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MERERPEEREE2iE

()

EEA AEAE RGOR REUR S PE4E5 TaR

AR R S E T T e b el

W B

TEBREEAZREPERTHENERET WA RELAMEHILEA K
AT U EAR S AT IR P2 - 4% (Ge) » 45(Rh) & 4L(Bi) & M A AZ M 3 o 45 A B B84
& 4L % B H 4R (Inductively Coupled Plasma/tandem Mass Spectrometer, ICP-MS/MS)4&
A Z AR E P T LB 2Tk o 44(Cr) » 45(Ni) » #F(As)  #5(Se) * 4a(Cd) »
R(Hg) A 85(Pb) 5 & & M 2 A% M8 Wy 42 )R JZ 56 [810-25 ng/mL » 48 Bl 1% #34 1£0.999 4
boo S BB AT RN AR AE S B M T X M PLAZ TR VAR RAZ M S E W R N
o b BORAZ A S R Ao A Z W R AT FE o KRB T A R EHRIR 0 45 0 41 SRR
$534 %0.5 mg/kg * AP~ HEA R %0.05 mg/kg o ARA T IEMRAA0H A AR o 442
A §5 18 £51.03-3.90 mg/kg ~ 4R 4 5 [H] %1.23-4.43 mg/kg ~ XA 5 [H A N.D.-
0.13 mg/kg + AP 2 48 %[5 %0.06-0.51 mg/kg * 454 F 3 40.52-4.18 mg/kg * 45

2% 36518 4 N.D.-1.90 mg/kg * MR 2 F F KN FHER(0.05 mg/kg) © AAFRE R

MR FAE T RBE T EMAREFELE

CEERE  HETHRMEF -

RASE  RE - EE2B - URELRE - REBSBRAMERE

|

Al

HEBRIEERNRS ZEE - HEER
% - Hh A2 ik

HENEHBEAZEEMB LT TR
(0~ 8 ) - R - BLHITREMEHEE
IR E N R R o R E I E R K
SR - HERESNEVRATIERZNE
WERIGEEEE MO REVERMFE
MR IR TR IR (A08E ~ 85 KRSF) &
MEHEERIELF TREE BAAERT] - BE
RUIEHIERET S > MgEEYREELES
M ENE R IR

TH 5 A L R BT T8 < (B PR o T B ST A

(International Agency for Research on Cancer,

IARC) $HHEFEME - KIBEERITHE - 8
VB ERER - W HBUEERR R EAR
(Group 1, Group 2A, Group 2B, Group 3, Group
4) > i$E ~ Bl R ERHA R Group 1 B S
it & B AT - E AT EE R
$8 R S 51 FyGroup 2B » BN ARSI EUE A
T NERTTHEEBRAR - HEYERE
BAERECA R 5 iSRS Ry Group 3 B
EEFEELBUER T - NERTHEEE T
2 HEWE B /R 2 B iR H A
FER® o EEERER#)5(U.S. Environmental
Protection Agency)z | 5 HAFRINE » AE
#%550.003 mg/kg/day * $2/50.02 mg/kg/day
T~ 88 K 5K B90.0003 mg/kg/day » #550.0036
mg/kg/day * MIKNAVE LR EE N RERES ng/
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kg/day® °

FREE Y1 1 B i < B A SR B
Fo RERRECESBG I ERERNA - £
igpEA i pHE M AR B E A T2 -
a1 > HIEERFAERNTTE BT R e
WK > DARSt R S S i s - e R iE SR
TR ERBENESEYEEY - WHOIEH
NBE— K205 5% » flEF ABBAI AT AL-5 pg
ZEhEED

A B B A AE ICP-MS A/ KT e - & 2 5
LETEYTE  BHEHER  HFH
ICP-MS/MS ELfif§ = B P4+ (Q1-Q3) 2 s -
QU LR BT As K *Seir " Zr K. *Mo BE
BT > HRQUEARRME AsK *Se/X
JEFEA" [AsO] K™ [SeO] EMIEET » FAkste
AQIEIRIEY ~ SE BT - EVIBET 45
BEIEST T BRI S BRI T D Y
GBS EHERE - 53 AT EATHIE 2885
BERask  EEEE ) = EEE K NEE -

