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{Abstract)

Korean analytical quality assurance(KAQUA) program

on the biological monitoring

Jeong Sun Yang', Seong Kyu Kang, Mi Young Lee,
In Jeong Park, Young Hahn Moon

Industrial Health Research Institute,
Korea Industrial Safety Corporation(KISCO},

34-6 Kusan-dong, Bupyeong~Xu, Inchon 403-120, Korea

Summary. Korean analytical quality assurance(KAQUA) program on the
biological monitoring was performed by the Industrial Health Research
Institute in Korea on 1995 spring., The items of first round were chosen as
analyses of lead in blood (PbB) and of hippuric acid in urine (HAU). 88
participants armong Korean laboratories related industrial health research
participated in this program. The object of KAQUA program is to improve
the ability of analysis for the biological monitoring of hazardous chemicals
and to confirm the reliability of data from each laboratory. Not only the
analytical results but also raw data were also reviewed to find out problems
which might be happened during analytical process. Reference samples were
made from human blood and urine by spiking standard stock solution.
Preparation method was simple and the matrix of reference sample was well
matched with original sample. The homogeneity and stability for reference
samples were checked by 7 laboratories in Korea and Europe. Interlaboratory
quality control result between 7 laboratories was also shown. Mean variation
coefficients between vials were 2.12-75% for PbB 8-50 ug/dl, and 0.92-1.21%

for HAU 0.2-15 g/l concentration range. The stability of reference samples

vi



at -80 C for 8 months and at room temperature for 20 days were confirmed.
Mean value measured by different analytical methods such as flame &
flameless methods for PbB and HPLC & UV for HAU were also compared.

Two concentration level of samples randomly chosen among 6 levels for each
items were sent to the participants. Reference value was determined by
statistical analysis of data from participants and reference laboratories, as the
mean value with elimination of outlier with 95% confidence level. The
tolerance range was *£15% (%6 ug/dl for PbB below 40 ug/dl) of reference
value. Mean accuracy(%variation from reference  value) was increased
dramatically in the first round after pre-round that was done as training
program including analytical practices and education before performing 1st
round. Mean success rates of PbB were 67%(mean accuracy 14.3%) at
pre-round and increased to 91%(mean accuracy 9.2%) at lst round. Mean
success rates of HAU were 58%(mean accuracy 286%) at pr-round and
increased to 88%(mean accuracy, 6.1%). The proficient rate by the analytical
methods such as flame & flameless methods for PbB and HPLC & UV for

HAU were also reviewed,
Key words Analytical quality assurance program - Biological monitoring -

Industrial toxicant - Lead in blood- Hippuric acid in urine - Reference

sample - Tolerance range
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ddte] EEHon Y3 AL eHoz EHoR wpe o ot

2. AESA MUHP 2T AT A= 2209

A=A BUEP o] 71F 587 B4 F9] dues AL A&
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A} ok g0/l AP Se] A1l UTt®. Dr. Weber AR #a] T2 1A A
f5E= HBAEE Fil 5354 =83 2249 AAAEE B7HA 2=
T AL A8l

FHAME EY, 9= dint=, BJA=FS FAo 7 19703 HRE] A A
H Ao # AR Z2ad S| AldHoistt 197299 19743 Berlins
o] fHW 2271 AFPA I AlEE BU FHxe Ax|Es Ao
Alzo] diste] 15014 85 ug/dle) MR BAMgke] FEHAW. 295 19749
o g 7182 g R A48 Axde ZIE interlaboratory CVZF 43% A
= HAGE. 2 olF Z Yt E ziAte Axde] T IR sl sl A
= udeh FHoAM e Bulol nlidted AA] @Ex tokdtal olodg W2 o
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Society of QOccupational Medicine ©l® 1979 A& % "Technical rule for
dangerous agents”ol #™E =FR YW (TRGS 410)d] oA 8}ed 19823 HE] A
A3ttt A FE2 3-6 /1A 8F Fo4 % 10-15 71X &F F545, 2-87)
A 8F f71sgESds FAvE 7182 19829 357 Z1@elM Az 9670 7o
2 Wolzeow 29RH dF {784 =25 FriEe F 21714 =2 4
ate] A s,
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AAIEE QUKNEQASEZ 2 1€97tA 03 AA = RobenZ21ie]llth
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FE AEE 5390 AT AV T4y EA4g dE A REE By
Aoz ZA7p7IREL ¥dre YRrA=#e a7t 7hsslth 7HE o)A ny
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=

ol A8y ARs 8F FES B B 7§ w@e Zaoadel
W3e ‘DEQUAS ol &z, ?}_F, 289 A FEad e ARAA

AgIE AR Azd YedR RTAIREE AHEE ’é"lﬁ}ﬂt}. EEAES] o
A%, 4FAY Age dr2 239 'DANREF o o8 #zag¥

a9el #3 Az EaPoezryE HPxe] The Institute of
Occupational Health, Helsinki (by Ms. Sinikka Valkonen)?] 2% djAl4HE &
Mo g Tzage] k. R7HA F718AS UAMES wFA EAE
T EZ23Y0F A4 =2H JEAY nE AHSHAY Hx=FE AR Wo
s}3tA 0 2 conjugated formo. 2 FAHE EAL Pol AIEF e udriwd
charge$th. ¥ Polandol A% The Nofer Institute of Occupational Medicine,
Lodz, Polanade]l #0232 #5de] Alg AF, 249 Hrdg Z2ade &
doujel o/ A el el A" Bast AP

AR Ag AX =54 GA 4T3 FHEoz 19803 ol =% Al
A A7 ATH T HAHSE AT Ao =AM HES ol AAIFln U=dl 1989
d RE 3 Ax A AfeRAM 229 A7 AGE AAEn Ye A7
fol A7 AL RS AT AT HA AL o P @ 1000 A B
F 9 1/30] Frisiz itk 44 858 83F 4, 8% ALA, hippuric acid,
Methythippuric acid, Total trichlorocompound, Mandelic acid ol 22 A
W3te] A7 & £ dd 7ol B4 B gle A R 71 93]
o M F glon, AA JRI|He A= Pyt 5 Fe A 53 75%,
25 HAMIE X 71-84%9) 23ch

FZAME AHEARTLe  FAYW AT A(Institute of Occupational
Medicine, Chinese Academy of Preventive Medicine)oll A 19942 g 8 2 &
Z 43 A7 Azd GE FERAS AU, 19953 ¥H 5
Hd $E2 AR A9y €54, FEP, 834, -ALAEY 352 /1319
AA 8.

olfde] fd, Bn|, oAeolE ZhuhEzE AT @] T2 ol w0l
A ElAg 19929 109el= AAIALE Ay R PoloA AEEH RUH
geoll B3 B M2 Toxicological analysts)So] AAAsEAM L Ay =
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Project24] "Harmonization of Mehods and Quality Assurance in Biological
Monitoring”®] 18-S FsgoH®. £§ 1993 Washinton DC.ollA 4
IUPAC/ISO/ACAC 3¢ "Harmonization of Quality Assurance Systems in
Chemical Analysis"olA] AE# o] AHSHIT e &4 &olSd dig Ay
B REARd Ui FAFHA AFL A U Hld 3 A
P e 11703 137] T2 oW dete] Agith

H1. Schemes for proficiency testing covering lead in blood,

Scheme Country Matrix Type Number  Frequency
of vials  (months)

CTQ Canada human blood liquid 3 2
UKNEQAS England human blood fiquid 1 1/2
Robens England human blood liguid 3 1
SANSC Australia human blood liquid 3 1
IQAP Italy human blood liquid 4 3
CDC USA bovine blood liguid 3 3
SNYPT USA goat blood liguid 3 4
GEQ (German sheep blood liquid 2 12
NQC RSA ox blood liquid 15 12
DEQAS Denmark human blood lvophilized 5 6
JFQHO Japan bovine blood lyophilized 6 6
NRC China human blood lyophilized 2 6
KAQUA Korea human blood liquid 2 6

3. gaAd Axaee 44 WA

TEvalel Ae Axade) R AL AFHEA, T 10970 £ F
= 9495, 7158 £5 F 2% g B o3 AgdHe] BAVE HuA
ol f3l Fo&gd LT TEXd g RaAdes E2 AYY A
e 2 8F FI5 50 FAF olwvl HAUY. 2 TEAY Al i)
o 3 AP 4371 7]Eed 2 AolE He § rlgdAs Agdolaetn dtm
O 71ddxe Agde] opaa gt AP Ag AAld g 2259
el 2A F7istTh 19906l =i g) 571 A dadisiA g Hze A
=@y Ade] £43 v AFAHRE B 40604 T0ug/dle] FE HY o)A B
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gutetells @zb oF 29 53 ZRa7) Hel AP =2 Z o] glon ¢
3081 708 AEsE $ozaF APwoz dgwuH’, =oie Aww
gl gEog gF UAMIES A% b P SiEA AMSEAE 349 o
ARHE R A AAQddA T AEET dAMEE B4 JHe] s ol 93
A o zsyo?,

Frgdle ZAL ARy Bd AFPAESY] BATHL Fola ofE uo
e i AR g SFAF=H dd. EeARAG#E dide= g o
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B RuNdAE 19959 AYEAATHAGM AN 3T 8% vkl
Ao A A=dddd disly 1) E2A4159 A= iy 2 A5 2T U5,
2927 ZIEARY ARE F407) 2) 5, &F vl BAY, 3) JEg
T AN ARAAR, 71Ege) WA 3) JFAPAT QAR BART 22

g AAl, 4 24U, 218254 g H7F AH(ClEd] del %)t &
ZE(HTEY gte) telels/AAdolels, %)5 FJedT A3 BN ArF 95
e AARAGTY AYHATAE FrBel AP A YR YA 2B
o Ax#Ae) AP a7 2AFAE TE A=A T



1. A=33§ REARY A= 2 A

g AxE P2 FYx FddelA] FslHed -80xelA W¥E 2
4z A S FE 38 wHEte] FAsE AR WSE AAEIT fE W
As Hrlgk ¥ A3l g G AL vEF Uy Fr dEFRE HrlEl
At Al ZeAs @l A9 P AETe ¥ ke Fo %ﬂl’—‘l
QWY ej3te AIALR AUAA AR 298 A4 & Hae gd
HF AR BERE vlojeke) F 9T WX R checkslgith

8F st Al2E by A2 ALY =5 Kol AHAA A7 AL
o sl AARF pHE 4H5=E 2430 44 Fx9 mixdt EEAE H7IEY
o},

AR RALVE2E -100% oA 100%7HA] 39§ 2 gAle 7HAx
91+= Nalgene cryogenic vail(Nalge company, New York) 2cc, S5ccE AHE3H
o} 2} FX batch®] A& Zcc viol¥d] &7 Hol A AEE 3o -80
=, 4%, 254 BaIGu ("], 2).

A% 2ol Azxd EFEAIES] TH4 AFEL 93l A7 el Iy
470, =9 278 AP A Bl AlEEARHY 54 FE $F(a batch)elA ¢
o2 IBAMYETEAN vleled x TN AL uloldE Wol T AP Ao H
EAEA stk e WHoR 671 £i= 9 FE (6 or 9 batches)oll A 2}
7t 37O 2] upeldE Wop 7 ZIFE AFAAA BA3ACG 1 uielde] A&
A B 33 ke AR BN JHAAHL I HAFoeE 1 ulo|ote)
NES AT A AL Yt Z T =59 Al blo|YES g
= 80k, Ui 4, dEE BEAM RAEy dF AHdez va
A3 YT A AL T 5 J1E A AF A R4S
I Axng wasigdo

2. Ax¥e e AR

AEdEs 83 FI5, 8F ARIES 1A #Ze] sl o 23 4
ARt 95 1239 "t 8% vhw4te] 27bA 2] sty AAlE

-9-



gt ARBde FAsuA s 71dL A7Hd A st AFE 7@
dside AFRAATAGA Helaet o] AF HFTE AFARE By
ARF7IFLE ol EM3l £ EHMARE AHRAGT A By o
THAME Su AT AL AUHF v ARE A7 22 AEE
714348 3 50 ZIEAEAE € F9 2/ AF A Ryt Jr1Re Mg
o] % HyHIW He 7|EAPA AlRE Bl AR TR 4
g Ay QA 7183 ZA 9 B AloldA BE Ul ded o2 2g 9
A7} BYAEE 83 B2 £E0F Az

3. /1€ 2 A% 99 243

AERTY R F2AE ZAlY AEE Pdee vAFxe do] ¥
o} vk wWeEkA Azd BEAIEY] AR/F FhT AHLY 2R EHOUAA ¥t
giad71del ga 7IEAF4A ghol BolAAEE B ol 2 @ oAl
2 ojdg {3 5% FeAFEAA ol dgtE AASA FdEEHA 10% <137t
"Hul7lA] ol gtE MASAT B ol oMdatel flAY ATHEERA 10% o
3l7F A2 el FRFgS Egtezagth. AEEA 4R v 4AgdeA
BAYd FAHANE ‘e AR A 2 EM9 AT P £15%(FFd
40 ug/dl olstel e 6 ug/d)E HE3FAh

4. A3 49 4R

A3y BAL 93t e AnHe s Alge %o] HAEL AR} FL2 5
¢ Z(graphite furnace)fe] 220th v A= w 719 1/300 ligdsi=
Z1BENA olAE Alge] Fol Fda=yd Hsle 10-100817+F ¥ AR ==
Bryeoz EAL stugich 1-28 vhE 242 fi3le] A4 Z=2ae] AL
10ccold AMFAFG= A& AL B7153 7hed 4% dd AFHE 73
W 2o 7Hed EdEge s dAldn Utk H7IME thed AAE EF
Fo] 242 9§ AAS(atomic absorption spectrometer)d] 223 AT
2714 B Ag-3le] 243kgth



4.1, 2293 njraye] up®

EE9 v E Y
223 A BE9 4 AF9 &4
Hu 2% 3000 C(N20-cl g EE) °F 3000C
A4zt °F 10% oF 90%
Al 23 °F 1ml 5 - 50
AT HE) plateau peak
7= w2l =T
HEGA Cd 0.5ppb, Al 20ppb Cd 0.002ppb, Al 1.0ppb
#AzA4M9 484 CV 05 - 1.0% CV 15 - 5%
E2 A% 2k ag
EAAIE = 20007 Al A T I Ax
H] g & Helth ElEa=
Al =223 Nat 44 Tx fA4geiolo} du}, A% 94, 423
£ soigle DA 5% olao]ojo} s TR2NE PAE 240,
ERAA USEE B4e0 QT A Raldelel ¢ s RAYLA 98 A 94
2Agelel g1,

42 22Yd 48 835 ¢ FA(NIOSH analytical method)™

1) Alef

@ APDC-surfactant solution: 2% ammonium pyrrolidine

dithiocarbamate,2.5% Triton X-100.

@ water-saturated MIBK: methyl isobutyl ketone 900mle] ®©o]&4 100ml
g 7H E€ F 143 BRI Fe 5AL A

@ Pb ZF8-H(20, 40, 60, 80, 100ug/d))-S- 1000ppm AlH lead nitrate® =&
do g AP}

2) A4y

O A¥ 20mlsl  APDC-surfactant solution 0.8miE 7}slm 102 9
vibration mixing3}t}.

@ water-saturated MIBK 20mlZ 7}slx 28 3F vibration mixingdls 3

_11_



A},

@ 2000rpmol A} 1027F AAEGFFE 217nmellA AE5de FHEE 244
o},

@ blank(Eol24) EEE AT A89 o7tz 243y FF =7} 0355
Z38}e A8 MIBKEZ 3A43le] 233

43 ¥MBEY4 98 A5 ¥} 2AEaz)?

D 7171 & Ajk
Volumetric flask: 1000mé 170, 100mé 170, 10mé 474
Pipet: 1mé
Autopipet & tip: 2000-5000ul, 100-1000ul, 100ul
Blood mixer
Dispenser
Dilution tube & rack
aE 9487
AA autosampler® sample cup & rack
Varian SpectrAA-400(Deuterium lamp correction) AAS with Varian

GTA-96 graphite tube atomizer)
gol 24
Triton X-100
(NHa)2HPO4
Naz-EDTA
Pb 3-8 (1000ppm)
HNO3

@ Matrix modifier solution: 0.2% Triton X-100,0.2% (NH4)2zHPQ4,0.02%
Naz-EDTA.

