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acetate+EDTA-soluble element content was determined. The main conclusions of the study are: 1. In soils 
contaminated with 810 kg/ha load rates As, Hg, Ni, Cu, Pb, Ba and Sr displayed no significant vertical 
movement. There is little uptake and translocation in plants of these elements: their concentration in the 
above-ground plant parts usually remains below 5-10 mg/kg dry mass with the exception of Ba and Sr 
showing a somewhat higher accumulation. Under our conditions the above elements did not behave as 
dangerous contaminants to the soil, groundwater, or plants. 2. Moderate leaching of Zn and Cd was 
detected when applied at higher doses. Their accumulation was also moderate in the above-ground plants 
parts. Zn is not a dangerous pollutant for soil, plants or groundwater at our site. Cd, however, is a very 
dangerous element because of its high toxicity to mammals, soil life and crops. 3. Cr, Se, and Mo (in the 
form of chromate, selenate and molybdenate anions) exhibited great mobility in the soil and partly in the 
soil-plant system. Cr was hardly detectable in the above-ground parts of plants. Still, its rapid leaching can 
jeopardize groundwater quality. Se was strongly accumulated in all plant organs and was highly toxic for 
all crops. Mo, too, showed 2-3 orders of magnitude greater accumulation in plant parts, resulting in 
products unfit for animal or human consumption. Under our experimental conditions Cr(VI), Se, Mo can be 
classified as dangerous contaminants, since the anion forms remained stabile for a long time in this well-
aerated calcareous environment. 
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degradation of TNT was tested in suspension cultures (Rheum palmatum and Solanum aviculare) and 



was followed by the identification of degradation products and the determination of the phytotoxicity of 
TNT to both cultures. The concentration of TNT inhibited the growth of cell cultures by 50 %, i.e., 37.8 mg/ 
and 38.1 mg/L for Rheum palmatum and Solanum aviculare, respectively. The TNT uptake was studied by 
determining the concentration of TNT and its degradation products, such as aminodinitrotoluenes and 
diaminonitrotoluenes, in the cultivation medium as well as in plant cells. The kinetics of the degradation 
showed that TNT was mostly taken up within 10 hours and 6 hours for S. aviculare and R. palmatum, 
respectively. Aminodinitrotoluenes were preferentially produced by cultures of S. aviculare, whereas 
diaminonitrotoluenes and aminodinitrotoluenes were revealed in cultures of R. palmatum. The final 
concentrations of identified degradation products did not stoichiometrically correspond to the decreased 
concentration of TNT in the medium. The different concentrations of degradation products in each culture 
were an indication that the metabolism of TNT is controlled by different enzymatic systems. Therefore, it 
was concluded that studying different species for TNT degradation is necessary for the search of most 
suitable candidates for TNT phytoremediation. 
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has been toxicity of the compounds to plants, and the uncertainty as to the fate of many of the 
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toluene, and to decrease the transpiration of toluene to the atmosphere. This type of work has the 
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toxins. 
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Kansas City, MO. Remediation of contaminated sites using plants, or phytoremediation, is one of the most 
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applicability. Continued use of bench and pilot scale facilities will allow the testing of different species of 
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poplar, which demonstrates the potential for the use of poplars for in situ remediation of TCE. 
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contaminated soils. Pedosphere 14(4): 475-482. A co-culture of two plant materials, Astragalus sinicus L., 
a leguminous plant with concomitant nodules, and Elsholtzia spledens Naki-a Cu accumulator, along with 
treatments of a chelating agent (EDTA), root excretions (citric acid), and a control with E. spledens only 
were used to compare the mobility of heavy metals in chelating agents with a co-culture and to determine 
the potential for co-culture phytoremediation in heavy metal contaminated soils. The root uptake for Cu, 
Zn, and Pb in all treatments was significantly greater (P < 0.05) than that of the control treatment. 
However with translocation in the shoots, only Cu, Zn, and Pb in plants grown with the EDTA treatment 
and Zn in plants co-cropped with the A. sinicus treatment increased significantly (P < 0.05). In addition, 
when a co-culture in soils with heavy and moderate contamination was compared, for roots in moderately 
contaminated soils only Zn concentration was significantly less (P < 0.05) than that of heavily 
contaminated soils, however, Cu, Zn, and Pb concentrations of shoots were all significantly lower (P < 
0.05). Overall, this co-culture engineering could be as effective as or even more effective than chelating 



agents, thereby preventing plant metal toxicity and metal leaching in soils as was usually observed in 
chelate-enhanced phytoremediation. 

