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— Abstract —

Ocular, Respiratory and Skin Symptoms Among Solderers
Employed in Printed Circuit Board Assembly Units

Jay-Young Yu, Kuck-Hyeun Woo, Jin-Seok Kim, Jung-Oh Ham, Tae-Sung Choi,
Bong-Goo Ha, Sang-Je Jung”, Shin-Goo Park”, II-Ryong Kim”

Department of Occupational Medicine, Soon-Chun-Hyang Gumi Hospital
Department of Occupational Medicine, Gumi Cha Hospital’
Department of Occupational Medicine, Kyung-Buk Univertisy”
Department of Preventive Medicine, Korea University”

Objectives : This study was conducted to evaluate the prevalence of ocular, respiratory
and skin symptoms among solderers and to investigate the relationship between symptom
prevalence and exposure intensity.

Methods : We analyzed 126 eligible participants out of a population of 146 male solder—
ers who completed the symptom questionnaires. Fourteen symptoms including ‘itchy and
red eyes', ‘itchy or prickly nose . ‘sneezing . ‘Thinorrhea ., ‘blocked nose’ . ‘prickly
throat', ‘foreign body sensation in throat’., ‘sudden bouts of coughing’ . ‘exertional
breathlessness . ‘wheezing . ‘sputum production’. ‘itchy face or hands . ‘acneiform erup-
tions on the face’ and Ted spots on the face or hands were contained. Blood lead levels
of all the 126 participants were tested and the participants own assessments of the
health risk of soldering were collected.

Results : Of the 14 investigated symptoms, ‘sudden bouts of coughing was signifi-
cantly more prevalent in solderers who worked 4 hours or more a day than those who
worked less than 4 hours a day, as for the other symptoms, there were no significant dif-
ferences in the prevalences related to daily soldering hours. 2.8% of the solderers consid-
ered the risk of flux exposure to be serious. The mean blood lead level was 6.05 #g/dL
(maximum 15.50 #g/dL).

Conclusions ' Soldering may increase the risk of respiratory symptoms. Further inves—
tigations on the hazards of soldering processes are warranted and solderers should be edu-
cated on these hazards.

Key Words : Soldering, Flux, Colophony, Occupational asthma

(H=4 20013 o9& 8. AEHL : 20018 11& 8&)

MK R M Y¥(Tel : 054-463-7151) E-mail : morticianj@hanmail. net

El

423



o]oa

2] Dol A} AlE=EH ATk

|
&8 O] TA’ Z]— /\}7] 7]:

z‘sl_

20014

3

M4

| BEs1a

M

o

A 13

71 9

,‘x‘
L
R

=
=

2]

