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Abstract

Laborer workers are exposed to free silica long-term and lead to an increased
risk of silicosis and lung cancer. Epidemiological and animal studies support that, then
less research resulting from an engineering intervention to assess the health effect.
The primary aim of this study was to evaluate changes in lung function and oxidative
damage markers following the introduction of an engineering control intervention ,
whilst urinary 8-hydroxy-deoxyguanosine (8-OHdG) was used as a measure of

oxidative DNA damage.

My study population was 74 male from 3 foundries in Taiwan. All subjects were
carried on such inspections as chest X-rays, lung function, blood routine, oxidative
damage,etc, in order to discuss the effects of dust exposure and BMI on foundry
workers’ lung function and to determine whether the intake of dietary vitamins has
any significant impact in improving lung function and anti-oxidant plasma activity.
Our findings revealed that the lung function, FEV1, FEV1%pred and FEV1/FVC% of
foundry workers is negatively affected by having a higher BMI and by exposure to
dust. In addition, I studied one of 3 foundries before, and three months after,
improvements to air exhaust control. Initial baseline biomarker measurements were
taken of lung function and urinary 8-OHdG in all of the workers, with follow up
measurements taken three months after the engineering control was put in place.
Compared to initial baseline, significant improvements were found in lung function
(FVC, FEV1, FVC%pred and FEV1%pred) amongst the workers after the engineering
intervention to reduce the silica level. I estimated DNA damage by comet assay for
another planet, after confounders were adjusted, A significant increase in L/H, TL,
ETM, OTM of DNA damage with cumulative silica exposure. From the result of

cytokines showed that the significant higher concentration of IL-2 and IL-10 in

A\



silicosis subjects (equal and more than ILO 1/0) than health workers.

These findings indicate that significant improvements in lung function among a
small group of foundry workers following the implementation of an engineering
intervention that effectively reduced the levels of respirable silica dust. These results
suggest that engineering controls aimed at reducing occupational exposure to silica

represent an effective approach that may have immediate benefits to workers.

Keyword: free silica, foundry worker, 8-hydroxy-deoxyguanosine, DNA damage,

cytokines
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Fig. 1. Silica-induced cellular responses. (1) Interaction with extrace lular matter; ( 2) phagoeytosis by alvealar macrophages (AM): (3)
clearnce; (4) macrophage activation and death: (5 response by target cells to AM products, (6) direct action of the particle on target

cells: (7) generation of additional ROSRNE species.
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et al., 2000) - ¥ DNAFFF 2§ &7 34t > bme AR ET i g3 R F R

RHEALERRFAFINFRAFZE L > RE DG 7 a2 =

‘p,.
S
o
H

guanosine £ ¥ & ¥ pd AF 95 0.76% R 5 > L VA 32 BR%¥
Wxor g R 61T transversion #-i7 ik 96% (Cheng et al., 1992)-
Flpt 8-OHdG & i & ¥ 3% G:C 3| T:A ¢ transversion % % (Bruner et al., 2000) >
PCRT2R A AP HmAFY ¥ LenR Ry > FPR: 8-0HAG & mpm a4 %
7 48 B (Loft & Poulsen, 1996) -

Fl% 8-OHdG & - @A iZ4t5 + ROS % DNA & = § i i & ehdpik > fug
8-OHAG ek R M4 2 kBt 4 L BF Foo s BT 45 35 %4 M - 8-0HdG + +
FRIFLZRBERE? RRFPFFL5 D2 PR > 7 Rl E 8-0HdG ¥ gd 24
BRer 2Pt el - AR B L e IR R AR ip o £ ROS Bt P
8-OHdG eh% & B & » @ i@ & X Jf chlm?e & w3 2 0 R 3] 8-OHdG Ik & & % 3 7
Cheng(1992) % F3- A f5 X & Biwfe ch DNA % 3| F T ox ¥ 104 Fpa)=
DNA e P44 B TEAMATED DNA BB B4R Srpt>
f#(exonuclase )*» "IT‘ fo A2 kiz 1 8-0HdG £ 5d FRigdt o7 A 47 Ak ? 8-0HdG
¥ F phAdFenimiz ¥ VR 4 (Rozalski et al., 2002) o

WL FIFLER G RBNEALP T (k¥4 52 F) (Lagorio,
1994; Liuetal., 1996; Zhang et al., 2003) ~ *5&¢ 45 4+ (Yatsuzuka et al., 2004)
2 b 7 (Loft et al., 1996)3% ¢ # #p 8-OHAG JE AR Hf*c - @ £ 5 FAR L LR
ST o BlAe B PR P FRAMPM 8-OHG ERHEF R VHRE
(Chuang et al., 2003) ; *>*& 4 F %~ % H4p F % % (Aoshiba et al., 2003) -
Flo el 8-OHdG 2 FF =R AF4 M 2 P RARBEBRRF TL 257 %
#| € (Biological effect dose) » E_B 343 e iplr e ; v H X 5 7%
BE v WREZFIR G B8 B A B F A AT B

FRZERIE > R LFAZERIAMN - [N AEIRFAME LR
¥ f

11



T ¢ B 8-0HdG 2 F1 % BT e 2

FrE go L ATEARA R

—RPFHC F PR AR NI D F g A § I s T e
AL F R AR (SI-ONDSI-0-)EF A en At dF ANESF P

(Donaldson et al., 1998) - Castranova et al. (2000) 4| * ‘w2 % 2 # 5 F
o BEM o F A ML Smea s AFE M R AT R RS
FULPVERGIHMme2 s b & e Evglimie 2 2 ROS & {1
e PrvEmE RN P A me A4 B U TF)FERBILTES 5 A ’Hﬁ'i’ NG
vz ATFG T o VSR - § Ve g5l g > Hildelwe B F 7 A 84

2=

30l P F R EReninie Al o 2 PRAES § PR E siw e sl 2
me A EE A F 2 Bk o 3 B eiime cnflieid 2 A R 5 A8 & Ty L
P Y SR BT B A o 4 B e ] el ok 0L AT n e 5
Ratme g4 UE W Ras Lo

MR- F e E T > AR AN H ARG g5 P F A AL P

PRt e 240§ R T%ﬁ g 2 8-0HdG ~ st & 2 & p= (LDH, lactate
dehydrogenase) ~ 14 £ % ~ 17 (Comet Assay) DNA 45 % 35 > &9 %4 B ¥ AS49
Agpt Rimreid a2 e g MR ATG M A IR A G S IR ARSE ) BT
Driscol1(1990) 4245 L %0 cnf ot 2 EREE%RAT 7 2 B S dudh I & QU5 -
FUEPRBG S EIVRESEK P 0 PFR - F P S IR LTS F L
e BB gL A SlAsin s B X Z G hERW I mE 4 A2 F b mie
/;I% ~ 4 r]_,u;e«a»st L ]v+,1fn,f§4 X % ig»staﬁ*rs:mng# ]%b%%r]}t M2 4] o

4o Fubini % Hubbard(2003)#74% % k% = F & {6 > 7 sldeadiimie k

12



& Evgime# 5 ¢ 2 ROS~RNS~ ek - E S g g 2 lmie B F & 5= 1Y

2o bRz o Fltlere e a VARG BINGE T 2 LY o & Zhang 2 Shen

e

™

=y

T 7 (2000) dp k@S F T o A S 2 F VRS 3 GSH e
BUEINE L 2 dg it A HEINE T we & 4 w7 2 L4 4 o @ Johnston et
al.(2000)% Schins et al. (2002)7 &~ W] % K$ 3 F % % AD49 " 3nt & ‘m¥e

_/’_\*

)

ST 0 bR MA KRB F P S F R E e
(AM) -~ V*“ M dmre (PMN) 22 2 #& 3 % > ¥ i = DNA strand %74 -
PR F YR ORT il AcE M R i g I F ik (Adamson et al.,
1984; Morgan et al., 1980) > ¥ it € 3142 NG A i cuFA) o @ 2 E o fm b2
PREIRE L R B BER LT 5 D F LR NN
MEgFmie B L me A mbejph > g L g2 > HAgF LF K-y

dpdim e B A U F U R Rt eh- BER &I PFRC-F LR

2L EBEWARE(e ZHFR-F VP > BPEOMEY 14 ) w3
R xR e KR 0 on W RRA N E R me R BT F W
2 e a AT KRBT B X D NS E e EE T RS % a e
e o ek Lwe Hlwre B > e R foiee 2 pnE £ 8 53 o TNF
RIE Ermmie finchprZ ¥ - fi Eviiwie 2 w2 g 2 85 TINF» ¥ B3

IL-6 2 IL-10- #frik @ Dl54- 5 8 & 2 o gt v flielt wmie ik 4

T+

A o JEE IR L mfﬁi A P Z BRI i e Beime > 1R A § faen
Ralt T3 Bmegt o gt gE? TNF-a i3 P PRERGFLZ R
L F e B g ?fﬂiﬁ" M- F L kBT A €314 TNF-a % ~NF-xkB /&
L1l 2 b R s ] o ¥ b AR Flid e ek BRI INF-q ehiB B £ LR

e 2 B2 Eqewing e (Miyazaki et al., 1995) -
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Johnston et al. (2000)4 4758 & ¥z BT » 4 X &2 w3
P 2 V%’ ¢ M 3t (neutrophils) ~ % Al ¥ ¢ = 3 (polymorphonuclear
leukocytes, PMNs) ~ #* fé %t & A% % (lactate dehydrogenase, LDH) & & - 45 4175 3¢
SFitp Ly i, P B BT IE - 5 L2 A G o @ (Cakmak et
al. (2004) &# A549 + A wmeesm 3 ¢ > d5d LDH ~ MTT(metabolic substrate) =i
ToBEHAMNR-F P EEE Y e TR RE B e ARP

RIER S (2002) 4 $H4m 4B B Jp 1 4 & (7 fRikete iRl I HE PCFaaik R & 1P E TR B 2

PR - F P R BEERIAN

AF Ergimicchp N AR - BSHHT A o do- g

p)

e
2

hh BRSPS 10% > A RASEINERAE - NE W 0 Ak
56 % feimIR AR p T wmre s FREEF ARG o APRLT > e p AR F 2
%%ﬁﬂ@ﬁ%%%%fﬁmﬁ%%ﬁ&?a@ﬁ,E—ﬁ%ﬁw%%xﬁ@%
o — 0 5% IR b’ii%*éf AR 0 T A E R e F AR BRI - e
AAFFEEL AP PEEROSYT N AT REB GG T L 0 o

F e Rl s g s 3 (Huau, 2007 0 40§ 2) -
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Silica

PN e

| — 7 VA m%e Bygiwme RAE wmie
P AM o

L_JEpith' [Fibro.

TISSUEINJURY

5 e W 5
APOPTOSIS ERGI&mE R T

Cytokines, Chemokines, AA ‘) = oL a2
l metabolites and oxidants SAh B IR

e BT'E
L
A AM ALVEOLITIS
FORER FUFF Neut. Lym
Proteolytic enzymes "%’ volde i3 Cytokines and
COuxidants ‘/iH‘ = 1} \growﬁ? factors
Cellular and DNA Matrix
damages synthesis
snre 2 DNAY &
Y l
4 o2y 1L
CANCER #ai FIBROSIS

W2 s § P R
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PR F P A A P E- B e gt A s R T Ak Rad %
b REP R PFM - § 8 A ROoRih(Johnson et al., 1987) - & 1995
# > Nagalakshmi % 4 (1995) » 1 #* @ B+ Kyt nga® me (V79) M2 A 4g
dp et i imie (Hel299) ™ farsd- § e fk A 2 RURIE » & fErsd -
Fwa160ug/ o fr320 pg/em’ kA T i A K B A dFenin e R pi] P

+ e

oA FIRER S F kR R 40 80 ug/em’ P o e e P h B E

=

HE A B P FRZEFEFIGFFwie - AL bR Ei? BA T ET
3% e A 4 ey i 4 (Hesterberg et al., 1986; Oshimura et al., 1984) -

¥ ¢k > Pairon et al. £ 4 & 1990 & #- %8s 7 & 7 B Ak R E A 74
Mo B TR AN e e n Tk Ao A8 kR L 550
(e g/cm’(89%nBiF T3k T 3 lum) » § @ fme b4k & 12 30 5 B F A
e (P<0.05)cm RB ¢ BB I B HF - € R A K97 w2 (Oshimura et al.,
1984) ¢ /] &lerdp sy w2z (Saffiotti et al., 1995)2 Al % > & 5 H L 4P
B - Xiaorong et al. & % & 1996 & ¥ & #-7 B < BU# 3Rl le &2 mre (V79
) ME RS - F b BRI PRS- F P g5l L HRE .
Basaran #-k Z P 5= § " B 1 RMEEERE 1 B 2k FE% 2D W
DNA  F 2 A2 » BB E Y R @B I54 - 5 & R 15 DNAJR 3 3 4 e ) o
TP GGV ¢hih- B g% 1+ (Basaran et al., 2003) 0 i A ¢ R €

AV R B o SFE L Lt 3 T o v g ¥ fdp it 3
Rl ErE g MM DNAF MG T > 2y Y . B0 08 DNA i T 4p ik
(Bl4e 2 Fp? 8-0HdG ~ £ & 3¢5 % fic ] 124 17) 8 AP M PLAR 3 - SR m 0 Y
8-OHdG B & &2 £ 5 388k A 477 ek 0E R (TL)E & 3%é & (TM)F 53t F & ¥ Ap Bl
(De Boeck et al., 2000) -

PR H AL 0 AR KRG THDNA G e B R
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B Pk WAL I s REPIEZE (Tice et al., 2000) - pavd 3t =
BB rauEs s B H A LBy P yr il 714 a2 2 (Rojas et
al., 1999) > itfgi-deny 2 RIE BHW w2 DNA B 2 2 2R » T h Ty 7
FrEZERFRAGRBEY EFFHRE-F P DT

1984 & > £% 44725 4 d Ostling f= Johanson *#7#% & (Ostling &

Johanson, 1984) » & - * %k 4P| DNA damage sn3jiF o © 4REM £ - Scp ~ B H ~

Poid P B BRBLRE - wre A 73 e 172 2 (Rojas et al., 1999) - 5 £ 4
* agarose #-wme & @A H P R FR-we lyser 2 (L MR AR RJZE DNA

FAZ O R EART R D TARERE N 5 R 1 AR AET R
WA EE AR P S fE2 28 A2 R Fle 2 AR PG T €13 = DNA
FhEAARDLE > F > JI B E g R ¥ =% w% DNA damage hpcE |+
(Wiklund & Agurell, 2003) » f2 35 % 7 ¢ 2 FlE &2 ~ (2 0] 58 ~ 4 & ~ F 75
FREWMoller et al., 2000) -
5 &K EFF 7 a0 F 1T (Peter et al., 2000) :
# i

FoERAFAIERA P IH A BRI A 24-03 AL B R
grrEde (60 ) % A 0 FIL>60 et H DNAF v <60 et en 12 1 o
BRAFOFTH R RS 0T INAK G T A MER G S~ B & 2001
EERGFY P K62 AR PR E ad s A o 2 L 20-29~30-39
40-49 ~ 50 gt b > RIS = e DNA 5 £ 3900 % - 2§ (Dhawan et al., 2001) -
A R

PR T F Y PAHeERE DNASE L cnBl 0% > - DA2 BT B R 2 A

5 4% DNA edg i 125 » TR 4400 GSTML A %1% 314 ~ o 7%
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# P A CLAZE 350mg Pt & C # DNA 43 7 2 IL0: &8 PF3Rdg s cnis ] 3 |
BEF2 a2 % C500-2000mg 2 ¥ - & & & 2-4 -] P2 ts 0 M0z 2 PF3pds ¢
SSNE R RAL L IRV ELEE R LS TR R 22 EUET S

DNA 4F # -

WEDEHEE VRS G FRIRBARDE L DNAG T R

ey
-
B
=
jat}
F
ik
(]
N
|vg
[
~=be

2R A b AmAn A ADNA T €

S A A T L] T At Aek A f S S DNA RS A 0 B T
BF wien DNA 472 BEdt 0 22 i5- B &S U £ ARE chEGP + 2 F R enfk

ADNAFFZ o Bt~ mBehHDNAJE T 2R -

ﬁ

3,};
B AR AR A 7 4 20-25 Fife 5560 B HIREE F R B E% > B IRR
AEFGRFODNAG T o L ttir*,éfﬁrﬁ e B o B Iﬁvlf?ﬁvﬁjgki25, 89

(Piperakis et al., 1998) - Betti et al. & 4 (1995) » - ¥ g ¥ 4%

"’*
"
ke
G

?\;ﬁ‘f;ﬁ'&\“ﬁ"Eﬁ%i}ﬁiﬁa’Viﬁ’ﬁ’Lﬁi;mDNA B R R

HODNAAF 3 2R i o

FI& BERARLIRLLFTF

EERTEE T IE %*%;%m4#5;%ﬂ%Wf@ o ey
ﬁlg#%gﬁ:}?ﬁ C A B RV R RTRR ‘Fgrm PR INEN I i‘aét J'l—% <
EIRAR R 2P O3 TR i ﬂiﬁﬁiﬁgﬁﬁ‘ﬁ4pﬁi%§ LER A g2 vEeR kA

it & (Chang et al., 2006; Yang, 2006) : 4% 8 & & 4 & L f e i % L >

Bk B 5% 2 gk § # 9P 4 (Costa and Kodavanti, 2003) o 13455 3 2 jirdq 41
BB R BARERONEIA G AR FA R RN pd A EFT £ 4
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BHE B hrfe kg RN F it % 2 (Gulumian, 1999:;Kelly and Sandstrom,
2004) - @ ARE AP d AsTH g CEEF Y TREELH FA P J A ST
Fagigit I ICFAL T BERWBINERFLET - DNAG D
(Gromadzinska and Wasowicz, 2003; Risom et al., 2005 ; Huffman et al., 2006)
EOEINE R o BRI D Rt g HERF T o T AL ﬂ?"’ﬁ%ﬁd e A A
#CE~B-+#By £ -PEHEPm MNP LR 24F a4 & (Ronieu and
Trenga, 2001; Aydin et al., 2004) > @ — 5 p * r g > B deg a0 4 2 e
FHEP-E 2 BFEA R AR T AR AR RERMZZE R
1 FVC 4p ¥4 (Gilliland et al., 2003) 5 @ &i# 3R o HlR /73 1+ > g
Mg C P 2 P2 A% S 0 B FEV] 2 % b & 4% (Guenegou et al., 2006) -
3R AIRE PR &P SRR G VD iRk o 1995 W69 B AR
B2y #Rae S CHRPF-EEWH L EZMEAME > 86 & C2HPL G 7
PPk et 2 Fp(Hu et al., 1998) 5 fe fesxgb &+ RIE S APMHE S o @ &
FRRALY AV IIEA CEF LI He RY 2R RERAE
Fe® 8-0HdG % 3R~ v+ 2 48% (Kristenson et al., 2003) -

@ Lerman(200) B A& s 1 Bk B b Bapi g > PR BRI
B AP0 o F1Y Rosenman § M &g i3 1 2 R Y 0 R AOTEE R
TA0 S e A P p 2 bR 5 1 1720 &2 b *&01.45 B [51] - 1395 Kuo(1999)
2 HR(1996) % £ # 3 4 %xém%‘ I F RS B AT RS EREY
a1 T o Kuo R e Az 1 4 > B FVC feFEVI g F R0 o @
oA IReEE T 8. 8% P FIB S Ak B RO H D R

ANHELA LAY AR NS 1 E R F P SRR 2

PRk S HA A B ey G A RIes o % EpEEY IR BHEBER
€ R ARE S Atk A £ 2 wwa(Jones and Nzekwu, 2006; Lin et al., 2006;
Thyagarajan et al., 2008; Pistelli et al., 2008; Perez-Padillaet al., 2006)
2EMES 5 RN AR o 1245 Pistelli(2008) 3% A 43t 9w akge ik 54 5y B
Pz~ EEPUEARY o FIRITREFFERE L ARS8 hE e

EFEP oo BMI H4er R IR E o B (Perez-Padilla et al., 2006) o 7]
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e

Y

AR TS ERERH N AR ey AR 2 FEAE BNl 2 AR ES
(Lesgards et al., 2002) ; F1& "5 i 8 4 8 e A% a2z oz - > Fpt
EABLY BT Y RMHE R REC F P RB S - HjcRELp
BRI e A B AR B YR RS By

Fan o F G TR R i E R T2 A
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e

¥
\n

o8 FIRVEHE
1l 2P FHEPBESFH S RLEATHE 2 3 RA-B-O&2 fuins: T4
EFIRFIHE RN R A AR R 2 F TR

3
B8 AT g o R e e F T S FF a4 }Jp*ﬂ B%\«;—;%;
BoLMFEREEMMIL G S BRE Y 2T £F 1 DAY
ek A 470 17 f2 DNA 475 APEBEEBLAPM I o FREH A
FEFHETS Y > AT ERBL D2 BEFWH N E Y 8-0HIG * 4

LR ITER I 2% %2 8-OHdG BB A1 424 » (5 H 2 & 2

énh)

2 k3

it o

2R E GRS R IAYREL R AL TEF RRZNET W ALK

FoaandT S P REERRE FIRAF - 3R TEBZ 25
FEFEFER BB L E - R R EH ML - A E S 10 -

|

ENARIIBAREATH LR CME R AR Bk -

4

Frite 50ml % 4 B w e 30ml - A7 T eMEE R A1 0 AEEERY B2 4
CrTha~mpErRisa80CAKEa? 5 afmPERY » BIRRE &
R KB beoco 2l E 0 R A R R RS P B E A s R B -80°C ok
fp o EFREORETE LR R ERITEFTHRE AP G M
FaEe gt LRI GEB LAY SR HAAL RS E 44 3000 #
dig BT 20 A 4R 0 B A e BN ALY o R A KIS B

W80CA AT A F o EIRHATELED o

Y-8 FHRARERRE

FEINEFRAFBAAATR 2L cBm P URRE RS
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FEPAE R0 o A - o

I 7o fbfs BrEdhs § 08 A4

2 Nylone &k 7% ¥ r& e b0 B 4k Bl 4 3T-mm g A ™ (37-mm filter
cassette, SKC Inc.) 124+% (Sealing band)#f A ™ £ & T4k » H #7i¢ *
FRATY 5342 0.0um R4 ¢ % PVC g (Part No. 225-8-01, SKC Inc.) #*
FonF LTL/mineHHPERE S 8:00 =+ 37 = 4:00 =+ 296 FF(&
PERREIRITL > Wt 6 PFF B 12N ERFETIHSEABER) - B
B2ZMASNLZEPIMPE R Ead P (N3 T RIIFE) LR d %

oA w o MR R R R R (e R AR ) 0 BERR T PR S > T
A

Tl ks B - § iY@ 2 47 ik 45 NIOSH 7500 £2 OSAH ID-142 = i > 12 X-ray %
5+ & (XRD) & {7 & & & 47 -

- RERZIH (FRE > RFLFER)

(1)X-ray %tk (Rigaku corporation, GN4013Al, V1, Tokyo, Japan)

(2)% "9k % (JCPDS-International Center for Diffraction Data Power
Diffraction File, JCPDS, Swarthmore, PA. USA)

(3B i %

(4)'%4 (CHIH CHIN H&W Enterprise Co. LTD., Taipei, ROC)

(5)4z 5 A 2 % (BRANSON 8200, Branson Ultra Sonics Corporation, Danbury,
CJ. USA)

() + W Be gz (Model HP-11515B, Sybron/Thermolyne, Dubuque,
[A. USA)

(D4 5 WwipE & 26mm (Millipore Corp., Bedford, MA. USA) :

— Filter Holder Hydrosol Manifold (Cat. No. XX25 04700)

— Filter Clamps (Cat. No. XX10 025 03)

— Fritted glass base ¥ stoppers (Cat. No. XX10 025 02)

— Glass funnels (Cat. No. XX 10 025 11)

(8) 4 #7 4 & = - (METTLER TOLEDO AT20, Mettler Toledo Co., Switzerland)
(DIFE &

xvetex 4+ £ 3% 5 um (NIST SRM 1878a; Standard Reference Materials Program,
22



National Institute of Standard and Technology, Gaithersburg, MD. USA) -
xvwetex > 7 Hum (NIST SRM 1879a, Standard Reference Materials
Program, National Institute of Standard and Technology, Gaithersburg, MD.
USA) -

* @7 % (NIOSH, DPSE, ARDB, Cincinnati, OH. USA)

(10) 347% 0. 45 um 4% g A (Silver Membrane) 25mm (Cat. No. 225-1802, SKC
Inc., Eighty Four, PA USA)

(1D)#F#E %2 73 (Isopropano » » + 3% % GHs0 - Merck KGaA, Darmstadt,
Germany )

- EEERY

THEE AR & I 2 R ERANBEEBIBTR 53 2R
A PMAERTEORA L > RERA 3 A R EE2HER > ¥ 2 XRD
A7 SEETE G R o

Z v H AR

BATAEIT B F M AZER o B FE SRR AR BRI AR
A1 XRD & 47 o

EE a3t
B R TLE
B 4n 8t 204 B (start 2 theta) 5.000°
2R Y204 B (stop 2 theta) 80.000°
Yk B EE (step size) 0.01
HE5+:# B (scan speed) 1. 000
RS
®TIAF R TLE
# & (threshold values) 5.0, 10.0
L AL % 5 (typical full width-half maximum) (0. 20
B X% % (minimum full width-half maximum) (0. 08
Yebtak [P e (peak span) 15

LA Lt & 4
PESGE L BP R RETE R

LA 5 A e Y
i X 26. 66 20. 85 50. 16
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(M%78) D-spacing 3.34 4.26 1.86
SEST4E 55 BV 4] (100 35 17

- 2 0 21.93 36. 11 31. 46

<}§g£§ D-spacing 4. 05 9. 49 2. 84
SESTME 55 BV 6] (100 20 14

) 2 0 21. 62 20. 50 23.28

iy S ;

(i) D-spacing 4.11 4.33 3. 83
SB35 B vt ) 1100 90 50

FENCPEBP T RESE L LG

B P e S r (R BiF T (1R
P
20 26. 66 36. 11 23.28
D-spacing 3. 34 2.49 3. 83
[TI. "+ & @ % = a0 2 Microspiro HI-295 (Japan) = 3% 7% % #% i #8018 »

FVC -~ FEV1 # FEVI/FVCh% 5

BB RRE - BREEF AR AL R ST

FVC(m1)=(27. 63-0. 112*age )*height(cm) »
FEV1(ml)=34. 4*height(cm)-33*%age-1000 -

cBEFRRIEZT O RFT NI A LTFRAR

IV, 5g3e X ks © 775 R 13242 35X3bmm 93 X ki & > 2 993m X £ ¥
d i{%ﬁﬁf&%@?}‘% F 1 ek (IL0) »+ 1980 # 1 <2 Aitge X % 5 4 47
(classification of pneumoconiosis) & > 43 ¢ 2 X R P G525 5 1/0
WU SRR s R B R 0 0/1 RIS R g b

V. wmwepd s

- RE

B ABMCR 5 7 RIS TR 1T Ap e S (TS um) ek F § 3 R R
Renid § %5 R (FL3) » » 7 i 5 fB4eal > it 5 capture beads » #-at if ~
s R d A sk 4% (PE >

FL2)& 8 % ¢ & k4 & (FITC » FL1)#& 7+ 4248 » i¥ 2 detector reagents ® % i jp|

50 Jf: AR AR GFRRIT IR LN A G

Bk sl T8¢ o (FH kiR : BD Biosciences)

R R
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(1) &8 &pe
#-Human Th1/Th2 Cytokine Standards /4 Assay diluent 4r » 2001 2 2 fe >
FREHIOA4 - 2 RRT > R* AEIIHFE -

100 pl 300pl  300ul 300p 3004l 300l 300pul 3004 300 pl

pﬂﬂﬂﬂﬂﬂﬂﬂ

AARRRARE

10x Stock Top 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256
standard Standard Dilution  Dilution Dilution  Dilution Dilution  Dilution Dilution Dilution
Tube Tube Tube Tube Tube Tube Tube Tube

#-12x75mm 2. ¢ + ¥4%4 » ~ % & Top standard, 1:2,1:4,1:8,
1:16,1:32,1:64,1:128,1:256 -

2 15#900 1 Assay diluent #c » 3] Top standard * - #]7™ g + 4 » 300 11
Assay diluent °

£ %4 10x bulk standard B~ 1001 > % » Top standard ® > # ¥R & - Rir
= = 15 & _Top standard 2~41 300 1 3] 1:2 g+ 7 iR & > 10 1:2,1:4,1:8,
1:16,1:32,1:64,1:128,1:256 1 #A#} - @ Assay diluent § (TP -

(2) Human Th1/Th2 cytokine capture beads i® &

FAFEAE S (blde Ak RHE AT 28 9 F e R AFRR
- FEdlE REFRI12¥) o

% mixed 2 % » & vortex # - ¥ capture beads suspension A #)4s o

#-z 9 1 EF—2(IL-2) ~ ¢ i & —4(IL-4) ~ ¢ i % —6(IL-6) ~ ¢ /i & —
10CIL-10) ~ "%z 3% 5~ #]+ (TNF)~+ 3 % (IFN- o ) ¥ = #& cytokines capture beads
ERNII0u]l > B2 % & 660p]l  LEFRERIE-

(3) ++ & cytokines capture beads #h& 3 :

12 #x50 11 mixed beads=600x 1> % 7 #LB~E 7 45 » #-F - f& cytokines

capture beads % 4c 10yl > #7214 % 6601 -
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2 f¢P~41 50 1 mixed Capture Beads i& » & — B A 4538 ¢ FU&F0 » L 4e » & 47
#E WG A vortex e

4v > 50 1 1 Human Th1/Th2-11 PE Reagent i& » & 4738 % ¢ 5 2 % 4 » 50 ¢ ] Human
Th1/Th2 Cytokine Standard dilution i& » $x 4]~ 4738 ©

2 t6# B test sample B~50 1 & » F A freingg @ o

feRZ S HRA PRI FEAZRET IR OGP ERERBIIER -

23] * 3 ] pFis 4 » Iml wash buffer &> & - BA47EE ¢ > 2 200g 3
5 min °

el Aol st iR el ()= Speds) o e 300 11 wash buffer &~ &
A 4738 ¢ & bead pellet £ K RiF > TFET AT o

(4) Cytometer setup beads 2. # & (& izl iw k)

B R4~ 50u ] cytometer setup beads & » = BiEE ¥ > AW ASBCo
2_{s 4 w4~ 50 1 FITC positive control detector 4 %2 PE positive control
detector & » B~C ¢ @ -

EH#AB-CRETEZETRRIOAE N2 FLEHRBIE L - RSN
¢ 4 » 450 1 1 e wash buffer » 14 2 & %[4e » 400 1 wash buffer i& » B~C ¢

.

