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Heavy metals distribution in roadside tree trunks under a heavy urban

transportation condition
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Abstract: Roadside trees play an important role in improving transportation safety and environment conditions such as
soundproof,, pollutant removal, and positive psychological influence. The distribution of heavy metal concentration in the
roadside tree trunks are rarely investigated in wholesome way. To know the distribution of heavy metals in tree rings has
important implications for researching on heavy metals enrichment and purification effect of trees. In this study, we
measured the concentration of seven heavy metals including Pb, Cd, Cr, Cu, Zn, Ni and Mn in the tree trunks of Populus
tomentosa Carr. growing along Beijing Capital Airport expressway, Beijing, China, by using the Inductively Coupled Plasma
(ICP). The distribution was analyzed according to the tissues, directions, and growth of the tree trunks. The influence of
major climate variables on the distribution was also studied by using correlation analysis. The result showed that the average
concentration of each heavy metal was different in different stem parts. The concentration ranking from high to low was Zn>
Cu>Cr>Mn>Ni>Pb>Cd in xylem and Zn>Mn>Cr>Pb>Cu>Cd>Ni in bark, respectively. Heavy metal concentrations in
bark were signifcantly higher than that in xylem. Moreover, the heavy metal concentrations in the tree stem near the lane
side were higher than the ones farther from the lane side. The concentration of Cu, Cr, Mn, Pb, and Cd in the northfacing
tree stem was higher than that in the southfacing stem. We found there were temporal variations of the heavy metal

concentration level in tree stem by measuring the concentration of heavy metals in each five year tree ring segment from the
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tree center to the bark. The concentrations of cadmium, lead, zinc and copper had a general downward trend, but

manganese, nickel and chromium an upward trend. We concluded that the tree growth and the environment influenced the

distribution of heavy metals in tree rings. When tree grew slowly, the stem xylem could absorpt and deposit more the heavy

metal element and vice versa. There was a significant positive correlation between Zn, Pb, Cd and Cu concentration and

climate factors including annual precipitation, annual strong wind days, annual rain days and annual minimum air
temperature. The estimated content of heavy metals in stem were Pb (2822.69mg) , Cd (1407.55mg) , Cr (21482.56mg) ,
Cu (17255.19mg), Zn (98123.60mg), Ni (1726.46mg) and Mn ( 15063.84mg) , respectively, on the basis of trunk

biomass. The current research provided an insight for assessing the capability of Populus tomentosa to curb the heavy mental

pollution under a heavy urban transportation condition.

Key Words: Populus tomentosa; tree rings; heavy metals
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Fig.1 The location of sampling site
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&1 JEET 1986—2011 EREIM EKE LB SEKEFEHE
Table 1 The annual average of traffic and meteorological factors at different periods in Beijing
TS X 15 Ik A KUH % ., .
- . U R il s OV (!
sf 1) B [ 7K &/ mm Average Maximum Minimum . Strong wind .
. o Sunshine hours Rainy days  Traffic volume
Time Precipitation temperature temperature temperature /h hours 7d /(T i/ 4
/C /C /% /d ‘
1986—1991 651.7 12.6 38.5 -15.5 2580.3 14 97 4.0
1992—1996 627.0 13.1 37.5 -13.0 2558.1 12 95 4.5
1997—2001 427.9 13.0 41.9 -17.0 2578.0 10 83 5.0
2002—2006 405.5 13.2 41.1 -15.0 2426.6 9 87 10.6
2007—2011 566.8 13.3 40.6 -16.7 2424.6 9 87 17.4
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Ve RN e e b 2 i i e, A
J e 45 4 8 T34 AR B/MKIK R Zn>Cr>
Cu>Mn>Ni>Pb>Cd,Zn B & w5, 4 10.02 mg/kg,

