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Abstract: In vascular plants radiocesium and K-40 are mostly free in acqueous solution. The expression 
of radiocontamination on dry weight basis does not take into account the fact that different plant species, 
or different parts of a species, may have very different contents in cellulose or lignine. These may mask 
the actual concentration of the radionuclides in plant water, a fact that may be a serious source of errar 
when the aim is to compare absorption rates. This paper, on the basis of a case study on 1 O species in the 
Carnic Alps (NE-Italy), shows how the expression of radiocontamination on a water basis (difference 
between fresh and dry weight) may be much more appropriate in certain fields of radioecologica! 
research. 

Introduction 

All the alkali metal ions are readily absorbed by plants. According to Collander 
(1941), potassium, rubidium and cesium are the most copiously accumulated by 
plants. There is evidence of an antagonism between potassium and cesium in their 
absorption and accumulation by plants; Menzel (1954), using radioisotopes, found 
the uptake of rubidium and cesium from soil to be inversely proportional to the 
available potassium. An antagonistic behaviour on the two ions has been demon -
strated also by Middleton (1960), Jackson et al. (1966) and Andersen (1967). 

Potassium, probably the most important macronutrient cation, the most mobile 
in the plant and essential to every cell, has an anion-balancing role as well as a 
specific function. In its anion-balancing role it is partially replaceable by other 
elements, particularly by rubidium and cesium (Epstein & Hagen, 1956), whlch 
might be related to their antagonistic behaviour. There is evidence that almost all 
the potassium present in the plants appears free in aqueous solution on extraction 
and probably also in the intact cell (Robertson, 1958). Given the great chemical 
similarity between potassium and cesium, this probably holds true also for the 
latter. 

In the greatest majority of the studies dealing with radioprotection or radioeco
logy, the contamination of plant material by radiocesium is expressed on a dry or 
fresh weight basis. This means that the quantity of dead plant material present in a 
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sample (cellulose, lignine etc.) has a great influence on the measurement. In our 
opinion, this fact may be particularly disturbing in certain fields of radioecology, 
since it introduces a consistent source of noise in the evaluation of the actual 
concentration of radiocesium in plant water (cytoplasmatic and apoplastic solu -
tions), where most of the radiocesium is expected to be located. 

Aim of this paper is to compare, on a limited data set, two ways of expressing the 
radiocontamination of plant material: a) on dry weight basis (Bq/kg), b) on a water
basis (Bq/1), and to discuss the advantages of the latter for the solution of certain 
radioecologica! problems. 

Tab. 1 - Dry weight, percent of water, water weight and depth of the root systems of the 1 O species 
analyzed in this study. 

Dry weight water water weight Depth 
(g) (%) (g) (cm) 

Acer pseudo-platanus Leaves 4.83 69.6 11.1 
Stems 17.78 51.8 19.0 
Roots 26.58 51.7 28.4 20 - 25 

Adenostyles alpina Leaves 8.85 87.1 60.1 
Stems 11.82 93.1 159.6 
Roots 28.75 71.8 73.3 20 - 25 

Anemone trifolia Leaves 4.59 81.6 20.4 
Stems 4.49 81.4 19.7 

Rhizomes 18.44 72.2 47.9 6 - 7 

Fagus sylvatica Leaves 8.41 64.8 15.5 
Stems 24.37 43.4 18.5 5 

Oxalis acetosella Leaves 2.67 87.9 19.4 
Rhizomes 7.33 74.1 21 1 

Polygonatum verticillatum Leaves 4.47 86.1 27 .6 
Stems 9.42 86.3 59.2 

Rhizomes 14.11 75.5 43.4 6 - 7 

Rosa pendulina Leaves 6.02 63.1 10.3 
Stems 15.51 40.6 10.6 
Roots 19.16 37.8 11.7 6 - 7 

Rubus saxatilis Leaves 3.3 75.7 10.3 
Stems 11.43 78.5 41.7 

Rhiz . + Roots 24.74 60.7 38.1 2 - 6 

Sorbus aria Leaves 7.39 71.5 18.6 
Stems 17.9 44.7 14.5 
Roots 25.26 44.9 20.5 15 

