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Effects of heavy metals from road traffic on the community structure and spatial

distribution of cropland soil animals

LI Tao, LI Canyang, YU Danna, ZHANG Jiayong, ZHENG Rongquan "
Institute of Ecology, Zhejiang Normal University, Jinhua 321004, China

Abstract: Cropland soils located along the No. 104 national highways of Shangyu City, Zhejiang Province were significantly
contaminated with heavy metals from road traffic. This paper was to estimate whether soil animals and heavy metal
concentrations in coincide in polluted by emissions from automobile exhaust. So the concentration of heavy metals, and their
effects on soil animal communities, were investigated in five contaminated sites and one uncontaminated control site. Soil
samples were collected from a sampling area of 30 cm X 30 cm at three depths (0 —5 cm, 5 —10 cm, 10 —15 cm) five
times each site over four seasons. Soil animals were extracted using Tullgren and Baermann funnels. Soil pH was measured
with TEW-VI acidity meter; organic carbon was determined by K, Cr, O, oxidation method and bulk density of soils by a
simple method ; total N was determined with Kjeldahl method and total K by flame photometer; total P was analyzed using
the colorimetric method with molybdenum in sodium hydroxide. An X-ray fluorescent analysis was used to determine the
concentrations of heavy metal in the study area (Pb, Cu, Zn, Cr, and Ni). Statistical analysis was performed with the
SPSS 13.0 program package. The results indicated that Pb, Cu, Zn, Cr and Ni were higher than the control group, the
datas showed that total P, pH, Pb, Cu, Zn, Cr and Ni were significantly different between the five sampling sites and the
control group(P <0.05). A total of 4 046 individual soil animals were collected belonging to 50 groups, 7 classes and 4
phyla. The dominant groups were Collembola and Acariformes, the frequent groups were Diptera larvae, Nematoda,
Araneae, Hirudinea and Diplura; other groups were rare. The difference in individual of soil animal was significant between

sampling sites and the control group by one way analysis of variance (P < 0.05). Correlation analysis of data was
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performed, both the individuals and the number of soil animal groups decreased with increasing proximity to the No. 104
national highway. The diversity index, evenness index of soil animal communities decreased with pollution levels increased,
while a positive association was found between dominance index and the pollution levels. The spatial distribution of soil
animals in the sampling sites showed that the individual and group of soil animals in sampling sites were decreased with the
increasing soil depth. Heavy metal impacted the composition of soil animal communities, the more intense the disturbance,
the greater influence on soil animals. Jaccard and Motyka coefficients had a high or moderate similarity among soil animal
communities in sampling sites, which reached the range of 0. 680 — 0. 837, 67.9 — 82. 7, respectively. Grey Relevant
Analysis revealed that the environment factors had different effect on the key soil animal communities, total P produced the
most effect on soil animals, the second effect factor was the soil pH, Pb was the third, and Zn had less significant effects on
the soil animals. The influence of the physiochemical properties of soil (total P and pH) were greater than of heavy metal
factors, while heavy metals contained showed a strongly correlation with soil animal communities. The impact of heavy

metals on soil animal communities can not be ignored.
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Table 1 The physiochemical properties of soils in sampling areas
FHEX a Bl b A c Bl d e FEl CG i
Sampling area Transect a Transect b Transect ¢ Transect d Transect e Transect CG
E%ﬁ%ﬂ‘]ﬁﬁ% 5 50 100 150 200 4000
Distance to the road/m
ZLH Bulk densi
i%ﬁi  densiy 1.28 £0.04 1.21 £0.06 1.30 £0. 01 1.22 £0.05 1.20 £0.08 1.27 £0.05
of soils/(g/cm’)
pH 6.46 0. 16a 6.27 +0. 18abc 6.29 +0. 15ab 6.12 0. 11be 6.07 +0. 14¢ 6.35 +0. 06a
A HUK Organic
carbon/(&/kg) 31.88+1.36 33.15£2.77 28.36 £2.67 27.84 £2.61 30.52 +2.83 30.41 +2.87
2R Total N/% 3.43 +£0.36 3.77 £0. 16 3.15+0.42 3.08 £0.29 3.28 £0.31 3.19+0.24
2 662.95 £61.44bc  755.15+14.67a  629.57 +34.27bc  601.66 £13.34c  660. 42 +50. 64bc 666.59 +36.72b
Total P/(g/kg)
24 Total K/% 2.67+0.28 2.91+0.32 2.58 +0.33 2.03+£0.42 2.41 +0.36 2.54£0.42

