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a b s t r a c t

Typha latifolia L. from aquatic plants is widely found throughout Kehli Stream (Elazig, Turkey)

This study examined the uptake of some metals by T. latifolia and the transfer from roots to

other plant parts. The accumulation of Mn in T. latifolia L. can be suggested as a tolerance

strategy due to its transfer factor higher than 1.0. The enrichment coefficients in the leaves

of T. latifolia L. were higher than 1.0 for Zn and Mn and often lower than 1.0 for other metals

Similarly, the enrichment coefficients of all metals, except for Cr, in roots of T. latifolia L. were

higher than 1.0. This study demonstrated that T. latifolia L. could be considered as either a

bio-indicator or a bio-accumulator for sediments and water polluted by metals.
Bioaccumulation

Contaminated sediment

© 2008 Elsevier B.V. All rights reserved.

Stepaniuk (1992) investigated some aquatic plants as pollution
Typha latifolia L

1. Introduction

Heavy metal contamination in aquatic and soil environments
is a serious environmental problem, which threatens aquatic
ecosystems, agriculture, and human health (Srivastav et al.,
1994; Lasat, 2002; Fediuc and Erdei, 2002; Overesch et al.,
2007). Units of metal removal and mobilization include sed-
imentation, adsorption, complexation, uptaking by plants,
and microbially mediated reactions including oxidation and
reduction (Dunbabin and Bowmer, 1992). Some aquatic plants
can remove nutrients (Rogers et al., 1991; Moshiri, 1993;
Mungur et al., 1997; Miretzky et al., 2004; Bastviken et al., 2005;
Maine et al., 2006; Gottschall et al., 2007; Chung et al., 2008)
and heavy metals (Rai et al., 1995; Zhulidov, 1996; Deng et al.,

2004; Miretzky et al., 2004; Maine et al., 2006; Upadhyay et al.,
2007) from liquid environments (Iqbal and Tachibana, 2007).
Many scientists have focused on accumulation of heavy met-
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als by aquatic macrophytes (Ye et al., 1997; Mays and Edwards,
2001; Göthberg et al., 2002; Manios et al., 2003; Demirezen and
Aksoy, 2004; Kamal et al., 2004; Espinoza-Quinones et al., 2005;
Saygideger and Dogan, 2005; Fritioff and Greger, 2006; Skinner
et al., 2007; Licina et al., 2007). In addition, some have also
studied the phytoremediation of aquatic macrophytes for con-
taminated sediment and water environments (Hinchman et
al., 1998; Osmolovskaya and Kurilenko, 2001; Panich-Pat et al.,
2004; Gratao et al., 2005; Audet and Charest, 2007).

Among aquatic macrophytes, Typha latifolia L. is a common
wetland plant that grows widely in tropic and warm regions
(Ye et al., 1997). T. latifolia L. has a high capacity for taking
heavy metals into its body (Mc Naughton et al., 1974). Pip and
u.tr (E. Obek), hhasar@firat.edu.tr (H. Hasar).

indicators due to their abilities to absorb and tolerate heavy
metals. Typha tolerates enhanced levels of metals in its tissue
without serious physiological damage. Dunbabin and Bowmer
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Fig. 1 – Location and sampling map of the study area. WTP
means Wastewater Treatment Plant. Site 1 is the point
before any water mass from WTP discharged to Kehli
Stream. Site 2 is the line of filtrate of primary settled solids.
Site 3 is Kehli Stream just after Site 2. Site 4 is the effluent
discharging line. Site 5 is by-pass line. Site 6 is Kehli
Stream that contains the Sites 2, 4, and 5. Site 7 is filtrate
line from sludge drying beds. Site 8 is Kehli Stream that
contains all effluents of WTP, and point at a distance of
e c o l o g i c a l e n g i n e e r

1992) reported metal concentrations to increase in the follow-
ng order: roots > rhizomes > non-green leaf > green leaf. They
eported that the metal uptaking by plants was highest in
he roots in contaminated cases, and the green leaves have
owest concentrations in copper (Cu), zinc (Zn), lead (Pb) and
admium (Cd).

