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H ow  ce rta in are sc ie n tis ts o f th e risks?
With exposuro to radon, as with other pollutants, there is 
some uncertainty about the amount of health risk. Radon 
risk estimates are based on scientific studies of miners 
exposed to varying levels of radon in their work 
underground. Consequently, scientists are considerably 
more certain of the risk estimates for radon than they are 
of those risk estimates which rely solely on studies of 
animals.

To account for the uncertainty in the risk estimates for 
radon, scientists generally express the risks associated 
with exposure to a particular level as a range of numbers. 
(The risk estimates given in this booklet are based on the 
advice of EPA’s Science Advisory Board, an independent 
group of scientists established to advise EPA on various 
scientific matters.)

Despite some uncertainty in the risk estimates for radon, 
it is w ide ly believed that the greater your exposure to 
radon, the greater your r isk  of developing lung cancer.

H ow  does radon cause lung cancer?
Radon, itself, naturally breaks down and forms radioactive 
decay products. As you breathe, the radon decay products 
can become trapped in your lungs. As these decay 
products break down further, they release small bursts of 
energy which can damage lung tissue and lead to lung 
cancer.

W hen d id radon becom e a p rob lem ?
Radon has always been present in the air. Concern about 
elevated indoor concentrations first arose in the late IQGO’s 
when homes were found in the West that had been built 
w ith materials contaminated by waste from uranium 
mines. Since then, cases of high indoor radon levels 
resulting from industrial activities have been found in 
many parts of the country. We have only recently become 
aware, however, that houses in various parts of the U.S. 
may have high indoor radon levels caused by natural  
deposits of uranium in the soil on which they are built.

Doos eve ry hom e have a p rob lem ?
No, most houses in this country are not like ly to have a 
radon problem; but relatively few houses do have highly 
elevated levels. The dilemma is that, right now, no one 
knows which houses have a problem and which do not.
You may wish to call your state radiation protection office 
to find out if any high levels have been discovered in your 
area.

Many states, as well as the federal government, are 
sponsoring work to identify areas of the country which are 
like ly to have indoor radon problems. However, early 
results from this work are inconclusive. If you are 
concerned that you may have an indoor radon problem, 
you should consider having your home tested.
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H ow  does radon  ̂ e t in to a home?
Radon is a gas which can mcv* through small spaces in 
the soil and rock on which a house is built. Radon can 
seep into a home through dirt floors, cracks in concrete 
floors and walls, floor drains, sumps, joints, and tiny 
cracks or pores in hollow-block walls,

Radon also can enter water within private wells and be 
released into a home when the water is used. Usually, 
radon is not a problem with large community water 
supplies, where it would like ly be released into the 
outside air before the water reaches a home. (For more 
information concerning radon in water, contact your 
state’s radiation protection office.)

In some unusual situations, radon may be released from 
the materials used in the construction of a home. For 
example, this may be a problem if a house has a large 
stone fireplace or has a solar heating system in which heat 
is stored in large beds of stone. In general, however, 
build ing materials are not a major source of indoor radon.

C om m o n Radon E n try P o in ts

^  Water Supply
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H ow  is radon de tec ted?
Since you cannot see or smell radon, special equipment is 
needed to detect it. The two most popular, 
commerciaily-available radon detectors are the charcoal 
canister and the alpha track detector. Both of these devices 
are exposed to the air in your home for a specified period 
of time and sent to a laboratory for analysis.

Charcoal Canisters
Test Period: 3 to 7 days
Approximate Cost: $10 to $25 for one canister

Alpha Track Detectors
Minimum Test Period: 2 to 4 weeks 
Approximate Cost: $20 to $50 for one 
detector; discounts for multiple detectors

There are other techniques—requiring operation by 
trained personnel—which can be used to measure radon 
levels, but such techniques may be more expensive than 
the devices shown above.

Your measurement result w il l be reported to you in one 
of two ways. Results from devices which measure radon 
decay products are reported as "Working Levels” (WL). 
Results from devices which measure concentrations of 
radon gas are reported as "picocuries per liter" (pCi/l).
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H ow  can I g e t a radon de te c to r?
Homeowners in some areas are being provided with 
detectors by their state or local government. In many areas, 
private firms offer radon testing. Your state radiation 
protection office may be able to provide you with 
information on the availability of detection devices or 
services.

The U.S. Environmental Protection Agency conducts a 
Radon Measurement Proficiency Program. This voluntary 
program allows laboratories and businesses to demonstrate 
their capabilities in measuring indoor radon. The names of 
firms participating in this program can be obtained from 
your state radiation protection office or from your EPA 
regional office.
H ow  shou ld radon de te c to rs be used?
Obtaining a useful estimate of the radon level in your 
home may require that several detectors be used to make 
measurements in different areas. Following the steps 
below should provide the information needed as you 
decide whether or not further action is advisable. (In 
making radon measurements, you should be sure to follow 
the instructions of the manufacturer as to the proper 
exposure period for the particular device you are using.)
Step One: The screening measurement
The first step you should take is to have a short-term 
“screening” measurement made to give you an idea of the 
highest radon level in your home. Thus, you can find out 
quick ly and inexpensively whether or not you have a 
potential radon problem.

The screening measurement should be i. '^e in the 
lowest livable area of your home (the basemen, if you 
have one). A ll w indows and doors should be closed for at 
least 12 hours prior to the start of the test, and kept closed 
as much as possible ‘hroughout the testing period. This is 
necessary to keep the radon level relatively constant 
throughout the testing period. Because of the need to keep 
the w indows closed as much as possible, we recommend 
that you make short-term radon measurements during the 
cool months of the year.
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Step Tw ’! Determining the need for further measurements
In most cases, the screening measurement is not a 

reliable measure of the average radon level to which you 
and your family are exposed. Since radon levels can vary 
greatly from season to season as well as from room to 
room, the screening measurement only serves to indicate 
the po ten tia l for a radon problem. Depending upon the 
result of your screening measurement, you may need to 
have follow-up measurements made to give you a better 
idea of the average radon level in your home.

The following guidance may be useful to you in 
determining the urgency of your need for follow-up 
measurements.

If your screening measurement result is greater than 
about 1.0 WL or greater than about 200 pCi/l. you should 
perform follow-up measurements as soon as possible. 
Expose the detectors for no more than one week. Doors 
and windows should be closed as much as possible during 
testing. You should also consider taking actions (see page 
13) to immediately reduce the radon levels in your home.

If your screening measurement result is about 0.1 WL to 
about 1.0 WL or about 20 pCi/I to about 200 pCi/l, perform 
follow-up measurements. Expose detectors for no more 
than three months. Doors and windows should be dost d 
as much as possible during testing.

If your screening measurement result is about 0.02 WL 
to about 0.1 WL or about 4 pCi/l to about 20 pCi/l, 
perform follow-up measurements. Expose detectors for one 
year, or make measurements of no more than one week 
duration during each of the four seasons.

If your screening measurement result is less than about 
0.02 WL or less than about 4 pCi/I, follow-up 
measurements are probably not required. If the screening 
measurement was made with the house closed up prior to 
and during the testing period, there is relatively little 
chance that the radon concentration in your home w il l  be 
greater than 0.02 WL or 4 pCi/l as an annua! average.
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Follow-up measurements w il l provide you with a 
relatively good estimate of the average radon concentrate a 
to which you and your family are exposed. We strongly 
recommend that you make follow-up measurements 
before you make any final decisions about whether to 
undertake major efforts to permanently correct the 
problem.

Follow-up measurements should be made in at least two 
lived-in areas of your home. If your home has lived-in 
areas on more than one floor, you should make 
measurements in a room on each of the floors. An example 
is to take a measurement in the living room on the first 
floor and another in a second-floor bedroom. The results 
of the follow-up measurements should be averaged 
together.

W ha t do m y te s t re su lts mean?
The results of your follow-up measurements provide you 
with an idea of the average concentration throughou* your 
home. The actual risk you face depends upon the an. unt 
of time you are exposed to this concentration.

The figures on the facing page illustrate the number of 
lung cancer deaths, out of a group of 100 people, that 
scientists would attribute to exposure to specific levels of 
indoor radon. The first three figures assume that these 100 
ind iv idua ls spent 75 percent of their time in the dwelling 
for 70 years. The numbers below each picture indicate 
what scientists consider to be a reasonable range of 
estimates of lung cancer deaths that could be attributed to 
the radon exposure. This is in addition to the number of 
lung cancer deaths attributed to other causes. (On average, 
about four people out of a hundred die of lung cancer 
from all causes combined.) The pictures represent the 
midpoint of the ranges.

S t e p  T h r e e :  T h e  f o l l o w - u p  m e a s u r e m e n t Lung Cancer Doaths 
Associated With Exnosure 
To Various Radon Levels 

Over 70 Years

WL = 0.02 
pCi/l = 4

Between 1 and 5 out of 100

WL = 0.1 
pCi/l = 20

Between 6 and 21 out of 100

Between 44 and 77 out of 100

If these same 100 indiv idua ls had lived only 10 years 
(instead of 70) in houses with radon levels of about 1.0 
WL, the number of lung cancer deaths expected would be:
WL = 1.0 
pCi/I =■ 200

Between 1.4 and 42 out of 100
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Another way to think about the risk associated vvitli 
radon exposure is to compare it with the risk from other 
activities. The chart below gives an idea of how exposure 
to various radon levels over a lifetime compares to the risk 
of developing lung cancer from smoking and from chest 
x-rays. The chart als~ compares these levels to the average 
indoor and outdoor radon concentrations.

As you look at the chart, be sure to use tho proper 
radon-level column for your results (either WL or pCi/l).

Radon Risk Evaluation Chart

Estimated num ber of
pCi/l W L  lu n g  can ce r  d ea th s

due to radon exposure 
(out of 1000)

200

100

40

20

10

0.2

0.5

0.2

0.1

0.05

0.02

0.01

0.005

0.001

440— 770

270—630

120— 380

60—210

30— 120

13— 50

7— 30

3— 13

1— 3

C o m p a r a b le  
e x p o su re  le ve ls

1000 t im e s  
a ve ra g e  o u td o o r  
le ve l

100 t im e s  
a ve ra g e  in d o o r  
le ve l

100 t im e s
a ve ra g e  o u td o o r  M 
l e v e l

10 t im e s  a v e ra g e  ? 
i n d o o r  le ve l 4ti

C o m p a r a b le
risk

M o re  th a n  60 t im e s  
non-smoker risk
4 pack-a-day 
sm ok e r

20,000 ches t

10 t im e s
a ve ra g e  o u td o o r  A  
l e v e l m

mMM x‘ raYs Per year

P i l l
' 2 pack-a-day

. sm ok e r

; | ;W l pack-a-day 
$ : sm ok e r

5 t im e s  
I f  non-smoker risk

200 ches t  x-rays 
w; p e r  year

A v e r a g e  in d o o r  . 
le ve l 4

A ve r a g e  o u td o o r  . 
le v e l 4

Non-smoker 
r  risk of d y in g  

:: f r om  lu ng  c a n c e r

^ 2 0  ches t x-rays 
pe r  year

0

H ow  q u ic k ly shou ld I ta ke ac tion?
In considering whether and how quick ly to take action 
based on your test results, you may find the following 
guidelines useful. EPA believes that you should try to 
permanently reduce your radon levels as much as 
possible. Based on currently available information, EPA 
believes that levels in most homes can be reduced to about 
0.02 WL (4 pCi/l).
I f  your results are about 1.0 WL or higher, or about 200 
pCi/l or higher:
Exposures in this range are among the highest observed 
in homes. Residents should undertake action to reduce 
levels as far below 1.0 WL (200 pCi/l) as possible. We 
recommend that you take action with in several weeks.
‘f this is not possible, you should determine, in 
consultation with appropriate state or local health or 
radiation protection officials, if temporary relocation is 
appropriate until the levels can be reduced.
I f  your results are about 0.1 to about 1.0 WL, or about 20 
to about 200 pCi/l:
Exposures in this range are considered greatly above 
average for residential structures. You should undertake 
action to reduce levels as far below 0.1 WL (20 pCi/l) as 
possible. We recommend that you take action within 
several months.
I f  your results are about 0.02 to about 0.1 WL, or about 
4 pCi/l to about 20 pCi/l:
Exposures in this range are considered above average for 
residential structures. You should undertake action to 
lower levels to about 0.02 WL (4 pCi/l) or below. We 
recommend that you take action with in a few years, 
sooner if levels are at the upper end of this range.
I f  your results are about 0.02 WL or lower, or about 4 
pCi/l or lower:
Exposures in this range are considered average or slightly 
above average for residential structures. Although 
exposures in this range do present some risk of lung 
cancer, reductions of levels this low may be difficult, and 
sometimes impossible, to achieve.

Remember: There is increasing urgency for action at 
higher concentrations of radon. The higher the radon level 
in your home, the faster you should take ac thn Jo reduce 
your exposure. If you find elevated radon concentrations 
in your home, you should take Ihe relatively easy, 
short-term actions described on page 13.
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A re th e re o th e r fa c to rs I shou ld cons ide r?
Mosi of Ihe risk information given in this pamphlet, as 
weir as the recommendations for taking corrective action, 
are based on the general case. Your indiv idua l liv ing 
paltems could influence your assessment of your risk and 
your decisions about the need for further action. Your 
answers to the following questions may help you evaluate 
your personal risk.
• Does anyone smoke in your home? Scientific evidence 
indicates that smoking may increase the risk of exposure 
4o radon. In addition, smoking significantly increases your 
overall risk of lung cancer.
• Do you have children liv ing at home? Although there 
are no studies of children exposed to radon to determine 
whether they are more sensitive than adults, some 
scientific studies of other types of radiation exposure 
indicate that children may be more sensitive. 
Consequently, children could be more at risk than adults 
from exposure to radon.
® How much time does any family member spend at 
home? The risk estimates given in this pamphlet assume 
that 75 percent of a person’s lime is spent at home. If you 
or your family spend more or less time at home, you 
should take this into consideration.
• Does anyone sleep in your basement? Since radon 
concentrations tend to be greater on the lower levels of a 
home, a person who sleeps in the basement is l ike ly to 
face a greater risk than a person who sleeps in a 
second-floor bedroom.
• How long w il l you live in your licme? The risk 
estimates in this booklet are based on the assumption 
that you w i l l  be exposed to the radon level found in your 
home for roughly 70 years. As you evaluate your potential 
risk, therefore, you might consider the total amount of 
time you expect to live in your home. But remember: other 
houses you have lived in—or w il l l ive in—may have the 
same or higher radon levels.

H ow  can I (reduce m y risk from  radon?
Your risk of lung cancer from exposure to radon depends 
upon the amount of radon entering your home and the 
length of time it remains in your living areas. Listed 
below are some actions you might take to immediately 
reduce your risk from radon. These actions can be done 
quick ly and with minimum expense in most cases.
• Stop smoking and discourage smoking in your home. By 
doing so, you should reduce your fam ily’s overall chance 
of developing lung cancer, as well as reducing your 
fam ily’s risk from radon exposure.
• Spend less time in areas with higher concentrations of 
radon, such as the basement.
• Whenever practical, open all w indows and turn on fans 
to increase the air flow into and through the house. This is 
especially important in the basement.
• If your home has a crawl space beneath, keep the 
crawl-spp.ce vents on all sides of the house fu l ly  open all 
year.

While the above actions w il l help reduce your risk from 
radon, they generally do not offer a long-term solution.
You can find more information about permanent, 
cost-effective solutions to a radon problem in the EPA 
publication, Radon Reduction M ethods: A Homeowner's 
Guide. A copy of this booklet may be obtained from your 
state radiation protection office or from your EPA regional 
office.

Before undertaking major modifications to your home, 
we recommend that you consult with your state radiation 
protection office to obtain whatever specific advice or 
assistance they may be able to provide for your particular 
situation.
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S o u r c e s  o f  I n f o r m a t i o n

If you would like further information or 
explanation on any of the points mentioned in this 
booklet, you should contact your state radiation 
protection office.

If you have d iff icu lty locating this office you 
may call your EPA regional office listed below. 
They w i l l  be happy to provide you with the name, 
address, and telephone number for your 
appropriate state contact.

S ta te — EPA Region

Alabama— 1 Idaho— 10 Missouri— 7 Pennsylvania— 3
Alaska— 10 Illinois— 5 Montana— 8 Rhode Island— 1
Arizona— 9 Indian— 5 Nebraska— 7 South Carolina-—4
Arkansas— C Iowa— 7 Nevada— 9 South Dakota— 8
California— 9 Kansas— 7 New Hampshire— 1 Tennessee— 4
Colorado— 8 Kentucky— 4 New Jersey— 2 Texas— 6
Connecticut— 1 Louisiana— 6 New Mexico— G Utah— 8
Delaware— 3 Maine— 1 New York— 2 Vermont— 1
District of Maryland— 3 North Carolina— 4 Virginia— 3
Columbia— 3 Massachusetts— 1 North Dakota— 8 Washington— 10

Florida— 4 Michigan— 5 Ohio— 5 West Virginia— 3
Georgia— 4 Minnesota— 5 Oklahoma— 6 Wisconsin— 5
Hawaii— 9 Mississippi— 4 Oregon— 10 Wyoming— 8

EPA Reg iona l O ffices

EPA Region 1 
Room 2203 
JFK Federal Building 
Boston, MA 02203 
(017) 223-4045

EPA Region 2 
26 Federal Plaza 
New York, NY 10270 
(212) 264-2515

EPA Region 3 
041 Chestnut Street 
Philadelphia, PA 19107 
(215) 597-0320

EPA Region 4 
345 Courtland Street. NE. 
Atlanta, CA 30365 
(404) 001-3776

EPA Region 5 
230 South Dearborn Street 
Chicago, IE 60604 
(312) 353-2205

EPA Region G 
1201 Elm Street 
Dallas, TX 75270 
(214) 767-2630

EPA Region 7
726 Minnesota Avenue 
Kansas City, KS 66101 
(913) 236-2003

EPA Region 8 
Suite 1300 
One Denver Place 
999 18th Street 
Denver, CO 80202 
(303) 203-1710

EPA Region 9 
215 Fremont Street 
San Francisco, CA 94105 
(415) 974-8076

EPA Region 10 
1200 Sixth Avenue 
Seattle, WA 98101 
(206) 442-7660



Alaska ^tate Hegislaturc
House o f Representatives

Committee on 
Community & Regional Affairs

®  7 / 4 S

Pouch V 
Slate Capitol 

Juneau, Alaska 99811 
(907) 465-1833

TO: Rep. H e n r y  Springer, Chairman H C R A

FROM: D a v i d  C. Harrison, P. A., H C R A

RE:

BILL REVIEW: M a r c h  7, 1988

HB 519 *An Act e s t a b l i s h i n g  a r e v o l v i n g  loan fund 
for r a d o n  m i t i g a t i o n ;  and p r o v i d i n g  for an 
e f f e c t i v e  date." Sponsors: Davis, Koponen, Ulmer

^ S e c t i o n  1. Findings: Legis l a t i v e  findings  indicate
e x p osure to r a d o n  in homes can cause some h e a l t h  concerns. 
That some A l a s k a n  h o m e o w n e r s  do not h a v e  the financial 
r e s o u r c e s  to install r a d o n  m i t i g a t i o n  system s in their 
homes. State r e s p o n s e  to the health threat p o s e d  by radon 
is n e c e s s a r y  and s h o u l d  con tinue or expand.

COMMENT: S. H e i d e r s d o r f ,  a r a d iolog ical p h y s i c i s t  of the
D i v i s i o n  of P u b l i c  Health, State of Alaska, r e p o r t e d  results 
of 2 A6 tests for r a d o n  in 246 Alaska homes and p r o v i d e d  the 
f o l l o w i n g :

204 homes  w i t h  4 or less (PCl/1) No r e m e d i a l  a c tion - 
16 homes w i t h  5 - 8  " could c o n s i d e r  some action

(18 hom es w i t h  9 - 2 0  " radon m i t i g a t i o n  s hould be
8 homes w i t h  20+ " taken w i t h  c o n c e n t r a t i o n  of

radon, p i c o c u r i e s  per liter of air.) ( A  p i c o c u r i e  is one 
t r i l l i o n t h  of a curie, a c o m m o n  unit of r a d i o a c t i v i t y . )
R a d o n  is a colorless, radioactive, h e a v y  g a s eous element. 
Curie is a unit of r a d i o a c t i v i t y  of a sample of an element 
in w h i c h  3.7 x  1 0 ^  n u c l e a r  disint e g r a t i o n s  o cc ur each 
s e c o n d .

