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FOE T WO - R RS S R TR R R 1 (ICP-MS) [ B I S M B R AR L AT BEL kL 5
BRI MR TR . EEE T, USSR TAES BT Tk, SRS M EM R, JF
FHEEAENRICER . A RIS T E S MEE X FRZRE T B TR RE T WiT TIRABREFEKR.
T4 f07 Y0 L DRI T e T 2R R B ) I A SR R, L HNO,-H, O, (2 = DAE R4k 5] . 78 0.5 MPa J&
J$1F 2 min, 1.0 MPa £ /3 F 3 min, 1.5 MPa J£ }J F 5 min, 4 mL. HNO; fl 2 mL H, O, B85 4 MBFE N . 76
B AE 1 SIS 1T, X T G K TR AR AT TORG 9 AN R S B, Tk R R R A I 25 E 0. 9406 ~
3.26% (n=9) Z[A], JFREIHFE 98. 496 ~102. 6 2 [A] .
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1.1 UBRIESH

X-Series HLE #5 & 55 B M T35 AL (€ E Themo Ele-
ment 23 H)) 5 MK-I B 5% 2F i o B 45 % W S0k 0 b (1
RS U R D B R B SE ) 5 A8 4l K AL (Mll-Q Gradi-
ent), 2 [E Millipore /A #]

ICP-MS S Wi h &, 4% 300 i B 25 B RN 4 2 402 1CP-
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MS R BEZH I TAESH, Ui REH A 5 pg+ L Y Sc,
O Rh. P In BE S AR E T WO (A AU AL I L T 5 pg
<L In IHECR T 1.0 X 10° CPS H 4 T & 48 57 & B

Table 1

AN, K S pg e LV Se, U Rh Fe AL, DABE B IR ARG AL RS
TAEFM . SRS HINR 1 R,

Optimized parameters of ICP-MS system

RS B TR S8 (ICP R 50

25

B2 8 (MS £ 50)

RF 1% /W, 1 350
VA WA/ (L e min~ 1) 15.0
B /(L s min~1) . 1.00
FASRWE/(L s min 1) 1.02
FEMIETE/(mL » min~ 1) 1.0

Sy BEE (I %) /aum: 0. 8
Ty Bkg
WL 5 /0 23
TEFRUCEL: 3

DA AT X BC 28 B /Pa: 6.7X10 2
K% X B 25 )% /Pa: 6.7X107"
Sy HEEFIE] /52 20
KB JE /mm: 7. 8

1.2 EEiKFH

HNO, , HCIl, H,0, (30 %) ¥} g 4l .

FRUEVE WL, 4% % B 07 ik s 2l R B i Cus Pb, Zn,
Fe, Mn, Cd, Cr fl As #JEH 1. 000 g « L' {45 #E 6% 45 W »
ARMICAET I 0 ORI th . SR 5 AR IR R [ T R D E
T, T 2 AR EVE T (A 1% HNO,)

AR EEAR IR TR, Rh ARMEVA W (1. 000 g - LD HE XK
o v S 5T O 4R AL, T 120 HNO; B %R BR 5
pg s Lot A 25 P b o V8 T o VS T 9 3 5 A
ARTELR A PIAR U

SRR L Q45 IR IRR W 5 . SR 5 k7818
KV, B AR A .

1.3 #HaHE

5 O I T RE R T XD B A PR AF B = 120~200 H, T
150 ‘CHET, WHF A TR & .

P 1 PR R MR R RE B 0. 250 0 g iRFE T 2R T R & T
AEEEd . A 0.5 mL KR, Fil 4 mL HAER . 2 mL g K
LA (3050, B he 5], fRE & 508 fif W38 o B i, 35 40N
. RSN A MK EBDGER IR ) A % P B0k T8 e
rh L MO L L T g 650 W SR BRI I A% T AL B
FERIEEEVNEBRG, BB E 25 mL F&fh, A8l
KEBRZZE, #5, R s 055, %K 1S TIES
B EE M ICP-MS Ml E & e E & .
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2.1 FIREA RARITE B B 5

