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Olfactory Dysfunction in Chromium Exposed Workers

Yeong Jin Yu, Sang Hwa Ohm, Jong Tae Lee, Byung Chul Yu,
Kui Oak Jung, Kyu Il Cho, Ki Tack Pai

Department of Preventive Medicine, College of Medicine and Institute of Industrial Medicine,

Inje University

Chromium is one of the representative toxic substance by occupational exposure which
damage the mucosa of respiratory tract including nasal septal perforation. The aim of this study
is to evaluate the effect of chromium exposure on olfactory function and to obtain the
fundamental information about chromium exposure.

The authors performed olfactory function test, laboratory tests and questionnaire interview on
the subject of three groups, that is, two exposed groups and one nonexposed group from May 1
to June 30, 1994. Exposed group 1 was 15 male workers without nasal septal perforation,
exposed group 2 was 15 male workers with nasal septal perforation among 103 workers in 22
chromium plating factories, and nonexposed group was 15 male medical students. The gathered
informations were histories of chromium exposure, habits of smoking and alcohol drinking, the
concentrations of chromium in serum and urine, and asparate aminotransferase(AST), alanine
aminotransferase(ALT), gamma-glutamyl transferase, etc. Olfactory function was checked by T
and T olfectometer using phenyl ethyl alcohol(material A), methy! cyclopentenolone(material B),
iso-valeric acid(material C), y— undecalactone(material D), skatole(material E) and the results
were expressed by detection threshold(DT) and recognition threshold(RT). There was a

significant difference between exposed groups and nonexposed group in A, B, C, D, E

LB AL 199245 AThEel AAAT Jetpe] AT o) 6@ AY.



substances by DT and in A, B, C, D substances by RT(P<{0.01). The degree of olfactory dysfunction
was highest in the exposed group 2 and lowest in the nonexposed group in all five substances by DT and
it was same in A, B, D substances RT and the difference of RT and DT.

As summary, olfactory dysfunction by chromium exposure was recognized and the degree of

olfactory dysfunction was higher in the exposed group with nasal septal perforation. Therefore, it

would be helpful to apply olfactory function test for the early detection of olfactory dysfunction,

and this test would be considered as the basic tool within workers' compensation system.

key words : chromium exposure, olfactory function test
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AFL ol Astn dolut A7l & Ade §4
e =54, AE7Y, dEA2Y T A

2 glesl, o] FAME 6712g0] Thagel el
Azete] Fago) ol S40) o 2e Ao U
A glth(Joseph, 1990 ; ZTFAF, 1991 ; William, 1992).
Ag9 dARe AHAZE $F7IE B3 AE &
ol 23k Fo] ciF-oln, AVt TRHE B
v, o, 94 o] B, A, 29, 2R,
DR, B, SR ¢ T3 22 vk 744
S AAMA ¥e-2 JelAoH(Kleinfeld & Rosso,
1965 ; Mertz 5, 1965 ; Tayler, 1966 ; George &
Florence, 1981 ; John & Robert, 1992). 1 o4 7}
F HEAR] o] HFAHTOE ol AFAAY &

Seivete] A vFAAT S B 28F 50
Ade o] IS A3 o, 53] FARx] 99
A% ASA G AAF gz Bo] BuHw
ARG EARE], 1991). A8 x2H ZEASL

o) A% F2p)5e dig AT Bo] o|FolH WA
Qo) FA7)5E AlFoR & HAA % wH AT} 7
ws0] 9lm, Age] HHYS 918 oo} FA Sol

7Wetg]o] )} (Bendniir & Langfelder, 1930 ; Doty,
1979 ; Hall, 1979 ; Doty &, 1984 ; Dotys, 1985 ;
Hendriks, 1988 ; Snow, 1988) @A -2lvel w559
AFER AW EE NIE, 10159 4vEl g9
At EF R 2% 283, FEXA A4AL 283
B7B3HAL TR o] FolA] lemR (B 5 1991) ¥
2715l g AuARl Hale AgHA @x e
Aot old] ARES AZFZEIF 4 PR
43S Wrslel AEE 20 whE AP Ao T
of =Fo] 51, F2ol L vlAe A HAA
HEDE dg 71228 R et & ATE A

