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1 1,2, — 1,2 1,2 3 22 1,2
% W, EaxeT AXE,k UL RNR
(1. skl , KY 41000452, Bkl 2k 250 FHE R B R TR, K1 410004)

E : SRR IE TR TR ( Cinnamomu camphora) .~ % 2 ( Magnolia grandiflora) 7 ( Opsmanthus fragrans) F4L
HEA (Redrlowered loropetalum)4 /> FB4RALA Rt F i PAHs & 4, RIHINE T i A B3 B VAL IR SE LE WM 9 SE A LE A
T AR A I A AR, 4R T M A5 # 5 1 b PAHs T REBOR R, 45 R [T MARM 5 i) PAHs & &, 0 11. 13
mg-kg™',16 F PAHs 7E 4 S Fpit J5 eh 3 A R R E AR P L3 1 4 30 &, FEMRBE R . BEEIESN, TE SR BRI
KA ZTT, HAR 3 R i SFLE R PAHs &R, M SEK ALK LS50 PAHs & B 2R BFIEAX, M &
5 PAHs & 2Rk BEFRAHR, RPN EEHRRP M5 PAHs S EMWEZRE., FRERVIRT SR & xRS
Fo B R HRE KR

KRR ZITTE ALE B ALK TELL s M SR B 5 AR

Relationship between Polycyclic Aromatic Hydrocarbons accumulation and

surface structure of leaves in four urban street tree species

PENG Gang', TIAN Dalun"**, YAN Wende'?, ZHU Fan"?, LIANG Xiaocui'”
1 Ecology Research Laboratory, College of Life Sciences and Technology, Central South University of Forestry and Technology, Changsha 410004, China
2 State Engineering Laboratory for Applied Forestry and Ecology Technology in Southern China, Changsha 410004 ,China

Abstract; Polycyclic Aromatic Hydrocarbons ( PAHs) are a large group of chemicals that mainly produced by incomplete
combustion of coal, gasoline, wood, garbage or other organic materials. PAHs consist of a number of toxic compounds
which have great harmful effects on plants, animals and human health. It has been commonly recognized that trees have
great potential for the scavenging, storage and purification of relatively large amounts of PAHs. Accumulation of PAHs in
vegetation depends on the properties of the particular PAHs as well as on the properties of the accumulating surface.
However, while most research focused on accumulation capacity of trees on PAHs, less know the relationship between PHAs
concentration and leaf surface structure. In order to examine the relationship between accumulation of PAHs and leaves’
structure of major tree species in southern China, the composition and accumulation of PAHs in leaves of four major urban
street tree species ( Cinnamomu camphora, Magnolia grandiflora, Opsmanthus fragrans and Redrlowered loropetalum) were
investigated in Changsha city, Hunan province, China. Structural features of the leaves, including leaf stomatal density,
stomatal length :width ratio, leaf width;length ratio, and leaf area, were also measured. The objectives of the research were
to (1) determine the composition and concentration of PAHs in leaves of the selected four tree species, (2) examine the
relationship between PAHs concentration and surface structures of leaves of the four urban street tree species, and (3)
compare the accumulation capacity of PAHs among the four tree species The results showed that all 16 priority PAHs were
detected in the leaves of the four tree species, but the three-ring and four-ringf PAHs dominated, in particular for Phe. The

highest total concentration of PAHs (11.13mg-kg™") was found in the leaves of Redrlowered loropetalum while the lowest

E&WH: BXE HRBAE4E BT H (30771700,30870455,30571487 ) 5 1 45 H 5 32 56 = ¥¢ Bh I B (06FJ3083 ,2007FJ4046 )
U5 H H8:2009-12-04 &1 B #§:2010-03-15
* W iRAE#H Corresponding author. E-mail ; csufttdl@ 126. com
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(3.66mg-kg ") in the leaves of Opsmanthus fragrans. Total PAHs concentrations were 7.58 mg-kg ' and 4.34 mg-kg ™"
in the leaves of Cinnamomu camphora and Magnolia grandiflora, respectively. Except the tree species of Opsmanthus
fragrans, a closely relationship between leaf stomatal density and accumulation of PAHs was found in other three tree
species’ leaves. Because of low temperatures in fall and winter seasons, higher leaf stomatal density resulted in higher
accumulation of PAHs in leaves. There were significant positive correlations between leaf stomatal length ; width ratio, leaf
width ; length ratio and PAHs concentration in leaves of all test tree species. But a negative correlation was found between
leaf area and PAHs concentrations in leaves. Our results indicated that structural characteristics of leaves of urban tree

species were important factors in affecting the accumulation of PAHs in study area.