Vaccinium myrtillus Leaves 4.74 66.7 9.48 
Green stems 14.74 57.4 19.9 
Lign. stems 25.64 47.4 23.1 

Rhiz. + Roots 28.66 37.1 16.9 1 - 2 
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Data and Methods 

The plant samples have been collected at the Pura Pass (Carnic Alps, Province 
of Udine), in a relatively undisturbedFagus-Abies mixed wood,at 1450m, on July, 
3, 198 7, two days after a rain peri od. The list of all vascular plants occuring in the 
stand is in Nimis et al. (1986). For each species, leaves, stems, roots and, when 
present, rhizomes, were collected from at least 1 O different individuals. The depth 
of roots and rhizomes was measured for each single plant. The following species 
have been sampled: Acer pseudo-platanus, Adenostyles alpina, Anemone trifolia, 

Tab. 2 - Contaminations by Cs-137 and K-40in the differentplantparts, expressed inBq/kg and Bq/1. 

Cs - 137 K - 40 
Bg/kg Bq/1 Bq/kg Bq/1 

Acer pseudo-platanus Leaves 137 60 786 342 
Stems 54 51 145 135 
Roots 60 56 139 130 

Adenostyles alpina Leaves 127 19 1325 195 
Stems 239 18 1595 118 
Roots 290 114 309 121 

Anemone trifolia Leaves 295 66 336 76 
Stems 605 138 1712 390 

Rhizomes 240 92 243 94 

Fagus sylvatica Leaves 346 188 623 338 
Stems 150 198 170 225 

Oxalis acetosella Leaves 1046 144 1177 162 
Rhizomes 1796 627 662 231 

Polygonatum verticillatum Leaves 190 31 674 109 
Stems 101 16 850 135 

Rhizomes 86 28 393 128 

Rosa pendulina Leaves 272 155 475 277 
Stems 87 129 123 181 
Roots 47 81 155 253 

Rubus saxatilis Leaves 440 141 835 267 
Stems 353 97 469 128 

Rhiz. + Roots 325 211 195 127 

Sorbus aria Leaves 178 71 471 187 
Stems 55 68 133 165 
Roots 35 49 145 178 

Vaccinium myrtillus Leaves 545 272 594 297 
Green stems 459 340 329 244 
Lign. stems 233 259 32 36 

Rhiz. + Roots 232 393 105 178 
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Fagus sylvatica (saplings), Oxalis acetosella, Polygonatum verticillatum, Rosa 
pendulina, Rubus saxatilis, Sorbus a,ia, Vaccinium myrtillus. The list of all plant 
samples (altogether 29), their water content, and the depth of the root systems are 
reported in Tab. 1. 

The samples have been weighted immediatly after collecting; they were 
subsequently dried and grinded to utilize the best possible geometry of measure
ment. The activity of the samples has been measured by a solid state detector, 
which is an intrinsic Germanium of the Tennellec with inserted pre-amplifer, cooled 
with liquid nitrogen and protected from natural radiation by a 40 cm thick lead 
layer. Its main characteri.stics are: FW HM at 1.33 Me V - 11.88 Ke V ,relative efficiency: 
18%, active volume: 83 cm3 , useful surface: 19 cm2 ; it is connected with an Ortec 
amplifier mod. 578. The multichannel is a XT IBM calculator with dedicated 
software Nucleus. The measurement time ranged between 600 and 32.000 seconds, 
depending on the activity of the sample. The minimal detectable activity ranges 
between 10 and 100 Bq/kg of dry weight, depending on the volume of the sample. 
The activity of the samples, concerning Cs-137 and K-40, has been expressed both 

Tab. 3 -Average contaminations of the 10 species by Cs-137 and K-40, expressed in Bq/kg and Bq/1, 
and standard deviations. 

