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Executive Summary

The impact of regulating "Radionuclides" as a hazardous air pollutant
under Section 112 of the Clean Air Act 1s examined and is found to depend
upon what is defined as an "acceptable level" of risk, and whether the regu-
lation will be based upon committed dose equivalent to the general public,
source characteristics, or individual radioisotopes.

Almost all materials of interest and use to the petroleum industry
contain measurable quantities of radionuclides that reside finally in pro-
cess equipment, product streams, or waste. In addition, groundwater used
for waterflood and brine solutions from operating wells contain bioclogically
significant quantities of Radium 226 and Radon 222. The mining, cleaning,
and combustion of coal also add measurably to the burden of radiocactive
pollutants in ambient air. ’

Listing radionuclides as a hazardous air pollutant also brought
radionuclides under the umbrella of CERCLA. Again, the impact of defining
a "reportable quantity" depends upon the definition of "acceptable risk"
and whether the standard is based upon a committed dose equivalent to a
member of the general public or is established isotope by isotope.

Table 10 in the main body of the report summarizes the quantities
of radionuclides found in products and raw materials of most concern to
API member companies. Table 13 summarizes the EPA's estimate of risk
assoclated with certain industry operations to a maximum exposed indi-
vidual inhaling and ingesting radionuclides from products of combustions.
Table 17 shows how the impact upon the industry expands as the level of
acceptable risk is reduced, 'and Table 18 summarizes the combined potential
impact of regulations under both the Clean Air Act and CERCLA.

It is concluded that the regulation of radionuclides could impose a
severe burden on API member companies, and it would be prudent to monitor
closely both regulatory actions. '
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What Radionuclides Should Be of Concern?

When the EPA listed "RADIONUCLIDES" as a hazardous air pollutant, they
meant all radioactive materials without exemption for material concentration
(specific activity), quantity, or material with which it is associated,
There were nco exemptions for the non-nuclear industries.

The general classification "Radionuclides" includes:

® By-Product Material -~ the material made radioactive through
the use of special nuclear material or bombardment by radi-

ations resulting from the use of special nuclear material
(CFR, 1982).

® Special Nuclear Material - the fuel for reactors.

® Source Material - essentially the concentrated elements from
which special nuclear material is separated.

® Naturally Occurring or Accelerator-Produced Radicactive Materials -
those radioactive materials found in nature or made radioactive
in a laboratory by an energetic ion beam. These are the materials
that are present in our products in minute amounts.

While many petroleum companies use radioactive materlals as tracers and in
process control, these are carefully regulated by the U.S. Nuclear Regulatory
Commission present lictle, if any, envirommental hazard, and are of small concern.
The API should be more concerned with the potential for naturally occurring radio-
nuclides being in our raw materials. Naturally occurring radioactive material is
either produced in the earth's atmosphere as a result of cosmic-ray bombardment,
i.e. Carbon-14, or exists as primordial radionuclides, i.e. radionuclides present
from the event of creation in the earth's crust, such as Potassium 40 and Uranium.
The families of radionuclides or series of radionuclides that are of most signifi-
cance are in this primordial grouping. These are the decay series of Uranium 238,
Uranium 235, Thorium 232. Uranium 235 is the nuclear fuel. About 0.7% of natural

uranium 1s Uranium 235. Uranium 238 and Thorium 232 are uniformly distributed in
the earth's crust.

The Uranium 238 (Figure 1) series can be divided into some four subseries,
all possessing significant exposure potential to man. These subseries are the
decay of Uranium 238 and Uranium 234 to Thorium 230, the decay of Thorium 230
to Radium 226, the decay of the inert gas Radon 222 and its short-lived daughters
to the long-lived daughter, product Lead 210, and finally the decay of Lead 210
to stable lead (NCRP, 1975). The elements in the Subseries Uranium 238 to Thorium
230 represent significant sources of internal exposure, primarlly in the occupa-
tional environment. Radium 226 is a potent source of radiation expasure, both
internal and external. Radon 222 and its short-lived progeny deliver significant
population and occupational exposures to the upper tracheobronchial tree, while
Lead 210 and its decay product contaminate much process equipment and can repre-
sent significant exposure to the bone in some occupational subgroups. Radon 222
and its daughters cause the most severe impact to the public health,
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The Thorium series (see Figure 2) is characterized by the long-lived
Thorium 232 at the head of the series and decay products that are relatively
short lived. 1If no migration of the series members takes place, radio-
equilibrium {s established in about 60 years. In minerals and rocks of
low permeability, the thorium series radionuclides are expected to be in
equilibrium. 1In soils, natural waters, natural gas, crude oil and the
atmosphere, the disparate chemical and physical properties of the series
tend to cause disequilibrium. Certain parts of the world, Kerala in India
and monazite mining districts in Brazil, are famous because of their high
background levels of external radiation from the thorium series.

