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Abstract

The alloy manufacturing industry annual output is about 1.4 million tons in Taiwan,
especially in aluminum, magnesium, titanium and specialty steel and other materials. In
recent years, aluminum-magnesium alloy is being mainly used in the shell of 3C products,
and stainless steel is the main product of specialty steel. In Taiwan, there are about 2,400
factories which manufacture aluminum-magnesium alloy and specialty steel. The process of
alloy manufacturing often includes the addition of manganese, chromium, nickel, copper or
cobalt elements to increase corrosion resistance, abrasion resistance and oxidation resistance.

Heavy metals are widely used in the industry and are strongly related to severe
environmental pollution, as well as health problems to industrial workers. Our study
investigated three aluminum-magnesium alloy and specialty steel factories. We collected 14
area air samples and 7 urine samples from factory A, 40 air samples and 18 urine samples
from factory B, and 26 air samples and 38 urine samples from factory C. Results from the air
samples show that metal concentrations in the air are lower than those of permissible
exposure limits; metal concentrations in the administrative area are also lower than those in
the workplace. Iron level is 421.90ug/m? in post-treatment area of factory A and zinc level is
145.24pg/m? in melting area of factory B. The place near the smelting area has higher metal
concentration. There is no significant difference of metal concentration between pre-shift
and post-shift urine samples. The results of urine samples in factory C indicate that total
chromium and cadmium concentration in some workers is higher than those BEI suggested
by ACGIH (25 and 5pg/gCr).

Average cancer risk of chromium, nickel, cadmium and lead of all three factories
indicate that operating workers are exposed to hexavalent chromium (Cr®"), which exceeds
the acceptable cancer risk criteria of 107 to 10, Average cancer risks of Ni and Cd in
Factory C are higher than the acceptable average cancer risk range of 10~ to 10°°. Therefore,
good ventilation and use of personal protective equipment are recommended for high-risk
groups.

Keywords: aluminum-magnesium alloy, specialty steel, heavy metal exposure, risk

estimation
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ZRECHY ST THY TAFEIR A - ZRas Y R F3ESy TIPIRIETY - WEURE R 2
L/min S8 AHEREAT ~ & > SREFHIEHRIIE - Wi Al > RAEE
ERAEES% N T EREE - DLRF(EESE S TE R 8 /it &P RE
(time-weighted average, TWA) » SREGEH IR - DUBBMERY B N ERERE S

B NEAEIE R E ETES B FORE T -

- {BLAZE RARABRER

BT BRI R RBUEE - HOR [F R Ry (8 N ERBE =R ER R 2 55
TARRH » DLEHETEES TE X 8 /NIFIFE - RE(TWA) -
=~ EARRES

KIFEREE 3 M2 BIGEES T RRE TR BIRIRERA > TR E
SIS FAEATHIE » DLSP A IS BT A R I 5 B A R B TR e Y 75 A
% o BEZR Yokoyama[22]% ATE 2000 FEAYBASEHE B FESS T - —K 24 /NG
SYECOER ] > SRR EE SR > PNAENERET B SR ME L
REEE R BRI R E R R SBETEN S LT LRIIPRIREA -
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A ARG - ALBE T (creatinine) (LB T & HEEGEE /Y 30-300 mg/dL 7 [H]) » LA
HaBRPTERR S5 TRRIRAE -
VO~ BRARRE R T
(—) BOEOME
R B B BRI P A A SR EZ O (B - A 3 mL 65%Reh¥ ik
HEFTIMAE < OHIEIRIE Ry - TUER 300W (%) ~ THEZEE 200°C 4ERF 15min » JH{E5EMIR
B EREA 208 » WL 1% HNOs(aq)E &4 25 mL -
() SRBEEAIIH
H-20C /KFEEUHEEAR DR - A8 L AFRIURY) - B 2 mL EEEEIREE
BP0 FLL1% HNO3 EEZE 10 mL > BLICP-MS #fT4& @& 8917 «
(=) tfrises

AR LIALER Agilent 7700 2 ICP-MS HETZ2 3R SRR A & 31T ©

BHET BT

FIF SPSS HEtEkfs /22 RELPRRIE ALY BB HE ~ 8 ~ 37 - 88 - 8§ -
B~ gn e SRR B NE EAVPRE NI SRR s Rl T BRI AR t
feiE - DieE B AN RIS ERS THEeBREMTE S FAER Wi
WETBREFED THREES -

Ry T RRZE R PR AS 2 B B R 7 B e S SR AAEREE - 38 K
#H [6# % % (pearson correction coefficient, r) fz fiij BL & 14 42 [ 73 7 (simple
linearregression analysis) » 522 5% 1 B2 < R FEE BAL (] A\ PRV o EE < B e FE
{ o A — MR A2 (general linear model) #1725 88 B S BB 57T (multiple
analysis of varience) * {2 5 1 BB B Al IR K R AR T EE < J il 73 TR
EALE [ T Ay - B AT B X 1 AU Rl e &
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BAE FTLESBRBERFEEER R

ENTIFWIRESPE e Qi SON (S oMt ¢yl el vsi SE
— - EEBREBERRESHS

(—)& 4 g =R & (Lifetime Average Daily Dose, LADD)

AHFZELL LADD fizt > 548

CxIRxET xEF xED

LADD =

BW x AT

» AP EH2HZEENE 3 R

TS 5FE ¥ (Contaminant exposure concentration , mg/m?)

