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Abstract

Heavy metals are widely adopted in electrical industry, painting industry,
porcelain industry, metalwork industry, welding industry, and pharmaceutical
industry. Over exposure of meavy metals may induce multiple toxicity, cranial
nerves abnormality, behavior disorders, peripheral neuropathies, respiratory
discomforts, liver function abnormality, kidney toxicity, endocrine disorders,
reproduction disorders, and carcinogensis. There were numerous studies regarding
single metal hazards. However, there were few studies regarding multi-heavy metals
effects on workers. Especially, workplace permissible exposure limits, occupationl
safety protection measures, biological monitoring and biological exposure index are
very limited for multi heavy metals exposure workers. Therefore, the purpose of this
study includes: 1. Environmental monitoring for multi heavy metals exposure
workers; 2. Health hazards evaluation for cranial nerves, lung respiration,
cardiovascular, liver and lung function, blood and endocrine function in multi heavy
metals exposure workers; 3. Oxidative stress in multi heavy metals exposure
workers; 4. Submission for prevention measures of health hazards in multi heavy
metals exposure workers.

This project involved a cross-sectional study using a target group of 200
welders and a control group of 100 office workers in the shipbuilding industry. It
evaluated worker exposure by environmental sampling and personal sampling; it
also used questionnaires to gain information on the field and office staff, including
basic information, work history, and symptoms. It investigated whether shift work
affected the quality of sleep; it used an early cognitive function questionnaire to
conduct simple cognitive problem screening; and it also used screening

questionnaires to carry out early Parkinson's screening. It carried out heath checks



to identify the physical condition of employees, and choose 8-hydroxy 2-deoxy
guanine nucleotide (8-OHdG) as the oxidative stress indicator.

The results of the study revealed that heavy metal exposure concentrations
were different in different workplaces. The study covered three types of worksite:
confined space welding , open space welding, and steel plate cutting areas. From the
data derived from environment measurement and personal sampling, we found that
workers in the confined space welding area had the highest exposure to heavy
metals and those in the steel plate cutting area had the smallest. There were
statistically significant differences among the three types of worksite (p <0.01).
There was no significant difference between the exposure and control groups in
most health checks. In the early dementia screening scale, significant differences
were seen only in the reduced activity hobbies item. The DNA oxidative damage
biomarker-urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) levels in exposure
group exceeded than those in control group. Zinc, chromium, nickel, strontium,
beryllium are positively correlated with oxidative damage biomarker-urinary
(8-OHAQG) levels by linear mixed-effects regression models. In the dementia rating
scale, more than 68% of workers in the exposure group were normal and about 79%
of workers in the control group were normal.

The environmental monitoring for heavy metals in the air of workplace
indicated that one personal monitoring data exceeded the permissible exposure limit
(PEL) in Taiwan, ROC, 8 personal monitoring data exceeded half of the PEL (action
level). The DNA oxidative damage biomarker-urinary
8-hydroxy-2’-deoxyguanosine (8-OHdG) levels in exposure group exceeded than
those in control group. Additionally, both of the abnormal rate of chest X-ray
examination and lung function in in exposure group were significantly higher than

those in control group. Therefore, we have the following suggestions for multi

v



heavy metals exposure workers. 1.The ventillation should be enforced for confined
space welding workers in shipbuilding industry for reducing multi heavy metals or
other hazard exposure; 2.Personl protection equipment should be enforced for
confined space welding workers and metals cutting workers to wear; 3. The
employer should strengthen the health management for welding workers and metals
cutting workers with abnormality of chest X-ray examination and lung function.
Furthermore, the employer should reduce the levels of multi heavy metals and other
hazards by engineering control; 4.There were lung cancer and kidney cancer cases
in welding workers. Welding workers are high risk group for multi heavy metal
exposure. We suggest that the cancer screen be added to the health examination
items for multi heavy metal exposure workers to prevent occupational disease

incidence.