(5) EFHAAIT

% % jn N ez % (BD FACSCalibur instrument) £ :% B #7%f CellQuest™ 2 FCAP
Array #rd8ie 7k R Pl e feiwre i E kR B -

Z~RE&ERSTEA
(D& 3

F- R BERERFE 099 1A AHFFRS -
(2)% Bt T

- % Pmte gk R R AT E P B S0tk A TEAF A T - 0 B
Wilicoxon Signed Rank test # @i p #8 - & p=0.39(n=10) - 2 {4 B~$k & 10% 7
FREBRE - T2 - R p=028(n=10)c ¥ ¢t £ = X P hE i (TP 2 LE LA
$5 1 CV=10.65% -
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VI. % 8-OHdG k&
- ~ R

Frie® 8-OHdG ik & A 479 % %% Yinet al. (1995)% £ 2 ¥ % % & A A %'
% +7:% (enzyme 1inked immunosorbent assay; ELISA) i ;g - # * ELISA kit(Japan
Institute for the Control of Aging, Fukuroi, Shizuoka, Japan ) &% B
o B RITE A L A #4002 ELISA ki g 8-0HdG » # W RIER &
0.125~10ng/ml -
=~ A\Jffrﬁ,ﬂ?

FaAIIeT™ g A S0l Fufe 50 wl - =+ (8-0HdG # T H txiil)
37T CTA 1P &7 k4 250uL pH 7.4 #ips % % %% % (phosphate
buffered saline; PBS)ifix 3 =t 2 “$ BLEP o BHEFSH100 pl - 820
#1421 % 1* (horseradish peroxidase)t&tiz 3=48) » ¥ A 37T°C T8 % 1 ] P »
RIEE 1250 ul PBS jFid3 i Aed Lo r 100pl &9
(3, 3, 5, b-tetramethylbenzidine) °
WE(ZET I A4) A2 RES o £ 4 r 100 ] ¢ & M Bt
(phosphoric acid))®@ gEé %55 ¢ » F B3~ 482 {6 > il 450 nm =k & > 30
LEp g R

Fdoeskimer 8-0HdG )k & = & v > P~ 8-0HdG #%%#:%:% 0.5~2~8~20~80 Fr
200 ng/ml ER 2z log BErvx k@ (T » £ WA kLiEHE NERE B %Y
rng/g creatinine % 7 ° 4ok A $ 9 SRk A creatinine k& -]t 30 mg/dl

2 S KRR BAMFRE R AR B A~ TR AT
2 FE&RSTEA

(1) #wE:R

RS =02 b P 0.995 w1 o o R sk Bhd B r A A5 TR F A RNE R
W -
(2) 1 & Rl
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Fe# 8-OHdG F 2=+ =t P~ 10%tk & £ | 7= =t Lz p 30— 42> 5 Wilcoxon
W 2 (n=21)% 71 p=0.498 ¥ CV=8.8% > L F|p 381 & — R4E 5 R 10%H » L= =
RS2 b 3- =k g Wilcoxon # T (n=4) &1 p=0. 715 = CV=18. 7% » i£ 3| b 3%
BR- R
VII. =3 ivat 4 Bl2

AR B F RIS L LAY AR 0 R RIRT R 5 i
Mg a4 fooka g a4 2 8o @ g a1 a4 o ki gy
oA 2 MR R T E R R T e i 504 Sk (PHOTOCHEM) 4~ 47 (Popov et al.,
1994; Popov and Lewin, 1999) o @ fic B % 2 @F3F ¢ AF N 4ACTHHRE T »
Tk o A MARE La 4 LR AML D p AR Y 35 EDTA chdd s F 4 B R
FF e-T0C-FArtr2 R rfRigis g2 122001 02 33 -k +200 1 rplasma
+400 11 #hethanol (2 @) 5 2 & 4> 800u] hhexane ¢ "% » R 1 4~ 45
Z 4w b a4 (1000%g) o B~ iz 550 1 # * nitrogen  # ¥ M purge 2 iz
SFkd A 225001 7 fk methanol i3 f35% § 4 o RF B ET U ACH 5
e a4 o @ ACW Kit 24 2 Ascorbic Acid 2 &% » »~ 3 £ 176. 13 g/mol ; ACL
Kit 32802 TROLOX® 3 #&% > » 3 & 250.3 g/mol - @ A~ 472 % B @it 8%
R
VIIL. 2% 9 5% 4 4% DNA4F 1)
- ~ I

£ % &~ 478 - * k&P DNA damage sh$tji> g L J|* agarose #-‘w¥e & 12 f
B o mF#oe lyser 2 8L MR AZRIL; FDNA AT 0 R BT
By AP Nwre o 0 d R RMAET RIE RN NE L AR
ARG T €S DNASF LR GPLB o FR o FI% B R PR [ TR R
in¥e DNA damage 7Bk € |+ ©
EENENE i

% > 5B 1450 rpm ~ 20°C 0 Hew 25 A 4m2 18 0 BtP B R (W m 3R) T A 2
10ml RPMI Medium1640(1X) » & 12 1450 rpm ~ 20°C > & 30-40 » 48 - 3o 1838

BRBECRES Gk PN E D BT e B ) LM T e 2
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BAAR 2 PBS iR if g T okw itk > 12 700 rpm -~ 20°C 0 Mg e 10 448
g iR EATG IR T B o BB BE L KR § T TR T Tkl e
4v » if £ e PBS(phosphate buffer saline) i {7 £ & & 7% o 3% 24 /] BFR 12
Ficoll solution it {7 g2 » & @ * DMSO #-v w Zkif 4 enif i3 >v-80°C ek 44
B Et- B N IEE A KRR G L3k ? DNA IR i) o
R R L

£ 0% i LIMAgarose (B kb o4 ) » F 53 37C-kigv? @ Hwig (204
48 ) ; P~ 1x105/ml enm®e 50 A 7% >t 500 A e LMAgarose # > B~ 75 A &R foif 4o »
Comet Slide th &1 ¢ » LR ¥ T A Comp e (10 448) > HFF R T E
¥ v 34 ehLysisbuffer ¥ (4°C-30~60 4 45) 2 {8 #-gt % &> Alkaline pH 12~13

PO(ER Wk 2060 4 48) o £ £ B B bR S 4 Alkaline pl

o

\‘.
=5

>137%7% » &F &5 72> 1X TBE buffer » (—=% b ~4 > £ 2%) > kisP

g R AR ¢ B0V (10 4 48) £ Hgl 5 ikt 709 vFw (5 ~48) >

ZRi&h gz B 0 4o~ B0 L 1 SYBR Green a4 ¢ » R3S F kB AE T LR o

T~ B A ITETE

MIEPR L0 B2 & # fI* Kometb. b (Kinetic Imaging Ltd, Liverpool, UK)
PR KRE > R BT LR E 2 5 [S0100 - BEPER 1.3 45 ~ >t 400X T
Pedp > ¥ 3-8 kE AR ( tail length) ~ & &t ] (L/H) ~ & %% £ (tail moment)
4 Oliver & “£(0OTM) % %3k o

He :

7~

1. E3%DNA £ & (tail length, TL)=2 %2 822> & —FINHEHEL R
2. EEWH(L/H=E" & R/FFINE T
3. E# % (tail moment, TM)=(EFRE& & —FEiRE R )xEIRRAE P A~ 1t

4. Oliver k& 4£(OTM)=(Tail mean-Head mean)*Tail%DNA100

[S%)

S FEL L E
(D7 s
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A BB FREFEAMB B AL EAFRT AL TR S
k.
(2) 1% R iRl

Tzt G htk &7 Sg B 10%hgt ¥ £ 4 4 47 2
# 0 5 Wilcoxon ¥ . (n=10)% -+ L/H p=0.799 ~ TM p=0.159 ~ TL
p=0.59 I p - R Vo AP HRTERY - LEVRE 2
B LAV RS X - %M & Wilcoxon ¥ = (n=9)% =+ L/H
p=0.314 ~ TM p=0.594 ~ TL p=0.859 > 3 & 3| ¢F ;W - R+ o

28 FRARS A

Fl- &4 P HMERL BT r00d §F AT ST Z gD
B TR AT @it 2 (%282 8) -8-0HdG~ £ & 4

7w e E 5 ¥ &~ & 7 (Kolmogorov-Smirnov) # @ A+ % &_

FTEHEEE S FHELPEIRI FEATORMEY B2 KA
2 o 11 SPSS for Windows 12.0 & STAT8.0 F # 53 st 88 & (7 & #F 1

gy al o AP AR EFLEZPETE: <0.05-7F
AT RZLAFABERT L TEREBARRLTVESRMERE - F P AR
ERF PREEN LY R [&ilf’rﬁﬁo

1. =¥~ e (Frequency distribution) ¥ M & & =& 1 frw %
SRAAATH

2. MmA T HT(y tesH RV REBEE I RWHAT EREF (F
HgE ) 2 AR

3. Mt (ttest) Ry R EZE 1 REhir FRgE2E (&
F %) %W a ~ 8-0HdG ~ comet assay ~ cytokine #& & % % % £ %
7 A3

4. 14F @ jF (multivariate regression analysis) ® & 47 » & 33 )
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S A L ah AN ] I SR RIS . - S N e B G S
L w2 Af/ArBEREE 2 % i ~ 8-0HdG ~ comet assay & cytokine
5. ™ 4p B % #ic (Pearson correlations)~ 47 > B2 1 ¥ % o
8-0HdG ~ £ & » 47 # & (L/H~TM~ TL) ¥ cytokine 7 #& 40 B -
6. 1 Generalized Estimation Equations (GEE)#-3% % 33 & & & -
Mul B FE Y BREFF IR AL DS EHFRE Y L

i ~8-0HAG B B 2.7 3 £ 2
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R RS

4

ks

)
il
<

o8 FIHELAATRE R

AFT AL BASRZY IR L2 A S ok A BT 0 g Y
EET P E &S AT 64£10.0 A 0 301 irE T A 10, 155111 & - PR E 4k
(BMI)Z #5524, 9422, 9kg/m’ » B 4% % H ik & T 355 12,33 £8. 9 mg/m’*year( & #
TELAREBERL TEBBBASB LT IR BER-F P ERER K
FEAEY 2RI FEFT) o d B F VR4 529 4(39.2%) 0 F v
By 241519 0(25.6%) > 3 #&Fau &C av bbb Feiaw b2y
A a5 10 4 (13.5%) 55 4 (6.7%)~14 % (18.9%) « & % % ¥ f2 » A% H ¥ 1 (3)
BlP K6k 33 4 (4. 6%) ©

FHTLLFIHA RO A0 E A nhEd s 1 FEF B~ &
BEBER KTRE - LAML CAHPESARFLE WARIHIY L
B F IS A I P R B | A v (p £=0.0007 0 dek 4) o @ MW R
Ao AR19 4 BR28 4 ~CRL2T 4 » 2353 T4 A (drk 5) « HY o 42iv %
MG IH R BB 10 4 (13.5%) cEE - AR T -
b2 S B 40 4 (50.1%) - 2 e s A R 24 4 (32.4%) o
-~ PR RS R

BT HG 2L AR CEGIERBH G F BT R VRS R FR
G A R R A Do W ARY I A0 B ¥ TioEas s 41.41413.34 K - T
a1 v EF L 11.4247.75 & ~ T3 BMI % 24.69+2. 89kg/m’ ~ FEVI T 323
3.34%0. TAL ~ FVC T35% 3.95+0.83L ~ FEVI%-T 35 % 96.5+13. 3% ~ FVC%-T 35 4
100. 82+16% ~ FEVI/FVC%* 2 % 84.7+5. 7% ~ 8-0HdG T 32 % 15.6+15. Tng/ml -
8-0HdG/Cr T 32 % 6.46%5.82 g/ ~ TAC T35 5 62.21426.1 -

St T E R AE (D 5=0.01) 1 fF& F(p E<0.0001)~ & & A
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5 (p <0.0001) ~ %7 425 (p ©=0. 047) ~ 454 7= (p E=0.006) ~ fi & ="
vl (p 2=0.04) ~ FEV1(p &=0.0006) ~ FEV1%pred(p & <0.0001) ~ FEVI/FVC%(p
E<0.000D)izEEFF " AB-C2REFFPELE - EH -1FEaFT a5 B
MPBEF T ARG A FAEBHED 0 BRI FBEF A TP R Y
AR AR TARRES G O CHIRE VB AR T AR G o0 A R ¥ B~
CaMp R bl/BE L F - IR R AS R 52 5 o BARER "GP EF
¥ 3 oo w4 ae 22 FEVI ~ FEV1%pred ~ FEVI/FVC%> & » B Fu# 1 2. % # it 2 R
PEMAY AR i FVC-FVC%pred * & » Z ¥ 12" # i 2T AP L
PompaiitgIamsitad e ZRYIFLSEATPRELS -
ARMHLERE F T EARF A R o R R F I RA R

P 2w R K Aed 50 W 0 BRI AHANBCI R B - TR Fa

RN TREAR AT FIRGE S ABRFAETE R GRTT Y LER
R RAEEZR o i FEVI - FEV1%pred » FEVI/FVCh= #5% > & » & g d =
[EERIE

ABHEFE S TR EEE FGRTFF L 2 ABC 2B 2RI
i3z

s i o 4o FEVL 97 5 b SpE R A SR RBE BACTT ¥ 10 8

F_&

“BCZF2Fr1hmFHRTL pEsS4E0.03-0.03~0.0006" 27 1
FREFAR M &3 5T (8-0HAG~8-0HAG/Cr) 2 #iF it & 4 = & » Sk % ¥ ~
FPBFEEFE GRTF A L EEABC2F AR I RF AT HEFLAR o
v E R FVCR<80%AR 5 B ¥ » iz ¥R 2 L EFF A v 4T 1 Bl 2
WE > ZIRFLaFL R0 R ARG 222% ~CRF 1 E2FH -

¥ # FEVI/FVCh<T0%AR % £ % > @

>S‘\

ERB T RN A e E R BB 2 e

ZAREFTEREFLE AP BRG 4 EG00DECEF  ELACRIEA

(‘H}

£ 4 % o @ - FEVL/FVCK<T0%2 FVCHZ=80%6F 47 5 1 % 31 %% # &t Hhsk » FEVI/FVCY
=70%2 FVCH<80%4F 7 5 *T4141 % 5 i Hhs » FEVI/FVCH<T0%2 FVCY% < 80%4 47

= &3 e e FEVI/FVCE=T0% 2 FVCh=80%Fag = " # i & ¥ - &= 1

3
F_
10
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@1&#(%7%A‘C&§$Z‘I%WMQ%ﬁﬁ%ﬁﬁ’aB&$14%&%
AP ey FRMF RS A A RARIEFLARL RT4ZFY 5 14
2 (18 90 re e 317 # i Ha ~3 - (4. ) WH1 3% = i igs » B4 57 & (T7%)
WA e

BAFTY o RS F PP E LR 1g 25 V522 DNA
T ot 8-OHdG/Cr kR R & B G T2 f2& o @ B 8-00dG/Cr ik
BFF 3 PRyt Bk %404 8 o1 0 AR¥ 12 8-0HAG/Cr T 5
JE R 5 6.46+5.82g/g creatinine ~B B ¥ 1 5 4.1+1.89g/g~C B ¥ 31 5 b. 14+
3.45g/g o B AP 8-OHdG/Cr kR 2 ¥ it Fl5 4rE & ~BMI &5 » 2 f > BB
B2 o k%12 8-O0HAG/Cr kR EA W » 23SV R ~ve IRV g2 7 &2
TR R R T R R ERS - Hpo A R ERER 8-OHdG/Cr RAR EA G o tf
TEEESHAZF I EABCARZ RFZEREA S S 1.2240. 45g/g ~ 4. 87
+1.39g/g~8.44+1. T4g/g> L8 ¥ £ & (p ©=0.006) - 247 ¢ £ 2 P RF+ %57

ZYRFAELIREFET B AR - IRARZERETARFALAR A TR A

S ARAFRBREYVZHEZ BT

Apacid TA LSRR F P AR EBELA GA R & 0~2502 1
LB 25~TE0L S B R TH~1000%2 B 5 R B RE Nk f L
LAk BERS5.38 mgmtyear > ¥ BB ez RAEBIER 4 5.38~18.54
mg/m**year 2 » 3 E B2 B EBIER =18.54 mgmtyear o MEk B 2 I
1929 hfws3635 2 BRBEL 2 &

AN B SR £ A A RN I L A R
PRAFEEBENBEZ R T B0t 9o B ERE20 F 120 2P ¥

T iogds 5 53.349.31 & ~ T v E F L O2016.76 £ -~ T BMI &

24.22+2. 18kg/m’ ~ FEV1 T 355 2.68%0. 61L ~ FVC T35 5 3. 84+0. T9L ~ FEVI%-T 3=
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= 91.1x12.1% ~ FVC%* 2% 107£16. 4% ~ FEVI/FVCh-T 2 % 70. 5£10. 3% ~ 8-0HdG
T 2% 10. 348. Tng/ml ~8-0HdG/Cr £ 2% 5.1243. 32 £ g/g~TAC L 2% 55, 6421.6
m mole Trolox/g -

EERT VUGS IR I A ES R 1 FET S RTARK
HBsAg ~ FEV1 ~ FEV1%pred ~ FEVI/FVChiz &£+ » 3 ~ ¢ ~ K= k F o/l P &
AR cd MAFF2ZAFABERGUY IBASR-_F P EBERLE L
PR 1IIFEFT MU ERRE P M kB ER  1FET R TN
FAROREL A ARTHRAEAG B REB i WY AR BIAPHRS

w3 74 5g 22 FEVI ~ FEV1%pred ~ FEVI/FVC%> & » B kR & 2% 1 2 W a0 2 P &
M T Ay  MERE AR R TTIRMY FEB RSN ARAR AT
2 ABF (4 17) A% 22 p B4 %S 5 0.002~0.003 ~ <0.0001 » i & FVC ~
FVCipred * & » = /R BEewF12 WM R 2R T AP LR A AF T2

giL;;J—’,‘i ':_%?%1&%1%3#%-?]:‘[9%?71&0

=t
F_k
W
i
=
Rt
Ak
v‘?i‘w
Juey
-
S
e
W
Ad..
v
gy
¥
S
=1
‘%‘“
B
r:s
4‘1"

”}—1@?\:

A,\;;c;;:fﬁ;;u;;:;ﬁ;wg&;(rg\g,pu fRFAHE Y Mz EkBRE R

|
-
B3
e
e
_g‘\r
T
Wz
=
I
2!
P
ey
(\x
¥
=
=4
N
i
&
3
N
W
P
1%
bt
W
k:
~=ie
W
=
oy
A

Fj PAEFLE a s FEVI/FVCU %00 B B B ¥ > 0jF ~ 2 R jF 2 51 ¥
1 EH A S 5 60,710, 7~ 73. 848,12 ~ 70.5:10. 3% > st = 0 H p £=0.06 4>t
i85 @ T o FEVL ~ FEVI%pred ~ FEVI/FVCH= %38 674 ¢ ¥ 12 57 MEk B A e
Feed HFALR > LR Al wa S E > R FEVL ~ FEVI%pred f2texik
F126 AEHFLE H p @AM 009009 F A FFEFT e &
FEVI/FVCH#E > 5 » ¥ g WA %A ZBAF I~ 2B8FF IR 45 51 5 %

P M RBER G EFLR LR o EEEA T B AaF P

F_&

®
Mg s W G 60.7410.7~ 80, 749. 7~ 84.945.2% > 2 p ®=0.004 - @ F 1 -

ABFEF LG F10aB Y M kBEF R T2 pEASHAE0.004:0.0004-



<0000 22 27 hBemy R mEFLE -a 5 * 5§ 2 (8-0HdG~8-0HdG/Cr)
ZFF itaed 2o 0 AHmBRH S ABHEFEE T FIEAG P KT R R
Bl t At lHELLR
B SRR T w0 B EE FVC%<80%4R 5 £ # ~ FEVI/FVC%<T70%
REEF 20 FRABESBZRIEEEA(X 100 F ¢ - MEkBGEET 1
wFEkF LR o ¥ FEVI/FVCH<TO%ARL 5 B % > A 2% 2
EhBeEZ T 2 RBER T aREF LR (p 2-0.0008)
PR s MEBELEGF 9 LU D F(14.3%) 0 200 BB R o A
BamA s~ bz BB At (21D 3 RA2T 9 &(45%) %] % 5 i
e~ 1 & (5%) L4149 # 5t Fﬁf”iﬁ '@ ¢ R BEEF 5 L(14%) g A A IR

2 (3%) *LF1 3 7 i

e
oy
N
ke
[N
i
=
et
~mb
L
! N

(%) LI A # s+ & 7
RREFEY Az wAREEFAL R (pE=0.002) -

wAET P o BRI 8-0HdG/Cr ERF1F &7 b R fi & % 252 fy it &
BT B%4cd 1287 0 3 RABEY 12 8-0HdG/Cr Tk A& 5 5.1243.32 g/g
creatinine~ ¥ R Z 2% 1 5 4.643.4 g/g~ Mk Fe¥ 1 5 5.3144.08 g/g - #
P A? 8-OHdG/Cr kR 27 it F]F 4o & 2 ~BMI 30 » 2 f > 303383 1 ~ e
By 2 A P WH B B2 RS- MR A RBE A AR F 2
8-OHdG/Cr kA EA PEREREF ALY AR S R RS
FooHAs k2 8-OHAG/Cr kR EX ¥ ¥4 R

ToMEREF I BV RETRSFIHEFLE FA) 0 @ 8-00dG/Cr &
z 3

SRR BER S ER AL T
SISO EERSE P VTR SRR R 2 E
FERAE R ML R Bk 13

"
2 3 FEVI ~ FEVI%pred ~ FEVI/FVCh= & #% # i % 4p ¥ 2 4p B Thdic® 32 i 0%
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£-0.37~-0.33~-0.63 2-0.03~-0.64~-0.67> = #&zd p w7 ¥ <0.05"

REHYEF AR A ARBEKRRE FEVI ~ FEVI%pred ~ FEVI/FVC% & 88 ¥ 2- §

PR o E B4 1 B 0% 4 & B kA mg/m*year - | FEV1 ~ FEV1%pred ~ FEV1/FVC%
B0 0.03L~0.64%~0.67% @ 2 f# & % k& & & FEV1 ~FEV1%pred - FEV1/FVC%
R AR A W A AR A 0 A TR R A SRS I N gy
I FARM RS A P RS ISR R AR EY 1B S o e
YFEVI @ 5 i F 1 2 FEVISEF R ik Bk A 4em T "% (.06L 2tk ¥ 1
T 0.02Le A 23 R Ak & kAR 2 FVC -~ FVC% ~ 8-0HdG ~ 8-OHdG/Cr ~ TAC 2- & B

Aad M EAMAL -

Fof HAARE - HKIEZFIRB LML

PRI S & LEE E SRR R £ P2 o) B EE R Y

o RN F I PR SRR AR B AL B YR
EEF T RFIESE F G TR EE T A SN
- ARSI TRIES:
FHAFPLREZTALREFE P G2 G5 E/PRETEFR IR LB L
1 mmATFAE A Rk A R R REI EE R - Hio s Mk
FoFFFCAA TR FELREIEFEIHFARALSZFES]I A FES]
H~E X ]~ B R R o drk 14977 0 RS LAFFES RS T A S RY
PAg b EIHEFAR o FE-HEFEFRT FIMPMRE i DA
EFJRPA I e F 2 ABR AP TG MPREY C bic - Mk EEE
A R I SR AR SART - I T )}%(Romieu and Trenga, 2001; Aydin et al.,
2000) 2 Apk > fH R A AR AT T4 & A PP TR GAEBR R
2w RFEA e

Schunemann 33 £ 4% & #EP~ ~ W7k B 5 AP 0 AT F A TR T



BRIz ApRE > BRI FEV(D% ~FVChirs #8 % ~ 2w & C 2 Ecnid o5 g ¥
#p B¢ #+.(Schunemann et al., 2001 ; 2002) - — 44 & p #FEBdg @i &3 %
B2 R A e T (Gilliland et al., 2003) > # g cndk MK S 2k
PEs ¥ 5 FHE-F R IE(Kelly et al., 2003) - 822X &A% 7 - fo
FlbaA AGaBmPEFY R ANOVA 2477 > T RBREIFRFLE(L14)
ety JERPELACESFLEEU AEY - FHREHZ LRI AE &
VHRE 77185 (10 313 HPe &Co5 2417 &P &E-14
FHFIp LR Aok d R IOFREATY > T UL SR
YR o B FEVL A5 34 0.38 == > @ FEVI%pred 2 3§ ¢ RIAST 8 4 & 1T
(pE=0.07) ¥ ¥ 1 REPN 2 FF * 5t 4 7~ FEVI%pred & 3t 4p BE > g it 4 4
# # 4 1 mmole Trolox/g > ®| FEV1%pred 3 4c 0. 15% ; @ #v% it i 4 3 4c ¥ > FEVI
Z R4 o B R AR B % B i (p E=0.06) -

S NBETFI R

AN p A3 ¥ RSS2 A s EERMR Y

FOEIARM A L e FF 0 FI A MG BRRA S RAS IR ey
1% %o é/g%i;] 41 (Repine et al., 1997) » ttiay;fidﬂzvﬁ'aiﬁj » WEIR2_Bug L
FHIF P L RER ARG L T T A slde F VBT e mdrdk 15
75t » & FEVI » FVC > FEV1%pred ~ FVC%pred 4= FEV1/FVC%% 5 + > & 2@+ & &
FL R FEVI 2o > BB R#ci 3.0940. 8L w31 5 3.2240.9L > 2w ¥ 1
% 3.01+0.6L; FVC * o » 3 i X85 3.87+0.8L > =# % 1 5 4.07 £1. 0L » 2=
#2315 3.74 +0. 7L - FEVI1%pred » & - %% &85 99.49+17.29¢0 » &2 % 1 2
101. 66422. 9% > 2w ¥ 1 5 98.1412.2% ;5 FVClpred * & » 3 X85
105.5+18.8% » w# % 1 % 109. 95423. 3% » 2w % 1 5 102, 65+14. 7% 5
FEVI/FVC%= & » 3 % 8c: 79.82410. 7% > w7 % 1 5 78.39+12% » 2w ¥

15 80.7549.9%  F 5 MY k2 MBRHE T4 Lo n AV 29 £ o

38



FRFRARBEHRLEAEI AL VR IS F2 AR oA d & 1948
AT > TG R LG RV R F 0 B FEVL/ FVCKEE ¥ v A da
4.5T% > i FVC & & # 4 -

g e F it 3T (8-0HAG fv 8-OHdG/crea) * & » w s 1 & 2u kg1 s
FEmaEF LA Y 8-0HdG * & - =% 1 5 16.8435. 2ng/ml > A e 2
% 10.3249. 8ng/ml ; 8-0HdG/crea » & » % B % #c: 4.943.5ug/g > B ¥ 1 4
5.0243.6 ng/g > bk ¥ 1 5 4.8543.bpug/ge A3 4F a4 2o 0 T3 F 1
BB R 2Ry 1 4w 5 65, 16430, 6~ 68. 36£32.4 2 63. 09+25. 6
mmole Trolox/g > & 1 &2tk 1 d fF g F LR -Berg 343 ¥ %
Bm o R REPRS o B 2B ARRE IR Vi TRE O AT
B Sz DNAF i© 53 chifsisnk » #ru B jp? § ME G324 %ok
Jstptx A5 P& A £ (van den Berg et al., 2001) - @ 4r% 14 %775 » 27 3
BEFIBEF LAFES ARG eI I hefpig tas A FHEFALR
fito Ay Y o -8-0HdG &4y a4 dpthe FH RApiF AT > B fF
HG#ci-0.8  mp@EH L 0.45(% 18) -

Z ~BMI 7]+ g5 ¢

FHEALELS 6 o Ry FADERA G BML: 18~24 B m ¥ -
24<BMI<27 ((E£) f= BMI=2T (5 3) > ST g ¥ 53 27 - ~BLH T
27 & ~ i ’“—ﬁ’ﬁ 20 2 (% 16)° Flpt A57 7 ikt BMI & s L% 9 54 iy & %38 ~
8-OHdG/crea % #v# i“ic # B BMI 2. B % > o £ 16 ¥ 7> ¥ v & %38
8-OHdG/crea % 13 it i # ZBMI » e ¥ A5 BgF £ B (W FVC % %5 {v BMI 4
B2 B hE g ETp £=0.09) 5 - HAEF TS 5 07 5 I FEVI-FVC
FVClpred & 4w s BMI A %ot » SE5 &0 £ 40 cHf 40§ B F ehipt 5 485 %
X2 pEA N5 0.018+0.018~0.036 p¢ 7 Ergghdi v a3 ¢ o 5 &~ i

g2 swsea B B BMI et i A 4 B & A § 4p M (Bua et al., 2005; Chinn

39



et al., 2005) > #1i&RFx §FG ey BRUg@REp s - @
Bz fApBEER > § 2 23R @ & (Harik-Khan et al., 2001) > @& E_&
BB %52 Z Ak HR(Chu et al., 2009); @ 2~ 37 92 Bk ¥
T ETMEYL om s bt BBl AR Fme e > Hgx ¥
BT R B e B F e o BBV S N5 2 ERE vy S BT
* OBMI % 0 4 F R BB R R 2 R RIS A F 3 BT S e
e pFec L (Pedreira et al., 2005; Vibhuti et al., 2007) - e &% 4775 2 14
L EH R AN D ARRII BN fo i AN R HG SR AL -
BRI REAMERLBE

