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Investigation of performance during repeated cycling sprints
by surface EMG activity and sense of fatigue

Ryouta MATSUURAY , Takuma ARIMITSU? | Takahiro YUNOKI®',
and Tokuo YANO?

Abstract

The purpose of the present study was to investigate performance during repeated cycling sprints (RCS)
by surface electromyogram {S8EMG) activity and sense of fatigue. Seven healthy subjects {mean = 8D,
22.7 + 3.5 vears, 170.4 + 5.7 om, 65.4 = 5.5 kg performed RCS {ten 10-sec cycling sprints) interspersed
with both 30-sec and 360-sec recovery periods. Recovery periods of 360 sec were set hefore the Bth and
Gth sprints. Peak power output divided by body mass (PPO-BM) was correlated with SEMG indices in
ondy 2 out of 7 subjects and ratings of perceived exertion (RPE} immediately before each oycling spring
in 8§ out of 7 sublects. RPE mmediately before each cycling sprint was correlated with blood lactate
conceniration ¢ = 0.72: P < 0.01) and oxygen uptake {# = 0.61: £ < 0.01), minute ventilation r = 0.71: P
< (.01}, and heart rate & = 0.57: P < 0.01) immediately before cach cycling sprint, These results indicate
that performance during RCS was determined by not only efferent motor command from the ceniral
nervous system (CNS} to peripheral muscles bui also metabolic stress in peripheral muscles. It is thought
that the CNS sct performance bascd on afferent information from peripheral muscles and organs in the
subsequent exercise during RCS.

KEY WORDS ; repesied sprints, central nervous sysiem, surface electromyopgram, ratings of
perceived exertion, ceniral governor model
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WEEIA LoD CEBET O TWABFHICH LTI
BIEELESZE TS, HEe AR —ViziliEgic
&< OBBEIEENFET SN, BATHREOERN
T EFHERMISEEENELOLD S, Bl
SIS R MR AR VR TEEI L o TS T
HEBHOHR, JDEOEGOALBBRLTNES
EEDNTWE (Gaitanocs et al. 19937).
BEEOREELVT, SNpaOETFPraib¥—
EBOBENHESTCRETERESERVEED
BN THO, IhEEEEESLSREN TS
(Fitts 1994%). RN ESHORDELEA VL
S47H192 (Balsom et al. 1992, Billaut et al. 2003%,
Bogdanis et al 1998”7, Gaitanos et al. 19931}, Ratel
et al. 2002Y) IBWTH, RMEFEYICLSER/S
TR AORTEBRRINTWS, LiALads
BETE, REEEFOITHESNEETERNS
EERBLTWLSHRGAZTONSG. Cho O
CiE, Ulmer (1996)7 OEEL = HNNTFHESN
BERBESORNETT TR, HENTPEEFL
ETDSWEEENORANREERTSEMTOLSC
T2, WEENC & o TR RMEEE G0 & O
28 THARELERLEEEL UTHIRBESR
{CNS) ~@eh, JORLEBHEIILTEAS
NAEES, FOBICNSH EERBAESNSED
HEBIEAOEREESES TS, ZOoROMkER
ROEESESOERBEE BT LEET, CNS
HERGERBICE T TENZ2RETEL LS NT

F-VAEREL, TOBRSHEYELUTHND,

EVNIEOTHS (Lambert et al. 2005Y, Noakes et

al. 2005, St Clair Gibson et al. 2001a'™). =71,

ZN6 OHRTIEHCNSMRLEFBICE T TRE
LERTZ 34— A&, BEEINENRT - A
EINWTCONsH o REABELNLBLEERESS
Bl—-8BEhTLE T BRI N3 —
WA, CNSHSOBRLEEEESSBOT RN
F ORI TRETZEELISND
mT, CNSEERCRELENT g R B
FTHEGIRBEORELE AR EEEESE
BARBRTtHES, T, Ulmer (1995)7 Dilg
LEEENTEETILOLSE, EEL 0RO BE
BIDE o TCHS TN T ANEHIIHRESIN
TwHOTHNE, FEMGORMEBEHEEBRENK
RIS EEBXAONBERRENA T+ —< X AKRA
SHhOBESREHEBE EELNA.

