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The firefighter's workload of actual firefighting activity in a

cold environment
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HHEEIIERENOR L WRE CHD, BF - A AL ZEAOREFRAEZ . BAFET
i, ERREFCRBT2EMGEEFBEECEREITHEAHFRIEN IS L, fEOXEEER
AL EE S HOMBBRATI 4K LT U RFOARDBRICH LY — LB 2 EE ST,
R RO LREEERZE L, Wueral (2001) @ maximum acceptable work duration (MAWD)
TEOAMELFMELE. HER EOEHREHMABIE 4550/ THY, SPISHRES ERAL
Tk, BREREFoRKLOAF L TEERECRECHEER (P<0.01) AESEORE. NE
BEKK 2 T MAWD #RECBA, EHRL S SMOAEIZEH T 92,6 WU 93.6%hcart rate
reserve (HRR), THEN2{EDIEHE T 723 & 70.2%HRR ThoT-. REJE COHBRE O HES
BRI, RERETONMEARTE, KBEHER, BEBCHKE .. Z¥+52, B - 2 -
VAERBBESEISNENDS.

F-U— N HEEE, L, (ERRE, AENREEH, BaRs

Firefighting is an intense activity requiring heavy equipment, and many casualties among [irefighter are
caused by overexertion strain. This study investigated the actual workload of firefighting activity in a
cold environment, and examining the necessity for breaks. Heart rate was measured for 24 hours with a
Halter electrocardiograph during restricted service in 71 firefighters of city S in Hokkaido. The
Cardiac-beats change during fire-fighting activity was measured, and maximum acceptable work duration
(MAWD) as defined by Wu et al. (2001) was estimated as the workload. The average highest heart rate on
the way to an alarm was 145.5 beat/min, and the heart ratc was rising rapidly. The maximal heart rate
during firefighting activity was statistically significant (P<0.01) with respect to activity duration. MAWD
was greatly exceeded while fighting two small-scale fires, and the workload 5 minutes after the start
reached 92.6 and 93.6 % heart rate reserve (HRR), also 72.3 and 70.2 %HRR for the whole activity on
average. When fighting small-scale fire in a cold environment, firefighter need to be given a break and a
shift afier gaining control of the fire in order to prevent injuries and accident at deaths among firefighters

al a disasler sile and to reduce gverexertion strain.

Key words: Firefighting, Heart rate, Workload, Maximum Acceptable Work Duration (MAWD),

Cold environment
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BB, 24 KO REEEEER TIPS
FEOWMGTEE ZIT - TWD (Takeyama ef dl.,
2005). HEHTRENIXEIE 2B KR - 2o SRR A -
WBEAREALA L TEY, MERT 20kg £l 2
% (Smith et al., 1997; {FHEFH, 1998). ZdD L5
TR R R BV R R A C OB, &
AR PIZLDFEMIA R VA (Lusa e al,
1993) A fF 3 i AT VFED (Duncan ef
al., 1979; Romet ef al., 1987, Holmer ef al., 2006)
i aTnNgG,

BB O CERS 28R E L, IR
B (Choi, 2000; Kales et al., 2007; Rosenstock et al.,
2007), FEHEFTAEY (Golden ef al., 1995; Lemasters
et al., 2006), Mt (Burgess et al., 2004) + FEIZ 3
(Mustajbegovic et al., 2001) @ H, 4548
(Weaver et al., 1995), PTSD (Wagner ef al., 1998;
Kitchiner, 2004) A35 X TIA, HKE T
MiBkB oS B IcERT 2 HEEFRIIEMES
(Private Industry) [ZH~STE L, BTES 3 E,
A48 3.3 i (Schaitberger, 2001) T, ZAL 5B 3E
E3E O £ 72 KA 1# 95 (overexertion) + A b - X
(Karter et al., 2005) T 5. £, KETIIHES
BRESEAE 100 ARTREIBETIZETLTEY,
ORI UV EEIC & DR LR
(Fahy, 2005) Th o t@EINTWDH. ZD L9
T, WHPAEERIIFEER RIS CHY, TRETH
B ) BRPEAEHICE T 584 (Melius,
2001; Peate er al., 2002; Cady e al., 1985; =5,
2007) A T TV D,

