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spectrometry, AFS)5 HBHEG &8 A5 1% (inductively coupled plasma mass spectrometry, ICP-MS)illl & 45
SR (As) AR R RN R R TR R SR I LB As B {H: (2746 )mg/kg]
PEATRTAL BRI ARG A 2L, 43 BISR ] AFS 55 ICP-MS Xf MB A 7IE . 455 AFS I ICP-MS I & S iy
LM R BIYEE 0999, LT IKILEEALH, AFS ME LT E As FYHMEN 27.62 mgkg, FIHRA
99.2%~100.9%, RSD 4 6.7%; 1BiLIH M, AFS MllE KGR 1.25 mL. fH8R: & A MR=4:1(V:V) A BT i A BEAR,
S As FH1E 27.84 mg/kg, [EIACE 101.5%~105.6% K1 X A5 i 22 (relative standard deviation, RSD) A 1.8%; 1#
WG AFS M52 B As S EJEH R 8.92~12.25 mg/kg. 28 3 FTALEE 7 240 FE, ICP-MS % 232 HH (1 8L As
MR 24.63 ~28.04 mg/kg, [FISK 90.1%~106.5%, RSD H 2.8%~5.6%. £Eie 3 FhAiabH s k¥ n] T
ICP-MS M5 283 (1 5 As R RTAb B A2 TR0 T A SR AFS JEA T A, 00 45 SRS IR T 28 S 43 43
FRUED) T AP I S G, SIS A 00 58 R R B As

KR SR SRR RO IR, TR RO, AR AR AR T

Comparison of 3 pretreatment methods for determination of total arsenic in
porphyra by atomic fluorescence spectrometry and inductively coupled
plasma mass spectrometry

ZHOU Min-Nan"

(Changshu Municipal Center for Disease Control and Prevention, Changshu 215500, China)

ABSTRACT: Objective To compare the effects of microwave digestion, wet digestion and dry ashing on the
determination of total arsenic (As) in laver by atomic fluorescence spectrometry (AFS) and inductively coupled
plasma mass spectrometry (ICP-MS). Methods Microwave digestion, wet digestion and dry ashing methods were
used to pretreat porphyra reference material [total as reference value: (27+6) mg/kg] and total arsenic was extracted
by derivatization, and the total arsenic was determined by AFS and ICP-MS respectively. Results The linear
correlation coefficients of AFS and ICP-MS were 0.999. After pretreating by dry ashing, the average value of As in
porphyra determined by AFS was 27.62 mg/kg, the recovery was 99.2%-100.9%, and the relative standard

deviation(RSD) was 6.7%; The best medium for wet digestion and AFS determination was sulfuric acid 1.25 mL,
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nitric acid: perchloric acid=4:1(V:V), under which condition the average value of total As was 27.84 mg/kg, the

recovery rate was 101.5%—-105.6%, and RSD was 1.8%; After microwave digestion , the total As content determined

by AFS was 8.92-12.25 mg/kg. After three pretreatment methods, the average value of total As in porphyra
determined by ICP-MS was 24.63-28.04 mg/kg, the recovery rate was 90.1%-106.5%, and RSDs were 2.8%—5.6%.

Conclusion All of the three pretreatment methods can be used for the determination of total As in porphyra by

ICP-MS. However, the determination results by AFS after microwave digestion are far below the reference value

range of total arsenic in laver component analysis reference materials, which means the method is not suitable for the

determination of total As in porphyra samples.

KEY WORDS: porphyra; total arsenic; microwave digestion; wet digestion; dry ashing; atomic fluorescence

spectrometry; inductively coupled plasma mass spectrometry
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As(II) . As(V)FES), 5@ # JCHLh B R A PLA, HEk
Dy UG As W50, RS BRI As, A
AR SRR B3 b B As S i m X — 1 L2, o4
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FRIAGIN G As S5 RAGEIN, ASWFRCR IO AR . 1B
T TR SR AT AR BE, 435Ik AFS 5
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FEFRATACER s, DA E S HER . TSR . R puAR Iy
PO E R TAL BRI BT A SRS KR .
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2.1 MR
2.1.1 M

