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" ABSTRACT

An unopened bag of coal slag used for abrasive blasting was
submitted by the National Institute for Occupational Safety and
Health (NIOSH) to the National Air and Radiation Environmental
Laboratory (NAREL) for radiological characterization by gamma and
alpha spectrometry analysis. It is not known how representative
this bag of coal slag is ~f/the universe of coal slag that is
being used for abrasiYe-clasting, but there is no reason to
believe that",,"i,t~->±-srllnusual. A survey with a microR meter
measur.ed,,---'arl""exposure rate of 30-50 microRoentgen/hr (~R/hr) at
~bout 1 inch from the surface of the 100-lb bag containing the

"coal slag.
\~:;--~Major radionuclides detected by gamma and alpha spectrometry were

those in the naturally occurring U-238, U-235, and Th-232 decay
series and K-40. Results of the gamma spectrometry analysis
indicated a total activity of about 195 picocuries per gram
(pCi/g) of coal slag that present a risk for gamma exposure.
Based on the gamma and alpha spectrometry analysis, an estimated
125 pCi/g of alpha emitters were concentrated in the coal slag
that presented a risk for internal exposure due to inhalation and
ingestioni".:-.. Gamma and alpha spectrometry in"dicated that the'
radionuclide~oncentrationsfound in the coal slag were greater
by a factor of'<about 8 than those normally found in soil. These
results confirm/somewhat lower, but similar, levels measured in a
study conducted by NAREL at a shipyard in Pascagoula, MS in 1981.
In that study, above background gamma and alpha activity in
shoreline soil were attributed to the use of the coal slag
abrasive blasting material at the shipyard.

The following conclusions were made based on the results of the
present study:

1. The coal slag abrasive blasting material contains 38
significant radionuclides consisting of the U-238, U-235,
and Th-232 series and K-40, which all occur naturally, but
have been concentrated (enriched) in the coal slag.

2. The only exposure pathways that presented a commercial and
residential risk in excess of the Superfund upper limit of
1 x 104 (i.e., 1 person in a population of 10,000 would
develop cancer) were inhalation and external exposure with
risks of 2.7 x 104 and 6.2 x 104 for commercial and
residential inhalation, respectively, and 3.3x 10 4 and
1.4 x 104 for commercial and residential external exposure,
respectively. These pathways were also the major
contributors to the overall commercial and residential risks
which were 6.1 x 104 and 7.7 x 104

, respectively.
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3. Workers who are abrasive blasting with coal slag or are near
those operations are not expected to be over-exposed to
external radiation levels above 5 REM/yr (0.5 REM/yr for
workers under the age of 18). The Superfund risk limit does
not apply to occupational exposures; nevertheless, workers
could be exposed to risk in excess of 1 x 10~ when abrasive
blasting or when near abrasive blasting operations using
coal slag.

4. For the coal slag analyzed and the presented exposure
assumptions, many abrasive blasting areas must be identified
as radiation "restricted areas."

5. For the coal slag analyzed and the presented exposure
assumptions, many abrasive blasting areas must be posted as
"airborne radioactivity areas.~

6. For the coal slag analyzed and the presented exposure
assumptions, most storage areas and rooms must be posted
with signs that read "CAUTION RADIOACTIVE MATERIALS."

7. For the coal slag analyzed and the presented·exposure
assumptions, most containers must have durable, clearly
visible labels that read "CAUTION RADIOACTIVE MATERIALS."

8. The ALARA principle should be applied to minimize risk on
and off site to radiation from coal slag.

9. site specific studies should be conducted to ensure that
residential risk levels are not in excess of the Superfund
risk limit of 1 x 10~ and to determine occupational
exposures due to coal slag.

The following recommendations were made:

1. Users of the coal slag abrasive blasting material must
survey areas where slag material is present (produced, used,
released, or stored) as required by 29CFR1910.96/1926.53.
The survey must include a physical survey and radiation
measurements for areas and personnel, as appropriate.

2. Users of the coal slag abrasive blasting material must
provide the required training and monitoring for workers
that are in areas required under 29CFR1910.96/1926.53 to be
radiation "restricted areas."

3. . Users of the coal slag abrasive blasting materials must
ensure that all requirements of 29CFR1910.96/1926.53, such
as posting and labelling, are met.
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4. Users of coal slag abrasive blasting materials should apply

the ALARA principle to the abrasive blasting operations to
minimize occupational radiation exposures and emissions of
radioactive abrasive blasting material off site.

5. Additional occupational and environmental studies should be
performed to more accurately identify pathways of concern,
determine doses via those pathways,Oassess risk associated
with the exposures, and measure occupational exposures.

6. Environmental risks greater than 1 x lO~ but less than
1 x lO~ require additional study to determine if the ALARA
principle is being applied and"~o dete~~~~ the feas~bility

of additional exposure reduction techniques.

7. A comprehensive strategy should be developed to protect
workers, the pUblic, and the environment. This could be
accomplished by the mutual participation and leadership of
appropriate Federal agencies along with industry, labor, and
other occupational/environmental stakeholders.

v
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1.0 INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH)
requested that the National Air and Radiation Environmental
Laboratory (NAREL), a U.S. Environmental Protection Agency·
laboratory, radiologically characterize a sample of coal slag
used for abrasive blasting. It is not known how representative
this bag of coal slag is of the universe for coal slag that is
being used for abrasive blasting, but there is no reason to
believe that it is unusual. NAREL collected samples from a
previously unopened 100-lb bag of the abrasive blasting material

.provided by NIOSH. The collected samples consisted of three
<.:; 1-gal containers of the material. A survey of~1:he 100-lb bag of

material with a microR meter measured 30-50 micfbRoentgen/hr
(~R/hr) of gamma radiation at approximately 1 inch 'from the bag
surface. Samples from each of the 1-gal containers were
submitted for gamma spectrometry, gross alpha, gross beta, and
radiochemical/alpha spectrometry analysis. These samples were
considered to be duplicate samples.

2.0 BACKGROUND

An analysis report furnished by the manufacturer of the blasting
material, identified as Sure-Shot, indicated that the coal slag
contained less than 0.1 picocuries/gram (pCi/g) of Co-60 and
3.7±1.1 pCi/g of Ra-226 with no other gamma emitters being
detected. The analysis report did not address other alpha and
beta emitters.

In December 1981, the Eastern Environmental Radiation Facility
(now NAREL) conducted a radiological survey (EPA83) of the
Ingalls Shipbuilding Division at Pascagoula, MS. A coal slag r­
abrasive blasting material, identified as Black Beauty, was used
at the shipyard. Black Beauty is a trade name for a product
manufactured by Reed Minerals. The name "Black Beauty" is often
used as a generic term for all coal slag so it cannot be
'concluded that this coal slag product was manufactured by Reed
Minerals. Table 2.1 shows the results of the analysis for that
Black Beauty product; it contained about 40 pCi/g of alpha
emitters and about 71 pCi/g of gamma emitters. The report
concluded that the only radiation levels at the shipyard above
background were due to the abrasive blasting material at
locations on the shoreline.
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Table 2.1. Radiological Results of Black Beauty Abrasive Blasting
Material From Ingalls Shipbuilding Division, Pascagoula, MS
(December 1981)

All rad~onucl~des reported w~th detectable act~v~ty are naturally
occurring.

Location/Sample Type of Radionuclide l Activity
Identification Analysis (pCi/g)

Abrasive -' gamma K-40 13±0.91L;

Blasting spectrometry
U-238 1.4±0.70Areas/Black

Beauty Pb-214 4.6±0.18

;-" ...."'. ,,~.-
,~-) Bi-214 3.9±0.12

,,~ _/~-

Th-232 1.4±0.18

Ra by Rn Ra-226 4.2±0.08 (wet)
emanation into 5.2±0.10 (ash)
Lucas Cell (~

U by alpha U-238 ' 3.2±0.38 (wet)
spectrometry 3.9±O.47 (ash)

U-234 2.8±O.. 34 (wet)
3.4±0.41 (ash)

U-235 0.29±0.06 (wet)
0.36±O.O7 (ash)

Th by alpha Th-232 0.92±0.O9 (wet)
spectrometry 1. l±O. 11 (ash)

Th-228 0.92±O.lO (wet)
1. I±O. 12 (ash)

Th-230 3.0±0.24 (wet)
3.8±O.30 (ash)

Th-227 0.28±O.O6 (wet)
0.35±0.07 (ash)

I

3.0 EXPERIMENTAL DESIGN, ANALYSIS, AND ANALYSIS RESULTS

3.1 Sample Preparation

From the 100-lb bag, NAREL Sample Preparation received three
I-gal containers of coal slag mineral abrasive blasting material,
identified as Sure-Shot. The samples were initially screened for
gross beta/gamma activity using a Geiger/Mueller tube. After.
initial screening, 400-mL aliquots from each I-gal container were.
placed in 400-mL containers. Each aliquot was weighed, dried at
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GOGC, reweighed, and then analyzed by gamma spectrometry (See
Section 3.3).