Key word : Heavy metal, Welders, Health hazard evaluation, Occupational safety

and health
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Disease)[167, 16815 [FEEFEERFH(Tremor) ~ B 5558 (Ataxia) L1 5R 1A /& (Dystonia) 3 2 fi&iH
P EEA R - BB - BRIE - RSEEREL - ARIEEREMRE - BIRRE - IREM
HEL4 NEI SRR SE AR AT A b~ FFRE(RSL - fERTRE DR R HRIMAESMEN T - D ETE M
R R B A SRR 5 A A il BE R a2 S PR ZEfL - FiEL AR ~ Al
& 44 {L(Vineyard Sprayer's Lung) K2 fiif © ZR(Mercury, Hg)N Ry ASKZ& R & 5 [EECIHER ~
sk~ S5BE - BEUERAL - SMESCRE R ~ Bk ~ WP IREERRE gk R RS [T
B YA T AR 81 (Fine Tremor) Z (&L S8y - HRIB S EME [ Z FTaH erethism
mercurialis(EFEENR - F2E ~ SCEER - BEAE - 8 - RafRA k- (HEZEE - £ 2
ERITEERNF LR HEE > DU EE% 3% (Gingivostomatitis)  RIIBESEME G R ZFES
FEERPR A BHBE 2 SRS R s, AER A ST ~ KB -~ 17 R AR E B SRR
“FE#E(Motor Performance) » ¥l £ EHVHLAHES] - SR GHIH] 5 2B H2 332 (Catecholamines)
R T CE S IR Y SR E S R B IR ZL LB ~ 207 ~ & ifiBE[169-171] » FE B
FY R ~ 4L ~ Bii ) 2 41 R /K BT 2 85 PR AL P (Acrodynia)[39, 169, 172, 17315 5 41H A&L
B » A 1K (Methyl Mercurry) (N & Hi & Al RFEEE0% R~ TR 5 B 8L U0 i 1 40 i A
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(Paresthesia) ~ F-HEBIAEE « HB)ITH(Ataxia) ~ 585 REE(Dysarthria) S 50 ~ G
ZEF R © fn(Aluminium, ADEEEHEASHamE T EREMA > N AELSE
0.1%Z] 1% 1% 8158 H (Transferrin)&h & 73417 = B 1RAE H PRSI 265 B IIRER K 28
EnE Z RN > SafllfI5EE 1 A S8 BRI 4 B BEIHE(Osteoblastic) B2 g &
A (Osteoclastic) LA Ifii 5 2 H it #2 (Osteoporesis) ~ 5 E# (L (Osteomalacia) % 5 £ JHi5 R
i AR RY - i RE BRI HERRERE - 22 - Hh#FERE
SCIRRCR BLEA RIS s 1 R ITRE B EARRE > S B R ~ FERRR ~ BE
TEEL SV o RN Ry B8 AR B 465 o 1 25 25T BB 6 et S 22 & 1 (Hypovolemic
Microcytic Anemia) H &5 {1 % 5 PRER IR - $mim A IEARRBEYE » RINRFE 255 THOERL
FEBfEE 2 g o $7(Beryllium, Be)XEATiEp Al M AIEARE L - S3AREIEEE ~ BT ~ & ~ fil
BUME &t - BB PRRR 9 £ 5255 5% il i M % % (Th1-mediated) £H B 14 2 TA1 2 B
(Granulomas) BB RZERANALZ R - KZE MRS [RERUENE ~ BB REAA LRI © RIS
Faomas =S VEBBEE - R R S0 - fuf - RPIRIREE - AR EREE - RS
R BRTHRRE A > BB A B LIRS B X SCRIHEIRIEE - B P e (T 05
MR EBIRGF TR A  iThrefelE 1/3 Z23RHZEMEEAL - V4 DUSIRMER L - 13 Di—
SabbmER D /L > HEFESEE  SieBE N /EGEY) - $6(Cobalt, Co)
Foffe 3R B12 oy — o (BRIASHHIEEIR A B MBREL A2 M A= B 2 A MR
HET 5 LRI EE M S (Interstitial lung disese) BAIH FEMERTTIAE RS © RIA R A EHE
%5 EE LA 8 ~ /OB B /K B8 0 2 P O 08 5 R A B 1+ i R FEE A 3 « Ai(Selenium,
Se) &L FH AT EP B H A LI IR U AR HERR Y AT Bt B Mt > P 2 0 S PRI © A Bt T e & F Tl
it A kB R TRE M 5 e LB g Inm Bt © 52 ~ A -~ FEii thiddked @ /&I
KBRS [REAHEOR S 1T /5 S8 L e (Paresis) B A7 1 B B2 52 7 (Paresthesia) 3 » B RFIEL
AR PR AHRE - SR(Silver, Ag)KER7 ~ fifi ~ BE B B > B © SREIIEE: - EHEAR
EEEEE > EIREEIE S - DNA K RNA 454 » HIRIFEURY)  RESRPEER
5 [FEA AT R IR O BRI 2 Argyria  SRAE BB U B xR e 2 B (Basement

11



membrane) /5 F - HEER EEFDIREFRE /DR, > HBEGR 2 SRS R - #8(Strontium, St)f£
SRR B RS F AR B B S AH R 2 4597) | > 401 Strontium ranelate RIS EE 4
R BTG Bk 2 B AF M a RS B R mb T © SREAS (A 99%MH ML > #85°
Nfgrh EHEATFYFE[174] - D EIEAMFEIIE EHEAE - EEES HEHREE57 (Strontium
Rickets) > f{IHIEEHEAL - Jk/EBHBITIR P #5 2 E[175, 176] -

12



B BEETELBRBIOR

— AR EABRZ TS FIROPTRY AL & 0T (20 - BRI - Sop R

BTSSR - S A8 RS A AT 1%L F L & BT 1%L L sE & LT 0.5%
DIE ~ B i (AR S - HORrCR SR, AT RS B (b
$5) S GEBEARI  CESRUY - BIOL - SRUN - EAESR (13%) T - HEIREIBILLURL
IR B I » F BRI TS A AR — TR 5 R S BT B R ) - 55
B2 5 AL 2 B OSHA)G BRI ST oh 30 13 TRTBILE » 7R -
BB B B B R B B0 0L B 8 - BT HENISHERAVAEIR LE R IR
SRS T G A B R AL %) - P AR & 6 81 3 BT -

RREE I ZE 7 AR - MR EER T2 A KEWESN - A - 8 - W - 88 - §7 - Hif0
B (R 4 R—REE RARIRECY - %SRIW%Lﬂﬁj%@%mﬁﬁﬁﬁ)mﬁWﬁ
R EBEER A ~ B0 BALH - Sl - KT - SREEEAARL o R > EINEE
4000°C - 6000°C =it » ESBBIRRANRARAVEING - A T REHVERE - Hplir FE AR
8 - ELsE - S - WIS  JERENUES MESIREE T > MR ARG o R
AR s At AL SR e M 2 > IR Ry B AR TRERT > i L tEEsE b & -~ | i EE
TENEN3 - BE TR MR - B - R IR EITR SRR - WA TR
2B IEHIE - fiEE RN A — SRR IEE - EERBYE T Sio) BNt S
B> FEFR B E RS B RIE RS CHIE R - (IR B E h s R B LIEsE - 12
= - BB~ AR - EARSIRRIA LRSI EIT SiO EIERINIREE -
Si0, SREEAIGAN » \FEEERMEZE - PGB KRB - EFAEMRIH - Si0, ¥
R AE FIREREK -

