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Spatial distribution and variability of heavy metals contents in the topsoil along

roadside in the Longitudinal Range-Gorge Region in Yunnan Province

ZHU Jian-Jun, CUI Bao-Shan, YANG Zhi-Feng” , DONG $hi-Kui, YAO Hua-Rong  (State Key Laboratory of Water Ensironmental
Simulation , School of environment Beijing Normal University , Beijjing 100875, China) . Acta Ecologica Sinica ,2006,26(1) ;146 ~ 153.

Abstract: Heavy metals accumulated in soils were characterized by polluting large area, non-degradation, and difficulty to clean
etc. With human activities, the pollution of heavy metals becomes more and more serious and arouses more attentions by
environmentalists and correlative scholars. Longitudinal Range-Gorge Region, located in South-West of China, has many mountain
ridges and valleys stretching from north to south. Because of the local native environment, road is the major traffic method, By far
the majority of the studies on the impact of road construction on the contents of heavy metals in roadside soils was conducted on the
small scale. We report the spatial distribution and variation of heavy metal contents in the roadside topsoils along the longitudinal ,
transverse and upright directions on the large scale.

In order to provide available study instruct and method on macroscopy scale, the road was divided into three segments:
north, middle and south segment. Soil samples were taken at 94 locations from roadside soils along the north, middle and south
parts of the Lijiang-Jinghong road in Yunnan Province. The total contents of heavy metals in the soil samples were determined. The
following results were found:

(1) In longitudinal direction, the concentrations of Cu, Zn, Pb, Cr, Cd, As, Mg and Mn in roadside soils were higher for
the north segment than those for the middle and south segments. Correlation analysis indicated that the construction of road
absolutely impacted the longitudinal distribution of Pb, Cd and Zn content in the roadside soils,

(2) In transverse direction, the contents of heavy metals in roadside soils varied in uniform trend with soil types and soil
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utilization manners, indicating that the construction of road had crucial impact on the transverse spatial variability of heavy metal
contents. This impact extended to 50 m away from the road.

(3) In vertically direction, the spatial variability of heavy metal contents in native soils was not significant and heavy metals
were concentrated only in the roadside soils close to the road. Because of the local influence of artificial counterfort, there was no
vertical spatial variability in constructing area. .

Key words: heavy metals; three-side spatial vanability; roadside; longitudinal range-gorge region
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Fig.1 Map of study position
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TSR MR U MESRNERBEARERT AR LERR), RPULBEAGR 1940, BEA A 37
ALVEBAE 28N (F D, BMEEEREEL(0~30em), FIEEESEN 3 MUSAKMBERS . /NI
BT E RS, TERE 5 Y R TR AR AL, QT LR R R RS N RS TR

QEEGAEFE THEESSRT B, 100 B, EHRR 0.1, EARNERZEES, MA 3ml
WA iml BER . Inl EHE, X TARENIEF TR P 160°CIMH 4 ~ Sh, ¥ #1f5 BUL B, 78 B Pl _E D
MREHERRENEER, FRXRAHER BRETRIARERTE T, MA 1ml HRR, MR BAEEE,
BHRAKESRZE 10ml, FHEE JY-ULTIMA B ICP-AES B4 %558 F 6% Y& Pb.As.Cr.Zn.Cd.Mn. Mg,
CuESHELBETENSE,

BFEAFTE RASPSSROKGF . BHFAERNES RS BERBBEH#TIREL, RESXLE
MESREYRVHE A2, HETHEXES,

®1 RESHECE
Table 1 Sampling position

B EL BA £E G R (m) g B #E HE R (m)
Road Sampling Longtitude Latitude Altitude Road Sampling Longtitude Latitude Altitude
WIL—AkE 1-6 100°11’ 26°18' 2221 ~2229  KHEFEI? 41~ 45 99°42' 25°24" 2310 ~ 2448
miT—k#  7~12 100°10' 26°05' 2517 ~ 2561 KE—R® 46~ 50 99°43' 254! 2315 ~ 2419
WiT—F@  13-~15 100004 100°08' 2442 - 2470 KHE—FWL® 50~ 56 98°22' 24°20" 1637 ~ 1840
MIT—AKHE' 16-~19 100°09' 26°12 24352487 s —EMS  57-~65 100°07" 24°40 1301 ~ 1546
KE—gd?  20~23 99°13' 25°15' 1796 ~ 1780 s —R]P> 66~ 73 100°05' 24°44' 908 ~ 1270
KEFd2 24-35 99°13' 25°16' 1641 e —Ruts  74-~79 100°53' 22007’ 787 ~ 870
KE—EI2  36~40 99°30 25925 1644 G —Ryt® 80~ 94 100°52' 22°06' 870 ~ 929

