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ERMEHNE S KSIEPETERREZHFIE"

Rinim BEE AXEA KEF AWAH

(BFRFEaHFEFR, XE 300071)

W OE TAMEMEELMR)ZMENTEMNSE, KXERAHREREFEARE
FRBERE KA RERT 5 MRAFR, A& AEEFETIRET LS LEE(ICP)
METERMEMBEE RFRAA T FRATEAATRELNESLE (CuMn Zn 1
Pb) &8 M HAZHAT T B 340 Pearson A8k R #4947, &R KWWK F AL A0 7 A7 b 4t
HRARAETRELITELCEN A ERFE TUR , SNHAHHELRENRERIEF
BT #Q,Jﬁkggfﬁ'ﬁ’”ﬂ’qj Mn . Zn 4 € 2 B & % 2024 2397 mg - kg_l , el X F A4 et
#9297 479t TERMEAMMEARNEL BN REERT ZH AL F HE AR E 0 RE
MAFRHHNESLECELE S TR RS, WAH T REMEIT 2 ARSELE;
MAALAFEHEEN CaMnZn M Pb IS IR S ER AW P, AP ARNEEZY
WA S TR T EARR RN EEA XK,

KR FH; B, KRN, E4E; RE

HESES Q948 XHEKIRIAEE A XEHS  1000-4890(2015) 12-3368-06

Effects of urban-rural atmospheric environment on heavy metal accumulation of Cedrus
deodara and Sabina chinensis. ZHAO Rui-rui, SHI Fu-chen”™ ", ZHOU Mei-li, CHEN Guo-
ping, CONG Ming-yang ('College of Life Science, Nankai University, Tianjin 300071, China).
Chinese Journal of Ecology, 2015, 34(12) . 3368-3373.

Abstract; The concentrations of Cu, Mn, Zn, and Pb in the samples of Cedrus deodara and Sa-
bina chinensis widely planted in North China were examined via ICP and the regression and Pear-
son coefficients were also analyzed. The topsoil, branches, unwashed and washed needles were
sampled in five plots from the urban, suburban, and rural (mountain) sites of Tianjin where the
atmospheric conditions are significantly different. The results indicated that the concentrations of
heavy metals in branches, needles and topsoil from the urban site were much higher than that
from the rural site. Higher accumulation of heavy metals was detected in C. deodara compared
with S. chinensis. The highest concentrations of Mn (2024 mg + kg™') and Zn (2397 mg - kg™")
were observed in C. deodara from the urban site, which were 297 and 479 times higher than that
from the rural site, respectively. The concentrations of heavy metals in needles of C. deodara
were 15 to 30 times higher than that of S. chinensis, but no differences were found in branches.
The concentrations of heavy metals in the unwashed needles were higher than that in the washed
needles from both the urban and suburban sites, which indicated that the surface of the needles
could adsorb many heavy metals. High concentrations of Cu, Zn, and Pb in aerial parts of trees
were mostly a consequence of atmospheric deposition, though other factors could affect this accu-
mulation in plants.

Key words: Cedrus deodara; Sabina chinensis; atmospheric environment; heavy metals;

accumulation.

AR SR O SR ANTAYSREISCTHE 558 PRRSIURIY (PM, s 1 PM, ;) A 52 i 3 [ Sk Tl

2SRRI E BTG YY) (Tan et al.,2009;Gu et al.

# [E R SR PE TAE %351 (201 1FY10300) F1 K e i B A= 4 4 6 A

WHE%,
# o JHIHAEE E-mail .
Wk H 3B : 2015-03-18

2011 ;Huang et al.,2012) , BRI KEI0 IR 4 RSO

feshi@ nankai.edu.cn H D=t/ } AN —
B T 2015.06.26 Hofth Tl 5 34 7= A Y 5 42 J& JC &R As Hg, Cd Mn,
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Pb Zn Cu Z5 763X SL 0K ) vh A W o 1 & 4, 0 H:
76 PM, o (0 4 R (S, 2012) L 55
TEAIRN PM, B TARAR/N, ATHEA TR
TE PR 22 2 aed Mt e A I, % AR B £t
B e K fG (B & B4 2001 5 Simon et al.,
2011)