B RS IR T 38 SR R — R 2 R 43 4 BT b E ) T
GBW10023(GSB-14). Ak, ¥k, #at: 35 g/ffi*1 i, 4t
5120190310, AR 2013.12~2023.12, HiFRPFHLBRAL
MBI R TAE . B As 2% {H: (27+6) mg/kg, BUFEHT
FAMRE
212 ZEBAE

AFS-9700 RGH 156405 B 1AL 5t e A wl);
X Series2 HLJEEE A2 TR 1%{Y . Scientific Cimarec i
Jin#OHT (32 B # L A F]); CEM MARS 9% 91 f# 12
CEM PHOENIX il & 3 41 (35 R B 223wl ); CP224S HLF
K- (TEEFEZ R AT,

SRR BEISAR. . B . MO 10%(V/V)
TERRIZ I 24 h, FEAHAK A vy T, Bt
2,13 ZEKA

AT R R AR HED) BT (1000 pg/mL, Ho[E THiE A}
WHFEBE); MR . IR . FhIR(ULRal) . AR (st (R
WA AR A B /), B KR A, FiERaR ik Tk
FIA IR D), Bk (rdral, Edg b 0k 7); Bk
MR (AHral, 1igue b2 FRA /), A fb s (o
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T7); AR (ICP-MS-200.8-1S-1, 100 pg/mL, #4244
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S5 B By A PR 2 R, B I 3 W (IV-STOCK-12,
10.00 pg/mL, E[H Inorganic Ventures /A l). SEI0 K h
B LR I 45K

22 ZEWHE

22,1 RAflegEE

R W1+, VIV): sH 200 mL 3 ER 18 F A
200 mL 7K, TRAT;

TRG TR (THIR: A MR=4:1, V/V): fIL 200 mL &
AMEEFEA 800 mL MR, TRA](HLHIHT I B #E, LA
TRIIRAR);

AL B+ RN FRERL 8.0 g IALILAH . 2.0 g
AN, LRI FK IR BE S 400 mL;

FRMRPUIA ML ERYA R FRE 10.0 g HRMK, il 150 mL K,
IR, RHAE I 10.0 g BdRImER, PIKFBEZ 200 mL,
s R 0 T

THPREETE MR (150 g/L): FREX 30.0 g flMREE, ¥ 7K+
FFFBEE 200 mL;

AR Y 8 (1.0 pg/mL): WIS ARV 1.0 mL, F
1%l B VS VR BT 2 2581 100 mL.

222 AREERRE

TRRRVE AW (1) (10 pg/mL): WA BATT 2 VA Wb T
YIF(1000 pg/mL)1 mL % 100 mL £, DL S%ERBRIA R
i 8 25 220

T M A W (2) (100 pg/L): W2 Atk A v 158 FH W (1)
(10 pg/mL, LA Asit)1 mL % 100 mL 5, DL S% iR
TR 2 2

ERAEE TR (3) (10 pg/mL): W& i BATT 25 15 WA 1
YIB(1000pug/mL)1 mL % 100 mL £, DL 1% BRIA R
T R 28 220 1

bR o (W (4) (100 pg/L): W A B o 7 R (3)
(10 pug/mL, L As3)1 mL % 100 mL 258, LA 1%ASRRIE
WA EZIEE . LA A& RS A Sl A T
223 HomaraE
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Table 1 Temperature rise program of microwave digestion

S BE T BEE It FE PARILOAL] PRI ST 1]
/W* /°C /min /min
1 800(100%) 120 8 3
2 800(100%) 160 5 5
3 800(100%) 195 5 40

T *RVCE AR, BET <24 F 800 W(100%)MIE J1; it 24 F
1600 W(100%)H4 % 17 o

FAR A2

A B2 0.3~0.4 g FESL TN N, JNfisf2 6 mL,
WEK 4 mL, FTHRBM LWL, B3, BT mY
PITEAR 1 YR, Y30, B 2.5 mL BiR2, T 120 °CHL MR -
T, R, B, LUKERT 50 mL Awif. RS, Fl

1 mL, JMEEPR+PUIR MR YA 1 mL, DL S%BiER I E AT
10 mL &4

B 4l: B(%Y 0.3~0.4 g #E 5 TIHAFE M, IITSER 6 mL,
WK 4 mL, T EVITHEL, B30, BTk i i
PUTR 2 URCERS 2 WIS AR5 — IR e e B, JLmIARTF
3)e W 2.5 mL #RfR, T 120 CCHLHHR TR, &
B2, DIKEAT 50 mL &8I IR, T 1 mL, fin

BRI MBR A 1 mL, DL S%BMIARES T 10 mL &
o
.