AN FE A H 2 E B S RO E R
#(UltraCLAVE) 1T 5% M AT g 2 - 6 #E
ICP-MS/MSHETTHRE - fag oA BT
THESBERFR ) - RIFFCHERE AR

K— FEZEEBRRERTTRAGREIRE

HHSZ AT TR

% Cr

i Ni

T As

HiETH iy Se
i cd

7K Hg

B Pb

4 Ge

RT3 a4 Rh
i Bi

. # Zr
Hiycsk e Mo

VR ERMESR S EERE - fEEE

MFERTTE

—  RBER

i B i A B R A R (T R B () 111
AR L F e AR AR A R P U B fh B4 0 R Y
ih o EIEZE RS 60E P BIRS L S F R HoAth
BB A AL 191 -

— ~ MR
() B R
HIRREYE T R A ICP-MS /3 ATl © %
RIEAE L (BE - #7 ~ W B - SRR IT
F 0 100 mg/L) % ITR N EEHE AL (&
BB~ $E R EEEICE 0 100 mg/L) © HIEE
FE B Agilent/) F](Santa Clara, CA, USA) °
7R (Hg )15 4E i F £ [ Sigma-Aldrich/A F]
(Saint Louis, MO, USA) © <tx(Au)fZ % i [t
H 5B AccuStandard/\ F](New Haven, CT,
USA) -
()R R R
THER TR FH AL - I B 52 B Mallinckrodt
Baker/\ &](Phillipsburg, NJ, USA) ° fZ#
2% %) & Oriental basma tobacco leaves
(INCT-OBTL-5) - fi& H ¢ Bilnstitute of
Nuclear Chemistry and Technology (INCT)
(Warsaw, Poland) o 2T A 2 B 827 {5
FH B ZE B Millipore Milli-Q#LiE » FLEEIH
FA25°CHE18M Q-cm:Z LBfET 7K - Bl
A S T B 2 Bl Agilent/ & (Santa
Clara, CA, USA) -
(=)o TR T B T 2 R
1. 5% (w/w)IHBR AR
IR R (REHIAR) 50 mL - KEAE I A LB
F7K500 mLAT - FEAIA KB TR B R
1,000 mL ©

| &l
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R REBSSERHELECERSY

FEa 2 a2 HWEZNETE
RF power 1,500.0 W

Sample depth 10.0 mm

Nebulizer gas 0.91 L/min

Dilution gas 0.1 L/min

He gas flow rate 4.5 mL/min

0, gas flow rate 30%

Nebulizer pump 0.10 rps

52Cr

“Ni

PAs — "'AsO

"Se — *'Se0

"ed

ZOZHg

208pb 209Bi

74(}e
Mass (m/z)

103
Rh

2. ZICHNEB R

FETER 100 mg/Liz 2 7034 N AR HE

0.5 mL » DAS%IEFRA T E A 250 mL
HEEZ TR N YE R (1 pg/mL)
3. ZITRIEHER

FEHEE Y100 mg/L.Z % T £ AIEHE50.5

mL 1,000 mg/L.Z RIF#E50.05 mL

PAS% B VA T E A 250 mL » fHEZTT

FREHEJFE(1 pg/mL) ©
4. B ERRE R

R URHI LR BURIB LI

flok  hoE NED SN NED
BB ThER BERE RE EE BN
(W) (min) (C) (C) (bar)

1 1,000 5 70 60 100
2 1,000 12 110 60 130
3 1,000 17 140 60 160
4 1,200 8 210 60 160
5 1,200 11 240 60 160
6 1,200 10 240 60 160

FEHEEAY1,000 mg/L.Z TCEEHE 0.5
mL * DAS% B TR E 245 250 mL -+ it
TES N EFEEHE R (10 pg/mL) ©
5. ZTLRIEUEA R

FETE R T RITRER - ININZ% TR
P 10 A YA 7 B < A ST A VR TR - DA
5ol B 1A I A R R FE f50~25 ng/mL
(B LU RN EIEHEE W10 ng/mL 3
& NEEHEVATE 100 ng/mL) » H{EZ T
FAITHEVATR - BRI RS -