b

=

k=3

2 9

CHEEAMRA S|

. ﬂ‘lﬂll‘l
B gL g )
° o B iy RGN
G P ooy o & ﬂsﬂaﬁ1our%%6
) @%MA;LMMSH@MA& N }
5 Jm031r5un”1wu§ CECIR N E TR
o 1ﬂoxoﬂﬂc oy = o X EEEE, -
1ﬂ_| U,KMH%%MNOWL}LEJ_HL%HTOI‘WLLWU 2,«ﬁ7mgmmuguﬁmﬂnz_o
o — — i —
T 3l A,_th2muuu_,umo%_%:_ozﬁﬂ%ﬁi o .o7n%Ez
~ aZ o xdr.1ré_;o <0 dﬁﬂog ﬂﬂﬂl,@-] N
D mewu%AH?i@ﬁ%1w¢¢@ mnaaiﬁﬂoﬂ.d.r/_*
wo o Eu_ffﬂn%ﬁ%%u%i# o 5o T T
w2 K o & R ﬂoa%@ﬂlxﬂ%q B Ty rp P
et} <0 mﬂﬁ&d%aﬁmdﬁ.dﬂaﬁ i M_f_uﬂ.mqum,%,
N TR, X Bk SOET o STE T & T
o Ty KR RS E BT RET
‘WLﬂno%oﬁ/lﬂﬂuo#omwoﬂa ‘wxﬂolm_o .-_.Am_ﬁo‘l_liﬁk = 9
) @E%L%ﬁ%ﬂ%ﬁ@@@ﬂi 2w N BT
N 20 %%&W%Wﬂﬂgéﬁﬂlﬁmw - m_xﬂii,,wg*a:ﬁ
== —_ 0 ) —r
) o ﬂ%?%manfé%aﬂzwogw 0 Em‘ﬁé%iéo__
=1 + Emaama6 m B o .Laﬂvmoqﬁ - Melyuuﬁ E%%
Wﬂ 3l mrwlz,.#,.mlﬂlﬁﬂ‘_o_all]ﬂoﬁroﬂlmmﬂ_ ok Iq‘_&e‘i “w,ﬂula‘l
.y - Aoﬂﬂwhgoﬂﬂbdl%otP] 00 M_.mE_ao wfﬂuﬁﬂuﬁ
;01_ O_,A# —_ LOL —_ 71_&1\_‘._11 OH_ . R X
N o S BN folr %o P TN N - =T B
ﬂﬁ%ﬂwﬂo%}aowé% W I Wiimgﬂwgo T o
4+ I Rl A R DE%%@%W%%
Ar o iﬂé%ﬁ%%ﬁn% Bl R s N - o =
GG %ﬁ%%ﬂﬂ% W T W Umrmﬂ,]frv,%%@
W_mwﬁdl T o_mmmaoummﬂri oo %nﬂn%_ﬂumﬁﬂ
N = o) = _ ! oy -
= ﬂ%%%ﬂ%w%%w wzwtﬂy?%q ’ ¥
o e N ~/ o X M [~ NI
RE T Affwﬂmh%ogy%ﬂ PR HOBRT R e
T o Wy ax%ﬂﬂa@ .%%ﬁﬁw % B M 4mﬂxiurmo_.
® I %;ﬂ}gaﬁ_eiag1§mL R o
Lf%a.iﬁyﬂ.e (| B %@uaﬂ,ﬂ d — g Sesnwd
Mm%Mi}eﬁwﬂa@ﬁﬂ%1zadnﬂﬁ%muqﬂoM mﬁﬁmmmu%_n_onmn
o — o Mo ~— w5 . < ~ yis O
mﬂdrolo_Nﬂmm%%ﬁ_w_;emuk:ommo_awai]dwqmﬁ _,oL,H_WA ],mozﬁ
— Ea}ﬂm_.waﬂwu ]hﬂ&om:/amm_lﬂn ER mﬂnbﬂw_mwArd .
Vﬂbﬂowduge ﬂLMﬂLe@uzeo#m Ty ,:Lib ‘u.‘_ ﬂw V,;oﬁ7‘u|
B BT mhlﬁolowa%m d%ﬂzo:ﬁéﬂg Jln%%@&
© % R X =M % I < BB o ¥ T4 ErEx T o
G = ﬂﬂdumﬂéa’%uwr.ﬂu%sw. I T
%du@%% lﬂ%%@l%#& ol mow ~ ﬂﬂlok__odu
2 EETRELFE eama%nz%ag%ﬂy R IR
= — Jlle_:‘l\). AR o
@MMEEa@samnweﬁluﬂmqawwbqugmgww
— ; —~
T B i _foamowlamama:@g ) @19sﬂ¢5ﬁ
%M%@ﬁﬁﬂﬁ;%ﬂ%%%m%ﬂ %ﬂ%?%lm@aﬁmuuzﬂ
P o rili~e = = : s
O %Wrmﬁmﬂﬁ%ﬂ%WW@MHMH”Xmuﬂoﬁgomuw_ﬁ/m@(w\ﬂwﬂ
S v o o o A7 = ﬂmn =
7@aa@$@gﬁﬁwsz1m@ EEgks
W Ho EV ‘/\o#e~_u|o ngﬂnw_umﬁ -
oﬂiﬁ:_oﬁﬂob9mus@éﬁ
EQCIHTQ = ¥
= ]ﬂﬁdﬂ]
ﬂuﬂqanJ-th
ZEEm.w

A4 A4 1efol o

i

pad

Aol A AP

SRR EETL:

°|

=
=

=
<]

g
T
424



e
He
:1 1
N
>
o|N
ox
1o
on
B=)
ol
=
=
o
>
K
4
_O|L
38
:—‘4 :M,

A Ao A = (%),
weae] B 52
AR A FUAY %*WW“O]
%7} 30 % olsto] AL}, Ej
=21 ﬁwaﬂg 735 %Aﬁwwam 233 A
=

Lol ¢
)
&o
mlo

' on
o
02
iol'
=
>i

O
HU
H
i
gk
32
)

o8
2,
g JE
rlo
Ofj
jud
ute)
of\
>
N,
o
B
iy
o,
ot Ml

o o
BN
R AV

o

o
RS AV AP AV
o2 & A

2

o

A7l 5-;]2 °F716‘ —’F At
=
=

]
<59} o falnglo] A

Q]
=

d
0%
N
ol
ol

|o
)
°
&
ox
N
_?L
rr
Y
=2
=
o,
BN
>~
=
ol
32

o
2 b =8
& Ot . ox
mlogéoiimirﬁn;
Esetog
J \IHEH—?;
2 >
S ol ol
_Mr&%
rﬁﬁz
g@m\m;ﬂ;‘
o&i{xﬁ‘l‘%
e

d3AdE dd22zAEY HE 2 wE AHHS

TritonX-100, 1 % IAEFEEAS A
7hele EEEd WHMHeR EFNE A9E Ax
atil, o] AAFFEREEAE o8] At

At} (Fernandez, 1975)

3) AEEN

AzEAL SPSS for Windows Release 8.0.0
Standard Versions ©o]-&3to] o|Fojxitt Tz
Bdole ¥ #43 2 t AR FPeida, o

Ao tERAstgAN R e s

2 1

A 12699 APUE A,
FeAlzkel whe} qlelm
Q1 Z(O4)3 47 o))

42 97 %
SEEAR 42 W

pud

T(32%) o2 o

9} F3TAIZE o] HHAAAR o]l 4]
3 Lee 59 dAFoA ATUAAS Hw=Z2} 2

SHE 4AIZE o] FHARAE UiE HE R3S
t} (Palmer %, 1997: Lee 5, 1994).
1. dAFoHate] 2dtd EM o =i 54

(Table 1)

2 A

veht Apolzt glla, AR oAl 3041wk, 30
Aol 404 mIRE, 404 o] el AlEew Wrdde
w, 4AIZE o] Q1 TellA 404 o F AR S 7
FA7E eyt BAIR e Fol gk 2ol 7t YIS

T8 dAEFAA AAFAA AR 2
£o] sbFdd 4ARE mRkQl TellA 64.9 %. 5.3
%. 29.8 %. AAZE o3 LellA 68.8 %. 9.4
%. 21.9 %= 73 Zol7} IS0

2) Rteinlz EA

FHEAIS SR 43 vlel 23} 44
3k o]l wellA Z2F 70.6+£50.0 7HY, 78.5+
512 AU Fel@ Aol otk FHFA| LTl
FdzTe A7weEAe] BEANE 4A3F BlR)
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_>.:
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T FASE S2A= 11294(88.9 %)l
Aggd] FAlE 2= 149 (11.1 %)l e
o SFEEHAIZE 4x7F Bl 22z &= zhzt
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Table 1. Characteristics of participants by daily hours of soldering

