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ENVIRONMENTAL PROTECTION ... 399

Radon can enter buildings via at least three common pathways:

* Migration from the soil into the basement through cracks and/or other openings
in the foundation.

« Release of dissolved radon gas from the building on-site water supply.

+ Release from building materials such as granite block foundation, some
materials and floor or wall tiles.

Because the source of most radon in general buildings is the soil on which it is
standing, radon is escaped from the soil then infiltrated to the building and
because it heavier than air, higher indoor radon levels are more likely exist at the
lower levels of the building.

In this study, two methods of measurements were investigated; long term and
short term but the second method was preferred due to its accurate measurement.
In addition, the study of typical and maximuimn activity concentrations in common
building materials and industrial by-products used for building materials was
carried out. On the basis of the measurement, devices have been proposed
placements and two methods to reduce and get rid of radon were suggested.

Sources of radon in building:

Typical building materials, such as concrete block, brick, granite and sheet
rock, contain some radium which are sources of indoor radon. Normally, these
construction materials do not contribute significantly to elevated indoor radon
levels. In rare cases, the building materials themselves have been the main source
of radioactive gas i.e. building materials contaminated with uranium and uranium
mill tailings were an important source of radon because they contained elevated
concentrations of radium (tailings are the sand like material remaining after
minerals removed from ore). Also, concrete made from phosphate slag and
insulation made from radium-containing phosphate waste were found to emit high
levels of radon.

METHODS OF MEASUREMENTS
Long term measurement:

Radon levels in hospitals or other buildings can vary significantly over time. In
fact, the radon levels can change by a factor of 2 to 3 over a 1 day period and the
variations from season to season can be larger. Higher radon levels are usually
observed during winter months and as a result, the long term measurement will
give a much better indication of the annual average of radon concentration than
measurements of shorter duration. The long term m :asurements were carried out
from 3 to 12 months in duration.

Short term measurement:

In rare cases, a more rapid indication of the radon concentration may be -
required. Under such circumstances, the short term measurement of*duration less
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than 3 months (more typically 2 to 7 days) can be performed. However, the short
term measurement should be used with caution according to the season. Testing
durations of less than 2 days (48 hours) are never acceptable to determine radon
concentrations for purposes of assessing the need for remedial actions. Since
radon concentrations vary over time, it is strongly recommended that the result of
any short term measurement should be confirmed with a follow-up long term
measurement. The follow-up measurement should be made at the same location as
the initial measurement and a single short term measurement is not sufficient for a
decision to mitigate. In this case, a follow-up measurement is always necessary for
mitigation decision making regardless of the initial measurement result.

Conditions for short term measurement:

The short term measurement must be made under closed building conditions to
stabilize the radon concentrations and increase the validity of the annual radon
concentration estimate. In addition to maintaining closed building conditions
during the measurement, these conditions should be in place for 12 hours prior to
the initiation of a measurement lasting less than 4 days, and are recommended
prior to measurements lasting up to a week in duration. The closed building
conditions involve ensuring that:

- Windows on all levels and external doors are kept closed for the duration of
the test, except during normal entry and exit. Normal entry and exit include a
brief opening and closing of a door but external doors should not be lef§ open
for more than few minutes.

- External-internal air exchange systems such as high volume, whole house and
window fans should not operated. However, attic fans intended to control attic
temperature or humidity may be operated. Combustion or furnace makeup air
supplies must not be closed.

- Normal operation of permanently installed energy recovery ventilators (also
knovn as heat recovery ventilators or air-to-air heat exchangers) may
continue. In building where permanent radon mitigation systems have been
insta led, these systems should be functioning during the measurement period.

- Air conditioning systems that recycle interior air can be operated during the
closed building conditions.

Table (1) shows the annual external gamma dose caused by building materials
in four different hypothesizes of their activity concentrations. The dose is the
excess to the average background originating from the earth’s crust (50 nGy/h).
The parameter values used for calculating the doses are given in table (1); the
activity index. The specific dose rates are calculated with a computer program
according to Radiation Protection 112 (1999).
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Table (1): Typical and maximum activity concentrations in common building
materials and industrial by-products used for building materials.