R PR + a2z, R4S ORI /NS SRR 45 SR A s ] LSD Al 22 5k 8 27K - (P <0. 05)

2.1.2 HEBERRIGHICRZIFR

TREGENFTEMTGRIESR(L2) 7 abc.d e .CC 5 6 M LR TT IR E LR LR a
>b>c>d>e>CCo a HEAFHIARERIL, 5 5CE A il 0%, RE RTINS H X, Zi55 R
H,RMP S IREON 2. 02, 5 RERENE,JE THEERIX b o d B R TREGRX, S HSZE 5 1Y)
WIS BB TIZ e RR IR MR SR 16800 0. 89, e BRI TETE X, BEES 22 200 m 4k, 3238
BRYTSR I ENIS . FEE AR AR B R g i, HIRZ B RIS YRR ER/ . 1 H, ARG
BTSRRI R E SR XK H AT R B E R T M LR A LR ESR TR
R RAE B E R EATRE AR ABERARGAES D, BB A% &M 28 2% ke
BRATEERHEERZESR(P<0.01),
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Table 2 Contents heavy metal elements and Nemerow Synthetical Pollution Index in sampling areas

g - . -
/(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)

a By Transect a 64.67 +0.81B 89.74 +1.15A 153.75 +1.04A 63.69 £0.65A 84.87 +0.68A 2.02 V(PR 3Y)
b BEHF Transect b 57.99 +1.26D 79.17 +1.16B 133.86 +1.13B 57.47 +0.49B 73.16 +0.26B 1.67 W (2B S)
¢ B Transect ¢ 62.17 £0.31C  63.46 +0.65C 110.15 +0.81C 53.76 £0.82C 53.66 =0. 68C 1.27 I (%5 )
d R4 Transect d 76.33 £0.95A 51.48 +0.94D 102.40 £0.63D 45.78 +1.13D 44.81 £0.35D 1.14 I (&2pETs )
e By Transect e 50.74 £0.44E 37.70 +0.37E 89.99 +1.05E 39.79 +0.81E 37.17 20.31E 0.89 I (5 35)
CG BE## Transect CG 28.38 £0.21F 25.42 +0.62F 70.51 £0.45F 22.37 +0.56F 35.12 =0. 40F 0. 61 I (3#3%)

RHEAR N T = priEE , FISIE SRR R RS 78 384 R AF AR LSD Kl 22 5335 8.3 K F (P <0.01)

2.2 IS RS TE YT IR S S R R e
2.2.1 +EFHYRBERHE

SPHMRA BRI 360 A HHRE G FLIRE SN 4046 4, RIE 4 117 W (K 3) . H a PRI 1%
W) 516 4, (5 BFHIREM 12. 75% ;b PRI 56309 502 4, b5 IR R A 12.41% BRI a FEHFRE L
TRE e BEHEIREL L3N 555 4, 5 B IKE M 13, 72% ;d AR L3S 710 4, 5 BHIRE R
17.55% ;e e ARAX 5304 836 1, i B3R & 1 20. 66% ; CG A4 FRE 3B 3hH 927 4>, 5 Bk &
22.91% . NEEKIEBRE , RAFE XM T IBZN YA 50 N8t K #E H BT H W B 5258
WIS, B T ABE, 405 5 B E ) 32.01% (11.47% \17.28% . XUGH HYH LR ik E
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WA WU B TR, G MR B 6.20% (1.95% \1.38% .1.04% .6.38% , HAMmnss® H | [F
WH GEN EWE SR E B B S A

