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1 MRSk

1.1 Y&5iEH

BB HPLC-HG-AFS Bt Y H 3 B44H
A: (1)HPLC, i f§ LC-20ATVP S EBMEE(H
7, SHIMADZU) ; BiA 100 pL 5E B3R 77251
JE BEFE R ( Rheodyne, Cotati, CA, USA);(2)JE

BV AL F S B (SAP-10; Jb 38 75 KAV A BR
2E])  BLA AR A BB MR 7 (25 mm x 2.3
mm i.d,12 ~20 um) K PRP-X100(250 mm x 4. 1
mm i.d, 10 pm) FAE 735 #4E ( Hamilton, Reno,
NV) ;(3) AFS-9130 JR T3 OE AL FR A A
JCIR . i BB =L BIAR LT s TR A 40 U B 3k i
(LR ERMBFRAE) (R 1),

£1 ZTHMEAE HPLC-HG-AFS &4
Tab.1 Experiment condition for determination of inorganic arsenic with HPLC-HG-AFS

(€ Ri=] &iF
instrument item experiment condition
fa3%HE column Hamilton PRP-X100 (250 mm x4.1 mm i. d. ,10 wm )
BRI 13 guard column Hamilton PRP-X100 (25 mm x2.3 mm i.d. ,12 ~20 wm)
HPLC 45518 shAH mobile phase in isocratic separation 15 mmol/L (NH, ),HPO, ,pH 6.0
FHREARFR injection volume 100 pL
& JE 5] reductant 1.5% KBH, + 0.5% KOH
145 FE PMT voltage 300 V
A RERTRA B carrier gas TS Ar 400 mL/min
HG-AFS W carrier solution 7% HCI1
4T i HCI current 100 mA
B X shield gas 600 mL/min

WA As" AR HETS BN B RARE Y R O
%, CH,AsO (ONa), - 6H,0 ( MMA) #I
Na,HAsO, - 7H,0 ( As") M Sigma-Aldrich 75,
(CH;),AsO,H ]\ Acros(DMA) 915, &
FWIEE R 1 000 wg/mL, 35 1 %5 % A N & F) [
WiEAER 4 CTRE, e THEMLANRES
MAREY H RIS, WaHERZRST
0.45 wm yEHET e, KBH, Y% 0.5% KOH %4
H e, I R AR L R i s dl, S
FAKRLAF A GB/T 6682 H #L € i — F K E 3K,
ES{HE=99.99% ).
1.2 XBFE

£ HFRSHSTOERTH 1000 g;
BEFRRFER 2. 000 g T 25 mL ELEEH B ElEdr,
10 mL 1.2 mol/L HCL ZERRIRS#H EES,T
TABTEERESEE 1 b, BESE, FinA 10 mL
AR B EFE 20 mL) fERER0.5h, K
—E2EEET 10 nL &.045 P 4 000 /min T
Bl 15 min FEHC 1. 0 mL B3 AP A
0.2 mL H,0,, % 0.8 mL A { b A % 2
mL) {8557 70 CT/K¥E T ERMRRF 20 min, B
1Y, 0.45 wm PR IR/, B 100 pL HEHE
WsE, [FaHEE Bk,

A (D)ARERFIMEE . B HHE

R &) MMA ,DMA, As” 138 100 pg/mL f %
BARIEW; (WP 7E 4 CHKABFBAEH);(2)
TBA P br s WA R (s P BEAC) FF DL B
A MHRIBEBRMBER 1 ng /mL BEIREE
W, 285 B A # BN 10 ng/mL.20 ng/mL .40
ng/mL.80 ng/mL.100 ng /mL F¥EE

SR4FE (1) EfTEER ERES
HITRE, FRREE, s Lk, AR E AL
FHIFHIFE M VS W, P0G R B T AR AR IR E 2
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Fig.1 Chromatogram of arsenic species

with isocratic separation
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(2) E & W BUFE R R UK 100 L 34, DA
FE AR 4R B B R E o, AR BSMR L E &

BIR S B A B W 9 As™ . DMA MMA |
As’ BOYREE %R () HE B P F NS
TR

X=CxVxF/mx1000 (1)
A, X WHERPRHRNYESE( mg/kg),C AFF
W TR B (ng/L) ,m AFRHEEE (g),V R
e R SR (20 mL) , F AREBREE(2 1) .