BB B LR Dy 6 B & 57 5 o I THEEICE
NEAREFHELTWAZ b, Hbb
E— kA RLAICET 54 (Duncan et al,
1979; Skoldstrom, 1987; BFA 5, 1984) 2341
TWA, BCKTIE, 1990 FATIoiBERR R ok
Bz L sEEEMYILET 5 BN CHEAEOENL-
Bk iRDSEAS T, FHLUBEERBICBT5
THI % B o ARSI R W (Prezant ef al.,
2000) L7z, ZONHE, HBEBEREOE—RA b L
AP R EIRMA Malley et al., 1999; Holmer et al.,
2006; Faff ef al., 1989; Eglin e al., 2004; Selkirk et

SR

al., 2004; Rossi, 2003) &72-TW5. AARTYH
1999 AFLAKEIS REG T Tl O Bh 7= Bl Kk R A
BASh, ZhilEHEEERRDOE—FR PR
PAREE (ETH &, 20000 blpoTnid. ®EE
UT, TRAMEIED LR F T 5 ic, K
RAFFTRREFEBITBOTHERETHK
H2HE 52 50 EHESRR I (Carter et al,,
1999; Smith ef al, 2001; McLellan et al., 2006;
Baker et al, 2000; Holmer et al., 2006), 3EFH X
W2 THLEDOMUENLED TV S (National Fire
Protection Association, 2002). UL, MPABEIX
WINZEREER > TSI LB KOS
EWV I EBZITHBENT, KEOEL OHHT
HEIEMORE - RHFEJEEL TV
(Dickinson, 2003). HZART & RROEHN CHS.

BB OB E HICET - 298 O£ { i,
HERE L &R AR E T AaE 24T 3 B
Brizl—albly FIbkoFr=
v CHER LTS, REFHRENISEPREOTD
ERFELNZ 2hh, B ARLRIZIAN
BSERE DEEFERH A LT 5 2 A ¢, REREE
BOBRRHEEFIMET L CRERETHS. L
ML, BRIFREEEE LTV RR O
(Barnard et al., 1975) AT E AR B &
(Sothmann et al,, 1992) |TEV /= H D& L 7
<, KREHRELFEEHOMRE RETZ &8
T A,

HFRAMOFAEL, Kurumatani ef al. (1992) %
Pal et al. (1994) (2 K> 1 H 8 BRD I @54
L LT 30~40%VO2max ZREZ 2K S
ZHRE XA THS. AEAKEVIEEREHIZD
VT Waet al. (2001, 2002) i, B9 EEORE
AV =BT WA AT HIZ, maximum
acceptable work duration (MAWD) & percentage of
heart rate reserve (%HRR) DE{REHE%E L 7-. Bos
et al. (2004) &, MAWD #fEH L THZ - #F D
BBk B oW S B A& A TEE O TR
FLTWEA, KEHEL OBRFRECEERE
DT LTz,

VEREREIEL, FRAMICEELHLXDERT
bD. HARTOAKE, kEBEEHTLIESO
ZNEAFNLFERTNITESBELTED,
MH kD 57.5% % Z ORI THDTWS (E
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FEFF, 2006). 52 12 AR@PASSRELEN

(THBEFF, 2006) Z &/b, MHEREIZE ST
ERFPREIEHTHD. EONRETHETO
BB R LT, BRREEOMRE, gEE
DI M (American College of Sports Medicine,
2005 0{EE R B~OEEE F (BH, 1998)
PHESNTVWDN, HRHRE Mo 5HEE
FEOKERBIZOWTORFIEE RHTZ &R
HisieAzun,

F T, AR TR, KEBGTOHELKE
DY - AP LRACLAREEENLEES Z
L& HMIC, HBERERIC 24 R R & — L EE
REASE, BOHRETICEIT 2 MUAFREAR
ETBREABERENIZATL, Wueral (2001)
DEE Ui MAWD TEORMEHMHTE &
T, EHREBICRITSBEAORE - ZFoLE
iz oW TRE L.

2. HREELFE

AMEHL LT, BHEERMTHLIME S 1
D15 EEE () HEERizEG, EERIE)
BELTWEEED S5, OB ICER LA
BGETEHSEEETE CHLHHERA - Sk
B - {HEEE (LIF, ®TOKE % MEERE &
D) 0714 L Lz #REE, WMERE Sk
DR & AR A VERIZ 2> TV, 20
B RH R L T R B ORBRERCE Table 1127
T

Tablel. Physical characterisics and length of
experience of 71 firefighters

Age Height Weight Experience

n (years) (cm)  (kg)  (years)
Firefighters 71 32.7 173.1 70.6 11.1
(12) 07 09 (12

Values are means (=SEM).

