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Abstract

The purpose of this study was to investigate the hazard profile of occupational
vibration in Taiwan. There are two parts in this study. In the first part , in addition to
assessing the vibration exposure dose of workers operating power hand tools , 269
vibration exposed workers and 69 referent workers were recruited to participate
questionaires and function tests including peripheral circulatory and sensory tests. In the
second part , by using multi stage sampling , questionaire , specialist review and interview ,
the prevalence of occupational vibration exposure was estimated . The results were as
followings :

1. The triaxial vibration level of 25 kinds of operating power hand tools were assessed . In
these hand tools , the vibration a level of these eight kinds of hand tools , i.e. railroad
crusher , platform grinder , pneumatic screw drive , pneumatic hammer , electric drill ,
heavy motorcycle , concrete breaker and chainsaw , were higher than 10 m/sec?.

2. In the vibration expoure group , 44 workers (16.4%) had vibration Syndrome (VS). In
this VS group , two workers also suffered vibration-induced white finger (VWF) .

3. After cold immersion , the recovery rates of workers with VS were significantly lower
than the referent group in the skin temperature , the vibratory sense threshold , the two
point discrimination and the depth sensation .

4. The function tests of different groups of workers revealed thatrailroad crusher operators ,
stone drillers and construction workers suffered from more disturbances in the peripheral
circulatory and senaony function .

5. The prevalence of occupational vibration expouse was 35% in Taiwan.

Key Words: Power hand tool , Hand-arm vibration , Immersion , Vibration syndrome (VS),

Prevalence
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o N X-iHli(m/s2) Y-iili(m/s2) Z-{li(m/s2) 8eq(m/s2)
X e i 2.47 446 0.24 5.10
o 4.22 1.10 0.90 445
VU AP 4.32 0.25 0.29 4.34
| BIPEAS 447 1.49 1.06 4.83
A VR s 3.18 1.73 0.82 3.71
S i 1 11.69 8.09 0.27 14.22
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(SIS 4.64 3.77 0.79 6.03
F2-6 IR e HIE S = iR RE
L HE X-iHli(m/s2) Y-{ili(m/s2) Z-Hli(m/s?) | agq(m/s?)
B 3.96 27.77 2.18 28.06
B 7.24 1.4 1.19 7.35
B 30.30 20.62 6.40 37.19
?&,’UE'I%’ 1.01 0.68 1.53 1.95
F27 HENES W GRS B R E
§E g X-ili(m/s?) | Y-#l(m/s?) | Z-ffi(m/s2) | aeq(m/s?)
Bpee 19.95 5.62 79.43 80.09
BT 6.23 2.32 1.63 6.84
| B 0.72 0.61 1.18 1.51
F2-8 - WEVRE R PR R
I . FLEERERE | WAS | ISO% | a IR
ZEE LN ISR b Il el i e A
GIF) | (mis2) |75 | (wis?) | BLEH]
iyl ()2
st B 180 1792 | 15 | 1493 | <10
ERTEa 180 1231 | 25 | 11.69 1~2
e b (SR TRES 330 6.03 42 | 1131 1~2
B[ 180 3.85 9.0 5.67 4~8
| B 240 4.83 6.0 4.47 4~8
| RIS 180 8.63 35 8.27 1~2
AR 60 16.7 1.5 23.8 <1.0
Y e Priges 80 2.71 9.5 3.89 8.0
St 400 1.32 22 1.01 8.0
VU R RS 180 3.76 7.0 4.32 4~8
R ety 120 3.61 8.5 4.46 4~8
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BEET | AHEOER 360 371 | 75 | 318 8.0
g 90 691 | 39 | 1022 | 1~2

7w 240 2.73 10 1.95 8.0

Bt B[R 180 385 | 90 | 567 4~8
' RIS 120 3.42 9.3 447 4~8

uEd 60 1897 | 15 | 303 | <10

iy B (125¢c) 60 975 | 28 | 148 | <10

B H1(89cc) 120 607 | 42 | 550 4~8

A ERLRER 120 1984 | 13 | 2177 | <10

g LR 180 637 | 40 | 724 2~4

HIE S 360 1.95 16 1.53 8.0

o «#'Jr_f;w*éw Tl 180 592 | 45 | 6.6l 2~4
B 360 131 22 118 8.0

>x<1FL:r B Y | ISOREAPRETIE o IEsT V10965 ({7 - #:**EI*J%‘ mE TR ]
LA E #N_r%I ek gy o

2B VAR IIRLL BT 2 6 A A

20.0 [ RS 5 = WA B o

S VM-19AYSEYRT B&K 2231§=f5t
DB# | m/s2%k | dBHA | m/s2&k
B i 105 1.78 125 1.78
89ccH¥ I 131 35.48 147 22.39
FLE s 119 8.91 137 7.08
i 113 447 131 3.55
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#3-1 O LA TR AT
SR AN 8.4 FEASD | T [EFE¥SD
& | VSH) 24 50.8%4.0 229427
g | VSE), 43 53.0£2.0 23.6%3.2
TR VS, 28 45.4%4.6 19.3%5.1
(102) | VS()s 7 34.444.1 9.912.4
i | VSM) 12 46.5%8.3 17.545.8
o VSE), 3 56.3%0.5 23.310.4
(37 | VS(), 9 44.6%3.0 19.35.8
VS(-)3 13 31.916.2 6.743.1
= VS(+) 0 -
S| VS, 0 ]
©0) | VS(), 21 42.5%2.1 13.914.6
VS(-)3 39 34.0+2.4 7.843.9
B | VSH) 2 46.0%0.6 10.6+4.6
W= | VS() 6 54.4%2.9 17.249.1
- VS(-); 8 44.913.1 13.96.4
@0 | VSO 24 317439 5.54.1
g | VSW) 6 44.8%5.8 16.845.3
o VS, 4 51.2419 21.6%3.8
B0 | VS(), 11 43.743.8 14.548.4
VS(-)3 9 35.6%4.3 10.3+4.9
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F3-0 BRI J A TR AR

