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Manganese Concentration in Blood and Urine of
Manganese Exposed Welding Workers

Ho-Chun Choi, Kangyoon Kim, Sun-Hee An, Dae-Woo Hyun

Korean Industrial Health Association, Seoul, Korea

Blood and urine samples were taken from 447 welders exposed to manganese containing
welding fumes and 127 office workers not exposed to welding fumes as a control.

The air samples were analyzed by flame atomic absorption spectrophotometer(Varian
30A, Australia), and blood and urine samples were analyzed by flameless atomic absorp-
tion spectrophotometer (Z-8100, Hitachi, Japan). Data were evaluated in accordance with
type of industry, smoking habits, and work duration.

The results obtained were as follows:

1. The limit of detection(LOD) levels of manganese in blood and urine were 0.11 ug/100
ml and 0.14 wug/ !, respectively. Our results of manganese concentration were shown
within +2 standard deviation which was the upper and lower warning limit (UWL or
LWL) on quality control chart.

2. The airborne concentrations of manganese in welding workplaces were 0,067 mg/m’
showing differences by type of industry; 0.017 mg/m* in automobile assembly and
manufacturing industries, 0.084 mg/m* in steel heavy industries and 0.180 mg/m* in
shipyards.

3. The blood manganese concentrations showed differences by type of industry showing
the highest values of 1.70 u&/100m! in shipyards, 1.24 u/100m! in automobile assem-
bly and manufacturing industries and 1.11 u&/100m in steel heavy industries.
Urinary manganese concentration corrected by urinary creatinine concentrations was
0.34 wg/g creatinine in automobile assembly and manufacturing industries, 0.43 we/g
creatinine in steel heavy industries and 0.48 ug/g creatinine in shipyards. There were
no difference urinary manganese concentrations by type of industry.
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. The overall blood manganese concentration was 1.26 ug/100ml, and urinary man-
ganese concentration was 0.35 wug/g creatinine in welders. In contrast to these values,
blood and urinary manganese concentrations were lower in control group showing
0.73 ug/100ml, and 0.28 w/g creatinine, respectively.

. Smoking habits did not seem to affect on blood and urinary manganese concentra-
tions both in welders and office workers.

. Blood manganese concentrations were significantly higher in welder who had worked
longer than 10 years than in welder who had worked less than 10 years.

. The blood manganese concentrations were significantly correlated to airborne man-
ganese concentrations(r=0.318, n=64), work duration(r=0.425, n=538), and cumulative

exposure indices(CED (r=0.354, n=64).

Key Words :
sure index (CED), Welder

M B

Ut A Eot UMl HaF 4 (essential
metals) %9 shjolx]gt, aFEES Folu £2E
FUF 22A A A4 224N E dogid) %
LEA] A7 w2E A BIAPE FFUA
Ast soich uHdAQ] W Ee RU|FAL TH
ey, AR, AR FE Folv, FHFAo)
AP GANM e et RuiAriel d3 Fo) A&
8 (autonomic disturbance)7t HA €}
{Klawans ¥, 1970: Chandra %, 1974), %zt
o g FEFAL Qe @E Helrt Ata, =
EAe 2AJEE =0 5 m/moldolM s BF
Eo] #Ad Ao BuH: Yok (Saric® Lucic-
Palaic, 1975; Chandra %, 1981).

gl % AAGHNE BrHE) 4E e
HAEAE o] &7 AN, AFA=LE, REA
9, HA5P@AS 2e AAHAL AFE 93
G (CD ol A7) FHD4E (MRD) T2 ol % A}
Ak HAL % AAYEHAL ol ATk (e)1AA F,
1995). AEAE o] 83 ZAPMPYE olfo] MW
I AFE xZF3FY AEFAAMEoR fEExR
Aol v BolHely] ufjiel BHrte] olgigo]
den, ARMAPA A EH Are AEH
Ql whgelzl &t vl gHelAM aivtelm, #HEHelH
o]4}e] 7] Aol Aol #AY Uz, E A
73 24& g7slug olgige) Wt E A7

Manganese in blood, Urine and airborne, Work duration, Cumulative expo-

#ZE A= WHO-NCTB (neurobehavioral core
test battery) & ©]83td, AFEFHUE A (pro-
file of mood scale), @347t (simple reac-
tion time), <A E 3 (digit symbol), =A<V
(digit span), £93AZ4}t(santa ana), AlZ7]
9J7 A} (benton visual retention test), F2ZH
7){persuit aiming test) % T} $EE FAlsle
o, AdAA AAAd, WA, A zlole FE
Fog o dpoM Bo] o|&Hx UTH(WHO,
1986Db).

WHO{1981) ol & @3holl 2% FF3A1AA ] %
7 LAY ¢ dE FEE 2-5 m/mE} SE2, 1]
% B73% (EPA, 1984)olMe 1 mg/moldtellM T
dEgATHI TEVIA Q%L 0 A U 3
At 2 ¢ # Jeeid} 1 71&E e Felstn
Aoyt 2 71Ee wig oekstth. BhEe] diE ¢
g dete] 8 A AEEEEEE 1.0 mg/me, A
ed7|EL 3.0 mg/mrelA T, PISAIIHRRAH
{Occupational Safety and Health Admini-
stration, OSHA)2 8 AM7teH 7 F=2 0.2 mg/
m, GAIeEVIECRE 5.0 m/mE WAL,
v Z5Yg kgl etd A 79 (National Institute
for Occupational Safety and Health, NIOSH)
< 8 AEEEEE 1.0 /e, GAIETE
3. Omg/mrE, YR FAIAAA AR/ 213 (Ameri-
can Conference of Governmental Industrial
Hygienists, ACGIH)E& 8 AM7t5dHiFR 0.2
mg/mE FnHHUTE 1 ¢ 8 ARWIFHAFEE
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IFe 1.0 m/m?, HYL 0.3 mg/m, Y=L 1.0
mg/m* g A|AISFETHACGIH, 1994b).

