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Abstract

The aim of this study was to assess the bioaccumulation of heavy elements (lead and cadmium)
in soil and leaves of Ficus nitida and Eucalyptus gomphocephala trees in three different areas
in Derna city, and to explore their potential use in biomonitoring air pollution with heavy
elements in urban areas. The first area represented the city center, the second area was near the
cement factory in Fataeh, and the third area was at the steam station. The experiment was
conducted using a completely randomized design with three factors. Results indicated
significant differences in lead content among the study areas, while no significant differences
were observed in cadmium content. The cement factory area recorded the highest lead content.
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Regarding tree species, significant differences were found in lead content between Ficus nitida
and Eucalyptus gomphocephala trees, while no significant differences were observed in
cadmium content. Concerning sample type, no significant differences were found between
leaves and soil in cadmium and lead content. The results also showed that the interaction
between study areas and tree species was not significant for lead and cadmium content, while
the interaction between tree species and sample type was significant for lead content but not
for cadmium content. Additionally, the interaction between study areas, tree species, and
sample location was not significant for cadmium content, but it was significant for lead content.

Keywords: bioaccumulation, heavy metals, E. gomphocephala, F. nitida trees.

A -

daia
ran Y A il e (e W Ll Loy (Y1 e e diie 5 (Sl eliall ) shaill @8l 5 ol allal) ny
Alaia) 5 (saa aad ALEN pualially 4 il 5 o sed) Casli a3l ey alall Al Glal) () dpaiill o3g) dais gl
‘M)A\LBLM\‘;@»L»‘)A\ML_}}U\ VY MJ}@@A‘J\ Mﬂ\um&\ch‘;ccjjja;wmm ‘;M
ubjw&mhﬂ\m)l\u\ﬁ ‘JJ&A}‘M\ ;\ﬂ\adpﬂ@éﬁu@u;ﬂ\gﬁme&@m\ﬂ\ J.c\.uu_u;
Lo 5l g sl aa ) Gl Ul 5 dad) Gl e Lgian o Sy 1) JEVL A8Dle <13 Cla sles 238 Y 6l 5ol b
faa o 55 o oS LY bl Tla V1 3 ALED ol 38 5 A1 e ang 1 [1] e ST 05 ) sg))
83 sl Ay aall 481 5all il o 8 A a0 S Ll YT 4 sV ol el ) cd gl i [2] ol
[3] ¢'56d
e 55 saand 5 Ll s Auelin UG G Lgie (il Loy A 5l A1 Gusnsy ALED) (palaally &350 Canay
il A [5] [4] L e 5 S pall 5 A8l 2 8 ldane (8 3 5ll (3 a5 (pand s ¢ oanall (o ja slia g «laia g
Adlina a4 il ) AL (palaa e (g giat Al i plal) Jaxi Cua | [6] ALE obaall aias aal ) siall 4 s
Cun [7] Fardall A Wl 5 4 5l A9) 0l Lgie Jal s 3any shaliall 4 4 5l 8 A& Cpolaall 0l 38 55 il
w\wiwu\ﬂm&sjujhuu\)ﬁtdwujmuwﬁL@J‘;uﬂ\@u\b#wﬁ
Aalie 0585 O A &) bl e Ao il 52 g sall ALEN Cpolaall Jaai s [8] Aladl ) 38 5l 2ie La gl
ALE Cpalaally 4 500 505 sy s [10] [9]s il Ll 3 pobaal pa AS pal e iS5 508 Ld Ml s g
i (sl dga e [11] GhsY) Aniay Ay i) (ailiad 5 45l Gl Sae e b il a5 jplad 4y A0
Al ‘_g 4.\...»\...»\2“ saclall GA u\.ah.ﬁ\ Uy iala M\ \.@J &_a\.u]\ ;\_);\ ‘__‘Jc Lg.u‘)}aj M\ UJL’.AM (gS\_).\ M\JJ
[12] e el ) e 5 e AN dall i) e )k Ji Lo alu ils 6 ola Ul 5 dland)

3 Jin Gt 8 psham liaS b lilall Lealing 3 Allias€ll ol sl G a5 500 ualiall” (o [13] S3
lly Sl 5 Spniall 5 o ginal gall g 05 ) sall 5 Guladll 5 @l 3 5 sl Angall raliall o3 Jadiiy (s AY) jualiall
pslil) 5 o saia W15 3315 a5 o gaanlS g liins SV 5 o g22lal 5 2 sall 5 8 5 grslandll g JSaill 5 05 S0
dpall QLS A ) 5 gucm ALE (alaall (amy jiad ale Sy Gaa g 1) 5 o saninall 5 o 5811 g o andlSll g ) s gl
ey (i Al 55 5202l 5 (i 11 5 (38 30 e palnall imny Ly el 3115 sl Jia 8 i Lo (ST
S psak ) Al by [15] Gaoaill 45y 5k 5 de sall Leie Jalse s2e e AL (alaal) drans aaiat 5 | [14] 3 e
s eyl s 3 Jie ALE Cpabaal) Gam lly e 3 ke Sl Jial) Jle Gl g il ALE) opabeall
o il 3 b g i) 55 385 [16] o suall el s e Jay 65 plan iy 331 5 i g ul) oL (e
LS [17] el Gl Claeall iams B8le) ) (o2 A0 3 o 508 58 ialil Laiys o ) Al (mlis) )
ool )l Liayl ([18] saill ddafia ) 55 28 3l i) & dalad) Gial 5o Y1 (g e Galia 31 (e (ad) 38 51 Cannsy
p 32038l Galiaial (g5 el e 5 53e | [19]ol sl () (525 Lemns O (a8 et dma JSLie ey O (S
[21] [20] bl s T il s J a5 saill o 35 i al se ) (g0 aall ek )

