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Microwave—Assisted Diluted Acid Digestion for Trace Elements
Analysis of Black Tea Leaves
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Abstract: A new method for microwave-assisting diluted acid digestion of tea leaves ,The paper
calibrated the instrument and measurement process with EPA6020, It determined the content of the
trace elements in black tea leaves by microwave digestion and ICP-MS, It analyzed the 16 kinds of
trace and Mn et al, were lower than the limited value,elements (V,Cr,Mn,Fe,Co,Ni,Cu,Zn,As,
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Se,Sr,Ag,Cd,Cs,Ba and Pb) in 8 kinds of blacks tea leaves, besides, It analyzed the trace elements
with the method of principal component analysis. Consequently,the concentration of diluted acid
was 2.1+0.2 mol/L could replace concentrated acid,the recovery was 90%~110% ,RSD was lower
than 5% ,and the limited detection was lower. The result turned out that the essential elements,
including Sr,Fe,Zn but the content of As was more than the limited value.In generally,The
centralized distribution of determining values except the samples of Ba,Sr in S1,Se in S6 and Ag in
S8. besides,the reported value of Cd was 43.53 times more than the determined value,the
determined value of As was 12.53 times more than the addition, It also showed that Pb,Cd, As and
Cr were toxic and harmful elements, the content of Pb and Cr were reported value, the result showed
that the pollution of As was more serious, Cr was a little pollution, but the Cd was well controlled in
the planting, harvesting, processing and transportation. The research also showed that V,Sr,Cr,Ba,
Fe, As and Zn were principal component elements. Besides, it made a comprehensive evaluation for
8 kinds of black tea leaves, the result proved that S1 was the best choice.

Keywords: new method,ICP-MS,black tea leaves,trace elements,distribution characteristics,

principal component analysis

AREMHMLTTE, B TaRBER, KIRT
o E R LT AR OR OG 2L oA SR B P R R A
YERWN, 258 W& AR & a4 i &
B A2 WP 4w o BT I T TR R T
¢, b B R T R M T5 RN Y A W
[ R 2 — | 2145 2% o (i o0 25 1 Jo 4t 0 501 O LA
KA1 55 5 2 55 v o o0 2 A B R R Y
X E A5 5 T S I 9T A A A2 T (H AT AR Rt
HEITT R MR T X —HRR TS8R
X He B T A B /N I HGE | 56 SR 4 4y
BT VL R 21 45 25 i s it o0 2R EA T 5 i A
I FLXF 255 it i Ak 2HE ) 7R 359 Ay AR i TR AR R R 45 VA TR
SR AT RE XS AR R K, A SCE A [ Ay
% EPA6020 X ICP-MS [ AR 25 K H 5 oo A8 dE 17
W HE, I H 275 Hs TR A R T8 0 A B TR R £ 2R )
JBT ) A B0 SR FH AR DB T figp — Hh R 5 4 8 A
VL (ICP-MS) M 5E T 8 Fhar s it rf 16 A i ot
ENO)E 0 O RVAN I ik oo RN R Rl RIER [ FARRAP S
W i BT AR B 4 IR AT SPSS20.0 19 B4
SIATEE R e I X LL 2 A5 it rp 16 At it ST R AT
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7S PRI S R 22 | AR YRS I i e 0 25 A G
23 TRFEIBKTEVE— IR, ARG FE-80 CHBALIR VK
FATPA TR 30 min, AR R TIENTEET 24 h, &
Ja B, ok 80 HIf , fRAF1E 4 CokFah &M . Al
AR YR T FH i L34 e BB o T 3ok SR R AT 3 R LI
o

CHr 7 N« 43 FRELC 0.3 g A5 IF A df AT
it fEH, MA 6 mL ¥ JE h 2.1+0.2 mol/L ) HNO,
W Z I ARSI A 2 mL 30%1 H0, I, A
P AP B EIRE N 100 °C L TI% R 1000 W,
WHEIA 1 h, ARG, B B0 U, R A
T T A b 4 BB LR 4 38 R AT IR O i 54
BRI RBNZEITYIE 1000 W, 53— KT E
90 °C, FHIEAFIE 10 min, 4EFFIZIRE 6 min, ,SR)5 1%
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THRFE P38 o8 THIR 2 200 °C, FHEATE] 16 min,
AEFFIZIRE 9 min,

(BRAT T X) o G5 G I 0 e b BRI  0 11Y
HRABIB 3 BUFREL 0.3 g FF A A B 1 A E
SRIGURTIN 6 mL ¥ il FR A1 2 mL 30% A4 SUE KI5
R — W Z AR, LT 3 R T A S
% FHER 2 100 °C, P13 h 800 W, Fh ik i [|]
10 min, P& %F 5 min, 285 THE 2 140 C, FHR A 3
10 min, % 5 min, i J5 THE Z 180 °C, THE BT
[8] 4 10 min, P25 5 min, B HEFH