Y 2 [ AR ) FNA T TE R R A SO B NS R 2
Hh R UKL, s 0RO TR S A | A A8 3 I
T %5 < i 4 ( McDonald et al., 2007 ; & /N 45,
2014) . YRR IR Ah B IR B A Ak B U Y A
HZ—, RN EMAREI T | B0 S 43 8 ]
I R AL O R R A ) AR Y (PR BE AR
45 1989 FER 7245, 2000 Celik et al.,2005) , JtH:
A E BT ORGP SR BT AR, BE IR
Bi RS I o 43 A TS g, (AR 6 AR TR
Ve B B PR TS G 7 A A AR T R SR 4 119 26 5 ( Sawi-
dis et al.,2011), HI, WS HYIARE HE BT =
B 3, AAXCRT AXS 3k & A0 B v ) i 42 AR
OLHEAT Bl 22 PEHY (Aksoy et al., 1997 ; Hwang et al. ,
2011) , [m] ik X BIF 5 30k T A 463 T 1 IR AL A i Ak
A H Z = X ( Mingorance et al., 2007; Sun et al.,
2010) , 3#aF 2013 4F X5 K HEE T 25 5T 5 Ay 0 &
W, %58 RSP A R XS 2SS A AR W 25
AW 5T VA FH WS ( Cedrus deodara ) F1 8 #A ( Sabina
chinensis) N SZRABL BEBOREETT PM, JH TR WK &
e HEAVE R RKARE 48 15 PP A5 1) Cu Mn  Zn il
Ph AR (BREE AR, 2013, B 41 H4%,2014) , BF 5T
W2 KA 22 5 XA T A4 43 J AR R i 52 e, Ry
15 7 | ARAE ) LE G2 A R 75 A5 e b AR 4
5%,

1 #R5E7EE

1.1 SRS

R A F A0 B ) AR JE 36 (116°42" E—
118°03'E,38°33' N—40°15'N) , 11 & i W Kk K i 4%
5 B2 TR NI S TE , S I b e v 2 KU
A 5 W T T TS VR A X SR A 1Y) 5 i) b A
o ARSI N 11 ~12.3 C 4R R KN
560 ~690 mm ( X|Z HAE,2004)

ARSI KA M A5 B A SR AR 2013 AEAFER
T FREE W s Chttp < //air.tjeme. org.en/ ) SER &
Ml PM, & i (B 1), BEFR 55 55 K PM,s & &
AW 2R X (591 ~618 pg - m™) RBIX (304

8001 _a—pM2.5 i E 78000
17000

16000
{5000 =
12000 €
i |
43000146
k.‘.
42000
41000

E1 SHEANEREUREEXRS PM,HNEE

Fig.1 Traffic volume in sampling sites and the concentra-
tions of PM, . in haze weather

R EIR PM, s B FRAY 75 pg - m™, A B FIl C 35S EIRIX Y
SRR R RGO, D AR X R B AAFET Bl Bl
FEE e hREZE R,

2 BT AR EE
Fig.2 Location of sampling sites

pg m73) FIL X 3 4&@,E$ﬁg%ﬂ%g PM,,
()25 2 e 1 3R B BR BT 28 R0 = AR 1fE (GB 3095—
2012) WLAE MR BE R (75 g - m™°) o TESIXIE
3ANHURE M AT B A FE (R RS, TN FET0H) B
FEACHEEZR BT 2% Tl X)) | C R R (50T, 2 SR A
), FEREIIX 40 km BURBIX % & D A (R0 ) L7
FEIRIX 150 km 110 IXE E A CRTE Al L £
PIXO)ERRT IR (] 2) , XN BURE b 5 3 AT
TEAR AN R R HE A T IBORE | [) R Xt B8 40 45 A 5 1 3
AT AT, Hoh B RS M A R A i
(K1),
1.2 FEACREES O

