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ICP-OES ICP-MS

25-26

( GBW10052)

28
1
1.1
GBW10052(
)
HNO,( )
30%H,0,( V/V ) HF(
) Milli-Q
( 1 18.2 MQ-<cm <25 C
TOC<5 pg’ke) 10% HNO,
2 3
1.2
( DENVER INSTRUMENT 0.0
001 g) ; ( )
Milli-Q ( Millipore Milli—
Q ® Reference A+ ) ; Auto Dig Block
( LabTech ) o
( ICP-OES) :
1200 W 20 L/min
0.2 L/min 34 psi 15 s
3 o
( ICP-MS) :
RF 1550 W 2 C 8
mm 0.95 L/min 15 L/
min 0. 10 L/min.,
ICP-OES 0 ~ 200
mg/L 0.999 5~1.000 O
; ICP-MS 0~
100 pg/L 0.999 6 ~
1.000 0 1o
1.3
25. 0 mg( 0.000 1 g)

1 ICP-OES ICP-MS
Table 1 Elements suitable to be determined
by ICP-OES and ICP-MS

ICP-OES Ca.Fe.K.Mg.Mn.Na.Si.Sr
As.B.Ba.Cd.Cr.Cs.Cu.Li.Mo.Ni.Pb.Rb.

Se Tb.Th.TI.U.V.Y.Zn

ICP-MS

( GBW10052)
100 mL .

HNO,-HF-
H,0, 5 ( 3)

( = ( - )/ X
100%) 7' .

28-29

2

2.1
(100~130~150 C)
HNO, . HNO,-H,0,. HNO,-HF
H,0, 4 28
. 4
RSD 10%

HNO,-HF-

o

RE<10% 10% <RE <25% RE>25%
3 4
RE 28
RE
0 RE

28 4 RE
4 HNO,
Ca.K.Mg.Mn.Na RE 10%
14 RE 25%
Cd.Cu-Zn.Cs Ni.Pb.TI. Y

Si.Sr.
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2
Table 2 Automatic digestion instrument procedure for different digestion solutions
HNO 3 mL HNO; 80 C 5~6h 120 C 4h 140 C 0.5 mL
’ 2%  HNO, 25 mL.
2 mL HNO, 80 C 5~6h 120 °C 4h 1 mL H,0,
HNO,-H,0, ;
120 C 2h 140 C 0.5 mL 2% HNO, 25 mL.
2 mL HNO; 80 C 5~6h 120 C 4 h 1 mL. HF 120 C
HNO,-HF
2h 140 C 0.5 mL 2% HNO, 25 mL,
2 mL HNO; 80 C 5~6h 120 C 4 h 0.5 mL HF
HNO;-HF-H,0, 120 °C(2 h) 0.5 mL H,0, 120 C 2 h 140 C 0.5 mL 2% HNO;
25 mL.
3
Table 3 Automatic digestion instrument procedure for different temperature conditions
/°C
2 mL HNO; 80 C 5~6h 100 C 2h 0.5 mL H,0,
100~ 120 120 C(2 h) 0.5 mL HF 120 °C 2h 0.5 mL
2% HNO, 25 mL.,
2 mL HNO; 80 C 5~6h 100 C l1h 0.5 mL H,0,
100~120~ 140 120 C( 1 h) 0.5 mL HF 140 C 4 h 0.5
mL 2% HNO4 25 mL.
2 mL HNO; 80 C 5~6h 100 C 1h 0.5 mL H,0,
100~130~160 130 C( 1 h) 0.5 mL HF 160 C 4 h
0.5 mL 2% HNO, 25 mL.
2 mL HNO; 80 C 5~6h 100 C 1h 0.5 mL H,0,
100~120~140~160~ 180 120 “°C( 1 h) 140 °C( 2 h) 0.5 mL HF 160 C 2h
180 C 1h 0.5 mL 2% HNO, 25 mL.
las1b HNO, 4 2
. HNO,-H,0, RE HNO,-H,0, RE
RE RE=25% HNO,-HF o Ba.Rb.Zn.Li\Ni.
6 o 1b.1c V.Y
Ca-K.Mg.Mn.Na 4 o
SrvCd.Cu.Cs.Pb.Tl.Th.Zn.Ni HNO, 3
RE RE=25% 7 21
25% 10% HNO,-H,0, RE 25% .
o H,0, 4 Ca-K.Mg.Mn.Na
Mo.U.Se.V.Si.Pb RE RE 25%
! RE 25%. RE
HNO,-H,0, HNO,-HF RE 25% W
4 Mo.Se.As.Cd HNO,-H,0, Sr. Cd. Cu+ Cs+ Pb. Tl Th. Zn.
Mo Se As.Cd Ni HNO,-HF HNO,-H,0,
o Ca-K Mg.Mn.Na As.Cd
U.V.Si.Pb RE 25% RE HNO,;-HF-H,0,
Li.Cr.Sr.Zn RE 10% As.Pb.Cr.Cd
; HNO,-HF-H,0, RE RE
25% 7 As.Pb.Cr.Cd HNO,-HF-H,0,

