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and 38.1 mg/L for Rheum palmatum and Solanum aviculare, respectively. The TNT uptake was studied by
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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
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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.
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were significantly lower than that of the control treatment (CK). The results indicated that Zn
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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
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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.

Norina, E., O. Norina, et al. (2004). Influence of cereal plants on microorganisms of leached chernozem
polluted by hydrocarbons. In situ and on-site bioremediation — 2003 . Proceedings of the Seventh
International In Situ and On-Site Bioremediation Symposium, Orlando, Florida, USA, 2-5 June, 2003. E.
Norina. Colombus, Battelle Press: 03. The application of plants for remediation of soils contaminated with
petroleum hydrocarbons is one of the promising cost and environment effective approach.
Microbiocenosis of planted with maize and oat and unplanted leached chernozem artificially polluted with
methylnaphthalene and tetradecane was studied. The positive rhizosphere effect of both plants on
microbiocenosis of the only contaminated soil in comparison with uncontaminated planted soil was



detected. The maize has provided a more stimulating influence on the microbial community of polluted
leached chernozem in comparison with the oat. The quantity and quality changes in microbiocenosis of
polluted chernozem under plants and in unplanted soil were similar. As to the oat, an increasing of
tetradecan and 1-methylnaphthalene destructors in root zone soil were detected even in the absence of
the pollution.

Nouairi, I., W. Ben Ammar, et al. (2006). Comparative study of cadmium effects on membrane lipid
composition of Brassica juncea and Brassica napus leaves. Plant Science (Oxford) 170(3): 511-519. The
term phytoremediation is used to describe the clean-up of heavy metals from contaminated soils by
plants. In this study, we examined cadmium (Cd) accumulation by Brassica napus in comparison with the
known Cd-hyperaccumulator Brassica juncea. in a hydroponic medium. Cd treatment was applied as a
concentration series between 0 and 50 mu M for 15 days. Most of the Cd taken up was retained in roots in
both species, however, B. juncea accumulated more Cd in the shoots compared to B. napus. Excess
metal supply resulted in an increase in the lipid content of B. juncea leaves grown under cadmium
treatment, but did not affect fatty acids composition. In contrast, an alteration in the lipid composition of B.
napus leaves was observed together with a decrease in the lipid contents. The amounts of chloroplastic
lipids: monogalactosyldiacylglycerol (MGDG), digalactosyldiacylglycerol (DGDG), sulfolipids (SL) and
phosphatidylglycerol (PG) decreased drastically under the effect of metallic treatments. Whereas,
amounts of extrachloroplastic lipids: phosphatidylcholine (PC) and phosphatidylethanolamine (PE) were
significantly increased. The latter finding suggested that PC and PE synthesis was enhanced by metal
application. Moreover, the levels of polyunsaturated fatty acids mainly linolenic acid (C18:3) and
hexadecatrienoic acid (C16:3) and that of trans palmitoleic acid (C16:1t) from PG declined. So, cadmium
seems to affect preferentially chloroplastic lipids containing higher levels of polyunsaturated fatty acids.
Lipid changes in B. juncea, the well known Cd-hyperaccumulator specie, revealed a more stability of its
cellular membranes to cadmium-stress as compared to Cd-sensitive specie, B. napus. (c) 2005 Elsevier
Ireland Ltd. All rights reserved.
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salt-tolerant plant species on low and high TBT-contaminated sediments was Studied. The elimination of
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Antwerp were analysed in the laboratory for soil texture, pH, electroconductivity, sodium, magnesium,
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MBT. Results. The fresh sediments showed a good supply with nutrients and a neutral pH, but were rather
saline (EC 14 mS cm(-1) of the saturated paste extract). The salinity decreased to 3.7 mS cm(-1) during
lagoonation. The high and the low contaminated sediment had initially 43 and 1.6 mg TBT kg(-1) dry
weight, respectively. Besides TBT, several other contaminants were present in the sediments at critical
levels. The biomass production of the plant species from the field trial ranged from 0.2 to 13 tons dry mass
per hectare. Plants performing excellently were barley, Sorghum, rape seed, a clover/grass mix and reed.
If at all, a positive influence of TBT on plant growth was seen. TBT was degraded significantly faster
(>40%) below barley. The uptake of TBT, DBT and MBT into stein and leaves of reed, grass and clover
was very low, but measurable and not related to concentrations in soil. NO uptake of TBT or its
metabolites into corn of barley was found. Discussion. This study confirmed former results: the toxicity of
TBT to higher plants is low, and even high levels in soils would not be a hindrance for crop production.



The removal of TBT seemed to be increased by both lagooning and plant growth, although the target
values for sea dumping in use in certain European countries were not reached. A plausible explanation for
the faster degradation of TBT under vegetation is that oxygen is a limiting factor, and plants dewater the
soil, thus aerating it. The uptake of the organotins TBT, DBT and MBT into harvest products is probably
due to attached soil particles. Conclusions. To summarize, barley was the optimal species: it grew very
well despite the salinity of the dredged sediments, it had a significantly positive effect on TBT removal; it
showed no measurable uptake of TBT or the other butyltins into the harvested product; and it is a cash
crop well established in European agriculture. Outlook. The amounts of dredged sediments are high, and
good soils are becoming increasingly rare. The feasibility of using dredged sediments for non-food
production, such as energy crops, should be investigated by a critical risk assessment.

