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Abstract

It is now well recognized that trace elements
play a vital role in biochemical, clinical,
nutritional , toxicological, environmental, and occu-
pational health problems. Changes in the concentration
of essential, non-essential, and harmful elements in

human body observed in a variety of pathological
condition.

The present study in aimed to develop analytical
techniques for trace elements by sample pretreatment
which are included freezing dries, microwave acid
digestion, and direct dilution and determination of
the elements by instrument neutron activation analysis
(INAA) and atomic absorption spectrometer (AAS). Three
section of experiment are comprised in this study. In
the first section, the concentration of trace elements
in freeze-dried human serum are determinated by INAA.
In the second section, the methods of trace metal
measurement in  biological specimens which are
including human serum, human urine, and rat organ by
AAS are developed. Microwave acid digestion technique
is adopted for decomposition of specimens in this
experiment. The  analytical method of lead
determination in diluted human whole blood by AAS is
investigated in the final section of this work.
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Standard Reference Materials bovine liver (SRM
1577a), bovine serum (SRM1598), "Second-Generation”
Biological Reference Material human serum, seronorm "
trace elements whole blood II, and Lyphochek™ whole
blood control are analyzed to verity the accuracy and
precision of this study. From the experimental
results, the analytical methods investigated in this
study are efficient techniques for determination of
trace elements in biological specimens.
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MEAEIWHELEANTR HBRETEF FHEEZLH
&> B BERNBAE G HCT R T o Bk
IR E RSB R BRBERHCEESLF YT » A7t
L EAM  ERTERECHEE - READHBETHA
PR BRARE LB LESE o
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~ ARt T F AR AT

I

2.1 RBZM

1. R FRidk#E44 (PERKIN-ELMER 5100PC A& 3300PC)

2.8 EHRTILEE (THGA Graphite Furnace
PERKIN-ELMER » 5100ZL Zeeman Furnace Module)

3. ok B AL 4 A & (Microwave Sample Prepa-
ration System> CEM Corp. MDS-2000 SERIES)

4 RFHACEE (Millipore @ shRH ik
% Heraeus DESTAMAT Zs s — R AMEE)

5. % B T4 (BIO-HAZARD SAFETY HOOD Class 100)

6.48F s %e# B (ULTRASONIK NEY 300)

7.8 # (CENTRIFUGE HITACHI)

8. By 2 bk A A& 4744 (HPLC, PERKIN-ELMER 250 SERIES)

2.2 BE&REA

1. F B AR S EMERCK % R.D.HE. Af#uex
SR BRI E o

2 ORI ALIT B > MR E EMERCK A7 Hixl
R o

3R FRMARBE LR ESTELRRERSER L.
MERCK 2 &) Sl 695 iR B A T, ©

4 FBESEZHEHRM NIST X SRM 1577a FAF4E%ES SR

17



1508 AmiEiZ# % CRM "Second-Generation" BRM
At IS I oAk B B T R RAZ S AT B AR A ©

5. FBRAEFREABRNBER K AR EETRERE
BB RAMR ISR

2.3 BHFR

FHEERAZERBmOERBEER » Pipette
Tips » DCERHALHK » B TR RAKERE > &
AR 1:] BREXAMERZEEY— R BEifE s AR
HRAgRERE BHRTRLFEREIFARAES 16% &
BAR R AR R . BB IRAMBARER ) M
JEiRVE 6 MRS A o

2.4 Himi g

1. fe i R

ARt ik RRER LR BRERRSH 19-20 RT
FuREEERREN GREREFIBETUALE A
T BRI RT RGN BRSHRE o TEHRE
B AL THARRAGHTRIERE » B4 TR
T — A BB T RIR ER AT RE R R
o di M RBFFEL 2 IFF o FA#eLA 3000 rpm
EEHRS 10 24 SBRLEFRSERBREIRARE
(P.PORET » # -T0CTARER » HFAEXSWEZER
A o RIS TR FIRARAT AR S IR 5 X > SA B
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KRARF  BFAESIER ©
L.EMBE .

MEAMGGERL 16 BAZMEEAR SR %A 12 R
Wistar %4 16 % ZRMROFEHXE 12 MEARIZ2 b
B R 0 AR AR AR ST o AR LR IRAARFEE
g gt H8F 3 % SHR ®ARK 4 & Vistar
AR o ARl AE RHEATE 0,4,16 & 24 NEHR
BBEE » Xk R A B AL S
kg =70 CFTHA  HAFLWEZERLA °

2.5 PSR BIEERHAL

Bk BB R AR LMRENRE » TARAR
MBI RAE MRS FLRE > RN IREFE
P » ARG AR ERAERT G/ AL
TR ©

1Ok BUR X GRBF—e T i —RBRALERAZHELR
B AEBRABRRETER » AFTFAFRE (11) #4
PA 0.5 BHZAEMm 0.2 EBRBRRFLRE A
AR E et AR 0 BRAE RIF o Hib o RHTRFR
AR ES s BANGKERE S RE - HHBTHA
AFBTAE o

9 Bk BN B G AR B E— O I AR IR 24
T R BAFHEREN » BARGEMRA X mi48
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ERR o HETHEAERAZEARBAACERELE CO,
' N0, KEHmmERHACEBLEN » ZERPERLR
FBE L4 » R RMEE N FHEEF BRI > F
B o 2E R 0 AR EARRSERTLHILSHF o

FRARBRESRESEFRT ) ik~ RREGHE
ToRTRXESREHFTERESL  EANOLEAS
MR HCHEF R T 24 8 ARRAEASRHEZ
BORE AR > TR IR KR 21-22 o4 RRIRE]E
HX AR R o

3RS M

OIS LA STy L TR SN Ut |
AN Bw 0.5 BAMBA 0.2 BHER
Btk B EHE o M6 2 MBAREIE N RAR AR Z AN
A FBAEE—# 24 ERETESS 2 EEGl
BE Q ERELFEL s ARSI RTEH o REA
BB ERARHIRE > EABLHICA L > Rk T A7
AZNBATH LS ©

QuHBEHS MR 0.2 LBEILRB TS » AN
HMAFZHAT K B 0.5 BHAHRA 0.2 &I
BEEE > RERE o WA AR EABOLHGA S
'k 8 MFMEEATRIFAL ©

ORESF T —ELERTBRIEHEL > HA NIST SR
1577a 4FAF> SRM 1598 4fzi&F A BRM A iFiR%E
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S RECEBULY  50-100 B 0 FRFRELERBUE
# 0.5-1.0 B4 ABRFRESAIUEY 100 24
0o MEBELSFHE 0.5 EAMHRR 0.2 TABEKRE
&0 BANBRAENIR 0 SR EE-MBORH 24 A
BT oo EN 2 ERER  REN MBSt ES
G o

