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Abstract
It is a widely known fact that man evolved in a naturally radioactive environment. Even today life
exists in an atmosphere of cosmic and terrestrial radiation. Radionuclides are found naturally in air,
water and soil. They are even found in us, we being the products of our environment. Every day, we
ingest and inhale radionuclides in our air and food and the water. Natural radioactivity is common in
the rocks and soil that makes up our planet, in water and oceans, and in our building materials and
homes. There is nowhere on earth that one cannot find natural radioactivity. Radioactive materials
which occur naturally and expose people to radiation occur widely, and are known by the acronym
'NORM' (Naturally Occurring Radioactive Materials). Besides, around the globe there are some areas
with an elevated background radiation. These areas include parts of Brazil, Iran, India and China. The
sources of radiation in these areas include monazite containing beach sands and radium from hot
springs. On the southwest coast of India, there are large deposits of thorium bearing monazite sands
that contribute to an external radiation dose of about 5 - 6 mGy/yr, but in some parts doses up to 32.6
mGy/yr have been reported. Nevertheless, most general public associate ionising radiations only with
the nuclear industry. Antinuclear activists often fail to accept the fact that coal-fired power stations
and the oil and gas exploration operations may emit more radioactivity than an operating nuclear
reactor. Another NORM issue relates to radon exposure in homes, particularly those built on granite
grounds. The solid airborne Rn-222 progeny, particularly Po-218, Pb-214 and Bi-214 are of health
importance because they can be inspired and retained in the lung causing cancer. Man-made
operations like oil and gas production and processing operations result in technologically enhanced
naturally occurring radioactive materials (TENORM) to accumulate at elevated concentrations in by-
product waste streams. The concern arises because of the very large amounts of TENORM needing
recycling or disposal from many sources. The largest TENORM waste stream is coal ash. In India and
Australia mining of beach minerals is a profitable industry. The beach sands along the south Indian
coast are rich sources of minerals such as ilmenite, rutile, zircon, silimanite and garnet. The tailings
obtained after the extraction of the above minerals get enriched with monazite, a thorium bearing
mineral that is radioactive. Recent studies show that the activities in the tailings are somewhat more
than the natural background levels in some parts of south India. Studies on health effects (cancer)
from doses arising from these levels of natural radiation exposure are contradictory, some reporting
adverse effects, others null and a few others beneficial hormetic effects. Systematic and large-scale
epidemiological studies and laboratory investigations are called for in order to resolve this issue.
Concerns on biological effects of radiations from NORM are growing and efforts are on to implement
radiation protection standards in TENORM industries in the same way as in the nuclear industry.

Introduction
Radiation is ubiquitous. It is naturally present in our environment and has been since the birth

of this planet. In fact life has evolved in an environment which had significant levels of ionizing
radiation. It comes from outer space (cosmic), the ground (terrestrial), and even from within our own
bodies. It is present in the air we breathe, the food we eat, the water we drink, and in the construction
materials used to build our homes. Foodstuffs like bananas and ice-creams contain significant amounts
of radioactive potassium.

The major radionuclides contributing to NORM are uranium, thorium, and potassium. These
radioactive elements are found in granite, sandstone, cement, limestone concrete, sandstone
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concrete, dry wallboard, and gypsum by-product. Another source of radiation exposure in dwelling
places is radon gas, which may be present in the soil beneath the dwelling. This gas can diffuse into a
building and together with its radioactive decay products (polonium-214 and polonium-218), cause
large radiation doses to the lungs of the occupants. This is especially true in closed or poorly
ventilated indoor areas. Radon has been identified by the EPA as the second leading cause of lung
cancer. (1) Radon in domestic water supplies can be released into the air within a home. Water
obtained from wells and other groundwater sources can contain high radon concentrations. Besides,
due to the presence of large deposits of thorium bearing sands, people residing in some parts of India,
Brazil and China are exposed to more natural radiation than those living in other parts of the globe.
Improper ventilation in homes and mines and more recently the radioactive mineral content in tailings
of beach sand mining has raised concerns on elevating natural background radiation levels.

Technologically Enhanced natural ly Occur r ing Radioactive Mater ia ls ( T E N O R M )
Uranium-238, radium-226, and other members of the uranium decay series are present in

varying amounts in nearly all rocks, soils, and water. Sometimes human activities, such as mining and
milling of ores, extraction of petroleum and natural gas resources, use of groundwater for domestic
purposes may alter the natural background radiation environment, either by moving NORMs from
inaccessible locations to places where humans are present or by concentrating them. Situations due to
anthropogenic activities causing an enhancement of NORM result in TENORM.

