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Таблиця б
 ̂ Зонування лісів за щільністю радіоактивного забруднення грунту радіоцезіем

Зона Підзона Щільність забруднення 
грунту, цезієм 137(Кі/км2)

Регламентуючі вказівки

1 >15,1У Обмеження тривалості праці при проведенні 
лісогосподарських робіт, пов'язаних із 
збереженням насаджень, лісозахисних, 
протипожежних та лісовпорядкувальних робіт. 
Розробка спеціального режиму ведення лісового 
господарства.

2 a 5 ,1 -7 ,0 Обмеження використання паливної та
6 7,1 -  10.0 тонкомірної деревини, м'яса диких промислових
В 10,1 -  15,0' тварин. Заборона на відстріл козулі. 

Забороняється використання деревини на 
паливо та виготовлення виробів побутового 
призначення і для зберігання харчових 
продуктів. Обмеження використання деревини 
на інші потреби.

3 a 1 ,1 -2 ,0 Обмеження використання їстівних грибів,
6 2,1 -5 ,0 дикоростучих ягідних рослин, деяких 

лікарських рослин. Заборона використання 
ягідних рослин, їстівних грибів. Обмеження 
використання лікарських рослин, диких 
промислових звірів.

Ведучи господарську діяльність на радіаційно забрудненій території, слід суворо 
дотримуватись рекомендацій наукових та директивних установ.

В той же час слід постійно досліджувати наслідки радіаційного забруднення територій, 
які потрапили в зону чорнобильського лиха.
Це дасть можливість зробити належні наукові висновки щодо різних аспектів чорнобильської 
біди і прискорити реабілітацію постраждалого регіону
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Наведено результати застосування гранульованих синтетичних цеолітів та їх 
вплив на вміст стронцію в урожаї пасльонових культур.

One of the symptoms of environmental degradation is accumulation of heavy metals in the 
soils. The change in chemical composition of the soil induces essential changes in the chemical 
composition of plants. In consequence, the accumulation of heavy metals is transfer from soil to :
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plants-animal-man. The augmented accumulation of Cs and Sr by plants means the problem of 
contamination of animal and human food. Such process can be prevented by the immobilization of 
heavy metals during plants’ growth by added zeolites minerals. The application of synthetic zeolites 
gives the chance of elimination of Cs and Sr pollution directly from the soil (indirectly from plants) 
because these ions are easily adsorbed by zeolites.

The aim of the experiment was to examine the accumulation of strontium and caesium in 
different plants and their organs and to estimate the possibility of applying synthetic zeoiltes as those 
ions’ absorbents in polluted soils. An attempt to use granulated zeolites for the clearing soils of the 
strontium and caesium ions as well reducing their absorption by the plants has been undertaken.

Materials and methods

The pot experiment was carried out in 2000 in greenhouse of Warsaw Agricultural 
University with the soil artificially contaminated with stable strontium and caesium. Soil samples 
were taken from the upper layer (0-20 cm) of the field in Chylice. The experiment was conducted 
with the Wagner pots fulfilled with 9 kg of soil combined with sand in 7:2 v/v.

The mixture of natural soil with sand was supplemented with strontium and caesium ions in 
the following amount and form: Sr 79 mg kg soil as SrCl2 x 6H20 and Cs 79 mg kg soil as CsN03. 
Three experimental treatment were established: 1. Soil with strontium and caesium as a control, 2. 
Soil with strontium, caesium and zeolites and 3. Soil neither contaminated nor with zeolites. There 
were 5 replicates of the treatment. There were used 3 zeolites (Z2 sodium -  calcium 180 g) per an 
appropriate pot. The analyzed plant species were: white cabbage, carrot and pea as common cultivars. 
All experimental treatments were applied for each studied plant species. The seeds were sown on 
26.04.99, carrot and pea directly into the pots, while the cabbage firstly into the boxes, and then 
transplanted to the pots. Presowing fertilization rates were: cabbage - 0.7 g N as NH4NO3, 0,25 g P20 5 
as NaH2P 0 4 x H20 , 0.9 g K20 as K2S 04, 0.09 g CaO as CaCl2 and 0.06 g MgO as MgS04 x 7 H20 , 
while for carrot and pea they were: 0.5 g, 0.2 g 0.65 g 0.4 g 0.08 g and 0.2 g, 0.15 g, 0.5 g, 0.3 g and
0.06, respectively. Also full micronutrient solution for each plant species was added. During the 
vegetation the plants were watered with distilled water up to 70 % of water capillary capacity. At the 
harvest the plants were divided into individual organs, washed both in tap and redistilled water. Then 
dried at 60°C, weighed and thereafter grounded. Plant material was burned on dry at 450°C and kept 
on to finish burning under concentrated H N 03 with addition of perchloric acid and then dissolved in 
20% HC1. Soil samples for each treatment were taken using Egner equipement, dried at 20°C, then 
they were sieved using mesh 1 mm, grounded and burned at 450-500°C. So prepared samples 
underwent mineralization in 20 % HC1 by boiling them for 30 min. The obtained extracts were hotty 
filtered. The mineralizates were analyzed for individual elements’ content using Atomic Adsorption 
Spectrometry for caesium and Atomic Emission Spectrometry methods for strontium content 
determination. Photosynthetic rate was measured using Li-Cor 6200 gas analyzer. Original ANOVA 
program (J. Gorczynski) was used for testing statistical hypothesis.

