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(psoriasis)S= 1 Jﬁ(leukemiaw o ’ﬂﬁﬁ[ﬁ:n og
%%W%%Wﬂﬁéiﬁwﬁﬂggmf il
’5[ =247 #Q%IF' 1©

St RS ERE e I e ST
AP PREITEE O B Hi_?ﬁ'}\ﬁ 4=

EFE T FARELEL [ I'i&ééfﬁf'@éﬁéf » H] ﬁé(?“‘Jﬁﬁ'
@Zéﬁ(lead arsenate)[EE - A& o ,fk’zﬁﬁg‘# [ (%

S PR - R
A P R -

bt 3 Fﬁ% = E e e ’[/Tfﬁ[%ﬁ'@
R R RO RO £
[ ) SR B IRE PUTREE T 2 W
=R IR P 1 B S R T [lePﬂ
ALV BIRRIERR i 7 53 4720 il e
i 2007 5 BT ﬁ09707008545%?ﬁ f T
BRI RS | © 0 H 5T b
B B - - R TR
PRSI LD TR AN S 5 R 85259
ug/g ﬁ%”}\t“ll 6-26.6 pg/g"” < FIfi > 7 2B
P A R TSRO o (E 7
SIS R T S
& = 8 (mainstream) 73 £ &3[R EE40-120 ng > —
JIHR20AR > 2960 5 S EEVIEVE N EL0.8-2.4 pg' o

E&‘B}?Jﬁr&, Wu £/ (The International Agency for
Research on Cancer)’fiﬁ%%ﬁf AHVRL * 2L R =
W T « T Y L
TR B ST B e SRR [N
LMY WHﬂWJM%JEW»F%@ RE)
IR AT E ) TR O - ﬁfﬁ?ﬁ?jﬂ%’ﬁkﬂﬁl I
LSRR B LI
" B (ST (BRI PGS 035 Iy Sk (] Ffil
F1EI700 pe/kel) by h 2R HR(H Fﬁﬁf’ii"lo ng/
kgl M)y > IR B EER f?ﬂﬁ LG
Ul o = F P ﬁﬁéﬁﬁﬁﬁlﬁj‘é?ﬁ%‘*ﬁm%l@@"
o e | P TR B > s 3 - fi?%‘%f‘ sl ~ PER]
ngﬂ?‘ﬁkﬁﬁ?ﬁ'@ﬁ'[?" SHOE N ﬁu’ﬁ%@ ﬁﬁlﬁl%
AR S 2700 pg/kg)TE (RS il B3 -1

\“V

IS = 10 pg/ke) &4 R 1)3.29 Fﬁ(” o

T i 5 SRR
W= folRUER B A G 90% 0Tl %’ﬁr",ﬁ

PrEE. ﬁﬁr&ﬁf‘ Pf'}\"&ﬁﬁ% -t ﬁu [Fil {25 ] (synergistic
effect) » = 30-50%[1 %iﬂl#m SRk
IR A BT
B RS 2700 pg/kg) & - TG E
258% » e PR BLE G R
<10 ug/kg)El'UfEii?‘f‘ ) R%qmygﬁgxﬁqm—{ — I'?p[(lz) o

SAGHHE T SRR RSP (RN A L
fHi(methylarsonate)== Z5f' I 5L fifl(dimethylarsenite) -
R - S

[N 7J¢?§F[Iﬁﬁl SE *[Jﬁr?ﬂ ﬁﬁljﬂ ik uﬁ
1@ fHrY PR~ l'l*‘?fﬂ* 2 HU
£7510- ZO%T?E‘-*’P‘HI 10- 20%?1F "Elﬁﬁ[ ) 2260-80% <5

FOSLD - e il £ B0 ok P
£74] FI(B)

R P I T B
TR R (0] - RS (2004) 1 Prk i
g ”ﬁ[ﬂﬁ} fifli(etiological fraction)af[<4*
B B I R s B 4532
55% o %[ﬁjfﬁ%ﬁsynergy index) & £51.62-2.52 -
PR PSP ) 2 BB ﬂg% Vi1 T
(aerosolized arsemc)E"ﬂFK PR [rj SRR THA
#glutathione™ & [“DNAELF] %“‘”
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20 pelkg » Wt RLE(4 T IIVICE ELS pg/
ke ¢ RRORE PPV IS RERT I EIRE EL
300 pgke » I RLERA ] 1T S90S K571 gl
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N
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AT o i STREE -