13



R 4 —RIFGRTAEER RO

PRI | SRESAY | BReEEEAY | A LAY | A | (REAY
Si0, | 15~31| 10~30 | 23~28 35~40 20~26 | 5~25
TiO, | 24~48| 20~35 | 10~18 <10 11~15 <22
MnO 5~7 | 69 10~19 16~18 6~8 2~7
FeO 4-22 | 5~25 7~25 30~35 2~12 2~20
MgO 5~7 1~5 1~8 <5 3~5 <5
ALOs 4~6 | 5~8 3~9 <4 9~10 <12
CaO <10 | 8~12 2~10 <3 <2 8~26
Ry | <12 | <10 2~10 <2 2~10 <20
BT © %
= 5~ BIANFEME R AR ERE T i
o

TL-50D KFX-71T SFC-71

C 0.15 0.12 0.12

Mn 1.6 1.75 1.75

Si 0.9 0.9 0.9

P 0.035 0.03 0.03

S 0.035 0.03 0.03

Ni 0.3 0.5 0.5

Cr 0.2 0.2 0.2

Mo 0.3 0.3 0.3

\Y% 0.08 0.08 0.08

Cu 0.35 0.35

H > (wt%)

B RIHEA RS - — M A&l = KRB R I 2 - AR IIRREE £51 -
TR RSB HIEI(EERE RS > BYRMEREIR R 4 - (EIREERIA > BIRERIERE - N AE
IR K > SO Ry KA TEBDIR R > ' B AE bR SR 2 2 - S SRty BRIy
FERT N - S@RNE - 2R REET BRI EER A - f1b#E% - B

14



{58 R ZHAL BV T IR BB HYIA It I R (BT AE MR LRV E T & 5 e B EEHY
JGek - SRR A SRR T SRR TR TS Ay Al o B AR (o A AE E f
ZHHIBNIRR -

A Z T EIERIBEIE 7 i 25 BhE RIS I 21 VBRI 2 [ E @ i
M~ KPR - 2 A ARBRH KSR DAL, - 5N HARE - N ERIEREEY)
A DUEIRY) L OReE — B e I e B etk INEE ] DUFIAE B TS iy ARl o > (H—f
FHAEFR %54 £ {7 (Surface-mount technology, SMT)IIRE 1 [N Ry B2 A AT IEHIHVREH
M GEMFIEAS R Teas R EINIER ) -

2 T FE AR P (o F EE BB R —AL E B HE B BIE R - Y B R BRI A S
Bl > SOURE R A RIBERE] - R EINE - IMBEREIRRR 2R SN - HATRER
A EIEME > HIEEL Ry 127 CIRME R LARFEE] 315°C - SR AU EIRE Ry 240~250°C > FrlA
IERR IR B E SR EEEN - HERE RV M AR e - B R EIAE RIE
JG& Bl PR T U2 e P 7 B R (A kR o

15



FUUET FERE

FHFEt HHTH SIS N E S B V) B 9l g IR A A MR R 55 1T A M GHIRGETE
HEG TEAER - TOEERE « ATSRIRR DU — el S VU RIH - MGGt e IR T
PTG HE T3 580 Al - AE (S FER IR ER 53 > #8522 /) 20 fir EERIVE H 2 BRI ICHIE -
RIS R - (SFEFEEE T Cronbach’s o (48 » LI T STEES B RTES T8
FreERHh ) MESHEFEIAE 2 HREAR 0.7 AIFRRSIH HEE MER &
(A4 Cronbach’s o {REF 0.9) - [ FHHIE 2 fwbRE Lt Lk AR (A (Intraclass
correlation coefficients, ICC)ZRIIHTATTR I AT HIE SN 578 - MG EAESUEHVER (D - AIlER
FIRZR A 57T LAl - 6 N $18 T/F QRN A= T T R 22 W (18l 350 7 A 1 TS0 At -
HAE R B E AT 4 R — 2 (kappa = 1) °

16



F=E WIFRITA

% TR
L ST - SIS R S - S S R S S T TR
AR

H S

AL E P EEE I R RSN SE B T NGRS TAE TR E H N TER
KIMEITEIRER - NI TIER SR EREECBEEE T - @ EEE T HEs Bl
BT BAE AT E T MR R ST ARG R BT MR T EHES
PN (B L 77 Bl T BE AH R B HRRH 3L 300 A > FABEAH 7 1SS 200 (i8S TR T >
SPRFIE S TAE Rt e ) &) - IR AT B A = A& 100 A P TAEHREED
FEEN - AEEFITIERS -

F=f1 HEHE

BgE s ) Z B EE A BRI (A AEAER » BA NOE B LR - 4
e~ B RE - BAEEE - BIIREE > BELRE - 45RO - TR - X
Y ~ TR EAER AR B AR B ) - TIERCE SR BT A S L E IR ~ IS s (Fy
BUSHEE R E BB R LIFEUE - LA TIRRF R A T3 - TORGATHhRL S T
BErERH) > PRRIEEDGEREREY - T EESBEERREY - EaHMEEY
REFELE - HINHECA R T E#EH%E -

TAERIFE S > RIGR_EBERF 6 B LIS - Rl S R -
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R (ERIRRESBRENE

I STAEEREMNE

IR SRER I oh 55 TP IR 22 R 2 S B iR LU IME R IR S T [ 2 Fa 5T
fili o (ESEIRBHR TAEREERM: B[R 2R R A SR IR ZE ) R HoAtt mTRE (R SRR - 288
U E 2 (RSB BoU S 8 /Nks TAEIRBEREG DL Ry o3 [177-181] -

