517 B S 1 KR EER Vol. 17, No.5

2008 4£ 9 A

JOURNAL OF SHANGHAI FISHERIES UNIVERSITY

Sep.,2008

NERS:

1004 —7271(2008 )05 - 0553 - 06

EXPENBEENERTH

N —;1 2 1 1 2 N a3 4 Py b 4
WER , LxE, KEGF, BaY, F B, ¥ &, X3AK
(1. EEEERERV A=A RS R A S E G s m=, L 200090;

2. VLIRRWGHR KT ISR 11JF Rl 226007 ;

3. VLA WA I ¥R, Lok HB 2155005
4. EEAKFHAME Hh, B BM  350003)

B B ARRER GBI9643 - 2005 (¥ il Al TLAE AR E) N E TTHLA 9 58 — 2 S IR F 3066 B ¥
(HG-AFS) Xf3R B HEEE L5 LA K B 2 FLi [ HE O f 58 5048 b B0 TCHLRR & B eI E , S5 R R WL
FH HG-AFS £ 2 By S 3ERE 5 TOHL o0 & B8 4 B B M 5 i b vk P ML S B TE LA BR B8 AR R TR B BR E 3%
8% \20% , AN JFUR BN B S 30 #4544 T % R kg ( DMA) 7= A S AL R #EA T R , S5 R R WATE
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BRI & B BAR R R B R4 IR HG-AFS B g RTAL 7 AL B S i 5, IR BUK T & A Il R A

¥y~ #af (DMA) 2[R PO 27 £ STHMARNES , KES2TETRMESE R

KER: SAWREFIOCNEE; 83K, Tl
FESEE:S917 SCARFRIZED: A

Determination and analysis of inorganic arsenic in laver
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Abstract . The content of inorganic arsenic in the laver from Fujian and Jiangsu Provinces of China and in the

laver imported from Japan and Korea was determined by the first method of hydride generation atomic

fluorescence spectrum ( HG-AFS) in GB19643-2005 , The resulis showed that the content of inorganic arsenic
in laver determined by HG-AFS method was much higher than that prescribed in GB19643 — 2005 in China.
In the condition of different acid degree 3% , 8% , 20% and adding the reducing agents or not, the hydride

generation efficiency of DMA was determined, the results showed the hydride generation efficiency of DMA was

34.4% in the condition of HG-AFS method. The present study showed the cause that the content of inorganic
arsenic in laver determined by HG-AFS method was much higher than that prescribed in GB19643 — 2005 in
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China, was that the extracted liquid contains DMA , which was the decomposing product of arsenic sugar after
pretreatment by HG-AFS method. DMA would produce the same signal as that produced by inorganic arsenic
when detecting by AFS . The signal would disturb the final result heavily.

Key words : hydride generation atomic fluorescence spectrum; laver; inorganic arsenic

75 B R B PL Z B STEE, SHRB R TR AL 24, B R/MRECH ZH T > 1
WIEHLE > G WL, E B XA T A 2P0 2 DL TR R ) BT 232 h O & B A7
EXT TR HNESTINEEEENE L.