3l

1994 59 192E] 19943 6% 30U742] Fakx|
227N =AM 1038 o] AE8E2 ZE2AE F 4
A ANE B4 u3APB0] gl @A 224 159
£ A1FEFo e, vFAATl de AR 9}
224 1598 A2F2 o2 e, ol A1E
278 A2ER T A2} TR0] FAHE
Ag ARl v ERTe 25 T2 ga vF
ARzo] gl olBojstm B3} 45hd Jahy 1590
2 B, Eeey nEzre 2F dAGY F
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Fohe & JEZF a 1~7} &

A, *33114101] HE F27)%5e Aot goms

2 Nd, SFE%
ot F SF7IR, e B SIS, 43 B &
FEog IFAAL, FAFTY B A9 FAH
T a7 FAFE RARIAT 93] HE EFFe
2725 71zoz Asgdn, 4F 183(180.4m)S
ethanol 458 0.2 #lste] AU & SFFS 739t
ke FE 5, 1987). FAFL Fule TR B
glol st Fdote MAFE 7IFLR FA%= 7
st ol FHE SET Al 1do] A Al o]

o

gstet ZAtel M 27155 A 2% 12413E o] 8]
J_EALE}M]H AH3 Yo asparaate aminotransferase
()&} AST), alanine  aminotransferase(®]5} ALT), gamma-
glutamyl transferase(©]3} y- GI)E GitfordA}2] Impact 400E 2

2Ag9th & 3 85 289 FEE ¥ MR F
YzaAd Ageeere 248 4AT e 40
o] WAB A L Perkin-ElmerAle] 94 $£2497]
(model 4100 ZL)Z o] &3} =33},
ZFA13)A1e] T & T olfactometer= A}
%5‘} 2492 Arke 7Y Z1EERE AHeshe
dl, 22 AE 3 phenyl ethyl alcohol2 Fn}EE F&=
i 233 ¥l dajoln}, 2 B methyl
cyclopentenolone 2.2 7|9 WA} Z& el Yol
o, &4 C& iso-valeric acid2 Q#® STl &
e dAels, 22 DE y-undecalactone 22 Hz

o]_l;i Z.“oa]o

o 529 we %%—a 1 7A€ el dajel, 83

@’\}-E ‘QE— O]H]?lf?—ﬂrﬂﬂqlﬁ g ol ofs
" E 0.7cm, Z0] 15mQ] T3 9] FAAGA] F lemol] 7]
EAekE AN SR A F oF 12 ol 28
ajo} £, 2-3819] PP BES A siod AL
P BAIE PEE R S 0 el
T 5 A YA (detection threshold;] 3} DT)&Z, F<=
T A D P I

(recognition threshold;e|3} RT)& &k &% 3k2 T3}
. olelal wos 24 A, B, C, D, E9| £42
AR oH, T2tel ¢2-% 3517 Y8 AEERE
LEER F=E F7MIA AAske & AHsial
o} 3 AAAE Fae] WAt Adee Sk 2
e B2 ARS8, &F 3~44) Alold)] 2z} m7Azt
34 30% ode] AR S T Al
F7tolA] 02 LB FAM 18~254] Afole] A73l
of tig Bt FAARE 7= AT 7EAAE, o
o IJMFEE 24 A9 34 107, 83 Be 10°, B2
Ce 10*“’ 234 DE 10%, 2 Bt 10%0)t}. 24 A, G,
D, Ex 89 52 450l i 84 B 7|e4
ol BAlE TR FAE0] e, F49x 12 JE
Az} 104 SNE F=rt H1, 12 104 58 B
7} FtK(Table 1).

3. A=REY
PC - SAS(version 6.0) 2 13- ARg-3lo] HlR47]
%e AASAT. Kruskal - Wallis g £a) 2 23
o A B S A195l1aL, Spearman =9/,
21 - #AE B8 594 A s
o7 2o}

1. CHARE) RS

ZA} UiAde] JHEYE B A1Z2 A 3994,
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A2ER NN 4014, BIZZ A 253412 eRL A
1ER273} A2Z2T Alole] AF Aol glov, 2T
I BlEZRF Apolo) ¢l B OEE S ¢ U 2
& Z2017h A2E 2] 1 Aoz JERTHP <0.01)
(Table 2).