3.2 Wet sieving/Hyd~oclassificationand Sedimentation

After performing gamma spectrometry analysis, the separate
aliquots were combined into one sample. Using wet sieving or a
vertical-column hydroclassification method (+lOO-~m) and a column
,sedimentation method (-lOO/+lO-~m and -lO-~m), the sample was
divided into the three particle-size fractions.

Wet sieving (SCA91b) is a physical size separation technique
(~which uses American Standard Testing of Material~_~~(ASTM) standard
'sieves. For this study, the sieves used were 1~-19--ium (16 mesn)
and 0.100 mm (140 mesh). When sieving was used, these two
fractions were recombined to produce the +100-~m fraction.

vertical-column hydroclassification (SCA9lc) is a method used for
,separating material by particle size and density. This technique
is based on Stoke's Law which states that the settling velocity
of a particle in liquid depends upon the second power of the
effective diameter of the particle and the first power of the
density of the particle and the density and viscosity of the
liquid. By adjusting the flow rate of the ,water stream in the
direction opposite to the settling particles, a separation based
on the effective particle size can be made if the densities of
the particles remain constant or differ only slightly.

Column sedimentation (SCA91a) is a method for separating fine
particles by size using the particle settling rate in a static
water column. This method is also based on Stoke's Law and is
similar to vertical-column hydroclassification. The particles
are distributed throughout a column of water and allowed to stand
for a period of time sufficient to allow particles of a specific
effective diameter to settle a measured distance. The process is
repeated, up to eight times, to achieve a separation.

The resulting fractions were dried at 60 GC, weighed, and analyzed
for gamma and alpha (U, Th, Ra, Pu) emitting radionuclides (See
Sections 3.3 and 3.4) and percent by dry weight of each particle­
size fraction. The weights and activities for these size
fractions are shown in Appendix A.

The purpose ,for dividing the sample into the three particle-size
fractiori~was to determine the percentage of the sample that was
resuspendable (-100 ~m) and respirable (-10 ~m). The percent by
dry weight for the resuspendable (-100 ~m) and respirable
(-10 ~m) particle-size fractions was about 1.68% and 0.07%,
respectively. Therefore, for every gram of the whole coal slag
released to the air, only about 0.0007 g will be of respirable
size. Note that the whole coal slag has not yet been used for
abrasive blasting. Naturally, when the coal slag is used for
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abrasive blasting, the amount of respirable size particles
released to the air per weight of whole coal slag will be much
larger. NIOSH has measured coal slag air concentrations as high
as 72.7 mg/m3 (NIOSH81). However, this study was not designed to
quantify the respirable amount released to the air during
abrasive blasting.

3.3 . Gamma Spectrometry

Each aliquot of whole coal slag and particle-size fraction was
analyzed for gamma emitting radionuclides using high-purity
germanium detectors (EPASO). The aliquots and the particle-size
fractions were coun.t·ed for 1000,-.,min or less, depending on the
amount of activity-present. The major radionuclides identified
in the samples were those in the U-238, U-235, and Th-232 series
and K~40. Appendix A contains the gamma analyses results. The
gamma spectrometry results show that the gamma emitting
radionuclide concentrations were greater than those normally
found in soil by a factor of about a (MYRa3). The total gamma
activity in the abrasive blasting material was about 195 pCi/g.

3.4 Alpha Spectrometry

Each aliquot of whole coal slag and particle-size fraction had a
representative 1-g aliquot removed and solubilized in hot acid
mixtures. Uranium, thorium, and plutonium were separated by
extraction and/or ion-exchange, coprecipated with lanthanum
fluoride carrier, and analyzed by alpha spectrometry (EPA84).
Radium was analyzed using the ingrowth of Rn, i.e., Rn emanation
into a Lucas Cell (EPA84) for counting. Appendix A contains the
alpha analyses results. The alpha spectrometry results show that
the alpha emitting radionuclide concentrations are greater than
those normally found in soil by a factor of about 8 (MYR83). The
total alpha activity in the abrasive blasting material was about
125 pei/g.

3~5 Gross Alpha and Gross Beta

Gross alpha and beta analyses (EPAS4) were performed on most
samples, aliquots, and particle-size fractions for radiation
protection purposes and to determine dilution ratios for
radiochemical separation and analysis. Appendix A contains the
gross alpha and gross beta analyses results.

3.6 Risk Analysis

A risk analysis was performed for a representative sample using
the activity for each radionuclide detected in the whole coal
slag. The radionuclide concentrations in the whole coal slag
were used (See Table 3.1) since the radionuclide concentrations
in the different particle-size fractions were not appreciably
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different than those in the whole coal slag. Radionuclides not
detected due to analytical limitations were given assumed values
based upon parent/daughter activities from the natural decay
chain. Risk factors were determined using slope factors for each

Table 3.1. Radionuclide Levels in Whole Coal Slag Used for Risk
Analysis .~

Uranium Nuclide Actinium Nuclide Thorium Nuclide
Series Level Series Level Series Level

(pCt/g) (pCi/g) (pCi/g)

U-238 17.4%2.89 U-235 0.493:0.039 Th-232--->o, 2.15:0.447

Th-234 17.4:2.89 Th-231 0.493:0.039 Ra-228 1.87±0.090

Pa-234m 17.4:2.89 Pa-231 0.861%0.058 Ac-228 1.87±0.090

U-234 17.4%2.89 Ac-227 0.861%0.058 Th-228 1.8l±0.424

Th-230 14.8:1.61 . Th-227 0.802±0.163 Ra-224 1.8l±0.424

Ra-226 18.6:0.60 Ra-223 0.698±0.175 Rn-220 1.8l±0.424

Rn-222 18.6:0.60 Rn-219 0.698±0.175 Po-216 1.8l±0.424

Po-218 18.6:0.60 Po-2l5 0.698:0.175 Pb-212 1. 92:0.047

Pb-214 13.5:0.080 Pb-211 0.698:0.175 Bi-212 1.92±0.047

Bi-214 12.9:0.080 Bi-211 0.698:0.175 Po-212 1.23±0.047

Po-214 12.9:0.080 Tl-207 0.698±0.175 Tl-208 0.612±0.024

Pb-210 12.9±0.080 Other
Nuclides

Bi-2l0 12.9:0.080 K-40 14.20±0.320

Po-2l0 12.9:0.080 Pu-239 O. 189±0. 122'

radionuclide from the Health Effects Assessment Summary Tables
for fiscal year 1992 (HEAST92). The risk factor for ingestion of
Rn-219 and Rn-220 is zero, due to the fact that ingestion of
these short-lived radionuclides is negligible. Assumptions were
made for intake and exposure periods.

Table 3.2 presents a summary of the risk for developing cancer
associated with each exposure pathway for the whole coal slag and
the respirable coal slag. A. summary of the risk analysis results
and methodology is contained in Appendix B of this report. These
risk analyses do take into account respiratory protection for
occupational workers; however, the general public would not be
using respiratory protection. Note that the total commercial
risk by all pathways is 6.1 x 104 ; the total residential risk of
7.7 x 104 is of a similar magnitude. In the USEPA Superfund
program, acceptable risk limits for Superfund sites have been
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established as 1 x 104 to 1 X 10-6 (40CFR300). These risk values
are above the upper limit, 1 x 104

, for Superfund sites. US1ng
more protective, conservative assumptions, the total risk values
could be in the 10·] range. HEAST92 risk factors were used for
this initial assessment. Similar results were obtained using
risk factors from HEAST 1995 (HEAST95) and EPA 402-R-93-076
(EPA94). OSHA does not use risk analysis within its regulation;
therefore, this risk analysis should only be used as a decision.
tool for conducting OSHA compliance-type surveys in occupational
environments.

