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Abstract

Within the scope of protection of the environmeaarigd with particular aim the normalization of latidgites,
this study examines soil pollution and natural tatien of the three sites near three major Wilctlksges in
the region of Mostaganem (western Algeria). Thet@mmmation of both soil and vegetation was evallidte
assaying the major metallic elements (K, Na, CaFal Mg, Si, Mn) and heavy metals (Cr, Zn, Cu, Sid Pb,
As, Co). This work reveals significant contaminatif the sites studied and it emphasized a largati@ in
concentration depending on the element analyzedhenstudy site. The pollution index of soil is geally very
high (7.56 for SI, 7.32 to 7.84 for Sll and SlMhe transfer factor (TF) of heavy metals in luxusagrowing
species was calculated, it reveals a bioaccumulaifometals, which varies according to plant speead
nature of metals. The hyper accumulation (TF > 43 wegistered for Ni, Cr, Cu, Zn Euphorbia cyparissiak
(1.82); Asparagus officinalid. (4.38); Marrubium vulgarelL (8.08) andPistacia lentiscud. (9.14) respectively.
The accumulation was observed according to TF salbelow 1 for Cd, Pb, As and Co, Euphorbia
cyparissiasL (0.27 for Cd);Marrubium vulgareL (0.27 for Pb);Asparagus officinalid. (0.75 for As) and
Pistacia lentiscus. (0.44 for Co).
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I ntroduction

Human activities as well as modern civilization gwoe large masses of solid and liquid waste fronoua
sources: domestic, industrial and hospital wastees& wastes are often harmful because of theirybaik
unsightly; they can also be toxic and cause sepollgtion problems.

In Algeria, pollution, deterioration of life and m@age to ecosystems are tangible realities. Theralawut 3000
illegal dumps on the Algerian territory, usuallyc&ted on agricultural land, or livestock or aloaggds and
rivers.

More than 2 million tons of hazardous industriakteais currently stored of which 55% is storedhi@ Eastern
region, 26% in the Western region and 19% in th&raéregion of Algeria [1]. It should be noted thmaore
than 80% of waste is not treated or recycled. Cqunsetly, expansion of illegal dumps around the tguis
increasing. Waste is generated continuously withirameasing amount; waste are heterogeneous .Their
guantitative and qualitative composition variesaading to geographical factors, climatic, econommagial,
social and demographic [2].

Located in the western region of Algeria, Mostagarieas a large number of landfills where there @revidd
dumps, including three classified as the most intgor They are named: dump of El Hchem, dump of- Ain
tedless and dump of Hassi Mameche located in ththNEast, North West and North West respectivehese
dumps represent a favorable medium for the mutggilon of transmission vectors of diseases, such as
arthropods (flies and mosquitoes), rodents (lefitosis carriers, typhus, trichinosis) [3]. Henceyttpresent a
microbiological danger, because the waste contalhgathogenic microorganisms (bacteria, virus,gfus)
yeast).
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The Wild dumps constitute a source of chemical @mntation, particularly heavy metal contaminatidfter
the rain and natural fermentation of waste, theydpce a fluid fraction named lixiviate rich on miakand
organic pollutants [4, 5].

The incineration of waste produces gaseous polisitanich contain heavy metals [6]. The metal paihis
accumulated in soil and under some biogeochemioaditions may pass in the soil solution [7], and
consequently become bio-available and absorbediaoysy8].

With high concentration of pollutants, the pollutiof dumps affects plant growth by changing thallviersity

of vegetation because the sensitive plants to heweigl stress are not able to survive. The plaviigh survive
the high amount of heavy metals, provide its dedaets [9]. During a long time of exposure to patt
medium, the plants adapt to this situation witletaht high amount of heavy metals by many mechanisth
pathways such as: adsorption, detoxification, imitiegtiion and accumulation.

The dumps of domestic waste, industrial or othesetve special attention, because they are pdtentieces
of significant pollution including contamination Imeavy metals that have a high ecotoxicity; ang ttwaild be
involved in many diseases with central nervous esystliver kidney, but also cancer and embryonic
malformations [10,11].

2. Materials and methods
2.1. Presentation of the study area
Our study was conducted in three wild landfills Mbstaganem (North West Algeria). These three dutmpsare
considered the largest among the 20 existing onksse landfills are located in the vicinity of agidtural land and
housings. The three sites are named: dumpsite-bicBém, dumpsite of Hassi-Mameche and dumpsiteiof Aedless
(Table 1).