Mining and processing of phosphate for fertilizer is another major source of TENORM. The
currently used process generates large piles of phosphogypsum, in which naturally occurring radium is
concentrated. NORM is also technologically enhanced in the course of producing and processing oil
and gas. Although in the early '70s there were concerns about radioactive material associated with oil
and gas operations, a series of investigations resulted in a conclusion that radioactivity was not a
serious health threat thus, any concern about it dissipated until the 1980s. In the early 1980s, it was
discovered that large production facilities in the North Sea were generating concentrated quantities of
NORM wastes that required special management techniques. In 1986, NORM was identified in tubing
in a Mississippi well by Chevron during routine maintanance (2). Ra-226, an alpha emitter, is a
potential internal hazard to workers from the inhalation and ingestion of the dust produced during
descaling or pipe cleaning operations. The largest TENORM waste stream is coal ash, with 280
million tonnes arising globally each year, and carrying uranium-238 and all its non-gaseous decay
products, as well as thorium-232 and its progeny. Most coal contains uranium and thorium, as well as
potassium-40, lead-210, and radium-226.

Radon exposures from NORM also include visit to caves and spas. In a recent study, the
annual exposure of cave tour guides was estimated to fall between 3 and 10 mSv, which is the range
of action levels recommended by the ICRP (3).

In India and Australia mining of beach minerals is a profitable industry. The south Indian
coast beach sands are rich sources of minerals such as ilmenite, rutile, zircon, silimanite and garnet.
The tailing obtained after the extraction of the above minerals get enriched with monozite, a thorium
bearing mineral that is radioactive. Recent studies show that the activities in the tailings are somewhat
more than the natural background levels (4).

Regulations and Regulatory Issues:
Due to strict measures, radiation exposures to workers are stringently measured and kept far

below the permissible limits in the nuclear industry. However, as a result of TENORM industries and
certain tourism related activities a new group of radiation workers in the non-nuclear industry now
emerge. These include maintenance workers in the oil and gas industry, miners, cave tour guides and
spa workers. Americans living near coal-fired power plants are exposed to higher radiation doses,
particularly bone doses, than those living near nuclear power plants that meet government regulations
(5). The Marina 11 study revealed that as a result of the activities discharged and the higher
biological effectiveness of alpha radiation, phosphate and oil production currently are the major
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contributors to collective dose to the population of the European Union from industrial activities (6).
Nevertheless, in many European countries double standards operate for radiation doses emitted from
non-nuclear operations compared to those from nuclear industries. In these countries 0.3 to 1.0 mSv/yr
individual dose constraint is applied to oil and gas recyclables, and 0.01 mSv/yr for release of
materials with the same kind of radiation from the nuclear industry. Decommissioning experts are
increasingly concerned about these double standards (7).

It is now being strongly felt among radiation protectionists that radionuclides must be
regulated in a uniform and consistent manner on the basis of the following:

"If a radionuclide is a hazard at a given concentration, it is a hazard regardless of the
regulatory environment;
• If an atom of uranium poses a hazard at a licensed site, then the atom of uranium poses the same
hazard at an alumina or rare earth production site"(8).

Following radiation measurements in TENORM industries, radiation protection agencies
worldwide are now implementing similar guidelines to workers in the TENORM industries . Table 1
is an example of the type of control measures proposed to be implemented in the European Union.

14

Table 1. Control Bands for Radiation Protection (9)

Control iLevel of Control
Band

Lower level regulation

Higher level regulation

|Process not permitted
Sunless dose can be
i reduced

1 mSv/y

6 mSv/y

> 20 mSv/y

6 mSv/y

20 mSv/y-
50mSv/y

> 50 mSv/y

In India, the Atomic Energy Regulatory Board's (AERB) recommendations are based on ICRP for
both occupational and public exposure categories. A stringent watch is also maintained on the beach
sand mineral industry and control bands are currently being worked out.

Health effects of low-dose ionising radiations
A typical breakdown between natural background radiation and artificial sources of radiation

is shown in the pie chart below. It shows natural radiation contributes about 82% of the annual dose to
the population while medical procedures contribute most of the remaining 18%. Both natural and
artificial radiations affect us in the same way.

Although mutations are the basis for cancer initiation, the association between radiation
exposure and the development of cancer has been well established only with high dose exposures (>
0.5 Gy). Cancers associated with such high dose exposure include leukemia, breast, bladder, colon,
liver, lung, esophagus, ovarian, multiple myeloma, and stomach cancers (10). Reports on the health
effects of low dose ionising radiations are contradictory. The EPA has identified radon as the major
cause of lung cancer among non-smokers and based on current exposure and risk estimates, radon
exposure in single-family houses may be a cause of as many as 20,000 lung cancer fatalities each year
(1). Besides, a dose-response relationship between chromosome aberrations and increased levels of
radon has been reported among miners (11). Although the presence of chromosomal aberrations is a
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biomarker of effect, the potential range of chemicals which could cause this effect is so great that it
would not necessarily be considered radon-specific.