= S " F#*S.D ~ [EFESD
VSH+) 44 43.616.8 20.115.9
ﬁj‘é VS(-) 56 53.212.1 22.8%6.3
# | VS(-), 7] 442%33 17.0%6.6
At | VS(-)s 92 33.3%4.7 7.5%4.8
Total 269 44,4353 15.746.8
3 CON; 18 52.3t1.4 -
1 | CON, 21 45.8%4.1 -
Ao | CON;s 30 34.6%4.2 -
Total 69 42.6%4.7 -
A3-3 = MR ERT ST AT(S 5@‘1080[’5} » [Hl85257)
EF = ~ B0 (%) FEY " B (%)
50 - 231(27.1) 205 I = 263(31.3)
40~507% 376(44.1) 10~20=F 340(39.9)
30~407% 170(20.0) 5~10=F 80(9.4)
30m) ) 75(8.8) S5 I 165(19.4)
F3-4 PREPERRES T (VS(4)) stockhlom 73 4k
= = IR AR
1 2 3 4 ISN 2SN 3SN
SR 78 1 11 | 4 9
e * 25 7 2 3
YR 24 6 0 0
By (e 38 2 0 0
Fops " 60 - -
K 225 11010 26 6 12
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%35 B

hﬂﬁﬁjl& ?qu‘%!?ﬁ"ﬁjl i (HIEC)

Exjjﬂﬂ 057 373 577 877 1073
ENiG
5 TR 335417 |15.681.2  |14.680.5 129104  |13.120.8
117 TR 332419 [152409  [14.5%0.5  [12.5406  [12.640.5
1153 1353 1753 2053 2553 3057
18.412.1 24.8t34 302435 [32.1%1.9 32912  [33.3%13
18.143.2 247438 |30.1#4.1  [31.6228  [32.6+2.1  [33.2%1.9
F3-GERIEANE T IS A RTIEAR R ET A (T C)
Exjjiﬁ'gﬂ 073 377 577 873 1073
A
VS(H+) 28.014.1 | 14.740.6 | 13.5%0.5 | 12.910.6 | 12.740.6
S IVS(), 321424 | 149409 | 137109 | 12.810.9 | 12.741.0
VS(), 30.613.1 | 14.5+12 | 13.2%1.0 | 12.6f1.1 | 12.441.0
VS()s 319427 | 152411 | 14.1£1.0 | 13.6t13 | 13.741.6
VS(H+) 28.144.1 | 14.310.8 | 13.310.8 | 12.5410.8 | 12.240.7
T VS 31.8£2.7 | 144409 | 13.6£1.0 | 129109 | 125409
VS(), 31.043.1 | 147412 | 13.5£1.0 | 12,7409 | 125409
VS()s 31.544.0 | 153%0.6 | 142106 | 13.8109 | 14.0f14
AHI 1153 1353 1753 2053 2553 3053
VSH) | 142109 | 16017 | 17.522.0 | 18.8432 | 19.9+4.4 | 21.6t4.4
VS(G), | 161224 | 197437 | 23.1#4.7 | 25447 | 27.3%46 | 28.9%4.2
VS(), | 13.9%2.6 | 15.7+44 | 17.1#50 | 18.4%53 | 19.0449 | 20.5%4.9
VS()s | 162825 | 202441 | 23.3%4.8 | 25.745.0 | 27.7x47 | 29.4+4.6
VS(H+) | 184%3.0 | 25.1#4.0 | 29.843.7 | 31.5%2.7 | 329119 | 33.6t1.8
VS(G), | 158117 | 192427 | 23.0£4.3 | 25.8%4.5 | 28.3#39 | 29.4%34
VS(), | 16211 | 199413 | 23.5£1.9 | 260422 | 284#3.1 | 29.6£3.3
VS()s | 14.020.7 | 157406 | 169105 | 182409 | 19.7409 | 20.6%1.3
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377 (50 * i

VLI e AL L TIR [R  (BT )

E\jj fii] 073 357 573 8] 1073

Al
VS(+)  [25.9%2.6 142413 127209  |11.7X0.5  |11.520.5
= IVSG) [30.4£1.5 147203 |12.810.2  |11.9%0.4  |12.120.6
VS(-),  |30.2£1.5 143%0.7  |12.720.5  |12.1204  [12.220.5
VS()s  |31.4%1.6 147502 |127%03  [12.1204  |12.311.1
VS(+)  [25.7%2.7 13.810.6  |12.620.5 |11.720.5  |11.620.4
f[f VS(-);  |33.5%4.4 14.4%1.1  12.811.3  [11.8%0.8  [11.610.6
VS(-),  |30.2£1.5 13.810.7  |12.7%0.6  [12.1X0.6  [12.010.6
VS()s  |31.3%L.5 147£0.7 134205  [12.6204  [12.010.4
A W] 1155 1373 1753 2073 2573 3057
VS(+) [13.420.7 |15.8%1.1 17.3£1.1 18.711.1 197114 |21.0£1.4
VS(-), |14.210.2  [17.4%0.5  [19.0£0.6  [22.2£2.0  [25.6£24  [28.1%2.1
VS(-), |14.6£1.0 [17.8f1.1  [21.0£1.5  [24.0£2.6  [26.3£1.9  [28.5f1.4
VS(-); |14.9%1.6 [18.1£14  |12.2825  244%24 273826  [29.9%1.9
VS(+) |13.4%12  [154£16 (168119 (181426  [19.1#3.0  [19.813.2
VS(-), |14.2%1.5  [16.8£2.1 (202114  [24.3f16  [27.1£1.6  [29.0£2.5
VS(-), |15.2%1.0 [17.9£1.2  [21.0£2.0 (234425  [25.8£2.6  [27.812.2
VS(-); [15.080.6 |183%0.9  |21.8f1.1  [24.9%2.2  [274%22  |29.8%1.3
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#3-8 PTG e A LR R R (1)