AT T 4632 b AU & B AT E 0 SCEEAR A, T ELR R B 50 2 ) FE A TR 0 00 58y B DR AT 485 3R
HABRKKES , 2P0 B s oRm 6 - R & % 5 FARE (HPLC-ICPMS) Il & T R E R
[ B (VAR 6300 ) R o B, T 0 TR S ST o, B S Bl ) R RS, oAU AL A A
IR R SRR 5 SR /R4S DA HG-AFS BRI 5 B R E % JWiIT 8 R 1 S5 SR 3 TEALR 0 &
B35 8.331 .8.064.12. 27 pg/g, ToABH & BT AT GB19643 — 2005 ¢ S5 i 5 TAEARHE) P HLE
HIREE(<1.5 mg/kg) " s FE L% RARR B G - S & 4E R F 7256 (HPLC-HGAFS) fil
HGAFS S F 7 B 1 A2 9 o R P= 3 AT RS, 3 iod Xof o [B] 7= 0 B4 447 BT 260, 5 P 7 o o B Ak 38t
TRL XTG4 M) T B HLIE S 4070 1 BRI (2. 2700 1 32 S R (AsS) [ 4 — R 5% (DMA) , 24 DMA
Fy e B ST T T TC AL IR BE BT , e X TE AR B B R AR B T4, B BRI . A SCHERT ABIBF 5T
FERE b, L GB19643 — 2005 ( #E J 4] fih TAEARYEY P & EHLI I8 — e S LW R F o0 o0 e i i
(HG-AFS) , %3k B F EARER JT 35 LUK I H A Fd [ 1 11 3 22300 & b B AR & B 347 I 52 4 #T
FEXT HG-AFS 5 BRTAL BT A2 49 o (8] 724 DMA 7 A S ALY RO HEAT 4007 1630, LA IE R T4 2852
IR &8

1RSIk

L1 #

AR AT I SR f ok B RS B B EL VPR RS AR ERE Ak B &K
EVLHR AP ST R X LI B A BB O R R BEESE, MRS RN L T s gm T
B B GEAR A o 5 TR VDR SR BE SO T LA R B0t 4 B S 3N TR B —on T AR TRl K
TR B A R E R ARSEESRA N 2 £ B S B RN TR E — i T B TR K THRE
Al it
1.2 R RE 8907 ik Kb IR
1.2.1 [Fig

B ot B AT B AR R 922 E A , BLAE AL AR HLAH . 7E 6 mol/L FhM/K B M4 T
Totla LRI PR B, SEBURHLA R HLEH Y 73 85 o 7E 2 mol/L EhER Z A B B TCHLA
1.2.2 KHF

HRER( +1) , S840 E®R2 o/L) , ME /M ER (7 g/L) BULER (100 o/ L) — KBS R
(50 g/L) , =#HFf (As®* ) AREW (10 ng/mL)
1.2.3 {8

POHAUERE HTATZ 15% TR 24 h [HIR/KIE5R , IR TR A E T (FH KA T AFS9130) (U #2
54 IR 60 mA FAEFE 270 V JEFLES 8mm S PEE 300 mL/min FEREEE 1.5 s 25K 5 s,
1.2.4 HHSB ’

SRR EL 80 H L FRER 0.5 g M2, B T 25 mL BZEZEIKE P, InEbER (1 + 1) % 20 mL, IR
5o T 60 TR 18 h, Kb BRI, (F il w0 RE, BRERA AR+ DBERERE
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25 mL, fifgtiat U8, BUE B R T 10 mL Z &M, mEes - MRE S 1 mL, £ (HIEHR)
8 ¥, 7K R . HUE 10 min [5 I HAE B TTHURE, A0V, UG IR EIE . FEHE A,
1.2.5 #rAEph&BSIE

SrBIVER BT 10 ng/mL =Ml (As’ ) bRMEF F#% 0.0.5.1.0.2.0.4.0.8.0.10.0 mL F 10 mL %&
2, o RMAZRRR (1 + 1) % 4 oL, BLET - SRIBE GBI | mL, FERE8 %, €A [ &MY TS
=Hm(AS T ) HRE0.0.5.1.0.2.0.4.0.8.0.10.0 ng/mL],
1.3 ZHER (DMA) 7 A 00 i S AR SR 1 T 2
1.3.1 X¥§igit

F DMA 954 (1 000 mg/L) AL Ak 20 ng/mL B WK, (1) DMA {58 FIZEBR B 43 51 0 3%
8% 20% B AR FIEIEE IR RIBE 518 ; (2) DMA § AR E 53710 3% 8% .20% Ky
ZH T2 - BRE S BEKA R 10 min 5 , 2R F 966 EHHE MRS EE,
1.3.2 &A%