Lo 2% FRAAA e ADEr] 3l
Aol ABA2AL, QAL BARAEEe] A
Ab, AR GPEAAPIY o] ol&E 3 glovt, WRE
Ee7didel g4EE AL oy s @
48 F Sle HELHS 2UHY gEoz Hy
ET 8% Yol 82 & IR, oAl 2
B4 F 40 s AAEHQ Aol g 2 g
ZF U3 w=3te] AT Asld e olFE 9ol
cherst ez A Uch JA AR IdFE
(Horiuchi &, 1970; Buchet %, 1976; Tsalev
%, 1977; Roels &, 1987)2 2 873 & 9719
E2FTE ¥ U7 ot vgEx] Bitin B
2848 a3y Horuichi $(1970), Smyth %
(1973), Chandra %(1981)& =4 87 & %3
T2 85 A FEALOld Rojd EA} 9l
93 3, Jarvisalo 5(1992)2 i< wE
£ (individual basis)9lA ¥ <1zlzke] A#AwA
7F 9lx, 2E¥ ¥4 (group basis)old 8% %zt
Tl dzRTEt fo3k Bdtin Easigch
& AA8A F2d(neurological symptom) ¥ #&
3t Horiuchi 5(1970)2 ¥5 94zt fo3 4
Z#AE 2P 231F A, Jonderko §
(1971), Smyth %(1973)2 /<3 $aFA 7} ¢l
o3 &dch

A 8] UetllA CO, ola 83 FeE 10 Jd3t
o7 ZEAE CO, £38A THE IhFez 9
) YA WHWL ¥, BT 2EAe Ut
& #g Ao FoRAa Stk a3y ofF] &
2 Ul 97t x28 22a 9 dzre ¥
A g 8F W3t B/E ATt HE B opg, X
F7HA] FUl9el] Bag 9ite] sl M E
Wol7h A ez d2ix UhEAEY %, 1991
AR E 5, 1994; FHA, 1997). FHE QA n)
Fo 2 EAG B4 2FE HekH AU 2 =
2 TEA ) A ¥srdE ¢ 4t doh

asjeg 2 dFdMe dFFe 32 A%
e g 0o YREFAIEE AZd] 9y ¢ 4
A BN AE HAsM FHEx P FURE
A7zl dEen, 244, F45£8d A=xd,
AeA #F 9 =YY 22AES i, H43Y

R Yzhel =&d Hol gle ANE 229 v zst
o 71%, 84 4 83 Pl F2E =S g3
FAon, FAFT R IFAH g s vzs}
e} 53] WHO(1986a) ol AT 3 4tsx9]
Aol g 23Eo] oln FEAA wm BY
st feluet SR EA =3E &3 22 Y
o g MEHH AN TEst AHPA =G w2F
Ee 4% gleA Razt st

ATChY U
1. o oh

2 47e AN HHE Wt 5ES
Fretatr] st 1870 ARdgE AR e, 43
Al FAleta e 222 341 Hell thsly A
AR ER PRS0l Ay BB F WL v=
g FsAct

43 2EAY ¥ 9 8F U FEE vt
71 A8l AAV|AL &S 1874 AF F 570 A
AT AT Az AR UIE 28 E 670
SHARIZANA G ZEA 44T & o=
19979 7TEH 19989 49744 ZARIAT Wiz
TE Y =29 Hol gle AR 97 22x
127 B& dAdez 3t e =251 e
42 22 g del, FIARTF, 274,
€38 dule AHgAY, ZEFRITO A,
ARZe] A7) dE T AR L, tzTel )
ME Uo], FARTF 5L A Table 1).

€3 TEAe BEdPL 43.6 A, dxT
35.9 A3, &3 2= BF TFEY L 14.7
dolfitt. 8RR ZEAY 344, wiFax 2
7 9= 47 267 B (59.7 %), 157 B (35.1
%), 23 3.1 %) A3, WxFdMEe FAz 2
HEFAA7E 242 75 H(59.1 %), 52 ™ (40.9 %)
]t

AA5de] BT AEAA FE FHAY 22
Aol AgAae S 318 H(TL1 %A%, 5
7} 42 (9.4 %), S £94E oUbAN AP
€ °2A7F 19 (4.3 %), A& eHshA &
SEA7E 68 W (15.2 %) Aot & Aol R
of g ZAtellMe dgg &l &3 ARlete 2
27 111 B(24.8 %), ¥4E 28sta st
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Table 1. Characteristics of manganese exposed and control groups

Characteristics

Exposed group Control group

No. of samples
Mean age(yrs)
Mean work duration (yrs)
Response
No response
Smoking, persons(%)
Yes
No
No response
Working site, persons(%)
Indoor
Outdoor
Indoor+outdoor
No response
Helmet wearing habits, persons(%)
Taking in hand
Wearing
No wearing
No response
Wearing respiratory protective mask, persons(%)
Always
Sometimes
No use
No response

447
43.6%10.7

127
35.9%11.3

14.7+8.7(n=411)
(n= 36)

267(89.7)
157(35. 1
23(5.1)

75(59.1)
52(40.9)

318(71.1)
42( 9.9
19( 4.3)
68(15.2)

111(24.8)
197(44. 1)
43( 9.6
96(21.5)

222(49.7)
48(10.7)
62(13.9)

115(25.7)

E 2EA7F 197 H44.1 %), BEA] @& 22
A 43 H9.6 %) Ao, A FHIA @
222171 96 B (21.5 %) o8t 3 FRI e 4§
o Rol| thet ZAlAM = 222 Hi49.7 %)ol EEFR
E7E o dn, rHE et &9d
2227} 48 B(10.7 %), WE EEA e 22
A7 62 B (13.9 %), L8R 9 2R 115
= (25.7 %)olith

