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AR P 2 o0 R I AT ER

HL SRR 5 55 B 7 IR ER I BT 3 (ICP-MS/MS ) il
o 7 I /S 3 (CRC) Z R B0 T DU AT I ik
TE AR (Q)), F ok F AF B TR R B ¥ A CRC, #
AT CRC sz iy o A5 1 — Bk, A R b4 v 17
NIRRT B IF CRC #E ASE 2 A DUk
FF T S 3 A Qo) HE AT P VR 3k U ok e, AT
T RO b AR AV L 5 6 38 BB T i B8 TR
Ak H AR =08 7 19 K224 TCP-MS/MS ) fift P it
T T PE I AR AL TR SR kI AR R
R0 (MSIS) 78 W iz 17 =03 2 &b kA= <k
HERE A% 25 W AR 25 28 R 1 U Ty e, g ] B
e S e E AR ST E . AR SCR R
T RGN R 0, E MSIS BT, R
FH ICP-MS/MS [m] B 2 ¥ 7 i rh AR M) OC 3R As |
Se .Sn.Sb Hg FldE & fL ¥ JC & Ti.V.Cr . Mn Fe,
Co .Ni.Cu.Zn Mo .Sr.Cd.Pb W& &, B RE"
it Y 22 50 2R A D S of 0 s 4 AL v o o BT
o

1 MBERE
1.1 USEFE&

8800 ICP-MS/MS 1%, B % MSIS %% & |, 3 =
Agilent 22 F] ;MARs 5 T i &4, I CEM
23] s Milli-Q #H2E7K L, 32 [E Millipore 23 1, ICP-
MS/MS TAEZAMF . RF D13, 1 600 W; 458 1<t
i, 14.5 L/min; #M2SFHE ,0.18 L/min ; REEREE
8.0 mm; %5 Z il & ,0 °C; <& ,0, NHy/He; 0, i
B ,0.20 mL/min;NHy/He ¥ 3# ,3.0 mL/min, MSIS
TAESA . BERAEW M, 0.5 mL/min; & 75
B ,0.5 mL/min; T30 B FR 3, 2.2 mL/min; 2055
#,0.65 Limin, T8 i R G TAESA I K%
1600 W; HFsiEE 5k 100,150,170,190 C;
THE R 23508 3.5,7,5 min; AFF5 ] 43 510 4
3,3,3,10 min,

1.2 #MES5iKFH

1 000 mg/L #J Ti.V.Cr.Mn.Fe Co Ni.Cu.
Zn Mo .Sr.Cd .Pb . As Se .Sn.Sh . Hg #50Z br i
W, EZEARAEY PO ;10 mg/L ) Li Sc.Ge Y,
In.Th . Bi WFRIER , 3 [ Agilent 25 7] ; W R (i &
I3E65% ) FRTR (T 5388 37% ) UK (J5T H 43

B 30% ), 75 E Merck 2 Fl ;NaOH (43 #r4li) .
NaBH, (73 Hr 4l ) 84 B (7 B2 ) | [ 2 4 A Ak 2
WA BRA A L e R (W ah) , g T
AR R ARS A WWHESH YR
GBW10024 (5 D1 ), v [ i Jo 27 B¢ 1 1R 49y 4 1 BR
f2E A ST

2% LY Wt 2 B /4% A1 TR Bk JE 1 . B8 B
10%1%) L—>F B2 BRI W (AR 73 81 29 1) R 1R A
)20 mL, fIA 4 g AR, FAEMIEAYE
J& Btk 2 2 2 100 mL,