: .---'

EXPOSURE PATHWAY RISK for Whole Coal Slag

External 3.3 X 104

Ingestion 1.1 x 10·s

Inhalation 2.7 x 104

Immersion 1.8 x 10.8

TOTAL RISK 6.1 x 104

Table 3.2. Summary ::coL Commercial Risk Results by Pathway

Note: For external exposure, ~t ~s assumed that the coal slag
material is diluted by a factor of 4. For inhalation exposure,
it is assumed that the air breathed has 1.37 mg/m] of the
respirable coal slag material. For commercial immersion
exposure, it is assumed that the air concentration for the coal
slag is 13.7 mg/m].

·3.7 Compliance with OSHA Regulations

The OSHA regulations for ionizing radiation are contained within
29CFR1910.96 and 29CFR1926.53 (29CFR1910). The requirements of
29CFR1926.53 are identical to those in 29CFR1910.96j therefore,
only 29CFR1910.96 will be referenced in the following
discussions. Two sections which are applicable to the use of
this coal slag material during abrasive blasting and transporting
are 29CFR1910.96(c), Exposure to Airborne Radioactive Material,
and 29CFR1910.96(e), caution Signs, Labels, and Signals,
respectively.

29CFR1910.96(c) (1) states "No employer shall possess, use or
transport radioactive material in such a manner as to cause any
employee, within a restricted area, to be exposed to airborne
radioactive material in an average concentration in excess of the
limits specified in rable I of Appendix B to 10 CFR Part 20
(10CFR20, dated 1993). [NOTE: Currently, OSHA enforces
referenced parts of io CFR 20 as regulated prior to January 1,
1994.J The limits given in Table I are for exposure to the
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concentrations specified for 40 hours in any workweek of 7
consecutive days. In any such period where the number of hours
of exposure is less than 40, the limits specified in the table
may be increased proportionately. In any such period where the
number of hours of exposure is greater than 40, the limits
specified in the table shall be decreased proportionately. II

In addition, 29CFR1910.96(c) (3) states "Exposed as used in this
paragraph means that the individual is present in an airborne
concentration. No allowance shall be made for the use of
protective clothing or equipment, or particle·size. 1I

In summary, what these two paragraphs state is that ,.~w~thin a
restricted area, the concentrations in Table I of Appendix B to
10 CFR Part 20 cannot be exceeded regardless of the protective
clothing or equipment (e.g., respirators) used or the particle
size of the airborne coal slag. Table 3.3 shows important
examples from Table I of Appendix B to 10 CFR Part 20.

Table 3.3. Selected Radionuclides Air Activity Concentration
Levels for Various Airborne Levels Taken from Table I of
Appendix B to 10 CFR Part 20·

Nuclide Air Activity Air Activity Air Activity Air. Activity
Concentration Concentration Concentration Concentration

Limit (10CFR20) for 1 mg/m3 for 10 mg/m3 for 50 mg/m3

(,uCi/roLl (,uCi/roLl (,uCi/roL) (,uCi/roL)

Po-212 6 x 10.13 1.23 x 10'u 1.23 X 10-14 . 6.15 X 10.14

Po-214· 6 x 10.13 1.29 X 10-14 1. 29 X 10.13 6.45 X 10.13

Th-Nat 6 x 10.11 3.71 X 10.14 3.71 X 10·1) 1.85 X 10.12

Th-230 2 x 10.12 1.48 X 10.14 1.48 X 10.1) 7.41 X 10·1)
(Soluble)

U-Nat 1 x 10·\0 2.81 X 10.14 2.81 X 10.13 1.44 X 10.12

Alr actlvlty llmlts are less for workers under 18 years of age;
Table II of Appendix B to 10 CFR Part 20 contains those limits.

Note that the air activity concentration for Po~214 at 50 mg/m3

(shaded in Table 3.3) exceeds the air activity concentration
limit specified in Table I of Appendix B to 10 CFR 20. Coal slag
abrasive blasting areas have been identified by NIOSH (NIOSH81)
with airborne concentrations as high as 72.7 mgjm3 with average
concentrations of about 13.7 mgjm3 • In addition, Table I of
Appendix B to 10 CFR 20 states that IIIf the identity and
concentration of each radionuclide in the mixture are known, the
limiting values should be derived as follows: Determine, for
each radionuclide in the mixture, the ratio between the quantity
present in the mixture and the limit otherwise established in

7



Appendix B for the specific radionuclide when not in the mixture.
The sum of such ratios for all the radionuclides in the mixture
may not exceed "1" (i.e., "unity")."

There are 38 radionuclides present within the coal slag that
contribute to the "unity" calculation. Using the radionuclide
concentrations in Table 3.1, the sum of the ratios for the
radionuclides in the coal slag will exceed "unity" when the
airborne concentrations of the coal slag exceed about 15 mg/m3 as
shown in Appendix C. Based on these calculations and the NIOSH
measured average airborne concentration of 13.7 mg/m3 (NIOSH81),
many coal slag abrasive blasting areas should be classified as a
"restricted area:~I~by the employer for the purposes of prote.ction
of individuals from exposure to radiation or radioactive
materials" as specified in 29CFR1910.96(a) (3). In addition, many
coal slag abrasive areas should be posted as an "airborne
radioactivity area" as specified in 29CFR1910.96(e) (1) (4) (i) when
the airborne concentrations exceed "the amounts specified in
column 1 of Table I of Appendix B to 10 CFR Part 20."

within 29CFR1910. 96 (e) are p'osting and labelling requirements for
areas or rooms and containers in which radioactive materials are
stored or contained. Subsection (5) (i) states "Each area or room
in which radioactive material is used or stored and which
contains any radioactive material (other than natural uranium or
thorium) in any amount exceeding 10 times the quantity of such
material specified in Appendix C to 10 CFR Part 20 shall be
conspicuously posted with a sign or signs .... " Subsection
(6) (i) states "Each container in which is transported, stored, or
used a quantity of any radioactive material (other than natural
uranium or thorium) greater than the quantity of such material
specified in Appendix C to 10 CFR Part 20 shall bear a durable,
clearly visible label .... "

Similar to Appendix B (10 CFR Part 20), Appendix C (10 CFR
Part 20) states that "where there is involved a combination of
isotopes in known amounts, the limit for the combination should
be derived as follows: Determine, for each isotope in the
combination, the ratio between the quantity present in the
combination and the limit otherwise established for the specific
isotope when not in combination. The sum of .such ratios for all
the isotopes in the combination may not exceed "1" (i.e.,
"unity")."

Table 3.4 shows that storage areas containing at least 100 lb of
coal slag will exceed the limits specified in 10 CFR Part 20,
Appendix C for Ra-226, other Alpha Emitters; and Other Gamma
Emitters, individually. The results are similar for 100-lb,
containers, such as paper bags, except that Po-210 would be added
to the list. In fact, storage containers with more than about
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Table 3.4. Applicable container and storage Limits for
Quantity Requiring Labeling from 10 CFR 20, Appendix C

Nuclide(s) Limit 10xLimit Amount per % of % of
(Io'Ci) (Io'Ci) 100-lb Limit 10xLimit

(Io'Ci)

B1-210 1 10 0.585 58.5 5.85

Po-210 0.1 1 0.585 585 58.5

Ra-226 0.01 0.1 0.844 8440 . 844

Th-Nat 100 1000 7.626 7.63 0.763
plus decay
products

U-Nat 100 1000 1. 273 1. 27 0.127

Other 0.01 0.1 0.211 2110 211
Alpha
Emitters

Other 0.1 1 1. 667 1670 167
Gamma
Emitters

"Unity" -- -- -- 128.6 12.86
Value
(excluding
Th-Nat and
U-Nat)

3/4 lb of coal slag should be labelled. In addition, storage
areas or rooms with more than about 7.8 lb of coal slag should be
posted.

4.0 DISCUSSION OF RESULTS

The radionuclides detected in the abrasive slag material were the
U-238, U~235, and Th-232 series.radionuclides and K-40 (see
Table 3.1). Initial radiological measurements (no greater than
50 ~R/hr) of the 100-lb bag indicated that workers are not likely
to be externally exposed at levels greater than 5 REM/yr. This
conclusion is based on a conservatively estimated high exposure
of 100 ~R/hr for 50 hr/wk over 50 wk during the year for an
exposure of 0.25 REM/yr. However, as the amount of abrasive coal
slag increases so will the potential for greater external
exposure. When the amounts of coal slag are in excess of 1 Ton,
there is the potential for external exposure levels exceeding the
OSHA limit of 5 REM/yr. In addition, OSHA regulations are more
protective, restrictive for workers under 18 years of age.