— -~ BEEmpEEEE|
FFIEI(IOO mg/L)#R* [ICP-MS ) #r
K F )ftE % kIS 13 B Perkin Elmer

Instruments FJ(Shelton CT) - &E* f[?@ff*ﬁp

(1000 mg/L)#RH[ICP-MS 5 #i¥ » 3% [~ & iﬁ
& (30%) % E'J%wﬁ? » g FI B Merck KGaA
2% jil(Darmstadt) - Fﬁ PRFRE %1’5? C BE IS B
Mallinckrodt Baker ** 'F[J(Philllpsburg, NJ) - fev
B PITTRIice flour (NIST 1568a)™apple leaves
(NIST 1515) » [ 15 B/National Institute Standards
and Technology (NIST)T}‘FF f‘ ig»f& QA
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MQ-cm!'| B V3 BE s o
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= &8
F, IEIFI J;m [/%E'ﬁ‘gg?ﬁl‘"ﬁ )

iqu%:)n(scms 68 mL > AT > [fT2)
NI FLfEI,;;} - *‘“*‘“ﬁf"[fr%” EMH TR S
(Pyrex)Ff BT » fili Pt ARkl > A7E ik
Witk o PRI E VAR IR GREE A T
PR ] [ i ’”VL‘ﬁjﬁlT%& [z EN-= il
BERZS » S -

o - B34

() J.;E%F | F rﬁrﬁfla(lnductlvely coupled
plasma mass spectrometer, [CP-MS) : Elan
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DRC-¢ » =! [HJ [E4I55( =4S (concentric nebulizer)
W BERCFUE S5 (cyclonic spray chamber) » £3
“p£r A Perkin-Elmer Sciex F]J(Concord)ﬁ:
i

(VB B = 4Efl (microwave digester) -
multiwave 3000 » £ @S Anton Paar’® _F[JF_?F
fift -
Gk H 30T i%%fg' TraceCLEAN » £33 XA
Milestone ** r[J(Sorlsole, BG) V& Fﬁ[h

(P4 B © Mlli-Q - FE S Millipore
2+ pil(Billerica, MA) Ji% fﬁ#l o

FIRERREIR
r Jfﬂffﬂwﬁﬁ
ﬁFEEIgVIOOO mg/L; V{ﬁ":‘?ﬁ?‘?‘%i?\ﬁilo mL > I']
%F f‘&?ﬁﬁzﬁ:#{%loo mL > *%’JF"EEWV1 mL >
PGP A =100 mL > (T P
(1 pg/mL) -
(=) 27 IAREE Rk
g FEEIqV1OO mg/LV % \?F?ﬁ%i?ﬂfleo mL >
NP 2100 mL > ff i 7 42
YERU(10 pg/mL) -
2% o [
PRl v g E Rk 3]" PEERR) If"‘f
{&YF"& » P &iﬁ]ﬁ%@%f&@ﬁ 50.1-25
ng/mL (F Rh 10 ng/mL) » {# |t%ﬁ%$ﬂf§jg~[
ik FEEE'JEﬁ?ﬁf@ °
7\~ EERTOOA
SR B
}{fj’f;i %0.1-25 ng/mL %7 A5V ?TT& il
J’@‘%ﬁiflfﬂ o< B FF HEAE T P PIEER
A R [ AN VSR BT o AREE HIAS0E (AR
e T VLR [ BT S8
*E‘”yﬁ'ﬁjﬁll’ﬂxf [* AR ERAAR I el b [
A AL ST L
TR [Pl SRTR BB s T A ’FE'F%T% ER e

[ E

(:7[;‘%3’&*[/‘%"7?
qVF[:FP}"fE‘%FEIOB[J s FERET EWS’?TP#‘FF]—N ,
Iy R "E—;Lj&*ﬂr‘gquﬁjﬁgo 2g> }&FIW\
g [ o ke mLk’/;lf_}g} [~ &
iﬁ?ﬁzl 5 mL o 1B B AR
W EErF A T o 3 EbV 190200
WL [ MR YE ) B e % 20
mL » [ (S - 12V g iy p
6 mL M s [~ Gkl mL - [
PRI e (B2 1 -

R_— ~ BEATUBLBGHIB IR
Step  Power (W) Ramp (min) Hold (min)