s e e 5 bl 8 e sae I Ficus nitida s Eucalyptus gomphocephala sl Juas) a5 i)

e g 55V oda 3508 CHLISELY Canl) 138 DA (e Chagd G A 0 At 8 5kl (il g e ey s cad
BlsY) (A pabea 5 p 523l Sl il 58 55 ol o5 ¢3S 5 Lelsa (Al A il (85 L)) 5] (A ALEN pualinll Janty oS) i
Celsel) Gl (g g yE5aS E sl 18 aladiud 5als e ¢ guall Jasls Jaf (e ¢ alalie T (e lgman @3 Al A 51

259 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



Zad) 3k

M‘Jﬁ’m
Criany) piias ,@m\jqw@j@‘";ﬂ\w ) ¢(452) dde 8 ddlida (glalie DG HLial o

(1) S Aaall sl Jaall xie G el Aasall Tamay B3I 5 &5 50 Ana (3 o 53 5

22°35'0"E 220450 E

= il &" -t - - -
® 3 sl ahliall
Coordinate System: GCS WGS 1984 OO0 A0 Apaae dlana) (2=
Datum: WGS 1984 0 3 6 12 18 ysiise S
Unit: Rree 3 é o - 3,‘
2
=

ArcGIS ahsiuly s «Google Earth :suaall iy A 8 4l jall Gl 1] J&

BLEWA] &‘3.1\
(ot s pad Y] daall i gl A SV (e Lea el sV (e Gue 58 LR o
Nia pad¥l daall dslaie 8 e ) Gl 30 sieall HadY) (e g 5 4 Eucalyptus gomphocephala sl
22] db s iS5 okl il g e 5 il ai¥) e Ay il Alead sl Bl e paalall (o 8l il
23] Al el paan 8 a5 33 e ¢ 3 Ficus nitida Jtasd

Jalal) g cilisl) 34 55k
«Eucalyptus s Ficus iy 81 s¥) 54 51l A (p sl - alia jl1) ALEN yoaliall (g saal) oS) 5l el
)y S G0 dal 52021 i 5326 b 4 il sEucalyptus s Ficus slal (e 48bil) (1) sY) Cilisal) Cinan
On JSI il sa Aa )l (e GBI Y) e <l el 4 5 e IS5 Eucalyptus Gl Ficus Gl e
L Lghals 5 ans 20-0 Gee (e 30 JSI il s day )i (e 4 il il s 3 «3SEUCalyptus s Ficus lasl

maliall Ll o) ja Y Jenall il g 4 5 5 33 Y) AaSae (5L ST A Lgman o ) el A o3

ok oe (Pb, Cd) 3 _iaall ALE Galaall dllaaY) < 58 yill 08 o5 [24] [25] [26]4% s pladinly s s p2al

AR pamie JS 38 55 (B o5l 8 AL Golaall IS S ) 05 o5 [27] 4 W & il (il i pangll
, (Uire s 228.8) a 5wl - (Lise 5l 217.0) pabiall tpiane Laa ge J skl e 5,3 (aliaia¥) Slea

Aaay) Jalaxl)
2008 Llaal ¢ (SAS)zebin alasinly @lld g 4l jall ol e S CRD preraly 4plalall 44 jail) sl &3
28] & 5 cDlalaall il s (s 43 ,iall DUNCANS (30 2%kl saall <l Hlia) aladia &

wl.'m.‘b Q.il:\ﬂ\

Cusal Gua | [29] Sseall Leliaty Ll gai e ol il 4l dpan jealiall ST aal g8 abia )l
e AL 5 caianal & ALEN alaall &SI 5 5 pabiatal e 538l elliey Ficus retusa <l o) [30] USY dua Al
OSa Al AL ALEN Gabeall (pe ol g o) 583 Cua (il 8 Saeal) gl (g gline anil il aS dwladinl (S
s usaggﬂ\ B{;\L.AJ\ AL alaall ey A5 cpabia )l oo Lagh )y (Sl at..ﬁﬁau\},\tg_mhazf\
i Uin (s ol Lo sy ol il (g ¢ s ) ) YL il 5 2500 Al e s il
Lzall o) sell &gl daga Ol yliga Wiay) ALEN (palaall o8 juiaiy il g Guladll g o gredlSl) Jla (5 A) Aiazae

