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> Summary

/ Soil and Plant Contamination with Heavy Metals at Mahad AD Dahab as affected by the \

distance from the mine Area

Many studies confirmed the contamination of Mahad AD Dahab soil with heavy metals.
Therefore, this study aimed to determine the effects of the distance from the mining area on the
contamination of soil and Rhazya stricta by heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb
& Zn). To achieve this goal, eight composite soil samples were collected at 0, 1,2,3,4,5, 6, and
7 km far from the landfill. Moreover, samples of roots, stems and leaves of Rhazya stricta have
been collected from each site where soil samples collected. Soil and plant samples were analyzed
for the total concentration of heavy metals.

The results indicated soil contamination with respect to Cd, Cu, Pb and Zn. The
concentration of those metals was very high near the landfill area (first and second locations)
compared with others. Moreoter, enrichment factor (EF) indicated a be very highly pollution
(40 = EF> 20) at the first location, with Cd (33) and Zn (22) whereas, EF was 8 and 10 for Cd
and Zn respectively at 1km far from first location, which means a significant contamination
(20=EF>5).

Based on some of the international standards for heavy metals in soil, Cu was the highest
metal in our study. It was very high at first two locations (944 and 612 mg kg-!, respectively),
which means it is necessary to remediate soil according to Dutch standard. Moreover, total
concentration of Cu was more than or equal 100 mg kg‘1 at other locations. The concentration
of Cd was 7.9 mg kg! at first location, which affects human health. While, it was 2 mg kg-!
at second location, which means that the soil is contaminated with Cd. Also, soil in the first
and second location could be described as contaminated by Pb (337, 206 mg kg'!) and Zn
(2112, 1027 mg kg'!). And by using Chinese standard, locations till 5 km are contaminated

\iith respect to one or more of heavy metals. According to Scotch standard, soil at first locati(y
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@ km) was contaminated by Cd, Cu, Pb and Zn; while it was contaminated with Cu and Zn D
second location.

In general, the results showed the reduction of the accumulation coefficient (<1) of heavy
metals (Cd, Cu, Pb, Zn). Nevertheless, the high concentration of heavy metals in soil, reflected
positively on the absorption by Rhazya stricta. Therefore, Rhazya stricta, in first and second
locations, had high concentrations of heavy metals in their roots, stems, and leaves. These results
indicated that Rhazya stricta might not be appropriate to extract heavy metals in contaminated
soil, but it could be used to stabilize soil and thus prevent soil erosion, which result in reducing
pollution in the surrounding areas. Also, Rhazya stricts could be used as an indicator to soil
contamination with heavy metals (Cd, Cu, Pb, Zn).

The study clarified that accumulation factor for Cd, Pb, Cu and Zn was high in roots compared
with stems or leaves of Rhazya stricta. Translocation factor of Cu from roots to stems was
(0.76), while it was (0.63) for cadmium. However, based on translocation factor from stems to
leaves, heavy metals can be ordered as follows: Cd> Zn> Cu> Pb.

The results of our study emphasized an urgent action by the mining owner (Maaden
Company) under the supervision of Imarat Al-Mmadinah and Presidency of Meteorology and
Environment (PME) to stop the source of contamination. Moreover, it is necessary to measure
levels of heavy metals in the blood of residents particularly the children and the workers in
the Mahad AD Dahab min. In addition, it is important to inhance of research centers to study
other kinds of contamination, especially the dust and its content of heavy metals, air pollution
gases, radioactive isotopes, the volatile metals (such as Hg and Ur). Finally, companies have to
be more transparent with respect to environmental aspects, and take responsibility towards the

society and the environment.

