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HWE BW: 28 RT RAEREX(AFS) Foik 48 &% - R T 5% BB & (HPLC-AFS ) &F # 35 & 5 #
FRAXTEHEZATHRANTEASZT TERNSE TERMYBSHETHAR, Ao HERH R
FRAEFMRBELAS, FEHFREREAEBRE, RARTFTRALELN ST EMNEE, T
MAZEMA LT REHRR FE-K(1:1)RBERR2M 5 FRBRE, RART X ELE®
MEM P TEENEET, AHXRMEE - RTRAEKERAESH T EHEMLESHFNE
245 % HRRTFTRAELEZZEEEAO0~10 pg L7, X A hun 47 = K F % 94.0%, RSD 2.2%; T
75 M A A AR B K & 96.4%~96.5%, RSD 1.9%~7.7%. #& 48 & # - R F K LB & & % 5E B 4 0~100
pge L' WEER BRI G k&N A A e ek & 84.9%~101.2% Z 1], RSD 2.5%~8.2%, A L § i&
k5 R T k&M A A6 e K FE A 83.29%~93.8% Z 18], RSD 2.3%~7.2%., & B B 8 7 #) 7 + T
VSR X AP A AL b AR KA A8 69 0.26%~1.05%; T A AR P bk ke A A R A As(T) A=
As( V), 8518 BRAE A RT R A RIE R RAEE - BT KB & 7Tl 2 A5 B I H 5 7 P AP,
T AN BTG &S 5
KR M B AT RF R KSR, RABEE - RTFRERBERA X
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Content determination and speciation analysis of arsenic in
realgar and its compound preparations

LIU Min—-min, SITU Yong-wen, CHEN Qiao

( Guangdong Institute for Drug Control, Guangzhou 510663, China )

Abstract Objective: To study arsenic, soluble arsenic and the speciation of soluble arsenic in realgar and 5
kinds of compound preparations by AFS and HPLC-AFS, and provide reference for evaluation of quality and
safety of realgar—containing drugs. Methods: After microwave digestion, the total arsenic content in samples was
determined by atomic fluorescence spectrometry. After artificial gastric fluid oscillation extraction or methanol—
water ( 1 : 1 ) ultrasonic extraction, determine the content of soluble total arsenic in samples by atomic fluorescence

spectrophotometry. Analyze the speciation of arsenic and determine its content by high performance liquid phase—
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atomic fluorescence. Results: The linear relationship was good in the range of 0-10 pg+ L™ in AFS, The

recovery of standard addition was 94.0% in arsenic, RSD 2.2%. The recovery of standard addition in soluble
arsenic was 96.4%-96.5%, RSD 1.9%-7.7%. The linear relationship was good in the range of 0-100 pg* L'
in HPLC-AFS. 84.9%-101.2% by methanol-water ( 1: 1 ) ultrasonic extraction, RSD 2.5%-8.2% ; 83.2%—
93.8% by artificial gastric fluid oscillation extraction, RSD 2.3%-7.2%. The content of total soluble arsenic in

realgar and its compound preparations accounted for only 0.26% —1.05% of total arsenic in the sample. Arsenic
species detected in all samples were As (I ) and As (V) only. Conclusion: AFS and HPLC—AFS are suitable to

the detection of the arsenic, soluble arsenic and speciation of soluble arsenic in realgar and 5 kinds of compound

preparations.

Keywords: realgar; arsenic; speciation; AFS; HPLC-AFS

T 5 R A AL 20 0 e R I v, T 9 B
i HOWe A7, BUBUBERS , Do e ARk M
FEIRYT F LS 25 1L 2R Ge 0y T A 573, Hog
BT ENSNZE, Che NRIERIEZG 8 )(
TR EZG ) ) 2015 4ERR (—55 ) AP HER A
IR 37 i, 525 MU T S 1.919% (37/1933 ),
e R IR . M A R As,S,
2% As,S, ", T A R AT PR, L As,0, .
TFIEHRIE As,05 BESEHETE Y 25 ROTEPERR 43, SR #E
JR AR BN, IR L X A R B R
v O 2 e B BB