= HeRMRE

U E AL 2 # (UltraClave, Milestone,
Italy) » ERBHAERT -

(C)ERFERE & FEAE SR E FE (8,900 ICP-MS/
MS, Agilent Technologies, USA) * {£es2:
HRE= -

Sk 75 R 5 Ve 25 B (TraceCLEAN, Mileston,
Italy)

(o) B /K BLEHE(MILL-Q, Millipore, USA)

(B E LA A EsEE O - R
ERM > REEEFWHENEITBIRE
(Pyrex)M'&E » BN (SC475 > 50 mL » &
WEME - () - BRI LEENE
W BB - DIRARBRESR
FERIELE2/INE R o DA T /K B 2 A
EEE L Rz B2 R

(5)0.45 um PTFEJE[%(Environmental Express,
USA) ©

- ABRA

(i B0
AR B BRI R IR ) - PR EER
G ERBHERIUREE0.4 g - BEROHY
EHEALHAE S - IIARIEERG mL > TR0
500 pLZ AEBERAE IR E 500 pL.Z <6 IS
BHE % - BRE 30 AR LR
HEITHAL - EERFRT - BeRL
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Al DLEBE T 7K EZAR 250 mL » £80.45 um
PTFEJEMBEE - HEERWE » AT ATLAS%
T T SRS AE TR -

C)E &S T
A Fsfhie ~ 22 F bk AU 22 ) R R e
VAT - SPEISR 88 Bl SRR DASE R PRI
HEGL o SRROR DASE R BT E AL - S DASH
R PR YE S, LS TCP-MS/MSHRHI - 3ifi
K TYEERC kBT SESB I a R
(mg/kg) °

fafehEEE _ (C-COxV,xD

& & (mg/kg) W, x 1,000
C: HiFHERT RSB EESBRE
(ng/mL)
C, : MR REEARKZ ESR
12 (ng/mL)
V, @ BRE A Z #8TE(mL)
D : FRlEfEE

W, BB i lis < EH & (g)
(ENICP-MS/M SR i1 i ]

HUERE0.1~ 125 10525 ng/mLZ

$& o~ £R B B B9 R RGBR S IRYEVS

750 mL » FFHICP-MS/M ST/ » LA

PR 30 s B LA O R =X R AR B R

B o fR MR TR S AR RO FE (R

0.99 » fR R YR FE AT e i iR

TR IEEIE A -
i~ EEMRZ G

53 R R 8% ~ B T B £
K SSEES NI 2 &8 CHIEF Y 2R
B - TS E AR Y2 SRR
mhEERER R ER RS EEK - DU EH
EOLEEZREBERELZRER  HitEHR
[ EE BREE(s) » E EMIR ZFTHEATT -

LOQ = 10s/m

m © iR R

AR I EYSE AN

FRE A ke AN BT 2 IR R 2 v nial g
AR o B AR IRITER IR 50,05 520.5
mg/kg 5 $% #7898 RE IR IR 0.5 51
mg/kg R INE &8 QARSI
ZIERER AT SR EETSEEHE
A AL S plohe i - AR EICR B R
8 DR B 677 & @ AR Al i m hh 2E )
EHE(MERIEE) R LR T AR
#HOZEK -

T B

HY A #E 22 218 Oriental basma tobacco
leaves (INCT-OBTL-5)(N & #%6.3 mg/kg » §#
8.5 mg/kg ~ fH0.668 mg/kg * $72.64 mg/kg K 7K
2.01 mg/ke)0.4 g » FEHERGE » FREESNAINNE
(5 mg/kg) 8 (5 mg/kg) 2 FEHELL » (LIRS
ICP-MS/M ST+ B EEER - f PAE =R
80-120% f & il Hi [ - HETTILE 7T -

EREET A

(R UE R
EREEE 8 B il 89 RN EIT
FZ 0 BFIERE0-25 ng/mL % T E I
VSR » LAICP-MS/MSSEFT KT » DL
FEETEAR R IR - HARREIE
0.999LA b (FRIY) » SHmEsg ~ #57 ~ Tf ~ fff
89 R MR EIRE #iE 0-25 ng/mL
ZRRIERRAREE