L1 {ESERETNE Z i

EEIRIF SR (welding) /& Fe B TSR Rty 3% e AH i RS AV RL il - BEIR(F SR AE o8 EAVE RIS
Bz o B0 OREIE ~ EERE - BUEKTE - MIRGELSEAIEE 0 8 AEE -
T B AE RIS EIEE(ume)sF - HrvurieN BB EE R EHEE - BIRBRETAT
FELE RV SRR BRI AL 55 TIR AR GERFE T RIS RAVEZEE - — R BB Ay kL
{REEEIZY Ry 0.1~2 pm > RER(Y Ry iR PR EE - B 2 ARTE) (FRIERGEE - NIEHRETE
R TAERSGEERE T RBEEEEE S F AN, —HEENEE - G22EY)
BN T - PSR S E S BINMES TREN S EE RN

1.2 {EEIREMIE T2
AREWSHE T/ERE 06 BIEE RN T TR 8T » DUE 75 TE TIERE L%
PR EME

]
@ W}

1.3 40{afERtx -
AREBRfE A MCE JRaETSBIEEIRE - SRIETT2\y cassette © Fr{E HRVIESER 37

mm, pore size: 1.2pum - EEgH{H H SR 20 pumps > DIEE5T8E 2 FHAUR 2 TEREE ©

L4 PRESHIE:
(& APREED 7 DA B R BE R B R VB L - (8 e BR AR I B T (8 A\ PR A >

18



REZFZEFNRERN - FEEREETERE &SR =& - 752N ZEH
WREE ~ RPRZEENERE ~ DURSAR DI EICA0E 1 Fror) » i —HE A MGG TR SeErTists - |
RIS BRI T TR D) E] > Z A& DB SE AV AR T TR RS - — ELF AR B RR A
A% IR AT FIT IR Y P A S B R B R 2= el BB N > SR R (R RER 5 I DA 7y
PRI =807 - BAEEERRER R > ohl B2 —FBIT - BB B R T
W ERFEE - oo B LRE —/ N ETTERAR - R (Bl PR R ] Ry DU/ Ny » — K&k

HETT ) INRFHERBEBAER R

U ZE [T 3 [RPRZE IR 1 sk ]

1~ B35 TAFIRE

1.5 #5544 (How to avoid contamination) :

FIEREEIEE TR TeHE B AE . - B1F ~ (RFERETAEZEITE 88
FIVEZE H (median blank) #3757 H (field blank) - ¥I572 BV AB R B X ERER AR 10
% 5 WAMEREERI R R AR T e B2 - fHE X IBRE B REA N GHEZ

FIHMITAW5Hs - VAR NI PR R AT AR R DA A8 PRA H FI0R ] L i BT

2. gthITk
KRG AT T A MIEA T e BRI PR B Y R R A B P A AR Y 22 R LIRS 5
V)< B A 5 A — RUE RS & AT E SR EE(NIEA A305.10C) #1771 I (55 2 B AL
http://www.niea.gov.tw/niea/ AIR/A30510C.htm) » AHFFE o Fr (58 FH A2 RUERE & AT E

s (ICP-MS) A P basRi M 2 an a8 B L BRI S A Rt s & (ot
19



FZRMB (Aeroso) REEHEE T B Z B LIER] ~ iR~ R HAUVEETFLE— &
SR FE - OB EIERE T BEEZE EEE NEE - Ioa B8t el
faf LE BT LA - DL (%0 et T T R 2 E R T
BB AAREA T
(1) FREELL 65 %iHEEA 60 %iB&EN(4 1> vIVIHEREHILIE » 2MRLL 4% ¥
BE+1% BETRERSE 25mL -
(2) DIUER G EITERL 31T # (Inductively coupled plasma mass spectrometry,
ICP-MS)[182-1841HITE fe 4/ s ~ $8 ~ $if ~ 88 ~ 81 ~ §F - 80~ 6 - 88 - 3%
TR B g S TS IR R 4R H AR PEHRRMAEER =0.995 5 AT ety (A
fix[R(LOD)ELE B R(LOQ) » J7iA R AT 7 RZEHIAK » DL 3 (5 2R w7
LOD {H - 10 5 Z 8RR LOQ » W1 6 « AR TH &1 10 (EEA & HbE
PR 1 BT INEICRERAY B Sy - WaTE AR > BERFREE 100£20% - [
SMESEERITE ST 10 (EFEATE - SEER— R e T o B ST R AT
#(Accuracy)ifi 2 100£20% -
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% 6~ 12 B AR R R

Metal Range R’ Recovery rate  Accuracy  Precision RSD  LOD LOQ
(ng/L) (%) (%) (%) (ug/L) (ng/L)

Zn 100~1000 0.999 101.2% 104.9% 0.5% 0.009 0.03
Mn 1~100 0.999 92.3% 96.0% 0.5% 0.014 0.048
Al 1~100 0.9997 90.4% 95.8% 1.8% 0.044 0.145
Cu 0.05~10 0.9997 101.7% 98.2% 1.4% 0.003 0.01
Pb 0.05~10 0.9997 100.7% 96.9% 2.4% 0.008 0.026
Cr 0.05~10 0.9997 98.5% 97.5% 1.6% 0.005 0.027
Ni 0.05~10 0.9997 101.6% 98.8% 1.1% 0.006 0.021
As 0.05~10 1 101.3% 99.6% 1.8% 0.002 0.006
Sr 0.1~10 0.9999 98.3% 99.1% 0.9% 0.001 0.002
Co 0.1~10 0.9999 99.0% 98.5% 0.9% 0.001 0.002
Cd 0.1~10 0.9999 95.7% 98.5% 1.2% 0.001 0.002
Be 0.1~10 0.9999 97.0% 97.7% 2.7% 0.001 0.003

