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Every year as many as 30,000 people in
this country may be dying from lung
cancer as a result of constant exposure
to radioactive radon gas while at work
and at home. The Environmental Pro-
;; tection Agency recently estimated that
*4 up to 1 million American homes may
be contaminated.
Modern energy-efficient buildings
.. serve as giant containment vessels,
concentrating the ubiquitous gas to
life-threatening levels and placing the
health of inhabitants at risk. Indeed, it
oo #appears that man’s attempts to control
“: other elements of the environment
i may have served to escalate this partic-
7 ular hazard to unforeseen levels in the
kR workplacc.

% Nature of radon

-~ Radon is a naturally occurring radi-
., s oactive gas that results from the decay
+ 7t of radium. Radium is present nearly
- .4 everywhere, in rocks, soil, and prod-
4 ucts derived from earthen materials.

d A member of the uranium series-of
= clements, radon is constamly released
¢ from the soil to the air and may also en-
» ter the atmosphere through a number
of other pathways, including ground-
. water, natural gas, volcanic gases, and
/¢ air used to ventilate caves and mines,

. The presence of radon and its decay
.. products in the atmosphere adds sig-
- » nificantly to the background radiation

man experiences in the normal en-
: vironment. Although the inert nature
of radon limits its capacity to do direct
b:ologlca.l damage, the gas still offers
7; some serious implications.

The combined metallic and radioac-
ive properties of radon, its decay prod-
- ucts and residues, particularly in high
., concentrations, can result in dire med-
cal consequences, primarily to the

issues of the respiratory tract.

Radon In the workplace

Until recently, indoor concentrations

:|of radon have been present at levels

_{closely in equilibrium with those in the

utside atmosphere. In spite of heavy

; use of building materials which con-
: tain radium-226, such as concrete,
brick, and tile, the exchange rate of in-
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door and outdoor air was generally
high (one to four complete exchanges
per hour). This was enough to keep the
indoor coneentrations of radon rough-
ly equal to natural outdoor back-
ground levels, even in areas with high
natural radon levels.

Recent developments in msulauon
and ventilation techniques have caused
some remarkable changes to occur in
the indoor environments, however.

A good way of visualizing the indoor
concentration problem is to consider a
building as a container for radon gas.
The gas may enter the container from
the outside or it may arise from ema-
nations within the building itself. If
trapped indoors, radon will continu-
ously decay, effectively increasing the
concentration of radioactive inhalants.

Energy loss due to high air exchange
rates can be significant when HVAC
systems must deal with the fluctuation
of unconditioned outside air. About
one-third of the energy used to heat or
cool buildings is used to make up for
these losses.

In commercial buildings, the short-
termm solution has been to reduce
mechanical ventilation rates and to in-
hibit infiltration rates with more effi-
cient insulation. Exchange rates were
reduced to levels of 0.5 exchanges per
hour. While this resulted in substantial
energy savings, it usually boosted in-
door concentrations of a host of in-
dustrial pollutants, elevated human
exposure to radon, and presumably in-
creased the incidence of radon-related
lung cancer.

An inverse relationship appears to
exist between the reduction of air ex-
change rates and the concentration of
radon. For example, a 50 percent
reduction in the air exchange rate will
result in a doubling of the indoor radon
concentration.

Sources of radon

Property managers who wish to begin
a preliminary assessment of the radon
risk in their buildings first need to
understand the three major sources of
radon and radon residuals in the out-
door environment, These are:

¢ building materials;

¢ underlying soil and rock; and

® available utilities (water and natu-
ral gas).

® Building materials. Surveys have
shown that ordinary concrete and ce-
ment contain moderate levels of several
radionuclides, including radium-226.
Radionuclide levels in brick are slight-
ly higher on average; natural plaster is
several times lower.

Non-crustal building materials such
as wood are much lower in radionu-
clide levels, but other natural materi-
als, especially granite and shale from
the southeastern United States, may
have much higher concentrations.

Residues from industrial processes
frequent.ly are incorporated into build-
ings materials and may result in con-
siderably higher radionuclide concen-
trations. Blast-furnace slag is used to
make construction blocks, and the
wastes derived from phosphate proces-
sing are incorporated into wallboard
into the form of phosphogypsum. Both
are high in concentrated radium-226.

In the U.S., the major industrial
byproduct in building material is phos-
phate slag incorporated into concrete
blocks. These blocks retain and con-
centrate most of the radium-226 and
uranium-238 originally present in the
phosphate ore.