260 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



JaY) £ gig Al Al (3halia g ALERN ualial) AaS) o guilis

iae Al Jaus g) Al jall (shalia b (a2 - abiajll) (e ALEN puabiall 8155 (1) Jsaall s
O @il s GuaFEucalyptus s Ficus DY) ) s 45l 5 3 sY) (s sina b5 (A il dasal) (e
Al 3 (slalie Cpn Ay sina (3508 s et ol L b 511 (g0 L) sina (3 AU Al jall (5lalia (0 4y gima (358 lia
sl (e la) gina S

dilaie Cilas G Al Hal) (3halie (52 0.001 G5 siose 2ie 4y sinall dylle D) @l () i) & jelal i
& () /e 0.31) Jones Asnall Jaw s Al Ly (Ll /pne 1.36) Janar pabia Sl (g0 (5 i el it ginan
ALE jualiall oS) il 4t )3 (8 [31] Conlall S5 288 laaadl 138 b5 (L) fanse 0.24) damas 4 )il ddasdll ddhai
Al laaeS Gpelial) hbial 8 deii pe cilS g sall Jaladl 4 i) 3150 8 asedSll 5 alia IS
e ey Ay gada g dallea oL Aailil) ol Jlall 5 Claguall il a3 )5 all Blaliall 5 Ciianl) ailliass
o 52\ Jie ALEN Golaall e i) pias e Al dadlall < S o sind LS ([32] Al o dpua H1) 5 sLall
Glamall ana 5 7Ll e o e 13l daliie clilie e 3 5l 8 A& Golaall 38 caus 555 5 [33] pabia
G0 pala 5 o el SHAELAYL A il e ol 55 L) )y i) wileas (o dailill LAY Galadll 5 .[34]
Lo sine @iy CitanY) wheaa (o Ay il Ladandl 451 ) [36] LSS XS | [35]li 5 JSall 5 iniall 5 ulaill g
Ao mY 45 (b pabea Ml (s sinae O s b Bl (8 3005 saedlS 5 5 S5 B3l 5 Gl I jualic 50
il e A il 8 adi pe galea N S 55 0I[38] [39] S2 XS | [37]abia b A il gl s ) jhme o
[40] Ll & 4p BliaY) iy pabia 3l e %40 s Ol cpabia )l e g sinall 2 585l aladinl a3kl
Alia o V) o sealSH jeaic (e W) gine 8 Al all 3halie (s 4 sine DR S ga g ade ad g 4dl SAL sl
W )dans o spadlSll juaial AL ) 38 i (8 Slieall s 5 AY) Blalially 45 e Al Jaus s dilaie 6 Adila 30y )
o LS el gy 3a s el yall cl jal g doald) Abeall cullail) 5 e ) 58Vl 0 sl G5 ya ol ellA ¢ i) Jalis
e Al Clilen¥) il G [7] sl misind Q&) g [41] ) sed) st 8 a spedlSH At 1) jaliadll
Salsall e il 4y il aliliad G 5 Liila (IS 4y juanl) shaliall 8 3kl caila e 4 i) 8 L& Goladl) oS) 53
Al A ALE Galad) sl e 5 Al daudal)

Eucalyptuss Ficus Jisa3¥) g 55 (i) dasall cciian) ginan Aiall s 5) Al jall 3hlie YGRS BTN
(S paalls o 52008 - palia Jll) (0 4 yill 5 81, 5Y) 5 s e Al ¢ 535

(S ) Cdlp sl [ (Wess)Pbuabad | < halal
Gghddl (A
0.016%+0.003 0.31°+0.006 Al Lo
0.0142+0.0004 1.362+0.007 Criany] alias
0.015%+0.0004 0.24°+0.005 A )il dasdl)
ns 0.01323 Duncan’s
0.881 0.001*** 4 simall
(BUsiYl g 5
0.015%+0.0018 0.65%+0.071 Ficus
0.015%+0.0004 0.63°+0.069 Eucalyptus
0.833 ns 0.001*** 4 simall
(Ciaall g 5
0.016%+0.0018 0.64°+0.072 3y
0.0142+0.0003 0.63*+0.068 4
0.249 ns 0.056 ns 4 simall
0.342 ns 0.156 ns (AXB)
0.494 ns 0.021* (BXC)
0.223 ns 0.001%** (AXC)
0.162 ns 0.001*** (AxBxC)
Standard Error (SE) s kel Uasll +

L) sise 3 Eucalyptus s Ficus sl i (0.001) 4 sine AN St g siy (3lets Lad (1) saadl oo LS
0.65) Jarars iy el Galaa i) o (aS) 55 (5 sina s 38 Ficus ol o gl ekl um (ol 1 (0