Key Words: Polycyclic Aromatic Hydrocarbons ( PAHs) ; stomatal density; stomatal length ; width ratio; leaf width :length

ratio; leaf area; urban street tree species

Z 335 % (Polycyclic Aromatic Hydrocarbon, &K PAHs) & —384:4) RFMEIR K AR GRIBTER 5 &K
HHEY ', KR4 PAHs A SUR B0 BRI =S Y . BEREZFHSIERRE, T
AR TS BN ER , Sfrin A DR i, JUHORVR R B R U 0 2 TR rh IR ML S AN 58 2 be
ATV ASE B HERCRT 7= A2 9 PAHs X A28 (e RE ELA VB TE B UMY

TS P i) E B2 AR, BTl 2 A0 0 A5 e A7 L, TR M R, B RAE Y K R BE1E R
B ERKRBIEE 35 E 7 R 2R H BUR, oA R — R A I B ARG, B RE Y M A X
PAHs b FIE 2518 T B AR K2 563, HE TR ZHBT R . W0 Agraw 251! 7l Fleek
21100 5% IR Ay - TET X 42 ek B 20 4 R VR L O TR, R B B Y e ) G B T B R R TR
SUBRR SR B, TN E Z L R ARSI R PAHSs BRI RIYR BE AT DU B K PAHSs (R 1L ; Daisuke
S UIBSY T ARSI F H PAHs BRI ISR , R 7R IR BRIk A FE T, PAHs f RS AR M H
R, MEIR R R B 2, 55 PAHs SGE M A #5 % 3K [0 3 K< 4 s Simonich 261 B 95 K B, 76 [ — b
BRI Y AT, PAHs & B8 > \M > f 7, BSAEM & B IEASS X B4 st Ak
WORE RSSO FT R, R T R a2 5 FRESESENS MRS & R Bro T A
t PAHs &8585 iR & T AR B AR B 6 R, R BUMBE o PAHs [ o 1—2 MER, W
PAHs B S5MIESBREFEMR, 5HHERRIAL —ER AR, 5 EREAEHBRIHERKR, XEHF
FERREH  HY BB RS B9 PAHS, IR IBURUH PAHs FgHL IR T5 ¢, BAEZE M E L,

ASSCEE XS KU T 32 B A S AL B AR ( Cinnamomum: camphora ) (£ T8 ( Opsmanthus fragrans) (]~ % %
( Magnolia grandiflora) FIZTHE A ( Redrlowered loropetalum) ,BF3% T H M FHp 16 Fh PAHs &8 ( EEMER/ILE
FER 53 ) Fm  RESEH (KALEE AL /W HTER 5 W/L) BRI 4 Fs i G A i i
F PAHs & B2 7T T HEL, AMCHRARIT K H PAHs HEHIRTE, A R Y PAHs F)FhE 25,
DA R KRS i TR SR R 5 S 2 B0 , T B AT A 8T S A0S R (- B B AN T B SR AR IR .