Material Typical activity Maximum activity
concentration (Bg kg'l) concentration (Bg kg"l)

232

Most common building materials e R | | s PO e N s 4
{may include by-products)

Caoncrete 40 30 400 240 190 1600
Aerated and light-weight concrete 50 40 430 2600 190 1600
Clay (red) hricks 50 50 670 200 200 2000
Sand-lime bricks 10 10 330 05 36 700
Natural bailding stones 60 60 640 500 310 4000
Natural gypsum 10 10 80 70 100 200

Most common industrial by-
products used in building materials

By-product gypsum 390 20 60 1100 160 300
(Phosphogypsum)

Blast furnace slag 270 70 240 | 2100 | 340 | 1000
Coal fly ashk 180 100 630 1100 300 1300

It is important to classify the areas according to the override dose limits, access
to the overall assessment of the areas, and the possibility exceeded 0.3 mSv or 1
mSv may be due to the use of certain building materials.

Table (2) shows the typical activity and concentrations determined by the
treatment. The study of radon levels in building materials in the table lead up to
design models proposed to study the dimensions of specific deliberate building
materials and specific time.

As shown in table (3), radon levels were measured in the place of workers,
therefore, several ways to treat and mitigate the ill effects of radon gas have proposed.
Ground contact test locations:

~ Detectors must be placed at least 20” (50 cm) above the floor. For large rooms
or open areas, one detector was placed every 2000 square feet (186 square meters)

(e.g. a square area with each side 45 feet (13.7 meters) in length), 3.0 where to
test, including 3.6 choosing a location within a room.

Figure (1) shows ground contact test locations and this form is an example and
not intended to prescribe all manners that may be desired or required for tracking.
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Table (2): Parameter values used in calculating the dose given land in deriving.

-

Activity concentrations, By kg'1
Low activity Average Upper level Enhanceil
material cancrefe of normality | concentrations

“Ra 10 40 100 200

B N 30 100 200

K 300 400 1000 1500
Structares in a huilding B
causing the irradiation: Annaal excess dose
Floor, ceiting and walls less than dose 0.25 mSvy 1.1 mSv 2.3 mSv
{all structures) from backeround
Floor and walls {e.g. less than dose 0.10 mSv 0.74 mSv 16mSv
wooden ceiling) from background
Floor only (e.g. woodan less than dose less than dose 0.11 mSv 041 mSv
housa with concrete floor} | from background | from backeround

Table (3): Measured radon levels in model design.

Dimensions of the model room dmxdmxZE&m
Thickness and density of the structures 20 em, 2350 ke w? {conerete)
Annual exposure fime 7000 houss
Dose conversion 0.7 Sv Gy‘l
Background 50 nGy bt

Specific dose rate, eGy nl per Bg i{g’l
Stractures in a huilding causing the Rep Bty 0
irvadiation
Floor, ceiling aud walls (all structures) (.92 1.1 0.080
Floor and walls (wooden ceiling) 0.67 078 0.057
Flooronly {wooden house with concrete 0.24 0.28 0.020
floor)
Superficial matersal: tile of stone onall 0.12 0.14 0.0096
walls (thickness 3 om, density 2600 kg m™) ool
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Table (4): General evaluation on the possibility of exceeding 0.3 mSv or
1 mSv because of the use of certain building materials. See
table (1) for typical activity concentrations.

Building Exposure above (.3 mSv / Exposure above 1 mSv/

material circumstances or explanation circumstances or explanation

Concrete POSSIBLE/almost anywhere where | POSSIBLE! of bulk amounts are used

bulk amounts are used and the concrete contains large

amounts of blast furnace slag, fly
ash or natiral sand or rock rich in
natural radionclides

Aerated and POSSIBLEAS blast farnace slag, fly | NOT LIKELY fused only in walls

light-weight ash ot natural materials rich in

concrete naiural radionuclides is used.