X N ARG FEA S TR B EA L,
W5 IC R A WAL TR 25 3 VIR 56 , e 3 v A e 7
AR A7 AT X B EE 4 25 JOHLAR [ AR
Eh (AsO™ ) FIR IR ER ( AsO™) LA HLEf /N> F[ —H
FLmp iR (MMA ), — H LR ( DMA ) 45 ] i i) AL
&9 [ TS0 (AsB ) T IEBR ( AsC ) %5 ]S
PRI HEFE R 2B AR, A s v
TR A, Horb 6 Fhvi 0L AR 5351 ok
Z/NAY G A WA R AR AR £ . MMA . DMA | AsB
AsC, 1 AsB . AsC 1l ¥ # A N2 TCFEN o

AT 5% 107 FH D - 2 G 32 b e 8 R i) 391 e A
TR s PR A R AT 0 A, R VRORE 3 - RO
T G e K R i B R K 1) AsO” L AsO™,
MMA . DMA 470 , X6 i it i o 28 2 i A
5 ¥k R 72 Bl 2 F A 8 I R T R bR v B %
1 XB5RXEH
1.1 &%

AFS-933 JEF2OGEETT, BL SAP-20 JEZ& A il

AL Ha i

APRAEE (JUITE R ) 5 Agilent 1260 Y S 30RHH (4
AL, B Agilent G4212B 28 46 I %% Il OpenLAB CDS
JiAS 0 3% T A 3 ( Agilent 23 ] ) s MARS6 flt % 1 1%
(CEM 22 w]) 5 Milli-Q A2l 7K AL ( Millipore 23 7] ) 5 JRY—
D450-D A1 =R (iR SR aR s A BRA ] )
KQ-300DE #4547 i A (B 1L i e A s A R
F] ); Secura 225D HL K- ( Sartorius 23 7] ); ME204TS Hi,
TR (Mettler 237 ) ; HY-2A A2 EIRIR % (N
WAEILESAT BN F] ) 5 STI6R 157 3848 7 B5.0H1 ( Thermo
5] ) 5 EFAA-DC24-RT ZMAY (IR 21 S s Rh-H i
BT ),
1.2 B ik
1.2 B0 BRI UK UK ISR R
TSR ERARER Y S A, FhR R SR R L
ali, FH s Ry ok 4l , Y00 T 5 E Merck 23 &) 5 #H40K
F, BH % 18.2 MQ « em™5 10% Hii Ik —10% H¢ IR IfiL iR -
FREL 10g BRIR, AIK 80 mL, II#GE#R, B 25 IMA
10 g PUIR LR , i BE 2 100 mL, BLACHH . 15 mmol
AR — S8k FRHR 1.7 g WhIR — U8k , HI/K I AT 2%
%1000 mL, FHZ/KIETT pH % 6.0
122 X2 BRI W CH ¥ 100 pg - mLT
515101 ), IV fif i AR 25 0 b o ) o [ vk B LA As T
(75712 )pug- g, #H5 16071 ], Al iR M2 7 W b
WEY B[ e B LA As i M (175204 Hpg-g ', it 5
16071 ], — H L0 35 Y8 A o 40 o [ Wk B2 D As 31 2R
(25.1+08)ug-g ' 5 1707 1, = F LA bR v 725
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J oA JLRHE (Y4 ) BRERIERL (YS ) A E 2y
SEPS T M (bl ) 2504 B WA= 5 BEFEH (Y6)
T2 .
2 AEEER
2.1 SR AR
211 JRFPONETHAAM GHEARR A S
270 V; R TALES = B 8 mm; A 2SO BB AT HL R - 60
mA ; 25 WA B 400 mL s min”'; FERCRAR
12: 800 mL - min'5 4R 7 X DOGHREE ; B0 X
WAL, A ALY R A E R 5% R R
2% MEALER —0.5% S BRI
2.1.2 RPN - AR EIESE WA 15 mmol -
L' R A 8% (3% FE: NW Sep AX HPLC Column
(250 mm x 4.0 mm, 10 um ), f #* H: CNW Sep Ax
Guard Cartridge Kit (5.0 mm x 4 mm, 10 pm ) ; £k
30 C ; d: 1 mLemin's S ALY & A0 B 200
7% 1R 5 B ) : 2% W ZALH -0.35% = AP i
W5 WEEN B HE T 65 v min”' o FES.OBABR T AT HLIA -
100 mA ; JEHLFIAAE 005 K« 295 V; Bl A : 600
mL - min™'; AV E: 300 mL - min'; B R 15
TR
2.2 BRUEE TR MR
221 RMPRMEXRFLE R WIS R OE
i, A 10% Btk —10% HU3h M AR %W 1 mL, H 5%
ER TR VA VROR B 2 4850, T AR 10 pg - L7 A
Wo $ “2.17 WUF JRFHO BT AR E A A
HECH 2.4.6.8.10 pg« L™ BRI W, DL HE 9k
FE C AR AR AR, DEEIE A S PNARBRE: Tl A s B B
HETAEMZ
A=439.6C+58.79 r=0.999 6

