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B E: & TETHTFENE SRS TS 8Tk
—— B . BT T RBUOY VAW pH R R A
FBRBGH] T USSR A SE IR v B R BUE
. FEPRALSRAT , As( 1) MZRIETERE 0 ~ 151. 4 ng/mL, As
(V) BTG 0 ~ 175. 0 ng/mL, AH R L 1 81 5 R B 7E
0.99 D) |, A4 R (S/N >3)0.024 mg/kg, HiEERR(S/
N>10)0. 048 mg/kg, 325 78 A [F] ¥ BE T fndw [ i & 4
81.0% ~95.6% ,MXHRUERZER 2.52% ~7.54% o ZITLEE
BOREER, ERNT, BT AV ENBREERS,E
FF B TR AIE , A SE b T B R IR A

NEARZ

BRESTAFENEAR BER NS G4
R THURFZ KBTI E R Y B R It
R, ERZHREERNERR R REAE
BRI P, ERERNAEE, UERN
B, REREXR =ZRAEFEZ —, ERFHER
SARTETLIR WL KR — . (R4 oR g
R RS, X AR &R, T
HEHG THERBETLREZRE HH U
2006 4F 23 T TP ICHLIH B AR 3 AR i o T
o FURBEMEOUR TR R E0EE = LB A 75
TOR, NERMEIN & BTN S AR
RT3 VAR %, TR 2 o K F A L
HEBE T B SRR A, & A B PR 5 R &
B, HrEEREBUNEIESNESRE,H
FRMTS LATCHUIE A7 AL T g BE P, I A Wi 1 Ve
o SRR TS B 3 B LA TE B (A AL
A, — BB rh AR O . R, B
B BB, B LA B B TOHLR G X
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PR A VLR T, i 8 s T e
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R T

HESES: So12

XERIRES: A

B BB G- A & AR TPk
¥ (HPLC-HG-AFS ) ") 5 A0 VA €20 98- vt K
% B TR BRI B (HPLC-ICP-MS) ¥ ) g1
Wewk (AAS) 1B 1 d R PR AR T IRk 5
SE P B 2 CTE LRI S , X R TC LR R AR
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1.1 R AR SHER

FEZAAR: TSQ Quantum Access E Bk PUZR AT
gAY (£ E Thermo Fisher /A /) , Fo F %5 B ¥
15 ; AB204-E B F /04T K-\ PL203 B e 170
K (Mettler Toledo 23 5] ) ; B5.LoHL (b3 B AL
FIB YA RA R ) ; MS3 B iR IR & 2% (12
IKA ~d]) o

FERH:124. 3 pg/mL TRIERAR (AsO,* ")
PRUERE £ W32, 4 pe/mL BIERHR (AsO,” ) FRifE
fEE W (P ETHEREATIR R s F AR T 2 H
(CeH,,0, 8’5 MIBK) | H i 2y 0,33 40 ; nk i g —
A BRER (CsH,N,S,, 5 APDC) \ 2%~
AR EEF R (CsH,N,S;, {5 ADDC) , (JEF
W5 SE, 56 [ Sigma A F]) K% pH K48 &
S48 (NaOH) (R R (HCL) ¥R 57 L BR
B FE AR R $A (Na, S, 05 ) (i fUAR BR $H ( Na, S, 0,
- H,0) 3% — .5 B2 44 ( Na,S,0, ) ¥R 43t 4l
7k Milli-Q il #& B 4K o

i % 3 ( Porphyra haitanensis ) | 1 7
(Laminaria japonica ) % H & M b ¥, B Bk ¢
( Eucheuma muricatum ) 3% B SR M A o
1.2 #RERKREF

FAZKBCH] 100 ng/mL As( ) ( LANEAHERAR AR
RT3, WEE 20 162 ng/mL) FRUEW S 100
ng/mL As( V) (IR BRIR IR MEVE WIT 5, IR A
i 186 ng/mL) fRiEWR . FI/KECH] 1.2 mol/L HC1
W 1.0 mol/L.0. 1 mol/L.0.01 mol/L NaOH
V. FAZKAKIREEH] 0. 1 mol/L APDC YA ¥ 0. 1
mol/L ADDC ¥R o FIH 2 W i H 7K MRk L il
0.03 mol/L Na,S,05 ## .0. 1 mol/L Na,S,0, &
#.0.1 mol/L Na,S,0, & o
1.3 HmarshE

