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— Abstract —

A Study on Olfactory Function in Painter s Exposed to Organic Solvent in a Shipyard

Keong-Bum Min, Jun-Seok Son, Chang-Ho Chae, Young-Wook Kim,
Cheol-Ho Yi, Chan-Woo Kim, Young-Who Shin

Department of Occupational & Environmental Medicine, Masan Samsung Hospital,
College of Medicine, SungKyunKwan University

Objectives: To investigate the effect of the occupational exposure to organic solvent on the olfactory
function of shipyard painters; we measured the prevalence of olfactory function impairment between the
exposure group and the controls by using the Korean Version of the Sniffin’ Stick (KVSS) test through
smell, and by analyzing factorsrelated to olfactory ateration.

Methods: The olfactory function of 245 painters exposed to organic solvents was compared to that of
122 unexposed controls. A total of 367 shipyard subjects underwent questionnaire study and the olfactory
function test was performed by KVSStest | from April to August 2007. Suspected subjects of abnormal
findings were referred to an otorhinolaryngologist. In addition, the Biologic Exposure Index (BEI) and
industrial hygiene laboratory data were collected as well as analyzed by job title in the exposure group.

Results: The difference in the result of KVSS test | was significantly different from the exposure
group and the controls (P<0.05). For the exposure group, reduced olfaction and exposure group were cor-
related with statistical significance when compared to the controls (P<0.01). Adjusting for work duration,
smoking, rhinitis or sinusitis history, exposure of the organic solvent (OR 1.76, 95% Cl=1.05-2.96) had a
statistically meaningful relationship with decreased olfaction. The data on BEI for the exposure group
were collected; the difference in methylhippuric acid was significant between spray workers and others,
but did not correlate well with decreased olfaction.

Conclusion: Occupational exposure to organic solvents in shipyard painters may affect the olfactory
function. Therefore, shipyard painters should be monitored on a periodic bases by the quantitative test
such as KVSS test. There is no other quantitative testing method or standardized procedure that can
objectively diagnose the neurotoxic effect, further enhanced quality research in thisfield is necessary.

Key Words: Occupational exposure, Organic solvent, Smell, Paintings
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Fig. 1. The KVSStest | is an 8-odor identification test.
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Fig. 2. The KVSS test |1 offers a more extensive test for
olfactory function.
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Table 1. General characteristics of study subjects

Frequency (%) or Mean+SD

Variables
Exposure group (n=245) Controls (n=122)
Mean age (yr) 36.0+7.8 34.3+84
Mean work duration (yr) 9.7+6.9 92+71
Age(yr)
20~29 60(24.5) 43(35.2)
30~39 123(50.2) 52(42.6)
40~49 40(16.3) 19(15.6)
50~59 22( 9.0) 8( 6.6)
Work duration (yr)
<10 102(41.6) 45(36.9)
10~19 97(39.6) 60(49.2)
>20 46(18.8) 17(13.9)
Cigarette smoking
Never 49(20.0) 34(27.9)
Ex-smoker 63(25.7) 28(23.0)
Smoker 133(54.3) 60(49.2)
Rhinitis or sinusitis history
Yes 46(18.8) 18(14.8)
No 199(81.2) 104(85.2)
Table 2. Frequency of abnormal nasal symptoms between the exposure group and the controls Frequency (%)
Subjective symptoms Exposure group (n=245) Controls (n=122) p-value*
Nasal secretion Yes 100(40.8) 27(22.1) <0.001
No 145(59.2) 95(77.9)

Diffculty in smell Yes 82(33.5) 18(14.8) <0.001
No 163(66.5) 104(85.2)

Inflammation, bleeding Yes 50(20.4) 17(13.9) 0.130
No 195(79.6) 105(86.1)

*:by chi-square test
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BT =Z27]F vRtel]lty. a% Al S} 7V 74 o1& “HA (normal olfaction), 6% oldtE
0.5423~61.0788 ppme.& T2 EAHT =/ 244 &7} o] (decreased olfaction) &2 A 2|3 2vtA] E
Art. FollA 2 o) Wze &7 33.9%, U=

21.3%% =ZwolA Bkow FAHoZ folstditt

S AAA wE2HE AVSEES s, oAz
we (P€0.05)(Table 3).