@Fa#e—EEHRFEILZ 24 B s ZA 2 18
4 1 BAKRARBAMRAN 0.5 BAHER 0.2 T8
REZRSREASZIETHHES SHERESRREE4E
£ R o

®ifsAn(Spike ) B A Ak — A A L O H AL AT R H e
AMBREAESI T AWRTER » A A FmRes
B R AET 0 Bk B 30 EaiEHESE SR 0.5
EIH GRAE  EERBES o HRIEE SR LR
Bk 0.5 BH BSARMRASLERESRR 0.5
EH > &44(15001g/L)  »Fe (2000 wg/L) o
Zn(500 4 g/L) = Pb(10 ug/L) > mAGRELMILRIE »
BATHOR B L o

HTHRAIRFTLGEN » ARBLEBETZIHWRE
» ERORHACR IR » BB RS H B FTA N
AR T BAEARBERLEN  UERTRZERE
Mok 9 FIHMARSEEMEHCRHZIRERZ » 81
HIEZARGIER » BRI RAEER > AREABRZES
E# 4 CABRRAE » HAFIWA o
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2.6 LAk & OE BIESH

B TR AREL B AR ELE A TR EHN—
HHRE - X P FEREARTFREAHELEHF S TR LM
RAEMRETHS 0.1 ppb BE(k 10) MRKEXET
R AELBRYE LB RN ELERREE » A oHEAZ
Wik ~ B> FEALARNEINZILBALFRENZE
IAE» 348 E M ARF(43) o XATRHKA L BHEKXR
FRaHEE (5100PC) A KRR -FRAAHES (3300
PC) REZFEMEBHICEZAEMIRTEERE ©

| ARBRZAEFZH T BEARTFREAEBELE R
W AR O ABATR F—A#E]T (Dry
1) mef s B BRI (Dry 2)FEE » sh iR EAFR]
ok b EH T ARE LR BB EAEEERIK
#E 110 °C» F=PE& A 130 C» TR RMEZIHE
R 0 B FAEBLFRACKR TICBE T » B4 EK R
BT BELSW B EHE o FZEKI (Pyrolysis)
FBE > MBA 4 300-1000 °C» B AEE— A SREZ
Mo AT AR TR » AERE TILRZIT R T
s BB AT HRHBLABRETFALEBRSZBE Mk
s REBONZACEY BB AFRGER TR
o R ABHURE-RTEHAR - EWAER T
(Atomization) » EE &£ 1500-2400 °C » SR THE
ERABEZRFORER > RRAE $RAFFE—R
FHAZLETFTERAAABAREZF > FHEZRTEA
RBKARZBAE  FTHREARBBER - FEEFR
(Clean) PE& » REFHRAE » 494 2450 £ 2650 'CA
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=R EEFTAIMHE RLRBEERE  AEREGRAK
» BATTRAEMRR o & 11 7| A MR EHBLERA
LRI > B BE AR TFRUGEEBRARAEH K
~ B SR BREMMF o

KRB TF RN AR b R ENR AR
A2 EEARAARAER TR BEAE o £ KAXR
FALRE A ST 0 F AR SRR BRLE
ST ENRATIRER RACH RERAE > BAE
MR 0 BARBRETFIL (43)c  BMBTRBEH
WEHALE s AR KB FRLAHBARAES » &
AR BREMA > FlibE 12 o

2. FLE oM
O FHRZIE L

B AFEERERRRETLE LR TFREAER
ZHEAMBELE > ABAEHRE R AMKE
Ha 0.2% WEXTHEFRERR AL 0.2 %
FHER KRB REETGRER R IBRBHRETHRMER °
B 5—HE 10 H&EAFHREREL BEARKGEAR
TR LR B9 R 4A X Signa  Plot™ 4.1 M
(Jandel Scientific) TS EKHEE LU TS
o A LERRER LT AFHRY  THAABEFZ
BBFo

@ifAm(Spike) Rtk & 47
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WAk E 10 MRS ELER TRICRER
(8RR A BOA R A ASFE > RMHAL2BT
4% BHE ek dk > TREEsHE 13 ©

OB R 5-F W WS 2T

AR ) R EZAAEER (R 9) KR
BB AEFREE S TR AEREERE  AeRE
KB FRAHEME > HATELE > BRFRE 14
o f SRM 1577a X AFHTARMES AL > TF EHM
KRR FRILAEBRBRAELSE > BRFIAK 15

@ %A 9 H
S FRREAR AR K ek Rk E O &
BFEHAE GEREEREZE 10 EHAFEEASR
B AR FRUGEHARARTESE > RRLEE}
FHBREZEE  mk 16 Fiwo
OB BT RE I
GHBETHREEICE  AEX 10 BHE HE
A KB RARTFRICARBREZTFHARBZ ST R 17

1P HRmER ©

2.7 &XMH
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AHT 5 PASROR TE AL AT R B R BL AR TR MR R
AR RS T/ TERE > BT AGEE A R
RO HAERBRFLEBRBEIIRTRGEA RN
Vhifedm  (Spike) HExikSZ NIST &94ZHESF 4R R4k
e REHGIE o & 13 FlBRRASFRSE » Him 4
RARBEZEBERE RTHBRALZ (R 9 B& 11)
s AR A AR BRI e o B ER 4 #£4
BAEZEkRE 06-108% K » HALF>TRALTF >
EAFABIFTRIBEBREAIAN (11,31,44) o 22 E
FHEMFRARLARAL  (R9-12) SRR EL  ARET
FEEoRER 14 A 15 BB > HRORERNA
REFEAR TRRAERG ST RAEZRATERAE E
REZ4ER o

AHT Rl AR o T BRI 0 RAT B AT HURAZ (
£ 9 &% 1) 9B FRARNALESE » BEEA MR
EZRMEAFERE (R 16) c BAEREZFGANLEGZL
RMRAFE  MARBAMERIEAR ) TG LS
AT EXMEAE(4D) o FRATFFREE% S
WA THRAFGRE T aRRERERAREATE
BOBERERFAN AMRBHREFSBHEHIERATE
2= HBFREEEG B LET(32,46,47) o 2 RE%
EHAERRRT LR K4 K% Vilson's disease
TERRAERZHFRMER  (46) c A EBBETFF
FRERGFHE— > SR i BERF R R FH
M BEAE  SPRBETHEL S W~ RELTHE
SEEANAB R (32,48)8THTAELERERIL
HMEEZNRER c BMANEX S HBRS R of T 45
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ST M hRLBETFH4ERFFH 16 426, 48)
o BIEH LR (49) FAHANRKE 8182 FHHEALT
SR E AR BRI TFH5EE 8.5515.67 ¢ g/dl B A
#  85.50%56.70u g/L > M ARSI F L RELE
10.90 +6.504 g/L » HRATHR A TR (26,48) 3 JARsE
BE#E 100.80 £ 60.08 pg/L> BmaddgeEuEL
ERHERHEAR  XERmFIHELRRZELE o

RRBAEEEZRTEENY » F 5 EMRANRBEE
Bk RREEE o Bk REARBAHAATEEX
AMEETENRE ALARE LR ERFE » 4 #HE
PRI o 2R BRI A L8 > Hldw > 4K
ERFTEFEHERETHET R o BRFFTRBERE
A& PR S R IR AR L F B S 0 A FH AR AR
R BREREREF BT BE » BABEAKE »
HHRRAFEANBRETT &R § P RAIAIBAELER
7|7 16