261 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



o) sedl sl i JA (e [42] Enlll 2a s Cun (U /ans 0.63) J2xas Eucalyptus sl 4 laa (L ane
ol 58151 Ficus nitida Jls-sl Asind o « ae 8 Ficus nitida s Eucalyptus globulus ksl alasiuly
a2l Sl Jan AlSa) 5 A ) gunadll il 2l [43] o2 <3S Eucalyptus globulus sl dsind o el
OF oS AL (bl ) 235 Cum ¢ Ficus nitidatadl s Eucalyptus Jladl (e e 5 (& osladll 5 palia i1 5
3,38 o) Ficus @QJJLLJL; il 5 abia i 5 8 sraalsll Jmdl Jaais )08 Eucalyptus <l el LS s gl il
BREIN| ot AL aleall & i) Aadlad s BE e &}'\S\ 138 Jaad Lelaad g ALEN Galaal) oS 53 (:JaEucalyptus
Ficus Jtad) G315l (8 i3l g JSall (i) ca gl ¢ alia 1 ALEN Golaal) 3 i iy [44] Gl o8

o s2adlSll 5 pabia Jll iy sina ol a2 I e s s 2SI 5aS Ficus nitidatsssl slaie) (Say 456 2a 5 Cus <nitida
4..:.144‘554.::_5)‘)‘«5\ F|CUS Jl.;.m\ d‘)}‘ L51&[30] uLtAu\ M\JJ G.S DJJSJAM il %) J.\.\S.\ d&\ culs 4_._.,\‘)4]\ XYY ‘55
C 2T ) 23 5o G (sl AN B Canaiall Gabea G of Sl s ) B diidailanal
&b ) (ala )l 5 5 ol o S ¢ [13] Al lday [41] [40] bald b aSI s s G130 LAl
228 [a2a 300 - 30 ¢se Aabodl 431 358 Ji5 paS fpna 10 - 5 e il

Last5 0 52a3lSH (e W) sina A Eucalyptuss Ficus sl (s 4 sine i) (g) el ol (5 530 4ali s

OV WS 6350 ) Al g bl ) s3a ool e A g analbiaiial (a5 Jiia eaie s¢d (Cd) popedSIL Glay

Eucalyptus sl Of [46] Csldl e sl 285 [45] aaS/pae 10 (ro S8 lilal) b o 520l (pa 330inall 0 S 5l
Al Aadlacall 5 S IS Ll & slal) A 5 (0 gedl S Rl g ALED (palaall alisial e 53 L)

b B s B O A i CBNER] Sgm s ate (1) Jsanll b @il o elal 28 (iisall £ 58 (m guads L
Lisins 0S5 al a1 & 539 Al yall (glalia (s Jalaill 80 o)) il & jelal Laiy o 200Kl 5 (alia )l (1 L] gine
Al s i1 g QIS Ll ) (1) il b il 0 cm el Galim ) 5 il
JR1) 5 S Ly 3203l peaic (s gine e U gine (00 al Rl g 535 Al 5 3llia cp Jalal L o) (1)
ud\.&.d\wb).\.\sutm;.";sbJJEL)&A&\?S\J.\S\&_}LILuLA)AQ UALAJ\FDQ&)N‘;CLM\&LG
o) sial) Al (e ALEN bl Ji e jial e GliaY) e aaB il [47] dlsel) Ll sal b Al
2 3155 8 el 5 (ol IS AL palial o)l 4l 53 8 [31] inlal S5 55 [48] Al eyl
paliall o3 58 53 gl ) Laliad) L duaal 13 50 ki Y 31 s¥1 g 55 o esppndl Jalidl b

(Pb) uaba il pais Jlat sie diall g gig Jadl) £ o G JaNN il

Wl sine 8 FiCUS 34 i (315l O A sine (358 22 53 Y 4l (2) JSd15 (2) Il (b il s
O [49] Saldl S3 Gus Eucalyptus soss 45 ob)‘ O Asine B35 8 258 (s (S paba)ll juaie (g
ngm‘_;s\&_ﬂ;ulz|cu5a_)wd\_)‘9\u\ a5 LS 4.\_).\3\ aJP}d\dedﬂ\ u\Su\JJY\@UaLA‘)S\ B!
B3 Cun (G /pae 0.62) 5 sine J8) EUCalYPLUS 3 a Byl s ety (S /pana 0.66) (alboa Il il
Ly a8 5 (5 A Y llall Al W sisa e BB <EUCalyptus Bl (& paball s sins of [50] Caaldl
[51] [13] BV 4 il mhanl¥l s saall JDA (e colilll Lellim) 5 ALEN Golaall Gabiaial aly cale (S g
g5l Jala Caling sa 5l il 5 ) sedl 8 ALEN (alaall dpaS o dabaal) il o) a8 ALEN (aleal) 3 53 aaing g
s A sanall 2l glal) i) e g o 5aly 5 A1 48 ) 5l mdas &3 588 5055 Of (g SIS [52] Lo Lagh 5 i)
Gle bl 508 Calins LS (llad 5 S mhaw dalie o g g pilly ghae s jaill G5l o 5a3 dan [53)]
ALEN (palealld (LS 5 Lginada g (31 5Y) ana Jie dalse 32 o adied LS ¢ il oo ALE (el (aliaial
Clagunll A1 3Y age e e (31 5Y) (585 O oSy Al g palall o gl o) 53 g Lalitia¥) 25 38 (31 Y dansl e
.[57] [56] [55] [54] &5 skall 3haliall (& o] sedl 83 g (ppmans il 1 5} (8 A sandll