1 REHBEHE
1.1 {5 XA

P X BRI R A K U T R AL R R AL B P (112°48E,28°03'N) |, J& L f) U R 1 11 22 XU
¢, SR 16. 8°C it =g IR 40. 6°C, B AR - 12°C, E B FE T & 1400mm ; TCFE 2 270—300d , 4F
¥ H HRETEL 1677, 1h, 183K 44. 9m, HIRDIMR TUE (FeF L1 WHRE) RILW R B WL 50 & |, sl MEAE B R
A o 2 AR
1.2 FEmRE

TR X N BEHLBEE T 3 el H: i (667m”, ] 100m ) B B A bel 1 38 10—20m, BE B3R TIT 3 T 18
300m , ZERFAFEHL I 4 FIR MR EAE T B2 LMK 4 FRER KM, BERAEY R RHE AR B P b
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JrIAREE 10 J 365 40 J AR E S 3 0,76 10 F 24 H AP EF AT SLRAFE 4 %, REE TR H
RSP 2 (AP RATRTS , O F eSS AT T, FE i PAHSs FIRE . SR LI 10 J
BT RGBS 4°C IRA7 I TFIE AL 0K B S AL B A ALK T LSS
1.3 PAHs B3RS 5E

A5 TR B MBI S B 1g B F 10mL BEREEE.OAF i, A BIANA 4mL PO 4mL — 4R A, T
A0CHBA I h, SAIEES.L: 15min (BEHE0 2000 $5) . TR _E R WZRE R LR, F 29mL IF 2 KE kbt , T
A 25mL I ELRAI U B TR AW (3:2) KU WO HE DB , e 28 R U5 I Smil — 00 B b B 5 RS
HRZE LmL, B TR SRS GC-MS 4MH7. Fi§ Agilent 6890GC/5973MS R PAHs &, FHi
A

60C 100°C (Smin) ™" 2 10°C (3min) —<L™"290°C (Smin) {638 H: Jy HPS E41%E (2 4E 30m
x0.25mm, AR, AL 280°C, 2 M= 4l He, PAHs f3Af 16 Fh 4 40 i BICR Y 71. 2% —

94.5% .
1.4  mrERAHF W/L e

Fr HEF4Y ( CanoScan LiDESO) 14, MARMEMIEE 7 IR,
1.5 SALK/FoRE S E RN &

B R SEH 10% %512 \10% FiS R (1:1 S5 BRFIANAR ) 123 48h J5 , /0 B T R W EF8hn . AL B
BEitAT BAAR R , Digimizer I BT IHEON R . 78 B AR B B BGE X4 m USSR m < fL
AN, B AR B R AR BOE ME , 45 B R RARM F S ILEE , ER 3 K. FA MR R TRILKSEE N
L, RILKE ISR KR, LT E N AL E R KER, EE 3 K.

1.6 FdEAb3E

F SPSS13.0( SPSS Inc. ,USA) Geit 447 8 A 3 . BR G 1T RF5 H F  2Z Xt A RIAE Y R
t PAHs & 2317, ZI0EIH 0k 5 4 FhAEYI M m 45 RHE(E S PAHs & 2 EMIAR KR
2 GHRE5SH
2.1 4 FIRTESALMFI A PAHs B8 &

WF 1 AT RIFE H 4 Fhag bR b i PAHs S5 820500 11.13.7.58 4.34 3. 66mg-kg ™', HLAEA
A H) PAHs B & B BER THAEM E2(P<0.05), MLMAM H+ PAHs B &8 B E 5 TEN 1.5 £,
RTEEIG ST E2£2.6 5(P<0.05), XFERE MY ANMEAR, AR LEE/D, BERAEK, 1
R AR SE , B DAL i A 2 )V PR EAE R £ 22 K,

%1 REBFIE 0 PAHs 28 (mg-kg ')

Table 1 Concentration of total PAHs in the leaves of the four tree species

15°C/min

#Rh Species {82 Total contents i KAH Max #¢/ME Min AR RE CV/ %
R C. camphora 7.576(2.299)a 10.785 4.346 30.34
AL O. fragrans 3.658(1.148)b 5.689 2.509 31.39
J"E 2% M. grandiflora 4.335(0.871)b 6.217 3.229 20.09
ZLH8K R. loropetalum 11.129(6.019)c 15.506 2.913 44.30

RAPES WEAR e RS FRRR TR 2R (P >0.05) , ARFRHFREREE (P <0.05)

