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Change of Skin Temperature of Workers Using Vibrating Tools

in Anthracite Mines
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By implementing epoch-making policies for industrial promotion, the national economy has made a

remarkable development. As a result of such economic growth, industrial accidents and occupational

diseases have become a serious problem in Korean society.

In the presidential order for the execution of the Korean Labor Standard Law, neuritis and other
diseases stemming from health impairments due to vibrations in industrial processes are designated

to be dealt with as vibration diseases. In the case of vibration disease, industrial accident compensation

is not effectively paid.

In order to investigate the vibration hazards of rock-drill operation, the authors studied the subjective

symptoms and performed physical function tests on a total of 79 persons (vibration exposed group)

who used rock-drills, and 39 persons (control group) who did not use rock-drills at anthracite mines.

The results of the physical function test were as follosws .
1. The right hand was more affected by white finger than the left hand.

2. Independent variables such as duration of rock-drill operation, age, drinking and smoking were

indentified as statistically significant factors for the occurrence of white finger.

3. In the pain sense threshold, the group with Raynaud’s phenomenon showed a statistically higher

level than that of the control group.

4. The skin temperature of the group with Raynaud’s phenomenon was lower than that of the control

group. The recovery time of skin temperature aftr cooling was delayed compared with the value of the

control group.
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= WwAm AR Ao 4T g Seriete
o] AA AFHUJoH, B B e U3te

& Ao AF A GAHE AFA 9
zHsPct. 2F JE
A7ZsE 22715 A FAAERFL = %t
Aoz oA Y1, AT AYY B
g 31 gol® BFetar ofF RAAEr} &ws] ¥
£52) gn d& ¥ ohel o]z 2Ig Ha Azt A
Z37s]e] deljgeto] ojugt HAolrt,

2}Foll = Maurice Raynaud(1862) 7} #lo]x= A&
K313 0]F- vascular spasm (Loriga, 1911)¢] 2R EHS]
o 11 o]Fo= 944 FEF 5% (traumatic vasos-
pasdic disease) (Gurdjian® Walker, 1945) o2} &a]5-
I Raynaud phenomenon of occupational origin {Agate,
1949), vibration syndrome (Industrial Injuries Advisory
Council Interim Report, 1970 ; Taylor, 1974), vibration
disease (Takamatsu %, 1979)¢] o]=21 itk

Sejued A JAFFFELd B ATEE 19749
TFT AEAe] 3 34 A FAR25 B3 A
(AR olelF, 1974) 1980 ARG @FAY 2
229 AF FFT LEE H Fol Ead H (=AF,
1981) o], JFFFT P54 (Moon T, 1983),
AeFFTe Y 3y H(EYT 5, 1983) Fo|
Haso] gich

B AA A dlolx A4S At 22 PaA
ol E G 5 A= WHo g Axe HApatet ot
z}e] 7} ATHWolff$} Pochin, 1949 5 Yoshimura$} lida,
1950). ¥ AFFo AF-2x9] wisht HERTE A
st 2 R E H7HEcH(Chang, 1976).
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1) gzt

AFFFTY 3] FE805F il 227 #AE
AH B 7] 93l audiometer (Ekstein bros Inc, Model
390MB) & o]&3te] tiizlollAl 4000 Hzol A 33 A
AH Atk |

2) A7t 9x HA}(vibratory sense threshold
test)

A5 #Z4A(AU02, Rion, Japan)& ARt , &
ztzk 27, 37, 47, 53¢ IR A 125Hze] FEL
A E FFsA YAFH] Fed 9A) des WA
37] 98 JAAE AAF HAF 15587 FHA T
Al &3t

3) 54 9% &3*(pain sense threshold test)

Takamatsu®] SZ4AE o| &3l uzixte] &, ¢4
g4 RN F49AE S5 24, 3%, 44, 5
Ao ¢o2 F $45 AL

4) I3 &3

A7) AEEE o] &3t 1zt AFAE A3t F,
+ FRARA HEFS 2.