The T. latifolia L. was the dominant plant along Kehli
tream. However, the effluents of the Elazig City Wastewater
reatment Plant discharged to Kehli Stream have flowed into
eban Dam Lake after about 3 km since 1994. In this study,

he objectives are to determine heavy metal concentrations in
ater environment, sediment, and plant in the studied area,

nd to evaluate mobility according to the transfer factor and
he enrichment coefficient for leaf and root in T. latifolia L.
nalyzed metals were manganese (Mn), copper (Cu), cadmium

Cd), cobalt (Co), zinc (Zn), lead (Pb), nickel (Ni), and chromium
Cr).

. Material and methods

.1. Definition of the studied area

he study area is located in a part of Uluova plain (east of
lazig, Turkey) and its drainage area is between 38◦17′–38◦43′

atitudes and 38◦36′–39◦07′ longitudes (Fig. 1). Kehli Stream
as a length of about 10 km and drainage area of 500 km2,
hich reaches from the southeast of Elazig City to Keban Dam

ake. The stream transports sewage of many small villages
nd effluent of the treatment plant to Keban Dam Lake. The
tudy included nine sites along Kehli Stream. In these sites, T.
atifolia L. plant, root sediment (bottom sediment), and water
amples were collected from nine sites throughout 3 months.
he selection of sampling points was designed according to
ifferent water mass input as seen in Fig. 1.

.2. Preparation of samples

.2.1. Plant samples
hree samples of bodies and roots of T. latifolia L. were col-

ected from each sampling site. The root samples were taken
rom the depth of 10–20 cm. The body (leaf) and root samples
ere thoroughly washed with tap water followed by distilled
ater and dried at room conditions. The dried plant sam-
les were ground using a hand mortar. Approximately 2.5–3.0 g
amples were ashed by heating at 250 ◦C and the temperature
as gradually increased to 500 ◦C in 2 h. The ashed samples
ere digested in HNO3 for 1.0 h followed by the mixture of
Cl–HNO3–H2O for 1.0 h (6 ml of the mixture of 1/1/1 was
sed for 1.0 g of the ashed sample) at 95 ◦C. The samples were
igested using the mixture HCl/HNO3/H2O.

.2.2. Sediment samples
riplet sediment samples were collected from around the
lant roots. After the sediment samples were dried in an oven

nd stone pieces were removed, they were ground by using a
and mortar. For digestion of sediment samples, the mixture
f HCl–HNO3–H2O (6 mL of mixture of 1/1/1 was used for 1.0 g)
as used at 95 ◦C and 1 h.
about 2 km from Site 1. Site 9 is just before the point where
Kehli Stream falls into Keban Dam Lake.

2.2.3. Water samples
Triplet water samples were collected and then acid was added
on the samples after each pH was measured in situ. In the
laboratory, the samples were filtrated through 0.45 �m.

2.3. Instrumentation

All samples were analyzed by using the inductively coupled
plasma mass spectroscopy (ICP/MS- Perkin-Elmer ELAN 9000)
technique at ACME Analytical Laboratories Ltd. in Canada
(http://www.acmelab.com/cfm/index.cfm). Acme is currently
registered with ISO 9001:2000 accreditation. The operation
conditions as recommended by the manufacturers (Elan 9000,
2001) are given in Table 1.