21



RO HEEREAE

AERRFFTEAESS R 1AQeheck ™ MK HIE (1AQcheck™  portable
dust monitor, series 1.108, Grimm, Germany ) » Jy—#HL4EHI & 22 SR AR (U Y/ NIRRT e -
PRI (1 B T FE B8 (counts/ 1) B2 B 8 (ng/m®) SR i S & (F - Model 1.108 FI k¢
S R Sl Ry B — ok B E T8 > FE5EH semiconductor-laser By )R 5 (ki i i T ST IR ET T
AU HIERESR LA 90° Y5 85 U S I 8§ 22 recipient-diode © %8 diode HYFHGRACEIGIE
BHUAESSMSEEABRSBEERERRE - AESASFAHERMLEERR 1.2
liters/minute 4P 5 FEAG T A LUE A - s A EIR A 100 mg/liter (EEIRE ) K
2000000 counts/liter (FZHURAL ) > BURLEE Ry 1 particle/liter » BN B IR AR /NP #EE i r—X
EAE - BUEAVACEE AT R 6 M~ 1 J388 5 o8~ 10 S8~ 15 708~ 30 JpgER 1 /1
i 2 B RIEIRS -

PR AR TR o AR 2R B A LR BUG DL S AT & DA E Ry BRI LR » KR

FRéE & & RN BN RBE IS AK (PTEF, 47mm, pore size = 1.2 pm) °

SFINET EETENE

FTA 2 B — RSB EI - BT TERRE  HASEEHE AR
&~ BEEZHEE S - kel ~ £t - PR RS ERE - BERZE
H\ B DR A PR R MR - 2 A& EDTA A2 EZ2 BRI (Vacutainer, BD,USA)4Y 3
EFHRMERHT ~ 22 3 EZEPRIME (Vacutainer, BD,USA)XY 8 27+ R IfUE 4 (LA ~ Sodium
Fluoride ELZE#X[M%E (Vacuette, BD,USA)4Y 2 ZF} AylimiEfs R » DL Sodium Citrate E.ZZF§
IM& (Vacuette, BD,USA)TEEMiRAmAS - LAFRIRIEE SR RIR - W 2R AN BRki i x5

e &g RTRE A & (TAF)SYEE T & 1SO15189 Z il st -
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fEIHH:
(—) —f A

HNETBEAAESE - BE - fol - FE - MR R TR B L PO R -
7~ BT - B S o S SR A BT RN -
() ST Bl s

(B B AT 2 S (TSR ~ O LB BE DB DURS SIS e - FUT RS
B ~ EERI RSP LS ~ BEERSME T~ R~ COUEIEE L ORI B
B BT - C BT - AEISIRBZRISTG— Rz  STEREUS IR R - 217 - &
B B ~ ) S B LA FTAE > e SR R L S B e AR SR R R
B IZE TS DPIRE(E © UE 0 LIS SRS  BaR B EEE B S T
fii > AETHERE > FFHI T S ARIC185, 186] 4% 1 VEBTRN (Tremon)[ 187] + A% (A
(Rigidity) ~ Ei{F#E 4% (Bradykinesia) ~ 20 HEAfZ(Postural Anormality)ZEF%, (M EAR[185, 186] » H.
IR EREAILAE ] - SSIEE AT BB BLEMIERS « FE2P(Cock walk) | S HEE i s > PRI
B (Wheezing) ;355 57 s S8 € 22 BB (LR 25 «
() B S S B A

S HEE S B HES R AL T B RS DU R (MR) 23 High Signal
Intensity iR M0 8 48 & EATS AL 188, 189] » {2 MRI fRsge e © BRI - LI
FEEP AR AIRRSE ~ SRR © IR IR R S A 2 (I ES 4 AR ECHEL69, 190-193] » KIS
FEBHAE S (Kinetic tremor) ~ LIRS 22441 (dystonia) ~ 25 RE#44 (gait disturbances) »
IR~ AR T BB AT 2 T2 o ARFSE P AT A A AT 4 -

L R EER R R

FH 2009 47 (il B 25 R R A BN A G 83 0 (IR - M S R 0 R R A
THAE 9% (AD-8)[194-197] 57 L1 5 3 B (230 R BRI PSI AL M BB Rt 3
P TH -
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2. oMb E R

ISR BRI B AN 4R 1% 2 46 2780 > DS 58 RE AL 48000 5 8 i (Mini-Mental
Status Examination, MMSE TDS)[198-201 & I E A » BEEEE ST > 7281 BB > #hstyg
&0 BB S RE S RABEIRE T LV TIAE » SRS R BRI 4857 30 430 24 ;DA ERE -

B AR BRI -
3. Btz O EENEIR(Motor Movement in UPDRS)[190-192, 202, 203] :

43K i R iy A B T A A S R 0 < AR IR A OV IR T 2 5 LB 1 BE 3 (Tremor) ~ HBG (SRR
(Rigidity) ~ B F 4% (Bradykinesia) ~ 281 f&(Postural Anormality) - TLHARLFES] - EHE
SR BB RS - #E20(Cock walk) » SZAREWERIHESI M IR B SRR T - E/ sl
FHEE BT — D229 -

4. B 4 7 & ¥ [ % (Questionnaire for Parkinson's disease as a screening

instrument)[204-207] :

HEOMNBHEE - R eRE RIER - H2RE8TES 2 MG » AR —28E -

i Score £y 5 53ECLL B - HEEBUE BT RS By 0.88 B 0.95  Frirdse » $H¥ttEe

EAk R TR Ef iR 3 2 2 48 T H[205, 208] » =250 %& — 2 (Cronbach’s alpha of the

questionnaire was 0.708) » & REEZEAT 5/6 1% » HEEGUESEE 4350k 0.98 81 0.61 » Hg
= A5EM: o ANWTEE I M s 2 T E[206, 207] -

5. 4l Z i)k (Pure Tone Audiogram,PTA) :