Table 1. Geographical and topographical characteristicsuadfills

Dump site area (ha) Topography Daily tonnage (T/day)
El-Hchem (Site 1) 02.5 Rugged plateau, Slopefi¢osbuth west 33.8
Hassi Mameche (Site II) 03.2 Land slightly flaiwd slope  west) 15.2
Ain-tedless (Site Il1) 06.2 Flat soil 82

2.2. Physical analysis of soil
The determination of particle size (% sand, % dag % silt) and the measurement of pH and orgarittemwere
conducted with referring to the works of Pétar(l.993) [12]

2.3. Metal analysis in soil and vegetation

For each site 4 soil samples were collected at &tms from the landfills center in for directiomMéorth, East, West and
South. The soil samples were mixed, air dried @enes (<2 mm) and then ground (<180 microns).

For vegetation, only roots and leaves of plant weakected. After rinsing with water tap and distil water, roots and
leaves were dried in oven at 70°C during 48 h d&ddry matter was homogenized. To mineralize sasn@emL of
sulfuric acid (H2S04), 6 mL of nitric acid (HNO3né 6ml of oxygenized water (H202) were added togOob
homogenized soil and 0.5g of dried and poundedtaégmatter [13]. This mixture is heated during 3@nThe residue is
cooled and filtered then a 25ml of nitric acid édad. The analyses of “mineralisate” is realizedhistallic “dosage” in
the obtained solution by using introductive cougdasma spectrometry (JOBIN-YVON 70 ICP).

3. Resultsand discussion

3.1. Soil characteristics

Table 2 presents the relative changes of soil cheniatics near landfills among the different sit€he pH
values varying between 8.11, 8.18 and 8.20 in §itesSlIl, and Sl respectively.

All The soils have a sandy-loam texture with 58.20f/coarse sand 17.80% of fine sand, 12.63 % ahaly a
10.62% of silt for the site I; 50.66, 19.97, 1348 16.35% respectively for the site Il and 502080, 13.58
and 12.40% for the site Ill. The organic mattesdils presents 1.98, 2.43, and 2.48% respectiwlthe sites

[, Iand III.

3.2. Contents of major metallic elements in thé soi

Table 3 illustrates the major mineral elements @otst in soils at 10 to 40 cm of depth. We note $itat 11
records the high concentration of Aluminum (Al) akthgnesium (Mg) (3095 mg.Kgand 4127 mg.Kg
respectively). The average quantities of Potassjidin Calcium (Ca), Sodium (Na) and Iron (Fe) are as
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important in Site 11l (1269 mg.KY 4523 mg.Kg, 1260 mg.Kg and 839 mg.Kg" respectively). Silicium (Si)
and Manganese (Mn) are smaller compared to alte#iements (147 mg.Kgand 155 mg.Kgrespectively).

Table 2: Soil characteristics near the dumps (Soil depttol4D cm)

Soils pH oM Clay Silt coar se Fine

% % % sand % sand %
Sitel 8.20 1.98 12.63 10.62 58.20 17.80
Sitell 8.11 2.43 13.08 16.35 50.66 19.97
Sitelll 8.18 2.48 13.58 12.40 50.20 23.80

Table3: Major metals (mineral elements) in soil samples tie@ dumps (mg.KY
Soils K Ca Mg Si Al Fe Na Mn
S(1) 1062+11.3  4133+18.3 3122+10.3  139+11.2 2595+558519+39 1168+43.4 149+4.3
S(11) 1223+20.2  4213+17.2 4018+11.4 143+13.6 2965+618521+41 1234456  15045.2
S(111)1269421.3  4523+21 4127+11.8 147+14.4 3095+75.8539849 1260+60.4 15547
S(I): Site (1); S(1): Site (111) and S(IlI): Sited])

3.3. Levels of heavy metals in the soail

As shown in table 4, Chromium (Cr), copper (Cuhcz{zZn), nickel (Ni), lead (Pb), Cadmium (Cd), anise
(As), and cobalt (Co) are relevant heavy metaldyaed in soil of the three landfills. Metal meamtents range
from 1389 mg.Kg (Site II) to 1558 mg.Kd (Site IIl) for Cr, from 1002 mg.Kg (Site lll) to 1085mg.Kg (Site
) for Zn, from 445 mg.Kg (Site I1) to 502 mg.Kg (Site IlI) for Cu, from 130 mg.Kg(Site 1) to 159mg.Kg
(Site 1I1) for Co, from 100 mg.Kg (Site 1) to 105.2 mg.Kg (Site I1) for Pb, from 95mg.Kg' (Site I1) to 100
mg.Kg" (Site IIl) for Cd, from 28 mg.Kg (Site II) to 33 mg.Kg (Site I) forNi and from 12 mg.Kg (Site IIl)
to 16 mg.Kg' (Site 1I) forAs

