risks-at least for fatal disease—that
are comparable to indoor radon ansc
from other indo ir pollutants. Al-
though the estimate Is hiehly tenta-
tive. the risk of cancer arising from
exposure to a wide range of organic
chemicals in the indoor environment
can be said lo be about .1 percent.
The risk of premature death due to
topical exBosures to ashestos s
thought to be about .02 percent, with
most of th s risk resulting from in-
door exposures. Both of these esti-
mates require more than an order of
magnitude greater extraPoIatllon
from epidemiologic or animal studies
than the estimates of the risk associ-
ated with radon exposure finall).
the risk of lung cancer attributed to
breathing smoke from other people's
cigarettes is estimated to be about .1
percent. _

Yet the level of risk posed by pol-
lutants at concentrations found in-

doors is either in the same range as
or lower than other risks that are
accePted In exchange for some per
sonal benefit. These risks include
diseases caused by occupational ex-
posures to toxic chemicals and work-
related accidents as well as automo-
bile accidents, which people are will-
ing to accept—wnhin reasonable
bounds—in order to earn a salary or
to have the convenience of person-
al transportation. The risk of death
from automobile accidents, for exam-
Ble. averages about 2 percent in the

.S. People also seem willing to ac-
cept a .5 percent risk ofd}/lng *a fall
or fire at home in return for the com-
fon of living indoors. Many arc even
ready to accept the 30 percent risk of
premature death associated with
smoking-a risk that is rivaled onlv
bv exposure to the highest tt.door ra-
don levels known—for the sake of
personal pleasure

ow. then, tan one approach the
Hproblem of indoor air pollution,

which entails risks that exceed com-

mon “environmental" risks but not
the risks people tjcnlv accept when
driving, smoking or 3|mpI§) living
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DISTRIBUTION OF RADON CONCENTRATIONS suggests that about 2 percent of the
houses In the US. (numbering some one millign) have concentrations greater than or
equal to 300 becquerels per cubic meter of air, which s five limes tir average level

in houses? Any overarching strategy
for controlling the risks associated

with Indoor-gol[utant exposures re-
asic, Interdependent el-
ements: a system of advisory or reg-

quires three

ulatory standards that determines
the overall attack on the problem, a

methodology for Identifying the situ-

ations of ?reatest concern and a
framework _
nlﬁlues suited to each situation.

he underIL/m%
dards can take
jectives. One objective might be to
control the average exposure of the

entire population; a contrasting ob-

jective is to avoid extreme levels,
thereby limiting individuals' risk of
disease, fatal or otherwise. In any
case, the objectives can he achieved
by formulating standards that either
control the factors affectl_nﬁ pollutant
concentrations or establish limits on
the concentrations themselves.
Actually both types of standard are
athe_d In_the control of outdoor
Fo lution. The release of pollutants
rom automobiles and power Flants,
for example, has been controlled by
standards that modify such factors as

combustion processes. Concentra-

tion limits in turn arc embodied in
standards for outdoor air »nd water,

which are meant to protect (he popu-

lation at large to a higher degree than
individuals who are exposed lo (he
same pollutants in the workplace

-f

or selecting control tech-

system of stan-
undamentally dif-
ferent forms, depending on the ob-

Concentration limits for outdoor
air usually apply to a large environ-
mental reEion—an “air basin," such
as that of _
sures are more or less consistently

limited throughout a large popula-

tion. Because conditions vary greatly

from one buildinﬂ to another, a com-

parable approach to controlling in-
door pollution would entail dealing
with some 80 million alr-% allty-con-
irol "districts" in the U.S.—one for
each building. As a result concentra-
tion limits .or indoor pollutants are
most effectively aimed at avoiding
excessive Individual exposure rather
than controlling the average expo-
sure ofa population. _
The fact that the Indoor environ-
ment has significant inherent risks
has to be recognized and near-term
attention focused on (he exceptional
situations—Including truly high lev-
els of radon, organic chemicals or
combustion products, as wetl as the
occasional excessive levels of flaking
ashestos and even house mites. This

approach contrasts sharply with sug-

gestions to limit formaldehyde con-
centrations to zero (within the lim-
its of instrumental sen5|t|V|t¥) or to
limit indoor radon concentrations to
outdoor levels (about 10 becquerels
per cubic meter of air). These pro-
posals do not appear to recognize
that the risks associated with aver-
age exposures to formaldehyde and
radon are solidly within the range

0s Angeles—so that expo-

of risks that are normally accepted.