XF 5 2505 G RN BRAE T B RIES R E TR R R R SR R A ERE N ER
(P=0.041<0.05) ; ZE L IR, a #E347 b AR (o FEAF X BEAR M CC 27 B3 (P <0.05) ,a FEAFFI b #%
WhHe FEHIMZERBE (P <0.05) ; HRMZ HZRA BE(P>0.05),
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Table 3 Classification and quantity of soil animal community at each sampling sites

RS R o
R Different polluted transects /R HIFL/ % ZHE
Groups . b . q A G Total/ind. Percent Collembola
#E H Collembola 32.01 + + +
Bk Folsomia 49 42 65 55 71 79

Tk JE Onychiurus 0 2 1 4 0 6 13 0.32 +
RMABkE Hypogastrura 5 17 18 23 20 34 117 2.89 + +
ZA5 k)R Isotoma 9 12 8 19 16 27 91 2.25 + +
TEBkJE Onychiuridae 0 5 1 4 4 10 24 0.59 +
INEBRE Isotomiella 14 12 7 18 38 33 122 3.02 + +
JRZEBk)E Proisotoma 17 35 24 52 47 48 223 5.51 + +
+BkJE Tullbergia 7 0 10 18 7 44 1.09 + +
1 RIBk)E Sphyrotheca 3 1 0 4 7 15 0.37 +
KBkJE Entomobrya 0 0 1 1 1 3 0.07 +
Fa%5BkE Isotomurus 1 9 0 4 17 14 45 1.11 + +
ZrkJE Xenylla 8 4 15 9 18 21 75 1.85 + +
S FBkE Neelus 0 8 17 13 30 24 92 2.27 + +
BRIEBEE Sphaeridia 2 1 0 0 3 1 7 0.17 +
BBk )E Folsomides 6 12 3 7 18 15 61 1.51 + +
/NBEIBkE Sminthurinus 0 0 0 1 0 1 2 0.05 +
FI# B Acariformes

RIS ]I H Prostigmata 11.47 + + +
IRl Erythraeidae 2 1 6 15 7 11 42 1.04 + +
1% %78} Bdellidae 16 7 12 33 29 38 135 3.34 + +
MR IR Tarsonmidae 0 0 4 1 1 2 8 0.19 +
55 R Raphignathidae 12 12 7 16 22 19 88 2.17 + +
KRl Stigmaeidae 7 2 9 10 7 14 49 1.21 + +
% 15 B Teneriffidae 0 1 0 0 2 0 3 0.07 +

[ 5Bl Cryptognathidae 17 16 14 25 21 46 139 3.44 + +
H iV H Oribatida 17.28 + + +
T iRl Scheloribatidae 30 24 18 37 29 33 171 4.23 + +
# H AL Oribatulidae 0 2 0 0 0 1 3 0.07 +
A H Rl Oppiidae 17 9 20 14 23 23 106 2.62 + +
53k Bl Tectocepheidae 12 17 17 28 23 21 118 2.92 + +
4% FH il Brachychthoniidae 10 21 18 15 24 29 118 2.92 + +
2 F 9Bl Cepheidae 26 14 21 6 27 17 113 2.79 + +
7N B Microtegeidae 4 0 2 0 7 1 14 0.35 +
% F 55} Hermanniidae 14 0 7 12 14 9 56 1.38 + +
Y H IR Eremulidae 50 39 58 86 84 81 368 9.09 + +
i B iR Liacaridae 0 0 4 0 5 1 10 0.25 +