*. Matrix modifier reagent %=
Matrix modifier reagent 1000md 9

Triton X-100 2mé
(NH4)2HPQO4 2g
2.5%{w/v} Naz-EDTA Smé
gol 24 A 1000mé7t B,

* Triton X-1002 AREAPAR AFE 40722 sonicators AH8-8tef
-8-8] A1 7] 711} antifoaming agent® 3 7}gth
* 1.8ml2 23 A Dispensers] BelF1 A8l
@ Pb EE8N(30, 60, Wug/d)2 lead nitrater]H FTE XL AL8-3l] 5 A
3t

- 12 -



2) Wy

(0 Matrix modifier solution 1.8mldl o 0.1ml¢t Pb £ FEA 0.1miE 713l
blood mixergs AH&-3le] 2 4}

@& AZEA B5-250T, 83 450-600TC, 9213l 2200C=2 EdsE 2%
S ZRage J¥xaE 23t

@ EA=2d AE 150 FY3ta 2833nmeld FAEE 2F P

@ BEFE H7PH o3 A4 =24

TLF AlBE RS o) s X F BEHYRE o w2 J7)

T B o HidEe B $& $AY 492 a8 ggxaa H
7hF 02 w9 kS o= yolth ddn o] Alg 4o BT o /8%
o)y oA Ql HFH AL HELAL BHEY A9 ZA(DEAAH4EY
T, @ F&EIe ETESY Fh)o Ao 3ok

* Pb 38 =4

O Pb 1020pg/m €LY 1S €ol24FZ 100m=E Aste Pb 1020ue/dl
BFaAEe a5 o] AL stock solution® 2 3Gt

@ Pb 1020pg/dt BEEE& 4 gol242 3 Hsle] Pb 10.20, 20.40, 30.60,
40.80ue/d¢ BEENE w5

Pb &89 % ZAY

Pb #7249 5 ppm pg/de stock soln(ml)  Hel&F
0 0 0 . ol
1 0.1 10.20 0.1 A 10mt HEE
2 02 20.40 0.2 EH 10m HEE
3 0.3 30.60 0.3 EN 10 HE5
4 0.4 40.80 04 EH 10nd HES

* el A7
- A2 blood mixer2 3¥AE 2 HAE F HA

- 13—



O AFdRAE8 € AAEFE F7PE]

Matrix modifier reagent ¥ oY Pb 589 Pbh 7%
W

{mé) () (84 HE) (ml) (ug/de)
addition 0 1.8 0.1 0 0.1 X+ 000
addition 1 18 0.1 1 0.1 X + 1020
addition 2 18 0.1 2 0.1 X + 2040
addition 3 18 01 3 0.1 X + 3060
addition 4 18 0.1 4 0.1 X + 40.80

@) As58R A
- addition 0%} 2e] =t
- (1,2 2% & 419 sample cupel #Hdlo] 2833nmellA FFEE &
AL
- Matrix modifier solution®. 2 Blank(Instrument zero)3 F1 SARN

=

4.4. B2 A Fo] Al

@ AHE-3l= € 7|7+ HNOaHz0=1:18 9] 4A17F o) &7t &
o2 Ftrh.

D &7t FEo1E FHAIAY £EA7)1A Zolof Ftl

@ Borosilicate 3£ NaK,Si 59 m|giAd AT 4 g

@ HFY 79 gz §9L 8718 F4A00H

® Zat~¥ 7] F polyethylenee] 7}3 #F1 Teflond £ A7t ko] nisc)
Polypropylene 71 22 Fx2 FFo)& AAd 713 FHZFA| 3o

® 240 €719 dHo FAHA FEE pH 2 o= FHAFI= Aol v}
g2 sl gEEe F45 A4AFES A 57 o) A4S Fol ALt

@ lppm AE 9 FTE7} $& A2 1-22% FAHA Ko

Pb HlW A FbAo] & Hield 53| dA3E FdAdo] A,

@ ddol} 493 g2 A Alsxs HAAE ¥x¥8y e 5 g

5. 8% vhx4t 24 A4
f5okade B2, dgdide] F dAEEe|AY o fAEdd =
Z2HA¥S 4YANANE ¢k 06 g/l A= FEETH 122 HPLCE °l 8%



F718A glAbE EAMA Z1RH0 R FAo] olfolAEs J|E Bdol7|Rsit
2% whxdbe HPLCRIA Uvye= 4% & glev Az Fosis 4
F49] o 30%7F HPLCYHo 2, YW A] 70%= UVHe R EAsTn nfxt
shthE UVHe R BA3teels AREst 419 dHAgdor off ZAZM §1
o 918 & /U4 dAMEE 8 digely 24, AHAT OE #7148
A AIES FAlG 84 @ 5 e HPLCHOo = A IUE F4 )
o B dFdME By e B4ge] atelg ®lasin digrld
g E2AEH-E AYste] Mg viadna UVYH 2 HPLCHZ w5 AHE3)

5.1 HPLCY 2 UVyle da?
7}. UV - Lambert-Beer$] ¥ 3
o] AE EFAF vhitdgt SoldtAl vhg-sh A e-S 2o 410 nmoll
A gEdch AR AAZL AT "ARE] o, $dAMY o ARE
43 4 glrh
1}, HPLC
ojg] Aol diste M & oz zAgss 3N (EE)FH o
3HEE ) A8y, BHERS dd EAR Rd 254 nmolA HE:
ot AR o= EEdle BAMInR Aol BAe] 7MFdlar AR £ 8.30)
Ao B f718A 2 45 E7FA] dAMEE giF FA] 54 o] 7hssi

HPLCH® UV e ¥l

HPLCH UV
EHEY ot ulke4bs) 9k-g-gF WA B3
494 254 nm 410 nm
FMMY 0.2-10 g/ 0.005-05 g/l
A4Z3A 0015 mg/ 0.002 g/1
A 0.04 0.06
Alg s 4 ul 2-3cc

- 15 -



52. UVgolol@ 2% nhik4be] ¥A(NIOSH nalalytical method)™
7k &3 iy
@® 05mig Als(8v EEER)] 05mlel pyridine2 718t 0.2ml
benzenesulfonyl chloride® 7}t ¥ vibration mixerolA 52 &< 4t
@ 20 - 30ColA 302 W= At
@ 5mi9} ethanold 7}3ll ¥H8-& FZAIF11L vibration mixerell A 41}
@ Ao Ao g sl A AT, ethanolS blankZ 314 410nm
AA Fde] FR=E ARG
O As(HN) FFE7 FFAe HAE Helvd AEE ¢ FAEd
£33t
v 34 W9
0.005 - 05g/L & 8% cl=HAIRE 1/52 348 49)
AE A4 0002 g¢/LY 8F vixit
AT @ 0.06

5.3. HPLCY ol 213 w4 (NIOSH analytical method)®™
7t &3 =3
olFA .  "ol&4 : acetonitrile : Acetic acid(glacial) = 90 : 10 :
0.02(v/v)
4 ¥ . RP-18 ¥¢
# <%, 05 ml/min
24271 ; UV 254nm
v &4 Wy
@ 02 mle] AW 1.8mi®} S/ E 713 HPLC & B2 gt
@ At FEEA M9 A7 AL 045um membrane filterel <o s}3}
1 5uE HPLCH Fgsled 480 #8893 A5e 2 3584 F4lsln 2
BHoagkd TR
o 53 W9
002 -10g/L8 8F vhxAt
o A& g4 : 0015 mg/Le]l 8F nl4l
o AYEE : 004

fije

J

_16.._



SR

1. 3=d28 2EAMRY AT 254

Apde s Ao a8 Ar st ol A npeizle] 3
=@ BFEAIRE AA Adste S 57 AgA(EAguE AgrdaaT
A, 7FEEd 4H2ls AE, 9d AR AAE, AR A YL Ay
RAd74)y 2 =9 270 AFE4 (detz 490 74, 29 4 2313))d A
AT AL Hs @9

T 57 ZIEAFASA diEiMe 1) 5Y AYHYstdda FHse T2
aJRF o5d, 8F vl 2714 #E 2) diol2 SHAYPRAAT LA F
Hale d3Fd Az EZ=2aY9 HERE  do] AHAFAN FHx e
(interlaboratory QC)S AAlslgl 2 AHE A|Al&Ht.

EFAIR dig AFA5= 1) ddx: 2 FAH A9 - o479 F det
A PP RA d7ae] du) A g3 2) Z|[EA4Ad digt A= - =
ol Z1EAEASe JAAdEAHAT dxFe(internation] interlaboratory
quality control) 23}, 3) "lm ¥ - I 57 71EAg e £d Aj]9sts] Al
Z BFEA R U 44, A AF 2, 4 0 5, 39 27 7lE AE
Aol A7 A Az BEFEAIS e A, A AE, 5 2@ 2x6 g ¢
A AE 29 o2 AAFAY.



1-1. 3FAIR P35 - 4798 2 9oz JYRAA7 4 dv] 4 25

7t #2A Al¥

95 19 AR AATAAA 2AE 471A T FF9 XFEAR(ABI0L
-AB9504) o) dis] drla SPMPYRAGTHS Frer 72N AFE IY
o I A3}E ®2¢ AUt

H?2. Homogeneity of the IHRI quality control material.

a9 Ad A3 gl AMI A3 Ax

Code Mean*:SD CV F Mean® + SD CV F
AB9301 819:031 374 03F 8.0110.14 186 0.06°
AB902 1829:0.47 259 0.84° 17.99+0.66 368 L10°
AB9503 29961063 210 150° 28.03+0.40 144 0.28°
AB9504 50.27:1.02 203 175 48.77+0.33 068 0.15°

* Mean values from five independent determinations by D-AAS method
{five replicates for each run).

® Mean values from five independent determinations by Z-AAS method
(two replicates for each run)

¢ p>0.05

¥ 3. Comparison between acid-washed container and non-treated one.

Mean+SDI(CV, %)

Code
acid-washed not-treated
AB9301 7.86:£0.09(1.2) 7.80+£0.19(2.5)
ABS502 19.43+£0.63(3.2) 19.10:0.22(1.1)
AB9503 32.57+0.83(2.5) 31.75£1.17(3.6)
ABOL04 52.70+0.78(1.5) 52.29+2.40(4.6)

a Mean value from five independent determinations by D-AAS method(three
replicates for each run)



L k@A AP

-807T, 4T, 25CoA 15¢7F RaEAP2u2] ¥TARE AR -80TaA 1,
5, 14, 3043t 2&3S w9 @A digh ¥4 AIc “Stable’d Aoz @A
Hon oo g Ax AmE H4d] AU
#F4-1. Stability study of IHRI
temperatures for 15 days.

AB9501-9504 after storage at 3

Mean value®*+SD{(CV, %), ug/dl

Code -80C 4C 25 F
ABO501 8.19:0.31(38) 8.56+0.36(3.7) 8.38+0.45(5.3) 0.95°
AB9502 1854:0.67(3.6) 20.02:0.39(1.9)  20.13+1.17(5.8) 0.o8°
AB9503 30.31:1.18(39) 20.10:0.80(27)  3061:0.73(2.3) 367°
AB9504 53.00:1.42(2.6) 53.09:1.42(26)  54.77+1.08(1.9) 2.68°

* Mean value from five independent determinations by D-AAS method
(three replicates for each run)

i#4-2. Stability study on lead measured in the IHRI quality control
materials AB9501-AB%04 during a month at -80T.

Mean®+SD(CV, %), ug/dl

days AB9501 ABY502 AB9503 AB9304

1 day 819+031(37) 18.29+0.47(25) 29.96:0.63(2.1)  50.27:1.02(2.0)
5days  7.86:0.19(25) 19.10:022(2.1) 31.75:1.17(36) 52.29:2.40(4.6)

14 days  827:0.25(3.0) 19.18:0.68(35) 31.31:061(1.9)  51.74:1.00(2.0)

30 days  819:0.31(38) 1854:067(36) 30.31:1.18(39) 53.09+1.42(2.6)
F 169° 2.54° 1.55° 1.77°

* Mean values from five independent determinations by D-AAS method
(three replicates for each run)
® p>0.05
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1-2. 348 AF - 489430 Az vnS ¢ vl Jrda As
=3 |

(=d 4 71EA8A: EAFYY, 710, 9o, 479)

U A dzte] FAG vE A3l dul= AR AQT A A
AR BFE =53)8 371 718 2 A794 M BAsigen 2 455 H 5o 4
At

B5-1 Tl 47 Ag4ze] diota @3 Als £4%% a2 (99 ug/d)

Code Ref. value S +SD A B C D
AMIB1321 3.16 3.7810.93 2.88 3.81 5.29 3.17
AMIB132 120 11.88+0.35 11.86 12.02 11.35 12.30
AMIB1323 16.8 16.80+0.76 17.32 18,80 19.14 17.67
AMIB1324 346 34.70:0.54 34.35 35.31 34.01 3512
AMIB1325 55.1 53.81+1.03 52.31 55.04 53.46 54.43

AMIN05 4.7 51.06¢1.%4 4750 52.45 53.20 -

B®5-2. 2 4 AFA dirkz 3 Alg B9 AAAHCVL v

Code ref, value B CVa A B C D

AMIB1321 316 ug/dl 1319% 19.79% 16.7% 941%  6.86%

AMIB1322 120 413 388 49 595 179
AMIB1323 168 9.25 3715 36 165 1.00
AMIB1324 346 4.37 6.29 50 525 0.93
AMIB1325 551 297 520 38 155 131
AMIL05 497 3.78 141 77 2.23 -




L
r I
4
L
=
il

-3. BEAE AT - 974 A Ase F3A4 vuE
Al

SN

(95 39 -39 18Y, &<AF, 7, ddl, 4+

A7Y ZA Alge] A ASA AUEQ HnE 93l 5Y A=
of ol HFAIRE U 37 7]1Fd] E42 osigen 1 445 B 6 -
11¢] A1},

=9 HxagdA A B9 (Tolerance range)d] AH32 ¢ 2 79
o] 570 AyPAe] ZAgke] 3SDR AUt 4 s1E AFAES £35D
range= T ©]= CDCe AF WA 15% HHAS nl<d ghe=zm vephdr]
S-Euvat ARz WS A% A1 A2 v JEAFEAEe ¥
Z vell gk +2SD, $3SD 2 w3 CDC9) 15% HAS # 10-1¢] A I At

Alg EHoA 2 2 A4S Y3l 22 nlo]de] Al U s}
33 A& gen olw e WMolAF(CVn)E 73t vluslgeh(E 10-2). = 4
N Zldo i Al BEAMel FHyg HolAles 257-5882 dubE AASH 9
HE g 242 oAl 5% APt

3 F A5 tig ulo|dzte] WALXE 33 &3 F HAFL 1 nlo
4E dE3e LR sden vl 47 A FAHT 5 AR
3 dle]Lt WolAlF(CV)e HE 1.22-5592 H4dlA AAIF 48 7]&AR8
s} mmEa AT Ao vpebcHE10-3), '

HPLCe 23 8.5 vlx4t Alg EAe AR dF dol vty "4H
Foom 2L uto|e] AR sl 33 SAHSHAE WY WHo|AFCVLE
T3t HIRSIATHER 11-2). = 470 7@ tig A5 A9 HTF HelAlss
091-2402 2 AWHHQl HPLCH gk 83 rixit £49] oAl 4%(NIOSH
method, 1984)¢] & A 319},

L5 ftadt Alse] g ule]de) FATE 33 A ¥ Hags 1
o] R dl= T2 o fIjvae 4] A6 4% 59 A
e g vpoldzt WMol AlF(CV )= B 1.72-2142 et E11-3).