EFEOCBENE, BUOELHEHRERZX Y b

(Repeated Cycling Sprints ©: RCS) BB A7
A=A &, CNSHLEBNESNSELEED
BROERIUTENSZHENEERL, ROEFH
WHETOTHEENANT 3 —T A LBESINEN
7l ARETTEH~ZE S NSEMEEDE
SOBRERENT S oL Ch ok £ FBHERLO
SRR S BN e DD W TR I
BMT54%, RCSEBUEEATY L MENOEYR
EEDEBITFDOND AT L NCOINT R
O BEGR B L
HEHOShBERZA U FEBUELEBS,
BEIRED ATPRREIZZ L 7F U B (PCr) &8
BRICE-oTHGIND B E S8 (Caltanos et al,
1993, Nevill et al. 1996'Y) , HWpHOET &
PCrOPHARBA N L AL L THRHT a8 S
&, FIT, AU TIERENDH EPCrt RIS &
LTREATHIEFERTS RN, PCriliFEERIHE
3 5 3608k, (Arsac et al, 20047, Harris et al,
1976'Y , McCann et af. 1995'% } SRCSHBIIEEE
BLTERMEF -

A

BRITNTEOCBRRORSEBLURERE (£
B 227 & 35 (SD) B AR 1704 & 57 om,
{8 : 66.4 = 5.5 kg) TH-F HBRBFIIEHMNIC
HE R -2 fToTBD, HEGESEETS
HFHLIUEBF I - ERITETS, 2T0
HEEFCEROES, RNEBLUEREIZDWTORE
ARSTIXBIITHARERTY, BEROLTHE
BBk ARAR, RMERFERFEREEEHAR
RERESORBEETEEL

WBEEZ2OOFA FEENRERBOBRCTL, &
FRA PSR LG 2E OB AR BYOF
APEPEFATTEHD, BEPECRESELE
L, ROCSETHIESNE (3re) KEILSEDKTF
WiaER oMl Olaly FEfrok. O
s L AR BEOEE BM) B BEBEEXTY
FREORFRRETERSBEELE. SEBRHITE,
FHRENOT A FO24RHRH o RHREETOER,
FPHNA=)OER, B7 A OBNERIBEIIT
wRLE
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B I ERMEB ORI ERERIN, R
BRODDHATEToA EBERBBEORDETE B
BEREEEIIL T A OW KL L Tsh0RSBR
BER- LS sHBOY I T T ROWE
BECF e, DR 0T TG T
WERI100 rom& L, CO9r—3I 0Py FOE
B & FRFHIRCST A M EBMBL /= RCSFR MIL10E

HoggEs 7 ri0pBUETLOTED, 2

3 4, 8 7, 8 1oky FEHOBEIZEHIBOBN
HREEZBEL, 5 okv FEOHEMICIEICOLESE
BHLE BMKERY+—I 77y 7EERE o
WOERETL00 rpmD HIEHEHE T2 bO &L A,
STOHEEEZ 7Y 2 FE0.075 - BM - 0.817 0 HIY

TEEH (7)) [N] Tf-o7 (Avalon et al. 1974").

FERETE, HEHEA 7Y FRICIBWTH®RDED
ELDEEEEATY I TTEEIITHERLE. RCS
O DR L BT A s A TR o T, ROB
B, MEpR AR O THERBERINIA-FD
HRBECES ERBTE- R 2 TOERER Y

PRODAS— P, B2y W BEELE.

R UGEL O BIERA Y b

U0, EEBOBREEOaN e R
U Ea-FERBELAEAHEEILIA-F
{POWERMAX-VII, Combi, Tokyo, Japan} %
AWTiiok, EB0EREBI3Y -7 HER
(Rom,.,) PHEELLTA-FERBIZRoATS
NTHWBAZ V- IBRENSOT, AU

EEWELE &£8EEZ7Y B ESmpmal:
RAEEIL, 1082 TCF 34 >0 Fa—FiZisE

Thie. BERESINIA-FIIEIBRCEEERSY
O REER, YELOBEIRAIVEETHIZSS

CEESNDTHIHENASRESTESLE 1
FIRWREEERBA I VTEHEL, EEBCe
FESZVISELAE SHEEATUFESBY

BE— Il 0755 (Pesk Power Output @ PPOY 12,

Lakomy (1886) " SHEBOHFETEMRLE 3>
Ya-FirEEsniomOBRMBPRIrEEL,
WHLEIBEOnm S 1BERONEET RO .
COHREE, G IBEET  Cexcess load” BEHL
o, BELEIBEOmEERTRG  “effective
load (resistive load + excess load)” DEEBHL,
RCSEFOEIE/N 7 —HEERELE

Power output [W] = rpme &+ effective load [N] -60.04"