AP THRECF I 2B ERBERR AN ARLIFETARFERAA AR
R D ST ARELLEERAEBRRE S0 L ¥ - 8-0HdG/crea % ¥ i
A MG EEFEBEAERFZ AR A EA TR Ry A EF 1 REE2
Aime o d 21T B %A o e 5 2 %38 FEVI ~ FEVI%pred ~ FEVI/FVCh & % 4%
rBERREASAEYEG P2 LB H piEsE L 0.005-0.00-0.0002 1 ¥ A%
> & ¥ g 4 FEVL ~ FEV1%pred ~ FEVI/FVCh &R fi k Bk R~ 2t > "%
ARk BRARA e EESRS S A pEABE0.0020.003 - <0.0001 -
8-OHdG/crea > o » LA F A B EAL EF 2 BRI 5 ¥ A7 HF LB -Pilger
etal. (20000 % 45 M fe & & * g 4 f? 8-0HdG ok & £ FEV1% ~ FVC% 7 % ¥ & 4p
B2 FIRPN 8-OHdG A= B af s 4 g2 E T fr>m i3 IV DNA G T 2 3485
4 TR AR o A %kigm - 8-0HdG/Cr & FEV1%pred ~ FVClpred ~ FEV1/FVC%iE = ¥
Aoy o B fF s w5 0.7350.45+0.55 0 sE R L Aph o L E A
BMELER V7 88-0NdC R Z R fik B 287 H R0 jFad7 > Haw jFfidic
5-0.04>m pEEE 0.4(% 18)° 23 x %% 12 8-0HdG/crea #_% ~ #g iy F1H
FUUDNAGZ2ZB 4N TEARBAMABEREN Sed HIERIPRE S > BIESR

N P FF A HARE S T
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- BB HS LB S £ R EE ApaeiF 1 FEVL - FVC o
FEV1%pred > FVCkpred §= FEVI/FVCh & 58 &2 28 ~BML ~ 58 ~ Ak B ER -
FoF i S AR PR o Bk Aok 198 CFEVIMEF £ (p
=0.003) ~ BMI(p &=0.003) ~ % # & % k& (p ©=0. 04) 3 4c 7 7 &g F > >
MM F S AL AV A FEVI a4 (p E=0.05 % &) - FVCEF & (p &
=0.01) ~ BMI(p &=0. 006) =3 e & Ag F e > > e § Spr ¥ IR FVC 2 b 00 i
P 5%k @ H4e oFEVI%pred 5 ¥ BMI(p E=0. 0003)~ * # & & & & (p &=0. 0009)
i@ AR F U0 o B EARE VAt 4 B4 (p E=0.01) @ BEF P 4 5 ¥ T
EFFES A SV AR (pE=0.07 > F5EFiT) o FVC%pred & ¥ BMI =3
fem 3 B o b (p E=0.004) 5 FEVI/FVCh% 8 s % 5 =74 ¥ (p ©=0.03) ~
AR BEEECH A (p E<0.0001)m 3 AgF > o A 5 > 23 FEVL » FVC
YR F ESH L RFR(ELS S S 0.003-0.01) 0 @ BMI & F #25 FEVI ~
FVC ~ FEV1%pred ~ FVC%pred z. £ 3 » ¥ EP3E < )I%i S Rl B AR ERE S L TR o
M AR BEREREFRE FEVI ~ FEV1%pred ~ FEVI/FVCh2 R 3> » Br3E 2 R
B EY I ABERIHEFREPANL T o P FIPN 2 dg A Bl
FEV1%pred % #.(p ©=0.01) » @ FEVI ~ FEVI/FVC%2- 3§ v P| #8317 18 4% @17 (p &
w5 0.06) R HEe i ey fF o 2 FEVL » #4c(p £=0.05) > @ FEV1%pred
2 M A PRSI BT (p ®=0.07) « Fl 2 T A BMI - AR EBRAE ¥ i
A R I AR R 2 B % o T BMI F 34 1 kg/m’ - #-3 3% FEV1 ™ * 0. 08L ~ FVC
T % 0.09L ~ FEV1%pred = *% 2.48 % ~FVClhpred ™% 2.34 % - @ Ak B kR
& # 4v 1 mg/m*year » #-# 3% FEV1 ™ *% 0. 02L ~ FEV1%pred = *# 0. 77% ~ FEV1/FVC%
T % 0.66% °

AT REET 2 AIAHE T R EY I IE YRR R
56 PHF LB FARE R RTEF T Aok £ 16~ £ 17T 2 55977 » "EFRS

Bk BH AR B4 BML 2 H 4 H s F MR 2 ARBR . T AT A
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FHTERBPEERRZZ ARSI /A > > I KBFER B EEB -
FZ & ASERIRTERI Y

A F 2 FERS LB AP RL T ) 1A RS LW R BAHA R
FREIARL  HARERFPERBL TER AT - BEXE - BPR
WH O FEPFORF AL (WeRl 3-5) 0 T A A AR 2 3T R EACE R AR
BEEF a2 kfF o kB ARB RS 3 E B ARG U PR

AU R T KR AR OF TG SRR kS T R REER
F TR E R o - AR R ITERAN T >FE o A F k2 m R T
WA BRG] 2k ks SRR AR AR e
S AA AR AT o 2ok R RS L ER 0 34 0.3m/m > ok
110 ml/min > %3+ 100 Beg k3t 2. B3 » 1 (FRA 50~T0kg/cm’ ~ #1-k& : 5
L/min> £3-2 583k o 1 fesc K& > MR % 2 A B iuF $88 7 0 B
D R AP AR FHTHS R R LA KGR IR R o F kTR
BEAom PN AR BRESTKEZ2pEAL2O 2 HFEL(BISB4AEE
VIR AR RS R B RRELF TR D MRS ITE AR

* B

ek

IR L ¥ ] FOREB R TSRS 1T 0 R Aok A
RGTE 3 62 BB AP B2 7o b B A F 4B 4 97 o AT AR
FRHRHITEFRLI D s BITERBY VB A2 - §F P B E A
TR T L E s S ek Bk A A B 5 2.87+1. 38 mg/m’ ~ 1. 6010, 70
mg/m’ > 4od 21 #rF s S kR £ B p & A4 @7 (p=0. 07 Wilcoxon sign rank
test) e m e L m ~ fi2 ek g - § (LR R A W 5 0.4340. 25 mg/m’ ~ 0. 18
+0.11 mg/m’; # 5k B P & £ B (p<0.05 Wilcoxon sign rank test) o Bt #% AF=

TEEHDARITE R TR ARG EE G > RF ISR FRINE R
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AT A EFHANEES AR HER > T EFERE AP R BZITH R
EERNER TSRS L S 2RI P AERERC S TE oo Aot 2 % iR
Tk g Ak B e Lt K 44%(2.87 + 1.38mg/m’ "5 5 1.60 £ 0.70
mg/m’) » FeE e A - F b p Ok B e 18 R E 1 58%(0. 43 £ 0. 25mg/m’ *F :
0.18 + 0. 11mg/m’) 5 &E7m §1% -k F o seec 4538 2 (FERIF-E 7 11 5 rsnehfrd)

FIEERR -
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ARATKGEBFRERR

LIRSS LGN

B 5 CkFEEECR Y AR

Frd CEREAIALIFBLELEN

AEEFCRT AR LIRS I A TERB L2 RBEHO B ER

Tyay 443 % (SD 11.2) > T3o1 e F 5 13.3 & (SD 18.3)» 1 feafulm &

Ho(A1%) 2 B HE(45%) A % i@ L e 1R 2 3 EF (B5%) o @ AR X ke h > 6 o
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7O IOXNFREDEHES 1/0-2 2% 5 1/1 B4 15 &5 kiR
(070) (&= 20) -
- Wy

AR 1 5 PERB RS e L = B2 (27" 2 7 8-0HdG e &
PHO B H RS R FHS O T gy pigaecies ke F 1 2 kY 8-00dG
DB ATa B e o dod 21 YToT 0 FRERES 1 2 2bexr e g o 2 % FEVI FVC o
FEV1%pred~FVClpred = i * {5 % 3 B2 F 8 4> H p @ % -] >+ 0. 055 A FEV1/FVC%
Rl BpF AR il 2 g > 7 g 3|2 e 3 1 8 FEVI 3 4 28. 6% ~ FVC
H4c 30. 0%, ~ FEV1 %pred # *c 31. 1% ~ FVC %pred # +¢ 30.9% » & w3# % 1 # FEVI
%pred 3 4 25. 0% ~ FVC %pred # 4x 24. 0% o d *twi#x % 1 & FEV1 ~ FVC(p & 4 **
#5000 F AR 1 2 i ey 0 Ar LG EFLR > F PSS
GRT BT FHETTER o A AT RS B S SR e A
FR2ZREDLE  RENAPLPEIFEBEARARFHBH N TRARL S P
2 b 'wRIAXE (Kuo et al.,1999) o st 3Mip ¥ M iz AP T 1Rt L 2 £ & M
TERF LA RERE oG LT EF AR F 3 EF RSN RS
9 24 @A (L 200 AR o2 F 20 A¥ARH L F 2 4
F g A G FRER o

R B S Y 8-OHAG~ B AR AE R B 2 144 » ¥ &7 GE #
ToRPETEFESL B B EFEFF R B dok 220 hofpdp - 45 FEVI
o FVC #iciE g ¥ &= #63 4v @ 2L > @ FEV1 » FVC » FEV1%pred ~ FVCkpred % = 38
W ROTNEF L Ao @ W (54 BIE A e 5 LogFEV] # 4c 0. 103L ~ 1ogFVC # +c
0.106L ~ 1logFEVI%pred # v 0. 104L ~ 1ogFVChpred |3 4c 0. 106L - @ 3338 X sk

%> w% > ILO 1/0 +* category 0/0 2 FEVI/FVC%3 % % i< (p=0.02) -

Porter(2006) % 2+ % i#pu W B FR-F P KBRS -3 LR AF
Fier WRWBME A 2§ “ROS 4> M AL fE 2§
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% 5 Scabilloni #(2005)2 # 4= 2k 5 %+ dg 1 B 0k PFaE = § 18 J B 1495 0
BILFFEFT o A 139 Gamble et al. (2004) &4 W g £2 7% 54 iy 2 4p B 1245 34
P2 g g R FI 5 IL0 171~ 1O 0/0 i3 4 B2 " ay £ 8 (i W F
Foom g L0 3/3 P FlA R AR E RIS PR T o F]PL T dro Wby

Ritggm X Az g Ees Mk m APy vt 22 FF

=]

BF 2 2T AL A (IL0 1/1) 5 £ 23 1L0 1/0 (% 20) - Flst 4
RIAFTT BRFIAREEY S F R R BTERLIBING T SRk o A

ABREIWRARE S FIL A RBADE 14 0 o HE R R 2
Frzgigdiaego
S 8-EAAF KPR LB

Z 3k ? 8-0HdG 2 8-OHdG/Cr e B if B 4 T > b 3 1300 » #c

PREERFLL D ARAF IIONZ A F B R o W 8-0HAG/Cr 3% e
TEERMFLE(R2D) A AGEERE S 5 0 AL KA R log 8-0HdG/Cr

il A~ WA 0.TTpng/g 2% B R 2B % EHiT(p=0.08) >4k 22

At ZER - F PR R RE RS ea T R(Ding et al.
2002; Fubini and Hubbard 2003; Orman et al. 2005) » fi ¥ iR ™ P £ 3]
FOMG T E A F E T TG 4ok hR? F R BB 8-0HG kR - £
TAER F LG L AP o Bl B BAT 7 SRR A S kR 4L 8-0HdG P fr
oo ¥ B E R BARE 0 1 B R? 8-OHdG kR AXF -

139 Porter % (2002 2006)4 %753 - % *# 5% ¥ % i % ~ROS A 2 2 4p
MM oTieiz2Zmy o TR T X PR F P RBIE 0 BHF VR G4z PR
% % #pE - @ Knaapen et al(2002)41* % B& 4 7 % % Schins et al(2002)
BAMNwreek > HAXMHR-F P ERZTTERDINAG T 240 T 5% 0
PRBEARF O F G TAGL > BRI 8-OHAG k& 7 H 4e o 2710 @ 8-OHAG

RS ITHELET M o Fubini fr Hubbard( 2003)+ 4p 5= 5 “# k &
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WgE AL ROS -~ F 0t F R e e B L o i AP B-OHAG IR B R F ek
Bl o2 gerim A DNA AT A 4 5 B > Halliwell(2000)4p 148 8-OHdG k&
BRFEAKLF N GT 23 EBRRS A FF2L TR AP k2 Gy +
s Tl DNA 5 £ 2 24850+ @ % 8-OHdG B & ™ "% - @ Pilger et al. (2000)% =
FEGORRA2 L EP R ¢ 32 AR 63 FRBEELTE RS B
FlEG L EA G MR T R R 4 TR R

8-OHdG 7} = &r izt ac # w2 =T fr- & § i DNA § £ 2 34F a0 4 7% » Flpt AR
# 8-OHdG 7k & 2 FEVI. 0%~FVC96F B 0 A0k 5 p- 5 % 82 AP 5 s L (5 4 1 v 2t
Ao 3 4e ~ 8-OldG )k & 7 i 4e 2 g% Apin o Jk? 8-OHAG ¥ = BRiR 1. X%

%3 DNA BAF A2 P H = § 12 dG A% ~3. e 4 % $ (turnover) -

> 2

TR 8-OHdG & 2% DNA § 22 TR - @ & DNA «hF 1 la}i"f
Bk BRE S R L FS T 8 R P (Mukher jee et al. 2004) ;

ALY B 12 f? 8-0HdG/Cr tefi » s (8 F @ Hf4e » » ¥ i A3
BDNA B T2 A4 AR B ST o

- ) 8-OHGER T A4 BB A E2 2 57 2cihic» RHXF 5 FIF R
B prd FRE TR S 0GE BB G E A RAT L BE R
BAERHIE(FREFEMcL 2 ARt R eHTH 5 B 4FF (5=
FPCEEB RFF P IRFTANLAFTER) > AT BAATIIMAL
B #5 8-0HdG * #(Gromadzinska and Wasowicz 2003)% %1% & A » 257 % 2

BRI s S AR 2 ATE U o
% BB R DNAE 5 - A A4 B2 BER B2 APMA

AFETP R ZEFERITFGBEIR2T Y 1P FE - F CHH DNAE
S o FUBRAFIA R DEHEF I LR A R R E AT A

Wi e #-2(IL-2)~ 48 #-4(IL-4)~ A8 2-6(IL-6) ~ /¢ %-10(IL-10) ~
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*+ &% -7 (IFN-gamma) ~ #6245~ 1+ (INF) » & BBR3J G- H o~ 7
¥ OBRRMNR - % ILEJ%%EE’ ZRH 1 DNA#E% S hAA 2 AP M
— 2R A DN G AR

e DNAAE G ~ A4 PHRIZ BEEG R 2T =¥ 19 » Ak 4 r F 4ok
2354 20 &% 1 =50 & ~28 £ BMICkg/m)=24 25 &5 1 2 @3 4 ~ 16 &%

AR BP0 25 RA I Ay AN R G R SRR R R (4
WA 1T~20015 ) @ <A F 1 @RV Q0 )2 RS AP ELY
(25 ) Bag Azt 4 A~Cafigd 5 > Bt E s ~ 1 P& TRk (R
#0)e ALY KB w BLB(FFLW B - BIRE R - EINEE ~Oliver &
E)E5 DNA G 2 ARAZ 8% 0 #7F BRY T 25k 6] T55 7.7541. 28 ~ & 78
RT3 287.43461.23 ~ E3%E & T35 184, 75459. 19 ~ Oliver A 4E-T 2%
T5.7431. 1 @ pe BB liic 282 Ak 3G > AhT E8 BN~ £
PR ARR AR s B R cRIF) s B A P ERE T e
Feag¥y2R(423)-

21993 F - EMAERA - F PP ESDNAF VG T e )?Je?‘;ﬁ,l:‘lg =2 g
RN BEY)RES EARONg/ml)ih- § i # ¢ ¢ = DNA4a%r4] (Daniel et al.,
1993) » %2001 & > Seiler &+ ad % ? FRKI-67T X Kwm2 ¥ F ek &
1. 5mg v 7.5mg % & {5 > ¥ Wimre DNA 51 8-oxoGua 41 € A F 34 > % & 0. 3mg =
TERRG B FH A 8-oxobua » - BDONARFIF G2tk 2B T E R

HDONAG TARAT AFRBE-F BLM B 2T RARZ- THEL ] ¢ #FRDNA

£

78 FE T2 55(Seiler et al., 2001) o @ #2003 & - f& B 018 TR S d5ad
ReFP g P 2 > SER - BSHVREEFFTRIGCEBE - F "PLEIV AR
I F vt A FIRDNA § 2t B & (Basaran et al., 2003) o 2 % Lee
% &4 Extent tail moment ~ Tail DNA% ~ Tail length = f& & %Kiﬁ 22 g3t o

BRErpreodRes o9 2 5% % T w% \Bwz 2 G 2 Tail length
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SDNA 24tk SR e il d T A F DNA G FARR Bfe B RS
e AEE LR (p<0.000D) > H i = fEdp &R (Lee et al., 2004) -
AL SRR ISH - F P AAEBEE DNAR G 2 AR E 0 &

TAFABEEDNAG T i H YA Fatr o Shdcd 2487 opEy *
0.050 ARG A R A R AR - BFREFFE o oER S BE KT AR
BSAERGE e bR FUE TGRS AAAEAEEDNA G T £
BB F P P RFERAR(L 20 odd s §F o AR B ESF H 4 1 mg/m*year
B R ER Bt B 4e 0.59(p E=0.04) ~ B IRE R34 0.76(p E=0.009) ~ & 38F
€ 34 0.84(p E=0.004) ~ Oliver & 4E#{ +r 0. 78(p &=0.009) o F]* 2 5 g & '
Bl EIRE R S EINEE ~0liver B AT P VU (TSR F PP R B
=51 DNA G F A 4tk e
R ER B AR

AT EH e R A A B A A G 2-2(L-2), 46 %-4(IL-4),

% %-6(IL-6), /i v %-10(IL-10), *6% 4 F]+ (TNF), * # % -7 (IFN-7) « #7
3 BAF 12 IL-2 T35 10, 7#27. 3~1L-4 5 1. 7241, 04~1L-6 T 355 2. 36+1. 84 -
IL-10 T35 1.9640.99 ~ TNF T 325 1.4740. 98 ~ [FN-¢ L 325 6. 0447 pg/ml(
260)c At fEmre g A AA T LRI 2Z LK e 0 AmAER B B -
BTALR AR S R GE S R b 6 A PEE S e n P
FEANFLE  RNLAber o b FHFLL(pE=0.02) » ¥ IL4 247 A
2% IFN-7 kTR A PEEL e m R BITRP T EFLAQE
A %5 0.06~0.09~0.06) (% 26) -

BOEH - F i AN > §F 1 T2 2 2 Thl1 2 Th2A & & Ji& > & Thl &
BF AR chimre ek 5 IFN-¢ fell-2 > 2 Th2 4 % F BAPRE 2 %2 ek B 5
IL-4, IL-6, [L-10% » [FN-y & IL-4¢ B Eviwmrem & 2 TNF > TNFR| 2.8 L F J&
din- BARKE TG o Ra H B e gd s w0 - L e P wmed 6

AR E AT - F P R ¢ T @ 51AcTh2A L& &< i > @ 77 9%
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EFAEFLF L LM  Th2A LA S L F &7 40k - 8P ook 400
Kb Frordlipe > P58 F @ Tlpek-¢ F it Tz @ s1ATh2A L £ F &> @ & 5%
EFLEFNF L LM Th2A LA 85 X F kT 1AM -

2007 EMSKE RAAIFRAMP e i ELAF B2 P RP LY
ERBIRERZHE-F P 28p IL-18,10-2, [L-4, IL-10 &
[FN-7y kR 2 ¥ 2 a1 4 3 (Carlsten et al., 2007) - & 2005 & eh— BF 3
WP Atk B DIEa P2 BB vz ek IL-4 F 3 4 5484 (Chen et
al., 2005) - IL-4 £/ Th2 i F 5 » P oo 5 M0 hmbe ek A7 7 JR 004 o
HHRAEMERL L TR F AP o kR ¢ XD OREF RS o VA
2002 # 3 - R & A A e lb e e BT I BT 2 ol i H IR
[L-4 % 3 4v 2. 535 (Devouassoux et al., 2002) o % 2004 & - B F* 7 4 3 RAW
264. 7T X REEme WA kRN § I F adZ o B F L kRARE > TNF-
a IL-6 kR €4%5% - & 3 A& -F &M h(Balduzzi et al., 2004) - % 2000
E- P ERAEY AP e (AMDEBIFIFRAR e E SR TR E
i = IL-6 2 TNF 2= + 2 (Hetland et al., 2000) - @ IL-10 P&/ - 8% # 5
Aenenimre gcdk o AR E & S Th2 A LA F Rimie ek > miTE k3R [L-10 #
Foaw Al ey Koo AL HERIL-10E R hA R g oW mgmi-nz - §
v # ¢ 5142 [L-10 7 Th2 4] £ # & & (Barbarin et al., 2005) -

fAFEE R TBURY ISR F P ARREBEE LR P

FARREBEEAAF o il i 2 H R FLIT > Bhicdk 2THT -
"FOIEN- 2 3@ b G 0. 42> g st L B & & (p £=0.06): A 4 p &% >0.05
AEGFRFIIAR -

S BRI ERFTFF Ll AP 0 GATIR AT 0 RE
Fp A BN 2 A FE AR E T RO HGNY o Aok 280 W o
FNIL-28 3PP REE AP P HEFLER(E=004): TREF Fr(7

170t )z garveRfermpz 3187 &7 1.13 2 LoglL-2 pg/ml - IL-10



HEF AP ERGRATE G AP T LA E=0.01) e bF #r(F 1/0

bz Fav R e g tp 53R e d 0.46 2 LoglL-10 pg/ml -
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A& i -3 =¥
I % Rhedix

AP T R EF L L H GRS O R g sk
Pes i o4y tacd AR BMI BB B S APM L B R g R 7 #  FEVD
FEV1%pred ~ FEVI/FVCH&2 B35 B % fh ke @k & ~BMI 24852 5 5 5 B 2 f 4p
Moorord ¥12 bk BikARe R FEVL - FEVI%pred » FEVI/FVCH= + # = i %
TR 2 AP b TR i G Cilios W 4-0.37~-0.33~-0.63 2 -0.03~-0.64~-0.67 >

TR pEHA T 005 BEARGEG AL LA -

fmb

SHBEER2T EF I DNAFG AAIPIBEERBLAFTREFR &

FAl- & F BT o Em e s B RKTER CBHFFE Ak 6 B
FoRBRBEEEDNAG T e Sl (BB~ EIRER ~ E{VEE ~ Oliver &
E)FEFRVIHEEFRR I W EEALG D G 0 BEE FENC S

Mlﬁiﬁkﬁﬁﬂﬁﬁifh-ﬁ%@wﬁwwﬁﬁﬁﬂ’vu fafeg# (7 1/0
)2 F A e B 2 7% IL-2~IL-10-
TAHARMYFEIAL AT I TRS > fFidcd ez B Wz
8-OHdG 2 4 4 fF %% v 2 &7 3 HES KT o Wi ip % FEVI ~ FVC ~
FEV1%pred ~ FVChpred & i® £k ec L {65 P AR 4 > X EZUIHFLE -
AT MY MM i DA FRIE LRI AR g B
2 ARE  JEPIFIR R AT T Lo AR > P2 VR RERR S22 v R
LT RB A AR B4 s F T a2 MGe THAPT 2
APt dotip B-OHdG R R 2 Wi B2L e - R AR F P2 kg 2
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21 BH-F PR ZRAREFY

* B EX oY, CE A
. i Y
SE B R EH ogitpzE FROL
Hnizdo and 2,235 i 45~54 g ILO category 30% AR R

Sluis-Cremer
(1993), = 25,

Y

ST RS L FRI::
# 19681971 & 2 i&
WA B4

1938 1 B 4o dp » 1
feie e 7 & FALE
10 » 3 BeE 1991 & o

>1/1 (313
E)

Hughes et al. 2,342 #=# &+ o9 4 1809 =F "%  3%~60% AAER &
(1995), 2 ®, 9 #H3 >1942~1987 & $4c3g3n ) sk
o N BRI iE- Er e %% 0 ILO
) category
>1/0 (81 i@
*)

Kreiss and 134 % » 2 ¥ 34 = [LO category 12.3% B
Zhen (1996), % hardrock #% %'t >1/0
(R, H1E2 OB ARERZ 40
R A F VR A

B> YEBRES

100 = 5 »5dp=- ¥ i

¥ ¥ & 2 hardrock #

1(e 3328 B

%)
Muir et al. 2,109 # Ontario & ILO category 6.0% (£#)% AR &
(1989), HEMNFY I > 1/1 8. 4%(H FH)
Muir(1991); 1940~1959 = @&F 1 >
b g5 o wgm 1 (FT E o T
B sy 1982 & o
Ng and Chan 338 =% 1 > ILO category 27% B35
(1994), 4 &, 1967~1985 # /2 > > 1/1
e AT 1 fE- &0 e
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Rosenman et 1072 =454 % 1 ILO category —-— B3
al. (1996), (7 549 B, 4972 > 1/0

W, HET R, 26 A o

Ly

Steenland 3,330 =4£#v * 5 ILO category 13% AR R

and Brown g1 > 1940~1965 # /& > 1/1 &5+ =
(1995), # b - ELFoog
B, & &1 B 1990 # -

“UILO AR B #-2 % 4 5 category 0 : 0/-,0/0,0/1~category 1 : 1/0,
1/1, 1/2 ~ category 2 : 2/1,2/2,2/3 ~ category 3 :3/2,3/3, 3/+
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22 &7 RATT Y F8 8-0HAC 2 F] 4 AL A
< i %3 (n) 8-0HIG =7 AGE BMI 4 8 Y55 BERR g
Feng et al. (2006) % & - A § (110) Frife » LC-MS/MS YAN A JAN
baseline
AP FEEEE(—)
B 5 1E(80)
’ i s % C(—)
Huang et al. (2000)% B &+ 1£(100) Frife » ELISA A A A ‘ .
5 A& A L (—)
L |
JR* 2 Vit.C(A)
JR* 2 7 Vit. E(A)

Mizoue et al. (2006)p # wEEEAT) Fite » HPLC + — o BMI 2 3 7% (4)
K t al. (2003) =~ /% FE a2 6D Fi® » HPLC-ECD A Wiy + g (+) BH(+H)
w et al. -y Bt o o T

S 2.(20) F ﬁ“ e
) AP 7 5(95) b iR 3

Chuang et al. (2003) & /% Fite » ELISA + AN R (+)
A% B A (TH) (+)
dr b alEFz a1 2 (36)

Nilsson et al. (2004)z3 ) Fiite » HPLC-ECD 7A A Fe ¥ 1-0HP(+)
E B4R (34

. BE2 (D ey

Liu et al. (2005) " B+ r& Fite > HPLC-ECD AN — A
EELAGD (+)

Wu et al. (2003) »~ 4 WERI A (217) Frife » ELISA JAN JAN A YAN PR L b (—) R ER(A)

= H % 50

‘ ET 09 %7 Vit.E(A)

Kristenson et al. (2003) = f# = Fife » HPLC-ECD + A

W2 50 f
BT 4 (99)

Y H R A

+ TAPRE s — FARRE S A\ mREFM; *P E<0.05
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RAFTHEAN T ERALA G

8 18 R % 58-S 2hex Mean P i
##2 (&) 74 - 47.93 + 10.0 A7.44 + 10.6 A7.64 + 10.0 0.810°
a1 iFEF(E) 74 - 18.10 + 10.4 19.82 + 11.6 19.15 + 11.1 0. 460°
BMI (kg/m’) 74 - 25.17 + 2.9 24.78 + 2.9 24.94 + 2.9 0.570°
% 4% % B ik & (mg/m’*year) 74 - 10.50 + 6.9 13.51 £ 9.8 12.33 + 8.9 0. 280°
SV B 9 39. 2 - - - .
LI % 45 60. 8 - - -
B¢ T 36 48.7 18 18 -
KT AR (5 R 12 33 44. 6 10 23 - 0.141°
Missing values 5 6.7 1 4 -
F 19 25. 6 14 5 -
o Ry IR F 52 70.3 14 38 - 0.0007"
Missing values 3 4.1 1 2 -
4 10 13.5 4 6 =
#EP Vitamin C & 62 83.8 24 38 - 1.000°
Missing values 2 2.7 1 1 -
4 5 6. 7 3 2 -
#E> Vitamin £ & 66 89. 2 24 42 - 0.360"
Missing values 3 4.1 2 1 -
o 4 14 18.9 6 8 -
Multi-vitamins # o7 T 2l 36 B 0. 760
Missing values 3 4.1 1 -