55 T R I ) I R B A 0~10 pg - L1 Y
WP R R AF
222 WMTASLMEXRREE KHRE As (), As
(V). MMA . DMA A7 # 9 Jot i W 3 £, 7K il g B
1L AsCII ), As (V). DMA . MMA 5[] 4 256
0.5.10.20.30.50.100 pg 1 RINFRUEAR , 3% “2.17
TR JF T2 — OMH i S R o DL R
C R AR AR, LA 157 0 0 08 1 AR A Sl N A A 222 il b
HERN SR, 4 PP S BB FEA SCETE J5 A0 T 43 B8 R A
(DLFE 1),7E 0~100 pg - L™ LB NLMER R BAr (W
#£1).

F1 AFESHEIRERLTE

Tab.1 Equation of the four speciations of arsenic

% (A1) 7 7

r
( component )

(regression equation )

As(1II) A=10469C-12429 0.997 9
As(V) A=5867C-18298 0.999 4
DMA A=5968C-11125 0.997 4
MMA A=8321C-12877 0.998 8
U/mV
4100
3280
=
2 460 S
2
1640 -
5 E 2
[=) ~
= WA :
<
JAN
4 8 12 16 20 #/nin

B 1 4 MBRSKEYRETESEEIEE
Fig. 1 Chromatogram for four speciations of arsenic
2.3 SR

%5 PR B M B 5 5 590 0.2 ¢ ORS B 21 0.001
g ), BUHEE K 0.05 g CRERAE] 0.001 g ) TR 1 fire e
L INAS R 9 mL. = SR 1 mL, & 30 min J5 A
T W AR AT AR . T A5 BT AR
EEMR . WAL R 2 25 mL BH R, FH /DK
VI ARHE 3 UK, B DRI, T 5% $hm s i e =
2| 3, A T A VR B R 6ug - LT, 217 WF T
PECTCRETHA M E o R 2 57 25 (. 5 b
e D HIF) Y1, Y2. Y3, Y4, Y5 B &0 5k
10 311.0.20 715.7.57 821.8.31 326.6.30 408.2
g e g HEROR Y A3 R R 634 5438 pg - g o I
SRR A VLSRN e (b E 2 ) 2015
AERR— BB AL R 2548 Fe PR (E S mg - ke s
231 KRRBR 4% 207 TR R PO
1, o B SEDN RE 25 R 11 IR, LAZS FIETR 3 %
P 1 it 22 B AAR T i SR SR U R B, S iy
KRR 4 0.024 5 pg - L',
232 KEEE f 207 WU ETFROLET &M,
R A% 45 Wk (100 pg - L) 3 28 #EFE 6 Uk, RSD
R 1.4% K55 BE R
233 FCRIRE AEERICUNLE I O0.1 g OFf
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B, EALINE , FISCEA 94.0% , RSD N 2.2%), I
22 2 v AR A