B adFds & A3 A% FA9 v FAE0ed #
2lF A7t gluew, t-test A AL {4 F
g Hyoy A 8% e ite] fold 48

e wrska gatgenz 2 €% ¢ 8%
Wbgre] Aot FA 9% EF A (con-

founding bias) & gl AL2 #Hristgrt
2. NB BT U BN

3ol g e AR 22 587 9
Aol AQlg AlE EH7IMSA, Gillian, U.S A)

g A&ste] §4 ¢ 2 | /mine 2 EHEAY. &
A A - Fo] HFAFE o] 8B {F EAFE HA
i, AR Xl AM-E AH#AlE 37-mm mixed
cellulose ester membrane filter(pore size=0.8
um) ok,

#42 NIOSH 7300 el o dAe]siae
W, 7N1F BLEHE B LAFFRA (flame
atomic absorption spectrometry, Varian
30A, Australia) & ol83tch. 84 9 8% »
EAE 93 AHE ¥ % sAlge BN
2 Y Bagt & BMEgen, BREE AVMEE
ol g5l ARME AP F HER dAEFREL
Al (flameless atomic absorption spectrometry,
7-8100, Hitachi, Japan)® EA3Hct #2494
uielr 23L& Zeemand °|&dth HE HHE
A "5 Utel g EML whA A
{matrix modifier) ® 1.25 % (NH),HPO. & A}
fal9em, 1 % Triton X-1002.2 10w M &
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F 10 ME FAR FUNAT. FARAA 9] 2
=21 dxz9A 60-120 ©(70 &), H3A
500-900 € (35 &), AASHA 2500 TG A
o 8% 9 BMe wAMAEAR 0.025 %
Mg (NQy) & AHE3M5, 1 % Triton X-1000.2
2.58) gNte] ZAR 10 4 FUSATE FA=R
oMol 2xzdL HdEWA 60-140 €70 &), 3
A 500-1400 €35 %), VAZEA 2500 T
(6 2yAh 85 AR dA] 8F AR
o, 8 ¥FgH 8F FHolEdeEE ol &3y
BnA st

3. EH =4

==

AE BAL melZ2AZE A4 973} SAS
(version 6.12) EAZ21WL o]&aum, =Y
874 3 9 5%, €9 2 85 U 559 R
3 AXTE Shapiro-wilk test$d 718t TF 2
71t EFEHAR vt FHERrl AETA ol
3ol A9 AEWAFEE ddsHd. 438
2o g3, Y 54, EFEHd e ¥y
9 85 @7 TR Ho| F WHfd mE FRo
ol AL £ AA, t-test L ANOVAE 43
3. ANOVA Age] o& tFvlae SNK

# ot |
@ RA~) 1
o
i) i
2 WA -
© [
£ [ ]
g . o .
- ° b °
S
° ® . ° ® e
2 L3
E 1 \AA
5 WA
2
0 -
7]
i
0 - T T T T T T T {
0 2 4 6 8 10 12 14 16

Analysis number

Fig. 1. Result of internal quality control in blood
manganese. UCL:! upper control limit,
LCL: lower control limit, UWL: upper
warning limit, LWL lower warning limit

(Student-Newman-Kuels test)& ©]&3lth
47 Ytexs) 7|F s E, SFAE 2 73
&A1 $ (cumulative exposure index, CEI=
work duration(months) Xairborne manganese
concentration (mg/mv)) ¢te] AR/AAE Lolr 7]
st FAARA S HAAEE

ol 7}
LOHY ¥ 2F U BMol OfEt ABPAH ¥
HYE

dq 2 25 Wel HEAA AHEL oty A
2}5te (Benett9} Rothery, 1983) &%4% & A
Abala) olo BFEe ¥ EE AEFAR APt

Abs = 2 X 8D
{Abs : absorbance, SD: blank 63 &3] &
FEHa))

B A g 835 wzte] AEMAe 74
z 0.11 wg/100ml, 0.14 we/ ! & VEPRT

T 22AEY ¥y 3 8% W EA4Aeh A
A% W (in vitro oA A=Y A8 B0 =%

2

g ek
c
&
2 e .
I .
€ L]
B e . .
o 1 . d
5 ® .
© ® . . .
[ [
' LA
5 WV
°
C
5 LGk

:

i

0 T T T T ¥ T T
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Analysis number

Fig. 2. Result of internal quality control in uri
nary manganese. UCL: upper control limit,
LCL: lower control limit, UWL: upper
warning limit, LWL: lower warning limit
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Table 2, Concentrations of airborne manganese and number of above KPEL and TLV

Concentrations of airborne Mn (mg/m)

No. of above No. of above

Type of industry N oM’ Gsp? Range KPEL' (%) TLV' (%)

Automobile assembly o\ o410 560 00050 472 0(0.0) 5(5.3)
& manufacturing

Steel heavy industry 148 0.084 6.781 0.005-4. 173 21(14.2) 47(31.8)

Shipyard 99 0.180 6.303 0.005-6. 847 19(19.2) 51(51.5)

Total 341 0.067**  7.112 0.005-6. 847 40(11.7) 103(30.2)

" KPEL: Korean permissible exposure level(l.0 mg/m®) (the Ministry of Labor, 1998)

' TLV: threshold limit value (0.2 mg/m) (ACGIH, 1996)

" GM: geometric mean ® GSD: geometric standard deviation (unitless)

*** P<0.001

¥ 2229 o % 8 Algs} Po] BME B
AEH ] WP gl 83t FETE PP
Aow, 1 A3 Fig. 1, 29 2. £ 438 4
g wj2] EAqAnit A9 Alge EFEUAY 2
ujQl A 3HA (upper or lower warning limit) Wl
o] otgE ZAAE Evt =3 gRP=FYE 4
3 1 dell 23] Agse F3AALATE AP RY
dA-rdlel E4AZZG7 #e B =g (Mg
ol #Fojdle] #F Wzt dg FEHE fAS
T2 3ok