1 Lijiang--Dali, 2 Dali—Baoshan, 3 Lincang—Jinghong
2 HR5WE g
2.1 EAERSRLABNYE SN LR |
2.1.1 +BEREELRSERALE ABEBLKLIBRE/ \RELE2ENISWMERER(ER2), ABLEBRE |
EREENETNFHEIFTHRRAEE., HPE @ AECBROFEEREN 4 FUE 5.0 6.8,
FIBPHEEIEEN4FEUL, PRESRE2ER In W EBENERKTHEN HEATESEDY
BTEE L ANEERM 1 ~2F, FEANBEREE FELBREESRLE AL BEWERK.

MREABGRTEESBEMENESPRIEPESBR IS EPV O LERER,3 PHBE LR
PHENSEEIRR, FLLBE TEAEBEANTE LI TFHEEMN 66.75.11.8 FH 14.6 5, ABILE S
MESBEEANSET2ELHSE.EEUR)E 6674 . RE(E) N 1.8 /5, HPEMEE, KRB EEE
SR EEVEAETFHE,

HEREEBWA AN REBEGFRER(P), EREMESBE2BELM FHESHMNN L REERE
08 E AR A E ISR BB  Picl TR A< Pi<2BBER2< Pig3 PIER, Pi>3HE :
HY, NISREBBHAFE IR AR S RPE W B HANVEEL.B. S ENPEY, ;
BRHBREH, PEREFIH M T8 HTEIVEER, EAPER S B SNBSS, BB
BBt HPREIBEEL, & RS,

2,1.2 ELBHAXESNT HRIBIELSBSEVHXETUENESBHORERLSHR  WRES
REBRABEOMXE, KA HRAFEYTREERL, SURETERE—. 3 M BBEMHEXEITERE
AR ABEESH B AR ERE SHEAMEXPEREESH . B WA REHMAXE BERS55.
BB AR EEGR, FTUEH IAABBETE B9 ENERBMMEXHE, R4 MBS BREMEFAE.

O HIWIFHFHB/AIFHE (GB15618-1995)
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MANAXHRRN ABBEERERYEENR H-F I TUNSHER AR 3 HISRYEEX