3. Results and discussion

3.1. Variations of heavy metals in all matrixes
Figs. 2 and 3 show standard errors and metal contents of all
studied materials. The water samples included all heavy met-
als in ppb, and pH values were between 7.15 and 7.95. Organs of

http://www.acmelab.com/cfm/index.cfm
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Table 1 – Operation conditions for ICP-MS

Inductively coupled plasma PerkinElmer Elan 9000

Nebulizer Crossflow
Spray chamber Ryton, double pass
RF power (W) 1000
Plasma gas flow rate (L min−1) 15
Auxiliary gas flow rate (L min−1) 1.0
Carrier gas flow rate (L min−1) 0.9

Sample uptake rate (L min−1) 1.0
Detector mode Auto

T. latifolia L. included different metal concentration from each
other. The concentrations of Zn, Mn, Pb, Co, and Cd in the root
of T. latifolia L. were often higher than that in sediment, except
for a few cases. In addition, Mn and Zn concentrations in the
leaf of T. latifolia L. were higher than that in the sediment, but
other metal concentrations were often higher in the sediment
than in leaf, except for Mn on Site 8. The metal concentrations
in roots were significantly higher than that in leafs; except for
Mn, and also Pb on only Site 1. Mn accumulation in the leaf
of T. latifolia L. was interesting because its concentration was
often higher in leaves than that in roots.

While the mean Zn concentrations were 70 mg kg−1 in the
sediment, 340 mg kg−1 in root, and 215 mg kg−1 in leaf of T.
latifolia L, the mean Ni concentrations were 50 mg kg−1 in

the sediment, 55 mg kg−1 in the root, and 40 mg kg−1 in the
leaf. Zn and Ni are essential micronutrients with 100 and
1.5 mg kg−1 dry weight of tissue, respectively. Pais and Jones
(2000) reported that the critical Zn value was 15 mg kg−1 for

Fig. 2 – Average Zn, Ni, Cu and Pb concentrations in roots and le
concentrations.
3 3 ( 2 0 0 8 ) 278–284

most crops although 10 mg kg−1 was able to be sufficient and
Zn accumulated in older leaf at some conditions. Kabata-
Pendias and Pendias (2001) reported Ni moved easily from sed-
iment to plant, especially to hyperaccumulator plants such as
Alyssum sp.

Cu concentrations averaged to be 45 mg kg−1 in the sedi-
ment, 50 mg kg−1 in the root, and 30 mg kg−1 in the leaf. Cu
is not only an essential nutrient for plants, but also it is
highly phytotoxic at high concentrations. Kabata-Pendias and
Pendias (2001) reported Cu levels of various plants from unpol-
luted regions in different countries changed between 2.1 and
8.4 mg kg−1. This means T. latifolia L. have a great tolerance to
high Cu concentrations and Cu can excessively accumulate in
the tissues of T. latifolia L.

Pb has recently received attention as a major chemical
pollutant of environment and as an element that is toxic to
plants. Kabata-Pendias and Pendias (2001) reported that Pb
contents of plants grown in uncontaminated areas varied in
between 0.05 and 3.0 mg kg−1. Carranza-Álvarez et al. (2008)
also reported Pb concentration ranged from 10 to 25 mg kg−1,
and the maximum accumulation of Pb was detected in roots.
Concentrations of Pb in the plant were higher than the average
concentrations reported as phytotoxic (<5 mg kg−1) by Markert
(1992). Pb concentrations were found to be 10 mg kg−1 in the
sediment, 13 mg kg−1 in the root, and 8 mg kg−1 in the leaf. Pb
values were a few times higher than that in uncontaminated

areas.

Although Co has some beneficial effects on some plants
(Pais and Jones, 2000), it is not an essential element to plant
growth but are required for animals and human beings (He et

af of Typha latifolia together with water and sediment
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l., 2005). High Co concentrations are toxic for many plants,
ut its toxic concentration varies widely in the range of
–143 mg kg−1, by depending on plant species (Pais and Jones,
000). Mean Co concentrations were 17 mg kg−1 in the sedi-
ent, 24 mg kg−1 in the root, and 10 mg kg−1 in the leaf. The

o values in roots of T. latifolia L. were often higher than both
hat in leaves of T. latifolia L. and that in sediment, except for
ite 7. This means the root of T. latifolia L. could be used as an
ndicator of cobalt pollution.