Ist 1000 10 10
2nd 1300 5 25
(S T4

FEfEE 2V Frihak ~ 2 A Tfibfﬁ’*¥g‘?ﬁ
JIHINE T RVER T F'L—/%%Tﬁ% lﬁﬂfﬂﬁﬂ

v~ fi~ &5 7J\7"EFFIE" » Wit J:E K
ﬁbﬁﬂﬁfﬁ?ﬁfﬁ SEIE @T@%fﬁ%ﬁi 1]
Pggl > I*‘_'“TUEJFET* T‘L[HH‘%?E‘H' I
Ling ﬁfﬁ{ (ng/g) -

BRI £ E =

C : ey R Y S RS (ng/
mL)
Co - ARIEHGEL ] 2 | g V1 & R
(ng/mL)
I )
: Nﬁ‘wﬂ"ﬁiﬁ?ﬂ VEE (@)
(i JD[ﬁ‘H SR
Fﬁ %’Mﬁ’ﬁ%?l'ﬁ? HIRF 200 ng/mL;'/fo‘L%iﬁ?ﬁ%
0.2 mL > &~ if"{[i% fit= f;? ¥ [l Eﬁ g
1= P U ENARTRE S R I E’H?{‘Jma@ b=
S AR Rl

(70) B i A TSR (IDL) B - At LB (MDL)
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IR = SR VAR AR B A
R o RS B I R e A AR
TR Skl PRI 20Tl
e PR [ R > R TR
AP R A A IR
2. g (MDL)
VRV BR AR B T ELEL S i AR R A
HU > SRR R Vo P R (= ErHE
SIARTR s R REf ARE g
(Sa) » I'J3 (i Saff ELFRY 4 R gwil L -
AR A BN ARl R
Mgtk oy R (B ETHOTART Y
SRR RIEAREE 2 (S) o FIIE
o AT Fetest 0 [fSa’ SV i
| ERSTE  EENH ST FHE  E
] 473.05 - P FIER R AR
(7 (Spoot) » P FH T D ARENIED « 3 15
443,05 > JII R F#rd B S AR
ENELE B IRE > EiFeT i Sa Sl i
% Ffifl [ 453,05 -
Spool = [(6 S + 6Sa’)/12]"*
MDL = 2.681x Spool
U A
B DA 20 AS D Y 2 20 [ AR 5T AT
o 39 S P USRS T - F PR
RV VR > [RRR L TR R
A [ 22 5 Ak 50 AT RIS R 53 AT
RSHE3 [ BRI @ VRIS AT
(R U (LRGSR E s 2 i e A
[qu';rgr ) ﬁﬁﬂﬁ[ﬁlg@&llu§}< FTH780-120% o

A oREARY A
—  IREIREHFZERET

JIR0.1-25 ng/mL %5 L > 1) B
et £ TR B 5 R A
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Parameter Condition
Nebulizer Concentric
Spay chamber Cyclonic
Nebulizer Ar flow rate 0.97 L/min
RF power 1500 W

Ar plasma gas flow rate 17.0 L/min
Ar auxiliary gas flow rate 1.475 L/min

Auto lens On

T o AR IR (AT A AR I e [P AR
TR (SR BT E AU R o A R0 = 1)
Ak SR 1 [ AT S s [ A
FEff » SRR [ SR BT E AU A
AR (R = AR IABUEE=e R 1 s A0 b
TR FRRPINIA= e > SRR o R s
P AR, > S AR AL IR R
B70.9991') - B £ i IS AI0.1-25 ng/
L. VAR R R U R R
EAENE S S RS T AN 72 A LN
RSN

N

N4

EEDM

I gy s H P ETNIST 1568a Rice flour ¥ NIST
1515 Apple leave[=EUAR - &5 YERE 55T < K
ha i B = BT R réf,%fﬁﬁ%%ﬁﬂ o f&
EERPIRTNIST 1568af[ il ~ & il W Es
J7H1£50.24 £ 0.012 ~ 0.020 + 0.002520.33 + 0.011
ng/g > HERA [{£50.29 £ 0.03 ~ 0.022 + 0.002%
0.38 % 0.04 pg/g » NIST 1515f[18 + o 5.0 &
FHEAEL0.90 £ 0.05 ~ 0.042 £ 0.005 ~ =20.46 = 0.03
ng/g » EET fEEL0.91 + 0.12 + 0.044 + 0.004 - %
0.470 + 0.024 pg/g - FHNEHT 4 7 3F VIEEE
(FH)