Clay bricks POSSIBLEAS clay rich in nataral WNOT LIKELY fused only in walls

radionuclides is used

Sand-lime bricks

NOT LIKELY { low activity
concentrations, hrnited use (only

walls)

NOT LIKELY / low activity

concentrations, used only in walls

Natueal building | NOT LIKELY superficial or other NOT LIKELY/superficial or other
stones minor use oHOor use

POSSIBLEAS nsed in bulk amounts POSSIBLEAS used in bulk amounts
Gypsum boards NOT LIKELY/MNatmural gypsum NOT LIKELYY superficial use of
or blocks used only in walls

POSSIBLEY if radium rich by~
product gypsum is used

hadl
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Fig. (1): Ground contact test locations.
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Required closed building conditions:

- Closed building conditions must be maintained for 12 hours prior to the
initiation of the test and during the test.

- All windows in all levels and external doors must be kept closed (except for
momentary events such as normal entry and exit) before and during the test
period.

- Heating and cooling systems must be set to normal occupied operating
temperatures and their fan/blower controls must be set to normal intermittent
activity unless continuous activity is a permanent setting. Window air
conditioning units must only be operated in a recirculation mode. Only by
measuring actual radon or progeny levels, we can know whether they are being
exposed to excessive levels of radon or not.

Practical control of radon levels in buildings:

Radon enters a building primarily by airflow from the underlying ground, and
protection measures for reducing levels inside workplaces are varied depending
upon the severity of the problem and the type of building construction. The new
buildings (fig. 2) can be protected during construction by installing a radon proof
barrier membrane within the floor.

a- Radon proof barrier membrane:

Structure in more seriously affected, areas provision of a ventilated sub-floor
void or a "radon sump". A radon sump is a small bucket sized cavity under the
floor with an electric pump drawing air from it. This reduces the normal under
floor pressure with respect to radon in the soil and vents the radon gas outside the
building where it quickly dissipates.

In existing buildings, it is not possible to provide a radon proof barrier and so,
alternative reduction measures are used depending upon the severity of the
problem. Such measures include improved under floor and indoor ventilation in_
the area, sealing large gaps in floors and walls in contact with the ground, positive
pressure ventilation of occupied areas, and installation of radon sumps and
extraction pipe work. Descriptions of radon solutions are described on the BRE
website in report BR 293, If it is necessary to reduce radon levels by engineered
means, the employer should ensure that the radon levels in the area are pre-
measured immediately after installation in order to verify its effectiveness.

b- Passive system:

The passive system is a'minimal approach to radon reduction that relies on the
convective flow of air upward in a vent pipe to exhaust the radon gas. Figure (3)
shows that the state building code only requires a passive system to be installed.
However, a fan may need to be added at a later date if radon levels are still high.

The active system offers maximum radon reduction through the use of a fan
that continuously pulls radon-laden air from the soil and exhausts it outdoors. The
active system can make a big difference in reducing radon exposure.
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Fig. (2): The underlying gfbund and protection measures for
reducing levels inside workplaces. BE
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Fig. (3): Passive system that relies on the convectiv: flow of air
upward in a vent pipe to exhaust the radon gas.

Features of radon resistant construction:

1. Electrical junction box: it is roughed in the attic ncar the vent pipe. This power
supply will be ready to use if the radon control system needs to be activated in
the future.
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2. Aggregate: four inches of clean aggregate is spread under all areas within the
home's walls that will be covered by concrete slabs. Soil-gas collection mats or
drainage mats can also be used.

3. Vent pipe: it runs vertically through the roof directing the soil gases to the
outdoors. The vent pipe is 3 to 4 inch diameter PVC pipe that is connected to
the "T" in the aggregate. If the home has a sump pit or drain-tile system, the
vent pipe can be inserted directly into the sump pit or connected to the drain-
tile loop.

