
XA0201237

Soil to plant 137Cs transfer factors in Zea mays and Phaseolus vulgaris in a
semi-arid ecosystem from a radioactive waste site

M.L. Cervantes, N. Segovia, M.I. Gaso, J.C.Palacios

ININ, Ap., Mexico D.F., Mexico

Abstract- A study of 137Cs in soil, maize plants, {Zea mays) and beans {Phaseolus vulgaris) has been
performed at the confined Storage Centre for Radioactive Waste from Mexico. Under field conditions
the site was divided in four zones with different soil contamination characteristics. The plants were
grown "in situ" reproducing the local agricultural practices without fertilizers, pesticides or artificial
irrigation.The 137Cs determinations were performed using a low background gamma spectrometry
system with an HPGe detector. The results indicate that one of the zones had a striking 137Cs
contamination in the soil and the uptake by the grown plants showed the highest specific activities at
the root. For the edible parts of the plants the amount of 137Cs in the maize grains was one order of
magnitude lower than for the beans. The transfer factors ranges for the different parts of the maize
plants was from 0.001 in the grain to 0.6 in the root.
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1. INTRODUCTION

Soil contamination with 137Cs is causing a long term burden on the food chain. Retrospective
analyses of agricultural crops have demostrated that the ecological half-life of 137Cs is in the
range of 1.5-3 years. In semi-natural ecosystems 137Cs contamination of their different
components is even more persistent than in agricultural systems [1,2, 3,4].
Soil to plant transfer is the first step by which 137Cs enters the food chain. This process is
highly variable between types of soil and crops. The phytoavailability of 137Cs in soil is
traditionally expressed in the so-called transfer factors (TF), defined as the ratio of the 137Cs
concentration in the part of the plant to that in the soil. Existing databases of TFs show that
values for one crop can vary by more than four orders of magnitude between soil types,
climatic conditions and type of studies [5, 6]. From this variability clearly, no average TF can
be used for risk assessment in contaminated areas. Since there are no evident correlations
between soil characteristics and 137Cs availability, predictions of 137Cs transfer to the food
chain are subject to wide errors. However, in general , the availability of 137Cs to crops has
been reported to increase with increasing soil organic matter content, decreasing clay content,
decreasing soil pH and decreasing exchangeable potassium content [7].
With the aim to study the 137Cs soil to plant transfer, a study was performed in maize plants
{Zea mays) and beans (Phaseolus vulgaris) at the confined Storage Centre for Radioactive
Waste (SCRW) from Mexico. The site is located in a semiarid region with a vegetation
characteristic of a temperate subhumid zone. Several studies of the transfer of 226Ra and 137Cs
to land snails [4, 8] were performed at this site in zones where superficial contamination was
observed. In marginal areas of Mexico, that depend on subsistence agriculture and where
legume nitrogen fixation is crucial to maintain sustainable agricultural production, the
traditional use of the soils include the combination of legume Phaseolus vulgaris with cereal
Zea mays species. These two species are the main basis in the diet of mexican population.
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2. EXPERIMENTAL

2.1 Site description

The SCRW site (19°47'39" N; 98°50'04" W) is located in the middle part of the Neovolcanic
Mexican belt at an altitude of 2475 m. The local hydrogeology shows superficial tuffs and
basalts permeable between 0 and 1 m deep and with scarce permeability from 2 to 5 m. No
rivers are present in the zone and soil characteristics reflect very low rock porosity, with
minimun water infiltration, except in fractures. No evidence exists of aquifers within 30 Km
around the site. In the rainy season (June to October) streams of superficial water are formed
following the slope of the ground. The climate is temperate subhumid with average yearly
temperatures of 14.4°C, ranging fron 6 to 32°C. The mean annual precipitation is 638.5mm.
At this site, solid and liquid radioactive waste have been stored for two decades; uranium ore
tailing piles also stood for some time before beign buried in specific containers.

Some representative plant species at the site are Senecio salignus, Opuntia xoconoste, Agave
sp. or Aristida sp., all of them characteristic of semiarid regions. Traditional agriculture is
practized at the zone where the farmers adopted the natural process of enriching the soil
alternating legumes (beans) with non legume crops (maize). The harvest in the zone is usualy
scarce due to the semi-arid soil conditions.
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Fig. 1. Location of the site of study. The four zones where Zea mays and Phaseolus vulgaris were
grown are also shown.
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In the present study Zea mays and Phaseolus vulgaris have been grown at four zones of the
SCRW, from June to October, during four years (Fig 1). The plants were cultivated in 4 fields
20x 30 m, located in zones 1 to 4 in lines separated 50 cm between them. The maize plants in
the lines were separated 40 cm between them and the bean plants were grown in between the
maize plants, putting one seed each 5 cm. A local contamination in soil with l 7Cs ocurred
several years ago in zone 1 as a consequence of a broken industrial source.