N a t u r a l  R e s o u r c e s  G e o l o g i c  Management, a c o m p o n e n t  of Land 
and Public Safety, states that A laska is one of the few 
states for w h i c h  E P A  has little or no i n f o r m a t i o n  p e r t a i n i n g  
to r a d o n  p o t e n t i a l  or actual data from  r a d o n  surveys of 
homes or p u b l i c  buildi n g s .  L i mited data h a v e  b e e n  or are 
cu r r e n t l y  b e i n g  g a t h e r e d  in land surveys of s e l e c t e d  areas 
of the state. We do n o t  h a v e  enough data to e s t i m a t e  the 
m a g n i t u d e  of the s t a t e w i d e  ra don problem. See No. 4 HB 519.

*Sec. 2. AS 44.47. is a m e n d e d  by adding n e w  sections to 
read:

A R T I C L E  11A R A D O N  M I T I G A T I O N  R E V O L V I N G  L O A N  FUND.



Sec. 44.47.650. RADON M I T I G A T I O N  R E V O L V I N G  LOAN FUND. There 
is in the Depa rtment of Commu n i t y  and Regional Affairs the 
randon m i t i g a t i o n  revolvin g loan fund to carry out the 
p urposes of AS 44.47.650 - 44.47.658. The fund may not be 
used for any other purpose.

COMMENT: This Section provides legal authority to establish
the radon re volving loan fund w i t h i n  the DCRA.

Sec. 44.47.652 POWERS A N D  D UTIES  OF THE D EPARTMENT IN 
A D M I N I S T E R I N G  THE FUND.

The D C R A  m a y  m a k e  loans and adopt regulations as 
stated w i t h i n  this bill.

The D C R A  shall develop e l igibility  standards for 
loans and adopt guideline s for the determ inations of loan 
terms. Also provides for the disposing of p r o p e r t y  acquired 
through default or foreclosure of a loan hereunder.

Sec. 44.47.654 LOAN TERMS AND PAYMENTS
Loans m a y  not exceed $10,000.
Duratio n of loan m a y  not exceed 10 years.
Interest rate on a loan is the annual rate charged 

m e m b e r  banks for advances by the 12th Federal Reserve 
District on the day the loan is made.

All prin cipal and interest p ayments shall be paid into 
the radon m i t i g a t i o n  r e v o lving loan fund.

COMMENTS: General loan conditions est ablished are
considered basic loan conditions est ab l i s h e d  under similar 
laws dealing w i t h  state loans.

Sec. 44.47.656 ELI GIB I L I T Y  FOR LOANS.

1. radon m e a s u r e m e n t s  in the ho meow n e r ' s  residence 
exceeded six p i c o c u r i e s ;

2. a h o m e o w n e r  has appl ied for a loan to mitigate 
the effects of radon from a state charter ed or a federal 
lending institution, and the applic a t i o n  has been rejected;

3. the h o m e o w n e r  submits to the D C R A  a plan for the 
use of the loan funds that is approved by the commissioner;

4. the applicant m ee ts additiona l eligibility 
standards established by D C R A  u nder AS 44.47.652.

C O M M E N T S : Items 1 throug h 4 establishes eligibility for
radon m i t i g a t i o n  state loans from DCRA. Item n umber 2 
p a r t i c u l a r l y  points to a loan applicant that has been 
rejected a loan from a state or a federal lending 
institution m a y  apply for a radon m i t i g a t i o n  from DCRA.

Sec. 44.47.568. S P E CIAL A C C O U N T  ESTABLISHED.
A  foreclosure expense account is established as a 

reserve from fund equity.
Allows the D C R A  commiss ioner to expend money 

credited to the f o reclosure expense account w h e n  necessary



to p r o t e c t  the state's security interest in c o llateral on 
loans m a d e  u n d e r  AS 44.47.650 - 44.47.658 or to defray
expenses i n c u r r e d  d u ring foreclosure p r o c e e d i n g s  after 
default b y  an obligor.

C O M M E N T : Pi'ovides g e ner al authority to initiate wa ys and
means to a c c o m p l i s h  legal tasks r egarding loans and p r o perty 
encumb e r e d  t h rough state loans per purposes of this bill.
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R a d o n
r o a d b l o c k
*In Winnipeg we had a radon prob­
lem." recalls Harold Westdal, presi­
dent of Dranjer Corp. Of 53 homes 
tested there, more than a third had 
concentrations of radon gas, a carcin­
ogen, above the US. Environmental 
Protection Agency’s recommended 
|imjt even in upstairs bedrooms.
Wcstdal’s company designed a sim­

ple assembly, called a Dranjer, to keep 
radon from wafting in through base­
m ent drains, a common entry point 
lwc drawing). Contractors began in­
stalling Dranjers in homes last year. 
The devices have helped reduce radon 
levels, and they have some beneficial
side effects.
Winnipeg’s problem isn’t unique. 

During the last two winters, the EPA 
nnd state agencies * ;ted more than
15,000 U.S. homes for radon gas. 
Xbout one fiffh had radon readings 
above that at which the EPA recom­
mends remedial action. Measurements 
taken in the summer, when houses re-

R u b b c r flange  in D ra n je r’s re tro f it  a s ­
sem bly  is tr im m ed  to  m a tc h  ex is tin g  
co v er p la te , w h ich  h o ld s it in  p lnce  to 
sea l b a sem en t floo r d ra in . B all ch eck  
valve p erm its  w a te r  to  flow d o w n w ard , 
b u t p re v e n ts  u p w a rd  g a s  in f iltra tio n .

ceive better ventilation, are usually 
lower. Still, the survey shows that 
radon is a widespread problem.
For some, it’s a fatal problem. The 

EPA estimates that radon causes be­
tween 5,000 and 20,000 lung-cancer 
deaths a year.
Radon, a radioactive decay product 

of uranium and radium, rises from 
rocks and soil. Luckily, monitoring the 
gas is easy [Sept. ’871; and reducing

infiltration isn’t necessarily difficult or 
expensive. In fact, sealing off a base­
ment floor drain can cut indoor radon 
levels by nearly half, according to 
studies by Canada’s National Research 
Council.
However, an ordinary seal defeats 

a drain’s purpose: to provide an exit 
route for laundry discharges, rainwa­
ter seepage, and spills. Even water 
traps (curved sections of pipe that hold 
water, obstructing airflow) may not 
stop radon, and they often dry up.
In Winnipeg, the Dranjer seal not 

only plugged radon leaks, but also 
solved a few other problems. Some res­
idents had complained about odors ris­
ing from sewer lines, reports Westdal. 
He says Dranjers keep out noxious 
fumes, mold spores, and insects. Cold 
air, too: In chilly climates, the seals 
reduce energy bills by up to 10 per­
cent, Westdal claims.
Dranjers are sold by hardware 

chains and cost less than $20. Retrofit 
models can be placed over sumps or 
drains. Dranjers made for new instal­
lations have a retaining ring that is 
set into the basement floor when the 
foundation is poured. Dranjer Corp., 
1441 Pembina Hwy„ Winnipeg, Man. 
R3T 2C4.— Dawn Stover



W k  A l a s k a  S t a t e  L e g i s l a t u r e

Representative Mike Davis District 19
P.O. Box V 
Juneau, Alaska 99811 
(907) 456-4930/4941

Interim Office:
P.O. Box 81435 
Fairbanks, Alaska 99708 
(907) 456-8161

TO: Rep. Henry S p r i i
Cha irman , Hous^/ & R e g io n a l A f f a i r s  Comm ittee

FROM: Rep. M ike Da\jas
DATE: A p r i l  6, 1988
RE: HB 519, e s t a b l i s h i n g  a radon m i t i g a t i o n  r e v o l v i n g  lo a n

fu n d  i n  th e  Dep t, o f  Community and R eg io n a l A f f a i r s .

A t ta c h e d  i s  a d r a f t  CS f o r  HB 519 w h ich  I  have p re p a re d  i n  
re sponse t o  con ce rn s  r a i s e d  by members o f  th e  Community and 
R e g io n a l A f f a i r s  Comm ittee . The p r im a r y  con ce rn  was t h a t  th e  
l e g i s l a t i o n  be b road  enough t o  p e rm i t  lo a n s  t o  m i t i g a t e  o th e r  
s e r io u s  in d o o r  a i r  p o l l u t a n t s  i n  a d d i t i o n  t o  ra d o n .

The d r a f t  CS renames th e  "Radon M i t i g a t i o n  R e v o lv in g  Loan 
Fund" t h e  " I n d o o r  A i r  Q u a l i t y  R e v o lv in g  Loan Fund " . S e c t io n  
4 4 .4 7 .6 5 8  on page two has been expanded t o  a l lo w  th e  
d e p a r tm en t t o  make lo a n s  f o r  " o t h e r  in d o o r  a i r  p o l l u t a n t s  i n  
th e  homeowner 's re s id e n c e  i f  th e  dep a r tm en t i d e n t i f i e s  them as 
p r i o r i t i e s . "

My o f f i c e  has i n v e s t i g a t e d  th e  o th e r  in d o o r  a i r  p o l l u t a n t s  
w h ich  may p re s e n t a h e a l t h  r i s k  t o  A la s k a n s . The EPA has 
g u id e l i n e s  f o r  am b ie n t , o r  o u t s id e ,  a i r  q u a l i t y .  The s t a t e  
and f e d e r a l  O c c u p a t io n a l S a fe ty  and H e a l th  A d m in i s t r a t i o n s  
(OSHA) have s e t  p e r s o n a l exposu re l i m i t s  f o r  a p p ro x im a te ly  400 
c o n tam in a n ts  i n  th e  w o rk p la c e . These in c lu d e  methane, 
fo rm a ld e h yd e , ca rbon monox ide , and a s b e s to s , b u t n o t ra d on .
I n  i t s  in s p e c t io n s ,  th e  s t a t e  OSHA o f f i c e  has fo u nd  no o f f i c e  
s i t u a t i o n s  e x ceed in g  th e  l e g a l  exposu re  l i m i t s .

The CS wou ld p e rm i t  th e  lo a n  p rogram t o  ad a p t t o  new 
d i s c o v e r i e s  abou t a i r  p o l l u t a n t s  and m i t i g a t i o n  te c h n iq u e s . 
However, I  b e l ie v e  radon sh o u ld  rem a in th e  p r im a r y  fo c u s  o f  
t h e  lo a n  fu n d  f o r  s e v e r a l re a son s . We know t h a t  a s e r io u s  
radon p rob lem  e x i s t s  i n  A la s k a . A t t h i s  t im e  radon i s  th e  
w o r s t  r e s i d e n t i a l  a i r  p o l l u t a n t  i n  te rm s o f  numbers o f  
A la s ka n s  f a c in g  a s i g n i f i c a n t  h e a l t h  r i s k .  The te c h n o lo g y  
e x i s t s  t o  reduce radon  l e v e l s  i n  homes. F i n a l l y ,  radon 
c o n tam in a t io n  r e s u l t s  from  th e  g e o lo g ic a l  c h a r a c c e r i s t i c s  o f  
th e  la n d  r a t h e r  th a n  o b je c t s  b ro u g h t i n t o  th e  home.

I  w ou ld  a p p r e c ia te  a h e a r in g  f o r  HB 519 and HB 52p a t  y o u r 
e a r l i e s t  c o n ven ie n ce . O JL.

tr
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Chenowech
3/31/88

Original sponsors: Davis, K o ponen
and Ulmer

IN THE HOUSE

CS F O R  H O U S E  BILL NO. 519 ( )

IN THE L E G I S L A T U R E  OF THE S TATE OF A L A S K A  

FI F T EENTH L E G I S 1 A T U R E  - S E C O N D  S E SSION

i.. BIL L

For an A c t  entitled: "An A c t  e s t a b l i s h i n g  a r e v o l v i n g  loan fund to miti-

£ •fo*' ■* irwi
gate r a d o n  and i n door air pollutants; and providing  

for an effective date."

BE IT E N A CTED BY THE L E G I S L A T U R E  OF THE STATE OF ALASKA:

* Section 1. FINDINGS. The l e g islative finds that

(1) exposure to r a d o n  poses a serious threat to p u b l i c  health 

and is estimated to cause a p p r o x i m a t e l y  5,000 to 20,000 lung c ancer deaths 

each year nationally;

(2) fourteen p e rcent of the in door r a d o n  m e a s u r e m e n t s  m a d e  by 

the state's divisions of geolog i c a l  and g e o p h y s i c a l  surveys and public

h ealth excee ded four picocuries, the level at w h i c h  the Envir o n m e n t a l
•/

P r o t e c t i o n  A g e n c y  recommends action be taken  to r educe the level;

(3) there m a y  be other indoor air p o l l u t a n t s  that p r e s e n t  seri- 

ous h e a l t h  risks to Alaskans;

(4) environment al conditions in A l a s k a  co ntri b u t e  to the h e a l t h
E rcvdovT}

risk of indoor air pollu t i o n  due to the long h e a t i n g  season, amount of time

spent indoors, and press ure d i f f eren tials c aused  by extreme  i n d o o r - o u t d o o r

temperature differentials;

(5) high levels of radon m a y  decr e a s e  p r o p e r t y  values, making 

loans diffi cult to obtain and greatly h i n d e r i n g  resale;

(6) techniques such as vapor barriers, a i r - t o - a i r  heat e x c h a n g­

ers, and certain house p r e s s u r i z a t i o n  strategies m a y  be used to m i t i g a t e  

radon in homes;

(7) many Alaskan s do not have the financial -ources to install

- i -  C SH E 5 1 9 (  )
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mitigati on systems to reduce the amount of radon and ot her i n d o o r  air 

pollutants in their homes; and
Q f-oAovTJ

(8) state r e s p o n s e  to the h e a l t h  threat po sed b y  i n d o o r  air 

pollution is es sential and should continue at existing or e x p a n d e d  levels.

* Sec. 2. A S  44.47 is amended  by a dding  n e w  sections to read:
v\ p4\\ 'Viô O-Vion J

A R T I C L E  11A. INDOOR A I R  Q U A L I T Y  R E V O LVING LOAN FUND.

L  P .o .d o n

Sec. 44.47.650. INDOOR A I R  Q U A L I T Y  REVOLVING L O A N  FUND. There

is created in the Departmen t of C o m m u n i t y  and Regional A f f a i r s  the 

r radon mi Vi<̂ <xVio rV]
indoor air q u a l i t y  re volving loan fund to carry out the p u r p o s e s  of 

AS 44.47.650 - 44.47.658. The fund m a y  not be u s e d  for a n y  other 

p u r p o s e .

Sec. 44.47.652. P OWERS AND D UTIES OF THE D E P A R T M E N T  IN A D M I N I S­

TERING THE FUND. (a) The d epartment m a y

(1) m a k e  loans to homeowners  to mitigate the e f f ects of

(A) radon on p r o perty u s e d  as the h o m e o w n e r’s r e s i­

dence;

  (B) .other indoor air pollutants in the h o m e o w n e r ' s
-  - -

r e s i d e n c e - i f " t h e  department identifies them as priorities;

(2) adopt regulations n e c e s s a r y  to carry out the p r o v i s i o n s  

of AS 44.47.650 - 44.47.658.

(b) The d epartm ent shall

(1) determine by r e g u l a t i o n  eligibility for loans b a s e d  on
N

a m e a s u r e m e n t  of air quality w i t h i n  the borrower's residence; e l i g i­

bility m u s t  be es tablished based on a sliding scale that i n v e r s e l y  

relates the m i n i m u m  measuremen t level to qualify for a loan to the 

length of the time period during w h i c h  the air q u ality m e a s u r e m e n t  was 

t a k e n ;

(2) develop other eligib i l i t y  standards for loans;

(3) adopt guidelines for the determi nation of loan terms. 

CSHB 5 i9( ) -2-
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(c) The d e p a r t m e n t  shall dispose of p roperty a c q u i r e d  through 

default or foreclosure of a loan m a d e  u nder AS 44.47.650 - 44.47.658.

D i s posal shall be m a d e  in a m a n n e r  that serves the best interests of 

the state, and m a y  i n c l u d e  the a m o r t i z a t i o n  of p ayments o v e r  a period 

of years.

Sec. 44.47.654. L O A N  TERMS A N D  PAYMENTS. ( a )  A  loan m a d e  by 

the department under AS 4 4 . 4 7 . 6 5 0  - 44.47.658 m a y  n o t  e x c e e d  $10,000.

(b) The d u r a t i o n  for r e p a y m e n t  of a loan m a y  n o t  e x c e e d  10 

y e a r s .

(c) The interest r a t e  on a loan made by the d e p a r t m e n t  under 

AS 44.47.650 - 4 4 . 4 7.658 is the annual rate charged m e m b e r  banks for 

advances by the 12th Federal' R e serve District on the day the loan is 

m a d e .

(d) A l l  p r i n c i p a l  and interest payments on loans u n d e r  AS 44.-

rpO.dor-1 /VI \
47.650 - 44.47.658 shall be p a i d  into the indo&r air q u a l i t y  revol ving 

loan fund.

Sec. 44.47.656. E L I G I B I L I T Y  F O R  LOANS. A  h o m e o w n e r  is eligible 

for a loan under AS 4 4 . 4 7 . 6 5 0  - 44.47.658 if
JL ro.c\on̂ I

(1) a m e a s u r e m e n t  of air pollutants in the h o meowner's

r e s i d e n c e  exc eeded the level d e t e r m i n e d  b y  p r ogram r e g u l a t i o n  under 

AS 4 4 . 4 7 . 6 5 2 ( b ) (1);

(2) the h o m e o w n e r  has applied for a loan to m i t i g a t e  the
£  re-do,. 3

effects of indoor air p o l l u t i o n  fr om a state chartered or federally 

c h a r tered lending institution, and the application has been rejected;

(3) the h o m e o v m e r  submits to the department a plan for the 

use of the loan funds that is a p p r o v e d  by the commissioner; and

(4) the a p p l i c a n t  m e e t s  additional e l i g i b i l i t y  standards

establis hed by the d e p a r t m e n t  u n d e r  AS 44.47.652.

Sec. 44 . A 7.658. S P E C I A L  A C C O U N T  ESTABLISHED. (a) There U

-3- C S H L  5 i9( )



£ ro-cNc,̂  vvr'l'̂ c>-̂1on'3
established as a special a c c o u n t  w i t h i n  the indoor air quality r e ­

volving loan fund the f o r e c l o s u r e  e x pense  account. This acco unt is 

e stabl i s h e d  as a reserve  f r o m  fund equity.

(b) The commissioner m a y  e xpend m o n e y  credited to the f o r e c l o­

sure expense account w h e n  n e c e s s a r y  to protect the state's securitv 

interest in collateral on loans m a d e  u n d e r  AS 44.47.650 - 44.47.658 or 

to d e f ray expenses i n c u r r e d  d u r i n g  foreclosure procee d i n g s  after a 

default by an obligor.

Sec. 3. This Act takes effect J u l y  1, 1988.
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OCCUPATIONAL«  SJ
M IE T O fiN M H E A m i:

I p S S

STEVE COWPER 
Governor of Alaska

JIM SAMPSON 
COMMISSIONER, DEPARTMENT OF LABOR

DIVISION OF LABOR STANDARDS AND SAFETY

TOM STUART, DIRECTOR 
P.O. Box 21149, Juneau, Alaska 99802-1149

Field Offices

3301 Eagle Street 
P.O. Box 7022 

Anchorage, Alaska 99510-7022

675-7th Avenue, Station J 
Fairbanks, Alaska 99701-4596

326 Dock Street 
Ketchikan, Alaska 99901-6408

309 Center Street 
Kodiak, Alaska 99615-6315

120 Trading Bay, Road Box 1909 
Kenai, Alaska 99611-1909

■ The standards prescribed in this subchapter are 
effective as of June 30, 1973, as amended October 
14, 1987. Alaska safety codes and standards apply 
to all places of employment. Information relative 
to the safety codes will be furnished by the above 

y o f f i c e s .



ALASKA DEPARTMENT OF LABOR

Section 18.60.010 of the Alaska Statutes designates the 
Alaska Department of Labor as the agency responsible 
for developing and administering an occupational safety 
and health program for the State of Alaska. To carry 
out this responsibility, AS 18.60.055 established the 
Division of Labor Standards and Safety.

