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B OE N TSI M ER R RS 4R & 4R R A Hr RS R B R, A SC LRV B T 2R
I AT AR IR X, R TS A L [ SRR A X R DX 5 O M X A A e )2 B AR S R
FA AN BIACA SE BTG il i e Y I E SR S NN A EL R TR A 2R
ASCHEIEAT T 08T, 855 R . (1) MY E 48 Zn Cu Pb Cd & i ( HERIL) BIAETRERERL LAWY
AEA S Zn S RAE A TG E (120.63 mg-kg ™) s HAx 3 FhE & B0 R ST A TR BIRMH. (2) i
Cu Ml Pb A XA BF LSETE MRS &M Zn Cd B & 2 WAk B35 A0 5C, HoAH R 55355 0.85 DL
1 5Zn F1Ph S UM AR B3 KA E 4SS Pb 15 Y™ 5 A b X 0] 98 £ 46 LAME A3 i 22 B aR b A
Zon 75 9L B (A3 X AT R BRI A | Cu 75 22 ™ 21 A b X AT S PERIAA L Cd 15 4™ B R HB X 4 R 3 vl e 8 056
Rz G PRAEHER BN T Ti5 5 B TRETG R X, i HF KRN EE G 15 Y48 .

XKEIR WA, EEE, HERE.

Enrichment of atmospheric heavy metals by urban forest

LIU Peigi CHEN Qibo™" DENG Zhihua YANG Haozhou

(School of Environmental Science and Engineering, Southwest Forestry University, Kunming, 650224, China)

Abstract; The study was conducted with the objective to explore the atmospheric heavy metal
enrichment capability of different urban tree species and analyze atmosphere circumstance. The study
made in an urban forest that located in the east third ring road in Kunming whereas the Mopan
mountain national forest Park in Yuxi was considered as the control area. The leaves of typical forest
species of Eucalyptus globulus, Yunnan pine, Pinus armandi and Sabina chinensis were sampled and
the content of heavy metal including Zn, Cu, Pb and Cd were tested. And finally, the seasonal
changes and correlation of different kinds of heavy metal elements were analyzed. The results showed
that; (1) Heavy metals content of Zn, Cu, Pb, Cd in plant leaves decreased firstly and then
increased steadily from spring to winter. The Zn content in plant leaves varied seasonally with a
maximum rate of 120.63 mg + kg™' observed in spring, and maximum content of Cu, Pb and Cd

observed in winter. (2) Pb and Cu content in plant leaf is an extremely significant correlation, and
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no significant correlation between Pb and Zn, the total content of metal elements are significantly
correlated to the content of Zn and Cd, both the correlation coefficients reached 0.85 above. From
this study, it is possible to conclude that Pinus armandi can be used as remediation species in
atmospheric Pb—polluted area, whereas Fucalypius globulus and Yunnan pine can be selected as
remediation species in Zn and Cu air polluted area. The four plants above mention have the
significant capability in atmospheric Cd enrichment. The air pollution level of study area reached the
pollution level of low—grade and the highest comprehensive atmospheric pollution index was observed
in spring.

Keywords : urban forest, heavy metal pollution, enrichment characteristics.

Bt e FE Sl T R g, RS R A B M SR AT A A e R G 75 e )
AL 2 BRI A5G TG R T RAe A BBl Ul 2 AP AT 2 i THREE R A A
TR, T LA PR 856 v 11 T S A A S A AP T AE TS ey A SR S e ) E AL AR Zn  Cu Pb . Cd
HILR EE R Z MR SR SR G e R W IR TS Y Y R AP I R
HIAE) T g B T Ak R 2 19 A0 HOWE BRI S (AR I A o 4 S Y L
JI A% E R

