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Beijing Common Green Tree Leaves’ Accumulation Capacity for Heavy Metals

LI Shao-ning' , KONG Ling-wei’, LU Shao-wei', CHEN Bo' ,GAO Chen’, SHI Yuan’

(1. Forestry and Pomology Institute, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100093, China; 2. School of
Forestry, Northeast Forestry University, Harbin 150040, China; 3. College of Forestry, Agricultural University of Hebei, Baoding
071000, China)

Abstract ; Seasonal variation of heavy metal contents in leaves and their relationships with soil heavy metal pollution levels were studied
through measuring and analyzing the leaves of the common tree species in Beijing and soil heavy metal contents, to detect heavy metal
accumulation ability of plant leaves. The results showed that; (D the contents of Cu, Pb, Zn in plant leaves first decreased and then
increased, again declined with changing the seasons (from spring to winter). Cr concentration showed the trend of first increase and
then decrease from spring to winter, and the highest in the autumn; the accumulation capacities of Cu for Babylonica and Japonica were
higher in the spring, summer and autumn, while Tabuliformis was in winter; the higher accumulation capacities for Cr, Pb were
Japonica and Platycladus, and in winter were Platycladus and Bungeana; the higher accumulation capacities for Zn were Babylonica and
Bungeana, while Platycladus in winter; @) the pollution degree of four kinds of heavy metals (Cu, Cr, Pb, Zn) from downtown to
suburbs showed that; Jingshan (C =2.48, C is contamination factor) > Olympic (C =1.27) > Songshan (C =1.20) > Shuiguan (C
=1.18); @ the heavy metals concentration of same plant leaves in the water of the Great Wall changed larger, but those in the other
three areas showed that: Jingshan > Olympic > Songshan; the ability of same species leaf to absorb different sorts of heavy metals
showed that: Zn > Cu >Pb > Cr; the difference between Zn content and Cr content was significant (P <0.01); @ the relationship
between heavy metal content in plant leaves and soil heavy metal pollution levels presented a quadratic polynomial relation; the
significant correlation was found between other three heavy metal contents of plant samples and soil samples, but they were not the case
for the Cu, and the correlation coefficients were above 0. 9.

Key words:soil; heavy metals; plant leaves; accumulation capacity; season
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Seasonal variations of Cu concentration in leaves
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Fig. 3 Seasonal variations of Pb concentration in leaves
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Table 1 ~ Concentrations of heavy metals in different plots
A Cu/mg-kg ™! Cr/mg-kg ™! Pb/mg-kg ™! Zn/mg-kg ™!
gl 56.30 58.01 79.59 97.76
LR 25.97 53.12 15.42 72.22
KR 19. 10 49.15 22.22 67.94
Fiv Ll 19. 41 54.63 14.31 76. 00
WHEE 18.7 29.8 24. 6 57.5

REC. <1 B TSP R 1<C, <3 B, i5 5
SRIE R, 3<C, <6 B, {5 YR E AR, C, =6
Bf ¥ e FE TR I AR B,

F2 Won, Sl A 4 s YRR A Ao, o
Cu(C,, =3.01), Pb(C,, =3.24) 5y Ko 5 Y.
Cr V5 Y 1 Zn 75 YL 70 & W58 X1 Oy v S5 A B2 75

e Pb {5 (BRI R Yo i os gy, MG & &
I C, YA ] A B b O [R) 4 JE s YRR B R
/INK Cr(1.80) > Cu(1.61) >7Zn(1.36) > Pb
(1.34). LB Hr & o8 IX Bl 4 s v Y fe B . 55t
I (C=2.48) > WM (C=1.27) > (C =1.20)
>KFK(C=1.18).

R2 EMRREITESEESTLEE
Table 2 Soil pollution levels of heavy metals in different plots

i Cu V5 YA Cr V5 YL Pbh V5 YL Zn TS Y R

¢, 51l 3.01 i 1.95 U 3.24 [ 1.70 e

C, Bk 1.39 e 1.78 e 0.63 B2 1.26 PR

C, k% 1.02 e 1.65 e 0.90 U3 1.18 g

C, il 1. 04 U 1.83 U 0.58 Bk 1.32 e

C, FHE 1.61 hEE 1. 80 hEE 1.34 hE 1.36 rf g

2.3 A SHEY) S SRS EEE L THEABITRGEZF D, KK EEM 5

R L B BKGX 3 AT B IME, XA TR
ST R b g JE S AT X Ee o A (LA
5). £ Mintanb HPF 73BT, AN [F] 3 5[] — B Bl -