The Presence of Radionuclides in Crude 011,
Natural Gas (NG), Liquefled Petroleum Gas (LPG),
.Coal, Phosphate Rock, and Groundwater

It 1s well known that some naturally occurring elements, uranium for
example, have an affinity for crude oil. The uranium that accumulates in ?
crude oil, oil shale, coal, and phosphate rock is the residue remaining after. .
the marine deposits have been consolidated. Petroleum is often assumed to have
migrated to a position of minimum hydraulic potential in a "reservoir rock",
which may or may not be derived from the same source deposits as the petroleum.
Associated with the petroleum in widely ranging proportions are brine and natural
gas. The radionuclides, particularly those of the uranium series (see Figure 1),
distribute themselves among the three fluid phases and the crusty, solid lining
of the intergranular spaces according to chemical affinity, sorption phenomena
and the vagaries of radiocactive recoil. The gaseous radon isotopes follow the !
temperature-pressure dependent Henry's Law in their portioning among the gas
and 1iquid phases. The sites of major uranium-series nuclides in the Texas
Panhandle gas field and adjacent areas have been studied extensively (Pierce,
1964). 1In the gas reservoir, uranium is resident mainly in the crude oil and
in pellets of solid hydrocarbon, radium is found in the brine and in the solid
crust, and radon distributes itself among the oil, gas and brine in that order.
The series equilibrium is evidently disrupted continually by movement of decay

products from one phase to another that is chemically or physically more
compatible. :

Crude 0il

Very. little has appeared in the literature concerning the levels of
radicactivity in-crude oil, but it would be safe to assume that the actual
levels of contamination-would be between that found in coal and that found
in sedimentary rock similar to that of the reservoir rock or where the
petroleum was formed. Uranium in the earth's crust averages 4 parts per
million (CRC, 1969). The NCRP (NCRP, 1975) reported the data shown in
Table 1 for the various rock types.
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Tavee 1 ~Summary of concentratinns of major radionuelides in major

. rock lgpcs and soile
I3 . @ Rubi o Thori-re.232 Ursatum-232
Reck Type pereent oo
A total vCi/x tolal pCilg opm | pCifg® ppm. | pCi/g*
Potassium| Rubjdum
{gpneous Rocks
Basalt (Crustat 0.3 7 L] e -4 0.3-0.¢ 0.3-1 9.2-60.2
average)
Mafict 0.3-1.1 -9 10-50 0.2-1 1.6 27002, 6.3f0.5 0.9(0.2 o1
Salict -3 30-40 170-200 -8 16,20 {17, 2.2139, 0.7]13, L&
Granite (Crustal] >4 >30 170-200 (] ” [ 8] 3 t
averuge)
‘ Bodimentary
Rocks
Slisle 2.2 22 120* 1} 13 1.3 ur 1
Sandatones:
elean quarts <1 <s <%u* <1 - <2 <0.3 <t <0.3
dirty quarts Ei4 o 07 ? -8 jo.3o0.M 2-1? 17
arkoss ) 18-34 80-120" 2 ” 0.2 -2 §e3-0.1?
Baach sands <t <¥ <0 <1? [ ] 0.1 3 ]
{uncoasali-
dated)
Csarbooste 0.3 3 {[1od 0.1 2 0.2 3 0.7
Rocke
Boils! { LB 1 [ ] [) 1 1.8 (X
* Relerences cited in text unirme otherwise noted; single values are averages; values mtimated in ab-
sence of ref wre fedl) by jon mark.
® To olitmin sevien espuilibrium alpha, tetun, or sppeoni samoa i2g breonantrahiumg mod
2 radhiaticon) wctivity, multiply by & 4, or 3 respectavely.
* To obiala scries equilibriom slpha, beta, o i gsmma {excludiog bremssirslilung and

s raulintinn) ectivity, multiply Uy 8, 8, ve 3, teapectively,

4 From Clark et ol. (1968); {ur p'uu-ium und rubidium, the range of values for rocks withia the cloas
s given; fue thorium sed ursuinm, the medinn snd mesn vatue are xven, respertively.