Results and discussion

Content of both studied metals was much lower in studied parts of pea, cabbage and carrot 
when zeolites were used than when plants were grown with these metals but without zeolites (Fig. 1). 
Sometimes these differences were very big eg. content of strontium in cabbage shoot was about seven 
times lower when zeolites were added. Usually strontium was much higher absorbed by zeolites than 
caesium.
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Fig. 1. Content of Sr and Cs in vegetative part and seeds of pea (A), in shoot and root of cabbage 
(B) and in shoot and root of carrot (C) in mg in presence and absence of zeolite.

Fig. 2. Average dry matter of vegetative part and seeds of pea (A), root and shoot of cabbage (B) 
and root and shoot of carrot (C) in control, in presence of metals and in presence of zeolite.

Usually dry matter of studied plants was the highest in the control ie. without contamination 
with Sr and Cs (Fig. 2). When metals and/or zeolites were used dry matter was lower with exception 
of dry matter of cabbage shoot which was higher than that of control plants. One explanation could be 
that zeolites remove from the soil also other nutrients.

Photosynthetic rate of pea was the highest in control which was without zeolites and without 
metals (Fig. 3). Presence of Sr and Cs caused twice lower photosynthesis and presence of metals and 
zeolites lowered photosynthetic rate about 20%. The same was found for other studied species. Lower 
photosynthetic rate in combinations with metals and zeolites can influence lower dry matter 
production of plants grown with metals and with metals and zeolites.
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Fig. 3. Photosynthetic rate of pea in control, in presence of metals and in presence of zeolite.

More than a half of strontium and about one forth of caesium were accumulated in zeolites. 
There were small amount of these metals in plant and the rest was in the soil (Figs. 4-6).

В in Soil 
gPea 
□  Zeolite

192,03

Fig. 4. Balance of strontium (A) and caesium (B) in soil, pea and zeolite in mg.

Fig. 5. Balance of strontium (A) and caesium (B) in soil, cabbage and zeolite in mg.
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В ІЗ Soil
Ш Carrot
□  Zeolite

200,19

Fig. 6. Balance of strontium (A) and caesium (B) in soil, carrot and zeolite in mg.

Conclusions

An introduction of synthetic zeolites to the soils contaminated with strontium and caesium 
brought about significant reduction in uptake and accumulation of these elements for all investigated 
crops.

Synthetic zeolites added to the soil lowered its strontium and caesium ions contents, 
depending on the crop and kind of ions.

The very high absorption of strontium and caesium by the points to the possibilities of 
cultivation the crop all over the areas contaminated with the radionuclides of these elements thus 
leading to significant soil decontamination.

The introduction of synthetic zeolites into soil artificially polluted with Cs and Sr ions 
results in much lower accumulation of those ions in examined plant species in comparison with 
polluted control without zeolites.

The presence of zeolites in soil has not clearly influenced the percentage of distribution of 
the accumulated CS and Sr between plants’ organs in the experiment

The level and the pattern of plants’ organs contamination by Cs and Sr metals from polluted 
soils was different in examined crops. The significant concentration of those atoms (or their 
radioisotopes) in plants’ organs used as animal or human foods, creates the higher health risk.
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ЗАЛЕЖНІСТЬ РОЗВИТКУ РИЗОКТОНІОЗУ КАРТОПЛІ ВІД МАСИ 
БУЛЬБ ТА СТУПЕНЯ ЇХ ЗАСЕЛЕННЯ СКЛЕРОЦІЯМИ 

RHIZOCTONIA SOLANI

О.А. Саюк

Державна агроекологічна академія України, м. Житомир

Висвітлена залежність розвитку ризоктоніозу від маси садивного матеріалу 
картоплі і ступеня його заселення склероціями Rhizoctonia solanL Доведено, що 
оптимальною величиною посадкової бульби є маса 71-90 г при ступені ураження 
склероціями 1 бал.

Одним з важливих методів, який дозволяє знизити ураження картоплі збудником 
Rhizoctonia solani - є ретельне передпосадкове перебирання садивного матеріалу після 
зимового зберігання. Добрі наслідки отримують при посадці середньою фракцією, зокрема 50- 
70 г. Однак відомо, що відсоток виходу таких бульб у врожаї низький. Крім того, не вивчено
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