&)@ Cu S N 12.79 mg-kg ™', M E4 )& Cr,
Pb, Zn & & B B9 308 5l X, A g o i ol

y FN

4.79.,9.52,33.77 mg-kg ™", & wm AR AR B AA D
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Fig. 5 Concentrations of heavy metals in different

leaves from each sampling site

X352 5. 68, 3.05, 3.53 F124.47 mg-kg™"; Ml
Bt Cu, Cr, Pb & s 45 0 S5 1L X i
Zn i dR s KOG DX, H 8 it R (B 0 ) 5
FARAE (MAILHBIX ) 192,09 . 2. 17 . 1.93 F11. 72 1%
AR Cu, Cr & EHET O KE > FHil > Bk
> Pl A AZ AL IS B 43002 3,09 ~5. 24 mg-kg ™
f12.46 ~6.09 mg-kg™' ,Pb., Zn & EHEF R . 5010
> PR > KOG > AL, AR AR AR Bl 350 8 2. 76 ~
7.67 mg-kg ' F120.51 ~27.45 mg-kg™"; I hM
Froh Cu, Cr, Pb, Zn 385 i B9 5050 4 511 5. 20
mg-kg ™', /KF2.08 mg-kg™' |, F1113.19 mg-kg ™',
KK 32.09 mg-kg ™' WAL Cu, Zn = HEF
K > Sl > BB > Fa Ll HAEAZ A S L4303
3.38 ~7.04 mg-kg 'l 16. 84 ~46.05 mg-kg ™", Cr,
Pb E iR Sl > KOG > BB > Fa Ll HAE A
AEIEFE 73 5 22, 60 ~ 3. 41 mg-kg ™' il 3. 20 ~ 4. 89
mg-kg ',

FEL BRI R b o AN ] o 4 R JC R AR RE ) HEE
(MAE R 4 AR M s @ 298, T ) K. Zn
(28.51 mg-kg™") >Cu(8.50 mg-kg™') >Ph(5.21
mg-kg™') >Cr(3.68 mg-kg™') , H Zn HEE Cr &
Y 775 A8 MR R E 4 R T R Y R R
HEFF }: Zn (40. 47 mg-kg™') > Cu(9.26 mg-kg™")
>Pb(2.93 mg-kg™') > Cr(2.22 mg-kg™"), HH Zn
B Cr & B 18,22 % MR %) 5 4 & ot
R ERE S HET N Zn (24.04 mg-kg™') > Pb
(4.71 mg-kg™") > Cu(3.93 mg-kg™') > Cr(3.89
mg-kg '), H Zn FE N Cr HEA 6. 18 15 HEM
I 4 Jm o R R AR B U HEFF R 2 Zn (37,37
mg-kg™') > Cu (5.29 mg-kg™') > Pb (2.86
mg-kg™') >Cr(1.78 mg-kg '), H Zn HFEN Cr &
TR 20. 95 7% AL RN H A Jm UK 19 B R RE
HEFF 4 :Zn (26.95 mg-kg™') > Cu(5.36 mg-kg™")
>Pb(3.79 mg-kg™') > Cr(2.98 mg-kg™'), H Zn
FRON Cr Y 9. 05 £ 25 BT IR B Fh i X
Zn JUR M E L RE I ARE S , T Cr U A & AR BE
J1EREc S, H — 5 2 5 3 (P <0.01).

2.4 ARG YRRE T S S =SR2k

55 TiErh E S E TS YRR (3R 2) XA T A
EARTH R ITR GBI BT TS B R ISR 3,
oy AR X 4 R T R MG i« AR R
AR H 4 SRR TS YR BE. 3R 3 m M, i o rp
SEILR GRS TP ESERESE RS
BASEHR P AEY I Rof e, Ph, Zn B SRS 4
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e A R CR T YRR A G R (EREAHS A
#0.9 UL, KU P EGRICRIGRIE S
HE B S A OGRS AN E R o Zn SRS
FARL e P H G R Zn ATS QAR ERY G R A y =

120. 91 — 340.49x +263. 17, R* 1 }70.999 7 1fij [&]
L/ ] 1 I = 57 /AR /N L o R OV I e
e Cu 175 Yo B B2 AH G PR AN SR, L R? (E 20 3 ok
0.2115,0.6087 . 0.1552, 0. 133 8F0. 011 6.