KHABE LS BEERADNGHBERIAES —
AR B4R » RNE e RES R F Skt E - 2
FRER AR RS AAFRERTEEBTALR
KA RARALER o HE 1721 ¥ FFFEARAF
BRBETHATHZIER

Oo#AFRTREIZLEMBBEHCHBRAATEGHE

THEL RERERE 3-4 & AEHNERMNEE
ToaTA4uMeg LR » B EET LTS o
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@AM BF F ML EEREEANERBE T
B~ BRERER ) BAABELRHA  BRARIR
BEEET (RER) BT O EHEEETHAREZ
PHEREH RRZBE o

Ow % 18 TARERFEE T THREKNGSH > REBF
BAENBEERE  BTAFAER HIREAFTIE
FRMAER L > TREERRAZIESZIEE &
5h o e ERTFRATHRERAZ—

OFRA®RAGERAMFABETFAXREIHHRARZE
Rl FTREAMBE FRLE » FRYOEEALEF &
BARERASA SR SHENMRSLBREAERZE
RETAM » HFE—FE o

WAZAE S M H Rifdm (Spike)RERA% A B SOk 8L
HAg L RA R TRARBZELERE » HEFX
FHETHATRAENTERRE G o FEHFZRA
AEBRREERER ) FMEAF SRR P REFITLE
FZIHACHK s AT ARG R TREK s ARER
YEBF s Rl F b ifcim BH SR R ERCEEZZE(
Z 11-12) o B SOR LR BRAALHBREZINR
Lo BRBw > R REFHERE BRAFFME &
THERZSWERRAMEEELAFHREZIFTE
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2 HDBELEEFREFRESRATFRIK
ZEBEEASAPIEEE

.—-\"‘T““‘é

SEEBEREEBALE » FEANTENDNEMBARET
AHEFWHREA » Bf ST AL o KATTFTi
WA ARFHDELLEE FRLBRBZER F o>
T AT EEREMBAE T F R RS HHM(50) » T R4
FLAABBELEAMEEEXIY—FH o LFERFAEE
s T RAIAEE T~ B~ 45F ~ SRR AR o il o S5
e RANGER(FEBRE) ) 2B RAHHELE ( UL
TCZ8% » BABSETT) » SR (FPEREE) o BRRA (mhERdE)
s BRECH  (PVC) &M/ ( BIRESE) - ARbHuER|(
w9 TR R T AR F o iR AL » FF XY
HRXAFTARLEARTELEE it SSHAMIATE
LT ELH 0

K5 R bR B K EAAR > RASRE R
Bl o SBHOTUCRAAI 4K 30% & 10% 0 hREBEZ
SR T AR 0 T 30-50% o SBENBLA 0 AR
s REBRBEHA LY 90X HEFHET o Ao
dwig s B AT SRR AT RRIEERS o SRR
BHEBIERBHE 20 R FEANTH A FRBAIK
#0020 FoRsr eV 0% Ak (RBC)F
(50,51) ° —BEFRALLAIFHRBRBUEHLT » HFA
FRE RN FEAMMEEO S 30-40 KA > FHHAH
R(52) M FAFATHRTHABBELNS 250 #A
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s Bk AESTHRLTHEASENY A SRS TASHRE R B
Z4AF o2k s HARB T ¥R EARRBEFRSGRIL
oty B A TAEREHERXERAEREIERER
EMFEAL  FRERBFARFECHEBETELLE T
BESaATE S RARETTE S WRARRER ~ AALEE
E-HETE S BRA S IR TR PVC BEFX S H&RX
SEEESSE TS HAEEARBATES (53-56) 0 B
ARG EXFEARB o AT ERER S EWARTI
BXRRTRAA  LARAFHLH T ERLK B EH
AL ER S WERAERBEFARAARENTA
EREFEEXHRE (R 2) Bh ELTHIRE
WHERTFHF(57) c AT ENRE » FRGF R T
A FERRBETYAMRHLSBRES LK

LHARPERIF AR ARG il R4~ FRA
HICA G o LHMAFRAF -

AE ARG ERF % AsRE5E (Lead encephalopathy) &
BAR S BRI EZEY  (Peripheral
neuropathy) EE R E#F & F REMR ~ &7 ~
BELT oABRATERE » TERAWBIKR(
Fibrillation) o X¥#¥ &F %% (Drop hand)
~ B4 (Drop foot) o SEHEHHEZ FM
R EAERE(DD)©

WA GHER ARV ELEBLERETRYGEAH

11 (49) B fnbr R AR » F 5T 1A
PLET 1-4 RXBEER e FRAEY » &
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S AN > A R e > SFRRMESEE
B8 B S A IR e F IR ©

B FERTSERE B—BTHWE NN
(Reversible renal tubular dysfunction) ° %
AAREREFEMG c F_AEFRTHLEHT FR
% (Irreversible interstitial nephropathy)
s T AT FERA 0 B &LV B
ToERF MRS ERE T RELZF
NERMEE > A BTSN (Interstitial
fibrosis) KB ERFMEL (Renal atrophy
)(52,58) °

HACR G | TAEERE R RE B~ IR AR K
MEBRTH RERETRATEHERGAE
R EEREE o 545454  (Lead lines) ZRIEZFE
AR eLEsm (Lead colic) (B9) e

Fte I FERELZTRIRIE » RERAFARIATEF

[e]

WA BT AR SSHAMBRTERITENRE
FEE AL RECEEEO I TRREERT  FA BB &
FELEEER RASFECHRE > SREIHRTAL
EHESVEZTHERRE R vSBEENEA LR BERE
P HAE R T o FRREERAL ) A FHREHH
40 pg/dl (FH) & 30pxg/dl (M) TEHEH MR
EFABIE R 23 & 1977 FHRrAa® (VH0) A
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Xt A EERABZER (52) o §RERAET fode F 455
BESEEFREBRAZERAHERAZIHMG  MAL  BEA
HH AR AR EZRIEER o B sudefT oA B EA2 M A
F M PSRRI AR > FEFTHAEE T TR E
HEFOBERTERIGHRA ABIH ©

B B A e R B A A . F 45§ UR TR R R A
WASET BT ) R RRSE > EEA LRt R AT R
» LY GERBA 0 AT BANERFEEREL

LR AT BALRA o FATRBR AN G SR BA] R BRI
TCHEATT AH ROCBEE T4 RRRLE RS G A%
s HA BRI B > TRAKGRER 4 W% o B A AT E L
» B FRAAT » B M ARAFE » S ik BT R AAA P 6
R E > RHIREAAEE— PR H R R RAER o

B st 0 A5 R 3 ARME B ATEE SRR IR A RAL 0 AR

RH S4B AR B AR A SR B RS T BRR
» ik~ EAHEZE R

=~ e PSR ST
2.1 RBRM

1. R-FRp 344 (PERKIN-ELMER 5100PC)

2. 538 X E &R -FICE E(THGA Graphite
Furnace PERKIN-ELMER, 5100ZL, Zeeman
Furnace Module)