1.5% NaBH./0.5% NaOH if J 5 . ¥ 1.5 g
NaBH, 1 0.5 ¢ NaOH ¥ i T8 ik b | 58501
RAYAE, K e & ZE 100 mL,

i IR GTHR BT AR ) W SE T
KU S HE T A W A SR K e T
FeJE BT B sy, A KEDE 3%, BTEA
OB IFAS R, T-20 CokF P RATE 5 1,
1.3 kgt iE
1.3.1 FEGTACER ¥R AR RS, MR AR
0.5 g B i TR0 9 fige S I B PN, AR 2.5 mLL
i % (J53 15k 53 %0 65% ) A1 1 mL WLEU/K (T 4k 43 4K
30%) , Wi I W A% 15 min, o5 U 0E 5508 5 BE B A
T T R R GE, F T SR AT I . RO
5, K IH R 2 SO mL A EHP, A 2.5
ml Eh R (& 580 37%) , B 4K 2 %5, #i & 30
min S5 RFI SR AR [F] A9 TR0 0 A SR B S
VW
1.3.2  ICP-MS/MS 434 fii J MSIS 1% X AR =X
T & Ay AR S 46 Y o0 &R 1Y ICP-MS/MS il 5
(DL 1), o5 4k 1 #E A MSIS Zik =,
FESB W B A8 4 2 AAE 4 3 iE A MSIS 551k
=, HP gL 2 i AF S R IR T bR
WAL, AL 3 M ERERSELS K
Wk JEA 2 = mEMELRB RS YA EHEA
MSIS Zb %, 5ok A B L 1 iR &L /ey
RN, BTG B A A A 5 8 AR 55 AR
¥ E @G A ICP-MS/MS BEATI5E | T 7=
AR ZE L 4 HEH

oy B 0,1,5,2,100 we/L () Cr Mn . Fe,
Ni.Cu.Zn Mo .Sr F1 0,0.1,0.5,2,10 wg/L 4 Ti.
V.Co.As.Se .Cd.Sn.Sb Hg .Pb & 51| {E & 5 #E %
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Multimode sample introduction system (MSIS)

for dual mode

W, K FH ICP-MS/MS 43 5 6 1R A A VS WL 25 1
FEWORIAE S AT I 2, RIHTELR NARIR S T
RIS 1 mg/L 09 BRI & W, AR TR G A
VW 3 BT T 2R (R RH XA 5 iR B il Xof 7 1) Ik JRE
FrE M Il 7 A o T 4R A 4l e it 2k H A
R TR AT OC R
2 ZERE55WH
2.1 MSIS TE& &Mk

AP IT R As Se .Sn Sb Hg D m A LS 1
SEAFTE T = fhrh, A0 70 B i A BT AR v il

70000 - ‘ —#—As—® Se—ASn—v Sb—4Hg ‘
60000 |- e¥="1" % 7
%] /
&
< 50000 - /
foy
27 40000
o =
MH; = 30000
~ =
5 20000
n A/‘/‘/A——A—A—H—A—A——A
10000 -
Mo+o—o—o—o—o—o

0 A
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i SR i

Pre-reducing agent flow rate/mL-min™

(a)

FH 5% (R 80 AR IRKs i A 2 38 5 R 1K 4R
AR R T, AW 2 S AW Iy & A 2548, T
WEPETE LN A 2%L -1 Mt 2 R /14% 15 A1 TR Ry Tl ik
BRI K AR AR IR S 1 5 iR
JE . BT AR T S T R 5T R
520, NI 2a 0] DL Bl A T4 T 551 O 3 19
R, A BT T FR A5 5 0 B B T4 K, 2 A
3 43 ) 4K %= 1.8,2.0,1.6,2.2,1.8 mL/min
i, As Se .Sn.Sb Hg MIfF Z ik i kK, Bl)S T4
BT, AR 5 DS EY TR E S R
K, BB TIUA S5 R 3 4 2.2 mL/min,

& 2b Ak JE ] (1.5%NaBH/0.5%NaOH ) ifi i
XA L As Se Sn Sh Hg 155 % & 5210,
ATRVE M, 403 (45 5 08 B BE A 3 D550
A 1 T 4G R, 22 540 T 590 1 O e 4 il 35 # 0.6,
0.5,0.5,0.4,0.4 mL/min i}, As Se .Sn.Sbh . Hg fI {5
SRR K, BfiJS As.Se Hg 15 558 i #4 T F
&, MM Sn F1 Sb A5 5 5 BE 218 /)N, A0 v
W JEFAE N 0.5 mL/min, LARAEE 5 A0 Hroc &
KRB RE TR 5
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Fig.2