R Fr b B AL A L B AL A 5 TS ey AT B 1) 2 B 38 o AR ) 2H 4L R
WA IO R B H 4 S e 3R AR S TG T ) o, PR I A 0 R0 e B — e e
FYCER AR SRR T A RO AU T AU R R RIS A i AR
B SR AR A S i A S e A B Z B AR IR AL R <P B 5 i Y AE I AT S 4K
D AW R R RS Y BAT T R R 2 R B0 VR e o 7 R R R RS e O X AT W e AR A
[ Ak, TN R HEAT AL 2 A R IR, AR ] AR T i RO R, W
Phieler' ™ I AL XPAAEPIHIBEFE, SRAEAE"T Xb G AW HOBFIT , (EL I 26 BEAA ) 119 A K0k 7 i 24 |
AR IAEE A R e 1 HLRE AR B R T R A S LA — BT A WY S RS
A7 TE R 4 A I B SRR B R A A P A BRI 1 R SR B R I e R T R
XA E G Jm TR L BAT — 5 9 5 SR (AT R BR T3 T I3 AR o o0 B 2 SR AR A R 14 F
FE R TR RSO0 B 4 4 HERE T I 3R T R T I 21 Y 3 2 A R A Al X g 4 BE T Y
ST R D,

A B RS B T S AR DA oGS R b R e 4 T AR RE D AT T AR S b R I
HER B B0 R W TS AR BE, DA S T R bR AR o ) B 5 AR ST 42— 2 ) BRI AR H.

1 #BS 5 ( Materials and methods)

L1 RS IXHEN

B TZR 2 102°10'—103°40" , b4 24°23'—26°22"  H [E P4 RE = 5 5 JR TP i, SF- 2754k 1895 m,
355 N TR L B 26 g D L e U, AR-F- X 16,5 °C AR T B 1450 mm, JCREIY 278 d, Uk
BN RWHAR = ER R K HE D, KT G E2oRIE TR R SR LR i 3 i e it T8
PR R PRI R BETE 2060—2200 m 1Y B B T 2R = PR IR 300 3 04 0T AR S 1 XA TR
FE VLB T B 3 110 ] SRR Bl Ay %of R DX LA P4 i DX 0 A e 32 R e B8 13 W5 4% ( Eucalyptus
globulus) .z FA ¥ ( Pinus yunnanensis) AELLIFA ( Pinus armandii) | [FH ( Sabinachinensis ) S5 X 4 B K
Y EAARAE ORI LR 1.
1.2 W
1.2.1 FEALAREE S Ab B

SRAEEFEI 2332 2014 45 12 2015 4F 3 H 2015 4F 7 H 2015 4F 10 H e85 T8 K fOXU
KA T HEAREXFEATRAE A FR IR 25 AT 3 A RAE R, RS RAE SRR 5 BRASH MR, B 1%
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TEYBEAR T 0] S50 58 PEAT AL AT
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Table 1 Basic growth indices of trees

A Jig 4z =) At/ 4 IS b B LR
Varities of trees DBH/cm Height/m Age of stand/a Canopy density Crown width/ ( mxm)
WA 35.20—35.75 27.15—28.34 26 0.90 2.9x4.1
PRy R /N 25.63—26.11 25.85—26.04 25 0.75 2.3x3.6
S 24.55—24.74 24.20—26.40 25 0.73 1.8x2.7
B A1 18.60—19.23 19.70—20.10 20 0.60 2.5%3.2

1.2.2 FES A0 E J7 7k

FEu PR Sl Ve T, F AR XU 638 SR T AHR T LT 5 A TR ES R 6, i 100 H i &5
FH B AR BIAL 7 SR AT 5 24 A a0 48 FH , TERR PR A AR i 1.0 ¢, I A HNO, -HCLO, IR &5
10 mL, #7382 E F, U8 B B2 BELAL AT 1CP H B G 45 B R & S G35 30 2 4 i vh
Zn .Cu.Pb .Cd Y& .
1.2.3  FAl b3 R 5B

FIH Excel ZXAFHEATERE 943 280 SR L, R SPSS 21.0 SR B 21540 M o0 B A 5% i
TG YR B0 AR P X T XK R 4 8 5 Y ATV, Hep AT S e R (C) IR AT . C =
C,/C,,C N C 53 R 25 PR A it 7 0 B 4 s SR RN Xk B DX Rz AR 0 Pt e 1% o 463 s S 5 - 34975
FRBANZRA 15 P88 (TW) , R LTS QSR 90 M an sk 2 B,

#2 RAURBIEHELITH

Table 2 The quality of atmospheric pollution grade evaluation "