\ /

pui (TH) Sl 09y



ao20oJl

:6UALL0JU Gy ye iUl

Leiag @Iladl Db ploas oug 25 (2 Leliall jolanll de i

JSL e LI e S cile 3 Adgacall A yadl 3SLal
dalizel) At yolial gl M ie clid G L 3a0ale Ao
i a1 e 31l o el slyglly LTy Ayl fie
ALE yolially Ayl &l iy opslcany gl gly i
AL yenliall e 0 oo o Ilig 1391 lls 1T el ol
Blomll A9y y—iad (ALE @Al Lgule Ul o) —Sa)
sl Jie (8 piall 57) 3551 yusliall anidy A3 cilaS
39y e Faliy peva’ a3 LT W asuialially izl bl

A ——————————————
ALe iUl 6l o (M-F) §alo S 2)g(+)
O Al aUle il 6lal your .(:,_iJ_,J_.Jl olAil
[(Eun) dolw pnlicA dus Ul ol jLoJl 6ol

:lavio ¢ JA4g Lale dafLUIl cuns o
Cu, Cd, Cr, Co, Zn, Mn, Pb, Ni, Hg, V, As
{IEMP &l dulong ala yiU doledl duwls i)

—

e S,
Al B Lgie
Gyl
e Lgly
dadiya 381 )3
bl s
ASgle Sy 3
aldll delw

2 ALE poliall ISI 58,0 Calizyg - bWl olsedly
1. (Alloway, 1990) &bl jslins g ot |58 Lslll coyall




(Excluder) ezl yiayg . Lgiaslin e Ju
ket el Lganei Sl cldVI gus| (e
obiaial L ga LG AT Lef yualiadl olontal
Halie ] Ll Fm il pes Loarandy yusliall
oS lllug sLeilly Blg¥1y Oliwlly HslallS
2ot ¥l Aae B Ll o2 s Pl
o liatl by @l oyl Juals salel g

Uacalgo sl oyl Oleat ol Alac watad
el 51 2,3 (e pmbiadl A1) e el sl
sl PVl By Lo 3 e alaadl Loy 505
L._u-.s il sy . (Phytoremediation)
Ayl Jolma B poliadl jeus Alal bl 1o
Bulec 3 AL ¢ 1591 (re suotall ool w3l
Prosopis. juliflora auaxial cos Marny
Thangavel) 50530 &sle )3 batinl 2
oobatial Sle ddle 3503 41 o7 LS. (et al. 2000
Niverthitha et al.,) jolus,llg ag,SIly Sl
LS .(2002; Senthilkumar et al. 2005
413¥ Ragweed ¢15 5T (e ayuadl cusnzi il
Thlapsi rotundifolum ¢\ i Lolw
Comis,) aseeslSIly izt A3 ansi il azs
il at ¥ el alaziwl o) (1996
O ol dlae Jo e ALEI) polially d55Ul
oalitll @3 LSl Byl da yobiall o2
.(Comis, 1996) sLe,t ;aYI

P (TR) Sl 09y

AL yusliall cibigiwwe le Cayuill qgll (o2
Oalally Lgiiligd (B @Sl ASiolSng vyl 5B
Ayl B Lay iy Laysog LgS o @S Al
s O LeiSay Gl llall Jals LeSslew cl1ASy
) ECHITRRCIIIE

st 33l B pptll Sl lee @al s
e e s ale IS &y Juey g2l5 puolinally
Leio Jazey laag indly Olsadly (lad¥ly ol
@Il 2 5 yshas SV AL CASEL @al usi
o=y A3y .(Zheljazkov and Nielsen, 1996)
e Buaga ! Ay yall ALl 2] aladl allsd
LI 28l Geis oalall gyl poyliue Sl
Gl 3583 yulad Ao ol 515 el L Lo e Ll g
dpe Liall asl Gl Caduas Juds (1Y) gﬂ; o2
) Bles sl Aaladl 3l I1) Augainlly
(oleall) AL punlially &isbill (35 . (o8 EYY
S laaSg AL dl) Byl e Gamy i3
gy So—el 31l IS L 6og Les
biylly pobo g pul=idly aguaslsdly a3l
281 e (As, Cd, Cu, Pb, Zn and Hg) 55331
.(Alloway, 1990) ot 2eicull ynliall

WETR-URERPERITNCFS RPEIE

159 sl T Y cnlill e Ll 505
(oo Bni ) ol 5520 L e 3500 Lt AL
Higke il B LA oa sady oliall clls




awljaJl el o

el gLl Haune (e
Y olS A LE sl
Olead eI a il ys pa 0
i Il oo Le el
daaldly ddaall @l
3yl L3 Ll (e
Ul Wl slhae] @ i
aaslidly dwlyudl (o Lgas
slac] @3 (g (gl
i) | el o gl
Ol e (S Bala)
Louall ailelsdl e LM
Alsalad] o i ] L
%l el a1 L N
Sl (21677 ale aleall Auiuanil Ax55L1,
ey cdVEYY/V/YA iy Yo /o @By Sle
Y i Ol s e dlnalsdl o ol
LG yuoliall @813 L@..l..l.ugg:d‘ub')ﬁy‘.))jm
A yuolialls . lgeley O 93 @asl i B

