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Assessment of Vibration Produced by the Grinder Used in the Shipbuilding Industry and Development of
Prospective Prevalence Model of Hand-arm Vibration Syndrome

Sanghyuk Yim'™ - Yunkeun Lee' - Hee-sok Park’

“Wonjin Institute for Occupational and Environmental Health,
*Department of Industrial & Information Engineering, Hong-ik University

The purpose of this Sudy is to invedigete the relationship
between the accderation of vibration by the powered hand tools
used in the shipbuilding industry, and to devel op the prospective
prevalence modd for the hand-arm vibration syndrome among
the shipbuilding workers

The acceleration levels and frequencies of six types of
grinder were messured using the 1505349 method dong with
the time of exposure to the vibration from the powered hand
tools. Medical examination for 114 workers were performed
using the cold provocation test. Comparisons were made
between the estimated prevalence of hand-arm vibration
syndrome from 1S05349 and the observed vaues from the
medicd examinaions. By multiple regresson, we developed
the prospective prevalence model of hand-arm vibration
syndrome produced by the hand tools used in the shipbuilding
indugtry.

4 hour-energy-equivaent frequency-weighted accderations
were 6.23m/<’ in the grinding job done after welding, and
13.39m/s in the grinding job done before panting. The mean
exposure time while holding powered hand tools was 4.64
hours. Prevalence rates of Raynaud's Phenomenon were
12.04% in the grinding after soldering, and 42.9% in the
grinding before painting measured using the 1S05349 method.
After exposure to vibration for 10.79 years, about a hdf of the

workers in the grinding after welding could developed
Raynaud's Phenomenon. For the workersin the grinding before
painting, the latency was 5.02 years. The 1SO equation for dose-
response relationship was not significantly correlated with
observed recovery rates of finger skin temperatures, blood flows
and amplitudes of nerve conduction velocities. A multiple
regresson modd for dose-response relaionship was proposed
fromtheresults Recovery rate of the skin temperatures=-0.668
+ 0.337 X 4 hour energy equivalent frequency-weighted
accderdions+ 0.767 X duration of vibration exposure(years)

The vdlidity was proved by multiple regression andysis after
correlaion transformation and regression results based on
modd-huilding dataand vaidation data

Key Words : vibration, acceleration, Hand-arm Vibration
Syndrome, Raynaud's phenomenon, 1S05349
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Table 1. Analysis of vibration exposure rate

= 1999,
o dAs 71

SR BRG] FANEST

T oS e 7 408

ESES ekl o) Wk
250—800Hz % M| 2] AFatol| A Btk aatoll A 52 7
0] WAEIO, 250 o) el Folpoll A W

Sasang operator Soji operator
exposure . exposure .
power tools rote time(h) power tools rate time(h)
7' Grinder 25% 16£0.82 4" Grinder with disk paper 64% 2971142
4’ Grinder 50% 2.32+0.64 4’ Grinder with brush 16% 0.74+0.45
Baby Grinder 25% 1.16+0.89 Baby Grinder with brush 20% 0.93+0.35
* - means£SD
Table 2. Frequency weighted acceleration
Tvoe of tools Dominant Acceleration(m/s)
yp axis Dominant axis Vector sum
(A) 7 Grinder Y 200 (11~33) 31 (29~55)
(B) 4’ Grinder Z 326 (26~4.7) 468 (37~6.9)
(C) Baby Grinder Z 1041 (6.6~15.6) 1652 (7.8~24.2)
(D) 4’ Grinder with disk paper X 1244 (48~3L8) 19.20 (54~49.)
(E) 4’ Grinder with brush X 14.09 (7.1~21.7) 235 (10.3~405)
(F) Baby Grinder with brush Y 1243 (6.34~345) 17.08 (7.8~49.7)
* . acceleration range
Table 3. (apweqq) according to actual exposure time
Tvoe of tools Actual exposure Acceleraion of
yp time dominant axis (@nw) cqw)
(A) 7 Grinder 116 200 108
(B) 4 Grinder 232 326 249
(C) Beby Grinder 116 1041 560
(D) 4’ Grinder with disk paper 297 1244 1033
(E) 4 Grinder with brush 0.7 14.09 6.06
(F) Baby Grinder with brush 093 1243 599
Table 4. (apweqq) according to actual exposure time (when exposed to sevral tools)
Type of tool Actud
ypeor tools exposure time ( ah,W) eq(T) ( ah,W) eq(4)
7' Grinder
g""?;‘t?on + 4 Grinder 4,64 578 6.23
P + Baby Grinder
- 4" Grinder with disk paper
Prepamnting 4 4 Grinder with brush 4.64 12.43 13.39
grenders