(C)EMERE S G e
ERMER o B HESE - 88 B fE
B~ R R 2 28 R IR SR (B =R
FTHA83.7-108.8% .2 [t » B2 8 EAR
B HR0.6-12.7%. 2 5 BHM#E ~ 88
B~ B~ 88 SR RE 2 2B AR IR R S
[ AT A 83.0-108.9% .2 [ » rhHfEHE %
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TN LRETERZEEBR(LOQ)FHLAER

g B el
(g/ml)  pEAES AR
Cr y =0.0295 x + 0.0028 0.9999
Ni y=0.0100 x + 0.0009 0.9997
As y =0.0046 x — 0.0000 0.9999
Se 0-25 y =0.0005 x +0.0014 0.9993
Cd y=0.0188x +0.0011 0.9999
Hg y=0.0193 x+0.0001 0.9999
Pb y=0.1047 x + 0.0047 0.9999

% $i’7 e R LOQ

JEkE(E" (s) (m) (mg/kg)
Cr 127,901.8  2,081.8  5,031.2 0.52
“Ni  26,848.9 581.7 1,645.3 0.44
PAs 531.0 322 751.9 0.05
"Se 301.0 53.1 78.2 0.85
"cd  10,569.5 2273 2,826.5 0.10
Hg 317.6 407 2,202.4 0.02
®pp  36,582.1  1,228.1  13,142.0 0.12
* n=7

C LR AR R AR

J& 2 58 EARET BT 1.2-19.4% .2 -
K w AR R LY EHE AL
Mg LB bk e, Y (A
YR FEE AR 0.01-1 mg/kgR70-120% 5
HEME R PR E 2SR RN R E

FA - CRETRZENGERER
N [&] H P HHRE
— e NIIE e—— e—
TR ngkg) EUCK BERE EICR BT
(%) (%) (%) (%)
e 0.50 96.2 12.7 93.6 14.0
T
1.00 83.7 7.0 105.0 9.4
o 0.50 104.9 8.5 108.9 10.2
1
1.00 99.2 8.5 96.6 8.5
25 0.05 100.8 6.2 99.7 16.4
As
0.50 107.6 0.6 108.0 1.2
- 0.05 102.1 6.2 939 19.4
Se
0.50 108.8 1.7 107.8 2.4
114 050 1027 63 1020 6.1
Cd
1.00 98.4 35 99.7 4.6
- 005 887 33 830 87
Hg
0.50 98.5 1.4 92.7 6.7
e 050 1003 86 965 84
Pb

1.00 99.0 2.1 97.8 2.8

EPPELIER TR Sy

® n=5

“ n=10

0.1-1 mg/kg 155 18% » FAIEEE0.01-0.1
mg/kg 520 522% » BN 7 EREE R
o P R S TR -
(E)E B 2 5

R EEEESE - fEREzEH
B MR E S B S R  0 EfT
TEBMRIRZ G AERANRANFR « T
TREERE - EHEEERRERALAL
A AITAMG HHEEAMBR - 8% - 87~ i 5% >
RS FE 50.52 ~ 0.44 ~ 0.05 ~ 0.10
0.02520.12 mg/kg » E &b —2E -
R E B RRPR AT KoK ET £50.05 mg/kg
$& o 88 FRRENET 0.5 me/kg o fifiTER
DAAETE TS E &R £50.85 mg/kg
HEMER MBS R ZEHR
0.05 mg/kg.Z HETHE & B % P AU B SR IR
FFEHESORE - SR E BRI -

R L kil

CittiEhES R SR
REMBIZ 3 R P S E SRV
R B E S BN R i — - AER
BUR > PRERRETE  RE R
SPEE LA IR Al A 5 e ~ B SR
5. TP B SPEA (E DA B e = 5
ANeme 2B PRI SRR A
B bt oK Bt HIE (BB RO
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®t - MAREDELB2IRBER