SRR T TR F R BRI
The comprehensive pollution index Pollution levels Rating
<1.2 Joi5 gk I
1.3—2.2 LELEREE I
2.3—3.2 EHEREES I
3.3—4.2 GHEREEC I\
=43 JEETG Y v

2 R 51718 (Results and discussion)

2.1 R ESEITR R FET LML

TS S P A S AT A A RN 3 B R TP SR S R R R, A TR S
JE SR, R E S AR E (P>0.05) UlLE HHERFER 4 D50 P IS EHEROUR S
AR B2 AR ERAEZE SR T5 9 B ik, A RSO R S AR ok
43 1) 7 4 S i BR TE AR , A Bk [y by B A iRl T AR IEAE SRR A [ ) S AR A A
FRYE IR K A TR
22 HYM R EEESRIENE L
2.2.1 HY R Zn SRR

HIP 1 Al ) — M X R R AR v Zn JUR S 22 57 W3 Al — WA [ 2= 45 i Ao Zn JURY
2 NS X e B I i Zn SER SRR (MFERIL) AT R
JaFEgE BT RS A A Zo SUR S BRSNS LT TR 4 RO R R R
MR rf Zn i d s N IR XA R = AR M e rp Zn JCR S AR (ARSI 58 LTHR PR
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LTRSS A RS B SEfrEE B R BT AR S AR 5L 5 T R e BT 3.
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Table 3 The heavy metals content of the natural soil

FEEGE/ P55 X/ B IX Test area/The control area

(mg-kg™) 3 H March 7 H July 9 H September 12 H December
7 (138.1+21.5)/ (136.5+23.4)/ (140.4£22.6)/ (141.6+20.62)/

" (91.62+12.4) (88.7+£16.52) (90.8+13.28) (90.2+13.4)

C (49.75+10.53)/ (47.86x12.6)/ (49.86x11.2)/ (50.11+9.81)/

" (20.17x1.5) (18.96+2.13) (19.38+1.58) (20.23+1.46)

b (40.21£9.4)/ (39.27+£8.90)/ (41.13+8.7)/ (41.43£7.9)/

(16.63+£3.26) (16.55+3.78) (15.78+3.94) (16.11+4.02)

cd (0.38+0.19)/ (0.37£0.21)/ (0.38+0.23)/ (0.40+0.12)/

(0.17+0.04) (0.15+0.06) (0.16+0.08) (0.18+0.07)

—— 5k Eucalyptus globulus — —%— Z:F§kS Pinus yunnanensis

—a— YR Pinus armandii —e— A Sabinachinensis
45 - IRIIX Test area 35 XHRIX The control area
40
~— 301
o35 O
2 % sk
w30 F g
£ =
,'[\:] 25 ; 20
% 20 5 st
g 15 .\./.\. (’)S
10
“ 0t
5t 5T
0 1 L 1 ) 0 1 1 1 )
Spring Summer Autumn Winter Spring Summer Autumn Winter

B 1 MR Zn SEFETEL

Fig.1 Seasonal variations of Zn concentration in leaves

XPE R Zn A MEAE R I X R R Zn DG E Bl m BRI O - i
(36.44 mg-kg™') > ZFIHA(31.30 mg-kg™") > FEILFA(29.61 mg-kg™") > [BIAA(13.23 mg-kg™") , Foe i fELA
B ARAA R 2.75 45 XHRIX AR I o Zn S0 R & & R s BRI R - #54% (18.97 mg-ke™') > A
(18.93 mg-kg™) > #E1LFA(18.62 mg-kg™) > [EIA1(9.32 mg-kg™) , Fe i (E/ZIARME Y 2.03 £5.3X 4 FiiE
Y Zn JTTER SRR F TR B EBEIKIK R F (12063 mg-kg™') > £ F(113.02 mg-kg™ ) > Bk
Z5(107.18 mg-kg™') > B Z(101.48 mg-kg™") AR X B H5A%E . = RIAS ARILAS AP T A Zn TR
i (RETEAE) 43R XS FRDCAY 1.92 4% 1.65 5 . 1.59 fi5F1 1.42 £, BT T R T5 44, 158 XA )
5 Y 48 e s TR R X
2.2.2 Y R Cu F A ZETT AR L

