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Validation Graphite Furnace Atomic Absorption Spectrometry Method

to Detect Lead and Cadmium in Whole Blood Sample for Disease Surveillance in Health Region 1

ABSTRACT

The study aimed to validate Graphite Furnace Atomic Absorption Spectrometry (GF-AAS)
method using contrAA800D analyze for tracing level determination of lead and cadmium in
EDTA whole blood from January to September 2020 in the medical laboratory for diseases
control. The blood was blanked from validation; accuracy, precision, and limited of detection
of the method using sheep red blood cells, which absorbance values of lead and cadmium
were in a range of 0.-0.00050 and 0-0.00182, respectively. In addition, eight external quality
assessment blood samples from the Institute of Public Health Sciences were used for proficiency
testing and interlaboratory comparison with another 38 laboratories. The results found that the
validation for lead and cadmium level determination had a linearity graph in the range of
40-400 ug/l and 1.0-8.0 ug/|, respectively. The correlation coefficient was greater than 0.995.
The limit of detection was 1.6 ug/l and 0.2 ug/\, for lead and cadmium respectively. The limit
of quantitation was 40 ug/l and 1.0 ug/l. The accuracy test showed that the percent recoveries
were 100-105% and 100-103%. The repeatability precision at low, medium and high values
using Horwitz’ s ratio equation found the HORRAT score passed the international standard
criteria. Proficiency testing results were in the range of assigned value and compatible with other
38 laboratories, /z or z’/<2. Therefore, the result clearly indicated that the developing method
reached a standard requirement for the level determination of lead and cadmium. The method

is useful for supporting occupational and environmental disease surveillance.

Key words: Lead, Cadmium, Whole blood, GF-AAS
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laifisenufidedin damsrawuriinvedlanswiin
iy Fangd Usen axma uaakilo aswas fyn
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Validation Graphite Furnace Atomic Absorption Spectrometry Method

to Detect Lead and Cadmium in Whole Blood Sample for Disease Surveillance in Health Region 1

(LAFDILAT VIANANERAN Fawdlua1sazaiy
nslunsn 10% NapneAuld a1ntdutiundneesn

AEUINAUNaNY Y A AelALAInauLnanlYIw)

#19011331U

- a’liaza’lammg’lumzﬁ's (Pb 1000 ppm)
1M Certipur

- msasmammgmmmﬁw (Cd 1000 ppm)
\n5A Certified Reference Material (CRM)

U

- anvazarglawauluillonlalasaunaain
((NH4),HPO,)

- 65% namluninididu asuTgndgs

- Is@udnd-100 (Triton x-100)

- tharuuiandas anwsumulsidesnds
18.2 lnzlomy

TPLIRN

1. F0E1UAALNZIINAUTANILNNIATERNS
PNaNTOINTINe &y Iasmema asuaadoy
vuideuluinates Wlusmunuveadennsy
duvRINYEY HIUNITATIAMIAINITAANAULAS
ansnziiAneglutag 0.0-0.0050 wazansueniva
agflutas 0.0-0.0182 feuihunldau

2. fRLNVAFIUAIINT LY TIATIZR LAY
Tudont w./.2563 (Proficiency testing) Yosaudiy
g1 @a010UITLINGFNANTANSITUAY F0Es
AT siasr uaLAndies Y 8 Feeng

(59U 1/63 way 3/63 SouUay 4 A1)

n1siaseNa1sazatguInsgIudmiunsav
mmg’nwaqmsmﬁ"q

@ﬂmsaxawmmgmmﬁ"a 1000 nSW/anS
Talurindsudsunms 10 Sadans YSudsunsaae
0.1% n3alundn lildAnududuvensa 1000

lulasndu/ans wagim3eu working standard

USUUBaseae 0.1% nInluasn Wielnldngiad
ALY 20, 30, 40, 100, 150, 200, 250, 300,
400, 500 lasn3u/ans wazasnensminmsgu lng
Tisandasazanennsgiungh : deauny: i
1azans (0.1% Triton x-100+0.5%(NH) ,HPO,)
Tudwsndiu 1: 1: 8