Table 4: Heavy metals in soil samples (mg:®gnd pollution inde¥l near the dumps

Sols Cr Ni Cu Zn Cd Pb As Co Pl
() 1435+16.1 33+4.1 500+30.2 1085+74.4 98+2.3 BP+ 13+0.7 130+1.3 7.56
S(11) 1389+12.5 28+2.3 445+28 1015+70.2 95#0.9 103+1.2 1610.4 140+2.8.32
S(111)  1558+22.8 32+4.4 502+37.6 1002+9.8 1005 .26p  12+1.27 159+6.5 7.84

3.4. Pollution Index of heavy metals in soils (PI)

This index is calculated by the ratio of metal anmtecations in the soil based on the correspondalges
suggested by Kloke (1979 standards) [14] and whatespond to tolerable levels in the s@il= [(Cd/3 +
Cr/100 + Cu/100 + Pb/100 + Zn/300 + Co/50 + Ni/58s#20)] /8

The critical heavy metal concentration in the s®itlefined as the value above which toxicity isqigle. As
reported in literature [15]; these values represeatconcentration of 8 ppm for Cd, 125 ppm forabd 400
ppm for Pb and Zn. Obtained results show that m=atentrations are above the critical level in ttivee
studied sites for at least three of these metahehds.

The pollution index BI) is a criterium for assessing the toxicity of al.st identifies a phased array type
contamination in samples [16]. In this study, tledytion index was calculated for the different gdimg sites
and reported in Table 4.The three sites |, Il dhbddve pollution index greater than 1 and repréesespectively
7.56 7.32, and 7.84. The soils landfill site of Ain -Tesk is the more contaminated one than the others.
Soils near landfills are rich in major mineral ebts (K, Na, Ca, Al, Fe, Mg, Si, Mn) and are laygablluted
with heavy metals (Cr, Zn, Cu, Cd, Ni, Pb, As, Cand the calculated IP exceed largely the valug. athe
texture of soils is sandy soil, and the exchangmaddy of these soils is weak. The amount of ctayhe three
sites Sl, SlI, Slll is slight: 12.63, 13.08 and3&% respectively. The presence of high quantitfesaad 58%
and small quantities of clay in soil facilitate thetal infiltration to the soil depth and will berdaminate the
groundwater, [17-19].

The variation of quantities of major elements ia three sites is probably related to the differesfcgoil nature
(pedogenesis) [20, 21].

The presence of heavy metals, in soils near thepduis related to the nature of garbage rejectedn(ies of
heavy metals found are important and exceed lariedymaximum amounts authorized by WHO (Cr: 150
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mg.Kg", Zn: 300 mg.Kg, Cu: 100 mg.Kg-1, Co: 30 mg.KgPb: 100 mg.Kg and Cd: 0.7 mg.K9 [22]. As
cited in literature, some contaminations were olesgtin many dumps towards the world: Akouédo indjdo
[19], Mall in New Jersey [23] and Sidney [24].

3.5.Concentrations of major metals and heavy metafddnts growing near the dumps

The presence of metallic elements such as exceksreds of heavy metals in soil significantly chasghe
floristic composition of sites. The presence of etagion species in their sites means that specipposts
excessive levels of metals and are tolerant toyhesetals.
The floristic population analysis shoes that nunddfgplant species present near the landfills adeiced. The
botanic study of plants reveals the presence gfi@2 species and 17 families. Among these plastisp met,
only 7 plant species that have an important deved and grow were selected to analyze metalsdin th
tissues. These plant species aRistacia lentiscusL; Euphorbia cyparissias L; Marrubium vulgark;
Asparagus officinalig; Malva sylvestrid_; Plantago lanceolatd and Urtica dioicalL. These plant species are
dominant in the three sites studied (Table 5).