HF AR,
2 NHRETAREMEBAWER
Table 2 Analyze result of heavy metals in topsoil along roadside
BE B Segment W H Item Pb As Cr Zn Cd Mn Mg Cu
B H Z B AR HEH Secondary standary 300 30 200 250 0.6 — — 100
Jb & o1 [ 4 37 2948 " Mean of China soil ~ 24.3 13.8 7 83.1 0.082 671 671 24
North SE - 918 Mean of roadtest 287 40.47 164.92 147.65 5.47 1572.66  6414.38  89.77
segment FR¥EZE Standard deviation 193.47 16.23 49.48 41.24 3.08 755.49 4931.39  24.87
n=19 15 Ye 5 % Pollution index 0.96 1.35 0.82 0.59 9.12 — — 0.90
bl /: Mean of
q:'.& fm:isjznfmﬁofihitf f 11.8 2.9 2.3 1.8 66.7 2.3 9.6 3.7
izndi:t S| ¥ H9{H Mean of roadtest 45,73 15.25 85.1 59.56 0.97 548.79 1787.85  21.19
n=37 FR#EE Standard deviation 26.96 13.89 25.34 27.90 0.61 373.67 1379.60  10.15
5 3« 35 ¥ Pollution index 0.15 0.51 0.43 0.24 1.62 — — 0.21
a5 /4 ¥ Mean of
e mdtij;fm of China soil & 1.9 1.1 1.2 0.7 11.8 0.8 2.7 0.9
South 55 3 - 24/ Mean of roadtest 35.64 5.31 57.04 63.34 1.2 509.68 1258.52  18.54
segment FRYEE Standard deviation 17.56 4,57 20,55 34.38 0.83 327.08 996.06 7.61
n=28 1% 4 35 3 Pollution index 0.12 0.18 0.29 0.25 2.00 — — 0.19
W F B /L 8 F ) E Mean of
 actest/Monn of China sail 1.5 0.4 0.8 0.8 14.6 0.8 1.9 0.8
#3 NHAREETNESMeEREXKE
Table 3 Correlation of heavy metals in topsoli along roadside
Ph As Cr Zn Cd Mn Mg Cu
e B Ph 1
North segment As -0.507 1
n=19 Cr -0.893" * 0.632 1
Zn 0.966" -0.553 -0.926"" 1
cd 0.97* -0.379 -0.856" " 0.91** 1
Mn 0.58 -0.525 -0.791"* 0.727" 0.557 1
Mg -0.431 0.685 0.439 -0.557 -0.281 -0.396 1
Cu 0.607" 0.083 -0.474 0.382 0.43 0.555 -0.105 1
Bt Pb 1
Middle segment
n=37 As 0.034 1
Cr 0.046 0.065 1
Zn 0.43" " 0.237 0.232 1
cd 0.748" * 0.24 0.036 0.361" 1
Mn 0.08 -0.016 0.075 0.193 0.069 1
Mg 0.229 0.145 0.407" " 0.235 0.225 0.118 1
Cu 0.634" 0.368 0.244 0.686 0.252 -0.041 0.068 1
B Pb 1
South segment
w28 As 0.685" * 1
Cr 0.608" " 0.482" " 1
Zn 0.724* * 0.774" " 0.6"* 1
cd 0.726* * 0.82"" 0.52*" 0.857** 1
Mn 0.345 0.409" 0.291 0.513** 0.398* 1
Mg 0.543"* 0.906" * 0.534"" 0.693" " 0.768" * 0.432" 1
Cu 0.622* 0.512" 0.854" 0.717" 0.654" 0.229 0.54" 1

* % p<0.01, % p<0.05
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TR,EAIHRREERRTELRCEMFEAREAEEN T, SMARN L RESBEL2ENOR W,
ERINAMBER LA A T AN JWARAMZERE BOBELR T BN AT LA L2 K, 61F
B2 ALPEFRDBERAN L, R EROKE L), A ENERE XS A RE, R L —E
SARBLEAEEL, EEEREHEN, TALTHAE /D +H,

AL RBFRTRIERREHELSBEEFA LA RE 99°13', db 45 25°16', 4K 1641m, HiJE K FF 2°)
MEBAEEE, REYIHK. FREETAR, BB TEAK Sm, 10m,20m, 50m, 100m, 200m FE 2
b, SHELBE2BEAMEHE 2 RR, Bd()NRBL,b)IHEL, RETFI3IHESRTENR
BFHM MM SREE S EROERMEMN, A 0~20m 2 EFEE, E 20m LT 640 ; & M P sE
15 95.67ug/g 1 51.39ug/g, AR % 62.56pg/g 1 53.90pug/g, Bl X —FE B, 2 BER BT, 2 50m Z5h 2B
HERERE, BHNLSEREX SHMMAML, KRB PE 20m KB 6.43ug/g W WEH, H A ik E 1 HE
10m AL BT 5, 2.66ug/g,20m 4b K 2.48pg/g, TE#T 20m BB G M2 BE 2B TR, £ 100m BEE AT
FRAK{E, 100 F 200m BB B AL XA FF E Tt

e P e

300 30 m
25 ?; 25 g
20 § 20 §
15 : 15 &
od 08
0.5 4 05 4
A 0 3 0o 3
£ o 50 100 150 200 250 300
¥ 22 BrFE B Distance (m)
B2 ATIRFEESRSBSHEAREEMELXE
Fig.2 The relation of metal contents and distance to road in artificially soil
BAR AR & A BETE KT /N (R 28 99°30°, § 25 06 ®
1665 2525 W3R Iodim, I RIE 20), MBLURHE. ¢ 0s 3
HBFRANE, RABET AR HASHGTES o 0s §
B5,10,20,50 71 100m FEAS AL AAALHET 3 FHESE  m U o1 §,,
R4 BBHIEE BB AT (B 3), M0~ tom 5 , , "3
\ o 0 50 100 150
REFHEE,E 10m BT KM, 4 6 BoeRE  F AW ST Distmnos ()
55035 3] 13.57pg/g, 0.49ug/g,20. 11pug/gs M 10 ~ 20m
ﬂg f?" % Fig.3 The ralation of metal contents and distance to road in nature soil