.(Nriagu, 1988) cusliall cLiglls o

2l e 0l

@V M ale B zoyl
31y 593 e dand Lag
oudl slaidl ads o
53185 slmaly cala¥1 )
):Lé- ‘_;).sT 3_3.5\.44:15‘
Jagoms ells 755 edadl
=il aSIUN &S, )
L‘QY’ *A ‘QLC daal e
@bl ys uagi @ 45T Y]
e bl olially Sl eyg L)l il
(pYrr0) 2V EY0 ale > (s ldl @le s
3,8 2 ol sl o g Jeol 581 (o 01
oo J—cdlg Aaalt! of v\.zm.u aSIUN Gyalaa
pobliall aliad L Ly ol ol yudl el s 59
ale JSC S0 Ll e 3,083 y9las 10 AL
eIl AolSs A0S a5 g wie (ol JSdny

P (TH) Sl 09y




514 ool 2 Mz 502 99l

ool (o 323 pta | Slilas dilaie »glil cni ags ik bisb dgipe (1) SO
G g (i daatill AmSOUN of ASld aladl Al 5l 3 215w 315tl Gy onall sy a3
rag - Sl ol sLin VL puall Sl 153 ALl 3 Byl sl ) Zal3] L glomaes
Jlaels ashs o ayily =) & lh alall alladll (e 3y e 35BS 30U oy el le ELPY
el Y1 3Lh 4,57 5T clalea e Jlee U1 138 oe i Lo J55 5T Ll 5T avgll i il
I BaLL1 B A wlill 3, lally Lgie palixilly Lgiadlasy gl (a1 Jailly ¢yl eyl
By o] 3Ll Loy ol Apatndl 5T B LY Ala 8381 5 Bl cpe JS a3l 3y e
Ak Lo Gaaeed
5y ALl 5 Aleall culalielly BulaLaatl 57 Al ol dmlawall oLd| &350 ane )

Bydilie pue 91 5ydle

pui (TH) Sl o9y



Eyols Al cpoatl oo casl o3y . ALl
Jie AL jol ally @ midb A dadl ol
e » &y As, Cd, Cu, Pb,Zn and Hg
(Al-Farraj and Al-Wable, 2007a). 1o~
&1 Bblie 8 (puaill Adee 8 awgill O
DYy sl ol b el AalaieS dSLall (e
G B Hlmaly (ol Il duasall dladles B
ol gl o 6T alie (o U1 oiipnn Lo g ALl
557 Bl yd Al A L) Gt e Lelal) AlLLES)
Ll e Lol ol ol adgull Glolil] b ey |
LAl 0208 5535 3Ll Gl 3 Lslil] clililly
o2 Lgalami ) 3. LS (gung poliadl conds e
Lulaall Jolodl @iy gpumdl olat ¥l ddee
GlLLl el Ja cughall KL e Agalsl 2 olitl
Ldaally AL SI A, aSlaad Gy dals)
Ayl o bl ol e 0,00 5k 5all
2 p3Y Lasliels Coaldl uge dalate sl ia @3
oliadly Lgd gl A plas ¥y Goaaddl dlac
Rhazya stricta Ja,=J| old yoad LS sy
LeS palg S Aalail] B oyl 35Y Decne
OLd¥! Lgaait U1 Aadall BLAY as
SlbsT b adle 63 Tl of et L) Calay

el eyl alsg Calasdl

e oy ey Byl e Aasladl -
sl of Laysas

Jui 55 e Lol g mpmiall e sl Y
)l puSea g did| VT Jleati il colaally e
Al Guplall 3gu > Holad aue g iyl
aanll il L Ll L psecal