A final, and poorly understood,
example of incorporated byproduct
material is the use of fly ash in certain
cements. This ash, produced by coal-
powered electric plants, may contrib-
ute significantly to the radionuclide
content of the cement, but accurate
studies still need to be completed.

Diffusion and emanation rates of ra-
don gas out of the incorporated materi-
al dictate how effective the generation
of radon inside the building will be, but
for the most part, this contribution is
secondary to that of the underlying soil
and rock.

® Soil and rock. Certain types of un-
derlying soils and geological forma-
tions have greatly elevated radionu-
clide contents. For example, phosphate
rock formations in Florida have higher
levels than average, as do shale forma-
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tions in Tennessée and uranium ore
bodies throughout the U S. Indoor
concentrations of radon are usually ap-
. preciably higher in structures built in
sithese locations. 7
The emanation and transport of ra-
don gas from outside soil to the interior
of a building depend largely on the ra-
don content of the air trapped beneath
the foundation. This, in turn, is affect-
ed by alternations in temperature,
barometric pressure, prevailing winds,
and thie:moisture level of the soil.
Radon'may enter, buildings through
seyeral pathways,\ including diffusion
_.through comcrete basement floors, by
canvection: through basement walls,
and'by general seepage through de-
signed and undesigned openings in
_walls and ground floors. Once inside,
. radon diffuses throughout the build-
A ing, becoming more diluted as it rises
’ ““upward from basements ;
'@ Unilities: Dornestic water and natu-
“ral gas §upphes provide an effective
pathway for the diffusion of radon gas
2 ""mto a bu1ldmg Certain areas, Maine
S ““and New Hampshire for example, have
Ty R naturally high concentrations of radon,
“'in well water. Tap water from wells and
underground reservoirs have also been
known to exceed occupational limits.
Natural ‘ gas_poses a less serious
threat but is known to contnbu:e to
htgher-than -average indoor concentra-
~'tions in' Houston. An article in the July
22,1985, issue of Timer magazine cited
hlgh levels of indoor radon in New

*“Hampshire, Idaho, Texas, California,. .

191 tﬁe Carolinas, and. Waghmg‘;on.
Radon levels mmde a building will
' "Jﬁ‘r}( apprcc:ably over time and loca-
*© “tion. “Unlike' outdoor 1e1(els, indoor

L concentrailons show hlﬂ@ sea,sqnai var- ..,

iation, but they ¢ do chapge dunng the

; ey

“Cearly momm Radon levels dqcreasc
markédly as bu:.ldmg hc:ght ;qqrcases
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ipbtection and conlrol N

cohme of the . day, Tising to a peak in

. Although construction matena.l un-; -

dcrlylng soil, and avadablc utilities
‘ma’
fevels, property managers are cau-
Iloned not to make conclusions based
“on these criteria alone. The large num-
“ber of variables necessitates hiring a
- professional for more than a prelimi-
nary assessment of radOn levels.

A profess:onal health physicist, who
specializes in this type of complex
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cause variations in mdpor radon

1

mcasurcment wl.ll be able to apply
proper analyucid techniques  and,
more importantly, will be ablc 10 ex:
plain the results in a useful fashion. |

Relatively accurate, inexpensive ra-
don detectors are available.and are
suitable for wholesale screenings. For
accurate results, these dosnmctn s need
to be left in place for three munths.
The cost for.this service may run from
$50 tp.as much as.§2,000 for a single
building, depending on size.

Should this preliminary step reveal
unacecptab}y high levels (what vonsti-,
tutes an “acceptable level” has yetto be
positively established anywhere but in
uranium mines), a health physivist or
other trained professional should be
consulted for more detailed analysis.

Further analysis may include studies
with the low-cost screening detectors or
may require more timely work with ex-
pensive portable detectors. At this
point, a property manager necds to be
prepared to spend anywhere from $150

to $3,000 to find out where and how -

the radon is entering the buildiny. For-
tunately, all detection measutrs are
nondlsrqptwe to bm]dmg occupants.
Control techniques are limited by
the mobile nature of radqn gas and the
widespread a_bu,x_)danj;e‘ of radiyn-226
in the environment. Preconstruction
planning may eliminate ,potentially .
hazardous building materials or dan-.

gerous site-Jocations,. byt it 4g;gifficult e

]

to correct.either problem after con-

. struction is complete.  .* ~
Sealants, which reduce the transport

and emanation of radon, may be uti-

lized in basements, crawl spaces, and
concrete slabs. Ventilation -of crawl
spaces and-the redesign of air transport
routes around: slab floors can reduce
concentration; levels, but both require
engineering-retrofits.