DMA F=A SALYIRISE (% ) = DMA F=A (5 SE/ R E As® P24 B (5 518 x 100%

2 4k

2.1 THemh

FEpAR v A BL R 0.0.5.1.0,2.0.,4.0.8.0,10. Ong/mL BARUE R SR, ArvEE R 5 TEHLEH R 2
Bt NI E5R B LR 15 R RS TCHLEFH B 5HOLR TR R AR EE I TAE ML L 1, Al 1
AR, FEAR 2R 5 JOAL Rt o B2 v L Y , 5 1 B2 5 TRk BE O SR AR S 1 R4 o

F1 ZHRESRNEEEOXERER

Tab.1 The experiment data of inorganic As concentration and fluorescence intensity

W (ng/mL) 0 0.5 1.0 2.0 4.0 8.0 10.0
WIHCRE 0 43.38 93.23 199.5 439.92 954.53 1 154.67
b e O Nl E=3
2.2 HEERES AL I E S 1400

y=118. 52x-19. 571
R?=0. 998 6

P HG-AFS W EREREHRRE HAH 5 100
EMAB LM ERENER2.K3 K4 FIKS5, ggg
HR2.E3. R4 MRS PHRBETH, REIZ LKL 200
WLE S BT HER 7. 87 myke, HIEE Y I S
3.80 ~12.58 mg/kg; ZBE LT & B TFHHE WP/ (ng/nL)

H97.47 mg/kg, EFEE % 6.02 ~ 11. 84 mg/kg; #E 0

(g H A 25 BE 263 oML A & B 19 E #9457, 35 me/kg, E1 SR FRNECE AR R L /e
T@E]j‘:l 4.77 ~9.58 mg/kg; %@%ﬁf%%%ﬂﬁﬁ Fig.1 HG-AFS work curve of standard solution
BHTHERNT.27 mg/kg, JE[EHN 6.09 ~8.96 mg/kg, MIMEERKE, I LK & ENIIEMN
T ABEES, MARTLERT = E /MY FRTE LR R TTI F B I E R, IR ERRRBE
RIS BERE T HENTK 6, R 6 A, ALY EEFE 5. 00 ~6.99 mg/kg Z A H £
HRRZ, HEHEMERN42.9% , RERDBEFZF R TTHM & &5/ 7E 3. 00 ~4.99 mg/kgF1
11.00 ~12.99 mg/kg, Xf>k BIREEE LA H AR E /L3R H A HG-AFS I 7E, /i
SRR FTMMEER 85T GB19643 — 2005 (A< HI B TAARE) ! Bl e O THLM R (<1.5 mg/kg) ,
B S O oL & B VE R 3. 80 ~ 12. 58 mg/kg,

PRI
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x2 HEREXERLIBSE R3 TEXHEXERTNBHESE
Tab.2 The content of inorganic arsenic Tab.3 The content of inorganic arsenic
of Porphyra haitanensis from China of Porphyra yezoensis from China
3T e A KA B [H] &8 (mg/kg) G A SRAERT [B] & i (mg/kg)
FREAE A 1 2005 - 10 8.70 +0.82 FE A | 2007 -1 6.66 +1.15
TRERER 2 2005 - 11 8.91£0.76 P i 2 2007 - 1 6.92 +0.18
TR 3 2005 - 11 9.28 +0.51 zﬁgﬁi iggz :i 2:22 ié:?g
BEAE 4 2005 - 11 9.02 £0.82 AL 5 2007 -1 7.02 +0.83
RS 2005 - 11 9.58 £0.08 MERES 6 2007 - 1 6.31 £0. 64
BEREG 6 2006 - 10 3.85+0.92 B 7 2007 - 1 6.17 +0.04
FERE R T 2006 — 10 3.80 +0.28 BEAES 8 2007 -1 6.34 £0.35
e 0
S H{E 7.87 £2.98 SR 7.47 £2.09
F4 BEEREXERTIHESE x5 HEXREXHRIVIHESSE
Tab. 4 The content of inorganic arsenic Tab.5 The content of inorganic arsenic of
of Porphyra yezoensis from Japan Porphyra yezoensis from Korea
B4 RAEBE ATk (my/ke) BBET . OREEE ETIORE(my/ke)
HAFEM 1 2005 -1 6.54 £0.12 B EREN 1 2005 -3 8.04+£1.03
H AR, 2 2005 -1 9.56+1.92 BhEAE S 2 2005 -3 6.51 +1.28
H A HE 5 3 2005 -3 6.29 £0.16 HERER3 2005 -3 6.74 £0.57
B AR 4 2005 -3 9.58 =1.85 BRI 4 2005 -3 8.96 +0.44
HA®GS 2006 -4 4.77 £0.57 BERESS 2006 -4 6.09 +0.63
SEHIE 7.35+2.14 SEH{E 7.27 £1.19