2.2 RIA¥%L PAHs 7E 4 #Fiit - PAHs &8 P i i (9 Lu g

7£ 16 7 PAHs (&9, A 2 LG ZE (Nap) 53 LG WA TE —F0E (Ace) JE (AcP) %5 (FI) (3E
(Phe) . (An) ;4 FMEEYEIEIE(Flu) (BE(Pyr) JEFHF (a) B (BaA) Ji (Chr) ;5 LG WEIEHRIH (b) %
JBE(BbF) J3H (k) 2RI BKF) FIf (a) BE(BaP) \—HFF (a,h) E(DbA) ;6 IMLE W AR (1,2,3-cd) B
(Inp) ;%3F (g,h,i) JE(Bghip) o AIFFFEAY PAHs 1E 4 Fhap AL MR Jr B & B BT b i LL il — A R . 0
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K2PUR,2.3.4.5.6 LGB . K2 ABAN R B &8P 05 4 8. 34%—19.45% |
40.96% —54.93% ,31.49% —43.88% 2. 68% —7.47% .0.65—3.5% , ] A% Hi,4 R Fht - PAHs &
HILL 3.4 35 PAHs D 3, 5 SR 70% LA L, T 5—6 3R PAHs 415 &) 10% LA ,6 3R PAHs /5 &
B 4% LT, T EYZIUERAR, S E YR AR R HEACPE B, @ % 4 2RRUT K PAHs LIRS
TEASTFAE, M 5—6 PR PAHs U UBURIZSTE ™, i H- R 45 o FLVE A i A RIS h Sk A7 S A
B EEAE 0 IAS PAHs FRIGEE EEIEH . I, A PAHs R Z 8 AP IRt

®2 T EEYHF PAHs fZIRET G EILE B/ %
Table 2 Ratio of Different ring PAHs in four street tree species

WFh Species 2 IR Two rings 3 ERELH Three rings 4 FF 4] Four rings 5 I L H Five rings 6 FRE 43 L Six rings
1R C. camphora 10. 40 42. 88 36.92 7.47 2.34
HAE 0. fragrans 19. 45 40. 96 32.37 3.72 3.50
J"E2% M. grandiflora 9.33 54.93 31.49 3.62 0. 65
I A R. loropetalum 8.34 44.26 43.88 2. 68 0.83

2.3 A PP ERALRTRI J R 16 Fh PAHs 5 BAFAE

MF 3 ATUE H EA MR 16 Ff PAHs & &, Nap RN £ 22 B2 TN EEML A (P
<0.05) ;Acp.BaA ,Bap BkF DbA JyRit .28 i THETE . EZ LA (P <0.05) 5 Ace JyAER FIZL4EA B
ERT)E2(P<0.05) ;FLVER & TREAEN £, MLHA L E S THAE(P <0.05) ;Phe An,
Pyr J LIHEAR S35 v AR REAE AN 22, TOAEAR S 3 = TARETE (P <0.05) ; Flu SHZLAEAR B3 i T A e
FEANT™ 22, AR S 2 R TREAERN) £ 22 (P <0.05) 5 Chr WA B35 TAEIE 7 F 2 AIZLAAR, T 41 ik
AR E R TR E2(P <0.05) ;BbF WL AA B3/ TAEEM) ™ £ 22 (P <0.05) ; Bghip AR B3
BT B LA, AL B & & T E2 (P <0.05) ;Inp 78 4 P A H ) S BT R EER
(P>0.05) . RUIAFEWFH R T AR PAHs KIS BAFTER 257 HILA I, Y 5 BFf PAHs RETT,
FEEMEIZS . BRIFIHRIEYIS , BHEHE N RHHEST PAHs BB KT R PAHs K& .