B6-1. A dr4dA EAMF EdA R 59 x|

No 13 23] 33 mean CVm CVh my ref. value

1-1 H»b5  HDLH 219 26.3 5.29
1-2 213 29 272 26.8 291
1-3 248 247 242 246 1.30
1-4 H8 Bl 2 250 320 408 2568 243
2-1 490 05 491 495 1.70
2-2 %05 501 0.3 50.3 0.40
2-3 518 506 475 50.0 4.44
2-4 %06 502 504 50.4 0.40 0.78 5005 494
3-1 1048 1089 1074 1074 2.37
3-2 1063 1101 1124 1096 2.81
3-3 1101 1096 1061 1086 201
3-4 1062 1102 1084 107.9 234 089 111.08 1083
4-1 11.7 10.7 106 11.0 5.55
4-2 12.3 129 127 12.6 2.46
4-3 12.3 11.8 13.6 12.6 7.38
4-4 116 117 11.0 114 3.33 6.87 11.9 115

®6-2. A A7420lA

M
J+
rg_l‘
I
1o,
>
il
ko
of¥
i)
i
rr
(iR
_E,

No 13 23] 33 mean CVm CVn my ref. value

1-1 234 236 237 2.36 0.85
1-2 240 239 243 241 083
1-3 243 242 243 243 041
1-4 236 238 237 2.37 0.42 135 239 1.96
2-1 069 069 069 0.69 0.00
2-2 068 069 068 0.68 1.47
2-3 067 068 068 0.68 1.47
2-4 067 068 068 0.68 147 094 0683 089
3-1 203 201 2.00 201 1.00
3-2 197 2.02 1.98 1.99 151
3-3 201 201 200 201 0.50
3-4 200 201 200 200 0.50 049 200 1.56




E7-1. B g7 40AM EA% EdAs 354 234

No 13 23 33 mean CVm CVh my ref value
1-1 244 288 2361 25.6 10.99

1-2 24.0 276 229 248 9.85

1-3 23.1 271 26.3 255 8.23

1-4 247 218 272 26.6 6.26 281 2618 24.3
2-1 486 56.4 432 51.1 9.05

2-2 471 570 491 51.1 10.33

2-3 46.7 5%6.6 519 51.7 9.58

2-4 47.3 56.0 509 514 8.54 061 5131 49.4
3-1 1116 1166 1156 114.6 232

3-2 1116 1176 1161 1151 272

3-3 1105 1155 1145 1135 2.32

3-4 1115 1154 1149 1139 1.90 060 11427 1083
4-1 10.9 13.6 10.7 11.7 13.63

4-2 135 13.1 119 12.9 6.80

4-3 125 134 110 12.3 9.63

4-4 11.3 131 111 11.8 9.24 4.30 12.18 115

®7-2. B @749 A

PAR SANR 230l 2

No 18 23 33]  mean CVm CVy m, ref value
1-1 1.94 2.02 1.96 1.97 198

1-2 1.4 2.00 1.97 1.97 1.37

1-3 1.83 1.87 1.86 1.85 1.11

1-4 1.99 2.02 2.01 2.01 0.77 340 1956 196
2-1 0.81 0.80 0.84 082 2.36

2-2 0.85 0.82 0.78 081 2.36

2-3 0.81 0.83 091 0.85 6.16

2-4 0.89 0.80 0.73 0.80 9.96 243 0753 089
3-1 1.46 151 1.49 1.48 1.59 '

3-2 138 1.48 1.43 1.43 3.36

3-3 1.57 1.58 1.58 158 0.35

3-4 1.54 156 156 0.77 452 1511 156

1.57




28-1. C dF 40

Mg

No 13 2% 33 mean CVm CVr my ref value
1-1 237 221 23.3 230 361

1-2 269 266 269 26.6 212

1-3 254 255 274 26.1 445

1-4 253 26.2 272 26.2 3.63 6.51 25.5 243
2-1 50.0 49.1 48.6 492 1.40

2-2 49.0 494 5.7 497 1.78

2-3 48.0 493 5l.4 49.6 349

2-4 48.8 515 52.0 50.8 3.47 1.32 49.8 494
3-1 1066 1118 1126 1100 348

3-2 991 1004 1135 109.4 7.66

3-3 1086 1049 1148 109.4 456

3-4 1161 1074 1164 113.3 4.50 3.40 109.3 108.3
4-1 13.7 12,7 135 13.3 421

4-2 14.0 127 136 134 473

4-3 129 115 109 118 8.60

4-4 12.2 13.7 111 124 10.55 6.23 12,7 115
¥8-2 C dA7A4dA £4F SUAR 85vl=s A

No 13 23 33 mean CVm CVvn my ref value
1-1 1.91 188 1.90 1.90 0.90

1-2 1.89 1.89 1.87 1.89 0.59

1-3 1.84 1.82 1.82 1.83 051

1-4 1.84 1.82 1.82 1.83 0.68 1.98 1.86 1.96
2-1 0.50 0.51 0.50 0.50 0.98

2-2 0.47 0.48 0.49 0.48 182

2-3 0.52 0.52 0.53 0.52 1.37

2-4 0.51 051 0.51 0.51 0.67 362 0.50 0.89
3-1 1.43 1.45 148 1.45 1.96

3-2 1.49 1.45 1.41 1.45 2.72

3-3 1.42 1.43 147 1.44 2.04

3-4 1.38 1.44 1.40 141 231 1.49 1.56

1.49




H9-1. D G744 £43 SdAn E5A A

No 13 23 3y mean CVm CVn my ref. value
1-1 212 213 21.2 21.2 0.17

1-2 210 215 212 212 1.20

1-3 21.4 22.0 21.7 21.7 1.27

1-4 21.3 21.0 211 211 0.73 1.18 21.32 243
2-1 49.1 527 509 50.9 353

2-2 50.2 50.4 50.3 50.3 0.19

2-3 52.3 53.1 527 2.7 0.76

2-4 55 504 505 505 0.10 216 5109 494
3-1 1022 1043 1033 1033 1.02

3-2 1034 1037 1036 1036 0.14

3-3 1033 1041 1037 103.7 0.39

3-4 1060 1047 1064 1054 0.62 0951 1039 1083
4-1 10.4 95 100 10.0 4.37

4-2 91 9.4 92 9.2 1.68

4-3 10.3 10.0 10.1 10.2 1.23

4-4 926 947 930 9.34 0.59 494 966 115
H9-2. D dF4dA E4E SUAE 8Fvk=yd 2

No 13 23 33 mean CVam CVn my ref. value
1-1 2.26 2.22 2.18 2.22 1.80

1-2 2.17 2.20 2.16 2.18 0.96

1-3 2.17 215 214 215 071

1-4 233 231 2.30 231 (.66 315 2.22 1.96
2-1 0.61 060 060 0.60 0.96

2-2 060 061 0.59 0.60 1.67

2-3 059 060 059 0.59 1.29

2-4 0.61 0.60 059 0.60 2.10 0.80 0.60 0.89
3-1 1.61 1.62 1.63 1.62 0.62 '

3-2 164 1.67 1.69 1.67 151

3-3 1.60 156 160 1.59 1.38

3-4 1.60 1.63 1.62 1.62 .91 207 1.63 1.56




#10-1. =9 ¥3d Al A4k (Tolerance range) ¥ vl=

Code Ref.value Tolrange” =8 d:SD 25D +3SD +15%

Ger-1 243 1964-289 2467:207 2053-2881 1846-30.88 20.97-28.37
Ger-2 494 448-54.1  50.56:1.74 47.08-54.04 4534-5579 4298-58.14
Ger-3 1083 98.3-1184 10965¢3.86 101.93-117.37 98.07-121.23 93.2-126.1
Ger-4 115 92-139 1161129  903-1419 7.74-1548 9.88-13.34

"= 9 FHUY 5 Z1EdEAe) 135D

E10-2. 7 ) AEALY 52 3 AR £49 AEHCVw) vl

Code  Ref value BEd CVpy A B C D

Ger-1 243 ug/dl 4.08% 3.18 8.83 3.45 0.84

Ger-2 494 3.70 1.74 9.38 2.54 1.15
Ger-3 1083 2.57 2.38 2.32 6.05 0.54
Ger-4 115 5.88 468 083 702 1.97

F10-3. 2 4 Ag4Ae %Y 3G AlSe) diF vle|d 4%
ol A (CVy) vl

Code Ref. value Had Cvv A B C D
Ger-1 24.3 ug/dl 3.65% 4,08 2.81 6.51 1.18
Ger-2 494 1.22 0.78 0.61 1.32 2.16
Ger-3 1083 1.45 0.89 0.60 3.40 091
Ger-4 115 559 6.87 430 6.23 494

- 26 —



®11-1. 54 8% k=t Al 23 g(Tolerance range) W Hlal

Code Refvalue Tolrange’ ZTHHT+SD  +2SD +35D +15%%

Ger-1 196 1.75-2.17 2.11:0.216 168-254 1.46-233 1.79-243
Ger-Z2 089 072-1.07 063:0117 040-086 028-098 0.54-0.72
Ger-3 156 1.31-1.80 1.66+0.220 122-210 1.00-2.32 1.41-191

T EY 9 Rl 57 Z1Ed 4 «35D

H11-2. =) 47 AP 4de 2 93 ot A8 E49 AFAA(CVL vl

Code Ref. value BT CVa A B C D
Ger-1 19 g/l 0.91 063 1.31 0.67 1.03
Ger-2 0.85 2.40 1.10 5.78 1.21 1.50
Ger-3 1.56 1.44 0.88 1.52 2.26 1.10

E11-3. 3 4] @49 52 8% vt ARe] i@ nle|dd d4%
Hol Al (CVv) vl

Code Ref. value Hi CVv A B C D
Ger-1 196 g/l 1.72 1.35 340 1.98 3.15
Ger-2 0.89 1.95 094 243 362 0.80
Ger-3 1.56 2.14 0.49 452 1.49 2.07




1-4. HFAR PZ - A7H 24 ARe) T ASL AR AREA
SR, 70, 9o, A7, 1AW, T AR

AT7E 24 A9 7E4 FAFTE A = 4 vl 2 5 4FA
e Agdd 242 elsigon O 23E ¥ 12 - 184 AU

U 57 2 £, dinj3 ZEAE AN EAF A7 =4 €5 3 Al
29 432 F18-14] AUt 7 7|# o] 3 L YA E Rolu Yt

Asg vie}t o] 559 7|F AFPAES4 £3SD range W= vl= CDC
o] A Woel 15% HYst vl oz vehdth  sdvad AAge] B9
AL YT Fu A5Z el ST HEY] ¥F dol A% £2SD, +
35D 2 7= CDCY 15% HHE E 18-2¢] Az

Al B 25 23 HSHAS $i5ta] 22 viold o Agd
33 ZARsgo olwe] WAF(CVLWE T3l ¥lwstPrHE 18-3). 1 4
7N 7ol Als B HEF Woldlew 257-5882 Al AASH 93
HE g o WolAlg 5% HA A

dF G Algol g upo)dzte] FAXE 33 £4 F HAFE 1L vlo)
&2 guss ¥ E FFen vl 474 Aol FAY A1 AR
of g nlolAzt WolAF(CVET M 21277522 H26dA AAIF thE 71E
Agst v ¥ HPF Aoz JeldtHEI8-4). BT 5 JdFAste] 29
ARE 479 24 A8 #AL7) g $5FReE YEg.

2 57 APANA BAF A7 A 8F ninAt Alse] BAME ¥
19-10 A 2 7|# 719 @S £L& AAE Helx Ut It HAG
o] Hoig-g 4% A ArE Fvl JEAEAEe] 8F vimite dig
$2SD, +3SD ® 15% WSS E 19-29) A=At

HPLCdl 2@ 85 nixit A5 49 AL EF wol vzl #EH
Fgton 2 npo]de] Alge] WiEt 33 FAHIHL W] HelAF(CVaE
TFEle] v HE 19-3). Il 47 Zi@AdE Als B HE HolAlFrE
092-121F ¥wh<Ql HPLCe] 23 8% nixilt BAM9 Wo|AlS 4%(NIOSH
method, 1984)¢ll AAtHTHE19-4).

8% vl AR tigt wle|dzle] FARE 33 FA ¥ HA@gE I
Hlold-E WF 3l FE= doen fejvEly 4] AgAdeA ST 914
Alge] g nle]dzt WolASHCV)E e 1.72-2.142 el (F19-4).



H12-1, A A74dM 4% d7HA s

d5d 2HAA

No 13 23] 33]  mean CVm CVy my Added amount
1-1 5.98 6.04 590 597 1.17

1-2 7.05 6.50 7.45 7.00 6.86

1-3 57 5.86 5.64 5.69 2.64

1-4 5.76 550 593 573 3.84 4.08 6.10 0
2-1 1911 1889 1951 19.17 162

2-2 1870 18986 1922 18.96 1.37

2-3 2023 1993 1848 19.55 481

2-4 1735 1777 1727 17.46 1.55 078 1879 12.0
3-1 20954 2938 2826 29.06 241

3-2 30.15 3053 3034 30.34 0.63

3-3 2837 2837 2819 2831 0.35

3-4 2865 2887 3060 29.37 364 0.89 2927 210
4-1 4319 4185 3859 41.21 575

4-2 4167 4315 4215 4232 1.80

4-3 3944 4291 39.05 40.47 5.24

4-4 4142 4052 4107 41.00 1.10 6.87 4125 35.0
R12-2. B d7adA £4% d7EAE 80 4%

No 13 2% 33] mean CVm CVn my Added amount
1-1 0.39 0.39 041 0.40 291

1-2 0.40 (.40 0.40 0.40 0.00

1-3 0.40 0.40 0.40 0.40 0.00

1-4 0.39 0.39 0.40 0.39 147 135 040 0
2-1 0.56 0.56 0.57 0.56 1.02

2-2 0.56 0.56 0.56 0.56 0.00

2-3 0.96 0.56 0.57 056 1.02

2-4 0.56 0.57 0.56 056 1.02 084 056 0.154
3-1 0.77 0.77 0.78 077 0.75

3-2 0.79 0.78 0.79 0.79 0.74

3-3 0.78 0.79 0.79 0.79 0.73

3-4 0.77 0.77 0.78 077 0.75 049 0.78 0.319
4-1 0.91 0.91 091 091 0.00

4-2 0.92 0.92 0.92 0.92 0.00

4-3 0.91 0.91 0.91 0.91 0.00

4-4 0.90 0.90 0.91 0.80 0.64 064 0091 0.555
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®13-1. B §7F4dAM 243 d7gA R 859 Astx

No 181 23 33] mean CVam CVn myv Added amount
1-1 6.00 6.69 7.92 7.86 252

1-2 6.17 5.17 6.53 6.35 11.1

1-3 576 524 6.02 589 6.7

1-4 5.99 5.24 587 593 6.8 12.31 6.51 0
2-1 1975 1959 18.32 15.04 4.1

2-2 1949 1964 19.10 19.30 14

2-3 1822 2034 1952 18.87 5.7

2-4 1898 1846 20.06 19.52 42 1.29 19.18 12.0
3-1 2940 3053 28.02 2871 44

3-2 2060 2839 2922 29.44 22

3-3 2704 2799 2063 28.34 46

3-4 2833 2773 2852 28.43 15 1.50 28.73 21.0
4-1 4435 4473  40.79 42.57 51

4-2 4561 4377 3981 4271 6.9

4-3 3732 429 4024 38.78 7.3

4-4 4199 4048 4305 42.52 3.0 3.0 41.65 35.0
¥13-2. B 93 &6 A B A7 Al 8Fvi=y A3

No 13 23] 33 mean CVm CVn my Added amount
1-1 0375 0402 0379 0.377 390

1-2 0368 0367 0372 0.370 0.70

1-3 0372 0369 0375 0.374 0.80

1-4 0372 0362 0373 0.373 1.60 067 0374 0
2-1 0549 0555 0553 0.551 0.60

2-2 0550 0544 0542 0.546 0.80

2-3 0538 0532 0547 0.543 1.40

2-4 0548 0543 0552 0550 080 058 0548 0134
3-1 0782 078 0.79%0 0.786 050

3-2 0772 00716 0.763 0.768 390

3-3 0768 0.8 0754 0.761 0.90

3-4 0769 0752 0.765 0.767 1.20 121 0771 0.319
4-1 0915 0883 0874 0.895 240

4-2 0894 0897 0.903 0.899 2.40

4-3 0809 0901 0918 0.5904 1.60

4-4 0895 0839 0801 {.598 0.70 036 028099 0.555

- 30 -



Ei4-1. C d7-2clr B4 AT9AIR €54 4344

No 13 23 33 mean CVa CVy my Added amount
1-1 572 545 6.24 5.80 565

1-2 6.23 6.49 6.69 6.47 2.91

1-3 5.07 578 525 5.37 5.62

1-4 6.32 6.17 5.40 5.96 6.76 5.17 590 0
2-1 2017 2108 2032 2052 194

2-2 2042 1848 1942 19.44 407

2-3 2034 2150 2009 20.64 298

2-4 1754 1778 1911 18.14 381 3.17 1969 120
3-1 3084 2992 2945 30.07 1.2

3-2 2090 2778 2834 2867 313

3-3 3020 2074 2R42 29.45 256

3-4 2670 2812 2978 282 446 299 29.10 21.0
4-1 87 4232 4364 4361 2.39

4-2 4024 4134 4044 4067 1.18

4-3 4049 3924 4014 40.06 1.44

4-4 4014 4332 4401 42 49 397 226 41.71 350
H¥14-2. C g7 4dAM 4% A7 HAIR 85 vixd A3