The division is charged with the responsibility and has 
the authority to:

Enforce all laws and lawful orders requiring work 
and work places to be safe and healthful;

Investigate disabling or fatal occupational 
injuries and illnesses;

Inspect work places to determine if conditions are 
safe and healthful;

Develop occupational safety and health standards 
which, after adoption, have the effect of law; and

Establish special orders, or rules and regulations 
to cover a specific place of employment or process 
of work.

A variance from an occupational safety and health 
standard adopted by the department may be granted by 
the Commissioner of Labor as provided by AS 18.60.077, 
AS 18.60.081 and regulations promulgated pursuant 
thereto.

The safety and health standards prescribed in 
Subchapter 04, Occupational Health and Environmental 
Control Code, are adopted by reference in Title 8 of 
the Alaska Administrative Code and are effective as of 
June 30, 1973, as amended October 14, 1987.

Jim Sampson 
Commissioner of Labor

• C. *.{'■ ‘ * v ’
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0-i .01 o t 
01.0101 (d) (11

SUBCHAPTER 4 -  OCCUPATIONAL HEALTH 
AND ENVIRONMENTAL CONTROL

ARTICLE 1 -  OCCUPATIONAL HEALTH AND ENVIRONMENTAL CONTROL

04.0101 Air Contaminants. An employcc'i exposure to any maiorial listed 
m Tabic 1 -1 , 1-2 , or 1 -3  ol ihu section shall ho limited in accordance with 
the requirements ol ihe following paragraphs of 04.0101

(a) Table 1-1

(1) Materials with names preceded by 'C  --Colling values. An 
employee's exposure to any malarial in Table 1-1 , ihe name of which is 
preceded by a "C" (e.g. C Boron trifluoridel. shall at no time exceed the 
ceiling value given lor that malarial in the tah'e

121 Other materials — 8-hour time weighted averages. An 
employee's exposure to any material in Table 1 -1 , the name of which is not 
precoded by "C", in any 8-hour work shift ol a 40-hour work week, shall 
not exceed the 8 hour time weighted avorage given foi that material in the 
table

■(b) Table 1 -2 .

(1) Eight- hour time weighted averages. An employee's exposure 
to any material listed in Table 1 -2 , in any 8 -hour work shift of a 40-hour 
work week, shall not exceed the 8 -hour timo weighted average limit given 
for that maiorial In the table.

12) Acceptable ceiling concentrations. An employee's exposure to 
a material listed in Tablo 1 -2  shall not exceed at any time during an 8-hour 
shift (he acceptable coiling concentration limit given for the material In the 
table, except for a time period up to a concentration not oxceeding the 
maximum duration and concentration allowed in the column under "acceptable 
maximum peak above the acceptable ceiling concentration for an 8-hour shift."

(3) Example. During an 8 -hour work shift, an employee may be 
exposed to a concentration of Benzene above 25 p.p.m. (but never above 50 
p.p.m.) only for a maximum period of 10 minutes. Such exposure must be 
compensated by oxposures to concentrations less than 10 p.p.m. so that the 
cumulative exposure for tho entire 8 -hour work shift does not exceed a 
weighted average of 10 p.p.m.

(c) Table 1 -3 . An employee's exposure to any material listed in Tablo
1-3 , in any 8-hour work shift of a 40-hour viork weok, shall not exceed the 8-hour time weighted avorage limit given for that maiorial in the tablo.

(d) Computation formulae.

11) The cumulative exposure for an 8-hour work shift shall be 
computed as follows

CaTa ♦ CjjTt ♦  CnTn

8

Where:

E is the equivalent exposuro for tho working shift,

C is thu concentration during any puriorl of time whore the 
concontration remains constant,

3

04.0101(d)(2) ' 
04.0101(d)(4)

T is the duration in hours of the exposure at the concentration 
C.

The value of E shall not exceed the 8 -hour time weighted 
average limit in Table 1 -1 , 1 -2 , or 1 -3  for the material 
involved.

(2) To illustrate tho formula prescribed in 04.0101(d)(1), note that 
isoamyl acetate hat an 8-hour time weighted average limit ol 100 p.p m (Table
1-1). Assume that an employee is subject to the following axposuie

Two hours exposure al 150 p.p.m 
Two hours exposure al 75 p p.m.
Four hours exposure al 50 p.p.m.

Substituting this information in Ihe formula, we have

2 x 75 a 4 .x_50 , 81.25p.p.m.o

Sir.ce 81.25 p.p.m. u leoa then 100, the 8--hour time weighted 
average limit, Ihe exposure is acceptable.

(3) In c* 
compute the aquiva..

•■xture of air contaminants, an employer shali 
are as follows

Cl C2 Cn
Em * —  + —  ♦ ... —

Li L2 Ln

Where:

Em it the equivalent exposure for the mixtpre.

C is the concentration of a particular contaminant,

L is the exposure limit for that contaminant, from Table 1-1
1 -2 , or 1-3.

The value of Em shall not exceed unity (1)

14) To illustrate the formula prescribed in 04.0101 (d)(3), consider 
the following exposures:

Material

Acetone (Table 1-1)
2 - Butanono (Table 1-1) 
Toluene (Tobla 1-2)

Actual con­
centration 
of 8-hour 
exposure

500 p p.m 
45 p.p m. 
40 p p.m

Substituting in the formula, ws have:

C . .50& * _35m  _4G
m 1.000 200 200

E„, -  0.500 • 0.225 » 0.200

8- hour time
weighted
average
oxposure
limit

1.000 ppm 200 p p nr 200 p p in

0.925

4



Since Em •» less limn unity (1). the cxposuie combination it 
VMftlim acceptable limut,

le) To achlova compllanca with 04.0101 (a) ihrouflh Id), administrative 
of engineering conlroli must lift! be determined end Implemented whenever 
feasible. When tuch controli are not feasible to  achieve full compliance, 
protective equipment or any other protective measures shell be usad to keep the 
exposure of employees to air contaminants within the limits prescribed in 
04.0101. Any equipment or technical measure used for this purpose must bo 
approved for each particular use by a competent industrial hygienlst or other 
technically qualified person. Whenever respirators are used, their use shall comply 
with 01.0403.

If) W henever percussion drilling is pe rfo rm ed , the drilling ap p ara ­
tus shall be p rov ided  w ith engineering co n tro ls  w hich will suppress the 
drilling d u st. This m ay be occom pilshad by m eth o d s know n as "dam p 
d rilling ," "m od ified  w et d rillin g ,"  "d e te rg en t d rilling ,"  "d u st ex tra c tio n "  
or any o th e r  m eans of dust co n tro l w hich producos com parab le  results.

TABLE 1-1

04.0101 (o)
Tablo 1-1

Substance p.p.m.8 mg./M3 b

Acetaldehyde...................—     200 360
Acetic acid     10 25
Acetic anhydride      6 20
Acetone....,    1,000 2,400
Acetomtrile  40 70
Acetylene dichloride, see 1, 2 -  Dichloroethylene.....................................................
Acetylene tetrabrom ide  1 14
Acrolein .....................    0.1 0.25
Acrylamide -S k in  .........................................................................   -3

Aldrin -Skin...................................................................................     0.25
Allyl alcohol - S k in   2 6 f
Altyl chloride   1 3
•*C Allylglyddyl ether (AGE)     10 45
Allyl propyl disulfide     2 12
2-Aminoethanol, see Ethanolamine
2-AmmopyriiJine ..............     0.6 2
••Ammonia     °0  35
Ammonium sulfamate (Ammatel .......................................... 15

......................  100 525n-Amyl acetate
sec-Amyl acetate   125 650
Aniline -S k in    5 10
Anisidiue (o, p isomers) -Skin ..............................   0.5
Anrmuny and compounds las Sb) ...........   0.5
ANTU (alpha naplilhyl thiourea) ............................    0.3

Arsine....................................................     0.05 0.2
Azmphos methyl -Skin .............................................................  0.2
Barium (soluble compounds!.....................................................  0.6
p-Bunzoquinone, see Guinone.
Benzoyl puroxido ................................................................  5
Benzyl chloride      1 5
Biphenyl, see Diphenyl...........................................................................................
Bisphenol A, see Diylycioyl ether ......................................................................
Buion oxide  .....................................................     15
C Boron trilluoride     1 3
Bromine   .................................................................  0.1 0.7
Biomolorm -Skin ......................................................  0.5 5
Butudicno (1, 3'butudicne)   1.000 2,200
Butunclhiol, see Butyl tnorcojiiaii.........................................................................
2-Outanonc   200 500
2-Butoxy ethanol (Butyl Collusolve) -Skin   50 240
Butyl acetate (n-butyl acetate)   tl.O 710

5
Change 3
10/79

S- - * '
I

U ' l . u t u t  loblu I . I

Substance . p.p.m.1 mg/M3 b
see Ouiyl acetate .......     200 950
ten Butyl acetate ..................................  200 950
Butyl alcohol ........................................................... 100 300
tec Butyl alcohol ...................................................... 150 450
tart-Butyl alculiol ...................................................... 100 300
C Butyiaiiuiie -Skin .................    5 15
C teil-Butyl chromale (at Cr0 3 l -Skin ............................  0.1
n Uutyl glytidyl ether (OGE).................................... SO 270
•Butyl mercaptan ....................................   10 35
ptert Butyltoluene ................................................  10 60

Calcium oxide   ......................................................  ... 5
Camphor ..........................................  ... 2
Caibaiyl ISevin © I ..................................................................  5
Caibnn black ....................................................................... 3.5
Cjibun dinxidu ............................................................. 5,C^/~. 9,000
Caibon monoxide    r" 55
Chloitlane -Skin ..............................................................  0 5
Chluimated tomphene -Skin......................................   OS
Chlotinaied diphenyl oxide .................................................  0 5

C Chlorine —  ............................................................  i 3
Chlorine d ioxide ..................................................... °  ] “-3
C thtbline trifluoncle’ ............................................... 0.1 0 4
C Cliloroucetaldehyde .................................. .............  1 3
a  -Chluioacutophenune (phenacylchloride)..............  0.05 0.3
Chloiobentcne (nionoehloiobaniena) ...„..................  75 350
oChlorobenzylidena malononitrile (OCBM) ..........  0.05 0.4
Clilorobromomolhanu ...............................................   200 1.050
2Chloro-1, 3hutadiune, sea Chloroprane ............................................................
Clilorodipheiiyl (42% Chlorine) -S k in ................................... •
Clilorodiphenyl (5414 Chlorine) -Skin ................................  ’ 0.5
1-Chloro, 2, 3 epoxypiopane, sea Epichlorhydrin................................................
2 Cliluroctliaiiol, sou Ethyleno chlorohydrin .......................................................
Chloroethytene, see Vinyl chloride .......................................................................  •-.... /
C Chlorfoim (trichloromelhane).................................  50 240
I'Chloro-t-muopropane .............................................  20 100
Chloropicrin ...............................................................  0.1 0.7
Chloroprcne (2<hloro-1, 3 butadiene) -Skin .............. 25 90
Chromium, sol. chromic, chromous

suits as Cr ...................................................................... 0.5
Mcial and insol. sails ......................................................  1

Coal tar pilch volatiles (banzeno soluble 
fraction) anthracene, Bel’, phenanthrene,
acridinu, chrysone, pyione  .....................................  0 2

Cobalt, motal fume ano dust................................................ 0.1
Coppei fume....................................................................... . 0 1

Ousts and mists ............................................ ........... I
Cotton dost (raw) ................................................................. 1
Ciag ©  herbicide .................................................................. 15
Cresol (all isoiucts) -Skin   5 22
Crotonalilcliydc    2 6
Ciiniciia Skin   50 245
Cyjnida (at ON) Skin ............................................  ...... 5
Cyelnliuxanu     300 1,050
CyclfihaxJnol......................................... .....................  50 200
Cydnliaxanoiia      50 200
Cyclolicxtint.......................................................... .-... 300 1.015
Cyclnpenladicnu        7b 200
2, 4 D........................................................................................  10
DDT - Sim ...................  .    1
DpVP. SMn ....................
Decahuionu Skin      0 05 0 3
Dornclon ©  - Skin ..................................................................  0 1
Dibulyl Phosphate      1 5

G



04.0101 Table 1 -1

 Substance   p.p.m,*________________ 0
Diocotono alcohol (4 liydroxy-4 n vs 111VI - 2 -po.Hanono) 50 240
1. 2-diaminoothano, tea Ethylenodlamine ................................................................
Diaromcilianu ...........................       0.2 0.4
Diborune .............................................................................  0.1 0.1
Dibulylphlhalale............................................................................... 5
C o-Dicltlorobenzcne  .......................................    50 300
p-Dichlorobenzene ...............................     76 450
Dichlotodilluoromcthanc ..............................................  1,000 4,050
1, 3-Dichloro-5, 6-dimethyl hyd an lo in ..................................... 0.2
1, 1-Dichloroelhano  100 400
1, 2-Dichloroelhylcne   200 790
C Dichloroelhyl t-ihcr -Sh in  ..............................   15 90
Dichloromcthanc, tee Methylenechloride ....................................................................
Oichloromonolluoromethana ........................................  1,000 4,200
C 1, 1-Dichloro-l-nitroelhane.......................................  10 60
1, 2-Dichloropropane, tea Propylenedichloride .................... ..................................
Dichlorotetralluorocthano ................................    1,000 7 n00
Dichlorvos (DOVP) -Skin  ............... ............................................  1
Dieldrtn -Skin   ...................... ....................................................  0.25
Oiethylamine.....................................................................  25 75
Diethylamino ethanol - S k in .......................................  10 50
Oieihyleiher, tee Ethyl ether............................................................................................
Difluorodibromomethanc   100 650
C DiglycidyI ether (DGE) .........  .'................. 0.5 2.8
Dihydroxybenzene. tee Hydroqumona .........................................................................
Diisobutyl ketone   50 29C
Diisopropylamino -S k in      5 20
Dimcihoxymethane. see Methylal ...............................................................................
Dimethyl acetatr.idc -S k in    10 35
Dimethylamine       10 IS
Dimethylaminobonzeno, see Xylldeno .........................................................................
Dimcthylanlline (N-dimethylanilineJ -S k in    5 26
Dimethylbenzene, sea Xylone ; ................................................ ...............................
Dimethyl 1, 2-dibromo-2, 2-dichloroothyl

phosphate, (Dibrom).............................................................  1
DimethyMormamide - S k in   10 30
2, G Dimethylheptanone, see Oiisobutly ketone .......................................................
1, 1-DimclhylhyJrazine -Sk in  .................................  0.5 1
Dimethylphthalate ......................................................................... 6
Dimethylsulfate -S k in ........................................ ........  1 5
Dinilrobcnzcne (all isomers) - S k i n ......................................... 1
Dtnilro-o-cresol - S k in ..................................................................  0.2
Dinitrotoluene -Sk in  ..................................................................   1.6
Dioxane (Diethylcne dioxide) -S k in    100 360
Diphenyl.............................................................................  0.2 1
Diphunylmcthane diisocyanate jsee Mcthylone

bisphenyl isocyanate (M OD).......................................................................... .
Dipropylenc glycol methyl ether -Sk in    100 600
Di sec, octyl phthalatc (Di-2-ethylhexylphthalate)................ 6
Endrin -S k in ............................................................................... ' 0.1
Epichlorhydrin -Sk in    5 19
EPN -Skin ...................................................................................... 0.5
1, 2-Epoxypropane, sea Propyloneoxide .....................................................................
2, 3-Epoxy-.1-propanol, sue Glycidol
Ethannthiol, sec Ethylmercopton.......................................................................................
Etliauolarnine   3 “
2-Etlioxycthanol -Skin .................... ;  200 740
2 Eihoxyetliylacetate (Ccllosolve acetate) -S k in ,,, 100 540
Ethyl acetate   400 1,400
Ethyl acrylate -Skir  25 100
Ethyl alcohol (otlianol)   1,000 1,900
Elliylurniito   10 18

rr<,

Substance

U4.0IUI fable 1 

P -P -'" ' mg./M3 1
Ethyl sec-amyl ketone (6-moihyl-3 heptanone)..... 25 130
Ethyl benzene.............................................................. 100 435
Ethyl bromide ........................................................... 200 890
Ethyl butyl ketone (3-Heptanonel ........................ 50 230
Ethyl chloride ........................................................... t.000 2.GOO
Ethyl ether ..................................................  ........ 400 1.200
Ethyl lorniale ......................................... ............... . 100 300
C Ethyl mercaptan ..........................  . . . 10 25
Ethyl silicate....................................... .................... 100 850
Ethylene chlorohydnn -Skin............................... 5 16
Elhylencdiamine .................... ................................ 10 25

C Ethylene glycol dmitrate and/oi
Nitroglycerin -Skin ..........................................

Ethylene glycol monomethyl ether acetate.
0.2“ 1

see Methyl cellosolve acetate ................
Ethylene inline -Skin .............................................. 0 5 1

Ethylulinu chloride, see 1. 1-Oichlorocthane
N Elhylinorpholine -Skin .......................................... 20 94
Feibarn............................................................................ 15
Ferrovanailium dust ................................................... 1
Fluoride las F) ............................................................ 2.5
Fluormo ........................................................................ 0 1 0.2
Fluorolrichloromeihane .......................................... 1.000 5.600
Formic acid ................................................................. 5 9
Furfural -Skin ............................................................ S 20
Furluryl alcohol............................................................ 50 200
Glycidol (2. 3-Epnxy-l-propanol) ........................... 50 150
Glycol monoethyl ether, see 2-Ethoxyethanol ....
Guthion, ®> see Azinphosm9thyl ..............................
Hafnium ........................................................................ 0 5
Heptachlor -Skin ....................................................... 0.5
Heptane (n-hoptane)...................................................... 500 2.000
Hexachloroethane -Skin ........................................... 1 10
Hexachloronophlhalene -Skin ................................... 02
Hexane (n-hexane) ...................................................... . 500 1,800
2-Hexonone ................................................................. 100 410
Hexcna (methyl isobulyl ketone) .......................... 100 410
se.-llexyl acetate........................................................... 50 300
Hydrazine -Skin ........................................................... 1 1.3*
Hydrogen bromide ..................................................... 3 10
C Hydrogen chloride ................................................. 5 7
Hydrogen cyanide -Skin ........................... 10 11
Hydrogon puroxido 190%)................ 1 14
Hydrogen selenide ..................... 005 02
Hyrlroqumone ..................................... 2
C Iodine ................................................. 0 1 1
Iron oxidu lurne.................................... 10
Isnarnyl acetate ................................... 100 525
Isoamyl alcoluil.......................... 100 360
Isnhntyl ecetate.............................................. . 150 700
Isnhutyl alcohol......................... 100 300
Isophorone............................. 25 140
Isii|irnpyl acetate ... ....................... 250 950
Isoprppyl alcohol ..................... 400 980

II 6/0/Wi



V

o Substance p.p.m.® mg./M3 b
fsopiopylainine ........................................    6 12
Isopropylelher ................................................................. 600 2,100
Isoptopyl glycidyl eihar (ICE)  ............................... 60 240
Kelene........................................ ..........................................  0.6 0.0
Lead diseitnto.....................................................................................   . 0.16
Lindauu • Skill ................................................................ ............... 0.5
Lithium hydride ............................................................................... 0.026
L.P.G. (Liquified petroleum gas) ................................ 1,000 1,800
Magnesium oxidu luine .............................................................   15
Mdljlhion -Skill  .........................................................................  15
Mdleic uuhyilrido.............................................. ..................  0.25 1
C Manganese..................................................................    6
Musilyl oxide......................................................................  25 100
Methaneihiol, see Methyl morcaptan ...............................................................................
M ethoxychlor........................................................................    15
2'Mcthoxycthanol, see Methyl cellosolve ............................................ .......................
Methyl acetate ................................    200 610
Methyl acetylene (propyne) ............    1,000 1,650
Methyl acetylene ptopadiene mixture (MAPP)  1,000 1,800
Metliyl acrylate -S k in .................................................... 10 35
Methylal (dinetlioxym cthone)...................................... 1,000 t 3,100
Methyl alcohol (methanol) ...........................................  200 260
Methylamine ..............    10 . 12
Methyl amyl alcohol, sea Methyl isohutyl caibinol .................................................
Methyl (namyl) ketone (2-Heptanone) ......  100 ' 465
C Methyl bromide - S k in ...............................................  20 80
Methyl butyl ketone, sea 2-Hexanone ..........................................................................
Methyl cellosolva -S k in  ............................................ 25 - 80
Methyl cellosolve acetate -S k in  ................................... 25 120
Methyl ch loroform ........................................................... 350 1,900
Mcthylcydohexanc ........................................................... 600 2,000
Methylcydohexanol........................................................... 100 470
o Methylcyclohcxanone -Skin  ..................................  100 460
Methyl ethyl ketono (MEK), see 2-Butanone.............................................................
Methyl fo rm alo ...................................................................  100 250
Methyl iodide -S k in  ......................................................  5 28
Methyl isobutyl carbinol -S k in  ...................................... 25 100
Methyl isobutyl ketone, sae Hercr.s .........................................................................
Methyl isocyanate -S k in  .......................................  0.02 0.05
C Methyl mercaptan ......................................................  10 20
Methyl methacrylate ......................................................  100 410
Methyl propyl ketone, see 2-Pantanono ....................................................................
CCcMothyl sty ren e   .....    100 480
C Methylene bisphenyl isocyanate (MDI) ........0.02 0.2
Molybdenum:

