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Abstract: The inductively coupled plasma mass spectrometry (ICP-
MS) combined with microwave digestion was employed in this study
for the determination of forty five elements in Yingde black tea. The
results showed that 45 elements had good linearity and correlation
coefficients all greater than 0.999 5. The limits of detection (LODs)
were ranged from 0.000 1 to 20,090 0 pg/L. The recovery rates were
between 82.58% and 119.19% with the relative standard deviations
(RSDs) of 0.20% ~7.03%. The RSD of all the elements except Sb
was 0.15% ~9.14% in precision experiments. The method was vali-
dated by standard reference material ( GBW10083 ), the
determination values of elements other than Cd are all within the
standard value range. It showed that the method had the advantages
of rapidness, simplicity and accuracy, which met the requirements of
linearity. detection limit,

sample determination in terms of

precision, accuracy and recovery rate.
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AR Al

Ca.K Mg ZIC R IR UEW W : 100 pg/mL, B KK B4R
PR A inl F e R

Al,As.B.Ba.Be.Bi,Cd.Co,Cr,Cu.Fe,Ga,Li,Mn,Ni,
Pb.Sb.Sn,Sr.Ti, T, V.Zn £ T & b5 VA W : 100 pg/mL, [
KA A4 )8 P A R T O

La.Ce, Pr, Nd, Sm, Eu, Gd. Tb, Dy, Ho, Er, Tm, Yb,
Lu.Y ZICRIFMER W : 100 pg/mL, B KA 44 8 K8 F
AL A O

Rh,In,Re FRE W : 1 000 pg/ml, [E 589 26 b FHI X
Wl

Ge WARHE WK :1 000 pg/mL, B KA 44 )8 M 4 ok
A3 AT D R 5
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Table 1 Procedures of microwave digestion
PR B/ C PRI IS [B] /min J& 71/ MPa
1 120 2 3.5
2 150 3 3.5
3 180 25 3.5

i SRS RS T — AR AR
1.4 ICP-MS {8 &4
1.4.1 ICP-MS T{E&M %8 F54K:15.0 L/min; i B =,
f£:0.9 L/min; 3 :0.8 L/min; #MES4£:0.35 L/min; %1k
B2 Cy REB A PG & 0.3 Al EERER
B3 WUEZN AL 0.1 o/ss T 1 550 W,
L4.2 XA TAEMIZR 4 0 R bm vV ) AR 1 2R 37 A o
TAEMW . 2% HNO; ¥ Ca. K. Mg br i 4 10 2 9 i B A
0.0,0.1,0.5,1.0,5.0,10.0,20.0 pg/mL;%} Al,As.B.Ba.Be,
Bi.Cd.Co.Cr.Cu,Fe,Ga,Li,Mn,Ni,Pb,Sb,Sn, Sr, Ti, Tl,
V. Zn kR AE R B % 0.0,0.5,1.0,5.0,10.0,50.0,100.0,
200.0,500.0 ng/mL; ¥ La,Ce,Pr.Nd,Sm,Eu,Gd,Th,Dy.
Ho.Er.Tm, Yb, Lu.Y %5 ¥ % W # B A 0.0,0.5,1.0,5.0,
10.0,50.0,100.0 ng/mL ;) Sc e v L Fs 12 % 0.0,0.5,1.0,
5.0,10.0,50.0,100.0 ng/mL ;¥ Se Fx 17 B B 0.0,1.0,
5.0,10.0,50.0,100.0 ng/mL; ¥ P 45 i % W B 0,1, 5,
10,50 pg/mL K He 5 7 8M B 5 0.0,0.5,1.0,2.0,5.0,
10.0 ng/mL, 7€ 1.4.1 750 ICP-MS TAE & 4 F . % ik
FRYVARUEE W AT I 2 25 1 bm ot it 28
2 8RS0
2.1 HIRTEMERE
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T PR A AT T 2 A IO 1 G 43 A 7E 1 I T 30 AN 5T 3 L
WA B R SR oT R M T RIE I NIR TR
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5 R0 5T 3R AR I U T Ak 2k A L. e AR IR 3 T R B T
" Ge,'""Rh,""In."" Re /Ey W AR, R I 7E 2 7 U A Y
B B0 b A T T B AR 5 | 1 0 g 2%
2.2 ICP-MSHIF#H RiEk

ICP-MS fEFE ) T4 3 24 Py B T4 L B4R 1 T4 A
FEIERMF, OHETHREESERNOEE R o ahl
%3 o B T A A R AT T s R A TR R S A GE
T B R R ST R N AF S, R EUE S A A AT
R R TEL T 2 A PR, AT DL ST b A TE A2 800 51
A R 2 A T R E AR R R RS £
FEFEFTImaFET 04 FEF R EESS] R
BT, IR 3 5 = ORI [R) 6 38 5 76 AR i 30 vl 4
BRI 2 AR IE 25 F 3 F T
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Table 2 Linear regression equations, correlation coefficients and detection limit of elements

