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Abstract. The survey is focused on accumulation of uranium, radium and the 

concomitant heavy metals in forest and grass vegetation growing upon uranium 

waste rock dumps.  

In the report are presented the final results from long-term investigations of factors 

on which depends the accumulation of natural radionuclides and heavy metals in 

vegetation.  

Shown are the results of greenhouse vegetational experience with grasses and 

sorbents. Tracked are main growth indexes (increase in height and thickness and 

increase in volume) in the species of black pine-tree (Pinus nigra Arn.) and white 

pine-tree (Pinus sylvestris L.). 

Introduction 

Mining rock dumps from an abandoned uranium mines, after weathering, are 
sources of environmental pollution with natural radionuclides as uranium and 
radium, and heavy metals - iron, zinc, cadmium, lead, copper, arsenic. Frequently 
are observed acid rock drainage waters containing radioactive elements and 
sulphates as main pollutants. 

Contamination of soils, groundwater, sediments, surface water and air with ra-
dionuclides and heavy metals is one of the major problems in the uranium mining 
areas. Different methods of remediation are known. Most of them are based on 
excavation of rock dumps, re-grading and stabilization the slopes, leveling the 
horizontal part and engineered dry covers – clay and soil masses. Traditional en-
gineering technologies may be too expensive for remediation of most sites. Re-
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moval of metals from these soils using accumulating plants is the goal of phy-
toremediation (Baker et al., 1994; Brown et al., 1994; Brown et al., 1995a; Brown 
et al., 1995b; Blaylock et al., 1997; Carey, 1996; Chaney et al., 1997; Cunningham 
and Ow, 1996; Cunningham et al., 1996; Dushenkov et al., 1995; Moffat, 1995; 
Nanda Kumar et al., 1995; Raskin et al., 1994; Rouhi, 1997; Salt et al., 1995). 
Baker et al. (1991) concluded that phytoremediation, using certain species, could 
offer a low cost, low technology alternative to current clean up technologies. 

Phytostabilization is the use of certain plant species to immobilize 
contaminants in the soil and groundwater through absorption and accumulation by 
roots, adsorption onto roots or precipitation within the root zone of plants 
(rhizosphere). This process reduces the mobility of the contaminant and prevents 
migration to the ground water or air, and thus reduces bioavailability for entrance 
into the food chain. This technique can be used to re-establish a vegetative cover 
at sites where natural vegetation is lacking due to high metals concentrations in 
surface soils or physical disturbances to surface materials. Metal-tolerant species 
can be used for restoration of vegetation in the sites, thereby decreasing the 
potential migration of contamination through wind erosion and transport of 
exposed surface soils and leaching of soil contamination to groundwater. 

Though U and its daughter elements have not been shown to be essential or 
beneficial to either plants or animals, many plant species will absorb U and 
incorporate it into their biomass along with other heavy metals (Mortvedt, 1994; 
Sims and Kline, 1991; Sheppard et al., 1989; Singh and Narwal, 1984; Narwal et 
al., 1983; Moffet and Tellier, 1977). This observation suggests the possibility for 
remediation of U-contaminated soils through plant uptake. 

The purpose of this study was the comprehensive survey of the ability of 
selected tree and grass vegetation to accumulate radionuclides and toxic metals 
from contaminated media. Assessment of growth of tree species – Pinus sylvestris 
L. and P. nigra Arn. in the conditions of uranium rock dumps. 

The objects of this investigation were rock damps and natural vegetation of 
some uranium mines, situated in mountains “Stara planina” and “Rhodopa” in 
Bulgaria. 

The Buhovo Mining Area (BMA) was the most important uranium ore region 
in Bulgaria. The total uranium production of BMA was 26% of the Bulgarian 
production. Mining activities in BMA were started in 1936 and continued until 
1990. At that time mining activities developed in Goten, Chamilov kamak, 
Borche, Chora and in the main ore deposits – Seslavzi 1, 2 and 3, mainly as 
underground mines. 

