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WE AARANAERSZAEEERAERLBRGLERBHEANE FRALEMTRA, T
Bl H AR AR T E A T kAN DK BN ik, LAT XS Cd otk 8
B, HEREFR, NBEERESRAGTREMEL, RAELETFH RARBERNES T UM
BRAZHARTH, NEAFERGEEAEBREL G TEEIFTHRENE Cd, HEA 1%HBR IR
REH., RAAE G &R ER N EBIT, HE%RFR=0995), # & miwE K E 55 4
98.1%—-110.6%71 96.4%—105.5%, #3471 s 2 (RSD) 441 3.3%—11.6%F 7.5%8.7%, 7 =4 H
27 5 3 pg A1 0.6 pg, 2 TR & By I3 Beat b I Bk, (EAR X AR o &3k, AR N E A
FIFHEHE . BN EMAENE, AAENRERIE, RNERESEEREAN, ik, REMNE

FEEA KT Cd oy RaEN <,
ES a0

hES RS TS254.7 CHEAARINAD A

WCHEAFHAEFRESIBILR, —HEATX
TR S AR AR A R SR,
HREDVEEN Cd &R (RFESE, 2013; #HIERE
&, 2015), BEAMKEEA Cd WEZEREZ —, KL,
W EREE KoK= S Cd A i, SRR A /b Cd
X MG E BB . AT, EFR L Cd By
RO BN, Wk (AAS)(Miranda et al,
2012; 2 57 4 2011) . JB T %€ Ot I (AFS)
(Cava-Montesinos et al, 2004; F G555, 2012), HLEK
A4 B R & 516 3% A% 75 (ICP-AES/MS)
(O'Sullivan et al, 2013; Pk 4H, 2012; Juranovié et al,

BRI RFRob; W%, 4@, e
XERS
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2012)%, (HIT EBUNEE S, LS I I
PRI o L4 AR 0 BT i D3 — [R) A A AT
B, HE 5 2Rl 7y 2456 J115 210 A (Duarte et al,
2013; JKIE4E 2015; Bu et al, 2013), #R00, Eiedkke
SIS 2 AR JT 77 A 1 T 00 D0 5 B I A AR e i
B T 35 R HEAT I bR (IR S, 2015; Torok et al,
2012), BEAb, o n] DUF] AR5 A Sk I BRI AR T4k,
I Feng %5 (2010)FI % 22 “FE 5 1B 528 1 HLAA
ZEH Cd MR, THBR T IR T, IR R T
BRI PSR S Cd B9 5E (Zhang et al, 2012).,
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PEE AP Cd SRS . SR KR A5
YT T4y 1 25 245 #R 1B (Zhang et al, 2016; E#L
4%, 2014; Zhang et al, 2015; %%, 2013; T B4I14%,
2012; Mao et al, 2013"; £EH K, 2015), MR- 5H T
FoK AR REBER . BRI AR AR AN, A% T BB
FE N %/ (Wen et al, 2009; Yang et al, 2015).
AT AR 1 22 FLAT SR A4S L IR R RIS 22 4
ARBER AR G AR SERRI Cd 2% 8 5 B R T2 661E 4
BrRGe, EExh DA SRS, B Ak mir b B 07 ik
B 5 Spe A0 s R N5, ST T3 T I oA
MV Cd e ik, BT cd iy
PRSI R A — A R R T B

1 #wREFE
1.1 ##

111 EHHH 3 DU JE AR 22 05 41 (Ruditapes
philippinarum) . %i¥%(Snonovacula constricta)= Il 2%
FEM CRE T ILARH S BRI HL X ) 5 B DU AR ofE 4 o
GBW10024([E ZbrifEH Bty ; T U (Mytilus edulis)
PRUER) it GBWO8SST (I G I Jmy 26 g FEAIFS i) 5
HLU5(Ostrea gigas)br#EY BT ESA-2(H [ R 35 e I
uh) ;s HAM R B o A A gl o AR HE W Y ok
H E R R B bt s S8 HIK a2tk s 2 5w
WAN Ar-Hy (9 0 1, VIR G S