EHEN, HEEINTA—-FDOT 50 KA1 —
360° EHRLAEBESRKHNBI o —FitkoTE
HEXNBER (n] , £860.04HNm - min'%
BEWIZERTDEOHOE Nm -omin™ - W' TH
B, HEHEBHEZ T REBNT, mpme “efective
load” OMTERAOHOEPPOLLE. KOS
HEHEOEILDECDERREPEIE LY, PPOR
BMTERL T (PPO-BMY) BRIEEWE

kb ok 3 3

MFHEBEE (La D) B, FvyE3U—2FnT
BRELIOEE (25 L) OREEERL, H5ICH
E4rHr% (YSI 1500 SPORT, YSI OH, USA) I
DT IETRDE HBOVBOBTR, &
BBREOEFTA FEATICESEE G mmol - L)
ERHVWTiI ok BREY—IF7 v 7HT30
a7 (Prel), rRCSO5:wy FEBLUeky FEHE
Y 2308081 (Pre5, Pred) BLURCSRTHEE
(Post-Ex} iz,

@%ﬁ@%ﬁmgwwm&mﬂ%ﬁx%ﬁ%<Aﬁ
Z808, Minato Medical Science, Osaka, Japan) #
B Threath-by-breathin He L. BER (VE)
fEhot-wire fow meter® W THE L, flow meterhd
2.0 LOVU PR HWTEEL R, 0,BLUCO,HR
Eix, shendilanr7Rokr9—B L UHEA
MCO U —2HWTHIEL . BEEH X iR
R Z (02 1517 %, COpz 4.92 %) E2HLVTEIE
Lk COBRERGHBREOSTA MEBIC S
Je. VO LEBBAR ORBE, BEIRS L EL
CHERICHEL, 10BFoLEEERHEL L.
BRECHEBHOBCIBESDEREIERERD,
BMTILAVO, (VO BMY) BHMCRVE. S
%ﬁx?UJ%%%%?%@%@m@k&W%V@
mﬁ%&@wﬁ:%ﬂ%ﬂmwm%xmmWﬁ&L
o B HRY B BEAOWBLEARYS
NeEEEnF—2 0 THEL, 10080RIEE
EEHLE #EEBEELAS) L E2HBTLEND
10 BT HHRE, preHRE L

RCSHE, ©BORPEIIBorg®158R-7 >+ (6-20)
Ay—l2HNnTHEEL, Aryr—IRERFOCED
Mic@WEB LA, RPEW, RCSOZBHBEA I LB
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FEN Al

DBBLOMEIIC A — )V OEFEZEELTHHD T
LT LE. &5 A NOBGHT, R#BREOREZ
[6-7 GEEIZERTHB)], BRITEFZKUIRE

% [19-20 GEEIZEDW)] &T5XD5ITERLE.

7, KEFRFICRPEZFHES &S Z & T, RPERX

EHEE TRIC2HIIERS TWAEH, &, FRED

FUVEFTREEZRMLEZDDETHLIICERLE
(Utter et al. 2007'") .

REMEH

REMHEX (SEMG) ¥, FHEEX T > Ml
FRICEH OANRIEARG (VL) 7251000 HzDY > 7
U HEETEN U, REEMZIRDO AT 511
X, REEPIZES 72D LT OALE 2 RS ALIC
L. ETHREBZITV, KEEEZKERITLEE
TH#<HIo/z. Z0#%, TINa—-)IVE2HAWTEESR

HEBRICUE. WBOSEMGE >3 —EM| (SX230,

Biometrics Ltd., Gwent, South Wales, UK ; ¥
FIEEEE © 20 mm) &, BEE E&X V5 BB
DR TH D VLOMHEITE D (172, HHES
WIZAFEOFXRERICWD )7z, SEMGERIX
SEMGt > ¥ —EBMICHNE S N /- g (FEcE
B = 20-450 Hz ; FIfHBRZEM (CMRR)> 96 dB; A
TAE—=F2Z >10 TQ : 1> =1000) IZ&>

