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ABSTRACT

To evaluate the effects on health by exposure to low dose organic solvents, the author analyzed
the air concentration of mixed organic solvents (toluene, xylene, butylacetate) at worker's breathing
zone during painting, some laboratory findings of blood (WBC, RBC, Hb, Hct, SGOT, SGPT, TC, TG,
HDL-C, LDL-C, IgG, IgM, IgA and IgE) and urine (hippuric acid, urinary protein, urobilinogen), sur-
veyed the subjective symptoms those were obtained from 35 male workers exposed to mixed organic
solvents, and 25 male workers not exposed to organic solvents who worked in car repair workshops
in Taejon area from December 1, 1995, to February 29, 1996.

The results were as follows:

1. The mean concentration of urinary hippuric acid of car painting worker group (organic solvent
exposure group) was (0.76+0.21 g/l, which is significantly higher than that of non-exposed group.

2. In hematologic findings, the values of RBC, TC, LDL-C, IgG and IgE in the exposure group were
significantly lower than those of the nonexposed group, but SGOT and SGPT in the exposure group
were significantly higher than those of the non-exposed group.

3. Urinary hippuric acid levels showed positively correlated with toluene, urobilinogen and HDL-C
levels, but those were negatively correlated with RBC, LDL-C, IgM levels.

4. Rates of the subjective symptoms such as “dizziness’, “appetite loss’, “weight loss’, “palpitation”,
“chest tightness’, “sore throat and eye discomfort’. “tingling sense and acrodynia’, “illusion or hal-
lucination” and “decreased motor power were significantly higher in the exposure group than those
of the non-exposed group.

Keywords : Solvent exposure, Car repair workers

LM £ 2 Agsta glod 2AEe] Az} 2l

A 24w faaslel ol SRt A o] Reix]

oeetel ARER HulEHLe AEAe] waw %) Falw ol Aol utebd AEA ulg el
g 22 343 Srlstded wd 22akso] XF A f718A 22 Qe Tl fEel v &
3} guledel 2Absb slodek el ool 4 ol e wolw, ol)l BASe] Al vl

B Se FANS HoluhA Talal ole
Ueh a7 s dopstez 2EAEe| 217
Rl BA)E 24 98 4 9l SAslek. B3] w
23 Auld 2B Al FAT £aol 47

Fﬂ-'
O
-

g ol W3 71 2is] Aasiojof & Aot

rlﬂ ol
Sl

o

80

QoA 2.2 Aol Bl SVo) AEA Hu] E
A AR §71 A FEAE B g ek ol A
A A =g ARdAe] Esh AL Mskeh AAA 3



Laboratory Findings and Subjective Symptoms of Car Repair Workers 81

el g 24w sl ek 92 el
oA olSel it st £abr} obalrkx Al
o017 Eah31 glek.

F7184 R 13 A7 Balol BalA Tl
AR s S da 29 sl
2, HqiAel Wy Fae] el 2 BAE 2
2alz, 2ehel oha] AEEAA P12 F2d

2] FEFA N IAS 2 =)y

2Hd Aol A ] 718 T2 5E7E B3l
TEAENA FF = FiAde] At XJr Sty
el 3715 28 A = 3l F A #
& dod vt ol 53] Aere] Mo s
FEs A2, dd, FE, @71F 5 T Al
oF 2-gA1A A S BEd A E ofr| sk Falw)al
715l AslE 7H S= o' oA i)™

webx f718A12] F2 AdE s vl
oj2} 72 A a7 E AEEH wieE
o8 AUt 57] A gellA9] f7]4Al TR} W
T AMEE AR 5 AAbsEL b Rl
A FF A A} FEogs gAY, gAd
A 21 AAA) web, w fEee) Al g Abe}
°d”’\74 ol AAF T Uk ol & FAtelA fa

7ol viehd wii= "ol AuUAle} o B SF 7t
7]% AR}, ARV S A e} HAAA 7JA) Zg Al
AlEe kP WARFES S4)6HA| o

5ok Sehteleld olFoial f718Ae] ojg
ATE BT T2 B AF LA e A7}
R ENTEE BT R E RS D
AL A B A ] WBhE HA AP 5 )
34 ejageh 2k alef. e A6 3]l
A f7)8A0 F2d 2RAEE ko dops
WA £AE AES AT o3 Aol
b B i AEwe f7)4Ale] 2 4
S 2EAEY A4F AT AHel P Feg
A5 AAFAE Prhate] oz 47184 3
Abdare) Ahoiggtelel ZRAle] AR &
918 aRpRle) 7l 2aEg Awshast v o
A715jol A Atedabe] debat AEA HulsiAl
oA §714A1E AFgal A SAAYAE F2
ToZ, B ol TESUA 47184 A1)
A e & HEToR PR, o]F Aol
#7184 E2apt 5% vhwal - gl o )
Sl A}, WSt - W AskepA 74}, welst

A 74 B AR RAbsted wlw 24 ssie).