TESHEEBE R A RIS M MEMNE 3~5
P BRIBIEE 10~20 m, 2R ] 22 5 BEHLIRORE 19 07 25, 76
B2 2 m AT AR PRI 4 05 bR EH M 2hAL
RSO T 22 5 (0~5 em) %% 500 g 7E A fit
B o N 1 W AT e il = 2 A R A T =g
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BEORREA O 2 JEAb B — et S LRI
FIBR 2 BORE Y, R K Bk 3 0k, 2585 T K o gk 2
K ,80 CHET ZAEHE N4 T )5 mRE Sk i, FH
ECTRE T E AR & ) — RARE R BT
By mE, T 00 2 oK v EF iE B 4 )8 S i (Al-Alawi
et al.,2007) , Ri&HEE, LR BEEE 5 100 H
% ,80 C T HEZEH T (Celik et al.,2005) , FREUEY)
0.5 g, 14 0.25 ¢, LR LE AR IR FN R TRV
RES AT TS A (CEM) o T e a4 25 8 144
RHIE D (1ICP-AES) M & Cu,Mn Zn Fl Pb /Y5
f#(US EPA,1996) .
1.3 HdEaba

K Excel F1 SPSS 16.0 X 54 w47 20 b A1 4E
K, PR 5 2253 BT (one-way ANOVA) K £ 1
B (LDS) X BIE A7 22 53 W AT . RIS TR ST
VR 4R S R EAE N R E SR & = A
HE (R 2255 ,2000) R Pearson #HOC R 5 £k
PERNE AR HT i 2 REEXHEY) & 4 R LRI
Wi ( Serbula et al.,2013)

2 FHRE5SH

2.1 HARSRZHEPESENSE

HE 1 AT A, HAAFE AR 2 L3 Cu Mn
Zn Fl Ph A& A8 X FRB X 4 ASFE 5 22 748
K, ELAR T 30 38 S (H ([ R A s
1990) 1M E FE S EA BT RN G2 LR
HEEEEN, WSS mMoE T RZ B E
SR EREERTRM, A CHHEETIMNRERZ
+HEd Zn BE RS0 EORE Y 2470 £5.3123
£i%,Mn A E FESA 125 £5 0127 £%5,Pb N 11 54

£1 RETARAKESATEGFELENSE (mg - kg™)

A ,Cu N34, IRIX A BES C RE S AT BETFEAE
JEERY Zn Mn Fl Pb V54 Hod C FESE SRS &
i, Uk A B.D FIE, BIBEZE WX ZRIX R 1L X
(R PREE AR Ak T 43 o BB i AR
2.2 EMMBEMARE G S E R b E S E
i

I 2 1T LA H 30k DX IR X 25 8 A [ A T
TSR W =T L X R IE Ve R Cu,
Mn Zn Fl Pb 1 it b 25 15 T3 DRIt IRl — 4 A
TANEF I M Zn F Ph A9 F 2 8 2 = T EAA
TRNTE VRSN Cu 1B B AR RN RR X AR AN K
(8.07~16.97 mg - kg™ ) ; IRIX A C PHFES T
Mn Fl Zn B & S0 &, JUHUE C RS MARIEUES
THVEEF I M B & & 43 3 58 # 16475.33
2024.77 mg - kg™ s HINRIG VRS Zn 19 1R
THUREI T 9~ 15 £5 3k IX C BRI HAH Ph By &
B, AT VEAT T s F] 242 mg - kg, HAAE AT
Pb B & /N T 50 mg - kg™ FHHAH Mn . Zn Fl
Ph 115 B AE A AE i [T BE IR X A0 DR L XA R 55 AR
LB WAL, RFIE I Mn Zn F1 Ph 5% 509 5
(B30 R BUAES XY C A R B A 5 I X RIRB X
[RIA 3 Ve £ i b Cu B9 AR f I B 8.03 ~ 12.77
mg - kg™, 2 = T LU X ER AR Cu 9 & & (140
mg - kg™ ) o
2.3 HRAFRIRIR S rh A )

11l 3 AT, [)—FE S SRR RN R A S5 Cu Fil
Ph R R 2 A B 2 [ MERAE ST Cu Zn
FPb & S E 3 BRAEIR X A 05 Mn &
(iR (A IAE A FES TR b 53 2 FHAMA
AR I o 4 & A L, B AR A R S AR

