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A Study on Comparison of the Metabolites Related with Working
Methods and Immunity of the Toluene diisocyanate-Exposed Workers

Su-1ll Lee, Byung-Man Cho, In-Kyung Hwang
Cheol-Ho Lee, Jung-Rae Park,

Department of Preventive and Occupational Medicine,
College of Medicine, Pusan National University

Following recent advanced industrialization, the amount of polyurethane to use as ther-
mal insulating materials, upholstery, mattresses and packing materials in automotive and
furniture industry is increasing world-widely. and the number of polyurethane-producing
worker will be increased. Because the numerous organic solvents are used in
polyurethane-producing factory, the workers in this work site is exposed to many organic
solvents. Of the organic solvents, Toluene Diisocyanate(TDI) has many hazardous effects
to human.

The effects of TDI on human are the irritation to respiratory mucosa and gastrointesti-
nal symptoms. Conjunctival irritation, dermal inflammation (redness, pain. vesicular for-
mation) and gastrointestinal symptom(nausea., vomiting, abdominal pain) are reported
just after short-term exposure of TDI.

TDI is known to give rise to bronchial asthma, as the immune disorder. And because of
strongly volatile characteristics of TDI, it is suggested as a more injurious material to
human health, especially human immune system, than other organic solvents. Bronchial
asthma inducing mechanism of TDI is not clearly known, but on the analogy of TDI-
induced symptoms and recent studies, early-onset asthma is type I hypersensitivity reac-
tion mediated by immunoglobulin E (JgE), and late-onset asthma iz maybe type III hyper-
sensitivity reaction by circulating IgG.

And we know that the complicated human immune function is likely to move in such

— 320 —



that mechanisms, there are not studies on irnmune indices evaluating the bronchial asth-
ma-related immune function. The evaluation of change patterns of humoral immunity
including IgE and IgG and cellular immunity including T-helper cell, T-suppressor cell
and T-cytotoxic cell will be helpful to evaluate exposure degrees and prognosis in TDI-
exposed workers.

Because TDA (toluene diamine) as a biological exposure index of TDI becmes the focus
of interest. we know that a study on the correlation between urinary TDA and air TDI
and immunological indices will make a contribution to biological effect monitoring indi-
cies.

We examined human immunity indicators such as WBC, %Lymph (percentile of
Lymphocyte in WBC), %T-cell(percentile of T-lymphocyte in total lymphocyte), CDA4,
CD8, C3, C4, IgA, IgG, IgM, IgE in peripheral blood to evaluate the health hazard of the
TDI-exposed workers. And we examined TDA to evaluate correlation between exposure
and effect.

Total 90 subjects was selected, 45 workers who worked in the polyurethane -producing
factories as an exposed group. and 45 cases who were office workers(10 cases), other blue
collors(27 cases), and medical college students(8 cases) as a control group. And the results
were as follows ;

1. The logarithm of IgE -Log,(IgE)>8D- in peripheral blood of a exposed group was
significantly higher than a control group, 2.22£0.62 in case group compared with
1.981+0.53 in control group. (p<0.05)

2. IgA and IgM in the polyurethane-producing workers were 261.02+83.12 ng/dl, 151,97
+59.64 mg/dl, respectively, and 292.77+100.45, 179.17+100.78 in control group. IgA
and IgM was slightly lower in polyurethane-producing group than control. (p>0.05)

3. WBC, %Lymph, %T-cell, C3, C4, CD4, CD8, CD4/CD8 ratio and IgG in case group
were 6,391.1 ea/ml, 37.53 %, 59.54 %, 76.68 mg/dl, 30.54 wg/dl, 0.76x10° ea/L, 0.63x%
10° ea/1., 1.39. and 1606.29 me/di, respectively, and 6,974.7 ea/m!, 35.12 %, 59.64 %.
71.95 mg/di, 33.94 me/dl, 0.80%10° ea/L, 0.61x10° ea/L, 1.39, and 1581.51 me/dl in
control group. There was no statistical sinificance between two groups. (p»>0.05)

4. In the comparison of each other companies, average of individual urinary TDA in
polyurethane paint manufacturing companies is higher than that of polyurethane
sponge foaming companies. And, the concentration of 2,6-TDA which is a metabolite
of well-vaporized 2,6-TDI is higher than that of 2,4-TDA in the polyurethane sponge
foaming companies. But, the concentration of 2,4-TDA which is a metabolite of ill-
vaporized but well skin-absorbed 2,4-TDI is higher in polyurethane paint manufac-
tures.