+ Baby Grinder with brush
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Table 5. Exposure time and percentiles of population of VWF

Percentile of population, C

Type of tools 10 20 30 40 50
Exposure time, years
7' Grinder
osmeratlgi]on + 4’ Grinder 4.83 6.82 8.36 9.65 10.79
P + Baby Grinder
L 4" Grinder with disk paper
ggg‘;ing + & Grinder with brush 2.24 3.17 3.89 4.49 5.02
+ Baby Grinder with brush
Table 6. Results of skin temperature by cold provocation test (N=114, C)
Right 3rd finger tips Left 3rd finger tips
Skin temp before after after after before after after after
test 5min 10min 20min test 5min 10min 20min
Means 32.82 26.38 29.19 31.50 32.80 26.18 28.98 31.21
SD(=) 2.01 4.18 3.92 2.82 2.14 4.26 4.25 3.26
Minimum 25.80 18.90 21.50 23.60 23.40 19.10 21.10 22.40
Maximum 35.90 33.10 35.30 35.90 35.90 33.90 34.70 35.20
* 1 p<0.001 by paired T test
Table 7. Comparison of skin temperature between exposure groups (N=114,T)
Right 3rd finger tips Left 3rd finger tips
before after after after before after after after
test B5min 10min 20min test B5min 10min 20min
3351 29.01 31.31 32.84 33.59 20.11 31.44 32.81
1.23 357 2.63 1.86 1.40 3.40 2.44 1.96
33.21 25.73 29.21 32.22 32.90 24.69 28.35 31.54
2.01 3.98 357 2.02 197 411 381 2.44
hih Means 317 24.25 26.5 28.84 31.67 24.03 26.26 28.57
g SD(#) 2.03 3.52 4.00 3.36 2.31 352 4.45 4.07

* 1 p<0.01 by ANOVA test



2 7)E 405

=
= ¥

ARNFZFE ol

<
T

EEREERES D!

L

L

EERETE NP

e K- BT TG ook G B ol W TR T
il R (=} E1# 7 O#E ﬂ e e j.L HT X Oﬁo Z_O O#Emma‘lb_l =t ﬁO]
8 oF I T B Tl e M =0 2
Sy ol i I R ey
) jant K =} oo
2e58: § FElZreagfizasi. gecrhd
_ =g WL e R B T T H T o B
BT M g%m%%%wagﬂw%m@ﬂ B R
X m Ua K iof Gl e S e o N P Fo B RO M- 40 L
CEETe W DRREETHRALgmeTS  ehThLY
_zﬁi‘aa&o fo 1o o TH ol oy OF ol o) Ty ol ) oy Bo A
, W N X %o T o
oﬁﬂuﬂ%wm Rl }M%M_ﬂ}v%ﬂgdr.ﬂoﬁmmwmm fills ma.?%ﬂ%mw%m
c8iEe K PR bk e Rty G T
Nr 9 =E o7 oo =o I EMHHTO_EE u|__,To,Vﬂ1_1M B T
SELST 5 IIITHEREELIESaT PEEERIZS
A B R o ) w0 v - 8
™ o X S oy W N X = o I o_edﬂﬂmﬂﬁ;o o O X7 o X oop X
Qomes  a, BEPrerTededaDadEaT G T T 5
RR 4o N B o)l K{ Tl TR EHCY D Mol e NN
gEby®  HE LIgEne il gesirT pizciefa
EnBwl  Tm QLTI Ml gL TR TE WO e Dl Fw
Qw EZ T o ZRTwTowioamzaado® ax Mo e
ERBEL o RRTEREr TR LS Ty «RERITET
_ _ 2o g o] 0° o &S ol KA A
oy o7 o)) i) X o LT N N W L] © )y ol ok 2
5P RGP T PN SuTreTE
SEERET re RS LEr=Eis
o 20 TN X o N A ar o% . Iz N g
5 X5 4w o B o CReEY g I A
Fooo W LT = ot 5 - S A
e RO | Mo e g B E TR R I AP N DS
g e ol Sl ey RA-E R = T Mo W 2 T o X
FEEECR R GhEE ; pTeSTE Fardegdg
g Lo G Mg S KBS TR PLE T oI
FXm Mg ot & & 2ol oS geTw s
&% @ E o Ny 2 X S o X T S T o T
2 mr = © - ~ o_am_. > Eomwmﬂuan_.:i 1r_.r oy ™
%M%ﬁﬁ%% Y %@m;o IR g R o) <0 Wﬂ%@ﬂ%&
A el ~T = Se™ R ER T
o O o NP 5K = ? SsHEE G o mndale < Whii%ﬂ%
NI S S H Crm™ = ﬂﬁoWaJmoMo o __ﬂewaEﬂuﬂmnﬂ&o‘
o7 M 2 5 9 R o W rd oL T PR o = Moy 5 B
U R Rl weIvyR o xEusdm < prEeTeB
X of 5 < loui s iﬂiﬁlﬂ_uo Waw&u;o LLﬂEm a = ﬂﬁﬁ]ﬂﬂlgmi
SR g N ol o o o] oo oo o ol AR O R 2
2 o e PO mo - B &) 5oy oy mFe oy, o
N X X = K J = H S or oF = <
o ao 22 M3 T B g ol N G < ok - X py ARl X
& o b M= ol = up o ofy % M zm N m R o gy W
T S L L < Bt I -
A <R AR R R R o3 ~ D 3t Jo = AF & W ~ FTPHHE S