2 §EY 83 Ay Y =

187 E5AI R EFE 3410 A8 =
B4 F Ut v 715 EEEst 0.067 me/med
3, 2 F AE3 RE Y 9 AzGM 0.017
mg/me, FEFA A2 0,084 mg/me, 2ol
A 0.180 mg/meE (Table 2) 91F3l #2)% x}o)
€ B2Yed(P.001), dFviadn d4de §
T 240 M B3, 599 Az, A4S
A 2E 2y 2 A2y eeldch

+3 vele 2} BE F 9E =% JFe
1.0 mg/meo] (=F-H, 1998), °] ¥=& I3l
Alge F45EA Azxdol 1487 A8 F 2170
(14.2 %), ZA[E 9970 A& F 1971(19.2 %)
2, AA 34170 3 4070(11.7 %) A} A} ¥
F 2Y 9 AxYL 1 /mE 23S A8 |
At Wk ACGIH(1996) TLV 0.2 mg/nrg Z34
e Alge A RExE 2 Azxd 5706.3

%), 25U A2 4770(31.8 %), =AY 5190
(51.5 %) & <8 Jgt =271F82c} 208 Alg4
7} o 2 W) o1 AT F7hE AL & & ATk

3 HEY SN ZEXe} dxFe g U 2F
Y7t 5

F 8 TEA 447 9 ix2F 127 He] gy
2 83 W BEE Table 33 2okrh wzle]
2% 23 2228 ¥F ¥ BEE 1.26 w/100
mAon, 85 Wt Frv 8 ¥Fos HYH =
5E 0.84 w/l, 83 AYolEIdoE BAHY 5
+ 0.35 wg/g creatinine°lt}. ¥HA izl &
F 9 FEE 0.73 w/100m, 85 U F=e
¥ aF F#otEld B3 A 747 0,69
I, 0.28 ug/g creatinine®l®c}l, 8 %t &%
© B wdd AU TEAS) dERFN &
oj% xolE RPon (PY.001), & HFor 1Y
# Aee o Aozt BEHA wgtot, =)
olEldoz HAY 8% ¥ FEE £4 ZEAs
HEEZe] Fol8 5 2telE BATHPO.05).

dFE 34 220 ¥4 2 aF W =
AFa 2 Y 9 AZY 222 5 Uiy
=ot 8% vF BY A Agoleld BY Ut 5
7V 2+ 1.24 1/100ml, 0.80 we/ !, 0.34 wug/g
creatinine® 3, #4#d A=z 22ae ZHzh
1,11 wg/100mi, 1.14 we/ !, 0.43 wg/g creati-
nine, &4 Z2x= ZH 1.70 w/100m!, 0.99
wg/ 1, 0.48 ug/g creatinine &, &FH € o

dr
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Table 3. Concentrations of blood and urinary manganese in control and exposure groups by type of

industry
Mn in blood Mn in urine{sg/ 1) Mn in urine
Groups Type of industry N {u/100m) adjusted to a sp. gr." {ug/g creatinine)
GM GSD  Range GM GSD Range GM GSD Range
bile
Automobile asembly 00 55 008526 080 249 013513 034 266 0.0320.06
& manufacturing
Exposure  Steel heavy industry 39 L1 L2 031297 L4 27 0151577 0.43 316 002 7.76
Shipyard 35 L70 145 0.834.33 0.99 216 0.15 5.45 0.48 255 0.08 3.98
Total 447 126 1.58 0.28-5.26 0.84 250 0.13-51.36 0.35 271  0.02-20,06
Control 127 0.7 159 011214 0.69 221 0.06 574 0.28 255 0.02- 5.66
F value of among types of industries 9,51 3.27 3.01
F value of between exposure and control group 142.11* 4.83 6.05"
1) sp. gr.: specific gravity
* P<0.05, *** P<0. 001
Table 4. Blood and urinary manganese concentrations of the subjects by smoking habit
. Mn in blood Mn in urinelu/ /) Mn in urine
Groups Smoking N {ug/100m1) adjusted to a sp. gr." (ug/g creatinine)
habits
GM GSD  Range GM GSD Range GM GSD Range
Exposure  Smoking 207 1.23 160 0.28-4.33 0.80 239 0.13-5L36 0.32 259 0.02-20.06
Nonsmoking 157 .30 1.50 0.41-5.26 0.94 275 0.1315.77 0.42 29 0.037.76
F-value 1.56 3.16 7.32"
Contr * Smoking 75 0.7 166 0.11-2.02 0.68 209 010574 0.27 237 0.045.66
Nonsmoking 52 0.77 146 0.40-2.14 0.70 238 0.064.59 0.2 282 0.02-3.25
F value 1.22 0.02 0.37

1) sp. gr.: specific gravity
* P01

Tt EEE fol@ AolE Bew (PO.00D), oF
ol g% Wtewst 934 %
Y2t FEE FoE 2o)7t Ao

RE

DHEe =E3E £ SEA 2 Q2P 95
Foll g N W 8F W FTol I Aol
AnE A3} (Table 4) FF] =28 TEA
g5 W vEe FAA9) vEARpr 27 1.23

wg/100ml, 1.30 ug/100mE g o7} Qe
= (P0.05), ¥F BRE3 8% 93 vxx 47
0.80 wg/ 1, 0.94 wg/ ! 2 FA FF3I /23 3ol
7b ITHP0,05). 3y 85 Aol 9
3 BT 95 4 e 247 0.32 w/g crea-
tinine, 0.42 wg/g creatininel & ikl =&
ZER A FARIE Bl FARZb f2]g AolE
HAeHP0.01).