L]

EJ JIN'
MY

ZALC S & HHY

L. AP A

19954 1290 A Aol 2t = 527
Ak Aulsl g wtete] & 2abe] HAE A
sha 24fh o] 7184 v &4, dY - w
Alg AfF ek Azatel gashlvks e v
1270 Al 2245 Ao 2 sgc)

o1& Wl%j ol E3F ) FmEe] v
2elE s B 22AE 489 7 ¥ - w8 AF e}
AEzabel &3 3598 #7184 Fader, 2
Au) s del] T-apA] fr7 ] SAloll FauEA] okl 2
22} & Euial o3 - ZRAZF - A1g 240 vl
g T2k 25%L f718A v ER tﬂiﬁ?_& e
ek, FAPHARS BT dxjolnd, 2Abr] 7k 19954
129 1207E] 19961 29 299742 2 s}oﬂu}

2. XA

=k zkqdate] {718 F2e ojgt 27}t Al s
ool y] g 2 Rl o2 Agiale] 5F 95
oA 2]t % 7184 T8 FYsie, a4
2 muje]g e sk e} 713*}— @"]3}
od.ov] HA FAL| 27 A}7h ZARS 2alslgd)

Aded ol B f714A SA-E RS9
2 Alell el FrIAlR E£A7)(personal  air
sampler: flow-lite pro, MSA, U.S.A.)¢} &4l el
(coconut shell charcoal tube, 100 mg/50 pg; Su-
pel Co., U.S. A& AH8-3lgd o] 3312 6087 A
Alstolet, -4 L o] 88tk A (CS) & 3087k /718
AE DA F 7fzm 2 ek 78w (gaschromato-
graphy: Varian 3300, U.S.A.) B2 & s}ict.

AN g 2 T8 F ulE sl o g
grxle] ZAk= 25" FAlE7] (Coulter stks-2A, UL
S.A)ell 2J&l WBC, RBC, Hb % Hct& &3 3kdch.
A zleta| o] ZAbellA SGOT2F SGPTE IFCCH,”
TCoF TGx &A™ HDL-C ¥ LDL-C= A
Wrew SAstsich Wedska]e] ZAlellA] IgG, IgM,
IgAs= v]2"" (nepherometic method), Igie RIA
(radioimunoassay technique)®*' ¢ 2 23s}5jc}.

AR E 2] FE F ulE A3k x
x4k FA-& pyridine, benzenesulfonyl chloride,
oflderg®  Helste] FHBEA(U-V  spectro-
photometer, Shimadzu 1601, Japan)® 410 nm®)
el FFEE FA 5] vkl RS AR

v, 5 b

Korean Journal of Environmental Health Society, Vol. 24(2)



82 Kwang-Sung Lee ef dl.

g

-

=3k dFF A= Inoue™ 7t 7N
%
3|

| A7 EALE 197 25 S

o

2k AE, &, ol 35 Ay, 25 At S
kel BA7 f7| 84 2 A Ae
5o 2 pAsEnh AR AFe] Al o
A4 w (Body Mass Indexi BMD+E #ZF(kg)S
AlZHm) o2 W Quetelet* 55 AH8-3hodct.

=3
2
2{—‘4
2
o,
op
i
X2
|o
B
e
el
>
lo
£
O
rlo
[
O
LA O L A T

N
5
o L2

3. BANEIR 2y

FAbell A AL REHE SPSS/PC %74 program
oz ¥Asgc) L2773 d2yke] feold A
> totestE AAIE I, B3 /71 E8A HATE 2
poo ol W N kil ol AR S oo}
®7] 98 &7 E A AlE

L. AP
1. 2EXje| Yshsol £
F71 Aol F2E FRANCls FLT) 359

7)Aol F-2E]%] o2 LRANO]3} hET) 2572

Table 1. General characteristics of the study sub-

jects (Mean +S.D.)
S . n 2)

Item\Group h)((g(fg )e (%(I)ln:tggl) P-value
Age (year) 33.0t6.5 39.2+10.1  0.101
Hight (cm) 1685155 168.1+t4.8 0.400
Weight (kg) 64.7+10.0 68.7+8.4 0.586
BMI® (kg/m’) 22.8+2.9 24.3+2.4 0.792
Smoking
(number of 14.7+18.8 114+21.4  0.258

cigarettes/day)

Alcohol drinking .
(year) 14.3+10.5

Period engaged
in painting
(year)

Hours engaged
in paintin
(hour/day

16.7£13.8 0.614

8.516.8

4.2+1.8 -

H Ayo Ezo] 33.04), dFEFol 39.24 2 of
Zo] oF7k &gk},
qF A 22y gzl 212t 168.5 cmet

168.1 cm, HeF AF2 27 64.7 k¥ 68.7 kgl >
o, P v e 2283 24,308 Aoz} =A] ¢

1 Fdake ol nla) FaTellA ot w
- [¢]

2. ZElo| RII1EH s

2279 A 3ot F fU1EA s EE EFA
4.43+3.68 ppm, AL 3.0442.80 ppm, FHoA|
dlo] & 3.88+3.16 ppm 22 B3] A Fxeic)

7HA EF A B TE 0.10+10.672
&4 7154l 1.0& =331#] dskti(Table 2).