R3 HAXNEEERFESIRESREENLASITER

Table 3  Regression analysis between heavy metal concentration of leaves and soil pollution levels

il fLETER PR R
Cu y=4.772 6x% —19.535x +24. 403 0.2115
_— Cr y=45.429 x* —159. 65 x +143.32 0.928
Pb y=0.7046 % —0.5092 x +3.772 8 0.996 6
Zn y=120.91 x? -340.49 x +263. 17 0.999 7
Cu y= —4.4223 &% +19.803 x -8.2227 0. 608 7
- Cr ¥ =63.879 x? ~227.05 x +203.2 0.9956
Pb y= —0.763 6 x% +3.560 2 x +0. 465 4 0.942
Zn y=358.33 «% —1047.7 x +788. 61 0.998 5
Cu y=1.32514%-5.3567 x +8.237 8 0.1552
C ,=101. 5 2> —358.61 ) 0.9253
i r y=101.5 x? =358.61 x +319.32
Pb y=—0.4853 2% +3.463 x +1.540 5 0.924 1
Zn y =36. 647 x* —97.992 x +88. 053 0.5059
Cu y=0.4014 x* —1.7255 x +6.756 3 0.1338
b Cr y=21.594 x> =78.011 x +71.991 0. 868 9
Pb y=—0.4853 x> +3.463 x +1.5405 0.924 1
Zn y=173.87 2% =503. 19 x +393. 47 0. 988
Cu y=0.1066 x* —0.4797 x +5.786 7 0.0116
" Cr y=30.271 &% —108.28 x +99. 453 0.998 1
Pb y=-0.3896 x> +2. 115 x +2.1298 0.998 8
Zn y=475.1x% —1405.9 x +1041.9 0.938 8

AMITSE LA ERR Ry 451, 53 A A [7) - 398 o 43 g 5
FET,HhhHEERETRSTREES(F6).
ARG T, iR Cu &b Cu TR
15 YRR B I e N RS ey e BHAE
SRR C, =1, 02 I A p Cu & RIS B ey
fH}12.79 mg-kg™'; MR ESEEITE Cr fl Ph
R BE e Cr F0 Pb JCE TG YR LAY N S
FrE p ke, Htg S {H 5000~ 4. 79 mg-kg ™' 1 6. 51
mg-kg™'; AT HEEIEICE Zn T LT Zn
JURG AR I MR T RS B a & 751
JiRJE C, = 1.70 W, M Zn SRR B R (E
33.77 mg-kg .

3 itig

3.1 Y R EEEGRE MR
AWV I 4 A58 XIS 7 T b s, B
[ o P 2 5, DR MG 2% T 0 DXL 2 R TR
SR HE LA K o T B S A PR I3 TR 5 A7 A — i Y 22 57
P, DRLIME X 4 A AN T3] DX 3l 0y vt A 5 s < s ) 2
WAAR AT T WETE, 256 20 Hr ALt DX AR Ay i

) EE 4 W RE T B 2 AR AR

BUKE Y T E 4 & TR (Cu, Pb,
In) GERAER . KBS ER S, MAERFEMERY
B, M A Cr RS R LR TS
(Bt ) Jo R R RS, T PMBGHE ) 3l i 9t &
PUNC Ly A AN ) 2515 X AN [ (95 e ) ' 4R BE 1 284k
FUERA—Z, A XF Zn A1 Cr AW 35 BE S R 0 2
W A A B, WA Cu MR (B E
Bk, IR ) 2 7 R AR R 35, X Ph ) 26 B0 H 2 7
T AR . 1 AR AR ) 2 I R T T e 4
R —#F , Hk e i T e i PR 7 B R — A, R
EIREE 22 AR, R BLI AR — B MLAEPE. AN
[ ZE T P 4 B B A 3R R th AR Rk
T E SR OCREN A R B s
FE Y W R ZE R R 52 A KR E . R IR
BE | RN SIS P 5 i S0 H S 0 B R TR
REMBA K. BB A A BTG ST, 1 5 S AL
sk, W EE S, M TP E AR TR SRR B
T A KEAK, Cu, Pb, Zn SRFEEREHT
“WPRRRLN” TR, BIoCE Y BEGE R iR
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Fig. 6 Changes of accumulation capacity of the Japonica plant leaves for heavy metals in different pollution intensities

AR R YA ZEARKE B ETR
AN R Tl — A 0 R s AR A
ANFERBZ G M 353 4 8 T R S E RN
A, 38 1) B 32 1 gl s E AR R B LSS BT R
RS PO TS = A Rl g i =4
{Eﬁ[zz].
3.2 ARlEMSE HEES B RE