No 13 23] 33 mean CVm CVi my Added amount
1-1 03284 03255 03253 0326 0.43

1-2 03231 03127 03204 0319 1.47

1-3 03202 03381 03395 0336 1.36

1-4 03186 03253 03213 0322 0.86 196 0326 0
2-1 04853 05067 04919 0.494 1.83

2-2 04908 04963 05079 0498 1.43

2-3 04999 04888 05079 0.499 157

2-4 05070 0.5049 05110 0508 0.50 09 0500 0.154
3-1 0.7141 07103 07267 0717 098

3-2 07188 07111 07104 0.713 053

3-3 0.7142 07170 0.7037 0.712 080

3-4 07297 07325 07182 0727 0.85 082 0717 0.319
4-1 0.8685 0.8518 0.8584 0.860 0.79

4-2 08434 0.846Z2 0.8470 0.845 0.20

4-3 08524 08520 0.8519 0.855 054

4-4 08632 0.8472 08540 0855 0.77 058 0.8 0.555
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H15-1. D A7AdA P A7Hrg 859 2944

No 13 23] 33 mean CVam CVi my Added amount
1-1 567 608 5.8 5.86 3.51

1-2 528 530 543 534 1.46

1-3 557 573 574 5.68 1.67

1-4 L8 564 5 5.69 316 408 564 0

2-1 1832 1857 19.28 1872 2.65

2-2 1889 2018 2059 1989 446

1893 1919 1975 1929 217
1842 1889 1818 1850 195 325 1910 120
2951 2954 2804 2903 29
2884 2988 3077 2083 379
2711 2828 2825 2821 379
2937 2837 274 2914 237 228 2906 210
4016 4002 4071 4030 090
399 3941 4087 4006 185
3993 4027 389 39.7 1.80
4033 3977 4029 4013 0.77 063 4005 350

[ [

.u.n..&.nwoiswwmm
B G0 DD s DS s W

¥15-2. D 9740 BAE 47d AE 23wy A5

No 13 29§ 33) mean CVm CVs my Added amount
1-1 0377 0375 0368 0.373 127
1-2 03716 0391 0387 0.385 1.96

T
S

0345 0382 0348 0358 547

0384 0341 0357 0361 603 332 0364 0
0521 0520 0517 0515 047

0536 0528 0541 0536 124

0521 0506 0516 0515 148

0509 0508 055 0524 512 168 0523 0154
0776 071 0757 0761 1.70

0775 0767 073% 0760 1.70

0742 0710 0760 0738 345

0792 0798 0784 0791 085 326 0763 0319
0916 0956 0881 0918 405

0893 0929 0876 0901 298

0941 090 091 0947 059

0930 0942 0919 0930 125 209 0924 0555

|

»hﬂhubbwtf)wwwt\ﬁ[\)[\?
S I I e R R e A A Y SN O N
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¥16-1. =9
Axx|

A ojghs AFA-Fewl 2o ster &

Mg d7dAls €54

No 13 23] 33 mean CVn CVy my Added amount
1-1 5.2 46 54 5.07 6.71

1-2 5.8 49 59 553 212

1-3 5.6 5.6 56 56 991

1-4 45 47 5.8 5.0 114 953 521 0
2-1 152 16.6 15.0 156 456

2-2 17.3 172 151 16.53 6.13

2-3 16.0 160 16.0 16.0 0

2-4 16.5 165 17.0 16.67 141 263 162 120
3-1 258 24.9 24.9 252 168

3-2 25.5 259 247 254 195

3-3 253 24.9 5.1 251 0.65

3-4 25,7 25.8 24.7 25.4 1.95 076 2527 210
4-1 39.2 39.1 376 3863 1.89

4-2 373 37.9 38.0 37.73 0.81

4-3 376 38.0 390 38.20 154

4-4 3683 375 8.7 37.68 1.58 236 3806 350
H16-2 59 AYEY APA-HBu=a GoeA BHE AT AR Q50
A Aa

No 13 23 3% mean CVu CVn my Added amount
1-1 0.365 0361 0353 0360 1.38

1-2 0.346 0361 038 0355 1.82

1-3 0.352 0360 0.353 0355 100

1-4 0.349 0367 0.370 0.362 2.56 0.84 0.358 0
2-1 0.525 0527 0529 0.527 0.31

2-2 0.529 0520 0520 0.523 0.81

2-3 0522 0521 0527 0.523 0.50

2-4 0.522 0511 0531 0521 156 039 0524 0.154
3-1 0.784 0.725 0724 0.744 3.76

3-2 0.691 0.735 0732 0.719 2.79

3-3 0.736 0744 0.736 0.738 0.51

3-4 0.724 0734 0751 0.736 151 126 0.735 0319
4-1 0.870 0869 0866  0.868 0.19

4-2 0.826 0.864 0.871 0.853 231

4-3 0.870 0.865 0875 0.870 0.46

4-4 0.859 0.880 0.869 0.869 0.98 0.78  0.865 0.555

* o] Al A&l 1083 95d AR,

- 33—



H17-1. dnt=z FE AR AAT LA BAlg A7 eAg" dFd AH
No 13 2% mean CVa  CVi my Added amount
1-1 6.09 450 2.30 15.01

1-2 6.77 525 6.01 1264

1-3 6.65 4,67 5.66 17.49

1-4 6.11 H.68 590 364 426 6.41 0

2-1 1674 16.67 16.71 021

2-2 1956 1606 18.26 711

2-3 1628 17.49 16.89 358

2-4 1631 16.86 16.59 165 3.90 1722 120

3-1 2805 269 27.51 1.98

3-2 2012 2565 27.39 6.33

3-3 2556 2649 26.03 1.78

3-4 26.43 - 26.43 - 2.29 2728 210

4-1 4379 4079 42.29 354

4-2 4422 - 44.22 -

4-3 43.44 4098 4221 291

4-4 39.80 - 39.80 - 3.66 4281 350

« 1 2o A 2547 58 F2 N84



F18-1. Ul 570 € 5, divj= APALe] d7d 3 AREHR v

Code Addv =+ A B C D E Eolk TRtk

[H-1 0 6250510 61 65 59 71 5L64 5.27 6.4

H-2 120 19380426 188 193 197 200 1910 76.20 77.22
IH-3 21.0 2967:1279 293 287 291 322 2306 2527 27.29
IH-4 350 4263:2948 413 41.7 41.7 484 40.05 38.06 #42.82

v geeA 1097 S48 Fo AR
wx 0 FEOlA 2507 $48 Fo A=Y,

H18-2. 479 =4 €59 AlE ARG (Tolerance range) W4 Bl

Code Addamount =U#H3#+SD +2SD +3SD +15%

H-1 0 6.25+0.510 5.23-727 472-7.78 5.31-7.19

IH-2 12.0 19.38+0.426 1853-2023  18.10-2066 16.47-2229
IH-3 21.0 2067+1.279  27.11-3223 25.83-3351 2522-34.12
IH-4 350 42.63t2948  36.73-4852  33.79-5147 36.24-49.02

H18-3 Ul 57 2 =, dinta APA d7H 59 AlE 49 A
FHA(CVm) Hl

Code Addv HFCVn A B c D E X° ™2

IH-1 0 552 362 1245 524 38 245 9.04 12.19
IH-2 120 2.66 233 38 32 1.10- 280 3.02 3.13
[H-3 210 271 175 318 302 252 306 7.36 3.3
IH-4 350 265 347 558 225 064 132 7.5 3.2

oA 1083 S T A=Y
[=)

w0 gl 25U3 9451 Fo AR
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F18-4. = 48 2 5, drid 4349 A9 5E A g g ut
o|Z 7t dAR wWojAlSF (CVv) m®ju

Code Addv ¥HTCVv A B C D Lol Wint 3k

IH-1 0 752 872 1231 517 388 9.53  4.26
IH-2 12.0 2.98 4.22 126 317 325 2.63 3.90
IH-3 21.0 231 248 150 299 228 0.76 2.29
IH-4 350 212 163 397 226 062 2.36 3.66

* 1 ALAN 1083 $458 T A=,
wx g EOlA 25U3 S8 £ AR,

>
p
i
2
s
i3
K

H19-1 S 40 L SY APUDY AT 8F ohas

Code  Addamount ZYHF:SD A B C D Eox
IH-1 0 0.373:0.023 040 038 033 038 0.3
H-2 0.154 0.533:0.021 056 055 050 052 0.52
IH-3 0.319 0.758+0.020 078 077 072 076 0.74
H-4 0.555 0.895+0.024 091 080 08 092 0.57

v L AEAA 1087 $5E T AR,

of

B19-2 47349 ZA4 8.F vikxdt AR AAZ (Tolerance range) ¥4 vl

Code Add.amount =lH#+SD +25D +35D +15%

IH-1 0 0.368+0.023 0.368-0.023  0.299-0.437 0.312-0.424

[H-2 0.154 0.53310.021 0.490-0.576  0.469-0.597 0.453-0.613
IH-3 0.319 0.758+0.020 0717-0.799  0.697-0.819 0.644-0.872
IH-4 0.555 0.895:0.024 0847-0.943  0823-0.967 0.440-1.029




H19-3 F 471 2 Fo AgAde A Tt Alg BA o g4
(CVm) W

Code Addamount HTCVa A B C D =l

IH-1 0 1.77 1.10 0.90 133 375 1.69

IH-2 0.154 1.31 0.77 1.63 0.79 207 0.79

H-3 0.319 1.40 0.74 1.75 1.0} 211 2.14

IH-4 0.555 1.06 0.16 1.30 0.56 223 0.99

* L AFROA 108 7 $5H Fo Algd

F19-4 = 47) APAe A3 8F vl Algd O #ALE
oAl (CVv) M]3k

Code Addamount EHIACVvy A B C D =«

IH-1 0 1.21 4] 0.58 0.96 332 0.84

IH-2 0.14 0.92 0 1.21 0.82 1.68 0.39

IH-3 0.393 1.70 1.28 0.67 1.96 290 1.26

IH-4 0.544 0.9 0.77 0.36 058 2.09 0.78

* Ao A 10U 59 Feo] AR



1-5. REAR 5 - 434 A9
(74 AAHF)

b 83w
0. 39 EFAE95d 397 A=y AR 37EA] Lz e
AFA, TdH AE.

[stored at -80 C, 64 days]

sample repl rep? rep3 Avglug/dl) Std.Dev. CV(%)

95B1101-1 1624 1539 1546 1570 047184 3.005991
95B1101-2 2492 2556 2498 2515 0353459 1.405218
95B1101-3 3415 3566 3355 3445 1.087214 3.155612
9B1101-4 4577 4382 4498 4486 0980833 2.186594
95B1101-5 5149 5320 5565 5345 2.090941 3.912201
95B1101-6 6298 6231 6551 6360 1687691 2.653602
95B1101-7 7044 7168 7387 7200 1736788 2.412318
95B1101-8 7861 8284 8232 8126 230678 2.838881
95B1101-9 8302 829 8551 83.83 1455232 1.735932

[stored at 4 C, 34 daysl]

sample repl rep2 rep3 Avglug/d) Std.Dev. CV(%4)

95B1101-1 1539 1541 1478 1519 0358097 2.356934
95B1101-2 2791 2495 2513 2600 1659438 6.383271
95B1101-3 3231 3447 3482 3387 1359424 4.014047
95B1101-4 4381 4365 4663 4470 1676226 3.750226
095B1101-5 5168 5475 5492 5378 1823522 3.390497
95B1101-6 6398 6435 6370 6401 0326037 0.509353
95B1101-7 7226 7282 7189 7232 0468224 0647403
95B1101-8 8095 7925 7652 7891 2234868 2.832293
95B1101-9 8377 8012 8045 8145 201882 2478702

(HAA%)



E20 Al

{stored at room temperature, 18days]

sample repl  rep2 rep3  Avglug/d) Std.Dev. CV{%)

95B1101-1 1524 1696 1477 1566 1.152924 7.363788

895B1101-2 2533 2162 2573 2423 2266282 9.354493

95B1101-3 3556 3448 3458 3487 0596769 1.711248

95B1101-4 46.21 4730 4365 4572 1873686 4.098176

95B1101-5 5362 5368 5134 5288 1334016 2522724

95B1101-6 6553 6448 6229 6410 1653088 257892

95B1101-7 7429 7509 6985  73.08 2822859 3.862873

95B1101-8 8224 8326 8358 8303 0.699809 0.842873

95B1101-9 87050 825 8491 8574 1150014 1341333
[summary]

Temperature -8 C 4C RT

storage days 64 days 34 days 18 days

sample Avg(ug/d) Avglug/dl}) Avg(ug/dD

95B1101-1 1570 1519 1566

9581101-2 25.15 26.00 24.23

95B1101-3 34.45 3387 34.87

95B1101-4 44 86 4470 4572

95B1101-5 53.45 5378 52,88

95B1101-6 63.60 64.01 64.10

95B1101-7 72.00 72.32 73.08

95B1101-8 81.26 78.91 83.03

95B1101-9 83.83 81.45 85.74

8% vhmdl AR b4 ARS Aste] A2elA 2091 BEF AR
hale] ebgA 2 FaAA AYS sigoen 1 A%s ¥ 214 A



3 21-1 A2 209 A 8% uhkdl AR ulojdzt ZAA A1E 2

No 13] 23 331  mean CVm CVa my Added amount
1-1 0376 0372 0378 0.375 0.83

1-2 0372 0378 0376 037 0.80

1-3 0370 0376 0373 0.373 0.79 0357 0374 0
2-1 053 0529 0541 0535 1.16

2-2 0513 0512 0519 0.515 0.76

2-3 0524 0536 0.527 0.529 112 198 0526 0.154
3-1 0750 078 0751 0.753 061

3-2 0758 0750 0750 0.753 062

3-3 0763 077 0771 0.764 0.91 083 0.756 0.319
4-1 0878 038 0878 0.880 0.45

4-2 086 0871 08/ 0.871 051

4-3 0.806 0.872 0874 0.881 0.75 0.87 0.881 0.565

H21-2. 42 204 RBF 27 ohdt AR Y AE 47

Code Addamount 1gRA(ZHF L) 209 (AT

IH-1 0 0.37320.023 0.374
IH-2 0.14 0.533:0.021 0.526
IH-3 0.319 0.758+0.020 0.796
IH-4 0.555 0.895+0.024 0.881

H21-3. -80%, 4%, AL HF 9.5 ofkdt AlR(BY swtr] AlR)e otAA A E A

No -80% 4% 5%

7123 1¢ 80 102 20 202
1 0.71 0617 0.621 0.654 0.651 0.654
2 1.02 0.889 0.851 0.840 0.892 0.811
3 1.14 1.145 1.078 1.127 1.102 1.060
4 1.36 1.454 1.325 1.361 1.368 1.251
5 159 1.698 1546 1.584 1.595 1,549
6 1.81 1.962 1.782 1.820 1.826 1.797
7 2.02 2.159 1.976 2.012 2.041 1.900
8 2.22 2.508 2.284 2.248 2.308 2.310
9 2.40 2.665 2.437 2.376 2.421 2.373




Al AT - 84 AR5 dr] AR ZIed¥4d 44
Hgd, i, Ad, 7Y, BAH3E, 5 dFAN)

AN

1-6. &

F

95 AWyl Axde] AES A AR AAste] -80x0lM 8Y R
#F ARE FU o IEAE A Euiste] E4EA 50 71IE4E A 3
dg-d A7l JEs vl

B2 B39 ETAE 44 AR 23

SEdA FREEFE AR THR A 718

A B C D E BF SDCV(% HBa& SD CV(%) ¥R

163 170 178 181 186 176 0656 37 188 2131 113 0.94
212 216 227 222 234 222 0778 35 224 2117 95 0.99
235 256 265 250 261 253 0627 25 236 2438 103 1.07
336 35 321 346 350 342 1506 44 350 2698 T7 0.98
379 396 378 385 399 388 0978 25 372 2620 7.0 1.04
458 482 448 464 483 46.7 1676 36 444 5033 113 1.05

[ > T2 VSN TS I S I

23 8% rikx4t AlE A AF 25

-S0E M SAYRFF A EMEk AR7) 2185k

A B C D E #H& SD CV(©®e #HIF SD CV(%) N

1 077 08 076 084 090 083 0057 69 086 0.047 97 0.97
2 100 112 113 111 118 111 0031 28 1.09 0090 82 1.02
3 119 132 136 134 140 132 0034 26 1.27 0106 84 1.04
4 146 161 162 161 162 158 0008 05 1.61 0090 56 0.98
5 165 17 180 173 183 1.76 004 25 175 0076 43 1.01
6 199 211 207 214 220 210 005 27 198 0148 75 1.06




1-7. W@ =a= A3

X o] AJHE AHEEte I ELAZAY 7l 527046 thaled o)
AEHYE AAslY BEEAIEQ AA HE75A4S A 2R3 diazidde
B A gA dF59 ZIgS FAo 2 29, €39 248 HFEAR
7% Graphite furnace AAS, Flame AAS, ICP, Colarimetry S &]7}a] &4
Hol W2 FAgo] A=Ax dAF}YL, TEEdA EEYer EAMF 3y
o EM#UF} Uviez MG 8F vlxite] EAighe]l 71Egkel wlsle zhzd
4%, 32% I} FrEE Qo) o] AL dArIgEe] AS Iriste Axwdts
el A] £49 vigoX 2= 2102 AAH: HA I olFe AAH 123 B
A @M= £4 wH7 Bk 2ol A9 guch

324 BN P e 8% 4 Mgk

F-Auhy 713 (%) B ak(A) Ho ()
gz 45(739%) 27.3 ug/dl 43.8 ug/d
= 3 15(24%%) 274 494
ICP 1(1.6%46) 25.7 402
Chemical Analyzer 1(1.6%) 279 435
WA Hagk 57 275 447
7lZ2ad4A HAgg” 5 26.0 43.2

H25. BA ol e 2% nhkat B

B A dhy 7184 HaAgh(A) ot gk(a)
HPLC 17(27%) 020 g/ 0.84 g/l
uv 46(73%) 0.26 0.83
A 713 " 56 0.23 0.81
1edda gag” 5 0.22 0.86

T95% FRlgEdlA CV 20% oWVt HXEE outliers AAT BTk
T A 7|EARA ARG, A, AN, RAFE3S, a9



1-8. =2 & Azt A3 v

2j=e] FFEAIEE AA FraA8 #ojge] FrX7 A #A
AlRH T g EEAEE 71E % (reference value)dt 459 P4 &
HAS TG, ol5 A|BAEI} AASE dAES AT A ZAF A5
FAE HEE E 269 ALY

25, Comparison of homogeneity between ITHRI standard samples and
other certified reference materials commercially available™.