Ni, W. Z., Q. Sun, et al. (2004). Growth and zinc accumulation of Sedum alfredii Hance -- a Zn 
hyperaccumulator as affected by phosphorus application. Bulletin of Environmental Contamination and 
Toxicology. 72: 756. A pot experiment under greenhouse condition was conducted to investigate the 
impact of phosphorus (P) application on the growth of Sedum alfredii, and to identify Zn accumulation 
response of the species to P fertilizer application. Stems of S. alfredii were collected from their naturally 
growing areas in an old mining soil in Quzhou City, Zhejiang, China. The treatments were 0 (CK), 31, 62, 
124, and 248 mg P/kg soil (added as NaH2PO4). The supplied doses of N (in urea) and K (in KCl) were 
equal for all treatments in the pot experiment: 56 mg N/kg soil and 39 mg K/kg soil applied as basal 
fertilizer application. Results showed that shoot dry weight of S. alfredii were significantly affected by P 
application, with the highest growth occurring at 31 mg P/kg soil supplied. Shoot biomass was significantly 
higher for P application (except the 248 mg P/kg treatment) than for no P application. Zinc concentration 
in shoots of S. alfredii were also significantly affected by P application, with the highest concentration 
occurring at 31 mg P/kg supplied. These results indicated that P application could significantly increase Zn 
concentrations in shoots of S. alfredii at appropriate doses of P supply, and excessive P application could 
significantly reduce Zn concentrations. Phosphorus application can enhance the growth of S. alfredii (a 
Zn-accumulator), and increase Zn concentrations and Zn accumulation in shoots. The appropriate P 
concentration in shoots of the test plant is approximately 2.0 mg/g DW, which can be used as an index for 
P application in practice. 

Ni, W.-Z., X.-e. Yang, et al. (2004). Comparative studies on zinc tolerance and accumulation between two 
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Phytoremediation is becoming an established technology for environmental clean-up and protection. 
Hyperaccumulator plants are potential tools to remove excess metals from contaminated soils. As an 
efficient operational routine technology, phytoextraction requires a better knowledge of tolerance and 
accumulation for excess metals by particular plants. Based on the vegetation survey, a new zinc 
(Zn)accumulating ecotype of Sedum alfredii Hance naturally-growing in an old Zn/lead (Pb) mining region 
in Quzhou City (29degree17' N, 118degree56' E) and a non-Zn-accumulating ecotype of Sedum alfredii 
Hance in the suburb of Hangzhou City (30degree06' N, 120degree12' E), Zhejiang province were found. 
To identify Zn tolerance and accumulation characteristics of the two ecotypes of Sedum alfredii Hance, a 
solution culture experiment was carried out with four treatments: 0.0325 (CK), 20, 80, 160 mg Zn L-1 in 
the basic nutrient solution. The biomass of root, stem and leaf for the ecotype of Sedum alfredii from 
Zn/Pb mining area, as well as of leaf of non-Zn-accumulating ecotype of Sedum alfredii, expressed as dry 
weight, were not significantly different among the treatments after 12 days. However, the biomass of root 
and stem for non-Zn-accumulating ecotype of Sedum alfredii in treatments with 80 and 160 mg Zn L-1 
were significantly lower than that of the control treatment (CK). The results indicated that Zn 
concentrations in leaves, stems and roots of the test plants increased significantly with increasing Zn 
concentration in the nutrient solution. Zn concentrations in leaves and stems of the ecotype from Zn/Pb 
mining area were 25-34 and 7-48 fold higher than those in leaves and stems of the non-Zn-accumulating 
ecotype. The amounts of Zn accumulated in shoots (leaves and stem) of the ecotype from Zn/Pb mining 
area in 20, 80 and 160 mg Zn L-1 treatments were significantly larger than those of the non-Zn-
accumulating ecotype. As the Zn concentrations on the dry weight in leaves and stems of the ecotype 
from Zn/Pb mining area were 16,740 and 19,567 mg kg-1 in the 80 mg Zn L-1 treatment, this ecotype can 
be regarded as a Zn hyperaccumulator. 
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Nie, J., X. Liu, et al. (2004). Influence of N, P, K nutrient levels on Pb uptake ability of hyperaccumulators. 
Transactions of the Chinese Society of Agricultural Engineering. J. Nie. 20: 262. In the greenhouse 
experiment, 3 varieties of hypertolerant plants: L. Amaranthus tricolr [Amaranthus tricolr], Sophora 
japonica [Styphnolobium japonicum] and Bidens maximowicziana were grown at different levels of 
nitrogen (0, 0.06, 0.12, 0.18, 0.24, 0.30 g/kg), phosphorous (0, 0.06, 0.12, 0.18, 0.24, 0.30 g/kg), and 
potassium (0, 0.08, 0.16, 0.24, 0.32, 0.40 g/kg) to study their performance with regard to lead uptake 
ability, while the other two-element levels were 0.12 g/kg and soil lead was 800 tonnes/kg. The results 
showed that N, P, K level had significant effect on plant total lead translocation. The ratio of maximum to 
minimum value for B. maximowicziana, A. tricolr and Sophora japonica were 11.6, 10.6, 11.9, 
respectively. But the influence of three elements were not uniform. A little amount of nitrogen and 
potassium can increase the dry weights of plant, advance the lead uptake of hyperaccumulators, but with 
the increasing of nitrogen and potassium concentration, the lead uptake of the plants dropped, and dry 
weights decrease constantly. The little different effect between nitrogen and potassium on lead uptake 
was that the restraint of the former was more significant than the latter. Additionally, the phosphorus 
applied to the soil can decrease the lead uptake of the hyperaccumulators dramatically. It is concluded 
that if the plans are used on the purpose of phytoremediating the lead polluted soil, the total lead 
translocation can be increased by regulating the soil N, P, K level. 