2 HR5SE

2.1 FEESHEGERERS T

% T #i 5 HPLC-HG-AFS Ef FI 4% 19 43 47
BE, R AN 4 HEEMBIHTHE S
M, 3R 2 AIAR B RN EE S B T 4 T
TR R R =0. 999 , FEXTAR AR 22 15

<4.0,%F 4 FipIE A AsT . DMA MMA As" {6
HPR4> 5% 0.6 ng/mL.1.0 ng/mL.0.9 ng/mL
2.6 ng/mL, ZNIFHSPHERET 2F AN E
LIV 7N
2.2 REFIRHRERIERE

PRI S E K 3 MR E SRR
(HC1) | f§ B (HNO, ) # i B (H,S0,), i T
H,S0, WEAL R, FHBA BKE, Z5 R
wAL TR (HNO, ) iy NO, " 7ZERAB 74k H{R BB
&, ARG RE KT C1, Hitb ik A HCL f4(#2
B

REWMRE  HRR—EENEMS,RAR
[E)Hk BE B HCL $25%, 32 R AR BUR i e &
BRI AR, 2 HCL ¥k 24 1. 2 mol/L B, ¥ 1Y
PRBURE K F 90.0% Ph E, BrLARA 1.2 mol/
L i HCI 7] LA iA B HAR B SR BICR (£ 3)

R2 BURHESE—SUDEERTFREMX 4 LTS HTELE
Tab. 2 The analysis characteristics of HPLC-HG-AFS for 4 arsenical species

Asl DMA MMA AsY
LAEFH (ng/mL) 1.0 ~100 1.0 ~100 1.0 ~100 2.0~100
linear range
J 2
 BEEMRRH(R) 0.999 8 0.999 7 0.999 6 0.999 0
linear correlation coefficient
Bk th R (ng/ml) 0.6 1.0 0.9 2.6
detection limit
MIXSARAENZE RSD(% ) 3.08 1.35 2.01 3.93

relative standard derivation

R3 3HBERERETFBRRE THMZME

Tab.3 Extraction efficiencies with different acid in different concentration

RIFR (% ) extraction efficiency

%ﬁ,ﬁ? E‘ffﬁ E;lf:iig) 0.60 mol/L. 1.2 mol/LL. 2.4 mol/L.L 3.6 mol/LL 4.8 mol/LL 6.0 mol/L
P HC HC HCl HCl HCI HCI
1 8.02 88.4 90.7 85.5 85.9 86.2 89.1
9.03 89.7 91.9 86.1 86.7 87.7 90.6
3 14.26 90.4 96.0 03.1 94.5 01.2 91.5
2.3 BREREEFEIEBEAERE ot | DMA
j o _ | L0 R AsSooTIongDs
T L2 mol/L 5 HCL F£E 60 THBTFE g 300 i.glﬁisgggf%gigi}r_
BEREHEELL~18 RE2).70 TKB TERE ¥ g 20 - A'SSI'“ 6.0 b ASSONTIOIRES
o HE B a i 2 . - 2 & 100 - ' 8.0h ASPOUTIONT
%Hﬁﬁ%#mﬂuﬁ”z hf@ SJ:EE :'FHES EPE{J*%— =L 150 - I‘ ||‘|,
S HIG P AsS] ) B IE{H RE 4R B A (A] 34 i & E 100 - / .
{85, DMA B (A5 32 e I -4 T 8, B A S e msO)
B {E S F R B R FTE R R i, ot o FI R S B S
[ 7,11 4575 W) 3 FE3IE : R F0A PLIE AsS1 7EBR HHfel/min time
PN R SR A%, T iAs MIBCH 4L, ER B2 MG CRIE1~18 hBHAT