Mn is an essential element for plants necessary in many
edox enzymatic processes and in photosynthesis (Memon
t al., 2001; Carranza-Álvarez et al. (2008). Mn has a range
etween 20 and 300 mg kg−1 in most plants, while it levels
ay be as high as 1500 mg kg−1 without harm to some plant

Pais and Jones, 2000). Mn was highest among the metals
etermined in T. latifolia L. Mean Mn concentrations were
50 mg kg−1 in the sediment, 860 mg kg−1 in the root, and
90 mg kg−1 in the leaf. Mn concentrations in leafs were often
igher than that in roots and sediments, except for the sites
, 7, and 8. This means that the leaf of T. latifolia L. can be
onsidered for Mn as bioindicator organs.

Cd is not an essential element for metabolic processes
nd cumulative poison. Kabata-Pendias and Pendias (2001)

eported that both root and leaf absorbed Cd effectively.
emirezen and Aksoy (2004) reported that Cd accumulated
t lowest level in Typha angustifolia in Sultan Marsh. Simi-
arly, we also found that Cd was the lowest metal in T. latifolia
af of Typha latifolia together with water and sediment

L. due to lowest Cd content of sediments. Carranza-Álvarez
et al. (2008) also reported the root of T. latifolia accumulated
25 mg kg−1, which means an exceeded 50 times the phytotoxic
values (<0.5 mg kg−1) reported by Markert (1992). Mean Cd con-
centrations were 0.23 mg kg−1 in the sediment, 0.44 mg kg−1 in
the root, and 0.21 mg kg−1 in the leaf. The roots of T. latifolia L.
adsorbed a significant proportion of cadmium in sediment and
the Cd concentrations in the roots were often higher than that
in sediments, except for site 9. This means the root of T. lati-
folia L. could be used as an indicator of cadmium pollution in
soil.

Pais and Jones (2000) reported that Cr concentrations higher
than 10 mg kg−1 had a phytotoxic effect on plants. On the other
hand, chromium in hexavalent form is a potential carcino-
genic element for humans and plants (WHO, 1988). Mean Cr
concentrations were 60 mg kg−1 in the sediment, 44 mg kg−1

in the root, and 21 mg kg−1 in the leaf. This means T. latifolia L.
tolerates more chromium relatively than other plants reported
by Pais and Jones (2000).

3.2. Transfer factor (TLF)

Transfer factor can be used to estimate a plant’s potential

for phytoremediation purpose. Transfer factors of metals in
T. latifolia are shown in Table 2. The TLFs changed between
0.39 and 1.18. The mean TLF for Mn in T. latifolia L. was higher
than 1.0, but mean TLFs for other metals were generally lower
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than 1.0. T. latifolia did not effectively transfer heavy metals
from root to body. The excluder ability was in the order of
Co > Cd > Cr > Pb > Cu > Ni > Zn. The differences in TLFs values
indicated that each metal has different phytotoxic effect
on T. latifolia. Baker (1981) and Zu et al. (2005) reported that
TLFs higher than 1.0 were determined in metal accumulator
species whereas TLF was typically lower than 1.0 in metal
excluder species. TLF higher than 1.0 indicates an efficient
ability to transport metal from root to leaf, most likely due
to efficient metal transporter systems (Zhao et al., 2002),
and probably sequestration of metals in leaf vacuoles and
apoplast (Lasat et al., 2000).

3.3. Enrichment coefficient for the leaf of T. latifolia L.
(ECL)

Enrichment coefficients are a very important factor, which
indicate phytoremediation of a given species (Zhao et al.,
2003). In this study, the enrichment coefficients of Zn and Mn
in the leaf of T. latifolia L. were higher than 1.0 (Table 2). On the
other hand, ECLs for all other metals were generally lower than
1.0. Although mean ECL for Cd was higher than 1.0, the coeffi-
cients in many sites were generally lower than 1.0. The metal
concentrations in leaf were invariably higher than that in sed-
iment and ECL was also higher than 1.0. Scientists reported
this situation indicated a special ability of the plant to absorb
and transport metals from sediment and then stored them in
their above-ground part (Baker et al., 1994; Brown et al., 1994;
Wei et al., 2002).

