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Determination of ten kind of metal elements in different

varieties of Jiangxi famous tea
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Abstract: Firstly, orthogonal test design was adopted to optimize
the best working conditions (acetylene flow, hollow cathode lamp
flow, burner height) of atomic absorption spectrometry for the
eight kinds of essential elements, including potassium, calcium,
sodium, magnesium, iron, copper, manganese, and zinc. Single-
factor experimental design was adopted to optimize the best
working conditions ( ashing temperature, ashing time,
atomization temperature. atomization time) of graphite furnace
atomic absorption spectrometry for the two toxic elements of lead
and cadmium. Thereafter, the standard curve of atomic
absorption spectrometry for each element under the best working
conditions of the instrument was established, and the detection
limit and precision of the method were investigated. The sample
pre-treatment conditions were optimized. Under the control of the
optimal sample pre-treatment conditions, the sample spiked re-
covery rate was determined, and flame atomic absorption spec-
trometry of eight essential elements and graphite furnace atomic
absorption spectrometry of two toxic elements that meet the re-
quirements of detection were established. Finally, the corre-
sponding ten elements in eight Jiangxi famous teas were deter-
mined by these established methods and further compared. The
results showed that these established atomic absorption spectro-
photometry methods all had good linear relationship in the corre-
sponding concentration range. The correlation coefficients were
0.991 8~0.999 2, and the precision RSD values ranged from

0.77% to 3.32% , with the detection limits of 0.004~0.050 g/mL
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and the recovery rates of 99.25% ~102.25%. The results showed
that some significant differences in the contents of the ten kinds
of elements in the eight types of tea were found, with a certain
order, i. e. K > Mg > Mn > Ca > Fe > Na > Zn > Cu >
Pb > Cd. Suichuan Gougunao tea contains the highest contents
of K, Ca, and Fe and Lushan Yunwu tea has the highest Na con-
tent. The highest Mg and Zn contents are Jing'an white tea. The
highest Mn content is Jinggangshan green tea. Wuyi black tea
was found to contain the highest Cu content, while Pb and Cd
contents are lower in eight types of tea. These atomic absorption
spectrometry methods established in this study are easy to oper-
ate, and have less interference and high sensitivity, which also
can be used for the determination of the corresponding element
content in various other tea. The contents of four kinds of the
constant elements of potassium, calcium, sodium, magnesium
and four kinds of trace elements of iron, copper, manganese, and
zinc, are rich in eight types of famous Jiangxi teas. However, the
contents of two kinds of toxic elements, Pb and Cd. are lower
than national standards.

Keywords: Jiangxi famous tea; metal element; flame atomic ab-
sorption spectrophotometry; graphite furnace atomic absorption

spectrophotometry
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Table 1 The factor level table of four constant elements and four trace elements
AT i /mA B ZHeii /(L » min~ 1)
K-
K Ca Na Mg Fe Mn Cu Zn K Ca Na Mg
1 3 4 5 3 6 3 3 1.4 1.8 1.4 1.4
2 4 5 6 4 7 5 4 4 1.6 2.0 1.6 1.6
3 5 6 7 5 8 5 5 1.8 2.2 1.8 1.8
y B LBt/ (L min™h) CHRpe i/ mm
r Fe Mn Cu Zn K Ca Na Mg Fe Mn Cu Zn
1 1.8 1.6 1.6 1.8 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
2 2.0 1.8 1.8 2.0 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
3 2.2 2.0 2.0 2.2 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

K2 SHMEELREMETRNEEFREAEZNR
EIEES
Table 2 Eight elements flame atomic absorption spectrometry

instrument optimal working conditions

. A KT i/ B Z B C iR be s

TR mA (L + min 1) =R /mm
K 3 1.4 14
Ca 6 1.8 16
Na 5 1.4 18
Mg 3 1.6 14
Fe 8 1.8 18
Mn 4 2.0 16
Cu 3 1.8 16
Zn 3 2.2 14
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RN K Na JTLHE P 4B & 5K . Ca Fe ,Cu JLEK FF
LB B[R] . Mn . Zn ST BT AT £ B 5 40 5 24068
AR R I K Mg Zn 3 Fh 4 Jm o8 3 T if 25 0 BT AR KT
JT i AR A

X A B 0 & R AT R R R R OK R L
# 3, I A8 d T A P T WO I e AR AR L
%4,

Y 4 AT KA BE K A B I AN R Ak B ] A
[Alf . Cd JTR M 7L B T Pb Y. AT RER Cd fb#
PEBRAL Pb Fse s 40 7 7 3l B S
2.2 FREHZFEHR