Soluble compounds  ........................................................  5
Insoluble compounds .......................    15

Monomethyl aniline - Skin ...............................   2 9
C Monomethyl hydrazine -S k in  .............................  0.2 0.35
Morpholine -Skin ............................................................  20 70
Naphtha (coaltar) ........................................................  100 400
Naphtahlune .........................................................................  10 50
Nickel carbonyl........................................................ ..........  0.001 0.007
Nickel, metal and solublo compounds, as Nl ........................  1
Nicotine -S k in ..............................................................   0,5
Nitric acid .................................    2 . 5
Nitric o x id e .........................................................................  25 30
p-Nitroanilino -Sk in  ......................................................  1 6
Nitrobenzene ..Skin  ..................................................  1 5
p Nilrochlnruherwcne - Skin .......................................................  1

04.0101 Tiblo 1-1
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Substance

04.0101 Table 1-1

p p.m.® mg./M^ 1*
Nitroetltans ..................................................................  100 310

C Nitrogen dioxide .....................................................   0 9
Nitrogon trilluoride.............................................    10 29

C Nitroglycerin -Skin  ..............................................  0.2 2
Nitromelhune..........................................................   100 250
I Nitropropane. ............................................................. 25 90
2-Nilropropane ............................................................. 00
N itrotoljene.-Skin .........................._.......................... 0 30
Nitrotrichlorornelhane, soo Chloropicnn ..............................:....................  ......
Octachloronaphthdlene -Skin ........................................... 0.1
Octane ........................................................................ ^00 2.360
Oil mill, mineral .................................................................. nrvw

Osmium letroxide ....................................................................  0.002
Oxalic Acid ............................................................................... 1

• - Oxygon dillouride .......................................................  0,05 0.1
Ozone..............................................................................  0.1 0.2
Paraquat -S k in ........................................................................... 0 5
Paruthion -S k in ..........................................................................  ‘
Pentahoranu ........................................................... . 0.005 0 01
Peutachloronaphlhalene -Skin ............................................  0 5
Pcntachlorophenol -Skin ..................... ...................................  0 5
•Pontanc  .....................................        1,000 2,960
2-Pentanor.c ............    200 700
Pcrchloroinrdhyl mercaptan ......... ............................  0.1 0.8
Perchloryl lluoride .......................................................  3 13.5
Petroleum distillates (naphtha) ................................... 500 2,000
Phenol -Skin .......................    5 19
p-Phenylenu diamine -Skin ....................................................  0.1
Phenyl ether (vapor) .................................................. 1 7
Phenyl ethor biphenyl mixture (vapor)  ....... I 7
Phenylethylene, sea Styrene .......................................................................................
Plionylglycidyl ether (PGE) .........................................  10 60
Phenylhydrazine ••Skin................................................. 5 22
Phosdrin (Mcvinphos 0 J  -Skin ..............................................  0.1
Phosgcno (carbonyl chloride)....................................... 0.1 0.4
Phospliina,  ................................................................  0.3 0.4
Phosphoric acid .......................................................................... 1
Phosphorus (yellow) ............................................................. 0.1
Phosphorus pentachlorido  ...................................................  1
Phosphorus pentasulfide ..........................................................  1
Phosphorus trichloride................................................... 0.5 3
Phthalir anhydride  ..................................................... 2 12
Picric acid • Skin ..................................................................... 0.1
Pival ©  (2 Pivalyl-1, 3-indundione) ........................................ 0.1
I'laliniirn (Soluhic Sails) us Pi .............................................  0 002
Propane .............................................................   1,000 1,800

n-Piopyl ucuiijtt!........... ....................................   iroo 840
Piopyl alcohol .............................................................. 200 500
n-Propyl nitrate.............................................................. 25 110
Propylcnu ihchlondu  ............................................ 76 350
Propylenu muni: Skin ........      2 5
Pmpylcnc oxide .........................       100 240
Propyne, see Mi.-lhylecelylene......................................... ..................
Pyrutlniirn ..........................................  .............................  5
Pyridine ..............................      5 16
Quinone ......................... .............................................. 0.1 0,4

Hhntlioin, Metai mine umi niisis,
as Hli ..................................................................................  II 1
Soluble sails ...................................................................  0.001

J
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04.0101 Table 1-1
I

¥

Sursstance p.p.m.* mg./M3 11

Ronrioi ~~.T.r..!.......... T...7............................................................
Rotenono (commercial) ....... ............................................... .
Selenium compounds (ai So) ......................................................  0.2
Selenium h exalluonde ...........................   0  05 0.4
Silver. melal and soluble compounds .....................................  0.01
Sodium lluoroaceiato 11000) -Sk in  ....... ........... .......... .......... 0.05
Sodium Hydroxide ..........................................................................  2
Stibine ....................................   0.1 .

Stoddard solvent .......    500 2,000
Strychnine........................................   0.15
Sullur dioxide       5 13
Sullur hexalluonde       1,000 6,000
Sulfuric acid .................................................................................... 1
Sullur monochtoride   1 6
Sulfur pcntafluoride ....................................................  0.025 0.25
Sulfuryl fluoride   5 20
Systox, see Demotou ©  ....................................................................................................
2. 4, 5 T ......................................................................................... 10
Tantalum ............................................................................ ......... 6
TEUP - S k in ..................................................................................... 0.2
Tellurium............................................................................................. 0.1
Tellurium hexafluoride  .......................................  0.02 0.2
TEPP -S k in ......................................................................................  0.05
C Tcrphenyls    1 9
1. J, 1, 2-Tetraohloro-2, 2-difluorooihane  500 4,170
1, 1, 2, 2-Tetraehloro-1, 2-difluoroethane  500 4,170
1, 1, 2. 2-Tetrachloroelhane -S k in    5  35

Tetrachloromethane, see Carbon tetrachloride..............................................................
Tctrachloronaphthalene -S k in  ............................................ 2
Tetraethyl lead (as Pb) -S k in  ...............       0.075
Tetrahydrofuran  200 590
Tetramothyl lead (as Pb) - S k in ......................................................   # 0.075
Teiramethyl succinonitrile - S k in ...................................... 0.5 ' 3
Tolranitromethane   1 8
Telryl (2, 4, 6trinitrophenylm elhylnitram ino)

-S k in  .............................................................................................  1.6
Thallium (soluble compounds) -S k in  as Tl .........................  0.1
Tliiram ......................................................................... ................... .
Tin (inorganic compounds, except o x id es).............................. 2
Tin (organic com pounds)................................................................ 0.1
Titanium dioxide ........................................................................... 15
C Toluene-2, 4-dusocyanale ..............................................  0.02 0.14
oToluidine -Skin    5 22
Toxapliene. see Chlorinated cam phene ........................................................... ...............
Tributyl phosphate ..........................................................................  5
1, 1. I-Trichloioethune, see Methyl ch loroform ........................................................
1, 1, 2-TrichloroL-thiinc Skin   10 . 45
Trichloromethane, sec Chloroform .................................................................................
Trichloronaphllialenu -S k in  ......................................................... 5
1, 2, 3Trichloroptopane   60 300
1, 1, 2 Trichloro 1, 2, 2-Wifluoioethane   1,000 7,600
Tnethylamine   25 100
Trifluoromonobromomelhane  1,000 6,100
2, 4, 6-Trinilroplionol, see Picric acid   ., ............. ................
2, 4. GTriniliophenylmelliylnitraminc, see Tetryl .................................................
Trinitrotoluene -Skin.,,  ................................ ...................... 1.5
Triorthocrusyl phosphate .............................................. ............... 0.1
Tnphcnyl phosphate ...................................................................  3
Turpentine   100 560
Uranium (soluble compounds) .................................................. 0.05

04.0101 Tublo 1- 1

Substance p.p.m * my./M3 b

Uranium (insoluble compounds) .................................................  0.25
C Vanadium:

V2 O5  dust ............................................... ................................  0.5
V0 O5  fume .................................................................................  0.1,

Vinyl benranu. see Slyreno ................................................................................................

Vinylcyanido, see Acrylonilrile ......................................................................................... .
Vinyl toluene.,...  100 480
Warfarin ... ...... .................................................................................  0.1
Xylene (xylol) ................................................. ’  100 435
Xylidine -Skin    5 25
Yttrium .............................................................................................. 1
Zinc chloride fu m e ..........................................................................  1
Zinc oxidu fume ................ ............................. ................................  5
Zirconium compounds .as Zr) ..................................................  5

*1970 Addition

‘ Parts of vapor or gas pei million parts of contaminated air by volume at 25° 
C. and 760 nun. Hg pressure.

^Approximate milligrams of particulate per cubic meter of air.

(No footnote "c” is usad to ovoid confusion with ceiling value notations.)

^An atmospheric concentration of not more than 0.02 p.p.m., or personal protection 
may be necessary to avoid headache.

8As sampled by method that does not collect vapor

*For control of general room air, biologic monitoring is essential for personnel 
control.
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TABLE 1 -2  \

Acceptoble maximum peak8-hour time Acceotabte above the acceptable
Materia1 * weighted ceiling ceiling concentration

average concentration (or an 8 — 

Concentration

hour uhift
Maximum
duration

Sentene IZ37.4-1969) 10 p.p.m. 25 p.p.m. 50 p.p.m, 
25jug7M3

10 minutei
Beryllium and beryllium compounds (Z37.29—1970) 2mvJM3 5/ugJM3 30 minutei
Cadmium lume (Z37.5-1970) 0.1 mgJM3 3 mg./M3
Cadmium bus: (Z37.5-1970) 0.2 mg./M3 0.6 mg7M3
Ca-bon disulfide (Z37.3-1968I 20 p.p.m. 30 p.p.m. 100 pp.m . . . . .  do . . .
Caroon tetrachloride (Z37 17—1967) 10 p.p.m. 35 p.p.m. 200 p.p.m. 5 minutei in

Chromic acid and chromaies (Z37.7-1971) do 3
any 4 hours

Ethylene Cibromide (Z37.31-1970) 20 pji.m . 30 pp.m . 50 pp.m. 5 minutes
Ethylene ochlonde (Z37.21-1969) 50 pp.m . 100 p.p.m. 200 pp.m . 5 minutes in

Formaldehyde [Z37.16-1967)
any 3 hours

3 p.p.m. • 5 pp.m. 10 pp.m . 30 minutes
Hydrogen lluor.de 1Z37.28-1969) 3 p.p.m.
Fluonde as dust (Z37.28-1969) 2.5 mg7M3

Mercury (Z37.8—1971) . 1 mg710 M3___
Methyl chionde (Z37.18-1969) 100 pp.m . 200 p.p.m. 300 pp.m. 5 minutes in

Methylene chloride (Z37.3-1969)
any 3 hours

500 p.p.m. 1,000 pp.m . 2,000 pp.m . 5 minutes in

Organo (alkyl) mercury (Z37.30-1959) 0.01 mg7M3 0.04 mg7M3
any 2 hours

Styrene (Z37.15-1969) 100 pp.m . 200 p.p.m. 600 p.p.m. 5 minutes in

Tnchloroethylene v'Z37.19-1967)
any 3 hours100 p.p.m. 200 p.p.m. 300 p.p.m. 5 minutes- in

Tetrachloroethylene (Z37.22-1967)
any 2 hours100 pp.m . >t 200 p.pjn. 300 pp.m . F i.linutei in 
any 3 hours

Toluene (Z37.12-1967) 200 pp.m , 300 p.p.m. 500 p.p.m. 10 minutes
Hydrogen sullied (Z37.2-1966) 20 p.p.m. 50 pp.m . 10 minutes once only

only i! no other 
measurable exposure
occurs.
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Table 1 -3  Mineral Dusts (continued)

mGuth concentration and percent quant (or the application ol this limn are 
to be determined Irom the Iraction passing a siteselector with the following 
characteristics: . ,

n Containing <1% quant; if 1% quartt, use quartz limit.

Aurotyna'Tvc (ofwt
tJunvfy *(^oia)

Percent pjtvrvj 
iMliXlOf

2 
25 
3 S 
so 
10

90
/s
so
25
0

The measurements under this note refer to the use ol an ACE instrument. The 
respirablc Iraction ol coal dust is determined with a MRE; tho figure corresponding 
to that ol 2.4 Mg/M^ In the toble for coal dust Is 4.5 M /M3.
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INDOOR AIR QUALITY

This paper, presented for Round Table discussion to the NATO 

Committee on the Challenges of Modern Society, addresses the status of 

Indoor Air Quality Policy and Research in the United States. It briefly 

reviews the issue, characterizes the nature of the problem, and discusses 

potential mitigation options. It also presents a case study of the 

United States' effort on radon, summarizes research efforts, and reviews 

the development of indoor air policy for the United States.
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I. BACKGROUND AND HISTORICAL PERSPECTIVE

Over the past several decades, e f fo r ts  to contro l a i r po llu t ion in 
the United States have focused on outdoor ambient a i r  and the in d u s t r ia l 
work environment. The qua l i ty  o f indoor a i r , inc lud ing the a i r in homes, 
o f f ic e s , and other commercial bu ild ings , was .not o r ig in a l ly  considered 
to be an issue requ iring national a tten t ion .

In the early 1970s, however, indoor a i r  p o l lu t io n  received increased 
pub lic a tten t ion when the Federal government in s t i tu te d  energy 
conservation measures that led to the use o f r.ewer insu la ting materia ls 
to " t ig h ten " bu ild ings and the design o f new bu ild ings with s ig n i f i c a n t ly  
reduced intake o f outdoor a i r .  During th is  time, formaldehyde was 
id e n t i f ie d  as the cause of acute i r r i t a n t  reactions, p r imarily eye and 
nose i r r i t a t i o n  and resp ira to ry d is t re ss , in ind iv idua ls l iv in g  in homes 
insulated with urea-formaldehyde foam in su la t ion , and mobile homes 
constructed w ith large quan tit ie s o f p a r t ic le  board and plywood.

The formaldehyde issue led to add it iona l research to assess the types 
and quan tit ie s o f a i r  po llu tan ts found in various indoor environments, 
a l l o f which came to the same conclusion: f o r  ce rta in  po llu tant types, 
concentrations were often much higher indoors than they were outdoors. 
Furthermore, when high concentrations were coupled w ith the fact th a t 
most .people spend more of th e i r  time indoors than outdoors, the r i s k  to 
human health from indoor a i r  p o l lu t io n  was shown to be greater than 
previously thought. Certain p a r t ic u la r ly  susceptib le people -- ch i ld re n , 
persons w ith lung diseases or impaired immune systems, and the e ld e r ly  - - 
may be at considerable r is k .

As the general problem o f indoor a i r  p o l lu t io n  was drawing more 
nationwide a tten tion as a po ten t ia l pub lic health problem, a p a r t ic u la r 
type o f indoor a i r  po l lu t io n , radon, was causing immediate concern in 
certa in parts o f the country. Public concern over the potentia l hea lth 
e ffe c ts o f radon exposure, and the re a l iz a t io n  tha t such exposures could 
be occurring over wide areas, led to the establishment of EPA's Radon 
Action Program in 1985. Prelim inary resu lts o f a recent 10-state survey 
under th is  program indicate the po ten t ia l magnitude o f the problem. The 
survey showed 21 percent of the 11,600 homes studied had elevated radon 
leve ls , defined by EPA as leve ls above 4 picocuries per l i t e r  of a i r .

Radon is only one of the indoor a i r  problems. Occupants of 
p a r t ic u la r ly  modern, ene rgy -e f f ic ien t bu ild ings are experiencing acute 
health symptons that are caused by indoor a i r  po l lu tan ts . Build ing- 
associated illnesses ace becoming an increasing pub lic health concern and 
have been observed ir. -any types of bu ild ings , inc lud ing o ff ices , 
schools, and health ca-'r f a c i l i t i e s .  As o f early 1987, the National

1
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Institute for Occupational Safety and Health, an agency of the Federal 
Government, had investigated over 450 outbreaks of building-associated 
illnesses and discomfort complaints. The magnitude of the problem is 
confirmed by environmental and health agencies in F.uropean countries and 
Canada, who report similar incidences.

Indoor air pollution has thus emerged as an international air quality 
issue. Several international conferences on indoor air quality have been 
held in recent years, the most recent being the Fourth International 
Conference on Indoor Air Quality and Climate held in August of this year 
in West Berlin. This conference was sponsored by the World Health 
Organization, the Commission of the European Communities, and the U.S. 
Environmental Protection Agency, as well as other organizations from the 
United States, West Germany, :.nd Japan. It is important that the 
international nature of the indoor air quality problem lead to further 
international cooperation and information exchange aimed at finding 
solutions to indoor air quality problems.

2



I I . CHARACTERIZATION OF INDOOR AIR POLLUTION

Microenvironments and Total Exposure

Assessment of total human exposure to environmental pollutants is an 
emerging science which focuses on the activities of populations and 
individuals that bring them into contact with pollutants. A major 
component of total exposure is total exposure to air pollutants. Total 
air expo:ure is the sum of pollutant exposures encountered in different 
air environments or spaces, integrated over some defined time period 
(e.g., day, year, lifetime). Indoor environments include residences, 
public and private buildings, and vehicles. The total air exposure 
concept is illustrated in Figure 1.

Pollutants and Pollutant Sources

Table 1 summarizes the major indoor pollutant categories and some of 
their possible sources.. Most pollutants in most environments have 
multiple sources.

Concentrations and Exposures *

A growing body of evidence indicates that exposure to air pollutants 
in indoor environments (e.g., the home, office building, school) can 
contribute significantly to total air exposure; in many cases, exposure 
levels in the indoor environment exceed outdoor exposure levels. High 
indoor exposure levels are the result of the elevated indoor pollutant 
concentrations and the fact that most people spend approximately 
90 percent of their daily time in indoor environments. This is best

Total Exposure Assessment Methodology ■ 
total exposure to selected organic 
summary of indoor/outdoor concentration 
for various volatile organic compounds

illustrated by data from EPA's 
(TEAM) Studies, which analyzed 
chemicals. Table 2 presents a 
ratios and estimated exposures 
measured in these studies.

Health Effects and Risks

The health effects that may result from exposure to chemicals that 
occur as indoor air pollutants include acute toxicity, noncarcinogenic 
chronic health effects, and cancer. Moreover, different types of health 
effects are associated with different indoor air pollutants. Chemical 
class-specific trends a--~ evident. For example, particulates and some 
inorganic gases prime- . impair respiratory function; some aldehydes 
cause eye and respire- •• irritation; and some halogenated hydrocarbons 
cause liver/kidney Co* = .-• and/or cancer. It is likely that some indoor

3
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M I C R O E N V I R O N M E N T S

TO T A L  H U M A N  E X P O S U R E  
TO A IR  P O L L U T IO N

POLLUTANT EXPOSUHI 
M RESIDENCES

POLLUTANT EXPOSURE 
IN OUTDOOR AIR

POUUIAHf
CONCENIHAIIOH

IPP»)

POLLUTANT EXPOSURE 
IN BUIlOIUaS 

(OFFICE, SCHOOL. ETC.)