N1TLATENEITAZA8NINTFINE M TUN TN
NINTFIUVBIEITUANLTBY

ArensaranesnsyULAnRles 1000 bilasnSi/Ans
Talurinusuusunng 10 Jadans Usuusunsme
1.0% nsalunin lilannududuvesianiiio
100 lulasn5u/ans wasiwses working standard
USuUsunsae 0.2% nsalumsn Talauandios
fianadudu 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0
lulasnsu/dns wazasiansinuinsgiu lagly
4138381801055 1UMAAEEN: LBoALNT: AV
azany (5% NHO;) lusmsndau 1: 1: 3 waulu
i dhlvwdludidugamall 2-8 sarmwaidea
W 15 wdt wieliAnnisanazneulusiud
auysal Aeuthlutuuenil 600 rpm uu 1 Wil

wenaulaluyinnisegeu

f1122N15NAEaU

a1593M (Lead) MHansazanslauouludow
Talasiaunlenwia Wudidnanssuniu (modifier)
MIAAANMINMSLIFI9E1 (pyrolysis) ﬁqmm:ﬁ
900 aeAngaLdoa wazviliiAnesnoudasyd
gaumQil 1700 pernaaIBed ATITIANITRANT LA

NAMULIAAU 283.3 UNLULIAT

o

asuAndle (Cadmium) Vil ansANSw sl

a

A39E14 (pyrolysis) N9l 300 deAYATE

Y

'
a

wavyinlviiinoznoudaseNgungll 1200 99

WALTYA ATITIANTITAANTULANTIAIINEIIAGY

228.8 UNLULUAT
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ANINAROUAINANILAUVDIATEY AAS

Aewrhmsleseizdesluniodie Tnenis
avvaeuALlIvanAIel (Sensitivity check) 19
IWdygrufinfiaunns ldansganduuased
Tutae 0.1£30% vesriuanaTeaiiodmunly
w3y 0.07-0.13 Sumunzanfiagldinnig

A5IAIIEYR U

N1SNAHIVALIUYNADIVDIITILATILI
(Method Validation)
NMINAFaUANITULEUATY LaTYI9URINS
As129 (Linearity and range)
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A159AN8UINTTIULARLIBNAUTNTY 1.0, 2.0,
3.0, 4.0, 5.0, 6.0, 7.0, 8.0 lulasnsu/ans au
anngnmmeaeuiidmunlivesudazsinlag
nAEaU 3 Tu WIAINIRANAULAIatlanELiay
AU TUINATIINTINUINTTIUVD AR LT
WEAIAINEUNUTTENINIAMUVLTUAUAINTS
aandunas AuanAtdulseansanduius
(Correlation coefficient, r) WiosnwAuduwLs
Fadunss Faansdaladngt 0.995
N1INAHIUAIUYNABILATAIIULUUEN
(Accuracy and Precision)
m’%ammsaxma&haﬂwﬁLaumiasmﬂmmgm
Tflarududy 3 seiu fe mzmfinnududy
40, 200 waz 400 llasn3u/ans wasuandloud
ANILTUTY 1.0, 4.0 waz 8.0 lulAsnsu/ans way
Tuusiaysesutl 10 et nesoufegay 1 ade
TneAnseimiSana Aede ﬁ'u,ﬁsml,uummgm
LAZAUIUASBUAZYBINITAUNAU (%Recovery)
T9ann ttest Ing t <t 108 t.= 2.26 Wilonadau

ANNYNABY havA A Tesaz eIl UL

70 3E15ENESEUEILEY UM 18 aduin 2

UINIFINFUNNS (%Relative Standard Deviation,
9%RSD) Iaeld Horwitz’s equation UsgLiuaae
HORRAT (1neusin1seausu e < 2) dmsunnday
AN

NSNAFIUWITATINAVBINITATIANY (Limit
of detection, LOD)

MIMATAINNATBINITNTIA (LOD) lnenageou
Infetadondilifidrunauvesaisnsiuas
wAALIlEY 91U 10 AIREN UAIAILINAINGAS
LOD = 35.0./S Tag S.D. Ao Andeauusnsgiy
YosdryayIamay S Ao ANANLTUYRINTIVIINATEIY

A1SNATBUNIVAINNAVDINTTINUTU I
(Limit of quantitation, LOQ)

Uszilludaininvesmsinl@ielsunu henyn

'
o

mgnvasyaemududunsiveansin (linearity
range) 91t studulaenssuiiegneiae
WLANAITUINSFIU (standard addition) aalu
FBENTTAUTATINAVDINTIATIUTUIU 11U
10 fog19 AasizndTuia 19ais t-test ag
o<t W08 o= 2.26 ATUIIAISDUALURINTITAU
ndulazanSesarresAndsLuuINATTLEITNS
#1A7 HORRAT 491 Horwitz’s equation LAl

