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in Foods of Animal Origin
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A Study on Sample Preparation for the Analysis of Trace Elements
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Abstract: Simple and rapid sample preparation method for trace elements in foods of animal origin using
ultra high pressure microwave digestion system (UHP/MDS) and inductively coupled plasma atomic
emission spectrometer (ICP/AES) were developed.

1. For the digestion of sample using UHP-MDS, 20% nitric acid (v/v) was the most suitable solvent for
the determination of trace elements in foods of animal origin.

2. The optimal digestion conditions for UHP-MDS were as follows: final temperature 180, final
pressure 400 PSI, and magnetic power 900 W in the solid sample. For the liquid sample final temperature
1707, final pressure 300 PSI and magnetic power 700 W were optimal conditions.

3. As result of interlaboratory test, the average recovery rate of the for solid sample were 88.3~99.1% for
As, 824~933% for Cd, 89.2~101.2% for Hg and 86.5--93.8% for Pb, respectively. In liquid sample, it
were 87.0~96.8% for As, 80.9~96.6% for Cd, 87.5~91.2% for Hg and 91.4~95.5% for Pb, respectively.

4. The average coefficient variation rate were 3.3 ~15.9% for solid sample and 2.9~ 10.8% for liquid

sample.
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Table. 1. ICP/AES
elements in foods of animal origin

conditions for analysis of trace

Trace element
Instrument conditions
As Ccd Hg Pb
Foward power (W) 1000 1000 1000 1000

Reflected power (W) 20 20 20 20
Sample gas flow (¢/min) 0.6 0.6 0.6 0.6
Plasma gas flow ({ /min) 10 10 10 10
Wave length (nm) 228812 214438 194223 220.353
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Table 2. Profile of the interlaboratory study

Laboratory

Digestion apparatus

Analysis apparatus

National Veterinary Research &
Qurantine Service(NVRQS)

Ultra High Pressure
Microwave Digestion System
(QMAX-4000, Questron Co.)

ICP-AES
(Integra XL, GBC Co.)

Microwave Accelerated

Chungnam Livestock Research
Institute(CLRI)

Reaction System
(MARS 5, CEM Co.)

ICP-AES
(Integra XL, GBC Co))

National Veterinary
Research & Qurantine Service
Pusan Reginal Office(NVRQS-PRO)

Microwave Accelerated
Reaction System
( STAR 6, CEM Co.)

ICP-AES
(Optima 3300, Perkin Elmer Co.)

Take homogenized sample into vessel of MDS
(If the sample was liquid, dry in 100°C for lhr)

Add 20% nitric acid and stand for 30min
l

Digest with microwave digestion system

l
Cool in ice bath for lhr

!
Shake thoroughly for Smin

l

Filter with 0.452 m membrane filter

{
Apply 1o ICP/AES
Fig. 1. Sample preparation for analysis of trace elements
in foods of animal origin.
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Table 3. UHP-MDS conditions for the digestion of solid
sample

Digestion stage

Instrument condition —
Stage |

Stage I1
Running time (mm) 30 30
Magnetic power (W) 900 900
Initial pressure (PSI) 0 250
Finish pressure (PSI) 250 400
Initial temperature () 22 170
Finish temperature () 170 180

Table 4. UHP-MDS conditions the digestion of liquid
sample

Digestion stage

Instrument condition

Stage 1 Stage I
Running time (min) 10 10
Magnetic power (W) 700 700
Initial pressure (PSI) 0 150
Finish pressure (PSI) 150 300
Initial temperature () 22 165
Finish temperature () 150 170




396 ojB g, ol3l4, &4

ARLAT vedd 2 S48
oAl A Sy AEdEMEEe RS &
olsh7] flake] e aoiAstd gl F 370 7]dto] o
stod A A vin S AAsArk IAG W A
FAE A, JthE, v ¥ d dEEAE 2t
0.1, 025,05, 2 1 ppm F7}5F & ZuAE S0 Falx
78 ALt Fegn dHolATE AR A
Table 5 2 63} 72ty TAA} FAE9] H$ Ht35e
& WA 883~99.1%, FFTE 824~933%, 5~ 89.2~
101.2%, ¢ 86.5~93.8%°|2 0w, A} F=AHE2. 7hzt
87.0~96.8%, 80.9~96.6%, 87.5~91.2%, 91.4~94.0%5
N Fgol wel thazhe] Aeols Aoy vy &
&SP FEolch A Y **U’l Het ol Al
TAN FAEe) AY 33-159%, A} FAE
~108%% e} ,\b:}

29

£
l

Loy o)
A8, 13] A Q) Bl 3).0.
AL ANED 9 AFE 4iad 20 5 ol
%o) B3k FFRAY Al - %
A5k olel A 21511, 12, 16, 18], 1ol ol
Sol Al Helt AEGA S W) A M FA