1 5 AT, 10 Fh 5 JR J0 2 A8 45 F Wk 9 B A k1
KA R KRBT 0.991 8~0.999 2,977 & K K
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Table 3 Factor level table for two toxic elements Table 6 The results of precision experiment (n=10)
! WAGIREE/C JRAEBSTR] /s B4R EE/°C JEF Rt A /s %
wr Pb Gd Pb Gd Pb  Gd Pb Gd TR K8 - 3 o L
1 350 300 10/15 10/15 1500 1 800 2 2 K 3.78, 3.39, 2.24, 2.38, 3.67, 3.38 3.14
2 400 350 10/10  5/10 1700 1900 3 3 Ca 1.22, 1.34, 1.14, 0.82, 0.38, 0.69 0.93
3 450 400  5/10 5/15 1900 2000 4 4 Na 1.89, 2.63, 2.79, 2.77, 2.20, 2.91 2.20
4500 450 5/15 10/10 2100 2100 5 5 Mg 1.57, 1.34, 2.44, 1.81, 1.29, 2.09 2.06
5 550 500 15/10 15/10 2300 2200 6 6 Fe 1.79. 1.42, 0.65, 0.78, 1.14, 0.72 1.08
Mn 1.32, 0.75, 1.21, 0.50, 1.02, 0.50 0.88
x4 WHESTREREFEFREAEENEE
Cu 1.09, 1.05, 2.12, 1.30, 0.71, 1.23 1.25
TiE&H
Table 4 The best working condition of two kinds of Zn 0.71, 2.15, 1.76, 1.38, 1.05, 1.45 1.4z
toxic elements for graphite furnace atomic ab- Pb 5.56. 9.09. 1.92. 5.48. 3.00. 4.81 4.98
sorption spectrometry Cd 3.92, 5.17, 6.76, 6.41, 8.53, 8.28 6.52
TR KA/ T KRR /s S5 AR EE/C s FALR i) /s
Pb 350 10/15 1 500 2 ®7 BELRTORE tti&-
cd 350 10/15 1 800 5 Table 7 The comparison results of dry ashing and wet
digestion of each element mg/kg
RS BEBRLENEHEZRKEEHR JTLHR Tik ik
Table 5  Standard curve and detection limit of each K 2121.50+61.11 2 659.00450.88
metal element Ca 19.85+0.31 21.5040.60
o R/ Na 6.2040.41 7.03+0.11
LR 1A 5 AR AH K R L
(pg*mL™D) Mg 189.35+14.87 191.25+6.98
K Y=0.492 6x+0.013 4 0.996 9 0.015 0 Fe 10.85+0.20 11.334+0.14
Ca Y=0.181 4x+0.015 3 0.992 9 0.013 0 Mn 57.984-0.42 71.15+0.41
Na Y=0.484 0x+0.012 0 0.998 2 0.006 0 Cu 2.90+0.01 2.82+0.03
Mg Y=0.053 7x+0.023 6 0.996 1 0.004 0 7n 7.7440.04 8.074+0.02
Fe Y=0.106 0x+0.007 5 0.997 2 0.026 0 Pb FRoh 3.23-40.35
Mn Y=0.281 12 +0.017 1 0.999 0 0.007 0 Cd 0.4140.12 1.0240.45
Cu Y=0.177 32 -+0.009 4 0.998 6 0.014 0
Zn Y=0.600 9x+0.023 6 0.999 2 0.007 0 BT Z2HR TR E T AR TR . T3 KA AR &
Pb Y=0.001 2x+0.064 3 0.992 5 0.000 2 JCER R R, B I 26 B K b T R A R AT
Cd  Y=0.002 70+0.0087  0.9918 0.050 0 LU

HFR A 0.004 0~0.050 0 pg/mL, ¥ {&F GB 5009.12
2017 F1 GB 5009.15—2014 B E3R , i B 3 56 2 57 i K6 1
FRAF G 2K .
2.3 WEERR

MR 6 WAL M FHRITR . MEICRMEEERN
0.38%0~3.780 B <Td% fF 5 R WM B L R
BER 1.92% ~9.09% . FF A Eisk,
2.4 HmETAEEHMRL

M 7 AR AL B RO TR AL B L 7T R

B 22 8 Al A, MR AR i HNO,—HCIO, i, 5% FH i
T2 V4 R AL BT 0 25 iR RO BE A W T HNO, —HCIL Al
HNO,—H, SO, i, iT §8 J& H, SO, i 255 5 , 1 i 1 45 5
RAERRAL  HCL A AL 5755 , 15 % A 9 B0 1%, W] AR <3 52 i
HALROR T,
2.5 H0ER E R 38