Table 1 Heavy metal concentrations in soils of different sites in Tianjin

T FERL Cu Zn Pb
ESL/N A 75.67+2.36 26387.73+1444.22 26318.23+250.86 228.43+73.41
( Cedvus deodara) B 56.33+1.84 405.58+8.75 10563.52+594.31 51.33%3.35
C 86.08+1.28 29282.50+1771.83 33276.51+264.24 226.76+18.91
D 60.17+7.71 447.83+38.19 14709.33+806.16 53.17+5.43
E 25.42+10.25 230.42+43.82 10.65+0.49 19.62+3.42
B4 A 59.58+5.68 308.67+21.92 55.15+1.63 38.48+0.23
(Sabina chinensis) B 42.58+5.82 199.17+30.30 43.25+7.13 37.58+4.38
C 77.75+4.44 356.25+66.51 11906.43+1378.70 43.17+2.65
D 47.25+3.28 213.92+21.46 96.17£29.92 39.17+2.45
E 6.42+7.22 134.33£21.99 5.83+5.78 15.27+1.00
LR 20.00+1.66 482.00+1.90 67.701.54 23.63+1.54

= BEG| A P E PRSI (1990) s BUE D I AR iEE
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*2 AEAHAEH BEHREFESFESHH Ca Mo, Zn 71 Pb WEE (mg - kg™')

Table 2 Concentrations of Cu, Mn, Zn and Pb in unwashed and washed Cedrus deodara and Sabina chinensis needles of the

sampling sites

(S 1 Cu Mn

Zn Pb

ELA I I iz

Th Lis! T i

A UN  17.37£1.78 be ~ 27.37+1.98 a 454.93+19.81 ¢ 51.80+3.15 b
WN 8.07+0.91 de  10.47+0.70 cd 425.47+36.62 ¢ 27.57£2.79 e
B UN  14.20+0.26 ¢ 20.43+3.78 b 175.63£3.69 d  62.10+£1.44 a
WN 8.97+0.76 d 9.73+0.80 cd 156.90£10.42 d  32.47+2.86 d
C UN  2520+4.30 a 17.20£1.15b  16475.33+334.06 a  63.90+0.95 a
WN  16.97+4.69 bc 8.03x1.53d  2024.77+0.55b  39.87+4.86 ¢
D UN  22.93+3.96 ab  19.37+1.72 b 71.60+1.13 e 38.37+2.33 ¢

WN  13.73x5.98 ¢ 12.77+0.38 ¢ 29.43+1.24 f 42.90+0.53 ¢
E UN 1.83+0.57 e 3.23x1.25 ¢ 6.53+1.81 g 15.50£1.66 f
WN 1.67£0.49 e 1.40£0.26 e 6.80£1.95 g 0.90+0.82 g

1407.57+8.08 ¢ 104.50+4.26 a 37.37+0.32 ¢d  35.10+£0.56 a
95.40+6.00 f  103.00+2.00 a 13.03£0.23 e 14.70+2.65 d
63.93+1.48 ¢ 78.37£16.27 b 35.50+0.60 cd  36.57£2.15 a
37.30+1.91 h  41.63+0.99 ¢ 12.83+1.78 e 8.27+2.15

22111.47+86.87 a  66.93+2.08 b 242.17£3.01a 31.50+0.72 b
2397.07+385.35 ¢ 17.97+4.82 d 130.07+37.37 b 7.00£1.05 ef
11027.47+86.00 b 73.60+1.41 b 44.47+4.02 ¢ 31.77+1.08 b
1715.00+129.44 d 47.53£1.65 ¢ 20.03+1.66 d 20.07+0.45 ¢
4.70+0.26 i 2.80+3.08 e 14.07£1.10 e 5.73+0.70 ef
5.00£1.14 i 2.43+0.96 e 9.53£2.07 e 4.30+1.01 f

B/ NG P2 A B 22 5 35 (P<0.05) o UNORBEFHIE s WN T BEFTIT

Cu Mn.Zn F1 Pb 7E LA FBEAAE S5 th R R 7R
5 p ) 247 2 BT S 0 DX S AR DX > L XA 3
2.4 JEVEEFM R Cu . Mn.Zn il Pb Y Pearson #H
P

Pearson AHIC R AT LRS- HrAd Py A b
43 ) [A) A BB R RIS B T, A AL T 4% o 4
B i S Y 0 TE AR OGN, e A TR A 0 W S B
] BE H MY FEIVEH (Serbula et al.,2013) . MR 3 4%
S E P 4 & B Pearson A R IR M,
Cu-MnZ [H]HH SEHEA .3 ( P>0.5) ; Cu-ZnFICu-Pb