5. There were no statistical significance in the correlations between individual urinary
TDA and immunologic indices.

Key Words : Toluene diisocyanate(TDI), Tolene diamone(TDA), Human immune system,
Polyurethane-producing workers
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ol# gt WA Al hFEAQ A HH el A
¥ T2 ko] WA, An) B ‘Qvﬁ’ﬂl(aller-
gen) 22 ste &4 AT 1 fAe] WA
S Wl Aoz BFET glent ARiAdA
dAstE o kA BEEAo BAWA Fx F
8% g oz Aestn JYSE & L&A sloh

e F715d x3d A, sk F7], 0w
FY AF ol FYe g 78R 7tEAE0 A
Aol o= LA 7| HA] WAL FHENY B
W EE g 2o dr|dez A AU
3E7) A% e v £ Aoz guA gl
o 2AAAhe] fAEAe T AP LAY
& 2 AR datn e SERANAR Z3tE
2 g1 3 FYed AFde AG FHAE 1
e Ysle AR 8d ZAE dey|r|x g

248 A4 2k elgte] FAARI Ramazzini
7 FEEUER 7FeHA Al dbY dAE AL
71&d ol ARFE AFA, AP 272, A
g M3 2 Fz2, anhydride #Ha3belA EaH
2 92w toluenediisocyanate(TDI)E sl
diisocyanate A& Ee] A& dogivks AL
dol 195136 X Bng oj#dlz ez
TDI € #HF§ ZEA A AadAje] Buslct.
TDIE A 23 AANAEL AN F45S T
Z7] A8 AMEEH o Z7) A HA= Azt
GaF m ol AHg-9) A gt glAv).

a2 AAZ BEEn 4F AgEF qE &
vjzte) 877} A FVHE e FA 0 ulet A E
v A% A, & dE goloju A& A
7y B 28] 59 Al ol&He E=pdg
(polyurethane) A} Ea]$dg £ 8% g3}
v d4%o] ZolA(Daniel ¥, 1992) o] Z&] 58
2 gate] f857) He TDIE HF3e dEE 3
7t whe} TDIO] %25« 2240 d7de &
A7b A Y Ao Arlelgrae) A

o] dige] S sict.
TDI 22 =g Wrhels Yoz A 3%
o TDI¥=E &% 3he Wyl Alg_ ole w37

Zgol9le] MR Fou 230 E 5T 2 P E
g e BHe glenm o5 Ry A
2 thAEA ¢l Toluene Diamine(TDA)& AWl
X 238 ggatna s d77 Ax oA

gk 2y A ol At ol M2 A
ol AB(HAL ¥, 1995:Rosenberg & Savo-
lainen, 1986: Persson %, 1993:Maitre, 1993,

Skarpine %, 1991:Brorson %, 1991)c] AjA|s]
3 5le) AAHeg 2eAke] BiHgEdye §8F
A ®&i A= A elvh

=3 TDIZF AAE fdste 71H2o2 early-
onset asthmax IgE7} #703k= Type 1 hyper-
sensitivity reaction®], late-onset asthmay 1gG
7} @88 Type [ hypersensitivity reactione] &
oJ8l¥  Dual-onset asthma® °]21% Type 13
I7} =%d 7144 2ty 582 vk (Xaver
, 1996: Michael %, 1990) . SuUloME 2E
TDI%@ At F, 1995:9ka04) & 1991:]v]
A B, 1986:0141F 5, 1992)7} ol2oig ot o]
FZ TDIZ s o71€ 2773sfel et Al A7
v HA il BRE A AR dig d, BE

B mUHYe] B¢ ATEC] PEAom o|Fol
A& Bolth. aejzE 2 ATIME TDI A7 22

24e] A¥olla o tlAREESl TDAE 238t Q4
o] AkAQl wWaEgs g i B4E HA3Y
AR 29 TDIS) 4EHE RUege
A& TDA B4 7He4& Bristn 2 ot Wy
gla] A EQ] Wstg dstd TDI #F oS24 #e
E A% 712ARE Agstna) g

ATCH W
1. PATCh

19979 290 Adgs °J<:Eﬂ§l°ﬂﬂ TDIE At
gste] 2GR HAES Az ) A
Fu ol fee ~EXE Uit 27H RS 4
o] Xesld TDIY A4 FEEe 2824 458 S
ZgFoz Mxsln faFesys TDIE %'PW
e QA Zax bk AMRE] 222 3
2 5 oBat 4578 AP st

Zgze] ARAdE TDIHF 479 #Ae
g 2r), BolElaA g A Fo Ade] A
U d@er) sl deke vd F e dAY vlE S
A okE BHR {72 2AE it AL
Aov vz dA] MHEHR] HelE oA E
g Ado] gl Afole el ALdstart.
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2. WY

1. 87 £ TDI s 58
(1) X129 A4
71% TDI9 F589& 24 Q4 2 T/
thzo] (A JuA)e] 10mHTE Wo] A
g Algg AP AFA FY KF 0.2
L/minZ R4 A3 TDIE o &3 4
gt 2% Azgae) AL dxAhAlw TDI
Zgy}l o|RojxBg AYAE TDIAYS sk
10087 £73km, TDIFH #HAEE V= 3Y
9] 4o Higolyd EAE oA 10087t 21T
T JdAXNE 4UHF H BH43 $9EH(OSHA,
1990).
(2) Al BA(BREA AUV ASHEY)
g7 Lol AMRE= TDIE 2,4-TDIe
2,6-TDI7} %9 AL ApRsln ok, 2 939
4 ZAedate] ASe =% 2 4-TDIVY 80%, 2,6-
TDIZ} 20%%) A& Atgstn Tk & A4
= 714389 2A2 24-TDIRE &Fesd NF
TDI %2 3H4t}.
® 715 2.4-TDIE ¥4l A8 AT A=
(dAARL F5-84) 10 mol] To]2s Al
2k (NaNQO, + NaBr) 0.5 m& gof &3t
H 287 A gil
@ WA 44E Hupglaeln g9 (HN,S0,
NH,) 0.5 m& go] EFT 5 283 W
23
® %19 £9h9] Na,CO; 1migt N-(1-Naphthyl)
-Ethylendiamine 0.5 ml& 7}8ld &Edskn
1583 AA gt
@ ©] €9& UV(Shimadzu-UVI201)E o|&
ghed 550 mollM FF=g FA T