. \ K th R/ . \ o PR/

JLH 28 M [ 9 5 TR R JLHE 2R 1A Oy LY
(ug = L1 (ug+ LD

Li y=0.003 1x+0.000 173 29 0.999 9 0.168 0 Cd vy=0.004 22 +0.000 027 592 0.999 7 0.002 2
Be y=0.003 22 +0.000 095 721 0.999 9 0.112 4 Sn y=0.008 8x+0.000 337 87 0.999 9 0.022 3
B y=0.002 42 +0.001 7 1.000 0 0.672 2 Sh y=0.009 62 +0.000 096 858 0.999 9 0.006 9
Mg y=20.269 12 +0.027 8 0.999 9 0.925 2 Ba y=0.003 72 +0.000 325 88 0.999 6 0.073 6
Al y=0.008 92 +0.022 0 0.999 8 0.457 8 La y=0.042 7x+0.001 3 0.999 7 0.005 2
P y=0.497 62 +0.005 3 1.000 0 3.780 0 Ce vy=0.050 62 +0.000 158 85 0.999 7 0.000 4
K y=17.672 3x+2.643 8 0.999 9 20.090 0 Pr vy=0.053 8x+0.000 032 49 0.999 7 0.001 0
Ca y=0.877 8x+0.015 2 0.999 8 3.543 0 Nd y=0.009 92 +0.000 023 99 1.000 0 0.004 4
Sc y=0.062 12 +0.000 578 07 1.000 0 0.011 1 Sm vy=0.008 42 +0.000 007 118 8 0.999 7 0.001 8
Ti y=0.005 22 +0.000 191 96 1.000 0 0.082 8 Eu vy=0.031 82 +0.000 019 884 0.999 6 0.001 5
\ y=0.138 32 +0.001 5 1.000 0 0.008 5 Gd y=0.012 72+0.000 032 098 0.999 8 0.001 8
Cr y=0.171 72 +0.013 5 0.999 9 0.023 9 Tb vy=0.071 0 +0.000 016 84 0.999 6 0.000 2
Mn y=0.115 52+0.014 0 1.000 0 0.045 3 Dy y=0.017 22+0.000 006 122 9 0.999 7 0.000 5
Fe y=0.157 92 +0.549 6 0.999 8 0.587 2 Ho y=0.070 02 +0.000 010 702 0.999 6 0.000 1
Ni y=0.060 3x+0.007 7 0.999 9 0.025 4 Er y=0.024 12+0.000 018 343 0.999 5 0.000 6
Co y=0.243 8x+0.007 3 0.999 9 0.011 3 Tm y=0.074 72+0.000 013 811 0.999 6 0.000 6
Cu y=0.149 52+0.017 7 0.999 9 0.037 7 Yb y=0.017 12+0.000 016 796 0.999 7 0.001 7
Zn y=0.027 62 +0.030 9 0.999 8 0.225 4 Lu y=0.051 22 +0.000 018 357 0.999 6 0.000 8
Ga vy=0.092 12 +0.002 2 1.000 0 0.010 2 Hg y=0.006 92 +0.003 9 1.000 0 0.031 4
As y=0.015 72 +0.000 558 81 0.999 9 0.013 2 T1 vy=0.044 42 +0.000 119 37 0.999 9 0.002 0
Se y=0.001 8x+0.000 151 88 0.999 9 0.129 9 Pb vy=0.032 52 +0.005 3 0.999 9 0.011 2
Sr y=0.120 8x+0.004 4 1.000 0 0.008 7 Bi vy=0.046 62 +0.026 8 0.999 9 0.036 0
Y y=0.012 92+0.000 016 898 0.999 6 0.001 4

L A I BEACHR I T HE . B K Ah, HoAh 25 T 2 46 R
0.000 1~3.780 0 pg/L, X T & BAR MM 70K B Sc 4b,
i BR KT 0.005 pg/ L U B AL EF B B0 1) R .
24 REEREGUEERNN

HER PRI 6 3 [B] — 28 M BE 2% 0.3 . 4% 1.3 B i i AL 22
PR SR A1 A B S AE , TAT I A 6 TR AR I 45 FHOT R
i TR A B X BR ARG 25 . 8 T Sb ok BE KA AH X bR
HEAR 220 13.34 00t R BE 05 15 2 1 . &5 SR WK Sb 4h, iRk
TCE AR HEAR 2% 4 0.15% ~9.14 % . U B 77 v: 1 T8 & 1
H BT