70rMA BB @C ODOE
a

HLEAE (mg - kg™
S 8 &5 &8 3

—_
=

B3 FAEHESERMEHSEEZTPESENSE

Fig.3 Concentrations of heavy metals in branches of dif-
ferent sites

[ 42 B TT 2 RS [R) /NG R 3 7 AN [R) B b A TR A 40 U] 2 5 Bk
(P<0.05) . $UH P ELARER

#3 M E£EEAR Pearson tHX R
Table 3  Pearson correlation coefficients between heavy
metals in needles

Cu Mn Zn
Mn 0.555
Zn 0.686 " 0.770* *
Pb 0.638 " 0.973" " 0.837" "

w % Fll # 43 BIFCZRTE,0.01 1 0.05 K FEFBE n=30, FF,

Z I8 5 # IE A& (P<0.05) ; Mn-Zn, Mn-Pb A % Zn-
Pb Z [A] M i 2 IEAH G (P<0.01)
2.4 SRR P ESE SR
KA H LR = AR IRV Uk 5 3 vt it
BB RN, RS E S S & Lk
PR R 4B T LRSI 98 KA E 4 IR & X b i
LB RIS (R SE,2000) . R 4 AT,
EHI 5K 4 Mn  Zn F1 Ph A& S 000 52 38 19 1E
FHIE(P<0.001 ) , B R i 8 48 V5 449 (Min
Zn 1 Ph) Xt 4 Ja 1 R B A AR R i
RS Ca BYH X E A0 P R ik B 3 KR
(P>0.05), #M55%)Z+5E% Cu . Zn A1 Ph &R
B RFIEME(P<0.05) , Wit 53R 2+ Mn
(i A S R A 6 (P<0.01) , B HA 4 Hh fH 2
) Mn \Zn F1 Pb AMUAZ KA H 48 15 B W i 52
M), .57 3= 48 () 5 4 T 1 1 s

3 1 it

R IXFNRBIX AL L Cu  Mn  Zn F1 Pb AYFH
ZRIEEFILX, WX B .CHARZX D FHES,H
PG A A 2% B el it v Cu O 2 8.97 ~
16.90 mg - kg™, E FE LA Cu B &4 1.40 ~
1.63 mg « kg™, T Nouri 55 (2009) $2 H! ) Cu X
I EBEERRE (> 20 mg - kg™') . X4 (2013)
WFFE B0, i ot 2 4 T %) B SR A 5 B e AR e
AR 5 TE AR OC, H S8 V5 Yy AR 1 F2 22 4
Wk, ASLEH BRIX C RS S AN Mn
REHR (2024.77 mg - kg '), REIK ALK BRI
5 Mn &4/ T 40 mg - kg™ X AT RES K
X PM, &R (591~618 pg - m™) , K
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x4 SHHESREQE(Y) EXR[IARELIRESESE(X) WEXOT

Table 4 Correlation analysis between the contents of heavy metals in needles (Y) and air borne or top soil ( X)

AHIR 3 H Cu Zn Pb
KA [l ) 7 - Y=69.944+0.135X Y=31.115+0.130X Y=-9.045+1.163X
FHIC R AL - R*=0.958*** R*=0.956" "~ R*=0911**"~
KE+1E mIEp¥E Y=3.283+0.100X Y=16.590+0.045X Y=-49.681+0.046X Y=-0.307+0.312X
P R*=0.334" R*=0.668"* R*=0.432" R*=0.452"

n=30, *P<0.05; * *P<0.01; = * *P<0.01,

(3168~6768 i + h™' ) %A 5, Zn {EW X FRRIX T
FAEFIE rf G 5 B 43 ) 0 K 2397 11795 mg - kg, L
WEI A Zn BOELFE R (230 mg - kg™') B LR
(Nouri et al.,2009) , FHHAFE Zn W FEA =515 B0 T 47
AEfdt R A 1, BT B0 P R IR (X #2 45, 2013;
BRIESE,2013) , UL T AAXF Zn A9 RN 2R RE I AT
ZRET IR, SCHG R IR, IRIX CRE S T AAE VR i
H Ph FLE L 130 mg - kg™, RIEVE S MR
Pb 25 W3 ULIARKIX C HE S HHE KI5 0
oA — W Ph, AR, Pb — R
TFAEYI AR, IR MERL RE 2 b 3504, b i Y Ph
FER R 28 W v A R A EURL ) (B 7 AR A
1999) ,