=~ ADNEIER R

B S AR 1200 ng/gl BT
Ml o XU IR R (R T) T S

3*%%‘5@)5—?; £5110.1 + 6.7% (100.0-119.3%) ~ #1£7,
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External standard method

Internal standard method

Element

Linear equation R? Linear equation R?
Cr (m/z 52) y = 10267x + 5051 0.999 y = 0.0343x + 0.018 0.999
Ni (m/z 59) y =3511.5x + 706.8 0.999 y =0.0117x + 0.003 1
As (m/z 75) y=6054 x + 1651 0.999 y =0.028 x + 0.0075 1
Se (m/z 82) y =2968 x +393.6 0.999 y=0.014x +0.0018 1
Cd (m/z 111) y=2633x+81.9 1 y=0.012 x + 0.0004 1
Hg (m/z 202) y =2884.3x +271.4 0.999 y =0.0097x - 0.001 0.999
Pb (m/z 208) y = 18195 x + 703.1 1 y = 0.085 x + 0.0033 1
£ - BESENECESBSBEHN R e AR - 5T
. . i:r 1% %E )
Sample Element Deltergnlne/d Clertlﬁed/ u,fﬂ(m/z 52) 0.01 pg/g ~ #Hl(m/z 59) 0.01 pg/
value'(ug/g)  value (ug/g) g~ fifl(m/z 75) 0.01 pglg ~ ffi(m/z 82) 0.01 pg/
b —
Rice flour 2; Oo(éz * ((’)?)Z 00052 * 22(3)2 g~ #im/z 111) 0.01 pg/g + F(m/2202) 0.005
+ +
(NIST 15682) ' ' ' ' Jg R & (m/z 208) 0.01 pg/g(FH) ©
Se 035+0.011  0.380.04 hele ) 0.01 ng/e=)
Ni 0.90 = 0.05 0.91+0.12 D e =
N =
éﬁ’l"sﬁ 11e§1v§§ Hg  0.042£0.005 0.0440.004 h -~ mREBZHG
Pb 0.46+0.03  0.470+0.024 UREOE ISR 5B fr’?Eﬁ s EEE M“ gL
 Average of triplicate. 55 47 o AN %Ej— v E.l 73 s [T 5% é‘g s
® Value is expressed as mean * standard deviation [LE! o 3.]5\ JJD[H[L['Q‘j} Pl [F[ll['sz‘j’« A 80-120% 1/

92.2 % 8.6% (85.6-111.6%) ~ ili¥783.8 £ 2.8% (80.7-
88.5%) ~ fifi585.0 £ 5.0% (81.5-96.6%) ~ &%
84.9 £ 5.7% (80.8-96.5%) ~ < £%84.3 + 3.4% (80.5-
89.3%) ~ £i#1107.4 £ 5.8% (100.2-118.1%) > I'}
il PR F o U ARl 1 AL

s EER SR E (IDL) R EGHIRSE
(MDL) iz Red

(*)l'%i% At [ (IDL)

H'Jx_”b TR 2V ISR U P EERS [~ 3R
R IRUES i o VSRR R ot RN I
£ (IDL) H 53 Y ERE (m/z 52) 0.057 ng/
mL ~ #l(m/z 59) 0.058 ng/mL < lli(m/z 75)
0.059 ng/mL ~ ﬁﬁ'l(m/z 82) 0.062 ng/mL -~ &}
(m/z 111) 0.069 ng/mL - F<(m/z 202) 0.045 ng/

F[(m/z 208) 0.075 ng/mL(%) o

(=) H A LE (MDL)

B> AR g?gwjaapw%} prE
ST A

T\~ BB D

PR g
LU~ MR RHOF = B FIEYEEL 131 > HEFSI
bR -

HF::E%H £ &E;rw 1 A[f;:', K !
Ffﬁ”‘H'& ETF LES i
o %:JFA (gfgl)ﬂ Wl £% @yl@a}g\ﬁ#[zjg +
0.94 pg/g (1.41-4.01 pglg) ~ “[EFH)1.74 *
0.23 pg/g (1.40-2.13 pg/g) ~ [ 194231
*+0.69 pg/g (1.33-4.13 pg/g) s #lI =T *df
EI (R ¢ B $H3.25 £ 1.19 pg/g (1.97-
5.57 ng/g) ~ MEETA2.42 £ 0.29 pg/g (1.89-
2.79 nglg) ~ 2] 1F43.39 £ 1.23 pg/g (1.60-
6.79 nglg) : fill-V1 459 4 B (EA) FRBSI T 9