Nevertheless, average exgosures
to indoor pollutants can also be grad-
ually lowered as a long term goal.
This can be achieved by establishing
standards that regulate the factors
affecting Indoor-pollutant concentra-
tions. For this reason it is important
to identify how source, ventilation
and structural characteristics affect
the concentrations. Such knowledge
can be applied In the formulation of
specific criteria for the design, fabri-
cation and utilization of new build-
ings and furnishings that will ensure
acceptable indoor air quality in the
great majority of cases. .

Studying the behavior of indoor
pollutants also helps In the develop-
ment of a methodology by which to
Identify’ buildings that have or are
likely to have excessive pollutant
levels. For example, knowledge that
certain materials or aﬁphances are
often associated with high levels of
organic pollutants or combustion
emissions can lead to monitoring in
b_un_des containing those products.
Similarly, analysis of the general geo-
logic. architectural and meteorologic
factors affecting indoor radon con-
centrrMons might serve to identify
regions where excessive levels are
likely to occur.

nce a building has been identi-
Ofied as needing remedial action

(whether it is already constructed or

still in the pIanning.sta?es), control
techniques can he |mRemented. A
number of control techniques have
already been d.eveIOEed,.corre-
sPond_mg roughly in both design and
effectiveness to the fundamental fac-
tors affecting indoor concentrations.
Given that the emission or entry rate
Is the primary determinant of con-
centration levels, measures to re-
duce pollutant sources provide the
primary control—assuming that ven-
tilation rates are In the normal range.
Emissions offormaldehyde and other
volatile organic substances, for In-
stance, can be lessened by changing
the wa?]/ particle board, adhesives
and other products are manufac-
tured. Cood burner and exhaust de-
signs in heaters and cooking appli-
ances can decrease the concentra-
tion of combustion products Entry of
radon from the ground can be dimin-
ished markedly by means of simple
systems of pipes and fans that draw
alr from (or blow air on) the soil or
gravel Immediately under (he sub-
structure of ahouse. o
If itis determined that neither infil-
tration nor opening windows is suffl-



cient lo ensure an adequate ventila-
tion rate, mechanical systems can he
Installed. In large buildings these sys-
tems can be quite complex, designed
to meet Ferformance criteria_ that
are often Incorporated Into building
codes. In houses with little Infiltra-
tion much simpler systems can be
employed, such as a single exhaust
fan. (To save energ?l the system can
be designed so that exhaust and In-
take airstreams exchange heat.) Al-
thou%h_lnflltratlon and mechanical
ventilation can provide a basic level
of protection, theY cannot be relied
on to reduce pollutant concentra-
tions substantially- the required in-
crease In ventilation rate would ordi-
narily be more difficult and more
costly to achieve than eliminating or

SOURCES OI' AIRBORNE POLLUTANTS In a nplcal house are
im-riid. Combustion products (grrtn) are traced to cigarette
smoke.heating.and cooking appliances.and perhaps automobile
exhaust Organic chemicals tMuel are given off by substances In

reducing the source of the pollutants.
An alternative means of control
might be to physically clean the alrof

airborne giases or particles. This ap-
proach suffers some of the same lim-

Itations as ventilation, namely that

marked reductions in pollutant con-

centrations would _re(1uire high rates
of processing the air. In fact, many of
the less expensive and popular table-
top air cleaners provide only very

low and generally Inadequate clean-

ing rates. Of more concern is the fact
that better devices may not even re-
duce the overall exposure. For exam-
ple, In drastically reducing the total

concentration ofradon’s decay prod-
ucts, filter systems and electrostat-
ic precipitators (which remove parti-

clessuspended in air by Imparting an

electric charge to them) increase the
fraction of the decay products that
are not attached to alrborneJ)anl-
cles. Unfortunately the free decay
products appear to cause the greater
radiation dose to the lung. Hence in
spite of the fact that air cleaning may
reduce the total concentration of ra-
don’s decay products, it does not
necessarily reduce the exposure to
radiation. _ .
Aircleaning may find arole in con-
trol of biologic particles, such as bac-
teria. fungi or residue from house
mites, that do not binave like chemi-
cal or radioactive pollutants. In par-
ticular these organisms actually mul-
tiply given the right conditions, re-
qumnq a different perspective on
control. The most effective approach

paints, ph-wood. solvents and adhesives. Radon (prangt(}_ls
drawn into a house by small differences between qutside and in
side air pressure: the %

foundation and through op .ngs around loose drainage pipes.

as seeps through cracks in the house's



In their case would be to combine air
cleaning orincreased ventilation and
areduction in Indoor humidity.