2.3 EE&RSBWAKKERSESF
A B SR 0 25 8] 5 5 AT OB PO BRI iR o, R R R A L E S R 2 R4 T8
o ABERBEPK L MBRT LA RFTR, M AARFEFETHLELNY, -FELTRNE TN
KR, FRAELEMA, 2P T A EIWEIEZE 200m 1 1800m 4k L3 (AR £ 99°42' , L4 25°24, ¥ 3k 2310
~2448m, 3K ¥ 30°), AUE N B AR AR WD BREAM AT, EHEAIATPE, BIERUERIEY N E,
AT PR SRR A TREH H T LA, BREERT GPS i, SATIERERAPHBREEE
M, SHMESRLBIHENTAABREE 4R, B4 HEREE, K 4b I ATH@,
_ HRBPED IHELRSETCEERE Sm UE N ST IEME, PR 0 IEE S50 77.58.2.49,.g/g
M22.6lpg/g; M —REE 3HELBRLENRE TR, S REZITHE R AL, B 2310m 4, I EHEE
HFRMEYE . ERTOEE 419, BERBMR ATEBRAEH K, EPEEkP IFIRELRLEME
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HEET B RUEHSRE, 8 R AR KMESF5 D) 208.9.24.9ug/g T 34.38ug/g. BB b, B
LA BEH) 2316m ALKy B RS 0 RN ELBEY TR E, NEK LB BB RAERBENXEEHRE
:{kij“go
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Fig.4 The relation of metal contents and height

2.4 g

24.1 ABBEMELKLWEREZESRLBAMIRHEN MNABELLEEZRECELBIAFTILMN
GRE,IRELRLBALSMLIEANRBET T PEREAERHFILE. HXHARH, L RELBIHHBTE
HHEERMEIERERE. AEEERTEAFSIE . BR L EANEAREE, REANBRESENFA,
BEHEEERNZRE EREER, BT AREREEH MK EE, RA MR EE, BT VR 88 E
HE. EERNREECERE ALIEF S0 M A 5 K8 15 IR AR | 15 Y AR 0 R R KIS
et BTE M E SR A R IUBR A 28 A, IS WSS A R R i T R R, &
MARGERER, 6 B HALESRAEI THBEHEARBHHXE LHZHEHERENEWE K, EHE
HRED ABRBR IR EVERELE MEBRYFERKER A LABNE W E—BH, B IR
ABERESRBESRESBRIANEZERNIEIERWER,

MRERLRH, ABERE W W3HELBZNEYE, ERR PERAEEYHE T P E T HHH-F
HER, XN - TUERHTABBER T EZIESREER, #—FPEEGRERA LREBEHRAITHRE(RS),
BRI A AR, PR AR AS L B R RO R, AXEAR VI EREAR
BT, SRALCKBEUANESLRCR . FEXR TR, ERETRIENESRWEERT AN,
R4 X — SR H 4% B B B SEW S (B 5 AR L Y 3 A R AT X AR i LB A TR A\ E SR 2
BHPHECHIHARSTE M EHERSARKAELZ TH RUIHELR 2R D, A REN L AR
NHBETEZINEERBEEW, FRAEERMNSHELRSBERREAR LB T HARBER NEER,
BH ANEIHTENLBEHER TARA RHMIH I RES R A ZRIMNER W, B2 3 A BER
HIR W ‘

+HELRLRAEI MBBNERERAMARMNGR MRS - ARERWERE, EL3 BAKZ
FEAENERYE WRRR, EREABRBENZRSIETHLRIHRESBNAM IR, BB ILARK
BEE ERAMERK, 2B -RAR FRERK . UFENE, BN, K8 TEHMOBRE  KERKER™
MM ARSE RPN RRBO RS R ST RN EEORKE, PR B, R —
RN BEARN  HTCCEABEN ="FRMUE, BEHEENTEARE, BEMBTEORE,RW ¥
WEMBRESED, ARABRBERESRGEMENIEES, AE—RLEBIRHEARK, Bl FHEAENH
BAK FEESHEMAER, S LEE B RNMHEMEDN,