* Eatinated by ion of erustal nbuned ratio with reapect to putassium.

¢ En-situ gn poctral A 2t 200 locutiune by Lowder et al. (1940).

Table 2 (UNSCEAR, 1977) shows additional data.

TABLE 2. TYPICAL ACTIVITY CONCENTRATION OF **K, ***U AND 7**Th

IN COMMON ROCKS AND ESTIMATED ABSORBED DOSE RATE IN
AR | m ABOVE THE SURFACE

Typical activity
concentration (pC1 g~') ABsorbed dose
rate in alr
Type of rock *x ey b ] (ured K~')
Igncous :
Acidic (e.g. granite) 21 1.6 .2 12
Intermediate (e.g. diorite) 19 0.62 0.88 6.2
Mafic (e.g. basalt) 6.5 0.31 0.30 23
Ultrabasic (e.¢. durite) 4.0 0.0% 0.66 23
Sedimentary :
Limestone 24 0.78 0.19 2.0
Carhonate - 0.72 0.21 1.7
Sandstonc 10 0.5 0.3 3.2
Shale 19 1.2 [ 9] 7.9

Sources: Relerences 1, 383,
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Gulf (Rhodes, 1972) has measured the amount of Lead 210 -~ a Uranium 238
daughter product ~ in light hydrocarbon streams. Their finding suggests
concentrations as high as 1.2 * 0.9 pCig~l in such streams.

Natural Gas

The quantities of radon contained in the natural gas of the Panhandle
Fleld and at all other gas flelds sampled for radon is of significance to
radiation exposure estimates for the U.S. general population. Natural gas
of the Panhandle field was found to contain an average radon concentration
of about 100 pico curies per liter (pC1/1). Maximum concentration as much
as 1450 pCi/1 were observed after expansion to atmospheric pressure (Pierce,
1964). In-transit decay, processing of gas for pipelines, and storage decrease
the radon contamination, but increase daughter (decay) product, i.e. .Lead-210
(see Figure 1), contamination of lines, processing equipment, and storage tanks.
This contamination can produce significant occupational exposures. Radon con-
centrations found in natural gas are summarized in Tables 3 and 4 (UNSCEAR, 1977).

TABLE 3. RADON CONCENTRATION IN NATURAL GAS TABLE 4.  RADON CONCENTRATION IN*
AT THE WELL TURAL G NATURAL GAS IN THE DISTRIBUTION LINE

Radon concentration Radon concentration

Qi fpait)
Ref-
Location of welt Average  Range erence Area Average Range
Borneo . 4-14
Ampa field N 1.5-3.2 352 POl.‘nd (Hacsaw) ’ :
United States
Canads Chicago 4.4 23313
Alberta ] 62 10-205 New York City LS 0.5-2.8
Rritizh Columbia 4T3 390-540 302 Denver 50.5 L.2-119
. Ontario 169 4-800 West coast 15 1-100
Geemany, Federal Rep. of ces 1.0:9.6 is2 Colorado z §.543
Nethertand . Nevada [ 5.8-10.4
) Sl‘:c:::c:on 1.1-2.8 Tiow Mexico “ gk
Other fields . 37447 392 Houston ! St
-ngﬂ.“ : Sources: Poland, 359; United States, 171.
Niger delta iee 0.9-2.9 352
North Sca : o -
Leman field e 2.0-3.8 <
Indefatigable ficld 1.8 ... 3
United States ’
Cotorado. New Mcexico 2s 0.2-160
Teaas, Kansas, Oklahoma < 100 5-1 450
Texas Panhandle . 10-520
Colorado 254 1145
Project Gasbupgy srea 15.3 .. 17
California e 1-100
Kansas 100 L.
Wyoming 10
Gulf Coost (Louisiana,
Texa<) s
Califorain, Louisiana, .
Oktahoma, Texas . 1-120 98
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Table 5 summarizes data from the USEPA.

