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CONCENTRATION FACTORS - THEIR USE
AND ABUSE

ABSTRACT

This report examines the use of concentration factors as an index of an aquatic

organism's ability to concentrate constituents in its environment. The values of con-

centration factors can vary considerably depending on the method of their measurement.

A "true" concentration factor can be approximated by determining the ratio of the

stable element concentration in a representative population to that of a representative

water sample, or by determining the radionuclide concentration factor of a population

in equilibrium with its biological exchangeable pool. Before concentration factors are

used for the assessment of radioactive contamination of food chains, the method of

measurement should be examined carefully to ascertain whether they are applicable to

the situation under consideration.

The ability of organisms to concentrate specific elements is well known and has

resulted in attempts by investigators to express this capacity quantitatively. An

expression for aquatic organisms which is quite widely used and generally accepted is

the concentration factor, the ratio of the radionuclide content per gram wet weight of

the organism to that per milliliter of water. The concentration factors that have been

published in the literature can be grouped into two classes, those that were obtained

from measurements of stable-element concentration in the organisms and the water

and those from measurements of the radionuclide content. Radionuclide concentration

factors have been obtained from organisms in environments contaminated by fallout,

from those near nuclear waste disposal, and from those near nuclear detonations.

Other measurements of radionuclide concentration factors have been obtained in the

laboratory. Before one can determine which of a series of concentration factors is

the true one and whether it should be applied to a given situation, one must under-

stand something of the nature of the physiological processes that have resulted in the

concentration difference between the organism and its environment.
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The uptake and loss of elements continues throughout the life of the organism and

may vary considerably with fluctuations in metabolic demands. When the rate of uptake

exceeds the rate of loss, a concentration difference ensues between the organism and

its environment. This concentration difference may be maintained by a process such

as binding to subcellular constituents and to cellular metabolites or by processes that

require the expenditure of metabolic energy. Thus it can be expected that the flux of

the element and consequently its accumulation may be altered by factors that affect

metabolic activity.

The accumulation of a specific element may occur because of needs of growth,

reproduction, and skeleton formation, or because the mechanism for loss is less

effective than that for uptake. The material accumulated may be in distinct chemical

or organ or tissue pools. Thus its distribution in the organism may be distinctly

heterogeneous and a large fraction of the material may be localized in a small mass.

Frequently, mechanisms have evolved in organisms for increasing the rate of uptake

when the environmental concentrations are low and decreasing it when metabolic

demands have been met. Accumulation can be affected by the physical and chemical

form of the element in the environment and the modifications that may occur at the

place of uptake due to the specificity of the binding sites. Furthermore, since these

sites may not discriminate between elements that are chemically and physically sim-

ilar, inhibition of uptake may occur as a consequence of competition for binding sites.

Let us turn next to the types of measurements of concentration factors and

examine these in light of the parameters known to change accumulation. Variations

iii concentration in the organisms can be expected due to size, age, reproductive

state, temperature, and fluctuations in the concentration of constituents in the environ-

ment. If, as has been frequently done, field measurements of radioactivity or stable

element concentration of organisms are made at only one point in time and on only

limited numbers of the population, the concentration factors obtained can be mislead-

ing. Thus a knowledge of the environmental history of the organism and the composi-

tion (size, age, and sex) of the sampled population is necessary for a meaningful

measurement.

In addition to variations in concentration in the organisms, seasonal changes in

concentration in the water occur due to fluctuations in the run-off from the land and in

the hydrodynamic and meteorologic conditions. Furthermore, even larger variations

in homogeneity can be expected in radioactivity measurements than in stable element

measurements where additional complicating variables such as deposition rate, dis-

charge rate, and decay rate center the picture. Other values needed besides the total

concentration of the element in the water are the concentrations of prominent chemical

and physical species, since an organism may possibly accumulate only one specific

form. Consequently, for an accurate measurement of concentration factor it should

be established that the concentration measured in the water is that with which the

organism has equilibrated and that it is representative of the concentration which

existed during the period of equilibration.
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The measurement of concentration factor in the laboratory allows for greater

control of variability, but presents different problems. One that has been encountered

is that equilibration may take so long that significant physiological changes occur in the

organisms and the results are consequently difficult to interpret. Another problem is

that in the natural environment, the entire ecosystem is simultaneously exposed to the

stable element or radionuclide, and equilibrium is established in the biological

exchangeable pool. In the laboratory generally just one group of organisms is con-

sidered at a time. For the most part, only the organisms in the first trophic level

have water as their sole source of radioactivity; for the others the sources include

water, food and sediments. If, in the laboratory, only the specific activity of water

is controlled and the organism is fed or allowed to feed on sediment material of a dif-

ferent specific activity, pseudo-equilibrium may be reached and the concentration

factor observed may be erroneous. To obtain useful concentration factors in labora-

tory experiments on organisms in the higher trophic levels, one must know the con-

tribution of radioactivity from each segment of the biological exchangeable pool. This

necessitates an understanding of the eating and drinking habits of the organism. Also

encountered in short-term experiments is equilibrium with only some of the compart-

ments. This can be discerned easily by checking the specific activity in the animal

against the specific activity in the biological exchangeable pool. It is evident that for

the determination of concentration factor in the laboratory, conditions that affect

accumulation must be clearly defined and carefully regulated.

Let us consider the uses of concentration factor. One is the assessment of pos-

sible hazards to man from the release of radioactivity in aquatic environments. In

the case of waste disposal, the radioactivity is released at relatively low levels over

long periods of time. If organisms are in this environment during their entire lives,

the value applicable for calculation of potential contamination is the true concentra-

tion factor.

A similar situation results from contamination from radioactive fallout. Gener-

ally the measurements are made at equilibrium conditions and the true concentration

factors are applicable.

On the other hand, in evaluating the contamination at nuclear detonation sites, we

are dealing with a nonequilibration situation. Concentrations are changing rapidly with

time. Rather than concentration factors, the more useful values here might be the

rates of uptake and loss by the organism, since the rate of uptake determines the rate

of accumulation and the rate of loss determines its duration. If the effective half-life

of the activity in the water, and the rates of uptake and loss are known, the maximum

burden achieved by organisms may be readily approximated.

In summary, then, it can be concluded that an approximation of true concen-

tration factor can be achieved by determining the ratio of stable element concentration

in a representative population to the mean concentration in the water, or by deterimin-

ing the radionuclide concentration factor of a population in equilibrium with its biolog-

ical exchangeable pool. When a good approximation of the concentration factor has
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been obtained, it should be applied to specific situations only after careful considera-

tion of the nature of the problem.
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