All Daily hours of soldering Significance
(n=126) (4h/day(n=94) >4h/day (n=32) (p-value)
General Characteristics
Age(years) 29.7+5.0* 29.8+5.2 29.3+4.5 0.647
<30 72(57. )" 53(56.4) 19(59.4) 0.280
30-39 47(37.3) 34(36.2) 13(40.6)
>40 7( 5.6) 7( 7.4) 0( 0.0)
Smoking status 0.546
Current smoker 83(65.9) 61(64.9) 22(68.8)
Ex-smoker 8( 6.3) 5( 5.3) 3( 9.4)
Non-smoker 35(27.8) 28(29.8) 7(21.9)
Job-related characteristics
Soldering methods
Manual soldering 112(88.9) 91(96.8) 21(65.6) <0.001
Automatic soldering 14(11.1D) 3(3.2) 11(34.4)
Paste soldering 10( 7.9 1(1.D 9(28.1)
Wave soldering 4( 3.2) 2(2.1) 2( 6.3)
Local exhaust ventilators
Not equiped 15(11.9) 10(10.6) 5(15.6) 0.529
Equiped 111(88.1) 84(89.4) 27(84.4)
Utilization 0.017
< 30% 38(43.2) 34(50.0) 4(20.0)
> 30% 50(56.8) 34(50.0) 16(80.0)
Function 0.586
Good 88(90.7) 66(91.7) 22(88.0)
Poor 9( 9.3) 6( 8.3) 3(12.0)
Status of local ventilation' 0.168
Good 64(52.0) 44(48.4) 20(62.5)
Poor 59(48.0) 47(51.6) 12(37.5)
Utilization of respirators 0.193
Almost always 1( 0.8 1(1.D 0( 0.0)
Occasionally 1( 0.8 0( 0.0) 1( 3.1
Never 124(98.4) 93(98.9) 31(96.9)
Months employed in soldering 72.2+50.5 70.6+50.0 78.5+52.1 0.446
< 36 months 36(28.6) 28(29.8) 8(25.0) 0.605
> 36 months 90(71.4) 66(70.2) 24(75.0)

* Arithmetic mean + standard deviation

" Number (percentage)

' Participants who work with no local exhaust ventilators. or with poorly functioning ventilators, or
utilize the ventilators in 30% or less of their soldering processes, are categorized as ‘poor : otherwise, as
‘good.’

X*xﬂ 7k 126 % 1575 A 1117(88.1  ©] 2] 30 % olakl = atFdH 443t o]

%)7F =aR7IAA of dvta dakier, Al AdAre] 20 %, 4413t mRkel ZdAte] 50 %
SHEFHAIZE whE fol gk Afole glSdH %if% 24 shEgAzle] Aaes Iafv|AAde o|&E
iy

7I1AAdol A" A & FafAAEe] o o] E3}TH(p=0.017). 98] e mafr|AAd
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Table 2. Frequency of symptoms by daily hours of soldering

All Daily hours of soldering Crude OR
(n=126) (h/day(n=94)  =4h/day(n=32) (95% CD)

Eyes

Itchy and red eyes 37(29.4)* 24(25.5) 13(40.6) 2.00(0.86-4.64)
Nose

Itchy or prickly nose 10( 7.9) 8( 8.5) 2( 6.3) 0.72(0.14-3.57)

Sneezing 21(16.7) 15(16.0) 6(18.8) 1.22(0.43-3.46)

Rhinorrhea 19(15.1) 14(14.9) 5(15.6) 1.06(0.35-3.21)

Blocked nose 24(19.0) 16(17.0) 8(25.0) 1.63(0.62-4.26)
Throat

Prickly throat 13(10.3) 8( 8.5) 5(15.6) 1.99(0.60-6.60)

Foreign body sensation 18(14.3 13(13.8) 5(15.6) 1.15(0.38-3.54)
Tracheobronchial

Sudden bouts of coughing 17(13.5) 9( 9.6) 8(25.0) 3.15(1.10-9.04)

Exertional breathlessness 17(13.5) 10(10.6) 7(21.9) 2.35(0.81-6.82)

Wheezing 3( 2.4) 2( 2.1 1( 3.1) 1.48(0.13-16.94)

Sputum production 24(19.0) 16(17.0) 8(25.0) 1.63(0.62-4.26)
Skin

Itchy face or hands 8( 6.3) 4( 4.3) 4(12.5) 3.21(0.75-13.69)

Acneiform eruption on the face 8( 6.3) 5( 5.3) 3(9.4) 1.84(0.41-8.18)

Red spot on the face or hands 3( 2.4) 2( 2.1) 10 3.1) 1.48(0.13-16.94)

* Number (percentage)

o] o] YA J)5e] BFshn SHHA.
Sad7)gHe] Brhe de] A sxE 2G
of olgolin, %agIIAAe] AAHe] 917
Ak, SaB7IAMe] AAEe dHekE Yol
FelAY o880l 30 % olal) AT B
Ao HASGn 94 e ALE YD
oz grlsan

