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Absorption Spectrometry (GF-AAs) and Inductively Coupled
Plasma-mass Spectrometry (ICP-MS)
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ABSTRACT

Objectives: In this study, blood lead was analyzed using graphite furnace atomic absorption spectrometry (GF-
AAs) and inductively coupled plasma mass spectrometry (ICP-MS). We tried to examine the difference and
consistency of the analytical values and the applicability of the analytical method.

Methods: We selected 57 people who agreed to participate in this study. After confirming the linearity of the
calibration standard curves in GF-AAs and ICP-MS, the concentrations of lead in quality control material and
samples were measured, and the degree of agreement was compared.

Results: The detection limit of the ICP-MS was lower than that of GF-AAs. The coefficient of variation of
reference materials was shown to be stable in the ICP-MS and GF-AAs. When the correspondence between the
two equipments was verified by bias of the analysis values, a concordance was shown, and approximately 98%
of the ideal reference lines were present within £40% of the deflection.

Conclusion: GF-AAs showed high sensitivity to single heavy metal analysis, but it took much time and showed
higher detection limit than ICP-MS. Therefore, it would be considered necessary to switch to ICP-MS analysis
method, considering that the level of lead exposure is gradually decreasing.

Key words: Lead, ICP-MS, GF-AAs, degree of agreement
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TAze] A Ho
H2od= GF-AAs®} ICP-MSE ARg-ate] &3}
A ARE BAEIL Bl wdt =EEo] tha AAIEL
Aoy FHeXE F "ol A4S AFHo=
GF-AAs$} ICP-MSE ©]-&3te] vt Hrhg =7
L =5} I8 GEAAsS) ICP-MS2| 4] ]
= A&FoE wek WHs| uliel A9 #4
W FHol B4 S vl o8 7HA] g
AZE Aok 28y A AN &8E de 7t
|

X
v

‘O’] - =2 O A o]

gt ghe] AAlgtE SHAA u)7t ok
2 AFes 535 B0 ge5E Wil GF-
AAsSt ICP-MSE AREsle] E5 38 EAsl] &
Al Zke] ztold ) AXAF-E RIS olE B3k 7t
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AT Ohe, 8 A= A5
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4 527401tk €l xFH = &-83LAI(EDTA)F
ol FAANHE/E AMESt] didxle] dale
AFsATE AFH F P $aE 9] fls] Y
| PHg rollingr|F

o .
2 Ate solEu Y draeslesdse]
=2 (IRB 13-010)2 8 & ATE 3Tt

2. GF-AAs, ICP-MSE Al88t 83 & B4
48 =A

g T @S 2Ask] flaiA ARERE M= GF-
AAs (900Z, Perkin Elmer, USA)$}, ICP-MS
(7700series, Agilent Technologies, USA)E A&-3}151
Tk GF-AAs®] #5890 Axol| ARS=E EFAIOF
< Pb 1000 mg/L (Perkin Elmer, USA)S ©]-8-3}%
3L, ICP-MS®] EF=8) Alzol] AH-=E EFA
< 10mg/L Multi-element calibration standard
material (Agilent Technologies, USA)E ©|-8-3}T}.

GF-AAsS o] &3 €% g 4o A8 84 o
L 02% AFFEA0)| AR FH(99.99%, Sigma Aldrich,
USA)Z} 0.2% Triton X-100 (Sigma Aldrich, USA)
S A8 ICP-MSE ©)&3 E35 W B4 AL
23} 84 o2 2% 1-butanol (99.7%, Sigma Aldrich,
USA), 0.05% EDTA (99.995%, Sigma Aldrich,
USA), 0.05% Triton X-100 (Sigma Aldrich, USA),
1% NH,OH (28-30%, Sigma Aldrich, USA)S AR
=

7+ 71719] 71L& Table 1, 2} 72t}

3. #EEE

GF-AAs®} ICP-MS &5 %524 (certified reference
material)S ©]-8-3te] AAWHE AFSIAAL, ol
RTEZE Seronorm Level 1 (SERO, Norway)<}
ClinChek Level I (RECIPE Chemicals, Germany)2-
ARE-ste] = Aue] Hee g ekt