Cs - 137 K - 40 
Bq/kg Bq/1 Bq/kg Bq/1 

Acer pseudo - platanus average 84 56 357 202 
Std. dev. 46 4 372 121 

Adenostyles alpina average 219 50 1076 145 
Std. dev. 83 55 678 44 

Anemone trifolia average 380 99 764 187 
Std. dev. 197 36 823 176 

Fagus sylvatica average 248 193 396 281 
Std. dev. 139 7 320 80 

Oxalis acetosella average 1421 385 919 196 
Std. dev. 530 341 364 49 

Polygonatum verticillatum average 127 25 639 124 
Std. dev. 56 8 231 13 

Rosa pendulina average 133 122 251 237 
Std. dev. 140 37 195 50 

Rubus saxatilis average 373 150 500 171 
Std. dev. 60 57 321 81 

Sorbus aria average 89 63 250 177 
Std. dev. 77 12 192 11 

Vaccinium myrtillus average 367 316 265 189 
Std. dev. 159 62 253 113 
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on dry weight basis (Bq-kg) and on water basis (Bq-1); in the latter case it is 
expressed on the difference between fresh and dry weight, i .e. on the total water 
content of the samples. 

Results 

The specific activities of the 29 plant samples, relative to Cs-137 and K-40, 
expressed on dry weight basis and on water basis are reported in Tab. 2. The 
average values for each species and the standard deviations are shown in Tab. 3. 

The average contamination values of leaves, stems and roots of all plants, 
expressed on dry weight and on water basis are compared in Fig. 1 (a and b). The dry 
weight-data would suggest a statistically significant contamination difference 
between leaves and roots, the stems holding an intermediate position. The data 
expressed on water basis, on the contrary, do not support such a conclusion, and 
suggest that radiocesium and K-40 are equally distributed in all plant parts. This is 
well in accordance with the high mobility of these radionuclides in the plant tissues 
(Coughtrey & Thorne, 1983). In plants the average content in dead plant materia! 
(cellulose, lignine etc.) generally decreases from leaves to roots. If we accept the 
hypothesis that the majority of cesium, in analogy to potassium, is located in the 
cytoplasmatic solution, it follows that the "contamination" values expressed on dry 
weight give a false estimate of the actual concentration of Cs-137 in the various 
plant parts. This may be particularly intriguing for radioecologica! purposes, when 
the aim is comparing the absorption rates from the soil of different plants, growing 
in comparable ecologica! conditions. For example, Vaccinium myrtillus and Oxalis 
acetosella are both acidophytic plants with superficial roots. In the study area the 
concentration of Cs-137 is maximal in the upper soil horizon (Nimis et al. 1988): if 
the two plants would show very different contamination values one should have to 
search for species-specific physiological mechanisms of differential absorption. In 
our case, the average co:r;itamination of Oxalis plants, when expressed on dry weight, 
is ca. four times higher than in the plants of Vaccinium. However, one should 
consider that Vaccinium myrtillus, a typical peinomorphic plant has an average 
water content of only 51 % (80% in Oxalis ). This is reflected in the contamination 
values expressed on water basis, where the difference between the two species is 
very slight, and does not justify the search for different physiological mechanisms. 

Fig. 2 shows the relation between average depth of the root system and ave rage 
contamination of the plants analyzed in this study (expressed on water basis ). The 
contamination by Cs-137 shows a clear correlation with depth, which is probably 
related to the distribution pattern of Cs-137 in the soil profile; this radioisotope is 
concentrated in the upper soil horizons as a consequence of a recent, intense 
deposition (the Tchernobyl accident). On the contrary, the concentrations of K-40 
are more or less constant, which reflects the uniform distribution of this natural 
radionuclide in the soils. With data expressed on dry weight no statistically 
significant correlation with the depth of the root systems has been found for Cs-13 7, 
and the values relative to K-40 are far from being constant (see data in Tab. 3). 
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Fig. 1-Average contaminations of leaves, stems and roots ofthe 10 species analyzed in this study, 
expressed in Bq/kg (dry weight) and in Bq/1. a) contamination by Cs-137, b) contamination by 
K-40.
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Fig. 2 - Relation between average contaminations by Cs-137 (triangles) and K-40 (circles ), and depth 
of the root systems. The values relative to plants whose roots are at the same depth have been 
averaged. 