Sources of Radiation Exposure
PacfM- - S5S

Fig.l. Sources of Radiation Exposures (NCRP 93)

For low levels of radiation exposure, the biological effects are so small they may not be
detected. The body has repair mechanisms against damage induced by radiation as well as by
chemical carcinogens. Consequently, injured or damaged cells can repair themselves, resulting in no
residual damage, some may die, much like millions of body cells do every day, being replaced through
normal biological processes. Sometimes, cells incorrectly repair themselves resulting in mutations.

Extensive studies have been undertaken on populations residing in areas with high natural
background radiation and among nuclear employees. While there are a few reports that relate cancer
incidence and mortality to background radiation and occupational exposures (12, 13), most surveys
have frequently indicated decreased rates in cancer mortality (14,15,16,17). Others show no adverse
biological effects (18,19).

Reports from our laboratory (20,21) and elsewhere (22,23,24) show that DNA repair
capacities are enhanced when human lymphocytes are exposed to low doses of gamma radiations and
this phenomenon popularly termed as radio adaptive response (RAR) is though to occur via error-free
repair mechanism. However, compared to gamma rays, the penetrating power of alpha particles is low
and if alpha emitters are inhaled, ingested or absorbed into the blood stream, sensitive living tissue can
be exposed to alpha radiation. Also, due to the high linear energy transfer (LET), alpha radiation may
have a adverse biological effect at low doses.

Taking into considerations these controversies, the radiation protection community
conservatively assumes that any amount of radiation may pose some risk for causing cancer and
hereditary effect, and that the risk is higher for higher radiation exposures. A linear, no-threshold
(LNT) dose response relationship is used to describe the relationship between radiation dose and the
occurrence of cancer. This dose-response model suggests that any increase in dose, no matter how
small, results in an incremental increase in risk. However, contenders to the LNT hypothesis are those
supporting hormesis and adaptive responses on one hand and those who support an inverse dose/rate
effect claiming disproportionately higher risks at lower doses on the other (Fig 2).

The studies conducted so far on the Indian population residing in HNBRA for over 1000 years
indicate that high level natural radiation has no discernible impact on the health of population and in
fact may provide valuable input to understand the biological mechanism of response to radiation at
low dose rates. Cytogenetic studies were done using cord blood samples from nearly 23,000 newborns.
Rate of constitutional anomaly was around 0.5% which is comparable to the international value.
Cytogenetic preparations from over 10,000 children were also screened for detection of chromosomal
aberration. Frequency of aberration was 1.87/10,000 cells for dicentrics, 3.42/10,000 cells

- 190 -



JAERI-Conf 2005-001

for stable aberrations and 7.72/10,000 cells for total chromosomal type aberrations (25). These figures
are comparable to those in published literature from other parts of the world.

Dose

a. Linear model c. Disproportionately lower risks

b. Threshold effect d. Disproportionately higher risks

Fig 2. The low dose controversy
In summary, none of these approaches has provided unambiguous evidence of cancer

induction at low dose levels, and the issue remains highly controversial. Moreover, the complexity of
the biological effects induced by alpha emitting radionuclides poses a problem in estimating risks due
to low dose radiation.

Long-term systematic studies on occupationally exposed personnel and epidemiological
surveys of areas with high natural background radiation together with laboratory investigations are
therefore required before meaningful conclusions could be drawn and influence current radiation
protection standards. The existence of inter-individual differences in radiation sensitivity governed by
genetic factors making some individuals more sensitive to radiation-induced damage remains a
confounding factor in relaxing radiation protection norms (26). Although it may be not too early to
accept the beneficial or null biological effects of low doses of ionising radiation, it is certainly so to
set standards and threshold doses for purposes of cancer risk estimates and radiation protection.
If low levels of radiation turn out to have a threshold below where there really is no risk to speak of,
then laws may be loosened. However, if low levels of radiation actually are proven to be carcinogenic,
or have mutagenic, teratogenic, or some other detrimental effects, then current regulatory efforts may
fall short of protecting the public and workers. Until then it may be prudent to follow the LNT model
for purposes of radiation protection for those engaged in both nuclear and non-nuclear industries.

Regarding NORM and TENORM we are in the enviable position, given that a potential health
concern is being identified ahead of any visible problem among workers. By recognizing a potential
problem, it is now possible for industries with some level of risk to protect their workers using fairly
simple, low-cost methods.
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