—v—v

IE‘I /T\’IU7
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P & W BT U VBT RI R
KA - BEmARINEIEER < EYE
Element %ﬁ 4l Tfﬁ' @ i 3[< fﬁ
sample Recovery* (%)
D2 107.6 90.1 85.7 96.6 81.2 87.1 100.2
17 117.0 86.2 88.5 91.3 90.2 80.7 106.6
126 119.3 88.8 82.3 90.6 83.6 80.5 113.5
14 100 111.6 84.7 84 85.8 85.5 104.8
D4 108 86.5 81.2 89 80.8 81.7 118.1
C8 107.8 92.4 80.7 87.1 81 82.2 102.3
16 115.9 96.5 81.2 83.6 80.8 87.1 106.6
CM6 104.9 85.6 86 81.5 96.5 89.3 106.7

mern = SD 110.1£6.7  922+8.6 83.8+2.8 85.0+5.0 84.9+5.7 843+34 107.4£5.8
*;T “[IEF£5200 ng/g (Average of triplicate)

0.15 % 0.02 pg/g (0.13-0.20 pg/g) ~ “EH

E AN l«‘l|C:MSﬁ$ﬁEﬁ§Zf§%§1ﬁtﬂﬁE§&Fiﬁﬁ Fﬁ[}[o_32 +0.11 pg/g (0.23-0.59 pg/g) ~ 3&[ 1
PR 11022 £ 0.10 pg/g (0.13-0.57 pglg) ; iV
Element IDL (ng/mL) MDL (pug/g) T 4y ﬁi?(?é')%[ﬁ;ﬁ‘ﬁ:%}‘ﬁ[OAS +0.22 g/
E;EZZ 253 ggz; ggi g (0.25-0.96 pg/g) ~ “[HEF[0.25 £ 0.14
As (m/z75) 0.059 0.01 ng (0.10-0.55 pg/g) ~ 52} 1Hifi0.48 £ 0.24 pefe
- DA T S B [

Se (m/z 82) 0.062 0.01 (0.15-1.20 nglg) : G I8 5 R R T]
Hg (m/z 202) 0.045 0.005 g) > “EEFHL1.82 £ 031 pg/g (1.44-2.42 pg/
Pb (m/z 208) 0.075 0.01 g) » 2E[1H4{f1.05 £ 0.64 ng/g (0.46-2.40 pg/

§) ;T 55 A Bl G SLITE 3 10,008 +
*t BERGCESESE

SravE - - F’?Er(ug/g) _ . .

e B Ll filt 5 7 7
D1 3.60+0.48 4.62 +0.52 0.15+0.03 0.77+0.15 0.49 +0.06 ND 0.68 = 0.46
D2 1.75+0.13 290+0.11 0.17+0.01 0.68+0.11 0.52+0.07 ND 0.79 £0.11
D3 1.82 +£0.38 2.10+0.13 0.16 £0.01 0.41 +£0.01 0.79 £ 0.04 0.008 + 0.001 1.01 £0.11
D4 2.03+£0.30 2.30+0.15 0.13+0.01 0.37+£0.08 0.70 £0.01 ND 0.92 £0.05
D5 1.96 +£0.02 2.57+0.16 0.13+0.01 0.32+0.06 0.84 +0.22 0.011 +0.003 0.99 £0.33
D6 242 +0.17 2.82+0.11 0.16 £0.01 0.25+0.02 091+0.07 ND 0.89+0.20

D7 2.16 £0.02 2.53+£0.10 0.20+£0.04 0.27+£0.01 0.70£0.03 0.014 +£0.001 0.72+0.23
D8 3.86 £ 0.60 4.10+0.50 0.14 +0.05 0.50 £0.19 0.61 £0.12 0.013+£0.001 0.74 £ 0.15
D9 3.33+0.10 4.31+£048 0.17+0.02 0.48 £0.14 0.49 +£0.03 0.001 £ 0.001 0.74 £ 0.48
D10 4.01 £0.44 5.57 £ 0.86 0.16 £ 0.03 0.96 +£0.23 1.06 £ 0.58 0.001 £ 0.004 0.70 +0.14
D11 1.41 £0.01 1.97 £0.05 0.13+0.01 0.34+£0.04 0.53+0.04 0.007 + 0.000 0.44+£0.03
15 2.58+0.94 3.25+1.19 0.15 +0.02 0.48 £ 0.22 0.69 £ 0.19 0.008 £+ 0.005 0.78 = 0.17
Mean = SD