9



Workers under 18 years ,of age can not receive in excess of
0.125 REM in any quarter (0.5 REM/yr). The estimated external
exposure value is 50% of the 0.5 REM/yr OSHA limit for workers
under the age of 18. In addition, the OSHA limits were
promulgated in 1970, are dated, and should be lowered. For
example, the International Commission on Radiological Protection
Report 60 (ICRP91) recommends that exposures be maintained to
less than 2 REM/yr for working adults.

In the commercial risk analysis (with allowance for respiratory
protection), the risks for four exposure pathways and the overall
risk were determined (See Table 3.2). As can be seen in
Table 3.2, the risk from the ingestion and immersion pathways is
1.1 x 10~. This risk is greater than USEPA Superfund lowest
allowed risk limit of 1 x 10~i however, the risk due to natural
background, mostly gamma emitters and radon gas, is in the 10.2

range. Therefore, the risk due to the ingestion and immersion
exposure pathways is not likely to be a significant increase. ,
However, the ALARA (as low as reasonably achievable) principle
would indicate, wherever possible, that immersion exposure to
gamma radiation and ingestion of radionuclides should be
minimized.

The highest risk is from inhalation of radionuclides and external
exposure gamma radiation from coal slag. This total risk of
6.0 x 104 is above the 1 x 104 limit and is high enough that it
is appreciable in calculating the overall risk due to these
exposure pathways. The greatest risk, i.e., 3.3 x 104 , is due to
gamma radiation exposure that is also the major contributor to
the overall risk which is 6.1 x 104

• The inhalation/external
risk and the overall risk are well above the USEPA Superfund
allowable highest risk of 1 x 104 • Normally, in residential or
commercial environments, there are no appreciable airborne
concentrations of coal slag or other radioactive particulates.
It is possible that, with poor work practices and poor or no
respiratory protection for nearby workers, workers could be
exposed to risk greater than 1 x 104

• However, the USEPA
Superfund allowable risk level is for the environmental exposure
of the general pUblici it is not an occupational exposur~ limit.
But, the risk values indicate that users of coal slag abrasive
blasting material should perform OSHA compliance-type surveys of
blasting areas and provide radiation training and education.

Although not of regulatory occupational concern, risk to the
pUblic could be of concern when coal slag is released into
residential areas. The residential risk analysis in this report
indicates the risk to nearby residents could be 7.7 x 104 (See
Appendix B) or higher, which is well above the Superfund limit of
1 x 104 (i.e., 1 person in a population of 10,000 would likely
develop cancer). Site specific studies should be conducted to
ensure that residential risk levels are not in excess of the

10



superfund risk limit of 1 x 10.... Users of this coal slag
abrasive blasting material should apply the ALARA principle at
all times,- both on the work site and to emissions from the work
site.

For the coal slag reported in Table 3.3, the coal slag abrasive
blasting areas must be identified as radiation "restricted areas"
in which the access "is controlled by the employer for purposes
of protection of individuals from exposure to radiation or
radioactive materials" as required by 29CFR1910.96/1926.53. In
addition, coal slag abrasive blasting areas, storage areas, and
storage/transportation containers must be asses~ed as to the,
necessity for posting and labelling, as requirec:F--by 29CFR1.,910"".96/
1926.53. The results (See Tables 3.3 and 3.4) of this report
indicate that most, if not all, coal slag abrasive blasting
areas, storage areas, and storage/transportation containers must
be posted or labelled, as appropriate.

5.0 CONCLUSIONS

1. The coal slag abrasive blasting material contains 38
significant radionuclides consisting of the U-238, U-235,
and Th-232 series and K-40,which all occur naturally, but
have been concentrated (enriched) in the coal slag.

2. The only exposure pathways that presented a commercial and
residential risk in excess of the Superfund upper limit of
1 x 10~ (i.e., 1 person in a population of 10,000 would
develop cancer) were inhalation and external exposure with
risks of 2.7 x 10~ and 6.2 x 10~ for commercial and
residential inhalation, respectively, and 3.3 x 10'" and
1.4 x10~ for commercial and residential external exposure,
respectively. These pathways were also the major
contributors to the overall commercial and residential risks
which were 6.1 x 10~ and 7.7x 10"', respectively.

3. Workers who are abrasive blasting with coal slag or are near
those operations are not expected to be over-exposed to
external radiation levels above 5 REM/yr (0.5 REM/yr for
workers under the age of 18). The Superfund risk limit does
not apply to occupational exposures; nevertheless, workers
could be exposed to risk in excess of 1 x 10'" when abrasive
blasting or when near abrasive blasting operations using
coal slag. " .

4. For the coal slag analyzed and the presented exposure
assumptions, many abrasive blasting areas must be identified
as radiation "restricted areas. 1I
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5. For the coal slag analyzed and the presented exposure
assumptions, many abrasive blasting areas must be posted as
"airborne radioactivity areas."

6. For the coal slag analyzed and the presented exposure
assumptions, 'most storage areas and rooms must be posted
with signs that read "CAUTION RADIOACTIVE MATERIALS."

7. For the coal slag analyzed and the presented exposure
assumptions, most containers must have durable, clearly
visible labels that read "CAUTION RADIOACTIVE MATERIALS.II

8. The ALARA principle sho~ld be applied to minimize risk on
and off site to radiati6n from coal slag.

9. site specific studies should be conducted to ensure that
residential risk levels are not in excess of the Superfund
risk limit of 1 x 10~ and to determine occupational
exposures due to coal slag.

6.0 RECOMMENDATIONS

1. Users of the coal slag abrasive blasting material must
survey areas where slag material is present (produced, used,
released, or stored) as required by 29CFR1910.96/1926.53.
The survey must include a physical survey and radiation
measurements for areas and personnel, as appropriate.

2. Users of the coal slag abrasive blasting material must
provide the required training and monitoring for workers
that are in areas required under 29CFR1910.96/1926.53 to be
radiation "restricted areas. 1I

3. Users of the coal slag abrasive blasting materials must
ensure that' all requirements of 29CFR1910.96/1926.53, such
as posting and labelling, are met.

4. Users of coal slag abrasive blasting materials should apply
the ALARA principle to the abrasive blasting operations to
minimize occupational radiation exposures and emissions of
radioactive abrasive blasting material off site.

5. Additional occupational and environmental studies should be
performed to more accurately identify pathways of concern,
determine doses via those pathways, assess risk associated
with the exposures, and measure occupational exposures. For
example:

(a) Since the concentrations of the radionuclides detected
may vary between different brands, different lot

12
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numbers, and other factors, analyses should be
conducted on blasting materials of different lots,
brands, and types of blasting materials for comparison
purposes.

(b) Studies should be conducted in the area of the abrasive
blasting operation to determine the protection factor
of the respirators used by workers, the transport of
airborne blasting material, the density of the .
materials, time spent in the vicinity of blasting by
unprotected workers, more information concerning
blasting time and airborne concentrations, types and

~~ amounts of material deposited on the ground in
residential areas as well as the blasting area, and
general external radiation levels around the blasting
area and around the residential areas.

(c) Age dependent risk factors may also be studied to
assess the effect of living in the vicinity of the site
for younger children, who are usually affected more by
radiation than adults.

.10CFR20

6. Environmental risks greater than 1 x 10~ but less than
1 x 10~ require additional study to determine if the ALARA
principle is being applied and to determine the feasibility
of additional exposure reduction techniques.

7. A comprehensive strategy should be developed to protect
workers, the pUblic, and the environment. This could be
accomplished by the mutual participation and leadership of
appropriate Federal agencies along with industry, labor, and
other occupational/environmental stakeholders.
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.,

CONCENTRATIONS OF RADIONUCLIDES 'USED FOR RISK ASSESSMENT

The concentrations used for this assessment were obtained using two methods. The first
method is direct measurement using gamma spectrometry and/or alpha spectrometry after
radiochemical separation, or radon deemanation for radium-226. The maximum
concentration obtained from five analyses of the "whole" slag was used, in most cases, to
establish the maximum (and most conservative) risk to workers and the public. Since the
concentrations were similar for most radionuclides, it is believed that this assumption will
introduce little error into the frnal results.