Buhovo ore field is located in the south slopes of “Stara planina” mountain 
(Kremikovci region of the Sofia Municipality). The total sum affected land from 
development of BMA is 2867 dca and formation of 141 dumps. Waste rock 
substrates of 19589.5 thousands m3 were deposited. Main rocks around the ore are 
clayshists, clayshists with high coal content, sandclayshistes, sandstones, 
granosienites, quartzsienites and pegmatites.  
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The uranium mines “Sdravez”, “Kalach borun”, “Kara tepe’ and “Narechen” 
are situated in central part of “Rhodopa” mountain. Main rocks around the ore are 
eruptive (granites) and metamorphic (shistses, gneisses, clayshistes, marbles).  

All dumps are located on the slopes of existing gullies and often dam them. The 
slopes are very steep, which is a reason for transport of materials together with the 
surface water run-off.  

Materials and methods 

Samples were taken by standard ANSI-C998-83. 
Experiment with 7 variants for studying of the accumulation of radionuclides 

and toxic metals from waste substrates with different sorbents was carried out. 
The results from green mass and contents of radionuclides were worked out 

statistically. 

Results 

Many studies have been conducted on the relationships between plants and soils 
relevant to radionuclide accumulation by plants. In these studies it was generally 
observed that plant species differ in U accumulation. Uranium accumulates mainly 
in the roots and depth of U placement and substrate properties influence 
absorption by plants. There is contradictory information on the phytotoxicity of 
soil U to plants (Sheppard et al., 1992). Levels as low as 1 mg kg -1 in soil, well 
within the normal background range, have been cited as toxic. 

Measurements of uranium and radium concentrations in rock substrates and 
plants from the objects are presented in Tables 1and 2.  

It was established that: 
1. In the dumps of BMA - “Stara planina” mountain, that mainly consists of 

clayshists, granosienities and quartz, the contents of: 
• Radium in the excavated rock substrates vary from 60 to 3600 Bq/kg and in 

the vegetation – from 0.1 to 50.6 Bq/kg. The background contents of 
226Ra in the soils of the region (Hromic Luvisols – 304.8 Bq/kg и Dystric 
Cambisols - 123 Bq/kg) significantly differs from the world’s characteristic 
- 0,03 Bq/g and from the soils in Bulgaria – 0,1 х 10-10 – 2,1 х 10-10% 
(Raikov, 1969; Raikov at all, 1971).  

• Uranium in the excavated rock substrates vary from 160 to 27940 Bq/kg 
and in the vegetation – from 0.8 to 61 Bq/kg. The background contents of 
238U in the soils of the region (Hromic Luvisols – 80 Bq/kg and Dystric 
Cambisols – 482.5 Bq/kg) significantly differs from the world’s 
characteristic -  0,03 Bq/g and from the soils in Bulgaria –  n х 10-5– n х 
10-4% (Raikov, 1978).  
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2. In the dumps from objects in “Rhodopa” mountain, that mainly consists of 
granites crystalline shists and gneisses, the contents of: 

• Radium in the excavated rock substrates vary from 39 to 29945 Bq/kg, and in 
the vegetation - from 1.55 to 201.33 Bq/kg. The background contents of 
226Ra in the soils of the region - Dystric Eutryc Cambisols is 37 Bq/kg.  

• Uranium in the excavated rock substrates vary from 50 to 32938 Bq/kg, and 
in the vegetation – from 1.38 to 105 Bq/kg. The background contents of 238U 
in the soils of the region (Hromic Luvisols – 80 Bq/kg and Dystric Cambisols 
– 482.5 Bq/kg) significantly differs from the world’s characteristic - 0,03 
Bq/g and from the soils in Bulgaria – n х 10-5– n х 10-4% (Raikov, 1978).  