E\jj fii] 073 373 553 873 1073

Al
= |VS(), 311829 14.720.9 13.210.4 12.720.7 12.751.1
VS(-);  [32.6%2.8 14.620.9 13.510.5 12.910.7 13.210.9
flf VS(-);  [31.0£3.1 14.7£1.2 13.5%1.0 12.70.9 12.510.9
VS(-);  |31.5%4.0 15.3%0.6 14.2%0.6 13.810.9 14.0£1.4
A=l 1153 1357 1773 2073 2573 3077
VS(-), [16.4%1.9 |18.8%£2.7 [21.3%2.4 255122 |28.4%3.3  [30.3f1.4
VS(-)s 169123  [20.6£3.9 |24.812.8 [28.6£3.1 [31.9%1.8  |32.1%2.9
VS(-), [15.743.5 [18.6£3.1 [22.5%2.7 [25.9£2.4 |28.8%2.7  |30.4%1.4
VS();  [15.1%2.6  |19.2£2.9 [23.6X1.8 |27.8%3.3  |30.9£1.8  |31.8%2.9
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*3-9 s

Ay

L
|

VS]] e S NORTIEVR (R Er A (HEAE O

R 053 353 553 853 1053

A= I
VS(+) 294114 [141£511 133407 [12441.1 12,1204
S VS(), 30.8£2.7  [145%09  [132407 128408  [12.740.8
VS(), 321426  [147+13  [133108  [12.911.0  [12.4%09
VS(-); 322829  [14.6£0.8  [13.8407  [13.0t08  [13.310.5
VS(+) 287821 140512 [132409 127411 |12.4%0.4
T VSO 306829 |144109 136107 (131209  [13.040.7
VS(), 320126  |146t13 (137408  |13.3f1.0  [13.5%1.0
VS(-); 328828 147108 139107 (134407  [13.440.5
sl 115 1353 1753 2053 2555 3053
VS(H) |129%1.6  [143129 [167412  [19.6£1.8  P19%l6  [23.61.3
VS() [15.812.2 179419 [21.5¥2.6  [25.6123  [28.3%2.2  [30.5t14
VS, |16.142.8  [183+2.1 227418 [7.0£2.5  [30.9%14 320419
VS()s [1633.1 194426 [23.682.1  [27.9%13  [3LI*18  [32.9%2.5
VS(H) 132516 145229 |16.1£11  [19.1#1.8  [21.0£1.7  [23.3%1.1
VS() [16.312.2  |18.6134 (208123 [25.9%2.5 28924  [30.52.2
VS(), [1672.1 188423  [23.3%2.5  [27.6£2.5  [30.811.2  [31.2t1.8
VS()s [17.251.8  [20311.9  [24.1#2.5  [283%1.6  [31.9%1.7  [32.7%1.6
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BET I AL ERIS R A (fC)
E?j f 077 377 577 873 1077

)

VS(+) 30.212.4 13.9%0.7 12.910.8 12.720.6 12.220.6
E A GN 32.1%1.8 14.520.9 13.610.7 13.2%0.7 12.810.9

VS(-), 33.213.6 15.120.6 13.6%£0.9 13.0£0.7 12.8%0.5

VS(-); 33.42.9 14.9+1.1 13.910.4 13.120.4 13.4%1.1

VS(+) 29.612.3 13.6%1.7 12.910.9 12.5%0.4 12.210.4
f[f VS() 31.9%1.6 14.120.6 13.310.8 12.9+0.7 12.810.7

VS(-), 334135 14.9%0.6 13.5%0.8 12.9%0.8 13.0£0.9

VS(-)3 33.112.8 15.1£1.0 13.810.5 13.0+0.5 13.210.6
A ] 1153 1373 1951 2073 2573 3057
VSH+) [12.5%1.8 15.8%1.7 17.9¢1.9 20.9+2.2 25.1%1.8 27.4%2.6
VS(G), [14.3%1.6 17.4%1.2 21.8%t1.9 25.4%1.6 28.9t1.7 32.842.1
VS(-), [14.311.1 17.9£1.5 22.5%2.3 26.9%1.8 30.1%2.1 329%1.3
VS(-); [15.940.8 18.612.6 23.611.9 28.212.2 32.012.8 33.212.6
VSH+) [|13.3+0.7 15.3%1.5 17.8%1.9 20.6%1.9 23.712.1 26.812.2
VSG); [14.211.9 17.310.8 21.911.9 26.811.6 28.611.6 32.9%+1.9
VS(G), [14.7£1.2 18.3%11.3 237424 27.1£1.5 30.2+1.7 32.8%1.5
VS(-)s [15.7£1.0 18.582.3 23.2%1.6 27.912.2 31.042.6 334127
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AL R R A R TR AT C)
E%,]:Flliﬂ 073 373 573 873 1053
)
VS(+) 27.8£3.4 14.4£2.3 13.2£1.8 12.6%1.7 12.3£2.5
=7 VS, 31.942.7 14.7%2.3 13.6£1.5 12.8+1.8 12.7£2.1
VS(-) 31.243.5 14.6£2.5 | 13.2£1.7 | 12.6+1.7 | 12.5£1.7
V()3 32.443.1 14723 | 13.6£1.8 | 12.9+2.1 13.2+1.9
VS(+) 27.71£3.4 14122 | 13.1£1.8 | 123+19 | 12.1£1.9
f[f VS()1 31.8+2.9 14.4+2.1 13.5£1.7 | 129422 | 12.5%1.5
VS(-) 31.3£3.2 14.6£2.3 | 134£1.6 | 12.6+23 | 12.6£1.8
V()3 32.3%2.1 147722 | 13.6£1.8 | 13.1+x19 | 13.2+1.9
A ) 115] 1355 1753 2077 257] 3073
VS(+) | 13.842.3 | 15.8+2.4 | 17.5£2.7 | 19.1£2.2 | 20.6£1.9 | 22.3£1.6
VS | 158419 | 19.242.3 | 22.6£2.3 | 25.3£2.3 | 274417 | 29.3+1.8
VS(-), | 15.6£1.7 | 189421 | 22.1£2.3 | 255+2.1 | 28.2+1.5 | 29.9%1.5
VS(-)3 | 164+1.8 | 199424 | 239422 | 27.8+14 | 31.0+1.5 | 32.2+14
VS(+H) | 137425 | 15.542.6 | 17.0£24 | 185423 | 20.1+1.9 | 21.4£1.7
VSCG) | 157420 | 189421 | 225424 | 25.842.1 | 28.3£1.8 | 29.8+1.7
VS(-), | 157418 | 189424 | 22.8+22 | 25.8+2.0 | 28.541.5 | 30.2£1.9
VS(-)3 | 16.0+2.0 | 19.6+2.0 | 23.7+2.4 | 27.6+1.5 | 30.7+1.3 | 32.5+1.4
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*3-12 SRR S