)

N

374}

1

gol 255, 3

AT
-

2

Y

% 3% Hrjw, 321417 A9

T IET gho] 242 Yol = A 0 7 ZA ST

g BT
PEEISEERT

&
o

2

R

T
L

X
=
P

=

3]
=)

Ao =
4ol 8l

}

1
1t

[¢]
-

A7 A

3L
[¢}
BRI
£14

LA

=
=

102 ov] 9]

&
&y

k7t 1-131C 9 Afo]

]

xg/\]-

ex
o 3t % Hafe] WEIHE E 3

A7k whe} 257} Al el A B
Walalgl o AW, AN (AT o] 7HE 3=

o|3lthH(Table7).

95 9AZ A
A R ok 092 missc

I~

o, 3, SHAIAHE D), 7'k AAHA

)

=

1=
=



206 3] - o)t - w8l

Table 8. Correlation between examination methods

ISO Percentile blood flow skin conduction
of population temperature amplitude
1SO percentile 1.000
of population -
0.057 1.000
blood flow p=(0.648) =
- 0.134 0.710 1.000
skin temperature p=(0.281) p=(0.000) -
conduction —-0.234 —0.213 —-1.186 1.000
amplitude p=(0.190) p=(0.126) p=(0.186) -

Table 9. Correlation between risk factors, Hand-arm vibration symptoms and results of examination

methods
. : Alcohol
T C.Amp (@)eqa Duration Age Smoking  grinki ng Vasgl(Jlar l\é&i:grg)l(o
Tl) _
C.Amp> -0.270 -
(8)eqs 0.796 —0.428* -
Duration®  0.529' -0.170 0.295 -
Age 0.067 —0.243 —0.026 0.060 -
Smoking  0.161 -0.152 —0.089 0.087 0459 -
Alcohol o010 049 0025 0.065 0,087 0.482 -
drinking : : : : ' :
Jascular 003 0150  -0053 0009 0065 003 003 -
oG 0131 -0083 0167 0127  -0107  -013 0147 0374 -
1) T« skin temperature
2) C. Amp : conduction amplitude
3) Duration : duration of using powered tools
4) Sx : symptoms
*p<0.01
Table 10. Results of ANOVA
Model Sum of Squares df Mean Square F Sig.
Regression 537.478 2 268.739 148.690 0.000
Residual 200.619 111 1.807

Total 738.097 113
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Fig. 5. Comparison of measure of dispersion between regression model of model-building data and
regression results of validation data.

Table 11. Regression results based on model-building data and validation data

model-building data (n=60) Validation data (n=54)
Skin temp 314250 3.6212.62
Acceleration 3.7815.06 4921557
SSE 267.085 265.116
MSE 133,533 132.558
R? 0.725 0.730
Pvalue <0.01 <0.01

* mean = SD
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