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Research Note

Inductively Coupled Plasma Optical Emission
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Abstract

The analytical method for the determination of minerals (sodium, calcium, potassium, phosphorus, magnesium, iron,
copper, manganese, and zinc) in both infant and adult nutritional formulas, using inductively coupled plasma optical
emission spectrometry, was validated in terms of precision, accuracy, and linearity. Certified reference material
1849a, purchased from national institute of standards & technology, was used for the infant and adult nutritional for-
mula. All calibration curves exhibited strong correlation linearity (*=0.9999) within the tested ranges. The recovery
values of mineral compounds ranged from 90.35 to 110.63%, and the limit of detection and of quantification was
less than 0.1005 mg/kg and 0.3351 mg/kg, respectively. The inter-day precision (n=12) values ranged from 1.19 to
18.19%, and intra-day precision (n=3) values ranged from 0.09 to 4.80%. Therefore, microwave digestion and induc-
tively coupled plasma optical emission spectrometry were useful analytical methods for 9 types of minerals in food.
The analytical methods verified in this study may be used to build up a food composition database for national

health promotion.
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7 9 $RRUA G AnE AZelL ATHRDA,
2010). 222 Ayrhe AR AR wzkd 2011 A
et AFAEE = 5,807 F< AFo] x3tEo] e
™, & 8 7712 5 F 150 0 ¥
CHCNF, 2011). =3 &3 2 mHA=E 2F7|F3 A
2011 dof] E7hEl o Molol AEAERA= 197l 4=
IEoE UrolA 3l % 4,500 F2] 2Fo] 4
o, 3% F 5071 F¥Ewe] 55
TH(Canadian Food Inspection Agency, 2011).
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AFEERE Wsh] AFFskl o, 1970 9 23 2k
o]F- 2011 Holl e AFA R RN = 2,757 Fo= T,
W, X, B3 5 o 227) g%l o] glo
oF TAE FRUEE BF, 9, D, HEF % 2F 5
5FF7F =50 UTHRDA, 2011). A A FFHol=
B BAS) A ADEA A A8
H(Kim et al., 2009; Hwang et al., 2013), &2 &3] H&E
A A A 3} wlo] 2 o] B )Kim et al, 2012; Kim et
al, 2013) ©] Qo 7 ZFHo = HAHH(Kim SJ et al,
2011), B4 (Shin et al., 2006), 717182 (RAEFZ =R,
FEATZe=e ) (Yang et al, 2001; Yu et al, 2012),
o] A8l HAFH(Ko et al,, 2008) 50] AFEE L glo] ¢
Aol thgk BARRE QLOUH(MFDS, 2013), thge] 712
(Na, Ca, K, P. Mg)3} v]&Fe] F71& (Fe, Zn, Cu, Mn)2] &
Al A S SLQkskarat shgih

2 AFX = certificated reference material S ¢ 314
o] AR o] H o E A8 &S A ] g F inductively
coupled plasma optical emission spectrometry(ICP-OES)H <
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F71d 24 e FR8S HAEs] fet B AT
o] ARE-3F Certificated Reference Material(CRM) 1849a+:
National Institute of Standards & Technology(NIST,
Gaithersburg, MD, USA)olA 3k ARE-3I3ITH £
tolE 9] Al=xet A S Folal S4717] HE HA
3l7] Q8 A zgko]l gR¥ 7|FA| 8¢ CRM# in-house
quality control(QC) sample A AIwich w254 83t
QC sample =HjollA -85 = PAFY] AlFe] ZAEHE
ARSI o H, 7718 EAAl Alge] Zallell ARE-EE 70%
Ao 28% Akt AE BEF EP-S AKElectronic grade,
Dongwoo fine chem., Seoul, Korea)S AF&-3}S3th AM&-3h
9% %718 ¥FEE(Na, Ca, K, P, Mg, Fe, Zn, Cu, Mn)
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S E% AccuStandard AHAccuStandard, Inc., New Haven,
CT, USA)IA ol ah= 1,000 pg/mL =0 FadaS
7}z Fafste] ARgetl o™ AR e gole Al
Z7191 Milli Q system(Millipore, Bedford, MA, USA)S. 2
ol Z}ato] ARg-FSTt