Radium has slow mobility and the concentrations in the substrate are in direct 
connection with these in the main rock. This determines its high accumulation 
fron vegetation. Radium is accumulating more intensively compared to uranium. 
Relatively higher bioaccumulation of radium in the vegetation can be found in the 
objects from “Rhodopa mountain” compared to “Stara planina” mountain (CR 
from 0.006 to 0.12). This is result mainly from differences in: intensity of 
weathering of the rock substrates, soil texture, different sorption capacity of the 
formed during the weathering minerals, etc. For the BMA region the soil texture 
of fraction lower than 2 mm alters from heavy sandy clay to sandy clay, cation 
exchange adsorption capacity (Т8.2) is represented mainly from clayish minerals 
of the kaolinite-illite and for the objects from “Rodopa mountain” the soil texture 
is from loamy sand to sandy loam and cation exchange adsorption capacity (Т8.2) 
is represented by clay minerals muskovit and illit. 
Stem analysis of model trees of Pinus sylvestris L. and P. nigra Arn.  

It was established that: the white and the black pine trees can be characterized 
with strongly decreased values of indexes height and diameter, compared to the 
same from growth tables for the same species:  
• Height of the modeled stem shows strongly decreased values in comparison 

with growth tables. The percent of such deviation has high values as it lessen 
with aging. This regularity can be seen in both surveyed species.  

• d1,3 (DBH) – shows deviation from growth table as until 15 years of age in the 
white pine tree and until 20 years of age in the black pine tree has lower values 
and after that they increase and are greater values than the index in growth 
table. 

• Growth in volume shows greatly decreased values compared to growth table. 
The percent of deviation lessens with aging which is representative for the 
adaptation of coniferous vegetation in aggravates growing conditions.   

•  Accumulation of radionuclides is in inverse proportion to the soil texture, the 
contents of organic substance and cation exchange adsorption capacity.  

The results are presented in Tables 3 and 4. 
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Uranium and radium uptake in grass, cultivation in 
greenhouse 

Made is single factor disperse analysis using computer code STATGRAPHICS 
PLUS7.0 of the data (contents of radioactive elements in the vegetation mass) 
from separate treatment with corresponding repetitions.  

The results for bioaccumulation of radionuclides in the comparative vegetation 
(Lolium perenne L.) are presented in Table 5.  

The single factor disperse analysis shows good results depending on the con-
tents of radioactive elements Ra and 236U in vegetation samples from the treat-
ment option as the corresponding levels of significance are 0.0066 and 0.0074. 
With this two radioactive elements there is statistically reliable difference in con-
trol option from the other conducted options with ninety five percent “Duncan” 
and in it (control option) is observed the maximum accumulation. For the Th and 
K are not obtained statistically reliable differences in the used test between the 
separate options. Their contents in the overviewed experiment with Lolium per-
enne L. Do not directly depends on the way of treatment of the substrates. 

By their effect on phytoremediation, sorbents could be divided into three 
groups: (i) highly reducing (a) – corresponding variants 05 for 226Ra and 06 for 
238U; reducing (ab) – corresponding variants 01, 03, 04 and 06 for 226Ra and 
variants 01, 03 and 04 for 238U, (ii) no effect (bc, b) - corresponding variants 02 
for 226Ra and variants 02 and 05 for 238U. 

Conclusion 

1. Bioaccumulation of radionuclides in tree and grass vegetation from dumps of 
uranium mining ores depends mainly on contents of radionuclides in the sub-
strates, intensity of volatization and soil texture. Accumulation of 226Ra in leaf 
mass is more intensive than the 238U.  

2. In the first years the growth of species of white and black pine trees is signifi-
cantly oppressed. Later the tree vegetation is adapting to the harder conditions 
and shows sufficient growth. 

3. Treating of the substrates with sorbents, containing organic substance and clay 
leads to strong reduction of bioaccumulation of 226Ra и 238U. 



514       Rossitsa Petrova 

Phytoremediation 

Table 3. Comparison of values of model stem with indexes for height (H), diameter (d1,3) 
and volume (V) with growth table. 