3.4. Enrichment coefficient for the roots of T. latifolia L.
(ECR)

The enrichment coefficients in the roots of T. latifolia L. were
higher than that in the leaf, except for Mn. This situation
means that the roots of T. latifolia L. have an important capacity
in accumulation of heavy metals. However, the bioaccumula-
tion of chromium by the root of T. latifolia L. was low due to
ECR lower than 1.0.

4. Conclusion

Kehli Stream has various contaminants such as organic,
nitrogen, phosphorus, pathogens, and metals, because it has
carried some municipal wastewater. In this study, we con-
sidered the effect of heavy metals present in the water
environment on sediment and plant.

All metals studied in the water environment accumulated
in the sediments and plants contacted with the stream. In T.
latifolia L., the results indicated that roots were appropriate for
metal accumulation. This means that the root of T. latifolia L.
in contaminated water and sediments or soil by trace metals
can be used as biomonitoring for Zn, Ni, Cu, Pb, Co, Mn and
Cd. The transfer degree of metals from the down-parts to the
up-parts was not very efficient according to TLFs of all heavy
metals, except for chromium.
This study demonstrated that the heavy metals accumu-
lated in the area of Kehli Stream and plants. Unfortunately,
people in the villages near the stream use its water for irriga-
tion in the agricultural areas and catch fish at the point where
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he stream enters to Keban Dam Lake. This situation is a threat
o public health, and thus a study should be performed on
egetables and fish in the region.

cknowledgement

e would like to thank to referees for their valuable contribu-
ions and comments.

e f e r e n c e s

udet, P., Charest, C., 2007. Heavy metal phytoremediation from a
meta-analytical perspective. Environmental Pollution 147,
231–237.

aker, A.J.M., 1981. Accumulators and excluders—strategies in
the response of plants to heavy metals. Journal of Plant
Nutrition 3, 643–654.

aker, A.J.M., Reeves, R.D., Hajar, A.S.M., 1994. Heavy metal
accumulation and tolerance in British populations of the
metallophyte Thlaspi caerulescens J – and – C Presl
(Brassicaceae). New Phytologist 127, 61–68.

astviken, S.K., Eriksson, P.G., Premrov, A., Tonderski, A., 2005.
Potential denitrification in wetland sediments with different
plant species detritus. Ecological Engineering 25, 183–190.

rown, S.L., Chaney, R.L., Angle, J.S., Baker, A.J.M., 1994.
Phytomediation potential of Thlaspi caerulescens and bladder
campion for zinc-and cadmium-contaminated soil. Journal of
Environmental Quality 23, 1151–1157.
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Göthberg, A., Greger, M., Bengtsson, B.E., 2002. Accumulation of
heavy metals in water spinach (Ipomoea aquatica) cultivated in
the Bangkok region, Thailand. Environmental Toxicology and
Chemistry 21, 1934–1939.

He, Z.L.L., Yang, X.E., Stoffella, P.J., 2005. Trace elements in
agroecosystems and impacts on the environment. Journal of
Trace Elements in Medicine and Biology 19, 125–140.

Hinchman, R.R., Nergi, M.C., Gatliff, E.G., 1998. Phytoremediation:
using green plants to clean up contaminated soil, ground
water and wastewater. Agricultural Research Magazine 48,
4–9.

Iqbal, R., Tachibana, H., 2007. Water chemistry in Sarobetsu Mire
and their relations to vegetation composition. Archives of
Agronomy and Soil Science 53, 13–31.

Kabata-Pendias, A., Pendias, H., 2001. Trace Elements in Soils and
Plants. CRC Press, Washington, D.C.