There were several radionuclides whose concentrations did not correlate .well with other data
for that nuclide or for parents and/or daughters. Uraniufn-238 and uranlum:234 analyses by
alpha spectrometry yielded results which were significantly lower than the daughter
concentrations determined by gamma spectrometry. Therefore, the gamma spectrometry
concentrations for protactinium-234m was used for the concentrations for uranium-238 and
uranium-234. Also, the gamma spectrometry concentration for thorium-227 was used rather
than the alpha spectrometry concentration since the alpha spectrometry concentration was
approximately five times larger than gamma spectrometry concentrations, which were in

. close agreement with the concentrations of the daughters and parents. Finally, the radium­
228 concentration by co-precipitation was not used since it was significantly lower than the
gamma spectrometry concentrations of the parents and daughters, which were consistent and
in equilibrium with other radionuclides in the thorium chain.

Lead-214 and bismuth-214 appear to be present in much'l~wer concentrations than their
parent radionuclides in the chain.. This is caused by leakage of radon gas from the container
in which the sample is held. The leakage causes less radon to decay inside the container,
thus, less lead and bismuth are formed and present at time of analysis of the sample. For the
purposes of this assessment, no correction to the lead-214 and bismuth-214 concentrations
will be made since a portion of the radon-222 gas is removed from a potential site by the
wind, which would reduce the concentrations of the lead-214 and bismuth-214 found at a
potential site. The airborne concentration of lead-214 and bismuth-214 may not be
significantly different than the radium-226 concentration for airborne assessments (inhalation
and immersion). If further study is conducted, this would be one area where additional
sampling should be conducted (Le., particulate air sampling and surface sampling around the
blasting locations).

The second method for obtaining a concentration was to assume that the radionuclide was in
equilibrium with its parents (or sometimes with its daughters). This was done to estimate the
concentration of the radionuclides which could not be measured by the methods listed in the
above paragraphs. All concentrations obtained in this manner were based on the
concentration of the parent radionuclide, with the exception of uranium-238, thorium-234,
and radium-228.

:-)

Since there was no reliable concentration measuremen(for uranium-238 or thorium-234, the
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only reasonable option was to assume equilibrium with protactinium-234m. Therefore, the
concentrations of uranium-238 and thorium-234 are assumed to be equal to that of
protactinium-234m. In the case of radium-228, the actinium-228 daughter has been shown to
follow the radium-228 concentration well, mainly due to the relatively short half-life (6.15
hours) of actinium-228. Therefore, the radium-228 concentration is assumed to be the same
as the actinium-228 concentration. Finally, radionuclides in the naturally occurring series
which have very low branching ratios (e.g., protactinium-234 and francium-223) were
omitted from these calculations since their concentrations would be significantly lower than
their parents. These assumptions should not cause significant error in the risk analysis.

Table B-1 presents the concentrations obtained from the analysis of each sample by method,
the concentration used for that radionuclide in the assessment, and the basis for selection of

. concentration for those which could not be detected by the above methods or had results
which were inconsistent with other data. .

RISK FACTORS USED FOR RISK ASSESSMENT

The risk factors used for this risk assessment were obtained from a data file of risk factors
from the RISKCALC computer program, written by Steve Dean of the Environmental
Protection Agency (EPA). The data file which contains the risk factors was written by
Michael Boyd, also of EPA. The risk factors ,in this table were based on those from the
Health Effects Assessment and Summary Tables for Fiscal Year 1992 (HEAST92). The
units for these risk factors are risk/pCi for the ingestion and inhalation pathways and
risk/year per pCilg for the external pathway. Other published risk factors may be substituted
for these risk factors, but consistency of units must be maintained. The risk factors are
based upon the lifetime additional risk that the subject recipient will develop cancer from
exposure to the radionuclide, but will not necessarily die from that cancer.

'.-,

No risk factors were available in HEAST92 for immersion. The risk factors used for'
immersion were computer generated from RADRISK93/EPAI993.

ASSUMPTIONS FOR RISK ASSESSMENT

Numerous assumptions must be made in order to complete the risk assessment. These
assumptions are dependent upon the pathway and the target population (industrial worker.
versus local resident). The assumptions must be reasonable, but should also be somewhat
conservative, to ensure protection of workers and local residents. Many of the assumptions
are based upon those used by EPA which are documented in the HEAST92.

Inhalation Pathway
The assumptions made for the inhalation of radionuclides due to blasting operations using
coal slag are discussed below for both workers and local residents. Resuspension of slag
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material from the ground is not considered for the inhalation pathway since significant
resuspension would be needed to have an effect on the airborne slag concentration. Also,
measurements of airborne concentrations~ which would include blasting, resuspension, and
other sources, have been made and are being used for this assessment.

Inhalation rate
The standard inhalation rate as given in HEAST92 is 20 mJ per day. This inhalation
rate shall be used for the assessment of risk to the local residents. However, workers
in the' area of the blasting operations may breath at higher rates while working.
Therefore, a value of 25 mJ per day will be used for these workers while on-site.

-'.;::: ~--

Exposure time per year
It is assumed that workers may work as much as 6 days per week for 12 hours per
day. Assuming that they will take 2 weeks vacation away from the site, the effective
exposure time to the airborne radionuclides is 150.5 effective days per year.

(
365.25 dayS) ( 6 daysworJeed) ( 50 weeJcsworked) (12hOursworJcedper day) • 150.5 days per ear

year 7 days per WfHIJc 52 tleeJcsper year 24 hOUIsper day . y

For residents in the vicinity of the blasting area, it is assumed that the exposure
period averages approximately 18 hours per day, 365 days per year. The assumptions
made are that 8 hours per weekday will be spent away from home while at work or
school and that the entire weekend will be spent at home.

(16 hours • 5 days) ... (24 hours • 2 days) • (18.3 hOurS) ( day ) ( 365.25 dayS), • 280 days per year
7 days day 24 hours year

Years of exposure
It is assumed that a worker will be in the vicinity of blasting for a 30 year period. It
is assumed that residents of the area will reside for a full lifetime of approximately 70
years.

Airborne concentrations
Airborne concentrations of up to 70 mg/m3 have been measured in the area of blasting
operations. However, the average concentration has been measured to be 13.7
mg/mJ • Since workers performing blasting operations wear respiratory protection, the
effective concentration to which workers are exposed is less. The respiratory
protection factor has been assumed to be 10. Therefore, the concentration of airborne
material which is inhaled is 13.7/10 = 1.37 mg/m3

•

Residents of the area will not be exposed to similar concentrations of material in air.
A mixing factor of 15 is assumed for local residents. Therefore, the airborne
concentration of material in air is assumed to be 13.7/15 = 0.91 mg/m3 for
residential exposure.

Although particle size is an important factor in determining airborne concentrations of
material, the effect of particle size for the samples analyzed for radionuclide content
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are not being used. The basis for this is that many larger particles will become much
smaller from abrasive actions during the blasting process, the concentrations of
radionuclides in different particle-size fractions were similar, and the extremely small
quantities of fine particles separated from the conglomerate slag were in such small
quantities that precise quantification of radionuclide content was not possible. It is
believed that little error will result from this assumption.

0.S6(P§i). sXlo-'(~i) • 2S(~). lSO.5(y~). 30 (yr) • 0.00137{~) .,l.lX10-5

Inhalation of actinium-227 by local residents.

0.S6(P§i). sXlo-·(~i). 20(~). 2S0(~). 70 (yr) • 0.00091(~) • 2.5xlO-5

Ingestion Pathway
The assumptions made for the ingestion of radionuclides due to blasting operations using coal
slag are discussed below for both workers and local residents. Resuspension of slag material
from the ground is not considered for the ingestion pathway since significant resuspension
would be needed to have an effect on the airborne slag concentration. Also, measurements
of airborne concentrations, which would include blasting, resuspension, and other sources,
have been made and are being used for this assessment.

Ingestion rate
The standard ingestion rate as given in HEAST92 is 0.2 grams of material ingested
daily for children aged 6 and below, and 0.1 grams of material ingested daily after
the age of 6. This ingestion rate (0.1086 grams per day) shall be used for the
assessment of risk to the local residents. However, workers in the area of the
blasting operations may have additional material ingested due to higher airborne
concentrations, and may also be wiping their faces with material which is covered
with fines from the blasting material. Therefore, an ingestion rate of 0.2 grams per
day will be used for these workers while on-site.