F 3 ML R B, WAL P AR TR & & Z 7 1E
W22 R, &K ICE A Mg, AlLP.K,Ca,Mn,Fe,Sr,
Ba %, # 4 @0 FE H Hg As.Cd.Pb /& B 4K, Cr & &=
. PbAs Cd.Cr Hg 5 Tl & 4 J& /Y & & S8 F = R br
FRAEE(H . o . P & 545 & GB 2762—2017¢ £ fh & A E K
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NY 659—2003¢ % it i 4% L oK B SR AL P B o ) . Bl 4T
KPS EEEMM KA Y.La,Ce Pr.Nd, 5 Bl 2
W5 45 RAE AT
2.5 HHE

Shy B IE 5 1 UE A BE L X 28 AR HEAE S (GBW10083)
AT E 6 W3 AR HERE 0T F & 10 A L I R
TR G PYHESHREE RN R F 4, F4h Cdy
K AE A 0.021, BEAR T A7 i B 0.023, Al o0 3R 9 4 I {6 £
TE ARV (B L 2 P 0 A a3 S 0K
2.6 fndRE P ERIK I8

R T 2R IR 5 v R E R B, 4 DUR 45 o0 E BEAT AR
Bl A A5 R L3R 5. 38 5 R W], & ST FR AR [
[l M 82.58% ~119.19% ,RSD 3} 0.2% ~7.03% , VhBHZ 7 1%
WERH P4 Ll 2 S AR L O R I A A R
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Table 3 Analytical results of element content and precision in Yingde black tea

g% H1 H2 H3 H4 H5 H6 F#{i RSD/% || ¥ H1 H2 H3 H4 H5 H6 F#{EH RSD/%

Li® 47.51 44.00 43.90 40.48 46.98 47.42 45.05 6.18 Cd® 52.31 51.04 52.74 ©51.20 52.89 52.86 52.17 1.62
Be® 8.079 9.601 9.848 9.413 8.787 10.06 9.298 7.95 Sn* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 —

Bb 10.42 10.74 10.49 11.03 10.16 10.80 10.61 2.94 She 3.448 3.667 4.672 3.971 3.275 4.197 3.872 13.34
Mgb 1798 1782 1784 1793 1787 1792 1790 0.34 Ba® 9703 9711 9746 9948 9632 9784 9754 1.10
Alb 253.6 251.9 248.3 258.1 249.1 257.7 253.1 1.65 La® 93.13 80.26 97.57 87.22 81.27 97.44 89.48 8.65
P 3735 3707 3779 3770 3776 3787 3759 0.83 Ce® 142.3 140.8 142.9 140.1 143.6 140.3 141.6 1.02
Ke 20.78 20.29 20.69 20.17 20.40 20.14 20.41 1.30 Pr? 14.29 14.35 14.68 14.06 14.55 14.56 14.41 1.55
Cab 3589 3598 3594 3550 3531 3623 3581 0.95 Nd® 53.20 54.18 51.26 ©51.32 53.58 52.60 52.69 2.28
Sc? 10.33 12.29 12.06 10.76 10.67 10.61 11.12 7.50 Sm? 9.413 9.407 9.325 9.338 9.469 9.234 9.364 0.88
Ti® 1159 1048 1072 1138 1199 1079 1116 5.24 Eu® 3.139 3.061 3.188 3.102 3.053 3.163 3.118 1.77
v 26.07 26.02 24.63 25.93 27.31 26.44 26.07 3.33 Gd* 7.123 6.410 6.590 7.216 7.031 7.188 6.926 4.93
Cr? 306.3 314.0 345.3 324.1 336.8 320.8 324.6 4.44 Th® 1.517 1.405 1.505 1.444 1.455 1.466 1.465 2.80
MnP  809.7 805.0 801.7 805.4 800.4 802.9 804.2 0.41 Dy® 10.64 10.65 10.77 10.13 10.57 10.61 10.56 2.10
Feb 59.32 58.12 58.76 ©59.02 60.32 59.30 59.14 1.23 Ho® 2.250 2.272 2.294 2.298 2.241 2.242 2.266 1.14
Ni® 3135 3111 3136 3197 3166 3185 3155 1.04 Ert 7.652 7.735 7.654 7.492 7.800 7.471 7.634 1.71
Co*  281.1 282.0 282.1 283.0 284.3 286.4 283.2 0.69 Tm®* 1.304 1.362 1.315 1.335 1.312 1.268 1.316 2.38
Cub 12,54 12,57 12.55 12.58 12.54 12.55 12.56 0.15 Yb 8.776 8.794 8.906 8.767 8.654 8.759 8.776 0.92
Zn®  20.05 20.61 20.52 20.43 20.11 20.32 20.34 1.10 Lu® 1.372 1.467 1.378 1.386 1.384 1.366 1.392 2.69
Ga?* 2101 2081 2124 2175 2107 2100 2115 1.53 Hg* 22,57 18.88 20.04 21.58 23.03 23.16 21.54 8.10
As* 22,48 23.29 22.02 25.14 24.88 22.82 23.44 5.51 TI® 60.58 60.73 59.48 60.93 59.17 59.21 60.02 1.36
Se? 84.30 73.11 87.17 96.68 89.69 82.96 85.65 9.14 Pb¢ 151.5 167.0 161.3 151.1 161.6 171.8 160.7 5.14
Sr? 5111 4924 4956 4928 4921 5094 4989 1.79 Bi* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 —