BRI B I 2k Rkt i Z R B9 22 57, SRR E 2R
FI70 TR T RRHE 1 h RABBUE B B TTHLAH o

Fig.2 Arsenic species changes of kelp
extracted under 60 °C for 1 -18 h
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Fig.3 Arsenic species changes of Porphyra
extracted at 70 °C for 0.5 -2 h

2.4 A HO, HEH

A 1.2 mol/L HC1 &2 , ATt As' WEE,
B As" 55—k A1 AsS1 i 0t A1 3R B BT, AT
EETH AT R, R RASESE N
LW ETLI SR, FESBERBETMA
H,0, 1L As" &4k As' , BREN As' K&
HEREG PR iAs &8 ;B %% H,0, Xt As" i
SRR B E H,0, RN 10% B H (£ 4) .

£4 Fhas"ELHEHNEEEIREE
Tah. 4 The recovery ratio with As™ oxidation

REER B AE s E( )

sample a:i:ez i:’]] recovery of As”
gt 0.10 BE.6 ~95.2
kelp 0.50 94. 8 ~100. 3
1.00 94.2 ~100.2
R 0.10 20.2 ~98.56
salted undaria 0.50 95.4 ~102.1
1.00 93.7 ~101.0

2.5 DMA #1 MMA ZERBREU T EPHE
EtE

BT EBEMESA YL (AsSL) 72538 R
MITERI T £ %4k DMA™ 5 THES: DMA I
MMA 7 BRIZBUR M T A B A TLLe, 7 A
i3 AT SERRE BA - 235 78 BRI A g e Y R 4R B
BHIMA—EEK DMA fl MMA 5, EE—K
RIBBK H,0, EAK 238, K5 ABAEAE
RTINS E (K S5)

&5 DMA 1 MMA HIRERENXTEHHIRER
Tab.5 Stability of the DMA and MMA during the extraction and oxidation procedure

sample state

P e 373 B

no sample

sample

PIlIL Ty

spiked arsenic species

TARER B (B4R (ne/L)
spiked ( final solution)

B R (% )
spiked recovery 9.5

FeAUER E R ( % )

spiked recovery of inorganic As

DMA

50

50 50 50

107.9 106.7 105.3

2.6 FHEBKENBEE

SEHG 7) DA MR A £ AR S O % &
HEAT I [B1 W 2R FING 9 BE SR 3y, DA% 0 vk ) v
FEMERME, KRRA2 g HEmP oG
0.2 pg . M 2.0 pg B A", RIMEBMH YT
0.10 mg/kgf11.00 mg/kg, SEB LR MFE 6, M
2 6 PEA, FE @ AR 2 7E 0. 10 mg/kg M1 1. 00
mg/kg B ZFp IR G O 2 B R AR LR 92%
Pk, MR AR 2 /N F 4% , RAE B S G %
B U RiREess R wT LIIERY , %05 v 7T LAY R T
PLER RN ER