3. KK 4LEE (Millipore @ SkBEBE
Heraeus DESTAMAT #3smk#E — kR AMEE)
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4 4 JE T YE4&(BI0-HAZARD SAFETY HOOD Class 100)
5. 485 %% B (ULTRASONIC NEY300)
6. R EIREE (Mixer)

2.2 BEZEEH

1.5 B mAARE%S EMERCK & R.D.H. Ad&ltx
SHTEREE > 15 my o

2 ARG E Triton X-100 & E.MERCK 28 #litx
G.C. &% » WM A E MERCK &) BB HAE o

3. ARG B O — f %k ~ AE4ES [norganic
Ventures 28 fik 2 Jo3od7 g 38 o

4. BT REAEBELRTETELEZEZER
E.Merck 2 it egeuil B g MIEm R o

5.4 m2RELER  Seronorm X Level II #&2
Lyphochek ® Level I-III #& s 4 &5E
TR AALI W AT o

6. FBRFEARARBRERAR YUk LT RES
REBYE —RABEEMHICRE o

T EHANBERTERRREBFRRERAGE Tt 83

$ 4 AR5 AEBETRE » AL FERZZE
ENME o
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2.3 BMFE®R

A EERALRHRBEnQEERBEER > Pipette
Tips > 1.5 BAMEHE > BT B R AR SR F
yRE 111 HEIABERREEY-R o RHK
VAR EBAREE BB TRBRFBIREITR ) RAE
W 15% AEER AN R 0 HEA IRAER
o HARREREARERR °

2.4 iRk

HERARERHEERA NS S nZRELELR S
LB REBEREER e PO FEZ TR

2.5 H&EEMH
OR: T2z 2:3: £8:4

AW (60-68) R —HARNLLFERE
LR B > R ARSF Triton X-100 ~ 78R ~ 5%
B S~ Bk S MK BRAEMERRER > #
LSRN ORE  AREKESERATAERK
ZHFFHEoLF Triton X-100 HF&EEHA >
TEBmpBREZ ARl HRAFFAEN RS> TFTE
GH 0 HEE -~ B FES > HiedkiEd s EifRE
39 g4t o AL R AR T EHRIMEAE S bR
MRS BAH( ek~ D TERS ) P &AL
HFEEF (60 ~ 61 >~ 69 ) o FaEEkL
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Ma-FHGRAMERERT 0 RMTARBKRBEH
BRERETFHHZIRE ETHRSARZERSRE
KEEH B AT AT RSV R » TR
ACHFREIR > PAB SR oG )R o IRV BRI E ©

Hsh 0 AHEL S BEEE — B N BEARERIEE TR
B XA EARARET (NO;) ~ BEEUAREET( PO )~ BE
ARAET( NH )% > B F RSB RmE
RZH FTH& (61-63) °

FAT EARAL EE K » BAEL Triton X-100
BB REE B R » BB T R AR
F Al AT R R o R A s ( VHO A
1980 & —#r#4%( 60 )ALagesson ( 61 )& 1979
BFF T PR R X AR ER Y & 0.1% Triton X-100
107U ENO, » R R ERBRAN R RZA
EHERACELARRTAEY  REFABRNAL > %
EHOREFRT AR BARGERE o ARERSE
(67,68) ERABZHEALN Triton X-100 KEEE
AW BiE R R B4 MAX Triton X-100 & 1%
OAFE R R AR > FARS » BT HERABAR
o Bk AL A]1Y Triton X-100 XEAFEESL
WEHEAZ 0.2 % ENO; BREL AR &M > F
Bkt 0.1 % Triton X-100 ##% 107M HNO; &
B P o

() A HIER—KHI 308 MAZBEMHE ) & ]

% Triton X-100 %% » ZHh —kAMEK E2E
£ 100 &4 mEABAZ 1% Triton X-100 &
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7 0.2% PG RIZE ©

@ B #HER—RUR T Iz BshEag > & 0.1
5 Triton X-100 &8 » ix#dh—k&KMKk » XA
E 100 B BmEAREEZ 0.1 % Triton
X-100 &4 107 M AHE sy K% o

@ EHE4HE

S AT AT 0 FEBLARAET( NO, ) BhERARMRT

(PO B SEAR BT (NH, ) TA & e BH ¥ &

BRZH FTH(61-63 ) o B4 Welz(70) 7F42E
AeEELAEAE » TTRUE RIS RAGHRE > A K
MEfE R THEMA o Bk » X RFRABR SR
FHERSE B AR ol TR R E X AT 545# » AR E G
BREREBRT B 5 A 200 #ER 20 #E o

© itk & AHFE

FRERAZHEESE Seronorn™ A Lyphochek™
XA AR BRAREERR  #AH 4C #A
o EBAKHET » M LEET » MmARBZ —RAMAT
PASFR ) SRR R EIRRR™ G o BIEFTER
A ERH O ER BRIV FTRITH HFrd
BRGSO RAAGESEIMBEFZ 2 SHRE
# -200CTHRAF~H#A o

HERBHA > AAREARSBERSRE R £
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ABEERIBEZIRAH G o 100 MAIrendg
A 1.5 BHAZMEHESETF > mA 000 I A &
% B Wik SR EMARE 10 kKo MREEL
» it EHEY 60 9404 Triton X-100 feAfFret
KAEA ) EEEFHA  ARERATHRIBESEK
s EAR R R R GRE °

ZHIE LY

100 MAZRAMAK > BN 1.5 BT
FHeEF A 900 KA A K B AR H
RERIBERAMS » IR RS 0

A E AL AL

KRR EFE ) RARLET AT ZREA
BRES > Tl A R RS Mmoo 100
A BREREAN 1.5 EAIMERCEF > 4u
A 900 A2 A HAER > HELSEHATUR 6 Ko
ELRE o Wil 0 B 60 44 FIMRERS
BOR > EERRRERGGRE

2.6 oSBT

1 ABHEFIRE

S BT E E R > B EREXRFREAHERZ
BB AAEART R o L P RACTREEK
BEETIHEFTER e AR FTSERATELZER
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SR FRAMALKEHE > EHBERETZ
BHWHE i ERAARES Ak o FARKABR-
B> RS AEGHE > EUABARRER > BAE
HZRACEEREH B AT F T o b BER
FATBRATLEEEREAZEER » mBR TR
Z > U mAFAMNESELRERER AR R
KEmEREHBER (Peak tailing) g » FHHELER
FACF BRAT » Am—A%F (Cool Down) ¥&ko %k 24 7|4
AR Ao F S5 B E AR BT ©

2. LKA
O EgEL

SEAK B E R R AR BB R — R &AEK
Feile 0.2% B U HAZER » AEi 25 ug/l
2 37.5ug/L A S0ug/lL ZFAZREEE » A5MaR
0.2% FHEARER G EOBER » TR BRERME
R o A 8L EARER E AN R T BT S
BEEARREFLRBANCE 11 BELARERRAE
BT R AR Signa Plot™ 4.1 &
(Jandel Scientific) #EEATEE I T o