Ye 75.11 75,48 76.68 75.58 76.56 75.39 75.80 0.86

Toa TRGEMAAN pg/ke:b. TR EM AN me/kese. TR FRERNN g/kg:s—. KA.

R REVROREESNER

Table 4 Standard values and measured values of certified reference material

LE FENK BRI R0 i RSD/% | JE® B R il (i RSD/ %

Ce 1076 0.45740.022 0.436 6.54 Fe 1076 126.000+4.000  127.000 4.00

103 3.020£0.070 2.95 2.84 Zn 1076 19.000=£0.400 19.300 3.14

10 2 1.730£0.040 1.71 2.71 Cu 1076 5.69040.130 5.690 1.95
Mg 1079 2.03040.050 2.01 2.93 Ba 1075 3.93040.120 3.870 3.43
Ca 1073 3.53040.080 3.48 2.90 Ni 1075 3.61040.140 3.540 3.93
Al 1075 991.000%22.000 1 006.000 3.33 Pb 1075 1.43040.060 1.410 8.54
Mn 107°  552.000£12.000  560.000 1.72 Cd 1076 0.026+0.003 0.021 4.40

t 10778 10 mg/g;107° K mg/g;10"° K pg/g.

RO HIELEEE @A AR B R
Table 5 The spiked recoveries of Yingde black tea

o DisfE/ AIEME/ bsaE/  EeR/ RSD/ || IMEAE/ A AE/ bRt/ B/ RSD/
JTLH JLHE
(pgo kg™ (ugekg™H (ugekg™H % % (pgo kg™ (ugekg™H (ugekg™» % %

Li 572.50 0.00 500.0 114.50 6.01 Ce 233.90 138.50 100.0 95.40 0.70
Be 517.60 0.41 500.0 103.44 6.60 Pr 114.10 12.69 100.0 101.41 0.66
B 16 000.00 10 610.00 5 000.0 107.80 2.66 Nd 151.40 48.32 100.0 103.08 1.23
Sc 142.70 23.51 100.0 119.19 2.64 Sm 111.60 9.68 100.0 101.92 0.59
Ti 6 397.00 1116.00 5 000.0 105.62 1.47 Eu 99.93 4.71 100.0 95.22 0.58
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. I {E/ AJERAE/ g/ El#/ RSD/ | _ I i/ A JEAE/ g/ |/ RSD/
e (pgo kg™ (ugekg™H (ug-kg™» % % R (pg kg™  (pg+kg™ (pg-kg™) % %
A% 620.30 26.07 500.0 118.85 0.63 Gd 109.20 11.44 100.0 97.76 0.85
Cr 864.60 324.60 500.0 108.00 0.33 Thb 101.30 1.64 100.0 99.66 1.00
Co 829.70 275.30 500.0 110.88 1.50 Dy 107.80 9.43 100.0 98.37 0.41
Ga 8 054.00 2 115.00 5 000.0 118.78 1.35 Ho 102.70 2.31 100.0 100.39 0.27
As 483.90 19.40 500.0 92.90 0.80 Er 108.30 7.71 100.0 100.59 1.89
Se 242.50 54.00 200.0 94.25 5.35 Tm 102.00 1.15 100.0 100.85 0.89
Sr 10 990.00 5 086.00 5 000.0 118.08 0.89 Yb 109.10 8.86 100.0 100.24 1.12
Y 174.50 72.10 100.0 102.40 0.20 Lu 103.60 1.56 100.0 102.04 1.01
Cd 477.80 51.20 500.0 85.32 0.81 Hg 89.98 5.54 100.0 84.44 5.92
Sn 484.40 3.10 500.0 96.26 1.16 Tl 552.50 60.18 500.0 98.46 1.26
Sb 456.90 0.06 500.0 91.37 1.59 Pb 630.90 154.20 500.0 95.34 2.45
La 156.20 73.62 100.0 82.58 1.30 Bi 467.80 0.00 500.0 93.56 7.03
3 éjn:i& 2017, 76 82-87.

SR FH RO T it Fh R £ 56 B A T R 0 S B A AT %
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Table 3 Three dimensional simulation of velocity, temperature, and water vapor distribution data
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(me+s 1) C I3 A (m=+s ) C it (m+s™ 1) ‘C il
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