0.005 pg/g (ND-0.014 pg/g) 4\@:&?";&]}[0.018
+0.004 pg /g (0.011-0.025 pg/g) ~ [ Pﬁ%g[{
0.012 + 0.010 pg/g (ND-0.053 pglg) : .V
I B (R FL 7 411078 + 017 pglg
(0.44-1.01 pg/g) 4\[@%’{‘@!2 38 £ 0.67 pglg
(1.35-3.02 pg/g) ~ [ I:E?‘Fﬁ[}[l.24 * 0.86 ug/g
(0.44-3.38 ng/g) -
Mﬁﬁﬁ%Wg
AR AR Sy TIERE
817% 4 (2.58 ug/g)ﬂi* AE[1(2.31 pg/g) M
&@%ﬁﬁl(l 74 ng/g) ; 74 Iy 71 HF t‘nf[ E7S
ih(3.39 ng/g) AR T (3.25 pe/g)H7
—k@:ﬁ%ﬂl(z 42 ngl/g ) Tfﬁl Iy +:JFA ﬁﬁk@
THi(0.32 pg/g) SHEL 1A 4(0.22 pg/g) AT
& T (0.15 nglg) 3 IV IS A BB
(048 ng/g) MIE[ 1A {048 pg/g) A
(1025 ng/g) ¢ L 19 B RIEL SR,
(1.82 pg/g) | Fﬁ'*]ﬂh(l 05 pg/g) i
THif1(0-69 nelg) ¢ el ISR RN BETH ffy
(0.018 pg/g) “HAE[ 155(0.012 pg/g) "4
B4 3110008 pg/g) 3 G0 35 A BEELoE
THAH(2.38 pg/g) MHEL TR (1.24 png/g) AT
% $i(0.78 pg/g) - G RET Ik B
TN 8 gy
SR - 5 5 P
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AEIH[ )

z
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frivk _ _ i B (ng/g) _ _ -

B 5 0 i i 5 7
Cl1 1.89+0.22 256+021 0.25+0.01 0.24 +£0.01 1.67+0.28 0.011£0.010 1.90 +£0.87
C2 1.40+0.22 2.43+0.31 0.31 +£0.04 0.10 £0.02 1.84+0.29 0.019 £ 0.003 2.85+0.26
C3 1.72+0.17 237+£0.15 0.25+0.07 0.26 £0.03 1.44 £0.25 0.014 £ 0.002 1.35+0.17
C4 1.65+0.03 250+0.34 0.35+0.06 0.55+0.22 2.42+0.29 0.021 £0.003 2.74 +0.47
C5 1.75+£040 2.79+0.16 0.28+0.03 0.16 £0.05 1.99+0.13 0.017 £0.001 2.98 +0.25
C6 142+022 247+031 0.31+0.04 0.11+0.02 1.87 £0.30 0.019 £0.003 2.89 +0.27
C7 1.78+£0.03 2.04+0.08 0.59+0.33 0.30+0.14 2.04+0.14 0.025 +£0.001 3.02+0.29
C8 1.91+£0.28 1.89+0.33  0.27+0.06 0.32+0.11 1.61 £0.12 0.020 £+ 0.002 2.25+0.05
Cc9 2.13+034 2.72+0.03 0.23+0.02 0.25+0.02 1.52+£0.01 0.018 £0.001 1.43 +£0.02
T 1.74+£0.23  2.42+0.29 0.32+0.11 0.25+0.14 1.82 +£0.31 0.018 +0.004 2.38+0.67

Mean = SD

T AR GERERNBEAERERZ
LEER

Yang 355 H{CU A S8 i 11 £ W 515
£52.23 pg/g ~ SE50.18 ug/gbfff‘t 50.64 ug/g ) I
¢T%m%$V*@?ﬁhgfﬁﬁﬁv?%m
5l ﬁi‘lﬁt'ﬂﬁ' LT(2.42 pglg) - [1H(1.82 pglg) i
(2. 38 ng/g) I Yang S50 4 Vpest > pHiiegh iy
FERHEE % R IIRURLARE M B 2 PO
U] - PR R R 1
QFET}’A I EE0E05.40 pg/g ﬁ?‘itf,l 89 ug/gkﬁf15 31.17
ug/g iﬁmu%ﬁ%%\'g’ﬂﬁﬂ@ JE[ [?'*FF#I;IQ’:ET
rﬁii(%ﬁ'ﬁ 39 pg/g ~ HEL1.05 ug/gb‘ft 41.24 pg/
QF LRI -