2. oMLY HABH X|E &H

(1) Eadg AH 2 &3

27 2 dgxidAA 89 12 CCE A gl
A 95 1A AYEAS F serumE
#eldte] mgjo] ofol Aol A WEAIA 3AMH
Fadg vk

(2) ¥4

O T-lymphocyter Simultest kitgl Flowcy-

tometry(Becton Dickinson) & 4%t}
@ 9y F2EUL Nephlometer & 4§},

3. 2% TDAY &3

(1) Alsel A

Z27E UALR oF AY AlF 247kl At

T A2WE Qe AT AR SA HS0,3
At FHFE 142 T 89) 1 mE X238
HAgE A8k, =eto] ofe] 2R WEEl RN
Z A A7A - 200C FERAT

(2) 2Alg B4 (NIOSH #4344)

@O N8 1mE oA AlgBe FUF 6M ¢
A 1.5 mZ 7V vortex mixerslAd E&
F PR3 ol ot

@ o @ 9rRE 4ANTA] #E BelA 7hr
Fel gt

@ 7}rE3FE vortex mixerollr £8o] Fo=
A AlREde] Y FL JolEE suspen-
sion AlZiT}. BT o] goiETh,

@ 8@ ¥3Al2F HEFBA(Hexafluorobutyric
anhydride)& vlg] ¥gnolA 7Ay 2oz
g},

® 715EdE ARE WA Aol 4o
2 & & (0.5 g NaCl, 2mie] NaOH, 2m
toluene-® 718l £=°] mixingdct.

® LAEe7 04 1500 rpm, 1083 st
9@ 7tEct

@ 509 9152 1.5 m #3dd HPLC auto-
sampler& viald] &71% WA 20 uld:
7kt €T

1 M phosphate buffer(ph 7.5, %4 Jar)
1mE 7}eln 4%
xerdlA EET}

® toluene®% GCH vialdl Y3 capping®t}.

@ 9 &9¢ GC/ECD(Shimadzu GC-14B)2
L i

@ awldge] Wl wE Aeole Jaffed o
Z2¢ 8% Aoleld wdgor w3
o aX 87t 53 FEHIUAHEF Zdo}
Hd #5)3g/l) T Y= A (85
Aoteld F=(0.5g/De YAl Algg AF
&le] BAFGH(ACGIH, 1993).

d= =A] vortex mi-
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Table 1. Operating condition of GC/ECD

Description Condition
Column HP-5 (30m, 0.25m, 0.25 um)
Liquid phase 5% diphenyl &

95% dimethyl polysiloxane
Injection volume 1

Injection temperature 250 ©
Detection temperature 290 ©
Oven temperature initial 170 ¢

increasing 15 ¢/min
ending 250 ©

Carrier gas 99.999 % nitrogen gas

GC/ECDY] 23& Table 1.3 7t}

4. EAEE ©H

SPSS BANI|A & ol &3] ALE 71% TDI
FEel V)W TI RIS THL 2F AR
Z2HA = 8% 2.4- 2 2,6-TDAS] 789 as &
T8 Tolo] o9 AVAAS BHsigon Lz
FolMe) RFTDA st Welsel BAE 219
st} JHEH S AN BT

ArEn
1. chet 22Xte] aluky 54 3! =2 (Table 2)
TDIHE Z2ASY HIAH S 33.4%7.949]

ko] AolE Hoix] ggtew gL F T 2
ol ngdw H L Yl AF 55.6%,
53.3% % 28k th.

EzToAMe) TDI T2 3¢ AL g7 5.1+
4.580% Z2F Folr 22 (44.8%)0] el
9] APAE sz UMe™. 14H(31.1 %)= 7
ol 2538 A=A, 588 TDI £ 4
e ExF 57.7%7F 3AI1%F |3t g ot
26.7%= TAIZL o4 ZR2EUY T &Y 8
Al 3.7+3.24)7te] T},