C4l: BL# 03~04 g MM TIHME N, INAER 6 mL
WAK 4 mL, FHRBM LV, B3, BT mY
PR 3 IR(F IRIE AR AR E e 2 s, FLmR

) H N 2.5 mLERER, F 120 °cCHLHR_EFngh,
R & H), LIKERT S0 mL BFHH IR, B 1 mL,
BRIR+PUIR MBRIA W 1 mL, LA S%BRRIA I E ST 10 mL %

(QQ)IBILTH RIS AFS I B

D 4: W% 0.3~0.4 g FESFHETRMD, ngiek,
15 mL fi§f8, BRMR 2.5 mL, MESRE. TR FAE
fif SE (WA N TE 4, AMITEIR). B, K&
R A, LIKERTF 50 mL #5551 185, F W% 1 mL,
INEEAR+PUR MR B 1 mL, LU S%BMREREE T
10 mL %o

E 4: WM& 0.3~0.4 ¢ M THEIEM D, nekek, m
15 mLiIBRAHR, iR 2.5 mL, FUELR . FHHW
THARTE ORI A TE 4, AMINRATR). W1, k&
AT S, LUKERT 50 mL A& RS, B 1 mL,

INBRIRHTIR MR 1 mL, DA S%ER RIS UE 25 T 10 mL
giﬂeﬁ:O

F 41: W% 0.3~04 ¢ PR THEIEMP, npiek, fn
1S mLIBATR, BB . TR FImHA i 58 4> (U F]
FEMAASE A, FMTRAER) A HFIK, I 2.5 mL #iRR,
BIERR . A, LUKERT 50 mL #5580 1R, R

I mL, JBEHR+-PIR MBI 1 mL, DL S%BRERIEHE 7 T
10 mL 7.

G)FIRALE: G AFS I s

G 4: WY 0.3~0.4g #£ 5L THHEH, I 150 g/L i
MRtk 10 mL, RA), IRZET, ¥ 1 g SR M E T |k,
FHup BN KR E TS, WG T H3kY 550 °CKAk
4 h, R, INERMEW 1+, VV)I0 mL EFIKS, A
50 mL A, LA 10%BRERES A B IR S), FHIE 1 mL, i
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(DB T RIS 1ICP-MS ] fH

BAYR IO T R T IR AR T LR 1

IH: BLZ9 0.3~0.4g FESTIEME N, AR 10 mL,
FruBb R AL, A, BT I AP T AR — I
AHL, JFE, T 120 CCHEAMR FInGERR .. B, DokE
AT 50 mL FE . RS, B 1 mL, DL 1%MRIERE
KT 10 mL FEM.

4 B2 0.3~0.4 gt 5 TIH RS N, INASHR 6 mL XL
FUK 4 mL, FHEW BRIk, B, BTN
WA—R. B, JF35, T 120 °CHL R FindErm ., %
H, DUKERT 50 mL 28 15, T 1 mL, Ph 1%6Y
FRVEWOESS T 10 mL 2 5.

()RS ICP-MS I E

4L B2 0.3~0.4 g #ESTHEEM S, Tk,
ek, 15 mL SRR, BUE AR TR B o8
SWINEEFAT AR, FMINEIR). B, IKE R
RN, DUKERT 50 mL A48 1185, Bl 1 mL, Ll 1%
THERYARE R T 10 mL 2 .