4. A2 MA2|, AEIY =Y, €5 & &4
AEE YEL) B B4 AHSE W=

] Environ Health Sci 2019; 45(3): 258-266
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Table 1. GF-AAs, ICP-MS equipment conditions A4 HYE A% —;5],03\1;]_ 34 oo FEgAe g
Parameters Pb 3l T=o 9 413, Base BloodE 410 A
Technique Furnace e st (EAR ]'Hq) AEE 34 o] dol
GF-AAs wavelength 283.3 nm 259} 3 410 ‘EAIS(108] 3]4).
slit width 0.7 nm
Signal type AA-BG 5. GF-AAs2} ICP-MSY| 7[7|4&8, gHHE
signal measurement peak area S|
Analytical masses 208Pb GF-AAs®} ICP-MS®| 71717 % 34 (Instrument
RF Power 1550 W detection limitye Eol24& 73] A3t 2FH
Carrier Gas 0.85 L/min ZHSD)E A3}l 3.142 Fste] Yepla. A
Sample Dpth 8.0 mm 23 (Method detection limitye AR =4 £ A
ICP-MS Sampler and skimemer cones Nickel ErE 73 BAsle] TRAE Tol 3042 T
Spraychamer Tem. 2°C 3ke] Axkal )
Nebulizer type Cnilll(l:lel?ztgrc
Sample uptake rate 0.5 rps 6. SAEMYUH
He flow Rate 45 mL/min FA £242 SAS (Version 9.4, SAS Institute,

29| AU} roller mixerE ©]-&38}o] 305~14]7F 9]
A Z83] rollings AAFI AR, A1E 2070
u}.]q, ﬁ_?,:%X] 7—] FJ:/H 017(4 TEE /\}_Q.o}o:] 7] Hl-
1 £10% ool E7t=AE eIt A=A
< I, EXsEHA

GF-AAs= & £3589 1000 mg/L (Perkin Elmer,
USAYS AREale] 80ugdLe WHe 3, tjdos
0.6-10.0 pg/dLe] F=F A|ZsIGI 314 dof &
HE A 23 88 3]4] Ao 4137, Base Blood
E o] AHZTHE 24 o]._,_(aﬂ on;gy}m) ABE 3
2] el gro] e} A 4o EAgh(108] 3]4).

ICP-MS+ 10 mg/L Multi-element calibration standard
material (Agilent Technologies, USA)S A}8-3}¢]
0.005~2 ug/dL Atele] 7] AR FEFENES A =313
o AAEFEAS e VAN RS T £F

o

Table 2. Temperature program of GF-AAs

Cary, NC)E ©]&3l3it}. + 7]'7\] ohE 24 e
2 4" €5 99 = =+ $
of FALA B A
Z|ol] thet Paired t-test, Wilcoxon signed rank
£ AAEdnh 7 i 7F 9] kR %ib—

-
X

F 771 4*(concordance correlation coefficient)S 4t
F$13, bias plotZ} Bland-Altman plot,j "éx]

E% AAeaTh BE A8 Folae
A8

Bland-Altman plot2 27l #4247 7ol st AX=
£ IRl] Ag HHoR x5S 2 B4 7ol 3
& AABL, y5& 2 3] AolE Ve &
FRALE Zole] Hg vER L, Adste] 3
o Ak o= 959 ALK He +1.96%
THRhe|H ol dA AR &3t &, 7t
W vl ot w4 ghosiE HEES

Oll o>”

_L_, Oﬁ

r R oox

Step Temp (°C) Ramp time (sec)  Hold time (sec) Internal Flow (mL/min) Gas Type
1 100 5 20 250 Normal
2 450 15 20 250 Normal
3 600 10 1 250 Normal
4 2000 0 3 0 Normal
5 2500 10 250 Normal

J Environ Health Sci 2019; 45(3): 258-266
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nm. & Z= S JEeRgA T ICP-MSe] Fhol o WA U