R 2 DERAIA MR RIS

Tab.2 The recovery of standard addition in arsenic, soluble arsenic

% PO et i IALE HUEES Ty i T RSD/%
( component ) (‘extraction method ) (sample (content)/ (added )1 (' measured ) /ug (recovery )/ (average (n=3)
weight ) /g ug ug o recovery ) /%
Jariii T (micro wave  0.1025 1 056.88 1000 1954 95.0
(total arsenic ) degestion ) 0.103 2 1 064.10 1 000 1967 953 94.0 22
0.110 1 1135.24 1000 1956 91.6
AR F A7 ( methanol 0.102 2 2.76 2.00 421 88.4
(soluble azsenic ) ultrasonic ) 0.109 4 2.96 2.00 5.11 103.1 96.4 7.7
0.1121 3.03 2.00 4.92 97.8
(L EVY NN TS 0.103 6 4.18 4.00 7.95 97.2
(artificial gastric fluid) ¢ 7 430 4.00 8.12 97.8 96.5 1.9
0.1121 452 4.00 8.04 94.4

234 FHEMEML  BCYLRES 6 4y, BB “2.37 T jy
2, AT A AL AT S P4 S 5 10311.0
ng - L', RSD N 4.5%. BEMLERGEER,
2.4 ARSI E

ARSI B SR BB T R T e, Y
PRI 2 PO i P A A T A, AR
FTAE ORI, AT A T B RS HE R 8
h &, AT S AR . R AT B HE
ZZ (IR ZY 4~6 h, AR SEBG eI 228 N T B iR 2
HETE]A 6 h, BB AR IE # R 37 C.
241 BN T EH@IRGIRR AEHREE R
Tl 0.2 g, BUMEE A 0.05 ¢ T 50 mlL HLIEI R
DEH REE AN T B 10 mL, $225), B THER
it I 37 CHR% 4 h , REAEEHR . BT RO

124 10 000 r - min™' 8.0 10 min, BUE 2, K
BESMHL 6 ng- L7, RIS,

2.4.2 WESBEFHEE 4 BIDRS ARICS I 5 42 7 il
0.2 g, B HEF K 0.05 ¢ T 50 mL H 5 9kL B0 4
W RGBT B - K (1:1)10 mL, 20 CHEH
(1500 W, 40 kHz )30 min Ji5 , & T & 3 B 0 HL P LA
10 000 r*min™" B0 10 min, KB W E FEHE WS
mL, B TR 40 CH4E 2RI QL 2 mL, R H 2
FRJE B 4K E SR 10 mL, KR, E& 2
6ug- L IS,

243 FEBIGE SR 2417, “2427 TR 2 iR
W e 5 Tl 2 I B 1y o) 00 R Ry v T 5 e A
HEATHRIRL, BT A T A 3 ks i 3 2,17
TR JEF SRS, A5 L3R 3,

®3 HmbPUREMSENESR

Tab.3 Results of total soluble arsenic from samples

FHEEH ( methanol ultrasonic )

RN T B Hi%3% (artificial gastric fluid osillation )

v
( ipi ) A Bl o 7 BB P i AT 7 B
(‘soluble arsenic content )/ ( pg * gfl ) (of total arsenic content ) /% (‘soluble arsenic content )/ ( pg * gfl ) (of total arsenic content ) /%
Y1 27.04 0.26 40.31 0.39
Y2 62.29 0.30 70.50 0.34
Y3 210.97 0.36 183.84 0.32
Y4 293.06 0.94 331.37 1.06
Y5 321.29 1.06 282.54 0.93
Y6 2397.67 0.38 2051.36 0.32
b HE i

S




| T T

(J‘PA HY NN RE

——

Chin J Pharm Anal 2019,39(12)

- 2203 -

244 FEEE BURRERE SR (100 pg - L) 4%
“2.17 TR R F A G SR SR 6 R, RSD
K 1.4% NGR4T

245 KIRBR $% 2.7 TR RO E &
1, S B SEIN RE 25 R 11 IR, LAZS AT 3 5
i O 22 5 LA T i Ze b S8 S Aa il SRR . ATk
ARSI FRR A 0.024 5 pg - 17