2 Rladll 3 =33y il aladll oy s LS
gl G of Lay o Y-Y-11) 3 die dualstl 20U
o Jamy ald a5 IS a3l L Lo )9
oo Ao &l 80 i poly G &gl Eiga o
oLy By lelpa ¥ pses 33 g o
Al ol el Al e Jeally [y cughil
By all 3y il 25l Jeals kel g a7 donllaeg
gl o bl sty Ll gl Lasad 3l
ALaill 12tgd Auiainl! A 331 o33 UL Ly diall
e 5 sl Bl Rakejll 5,50 IS5
e BLW—MGM‘—‘*H il e Gl Yl
Lo 5531 oita 3Ll (re oS o 135 Jell 120
15l CaLa Eulae (oo e Ll ISl paen Jamy
gl e e G2 5l 1315 Aaliag 231 a3

dalgd) Bbld) b s cdldl uga d_alaia piial
A padl ASlall o caaldl i wly ool o
G2 e pST5 addT e (geiod e gl

A



\4

duwl jaJl @laal

..I"...'.”J-nl. II ..‘”I IIJUDI

Byl daal | i Ll (e sl LT
robially dae )3l e G LAl )3 &5l e e
Kelly et al., 1996; Chen et al.,) 2Lzl
ool ey .(1997; Manta et al., 2002
S o OMSCEe oy 940 ¢ ‘.b~ Lolu | aic
gy anll el yuaniy alatll il ygaio
O ALl 583 6509 -Blagll Leyyg culmi Ay
Jle—a¥ly 58l ] ! gl Gle olio )
JUabolg a1 Ll ccughl T cLod W1y i illy
385 e polio )l @gin ja5 Gl Jal gandl s Ll
sl y sailly Jaall B bl ainl Cevcus (adieie
oobaia¥) e ST cud Adlall 3,05l ety
O LS angll Sl B Sl dolit] o
G35 prdmie 5850y pole,ll il (o il
slaely clloely oolaall B a¥Tg dug Al azd 1)
e 2 AL yusliall (81,3 )55 LS. ¢lony
@leglall pe waily (uanll Hleantl Gle Loyl
http://Www. : Sl 235l dasl )3 ¢ 9 11 (S
.epa.gov/lead/index.html
PSP NESWE-PIT:»1 (I PR ORI Y
LYl cellar Ll (JLabY Ll (ol o,

pui (M) &l 08

BUS TR VS [ PN 7 1) (6 Y {
bl G LayS,hy 4yl B o liall

oo el 30 Lle Coyanll £ SLAN A gH
03539 AL yinlialls &uy Il (gote e @onil
RETLP

obiall Gl g3 Ay SIS gt
.Rhazya stricta Decne s, =1l cils 515

ol wlwlja)lg dwodc)l auolall
Literature Review

8Bl pnlicll cig Ll

L TR
St Ayl B polassdly ol ilidee
oelzmilly Gl S50 o 5 olic &3 due |
IR R | = Loty « S,
B Uil = s
2 52a3lSlg olin )| |pumic ydiay. lam Al
Ll B oo pobuaiedld & LA pobiall cpe
S Ol 120 LS ALl Leglys @ cpag
robins cosial yialiall Lo Jo> Slmi¥
oobio 15 aguaslSIly JS ity (yulomily i3l
(Singh, 2005) 55319



uaidllaao uyi gl

Al-Farraj and Al-Wabel, 2007a L2

daod| GbL 5 &gl e @osdid Al
As,Be,) alail , oslall coaldl uge @ =ia
Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se,
Adlatl Gunlatl Gas Gudas as (T, V, Zn, Hg
4.“\)4_!\ S PR VA TRV IRERE LR I PR
eyl Lstu 00 Jiad 4,5 due W‘\‘_}LUH_;
e 055 Foluak g omilly s onl| Aaait Joi)
i yglaly . ygimiall ol il asl o e @€Y
digiaa 4:-).,\4 dul ! dalaia &gl Ayl 5L
S . o
<4lS Leiw « (EF Enrichment Factor) 5 , a1
ot 35S 1 35S Bon yuy BT igall B
B Cslill 3 S35 dBy L Il e AYY 4 £
26y - ppaaill wldae aosl s (e A yall 2311
T ey il B aado xS Sl 55T
6 LS cemill g il o5l B g Ll
83Ly po Syglill (ggT o Ay ola L_x.tab
R ANT-RARN EF 5,040 Jolas oIS Gos - 3—call
@ligall o Lol (@) 0=+ ) dpmlo el clipall e
OISE (s <) 9 (ea¥ *=10) ApmmlaLull oo
Coglay . Mgl e /YT 5 YV 5, agll Jalas