POLLUTAHT EXP08URE 
IH VEHICLES 

(CAR. PLAHE, TRAIN, ETf A

- - 120

- -100

"* 0 POLLUTAHT
CONCENTRATION 

(FPb)

0000 0300 0600 0900 1200 1500 1B00 2100 2400

TIME (HOUR OF THE DAY) 
24-HOUR EXPOSURE PROFILE

SUMUARV OF MICROENVIRONMENT 
CONTRIBUTION TO TOTAL EXPOSURE 

(SHADED AREA (8 TOTAL INDOOR AIR CONTRIBUTION)

SOURCE: ADAPTED FROM SEXTON AHD RYAN (1117);
Exposunr data a for no3

F i g u r e  I .  R e p r e s e n t a t i o n s  o f  M ic r o e n v i r o n m e n t  C o n t r i b u t i o n s  to  T o t a l  A i r  P o l l u t i o n  E x p o s u r e .
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Tabl e ! .  Summa'y of Po l l u t an t  Categor ie s ana Suoc a t eg c '-e-. : • : o : e n t i a l  Sources

Examples o:
Po l l u t a n t  category/subcategory Pete1- : .-:es

I no r gan i c  gases ( e . g . .  carbon o i ox i a e .  
carbon monoxide,  crone ,  n i t r ogen  
monoxioe)

Meat i ng.  v e n t i l a t i o n  ana s - c c n o i t i o n i n g  (HVAC) 
systems 

Combust ion ap p l i an ces  
Tobacco 
Outdoor a i r
Garages ( v e h i c u l a r  exhaust)
Human and an ima l  o r i g i n  (metabol ism, r es p i r a t i on )  
E l e c t r i c a l  equipment

Meta l s and o t ^ e r  i norgan ic s ( e . g . .  l ead, 
cadmium, phosphates)

HVAC systems 
Combust ion ap p l i an ces  
Tobacco 
Outdoor a i r
Garages ( v e h i c u l a r  exhaust)
Pa i n ts  and as so c i a t e d  s upp l i e s  
P es t i c i d e s  ;
B u i l d i n g  m a te r i a l s

P a r t i c u l a t e s / f i b e r s

- B i o l o g i c a l  o r i g i n  ( v i a b l e  and nonv iab l e)  
■ ( e . g . ,  p o l l e n ,  b ac te r i a ,  v i ruses)

HVAC systems ( e . g . .  a i r  c o n d i t i o n i n g  res e r vo i r s .
f i l t e r s ,  fan c o i l s ,  ductwork,  h um id i f i e r s )  

Human, an ima l ,  and p l a n t  o r i g i n  
Outdoor a i r

N on b i o l o g i c a l  o r i g i n  
( e . g . .  asbestos ,  dust)

Tobacco
Bu i l d i n g  m a t e r i a l s  ( i n s u l a t i o n ,  wa l lboards)
HVAC syst^ns 
Combust ion app l i an ce s  
Outdoor a i r
Garages ( v e h i c u l a r  exhaust)
C l eane rs  and waxes
Pes t i c i d es
Pai nts  and s up p l i e s
Cosmet ics and body care products
Fur n i s nmgs  and apparel
A c t i v i t i e s  asso c i a t ed  w i t n  do- i t-yourse l f  p r o j e c t s  

and hobb ies ( f i b e r g l a s s  f i n i s h i n g ,  wood sanding)

A a c i s a c t i v e  p o l l u t a n t s  ( e . g . ,  'aoc* So i ls/ rocks
Bui l o i n g  mater ia  Is ( b r i e * .  cement,  stone) 
D n n x i n g  water (we l l  water)

5
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Taol e 1 (con t i nues ;

P o l l u t a n t  category/subcategory sources

V o l a t i l e  o rgan i c  compounos (VOCs! ( e . g . .  
formalaenyoe.  benzene, methy l ens c n l o r i a e )

C l eane rs  ana wa«e:
Pa i n ts  ana a s s c c a t e c  r e p l i e s
P es t i c i d es
Adhesives
B u i I d i n g  m a te r i a l s  ( i n s u l a t i o n ,  plywooa. t i l e s )  
F u rn i sh i n gs  and apparel  ( f u r n i t u r e .

u pho l s t e ry ,  ca rpe ts ,  c l o t h i n g )
Newspapers and p r i n t e d  ma te r i a l  
Tobacco
Dr i n k i n g  water (asp i r a t ed ,  such as du r ing 

shower ing)
Automot ive products
S p e c i a l t y  chem i ca l s  assoc i at ed w i t h  hobbies 
Cosmet i cs and body care products 
Garages ( v e h i c u l a r  exhaust)
Combust ion app l i an ces  
HVAC systems
Sc ience or l abo ra to ry  chemi ca l s  ( i n  schools)
Art s upp l i e s  ( i n  scnools)
O f f i c e  equipment (photocopi ers)
Outdoor a i r

Combust ion app l i an ces  
C l eaners  and waxes 
Garages ( v e h i c u l a r  exhaust)
Automot ive products ( o i l s ,  h y d r au l i c  f l u i d )
Pes t i c i d e s
Pa i n ts  and s up p l i e s
Adhes ives

Po l yn uc l ea r  aromat i c hydrocarbons (.PAHs) 
( e . g . ,  benzo(a)pyrene.  benzoanthracene)

Tobacco 
HVAC systems

6
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Table 2 Comoarison of Inaoor/Outdoor (I/O.) VCl  
and Exposure Est imates for VCCs from

:e*t-at ion r.at tos 
:t-o,

Chemical
Measurec i 'C cc r ce n t r a t i o n s ." j ated annual exocsure rartoe 1 m;  *r<

Average I/O r a t i o I/O range Indoor Outdoor

Ch l oroform 8 i  - 15 0.06 - 20 0 02 - 0.56

l . l , l - T r i c h1 o r o e t h a n e 50 0.5 - 100 26 - ISO 1.2 - 4.0

Benzene 20 - -- 26 - 89 1.5 - 15

Carbon t e t r a c h l o r i d e 5.5 1 - 10 3.9 - 8.9 0.26 * 0.69

T r i ch l o r o e th y l e n e 4 3 - 5 1.5 - 16 0.05 - 1.2

Te t rach l o roe thy l ene 3.5 3 - 4 11 - 49 C.21 - 6.3

Styrene 8 — 4.2 - 17 0.20 - 3.6

in & p-Oichlorobenzene 9 8 - 10 3.1 - 25 0.21 - 1.5

Ethy l benzene 8.5 7 - 10 11 - 47 0.56 - 9.4

o - Xylene 8 6 - 10 12 - 58 0.33 > 11

m & p-Xylene 7 4 - 10 36 - 130 1 .1-26

7



air pollutants may act cumulatively or synergist' o’ly to cause effects 
that the individual pollutants could not cause b.. tnemselves.

A number of known or suspected cancer-causing chemicals are present 
in indoor air (e.g.,'trichloroethylene, chlordane, formaldehyde, radon, 
tobacco smoke). Exposure to these and other indoor pollutants may result 
in significant risk. Total risks posed by exposure to indoor pollutants 
will likely exceed tho^e posed by exposure via other environmental 
exposure pathways (e.g., outdoor air, dnnking water). Radon alone is 
estimated to be responsible for from 5,000 to 20,000 lung cancer deaths 
per year. Published risk estimates of lung cancer deaths in nonsmokers 
exposed to environmental tobacco smoke range from 500 to 5,000 per year, 
with total mortality estimates ranging from 4,000 to 50,000 deaths per 
year.

Additional adverse health effects can result from exposure to 
microorganisms and other biological contaminants. These health effects 
are of three general categories: allergic reactions (e.g., asthma),
infections (e.g., pneumonia), and fungal releases of chemical toxins 
(e.g., mycointoxication). Allergic reactions can be caused by a variety 
of agents such as pollen, fungi, animal dander, house dust mites, and 
insect products. Infectious diseases result from the airborne spread of 
bacteria and viruses. Building heating, ventilation, and air 
conditioning (HVAC) systems contribute to the movement of biological 
contaminants indoors and, when not properly maintained, can provide an 
environment for contaminant growth and dispersal. This is best 
demonstrated by the outbreak of "Legionnaire's Disease" among American 
Legion Society members following a convention in a Philadelphia Hotel in 
1980.

Exposure to indoor air pollutants may also result in loss of 
productivity in the workplace. Even at low exposure levels, some indoor 
air pollutants, such as carbon monoxide and lead, are known to cause 
impairments in nervous system-muscle performance, decision-making, and 
tasks requiring concentration or neurophysiological function. Mixtures 
of chemicals (e.g., tobacco smoke) may also lead to loss of 
productivity. Another measure of loss of productivity is absenteeism 
from work. If workers are exposed to high enough levels of indoor air 
pollutants to cause overt illness ("sick building syndrome"), they may 
stay home more frequently because of the illness, symptoms and, possibly, 
psychological aversion to returning to a work environment that caused 
such illnesses. Some of the most notable research concerning exposure to 
chemical mixtures and ccssible loss of worker productivity has been 
performed by Dr. Lar= M 'nave of the University of Aarhus in Denmark.

Table 3 summarizv me of the health effects and risk issues 
concerning indoor a;’ . ution.

8
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tab l e  3. Sutnnary of Issues - Indoor A i r  Hea l t h E f f e c t s and Risks

' Issue area Issue Conc l us i ons Comnenls

Ilea It It ef l e t ' s Overv ieM A l l  major indoor a i r  p o l l u t a n t  ca tegor i es  
con ta i n  chemi ca l s  that cause adverse h e a l t h  
e f f e c t s .

E f f e c t s  can i n c l ude  eye and 
res p i r a to r y  t ract  i r r i t a t i o n ,  r esp i r a to r y  
impairment,  neu rotox i c  e f f e c t s ,  e f f e c t s  on major 
organs, e f f e c t s  on deve l op i ng fetus ,  a l l e r g i e s ,  
i n f e c t i o u s  d i sea se (s ' ,  cancer .

f anrer More than a dozen known or suspected human 
car c i nogens  are known to be present in indoor 
a i r ;  radon and tobacco smoke in indoor a i r  have 
been demonstrated to cause cancer based on 
e p i d em io l o g i c a l  data.

Hon i t o r l n g  data are l im i t e d  for many p o l l u t a n t s .

t o

Chron ic  e f f e c t s Host ch ro n i c  e f f e c t s  data are from s i n g l e ­
p o l l u t a n t  s tud ies  w i t h  an ima l s or human v o l u n ­
t ee rs .  Stud i es con f i rm ch ron i c  e f f e c t s  for 
formaldehyde, p o l l e n ,  n i t r ogen  d i o x i d e  (NO^), 
combust ion p a r t i c l e s ,  and tobacco smoke in ac tua l  
indoor s e t t i n gs .

Hany a d d i t i o n a l  indoor p o l l u t a n t s  are l i k e l y  to 
be I n vo l ved in ch ro n i c  e f f e c t s ;  most c h i om c  
e f f e c t s  focus on the res p i r a to ry  tract

Acute e f f e c t s Ha.ior target  s i t e s  are the res p i r a to r y  t ra c t  and 
c e n t r a l  nervous system, a l l h ough  other  s i t e s  
( e . g . ,  eye) can be i nvo l ved

A c o l l e c t i o n  of acute e f f e c t s  nol assnc i . i t i 'd 
w i t h  a s p e c i f i c  d i sease is ri-fpin-i i i • .»• i *•» 
Sick B u i l d i n g  Syndiomp J' |i • 1

Synerg ist  ir. e f f e c t s I hese are more than a d d i t i v e  e f f e c t s  i n vo l v i n g  
m u l t i p l e  p o l l u t a n t s  and m u l t i p l e  exposure 
routes .

Sy ne rg i s t i c  e f f e c t s  are known it. •». .> *i • ». ■ 
and ae roso l s ,  Oj  and aeroso l s ,  SÔ , ani l 
ae roso l s ,  radon and tobacco smoke, and PAH w i t h  
other  compounds.

<

. E f f e c t s  of b i o l o g i c a l  
contaminants

These contaminants r es u l t  i n  symptoms that 
range from h y p e r s e n s i t i v i t y  pneumoni t i s or 
o the r  a l l e r g i c  resonses to i n f e c t i o us  
d i seases .

B i o l o g i c a l  con taminat ion  i nc l udes bac te r i a ,  
l u n g l ,  protozoa,  or other products ol b i o l o g i c a l  
o r i g i n .
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Table 3. (Cnnt inued)

I s s ue a n - 1  I s sue  Conc lus ions Comments

lip a lih  H Ip c I '.  l o ss  of p r o d u c t i v i t y  I b i s  r esu l t  is p o t e n t i a l l y  caused by
( t on i iimed) p o l l u t a n t s  in indoor a i r ;  may be measured as

reduced performance and i ncreased absenteeism.

S e n s i t i v e  popu l at i ons On the order of 30X of t he pop u l a t i on  exposed to
indoor a i r  p o l l u t a n t s  may be p a r t i c u l a r l y  s e n s i t i v e  
to p o l l u t a n t  e f f e c t s .

*• • i . l i d  n u t  ion Short-term r e v e r s i b l e  symptoms can be assoc i at ed
• inn*- t i l  w i t h  occupancy of a s p e c i f i c  b u i l d i n g .

I
Symptoms E f f e c t s  can be eye and res p i r a to ry  t ract  Charac te r iz ed by pe rs i s t ence  of symptom-, and

i r r i t a t i o n ,  impaired resp i ra tory  fun c t i o n ,  cons i s t en t  as so c i a t i on  w i t h  exposure to indoor
resp i r a to r y  I n f e c t i o n s ,  d i z z i n es s  and headaches. a i r  in s p e c i f i c  b u i l d i n g s ,
f a t i g ue ,  nausea, d ia r rhea ,  chest and abdominal  
pa i n ,  de rm a t i t i s .



I I I .  M I T I G A T I O N  O P T I O N S

. There are two basic approaches to indoor a i r po l lu t io n  m it ig a t ion : 
source contro ls and m u lt ip o l lu ta n t s tra teg ies . Source contro ls remove or 
iso la te  po llu tan t sources to reduce indoor po l lu tan t emissions. 
M u lt ip o l lu ta n t s tra teg ies are aimed at reducing indoor concentrations, 
ty p ic a l ly  through v e n t i la t io n  or a i r  cleaning. Table 4 summarizes the 
various m it iga t ion options, th e i r  po l lu tan t a p p l ic a b i l i t y , and the 
ind iv idua ls or agents who can in i t i a t e  th e i r  use.

Source Control

Source control as a m it iga t ion option includes source removal or 
s u b s t i tu t io n , design changes, and encapsulation and other physical 
ba rr ie rs . These methods can be used by bu ild ing designers or inhabitants 
or by the source's manufacturer. Source removal is an option tha t can be 
used by a bu i ld in g 's  occupants to e f fe c t iv e ly  e lim inate the po llu tan t 
source from the indoor space". This option has been employed as a contro l 
measure fo r asbestos in many build ings and is essen tia l ly  100 percent 
e f fe c t iv e  as a source c o n t ro l .

The subs t i tu t ion o f one product fo r another is an option tha t 
bu ild ing designers, bu ilde rs , or occupants may use to reduce indoor 
emissions o f po l lu tan ts . For example, the use o f low-emission 
formaldehyde bu ild ing materia ls in place o f other higher emission ra te 
materia ls during the design or construction phases would re su lt in lower 
formaldehyde emissions in the bu ild ing . Changes in product design or 
chemical content can be used by manufacturers to m itiga te indoor- 
p o l lu t io n . These changes may have a s ig n i f ic a n t e f fe c t on emission 
reduction as has been seen in pressed wood products where the development 
o f newer products by manufacturers has s ig n i f i c a n t ly  reduced formaldehyde 
emissions.

Encapsulation or the use o f physical ba rr ie rs can inh ib it-sou rce 
emissions. This option can be used by the product manufacturer or by the 
bu ilde r or occupant o f a bu ild ing . This option is useful where the 
po l lu tan t source is too large fo r  removal or is inherent in the bu ild ing 
s truc tu re . I t  has been shown to be an e f fe c t iv e  control measure fo r 
asbestos, formaldehyde, and radon. Encapsulation o f asbestos can.reduce 
the number o f airborne f ib e rs  by 99 percent. Coatings have been shown to 
be e ffe c t iv e  in reducing formaldehyde emissions from pressed-wood 
products. Radon entry in to a bu ild ing may be reduced by sealing 
foundation cracks.
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Tabl e'A.  M i t i g a t i o n  Opt ions .  Aopl i c a b i  i • t > . ano C z r \ - z '  Agents

Method D escnp t ion A p p lic a o i' .

Cont ro l
Agent

Source Con tro l

Removal or 
S u b s t i t u t i o n

Source is removed or r e ­
p l a ced  by a l ess contami ­
na t i n g  source whi ch f u l ­
f i l l s  same f u n c t i o n .

A l l  Sources Des igner .  Bu i l d e r

Change in Oesign 

En capsu l a t i on

Des ign is a l t e r e d  for  lower 
em i ss i ons .

Impermeable ma te r i a l  covers 
source to r e s t r i c t  em iss ions .

A l l  Sources

Cont i nuous
nonmechanical
sources

Manufacturer

Manufacturer 
Bui  lder 
I nhab i t an t

Conf i nement Source is used i n a c on f i n ed  Loc a l i z e d
area sources

I nhab i t ant s

Temporal Use Source i s used so on l y  a few
persons w i l l  be exposed.

Inhab i tan t-
c o n t r o l l e d
sources

Inhab i t an t s

Mai ntenance Source is ma i n ta i ned  and Combust ion and
and C l ea n i n g  c l e aned  to prevent  i ncreased b i o l o g i c a l

em iss ions .

I nhab i t an t s

H u l t i p o l l u t a n t  s t r a t eg i e s

Natura l  
V e n t i l a t i o n

Open windows, doors ,  or 
ven ts .

A l l  p o l l u t a n t s Bu i l de rs  c on t ro l  
placement; 
i nhab i tan t s  
co n t r o l  use

Mecnanica 1 
Vent 1l a t i o n

Forced a i r  movement r ep l aces  
indoor a i r  w i t h  outdoor a i r .

A l l  p o l l u t a n t s Bu i l de rs  s e l e c t  
and i n s t a l l ;  
i nnab i t an t s  co n t r o l  
use

Local
V e n t i l a t i o n

A i r  c l e a r i n g  Dy 
f l t r a :  ion cr 
e ' e c t r c s t a t i c  
interactior

Exnaust contaminants from Loc a l i z e d
s p e c i f i c  source to ou ts i d e .  source

Remove oa- t i c i e s  from a i r .  P a r t i c u l a t e s

Bu i l de rs  or i n h a b i ­
t an ts  p l a ce  l i m i t s

Bu i l a e rs  or  i n h a b i ­
t an ts  p l ace l i m i t s :  
i nnao i t an t s  co n t r o l  
use

c 'ea-T.g 
aosorDt i on

ê’-c.e . •-or a ■ some gases and 
vapors

Bu i l a e rs  or i n n a o i ­
tants p l a ce  l i m i t s ,  
i nhab i t an t s  con t ro l



Source contro l has several general l im i ta t io n -  I t  can be used oriTy 
here the po l lu ta n t source is id e n t i f ie d  and where a feas ib le m it iga t ion 
athod ex is ts . Source con tro ls , p a r t ic u la r ly  where bu ild ing renovation" 
r  product redesign is required, include some o f the most expensive 
o ten t ia l m it ig a t ion  methods. In add it ion , the methods discussed may 
pply only to a spec if ic  source and a sp e c if ic  p o l lu ta n t .

ultrpollutant Strategies

In add it ion to spec if ic  source con tro ls are methods tha t reduce 
vera ll po l lu tan t concentrations. These approaches include ve n t i la t io n  
tra teg ies and a i r  treatment.

Removal o f contaminants frdm indoor a i r  using v e n t i la t io n  can be 
ccomplished by three ven t i la t io n  s tra teg ies : 1) d i lu t io n  ve n t i la t io n ,
2) local exhaust v e n t i la t io n , and 3) improved ve n t i la t io n  e f f ic ie n c y , 
i lu t io n  v e n t i la t io n  reduces indoor a i r  p o l lu ta n t concentrations by 
“ placing indoor a i r  w ith makeup a i r .  In cases where the i n i t i a l  
e n t i la t io n  ra te is low, small increases in v e n t i la t io n  rate can 
enera lly reduce indoor po l lu tan t concentrations w ithout a substantia l 
ise in energy costs.

%
Local exhaust ventilation is used to minimize the transport of 

Dilutants from a defined source to the general indoor air. The use of 
nis strategy to reduce concentrations in areas with strong pollutant 
Durces (e.g., kitchens, bathrooms, smoking areas) can be much more
f fe c t iv e  and less cos t ly than providing increased v e n t i la t io n  to an __
i t i r e  bu ild ing .

Ven t i la t ion e f f ic ie n cy  should be considered a possible means of 
mproving indoor a i r  qua l i ty . In areas where uniform mixing o f indoor 
i r  is not achieved, contaminant s t r a t i f i c a t i o n  can occur, re su lt in g  in 
reas of higher exposure po ten t ia l. Improving ve n t i la t io n  e f f ic ie n c y  
uproves the de l ive ry o f outside a i r  to occupied spaces and minimizes 
^ckets o f dead a i r  space.