112 B EB#EHE DCD-200 [ {4 i Ff 4% & |
AFS-8230 JEF 2O T AL at & KA A PR A W)
AAR00 A 55 i M IOBEETH(ZE E Perkin-Elmer 24
Al); Milli-Q #B4li/K (B R /) Sl B T (7 )
Eppendorf A H]); T18 ¥JBAL(FEE IKA £EHT); e
TRA)#R (R IKA ),

1.2 LI

121 H&HALE T i DY 2T 43 35 B L
ARFR, FR 20 mg A2 A5 RE T IEAE AR P B AL (R
R AR AR, 1% R R L)

FREL 1.00 g bRifEd 5 1% B Fs BE 2 10 ml, 72
SRIRE), WHL 20 pl FHERESR R EHLIE
122 AFfEB&eH & 3050 pg/L CdAnifE
W0, 2. 4, 6. 8, 10 ul, FA7HPERESFAIE H:
DM, IR Cd A4 Xt (ng) 5 e 96 (HL
il br e 2

1.2.3 MmN EES LI H A& A% B A I A
i 1 ml 4342 5 AR T, 405 pg/ml Cd AR
WEVRI 0. 5. 10, 15, 20 pl FAH A oh O6F 1 bRt
31 0,25, 50, 75, 100 ng), I 1%fSIEH B2 2 ml,
RAT, Hla nbree s 251,
1.2.4 MEF % SIS DL 1Y% iE PR R AE A A,
HERE 10 Wl TARES S EHURGIN, AR A7 2
3, WOFE,
125 MELEH AR FEFED Cd 2% ¥ 5 R &
JE -9 6 6T A B (1 B A1 4E, 2012, 4 5,
2013), JRFINCTHEAL TAES B 1,

FHT 5 50 UE ) A7 2800 JE I SO GG 1 (GF-AAS)
IR EA2 2% GB/T5009.12-2003,

K1 BEFRAEXENIESH

Tab.1 The operating parameters of atomic
fluorescence spectrometry (AFS)
2 {H

Parameters Value

JTHLJ Lamp current (mA) 20-100

JEHLAE B4 6715 K Voltage for PMT (V) ~250-320
A Carrier gas flow rate (ml/min) 500
B SR B Shielding gas flow rate (ml/min) 500
JHHT ] Reading time (s) 6

1.3 Gitsrin

K H SPSS 18 Stk 44T t KB /i, Hedse e
PE B 5T 6 (ETV-AFS) FINE B 1 i 125 (GF-AAS)
e DLRAE A Cd 45 R 22 50 7F 95% 9 B
FEET, W P>0.05, WULEHPRN Tk Z M FETE i
EMES

2 HR5H®

21 E#FRESHML

MRIE RS BAEM S E R, 0.1 ng Cd bx
WEVRTR, XHIRALTR | IRALETfR] . 28R DR | 78 K
)B4 7 PO PR R =K B 1 38 5256, 5T R AR R % 1)
R st () X0 52 A5 0 o 235 SR LA S 14 € Y i) 7 {1
FORHIEMRYE, FEME 3 WHIHXbRER 2 RSD
AV AS % TR (0 IE A8 S R4 520 B n
F2. £3IPmR,

1) Mao XF. Study on Determination of cadmium and mercury in agri-foods by solid sampling electrothermal vaporization
spectrometry using atomic traps. Doctoral Dissertation of Chinese Academy of Agricultural Sciences, 2015 [BZ K. FEASEHEHHMZE
B IRTF B PR GERER AR P e A = F P AR TS, E RO R B I A 2408 3, 2015]
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Tab.2 The orthogonal experimental design of
temperature programs

KT A AT B ikt C 28 LR D 2K

H IEZE S0 Lo(3%)(3 3)AI A1, Re> Rp>Ry>Rs,
Vi C M Emi kK, KA D, A, BHE, £
BTSN R A e A R H o e ) e 2 R ) R
¥ R AR IR R 25k D) R > 25 I Bof B> IR AL Ty 38> IR AR B