-1. BIEAH*E

HA=iE, 2004 4E 11 H 10 B 6 2005 £ 1 H
23 HORIZATof. Jb#EE S THOMBRA T,
k%kﬁﬁfétw RIS 24 BF O
HETHD, ZOT, AEECEHAELOH 8
ﬁm}#&ﬁﬁsﬁm%@ T 24 B, i
WB—FAFO BCG L2—F — (Active Tracer
AC301, GMS Inc., Tokyo) ZEFLTHHW, &

%¢®RR%@%$W}%U-K%ﬁL,$ﬁ
V7 M EVEYH L. MR EROBRS
T Eﬁﬁ“ﬁfﬁéiﬁﬁ{f; MEEEE FRERD
Zim5E, RR MEOTF—#1%, ity 7 b
(Tarawa, Swa Trust Co., Ltd.,, Tokyo) IZ L9 /4
AEROBRE, 2WEOEHLHETREH L.
JHEATE B O FhEkE, MEIFFA - SUEBIFNF -
BB BIFIRER] &R EINAE S T H O HRICER
LTh &, WKFHBIR O EICILHEY B
Ed4-5ABRE-THEN JEX1IE 1A E L.

i (A7) OZEFRMEEE 22°CICRREL,
D SR & AR E I FLIRE X RRE DT

)

—F (RBTHEIEROT—F L0 EBEM L.

2-2. %HRR MEHFE

%HRR }E Karvonen et af. (1957) @, (%HRR
= (HRyox — HRpa)” (HRps — HRye) % 100%)]
THH LR, WTEERM O SR F iR
TE5Hi, MEE L~ (HRy) HE R-R R
PEBEHLE 2 BEoMe v, 2l
#FH L~ (HRe) (EHBAHE (F7) CTHEEHLIE
O FRFEEIZ B BTz 20 REREIEL B3R LU CRR
Eh g hEnpEE ER L. koL
i (HRew) 3, 220 H>DHBHBRR OE#EE |
WTRWT (American College of Sports Medicine,
2005).

2-3. NAWD &iERFEBIORELLEE

SEEILE) K S iz ENZ 20T, HiEhdE
b REHRBE ST HETO 2 BECEY
L7=%HRR %, [50%A3M (~50%) 1, [50%kA
., 60%AN (50~60%) 1. [60~70%1, [70~
80%., [80~90% B TRI90%LLE (90%~) 1T
KL, FRENoRS5C B+ ARISERR %
HH L.

MAWD D EI O, FHfEs LT,
(55%1, [65%., [75% ., [85%. RB(R95% 1 DfE
%, Wueral (2001) DREL - MAWD=—
2.67+¢ 2 CTX%RR) - Range MAWD: 0-50 min,
Range %HRR: 50-100] A&k TH -,

2-4.  #EHE

MR fRAT LA 7 b (SPSS for windows
12.00) ZEH LT, ©F VOB & —hd
BB EAEAE S CEBL. F—#12
A (HEHERRZE(SEM), range: min~max} T
£ L1,
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2-5. MREMERE

Sy R CHIE T A& E S hic %, dA%H
RElEoEREEHHEL, MRETHLRIETES
LikEAZ, BEICETET Y- FEREER
PR LTH Lo,

ALY, B FEARETLEFTREOMRE
FAITHD~LV R E Sl TiThiE.
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3-1. HEMHH & EHRR

HBERKE 71 40 1 8975 24 BERDICE T 2437
HE R, Bk Ko HERS 21 4, B iil
Ao HEND 30 &7 51 :Thotz. 14
OBV Fig s, SR RE R,
24 B Y72 9 0.72 (SEM: 1 0.12, range:0~4 ) {5
Thot, HEESHLKERBEIIBTL
TOEEERIGESZ, 404> 53 # (SEM: 14 4y
3 F), range:10 43 48 #h~1 FFi 58 23 28 BT,
Bk o HE) & Bk R UADHEI T, 1§
B ICH B AR RN,