THEMEL, ADZEH#i2: (MacLab/8s, AD Instruments,

Bella Vista, NSW, Australia) Z2FHLTF2 %))
BEANLHLUE®, a1 —FHRELE 20
%, ICE1—FIRELEZSEMGDT—#13, R
YV 7 ;b (Acknowledge, BIOPAC Systems, Goleta,
CA, USA) ZHWTH 751 > TUHELE. TP¥
Meanz4& 75—, 5-500 HzD L > Y TFIR/)N
RNAT 4 ) FNEEIT> 2. RCSKFDSEMGTE
Y, HiI/N—ZX NOBAREKRT OO R FIEEH
H (RMS) EEHNT —FEE (MPF) ZfHWTH
#® L7 (Racinais et al. 2007'®) . ffi/)N—Z F D
M SRR T HIAEE, £ 0.2 mV O—FDMEZE
WTHE L (Billaut et al. 2005,
2007'®). FEEBENT—ZAXT MVEEHT 5D
2, BHN—A NOBIEFTEET — TR 21T
o BET-UILEHTESNEZFERENT —X
K27 NV DENTIE5-500 HzD L > PIBEL (Kay
et al. 2001%Y, St Clair Gibson et al. 2001b?”) , X
R (Moritani et al. 1982??) [TETIWTMPFEEHL
7z

Racinais et al.

MPE=MiMo= [ fP(f)df 1 [ P(f)df

AIEER, PORKHERF/EONT—ZARY MLV TH
5. AEBROZHEBEZATY > MFIZBIT /N7 —F
OB ORKE, FHLU CESBEBMASRTY > 6
BEH TE—INT—NHEINTNWEZDT, 5[HER
H&E6EERHIZBIT DRMSEMPFZYEE LT, &HiR
HA Y Y MO - N —HAEFEHTOEE L=
(Racinais et al. 2007"®) . >3 —&EME B (1T
SEICII~—7 2, FUHRITHENRR SN
K2+ EE L. RMSEMPFRIZ1ItE Y FHDE®D
feERTEL, EHMELE.

et

FERITEHEE + FHERZE (SD) THRLU/K&. KM
DEDRZRET B -DICRERED—ThE S8
StERAWE. FEIERENASNEZHEA,
Kramer's post-hocT A b Clt#kz1To 7. A EM
OXBBEROBIIET Y > OMHBEREIC K DR
BEAKHEZS %R (P <0.05) L.

Tukey-

ER

E—onRy—Rig
PPO-BM'KIRRAEBELRKHEOFEHENA SN
(Fy5,=8.22 5 P<0.0001), 1ty FH&EHEKL T4, 7,
8, 10y hEHTAHEERIEAL TV, £/, 5tv
FNE&E9EY FEHOMICERERZE I RN (Fig. 1).

PPO-BM™ (W-kg™)

I T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Number of sprints

Fig. 1. Changes in peak power output (PPO) divided by body
mass (BM) in each of the subjects (PPO-BM™) during repeated
cycling sprints (RCS). *: significantly different (P < 0.05) from
the value in the 1st sprint.



BOBRUBEREX 7Y > MEICBT 287 4 — < > A—KAERIEE) &5 TR0 S OB — 11

I BERE

M [La™] BREOENRPERTHD (Fuu-=
119.35 ; P< 0.0001), Prel (1.5 * 0.4 mmol-L™")
XD HPre5 (12,5 + 2.3 mmol-L™"), Pre9 (15.2 +
4.1 mmol-L™") BX UPost-Ex(16.4 + 3.6 mmol-L ™)
THEIEHWEZRLZ (Fig.2). T 51T, PreddB L
UPost-ExDILH [La™'] idPresDIfid [La ] L0 H
HREIZEND .

22+ * -
i 20 - **

= 18

g 16 "

g 14

= 12

‘© 10 1

= g

8 61

O 4 4

m 2

0= T T 1
Pre1 Pre5 Pre9 Post-Ex

Fig. 2. Changes in blood lactate concentration ([La’]) during
repeated cycling sprints (RCS). *: significantly different (P <
0.05) from the value immediately before the 1st sprint (Prel).
**: significantly different (P < 0.05) from the value immediately
before the 5th sprint (Pre5).

FHGEHERTUV MNERIOBEERE, S8, A%

RCSHf @pre\'foz, pre(/’E% X UpreHR D 21K
Fig.3IT "IN TN 5. Pre'\.loz, pre\’fEiSJ:U‘preHROD
LT THEREMOEHEINBEES N (prevo, :
Fy5=220.52;P<0.0001, preVE :Fy 5,=111.27;P<0.0001,
preHR : Fy,, = 124.86 ; P < 0.0001) .

50 1

PreVO, (mL-min""kg™")

PreVE (L-min”")
@

PreHR (bea\s-mln’1)

S p S S R B B —
Pre Pre Pre Pre Pre Pre Pre Pre Pre Pre
12 3 4 5 6 7 8 9 10

Fig. 3. Changes in oxygen uptake (VO,) divided by body mass
(BM) in each of the subjects, minute ventilation (VE), and
heart rate (HR) for 10 sec immediately before each of the

ten cycling sprints (preVO,: top, preVE: middle, and preHR:
bottom, respectively) during repeated cycling sprints (RCS).