IVAL: B2 0.3~0.4 g FESFHETEN S, InokaeiE,
R, N 15 mLIRAER, BB TR il
SRR HFEATE 4, FINRAIR). W, ik ik
B2 A, DIKEAT 50 mL &8I IR, T 1 mL, L
1% PR RE AT 10 mL 259

(6) T IRALIE IS 1ICP-MS ] & fi

VAL T2 0.3~0.4g BT EIIAS, 0 150 g/L iR
B 10 mL, WRA), RHGET, ¥ 1 ¢ SIS EETIE L,
FAY BN KORAEZETT, BHE TSI 550 °CKik
4h, TRV, INBEBRIEM KT, A 50 mL 580, DL 1%f
PRV WA RGBS IR AT, T 1 mL, DL 1% RIS E AT
10 mL &

224 BEHR

I Fil AFS Fl ICP-MS 43 e e s v Sndi, Hoh A 4
F GYLR AFS M ZE B As, AR —FrifEfhk, [t
2 58 T2 2 VISR ICP-MS M E & As, 54 R T TH
—ARAEI L, Rl 58

JbRIENEG: AFS AL BIEIRES, Fmbaeeh EHzimn
NBRESE (1) (10 pg/mL)1.0. 2.0 mL; ICP-MS 4&-2H 43 3
FEWCRE TG, F bR BE b B A AR HE R W (3)
(10 pg/mL)1.0, 2.0 mL, LATHAERASLHFES, T EHENE

T AR SR M 7 EEA A E, pniEfh
LR AR FE A IR (L (B)AAR e 2 s, I B+3si 4
HIEE R, BIAZ T A i RR .

(DAFS i s

A3 S ORI AT A IR (2) (100 pg/L), 0.25. 2.50.

PR MARIAW 2.5 mL, LA S%ERRISHFR B 240 . AFS
A As BRufE R EE R 1, 10, 20, 30, 40, 50 ug/L.

S AR S DERARSE UE T 280 V, R TILA
8 mm, ATHLTL 55 mA, FAFE 400 mL/min SRS
A 900 mL/min, ¥EAEE 1.5 mL, %30 % JE R
100 r/min, 3580 IEHEE 120 r/min, 53055 ShHTE
21 s, EFESERFIIT] O s, PFERGESFRERTIE O s, (AT H)
16 s, JERETH] 4.0 s, drifEdh&ike /o, WE 1k, 4r
BTl B pug/Lo

(2)ICP-MS il g fth

A3 590 W R A A5 P @ (100 pg/L), 0.25.2.50.5.00,
7.50, 10.00, 12.50 mL T 25 mL K&EHRT, DL 1%MERE
WARBEEZIE . ICP-MS & As ARiEH IR 1. 10,
20, 30, 40, 50 pg/L.

MY ERE A BEIR IR ST, T R TR A AR A
SRR, HXHUER TSRS ) P84 (4 15
P 12.5 L/min, HHBISIRH 0.7 L/min, 553h78# 30 r/min,
AL 1.1 mm, WEHEILRE 0.8 mm, FILARHHE
1.02 mL, FAbAHRE 3 °C, BFiEHE 12.5 V, WU RE
3.0 V, ASEFRE-1.0 V, ICP ThZ 1350 W, K FEfiE
110 mm, FEHALE 330 mm, AR 150 mm,

I B 3 2 B B v P BT R BT I A, AT A KRR
R SO B SR, B (YNFE R As B PI ARG R P,
FrRuE-h e s, Mg 1k, S HTIBAAL ng/Lo

3 HERE55H

3.1 AFSMEMLER

AFS I 23 43 AT Bn E ) o P LA, o v 4 2
PEYEHE 1~50 pg/L, PR Y=214.594X+11.242, Hr Y
RIEFHENCREEME, XAl As W EE (ng/L), FruElize
KRB 17=0.9999, JikEt LR RAF. SR H Tk
Je e AR 25 S, L3R 2,

ASF JoikE A AL, & IrE i e As HH SR H
fif S VA ) TC AR S L BT LATE T AFS E 2 AS B, 75
TERAE S 0 DU S8 AR R TR

WO IR AFS DS, 2638 AR r i o e TR
SIEH&MET, RAMAR 6 mL, MK 4 mL X—4 Xt
FESAEATIH R, JCIS M 1 IRA4), B2 2 RB 4). 3
W(C H), HAEGELAR T 531055 40 B bs HE ) S5t v S 1)
S AHE