50

Average = 0.72 alarmy/24-hr shifts
SEM=+0.12 alarm/24-hr shifis

41

Alarm
Fig.1. The number of alarms faced by 71 firefighters
during 24-hour shifls

3-2. KEWMHBBRONEER - BXEE
6T H B RE O RIS G 1.2 (SEM: 035,

range:-6.6~10.1) C, HAHE A 71.3 (SEM: 2.1,

range:41.0~92.0) % TH 7.
3-3. HEMERA L KBERBIEETOAE

51 HENZDWT, HEERS ) & SRS E &
F£CT (BT, HEhiklLesd%) or&EmOHE

ESE]
HRmAx @~ amivaty™ [45.5 (SEM:=3.0) beat/min
350 Time= 744 (SEM:27.2) sec
300 O :fire
A ; non-fue
—~ 250
g
20| A
E 150 2 o
(o]
(o]
100 Ag A ki ;o "
50 | .°$":Suﬁ‘o‘u
‘ 1 ‘ IO 1 1

90 120 150 180 210
HR 2 x geterm~amivayy (D€2tS/min)
Fig.2. The relationship between a maximum heart rate
(HRyaxqaiarm~arrivan) and duration time of alarm on a

way to disaster site (n=51 alarm)
Values are means (*=SEM).

(HRMAX (@larm~amivah) &5 € O H L
i b ORGBRR % Fig2 [omd, KB
FOEH I 145.5 (SEM:£3.0, range:95~206) H1/
23T, 150 /0 RL BT o o HERS 39.2% % -
7o, TOHEETORERIMEREL 744 (SEM:
+7.2, range:6~322) BT, 96.1% D HE A 180
BLAICEROMaE L o T, LEHES
b 10 BEPE, LEEOLEBEETHY,
EEmCEH2HEECITBREA L Twebo b,
Fio, HEAKLE S FotholliEhiTiE, k&
DR L F o LBEEREL BRSO
ERE O b AREEERD bR o7,

HiShid o g DE s b MBS E T L
HE W UEE L HENR Blcksida ERO
H1¥ (AHR) DIEHHE, 70.0 (SEM:£3.6, range:14
~164) F14y T 1. 24 % 6 WERI@EIZT0
BEA D 6 FFE T (0:00~6:00)), [6:00~12:00_,
M12:00~18:00, & T8 [18:00~24:00) (IZF 45 L, &%
Frfl# OFEHAHR # & L2 L O % Figl o=
. FhAhOYEHAHR X, BRI EEN
B Lot e, RELEOHERE
TOFHFREIEFE I, 70:00~6:00] 75 79 (SEM: -
8, range:46~136) £, [6:00~12:00)7%% 76 (SEM:
+22, range:14~322) Eb, [12:00~18:00] 7% 69
(SEM: + 12, range:14 ~ 172) b % U8 [ 18:00 ~
24:00] A% 72 (SEM: 7, range:6~200) b & 7z o T
B0, SRR L EERITED Lo i
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16 | B5.1(118) =16 100 |LA:nonfire
73.3(54) (o]
. =10 =14 i)
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3 :
@
b &
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! fie) I / !
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Fig.3. AHR on the way to disaster site according to

time of the day (n=51 alarm)
Values are means (+SEM).

AHR=CHRuax (alarm~ardvaly— HRjust before alerm]
3-4. BETEHMEISEIBIT ETORE

51 HBD 9 b 3 HENE, KERSCHFETS
ATk, HEIOMULENGZWI EAEMEL, @& T
SIE T i, BBROBRTH RO,

RERGICEIE LT 48 HENC2W T, HGTE
BRGNS EIBTAET (LT, BEBEaE
%) DR E &L 1395 (SEM:£3.7,
range:91.0~198.0) Hi/%r, IHENRFRT S 35 43 36 F
(SEM:+4 45 19 £, range:2 43 10 #~113 43 18
) L, KEFEORFICL VHERIIRL ThoT.

48 HENZSWT, RBPFEFFOEE LK
(HRMAx (ﬁreﬁgmng)) L E%’J%Fﬁﬁoﬁ%% Fig.4 s
. ZALTEIZIEEE (P<0.01) ARILOFMHBEA
B Lk, FRkS, B 20 R0 Ty
Hr LR, mifElcia®E (P<0.01) Z2EOHEE
PR L, B AKESAD 28 fHzon T
i, MECERLHEEER Ao,

60 80 100 120 140 160 180 200
HR maxtietghing (beats/min)

Fig.4. The relationship between maximum heart rate
(HRMA)( (ﬁ-,-gﬁg]ﬂi—ng']} and actual ﬁrf:ﬁg,htmg activity time
(n=48 firefighting)

BB L 2o TFERIBESIL, 97 8%
(SEM:=1 97 58 7, range:12 $5~-65 4y 40 §) T
Ho, 15 FURICEROBEE L Eo - HENT
83.3% & LTy k.