:ﬂ

b

o A NRAYeR AsEE Agelch vldHs
Aol GEHE BAZIE fiRRel faidye)
el Sge AU FEW LR Aol A B
Be7 AAAS Ao Sl el A e
A AHHE Aol 4aE HALAE A £ E 8

e Ziélili}%’s% :‘%8}1”% AHE-BAl AL HEF
2 edt e ool Ag, wEaE 2
slstesol wel EAUULs] 4o wAgow
ARE D Yo FAsH 43 AR gol
SIS Y P AHSSIER daRe] ghy
wo) ol gel Q= Mo okeld ok [6, 9 201
el M o8¢ RTYEEABANS YET
oﬂ H }__QH‘HL%I/ 2 B
NEFel EAss % HARSES fua
ojuf gL el <] 5}04 155 #afete Wolth

Yol Hla

o&
£
A
N
~
g

~O)
=]

-

|

i

=

im
i

o

‘-{r:
_,>i
\_o

giid
W
- o
do

‘o
Jo

L1‘\"

535 ARAR o] AT F7HeNA ol FolA

2 FAMol AEo] Wstel $4EA) LA

AHOE AU F 900 EAo) £2HE Ao

e ldlel 2ol i FET WAL
&

golut
4Hog SEsuz AN 2AE 4
= [0

2

Ao nfg- Q3 A0 ® Aoty uf AL G 3

Ptk E olES EatE o] f st HIASS AT

i e g R 20%, viv)el 71 $4% Ao 2 YERGS
= )

7}:0 s I T Y1 = A il Y
o|#3t Ay AlFy AFRMA L E ddl EAE 9
gt Bal &S Hulat A3 A 7 e I
&8 Advh= vk A 2] AFEe AR s A
Ath

B odoM FyE EMHE fdridel Jleds
T U uAdAs AA% A3 Auret YL ety
0] 3483 WolAlLrt 82.4~99.1%, 29~159%E

IAo] 5] 2=O

Ll o B o) CODEXel A #4ehs G
80~110% % oA <23% [10, 15]18 H&F£a= F
o2 A ANFEA 7 He)A] 7] TPl A2
olif FAWH W&ste &Y £ U AHH
Ao Hojdrh

42 £

g
r
i

i)

L

i

RIS

HUBF W EE, FE &
Blol Eugkrgs Rl gAR olgd



202 EALAYES o) & FAEW vFEE AFENE AT ANEHANE P 397
Table 5. The recovery and coefficient variation for solid sample from 3 laboratories
Trace Spiked level Recovery rate(%) Coefficient variation(%)
element (pprm) Lab1l Lab2 Lab3  Mean lab1 Lab2 Lab3 Mean
0.1 104.2 71.6 83.1 883 12 15.7 10.8 12.6
. 0.25 96.5 803 89.4 88.7 8.7 102 103 9.7
Arsenic
0.5 98.1 924 88.6 93.0 23 9.3 8.6 6.7
1 97.9 98.1 101.3 9.1 25 54 7.4 5.1
0.1 89.7 78.3 79.1 824 57 10.6 82 82
0.25 1014 82.1 88.3 90.6 7.4 10.8 6.7 83
Cadmium
0.5 91.5 9.3 96.2 93.3 38 9.8 4.7 6.1
1 93.6 94.7 90.5 929 1.1 54 33 33
0.1 102.9 108.5 923 101.2 14.5 193 13.8 159
0.25 932 843 90.1 89.2 10.7 17.7 126 13.7
Mercury
0.5 97.8 89.2 91.1 92.7 6.6 154 109 11.0
1 94.1 89.7 93.3 RN4 28 12.6 55 7.0
0.1 9.3 773 87.8 86.5 10.1 11.5 125 114
Lead 0.25 97.5 80.9 86.4 88.3 7.3 10.9 83 88
0.5 96.7 91.5 90.7 93.0 5.8 9.8 86 8.1
1 94.6 944 92.5 938 2.1 9.1 53 5.5
Table 6. The recovery and coefficient variation for liquid sample from 3 laboratories
Trace Spiked level Recovery rate(%) Coefficient variation(%)
element (ppm) Lab 1 Lab 2 Lab 3  Mean lab1 Lab 2 Lab 3 Mean
0.1 105.2 724 835 87.0 50 103 85 7.9
. 025 100.7 81.7 88.8 90.4 6.2 9.8 7.2 7.7
Arsenic
0.5 95.7 89.2 90.1 91.7 44 9.9 53 6.5
1 1015 93.5 95.3 96.8 32 7.1 42 4.8
0.1 854 77.6 79.6 809 7.3 1.4 79 89
0.25 90.8 85.7 89.4 88.6 4.2 7.8 6.8 6.3
Cadmium
0.5 95.1 94.8 9R.7 94.2 43 7.9 6.4 6.2
1 97.0 939 9.0 96.6 26 33 29 29
0.1 94.3 81.2 87.1 87.5 82 15.1 7.3 10.2
025 95.5 87.8 90.3 91.2 53 11.2 5.8 74
Mercury
05 92.2 85.6 89.6 89.1 2.8 10.9 5.1 6.3
1 98.5 86.4 88.5 911 2.6 10.1 33 5.3
0.1 92.7 90.9 90.7 91.4 8.5 14.3 9.7 10.8
Lead 0.25 95.4 92.1 944 94.0 8.1 10.2 99 94
0.5 935 93.6 92.6 93.2 4.7 12.1 8.0 83
1 98.2 95.2 93.1 95.5 4.8 9.1 6.5 6.8
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