(LY axs) (Ph) uaba | jaic Jidad die B*C Al g 515 oV ¢ 5 o Jalaill 12 Jgaa

Eucalyptus Ficus Sesiles Tialle 3
0.62° 0.66 G sY!
0.63? 0.642 4,
*0.0397 Duncan’s

262 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



0.66 By @hs

0.65

3 0.64 L
- 0.63 0.54 :15
% §:<s
3 0.62
\

0.61

0.6

BT

(Pb) bl paie Jidai vie B*C dall g 535 Jai¥l g g o Jalaill 12 (84

(Pb) uala ) paie Jalat sie A*C Aial) £ o3 Al yall (3halia cp JANAI
55 Blosl (bt o5 28 Galia M1 juaial s sine Slef o (3) S35 (3) dsaall b il s
S5 (A (5 sine AN ek ol ad) o2 sl e (U /pase 1.327 ¢1.383) damas i) pinany jladY)
pala I (5 sine (A lan Al 4 gine AN 3 ga s ) s i) a4 55 31 SYT G s
4 sina B ekt ol (s Al Aali e s e (D /ane 0.33000.293) Aiaall Jaus s Aikaie 4y 535 Gl sl o
s o sl e (il /ane 0.240 <0.248) Jamer &y )il el didaia 4 515 Gyl (2 pabia)ll (s sina B
CilanY] whae Aikie o 00 el o5 gAY BhU G535 315k A lEe palea I ealal (5 sine JB) s
waba )l 38 5 el o) aad ¢y jlanll Aasal) Adkaia g Anaall o g Alaiey 45 Hlia cle Lo g (a1 (G yhall e By
Goa DA e i) zU) Alee W Galia I 25ay e (58 B Lay ciiany) giias Jsa aliaad
Al e (g2l dpaal Y Jalall a jliiely 5 yall 4S a clibagl I sl il Hal) alasa cJiladl) o5 [58] 258 1)
oAl il s 1 [60] [59] Gkl il s e Al 8 A siall Galaall (e a8 Sl ) (525 O
SS G ey ookl Gals e 3l 8 QI paed) 385 Slstas s jall A8 (e Ailsall (s 28Dl

[61] Gasball (e Adlsall 304§ pn ity

(U ax) (Ph) o il puaie Jilad vie A*C Al g 5i s Gyl 3halia e Jalaill 13 Jgaa

P .. . .. Ghaliall
@\)\A..\M Adaadl g_um.u‘;” e 4_\3.3.«3‘ J:.u} 2‘__‘:}’_“ &}’
€0.248 a1 383 0.293b¢ Sy
©0.240 a1.327 0.330P 4 A4
***(0.05614 Duncan’s
. 1.383
1.4 J‘JJ“ Z‘-L)m == . 1.327
1.2
1
\g‘ 0.8
’1\, 0.6
£\ 0.4 0.248 024
0.2 '
0

Ciand) aiaa g a0 ddasall

263 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



(Pb) uaba ) paic Julas xie A*B*C dial) g gig Jlad¥) ¢ gig Ll ol (ghalia G Jilail

5on (3l o Al i 8 el )l jeaial (5 sina e Of (10) JSE 5 (4) Jsaad) & @il a s
Soad L p B S Gala)ll aial s gine BB Lein (U3 /pae 1.42) dorey CiewY) plas dshia Ficus
(A /p22 0.22) Jare 4y i) daall dakaiay Eucalyptus

(LY p3%) (Pb) pabiall yeainl A*B*C il ¢ 5is Jad¥) g iy 4l yall ghlic o Jalaill 14 Jgan

SVl g 5
Eucalyptus | Ficus | Eucalyptus | Ficus | Eucalyptus | Ficus Al & 5
0.24° | 0269 | 1.35° 1.42% | 0.29° |0.30° Gy
022° | 0.26% | 133" ] 132°| 0.33° |0.33° 4l
**%(.04584 Duncan’s
1.6 . .
14 12 132 135133 GusY HaA
1.2 ]/
201 N
3 o0s N
I os W 3
3 o4 N 0.22
0.2 “I o
0 SIS » o 3N ‘\ N
BY-H sl BN BY-HI
Bdgé.d\ b ERIWAN] éum 3\,3)\&33\ Adaaall

{(Pb) pala)ll suaie diad sie A¥B*C duall g 515 Jlad¥l g 5i g Al yall halia (p Al 14 J2&

YOEN]

s Y Ly paball aic e ) gine b Al Al Ghlie G 4 giee CENA) 3 g 5 gl & ekl

& 5 Gl lad Galia jll juaial (5 gine ol e piias dilaie Cilas Sis a 50008 guaic 8 (5 sine DA

e ol s AT 4als (g palea I (e L) sins 8 Eucalyptus s Ficus Dl o A sine QIR 2a BE

il & jedal Aiall g i Al Ll 20 Sl (e La) sina & Eucalyptus s FiCl:lS BN TR IR PRGHE L LEN P
oaba 5 a 52aalSI e Lol gina (340 il 5 1 5Y) G A sine SR 2 52 5 a2

el el
[1] Allajbeu, S., Qarri, F., Marku, E., Bekteshi, L., lbro, V., Frontasyeva, M., Sta lov, T., Lazo, P., 2017.