3 LRI T A B8 R DL 2 /NI TR ORISR
WA . FERY IR 5 AR K a1 B LT X Al T AR
SEAr, J AR S MR R AR, TO A LA I B i 4
W A A TR AR S TCHLA, [RIIERE B T E B As &5
ML
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Table 2 Results of pre-treatment methods for determination of total arsenic by AFS(n=3)
M B AsTFHE/(mgke)  MXTARMERE %  bREag BOREICE % dRieg BOE % 5K R (ug/l)
A 8.92 2.8 10 733 20 68.9 0.047
B 12.31 1.9 10 86.9 20 84.2 0.022
C 12.25 3.5 10 82.5 20 81.0 0.035
D 20.25 7.6 10 85.1 20 85.2 0.021
E 27.84 1.8 10 105.6 20 101.5 0.037
F 13.32 9.9 10 74.8 20 70.3 0.046
G 27.62 6.7 10 100.9 20 99.2 0.032

3 AU TE MR A R B 892, 1231,
12.25 mg/kg, HrPsff | AR A, THME 2. 3 IREER
FHasE, XA UENR 2 (relative standard deviation, RSD)H
1.9%~3.5%, B MEEAF, HELE S AR T, 1
T S UK B0RT LS e % 1 W 24 5800, AR T I et
SRR R O A AR B T R R 2

D. E. FAURFARIEIEME AT . 4553100, i
IR, FERR . BRI R R AT, TS
SRR RR+BRFR T ARG D 41, W2 R AN IR+ SRR T i,
FRIH MRS PG RR (BEIRAS 2 TS 7)1 F 4, AFS 22 &
As TIEEREARIG, UHE F 4, 45 Bme s, :maid
W2, A TEIH AR RIS ISR . =R . BRRY E 41,
WIFE S As O 27.84 me/kg, FFa 53R o Hrbr i ot
MR 2 E{H VB, RSD N 1.8%, [ M R A
101.5%~105.6%, [EISCRANEH & AT

SR As WAATEIE SRS, INABLRR W] 32 @ iR ik
TH AR, [ s 1) P 1 5 e S 1) i S A e f V0 i
IS o T LAY T i o v il D R oy SRR B, T st
AsEar, MWER As BZERSmAL, 7 RSD e FRFE#E
T RS S8 AT RE R —AE, BIVRE AL iR A HLER RS 1Ly To L
i 2R —FE

AR LGS A1 2 FiraTA Ry 2, ik T S R e e
AR PR IR B I AR i 445 GB 5009.11-2014 w1, £
1.25 mL B, KFAYER 20 mL, &&BE 4 mL XTAEShE
TTIH AR, BRI TH A S 2T AMNINAS IR . (R4 2RI

Je BB, XA R BRAL G XA LT i 2 10 7 S T ARk
WIEATEAR, WG TR R AN IR Bk %, H AFS
MR As Z5IRORAE, X5 AR SCikH Ao il — 8>, T
PIAHGETE 1.25 mL GRS, SRS IR R (YR = A
W=4:1, V:V)XIRE S IEA TR A, 0910 T A AS 5 42 Ui it
TRA FRAR ST R BN o XA T SRR A 5k A Ak
PE, LRI AR R B R R D | FRER E A, [A) L BE
TER 3 72 S YL A

G 4%} GB 5009.11-2014 2 B B 4k, Ll 5%
TR RV W R AR bR o IR R VR WL (149, VAV), 18D T iR
BT, fafk 7B, 2 As O 27.62 mg/kg, 45
A A BT AR Y T S 0 S R L, R AT,
99.2%~100.9%.

TERH R BE VA W 5 A AL BE A AR I, B R TT TR O #2
KEREREE, BEFE T As, M ATRE T KA BRI,
A MU 43R5 10 LN, B 9% RSD (K, h 6.7%,
FERT W AC K, (A2 BEuEwfs, BIERI R 1, KR A D,
TR R AN A B
3.2 ICP-MS Il & f

ICP-MS W5 53R 843 4 B b v Jo v i, o of ity
LR LR PEVE I 1~50 pg/L, £k 72 Y=332082.8517X+6.0122,
Hrr Y g ICP-MS BIHEUE ICPS, X Hriih As ¥
(ng/L), BRI Ao 2L r7=0.9996, Jr ik MEachs . 441
FALFE 5 LI B B 28 SRR, IR 3.