S:Kruskall Wallis test

*:Fisher's exact test
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A5 PTHIARL T BRI A

o A B 19 ~ B i 28 + C R 27 ~ P&
mean+SD mean+SD mean+SD
£# () 41.42+13. 34 51. 3646. 43 48.1549. 4 0.01°
BMI (kg/m’) 24.6942. 89 24. 9242. 65 25.1243. 21 0. 74°
1 iTE T (&) 11.42+47.75 27.6445. 71 15. 78+11. 62 <.0001°
N (%) N (%) N (%)
=50 0.17"
PR R 4 (21%) 1 (3.6%) 5 (18%)
B A
g - 11 (58%) 14 (50%) 15 (56%)
# 6 i scFR 4 R 4 (21%) 13 (46.4%) T (26%)
KR P T <.0001*
® kB 3 (15%) 16 (57%) 1 (4%)
Pk 10 (53%) 12 (43%) 13 (48%)
[ 6 (32%) 0 (0% 13 (48%)
&7 0.13*
[F= 16(84) 26(93) 20(74)
B 1ok 2(11) 2(7) 7(26)
T AR 0.047*
B¢ T 9(47) 12(43) 20(74)
(z)&? ot 10(53) 16(57) 7(26)
YEAFHE R 0.006"
H ¥ 6(32) 1(4) 2(T)
< 44 10(53) 26(93) 25(93)
SR 0.97°
287 T(37) 11(39) 11(41)
* B 12(63) 17(61) 16(59)
e BIRY IR 0.2%
= 11(58) 21(75) 20(74)
¥ 8(42) 5(18) 6(22)
Vitamin C 0.12*
= 14(74) 24(86) 24(89)
¥ 4(21) 1(4) 1(4)
VitaminE 0.84*
= 16(84) 25(89) 25(93)
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¥ 2(11) 1(4) 2(7)
Multi-vitamins 0.35*
& 13(68) 21(75) 23(85)
¥ 5(26) 6(21) 3(11)
HBsAg 0.43"
& 19(100) 25(89) 25(93)
¥ 0€0) 3(1D) 2(7)
GOT 0.09"
¥ 18(95) 27(96) 21(78)
¥ 1(5) 1(4) 6(22)
GPT 0.69"
¥ 17(89) 25(89) 22(81)
2 ¥ 2(11) 3(11) 5(19)
r—GT 0.05%
¥ 16(84) 27(96) 20(74)
¥ 3(16) 1(4) 7(26)
A 1% --N(%) 0. 04*
¥ 14(74) 12(43) 20(74)
2 ¥ 4(21) 14(50) 7(26)
mean+SD(N) mean+SD(N) mean+SD(N)
FEVI (L)
Smoker 3.58+1(7) 2.68+0.53(11) 3.5340.96(11) 0.03°
Non-smoker 3.2+0.55(12) 2.69+0.47(17) 3.21+0.72(16) 0.03°
Subtotal 3.3420.74(19)  2.69+0.48(28) 3.34+0.82(27) 0.0006°
p value® 0.74 0.95 0.64
FVC(L)
Smoker 4.17+0.98(7)  4.0540.6(11) 4.03%1.28(11) 0.68°
Non-smoker 3.82+0.75(12) 3. 77+0.71(17) 3.66%0.78(16) 0.81°
Subtotal 3.95+0.83(19) 3.88+0.67(28) 3.81+1.01(27) 0.57°
p value® 0.64 0.57 0.88
FEV1 %pred
Smoker 99.2+20.2(7) 89.7+17.2(11) 115.2+23.9(11) 0.02°
Non-smoker 94, 9+7.85(12)  92.3+10.7(17) 106.7+12.2(16)  0.001°
Subtotal 96.5+13.3(19) 91.3+13.3(28) 110.1+18(27) <. 0001°
p value® 1 0.79 0.76
FVC%pred
Smoker 104.5£19.9(7)  112.2+17.5(11)  111.2430.8(11) 0.69°
Non-smoker 98, 7+13.6(12) 106.1+14.8(17)  102+15.6(16) 0.47
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Subtotal 100. 82+16(19)  108. 5+15.9(28) 105. 7+23(27) 0.38°
p value® 0.79 0.57 0.73
FEV1/FVC %
Smoker 85.1+6.27(7) 66.7+10.5(11) 85.8%5.1(11)  0.0002°
Non-smoker 84.445.6(12) T71.647.37(17) 87.7+6.9(16) <, 0001°
Subtotal 84.7#5.7(19)  69.748.9(28)  86.946.2(27)  <.0001°
p value® 0.94 0.51 0.76
Urine 8-OHdG
(ng/ml)
Smoker 10. 13+5. 2(5) 8.37+4(11) 29. 4455, 8(10) 0. 48°
Non-smoker 20.1420.5(6) 8+4.5(17) 8.13+6. 05(16) 0.89°
Subtotal 15.6+15.7(11)  8.1444.2(28)  16.94+35.3(26) 0. 55°
p value® 1 0.88 0.55
Urine 8-OHdG/Cr
(ng/g)
Smoker 5.49+4.42(5) 3.78+1.34(11) 6.13+4.61(10) 0.68°
Non-smoker 7.27+7.1(6) 4,342.2(17)  4.52+2.45(16) 0.97¢
Subtotal 6.4645.82(11)  4.141.9(28)  5.14+3.45(26) 0. 74°
p value® 1 1 0.79
TAC
Smoker 64.36+23.6(7)  61.34+31.9(11)  77.92+37.7(11) 0.57°
Non-smoker  60.96+28.4(12)  57.6+21(17)  70.53+37.5(16) 0. 76°
Subtotal 62.21426. 1(19) 59.1425.3(28) 73.54+37.1(27) 0. 4°
p value® 0.94 0.98 0.81

*:Kruskall Wallis test
*:Fisher s exact test

AR
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F 67 BRI kT RN 2 T

w5 E FVC9% FEV1/FVC +* &
S TENCYK) EFN(%) 2FN%) B2FN%)
A B (n=19 %) 17(89.5) 2(10.5) 19(100) 000)
B §(n=28 *) 28(100) 0(0) 14(50) 14(50)
C B (n=27 ) 26(96. 3) 1(3.7) 27(100) 000)
P & 0.18" <. 0001%
oA Fe (74 4) 71(96) 3(4) 60(81) 14(19)

s 8 FVC<80%% = B % ~ FEVI/FVC<T0% % = & #
*:Fisher’ s exact test
ik

2 TFF BERWHLIRERT PRS2 T

Wt sE N (%)

FEVI/FVC<70%, FEV1/FVC>70%, FEVI1/FVC<70%, FEVI/FVC>70%,
7w FVC2B0%(f2%)  FVC<80%(#'Y)  pycagoop(m £) FVC280%: &

A Ry 0€0) 2(11) 000) 17(89)
(n=19 *)

B Rt 14(50) 0€0) 0€0) 14(50)
(n=28 *)

C Rz 0€0) 1(4) 0€0) 26(96)
(n=2T7 *)

P & <.0001*

@A 14(18.9) 3(4.1) 0€0) 57(77.0)
(74 %)
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# 8. %

0 8-0HAG/Cr ik & F15 i 4 e ] 2 4 i 27 1 %

7 FIE A Ry B iz C R P value
mean+SD(N) mean+SD(N) mean+SD(N)
8-0HdG/Cr 6.46+5.82(11) 4.1+£1.89(28)  5.14+3.45(26) 0.74°
g/g creatinine
£ # (year)
43 g 11T 7.85+5.74 3.22+0.95 4.52+2.11 0.59°
43-55 g 9+6.4 3.91+£2.08 4.55+£3.98 0.39°
5o fk et 1.22+0.45 4.87+1.39 8.44+1.74 0.006°
P value® 0.18 0.17 0.04
BMI (kg/m")
24 " F 7.68+6.7 3.74+1.7 6.86+t4.41 0.37°
24-27 4.07+£5.07 4.64+£2.26 4.09+3.31 0.42°
27 12 8.72(1 ~) 3.63+1.36 4.73+£1.95 0.15°
P value® 0.64 0.56 0.27
£
S 5.49+4 42 3.78+1.34 6.13+4.6 0.68"
=S 7.27+£7.1 4.3+2.19 4.52+2.45 0.97°
P value’ 1 1 0.51
o HPRY R
# 6.95+6.46 4.07£2.05 5.89+3.67 0.38°
3 5.8845.63 4.34+1.76 2.77+1.46 0.42°
P value’ 0.93 0.6 0.06
HBsAg
Eg 6.46+5.82 4.15+1.96 4.78+2.76 0.86°
L 0 + 3.65+1.44 9.45+9.06 0.77°
P value’ / 0.88 0.41
GOT
N3 6.4615.82 4.11+1.93 5.23+2.74 0.54°
2 ¥ 0 * 3.79 (1) 4.85+5.55 0.8°
P value’ / 0.9 0.32
GPT
N3 6.231+6.08 4.03+1.98 5.18+2.67 0.42°
2w 872 (1 ~) 4.65+0.75 4.961+6.21 0.48°
P value’ 0.87 0.27 0.27
r-GT
N3 6.83+5.99 4.11+1.93 5.31+2.77 0.46°
B ¥ 273 (1 ~) 3.79 (1 ~) 4.67+5.13 0.93°
P value’ 0.87 0.9 0.22
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B

T 5.3615.27 4.03£1.85 4.8613.69 0.89°
2w 9.38+7.37 4.32+2.06 5.8942.8 0.38°
P value’ 0.36 0.66 0.3
FVC
r¥ 6.2316.08 4.1£1.89 4.95+£3.38 0.82°
¥ 872(1 %) 0 « 9.94 (1 4) /
P value’ 0.87 / 0.14
FEV1. 0/ FVCh
N 6.4615.82 4.08+£1.68 5.14+3.45 0.91°
¥ 0+ 4.11+2.15 0+ /
P value’ / 0.87 /

%:Kruskall Wallis test

b .
:Wilcoxon rank sums test
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I FTHRARIMMCERE NI LB EY2 A

© = % kB 20 4 P kB354 “EBI94 P&
mean+SD meanSD meantSD
£# () 53. 349. 31 46. 5+10. 1 43.7449. 59 0.003°
BMI (kg/m’) 24.22+2. 18 25.55%3. 05 24.5543. 13 0.23°
1 iFE F(E) 2946. 76 20.0949. 59 7. 0543. 22 <. 0001°
N (%) N (%) N (%)
- 0.01°
e 19 (95) 32 (9D 11 (58)
o et 1 (5) 3 (9D 7 (37)
BT ARR 0.03*
B¢ LT 6 (30) 23 (66) 12 (63)
(Z)R? 14 (70) 12 (34) 7 (37)
RHFR 0. 06
i 2 (10) 2 €6 5 (26)
L3 oY 17 (85) 32 (9D) 12 (63)
SE Y 0.3°
2973 5 (25) 16 (46) 8 (42)
* B 15 (75) 19 (54) 11 (58)
o HRY R 0. 387
# 16 (80) 25 (T1) 11 (58)
¥ 4 (20) 8 (23) 7T (31
Vitamin C 0. 61$F
# 16 (80) 29 (83) 17 (89)
¥ 3 (15) 6 (17) 1 (5)
VitaminE 0. 58$F
# 17 (85) 31 (89) 18 (95)
L 2 (10) 3 (9 0
Multi-vitamins 0.34"
# 13 (65) 29 (83) 15 (79)
¥ 6 (30) 5 (14) 3 (16)
HBsAg 0.05°
# 17 (85) 35 (100) 17 (89)
¥ 3 (15) 0 (0) 2 (1D)
GOT 0. 06"
¥ 19 (75) 33 (94) 14 (74)
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B ¥ 1 (5 2 (6) 5 (26)
GPT 0.61°
¥ 18 (90) 31 (89) 15 (79)
% 2 (10) 4 (11) 4 (21)
r-GT 0.15°
¥ 19 (95) 30 (86) 14 (74)
% 1 (5) 5 (14) 5 (26)
R 5% . -N(%) 0.11%
¥ 9 (45) 22 (63) 15 (79)
% 9 (45) 13 (37) 3 (16)
mean+SD(N) mean+SD(N) mean+SD(N)
FEVI (L)
Smoker 2.4640.32(5)  3.21+0.73(16) 3. 7£1.19(8) 0.05°
Non-smoker 2. 75+0. 68(15) 3.1£0.64(19)  3.21+0.46(11)  0.09°
Subtotal 2.68+0.61(20)  3.15+0.67(35) 3.42+0.86(19) 0.005°
p value® 0.6 0587 0.88
FVC(L)
Smoker 4.140.5(5) 3.9140. 73(16)  4.38+1.47(8) 0. 76°
Non-smoker 3. 75+0. 86(15)  3.81£0.75(19) 3.61£0.53(11)  0.88°
Subtotal 3.84+0.79(20)  3.85#0.74(35) 3.93+1.07(19)  0.91°
p value® 0.65 0.9 0.68
FEV1 %pred
Smoker 84.28+14.6(5) 100.7+17.7(16) 114.4430.1(8) 0.08°
Non-smoker  93.4+10.8(15)  99.5+14.8(19) 102.1+6.8(11) 0. 09°
Subtotal 91.1+12.1(20) 100. 1£16(35) 107+20. 4(19) 0.01°
p value® 0.34 0.85 0.88
FVC%pred
Smoker 114.4415.6(5) 105.6+17.2(16)  115.9+36(8) 0. 62°
Non-smoker 104. 7+16(15) 104+15.5(19)  97.6+10.5(11)  0.47°
Subtotal 107+16.4(20)  104. 7+16.1(35)  105. 3+26(19) 0. 54°
p value® 0.41 0.84 0.55
FEV1/FVC %
Smoker 60. 7£10. 7(5) 80. 7+9. 7(16) 84.945. 2(8) 0.004°
Non-smoker  73. 848. 12(15) 81.448.9(19) 89.146.5(11) 0.0004°
Subtotal 70.5+10. 3(20) 81.149. 2(35) 87.3+6.2(19) <.0001°
p value® 0.06 | 0.32

Urine 8-OHdG
(ng/ml)

79



Smoker 7.1245.1(5) 1246. 23(15) 37+73.5(6) 0.21°
Non-smoker 11.34+9. 5(15) 8.449.3(16) 12.2+11. 9(8) 0.42°
Subtotal 10. 3+8. 7(20) 10. 14+8(31) 22.8+48.1(14)  0.95°
p value® 0. 46 0.17 0.99
Urine 8-OHdG/Cr
(ng/g)
Smoker 3.8142.18(5) 5.3543.1(15) 5.18+5. 58(6) 0.59°
Non-smoker 5. 56+3. 57(15) 3.9+3.6(16) 5.41+2. 94(8) 0.15°%
Subtotal 5.12+3. 32(20) 4. 643.4(31) 5.31+4.08(14)  0.64°
p value® 0.8 0.13 0.57
TAC
Smoker 51.67+21.3(5) 75.32435.4(16)  64.9+30. 4(5) 0. 36°
Non-smoker  56. 8422.3(15)  62.6+30.9(19) 72.6+35.7(11)  0.51°
Subtotal 55.6+21.6(20)  68.4+33.2(35) 69.3+32.9(19) 0.37°
p value® 0.8 0. 65 0.97

%:Kruskall Wallis test
*:Fisher s exact test

M el &

B AV AR AEBERE Y 0~20%2 5 MAeBE~25~TH%2F5"° k&
BaT5~100%2 F 23 kB2 MEkBE2 3 #HEBIER <5 38 mg/m’*year» ¢
FRez AAEBER G 5.38~18.54mg/m™tyear 2 B B R Bz AL B L
A =18. 54 mg/m’*year
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210 P BEA%HN e iAEREY2Z kT

v =& FVC9% FEV1/FVC +* &
AR Fe 7 EHENCY%) BENC®%) ¥N(%) BFN(%)
BEBE20 %) 19 (95) 1 (5) 11 (55) 9 (45)
P EF (35 1) 34 (97) 1(3) 30 (85.7) 5 (14.3)
Mk e(19 2) 18 (95) 1 (5) 19 (100) 0 (0)
P i 1" 0. 0008™
oA (T4 4) 71(96) 3(4) 60(81) 14(19)

s 8 FVC<80%% = & % ~ FEVI/FVC<T0%% = & #
*:Fisher’ s exact test

RIS E LR S T R ER L

s N (%)

Af kg x FEVI/FVC<I0%, FEVI/FVC>70%, FEVI/FVC<70%, FEVI/FVC>70%,
| FVC280%(fe%)  FVC<80%(#®'Y)  pycgousim &) FVC280%: 1 %
FREEQ 94D 1°C5) 0 (D) 10 (50)

L)

P REEG 5 (14 1263 0 (0) 29 (83)

L)

Mk EEay 00 b, (5) 0 (0 18 (95)

£)

P& 0. 002"

KRS i3 14(18.9) 3(4.1) 0€0) 57(71.0)

(74 ~)

*:Fisher’ s exact test
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# 12 F¢ 8-OHdG/Cr k& F1+ 307 b e % 2N 2 55 i 246 T

e PER Y R P value
m AT R mean+SD(N) mean+SD(N) meantSD(N)
8-0HdG/Cr 5.12+3.32(20) 4.6+3.4 (31) 5.31+4.08(14) 0.64°
g/g creatinine
E# (year)
43 fe 11 v 14.32 (1 *) 3.53+1.47 5.49+3.15 0.09°
43-55 4.52+2.69 4.65+4.14 4.92+5.57 0.87°
55 gkt 4.47+2.62 5.31+2.71 6.39 (1 %) 0.6°
P value® 0.24 0.33 0.37
BMI (kg/m")
24 11T 4.97+4.26 5.16+4.53 8.07+4 .91 0.27°
24-27 5.51+3.1 3.98+3.36 3.09+1.71 0.36°
27 r1 4.34+1.08 4.85+2.37 3.49+1.4 0.68°
P value® 0.78 0.6 0.12
AR
£S5 3.81+2.18 5.3543.09 5.18+5.58 0.59°
R 5.56+3.57 3.9+3.63 5.41+2.94 0.15°
P value’ 0.54 0.04 0.33
o HPRY R
Eoy 4.63+2.71 4.93+3.76 7.07+4.58 0.24°
3 7.08+5.16 3.82+2.64 2.54+1.3 0.3%
P value’ 0.32 0.82 0.03
HBsAg
#£ 5.3843.51 4.613.4 4.62+2.93 0.65°
4] 3.65+1.44 0 * 9.4549.06 0.77°
P value’ 0.6 / 0.52
GOT
L 4 5.1943.39 4.74+3.47 5.04+2.9 0.74°
By 3.79(1 *) 2.55+0.02 6+6.79 0.5°
P value’ 1 0.36 1
GPT
¥ 5.2+3.49 4.59+3.51 4.95+2.77 0.62
By 4.3610.81 4.711£2.97 6.6218.17 0.95
P value’ 0.95 0.93 1
r-GT
a4 5.1943.39 4.82+3.58 5.15+2.82 0.71°
B ¥ 3.79(1 *) 3.13+1.06 5.72+6.93 0.92°
P value’ 1 0.54 0.52
B
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i
2w
P value’
FVC%
i
2w
P value’
FEV1/ FVC%
¥
2 ¥

P value’

5.3243.95
5.4143.02
0.72

4.87+3.2
9.94 (1 *)
0.17

5.3244.06
4.87+2.32
0.7

3.93+2.78
5.53+4.04
0.24

4.4743.37
8.72 (1 %)
0.24

4.9613.6
2.75+0.81
0.14

5.41+4.37
4.72+2.36
0.93

5.31+4.08
0 4
/

5.31+4.08
0 4
/

0.52°
0.92°

0.6°

0.93°
0.11°

$. Kruslal Wallis test

b .
:Wilcoxon rank sum test
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213 BARAHRBRREL R kL B YT A i
% %% RS ¥ P i fF ik A
FEV1 (L)
Smoker -0.39 0.04 -0.06 0.01
Non-smoker -0.36 0.02 -0.02 0.02
Subtotal -0.37 0.001 -0.03 0.0008
FVC(L)
Smoker 0.01 0.94 -0.01 0.6
Non-smoker 0.04 0.78 -0.003 0.8
Subtotal 0.02 0.85 -0.009 0.45
FEV1 %pred
Smoker -0.36 0.05 -1.45 0.02
Non-smoker -0.32 0.03 -0.36 0.05
Subtotal -0.33 0.004 -0.64 0.004
FVC%pred
Smoker 0.14 0.48 -0.07 0.92
Non-smoker 0.17 0.27 0.14 0.53
Subtotal 0.14 0.22 0.02 0.92
FEVI/FVC %
Smoker -0.63 0.0003 -1.21 <.0001
Non-smoker -0.63 <.0001 -0.56 <.0001
Subtotal -0.63 <.0001 -0.67 <.0001
Urine 8-OHdG
(ng/ml)
Smoker -0.11 0.59 -1.41 0.17
Non-smoker -0.06 0.71 -0.09 0.58
Subtotal -0.1 0.42 -0.46 0.16
Urine 8-OHdG/Cr
(ng/g)
Smoker -0.1 0.64 -0.12 0.24
Non-smoker -0.07 0.69 -0.02 0.79
Subtotal -0.08 0.53 -0.04 0.4
TAC
Smoker -0.04 0.82 -0.39 0.66
Non-smoker -0.15 0.32 -0.43 0.35
Subtotal -0.12 0.3 -0.46 0.26
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14y BREFRF M4 RESAE T 2B T

B i 4 (TAC) - Vean + SD (21 & /3%) Ol =/i% ~1/%) (22 &/%) p-value(Krus p-value
No. Mean + SD No. Mean + SD No. Mean + SD kal- Wallis test) (A% & 2)
iR 2 65.58 + 30.9 34 69.37 + 32 28 57.88 + 28.6 10 74.25 £ 31.7 0.14 0.91
EEd S & 73 65.31 + 30.8 24 64.14 + 32.8 36 64.3 + 30.8 13 70.3 + 28.6 0.71 0.58
AdEFE 73 65.15 + 30.8 8 69.97 + 24.6 52 67.37 £ 33.6 13 53.34 + 19.1 0. 36 0.18
EC 73 65.69 + 30.5 12 59.41 + 30.7 50 70.71 £ 31.5 11 49.69 + 18.5 0.11 0.68
PR T4 65.15 + 30.6 35 66.14 + 27.9 34 64.67 + 33 5 61.58 + 38.6 0.79 0.75
% ac 4 65.15 + 30.6 47 63.55 + 30.1 25 65.24 + 31 2 101.79 + 28.5 0.22 0.3
i sk 5 73 64.85 + 30.7 29 68.56 + 29.5 32 65.51 £ 33.5 12 54.11 + 25.2 0.34 0.18
o~ AR EE 74 65.15 = 30.6 36 69.05 + 31.3 30 61.76 £ 30.7 8 60.37 + 28.4 0.54 0.32
B F k% 4 65.15 + 30.6 22 64.9 + 30.9 38 66.49 + 31.2 14 61.94 + 30.6 0.83 0.83
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215 P REE @B RERFET L EEE T

B i reansiSD N Smoker Nonsmoker
mean=SD(N) mean=SD(N) P value®
FEVI(L) 3.09£0.8 74  3.22+0.9 (29) 3.01+0.6 (45) 0.58
FVC(L) 3.87+0.8 74 4.07+1 (29) 3.74%0.7 (45) 0.18
FEV1%pred 99.49+172 74 101.66£22.929) 98.1£12.2 (45)  0.65
FVC %pred 105.5¢18.8 74 109.95+23.3(29) 102.65+14.7 (45)  0.18
FEVI/FVC%  79.82+10.7 74 7839+12(29)  80.75£9.9 (45) 0.6l
8-OHdG 1294235 65 168+352(26)  10.3249.8 (39)  0.33
8-OHdG/crea 49435 65 5.0243.6(26)  4.85+3.5 (39) 0.74
TAC 65.16£30.6 74 68.36£32.4 (29) 63.09+£25.6 (45) 0.57

b: Wilcoxon rank sums test
8-OHdG, 8-OHdG/crea excludes 9 extreme cases
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%16 #7 @

« H R

R ik BMI 4 ‘ez 483 46 =

BMI<24 27>BMI=24 BMI=27 p-value p-value
ey S Mean + SD (Kruskal-  (A&%'& 2)
No. Mean + SD No. Mean + SD No. Mean + SD
Wallis test)
TR EBER 74 12.33+8.9 27 11.69 +8.9 27 14.28£9.9 20 10.55+7.0 0.760 0.760
FEVI1(L) 74 3.09+£0.8 27 332+0.8 27 3.08+0.8 20 2.8+0.5 0.100 0.018
FVC(L) 74 3.87+0.8 27 4.14+1.0 27 3.82+0.8 20 3.6+0.6 0.090 0.018
FEV1%pred 74 99.49 £17.2 27 103.36 = 18.7 27 99.72 £ 18 20 94.0+12.5 0.250 0.065
FVC%pred 74 105.5+18.8 27 111.04 £22.9 % 104.33 £ 15.5 20 99.65+ 15 0.150 0.036
FEVI/FVC% 74 79.82 £10.7 27 80.6+10.3 27 80.29+£9.3 20 78.14+£13.2 0.930 0.962
8-OHdG/crea 65 49435 23 5.85+4.53 26 4.34 £3.06 16 45+2 0.62 0.19
TAC 74 65.16 £30.6 27 5431 +£20.3 27 68.48 =£32.1 20 75.31 £36.5 0.140 0.016
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Vel ik kB

]2 B H T

AR

p-value

BT %% Mean+SD LY ¥ 0N R Be BB xwmm (&ﬁzo
No. Mean + SD No. Mean + SD No. Mean + SD allis test)

FEVI1(L) 74 3.09+0.8 19 342+09 35 3.15+£0.7 20 2.68£0.6 0.005 0.002
FVC(L) 74 3.87+0.8 19 3.93+1.1 35 3.85+0.7 20 3.84+0.8 0.91 0.72
FEV1%pred 74 99.49 £ 17.2 19 107.23 £20.4 35 100.08 + 16 20 91.11 +12.1 0.01 0.003
FVC%pred 74 105.5+18.8 19 105.31 £25.6 35 104.69 = 16.1 20 107.1 + 16.4 0.54 0.76
FEV1/FVC% 74 79.82 +10.7 19 115.7+7.2 35 108.86 + 12.8 20 98.22 + 15.1 0.0002 <.0001
8-OHdG/crea 65 49+35 14 5.31+4.08 31 4.6+34 20 5.12+3.32 0.64 0.94
TAC 74 65.16 + 30.6 19 69.31+32.9 35 68.39 +33.2 20 55.55+21.6 0.37 0.16
BMI 74 24.9%42.9 19 24.55%3.13 35 25.55%3.05 20 24.2242.18 0.23
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%18 ¥F1ghkraifpe L By

&
i

SRLES RS

& 538
] FEV1%pred  FVC%pred  FEV1/FVC% 8-0HdG/crea TAC
AREBEER coefficient -0. 64 0.02 -0.67 -0. 04 -0. 46
P value 0.004 0.92 <0. 0001 0.4 0. 26
Vit C coefficient 4.57 5.88 0.44 1. 87 -10. 64
P value 0.42 0.35 0.93 0.14 0.32
Vit E coefficient 11.15 12. 81 1.59 1. 56 3.27
P value 0.14 0.14 0.8 0.34 0.82
Vit multi  coefficient 11.54 13.28 177 1.54 -2. 86
P value 0.02 0.02 0.67 0.16 0.76
BMI coefficient AR -2.18 -0. 26 -0.23 3. 36
P value 0.01 0.004 0.55 0.15 0.006
8-OHdG/crea coefficient 0.73 0.45 0.55 - -0.8
P value 0. 26 0.52 0.28 - 0.45
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219 AT BREMS S LRFEFF 2AFR FLA AT

B Age BMI Smoke LAt EBIER TAC Vitamin Intake Adj-R*
FEVI(L) 0.02 0.08 0.16 0.02 0.005 0.38 037
p-value 0.003 0.003 0.26 0.04 0.06 0.05
FVC(L) 0.03 0.09 0.38 0.007 0.003 031 0.21
p-value 0.01 0.006 0.04 0.55 0.40 0.20
FEV1%pred 0.34 248 1.09 0.77 0.15 8.80 0.26
p-value 0.09 0.0003 0.76 0.0009 0.01 0.07
FVC%pred 0.13 234 8.27 0.16 0.07 5.73 0.11
p-value 0.57 0.004 0.06 0.56 0.32 031
FEV1/FVC% 0.07 0.44 457 0.66 0.07 3.65 036
p-value 0.53 0.25 0.03 <0.0001 0.06 0.19
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220 ARAEdDUu¥1ohAcr 88

%I No. %
£ 44,3 %11.2
BMI (kg/m’)* 25.17+£3.09
1fFEFS" 13.3%18.3
W ALR
P 13 59.1
()% ¢t 7 31.8
Missing value 2 9.1
e %47 )
& o 9 40. 9
F B 2 9.1
3 i 10 45.5
& &g i 1 4.5
IR
2SS 12 54.5
* 7k 10 45.5
1930 X-k 23
ILO (0/0) 15 68. 2
ILO (1/0) 3, Yo
ILO (1/1) 2 9l

Wi LR

&% (FEV1/FVC=T70%,
FVC=80%) 1 7.3

P ) 5 5
(FEV1/FVC<T0%, 13.6
FVC280%)

L] 0 B 5
(FEV1/FVC=70%, 9.1
FVC<80%)

Abbreviations: BMI, Body Mass Index; ILO, International Labor Organization
"MeantSD
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F. 21 H AR L w2 RplE A1 R R B
Exposure and Effects = e A A P value®
P& & meantSD meantSD
Tk g Ak R (mg/m) 2.87£1.38 1.60+0.70 0.07
7 e G Si0, kA& (mg/m’) 0.43+0.25 0.18+0.11 <0.05
iR T
FEVI1 (L)
Smoker 2.87+0.98 3.59+41.01 0.12
Non-smoker 3.18+0.55 4.0910.52 <0.05
Subtotal 3.02+0.74 3.87+0.86 <0.05
p value® 0.25 0.18
FVC(L)
Smoker 3.57+0.90 4.45+0.96 0.059
Non-smoker 3.77+0.70 4.9010.62 <0.05
Subtotal 3.71+0.76 4.73+0.94 <0.05
p value® 0.424 0.183
FEV1 %pred
Smoker 89.6+22.61 111.98+24.86 <0.05
Non-smoker 93.81+8.13 123.01+15.31 <0.05
Subtotal 90.95+15.66 117.36+20.86 <0.05
p value® 0.53 0.60
FVC%pred
Smoker 95.54+19.08 118.43421.68 <0.05
Non-smoker 97.36+12.43 127.47+£11.37 <0.05
Subtotal 96.97+£14.50 123.67+18.81 <0.05
p value® 0.53 0.29
FEV1/FVC %
Smoker 79.124£10.00 80.16+6.92 0.92
Non-smoker 84.64+5.60 83.70+3.67 0.82
Subtotal 81.1248.48 81.71+6.28 0.98
p value® 0.37 0.21
Urine 8-OHdG (ng/ml)
Smoker 8.77+4.89 16.3949.21 0.07
Non-smoker 15.54+15.64 11.9449.47 0.46
Subtotal 12.15413.83 14.1749.40 0.53
p value® 0.62 0.31
Urine 8-OHdG/Cr (ng/g)
Smoker 4.27+£3.35 9.33+4.23 <0.05
Non-smoker 6.03+£5.29 7.78£5.61 0.48
Subtotal 5.15+4.41 8.55+4.91 <0.05
p value® 0.49 0.41
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B sl 2. GEE & %

log Urinary log Urinary log FEVI(L) log FVC (L) logFEV1%pred logFVC%pred  1ogFEV1/FVC%
Variables 8-OHdG 8-OHdG/Cr
Je p-value B p-value Jo p-value 5 p-value Je] p-value B p-value 5 p-value
Age (year) 0.001 0.94  0.004 0.61 -0.005 0.04 -0.006 <0.001 0.001 0.69 -0.003 0.06  0.001 0.13
BMI (kg/m®) -0.011 0.70  -0.013 0.47 -0.006 0.25 -0.005 0.28  -0.003 0.53  -0.003 0.48  0.001 0.85
Smoker (Yes/ no) 0.034 0.83 -0.012 091 -0.011 0.74  0.022 042 -0.036 0.21 0.007 0.76  -0.033 0.01
Cumulative
exposure -0.001 0.93 -0.006 0.42  0.001 0.70  0.001 0.48  0.001 1.00  0.001 0.69  0.001 0.92
(mg/m’*year)
ILO grade ( 1/0
-0.356 0.16 -0.271 0.11 0.010 0.84  0.057 0.18 -0.008 0.86  0.046 0.21 -0.048 0.02
above vs 0/0)
Time (follow-up
) 0.108 0.50  0.277 0.08 0.103 <0.001 0.106 <0.001 0.104 <0.001 0.106 <0.001 -0.002 0.65
vs baseline)
Intercept 1.314 0.10  0.931 0.08 0.834 <0.001 0901 <0.001 2.024 <0.001 2.158 <0.001 1.889 <0.001