Kamal, M., Ghaly, A.E., Mahmoud, N., Cote, R., 2004.
Phytoaccumulation of heavy metals by aquatic plants.
Environmental International 29, 1029–1039.

Lasat, M.M., Pence, N.S., Garvin, D.F., Ebbs, S.D., Kochian, L.V.,
2000. Molecular physiology of zinc transport in the Zn
hyperaccumulator Thlaspi caerulescens. Journal of
Experimental Botany 51, 71–79.

Lasat, M.M., 2002. Phytoextraction of toxic metals: a review of
biological mechanism. Journal of Environmental Quality 31,
109–120.

Licina, V., Antic-Mladenovic, S., Kresovic, M., 2007. The
accumulation of heavy metals in plants (Lactuca sativa L.,
Fragaria vesca L.) after the amelioration of coalmine tailing
soils with different organic-mineral amendments. Archives of
Agronomy and Soil Science 53, 39–48.

Maine, M.A., Sune, N., Hadad, H., Sanchez, G., Bonetto, C., 2006.
Nutrient and metal removal in a constructed wetland for
wastewater treatment from a metallurgic industry. Ecological
Engineering 26, 341–347.

Manios, T., Stentiford, E.I., Millner, P.A., 2003. The effect of heavy
metals accumulation on the chlorophyll concentration of
Typha latifolia plants, growing in a substrate containing
sewage sludge compost and watered with metaliferus water.
Ecological Engineering 20, 65–74.

Markert, B., 1992. Presence and significance of naturally
occurring chemical elements of the periodic system in the
plant organism and consequences for future investigations on
inorganic environmental chemistry in ecosystems. Vegetatio
103, 1–30.

Mays, P.A., Edwards, G.S., 2001. Comparison of heavy metal
accumulation in a natural wetland and constructed wetlands
receiving acid mine drainage. Ecological Engineering 16,
487–500.

Mc Naughton, S.J., Folsom, T.C., Lee, T., Park, F., Price, C., Roeder,
D., Schmitz, J., Stockwell, C., 1974. Heavy metal tolerance in
Typha latifolia without the evolution of tolerant races. Ecology
55, 1163–1165.

Memon, A.R., Aktoprakligül, D., Zdemur, A., Verti, A., 2001. Heavy
metal accumulation and detoxification mechanisms in plants.
Turkish Journal of Botany 25, 111–121.

Miretzky, P., Saralegui, A., Cirelli, A.F., 2004. Aquatic
macrophytes potential for the simultaneous removal of
heavy metals (Buenos Aires, Argentina). Chemosphere 57,
997–1005.
Moshiri, G.A., 1993. Constructed Wetlands for Water Quality
Improvement. CRC Press, Inc., Florida.

Mungur, A.S., Shutes, R.B.E., Revitt, D.M., House, M.A., 1997. An
assessment of metal removal by a laboratory scale wetland.
Water Science and Technology 35, 125–133.

http://las.perkinelmer.com/Catalog?CategoryID=ELAN+9000


r i n g

D.A..
284 e c o l o g i c a l e n g i n e e

Osmolovskaya, N.G., Kurilenko, V.V., 2001. Biogeochemical
aspects of heavy metals phytoindication in urban aquatic
systems In: Biogeochemical processes and cycling of elements
in the environment. In: Weber, J., Jamroz, E., Drozd,
Karczewska (Eds.), Polish Society of Humic Substances.
Wroclaw, pp. 217–218.

Overesch, M., Rinklebe, J., Broll, G., Neue, H.U., 2007. Metals and
arsenic in soils and corresponding vegetation at Central Elbe
river floodplains (Germany). Environmental Pollution 145 (3),
800–812.

Pais, I., Jones, J.B., 2000. The Handbook of Trace Elements. St.
Luice Press, Florida.

Panich-Pat, T., Pokethitiyook, P., Kruatrachue, M., Upatham, E.S.,
Srinives, P., Lanza, G.R., 2004. Removal of lead from
contaminated soils by Typha angustifolia. Water, Air and Soil
Pollution 155, 159–171.