I the emanation and transport of -

radon cannot be controlled economi-
cally, radon and its decay products can

be removed by air-mixing, ventilation, -

and filtration techniques requiring
fairly sophlstlcated buddmg subsys-
tems. Finally, air-to-air heat exchang-
. ers remove indoor air while maintain-

ing low energy use. This method may -

* be applied to old and néw buildings.
Whatever cure is clzosen the costs of
remedial-" action will undoubtedly
range jwell into five' figures. However,
very little disruption will occur to the
activities of the; bulldmgs occupants
~while remedial work is going on in the
buﬂdmgs lower levels. - @ o
Gyt g {x
Conglusion
Placing: the problem of indoor radon

pollution in perspective first requires a'’

, thorough-consideration of theirelative

-1 risks-posed by indoor concentrations of

« gagy If.current figures are accurate,

o more; than-100,000:Americans di¢ an-

nually from:lung cancer—and$thany
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as 30 000 of these may die from inha-
lation of airborne radon byproducts.

Health physicists have established
that radon concentrations may have’
reachedr precipitously” high levels in
hundreds (if not thodsands) of build-
ings and.perhaps as’many as 1 million
homes in this country;-New energy-
efficient technologies only serve to
exacerbate the probleit.

Individual propertyimanagers have
a difficult decision to tiake before call-
ing in professional help. This step can
result in an unjustified expense if no
-: problems are found: Orni- the other®
hand, if a serious problem does exist, -
the manager is then faced with a few
relatively expensive sohitions. In some
cases, they are experimeéntal and with-

e

P
out an absolute guarantee of success.
Compktent adviceand service are
available and can usually be obtained

" thtough associates, trade associations,

““orlocal ‘public auth®rities.

The legal and ethical questions aris-
ing from this little-known environmen-
tal pollutant could easily ttanscend
thosé’‘already posed by better-publi-
cized hazards, such as asbestos, Prop-
erty managers, plagued by a host of

newly-discovered indoor public health’

threats, may‘have a new name to place
at the top of that list.

Managers must become familiar
with the technical aspects of the prob-
lem, and then they must take the steps
necessary td’establish and mitigate the
present level of risk which exists in

buildings under their management.
Only these acuvmes will decrease the
Lhreat of future legal battles. '

detors note: Further information about indoor
radon pollution may be found in-the articles con-
tained in Health Physics {Special Issue on
Indoor Radon), August 1983."

JosephE. Héinderson, Jr, M.M.Sc., is a health
physicist for the University of Virginia. He also
heads a consulting firm specializing in detec-

+; tion @and hazard removal of radon gas.

M, Henderson is-a plenary- member of the
American Health Physics Society, a member
of the American” Association of Physicists in
Medicine, and a fofmer member of thé Ameri-
can Health Care Associatiofl. He réceived the
Master of Science degree in" Radiological
Science from the Emory University School of
Medicine in Atlanta
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. Tight Buildings and
Indoor Air Quality
Since thie oil cmhs of the 1970%, energy ~
usage has become an ovemﬂhelmlng
concern for building managdis: New ™
buildings are de51gned with energy ef-
ficiency as a maJor consideration, and
older buildingstare retroﬁtted for

el

. lation.and=fise~-prevention nrake erd
ronments “tight.”’

Impact on health and productivity
The éaiéiiiﬁ‘f‘ the ' tlght building has
resulted in a'néew- problem—mdoor air
pollution, Commercial buildings, in
particular, are 1112'1)' to engender seri
ous md.QO.I;. air; polltmon problems
These buildings contain greater quan-

tities of building materials that have

s been found to-emit toxic-gases.
Fhlie Poor ventilation._exacerbates the
i‘l problem. Windows often cannot be

- { . opened, restricting air circ
iy adequate ventilation systems'
1 late stale atr "and humidity. Rec

P “ventilation i increases the level of “pay
L osive? ¢igarette smabking, o Ot
‘ ..~ Poor office air quality posesamgmfi-

R e e e

cant problem. A survey conducted-by
Honeywell Technologies, a division of
Honeywell, Inc., found that poor air
quality was assoc1ated with a number

-
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" "Thetefdre, complaints about office air

of physical ailments experienced by of-
fice workers. Some of the most com-
mon symptoms include drowsiness,
headaches, nau’s
tory adments chro ic coughs lethar-

ventilation 4nd cigarette smoki
the top"8ir-quality problems that
rupit the productivity of office workers