3. =3 Obzdh ZEHY U R2H|2|8 Sk

ZabAbALe] 2 djARAEEQl whkeARE HET
o} 0.76+0.21 g/l, H=T°] 0.550.16 g/I= F=
TellA frelsbAl EeHP <0.001). ekl &
270 6.62+24.58 mg/dl, HE2T0) 4.67+20.45
mg/dig e, fauaxdae E2F0] 0.18+
0.27 EU/dl tHET°] 0.10+0.16 EU/dIZ F7}A]
B 2T Z23 2l 2% Aozt dsld
(Table 3).

Table 2. Organic solvents concentrations at worker's
breathing zones of the working environments
(Mean+S.D., ppm)

"Group using organic solvents for painting in car re-
pair workshops.

“Group not using organic solvents in car repair work-
shops.

YBody mass index.

Item Exposoure TLV®
Toluene 4.431£3.68 100
Xylene 3.041+2.80 100
Buthyl acetate 3.88+3.16 150
R-value” 0.10%+0.67 1.0

“"Threshold limit value.

PCY/THHIC/T) - - +(C/ T
C: Measurement concentration of organic solvents.
T: Threshold limit value of organic solvents.
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Table 3. Concentrations of hippuric acid, protein and
urobilinogen in urine collected after work
{Mean+S.D.)

Exposoure  Control P-

Item\Group (n=35) (n=25)  value

Hippuric acid {g/!) 0.76+0.21 0.55+0.16 0.001
Protein in urine (mg/dl) 6.62+24.58 4.67+20.45 0.529
Urobilinogen (EU/dD 0.18+0.27 0.10+0.16 0.127

4. HHEH LA

RBCY EZTo| 4.8310.37 107w, wHxo)
5.0840.51 10°7/p/2 t 2to] Z 23w} A7 e
2 Fo)shA =okeHP < 0.05). =& WBC - Hbx) -
Het* % dizafe] #Z7Ro) 9ot EAIql
freld2 Aot

SGOT<t SGPT+= EH&2-ellA] 29.88+12.89 U/
I, 32.65+30.88 IU/I, thZoll4] 21.22+7.96 U/,
17.71£15.13 [U/I2 F&5to] gy} f-2| s}
= Vel (p < 0.05).

TCe} LDL-C& ZE#ftellx zhzt 171.00+25.78
mg/dl, 115.97+30.95 mg/dl, 7ol 4 190.76 +
43.40 mg/dl, 155.28+44.39 mg/dI= | ol &2
TRl FAHe R FofFtAl Eshkedh (P<0.05,
P <0.01), HDL-C$} TG¥ Fa-7tell 23k 2fol7}

Table 4. Hematological findings and clinical chem-
istries in blood (Mean=+S.D.)

. Exposoure Control P-
Item\Group (n=35) (n=25) value
WBC” (10°/u) 6.031t1.69 6.5710.16 0.2498
RBC” (10%/ud) 4.83+0.37  5.08+051 0.0341

Hb” (g/d) 15.14+1.18 15.68+1.42 0.1249
Het" (%) 44.59+3.12 45.63£3.46 0.2415

SGOT" (1U/D 29.88+12.89 21.22:£7.96 0.0363
SGPT" (1U/D 32.651+30.88 17.71£15.13 0.0462
TC¥ (mg/dl) 171.00+25.78  190.76£43.40 0.0313
HDL-C" (mg/dl) 51.46%11.43 48.20£7.79 0.2223
TG" (mg/d)) 183.681+238.78 201.00£125.79 0.7421
LDL-C" (mg/dD) 115973095 155.28+44.39 0.0002

“White blood cell, "Red blood cell.
“Hemoglobin, “Hematocrit.

“'Serum glutamic oxaloacetic transaminase.
"Serum glutamic pyruvic transaminase.
“Triglyceride.

"High density lipoprotein cholesterol.
"Total cholesterol.

"Low density lipoprotein cholesterol.