Contamination scale of atmospheric deposition for assessing air quality in Albania evaluated from most toxic
heavy metal and moss biomonitoring. Air Qual Atmos Health. 10, 587-599.

[2] Sarwar, N., Imran, M., Shaheen, M.R., Ishaque, W., Kamran, M.A., Matloob, A., Rehim, A. & Hussain, S.

(2017). Phytoremediation strategies for soils contaminated with heavy metals:Modifications and future
perspectives. Chemosphere, 171: 710-721.

[3] Allahabadi, A., Ehrampoush, M.H., Miri, M., Ebrahimi, Aval, H., Yousefzadeh, S., Ghaffari, H.R., Ahmadi,
E., Talebi, P., Abaszadeh Fathabadi, Z., Babai, F., Nikoonahad, A., Shara , K., Hosseini-Bandegharaei, A.,
2017. A comparative study on capability of different tree species in accumulating heavy metals from soil and

ambient air. Chemosphere. 172:459-467.
[4] Kabata, P. & Pendias, H. (1985). Trace Metals in Soils and Plants, 2nd Edition, CRC Press, Boca Raton.

[5] Ali, H., Khan, E. & llahi, I. (2019). Environmental chemistry and ecotoxicology of hazardous heavy metals:
environmental persistence, toxicity and bioaccumulation. J. Chem., 1-15.

264 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



[6] Abdu, N., Abdulkadir, A., Agbenin, J. O. & Buerkert, A. (2011). Vertical distribution of heavy metals in waste
water irrigated vegetable garden soils of three West Afri. cities. Nutr. Cycl. Agroecosyst., 89: 387-397.

[7] Wang, M. & Zhang, H. (2018). Accumulation of Heavy Metals in Roadside Soil in Urban Area and the Related
Impacting Factors Int. J. Environ. Res. Public Health, 15(1064): 1-11.

[8] Mmolawa, K. B., Likuku, A. S. & Gaboutloeloe, G. K. (2011). Assessment of heavy metal pollution in soils
major roadside areas in Botswana. Afri. J. Environ. Sci. Tech., 5: 186-196.

[9] Mahurpawar, M. (2015). Effects of heavy metals on human health. Int. J. Res.- Granthaalayah, 1-7.

[10] Wuana, R. A. & Okieimen, F. E. (2011). Heavy metals in contaminated soils: a review of sources, chemistry,
risks and best available strategies for remediation. Article 1D 402647, 20 pages.

[11] Huang, Q. & Shindo, H. (2000). Effects of copper on the activity and kinetics of free and immobilized acid
phosphatase Soil Biol. Bioch., 32: 1885-1892.

[12] Baker, A. J. M. & Brooks, R. R. (1989). Terrestrial higher plants which hyperaccumulate metallic elements:
A review of their distribution, ecology and phytochemistry. Biorecovery, 1:81-126.

[13] Kabata-Pendias, A. and Pendias, H. (2001) Trace Elements in Soils and Plants. 3rd Edition, CRC Press, Boca
Raton, 403 p.

[14] Jyothi, N. R. (2020). Heavy Metal Sources and Their Effects on Huma Health. Intech Open,UK.DOI:
http://dx.doi.org/10.5772/intechopen.90333.

[15] Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K. & Sutton, D. J. (2012). Heavy metals toxicity and the
environment. Exs., 101: 133-164.

[16] Riyazuddin, R., Nisha, N., Ejaz, B., Khan, M.l.R., Kumar, M., Ramteke, P.W. & Gupta, R. A. (2022).
Comprehensive review on the heavy metal toxicity and sequestration in plants. Biomolecules, 12: 43.

[17] Bhattacharyya P., Chakrabarti, K., Chakraborty, A., Tripathy, S. & Powell, M.A. (2008). Fractionation and
bioavailability of Pb in municipal solid waste compost and Pb uptake by rice straw and grain under submerged
condition in amended soil. Geosciences J., 12 (1): 41 —45.

[18] Nas, F. S. & Ali, M. (2018). The effect of lead on plants in terms of growing and biochemical parameters: a
review. MOJ. Eco Environ. Sci., 3(4): 265-268.

[19] Debnath, B., Singh, W. S. & Manna, K. (2023). Sources and toxicological effects of lead on human health.,
IP: 10.232.74.27.

[20] Mohanpuria, P., Rana, N.K. & Yadav, S.K. (2007). Cadmium induced oxidative stress influence on
glutathione metabolic genes of Camellia sinensis (L.) O. Kuntze. Environ Toxicol., 22: 368—374.

[21] Shaaria, N. E. M., Tajudina, M. T. F., Khandakera, M. M. M., Majrashib, A., Alenazic, M. M., Abdullahia,
U. A. & Mohda, K. S. (2021). Cadmium toxicity symptoms and uptake mechanism in plants: a review.
Brazilian J. Biol., 2024(84): 1-17.