B O WL ILVE A 5P 8 R s L R B T R &
B NAR E i %k 98.35% ~102.50% ,RSD<<4% . 454
ZsRk; Pby Cd P F A7 5 00 & & 09 AR Wl R
89.69% ~100.75% ,RSD<<4 % ,fF & %3k,
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Table 8 The measurement results of acid system

mg/kg

JLE HNO;—HCI HNO;—HCIOy  HNO3;—H; SO,

K 1 809.002£59.35 2 659.004=50.87 1 858.00E62.11

Ca 18.20+0.83 21.50+0.60 18.09£1.10
Na 2.4740.83 7.0340.11 4.344:0.20
Mg 200.95+16.88 191.2546.98 190.254+17.18
Fe 11.3440.13 10.942£0.18 8.594-0.21
Mn 69.3440.31 71.1540.41 70.0540.15
Cu 2.8440.02 2.8240.03 2.8440.04
Zn 6.7420.08 8.07+0.02 6.6840.02
Pb 2.1540.03 3.0240.35 2.0840.04
Cd 0.0540.08 1.02£0.45 0.084-0.06
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3 ik

184 1E AR 8w T 4 K. Ca.Na,Mg,Fe .Mn.Cu.Zn
8 Fh b5 T B KA I T W Ok 1Y e AR A SR A AT TR
b, B N BRI R X R R A TR A AR
FWRWOCTE 2 0 5 AR SRR AT T ik, 45 2R R,
HIG A IS T RARMEM R KRR R M REH
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Table 9 The results of spiked recovery experiment
- JmA R/ FE S SE A/ ¥l RSD/
JUHR
(pg+g b (ug+g (pgeg R/ % %
320.00 2 071.00 2 235.11
K 101.15 3.32
360.00 2 121.50 2 484.95
2.00 17.00 19.68
Ca 102.50 0.81
4.00 17.00 20.64
2.00 8.00 10.21
Na 100.35 2.43
4.00 8.00 12.32
20.00 152.00 172.66
Mg 99.25 1.66
40.00 152.50 192.55
2.00 15.50 17.50
Fe 4.00 16.00 19.87 98.35 1.12
6.00 12.25 18.15
5.00 66.15 71.09
Mn 10.00 66.15 75.95 100.80 0.77
15.00 66.15 81.27
1.00 2.52 3.49
Cu 2.00 2.52 4.57 99.75 1.17
3.00 2.51 5.50
1.00 7.16 8.17
Zn 2.00 8.32 10.34 101.00 2.19
3.00 7.16 10.19
10.00 1.44 11.73
Pb 89.69 3.19
20.00 1.44 15.29
1.00 0.09 1.30
Cd 100.75 3.47
2.00 0.09 1.70
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Table 10 The determination results of elements in eight famous teas in Jiangxi mg/kg
i i K Ca Na Mg Fe
VER AR 2 111.3450.87 16.5440.60 6.6140.11 155.1446.98 15.560.14
WRFAL 1426.1+46.75 27.56+0.81 8.68+0.13 95.8247.32 19.80+0.19
(L SAN 873.07442.66 40.24+0.39 8.27+0.12 115.28+5.51 18.860.16
X 2R 45 1.005.04£35.13 17.0940.25 7.0340.09 116.23+6.65 9.9040.12
AL 264.80427.31 28.1140.77 4.5540.11 97.2547.32 14.1440.15
RIS 1.360.2+42.65 29.7640.95 12.81+0.22 120.50+8.81 16.03+0.16
B E R 497.51432.67 27.0140.24 4.1940.06 112.43+6.75 16.97+0.20
5 )1 1) 5 B 2 222.04+54.76 45.7541.32 7.85+0.08 119.08+5.67 22.1640.18
i i Mn Cu Zn Pb Cd
DRSPS 65.80+0.41 2.59+0.03 7.77+0.02 1.7540.18 0.35+0.24
VD EAIP S 91.414+0.41 4.90+0.04 7.3240.02 1.4440.09 0.28+0.24
BT 82.52+0.43 4.1740.03 6.61+0.03 1.56+0.80 0.4740.14
I X F 4 106.7140.39 2.3640.03 7.3640.02 1.2540.88 0.2540.06
IRl 48.3740.42 3.07+0.03 7.57+0.02 1.4440.09 0.97+0.30
Il 2 5% 77.9040.40 2.67+0.02 6.82+0.02 1.7540.53 0.1340.09
B2 3/ RSN 76.4740.41 3.8940.03 7.36+0.03 1.6340.71 0.17420.04
W% )1 1) 4 B 104.2240.40 3.4340.03 7.3640.02 2.06+0.27 0.2340.03
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