i Bk F A} Licnodamaeidae 0 5 0 2 12 8 27 0.67 +
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K Different polluted transects /R T/ % Z
Groups . b . 1 . G Total/ind. Percent Collembola
B 3E F Bl Haplozetidae 9 14 20 19 31 22 115 2.84 + +
% g #] Epilohmanniidae 27 30 21 35 28 34 175 4.33 + +
A BIH IR Xylobatidae 7 12 5 11 23 19 77 1.90 + +
R# B 41 1 Diptera larvae 38 30 44 32 50 57 251 6.20 + +
£ 5177 Nematoda 11 11 18 7 12 20 79 1.95 + +
%39 H 4 4t Lepidoptera larvae 12 0 5 7 3 32 0.79 +
[7]3# H 4 31 Homoptera larvae 5 1 1 6 0 0 13 0.32 +
ik H Araneae 9 10 4 11 8 14 56 1.38 + +
%4 Hirudinea 8 2 6 14 4 8 42 1.04 + +
£% 49 Diplopoda 0 0 2 2 0 8 0.19 +
Hi# H Orthoptera 3 7 1 5 3 19 0.47 +
W 49 Turbellaria 7 5 2 5 9 34 0. 84 +
¥ H Diplura 68 45 41 37 45 52 258 6.38 + +
4548 H Isoptera 0 4 1 1 5 4 15 0.37 +
53 B 4 4t Coleoptera larvae 0 0 2 2 0 0 4 0.09 +
53 B B Ht Coleoptera adult 3 1 2 0 1 0 7 0.17 +

41 T summation 516 502 555 710 836 927 4046
W RREHEC+ + +) s HWIABE(+ +) HAELRBE(+); a, b, ¢, d, e, CCAHURKEE 104 HELEEHER 5 m.50 m,100 m,150 m.200
m.4000 m ) 6 SREUEEAT

2.2.2 153 LS IS BORIA R BRI R

TEIREH ,a b c.d e CC 6 FRAHF ) LIS W) B FEHERLIT 5 36 .40 .43 44 47 46 , HHXS BT I~ AK
Sl 516.,502.,555.710.836 927 (K 3 fik 4) , MM is R REE SRHBEM B ENAAEK(r= -0.962,P =
0.002 <0.01) , 5EEE BB ZE K HAHK(r = -0.915,P =0.011 <0.05) , B5 R385 MO K, TR Sh P92
A ARBERE DN Hor o B0 (B TS R X) B9 L 3sh W) R i, S A DR BRBE S L BT 2|
B4 S5 H AIZAET HIH K, X 28 RS IR 0T 2K T RE S LI ITS R K (HIH R MR R A fr it — 2
BFFSUESE ;b R AR BE TS Je sty , SR LL o FRAA BTN, (E—SAS B AT EL a BRI I SR R A
HHEANH WAETE N ALER BT e T O RSFPON HIETE) W LRSIV R E RS, B2l TR
H CO(TFRFEFINEEHZ2X) FIHEE . BEE R H L35 Y B A3 i 138 sh W 28 B ORI D 1, — L8
A 2SR PR AR B A SR, XS B AR BB AR S BBURR , TT AR M BRI TS e 9 AR 8
2.2.3 1SS R S S PERS BOMPE BB 8 B R i

TE T Esh Wb SAEPEIE R I S PRI O AL S 18 B BE  RSh W R v Dh RE AL SRR AE I 2L A W)
fotr. MR 4 GEitEd BT LR, A S0 Xk H 3R 104 EELRBE R i f728 1k, (5 R E AR, -
BN SRR B I SR RO L S B 1R B 2 I W B AR % B SE I XK F 3R EE 104 [E3E
Sk ELBR R AR/ , {5 A AR BE SN, ELXT L AT SR 1S BB s/ (r = - 0.821,P =0. 045 <0.05) , A
xR (CG) (9 3.576 T FEE a AR 3. 324 ,{H o d R RIS HEVEIE BN 3. 425 3. 502, /T b RAEAF
3.516, PSIFEIEHAE a 2 c WENZI THEH, f1 0.928 TR 0.911 fH7E d & CC RN XAE LI, &
FAAE T xR 0. 934 HIY S PR RS 15 R A8 B AW (r = -0.267,P =0.609 >0.05) . ¥
Kbt E A H L3RR 104 (518 276 BB B A3 AN T T K , 5 SARPESE 80U fAi 2 (r =0. 982, P =0. 001 <0.01) ,
R — SR KA REE A B TR R T AR BE BT AT REVH Ok, (AR LS AP S8 B P 353 38 hn I B, X 5 9
POk mBF I —8
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Table 4 Characteristic index of soil animal communities in various sampling areas
KEEIX. Sampling area