[22] Zunni, S.A. & Bayoumi, A.M. (2006). Important local and exotic trees and shrubs in Jabal el-Akhdar, Libya
(In Arabic). Aldar Academy for printing, authoring, translation and publishing. Tripoli, Libya.

[23] El-Etre, A. & El-Tantawy, Z. (2006). Inhibition of metallic corrosion using Ficus extract. Portugaliae
Electrochimica Acta 24(3):347-356.

[24] Lin, Q., Chen, Y.X., Chen, H.M,, Yu, Y.L., Luo, Y.M. & Wong, M.H. (2003). Chemical behavior of Cd in
rice rhizosphere. Chemosphere, 50: 755-761.

[25] Liu, X., Gao, Y., Khan, S., Duan, G., Chen, A,, Ling, L., Zhao, L., Liu, Z. & Wu, X. (2008). Accumulation
of Pb, Cu, and Zn in native plants growing on contaminated sites and their potential accumulation capacity in
Heqing, Yunnan. J. Environ. Sci.,20 (12): 1469-1474.

[26] Rowell, D.L. (1997). Bodenkunde Untersuchungsmethoden und ihre Anwendungen. Springer-Verlag.
Springer-Verlag, Berlin Heidelberg. Germany, 607.

[27] Page, A. L., Miller, R. H. & Keeny, D. R. (1982). Methods of soil analysis part 2 Amer. Soc. Agric. Inc.
Madison, W19:595.

265 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



[28] Gomez, K.A. and A.A. Gomez, (1984). Statistical procedures for agricultural research (2 ed.). John wiley
and sons, NewYork, 680p.

[29] Nagajyoti, P.C., Lee, K.D. & Sreekanth, T.V.M. (2010). Heavy metals, occurrence and toxicity for plants: A
review. Environ. Chem. Lett., 8: 199-216.

[30] Sahli, L. and Belhiouani, H. Ficus retusa L. as possible indicator of air metallic Pollution in urban
environment. Int. J. Phytoremediation. Nov 10, 2021, 1-10.

[31] Asaad Muhammad, Ghayath Abbas, Ibrahim Nisafi and Osama Radwan. (2014). Determining the trace of
some mineral elements in the dusty swimming pool on the leaves of some trees on the Syrian coast. Tishreen
University Journal for Research and Scientific Studies - Basic Sciences Series Vol. (36) No. (5).

[32] Zari, M. P. (2014). The importance of urban biodiversity — an ecosystem services approach Int. J. Sustain.
Built Environ., 4: 1248.

[33] Marlowe, I. & David, M. (2002). Toward a Sustainable Cement Industry Substudy 10: Environment, Health
& Safety Performance Improvement, December, an Independent Study Commissioned by WBCSD

[34] Schuhmacher, M., Nadal, M. & Domingo, J.L. (2009). Environmental monitoring of PCDD/F and metals in
the vicinity of a cement plant after using sewage sludge as a secondary fuel. Chemosphere, 74: 1502-5108.

[35] Addo, M.A & Darko, E.O. (2012). Evaluation of heavy metals contamination of soil and vegetation in the
vicinity of a cement factory in the Volta region, Ghana. Int. J. Sci. Tech., 2: 1.

[36] Arpita, M. & Mitko, V. (2011). Heavy metals in soils around the cement factory in Rockfort, Kingston,
Jamaica. Int. J. Geosciences, 2: 48-54.

[37] Zheng, J., Wei, X., Liu, Y., Liu, G., Wang, W. & Liu, W. (2016). Review of regional carbon counting methods
for the Chinese major ecological engineering programs. J. Fore. Res., 27: 727-738.

[38] Ayrault, S., Roy-Barman, M., Le Cloarec, M.F., Priadi, C.R., Bonté, P. & Gopel, C. (2012). Lead
contamination of the Seine River, France: geochemical implications of a historical perspective. Chemosphere,
87:902-910

[39] Bakirdere, S. & Yaman, M. (2008). Determination of lead, cadmium and copper in roadside soil and plants
in Elazig, Turkey. Environ. Monit. Assess., 136: 401- 410.

[40] Turer, D., Maynard, J.B. & Sansalone, J.J. (2001). Heavy metal contamination in soils of urban highways
comparison between runoff and soil concentrations at Cincinnati, Ohio. Water, Air Soil Pollution, 132: 293-
314.

[41] Hu, Y., Wang, D. Wei, L., Zhang, X. & Song, B. (2014). Bioaccumulation of heavy metals in plant leaves
from Yan x an city of the Loess Plateau, China. Ecotoxicology and Environmental Safety, 110: 82-88.

[42] Sarhan, Y., Badawy, W., Frontasyeva, M., Arafa, W., Hussein, A. & El-Samman, H. (2019). Neutron
activation analysis to probe the air pollution using plant biomonitoring in Egypt RAP. Conf. Proceed., 4: 125—
130.