2.2 Sample treatment

At the four sampling zones, soil samples and the maize and beans plants were collected from
July to O.October during 1991-1994. The samples were yearly harvested except for years
when the production was quite deficient probably because the nutrient elements were depleted
from the soil and by the lack of external nitrogen and phosphor supply.
In the field the maize samples were separated into root, stem, leaves and grains. Each yearly
4 kg sample was washed to avoid contamination by the soil and dried at 80°C for 48 h.
Phaseolus vulgaris only the string beans were sampled and peeled to obtain 4 kg bean grains
yearly. These samples were also washed and dried at 80°C for 48 h. The vegetables dried
matter was ground using a Wiley mill. The humidity factor, Hf, was calculated for each
sample.
Soil samples of 2.5 kg were sieved to pass a 2-mm sieve and air dried. The Hf for soil
samples was 1.1

2.3 Sample analysis

The soil and plant (root, stem, leaves and grains) samples were analysed for 137Cs. The
specific activities were determined in a dry weight (d.w.) basis by low background y-
spectrometry with a 29.7% relative efficiency HPGe detector Princeton Gamma Tech.,
Dusseldorf, model N-IGC 29. The geometry used was a 500 ml Marinelli beaker and the
measurement time was around 60 000 s per sample, to achieve a detection limit of 1 Bq.kg"1

for 137Cs. The counting errors for the measurements were usualy lower than 10%.
The soil to plant transfer factor (TF) for 137Cs was calculated as the ratio of the 137Cs
concentration in the plant (d.w.) to that in the soil (d.w.).
The soil organic matter was determined by the Walkley-Black method. The exchangeable K
was determined by atomic absorption spectrophotometry, using a model 5000 Perkin Elmer
equipment. The cation exchange capacity (CEC) was measured using silver thiourea as the
index cation. Other elemental content were measured by emission spectrography with a Bair
Atomic equipment model GX-1 [4].

3. RESULTS AND DISCUSSION

The results from 1991 to 1994 of the yearly average values for 137Cs in soil samples from the
four zones are shown in Fig. 2. A striking contamination is evident in zone 1. From 1991 to
1993 the top soil was only slacken in order to be able to cultivate the seeds. By 1993-1994
soil decontamination practices started at the SCRW and the specific acivity in the soil
diminished. The chemical composition of the soil show values that are usually found in semi
arid regions. The major soil type in the zone of study is Regosol having 25% clay, 46% sand
and 28% silt. Some physicochemical parameters are: pH 6; the main organic matter in the
clay fraction of the soil 1.5%; the soluble exchangeable potassium, 1.5 ± 0.1 cmolc kg"1. The
nitrogen content was 0.075% and the C/N ratio 20. The cation exchange capacity (CEC) was
27 ± 1.5 cmolc kg"1. The site soil content of Ca, Mg and K was 39 ± 5, 12 ± 3 and 7.6 ± 0.5 g
kg1 [4].
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/g. 2. Yearly average 137Cs values (Bq kg'1) obtained in the soil at the four zones of study from 1991
to 1994. The specific activity in each sample is indicated in the histogram.
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Fig. 4. Yearly average li7Cs values (Bq kg"1) obtained in the grains of Zea mays and Phaseolus
from zone 1. The specific activity in each sample is indicated in the histogram.