2. Chabzrol b= ool X|Fo| vl (Table 3)

HE4 H9& vehlle CD4, CD8, CD4/CD8

Table 2. General characteristics and work-related
history of subjects

Case(n=4b) Control(n=45) Significance

Age(years) 33.4£79 30677 NS
Sex N8
Male 42(93.3) 43(95.6)
Female 3067 20 4.4)
Marrital status NS
Married 27(60.0) 19(42.2)
Unmarried 18(40.0) 26(57.8)
Education(years) *
-6 3(6.7) 000 )
7-9 6(13.3) 4( 8.9)
10-12 25(55.6) 24(53.3)
13- 11(24.4) 17(37.8)
Smoking (ea/day) 9.9+9.0  10.3+35 NS
Drinking(bottles/week) 1.5+1.9 1.5%1.2 NS
Work duration(years)
-3 22(48.8)
4- 6 9(20.0
7-10 7(15.6)
10 - 7(15.6)
mean+3D 51+ 45
TDI-using work time
(hours/day)
-3 26(57.7)
4-6 7( 5.6)
7- 12(26.7)
mean+8D 3.7+3.2

Note: To assess statistical significance, t-test, X*-
test, Fisher' s exact test were used

NS : p>0.05,

* - There were cells with expected frequency( 5

F3 A 2279 g2F Aele] FATHR &
o] zelg B Ao | A4 AFE epl
= IgG, IgA, IgM, C3, 281 4% F F39)
Folg Aole ATt (p)0.05) vt IgEx &
o] 372.0+493.7 1U/m2 239 173.7+
189.2 TU/m Bt o3t =& 2338 el
Hpc0.01).

3. FYEY 2713 TDI SES 2F ke
£34%|(Table 4)

TDI #AF2EAE9 AY¥AY 2715 TDI 5%

s 229 2.4- 2 2.6-TDAE FFEMY Aol
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}. A% BE TDIE Abgslq ~EAE U= 7
Fol gl AYFelm C, D, E. Fe ey

Table 3. Comparison of cellular and humoral im-
munity between case and control group

Case(n=45) Control (n=45)
CD4(x10°/L)  758.4 +216 801.6 +255
CD8(x10°/L)  627.8 319 613.8 +203
CD4/CD8 1.39+0.60 1.39+0.54
IgE(IU/m)" 372.041+493.72 173.67+189.16
IgG(ng/dl) 1606.29 307.45 1581.51£274.74
TgA{mg/dl) 261.024-83.12 292.77+100.45
TgM(mg/di) 151.971£59.64 179.17+100.78
C3(mg/dl) 76.684-22.15 71.96123.10
C4(mg/dl) 30.544+13.91 33.94.£22.83

Note: To assess statistical significance t-test was used
*p<0.01

#2] HAES ARde dggalelr}t o=
A TLV-TWA 0.005ppm< sk w473
2 0..3922 ppme Yehd B AEA] Ak 2AGH
g Fojglen, AUYF A BojME 2,6-TDAVL
2.4-TDA® ¥lgtd g& ¥x2 Jeiych TDIS
o] g3l HIUEE TEx AYY F EE AL
C.D.F &33& 2,6-TDA ¥=7} 2,4 TDA &%
Bot A4 Webka

4, ERFolMe] 2F TDA 559 2E ®ois)
A x|Hgetel HTA(Table b)

A4

8% 2,4-TDA 5=% 2,6-TDA ¥=& #3 A
A 8% TDA 332 9 AEA ¥ 2EQA CD4,
CD8, CD4/8 &3, A/ W% C3, C4,
IgA. IgE. IgG, IgM o] 48 42 4AE A
7 o]E FolAM BATHCZ fog duTAE B

Table 4. Concentration of toluene diisocyanate(TDI) in air and urinary
toluene diamine(TDA) in each companies

Air TDI(pprm)

Urinary TDA(ug/g creatinine)

N average N. 2 4- 2,6~ total
Company A 3 0.00077 15 0.09 1.02 1.11
Company B 5 0.03922 5 1.88 2.46 4.34
Company C 1 0.00010 7 7.38 2.41 9.79
Company D 3 0.01300 13 12.23 8.53 14.01
Company E 1 0.00400 1 0.59 44,20 44.79
Company F 2 0.00050 4 1.56 0.00 1.56
Company A, B = polyurethane sponge foaming manufactures
Cormnpany C.D,E F = polyurethane paint making manufactures
Table 5. Correlation between urinary TDA and immunologic index. _
TDA C3 4 C4 CD8 CD4/8 IgA gl IeG IaM

TDA 1.0000

C3 -.1150 1.0000

4 -.2272 0.3899 1.0000

CD4 -, 1060 0.0463 0.0693 1.0000

CD4/8 -.1489 -.0218 -, 2697 0.3285 1.0000

cns 0.0722 0.1085 0.4541 0.3932 ~.6111

IgA 0.0302 0.2656 0.1712 0.1710 0.3086 -.1538 1.0000

IsE -.1336 -.0071 -.1630 0.1232 0.1349 -.1607 0.0394  1.0000

1eG -.1077 -.1232 .2395 -.0198 -.0212 0.0109 ~.0510 0.3625  1.0000

eM 0.0764 0.5213 .2830 0.1366 -.0201 0.0143 0.2748 - 1324 0.0297

1.0000

Note : TDA = 2. 4-TDA + 2 6-TDA
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2 R UATHP>0.05).
o #