i H Item

a b c d e CG
K% Number of groups 36 40 43 44 47 46
MAEL Individual number 516 502 555 710 836 927
ZREEFE B Diversity index 3.324 3.516 3.425 3.502 3.571 3.576
5) 138 8 Evenness index 0.928 0.923 0.911 0. 925 0. 927 0.934
i # B 5% Dominance index 0.071 0. 065 0. 055 0. 047 0. 044 0. 041

2.3 +EIHYMEENSMG

DMEMBIR R, £ BREDS RS LIRS E L EP WM EEEKF ERARRER S, B4R
ZHE Y FE AL 0S5 om £ZE, MAE L 5—10 em 10—15 cm b K + 35 3h ) 55 & B B 38
AT SE AR AR, AR 2 W IR S AR E £ B4R B3 (P =0.0002 < 0.01),0—5
cm EHHEFHYS 5—10 cm X 10—15 em HRBERZEZF (P < 0.01) ,5—10 cm F 10—15 ecm +ZH) 1 1E
M ERBE(P<0.05), B 1 iR, EEESM LS RFEFEHBEABLE OS5 com X—ZHHIEHVES,
BARE L EYBERD , XFERZERLESRE T L EDYHEE S ARER BN, F, EL5ET
B LIRS YEEE A ERBEA BRSNS X B (CC) RIS R iR
RN ,0—S5 cm JZ HIEFHY)IX 668 1, iz AEt S EM 73. 41% ,5—10 cm 10—15 cm R+
Y51 133,109 A, S e B R 14.62% (11.98% , 23 B B A& %, W EIE K a
KA LIRS YEEE S ERRREH B ,0—5 cm 2 1ESHY TN 343 4, HiZAEH SRR
66.47% ,5—10 cm 10—15 cm 2K TIESHW 4 510 97.76 A, G IZREH MK E 1M 18.79% .14.73% , B IF
2 BB ETEZAET SRR R E A BEBRX boed REFHMIERX e HF 2N
] a RAFHAHDI S HRRAEZMESRE(WEEREW L) b, LEIWERES G LR
RVE B RES , A RHEE E S I AR AT & LA R A 4 B TS YR B R B L Bh
VSRR N E, 456 TG RENE , TEIP AN EREE SRS IR AR ETRAEXR,

TP E RS (X 1004

tEgEem 7 6 05 4 3 2 1 0 1 2 3 4 5 6 71
0—s5 I T T I|I T T T T I|| T T 1

5—10 a b
10—15

0—s !

5—10
10—15 c d

5—10 |
10—15 . G

Bl JXREFIEIMBENEESS

Fig.1 The vertical distribution of individuals of soil animals in various sampling areas
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HRRMEE M R RS, WA, A\ & 3h 3% , 7 AT AR A TS 3 X I8 39 sh Hy i 8 B 20 A R Ae Ak L4 3F
B R WA e — P BT
2.4 HIRSHYSSRARLINEN T

FEVS Yerety H 3RS AR DI AT o, S BFGER T Jaccard BETEARTUSESL ¢ 71 Motyka 7 7% 4 (Bl 5 4
Sm FAHERME RS, RS AEREX LRSI RAR IR RUE