Type А(г) Н d1,3 (DBH) V 
  Growth 

table 
Model 
stem 

Growt
h table 

Model 
stem 

Growth 
table 

Model 
stem 

White pine tree 5 1.3 0.4 2.2 - 0.00304 0.00005 
10 3.3 1.4 4.3 1.9 0.00897 0.00098 
15 5.6 3.0 5.7 5.8 0.01760 0.00444 

(Pinus sylvestris L.) 

18 6.8 5.3 6.8 7.6 0.02509 0.00807 
5 1.1 0.3 1.4 - 0.00038 0.00007 
10 2.2 1.3 3.4 0.6 0.00421 0.00054 

Black pine tree 

15 3.7 1.5 5.2 4.0 0.01208 0.00130 
20 5.2 2.8 7.0 8.7 0.02407 0.00680 
25 6.8 5.2 9.0 12.0 0.04327 0.02046 

(Pinus nigra Am.) 

28 7.8 7.3 10.0 14.4 0.05570 0.04850 

Таble 4. Percent of deviation of indexes H, d1,3 and V from growth table. 

Type А(г) Н d1,3 V 
5 -69.2 - -98.4 White pine tree 
10 -57.6 -55.8 -89.1 
15 -46.4 1.75 -74.8 (Pinus sylvestris L.) 
18 -22.1 11.8 -67.8 
5 -72.7 - -81.6 Black pine tree 
10 -40.9 -82.4 -87.2 
15 -59.5 -23.1 -89.2 
20 -46.1 24.3 -71.7 
25 -23.5 33.3 -52.7 

(Pinus nigra Am.) 

28 -6.4 44.0 -12.9 

Table 5. Average values of radioactive elements in the leaf mass of the species Lolium 
perenne by options of treating of substrate and homogenic groups. 

 Treating option 226Ra 238U 232Th 40K 
01  76.67 ab 676.77 ab 53.33 a 2069.33 a 
02  90.00   bc 715.00   b 62.50 a 2484      a  
03  67.67 ab 543.33 ab 60.50 a 2201.67 a 
04  78.00 ab 656.67 ab 68.33 a 1320.33 a 
05  54.00 a 703,89   b 65.00 a 4252      a 
06  62.00 ab 515.00 a 43.00 a 3104      a 
07 115.67    c 916.67  c 75.67 a 3041.33 a 

Comments: The variants tick off with Latin letter  formed one homogeneous group for given 
indicator. 01 – substrate + zeolit sorbent; 02 – substrate + modified zeolit (rhodopin); 03 – 
substrate + zeolit:rhodopin – (2:3); 04 – substrate + zeolitе: coal ash – (5:1); 05 – substrate + 
vermiculitе;  06 – substrate + hydrolyzed lignin + CaO + NPK fertilizer. 



Accumulation of natural radionuclides in wooden and grass vegetation from       515 

Phytoremediation 

Acknowledgements 

Parts of this work were financially supported by the European Commission Phare 
Programme project № BG9508 – 02 – 02 – L001 and the National Science Fund 
(Research Contract № HЗ – 516/1996 - 1999). 

References 

Adriano, D.C., K.W. McLeod and T.G. Ciravolo. 1981. Plutonium, curium, and other 
radionuclide uptake by the rice plant from a naturally weathered contaminated soil. 
Soil Sci. 132(1):83-88. 

Baker, A.J.M. 1981. Accumulators and excluders: strategies in the response of plants to 
heavy metals. J. Plant Nutr. 3:643-654. 

Baker, A.J.M. and R.R. Brooks. 1989. Terrestrial higher plants which hyperaccumulate 
metallic elements -- a review of their distribution, ecology and phytochemistry. 
Biorecovery 1:81- 126. 

Baker, A.J.M., R.D. Reeves and A.S.M. Hajar. 1994. Heavy metal accumulation and 
tolerance in British populations of the metallophyte Thlaspi careulescens J.& C. Presl 
(Brasssicaceae). New Phytol. 127:61-68. 