Cd & B iR, 2} 0.17 me/ke, AH2E 58 1% 1 iz vy
Zn>Mn>Cr>Pb>Cu>Cd>Ni, [FFE N Zn B9 & &,
Rk 120.35 mg/kg, & F ARG E Ni (1 143 £,
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FHUA T & EERITREEZRNSE R,
53— Tt 2 B AN [ B 4 J 00 38 19 R VR ol 38 A R 7
AN, H#e 2 a &/, Hrp Pb Al Zn 7684 2 iP5
Vo R TATHS, L4510 16.66 F1 12.01 , # fz AR
J s Hh B ik 25 S AR /N Sl NT AR B e ST 2 B
AR 0.90 5.
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Table 2 Concentration and ratio of heavy metal in bark and trunk

fi Cd #% Cr i Cu £ Mn B Ni # Ph ¥ Zn
A Xylem/ (mg/kg) 0.17+0.04 2.29+0.57 2.05+1.22 1.63+0.27 0.93+0.74 0.3420.20 10.02+3.61
B Bz Bark/ (mg/kg) 0.92+0.02 7.39%1.05 3.88+1.95 7.4720.16 0.8420.11 5.74+6.38 120.35+3.79
W B2/ AR Bark/xylem  5.52 3.23 1.89 4.60 0.90 16.66 12.01
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BIRITERA TR B oA B R — AR R AN [R5 6 vh
MESRITRE AN ZESR, £3 WEBABFERT
NI AERRIOTR SR, FIOURA AL
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Table 3 Heavy metal concentration in different directions
7 I Cd/ Cr/ Cu/ Mn/ Ni/ Pb/ In/
Direction  (mg/k) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
N 0.18+0.07 2.95+0.35 3.46+0.32 1.99+0.16 0.33+0.27 0.35+0.11 9.09+0.21
S 0.18+0.04 1.95+0.14 1.86+0.19 1.64+0.42 1.65+0.31 0.24+0.01 13.99+0.35
K 0.20+0.04 2.57+0.54 2.37+0.42 1.55+0.02 1.50+0.38 0.62+0.19 11.50+0.29
B 0.11+0.08 1.70£0.17 0.51+0.13 1.33+£0.49 0.26+0.43 0.17+0.28 5.52+0.43
N OAAEA S mg i, K A SE T IE B — 0, B i B s —
R4 BESEEERTRAM LS HHEXE
Table 4 Correlations about distribution of heavy metals in different directions
Cd Cr Cu Mn Ni Pb Zn

Zn 0.807 0.180 0.403 0.315 0.905 0.361 1.000

Pb 0.758 0.647 0.529 0.192 0.444 1.000

Ni 0.665 -0.068 0.085 -0.088 1.000

Mn 0.593 0.827 0.934 1.000

Cu 0.788 0.951* 1.000

Cr 0.696 1.000

Cd 1.000

% P<0.05 I, MM R 2%

ANFAERE BOR E G R LR 1A
PR AR AR R DU e T R B, B 4F
W BTN, PR A A B WA O A R A PR A A AL

HE e MITARR T 2 BOURA A —E MR R E R,
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W BAERE TC R & 1, AR 1S & 1 4 J8 0 2 Bl A 1)
(- AR 3 B3 Sa IARRE (5 1 B A 6a) 1
H— DS AT A, D4R 45 AR 4R B TE BE
3.977—4. 699 cm, % K FE 2 39. 73%—50. 64%

P —FEEFE PR ITR T RATREIF AR RBINR 4 (R 5),
x5 BERBEHNEERSKE
Table 5 Mean width moisture content of each tree ring section
B i T iR Pk
Time Width/em Fresh weight/g Dry weight/g Moisture content/ %
1986—1991 4.699 47.15 25.02 46.94
1992—1996 3.977 41.65 21.95 47.30
1997—2001 4.009 44.79 22.11 50.64
2002—2006 4.042 40.77 22.77 44.15
2007—2011 4.102 39.37 23.73 39.73

FHL B TR R BT B b S &R TR
T (E AR FE AR N A JE S A AR AR T L
RS ESEREANGERE., B2 2EAH
AEgR v 7 PR 4 JE o0 R 1 e B R] 4 AR Ak R g
ATLE I, &R E SR T2 A AR AR RS