Country/Supplier Code Reference value
{Matrix) Mean:SD, ug/d! CVv,%
USA? SRM 9553-1 5.01+0.09 0.09
/NIST SRM 955a-2 13.53:0.13 0.96
{bovine blood) SRM 955a-3 30.63+0.32 1.04
SRM 955a-4 54.43+0.38 0.69
Belgium/CBR CRM194 12.6:0.4 3.17
(bovine blood) CRM195 41609 2.16
CRM196 T1.2+1.1 1.42
Sweden/AMI AMIB1001 3.8+0.78 205
{human blood AMIB10O2 8.0+1.17 14.62
concentrate) AMIB1003 15.5+1.59 10.25
Denmark/AMI AMI101 8.040.3 3.75
{human blood) AMIN02 12.0:0.2 1.16
AMI103 31.2¢03 096
AMI104 43,7:0.7 1.60
Norway/Nycomod 5010010 4.1+0.39 942
(human blood) S010011 37.9+3.94 10.04
S010012 67.13.63 541
Sweden STES01 56:0.8 14.28
/Nyegaard STES(2 33.8+1.0 2.95
(human blood) STE03 62.9+0.48 0.76
Korea/IHRI® ABY501 8.2:0.31 : 374
(human blood) ABYL02 18.3:0.47 259
ABY03 30.0+0.63 2.10
ABY:04 50.2+1.02 2.03

* Certified values by IDMS method, ® Assigned values by D-AAS method.
— 43 —



2.959 w7l A= 29

95 49 duRA=@YsE AAY AF 959 594 15 Frpe)rt AAE
Atk PR ARoke] Zt ARAET ASFA7BE THPAA AR 887 7| Re)
A71E T AP ANAU A 247He R HFTE ) A4 AE

+E AR He At Arisles Roma® gymal Avie 1G4 A
A ZA71RE] . «lb] AZBYs} 2 AFA g J|FEo] dulF
T4 XFARZA BMURL urnPZAYonz #§38 @ ARE%E 9
AT B Hsle AAFA F4HAt HAAME AFo] HAATN RFEAR
o eV FXY AT FALol B olwF 9] shtelgld A g xF
pagge] AU FES 25 24 a3} dojd A A9e zAET F4)
AL B $£AT AR AT 29 37 49 FEH 9% vl
B REES AAADG

R 27. 959 491(1ah) AxdE s 8%

7134 Al d5d 8 F vz Ak
i g R 2070 A&~ 20 20
vl g 1974 4 19 19
y o) €] 347 A 31 32
ApA &3 7| B 140 A 12 12
A5 I 104 1 -

Al 887N 4 83 25

21. 71eat 2 HPPS 43

799 A=Y ZIEE € AP 4AL v CDCY g A=
Przage] AL A9 waw U F, gdr|HY i3 7IEAE4A fhel W
ol A HE P& grolA =2 e SAHURE wdE 3 5% FeFEdA o
A AAZY JUBERA 10% o8t EdztA o dgE AASHT T
ol4 olabgke]l YAU ANEEHA} 10% oldrl 592 "o FARE N1E)
o=stgth A@ES 22 vF kA Ragel #AHANE HEHE A



T oA R el AEx W9 15%(FFH 40 ug/dl olskell A= 16 ug/dl)
s Agstgot,
- 71 2 AWy 44 -
O Eeold % £THE didridg 2 71&48432 oaxe=

@ oIWRE 5% R FEAAM AANL % AT 4.
® VTR BT BEAAE 7,
@ Hatgkel 115%(8 39 40 ug/dielste]l A9 16)2 HE HH4A.



2-2. 459, ¥ ¢4 ¥4 2%
) 712434 E4 44

28 7IedEd #3249 4 4%

dZa (ug/dd

M
J

M
e

1 2 3 4 5 6
Ref 1 178 218 22.0 30.4 37.4 379
Ref 2 17.7 215 22.6 32.1 36.3 424
Ref 3 169 227 4.5 305 36.2 45.3
Ref 4 17.7 228 15.2" 35.3 4.1 487
Ref 5 17.9 22,0 254 36.0 409 473
Z|ENFAHF 176 22,2 23.6 32.9 37.0 451
- 12da™ 1878 22.38 23.60 34.98 37.27 44.40
¥29 712484 8F opil BA Ax

83 vt (g/h)
4718
1 2 -3 4 5 6

Ref 1 0. 86 1.13 1.34 1.62 1.76 2.10

Ref 2 0.87 .13 1.35 1.61 1.80 2.15

Ref 3 0.83 1.01 1.34 156 1.74 2.07

Ref 4 0.84 1.08 0.81" 1.77 1.72 2.06

Ref 5 0.82 1.06 1.27 155 1.75 205
AP A" 0.84 1.08 1.33 1.62 1.75 209
12 A - 0.863 1.094 1.268 1.614 1.750 1.978

* outlier
*05% el s Fd A outlierS AMAT WA ak



2) dHE1d B Edd
#30. €¥9 v F

>
He
Ix
g

N
2
S
I

* ¥ X ¥

Code 1 2 4 5 6

1 124 * 163 * 182 23.6 31.2 34.1
2 153 166 188 25.8 326 35.6
3 153 17.7 198 30.4 29 35.9
4 15.8 185 20.5 305 35.0 36.0
5 158 189 21.0 314 35.3 37.9
6 16.9 20.1 21.3 31.8 354 39.6
7 16.9 20.1 22.0 32.1 35.7 41.0
8 173 20.4 22.1 335 36.1 41.3
9 17.7 21.0 226 338 36.1 42.3
10 17.7 21.1 226 34.4 362 24
11 17.7 21.3 22.7 34.7 36.3 426
12 178 21.4 22.8 348 36.7 42.7
13 179 215 23.8 35.3 368 42.8
14 17.9 21.7 24.1 354 36.8 442
15 184 21.8 24.2 35.6 37.1 449
16 185 22 24.4 35.6 373 450
17 185 22.3 245 358 374 453
18 186 22.4 245 358 375 455
19 186 22.4 249 36 8.0 456
20 19.1 22.7 249 36.2 38.0 456
21 195 22.8 250 36.2 382 458
22 195 23.1 250 363 399 471
23 19.7 23.6 25.4 36.8 399 47.1
24 20.0 24.1 256 36.8 40.0 473
25 20.0 24.2 25.6 36.8 409 48.3
26 206 248 259 36.9 410 484
27 21.8 249 26.0 370 413 486
28 2.3 249 26.7 37.1 25 487
29 225 25.2 29.4 375 56.6 48.8
30 26 25.4 421 = 37.7 - 50.0
31 233 25.4 - 379 - 53.4
32 258 * 256 - 385 - 56.7
33 - - - 62.3 - -
AAHF 1878 22.38 23.60 3498 37.22 44.40
EFHA 2131 2.117 2.438 2.698 2.620 13,799
HolAl%(%)  11.34 9.461 10.33 7.723 7.041 34.320
ol gk 2 2 1 3 2 6

— 47 -



H#3l. 8.F x4t

87 vlxdt FE5E (gh)
Code
1 2 3 4 5 6

1 073 0.73 * 081 = 1.43 152 1.25 *
2 0.81 0.86 * 087 * 152 157 160 =
3 0.81 0.88 = 1.04 * 152 1.64 171
4 0.82 1.01 1.08 153 1.64 176
5 0.82 1.01 110 155 1.64 1.78
6 0.83 1.03 112 155 1.66 1.82
7 0.83 1.05 113 1.55 1.67 1.83
8 0.83 1.06 1.14 156 1.67 1.83
9 0.83 1.07 1.20 1.56 1.68 1.84
10 0.84 1.08 121 1.56 1.72 1.89
11 0.85 1.08 1.26 157 1.72 1.89
12 0.85 1.08 1.26 1.57 1.73 2.00
13 0.8 1.08 1.27 1.59 1.74 2.04
14 0.85 1.09 127 1.59 1.74 2.05
15 0.86 1.09 1.29 1.59 175 2.05
16 0.86 1.10 1.29 1.60 1.75 205
17 0.86 1.10 1.30 161 1.75 2.06
18 0.86 1.11 1.30 1.62 1.75 2.06
19 0.86 111 1.30 1.62 1.7% 2.06
20 0.86 1.11 1.32 1.66 1.75 207
21 0.86 1.12 1.33 1.66 1.76 207
22 0.87 1.13 1.34 1.66 1.76 207
23 0.87 1.13 1.34 1.68 1.76 2.10
24 0.88 1.13 1.35 1.70 1.77 2.10
25 0.88 1.13 1.36 1.74 1.77 211
26 0.89 1.20 1.36 1.79 1.78 212
27 0.90 123 1.41 1.80 1.78 213
28 0.91 125 1.41 1.82 1.79 214
29 0901 1.30 * 1.46 =* 195 = 1.79 215
30 0.92 135 = 1.62 * - 1.79 242 *
31 0.93 1.38 * - - 1.80 -
32 0.9 - - - 1.82 -
33 1.00 * - - - 1.82 -
34 109 * - - - 1.90 -
35 1. 24 * - - - 1.90 -
36 - - - 1% -
37 - - - - 214 = -
%‘iiﬂ -“é.‘ o+ 0863 1.094 1.268 1614 1.750 1978

Ha 00473 0.0899 0.1059 0.0001 0.0760 0.1484
‘*‘"lﬁ (%) 9736 8.223 8.351 5.584 4.339 75021
ol gk 4 6 o) 1 1 3




3. 959 shity] A=ase 2y

95 shutz] Axdele 8674 AP A it Firids 2L d3d, 8
£ vhiAt AR misle] AAlEYTh 8670 A@Ao] FUHE 23} AT BN
T 12hs) vlmsle) g3ve] A §A4E 792%, Bt AYE 14%, 8F ikt
o] B¢ ¥AF 818%, W ARE 102%=2 FA&o] At o5& A&
o] FEWH7E 1xge] ws) golA AR - HRI Y ApelR AlE3t = A

ol7b ZA WHAAEE AF:se %o meEtre AlRr ¥Wxe) HEFME &
Adolsle ASxE AU7] YE oz AZHL A5 ALE 1AW 7 g5 2
AN FESFTAA B2 ) FE S50z Soa] 37MF 270 olite]l AHF HY
Woll Sojof 1 &= 3l ‘A g Aoz @AY e B A8
AARe 12get FAF PHow HAsAh 1d 59 64 EFHH 8F vk
A BAgke] EYCE AA AT

2-1. 71715 AF

H¥32-1. 953 swtr](2ah) Axad A1 d8

Z1ad Al gq5d S Fol=4t
PRI g B 1978 4 19 19
o] g gf A 1978 & 19 19
o) 9l B A 33 33
AL 2% A3 1170 4 10 11
A1 4704 4 4
Al 8670 A 85 86

¥ 32-2. 2Aa4udg

gt 8F 0}k AL
IR e 5570 A (65%) HPLCHY 2770 A(31%)
Y 2871 2:(32%) Uvi 597H 2(69%)
ICP 178 4-(1%)
CA 170 4(19%)
Al A 86N A

— 49 —



AFHok g3y RF0 A
A9 A 3070 A(35%) 2379 2(279%)
33} 2770 4(32%) 2270 A (269)
2l Rl 1778 £(20%) 3171 A (36%)
2%l 0] 770 4 (89%) 671 2~(7%)
3 40 A (5%) 470 A (5%)

Al 8570 4 8671 4~

2-2. 71 44

Atzlaf 9} nlAsIAZ 4 g2d 9 B 5 59 Algd Wa s
7 67% ELABHAGEY 704, =9 )53 EAge] He zag okl
H33, 340l AAF A7 vIR7IA R 71EQRA FAE@I oS HFg e
Ztel= A9 it

7F. 959 dur7] |EAFRHE EH2AH
33 39 71w vim

7129, CVo EABAYE, CV%, AA "o, CV% Ratio
(71&30) (713724 84)
1 1426188 132 1413134 948 14.09x165 117 101
2 2297*414 180 2280%193 B44 2294*382 167 1.01
3 3003T284 95 3202+253 790 30.61+3.06 9.9 0.94
4 394238 98 4161*166 398 39.70x371 930 0.99
5 4814%£412 86 4900*x114 233 4829*377 780 0.98
6 5746T481 84 5968+169 283 5791x547 9.4 0.96
7 6444F490 76 67801362 533 64.831484 746 0.95
8 7020661 94 7341%x203 277 70.69*+622 880 0.96
9 7453£667 89 T7954+150 188 7517645 B8.38 094




Y 8 Frkedt 71E

Ak v

wAzieEE, CV%  1Eddd%d, V%, ®A HaE, CV%  Ratio
(71E/) (W7R1FEE4)
1 072008 114 065004 57 0.71+£008 114 1.11
2  104£014 139 091+006 63 1.02x014 140 113
3 1.14x0.09 79 116009 81 114009 78 0.98
4 1.37x0.13 94 138=0.08 6.1 136011 81 0.99
5 159011 68 159x010 64 159011 67 1.60
6 182*015 81 177006 37 181+014 79 1.03
7 202%020 97 202+010 48 2021018 B89 1.00
8 224*021 93 2261002 09 2221021 96 0.99
9 240*018 75 244*010 42 240017 71 0.98
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43

L= |
A
Eged $A43

FE FEFT(ueg/d)

Code
1 2 3 4 5 6 7 8 9

1 63 091 B86=* 113+ 139=* 362 * 460 * 449 * 616 =
2 109 99 = 220+ 322 248 x 459 * 486 * 571 * BL7 *
3 116 16.2 = 248 33.0 « 395 % 486 * 542 x B2 * 639
4 120 167 » 252 336 + 425 501 575 600 =* €53
5 123 177 262 340 428 51.7 532 608 687
6 125 183 272 350 43.0 519 587 611 69.7
7 1286 189 273 36.8 445 525 593 665 70.9
B 127 190 273 373 459 532 6807 665 71.8
9 13 201 28.4 377 459 540 614 675 72.1

10 133 205 286 378 46.2 5.1 622 677 2.3
11 134 205 294 380 47.3 5.5 623 681 72.8
12 135 216 294 38.3 475 b66 631 694 73.1
13 135 216 301 38.5 475 574 631 697 734
14 141 218 302 386 478 582 632 701 742
15 141 221 302 39.7 482 582 636 703 746
16 145 223 303 404 485 584 641 705 76.2
17 147 224 303 404 48.7 586 645 706 76.3
18 148 224 308 406 488 550 648 711 76.8
15 15 238 311 40.7 49 5990 652 723 776
20 151 239 317 408 49.0 590 653 726 7.3
21 152 248 317 408 494 583 666 727 79.5
22 154 248 318 41 497 606 671 728 80.0
23 167 248 319 416 498 608 672 733 80

24 165 251 319 417 50.2 610 673 735 80.2
25 165 255 323 417 50.2 612 674 748 80.6
26 167 262 333 421 50.2 613 682 7h2 81.2
271 168 269 333 434 50.6 615 703 733 81.6
28 179 275 3Bl 43.6 518 644 706 753 819
295 = 353 438 555 653 713 Thd4 834

29 204 = .