Baker, A.J.M., R.D. Reeves and S.P. McGrath. 1991. In situ decontamination of heavy 
metal polluted soils using crops of metal accumulating plants? A feasibility study. In 
situ Bioreclamation; Hinchee, R.L., Olfenbuttel, R.F., Eds.; Butterworth-Heinemann: 
Boston. 

Blaylock, M.J., D.E. Salt, D. Slavik, O. Zakharova, C. Gussman, Y. Kaoulnik, B.D. Ensley 
and I.  Raskin. 1997. Enhanced accumulation of Pb in Indian mustard by soil-applied 
chelating agents. Environ. Sci. Technol. 31:860-865. 

Boileau, L.J.R., E. Nieboer and D.H.S. Richardson. 1985. Uranium accumulation in the 
lichen Cladonia rangiferina. II. Toxic effects of cationic, neutral, and anionic forms of 
the uranyl ion. Can. J. Bot. 63:390-397. 

Brooks, R.R., J. Lee, R.D. Reeves and T. Jaffre. 1977. Detection of nickelferrous rocks by 
analysis of herbarium specimens of indicator plants. J. Geochem. Explor.. 7:49-57. 

Brown, S.L., R.L. Chaney, J.S. Angle and A.J.M. Baker. 1994. Zinc and cadmium uptake 
by Thlaspi caerulescens and Silene cucubalis in relation to soil metals and soil pH. J. 
Environ. Qual. 23:1151-1157. 

Brown, S.L., R.L. Chaney, J.S. Angle and A.J.M. Baker. 1995a. Zinc and cadmium uptake 
of Thlaspi caerulescens grown in nutrient solution. Soil Sci. Soc. Am. J. 59:125-133. 

Brown, S.L., R.L. Chaney, J.S. Angle and A.J.M. Baker. 1995b. Zinc and cadmium uptake 
by hyperaccumulator Thlaspi caerulescens and metal tolerant Silene vulgaris grown on  
sludge-amended soils. Environ. Sci. Technol. 29:1581-1585. 

Bunzl, K., R. Kretner, P. Schramel, M. Szeles and R. Winkler. 1995. Speciation of 238 U, 
226 Ra, 210 Pb, 228 Ra, and Stable Pb in the soil near an exhaust ventilating shaft of a 
uranium mine. Geoderma 67:45-53. 

Campbell, M.D. and K.T. Biddle. 1977. Frontier areas and exploration techniques. Frontier 
uranium exploration in the south-central United States. p. 3-44. In M.D. Campbell 



516       Rossitsa Petrova 

Phytoremediation 

(ed,) Geology of Alternate Energy Resources. Houston Geological Society, Houston, 
Texas. 

Campbell, W.F. and E.A. Rechel. 1979. Tradescantia a “super-snooper” of radioactivity 
from uranium mill wastes. Utah Science. p.101-103. 

Carey, J. 1996. Can flowers cleanse the earth? Business Week, Feb. 19, p. 54. 
Chaney, R.L., M. Malik, Y.M. Li, S.L. Brown, J.S. Angle and A.J.M. Baker. 1997. 

Phytoremediation of soil metals. Current Opinions in Biotechnology. In press. 
Chaney, R.L., Y.M. Li, S.L. Brown, J.S. Angle and A.J.M. Baker. 1995. Hyperaccumulator  

based phytoremediation of metal-rich soils. Fourteenth Annual Symposium. Current  
topics in plant biochemistry, physiology and molecular biology. Will plants have a role  
in bioremediation? April 10-22, 1995. Columbia, Missouri. p. 33-34. 

Ciavatta, L., D. Ferri, I. Grenthe and F. Salvatore. 1981. The first acidification step of the 
tris(carbonato)dioxourantantate(VI) ion, UO 2 (CO 3 ) 3 4- . J. Inorg. Chem. 
20:463467. 