SIS e R EERE I (B 5%

w05 35) 553 853 1053
AHI
< | 125Hz | 163418 | 134417 | 152823 | 15818 | 15921
= | 950Hz | 149%22 | 10919 | 127823 | 145419 | 149%13
| 0shz | 158416 | 130214 | 152t16 | 158821 | 158%16
= | 950Hz | 150819 | 108221 | 13225 | 144821 | 14.7423
H3-13 SEMEREL T IR 125 H | i FRER R A [ A (1 1 A 0T )
Wil 0 | 3 553 853 1053
A
VS | 128831 | 73419 | 8825 | 10327 | 115%28
2| SOy | 143131 | 97830 | 12042 | 138833 | 146437
VSG, | 152823 | 108430 | 132431 | 145830 | 150832
VSGs | 180217 | 130433 | 162434 | 17.1%28 | 17.8£28
VS() | 128835 | 72029 | 94126 | 10927 | 114%3.1
el vseon | 146028 | 104837 | 11930 | 135431 | 142427
VSG, | 144819 | 117434 | 133130 | 142833 | 149432
VS() | 182831 | 136837 | 158435 | 17.0833 | 17.443.0
F3-14 T (=T N EREE R 1 25Hz 1 FRE ] e [ S (T A )
w0 i} G 855 1053
A )
VSG)  [139t13 | 79t14 | 89%23 102424 [116836
2= lvse, (173831 | 77406 |103t06  [11L7t15 157412
VSQ, (166831 104819 120023 [140823  [153422
VSQs (177830 |115830  [13.0833  [15543.0  [16542.8
VS 129027 | 85827 | 90124 [104£25  [11.0429
BEVSOL 170026 {906 120002 133823 147412
VSQ, (170832 |103t16 129820 149424 [159427
VS()s 158434 | 98419 120827  |135%19  [15.242.7
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F3-15 PERERE T IS 1 25 He | o FRERE R e [ A (R ST

Eﬁ ] 057 373 573 873 1073

Al
4 VSE, 159025 120430 131428 |14430 150028
VS(-);  [16.1£24 13.0£1.8  |14.7£2.6 153£2.6  |15.9%43.5
L VS@, 155830 11504 |125828 141929 (148430
VSO 156829 (128927 (138830 (146831 [154028

316 ByBSBI= 1SH e DS Hopl EFRETRE 0 [~ R (  7 50)

w0 | 30 553 853 1053

Al
VS(+)  |13.312.0 9.9%1.7 12.211.5 13.311.9 13.7£2.0
“lvse, liss28 |09kl [127420  |136830  |147404
VSO, 154517 |l6tl9 137806 1458 [1504008
VSO 157821 131418 146831 15580 [156430
VS 131518 96820 |125tl4 (126518 [I3.55L5
fE VSO 14807 10821 (12609 135830 146825
VSO, 154829 109823 139830 [14507  [150430
VSOs 156828 129830 44027 153025 [156%2]
F3-17  FhEs MU E12SHz dERETRE R R R o AT )
il 0 | 3 553 853 1053

Al
VS(+) |13.4%2.8 7.4%2.1 9.412.2 11.1£2.5 12.212.5
SISO 143929 (86519 11506 125419 [13.2831
VSO, 150831 looal 121925 141020 [140%29
VS(: (158027 125831 136028 [14887  |15.5423
VS(+) |13.242.9 7.2%2.5 10.312.9 11.212.6 11.912.4
PO [14207 32829 10805 124433 (13,6429
VSO, 15133 01419 120024 13109 [135%26
VSO (157825 142826 13507 14685 |150433
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F3-18 BUSL S5 (SIS 5 1 2SHp M HREIRRG [ 53 Aok (F1 1 57
5 E'E%J 053 1053 1553 2053 2553
Al