The competition for available soil nitrogen in a semiarid ecosystem can affect the dynamics of
the mineralization/immobilization nitrogen cycle which is complex in space and time in field
conditions. On the other hand the soil calcium ensures the normal physiological functionning
of the root cells.
The transport of a number of important radionuclides can be predicted from the behaviour of
chemically analogous nutrient elements. Radiocesium is generally quite soluble and 137Cs
uptake in plants vary with the ionic composition in soil solution, with a particular sensitivity
to the K+ concentration. The distribution of a trace constituent between the aqueous and solid
phases can be described by the distribution coefficient, Kd (ml g"1), that is inversely
proportional to the solution concentration of K (nik). The mk value was estimated as mk = 1.19
mM at a K occupancy of approx. 6% of the CEC. The mk value obtained at the site was larger
than reported by Smolders et al. [7] for a Regosol type of soil. However, the value was
comparable to the median value for 30 different soil samples reported by these authors.
The specific activities of 137Cs obtained at the yearly samples of the different parts of the
maize plant (root, stem and leaves) are shown in Fig. 3. The uptake of 137Cs was higher at
zone 1 during all the studied years, with the highest concentrations at the root. It is noticeable
that the root specific activities were two orders of magnitude higher in zone 1 as compared
with zones 2, 3 and 4. In 1994 the effect of decontamination of the soil was evident since the
root specific activity values were one order of magnitude lower than in 1992 for the four
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zones. In the leaves the specific activity for 137Cs was generaly quite stable along the time and
zones. Li the stem similar values as for the leaves were obtained at zone 1 while in zones 2, 3

1 ^7

and 4 the activity was very low, but detectable. For the stem and leaves the Cs values were
two orders of magnitude lower than for the 1992 root sample.
hi arid and semiarid ecosystems (potentially unstable systems) the contribution made by a
nodulate legume specie to the production of a cereal associated specie, is supported by the
input from the nodulated legume when recourse to nitrogen fertilization is not feasible. The
role of mycorrhizas in mediating transfer of nitrogenous material via a direct connection of
the root systems of legume and no-legume by fungal hyphae, increases the capacity of root
nutrients, and 137Cs, due to an increase in the exchange area.
The results of 137Cs activity concentration obtained at the edible parts of the studied plants,
maize grains and beans, from zone 1 are shown in Fig 4. The amount of 137Cs incorporated by
Zea mays grains was one order of magnitude lower than for Phaseolus vulgaris beans.
However, the incorporation in the time was more stable for Zea mays than for Phaseolus
vulgaris.
The uptake of 137Cs by plants from the majority of agricultural soils is usually much lower
than that found for some tropical soils, like our site of study. Part of the 137Cs present in the
soil solid phase is not available for exchange with the solution. Root uptake of 137Cs is
proportional to its activity in solution and is however significantly reduced by increasing K
concentration in solution. This capacity of absorption is attributed to minerals capable of
forming a relatively stable structure when saturated with Cs+, Rb+, K+ or NH4+ [9].
hi Figure 5 the range values of the soil to plant transfer factors (TF) for 137Cs in the Zea mays
parts and in Phaseolus vulgaris beans are shown. The Phaseolus vulgaris beans presented a
TF range higher than for the Zea mays grains. For maize the leaves had a TF range one order
of magnitude higher than stem. These parts of the plant are usualy used for cattle forage,
being a direct way to human food chain. The highest TF values range were obtained for the
roots, being one order of magnitude higher than for stem and two orders of magnitude higher
than for grains.
It is worth mentioning that the maize grains in the present experiments were extremely scarce,
since no fertilizers were used during the three years experiments. The TF values for the roots
agree with those reported by IAEA [10] for tubers, hi the cited publication the TFs for root
crops, without specifiing the kind of plant are reported as low as 0.04 or 0.01. However the
TFs for the grain in the present study showed values one order of magnitude lower than grain
cereals reported by IAEA.
Certainly, in field conditions there may be other sources of variability such as heterogeneous
137Cs and K over the root zone, soil solution changes with time, etc. hi agreement with Shaw
et al. [11], TF values describe equilibrium conditions, a situation which was pointed out being
unlikely to exist for most growing plants. They showed the existence of non-linear response
of radiocesium TF values and hence uncertainties associated to TF were likely to be caused by
the presence of environmentally abundant chemical analogues of Cs as a result of competition
for ion binding sites at the root surface. Smolders et al., 1997 indicate that low K solution
concentration (nik) in soil is usually associated with low TFs. The TF values obtained in the
present study are slightly superior to that reported for similar soils by the cited authors, hi
spite of the fact that extensive studies have been reported on the transfer factors for cesium in
different agricultural foods, relatively few works have paid close attention to the interaction
between legumes and cereal associated plants in semiarid ecosystems. The question of which
soil or plant factors control availability of 137Cs is still unresolved.
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Fig. 5. Range values of the soil to plant transfer factors (TF) for mCs in the different Zea mays parts
and in Phaseolus vulgaris beans obtained at the SCRW during the period of study.
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