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Table(1): Mean concentrations of the heavy metals for tree bark samples in autumn
and spring seasons for all sites
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Ciligd) 330 ac g
Heavy metals concentration pg g ™

Cu Pb Mn Zn Fo Time of sampling

Cﬁ\jd\@a;jjw‘)l\mjd\ 1

63.9a | 694.7a | 422a | 57.8a | 1213.5a i
Spring season

a8} oall &y yall )
20.7b | 3102b | 144b | 44.7b | 608.6b sl gandy i A 2o 5ol 2
Autumn season

(P < 0.05) Jia) (5 sise die U gina AT Y ) g1l 3 ganll Gana g pal) (i Jand ) s siall
Same letters indicate samples which are not significantly differents (P<0.05) within a column using
Duncans test
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Table (2): Mean values of the heavy metals of bark samples for different species at different sites

Heavy metals pg g ™" L&l bl

Cu Pb Mn Zn Fe Site and species
36.60 hi 453.67 ¢ 14.005 f 35.620 f 5503 f (Nenevah plantation, Eucalyptus ) s dle aillSs | 1
35.08 | 562.17 a 21.870 def 50.207 cdef 692.7 def (Road side, Eucalyptus) Gkl cuilsa (e sill€ 0 | 2
35701 459.83 ¢c 27.550bcde 54.095 bed 1061.7 bc (Hammam Al-Alil Eucalyptus) Ja=ll ales (o sidS 5y | 3
40.15 e-i 547.33 ab 14317 f 45.920 def 770.5 cdef (Cement Factory , Eucalyptus) <uiew¥) Jaza (usidlSss | 4
42.17d-g 458.50 ¢ 20.303 fe 37.850 ef 1026.0 bc (Nenevah plantation , pinus ) gswidle nsia| 5
46.13 cd 557.17 a 38.035Db 53.517 bed 1009.3 bed (Road side, Pinus) @kl cilss nsua| 6
42.95 def 482.00 ¢ 28.807 bcde 48.473 cdef 855.5 cdef (Hammam Al-Alil, Pinus) Jill ales ygua | 7
44.28 df 485.00 bc 29.425 bede 46.328 cdef 1085.2 bc (Cement Factory, Pinus) cuiewY) Jeze ysia| 8
36.92 hi 45233 ¢ 15.065 f 37.010 f 705.2 def (Nenevah plantation , Platanus) ¢swidde Jbia | 9
39.19 e-i 577.50 a 21.627 def 52.758bcde 632.5ef (Road side , Platanus) Gkl <l sa Jla | 10
50.40 bc 483.33 bc 31.193 bcd 57.103 bcd 1233.8b (Nenevah plantation, Populus) ¢swdle ¢8| 11
60.40 a 57433 a 26.350 cde 73.193 a 873.0 cde (Road side, Populus) okl il & 81 12
38.47 f-i 439.67 ¢ 37.083 b 65.520 ab 651.2 ef (Hammam Al-Alil , Populus) il sles ¢ & | 13
38.05 f-i 47833 cC 30.403 bcde 61.540 abc 642.0 ef (Cement Factory , Populus) <wiew¥) Jeza g 8| 14
37.52 hgi 488.83 bc 36.173 bc 45.237 def 1053.0 bc (Nenevah plantation , Cupressus) s 4le 5| 15
51.03 b 573.17a 51.253a 57.112 bcd 1655.2 a (Road side, Cupressus) Gkl il s 5y | 16
41.63 d-g 485.50bc 28.570 bcde 47.908 cdef 955.8 becde (Hammam Al-Alil , Cupressus) Juall ales 55| 17
4578 d 486.67 bc 38.345b 53.577 bed 947.7 bede (Cement Factory , Cupressus ) <wiew¥) Jaze 5| 18

(P < 0.05) Jaia) (5 sivsa 2ic | gina liad ¥ aa) gl) 3 gandl (paca g all i Jand ) il sial)
Same letters indicate samples which are not significantly differents (P<0.05) within a column using Duncans test
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seasons
Heavy metals pg g ™ i@l jalial)
Mn Fe i1 5 B gall
season Jwadll Si%e and sc;ecies