HER AR T 3R 0.5 g T 50 mL HLZE
ZIERE P, 5 mL 1.2 mol/L #) HCl &% , 7E
70 CKEHPEIRIREE 1 h, BB A, BIA S
mL 7K, GREHIR IR 1 h, K ES 2 12 mL,
1.0 mL32BUET 1.5 mL B.00& 1,10 000 r/
min B0 1 min, BH EFHRT 1.5 mLi{EH,
1.3.1 As(IT) Wl

B 20 L. EVETARLBS 0 o  FI A

B2 100 uL, fIIA 25 wL 9 0.03 mol/L Na,S,0;
ViR 15 wL 0.1 mol/L APDC ¥, W 10 s,
#E 30 s J7, A 200 wL MIBK %W, iwiiE 30 s,
5000 r/min B> 2 min, L MIBK E | E. As
(ID) & &% (D) HE,

CxV
X = %1000

Hrf X RidAEd As(1D) & & (mg/kg) ;€ ohw
W TAEVE WONAS ) As(T) ¥R BE (ng/mL) 5V Ry
AREEBER BB (L) F I BEEF;m Rk
FERRE(g).
1.3.2  As( V) HglsE
BE 20 pL BVEW TR B L8, FKH
B 100 pL, fIA 25 L 0.1 mol/L Na,S,0, ¥
W, ZR M1 ~5 min, %5 1 mol/L NaOH &
WY pH 38 5, R )5 MK A 0. 1 mol/L.0. 01
mol/L NaOH &% d pH £ 5,8 F A 15 pL
0.1 mol/L APDC Y59, I8 HE 10 s, %8 30 s J5 , il
A 200 wL MIBK ¥, #1E 30 s,5 000 r/min 5§
> 2 min, Bt MIBK ZUE . As( V) & &KX
(2)i5.
(C-C)) xV
= T x1000 (2)
Hf X RidAEd As( V) &8 (mg/kg) ;€ Jhw
HETAEE RIS As(V) B E (ng/mL) ; C,
JiE (D) AR TR WIS As () ¥k
JE (ng/mL) ; V AR E R E AR (L)  F Ry
FRRAEEGm AR E (g) o
1.4 FRi%&EH
HBEETH, EETFESBEREN
4500 V;#§SEH1 R 2.33 x10° Pa, Wi E SR O
Pa; B FERBAERE 350 C; &2HF#ER, m/z
7350 ~390 .m/z 2K 365 ~375,0Q1 g 5E N 0.7
Da; Ji s AH N FH B

2 SiR5IHE

2.1 REFEHRL

SE 8 0.6.1.0,1.2.1. 8.2, 4 mol/L
HCI Y00 i i 2 BB R i s i, B vk BE 1 3%
T, 76 B Fh A Y [0 A R R Y R, R BE R 1. 2
mol/L B, Y 3 i 42 B ¥ K F 90. 0% , fiT LA
KA 1.2 mol/L i) HCI ¥t AT LAGK B3 HE AR Y
PREUR o [RIB SE30 LA T A [R] 428 B B[] 32 B
TR EEE T 1.2 mol/L 1 HCL W 7E 60 C/KIB T
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REIRBUEHFEM 1 ~20 h X 70 CKEB T R
RECEHAE S 0.5 ~ 3 h, X5 B9 SR BUK R [ 5
Wi, SCIGZER BRI 60 CFKBTRSE 18 h F170
CTFKHEIRIE 2 h, & BICERMY, ¥% 90% &
o B IRBIAG I A B 25T B A i 22 () ) 22 57, B
LHAERF 70 C/KIE T RHE 2 h SRFEHAE & h
IR
2.2 As(In)gyilzE