2.4.6 OGRS 3 0K % FR BN L 2 L
% 0.1 g ORI A 51 0.001 g), Jin ARz ¥ fiff 25 9 ( 100
peeml )20 L, 3% “2.4.17, “2.4.27 i A9y vk
VR, BEARE S AT 4 3 R, 2 “2.17 TR

JRFHIE LT AR . R A SR O 3 [
4 96.4% , RSD N 7.7%; N T H W5 HEH05 25 Wl
W% 96.5%, RSD N 1.9%, W3 2,

247 HEEMRE BYLES 6 0y, R “2.4.17
A “2.4.27 T 2 Fh 48 B 2 AR R 5 W, 2
Tt 5 9 AT Tk OO E 4 B o 27.33 pg e g
(RSD=3.5% ) #1 40.61 pg - ¢"' (RSD=2.4% ), %5 Bi5 45
2.5 A[IETERIE ST

2.5.1 FEARIEE B 2407 T “2.4.27 TR ik
il £ 1 PR

x4 RN RS ER RN

Tab.4 The recovery of standard addition in the speciation of soluble arsenic

. BT FRFE £ JRA JInA R HIEESs EEE SER ISR
2% X RSD/%
(‘extraction ('sample (content )/ (added )/ (measured )/ (recovery )/ (average
( component ) (n=3)
method ) mass ) /g ug ug ug % recovery ) /%
AsO* P % # 75 ( methanol 0.1027 1.87 2.00 3.54 91.4
ultrasonic ) 0.107 6 1.96 2.00 3.42 86.3 88.1 32
0.108 8 1.98 2.00 3.45 86.6
BN T AR % 0.1104 3.16 3.00 5.54 89.9
Cartificial gastric 0.1107 3.17 3.00 5.11 82.8 89.5 72
fluid osillation )
0.1055 3.02 3.00 5.76 95.7
AsO” FAEE#E 7 ( methanol 0.1027 0.12 0.11 0.19 82.2
ultrasonic ) 0.107 6 0.13 0.11 0.22 9238 84.9 8.2
0.108 8 0.13 0.11 0.19 79.7
BN T8 AR % 0.1104 0.19 0.22 0.35 85.2
Cartificial gastric 1105 0.19 0.22 0.36 87.5 83.2 6.6
fluid osillation )
0.1055 0.18 0.22 0.31 77.0
MMA TP A ( methanol 0.102 7 0.00 0.25 0.23 92.0
ultrasonic ) 0.107 6 0.00 0.25 0.23 92.0 93.3 25
0.108 8 0.00 0.25 0.24 96.0
B T8 IR 0.110 4 0.00 0.25 0.24 96.0
Cartificial gastric 1105 0.00 0.25 0.23 92.0 93.3 25
fluid osillation )
0.1055 0.00 0.25 0.23 92.0
DMA B ( methanol 0.1027 0.00 0.27 0.26 96.3
ultrasonic ) 0.1076 0.00 0.27 0.28 103.7 101.2 42
0.108 8 0.00 0.27 0.28 103.7
BN T B IR 0.110 4 0.00 0.27 0.26 96.3
Cartificial gastric 1,5 0.00 027 0.25 92.6 93.8 23
fluid osillation )
0.105 5 0.00 0.27 0.25 92.6
LR ORAR (T S
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252 FEHERE %2017 TR A, URES
TRAPRETR WGESEHERE 6 IR, 11 RSD, 4351 - As
(I )3.7%, As( 'V )4.5%, DMA 0.9%, MMA 1.4% , ¥}
IR
253 KGIITRBR 4% <217 W vk, USRI E N
5 ng - L7 AR AS BRI RIS T 04T, T A5 0
ML, T 2 3 A5 E M LL, VR R AN TR A 2 i A
MR FR, AsCIT ). As(V ). DMA MMA 19 &l T FR
3 2.1.23.24.2.6 pg L7,
254 [PIPCRIAE HEERBUNLEFEILL 0.1 g
KRG 3 0.001 g ), i A SV Aft i AR 7 YA o 47 Jo L
P R 5 A 1E ) o — HP R s VAR E ) i L
FLOR bR MEY) BT IS A, 43 AR 24170 (2427 TR
)7 LA, B R P AT A 3 I R R 4%
“2.17 WU SR 20 — AR A% S E , W3R 6.
S5 IR , HY B 75 P IO R A5 0 A Y TSR AE
84.9%~101.2% Z[a], RSD 2.5%~8.2%; N\ T.H &%
FEIOTT 145 M A A 1 TSR AE 83.29%~93.8% 2 [,
RSD 2.3%~7.2%.
255 EEMIAE BYLEES 124y, R 2417,
“24.27 BT 2 MR BOT B 2 X A5 6 1.
AN T BIRIRZHE As (T ), As (V) 3455143 51
h 2897 pg - ¢ (RSD=64% ) , 1.66 pg + ¢ (RSD=5.8% ) ;
F S As (T ), As( V) S Sk 1802 pg- g
(RSD=5.2% ). 143 ug- ¢ (RSD=4.8% )
25.6 FEMINGE 22507 TR bl AR A,
BEAREREAT 3 00, 48 “2.17 IR kg , B EAN
WO L B TS PERR AN S, G5 2R L3R 5, nT i b o
A o3 B ACH L AT PR B 537 5 WK 6.
£5 WEUHEMESUELER (pg-g')
Tab. 5 Results of the speciation of the soluble arsenic