Another example of the different results brought about by the two types of data 
is shown in Figg. 3a, b, which report the relations between average contaminations 
of Cs-137 and K-40 expressed, respectively, on dry weight basis (Fig. 3a) and on 
water basis (Fig. 3 b).In the latter case the data indicate that the K-40 content in the 

plants tends to remain constant in respect with cesium contamination. The data 
expressed on dry weight, on the contrary, appear much more confused, and do not 
show any clear relation b etween the two radioisotopes. The constant values of K -40 

in plant materiai are in agreement with the fact that this radioisotope, being of 
natural origin, is uniformly distributed throughout the soil profile (see Fig. 2). 

Conclusions 

These results suggest that radiocontamination by radiocesium and K-40 in 
plants, when expressed on dry weight, is likely to be burdened by a high degree of 
distortions. This is due on first line to the varying amounts of cellulose and lignine in 
different plant species, or in different parts of the same species, which may mask the 
actual concentration of these radionuclides in plant water. Such a fact may be of 
little importance in most radioprotection studies, but becomes a serious source of 
error in certain types of radioecological research, above all when the aim is to 
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compare the ahsorption rates of different species. In such cases, contamination 

expressed on a water basis is suggested as a better tool for plant radioecology. 
The difference between fresh and dry weight must be considered just as a first, 

rough estimate on which to express radiocontamination: the hydration state of 
vascular plants is subject to variation, and this kind of estimate does not 
differentiate between cytoplasmatic and apoplastic water. However, it has the 
advantage of reflecting with a far greater degree of accuracy the concentrations of 
the radioisotopes in plant water, and, consequently, the actual absorption rates. 
Obviously, this does not apply to most macrofungi and lichens: however, on the 
basis of the previous considerations, one should consider how much of the 
"accumulation" power frequently attributed to these organisms is a real fact, or an 
artefact due to their complete lack of lignified parts. 

Riassunto 

La maggior parte del potassio e del cesio presenti nelle piante vascolari sono sotto forma di cationi 
liberi in soluzione acquosa, sia nell'apo- che nel simplasto. Nella maggior parte degli studi di 
radioprotezione o radioecologia la contaminazione del materiale vegetale da parte del radiocesio viene 
espressa in Bq/kg di peso fresco, o secco. Questo tipo di espressione non tiene conto del fatto che 
differenti specie, o diverse parti della stessa specie, possono avere un contenuto molto diverso di 
cellulosa o di lignina, che maschera la reale concentrazione del radiocesio in soluzione. Ciò può essere 
fonte di errori considerevoli soprattutto in studi di radioecologia vegetale, dove lo scopo sia quello di 
comparare i tassi di assorbimento dal suolo da parte di diverse piante. 

Nel presente lavoro vengono paragonati dati di radio contaminazione da cesio e K-40, in foglie, fusti 
ed apparati ipogei di 10 specie raccolte in un bosco misto di Abete e Faggio delle Alpi Carniche. I dati 
sono espressi sia in Bq/kg di peso secco,sia in Bq/1; in quest'ultimo caso l'attività dei campioni è riferita 
alla differenza tra il loro peso fresco e quello secco, e cioé al loro tenore in acqua. Le misure in Bq/kg 
suggeriscono una contaminazione crescente dalle foglie alle radici, mentre quelle in Bq/1 mostrano una 
sostanziale equidistribuzione dei due radionuclidi nelle varie parti della pianta. Di fatto, il primo tipo di 
misura è inficiato dal maggior contenuto di cellulosa e lignina delle radici rispetto alle foglie. Con dati 
espressi in Bq/1 è possibile evidenziare una correlazione negativa significativa tra profondità dell 'appa
rato radicale e contaminazione da Cs-137, mentre il K-40 risulta quasi costante nei tessuti vegetali, 
indipendentemente dalla profondità delle radici. I dati espressi in Bq/kg risultano molto più confusi e 
non permettono di trarre alcuna conclusione statisticamente significativa. 

Con dati espressi in Bq/1 è possibile dimostrare come il K-40 nei tessuti vegetali mantenga valori 
molto uniformi rispetto a quelli del radiocesio. Anche in questo caso i dati espressi in Bq/kg non 
permettono di trarre alcuna conclusione significativa. 

L'espressione della contaminazione da radiocesio in Bq/1 viene suggerita come più appropriata in 
alcuni campi della radioecologia vegetale. 
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