=D
&R

B RIS A T ) s e
fe ¢ F&%%&F[HFW% Fetenif] - ;L$j kil
EiSgidr ik o B A ‘/ﬁ'%%l’%?@(fﬁ*
57£0.999 » 7 P xﬁgm@ﬁ%gﬁiﬁzzoo ng/g
T T I B[ T 84.2-110.7% > BT AR
o 1;1[5&& o I'] @ﬂ I/*ij 7J;[:1T51|5H—'}~FF’ME$FB
yf,d/f,aﬁf[alt 11.33-4.13 pg/g ~ #8110 5 B afal g
1.60-6.79 pg/g ~ filll {7 &

Flﬁ_rﬁg[ﬁilt $0.13-0.59 pg/g
fifi- Vﬁé%ﬁ[élﬁ 50.10-1.20 pg/g ~ &1 ﬁiiﬁ[ﬂ[?.g
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FiblE £ FE‘:}‘F Bi53 T’ﬁﬂ%;‘/}%ﬁﬁéﬁ B?]ﬁiﬁ"%
Th - ENREZEEEIE
e ‘ i S (ug/e) _
o & fi i % F i
8! 2244017  446+033  0.16+£0.02  041+0.08  0.52+0.03 ND 0.88 + 0.06
2 201+0.15 451+050  0.14+0.01  0.67+0.13  0.63+0.09 ND 0.48 + 0.04

I3 2.31+£0.36 2.16 £0.04 0.31+0.03 0.43 +0.02 0.46 +0.01 0.008 £ 0.001 0.55 +0.09
14 2.19+0.25 3.74+0.39 0.15+0.01 1.07 £0.04 0.61 +0.06 0.012 +£0.001 0.51 £0.06
I5 1.60£0.11 2.83+0.21 0.14 £ 0.04 0.71+£0.48 0.88 =£0.04 0.011 £+ 0.001 0.90 £ 0.07
16 1.33£0.10 2.55+0.41 0.25+0.01 0.26 +0.03 1.49 £ 0.09 0.019 +0.002 1.53+0.21
17 2.90 £0.23 4.37+0.35 0.34 £0.08 0.18 £0.08 1.71 £0.29 0.015£0.002 3.38 £0.58
18 3.32+£0.23 5.50+0.37 0.24 £0.02 0.44 £0.03 1.31£0.12 0.010 £ 0.002 1.71 £0.31
19 1.67 £0.09 2.13+£0.12 0.14 £ 0.01 0.51+£0.13 0.54 £0.04 0.006 £ 0.000 0.69 +0.09
110 1.71 £0.40 2.73 £0.16 0.27 £0.03 0.15+0.05 1.95+0.12 0.017 +£0.001 2.92+£0.24
111 2.13+£0.19 4.25+0.14 0.57 +£0.31 0.17 £0.01 2.40+0.38 0.002 +0.001 2.74 £0.32
112 4.13+£0.44 6.79+1.2 0.24 £ 0.06 0.29£0.08 0.76 £ 0.08 ND 0.95+0.02
113 2.37+£0.05 336+£0.22 0.22 £0.03 0.49 +0.03 1.36 £0.26 0.012+0.001 1.25+0.24
114 2.36+0.11 3.33+£0.31 0.31+£0.09 0.34+0.10 2.18+£0.17 0.053+0.010 1.89 £0.05
115 3.09+£0.31 3.89+0.30 0.15+0.04 0.69 +0.15 0.42 +0.09 0.005 £ 0.002 0.59 £0.07
116 2.61+0.51 3.49+0.84 0.32 £0.04 0.51 £0.15 1.67+0.38 0.018 +0.001 2.04£0.19
117 2.42+0.28 2.73+£0.51 0.20+0.02 0.27 +0.02 0.57 +£0.10 0.019 +0.004 0.46 = 0.06
118 1.77+0.13 2.37+0.85 0.13+0.01 0.45+0.17 0.48 £0.10 0.006 + 0.001 0.50 £ 0.06
119 2.23+0.21 2.48 £0.39 0.17 £0.01 0.59 £0.07 0.47 £0.02 0.011 £0.001 0.52 +0.03
120 1.60 £0.37 1.60 +0.24 0.13 £0.07 0.32+£0.03 0.58 £0.04 ND 0.50+0.28
121 2.03 £0.40 2.67 £0.58 0.13 £0.02 0.45 +£0.06 0.47 +0.03 0.007 £+ 0.000 0.51 +£0.10
122 3.66 +£0.27 3.60 £ 0.25 0.13 £0.02 0.57+£0.13 0.53 +0.01 0.009 +0.001 0.63 £0.04
123 1.58 £0.12 2.03 £0.08 0.27 £0.03 0.32 £0.02 1.88 £0.24 0.005 £+ 0.002 1.52+£0.15
124 2.68£0.12 4.43 £0.26 0.30 £ 0.05 1.20 +0.20 2.35+£0.01 0.024 £+ 0.006 2.92+£0.78
125 2.96 £0.24 342+0.21 0.14 £0.04 0.80 +0.28 0.94 +0.34 0.012 +0.003 1.38 £0.86
126 1.52 +£0.01 2.22+0.23 0.13 £0.03 0.31+0.06 0.71 £0.16 0.001 +0.001 0.63 £0.11
127 2.10+£0.54 2.64+0.51 0.17 £0.07 0.32+£0.02 0.66 +0.02 0.013 +0.001 0.47+£0.13
128 2.01+0.11 3.36+0.27 0.15+0.02 0.45+0.08 0.50+0.19 0.001 +0.001 0.44 +0.02
129 3.38£0.09 6.26 +0.62 0.35+0.06 0.49+0.10 1.19 £ 0.07 0.008 £ 0.001 2.02+£0.22
130 1.48+0.24 2.69 +£0.25 0.18+0.01 0.54+0.17 0.98+0.13 ND 1.26 +£0.23
131 2.28+0.14 2.62+0.16 0.30+0.01 0.45+0.02 1.44+£0.29 0.020 + 0.004 1.77 £0.31
T 2.31+0.69 3.39+1.23 0.22 £0.10 0.48 +0.24 1.05 £ 0.64 0.012 £ 0.010 1.24 £ 0.86