HyBRETARNRE  HAESBRENTIFSA  UEUE - SRR
BINTLE - HERARERE  HESEEL IR RE 2 B8 EREANT[209-211] - LA

\%

PTA fp&SHES EEEBRELIEN ZPE - ZRENTGS LIEF R A E BRI
EEFEEENE e E e ER T TR AR -

PR AR Z iR E T2 R AY[212] - BEEiRAE F Ral MR 21588 © DU R
HRIEENFI SR 1% 2 HE 7R - LAt SRR U 24 G iEHR G B F5 12 [213-216](Pittsburgh - Sleep
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Quality Index, CPSQI)[217-221 5Pl Il i B LAY B8 5 8 SR FE ¥ 55 TN ~ 2 2
(VO Bl BRI 20 P s A

1. g X g

DU RIRG Bl & 525 - dftisalE ~ BRE S - ARERiiEREE - BhZe PEai sl
PRI A B2 -

2. FfTHREMNIE:

HiihRE FH EagE 2 AnBaEfil HI-801(Fukuda Corporation) FEz{AfiLhEEMIE - FVC »
FEVI } FVC/FEVI FIHH - fFHETHE Z AT #es S L1 3 AT IS TRIE - SRR
JR[E]— 5 IR TRT DO RE Z M - FURSTREESUIEH4% LI » B IS EFVC) > FH—1)
Y-SR E( FEVLO ) > B—F IR E T 77 ELFEVLOFVC % ) o i RMESR R 2R
( MMF ; FEF 25-75 %) » e KMERSRAUEAR (PEFR), K FH AT & o7 Z ToH BT Tl
58 SNSRI ZR( FEFS0% - FEF 75%)%F - IEAMNAEES i n] BEIFCEMER] ~ 8 ~ SEiEH)
sTHE 2N EIE 2 STREAE - (EAR ST RE A Z ELE - A REsry = 2 G EfE
400-8000 Z 7] - it ZHHYHIEAEREFE 0-14 Usec [ » HCEAE A ITHRE N ELLEEINI > i
AHNAHGE MR - MERTERFRIZARAE DB IE - DURE R IERENE: - FEfuslAT o DAE
it o #iai I T BRI AN e A - 2B PR nEZE - A &S T > Bz
AEZEDAE =K » HHEPHRAK FVC & FEVL0 (HEXKEMZEAGERE 5%5 0.1 A7t
R0 e A] R AR #E (reproducibility criteria) » (RS EINGRETRR & 3 2 AR5 - HUHL 2
B KAH > B R W52 o0 i At Z Bl T RE B R  H R 5% 18 5 5 A0 & =0 il T BE &8 (flow
typespirometer) » HHIE &5 R ZMIBEN R BB A HES R A #ETT BTPS(body
Temperature 37°C > ambient pressure,saturated with water vaper at 37°C )i -

(F2) /LRI S Zndge BT B A (B S A

L R AEERRE117, 222-225]:
PAER MR P b i A aE(Blood Sugar) ~ (EHEEEZ(Cholesterol) ~ =z HHIHG
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(Triglyceride) ~ =& EHEREEF (HDL-cholesterol) ~ K EEHEREEF(LDL-cholesterol) 5 -

2. QBB E b TR A

PR Z A g = b = 8RG0S C [ & 1 (High-sensitivity CRP, hs-CRP)&i14i4f
2[5 (Fibrinogen) °
(7)) BB A S i e s BT

FFDhREITA iR ER[226] -

DL TAF 50388 B % (3 Fl S B ol a8 A (LAl th - iR BaT Dhae b S ma e i e iig 2k PI e
B A (AST/ALT) B {5 ke i A i (gamma GT) > [F]HF LA el 27k Mmbs B TUAF R 3%
HHUR(HBsAg)BL 55 — (A p s 2041858 C BIHT R HTAS(Anti-HCV) DLEFAL I 55 MEHT 3 AT
DiRetafe TP E -

() BRSBTS

1. R AR BRI

TEPRRE R IHE o BEARNE - FRED - B - B - E4LE - FRIEER
i~ PREGEE ~ BBk - SHEHEE - BORS - ISR THE FEAE TR PRIE RS ~ PR -

Thfe R AR B M R

2. MREThEERES |

15 TAF 0588 b e (1 e B es 2 A b isligas Fteba o R VB PR Z . (BUN) ~ HILET
i (creatinine) ~ FR (uric acid)% » DUREREBRINAE o M43 RILLAT Abbreviated Modification
of Diet in Renal Disease-Isotopic Dilution Mass Spectrometry (MDRD-IDMS) equation[227] %%
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation[228, 229] k51 &445k
i )&>%(Estimate Glomerular Filtration Rate, eGFR) ° {§iF§ CKD-EPI {4 GFR E; MDRD Fff
T2 GFR {HES » CHALE SRR ZIBRR il R HI#([230-233] » ff#% MDRD
TR R [234-236] » [RAPE TR A 2 A2 =URAGHE ALY 23% » 5[t - ABF5EER T
J5H MDRD 4} » 55ff] 1.23xMDRDeGFR £y GFR FH{H{E[234, 237] < SEZATERFIE(LHE AR
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TSR (sE F 7 SR AR P /N BEAHEY MDRD A ZUBERE R {42381 MDRD HY/A 7 MDRD
eGFR [239] = 175 x (Ser)™** x (Age)®?® x (0.742 if female) x (1.178 if black) « {{<IEHFFE -
CKD-EPI eGFR [239]/Y/A=0 Ay + 2o MR HILEE RTINS 0.7 mg/dL B » eGFR=(Creatinine/0.7)
0329 % (0.993)*°  x (166 if black; 144 if white or other): Z-MHIEEEF A 0.7 mg/dL B > eGFR=
(Creatinine/ 0.7)"%% x (0.993)*° x (166 if black; 144 if white or other) o S MEHIEEET/ N
0.9mg/dL F% > eGFR=(Creatinine/0.9) **!" x (0.993)"° x (163 if black; 141 if white or other); F{4:
BILESIT AL 0.9mg/dL A% > eGFR=(Creatinine/0.9)"** x  (0.993)*° x (166 if black;144 if white
or other) °