R6 RREXREREXLINMSENRBITR

Tab.6 Frequency distribution table of inorganic arsenic content of P. yezoensis and P. haitanensis

F5 FHFHE B (mg/kg) /8 LB % )
1 3.00~4.99 3 10.7
2 5.00~6.99 12 42.9
3 7.00 ~8.99 5 17.9
4 9.00 ~10.99 6 21.4
5 11.00 ~12.99 2 7.1

Bt 28 100%

2.3 ZHIEA(DMA) 7= A= 1 i S AL YRR 1 I i 45 2R

DMA FEAR R &4 F 7= AL e B S AL s R I #7 DMA FAERMPSUMAIEE
F£7, M7 WEEERTHNERRE X 3% , 24l 4 Tab.7 The hydride generation efficiency of DMA
-TARIA R, DMA AR S LY s R e] A E| BREE(%) AR JEF (% ) T EGR (% )
91. 4% ; 7£ HG-AFS 3% 1 I 72 4 4 T B BR B % 3 914 £2.3 70729
20% SPALE - RTIUE, DMA PER RN 61220 wasre
YIBIRER T %] 34.4% . K12 3R7R T DMA =47
MBI RIER SRR AR B IMEFEF BB . WK 2 AIH, B BREE B3 N, DMA P A B i)
SACYROIRLER B BT 5 I 50 5 77 A T ) S A ) R BRI T IR S50 7 AR e ) AL R o
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3 Wik

3.1 EFXPTHHNEE § 100 [ Igg%‘%ﬁu
WERS O EsTan s Ty 5 O \

FENHE HG-AFS sk A ENM ARy § O [ \\

2.99 me/ke; A VUH HC-AFS ME =A% E U

SRR B AN 3. 677 me/kg.2.935 mg/kg B 2 . J

1.399 mg/kg; 4 T/R% 1*)FI I HG-AFS M3k B S 8 20

T E O WTIT VR A0 2 R S TO D 1 4 R/

7 8.331.8.064,12. 27 mg/kg, 1 Fii El47 HG-AFS B2 DMA P i S i

25 B SR SR AR Y & B2 KR it GB19643 - Fig.2 The hydride generation efficiency of DMA

2005 BE 1 5 TAE AR v ) ) BT HLE 1 LI IR 2
18], M5 B 5 AR ST I M S ey s R AR — 3,

HAzh 0 —1f V' F HPLC-ICPAES 34F T 438 I A XM b e R AL & 8, B 3%
T AR EBIE R 0. 57 mg/kg, 5 ARA BT 2.4% , TiASCH HG-AFS EME R A4 SEEEL
LA & EHIES IR 7. 35 mg/kg 7.27 mg/kg, BLA5 R GH LR LHAEREBRRNER., FES
££(2006) 17 F 7K B BB S SAE R AT RE B, FE R B TE S HEFT 0T, BRI H T KRB R AsS, &
YR THL & BRI T HG-AFS SR HIRTALEE 77 1 BV 6 mol/L 28 F/K A $R/KIA 18 h X463
RERIRE, R As R RAE T RN, TER AsS By DMA, 2= 44 U9 B A i - =%
HEA %8 TAR B3 (HPLC-ICPMS ) I Tk 7R R0 B g 38 (045 535) R P OB, A Vg Bt L 38
By eh , B B 0 R TR, AL T R R B h e