2.7 BRRAAZRSHRTHEHLER

%A 2 ME 3 FRMPSNFL, RIIE
BlAT Ik B BRI I BT S B SR B R 7 B4R T 5
BXH(FT) o U EBERABRTIIEER T%
B P IR A HU R I Dy LA B 1)
B, BATES s 2B IR T HOEE &
MMA F 79. 69% B S ALY & 4 fE J1; DMA
10.58% Ky S AL W) & 4 B8 15 SR ER¥E P MMA,
DMA A A RRER RN E. BILBtTwf
T7 Ik E R P UYL B BORIRE
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®6 ERERBEEE(n=5)
Tab.6 Recovery ratio and accuracy
pam kP iAs ECE(% ) PHEE(%) HAHRER(% )
sample addedg iAs recovery average recovery relative standard deviation (RSD)
ook 2 0.10 95.2/92.1/ 94.2/ 88.6/90.2 92.1 2.93
kelp 1.00 97.6/ 96.2/ 94.2/ 100.2/98.8 97.4 2.40
EEWARHSE 0.10 98.6/94.6/ 92.5/ 90.2/96.1 94.4 3.42
salted undaria 1.00 101.0/ 96.6/ 95.5/ 93.7/97.2 96.8 2.79
RT HEEXPLVMENLER
Tab. 7 Determination of inorganic in kelp and laver
KR (mg/kg)
test result
RR%HE FERETR o
sample number sample name BTk B = ﬂlﬁﬁ@{i‘ .
Je s SRR TR
HPLC-HG-AFS
1 R 5.60 1.67 0.15
laver
T
2 dried laver 4.91 1.58 0.11
T
3 dried Taver 5.52 1.81 0.21
4 SERR 5.02 1.02 0.054
roast laver
T
5 dried Taver 5.86 1.61 0.24
T
6 dried laver 4.68 1.36 0.14
T
7 dried kelp 6.16 1.08 0.071
T
8 dried kelp 5.21 1.29 0.12
T
9 dried kelp 4.62 1.24 0.10
T
10 dried kelp 1.68 0.88 0.051
wHE
11 kelp knot 1.92 1.06 0.064
i
12 kelp silk 1.76 0.98 0.050
3 e A L S AR T8, B R T84 080t
alb

I SRR s B R AR S B
KB RIBEIT, 040 T ¥ 3 LHLA R BGH &
A R SR U R SR AR AR AR, B
T BT AR R P O LA A BRI E Tk
B P B JOAL B 28 R 3R BB SR BUS , & H, 0,
SAHMERER(ASY) BB FEIEES S,
BAMLE WTERR A T S LM R E R,

BEVHIRE , A Sl DA X OR B I TR) 4, SMRIE €
B, %7 L B FR Y 0. 06 mg/kg,
RAEIT RN SRR i B SRR AR AR T
88.6% LA I s 5 i BT 04 B AR AR 7E 88% ~
102% BYE Bl A, #E— 2 A BA R A GO 35 0 e Vg
ErP TR R BN R TR, DA RIE R
Frolk A v BE B v JO AR G T S SRR
XHFo
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Detection of inorganic arsenic in seaweed food
using HPLC-HG-AFS

SHANG De-rong"** | NING Jing-song'?, ZHAO Yan-fang'?, ZHAI Yu-xiu'?*,
GUO Ying-ying*, WANG Jun*, SHENG Xiao-feng"?,

(1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. The National Center for Quality Supervision and Test of Aquatic Products, Qingdao 266071, China;

3. China Seaweed Industrial Association, Beijing 100125, China;
4. Seafood Safety Laboratory, Ocean University of China, Qingdao 266003, China)

Abstract: The inorganic arsenic (iAs) in seaweed food is an important safety index in seafood quality
detection. High performance liquid chromatography-hydride generation-atomic fluorescence spectrometry
(HPLC-HG-AFS) was used to determine the iAs in seaweed food. The concentration of extraction
reagents, the extraction time and instrument conditions were optimized. A new method to determine the
content of inorganic arsenic in seaweed food using HPLC-HG-AFS was obtained ; firstly the seaweeds were
extracted with 1.2 mol/L HCl at 70 C for 1 h , then the extracts were oxidized with hydrogen peroxide,
and finally were analyzed by HPLC-HG-AFS under the condition of 15 mmol/L( NH, ),HPO, flow phase
(pH =6.0). The average recovery rates of 0. 10 mg/kg and 1. 00 mg/kg As™ in samples were all above
92% and the relative standard deviations were all below 4% with a high accuracy. The present study proved
that HPLC-HG-AFS was a reliable method to determine the iAs in seaweed food and provide enough
evidences for the establishment of the standard for iAs in seaweed food.

Key words ; high performance liquid chromatography( HPLC) ; HG-AFS; hydride generation atomic fluore-
scence spectrometry; seaweed; inorganic arsenic
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