Abbreviation: ILO, International Labour Organization
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223 BRFIDNAGZEAFAr EREE VH2H G

£ & vt ) (L/H)

E3%E B (TL)

k in$: E (TEM)

Oliver & %£(OTM)

o
e N MeantSD p-value® MeantSD p-value” MeantSD  p-value® MeantSD p-value®
3 4 27 7.75+1.28 287.43161.23 184.75459.19 75.7431.1
EE(R) 0.85 0.33 0.33 0.26
<50 &7 7.54%0.71 306.56145.43 201.78+46.44 85.82425.15
=50 fk 20 7.58t1.44 280.74165.55 178.79163 72.16132.76
BMI(kg/m?) 0.94 0.86 0.98 0.82
<24 9 7.52%1.38 285.34168.35 186.51164.66 77.33133.71
=24 28 7.59t1.26 288.47+59.44 183.87458.21 74.89130.71
#&F 0.33 0.29 0.43 0.75
B e 25 7.48%1.23 284.06161.68 182.91%61.1 75.17432.11
Bk 2 87+1.84 329.6+48.51 207.78+18.2 82.43%17.55
VAR 0.34 0.64 0.42 0.34
B 2T o] 7.8+1.12 297.08450.95 197.22452.89 82.24128.45
Be b 16 7.41£1.39 280.79168.22 176.1863.37 71.22432.94
AR R 0.42 0.59 1 0.79
P 1 855 332.7 188.91 68.83
¢ ¥4 25 7.63t1.21 290.46157.93 188.93157.32 77.95+30.66
£ 0.18 0.53 0.78 0.82
% 10 7.97+0.83 298.9+49 190.0548.18 76.53128.37
W17 7.34%1.45 280.68167.91 181.63166 75.22133.45
1R R 0.48 0.92 0.61 0.56
3 5 8.01%0.98 285.34164.8 176.5+66.08 68.68138.74
20 7.55%1.33 290.25%62.23 190.13%59.44 98.73130.81
5] 0.75 0.61 0.9 0.98
1 12 747127 283.3872.3 187.44170.37 77.93136.91
15 7.6511.32 290.67+53.21 182.6151.04 73.93126.81
) SR 0.14 0.28 0.23 0.28
F 20 7.3611.28 278.24%63.46 175.26+59.71 71.34+30.58
7 8.17ELIS 313.69149.1 211.88+52.27 88.18+31.42
];;/E 3 0.18 0.55 0.89 0.96
% 25 7.65%1.29 289.4163.29 185.1961.48 75.76132.31
2 6.5510.02 262.75%4.88 179.32417.3 75%10.17

b :wilcoxon rank sum test
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Ak BEE(H ®T)

& I8
B(SE) p-value M ik p-value
L/H 0.04(0.04) 0.37 0.18 0.37
Tail Extent Moment 2.41(1.88) 0.21 0.25 0.21
Olive Tail Moment 1.12(0.99) 0.27 0.22 0.27
Tail Length(um) 2.07(1.96) 0.3 0.21 0.3
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%25 B ¥ 1 DNA § T /R 2 47 jF 447

AR e B 0 T-& p-value
B S.E Beta

5 & v (L/H)
¥ B 7.62 2.13 0 3.58 0.002
2 -0.02 0.04 -0.12 -0.54 0.59
JR* i & E -0.09 0.79 -0.02 -0.12 0.91
27 -1.22 0.54 -0.47 -2.25 0.04
AT 1.77 0.92 0.37 1.93 0.07
]V AR -0.71 0.59 -0.28 -1.2 0.24
ThkER 0.12 0.06 0.59 2.26 0.04
EIRE R(TL)
¥ B 363.49 101.28 0 3.59 0.002
=2 -3.82 2.02 0.4 -1.89 0.07
JR* i & E 25.98 37.45 0.14 0.69 0.5
E -41.38 25.83 -0.33 -1.6 0.12
R 80.34 43.62 0.35 1.84 0.08
RV AR -49.23 28.21 -0.4 -1.74 0.1
ThkER 7.65 2.62 0.76 2.92 0.009
k3tE £ (ETM)
¥ #om 298.68 93.64 0 3.19 0.005
2 -3.67 1.92 0.4 -1.91 0.07
JR* @t & E 46.57 35.62 0.25 1.31 0.21
E -27.07 24.57 -0.23 -1.1 0.28
7 54.11 41.49 0.24 1.3 0.2
RV AR -66.33 26.84 -0.56 2.47 0.02
ThEkER 8.17 2.49 0.84 3.28 0.004
Oliver & 3&
(OTM)
LE = 142.51 51.14 0 2.79 0.01
4 -1.96 1.05 -0.41 -1.87 0.08
JR* @t & E 26.45 19.46 0.27 1.36 0.19
E -8.16 13.42 -0.13 -0.61 0.55
T 20.49 22.66 0.18 0.9 0.38
RV AR -35.01 14.66 -0.56 -2.39 0.03
ThEkER 3.95 1.36 0.78 2.9 0.009

PL R RE A ATILE D G R B A B AR

W R R AR 2R
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% 5 IL-2 IL-4 IL-6 IL-10 TNF IFN- v
N Mean+SD Mean+SD  Mean£SD Mean+£S.D Mean+SD  Mean+SD
SRR 27 10.7£27.3 1.7211.04 2.3611.84 1.9610.99 1.4710.98 6.0417
&8 (k)
<50 7 21.57+4924  2.39%0.33 2.6411.66 2.1610.68 1.6610.75  8.5+13.28
=50 % 20 6.9t14.04 1.48%1.1 2.26%1.93  1.8911.08 1.41t1.06 5.18%2.88
p-value® 0.91 0.02 0.28 0.28 0.16 0.52
BMI(kg/m?)
<24 9 3.8242.5 1.65+1.05 1.85+¢1.09 1.88+1.12 1.18+1.3 8.9+11.29
=24 18 14.14£33.19 1.754£1.06 2.62+2.1 2+0.95 1.62+0.78 4.6242.9
p-value® 0.98 0.9 0.44 1 0.31 0.23
T
Fe 25 11+28.42 1.8540.95 2.44+1.89 2+1.01 1.47+1.02 617.21
= ) 6.98+1.35 0 1.3840.22 1.4240.54 1.5+0.05 6.77+5
p-value® 0.12 0.06 0.29 0.4 1 0.55
®T AR
e T o] 8.38£19 132414 1.86+1.64 2.16x1.41 1.39+1.35 3.74£2.52
BP 2t 16 12.3432.35 1.9940.93 2.7£1.94 1.83+0.57 1.53+£0.67 7.6318.61
p-value® 0.37 0.17 0.15 0.88 0.46 0.09
WRHFPE R
2P 10.01 2.59 8.35 1.74 2.38 8
© 4% 25 11.16428.35 1.68+1.07  2.1741.43 2+1.01 1.43+1 5.93+£7.27
p-value® 0.18 0.59 0.11 1 0.18 0.35
2
3 10 4.0243.45 2.11+0.93 2.9612.36 2.14+0.83 1.72+1.1 5.3242.81
X3 17 14.63134.1 1.48+1.05 2+1.4 1.86+£1.08 1.33+£0.91 6.4718.64
p-value® 0.9 0.14 0.27 0.3 0.2 0.63
P11
35 3.79+2.9 2.13+1.31 2.83+1.49 1.94+0.49 1.81£0.3  6.45+2.46
X3 20 10.244+29.06 1.59+1.02 2.041.83 1.83+0.88 1.26+1 6.21+8.06
p-value® 0.92 0.27 0.17 0.54 0.2 0.29
b
3 12 2.93+£2.63 1.51£1.22 1.98+1.39 1.72+1.04 1.51+0.96  4.794+2.39
X3 15 16.91+35.89 1.88+0.87  2.674+2.13 2.15+0.94 1.44+1.03 11.0449.17
p-value® 0.15 0.48 0.27 0.1 0.75 0.98

97



(&
g
=5

3 20
37
p-value®
S
%
3 25
2
p-Valueb
F a6 £
7 2
G 23
p-value®
< P
7 2
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p-value®
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79
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p-value®

6.52+14.09
22.64+48.8
0.56

6+12.67
69.4+90.07
0.09

5.89+2.88
11.8429.53
0.39

6.47+2.07
12.17+30.98
0.25

3.08+2.81
7.95+16.14
0.47

1.73+1.02
1.66x1.17
0.91

1.67+1.05
2.35+0.6
0.38

0.7+0.99
1.87+0.98
0.12

1.03+1.45
1.83+1
0.38

1.62+0.97
1.75+1.04
0.81

2.14£1.5
34+2.62
0.31

2.45+1.85
1.29+1.82
0.49

1.58+0.06
2.56+1.9
0.51

2.45£1.3
2.62+1.94
0.96

2 kR4S
2 148 .16
0.74

1.91+0.88
2.1+£1.34
0.68

1.92+1
2.51+0.98
0.18

1.53+0.38
2.02+1.06
0.55

1.71+0.13
2.06£1.1
1

1.68+0.31
2.12+1.23
0.77

1.44+0.88
1.56+1.32
0.87

1.53+0.98
0.79+1.11
0.46

1.47+0.08
1.55+1.02
0.72

1.74+0.29
1.59+1
0.87

1.43+0.59
1.45+1.25
0.86

6.6+7.94
4.47+2.93
0.52

6.43+7.13
1.21+1.7
0.06

7.2+4.37
6.35+7.39
0.39

8.24+2.9
6.42+7.75
0.25

5.82+3.03
6.82+9.1
0.51

b : Wilcoxon rank sum test

98



22T BR¥FLAFRBEE - oo 2 ALK HE R T

AfEEE (f%50)

% g I8
W hF ¥ p-value ip Rk Tl p-value

IL-2 -0.02 0.98 0.09 0.65
IL-4 -0.007 0.84 -0.04 0.83
IL-6 0.06 0.32 0.22 0.28
IL-10 -0.03 0.3 -0.32 0.11
TNF -0.01 0.66 -0.09 0.65
IFN- « 0.42 0.06 0.31 0.12
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% 28 AFREFEA 1T BRY 1 LR FF]F Bwie ik 2 ApH 12

Bt AR 2 ik W RS ik T-& p-value
B Std. Error Beta

LogIL-2
¥ g 4.75 3.8 0 1.25 0.23
e -0.42 0.49 -0.2 -0.86 0.4
T 0.9 1.34 0.2 0.68 0.51
£ #5(E) -0.08 0.06 -0.32 -1.36 0.2
F OO 1.13 0.5 0.55 2.28 0.04
BMI -0.004 0.1 -0.01 -0.03  0.97

LoglIL-4
¥ #am 0.56 0.81 0 0.7 0.5
2 0.07 0.11 0.16 0.65 0.53

T 0 : : : :

£ 45() -0.006 0.009 -0.19 -0.73 048
R -0.04 0.11 -0.1 -0.38 0.71
BMI 0.02 0.02 0.22 0.89 0.39

LoglIL-6
¥ #om 0.41 1.6 0 0.26 0.8
e 0.23 0.27 0.21 0.85 0.41
T -0.65 0.76 -0.25 -0.86 0.4
E2AED -0.004 0.02 -0.05 -0.19  0.85
F OO 0.03 0.28 0.02 0.09 0.93
BMI 0.05 0.06 0.24 0.86 0.4

Log IL-10

¥ #om 1.82 0.98 0 1.86 0.08
e -0.04 0.16 -0.06 029 078
T 0.45 0.45 0.24 0.99 0.34
£ #() -0.02 0.01 -0.3 -1.37  0.19
F OO 0.46 0.16 0.62 2.77 0.01
BMI -0.04 0.03 -0.28 -1.16  0.26

LogTNF
¥ #om 1.76 0.87 0 2.02 0.06
e 0.15 0.14 0.25 1.04 0.32
T 0.28 0.4 0.21 0.7 0.49
# 4L (E) -0.01 0.01 -0.24 -0.97 035
F OO 0.23 0.16 0.39 1.43 0.17
BMI -0.04 0.03 -0.38 -1.26  0.23
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LogIFN- ¢

W B 2.16 1.78 0 1.22 0.24
E 0.14 0.3 0.11 0.48 0.64
T 1.12 0.84 0.38 1.33 0.2

# #(#F) 0.003 0.02 0.03 0.11 0.91
R -0.17 0.32 -0.14 -0.52 0.61
BMI -0.07 0.06 -0.31 -1.12 0.28
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Abstract
Purpose
and lung function amongst a group of foundry workers
resulting from an engineering intervention to reduce air
respirable dust in their working environment.

Methods  We studied all 22 workers recruited from a
typical small Taiwanese iron foundry plant before and

To assess changes in oxidative DNA damage

3 months after improvements to air exhaust control. The
effectiveness of the air exhaust intervention in reducing
respirable dust and $i10; was determined by personal
breathing-zone air sampling. Initial baseline biomarker
measurements were taken of lung function and urinary

M.-H. Lin
Institute of Occupational Safety and Health, Council of Labour
Affairs, Executive Yuan, Taipei 221, Taiwan, R.0.C

S.-H. Liou - C-H. Lai ()

Department of Public Health, National Defence Medical Center,
Taipei 114, Taiwan, R.O.C

e-mail: 1gh@ mail.ndmctsgh.edutw

M.-H. Lin - C.-W. Chang
Institute of Environmenta Health,
Mational Taiwan University, Taipel, R.O.C

I.-H. Huang
Center for Environmental Safety and Health
Technology Development, Taipei, R.O.C

5.-H. Liou

Division of Environmental Health and Occupation Medicine,
Mational Health Research Institute,

Miaoli County 330, Taiwan, R.O.C

P. T. Strickland

Department of Environmental Health Sciences,

Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA

Published online: 24 September 2010

111

8-hydroxy-deoxyguanosine { 8-OHdAG) in all of the workers,
with follow-up measurements taken 3 months after the
engineering control was put in place. Generalized estimating
equations were used to assess the effect of the intervention
on lung function and oxidative DNA damage.

Results  Following the intervention, respirable dust density
decreased from 2.87 £ 1.38 mg/m’ to 1.60 = 0.70 mg/m”
(p =007, and Si0; concentration decreased from
0.43 £ 025 mg/m® to 0.18 = 0.11 mg/m® (p < 0.05).
Compared to imtial baseline, significant improvements were
found in lung function (FVC, FEV1, FVC%pred and
FEV1%pred) amongst the workers after the engineering
intervention. A significant increase in concentration of
urinary 8-OHdG was observed after the engineering inter-
vention in smokers, but not in non-smokers.

Conclusions  These findings indicate that reductions in
workplace respirable dust and Si10; concentration can
result in improved lung function amongst foundry workers.
Keywords Foundry workers - 8-hydroxydeoxyguanosine -
Lung function - Engineering intervention

Introduction

Occupational exposure to foundry moulds containing silica
has been reported to cause respiratory diseases and
impaired lung functioning. Crystalline silica is a major
component of the sand widely used in moulds in the
foundry industry. The International Agency for Research
into Cancer (IARC 1997) concluded that there is sufficient
evidence in humans to classify crystalline silica as a human
carcinogen. Epidemiological and pathological studies
suggest that, even in the absence of radiological signs of
silica  dust lead to chronic

silicosis, exposure  can
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obstructive pulmonary disease (Hnizdo and Vallyathan
2003; Ulwvestad et al. 2001). Furthermore, the association
between cumulative silica dust exposure and airflow
obstruction is independent of any diagnosis of silicosis
(Forastiere et al. 2002; Liou et al. 1996).

A strong relationship has been demonstrated between
dust exposure levels and respiratory abnormalities within
the iron foundry industry, where cumulative exposure to
dust is found to cause accelerated degradation in lung
functioning (Kuo et al. 1999). One study reported a
1.45-fold increase in the risk of developing a radiograph
consistent with that of silicosis after 20 vears of work, and
a 2.10-fold increase in such risk after 40 years of work
{(Rosenman et al. 1996). As in the case of pneumoconiosis,
silicosis arising from the inhalation of dust contain-
ing crystalline silica is irreversible, but nevertheless
preventable.

There is an urgent need for better exposure controls in
Taiwan where the majority of the foundry plants are small
enterprises (with an average of less than 50 employees).
From a survey of health hazards faced by foundry workers
in central Taiwan, Kuo et al. {1999) found an overall
pneumoconiosis prevalence rate amongst males of 8.8%,
with the highest levels being discernible amongst furnace
workers (16.3%) and after-processing workers (11.4%),
and the lowest levels being found amongst administratve
staft (2.5%).

Improvements in the control of the hazards outlined
earlier clearly represent the most efficient way of reducing
silica exposure. The primary aim of this study was to
evaluate changes in lung function and oxidative damage
markers following the introduction of an engineering
control intervention designed to reduce levels of respirable
dust. Exposure was assessed through the use of respirable
particle and silica concentration measures, whilst urinary
8-hydroxy-deoxyguanosine (8-OHdG) was used as a mea-
sure of oxidative DNA damage. We assessed changes in
lung function as a health outcome related to the engi-
neering intervention.

Materials and methods
Study population

This longitudinal study was carried out amongst foundry
workers with occupational exposure to free silica. Study
participants provided signed informed consent prior to
enrolment. The study was approved by the institutional
review boards at the Tri-Services General Hospital, Taipet,
Taiwan. The population recruited for the study comprised
all workers employed within a foundry plant located in
northern Taiwan. This foundry was a typical small

@ Springer

Taiwanese iron foundry plant, with a total of 22 workers,
and engaged in iron casting. The plant had not imple-
mented any educational training relating to hazardous dust
and had not provided any personal respiratory protection to
workers. The engineering intervention (described below)
was undertaken in the workshops of the foundry plant.

Qutcome assessment

The outcomes of interest were oxidative DNA damage,
using the concentration of 8-OHdG in urine as the bio-
marker, and workers” lung function using standard spi-
rometry measures. The analysis and assessment of the
changes in these two indicators were determined before
and 3 months after the air control engineering intervention
in their working environment. In order to take into account
the stage of any prevalent pneumoconiosis, chest X-rays
were taken at baseline.

Description of engineering control intervention

This study focuses on engineering improvements in spe-
cific work areas of the foundry characterized by high dust
exposure, including the sand pouring/shake out area, the
particulate collection device location and the waste areas
(Fig. 1). Although the use of water 1s normally prohibited
in the foundry process, this intervention included the use of
two water spray devices as a means of reducing dust

5.0m 6.0m
é éﬂm Vantilation
Devices
L Sand Pouring/ waste Sand
aste San
- Shake Out
&.0m A Deposit Area
“'"g'_ }
L Orlginal Ventilation

Dust Collection
Device

Water Spray System Haist Rail

Sand Pouring,
Shake Out Machine
Opening

Water Spray Curtain

Fig. 1 Engincering improvement planning and waler spray deploy
ment in foundry
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exposure. A 3-metre tall water spray system was installed
at the inlet/outlet point of the sand pouring/shake out
machine, with an additional water spray system installed in
the waste sand deposit area. The specifications of the water
spray system included a nozzle diameter of (0.3 mm, with a
total of 100 nozzles, each with a water flow rate of 100 mL
per minute. Each water spray system had its own motor
with a pressure of 50-70 kg/cm® and total water flow of
10 L per minute. In addition to the water spray devices,
two wall-mounted industrial fans, 1.2 m in diameter, were
installed to bring clean external air into the areas of higher
dust exposure in order to reduce the overall exposure levels
of the workers (Fig. 1).

Data and sample collection

Self-administered questionnaires were distributed to the
participants, at both baseline and follow-up time points of
the study, requesting details of personal characteristics,
such as age, education, alcohol consumption, smoking,
daily dietary intake, use of vitamin supplements and use of
personal protective equipment.

Workers were asked to collect a spot urine sample in a
container provided and were given a chest radiography
examination and a lung function test at baseline. Lung
function testing and 8-OHdG measurements were repeated
3 months after the workplace intervention was into oper-
ation. Personal breathing-zone air samples were collected
from the study subjects by battery-operated personal air-
sampling pumps at baseline and follow-up periods of the
study.

Respiratory particulate sampling

Personal breathing-zone air samples were collected from
the subjects by batterv-operated personal air-sampling
pumps. In addition, environmental air samples were col-
lected according to different job categories. The measure-
ments of the respirable dust fraction are conducted using a
cyclone pre-selector to collect a 50% (or median) cut-point
for a respirable particulate matter sampler of 3.5 pm. The
samplers were comprised of a 10-mm diameter nylon
cyclone (SKC, 80061, USA), a PVC membrane filter (3-um
pore size, 37-mm diameter) and a pump (Gilian, Air-5,
USA). The low-ash 5-micron PVC filter is the preferred
sampling medium for respirable dust containing crystalline
silica and is used in the American Industrial Hygiene
(ATHA) Performance Analytical
(PAT) Program. The 5-micron pore size filters reduce
problems associated with sample loading and back pres-
sure. This condition is Important to maintaining a constant
sampling rate in dusty work environments ( Rappaport et al.
2003). The pre-calibrated battery-operated air-sampling

Association Testing

pumps were adjusted to operate at a flow rate of 1.7 L per
minute, recalibrated both before and after each sampling
session with a Minibuck soap bubble airflow calibrator for
a sampling duration of about 6 h.

In addition to the samples collected, unexposed filters
(109%) were submitted for analysis as field blanks. The
gravimetric analysis was conducted inside a constant 60%
relative humidity weighing chamber using a microbalance
(Mettler-Toledo, MT35, Greifensee, Switzerland) with 1 pg
sensitivity. Prior to its daily usage, the microbalance was
calibrated with manufacturer-supplied traceable calibration
weights. All of the filters were conditioned for at least 24 h
prior to weighing and were passed over a static neutralizer
(Allfield, Taipei, Taiwan) to reduce any filter electrostatic
charge which could potentially interfere with the accuracy
of the gravimetric analysis.

Crystallite silica analysis

The samples were analysed according to NIOSH 7602
methodology using X-ray diffraction (XRD) (Rigaku, GN
4013A1). The filter paper containing respirable dust was
incinerated for 1 h at 800°C, and the ashes dissolved in an
isopropyl alcohol solution. This suspension was then fil-
trated with silver filter paper and analysed using XRD. The
QA/QC procedures of the crystalline free silica indicated
precision of 3.5%; accuracy of 4.0%; an r* value of 0.993;
a guantification limit of 2.8 pg; and recovery efficiency
rates of 984 = 2.1% (standard) and 97.1 £ B.4%
(samples).

Urinary 8-OHdG analysis

Levels of urinary 8-OHAG were determined by indirect
competitive enzyme-linked immunosorbent assay (ELISA)
in accordance with the new 8-OHAG Check (Instutute for
the Control of Aging, Fukuroi, Shizuoka, Japan) as repor-
ted by Chuang et al. (2003). The urine samples were
thawed and centrifuged at 2,000 rpm for 10 min in order to
clarify the samples prior to assay. Sample (50 pl) or stan-
dard and primary monoclonal antibodies (50 pl) were
added to microtiter plates that had been pre-coated with
8-0OHAG. The plates were subsequently incubated at 37°C
for 1 h with continuous mixing at 100 rpm.

After washing the wells with 250 pl phosphate-buffered
saline (PBS), 100 pl horseradish peroxidase (HRP)-conju-
gated secondary antibodies was added to each well, and the
plates were incubated for 1 h with mixing. The unbound
secondary antibody was removed by washing with PBS as
above. Chromatic substrate (100 pl) was then added to
each well, and the plates were incubated in the dark at
room temperature for 15 min. Phosphoric acid (100 pl of
1.0 M) was then added to terminate the reaction.
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The absorbance was measured at 450 nm with a com-
puter-controlled ELISA reader (MRXII, Dynex Technolo-
gies, VA, USA); the concentration of 8-OHdAG in the urine
samples was interpolated from a standard curve.
Throughout the period of our sample analvsis, the coeffi-
cient of variaton of the assay was 6%. The results are

expressed as g/ creatinine.
Determination of pulmonary function

A portable spirometer (HI-701, Japan) was used to perform
the forced expiratory measurements. The lung function
values were also expressed as a percentage of the predicted
values according to the age, gender, height and weight of
the individual. The lung function measurements were car-
ried out in a standardized manner in accordance with the
guidelines of the American Thoracic Society (ATS). The
measurements included in the analysis were those in which
the two highest attempts were within 5% agreement with
the ATS criteria.

The lung functioning parameter analyses included
“forced wvital capacity’ (FVC); ‘forced expiratory volume
exhaled in the first second” (FEV1); the ratio of FEV1 to
FVC expressed as a percentage (FEVI/FVC%); the ratio
of FVC to FVCpred expressed as the percentage of the
predicted value for the age, gender, height and weight
of the mndividual (FVC%pred); and the ratio of FEVI
to FEV lpred expressed as a percentage (FEV1%pred).
The lung function prediction equations are based on Asian
male models, FVC (ml) = (27.63 — (.112%*age)*height,
FEVI (ml) = 34.4%height — 33*age — 1,000.

Statistical methods

QOur analysis began with a comparison of the post hoc
distributions of lung function and 8-OHdG concentrations
between the before and afier intervention measurements,
assessing the difference between the means using paired
r-tests and comparing the distributions using the non-
parametric Wilcoxon rank-sum test.

The relationships between cumulative exposure to dust,
urinary 8-0OHdG concentrations and lung function were
also examined using multiple regression models. The
covariates used in all of the analyses included BMI and
smoking status. The lifetime cumulative exposure variables
were fitted so as to describe the exposure concentration
multiplied by the service duration in years. We assessed the
determinants of lung function and 8-OHdG levels using the
method of generalized estimating equations (GEE), which
accounted for correlated successive measurements on the
same individuals. All of the analyses in this study were
performed using the STATA 8 statistical package.
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Results
Study population characteristics

The mean age of the foundry workers was 44.3 vears (SD
11.2), and the mean duration of work was 13.3 vears (SD
18.3) {Table 1). The most common job categories were
pattern making (41%) and moulding (45%). More than half
of the subjects (55%) were current smokers. Seven subjects
presented with ILO X-ray classifications of 10 or 1/1.

Dust sampling and crystallite silica analysis

Dust sampling and crystallite silica analysis were undertaken
at both baseline and follow-up. As shownin Table 2, the mean
concentration of total respirable dust was 2.87 mg/m® (SD
1.38) at baseline and 1.60 mg/m’ (SD 0.70) at follow-up after
3 months of intervention (p = 0.07 Wilcoxon sign rank test).
Similarly, the mean concentration of respirable crystallite
silica was 0.43 mg/m® (SD 0.25) at baseline and 0.18 mg/m’
(SD 0.11) at follow-up (p = 0.05 Wilcoxon sign rank test).

Pulmonary function and urinary 8-OHdG

Comparing pulmonary function and urinary 8-OHdG

between baseline and follow-up indicates significant
Table 1 Study population characteristics
Characteristics Nao. %
Age® 443112
BMI (kg/m®)* 2517 £ 3.09
Duration of service® 13.3 £ 183
Education
<High school 13 59.1
=High school 7 3LE
Missing value 2 9.1
Type of job category
Pattern making 9 40.9
Coating 2 9.1
Moulding 10 455
Pattemn & moulding 1 4.5
Current smoking habit
Smoker 12 54.5
Non-smoker 10 455
X-ray classification
ILO (040) 15 68.2
ILO (170} 5 22.1
ILO (/1) 2 9.1

BMT Body mass index, ILO International labour organization
* Mean = SD
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Table 2 Exposure and effect measurements at baseline and follow
up in foundry workers

Exposure and effects Baseline Faollow-up P value®

Exposure
Respirable dust density 2,87 = 1.38 Lel = 0.70 007
{mg/m®)
8i0, (mg/m?) 043 £0.25 018 £ 011 =005

Effect

FEVI(L)
Smoker 287 £ 0.98 359 £ 1.01 0.12
MNon-smoker 318 £ 0.55 400 =052 =005
Subtotal 302 =074 38T = 0.86 =005
p value® 025 0.18

FVCiL)
Smoker 357 £ 090 445 £ 096 0.059
Non-smoker 377 £ 070 490 £ 062 =005
Subtotal 371 £0.76 473 £ 094 =005
p value® 0.424 0.183

FEVI1%pred
Smoker 80.6 £ 2261 111.98 £ 2486 =005
Non-smoker Q381 = 813 12301 £ 1531 <005
Subtotal 90.95 = 1566 117.36 £ 20.86 <0.05
p value® 0.53 0.60

FVC%pred
Smoker 9554 £ 1908 11843 = 2168 =005
Non-smoker 9736 = 1243 12747 £ 11.37 <005
Subtotal 96.97 + 14.50 123.67 £ 1881 <0.05
p value® 0.53 0.29

FEVI/FVC%
Smoker 7912 = 1000 8016 £ 6.92 0.92
Non-smoker B4.64 = 5.60 83.70 =+ 3.67 0.82
Subtotal 81.12 = 848 81.71 = 628 0.98
p value® 0.37 0.21

Urine 8-0OHdG (ng/ml)
Smoker 877 £ 4.89 16.39 £+ 9.21 0.07
Non-smoker 1554 £ 1564 1194 £ 947 046
Subtotal 12,15 = 1383 1417 = 940 0.53
p value® 0.62 0.31

Urine 8-OHdG/Cr (pglz)
Smoker 427 £ 335 933 +£423 <005
Non-smoker 603 £ 529 708 £ 561 048
Subtotal 3.05 £ 4.41 B35 =491 =005
p value® 049 0.41

* Comparison between the baseline and follow-up periods (Wilcoxon
sign rank test)

® Comparison between smokers and non-smokers {Kruskal-Wallis
test)

improvement in pulmonary function, but 8-OHdG concen-
tration increased onlv amongst smokers (Table 2). Fol-
lowing the engineering intervention, subjects demonstrated

significant increases in FEV1, FVC, FEVI1%pred and
FVC%pred compared to baseline. In sub-group analysis,
these increases were all statistically significant in non-
smokers, and significant (FEV1%pred, FVC%pred), or
marginally significant (FVC) in smokers. There were no
significant differences in FEVI/FVC% between baseline
and follow-up.

