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Abstract : A pretreatment procedure was performed to improve recovery of selenium from enriched egg
and dried pork. Samples were digested with only HNO; in beaker at 150 C for 3 hrs, and Se was
determined by ICP-MS. Recovery of selenium was 94.2%, and its C.V. value was 2.48%. The analytical
results of Se by this method were 0.13 - 2.71 mg/kg for egg and 0.36 - 4.19 mg/kg for dried pork.
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B4 (neutron activation analysis)™, H7-E4ERY
(atomic absorption spectrometry)’, & & H7)Zo
A A FE A9 SAETERY  (electrothermal
atomic absorption spectroscopy, ETAAS) ™, 42 818-8
AYNF AASE BAshs HGAASY ", #=2Y &
ghanh AFEAY ACP-MS) Fo) gt

See] AA Wyo] B A= M. Matek§'o) A
AA 8o HNO;E Y715t heating block¥} microwave
oveng ol &3] HAEIFAE o) Seo) ¥IE ¥
£go] vlaER T £THYA microwave oven o]
S4adn BEE v gtk

B A3e ICP-MSHE ol&3lo Ads 1z 8=
17} o vEoR FFE WA Sed HAEIAE
wxn A& sy A e AFE AT A
e A s o EHo] gdth wepd wA
st 5459 A8y AX HHE Y3l ¢
&a] 150 T ol5te] e 2% W thr|g} FelM B
A7) = beaker WH# TUsjE 7004 F& gEe
2 A 2)3k= microwave oven 22 HNO; ¥ E 7R
Egat gdo i3 BHEE-L £ vnste HTEE
A 2 wHe MAsad.

a8x B A BFE AE AEE o83l Y
Astel AT APYE FAEG e, AV
E9t KIST EA42HAH 2s|d dA4 Ag 7 7
Z "Rz AR BME Alxdle, B dFeA
293 Az oz 7+ 2 A% F JvjF FHY
A 27 44e B4 A8 ¢ e e A
Edq
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2.1, Alef % AlB

B Ao AMLE Sey EFEEAL Perkin-Elmer
AL9] 1000 mg/ll &89S &3 F A3

ABE AAHEY] A8 AL AL FHNEA
GEFEY AAFE FANA G oz A3
th 2 9 ZE A AoF og M-S o
ga B d7dM AE ZE BE 1A FF
Millipore Q o] 2AY{FAE FHAA AAF g A
L34t ol e A% FHee AR A
of ICP-MSH O R Se9| EARE gt F A&}
A, obgy] A uigtgdozne ulEghe HAE

EEESE

A

Aok EF ICP-MS| AR Eefavl 7[Ae A
2(FE 1Ex A of2 ot

£ a7 BEE B A8 R AN
& #Aspy] A3l AHEF EEAIEE  NISTY
bovine muscle powder (NIST SRM 8414), whole egg
powder (NIST SRM 8415), whole milk powder (NIST
SRM 8435), durum wheat flour (NIST SRM 8436)0]c}.
AANRE 1999 10855 20013 9¥71A] KIST &
HEMAE 2ZE AP 314 A= HA37] 12
A AR EFE AUt

2.2. 7191 % 3

AHEEL  7|71=  Perkin-Elmer A}¢] Elan 5000
inductively coupled plasma mass spectrometer(ICP-MS)
ojt}y. Sed] e FEepxuield A4EHe 3EF
M AFAFLE do717] Wi FAYL EAH
7t & mjz = 80 EE T8 myz = 7790M FAHIHA
3, a9 AFME Fig 13 g ol T2 A 7
7] ZAZAE Table 19 FE550h
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Fig. 1. Calibration curves of "'Se.

AAE)A) AREE pyrexA] 250 mL WA} pyrexA] 100
mL §u&et2AE HSO-ammonium  peroxidisulfate
cleaning solutionol] 3}FF% BZ F FHFE Ao
AMgEgon, ARe Eae] AME® hot plater
F-TechA} A Zo|t}k AF Fo EAdle FIEE &
A1717] 8 ECM 30 exhaust / capping module©]
33tEl  MilestoneAle] MLS 120029 microwave
digestion system2- A&t}
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Table 1. Instrumental and analytical -parameters for ICP-MS

Descriptions Conditions
RF. generator Free-running type, 40 MHz
RF. power 1000 W
- Induction coil 3-turn, 1/8 in. copper, 2.6 mm id.
Sampling depth 7mom from load coil, on center

Coolant gas flow rate

Auxiliary gas flow rate
Nebulizer gas flow rate
Mass flow controller
Sample introduction
Sample uptake flow
Nebulizer

15.0 L/min.(Ar), 10 mi/min.(CHa)
0.85 L/min.

0.92 Lmin.

4-channel

Peristaitic pump

1.0 mL/min.