rrent efforts to control Indoor air
Guahty have In fact followed the

clfic concentration limits and mod-
|fr|ng_ the design and manufacture
0 bqumgs and their contents. The
Netherlands has adopted standards
limiting indoor formaldehyde con-
centrations to 120 micrograms per

wo basic approaches: setting speeubic meter, and Canada has set a
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CONTROL MEASURES seek to lower con-
centrations of pollutants by lowering the
rate at which they enter the Indoor at'
mosphere or by increasing the rate at
which outdoor air replaces Indoor air. The
amount of formaldehyde released from
panicle board and carpets can be reduced
by changing the resins and binders used
in their manufacture. Venting a cooking
range usually results in d marked drop
In the concentration of combustion prod
ucts. The rale at which radon enters a
house can be lowered bv reducing the air
pressure under the building. This can o(
ten be done by means oi a single fan and
a duct. Finally, heat exchangers can im
prose a house’s general ventilation rate
without significantly increasing energy
costs, since they heal or cool inflowing
outdoor air with outflowing indoor air.

4K

limit of 150 becquerels per cubic me-
ter for indoor radon In uranlum-min-
Ing communities. West Germany and
the U.S.. on the other hand, have set
standards that limit formaldehyde
emission from wood products, such
as plywood, and have considered
regulating the emissions from un-
vented fossll-fuel heating appliances.
Policymakers, however, have come
to acknowledge their naivete in
adopting concentration limits as the
primary basis for control: emission
and ventilation standards have been
found to be more workable.

Attempts have also been made In
recent years to include optional con-
centration limits for identified clas-
ses of pollutants as part of the venti-
lation standards Incorporated Into
building codes This illustrates a dan-
gerous tendency to expand each of
the approaches in an overall control
strategy to include the other, leading
to an overt or ImFImlt cconfusion
of objectives. A selt-consistent and
comprehensive strategy would rely
on the factors that determine ventila-
tion and emission rates as "handles"
for _keepl_nP concentrations  with-
in (|mp||0|ty? acceptable ranges in
most new buildings and adopt explic-
it concentration limits mainly as cri-
teria for reducing truly excessive lev-
els found in existing structures.
“In spite of the confusion in objec-
tives, there at least is some consen-
sus on where the major responsi-
bilities _lie for implementing control
strategies. This consensus Is Impor-
tant. because many actors are direct-
ly involved. They include national
and local government agencies, pro-
fessional organizations, manufactur-
ers of building materials and house-
hold appliances, builders and con-
tractors. For that made inyonewho
is active in issues of heu..h, environ-
ment. housing, energr and consumer
products as well as In related areas
such as demograﬂhy, meteorology
and geography should necessarily
be Involved. .

Yet the success or failure of a pro-
gram lo control indoor air quality ul-
timately hinges on the behavior of
the owners and occupants of build-
ings. At present occupants arc often
not aware of potential health prob-
lems caused bv the wav they use cer-
tain appliances or substanccs—or for

that matter of the effect theY have on
others by smoking cigarettes In en-
closed spaces. Even building manag-
ers ma_){ not know for what activities
the building was originally designed
or how the ventilation equipment In
the building is meant to be oFerated.

For this reason some local govern-
ments are considering requmngf ev-
ery managerofa building to conform
to the assumptions made in its de-
3|.?_n. In this way a chain of responsi-
bility from the engineer, architect
and ‘builder to the owner and occu-
Pants can he maintained. An impor-
ant element In such a system might
beasupgortlng document as ociated
with a building, much like a deed,
that describes the design assump-
tions relevant to Indoor air qual_lg
and records changes in the build-
mg’soccuEancyorvent!latlon.eqmp-
ment. In the case of office buildings
the document could list a building’s
smoking areas and indicate the ex-
tent to which furnishings that emit
organic chemicals can be used.

simpler document for private

houses could maintain a record of
radon measurements and of any re-
medial techniques and maintenance
procedures that may be needed. It
would be similar to the document re-
quired in many areas that certifies
a house for sale is free of termites.
Indeed, in areas where high radon
concentrations have been reported
real-estate transactions are already
Including this information. Such a
document would be one of the more
visible manifestations of a compre-
hensive control strategy.

goes beyond the conceptual ba-

_sis of current regulator*,.tructurcs,
which were built for controlling ex-
posures to pollutants in industrial or
outdoor settings. The fact is that the
health risks posed by Indoor pollut-
ants have to be considered In their
own right, and the objectives and
approaches for a rational pollution-
control strategy must be thought out
anew. Such rethinking depends on
science to evaluate the health risks,
elucidate the correlation between
pollutant concentrations ai>d the fac-
tors that inlluenco them, develop
methods for measuring pollutant
concentrations and determine the ef-
fects eness of control techniques.
The resulting silence and policy of
indoor air quality might even change
l.ow we think about other pollutant
exposures, leading to amore realistic
perspective on environmental risks
In general

The control of Indoor air pollution