E=24 tlo]zAleld|e] E(TDI . Toluenediiso-
cyanates)= @88 AU AF4E M3 U
A QA 42 =39 A= 2 4-TDIS
2.6-TDI9] 5 7)9) olda7t EAPCHATE, 4
R 1995). A8 TDI=RE 2,.4-TDIEH
=7} 99.5%°14, 80%, 65%A A 59 A7zt
lom o] 3 AMgsl= kel oF 95%0]4e] 2,4-
TDI7F 80%. 2,6-TDI7F 20% EHe RHojct
(WHO, 1987).

oliAlollo|Ex} A go g de AlgHT e
olfit= o] EA5e] ¥TFHFL v N=C=0719
Wrg-Adol e AvjuRel) FelfHge AHEFA|
E, F¢ &u, Ad, RdAE, HHAA, £299
g 58 5 ohide] o853 gl B dFeMx
Zriog MHEd 6/ A 257 2,4-TDI7
80% T TDIE AMEsta gidch z=v, widr]
of gk o]aAlopdlo]EZle] 99}t e YA HY
a6 ezl F1F LA 2,4-TDIA v)gta] Z
AR E 71Agkeke 2,6-TDIS o] Beug 7|3
AME 2.6-TDI7E o Re] FAZHcH(Saunders,
1962: Rando, 1984:¢td4 %, 1995). 3yt
TDIg] &2 347]5% OSHA, ACGIH® =)}
g 2,4 TDI9 % 40 g/meo2 Fdta o
2.6-TDIx= &3 71&e] gItHNIOSH, 1978). 1
2y, NIOSH® 2,4-TDi¢t 2,6-TDIe| sk Z
zt 40 g/mro g Adlen Wy Fdz g3sin
o} TDI oA %2 3878 e 68 4=
7} H 88 ACGIH, 1991-1992:NIOSH, 1978).

A el e AdekAa R o st
TDIel g B4azdxds AQR4E54 S Sl
ARG R ERI2XC g g sn AR

£ BA o3 Agsel 2ol AdADE L
BEzZA 2 F2AAE Fohfisd viSo|Hoj}.
2154 TDIE S4s8le A9 E2F Hrist
AL BW7HA @ge] Y=l ¥Y APF9 TDI
AL Be AU uge] Hedln LaAHHoR
#3 ZZ(ramdom peak exposurc)® Z3sHe
Zo] BRI e o olgjd Wy EFPezy

ooric b

_|

ARZ2%s na¥d & givke 3 Folu.

olg g w7 tol| A e]el| A= Z2AL ANl o
¥ Z2H7HE 98] DI thiatgaledl TDAS
& YETERYEH S 9ale] it BAEE o
£33+ A7t o] A YrHBrorsons, 1991:Maij-
tre%, 1993:NTP, 1986:Persson, 1993:Rossen—
berg%, 1986:Skarping, 1991). 18x, 2yl
A AGEAY TDIEE Qs o] 294 A2
of B3 FH R olRlen (4 %, 1991: oWl
%, 1986), AR AT At TF7) FAoht o
71ge digt Azl 180 (o] AE T,
1992), A= TDIgF 21 thAE2S] TDAS A%
BAE AT =EIEE §, 1995) 5] Uit

Zo) o AMNFA 2Ea 2 AYAE g4
o8 3 Rosenberg®t Savolainen(1986)¢] |
A= 2,4-TDIst 2,4-TDASHS oA = ¥slx] %
sk 109 2] 22akelA 2,6-TDI2 2.6-TDA<H]
Ak gheo AudesS 939t Rossenberg,
1986). Persson 5(1993)2 Zauier A=z4
a2z 9 YRS e 4847 LS ol
TDA#uld ol TDIZZHe] #AAS 3o
(Persson, 1993), Maitre(1993) Bo] 2] f-elst
F& el 339 99 Z2AE gides
d7Aye 4l TDATSS TDIsEsE a3
A7b oS Eskd(FEAT=0.9101) (Maitre 5.
1993).

gy #HE FJdix] A58 TDAYAuld 2w
TDIEZ e Adgdd gt d7dAe o 47
& FHeA Eaded 2 olf&E& 71F TDI®
T ool HEE I F o] AdE A8
a, 9= A AR AF 7T 48Xt o FolA
=) vdhe] W A3 AS A¥Afe] 135 o]
Fojzl Aoldtm AAEL oA el gok(et

A 5.1995).
88 Skarping 5(1991)3 Brorson %(1991)

o] Zzt 53 29 AYAE s TDIH <
dHog ZeAA de dFFYE B 85
TDAZF ®el w&se Aol AA o|Fd 3 (bi-
phasic pattern)& Reli 28A1 E1te] WidH=
TDIFY o] 8-18%¢) EHsna HEE2 T
HAE A AAgG ATt REME & o F& I
7} zlziElojot ¥ 2 #AvH(Skarping$¥, 1991:Bro-
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rsons, 1991). 228]31 Brorson (1991)& ¥%
7 WA TDA o]4A& 3 A7 YAdA