Nie, J., X. Liu, et al. (2004). Screening out of Pb hypertolerant plant species. Transactions of the Chinese 
Society of Agricultural Engineering. J. Nie. 20: 255. A greenhouse experiment was conducted to select 
hypertolerant plants to heavy metals for the phytoremediation of heavy metal-polluted soils. Thirty-six 
species growing on Pb and Zn tail mining areas have been chosen for the study. The treatment 
concentration of Pb was 400 mg litre-1. Three indexes, which are chlorophyll content of plant leaves, the 
plant height and the content of Pb in plants, were used as standards to choose Pb-tolerant plant species. 
Six plant species, i.e. Vetiveria zizanioides, Schizonepeta tenuifolia, Amaranthus tricolr, Xanthium 
sibiricum, Sophora japonica [Styphnolobium japonicum] and Bidens maximowicziana, met the standards 
for chlorophyll content, plant height and lead content, and they could be used for further testing in the 
phytoremediation of soils polluted with heavy metals. 

Nie, L., S. Shah, et al. (2002). Phytoremediation of arsenate contaminated soil by transgenic canola and 
the plant growth-promoting bacterium Enterobacter cloacae CAL2. Plant Physiology and Biochemistry 
40(4): 355-361. It was previously observed that transgenic tomato plants that express the Enterobacter 
cloacae UW4 1-aminocyclopropane-1-carboxylate (ACC) deaminase (EC 4.1.99.4) gene, and thereby 
produce lower levels of ethylene, were partially protected from the deleterious effects of six different 
metals. However, since tomato plants are unlikely to be utilized in the phytoremediation of contaminated 
terrestrial sites, transgenic canola (Brassica napus) plants that constitutively express the same gene were 
generated and tested for their ability to proliferate in the presence of high levels of arsenate in the soil and 
to accumulate it in plant tissues. The ability of the plant growth-promoting bacterium E. cloacae CAL2 to 
facilitate the growth of both non-transformed and ACC deaminase-expressing canola plants was also 
tested. In the presence of arsenate, in both the presence and absence of the added plant growth-
promoting bacterium, transgenic canola plants grew to a significantly greater extent than non-transformed 
canola plants. (C) 2002 Editions scientifiques et medicales Elsevier SAS. All rights reserved. 
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Nishiyama, Y., J. Yanai, et al. (2005). Potential of Thlaspi caerulescens for cadmium phytoremediation: 
comparison of two representative soil types in Japan under different planting frequencies. Soil Science 
and Plant Nutrition. Y. Nishiyama. 51: 827. To assess the potential of the Cd hyperaccumulator Thlaspi 
caerulescens (Ganges ecotype) for Cd phytoremediation in Japan, we compared the changes in the soil 
Cd concentration between a Fluvisol and an Andosol and the efficiency of Cd removal under different 
planting frequencies in a pot experiment. The soils were artificially contaminated with Cd(NO3)2 to the 