Level pj;g;?vgv) fﬁi??f) s ey L, R Cd [N R R R L
X = " " ” CsD3A3B,. ML, SEERZHE KA A 100 W,
IRALIS TR 50 s, 28 5 Y1y 80 W, Z8 KN TH] A 40 s
20 0 " ¥ IR R A PR TR E S 0 (e ), T 3 0, U
’ 100 I %0 i PGB 5.8x10° mV-s , RSD K 3.7%.
®3 BERFEGMNEZLEER
Tab.3 Orthogonal experimental results of temperature programs
B ac .77)?14:3]% 7’Jf<ﬂzﬁ.ﬂ‘ 1] . ?B“ﬁiﬁi %Eﬁﬂ“lﬁl FOLMIA RSD(%)
No. Ashing power (W)  Ashing time (s) Vaporization power (W) Vaporization time (s) Fluorescent area (mV-s)
1 1(50) 1(30) 1(60) 1(20) 3.17 7.9
2 1 2(50) 2(70) 2(30) 4.27 2.4
3 1 3(70) 3(80) 3(40) 4.89 22
4 2(70) 1 2 3 491 2.1
5 2 2 3 1 5.29 2.8
6 2 3 1 2 3.65 3.0
7 3(100) 1 3 2 6.05 2.8
8 3 2 1 3 4.60 3.0
9 3 3 2 1 3.68 3.9
K, 12.33 14.13 11.42 12.14
K, 13.90 14.20 12.90 13.98
Ks 14.30 12.20 16.20 14.40
ki 4.11 4.71 3.81 4.05
ks 4.62 4.72 4.29 4.66
ks 4.78 4.08 5.41 4.80
R 0.67 0.63 1.60 0.75

R4 BERHEEEESTIERE

Tab.4 Analytical procedures of the solid sampling device

(350 P 8] IS FRE
Programs Time (s) Power (W) Signal acquisition
(1)}%4k Ashing 30.0 70.0 75 No
(2)}k4k Ashing 20.0 100.0 75 No
;3*‘ > =
Sel)};\gri%;ﬁiﬁrap 35.0 80.0 7 No
g;gii; iﬁifitmp 5.0 0.0 7 No
(5)FEJ Release 1.0 50.0 2 Yes
(6)BEJiL Release 5.0 0.0 /& Yes
(7)7&J% Vaporization 4.0 260.0 7 No
(8)¥%% 41 Cooling 5.0 0.0 75 No
(9)7& % Cleaning 1.0 50.0 7 No
(10)¥2#] Cooling 5.0 0.0 % No

2.2 {UEEHREMLE

SIS TERAR S T IR TR Cd AR i 2238
BN 1 fos . AR TERIESF T, 8 h N&EfE 1 h
TR 1R, BRRCEATINRE 3 Uk, H A A0 AE XA v
i 22(RSD)K 7.41%, i 7 Cd 0.1 ng Y RSD /M T
10%, W5 A2 M AT

27100 1

== (.1 ng
Z 21680 | = 0.2 ng
g
3 == 0.3 ng
216260 0.4 ng
S == (0.5 ng
> 10840
=s|
@ 5420
1.08 2.29 3.50
AtA] Time/s
Bl 1 FRAESE RO

Fig.1 The spectrogram of standard solutions
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23 FHEE

JL i DURE i B B 53 e (R SESE, 2014, AinfE
B4 2014), SLELL 1 ng Cd RELE, SEHIN—E
AU AR . SO 3RS T IR

K. BEAHZEFEHA/MHMICHLICE (Ca, Na, Zn. Se.
Al, Pb, Hg. As SRR EZICR), RIFRAET
PGBl TILER M S Fin, B NaCl THE K,
Cd [ (n=3)7E 99.3%—110.8%, THAREH.