_ qua’.hty should bc lakcn senously
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Arlnbldor aiv eontamman’ts
“POCAeSof HiAJoF EOHEen Yo Biliding

(' tdnagersindutle asbestosy To¥malde-

hyde, radon ozone, sulfurdioxlde, and
(L e B r‘, )

24,

angd asbtstos:—cemcnt board for pipe

mplt:-purpose roQems, ;and
_sheet"flooring.” The fedeéral Enwd iron-

_-mental Protection Agency (EPA) esti-

'-rnatcs that several hundred thousan:

N tons of- asbestos were used for these

urposes between 1940 and 1973,

iccording to the EPA, about 20 per-
“cent Uk commercial, apartment, and
fcdcral ildings contain materials
with friable asbestos. The substance is

e —

dizziness, respira-

are"

o5

ERRTT asbcsios i

rmal msu.lation :

most often found in plpc and boiler
insulation (75 pcrccnt) and in.sprayed
or trowelled-on materials (25 percent).
Fifty-nine percent of all residential
rental buildings with 10 units or, more
contain some friable asbestos materi-

" als; 39 percent of all federal buildings

and 16 percent of private nonrcsxden-
tial buildings also have such materials.

Asbestos that i is friable, or with the
_ potential to become airborne, poses
significant health darigers, Exposure to
irborne asbestos can cause asbestosis,

b 1N
" a \gerious form of lung .ancer;

meso 'ehoma., a cancer of the I lung and
" the abdb{ninal cavity lining; and other

" laryrigeal apd gastmmtcst;n{a.l cancers.

The Congumer Product Safcty
Commission (X SC_) has banned the
,cer:am prpd}lcts

< ly known cmm&mm‘amt; isa™ Mc:lded“wet aPpllc msu]atmﬁx if it

gro\;ik—of ne ura.liy Ogeurring. mmtra.ls “"¢an 1}: hE& ulvc 1 ed .or reduced

21 ised in“buildiogs because ofctheir fire ™ t'a'p)ééWder 'aﬁ'd prgs;rurc a[.ftcr dry-
re‘mx@ﬁir, '&r}&__i gulating’ éjﬁa’.ht’fcs " ing,' cAnniot be used as we] Ratchmg
Ashestos, ;uie insluded fireproofing " ‘tompoﬁn&s ‘and arur ual e?m and

“ash for fonie firéplace us.:,ﬁ 1"1:‘::9;00!3

“*4ng of ifildrion products that contain

more than 1 percent; g?sbqstqs.hqy: also
been banned

Thdré are savcrai ‘methods of cor-
recting the hazard of asbestos. The first
optior is “encapsulation,” or applying
EPA-tested sealants to control asbesms
_ fiber release. The “barrier” method

lows a physical barrier to be placed
between contaminated asbestos areas
to corntain the problem

Rémoval’ and replacement may be
necessary in some cases, although it is
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the. most expensive method of handling
the problem. According to the Safe
Buildings Alliance (SBA), unless prop:
.,erly done, removing asbestos can in-
crease the level of friable asbestos.
Proper maintenance and inspection
procedures are generally the best
means,Qf assuring that asbestos-con-
taining, materials pose fio significant
health risk, according to John Welch,
.- president of SBA. In most cases, as-
bestos can be properly controlled by a
., combination of improved custodial

g b control special maintenance, and mi-

R -, nor patching and repairs.

S e Formaldchyde. ~ Formaldehyde is
‘used in building materials, insulation,
furniture, carpets, cosmetics, deodor-
ants, solvents, disinfectants, and fumi-

. gants. It is a known irritant.

Gas emitted, from formaldehyde and
related pmducts has been found to af-
fect the mucous membranes of the

3 eyes, nose, and throat. Urea formalde-

3 hyde foam insulation (UFFI), the mairr

culprit in the formaldehyde family, was

used in the early 1970s for its high insu-

. lation factor and low cost, mainly in

4 " residential buildings.

' UFFI was banned in 1982 by the
CPSC. The ban has since ‘been lifted
because of a disagreement between the
CPSC and the EPA over its carcino-
genic risk. Nevertheless, UFFI is still a

. problem product.

~ Some city, county, and state health
departments. will conduct tests at a

A commercial labpratory also can de-
[ termine, the, level. of formaldehyde,

tunc, Thc CPSC suggests thq.t after a.
y _ three-year period, little.risk exists ex-
P cept for someone. with, unusual sensi-
- e tivity-to fox;maldchydc &

T Incrcasmg \nqnn]a.non reduges the -

: _wal.l and finish with caulking,. spack-
lu":g, or spcc:a.l vapor-barrier paints.
Mylar. or.vinyl wallpaper or a good.
grade of canvas-backed vinyl wall-
paper are also effective corrective seal-
ants, according to the National Re-
search Council of Canada. Removal
should be a last resort.