VS(H#) 13.242.7 7.6%1.8 9.141.7 | 105423 | 11.7%2.7
5= VS(), 14.6+2.3 0.6£1.4 | 11.9+1.6 | 13.642.1 | 14.6£2.0
VS(-) 15.642.1 | 109%1.3 | 129415 | 144417 | 15.0%1.9
VS(-)3 16.642.1 | 102%1.5 | 144%14 | 155422 | 16.0£2.0
VS(H#) 12.943.1 7.7£1.7 96424 | 109425 | 11.542.7
T VS 14.742.8 | 102%1.4 | 119419 | 134420 | 14.2424
VS(-) 152423 | 11.0£1.2 | 129421 | 14.1+19 | 14.8+19
VS(-)3 158420 | 124+14 | 138420 | 148423 | 15.6%2.1
F3-19  BERHTE T WS e 2S0Hz R PREY R e (S (1 7403 )

[ el 057 373 553 857 1053

A ]

VS(+)  {10.120.8 3.242.1 41434 5.33.5 6.5t1.9

ZFVSG)y (122428 4.344.1 7.6%4.2 06436  [10.9+3.1

VS(-), [11.7+29 6.114.2 87150 [10.653  |11.245.5

VS(-);  |15.6£3.3 77439 129146 |142443  |14.8t4.2

VS(+) | 9.0%4.1 2.012.8 3.242.7 46433 6.212.4

T (VSO [12.5435 57439 77439 106138  [11.0%3.1

VS(), [11.9%3.7 7.243.7 96125  [10.8132  |11.6£2.7

VS(-);  [15.812.8 6.92.9 12643.1  [14.042.8  [14.7+2.8
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#3-20

T R

52250H | HFFSEREIMI R [~ 1 A 5)

R 05 353 553 853 1053

A W]
VS | 96826 77 st 55123 | 66128
STIVSH), 137823 3.610.7 47%1.2 7.2+2.1 10.0£3.5
VSO, [124438  l46t24 73126 | 94126 [11.0#32
VSO 147027 16820 96820  [11316  [13.542.3
VS(+) | 88432 3632 |satls | 63122 | 72408
F[:r VS(G); |11.742.5 53123 6.713.1 8.913.7 9.7£3.5
VS, [120828  |s0f23  [ret22 | 96829 119432
VSO 117447 [53t21 80824 | 97823 [12.3#43
301 VU 1] e DSOHaf TR U [ (BT A )
w05 353 553 853 1053

A=l
Vs, (130831  [77t26 lostas  |1L7#30 134428
VSO 141424 o124 114129 121428 127433
HEVSE, (131927 66129 92426 11630 |12.7426
VS()s |13.243.1 7.7%2.7 9.812.9 11.912.7 13.313.2
K302 ISR 14V e DSOH ] RERE A8 (KB 08 15T
w053 353 553 853 1053

Al
VS(H  [10.2+1.8 30419 | 49t16 | 63821 | 7.1419
= VSE, [132827 62117 | 75419 | 99t18  [11.7822
VSO, |13.743.0 00t16  |IL5F18  |12.6828  [12.9423
VS 144125 103118 [125129  [139830  [143%19
VS(H | 9.6£1.7 34821 | 48119 | 66%17 | 74821
L VSO 1274929 59119 | 77420 | 94%18  |115822
VS(), |13.642.8 85117  [114%18  [12.4430  [13.0417
VS |144#3.1 103119 |126830  |135828  [14.0%2.8
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303 FhE T N U] EOSOHZ HEPREER] e A (B A T

R Fe] 053 355 553 853 1053

VS(+)  |11.043.1 3.3t1.4 5.4%1.9 6.912.0 9.042.4
VS(),  [12.0+2.8 4716 6.012.0 7.9+1.9 9.9+1.9
VS(-), [12.442.5 6.512.3 9.0t1.9 09423  |11.3432
VS(-);  |14.0+2.8 9.543.5 10912.5  |11.942.6  [13.112.2
VS [10.9+2.9 3.011.3 46119 6.2+1.9 8.612.1

T VS, |11.6£2.3 43418 6.1£1.9 73420  [10.742.5
VS(), [12.242.8 7.0t1.9 8.012.1 0.5+1.9  |11.7£2.9
VS()s  |13.642.9 8.542.3 119124  [12.5422.8  [13.142.3

#3041 F BT

g —
g

/‘\[ *QTJ % 250Hz ['fp[@ﬂf?ﬁ%ﬁl 7] ?T%(FJFI' b A7)

53]: Ei 073 1053 1575 2073 2573

VS+) 10.1£2.8 3.1£1.7 4.4%1.7 5.6£1.9 6.9£2.3

= IVS(), 12.4+2.2 4.5+1.4 7.3+2.3 9.4%2.3 10.9+2.5
VS(-), 12.4£1.9 6.7£1.3 9.2%1.5 10.9+1.9 12.0+2.0
VS(-)s 14.4£2.1 9.1£1.8 11.5£1.9 12.6+2.1 13.4+2.4
VSH+) 9.2£2.7 2.6%1.8 4.1£1.9 5.4%1.8 6.9£2.4

f VS 12.4+2.4 5.6£1.5 11.9+1.6 10.1+£1.9 11.0+2.1
VS(-), 12.5£2.1 6.9+1.4 9.2+1.8 10.9+2.0 12.1£1.9
VS(-)s 13.5£2.0 8.3%1.5 10.7£1.8 12.242.2 13.4£2.1
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£395  SHER SRR P SRR ) A (915 cm)

MR 053 353 553 87 1053
Al

| | 44126 | 68129 | 53126 | 39123 | 34423

= | AR | 32413 5.142.1 3.51.8 3.1%1.4 2.81.2

TP | 40021 | 6927 | 5523 | 36823 | 3240
= | mEs | 3016 | 52424 | 3517 | 28t17 | 2.6tl4

#3-26  SBEEHE T MR R REEITER (oT A A (15 em)