A=Ze| Hxe|

AlFgNe] 2Al= AFFH FAE U= microwave
digestiondH ol wel =33 THMFEDS, 2013). =, ujo]
FAZ Y] E(QWAVE 1000, Questron technologies, Corp.,
Mississauga, Canada) =314 HZE H]o]Ao| A|FE <F
0.08~1 g& A #Fs & A2 §mLe} F4tslrEa 2mLE 7}
g o HIZE H]o]A Y] F4& Bl nlo]|AR g olE &
Aol g2l A 100°C7HA] 228 ¥ F 10 & 5
St F Al 100°ColA 180°C7HA] 55 &4 F 30
52 P13k o2 MM =5 ¥ 70°C7F 2 w7}
B dE5H ALoA] 158 ZoF 23]
2 B2 HolFH 5omL AEZeaag
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714 929 Na, Ca, K, P, Mg 1, 5 25 IOOug/g
T2 AL, v F718 949l Fe, Zn 52 01

05, 1, 5ug/edl &&=, 20| 7714 %/\0] Cu, Mn 52
0.01, 0.05, 0.1, 1 ng/g?] T2 ZAIste FFEYo =
A]’%‘O}Mq.

7171 2 SAXA

ICP-OES+= Jobin Yvon*HACTIVA, Horiba Jobin Yvon,
France)& AME-3F91 0L, A ARE-SE IS 2= Na, Ca, K,
P, Mg, Fe, Zn, Cu ¥ Mn2 Z}Z} 589.592 nm, 317.933 nm,
766.490 nm, 213.618 nm, 279.079 nm, 259.940 nm, 213.856 nm,
324754nm 3 259373 nme] o2 ZAstt. 42
2 RF Power 1000 W, Neblizer Ar gas flow 1.17 L/min,
Plasma Ar gas flow 12 L/min ©]1t}.

=44 F84 #HF

AW 7AZS ICH Q2B(FDA, 1999) A x}o)| whe} 433 5}
Ak & EFENS o] gt HESHA(limits of detection,
LOD), 7 &3 A(limits of quantifica- tion, LOQ), X4

(linearity)S AF&stth AEd3) 84S CRM-18495
ol8stel NE IS ) g F3lef A
T Ayl et skl 3 Aldste] duldd=
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(within-day precision)E relative standard deviation(RSD, %)
2 AABIR T 447 AR WHE Algste] d7HEE
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ato] ICP-OESS.2 #4138 97 ¢] dae
Hle} Z+o] Na, Ca, K, P, Mg= 1-100 mg/
kg Fx9 ]Oﬂ*ﬂ Fe, Zn& 0.1-5mgkg, Cu, Mn
0.01-1 mgkg®] 5= RLlolA Hiddo] grl=den, 43
o] e tigt “4BAS4 R¥(Correlation coefficient) ©]7¢
O 72 F53 A4S ekt

3tH LODE
regression analysis, S: slope of a calibration curve)®] 42
o 93| 4tE3t A3}, BE YoM 0.0378 mgkg ©]
32 YR C™ LOQE 0.1260 mgkg ©l&HS LR
th RE g4 FA4, LOD ¥ LOQE Table 19 1}
ERf AT
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215}7] 9135ke] Table 201 e
nle} 7+o] NIST CRM 1849aE ©]-8-3le] 7+z} 0.08, 0.25,
1.0 g5 # 3t microwaveZ #-3l| 3+ th o] 255 ©]&,
50mLE 83t § o33t ICP-OESE intra-day°l] 3 3
HHE inter-day(4¥ 7H)ell 12 3] wHEEle] S8tk 1 A
3}, intra-day E241A] RSD(%)S 0.09~4.80%= =3 3k
Rao] 93, inter-day2] RSD(%) 1.19~18.19%% 4t
o] Alge] digh AUE B HIA9 7S BT U
= A0 2 yehgth 38 NIST CRM 1849a2] 59
2 37g] SAHL v 22 Ao R AEsth

£ oo HHN' to

% Recovery = (C/C,)x100

Table 1. The linearity and sensitivity of 9 types of minerals by
ICP-OES".