Mean = SD

0.46-2.42 pg/g » ¥ {3 B TBIEND-0.053 pglg SER

’F‘ Vﬁ%%ﬁ“[ﬁ't 10.44-3.38 pg/g ° %Hﬁ%ﬁﬁ‘ [l;[éﬁ%‘t}‘ 1. :g[,ﬁ@ > 2009 - ,1\ ‘Pﬁ (o g S A @Fﬁ
R 15 £ R DU G 1 S £ 2 e

N
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Bt it SR - Handbook on the Toxicology of Metal, 2" ed. pp.
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Investigation of Heavy Metals in Tobaccos

CHE-LUN HSU, SYR-SONG CHEN, WEI-MIN FU, MENG-JIN TSAI AND
SU-HSIANG TSENG

Division of Research and Analysis

ABSTRACT

The analytical method for metallic elements in tobacco was developed in order to determine the
levels of chromium (Cr), nickel (Ni), arsenic (As), selenium (Se), cadmium (Cd), mercury (Hg) and
lead (Pb) in tobacco by inductively coupled plasma mass spectrometry with microwave digestion. The
internal standards of rhodium (Rh) were selected. The calibration was ranging from 0.1 to 25 ng/mL
and the coefficient was greater than 0.999. The recovery studies were performed at 0.2 ug/g spike
levels of Cr, Ni, As, Se, Cd, Hg and Pb in tobacco. The average recoveries were in the range of 84.2 to
110.7%. Accuracy of the established method was also validated by analyzing the standard reference
materials, NIST 1568a rice flour and NIST 1515 apple leave. Fifty-one tobacco samples were collected
from the markets and surveyed with metals: 1.33-4.13 pg/g for Cr, 1.60-6.79 ug/g for Ni, 0.13-0.59 ug/
g for As, 0.10-1.20 pg/g for Se, 0.46-2.42 pg/g for Cd, ND-0.053 pg/g for Hg and 0.44-3.38 ug/g for Pb.

Key words: tobacco, heavy metals, ICP/MS