&3 A MEWRURBMF & PAHs @5RE/ (mg-kg™")

Table 3 PAHs of various concentrations in leaves of four urban greening tree species

PAHs 415> C. cfnﬁa;wm 0. f%zgjfam M. ;‘azfd;lom R. i[rf;:lum

Z% Nap 0.788 (0.073)a 0.712 (0.083)a 0.404 (0.031)b 0.928 (0.153)a
J& Acp 0.290 (0.089)a 0.069 (0.007)b 0.058 (0.003)b 0.141 (0.038)b
ZAJE Ace 0.075 (0.009)a 0.050 (0.011)ab 0.033 (0.003)b 0.063 (0.012)a
% Fl 0.799 (0.077)a 0.342 (0.031)b 0.572 (0.041)c 0.693 (0.093)ac
3E Phe 1.980 (0.155)a 0.982 (0.090)b 1.636 (0.093)ab 3.859 (0.606)c
& An 0.105 (0.010)a 0.055 (0.005)b 0.082 (0.005)ab 0.171 (0.027) ¢
W Flu 1.078 (0.128)a 0.520 (0.047)b 0.589 (0.034)b 1.937 (0.228)¢
BE Pyr 0.963 (0.134)a 0.343 (0.031)b 0.444 (0.036)ab 2.407 (0.396)c
#3(a) & BaA 0.038 (0.005)a 0.021 (0.003)b 0.024 (0.003)b 0.025 (0.004)b
Ji Chr 0.717 (0.079)a 0.300 (0.037)b 0.308 (0.035)bc 0.514 (0.054)d
3 (a) ¥ BaP 0.138 (0.025)a 0.018 (0.005)b 0.047 (0.011)b 0.052 (0.005)b
K3 (k) 2¢ 74 BkF 0.159 (0.034)a 0.036 (0.011)b 0.062 (0.024)b 0.045 (0.014)b
3 (b) % BbF 0.050 (0.022)ab 0.013 (0.006)a 0.003 (0.002)a 0.100 (0.060)b
Z%3(a,h) B DbA 0.217 (0.053)a 0.068 (0.023)b 0.044 (0.029)b 0.102 (0.041)b

3 (g,h,i) 3 Bghip
Bligf(1,2,3-cd) i Inp

0.150 (0.027)a
0.028 (0.007)a

0.109 (0.033)ac
0.019 (0.005)a

0.018 (0.007)b
0.010 (0.003)a

0.067 (0.015)be
0.026 (0.009)a

RS B bR R FATAHR TR B R E 25 (P >0.05) , AR TR 2R B (P <0.05)
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2.4 M)y PAHs 582 5MEEHILR

B 1A BN BREEAESN , R 3 Rt AR B S FLE BE S PAHs & B 24K B ETEEIEAHR (P <0.01) , 3L
B AL BB, ST e B8 1 AT, TR MF PAHSs RE iR, X 5 EMELE" BIRINAESSILZ KM A
PAHs [a]/MERS M3 R TSALD W B, NI B ALE BE 5 R ) PAHs 2 HAHE R REE R IEFAHR
ERABFRAERKA AT 34T , M PAHSs (33K T ) SNER A 26, R S L% BEXT PAHs [ B )
H5ZEAEVIAR BEEAERH 5L R, & R, RBEEAE I B X 3855 o PAHs (I ffEAS
URR, H R e R — 2B A

AL BEFNTE B ) LB AT DA SR RAE AL R FHAE AR . 4 R FP <L L/W Firt |- PAHs
TREMEEEMIEKR(P<0.01) (B 1B) , RIAEMH Il L/W HEBK, PAHs & &85, MHXEIE
2y =16.343x - 10. 164, PAHs & &MSIL L/'W EAHX R EE ALK IE LA A T RILER AL
%} PAHs B Fff o

4 FhERAL RN i AR S50 5 PAHs & & R 2R B E X BRI ER (P <0.01) (B 1C) ,BEE M E R
K, PAHs & BH B EE, RN KB —ekF, BRRALREE, AEh THERNERSZ
FRSFS 0, F i PAHs S BN L, X5 HRE%" @i BrI BRI = /A X B R A £
IR B E R PAHs BE5 M A —E MR L L RINGISRA—B, TiS5ERWRE " B
SRR MFEY) /N AEY) & 58 2 1 PAHs MIBFR 45 R IESFAH ) o

AR R WL BRAEM R RETESFHMEMEZ R F. B 1D R 4 F i bRt i PAHs
SREM RE W/L BIFFEER BERIEMHEKER (P <0.01) MHKEIH TN y =26.632x —6.3694, £
B B LR 2, W PAHS BB 7 BRER , AT BB R DT SOMUAE I I 4 EL 40 I I R AE S BB A R
Xf PAHs Mt

18 - 18 -
A B
w 16 y=1.7761¢0036x L 2 16 *
) R=03569 ® o * " * » .
L * - L 2
P<001 . .