Jaccard RIS R Z FIRATERRVEARLINE, RE R T Sh WIS INATC, 20 T AV NBEZ . |
5 ATLVE &SRB Z A A LR BB EL AR b a 5 ¢ Z IS BB R = , 1B T 0. 837, RN PIRE
WALl 5 b.e CC ZAIFFEHAE M0 0. 767 0. 770.,0. 750, K9k AL b 5 c.d e Z [H K45 BRI K,
515124 0. 694.,0. 680.,0. 740, #7 g hEAH L. X ARZE CC SHAR 5 HZ RIS HEIY#L T 0.75, e CC 5
e ZIA TS RERE] T 0. 824, UM IR Z 6] i) L3R Sh M7 E LA S . BEVRARUMEA LR R
FEARLT: , 3227 FR S AR [ AT MAZCR RIAR IR BE , Motyka BEVE LR EH I8 T #E% P2 S BE,
FKHRATTLIEH e 5 CC ZRMFEEER R, B8] T 82.7, M M sh Y2 R Al ;a 5 be Z
[8],d 5 e .CC ZAIEEUAIIRT 75, R s RAF S RAR L HoARARAT Z (8] RO S SRR 45 h S5 AR 10

x5 TEERTERNWES Jaccard 71 Motyka AR H

Table 5 The cluster coefficients of soil animal with Jaccard and Motyka in various sample areas

q a b c d e CG
a — 0.767 0. 837 0.702 0.770 0. 750
b — 0. 694 0. 680 0. 740 0. 755
c — 0.776 0. 800 0. 780
d — 0.717 0. 765
e — 0. 824
CG -
Sm a b c d e CG
a — 76.8 78.9 74.4 73.2 67.9
b — 68.5 73.4 73.2 69.1
c - 74.1 77.4 72.3
d — 71.5 80.8
e - 82.7
CG -

2.5 TIESNYIREE LR TR SRR AT

N T RIS YRS S AN LI T Z A SRR, B FK G SRR 0 1, e LR s W LR R
HL BRI A, eI H , % WERE P R B gh iy, 2l SR B WA B8R MARE , 88 8 H , MEE &,
TR Z RIS BUE N BB (y) R E SO B (v , BT TTIE H (y,) , FEE H (y,) , XU H 4l
(y4) , B (ys) , SR H (o) , Wi KREMELE (y,) , KHEEH (rs) , MEBE (5,) , R SRR T (110) N
BEF o X LA B A PR R R T 201, R LM AR AR 2A R ERAHE(P >
0.05) , EFHAH 727 BH pH . £BEME SR H 74 T8I («) MKUE XLy pH(x,) , 28 (x,) , 25
(23) , 25 (x,) , 25 (5) , 258 (%) , B8 (x,) o FIREHE LB WUAIRE, TR IR EREK R (ry) , KEOL
XFREKEE (&) R AN KEBREE () PLRERERERE (p) o
2.5.1 HEShPREE S LR TR R

TEFA R REP (R 6) 1, K, 1100 =1(y10,%,) =0. 9275, R LI LTS HIES W REE ZHEMETE BT
Wik, LRSI T A FBERT L AE ry B, B 1y = (o) s r K s o /D, RO H 2 208
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(0.7229) fIBSIABEK , B 48 (0. 6157) L4 (0. 6201 ) FOREIAB Do 7E i, Bl ry = (3y,%,) , FOOR ry K,
r R o Tos BN, RIRTA TIE F 32 5] pH (0. 7447) BB MBE K, RIBHAE (0. 7440) o X BT TTE H (R 2
VR, 2424 (0. 6682) R4 (0. 6622) FMH /N, LSS, pH 0. 7886) FI 44 (0. 7861) % Y 5 1E H
LSS UK , 2246 (0. 6733) A2 (0. 6747) BB/ BB H 45832 pH(0. 7905 ) BB MK, 4
§1(0. 6733) FI4BE(0. 6747) IR MIR /o X TF L5 H9L 1, pH(0. 7784) R4 (0. 7755) HOBEMIK , 46
(0.6895) FI 44t (0.7020) B /I, 4B (0.9002) Fl pH (0.8280) %t F XX & H + M sh Wik, &4
(0. 6298) FI4=E(0. 6233) MBI o AT SSBE T B Y2 5T 48 2245 (0. 7082) FI44(0. 7020) KM
Bk, £ (0. 5657) Al pH(0. 6214) MM/ pH (0. 7335) FI4H (0. 7919) 5t + HE 50 2 B HUR S Bt
K, 42 (0. 5834) AIAEE(0. 5732) XK BESUL MBI . LIS EFIREZH] pH(0. 7777) A4 (0. 7629)

