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Abstract; In order to detect the heavy metal accumulation ability and the effects of environmental factors on the green
tree species leaves, six common green tree species were selected for analyzing six heavy metal elements (Pb, Cd, Cr,
Cu, Ni and Zn) concentrations in samples. Three areas were chosen for this research in Hangzhou, China, two indus-
try areas for heavy metal pollution treatments and one natural area for control. Afterwards, leaf, soil and dust fall sam-

ples were collected to test the six heavy metal element concentrations using the element analyzer (ICP-AES). The re-
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sults were as follows: (1) According to the accumulation factors and correlation indexes, we suggested that heavy met-

al concentrations in the leaves from pollution areas were obviously higher than those in the control. Generally, Zn accu-

mulated the highest concentration in those plants, followed by Pb, and Cd of the lowest. However, different species

had inequable abilities on heavy metal accumulation. We infered that Ilex cornuta could be a bio-monitor on Cd,

Pb. Juniperus chinensi, Camellia japonica and Magnolia grandiflora could be indictors on Cu, Ni and Zn,

respectively. (2) The correlation and regression factors of the six heavy metal concentrations between three collecting

areas and leaf samples showed that the heavy metals absorbed in leaf samples had more positive correlation with dust

from atmosphere than that from the soil samples. Therefore, it is reasonable and scientific that these trees could be se-

lected as accumulators and bio-monitors of the atmospheric heavy metal pollution. The results provides important refer-

ences on the indictors and bio-monitors searching about the atmospheric heavy metal pollution.
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Table 1  Concents and data analysis of heavy metals in the leaves of six different green tree species (mg + kg DW)