Pip, E., Stepaniuk, J., 1992. Cadmium, copper and lead in
sediments. Archive fur Hydrobiologie 124, 337–355.

Rai, U.N., Sinha, S., Tripathi, R.D., Chandra, P., 1995. Wastewater
treatability potential of some aquatic macrophytes: removal
of heavy metals. Ecological Engineering 5, 5–12.

Rogers, K.H., Breen, P.F., Chick, A.J., 1991. Nitrogen removal in
experimental wetland treatment systems: evidence for the
role of the aquatic plants. Research Journal of Water Pollution
Control Federation 63, 34–941.

Saygideger, S., Dogan, M., 2005. Variation of lead, cadmium,
copper, and zinc in aquatic macrophytes from the Seyhan

River, Adana, Turkey. Bulletin of Environmental
Contamination and Toxicology 74, 545–551.

Skinner, K., Wright, N., Porter-Goff, E., 2007. Mercury uptake and
accumulation by four species of aquatic plants.
Environmental Pollution 145, 234–237.
3 3 ( 2 0 0 8 ) 278–284

Srivastav, R.K., Gupta, S.K., Nigam, K.D.P., Vasudevan, P., 1994.
Treatment of chromium and nickel in waste-water by using
aquatic plants. Water Research 28, 1631–1638.

Upadhyay, A.R., Mishra, V.K., Pandey, S.K., Tripathi, B.D.,
2007. Biofiltration of secondary treated municipal
wastewater in a tropical city. Ecological Engineering 30,
9–15.

Wei, C.Y., Chen, T.B., Huang, Z.C., 2002. Cretan bake (Pteris cretica
L.): an arsenic-accumulating plant. Acta Ecologica Sinica 22,
777–782.

WHO (World Health Organization), 1988. Chromium;
Environmental Health Criteria. Geneva, p. 81, http://www.
inchem.org/documents/ehc/ehc/ehc61.htm.

Ye, Z.H., Baker, A.J.M., Wong, M.H., Willis, A.J., 1997. Zinc, lead
and cadmium tolerance, uptake and accumulation by Typha
latifolia. New Phytologist 136, 469–480.

Zhao, F.J., Hamon, R.E., Lombi, E., Mc Laughlin, M.J., Mc Grath, S.P.,
2002. Characteristics of cadmium uptake in two contrasting
ecotypes of the hyperaccumulator Thlaspi caerulescens. Journal
of Experimental Botany 53, 535–543.

Zhao, F.J., Lombi, E., Mc Grath, S.P., 2003. Assessing the potential
for zinc and cadmium phytoremediation with the
hyperaccumulator Thlaspi caerulescens. Plant and Soil 249,
37–43.

Zhulidov, A.V., 1996. In: van Straalen, N.M. (Ed.), Heavy Metals in
Russian Wetlands. Krivolu Publishers, The Netherlands,
Zu, Y.Q., Li, Y., Chen, J.J., Chen, H.Y., Qin, L., Schvartz, C., 2005.
Hyperaccumulation of Pb, Zn and Cd in herbaceous grown on
lead-zinc mining area in Yunnan. China. Environmental
International 31, 755–762.

http://www.inchem.org/documents/ehc/ehc/ehc61.htm
http://www.inchem.org/documents/ehc/ehc/ehc61.htm

	The accumulation of heavy metals in Typha latifolia L. grown in a stream carrying secondary effluent
	Introduction
	Material and methods
	Definition of the studied area
	Preparation of samples
	Plant samples
	Sediment samples
	Water samples

	Instrumentation

	Results and discussion
	Variations of heavy metals in all matrixes
	Transfer factor (TLF)
	Enrichment coefficient for the leaf of T. latifolia L. (ECL)
	Enrichment coefficient for the roots of T. latifolia L. (ECR)

	Conclusion
	Acknowledgement
	References


