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Background and aim
Future development of tropical countries will include nuclear power. This is particularly
true following the recent attention given to the urgent need to reduce greenhouse gas
emissions. From this, it is apparent that there is a need to have the ability undertake dose
assessments within tropical and sub-tropical regions. This includes knowledge of
appropriate biological transfer factors for the region.

However, most previous transfer factor studies were undertaken within temperate regions,
predominantly in the Northern Hemisphere. Following a preliminary data survey, there was
thus found to be a paucity of data for tropical and sub-tropical regions (excluding marine
ecosystems). In an attempt to rectify this situation, the IAEA and FAO instigated a
cooperative research program (CRP) entitled 'Transfer of radionuclides from air, soil and
freshwater to the foodchain of man in tropical and subtropical environments." This paper is
a synopsis of the findings of the three year CRP project.

It is important to recognise that the data used in this presentation are derived from
contributors and their colleagues in several countries. A list of chief investigators is given
in Table 1. Dr Martin Frissel, Secretary, European IUR, deserves a special mention for his
collation of the CRP data. Some of his figures were used in the presentation or reproduced
in this synopsis.

Methodology

The participants undertook regional literature and data surveys, field sampling and
experimental investigations. The experimental studies were run by following, as closely as
practicable, a suite of standard protocols that helped to reduce variability and errors. The
experimental studies comprised two main groups: soil to plant, and: freshwater to fish.

Quality assurance on analytical work was performed using intercomparison tests with
standard reference materials.

The reporting of data was also standardised to facilitate collation and subsequent
multivariate statistical analysis. The statistical analysis of the entire dataset has not yet been
undertaken.

Results and discussion.

SOIL TO PLANT TRANSFER

Studies using Cs and Sr predominated. The limited data for other elements were found to be
consistent with the available temperate-zone data. When compared with the generic transfer
factors derived for temperate regions, the tropical data for Cs and Sr are, on average, not



significantly different However, this result was notable for the fact that some individual
data sets gave results that tended to cluster at the periphery of the previous data. That is,
within tropical systems there are environments that give consistently low or high values for
some radionuclides. For example, see figure 1. Thus, for undertaking dose assessment
sensitivity analyses in tropical systems, a factor of 10 to 100, higher or lower, should be
applied beyond the range normally used when dealing with temperate transfer factors.

This peculiarity for extreme uptake within an ecosystem was nuclide specific but not crop
specific. That is, not all nuclides gave higher or lower transfer factor numbers within any
particular environment. However, if a nuclide did give a higher or lower transfer factor than
expected, then this deviation was reflected in most of the crops sampled. The systems that
showed most deviation were: Coral soils; Fe-Al oxide soils; very acid soils; irrigated soils
and forest soils.

Of the various crop types studied, the lowest transfer factors for Cs and Sr were generally
observed in cereals (including rice and sorghum). The higher transfer factors were generally
observed in green vegetables and herbs.

Consistencies with previous data were in relation to pH, nutrient status of the soil and the
time elapsed since contamination. That is, the relative effect of each of these factors was
independent of climatic type.
• Increased cation exchange capacity, Ca or K proportionately decreased Sr or Cs

transfer.
• Lower pH gave higher uptake.
• Smaller particle size reduced uptake.
• Increased time since contamination reduced uptake.

Different experimental protocols also affected transfer factor determination. Transfer factor
values acquired from pot studies were generally higher than those observed in field studies.

FRESHWATER TO FISH TRANSFER

These studies were restricted to only four of the participants: Australia, Bangladesh,
Thailand and Vietnam. Hence the database is restricted.

Only Cs and Sr were studied. However, the agreement between participants was quite good
despite using different species. This consistency reinforced the practical application of a
standard protocol to bring about a reduction in experimental variability. Some practical and
modelling improvements to the protocol were suggested but the basic framework was
commended.