Cross-flow type

Spray chamber Double pass type (Scott type)
Torch Demountable
Interface cones Nickel
Mass analyzer Quadrupole
Vacuum system Turbo molecular pumps
Quadrupole chamber 5 x 107 torr

Quantitative mode

Replicate time (ms)
Dwell time (ms)
Sweeps/Reading
Reading/Replicate
Number of Replicates
Points/Spectral peak
Se/Mass

Scan mode

Resolution

Peak hopping
09

Total Quant Mode Mass Range 67 - 87

2.3. Alg9| ®Xz2|

AJAgE F 10 g& 3l 250mL pyrext] Aol

¥ 1k AP 15 mLe 7HE F, AARAE €2
150 C ARE FASAA AT 54 7HE #HAA
ot ®3i7t SEEYE &Y g FEANTT FHF
& 71 M4 4 5U F 4R 43, 5C
AEFo|2HN A8 F, 100 mL pyrexA| 73 F2
Ad &3 e =37HA FRFE FHo-
FEFAEQ bovine muscle powder, whole milk
powder AJEF 10 g2 whole egg powder 3 durum
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wheat flour A2 oF 1 g& A&3] do} 99 74
& FYA AZ F Argdosy AHEEATH
A g v ARE4E AFTEEZE EFH 1
ml/min. o} &2 FYAT)HA Table 19] H3 7]7] %
BHZAA oj2A718 A8 Sed BASIQITh

3. &3O ¥ N

3.1. HgtAlRe HAz]

AY 53 2 AFANE Fo FHE TUI9LAE
37 e 49 A8 tlEYLE A3 v
ANA FH3 fdog ghEojol gk AFEAES 2
o] f7l'el ¥ §irEol Ae AlE9 HAM] Yy
de o 77 e AA Wrol A4y
F2331e] ot AAIHL A5E e 2Ed
A AL Y R71EE A WHo2A g
Folle HPE tog %o gdo wEm 1 §F
& gk 28y Bagole] AgsEde s
$oz £9Y ¥ U o LA dAE ENE I
Sole A4y Bre F433 WYe o83y
Helghe Aol Aotk FAZsPPoA Uwr o
2 AR MEY2: g EN4E uI) 9t ¢ &
it ol HFe ahg MEE HA e 3

719480 {7188 A¥S] dve F¢ AE
WEYL B vt ohg} F&Esh= FEE o) ~
HEY WHE s 5o A7 demz £y
WHe] HEFAIE st PR WYY A8E
A AHF F.

T3 A3 Afde WY oM HEF
AL 7tEn 9 2xE sldsty Bese W
T2 ¢Ee UAE 87]o)A microwave 02 B3|
A7l de] Qo). Se Feol ¥A %1 FES
< & dast A o) & BEEe ¥4
37 Wi & 29 48 deMe 4949
E4E 9od # itk gy g dFdxe AR
3 Az HAw) AgE Aoz EHAE &
 AXE PHE AR 3k d9A d7|g de
$e 2% dEdlA  EAFl= beaker Wy
microwave'§ & ©] 8¢ FA33} PO ARE ¥
AN G, 2 AEE A vlASYh

WA 10 pg/lo] Sed Ztzt 10 mL A A3 3}
o WA Wi, FAE 2F 71g o hot plateE
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o}-g3tad 150TM 3A12F 71 REAA, £H5x
re §9¢ TET BF 22 %9l Se& @ o
& AL A% 71813 microwaver] 0.8 300Wol| 4] 5
F7F 231 S00Wel A 382 EAAT 9] F 7}
A oz Ztzh 53 A AP ANREYE HFYx
A A ICP-MSE ¥-48le A& H5+ES Table 20
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Table 2. Recoveries of Se with beaker and microwave

method
Amount  Average » 3
Method added founy Reco%ery C.%.
(0g) (ng) &
Bealker 100 94.2 94.2 2.48
Microwave 100 61.5 61.5 20.8

1) : Mean values obtained from five measurements

2) : Coefficient of variation = standard deviation / mean x
100 (n=5)
Amount of Se in standard solutions spiked in water :
100 ng (10 pg/L x 10 mL)
Digestion reagent : HNO;