JLR P LhRER) TLRTGRET
JLE T} il Element content (x +s) Element pollution factor capacity
Element  Tree species
CK CZ TZ CZ/CK TZ/CK  FH{l Mean
Cd " 2% Magnolia grandiflora ~ 0.04+0.00bc 0.15+0.00cd = 0.20+0.00d 3.75¢ 5.00e 4.38
Z54E Camellia japonica 0.05+0.00a 0.17£0.00c * 0.27+0.00¢ = 3.40f 5.40d 4.40
[BI4A Juniperus chinensis 0.03+0.00c¢ 0.13+0.01d * 0.19+0.00d 4.33d 6.33f 5.33
T8 Camellia camphora 0.05+0.00a 0.23+0.00b = 0.55+0.02a = 4.60c 11.00a 7.80
H: 46 Osmanthus fragrans 0.04+0.00abc 0.22:0.00b = 0.27+0.01c * 5.50b 6.75¢ 6.13
¥4 Tlex cornuta 0.05+0.00a 0.31£0.01a = 0.48+0.00b = 6.20a 9.60b 7.90
Cr J”" % 2% Magnolia grandiflora 0.13+0.01d 3.92+0.02f * 3.14£0.01f = 30.15d 25.15¢ 27.65
A4E Camellia japonica 0.11£0.02e 5.36+0.01a * 4.93+0.02¢ * 48.73a 44.82a 46.78
B Juniperus chinensis 0.16+0.01b 4.11£0.01d * 5.16+0.14a * 25.69d 32.25¢ 28.97
FH& Camellia camphora 0.30£0.01a 4.09+0.03e = 5.10£0.07b = 13.63e 17.00f 15.32
HEAE Osmanthus fragrans 0.10+0.03f 4.21+0.05¢ * 3.64+0.01e = 42.10b 36.40b 39.25
M) Tlex cornuta 0.15£0.02¢ 5.22+0.01b 4.82+0.02d = 34.80c 32.13d 33.47
Cu I 2% Magnolia grandiflora 3.360.13c¢ 4.99+0.05f * 7.32+0.02b = 1.49¢ 2.18¢ 1.84
ZAE Camellia japonica 2.930.11e 5.70+0.02d * 5.54+0.09d 1.95¢ 1.89d 1.92
B Juniperus chinensis 3.14+0.10d 5.85+0.03¢ = 9.75+0.02a = 1.86d 3.11a 2.49
I Camellia camphora 2.72+0.00f 5.19+0.01e = 6.05+0.07¢ * 1.91¢ 2.22b 2.07
HEAE Osmanthus fragrans 5.22+0.03a 11.34+0.02a * 9.87+0.06a * 2.17b 1.89d 2.03
M1 llex cornuta 4.35+0.03b 10.21£0.03b = 9.77+0.02a * 2.35a 2.25b 2.30
Ni " 2% Magnolia grandiflora 0.10+0.0d 2.75+0.03e * 4.23+0.02¢ * 27.50b 42.30b 34.90
ZRAE Camellia japonica 0.10+0.00e 3.91+0.07¢ = 4.54+0.01d = 39.10a 45.40a 42.25
[BI#1 Juniperus chinensis 0.15+0.02¢ 2.50+0.03f * 5.53+0.03¢ * 16.67¢ 36.87¢ 26.77
8 Camellia camphora 0.30+0.01a 3.07+0.02d * 6.64+0.04a = 10.23f 22.13f 16.18
KEAE Osmanthus fragrans 0.15£0.02¢ 4.08+0.03b = 3.88+0.07f * 27.20¢ 25.87d 26.54
¥4 Tlex cornuta 0.25+0.01 4.49+0.02a = 5.99+0.06bh 17.96d 23.96e 20.96
Pb J”" % 2% Magnolia grandiflora 0.53+0.00c 5.99+0.01a * 4.92+0.03f = 11.30d 9.28¢ 10.29
HAE Camellia japonica 0.32+0.00d 4.24+0.01f 5.72+0.05d 13.25¢ 17.88b 15.56
B4 Juniperus chinensis 0.30+0.01e 4.82+0.01¢ * 5.24+0.02¢ * 16.07b 17.47¢ 16.77
FH& Camellia camphora 0.75+0.00b 4.45+0.00e = 7.20£0.08a * 5.93f 9.60d 7.77
HEAE Osmanthus fragrans 0.83+0.00a 4.57+0.00d 6.01£0.02¢ * 5.51e 7.24f 6.38
My® Tlex cornuta 0.09:0.00f 5.61+0.01b 6.75+0.11b = 62.33a 75.00a 68.67
Zn I 2% Magnolia grandiflora 10.24+0.24f 55.94+0.14e * 52.83+0.05f = 5.46a 5.16b 5.31
A6 Camellia japonica 12.47£0.13d 62.36+0.30d * 53.15+0.25¢ * 5.00¢ 4.26f 4.63
[EI4A Juniperus chinensis 11.94£0.06e 54.61+0.25f * 69.00+0.67d * 4.57e 5.78a 5.18
FHE Camellia camphora 14.88+0.10c 77.87+1.11a * 75.99+1.21b 5.23b 5.11c 5.17
HEAE Osmanthus fragrans 16.22+0.32a 65.61+0.94c¢ 73.26+0.81c¢ * 4.05f 4.52e 4.29
¥4 llex cornuta 15.36+0.22h 72.33+0.21b * 76.99+0.50a 4.71d 5.01d 4.86

e FFIARRNG FREZRIRIRAE 5% KV FAFE RV 2257 5 R PITS Y X 50 IR IX A T4 )8 & B 7E 5% K7 EAFE RIS, CK. W IRIX; CZ. T
WX TZ. ZEdis X, T,

Note ; Different lower-case letters in the same column indicate significant differences at 0.05 level; * in the same line indicate significant differences between pollution zones
(chemical industry zone and traffic polluted zone) and control zone at 0.05 level; CK. Control zone; CZ. Chemical industry zone; TZ. Traffic pollutedzone. The same

below.
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W RAF b A SRS T Y Cu P Zn Cd |
Cr HI Ni 6 P 48 S0 R & e 25 1 5 B 40
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Table 2 Average contents and data analysis of heavy metal

in the leaves of six green tree species (mg - kg DW)

E4JEICE Heavy metals

mH
Item

Cd Cr Cu Ni Pbh 7Zn
XTHR X (CK) 0.04f 0.16e 3.62b 0.18d 0.47¢ 13.52a
Control area
bR S R | 0.26f 4.47d 7.63b 4.30e 5.46c 65.83a
PO =N
[===0

Average contents in
contaminated area

4 Jm A R
Relative accumulation
of elements

0.22f 4.32¢ 4.0le 4.12d 4.99b 52.3la

e FATARRNG FREERRTE S%/KF F225 B3, PZ. 155X,
Note : Different lower-case letters in the same line indicate significant differences

between different study sites at 0.05 level. PZ. Contaminated zone.