Eﬁ [t 077 1077 1577 2077 2573

A
VS 78528 (10621 [86130 6832|6331
2T lVSO, 66831 PR3 10225 |61t24  [58823
VS(, (60419 [82123  [58%20  [54123  |4.8£20
VS(: 5321 37823 |63t21 57824 [5.5419
VS 69133 |l06226 83128 68430  [6.1%35
VSO 68832 lortae 0828 Josto  [59%27
VS(, 58821 91126 6221  [60825  [5.0823
VS(s 62424  [B9B21 5923 [50t21 4818
2307 i N AR (45 (1 om)
i | 03 | 109 1553 207 255

A

VS(+) 6.511.8 9.1£1.0 7.1£1.6 6.4%1.9 5.7%1.8

== [VS(), 5.4%0.7 8.0£1.7 5.6%1.7 5.4%2.2 4.4%1.0

VS(-), 5.1£1.9 74%1.7 6.812.9 5.8£2.9 5.3%2.9

VS(-)3 4.612.0 6.9%1.9 5.1£2.4 5.2%1.8 4.312.1

VS(+) 6.311.3 8.910.8 7.5%1.2 6.611.7 5.8t1.6

= [VS(-); 5.611.3 8.4%1.3 7.1£1.5 6.311.7 5.012.1

ak
|

VS(-), 5.2%1.8 7.6%1.5 6.712.0 6.1£1.9 5.3%1.7

VS(-)3 4.212.0 7.1£1.6 5.5%1.9 4.0£1.8 5.8%1.6
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#3208  VORVERE T sl PRI T AT (T tem)

Wi 03 353 553 853 1053

A
4w VS(), |46t6  [4t2l  |S9tL7 472 4118
VS(s [2H19  |68823  |52t21  [43t6 9RO
HEVSE, W37 P6n3 |62l [sit1s 39t
VSG,  [43t21  [2t19 |58l 4282 P36
F<3-20 WIS s S MR i AT (FTem)
w0 | 109 1553 205 255

A )
VS(H) 6824 [102817 83121  [74419  |64tl6
2 lvso), 7220 Rotle (72823 |66tl8 st
VS(), [42t14  |68823  |58t24 4218 P35t
VS(: PBOLY 67820  |52t18  [4dtal  [3.6L7
VS()  [68t23  99tL9 85820 (72421  |6.8+20
e lvsen [61223  Jootaa  lestls o7l [sotis
VS(), 4419 [3t19  l62t21 4817 |38l
VS(s  [IR21 |66tL6 56823 [44tl9  [3.9%17
2330 FHET SH B (o)
w0 | 109 1553 205 255

A )
VS() 8328 (26837 |108821  [8825 84826
2SO, [69t24  [93t28 (81424 [7518  [7.3t18
VS(, 68823 [B2t26  [16t19  |66823  [5.019
VS(s 6T 321|588 M6 4513
VS 1927 (31832 105829 87828  [8.5t19
e lvsen [6st21  Josto  [s3tLs  Pstal [eot1g
VSG, (11226 B4t (78123 [69t18  [5.6£20
VSGs 45822 [69823 61220 (52421 |44t17




#3-31 AT ST WS L R i A (o)
E\ijEl 073 10753 1573 2077 2577
A Hll
VS(+) 7.5£2.8 10.1£3.4 8.41+2.9 7.4£2.6 6.4£3.1
== VS(), 6.4+2.3 0.3£2.8 7.0£2.2 6.21£2.4 5.8£2.9
VS(-), 5.4%1.9 7.7£2.3 6.2+1.9 5.3%2.0 4.5%2.1
VS(-)s 43124 6.9£2.3 5.312.1 4.612.2 4.1+2.4
VS(+) 6.91£2.9 10.443.1 8.413.0 7.0£2.9 6.4£2.9
f[f VS(-) 6.612.2 9.612.7 7.14£2.3 6.8+2.4 5.9+3.0
VS(-), 5.3£2.0 8.2+2.4 6.4£2.2 5.7£1.9 5.142.3
VS()s 4.4%).2 7.1£2.3 5.7+2.6 44423 4.0£2.5
#:3-32  SEIEAIE T IR 'Jl%cH'fﬂﬁu[ Al Ee o e (HEthcm)
Eﬁﬁﬂ 073 1073 1573 2075 2575
A ]
VS(+) 6.112.9 10.312.8 8.0£3.2 6.5%3.2 5.613.4
= {VS() 5.4%3.1 8.1%3.1 6.1£2.5 4.912.5 44122
VS(-) 5.512.1 8.712.3 5.812.0 4.112.0 3.5£2.0
VS(-)3 43%2.2 7.8%1.9 5.612.3 4.8%2.4 4.1%2.2
VS(+) 49128 10.212.1 8.1%2.5 6.412.9 5.212.8
?[5 VS(-) 5.012.2 8.4%2.5 6.1£2.9 4.912.7 4.812.5
VS(-) 4.512.0 7.1£2.3 5.312.1 4.5%1.8 3.4%1.4
VS(-)3 42%1.9 8.1%2.3 59123 4.6%1.7 4.612.3
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#3-33

ol N VR R SRR T AT (1 cem)

Eﬁf&ﬂ 073 1057 1557 2073 2573

A Wl
VS(+) |4.5%1.8 6.5£1.6 49114 45%1.6 39+1.6
= [VS(), [3.610.5 49%1.1 3.5t1.9 3.2%1.1 3.141.1
VS(-), 13.620.9 5.8%1.8 4721 4.012.2 3.312.0
VS(G); |2.8%1.2 3.9%1.9 3.311.8 3.5t1.9 2.6%1.6
VS+)  |5.0£1.5 8.011.2 6.0x1.5 5.311.6 4.4%1.6
F[:r VS(-);  [3.241.1 5.4%0.9 4.3%1.3 4.0£1.5 3.311.3
VS(-),  4.1%2.9 6.5£2.0 5.1%2.1 4.3%1.2 3.8%1.7
VS(G);  |3.2%1.2 49%1.2 3.0%1.2 3.0%1.6 2.6%1.3