%3 ICP-MS AW ERT IR A MM E R ML R0N=3)
Table 3 Results of pre-treatment methods for total arsenic by ICP-MS(n=3)

FHEICE

PR EICE

45 B As FH{H/(mg/kg) RSD/% Jinbr i /ug % Jnds & /ug 0 J7 iR R/ (ng/L)
1 26.45 2.8 10 96.4 20 97.5 0.012
I 27.85 3.0 10 101.5 20 98.4 0.015
I 24.63 32 10 92.4 20 93.5 0.032
v 28.04 4.1 10 106.5 20 103.8 0.028
\% 26.49 5.6 10 94.0 20 90.1 0.039
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ICP-MS WIS RTICIS WA A 7E 4, #nT LU
W 2 2 A

T, TR s T . o T e R /b, TR A
LR R, TR IR VE A BT, TN 4 mL BU&EUK
AT RMATUAGANER, B 10 mL. JHA#5 FH ICP-MS
S As 2N 26.45, 27.85 mg/kg, HIFFE& LA HbriE
YR B S HYEE, RSD N 2.8%~3.0%, IR N
96.4%~101.5%, Hi%% B, FIRCERL

FHBRIE F S W R B9/ 5, & GB 5009.11-2014 HEFF
1), {BFH 1CP-MS RIBFIE ZF T, K T ik H g5
WS 0D A WU T, 52 K R BR+ XU KA R A
WFGTIER, SRALL 10 mL IRE A B (SR WA K =3:2, V:V)
PEA RO A% ICP-MS JI5E B As AT AT

0, TVFIZH R PR I A% . TIZH R AN IR, TVZE ) IR
SRV (TSR BRAE=4:1, VV), BN ME 1ICP-MS
FE . As, GB 5009.11-2014 A7 (HIBE 0L 5256, X 2 2Hi5E &
As G54 24,63, 28.04 mg/kg, FFE LS TR
HEYI BRSPS I, H RSD. [N EHST .

AR RS R TE A, = & BRI, A0k T B2 H
B, 4R TRESL AT, IR R e 4, WA T AL
WX ICP-MS W4 BT LAATIF 5 58 485 1) >R VR A B VA T
(YR 5 R =4 1, VISR e A TR TR A

VA KT RAL PG ICP-MS % 4 As, 12 GB
5009.11-2014 F®AB M. EHEMTERA G, LITHIRY R
WAy, TR 1% BRIE B, M2 K As 4 26.49 mg/ke,
R FEAF A 28 3 R4 43 B b v 0 3 PP B ) 5 % (E VB
RSD 4 5.6%, FEICEA 90.1%~94.0%.

[T RAL 2 Ja AFS M & As 254, FIR{b¥EE ) ICP-MS
MLE As [FAETIG RSD AHXTHARFFA L As M2 45 535 [
BRI AL B KRG ) R, Sk R A SR S AR X e i, R
b5 R if E AR, REEAR/IND, FTRES B
S ISR s, BETS J ATE TOE IR T TR AR
YERT, RRAR /NG BT ZE Nl BR BE VA TR, S /b = il
BRTREM P, TR 100 ChnCEMIIBIE IR, iz
TR, DGR E B AR R B g K . % rE

4 RS

AHHFE HLES TR R . TR . TIRABE 3 Rl
ABEXT AFS 5 ICP-MS W@ S35 vh S &5 R i ) . 2%
KIL, TR AR 3R R B As i9IE
ERR . HiAp 3 FETALFE S Y] T ICP-MS Wl 538
PR As, TR . TIRAIEMEH GB 5009.11-2014
A R HTARFR, [RIRRIE FH TS SEAR SR PR As I E

FH AFS 438 B As I, FRALESE S F Tt
BRI LS AT, ANRR . R . BRERTETN L R
thk—AT], R 1.25 mL. MRS AR=4:1(V:V)IL
A Bl N BRAR . WO RS AFS JIGE A As 45 Bt T

S o R e b S i S B E, AE ST
DE AL b h B A

SE Mk
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