Analytes Linear range Corre!ation LOD LOQ
(mg/kg)  coefficient (r) (mgkg)  (mgkg)

Sodium 1-100 0.9999 0.0378 0.1260
Calcium 1-100 0.9999 0.0134 0.0448
Potassium 1-100 0.9999 0.1005 0.3351
Phosphorus 1-100 0.9999 0.0745 0.2482
Magesium 1-100 0.9999 0.0122 0.0408
Iron 0.1-5 0.9999 0.0030 0.0101
Zinc 0.1-5 0.9999 0.0027 0.0089
Copper 0.01-1 0.9999 0.0006 0.0019
Manganese 0.01-1 0.9999 0.0011 0.0037

1) All values were calculated using standard solution inter-day (n=12)
analyses
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R

Table 2. The precision”, accuracy” and recovery for the analysis
of 9 types minerals in CRM 1849a.

RSD (%)

Compounds (g\?ge(l)géll ) Intra-day Inter-day Recovery (%)
(n=3) (n=12)
0.08 1.67 3.24 93.81+2.44
Sodium 0.25 0.84 2.45 95.97+2.22
1.0 0.48 7.76 96.97+8.11
0.08 0.67 3.02 100.07+2.99
Calcium 0.25 0.30 1.19 103.44+0.57
1.0 0.71 1.90 105.51+1.44
0.08 1.11 2.34 90.36+1.58
Potassium 0.25 0.51 2.01 93.01+1.94
1.0 0.09 1.64 100.20+1.77
0.08 1.77 3.00 95.75+2.22
Phosphorus 0.25 0.40 1.43 100.71+0.96
1.0 0.77 3.23 110.63£3.39
0.08 0.75 5.16 93.15+4.85
Magesium 0.25 0.66 1.79 96.64+1.42
1.0 0.97 2.43 98.94+2.13
0.08 2.74 2.93 101.70+1.28
Iron 0.25 0.37 1.86 97.25+1.89
1.0 0.59 3.32 103.10+3.63
0.08 2.88 3.35 90.76+1.89
Zinc 0.25 0.40 1.77 91.12+1.65
1.0 0.28 2.95 97.34+2.79
0.08 4.80 10.43 92.76+6.25
Copper 0.25 0.41 5.50 90.35+1.70
1.0 0.42 2.04 90.39+1.88
0.08 3.36 18.19 101.49+9.32
Manganese 0.25 0.15 4.41 94.68+3.48
1.0 0.52 5.95 104.58+6.84

1) Amount of CRM-1849a : values represent the results of the intra-day
(n=3) and inter-day (n=12) analyses

2) Values represent the mean of the intra-day (n=3) and inter-day (n=12)
analysestSD

o714 C= CRM ASA o™, C = NISTAA A&
e o a. 84ee 4 A, 97 FIEE
o] 3L 90.35~110.63%% Fodt 235 YeM e
tl o]= FDACIA AX T 874 52| 7Fe]=2RI(FDA,
2001) 257 A ettt BE tidedae] duligeE, 47t
AEE 9 3482 Table 20 YEMI AT
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2 EF 7o AAE microwave digestion 1] 2] W 3}

Zrol=ztRlell Agtatint. 22]al AF33del) SA=E] 2l

£ microwave digestion®. 2 H*]2]gF & ICP-OESE A&
g SAMS AF T 9/ TR D& S o] wi-
&3 BAMYS el w2 Az 4
F340 FAE Ae FUATHES WG =E AA A
A 828 A5E S EARS Mk A A
< Mdske BA AT 712FQ A AET E T Us
Aoz ARH.

2 drdM e HFFAdol AAE e
digestion A2 =4 Seh=vt WEE37S

ol g3t 21F Fo 95 F7148(Na, Ca, K, P, Mg, Fe,
Cu, Mn % Znys SA3h= FA4 ¥ gk 244, 344
2 A o AW FEA4 HAES AAE 7 o

technologyoll Al Fdstdtt. A4S FFFS AHES &
TAARA SHFEH A FBAIT 09999 o o] &
sst A3E e A&l 0.1005 mgkg, BT
= 03351 mgkg &8 747t UERgTE B A E=
23t A 5= Z}(relative standard deviation)7} & (within-
day, n=3), RHE-ZA 2] A9 0.09~4.80%, YU 7H(between-day,
n=12)¢] A% 1.19~18.19%% %¥33F 432 Jepfglon
AL I8 90.35-110.63%=Z S 433 A2
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