=N
= 2 (mg/kg)
E -
Cr Ni Se As Cd Hg Pb
=1 SEEE 227 2.51 0.06 0.15 0.80 N.D. 0.61
(n=16) B/ ME 1.50 176 N.D.* 0.1 0.57 N.D. N.D.*
SN 3.90 3.53 0.07 0.22 1.34 N.D. 0.67
78 2.04 2.44 0.05 0.14 0.73 N.D. 0.61
Hrl SFHEE 1.09 1.62 0.10 0.29 3.67 N.D. 1.34
(n=5) B/ ME 1.03 123 0.07 0.17 3.03 N.D. 111
SN 1.17 2.17 0.13 0.51 4.18 N.D. 1.90
H 7 8 1.06 1.55 0.09 0.26 3.88 N.D. 1.27
Hith SEIE 1.86 2.46 0.06 0.15 1.22 N.D. 0.53
(n=19) =/ ME 1.17 138 N.D. 0.06 0.52 N.D. N.D.
wAH 3.32 4.43 0.11 0.26 4.12 N.D. 0.94
H A7 1.68 2.46 0.06 0.14 0.92 N.D. 0.59
Eeitige, SFEE 1.93 2.38 0.06 0.16 1.36 N.D. 0.74
(n=40) B/IME 1.03 1.23 N.D. 0.06 0.52 N.D. N.D.
SN 3.90 4.43 0.13 0.51 4.18 N.D. 1.90
H7 8 1.77 2.29 0.06 0.15 0.84 N.D. 0.67
* N.D. : €A E = MR (IGEL K F50.05 mg/kg * #5750.5 mg/kg)
(a) (b)
5 5
- 4 ° 4 L3
g’ e ® .;n
) =)
g3 s g3 ¢
z * | H .
£ o £’ 2 N
@] ) ; &) 1 % ® ‘
0 & a8 0 | * »
Cr Ni Se As Ccd Hg Pb Cr Ni Se As Cd Hg Pb
(© (d)
5 5
[ ) X
~ 4 ° - 4 -]
3 £} A ¢
= ° = X
é 3 P é é 3 % 4 -
= s ] = -
o} | & * S 2 b n s
1 § ® 1 & ) [
P . ¥ - K
0 @ e = * 0
Cr Ni Se As Cd Hg Pb Cr Ni Se As Ccd Hg Pb

B—  fARETFEEESENT
(a) 161427  (b) 5ED ~ (c) 191 HAthEHR K2 (d) 401 2 BR1&EE
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=\ BEMERRREPFESBSELE

S e LB
— f;gai(mg/ e — g5 B STt
4.07 8.79 0.45 1.94 ERE 30 VermaZ A ®
1.11 2.40 1.95 1.20 (k] 20 Schneider® A
1.63 0.22 1.70 1.63 +HH 9 Barlas# A"
1.22 0.74 10.80 By &l 14 Yebpella A"
2.23 0.18 0.64 i 5 Yang# A"
5.40 1.89 1.17 BT F 20 GondolaZE A"
- 0.50 14.35 eS| 20 AjabE A"
- 0.61 0.56 i 10 Galazyn-Sidorczuk % A"
- 2.64 2.67 FIE. 19 MassadehZ A "9
1.93 2.38 1.36 0.74 =218 40 ENGIS

%2 B (0.05 mg/kg) © 550 SFEE
A AZ EIfm E R 2 LR R E 5
ARIFESR BN 2 iR ER 2
fREls B BN e e P S E S S
BZEFHEE -

(VAR A SR B[] S/ SRR A s SR o P
AW FE ST 228 T 1 T AR 2 A (340
e ) R B < B o B B B A SR B R L
BANZR AR
AT IS 88 < 22 &R 1.93 mg/
kg * BRI (4.07 mg/kg) VAR - T =R
67 (1.11 mg/kg)”Hl+H H(1.63 mg/kg)"”
Fobh o SRS E & 52.38 me/kg © IREH
H(0.22 mg/kg)"” + Z3 R AIEE(1.22 mg/kg)"”
B (2.23 mg/kg) RS e 5 (E{EAAEE]
(2.40 mg/kg)® ~ BJFF(5.40 mg/kg)" ELE
J¥(8.79 mg/kg) VFiEh o SIS B 1.36
mg/kg » BEHIEE(0.18 mg/kg)'? ~ ENE(0.45
mg/kg)® ~ ELEEHTEH(0.50 mg/kg)" ~ I FE
(0.61 mg/kg)"VEEEE K FIJEE(0.74 mg/kg)""
FEd R B HH(1.70 me/kg)"” + HEF
F11(1.89 mg/kg)"™ ~ =] (1.95 mg/kg)"”Eil
FIE.(2.64 mg/ke) AR o SIS E
$50.74 mg/kg * FAFEI(0.56 mg/kg)"EE