A ir treatment methods ava ilab le fo r removing indoor a i r  contaminants 
Delude f i l t e r s ,  adsorbents, negative ion generators, and e le c t ro s ta t ic  
•e c ip ita to rs . These methods are used separate ly or are combined in a 
ries w ith in a sing le a i r  cleaning device. A i r  cleaning can be 
fec t ive in removing.particu la tes; however, i t  has not been demonstrated 

d be an e f fe c t iv e  method of co n tro l l in g  gaseous po l lu tan ts .



IV , RESEARCH

Prior to the enactment of the Radon Gas and Inooor Air Quality 
Research Act in 1986 (Title IV of the Superfund Amendments and 
Reauthorization Act (SARA)), EPA's indoor air research efforts were 
supported through supplements to research and development funding 
authorizations. EPA initiated a research program on indoor air quality 
in 1984. Funding for this program, through supplemental appropriations 
from Congress, has been S2 million per year for each of thethree fiscal 
years since startup. In fiscal years 1984 and 1985, research on radon 
measurement and mitigation was included in the basic indoor air research 
program. In the current (1987) fiscal year, a separate $1.5 million was 
appropriated by Congress for radon mitigation, which has, in effect, 
become a’ separate program because of the uniqueness of radon as an indoor 
air pollution problem.

Research in EPA

EPA's research program has made significant advances in the state of 
knowledge on indoor air. For example:

• Through the Agency's air'research program, progress has been made 
•on several, fronts. For example, through EPA's air toxics research
effort, the Total Exposure Assessment Methodology (TEAM) was 
developed and validated. TEAM studies rely on state-of-the-art . 
personal and ambient exposure monitors, plus a unique blend of 
scientific approaches, to determine human exposure to pollutants. 
The initial TEAM studies, which focused on volatile organic 
compounds (VOCs), provided critical evidence of the extremely high 
concentrations of VOCs indoors. The TEAM approach is currently 
being expanded to address exposure to particulate emissions. It is 
also-being used in an EPA study of residential pesticide exposure.

• Through the innovative Integrated Air Cancer Program, EPA has 
been able to develop and field test instruments and methods to 
characterize carcinogens in ambient and indoor air, to identify the 
sources of these emissions, and to evaluate complex mixtures of . 
pollutants to discover the most potent components of these mixtures 
and screen for possible health effects.

• Several significant advances have been made through specific 
health effects and source characterization studies. For instance, 
the exposure por;-on of a clinical study of children whose parents 
smoke cigarette, 'as recently been completed. A pilot field study 
has been initia*- : 'o examine the levels of nicotine in children of 
smoking parent. ' j. well as to evaluate indoor levels of nicotine 
and other pol’-’j,-,s in the homes where the children live.



• EPA has a special testing chamber in which the Agency has 
pioneered research to determine the composition and rate of 
pollutant emissions for several common building materials and 
consumer-products. Among the products tested so far are 
construction adhesives, flooring materials, paints, floor waxes, 
and moth crystals.

• Significant progress has also been made in the standardization of 
emission testing procedures and in the development of much needed 
personal and fixed monitoring equipment for assessing human 
exposures to indoor air pollutants. In addition, EPA is conducting 
studies to develop a model that can be used to estimate exposure 
from volatilization of chemicals from tap water into the home.

Because of the nature cf the indoor air quality issue, two basic
approaches will be taken in EPA's future research effort: a
cross-cutting, generic approach that will focus on building design-, 
ventilation, and the general characterization of indoor air exposures and 
a source-specific approach that will concentrate on controlling specific 
pollutants (e.g., radon) or specific sources (e.g., building materials). 
This dual approach will ensure that the research program is comprehensive

Generic research needs will be addressed by projects that are aimed 
at developing standard measurement protocols for monitoring indoor air, 
establishing emission reduction baselines, and identifying and 
disseminating information regarding mitigation techniques to the public. 
Issues that will be assessed with this approach include:

• Characterization of air pollution in high risk buildings and
various building types;

« Characterization of individual exposures to pollutants (the 
development and use of personal monitors, and the assessment of 
"total exposures" from the ambient and indoor environments);

• Identification of factors affecting exposure (building 
types/materials), ventilation levels and rates, and classes and 
types of consumer products; and

• Preparation of guidelines for mitigating/preventing indoor air 
quality problems (building practices, guidelines for defining 
acceptable indoor air quality, control technologies, and 
maintenance practices).

Source-speci£ic research is necessary to ensure that important indoor 
air risks- are not over'ooKed and to focus continued emphasis on known 
risks. This will a 1 1 assessment of known high risk categories, such ‘
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as radon, as well as suspected high r is k  categories (e .g . , b io log ica ls 
contaminants from HVAC systems), and o f combustion appliances and 
bu ild ing materia ls and products. Seven exposure source categories have 
been established to focus research on spec if ic  po llu tan ts /sources:

1. Environmental Tobacco Smoke.

Because th is  source o f indoor po llu tan ts is believed to con tr ibu te 
perhaps the la rges t overall r is k  to health , i t  is addressed in an 
ind iv idua l category.

2. Combustion Appliances.

Combustion appliances fo r heating and cooking, p a r t ic u la r ly  unvented 
ones, can be major sources o f indoor po llu tan ts . For example, these 
appliances are common sources o f NO?, CO, and pa r t ic u la te  matter, a l l 
o f which also occur (and are regulated) in the ambient environment. Of 
special in te re s t is the r is k  from the to ta l emissions containing numerous 
products o f incomplete combustion, which are la rge ly  uninvestigated.

3. Materia ls and Furnishings.

Included in th is  category are bu ild ing materia ls , which can be 
sources o f asbestos and other f ib e rs ; fu rn ish ings , such as-furrrrture-and 
carpeting , which can be sources o f formaldehyde and other organic vapors; 
and stored materia ls and various surface coatings, which can be sources 
o f solvent-based organics.

4. B io log ica l Contaminants.

Included are molds and th e i r  spores, bacter ia , v iruses, and insects 
and other products. Sources include moist areas or other favorable 
indoor environments, among them automobile and bu ild ing a i r  cond it ion ing 
and ve n t i la t io n  systems and hum id if ie rs .

5. Human A c t iv i t ie s .

Many indoor exposures occur as- a re su lt o f everyday a c t i v i t ie s ,  
ranging from vacuuming (which can reentra in molds, dust mites, and other 
p a r t ic le s ) to showering (which can produce vapors o f chloroform and 
tr ich lo roe thy lene present in water supp lies). Of perhaps greatest 
concern are exposures during the use and app lica tion o f commercial/ 
consumer products, including pestic ides , pa in ts , solvents, cleaning 
agents, polishes, and *axes.
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6. Ambient (Outdoor) Environment (Radon, Pesticides).

An indoor air pollutant of great public concern, radon originates 
primarily from the natural outdoor environment. Other significant indoor 
pollutants of concern that have their source primarily outdoors include 
pesticides, such as termiticides, that are applied to soils around 
residences.

7. Nonionizing Radiation.

Numerous sources of electric and magnetic fields are found indoors. 
Sources include any appliance that has an electric motor or electric 
heating element and electric light bulbs. Several major classes of 
effects have been observed from extremely low frequency electric and 
magnetic fields, but whether indoor exposures cause these effects is 
uncertain. The effects of negatively and positively charged ions in 
indoor air are also uncertain.



V .  U . S .  P O L I C Y  D E V E L O P M E N T

Current Status

The Superfund legislation in part directs the Administrator of the 
Environmental Protection Agency to establish an indoor air quality 
research program designed to contribute to the understanding of health 
problems associated with indoor air pollutants. The statute also directs 
EPA to coordinate with federal, state, local, and private sector research 
and development efforts related to improvement of indoor air quality and 
to assess federal actions to mitigate associated health risks. The 
statute also encourages EPA to disseminate information regarding indoor 
air pollutant sources and concentrations, high risk building types, 
measurement instruments, and health effects, as well as recommended 
methods for the prevention and abatement of indoor air pollution.

In June 1987, EPA prepared a Report to Congress, the EPA Indoor Air- 
Quality Implementation Plan, in which the Agency's overall indoor air 
goals and policy objectives were identified. As presented in the 
Implementation Plan, EPA's ultimate goals in addressing indoor air 
quality problems are to characterize and understand the risks to human 
health that pollutants pose in indoor environments and to lessen those 
risks by reducing exposure to indoor pollutants. The Agency's indoor air 
program will seek to reduce the risks to human health posed by indoor air 
pollution through the pursuit of the following policy objectives:

• The Agency will conduct research to further refine its
. assessment of the nature and magnitude of the health and welfare 

problems oosed by individual air pollutants as well as pollutant 
mixtures indoors. Such research will focus in the near term on 
improvement of exposure data, continued development and testing of 
modeling tools necessary to perform essential risk assessments, 
and the development and consolidation of data bases. Development 
of appropriate ranking and risk assessment tools will be a top 
priority in this effort.

• The Agency will identify and assess the full range of mitigation 
strategies available to address high priority indoor air pollution 
problems. Equal emphasis will be placed on strategies that reduce 
or eliminate the source of the risk, as well as on more generic 
strategies that may reduce exposures, and thus risks, to multiple 
pollutants simultaneously (e.g., ventilation-related strategies).
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e For identified high risk, high priority problems, the Agency
will adopt and carry out appropriate mitigation strategies.
Strategies may involve one or more of the following:

- issuing regulations under existing Federal regulatory 
authorities (e.g., Toxic Substances Control Act, Federal 
Insecticide, Fungicide, and Rodenticide Act; Safe Drinking Water 
Act);

- building state and local government and private sector 
capability to address indoor air quality problems through 
nonregulatory programs of information dissemination, technical 
assistance, guidance, and training;

- referring problems to other federal agencies with appropriate 
statutory authority (e.g., Consumer Product Safety Commission, 
Department of Housing and Urban Development); and •

- requesting separate indoor air regulatory authority from 
Congress if deemed appropriate.

In October 1988, EPA is required to report to Congress on its indoor 
air quality activities under Title IV and provide its recommendations.

Policy Approaches to Controlling Indoor Air Pollution

Although EPA's historical and traditional approach to environmental 
problem solving has been primarily regulatory in nature, the indoor air 
issue presents unique problems and issues for which regulatory solutions 
may not always be the most effective approach. Since indoor air 
pollution problems are largely d function of the products and materials 
used within specific building settings, the character of the problem will 
differ in each setting and the most appropriate mitigation strategy will 
depend on a variety of factors. In many instances, the Agency hopes to 
be able to achieve its indoor air policy goals through nonregulatory 
approaches, which will include research and development, information 
dissemination, and technical assistance and training. To a large extent, 
the Agency's success in reducing the risks to human health from indoor 
air pollution will depend upon how successfully the Agency is able to 
build public and private sector capability to investigate, assess, and 
solve indoor air quality problems, to effect change in product purchasing 
and use, and to change building design and operation to minimize the 
risks from indoor air pollution.

Administrative cor.’.- : options may be effective in reducing pollutant 
exposure to building t .;ants. Administrative alternatives are actions



on the part of organizations in the public and private sector that 
influence or require mitigation of indoor air quality problems. Table 5 
summarizes public and private sector roles in providing or servicing 
mitigation needs.

Administrative alternatives can be both regulatory and nonregulatory 
in nature. Regulatory :1 terna’ti ves include such actions as:

• Development of chemical-specific use regulations where high 
health risks are possible as authorized by the Toxic Substances 
Control. Act (TSCA) and Federal Insecticide, Fungicide, Rodenticide 
Act (FIFRA), the Safe Drinking Water Act (SDWA), and the Resource 
Conservation and Recovery Act (RCRA).

• Development of chemical-specific standards for the office or 
school environments; and

• Development/modification of building codes and standards (e.g., 
air exchange rates).

The U.S. EPA has been conducting both regulatory and nonregulatory 
indoor air activities for the past several years. From a regulatory 
standpoint, the Agency has addressed a number of chemicals, including 
several pesticides, found indoors through the use of TSCA and FIFRA.
These statutes enable EPA to obtain information on chemical substances 
from manufacturers and processors when there is reaso'n_tb- bel ieveTthat 
the use of these substances may present an unreasonable risk to human 
health and the environment. . Based on assessments of risks and benefits, 
the Agency determines whether or not an unreasonable risk exists for a 
specific compound; if so, the Agency can take action to control exposure 
to the substance, restrict its use, or ban the substance entirely.

To date, EPA has taken a number of actions under various statutes on 
specific chemicals that have been found to pose risks indoors. EPA has 
issued the Asbestos Worker Protection Rule to protect public employees 
not covered by the Occupational Safety and Health Administration (OSHA) 
from exposure to asbestos during abatement activities. The Agency has 
also proposed to phase out commercial uses of asbestos over a 10-year 
period. This proposed rule, known as the Asbestos Ban and Phase Down 
Rule, will significantly reduce future uses of asbestos and exposure to 
asbestos fibers in all environments, including indoors. The proposed 
Asbestos in Schools Rule was just issued under the Asbestos Hazard 
Emergency Response Act (AhERA) passed by Congress in October 1986. This
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Taole 5. yjnmary of Pu d I i c and Private Sector Roles 
in Providing or Servicing Mitigation Heeds

7631H

Responsible control agent Role/respons vbi11ty

!ndiv iduaIs • Purchase low emission products
• Use. maintain, and s tore  products according to 

specifications- to minimize pollutant emissions
• Exercise discretionary control over venti lation to 

ensure clean a i r  supply
• Be knowledgeable of indoor a i r  quality  problems and 

tako actions to avoid personal exposure

Building owners and rjnagers • Adopt ventila tion  maintenance procedures to eliminate 
ventila tion  sources of pollutants and ensure an 
adequate supply of clean a i r  to building occupants

• R estr ic t  high pollutant emissions to designated areas 
and use zone/spot ven tila tion  or local exhaust for 
indoor sources

• Oevelop specific  procedures for the use of cleaners, 
paints , pestic ides , and other produ' ts with high 
pollutant emission rates to protect building occupants

a Purchase building supplies with low pollutant 
emission rates

• Adopt investigatory protocols to respond to occupant 
complaints

a Be knowledgeable'of indour a i r  quality  problems and 
take actions to avoid occupant exposure

Architects and builders a Adopt indoor a i r  quality  as a design objective 
a  Ensure compliance with indoor a i r  quality  ventilation 

standards
a Specify low emission requirements in designs and 

procurement specifications for building materials from 
manufacturers 

a Provide for separation of occupants and pollutant 
sources in buildings 

a Specify containment or ventila tion  of known pollution 
sources

a Be knowledgeable of s ta te -o f - th e -a r t  advances in 
in te r io r  design, HVAC and a i r  cleaning systems, and 
other indoor a i r  quality  issues

Manufacturers of products a Adopt te s t  procedures and standards to minimize 
product and material emissions 

a Substitute materials to minimize pollutant emissions 
from products
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Table 5.. (continued)

Responsible control agent Role/responsibi1lty

Manufacturers cf products 
(cont mued)

• Aaequately label products as to emission level and 
proper maintenance and use of products

• Conduct research to advance mitigafion technology
• 6e knowledgeable of s ta te -o f- th e -ar t  advances in 

mitigative techniques and indoor a ir  quality issues
• Oevelop tra in ing programs for commercial product 

users to ensure low emissions

Professional engineering associations • Adopt building codes for design, construction, and 
ventila tion  requirements to ensure adequate indoor a ir  
qua 1 lty

• Aoopt te s t  procedures to monitor pollutant emissions 
from products

• Disseminate technical information to members 
concerning indoor a i r  11ty  issues

• Encourage research and development
• Provide a forum for information exchange

Consumer and health professionals 
and organizations .

• Be knowledgeable of symptoms, e f fec ts ,  and mitigation 
and advise c l ien ts

• Develop information and education programs for 
members and for the general public

State and local governments • Conduct studies of specific problems in s ta te  or 
local area and adopt mitigation stra tegies

• Establish building codes for design, construction, 
and ven tila tion  requirements to ensure adequate indoor 
a i r  quality

• Enforce and monitor code compliance
• Educate and inform building community, health 

community, and public about problems and solutions

Federal government • Coordinate actions of other sectors
• Conduct research and technology transfer programs
• Conduct specific  programs to inform, encourage, or 

require specif ic  sectors to take actions toward 
mitigation

• Investigate hign risk pollutant problems and take 
regulatory action as mandated by Congressional acts 
(e .g . .  TSCA. FIFRA)



rule requires schools to inspect for asbestos, prepare management plans, 
and take appropriate response action when friable asbestos is found.

In 1986, EPA prohibited the use of pentachlorophenol as a wood 
preservative for treatment of logs for log-home construction. Creosote 
and pentachlorophenol were also prohibited as preservatives indoors, with 
very few exceptions.

In 1983, EPA issued a phase-out of fumigation devices containing the 
pesticide lindane, used to control pests in residences. As of May 1986, 
such use of lindane is prohibited. The Agency is currently evaluating 
monitoring data received from manufacturers on chlorda ■ and is examining 
the health effects and benefits data for chlordane and other 
termiticides, such as heptachlor and aldrin/dieldrin, to determine 
whether further regulatory action is necessary. A decision is expected 
on these compounds in 1987.

On April 16, 1987, the Agency announced the results of its risk 
assessment on formaldehyde, a probable human carcinogen. While 
decision-making options are under consideration, studies are being 
conducted of formaldehyde emissions from plywood and particle board used 
in mobile and conventional homes. The findings of these and other 
studies are being shared with OSHA and .with the Department of Housing and 
Urban Development (HUD) for use in considering regulatory action.

Under the Safe Drinking Water Act (SDWA), EPA is currently 
considering the establishment of maximum contaminant levels for volatile 
organic compounds.. Such compounds vaporize in hot water and are then 
inhaled.

EPA has recently instituted a nonregulatory program to mitigate risks 
from radon exposure in residences. This program involved demonstrations, 
technical assistance, training, and information dissemination. The EPA 
Radon Program, a potential model for other pollutant nonregulatory 
initiatives, is presented in Appendix A.

Emerging Policy Issues

Traditionally, EPA has approached air quality problems on a 
pollutant-by-pollutant basis. However, because of the nature of the 
indoor air issue, a multipollutant approach is also required to achieve 
the greatest reduction of risk. Emerging policy questions related to the 
U.S. approach include the following:
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♦ What are the roles of the federal, state, and local governments, 
and private sector organizations in the.design, operation, 
diagnosis, and remedial services for sick buildings?

'• What is the most effective approach to providing information and 
technical services to the public?

♦ What is the proper role of the federal government in ensuring 
the establishment and operation of adequate ventilation systems 
for all buildings?

• What mechanisms would ensure that emissions from commercial/ 
consumer products will not produce significant indoor 
contamination and risks?

• What should be the federal role in establishing indoor air 
quality standards or guidelines?

EPA is only one of many federal agencies that are either actively 
engaged in indoor air research or vitaliy interested in the research 
being conducted. Coordination of indoor air policy with the United 
States is achieved by EPA and other members of the Interagency Committee 
on Indoor Air Quality (CIAQ). A brief description of the areas of 
concern for each of the various CIAQ members is provided in Appendix B.

International Cooperation and Information Exchange

The United States also seeks to promote international scientific 
cooperation and understanding of scientific considerations in indoor air 
pollution on a range of technical matters. These activities add to 
scientific knowledge and contribute to protection of health. As part of 
its research effort, EPA participates in international information 
exchange programs relating to indoor air quality research. The 
predominant mechanisms for this information exchange are international 
conferences and workshops that are co-sponsored by EPA. Through these 
activities, EPA provides for the integration of research efforts being 
carried out by various countries.

EPA also takes part in cooperative research efforts with other 
countries. For example, as part of a cooperative effort with the Peoples 
Republic of China, EPA is conducting a study of lung cancer in Xuan Wei, 
a county in southeastern China. It is thought that the county's 
abnormally high rates of lung cancer are linked to indoor exposure to 
particle-bound organic compounds from the coal and wood cooking and 
heating fuels used by residents of Xuan Wei.
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A P P E N D I X  A
I n d o o r  R a d o n  C a s e  S t u d y

The Environmental Protection Agency has identified indoor radon as a 
serious public health problem. Scientists estimate that between 5,000 
and 20,000 people in the U.S. each year may die from exposure to indoor 
radon. When EPA released its strategy, it announced that as many as 
8 million houses in the United States may be above EPA's recommended 
action level of 4 picocures per liter. Follow-up surveys in individual 
States indicate that even more homes may have elevated levels of indoor 
radon.