22 RiGENXIERE

0, BB S Z R T & RAERN, 7T LLE %A
I 5 A5 T8 A B I BR I T4, J& CRC
e RO A28 20 A7 B R H CAPCT
SCIOH Y T4, 76 MS/MS B R, R 0, AR
WS, TR T ©ACC PCI°0OH AR 5 0, 20, B
SR 2Crt 5 O, WY SN A WA B2 (H i T 2Cr il 43

Influence of MSIS working conditions on signal intensity of hydride—generation elements

RERY BTHK, 24 “Crofif f B I K T “Crt 0, K
Jrt B RE RN, B 4 (4t 0 AR A B B 2 i R R A
B L A A, AT S o A N o B e B ) B T
2Cr0 I bR “APCr SCI*OH 1 48 (WLl 3a),
SSMH+ \56Fe+ \59C0+ \98M0+ \75AS+ \7SSG+E/‘J }jli‘i% ﬁ? ﬂ‘j _l::"
PCr AL, AR O, B e B 1k T BR T4
MCA R EZ R A Mo Oy T4, 75 0y SN
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R MCA A 0, BB, 1 *Mo' 05 0, #Y S
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Fig.3 Elimination of spectral interferences using O, as reaction gas in the MS/MS mode

NH; i TA I X AT, BHE S d
TR RS R T, FI N NH Rk 54 2R T
BT RN, 3 A A AN G RO AR R R R AR
P, REH R TR Z T H R U
N T S S E R = L e e Mt Wi | R
5 0, R Gt R KRR TR
MiF = FWTE T SO g5 0, e i, Fik
B SOATEER T4 #Ti0*Fl VIO a7 , PRIk
18 0, B JCEE T B ST A SV 2 2 1 g T
oo #E MS/MS #ExCF R NH; 2 OB <L, *Tit s
NH; 2R & A Joi o 5 7% AR oK e A e o5 1 TR
£ 45 S0 FE P 4 T B F 5 NHy B
B B - Heh ST (MNHG )6t R U & BLE T

P, L Ve PTi(“NHy)6 o 4 I & 5, R NH;
Bt e L I BR T . “Nit CCu’ \“Zn 1Y BLig 1T
5 STIARRL, ASIKE R A NH, Jte 54 7 3% 18 B
T, VIEEZFPE A CCOH T, LAY
NH; SRz, i PCIORE5 NH; A A= e 2 FL i e 7%
FN (PCI%0* + NH;—*CI*0* + NH;*), KL, A
IR Ve VORI ES T, A NH, F RS
I 25 B PCI°O%t VA4

[F) {32 2 ¥Sr *®Pb . "*Sn | *'Sn #l **Hg Jir 3% £ (1)
TR, W 22T AR e B R YA AT (SQ,
Qu AUAE A B 1S AT ) T AR AT I 2 o A7 73
Hr ot 2 A B A U PR O W3 1

1 SWTERNRIGEXIEE
Table 1 Selection of mass spectrometry mode for analytes
Rird  REHEX Q—Q, el & F MiFET | RAiaE REsX Q—0Q, e & F MAREF
®Ti NH, R E  48—150 *Ti(“NH,)¢ “Sc(“NH,)s" | “Mo 0, &%  98—130 %Mo'°0," wyloQ*
W NH; BB 5151 Sy “Ser BSr SQ RAk 8888 Bt oy
2Cr 0,8 B 5268 2Cr'0* #3190 ned o 0, 8RB 111-111 HCd 15[t
SMn 0, iR 5571 SMn'0* #8190 Wph SQ Atk 208208 205py+ WRj+
SFe 0, BB 5672 *Felo0" #Scl0" PAs 0, &R 7591 BAs0" wyleQr
“Co 0, 2B  59—75 9Co'0" #3190 Se 0, & 78—94 5Se 0" VY160
Ni  NHy &2 60—111  ®Ni(“NH,);* “Sc(“NH;)s'| "Sn  SQ £ 44k  118—118 185G 15Tt
®Cu  NH; RAE  63—97  ©Cu(“NH;),” “Sc(NH,)s | Sh  SQ 44k 121—121 21G},+ 1[n*
“Zn  NH; BB 66—83  “Zn(“NH;)* *Sc(“NH,)s'| ®Hg SQ R4tk 202—202 WHg WRj*
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2.3 RESHEMMRL

