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, 2006 10
40mol - Lt : Ho( Pb) ,
Millipore Q (18 2 MQ. cm) , As( ) KBHa AsHs
As( ) 30% , S( ) AsH4
12 H2Se, As Se
AFS : As60 mA; Se 80 mA; As( ) Se( ) As( ) Se( )
Hg 30 mA ; Bi 80 mA ; 1300V, , ,
: 8 mm(As, Se, Bi) , 10 mm(Hg) ; :040L As Se (AFS As
- mint; 1 00L - min?t; 110 s; Se Hg ) ,
;1. 0s; 0 3; : ;
: , As , As
13 , Se
05g Teflon PFA , Cu?* ,
, 10 mL , , KsFe(CN) s Bi
1250 W, 1min;0OW,1min; 250 W, 6 min; 400 W, ,
5 min; 600 W, 5 min , 22
: , NO; AFS , (o121
, 100 mL , , AFS :
50 mL , , )
Hg Bi AFS Hg , Hg
109 ) )
2 (A,B), 18 mL 2 mL , ( ), Hg
120 AFS As, Se Bi KB H4
, 6 Omol - L°! 10 mL 2h, 20g- LY 5g- L !NaOH ), KBHa
A 50g-L! 50 Bi Hg**
g-L? 50mL,B 10g- L ' Ks[Fe KB Ha Hg , Hg
(CN)s]  25mL, 25 mL ,A B KB Ha 10g-L°, H Mg
As S , As S
5% , Hg
, 5% Hg
) 6 23
: [9] ' As, Se, Hg Bi
As, Se, Hg Bi , ( ‘Mg- L 1Y) As,
S, Bi: 000,200, 400,800, 16 00, 20. 00; Hg: 0. 00,
0.20,0 40,0.80,0 16,0 20
2 As: 11=191 819%xc+29 390, r=0999 6; Se: It =
167.970x ¢+ 0. 039, r=0.999 9; Bi: I+ =419 268 x ¢ +
21 2452, r=0999 8; Hg: It =3 289 610 x c- 136 227, r =
Hg , 0. 999 8 As, Se, Hg Bi )
1 (1) Hg : 1 SRM  As, S, Hg Bi
(2 , Hg ( ).
Hg?* SRM (@BW07605) As S (
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Table 1 Comparison between the determined values and the certified values of As, S, Hgand Bi
contents in plant standard reference materials (replicate: 3)

Tea SRM ( GBWQ7605) Bush twigs SRM ( GBW07603)
Element/ ¢ g- kg~ b Determined Certified Determined Certified
As 256. 6+26 3 280 %30 1255+17 1 250 + 100
Se 60.9+1 1 (72) 118 6+2 0 12020
Hg 12 2+0 1 (13) 28 1+4 2 263"
Bi 65 4+11 63+7 24 6+1 4 23+4

*Because thereis no certified value of Hg content in bush twigs, in this case, bush twigs were substituted by poplar |eaves( GBW07604)

24 As, &, Hg B - kg *(IP) ,t=39140, P=0.0007;Bi: (26 7+24 4 g
As, Se, Hg Bi 2, - kg '(CH), (48+09 ug- kgo*(IP),t=40907, P=
. As>Se>Bi > Hg 0. 000 6 , As, e Bi
, , As, Se, Hg Bi , ( ) Bi
) . As: , ( ) Bi
(126 6+ 62 0) g - kgo* (CH), (35 7+89)Hg- kg’ 26 , AFS
(JP) , t=6 4435, P=0.0000; Se: (69 6+30. 0)M g- kg * , As, Hg Bi

(CH), (16 2+39) pug- kgt (JP), t=7.8910, P = , ,
0.0000; Hg: (1325 3)ug- kg ' (CH) , (532 7)ug \

Table 2 Determined values of As,Se, Hg, Bi contents in all tea samples(replicate : 3)