949 34 A2ER 0] 1 14745)9] FuiE %
£ Ao Vel Al1Z2n v Z 21 vjg] Fie
A=zt ARen, 5o A A2Fzdd HEEY
Atolo|l Mgt fref 3t 2to) 7} ALEHP <0.01)(Table 2).

83 AFFTE HFFAT) de A2E2TA
H|ZAA T gle AIZEFEY w4 Jeyt ¥
% A85=s W% Afole F Flel Aoz}
g1%1cH(Table 2).

2. F27]

o
olr

5712 S| gt 32k 3] AL Aol A A A
o} QA A BF A2F2Fo] 7PE JA7h w3ke,
Zt A} gl mE 7t B AR A 2 XY
AE £4 B9 QAAAE Adtne B fold A
o]& HATHP <0.01)(Table 3, Figure 1, Figure 2).

Al 2 BFA HA QA7 AA A AR e A
& Beled, C B4 ¢ A & 25 HAGR| A
71 e 9 E HYoh A XY AL v EaF
S EE43 DEA AIZERFE BEZY ARA, A

o

2Z2 32 DEEI A S2AA A7t 34

Table 1. Standard test materials and threshold score in T & T olfactometer

Odorants Name of materials Threshold score Standard(mole)
A B - pheny! ethyl alcohol -1,0,1,2,3, 4,5 1%
B Methy! cyclopentenolone -1,0,1, 2 3, 4 10 °**
C Iso — valeric acid -1,0,1,23,4,5 10 *
D v undecalactone -1,0,1,2, 3,45 10 *¢
E Skatole -1,0,1,2,3,4,5 10 *

y Ls

Threshold score
Threshold score

o : mean olfactory threshold score in normal person
1 : condensed concentration in ten times as standard

Threshold score — 1 : diluted concentration in ten times as standard

Table 2. General characteristics of study subjects

Variables Nonexposed group Exposed group 1 Exposed group 2
Age(years)*’ 2527 £ 046 3993 + 876 4007 = 945
Duration(momhs)‘t 80.00 = 82.11 152.27 £ 102.09
Smoking(No./days)‘z 342 + 297 763 £ . 9.19 1410 £ 711
Alcohol(g/weeksz‘I 153.40 £+ 157.20 471.43 + 524.89 673.71 1 697.31
U-chrome(ug/ 1 )* 485 = 710 12.69 = 8.84
S-chrome(/ég/dl)t 106 =+ 0.72 135 £ 0.60
AST(JU/L) 3321 & 781 2733 £ 11.64
ALT(IU/L) 2643 = 1029 19.67 + 9.43
#GTAU/LY 29.09 = 38.07 2427 = 20.95

+ Kruskal Wallis test

1 Wilcoxon signed rank test

« 1 p < 0.01

U-chromium : mean chromium concentration in urine
S-chromium : mean chromium concentration in serum
(Mean+8.D)

Nonexposed group: 15 male students

Exposed group 1 : 15 workers without nasal septal perforation
Exposed group 2 : 15 workers with nasal septal perforation
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Table 3. Mean values of threshold score

Threshold Nonexposed group Exposed group 1 Exposed group 2
A-DT* -147 -0.07 1.20
A-RT" 0.40 3.20 4.60
B-DT" -1.20 -0.47 1.00
B-RT" 0.60 3.27 4.07
C-DT" -1.80 -1.00 0.20
C-RT* 0.60 1.33 . 2.80
D-DT* -1.73 -0.73 1.20
D -RT* 1.33 2.60 5.07
E-DT* -1.53 -0.93 1.00
E-RT 1.47 233 2.80
1The data was analyzed by Kruskal — Wallis test
* :p <001

DT : detection threshold

RT : recognition threshold

Nonexposed group : 15 male students

Exposed group 1: 15 workers without nasal septal perforation
Exposed group 2 : 15 workers with nasal septal perforation

: B~ phenyl ethyl alcohol

B : methyl cyclopentenolone

C : iso - valeric acid
D
E:

>

: y— undecalactone
skatole

—&— Nonexposed
—4&—— Exposed 1

—#&— Exposed 2

Detection threshold score

|

)
N

Figure 1. Comparison of detection threshold among groups
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r————-"'ﬁ\
3 —@—— Nonexposed

—#— Exposed 1

1 e_,/—e———o/ —#—— Exposed 2

o
4

Recognition threshold score
N

Figure 2. Comparison of recognition threshold among group

A : B—pheny! ethyl alcohol B : methyl cyclopentenolone C : iso-valeric acid D : y—- undecalactone E : skatole
Nonexpsed group : 15 male students

Exposed group 1 : 15 workers without nasal septal perforation

Exposed group 2 : 15 workers with nasal septal perforation

3. 2 Y 83 AE=59| $2AR| 7t 8RS 7l B2 A9 AAGAE BE B3

B 3T Kol W, AN £4 DE A9

24 D9 PAYA % AAYHE 2F ARE]  F UE BASHe JUDAS Holx| s} whu,

Aol wheh, 24 Ash 21 Do) AAAAE @F A 29) 2AS AbldHE AALA g QXS] gy
FERe] g Halse] 2713 BYThP<001) o] B 4TS JERRATHP <0.01)(Table 4).

(Table 4).

0f

6. F2715 Fohel 2z
4. 2F Z27|7knt F2tod|

7 ol Fzpgdfe] Bt E 4] A5 DT

E4 BY AAGAg Z27)30o] A4E AS53s B 745 1o]3HE B o=, RTE 3088 g4, e
i, g2 EAScMe dREAVE SIATHP<001) T AAGx) 9} AR GX|9] 3Jo](e]3} R-D)E 75
(Table 4). 1 zpol7} 2015101 ASE Ao 2 Flo] mARAL

3 594 A& Adsigct
5. =2t AL 2EE Alo]o] AlEhEtA| DT & 571 €2 ZF B4w vlg) 2832

To] FARN7E BRI, AFF2TME HFAA
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Table 4. Correlations between each materials and some variables

Cr(u) Cr(s) Dur Age A-DT A-RT B-DT B-RT C-DT C—RT D-DT D-RT E-DT E-RT
Cr(u) -
C(s) 0.67° -
Dur - - -
Age - _ 0510 _
A-DT -~ - - - -
A-RT - 049" ~ - 0377 -
B-pr - - 0¥ os - -
B-RT - - - 042 - - -
C-DT - - ~ - 076 - 058 044 -
C-RT - - _ - 055 - 045 062 06T -
D-DT 057" - _ - 082 039 050° 040° 073 047 -
D-RT 051" 049" _ - 045 059° 036" - 041" 056" 056 -
E-DT - - - 070" - 052" 042" 081" 0.64° 073 052"
E-RT - - - 048 - - 066" 0577 057 054 - 076" -

Cr{u) : concentration of chromium in urine Cr(s) : concentration of chromium in serum
* :p<0.01
DT : detection threshold RT : recognition threshold
A : B- phenyl ethyl alcohol B : methyl cyclopentenolone C: iso — valeric acid D : y— undecalactone E : skatole

al
[€]

o]

=

f&ol E3k

< E¥oy, £33 Co =4 Ex
2 tHP <0.01)(Table 5).

PF r

F va) BzART e o] ¥4

}oHP <0.01)(Table 5).
234 A, B, DoJAl= RTS} R-DE DT} 22 o
BAA freldel ¢l

b

Hol %1—}%

:p“ oly _,,], e l- E—o]] pat

veld ¢ )I:}(Klemfeld & Rosso, 1965 ; Mertz 5,
1965 ; Tayler, 1966 ; George & Florence, 1981 ;
Joseph, 1990 ; Z7t/}, 1991 ; John & Robert, 1992 ;
William, 1992). o]2i3t g 5 H|SAAFo| 7P
EAL, ol AFAAY & T FA4d
il Z, U7 2 S0l IFo] duidst 5t
FEE PAsle] FFAde] 74 zYsa, F
NAg SIAIA v te] Tk gt S A
Sutalth(Kleinfeld & Rosso, 1965 ; Mertz 5,

umL a

o= O

o=

1965 ; George & Florence, 1981 ; Stokinger, 1981).

