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Heavy metal contents and distribution characteristics
in barks of Cinnamomum camphora in Nanjing
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Abstract; Heavy metals are easily enriched in fine particles of the atmosphere and enter the alveolar deposits of the hu-

man body through the respiratory tract, and endanger human health. In recent years, atmospheric heavy metal pollution
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is gradually aroused people’ s attention. The direct exposure of barks to the air is an important transitional step for heavy
metals to enter plants, accumulating pollutants over the long term. Five different urban areas in Nanjing ( commercial
area, cultural and educational area, industrial area, traffic area and scenic area) were chosen to study the distribution
characteristics of the contents of Cr, Pb, Cu and Zn in different seasons, using barks of Cinnamomum camphora trees as
research objects. The differences in the spatial distribution of different heavy metal contents in barks and foliar particles
were also compared. The main conclusions of this study can be summed up as follows; Heavy metal pollution in commer-
cial and industrial areas are more serious. Heavy metal contents in the barks of C. camphora trees in different functional
areas of Nanjing have obvious spatial and temporal distribution characteristics. The contents of heavy metals in the barks
of different functional areas follow the order of commercial area( CA) > cultural and educational area (CEA) = indus-
trial area (TA) > traffic area (TA) > scenic area (SA). Heavy metal contents in the barks in different seasons follows
the order of Autumn > Winter > Spring > Summer. Contents of heavy metals in particulate matter of leaves were higher
than those in barks. Contents of heavy metals in foliar particles in commercial area were the highest, and contents in sce-
nic area are the lowest. Pearson correlation analysis showed that there was a significant correlation (P< 0.05) between
Cr in the barks of C. camphora trees in industrial and cultural areas, and significant correlations between Cu and Zn, in-
dicating that these two kinds of elements may have similar origins. Contents of Pb between industrial area and traffic area
were in significant correlation (P< 0.01), mainly from traffic emissions. Plant monitoring can indicate and predict the

level of heavy metal pollution in the atmosphere. It is a simple and practical monitoring tool that can reflect the pollution

in the area and provide a scientific basis for the monitoring of urban ecological environment.

Key words: barks, heavy metal, Cinnamomum camphora, particulate matter, Nanjing
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Location of sampling sites and surrounding environment

Table 1

IBEIX

Functional area

JE L ERERAR B

Sampling sites and surrounding environment

A X (TA)

Traffic area

CHIX (CEA)
Cultural and
educational area

Tk IX (TA)

Industrial area

HEEIX (SA)

Scenic area

BlIX (CA)

Commercial area

T 2 T SCE A AL P, B VR R BB AR TS PR I, SRR X SR 3 R Gl Tl I
KIS

Xinzhuang is the hub of Nanjing transportation, and the dust pollution caused by automobile is serious. The sample plot is
divided into three sampling sites: Xinzhuang Square, Nanjing Railway Station and Longpan Road.

ABRI 27304 AT 25 T i A, R AT o IR X, S T S 9 DR 27 | R L R R i et W 28 R S R i
Xianlin University City has many universities, a nearby residential area. Nanjing Normal University, Nanjing University of
Posts and Telecommunications and Nanjing University of Finances and Economics are selected as sampling site.

WEE AL T X g BT B8 Tl X, BEIE A g CEA LT A WL TROREAS W) g i A S5 e Aill, BRI 9 e d
T RO AU T AR AR T

Qixia chemical industry zone is the old industrial district of Nanjing. There are polluting enterprises such as Nanjing Ther-
mal Power Plant, Organic Chemical Raw Material Company and Nanjing Electric Factory nearby. The environmental pol-
lution is serious. The sampling sites are Nanjing Thermal Power Plant, Nanjing Electric Factory and Nanjing Chemical
Plant.

ST M UARSR AR s T I B IR A 56, A AL AR Gl K, e A I A A, 28 4ty B )
FBEBNRAE R

Zijin Mountain is located in the eastern suburbs of Nanjing. Its vegetation is lush. The environment of Dr. Sun Yat-sen’ s
Mausoleum is beautiful. The traffic flow at the entrance is larger, and the flow of tourists is also large. Zijin Mountain,
Dr. Sun Yat-sen’ s Mausoleum and Ming Xiaoling Mausoleum are set as sampling site.