ICP-MS 5 4% 517 53 5 % 1 T4 1F 2 0 % BLAT
ALK A7 IR AL T L R 5 69 S5
HAHFEIT (% . SN HEIE I i F B2 Z ) Ar SR Cy H, O
RN 2541 2 W0 A B TR LA IR T A . 107 Cr, 7 Fe,
* Mnf1™ Cu 2576 2 43 22 F° Ar #C, “Ar O, “Ar "N A
O Ar®Na' 5 ZFTE T T 9. 550 o i 36 44 3 9 )
{31 3 T 2 AR 0 B L IR (22 1 B 2,

Table 2 The selected isotope of detection

JCE Cu Pb 7Zn Fe Mn Cd Cr As
[a) 51 65 208 66 57 55 114 52 75

16 ICP-MS 43 # v, AR T R BE A R0 W 45 FHRE GE 43 B
5 A I R, O X R R N LA R R £ A
™Y, G aE X Se, In Al Rh VE PR I A9 AT R 435 AE B X 3
AN B L SC B BT . B E LR IMA WK E N 5 pg -
L'H Rh VB AR, SR B0 X0 S35 00 7 A B 14 1 R 2 3B
H A
2.2 WURHMREH

WP 5 TR B A 2 A A DL, R O A A A T
MELAE AL SE 4, WML R MR TE AP TR, ZHAR
T . MAIER , 258 A R AR . G0 T A vk B A Pt
WA m B EARSE S, T T A PUE SRR A
T, R A A ) R B A TR R 1 BB R L 43l A HINO;
HNO,-H,0,, HNO,-HCIO, , HNO,-H,S0, & [fl #& & {F &
T AR s A b TP AT O A, e R0 4 T vk R AT O
RE o T AL WS T AV RN O B B R BR B A A, R B
ffi i HNO, % % A& {4, i HNO,-H,0,, HNO,-HCIO,,
HNO,-H, SO, = Fifr 31 i 120 70 347 0] {ff 009 52 1 B B 5 T8 1 528
4>, {0 HNO;-HCIO, , HNO,-H, SO, fA& £ %f J§ii it il 2 4 T
REMA, L HNO,-H, 0, (2 + DK R MR R, L
0,35 B, Horpad S A A o e T AR R SR R R T
ML, H i T RE S 300 B F i -, AR R 3.0
ml,

TR T A A T I R M S RO IR D RNR T . TEH R L
MR, ARER T B TR I R AT R
R 3% 7 7t iR T R O =K AT Dk A, B BE B — % (0.5
MPa) 4 ## 2 min, —4#4(1.0 MPa) {4 ## 3 min Fl =f4(1.5
MPa) ¥4 f# 5 min FT4 % 210, T L 0. 250 0 g RE SR SE &
AR, W TC BB . TohR .

2.3 REMERAENEETERE

HRHERE 5 2k 2 B 4%, A Cu, Pb. Zn. Fe, Mn, Cd.
Cr F1 As WARVE WA 1% HNO, ¥ B BC 6l — £ 910 W &R
7] F4) VR A A M VA W, IR BN R BR V. FE D A R 1Y
AT . H ICP-MS HEAF I 5E » An R E A ICP-MS 5,
IEHEANBETETEN TIEMEZ K& X R, Cu, Pb,
Cr, Mn, Cd f1 As JGETE 0~100 pg « L ', Zn fil Fe TLEAE
0~200 pg « LT WRIEJLE AR LM LR, MXRBME
0.999 L k.

2.4 FEBBEEMERE
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P MR WA I T8 E AR 0. 250 0 gGRAT 9 43D A 1.3 15 A0 % 3, Cu, Pb, Zn, Fe, Mn, Cd, Cr F1 As /\FI TR Ml & M43

2.2 WY TTIE Sy AL B A, I E B TR L TSI SE AR HBR7E 0.018 ~0.16 pg « L', [l i R B 78 96. 0% ~
% RSD; SR AR AR A2 4% T8 3 B IR, B 4205 i 102. 026 Z 6], AH%F A i {25 7€ 0. 9496 ~3. 26 %0 Z [l , K H]
R BE o AR b BT B A0 25 1. TR E B TAE ST A2 ST B 5 1 A AR LI B 1 v A% T R Y 40 E
itz [HfE 1L Y, B3 AR b o G 22 0T AR IR, 25 R