B.V.Se

o
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Ca-K.Si = x107? Fe.Mg = x107"; BNi-Pb.Th = x10 As\CrCs-Li V.Yi = x10?
Mo.Se-TL.U = x10° o Cd\Tb-Th\Tl  pg/kg mg/kg.

1 28
Fig.1 Concentrations of 28 elements in different digestion solutions
4 28
Table 4 The relative errors of 28 elements in different digestion solutions
RE>25% 10% <RE<25% RE<10%
HNO, SivPh Mo UsSe Tl L Mn<Zn.Y.B.Th-Th.Na.Ca K.Ba.Mg.Fe.Rb-As
V.CuSr.Cr.Ni.Cd.Cs
HNO, 41,0, Mo.U.Se.V.Si.Pb B.Sr.Y.Li.TI.Cr.Ca.Tb.Cs.BaAs.Cd.Zn.Mn.Na Th.Cu.Ni<Rb.Fe.Mg.K
HNO, HF Se.Ph.Mo. As B.Ca.Ba.Si.Cd.Mn.Tb.Cu.Na.Y.TI.U.Cs.V Li.Ni.Fe.Mg.Zn.Th.Rb.K.Sr.Cr
HNO,-HFH,0, Pb.As.Cr.Se.B.Cs.V Mo.Ca.Rb.Y.U.Th.Mn.Zn SiCu.Ba.Cd.Ni.K.Sr.Mg.Fe.Th
2.2 Ca.Fe.Ba Sr«Rb.Tbh.Th.Ni
120 ¢ HNO,4,0, 150 C Ca.Fe.Ba
HNO,-HF 140 C s,
38 HNO,-HF-H,0, 5(100~ 130~ 160~ 180 C)
(GBW10052)  100~120 C.100  RE<25% 20 3.4 RE
~120~140 °C.100~130~150 C.100~130~160 C.  <25% 1 o
100~130~160~180 C 5 2a 2b 4
1~5., 5 1 As.Pb.Cr.Cd Ca 5 K.
(100~120 C) 2.3.4.5 20  Mg.Mn.Na
RE<25% RE
. 2( 100~ 120~ 140 °C) RE <25%
25 10%<RE<25% RE<10% °
15.10 Ca.K.Mg.Mn.Na.Si
Sr.Ba.Rb.Th.As.Pb.Cr 140 C
Li-Ni V.Y Ca.K.Mg.Mn.Na.Si
. 3(100~130~150 °C) RE<25% 140 C :
21 2 RE Pb- As- Ca ; Fe. Ba. Sr. Rb. Tb.
Cr.Cd BV Th.Ni As.Cr.Cd.Pb
( 2b/2c)
. 4(100~130~160 C) RE<25%
19 RE SrvRb.Tb.Th. Ni. °
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Table 5 The relative errors of 28 elements in different temperatures
RE>25% 10% <RE<25% RE<10%
As.B.Ba.Ca.Cd.Cr.
100~ 120 C Na.Sr-Mo.Ni TI.U.V.Y.Zn Fe.K.Mg.Mn.Si
Cs+Pb.Se.Th
Ba.Cs.Fe.Mo.Na.Ni.Pb.
100~ 120~ 140 C Se~SiTh As.B.Ca.Cd.Cu.K.Li.Mg.Mn
Rb.Sr Tb TI.\U.V.Y.Zn
100~130~150 C Pb.As.Cr.Se.B.Cs.V Mo.Ca-Rb.Y.U.Th.Mn.Zn.TI.Li\Na SivCu.Ba.Cd\Ni.K.Sr.Mg.Fe.Th