Amongst non-smokers, there was no significant change
in mean concentration of urinary 8-OHdG between base-
line and follow-up (Table 2). Amongst smokers, there was
a marginal increase in urinary 8-OHdG concentration
(p = 0.07), that became significant (p = 0.04) after cre-
atinine correction. An improvement of lung function test
results (28% of FEV1, 30% of FVC, 31% of FEVI%pred
for the non-smokers and 25% of FEVI, FVC and
FEV1%pred for the smokers) after engineering control.
This improvement in lung function between baseline and
follow-up resulted in less evidence of deficiencies indica-
tive of possible disease states (Table 3).

At baseline, 5 subjects demonstrated evidence of
obstructive or restrictive lung function, whereas at follow-
up only 2 subjects demonstrated evidence of pulmonary
obstruction.

The relationships between urinary 8-OHdG, lung func-
tion and the ad hoc intervention were elaborated using GEE
regression analvsis, which mcluded adjustments for the
potential confounders BMI and age (Table 4). As expected,
FEV1 and FVC declined with age. Consistent with the pair-
wise analysis above, significant improvement in all 4 lung
function parameters was observed at follow-up. Comparing
follow-up with baseline, there was a 0.103 L increase in
logFEVI, a 0.106 L increase in loghFVC, a 0.104 L
increase in logFEV 1%pred and a 0.106 L increase in log-
FVC%pred after intervention. The increase in creatinine-
corrected 8-OHdG concentration after the intervention
became marginally statistically significant (p = (0.08).

Discussion
Respirable dust and silica

The results of this study indicate that, following the engi-
neering intervention, there was a general reduction in air
concentrations of dust and silica in the workplace.
Although the improvements were focused on specific areas,
there were no solid partitions separating different working
areas in the foundry, and the dust reduction was apparent
throughout the foundry. The mean respirable crystallite
silica  concentration  decreased by  58%  from
0.43 £ 0.25 mg/m” at baseline to 0.18 £+ 0.11 mg/m’ after
intervention. Similarly, the mean total respirable dust
concentration decreased by 44% from 2.87 + 1.38 mg/m’
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Table 3 Lung function categories at baseline and follow-up

Analysis variable Category Time

Baseline Faollow-up
FEVI/FVC = 70%, FVC = 80% MNormal 17 20
FEV1I/FVC =< T0%, FVC = 80% Ohstructive lung function 31D = 25, 26, 36) 2 (ID = 22, 36)
FEVI/FVC = 70%, FVC < 80% Restrictive lung function 2(ID = 30, 39) 0
Total 22 22

ID Subject code

Table 4 Predictors of health outcome in silica-exposed subjects according to generalized estimating equations (GEE) in 22 foundry workers

Variables log Urinary log Urinary logFEV (L) logFVC (L) logFEV 1 %pred logFVC%pred  logFEV I/
8-OHdG 8 OHdG/Cr FVC%
B p value J p value J p value f p value fi p value J p value p value
Age (year) 0.001 0.94 0.0 061 —0005 004 0006 <0001 0001 069 —0003 006 0001 013
BMI (kg/m”) —0.011 0.70 —0.013 047 —0006 025 —0.005 028 —0003 053 —0003 048 0001 0.85
Smoker (Yes/ 0.034 0.83 —0.012 091 001 074 0022 042 0036 021 0007 076 —0033 0.0
noj
Cumulative —0.001 0.93 —0.006 042 0001 070 0.001 048 0001 1.00 0001 069 0001 092
exposure (mg/
m *year)
ILO grade (/1  —0.356 016 —0271 0.11 0010 0.84 0.057 018 0008 086 06 021 —0.048 0002
abowve vs 08y
Time (follow 0108 0.50 0.277 0.08 0103 <0001 0106 <0001 0104 <0001 0106 <0001 —0002 065
up vs
baseline)
Intercept 1314 010 0.931 0.08 0.834 <0001 0901 <0001 2024 <0001 2158 <0001  1.889 =<0.001

TLO International labour organization

at baseline to 1.60 £ 0.70 mg/m” after intervention. The
application of water and wall-mounted fans both of which
effectively reduced the levels of respirable silica dust are
an inexpensive approach for environmental control. How-
ever, there are more modern methods for engineering
control in the foundries.

Lung function

We observed significant improvement in lung function
measures following the engineering intervention with
subjects demonstraing increases in  FEV1, FVC,
FEV1%pred and FVC%pred compared to baseline. These
increases were most consistently demonstrated in non-
smokers, presumably due to confounding by cigarette
smoke in smokers. Prior studies mvolving the examination
of lung function in foundry workers include the study
undertaken by Kuo et al. (1999), who reported an associ-
ation between cumulative exposure of workers to particu-
lates and dechne in lung function. Similarly, these
investigators found an association between the exposure of
workers to silica dust and decline in lung functioning and
increased risk of having silicosis. At baseline, our study
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identified 5 (of 22) subjects that were classified as having
obstructive or restrictive lung function.

X-ray results

In the GEE analyses, we found FEV I/EVC was signifi-
cantly reduced with radiography categorized above [LO
category 10 compared with category 0/0. A consistent
result was found for FEV IVEVC ratio—it was decreased
in miners with category 2 and 3 (Yang and Lin 2009).
Previous studies of the relationship between lung func-
tion and silicosis indicate that lung function in subjects
with radiographic silicosis (ILO 1/1) 1s indistinguishable
from that of those with ILO /0 (Gamble et al. 2004).
Slightly greater deficits in lung function were discernible
for ILO 3/3 subjects, with more significant degradation
in cases with progressive massive fibrosis. Thus, the
association between lung function and pneumoconiosis is
heavily dependent upon specific pneumoconiosis cate-
gory. At baseline in our study, two workers could be
categorized as possible cases of preumoconiosis (ILO
1/1) and five workers were designated as radiographic
cases (ILO 1/0).
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Urinary 8-hydroxydeoxyguanosine

Exposure to free silica dust leads to lung damage, which
induces pneumoconiosis, with the inhalation of crystalline
silica potentially producing reactive oxvgen species (ROS)
{Ding et al. 2002; Fubini and Hubbard 2003; Orman et al.
2003). Attacks on the DNA by ROS result in oxidative
DNA damage including the modified base 8-OHdAG. Mea-
surement of urinary 8-OHAG in humans has been used as
an indicator of oxidative stress and oxidative damage to the
DNA (Kelly and Sandstrom 2004; Kim et al. 2004; Pilger
et al. 2000; Tokiwa et al. 1999),

We found no significant change in mean concentration
of urinary 8-OHAG between baseline and follow-up
amongst non-smokers. In smokers, there was a marginal
increase in urinary 8-OHdG concentration after the inter-
vention that became significant with creatinine correction.
However, since we did not have quantitative measures of
smoking at baseline and after intervention, we cannot rule
out the possibility that level of smoking changed between
the two time points.

Porter et al. (2006} found even after silica exposure has
ended, and despite declining silica lung burden, silica-
induced pulmonary nitric oxide and ROS production
increases, thus producing a more severe oxidative stress.
Another explanation may be that oxidative DNA damage is
influenced by the interaction between occupational expo-
sures and smoking status (Mukherjee et al. 2004). Smoking
foundry workers exhibit a down-regulation in their ability
to repair and eliminate damaged DNA compared with non-
smokers.

Possible mechanisms

Sand is the major component used in the moulding process
within the foundry industry and is constantly recycled. For
the insoluble components of the particles, such as silica, the
bio-persistence in the target organ may be expressed as the
surface area of the particles multiplied by the surface
reactivity; this describes a biologicallv effective dose
which drives the pathogenic effects. However, the very
nature of the foundry industry makes it extremelv difficult
for us to explore whether the associations noted are specific
to respirable dust and silica.

From an examination of the relationships between silica
exposure, nitric oxide and ROS production, Porter et al.
(2002, 2006) found that silica-exposed rat lungs were in a
state of oxidative stress, the severity of which increased
during the post-exposure period. Similar findings were
reported by Knaapen et al. (2002) in rats and by Schins
et al. (2002) using A549 culture cells. These studies indi-
cated that DNA strand breakage occurred more readily
with exposure to crystallite silica; that is, such exposure

leads to the production of more urinary 8-0OHdG. Exposure
to particulate silica can cause a persistent inflammation
sustained by the release of oxidants in the alveolar space
( Fubini and Hubbard 2003). The presence of the 8-OHdG
in urine represents the primary repair product of oxidative
DNA damage in vivo, presumably nucleotide excision
repair. Increases in 8-OHdAG or other DNA base oxidation
products are not necessarily due to increased rates of oxi-
dative DNA damage. It should be emphasized B-OHAG is
also a biomarker reflecting the balance between oxidative
damage and repair rate. [t is also possible to stimulate DN A
repair and therefore decrease steady 8-OHdG concentra-
tions in DNA (Halliwell 2002).

The persistence of particulate silica in the airway may
be influenced by rates of uptake, metabolism and clearance.
Omnce in the alveolar space, particles may react with
extracellular fluid and be engulfed by alveolar macro-
phages (AM), which clear the particles out of the lungs.
The clearance process may either succeed or fail depending
upon the surface characteristics of the particulate silica.
The macrophages will be activated at the cellular and
molecular level with the activation of transcription factors
and the release of oxidants (reactive oxvgen species or
reactive nitrogen species), proteolyvtic enzymes, cytokines,
growth factors etc., if the clearance process fails (Fubini
and Hubbard 2003). Target cells such as bronchiolar and
alveolar epithelial cells will be affected by both cellular
oxidants (AM products) and noncellular oxidants depend-
ing on numerous factors, including silica particle size and
surface geometry, as well as inorganic contaminants, par-
ticularly iron due to its involvement in Fenton reactions,
again resulting in activation and/or cell death (Halliwell
2002).

Porter et al. (2004) have reported results from a rat silica
inhalation study which determined that even after silica
exposure ended, pulmonary inflammation and damage
progressed with subsequent fibrosis development without
further silica exposure and in spite of that silica lung bur-
den decreased during recovery. This finding 15 consistent
with the pattern of pulmonary responses reported In
humans {Porter et al. 2006). The fibrosis in silica-exposed
lungs occurred in the respiratory unit. Silica-induced dis-
ease progressed from alveoli containing foei of inflamma-
tory cells during early exposure to fully formed fibrotic
nodules. Scabilloni et al. {2005) found silica nodules
appear as early as 40 days of silica exposure from a rat
inhalation study. After this time point, continued exposure
generated a striking increase in the number of fibrotic
nodules. Another gsroup of rats was exposed to crystalline
silica followed by 36 days of filtered-air exposure also in
the same study. The lungs of these animals showed similar
increases in fibrotic responses similar to those with con-
tinued exposure. That is, the number of nodules for the
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filtered-air recovery and nonrecovery group coincided
solely with the number of days elapsed from the initiation
of silica inhalation rather than the number of days of
inhalation exposure. Once nodule formation occurred, at
40 days of exposure, nodules continued to form at the same
rate regardless of continuation of silica exposure. It appears
that once a threshold for initiation of the fibrotic response is
achieved, nodules will continue to grow and proliferate
without further exposure (Scabilloni et al. 2005; Porter
et al. 2006).

In our study, small numbers of subjects were in the early
stage of simple pneumoconiosis. [t 1s reasonable to postu-
late that the predominant physiological abnormality is
airway obstruction because of the reticular nodulation
pattern of simple pneumoconiosis on chest radiographs
represents the initial stage of dust deposition. The fibro-
genic effects of dust on lung parenchyma play a minor role
in functional impairment at this stage. The explanation for
our finding may be the depositon of dust particles in the
airway occurs earlier and faster than in the alveoli. These
may form silica macules centred around the walls of ter-
minal bronchioles and obstruct their lumen.

One limitation of this study was the lack of other
unmeasured data, such as levels of various kinds of metal
fumes, irritant gases, asbestos, carbon monoxide, carbon
dioxide, ammonia, HCN, sulphur dioxide, hydrogen diox-
ide, acrolein, phosphine and phosphorus oxide, formalde-
hyde, cyanates, etc., in the process for foundry, possibly
confounding the results concerning lung function or oxi-
dative stress. Another lmitaton of this study was the lack
of informaton regarding individual susceptibility in the
repair of DNA. A comparison of variation within and
between individuals in controlled exposure conditons
would provide important insight to the usefulness of
8-OHdG as a biomarker of oxidative stress caused by
exposure to foundry pollutants. There is empirical evi-
dence, including genetic and nutritional factors, suggested
to influence 8-OHdG metabolism, that was not taken into
account in this study (Gromadzinska and Wasowicz 2003).

Conclusions

We found significant improvements in lung function
amongst a small group of foundry workers following the
implementation of an engineering intervention that effec-
tively reduced the levels of respirable silica dust. These
results suggest that engineering controls aimed at reducing
occupational exposure to silica represent an effective
approach that may have immediate benefits to workers.
Further research is needed to confirm these findings and
identify additional biomarkers that can monitor the bio-
logical reaction to silica exposure.
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Sllica-induced Cellular Responses
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@1 Silica-induced cellular responses. (1) interaction with
extracellular matter, (2) phagocytosis by alveolar
macrophage. (AM); (3)dearance; (4) macrophage activation
and death; (5) responsa by target cells to AM products; (&)
direct action of the particle on target cells; (7) generation of
additional ROS/RNS species.

“_
(From Fubini and Hubbard, 2003)
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Silica particles and metals are important occupational hazards in foundry workers, and exposure
may result in DMA damage and lipid peroxidation through oxidative stress, This study aimed to
compare oxidative damage by measuring the levels of plasma malondialdehyde (MDA), urinary 8-
hydroxydecxyguanosine (8-0H-dG)and DMNA strand brealage in workers at two foundry plants{exposure
group) and in town hall employees (control group) in central Taiwan, Air samples for metals analysis in
the workplace were also collected to assess the health risk to foundry workers,

Significantly higher MDA levels (4,28 M versus 1,64 M), DMNA strand breakage (6,63 versus 1.22),
and 8-0H-dG levels (500 g s creatinine versus 184 pg'g creatinine) were found in exposure group
compared with the control group. Higherlevelsofthese parameters were also found in wiorkers involved in
manufacturing thanin workers involved in administration, Higher air respirable dust concentrations were
found inmanufacturing departments (0,99 mg/m? ithanin ad ministrative departments (0,34 mg'm? ), The
health risk assessment on metals exposure showed that the cancer risk for Cd, Cr and Ni were all above
1 x 10-%, Future studies are necessary to determine whether metals exposure can contribute to oxidative
damage in foundry workers,

Keywards:

Metal

Foundry plant
Oreid ative effect
Risk assessment

@ 2000 Elsevier BV, All rights reserved,

1. Introduction

Foundry plants have various treatment processes for reclaiming
bentonite-bonded molding sands, which consist of silica sand, coal
dust and clay, with particle-sizes ranging from 0.1 to 0.4 mm [1].
Two main procedures take place in a foundry: sand molding and
metal casting. Sand molding includes core sand and binder, core
making and then the casting process which consists basically of
pouring liquid metal into a mold containing a socketinto the geom-
etry desired for the final part of the process. After casting cooling,
shakeout and cleaning, the metals and sand are recovered. The flow
chart in Fig. 1 refers to the report by Ribeiro and Filho [2]. The study
consisted of 510 workers employed atafoundry where it was found
that a total of 846 injuries were recorded on the personnel injuries

Abbreviations: ROS, reactive oxygen species; 8-0H-dG, 8-hydrosydecenrguana-
sine; comet, single-cell gel electrophoresis assay;, MDA, malondiald ehopde; TRMOM,
the tail moment by Comet assay,

* Comesponding author at; Institute of Occupational Safety and Hazard Previen-
tion, Hung Kuang University, 34 Chung Chie Rd., Sha Lu, Taichung 433, Taiwan.
Tel: +886 4 26318652x4010; fax: +886 4 26319175,

E-mail address; hsiulin@sunrise.hk.edu tw (H.-L, Chen).
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files. The highest number of injuries involved foreign particles in
eyes (40%), strains, pulls and tears (31%), bruises (11%), cuts and
puncture wounds (9%), burns and scalds (5%), and broken bones
(4% [3]. In addition, grinders experienced more eye injuries, and
malders had mare strains, pulls and tears. Particle injuries were
obviously more important than any of the other physical injuries
recorded in the foundries. Environmental air sampling has shown
that chromium species (Cr),iron (Fe) and aluminum { Al) are at high
levels in the emission or ambient air outside the foundryin anarea
between no foundry activity and foundry activity [4.5]. Moreover,
a leaching study finds high silver (Ag), arsenic (As), barium (Ba),
cadmium (Cd), chromium {Cr), and lead {Pb) in foundry molding
sands [6]. Although industrial foundries vary in terms of the type of
metal being poured, the sand casting process, the type of furnace
{induction, electric arc, and cupola) and finishing process ( grinding,
blast cleaning, and coating), the basic process and hazards includ-
ing particles and metals remain the most important occupational
hazards in the foundry industry.

Many studies have suggested that silica particles may induce
reactive oxygen species (ROS) generation [7-9], which ovenahelms
antioxidant defenses in the lung and causes lipid peroxidation and
cell damage [10]. ROS can also cause many types of DMA dam-
age, including gene mutation, exchange of sister chromosomes
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and mutagenesis in chromatids [11,12). Hazardous substances
such as metals and other organic compounds can cause an
increaseinoxidative damage, including malondialdehyde (MDA 8-
hydroxydeoxyzuanosine ( 8-0H-dG ), and DNA breakage (single cell
gel electrophoresis of comet assayin workers in the battery plant,
cement plant, and metal recovery plants [13-15], and the stud-
ies suggest that occupational exposure to incinerators may cause
harm wvia oxidative stress. Meanwhile, exposure to Crresults in the
increased production of ROS, lipid peroxidation, and enhances the
excretion of urinary lipid metabolites [16], as well as lipid peroxi-
dation and catalase activity elevates in liver, kidney and brain of Pb
exposed rats [17-19]. Mi compounds can elicit chromosome aberra-
tions, lung cancer risk [20] and are classified as human carcinogens
by the International Agency of Research on Cancer (IARC) [21]. These
results suggest that exposure to silica particles and many metals
may resultin DNA damage and lipid peroxidation through axidative
stress.

Although many studies have indicated neuro-toxic and health
effects in foundry workers [22.23], little is known about the
status of oxidative stress in workers at occupational smelt-
ing factories potentially exposed to more silica particles and
metals. Here, we compared the oxidative stress status by mea-
suring the levels of plasma malondialdehyde (MDA urinary
g-hydroxydeoyzuanosine (8-0H-dG) and DMA strand breakage in
workers potentially exposed to haz ardous substances, including sil-
ica sand and metals at bwo foundry plants (exposure group) and in
town hall employees { control group)in central Taiwan. Air samples
for metals analysis in the workplace were also collected to assess
the health risk of foundry workers.

2. Materials and methods
21. Subjects

The study was conducted in two typical foundry plants in cen-
tral Taiwan. Plant A typically uses an induction furnace for metal
melting and plant B uses a cupola. A pre-sampling walk-through
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was conducted to determine the layout of each work site and its
borders. In principle, the zones in the foundry plant are based on
various operational functions. Areas which included: core making,
smelting furnace, molding, sand shakeout, grinding, sand recovery,
and administration, were selected for study.

Fifteen and 26 workers were recruited from plant A and B,
respectively (exposure group) and 27 administrative staff from
the town hall {control group) were also included. Each employee
was asked to fill out a questionnaire asking for information about
personal characteristics (gender, age, height, weight, residence
neighborhood, etc.), life style (e.g., tobacco usage and alcohol
intake), and occupational history (eg., working history at current
place of employment, working environment, job titles, periods of
employment, and use of protective equipment). Body mass index
(BMI, kg/m?; weight in ke divided by the square of the height in
meters (m)) was also calculated for each participant. The study
was approved by the Ethics Committee of the Kuang Tien General
Hospital (Taichung, Taiwan L

22, Blood collection

The sampling day was Friday, the last working day of the
week., The workers completed an overnight fast before blood
sampling, and Friday was chosen as it would represent the high-
est accumulation of hazardous chemicals for the week in this
tvpe of environment. Each participant provided 2mL of venous
blood, drawn into chemically clean tubes containing heparin. One
milliliter of the blood sample was centrifuged at 1000 x g for 10 min
to separate blood cells and plasma. Flasma was stored at —85°C
until analysis of MDA, After cryoprotectants (1:1 ratio) had been
added to the other 1 mL of blood, the samples were stored at —85 *C
until the comet assay.

23. Urine collection

Urine sampleswere collected in polyethylene bottles (which had
been washed with 0.2% HMO; ) from the first urination in the morn-
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Table 2
MDA, §-0H-dG and TMOM of the workers in exposure {foundry plants) and control
graups,

Table 3
MDA, 8-0H-1G and TMOM of the workers in manufacturing department and in
administrative department,

Exposure (n=41}) Control (n=27) p-Value
MDA | M) 428 2 211 164 £ 081 <0001
B-0H-dG {pglg creatinine P 500+ 492 .84 £ 153 000’
TMONM-® GBE3 £ 399 122 £ 076 00001

3 Mean£standard deviation, data are analyzed by Wilcoxon test,
P TRAOM (tail moment).
" p-Value<0,05,

the control group exercised regularly compared with the exposure
group.

3.2, Oxidative stress markers

We found significantly higher MDA levels in the exposure
group compared with the control group (4.28 wM versus 1.64 LM,
respectively; p<00001), as well as greater DMA strand break-
age (6.63 versus 1.22, respectively; p< QU0001). The differences in
8-0H-dG levels between the owo groups also showed a similar
trend (5.00pg/gcreatinine versus 1.84 pgfgcreatinine, respec-
tively; p=0.0001; Table 2.

3.3, Working status and oxidative stress markers

All workers were categorized, based on their job titles or
wark departments, as members of the manufacturing department
{n=38) or administrative department (n=3) in the two foundry
plants. MDA levels, 8-0H-dG levels and DMA strand breakage were
significantly higher in manufacturing workers than in adminis-
trative workers, regardless of which foundry they belonged w
{Table 3).

Oreidative damage Departments

Administrative Manufacturing

dep.(n=3) dep, (n=38)
MDA [ pMP 262 £ 054 441 +£213
8-0H-dG ( pgig creatinine? 161 £ 1.05 527 £ 501
TMORE 452 +£13.19 E.BO £ 4003

4 Mean £ standard deviation,
B TMOM [ tail mament).

34. Environmental monitoring inside the foundry

Forty respirable air samples were collected inside the foundry,
and the dust and metal concentrations are shown in Fig. 2.
Higher dust concentrations were found in the manufacturing
departments (0.99 mg/m? ) than in the administrative departments
(0.34 mg/m3). Levels of Al, Fe, Mn, Ni, Pb, and Zn were higher in
the manufacturing departments than in the administrative depart-
ments.

3.5 Risk assessment of heavy metals exposure in foundry workers

Cd, Cr and Ni are recognized as human carcinogens or are
suspected to be human carcinogens by the IARC. The health risk
assessment on metals exposure showed that the cancer risk of
Cd (234 = 1074, Cr (792 =% 10-3) and Mi (5.76 = 10-5) were all
abowve 1% 10-% (Table 4). Non-cancer risk assessment also showed
that the hazard index (HI) was abowve 1. This means thar work-
ers exposed to Cd, Cr, Ni and Mn in foundries are at risk of
bronchus cancer, lung cancer and impairment of neurobehavioral
function.
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plants {manufacturing department: sample size= 34, administrating department; sample size=6),
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Table 4
Health risk assessment for metals in manufacturing departments in foundry.
cd Cr Mi Mn

Impairment Lung, trachea, bronchus cancer [35] Lung cancer [34] Lung cancer [33] Impairment of neurobe havior function [36]
Unit rigk { pg/m? ! 1.8 5 1073 1.2 5 1072 241004 Group D
RFC{ pgim?) - - - S=10-4
Air levels {pgim?) 013 066 0.24 14.26
Risk of carcinogenesis® 234104 7.82 % 103 576 10-5 -
Risk on non-carcinogenesis? - - - 28520

3 Riskon cancer= air levels gim® ) = unit risk {pgim?)-1,

b Hazard index (Hlj=air levelsi g m? VRAC { paim?® ),
Table 5
Surnmary presentation of research findings related to metallic profiles in aerosal (g m?) from various industrial sources,
Character Size Ag Al Cd Cr Cu Fe Mg Kn [ Pb Zn Reference
Ferroalloy smelter My - - - = - - - 0.80 - - - [29]
Foundry TSP - - - - - - - E0-39 - - - [47]
Manganese alloy plant Py - - - = - - - EL - - - [23]
Iron and steel industry TSP - 059 - 0.0z aln 1.25 - 0.7 om 0.15 019 [32]
Industrial area Phloc - o - 0.0 ool 0.30 - 0.m 0004 0.01 0.04 [48]
Industrial area PMzs - 033 - 0.01 o4 0.48 0.20 0.0z om 0.9 0.38 [48]
Industrial complex PMy - - 0.003 0.03 o4 1.63 - 0.05 00d 0.24 0.24 [9]
Industrial area PMy - 057 0.01 0.04 ooz 1.07 0.20 0.06 [l 0.18 0.48 [30]
Blast furnace during operation PMas 006 17,13 0.1z 0,09 03 40,00 25,13 027 0o 115 .07 [31]
Manufacturing dep. My Qs 842 0.13 0.66 e 83.03 19.31 14.27 052 1.50 8.28 This study
Administrating dep. My [RTaE} 388 010 040 044 18.89 13.02 4,85 024 059 153 This study

-1 Mo data available

4, Discussion
41. Metals in foundries

Foundry particles from moldingsand are composed of a complex
chemical mixcure which includes silica [1], Al and Fe [5], Mn [29],
Cr and others [2,4], and the leaching procedure also results in high
levels of Ag, As, Ba, Cd, Crand Pb in molding sand [&].

A comparison of the metal concentrations in the present study
to previous studies (Table 5), showed that the air metal concentra-
tions were higher in foundry plants than in a ferroalloy smelter [29]
and other industrial areas [9,30], regardless of whether the sam-
pleswere takenfrom administrative departments or manufacturing
departments. This means that administrative departments are not
completely separate from manufacturing departments, and that
administrative workers also need to be protected in the foundry. By
comparing the metal concentrations in the present study to those
in a blast furnace during operation [31], the manufacturing depart-
ments in the present study showed higher Cr, Cu, Fe, Mn and Mi
levels than those in a blast furnace during operation. The metal
concentrations in the administrative departments were also signif-
icantly higher than those collected in the vicinity of industrial areas
[9,30,32]. It may beinterpreted from these findings that administra-
tive workers have a higher risk of exposure to metals emitted during
the operating process in a foundry. The health risk assessment on
metals exposure showed that the risk of Cd, Crand Miwere all abowve
1 = 10-%, while, non-cancerrisk assessmentalso showed that work-
ers were exposed to predominant metals. However, none of them
exceeded the threshold limit values of the metals. Therefore, future
studies should follow health outcomes including bronchus and lung
impairment [33-35], and disorders of neurobehavioral function in
foundry workers [36].

4.2 Metal exposure and oxidative damage

The relationship between metal exposure and neuropsychologi-
cal function [22,37,38], oxidative mechanisms [16], and lung cancer
risk [20] are under discussion. Levels of 8-oxo-dG in lymphocyte
DMA and markers of oxidative damage to lipids and proteins in
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plasma are associated with environmental PM. 5 exposure [39],
and epidemiological evidence suggests that exposure to As and Cr
may mediate oxidative stress, apoptosis, and carcinogenesis [40].
Massive DNA damage, along with deregulation of cell homeostasis,
leads to malignant diseases [41 |. Casado et al. [42] indicated that Pb
exposure may cause GSH oxidation to GS5G, which shows that the
stress index increases significantly, and that lipid peroxide forma-
tion is mediated by a metal-driven Fenton reaction. MDA increases
under heavy metal stress, and an increasing amount of MDA repre-
sents the formation of free radicals in the test microorganism under
heavy metal stress [43). In an in vitro study, Cu significantly raises
the MDA level more than Cd, whereas catalase activity is signifi-
cantly reduced by Cd than by Cu [44]. These results provide evidence
that metals treatment or metals exposure can induce oxidative
stress, as measured by ROS, oxidarive enzyme acrivities or MDA, In
this study, significantly higher lipid peroxidation and DMA damage
are observed in foundry workers compare to town hall employees.
In addition, the levels of these parameters are higher in workers
from manufacturing departments than in those from administra-
rive departments, even though they all work in the same foundry.
Compared with our previous study, the MDA levels in foundry work-
ers in this study were higher than 0.58-3.20 M which was found
in workers from a bottom ash recovery plant and from fly ash treat-
ment plants [45], and higherthan 1.79-2.54 pMwhich wasfound in
wiorkers from a Cu smelrer and from Zn recovery plants [13]. How-
ever, the 8-0H-dG level in this study (5.00 jug/z creatinine) was not
different from the levelin workers from abottom ash recoveryplant
and from fly ash treatment plants [45]. These results suggest that
blood MDA level may be a sensitive oxidative marker for exposure
o occupational hazards, such as heavy metals.