(S F—rua 28y (| JLab Y sue Julas su =l
2V AVA ale ¢ygale 0 (e giles 2 pobis
JI3Lag scslivawitfl Blsy o (ypule Cauni cya J3T
e ellly e B LasT dBy . Bl b sl
The National Lead) olw Jb 2wsls ciloglas
3>l ;w9 . (Information CenterNLIC
Ol cez=ll Lellay) le 38501 (o pomy 31 sl
o s JLAbsDLY (o3 iy ol U1 (0
09 el JLab¥1 o7 LeS . agia¥y Ji3 >
eiles B polioy Il gt e (53 4B clomin]
O 0Sa0s - s Lcud mgule 31 5 glays dlle
guly puatdl Gayle e pobio I Jalall (o 5a%y
a5l 3 ST 5Tl Jamnd ! 5L
MR 200 b fpenic pscastSH iy LS
O el iy GLwidU padieill 348,301 wie

.(Flick et al., 1971) a53.1 ot LB

P (TH) Sl 09y




VO (pe gyt line pazmy Lsld o Lglg g
crligall cinla gy @d€) + lady 3,35 clie Ladge
—£0 (£0-Y+ ¥+ =10 N 0—+) Bl el dayl Ll
38 darugin O ag By pBge JS B (el
b (pag) caaldl uge A0y3 B ALY yoliall
Jo gl (e poiS5 e (B U 581,31 o
gl e ety Jo sl e o all Ll
Cd,) Al joliall A5l ue all &t
cal w3y (Cr,Cu,Hg,Mn, Mo, Ni, Pb, Zn
oo Tolaiel 8T T yunias @gl culiall A
Lo Lol aliwy udy /1T (EF) 3,040 Jalas
agaaslSIl 5 iolies 81 ciglill olSy A adiya
el w39 30311 Gulsddly cbijlly olw Ml
AT OV 1L LS gl e Las gl B
po Gallamil Sl Al sl By AYY 5 YA YA
Al-Farraj and) Lg aldy Lgiae o il dl |
(Al-Wabel, 2007a
Ketata and Husain) a_lys o ,glsi LS
il s IS &b A el o (2008
0394 )3 g1 @il Aalate 5 ls e 339U
Blae ¥l aran B dag eglill o wlls ] ol
oel=dly awﬁ\s-”f:a\-h-‘ S 58,001 4l
A9l anlall o e iy poblio M1y 35315

P (TR) Sl 09y

crligad! gl Cocad Sy (AL E ]
Cd>Hg> Pb>: il iyl o LS yslially
.Zn> Cu>As> Mo> Be

Al-Otabi and Al-Farraj,) a7 4ul)s 2
JSI Ayl IS 585l gyl 5 gls (2009
VY 38,5 s Zn,Pb,Cu,Cd, As ¢y -
A3y . gl Ll VTexS @zle VEAY (Y00 (£VA
O3Sl B s gy 3 el 407 Lol
G Gle ¥l 585l 3 5,lae Calacaf Buas e
ol Ll LS &igle il D)3 B ua g O S
s (BF) 3,250l Jalas L)l I st
o Lo olialls coaldl o ge 20,30 &gl ol
(V) psweslSl (g pnins Flle A juts Tt il
A3 ey fax e S9lig «(8Y) polw iy
(OF) oelmidl (g p—mias daugiia Cug L5 (V0)
L o1 A Ayl caali g (V) ) i3l
ns 399 3550 Aoy ALE jualial] el Fgle
Sl gy iaall Gubial) S &gt unlald
QRGP