Zn Bl 055 (6] 149 30 30 e K, dRe R A (E B AE
1992—1996 4EB% | Jy 42.6585 mg/ kg, B )5 2 ) FA A

e/ N A ELAE 2002—2006 4B, A 4.5155 mg/
kg, B KA 29 e /ME Y 9.44 £, H 2007—2011 4E
Bt 5 2002—2006 4FBLA L, X ETFFT 1,90 £,

Pb AW AR T TCR | RIMABE S T R
T3 Ph {53 FEORIE, v LUE B L
NEERZEDIOR , BAR AR B ARG N, JU R T JLAR
AR (RS AERS R Ph B A 2 S
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Fig.2 The yearly variation of heavy metal concentration in tree rings of Populus tomentosa

Cu I 7E 2002—2006 4F- B Z 1, Bl [a] 4EF% i 4.4338 mg/kg T F%%] 1.8182 mg/kg,2007—2011
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RMERR BRI A, RP4ET 0.9881, ijd B Fifi i 1]
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Cr &t h 1.5878 5 713 3.4951 mg/kg, H
HHTE 1992—1996 4EEBCAH — M IE(H, iy 3.3107 me/kg.
Ni f1 0.5292 T F& %] 1992—1996 4F Bt (1) 0. 1400
mg/ kg, Bl 528 3] 0.3190 mg/ke,
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Bk Mn 1 Cr 4, HopE & 802 SR K
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Cu 5K HHGE S W EIEA G, 5 H IREHEGE 2k
T TEAHDG ;Cd 5 H BRI IO R H b 31 1 3% 1E
FHOG s HAR W AR IR B Ge it b9 B 25K B LUE
L BR NI 5 R H By A O R B/ (r = 0.151)
A, FLAAH ST 1K 3] v B B 5 AH SC PR AH G R AL
1E 0.486—0.680 Z |A]

MWSIRKE B Mn £ Cr 4h, HAB LR OC R 1 5
PR ARG EH, Ko Cd 2 B A,
X TAF e e R AAR e IR, Zn  Pb Cu  Cd Y 3R
PUARARL, 1570 5 4 d AU SRR DG 3 5 4R e IR
SR ARG NI AR

Mn H1 Cr ZEAFEE R [R] (%) 53 40 5 <5 R 7 (8]
TGt FR AN, —F SRR LN TaAE %
FECER B R Mn AR R B P33, Cr 173
A H RRETECRRCXUH £

MEFABER T ESEITERE M 5 i E o
Mras kA (2 6) ,Mn 5 423 5 (048 1k &2 1 2% 1EAH
X, Cd 5w BEAME, HamRH LA
it by K, Hrh Zn (Ph Ni M Cu 5 40 2
SRR, Cr 547 B2 IEAH GBS

x6 TRERREECESHSHEEFHEXE

Table 6 Correlations between distribution of heavy metals in different tree ring section and environmental factors

o PR TR il AR H Ae A4 RNH % N LAN
[k H . . B . . wY H 4L !
. Average Maximum Minimum Sunshine Strong wind . Traffic
Precipitation Rainy days

temperature temperature temperature hours hours volume

Zn 0.801 -0.475 -0.800 0.654 0.811 0.709 0.800 -0.642

Pb 0.508 -0.363 -0.800 0.817 0.674 0.678 0.673 -0.768

Ni 0.607 -0.669 0.307 -0.237 0.598 0.151 0.545 -0.002
Mn 0.135 0.439 0.143 -0.309 -0.397 -0.798 -0.092 0.915"

Cu 0.858 -0.774 -0.858 0.457 0.978 ** 0.724 0.900 * -0.658

Cr 0.097 0.822 -0.085 0.201 -0.496 -0.452 -0.192 0.567
Cd 0.486 -0.909 -0.586 0.346 0.929°" 0.894 " 0.680 -0.920"

x P<0.05 I AHEPERE, « « P<0.01 I M CHEM I B3

i — 203 B £ 15 42 @ 0 R IR 2 (8] B AH OGPk
Zn .Cu.Pb .Cd FZ R 2 BEIEMHIE(FRT),XF
AR X LA E 4 8 oo R Z AL W i SR B I 7
Frsgm, U k5341, Zn  Cu Pb . Cd iX 4 FhE 4
JEICRAEAR A h 0y B 1) 23 A SR R AL, B3 5
AR XREK G RN K H B, H R B AR B IR 2
KIAH By 284k 5 TEAR DG #, SAE SR A e
SRS 1 AR AL 2 A D