Cunningham, S.D., T.A. Anderson, A.P. Schwab and F.C. Hsu. 1996. Phytoremediation of 
soils    contaminated with organic pollutants. Adv. Agron. 56:55-114. 

Cunningham, S.D. and D.W. Ow. 1996 Promises and prospects of phytoremediation. Plant   
Physiol. 110:715-719 

Department of Energy. 1988. Health physics manual of good practices for uranium 
facilities.DOE88-013620. U.S. Dept. of Energy, Washington, D.C. 

Duff, M.C. and C. Amrhein. 1996. Uranium(VI) Adsorption on geothite and soil in soil 
carbonate solutions. Soil Sci. Soc. Am. J. 60:1393-1400. 

Dushenkov, V., P.B.A. Nanda Kumar, H. Motto and I. Raskin. 1995. Rhizofiltration-the 
use of plants to remove heavy metals from aqueous streams. Environ. Sci. Technol. 
29:1239- 1245. 

Entry, J.A., N.C. Vance, M.A. Hamilton, D. Zabowski, L.S. Watrud and D.C. Adriano. 
1996. Phytoremediation of soil contaminated with low concentrations of radionuclides. 
Water, Air, and Soil Poll. 88:167-176. 

Ernst, W.H.O. 1988. Decontamination of mine sites by plants: An analysis of the 
efficiency. p. 305-310. In Proceedings of the Conference on Environmental 
Contamination, Venice; CEP Consultants: Edinburgh, 1988. 

Grenthe, I., J. Fuger, R. Konings, R.J. Lemire, A.B. Muller, C. Nguyen-Trung and J. 
Wanner. 1992. The chemical thermodynamics of uranium. Elsevier. New York 

Gulati, K.L., M.C. Oswal and K.K. Nagpaul. 1980. Assimilation of uranium by wheat and 
tomato plants. Plants and Soil. 55:55-59 

Huang, J.W., M.J. Blaylock, B.D. Ensley and Y.K. Kapulnik. 1997. Phytoremediation of 
uranium contaminated soils. Agronomy Abstracts ASA Meeting Anaheim, CA. Oct. 
26-31. 

Johnson, R., C.M. Wai, B. McVeety, H. Lee and H. Willmes. 1980. Uranium in soil around 
phosphate processing plants in Pocatello, Idaho. Bull. Environm. Contam. Toxicoll. 
24:735-738. 

Langmuir, D. 1978. Uranium solution-mineral equilibrium at low temperatures with 
applications to sedimentary ore deposits. Geochim. Cosmochim. Acta 42:547-569. 

McGrath, P.S., C.M.D. Sidoli, A.J.M. Baker and R.D. Reeves. 1993. The potential for the 
use of metal-accumulating plants for the in situ decontamination of metal-polluted 
soils. p. 673-676 In Integrated Soil and Sediment Research: A Basis for Proper 
Protection. H.J.P. Eijsackers and T. Hamers (eds.). Kluwer Academic Publishers, 
Dordrecht. 



Accumulation of natural radionuclides in wooden and grass vegetation from       517 

Phytoremediation 

Meinrath, G., Y. Kato, T. Kimura and Z. Yoshida. 1996. Solid-aqueous phase equilibria of 
uranium(VI) under ambient conditions. Radiochemica Acta. 75:159-167. 

Moffat, A.S. 1995. Plants proving their worth in toxic metal cleanup. Sci. 269:302-303. 
Moffett, D. and M. Tellier. 1977. Uptake of radioisotopes by vegetation growing on 

uranium tailings. Can. J. Soil Sci. 57:417-424. 
Mortvedt, J. J. 1994. Plant and soil relationships of uranium and thorium decay series 

radionuclides - a review. J. Environ. Qual. 23:643-650. 
Nanda Kumar, P.B.A., V. Dushenkov, H. Motto and I. Raskin. 1995. Phytoremediation: the 

use of plants to remove heavy metals from soils. Environ. Sci. Technol. 29:1232-1238. 
Narwal, R.P., B.R. Singh and A.R. Panhwar. 1983. Plant availability of heavy metals in a 

sludge treated soil: I. effect of sewage sludge and soil pH on the yield and chemical 
composition of rape. J. Environ. Qual. 12(3):358-365. 