Azl AS w27 A2e FARAA Qolvkn 30
B} o W7l dZelE Jae nlxx e, of

2 542 979 FA zpo] wEoltt. & HFFH
ZA2 5ol Y dF A Bolu fKolgy
HAsht 39 52 glohKims, 1989).

AAE dhFsh Bad] ol YAS Lot B
o ¥ BeER F2AE AT} F44
Aol Aoyt wAgosn s Hed
(Ballenger, 1987), 9%, #3l &49] =&, w4 74
B]L}]ﬂ;&}o}p} u}o] g2 A .‘_:_o] 0361:—0— u]i]q-j_
&} (Henkin %+, 1975 ; Hall, 1979 ; Doty & 1984 ;
Nakashima, 1984 ; Ballenger, 1987 ;Cain -, 1988),
184G $24 £ A7) Bagel Zege gAs
o] ¥ g dozitka 42A Slck(Schwartz F,
1990).

Ftege] A BEsA FARL, SFABA 28
3to] T7e) WHE feled Faadle] dojuAY
(Clark %, 1985 ; Hastings, 1990 ; M9 & &, 1993),
EAE Aol o3t 23142 Hste B2ARRNE

Felo] 7ke) £24€ Mo Aow A7Ea 3l
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Table 5. The distribution of hyposmia according to type of chromium exposure

Normal

Hyposmia

Materials Groups o, ) No. %) Far
A-DT* Nonexposed 15 (53.6) 0

Exposed 1 9 (32.1) 6 (35.3)

EXpOSCd 2 4 (1 4.3) 11 (64.7) 16.78
A - RT* Nonexposed 15 (60.0) 0

Exposed 1 7 (28.0) 8 (40.0)

Exposed 2 3 (12.0) 12 (60.0) 19.01
A(RT - DT)" Nonexposed 15 (71.4) 0

Exposed 1 4 (19.1) 1 (45.8)

Exposed 2 2 (9.5) 13 (54.2) 22.13
B-DT* Nonexposed 15 (48.4) 0

Exposed 1 10 (32.3) 5 35.7)

Exposed 2 6 (19.3) 9 (64.3) 12.32
B-RT" Nonexposed 15 (60.0) 0

Exposed 1 7 (28.0) 8 (40.0)

Exposed 2 3 (12.0) 12 (60.0) 19.01
B(RT-DT) Nonexposed 15 (68.2) 0

Exposed 1 3 (13.6) 12 (52.2)

Exposed 2 4 (18.2) 11 (47.8) 15.78
C-DT* Nonexposed 15 (46.9) 0

Exposed 1 12 (37.5) 3 23.1)

Exposed 2 5 (15.6) 10 (76.9) 15.87
C-RT Nonexposed 14 (38.9) 1 (11.1)

Exposed 1 12 (33.3) 3 (33.3)

Exposed 2 10 (27.8) 5 (55.6) 3.26
C(RT - DT) Nonexposed 11 (39.3) 4 (23.5)

Exposed 1 9 (32.1) 6 (35.3) -

Exposed 2 8 (28.6) 7 (41.2) 1.25
D-DT* Nonexposed 15 (55.6) 0

Exposed 1 10 (37.0) 5 (27.8)

Exposed 2 2 (74) 13 (72.2) 2205
D-RT" Nonexposed 12 (54.5) 3 (13.1) )

Exposed 1 10 (45.5) 5 (21.7)

Exposed 2 0 15
D(RT-DT)" Nonexposed 9 (60.0) 6 Eggég 18.78

Exposed 1 6 (40.0) 9 (30.0)

Exposed 2 0 15 (50'0) 11.88
E-DT* Nonexposed 15 (46.9) 0 ) )

Exposed 1 10 (31.2) 5 (38.5)

Exposed 2 7 (21.9) 8 (61.5) 10.15
E-RT Nonexposed 12 (38.7) 3 (214

Exposed 1 10 (323) 5 (35.7)

Exposed 2 9 (29.0) 6 429 1.37
E(RT-DT) Nonexposed 11 (39.3) 4 (23.5)