GREBOK, B B 4 (0. 6448 ) FI 44 (0. 6499) HORLMBE /N, - HE £ REREFS B2 B 2 (0. 9275) Al pH
(0. 8755 ) HORLMIBE K , 245 (0. 7622) i HA — SR , 245 (0. 6059) FI44 (0. 6200) FEHHL/N

T B K /NI o 4 (0.7744) , pH (0.7629) , 4 4% (0.7274) , 4245 (0. 6908 ) , 44
(0.6512) , 24 (0. 6448) , 2:45% (0. 6392) ; -+ HEBHIREVE STk BE B (E K/ M o BEVE S AEHESE (0. 7272) , %
(0. 7271) , XUE H 4113k, (0.7220) , SR H (0.7188) , FH T H (0. 7155) , Ak 5 (0.7053) , {i < TiE H
(0.7027) , KBS (0. 6581) , BFE H (0. 6567) , Fi 2B ARBURE (0. 6534)

TR I B, DA T B B FE B BB MR 2 K R v, 7T A, B SR R 4B T 7
Y Y 56 R, E P B (0. 7744) , BUIME S A48 (0. 6392) , Ho LR 2B
1 pH X+ HESII ARSI K T 4R 0TS R SR, YRR sk TR 4R
BEVE SR PSS B S T TR B IR T b, o UK e it WU L 4 SR e k), B R 2%
BEAM SO B IR B AR

%6 ETFAMNKELERM(r,)
Table 6 The grey relational degree among factors(r;)

A F Factor % % %3 % % % %
" 0.6911 0.7229 0. 6807 0. 6204 0.6157 0. 6456 0. 6201
Y2 0.7447 0.7311 0. 7440 0. 6682 0. 6622 0. 6989 0. 6699
Y3 0.7886 0. 7808 0.7861 0. 6525 0. 6453 0. 7035 0. 6517
Ya 0. 7905 0.7859 0. 7260 0.6733 0.6747 0.7247 0. 6790
¥s 0.7784 0.7755 0.7071 0. 7040 0. 6895 0.7330 0.7020
Y6 0. 8280 0. 9002 0. 7301 0. 6298 0. 6233 0. 6889 0. 6310
¥7 0.6214 0. 5657 0.6744 0. 6496 0. 6543 0. 7082 0. 7002
¥8 0.7335 0.7919 0.7054 0.5834 0.5762 0. 6281 0. 5884
Yo 0.7777 0.7629 0.7577 0. 6512 0. 6448 0. 6929 0. 6499
Y10 0. 8755 0.9275 0.7622 0.6153 0. 6059 0. 6843 0. 6200
2.5.2 KEHF

IRELEIS RIKIE () JREAS RIKEE (y) PR ERE RIKEE (p) , HRERF R/AMEIR N -

£5(0.6351) > £4,(0.5339) >£,,(0.5327) >£,,(0.5178) >£,,(0.5173) >£,/(0.5157) > £5,(0. 5080)