DU XS AR IX G TI5 G X, XA v P T 463 oT
RS LEGE SRR (E 1) B
R, 6 WA G R OCR i S AR G R S AR
LIEAHSE, XIS 4 nJ LI, 38 5 ¢ X Tl IX
R Rh I PN G R T e T R S A S
TS R R R SR B,

3 3
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AW o0 3 2K 6 BRI Y 6 F
AR A, 15 P KR R R i &P
Yo m R E TR SR R N A
() R ARG HAE KRB 075 YRR B UIAH G, 1X 5 De
Nicola et al(2008) 1 Gratanil et al (2000) F) BT 5% 45
R—E, ARWIELE 3 D2l K N EH 4w & L
Zn B HR K Ph, i Cd 84K, A Zn EAHEIAY
W TEER , Hol R AR AR AR TR s b ) — 2
JUER , MBS A Ph AR A LT IR,
P Ph 2 S B BRI TS B AR DL
RIS S 0 SRS AR i 3 AR (X138
4 2013) | E K3 % (Echeister et al, 2003) | & 7K
i pH AR b (RIRK 85, 1997 = E 5, 2002) |
H: K Z=95 (Couto et al 2003 ; Markert et al , 1989 ) 2% [Al
AR, M H—ME a8 & 28 25 i A ) 6t
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Table 3 Comparison of heavy metals among soil and dust in investigate quadrat and the value

of the national environmental quality standards (mg - kg" DW)

Cd Cr Cu Ni Pb /n

FrifE —% Grade 1 0.20 9.00 35.00 40.00 35.00 100.00
Standard

Y% Grade 2 0.30 15.00 50.00 40.00 250.00 200.00

=Y Grade 3 1.00 30.00 400.00 200.00 500.00 500.00

1 CK 0.010 6.52 15.70 13.07 16.52 54.69

Soil

CZ 0.23 16.86 28.02 33.01 67.45 115.31

TZ 0.25 12.08 30.15 37.91 83.36 105.97

B CK 0.21 8.08 16.99 19.24 12.35 54.69
Dust fall

CZ 0.42 28.86 105.02 53.01 97.45 229.31

TZ 0.55 32.08 97.15 46.91 141.36 324.70

e R ARG A CEIRAEE I EARIE(GB15618-1995) )

Note: Standard values in the table are quoted from the “Soil Environmental Quality Standard” (GB15618-1995).

x4 Mk 6 MARFUBKAHEANEECRES
T PR T R Z BREXERE
Table 4 Pearson correlation coefficient matrix between
elements in the leaves of six green tree species and

soil and dust fall in the study areas

oyt 435 Soil B2 Dust fall
Tree
species CK CZ TZ CK CZ TZ
JTE CK 0.909 = 0.876 %
Magnolia cz 0.780 0.812
grandiflora
TZ 0.587 0.862 # *
P CK 0.915 # = 0.893 =
Camellia cz 0.745 0.801 =
Japonica
TZ 0.585 0.872 #
B4 CK 0.911 s 0.891
Juniperus cz 0.761 0.822 *
chinensis
TZ 0.558 0.865 * *
i CK 0.930 = * 0.904 #
Camelli
o cz 0.750 0.803 *
camphora
TZ 0.586 0.866 * *
7 CK 0.905 0.879
Osmanthus ., 0.739 0.844 *
fragrans
TZ 0.571 0.877 # *
i CK 0.900 = 0.886 = *
llex cornuta 7z 0.746 0.832 %
TZ 0.574 0.873 #

H: w RONTE 5% KV LSRR E s w72 1%k B2 W,
Note: * Correlation is significant at the 0.05 level; ** Correlation is significant

at the 0.01 level.
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Fig. 1 Regression comparison of the element contents determined in leaves of trees and dust fall
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X FNAE 38 75 Y2 X B2 A i Cu  Ni Pb.Zn JCR#B
M T E R bR, TG X Cd JTEER B
WGP X Cr JCR Y15 Yeibr e o ™, © i R
T ) = Zhnife | 3 S i 3 N Sk 37 o0 A5 38 1 1
s RIS AR 28 B i HAR ORI X TR &
FRWEAE R R B 4 i R IR, RS2
BTG X R SR E L,

ARG AR B N 4w e A
A A R A A OGS A A TR, X BRIX 6 B A
NESRESESIEESRE S BRAhESE S
YRS E A (P<0.01) |, FH¢ 2R FE 4 0.801 ~
0.978 , BUE 73 A ¥4 57 LAy, 2 WIAEE I X W Il A4
RHARP I E 4 8 T K 32 11 2 S0 Y i ) 1

