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ABSTRACT

A great number of plant species was collected from different
contaminated soils in Egypt. The soils had been contaminated with
heavy metals by industrial activity or the disposal of sewage sludge to
land. The heavy metals zinc, copper, nicke! and lead contents of the
plant species have been determined. Some of the tested plant species
were reviewed as hyperaccumulator plants. The hyperaccumulator
species growing in areas contaminated with metals contained
maximum amounts of Zn {15102 pg/g dry weight), Cu (3039 pg/g dry
weight), Ni (7336 ug/g dry weight) and Pb (2532 pg/p dry weight).
The obtained results indicated that Torpedograss is considered as Zn
and Cu-accumulator, while Johnsongrass, Giant Red as Pb-
accumulators and Perennial grass as Ni- accumulator in the tested
soils. These results showed that any of these hyperaccumulator plants
can be used to remediate Zn, ,Cu. Ni and Pb polluted soils.

Key words: heavy metal, hyperaccumulator., polluted soil, remediation,
1. INTRODUCTION

The area of land contaminated with heavy metals has -

increased during the last century due to mining, use of

agricultural chemicals and other industrial activitics.
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The term hyperaccumulator has become to mean a plant capable
of taking up concentrations of trace metals approximately 100 times
greater than normal species (Baker and DBrooks, 1989),
Hyperaccumulator species are defined as those whose leaves contain
>100 mg Cd kg ', 1000 mg Ni and Cu kg . or 10000 mg Zn and Mn
kg ' {dry weight) when grown in metal-rich soils (Baker and Brooks,
1989; Baker ef al., 1994a). Possibly, hyperaccumulator plants have a
higher requirement for metals such as Zn, which is essential
micronuirienis, and show a positive response to increased soil or
solution concentrations of these elements (Hajar, 1987).

The distribution of metallophytes such as T.caerulesens has
been studied in relation to heavy metal polluted soils. T.cacrulesens
was found to colonise areas with high Cd, Cu, Pb and Zn present in
soils due fto historical mining activity and the subsequent
contamination of top soil with mine spoil rich in heavy metals (Baker
and Proctor, 1990). This ability to grow in soils polluted with heavy
metals, coupled with hyperaccumulating heavy metals in the shoot
material has been recogpized as a poteniial technmique to
decontaminate polluted soils (Baker ef al., 1594a.b).

Little literature was found with respect to hyperaccumulator
planis grown on soils of Egypt. However, (Kamel, 1999} used
Barnyard Grass plant to study its ability to remove Pb and Cd from
the polluted soils. The resuits showed that the amounts of Pb and Cd
removed by the plants represent 50% of the total content of these
elements in the studied soils.

The present study includes a survey of a great number of plant
species in Lgypt with respect to their ability to accumuiate heavy
metals in their tissues, and the possbile use of these plants as
hyperaccumulators to remediate heavy metals poiluied soils.

2. MATERIALS AND METHODS

Fifty shoot plant samples were coliected from different polluted
sotis and open drain banks in Egypt. The plants rinsed once with
dilute HCI and twice with distilied water, dricd In an areaied oven at
7G°C 10 conetant weighte, ground in porcelain mortar, and proseved
for analyses. One-half gram sample plant material was digested using
concertraied HySO, & HCIO,. The digestate was filtered and
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raised to 50 ml in a volumetric flask.

Soil samples were collected from the same locations of the plant
samples. The collected soil samples were air dried, crushed with a
wooden, sieved to pass through a 2 mm sieve and preserved for
analysis.

Heavy metals were extracted by DTPA method (Lindsay and
Norvell, 1978).Both soil extracts and plant digestates were analyzed
for Zn, Cu, Ni and Pb using atomic absorption { Tables 1 and 2).

Table { 1 ): Heavy metal concentr atlom { ng/g soil } in the studied soils.

No. Location | Soprce of l Z Cu | Ni | Pb
| pollution |

1 | Bahr El Bager D 134 | 4.8 20 |60

| 2 | BahrEl Bager D 1352 {144 |58 16.6

D Ismaailia D 202 | 88 1.6 54
4 | El—Tebin I 118 {242 | 1.8 |21.8
5 Hehxan 1 1198 178 32 1314

6 | Ei—Saf ] 2.6 3.6 2.8 |93
7 | Ain Helwan i 34 164 176 168
& | Mostord [ 246 |59 26 |96

| 9 | Shubra el Khimah 1 26 92 1.4 (70 |
D=Domestic wastes i= Industrial wastes

3, RESULTS AND DISCUSSION

Table (2) shows the plant species, their english & arabic names
and the concentrations of Zn, Cu, Ni and Pb in the plants and
associated soil samples.