R : % A #(intake rate, m’/hr)

ET: HFH&HFE

EF: SZEf8a s (days/year)

2l (hrs/day)

ED : 55 HARS(exposure duration, year)

BW : #&8 (body weight, kg)

T : FyEdp(life time, years)

* 3 ElErH b2 EECEE

SR ST HiE Bz
5L 5% 52 A (Contaminant
C EIEAE mg/ m?
exposure concentration )
IR % A\ % (Intake rate) 0.7625 m3/hr
ET 5 H 2 8 hrs/day
EF T FR IR HARE] 250 days/year
ED SR ER R E] 30 Years
Bk 67.35
BW B4EE (Body Weight) kg
2 54.22
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AT ‘PrEa 78 years

(=) HE—LEY)EUE E g (cancer risk, CR)

B B Al — A DU 4% B 2o s R R EZEUEY B 2 fhET
B P 4CH (A2 88 A I 38R - ZRBRIGfE/ DN 4 B R R T W R
EENK G REE - B E0EE 2 HREEXES - HEAh KAV EIE
— MR R R R v P2 B B E Fy 10°~10 TRk ] B B
bedtE Fy 107 « GHELEYEUE ERR(CR)EHAE LADD JELIZYIE 2 5L
& RFR A B (Cancer Slope Factor, CSF)DIKGZ » ORI R GE (A2
Office of Environmental Health Hazard Assessment (OEHHA TAC)Z5EEE K}

JE - TAWIZEARE 2 CSF 215k 4 Fir -
R 4 BUERPRIAE

vtz CSF(mg/kg-day)’! BRI
4 9.1 x 107! OEEHA TAC, 2005
o 5.1 x 10? OEEHA TAC, 2005
% 1.5 x 10! OEEHA TAC, 2005
sl 42 x 102 -

(=) ZE(LEY)E ZFEEUEEE(Total Cancer Risk, CRt)
RWFEAARNIRER » ERae(E 2 B2 R R s E kR - (EHAZ
By

CRt= iCRi

= E2ERBEIFEERRMARE
—AREH IR EIRATRUE - B EARIMATHS - B
SRR T R R SR — AR YRR T DR - A —E R
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HEMERENRRE | > R S BIEEURYEEHEER - NIIE—RIER
YA e ETE#(Hazard index, HDZAGTHE > 5HRITARILL HIEFRR - —
LU 1 RfBE > /Nt 1 FoRfE IR E 2 T A SR IEEE EbE - KR 1 ATH
REFEAEETE -

[EEFEH Hazard Index - SPEH¥ ABGRFEFZE > EEFEHREERL

T

HI. =%BiD

HI =g A& i 2 faEfEH

RID; = ALEY i 22 5HE

*® S IREUEYEEEER
1E8YrE | 25 K1E(RID) mg/ke-day BRI

5% 3 x 107! USEPA Superfund Regional Support
5% 1.43 x 107 USEPA IRIS
$8 2.0 x 10 USEPA IRIS
% 5.0 x 1073 USEPA IRIS
5 5.71 x 107 USEPA Superfund Regional Support
S| 4.0 x 102 USEPA IRIS
A 3 x 107! USEPA IRIS
s - -
i - -
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A TRRPR IR A R S fe5(1,686.8 ~ 370,809.2 pg/g Cr) > {H A Jigl& 22 5%
AT EERFEIVRERE > BUnFERERN 2RI =S
IRTEIR S AR HER B T H AT S E - B350 TIRIR 88 dh & BR g LU
255 Thers o7l ks 99.2 ng/g Cr Je 84.3 pglg Cr o (MFRIEHREEER RIS IRNE (8.4
ng/g Cr) » FRIRIEARB R RIELR 14 -

B W55 TAESE PRGHER: - HM2 TRIFEREIEIRE > 25 TIRERE g%k
DI EIE R TFE - BB ERE B T E TR T LRIRE PSR T IRE
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IR > HHESERT T 1.25 ng/g Crighnfy 18.12 pg/g Cr » HIGHIE S ACGIH
AR E TR T TANEIIE R 10 pg/g Cr 1H - S5 BENE 2B ERS T
FRO® Wit i s b LAl R T LAY » & ACGIH Z25%#Y BEL{E(5 ng/g Cr) -
N2 T se R RIS E e BRE - A RE 81 16 -
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C 0.366 1.351 0.19 0.676

KT RSB S BRI ¢ 0.7625 m¥/hr) ~ 45 F SLEEREI(ET © 8
hr/day) ~ FZFEIAH(EF : 250 days/year) ~ ZZFZHAE(ED : 30 years) ~ #58(BW : &
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