30 211 * 300 = 356 44.8 518 6866 729 756 4.1

31 211 % 303 370+ 479 = 650+ 714 730 770 8.5
32 250=* 353 = 420 526+ To8 = 739 = 733 810 949 =
33 255 * 648 « 437 * 533 = 80.1 * 849 = 1002 =
34 327 % 65.0 *

W 1409 2294 3061 3970 4829 5791 6489 7069 717
SD 165 382 306 3n 3.77 547 484 622 6.45
Cve 117 167 999 930 780 944 746 880 8.58
T 7 9 6 7 6 5 4 5 4
HEWAR1-201 169-289 246-%6 337-467 410-5%65 492-666 H52-746 60.1-813 639-864
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Code
1 2 3 4 5 6 7 8 9

1 056 = 060 * 090 103+ 094+ 127+ 136* 147+ 181 =
2 059 x 084+ 097 113« 114+ 148 x 149 % 165 212
3 062 08 * 1.00 116 1.42 157 165 * 174 217
4 062 08+ 101 1.23 143 161 171 % 178+ 224
5 063 08 * 104 1.28 1.44 168 178 186 = 226
6 064 085« 105 1.28 144 169 179 193 2.31
7 064 087 1.07 1.29 1.46 171 179 202 2.31
8 065 087 1.07 1.30 148 171 18 203 2.32
9 066 089 1.08 1.31 1.49 172 189 213 2.35

10 066 089 108 131 1.52 175 151 213 2.35
11 066 090 110 131 152 176 193 215 235
12 067 091 1.11 1.32 153 176 1% 220 2.36
13 067 091 1.12 1.32 153 177 196 220 2.37
14 070 09 113 1.32 1.55 178 196 221 238
15 071 09 113 133 155 179 196 221 2.38
16 072 097 114 1.33 1.55 1.80 198 224 238
17 072 097 114 1.34 156 180 199 224 2.38
18 073 097 114 1.35 1.56 183 199 224 2.39
19 073 100 114 1.36 156 183 200 226 243
20 074 106 115 1.36 156 184 200 226 2.44
21 075 110 116 1.36 1.58 184 204 228 2.44
22 076 112 117 1.37 162 186 206 228 247
23 077 114 118 1.38 1.62 187 207 229 2.49
24 078 115 121 141 1.65 187 212 230 251
25 080 115 121 1.43 1.65 188 213 231 2.51
26 081 116 122 1.49 167 198 220 232 2.55

27 084+ 116 122 1.53 1.67 198 221 241 2.58
28 084+ 117 125 1.56 1.68 200 221 247 2.58
29 08 * 120+ 125 157 = 169 206 222 248 2.60
30 087 123 130 162 172 207 223 252 2.60
31 113+ 126 * 131 166 * 175 208 223 255 2.60
32 149+ 127 * 132 169 = 177 247 % 229 264 = 261
33 209 *» 156 * 251 = 137 2.30 21
34 178 2.37 *

35 247 *

=Bt 071 102 1.4 1.36 159 181 202 222 2.40
SD 009 014 009 0.11 ¢.11 014 018 021 0.17
Cvs) 120 140 7.8 8.2 6.7 79 89 9.6 7.1
Mg 8 11 3 7 2 3 6 6 1
AFA4060-082 087-117 097-131 116-15 135-18 154-208 1.72-232 189-2% 204-276
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at Z
1. A8 EFARY AT

A=@YdE AU 8] Ydtie FEHH ARBAETS matrixt {43}
v A9l #E BFE ARY Ade] dds=ojo Fth By AAA gL HS
& 22X A AEE BEF EAE AMSSAY fEQAE Al Q
AHo 2 xF B Fodla AR AES AH st ALQGAA AN o A
29 A 2L matrixE 1A AIEE $tia dlA =B E HFAER
Hgo] 7157 AL ol EAHow ol Alge] FAA tAAl EAL
HE Zde @9 A7 23 matrix2 FAH ledlA & Aol REAR
£ XA 7HE olUtdld 2 EAE oMU, & AW c2adA )
A BIA R AT L HFAS FF BEA 3Y Fojn, ‘AR AR
2} EA28E matrix7t #ASA F2HA v EAFY ol 293 EAF
t} aeg ‘BA'AEY matrixE HIAFR go A ‘FAAHCE e ¢
A FAYE oRA FA3lurt AA EEAEE Mzse MY T
#0] €},

met AT#E R FRAZE S 471 242 B Aok F2
Z 1) 22 %% batchd A2 I&A FR-AHOAS=Z F83d, 2) Alge B
T, 4, AF4A BA 40004 447 T2 tAA g, 3) Az 7iEA
H AAAY - @AY I T AEE FAA A ZEof ok, 4) AHD'
Al 5.2} matrix7} 2olof §ul. e 4tA o] wERFHojol AA Axda =
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e A7 drka A[REAGTLNA G kA, AL 4R Aol
o AFGYA AAAule} o] 3 FX F£FL] batchol Al Yol2 5719] ujo]
o2 Mesle] ZAFUE o)A e BT A viglol Ft Jev ME o
E A8 YA o222 dWelels 1) A9 A@A, 2) upolat A
59 By 27FA 8208 BT X QAEGYG wFA &5 A upeld
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AT WolAlFx 5% ijolth(E26) ol FAEH v} 2 {29 HF
A AFARgA 2 HolAlF 2033745 433 5§ Aoz AA Hrls
Atk dnpzZe] AR EAHA Ugtenz AT E 49 HEA
5 Az e diste] ZAAzEE AHAD AL AR AEel E92 FUA H
pel=g

E3oMe AREAL7 AU T4 =S U Aauids



Nalgene ulo]&e] ti3le] AAAF 879 2ZA%2 &71¢te] A4S v
sl ed Aol Yo nR o]F RE&rjd g M AP aUz
AH&-3tZTH

F4-12 7HA x4 1543 R d A2 349339 Aol= §l
Aok F4-2v -B0ElA 30dze A AlFAHRR A oy dFelMe 4
2, 4= oA 159, -80k A 2y A AL FAF 4 AAY. WA QA7
HolM= g4 AE AR AS5S 5t 974, Wnl=Z 3R dys
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< FAx glelA olE ZEAFH AL BAFEo| 8% g AFHd BA @
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g0l Uil AAE A AF A 578 71 HEghe] Abr] Alg sE
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A HPHolM AEF We B YF Radtcd offd EAlFe] glormz 4
2dlA 208 ol A AlEL WA B

K3 o] AJRE AME-3tY Fu 52072239 718 52704 dlEte] dlu]
AT T/YE A BEFEAIRY A4 FHE7MeAE ARs 2 diidrideds
E Angd 94 959 7138 FUY 21 29, 3 BA4E EEAR9
7d% Graphite furnace AAS, Flame AAS, ICP, Colarimetry s 27121 EAiu}
Yol E SAF] A=Ax AU, TFEdA BEYen BAG g
o] BAMZH Uvies BM3F 8% vhite] ¥Mzhe] 7]F3ke) gty zhzt
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T W 7|EARAET] Hugk, 59 A5 d=Fdlid $Ag v
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Fig.l. Preparation of blood poo! from the donor blood,
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Fig.2. Preparation of standard samples from the blood pool.
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Accuracy(%)

Pb total data

Fig.3.

* Each outlier of sample 3, 4 was not shown.
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Data distribution of PbB for 1st QC program(1995).
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Accuracy(%)

Hippuric acid total data
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Fig 4.

Data distribution of HAU for 1st QC program{(1995).
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Fig.5. Data distribution of PbB for 2nd QC program(1995).
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Fig 6. Data distribution of HAU for 1st QC program(1995).
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Summary. The purpose of this survey is to get the information about
overall blood lead concentrations of Korean population by environmental
exposure, As the normal population, 525 Korean adults from 4 provinces, in
terms of ambient lead levels, who had no experience to be exposed to lead
related with their job were chosen by random sampling with the proportion of
population. Blood lead determinations were done by atomic absorption
spectrometer with graphite furnace. Interlaboratory quality control for analysis
of blood lead was done between 7 laboratories in Korea and Europe. The
geometric mean were 6.36 ug/dl for male and 509 ug/dl for female. There
was no correlation between blood lead concentration and age. The mean
concentration of blood lead of smokers was higher than that of non-smokers
(p<0.0002). The mean concentration of male non-smokers was higher than
that of female non-smokers (p<0.0005). The differences of mean blood lead
values according to living areas were observed and this result showed good

agreement with the result of ambient monitoring.
Key words : Blood lead - Normal population - AAS - Quality control
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Man can be exposed to lead widely spread in earth surface naturally
after birth. Blood lead is mostly used as indicator of lead exposure. Result
from the third National Health and Nutrition Examination Surveys in
U.S.{NHANES 1III) for the petiod of 1988 - 1991 showed that public health
efforts to reduce lead in gasoline and soldered cans containing food have
resulted in a dramatic 78% decrease in blood lead levels for the US.
population (Pirkle JL et al, 1994). Median blood lead level in Danes for the
period of 1976 -1989 showed similar results that blood lead level decreased
from 12.4 pg/dl in 1976 to 4.1 ug/dl in 1989 (Christensen JM et al, 1988).
Recent blood lead levels measured in the general population from European
countries showed geographic differences from 4.1 ug/dl of Sweden, the
northest region, to 165 ug/dl of Italy, the southest one (Holst E et al., 1992).
In Japan, many researchers surveyed blood lead level of normal population
(Horiguchi SI, 1990). Blood lead level varied from 4.6 ug/dl to 29 ug/dl for
normal population as varying their subjects, and methods of analysis.

In Korea, there have been several papers about blood lead level of
normal population. Blood lead level of Korean normal population has been
decreased from 17.2 ug/dl in 1986 (Shin HR and Kim JY, 1986} to 9.46 pg/dl
in 1993 (Kim KY and Kim HY, 1993). Though the environmental condition of
urban region in Xorea had been improved during past few years, there were
still a lot of sources for exposure to lead. The permitted limit value of
ambient lead concentration in Korea was set at 15 Wg/m’ as the average
value of three months (Ministry of Environment, 1995). Lead concentration in
ambient air of 7 large cities in Korea has been decreased from 1992 to 1994
mainly due to replacing gasoline to unleaded one after 1993.

As the indicator of lead exposure from the environment, blocod lead
levels of Korean normal population were determined by GF-AAS under the

analytical data control by interlaboratory quality control. The purpose of this



survey is to get the information about blood lead concentrations of Korean
normal population with their age, sex, residential province and smoking habit
and to survey how much the efforts that make the air condition improved
such as changing gasoline to unleaded one, have affected the people’s body
burden of lead.

Materials and methods

Subject. 525 teachers aged from 20 to 50 years who had not been exposed
to lead related with their job and were evenly distributed through the whole
country were selected as normal population. Random proportional sampling
was done from the 4 provinces in terms of ambient lead levels. We selected
254 teachers from Seoul, as metropolitan area, and 118 from Kyungki, as
highly industrialized area. 153 teachers were selected from Chungbuk and
Chunbuk, as rural area by the proportion of population. Bilood was collected
from the people who came to the regional hospitals for the regular health
examinations and agreed with our surveys. Everyone was asked about the
smoking habit and medicine intake. The mean age of 316 men was 43.08
years and that of 209 women was 3722 vears. There were 156 smokers

among 316 men. There was no smokers among women.

Reagents and Equipments. Varian Spectraa 400 with GTA model 96 was
used for the analysis of lead in blood. Bloods were collected with vacutainer
tube pre-treated with EDTA (Becton Dickinson Co.). Lead standard solution
was purchased from Sigma Co. and used for calibration. Deionized water
made from Milli Q system (Millipore Co.} was used for final washing and
diluting procedure. NIST SREM 955a(standard reference materials) were used
for internal quality assurance. IHRI reference samples prepared by spiking
lead standard solution to blood pool and confirmed of the homogeneity and



stability were used for the interlaboratory QC program.

Procedure. Determination of lead in blood was followed with general method
by atomic absorption spectrometer with graphite furnace by deuterium
background correction mode (Varian AAS manual, 1988). The condition of
instrument was as follows. Fumnace parameters: drying step: 250°C, 25 sec,
ashing step: 500 T, 20 sec, atomizing step: 2200 T, 3 sec. 200 ul of blood
was diluted with 0.1% Triton X-100 solution containing diammonium
hydrogenphosphate and ethylenediaminetetraacetic acid. Standard addition
method was used to get a calibration curve. Every sample was analysed
three times to get the average. Analytical accuracy was confirmed by internal
quality control program using NIST-SRM. Average recovery was 99 to
1052 with the concentration range of 501 to 5443 pg/dl. Interlaboratory
quality control was done between 7 laboratories in Korea and Europe. The
analysis of every blood sample was done under the blind condition, without

information such as sample donors’ name, sex, age and place of residence.

Results

Interlaboratory quality control was performed between 7 laboratories in
Korea and Europe by using the reference samples prepared by spiking lead
nitrate solution to blood pool. The homogeneity and stability of reference
samples were pre-checked (Yang JS, 1995). The result of intercomparison
between laboratories is shown in Table 1.

The concentrations of lead in blood of the control group showed log
normal distribution. The mean concentration of the control group is shown in
Table 2.

The mean concentration of lead in blood of male group was 6.36 ng/dl
and higher (p<0.0001) than that of female group (5.09 ug/dl). There was
regional differences in male hetween Secul-Kyungki and Kyungki-Chungbuk.
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Regional differences in female groups were also observed between
Seoul-Kyungki and Kyungki-Chungbuk.

There was no correlation between age and the concentration of lead in
blood in both sexes (male : r = 0.026, female : r = (0.024). Table 3 shows the
result of T-test between smoking and non-smoking groups in male. The
mean concentration of lead in blood for smoking male group differed from
that of non-smoking group (p<0.05). There was difference also between male

non- smoking group and female non-smoking group {p<0.01).

Discussion

Korea Ministry of Environment has been monitoring lead concentrations
in ambient air of the whole country since 1992. Lead amount included in
gasoline had been controlled below 0.3 g/l in 1991 and lowered again below
0.013 g/1 in 1993. The results of air monitoring for lead of 4 large cities in
Korea showed the inclination of decreasing lead amount.

We selected subjects from each different area in terms of ambient lead
levels. Random proportional sampling was done from 20 to 50 year old
teachers that had not been exposed to lead related with their job and were
evenly distributed through the whole country. Sampling was done within a
homogeneous group to minimize the possible variation from other factors
except environment. The sizes of subjects were (.00254%¢ of 12,417,884 males
and 0.00173% of 12,069876 females among 20 to 50 year-old Korean people
(National Statistical Office, Korea, 1990).

Blood lead level of Korean normal population was over 10 ug/dl during
1980's but now it is lowered below 10 pg/dl. Mean blood lead level of
Korean normal population was lowered from 9.46 ug/dl in 1993(Kim KY and
Kim HY, 1993) to 6.36 pg/dl in this survey. As the half life of lead in blood
is known to be 40 days (Droz PO, 1989), reducing lead amount in gasoline
from 0.3 to 0.013 g/ in 1993 could affect blood lead levels of Korean normal
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population.

The regional comparison gave interesting results(Table 2). Seoul, as a
metropolitan area, showed lower blood lead level than Kyungki or Chungbuk
area. Kyungki including Incheon city has higher blood lead level for both
sexes probably because it is one of the most industrialized area in Korea and
the nearest area from Seoul. Many factories that caused air pollution were
moved from Seoul to Kyungki, near outside of Seoul, during last few
decades. This result shows good agreement with the results of ambient
monitoring in Table 4.

Sexual difference was clear. That's because 94% of lead in blood is
bound to haemoglobin whose values are lower in females than in males.
Same conclusions were got from many papers that blood lead levels in
fernales were generally 20-40% lower than in males (Milman N et al. 1990).
But some previous works done in 1980's in Korea did not show the sexual
difference in blood lead levels. It is assumed that other factors such as
ambient lead levels affect mostly on blood lead values enough to overcome
sexual difference. Smokers had higher blood lead level than non-smokers.
But the correlation between age and blood lead level was not observed.

Blood lead concentration of normal population varied from 3 to 23 pg/dl
from the different papers of each country. The reported concentrations of lead
in blood for normal populations are summarized in Table 5.