16 CRC ™, 3= ¥) & 7 B T R A%
J& TSN U R e T SO A A DR T A
R e v B S REUE, UHRE DR e
P B (MoO,") A2 7E — K Joit & 76 7% 1) kil 1
YRS 2 T8 4 SO S 558 1 i T M
W1 /L 3 A o8 3R AR AN 8] B O 8T 5
FH— G5B MRk & 4a Ry O, X Cr,
Mn . Fe .Co Mo .Cd As Se I ;=¥ & F 10— b 15
5k BE I SZ R, T LAE L BE O, i Y 1S K, Cr
Mn . Fe Co Mo As.Se I /= ¥ & F i 14 — b 5
i 5 IS KR U Y AR AL R BTEE A O, TR
BN WG K R B £ 0, i gy
ik # 0.16,0.18,0.20,0.15,0.20,0.20,0.19 ml/
min W, Jz WAL F -4, Cr Mn Fe .Co Mo . As . Se
L7 S - — A5 S R B Bk, B S 4
(1) O, it K 5 7 Wy s 7 R LR B Y
BEFRReREBA, RN IH— A5 5 5
BN Cd B A BT R AL I B T, e —

—&—Cr0' —®— MnO' —A—FeO' —v— CoO"
—4—MoO,'—<4—Cd'—»AsO' —¢—Sc0"

o

ERCE:VS

e =
ES

H—1Ef
Normalized signal intensity
2 =

e
S

00 A O T S S S

0.10 0.12 0.14 0.16 0.18 020 0.22 024 0.26 0.28 0.30
0, ¥t i

0, flow rate/mL-min™!

(a)

A5 5 00 BE Bl O, 38 19 58 K T B W s/, 24 0,
FiE A E 0.20 mL/min B}, THE 5 0, E& X
N5, CA IR — (5 5 o Bk TP A, Bl S 39
() O, W K5 CA Ry REHE JLZ, MR Bk 15
—AAF TR B AN . AR O, W
0.20 mL/min, FFA5 53 Hroe R 0 5= e 735 B 5
KAGZ

P 4b k1 NHy/He i XF Ti \V Ni Cu.Zn JZ 1
FEYE A — A5 S 1, B % NHy/He Ji
FE R38R, Tit Nit Cu* Zn™ 5 2 W T8 % A #5551 1
o g i 20— 4005 5 5 B W K, 4 NHy
He 3 3 43 51 4 %1 2.8,3.0,2.8,3.0 mL/min B} | Ti,
V Ni,Cu.Zn SR "985+ A5 i B de oK, Bl S
TR TR, Vo o e R I bR T HLH — 1R
50 B Bl NHy/He 30 3 19 386 K 32 9 08 /) | 24
NHyHe %i# 5 %) 2.6 mL/min J& , VU IH— 4G5
S TR, RV T E SR T BR AR
55 ¥ £ NHyHe i 3# & 3.0 mL/min,Ti .V Ni Cu,
Zn WP I ARG R E

—#—Ti(NH,), —®— V' —A—Ni(NH,),”
6 —¥— Cu(NH,),” —®— Zn(NH,)"

H— (555
Normalized signal intensity

Co s 20 25 30 35 40 45 0
NHy/He i #
NHyHe flow rate/mL-min™
(b)

B4 RESKRENRESYEFESREENZM

Fig.4 Influence of reaction gas flow rate on signal intensity of reaction product ions