2.4.2 ABRBEMGRTBEERESCR2BHMASEOARNEE A ARELKIEECELBHENRK
HmMALES ETRES AR HAA TNt XM P AT LI ESRLBRERTAR LK,
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XS HEME LT B A BRI E KB PR ALREERE X, RSV RAREXR, A
BN RO B EE, - F A BO0R A A U, B0 B 3t S BE 0 B% 20m MEE MYV A B
BE BEEAFRRE., XEFEAHER LHERMIRRZABNEW, ABREIRXEZESR2EEY
BRARSR, ERER,FHLBEHEKS5HME AL, B 100 ~ 200m BEE LA P LT, FHIA R B TH
ATE 200m L BEREMH R0, ZARL FESFHERNER, ZARLIRFT BELRLBHE RiGE
b E X HBRA TR, 7 10~20m ZH], HEHFERZAMAEESHENL W, ABBENES
JRBE R S ULRE b 8, 32 h T D\ Pt TR 00 38 A BELEY  EBEIE A BE A R, B E R B LR K E R, BARL
RPIMHESRLSBEARDRET LHELR LHAASEE, BAFRKN L RAER B, E Rz R R
MR — B, BN BB R 00 B — R SOm TR 2 N, HWE B M BRAEBE A0 B 20m ZE TR R Y, o B 0 i
B RXMERER L. BETUARARRER T RREECRMEZEIRHORERAR.

F4 IMADEES B RAEFE (mg/ke)
Table 4 The relation of soil type and heavy metals{ mg/kg)

T RHER Category Pb As Cr Zn Cd Mn Cu
586 M A Brown coniferous forest soil 20.3 6.59 33.0 79.9 0.097 585 7.14
F ] Yellow soil 18.1~18.4 13.8~14.1 127 63.8 ~ 148 0.097 374 18 ~ 125
£13 Red soil 18.8~25.2 17.3~20.1 80~ 106 74.2 ~ 98 0.097 196 24.7~33
7K 78 £ Paddy soil 20.5 14,3 54.7 53.8 0.097 146 12.3
7 €1 3K Latosolic red soil 33.3 7.51 42.2 104 0.097 327 12.8
& 41K Laterite 18.5~134  13.7~21.1 74.1~107  49.9 ~409 0.097 123 ~ 638 18.1~24

EUSAARBERACMEANSHIREE BEABNRBL AR IR EELREENS, &
DI & RIS R MG LA SR B R38R I B RS TR B 4 B, 7 — s T P Rt BB |
HEEEGm B EERLREVEME, AR B4 RARSHELERZAREERMEXE, Bk
TURIRELRLBAEERMNSRE, BN 2, BT mBER SR BESHEHYWEKRTS |
AR, ER TG T2 ARG SHIEEEOEN, S RORATE. SAARRTHESRS
HHE, A TP HETRANESRLREREAE, HER M K BRERIRE, ENARANE, 2HE
SR MEM AT TREROHWEA, GFETEME 6T 772X 5 T A2 &, A—8kl, TEH
TH B SR B , i Fl B 2 B 5 T 5 S T o T T D35
3 &

(DABBETAMBERABER L BEXEELRNSANREE—ERN, ABBRESBETES
BAFER AL B A5 AU B T ch BRI B 0 B 5 A 2 ] 4 S 0 DR R R 48 O D
% B,

() LSRN ANZEHEEQORM, DREER SRR EREEEE - ABREIRN,
Eo ARSI EE AR 20m EEZ N, 81t om BERE, B R BHH T TR,

QVEEEFA L ARERLAEEELRLBENENARNEAEE, BEBEAE Sn &4 H 75 H
WAEESREENIS, EATPHSTRENERME, E2RARE L0 ABE FIRN, BB ENE
AR AL o

References:

[1] YouWH, He D M, Duan C C.2005. Climate Change of the Longitudinal Range-Gorge in Yunnan and its influence on the River Flow. Acta Geographica ?Y

Sinica,2005,60(1) :95 ~ 105 t
[2] Sherwood B,Burton J,Cutler D. Wildlife and roads: The ecological impact. Imperial College Press,2002:1 ~ 69 ;
[ 3] LanF Spellerherg. Ecological Effects of Roads Land reconstruction and Management Series Volume 2, Science Publisher Inc, 2002.3 ~ 89, ‘\
[4] Van Bohemen H D, Janssen W H, Van De Lask. The influence of Road infrastructure and Traffic on Soil. water and Air quality. Environmental


http://www.cqvip.com

D000 http://www.cqvip.com]

1 REE FHQRKEXAMERTIRRBEES RS N4 FAE 153

Management. 2003 ,3(1) :50 ~ 68.