® Involuntary smoking and combustion
byproducts. Cigarette smoke is one of the
most common indoor pollutants. Non-

AR

modest fee to check for fonnaldehydc r
L1 ;¥educed by placing a range hood over

smokers working in an environment -
with smokers have been found to pas-
sively inhale cigarette fumes. In a low- -
ventilation environment,; they risk the .
same health hazards as active smokers,
though at a lower level.

Other fumes that impede human
health result from gas stoves’ and space
heaters’ emissions. These combustion
products emit carbon monoxide, nitro- >
gen oxide, and formaldehyde, all of
which cause:respiratory problems.

Managers will often find that:poorly. .

tuned gas stoves and space heaters dis-
perse very high levels of contaminants:

Air Filters Reduce Indoor-Pollution

v *  Cleaning element .-
(electrostatic cell
or media-filter)

Optional activated Multi-spéed motor
carbon filter

J&d}umma alrtoll’
ouvers

Dirtyairln
Intetgrille - - '
il x) N
threugh an apartment anccntra-
.tiong of ;these :contaminants can be

the stove in comjunction with:a fan to

: ‘which varies with temperature, hu-. .; dm&haust oytdoors.
! . midity, and.other. factors. UFFI has -«. . .. 2

.been f°‘-md tg, decrease in BSkﬂmr“wEstablishlng npollutlon-freo :
v enyiropment - oo
, -An-effective HVAC, system can  notice- :

- ably. improve: the quality of air. It es-

o mtahhshqs the :correct, balance bctwcen'

,exygnmand carbon dioxide so that the

..‘.-"."--lfj foxmajdehyde level, . It is; advisable to . ,“na.u' .is breathable. It removes humidity
A . Fepair all_holes, cr.acks or.gaps in the -~yto ensure comfort and..to decrease

- micrebiglogical risks. (Thc outburst of
Legionnaires' disease, for mstancc,
was-traced 40-bacteria growing in the
water of an air conditioning system.)
The HVAC system dilutes odors to ac-
ceptable levels and removes contamin-
ants produced by human activity,
building materials, and other sources.

Property managers should check
ventilation systems'to make sure that
they are working efficiently. One of the

“Vibration
: retrofitting their properties~with de-
i:. vices to improve the quality of the air.

majorreasons for poor air circulation
is faulty equipment installatiofi:
Correct vent placement willensure
good air circulation. Most:wents are
near outer walls, leaving inner offices

> poorly ventilated. Increase the amount

of-ventilated outdoor air to improve
air quality, rather than recirculating
sindoor air—except at street level,
where car exhaust fumes can easily
enter. New buildings can be adjusted
to do this; older buiidings: may have
to:be retrofitted. i

The American Society of ‘Heating,
Refrigeration, and ‘Air Conditiéning
Engineers (ASHRAE) has' developed
standard recommended and minimum
ventilation rates for many types of
building spaces. These standirds help
rto ensure safe and habitable li‘vmg and
working environments.

Building managers shouldftonmder

- -Air cleaners-are an &fficient: and eco-

- nomical means of controlling pollution

indoors, by removing up to 93 percent
of all airborne particles. Additional
charcoal filters eliminate up to 75 per-
cent of all air odors. Together, they are
effective in offices, conference raoms,
computer rooms, and other areas
where air circulation is low.

Careful selection of buﬂdmg mate-
na.i also reduces indoor air pollutants
Furmturc, carpets, . partitions; wall
coverings, and cleaning:materials may
cmit toxic substdnces. Propcf‘t?"man-
‘agers must becdrme familiar with the
‘¢hemical composmon of products and
- materials used in the buildings-they
manage. and avoid 'using thése ‘that
pose significant health risks.

Conclusion... -.

. Ensuringithe ; comfort'and safety levels
of offiee #nd resxt‘lenna} ‘tenants takes
- on’greater sigmificance in  light 'Of re-
cent findings. As more is learned about

..the consequences. of indoor air pollu-

tion;: property ‘managers: who are re-
sponsible for the selection of office
products-face a greater risk ofdiability.
Thus, managers should attempt to
make informed choices—cost cannot
be the only consideration. As one ex-
pert surmised, “Indoor air pollution
may be the greatest environmental
challenge facing business and health
care professionals in the next 10 years.”
—Karen McManus
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