As(TI) 5% 57 APDC By |, T2 M
pH FEJFESR . BT As(ID) 1 As( V) #BZ T
o, PR EGE , BRI AE As (1) #0 5E H, B2 HE
Br As(V) BT,
2.2.1 pH

HRAESCHR[ 15 - 16 [ 418, pH R E &8 5%
BB K ; H pH7E 1.0 ~6. 8 YL N, As
()45 APDC i, SEEEX 100 ng/mL i) As
()5 As( V) BIR G H W, 705 LA Rk B
) HC1 59, B pH 5 1.2.3.4.5.6,As( 1) . As
(V)5 APDC R HIIELL . S5RFRM, LR A
AU As(PDC), * Fy s T AR F I8, pH 7 3.0 ~ 6. 0
TWHIN,As(IT) &5 APDC ¥, As( V) A
APDC [z v o
2.2.2 BJEF

SEH e F IR A 38 55T Na,S, 05, HiZE 5
FIZE 0.001 ~0.02 mol/L ¥k JEJLEIN pH 4.5 ~
5.0, ZEMIREFIZZMAT, APDC M As(1D)

FBL, AT As( V) ML, AT B IE As( V) T
o L ELE T 0.001.0. 0025.0. 005.0. 009
mol/L Na,S,05 ¥ ( Bl AN A 5.10.25.50 pL #)
0.03 mol/L Na,S,05 ¥ ) 5 100 ng/mL As( )
B JG A ) As(PDC), " BUETE FRR /), UK BE
3548 0.005 mol/L B} ,As(PDC), * B FHHE K,
2.3 As(V)HUE

[FFE As( V) 5% G5 APDC b, B iRE
i pH FE RS, 76 B3R As (D) B SR 5%
BT ,As(V) A5 APDC B, T As( V) #Y
W5 W75 f B3 I S L 4T, B As (V) il i &
R FGREJEUR As (D) , AR As (T -5
APDC WA, As(PDC), ",

HRAESCHR(16 - 17 JHiiE , As( V) b ZI7EFR M
FMUETARBOEE As () . LWL TESE
AT, A RHEE 9 HCL ¥ i AR JE R X As
(V)R EE, R 1, LIERKRY:FE0.1
mol/L HC1 ¥ H#,0. 02 mol/L Na,S,0, ¥k (BP
BIA 25 uL 0.1 mol/L Na,S,0, k) KIIEJFBE S
Bk, As( 'V )100% %4k R As( 1) ;Na,S,0, ¥
EJRBE 1 IR Z 5 Na,S,05 WA R4 Kk BE 1o
B As( V) 2FERFAL N As(ID) , FHd i NaOH 3
WKW pH 5 2 5, Ik pH IR A SE R
KA, & pH R 2 5.0, MFEF R As
(II) A&37E05 APDC R,

F1 As(V)HEULE

Tab.1 Conversion rate of As( V) %
SR As(V) g%
0.1 mol/L HCl {5# 0.01 mol/L HC1 5#  0.001 mol/L HCI1J&E#  0.000 1 mol/L HCl 5%
0.02 mol/L Na,S, 04 100 48.2 0 0
0.02 mol/L Na,$,0, 80.6 13.1 0 0
0.02 mol/L Na,$S, 05 0 0 0

2.4 ESTIRERF

SC% FE B T ADDC Ml APDC 2 & 5 X As
(I) A& AR, 45 R K B ADDC il APDC ¥y7]
LS As () % A 2 & KRB, 70 5 4 B As
(DDC)," 7 As (PDC),", {H J% I BT 15 ) As
(DDC), " KW B MK T As (PDC), ", fL N As
(PDC), " ¥R 10% ~20% . [H 1L, 25 vk A
APDC 2G5 BEISIRAE A 1A HLEH 22 i
B RS SRR A EL AR R AR A , -5 5% 6 1 1o 2 5
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Vi (B ) FOVE R v I A BE 540 e REBUM AN [R]
LA YN—FE R N B 2 5 —FER 4, 3
HEBRZ4 I T4 SCo ELAE T LA A S ¥ g Tl
It 5 As(PDC), "W EAMEE A HLE A B
FFTEFE . 7B A CEEXT As(PDC), " #
B E, S5 R U H A5 T3 R A 48 B
R, BREGAH RS BB,
2.6 JRiGEHMRIL