5) ¥4 AAZAAcold water immersion test)

&4 7)9& skin thermometer(Takara model PZL-64,
Japan) & AHE8HSlTh HRtel &S Aol gt
o] 92 PII=F SHFL o 15—u:Zl &3 HAJe 4
Hazo HAIR the F&e FA g wiRo &4
AE AMAl 2ol olgd AAge Hn £F5&



Al ok (D), (2), (3) 9] Al A48 AH8-3F4 TH(Chang,

Recovery activity(°C/min) = ((T1—T0) + (T2—T0)/

24+ (T3—=TO)/3)/3reereererrenrenreareniiiiniiniiinn. (1)
Rewarming rate(°C/min) = (T3—T0)/3--++++: (2)
Recovery rate(%)=(T3—T0)/(Tp—"T0)-----:(3)

&, Tp=4+ AHd viex
To=9¥% o] B FAl9 IFew
Ti=4¢ HAo] Ertn 1839 fHln
T2=w4 dAo] EYL 2859 ¥ 2%
3=+ FHo] ¥ 3859 dHex

A7) AHg 224 1993 dEEoR § Aoe 3
Wrle AbgEA e BAZ2R W ZARE B
e AAN AAEE $EIE F Auzdoz Ae
sk} E4sheich.
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Table 2. General characterestics of study groups

1. HTChARte] st =4

27| A S22} 79% -8 Taylorel Je7|&d wa}
EH3 27 A )7) 9 stage 1(0]3F FA4Fo|g} &)
1189, FA] %ol 7Hz}ol oI} FZo] 9i= stage 0 t/n
(o]3t ejFol ol 159, F4ol gl stage 0(ol3}
kErolet gho] 460 (Table 1).
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Table 1. Description of study groups

Group Number Description

Stage 1 18  White finger

Stage O t/n 15  Tingling and/or numbness
Stage O 46  Rock drill user, no symptom
Control 39 Miners

ZAM ALY d#2 404 g ow ST 94.4%,
o279 86.7%, =T 935% WETY 821%7 &
& 3 Aok ST 66.7%, ASTF2 86.7%, =
Z79 91.3%7F SFZ 3tgrh
4T FYY] AL E 119, 957 109, =
T 6o R T3l 2FA5Tt BATHE {7
a}o) 7+ AU THP<0.05 by multiple comparison test) (Ta-
ble 2).

e

2. AUX|(white fingerjo| wWalg

Stage 19 &3l 1899 A WIvg 2y

Items Stage 1 Stage O t/n Stage O groups Control
(n=18) (n=15) (n=46) (n=39)
Age(years) 4144+ 724 40.53+ 6.99 3833+ 747 39.29+ 11.22
Height(Cm) 166.00+ 647 165.50% 5.11 167.38+4.21 167.24+ 5,52
Weight(Kg) 59.56+ 6.87 60.67+ 6.31 59.43+ 7.81 59.10+ 6.10
Duration of work 11.00+ 6.54* 9.93+ 587 565+ 3.68 321+ 128
(years)
Smoker( % ) 994 935 80.1
Drinker( %) 66.7 91.3 795
*** indicates p<0.05, p<0.01 compared with control group by multiple comparison test
Table 3. Comparison of white finger between right and left finger
Left finger Frequency( percent) Right finger Frequency(percent)
2 nd 10 ( 256) 2 nd 12 ( 235)
3rd 13 ( 333) 3rd 17 ( 33.3)
4 th 12 ( 308 4 th 17 ( 333)
5 th 4 (103) 5 th 5 (99
39 (100.0) 51 (100.0)
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9.2 747} 3, 4A) 7} Bo] VENET, AAH o2 © E%olA
%ol Yepgti(Table 3).

Fd A 247 gL HFAANAIA 16.6%,
moderatesmokers] 4] 25.0%, heavey-smokerdl| A 4] 22.4
%°] 4 cH Table 4).

