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HMEERIER (B 5H ~ SB/REF) BEREH
PBFIESE - #E R 55 TATSERA - BIESE
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YRR ERLIRIEER A, » B TIETHRI AR (LR
B HETEA 25 R S E R R i T
IR AR L BERE RS - (A BB TRt
FEAnR AR R B A T IR, - A S HRE R
RE o HERHAARIZA RN R 5 a8 i
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Hi BB R R B E ) ~ FEJT - it
fige MBI A - I R T HE I h i S R
FEFREDD o R UR RS MGt e & TSR A S A7
BREH A S RHEUR - REB(99~1034F5K (5 ¢
TAHIEL ~ kM~ e o HAl) BLERR (5 0 A
B~ R B (P RERE 429,303
W,/ £EEL99,942 W /4 > 1~ SMHE T BN
66.6%J45.8%[1] » FoRERHE MBI TR R E
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NN NI =R 4N
BRI A B AR
HHR R PISHE HEIMER
BUEH | R | BR | @R | BR | B
(D) | (AW | (DH) | (AW | (D) | (B
994 | 109,810 | 430,389 | 48,728 | 285,018 [ 60,087 | 126,985
1004F | 101,790 | 424,763 | 44,191 | 287,338 | 56,831 | 123,014
1014F | 97,649 | 410,512 | 43,473 | 279,493 | 53,807 | 121,477
1024 94,762 | 436,394 | 44,925 | 286,404 | 53,268 [ 132,143
1035 [ 95,698 | 444,459 | 47,516 | 290,671 | 51,564 | 132,635
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Rk Tk Hh T g, TR TR H EE
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Occupational Safety and Health, NIOSH)/\ 45
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Gh KRR R TR R R SR LKA oM F
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% & < RBBHAES(Micro-orifice Uniform
Deposit Impactor, MOUDITM) o AHF4Ef {5 FH
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T30 VminZ BE N » FrfR SRR L KRL K (cut
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3.2um > 1.8um ~» 1.0pm » 0.56pum ~ 0.32um »
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0.18um ~ 0.1pm}20.056um - FRI%5 T2
Fy BRI T 25 F i [P2 M43 BE (Thoracic particles,
PM aerodynamic diameter<l0um) » EAJE A A
e N JTHIMER T AT IR Ky EE (respirable
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TAFE DU 121,094 14.66pg/m i » HX
FoBl BB 85 53 71 98.8 1412.40pg/m’ ~
20.85+3.56pg/m B15.73+0.61pg/m’ » F E s
7 JEFEOR.81+12.40pg/m’ B AR A TR LS5 0pg/
m REHE o T T R M B T I B P
#92.8340.55pg/m’ » LA RSB 73 iy
5.77+0.49ug/m’Bil1.97+0.40pg/m’ o B AR5E
i Rt 2R R A Hep g (L
PHA) e i £ B0 5 tBHRH(ZnCrO.) 56
BERL (JEFIPb;O4EHFe,0;) SRR BT EL -
17 T 3 B PRIk L EERHAL(OH)s) ~ —
ALY (S10:) ;e — AL ER(TIO,) - KL » =i
281~ 88 e 8% - EERRLRA RORVE R - s
W F AR FOR A B o AHEAITSCEE SRk
JEFH AT R B A S ald 2 S TgERR T - H 58
B E TR R R T S BRI ERH(Pb:04)
[12] feEZ 7] (lead Naphthalate and manganese
Naphthalate)[10].

BEAL » AIFSEIRET MR R 2RSS T2 ST
MR TS BIRE T NT o 223 Rl Jo 35 i it
OIS S L T AR AR 2 2 5 AR A R
BRCIRIEENT » AT 1508 - BT
HAXEL.709 1/min - {EREEREE 2 55 T A IRE L 2%
T I B B B4 77,5 1 pg/m’ » R 8l
B g A3 IR 225.32ug/m” 2 76.93pg/m’ -+ i
Horp SR A R TR B 2 R R R A
#HRRE(PEL-STEL) » {Hf355 TIEE -

R2 A (R P P I L R MR S
BB BT R R IR

R DG
G TORGRE - PEIREEE s
(ng/m’) (ng/m’)
Al 20.8543.56 1.10+0.51 -
Co 0.83+0.09 0.20+0.04 50
Cr 5.7340.61 0.62+0.09 1,000
Cu 0.27+0.03 0.12+0.05 1,000
Fe 121.09+14.66 16.4143.93 10,000
Mn 2.8440.77 113035 5,000()
Mo 2.17£0.27 0.81+0.21 5,000
Ni 0.64+0.12 0.60+0.16 1,000
Pb 98.81+12.40 5.77+0.49 50
Zn 5.68+0.91 1.97+0.40 5,000(Zn0)
Ti 1.72+0.06 0.8+0.04 -
Cd ND ND 50 (%)
As ND ND 10 ()
BT JORMEER ; NDAORIET N -

35 RS o P B T R MR 1 5
55 LI ASERT 258 DR

Y o RSB AR
(pg/m’) (ng/m’)