S L ald Al Al el el e aldas
dasl> o (Ketata and Husain 2008) ;s
@s&d lo$y Memorial of Newfoundland

ol uge emie dalaia B aulidly 4yl &l



455 Jumg LS (¥ JS8) Bl i Bos 5
Ketata and Husain,) ot Laacs\ YV uled
cs Yl sl dl G el s 014 5 (2008
Ketata) dulys 2 poloyl 38,5 lef Jay LS
Lies 18 38,31 yelsd o (and Husain,/2008
B 3530 g5l isle b By 3855 LY
ccalas] T ) ordacs oo Le 3 Y1 by
L TV 58,01 3 3alupll il vclipll il
Y\ 4 .(Al-Farraj and Al-Wabel, 2007a) .
=29 «(Ketata and Husain, 2008) ga ! Laacs

sl alia] craally 1o igag 1aabS_al cye JSI
SIS tm S canil] aga 3 sl gl il
ook ly 3531 asueslsdly b=l
Lg.a_*m_'?. Q}@LT mM_c.T Ql—l—ﬂ‘)u\-" :‘-')LS"" Jue
Bl By . 35515 el 3l ol Mg ag—suddly
AL o Lial il oadl ga 3 2 IS0 58,301
5 Ly Bske i B U s o (e 355 e
S senstSI 3653 1S3 - e 1 e

oY Ayl

Sas 35 Aed

200

G2 il a0

130

e 3a iy | gy

due S 38,01 .

100

7 oY Lins
Hsle jud Ay 2
AL) iy 2

Farraj and Al- Hg
.(Wabel, 2007a

FE Lagluny

50

Pb Cu Cd

0l oot () ga 0y B ALGUNN yunlialf 18,5 :(Y) JSTI
.Al-Otabi and Al-Farraj, 2009 (3) :Ketata and Husain, 2008 (2) :Al-Farraj and Al-Wabel, 2007a (1)

P (TH) Sl 09y




S50 5T cleal a1 5 ey 2515 ¢ya iy
Lgbd caldl age )5 B A LA joliall K
Ny >9 Les »—lei (Ketata and Husain, 2008)
Jsu) T Bominly 3 y5ems 6,3 Y1 eslal yul o
Cndncay ;ST agaslSU 58,5 GleT plsa (Y
ol ) 3 Jag 5655 el B)laa caaly
Colaia] Bs 38T alomill 38,3 o LeS syl
ool 1 LaT. 6, I bl 0l 25, Lae J3Y1 Lo
Ado ,lae Calecs] B LT 58,5 Llef ol
Doy i3l 5855 el oo oo pdlig bty
dacusiia 5T Y1 L(F +V) sl 2ol By s
Ketata) '“o=S @=le V¥ i b culiall 528,31
@=le 084 & 5,lae «(and Husain, 2008
s e 301 i . Io¥1 Ayl gl VenS
Al) Al )y o3 3855 Glef Jag cus can il
<13 342y uBy . (Farraj and Al-Wabel 2007a
A clie ched oo lill g By Ll
J.mﬂ‘_,ﬂ;.um:- Loip sl Jund B a il
(Ketata and Husain, 2008) saJ ca
50 Las « pllad ad Gaazeyg 35l pndls L300 (345310
Al B 35 IS S, e

o2 ALE 5 oliall 38,5 b 53l 3l e
i,lse (Ketata and Husain, 2008) a5

P (TR) Sl o9y

s «(Ketata and Husain, 2008) st L ¥

LQ')::}" 2\.‘.0\4.!\ Uﬁ).&.ﬁ

(BVEY0) CaIl g e pal e (o Wiglh| A, SN J55 B Ly 3T 3(i) JSTI

(B1EY0) LI ugo e B palytl s (o sl a2 Hllaa¥ 5 :(ot) U



5T e e (el byl 4l el i Le g
Lol aladall B 58l oo @l (Vs Jie 51
(v (BF) 3,201 (sae Jalaag (Y thmba ol comig
(Coefficient Variation) cad ¥l | alaag
el sl dae o Cglill o o Sl
Al-Farraj and Al-Wabel, 2007a;) o= P
Gaals 338 7 yo o35 . (Al-Farraj et al, 2009
OWSall da 5" s Lo 39 el 1S5 Sy g
alially &g B0 5, alie el 1505 Al ola b
clalidll e 220l ¢330 Hlalnl Zalos¥l ALEI
Lle Aoy 3Sa cpaaitl Rabaie o) o cwy it
oymelatly asdl puatdl clbol sl Jedsy . 2l
3ol el g)gpall (e 10 cililaally 5 emanlly
0552 O Ay - e=ill e Al Juady elio Jix
Sdiagans Glead Abgiine aubs lse e Jundl
Al) Legiomy o Lilslly zlall QU Ll G 1By
Farraj and Al-Wabel,
adl ediogs Ls (20072
e e Jlygas daals
luogll ol il G
alalyull STy LS

