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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, nickel 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 pg/g dry weight) and Pb (2532 ng/g 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 poiluted soils.

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

The area of land contaminated with hcavy metals has
increased during the last century due - to ‘mining, use of
agricultural chemicals and other industrial activities.
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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 Brooks, 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
micronutrients, 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.caerulesens
was found to colonise areas with high Cd, Cu, Pb and Zn present in
soils due to 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 poliuted with heavy
metals, coupled with hyperaccumulating heavy metals in the shoot
material has been recognized as a potential technique to
decontaminate poliuted soils (Baker er al., 1994a,b).

Little literature was found with respect to hyperaccumulator
plants 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 results 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 pumber of plant
species in Egypt with respect to their ability to accumulate heavy
metals in their tissues, and the possbile use of these plants as
hyperaccumulators to remediate heavy metals polluted soils.

2. MATERIALS AND METHODS

Fifty shoot plant samples were cotiected from different polluted
soils and open drain banks in Egypt. The plants rinsed once with
dilute HCI and twice with distilled water, dried in an areaied oven at
70°C 10 conctent woights, ground in porcelain mortar, and preseved
for analyses. One-half gram samplc plant materiat was digested using
concertrated H;SO, & HCIO4. The digestate was filtered and
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raised to 50 m} 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 concentrations ( pg/g soil ) in the studied soils.

No. Location Source of | Cu | Ni | Pb
pollution
1 ! Bahr El Bager D 134 | 4.8 20 |60
2 | Bahr El Bager D 352 (144 |58 [166
3 i Ismaailia D 202 |88 i6 |54
4 | El-Tebin 1 11.8 124.2 {18 218
5 ] Helwan I 198 178 32 (314
6 El — Saf 1 2.6 36 2.8 93
7 | Ain Helwan I 34 6.4 76 168
8 | Mostord I 246 |59 26 196
9 | Shubra el Khimah H 2.6 9.2 1.4 7.0
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
pg/g for Ni and 4-2532 pg/g for Pb. The Zn contents of 17 plant
samples lies within the agronomy rormal concentration range (27-150
ug/g), whereas three plant samples lie within agronomy excessive
range (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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Table (2): Concentrations of Zn, Cu, Ni and Pb in the plants (P) and associated soil samples (S).

Heavy metal concentration (pg / g)

No. Species English name Arabic | Zn Cu Ni Pb
name P ] P l ] 3 S p S
Gramineae

1 | Sorghum virgatum (Hack) stapf, Johnsongrass , sl [ 15102 ] 352 1 1920 | 144 984 | 5.8 | 2532 16.6
2 | Sorghum virgatuwm (Hack) stapf. Johnsongrass ? e [ 1132077 246 o2 59 601 26 | 199} 9.6
3 | Sorghum virgatum (Hock) stapf Johnsongrass i 1 11270 202 1 190 8.8 414 L6 | 1031 5.4
4 | Arundo donax [. Giant reed e | 9927 35.2 3039 14.4 912 58 | 1839 16.6
3 | Arundo donax L. Giant reed e 1712 202 | 1991 3.8 502 1.6 . 1018 54
|6 | Arundo donax 1. Gianl reed e oa762 | 246 [ 1106 3.9 722 1 26 | 1626 9.6
7 | Panicum repens L. Torpedograss Agad | 4531 4.8 2606 43 64 20 1 901 6.0
8 | Echinnochloa stagninum (Relz) Beauv. | Barnvardgrass a1 3112 1 352 1 1406 | 144 [ 2668 | 5.8 5 1003 16.6
|9 | Echinnochlou stagninum (Relz)Beayy. | Barnyardgrass A | 1191 1981 786 73 1192 1 32 | 1016 | 314
10 | Eleusine indica (L.) Gaertn Goosegrass {paadlni | 729 16 16 3.6 42 2.8 32 9.3
il | Eragrostis cilignensis All Stinkgrass( Lovegrass) a8 1 706 13.4 17 4.8 603 20 19 6.0
12 | Paspalum paspalvides (Michx) scribn Knotgrass Maadad i 602 11.8 333 24.2 27 |.B 359 21.8
13 | Seturia verticillata (L ) Beauv. Bristly Foxtail A 117 1118 218 6.4 33 1.6 76 6.8
14 | Loliwn perenne 1. Perennial Rvegrass Gt 112 2.6 302 1 9.2 400 1.4 20 7.0
15 | Dichanthium anndatum (Forssk) stapf | Perennial grass wMdsi] 76 | 34 8 | 64 7376 | 7.6 | 1032 6.8
16 | Setaria glauca [, Beayv. Yellow Foxtail Wil b 73 I8 | 212 | 242 91 1.8, 1080 [ 21.8
17 | Setaria glauca L. Beayv. Yellow Foxtail il Jo i 42 19.8 17 7.8 116 | 3.2 { 1482 | 314
18 | Setaria viridis L. Beauv. Green Foxtail Jitdi | 820 352 | 469 144 | 6102 | 58 | 129¢ 16.6
19 | Setaria viridis [.. Beauv. Green Foxtail Ml Lt 129 1.8 | 27 24.2 1462 | 1.8 | 1103 1.8
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Table (2): Cont.