34 YHWTHESEICRNH SR

IR BRI AR o A e R K A28 B, AR R
o AR RE Fe S5, AR AR L R BT R
B 4 B L R L AR T REFR O AR M, 2 5
HEBRGNE SR ITTREEA, K, i E K EH
S JEICER , DI A B0 A58 v 8 4 I8 o0 R 1Y s
RAEH., H3 8 nl L, BEH M+ H Zn Cd . Cr Cu,
Mn Pb I Ni B85 i 28 AR K, Sbkas A B 45

http ; //www.ecologica.cn



15 4

FHF FATENTBAEN T PESRITR M

4219

JCEMLREE N Zn (98123.60 mg) >Cr (21482.56
mg)>Cu (17255.19 mg) >Mn ( 15063.84 mg) >Pb
(2822.69 mg) >Ni (1726.46 mg)>Cd (1407.55 mg) ,
TR S RN OTR M2 69 15, WA FR B
SRS EORE R Pb Hl Zn Sb, A R BEAE
WA N R BT ES R S RN 2 X R
BT A ) e B AR IS 23 K 3, Pb 7R 1986—

1991 4 B v & U & A/, Ty 85,73 mg, 1
1992—1996 4FE B 2 RI3E NF] 642.18 mg, It f5 2 i
Z A7 2007—2011 4B TR F] 560.48 mg, Zn
WAE £ A] B b i sh PR K, 1986—1991 4F Be &% =
e/, o 3997.10 mg, H UK h 2002—2006 4B, Ky
9994.77 mg, fx K AH 1 B 7E 2007—2011 4 B, ik
37801.01 mg,

R7T BESEETRERR ESHHMEXE

Table 7 Correlations about distribution of heavy metals in different tree ring section

Cd Cr Cu Mn Ni Pb Zn
Zn 0.729" 0.046 0.898 " -0.445 0.164 0.907 * 1.000
Pb 0.711" 0.003 0.728* -0.676 -0.159 1.000
Ni 0.379 -0.487 0.549 0.371 1.000
Mn -0.688 0.397 -0.337 1.000
Cu 0.865 " -0.307 1.000
Cr -0.642 1.000
Cd 1.000

* P<0.05 I, #1561k B3

®8 FRIVEESETENMEER

Table 8 Content of heavy metals in tree ring

Fif [A] B¢ Time Cd/mg Cr/mg Cu/mg Mn/mg Ni/mg Pb/mg Zn/mg

1986—1991 39.66 203.44 568.09 221.35 67.80 85.73 3997.10
1992—1996 149.02 1897.87 2207.49 802.72 80.24 642.18 24454.41
1997—2001 332.68 3220.37 3386.94 1693.47 207.92 694.05 21876.31
2002—2006 419.88 5262.73 4024.44 4157.12 375.68 840.27 9994.77
2007—2011 466.32 10898.15 7068.23 8189.18 994.81 560.48 37801.01
A3t Total 1407.55 21482.56 17255.19 15063.84 1726.46 2822.69 98123.60

4 Z5iti

4.1 EABHWTXE RS EITE PRI

LT EERHLT) = A 55 B A I e b i
JB A RN Zn>Mn>Cr>Pb>Cu>Cd>Ni, #f T A i
TR A Zn>Cr>Cu>Mn>Ni>Pb>Cd, [7] Fl 0 & 784
B i S B S = TR

VFZ W CUE AR A PN 3 4 J8 1 3 i R AR
AL Y e S T T S A e -
BEEIRETEEHHN Mn>Zn>Cr>Ni>Cu>Pb>Cd,
I FT DAY 4R 3 80K A AT ) W W 46 8 DT & e
JiysEss . LN ARSI RS AR E R R
T/SHE,T/S=R KR o R F /M EP TR S
i, B R B IR VI Y A S 5 iz oo
Z RoONTHEMEABW TN ESEEER