[ 5] Kenneth C, Dodd J, William J Barichivich, Lora L Smith. Effectiveness of a barrier wall and culverts in reducing wildlife mortality on a heavily traveled
highway in Florida. Biological Conservation,2004(118): 619 ~ 631.

[ 6] Davide Geneletti. Using spatial indicators and value functions to assess ecosystem fragmentation caused by linear infrastructures. Intemational Joumal of
Applied Earth Observation and Geoinformation,2004(5): 1~ 15.

[7] HeDM, WuS H, Peng H, et al. A study of ecosystem changes in Longitudinal Range-Gorge region and trans-boundary eco-security in Southwest China.
Advances in Earth Science, 2005, 20 (3): 338 ~ 344,

[8] WuSH, Dai EF, He D M. Major research perspectives on envitonmental and developmental issues for Longitudinal Range-Gorge region (LRGR) in
Southwestern China. Progress in Geography, 2005, 24 (1): 31 ~ 40,

[9] LongJ, Huang C Y, Teng Y, et al.The microbial biomass and enzyme activities of reclaimed minesoils in the heavy metal pollution area, CJEA,2004,12
(3):146 ~ 148, _

[10] Zhang J B, Huang W N. Advances on physiological and ecological effects of cadmium on plants. Acta Ecologica Sinica, 2000,20(3):514 ~ 523.

[11] HuKL,Zhang F R, Wu Y Z, et ol Spatial distribution of concentrations of soil heavy metals in Daxing county, Beijing. Acta Scientiae circumstantiae,
2004,24(3) :463 ~ 468.

{12] LinJ,Qiu Q R,Chen J N, et al. Assessment on Pollution of Heavy Metals and Metalloid in Soil Along Road. Joumal of environment and health.2000,17
(5):284 ~ 286.

(13] Xing G X,Zhu J G. Soil microelement and rare earth element chemistry. Science Press, Beijing,2003.1 ~ 328.

(14] Zheng X S, Lu A H,Gao X, et al. Contamination of heavy metals in soil present situation and method. Soil and Environmental Sciences,2002,11(1):78
~ 84,

[15] Guo X D, Fu B J, Ma K M, et al . Spatial variability of soil nutrients based on geostatistics combined with GI5S——A ecase study in Zunhua city of Hebei
Province. Chin. J. Appl. Ecol., 2000, 11(4):557 ~ 563.

B E R :

(1] RDOMAHABEE ZHARKRSXBRSEECSAREHBQOR 0 HHEER,2005,60(1):95 ~ 105,

(7] AR, RAWR 2.9 JNBSRESRETARAEEEEERX LTI IR FHER, 2005, 20 (3): 338~ 344,

(8] RAR.BFE MAAY REAHIOKERARSZRFAET L. HBREHER, 2005, 24 (1): 31 -40.

(9] R, KEH . BE.% BL&RSRIRERTIRMENEYRBEMBERLRTIR. P EASRL ¥R ,2004,12(3) 1 146 - 148.

(10] Wi, KAERT . 4 RHE 004 A &R ROBFIL R A 5 44 ,2000,20(3) 1514 ~ 523,

(1] #3EHMR, KRE, BIGE, % LR R MK £ IR & R & 2 0948 fa) S A5 46 . FR3E R 22 3241 ,2004,24(3) 1463 ~ 468

(12] ki@ BRI, BRER, % ABMFLEPRL B S EITHITH . F S H 5 FE,2000,17(5) : 284 ~ 286,

(13] AW, REE. THNBTRAM TR LR B4 H AT, 2003.1 - 328,

[14] MEH SZH, B9, % LR PELETRIREGHBFE . LREFFE,2002,11(1):79 ~ 84.

(15] ﬂihﬂfﬁ.ﬁmm,gﬁfﬂi,%.%%GISfnﬂﬂﬁﬁ%E‘Jj:ixﬁ%ﬁ'ﬁl‘ﬂi@?ﬁﬁﬁ%——u%ﬂdt%‘ﬂkﬂiﬁﬁ].mﬁﬁi&*‘a—‘*éﬁ.zooo,ll(4):557
~363.


http://www.cqvip.com