[43] El-Khatib, A. A., Youssef, N. A., Barakat, N. A. & Samir, N. A. (2020). Responses of Eucalyptus globulus
and Ficus nitida to different potential of heavy metal air pollution. Int. J. Phytoremed., 22(10): 986-999.

[44] Nasser, H., Khalil, K. & Mahmoud, S. (2022). Study of the cumulative ability of Ficus nitida trees for some
heavy metal elements in the city of Jableh (Syria) Tishreen University Journal for Research and Scientific
Studies — Biol. Sci., (44): 2.

[45] Tomasevic, M., Rajsic, S., Dordevic, D., Tasic, M., Krstic, J. & Novakovic, V. (2004). Heavy metals
accumulation in tree leaves from urban areas. Environ. Chem. Lett., 2: 151-154.

[46] Luo, J., Qi, S., Peng, L. & Wang, J. (2016). Phytoremediation efficiency OF CD by Eucalyptus globulus
transplanted from polluted and unpolluted sites. Int. J. Phytoremediation, 18(4): 308-14.

[47] Pasricha, S., Mathur, V., Garg, A,, Lenka, S., Verma, K. & Agarwal, S. (2021). Molecular mechanisms
underlying heavy metal uptake, translocation and tolerance in hyperaccumulators-an analysis: heavy metal
tolerance in hyperaccumulators. Environmental Challenges, 4:100-197.

266 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



[48] DalCorso, G., Fasani, E., Manara, A., Visioli, G. & Furini, A. (2019). Heavy metal pollutions: state of the art
and innovation in phytoremediation. Int. J. Mol. Sci., 20(3412): 1-17.

[49] Subramanian, R., Gayathr, S., Rathnavel, C. & Raj, V. (2012). Analysis of mineral and heavy metals in some
medicinal plants collected from local market. Asian Pacific J. Trop. Biomed., S74-S78

[50] Taghred, A., Hashim, H. H., Abbas, I. M., Farid, O. H., El-Husseiny, M. & Abbas, M. H. H. (2017).
Accumulation of some heavy metals in plants and soils adjacent to Cairo-Alexandria Agricultural Highway.
Egyptian J. Soil Sci., 2: 215-232.

[51] Youning, H., Dexiang, W., Lijing, W., Xinping, Z. & Bin, S. (2014). Bioaccumulation of heavy metals in
plant leaves from Yan’an city of the loess plateau, China. Ecotoxicology and Environ. Safety, 110: 82—88.

[52] Ipeaiyeda, A.R. & Dawodu, M. (2014). Assessment of toxic metal pollution in soil, leaves and tree barks:
bio-indicators of atmospheric particulate deposition within a University community in Nigeria. Adv. Environ.
Sci. Bioflux, 6(2): 101- 106.

[53] Sawidis, T., Breuste, J., Mitrovic, M., Pavlovic, P. & Tsigaridas, K. (2011). Trees as bioindicator of heavy
metal pollution in three European cities. Environ. Poll., 159: 3560-3570.

[54] Tomasevi¢, M., Vukmirovié¢, Z., Rajsi¢, S., Tasi¢, M. & Stevanovi¢, B. (2005). Characterization of trace
metal particles deposited on some deciduous tree leaves in an urban area. Chemosphere, 61: 753.

[55] Uzu, G., Sobanska, S., Sarret, G., Munoz, M. & Dumat, C. (2010). Foliar lead uptake by lettuce exposed to
atmospheric fallouts. Environ. Sci. Tech., 44: 1036.

[56] Fourati, R., Scopa, A., Ben Ahmed, C., Ben Abdallah, F., Terzano, R., Gattullo, C.E., Allegretta, I., Galgano,
F., Caruso, M.C. & Sofo, A. (2017). Leaf biochemical responses and fruit oil quality parameters in olive
plants subjected to airborne metal pollution. Chemosphere, 168: 514-522.

[57] Divan, A.M., Oliveira, P.L.D., Perry, C.T., Atz, V.L., Azzarini-Rostirola, L.N. & Raya-Rodriguez, M.T.
(2009). Using wild plant species as indicators for the accumulation of emissions from a thermal power plant,
Candiota, South Brazil. Ecol. Indicator, 9: 1156-1162.

[58] Al-Khashman, O.A. & Shawabkeh R.A. (2006). Metals distribution in soils around the cement factory in
southern Jordan. Environ. Pollut., 140: 387.

[59] Guney, M., Onay, T.T. & Copty, N.K. (2010). Impact of overland traffic on heavy metal levels in highway
dust and soils of Istanbul, Turkey. Environ Monit Assess, 164:101-1107.

[60] Kadioglu, Y K., Ustiindag, Z., Solak, A.O. & Karabiyikoglu, G. (2010). Sources of environmental pollution
in Ankara (Turkey): geochemistry and Karachi, Pakistan. Ecol. Ind., 48: 358-364.

[61] Chen, X., Xia, X., Zhao, Y. & Zhang, P. (2010). Heavy metal concentrations in roadside soils and correlation
with urban traffic in Beijing, China. J. Hazard Mater, 181: 640—-646.

267 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