4. Roof flashing: it must be installed around the vent pipe where it exits the roof
to prevent leakage.

5. Sealing: all potential soil gas entry points are sealed with caulk or expanding
foam, The sumyp baskets must have sealed cover.

6. Vent pipe (T): its fitting made of 3 to 4 inch diameter PVC pipe and inserted
into the aggregate under the basement slab or under a crawl space's vapour
barrier. The vent pipe allows soil gases to enter with little resistance and
connects to the main vent pipe.

7. Soil-gas retarder: to help in keeping water/moisture in concrete so that, it fully
cures with minimum cracking 6 mil thick polyethylene's sheeting. Overlapped

12 inches at the seams, fitted closely around all penetrations, is placed over the

aggregate. In crawl spaces, the sheeting is sealed to the foundation walls and

interior piers.

In radon resistant new construction, if you plan to build a new home, it should
be radon resistant. It is much safer for your family and far more cost-effective to
prevent radon from becoming a problem. Radon resistant construction combines
commeon building techniques and materials to seal entry points and route the gases
outdoors and helping to prevent radon from entering the home. If there is a way to
test the soil before building, the test cannot predict what the radon levels will be
once the building is completed. The impact that the site preparation will have
radon pathvaays into the building and the extent of air pressure in the finished
building car affect radon levels and exposure.

Recommen iations

The purpose of sitting radioactivity controls of building materials is to limit the
radiation exposure due to building materials with enhanced or elevated levels of
natural radionuclides. Additionally, the doses to the members of the occupational
and public should be kept as low as reasonably achievable. It is the most
international recommendations.

The following recommendations are important to provide guidance for sitting
radioactivity controls of building materials. Important information collected
during the site investigation should include:

- Previous test results.
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- Proper sizing of a radon mitigation fan and duct diameter.

- Amount of caulking and sealing necessary to improve pressure field extension
and reduce air noise.

- Location of thermal bypasses.

- Inspect for hollow block top leaks.

- Check wall floor joint leaks.

. - Check plumbing penetrations and all floor drains for water traps.
- Check all expansion joints in floors.

- Check footers or thickened slabs.

- Inspect sump pump for type (submersible or pedestal).
- Determine foundation material.

- Check crawl space for gravel and access.

- Check recently installed waterproofing.

- Check untapped air-conditioning condensate lines.

The above minimum information is needed to properly design any radon
mitigation system. No one mitigation system fits all buildings (Hansen, 1991).

The levels of indoor radon in Egypt are far above the acceptable values for the
population as prescribed by the Environmental Protection Agency (EPA) and
European Union (EU) for residential radon concentrations, and a strong
association between lung cancer and the exposure to domestic levels of radan was
convincingly demonstrated especially for buildings with bad ventilation.

CONCLUSION

According to the present study, the recommendations for national case are the
basic safety standards sets down a framework for controlling exposures to natural
radiation sources arising from work activities. The directive applies to work
activities within which the presence of natural radiation sources leads to a
significant increase in the exposure of workers or members of the public.

In addition to increasing ventilation, radon control measures include sealing the
foundation, sub-salt depressurization (creating negative pressure in the soil),
pressurizing the building and using air cleaning devices. Methods of increasing
ventilation include opening windows, ventilating basements and crawl spaces,
ventilating sump-holes and floor drains to thr outside of the house, and increasing
air movement with ceiling fans. Ventilation must be modified properly because
increased -ventilation can depressurize the building in some cases causing an
increase in soil gas enters to the building. Heat exchangers provide a way of
bringing fresh air indoors without major heat loss but these must be properly
balanced or can worsen the problem.
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It was suggested that exposure assessment can be improved by considering
time, design and materials at hospitals, special at radiotherapy and nuclear
medicine units at which changes in building and ventilation conditions can affect
radon concentration. This was confirmed by the present study which showed that
indoor radon concentrations were significantly higher in buildings with bad
ventilation as compared to buildings with good ventilation.
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