F3-34  PEHUEE T IR f&H'ﬁ[ﬁ:[%ﬁﬁ%ﬂlﬁﬁﬁ?& (H15F:cm)

Eﬁ i 073 373 573 877 1057

A Wl
ST IVS(),  [4.2%15 6.412.2 4.2%1.5 3.7¢1.9 3.3%1.6
VS(H)s  [3.9£1.9 57823 4.3%1.8 3.7%2.1 3.611.9
f[f VS(-), |4.3%1.8 6.6£1.9 4.5%2.1 3.812.1 3.6%1.8
VS(-);  |4.2%2.1 6.012.1 4.4%1.9 3.912.4 3.312.0
F<3-35 RIS PR ] dE A IR T AR (A em)
w05 | 107 1553 2053 2553

Al
VS(H#) 7.1%1.8 0.812.5 8.112.3 6.8%1.8 5.1%2.1
= VS(), 43%1.5 7.4%2.2 4.8%1.7 3.9+1.7 3.611.9
VS(-), 3.5%1.8 6.2£1.9 4.2%1.6 3.812.0 3.2%1.6
VS(-)3 3.612.1 5.6£2.0 42%2.1 3.211.4 2.8%1.5
VS(H+) 59122 8.7£1.9 7.9%1.8 6.612.1 6.0£1.8
f[f VS(-)h 45%1.9 7.612.3 5.0%2.1 4.212.0 3.4%1.7
VS(-), 41122 6.8%1.9 4.4%1.8 2.5%1.7 3.0t1.9
VS(-)3 3.8%1.8 6.112.1 3.911.7 3.3t1.6 3.0t1.6
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£336 FUET I R SRR PR (1 som)

053 1053 1553 2055 2555
A
VS(+) 69131 | 9527 | 9.1%24 | 7818 | 7.2%20
=2 VS, 43123 | 64125 | 5118 | 47t16 | 42%19
VS(-), 36121 | 61%19 | 49%14 | 4016 | 3.6f17
VS()s 3919 | 57+21 | 48%17 | 38%19 | 27%18
VS(+) 72428 | 93126 | 84%25 | 7720 | 69%19
T [VSe) 45819 | 6722 | S6t21 | 52417 | 48823
VS(-), 3423 | 62420 | 51419 | 45%21 3.612.2
VS()s 37416 | 5.6t1.8 | 48t15 | 41%1.8 | 31116
F3-37 T FORLEERT 55 VPR Sl o SRR (S0 AR (T < om)
iR 05 1053 1553 2055 2557
A= Il
VS(+) 58823 | 91434 | 7330 | 61429 | 53+30

= VS(—) 5.1£2.5 7.7£3.2 5.7£2.9 47+2.8 4.2+2.4

VS(—), 4421 7.1+2.4 49+1.9 3.9+1.9 3.4£1.9

VS(—)3 3.742.2 5.6%2.3 4.3+2.3 3.6+2.0 3.242.1

VS(+) 5.3£2.4 9.443.3 7.6%£3.2 6.31£3.1 5.3%3.1

= [VS(—), 4.8+2.3 8.0£3.0 5.9+2.8 4.8+2.6 4.6+2.6

-k
|

VS(—), 4.2+2.2 6.7£2.6 49+2.1 42+2.3 3.5+2.2
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Fd-l ZRT BB AR L R )
EEE PR R PPN R
= gy Pl R 2 R N B | N%) | ¢ | N(%)
n% | % | % | (%)
143751 188849 40 31 15 7
16-20 (3.9 (6.1 (5.3) 4.2) (3.5) (1.6)
347383 | 508283 76 93 6 |29 50
21-25 9.4) (13.7) (10.1) (12.7) 6.7) (11.6)
570661 | 585047 111 119 7 |61 80
26-30 (15.4) (15.8) (14.8) (16.2) (14.2) (18.5)
629768 | 600121 126 107 4 171 65
31-35 (17.0) (16.2) (16.8) (14.6) (17.9) (15.0)
602014 | 566555 118 113 1 |80 65
36-40 (16.3) (15.3) (15.8) (15.4) (18.6) (15.0)
531879 | 496366 100 111 60 68
41-45 (14.4) (13.4) (13.4) (15.1) (13.9) (10.2)
334487 | 309854 80 68 51 44
46-50 9.0) (8.4) (10.7) 9.3) (11.8) (6.3)
260382 | 243101 44 45 24 27
51-55 (1.0 (6.6) (45.9) 6.1) (5.6) (4.6)
187655 | 137893 40 28 27 20
56-60 4.1 (3.7 (5.3) (3.8) (6.3) 0.9)
738582 57385 10 12 6 4
61-65 (2.0) (1.5) (1.3) (1.6) (1.4) 0.2)
14671 12913 4 4 1 1
66-70 0.4) (0.3) (0.5) (0.5) 0.2) 0.2)
3168 2557 2 1
71-75 0.1) 0.1) — 0.3) — 0.2)
636 493
76-80 0.1) 0.1) — — — —
370037 | 3709417 749 733 18 [431 432
Total (49.9) (50.1) (50.5) (4905) (50.0) (50.0)
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%42 ZPET - REE U R PR B E SR 5