LAas MU

3lse ciles aliall of Gl 6331 el alull
a3 e Leayd iny Les cemill Aalata Sl
(09 -y (0T (i Ll L s (55 o Lo
Daa (e o BYL sl jo Sladil gl o aglall
16 3 5 yreae (o Ay S5 Las st
o2 el ldes ga AL yeslially Coall
2155 oy Lny8Sa a3yl 3gmsng 1A Lablnd
(17 JS8) oyl Al algy 3,50 ysimaall s
oo Leladlocs <131 5Laadl Llin dioss Le cllaSs
Jas Aldby (@F JS—&) apl,adl jale=lana
@bilad aslye Jals o Bl a0, (e il ieS
Babll ) ol adl Gyl a5 paoial
o Lially sl slocial I lls (g3gay (A L1
ezl bl 1 Al
Ol eildae 58 (e dpLull A cill (3814
(RoLuall) ALEN yunLially gl s o eonill 3

The people living in this town face the immediate impacts of heavy metal pollution and
other risks resulting from the mining activities since the mining area is open to the town.
The mining activities include drilling, blasting, crushing, and processing. Then it is
necessary to build a wall or an artificial mountain separating the town from the mine. The
mountain should be composed of natural material to ensure its sustainability.
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Concentration mg kg-!

0.31
0.50
0.09
0.08
0.05
0.18
0.14
0.03

0 N N U B WD =

18.37
25.83
9.56
4.52
6.21
10.60
6.15
5.83

0 N N L R WD =

Average

Stems
0.31
0.06
0,12
0.09
0.10
0.15
0.26
0.14

9.84
2417
11.89

5.56

7.40
20.19
14.68

9.83

Roots
1.13
0.22
0.22
0.35
0.20
0.21
0.34
0.09

63.23
23.45
16.05
21.29
14.04
13.11
16.50
10.14

Accumulation Coefficient

Leaves/Soil
0.04
0.25
0.23
0.12

Stemt/Soil
0.04
0.03
0.32
0.15

Root/Soil
0.14
0.11
0.60
0.56
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(Concentration mg kg-1)
Leaves Stems Roots

1 0.31 0.58 4.11

2 0.21 0.04 0.64
3 nd 0.06 0.22
4 0.04 nd 0.13
5 nd nd 0.15
6 0.02 0.05 0.15
7 0.02 nd 0.34
8 nd 0.47 0.12
1 11.04 8.48 40.21
2 8.61 5.28 6.47
3 7.72 6.86 5.19
4 8.88 427 3.24
5 797 4.10 4.88
6 6.48 4.51 6.73
7 3.96 435 9.67
8 9.97 6.57 4.83

Average
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Accumulation Coefficient
Leaves/Soil Stem/Soil Root/Soil

0.01> 001> 0.01
0.01> 001> 0.01>

= 001> 0.01>
0.01> -- 0.01>
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0.03 0.02 0.03
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Translocation Factor

Stems/ Leaves/ Leaves/
Roots Stems Roots

1 0.4 0.54 0.08
2 007 4.80 0.32
3 027 Nd Nd
4 Nd -- 0.33
5 Nd -- Nd
6 033 0.33 0.11
7 Nd - 0.05
8§ 393 Nd Nd
Average

0.59 0.71 0.11
0.21 1.30 0.27
0.82 1.63 1.33
1.32 1.13 1.49
1.32 2.08 2.74
0.84 1.94 1.63
0.67 1.44 0.96
0.45 091 041
1.36 1.52 2.06
0.87 1.49 1.36
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Translocation Factor

Stems/ Leaves/ Leaves/
Roots Stems Roots

027 100 027
028 829 232
054 071 038
027 08 022
052 050 026
075 117 088
077 053 041
160 025 040
063 166 064
016 187 029
103 107 110
074 080  0.60
026 081 021
1053 084 044
154 052 081
089 042 037
097 059 058

076 087 055
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