Exposed 1 9 (32.1) 6 (35.3)

Exposed 2 8 (28.6) 7 41.2) 1.25

#'wa calculated according to the Mantel-Haenszel Chi-Sugare test

*:p <001

DT : detection threshold RT : recognition threshold

Nonexposed group : 15 mal e students

Exposed group 1 : 15 workers without nasal septal perforation
Exposed group 2 : 15 workers with nasal septal perforation
A : B phenyl ethyl alcohol B : methyl cyclopentenolone C: iso — valeric acid D : y— undecalactone E : skatole
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t}.(Furuta, 1965 ; Gabbiani, 1966 ; Gabbiani %,
1974). Wb Ao 7% F2ado] dyr]doly
glz28k sy} gheial Zlo] gla ApzkE e mA
o] FZA o gk A7 AS WolATE & F,
1990), Widete] Y HF5E FEstnE F2e
Aol E ¢ ke 7Hgstel o] AFE AlSH
= At

T4 A gAY, 8RR B, A%
37 5 HalM e AU 34 AL BastEg
(Schreider, 1967 ; £%7] 5, 1978 ; Schiffman, 1983
; Hendriks, 1988), 1%t thk3l 32t A} Whfo] Al
EHQAAT & A Halgto g e g slA] 23t Ao
Aotk dA AHEHT e WHoREE Ao &
&< o8 WY F74 FHAL EEG, GSR,
olfactorhinometry 5 &8 A& do 8 = 37t
A= ojgh Ao vhe-g A Eshe Wy, 281 3
Aol og T4 HARY Fol Slrh B ATelA
T Ago| TS &MNA TR E FEske A
o2 A7) W&ol FUA F7- Ak il gAY
o =g Frx FAME T I T & T
olfactometerZ A}g-3la] T2}7) 58 A &3t}

AT AT E F HEET dFo] ¥e & v
Z2ro A3 A dF ARV E neiskA gL
el A o] Fol7] WEoln, F27)5e APl F
Va2 Ade AR 49A YoiHall, 1979
Doty 5, 1984 ; Nakashima, 1984 ; Cain -, 1988). &
A3} gFael A9 v E2Dd WHANE E22
o), Z2gUolie HMEAAFT0) BL oz v
AT B ATNE AT A 47} Ao old] o
2 27o| 0|20l Rtk o2 ojol] B A7
g A UE 9%, 939 F9 5 F40 992
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27 Aol MFAATT0) AT g Tol ¥
o 28] BRI 25 2REES B A
2 Uepton, A8 g A7t HalEa &
temz 327)% Aol A= AHAA dHde &
A+ YAt

571A) A2l Aol g AR 4 AR
£ ol9H 5(1989)] A&7} B Aol x ] Auet A
o) AdR)slo] v EEFoR AMEE 5 gIa, o9} B
waled 22 FAFAe] AAAR 2 XA e BE
Aol A BB 2E HFAke 97t #5ken,
53] AAGA = 2 Aolrt Aok F2F glo] &2
At B, 18] Do His] B4 Cet ES] ZAA X%
AX A7} BA vehd AL 2 C9 E9] WAzt
B4 FoM 2 AE 5 A A WAl g
Al HERJD Aoz F3En, ol FAAE ez
3 £57] 5(1978)9] AT Ao} XSt T4
izt QoW JAA A7 AR ARl vlE) 2 WA 33

| E JAgk] Zrleln BEAAGAY £YAs) F7}

Ao #Ael sa47 X sk I, SR o
A AAGA) = Aol dAGA e FrHa ¢
THHenkin 5, 1975). Aol A o] S o] &7
Zof Hlg] AX3] AR A¢ Fu|2A W 9
gt Aol E aejste Aol HlFo], 280l o3 F43
ofe] 7% vl eel digh AHARJN ASA 9T &%
Slol| F21417 ApAlS] £l i ATE Bastelet
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73S dogitkn Byt ey B |l

€ 3F F212E 84 BY FAGA, F IAE3H

24 A, D9 9A%9HA, 221 85 287 4 DY
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o] A% Ao gle Aoz Jehgrt. oz B4
Cst E9) AAGXE A9j@ BE BAoA AR GA]
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