Table 5. Radon-222 concentrations in natursl gas at production wells

Radon-222 level, pCi/l

Area Average Range Reference
Colorado R
New Mexico ] 2L 0.2-160 1
Texas, Kansas,
Oklahoma <100 5-1450 2
Taxas Panhandle —_— 10-520 3
Colorado i 25.4 11-45 5-7
Project Casbuggy Area 15.8-19.4 ——— 7 .
Project Gasbuggy Area 29.4 12-59 8
California — 1-100 10
Gulf Coast (Louisiana,
Texas) 5 —————— 11
Kan;as - 100 0 eem———— 11
Wyoming 10 ———— 11
Overall
average 37

Liquefied Petroleum Gas

When natural gas is thermally fractionated to recover the heavier
hydrocarbons, the radon tends to concentrate in the ethane and propane
fractions (Gessell, 1975). These are sold in mixtures sometimes including
butane, as liquefied petroleum gas (LPG) for use as a fuel. Typically, the
concentration of Radon 222 in LPG is eight times the concentration in the
natural gas before processing (Gessell, 1974). Subsequent storage allows
the Radon 222 to decay, however, and there are indications that despite
the higher initial Radomn 222 conecentration, LPG is no more important than
natural gas.as a pathway for population exposures to Radon 222.
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An occupational external exposure situation can occur in gas processing
plants where daughters of Radon 222 collect on the inside of processing
equipment, especlally pumps, and also create some disposal problems

(Gessell, 1974).

Coal

Coal and its residues appear to be significantly contaminated with

Radium 226.

Thorium 228 and Thorium 232.

Table 6 (USCEAR, 1977) shows that U.S.-mined coal contains
biologically significant quantities of Uranium 238, Radium 226, Bismuth 214,

Barber (Barber, 1977) also reported significant
concentrations of Bismuth 214, Potassium 40 and Thallium 208.

The U.S. Geologi-

cal Survey Service (USCGS, 1959) has reported uranium concentrations in coal up

to 0.2%.

TABLE 6. ACTIVITY CONCENTRATION OF RADIONUCLIDES IN COAL AND COAL RESIDUES

{rCig™")
Typc of coal or cosl residue Ref-
and (s 0’1‘5"" ..K lllu "‘Rq !I.rb ll'Rﬂ I’.n ‘“n' erence
Coal
Australia 0.8-1.3 ‘23 -
Czechosfovakia (brown) 0.11,0.35 165
Cermany, ed. Rep. of <2s <07 <0.6 307a
Hungury (bituminous) 0.04 168
Poland (bituminous) 0.048-0.94 165
Poland (brown) 0.90 165
United Siates
IHinois 2.5 0.6¢ 0.04® 20
Montana 0.7 034 0.01% 2
North Dakota 2.2 0,27 0.02 20
Unitcd States 0.7 0.2 188
United States 0.014 0.28° 175
Coal ash (laboratory processing)
Australia ' 4,783 23
Geumany, Fed. Rep. of 6.2¢ 2.6 172
19 - 5.8 14 3072
Japan -
Central 0.10 19.8 1.15 15.3 257
Southern 0.98 8.16 0.46 2.3§ 257
Northern 0.63 105.0 1.45 6.79 T257
United States (semi-
bituminous) 38 24. 2.6 19
Slag
Poland L1713 4.3° 1.2 1}
United States 26 450 0.5® 20
United States 4.9 B 1.5 185"
United States 0.55 1.0 ' 178
Fly ash
Australia 14.0 23
Hungary 0.6-15 204
Poland 1.0 165
Poland 225 6.4¢ 140 12
Poland (bituminous) 15,28 0.61,4.18 44,67 0.18,0.22 166
Poland (lignitc) 091 166
United States 10 2.6 185
United Statcs 04 17.3 175
United States 1 319 042 20

®Assumed equal to activity concenteation of * ' ° Bi.
Assumed equal to activity concentration of "** T1,

€including activity concentration of ' ** Ra.