7471 (rapid phase)?] ¥H7E 2-5A17°191aL,
#4:7] (slow phase)t: 6¥°]¢ o}, z2lz ¥
ZojA TDIE ot & FAk3ly| o} dasiA Agst
o 7hpEalel o8] Falrt 944 dojuA] eotA
Wi 7F Z17) W Rl (2 250417 AlE A& Al 7k
27 F3kE R o A7 FeE v e ¢ 9
284 ZuyE el At 4L 8
%t} (Brorson %, 1991) .

asie TDIE 3Fste 22AEY Z2HYSE
Brtete Wy A v AdRAAG A
YAz e 71F TDIE EMste Wiz odut
A1 849 ALy 222 ANYE hdes 3
v 5% 147dd TDIe) &8s ZZAREA
85 TDAE AeEsle 2o & o F&stn 3
ek Jrivt E Ao YA,

A TDIY °l4dA%F 2,6-TDle A7) 4
o] FolA V1% ¥E7} ¥ WA 2, 4-TDI9] A+
T AFEF & dojue ez deiA U
(Horden %, 1984). ol21§ o|4dxle] 24 A4
o] ol oz A FARYubHe Xol2 A% TIA
2ol mzt Z2H = o)Az Aol F F US
Ro|t},

£ dpdale TDIS] 83 dAMMEY TDAE

ZF BN AF ol2F Mol R e #iA 9
BeAd-g s = At

Y Frpe) 2Fde 2EAES 8% TDAE
FrpEE HEE o] 4 APEE $49& 3 o}
=7 #e guigle 235 Bo FuH(Table 4).

TDAS Z%(2.4-TDA% 2, 6-TDAE 3 @)
of 21eiX Company C,D, Ex Company A, B
ulste] ESITl I2l3m, 2.4-TDAS 2 6-TDA%
#e 72 Z FAEE vas] B, Company
A, B 2,4 TDA® ¥8lef 2 6-TDAZ} o &2
& 72 9=, Company C,D F¥ 2,6-TDAS
Hlgted 2 4-TDAVF ¥ 2L @S 7lAla g
t}. (Company Ex Company C,D, F¢ Wiz &
AxE BodFn 9o} Samplee] 17]%elt}))

Company A¢} Be TDIZ ol&3ld Zlpe
ZEAF AR FAlelng AU gL gasy
B FF8E 539 Je& TDIE 45 v &g

ouz AE

BT g7 E AN AQdshe AegE 2
259 49 AYL FEEY WHE o U

yigo]l & dolue A& AAB= Yolrt. ol yt
3 Company C, D, E, Fe ZI$de 3
HAES Aiete A2 27t TDIY £25
£ AY4ulg2 TDIZ vEe 718 {71839 R
g Wit EAFle A9 HlES Aste &
el

122 Company A, BE HEHEGIC]
e FEe 3E7IR o|RFAAN R NFeETt ¥
2 2,6-TDI9} tiAMHER 2,6-TDASY Fx7t %A
e Aoz AZE3, Company C, D, E, F&
715 E=RT oty AREFIE US Ao o4
Ho2 2 4-TDASY ¥x Addez
dA4HNT 2 A%x |4 2 4-TDAS 2,6-TDA
9] §& #HJE AidAR) Company C, D, E,
F 7} &3ttt 283 Company A, B¥ 2,4-TDA
Ho 26 TDAZF &4 715 =7t & 2.6-
TDI9} d&ko] & Ze g Hrigu}, o whale] #
JIE A4H# Company C, D, E, Fe 2,6-
TDAYNT 2.4-TDAZH %ol 87128 §5uot
AR2e] F7t Wol MU S RoFn
®atopgl sE ANFH 7 FE)fdE AEA
AMFA R 2,6-TDAE 3"7“ iy Aoz B
o} 5F7)8 E% ZTEL H& e B},

gy, & dA7eA 238 7% TDIe 2,4-
TDI(EA fevete] AdSFE5H L 25 2.4~
DS SFsn A=A 71522 7|Asi7t
& o]Fojz= 2,6-TDIE ¥tdsix] & AeHE
Avz glenz Zaasd TDIY e %28 3
&3 Br1ekA] £etin & Aolvd, aeg £3)
kol 7Zd TDIS #HFste AFAY A5«
2,4-TDI¥gol gt 2,6-TDI9] 715 BEXE 254
of & Aoz yrET}

#A TDI Hve &Y MR A Beje =
auj71 g g 222t 3EV 29 FTE AT
WwEnt~a 2go] A FOE o[fofH ot
2 A7 A7e HUE ZAYA] o] FelAe IR 2
o F47F €Y A74e Rz YA=ng g
o] B R HEY IFEFE ‘1H—:- 2 9
9 A8 z2jm Al AdEed FHE Foiok
& ZAagcin & Aol

[a]
28 Aoz

il
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TDIR 1§ 24 A2EAe] JdFds Yt
94 9 Uil A4 HF¥e] tE He S
zto] zijmt @Eso] WAs= AHoltl. Zj#A A
2lo] wejge]d] #HdA HIe FaFT d7dH
£ 7212A S ] d3e] FREUTE A, o
A Ed a9 BEAF S stdA v FHH
s sakel] glft Z1#A] gE4AA 9 "] Eo]F
7184 BRI Fol wAste Aoz gzhstm gt