@ s A, e 2 2HT
R RTEELRER » BHFEERZ g
RS REHEHIRB L HRERETERAKE

FHEBER B EANTREY » ok 24 PPk
AR f AR T TR o BAR KR do AR e VAR R AR
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HRERINZSEETIANER B ETE—FHRATH
HRERH AR AN AL REBL £E 26
I8 T R kAR R R RERERSRER ) bR
BAFEA B F-F A o

ORI R TR

ATERERAZEIRES  BHCEREZS
AR EAEREFRLELELSE  WAMEHR
BT EAEEREEE » HERARB R I IAALE
o MMAFTH  REAGGBREB L RRBRL
Hetr ¥R » EEAREAEFRMAMBME o %
27 7 B R R EAHL R T R AHT A A o

2.7 BRFEH=R

SAFCRAERAALEURZRXATAR  EHEA
B AAR T ERAEFEAZIRE  BRAEK
BREFEFTAA BRI BRMEERT (53-56) o stshr i
AT RBENRAB BRI TEFEFREE T E
BN (& 22) » —RASERBAAFMZA S o A5
R AR RS AR BE AR TR
BN » FEEMe TR LT K BRAZ
T o R E HEGRARFFAEG R - & 25 71
AR TR Rl (A AR R B AR 2 e AR B4 S R P R 45 2 40
B TAHEBRIER A B RREHERE RS EEE
etk o AR BEEFRINEZE - FKHEREE
HToEE O&EAEN Triton X-100 (A #HHR)
BERHB AR RA RS T REALELE » HERMALY
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G (71) c@—&mET» £BRALE  RETERM
ZHERE  (T2) o BT A BARSE TR AT BR MM
& (71) > OFBBEEES A LEBRBRAMFOT R
B (71, 73) » AHF R A~ B REREREESL
B HEAE TEAAMEAZIAEL( & 26) oA HER
B2 AE ey T3 TR0 (0.61-0.63 ) > BRI
B AERAEIAER (0.95-1.07) @EHEHA—HR
— BB RRERSE » ke AT AT 0 TRERA R IEIEH KA
(61,63) °

BT YR AR R M IRAR T A
M HELERBERBRERBE T OFREIHRILK
B SARATHORAZ AT LR EIHAFRME o & 27
B R B AR R T R LR s SRR E
s BAANTRALZTELFRFTEIRRGEAF Bkt
s AR A de TR B > fAk X A AREER (1% Triton
X-100 & 0.2% A EKEE)HFE 10 4> ARTRIK
ARG AE ) BREXEFNEEEITREN
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FHEH—H K > BEAGCETEHER » LELFEA
AR B R SRR RERATIFRA TAER
BIVER o AMBANAFEIRRAMEYEER » LEAFA
SpiE B IR ~ M~ B BOREAARE ) EFEFHT RS
HEMSRBEFEFERETH A X o A —RIRELBBEED
kB EAR T WA BARARBENITRT RE S 2R
~ER o BEHRKRERSHEANAE(3) °

I FEMEAFTAEARIIFEN » RETRWE
KBRS ERPBERER > AFALTLFHAREAR
Feg TEME—LBRAR FeRGEEc GRTRL  KE
AEHAEREOHETEFBRER c ZRE LR o
SRS R ABRERRTREAES T AR ER]  H
FHERERE  REARERBRATRITERNERRET &
HEKRNB# 0

ERBOE—RE_HY » AP FRELIFEERAR
FRAEHER » EREGITRERMNBET » AR LR
T ERMEBEAFZIRE ) EWNMERNZET  £FEHMT
EABFRPBRIAEAF FELERZE Gt ED
S~ 8 5 QIR BRA LR AR SR8 0 AR TFRIC
AEBRZEAFERE o AR TRGF s ket
R RE > BHB TR B~ ~RF > 59K
e T AR B A LR B R X AOR BB L R AE R > R T
B RO LESE o e FEET AR F AR LR %
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TR L BAE T (R 17-21) » 45T oy R B4R B S AR
BAE (& 15) BEREITEAE o

AAREEARFEAZERNAFTAARS A HRE
b FIELARR TR » BRIk TRBBER
Fodk EAEREHEE B RREHIFRANEERZ QA RITHE
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A 1 WEAEINMALETAERBREZRAEZIAE

Type of error

Step of operation | Contamination Absorption Volatilization Cross interferences
by elements
Reagents Tools Chemical reactions
Tools Interfaces Signal interferences
Laboratory Signal background
Sampling +4++ ~—= - +/-
Sample preparation |+++ - - +/-
Dissolution,decom— [ +++ - -— +/-
position
Separation, precon— | ++ — - )= )= /-
centration
Determination + - — +/— +[— +/-

a:Reference 11.

bit: A A MMBA N (++r RIIAEBG - +RERETE o + AR HIEL)
A RERMIARY (— RRAEHS  —RERETF » — BRI
+/=: e B ARRBAH AR TRAE o




FFHEL AR E N (ppm) ®

NAA NAA
Ag 0.0055 Na 0.00035
Al 0.00005 Nb 0.5
As 0.0001 Nd 0.005
Au 0.00015 Ni 0.0015
B — Os 0.001
Ba 0.0025 P 0.001
Be - Pb 0.1
Bi 0.02 Pd 0.0025
Br 0.00015 Pr 0.0001
Ca 0.19 Pt 0.005
Cd 0.0025 Rb 0.0015
Ce 0.005 Re 0.00003
Cl 0.0015 Rh 0.005
Co 0.001 Ru| ~ 0.005
Cr 0.01 S 0.2
Cs 0.0015 Sb 0.0002
Cu 0.00035 Sc 0.0001
D 0.000001 Se 0.0025
Er 0.001 Sm 0.00003
Eu 0.000001 Si 0.05
Fe 0.45 Sn 0.01
Ga 0.00235 Sr 0.03
Gd 0.001 Ta 0.00035
Ge 0.002 Tb 0.0002
Hf 0.001 Te 0.005
Hg 0.0065 Th —
Ho 0.00002 Ti 0.05
I 0.0001 Tl 0.03
In 0.000005 Tm 0.0001
Ir 0.000015 U 0.0005
K 0.004 v 0.00005
La 0.0001 W 0.00015
Li - Y 0.0005
Lu 0.000015 Yb 0.0001
¥g 0.03 In 0.0003
Mn 0.00003 Ir 0.015
¥o 0.005

a:Reference 11,16

ol




£ 3 A RLRATRERAE

0.05-0.1g SRM 1577a 0.3 - 0.5ml sample  0.05g P.E Bag

Bovine Liver ~ (Blank)
(Standard) d
Freezed dry 16 hrs
d
Yeigh
NE

——>  Packed in P.E. Bag ¢
N2

Put in P.E. Irradiated tube
with Ni flux monitors

N

INAA
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% 4 Irradiation and counting details of human serum using
the THOR facility at the NTHU