®k5 THYTNEHZIT

Tab.5 The interferences of inorganic and organic materials

T WE A& T W EhE
Interferents Concentration (mg/L) Recovery (%) | Interferents Concentration (mg/L) Recovery (%)

HIZ B Glucose 10000 102.2 As 20 109.2
iflg Agar 10000 105.6 Zn 30 107.1
JB#E F1 I% Casein tryptone 100000 99.6 Se 10 107.5
HE B Glucan 5000 100.2 Al 50 109.7
NaCl 20000 87.4 Pb 20 99.3
Ca 80 110.6 Hg 20 110.8

2.4 BES TR A 20
DL SRR Cd B i i e HLRR A B2 2%, AR IE 5K
IO RS R, TR SRR, RIS S T R T
Yo, 8 B Rk D R IR A R e . AR R PR, R
PR B T AL . BAR TP, SCRmF T8
FABER, ALAEEIR . iR . mERMGTRR, & BRI
JEE P IR A TR 7 00 SRR IR 96 Y w1 K R A
TEEMR . B A= AR (2). dE—0F s R, BES
A% RS RS R Ak, anE3 R, Rk, ARJ7ekik
FE 1% TR A AR TR B o
25 FRAEMZ

Cd JCE M E 15 7 v S bR eV W 286725 (Shai
etal, 1994), (HXFF BRI, FRifEI A&
BRI T 80 12—, BRI B £ (Pouny et al,
1992), ASHF5T R FH Fet DL B 1B ) 3 4 A 56 Jo 9 in s 1
WGHEATIRUE, WA LR EES ., W4, B 5 a5Hh
P Y TR A5 s v 1 6 Bt DL o 400 JBE 1 A o A
EMA ML, R>0.995, HEHEEET,

\=

18
=16l T
> 16 I T
S 141 I
= T
S12f I
@0 | T
RER I [
R Eos
g 06|
§ 04}
So2}
<3 0 | L |
7K THIR R RRR BiER
HO  HNO, HCl  HCIO, H,S0,
F 2 ANERBRKET 5GE

Fig.2 Fluorescence intensities in different acid solutions
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Fig.3 The effect of HNO; concentration on

fluorescence intensity

50

40k y=91.071x—-0.7395
R?*=0.9983

30

YOLME

Fluorescence intensity/(10° mV-s)

20

10

0.2 0.4 0.6
& Content/ng

Bl 4 ARifEh 2k a2

Fig.4 The fitting curves of standard curve method

-10

2.6 FHIEWIE

26.1 FxFEWRHAE  FREAMET AERE
10 h 4ERE 1 h I 1 % (n=3), H RSD Jy 8.4%, i
WIS AR M A s XA — M 2Ll 6 k., H
RSD 7 6.1%—12.1%Z 7] . #% IUPAC #5ifi, LA 0.2 pg/L
Cd FRUEFE I (n=20) 75 A5 1 I A 2 bR o il 272 (1)
J7E R R 53514 0.6 pg 1 3 pg.
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Fig.5 The fitting curves of standard addition method

262 AArE R X T IR A DR
A3 I — g =AY Cd #EAT AR IR S5 (n=3),, 451
RER 6), FRUEMAEIARIEICRETE 96.4%-105.5%2
8], RSD ¥E 6.5%7.7%2 18] ; AR 25 nbs B
TE 98.1%—110.6%2Z[H], RSD £ 3.3%—8.6%=[f], it
HIAR AL RO MERR BE . S % B 2L Thn it Ze i .
2.6.3 AREYRIIE 2 7(n=3)"T LA H , FrifE
MRy E bR B Cd & & 5SS LA 225
K, WERRBEAR; AR HEI AR E AR HEYI BT Cd
TRIEPMES ZEEE N, R

xR 6 AREINEF &K INER B 25 R
Tab.6  Recoveries of spiked Cd using different methods