Autumn Spring Autumn Spring Autumn Spring
3.600mno 24.410 g 27.300 hi 43.940d-h | 3183 nop | 782.3 g-f | (Nenevah plantation, Eucalyptus ) s e agilS o | 1
20.00h-1 | 23.7409- | 49.300d-h | 51.113d-g | 759.0g-n | 2623 j-0 (Road side, Eucalyptus) Gkl <l sa (esidSe | 2
25.4009-j | 25.400hgi | 59.000b-f | 49.190d-h | 883.0g-f | 1240.0c-f (Hammam Al-Alil Eucalyptus) Jiall ples (sl ss | 3
10.950 j-n 17.683 i-l 42.250 e-i 49.590 d-g 682.0 i-0 859.0 j-0 (Cement Factory , Eucalyptus) <iew¥) Jeze (usidS g | 4
4.667 mno | 35.940efg 26.300i 49.400 d-h 887.0 e-l 1165.0 c-g (Nenevah plantation , pinus ) ¢swidle nsua| 5
10.500 j-n 65.570 ab 46.500 d-i 60.533 b-f 438.0 I-p 1580.7 cde (Road side, Pinus) gkl ilsa nsia| 6
8.000 k-l 49.613 cde | 44.350 d-i 52.597 d-g 411.0 m-p | 1300.0 cde (Hammam Al-Alil, Pinus) Jdiall slaa pgua | 7
25.500 g-j 25.500 fhg 39.350 f-i 53.307 c-g 1030.3 e-i 1140.0d-i (Cement Factory, Pinus) <iew¥) Jezsa psua| 8
2.667 no 33.350 hgi 26.600 i 47.420d-g | 350.0nop | 1060.0 e-h (Nenevah plantation , Platanus) ¢swidle Jbia | 9
5.000mno 38.253efg 54.150 c-f | 51.367d-g | 407.0m-p | 858.0e-l (Road side , Platanus) Gkl il sa Jbs | 10
1.330 62.253 abc | 37.667 f-i 76.540 ab 672.7i-0 | 1795.0 ab (Nenevah plantation, Populus) sswsale ¢8| 11
7.500 m-I 45.200 def 59.150 b-f 87.237 a 735.3 h-n 1010.7 e (Road side, Populus) @kl il g & | 12
35.850efg | 38.317efg | 55.750 b-f | 75.290 abc 192.0p 1110.3 e-i (Hammam Al-Alil , Populus) Jil=ll ales ¢ 8| 13
15.500j-n | 45307 def | 66.480b-f | 66.480 bcd 256.00p 1028.0 e-l (Cement Factory , Populus) <wiew¥) Jeza g 8| 14
18.433 h-1 | 53913 bcd | 31.333ghi | 59.140 b-f 511.01-p 1595.0 bc (Nenevah plantation , Cupressus) s 4le 5w | 15
29200 ghi | 73.307a | 50.000d-g | 64.223b-e | 1207.0c-g | 2103.3a (Road side, Cupressus) Gkl <l sa s | 16
7.500m-I 49.640cde 43.250 e-i 52.567 d-g 633.0j-p | 1278.7 cde (Hammam Al-Alil , Cupressus ) Jiall sles gy | 17
29.700ghi | 46.990 def | 56.050b-f | 51.108 d-g 582.0k-p | 1313.3 cde (Cement Factory , Cupressus ) <iewY) Jaze 5y | 18
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(3) sl dless
Heavy metals pg g™ Al bl
Cu | Pb g1 5 o sall
season Jwadll species Site and
Autumn Al | Spring =20 | Autumn Al Spring (==

21.20 jk 52.00hi 260.33 d 647.00 ab (Nenevah plantation, Eucalyptus ) gswdle pasilSs | 1
21.15 jk 49.00 i 40633 ¢ 718.00a (Road side, Eucalyptus) gkl cilsa (usidS e | 2

18.40 jk 53.00hgi 228.33 d 691.33 ab (Hammam Al-Alil Eucalyptus) Jdais)l ales usidS s | 3

21.30jk 59.00 fhg 382.00 ¢ 712.67 a (Cement Factory , Eucalyptus) <iewY) Jare (usidS 0 | 4
21.33 jk 63.00 ef 237.00 d 680.00ab (Nenevah plantation , pinus ) gsiw 4le nsua| 5
21.25 jk 71.00 cd 428.33c 686.00ab (Road side, Pinus) gkl ilsa nsia| 6