Cooling Counting Nuclide

Gamma-energy Half-life

time time sought KeV
2 min 300 sec “Na 1368.53 15.0 hrs
Mg 843.76 04.5 min
241 1778.90 2.24 min
*Cl 1642.40 37.3 min
K 1524.70 12,5 hrs
2y 1434.40 3.75 min
"Cu 1039.00 5.10 min
3 min 1300 sec “Mn 846.60 2.59 hrs
*Br 617.00 17.6 min
“Ca 3083.00 8.8 min
25 min 300 sec ®Ni 1481.70 2.56 hrs

a. Sample to Detector distance in the gamma-ray

Spectrometer was 10cm

b. Ni flux monitors used for neutron fluence measurement
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Element Certified This work
Values

Na (% wt) 0.243%0.013 0.239£0.005
Mg (xg/g) 60015 578+28
Al (ug/g) 2° 1.9£0.3
Cl (% wt) 0.28+0.01 0.27 £=0.01
K (% wt) 0.996:*:0..007 0.990=0.040
V (#g/g) 0.099=£0.008 0.118£0.022
Mo (xg/g) 9.9+0.8 8.7x0.8
Cu (kg/g) 158x7 1617
Br (#g/g) 9* 10.41+0.8
Ca (xg/g) 1207 115£33

a: Non certified values of Constrituent elements
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R 6 RERARFTFSHEALFELE

TEREIR FRFR N Mean+SD Reference data®
(Range)
Na (% wt dry weight) INAA 94 3.07x0.60 2900-3560 mg/L -
(3.19-3.92% wt)
Mg (u#g/g dry weight) INAA 85  293.50%105.85  1.80910.132 meg/L
’ - (237.60£15.76 1 g/g)
Al (xg/g dry weight) INAA 83 3.256%1.10 3.7-4830 ng/ml
< 10ug/L
(0.004-53.13 #g/g)
Cl (% wt dry weight) INAA 94 3.46%0.64 3456~-3816 ng/ml
(3.81-4.20 % wt)
Mo (#g/g dry weight) INAA 73 0.66%0.37 0.54-34.3 ng/ml
(0.006-0.37 ug/g)
Br (#g/g dry weight) INAA 84 51.26+£19.14 3.2-5.6 ug/ml
(35.2-61.6 #g/g)
Ca (ug/g dry weight) INAA 86 1023.80%329.69  70-100 mg/L

(770-1100 «g/g)

a:Reference Data are Obtained from Previous Studies(20-24)

b:Conversion Factors:

1.Values can be recalculated into mg/kg, ng/g or xg/g
by multipling them by 11. (Reference 25)
2.From meq/L to mg/L. multipling by eq/wt (atomic wt/valence)
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File DProgram Power® Pressure® Run Time®  TAP Time® FAN Speed®

name Stage (%) (psi) (min) (min) (%)

Serum2 1 40 60 03:00 02:00 100
2 60 85 05:00 03:00 100
3 (5] 130 08:00 03:00 100
4 90 150 03:00 03:00 100
5 100 180  03:00 03:00 100

Urinel 1 30 60 03:00 02:00 100
2 50 85 05:00 03:00 100
3 70 130 08:00 03:00 100
4 90 150 03:00 02:00 100
5 100 180 03:00 01:00 100

a.Number of Vessels:12

b.Acid: HNOs plus HC104

c:The range for power is 0-100 percent (630 watts+50 watts)
d:The pressure level to be attained inside the vessel.
e:This is the run time for the current stage.

f:This is a control parameter used to end a stage prior to

the run time, should the system reach PROGRAMMMED PRESSURE
for the TAP time.

g:The range for the speed is 0-100 percent.
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File Program Power® Pressure’ Run Time®  TAP Time®' FAN Speed®

name Stage (%) (psi) (min) (min) (%)

Organl 1 40 60 05:00 03:00 100
2 70 90 08:00 04:00 100
3 90 130 05:00 03:00 100
4 100 180 03:00 - 01:00 100
) 0 20 00:00 00:00 100

a.Number of Vessels:12

b.Acid: HNOs plus HC104

c:The range for power is 0-100 percent (630 watts®50 watts)
d:The pressure level to be attained inside the vessel.
e:This is the run time for the current stage.

f:This is a control parameter used to end a stage prior to

the run time, should the system reach PROGRAMMMED PRESSURE
for the TAP time.

g:The range for the speed is 0-100 percent.
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0.01 g SRM 1577a

Bovine liver Sample Blank 0.1 g CRM Human
0.5-1 ml SRM 1598 (serum) serum
Bovine serum ‘ I

{
added 0.3ml HENOs + 0.2Z2ml HC1O4
in 7Tml TF vial

N%

2 vials put in a 100ml LDV Digestion Bottle
\L .
Microwave Digestion

NE

Fixed quality to 10ml

AAS(Pb) Diluted 5x Diluted 20x Diluted 50x
d 3 d
AAS(Cu)  AAS(Fe) AAS(Zn)
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& 10 RFABLHBZAE HRER (ppn)®

FAAS FAAS GFAAS FAAS
Ag 0.000005 0.0009 | Na <0.0005 0.0002
Al 0.00002 0.03 Nb — 1.0
As 0.0002 0.1 Nd — -
Au 0.0001 0.006 | Ni 0.0002 0.004
B 0.015 0.7 Os —_ —
Ba 0.00015 0.008 |P 0.004 50
Be 0.00003 -— Pb 0.00005 0.01
Bi 0.0001 0.02 Pd 0.001 -
Br — - Pr — -
Ca 0.00005 0.001 Pt 0.0002 0.04
Cd 0.000003 0.0005 | Rb 0.0002 —
Ce —_ — Re — -
Cl — — Rh 0.001 —
Co 0.0001 0.006 |Ru} . — -
Cr 0.00001 0.002 |S — —
Cs 0.001 — Sb 0.00015 —
Cu 0.00002 0.001 |Sc — —
D —_ — Se 0.0005 0.07
Er — —_ Sm - —
Eu — — Si 0.0002 0.06
Fe 0.00002 0.003 |Sn 0.0003 0.1
Ga 0.0003 — Sr 0.0002 —
Gd — — Ta - 1.0
Ge — — Tb — —
Hf — — Te 0.0001 0.02
Hg 0.002 0.2 Th — —
Ho — — Ti 0.001 0.05
I — — Tl 0.0001 0.009
In 0.0003 — Tm — - -
Ir 0.02 —_ U —_ 11.0
K 0.00002 0.002 |V 0.0002 0.04
La — - ¥ — 1.0
Li 0.0003 0.005 |Y —_— —
Lu —_ — Yb - —

=

0.00000 1 0.00008

Mg 0.000004 0.0000 { Z
// - 0.4

Mn 0.00001  0.001
Mo 0.00007  0.03

-

a:Reference 11,43
"b:FAAS : R X R T 2o . 3048,
GFAAS: B 248 X BT 2k 3048,
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Cu Fe Zn Pb