RAE R As(PDC), " i) m/z J2& 367 , TEME
F IS AX b 5 52 B HoAth 5T 1% 2% T 4 1 T 48, 4
m/z 2y 362,364 374, 3@t X B B AE
BE. RH. ERE M, B K As
(PDC), " MM BB . 4555 B IR B 4500 v
YRR R 350 C B E SR 2.33 x10° Pa, As
(PDC), " FE R HEAY L ma BB B Ko MK
A m/z g 350 ~390 i BEREE (& 1) 7T LUE
th, As(PDC), " BTk ug 367 nw i im T HAth T4
U4 362 364 374
2.7 tREHE LEEERHRMESR

FAKHE As (TID) o HE VR B R T e WK B2, LA
0.20.0.37.85.75.70.151. 40 ng/mL ¥k B 5H &

RIS AR PEAT LR [, B BAr AR R K
B As( V) IRERR B Z TR EE, L4 0.20. 00,
43.75.87.50.,175. 00 ng/mL ¥ & 55 H i 3% b4
BT EE, B RAF R R, AR 2, U3
(ML (S/N) 713, K I BR v 0. 024 mg/ke; A
10 FEEMREL(S/N) IR, E B R M 0. 048 mg/kg,

RT:0. 00-1. 00
2100 0.21

0.0 0.2 0.4 0.6 0.8 1.0
iR /min

366. 98
100

364. 14

356 9?52‘36 08 a3
35636 | | [0 1
350 355 360 365 370 375 380 385
AT

4.40
| 380,06384.31

E1 E=EMREE(0.048 mg/kg)
Fig.1 Chromatogram of limit of
quantitation (0. 048 mg/kg)

K2 AstRAERRNGBERFEREXRY

Tab.2 Regression analysis and correlation coefficient

CIZ LML/ (ng/mL) SHEITR HRRE(R)
As(1) 0~151.4 y = 3746 373.96 x +6 473 287.99 0.9959
As(V) 0~175.0 y = 3078 291.30 x —22 738 268. 83 0.994 8

2.8 EUEREESH

BAR As RAETERIALER ,{HZ As(PDC), " &
FM H.C.ON.S TERFERME, AL As
(PDC), " FETERI L & 20 A A1 Ol 3 33 TSQ
Quantum Access JiTHEAY B 7 Y[R & 20 A k4431
HASH As(PDC), " BRI RN :m/z Ry
367.368.369 370,371, AH o {9 B T & B 1L N
100.0 :15.2 :18.8 :2.6 : 1.4, @it hrue i &L
(B 2) 25 R B (B 3) SEBRAE i b [ i
(& 4) By m/z $0E B AH B B 18 BE LU i) LA, XoF
As(TD) F1 As( V) #EATEMERIWT . B 2 FRiES As
(PDC), " Wy #H N B F W BE t iy 100: 16. 61 :
21.45:3.88 :2.16, [ 4 SZFRkES As(PDC), "
(AR BS T BE HL 2 100: 15. 08 20. 05: 4. 22¢
1.89 .28 T Bl 1k At 25 1 W X 2 B 4 At B RE
AT B B4 HTET , m/z S Rl BERE 365 - 375,

0.0 0.2 0.4 0.6 0.8 1.0
iR /min

368. 90

366. 02 367. 95
28 | || 369,97370.93372.23
366 368 370 372

brivin=d

B2 #rAEMEE(75.7 ng/mL)
Fig.2 Chromatogram of standard
solution (75.7 ng/mL)

AHXFFE /%
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RT: ?080 100, 1g RS IAREAE 0. 048 ~0. 200 mg/kg B} 3 Fpe
;328 -2 |1 e R ER7E 80% LA L, K5 % B (RSD) 78
g 40 8% VAT , 1277 ¥ BT LATH R ToAIL RS I A 223K
= 20