Table 5. Nature of vegetal species near the dumps

Family Species Distribution
Aizoaceae Mesembryanthemum crystallinum Herb (SI)
Anacardiaceae Pistacia lentiscus * Herb (S ILIII)
Apiaceae Daucus carota L Herb (S ILIII)
Arecaceae Chamaerops humilis Herb (S1)
Asteraceae Scolymus hispanicus Herb (S IIL1T)
Centauria cyanus Herb (SI, 11, 1)
Brassicaceae Sinapis arvensik Herb (SI, IL1T)
Chenopodiaceae  |Chenopodium bonus-henricus L Herb (SI, 11,111)
Euphorbiaceae Euphorbia cyparissiak * Herb(S 1lI)
Fabaceae Retama monosperma Herb (SII,111)
Lamiaceae Lavendula stoechds Herb (SII,111)
Lavendula dentata Herb (SI, 11, 1)
Marrubium vulgarel * Herb (SI, 11, 1)
Liliaceae Asparagus officinalilL * Herb (SI, 11, 1)
Malvaceae Malva sylvestrid_ * Herb (SI, 11, 1)
Oleaceae Olea europea L Shr (S 111)
Plantaginaceae Plantago lanceolata * Herb (SI, 11,111)
Rosaceae Malus sylvestrid Herb(SlII)
Poaceae Hordeum murinuni. Herb (SI, 11,111)
Arundo dona L Herb (SII,I) Herb
Urticaceae Urtica dioical * (S, 1L

Urtica urensL

Herb (S, I1,11)

Shr: Shrub, btdderbaceous, S: Site

* Plant speciedistl

The major elements content in the plant are predenttable 6. Results show that the values of &, dhd Na
elements are adequate as in plant growing in riadoita The values of Mg and Fe methn lentiscud. (3806
mg/kg' Fe) andUrtica dioica L (7544 mg.Kg' Mg) exceed the natural values described by [2B Talues of
Al and Si exceed the natural values in all plamcggs grown in all landfills. However values of Mret inP.
lentiscusLand in A. officinalisL (14 mg.Kg-1 and 38mg.Krespectively) are lower than natural values in
plant species grown on natural soil (200 mg'Xg25]. About the contamination of spontaneous ptanheavy
metals in dumps, few studies were done. Resultw shat contents of heavy metals (Cr, Cu, Zn, Cq,N#pbCd
and As) in plant tissues are very high. Maximunheévy metals values met respectively in plants9a6s3.6
mg.Kg'in P. lentiscud. for Zn, 6829 mg.Kd in A. officinalisL for Cr, 4030.6 mg.Kgin M. vulgareL for Cu,
71mg.Kg" in P. lentiscud. for Co, 57.8mg.Kg in E. cyparissiad. for Ni, 28.6 mg.Kg" in M .vulgarelL for Pb,
28.2 mg.Kd in E. cyparissiad. for Cd and 9 mg.Kgin A. officinalisL for As (Table 7).

In our results, the quantities of major elementsifbin the plants are adequate according to theseritbed by
Gobat A.M. [25]. Except Fe and Mg that exceed theiral values iP. lentiscud andU. dioical. Quantities

of Al and Si found in all the plants studied excéadely the natural amount in plant this explaivisy these
plants tolerate and accumulate these metals.
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Quantities of metals (Cr, Cu, Zn, Co, Pb, Ni, Cd &s) found in plant tissues exceed those recometkbg
WHO [23]. The plants studied in our work are aldeabsorb a large quantity of these metals andferatteem
in their leaves.

Table6: Major metals (mineral element)ntents in tissues of spontaneous vegetal speoE&gl).

Vegetal species K Ca Mg Si AL Fe Na Mn

P. lentiscud. 9654 +42 7414 +29 186 +18 167+£14.4 71+6.5 3806146 1710+23 14+2.2
E.cyparissiat 3645 £21 6162 +£26 1083+13 154+11.2 82+3.4 1560 +£30 3165+53 29 +2.1
M .vulgareL 3942 £24 5156 +4 343949 196 +£10.3 290 +12.3 1833 £17.1 3624 £17 34 5.4

A. officinalisL 20003 £ 63 6981 +30 2569+7 164 +2.2 298 £+50 1581 +40.9 4977+91 38 +2.7
M. sylvestrid 30154 £29 6235 +21 6342+19 123+1.7 65%1.6 340%13 3764124 3114
P. lanceolata. 1955 +45 5447 +28 391 +10 196 +20 170+24.7438 +35.63612+23 22+4.4
U. dioica L 35158 + 38 5266 +17 7544422 222 +8.3 146 +14.4 750+ 8.6 5538 +25 33 +2.7

Table7: Heavymetals contents in tissues of spontaneous vegetales (mg.Kd).