2|44 AABAE Aut A2 Bale} go] Mg
BAL ®4lo] g4 F9 AFANEI Tt
ow ol JEWEo dclez &7 s ¢
HIRHAE 2 Tcell®] A7 olo] 2§ cytokine
o] Fajdl Zow AAH T g}

gutaio 2 Qizle] fHaElEAd XzE Hfde
fEE woeiel Wiko g AP AT g 27
go] 73t Ede Wgr)we] $d3td Aozt &
A 2tHKoller, 1973). 874 {81UAE Holv}
I e TEEE 9A d97)eo] I8 v
A= Aeg gud ek (Fa9 T, 1991144
5. 1994:Queiroz, 1994:Shermann, 1992), o
2 f718AG 71Eke) FelEAe] W) viAl= 9
a2 4R AA ¥t

AAAA FElER gt QAerlde] stz
e 5d W A7E nERe Ao E29 BE
Aol A Pke] A (Koller, 1973 HEFE
5. 1980:Koller. 1974:Vengris %, 1974) T-A
¥REE71%, (Koller 5. 1977:Koller, 1974)
g AY4te] FAIE=B AE A4 =4 3HShenker
=, 1977) o i 2url fen, <dae vdF
o T AeEL A T di vAHez £
Ha sl odelEdA HYIEEYdRE, T
4 5o Hese WE(Daniel §, 1992)% 4%
ARt At FHERA C3. HIdS=EY,
etefe] JgGrt ZAEn lvhs AW F0] w3
B3 (Ewers ¥, 1982), 182 GZ2AE W
AEARG 5o e AR (HFEHBE 5. 1980
Jaremin %, 1983:Cohen ¥, 1986)%°] 3ith
M= Ft=FY BYRteS A% $EAE
(oA %, 199472 F, 1992:&384, 1989)
o}, fof EREHE FZAEE AR 3
Aol wjdEE 99 Fxd ©E TRYZITE sub-
population® ¥WEE& A AF(FEY F,

1991) 9} 7] HEW-gof BAEle 5T HlF
W Ae(ZEel, 1991) & Bud o8 B 4 e
 ga] QlHe] Ao #E FEE o 34T
EEl=

ol o] ABE FHFHUAE WRE WY
TE 9AE Aoz diEE A g dFeln
g 27]g4do] 7 Bdd e A7 A AR
gk Adeeltt,

A A B o3 BT QI A=z
AA ol 7150 Holxle A miarix|e] olx=z
HE7)sel 83 AR AAe ML 733 sd
AAlel ANMAGAFES dode 49 F1 9
=3

dutA o FaQlatd] £2d 39 <1749 AR
WellA dejd 4= gle WeubEFoa 53 3
e A gk dhgehs Heyh-e-& Sojrdut-gola} 3
U AZAEGT HAHHe] o]o] Hgic), ot
g B dFdMe AXY WS dolrr] 98
CD4, CD8 % CD4/CD89 ni&& ZH3n
(Schlossman &, 1994), A4 welg ololry]
A3 1gG. IgA. IgM. IgES 3 AcHAAE,
1994)

B A7 zetel TDIHT 2EAY Bd%d
#AE A7E TDI7F Ao HA-§ dedle Bd=
el lema o] BEAL FHFdte 22AEY W
ez 93T 9T vBS ZAolgke 7HIE
APt

e d7axs duEd TDIE #gske 2=
2 45 (ZEe)D 9w 224 2 Ay 5
459 (Q2)& ez g J99% PAdM e
Immunoglobulin EE €3t o} Hd3ds A7
de FAH =z ouid= AFE Ho|A e %%t
o} [gEe Z2F0A 372.04+493.72 IU/mo R
hZ7e 173.67+189.16 [U/mX )} Qu|dA
7o) ARen, gulFeAe] FAA 200
IU/mBy 52 PdAE B £ 3t

T, djzdel] sl ouigiAl ¥ ZEdd
[gEe £z3e MAE TDAS] A#AAA A 9
ugle ABBAAES HolA sttt o3 A
8% TDA® Z2Amee] 4A4E 39 =
APA efedx AY7]sol# HW A (hypersen-
sitivity) ol 71234 A== Hol 37 fEY A

— 328 —



oz AZED. AdAz TDI digh Hae] gy
71% TDIS} o] oA Egsh= Ae] ohixm,
AQAe] Nzhgel 93A dojdrhs 22 geiA
= AR et}

o]/de] W AEEE sl B TDIY %
29 2259 d9gxEs [gEE AYe »E A
oM dzFzel Aol Holx] otvl. 81
2277 2T [ght Aold BYoy, X2+
WellA TDIY) E24%E EHE 8F TDAYS
oA BANA FoudE BFAe &
ot

TDIZF A& fdste 71de] IgEE #IA = 3§
= Type | hypersensitivity reaction? Type 111
hypersensitivity reaction®-2 s RH, IgE
7t ZELH 2T oe] Aleld] zolg o=
S ¥ BE =23 dA = AuE Holm o
v, FEIYCAN Z2e FxE vehle 8F
TDAZ Igksle] A43aA Y Feoude o 744
ATe] Al x e HAFH] FA ) 7
g AT Ao 4ztEd.