20.90jk 65.00 def 260.00 d 704.00 a (Hammam Al-Alil, Pinus) Jial slas yisia | 7
21.57 jk 67.00 de 235.33d 734.67 a (Cement Factory, Pinus) CiewY) Jaza ynsua| 8
21.33 jk 52.50 hgi 233.67d 671.00 ab (Nenevah plantation , Platanus) ¢swidle jia | 9

19.05 jk 59.33fg 441.33¢c 713.67 a (Road side , Platanus) Gkl wuilsa Jbis | 10
20.80 jk 80.00 b 275.67d 691.00ab (Nenevah plantation, Populus ) ¢swidle ¢8| 11
25.80j 95.00 a 443.00 ¢ 705.67 a (Road side, Populus) Gkl il & 8| 12
18.60jk 58.33 fgh 27333 d 606.00 b (Hammam AI-Alil , Populus) Jalall sles ¢ 8| 13
17.10 jk 59.00 fgh 236.33 d 720.33 a (Cement Factory , Populus) <iew¥) Jese & 8| 14
16.53 k 58.50 fgh 280.67d 697.00 ab (Nenevah plantation , Cupressus) ¢swidle 5| 15
25.40 j 76.67 bc 42333 cC 723.00 a (Road side, Cupressus) @kl il s 5 | 16
18.60jk 64.67 def 265.33d 705.67 a (Hammam Al-Alil , Cupressus ) dssll aaa 55u | 17
23.55 jk 68.00 de 274.00d 699.33 ab (Cement Factory , Cupressus ) <iew¥) Jese 5| 18

(P < 0.05) Jaia) (5 sisse die | gina AT Y ) gl) 3 ganll asa Cag all (ui Jaad ) s siall
Same letters indicate samples which are not significantly differents (P<0.05) within a column using Duncans test
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Gl Ll (A ol il s (8 uaial)l ApaS 30l ) (A ) dsma 5 a2 fal 2 5 Sile 35,620 s e A
Dbl 8l 58 5 0l (1981) wsoAlsTrindade sy 3 Ay ka5 daal) i) (3 ya (e Anial)
G lalial o) LaS agfal se 5 Sie 28365 51 o Lo sl s A plall s Aiaall il (3 )a e ol
<) (1989) Wolff 5 Boutron Jlil Cum gall 8 peaiall A 30l ) (A HuS ) 93 Dpdadil) s g3l
3585l e A fal e 5 0S8 5000 ¢ 300 <300 @y Sl Cu g s Sl Gl SN 8 Sl lada
aliall 5 55 e agiul jo 2 (2011) Kord s Kord g Liiu) jo milis cass ‘QJ}:A\ e il
3858 i G dpelia (Bhalia g dry s (3 5k 5 4 s (A Bhlie 6 G suall jlad) a8 8 A1)
Aslaic A juaiall 55l os (B (i) e a2 fol e 5 Sie 33.82 <25.88 <20.24 <L)l juaic
(2004) Poikolainen i (e L (o) oo Al jall sda il O LS e /al 2 5 S0 2,14 45,)ladl)
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(/a2 5 80k) Al )all (8 &) sV 5 a8l sall maand sl (81 ) o) (& ALEN pualiall 38 53 Jana 1(4) Jsaad)
Table (4): Mean values of the heavy metals (ug g -1 ) of tree leaves in different species and sites