*: significantly different (P < 0.05) from the value immediately
before the 1st sprint (Prel). **: significantly different (P < 0.05)
from the value immediately before the 2nd sprint (Pre2).

FHRAEEEE

RCSKFD & HIRHE R 7Y > MNEATIZBIF HRPED
ZALIIFig. 4ITREINTWNWS. RPETIIAEREER D
FHRMNESN (Fy,, = 34.49 : P < 0.0001), PrelZ
R 2TDEDNPrel DIEL D HEMN o /=

RPE

Pre Pre Pre Pre Pre Pre Pre Pre Pre Pre
1 2 3 4 5 6 7 8 9 10

Fig. 4. Changes in ratings of perceived exertion (RPE) 10 sec
before each of the ten cycling sprints during repeated cycling
sprints (RCS). *: significantly different (P < 0.05) from the value
immediately before the 1st sprint (Prel).

FHEEHER

RCSOEZHERER 7Y > MRFIZBIF H2RMS EMPF
IZFig 5ICREINTWVNS. RMSICIIAEREMOXE
BRI RSN ho/z (Fys = 1.255 P > 0.05) 75,
MPF CIIR QXS RBER TH o7z Fysa = 3.77 5
P <0.01) . MPFTI3, 5y hHEOE Y NEHDWA
DEA, 2y FERXU3EY NHOELD BDEE
=3Vl

130 7
120 A
110 4
100
90 o
80
70 A

RMS (%)

60 -
130 4

120 4

Ha
e

110 1

100 4

MPF (%)

90 4

80 4

70-IIIIIIIIII
1.2 3 4 5 6 7 8 9 10

Number of sprints

Fig. 5. Changes in RMS from the left vastus lateralis (VL) (fop)
and mean power frequency (MPF) from the left VL (bottom)
normalized by the 1st sprint value during repeated cycling
sprints (RCS). #: significantly different (P < 0.05) from the
value in the 2nd sprint. ##: significantly different (P < 0.05)
from value in the 3rd sprint.



12 /ST

FER Al

+HESEA R

1% DR EEBEIZB T HPPO-BMERPE, PPO-
BM'ERMSB X PPO-BM ' EMPF DA R %
Table 112/ L7. PPO-BM'&RPETIL, 1% %K
NEBHICBWTHERRBRADHENR SN =. PPO-
BM'&ERMSB L U'PPO-BM ' EMPFTIE, FHFh2
HOGEBRENEEREOHBEZRLEETICEE - 2.
FEHEEZ S > ]\lﬁﬁﬁ@RPEc‘:pre\}OZ, preX./Ei’SJ:
UpreHROMBEFREIL, ThEho.61 (P < 0.001) ,
0.71 (P < 0.001) BXT0.57 (P < 0.001) EHER
EDOMEIZR LA (Table 2) . 57, i [La™]
LRPEDOHBERINT 2720, ZTNHD2DDEREI
BlF BPrel, Pre5sB L UPred Dl % W CTHIEI{R K
EEHLEZEZA, 072 (P <0.001) EHERIED
MBI R 57z (Table 2) .

Correlation coefficient (n = 10)

Subject PPO-BM'-RPE  PPO-BM'-RMS  PPO-BM™'-MPF

A -0.84™ -0.35 0.08

B 0.37 0.67" 0.34

c -0.88™ 0.84™ 0.66"

D 077 0.21 0.26

E -0.95™ 0.59 0.86™

F -0.64" 0.53 0.11

G -0.95™ 0.31 0.23

*P<0.05 " P<0.01

Table 1 Correlations coefficient for ratings of perceived
exertion (RPE) before each of the ten cycling sprints, root
mean square (RMS) and mean power frequency (MPF)
calculated from surface electromyogram (SEMG), and peak
power output (PPO) divided by body mass (BM) in each of
the subjects (PPO-BM™).

Correlation coefficient

RPE-preVO, 0.61" (n=70)
RPE-preVE 0.71"" (n=70)
RPE-preHR 0.57™ (n=70)
RPE-blood [LaT] 0.72" (n=21)
P01

Table 2 Correlation coefficients for ratings of perceived
exertion (RPE) before each of the ten cycling sprints,
oxygen uptake (VO,), minute ventilation (VE), and heart
rate (HR) for 10 sec immediately before each of the ten
cycling sprints (pre VO,, preVE, and preHR, respectively),
and blood lactate concentration ([La]).