EMLEI 0069435



11,

Solvent Refined Coal -

Hittman Assoclates (USDC, 1978) have analyzed solvent refined coal for radio-
nuclides in 1970 and noted concentration of uranium in the SRC particulates.
These data are summarized in Table 7.

TABLE 7, RADIONUCLIDE CONCENTRATIONS
(ppm by weight)

~—§ource Uranium Thorium
~ Coal
Sample #1 1.3 4.74
Sample §2 1.4 ) 4.24
sxc
Sample #1 - 0.8 4.99
Sample #2 1.3 ’ 3.73

Coal Particulates

Sample #1 2.6 14.99
Sanmple 12 1.9 20.50

SRC Particulates

Sample {1 : 39 11.46
Samrple #2 28 ' 9.48
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Phosphate Rock

Many of the American Petroleum Institute's members are also engaged in
the peripheral activity of mining phosphate rock and manufacturing fertilizer,

Table 8 (UNSCEAR, 1977) summarizes the presence of radioactivity of the rock
and its products.

TABLE 8. ACTIVITY CONCENTRATION OF **“Ra, ***U, AND *** Th IN PHOSPHATE ROCK
AND IN PRODUCTS DERIVED FROM IT

Marketable rock produccd in Flotida (United States)

Producrion in

the United Stares in 1973% Activity concentration
{10% 1) rQs™)
Sample Amount P, 0, content M Re wy Birh
Marketable rock . 38 - 42 41 0.4
Wet process products
Normal superphosphate 31 0.6 25 > - R
Triple superphoiphate 3.4 1.6 21 57 0.4
Ammonium phosphate 5.3 24 5.7 63 04
Phosphoric acid to.0 5.1 0.6 - -
Gypsum 23.0 - 33 6.1 0.3
Electric furnace process
products
Stag - - $6° . - -

Source: Reference 109, .
9Flocida accounts for 82 per cent of the marketable rock production of the United States.
The activity concentration of *** U in normal superphosphate is expected to be equal to that

of ***Ra,
. €The ** Ra activity concentratlon in the input feed ore was 60 pCig='.
Groundwater

In groundwaters, such as those used for waterflood operations, Radon 222
is usually present in a concentration range of from several hundred to several
thousand pico curies per liter. In North Carolina, where the geology is primarily
sedimentary, Radon concentrations vary from 20 to 47,000 pCi/%. Approximaately
33% of ‘supplies- tested had concentrations greater than*2000 pCi/t (Sasser, 1978).

The groundwaters around Houston are probably typical of those associated
with most petroleum operations. The radon concentrations shown in Table 9
(Prichard, 1981) are for water as it is delivered to Houston homeowners for

consumption. In-ground levels are probably similar to the higher samples
in North Carolina.
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Table 9
Radon in Houston Homeowners' Water Supplies from
Groundwater Sources (Prichard, 1981)

Average Con-
centration of

Tracts Included Radon (pCi/2)
All 437
Tracts with Concentration 853

greater than 500 pCi/t

Tracts with Concentrations 1722
greater than 1000 pCi/¢

'Summagz

Table 10 estimates the amounts of radioactivity contained in petroleun
products in more familiar units. If we assume that a refinery processes one
million barrels of crude per day, we find that we have handled some 1.46 curies

per day. or 533 curies per year of radioactivity, mostly in the form of naturally
occurring Potassium 40,

If 1t is correct to assume that the uranium in the oil is at the same
concentration as the host rock, then a one-million-per-day-capacity refinery
could be throughputting some 480 1b of uranium per day (177,200 1b uranium
per year). :
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Potential Public Health Effects of the Use of
Materials and Products Important to
the APT and Its Member Companies

There are probably as many estimates of impact of radionuclides in air as
there are individuals capable and incapable of making such estimates. Whether
or not a radloactive material contained in petroleum, natural gas, or coal, is
taken into the body depends upon a number of factors, including:

amount originally present

amount made airborme

atmospheric phenomena and transport

plate out and rain out

routes of entry

amount retained

clearance mechanisms

dietary sources C .

dose contribution of "infinite cloud"
and "infinite plane"

® and others

The EPA method of analysis assumed certain source characteristics and
target populations (EPA, 1879), used a Gausian computer model to disperse
the radioactive materials (BAES, 1981) and a second computer program to model
intake, dose, and dose response based upon the linear non-threshold model
(Begovich, 1981), (Sullivan, 1981), (Dunning, 1981). The first analysis by
EPA concerning the naturally occurring radioactive materials is shown in
Table 11 (EPA, 1979). Table 12 is a later analysis, currently in draft
form, that expanded the original list (Teknekron, 1981).