J7 = Methods FE 4 Samples JinFrie Spiked (mg/kg) UL Recovery (%) RSD (%)
bR 2ok e R T 0.5 98.1 6.3
Standard curve method Ruditapes philippinarum 1 102.2 8.2
2 110.9 7.1
PRUEI A FEREIRAT 3 105.5 7.9
Standard addition method  Ruditapes philippinarum 5 110.6 8.6
F5 Il Scallop 1 96.4 7.7
2 105.5 6.5
R7T ARAFEREMRBIELER
Tab.7 Validation of Cd measurements using different methods
)7 Methods A UERR W) 5T IIX7/ETRE I 7E {8 WS % (E
Certified reference materials Number Measured value (mg/kg) Certified value (mg/kg)
PRifE s B D1 Scallop GBW10024 0.93+0.05 1.06+0.10
Standard curve method 5 D1 Mussel GBW0857 4.95+0.03 4.50+0.30
¥1455 Oyster ESA-2 5.21+0.07 4.56+0.48
FRUEIN A f# DU Scallop GBW10024 1.12£0.02 1.06+0.10
Standard addition method 05 U1 Mussel GBWO0857 4.44+0.05 4.50+0.30
#1475 Oyster ESA-2 4.59+0.01 4.56+0.48
264 FfRH&eRl  XTEI FERERSF 4G 3 Zig

o8 45 DL 2R, N B E N AL ETV-AFS 5 GF-AAS
BT R (R 8), FEAMT R N, Kelilgs R e &
P22 5(P>0.05),,

%8 ETV-AFSE GF-AASTUIEEXTLE

Tab.8 Comparison of ETV-AFSA and GF-AAS
determinations (N=3)

FE R e 5 {H Measured value(mg/kg)
Sample No. ETV-AFS GF-AAS
1 3.527+0.52 3.461+0.09
2 2.973+0.49 2.82340.05
3 0.288+0.11 0.281+0.01
4 0.101+0.05 0.095+0.01
5 0.135+0.05 0.127+0.02

AW I E T IS 22 76 24l 3 i fL F %
F TG E D 2 Cd B BARAN AN - F, #Ear
T TR POE A A Cd A T v, AT R EA
MEANFE RS PR Cd & & U5, bR
ATE bR A 2 2k 34 e 2 I 37 /N A T A K
FE S AT AL BE B 3 AT B R AT DL I AE 5 min Z 8, ik
K B BR 431~ 0.6 pg Fl 3 pgo FIXT FARUERNZR 7%,
T3 BT W0 0 2 v A e BME , R, A
BORHPRAE AL BEAT DLZE T Cd Ay P e .

AT, BAETE, R n i, nlse
B/INE AR S P B PR ARG I, SRy 7 A LR AN T
AR T —Fh A T
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Cadmium is among the most toxic metals in the aquatic environment. It particularly affects

shellfish because the latter can accumulate large amounts of cadmium from the water. To reduce the
potential risk on the health of public consumers, it is necessary to measure and monitor the level of
cadmium in shellfish. Conventional analysis methods are usually time-consuming due to the prolonged
sample digestion and pretreatments. A direct solid sampling technology without digestion treatment has
been applied in the fast determination of cadmium concentration in agricultural produces such as grains
and vegetables. Here, we tried to employ this method in the rapid measurement of cadmium concentration
in shellfish. Solid sampling (SS) device was coupled with atomic fluorescence spectrometry (AFS), and
the SS-AFS instrument was assembled with a tungsten coil trap (TCT) and porous carbon ETV.
Meanwhile, electrothermal vaporization atomic fluorescence spectrometry (ETV-AFS) with a tungsten
coil trap was optimized, and SS-ETV-AFS was established as a novel direct sampling method of detecting
cadmium in shellfish. The results showed that a tungsten coil could work as a cadmium trap and eliminate
most of the matrix interferences. Samples were homogenized and diluted with different acids, and 1%
HNO; was determined to be the optimal acid reagent. Under the optimized conditions, the fitting with
both the standard addition method and the standard curve method showed good linearity with regression
coefficient (RZ) larger than 0.995. The relative standard deviation (RSD) of the standard addition method
and the standard curve method were 6.5%—7.7% and 3.3%—8.6% respectively; the spiked recoveries of
them were 96.4%—-105.5% and 98.1%-110.6%; the limit of detection (LOD) were 0.6 pg and 3 pg.
Moreover, the time elapsed (including sample pretreatments) was within 5 min. The standard addition
method generated data with similar accuracy to those measured with graphite furnace atomic absorption
spectrophotometry (GFAAS) or certified reference materials (CRMs) (P > 0.05) . Therefore, the standard
addition method could be suitable to the field analysis and monitoring of cadmium in shellfish.
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