izl 43 92 wev FAA vEFAA
7t 7¥2} 0.70 we/100ml, 0.77 wug/100mi, ¥)Z 273
3 9 W7t B0 0.68 we/ !, 0.70 i/ !, 8F
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Table 5, Concentrations of blood manganese concentration by work duration in exposed workers

Mn in blood . Mn in urine(us/ 1) Mn in urine
Work N {ug/100mI) Multxp}e adjusted to a sp. gr." (ue/g creatinine)
duration (yrs) comparison
GM 2SD Range GM GSD Range GM GSD  Range
<10 122 .05 1.70 0.28433 B F= .01 221 0.15-15.77 0.39 258 0.02-7.76
10< - €20 176 1.35 1.52 0.31-5.26 A 13.59"** (.78 255 0.1310.69 0.34 272 0.03-4.45
20< 113 1.33  1.41 0.50-3.47 A 0.82 286 0.0351.3 0.35 286 0.03-20.06

1) sp. gr.: specific gravity
*** PL0. 001

Table 6, Samples of above 1.0 ug/100m! and 2.0 ug/100m! in blood manganese concentration

No. of above 1.0 ug/100m!"

No. of above 2.0 ug/100mi*

Groups Work duration(yrs.) N of blood Mn (%) of blood Mn (%)
Exposure <10 122 65(53.3) 13( 9.8
10 - <20 176 134(76.1) 34(14.8)
20< 113 101(89.4) 11(4.4)
Sub total 411 300(73.0) 58(10.5)
Control 127 29(22.8) 2(1.6)

1) 1.0 ug/100m: Lauwerys & Hoet(1993)
2) 2.0 ug/100mi: WHO(1986a)

Adeotelde] gz B 2 =t 0.27 we/g
creatinine, 0.29 wg/g creatininec® RE &%
ol Al FAzel ulFARZN F g zel7t it
(P>0.05).

PFHEF x2HT de £H 22 2HEY
I g A wy FEUY BAE dokrA 9
st} & 447 e TEA 5 STFAEYC S
411 B& ez 10 @ wigh 10 d o420 d
ulgk, 20 @ o]4te) 3 Fer o BEE wmsl
A (Table 5). 8% FteEes 10 4 o4 2%
g Z27F 10 @ vlvke] 2FAED {5 ¥
$THPC0.001). eyt 8% U3 TR 8¥]F
ogt B 9@ a3 Feolgde] o3 BPAN »
oA Al Aol {ejgh AlolE Kolx gt
(P>0.05).

"3 I sx FAAAE WHO(1986a) € 2 we
/100m!, Lauwerys®} Hoet (1993) 2 1 1g/100ml &
B ey, o ZIFEE IAR TFFYHA gE
A 2ol ¥F A vxot 2AEE 2EAFE A
& Z3 (Table 6) 1 ue/100m& 233t T2A}

E 2F748e] 10 @ vie, 10 d o) 20 @ Al
20 d ol dellA Z4z} 65 = (53.3 %), 134 B (76.1
%), 101 %(83.4 %) o2 7 A uka}t 1.0
ug/100ml & Zdte 227 F7hske AYE
Bgen, & 300 H(73.0 %)l 2A4stAct. 2 w
/100m & ZIste TRAFE ZAZ 13 3 (9.8
%), 34 B(14.8 %), 11 B4.4 %) =2 % 58 |
(10.5 %)°l Z#sch HzToA 1.0 we/100m
& 2agte 227 29 B(22.8 %), 2 we/100m!
€ 2M%ete 2RAFE 2 H(l.6 %) o2 U
=2d 2o val Ao 2y 2 vt 8
w3te] AL 10 we/100mE ZFH3te 22X
© ¥z giich

5. AP #H T UL =x ZEX Y
RE YU Tt BA

B Ao 2} 84 3 Ui wxet He o
85 U g A ST 5 d}d 22
£ % 64 HolUAH (Table 7). 64 Bl thaled 2
73 F U3 e 83 W sl A9A
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Table 7, The regression equations of airborne, urinary manganese to blood manganese and airborne
manganese to urinary manganese (n=64)

Dependent variable(Y) Independent variable (X) Y=b*X+A Correlation coefficient (r)
Log (MnB*) Log (MnA® Y= 0.082X+). 285 0.318*
Log (MnB) Log(MnU)' Y=-0, 084X+0, 024 -0.139
Log (MnU®) Log(MnA) Y=-0.016X-0. 888 0.038
* P0.05

A: MnB: manganese in blood, B: MnU: manganese in urine, C: MnA: manganese in air
1 Urinary manganese concentration adjusted to a urinary creatinine

Table 8, The regression equations of cumulative exposure index(CEI) and work duration to blood man-

ganese

Dependent variable(Y) Independent variable (X) N Y=b*X+A Correlation coefficient (r)
Log (MnB") Log (CED 64  Y=0.075X-0.058 0.354**
Log (MnB) wD' 538  Y=0.002X-0.150 0.425***

** PL0.01

*** P0.001

A MnB: manganese in blood
t WD work duration

N

E A9 2 23 Log(MnB)=0.082xLog(MnA)+  80-90 % A= A2 2 A|HelA &, A= -
0.285(r=0.318, P<0.05)2 #23 AH|AAE B ZAx A 59 £EE AMEHZ, 11 9 7HX
Aok 8F W vEE A ¥ F Y =Y AR, vlg, FE AN, Az, £3589 A=A
FF WL = R BBBAE HolA FUuTt  Fel ASEHTE = HU1EERIES AT A
(P>0.05). & A, w7 WRAA R A"

HZ CO, ok TR 10 d7F 273 222
7} CO, #3F F U3 Fol o8 F522 3
¥ OARE we F T 2ER] YheEd #