(% A
ANTHDUIU AB < 2

NANTSANN

n1sNagauANdULdUATY Lavdi9a9nIg
AA512% (Linearity and Range)

wamﬂmi%Lmﬂzﬁmiazmammgmmﬁ"’g
Tugaa 40-400 Tulpsn3u/ans ansazansunsgiu
wrnlen Twdag 1.0-80 lilasnSw/ans wumadamus
serinaududuiurnsgandunandidunss
naentnTaEey Tneiimduyssansanduius
(Correlation coefficient, r) 1ad® 3 Ju 1M1y

0.996, 0.997 MIUAIAU Fapnsei 1



Validation Graphite Furnace Atomic Absorption Spectrometry Method

to Detect Lead and Cadmium in Whole Blood Sample for Disease Surveillance in Health Region 1

AN5199 1 wanarnduuseansandunus (Correlation coefficient, r)

AnduUsEANSanduNUSYaINISNAFaU

Yolane o o o Alady
A3IN 1 ATIN 2 AN 3

Glsﬁlj’J (Pd) 0.997 0.995 0.995 0.996

uAALiya (Cd) 0.996 0.996 0.998 0.997

N1SVARaUAIINGNABY (Accuracy)

NINAAOUANNYNABY LagnIsiANaTazany
wwsguludegalvlianudntu 3 seau svivas
10 91 i mgMitaududy 40, 200 way 400
lulasnsw/ans InsesazvasnisAunduagluyis
100-105% Tngianademiifu 101.8% A1 t-test
Wiy 2.0, 0.2 wag 0.3 muaey Wlewlousn t
frwndldiiu t,; 9991519 t fienudesiu 95%

WU £5<2.26 LEATIT ANANNITNAABUAUAIDTY

Lifmnuusnansiueg1editdudfynisana dmsu
wenlenfienudatu 10, 40 ua 80 bilasnsu/Ans
lasesazvesnisAunduagluyae 100-103%
TneilAaaewinfy 101.52% A1 t-test Wiy 0.4,
1.9 uay 1.1 muasu wWefeuan t Aduals
U ., 97091579 t iAoty 95% wuan
t.,<2.26 LAAYIIANAINAITNAFDUAUAIRS LU

o w a

ANUANENSTURE I TEEAYNEDR AIn15199 2

A15199 2 HANINAADUAINYNADY LATTOEATVRINITAUNTUVDITIAT I8N AILazUANLTlEY

ludenasudiu
o lomsniin AT ALady Andeauy  Sewaznis tost
(ulasndu/@ans)  (lulasniw/@ns)  wasgiu AUN&UY

e 40 41.9 0.3 104.7 2.0
(szhvag 10 200 200.3 0.4 100.2 0.2
F9E19) 400 402.6 2.4 100.7 0.3
wAALIE 1.0 1.0 0.1 101.3 0.4
(szAvuaz 10 4.0 4.1 0.2 102.5 1.9
F0E19) 8.0 8.1 0.2 100.8 1.1
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A1SNAEBUANLLIUET (Precision)

NANSANANLENNSEIUNNSYNT WBIMIATID
Asgsasneiafinuduty 40, 200 way 400
lilasn$i/ans IdfeazvesAndoauunsgu
FUNnS 7.2, 2.1 way 6.1 @1 HORRAT iy 0.4,

0.2 A 0.5 AUAIAU WALNITIATIEVLAALT L

Fieududu 1.0, 4.0 waz 8.0 lulasndu/ans Tda
%aaazsuaqmLﬁmwummgmé’uﬁwﬁ‘ 10.0, 4.0
wag 2.2 A1 HORRAT tv1AU 0.3, 0.2 ag 0.1
gy Feanvianunogluinusisouiu fe
HORRAT<2 #30151971 3

AN5199 3 HANISNAFDUAINUKLIUEIVIT AT ITIBANL Ll U DAATUAIU

AMULTUTUY AR A1 Souazua9An

vllalanenin (ulasnd/  (ulasndy/  Jeavu Wssvuiasgiy HORRAT
ans) ans) UINTFIY dunwns (<2
e 40 41.9 0.3 7.2 0.4
(szhvay 10 200 200.3 0.4 2.1 0.2
F0e19) 400 402.6 2.4 6.1 0.5
wAALE 1.0 1.0 0.1 10.0 0.3
(szsivaz 10 4.0 4.1 0.2 4.0 0.2
F0E19) 8.0 8.1 0.2 2.2 0.1