FH L2 AT (] — M DR [ 5 Cu JC3R & i 28 5 03 [ — RO [R1 =45 it v Cu Je R
25 W NEBAORE I X WA pa s RIS AR A Co TR SR (HAERX) 2
S FREIGHRLE TS 4 MR B0 R Cu & i i W IR IX (WM = B A AR LA )
R Cu TR T A (HERK) , B N EEREE LTS B RS TG RT3

X R Cu f i 4 A (B F 8 300 XA 4 i B v Cu JC 28 4 ot fh v BMIRAR TR R < A
(8.10 mg-kg™) > [EFA(6.76 mg-kg™') > ML (5.75 mg-kg™") > =GN (5.70 mg-kg™") , Fe i (EJE A Mk
Y 1.42 45 X R IX AR Fr b Cu DT & (2 AEF3ME) M BIIARUCh < 4% (5.24 mg-kg™') >
[AA1(3.59 mg-kg™") > AEINFA(3.24 mg-kg™') > ZMIHFA(3.05 mg kg™ ), Feim SR ARE Y 1.72 %3855
XA s AR RS BRI R Co TR & & (& FE) 20 & X B IX Y 1.54 %,
1.87 1% 1.77 15711 1.88 1.
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—&— 58 Eucalyptus globulus —8— Z A Pinus yunnanensis
—a— 121U Pinus armandii —@— [A#H Sabinachinensis

—_
S

12T JREG[X Test area [ XFHEX The control area

Content of Cu/(mg-kg™!)
N
T

Content of Cu/(mg-kg™!)

S = W s N O
T

1 1 1 ] 1 1 1 ]

Spring Summer Autumn Winter Spring Summer Autumn Winter

2 PR Cu B R

Fig.2 Seasonal variations of Cu concentration in leaves

2.2.3 PR Ph SRR AR AL

H1TE] 3 Al [R]— B DA R Fft i b P DT ER  5 28 57 .3 5 (R — MRS [R 2= i 7 op P JUR &
RS BE NBAKRE R X B Wik~ r i AR B P TR S AL (I HFRIL) B
LA TRER R LIS 4 MR AR A Z R Ph & d . 6 IR DX AR A = e A A A
HPh TR A BB (ERIL) R IFEE T RS BB E AR IR 25 BTG TR TR
FAA Rk BT S AR T Ao Ph S, R I R 0 Ao Ph S, 5 A TR AR
A ZEM i h Ph B iR .

—— Wik Eucalyptus globulus —®— W FA Pinus yunnanensis
—&— 22 KS Pinus armandii —@— [A#A Sabinachinensis
50 JRER[X Test area 3.5 XJHRIX The control area
45F
30

= 40F =
2 35t 2ast
&0 &0
g B
= 30F R
S 320
T 25k =
s %S sk & Py
5 20F £ 3 ¢ T
g 15 E
s 13 g 1o0f

1.0}

05 05

0 1 1 1 ) 0 1 1 1 )
Spring Summer Autumn Winter Spring Summer Autumn Winter

B3 MR Ph SRR

Fig.3 Seasonal variations of Pb concentration in leaves

XP o Ph it AR AR LA U0 X AR it o rh Ph TR i BRI O - AR
(3.80 mg-kg™) > FH(3.39 mg-kg™") > LIIF(2.96 mg-kg™") > ZEIHA(2.79 mg-kg ") , = {2 T A%
(Y 1.36 £ X B AAE I Fref Ph TR & it (4R FIME) H i BUIRARIR R - WA (2.69 mg-kg™) >
A (1.97 mg-kg™")) > FEILFA(1.78 mg-kg™") > [AHI(1.68 mg-kg™") , i E R RARAEAY 1.60 £5.3
B X WEAE < ra s AR IS  BEAR PR R Ph TR % i (A A o AR I 1.41 %
1.42 % .1.66 15571 2.02 5.