0
0.0 0.2 0.4 0.6 0.8 1.0 RT:0. 00-1. 00
H‘J‘I‘H"J/min 100 0.15
100, 365:97 £ g0
£ 8o ﬁ 60
2 60 & 40
40 E 20
E 9 367.01 370.12
= ’ |368- 00369 08" "371,11372.17373. 13 80 02 02 06 08 Lo
366 368 370 372 fif 1] /min
i 100 367. 00
gy
B3 m=A#HAEE g
Fig.3 Chromatogram of blank sample &= 40} 366.11 368.96
= 368.02°°°"
£ 28 |65 ZV | | 370.96371_0337%‘2373
2.9 HEABEREZE 366 368 370 372
) AY 2 YH- 4 — )ﬁﬁtb
DAMGEE R FERT S, 34T As(I) \As( V) 45
WETR NS, BFELE 3 AR AR AP F 5 45 B4 SRRRAERIARE (0. 180 me/ke)
SRR BE KRB . VR BE KT 6 AT g (o opeam o ke
le (0. ki
500, SRR R 3, MRS R R E sample(0. 180 mg/kg)
#3 mirEWESHMRERZ (n=6)
Tab.3 Spiked recoveries and RSDs
o 3 kit BB
e BlCE  MXHRERZE  EMCR  MEREGE BRI
/% /% /% /% /% /%
0.048 82.1 5.91 84.2 4.14 81.0 7.54
As(TM) 0.090 89.9 5.50 92.8 3.57 89.6 6.80
0.180 95.6 2.52 9.6 4.45 91.4 4.28
0.048 86.4 5.65 85.5 6.78 87.5 4.88
As(V) 0. 100 88.5 7.06 92.6 3.87 91.0 3.92
0.200 89.3 3.76 91.9 2.66 91.2 3.44
S 23K :

(1]
AW E YCEAL T BB 5 B 1k (ESI-MS)
TR g B b LR & BT ko WHFEE SRR,
I B AR B PR | RUE R R I
AP BE B LR EER 0 TE R, IR T AR
AT ST 75 ¥ R R T R U Z B9 OF ) o
B YGE A YU TE A 25X 2 AL A LA, HE
B T AP T, A28 T T A UL 51 1B
PHPEBLSR , i rp JOAL A PR B A I 4R (i
TR Fob, B FIABREE S, T
Rzt ZHAE 8 W, A EERES
SRR TR BB 5 78

(2]

(3]

(4]

(5]

(6]

(7]
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Detection of inorganic arsenic in algae by electrospray ionization mass
spectrometry

QIAN Zhuo-zhen'?, TANG Shui-fen’, LUO Fang-fang’, LIU Zhi-yu’, WU Cheng-ye’
(1. College of Materials, Xiamen University, Xiamen 361005, Fujian, China; 2. Fisheries Research Institute of Fujian,
Xiamen 361013, Fujian,China)

Abstract: A new method based on molecular mass for rapid determination of inorganic arsenic in algae by
electrospray ionization mass spectrometry was developed. Several conditions affecting accuracy and sensitivity
such as extraction method, pH of solvent, reductant, chelating agent, extractant and instrument parameters
were studied. Under the optimum conditions, the calibration curve of As( Il ) was linear in the range of 0 —
151.4 ng/mL, the calibration curve of As( V) was linear in the range of 0 — 175. 0 ng/mL, and the
correlation coefficients were all above 0.99. The limit of detection(S/N > 3)was 0. 024 mg/kg and the limit
of quantitation (S/N > 10)was 0.048 mg/kg. The recoveries at different spiked concentration levels ranged
from 81.0% to 95.6% with relative standard deviations(2.52% —7.54% ). This method is simple, of high
sensitivity and good reproducibility, without interference of organic arsenic. It can be applied to analyze
inorganic arsenic in algae and can provide technological support for food safety management.

Key words: electrospray ionization; organic mass spectrometry ; inorganic arsenic; algae; molecular mass
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