)
T
&

PAHs¢# PAHs content/(mg-kg™)
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Fig.1 Relationship between leaf surface structure and PAHs concentration in four urban street tree species
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3 #itHitie

4 FpeAL AP (R EAE ) 22 ZIMK) M A PAHs B4 88 3.66—11. 13mg kg ™', XHABE TE
HR A MY PAHS YR BT (20—1000 ng-g ™) , #2230 T MESE S W0 s I kA el % L P Pl 52
ETLEA 6 A4 A i sh PAHs 8 (6. 57 x 10° ng-g™") FdRid M8} PAHs & & (9. 01 x 107
ngeg ') A PAHs & B E i B R R B AT X BE K U0 i A9 38T 3058 3 T AT 300m, BEA 3 T 384T
10m, EF R, BIGYE " R KK H PAHs SREH

ARIFFFEE) PAHs 75 4 FhGAL MR F- S5 B BAR BT 5 ELI R R, (H L1 3 4 3R PAHSs S 3, T (5 B
70% L) |, T 5—6 ¥+ PAHs 21 5 281 10% LLN .6 3R PAHs 17 5 4% LT . Eepsasl®) 5 PAHs 75 k5
RS R, B E 4 ALUT B PAHs DISESTEFETE, M 5—6 35 PAHs WUk T8 X AE7E ; Smith
Ve IS FLB X T S STE RAETE A HLI5 e 0% Jo B 5 ; Franzaring 267 Y00 7 i H- S FL R
SN, RS FFA R PAHs HEA M NRHEE T @B, 4 Rt BB RE 3.
4 3 PAHs 2y 3, 3X 5 EE 3 24 Smith 251" 1 Franzaring 2" R 82 ABAF . F ELAIX E 4 B9 2k
L= A W3 X T B WA ( Pinus massoniana Lamb) fIFAE , B MRS P2 PAHs, B 2 3E S AR 08
BEES, ML, ER S BB NS RES LI

4 FhALRFIH X T AR PAHs & BAAEL S, BIARRMF KM b4 PAHs 1M S B AR, 3
R — IR o E PAHs 21 AR & BAR . UMY N PAHs IRE ), EEE R M 2R, HE
R Sk W PR PAHs 8K T35 PAHs B, X5 Tao %1 JASE I i %t PAHS FMR RIS 2 B FLIK A2 %
TFRAARTR S 3 S M0, PAHSs 5B S AL AR HEA M F 3B, 25 R T - IR 3F PAHSs 5 0 5 i 2%
WR—BU,

FERS R 22 AR R LEE S PAHs & B 24 B E IR BUEAHRX (P <0.001) , S FLE BE MK, )
Wt PAHs BB R . X5 FHESEL " IR IA N EFKILL M A, PAHs [ SME R i R T AL iy
R, N & B ALE 5 PAHs S &2 AR EE 1A R, X2l T REMNET AR IIE, HELMN A
SALE R, R, B R A i — 25 .

4 Rt S FL /W FI0H PAHs & BHA| 24 B EAH (P <0.001) , EHAEMSILKTELAFT
SAESAEA e %t PAHs W, T B AR5 H - H PAHS & B8] 4% B3 UM%, FKIIREE H ARk,
PAHs & BAB/DBHE X 5 HEE%E" PRooRFi i PAHs & &5 L EARA — & L4585 A
—3, TSERRE " FIFE M KLY LAY & A B2 19 PAHSs (945 58 IEIFAR R ;4 RS AL RIRh I 1
PAHs &8 5 R W/L EfFEER B E FAX (P <0.001) i AK 58 HLAREA B , W FF PAHS A 77858
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