F R N 48 T R B FEORIE, 5 Onder &
Dursun(2006) FMFFE45 R —3, 15 XAEY) E 4 )8
JUE Frig 5 IR AE AR T 5 R B A S U
B 6 BRI B R Y 5 B A AR 28 UL 2
A2k, AR, 2 V5 Y X E AR
SRR IR B W IE A OC (P<0.01) , A A
MNESEGESHEAESR S 82 IEHCH,
BNt NS R & S R A SR A a5 R,
Rl 4 P i 1 220 SR IX SR AL B Rl P G
S JE S ARG UL 2 RE A 8 TS Y Uk )
TUREXT B A o 1) 3 4 @ & g i ok, EE R
(2010) 7¢ rg 3 FEAT HO B T B 4 R & | 5 s Ao
PM, V& JE 0 AH SC T 5% v A A5 H 28D 45 21, 2 B
TS S YRR I PN 4 JE 1 S A AR el
M W B 4 i 7 R AL T AR

4 i

(D AETIX 323 {5 G DA R N 6 Fh i 42 )
FE IR TR, Zn Ph S K BB,



4 4] TR UM SRR WAL Rt i B LE G R L S IE N TR 477

—ERRRE R T AR T R RS S N B X
ERAL BRI RZ I (2) W0 DX A% SR Ah AR A 22 A [
& IR RE 1 IR AR 28 () [ T A7 A B 25 5 M
[ Ab X 6 A 4 I8 1) RABE Sy R A ], Horp LA
Zn SHREMEBMERE KA, Pb K2, Cd /N, (3)TEFT
P2 A9 = AN, 6 IR X HERE A 6 Rl 42
TR AT AR B G 0 — Febr i Z 9 (Cd BR
AN AL T IX FAZE {5 YL X 38 RE 5 Cr,Cu.Pb,
Zn TE S = RbrifE 2 N 5 Ak T X RS2 38 15 Y
XFEAAET T Cu Ni Pb.Zn JTCEARM H T H &K%
il bR, PTG YL IX. Cd JER A5 YL IX Cr I
EINNCE S TS o i NN cBUN EI . el & 7
HE, (4) BRxT R IX AR P B 4 R 5 - A OGR4
AN R N A R S - 4R 1A
Kot /INF SRR E 4 R O 1 (A M A 56 RECRD
1A 53 BT 2R B 2 AR ol i 1 4 A 52 e KT £
T A2 T V5 Yl DX A A2 XA b vt P 4 e HLA
WER, 25 TR R ARERIE R | AR 4 R Bl
BT, A BRI BE B s R 4 R TS YL ds s BE 0
(AR, Ry s AR ST R T A B L

SE LAk
ALBASEL N, COTTENIE A, 1985. Heavy metal constration near

major highways, industrial and urban area in Beigian Grassland
[J]. Water Air Soil Poll, 24 (6): 103-109.

Chinese Society of Soil Science Agricultural Chemical Professional
Committee Editor, 1983. Soil agricultural chemical routine anal-
ysis method [J]. Beijing: Science Press: 47-54. [ H1[E 1-35E2%
S ALl Z 0125, 1983, T3l fh o M4BT 75 12
[M]. dbnt: Blegihi it 47-54.]

COUTO JA, FEMANDEZ JA, ABOAL JR, et al, 2003. Annual varia-
bility in heavy-metal bioconcentration in moss: Sampling protocol
optimization [ J]. Atmos Environ, 37 (2) . 3517-3528.

DE NICOLA F, MAISTO G, PRATI MV, et al, 2008. Leaf
accumulation of trace elements and polycyclic aromatic
hydrocarbons (PAHs) in Quercus ilex L. [ J]. Environ Poll, 153
(3): 376-383.

DOCKERY DW, 2001. Ep idemiological evidence of cardiovascular
effects of particulate air pollution [ J]. Environ Health Persp,
109 (2) . 483-486.

ECHEISTER HG, HOHEN WD, RISSA, et al, 2003. Variations in
heavy metal concentrations in the moss species Abietinella
abietina (Hedw.) Fleisch, according to sampling time, within
site variability and increase in biomass [ J]. Sci Total Environ,
301 (7): 55-65.