Table (2) also shows that the different plant species had
different abilities to absorb and accumulate heavy metals. The
concentrations of the studied heavy metals in the plants varied widely
and ranged from 26-15102 pg/g for Zn, 6-3039 pg/g for Cu, 15-7376
ug/g for Ni and 4-2532 pg/g for Pb. The Zn contents of 17 plant
samples lies within the agronomy normal concentration range (27-150

ung/g), whereas three plant samples lie within agronomy excessive
“a"lfjt {150-400 pg/g). On the other hand, the concentration of Zn in
the remaining plants (30 samples} varied widely and ranged between
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400-15102 pg/g. the concentrations of Zn in these plants are being
much higher than the agronomy tolerable range (300 pg/g). Zinc
levels above 1000 pg/g is seen to be common in these plants. High
concentrations were found in some of these plants (4000-15102 pg/p)
such plants are hyperaccumulators of Zn {Ebbs and Kochian, 1997},
Sorghum virgatum (Hack) stapf. absorb Zn to the highest shoot tissue
concentration of 15102, 11320 and 11276 pg/g from soil containing
35.2, 24.6 and 20.2 pg/g soil, respectively. This plant species was
followed by Arundo donax 1. These two plants are found in a wide
varity of habitats and on many different soil types. High Zn levels
were found also in a Centaurea calcitvapa L., Malva paviflora L. and
Portulaca oleracea 1.

Concentration of Cu varied widely among the studied plants,
being from 6 to 3039 pg/g. Thirteen set of the 50 plant samples
contained from 5-30 pgCu/g, being within the normal agronomy
range of Cu in plants and 21 plant samples possessed Cu that is within
the tolerable agronomy range (50 ug/g). The remaining 16 samples
could be considered as Cu hyperaccumulators, i.e., having from 1000-
3039 ug/g plant. These plants can be arranged in the following
decreasing order with respect to there Cu content: Arundo donax L. >
Juncus rigidus C. A. Mey. > Panicum repens L. > Sorghum virgatum
(Hack) stapf > Convulvulus arvensis L.

Concentration of Ni in the studied plants varied between 12 to
7336 pg/g. Plant species capable of accumulating Ni to an
mordinately  degree  (>1000 pg/g)  have  been  termed
¥peraccumulators (Baker and Brooks, 1989). in this study, there are

I3 plants containing Ni over 1000 ug/g. These plants are found

medossmately I families of Gramineae and Compositae. The
mmxmmesn Ni comcentration (7336 ug/g) was found in Dicathium
Smmtemay (Forssk ) Se=of

Eieh coacestrations of Pb were found in 24 plants (1000-2532
Bgg) The s=ximem Pb com ton was found in Sorghum
virgatum (Hack) Sspf This t was collected from soil

contaminated with differen: wastes High Pb levels were found in
Arundo donax L., Setaria glauca 1. Beawv. and Setaria viridis L.
Beauy.

The ratio between plant metal concentration and available metal
content in soil indicates the concentration factor (CF). CF reflects the
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affinity of the studied plants o specific element or pollutant. High CF
values express the high affinity of such plants t0 accumulate specific
elements. Apart from the plant species, the CF depends on the metal
concentration in soil itself, ie. it increases with increasing metal
concentration in the soil. From Figures (1and 2), it is obvious that the
CF varied widely from one metal 1 ancther. and also from one plant
species to another. Generally. the CF for all plant species was highest
for Zn. Cu and Ni, least for Pb. The results indicated that different
plant species showed different ability to accumulate one or more
heavy metal ions. Panicum repens L. showed highest tendency for
accumulating Zn and Cu, Alhagi mauroruimn Medic. and Dichanthium
annulaium (Forsk) Stapf for N Chenopodium album L., Sorghum
virgatum (Hack) Stapf. and Arundo donax L. for Pb.

In conclusion, the most efficient plants in accumulating heavy
metals from the studied plants are Panicum repens L., Sorghum
virgatum. Arundo donax L., Dichanthium annulatum (Forssk) Stapf,
Chenopodium album L. and Alhagi maurcrum Medic.

It is interesting to note that the amounts of heavy metals
removed by these hyperaccumulators are Very high. These plants can
be used for the bioremediation of soils polluted with heavy metals.
This technique could be recommended as an environmently safe and a
cheap method for the remediation of the heavy metal polluted soils in
Egypt.
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