3—5 MAWD .’:%H:‘.itld)tt%‘f

g BN DWW, [HEHES D RERIEE5]
%n‘ ETO »umﬁm» Y%HRR #FHL, &K
DG FEE £ R MAWD R LT,
LD E S TMAWD & 2 T B 4 F R B3
T=. @442 MAWD 75: Table 2 {Z/R” 7.

Nel P2z MIC L O ENICBACIAD it
ADEIIEE)C, %HRR 7380~90] & 90~ D
K4 MAWD %48 2 7208, IEBIRERTE 38.9 &
SHEEEMTh oo, N2 ZIEFEECON AR
DEBHENI T, R—ALEES 2 BoaEds
VY, %HRR 78 [70~80] DX 550 T MAWD
Bz, ITEINERNE 429 3 LB TH Tz,

Table 2. Actual firefighting time according to percentage of heart rate reserve (%aHRR)

%HRR ~50 50~60 60~70 70~80 80~%0 90~ Total
Nel (non-fire) 5.4 min 8.7 min 5.0min 5.2 min 9.4 min 53min 38.9 min
Ne2 (non-fire) 11.8 min 7.4 min 10.4 min 8.9 min 3.6 min 0.8min 429 min
Ne3 (fire) 03min  14.3 min 23.8 min 17.8 min 14.8 min 10,1 min 81,1 min
Ne4 (fire) 491 min  23.7 min 14.9 min 15.7 min 9.4 min 5.6min 118.4 min
MAWD - 33.5 min 17.7 min 8.8 min 3.8 min 1.0 min -

For MAWD (maximum acceptable work duration), %HRR are 55, 65, 75, 85, 95.
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Fig.5. Time course change of the percentage of heart
rate reserve (%IRR) No.3

No3 (3 5 BEDISEINER & 5 s L SEBE 0R
LN KRTHD. 4 BEE THR—RL 7, X8
O Agerd B AR, 5 B~F—ARILR LiRE
DR T AFIEZEBE L THEY, %HRR 43760
~70), [70~801, [80~90), (90~ 4 >DX
57 CMAWD ## % 72, %HRR MLH)E 72.3% T,
ISEIRERIA BLL A Ch-To. Ned (IR
LB BHE ORAER R KETHD, F— R
EXCRMEATCOWHAFEBHEERELTEY, %
HRR #170~80), [80~90., (90~ 3 DK
43¢ MAWD % #8 % 7=. %HRR DFEENT 70.2% T,
ERERMD 1184 pTHh oz,
3-6. MAWD %EBR 1=2itt 2 D %HRR Z4k

HiBFE S 10 20Al0 H REREZEHIT 5 EC
D%HRR DIFRFIE L%, Figs 12Ne3 D,
Fig.6 1ZNod %R No3 i 27 BRODHBHRK S REER
EHHN 3 FOBERT— X T, HEREOAKIREE
7.7°C, HARED 87% Th o7, Nod 1T 28 D
FRRSE 8 FOERRT —H# T, HERROHAR
AT 1.1°C, FARERS 4% CTh-o T,

HEE T, ER~OBE - Pk RPZER I
W R0 - SEELE R O KRR - TR

AL,
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Fig.6. Time course change of the percentage of heart
rate reserve (%HRR) No.4

b O R FR IR, HRE O %HERR (X
BT ER U, No3 ok T, Hsihs Bk
& C R.5%HRR IZEEL7Z. KEBBICEIF TS
FTN3g RBLERMThoZY, BAT
OET A LT, ARBREICHE LA T
t, 85.6%HRR & H{ED £ FHETFR A Hs S
TWA. Ned GRS TIE, HE® ElICHEET
86.0%HRR &7to/c#, KEKBBICEFTHE
TIC 5 0 BOERMAEE LI b, SEE
BT 473%HRR FHMETLTWA.

fard o f S HIGFBEIEME®RIZHB T
100%HRR |ZIEVME & 7o Tl 0, £ ETIC
FENLTNAR, HFESBTLEOMHEREM
IO B LT A,

No3 OBV T, HHEMEHFHEEIC 4 BROT—
A DRBERFAED L. 1 HEeHERSE%
LT —# ORENED LI, FORKFRHIE 36
FRIZEELTWER, 2ok eRarkHE
ORISR o .
SBFRABITEFE LT 5O 30 47D %HRR %
[5 4yt (~5) 1, [5~10,, M10~15), [15~20],