27, SHEFAIL 4417 vl 914
T F3S 447 (48.4 %), &7 478 (51.6 %), 31'—?—
gl 4A7E o] 3R1 32W F 4% 209 (62.5 %),
2 127 (37.5 /)i/ﬂ 57:“3122 o5& O}X]
Rl ol g4 )

oo mr §2 gl;

)

e

A2 YR SR WA me B4 348

(Table 2)

FHT 273, wol /M FEE S, =t 7HEA
U orks AR, 2E
BAY, ‘e FArirt A
7] A&AJA 7S &
&l =l ﬂﬂ’ =
ZVeib g, ‘Eoly ghdo] AEes =4, o
Aol oJ=Fo] 5

"] 28] (crude odds ratlo)% :IL??} A%, A A
&2l 713 3 o vlAH] 3.15(Confidence
interval, ©|3g} CI 1.10~9.04)2 3}l5d4 4A1%t
olgQl oA s STl BT, Eo

v e s =47 e HAH] 3.21(CI
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Table 3. Results of Multiple Logistic Regression Analysis: Symptoms by Exposure categories

Daily soldering

Months employed Status of local Methods of

hours in soldering ventilation soldering
>4hr / {4hr >36M /<36M Poor / Good Manual/Auto

Eyes

Ttchy and red eyes 1.51(0.57-4.04)*  0.73(0.30-1.78) 1.40(0.58-3.37)  0.51(0.12-2.15)
Nose

Itchy or prickly nose 0.89(0.17-4.73)  2.02(0.38-10.50)  2.11(0.50-8.93) NS'

Sneezing 1.75(0.57-5.39) 1.84(0.54-6.24) 0.57(0.21-1.55) NS

Rhinorrhea 1.62(0.50-5.29) 1.62(0.47-5.51) 0.75(0.27-2.08) NS

Blocked nose 1.80(0.61-5.36)  0.76(0.27-2.08) 0.93(0.35-2.48)  2.04(0.32-12.78)
Throat

Prickly throat 2.64(0.65-10.78)  0.75(0.18-3.02) 3.12(0.74-13.19) 1.41(0.11-18.30)

Foreign body sensation 1.68(0.50-5.67) 1.87(0.47-7.40) 1.29(0.43-3.89) NS
Tracheobronchial

Sudden bouts of coughing  3.90(1.17-13.00)
Exertional breathlessness 1.87(0.54-6.56)

Sputum production 2.25(0.74-6.82)
Skin
Itchy face or hands 4.59(0.82-25.65)
Acneiform eruption 2.29(0.42-12.40)
on the face

0.40(0.12-1.28) 0.83(0.26-2.67)  2.62(0.38-18.18)
1.05(0.32-3.45) 0.76(0.24-2.46)  0.93(0.16-5.46)
0.56(0.21-1.52) 1.40(0.52-3.72)  1.93(0.30-12.37)

0.24(0.04-1.27) 0.21(0.03-1.35)  4.02(0.30-53.84)
0.50(0.10-2.50) 0.56(0.11-2.83)  1.52(0.12-18.90)

* Figures are odds ratios with their 95 % confidence intervals in the parentheses which are adjusted for
general and job-related characteristics of 123 participants, i.e.. age ({30, 30~39, >40), smoking status
(current smoker, ex-smoker, non-smoker), methods of soldering (manual. automatic), status of local

ventilation (good, poor), and months employed in

soldering (<36, »36). Among 14 symptoms, ‘Wheez-

ing and ‘red spot on face or hands showed too low positive frequencies to be eligible for the adjust-

ment procedures and were omitted.