5 ek 274 FAREASFS F9 @ BAo] FoAz itk dubHeE BN =
3 ddol Aen, T wE A EAe EF A ghe] FHE AV "Ee £ 22Ae

s

-

6. HE YHsce 29FYH o FHzEAS

(cumulative exposure index)Z+2| 24|

)

W 227382 Log(MnB)=0. 002X WD-  93tel %3 71g2d0) grh

0.150(r=0.425, P<0.001)¥ 3z, ¥F w4tz 73 P2b wFel whE Uk FY2 @r)te] HEEH
=& A2 Log(MnB)=0.075% Log (CEI)-  ¥k7] (short biological half-life) & 7}A131 S+
0.058(r=0. 354, P<0.01) & =Rt} (Table 8). o] ol A9 Wt FYBI o) &I

o8

37t wjde F dAR o RN, wWE &%
(rapid phase) W37 & & 49 Fxoli, w2
% (slow excretion) HH7]E oF 39Y A=l Ao

s
Sl

JH

e

1l

wW7re dut 33 Fow &AQstd AdHozry 7 g Uti(Tsaleve} Zaprianov, 1983). =
w&2E e, 3854 Foe 525 w/!, Eole @ WU Uigh A3HEue B geon, F49l
550-900 mg/keF = F-HElo] Uty dwkleliAl ¥ H APH o2 Pt x=FE IEAES iUz}

e R SNBR AAUN 1 Fe AT 2w o] A
SolTHWHO, 1981). AQHo2 w3de Uael =@ ¥ % 2F ¥RAe @4 uEE 4%
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FHBEAE o83t BMstL ded, w/! @
A9 vl FriMolr] mRol e AlgYxEx
dy zpo|7} A& ¥ ohal AYAIY B A}
ZAQ8HA €t a3BER B dAT7dAE 2%k
e 7S Y % 8 WRAFARE A xS
a9 AR BHeatE Higgdozm F
Y=g dstna sigon], WtEe w39 47
e} &3 TEA Y @ 8F YT T2E YA
o2 gzhe] =FEA] g 127 Be| AVR3 2E2a
o} vlmalHon, JFY, FIHF, 2FEE B
o ggo) X nHIYTH EF Aol =&
H 22AY 713 9% 329 ¥y 9 8.F Uy
TR AuaAE Eux sch

el g g5 97t BAHe A d8 349 o}
72 v EE YAFFFACNAN A A
712 dEjEge] deojdnzg ol E HAsE 9%
chekdt WS AMEEIRC B AFelME AAAE
9] gt Ao HFslttn ¢33 polarized zee-
man©l] ¥ vlREHE ALEsAT, 23A )
zhgo] HA43E Al HF/PAA (matrix medifi-
er) & AHE3ITh wAAAAR ¥F PHEAA
(NH,) ,HPO,, &5 YIHEMA] Mg(NOy,& A&
gden, w AgEMAeid AlEI (in vitro) ol
M AzE 89 3 8F W ARE o8l B
ATE AT WEA =AY FEect

Bt FHFAR ] digt 9T ArHme] oFd
Johnson# Melius(1980) %= 0.004-0.19 mg/mZ
2 ¥58 2g3, Roels $(1987)& 0.07-8.61
mg/m?, Roels 5(1992)& 0.046-10,84 mg/nv,
Matczak® Chmielnicka(1993) & 2glalx €
|31elM 715 P2 %7 0.13 meg/m, Richard
(1994) & 715 93 571 3 F28 834 0.73
mg/me, BE A 0.32 mg/me] PrEo] A
o3 g £ A9 718 FEEE 0,067 mg/met
Hls2g Aa0E 2ok FUEIcME oldA ¥
Tl (1994) & AEAE A AQArEE 43 SRR
Izt X271 0,085 mg/me, HWAE 51995 & Ay
Azy 3.39-30.71 meg/me, AHHpeElq] 2.05-8.11
mg/me, FEol] A2 1.42-5.12 mg/me, AHEA}
BEA 2 1.50-2.55 mg/m, AEH F(1997)2
49 1.1 mg/me, F5HA ARG 0.99 mg/me, A
B3k A2 0.12 me/regon, HdEnt widd

(1997) & =49 71%F %33 v=7F 4H33
0.05-10.1 mg/we, 7BFE F7 0.001-4.2 mg/nvE
Basld ¥ 47 e 52 29E Jelyo
ol Ffella] o]Folz R £HAW Ayt
SZARIARZTEE FAR Y= 2oz 9
g AP FEIF B AIANA o] FolFH
uj Fo] ohdirt AztEie)

Feiviele] A9 83 F UNE =E3FEE 1 m
/ol (B8, 1998), ©] T & &3l AlEe
FHHAE Aol 14.2 %, 2N 19.2 %= =
27%E¢ aste ARy 1.7 %99 JAEA 1
F ¥ R AZAL N1F B F2) Rol =37
& 233t MBI gldch v ACGIH (1996)
o] TLV 0.2 mg/mE& 238l AEe AEx £ F
ZY 9 AxY 5.3 %, #4834 Az 31.8 %,
249 51.5 %E 28] VY xE25EE J|EoR
Fg Wiy 238 Alsert oF 26 ol St
SHFY W xE3TE A9 F53™ Az
A TEAF Bl =E25H1 Ae ALE Beld, #
2 FE2E R Azxgy 84 FEXe B =
Z5ot AdA o g Bt