224LE, oAl E, WEAEAEMEK),

olafEAE, A, EFd T oot 2% AU w=ZwollA KVSS test 19 A57F 44 olsel & 67
Z32= 1.3448~58.4628 ppm, &7 FHA= Z AAE ARSAY A3 7272 AAE 273 oS
0.0164~13.3638 ppm, °c|azzILZ ZHA| = Aelgt 4gellA KVSS test 1[5 Aldatsion 1 23
0.3648~51.8738 ppme| W on A= F-5 ¥ 182 Adolia 22 2 Asisien, 192 §74
A g FEolRoy BEF mETIE Ve R 4 it 1989 §2F ol Ak omile2 As 4
k. o Fuled 8w ANRSoR A HA

=37 A B FHE = HEo] Y AR YEh ol 1%

9 g A
B Zolge] wAR Ao RS YETAN KVSS
: 3 test 18] A7t 44 olsk= 19 older KVSS II 4
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2} A il A STl ARl 8% vk e Rt 3
< Folsiarnt T 0.263 g/g creatinine®® 7} %9k1 Lo g &
), o], SefaE] Y ] A eoln =

3. &= tix=Fel =2 J|s AAF 2 =23 A7 FHi 0.165 g/g creatinine

2 by e dne myer AFHY 4% =3E4

S 2457 Uz 12299 ¥ 71T HAMAT g FA8Y FA7F b2 FAEF 2ol USIAIRE SA
KVSS test oA F2F Ao Hd2 =37 6.874. Ao & fFoahA FUrth(P=0.16). 181 8% nlike]
s 7.20802 =EdolA AF7h wsten BAA =Z=715(2.5 g/g creatinine) S Z#ste ZEAE L
o2 FosAth(P0.05). 2 715 Ag7t T4 o= ATH.

B, 5 ol 64 olstE ‘T2 Al 44 olstE A gAEE 87 WErkike Axgo] A
T ol 2 A3 39A /ol T2 A3k hypos- 7} B 0.249 g/g creatinineo 2 7P =31 th2o

Table 3. Comparision of the result of the KV SStest | between the exposure group and the controls

Frequency (%) or Mean+SD

KVSS| result p-value
Exposure group (n=245) Controls (n=122)
Mean+ SD (score) 6.87+1.01 7.20+0.86 0.002*
3-stage criteria 0.037!
Score 7~8(normosmia) 162(66.1) 96(78.7)
Score 5~6(hyposmia) 77(31.4) 25(20.5)
Score 0~4(anosmia) 6( 2.4) 1( 0.8)
2-stage criteria 0.013!
Score 7~8(normal olfaction) 162(66.1) 96(78.7)
Score 0~6(decreased olfaction) 83(33.9) 26(21.3)

KVSS: korean version of sniffin’ stick test
*:by t-test, ":by chi-square test

251



20094

k=3

Al 3

A 21 H

N

o
ol

ol
ol

3

H

shet

ch

ﬁ%%%%%%m %iiﬁﬁi%uﬂ%mﬂ%m_xqoﬁmw%%awﬁ. aﬁ%ﬂ@%%%%u‘ﬂw%ﬂ
f N o o of o] Nu W N o 9% 3 = R & L CRR TN T o WO N . o r o T T
BT E s eReeABRoan 2R XA eRE y w e AT P
H W T ol N N o 10 W N o ofF & X CG X o 3 BN X o] of & o of w
of H of 1 ™ o Jo T Moy ek XA oo W H L T 0 G (I T N =
ER SR Pl RETHIA R ME wi o FTRTE N o N R
mdlm&EoﬂrL,mOQ lﬂ./ll_,/l.mmo,WL/lo_i_-ME],D,Ul.‘:o\/,PrN;onw %_zﬂa,urﬂﬁwhoioafbx_ﬂlﬁo.‘mﬂ
IR CIE H~=8 N4zl = A8 gk a2 oY ® 5 dn Yy B o e o B w2
= ] B = = _VT4umeMﬁ@aTﬁu_xm%iIp,%_/MﬁTZﬂrO. TR T A u - O = e
L% eAE wo o tBErhTiiagivicemait o S °F LIAPToaba
N g = 3 of W WE o w3 T S = o= = o o 0% 0 o m < =