Exposure time per year
It is assumed that workers may work as much as 6 days per week for 12 hours per
day. Assuming that they will take 2 weeks vacation away from the site, the effective
exposure time to the airborne radionuclides is given to be 150.5 effective days per
year.

(
365.25 dayS) ( 6 days ..,orked ) ( 50 ..,eeks ..,or.':ed ) (12 hours ..,orkedper day) = 150.5 days per year

year 7 days per ..,eek 52 ..,eeksper year 24 hoursper day

For residents in the vicinity of the blasting area, it is assumed that the exposure
period averages approximately 18 hours per day, 365 days per year. The assumptions
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made are that 8 hours per weekday will be spent away from home while at work or
school and that the entire weekend will be spent at home.

(16hours·5d.!ys) + (24holUS.2~ys) • (18.JhOurS) ( day )(J65.25day S). 280days rear
7 ~ys day 24 hours year pe y

Years of e~posure .~

It is assumed that a worker will be in the vicinity of blasting for a 30 year period. It
is assumed that residents of the area will reside for a full lifetime of approximately 70
years.

Example calculations of ingestion pathway risk
,_ Worker ingestion of actinium-227. The risk for the other radionuclides is determined

similarly. The total risk for this pathway is determined by adding the risk calculated
for each radionuclide. .

0.86(P~i) • 2.8X10·10(~1) • 0.2(~) • 150.5(y~) • 30 (yI) = 2:2xlO-7

Ingestion of actinium-227 by local residents. Note that a mixing factor of 0.25 has
been added to account for the fact that not all material ingested has come from the
site. It is assumed that only one-fourth of the ingested material comes from the site.

O.86(P~i). 2.8X10-l0(p~J. O.1086(-a). 0.25 .280(;;').70 (YI) = 1.3X10-7

External Exposure Pathway
The assumptions made for the external exposure to radionuclides due to abrasive blasting
operations using coal slag are discussed below for both workers and local residents.

Material density
The density of the coal slag blasting material has be measured to be approximately
1.5 grams per cubic centimeter. This value will be used for the density of the,
material. A correction to the risk factor must be made since the density of material'-"
will affect the amount of radiation which may be released for material on the ground.
As the density of material increases, a larger mass of material is available for a given
thickness of material on the ground. Therefore, a unitless .ratio between the actual
density, 1.5 glee, and the reference density for which the risk factor is based, 1.43
glee, is entered into the equation to correct for this density difference.

Dilution factor
Not all of the material on the ground will be blasting residue. Therefore, a dilution
factor must be assumed. In this case, it is assumed that the dilution factor is 0.25 for
the slag in the work area and one-tenth of that value for the slag in residential areas.

Effective exposure time
It is assumed that workers may work as much as 6 days per week for 12 hours per
day. Assuming that they will take 2 weeks vacation away from the site, the effective
exposure time to the airborne radionuclides is given to be 150.5 effective days per
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year, which is,41.2% of their time on-site.

For residents in the vicinity of the blasting area, it is assumed that the exposure
period averages approximately 18 hours per day, 365 days per year. The assumptions
made are that 8 hours per weekday will be spent away from home while at work or ,
school and that the entire weekend will be spent at home. This equates to 76.7% of
their time exposed to the radionuclides. .

(16 bour• • 5 days) + (24 boura • 2 d.tys)
"1 aly.

• (18.3hourS)( d.ty ')(365.25d4YS). 280d.tLs P!E yeu .0.767
aly 24 hoW's Yedr 36 5. 25 ys Ptlr yeu

Years of exposure
It is assumed that a worker will be in the vicinity of blasting for a 30 year period. It
is assumed that residents of the area will reside for a full lifetime of approximately 70
years.

Example calculations of the external exposure pathway risk
Worker exposure to actinium-227. The risk for the other radionuclides is determined
similarly. The total risk for this pathway is determined by adding the risk calculated
for eachradionuclide.

0.86{PCi).2.6X10-11 { 1 ) • ....!..:2.... 0.412.30 (yr) .0.25 = 7.3x10-u
, g pC~-yr 1.43

Exposure to actinium-227 for local residents.

0.86{2£i:.).2.6X10-11 { g ).~ .0.767 .70 (yr) .0.025 = 3.2xlO-ll
g pC~-yr 1. 43 .

Immersion Pathway
The assumptions made for the immersion of people surrounded by radioactively contaminated
air from blasting operations using coal slag are discussed below for both workers and local·
residents. Resuspension of slag material from the ground is not considered for the
immersion pathway since significant resuspension would be needed to have an effect on the
airborne slag concentration. Also, measurements of airborne concentrations, which would
include blasting, resuspension, and other sources, have been made and are being used for .this
assessment.

Effective exposure time per year
It is assumed that workers may work as much as 6 days per week for 12 hours per
day. Assuming that they will take 2 weeks vacation away from the site, the effective
exposure time to the airborne radionuclides is given to be 150.5 effective days per
year.

(
36s.2Sday S) ( 6ddYSlo'Orked) ( sOlo'eeJcslo'orkedl(12hourSlo'Orked~rday) ., l50.Sdaysperyear .0.412

year 7daysperlo'eek 521o'eeksperyear, ',24hoursper ily 365.25 days per year

For residents in the vicinity of the blasting area, it is assumed that the exposure
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period averages approximately 18 hours per day, 365 days per year. The assumptions
made are that 8 hours per weekday will be spent a~ay from home while at work or
school and that the entire weekend will be spent at home.

(16 hour• • 5 day.) • (;I~ bOW'• • ;I day.)
7 eLiy.

• (18.3 bOW''') ( d.lIy )(365.25d.l1Y B) •. 280daI.sp!rYHr .0.767
d.lIy 2~ hour.YHr 365.25 ys per ySIU

Years of exposure
It is assumed that a worker will be in the vicinity of blasting for a 30 year period. It
is assumed that residents ofthe area will reside for a full lifetime of approximately 70 .
years.

Airborne concentrations
Airborne concentrations of up to 70 mg/m3 have been measured in the area of blasting
operations. However, the average concentration has been measured to be 13.7
mg/m3• ,Therefore, this is assumed to be the concentration that workers will be
exposed to in the vicinity of blasting operations.

Residents of the area will not be exposed to similar concentrations of material in air.
A mixing factor of IS is assumed for local residents. Therefore, the airborne
concentration of material in air is assumed to be 0.91 mg/m3 for residential exposure.

Although particle size is an important factor in determining airborne concentrations of
material, the effect of particle size for the samples analyzed for radionuclide content
are not being used. The basis for this is that many larger particles will become much
smaller from abrasive actions during the blasting process, the concentrations of
radionuclides in different particle size fractions were similar, and the extremely small
quantities of fme particles separated from the conglomerate slag were in such small
quantities that precise quantification of radionuclide content was not possible. It is
believed that little error will result from this assumption. '2

Example calculations of immersion pathway risk
Worker immersion of actinium-227. The risk for the other radionuclides is
determined similarly. The total risk for this pathway is determined by adding the risk
calculated for each radionuclide.

0.86(2E.f:.). 1.01X10-11{~). (~). 0.0137(1
3
). 0.412 .30 (yr) = 5.5xlo-1

•
g Bq-yr 27 pC~ m

Immersion in actinium-227 for local residents.

0.86(.20:.). 1.01X10-U{~).(~). 0.00091(-s").• 0.767 • 70 (yr) = 1.6xlO-U

g Bq-yr 27 pC~ m3
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SUM:MARY OF RISK ANALYSIS RESULTS AND QUALIFIERS

Tables of the results of the risk assessments for each pathway and target group are given in
Tables B-2 through B-9. A summary table of the results is given below in Table B-10.

Table B-IO. Summary Risk Assessment Results for Coal Slag

Risk Type Inhalation Ingestion External Immersion Total

Commercial 2.7 x l~ 1.1 x 10" 3.3 x 1~ 1.8 x 10" 6.1 x 10~

Residential 6.2 x 1~ 6.7 x 1Q'4 -. i 1.4 x 1()"'4 S.2 x 10.9 7.7 x 10~

Based on the total risk from this assessment, it is apparent that the risk to both workers and
local residents is high. However, this assessment is based on numerous assumptions, most of
which are essentially best guesses. Some of these assumptions will not make much of a
difference in the final results. However, some of these parameters may vary greatly from
the assumed value, which would change the results and possibly the conclusions. The
assumptions were, in general, directed toward the conservative (greater risk) to ensure .
protection of workers and residents. However, there is the PQ§sibility that some of the
assumptions used were not conservative, which may result in greater risk than estimated.
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B-14

Table B-1. Concentrations of Radionuclides Found in Coal Slag

pcaromcIty
C Coprccipilalioa

o ~uoa

G Gamma 5pec\1"omclry

BlllI\b iodicale the Qu~lide "'.. DOl Ul.Dlyzed for or "'.. nol dele<:l.ed.