[Fi) Fsf 7 9000 3 R v g e T R R 38 R
ZRMAKE T 2 30 ¢ 247, & 0.22 pm A9 B, [R] B
W E 3 oy B KA A5 HE P 5 (GBWO07605 ) F- 47 Ff i
A2 FIRE S, IF ELAE I Y 3k R b B0 5 20 AN FE
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HNO, ¥ # (2.1 0.2 mol/L 4.2 +0.2mol/L 7.3 +0.2
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W, 32 FH SO0 A i Ak B GRS N v )
(GBWO7605 ) , £ 4b $H f) b 1 i 22 114 4 %5 {15 2 (I
EM SR MEEZ ] 221H), FELME V. Cr.Co,
As I ZEHY K 100 £% ,Mn Fe 22 HT KA 0.1
¥ ,Ni Sr 1 Pb ) Z (68" KN 10 £5,Cu Zn F1 Ba
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Fig. 1 Picture of comparison with standard deviation

between determined values and standard values

under different concentration conditions
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T3 1 I HE R M FORS 0 3 AR R I SRR TR T T I E (PR T He AL, 38 FH SPSS20.0 AN & 7 2250 #r
KRR HEY iR (GBWO07605 ) H Y 4 0 & i i 5t P>0.05, U N FA7E b 25 1k 25 5, Dt AR S 50
B, MR 1 ATLUAE H oo R A IR0 3 i A48 4k 3 [ Ry {18 BCHHE A T 5

90%~116% ,RSD< 5% , 2154t JF H 5 AT 5 ik

F 1 FMHRAEY R (GBWO7605) H 5 #
Table 1 Analytical results of trace elements in National Reference Standard Materials (GBW07605)

FRUEG/ (pele) (NI 3 {1/ (pgg) N)IElﬂﬁ(+/‘7( (N 435 9 05 22/ %

0.86 0.774+0.015 5 0.81+0.012 2
Cr 0.8+0.03 0.768+0.033 0.806 4+0.035 96 4.35
Mn 1 240+70 1 277.2+13.793 1 341.06x14.5 103 1.08
Fe 264+15 285.12+11.66 299.4+12.24 108 4.09
Co 0.18+0.02 0.202+0.004 78 0.212+0.005 1 109 2.37
Ni 4.6+0.5 5.34+0.165 5.61+0.173 110 0.31
Cu 17.3+1.8 18.68+0.256 19.61+0.27 108 1.37
Zn 26.3+2 28.01+0.725 29.42+0.761 106.50 2.59
As 0.28+0.04 0.265+0.0123 0.28+0.013 94.60 4.64
Se 0.072 0.069+0.003 13 0.073+0.003 3 95.80 4.54
Sr 15.2+0.7 14.74+0.301 15.5+0.33 97 2.04
Ag 0.018 0.017 7+0.000 5 0.018 6+0.000 53 98.20 2.97
Cd 0.057 0.056 7+0.001 16 0.060+0.001 3 99.40 2.04
Cs 0.29+0.02 0.292+0.005 2 0.31+0.006 100.60 1.77
Ba 58+6 59.04+0.974 62.3+1.02 101.80 1.65
Pb 4.4+0.3 4.532+0.068 9 4.8+0.072 103 1.52
23 AFFEMHFRHETESN 1 620~4 670 pg/g, WBIME T As Cd.Cr.Pb 55 #

FIEET 8 PRI AL AT 16 PPt oo K 1Y i it A FICE M E A A (P AR R SR E B
SPEL(ILER 2), Hoh Cs J0 3 i 43 BGE B R 0.152~ RIS YW PR AR TE) (GB2762-2012) FRARIN SR 1Y
0.587 pg/g,V ILR i /- HGE F A 0.104~0.419 g/ PR B, 45 R A B, A ORI 1Y 8 i 21 2% 25 WA b
¢,Ba U T & 40 BUYE [l A 1.244~23.476 pg/g,Ba o Pb . Cd JCE By B i 4 A T E s fE R =1
JC R e e 0T 3 BUE O B AR BT i 43 BUE 1Y 18.87 H 6 Fhar 25zt h iy Cr o0 2 B BUIE T IR &
¥ o [E B T K AR T i JC R W Sr Fe B, UEHILLAEAM AR B Crig Yy, 8 Fhar A5 nt
Zn Mn 55 58 53 BOE 53508 Sri1.14~11.548 e/ Y As LR A M TR EE, T As TR
g,Fe:579~1 456 pg/g,Zn:11.613~40.277 pg/g,Mn: V5 Yy n) R