(Mean=S.D.)
Exposoure Control P-
(n=35) (n=25) value
IgG (ng/d))  1439.52+293.01 1266.43+196.09  0.0081
IgM (pg/d))  123.58%55.63 131.03+55.11  0.6092
IgA (ug/dl)  247.29+88.50 203.15+108.45 0.5958
Igk (1) 247.273240.29 108.341194.36 0.0323

Table 5. Serum immunoglobulin levels

[tem\Group

Solch Table 4).

5. "Mﬂﬁaélilgl Hlz
HedF 28 GIgG)i= ER70] 1439.52+293.01
pg/dlE 2T 1266.434196.09 pg/diR o} A4
o8 folsAl Emeten(P<0.01), HYgZFziy
E(IgE) & ZER 0] 247.27+240.29 ITUR w232
108.34+194.36 [U Kt} f-2)3hAl =9 eH(P < 0.05).
dogz 8y MIgM)a dda283 A(gA)
F 270 2T gkl $-2138 #Helsb gl
(Table 5).

6. HMHHAL 21} Hl’éié;il°l HiE

Holl Aol A WS elwd v AR (ab-
normality)2] ®]-8-& M 1(1 b &l 22%,
oA 40%2 7P =t ohe-8 RBC,
SGPT, SGOT, LDL-C % Hb 52| 9%}t WBC,
RBC, Hct, SGOT, SGPT, HDL-C¢} LDL-C¢] A%
& FE27o| dzawtel vl A vebdok(Fig. 1).

7. Dbdt ST} BB MY SR Za}
wF heA FEshel RAAS W] gle)
$FUE, ek WA E 5

100
80
® Exposure NN
” Coatrol )
S 60
©
"
s
a 40
=]
e
Eo)
-«
20
[

¥BC RBC Hb Het SGOT SGPT TC HDL-C TG LOL

Fig. 1. Rates of blood examination abnormality.
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Zhell = AARRIA (r=0.312)7} elel om) Fuls 7}
o] AwE e 9 79%(R*=0.097)9 .21, LDL-C2} v}
3eARS S AR (r=-0.325)7} gl o] T
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Table 6. Simple linear regression analysis of urinary
hippuric acid and various parameters

ookl Regression In- )
Variable coefficient  tercept R I-sig.

Table 7. Rates of subjective symptom complaints (%)

Exposure  Control p-

ltem\Group (n=35)  (n=25) value
Heaviness in the head 27 (77.1) 17 (68.0) 0.4298
Headache 24 (68.6) 16 (64.0) 0.7111
Itching or rough skin 23 (65.7) 12 (48.0) 0.1700
Dizziness 22 (62.9) 9 (36.0) 0.0401
Appetite loss 22 (629) 8 (32.0) 0.0184
Palpitation 22 (629) 9 (36.0) 0.0401
Chest tightness 21 (60.0) 9 (36.0) 0.0468
Sleeplessness or insomnia 20 (57.1) 12 (48.0) 0.4840
Concentration difficulty 19 (54.3) 11 (44.0) 0.4321

Decreased visual acuity 19 (54.3) 14 (56.0) 0.8953
Sore throat & eye discomfort 18 (51.4) 7 (28.0) 0.0496
Tingling sense & acrodynia 17 (48.6) 2 (8.0) 0.0009

Tremor 16 (45.7) 7 (28.0) 0.1641
Abdominal pain 15 (429) 15 (60.0) 0.1904
Anxiety 15 {42.9) 12 (48.0) 0.6930
Decreased motor power 14 (40.0) 4 (16.0) 0.0455
Nausea or vomiting 13 (37.1) 6 (24.0) 0.2806
Weight loss 12 (34.3) 2 (80) 0.0176
Hlusion or hallucination 11 (314 3 (12.0) 0.0494

Toluene 0.5803  12.646 0.3367 0.0184
Xylene 0.4057 12.896 0.1646 0.1189
Buthyl acetate 0.3243  12.538  0.1052  (.2204

Protein in urine  -0.0958  23.072  0.0092 (.4824

Urobilinogen 0.2987 18.543  0.0890 0.0255
WIBC -0.0294  5.049  0.0009  0.8341
RBC -0.2360  3.863  0.0557  0.0489
Hb -0.1512 2983 0.0229  0.2796
Hct -0.0879  2.250  0.0077  0.5313
SGOT 0.0437 8306 0.0019  0.7491
SGPT 0.0878  14.611 0.0077 0.5197
TC -0.1699  5.908  0.0289 0.2107
HDL-C 0.3122 2.524  0.0974  0.0192
TG -0.0984  17.438  0.0097 0.4708
LDL-C -0.3248  10.007  0.1055  0.0146
IgG 0.1248 4.144  0.0002 09273
IgM -0.2641  11.197  0.0698  0.0492
IgA -0.0064  8.245  0.0001  0.9625
IgE 0.1076 17406 0.0116  0.4522
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