Recent papers reported the lower blood lead levels for normal population than
the old ones. That was mainly because the environmental condition has
improved. But the other reason is that the quality control programs for
determination of blood lead were developed in many countries and the
analytical data of blood lead concentration became under control (Schaller KH
et al 1991). We also operated internal and external guality control program
for the analysis of blood lead and controlled our data. The mean accuracy(%,

deviation from the 'true value’) was within 5-10%.
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Conclusion

The geometric mean of Korean blood lead levels were 6.36 ug/dl for
male and 5.09 pg/dl for female. There was no correlation between blood lead
concentration and age. The mean concentration of blood lead of smokers was
higher than that of non smokers (p<0.0005). The mean concentration of male
non-smokers was higher than that of female non-smokers (p<0.0005). The
differences according to living areas were observed. Better controlled ambient

air might reduce health effects by ambient toxicants such as lead.
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Table 1. The result of interlaboratory quality control for Pb-B

determination.

Sample code Added agpount Mean=SD  Our value Variance

ng/dl ng/dl ng/di %
IH-1 0 612057 56 85
IH-2 12.0 18.62+1.29 19.1 26
IH-3 210 28704195 29.1 14
IH-4 350 4200297 40.1 45
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Table 2. Regional comparison of mean blood lead values for Korean

normal population.

Province Sex No Mean"{min.~max.) GSD
Seoul M 121 579 (23 - 21.3) 1.42

(capital) F 133 461 (18 - 187 143
Kyungki M 66 794 (36 - 128) 1.28
(urban) F 52 6.66 (3.7 - 10.6) 1.29
Chungbuk M 79 664 (34 - 2963) 1.38
(rural) F 21 383 (19 - 539 1.31

Chunbuk M 50 557 (1.9 - 18.98) 152
(rural) ¥ 3 6.10 (5.8 - 639 0.23

M 316 6.36 (19 - 2963) 1.44

Total F 209 509 (1.8 - 106) 1.45
Total 525 579 (1.8 - 29.63) 1.46

* (Geometric mean, pg/dl



Table 3. Differences of the concentration of lead in blood between

smoking and non-smoking group.

Sex  Group Number Mean conc.(ug/dD) SD
male smoking 156 6.83(2.6-14.98) 1.39
male non-smoking 160 6.03(2.3-21.3) 1.46

T value 3.5409 p<0.05
male non-smoking 160 6.03(2.3-21.3) 1.46
female non-smoking 209 5.37(1.8-10.6) 1.45
T value 4.3583 p<0.01




Table 4. Mean ambient lead levels of 4 cities in Korea

(Ministry of Environment, 1995, unit: pg/m®)

Year Seoul Incheon Taeku Kwangju
1992 02850 03947 01078 0.0870
1993 0.2000 0.2588 00476  0.0536
1994 0.1907 0.2455 00439 0.0470
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Table 5. Values of lead in blood of normal population by AA
with graphite furnace,

Author N

Subjects Conc. of Ph-B  Country, area

( ng/dl )

Kawai (1987) 461
Watanabe(1985) 779
1299

Kaul (1983) 300
Rabinowitz(1984) 200
Svartengren(1991) 50
195

21

31

Sathwara(1991) 189
194

Shin HR.(1986) 134
124

Ahn K.D.(1993) 212
Kim K.Y.(1993) 131

Children  8.2(3.5-26.5)

M 4.86%0.15
F 321*0.15
Newborn 8*4

Children 72%53

- 2 T F

=

136+1.3
232114
189+13
51+17
143*16
138%16
1856+7.59
15.67+793
145+4.1
046+2.44
8.09+£2.17

Japan, urban

Japan, rural

USA, NewYork
USA, Pittsburgh
Belgium

Malta

Mexico

Sweden

India

Korea

"
H

L




Korean analytical quality assurance(KAQUA) program

on the biological monitoring

Jeong Sun Yang', Seong Kyu Kang, Mi Young Lee,
In Jeong Park, Young Hahn Moon
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34-6 Kusan-dong, Bupyeong—-Ku, Inchon 403-120, Korea

Summary. Korean analytical quality assurance(KAQUA) program on the
biological monitoring was performed by the Industriai Health Research
Institute in Korea on 1995 spring. The items of first round were chosen as
analyses of lead in blood (PbB) and of hippuric acid in urine (HAU). 88
participants among Korean laboratories related industrial health research
participated in this program. The object of KAQUA program is to improve
the ability of analysis for the biologicél monitoring of hazardous chemicals
and to confirm the reliability of data from each laboratory. Not only the
analytical results but also raw data were also reviewed to find out problems
which might be happened during analytical process. Two concentration level
of samples randomly chosen among 6 levels for each items were sent to the
participants. Reference value was determined by statistical analysisr of data
from participants and reference laboratories, as the mean value with
elimination of gutlier with 95% confidence level. The tolerance range was *
15% (£6 wug/dl for PbB below 40 ug/dl) of reference value, Mean
accuracy(%variation from reference value) was increased dramatically in the
first round after pre-round that was done as training program including
analytical practices and education hefore performing lst round. Mean success

rates of PbB were 67%(mean accuracy 14.3%) at pre-round and increased to
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91%(mean accuracy 9.2%) at lst round. Mean success rates of HAU were
58%(mean accuracy 28.6%) at pr-round and increased to 88%(mean accuracy,
6.1%6). The proficient rate by the analytical methods such as flame &
flameless methods for PbB and HPLC & UV for HAU were also reviewed.

Key words Analvtical quality assurance program - Biological monitoring -
Industrial toxicant - Lead in blood- Hippuric acid in urine - Reference value

- Tolerance range

Introduction

There was little information about the interlaboratory comparisons of
analytical data in Korea since late 1980. The needs of quality control program
for blood lead determination in Korea was first suggested by Dr. Jang in
1990 (Seminar on "Health monitoring of workers in lead industry”, 1990). He
surveyed the blood lead level of same samples from 5 laboratories without
any pre-explanation about QC program. The result was that the relative
standard deviations of data from 5 laboratories from 18% to 100% for 40-70
ug/dl PbB concentration range. Same sample showed minimum value as 26
ug/dl and maximum one as 105 ug/dl.

After 2 vyears later, the regulations about analytical quality assurance
program for industrial toxicology were selected by the Korean government
(Ministry of Labor, 1992). From the regulations, laboratories in the hospitals
involved industrial health examination for workers were under obligation to
participate analytical quality assurance program. Preliminary quality control
program on the biological monitoring was first started on 1992 September by
Korean Industrial Health Association. But there were little information
published about that results. The regulation was re—enforced on 1994 that the

participants who fail to pass the proficient test for needed items were
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restricted their analytical job(Ministry of Labor, 1994). And Korean Analytical
Quality Assurance(KAQUA) program was formally started by Industiral
Health Research Institute on 1995 May.

The items of KAQUA program include metal toxicants in blood and
metabolites of organic toxicants in urine. The items of 1lst rounding were
chosen bloed lead and urine hippuric acid. Blood lead determination is one of
the most frequent and important items in occupational-toxicological analyses.
In Korea, over 26 thousands of workers are working in lead industry and
taken special health examination related lead exposure including blood lead
determination. Over 50 workers were found to have lead toxicity per year
(Health monitoring of workers in Korea, 1992, Ministry of Labor).
Occupational disease recognition value for blood lead is 60 ug/dl in
Korea(Ministry of Labor, 1994),

As for the organic solvents, Toluene is one of the most widely used
organic solvents in industrial fields. Hippuric acid is not only the major
metabolite of toluene but also one of the components found in normal urine.
The accurate determination of hippurié acid is one of the basic job that the
analyst should do at first when he(she) use urine metabolite as a biological
determinant,

We want to describe here about the overall Korean analytical quality
assurance(KAQUA) program including operation process and the result and
the result of variances in the view of analytical methods that was done on

1995 spring.
Materials and Methods

Reference samples were made from human blood and urine by spiking
known amount of standard solution. Homogeneity and stability of reference

samples were checked by 7 laboratories in Korea and Europe(Yang JS, 1995).
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Pre-rounding of KAQUA program

Before starting the 1st round of KAQUA program, we operated
pre-rounding as a part of training for our participants. We also gave an
education program to explain our overall KAQUA program and the analytical
method for blood lead and hippuric acid in urine. The objects of pre-rounding
were 1) to give a chance to participant for experimental training, 2) to get an
information about determination of reference value for us, 3) to confirm the
availability of our reference samples,

We sent our reference samples of 2 items by express mail to 81
laboratories which answered they needed pre-test. Data analysis was done

for 63 participants that sent us the analytical results among &1.

Operation of 1lst rounding

We made 6 concentration level of reference samples for 2 items. The
concentration range of blood lead samples was from 18 to 44 ug/dl and that
of hippuric acid in urine was from 0.86 t 198 g/l. Random selection of 2
vials from 6 concentration level was done for each item. 1.8 cc of blood lead
sample for graphite furnace AAS and 9.6 cc of that for flame AAS was filled
in Nalgene cryogenic 2 cc or 5 cc vials respectively to reduce headspace of
vial and to prevent possible solvent evaporation. 23(26%) participants among
88 analyzed by flame method for PbB. 18 c¢c of urine was filled in 2 cc
capacity of Nalgene vail. Samples were given to participants right after one
day training course. Detailed instructions about the handling and storage of
reference samples were included. 83 laboratories in Korea related industrial
health participated the 1st gc program. General classification of participants
was shown in Table 4 and 5. 6 concentration levels of each items were also
sent to 7 Reference laboratories in Korea and Europe to confirm the reference

value.
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Data analysis

Data from participants and reference laboratories were grouped to same
concentration levels and sorted from low to high value. We ruled out outlier
within 95% confidence level(z=1.96) until the variation coefficient values were
below 10%. Normality test was done by Shapiro-Wilk test for data.
Consensus values of B8 participants and 7 reference laboratories were chosen
as reference values. Mean values from 7 reference iaboratories were used to
confirm the reference values. Accuracy was calculated as a numeric tool such
as Muariance (Mean % Variance of participants from the reference values, |
reported value - reference valuel/ reference value x 100%) for comparison of

analytical performance.

Critertion for the evaluation of analytical performance

Every participant was asked to submit the raw data such as
chromatogram to explain the analytical results. We reviewed not only the
analytical results but also the raw data to find out problems that might be
happened during analysis. After reviewing the raw data, we discuss the
problems with each participant not to repeat same fauits afterwards if it
might be. Same criterion with USA’s OSHA lead standard(29 CFR 1910.1025,
1978) for the determination of tolerance range, that is the range of mean =%
15%(when the concentration of blood lead below 40 ug/dl, the range of mean
*6 ug/dl) was selected, |

Results
Table 1 shows QC result of pre- and 1lst round. At pre-round we made

2 levels of sample for each ftem, and at lst round, 2 samples randomiy

selected from 6 levels of sample were sent to participants. So, numbers of
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data at 1st round were between 26 to 32 from 88 participants for each 6
concentration level. As both for PbB and HAU, mean values from reference
laboratories and those from participants were almost same at both pre- and
1st round. Ratios to M:{Consensus value, Mean values reported by
participants & reference laboratories) and Mref{Mean value reported from 7
reference laboratories) of PbB were between 098 to 1.06 and those of HAU
were between 0.91 to 1.06.

Mean % varances of data from participants between reference values
for PbB was 14.3% and that of HAU was 286% at pre-round. Mean %
variances of both items became lower to 9.2% for PbB and 6.1% for HAU at
1st round. The concentration dependent bias was not observed at the given
range. Mus{Mean % DBias of participants from reference values, reported
value - reference value/ reference value x 100%) was in the range of +50
to -1.9 at 1st round.

Table 2 and 3 showed QC result for PbB and HAU by the analytical
methods and organization classified participants according to laboratory type.
Mpias of PbB by flame AAS method was +4.0 at pre-round and was
controlleq as -1.2 at lst round. Meiss of HAU by UV method was +31.9 and
was also controlled as -0.8 at lst round.

Mean accuracy was increased dramatically in the first round after
pre-round that was done as training program including analytical practices
and education before performing 1st round. The proficient rate by the
analytical methods such as flame & flameless methods for PbB and HPLC &
UV for HAU were controlled after pre-round.

The result of evaluation of back data was shown in Table 4. 64% for
PbB and 58% for HAU of participants were classified as A group. There
were differences in success rate between analytical method. 67% of graphite
furnace method for PbB and 84% of HPLC method for HAU were classified
A group. But only 48% of flame method for PbB and 47% of UV method for

— 9] —



HAU were classified as A group. Table 5 shows the classification of A group
according to the laboratory type. 34(39%) ones among 88 participants got the
degree of A for both items.

Discussion

The Law about Industrial Safety and Health and regulations about
Health examination for workers provide QC program for industrial toxicology
that laboratories were under obligation to participate analytical quality
control program and should pass the proficient test for needed items(Ministry
of Labor, 1994). Korean analytical quality control(KAQUA) program started on
1995 spring. The object of KAQUA program is to improve the analytical
ahility of laboratories related industriai health research and to give reliability
to their analytical data. The items of analvtical quality assurance program on
the toxicological analyses were included various metal toxicants and urine
metabolites(Schaller, 1895). The first items of KAQUA program were chosen
as lead in blood and hippuric acid in urine because they are mostly measured
and basic items to be analyzed in the industrial health field in Korea. We
have plane to extend to more items afterwards.

To perform the QC program, the availability of reference samples should
be confirmed. Reference samples should, wherever possible, be homogeneous
and stable for a specific time and over longer intervals. It also should have
same matrix with original test samples(Alvarez and Uriano, 1985). We made
reference samples from human specimen and checked homogeneity and
stability under needed condition and could conclude that our reference samples
were available for our purpose of interabolatory qc program{Yang ]S, 1996).

Reference samples for proficiency testing were validated their reference
values by analysing data statistically from many laboratories using varicus

methods as possible(Bullock etc., 1986). Some qc programs operate reference



laboratories to validate 'true value’ of reference samples(Anglove 1993). The
consensus and reference values generally showed good accordance(OSHA,
1983). In our QC program, reference value was determined by statistical
analysis of data from participants and reference laboratories, as the consensus
value with elimination of outlier with 95% confidence level.

Criteria for the evaluation of laboratory performance were different in
many analytical gc program. Some programs adapt T25D or T35D of
assigned value as the tolerance range(Schaller 1991). Some of Canadian and
American programs choosed "CDC” set of criteria{Weber,1988, QOSHA,1983),
Other programs provide the parameters reflected analytical performance by
various methods(Bullock 1986, Anglov 1993, Sugita 1991).

We applied the tolerance range as T156% (X6 ug/dl for PbB below 40
ug/dl) of reference value, which was same with OSHA’s criteria(OSHA,
1982). From the standard deviation shown in Table 1, SD values of reference
laboratories were too narrow while ones of participants were too wide, So,
the absolute values were more reasonable to accept rather than the relative
ones such as SD,

Proficient rate was increased dramatically in the first round after
pre-round that was done as training program including analytical practices
and education before performing 1st round. Mean success rates of PbB were
67%(mean accuracy 14.3%6) at pre-round and increased to 91%6(mean accuracy
9.2%) at 1st round. Mean success rates of HAU were 58%(mean accuracy
28.6%) at pre-round and increased to 88%(mean accuracy, 6.1%).

KAQUA program was emphasized on the education for the participants,
All the data such as chromatogram and calibration curves to explain the
analytical data were carefully reviewed. Some participants were asked
additional back data for more clear explanation of their analytical data.
Participants were classified as 4 groups. Evaluation of back data was decided

unanimously after reviewing individually by 3 referee. A group was that both
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their analytical data and back data were satisfactory. B group was classified
as both of their analytical data were proficient but back data was partially
unsatisfactory. C group was that one of their analytical data was
non-proficient or their back data was totally unsatisfactory. ID group was
both of their analytical data were non-proficient. @ The most cases of
insufficient back data were 1) missing or unmatched back data, 2) mistakes
in calculation, 3) mistakes in calibration application, 4) wrong application of
analytical method.

B group had a chance to point out their problems and discuss about it
individually by referee with phone. We gave a correspondence course of
education about principle of instrument and a practice of analytical experiment
for C and D groups. We asked them to submit the experimental reports of
practical analyses of needed items. Their reports for correspondence course
was carefully reviewed and degreed S(satisfactory) and U(unsatisfactory).
Participants who got the degree of U and faill to pass the correspondence
course were invited to our laboratory. Free discussion and the experimental
practice on the analyses of needed itemns with reference samples were given
to themn finally.