ThnEr X E AR B R S TR, &
B T EINE TR A DR R A B AR
A S N R A R EY R, FEES
(2009) BF5E KB, HAAXT KA & Pb Zn S5 BR324
EA R RE 1, ELRL AR 2 LR 76 0 i 5K
O 4 lH I (AR AR 2014) , BT RAE
SIS INGELY/E o N Al LRI g
2 EFn YR Ja o T A i S 4 1A 3, PR
I T 22 L Ph Al Zn 19 25 TR
#1o Serbula %5 (2013) & B, &1 Al i AR M)A 2 5%
HERMR R EAAEZET, ALE P HE RS R
FMELSBMHEREEZRF AR, XS ELEE
AN RN B FARL 5% N 1) i dz R AR 8B 0 =0 G ( Seregin
et al.,2008) . ASCI 4R LS PRI AE K R
T ¥ B B T AR AIE (X 3245, 2013) , B
HGFEREE b (175 Y W A AR 58 19 38 N . g R 37 fg
H1o BRI B — 20 5% o 4 R U5 e v HL
i ) 25 R R E RN PN A BRAE AR AR AR R 2 )

FEYIA 2 T 4 T 11 2 T LD s e 3R R R
175 9% 7K F- (Hardiman et al., 1984 ; Al-Alawi et al.,
2007) . ASEE R I, E 5K H Mn Zn A1 Pb 1Y
F R AFEN R IEAHOE (P<0.001) , 55 13 Mn
Zn 1 Pb (15 &8 1 EAH O (P<0.05) , VLW HE P 14

SR ORIE AR — RPN E S R ALY
A —E AR HRAP I E 4R B i AR
YRR B B RN IR R IE VR 5 TR
HMESESESHESBE, RN, kR Xt
4 A B R R 5 B T R B ) 0 ) e R AE A
K (RN ¥ ,2013) , HRHEH EZRI544Y) PM,
H1 Zn Pb I Cu A9 FE 4331 15535 1.08,0.59 1 0.13
peg - mU(FREE CEE,2013) , 16 BB I3 2 I B K
RUEYITh &H REESIEIG YY), Pearson HK
KT, & Y Mn Zn A Pb 35 BB 3 F AR
K (P<0.01) , XS0 T 43 J@ 7] BEA3 2L [m] A R U8 3 H L
FEREAE ) W W B ] BE B A B )4 H (Serbula et al.
2012 HrHAAEAE 2014) , R IAME N M A T1E
PR O] LA B s Ao R 4 SR V5 4, LR
FAHE A B AE SRy b T 4% 78 1 SR A0 B Ok 2l 35 s R

JiH
4 4 g

TANFIRFAEE T B R R LR E RS
Tt 4 5 S A A XS T DX > 1 DX s S RA BT
B IR 5 i 14 T <6 i SR BE T, T A A RN
G JE R AR RE ) 22 A B35 TR IX A R Y RS
5 QTR 6 7 25 A0 0 B R Y S e T, A5 R
TRUEE M A R & i R R TR R
FE YA LSUP R Cu Zn F Pb 523k £ BR
Bih Z EINR AR,

275 3k

Bl e, sk, BRmeRE, 45 2013, RIETHHREIZS S PM,,
H1PM, ;P LR B 4 i T YRR AE R TR A R F R
24 HARBLANR, 46(6) : 1-7.

B/NF-, #5255 ) dEfste | 25 2014, [l ARomi i s b 2m ikes 4
(PM, ) SR B o dE . AR A2k 2k, 33(9) . 2558-
2566.

Wil WA, £ 6, & 2012, Rirmipkirhoc &k
SRR BRI, M WA L SR 24(1) ¢ 25-28.

BrEAAE ) TR, RS, . 2014, MR FIARES AR
ST AR IR S B EEH. RS aRE, 33(8):
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