Analysis of the data in both reports suggests that API companies should
be concerned with operations described in Table 13. Table 13 suggests that
the radiocactive material emissions. having the greatest potential impact on
API member companies are Radon-222, followed closely by Uranium-238 and
Radium-226. The two EPA analyses demonstrate that any operation involving
the combustion of fossil fuels or the preparation of such fuels for use
could be subject to.regulation under the Clean Air Act.

@
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Regulatory Options and Their Implications

As far as Industry is concermed, the regulatory issues should be:

1. What {s an "acceptable level of risk"?

2. Wbich approach will be followed in setting the
standard,. a generic "committed" dose equivalent
approach or regulation isotope by 1isotope?

The EPA risk assessment in part evaluated the risk to a "maximum exposed
individual". The risk to this person from sources of interest to the API ranged
from 9 x 10-3 (underground coal mining) to 1 x 106 (coal cleaning) Risks for
this individual resulting from the combustion of fossil fuels ranged in the
5 x 1075 area (Teknekron, 1981). Table 14 (Wilson, 1981) gives an indication
of how those risks compare with others "accepted" by United States residents.

The federal bureaucracy also has been pondering over the concept of
acceptable and de minimis risk. Dr. Roy Albert has been supporting 1 x 10™3
excess lifetime risk of fatal cancer in the drinking water area. The FDA
has accepted 1 x 10~6 excess risk as acceptable for acrylonitrile migration
in food containers. The USNRC is considering in staff discussions 1 x 10-%
excess lifetdme risk of death.ﬁrom~occupational_exposure and 1 x 106 excess
lifetime risk of death or lower as de minimis., The EPA assessment lists the . .
combustion of fossil fuels as lying Getweeu 10-4 and 10-5,

Tn addition to the definition of acceptable risk, the method of setting
the limits could have considerable impact. There are two methods available
to the EPA: regulate population-committed dose equivalent to air pollutants,
the generic approach; or 1limit the emission of specific radionuclides.

The generic approach specifies that the emissions of radionuclides will
be controlled to a level such that the total committed dose equivalent received
by an individual does not produce a risk of fatal cancer exceeding that of a
preselected whole-body dose commitment (ICRP, 1977; ICRP, 1980).

Mathemarically, this can be expressed as

R 2 S I
d r i T 0,J

L4 > y

o Ty mn, s @ain_ < 1

where‘ﬁd is the deep dose commitment or (whole body dose)

Ii 5 is the annual intake of radionuclide

J by inhalation
IO j 1s the annual intake of radionuclide
3 by the oral route

ALI( 3 is the annual {ntake by inhalation which will
'Y provide a risk equal to a deep dose commmitment D

ALIn i Is. the annual intake by the oral route that will
"’ produce a risk equal to a deep dose commitment D, and

D Is the deep dose commitment resulting in an acceptable
. level of risk

EMLEI 0069447



23,

TABLE 14
DEFINED LEVELS OF RISK
ANNUAL RISK OF DEATH _|  LIFETIME RISK OF DEATH

e

Motor Vehlcle

-t
S
-

Home Accidents e Occupational
o tonal / Il _ Radiation Exposure
ccupationa I|% (5 Rem per year, 50 years)
Falls - 11 8
+1 e
=
+1 o
Natural Radlation Background —_— { EPA - Drinking
Fire Arms >~ —1-110-5 = Water Pesticides
Poisoning - iy o
(All Forms) I K
1l a
Electrocution - ]
. /—‘_ 2 .
Technologically
Enhanced Radiation (API Sources) o - 10-6\<\ FDA Acrylonitrile
Floods - 1 "E De minimis Risk Proposed
1| © USNRC (0.1 Milli Rem per year)
| E
Tropical Storms - | A
—-110-7