TDI7F A& fdshe Wi £33 A7t
Z AEHR gv Au4gdutso s wadicl, iy
Pgg Hole AHE vf W FRoAE Aao]
HAsA Y, AN qhgo] fle AlEL 187 A
g AFEe oAt e Holmg AAA
e ANt AFAErE: Zagdwe Hs RE
g 4 ok

A& Fdske TDIY Z23E8 weslr] 4
ste] AEEAQA BUHY E424 A¥Fe] TDA
2 233 AU TDI Hzz A AAe WY
T4 A5E AT £ de DAt x4
< AT E =79 ATHE FHelo 2y Uy
2 AHe g g9%d 4 gle Aeolth

RAA, Persson 5(1993)¢ AFelMe 2E2AE
o} 48A1ZF A9E AHFH e vdk] B Ao
€ o= & &t AFstR ke delvh. Bror-
son 5(1991)°) "am LwdA TDACAHE &
A% A7 YA 714:7](rapid phase) 2l ®Ft7)
& 2-5A13018131, A7) (slow phase)+ 6|4
oz Ha% vt gt} B dRorM= ZF AlHe Al
Fe) vidEE e AHs BAE) sty A¥F =
olfeldor BAE 8 FAAY, o & #=3ke} &

kS A £ ubel AAD MeHEE ARa 3l
o & 7 282A4be TDI 223 TS B8
A 23t AR ETE 2447 B2 4847 &
o] Agg Aoz YA Ao oz A
g 223t Exndrve] Aa8 802 A L3
719l EA7) olH & Aoz Heoln 22 #ZAAG
olt} AUHAM gEshE o] viFAY Ao 4
2@},

EA: AGEA ol 2T WY 22xe A
= oln FFAFE s Ak (health worker
effect), AL ANFAE 7MeAo] weoa 2
ATelA] AgE 227 2S5 28]y 17| A
HEd S sHsAe] Erhe ARdeltt a3 #RlA
Hhgo s BRsRs A4 A S-Sl A}
YA g AR 0§ & o] TDAL %}
Z} Fodol YAEA e olfelrlx Bt ol
7t 248 B aydo TDAY HA¥EE AW
A e Z27 J4d9E B2 8% TDAS $43F
2go] YAIFA getde AR #$9¥ £ AU

ARE TDIE HFste 22249 4% grge

2 {7184 34 £283 3led o ZER
FH9 B dHENE dedud AAE
ohfie] 2 7H5AE MiAEy] Egche Heoloh

2 A3 due TDIZZTY WYy 2E5
IgE7t frejulglA S7ise] ke AMd=E TDI(E
3] 2,4-TDDe) s¥Fafel THo 8 FF3R
o} gl AMdeltt,

2 B

HT A9do) d2ePAN AA R R ZEfege
ALg-o] FolutdA el faled Atel= FAR
of FAlsle TEAERE F71E2e ok Zalfd
2ol AL gL 7| 8AE Algstedof &,
o] FHel| Aefdl= TEAEL BL FH 71§
Aol Ez=A gk TDI= AlgdA #Ha&
3= BEd2 gejAglen TDI= 3ol 4% &
doleg Aol vjAe 9T 5 AL
nAle 92 Y Aoz gztet.

Az Fede AN dates FEA
4573 Ay 222 2 oBdigy T 2T 459
& ddez dz¥d 49 WBC(white blood
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cell), TLC(total lymphocyte count), Percen-
tile of T-cell (%T-cell), CD4, CD8, C3, C4,
IgA, 1gG, IgM, IgE 59 H9x7 58 54%
1 ZgFd disledAe TDIY dAMIES 8F
TDAS &Asle] 2z 222ke] F43 HYEd =
Fotol ARBAE BN g} 2 AAGE
Act,

1. 9283 £9 [gEe TDI HF 244 4
oA SAR 2 FejatA wA dElwTh (P-
value = 0.014)

2. [gA% IgMe Ze| g AF SEXANA %
7 @A R, FARHeR 4L
uATt,

3, 923§ £eo TLC, C3, C4. CD4, CDS,
CD4/CD8 Ratio, IgGel &H A= Za)+4d
g #Hg oz gzTdodA fegt mel:
Holzl= gfsirh.

4. Z2 79 Fid 8% TDAF=E AFHeR
£ TDIE oj&dld #HEEZ w=g AL
2 LG AFAE TEe HAk g E2A
gtoew, ZElsdg AFZAE e Fie
71437 & =l 2,6-TDIg] tARMES] 2 6-
TDAS ¥%7} 2.4-TDART =A4 A&H%
o Ze)sde HAE gabgael SRR
AYe 71Fegs 7Aste duAeg wo
1}, S| RFgede] ¥ 2 4-TDIY thalHES]
2,4-TDA9] ¥57} A vhstoh,
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