Background

Radon is a radioactive gas produced by the radioactive decay of 
radium-225, which occurs naturally in almost all soils and rocks. Radon 
is present in the atmosphere everywhere because of its release from 
radium decaying in the ground. Outdoor radon levels generally are low. 
Radon gas seeps into houses through cracks in the foundation, areas 
around drainage pipes, sump pumps and other openings in the foundation or 
walls. Typical indoor levels are usually about five times higher than 
average outdoor levels, but can be .over ten thousand times higher. 
Exposure to such elevated levels may greatly increase an individual's 
risk of developing lung cancer.

H is to ry

Exposure to elevated indoor concentrations of ra'don gas was first 
recognized as a potential health problem in the State of Colorado in the 
1960's when houses that had been built with materials contaminated by 
uranium mill tailings were found with high levels. In the 1970's, EPA 
discovered that some houses built on reclaimed phosphate lands in the 
State of Florida also had elevated radon levels. In December 1984, 
however, extremely high radon levels were detected in homes located tr> 
the Reading Prong, a geological formation which runs from New Jersey, 
through Pennsylvania and into New York.

While the Reading Prong area of Pennsylvania, New Jersey, and New 
York is the best known high-radon area in the United States at this time, 
indoor radon is potentially a widespread problem. Elevated radon levels 
have been found in houses in many States--not only where suspected 
geological factors or t.ne presence of uranium deposits suggest that radon 
might be a problem. ■*. :ublic awareness increases, many States are 
responding by o r g a n : --aoon programs to assess the extent of the radon 
proDlem and educate *ners.
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Recent Suweys

EPA established its Radon Action Program in 1985 in response to the . 
serious radon problem discovered in the Reading Prong. The goal of our 
program is to significantly reduce the health risks of radon by forming a 
partnership with other Federal agencies and the States. Certain types of 
activities, such as research and technical studies, are best done'by the 
Federal Government. Other activities, such as providing day-to-day 
advice to the public and detailed analyses of local situations, are best 
handled by State and local agencies because of their proximity to the 
problem.

EPA's Radon Action Program consists of four elements:

1. To assess the extent of the radon problem nationally (Problem 
Assessment);

2. To conduct research into methods of reducing radon levels in 
existing and new homes (Mitigation and Prevention);

3. To help States develop programs to measure and diagnose radon 
problems, as well as to assist the public (Capability 
Development); and

4. To develop information for the States to use in helping citizens 
understand the risks associated with radon and how to reduce them 
(Public Information).

Problem Assessment

EPA has two complementary activities underway to assess the extent of 
the radon problem. A national survey is being designed to better define 
the distribution of radon levels in houses across the country. The 
Agency is also assisting States in designing and conducting their own 
surveys to identify high risk areas within the State and to determine the 
distribution of indoor radon levels across the State.

Ten States were surveyed in fiscal year 1987. Over 10,000 houses 
were measured in more than 600 counties. Elevated levels were found in 
every survey State and the distribution of radon levels varied among 
States; radon "hot spots" were found within States that had relatively 
low State-wide distributions. These surveys confirm that geoiogy is a 
good indicator of high risk areas. For fiscal year 1988, seven more 
States and three Indian tribes have been selected to participate-in EPA's 
Radon Survey Assistance Program. Standardized measurement methods have 
been issued to ensure :r.-- comparability of radon measurements
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EPA and the United States Geological Survey are conducting Land 
Evaluation Studies to more precisely identify those geological factors 
and characteristics which are most useful as indicators of high radon 
levels. EPA is also conducting preliminary work on the use of soil gas 
measurements to predict the radon potential for individual parcels of 
land.

Mitigation and Prevention

EPA has been working closely with the States in conducting a research 
and demonstration program for reducing indoor radon levels. These houses 
had initial average radon levels ranging from 6 to 1,200 picocuries per 
liter (pCi/l). Indoor radon levels have been reduced in most of the 
homes by more than 90 percent.

In addition to our demonstration work of reducing radon levels in 
air, we have recently released -a brochure on methods to remove radon from 
drinking water.

EPA has initiated a House Evaluation Program (HEP) to evaluate the 
cost and effectiveness of mitigation methods in the private sector and to 
train State and private sector personnel in diagnosing and mitigating 
radon in houses. We have completed 80 homes in the HEP and identified 
radon entry pathways and mitigation alternatives and have provided 
diagnostic training to over 50 State and local personnel.

The results of EPA's mitigation efforts have been very promising. 
Private contractors are successfully reducing radon levels at a 
reasonable cost and the number of contractors performing mitigation 
services is increasing.

A critical element in reducing the health risk from radon exposure is 
to prevent radon entry in new construction. EPA is planning to 
demonstrate radon resistant techniques in up to 125 houses this year.
EPA and the National Association of Home Builders recently released a 
brochure that demonstrates radon resistant techniques in new construction.

Capabi1i tv Development

Another important aspect of the Radon Action Program is to develop 
State and private sector capabilities to diagnose and reduce indoor radon 
levels. A technical training course for Federal and State officials and- 
private contractors was developed and has been offered approximately 28 
times to over 1,500 State officials and private contractors. The course 
is also made available on videotape.
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The Agency provides technical advice on radon measurement methods and 
calibration services to the States and private firms. To ensure that 
those in the radon measurement business meet certain minimum standards, 
EPA established the Radon Measurement Proficiency (RMP) program. 
Participation in this quality assurance program is voluntary, but some 
States are using the proficiency evaluations as a basis for 
certification. The program has grown from 35 firms and 47 detection 
methods in the first round to 360 participants and 590 methods tested in 
the most recent round. Presently there are over 800 applications for the 
sixth round scheduled for February 1988.

Public Information

As public concern about the health risks associated with indoor radon 
increased, the development and dissemination of public information became 
a high priority for the States and EPA. In 1986, EPA released two 
brochures, "A Citizen's Guide To Radon: What It Is and What to Do About 
It," and "Radon Reduction Methods: A Homeowner's Guide." More than
250,000 copies of these publications have been distributed by EPA and the 
States.

EPA staff participate in frequent seminars, symposiums, and public 
meetings to discuss health risks from indoor radon and to disseminate* . 
information and have participated in television and radio appearances 
discussing radon.

Conclusion:

Federal Coordination

There is active interest on the part of other Federal Agencies to 
evaluate the problem of elevated radon concentrations in homes. EPA and 
the Department of Energy have cooperated in a research project on radon 
mitigation diagnostics. The Department of Housing and Urban Development 
is assisting us in developing inexpensive and effective mitigation 
techniques. These different agency concerns have led to the formation of 
several forums and intra-agency committees to discuss the indoor radon 
problem.

In September 1986, Congress passed the Superfund Amendments and 
Reauthorization Act of 1986 (SARA). Within this Act, Title I- the Radon 
Gas and Indoor Air Quality Act (1986), directs EPA to conduct-a national 
assessment of radon, to demonstrate radon mitigation methods, and to 
carry out other research and public information activities.



To complement existing efforts, several pieces of proposed 
legislation have been introduced in Congress. The most comprehensive 
legislation, the State. Radon Program Development Act, would direct EPA to 
expand technical assistance to States on radon issues and would provide 
S10 million annually in FY 1988, 1989, and 1990 for grants to help States
develop their radon programs. The bill would provide SI.5 million to
expand EPA's radon training activities and proficiency testing programs. 
The bill would also provide SI million for EPA to conduct a study of 
radon contamination in the nation's schools, plus an additional $500,000 
for demonstrations of radon reduction techniques in schools. A recent 
amendment to the bill would direct EPA to' conduct a radon survey in 
Federal buildings.

Other radon bills under consideration would provide IRS tax breaks 
for the costs of correcting radon problems in residences and eligible 
medical expenses; establish a Housing and Urban Development program to 
assist States and localities in modifying building codes to require 
testing for radon; and require EPA to establish a standard for exposure
to radon in indoor environments.

Under the Safe Drinking Water Act - EPA is developing drinking water 
standards for radon and other radionuclides; these will be published in 
June of 1989;

The success of the efforts to date rests on the partnership that has 
developed with the States during the past two years. For-the past two 
years, EPA's efforts have been successfully directed toward meeting the 
urgent needs of the States affected by the Reading Prong.' In the future, 
the Agency will focus on fulfilling its regulative responsibilities and 
assisting those States which are now finding elevated Tevets'. '

EPA is expanding its mitigation efforts into States outside the 
Reading Prong and will include a variety of housing types in various 
climates. Working with building code organizations will help to ensure 
that radon-resistant techniques are incorporated into new construction 
practices through modifications to local building codes.

EPA will continue to provide technical assistance to States to enable 
them to develop radon programs and expand private sector capabilities. 
Several of the programs the Agency developed in response to the needs of 
the Reading Prong will be continued and expanded to assist other States.

With'the anticipated growth in the radon measurement industry, EPA's 
quality assurance progrj- will continue to provide a critical service to 
the States and the puc
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The Agency will also work to provide Stales with some of the 
information necessary to help howeowaers understand and evaluate the 
radon problem. An effective public education program is an essential 
component of EPA's approach to reducing risks from indoor radon.

The Agency is pleased with the results of its initial efforts.
States are accepting their responsibilities and are helping citizens 
reduce their risk from indoor radon. By strengthening this Federal-State 
partnership, EPA can achieve the mutual goals of reducing the public 
health risks from radon.
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U.S. Environmental Protection Agency 
401 M Street, S.W.
Washington, DC 20460

A number of offices within the Environmental Protection Agency have 
responsibilities related to indoor air quality. The Office of Program. 
Development (OPD) within the Office of Air and Radiation has primary 
responsibility for establishing indoor air poiicy and coordinating the 
activities of various EPA offices. In addition, OPD serves as the focal 
point for Agency policy coordination with other federal agencies, state 
and local governments, and the private sector. The Office of Research 
and Development has primary responsibility for the technical aspects of 
the indoor air quality research program called for under Title IV of 
SARA, as well as other research related to indoor air quality. The 
Office of Radiation Programs within the Office of Air and Radiation has 
primary responsibility for implementing the Agency's Radon Action Program 
and carrying out the radon research program mandated by SARA Title IV.
The Office of Pesticides and Toxic Substances is responsible for 
regulating pesticides and toxic substances, some of which are used 
indoors and contribute to indoor air pollution. The Office of Policy, 
Planning and Evaluation has general responsibility for reviewing policy 
developed by the program offices. The Office of Air Quality Planning and 
Standards, although not directly involved in indoor air quality 
activities, has developed some expertise on indoor- air and human activity 
patterns in implementing the ambient air programs. The Office of Water 
sets standards for pollutants in drinking water, some of which are of 
concern for their ability to volatilize and contribute to the indoor air 
pollution problem. The EPA regional offices serve as the contact between 
EPA and state and local governments.

U.S. Consumer Product Safety Commission 
Room 700
5401 Westbard Avenue 
Bethesda, MD 20207

The Consumer Product Safety Commission (CPSC) has regulatory authority 
over most sources of indoor air pollution. In that capacity, CPSC 
focuses on the determination and reduction of health risks posed by the 
use of structural materials, combustion sources, consumer products, and 
chemicals used in the home and schools. The Consumer Product Safety Act 
(CPSA) and the Hazardous Substances Act (HSA) provide the basis for 
establishing standards and instituting recalls or bans in order to 
address identified hazards.
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U.S. Department of Energy 
100 Independence Avenue 
Washington, DC 20585

The Department of Energy (DOE) conducts a variety of activities related 
to indoor air quality in support of DOE policies to encourage the use of 
advanced energy conservation measur.es while maintaining a safe and 
healthful indoor environment. These activities include identifying 
indoor air pollutant sources and factors affecting human exposure, 
determining the relationship between indoor air quality and energy 
conservation, and developing control and mitigation techniques. 
Bonnerville Power Administration (BPA), part of DOE and also a member of 
CIAQ, conducts similar research in the Northwest.

Department of Health and Human Resources
National Institute for Occupational Safety and Health
944 Chestnut Ridge Rd.
Morgantown, WV 26505-2888

The Department of Health and Human Services (DHHS) investigates buildings 
for indoor air quality problems (through NIOSH), provides funding for a 
major health study of people exposed to indoor and outdoor pollutants in 
various areas of the country ("Six Cities Study")-, conducts health 
effects studies, and develops health databases (through NIEHS).

U.S. Department of Housing and Urban Development 
Room 8100
451 7th Street, S.W.
Washington, DC 20410-6000

The Department of Housing and Urban Development (HUD) is responsible for 
establishing and enforcing standards for properties being financed with 
HUD/Federal Housing Administration-insured mortgages or assisted through 
one of the HUD-assisted or directed loan programs; HUD also establishes, 
manages, and enforces the Federal Manufactured Housing Construction and 
Safety Standards. Past research efforts have included developing and 
instituting standards for formaldehyde emissions in materials in 
manufactured housing; investigating the problems of radon infiltration in 
housing built on mine tailings in Grand Junction, Colorado and Butte and 
Helena, Montana; and arranging for tests of radon mitigation approaches 
on Florida phosphate lands.
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U.S. Tennessee Valley Authority 
3N 51A Signal Place 
Chattanooga, TN 37402-2801

The Tennessee Valley Authority's (TVA) indoor air program is primarily 
concerned with investigating the interrelationships among building 
construction characteristics, energy use, conservation, and indoor air 
quality, and with developing public information dissemination 
approaches. In addition to establishing these general relationships, 
exposures of specific population groups to unique indoor environments, 
such as those found in public housing, commercial buildings, and rural 
housing are being studied. Indoor air quality in commercial buildings 
operated by TVA, as well as the environment in the industrial workplace, 
is" being investigated.

U.S. General Services Administration 
Room 4320
18th & F Streets, N.W.
Washington, DC 20405

The General Services Administration (GSA) develops indoor air quality 
f>olicies. for federally-owned buildings.

National Aeronautics and Space Administration 
National Space Technology Laboratories 
Building T2423 
NSTL Station, MS 39C29

The National Aeronautics and Space Administration (NASA) conducts studies 
and maintains an extensive database on pollutants found in indoor 
environments.

U.S. National Bureau of Standards 
Room A1138, Administration Building 
Gaithersburg, MD 20899

The National Bureau of Standards (NBS) develops measurement standards and 
through its Center for Building Technology (CBT) conducts laboratory, 
field, and analytical research and develops models to predict, measure, 
and test the performance of building materials, components, systems, and 
practices.
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from* the Field

General Principles for the Resolution of 
Indoor Air Complaints

Edward N. Light

Abstract
Public Health agencies are increasingly being asked to resolve complaints 

related to various indx>r air exposures. A screening process is suggested to 
help determine what, if  any, air testing is justified in each situation. When 
the goal o f an investigation is to provide general problem identification, 
extensive and highly accurate sampling may not be necessary. Testing can often 
be limited to indicator pollutants. Test conditions should include worst case 
exposure, when feasible. A thorough inspection should precede final deter­
mination o f sampling strategy. Interpretation o f test results must lake into 
account variations in source and environmental factors. Distinctions should 
be mode between ventilation-related and source-related situaions and also 
between primary and secondary sources. Methods o f evaluating exposure 
include comparison with guidelines, generalized statements o f risk and specific 
medical diagnoses. Effective remedial measures cat be recommended for most 
indoor air exposure problems.

The increasing public recognition of in­
door air pollution translates into a major 
new challenge for public health agencies. 
Most health departments now receive re­
quests to resolve questions and disputes 
regarding alleged indoor air exposure to 
a variety of potentially toxic agents. 
While the techniques needed to assess 
such situations are often new, the prin­
ciples guiding such investigations are 
similar to those customarily used in tradi­
tional environmental health program 
areas. For example, the strategy for trar.- 
ing the origin of an outbreak of foodbome 
illness or the response to a complaint over 
unsanitary conditions in an institution 
may follow the same type of sampling 
and inspection procedures needed for in­
door air.

Some of the more common indoor air 
complaints being received by health 
departments are listed in Table 1. Since 
the potential volume of such complaints 
can be high, k is often necessary to assign
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priorities. A health-based scheme for 
prioritizing indoor air investigations is 
presented in Table 2.

Table 1
Common Indoor Ak Complaints 

Asbestos
Buiding-miatod itoess 
Poor ventilation 
Odors 
Insecticides 
Carton monoxide 
Tobacco smoke 
Formaldehyde

Table 2
Prioritization of Indoor Air Complaints

1. High potential tor chronic disease
2. Acute illness occurring
3. Minor temporary symptoms only
4. Hypersensitive responses only
5. Nuisance odor or dust6. Cunosity

Tables
Multi-Party Indoor Air Dispute*

• Product liability fi e., mobile homes)
•  Service Kabiity (i.*.. termite control)
• Landlord/tenant (i.e., "entilabon)
• Labor/management (i.e., office workers)
• Owner/occupant (i.e.. school)
• Smoker vs. non-smoker

Indoor air complaints may be pollutant- 
related, symptom-related, or both. 
Pollutant-related refers to an observation 
or concern that specific contaminants or 
indicators are present. Symptom-related 
reflects a concern that pollutants 
(sometimes unknown) may be contri­
buting to occupant illness.

While some indoor air complaints may 
only involve a request to resolve an 
exposure question for a home or building 
owner, many encompass disputes bet­
ween two or more parties. Table 3 pro­
vides examples of such situations. Few 
indoor air problems are covered by ex­
posure or product standards, making 
resolution dependent on either voluntary 
compliance, private litigation or, in the 
case of extreme health hazards, special 
enforcement action. Constrained by a 
lack of technical guidance and resources, 
health departments have been reluctant to 
initiate comprehensive indoor air testing 
programs.

Complaint Screening
Indoor air complaints range from the 

frivolous to the immediate emergeocy, 
with the accuracy of initial information 
reported by occupants often suspect.

28 Journal of Environmental Health Volume 49, Number!



. Under-such circumstances, a screening 
process is desirable before committing 
resources to a field investigation. Some 
health departments tequire a physician's 
statement prior to testing. However, most 
physicians’ knowledge of indoor air 
pollution exposure is limited. An alter­
nate approach utilizes locally available 
experts to inspect potential sources of 
indoor air pollution in a complaint 
residence or buildng. Table 4 lists con­
tractors or service organizations which 
can be of assistance in conducting such 
evaluations. Their observations can then 
be discussed with the health department 
to determine the appropriate response.

Ta b le  4
ScroeninQ of Indoor Air Complaints

• Physician
• Heating/cooling contractor
• Plumbcr/sewer authority
• Ventilation consultant
• Gas company/lire department
• Pest control operator
• Equipment service representative
• Commercial laboratory
• Mail order test kit

Following the initial screening, if the 
pr jblem appears to be either routine and 
predictable or low priority, the health 
department may choose to proviue only 
general advice (suggestions, literature, 
referral) with no on-site visit. Where an 
inspection is warranted, detailed informa­
tion from the complainant in the form of 
a phone interview or detailed written re­
quest is helpful in the development of an 
effective and efficient investigation 
strategy. A complainants' description of 
symptoms and potential sources will 
often reveal patterns which suggest or 
rule out different types of problems.

General Strategy
Factors affecting indoor air complaints 

can be complex, with the most obvious 
source not always related to the problem. 
In some complaints, a totally unrelated 
factor may be responsible for the observ­
ed symptoms. This may include illnesses 
with a medical, food or water-related, or 
pychosomatic origin. An investigation 
protocol should consider the possibility 
of such alternative explanations where 
indicated.

When an indoor air complaint is ac­
cepted for investigation, a realistic goal 
must be set, based on the priority of the 
situation and available resources, to 
determine the scope of the study. Such 
studies can range from an initial screen­
ing (where relatively few samples and 
observations of limited accuracy are used

to identify general problems) to a more 
detailed evaluation of specific sources, 
exposure, and remedial measures. The 
majority of health department indoor air 
investigations tend to fall into the screen­
ing category. More detailed studies tend 
to be reserved for cases where legal ac­
tion may be involved. In some cases, an 
initial health department screening can be 
followed with more detailed testing by a 
commercial laboratory or consultant.

Since indoor air quality issues often 
become controversial and are easily sen­
sationalized, it is important to deal fair­
ly and openly with all parties in a dispute. 
A general explanation of sampling 
strategy and evaluation criteria before 
testing will tend to make the evenmal 
recommendations resulting from a study 
more acceptable. It is essential to put ex­
posure information in proper perspective. 
This may necessitate withholding initial 
data until it can be interpreted in a more 
complete context.