5. Conclusion

The present study demonstrated that warkers at foundry plants
(exposure group) have significantly higher plasma MDA, DNA
damage and 8-0H-dG than town hall employees (control groupl
Together with air sampling, the data showed that larger quan-
tities of metals were leached from manufacturing departments
than administrative departments, indicating that elevared oxida-
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tive damage in foundry workers was reasonable. However, it is not
negligence that administrative workers infoundries were also likely
to be exposed to heavy metals emitted from the foundry operating
process. In addition, it remains to be determined whether oxidative
damage can be attributed to particular metals and particular levels
of metals in foundry plants.
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Occupational exposure to polycyclic aromatic hydroarbons (PAHs) has been reported in foundries, A
higher risk for DNA damage or oxidative damage lesions was also found inoccupationally PAH-exposed
groups. The aim of this study was 1o assess PAH exposure by urinary excretion of 1-hydroxy pyrene
(1-0HP), a biological exposure marker. Furthermore, we aimed to evaluate the oxidative damage of
foundry workers with different job tasks and the association between 1-0OHP, metal exposure and
oxidative damage in foundry waorkers exposed Lo pervasive @rdnogens,

A higher concentration of 1-0HP was found in the exposed group (0322 + 0289 pug'e creatinine)
relative to the control group (0,178 #0289 pgle creatinine) (p < 0,05} Moreover, higher levels of
1-0HP were found inwaorkers involved in manufacturing prooesses (0346 pgg oreatinine] compared to
administrative workers (0,018 pg/g creatinine), A positive correlation was identified between levels of
1-0HP and 8-hydroxydeoxy guanosine (8-0H-dG), DNA strand breakage and malondialdehyde (MDA)
in all study subjects. However, when foundry workers were considered based on their specific job
ategaries, a similar trend for 1-0HP and three oxidative damage markers was only found Tor DNA
strand breakage, but not for 8-0H-dG or MDA, Other factors such as furnace equipment, PAH types, and
Job @tegories may contribute to different PAH emissions. The study also suggested that co-exposure Lo
metal and PAHs, and smoking status in foundry industries may also cause the oxidative damage in

foundry waor kers.

@ 2008 Elsevier GmbH. All rights reserved.

Introduction

Exposure to high levels of polycyclic aromatic hydrocarbons
(PAHs) has been reported in several industries and occupations
(Boffetta et al., 1997; Bosetti et al, 2007; El Zanan et al, 2006;
Makhniashvili et al., 2008). Special PAHs, such as anthracene,
fluorene, naphthalene and phenanthrene, are generated in many
foundry sands and have been detected in over 79% of foundry sand
wastes (Dungan, 2006, Dungan and Reeves, 2007). A leaching study
showed that all spent foundry sands contained PAHs, 30% of which
was naphthalene. The PAHs varied in different sands regardless of
whether the sand was natural or had been in a chemical binder
(Ji et al,, 2001}, Other than PAHs, major hazards in olivine sands or

Abbreviations: PAHs, polycyclic aromatic hydmcarbons; 1-0HP, 1-hydrosypyr-
ene; B-0H-d G, 8-hydrosgyrd eoxymuanosine; comet, single-cell gel electrophoresis
assay; MDA, malondialdebarde; TMOM, tail moment

" Comesponding author at: Institute of Occupational Safety and Hazard
Prevention, Hung Kuang University, 34 Chung Chie Road, Sha Lw, Taichung 433,
Talwan, ROC Tel: + 886 4 2631855204010, o +886 425319175

E-mall address: hsivlin@sunnize hkedwtw (H-L ChenL

1438-46300% - see front matter & 2000 Ekevier GmbH. All rights reserved
doi: 10.1015]] djheh 20061 2005
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brass foundries include Ni, Cu, Pb and Zn {Dungan, 2008), Therefore,
metal exposure is another occupational hazard in the foundry
industry (Caylak et al., 2007; Polizzi et al., 2007).

Previous studies have demonstrated that increased concentra-
tions of PAHs in the air at the workplace could induce the
formation of DMA strand breaks in the white blood cells of
exposed workers at plants producing fireproof materials and
bitumen { Marczynski et al., 2005, 2006; Cavallo et al., 2006; Chao
et al, 2008 ). Moreover, a higher risk for DNA damage or oxidative
damage lesions was also found in occupationally PAH-exposed
coke-oven workers (Cheng et al, 2005, Chao et al, 2008)
These data indicate that PAHs are genotoxic substances. A recent
occupational study demonstrated increased risks of lung and
bladder cancers associated with PAH-related occupations { Bosetti
et al,, 2007). An epidemiological study has also found a higher risk
of lung and respiratory cancers (relative risk (RR)=1.40, 95%
confidence interval (CI): 1.31-14%9) and bladder and urinary
cancers (RR=1.29, 95% CI 1.06-1.57) in iron and steel foundry
workers [ Bosetti et al, 2007). The DNA lesions caused by PAH
exposure can be sources of toxicity and increase risks of lung and
bladder cancers in PAH-related occupations in foundries.
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Previous studies have suggested that the urinary excretion of
1-hydroxypyrene (1-0HP) can be wsed as a biomarker for
assessing PAH exposure (Hansen et al., 2004; 2008 ; Bergamaschi
et al, 2005; Cavallo et al, 2006). In PAH-exposed individuals,
urinary 1-0HP levels were found to increase during the work day
and reach maximum levels 3-9 h after the end of the work day
(Bouchard and Viay, 1999), The experimental study showed that
for five male volunteers exposed to a PAH mixture for & hwithin a
one month at an aluminum plant, the average respiratory
retention of pyrene 71 h after the onset of exposure was 61%,
The half-life of 1-0OHP was 9.8 hours (95% CI 7.9-11.7 h), and a
balance of 1-0HP absorption and elimination was achieved at the
end of the second day (Brzeinicki et al., 1997). Franco et al. (2008)
also discussed the methodologies for using biomarkers such as
1-0HP, PAH-DNA adducts, cytogenetic markers, frequency of
chromosomal aberrations and micronucleus induction for the
evaluation of cancer risk. The estimated biological exposure index
of 1-0HP in iron foundry workers was 1.2 pmol/mol creatinine.
Moreover, excretion of 1-0HP increased DMA strand breakage in a
dose-dependent manner. Wu et al. (2003) found that the mean
concentration of 1-0HP in topside coke owven workers was
93.5+ 104.4 (ng/ml + 5D}, and that urinary 1-0HP and 8-0H-dG
levels reflected occupational exposure to PAHs and oxidative DNA
damage. Therefore, 1-0HP was ufilized as a biological exposure
marker for PAH exposure in this study.

Our previous study has been indentified that administrative
workers in foundry industries have higher risk of exposure to
metals emitted during the operating process (Liv et al., 2009), and
some studies also proved that exposure to As and Cr may mediate
oxidative stress, apoptosis, and carcinogenesis (Roméo et al,
2000; Shi et al., 2004 ).

The aim of this study was to assess PAH exposure and
oxidative damage in workers with different job categories at steel
foundries with high temperature melting processes and to
examine the association between 1-0HP, metal exposureand
oxidative damage in foundry workers exposed to pervasive
carcinogens.

Material and methods
Subjects

The study was conducted in two typical foundries in central
Taiwan Plant A typically uses an induction fumace for melting
metal, and plant B uses a cupola. The different tasks at the
foundries include core making, furnace smelting, molding, sand
shakeout, grinding, sand recovery and administration

The exposure group consisted of 15 and 26 workers at plant A
and B, respectively, and the control group consisted of 27
administrative workers from the town hall. Each employee was
asked to fill out a guestionnaire asking for information about
personal characteristics (eg., gender, age, height, weight, place
of residence), lifestyle (e.g., tobacco use and alcohol intake)
and occupational history (e.g., work history at current place of
employment, work environment, job titles, periods of employ-
ment and use of protective equipment). The study was approved
by the Ethics Committee of the Kuang Tien General Hospital
(Taichung, Taiwan).

Blood Collection

The sampling day was Friday, the last working day of the weelk.
The workers fasted ovemight before blood sampling, and Friday
was chosen because it would represent the highest accumulation
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of hazardous chemicals after a week. Each participant provided
2mL of venous blood, drawn into chemically clean tubes
containing heparin, One milliliter of the blood sample was
centrifuged at 1,000 = g for 10 min to separate blood cells and
plasma. Plasma was stored at —85 "C until MDA analysis. After
cryoprotectants (1:1 ratio) had been added to the other 1 mL of
blood, the samples were stored at -B5 °C for the comet assay.
250 pL blood were used for metal analysis.

Urine Collection

Urine samples were collected in polyethylene bottles (which
had been washed with 0.2% HNOy) on Friday. The samples were
kept at —85 °C for 8-0H-dC and 1-0OHP analysis. The 8-0H-dG
assay was completed within one week,

MDA Analysis

Plasma lipid peroxidation was measured as MDA levels, The
MDA assay protocol was recently described (Liu et al., 2000),

Urine 8-0H-dG Assay

Urinary 8-0H-dG levels were determined using a competitive
ELISA immunoassay (Japan Institute for the Control of Aging,
Shizuoka, Japan) (Mizushima et al,, 2001}, Data are presented as
quantity of 8-0H-dG per creatinine (p1g/g creatining).

Biood Comet Assay for DNA Strand Breakage

The comet assay protocol was previously described (Chia et al.,
2008). The tail moment (TMOM) is considered one of the best
indices of comet formation that can be obtained in computerized
analyses (Chuang and Hu, 2004 ).

1-0HF Analysis

All urine samples were analyzed for 1-0HP by high-perfor-
mance liguid chromatography (HPLC) (Jongeneelen et al, 1987;
Tsai et al, 2002; Wu et al, 2003). A 10ml urine specimen was
diluted with 1 N hydrochloric acid and 0.1 M acetate buffer {pH
5.0) to a total volume of 20 ml and adjusted to pH 5.0 with 4 M
HCL This mixture was incubated for 20h with 25pl of
f-glucoronidase (116, 300 units/ml, SIGMA) at 37 +0.5°C in an
electronically controlled rotary shaking bath. A sample purifica-
tion and enrichment cartridge (Sep-Pak ENVI-18 cartridges,
500 mg{3 mL, Supelco) was used to extract the metabolites, The
cartridge was washed with 10 ml of distilled water and 5 ml of
methanel, and then directly washed with 4 ml of distilled water.
The final elution of 1-0HP fractions was performed in 4 ml of
methanol, The eluted fractions were evaporated until dry at 50 °C
and passed through a syringe filter (PVDF, 022 pm, 13 mm,
Millpore) reconstituted with 2 ml of methanol. An HPLC system
(Waters 2695) containing of a fluorescence detector (Water 474)
was used for guantification. Aliguots (20 pl) of each prepared
sample were injected into a 150 « 4.6 mm column (Varian C18-A,
USA) and analyzed by HPLC with fluorescence detection. The
fluorescence conditions were fixed at an excitation wavelength
(4ex) of 281 nm and an emission wavelength (<em) of 388 nm.
Urinary 1-0HP concentrations were adjusted according to
creatining levels and are expressed as |Ig/g creatinine.
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Blood Metal Analysis

Blood were diluted by 0.1% HNOy and 0,02% Triton X-100
(GR for amalysis, Merck) according to Palmer et al. (2006) and
Rodrigues et al. (2009), HNO3 were ultrapure analytical reagents
(TAMAPURE-AA-100). Inductively coupled plasma mass spectro-
scopy (ICP-MS, Perkin Elmer Sciex ELAN DRCI) was used to
analyze the metal concentration.

Statistical Me thods

The [MP 5.0 (S5AS Institute, Cary, MC, USA) software package
was used for data management and statistical analysis. The
Wilcoxon rank sum test was performed to evaluate differences in
1-0HP levels between different ages, the exposed and control
groups, gender ratios, smoking ratios and other factors. The
Spearman correlation was also utilized to analyze the comrelation
between 1-0HP levels and oxidative damage.

Results
1-0HP levels

Significantly higher concentrations of 1-0HP were found in the
exposed group (0.322 + 0,289 pg/g creatining) than in the control
group (0178 + 0.289 pglg creatining, p <005, Fig. 1). Table 1
shows the levels of 1-0HP associated with demographic
characteristics, lifestyles and work histories of the foundry
workers. The average concentration of 1-0HP in smokers
(0409 ngle creatinine) was significantly higher than that in
nonsmokers (0212 pg/g  creatinine).  Similarly, the average
concentration of 1-0HP in alcohol drinkers (0.385 pglg
creatinine) was significantly higher than that in nondrinkers
(0206 pg/g creatinine). In addition, higher concentrations of
1-0HP were found in workers who were older than 46.7 years
of age relative to those younger than 46.7 years of age. Higher
concentrations of 1-0HP were also found in workers who had
worked at the plant over 10 years relative to those who had
worked less than 10 years. Finally, higher concentrations of 1-0HP
were found in workers of the manufacturing department
(0346 ng/g creatinine) relative to administrative workers
(0018 pgleg creatinine). Interestingly, workers at plant A had

0.

=
ta
1

1-OHP{g/g creatinine)
=
[
—

=]
=
1

0.0

Exposure Contral

Fig. 1. 1-0HP concentrations in PAH-exposed and control groups. Differences in
concentrations were analyzed using the Wilcoxon test, and a gar indicates that a
significant difference was found between the PAH-exposed and control growps.
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slightly higher concentrations of 1-0HP than workers at plant B
(p=0.05)

1-0HP levels and different job categories

The highest levels of 1-0HP were found in furnace workers
(0.469 ng/g creatinine), followed by maintenance workers
(0.392), sand recovery workers (0.350), sand shakeout
workers (0325), coating workers (0317), painting workers
(0.260) and administrative workers (0.018) (Table 2).

Significanty gssocigtion between 1-0HP and oxidative damage

Table 3 shows the Spearman correlations between 1-0HP and
oxidative damage in foundry workers and the control group.
Significantly positive correlations were found between levels of
1-0HP and levels of MDA, 8-0H-dG and DNA strand breakage in
foundry workers and the control group. The concentrations of
1-0HP and oxidative damage in the various departments of the
twofoundries are shown in Fig. 2. Except for the painting workers,

Table 1
Effects of age working period, smoking status, alkohol intake and working
departments on 1-0OHP levels in foundny workers.

1-0HP (pugfg creatinine [

Characteristics n= Mean Standard deviation P value
Foundry 15 0368 0334 0588
A 26 0296 0264
E
Age (years[ 03
=457 c 0367 0348
=487 18 0265 0185
Smaoking status [T
Yes i ] 0400 0333
Mo 18 0212 0175
Alcohol intake [ITIRE
Yes Fr) 0385 0329
] 12 0 230G 0135
Department -
manufacturing 38 0346 0287
adiministrative 3 0ims uE
Working period® 0187
=10 20 0384 0285
=10 19 0283 0300
A Grouped by mean
B Grouped by median
= p 005, data were analyzed by Wilcoxon test
%1 1-0HP (uglg creatinine)

s 10, the statistical analysis didn't process

Table 2
Levels of 1-0HP and oxidative damage in foundry workers in different job
categories.

N Mean * Standard deviation
administration 3 g Ui
closed -shakeouwt 2 0315 LTI
Coating 3 oy 0253
Emplaoyer 2 0238 0298
Fumace 13 L4659 0411
Grinding ] a2 023
maintenance 1 0392 -
Painting 1 0.2a0 -
sand recovery 1 0350 -
shakeout 2 0325 128

A 1-40HP (pgle creatinine)
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similar trends between levels of 1-0HP and DNA strand breakage
were found for different job categories, but the trends between
levels of 1-0HP and 8-0H-dG or MDA were not the same when
their specific job categories f were considered. Table 4 presents
the multivariate regression analysis between 8-0H-dC and
interference factors including age, smoking status and urinary
1-0HP or different metal concentrations in blood of the foundry
workers. In model 1, the significant positive relationships were
found for 8-0OH-dG in smokers as compared to nonsmokers
[ coefficient=0.370, p=0.040) and for 1-0HP in forth quartile
compared to first guartile of all subjects ([ coefficient=0.680,
p=0025. In model 2, while PAH and Cd exposure were
considered both, the significant positive associations were found
between 8-0H-dG levels and Cd exposure ([ coefficient=0619,
p=0.041) and for 1-0HP levels in forth quartile compared to first
quartile of all subjects ([ coefficient = 0.655, p=0.024 ). Moreover,
model 3 showed that the significant higher 8-0H-dG levels was
found only for smoking status ([ coefficient = 0374, p=0.036)
and for 1-0HP levels (| coefficient = 0.741, p=0.015)

Discussion
PAH exposure in the foundry industry

PAHs are well-known human carcinogens (Boffetta et al,
1997; Yu, 2002}, and are classified as such by the International
Agency of Research on Cancer (IARC) Although industrial
foundries vary in terms of the type of metal being poured, the
sand casting process and the type of fumace and finishing process,
the basic manufacturing processes, including melting and pouring
at high temperatures, remain the most important cccupational

Table 3
Spearman correlation between levels of 1-0HP and oxddative damage in found ry
warkers and employees of the town city hall.

hazards in the foundry industry. Therefore, high concentrations
of PAHs in ferrous and non-ferrous foundries are potential
occupational hazards (Verma et al, 1982; Perera et al, 1994
Makhniashvili et al, 2006 ).

Biological exposure markers of PAHs

Bouchard and Viau (1999) have suggested that levels of 1-0HP
in urine increase during the course of a work day, reaching
maximum values 3-9 h after the end of the work day. Therefore, in
this study, 1-0HP was used as a biological exposure index
o assess PAH exposure in foundry workers. The range of 1-0HP
concentrations in the foundry workers of this study was
0.011-1.354 pglg creatining (0.003-0.651 pmol! mol creatinine),
which was 1.5- to 2-fold higher than that of the control group,
which was considered an unexposed group. The data indicate that
the foundry workers may potentially be exposed to PAHs. The
1-0HP levels in the foundry workers of the present study were
higher than those of the foundry workers in another study
(Omland et al., 1994) and equal to the levels of workers exposed
to bitumen fumes (Marczynski et al., 2007) and foundry workers
of another study (Sherson et al,, 1992). In contrast, the levels of
1-0HP in this study were lower than those of temple labors
(Kuo et al, 2008), silicon workers (Marie et al, 2002) and
some other foundry workers (Bouchard and Wiau, 1999)
(Table 5).

PAH exposure by job category

In this study, the highest levels of 1-0HP were found in fumace
and sand treatment workers. This result is inconsistent with that
of Bergamaschi et al. (2005), which indicated that 1-0HP levels
were significantly higher in non-smoking workers continuously in
the casting process department of the foundry relative to those in
the maintenance and fumace areas. Moreover, this result also
contrasts with that of Makhniashvili et al (2006), which
suggested that foundry workers exposed to PAHS, especially for

1-0HP MDA 8-0H-dG TROM those who caster molds and cast strikers, had higher levels of
1-0HP. Therefore, workers may be exposed to PAHs emitted from
1-0HP - 031" 032" 0300 he d . f a larze foundrv d of ha
MDA _ - P P the furnace an pouring areas of a large foundry does n e
B-OH-dG = - - 0156 well-separated working departments. Fumace type, melting
temperature and casting conditions may also affect PAH exposure
" p=0.05 when working in different departments.
0.5 - 116
0.45 L —8—1-0HP
TMOM 114
& 04r =
= 035 2 3
2 o3} r 110 2
o 025k 18 3
2 o2} / | g =
E oast 0
=] {1 4
- 01F =
0.05 | 12
{I - 1 1 1 1 1 1 1 1 1 {I
v = T e R T
a ol
et El o e‘“ﬁp w® *3'“\‘3 ﬂﬁ#ﬂ; &', @ ard®
R s 2
oo
departments

Fig. 2. Levels of 1-0HP and DNA strand breakage in different job categories.
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Table 4

Multivariate regression analysis between 8-0H-d4G and interference factors
incledingage, and smoking status and wrinary 1-0HP or blood metal concentra-
tions of the foundry workers.

Dependent Independent - Regression r
varnahle vanables square  coefficient value
Model 1: 8-0H- oes QL™
dGa
Age uO0E il ]
Smoking status® 0370 L%t
1-OHPFQ2F 0284 0339
1-0OHFO3) = 0187 0502
1-OHPO4) © 0580 (iTir
Model 2:8-0H- 0245 4
dGa
Age oo 0517
Smoking status® 0331 0055
1-OHPF02) = ~0228 0423
1-0OHFO3) = 0163 0539
1-0OHPQ4) = 0655 LILIES
cd* 0e19 L%
Muodel 3: (iR LiTiER
B-0OH-dG* Age L4 0835
Smoking status® 0374 LTIt
1-OHPF02) = =0331 0262
1-0OHFO3) = ~0.151 0584
1-0OHPQ4) = 041 s~
Crd* -2 453 0152

4 The data has been logarithmic transformed

® The data compared to nonsmoker

¢ The datacompare to Q1001 1-OHP < 0089, (2: 008991 -0HP < 0.2779; 3
02 TT9=1 0OHP < 0A081; Q4: 1-0OH P04081 ueie creatinine )

Table 5
1-0OHP concentrations in different PAH-related oocupations.

References Subjects (sample size) 1-0OHP concentration
Onr stwdy, 2009 Foundry workers (41) 0322 pgfg creat
(U011-1354 pgle creat. )
Omland et al., 1994 Foundry workers (70)  QU022-0.027 purmssl frnod
creat.
Sherson et al. 1992 Foundry workers (45) 0. 70 ol imeal creat. 95%
Cl: 0.07F-1.47
Marczynsl et al, 2007 Pre-shift bitumen
warkers [ 202)
Post-shift bitumen 0201 pg'e creat.
warkers (202
0353 gl creat
Kuo et al. 2008 Pre-shift temple labor  1.20pgig creat.
(95)
Post-shift temple labor 161 pgig creat
(95)
Marie et al., 2009 Post-work silicon U779 el frmold creat.
waorkers (&8)

Median: 005 pmolimol
creat.

Maote: pa's creat.=jugls creatinine

PAH exposure and oxidative damage

In wvivo studies have shown that PAH exposure can cause
formation of DNA adducts (Savela et al, 1996). A nested case
control study found that foundry workers with high exposure to
crystalline silica, PAHs and various other carcinogenic chemicals
had a two-fold higher risk of DMNA adduct formation (Rodriguez
et al, 20000 A molecular epidemiology study also showed that
even foundry workers with relatively low levels of exposure to
PAHs [ =005 |.|,g.'m3}| had increased amounts of DNA adducts
relative to control subjects (Perera et al, 1988). Furthermaore,
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PAH-DMA and aromatic-DMA levels and hypoxanthine guanine
phosphoribosyl transferase mutation frequencies were increased
in waorkers exposed to B[ a|P during a three-year period (60 ng/m”
during the first vear, 40 ng/m? the second year and 36 ng/m” the
third year;) (Perera et al, 1994). Therefore, DMA adducts were
found in foundry workers even though they were exposed to low
lewvels of PAHs (Sherson et al, 1992; Perera et al, 1994), In this
study, positive correlations were found between urine 1-0HP
levels and DMA strand breakage, MDA and 8-0H-dG. These results
are consistent to those reported previously that demonstrated
that urinary 1-0HP levels were a significant predictor for urinary
B-0OHACG levels (Chuang et al., 2002; Pan et al., 2008). Marczynski
et al. (2009) also found that levels of 8-oxo-dG and DNA strand
breaks were higher in graphite-electrode production workers
relative to controls. In contrast, PAH-induced oxidative DNA
damage could not be identified in coke oven workers (Zhang etal.,
2003), and no correlation was detected between 1-0OHP levels and
oxidative DMA and RMA lesions in silicon workers. Furthermore,
urinary 8-0H-dG was recently suggested to not be a relevant
biomarkers of genotoxic PAH exposure (Marie et al, 2009),
Howewver, the unstable association between DMNA damage and
PAH exposure may be affected by different types of PAHs, and
co-exposure to other carcinogens such as metal and silica dust in
foundry industries may contribute to an individual's level of
genotoxic PAHS (Rodriguez et al., 2000; Liv et al., 2009 ). Therafore,
the further analysis assessing the co-exposure of PAHs and metals
on oxidative damage were processed and those found the PAHSs
and Cd indeed causes the elevating of oxidative damage as Roméo
et al. (2000} identified.

Conclusion

The results of this study indicate that high 1-0HP levels are
associated with PAH-exposed foundry workers, especially those
who work with the furnace, pouring at high temperatures and
sand treatment. In summary, we have demonstrated positive
corelations between biomarkers of PAHS and DMNA strand break-
age, MDA and B-0OH-dC. This finding is consistent with previous
results, especially regarding levels of DMNA strand breakage while
the job category has been considered. Meanwhile, co-exposure
of PAH and Cd also contributed to elevate 8-0H-dG levels. These
results indicate bealth risk as high levels of DMNA damage may
increase susceptibility to carcinogenesis and cancer. However, for
assessing the potential health effects of the foundry workers, the
co-exposure of metal and silica dust and to lay aside the habit of
smoking should be considered seriously in future studies.
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Thirty-seven air samplings in different working areas of two foundry industries were collected to assess
polycyclic aromatic hydrocarbon (PAH) levels. The average PAH level inside Foundry A was 19.56 pg/m?,
which was higher than that in Foundry B (8.26 pg/m? ), whereas for the benzo[a]pyrene toxic equivalent
{BaPeq) level (38.81 ng/m? vs. 46.52ng/m?). A higher PAH level was found for big moulding process
than for the small one, and the chemical binder in the different size moulds was hypothesized to be
the main cause. The higher PAH levels were found in the painting area (95.51 pg/m?), pouring area

Keywords; {18.42 pg/m?), and inside the office (16.48 pg/m?); as well as the higher BaPeq level was in the painting
PAH - g i . T . - ;

Foundry area (152.3 ng/m? ), and the furnace for melting iron (96.9 ng/m?* 1. The gas phase (over 90%) was the major
Benzo[a]pyrene contributor of total PAHs in the manufacturing areas. Moreover, health risk assessment of PAHs exposure

BaP showed that lung cancer risks were 9.06 x 10-4 and 1.09 » 10-? in Foundries A and B, respectively. This
Risk assessment study suggests that the workers shall use appropriate respiratory masks in painting, melting, and pouring
areas to prevent their occupational exposure to PAHs.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Several studies have reported that foundry workers may by
exposed to high levels of polycyclic aromatic hydrocarbons (PAHs )
| 1-3]. Special PAHs, such as anthracene { Ant), fluorene ( Flu), naph-
thalene {Map) and phenanthrene (PA), are generated in many
foundry sands and have been detected in over 79% of foundry sand
waste [4]. In previous studies, PAH exposure was demonstrated to
induce DNA strand breaks in workers exposed to fireproof mate-
rials and bitumen [5,6]. Higher risks for DNA damage or oxidative
damage lesions have also been found in coke-oven workers with
occupational PAH exposure [6,7]. Meanwhile, the increased risks
of lung, bladder and urinary cancers were also associated with
PAH-related occupations [8,9], as well as the increased risk of car-
diovascular disease in foundry workers has also been decumented
[10]. Therefore, PAH exposure is definitely a cause of many adverse
health effects in workers with this kind of exposure.

Abbrevimtions: PAHs, polycyclic aromatic hydrocarbons : BaPeq, benzofa]pyrens
toxic equivalent; Map, naphthalene; AcPy, acenaphthylene; Acp, acenaph-
thene; Flu, fluorene; PA, phenanthrene; Ant, anthracene; FL, fluoranthene; Pyr,
pyrene; BaA, benzolalanthracene; CHR, chrysene; BbF, benzo[b]fluoranthene; BKF,
benzo[k]fluoranthene; BaP, benzola]pyrene; IND, indeno[l,2,3,-c.d]pyrene; DBA,
dibenz[a,h]anthracene; BghiP, benzo|g,h.ijperylene.

* Corresponding author. Tel.: +886 4 2631 8652x4010; fax: +8864 26319175,

E-mail address; hsiulin@sunrise.hkedutw (H.-L. Chenl

0304-3894/5 - see front matter © 2010 Elsevier B.V. All rights reserved.
doi: 10,1016/ jjhazmat.2010.04.097
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More than 600 PAHs have been identified; the simplest and most
volatile compound is Nap, which has two aromatic rings and is
present specifically in the gaseous phase. Meanwhile, Nap has been
considered as a potential surrogate for workers with occupational
PAH exposure [3]. The PAHs with the most aromatic rings (five-
and six-ring) are predominantly in the particulate phase, and the
three- and four-ring PAHs exist both in the gaseous and particulate
phases, depending on the specific compound and the environmen-
tal conditions [11]. The carcinogenic PAHs are five- and six-ring
ones, however, a “previous study” reports that the total PAH load
of the individual fractions increases steadily with increasing parti-
cle size. The inhalable fine particle comprises 31.4% of the total dust
and contains 49.9% of the total adsorbed PAH. The percentage of the
gaseous phase PAH amounts to 77% of the total PAH load in an iron
foundry. Meanwhile, the gas phase contains on average threefold
more carcinogenic four- and five-ring PAHs than the particulate
phase [12]. A study from Omland et al. [13] in iron foundry workers
shows that the average concentration of 16 PAHs is 10.40 pg/m?
in the breathing zone, and the average dust-adsorbed PAH con-
centration is only 0.15 pg/m?, which demonstrates that the most
predominant PAHs are in the gaseous phase. Shimmo et al. [14]
indicate that the proportion of gaseous PAHs range from 0% to 100%
for each PAH. It is well known that inhalation and skin uptake are
both important routes for PAH exposure. Tsapakis and Stephanou
[15] suggest that a shift in the gaseous/particulate distribution
of PAHs may be caused by a change in the ambient tempera-
ture. Meanwhile, high temperatures are found in all manufacturing
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processes, especially for metal melting and metal liquid pouring
processes. The toxicity of each PAH is related to its ring number,
which can affect whether the homologues are in a particulate or
gaseous phase. Additionally, because of the high temperature in
the foundry environment, it is difficult for the foundry workers to
wear masks during their workday. Thus, the distribution of PAH
levels in gaseous/particulate phase is important for evaluating the
prevention strategy of occupational PAH exposure.