5 (0.7666) >7,,(0.6594) >y, (0.6414) >y, (0.6222) >y,(0.6138) >7,,(0.6104) >y(0.6001)

p(0.7008) >p,.(0.5886) >p,(0.5871) >pg(0.5780) >p,(0.5655) >p,(0.5631) >pg(0.5540)

EARBHRRY, X R (&) o0 B R, 00 IRZ 20, FRRZ w5 5055 , BV B W XT3 3
IR B R , BB Z , YRS RN, HC QI BE B O SR R , B RS MR B/ 5 R R SRR BE ()
W2 AR R 0 IR Z 2, AR Z 05845 , B2 @xt LRSI m i K, pH FIRZ IR Z , B2 T3
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S, BRI RN R/ s TEER B RIKEE (p) P, 2, R R 00 IR o0, AR Z s e %5 , B BiER T ARSI ) RN
R, pH RN, FRUCOR B RN, BRI RN/ N e IRAELE RS SR BE IR U RE R IR B\ I 25 R HR BE 4
PrEsRAR , BT 3 FCHR PS5 B A BEAN IR, 4638 SCIR 2 A o BB ) B2 2% 08, B BB AR, AR 56
WK 2 A4S 2R T 4 i R3S A B 1 BE 25 8, £ SR TR B BB IR BRZE X9 SRR P T 4R 0 5 o, A IRLAR BE , XX
BESCR %05 2, AR T i UM R MO AR B, BEB 2 T R AL T 7 51 58551 B 5 R M — M HE 18
fR s LSRN RIS YRR, pH R, FRUCRET BB . LSRR 2B pH
3 SRR TES R AR TIER, RIS, X SHEELEHFFRAR ', L5 pH
{ER R0 s i — A EERRHIE 7 AT M G5 R T3 — A E 4R 975 P R RE AL, 1E
BEERE T, s R R, X SRS MBS — B, B R 3 pH AR, SRR
PR REE R T8 DEESBIRBR—MERKERE, X LIRSt — KRR,
R T5 R I A SR T R B R A BT o

3 45iE

i A RAE SR L 3 B W) 4046 ~,50 N2 MHKBHER GBI R BB Az,
W LIS 0 RO B 4 R H SR H R RAE, R AR KR OB RS R IR YR H A
MHEREH R R BAE LSRR ARE B 10, 3 H ILAESTER A JE R R IE R H D, X
MEER ISR LIRS REREREAR —E R ER" . LR RBRSREBCS £ A5
TEE AR, ITYINE , LIRS ARBOSR R R > . TR YIRS SRR R B SR RS R
R AR, 5IMHBEIEEEIEAR, B LRAT5 R RO, TRsh Wi vk SAEEaURAR , B35, L%
BERUBR .

SRS YR E SRS , LIRS EA KRR, FEE TSR M, B BRI MR , i
BA HIE G (BWES R R B, EHEE 104 EIEA S m 1) a B 05 R B E A P
BIGRER . ZMESBRSERR, ER T RIS MR, i me LRRENRE. L%
YA~ EEE B A A S TR R A R R (BRI WA R AL, I L &K 8, KB, AN
MG BhAF , R AT AR TS e DX I 4 s Ay ) 3 B4 928 A0 BRSSP Fop ik — 2P BT

IREKIRIIHTRI, TRV TSP 0ok, T3 pH EHE MK Z, B R 15 A2
AL, Horb SRS RIS sh W R A R W 2SR LB ), 2R 2R AR ZER T
TSR A 7 2B pHo AR, L3 440 ) KR 3 I, & S5 AR 2 R B R G IR A e PP R 3R
2, B AEEE P RS R AR . R, AR SR TR A S A SRR R G A
R, B REAR L B SR AL 25 , B N BE P N EE 5J B 3 B, A SSOH D B  JR X BTN ) - e sh v Y
yok
B : SEE IRV Ko Anderson IR A ISCHE; A MRS (LR B2 Be s R SAE R 70
WA TR, EERE
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