ERytt), BE3h, GF-AAset ICP-MSelM 8% ' 24

1. GF-AAs®} ICP-MS9| ZizfM, HESH|, BFE of A3 FEEF YF 3red WEATE

23 BN H|m Table 4°] YElR Y. EFE3F serol?] 3IF&

GF-AAs®} ICP-MS F W] B% ARIAHS % (recovery)S Z+z} 105.899, 101.262%% 3582 U}

AsE ) A RY)E AP 71320 0.999 ER™, GF-AAsollX 8% & &4 ARS 35

oo R F2 AMAEE e E4 clinchek 19| 3]5& (recovery)}> 97.806%°] 3L

HEIAE Table 301 HERHIO™, GF-AAs9| ICP-MSell B w40l ARSRE #5524 clinchek

19] 3]98&(recovery)> 96.301%= 3482 UER

Table 3. Limits of Detection pg/dL o}, W5 A<= (coefficient of variation)= 10% W7
2 Uoe AL I

MDL* IDL**
GF-AAs 0.145 0.042
ICP-MS 0.092 <0.001 2. GF-AAs2} ICP-MS9| 8 Y4 A= gt H|1Q
*MDL: Method Detection Limit 5789 iRl tide s F grE A% dEF
**IDL: Instrument Detection Limit o] Hro] BXE= Table 59 7o}

Table 4. Quality control standard material in each equipment (pg/dL)

Reference value Tolerance value (g dL,CI(I)'lI:;niSD) CV (%) Recovery (%)
GE-AAs serol 0.990 0.790-1.190 1.048+0.024 2.316 105.899
Clinchek-1 5.998 5.498-6.499 5.866+0.129 2.191 97.806
LCPMS serol 0.990 0.790-1.190 1.002+0.011 1.058 101.262
Clinchek-1 5910 4.790-7.090 5.691+0.072 1.269 96.301

mean+SD: arithmetic meantstandard deviation
CV: coefficient of variation

Table 5. Level of Pb in blood of 57 subjects

Blood Pb (ug/dL)

ICP-MS GF-AAs Difference p-value
n 57 57 57
Meanzstd 1.36+0.41 1.48+0.50 -0.12+0.16 <.001*
GM (95% CI) 1.30(1.20-1.41) 1.40(1.27-1.53) 0.77(0.70-0.84) <.001*
Median (range) 1.31(0.67-2.24) 1.40(0.60-2.52) -0.12(-0.46-0.38) <.0017
Fractile

P5 0.76 0.72 0.05

P10 0.86 0.81 0.05

P25 1.04 1.10 -0.06

P75 1.63 1.82 -0.19

P90 1.93 2.29 -0.35

P95 2.12 2.32 -0.20

*Paired t-test

"Wilcoxon signed rank test

Meanzstd: arithmetic meantstandard deviation

GM (95% CI): geometric mean (95% confidence interval)

http://www.kseh.org/ J Environ Health Sci 2019; 45(3): 258-266
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Fig. 1. Comparison between the GF-AAs and the ICP-MS
measurements

*r: Pearson’s correlation coefficient

**cce: concordance correlation coefficient

ICP-MSel| 9|t AF&¥+F(mean)2 1.36 ug/dLE
GF-AAs®] 1.48 ug/dLS} Hlwale] —0.12 pg/dL F%=
9] zolE B, TYak(median)y> 22t 131,
1.40 ug/dL, 7133 +(GM, geometric mean)> 1.30,
1.40 ug/dLZ ICP-MS°| GF-AAsZ 413 83
o] FEHTH F U WA U2 S & 5 3Tk ICP-
MS2] FFHA7E 0.41 ug/dLE GF-AAs9] 3EF3
2} 0.50 pg/dLE vk Ao Awrt o 2 Ao
ERstTh

)

o

100 -

GF-AAs$} ICP-MS + AH|= #43 £4 71 &
X M]3+ Fig. 19 AASIETE 71871 0.7884=%
o rroME ICP-MS #o] GF-AAs ZHETH &
A Yehgtoy, F57) ol wat ICP-MS ko]
GF-AAs ZRTH WA =39S 818 4= St} Table
5904 P25%-E] ICP-MS %] GF-AAs ZLHt} S|
ZEHA AT, AAHSZ GF-AAsY] #el =
Al vkt Flof& AT 0.958, YA Al
T 091002 et oAl Fx HozF
B Hojd HEo] 47 &A= A

sRelskaict

T IR GRS ERIsH] Sl A ¥
&F(bias)®] H]&2 Fig. 29} 2T} ICP-MSE 7152
2 P& o, e 24 ol oAl A