3.  JFR}& creatinine JEfEfaH]

DIREAE Jaffe reaction AEALARI T A MR PRIRURIE AR Ry PRI EE S8R %~ PRI B THRETR
=~ R KR 8 B H (microalbumin) ~ beta-2 ff & H (B2-microglobulin) k7
N-Acetyl-B-(D)-Glucosaminidase Activity(NAG)HIFZIE °

4. B/NEETHREEEFIRIRIERE |

PAPR & B2-microglobulin[240-245] » N-Acetyl-B-(D)-Glucosaminidase Activity[246-259]1F
Ry B NEDIRE AR R EAFERE o ELof B2-microglobulin FRIFULEER - SRPUINA IN JRIE
NaOH Dl PH=7-9 - LIE I B2-microglobulin FE/KR T ZIRESL - B L APRFEM N &
YILLJg > T#81% » DL Siemens N Latex p2-Microglobulin Z17](Siemens Healthcare Diagnostics,
Barcelona, Spain) > DIFi[EPIEE EZ - {# ] Siemens BN ProSpec nephelometry gl » Hofg
JHIEEE £y 0.2-6.0 mg/L with excellent precision (CV 4.5-5.3%) - ELP K NAG JEM:A30H] - HY
PR & {8 F Diazyme Laboratories z4,7](Diazeme, General Atomics, La Jollag, CA)2A ACCUTE 7£
505nm Spectrometry 4 H B4 b4 S E R > ElkpEn&EnE f 0.3-200.0 TU/L with excellent
precision (CV<5%) °
) Wb RS BTl

L MRS ST A DIRE 146, 260] -
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FIRRR DD RE of Z FHARBR RIS 2R [261-268](TSH) ~ F5 122 [ (Testosterone) ~ 20 2 Bl
# (EstradioD{F Ky it 21 BB R EEH N b 508 -
EI RN ENSNE 57 Ehn

1 — i@ imskgE :

H Bk ( White Blood Cell, WBC ) ~ 4 [ ¥k ( Red Blood Cell, RBC ) ~ [ 4[ £
(Hemoglobin) ~ [MEKARR (Hematocrit ) ~ SFHMMERARALL ~ HHH4LMIRIMEZR R ~ SFHI4L
IER M & ZR AL/ MR (Platelat Count ) ©

2. 4EIR4TIER (Reticulocyte)ff

S B BEAL M BKBUERE ST -

3. M58 EEH Ferritin gl -

TEREMERNZ #2280 - Frplstthss « sah s R I s M E i 2 i 5) -
QRE: kRl 7 Siun

%1 B <l BA B M - H4E TARC 2345 > Group 1 /A Alumium ~ Arsenic ~ Cadmium
Nickel % » Group 2A §1/4 Cobalt ~ Lead 55 [t - A5 #1855 5 8 7= R AHRA Mke i 2~ S 5[ 36,
269-274] o F A FEE T AT (82, 275-281] ~ smUAHE[282]  FEMERE(283-287] ~ B BRLSE
[288-291] ~ HFHE[292-294] ~ K7 HE[295]5F - B A G855 T Tl  FAmE 1T
Wiss TREEEE - Rz A EHEHE TR TREIE - FOBIRIEE TR TR BREE
SEEMH o

1. BEENER2 R A A T s S e 2 S RpAIE ~ B EE - S R

JiE ~ HHE BT BRI E O ~ MK B E B R S R T

2. HaEl XOtAESEEEEE— D i iy -

3. IMFRE HULRBETAL PR 2GR M MR 2 FTRE
(=) FE®E

A
I EEBHESEE T Rl sn il B oh R B b 2B =08 HES Ul B F 4R I AE
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(+5)

SEEE - FEFRERREEEALE - NIL > S5 E % S (G -
ZiEEGEEEE RN > B - 80 1% RHNSEEENZER S EN
SCEAEH - MEME AR E X YR ER(DEXA)[296-298 HIE 5 8 # ekt - (5
AT T P EE - AL > JeBBIER ST DU 5 E B Ul E Y (Quatitive Ulstrasonic)

BB HE(SAHARA, HOLOGIC, USA) s 1B B 2 BT 6% - BB Mo B/ NER
SREEENERGEE 95%) - FrblEEZamA - MRS E 5 EER[299] - H

FRAEE BAF(CV=2%)[300-303] - LAt S G Ml 5 B 2 EHIitEE
FERNFEEPIEL T Z —EfEEREN (T E>-1.0)/1ER T EHE-1~-2.5
Ry EERD T {E/INA-2.5 B Ry B B HRz - sogk T (8L Z EIF /o2 E 8y
AT -

fEEFHEE WU IRET SKE22ZHREERZH

\\\>

\

(8-hydroxy-2-deoxyguanosine, 8-OHdG) Ry (LFFIEIE - HAaHl im0 -

EZNGAEH

IMITELEES Huetal. 2010a[304] » FEEHFI-20°CHUFRIREA > /KR RE

37T°CHETTRE R 100788 > HROEERS » BEOMR » B 20 pRVPRIR EIFR - Dlahs
4 5[5 Z2 NAERYAE[5% (v/v) methanol (MeOH) + 1 mM ammonium acetate (AA)]F
FE10651%  F USRS A AUEHORAH @ AT SR E 6L (on-line SPE-LC/MS/MS) #EfT
VAR

BRI L0 N RS
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#&— ~ On-line SPE-LC/MS/MS & # &4 R H# £ # % R

On-line SPE

WA

mjection volume

trap column

mobile phase (gradient mode)
- solvent Ia

- solvent Ib

100 pl
Inertsil ODS-3 column [75%3.0 mm (1.d.); 5

pm]