R2 TRLAFEFEHFRETERESH

Table 2 Contents of trace elements in different black tea lea leaves

0.419 0.151 0.119 0.115 0.366 0.132 0.108 0.104
Cr 1.574 0.538 0.626 0.753 1.495 0.512 0.564 0.595
Mn 4 670 2619 3412 4 267 2 888 1620 3071 2110
Fe 1 436 571 651.2 800 1 456 579 586 660
Co 0.23 0.314 0.32 0.343 0.155 0.212 0.288 0.216
Ni 3.241 2.01 2.293 0.62 1.764 1.094 2.063 3 1.248
Cu 10.407 10.188 13.675 15.642 11.815 11.566 12.308 15.525
Zn 11.613 38.341 20.326 16.591 12.184 40.227 18.293 21.326
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HR2
P S TR N - R A" N T S T N -
As 0.064 1 0.059 7 0.022 3 4.438 3.259 3.030 8 0.020 1 1.134
Se 0.101 0.238 0.073 4 0.080 5 0.183 0.430 1 0.066 1 0.133
Sr 11.548 4.299 3.016 2.887 4.367 1.626 2.714 1.14
Ag 0.001 76 0.001 45 0.017 2 0.006 52 0.010 6 0.008 72 0.015 5 0.104
Cd 0.000 072 4 0.000 145 0.003 19 0.000 109 0.000 065 0.000 13 0.002 87 0.002 87
Cs 0.399 0.158 0.169 0.273 0.587 0.232 0.152 0.249
Ba 23.476 3.336 4.482 3.136 6.518 0.926 4.034 1.244
Pb 0.351 0.289 0.243 0.146 0.227 0.187 0.219 0.157

iz FH SPSS20.0 £ il 8 FiaT 28 A BE i 16 As Fl Mn JC & 7 5 530 BCF B8 43 0] 2 © G (4 1Y
P s 12 00 2 0T i A3 B S L, 424V Co \As Se 7.56 ,12.53 F1 4.7 4%, #F— 2P Ui IR LT 2R AR iy 2R
Cs F1 Pb JUH Ui 43809 14 10 1%, Fe Fl Mn T2 453 PRI R As JTCRTG YL H
By 1 0.01 £5,Cr Ni.Sr.Ba A28 Cu Ml Zn T4y
YR 0.1 fi5,Ag M1 Cd 40597 &4 100 £5F1 1 000
L 5 R E 2 iR, V.Cr Mn Fe Co.Ni Cu.Zn, 40
Cd.Pb 431 ¥ 5 1 HACH & 500 Cs F1 As JTTHR
() e KA 5 H e /IME 25% A Hb TR]E A 22 88K Se
Sr.Ag Ba JGZ 5 42 B4 A B &2

M4 % 3 v 1 ,Zn Se .Cu.Pb il Cd JT & Jii &
SPERFEE SN T EHGEE, e HiE Cd oo

50

30

Huglg)

Al
10 -8

6:5#:;5.@ ;6ganéaé

R SO o B I S S (R 43.53 A, T ILTE 0 .
élﬁﬁﬂtﬂf%ﬁ*ﬁ\%*ﬁ\j]ﬂI*an_%ﬁﬁqj cd flj%&% V CrMn Fe Co N1CuZ;E%s Se Sr Ag Cd Cs Ba Pb
M5 Jef 8] TR BF R FEH] . Cr Fe (As Ni Mn JTR 2 FAH 16 MBETRREN S E
Tt Ay B S SE 2 R T AR Y 2 4R G , Hrh Fe. Fig. 2 Distribution of 16 kinds of elements in tea leaves
®3 NEEHESEREEHLR
Table 3 Comparison of the mean determined values with the reported values wel/g

MWEFHE 0832 842.483 22.363 1.504 0.163 1.792 12.641 3 082.159 0.227 0.001 18

CHRIEMEY 0098 111427 24736 0.12 0.248 1.527 16.204 655.64 0.86 0.049

24 AFFEMPRETENERS S RE RN T ALIAR S e A 2 AE A At DL 1 43 Ar 3R B
H1 3% 4 73 #7125 K B9 e A (B A0 5 22 Tk R ] V.Sr.Cr.Ba .Fe As fll Zn HELLEEMH F TR