BEEHH | 2B n)  [IEEEE n0) [ BFEEEn%)
1 63943 (0.88) | 12 (0.80) | 12 (0.80)
2 3282 (0.05) | 1 0.07) | 1 (0.07)
3 970 (0.01) - - - -
4 19452 0.27) | 4 0.27) | 4 (0.27)
5 187052 (0.57) | 36 (2.40) | 36 (2.40)
6 654 (0.01) - - - -
7 1791 (0.02) - - - -
8 985 0.01) | 1 0.07) | 1 (0.07)
9 9505 (0.09) | 1 0.07) | 1 (0.07)
10 718 (0.01) - . - -
11 2546920 (3.50) | 51 (3.40) | 51 (3.40)
12 12279 0.17) | 3 (0.20) | 3 (0.20)
13 140574 (1.93) | 29 (1.93) | 29 (1.93)
14 64364 (0.89) | 13 (0.87) | 13 (0.87)
15 115530 (1.59) | 24 (1.60) | 24 (1.60)
16 63761 (0.88) | 13 (0.87) | 13 (0.87)
17 136192 (1.87) | 27 (1.80) | 27 (1.80)
18 15616 0.21) | 4 (0.27) | 4 (0.27)
19 45679 (0.63) | 9 (0.60) | 9 (0.60)
20 55999 0.77) | 12 (0.80) | 12 (0.80)
21 131805 (1.81) | 28 (1.87) | 28 (1.87)
22 195523 (2.69) | 40 (2.67) | 40 (2.67)
23 51959 0.71) | 11 0.73) | 11 (0.73)
24 48080 (0.66) | 10 (0.67) | 10 (0.67)
25 51755 (0.71) | 10 (0.67) | 10 (0.67)
26 9901 (0.14) | 2 (0.13) | 2 (0.13)
27 352306 (4.85) | 73 (4.87) | 73 (4.87)
28 191193 (2.63) | 39 (2.60) | 39 (2.60)

123




FA4-2(38)

BRI | 25T no) [ n0e) A FEETEn%)
29 465339 (6.40) | 98 (6.53) | 98 (6.53)
30 128550 (1.77) | 26 (1.73) | 26 (1.73)
31 38036 (0.52) | 8 (0.53) | 8 (0.53)
32 58415 (0.80) | 12 (0.80) | 12 (0.80)
33 1493 (0.02) | 30 (2.00) | 30 (2.00)
34 30431 0.42) | 6 (0.40) | 6 (0.40)
35 115177 (1.58) | 24 (1.60) | 24 (1.60)
36 339188 (4.67) | 67 (4.47) | 67 (4.47)
37 144443 (1.99) | 29 (1.93) | 29 (1.93)
38 93416 (1.29) | 19 1.27) | 19 (1.27)
39 65844 (0.90) | 14 (0.93) | 14 (0.93)
40 794437 (10.28) | 166 (11.07) | 166  (11.07)
41 466668 (6.42) | 97 (6.47) | 97 (6.47)
42 253840 (3.49) | 51 (3.40) | 51 (3.40)
43 20072 (0.28) | 4 0.27) | 4 (0.27)
44 20660 (0.28) | 4 0.27) | 4 (0.27)
45 52913 0.73) | 11 0.73) | 11 (0.73)
46 167669 (2.31) | 34 (2.27) | 34 (2.27)
47 18013 (0.25) | 4 .27) | 4 (2.27)
48 45942 (0.63) | 9 (0.60) | 9 (0.60)
49 146931 (2.02) | 30 (2.00) | 30 (2.00)
50 1240168 (17.06) | 252 (16.8) | 252 (16.8)
51 238076 (3.28) | 49 (3.27) | 49 (3.27)
52 101155 (1.39) | 3 0.20) | 3 (0.20)
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*E I’F'Lilﬁgﬁﬁl?i;ﬁﬁfj?ﬂil?r347%5(23.1%),’%’Lﬁﬁ€?ﬁ5{€1f’111‘—ﬂ?ﬂiﬁ%l78§(11.9%)

A4S BB £

%0 (%) REF20&m (%) | Rl (0=863)n (%)
frypsts 7 15 ( 1.0) J 11(0.7) 10 ( 1.2)
= R T 110 (7.3) 80 (5.3) 57 (6.6)
P R 12 (0.8) 5(0.3) 4(0.5)
S e e 7(0.5) 4(0.3) 6(0.7)
IR 8 (0.5) 4(0.3) 3(0.3)
H Y 27 (1.8) 43 (2.9) 17 (2.0)
ik 179 (11.9) 147 (9.8) 97 (11.2)
H4-6 FT BR HIPET
S G153 KRS % n (%) B 4l (%)
&S RIREE T (7)) 48 (475) ) 30.7)
[l ok 7 Sl 3 (5 (81) 18 (42.9) 16 (38.1)
PRI w%?g@:m) 22 (34.3) 15 (234)
= (73) 9 (30.0) 4 (13.3)
REET (83) 13 (23.2) 11 (19.6)
HPE ST (79) 18 (19.1) 43 (45.7)
PR T (32) 2 (16.6) 1 (83)
ESirgieh e (82) 11 (15.3) 5 6.9
= S 4 (133) 2 6.7
7 (EFERI(13) 3 (10.7) 1 (3.6)
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O =8
W o W 35 79
= 14 36 50
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I sl 44/58=75.9%
OB R 36/71=50.7%
A o (11.9%)

n=1500,m =179,n-m=1321,
ml=79 ,m2=50 k1=44  k2=14

o _ 44179*179+14/50*1321
1500
_P7+3699 551 (3100
1500
“Htg
O =N
i # 3 34 20 54
=Y 51 75
58 71 129
i1 S 44/58=75.9%
OB 36/71=50.7%
Fe-m ek (11.9%)

n=1500,m =179,n-m=1321,

ml=79 ,m2=50 k1l =44 k2=14

P 34 /54 *147 + 24 /75 *1353
1500

92.5+433.0
-———— =(. 0/
Eop 035 (35%)
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