tHE(0.64 mg/kg) " FEN, o TAIEFFI(1.17

mg/kg) VLB (1.20 mg/kg)” ~ +E

H(1.63 mg/ke)"” ~ EIE(1.94 mg/kg)® Kk

H.(2.67 mg/kg) "R 2 & EAR L

(& > HSE(EHZE KA EE(10.80 mg/kg) "B

ELEEHTEH (14.35 mg/kg) FE N o

A S EERER - e E RN
HiSG - & B e OISR, - S8R5
&R BN - SR E S R K R
HEsBEEEER BRI EEIKIE
Z ERIRE R OE B sy AR FTERL o MRS
SR PRI ZE R R AR B 2 T B L E E AH ]
HB TSGR B M E E— PR N
= REEHZFE

FHR S EE #2223 oI RN S
BHREE - T2 oIt R 2B EESI(FEIL)
FR %2 SEEg[al R R, A8 B AR [ 43 B Ry
95.3-113.2%520.6-3.2% ; #f.7 SFEH[ER
o SR B 50 B 97 .4-111.1%521.3-4.9%
TG 2 S35 [ i 38 g 8 B (R S0 ] 95 1) 5985 -
112.8%520.1-2.4% ;5 W2 2 SE¥5[a] i 3 Ky 4
FAABEIE S 1 109.3-114.3%50.7-2.4% ;
8. S8 (a0 R e AR B [ 43 1 Ry 100.1-

m
o
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= BEERINRER

- %% SR
(%) 1 2 3 4 5 6 7 8
o SEEEI 106.2 110.3 113.2 95.3 103.5 97.3 97.0 100.5
2 B 22 32 1.3 1.2 12 0.7 0.6 1.9
Ni S EIER 100.4 109.7 111.1 99.4 104.8 97.4 100.4 101.5
SRR 4.9 4.1 2.7 13 13 3.5 2.6 2.6
Se S EIER 109.0 109.8 112.8 109.3 111.9 98.5 108.6 108.9
S EARE 1.6 13 1.1 1.1 1.4 2.4 0.8 0.1
As S EI R 113.3 112.4 112.4 112.6 111.4 109.3 1135 1143
S BLIREL 1.2 2.4 23 1.4 0.7 0.9 0.8 0.9
o SRR 101.9 109.7 100.1 109.3 100.6 108.6 106.3 105.9
8 BLARE 22 3.0 3.1 22 1.4 1.2 0.8 1.1
Hg SEEIEER 100.6 96.8 95.4 96.1 100.9 97.3 95.5 101.3
SRR 1.4 1.9 1.7 2.8 1.5 2.7 1.0 1.4
- S EI R 91.2 94.7 94.6 98.2 95.1 98.8 97.4 101.7
S ELREL 2.4 1.7 1.0 1.3 1.6 0.8 1.5 0.4

| BHESFYE R ERES ~ 87 W SRR BI06.3 ~ 8.5~ 0.668 ~ 2.645 2.01 mg/kg * AHYNRIILZ TEERFAE KR

15 mg/kgi &
" AR =EE

109.7%520.8-3.1% ;5 7K .2 SE¥[a] Y3 J 48 B4R
BRI [E ) 71 5595.4-101.3% 2 1.0-2.8% : $2 5
2 (B S R e A AR R [ 43 1) 59 1.2-101.7%
J20.4-2.4% < IRING 1T R A RZYVE 53 i 2 Bl
ST HA80-120% 2 [t » HEE & 55412 58 AR
H(CVIFER10% » FEREREFHRZAEE
] 7 T [ PN O R B SR ME
e

A
A af

DA I AL AR T A A A R BE TR R
BRREMEGERFRBELE > fMHERE
SR LR e T BB 2 B o DO
Ao R - BAHB ARG REZ T
< T BRI LERE TR HENGRE - 4004
RifgiEh 27 EHES B S B RBEE - 88
ZEEHIES1.03-3.90 mg/kg  $82& EHIE