2, AT VA B P 0 4% a8 1 R CRE T I AN —
2, HANRZH 2060 [R AP o6 2 A WIS RE gt AN AR [R] )
BER} 4% o 45 J 1  HE RBR U Ph>Cd>Zn>Cu>Cr
>Ni>Mn , A JFEFRN A Zn>Cd>Cu>Cr>Pb>Ni>Mn, B
Ni b 44 Bz & e 2 I & R R BB R TR ER, Ui ]
R X4 EE 4 SR O 2R B WCRE T TR, Rl I 7
FhEE A BT E T, Mn B & S s, B2 E AN T
o Mn (195 4R R E RN, B B AT Mn 5 I 0 BE
J18N, Cd WIAH S, BERAE F A X Cd A W fE ) 4
5, AN EE A A R ISCRE T R Az AR B 1 1 AR
BUI 2 A ik 508 5 p &, TR AR B,
B 4 JE Y B A AR R R AT O, WA A R
() 1 58 5 4 Jm BB AR A AE T 38 b BB DA AR 3
WIS E 4R, AT R E S E ) e,
AR 5 RE AR G M S B EE 4 T Y AR AT AL
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PTG A SN AR R 1 R AR A AR N 4
TAT WIS 20 Ak JER Z IR AFAE — E 1Y
FHEAERTS Y DR, - 3 290 A 2 ] 5 ) 0

EBAIES AL, T HE— 25 R W AT 1E R o g
i BB R R 75 B AT R — 2P BT

®9 EEURTESRHNEERY

Table 9 Bioaccumulation of tree trunk on heavy metals

Cd Cr Cu Mn Ni Pb Zn
B Jz Bark 0.579 0.133 0.193 0.017 0.027 0.594 2.089
AJEFHE Xylem 0.107 0.041 0.102 0.004 0.030 0.035 0.174

4.2 BEAMAFRBIFRPESRES RN ES

XA RIS R 7 FES R RS
AR TR B AR I B3 0, B AR FE rh 4 R
JCE M F R — AR e (0 IR IR A i
HaEB I, X AR AR B A H B AR R AR
RIS R R (e [ 25 5

(DR ITRME M ITE EaEEFER D
B3 AT FLAE AR AnT , s e PR 2R AT IR | 4% PR 2856 L ) BT
R B 45 R R 2Z 18] i AH B AR ey, 2 AT 02 —
AN ETERFFE 0 3E 5, Forp — N AR SC B Y 0] 2 45
SIEITTEAF I PR M IR AL, Xt O R BB
SHEAG TR EE YA N E SR 5,
RIS LA Sa S — BT X0 4y, b T TR B T
X —[m), o] LA Sa A9 FIME, (AR TR 1
B A AR RS LA R B TR 1
E%52Z—,

() BAWERKEE AN EABE A
AT E] N B A A 4, 1992—1996 4 B
O ARFEATIS W38 I, BE B B AR A K 55 218
ME4JEICE Pb.Cd,Cr,Cu Fl Zn 7E BLBY BB & &
KA, AR I 3SR 78 10a Z 5, BEEZIT
A KRR K, X6 B 4 1 WG ML RE T I D
AP IR B — o IR, AR KR TR, B AR A
Kagiig, MELRE &8 A LI, XMig
Ui B X 5 4 i JT 3R MR S R () A KR A
TR B IEFR YA T ek A K BT, A X 5 4
J& TCE I IRE T H/IN , Th YREAR AE K G2 18 B, BT
X} EE 4 A IR A RE ) AT — e R A S K