Novak, J. and Z. Al-Ghazzawi (1997). Plant-Enhanced Remediation of Petroleum Contaminated Soil. Mid-
Atlantic Industrial Waste Conference, Technomic Publ Co Inc.

Novak, J. M., D. W. Watts, et al. (2004). Copper and zinc accumulation, profile distribution, and crop
removal in coastal plain soils receiving long-term, intensive applications of swine manure. Transactions of
the ASAE. J. M. Novak. 47: 1513. Trace metals like copper (Cu) and zinc (Zn) are added to animal feed
as dietary supplements, and trace metals not assimilated by the animals gut are excreted in manure. The
accumulation and movement of Cu and Zn in soils has not been as well documented when compared to
nitrogen (N) and phosphorus (P). In cases where plant-available Cu and Zn concentrations accumulate to
phytotoxic levels, yield may decline for sensitive crops. We investigated the accumulation of Cu and Zn in
the topsoil (0 to 15 cm) and the soil profile (0 to 183 cm deep) and estimated uptake by Coastal Bermuda
grass (Cynodon dactylon L.) in a Coastal Plain spray field after 4 and 10 years of swine manure effluent
application. Effluent was initially applied to a 1 ha portion of this field, which was later enlarged to 5 ha.
Top and subsoil samples were collected at nearby control sites that received no swine manure. All soil
samples were extracted using Mehlich 3 (M3) and double acid reagent for plant-available and total Cu and
Zn concentrations. Comparison of trace metal concentrations in the topsoil after 4 and 10 years of effluent
application with control soils showed that total Cu, and M3 and total Zn had accumulated. Mehlich 3 and
total Cu and Zn accumulation rates both declined after an increase in spray field area and decrease in
effluent application rates. In a 1 ha region of the field, total Cu and Zn concentration both increased
between 45 and 90 cm deep after 4 years of effluent applications. Across the 5 ha field, higher subsaoil
total Cu concentrations relative to controls suggest that Cu leaching occurred; however, leaching of Zn
into the total pool was not significant. Estimated times through Coastal Bermuda grass uptake to reduce
topsoil M3 Zn concentrations to background levels ranged between 21 to 152 years. Results from this
study show that after 10 years of swine manure effluent application, mean topsoil M3 Cu and Zn
concentrations were far below concentrations considered phytotoxic to sensitive crops.

Novozamsky, I., T.M. Lexmond, and V.J.G. Houba (1993). A single extraction procedure of soil for
evaluation of uptake of some heavy metals by plants. Int. J. Environ. Anal. Chem. 51:47.

Noyd, R.K., F.L. Pfleger, M.R. Norland, and D.L. Hall (1997). Native plant productivity and litter
decomposition in reclamation of taconite iron ore tailing. J. Environ. Qual. 26:682-687. Nuclear weapons'
testing, mineral extraction industries and nuclear power generation are among the activities which have
led to radioactively contaminated land. In the United Kingdom (UK), current activities such as the
decommissioning of nuclear licensed sites and the sale of Ministry of Defence land require that the
legislation, remediation and management of radioactively contaminated land be addressed. With an
emphasis on the UK, this paper reviews potential management/remediation strategies for radioactively
contaminated land, including consideration of the environmental mobility of potentially important
radionuclides.

Nudunuri, K.V., R.S. Govindaraju, L.E. Erickson, and A.P. Schwab (1995). Modeling of heavy metal
movement in vegetated, unsaturated soils with emphasis on geochemistry. Pp. 57-66. In L.E. Erickson,
D.L. Tillison, S.C. Grant, and J.P. McDonald (eds.), Proceedings of the 10th Annual Conference on
Hazardous Waste Research, May 23-24, 1995, Manhattan, KS.



Nwosu, J.U., H.C. Tatsch, and L.A. Kapustka (1991). A method for on-site evaluation of phytotoxicity at
hazardous waste sites. Pp. 333-341. In J.W. Gorsuch, W.R. Lower, M.A. Lewis, and W. Wang (eds.),
Plants for Toxicity Assessment: Second Volume. ASTM STP 1115. American Society for Testing and
Materials, Philadelphia, PA.

Nyer, E.K., and E.G. Gatliff (1996). Phytoremediation. Ground Water Monitoring Remed. 16(1):58-62.

Nyhan, J.W., T.E. Hakonson, and B.J. Drennon (1990). A water balance study of two landfill cover
designs for semi-arid regions. J. Environ. Qual. 19:281-288.

Nzengung, V. A. and C. H. Wang (1999). Influences on Phytoremediation of Perchlorate-Contaminated
Water. Abstr. Pap. Am. Chem. Soc. 218: 37-ENVR.

Nzengung, V. A. and S. C. McCutcheon (2003). Phytoremediation of perchlorate. Phytoremediation:
transformation and control of contaminants. V. A. Nzengung. Hoboken, Wiley-Interscience: 863.
Perchlorate is taken up from contaminated waters by a variety of plants under a wide range of conditions
similar to those observed at contaminated sites. Several but not all terrestrial and wetland plants
mineralize perchlorate to chloride and oxygen. Some plants accumulate perchlorate to more than 0.1
percent by weight. Some halophytes and phreatophytes adapted to the U.S. southwest (location of many
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