Heavy metal concentration (ug / g)

-I'No. | Species English name i Arabic | Zn | Cu f Ni Fb
name PTS j p 1S ) p S P \ S
. - — S SRS SV I L.
Compeositae ) o o
| 20 | Centaurea caicitrapa L. Purple Starthistle ! den ] 8674 [ 19.8 1102 1 78 [ 301 3.2 | 1151 ] 314
21 | Xanthium brasilicum Vellozo. Cocklebur ] RedT1232 | 34 | 718 1 64 37 7.6 64 | 6.8
22 | Cony:za dioscoridis (1..) Desf. Fleabane Cagp | BT 1352 | 1191 144 | 1870 5.8 OO | 16.6
23 | Cony:za dioscoridis (L.; Desf. Fleabane - ~igdp | 816 11.8 | 1206 | 242 932 1.8 1145 | 21.8
24| Sitybum marianum (L) Greath__| Milk Thistle Ceddpd | 1127 | 352 | 316 | 144 | 1694 | 538 32 | 166 |
25 | Cony=a aegyptiace (L) Ait, Fleabane S LG T 865 | 26 [ 1114 | 92 | 1041 | 14 | 994 | 7.0
| 26 | Coayza linifolia (Wid) Tach, Fleabane L Jell Ao b 770 12, 1023 17 92 | 733 | 14 | 976 | 70
27 | Senecio vulgaris L. Common Groundsel s | 63 J4 | 132 64 617 1 76 62 6.8
| 28 | Bidens bipinnata i Spnish Needles A fae s | 27 34 V10 ) 64 3 1124 7 76 4 | 68
| 29 | Ageratum conyzoides [. | Tropic Ageratum ) deaxl 26 | 34 [ 612 [ 64 | 703 | 76 | 42 | 68
| Cyperaceae _ e —
30 | Cyperus longus 1. [ Nutsedge | w BT 1976 1202 | 814 1 88 [ 12 [ 16 | 326 | 54
31 1 Cyperus alopecuroides Rotib Samar Halow P sades’ 156 | 26 | 1063 | 36 | 706 | 2B [ 1001 | 93
32 | Cyperus alopecuroides Rotth | Samar Halow ﬁi a js | 122 2.6 1679 93 | 509 | 14 926 70
33 1 Cvperus difformps L. | Smaliflower i Pae | 92 | 34 1ot 6.4 R81 [ 7.6 11 68 |
| Chenopodiacene _ . B o L . -
34 | Chenopodium album 1. Common Lambsquarters asie | 1946 | 134 12 48 11021 | 20 [ 1132 [ 60
L35 Rumex dentatus L. Dock (Sorrei) 3 aendl 1123 35.2 13 14.4 611 | 58 | 9% 16.6
[ 36| Rumex dematus 1. Dock (Sorrel) Tl T omal i 36 [ 26 | 12 1 36 | 332 128 [ 23 | 93
37 | Betavuligaris 1. WildBeet | gwol | 46 34 6 64 | 16 | 58 | 1042 | 6.3
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Heavy metal concentration (ng/g)