B L AL R ST b b T U AR S B A A S A 2 X IR IX, AN ETR B A A, TR R RO, R R TS B
B, R g BT RURR R A L 3 A SRR R

Xinjiekou, located in the center of Nanjing, is located at the intersection of four roads. This area is the city center. The
human activities are complicated, the traffic is large, and the air dust pollution is serious. The sample plot is divided into
three sampling sites: Mingwa Gallery, Hongwu Road and Zhongshan Road.

1.2 REEH*
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FRE 72 25 mL RFIN (£e3iE%, 2016) |, [l 4825
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JH ICP-OES HLJS6HE &5 45 25 11 A G40 &
B Rz Kt TR 42 S Cr P Cu T Zn 23,
1.4 EiEa1E

AfF5Eiz F Origin 8.6 AbHEIFE  SPSS 17.0 4k
PEAT BRI 5 22500 Pearson AHIEHESMT
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AFITIREX M Hz Cr Fr i 2B IX (31.74 mg -
kg’l)>i%’llX>?ci%lX>IiklZ>RL%lX(9.95 mg °
ke') o AFTALIX Cr FEAAE, 4 6.81 mg - kg';
Bl X e, o 29.42 mg - kg, 5 HAW 4 DINHEX
EWBEER(P <0.01), HFETIX 3 X
SCHUIXA e Cr TEEE B i A, Bl X d5e e (35.33
mg - kg!) , KX IR (8.16 mg - kg ), E KT
REIX Cr TGRS A I N, Tolk X P & 2, 24
NN 0.5 f5; TALIXKB B Cr & i 5 KGR IX 2 5
FH25(P<0.05) , 5HA 3 ATIRE X HA 257
(P< 0.01), FKERINFEX Cr FEJEHEH 15.1 ~
41.19 mg - kg™, R X7 o die i 5 20T X B S
TR, HALDIREIX B e Cr &4 5 BTG Rk
X 5 R X TR A B —ff

50

e ZZ Winter
s &Z Spring
m FZ Summer
= #ZF Autumn

A

M

I,

0

% Cr(mg - kg™)

7N

N
N

D
w
N
&)

7. 1. IiikIZ; 2. i@g, 3. SC%ZE,
4. FlkIX; 5. KER ., R,
Note: 1. Industrial area (IA); 2. Traffic area (TA) ; 3. Cultrural
and educational area (CEA) ; 4. Commercial area (CA) ;
5. Scenic area (SA). The same below.

BT PR AR % S ARl

Fig. 1 Contents of Cr in barks of Cinnamomum

camphora in Nanjing
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A FEAC, KA DI aE X 2 LT, Bkl
X5 B e 5 (74.00 mg - kg, A2 0E X A B A AR
(46.76 mg + kg') , 230 X 5 X H X H i F 2% 7
(P<0.05) ; S UIREIX Ph S 2 L FHHa#
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Fig. 2 Contents of Pb in barks of Cinnamomum

camphora in Nanjing
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Fig. 3 Contents of Cu in barks of Cinnamomum

camphora in Nanjing
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Fig. 4 Contents of Zn in barks of Cinnamomum

camphora in Nanjing
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AP EZSR(P < 0.05) , KU X5 30X Rl
XEWBEES(P<0.01), EFEZUEENX Zn &
R R KR X R R (128.95 mg -
ke!) , SCH X IR X R B E 25 (P < 0.01),
K Zn &N 167.61 ~207.58 mg - kg, % I BE
X BT, T X &N E T 1.51 4%,
Wl A IR Zn SRR EES
22 MEMHERNYESERELE