BAUA T B Wik

FH b e . o
FERRAS (nethanol ulirasonic ) {atificial gastric fluid
(sample ID ) osillation )
As (1) As( V) As (1) As( V)
Y1 18.23 1.18 28.63 1.73
Y2 48.46 6.04 55.77 7.17
Y3 77.54 23.79 148.70 31.48
Y4 162.60 20.64 172.93 41.07
Y5 ND 194.43 19.21 232.81
Y6 2 007.80 28.28 1925.50 103.76
TR

R 6 Frmrh S RLA AT S EX
Tab. 6 Comparison of total arsenic and total soluble
arsenic with the speciation of the soluble arsenic

IR e WY TeHLag / Al

('soluble arsenic /total (inorganic arsenic/

e arsenic ) /% soluble arsenic ) /%

i BT 5 BT 5
(sample Iz I HH B 7 5

D) (' methanol ( artificial (' methanol (artificial

ultrasonic ) gastric fluid ultrasonic ) gastric fluid

osullation ) osullation )

Y1 0.26 0.39 71.78 75.23

Y2 0.30 0.34 87.49 89.28

Y3 0.36 0.32 48.03 98.01

Y4 0.94 1.05 62.53 64.58

Y5 0.93 0.93 68.94 89.20

Y6 0.38 0.32 84.92 98.92
3 g

3.1 FREUTERSERE

SEHG I, R R SRR SN T RS
PRI R BCHCR A S, i 20 CHEA 30 min AY5%
T, H B P PRI — PO 25 A B IR U T
3.2 MfEHE SR A AR E R

i s v i i i e Rl T B S S 7 N G T B
A AR IR R AN 0.26%~1.05% . A PER
PLEAHLUR R 3, K = 0l MRSREA AT,
TCATLA (k7 v 7 v o PR TR AN [ 17 22 1) 4
Ko AR HBEHERRBIA HLAH DMA L MMA
3.3 NPMERTR A R A

2015 4FRR Crp 2580 ) (—&F ) ARG A K
SN T, R P TR T 0 R )
(LL As,S, 3 ) AFET 90.0% , %F Al % A As,0, PR
A HLE  AER As,0, $ A BEZ AT I, 7 4K 4
SR A B BRI R TR T ARMERRBE L A B —
Fofrafe s i 1) i  AXSE TR IR R T P PR R 5 2 5
ABbR , RSSO v R ] v e A A
i, EORREI T AN S o BRI, SR ek 4 G
T3 %, % e B R AR o A e TR A A TR, B O
M2y 4, 25 T A B RNE L, R0
FEREE AR AR 3 - ROk 2 T
i b B AU, 7 24 R 45TR i R L FH 1Y
Hif

S

(T
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