Method GFAAS GFAAS GFAAS GFAAS
Lamp
Energy/wave 70/324.8 61/248.6 63/213.9 69/283.3

length
Matrix modifier None None None None
Dry 1
Temperature("C) 110 110 110 110
Ramp/Hold (sec) 1/30 1/20 1/30 1/30
Gas Flow (ml/min) 250 250 250 250
Dry 2 '
Temperature(°C) 130 130 130 130
Ramp/Hold (sec) 10/30 10/30 10/30 10/30
Gas Flow (ml/min) 250 250 250 250
Pyrolysis
Temperature(°C) 500 900 200 300
Ramp/Hold (sec) 10/20 10/20 10/20 10/20
Gas Flow (ml/min) 250 250 250 250
Atomize
Temperature(°C) 2000 2100 1400 1400
Ramp/Hold (sec) 0/5 0/5 0/5 0/5
Gas Flow (ml/min) 0 0 0 0
Clean out
Temperature(°C) 2400 2400 2400 2400
Ramp/Hold (sec) 1/5 1/2 1/2 1/5
Gas Flow 250 250 250 250

Condition Reference:Modified by Running the THGA (Transersely
Heated Graphite Atomized) Graphite Furnace : Techniques and
Recomended Condition (Perkin—Elmer Corp.)
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Cu Fe
Wavelength 324.8 248.3
Slit width 0.7 0.2
Lamp current 15 mA 30 mA
Flame gases A-Ac A-Ac
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% 131 AL B B AR T RMEHE R AN B (Spike) Ak R F

Cu Fe Zn Pb

Sample Concentration (ug/L)" 1148+15.9 3975+£73.4 783.8%155.3 4.610.6
Adding Spike Concentration (ug/L) 1500.7%19.8 2082.4194.2 511£29.3 9.6£0.5
Measure spike concentration (ug/L)" 1649.7+39.8 2063.4+57.1 490.9+106.2 9.3%1.1

Average Recovery (%)° 107.6£2.7 99.1%5.3 96.11+2.3 96.9t12.9

a,b: Sample concentration are obtain from five mixed serum specimens

Measure of spike concentration

¢ : Average recovery (%) =
Adding spike concentration




# 14 : Quality Control Using Standard Reference Materials in the Work®™®

Element Centified value® This Work Program of
Microwave
(MeanSD) (Mean£SD) Acid Digetion
SRM 1577a
Pb (ug/g) 0.135£0.015 0.143%0.037 Serum 2
Cu (ug/g) 158+7 163.25%9.40 (Urine 1)
Zn (ug/g) 123+8 117.35%6.97
Fe (ug/g) 194120 195.53+8.41
SRM 1598 ,
Cu (ug/g) 0.72£0.04 0.80%0.19 Serum 2
Zn (ug/g) 0.89+£0.06 0.93£0.17
Fe (ug/g) 2.55%0.10 2.89+0.27
SRM Human Serum
Cu (ug/g) 11.1 11.81%0.09 Serum 2
(10.7-11.5)
Zn (ug/g) 9.6 10.87+1.41 (Urine 1)
(9.4-9.8)
- Fe (ug/g) 25.9 25.91£0.32
(24.4-27.4)

a:Program of microwave acid digestion are listed in Table 8.

b:Perkin-Elmer 5100PC graphite furnace AAS ia used for

element concentration.

c:Centified value with , in parentheses , 95% centified limits,
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% 15 BESFWHE SRM 1577a FAFRER FHARBZI 1

SRM 1577a Bovine Liver

Element Centified value This work Program of
Microwave
(Mean=£SD) (Mean=SD) Acid Digestion
Cu 1587 164.8£5.7 Organ 1
Fe 19420 210.3x11.1 Organ 2

a.Program of microwave acid digestion are listed in Table 8.
b.Perkin-Elmer 3300PC flame AAS is used for measurement of
element concentration.
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% 16 : akARAHTEELESE"

Sample Element Sample Number Mean®£SD Reference Data®*®

Human Serum

Pb (ug/L) 44 10.90% 6.50 85.50%56.70
Fe (ug/L) 53 1366.49+591.61 800 - 1200
Cu (ug/L) 53 959.30%183.51 815 - 1370
Zn (ug/L) 53 766.75%+311.69 800 - 1100
Human Urine

Cu (ug/g Creatinine) 44 25.83114.84 -

Fe (ug/g Creatinine) 44 245.41+187.91 -

a:Perkin-Elmer 5100PC graphite furnace AAS is used for measurement
of element concentration.

b:Reference data are obtained from previous studies (18-20,40-42)

c:Reference data of Pb concentration are obtained from human whole
blood. Concentration of Fe Cu Zn are obtained from serum

65



2 1T #RCEBETF Cu & Fe XEE(1g/g wet weight)®

EBA
mh EBRAARH Cu ~ Fe
Vistar 0 NB¥ 5.45%1.19 128.63£15.51
(4)° (4)
4 B 4.55%0.30 101.50£ 7.81
(3) (3)
16 VB ' 5.66%0.67 140,15%35.23
(4) (4)
24 NEF 5.66£0.53 121.38% 7.40
(4) (4)
SHR 0 B 4.65£0.42 92.57% 4.74
(3) (3)
4 B 4.93%0.43 109.63+21.80
(3) (3)
16 B - 4.83%0.58 108.37L 8.78
(3) (3)
24 NBF 5.57%0.06 113.30+12.21
(3) (3)

a:Perkin-Elmer 3300PC flame AAS is used for measurement of

element concentration

b: &t ERBETIREHE
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% 18 ZRHHBET FRAKIBE (1g/g vet weight)®

AEER
= A R
(INEF) Cu Fe
Vistar 0 1.70%0.07¢ 205.90£69.13
(4)° (4)
4 1.53%0.13¢ 191.70£65.60
(3) (3)
16 2.081+0.37 352.831129.54
3) (3)
24 2.14%0.34°¢ 336.80+172.50
(4) (4)
SHR 0 0.83%0.19° 124.37+17.98¢
(3) (3)
4 1.32+0.33 251.93£41.75
(3) 3)
16 1.60%0.18° 276.20+135.05
(3) (3)
24 1.25+0.23 332.85+67.67°
3) (4)

a:Perkin-Elmer 3300PC flame AAS is used for measurement of

element concentration

b:&BEFTERBTIRGRA

c,d,e,f:P < 0.05
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% 19 ZRFEBTFEREIBE (#g/g wet weight)®

TR BIE
e A HEBIRAR R
(INEF) Cu Fe
Vistar 0 4,19+0.96 490.471+141.92
(4)° (3)
4 4.82%1.81 468.931192.84
. (3) (3)
16 4.55£0.75 594.901+112.16
(4) (4)
24 5.75+2.17 692.881+113.86
(4) (4)
SHR 0 4.00%1.50 251.87x 85.76
3) (3)
4 4.751+1.01 264.30% 2.10
3) (3)
16 4.,50£0.05 259.73+112.43
(3) (3)
24 3.70£0.22 240.40x 42.77
(3) (3)

a: Perkin-Elmer 3300PC flame AAS is used for measurement of

element concentration

b: BT FERBTIRARE
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% 20 ZRFHBETFEAEKZIBAE (1g/g wet weight)®