(y=0)S 71Fo= HEF +40% el A2 EA)etict.
AAZ R ICP-MS?] FEHTH GF-AAse] H%7}
= o= Aoz IRIFUTH
AAGE Gelatr] flal YA
agreement)E Fig. 33} 72t}

2 AT E 7 AR 74 gk 2pole] Wit
-0.12 pg/dLel™ o]l thek 95% A= F7+2 —0.43-
0.19 pg/dLZ F 25 T " #7 W X3=+=
A 7 oF 98%el skt i, 7t AEe
pole] HitS TAOE FALRE EEEH S
ATt I BE¥EE Fig. 49} o] AFEE9}

FAbste,

T,

SHA (limits  of

Bias between methodsin %
o

-100 T T

0.0 05

10

T
15 20

ICP/MS - Blood Pb{ug/dL)

Fig. 2. Bias plot displaying the difference of the two methods in percentage
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HE & 4 AU FH3E AR (2008)0] HrA]
oA ICP-MS2| AE3H+= 0.114 pg/dLo] 2, GF-
AAs®] HESHAI= 03 pug/dLE RS3LY Trzeinka-
Ochocka (2016) SolM= B AAge}l o] [CP-MS
o] A&EIAE 0.016 ug/dL, GF-AAse] A&EIHAE
0.1 ug/dLE ICP-MSe] AETHAIET} GF-AAse] #
A S gAY
ETEAS o] g3t F Agule]
5w, IS (recovery)S H]52%
o] AFHCV)E ICP-MS7} 2 FAk-s )
34781 (2008) B o= B Ao} e
FEHE serolS ARSI GF-AAse} 314

MS, vfo]aZ¢|o]H. Fa]-[CP-MS2| F21ul7ke]

=74 e vlatel, 3eR Y vasiils
o, 25 Yot 5|8l 80~120%F wHElsl

3L, 71 % SAH-ICP-MSe] HAi¥o] Hoe 9 4
Ao 7P Sreithe As B & Ao}
ate] HkS uf serol9] 915 T WIS A
Aelste] Kol & ztol7t itk GF-AAs <l
%k 21204 ug/dL, 574 7k 2.32+0.04 pg/dL, 3]
ARICP-MS ¢1Z 7k 2.76+0.14 pg/dL, =4 3k
2.86+0.0644 ug/dL, S|AH-ICP-MSS] A% dF ¢
HFEA AYEE (103.7%) FHE7 78 (2008)
HAoNE 7= |7k A3} 3hs AR 7 4
gl AztEs p=0.97>0.05,

frelgtk zfol7k
=l SAZE Dol = o5t ARAAIE Hol
RAE RIS TEY Trzcinka-Ochocka (2016) &5
=E2HE FA9A 4088 i
2 ICP-MS$} GF-AAse] H|wof| tfgt A& &
e, 2 A9l 7-& 152291 Clinchek 1
AR WA e A3t 3482 ICP-MSell

o o

o

j

il

S o
Wma =

ot

0

o o& [0 rlo rir Lo
[¢]

AE 101%°] 22, ICP-MS$} GF-AAsOlA = 7149l
AHgE EFE2Ql SERO 119] 3482 27} 105%

S} 9% =& IFES BT g B A
T} H|S=g £Eo|F AL, B A o] H2 3
&5 RIS
B AT 57He Ak 1] S o] &3t
T AR FEAlOlE HtoBE W kE 2
AALE OIS E $F Trzeinka-Ochocka (2016) 52
Aol vlaL Al SAgke] v WA FAE Y
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o
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1.48+0.50 ug/dL, ICP-MS: 1.36+0.41 pg/dL), 713}
TH(GF-AAs: 1.40(1.27-1.53 ug/dL), ICP-MS: 1.30
(1.20-1.41 ug/dL), 7+ FH(GF-AAs: 1.40(0.60-2.52
ug/dL), ICP-MS: 1.31(0.67-2.24 pg/dL), MEHNES
HIW3PH, GF-AAse] 3ol ICP-MSe] et =7
U Aoz & 4 9%tk Zhang ZW (1997)=
TRAEF} &1 2ole} dH Po] F=E GF-
AAsS$t ICP-MSE M| 23li=dl, AAHSZ GF-

Q13T David (1995) 52 dAFolM=
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