*Belng considered In revision of 10CFR 20 éténdards for Radiation Protectlon.
This is not an agency position.
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‘ -4
-The risk factor for whole body radiation is about 1.65 x 10 facal
cancers per Rem (ICRP, 1977). If we calculate the committed whole body
dose equivalent to produce an excess lifetime risk of 1 x 103, we find

-5 ,cancer death rem -4 cancer deaths
10 (—-—————lifetme ) = D¢ yr) x 1.6 x 10 em

and that D, the whole body committed dose equivalent whole body, 1s 62.5 milli-
rem for a single exposure. If we further average that exposure over a lifetime,
as would be realistic for an air pollutant, the dose committed 1s 0.9 millirem/
year. It could then be concluded that eéxposure to radioactive matertals in
combustion products of interest to the API plus all other sources should be
less than 0.9 millirem per year,

The second approach, one based on a variant of derived air concentrations
(DAC), 1is 1less complicated and perhaps more reasonable. It encompasses a
bubble concept in that only that material leaving the plant confines is of - -
interest. If the concentration of radionuclides, Uranium, Thorium, Radon,
etc., Is less than an established limit based on the Annual Limit of Intake
(ICRP, 1980), the plant would be in compliance. Tt must be recognized that
the current occupational DACs would have to be adjusted for 24-hour exposures
and for the most susceptible exposed population. Compliance could be Judged
on an isotope-~by-isotope limit or added in the manner of the TLV as below:

Conc U + Conc Th ConCZIOPb

DAC-U DAC Th DAC210Pb

<1

where Conc 1is the concentration of the element of interest and DAC 1s the
derived air concentrations for that environmental exposure.

The advantage of this system would be that each location could measure
its own compliance without regard for air modeling, transport and dose response
modeling. The disadvantage would be that the measurement is both difficult and
expensive to make.

Table 15 comparés the two methiods and gives estimates of some limits. For

either approach, 10~5 excess risk permits very small increases over the natural
background.

Similar approaches as .those suggested to regulate air pollutants are being
applied to the development of the Reportable Quantity under CERCLA. Table 16

quantity of selected radionuclide for a weight, activity, or dose-equivalent
approach. Depending on the mode of definition, very small quantities of petro~
leum products could easily contain reportable quantities of radionuclides.

EMLEI 0069449
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Table 15
Estimate of Radioactive Material Concentrations to Produce
10" Lifetime Excess Risk of Fatal Cancer to a Maximum-Exposed Individual

Concentrations to Produce 10-5
Excess Risk in Target Population
__{curies per cubic meter)

Solubility At Stack At Fenceline _
Radioisotope . Class Generic* DAC** MPC**
Uranium 238 Iﬂ 8 x 10714 6 x 10°13(s)
W 2.6 x 108 4 x 10 1 x10-1% ()
gJ 2.6 x 10714
Thorium 232 W gy 6-5x 207 2 % 107 sy
Y 6.5 x 10 1.3 x 1071% 2 x 10735y
Radium 226 ‘ 3.9 x 108 3.9 x 107 (s) 6 x 10713
(1) 4 x 10713
Radon 222 5.2x10° 5.2 x 1071 6 x 10712
Lead 210 1.3x 108 1.3x10%% gy 10788
1.6 x 10714

* -
Assumes 10 dilution factor, and the children (10-year old) as the target
population, 15 m3 air inhaled per day (ICRP, 1975).

Yo ke
Assumes children (10-year) as target population.
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Control Options

Any control methodology proposed for radioactive materials must recognize
the fact that radioactivity can not be modified or made inert by chemical means.
It also must recognize that radioactivity dissipates at fixed rates through fixed
sequences or series. Decay to daughter products cannot be guaranteed to reduce
the hazard.

The control of emissiong of naturally oeccurring radicactive materials can
be accomplished by removing the radioactivity from the raw material or product,
or by removing the radiocactive materials after combustion. This removal can be
accomplished by taking advantage of radioactive decay; by physically removing
the radioactive material by washing, filtering, or by absorption; by chemically
scrubbing the material from the product or combustion gas stream; or by
combination thereof.