level of about 5 mg Cd kg-1. The cultivation system of Thlaspi caerulescens applied to both soil types 
continued for 4 months (4 x 1 treatment) and the other system only applied to the Fluvisol consisted of two 
plantings, at the beginning and after 2 months (2 x 2 treatment). Control without plants was also prepared. 
The cumulative amount of Cd absorbed by shoots for 4 months was 385 microg pot-1 for the 4 x 1 
treatment of the Fluvisol, 582 microg pot-1 for the 2 x 2 treatment of the Fluvisol, and 112 microg pot-1 for 
the Andosol. In the Fluvisol, Thlaspi caerulescens plants in the 2 x 2 treatment could remove 1.5 times 
more Cd than in the 4 x 1 treatment. A much higher Cd concentration in the shoots of the second cropping 
in the 2 x 2 treatment mainly led to this difference in efficiency. The total Cd concentration of the 
unplanted Fluvisol and Andosol was 5.0 and 6.1 mg kg-1, and after 4 months, that of the Fluvisol in the 4 
x 1 and 2 x 2 treatments and the Andosol reached 4.0, 2.9 and 5.1 mg kg-1, respectively. The difference 
between the rhizosphere and the non-rhizosphere soils was not evident in the Fluvisol, while the 
concentration in the rhizosphere was lower than that in the non-rhizosphere soil in the Andosol. In the 
Fluvisol, the amount of available (1 M NH4NO3-extractable) Cd decreased only in the rhizosphere, while 
in the Andosol, it was halved in both rhizosphere and non-rhizosphere soils. Furthermore, the ratio of the 
amount of available Cd to total Cd did not decrease in the Fluvisol, whereas it decreased in the Andosol, 
which indicated the presence of a smaller pool of potentially available Cd in the Andosol. Based on the 
shoot biomass and bioaccumulation factor obtained in the 4 x 1 treatment, it was estimated that only 
about 2 crops for the Fluvisol and 6 crops for the Andosol could decrease the Cd concentration to 50%. In 
conclusion, (1) short-rotation is recommended because of the high Cd concentration in the shoots of the 
second cropping and the increase in the volume of the rhizosphere soil, (2) the amount of available Cd in 
soil should be monitored in addition to the concentration of total Cd to evaluate the effectiveness of 
phytoremediation, and (3) the potential of Thlaspi caerulescens was clearly demonstrated and the use of 
this hyperaccumulator could become a promising alternative for the remediation of Cd-contaminated soils 
in Japan. 
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Nogales, R. and E. Benitez (2006). Absorption of zinc and lead by Dittrichia viscosa grown in a 
contaminated soil amended with olive-derived wastes. Bulletin of Environmental Contamination and 
Toxicology 76(3): 538-544. This study was conducted in Spain to determine, in an artificially contaminated 
soil (Typic Calcixeroll), the effect of the application of 3 olive-derived wastes (biphasic olive pomace, and 
compost and vermicompost from biphasic olive pomace) on the growth and concentration of Zn and Pb in 
Dittrichia viscosa [Inula viscosa], as well as on the extractability of these metals in the soil after harvesting. 
The availability of Zn and Pb in the artificially contaminated soil was significantly reduced after the 
application of compost or vermicompost from biphasic olive pomace. In addition, the olive derived wastes 
augmented the amounts of humic acids and nitrogen in the soil, thereby implying improved fertility and 
quality of the artificially contaminated soil. As a consequence, the aerial biomass of the shrub D. viscosa 
was significantly improved, maintaining, in addition, a high capacity to accumulate Zn and Pb in the roots. 
Therefore, the combined use of biostabilized olive-derived wastes and D. viscosa could constitute an 
alternative and appropriate tool in phytostabilization processes in soils contaminated by heavy metals, 
especially in the Mediterranean area, where the shrub is distributed widely and olive waste is produced in 
huge quantities. 
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polluted by hydrocarbons. In situ and on-site bioremediation – 2003 . Proceedings of the Seventh 
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