224 MY R Cd SRR

F Pl 4 AT ) — M ORI b Cd 38 3% i 22 5 10 35 TR — AR IRl =45 it v Cd JeR & i
225 3 NORE I X A WA < ma i AR LR BRI Cd TR S R (M FERL) B2
SeFREIE RS LI R 4 AR R4t R Cd & & dwe i IR XY 4 FAEI B Cd TR
HAM(HHFERL) , WRETFRERE: LIS WEEAZ Frp Cd & 2 m.
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—o— 5k Eucalyptus globulus —a— ZH Pinus yunnanensis
—a— &S Pinus armandii —@— [A#1 Sabinachinensis
0.10 RBEIX Test area 0.10 XfH#[X The control area
0.09 0.091
oy 0.081 T, 0.08
- -
W 007 w 007
£ £
S 0.06 - S 0.06
5 0051 5 005
5 004} 5 0.04f
& o0p g 003
0.02 - 0.02F
0.01 L 0.01F
0 1 | | ] 1 1 1 ]
Spring Summer Autumn Winter Spring Summer Autumn Winter

4 FPH R cd ERETEL

Fig.4 Seasonal variations of Cd concentration in leaves

Pt R Cd i AR T I (EAE L8 R X AR i v Cd e R B it i s BRI O < AR
(0.07 mg-kg™) > ~FH(0.03 mg-kg™") > FEILFA(0.03 mg-kg™") > HAA(0.02 mg-keg™") , e {E 2 HAIK
{ELAY 3.5 £ s X IR X A AE P it o rh Cd e 2 & it (AR 3ME) s BRI O < #54% (0.07 mg-kg™) >
B (0.03 mg-kg™) > =EIAA(0.03 mg-kg™") > A (0.02 mg-kg™") , e i (S A MIRAEL Y 3.5 £i%5. 456
X HERE =S Aelbs RAARAE S I B Cd JCER & i (24 3 1E ) YR X BIX A 145,

2.3 AN[FEIA TR R e e A e Y B s R SRR S S b

4 PR R 4 R g R oCER B Z A EA —E WA DG AT ISR 4 (n=16) . 0\ 4 BRI BRI R
H 4R ICE S RAENESEE B T A Zn 1 Cu Pb BN ICR AR B E 24N, KAt R & i
PR 2 1) G ZR 2 M 2 A DG, o Cu RN Ph T3 & A DG e K AHOC R B0 0.953. U XT Cu W2l
RE IR AR TS Ph B CRE T 3 hT [ 2 IRER s M R B 4 JE O R B & Al Zn \Cd JCER & 5 Y
AR, B B PEIA 3 0.85 LU B BH1IX 4 Fh & BT R IT5 Wb Zn 1 Cd & 05 TR L.

R4 AMDEPT R b m TR S R R A A SC R KL

Table 4 Correlation coefficiens among the metal contents in the leaves of 4 tree species

Zn Cu Pb Cd JELE & Total content
Zn 1
Cu 0.202 1
Pb 0.158 0.953** 1
Cd 0.704** 0.677** 0.652** 1
J& 55 1t Total content 0.853** 0.664 ** 0.620* 0.850 ** 1

o ox 7E 0.01 AU B, Note: * * , correlation is significant at the 0.01 level (2-tailed).

AR A XA T B AT, X R DX T 48 T, A 3 DX ) el A7 5 R B — R R, O LA 7
i RER DGR GRIREE WU A — R B RREE K 5. T R BT R AR X IR BT LA AR AT G X
AR AL R T < R ) A LR AR 2 R X 4 MR it R T 2 B IR Zn Cu P Cd &
TEAR AP0 b5 e, T B 2R MR 2 3 S IR T 2 /770 3 o o S [ AP 5 R S [ ) T 43 S 45
Qi) s HERE I Z Y S AL SE R T AR Zn  Cu 1 Ph B HE A FHAE AR Bk 2 v AR 058 5 P
WG WA R BUAE I X Zn 0 Cr (WIS BE D FR BN A | BV RN R D 0, T XS Cu SR B %
WK AR S 3 Ph B 2 T i A A .
2.4 MM R E G R TG YR BT OB

AR e DA Ay it B R e S R R B RS B B, R AT R R SF O AR R
T 28 L [ SRR el A DA 0 B AT S, B0 T A T S 8 L R SRR AR Bl R 2 B 15 AR B 1
RATTRAER A 1, I8 T I0T5 G X BT Yl ZR BN Ay 1 DX 25 MR 4 it R ) e 4 g S5 00 {145 0 R X
AR AL R B4 B TR S (L P 2 ) AL 5 5 ¥ A B 55 RIDA [ — g b 35 LA B <5 U 3R
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W5 QA8 O P, TR A5 R 538 2 PR S ST L, RIS B X I 75 S A5 2%