(3) Fpiit WNESBWEZRKRE , Bk
M =BG YL R A, HOE AR AR, A 1993
AETF 4R %, 2000 AE G RN 5.5 J1i#/d,2005 A4
JnE] 11.9 Ji/d,2007 4FiRE] 15 J7/d, HRTE &

ik 21 J/d ABOR R AR B rh I 4w i B i O Rl
I (R4 RS 2 PR I A B R Mn I Cr 5 ER
FAOCHE S IEAR DG AL HAx 0 2 0 52 17 A DG 35
X SRR ARG S5 R TR, He g SRR AT
RS 1 E RS M AR A2 AR h 4 8 Cd Cr, Cu,
Fe Mn Ni Pb Ti Fl Zn (/)5 2 Ff i () 4F 8 S 5 7 1
FH S, FL A0 SC M o3 A A 48 b B 4 JE i 4 K
A S s L A = AR R B A R
FIEM KR, AR R 2 — AW A A TR], B
K AR P EESRN A EAR; ZEEAH
(RRE r BN E B e i TR R, FL IR AR A A, T
REEAXTE SRS T —& Mg EM, HIb a4
rFER 4 A R REAR R 0 S N A8 I T S B3
HE BT,

L2 30 3 Yo b A T 2 — 0 R 1 2 7 — A
BPESEN SR, RIX 7 FES R RN
AR Y R T B G — Y i XU
WA G sh T RE o R E A B I5 U, IRERAMHE
JIC, ZE A (B A A8, S TR -5 M i (] 1) BE A S = T
AR BT, BE TR S0 1 S p ) e E
AR IR B 1, DT 3 i — 2 3 1Bl o A KR B 1 3
HEEITY,

(H)AMBEHET WIREE RN E S S 2
IR T KA P E AR 0T RUTHE, BT KR
R TR R T BB UTR R Wi 7K T T I 55 7 4 )
1 2B AR AR T RTRE AR B I Y
A3 VA T SR TR AR ARV R A L R Wi )
HMYIRERRNESBLEY, M ESREES
EREHTZEM KR, BI Pb . Zn Cu Cd FEA ]
AEER B Y 0 A 5 AR R K B RTAR R XL H B i
F IR AR S, BT AR B 7 R s R Y
EHMER TP ESJE Pb . Zn Cu,Cd FHIE S, K
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S RIS R T E 4 JE Pb.Zn Cu,Cd
S E A
4.3 EBHXELSEG RS

BRI TR, 8 E LLUAE 77 R BR3P 3
B EZEHW, hFHARKRGE, &Y 8K, LA
AR AR TR AR RIFEA , X 5 4 15 G A R Y
W SRR SRR, ] — 75 e b, A o0 28 SRR ol i
ARYEPIR) 10—100 HEHCE 5, IR iR H 4
JE TG G AR KRR, BTy Sk ik
AEYEREKNSE, KRR BHNESE TR —
WA EEZ 5 AR EYEE, MRVE I A K 4
JEWAFAER P, X 84 I 15 ek B B R 2 wpVE H
A KT AR e 3 % 55 (R AT 26a 1) FL AR
T (BR# ) Nl LR 4 8 & 1 0 Zn (98123.60
mg) > Cr (21482.56 mg) > Cu ( 17255.19 mg) >
Mn(15063.84 mg) >Pb (2822.69 mg) >Ni ( 1726.46
mg) >Cd(1407.55 mg) , ¥ FEERE , BREAY
B (BRA B ) BRHAE R AT IR RE &8 & &l
Zn(3773.98 mg) >Cr (826.25 mg) >Cu(663.66 mg) >
Mn (579.38 mg)>Pb (108.57 mg) >Ni(66.40 mg) >
Cd (54.14 mg) , X N LU TTEATIEN B H A7 X 8 4
J& BRI R B RIS KR . WS R B R A%
HAEJEITRMN S E KA, Pb Cd, Cu. Zn I & &=
SR RREGESE AR AR S LD E S
B R EIEARSEE SR Wi Y R E AR
Pb . Zn Cu ,Cd 2T FE#H X0 E BBk 32 +
SRR, U HGEBEPEROR Y P AT Cd, 1 Cr Ni,
Mn 7E— 8 & S0 B I8l , I JLARIE A LT 3,
R AR A Ja i 5 v it 22 iE — 20 8 s ok U
AR AR 3
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