Al 76.93 —
Co 0.70 150
Cr 13.69 2,000
Cu ND 2,000
Fe 477.51 15,000
Mn 1.87 10,000
Mo 727 10,000
Ni ND 2,000
Pb 225.32 150
Zn 12.94 10,000
Ti ND —
Cd ND 150
As ND 30

BE ¢ (13BN P M (PEL-STEL); “ — "R Rk} 5

ND:ZFORMEAERIGRIR -
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3. BH BE B B L 2 RIEE o

FeA R IE S & R BERI A TR T & 2
GBI - H T R B i R b
LSS B S A P R 5 43 11 63.34 pug/m Bl
40.44pg/m’ » i S I FEE 7R R S 75 2 Y s (PEL -
TWA) « FIRABGSIA (GLFHE) &t e -
B T REAR>18um4h » EC SR EE Sl 2 B A
74 7 R By Dp=5.6-10pum;2 11.34pg/m’
fiefm » HZRDp=10-18um29.70pg/m’ [
A B T SR R AR & LA AT R 40 » M
T BE v LS BT I i1y ot e (28 18 pg/m”) -
HROR SRS o 7E IR M R (7 DLe
I SR R LT R A
(Ultrafine particles, UFPs) Bl PS8 i S i = »
SHBEERY © fa Bl R SR
FEE o KA 4370 P RE 2 b B3 5 b B e T L
S AR T — S N H S
SR -

KA RS G R R 1 28 R R PR R
ARIREAE B BRI S ffi

B pg/m’

RS
Dp(pm)
>18
10-18
5.6-10
32-5.6
1832
1.0-1.8
0.56-1.0
0.32-0.56
0.18-0.32
0.1-0.18
0.056-0.1
<0.056
A
it
Kl
B
Kl

UFPs  0.05 0.02

ND:FIR{EHMEHIGRIR

Al Co Cr Cu Fe Mn Mo Ni Pb Zn

0.84
0.32
0.50
0.50
0.17
0.07
0.08
0.17
0.01
0.02
0.02
0.03
2.78

0.17
0.07
0.08
0.10
0.22
0.04
0.01
0.03
0.01
0.01
0.01
0.01
0.75

0.90
0.37
0.37
0.46
0.30
0.27
0.12
0.09
0.01
0.01
ND
0.01
291

0.01
ND
0.01
ND
ND
ND
0.01
ND
0.00
ND
ND
0.05
0.08

8.98
5.90
5.86
5.03
3.06
3.80
1.71
242
0.71
0.78
0.55
1.64
40.44

0.09
0.04
0.05
0.03
0.02
0.02
0.03
0.03
0.07
0.09
0.04
0.09
0.59

0.23
0.08
0.06
0.10
0.08
0.07
0.03
0.03
0.01
ND
ND
ND
0.678

0.01
0.01
0.01
0.03
0.03
0.01
0.05
0.01
0.01
0.02
ND
0.03
0.21

25.47
9.70
11.34
9.10
2.84
2.70
0.88
1.19
0.08
0.02
0.01
0.04
63.34

0.28
0.10
0.18
0.12
0.11
0.09
0.07
0.11
0.10
0.07
0.05
0.13
1.41

1.57 051 1l.64 0.07 2556 046 038 0.19 28.18 1.02

0.57 033 0.81 0.06 14.68 038 022 0.15 7.75 0.72

0.01 0.05 220 0.13 ND 0.03 0.04 0.18
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1 3 oz M e e ey e B ] O g 1 ey
(4 B 2 BB B &8 & 2 LB (%) ]
ST | LR < B 70 S5 17 e o o v A
WY EE 2 PP #944.48%-89.73% » Tii i IPIR 14
EE(GHERYEE 7 IR #12.23%-77.43% - IARCEL
L R SR T R BRI AEBUE(IARC: group
2B) » Hrh R SRRV B50.21 2ug/mE(R A2
FRIEE1,000ug/m’ » $155 TR B REEEIEL - A
R B1s FEE FEE y63 . 344 g /m RSB S TP A I SOpg/
m’ + H ST BRI S P R A
#744.48% + TS PTNTIR MR BE it 2 B B
Ve & 2 A #12.23% » BERi1544.48%
BRI RS T RS & e ARSI - s
THE: BRI i R e -

I Ff i3 EE (Dp<10pm) 483 FE I R A EE(Dp<10pm) 43 BE
100

80

60

RERS R e EELE (%

Cu

MR TR
Ml 1 Ky 1S B IR o JEE P Y < B
HEEEC SR e R HE

4. AR5 G & AR b <5 B A 3 L
L

FH R T I B B 52 EL PR G R R 22 S &
HEHIRERL S R R A A RE 2= - IR
FORFERLLE AR AR S BB BAL T - B
Al R - LRE B ARS BRI
IR R] DU 22 g3 13-15] - HEEHIE
WL e SRR REDRL R FH PR T St A B o - R0
FRmERIe - 3 R AL ERI16,17] - fifi
fRe —AERINE - ATHERIRE TE
@ FEAENGEY) - HIRR R A fe 2 5%