To sum up, KAQUA program was initiated for two items of PbB and
HAU on 1995 spring. The proficient rate of 88 participants was increased
dramatically after pre-test and the adequate training. Mean success rate of
PbB was increased to 91% and one of HAU was increased to 88%. An
adegquate training courses including analytical practice were helpful to achieve
the purpose of analytical quality control program. KAQUA program will be
developed for more various items on toxicological analyses and the training

course for the participants.
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Table 1. QC result of pre- and 1lst round for PbB and HAU by each
concentration level
Rounding Item(unit) Mrs£SD Npt M;£SD Nauf%) R Mbias  Myaniance £ SD
Pre-round PhB(ug/dl) 260285 62 275%477 19(306) 105 -11 152*144
4325254 62 47597 20323 103 +02 139+129
HAU(g/) 02210048 63 0230045 38(60.3) 1.04 +236 39611311
0860044 63 081010 15(238) 0.4 +177 28411243
1st-round PbBlug/dl} 176%036 27 188%+213 2(74) 106 +13 9677
22+051 27 20270 137 09 -23 69%51
236%138 29 242%416 134 102 -06 166%165
329+237 28 HBIHT6H 31100 1O +41  T0x39
3701204 26 3791466 29 102 -14  68%38
611351 29 44+506 6207 098 +05 11.1%99
HAU(g/) 08410019 31 08810088 4(129) 104 +06 43*38
1.08£0045 28 1.10i0:134 6(214) 101 -12 3713
13310032 26 12410171 5(192) 081 -46 92%2
16210079 26 163%0112 1(38) 101 +506 97£84
L7510026 32 17012 1(31) 100 +1@ 64%61
20010036 27 190218 3(111) 094 -19 1061538

Mres : Mean value reported from 7 reference laboratories
Npt : Number of data points from participants
M: : Consensus value, Mean values reported by participants & reference

laboratories

Nowt : Number of data points that were out of tolerance range.
R : Ratio to M: and Mrer, My/Mrer
Mbizs: Mean % Bias of participants from reference values

(reported value - reference value)/ reference value) x 100%

Muanance: Mean % Variance of participants from reference values,

|reported value - refetence valuel/ reference value x 100%



Table 2. QC results of pre-and 1st round for PbB by the analytical methods

and organization classified participants according to laboratory type.

Pre-round 1st round

Method Npt Nout(%) Mh'as MvananneiSD Npl Nuut(%) Mhias MvaﬁmtSD

GF-AAS 45 22(489) -22 149%122 58  8(14) +18 98+£938

FL-AAS 15 9600y +40 136£126 23 5(Z2) -12 84*68
CA 1 +1 4 14 1 +105 105
ICP 1 -83 8.3 1 -1.2 12

Organization
University 16 8(50.0) 60 152%156 20 S(JBOY +67 142£147
Public 16 956.3) +99  160*148 20 20100} -18 7961
Clinic 19 9474y +11  148*+1060 3B 6(171) -22 8I9E66
Industrial 11 5(455) -102 123%60 1 0 +52  65%42

Nt : Number of data points from participants

Now : Number of data points that were out of tolerance range.

Mhiass Mean % Bias of participants from reference values
(reported value - reference value)/ reference value) x 100%

Mouyariance: Mean 9% Variance of participants from reference values,

|reported value - reference valuei/ reference value x 100%
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Table 3. QC results of pre-and lst round for HAU by the analytical methods
and organization classified participants according to laboratory type.

Pre-round 1st round

Nm Num(%) Mhas MvananceiSD Npt Non‘l(%) Mbu'as MvanameiSD

Method
HPLC 17 13(76) -31  137%71 B b(20)  +26 42145
v 45 3B(78) 319 435x1537 B9 11(19) 08 79%73
GC 1 -109 109 1 -b8 58
Organization

University 16 13(813) +796 935%2578 20 3(160) +695 142¥147
Public 16 12(m0y <079 136%126 20 5(250) -18 79%61
Clinic 19 13(684) +08 134£85 »H 6071y -22 89466
Industrial 12 10(833) +56  200*154 13  2(154) +52 65+42

Nt : Number of participants
Nowt : Number of outliers at least one of whose reported values were out of
tolerance range.
Meias' Mean % Bias of participants from reference values
(reported value - reference value)/ reference value) x 100%
Myariance: Mean % Variance of participants from reference values,

|reported value - reference valuel|/ reference value x 100%



Table 4. The evaluation of back data by analytical methods.

Item

PbB HAU
Group Flame Graphite  Total HPLC uv Total
A 12(48%)  41(67%)  53(64%) 21(849)  28(47%)  49(58%)
B 7(28%) 8(14%)  14(17%) 2(8%) 15(25%)  17(20%)
C 6(24%6) 7(12%) 13(16%6) - 14(23%)  14(17%%)
D - 2(3%) 3(4%) 2(8%) 3(5%) 5(6%)
total  25(30%)  58(70%)  83(100%) 25(299%)  60(71%)  85(100%)
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Table 5. Classification of A group according to the laboratory type.

Institute N PbB HAU Both of them
University 20 11(55%¢) 16(80%6) 10(50%)
Public 20 14(74%) 13(68%) R(429%)
Clinic 35 19(54%3) 13(37%) 12(3496)
Industrial 13 8(62%) 7(54%) 4(31%)
Total 88 53(64%) 49(58%) 34(39%)
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Homogeneity and Stability test of reference samples for interlaboratory

quality control program on the biological monitoring

Jeong Sun Yang', Seong Kyu Kang, Mi Young Lee,
In Jeong Park, Young Hahn Moon

Industrial Health Research Institute,
Korea Industrial Safety Carporation(KISCO),

34-6 Kusan—-dong, Bupyeong—Ku, Inchecon 403-120, Korea

Summary. To perform the interabolatory quality assurance program on the
biological monitoring, well qualified reference samples were prepared at first.
Korean analytical quality assurance(KAQUA) program on the biological
monitoring that was started on 1995 spring choosed the first items as lead in
blood (PbB) and hippuric acid in urine (HAU). Reference samples were made
from human blood and urine by spiking standard stock solution, Preparation
method was simple and the matrix of reference sample was well matched
with original sample. The homogeneity and stability for reference samples
were checked by 7 laboratories in Korea and Europe. Interlaboratory quality
control result between 7 Ilaboratories was also shown. Mean variation
coefficients between vials were 2.12-7.5% for PbB 8-50 ug/dl, and 0.92-1.21%
for HAU. 0.2-1.5 g/1 concentration range. The stability of reference samples at
-80 C for 8 months and at room temperature for 20 days were confirmed.
Mean value measured by different analytical n_iéthods such as flame &

flameless methods for PbB and HPLC & UV for HAU were also compared.

Key words: reference sample - lead in blood- hippuric acid in urine -

stability - homogeneity
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Introduction

From the regulations about analytical quality assurance program for
industrial toxicology, laboratories in the hospitals involved industrial health
examination for workers were under obligation to participate the analytical
quality assurance program and should pass the proficient test for needed
items (Ministry of Labor, 1994).

The first items of KAQUA(Korean Analytical Quality Assurance)
program were chosen as blood lead and urine hippuric acid{Yang ]S, 1996).
To operate interabolatory quality control program, well confirmed reference
sample was essential. Reference samples should, wherever possible, be
homogeneous and stable for a specific time and over longer intervals. It also
should have same matrix with original test samples(Alvarez and Uriano,
1985).

Some QC program use reference samples made from the exposed
worker's specimen(Weber, 1988). But most of other QC programs use
reference samples made by spiking to human(Anglov, 1992) or animal
(Schaller, 1991) specimen. Dr. Schaller wrote that from the experience, for the
carrying out of intercomparison programmes with numbers of participants of
more than 100 laboratories and more than 1000 determinations per
concentration setting it is better to use native mateirals(Schaller, 1995). Liquid
form of samples were preferred rather than llyophillized one because it was
easy to make.

We made reference samples from human blood and urine by spiking
standard stock solution. Preparation method was simple and the matrixes of
reference sample was well matched with original samples. We want here to
validate the homogeneity and stability of our reference samples and to

confirm the availability of them to KAQUA program.
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Materials and methods

Control bloods for preparation of reference samples were got from Red
Cross Hospital's blood bank located in Inchon city. Homogeneous blood pool
was made by repeating freeze-thaw cycle at -80 T and filtered with
cartiridge filter. Reference blood sample for each concentration was made by
spiking lead nitrate standard stock solution. Urine pool was made by
eliminating precipitates and adjust pH at 475, Reference urine sample for each
concentration was made by adding known amount of hippuric acid standard
stock solution. Reference sample of each concentration batch was divided in
2cc or Scc Nalgene cryogenic vials (Nalge company, New York) and kept at
~80TC until use. Some vials were stored at 4C or 25°C for stability test.

375 vials from each concentration batch were randomly chosen and sent
toc 7 laboratories in Korea and Europe for homogeneity and stability test.
Stability test was done for samples under 3 different storage conditions in the
same manner. Reference samples were sent to the laboratories outside of
Korea by DHL, express air mail and sent by first class mail in Korea. Long
term storage stability was checked by 5 laboratories for the samples which
have stored for 8 months at -80C from starting point. Standard reference
samples (SRM 955a, NIST, USA) were used for internmal quality control
during stability and homogeneity study. Danish reference samples for blood
lead were used for external quality control between 4 reference laboratories in

Korea.

Result and discussion

Table 1 shows the results of external quality control between 4
laboratories in Korea before we started collaboration on the analyses related

KAQUA program. Reference samples for blood lead were provided from



Danish Industrial Health Research Institute(AMI). Mean values were well
coincided with reference values.

Table 2 shows the comparison of homogeneity test between 2 kind of
reference samples analyzed in 7 reference laboratories. Upper one was used in
German quality control program and provided us for collaboration. Lower one
was made by our laboratory for KAQUA program. We select 375 vials per
laboratory randomly from each concentration batch and asked to analyze 3
replicates. CVm is the term of "repeatability within run” and CVi is the term
of "homogeneity” that means coefficient variance between yials. We calculate
mean of CVy, and CVh from 677 reference laboratories. Repeatability(CVm) of
measurement for blood lead was around 5% and that for urine hippuric acid
was around 2%. Mean coefficients of variation between 5 vials(CVy) in same
concentration level were 2.12 to 7.52% for PbB in the concentration range of
6.25 to 4263 ug/dl and 092 to 1.70% for HAU of 0.373 to 0.835 g/1. They
showed acceptable range of variation being compared with German one. We
concluded that our reference samples were homogeneous enough to be used
for our purpose of KAQUA program.

Table 3 is the result of stability test for 8 months at -80T for
reference samples for PbB and HAU analyzed in 5 Korean reference
laboratories. Consensus value{Mcn) was mean value reported from 88
participants and reference laboratories before storage. Reference value(Mies)
was mean value reported form 5 reference laboratories after 8 months storage
at -80C. The ratios of Mps/Meon were from 094 to 1.07 for PbB at 18.8744.4
ug/dl and from 0.97 to 1.06 for HAU at 0.8671.98 concentration range. There
was not observed declined or increased tendency of analytical values and the
mean bias was within acceptable range.

Table 4 shows the results of stability test at 3 different temperature for
PbB and HAU for 18 to 64 days respectively. There were no bias observed

in ratios. It shows that reference samples were stable enough for given



storage times.

Table 5 showed the consensus values for PbB and HAU by the
analytical methods. Reference samples for proficiency testing were validated
their reference values by analysing data statistically from many laboratories
using varicus methods as possible(Bullock etc, 1986). Muas of PbB by
graphite furnace and flame AAS method was almost same. Muass of HAU by
HPLC and UV method showed no difference. There observed no differences
in analytical values by analytical methods.

To sum up, our reference samples for PbB and HAU were homogeneous
and stable enough to be used for our purpese of interlaboratory QC program.
We made reference samples from human blood and urine. The preparation
method was very simple and cheap. Stability and homogeneity were checked
by 5 laboratories in Korea and 2 laboratories in Europe. The stability for 8
months at -80C and 20 days at room temperature was confirmed. The mean
variation coefficients between 5 vials form same batch measured in 7
reference laboratories were 2.12-7.5% for PbB 8-50 ug/dl, and 0.92-1.21% for
HAU 0.2-1.5 g/l concentration range.
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Table 1. External quality control result on blood lead between 4 laboratories
in Korea(unit: ug/dl).

Code Ref. value  Meant3D A B C D
AMIB1321 3.16 3.78:0.93 288 3.81 5.29 3.17
AMIB132 12.0 11.88+0.35 11.86 12.02 11.35 12.30
AMIB1323 16.8 16.89+0.76 17.32 18.80 19.14 1767
AMIB1324 3456 34.70+0.54 34.35 331 3401 35.12
AMIB1325 551 53.81+1.03 52.31 55.04 53.46 54.43

AMIL05 - 497 01.06+1.94 47.50 52.45 53.20 -




Table 2. Comparison of homogeneity test result for two reference samples of

PbB and HAU analyzed 7 reference laboratories in Korea and Europe.

PbB(ug/dl HAU(g/1)
Code Mean+SD  Meve% Mo, % Mean+SD  Movn%  Mom%
Ger-1 2467207 4.08 3.65 2.11+0.216 0.91 1.72
Ger-2 50.56+1.74 3.70 1.22 0.63+0.117 2.40 1.95
Ger-3 109.6523.86 257 1.45 1.66+0.220 1.44 214

Ger-4 1161129 583 556 - - -

IH-1 6.25x0.510  HbHZ2 7562 0.373:0.023 177 1.21
IH-2 1938+0426 266  2.98 0.533:0.021 1.31 0.92
IH-3 20671279 271 231 0.758+0.020 1.40 1.70
IH-4 42632948 265 212 0.895:0.024 106 055

Ger-* : A set of referene sample that was given from Germany.

IH-x : A set of reference sample that was made by IHRI(Industrail Health
Reaserch Institute) in Korea for KAQUA program.

Mcvm © Term of repeatability within run, Mean coefficient variances between
3 measurements in same vial reported from 7 laboratories

Mcvy : Term of homogeniety, Mean coefficient variances between 3 vials in
same concentration batch(CVv) reported from 7 laboratories
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Table 3. Results of stability test for 8 months at -80C for reference samples
of PbB and HAU analyzed in 5 reference laboratories.

PhB(ug/dl) HAU((g/1)

Code Mean TSD Mres = SD Ratio MeonESD Mrer TSD Ratio
IH-1 18812131 176*0656 094 0860047 083+0.057 097
IH-2 22411117 222x07718 099 1090090 1.11+0.031 1.02
[H-3 23612438 2530627 107 1270106 1.32+0.034 1.04
H-4 35012698 342+1506 098 1610090 158=0.008 0.98
[H-5 37272620 3BBE0978 1.04 17520076 1.76x0.044 1.01
[H-6 444+5033 4671676 105 1.98+0.148 2.10x0.056 1.06
Meen ¢ Consensus value, Mean value reported from participants and reference

laboratories

Mresr ¢ Mean value reported from 5 reference laboratories of same batch s
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Table 4.

Results of stability test at 3 different conditions for reference
samples of PbB and HAU.

PbB(ug/dl} HAU(g/l)

Temperature  -80T 4C 26T R -80TC 4T 25T R
Storage days -~ 64 34 18 (BT &0 20 20 (WU
95B1101-1 1570 1519 1566 0.997 0621 0651 0654 1.053
95B1101-2 2515 2600 2423 0.963 0851 082 0811 0952
95B1101-3 3445 3387 3487 1.012 1078 1102 1060 0.983
95B1101-4 4486 4470 4572 1.019 1.325 1.368 1251 0.944
95B1101-5 5345 5378 5288 0.989 1546 1595 1549 1.002
95B1101-6 6360 6401 6410 1.007 1.782 1826 1797 1.008
95B1101-7 7200 7232 7308 1.015 1976 2041 1900 0.961
95B1101-8 8126 7891 8303 1.021 2284 2308 2310 1.011
95B1101-9 8383 8145 8574 1.022 2437 2421 2373 0974
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Table 5. Mean values of reference samples for PbB and HAU by the
analytical methods.

PbB(ug/dl) HAU(g/)

Method Npt Nowl%)  Mbias Mvm—imrxiSD Method Npt Noul(%) Muias  Mvarianee £S5

GF-AAS 58 B(14) +1.8 98%98 HPLC 25 5(20) +26 42%45
FL-AAS 23 5(22) -12 84166 Uv 59 11199 -08 79=73
cA 1 +105 105 GC 1 -58 5.8
ICP 1 -1.2 1.2

Npt : Number of participants
Now @ Number of data points that were out of tolerance range
Meiass Mean % Bias from reference values

{reported value - reference value)/ reference value) x 100%
Mouvariance: Mean % Variance from reference values,

|reported value - reference valuel|/ reference value x 100%
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