Raskin, I., P.B.A. Nanda Kumar, S. Dushenkov and D.E. Salt. 1994. Bioconcentration of 
heavy metals by plants. Current Opinions in Biotechnology. 5:285-290. 

Rouhi, A.M., 1997. Plants to the rescue. C&EN Washington pp. 21-23. 
Salt, D.E., M. Blaylock, N.P.B.A. Kumar, V. Dushenkov, B.D. Ensley, I. Chet and I. 

Raskin. 1995. Phytoremediation: a novel strategy for the removal of toxic metals from 
the environment using plants. Biotechnology. 13:468-474. 

Saric, M.R., M. Stojanovic and M. Babic. 1995. Uranium in plant species grown on natural 
barren soil. J. Plant Nutr. 18(7):1509-1518. 

Sheard, J.W. 1986a. Distribution of uranium series radionuclides in upland vegetation of 
northern Saskatchewan. I. Plant and soil concentrations. Can. J. Bot. 64:2446-2452. 

Sheard, J.W. 1986b. Distribution of uranium series radionuclides in upland vegetation of 
northern Saskatchewan. II. Patterns of accumulation among species and localities. Can. 
J. Bot. 64:2453-2463. 

Sheppard, M.I. and D.H. Thibault. 1984. Natural uranium concentrations of native plants 
over a low-grade ore body. Can. J. Bot. 62:1069-1075. 

Sheppard, M.I. and D.H. Thibault. 1992. Desorption and extraction of selected heavy 
metals from soils. Soil Sci. Soc. Am. J. 56:415-423. 

Sheppard, M.I., S.C. Sheppard and D.H. Thibault. 1984. Uptake by plants and migration of 
uranium and chromium in field lysimeters. J. Environ. Qual. 13:357-361. 

Sheppard, S.C., W.G. Evenden and R. J. Pollock. 1989. Uptake of natural radionuclides by 
field and garden crops. Can. J. Soil Sci. 69:751-767. 

Sheppard, S.C., W.G. Evenden and A.J. Anderson. 1992. Multiple assays of uranium in 
soil. Environ. Toxicol. Wat. Qual. 7:275-294. 

Sims, J.T. and J.S. Kline. 1991. Chemical fractionation and plant uptake of heavy metals in 
soils amended with co-composted sewage sludge. J. Environ. Qual. 20:387-395. 

Singh, B.R. and R.P. Narwal. 1984. Plant availability of heavy metals in a sludge-treated 
soil II. metal extractability compared with plant metal uptake. J. Environ. Qual. 
13(3):344-349. 

Titaeva, N.A., A.I. Taskaev, V. Y. Ovchenkov, R.M. Aleksakhin and I.I. Shuktomova. 
1979. Content and characteristics of U, Th, Ra, and Rn uptake in plants growing under 
different radioecological conditions. Institute of Biology. Komi Branch of the 
Academy of Sciences of the USSR. Translated from Ekologiya, No. 4, pp. 37-44, July-
August, 1978.Revision submitted November 17, 1977. 1979 Plenum Publishing 
Corporation pp. 328-334. 



518       Rossitsa Petrova 

Phytoremediation 

Tsivoglou, E. and R.L. O'Connell. 1964. Nature, volume and activity of uranium mine 
wastes. Radiological health and safety in mining and milling of nuclear materials. 
2:101-105. 

Willet, I.R. and W.J. Bond, (1995). Sorption of maganese, uranium and radium by highly 
weathered soils. J. Environ. Qual. 24:834-845. 

Zafrir, H., Y. Waisel, M. Agami, J. Kronfeld and E. Mazor. 1992. Uranium in plants of 
southern Sinai. J. Arid Environ. 22:363-368.