Table 3  Test result of recovery of sample

TLE MEM/ (pg e g™ Ik /(pg e g™ ) MEBRME/ (ug- gD [l g 5/ % RSD(n=9)/% KB/ (pg- LD
Cu 2.38 2. 00 4.42 102. 0 1.78 0. 026

Pb 1.17 1. 00 2.16 99.0 1.23 0.036

Zn 58.6 50. 0 109. 1 101. 0 0.57 0.122

Fe 72.5 50.0 122.3 99. 6 0.94 0. 090

Mn 4.18 4. 00 8. 12 98.5 0. 47 0.013

Cd 0.27 0. 50 0.75 96. 0 2.4 0.021

Cr 1.97 2.0 4. 00 101.5 0. 81 0.019

As 0. 20 0. 50 0. 69 98. 0 3. 26 0. 097

2.5 #HmNE iR 4, KIS EERE Y F 25 00 R PR B DY & AR

SR FH BRI T il B A o WO S T R HE AT AL, SRR AL X, A H 2B T R e & E L AR Tl

HTAESEOS BRI A AT ICP-MS U2 . 4381 ARdEMERDY

Table 4 Analytical results of waste beer yeast samples

R RS

WEM/ (pg g™

Cu Pb Zn Fe Mn Cd Cr As
1 BY0632 2.90 0.92 83.2 42.3 2.56 0.21 2.23 0.12
2 BY0633 2.47 0. 96 92.1 61.9 2.94 0.15 3. 60 0.092
3 BY0645 2. 38 1. 17 58. 6 72.5 4.18 0. 27 1. 97 0. 20
4 BY0646 1.51 2.03 67.3 74.3 4.76 0.18 3. 14 0.19
5 BY0675 1.91 1.12 51.9 47.5 3.08 0. 24 2.76 0. 08
& % 3 i
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Determination of Trace Elements in Waste Beer Yeasts by ICP-MS with
Microwave Digestion

CHENG Xian-zhong, JIN Can, ZHANG Kai-cheng
Department of Chemistry and Environmental Engineering, Wuhan Polytechnic University, Wuhan 430023, China

Abstract The waste beer yeast has rich nutritional compositions and is widely used in food, medical and forage industries. The
security of the yeast plays an important role in everyone’s daily life. But the yeast contanining microamount of lead, cadmium,
chromium, arsenic and other harmful metals is endangering human health. A new method was developed for the direct determi-
nation of eight elements, namely copper, lead, zinc, iron, manganese, cadmium, chromium and arsenic in waste beer yeast by
inductively coupled plasma-mass spectrometry (ICP-MS) with microwave digestion. The parameters of plasma system, mass sys-
tem, vacuum system and spectrometer system were optimized. The spectral interferences were eliminated by selecting alternation
analytical isotopes of ©*Cu, *®Pb, **Zn, *"Fe, *>Mn, ""Cd, **Cr and ”° As, and the internal standards of Rh was selected to com-
pensate the drift of analytical signals. The samples were digested with concentrated nitric acid-hydrogen peroxide (2 : 1) mixed
solution more rapidly and more effectively. The effects of the type of mixed acid , the volume of digesting solution, heating
time, and heating power were investigated in detail. In the closed system, the complete digestion was performed using 4 mL
HNO; and 2mL H, O, for 2. 0 min at 0. 5 MPa, 3 min at 1. 0 MPa and 5 min at 1. 5 MPa. The detection limits of these eight ele-
ments were 0. 013-0. 122 pg + L', The relative standard deviation (RSD) was 0. 94%-3. 26% (n=09), and the addition stand-
ard recovery was 98. 4 %-102. 6% for all elements. The proposed method has been applied to the determination of trace elements
of Cu, Pb, Zn, Fe, Mn, Cd, Cr and As in waste beer yeast samples with satisfactory results. The determination results indica-

ted that the content of trace elements of Cu, Pb, Cd and As in waste beer yeast samples are significantly low.
Keywords Waste beer yeasts; Trace element; Microwave digestion; ICP-MS
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