£ YJRE XA AR - I BURLY) Cr, Cu (Pb Fll Zn 4

PSR S EWE S, B S 45 R LM, n Bk
EEBTEHR TR ESE & o, KX
OB B 4 e & i i, IR Cr & 2 2
M Cr &8 3.19~7.24 f%, HAZi X (101.27
mg + kg ) >3CH X ~ Bl X > KU X > Tk X
(72.03 mg - kg) . MR Cu & Tk X %
1 (165.87 mg - kg') , K5 X 2K (87.56 mg -
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B2 Ph Fr i il DX RS X A v Tl DX T R
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Z(429.19 mg - kg ), AU X % i A IR (293.48
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ELREEE
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Fig. 5 Heavy metal contents in the particulate matter

on leaf surface in Nanjing
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F2 IURNZTEXWEESEITEN Pearson X R

Table 2 Pearson’s correlation of elements in barks between industrial area and traffic area
Eljzjm%nt Cr, Cu, Pb, Zn,
Cr, 0.817 ~0.061 0.173 ~0.246
Cu, 0.225 0.754 0.540 0.612
Pb, 0.406 0.505 0.995 = * 0.271
Zn, -0.435 0.976 * 0.410 0.977 =

. Cr, f1 Cr, FAR a. b 2051 FR Tolk X33 X,

# R P<0.05 B, #+ FIR P<0.01 BEAR, TR,

Note: Subscript a and b of Cr, and Cr, subscript indicate industrial and transportation areas respectively. * indicates significant differences
(P<0.05), #*=* indicates significant differences (P<0.01). The same below.

F3 TURNMXHEXHEESLEITER Pearson 1HX R E]

Table 3 Pearson’s correlation of elements in barks between industrial area and educational area

Efm%fm Cr. Cu, Ph, Zn,
Cr, 0.978 0.255 ~0.617 0.464
Cu, 0.751 0.907 0.151 0.984
Ph, 0.229 0.320 ~0.184 0.546
Zn, 0.174 0.957 0.739 0.852

TE: Cr, il Cr, PAR a.c 43037 Dol R A SCH X,

Note : Subscript a and ¢ of Cr, and Cr, indicate industrial and transportation areas respectively.

LRy >k U8, AT RE >k A T 3¢ HE ik (H T il AE
2013) ,Cu FEZR A TH 4 5 BB ML 3h 4 2
SHERR , Zn F 2R AR ECRE IR 1Y BE 451 ( Thorpe &
Harrison, 2008) .

3 it
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X, 33X AT BB 5 DX 1Y 52 430 A0 G, N T R 2 I
TEROR R BB e R EE B, AT A R
WY 4 B 5 Y (55 24, 2008) , R KR E X
e T LS 24 45 N R R 2R 75 Y 19 52 I ( Elhasan et
al, 2003) ; MAMZIX WA Ko @5 et T.rb, &
SEMBOEHBTRESBESBAMKRE, 5
— 7T, SCHX SR IR X, MW 2 o RS A AR R, B
B PR 4 B A T AR S R A b X R AR 4
RIS YR DA K, Bl TC Y TR B HEAT , 2838 HE
O Ph (1) SR A Bk 2D, 383 X 4 8 R
b FE R K (PR SE, 2016) , ANRIZFE A
15 SR AEAE 22 5, R B T X A IR TR
SR T, TR 4 W A 4 R R A SR R TR R
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4 i

(1) RIA Dy AE XA 2 rft Cr,Cu ,Pb Fl Zn & &
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HEJR T ERICNEDL X > X =~ Tk X >3558
X > KU X, 43 J 7 45 2871 1Y 3 = 00T SR Bk 2 >
AFESHERSET, (2) M HBURY) 1 E 48 &
KEWEESESE, HESE S EL X ke
(200.89 mg - kg'), K3t X A% (139.51 mg -
ke ) o AR RN I T OB B 0 R 4 R S R AT R
S, X ] e 5 IR CE 4 1 A G, (3) MR
Tfe DX R Rz vf 8 4 J8 i A DG HE 43 Bk B, Tl IX
f Zn 5358 XA Cu F Zn 43 BRI AR G, Toll X
FISCH X B Bz Cu-Zn , Zn-Cu B AT 38 A0 K1,

FW] Cu F1 Zn A AL A A U5 5 Tl DXF 52 38 DX AR
Bz Pb ARG, T2k ARG R
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