The removal of Radon 222 from natural gas could be accomplished by either
decay or by absorption on a molecular sieve such as activated charcoal. Radon
has a 3.83 day half-life. Storing natural gas for 5 half-lives approximately .
20 days would change some 99.5Z of the Radon in the influent gtream to 2l-year
Lead 210, much of which will plate out in the storage tanks, pipeline, and
process equipment. When one compares the derived air concentration for each,
however, it appears that the relative health hazard may have been increased.
The DAC for Radon plus daughters, target organ the lung, 1s 3 x 10-8 c1 per
cubic meter, while that for Lead 210, target organ bone, is 1 x 10-10 (1cRp,
1980). Capturing the Radon on a molecular sieve and the Radon daughters on
a high-efficiency (HEPA) filter cleans the product stream but changes a very
dilute source of radiocactive materials into a very concentrated source of
radioactivity, presenting both an internal and external radiation hazard.

. The removal of Radon from groundwaters can be accomplished by aeration
(which releases the radioactive material to the ambient air) or through decay.
The decay again introduces Lead 210 into the water which, again, 1s not totally
free of ‘hazard. The Lead 210 can be removed using bacterial filters; i.e.,
dilatomaceous earth, with the resultant hazards assoclated with concentrating
radioactive materials.

Uranium in crude oil présents a somewhat different dilemma. We estimated
earlier in this paper that significant. quantities of uranium potentially enter
our refineries via crude oil. Little is known of its fate, however. Since the
law of conversation of matter must apply, it can only end up in the product, the
process waste, remain in the process equipment, or escape into the environment.
The chemical properties of uranium suggest something concerning its ultimate fate.
Uranlum can be isolated by reducing uranium halides with alkali or alkaline earth
metals or by reducing uranium oxides by calcium, aluminum or carbon at high temper-
atures. Strong acide can dissolve the metal, but 4t is relatively unaffected by
alkali (CRC, 1981). It would seem likely to find most of the uranium plated out
in the process equipment or concentrated in process wastes. Better understanding

of the presence and fate of uranium in fuel oils {s needed before a control scheme
can be proposed. '
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The main contaminants in coal are members of the Uranium 238 decay series,
primarily Radium, Radon, and Uranjum. Cleaning the coal will remove much of
the radioactive materials on the surface of the coal but will concentrate the
material in the waste water. Pulverizing the coal will release much trapped
radon to the atmosphere. Combustion will cause most of the radioactivity to
be concentrated in the fly ash. High-efficiency scrubbers or filters may be

required to reduce the health risks of such exposures to acceptable levels.

Impact of Regulation on API Members

The impact that the regulation of "radionuclides" under the Clean Air
Act (CAA) will depend largely upon what the EPA decides is an "acceptable

risk".
answer in 180 days.

The EPA has been forced to make this decision, and we will know the

What the EPA decides depends largely upon what society, as represented

by its most vocal members, wants.

Table 14 gives some indication of what we

might expect, and it is likely that lifetime excess risks greater than one

one-hundredth of that imposed by the natural background (1.5 x 10-5) will be ~ °
It is also equally likely that excess risks less
Table 17 summarizes candidates for

considered unacceptable.
than 107 will be considered de minimis.

regulation for different levels of acceptable risk.

Table 17

Operations Subject to Regulation as a
Function of Defined Acceptable Risk

Acceptable Risk Level

(Lifetime Excess Risk of Contracting Fatal Cancer)

1.5 x 1077

5 x 1078

1x10°°

Geothermal Power

Coke Produ&tion
(all locations)

Coal-Fired Steam

Coal~Fired
Industrial Boilers

Underground Coal Mining

Groundwater Use
(all locations)
Geothermal Power

Coke Production
(Fortheast only)

Coal-Fired Steam

Coal~Fired
Industrial Boilers

Underground Coal Mining
Strip Mining (coal)

Groundwater Use
(all locations)
Geothermal Power

Coke Production
(all locations)

Coal-Fired Steam

Coal-Fired
Industrial Boilers

Underground Coal Mining
Strip Mining (coal)
Coal Cleaning

Natural Gas Combustion
Natural Gas Turbines
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The imbact of CERCLA on API members depends on the definition of reportable
quantity. The data collected in this report appear to suggest that the CERCLA
will place reporting requirements on many operating locations.

The impact of both regulatory actiouns is summarized on Table 18. It

appears that regulation of radionuclides could impose a severe burden on API
member companies and that both regulatory actions should be closely followed.
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