I'e Mn Mo
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Pb Zn
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& » ATHR2-24/ NRF P (e A RE R B SRR R
FIARRHAMZRE (1 - BB [18] - LLAb - &
PRz ] DUE @R S i i L £A M 13] -

RS By AW FCET AINERR F 3 55 P o AR
AL <5 1S A7 o P B LAt 5 B T B - iy
AWFSTRIED » $i > 8~ 8 S REFFER TR
JAUFPs & &5 o S ik s S A UFPs h 15
Pb ~ Zn ~ KEANaZFRF I [19] » 1B K )
FER PRI EHANa » KK V[20] - BEEEY)
LB UFPs 3B Mt 48 FySb » CdJzPb[21] -
AN RIS 4 o R TT R R AN FAEIR]
AR FEEL S RT3 RIS LI B At S B
TR - HE BRI 22 R AN RS S
IR EHERER

5 ARG LR AR B @ B
b
TS YR THRAEE T =N
ER{FZE(Spray painting) Al, Fe, Mn, Pb, Zn PN
SEEZE (Metalworking) Fe, K, Na, Pb, Zn [19]
g (Power generation) Ce, Fe, La, Na, K, V [19,20]
(L5 (Incinerators) Cd, Pb, Sb, Zn [21]
m nd— 3
ffh:l off

it IR [ RN 2 ok e T3 ik iy s 28
B I EECBRERIRE - H—i T3
WHVEE (ALPhE) FERGHL LR mER
(ZnCrO4)EL[fi Rl (JEHIPb;04EdFe,05) 5
JEORHREM L » HrPsEHIARCY R EE I A
$EUETARC: group 2B) + HERINRFR LR
AR ~ ey ~ B4z
BB -

FIAIFEZE BRI - AN e Aaky B $h
PRI 2\ INRF IR R R B R ] R R IR
BHUEBRBLEHR C RIHRE - B
oy BER R LA R e 2 YR 044.48% - TR ]
Wk ey EE R Y & R B B e & o THAERY
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12.23% » BERAKIE44.48% . R BERY S AT HE
GRS IR RS T MR HEE A RRIFIRGE -
HERIH6.5%H & S HIFRLKY EE(UFPs) Al HE
a3t AN B I R SR b o T e 2R AR
B o HEZRIESERIGE H R iR
EEB ~ 58 o\ s ks e ME R U 5% S5 K 1 s BN R
€040 - BEEB LRGP AR R R (2 BT
2% - NI - AW FEEEAR AR R
FI 575 FHAE0RE Sl i as ke 55 B At T
8 s i L A+ DAORGEESS AR -

Bitiz4)

AW RS To5 B 57 B R e 4 2 A
WFFEAT 1034 EEWTFERTEE - IR Rt & B Je S
FHEE 8 o 5 B B i b 04T (I0SH-1033044)
TS SCRY o ARILIGERAL -

SE Xk

R LA A b TSR S P B RE AR A - 7
fffEt o http://dmz9.moea.gov.tw/gmweb/
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Hazard Exposure of Toxic Metals for Workers in
Spray-painting Workplaces—Case for an Industrial
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Abstract

To improve public health and their living environment, many paint companies have been
applying for green building material certification. However, much of the spray-painting products that
are commonly used are solvent-based paints, which are much difficult to be certified as green building
materials. In addition, the content and concentration of toxic metals in the pigments used in the paint
products vary according to product color. Furthermore, workers exposed to inhalable metallic paints
emitted by spray-painting processes may experience long-term adverse health effects. Therefore, this
study measures concentrations of 13 metallic elements in terms of particle size in the ambient air at a
spray-painting workplace in an industrial equipment manufacturing plant.

This study involved the paint-spraying workplace of an industrial ventilation equipment
manufacture plant in central Taiwan. The anti-rust paint and finishing coats of solvent-based paints
were applied in the workplace by a pneumatic paint brush. The air was sampled for paint dusts by
collecting the particulate phase of metals for the workers’ exposure using mix cellulose ester filters
(MCE) and sampling pumps. Metallic particles were analyzed using an inductively coupled plasma

with atomic emission spectroscopy (ICP-AES). The mean concentration of lead (Pb) in the spray-
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painting workplace was 0.298+0.154 mg/m3, exceeding the 8-h permissible exposure limit (PEL-TWA)

of 0.05 mg/m3. The mean Pb concentration of respirable dust among the short-term sampling was 0.362
+0.297 mg/m3, exceeding the short-term exposure limit of 0.15 mg/m3 for lead.
The mean percentage contributions of Pb content in respirable dusts and thoracic dusts within

total dusts were 16.37% and 57.04%, respectively, indicating that a mean of 57.04% of Pb content
in thoracic dusts passing into the lung below the larynx as a result of each worker’s breathing. The
International Agency for Research on Cancer of the World Health Organization has classified lead into
Group 2B (possibly carcinogenic to humans). Animal experiments have verified that exposing rats to
lead inhibits their semen viability and mobility, although this has not been confirmed in human subject
research. However, this study suggested that proper personal protection equipment should be worn by

workers in a workplace where solvent-based anti-corrosive paint spraying is performed.
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211