Heavy metals pg g ™" A& jaliall #1515 g sal
Cu Pb Mn Zn Fe and species Site
25.00 bc 600.00 a 46.00 b 64.00 bcd 256.33 d (Nenevah plantation, Eucalyptus ) gsiwdle puagllSs | 1
30.00 a 515.00 abc 61.00 a 57.33 e-h 512.33 b (Road side, Eucalyptus) Gkl cilss usidSe | 2
22.33 cd 205.00e 26.33 de 53.33 gh 98.00 fg (Hammam Al-Alil Eucalyptus) daall sles (ugiliS gy | 3
19.33d 225.00e 21.33 def 61.33 c-f 196.00 de (Cement Factory , Eucalyptus) <iewY) Jare (usidlS o0 | 4
20.00d 580.00 a 22.00def 57.00 e-h 248.00d (Nenevah plantation , pinus ) gss4le nsua| 5
30.00 a 560.00 ab 18.33 efg 65.33 bc 51733 Db (Road side, Pinus) Gkl ilss ngua| 6
22.33 cd 435.00cd 15.00efg 63.33 bcd 158.33 ef (Hammam Al-Alil, Pinus) Jiall sles psia | 7
21.00d 180.00 e 8.00h 54.33 gh 7433 g (Cement Factory, Pinus) cuiew¥) Jaxs yisua| 8
20.00d 540.00 abc 43.00 b 53.33gh 261.00d (Nenevah plantation , Platanus) ¢ s 4le s | 9
30.00 a 470.00 bed 17.00efg 56.00 fgh 253.00d (Road side , Platanus) Gkl il s» Jis | 10
20.00d 535.00 abc 24.00 de 68.00ab 224.00 de (Nenevah plantation, Populus ) ¢swale ¢8| 11
30.00 a 523.33 abc 32.33cd 71.66 a 368.67 ¢ (Road side, Populus) Gkl il & &1 12
25.00 bc 235.00e 40.33 bc 7133 a 156.33 ef (Hammam Al-Alil , Populus) Jisll sles ¢ & | 13
22.33 cd 260.00 e 19.00 efg 52.33h 46.00 g (Cement Factory , Populus) <iewd) Jaza g 58| 14
20.00d 535.00abc 19.00 efg 59.00 d-g 382.00c (Nenevah plantation, Cupressus) s 4le s | 15
25.00 bc 445.00 cd 25.33 de 53.33 gh 665.00 a (Road side, Cupressus) Gkl <l s 5 | 16
28.00 ab 440.00 cd 12.00 fg 62.33 bcd 156.00 ef (Hammam Al-Alil , Cupressus ) Jiall ales 5y | 17
20.33d 370.00d 19.00 efg 52.33h 206.33 de (Cement Factory , Cupressus ) <iewY) Jaza 5| 18

(P <0.05) Jiaial 5 siua e U yine a3 Y anl gl 3 ganll o oyl o Jand o) ilans giall

Same letters indicate samples which are not significantly differents (P<0.05) within a column using Duncans test
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(jJ-a) Jled¥) i & ALED Caleall (g Lad Lol Y1 A83e (5) Jsaadl
Table (5): Values of correlation coefficient among heavy metals in tree bark samples

Zn Mn Pb Cu Fe
Zn 1
Mn 0.60447** 1
Pb 0.46938** 0.67777** 1
Cu 0.55197** 0.76733** 0.89081** 1
Fe 0.3481** 0.72928** 0.62170** 0.69270** 1

** High significant at (P<0.001)
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HEAVY METALS IN BARK AND LEAVES OF TREES AS A BIOMONITOR
FOR AIR POLLUTION IN MOSUL CITY

Ibrahim, I. A. Ammar, F. K.
Forest Dept., College of Agriculture and Forestry, Mosul University. Iraq
E-mail: eng_ibrahim1958@yahoo.com

ABSTRACT

This study was conducted in Mosul city to assess the level of atmospheric
contamination by some of heavy metals (Mn , Zn, Cu , Pb, Fe), five plant species
such as Pinusbrutia, Cupressussempervirens, Platanusoccidentalis, Populusnigra and
Eucalyptus camaldulensis were selected to study their potential as biomonitor of trace
elements, bark and leaves samples were taken through spring and autumn 2011 and
from different regions (Ninevah plantation, roadsides, Hammam al Alil, and Cement
factory), concentrations of heavy metals were determined by Atomic Absorption
Spectrophotometer and the results showed that the concentrations of most of the heavy
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metals increased in the leaves and bark of roadside sample trees compared to the other
locations, Also high concentrations of heavy metals found in spring's samples
compared to the autumn samples also high correlation found among most of these
heavy metals. These results are important for the development of proper management
strategies to decrease atmospheric pollutant by using forest trees.

Keywords: Heavy metals, bark, leaves, Trees, Pollution.
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