In all cases, the experimental results gave transfer factor data that were consistently less
than, or at the lower end of, the range of recommended values for temperate freshwater
systems. This was true even when allowing for factors known to influence transfer factors
in freshwaters (dissolved Ca and K, suspended solids and trophic level of the species)
(Table 2).



lie

The data indicate that radiological dose from the freshwater fish exposure pathway will be
less in tropical or subtropical environments compared with temperate zones. This premise
needs to be considered in conjunction with any peculiarities in food preparation by critical
groups within the region.

Recommendations - additional data and analyses required

• Most of the studies incorporated radioisotopes of caesium and strontium but little else.
Thus there is a paucity of data generally on most other radionuclides.

• Due to the small number of participants it was also recognised that the number of
organisms studied was limited. Nonetheless, the species used were important in terms
of human consumption or economic return within the various regions. Despite some
concern about the specific need for pulses such as lentils to be included, it was
considered that there was sufficient data for cereals, green vegetables, beans and peas.
As such, the data constitute a reasonable base for dose assessment purposes for major
population centres.

• The observation that soil to plant transfer for any isotope was site specific rather than
plant specific led to the suggestion that a subset of plant species representing various
'types' of crops could be grown in a number of different, but realistic, soil types and
conditions in order to identify those environments that are likely to generate extreme
transfer factor values.

• Regional critical groups with unusual dietary habits have yet to be addressed.
• Few of the studies included food processing. This can be significantly different in

tropical regions, for both cultural and technical reasons, compared with temperate
regions. This is an area for additional research.

• There was a recognition that soil or plant to animal transfer factors were extremely
limited. This was predominantly due to the cost of undertaking statistically significant
animal uptake studies. It is not anticipated that this situation will resolve itself in the
near future.

• Freshwater fish, spices and root crops require additional data.
• The data accumulated for tropical and sub-tropical regions so far comprise a reasonably

diverse set with many parameters consistently being recorded. It is thus apparent that
extensive multi-parameter analyses can be performed in order to extract valuable
information on, or indications of, factors that may affect the underlying mechanisms of
bioaccumulation. Whilst this situation was agreed at the meeting, no mechanism was
discussed whereby this considerable body of work could be achieved.

• Limited data on some tropical fruits (apart from citrus) and fungi indicated that these
taxa may have relatively high transfer factors for Cs. Additional studies were
recommended to determine if this pattern is consistent. Similarly, the significant
differences between temperate and tropical data observed in the small number offish
studies carried out within this program should be ratified by additional studies in any
follow-up program.

• There was some information in the Australian data, for Ra in particular, suggesting that
the concept of a linear transfer factor was invalid. The few field data for Cs and Sr in



fish, measured at very low specific activities in comparison with the experimental data,
also support this contention albeit based on very limited data. The hypothesis, that TF
values decrease with increasing specific activity in the supporting substrate, should be
tested by varying the exposure concentrations within an experimental protocol.

Table 1. Main participants in the IAEA/ FAO CRP on Tropical Transfer Factors.

Chief Scientific Investigators
Deb, D.L. (India) Fathomy, M. (Indonesia)
Hong, Y.P., Jang, B.C. (Republic of Korea) Lin, Y.M., Lai, S.Y. (Republic of China)
Osores, J.M. (Peru) Mollah,A.S. (Bangladesh)
Sinakhom, F. (Thailand) Robinson, W.L. (USA, Marshall Islands)
Skarlou-Alexiou, V. (Greece) Thanh, B.N. (Vietnam)
Topcuoglu, S., Unlii, M.J. (Turkey) Twining, J.R. (Australia)
Uchida, S. (Japan) Wasserman, M.A. (Brazil)
Othman, I., Yassine, T. (Syria)

Ad vi sers/Observers
Frissel.M.J. (Netherlands, IUR) Hance, J.R. (FAO)
Inoue.Y. (IAEA) Fujimoto.K. (IAEA)
Jefiree, R.A. (Australia)
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Figure 1. An example of the nature of extreme environments within tropical systems
compared with temperate data base. Taken from initial interpretation of CRP data by
Frissel.