Table 4. Occurrence of white finger according to smoking

amount
Numbers Stage 1 Occurrence
(%)
non-smoker 6 1 16.6
moderate-smoker* 24 6 25.0
heavey-smoker** 49 11 224

79 18

* : less than one pack per day
** _ more than one pack per day

szAFT o] e 4T THELS U S FT A 46.2%,
19 250 9He oAl TolA 184%, 1Y 2& 013 viAle
TN 179%2 Jeh} £F9 AFFIT LHE A
o A7 BAle] A3 Holil glcH(Table 5).

Table 5. Occurrence of white finger according to drinking

amount
Numbers Stage 1 Occ l.e r )e nce
no-drink 18 6 46.2
moderate-drink* 38 7 18.4
heavy-drink** 28 5 17.9

79 18

* : daily ingestion less than 320ml of 25% alcohol
** : daily ingestion more than 320ml of 25% alcohol

F Zv] ARSIzt FAE ddee] WAE 2
2 7200417 wgtalA 83%9¢] LE &S vehdv] ¥
st} 7,200—9,600A17tN A 35.7%, 9,600A1F o]/l A
50%2 JUehie Rog Hol #Hety] ARgAZRe] Fof
G52 2439 dA8e FoAE Aoz UEEh
(Table 6).

3. &K waiol DS HE

Bz Bed) BAY WSS 27 Aokl YA
Az, Az, A, FAR, $FIR, £57] W, $37)
g, AF wEF AL AFIT FRY M52 G
07 PHS NG A3 SARHoD foF WsE
A% w2Y A%, 27T, FAA¥/ Ag=Een

Table 6. Occurrence of white finger according to rock-
drill operation time

Hours* Numbers  Stage 1 OccE%fnce
— 4,799 36 3 8.3
4,800— 7,199 12 1 83
7,200— 9.599 14 5 35.7
9,600— 11,999 2 1 50.0
12,000 15 8 53.3
79 18

*Hours=daily use timeXduration of working years

°)S ) WEE FA F2E 329 4HE £ UK Ta-
ble 7).

Table 7. Results of Multiple regression for white fi-

nger
Variable Code Beta Significance
Dose* hour X Year 042 0.0001
Age Years 0.29 0.026
'N
Drinking 0-No o4 0.026
1: Yes
0. N
Smoking oo 023 0.0472
1: Yes
Multipe R 0.56
R square 0.32

* White finger s 0: No, 1. Yes
* Dose=daily working hours X years of working

o o]ZFoA thzTd b3 FAgAH R fojsii
A= Y oH(p<0.05) (Table 8).

W4 AAA &gty vR 2T 32oCHeg o ¥
F AHF HR2L F4T2 1431+ 2.78°C,HTT & 17.
27+ 2.78°C, =& T& 1794 250°C, 2T+ 17.34+ 2.
90°CZ FTo] iz H& FA%HZ Frofsti
ZAFA d¢ AR 1, 2, 3, 5, 1089 F4TY

Rove g2y g vd FANHeR fodtA
votony IEEE YT ATEIHTHTable 9). ¥
AXZ Frecrt Aoz 3Ese AAS Hrsr]
9% A4 Recovery activty, rewarming rate, recovery
rate= FATA dlz2T) vl& A se A B2
ou EAgtHoR fKoslAE %th(Table 10).