5% (v/v) MeOH+1 mM AA
75% (v/v) MeOH+1 mM AA

Liquid chromatography

analytical column

mobile phase (gradient mode)
- solvent ITa

- solvent IIb

Inertsil ODS-3 column [250%3.0 mm (1.d.); 5

]

5% (v/v) MeOH+1 mM AA
50% (v/v) MeOH+1 mM AA

Electrospray ionization
MS/MS

model

mode

- 8-0x0dG

- ’N;s-8-0x0dG () 4 % M 42)

APT 3000 triple-quadimpole mass spectrometer
Positive/MRM
m/z: 284> 168
m/z: 2893173
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(+

)

Su bk b B

BT 8-oxodG #yiR)
REK $RpEiE
BE (ng/ml) | D#ERE /=3.7134x+0.0002
(%)
0.0390625 3 A8 Mt 3
0.078125 12 R square:0.9998
0.15623 16 250 8-0x0dG STD curve
0.3125 0 200 (0.039 ppb ~ 10 ppb)
01. 622: i g1 y=3 1,{7:1 :—;x;; géoooz
ik E100
25 2 050
5 2 0.00
10 0 000 010 020 030 040 050 060 070
mass (ng)
Urine 1 Urine 2 Urine 3
Precision
Intraday
(mean+SD, ng/ml) 8.610.2 17.0£1.2 6.740.3
CV% 25 73 3.7
Interday
(mean+SD, ng/ml) 8.6+0.4 17.0+0.5 6.8+0.6
CV% 4.1 3.2 8.6
Recovery (meantSD, %) 107.0+2.8
BELGEREHEREN (F#E, %) 95-101
R AEE (R, %) 110-122

S el B s oy AL e T o B S (R R e 5
ZHEESBERES L R eE B AR - AR ERIEEET - (haOR ERIEED
TR ER AT AR e e - R B R R -
BAZEEGBRERE ZNERTE > BRI 0[5 TR frag A
MR Z SRR - feft TR Al - IS HE S ERE

o L2 ARl - (efEREESy T2 WEEE -
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FERT GuEtot

AW FERTEE FHRVAEET AR Ry SPSS 19.0 it » LEETHIGER - P EEERE ~ 57
TAE N BB R B8 LA S RSB S B N = I BRI ~ (R ESS IR - A
Dlfgaetissst ~ SR R RITE R DL MBI TARES S - #8EH - BMI
Fie A TFEEFHE - BRI RERE NG 7 5E B IR 7 [ S S I Y
HEIMEE G AR ER - EeBRERE L HEERE HHANE I ERN T2 RS TCE
AU Z [ERHEREYE > SSAMARTFE b T 12 Tl B a Z RIARRE M A > S AR R &5
JEE R \(Linear mixed-effects models) 73T /5 ARG T IR IR 1 S < B IR S S SR (LR D 1A
HYRZEE - AEATIERE T B S TR ~ TRt ~ Da R S R N T AR I R P TR
af o AEfEFE R A G RATE T RZHFI R i8E B2 two sample t-test 2CHET T 5% Fa aH B HAH ]
EEEZ T -
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SEVUEE AAFTEER

F—f BRTEEERE

AW RGN A T BRSE SR TR SR E » i TAFEIR 5 77 p A I ZE AR
P~ EIRZEENERE - DU VB F =@ AE 2 Frr)  BeAR—3o0T 12 MEE TR
SYRERS ~ 88~ 5~ 8%~ 8 B 8t 85 8 30 S B BTRIRELIR T FUR - £
B2 R B TR R /28 36.256 pg/m’ - R (KATEER 0.004 pg/m® 5 AE
SRR PR R EE 779.589 pe/m’ - B{RIERERLZHBIES 0.0550g/m’ 5 %
FATE SR DB i o P i SR 8 6,397 png/m’® > JERERAKANEAES: 0.004 pg/m® =

ISR A RIE AR T B R e ~ TR ~ DURARIRE & =FdiaH Al (group) » fE=RETT
HEE T8 i SnFYE  TEDRERIZAES - 8~ o0 0 (RIREAIE I - 85 - 85 - 6
#E o~ REYVE (8 3 - 18 4~ [# 5) - AEEREE T A IEREREFIREEE=EE T R
PR f e > A By 98.381 ~ 779.589 ng/m® - B2 RIIEREEE 2 - HAE Fy 4.315 ~ 36.256
ng/m® - SEAROIEIE AR AR (K TR AR 0.812 ~ 6.397 ng/m® 5 (RS>
i =& PR AR/ NG RS> S>gm(E] 3) - FE TP REDREAVEN T E T T2 DUSRZE RV
FER > JERERIME R 5.28 ~ 15.607 pg/m’ > BRSNS BERAE R Y - HBEHE R 04 ~
2.105 pg/m’ > SAEIENEHIHERERAK > JEFEHE R 0.06 ~ 115 pg/m’ 5 (£ iR &l
] B PRZE R R TP LR S 8 AR 88 - AE R ZE MR T AIDE ISR S 2
TATE SR U251 i v 2 DASRIA R R Ry 2R AN 1 » BRI S S B I o B M e LA 2]
— R R PR 2 R R s > RS RIE y 0.055 ~1.125 pg/m® 5 SARATZAE R
DI > JEFEREE K 0.003 ~ 0.108ug/m’ 5 FEHAEIERE & i< B T 2R 1 R e ]
VR REE T DU RS - AERR I ZE IR S T AL SRRV RS - E R EMR V) 5
R S R A S BT 2R - DURE o EEACE HYaE Al DAS& 3R BRI ZE fe - P2 RR s Ak D)
SR EA R E R TR B R E T ST R R R H o LAV R Ry
LAY -
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