ATNM B upe} o], di7|qt delM B 2
T2 HF beakerYolA] Sed 94.2%9] 34ge 7}
Z} A91on, B%E A (coefficient of varation, C.V.)&=
2.48% o]tk 2elv} microwave] 0.8 B3N Z] S
Sed] BF&o] 6L5%oIH HEATI 208% HARA
71k BtelA @ 2E(1500)E HEldhe Whyol
Hl3lo 385 % AR Fggo] & Wy ofe} A
Aol gle A3E AU olA& microwave 2]
S vE dHg 87 FolM BalA17]1A9E microwave
A7} At} AR wjE-YE Zad] HEse 437
AN o]2ARE doA 2Tt FHE de@gos
Aste] RapAlAM ohEF MR ] HEsol
HAHT, Y ALY Se F Seo) HEFEL A
gaEoz L= Y, HEBA B3 &7 A
A 402 A%RH Eorle T UHEr|2RE
9 ABE &Uv AN Fusr] dielen
Azt meks BAA s} Zo| FAe 23 #

£ FatEiolshe BEEA 945 BME Hfde
microwave o] A&3tn AHQl AXE wWHoR

A=

ol4¥ & YA, HLA SeE FRY ANEY H9e
237 beakerErh £4 Y ¥49) ¥ad 2 &
4¢ doddge AL MNE + At

Table 3. Recoveries of Se with different digestion reagents

Amount A

Reagent aided  fomd Recovery’ CV?
e e OO

Dilution 00 1002 1002 079
HNO,3 00 942 %42 248
HNOy+H,0; 100 468 468 141

HNO3+H,50, 100 94.8 94.8 308

HNO;+H,S0,+H0, 100 56.0 56.0 9.16

1) : Mean values obtained from five measurements

2) : Coefficient of variation = standard deviation / mean x
100 (n=5)
Amount of Se in standard solutions spiked in water :
100 ng (10 g g/L x 10 mL)
Digestion method : in beaker, at 150 C

A AFAES F33A o) dutHog HNO,
5 9o E3 &, HNO3-H,S0s HNOs-HCIO,,
HNO;-H,S0+-HCIO 5-& AHE 3T} 18ju} ICP-MSY ol
ME HCIO, T HCZ HYsl9e #A$ Egan
%r._oﬂ}\_] wAl’”CF, 37C137Cl+’ 40AI368*’ ];_3 3281603+ %—,‘ﬂ}.
e oy 714 geal o)leFe YAHEE olFd)
Sste] 2dEY AP o W) IFe L s
Aol Bl 13y HNO:9 24 B ue 493t
A9 wlsg 2HEYS Yetgozn AFPY 9o
g 2HEY WHlE Blw3 9 @] Wi ICP-MSE
o83l ¥ME w sH3 AP delztm LA
. meha B Apede 2¥EY HEE 9 g
AFHY 1 EHHoE AR WEHAE B
A e A f9e H43y) Yso HO ¥
HCIO, 5§ A|9J§ HNOs3} HNO:-H,SO, 5 E 7}#
3 4 $902 HE g 2R Heed 24
B3ty &, Se 10 pglol EEA 10 mLE 3
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H BN 2PN FRFE AW EIAY =
HNOs, HNOs-H;0;, HNO3-H;SO, HNO;-H,SO-H,0,E
7htn 24zt 534 Ag o HA BNz
73 gEgdel 35ge Table 39 $ESY. 2
oA Hi uig} o], HNO,22 A3Ae o 3
FEE 942%24 BolMY I8 1002%HTH o
Zb ysith @)a HNO-H00.2 A alstide 723%,
3)-go] 468%2A ZA ok B vk ohel Ad
A (CV. : 141% ) BF e ARE Ack =3
HNO:- H:80,2 Ae3tHe 2% Seq| 3489]
M8%2A vlmA AHA (CV.: 3.09% ) &= 2P
& A} vpAeto g HNO-H.SO-H 0,24 323}
e AT, 560% &g W o ol APA (
CV.:9.16% ) &8 ZA 3tk o) g AAE
Z38 B o See] &£4o] HY A2 A]eke HNO:®!
A& ¢ 7 Uk weby B AFoAe A g2 A
ZHRAa7] ABE Y71 2 R 2% (1507) oA
HNO;Z 3A17F 5¢F EsiA17{ o)

3.2. EE W WAARS &4

£ 7oA g3 e AAMNE F Sed] B4
o H&&7ld UM A FFARE olgdtq &
W 8w FUAdE 24 AR AES @
d¥ ¥ 71X EFAE %, bovine muscle powder
SRM 8414, whole egg powder SRM 8415, whole milk
powder SRM 8435, durum wheat flour SRM 84362

