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Determination of lead, chromium, cadmium, arsenic in tea by
subcritical water extraction technique
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ABSTRACT: Objective To develop aninductively coupled plasma mass spectrometry (ICP-MS) method
with subcritical water extraction (SCWE) for the determination of heavy metals residues in tea, such as Pb, Cr,
Cd and As. Methods Under the extraction pressure of 5 MPa, the test tea sample was extracted with subcriti-
cal water at the temperature of 150 C for 15 minutes and then was determined by ICP-MS. Results The cali-
bration curves showed a good linearity in the range of 1~50 mg/kg with r=0.999. The recoveries of 4 harmful
elements spiked in the tea at three levels of 1.0, 5.0, 10.0 mg/kg were from 70.19% to 113.25% with the relative
standard deviations (RSD) lower than 8.2%. Conclusion The sensitivity, accuracy and precision of the me-
thod could meet the technical standard of heavy metals residues determination. The method can be applied to
the determination of heavy metals residues in tea.
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F 1 KMBHBFIENEEE ()
Table 1 Dielectric constant (&) of water and organic solvents
e ( ) (P=5 MPa)
1.89 50 C 71
2.02 100 C 56
2.27 150 C 45
8.93 200 C 35
18.51 250 C 27
20.7 300 C 22
24 400 C 8
33
375 (T>374 °C, P>22.1 MPa) 5~15

80
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F2 FMHAMESETREAFEZEIRE THHEEE (n=16)
Table 2 Precisions of 4 heavy metals in tea at different
extraction temperatures(n=6)

(%)
100 150 200
Cr 2.42 1.84 2.97
As 3.95 4.08 3.06
Cd 3.29 2.95 2.99
Pb 4.28 2.76 3.79
—— Cr
—-— Asg
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Fig. 1 Recovery of Cr, As, Cd and Pb at different extraction

temperatures (n=6)
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®3 FMHAMEESETRENFZEINE B THFEEE (n=6)
Table 3 Precisions of 4 heavy metals in tea at different
extraction time (n=6)

(%)
15 min 30 min 60 min
Cr 1.85 2.78 3.19
As 2.73 3.99 2.76
Cd 2.18 3.47 2.19
Pb 2.98 2.79 3.11

122 r—e—Cr
—a— As
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Fig. 2 Recovery of Cr, As, Cd and Pb at different extraction
time (n=6)
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Table 4 Precisions of 4 heavy metals in tea at different
extraction pressures (n=6)

(o)

, 1h 5 mg/kg
150 C 5
MPa , 15
30 60 min Cr As Cd Pb4
2 ,
15 min 30 min 60 min
[16] ,
, 15 min
223 FRUR A eHRAL
5 mg/kg 150 °C
15 min 35 7

MPa

Cr As Cd Pb4

3 MPa 5 MPa 7 MPa
Cr 2.17 1.78 2.77
As 3.42 2.97 2.19
Cd 3.01 3.48 2.71
Pb 2.19 3.54 2.46
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Fig. 3 Recovery of Cr, As, Cd and Pb at different extraction
pressures (n=6)
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Table 5 Determination results of 4 heavy metals contents

in tea (n=6)
Pb Cr Cd As
(mg/kg) 0.56 0.17 0.04 0.21
(%) 3.29 4.34 2.93 2.81

6 XAIMREFMARERFE Cd. Pb BYE U E (n=6)
Table 6 Recoveries of Cd, Pb by external and internal standard methods (rn=6)

(%) (%) (%) (%)
Cr 80.62 4.01 — —
As 87.24 5.26 — —
Cd 10.95 3.95 84.76 4.76
Pb 20.27 5.32 79.21 5.91

K7 AMEEEAEMNEMEIFTRERELRER)
Table 7 Regression equations and correlation coefficient (R?) of 4 heavy metals

4:9) LOD (mg/L)
Pb Y=43110X+63210 0.9999 0.0142
Cr Y=172X+170100 0.9998 0.0051
cd Y=47940X-40990 0.9997 0.0008
As Y=2341X+500100 0.9997 0.0121
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F 8 FAtHh 4 MEEE TR AINERENL R FNFEE E (n=8)
Table 8 Recoveries and precisions of 4 heavy metals in tea (n=8)
1.0 (mg/kg) 5.0 (mg/kg) 10.0 (mg/kg)
(%) (%) (%) (%) (%) (%)
Pb 70.19~80.03 4.8 75.58~79.34 32 72.92~85.73 4.2
Cr 70.63~90.02 7.8 72.84~95.59 6.1 84.27~102.62 8.2
Cd 72.15~84.64 2.8 70.37~90.47 2.6 81.39~93.74 1.4
As 72.13~99.36 4.1 70.77~92.36 7.2 83.33~113.25 5.2
#9 ARAETHEHF 4HESREITEINEL R (n=6)
Table 9 Detection results of 4 heavy metals by different methods in tea (n=6)
(mg/kg) (%) (mg/kg) (%)
Pb 0.42 6.36 0.53 6.11
Cr 0.16 5.59 0.20 6.31
Cd 0.03 1.21 0.02 2.81
As 0.21 5.23 0.19 4.07
2.6 JAFEEE AR E MR Ih ’
6.0 g , 1.0 5.0 ’
10.0 mg/kg 3 , 8
, 8 , Pb Cr Cd ’ ’
As 4 70.19%~
113.25%, (RSD) 1.4%~8.2%, S 2 3k
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