ST g S R I R T P G iR B
MEEERZ — 2 MR ESESEZT
A, ASEFA R R 2 T80, A m R —En
A AL BT . Tl X5 ekl 5 i AU
XA SR X TG e M 27 2Rl S BT R
B b X 12 AN B 20 el 3% 2 - 3 b i B o
AT o [ DU R DX 2 i) [52] 3  8eAER F f 22%, or
T e By LA B R E TS s R L
Pouyat 25" {F 5% & BLAE AL 29T 3 X 540 IX -4 X 1) £
P E &R 8 (Cu, Ni, Pb) EIUIE WA 4N
Cu FHEAKI N 29. 54 14.92  13.84 kg-hm > [
7 3 3 I G BT A ) X s+ 8 v o 4 5 o, &5
BRI T Y R B f ok (I 3 h Cu & i
4 56.30 mg-kg "), HURBEARFIA (LB IX (25. 97
mg-kg ' F 19. 41 mg-kg "), K K I XI5 YL R
JER%(19. 10 mg-kg ™), HBFFE A5 RS LI # 5 15
HH 114 A rp T 4 T YRR BRI Y X e T X
RO 450 A8 X FEEREHARMAN
G R TP sy, Sl 2 Pl b b Jb s Tk X ey

N B T QRO 2 | i e L X 4
R T LY /N UM/ T R VA Rl | i | 5 e 2 O
DS R T RN GE G AR VN TS B/ 7l v VA e | 28
TIRB X AE P EL PR G Uk IX ez, 2 R i 2 v
2R TR RKASFE R R R B B i HL DX N B AR B
Poe i T fE s R 2 LRI sl fe A L
H AR LR DX 43 0 4 J v e R v TR ORI 5t
DX (LA B 43 PR Rl TR L AR R X
A BT 5 HA S DA —B0E .
3.3 A[EHL R R AR E e A

XA RIS DR i v o 4 T 5 i A
FE , AR [ AR o o%of [] — b 463 g OC 3R e AR RE T B b
AR R —E R LR, 2 T ol BRI
Pt AR R v i 4 J 5 S MU U ) L A
R e]— A A b ] — B Jm oo R & BT R
L > BAK > AL T R 2K O I 55 XA T 2838 46
BT, VA4 R AR IR . Rahpl, ¥E4
BT RS KA EER TR S Zn, Pb, Cu S5 H 4 )8
JLE EWERTES R S ETE D A R
AT LAGE AL H AR AT R 4R T R fi
AKX AR It R fE 4> T4 R % 5 (Cu, Zn) T
HAbHIX . Rossini %5 38 i BF 53 & BAEAS 7] 75 4t
X I8k ( Nerium oleander L. ) M A HE & JE & &2
S TR R RS A X b AR Y
B, it b Cu 3 g v R SR ARE 23 ) S
433.50 mg-kg™' Fl 6.40 mg-kg™', —FH EH X
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427.10 mg-kg ™', WA WA B TR KER
] R RBE S5, X5 V5 G ) o 1 W i e ) AN TRl [
FE ARG TR 4 NBFFE X SR B AR X B2 , JRy
INFAEAFE—E 225, AT D E A BTG e h
FEEE BRI T G R R X AR A
FE 1A, 2T T 50 R B b X A R I A R
4 JE B AR 55 , 2 B AE — i Vi B [ P AR
s Y R I L, R TS G i S g
TR, 2 M E R .
3.4 AN YRE T EEESEE AL
AR R A R S g A Y
@5 YRR HEAT 1019 A, ke SRR P it v EE 4
R RS T E 4R TS YRR A G Mg, Hop
Cr, Pb Zn JCE MM IGR A X R R (HIEAR
#BILEN 0.9 DL (AnEFEH Frf Ph &5
Pb 75 YL B2 B2 (1 AH G R B R® 0.996 6) , R B AH
Yt Rt E A R E R S R E AR TS e
JIE HAT B 9 AH DG, T Rossini 282l X7 T
(Cu HEBCERAREK) Ja FBIAS [RIZK A0 B R i KA A
RS (Pinus pinea L. )M E 4 JE Co #H17I0E &
POEEEES T 0.5 ~1 km BN, M Cu & &
K- >250 mg-kg ™", 7E 2 ~4 km JLFEIN, N 50 ~ 150
mg-kg ™', 7E 6 ~8 km JEFIN, F i <50 mg-kg ™', &
BRI BT A R R A e s e, Hont
4w i S R A A v R S A
K. w2 T FR T DR R AR 5 A b S o
TE T 2GRN Tl X 45 KA 4 Jd ™ H I H X
e 2B BURRDC 53 28 FEl AR L 3 SR AR X 35k
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HE 4GS Cu 15 Y™ 8, DI 18 LK 6 X AE Pt A
i Cu T REE , A A B Cu JTCER F &
544 Cu ST R 15 Yo Fe B AH G A SR, PR AE F
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