WK B0y B o S B o BR oy X B 25 2543 P o B o =
20D X s T L R o e — mon M HN g A% T W R

) AAY X - 70 o] 2o W O T <X NWE KPS = s T omr ™ X BT

2P e Bl W HTHT%ﬂWwigmuemﬂ%a& Do 508 K ~FpEdeaia® ga ¥
N =R b R N - R~ Mooy > g 20w o g T M E T g
N R S T o omo T B X o AN SR MW g ™ % g b
s W o N omo 0 Ho X0 EK gy N ~ oF H M TR o N o o T RO o TRy
TR RN e xo}og_z.ﬂariwo 2" mpoodd ™ 5 0 ﬂ%L,WuAT,mﬂ6ﬂ wF
ﬁ%ﬁo‘mlﬂljﬂl% ﬂoEMu@i%ﬂowM_ﬁT%d.paumﬂ J%Him% T %%oﬂ%%%%bﬂﬁmﬁo%a«7
Faarod® an Halesaan " Fg 8gxgl ax3y - whea sozglagl
REUNmE S M T KM G o= 20 o ST T =) 4Pﬂ§ﬁﬂ%T1o_Eu¢M
TEIAT IS s s EgPTont Ve wldwmn T FNFTIRLFLT S

R e LA R ST R ol B M e Ty o wm B xR R~ S N
oy N T AR T 9% %% Hoo ook W S of My T <Moo oo o o N R L I O
E..# C‘.m VA‘._ ‘Ec H;l ‘D| _..c._ m _:I \WX ij _Jn_ —] ~~ Z.E —_ 1i H_T ™ v \IO_I — A __o_l L.ﬁ ﬂArO _/L O# ﬁA ﬂ 1‘H| wml DT ,ul 7L
g B g S o op T2 TS W MO R e NE R o N & R de o MR
g Hpopof "EdRprrTreag Sz wildZocsg® o vl gimTorny R T
Mool W A M T T oo W NNZTTH TRT BFERRHTRISKDHE N RO % F o oF W A oF il
1910.enbs- 1Yo Ag:§ ‘'Y AONY Aq:, ‘[0nuod Altenb:, ‘Bunse|q ‘Buiues|o:

(6'€c)es (98m)1T (91e)6 (L ovive (8erivT (¢'9e)se (uonJey|o peses108P)9-0 8100

(T'99)z9t '18)8p (#'s9).T (€'69)se (€'95)8T (8'€9)wv (uonaeyjo fewou)g-/ 81003

900 I SSAM 8U Jo eIl abeIs-g

e )9 T (00 )o (Ts e Te Al (e1wsoue)y-0 81005

r1e)LL (6'91)0T (91e)6 (9se)Te (oov)et (81ve)we (e1wsodAy)9-G 81005

(T'99)z9t ' 18)8Y (#'s9).T (e'69)se (€'95)8T (8'€9)wv (elwsouwriou)g-/ 81005

88T°0 I SSAM 8U Jo eIl abers-g
,G8T0 TOTF/289 T6'0FST'2 08'0F189 OTTFEL9 0T TF8L9 YOTFES9 (81038) | SSAM
,1000> /897896 €T'9F8SET 1L9F2ZV'6 Zr9TS6ET /SSTIES €5 TE]Y (4A) uoIRINP NI0MA
,1000>  08'2FS6'SE 11°9F226E £9'8FGT'9E 92’8 FIE6E 96'GF88°0¢ ¥8'GFSG5CE (4A) aby
,8T00  0SE'0F8STO L9’ 0FSPTO ¥TT'0FSS00 T'0F2L00 682°0F822°0 LTV 0F6120 (euiuirealo B/6) pioe ounddiy AyL N
W9T0  S0Z0F6TZ0 JET0FSIT0 281072020 0S20+2v20 L¥Z20FE9Z0 ¥6T°'0F8220 (euiuneao 6/6) pioe ounddIH