120~25], M25~30,12 X5y L C YL f| & p

Table 3, Percentage of heart rale reserve (Y%HRR) afier arrival at the disaster site every 5 minules

Time (min) ~5 5~10 10~15 15~20 20~25 25~30
Ne3 926(0.2) 87.8(04) 779(03)  717(03)  69.5(0.5) 66.1 (0.4)
Ned 937(0.8) 86.7(04) 727(0.7)  562(0.4)  73.4(0.6) 69.3 (0.7)

Values are means of %6HRR (+SEM). No3 and Nod are same as in Table2.
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BEEEENL, TOMEE Table 3 oy, I~
51iENe3 Y 92.6%HRR, Ned Tk 93.7%HRR & {f]
b 90%HRR #HA TV . %7, 110~15T
ty, Ne3 7% 77.9%HRR, Ned T 72.7%HRR & 70%
HRR %82 TH Y, KEBHFIBFR 15 o
FEREHBRE Pk,

4 EE

REBRETORERT - A M LRICXHHEPEKRE
DGR E WA S22 L2 HML, RFRT
H, BARETICRBY 2HBEIAEEICRIE
THAEABERENICST L, BMEOKR-E - R
BHo LM oWTEE L.

Barnard et al. (1975) = Kuorinka et al. (1981)
O HEERIC, EAREETICRT S EGRE R
DEEO LA EIL, FICHEESE®R L H
EEHESER R e LA L LR
BHEMRH o7 AarBBhE ey v IEX
52 ¢ MAWD &R & <R, €OFRBIRFEEX
81.147 & 1184 3 Th-To. Eio, kB LA T,
N & f o Ze BB RS AR S
D 2 #T MAWD & A3, OFEEREIT
38.9 43k 429 pLEMRHTH-/-. BBEET
DEHEERNIIRSEED LR NS+ o701
PRI - WEOLERSTRER TSR, BER
BTICET oA RC oW Th e EE
EEREICHE - B L ONEDRDZ L
PREAT. TR, EAEEICL A
D LMATHHEEEOEERL Y RENE
Exzbhi.

AT BT HHBERER 1 B3 (24 I5[H) @
s E4rE, 072 (SEM:=%0.12, range:0~4)
/24h C, HENC X AEHOFEELE Ik
HEEha,

American Industrial Hygiene Association (1971)
1% 150 /47 L B % Very Heavy Work & LT 4.
HE B S o HBhk Bickse A PR E e EIE
145.5 (SEM:£3.0, range:95~206) /75 Tih D,
HEh? 392%2% 150 /550 EOHETHY,
Mok S HE) & 8k KIS o BB TR EEIT
W B, T ORI, HEEATERO
HEEBEE DS, BEEORKE, KERNOTE, 5
KIBOFH 2 FE, BH~OBETFOZHIE

[El 2 R arR % TUE &4 C (Barnard ef al., 1975)
WHRB B IRS. HEIERNIIT S HE
& bobiE LRME (AHR) i, MBI
CEEEIRD BRI, LivL, RIET
OLEELETIZED, 10:00~6:00) O{RER
FER9EEIZ 24 AHR 75 85.1 (SEM: = 11.8) #1/43 T,
ORI~ CHECHENE S 12,

HEHRS® 1 0N 11 HEICF — 7 ORI
BRLNEDR, MoEIZIIFES Lhkh Tk,
Z ORI, Barnard ef al. (1975) <2 Kuorinka et al.
(1981) 234 LA, Alial-mibaic
0 BCG b a—F =i LENRhofZ k
BRERELZEZ L%, HEBREOHEBNE, 74
—IVFTF o SR LOBLWETTHY, A
DAFEEEG &/ 23 (Kay et .al, 2000) BRI
Hi25.

HGEEREO BN LA L BEFRIEED
EFE (P<0.01) M ED LiuFigd), TEEIRE
B 5 15 2RI Da s s b LR Lo HEh S
83.3% % HH TN ik, TREIFIHOEHEN
REWKFZEREMFESOBMA L L.
WKERIROMEE, ISEHEHLEI 23bb SHEE
O RBAE O TLE R U O EE NI OH 0
REpAHEREEZ NS, i, BAK
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