Sulp6e Sulple Sample Sample Sample
CODOaW1lQoa

Bail forC~uacd
NYClide McdIod

94.4S44 94.4545 94.4S46 94.6064 95.1934
uacd for

forRiak~1,.-"-;", Aacumcal

UrwWai
Serial

U·238 A 10.6 17.4 Pa-234...

Tb-234 17.4 Pa-2J4...

Pa-2J.4ca G 17.4 12.6 17.0 1S.4 1l.6 17.4 Pa-234111

U-234 A 10.6 17.4 U·234

Tb-230 A 14.8 14.8 lb-230

G 17.1 1S.4 1S.9 18.6 10.0
Ra-226 18.6 Ra-226 (GIUIIID8)

._' 0 13.0 (; I

RD-222 18.6 Ra-226

~211 11.6 Ra-226

!'bo214 G 12.4 12.8 Il.S 1l.1 8.35 13.5 !'bo214

Bi-214 G 11.9 12.4 12.9 12.4 10.0 12.9 B;'214

Po-214 12.9 Bi-214

J'b.210 12.9 Bi-214

Bi-210 12.9 Bi-214

Po-210 12.9 Bi·214

AaiDium
Serial

0 0.31 0.49 0.47 0.27 0.36
U-23S 0.49 U·23S

A 0.39

Tb-231 0.49 U-23S
Pa-231 G 0.86 0.16 Pa-231

~'l27 0.86 Pa·231

G 0.71 0.65 0.80 0.73 0.49
Tb-227 0.80 Th·227 (G=)

A 3.65

Ra-223 G 0.65 0.49 0.70 0.69 0.46 0.70 Ra-223

RD-219 0.70 RA-223

Po-21S 0.70 Ra·223

J'b.211 0.70 Ra-223

B;'211 0.70 RA-223

TI-207 0.70 Ra·223

ThorilllD
Scria

Tb-232 A 2. IS 2.15 Th-232

Rao228 C 0.54 1.87 A~-228

~228 G 1.69 1.10 1.13 1.17 1.67 1.87 A~·228

lb-228 A 1.11 1.81 Tb-228

Ra-224 1.81 Th·228

RD-220 1.81 Th-228

Po-216 1.81 Th·228

J'b.212 G 1.79 1.84 1.92 1.19 1.29 1.92 Pb-212

Bi·212 1.92 Pb-212

Po-212 1.23 Pb-212· 0 64 (brunching)

n·208 G 0.55 0.53 0.61 0.61 0.46 0.61 n-208

0Ibu
N""Iid..

K-40 G 13.2 13.3 14.2 14.0 12.6 14.2 K-40

1'1I-239 A 0.19 0.19 Pu·239

A AJpba 5,



B-15

M

Assumptions: 25 cubic meters air inhaled per day
150.5 days worked per year

30 years expose d
1.37 mg suspende d material p er cubic meter

Radionudide Concentration Slope Factor Risk
(pCi/g) (risk/pC0

Uranium Series
U-238 17.4 )

. 2.4E-OB G.SE-OS

Th-234 17.4 J .2E-ll a.GE-Oa

Pa-234m 17.4 1.6E-1S 4.3E-12

U-234 17.4 2.6E-OB 7.0E-OS

Th-230 14.8 2.9E-OB 6.6E-OS

Ra-226 18.6 3.0E-09 8.6E-06

Rn-222 18.6 7.3E-13 2.1 E-09

Po-218 18.6 5.8E-13 1.7E-09

Pb-214 13.5 2.9E-12 6.1 E-09

8i-214 12.9 2.1E-12 4.2E-09

Po-214 12.9 2.8E-19 S.6E-16 .

Pb-210 12.9 1.3E-09 2.6E-06

8i-210 12.9 8.0E-11 1.6E-07

Po-210 12.9 2.6E-09 5.2E-06

Actinium Series
U-235 0.49 2.SE-08 1.9E-OG

Th-231 0.-49 4.9E-13 3.7E-l1

Pa-231 0.86 3.6E-08 4.BE-06

Ac-227 0.B6 a.OE-08 UE-OS

Th-227 0.80 4.9E-09 G.l E-07

Ra-223 0.70 3.1 E-09 3.3E-07

Rn-219 0.70 4.6E-14 S.OE-12

Po-215 0.70 5.7E-1B 6.2E-16

Pb-211 0.70 2.BE-12 3.0E-l0

8i-211 0.70 1.9E-1 3 21 E-l1

TI-207 0.70 4.SE-1S 4.9E-13

Thorium Series
Th-232 2.15 2.8E-08 9.3E-06

Ra-228 1.87 6.6E-10 1.9E-07

Ac-228 1.87 2.6E-ll 7.SE-09

Th-228 1.81 7.7E-08 2.2E-OS

Re.-224 1.81 1.2E-09 3.4E-0 7

Rn-220 . 1.81 , .2E-13 3.4E-' 1

Po-216 1.81 4.BE-' 6 , .3E-l 3

Pb-212 , .92 4.3E-l1 , .3E-Oe

Bi-212 1.92 6.6E-12 2.0E-09

Po-212 , .23 6.1 E-22 1 2E-19

TI-208 0.61 S.OE-1 S 4 7E-13

Others .'.

K-40 14.20
,

_.' 7.GE-'2 . 1.7 E-0 B

Pu-239 0.19 3.8E-Oe " E-06

TOTALRISK 2.7E-04



B-16

M

Assumptions: 20 cubic meters air inhaled per day
280 days exposed per year

70 years expose d
0.91 mg suspended material percubic meter

Radionudide Concentration Slope Factor Risk
(pCi/g) (risk/pCO.

Uranium Series
U-238, 17.4 2.4E-08 1.SE-04 .

Th-23<4 17.4 3.2E;'11 2.0E-07

Po.-234m 17.4 1.6E-15 9.9E-12

U-234 17.4 2.6E-OB 1.6E-04

Th-230 14.8 2.9E-08 1.SE-04

Ro.-226 18.6 3.0E-09 2.0E-OS

Rn-222 18.6 7.3E-13 4.8E-09 -, .

Po-218 18.6 S.8E-13 3.8E-09

Pb-21 <4 13.S 2.9E-12 1AE-08

8i-214 12.9 2.1 E-1 2 9.7E-09

Po-21 <4 12.9 2.8E-19 1.3E-15

Pb-210 12.9 1.3E-09 6.0E-06

8i-210 12.9 8.0E-l1 37E-07

Po-210 12.9 2.6E-09 1.2E-OS

Actinium Series
U-235 0.49 2.5E-08 4.4E-06

Th-231 0.49 4.9E-13 8.6E-11

Po.-231 0.86 3.6E-08 1.1 E-OS

Ac-227 0.86 8.0E-08 2.SE-OS

Th-227 0.80 4.9E-09 1.4E-06

Ra-223 0.70 3.1E-09 7.lE-07

Rn-219 0.70 4.6E-14 1.1E-l1

Po-215 0.70 5.7E-18 1.4E-1S

Pb-211 ino 2.8E-12 7.0E-10

8 i-21 1 0.70 1.9E-13 4.7E-11

TI-207 ( ._)
0.70 4.5E-1 S 11E-12

Thorium Series
Th-232 2.15 2.8E-OB 2.2E-OS

Ra-22B 1.87 6.6E-l0 4.4E-07

Ac-22B 1.B7 2.6E-l1 , .7E-Oa

Th-228 1.B 1 7.7E-OB S.OE-OS

Ra-224 1.B' 1.2E-09 7.7E-07

Rn-220 1.81 1.2E-13 7.7E-11

Po-216 1.Bl 4SE-16 31 E-13

Pb-212 1.92 4.3E-l1 29E-OS

8i-212 , .92 6.6E-12 4.SE-09

Po-212 1.23 6.1 E-22 27E-19

TI-20S 0.61 S.OE-1S 1.1 E-12

Others -'.