'NS : not significant : Confidence intervals were too wide to be submitted in the table.

qMe BAHCR F2o3t o|E Holx
gk SUF ZFEAY ok 2 Al 2
S AATE o] del ol A 44] u}
=34

o~
k)

]_
o W 5 2 24 AG Yuix S el
dEad2gnA8a e Adadn. dEedsy
A7 BAL Z7te] 24 Sl

o

=

78/3041 o1/ 4041 vIRE/3041 viRb), FHEAL]
ZE@EE 23/3d olsh, FAY @AFA/AAEFAD/
H59), T2V (BF/42), dHAdTF (&
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Table 4. Patterns of the symptom, ‘sudden bouts of coughing’

Frequency Percentage
No. of participants who complained of ‘sudden runs of coughing’ 17 100
Most frequent time zone in a day
from getting up till beginning of the shift 1 5.9
during the shift 5 29.4
from the end of the shift till taking sleep 7 41.2
during sleep 2 11.8
no answer 2 11.8
Days the symptom had occurred during the last 2 weeks
1 day 4 23.5
2-4 days 6 35.3
5-10 days 3 17.6
almost everyday 3 17.6
no answer 1 5.9
Course of the symptom during holidays or leaves
getting worse 0 0
stationary 6 35.3
getting better 10 58.8
no answer 1 5.9
Company of other tracheobronchial symptoms
exertional breathlessness® 7 41.2
wheezing' 1 5.9
sputum production 9 52.9
*p=0.001
"p=0.002
ol AL aRgw AN o4 wol 4N HlR  FUolY FAI B Sae] A elae
ol Bl3j 20]74e] EAH|IAH]E K tH(Table 3). 16e] SHatiel, olF AstdEvta ©Hek Alge
5 wne JlHE sas Guxel mawy O9E Sglen BASE 294109625 %),
AFHAEE A7 68 (37.5 %)= F3A
(Teble ) ) a%A9 UG F & 54T NI F
A7) Azl 71HS F S 54 1799 o v 7|37 BAZ4 (tracheobronchial symp-
AAE) WelN BT F FHol Mg BRRE A toms), F. RF Aol . Algel el %ol 7
B, FHZ 27 S8l A A, Folvt W, w5 4 W AR At E kDT B
712 T 04 A Tl sl AEskatt = 59 S/l e A= 47 TH41.2 %), 1
35 40 MY sEsteE Al dEide ®H (5.9 %), 98(52.9 B)EA, o] o] = did
E2THE 2 TH(41.2 %), TRANS 5 AEC] Sl AEd vl 5 Al thE Al
H(29.4 %), ‘THF 2%(11.8 %), VIEF 2% HE wo] /P Ul B 59 Tage] A
(11.8 %), 7174F 224 19(5.9 %9 o2  Hoz uf$ Fo3tA =3k (@2 p=0.002, 0.001)

ot

2 273 %ol AR Aol el 16%¢] &
Holdetl, olF 19 ol 498(25.0 %), 2-49
64 (37.5 %), B5~10¢ <l 39(18.8 %), A<l
md" o] 3 (18.8 %)°l "3ttt

4l (Table b)

A 1267 = 1179¢] $H3te] o5 433 (36.8
%)0l 791 Fol Ak o gHsi e, AN
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Table 5. Participants’ own assessments on the health risk of the soldering

All respondents Daily hours of soldering Significance
(=117) {4hours(n=87) >4hours(n=30) (p-value)
‘Low risk’ 43(36.8)* 28((32.2) 15(50.0) 0.081
‘HIgh risk’ 74(63.2) 59(67.8) 15(50.0)
Lead is responsible 59(50.4) 51(58.6) 8(26.7) 0.009
Flux is responsible 15(12.8) 8( 9.2) 7(23.3)
* Number (percentage)
Table 6. Blood lead levels by daily hours of soldering
All Daily hours of soldering Significance
(n=126) {4hours(n=87) >4hours(n=30) (p-value)
Blood lead level 6.05+2.46" 5.82+2.49 6.72+2.29 0.072
(minimum-maximum) (1.66-15.50) (1.66-15.50) (3.07-13.20)
< 5.61' 63(50.0)" 53(56.4) 10(31.3) 0.014
> 5.61 63(50.0) 41(43.6) 22(68.8)
Correlation coefficient 0.184 0.039
* Arithmetic mean+standard deviation: unit: #g/dL
"Number (percentage)
*Median
o] Atk 1 gHI 4% F, 1zlo] FE o3 &
2 W ZAAd w3 b9He] F(50.4 %), 15% o
(12.8 %)°] ZHxga SHEHAT. sHFEHAIE
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