Roels $(1987) & 715 %3t 5% 0.07-8.61 me
mell Al ol g 8% W3t vt 242t 0.10-3.59
wg/100ml, 0.06-140.6 we/g creatinine, ¥FA
1997V & 713 9 ¥% (.36 mg/meollA] zed
1.37 wg/100mi, 0.78 wg/g creatinine® ¥ A+
o} vjs23 AnE Bglet, Elias $(1989) 2 &3
9 8% % Tt 3.00-5.23 we/g creati-
nine, ¥AY §(1991) 2 7% BT =7 0.3
3.3 mg/m o 24z} 3,1-9.9 ug/100ml, 0.5-110.0
ug/ 1, Roels %(1992)& 7% %7 F=7F 0.046
10.84 mg/ned o) Zbz} 0.81 we/100m, 0.84 w/g
creatinine, Chia ¥(1993)2 T&EAe] HIFITH
7Aele] 7.4 dd of Zzt 2,53 ug/100mi (1.5-9.25
ug/100ml), 6.1 wg/1 (*7-17.9 wg/ 1), AL &
(1994) & 0.60 mg/mee} 715 WU FrolA 7Hzb
3.16 ug/100ml, 6.92 we/ !, Lucchini (1995 &
715 947t %% 0.009-0.65 meg/meellA Zhzb (.4
1.8 wg/100m, 0.7-7.0 we/!H3, & AFoxe
A HExY 2 Az 7% ¥E 0.017 me
el A Hek 9 8F Witexst 242 1.24 we/100
ml, 0.80 we/1, 0.34 ue/g creatinine® Jehje

L dy o
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W, FEHE Az 71F 0.084 mg/mrd
1.11 wg/100mi, 1.14 wg/ 1, 0.43 ug/g creati-
nine, ZAYNA 0.180 mg/mrA] 1.70 wg/100ml,
0.99 weg/ 1, 0.48 we/g creatinine® YERY, =4
Y 2R 83 47ty rr) e gEeg fo8
Al w3k
Hbd gztel] Ao g w29 AHo) gl UxT
of Wizt % w3t BEE 0.73 we/100m(0.07-
2.14 wg/100ml) 23 Roels (19872 0.01-1.31
ug/100ml, Minoia 5(1990)2] 0.71-1.05 we/100
ml, Roels %(1992)2] 0.68 wg/100m, FFA
(19979 0.80 wg/100mio} <=3 AFE BHHo
1w, Jarvisalo %(1992)2] 1.04 ug/100ml, Chia
F(1993) 29 2.33 ug/100mi(1.73-3.01 wg/100ml),
AAE 5(1994)2] 1.56 ug/100mi, Lucchini %
(1995)2] 0.4-1.8 w/100mi= ¥ Q7R Fut)
hxFe) 85 W v 253 9% AgolE
W BAAD 247t 0.06-5.74 we/ 1, 0.02-5.66 ug
/g creatinine°lt}. & Roels (19872
0.01-5.04 wg/g creatinine, Jarvisalo (1992
2 0.31 weg/!, Roels 5(1992)2 0.09 wg/g cre-
atinine, A4 (1997)2 0.15 w/g creatinine®
Badte] 2 A} vjsgt 438 2% on, Elias
F(1989)& 2.50 wg/g creatinine, Minoia &
(1990) 2 0.12-1.90 wg/ !, Chia $(1993)2 (.7-
9.6 we/ !, AAL $(1994)& 1.75 w/!,
Lucchini $(1995)2 0.7-7.0 we/ ! 2 2 A7 2
e} =it} ole A uls) B Al &
F 92 9F W%t ZAa8vdns &g &
A, aRcHE HE 2gd BAU|7G A7)
o 7191d Az P=ejNc)
o2ate] Fdo] o H 9F Uit wxe] 4%
VXA deotry) g8, FARIel v FARIZ]
FEzE vlwEgct 2 A7 AN F
e &3 2EAS tﬂfﬁv__‘O] 22y 59.7 %,
59.1 %, ¥|&AA= 2 35.1 %, 40.9 %Hrh
£ ZEAG dEZT 2§ BTN F9 F530
Folgk alolE gle Aoz yeuth 8% Ao}
Hdeg HAS 8% W wxE KT zlE
Boy, ol ¥4 dWHEdR ztéste #E
(potassium) °Ivt YHEE (sodium) ol @el FFH
89 34 AA P nFdrre] Wik MM 2=

=

rR ol o

A#= Azt

Hol g 85 U Fxo] B3 Aol B
TAEL T2ANA =&25e 717 9t w29
N 2 9F W7t Fmeole AndAd s 24
B}t Tanaka$}t Lieben(1969), Horiuchi ¥
(1970), Smyth %(1973)& 8% Wzt &7} 3
29| P g Nt 9 m, el A

T ¥y 5(1991), HAL 5(1994) & 8F 4
TR/t 2RAe] WteE g F wditn e
v, Smyth 5(1973)2 ¥3F 903 1) 873 =
WHAbelell {7 AAEAAVE flotn Rosiioh
& Roels (1987, 1992)& 184 715 #iix3s
FEo 9% W7 $E7be] 4B (r=0.83)°] ddtn
BT,

aeiy FFA09N S 71F

1 o pgt R

4t BE

i
)

bl

F e Qe ¥ % 8F 25 shssht 244
o 2AFeNt ARANIY LABA & o2

5 4 w=7t e g A9l Aol
Hastgot £ A7l 64 Bl tisle 2]
¥4 F A w2 F U3 =Y fo3 4
FEA (r=0. 3183) & AT a8y 8% W B=
= A 34 F 2 vy 8F Ut 329 &
213t Aol gIdch

4 2249 BE 273 14.7 deg g
AFol vls) THEAZHe) 2dd Heg °F AHL
10 @ wigh, 10 9-20 9, 20 @ oo ® vE o
0 ol 22Ae 85 UsxEst 10 9 miwre
TREARG oF 30 %FE Tof Kol AE EHJ
9, ¥3% “‘7}%"59} 273G Folg AHE
ook 2R o] 10 9 ol el EF w3t
FE7t =2 7]7}°ﬂ % YL w3 ge ez
Ho2}, Tsalev E(1977) & :‘3'31173 of wet ¥
% W0 wwUt M8 FAE EA3R 2Idtn
Haslg o, ¥hH Jonderko £(1971) & 4 3 o]
4 w37 =E2E 222 AL 8F W =t
Ztebcta stk ARl digt €5 TR
AFAA et Zpolzt QUAIRE, EHQ] VIFSR
WHO(1986a)+ 2 w/100m, Lauwerys<}
Hoet(1993) 2 1 we/100mE At £ 9+
oA o] VlEDH vlwadl By ZEAH met 1.0
ug/100mlE ZIpshe S2AME7E 53.3 %, 76.1
%, 89.4 %% Z77AYd wet dF YLE=It F