Table 8. Results of functional test of study groups

Items Stage 1 Sta(ge O T/N Vibration groups Control
(n=18) n=15) (n=46) (n=39)
Blood Pressure
Systolic(mmHg) 12118+ 11.11 120.00+ 5.77 121.14+ 13.16 12429+ 12.60
Diastolie(mmHg) 79.71+ 8.38 7846+ 555 77.50+ 10.59 7893+ 7.37
Hearing threshold
Left(dB) 4556+ 11.62 4769+ 19.21 4156+ 11.32 43.20+ 15.83
Right(dB) 46,94+ 10.17 4308+ 12,51 41.00+ 10.75 40.26+ 1342
Vibration sense
Left(dB) 453+ 2.09 458+ 1.77 454+ 223 457+ 2.00
Right(dB) 517+ 2.16 458+ 166 505+ 2.94 453t 2.26
Pain sense
Left(g) 453+ 1.12* 3.93+ 062 411+ 044 389+ 045
Right(g) 469+ 095 393+ 059 409+ 042 389+ 045
Sweating
Left(mA) 429+ 110 3.00x 1.31* 411+ 121 416+ 152
Right(mA) 4.00+ 1.26 340+ 1.12* 420+ 112 429+ 145
* ** indicates p<0.05, p<0.01 by multiple comparison test
Table 9. Change of skin temperature among groups
Time after Stage 1 Stage O T/N Vibration groups Control
immersion (n=18) (n=15) (n=146) (n=39)
Before 32.25+4.22 32.94+ 3.69 32.53+ 2.55 32.53+ 1.99
0 min 14.31£ 1.94** 1727+ 2.78 17.09+ 2.50 17.34+ 290
1 min 16.64+ 2.52%** 19.47+ 3.27 19.96+ 3.96 20.08+ 4.06
2 min 18.86+ 3.32** 2187+ 3.79 22,55+ 4.51 2327+ 446
3 min 21.35+ 4.19** 2431+ 4.26 25.38+ 4.45 26.00+ 4.20
5 min 2492+ 545 26.89+ 5.20 28.93+4.32 29.09+ 4.20
10 min 28.00+ 5.35** 29.17%+ 5.72 32.70+ 3.60 32.16+ 3.33
*, ** indicates p<0.01 compared with control value by multiple comparison test
Table 10. Change of skin temperature indices among study groups
Items Stage 1 Stage O T/N Vibration groups Control
(n=18) n=15) (n=46) (n=39)
Recovery acivity 232+ 141 228+ 124 279+ 172 286+ 144
(°C/min)
Rewarming rate 235+ 119 235+ - 1.14 276+ 116 238+ 121
(°C/min)
R t
e°°‘(';r’)' rate 4510+ 19.10 53.77+ 23.30 5493+ 25.15 57.81+ 24.13
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P3
=
s %—?—'2'9—] B4 S yibration, noise, coldness®] 3
[29lo] 9

& fdedy Foh(Pyykks, 1974 5 Hyvari-
nen®} Pyykko, 1974). 230} 23 2% 37 239
Mg 2gol tix o) de] MAYs A4 (thalamus) ol
285 Z}g"‘ﬁ 23w Alexd vlgd WIE
Fo] £Aef AWy go] FEEtts HoltMatobag,
1975).

IE FFT L e B9 F 9 3R 4474 A
Zo] Jeldth o & ke 12399 g FFLt B
AN LEETIE 47%, 9E71ENe] 42%7) AN
“do] el o ool @3t dEoze E5F
AHEA] o= & &8 O Bo] AMg-stevtel g duin
35 Hellstrom® Anderson, 1972).

FHEALe Iy 71He LA FEAE B3 o
) go] AEEo| FusE RAUAS AFsjo] W
THE FEAA vEdte a4 83 55 04}
(sympathetic vasoconstrictor reflex) & 7+3-& A5tz
A cH(Hyvarinen®} Pyykks, 1974).