as Fues |\ Jo (94)Aouenbai
anead  (Ghz=u) 1oL (65=U) ,00 ‘S Wed  (92=U) » /9 /D  (BG=U) WewdiNbs ukd  (ge=u) dn yono | (69=U) Aeids so|qeLeA

sapnqor

dnoJb ainsodxe ulapn gol Aqa103s | 1591 SSAM aUl Jo uosLiedwod pue sonsiels aAndinsaq i a|ge. L

252



DEE S UM I SARANM B2} 7S0| BE 4P

A3 ZH71ZHE 201 ool A v 7L 2.046(95% 1.523(95% CI=0.736~3.150)°] A%k FolebA] &ska
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Table 5. Comparision of biologic exposure indices for organic solvents exposure and the KV SS test | score by similar exposure
group

Similar exposure group
Variables Group* | Group Il Group 111 p-value

Fregquency(%) or Mean=+SD

Hippuric acid(g/g creatinine) 0.240+0.212 0.231+0.230 0.166+0.137 0.070'
Methylhippuric acid(g/g creatinine) 0.243+0.379 0.067+0.135 0.145+0.467 0.003!
Work duration(yr) 4.98+4.25 12.56+6.62 13.58+6.13 <0.001"
KVSS I (score) 6.81+1.05 6.75+1.01 7.15+0.90 0.048'
2-stage criteria of the KVSS| 0.018!
Score 7-8(normal olfaction) 62(61.4) 52(61.2) 48(81.4)
Score 0-6(decreased olfaction) 39(38.6) 33(38.8) 11(18.6)

*:Group | is spray and touch up, 11 is paint equipment, cleaning and blasting, 111 is paint test and quality control.
' by ANOVA, *: by chi-square test.

Table 6. The relationship between decreased olfaction and sociodemographic factors, health behavior and past medical history

Frequency (%)
Decreased olfaction
Variables Totad p-value*
Yes No

Age(yr) 0.045
20~29 26(25.2) 77(74.8) 103(100)
30~39 46(26.3) 129(73.7) 175(100)
40~49 24(40.7) 35(59.3) 59(100)
50~59 13(43.3) 17(56.7) 30(100)

Work duration(yr) 0.040
<10 41(27.9) 106(72.1) 147(100)
10~19 41(26.1) 116(73.9) 157(100)
>20 27(42.9) 36(57.1) 63(100)

Cigarette smoking 0.045
Never 16(19.3) 67(80.7) 83(100)
Ex-smoker 27(29.7) 64(70.3) 91(100)
Smoker 66(34.2) 127(65.8) 193(100)

Rhinitis or sinusitis history 0.035
Yes 26(40.6) 38(59.4) 64(100)
No 83(27.4) 220(72.6) 303(100)

Nasal secretion 0.080
Yes 45(35.4) 82(64.6) 127(100)
No 64(26.7) 176(73.3) 240(100)

Diffculty in smell 0.061
Yes 37(37.0) 63(63.0) 100(100)
No 72(27.0) 195(73.0) 267(100)

Inflammation, bleeding 0.534
Yes 22(32.8) 45(67.2) 67(100)
No 87(29.0) 213(71.0) 300(100)

Organic solvent exposure 0.013
Controls 26(21.3) 96(78.7) 122(100)
Exposure group 83(33.9) 162(66.1) 245(100)

*:by chi-square test
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Table 7. Related factors affecting decreased olfaction by multiple logistic regression analysis

Decreased olfaction
Factors
OR 95% Cl

Work duration(yr) <10

10~19 0.995 0.591~1.674

>20 2.046 1.083~3.865
Cigarette smoking Never

Ex-smoker 1.523 0.736~3.150

Smoker 2.072 1.098~3.909
Rhinitis or sinusitis history No

Yes 1.806 1.020~3.197
Organic solvent exposure Controls

Exposure group 1761 1.047~2.963
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