Vegetal species Cr Ni Cu Zn Cd Pb As Co
P. lentiscud 3556 £+35.2 13.6+2.1 1535+49 91685+6 0.1 +0 194+26 0.1+0 71 £10
E.cyparissiasL 623+5.8 57.8+3.2 710#12 886 +0.10 28213 22+35 18045 30.2+39
M .vulgareL 755+ 14.5 0.18+0.03 4030 £+9 1919+82 56 =05 28621 6*22 624+6.0
A. officinalisL  6829+29.4 0.1+0 1664 +33 3201.6 14.8 0.14+0.04 15+x0.1 9#223 2482
M. sylvestrid.  1007.4 +11.4 41.6 +3.1 42929 795+84 10.9+4.6 16.2+0.5 3.14+0.34 38.6 £3.9
P.lanceolatd. 940+32.4 27+57 566+14 864+315 16+14 13+2.7 010 8+4.4
U. dioica L 1348 +17.8 0.1+ 0 153+9 438+148 5+ 0 16 +08 622 2727

The calculation of Transfer Fact®F (Table 8) showed that the plants unlike accumuiaggals. The finding
hyperaccumulator plants with TF>1 ar&sparagus officinalis(4.38) andPistacia lentiscug2.26) for Cr;
Euphorbia cyparissiag1.82) andMalva sylvestris(1.29) for Ni; Marrubium vulgare (8.08), Asparagus
officinalis (3.31), Pistacia lentiscug3.06) andEuphorbia cyparissia§l.42) for Cu;Pistacia lentiscug9.14),
Asparagus officinali$3.19) andvlarrubium vulgare(1.91) for Zn.

The accumulator plants that TF < 1 for Cd, Pb, A8l €0, areEuphorbia cyparissiag0.27), Plantago
lanceolata(0.15) for Cd;Marrubium vulgare(0.27),Euphorbia cyparissiasd)(20) for Pb;Asparagus officinalis
(0.75),Urtica dioica (0.5) for As andPistacia lentiscug0.44),Marrubium vulgare(0.38) for Co.

Table 8: Transfer factor F) of heavy metals in spontaneous vegetal species

Transfer factor TF)

Vegetal species Pb As Co Cd Zn Cu Ni Cr
M.vulgare L 0.27a 0.502b 0.39 0.052d 1.91c 8.08a 0.005e 8e0.4
P. lanceolata L 0.12d 0.008d 0.05e 0.156b 0.86d 2cldl 0.85¢c 0.59d
U. dioica L 0.15cd 0.5b 0.16d 0.043d 0.43e 0.303e 0.003e 0.86¢
A.officinalis L 0.14d 0.75a 0.14d 0.001e 3.19b 3.31b 0.003e 4.38a
P.lentiscud. 0.18bc 0.008d 0.44a 0.001e 9 .14a 3.06b 0.43d 27h2.
E.cyparissiad 0.2b 0.146¢cd 0.19d 0.271a 0.864d 1.42c 1.82a f0.39
M. sylvestrid. 0.15cd 0 .26¢ 0.24c 0.104c 0.79d 0.85d 1.29b 4d.6

TF = value of the metal in the plant / value of thene metal in the soil [26].
Transfer of heavy metals from the soite plant is highly significant between speciesQR05) for the eight metals analyzed,
a, b, c, d, e = homogeneous groups.

Conclusion

Our study showed the impact of landfills on envir@mtal pollution and the transfer through plantt ttould bring harm
to human health when the metal pollutants will etibe food chain. The concentrations of metallensénts: Cr Cu, Zn,
Pb, Ni, Cd, Co, As, analyzed in soils and vegetataceed largely the critical thresholds set by WH®is pollution
varies according to type of terrain and natureasfupants. Site Ain Tedless dumps is more polldtexh the other sites. All
the plants studied are metal accumulators, sonm@sphre hyper accumulators suchfasofficinalis, P.lentiscu$Cr); E
cyparissiasM. sylvestrigNi) ; M. vulgare A. officinalis , P. lentiscus, E. cyparissi@3u) andP. lentiscus , A. officinalis,
M. vulgare (Zn).
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