AK WA
R LB
(E) Cu Fe
Vistar 0 19.45%+2.64 268.15165.59
(4)° (4)
4 25.30£12.30 276.23138.40
(3) (3)
16 ‘ 10.17£1.07 255.63154.82
Ol (4)
24 18.08%=7.21 246.051+35.56
(3) (4)
SHR 0 7.52£2.60 125,17+ 25.50
(3) (3)
4 7.01x2.12 150.73x 8.96
(3) (3)
16 6.431£1.87 132.77+ 22.53
(3) (3)
24 6.17x0.98 . 130.20% 10.54
(3) (3)

a: Perkin-Elmer 3300PC flame AAS is used for measurement of
element concentration

b: #BETFERBTIRAHA
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% 21 FREBEBTY Cu ¥ Fe XBE(ng/g wet weight)®

RA WA
BA BRI
() Cu . Fe
Vistar 0 1.64£0.57 9547.75+3165.73
(4)° (4)
4 1.50£0.10 7018.63+1576.93
| (3) (3)
16 2.51£0.73 11582.353335.81
(4) (4)
24 2.01£0.45 —
(4)
SHR 0 1.17+0.29 717.00:243.85
(3) (3)
4 1.350.30 909,17+ 83.80
(3) (3)
16 2.03£0.50 776.90158. 47
(3) (3)
24 1.63£0.19 1044, 25467.33
(3) (2)

a: Perkin-Elmer 3300PC flame AAS is used for measurement of
element concentration

b: 58 FERBEIHRERKE
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% 22 ERFFARE BB SHERR"

R B
Hy B R B R
(ng/m’) (#/m°)
&3k 617 1.82
8 e AR5 117 0.61
B A d 139 0.40
REEF 102 0.72
ETAH 40 0.20
¥ XAKHE 203 0.32
b B 58 0.08
R 45 0.03

a:Reference 56
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% 23 o FERERARIER

oA g ¥d A B E B HEZAE
(ug/dl)
>10 frdak ALA X8 v BRAFL R,
20-35 st RRE (FEP) 4 BRASFLD R
30-40 rf R H =M (ATPase) %8 #H RAFNA
40 B ALA #iu BAFLNR
B (P Hipm - BA
| ot DR
40-50 B MAT R 5 BRA
50 R RBA
50-60 1R A 94
60-70 S8R ‘ BA
60-70 SR A 09 -A
>80 SLRGHE BRA

a: Reference 49
b: ALA = J-Aminolevulinic acid; CP=Coproporphyrin;
FEP=Free Erythrocyte Protoporphyrin
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R 040 RIRACEHRSOEAAES

Instrumental Parameters
Lamp
Lamp Current
Energy/Wave Length

Spectral Band Width
Mode
Measurement Type
Integration Time
Calibration Curve Fit
Sample Volume
Sheath gas

Furnace Program
Dry 1
Temperature("C)
Ramp/Hold(sec)
Gas Flow(ml/min)
Dry 2
Temperature(°C)
Ramp/Hold(sec)
Gas Flow(ml/min)
Pyrolysis
Temperature("C)
Ramp/Hold(sec)
Gas Flow(ml/min)
Cool-Down
Temperature(°C)
Ramp/Hold(sec)
Gas Flow(ml/min)
Atomize
Temperature("C)
Ramp/Hold(sec)
Gas Flow(ml/min)
Clean Out
Temperature(°C)
Ramp/Hold(sec)
Gas Flow(ml/min)

Hollow Cathode Lamp
10 mA
69/283.3 nm

0.7 non low

AA/BG (Zeeman)
Peak Area
b sec

Nonlinear

20ul

Ar

110
1/20
250

130
10/30
- 250

800
10/25
250

20
1/5
250

1600
0/5
0

2400
1/5
250
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£ B ALRAHERREZI A BEL FETEMMNREERMAI0 £HEF)°

Values in This Vork (mean=+SD)

Sample Certified Value A Diluent® B Diluent®
Vhole Blood II 394 397.7£5.7° 378.416.6°
(Seronorm) (100.9%)° (96%)°
Yhole Blood 1 72 64.813.7 44.0t3.4
Control (61-82)° (90%) (61.1%)
(Lyphochek) 2 245 235.6%8.3 211.0£8.5
(208-282) (96.2%) (86.1%)
3 554 542.1+11.4 536.8=14.6
(471-637) (97.9%) (96.9%)

a.Results in wug/L.
b.A Diluent:0.2% nitric acid plus 1% Triton X-100.
B Diluent:10™M nitric acid plus 0.1% Triton X-100.
c.Results of Determination are Average from 10 Times
Replication.
d.Aceeptable Range.
e.Averrage Accuracy Comparison with Certified Values.
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% 26 AR AHERREZ LR ELRBARIE T FHME(10 £HF)"

Background Area (mean=£SD)

Sample A Diluent® B Diluent®
Whole Blood II 0.61x0.01° 0.95x0.01°¢
(Seronorm)
Whole Blood 1 0.62%+0.02 1.07%0.02
Control
(Lyphochek) 2 0.630.02 1.07%0.03
3 0.63%0.01 1.06£0.02

a.Results in Background Peak Area Value.
b.A Diluent:0.2% nitric acid plus 1% Triton X-100.
B Diluent:10™M nitric acid plus 0.1% Triton X-100.
c.Results of Determination are Average from 10 Times Replication.
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% 27 BHARRSELLERAL

8 — kR, B =R R,
-0 - 9 -0 3 REEE Jbb: ¥
H#H Level I 55.40 58.94+2.09 24.50 24.74+0.85
(49.86-60.94)° (106.4%)* (20.50-28.50)  (101%)
B Level II 7.20 6.82£0.31 7.20 7.11£0.35
(3.20-11.20) (94.7%) | (3.20-11.20)  (98.8%)
B Level III 24.50 24.31£1.01 55.40 54.74+1.59
(20.50-28.50) (99.2%) (49.86-60.94)  (98.8%)

a.Results in #g/dL, Sample are 1:9 diluted with A diluent.
b.Results of Determination are Average from 6 times Replication.
c.Acceptable Range (Certified valuex4 ug/dL or 10%)

d.Average Accuracy Comparison with Certified Value.
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a:Reference 16
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Intergration Absorbance
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Intergration Absorbance
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Intergration Absorbance
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Intergration Absorbance
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Intergration Absorbance
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Intergration Absorbance
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Glycine Succinyl-CoA

é¢-Aninolevulinic Acid Synthetase

j, (1)
d-Aminolevulinic Acid (ALA)
@
\L ¢ -Aminolevulinic acid dehydrase
Porphobilinogen(PBG)

Uroporphyrinogen I Uroporphyrinogen II
: (UPG3)
v
Coprorphyrinogen I Coproporphyrinogen II
(CPG1) : (CPG3)
NV

Protoporphyrinogen

l
(3)
\LProtoporphyrinogen oxidase

Protoporphyrin
.
Zn
Fet++ i
—(4) erythrocyte
ferrochelatase

Heme Protoporphyrin
(EP or ZnPP or FEP)

B 11:fbc ¥R (Heme) &-R& (Reference 49)
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