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Abstract. In the years seventies release-rates and derived limits for releasing radionuclides into the
environment were adopted for each particular radionuclide and for a number of pathways. The release-
rate limit adopted for alpha emitters was 1015 Bq.y"1 for a single site, but limited to 1014 Bq.y"1 for
226Ra and supported 210 Po. In addition, to meet the requirements of the London Convention, a derived
limit should be expressed in terms of concentration, which for alpha emitters was 1010 Bq.f1, but
limited to 1014 Bq.f1 for 226Ra and supported 21° Po, assuming an upper limit to the mass dumping rate
of 1051 per year at a single dumping site. New data on the radioactivity in the marine environment and
biota, including plankton, indicated a potential alpha radiation dose to these aquatic organisms due to
the release of technologically enhanced naturally occurring radioactive materials (TENORM) wastes.
At the highest accumulation of 239 Pu in the zooplankton Gammarns in Thule, Greenland, due to an
accidental release associated with military activities, the dose rate reached about 0.14 uGy.li"1. Such
dose rate was similar to that received by the phytoplankton Chaetoceros and Rhizosolenia from
Agulhas current, Africa, due to naturally occurring radioactive materials (NORM) supposedly
enhanced for almost one century of gold mining at first, and subsequently because of heap-leaching
uranium extraction from the tailings left behind by earlier gold miners. The paper will discuss the
alpha radiation dose to aquatic biota, in general, and to plankton, in particular, due to potential releases
of TENORM wastes in the aquatic environment.

1. INTRODUCTION

The Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matters of 1972, better known as the London Convention, and the Multilateral Consultation
and Surveillance Mechanism for the Sea Dumping of Radioactive Wastes of 1977 under the
Organization for Economic Co-operation and Development (OECD) are the two main
international agreements dealing with the dumping of radioactive wastes into the oceans. The
original version of the London Convention prohibited, inter-alia, dumping into the sea high
level radioactive wastes. The low level radioactive wastes, however, could be dumped into the
sea under special permits. The London Convention has given to the International Atomic
Energy Agency (IAEA) the responsibility for defining what kinds of high-level radioactive
wastes which are unsuitable for dumping into the oceans and to make a series of
recommendations for dumping of other radioactive wastes and for keeping the subject under
permanent review [1-4]. By 1993, taking into account strong opposition of the world public
opinion, the London Convention prohibited the dumping of all kinds of radioactive wastes
into the sea.

Later on, the IAEA - Marine Environment Laboratoty (MEL) have established the Global
Marine Radioactivity Database (GLOMARD) to store all data available on marine
radioactivity in seawater, sediments and biota [5]. More recently, the IAEA-MEL started
examining the real or potential radiological consequences of the radioactivity in the marine
environment and biota. To do so, the IAEA-MEL started organizing studies of sources of
radioactivity in the marine environment, and their relative contributions to the overall dose
assessment from marine radioactivity, an effort better known as the MARDOS project [6].
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It is well recognized today that at present there is not yet sufficient knowledge of oceanic
processes to allow the construction of a comprehensive model to describe the behavior of
radionuclides extant or released into the oceans. However, for some time now the IAEA has
issued principles for establishing limits for the release of radioactive materials into the
environment [7-8]. The approach adopted by the IAEA in issuing such principles is to
evaluate environmental capacity and establishing limits within which quantities of radioactive
wastes can be controlled. This approach is known as the critical pathways approach.

The derived limits for releasing radionuclides into the environment through various pathways
are based on ICRP Publication 29 [9]. Release-rate limits were derived for each particular
radionuclide and for a number of pathways. A selection was made to include those pathways
which were known to exist at the time plus some others which might become important in the
then foreseeable future.

The release-rate limit for alpha emitters was 105 Ci/year («1015 Bq/year) for a single site, but
limited to 104 Ci/year (* 1014 Bq/year) for 226Ra and supported 210Po [4]. However, to meet the
earlier requirements of the London Convention it was necessary to express the derived limits
in terms of concentration, which meant — 1 Ci/t («1010 Bq/t) for alpha emitters, but limited to
10"1 Ci/t («109 Bq/t) for 226Ra and supported 210Po, assuming an upper limit to the mass
dumping rate of 1051 per year at a single dumping site [2,10].

The levels of radioactivity in the marine environment had already lead some few investigators
to pay attention to the biological availability of radionuclides and the resulting internal doses
to marine organisms [11-15]. An important conclusion was that 137Cs would be in the long
term the major contributor to the total dose rate for all groups of organisms, but in the case of
phytoplankton 239Pu could be of some importance [12]. Thus, it was reasonable to
hypothesize that the alpha emitters from technologically-enhanced naturally occurring
radioactive materials (TENORM) could be of certain importance for the alpha radiation dose
to aquatic biota, mostly because of the bioaccumulation factors for plankton, algae,
invertebrates and macrophytes.

2. BIOACCUMULATION OF SELECTED ALPHA EMITTERS

Databases concerning the bioaccumulation (relative concentrations) in aquatic biota for
selected alpha emitters, such as 239>240Pu, 238U, and 226Ra have been summarized [16]. There
are, however, a number of uncertainties in the determination of bioaccumulation factors for
any radionuclide — radionuclide concentration, at equilibrium, in the organism divided by
the concentration in the water — mostly due to conversion factors for wet weight and dry
weight, which vary from species to species. In any case, the reported values indicate that the
orders of magnitude of bioaccumulation factors for aquatic biota range for several orders of
magnitude, as shown in Table I.