‘No. | Species B Engiish name Arabic name | Zn Cu Ni L P!b
. : S g P s
] PTs{rlsir]s 1 |
Malvsceae ) i
| 38 Maiva pavi flora L | Chesseweed T by | 5023 | 352 [ 119 [ 144 | 66 [ 58 | 056 16.6
|39 | Malva pavi flora L Chessewaed | oMeadiia i 4220 1 202 T 109 | 8.8 23 |16 ] 223 54|
Typhaceae o \
40T Typha elephanting Roxb.__| Common Cattail P s 762 | 1B J 1610 | 242 [ 332 T 18] 1962 | 218
41 | Typha elephanting Roxh.__| Common Cattail P e | 1426 t 13.4 | 501 48 406 |20 1795 | 60
Juncaceae
|42 | Juncus rigidus C.AMey_ | Juncus I 767 | 118 [ 3012 [ 242 | 513 | 1.8 [ 1291 21,8
43 | Jurcus rigidus C.A Mey Juncus L - 417 352 | 1733 | 144 920 | 5.8 | 1070 lﬁ;fyﬁ
Portulacaceae —]
" 44 | Portulaca oleracea L | Common Pursiane | A, T 7160 | 134 [ 232 ] 48 | 36 | 201 W0i9 | 60 |
Onxalidaceae _ !
| 45 T Oxalis Corniculaia I, [ Creeping Woodsorrel | oases ] 086 | 26 | 196 | 36 | 56 | 28] 20 | 63 |
Amaranthaceae o ‘
| 46| Amaranthus ascendens Lois._| Livid Amaranth TS Ge | 37 [246 [ 1206 59 1 2 [ 26 60 | 96 |
Euphorbiaceae . B o N !
|47 | buphorbia peplus L. { Petty Spurge el 212 7352 0 10 [ 144 71699 [S8T 32 | 166 |
Solanacese o - |
48 ! Solgmum pigrum L [ Black Nightshade | <wdicie T fop [ 198 1 & | 78 | 1012 [ 32 | (01| 3t4
| Leguminosae ] T 4'
T 49 [ Athagi mawrorum Medic. | Thorn | J#T 8 | 34 T 37 [T242 T nse | 18 | 25 | 218
_Convolvulaceae . L B i
|30 | Comvulvulus arvensis L___| Field Bindweed 1 &le | 52 [ 11.8 | 1912 [ 242 | 15 [ 18 2 1 166
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400-15102 ug/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 commeon in these piants. High
concentrations were found in some of these plants (4000-15102 ug/g)
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 11270 pg/g from soil containing
35.2, 24.6 and 20.2 pg/g soil, respectively. This plant species was
followed by Arumdo donax L. 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 1., Malva paviflora L. and
Portulaca oleracea L.

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 pg/g). The remaining 16 samples
could be considered as Cu hyperaccumulators, i.e., having from 1000-
3039 pg/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 > Convulvidus arvensis L.

Concentration of Ni in the studied plants varied between 12 to
7336 pg/g. Plant species capable of accumulating Ni to an
inordinately  degree  (>1000 pg/g) have been termed
hyperaccumulators (Baker and Brooks, 1989). In this study, there are
13 plants containing Ni over 1000 pg/g. These plants are found
predominately in families of Gramineac and Compositac. The
maximum Ni concentration (7336 pug/g) was found in Dicathium
annulatum (Forssk) Stapf.

High concentrations of Pb were found in 24 plants (1000-2532
pg/g). The maximum Pb concentration was found in Sorghum
virgatum (Hack) Stapf. This plant was collected from soil
contaminated with different wastes. High Pb levels were found in
Arundo donax L., Setaria glauca 1. Beauwv. and Setaria viridis L.
Beauv.

The ratio between plant metal concentration and available metal
content in soil indicates the concentration factor {CF). CF reflects the
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Fig.(1): Concentration factor (plant metal concentration /soil available metal) for Zn and Cu in plant samptes.
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affinity of the studied plants to specific element or pollutant. High CF
values express the high affinity of such plants to accumulate specific
clements. Apart from the plant species, the CF depends on the metal
concentration in soil itself, fe., it increases with increasing metal
concentration in the soil. From Figures (1and 2), it is obvious that the
CF varied widely from one metal to another, 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 maurorum Medic. and Dichanthium
annulatum (Forsk} Stapf for Ni; 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 Pamicum repens L., Sorghum
virgatum, Arundo donax L., Dichanthium annulatum (Forssk} Stapf,
Chenopodium album L. and Athagi mayrorum 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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