ML SRHTTT 0, SE 3 T B 4 KR 2 AR TR SRAETE , TTHLBRIR 0 . BBETERRIE &4 TS ]
ST INBET , B RITE IS A KA Ak B MR DMA
3.2 DMA F=AmHE YRR

e MY RS R - RF R HOR RS T R A T BT HLER | = MR A A R B
J7 ik, B R I @RV E A HLR AR, X RTERER (1 +1) T 60 CRMHK 18 h B&MET , REUCTHLR A0
ETHER  EMREIIRE , T THRE , 45 R RTE WL X K 8 3R BOTCALE R AR, = sk il &
FTTF4ho BUSGTERITA PR 2% Z e sl 7= 22 T3k s o , AL L IO EUEHHVE 7 HLEH 4%
3=, T4 FE T A YL DMA X =48 g0l & 357 Tk,

FE4% 72,4 mol/LHCl £ TS DMA (R SUEM Y FRIMKE A’ REUEH 7% k4, 4
BULSR - BRI B S DMA I A9 R 5 K 2040 2% F RIW ¥ As’* 89 2. 3% o Emst Schmeisser % [
HG-ICPMSHIi5E DMA = 4 B (1 S AL Y 3k B R Rk BE AS’ 89 75% , DU 7 B0 7= A S AL W3R N
21% ~28% (5, 4% ~6% K F RIS RESS) o AXTEBRE N 3% , REBULE - BIRE R,
DMA 7= 2= T S AL AR T 355 91. 4% , I %5 5 55 Ernst Schmeisser 7l 25 SEAR L ; 76 HG-AFS ¥
W52 £ F BNERBEE H 20% | BHULSR - BilREEJS , DMA = A Bl i S ALY BOCR T I8 34.4% ,

H 4B 45 SR T 40, DMA X =M a0 i i E BB THR1E A, JUE S DMA BOMkBE T F =M af ik i
B, 8B RIIRR, FH DMA =4 8 i S0 8RS E Kk R o ISP R £ 25 L K% HCL A
NaBH, [k EA %", DMA #845F As®* (0 REEERRBNE S T SEEES, AN R 5%
B 4% Emst Schmeisser 25 FF il 45 B4 [ 22 57, 7T R 2 B A6 28 48 e M U BT 48 19 22 S5 B B, b IF]
BFH— R

4 4

WIELL B A R, e b i R LA MU e b e U7 2, LA & B AR D, F Ut i
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T HPLC-ICPMS fyG IR, Mi{EF HG-AFS BkX$3R B AR =2 A 4 XA R RS ) 42 3 dn £ A7 0
R, SR AT, HR KRR HG-AFS BRI B 7 Eh A0 20 5 SE dh S , SR BUB & B0 B 5% [ A
) — F FAH (DMA) R 75Ot it il &= SRR KE S, WES2TE TN ES
Ro Hi, FRF I EBNRZRTERGERCHIREME, R AKIKEZ 2K, AR HG-AFS 3k
iGN S TOAA & B A TR

SR TE AR T B a0, A UMK TRE B0 [ A ) DMA X4 JCALAR 8900 2 7= 4 9 T 48 T 70 26 19
WHEE, TS F— F 2R (MMA) R 8 46 8 5O H B T 253 TOHLAHII A8 45 R 7 AR RS2 IRDE 7 1 — 28 B9 204
PRI, AT 57— R RO 5 SRS T ) & B B AT 7 1, B R i — B T IR A RIS

SE Lk
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