Taking into account the orders of magnitude presented in Table I, one can claim that
potentially high alpha radiation dose may be received by phyto- and zoo-plankton, algae,
invertebrates, macrophytes. Only the cases of phyto- and zoo-plankton will be discussed here
for purposes of illustrating the alpha radiation doses for organisms with high bioaccumulation
of alpha emitters. On the one hand, it is know that part of alpha energy internally emitted in
plankton may be dissipated in the surrounding water [12]. On the other hand, it is also known
that for many species the range of the alpha particles emitted by naturally occurring
radionuclides, and artificially produced actinides are of the same order of the linear
dimensions of plankton [14-15].
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Table I. Ranges of bioaccumulation factors for 239'240Pu, 238U, and 226Ra in freshwater biota.
Adapted from ref. [16]

BIOTA

Piscivorous
Planktivorous
Omnivorous
Benthic
Zooplankton
Phytoplankton
Algae
Invertebrates
Macrophytes

BIOACCUMULATION FACTOR
Pu-239,240

Low
10"1

10-1

lo-1

10"1

High
10°
10'
10'
10'

10z

10' 104

10'
10'
10'

10'
104

U-238andRa-226
Low High

10"1

10"'
10"'
10°

10°
10'
10'

10'
10'
10'
10u

10'

10'
10'
10'
10'

3. DOSE TO PLANKTON

The radionuclides produced in the nuclear fuel cycle enter the aquatic environment in a
variety of pathways. Among the radionuclides thus produced one should include the
technologically enhanced concentrations of natural alpha emitters in the pre-reactor phase,
and the transuranic alpha emitters in the post-reactor phase of the nuclear fuel cycle. Ratios of
plankton dose rates of the orders of 10 for fallout/natural background, and 103 for waste
disposal at Windscale/natural background have been estimated [17]. However, specific
comparisons between internal dose rates from man-made and natural alpha emitters have been
scarcely reported [12-15]. Considering that the bioaccumutation factors reported in Table I
are likely to occur also in the marine biota, it is reasonable to expect that TENORM
concentrations in the marine environment may result in high annual alpha radiation doses to
such biota, and particularly in plankton.

Table II presents, for illustration purposes only, the range of absorbed dose rates due to
internally incorporated 226Ra in plankton. Two interesting aspects are worth mentioning here
concerning the 1.6 * 10"1 jj.Gy.lf1 absorbed dose rate that appears in Table II. Firstly, the
226Ra average activity concentration corresponding to this high dose rate can be traced back to
seven phytoplankton samples taken from fifteen plankton samples collected in the Walvis Bay
area [18]. According to oral historic accounts - to the best of my knowledge still not
supported by any available publication - it was quite likely that the 226Ra concentrations in
Walvis Bay had been enhanced throughout almost one century due to gold mining at first, and
subsequently as a consequence of heap-leaching uranium extrative activities from the gold
mining tailings. Secondly, the 1.6 x 10"' uGy.bf1 absorbed dose rate received by the
phytoplankton from Agulhas current in west coast of Africa is of the same order of the 1.4 x
10"' joGy.h"1 absorbed dose rate received from 239Pu accumulated at one time by the
zooplankton Gammarus from Thule, Greenland, due to an accidental release associated with
military activities [15]. However, it has been pointed out that the plutonium concentrations in
aquatic organisms living near the accident area have decreased considerably with time [19].
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Table II. Absorbed dose rates from internally incorporated 226Ra in plankton

DOSE RATE (Gy.li1)
Low
6.1 x 10"4

2.0 x 1Q-4

High
2.0 x 10"j

1.6 xlO"1"

REFERENCE
[12]
ris]

* This high dose rate is estimated from TRa incorporated in the phytoplankton Chaetoceros and Rhizosolenia
from Agulhas Current, in the coast of Namibia.

Here it is worth mentioning that the alpha dose rates to plankton are given throughout this
work in grays rather than in sieverts, because the radiobiological consequences, if any, of
relatively high alpha radiation dose rates to plankton remain unclear. Thus, to apply any
modifying factor to obtain an equivalent dose appears to be awkward at the time of this
writing. Further research is necessary to clarify whether there are or there are not any
biological effects due to high annual alpha radiation doses to plankton.

4. CONCLUDING REMARKS

1. There is an increasing interest in learning more about the relative contribution to the
overall dose assessment from marine radioactivity, but the knowledge on the alpha
radiation dose to plankton, algae, invertebrates, and macrophytes is meager.

2. The marine organisms mentioned in remark (1) above are likely to have
bioaccumulation factors significantly higher than other marine organisms.

3. TENORM alpha emitters could contribute to a high alpha radiation dose for plankton,
algae, invertebrates, and macrophytes.

4. Life long continuous exposure of phytoplankton to absorbed dose rates of the order of
O.^uGy.h"1 due to incorporation of 226Ra, may result in absorbed doses as high as 1.4
mGy.y', without the knowledge which such high dose will have as far as
radiobiological consequences are concerned.

5. Apparently, dose rates to plankton can be enhanced either by continuous internal
exposure to TENORM or by acute accidental exposure to man-made alpha emitters;
the first case will result in a much higher long term dose.
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