K

— 544 —



7o A%E € o ok

Roels 5(1987, 1992)& <5734 2 7% 5%
o 2%t CEI®t 89 3 95 93t sEI] K23
233747} gk 82, Lucchini $(1995) 2
ABAF7 42 0.6, 0.42 +94%8 3BBAN A
tx R B dPdMe g8 Ut e 2%
AE] T AT (r=0.4249 & Bgow, CEI
DA% Fo§ 2B (r=0.3542) ] AN, 85 %
7 Frehe feolF o] gigirh 1ng ¥F
B e 715 TR 4R o} Ut
Z2EH FAYE ol FX vk Ftin Bojzir,

25 YHEAE 8% EAse LEHR JEF
Fo] "Waize-g do BA¥olrl Hitm, AB
Z % 27 ol ulg] W] wRe] BAe} 7}
G2 F5 3 shelrt, =3 71F e 4
Doy, 2%7%4Y 9 CERMe 4@dRz Kol %
Q4 &3 F 44 SEAA =28 Y FEE W
T T e HEIAHR] Axe 8F Wikl ofd
EF o]l 7HeAel e Ao AztEdh

ACGIH(199%6) & &=d 84 & UtFe TLV-
TWAZ 0.2 ng/m& A3t e, ol B3t =
2" SATEAY AU F3ARBANM FEI
ZAARA ot (adverse effect) & F2A1717] A%
ERoz A=A, S8 vge] x=ZV|EL
HA ACGIH(1994)¢] TLVS! 1 mg/mr & a8
Hgsln e dFelth =8 Y 2 8F Wty
o gl ACGIHE 715 =&F=s 9824},
=273 AR Bl A A3 aAAY A'0)
H2 Qs AEILAR =2AAE Fetn UAA §A
gk, 3 Y3te] H¥E¥EE Lauwerys®t Hoet
(1993)+ 1.0 wg/100mi, WHO(1986a)+ 2.0 wug
/100m 2, 8% 92 Watanabe §(1978) %}
Lauwerys®t Hoet(1993) % 3.0 w/!, WHO
(1986a) = 2 wg/ 1 & AAE Aok 8 Jehe
A2 845 9 10 w/100m, 8% W37t 10
we/ 1 & AAEL e AFId (=B, 1994). @
Zroll 2lgh of3A - AF3A 27E f¥Ee] YE
8 Azl et Fox 2 A A FE7)
AR AT, £ dF AT Yl Re] %
B =EE o Fx Nkgditi HARnE ¥F
P FEE 2Qse] ZRAe] ARYFE 42
F e ARE g8€ 4 Uvka gzdoh aed

YEL] =EV|EE 2N FEASE F 341 ¥
F 40 B(L7 %)oNe ¥, dF 9} vt
10 we/100mE& Z2Fste S2Ale IHE AT
ole $8] vete] F HtEze UE AEr|FEel
Ui A A= AR gut AdEd. gez o
Y BN g =Er]EY AEHH DA
#E dAster o] B AFE 7dchHE, AA
A A7EH & 2AR ¢ ARE € %8 ue
AA EAE HTFE AR, SRS AJEA
e, 433 - AEH e #¥E Ro ge o
T 5ol olFejzol & Ao Qg

4 £

Pl =2 £3 SEA 47 HH vE2IR)
PR 222 127 HE€ e s vjER dxE%
BEAE olgdte] ¥ 2 8F Pt =& FF
dfed, SEAEY A4FE, FIATE, 277
ol 3ol sleAl Hlmatid. =¥ &3 224
64 el 3t} A 873 F L &= Y
3 2% B FEIte AuBAE HEY AIFde
o3 Zoh

1. 89 9 85 079 HETAEe 242 0.11 e
/100ml, 0.14 we/ 1 R2™, AQF ol ARL
e 2 8% Ut A EE Z2Ae 9 F 8 A
He} o] ¥A¢ Ax oz EHA Z3HE BEFEW
e 24191 BRgANAT

2. 3239 715 4 F=(0.067 mg/mr) =
JdFHUE AEa BE Y 2 A2, 3588 A
Zd, ZMsgie) ZZ 0.017 mg/me, 0.084 mg/mv,
0.180 mg/m2 fejg Aelrt glgled, Levte}
LE71E dE 2082 424 0.0 %, 14.2 %,
19.2 & % 11.7 %k

3. ¥F YteEre AEA 2§ =¥ € Az,
F43E Az ¢ =40l 42 1.24 we/100m!,
1.11 ug/100ml, 1.70 ve/100m 2 AFEH FF A}
ol7} i, 85 W7he 2bz; .34 we/g creati-
nine, 0.43 wg/g creatinine, 0.48 wug/g creati-
nine2 #9§ Aoz} At diRTe] Y ¢
8% 42 22 0.73 we/100mt, 0.28 ueg/g crea-
tinine2 2 EZFe] 1.26 w/100m, 0.35 w/g

— 545 —



creatinine™ #-2% Ao]7t AUt

4, §H 2229 oA FI/F w8
A L g WAt o S vXA gt

5. 8% e %780 10-20 379 1.35
ug/100miZ 20 d oldwe]l 1.33 wg/100mlo] 10
d n)9re] 1.05 wg/100miBc}t FojstAd =gtch
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