Z B

PPO:BM"' & RMSB X UPPO-BM & MPF D AHEERE
BRERFLIEEZS, TOFN2HOEBRENEE
BIEOHBEZRLEZT T2, I s ORI,
RCSKED/NT #—< > A INSEMGIFEI D A % B L T
NEDITTRBNI EEZRRL TS, AHEICHBT
HRCSTIX, I [La™] M5ty FHERKD Bt
v NEBEATTARICKEN . 2O EM5, RCS
DORBIZHENFHFAPHBE T L T Z E2MEREIN
%. SEMGODREFEEI/NT — AR MVIEFHNpHDE
TiZE > TREAEFEABITTHZEMMEINTNS

(Hagberg 1981%Y , Komi and Tesch 1979%?). ¥
7z, 9ty FEOMPF&E 1ty M HDMPFDRHIZIX
BRBENASNRN DN, BBETLHSHICS
WT, 9y hEOMPFIZ1ty FEBELUstE Y b
HEODHREREZEHEL . MPFOHIRMETEEHE
fifnE®EE (MFCV) 2#%9 Z & (Lindstr?m et al.
1970% , Moritani et al. 1986% , Stulen and De
Luca 1981°”), SEMGHHEH LARMSHEEIH
TWSEEHA (MU) OBEHEINTVAMUD
SKBEEEFET L (Lind and Petrofsky 197927,
Moritani et al. 1982%?), B X URMSHRCSEHZHE
BELZRL TN I EEBRICANDE, 9
Yy FETWRH1ItYy NEBXUsty FEHED BE
MBI B AN E TV Z ENHERIEINS

(Matsuura et al. 2006%). Z MO XS 2 fiE) EAHEH]
INBRWT, FEERASN M >0ty FEH
DOPPO-BM 2B EICBVWTIEY FEX D BHIE
WEZREESRL T, LA T, RCSKD/NT 4 —
X AECNSH S ODEEETOATRET 2D Tl
72<, BAPHDE T & o =MREIc L2 HEDR
MINDZIENBZLEND.

Ulmer (1996)” ®Ulmer (1996)” DZE L7~ H
KTz R 2RBEE2HMEL TWEHAEELD

(Lambert et al. 2005® , Noakes et al. 2005”, St
Clair Gibson et al. 2001a'®) 1%, FMyB L FRYE
EhbORLEBRICHDE, CNSHERNITKDE
B TREINANT A= AEZRETHELTNWS,
KEBLTRMEBEN S ORIMEEBEORERELT,
B, DI WERENETFSN TS (St Clair
Gibson and Noakes 2004%®). L7#5-T, AFHEIC
BUIBEHEEZ T > NERORPEL, i OAH
Y, HRBEUVELBENS B EEbN5. EHIC,
£EEHEZ 7Y > NERORPEE 1 [La~], prevo,,



BOBEL HERHER T > MBI BT o+ 7 AR EHREITE LRSS S OB — 13

preHRS & Upre VEDRIIC 124 Bz EQMBATE S 1,
HKEHEBHEA T FMEHORPERSES, LEBBLUT
RN OERLEFEERENICRBRLAEBODT
BoftlBACHRS. AWELFARE EBOSE
Bplo BV SRPE AN EOHBERRN L AR
% (Green ot al, 2006°°) ORL, M [La ] 2RPRE
O OBEBERIILIY, HRERPEOBMOHBGELER
0.44TH 2, ThoOBBERERIERECEDLD
HEWETHY, AR TERINERPEREERS
DORLEFBELCERL TR ESERE NS,

EHE TR I N-RPER, TOHEBINFLREN
T#—%A (Le. PPO*BM") :2HEBREAOHMEN
RENA. RPEEERMASORIMEEEERENIIR
ML ThWEEEZSRDIDT, RCIEON T3 —T
AEEMN S ORLHEEEICETE, CNsitdoT
BRiIIBEZNTWA ZEMERENE, LT,
RCSO XD RERE oL BYEZMRMICBRDIETX
SREETE, AEBCRrERHET S L TFORE
WM ENBNT & 2 2 5P & DR
H5,

BEREL T, RCSEERBIANT 3+ —< AW,
CMNSAH 5 O RO B4 & BB O RBNR M O w
Flod o THREENS, EA, ROSEHIIICNSAHRY
PLORMEERICETE, AT AEHTOR
HINT A AERELTRDLEBLHND,

e
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