To date, previous studies have used various strategies to present
the amount of PAH exposure: 20 PAHs in the Knecht et al. report
[12], 16 PAHs in Omland et al. report [13], and 32 PAHs in the spent
sand study [16]. In the leaching study of the spent foundry sand,
the spent sand is shown to have higher PAH concentration in the
green sand than the chemical binder sands, despite the fact that
phenolic/estersands have higher levels of PAHs than furanjacid and
silicate sands [16]. These data indicate that PAH concentrations also
vary due to the types of foundry sands.

Therefaore. this study aims to investigate the gaseous/particulate
phase PAHs in two kinds of iron foundry industries in different
casting processes. Meanwhile, air samples for PAH analysis in the
workplace are also utilized to assess the healthrisk of PAH exposure
for foundry workers.

2. Materials and methods
2.1. Sampling selection in foundry plants

The study was conducted in two typical foundry plants in central
Taiwan. Foundry A typically uses an induction furnace for melting
metal, and Foundry B uses a cupola. A pre-sampling walk-through
was conducted to determine the layout of each work site and its
borders. In principle, the zones in the foundry plant are based on
various operational functions. Several areas inside the foundries,
including core making, melting furnace, moulding, sand shakeour,
grinding, sand recovery, and office areas, as well as areas outside of
the foundries were selected for this study. Totally, 37 air samples
were taken inside the foundry industries and 6 air samples were
taken in office and in outdoor of the 2 industries.

2.2, Ambient samples

Airborne samples were collected using a glass cartridge linked
to personal air pump samplers ( Gillian) with a flow rate of approx-
imately 3 L/min, which was modified by Li et al. report [25]. A
glass cartridge containing a glass fibre filter to collect particulate
PAHs and total suspended particles in the upper layer and a 5-cm
polyurethane foam (PUF) was plugged into the cartridge as the sec-
ond layer after the filter. XAD-16 resin (15g) and 3-cm PUF were
also plugged into the cartridge as the second and bottom layer,
respectively, to collect gaseous PAHs. The glass fibre filters were
conditioned in the same temperature and humidity. In addition,
the filters were weighed 48 h post-conditioning. The post-sampling
weights were subtracted from the pre-sampling weights to pro-
vide the particle mass in the ambient sampling. Before sampling,
the stuffed glass cartridges were cleaned with Soxhlet extracted
with a 1:1 solution (Merck) of n-hexane and dichloromethane (viv)
for 24 h, and the cartridges were then dried in an oven at 60°C to
remove residual solvent. During sample transportation, sampling
and storage, the glass cartridges were covered with aluminium foil
to avoid photolysis degradation.

2.3. PAH analysis
The glass fibre filters and cartridges were extracted with Soxh-

let with a mixed solvent for 24h after the ambient sampling
was completed. The extracts were then concentrated on a rotary
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evaporator to 2-3mlL, which was modified by Fang et al. [17].
The subsequent proceeding was the removal of any pollutants to
avoid contaminating the gas chromatograph (GC) column. Follow-
ing the re-concentration procedure, 1.5 mL of extract was obtained
after ultra-pure nitrogen treatment. All sampling sclvents were
analysed using a GC (Agilent 6890}/ mass selective (MS) detector
(Agilent 5973) equipped with a GC capillary column { Agilent Ultra
2-50m x 0.32 mm x 0.17 mm) and an autematic sample ( Agilent
7683r). The injection volume was 1L A computer workstation
was used for the PAH analysis. The temperatures for the injector,
transfer line, ion source and Quadruple were 310=C, 200°C, 230°C
and 230+C, respectively. The oven temperature gradient began at
50°C and rose to 100°C at a rate of 20°C/min and then rose from
100=Cto 290°Catarate of 3=C/min; the final temperature of 290°C
was held for 40 min.

In this study, a total of 16 PAH species were analysed, includ-
ing naphthalene (Nap). acenaphthylene (AcPy), acenaphthene
{Acp), fluorene (Flu), phenanthrene (PA), anthracene (Ant),
fluoranthene (FL), pyrene (Pyr), benzo[alanthracene { BaA), chry-
sene (CHR), benzo[b]flueranthene (BbF), benzo[k]fluoranthene
(BkF), benzo[a]pyrene (BaP), indeno[l2,3,-c.d]pyrene (IND],
dibenz[a.h]anthracene (DBA) and benzo[g,h,i]perylene (BghiP).

24, Quality control

After consecutive sampling for 8h, the filters and glass car-
tridges were stored at —20=C. The masses of the molecular and
fragment ions of PAHs were determined by using the scan mode
for pure 16 PAH standards (2000 jug/mL; SUPELCO 48905-11). Qual-
ification of the PAHs was performed by using the selected ion
menitoring (SIM) mode. The instruments were calculated using at
least five standard concentrations. The correlation coefficient of the
calibration curve was =0.995 for alinear least-squares fit of the data.
The detection limit was determined from a selected concentration
that was slightly lower than the lowest concentration of the cali-
bration curve. Measurements at this concentration were repeated
seven times to estimate the standard deviation. The detection limit
was determined to be three times of the standard deviation. The
detection limit of the GC/MS for the 16 PAHs was between 0.024 ng
and 0.740 ng. In this study, recovery efficiency tests for PAHs were
accomplished by performing the same sample analysis procedure
by adding the standard sclution before extraction. The recovery
efficiency of particulate PAHs ranged from 79.5% to 99.6% (aver-
age 89.1%), and gaseous PAHs ranged from 80.2% to 99.5% (average
89.6%) [18].

2.5, Data analysis

The JMP 5.0 (SAS Institute, Cary, NC, USA) and SigmaPlot
software (version 8.0, SPSS Inc.) packages were used for data
management and statistical analysis. The Wilcoxon rank sum test
was carried out to evaluate differences in particle levels between
Foundries A and B. Many researchers have calculated the cancer
risk of PAH exposure based on the toxic equivalency factors (TEFs),
which is considered to be BaPeq [17,19,20], because of BaPeq is a
better indicator than total PAH level on characterizing the carcino-
genic potency of PAHs. The cancer risks herein were calculated as
described by Nisbet and LaGoy [19]. To assess workers' excessive
lung cancer risks associated with a 25-year cccupational exposure,
the unit risk of 7 x 10~ (BaPeqngm~3)!.

3. Results
3.1. PAH levels in two foundries

The average particle levels in Foundries A and B were
1.54mg,"m3 (standard deviation, 1.57) and 1.87 mg,"m3 (standard
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deviation, 2.20), respectively (data not shown). The levels were
almost equal in the two foundries. The particle measurements
in different areas showed that the highest level was found in
shakeout area (5.64mg/m?), the second highest level was in
grinding area (2.77 mg/m?), and the third highest level in mould-
ing area (2.93mg/m?), whereas the lowest one was in outdoor
(0.08 mg/m?), and in the office (0.11 mg/m?), respectively. Overall,
the particle level inside the foundry plants was significantly higher
than those outside of the plants and those of the indoor or outdoor
offices (Fig. 1).

The average PAH level inside Foundry Awas 19.56 pg/m?3, which
was higher than in Foundry B (8.26 pg/m? ). When we looked at
the gaseous/particulate phase PAHs, the gaseous PAH level was
19.3 pg/m? in Foundry A and 7.98 pug/m? in Foundry B; however, no
statistical difference was found (p value=0.446). Additionally, the
average particulate phase of PAH levels was not significantly differ-
ent between the two foundries. Meanwhile, the gaseous/particulate
phase PAHs was 98.67% and 96.38% in Foundries A and B, respec-
tively. The difference may be due to two- and three-ring PAHs,
including AcPy, Acp, Flu, PA, Ant, and Fl (Table 1). The BaPeq level
inside Foundry A was 38.81 ng/m?, that was smaller than that in
Foundry B (46.52 ng,f1113) (Table 27; the reverse trend was found for

Table 1

Average concentrations of 16 gaseous and particulate PAHs in two foundry industries.
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Fig. 1. Average particulate concentrations in different working areas of twio foundry
industries.

PAHs (pe/m?) Industry A (n=20) Industry B (n=17)
Particle Gas Total Gas¥ Particle Gas Total Gask

MNap 011 (0.28) 17.87 (35.06) 17.98 (35.08) 99,39 0.16(0.32) 6.15(5.94) 6.31 (5.51) 97.46
AcPy M.D. 0.47 (0.74) 0.47 (0.74) 100,00 0.02 (0.04) 0.39(0.51) 0.42(0.50) 92.86
Acp M.D. 0.09 (D.10) 0.09 (0.10) 100,00 N.D. 0.05 (D.08) 0,05 (D.08) 100.00
Flu N.D. 0.21 (0.39) 0.21 (0.39) 100,00 0.01 (0.03) 0.28 (D.407) 0.29 (D.40) 96.55
PA 0.04 (004 0.37 (0.55) 0.41 (0.57) 90.24 0.03 (0.07) 0.75(1.74) 0.78(1.75) 96.15
Ant 0.01 (0102 0.12 (0.25) 0.13 (0.25) 9231 0.02 (0.02) 0.07 (0.11) Q.09 (0.10) 71.78
FL 0.01 (0.02) 0.11 (0.13) 0.12 (0.13) 91.67 0.00 (0,01 0.20(0.39) 0.21 (D.40) 95.24
Pyr 0.01 (0.01) 0.06 (D.10) 0.07 (0.10) 85.71 N.D. 0.02 (0.02) 0,02 (002) 100.00
BaA Q.01 (0.01) M.D. 0.07 (0u01) - 0.01 (0.02) 0.01 (D.04) 0.03 (Du0d) 33.33
CHR Q.01 (0.01) M.D. 0.07 (0102 - N.D. N.D. N.D. -
BbF 0.01 (0.01) M.D. 0.01 (0.01) - N.D. N.D. 0.01 (Du01) -
BKF 0.01 (0.01) M.D. 0.01 (0.01) - N.D. N.D. N.D. -
BaP N.D. M.D. N.D. - 0.02 (0.05) 0.01 (0.03) 0.03 (D06) 33.33
IND Q.01 (0.01) M.D. 0.07 (0u01) - N.D. 0.03 (0.05) 0.03 (Du05) 100.00
DBA 0.01 (0.01) M.D. 0.01 (0.02) - N.D. N.D. N.D. -
Bghip 0.02 (0.02) M.D. 0.02 (0.02) - N.D. 0.01 (0.01) 0.01 (Du01) 100.00
Total 0.26(0.26) 19.30 (35.62) 19.56 (35.64) 98.67 0.30(0.41) 7.98 (7.60) B.28 (7.67) 96,38

Note: The standard deviation are shown inside parenthesis; N.D.: non-detected; -: it cannot be calculated.

Table 2

Average BaPeq concentrations of 16 gaseous and particulate PAHs in bwo foundry industries.
BaPeq (ng/m?) Industry A (n=20) Industry B (n=17)

Particle Cas Total Gas¥® Particle Gas Total Gas¥

MNap 0.11(0.28) 17.87 (35.06) 17.98 (35.8) 9939 0.16(0.32) 6.15(5.49) 6.31(5.51) 97.48
AcPy MN.D. 047 (0.74) 0.47 (0.74) 100,00 0.02 (0.04) 0.39(0.51) 0.42(0.50) 92.86
Acp N.D. 0.09 (0.10) 0.09 (0107 100.00 0.00 (0.01) 0.05(0.08) 0.05 (D.08) 100.00
Flu MN.D. 0.21 (0.39) 0.21 (0.39) 100,00 0.01 (0.03) 0.28 (0.40) 0.29 (D.40) 96.55
PA 0.04 (D.04) 0.37 (0.55) 0.41 (0.57) 90.24 0.03 (0.07) 0.75(1.74) 078(1.75) 96.15
Ant 0.07 (D18) 1.20 (2.50) 1.26 (2.49) 95.24 0.23 (0.23) 0.67 (1.08) 0.20(1.01) 74.44
FL 0.01 (Du02) 0.11 (0.13) 012 (013 91.67 0.00 (0,01 0.20(0.39) 0.21 (D.40) 95.24
Pyr 0.01 (D.01) 0.06 (0.10) 0.07 (0,107 85.71 0.00 (0.00) 0.02 (0.02) 0.02(0.02) 100,00
BaA 0.52 (0.65) 0.24 (D.64) 076 (1.15) 31.58 1.20(1.60) 1.44(3.67) 2.64(4.27) 54,55
CHR 0.09 (D.08) 0.04 (0.09) 014 (0186) 28,57 0.00 (0,01 0.03 (0.04) 0,03 {0u04) 100.00
BbF 1.26 (147 0.08 (0.11) 1.34(1.42) 587 011 (0.14) 0.39(0.54) 0.50(1.00) 78.00
BiF 0.62 (0.69) 0.06 (0.26) (.68 (0.83) B.82 0.15 (0.17) 0.07 (0.11) 0.22(0.25) 31.82
BaP 373 (4.94) 0.02 (0.01) 376 (4.94) 0.53 17.84 (54.99) 10.70(28.23) 28.55(59.11) 37.48
IND 1.24 (1.40) 0.01 (0.02) 1.25 (1.40) 0.80 0.14 (0.23) 2.97 (5.29) 3.11(5.26) 95.50
DBA 9.86 (17.77) 0.24 (0.55) 1010(17.74) 238 1.25 (4.65) 1.13(2.40) 239(6.87) 47.28
Bghip 0,17 (D.24) 0.01 (0.02) 018 (0.23) 556 0.04 (0.05) 0.06 (0.07) D.10(000) 60.00
Total 17.74 (23.15) 21.07 (36.9) 38.81 (43.78) 54.29 21.22 (55.17) 25.31(41.88) 46.52 (67.57) 54.41

Note: The standard deviation is shown inside parenthesis; N.D.: non-detected.
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total PAH levels. Although the total BaPeq levels of particulate phase
"ﬁ E E oy El E a and gaseous phase were almost equal between the two industries,
= Il £t LE the five- and six-ring PAHs contributed the most toxicity to BaPeq
levels in Foundry A than those of Foundry B, including BaP, IND,
5F 52 g3 DBAandBghip. o
ol i EiRE] Foundry A produces big and small moulds, while only big
& Q ﬂ T @ moulds are preduced in Foundry B. The differences in air PAH lev-
=
. ﬂ o els in moulding and pouring areas were therefore further evaluated
5 Eg Eg E:q: between the two foundries in Table 3. In Foundry A, a new environ-
ki = EE= CJ= mental control system was installed in the manufacturing areas
over a year ago. The air sampling showed that in Foundry B, even
_ _ _ though there were only big moulding processes were performed,
g% Qﬁ EE which use more chemical binders-furan resin, the higher PAH lev-
1 e
m b ) : = g els were found in Foundry A than in Foundry B (7.36 pg/m? and
gé_ g ﬁ 5 T 4.00 pg/m? in the moulding areas, and 36.56 pg/m? and 11.0 g/ m?
4= =Xt a ot inthe pouring areas, respectively). When comparing the PAH emis-
" =2 =& o8 sion between the big moulds and small moulds in Foundry A, a
] [ ; = od [Se=] . . . ) .
= = = higher level was found in the big mould production process than
the small mould. Furthermore, a high variation of the BaPeq level
o= = —_ in the two foundries was also found between big moulds and small
B Ig o moulds, as well as those in different foundry industries.
i 11 id I |
& o e a"‘! 3.2. PAH emission in different working departments
u o dg = -
518 33 &8 g
g i E oW S =m The 16 PAH levels in different working departments are shown
g in Table 4. The higher concentrations of 16 PAH were found in
B the painting area (95.51 pg,fmz‘ ), pouring area (18.42 ug,"m3], and
%“ inside office (16.48 pg/m3); the lower levels were found in the
g grinding area (2.90 j.Lg,"m3 Jand outdoors (2.78 j.Lg,"m3 ). Meanwhile,
5 £ 82 g1 gl . of the 16 PAHs measured in the foundry plants, over 90% were in
g ] 5 & B - the gaseous phase in inside and outside offices. Table 5 presents the
=
- = BaPeq levels of the 16 PAHs in different manufacturing areas of the
% o & _ uaf two foundries. The higher levels of BaPeq were found in the paint-
E & E gg EE u ing area (152.3 ng,fm3), the furnace for melting iren (96.9 ng,"m33,
E e @ o= | 2 and the pouring area (37.05 ng/m?); the lower levels were found
= = i i (A di é outdoors (5.74ng/m? ) and in the grinding area (7.91 ng/m?). The
gﬂ _ iz =T ZC|E gaseous/particulate ratio varied more for BaPeq levels than for 16
| 5 RO § Zle PAH levels.
E‘ [= ™ = | m
o E ) )
I — g 3.3. Health risk assessment of PAHs in foundry workers
& ~ = — 5 — El
& 99 Br = i i i i
3 Gl S &L by E The cancer risk calculations based on time-weighted average
| g';?é ﬁ ) % é £ exposure levels of BaPeq of foundries” workers are presented in
= £ ‘E'-E =g E Table 6. The unit risk of BaPeq was adopted from Nisbet and
== sl [3a] =
E u E = o E o E LaGoy [19], and Lin et al. [23]. The cancer risks of PAH exposure in
u b m - - g Foundries A and B were 9.06 x 10— and 1.09 x 10-3, respectively.
% 2 The risk of gaseous phase and particulate phase PAHs were almost
o — e |3 equal in both foundries.
[l - oo G0
= - - S| E
s 93 3 39ls iscussi
ks ) @ é g8 é =S 4. Discussion
8 = =B ==L S22y
SIE | g =8 58 25 |2 4.1. PAH levels in the foundry industries
= r:é, A previous study that focused on evaluating sources of PAHs
e - in urban soil suggested that foundries were potentially important
S = sources of PAH in the vicinity of urban soil and sediment [21].
E = o P -1 | Whencomparing environmental samplings, the air PAHsranged
- =] - . . .
= E from 0.022 pg/m? to 156.7 wg/m? in this occupational study,
B = : : : . . 3
3 5 which was obviously higher than those ranged from 44.3 ng/fm
= & to 129.2ng/m? in an urban region of Greece [15], as well as those
| i also higher than PAH levels in the gaseous phase ranged between
] & -Ti] 1] =11} Il 3 . . .
= E mo Ew E B2 6.89 and 124 ng/m?, while in the particulate phase between 0.44
o E =5 _32% 25|£ and 13.2ng/m? in suburban area of Athens greater area [22].
@ = 5 _g_ng £ - & _g,ng £z When comparing the occupational groups, the higher levels
=] e eq s il
£g |4 o “ @ 2 were found in the painting department (95.41.g/m?) and the
== =

pouring department ( 18.48 jJ,g,"m3jl, and which were also higher
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Table 4

Average concentrations {pgim? j of 16 gaseous and particulate PAHs by the working process.

Diepartment Moulding Furmnace Pouring Shakeout Grinding Fainting Resin storage Office—i Ciffice-o Dutdoar
M= ] 7 o 2 5 2 3 2 2 2
Hap 383 953 16.05 5.00 252 BA.61 615 15587 7.8 250
Achy 044 045 oro 006 005 073 0.41 18 014 0035
Acp ooz all 010 004 o7 oo 0035 o7 006 0.02
Flu 021 020 044 0032 ooz 049 023 008 012 0.03
PA 021 D65 052 0,12 009 166 07 017 025 008
Ant 00 o1z 025 004 005 oog 004 oor oog 0.0
FL 015 015 o1 004 o3 074 026 ool 006 004
Pyr 003 008 008 0.0z ool M. 0.02 ool oo3 0.0
BaA M. 004 002 N.LCL ool 004 MO N.D. 001 0.01
CHR 0ol ooz 001 N.LCL N.D. MO, 0.01 N.D. MO, MO
BLF ooz ooz (LNl N.LCL N.D. MO, 0.01 ool 001 MO
BEF M.O, ol M. H.LCL H.D. M., M., H.D. M., M.,
BaP M. 005 oo H.LCL H.D. oos M H.D. MO, M
IND: 0ol 00d o0 003 o3 ool M ool ool 0.02
CeA M. ooz (LNEl N.CL N.D. M. M N.D. M. M
Bzhip 003 ooz o N.LCL N.D. M. M N.D. M. M
Farticulate PAH: 0107006 042 (051 0.43 {040 0.30{0.32) 030 (D54 008 (008 ) 014 {008) LR By ] 041 {043} 0.04 {0.03)
Gas-PAHs 511 {265) 1111 {1081 17.249 {17 96} 5.10{527) 2.58 {1.98) 9543 (86.62) TIA2(BTO) 16.37 (2070) T.55(218) 274(212)
Total PAHs 521 (266) 11,53 {10.79) 1842 (18.22) 5.40(5.59) 2,90 (1.900 9551 (86.54) TAS(874) 16458 (2068 ) 786(175) 27B(2.14)
Gas¥ 68,12 9636 o767 ad.49 8947 2392 9817 9032 G4 RS SB.69
Nioge: Office—i mieans inside the office and Office—o means outside the office; 0. non-detectad ; the standard deviation is shown inside parenthesis.
Table 5
Mean BaPeq levels (ngfm*) of 16 gasecus and particulate PAH: by the working process.
Department Moulding Furnace Pouring Shakeout Grinding Fainting Resin storage Dfice-i Office-o Outdoor
M= ] 7 ] 2 5 2 3 2 2 2
Hap 393 953 1605 5.00 252 B9.61 615 15.87 7.18 250
Acky 044 045 oo 005 0,06 073 041 .18 0.14 005
Acp ooz 011 oo g 007 0og 0os oor 006 002
Flu 021 020 044 oo 0.0z 048 023 o8 0.12 0.03
PA 0 [l = 059 o1z 0,09 1.66 oz7 o7 025 009
Anit 1l 125 247 043 0,54 075 oz 072 080 015
FL 015 015 all ood 0,03 074 026 ool 006 0.04
Pyr 003 Ll i -] 008 ooz 0,01 MO ooz ool 0.03 0.01
BaA 038 173 215 026 059 1.54 0.21 023 089 058
CHR ooz 017 13 oo 0.0l 003 0os H.D. 004 M
BLF 152 1.B2 048 0z0 019 028 o0& &2 068 0.03
BEF 038 129 036 o 0,06 004 037 ool 001 004
BaP 354 5124 G96 ngs 083 50,09 034 004 004 005
IND: 145 441 145 251 255 098 0z 1.31 1.20 1567
CEA 3138 2150 482 k= ] 0.30 1.24 186 021 030 035
Bghip 026 020 014 ooz 0,03 003 (illuk} ool 0.01 0.02
Farticulate PAH s 852 (9.75) B5.57 (78.66) 12.B5(1571) 352 (3.24) 233 (2.61) 2.03(0.14) 584(591) 254 (081 2.89(1.74) 094 {0.59)
Gas-PAHs GE2 (4.21) 3133 7(44.22) 2319 (2082) T7.23{3.05) 4,58 (3.59) 150,27 { 100607 GO (BEE) 17.21(2033) B93(1.50) 4 B0{0.65)
Total PAHs 1644 {1004 9690(8376) .05 (2543) 10.75(628) 7.91(1.74) 152,300 10.47) 1393(7.09) 18.75(1852) 11,83 {0.24) 574 (0004)
Gasz 4148 1233 G261 67 26 57.91 o8 67 5806 B7.15 7554 363

Nike: Office~i means inzside the office and Office-o mieans outzide the office; N.D.; non-detecksd ; the standard deviation iz shown inside parenthesis,
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Table 6
Time-weighted average exposure levels of total BaPeq and the cancer risk ofworkers
exposed to gaseous/particle phase PAHs between Foundries A and B.

Foundry A Foundry B

Unit risk (ng/m?)-12 7.00 5 1075 7.00 % 105
BaPeq (ng/m*)

Gas phase 7.02 8.44

Particle phase 5.01 7.07
Cancer risk®

Gas phase 4972 104 5.91 x 10-4

Particle phasa 4.14 = 10-4 495 10-4
Total cancer .06 = 10-4 1.09 = 10-3

3 The unit risk was adopted from Lin et al. [23].
b Risk of cancer= air levels (Lg/m?) > unit tisk (pgim? L.

than the PAH concentration (461.8-935.6 ng."rn3 Jnear the contin-
uous casting area of an electric steel foundry [ 1]. Additionally, these
levels were higher than the airborne PAH concentrations (sumof 15
selected PAH compounds: 9.6-11.2 pg/m?) in the casting, machine
moulding, and shakeout departments [2]. As compared to the sam-
plings in the sinter plant, the concentrations in these working zones
were obviously higher than the concentrations in the raw mate-
rial inlet, sintering grate, rough roll shredder and control room
(8.37-20.4 ng/m?)[23].

Meanwhile, a previous study conducted in iron foundries found
that workers engaged in different stages of the production of iron
casts were exposed to carcinogenic PAHs, especially in casting
of moulds [24]. The BaPeq levels were high in resin storage and
moulding areas in the current study, which was not totally con-
sistent with other studies [2.24]. The reasons for the difference
may be interpreted as follows: (1) many chemicals, such as chem-
ical binding-furan resin, present in the resin storage areas. (2) The
melting and pouring processes may be the major sources of PAHs
due to the high temperature used during these processes. How-
ever, the cover on top of the furnace is usually closed and is only
opened when the melting process is completed. (3) The pouring
process is a short-term process, and the moulding areas are where
the moulds cool down after the pouring is completed. Therefore,
the pouring and moulding processes cannot be separated com-
pletely. The occupational hazards of PAHs cannot be neglected if
the worker's job integrates the moulding, pouring, and melting
Processes.

4.2. The PAH levels in the two foundries

This study was conducted in two typical foundry plants in cen-
tral Taiwan. Foundry A typically uses an induction furnace for
melting metal, and Foundry B uses a cupola for melting metal. The
production of Foundry A includes big and small moulds, but only
big moulds are produced in Foundry B. Another difference between
the two foundries is that furan resin and silicate sands are used in
Foundry A, and only furan resin is used in Foundry B. No significant
difference in particle concentration was found between the two
foundries, whereas a difference was found for the total levels of 16
PAHs. When expressed in BaPeq, the gaseous/particulate phases
were almost equal in BaPeq levels. Therefore, these data suggest
that the gaseous phase may have a major effect on the distribu-
tion of BaPeq in foundries. Meanwhile, a previous study indicated
that variations of PAH levels can be attributed to chemical binders
of iron casting moulds [25], and a leaching study also indicated
that PAH concentrations varied between green sand and chemical
binder spent sands in addition to the variation according to whether
the bindings were made of phenolic/ester or furan/acid [ 16]. From
Table 3, we can see that the operating process and products may
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influence the use of foundry sand and binding chemicals, which are
important factors to affect the PAH components in foundries.

4.3. Gas/particle phase of PAHs in foundries

The gaseous phase contributed 98.67% and 96.38% of the total
16 PAH levels in Foundries A and B, respectively. These values were
equal to 98.4% and 98.8% contributions that were found in the
workplace atmospheres of iron foundries and sinter plants, respec-
tively [13,23]. When comparing the gas proportion indoors and
outdoors, 98.65% of PAHs were found in the gasecus phase in out-
door samples, which was comparable to data that suggested that
gas phase contributed to almost 90% of PAHs in suburban areas [22],
but was higher than the gaseous phase contributions in an urban
atmosphere [15]. Over 90% of 16 PAHs in some working areas was
gaseous phase, including those in manufacturing areas and inside
and outside offices. The amount of PAHs in the gasecus phase in
the present study was higher than the levels inside an iren foundry
(77%)[12]. Meanwhile, Knecht et al. found that the gaseous phase
contained on average threefold more carcinogenic four- and five-
ring PAHs than the particle phase. However, this distribution was
only found in some workplaces, such as the shakeout, grinding,
painting, resin storage and outdoor areas in this study. In addi-
tion, Shimme et al. indicated that the proportion of the gaseous
concentration of each PAH varied. For example, 100% of Ay was
found in the gaseous phase, and 100% of DBA was found in the
particulate phase [14]. Shimmo et al. also indicated thart total par-
ticulate PAH concentrations were higher in particles smaller than
440 nm and 2.5 pum. Meanwhile, it has been suggested that shifts
in gaseous/particulate distribution are due to differences in ambi-
ent temperature, which accounts for the seasonal variation of the
concentration of PAHs in particles. Because high temperatures are
used in foundry plants, possible influencing facters may include
particle size and high temperatures in working areas, such as those
happened in the moulding, melting, and pouring areas.

4.4. Risk assessment of PAHs

Although the average total BaPeq exposure levels were lower
than the permissible exposure limit set by the Occupational
Safety and Health Administration (OSHA, 8-h time-weighted aver-
age: 0.2 mg/m?), the lung cancer risks associated with the above
PAH expasures ranged from 9.06x 10~* to 1.09:x 1073, which
were higher than those in sinter plant workers (3.18 x 10-° to
4.98 » 10777 and temple workers (10~° to 10~%) who had occu-
pational PAH exposure [23,26]. The lung cancer risk due to gaseous
phase PAH exposure was much higher than that of particulate phase
PAH exposure in the workers of oil mists in a fastener manufac-
turing industry, which showed an almost equal contribution of
risk for exposure to the gaseous phase or particulate phase PAHs
[27]. Meanwhile, the lung cancer risk does reflect a previous study
that reported relative risk of lung and respiratory cancer in the
workers with PAH exposure in iron and steel foundries (1.40, 95%
Cl 1.31-1.49) [8]. Additionally, this correlates with our previous
study that demonstrated high oxidative damage in foundry workers
[28,29].

Therefore, future studies should follow up to efficiently develop
biological markers to show the effect of PAHs on the lung and respi-
ratory tract[8], including bronchus and lung impairment in foundry
workers.

3. Conclusion
The present study shows that total PAH levels in the selected

areas of the manufacturing process are higher than outside the
foundry industry. The higher PAH levels are alse found inside
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offices, which indicate that large quantities of PAHs are leached
from the manufacturing areas to administrative areas. This can be
explained by the incorrect layout of exhaust equipment in the man-
ufacturing areas because the exhaust outlet is near the upper the
office. Therefore, it cannot be overlooked that administrative work-
ers in foundries are also exposed to PAHs emitted from the foundry
operating processes. Gaseous phase PAHs comprise the majority
of total PAHs, and the cotton masks that the workers use can-
not effectively prevent gaseous PAHs exposure of the workers in
the painting, melting, and pouring districts. Moreover, the work-
ers at foundry plants have a significantly higher cancer risk based
on the ambient BaPeq levels. Together with our previous report,
these data indicate that elevared oxidative damages are found in
foundry workers. How to utilize biclogical effect markers to detect
the precursor of lung cancer will be important in further studies.
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