Tea name ” Ad flg- kg 1) Se/ g- kg- b Ho @ig- kg 1) Bi/ 4g- kg 1)
1 ( ) 180.0+2 8 84 9+0.6 17.8+0. 5 231+0. 4
2 75.2%7.0 29.0%0 5 27.9+x3 4 14 6+0. 3
3 189.0+12 9 94.4%7.5 14 0+0. 7 42 9+5 3
4 44.8+5 0 380+4 6 13 8+1 8 13 6+0 7
5 ( ) 119.2+0. 3 6L 5+5 1 11 5+0 8 257+2 0
6 ( ) 57.3+1 6 60.0+13 1 12 9+0 7 22 2+11
7. ( ) 147.6+3 9 64 4+2 7 14 4+0 1 357+1 6
8 ( ) 134 1+3 3 74.9+0. 6 82+14 18 3+0. 4
9 ( ) 58 7+37 539+0.7 9.9+0 2 16 9+1 4
10 ( ) 50.8+3 8 110 6+0. 1 7.8x0 9 12 4+0. 7
11 ( ) 98 3+0. 7 35 7+0.5 10.3+0 4 154+10
12 ( ) 735+2 1 5L 5+6. 1 14 8+1 7 191+3 4
13 ( ) 169.0+11 2 91 7+12 1 21 8%2 2 40.9+0 7
14 ( ) 233 6+17.5 103 6+1 2 11 9+0. 5 114 4+1. 6
15 ( ) 191 8+7. 3 150.4+3 5 7.3x17 57.1+0. 9
16 80.3+2 7 37.5+0.7 7.0x23 16 7+£2 0
17. ( ) 363+20 56.6+3 0 19.3+0 2 ND
18 ( ) 214 1+£4. 7 87.2+0.3 6.7+£0 6 18 3+2 1
19 ( ) 208 4+13 3 40.5+1 9 11 3+0. 7 61+05
20. 143 6+6 4 54 2+15 12 4+0 4 7.1%+0 2
21 ( ) 143 4+7.6 815+0 5 16.6+0. 6 40.3%£3 9
22 323+16 12 4+0. 2 6.5+05 39+0 2
23 220+31 16.7+1 8 43+07 6.1+0 4
24, 44.5+0. 5 134+2 9 2 15+0 06 5300 08
25 37.9+1 4 22 3+0. 4 41+0 2 39+0 2
26 41.8+4 2 16.0+0. 7 9.3+0.7 49+0.6
* Tea samples numbered 1 to 21 were collected from the different regions of China, the rest were collected from the different regions of Japan
3 ,As, Se, Hg Bi , AFS ,
> , Se Hg Bi

,As, Se Hg , Pb
; Bi As S , Fe,
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Mg, Mn, P Zn
, Al S

> , Fe, Mn  Zn
Al S

Table 3 Determined values of As, S, Hg and Bi contents in
different parts of a tea sapling smpled freshly from
the subur bs of Quzhou( spling height : 26. 5 cm)

As Se Hg Bi
Iug-kg ')/ lg-kg 1)/ big-kg )/ g kg ?)
fw " fw fw fw
Tender leaves 54. 57 45. 63 6. 636 30 83
Old leaves 61 53 82 82 15 18 43 62
Trunk (high) 91 83 79. 87 4. 001 22 77
Trunk (middle) 67. 81 75 87 3 985 28 58
Trunk (low , bark off) 48 00 17. 58 5 759 ND
Bark (low) 191 3 137. 6 8 412 45 27
Root 110. 6 104 2 27. 53 ND
*fw represent’s fresh weight”
, As, Se, Hg Bi
As, Se, Hg
Bi )
18 % ( 67 %) ,
As, Se,
Hg Bi
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Sudies on Contents of Arsenic, Sdenium, Mercury and Bismuth in Tea
Samples Collected from Different Regions by Atomic Huorescence Spec-
trometry

WAN G Xiao-ping, MA Yi-jin, XU Yuan-chun
School of Radioactive Medicine and Public Hygiene, Suzhou Universty, Suzhou 215123, China

Absgtract  After microwave or wet decomposition, the contentsof arsenic, selenium, mercury and bismuth in twenty-one Chinese
tea samples and five Japanese tea samples were determined by atomic fluorescence spectrometry, and plant standard reference
materials were used to verify the accuracy and the precison of the analytical method. Moreover , the contents of these four ele-
ments were a0 determined in different parts of tea sapling sampled from the suburbs of Suzhou, a place famousfor its Chinese
tea biluochun. It was shown that microwave decomposition is indispensable for getting good results of mercury contentsin tea
samples by AFS. Compared with those in Japanese tea samples, the contents of arsenic, selenium, mercury and bismuth in Chi-
nese tea samples are sgnificantly high, but the Chinese tea sample produced in Hunan province has the lowest bismuth content.
Arsenic, selenium and mercury are mainly present in the bark , the root and the old leaves of tea sapling, nevertheless, the bis
muth contents in the root and the bark-deprived trunk are so low that they can not be determined accurately. From this study, a
preliminary concluson can be drawn that teais not a seleniumraccumulating plant and the great majority of selenium in Chinese
tea samples originates from the dry and wet deposition of atmospheric aerosols.

Keywords Tea; Standard reference material ; Arsenic; Selenium; Mercury; Bismuth; Microwave decompostion;
Wet decomposition; Atomic fluorescence spectrometry

(Received Jan. 12, 2007 ; accepted Apr. 16, 2007)