100~ 130~ 160 C
100~120~140~160~ 180 °C

As.B.Ba.Cd.Cr.Cs.Pb.Se.Th
As.B.Ba.Cd.Cr.Cs.Ph.Se

Ca.NaSr«Mo.Ni.TI.U.V.Y.Zn
CaFe.Thb.Th TI.U.V.Y.Zn

Fe.K.Mg.Mn.Si.Rb.Th.Cu.Li
K.Mg.Mn.Na.Si.Sr.Cu.Li-Mo.Ni.Rb

Ca.K.Si = x1072 Fe Mg = x107'; BANi.Pb.Th = %10 As.Cr.
Cs-Li-V.Yi = x10% Mo~Se TI.U = x10%
o Cd\Tb.Th.Tl  pg/kg mg/kgo

2 HNO,-HF-H,0,

5 28

Fig.2 Distribution of average concentrations of 28 elements measured by HNO,-HF-H, 0, digestion systems at different temperatures

3 Li<NiTb-Th.Tl . As.Cd.Cr.Pb
HNO,;-H,0, RE : RE ( HNO,-
( GBW10052) H,0,) <RE( HNO,-HF) <RE( HNO,-HF-H,0,) <
4 5 RE( HNO,) .
ICP-OES / ICP-MS 3) HNO,-HF-H, 0,
28 140 °C
1) 140 C
As.Pb.Cr.Cd 0
4)
2) o
Zn- Cu- Si~ Sr~ o
1 . N J . 2018( 5) : 1574-1583.
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Effects of Digestion Conditions on Measuring Contents of 28 Elements
in a Green Tea Standard

TONG Chengying' > DING Hu® HE Shouyang' GUO Sheng” YANG Jun’
YANG Fei® YE Runcheng' PAN Ke’

( 1. Key Laboratory of Karst Environment and Geohazard Ministry of Land and Resources Guizhou University
Guiyang 550025 China; 2. State Key Laboratory of Environmental Geochemistry Institute of Geochemistry
Chinese Academy of Sciences Guiyang 550081 China; 3. Guizhou Academy of Agricultural Sciences Guiyang 550006 China)

Abstract: Pretreatment conditions are of great importance to measure contents of mineral elements in samples precisely. This study em—
ployed four acid digestion systems of different acid reagents ( HNO, HNO,-H,0, HNO,-HF and HNO,-HF-H,0,) and five digestion
temperature setups ( 100—120°C  100-120-140°C  100-130-150°C  100-130—-160°C and 100-120—-140-160-180°C) to explore
effects of different digestion conditions on test results of contents of 28 elements in a standard green tea substance ( GBW10052) . The
results showed that measured contents of elements in the standard sample varied notably under different digestion systems or/and diges—
tion temperatures variations of minor elements suchas As Cr Cs Cd Li Ni Se Rb Th Th TI U VandY were more sig—
nificant than those of major elements such as Ca K Fe Mg and Na. Briefly measured concentrations for all elements were the low—
est and relative errors of 14 elements were higher than 25% in the pure HNO, digestion system while measured element concentrations
by mixed acid digestion systems were more closely equal to the reference values implying mixed acid digestion systems provided better
results than the single acid digestion system did. It was found that compared to the single acid digestion system the HNO,-H,0,
mixed acid digestion system reduced relative errors of all elements except Mo U Se V Si and Pb; measured concentrations of U
V Si Li Zn Srand Cr increased while corresponding relative errors decreased in the HNO,-HF digestion system; the digestion sys—
tem measured concentrations more closer to their reference values for all elements except volatile elements such as As  Pb and Cd. Ris—
ing digestion temperature promoted the digestion efficiency of target elements. Take the HNO;-HF-H, 0, digestion system as the exam—
ple the digestion temperature range of 100—140°C was optimum for major elements when the temperature was set above 140°C it im—
paired the results of minor and trace elements especially the volatile elements such as As Pb Cd and Cr. In summary we suggest
that the appropriate digestion condition should be selected on comprehensively considerations of object elements to improve the analyti—
cal precision.

Key words: green tea; mineral elements; acid digestion; temperature; content