K-40 14.20 7.6 E-1 2 38E-08

Pu-239 0.'9 3.SE-Oe 26E-06

TOTALRISK 6.2E-04
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TABLE B-~ ASSESSMENT OF COMMERCIAL INGESTION

Assumptions: 0.2 grams ingested daily
150.5 days worked per year

30 years expose d

Radionudide Concentration Slope Factor Risk
(pCi/g) (risk/pCO

Uranium Series
U-238 17,4 1.6E-ll 2.5E-07

Th-23~ 17.~ 4.0E-12 6.3E-08

Pa-23~m 17,4 5.8E-ls 9.1E-ll

U-23~ 17,4 r.6E-ll 2.5E-07

Th-230 1~.8 1.3 E-11 1.7E-07

Ra-226 18.6. 1.2E-l0 2,OE-06

Rn-222 18.6 1,4E-12 2,4E-08

Po-218 18.6 ~.8E-l ~ 4.7E-l0

Pb-21~ 13.5 1.7E-13 2.1 E-09

Bi-21 ~ 12.9 l.3E-13 1.5E-09

Po-21 ~ 12.9 1.0E-20 1.2E-,6

Pb-210 12.9 5.1 E-l 0 5.9E-06

8i-210 12.9 1.6E-12 1.9E-08

Po-210 12.9 , .5E-l 0 1.7E-06

Actinium Series
U-23S 0.49 1.6E-ll 7.1 E-09

Th-231 0,49 4.0E-13 1.8E-l0

Pa-231 0.86 9.2E-l1 7,2E-08

Ac-227 0.86 2.8E-l0 2,2E-07

Th-227 0.80 4.5E~12 3.3E-09

Ra-223 0.70 6.4E-l1 4,0 E-0'8

Rn-219 0.70 O.OE+OO O,OE+OO

Po-21S 0.70 2.8E-19 , ,8E-16

Pb-211 0.70 1.8E-13 11E-'0

8i-211 0.70 1.2E-14 7,6E-' 2

TI-207 0.70 1.3E-14 82E-,2

Thorium Series
Th-232 2.15 1.2E-11 2.3E-08

Ra-228 1.87 1.OE-1 0 1,7E-0?

Ac-228 1.87 5.0E-13 84E-'0

Th-228 1.81 1.1E-11 , ,8E-08

Ra-22~ 1.81 3.8E-l1 62E-08

Rn-220 1.81 O.OE+OO O,OE +00

Po-216 1.81 3.0E-17 49E-14

Pb-212 1.92 5.5E-12 9SE-09

Bi-212 1.92 3.1 E-13 5 4E-1 0

Po-212 1,23 2.2E-23 24E-20

TI-208 0,6 , 1.8E-14 99E-12

Others
,K-40 14.20 1,1 E-11 1,4E-07

Pu-239 019 2.3E-10 39E-08

TOTAL RISK 1,1 E-O S
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B-20

Assumptions: 280 days exposed per year
70 yeaf$ exposed

0.025 dilution factor
1.5 density of material (glee)

Radionudide Concentration Slope Factor Risk
(pCi/g) (risk/yr per pCi/g)

Uranium Series
U-23B 17,4 2.1 E-l1 5.1 E-l 0

Th-234 17,4 ·3.5E-09 B.6E-OB

Pa-234m 17,4 J.6E-OB 8.8E-07

U-234 17,4 3.0E-l1 7.3E-l0

Th-230 14.8 5,4E-l1 1.1 E-09

Ra-226 18.6 1.2E-08 3.1 E-07

Rn-222 18.6 1.2E-OS 3.1 E-08

Po-218 18.6 O.OE+OO O.OE+OO

Pb-214 13.5 6.4E-07 1.2E-05

Bi-214 12.S 5.3E-06 S.6E-05

Po-214 12.S 28E-10 5.1 E-09

Pb-210 12.S 1.3E-l0 2,4E-09

Bi-210 12.S O.OE+OO O.OE+OO

Po-210 12.S 2.9E-ll 5.3E-10

Actinium Series
U-235 0,49 2.4E-07 1.7E-07

.Th-231 0,49 2.3E-OS 1.6E-09

Pa-231 0.86 2.6E-08 3.2E-08

Ac-227 0.86 2.6E-l1 3.2E-11

Th-227 0.80 1.6E-07 1.8E-OJ

Ra-223 0.70 2.3E-07 2.3E-07

Rn-219 0.70 16E-07 1.6E-07

Po-215 0.70 4.6E-l0 4.5E-10

Pb-211 0.70 16E-07 1.6E·07

Bi-211 0.70 1.3E-07 1.3E-07

TI-207 0.70 7.5E-OS 7.4E-09
-,

Thorium Series
..

Th-232 2.15 2.6E-ll 7.9E-11

Ra-228 1.87 O.OE+OO O.OE+OO

Ac-228 1.87 2.9E-06 7.6E-06

Th-228 1.81 5.5E-10 1.4E-09

Ra-224 1.81 2.3E-08 5.9E-08

Rn-220 1.81 1.7E-09 4.3E-09

Po-216 1.81 5.0E-l1 , .3E-l 0

Pb-212 , .92 2.8E-07 7.6E-0?

Bi-2'2 , .92 5.9E-07 1.6E-06

Po-212 1.23 O.OE+OO O.OE+OO

TI-208 0.6 , 1.3E-05 11 E-05

Others
K-40 14.20 5.4E-07 1.1 E-05

Pu-239 0.19 1.7E-11 4.5E-12

TOTALRISK 1.4E-04
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TA8LE 8-8 ASSESSMENT OF COMMERCIAL IMMERSION

Assumptions: 13.7 mg suspended material p ercubic meter
150.5 days worked per year

30 years exp,ose d

Radionudide Concentration Slope Factor Risk
(pCi/g) (risk per 8q-yrfrn

A

3)

Uranium Series
U-238 17.4 7.46E-12 8,1 E-13

, Th-234 17.4 5.98E-l0 6,SE-l1

Pa-234m 17,4 1.05E-09 1.1 E-l 0

U-234 17,4 1.13E-l1 1.2E-12

Th-230 14.8 3.00E-11 2.8E-12

R,a-226 18.6 5,72E-10 6.7E-l1

Rn-222 . 18.6 3.38E-l1 3.9E-12

Po-218 18.6 O.OOE+OO O.OE+OO

Pb-214 13.5 2.12E-08 1.8E-09

8i-214 12.9 1.44E-07 1.2E-08

Po-214 12.9 7.63E-12 6.2E-13

Pb-210 12.9 9.09E-11 7.~E-12

8j-21 0 12.9 O.OOE+OO O,OE+OO

Po-210 12.9 7.79E-13 ' 63E-14

Actinium Series
U-235 0.49 1.28E-08 4.0E-ll

Th-231 0,49 8.91 E-1 0 2,8E-12 .

Pa-231 0.86 2.54E-09 1,4E-11

Ac-227 0.86 1.01E-11 5,5E-14

Th-227 0.80 8.78E-09 4.4E-l1

Ra-223 . 0.70 1.11E-08 4.9E-fl

Rn-219 0.70 4.91 E-09 2.2E-11

Po-21S 0.70 1.29E-11 5.7E-14

Pb-211 0.70 4.56E-09 2.OE-1 1

8 i-2 11 0.70 4.05E-09 1.8E-ll

TI-207 0.70 2.01 E-l 0 8,8E-13

Thorium Series
Th-232 2.15 139E-l1 1,9E-13

Ra-228 1.87 4.77E-18 5.6E-20

Ac-228 1.87 8,49E-08 1.0E~09

Th-228 1.81 1.58E-10 1 8E-12

Ra-224 1.81 8.54E-10 9.7E-12

Rn-220 1.81 4.58E-l1 52E-13

Po-216 1.81 1.33E-12 1 SE-14

Pb-212 1.92 1.23E-08 1.5E-l0

Bi-212 1.92 1.69E-08 2.0E-l0

Po-212 1.23 O.OOE +00 O.OE+OO

TI-208 0.61 3.54 E-O 7 14E-09

Others
K-40 14.20 1,44E-08 13E-09

Pu-239 0.19 3.83E-12 4,SE-1S

TOTAL RISK 1,8E-08
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OSHA Airborne Radioactivity Limit Calculations
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