2.4 FES RN

SR FH BT S ST 1) 5 15 0 A 2 9 TR 6 A vE VR AL
LA A7 0 2R A AR X5 5 5 B2 I X 7 14 A v 5 R
JEREATEAE 1T, 15 5145 T0 3 AR HE 2R, 09k
AR I A R AR 5 A O R T = AL
W e A ) 0 S 2 IR 10 3K, BL 3 A b
i 22 X L B4 e BE A 4% 0 R AL AR B9 AR RR
(LOD) . Hi%& 2 vl LUE Y, BT A 73 oo & i 2 PR AT

KRE=0.9996, HAT RIFMZMC R, ATk
F4&ICE M LOD 4 0.02~1.61 ng/L, 545 %5 (L A5
LA AR SR T R A LOD A — B, i &
YR B LOD BIREAR T 1 MR AL
VAN T 1k 0 HE R R AT SR X AR T
22 W) I 0L (GBW 10024 ) A& %E 6 Wk, I 0EAT
BESIAR IO BG , S5 5 W% 30 R AAS J5 ik 1l
SEAH S ARUES % Y TR 3 AR — B, ks [l
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WCRTE 94.0%~108% 22 18], A1 Xt b i 22 (RSD ) A
2.1%~T7.1% , 3¢ W J7 3553 B 45 R we o ] 52, ELAS %

JERLF,

x2 HWMAEMEEXES LOD
Table 2 Linearity and limit of detection (LOD) of analytical methods

_ LM E/ AR ZRHK LOD/ng- 1. ~ LML E/ AKX EHK LOD/ng- 1.
ST e v P Kb REER
Ti 0~10.0 0.9996 0.60 0.63 Mo 0~100 1.0000 0.23 0.31
Vv 0~10.0 1.0000 0.06 0.07 Sr 0~100 0.9997 0.02 0.02
Cr 0~100 1.0000 0.56 0.60 Cd 0~10.0 0.9998 0.30 0.26
Mn 0~100 0.9999 0.13 0.12 Pb 0~10.0 1.0000 0.35 0.43
Fe 0~100 0.9999 0.37 0.40 As 0~10.0 0.9999 0.09 1.02
Co 0~10.0 0.9999 0.10 0.09 Se 0~10.0 0.9999 0.21 2.25
Ni 0~100 0.9997 0.22 0.25 Sn 0~10.0 0.9999 0.13 1.62
Cu 0~100 1.0000 0.45 0.49 Sh 0~10.0 1.0000 0.08 0.93
Zn 0~100 0.9998 1.61 1.72 Hg 0~10.0 0.9998 0.06 0.75
=3 WESEYEREN(GBW10024) 5> # 45 R (n=6)
Table 3 Analytical results of standard reference material scallop (GBW10024, n=6)
Tt FE NIEE/pg - g M E AL g ! RSD/% AR /g g Fa AR A g gt =K # /%
Ti 6 5.83+0.12 2.1 5.00 10.6 £ 0.41 95.4
\Y 0.36 +0.10 0.39 +0.02 5.1 0.50 0.91 +0.03 104
Cr 0.28 +0.07 0.31 +0.01 3.2 0.50 0.79 £ 0.02 96.0
Mn 19.2+1.2 18.6 £ 0.64 34 20.00 383+ 1.05 98.5
Fe 41 £5 43.5+2.09 4.8 50.00 94.1 +3.70 101
Co 0.047 + 0.006 0.051 +0.002 39 0.05 0.102 + 0.003 102
Ni 0.29 = 0.08 0.33 £0.01 3.0 0.50 0.81 £0.02 96.0
Cu 1.34 £0.18 1.40 £ 0.06 4.3 5.00 6.27 +0.25 97.4
Zn 75+3 76.8 +2.21 2.9 50.00 128 +4.19 102
Mo 0.066 + 0.016 0.071 £ 0.002 2.8 0.05 0.12 £ 0.04 108
Sr 6.5+04 6.52 +0.27 4.1 5.0 11.4+0.35 97.6
Cd 1.06 + 0.1 1.09 £ 0.04 3.7 5.00 6.01 +0.27 98.4
Pb 0.12 0.13 + 0.006 4.6 0.50 0.60 = 0.03 94.0
As 3.6+0.6 3.88£0.12 3.1 5.0 9.05 +0.29 103
Se 1.5+0.3 1.64 +0.05 3.0 5.00 6.38 = 0.40 94.8
Sn 0.13 0.12 + 0.005 4.2 0.50 0.61 +£0.03 96.0
Sh 0.014 0.014 + 0.001 7.1 0.05 0.067 + 0.004 106
Hg 0.04 +0.007 0.043 + 0.002 4.7 0.05 0.092 + 0.003 104