GIDHAGEN L, JOHANSSON C, STROM J, et al, 2003. Model
simulation of ultrafine particles inside a road tunnel [ J].
Atmosph Environ, 37 (5) . 2023-2036.

GRATANI L, CRESCENTE MF, PETRUZZI M, 2000. Relation-
ship between leaf life-span and photosynthetic activity of

Quercus ilex in polluted urban areas ( Rome) [J]. Environ
Poll, 110 (5): 19-28.

LIU JY, SUN SB, YING YJ, 1997. The indication of bryophytes to
air pollution [J]. J Qufu Norm Univ,23( 1) : 92-96. [ X|Z5g,
IMBUR, ACHE,, 1997, & BRSSP X K5 8 R EM
(1] i RIBE AR, 23(1) : 92-96. ]

LIU L, FANG YM, WANG SC, et al, 2013. Leaf micro-
morphology and features in adsorbing air suspended particulate
matter and accumulating heavy metals in seven tress species
[J]. Environ Sci, 34(6) : 2361-2367. [ X%, Jr & W], LI
B, A, 2013. 7 FRORIY I R OB 528 SRR ORI B K
BE4JE RBUHE [J]. 2R, 34(6) . 2361-2367.]

LIU L, FANG YM, WANG SC, et al, 2014. Analysis and assess-
ment of atmospheric pollution based on accumulation character-
ization of heavy metals in Platanus acerifolia leaves [ J]. Environ
Sci, 35(3) : 839-846. [ XIFy, TTRWI, FIME, 45, 2014.
TR AN R H 4 Jm R B R R AUTS B 20 B FE
[J]. 38R, 35(3) ; 839-846. ]

MARKERT TB, WECKERT V, 1989. Fluctuations of element con-
centrations during the growing season of Polytrichum formosum
Hedw [ J]. Water Air Soil Poll, 43 (1) . 177-189.

ONDER S, DURSUN S, 2006. Airborne heavy metal pollution of
Cedrus libani (A. Rich.) in the city center of Konya ( Turkey)
[J]. Atmosph Environ, 40 (7). 1122-1133.

RUHLING A, TYLEA G, 1968. An ecological approach to the lead
problem bot [J]. Notisker,121(3) ; 321-342.

SATAKE K, TANAKA A, KINURA K, 1996. Accumulation of lead
in tree bark pockets as pollution time capsules [ J]. Sci Total
Environ, 181 (2): 25-30.

TAYEL EH, HAMZEH AO, ANWAR ], et al, 2002. Cypress tree
( Cupressus semervirens L.) bark as an indicator for heavy metal
pollution in the atmosphere of Amman City, Jordan [ J]. Environ
Int, 28(4): 513-519.

WU YH, GAO Q, CHENG GD, et al, 2002. Response of
bryophytes to global change and its bioindicatortation [ J]. Chin
J Appl Ecol, 13(7) : 895-900. [ REH, B, BEM, &,
2002. HEE A W) X A2 BR AU S B9 BN B H A 7R AR
[J]. BiHAESZER, 13(7) : 895-900. ]

VERANTH JM, PARDYJAK ER, SESHADRI G, 2003. Vehicle
generated fugitive dust transport: analytic models and field study
[J]. Atmosph Environ, 37 (8): 2295-2303.

WANG AX, 2010. Mosses and trees as indicators for heavy metal
pollution in the atmosphere of Nanjing City, China [ D].
Nanjing: Nanjing Forestry University: 113 -116. [ T %& &,
2010. FERTHZS SEAB IS Y VESFIRIA YN [D]. Fa.
FEMOl R 113-116.]

WANG AX, FANG YM, 2015. Study on accumulation of air heavy
metal elements in organs of Platanus hispanica [J]. J Plant Re-
sour Environ, 24(2); 73-79. [ F&&E , R, 2015. —BRkE
BARE R EXE I EICRN R [T]. MY HIRES
BRI, 24(2) : 67-72.]

YANG QH, LU SH, LI XY, et al, 2008. Reduction functions of
runoff contaminants by the urban greenbelt [ J]. J E Chin Norm
Univ (Nat Sci Ed), 41(2) . 41-47. [ #1515, BWte, =5
Ha, 45, 2008. 3 T 4% Hh X R K AR I TS G 0 04 D e 1E T
[J]. SERITE A FLRRIER) | 41(2) : 41-47.]