2909 chain saw AHE-A} 2043 & Ak o2 2AN3H
2 AF F37 8 &) 47%e 1 3 oH(Hellstrom,
1972). Charterjee 5(1978) 2 3t FALS iAo = 115
Be JEFTT AHEAF 50%7t IF FFFolel 2%
gou Pyykko(1974) = HIH=9] EX=} 1184 S o
Fo AYg A} JTolA ZF SFT o] 40%U L
gt B APl Me I T AN 222 7995 18
ol 34E 7 glol AT FFT Lo 228%
ofgial & £ glovt BEe 3 =& AYS
ZARE Zlo] olul%iy] wjFel eldFel w|wE o=
27t YA B ARG FHEo] L olfEE fE
AAE-& chain saw AHEARl) #a] 2AVERIL o] P
*15 A7) ARgAE tez B JF FTT

Foll met AFAT7t gE Aoy o]elo) PR,
3’337]‘_, A Y] Aojol QIg Zoz AZtHE).

ARt A5 ST 2o AT W5 v
gon thE AzlE F49 P wet 2% ST ¢
folgt ztol7} lvkam FcH Charterjee &, 1978 ; Pyy-
kko, 1974). olo) B3 715 % MP L2 nicotine?] ¥
BA] Hg Agoz B3 oK Taylor, 1977).

7Yl Zohl weh A% FEE Bl PauE
Aoz UBhd b5 ol 92 4o A% YR
Zotol Z10s)o] Do) AF ZFPO] MIAAE U

T AAZL olRleng F

’%‘7—}*\"‘1‘4

FEFT ARRAIT e
on g AAEE 1‘%— T HEEH F
FETT A A1 E ] &3 —wbg BAE Bt Qo
(Taylor %, 1971 Hellstrom, 1972 5 Pyykko, 1974 ;
Charterjee %, 1978).

Tominaga(1973) & TTS(transient threshold shift) €}
E Ao o A AF 2 Gl Aol wal
Bastgeh o] AARI AL AF F=F 5EFH
A AE Bol &vin dQich wetA o] AFelAE
A AE3 dAS FAFo E 2 I3 HAks
A& st

Yamada(1970) = A9} AWHES f-3a4le) My
A nail press test® 3l A& B Wzt
gl FAZEY v Aol HlwF FE& Fuo
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X
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2472462 A8 B2y REAL Qi 479
557} ZAse] 23802 YEdts 13} (Hyvari-
nen%, 1973) 4, ¥x A4 z*oh} Tz 844 F
A AeEZ) g3 447 5PHez AT o)
) tHTakamatsu 5, 1979).

i S FT LI BAE TR A3lolA
ee YA Wojdde s 4EslaL =l Jepson(19
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253 ol AFE FA7=d AFsdoe 2o
&3 9100 Okada’s (1971)0) &18hd Wz o) v)3ta)
AFEFT AHRTAA F35H EFA4LE UeliE B
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WA AEe dukd 0 @ 50C oo 1057+ AR A)A
HRexe Wty HEsh FAES] LT HWE 10°C
Yol 1083 AFA7)E BEE AMSERL Aoh(Chang,
1976).

Hreow FEA457L etz (Chang, 1976 : Yamada,
1970, Harada, 1981)9] Z#9} cfd AJoldg Holn
Ak olg] 7HEE ol A, FALZITte] 69 10973
o2 §32%7} 200C W2 AR 10°C9} Afol7t
Ao, A, FHR) e o] glo] stage 122 &7
AAtE EAEs 2AF AR e FYA Fio|
gilemz ZA didAl AR Aolst & 4 Utk

A7) ol daEl 7ilE Ao
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231X e B 222 3998 UdeE 19879 69
109 3-€] 19873 69 199714 BF =4 2 I AAHE
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1. WA (white finger)v LEZ &l o Hol e
Stk

2. AWz Be] A% =2 dH, ST E A A
Bl BAHo 2 fogt W4E AU

3. AE 3T TR FAR FAYXT 2Tl
v)&] F7tE AT

4. J ARF e FF
vlg)] ygrom 3E-2 =
ERd

2o W¥ewst o
Fol WA AADE AFE

2 o 2

rok

AAA, olHE. AFFT AR 383 sho X AR
259 ghgoly vk, 7HEY tiE %R =&8F 19
74 5 27 . 369—375
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