2.5 HmROH

K IAYE 23 6 7 B R A A TR X
R BRI B B A 6 WK, 4
W4, 4 Mg shrp, IR Ti.Cu.Zn Mo,
Sr.Cd.Pb As &, BHfH A V. Cr Mn Fe,
Co Ni Se Sb &, W AMIEFA 18 A
TCER 5 A TR AR o % IR R 2 42 [ 2 b

HEE i s e W) BR 1) (GB 2762-2017 )52 i 481
TP E 4R CE Cd A1 Ph bR, XHIBCEA %
T K 7 A B A YRR &) (NYTS5073 -
2006) A Y Cu Cd . Pb # A5, B AY Cd
A Pb AR, KL, 75 85 OC W 7 b 4 R
P R AR i A B gt BRE XU



332 OE A IR 2023 445 10 1
x4 HEROWER
Table 4 Analytical results of samples
AFE i Blugee! HB/pnge IF/pg-g? B¥/pe-g!| LEF O FE/pgo HB/pge! HEF/ugoe? /g
Ti 6.44+0.23 122+0.36 3.17+0.13 5.83+0.17| Mo 0.10+0.004 0.34+0.02 0.08 +0.003 0.15+0.01
\% 0.37+0.01 0.62+0.02 0.27+0.01 2.61+0.05 Sr 9.73+0.35 16.7+0.50 8.05+0.26 5.04+0.17
Cr 0.51+0.02 1.02+0.04 0.70+0.03 3.13+0.04| Cd 031+0.02 6.55+0.14 0.23+0.01 0.76 +0.03
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Simultaneous Determination of Hydride—generation and Non-hydride—generation Elements
in Seafood Using Inductively Coupled Plasma Tandem Mass Spectrometry

Li Aiyang', Cao Longbo', Yang Wenjun', Huang Jianhua®
(‘College of Chemical and Environmental Engineering, Hunan Institute of Technology, Hengyang 421002, Hunan
’Institute of Chinese Materia Medica, Hunan Academy of Traditional Chinese Medicine, Changsha 410013)

Abstract A new strategy for the simultaneous determination of hydride—generation and non—hydride—generation elements
in seafood by inductively coupled plasma tandem mass spectrometry (ICP-MS/MS) was proposed based on a multimode
sample introduction system (MSIS). After the seafood was digested by the microwave digestion system, the hydride—gen-
eration elements As, Se, Sn, Sb, Hg and the non-hydride—generation elements Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Mo, Sr, Cd, and Pb in the digestion solution were simultaneously determined by ICP-MS/MS in the dual mode of MSIS.
0, and NHyHe were added to the collision/reaction cell as reaction gases, mass shift, on—-mass and charge transfer
method were used to eliminate the spectral interference, and the internal standard element with the same mass spectral
behavior as the analyte was selected to correct the matrix effect. The accuracy and reliability of the analytical method
was assessed by the analysis of the standard reference material GBW10024  (scallop). The results showed that the ana-
lytes achieved excellent linearity with correlation coefficients R=0.9996, the limit of detection (LOD) was 0.02-1.61 ng/
L, the spike recovery was 94.0%-108%, and the relative standard deviation (RSD) was 2.1%-7.1%. The method has
the advantages of simple and rapid operation, high sensitivity, good accuracy and precision, and can be used for high—
throughput detection of hydride—generation and non-hydride—generation elements in seafood.

Keywords inductively coupled plasma tandem mass spectrometry; seafood; multimode sample introduction system; hy-

dride—generation elements; non—hydride—generation elements