$51.23-4.43 mg/kg ~ .2 & F#iE FHN.D.-0.13
mg/kg ~ .7 & 2 # [# 550.06-0.51 mg/kg * 7
2 & i E50.52-4.18 mg/kg ~ $v2 G EEE
FsN.D.-1.90 mg/kg * 7K & & B KR EEM
FR(0.05 mg/kg) o AHWFFEAS FRF A FIHA IR
BHEMARETESBEEERE  #EE
2% -

1
C
&!l

AT FEAE B R (B Al R B R A 3R
SOHE - FFESEIL - s N A ARE LA
2R -

SERK
1. Perez-Bernal, J.L., Amigo, J.M., Fernandez-

Torres, R., Bello, M.A. and et al. 2011.Trace-

metal distribution of cigarette ashes as maker
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of tobacco brands. Forensic Sci. Int. 204:
119-125.

. MENE AN Z 2@ ARG - PR E 3
MEfEE © FAE (Tobacco) ©
[https://tobacco-information.hpa.gov.tw/
UploadFolder/upload/files/%
E8%8F%B8%ES5%93%81%E6%88%90%
E5%88%86 %E8%8F%B8%E8%8D%89.
pdf] -

. Agency for Toxic Substances and Disease
Registry (ATSDR). 2005. Toxicological
Profile for Nickel.

. ADSTR. 2007. Toxicological Profile for
Arsenic.
[https://www.atsdr.cdc.gov/toxprofiles/
tp.asp?id=22&tid=3]

. Ashraf, M.W. 2011. Concentrations of
cadmium and lead different cigarette brands
and human exposure to these metals via
smoking. J. Arts Sci. Commerce 2(2):
140-147.

. TEEGRIRCEIR/AT] - 2019 © Agilent 8800
18900 ICP-MS/MSii I F:fif -
[https://www.agilent.com/cs/library/brochures/
appcompendium_icp-qqq-5991-2802zh-cn-
agilent.pdf] °
AN R EY)EEE 2 2021 - B
(LBt 5k L MEROS AL -
[http://www.fda.gov.tw/TC/siteList.
aspx?sid=4115] °

. Verma, S., Yadav, S. and Singh, 1. 2010. Trace
metal concentration in different Indian tobacco
products and related health implications. Food
Chem. Toxicol. 48: 2291-2297

. Schneider, G. and Krivan, V. 1993. Multi-
elemental analysis of tobacco and smoke
condensate by instrumental neutron activation

analysis and atomic adsorption spectrometry.

10.

11.

12.
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ABSTRACT

High concentration or long-term accumulation of heavy metals can be harmful to health. In this
study, an analytical method with automatic ultra-high pressure microwave reaction system for sample
pretreatment followed by inductively coupled plasma/tandem mass spectrometry (ICP-MS/MS) to
detect heavy metals of chromium (Cr), nickel (Ni), arsenic (As), selenium (Se), mercury (Hg), cadmium
(Cd) and lead (Pb) in tobacco leaves was established. Germanium (Ge), rhodium (Rh) and bismuth
(Bi) were used as internal standards. The calibration curves of heavy metals were in the range of 0-25
ng/mL, and the correlation coefficients were all above 0.999. Quality control was performed using a
standard reference material, and also by adding Se and Hg standards to calculate accuracy. The limits of
quantification for Cr, Ni, Cd and Pb were 0.5 mg/kg, and those for As, Se and Hg were 0.05 mg/kg. A
total of 40 cigarette samples were analyzed. The contents were 1.03-3.90 mg/kg for Cr, 1.23-4.43 mg/kg
for Ni, N.D.-0.13 mg/kg for Se, 0.06-0.51 mg/kg for As, 0.52-4.18 mg/kg for Cd, N.D.-1.90 mg/kg for Pb,
and lower than the limit of the quantification (0.05 mg/kg) for Hg. The results of this study will facilitate
the establishment of a database and provide the administrative authority as reference for the hazard

prevention of tobacco products.

Key words: tobacco leaf, heavy metals, microwave reaction system, inductively coupled plasma/
tandem mass spectrometer