M1 5 i AR IR X 4 D F ISR ST R EGEEE 1.321—1.960 , 1 356 X A 23 <5 YL 55
GakE) T D55, | TREZGRIX, 4 i ER 2 k& 4 DFIEEE 15 R I 51 h
6.848.5.953.6.824 5.707 , F R AMILEAE 15 Y Bdw i , Ul IR X F R AT B 8

RS5O T E B E TS QAR RO SRR

Table 5 The level of heavy metal pollution index and evaluation in plant leaves

PATHG YL 48 HL Single pollution index LA EE

RFEZET g ) TR 5%
Samoli N T . The comprehensive Rati
o dmp mg} season ree Spe(:1es Zn CLl Pb Cd p(}llution index al lné

Wk 2.666 1.687 1.372 1.101 1.707 I
PN 1.804 1.920 1.504 1.113 1.585 I
B
1B LA 1.575 2.028 1.745 1.035 1.596 Jii
B4 1.463 2.258 2.705 1.414 1.960 I
Wk 1.442 2.137 1.130 1.100 1.452 I
B PN 1.564 2.437 1.047 1.155 1.551 I
P Es
EEIEIN 1.542 2.200 1.091 1.184 1.504 I
] 1.505 1.390 1.768 1.119 1.446 I
s 2.992 1.525 1.586 1.105 1.802 1l
”E PN 2.010 2.138 1.915 1.075 1.785 I
- EEIIEIN 1.821 2.005 2.005 1.047 1.720 Jii
] 1.434 1.733 1.790 1.111 1.517 I
s 1.460 1.232 1.614 0.978 1.321 I
R 1.362 1.549 1.399 1.040 1.338 I
X7
E=IIp N 1.464 1.370 2.034 1.033 1.475 I
] 1.291 2.155 1.874 0.971 1.573 I

SEFTIN gt 22 S ) S DR R RE R b T DX P B A 25 S P (R SR RPN
FRIE DR T 1 o R S A ], R B S B A R B AN ], AR A AN — B AN ) A R T R3S e e
AL, il %ot FL P IR | R R 1 A TSR] Rossini ™ 3 3 5T R BN [R] ¥ YA B 1 X R, S 17k
(Nerium oleander L.) M F v EE 4 J 5tk 25 57 35, ¥ Y i B A0 oo ) 3B DXk v o <3 s 5 0 v 5 T 2
ERPYBESER BACSTVE B RAGE BV TS S TV DS AR A R, A TS Y R P
WK IR, SAWIFEBIEE R —B, 15 B X LE IR CROAE M i Rovh 8 R T R &

3 %518 ( Conclusion)

(1) im I XHEYIM R0 4R AR RE 2 AR T oM, S5 SRR I, W] — b XS [l A ot F op
HeEGEERBE;F—MHARETHRPESRESTEEFUEE NHYT R EEES RN &
(ZAFEFME) FoRebE, i 4 FhéJm on 2R 75 Y™ 5 A0 i X n] 8 S0 16 488 W Az 5 % IR XA e, AR IX A 4
W 4 R A RE T R Ph JU R TG Y™ H A b IX AT B AR LA\ Zn JEZT5 Y™ H A0 L X AT e P A |
Cu JEE 5 Y™ 5 Ay X AT e R Cd JTC R TG Y% ™ i B IX. 4 A4 al vE%.

(2) N4 Bt e 4 B4R R & WA TR B |, X Ca WIRRE 1 385 A F X P 119
WAl T RB AT, 2 ARER s I R B 4 B T R B B R Zn  Cd TG i AR SRR K, 1B 3 ks 3
0.85 DA, UlHHIX 4 Fh 4@ T R 15 b, Zn 1 Cd W & 5 TR L.

(3) FHXHEDI M R b E 4 R S i BT, PP XA R T, IR0 X 28 S5 Y S )k
BT OG5 g, 8 TREE X FRERIANLGE 15 Y46 80 , UEIIRAE X & R Y5
FEEE.
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