ANSNAFIUMTAIINAVBINITATIAINY (Limit
of detection, LOD)

ANTRRRARINMIATINY dmsunes uanidlew
Wiy 1.6 lalasnsu/dns way 0.2 llasnsu/ans
AINENU

MSNAFDUIATINAVDINTITATIIATIUTU
(Limit of Quantitation, LOQ)

ATnsinvesnsnaindalSuaueins i
windu 40 lulasnsu/ans dSesazaaenisAunau
Wind 104.7 warferazvasandeuuinnsgiu
NS 7.2

ANUAINNATDININTIVIATIUS LNV ILARLI el
winiu 1.0 lulasnsu/ans d5peazveanisAundu
Wi 101.3 war¥osazvesAndosuuninigu

L% v 6 1

PANSWINAU 10.0 A9R15199 2 hae 3

72 M3EsaNssagUaue U9 18 aduin 2

MIATAATIERUSINUREN wazuanios
Tudegnadannsudu
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value) w3oaglutrsvesArfidinunzarnlny
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A13199 4 Han1sNAFRUNITIUTEUEUNATENINIMBIUURN1S (External quality control, Inter-

laboratory comparisons)

. AZN? wAALIEY
W — —
v . Assigned  Robust AN z Assigned Robust AN z
A28 . .y
value £ u SD A52990l8  score value £ u SD A52990ld  score
6301 152+ 0.6 2.6 14.5 -0.3  69+05 1.9 7.8 0.5
6302 287 +1.0 a.4 28.0 -02 13x02 0.6 1.2 -0.2
6303 6.4+0.3 1.1 6.3 -0.1 88=x0.6 2.1 9.9 0.5
6304  21.9+0.38 35 22.3 0.1 36+0.2 0.9 4.0 0.4
6309 149 +0.3 1.4 15.7 0.6 69+03 1.3 7.2 0.2
6310  40.6 £ 0.8 3.7 39.3 -0.4 23+0.1 0.5 2.4 0.2
6311  10.0+0.3 1.5 9.6 -0.3  4.6+0.2 0.9 4.8 0.2
6312 281 +0.6 2.7 29.6 0.6 1.0+ 0.1 0.3 0.8 -0.7

*u= uncertainty

2AUTIINA
MaaUITIneiasneiuazansuandianly
WonAsUdIU laedd Graphite Furnace Atomic
Absorption Spectrophotometry (GF-AAS) ol
nswseusetindenneuiinszi Weosanly
Fregradeniianssumuiiilassaddudounas
Vs FednludesdiiBniswseudiedie uaz
MIfTREsTUNIUTMINTaNd UM TIAT Iz
miﬁ?m dnsunisinszimusinaasasia
lFNSANEITAITAAITUNIU AD d15azane
Tawaulufisulalasiaunoning Laaisuanidey
azldaunsalaismdnanssuniuwuuinenula
domnansssnanasrilifsasusznaunema
alusumunisgandunasvesarsuanidels
SededldiinswIoudet e fivansaude n1sen
avnaulUsiusie 5% nsalundn deludavanans

sunIuLnY (Pulido et al., 1996)

1NHANITUTLIUANUYNABIYDITIATIEN
a1snzMnavarsuandiouludonasuaiu ay
UINIVBY Eurachem (Magnusson, 2014) whag
NsAvEIMansnIskng (el MaSUsSY, 2561)
WU AUFUNUSTLEURTIvDINTINTUNITRTIR
ansmziane 40-600 lalAsnia/Ans uwazansuanlo
Ao 1.0-8.0 lulasn$u/Ans Aduuszavisanduiug
WRAUWINAU 0.996 uaT 0.997 AUAIRU TN U
nauaifitaviunfe 0.995-1.000 (The Association
of Official Analytical Chemists: AOAC, 2016;
ls¥ol wnwiigu, 2011; Miller & Miller, 2018)
wazteinafismefiazaseunquananasgiy
9930150519 1USHadsTansndnluiden s
nstmualiludenugiivesnsumunulsn wiiu
300 lulasnfu/ans TugadsyTaveafdula
windu 250 lulasnsu/ans (nedlsaannnisusenay
o1¥nuazAanden nsuauAulsa, 2558b) #ie

UINTFIUYBIDAAMNTTUNASTVBIBITN AT
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