A ARSI elx AFE BFAEEL diIg
2 150 CAHEA HNO:Z FaiA)zl ¥ ojn] ZAMG
#H7)7] & FHZANA Z24 534 E4319h

Table 49 88 ANE BY, Sed 794+ duie
2171 1.60% ~ 9.21% B E whole egg powder SRM
8415& Al9f3ta wlu®d HHE gg dRen 4d
BEQAE 329 ~746% HHE NEAY e ARE
Ut

obde] ARE vFo] B uf ¥ AN FYHI
AAE YL ATAE BT ol whole egg
powder SRM 8415, durum wheat flour SRM 8436 %
whole milk powder SRM 8435 53 & UE £72
HEANR F RHO SlE Se 99 EAd 8%
F e 7FeAE stk o £ dTelA EY
S AAA R A& AIKTable 5), AR
U A 7 xR 17] F Sed & 247} 013 -
271, 036 - 4.19 mgkg ©]%lck

Table 5. Analytical results for Se in egg and dried

pork samples
Sample Concentration of Se (mg/L)
Egg" 0.13 - 271
Dried pork” 036 - 4.19

Digestion reagent : HNO;
Digestion method : in beaker, at 150 C
) :n =31 2):n=12

Table 4. Accuracy and precision test for Se in the certified reference materials

: 1) 2)

Material Cer. Ref. Found value Certified value Rclatlv% error C(;é)

Bovine muscle SRM 8414 0.069 0.076 9.21 7.46
powder . mg/kg . mg/kg . .

Whole cgg powder  SRM 8415 1312 mg/kg 139 mg/kg 561 6.93

Whole milk powder SRM 8435 0.127 mg/kg 0.131 mg/kg 3.05 5.80

Durum wheat flour SRM 8436 1.198 mg/kg 1.23 mg/kg 2.60 329

1) : Mean values obtained from five measurements

2) : Coefficient of variation (Digestion reagent : HNO; Digestion method : in beaker, at 150 T)
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4.3 B

B dFdAe ICPMSeE A 3 AzdAn
71 2o YA sl viFe] Sedl #¥ Tddn B
AL e AE AX] WHE ZABIAE of
3 HA 77 2 2AZ2ANM BEF € HAASE
B 29 ey 22 FES 48 7 At

A AAg PHe Y] 95t HNOs 5 %
7HA Ak RajFelAlg AHEt di7igk 2 150C o]
oA Hedhe beaker T U W€
microwave'jo] o3 EHEEE vw3tgch Beakery
g o}gsla] HNO: 22 AM3slE W Seo FHred
942% o9, HMEAMCV.)E 248% A microwave
oven BT} A8 &g Hadsn, FHAR A
A e A48 dUtk

BAubyo] Az AAAE A8 A8t Se
7} &5 NIST bovine muscle powder SRM 8414%
g 7hA EFARE E4% A, ddeAe 160 ~
921% oA, WEATFE 194 ~ T46%HAEA
v zd AR A4 e FdHE AU AN
B2 B4% 43, Ags gzdAar] A8 F Sed
¥EE 0.13 - 271, 0.36 - 419 mgkg HYolATk

Al
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pu

#oE#

—

. S. H. Cho, Kor. J. Lipidology, 3(1), 23(1993).
. Z. Slejkovec, J. Van Elteren, U. D. Woroniecka,
Biol. Trace Elem. Res., 75(1-3), 139(2000).
3. Y. Shi, E. E. Sullivan, J. Holzbecher, A. Chatt, Biol.
Trace Elem. Res., 71, 377(1999).
4. G. Onning, Food Chem., 68(2), 133(1999).
5. A. Taylor, S. Branch, A. Fisher, D. Halls, M.
White, J. Anal. At Spectrom., 16(4), 421(2001).
6. P. Vinas, M. Pardo-Martinez, M. Hemandez-Cordoba,
Anal. Chim. Acta, 412(1-2), 121(2000).
7. T. Narukawa, J. Anal. At. Spectrom., 14(12),
1919(1999).
8. M. Matek, M. Blanusa, Arh. Hig. Rada Toksikol,
49(4), 301(1998).
9. L. Hussein, J. Bruggeman, Food Chem., 65(4),
527(1999).
10. W. R. Mindak, S. P. Dolan, J. Food Compos.
Anal., 12(2), 111(1999).
11. P. Zbinden, D. Andrey, At. Spectrosc., 19(6),
214(1998).

[

Analytical Science & Technology