A ELZR M R 3 A RO B R T 2 TTER R A 2 T4 ERSBEERT ETHE
85.381%, B R AR T 3 []-i-l:i:]@%&ﬁ-ﬁ% 1 i Table 4 Eigenvalues and variance of main factors in the
HOMBUR O, 0 R 5 B e AR B A A el g 5 contributuion rate
W5V Sr.Cr Ba Fe £ £ IEAR Y6 5 G TR | BT
V T B AL IE AR P S5 A0 ] [ S R 1 7.555 47217 47217
MIYEH ,Sr Je R J& B A 15 A A 4, FTH 2 3.227 20.166 67.383
T St TR M ZYIA YT T R CR IR D AR AN 4 3 2.88 17.999 85.381
SR AR A AR B Sr 23 5 BOE U S AEAR (Fe TR 4 1.725 10.781 96.163
Xof N o 2R ORI o R A A AR, 2B =k 5 0412 2.573 98.735
5 As FFEREEIEA G R R = W5 Zn £7 6 0.144 0.903 99.638
e TR Zn TTEXM ABAERK KT 40HET) 7 0.058 0.362 100
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Table 5 Load matrix

(V) 0.959 0.253 -0.029
Z(Sr) 0.937 -0.215 -0.107
Z(Cr) 0.933 0.282 0.207
Z(Ba) 0.928 -0.22 0.013
Z(Fe) 0.903 0.346 0.235
Z(Ph) 0.772 -0.432 ~0.442
Z(Ni) 0.736 -0.568 -0.212
Z(Cs) 0.683 0.652 0.252
Z(Mn) 0.637 -0.361 0.429
Z(As) -0.165 0.839 0.254
Z(Co) -0.349 -0.656 0.06
Z(Cd) -0.441 -0.58 0.396
Z(Zn) ~0.563 0.068 -0.801
Z(Cu) -0.549 0.066 0.799
Z(Se) -0.236 0.569 -0.757
Z(Ag) -0.427 0.034 0451

Wi F=0.422 17F,+0.201 66F,+0.179 99F; 4%
B RS B A T 8 R AR gE B 15 4,
i 6 M Hr T 8 Fhar R R M R 2E A HEA
9 :S1>84>85>83>S7>S2>S8>86 , W LT AL 45 M I A
AL T FRIS SR

| 3 2 iz I

A SCHE ST T R A R VA R 55 OBL R K I R TR
T A I Ach L5 b R L R O i O G R AN T R
EPA6020 X4 i RN 2 o) 7 0 A7 R 3 3 >R H Ak
B Al ICP-MS 7 g5 th 1 8 Pl s A5 it 16
Fhist e oG 28 A o H o BOBE R B 15 T AR 4548

(1) ff 2 il 12 1 1 ¥ JE O 2.10.2 mol/L i
AT DL AR A IR v R P, 35 SR M R R PR R
U, IF HATA W BRI %

(2) 8 e s At b Pb Cd JGE 1Y 5 43 4034
RTBREME, B 6 LA H iy Cr JUE i 5
AR TR {E , As TR i /40y m TR EE, T

R6 SHARFMMGEEHSE

Table 6 Comprehensive evaluation in 8 kinds of black tea leaves

-1 196.507 515

S1 4 296.427 526

S2 2 166.335 237 —747.370 0257
S3 2 752.001 96 -1 006.987 42
S4 3 429.334 932 -1 259.254 777
S5 3 154.308 148 —-537.944 238

S6 1529.132 8 -379.166 045 8
S7 2 476.802 795 -906.288 151 8
S8 1 923.598 048 -530.782 896 6

2 338.496 358
1 234.323 976
1 610.680 951
2 018.830 013
1 581.123 224
808.139 745 7
1 449.613 632
1 055.682 093

1 993.441 063
986.013 080 1
1 248.650 049
1 557.190 224
1 507.758 805
714.548 442

1 123.785 725
895.059 929

9 U o W N A O~

il Cd J0ZR B9 i 7 BRI 2 7 P {E Y 43.53
7, As DU o i 70 BOF I E 2 © R B 1Y 12.53
7, SORUCIAE LD A A AR i AR P As JURTS
Qe AR Cr {554 Cd JUR G RAELLR R
- F) AR R 0 Rz e A P A 3 T AR 4 Y
Pl

(3) I FT LK 73 A 16 B3l o0 3R B9 70 A5 1

SZ Wk

O, AR R BLER ST RE A P Ba JU R LASH B AR I3 Aii
BT,

(4) 38 2 FBL5r 3 B ik okt 8 Fhar 25 A5 it b 16
P e TR 401, 3RV Sr Cr.Ba Fe As Fll Zn 4
LR ) A JT 2R, X 8 Bl £ 2% 2% i 174 Jolt i A
VR R LL AR A R T A A Y 7 AR AL T R
Al
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