Interview/Inspection

Before any testing is initiated, occupant 
histories should be collected through 
interviews or a questionnaire and the 
facility inspected. The histories help to 
determine if there is a pattern of building- 
related symptoms which suggest or rule 
out particular sources. They also may 
suggest whether the reactions are 
widespread or possibly due to hypersen­
sitivity. Similarly, occupant observations 
of unusual odors, dust accumulation, 
equipment malfunctions, etc., may help 
to identify suspect sources. The collec­
tion of occupant histories is generally 
followed by a walkthrough of the facili­
ty accompanied by a person knowled­
geable in the building and its activities. 
At this time, building materials, chemical 
use, equipment, activities, ventilation and 
other factors related to indoor air quali­
ty (odors, soot, dust, mold growth, etc.) 
should be noted. Table 5 presents an ex­
ample checklist which can be used to help 
select which potential sources appear to 
be serious enough to require further 
consideration.

Testing

After sources and/or pollutants are 
selected for testing, a sampling strategy 
must be developed. Far too many indoor 
air tests have been conducted in 
nonrepresentative conditions, using inap­
propriate sampling procedures, resulting 
in misleading conclusions. One common 
mistake is the assumption that all in­
dustrial hygiene methods are directly

applicable to indoor air pollution. Indoor 
air situations involve unique test condi­
tions and require u lower detection limit 
than the industrial environment.

Ideally, indoor air sampling should be 
conducted under conditions which reflect 
both average and peak, occupant ex­
posure. To accomplish this, the effects 
of changes in ventilation, temperature, 
occupant activity, and equipment opera­
tion must be estimated. Such variations 
must be considered when selecting 
sampling conditions and locations. In this 
regard, it is sometimes suggested that en­
vironmental conditions be manipulated 
before sampling indoor air. For example, 
a formaldehyde test might be preceded 
by closing ail windows and raising the 
temperature to 80 °F in order to approx­
imate peak occupant exposure. On the 
other hand, a home which has been unoc­
cupied may have accumulated excessive 
formaldehyde and should be ventilated 
prior to conducting a representative test.

Health department testing of indoor air 
should normally be limited to situations 
where the data generated will help 
resolve a potential health problem. When 
an obvious problem is involved (i.e., 
sewer gas), reasonable recommendations 
may be made without resorting to 
characterization of pollutants and 
measurements of exact levels.

In addition, testing should generally be 
limited to pollutants which the initial in­
spection and occupant histories suggest 
are potential problems. Often it is possi­
ble to test for an indicator pollutant and 
use the results to assume exposure to 
associated contaminants (i.e., carbon 
dioxide). In some instances, the ideal list 
of tests for a given site must be reduced 
due to resource limitations, or expanded 
for public relations purposes.

A goal for sample accuracy should be 
selected based on the testing objective, 
although it will often be limited by the 
availability of equipment and expertise. 
Where only screening is being con­
ducted, general range finding with an 
error of ±50% or more may provide suf­
ficient data to determine if exposure is 
high, moderate, or low. In some cases 
qualitative sampling alone may be suffi­
cient. On the other hand, testing for legal 
or medical purposes may require accu­
racy to ±5%. Similarly, quality control 
and chain-of-custody requirement will 
vary greatly depending on the goal set for 
an investigation.

The number of samples is usually con­
strained by time and cost, but should be
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adequate to characterize, at a minimum, 
average and/or peak exposure. Such 
samples must be collected from the 
breathing zone of an occupied area. In 
addition, it is often helpftil to collect 
samples which distinguish major from 
minor sources and help characterize their 
dynamics. This may be accomplished by 
diagnostic air sampling in or next to a 
specific source (i.e., cabinet made from 
particleboard). Sometimes bulk or wipe 
sampling of potential sources helps to 
define their emissions.

Where the complaint is due to a pollu­
tion source which is intermittent or has 
since ceased, it may be possible to col­
lect samples which provide historical 
evidence of exposure. For example, set­
tled dust can be sampled for asbestos 
content, or fabric for the adsorption of 
persistent pesticides. In the case of an 
intermittent odor not present during the 
onsite visit, it may be advantageous to 
leave test equipment with a reliable 
individual in the building along with in­
structions to collect a sample during a 
major odor incident.

Sample duration should ideally be 
determined by the type of potential health 
problems involved. For example, short­
term peak samples may best reflect the 
action of an eye irritant while long-term 
average levels may be critical for car­
cinogens. However, time constraints and 
equipment limitations often restrict com­
plaint sampling to an instantaneous or 
short-term measurement. Where the 
amount and duration of sampling must be 
limited, consideration for representative 
conditions during the testing is especial­
ly important.

Interpretation of Results
Air sampling data should only be con­

sidered as an exposure estimate after fluc­
tuating environmental and source factors 
have been taken into account. One 
method used to accomplish this is the ad­
justment of readings to levels which 
would be expected to occur at a standard 
condition (i.e., convert formaldehyde 
levels to 77 °F). Another approach is to 
state that a reading only represents ex­
posure at the moment of sampling and 
will vary under different conditions (for 
example, higher exposure is often likely 
when there is less ventilation or greater 
source activity).

When erposure estimates, occupant 
histories, and inspection results combine 
to create a fairly consistent picture of in­
door air quality at a given location, an 
attempt can be made to draw specific 
conclusions. For instance where readings 
are low and there are no other indications 
of a source problem, negative findings 
can be stated. If the study has been 
limited in scope, it is important to em­
phasize potential limitations in any con­
clusions due to methodology.

In identifying the origin of an indoor 
air problem, source-related situations can 
v sually be distinguished from those that 
are ventilation-related. In the former 
category, source emissions are excessive 
and must be directly controlled. In the lat­
ter, ventilation is inadequate and allows 
the accumulation of normal building 
contaminants.

Another distinction should be made 
between primary and secondary sources. 
Primary sources produce the original 
pollutant emissions. Secondary sources 
collect these contaminants for release at 
a later time (i.e., dust from an HVAC 
system or odor from a fabric).

Three basic approaches are available 
for evaluating exposure to indoor air 
pollutants. The first involves comparison 
with standards or, more commonly, 
guidelines to define relatively safe ex-

Tablo 5
_____________________ Building Inspection Checklist_______________________

Potential No Apparent 
Problem Problem

________    1. Lack of fresh air?

________   2. Inadequate air circulation?

________   3. Excessive cigarette smoke?

________   4. Air too dry during heating season?

________   5. Poorly vented heating equipment?

(specify) ------------------------------------------------------

________   6. Pollution source near air intakes?

(specify)________________________________

_______    '/. Mold growth in building?

________   8. Odor from new fimiahings or materials?

(specify)------------------------------------------------------

    9. Odor from chemical use? (paints, cleanera, pesticides.
etc.)

(specify) ------------------------------------------------------

  10. Sewer odor*?

  11. Other unusual odors?

(describe)_______________________________

    12. Deteriorated auspect asbestos materials?

    13. Other unusual dust accumulation?

(describe)________________________________

    14. Excessive emissions from equipment? (printing, etc.)

(specify)------------------------------------------------------

    15. Excessive exposure in special activity areas? (labs,
shops, art rooms, etc.)

(specify) --------------------------------------------- — —

    16. Infiltration from attached garage?

_______    17. Other (describe)___________________ ________
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posurtf levels for ihe general population. 
Such guidelines may be in the form of 
either allowable pollutant concentrations, 
product standards, work practices, or 
ventilation rates. Standards for exposure 
to pollutants at industrial or construction 
sites are generally not directly applicable 
to indoor air investigations but are 
sometimes reduced by a factor of 10 or 
more to account for continuous exposure 
to sensitive individuals.

The second method of evaluating ex­
posure is a generalized risk assessment. 
This divides pollutant exposure into dif­
ferent ranges (background, low, moder­
ate, and high) taking into account the 
incidence of various health problems. For 
example, a low level might be defined as 
one where only allergic individuals ex­
perience symproms, or a high level 
designated when the expected cancer risk 
exceeds 1/10,000.

The final method involves a specific 
medical diagnosis. In this case, informa­
tion on pollutant exposure is presented to 
a patient's physician, where it is 
evaluated in conjunction with a physical 
examination and medical history to deter­
mine if symptoms are exposure-related.

Whenever symptoms related to indoor 
air pollution are suspected, investigations 
should consider the possible explanations 
of hypersensitivity and mass hysteria. In 
the former case, a very small percentage 
of sensitized individuals exhibit symp­
toms at levels far below those affecting 
the normal population. A solution must 
often involve either complete elimination 
of the pollutants in question or relocating 
the individual. Mass hysteria and other 
psychological phenomena may explain 
some symptoms incorrectly attributed to 
indoor air pollution. These must be 
diagnosed with great caution and only 
after all other reasonable possibilities 
have been eliminated.

Where an indoor air pollution problem 
and its sources are positively identified, 
specific recommendations can be 
developed. However, some investiga­
tions result in the finding of more than 
one suspect source and no clear-cut 
abatement strategy. In this instance, a 
trial and error approach may be sug­
gested, eliminating potential sources one 
at a time until symptoms or contaminant 
levels are controlled. Alternatively, 
general problem identification by the 
health department can be followed with 
more detailed testing by a specialist to 
develop an effective control program.
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Recommendations for the control of 
indoor air pollution can often be imple­
mented in a two phase approach: im­
mediately available temporarymeasures 
and permanent measures (Table 6). 
Follow-up testing may be offered by the 
health department to evaluate the effec­
tiveness of control measures. This can 
again be made dependent on the priority 
assigned to the situation and resources 
available.

Table 8 
Control of Indoor Air Pollution

Temporary
® Isolate 
« Evacuate 
® Reschedule 
® Ventilate 
® Clean
• Cease operation
Permanent
• Seal
• Replace
• Increase ventilation
• Ad|ust equipment
• Filter

Discussion 
The investigation of indoor air pollu­

tion complaints has emerged as an impor­
tant new environmental health program 
area. Since resources for conducting such 
activities are restricted in most health

departments, it is often necessary to limit 
investigations to only priority situations 
and utilize sampling strategies which are 
sufficient to identify only general prob­
lem areas.

While experienced sanitarians can be 
most effective in conducting indoor air 
screening investigations, the detailed in­
vestigations necessary for the develop­
ment of complex abatement programs 
may not be feasible for many health 
departments. When necessary to resolve 
non-routine requests of this nature, sup­
plemental assistance may be solicited 
from other organizations, both public and 
private. Such detailed studies may re­
quire multi-disciplinary, team effort.

Utilizing the systematic approach 
presented in this paper, many indoor air 
complaints can be successfully resolved 
without resorting to legal action. Even 
though few formal standards currently 
apply to the regulation of indoor air 
pollution, site-specific health department 
findings and recommendations tend to 
carry considerable weight in the settle­
ment of m.iltiple-party disputes involving 
such issues. Where a health department 
can document potentially harmful expo­
sure and present the responsible party 
with practical suggestions regarding 
abatement, voluntary improvements in 
indoor air quality generally result.

Rabies Report Shows 
1984 Cases Down

The Centers for Disease Control’s 
Rabies Surveillance Annual Summary 
1934, issued December 1985, shows 
rabies in wild animals in the United States 
totaled 5,174 cases, in domestic and farm 
animals 453 cases, and three human 
cases. The total of 5,630 cases in 1984 
in the U.S. was down 4% from the 
previous year’s 5,881 cases.

In Canada, of 1,699 reported cases, 
1,365 were wild animals; 333 were 
domestic and farm animals, and one was 
human.

In Mexico, of 10,346 reported cases, 
9,857 were domestic and farm animals; 
431 were wild animals and 58 humans. 
The total represented an increase of 3,487 
cases over 1983.

In the U.S., there was an increase of 
raccoon rabies cases in Pennsylvania and 
Maryland and a decline in Virginia, West 
Virginia and the District of Columbia, 
showing a northern movement of the 
epizootic. A study of rabies in skunks is 
being conducted in the states of Texas 
and New York.

Of the rabies in domestic and farm 
animals in the Unit'd States, cattle con­
tinued to be the predominant animal 
infected, followed by cats, which out­
numbered dogs for the fourth consecutive 
year.

Canada reported a 40% reduction in 
cases of rabid domestic and farm 
animals; Mexico showed a marked in­
crease in the number of reported rabid 
dogs, from 3,176 in 1983 to 9,274 in 
1984.

Some Soils Filter 
Acid Precipitation

University of Wisconsin Soil Scientist, 
James Brcckheim, reports on an Electric 
Power Research Institute funded study, 
saying that soils in northwestern Wiscon­
sin are capable of neutralizing acidic 
precipitation before it reaches ground­
water or seeps into lakes. Brockheim’s 
research shows that rain is neutralized 
when it hits the leaves of trees and in per­
colating through the soil in the study area, 
it becomes nearly 100 times less acid than 
when it fell.
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by PHIL CARSON '

A radon detection study of 21 Routt 
County homes has Just been completed 
and results should be back to 
homeowners In two months, a local 
health official says.

According to Environmental Health 
Director Mike Zopf, the 2I_homes were 
selected from a list of 65 county homes 
randomly selected by a computer.

Cannisters were placed in the study 
homes for 46 hours to register radon 
le v e ls .______

Those individuals whose homes were 
used in the study will get a response 
from the federal Environmental 
Protection Agency on the radonleveTin

their homes Zopf also hopes to receive 
some data on home-types and geologic 
conditions which might be conducive to 
unhealthy radon levels.

Radon gas occurs naturally due to the 
decomposition of uranium, which is 
found in different concentrations in 
various soil and rock types. If trapped 
inside a home, for instance, high 
concentrations of radon gas can cause 
lung cancer in certain people.

How big is the threat? Scientists 
estimate that 5-20,000 lung cancer 
deaths annually are attributable to 
radon gas. In comparison, the 
American Cancer Society projects 
130,000 people died in 1986 from 
smoking.

An individual's risk of developing 
lung cancer from radon depends on the

concentration level of the gas and the 
length of time that person is axposedTo

Still, Zopf says, radon can be a health 
hazard and steps can be tak̂ n to reduce 
the risk.

The first step is testing your home. 
Reliable test kits are available to 
homeowners and approved laboratories 
can analyze the results. Zopf has 
available to homeowners a list of test 
kit mannfaHTifers anfTTahs. His office 
at the courthouse annex also carries two 
pamphlets: “A Citizen’s Guide to 
Radon - What It Is and What To Do 
About It,” and “Radon Reduction
Methods - A Homeowner's Guide.”

“I’d be glad to talk to anyone who 
would like to test their home,” Zopf 
says.

/ K s

A T  E A S E
R a d o n  M o n i t o r

SUN NUCLEAR CORPORATION 
in t r o d u c e s  THE FIRST LOW-COST, 
CONTINUOUS RADON MONITORS FOR 
DETECTION OF DANGEROUS RADON 
GAS IN HOMES AND BUILDINGS 
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Testing Institute o fA fa s k  Inc
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T e s t im o n y  o f  P h i l  L o u d o n ,  N o r t e c h  A p r i l  1988

R a d o n  cjas is b e i n g  f o un d in an ev er  w i d e n i n g  arc: that no w  
i n c o r p o r a t e s  th e  Cihena •flood plane, as well, a s  ' t h e  F a i r b a n k s  
hill sides. T h e  o n l y  r e c o g n i s e d  h e a l t h  affect, of e x p o s u r e  to 
hi gh  l e v e l s  of r a d o n  gas is lung c a nc er ,  and li ke  lung ca nc er , 
e n c o u n t e r i n g  r a d o n  is a v e r y  privates m at t e r  for t h e  m a j o r i t y  of 
our c l i e n t s .  P e o p l e  do no t e n j o y  t a l k i n g  a b o u t  lung c an cer , or 
r a d o n  gas, and s e l d o m  do t h e y  s h a r e  their e x p e r i e n c e  wi th  others.

If we  c o m p a r e  th e he a l t h  e f f e c t s  of r a d o n  g a s  to t h o s e  of 
a s b e s t o s ,  w e f i n d  a g re at  d i s p a r i t y  in t h e  r e s p e c t i v e  th r e a t  
levels. W h i l e  a s b e a t o s i a  is r e s p o n s i b l e  for b e t w e e n  7 5 0  to 1,000 
d e a t h s  ea c h year, r a d o n  e x p o s u r e  is e s t i m a t e d  La kill f r o m  10, 00 0 
to 3 0 , 0 0 0  U.8, c i t i z e n s  annually.

R a do n gas  is a nat ur a l d is as t e r ,  h o w ev er , u n l i k e  a f l o o d  or 
e a r t h q u a k e ,  ration k i l l s  wi th  a s l o w  pain ful  death. F a i r b a n k s  
d e m a n d s  your  a t t e n t i o n  and your co m p a s s i o n .  It ha s  be en  ov e r en s 
y e a r  s i n c e  the F a i r b a n k s  r ad on  p r o b l e m  wa s  m a d e  p u b l i c  in 
Juneau. I u r g e  yo u to m a k e  y o u r s e l v e s  a w a r e  of th e  m a g n i t u d e  of 
ou r r a d o n  p r o b l e m  and the s p e c i f i c  n e e d s  n e c e s s a r y  to  deal in a 
r a t io na l m a n n e r  wi t h th i s problem.

S p e c i f i c a l l y  we a s k  f o r  t h e  f o l l o w i n g  a s s i s t a n c e :
t. tA3=E=ri;aeal, s t a t e  s u p p o r t e d  c a l i b r a t i o n  f ac il it y.  The  

d e p a r t m e n t  of G e o l o g i c a l  and G e o p h y s i c a l  S u r v e y  can s e r v e  in th is  
c a p a c i t y  wi th  m i n i m u m  f u n d i n g  as t h e y  a l r e a d y  h a v e  t r a i n e d  
p e r s o n a l  and  a g o o d  p o r t i o n  of th e  n e c e s s a r y  e q u i p m e n t .  We 
r e c e n t l y  e x p e r i e n c e d  c o n f u s i o n  over th e  a c c u r a c y  of two d i f f e r e n t  
m e t h o d s  of r a d o n  testing. T h i s  c o n f u s i o n  r e s u l t e d  in d e l a y s  and 
m i s u n d e r s t a n d i n g  t h a t  sh oul d ne ve r h a v e  h ap pe n e d ,  and w ou ld  not, 
had a local r a d o n  ga s s t a n d a r d  bee n a v a i l a b l e  by w h ic h t h e s e  
m e t h o d s  c o u l d  be c a l i b r a t e d  against.

2 .  W e n e e d  a b e t t e r  u n d e r s t a n d i n g  of local g e o l o g i c a l  f a c t o r s  
if, we a r e  to k n o w  w h i c h  s o i ls  and wh at  a r e a s  are mo s t at risk. 
W i t h o u t  t h i s  i n f o r m a t i o n  n e w  h o u s e s  will p o s s i b l y  be b u i lt  in 
hi gh  r i s k  a r e a s  w i t h o u t  th e a dd it io nal  m e a s u r e s  n e c e s s a r y  to 
g u a r a n t e e  t h a t  r a d o n  a c c u m u l a t i o n  will not b e  a problem.

3. S o l u t i o n s  for r a d o n  m i t i g a t i o n  of co l d c l i m a t e  b u i l d i n g s  is 
in its  infancy. R e s i d e n t i a l  c o n s t r u c t i o n  in the? F a i r b a n k s  ar ea  
in g e n e r a l ,  is o ut  csf nec e ss it y,  y e a r s  a h e a d  of o th er  "radon 
rich' c o m m u n i t i e s  r e g a r d i n g  i s s u e s  of q u a l i t y  c o n s t r u c t i o n ,  
e n v e l o p e  air t i g h t n e s s ,  and thermal e f f i c i en cy . D u e  t o our u n i q u e
c l i m a t e  and t h e  above? issues, s o l u t i o n s  for hi gh  r ad on
c o n c e n t r a t i o n s  in F a i r b a n k s  h o m e s  is u n d e r d e v e l o p e d  at b es t,  and 
d i s a s t r o u s  at t h e  worst.

Please? s u p p o r t  HD 5 1 9  and 320, or t h e ir  c o n c e p t s  in a n o t h e r  bill 
as th e  n e e d  is k n o wn  and t h e  tip of t h e  r a d o n  i c e b e r g  h a s  bee n
1 o c a ted  1 n F a i r b a n k $. T h a n k  y o u for t h i s o p p a  r  t u n i t y  to i n f o r m
you  of my  e x p e r i e n c e  on t h i s  v e r y  c r i ti ca l  subject.
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