105 422 LERT e i T R 4 Vol. 10 No. 22
2019 4 11 H Journal of Food Safety and Quality Nov. , 2019

8

eaE L REML F OFEL P ML H WO, FXe”
(1. RN T AR, K 671000; 2. BB SR M ERi .0, BB 650228;
3RHIERI AT DA 2R, BB 650500)

¥ E: BH HWE ZFEEA 8 MM EAZRTPRIIESL L SR, BE AR A BRIRAINE, R
TR S B AR IR I A i MR AORER S 1 %Rl ARG, SR RT3 R T O e kil &
FIEAME R, SR RO IR — &R EEE I /A8 RAFIRIECR, HOCRBUIRT 0.999, Babidin
PRI AT 93.57%~95.0%, HAWEASMATIIFREILZE S 89.03%~92.04%, e EAf A S ke 7E S (E3EF N o
132 PFFES S 5 0~2.31 mg/kg; JCHLE T =M & 5 0~0.279 mg/kg, HA R | 200 K& RIRAHEA
HAHEIR, ARSI 26.09% . 22.22%. 11.11%. G5 A 131 {FakEi G S RDCHLE, JCHLRS i
BB EFAREEOR, RA DT AR E . B S e i e, DAk R Erih iy e 4.
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Speciation analysis of arsenic in fishes from 8 cities in Diandong area of
Yunnan province
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ABSTRACT: Objective To analyze and determine the form and content of arsenic in fish in 8 cities in diandong area of
Yunnan province. Methods Fish samples were digested by graphite wet method, and total arsenic was determined by
inductively coupled plasma mass spectrometry. The same sample was extracted with inorganic arsenic by 1% nitric acid, and
the arsenic content of each form was determined by liquid chromatography-atomic fluorescence spectrometry. Results Total
arsenic and inorganic arsenic all had a good linear relationship in a certain concentration range, and the correlation
coefficients were greater than 0.999. The recoveries of total arsenic were 93.57%—95.0%, and the recoveries of other forms of
arsenic were 89.03%~92.04%. The quality control samples for determination of total arsenic were within the reference
range. The total arsenic content in 132 samples were 0-2.31 mg/kg. The content of trivalent arsenic in inorganic arsenic
were 0-0.279 mg/kg, among which some samples from Kunming, Honghe and Yuxi exceeded the standard, with the
exceeding rates of 26.09%, 22.22% and 11.11%, respectively. Conclusion Total arsenic and inorganic arsenic were detected
in 131 fish samples, and most of the inorganic arsenic content met the national standard requirements, and only a small part

exceeded the standard limit. Monitoring of arsenic in aquatic products should be strengthened to ensure the safety of fish food.
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Bl A 22 5% BN BT & e AT AR 6 KF B9 v, K™
m— R YITE AT G £ b B e o ok i sy, Herh
HAEAHRAFEMERME, AXNEARSTESD
15%~24%, H P& E A AR SE e E AT, i HEE F 5O
AT E R 1 i A B R R B AR L, il & AT 2,
PN R, B Tk Rk &, T
M35 K Bl A T 5K h 4 R AR R Ok 2, K E)
YRR W BRI, B R IRAS B Re e, RS B | SRk i
MIRICER, TEAK M B A T R R B, X Ak
T HEAEAE T AR f 51

M —F 2 AR . B PR RETR, — R
EEPILA+S . +3. 0. =3 Bt 4 FMASAATE, ARDES
HAAF AN EOEEA AR, ©F 1980 4F#
s 988 S AIF 5% AL A A TA A 125 S50 4 1), G T g AR
(AsIl) . i BB MR (AsV); A LA B PR /N, dn — 3L
(dimethyl arsenic acid, DMA) . — H J ! (monomethyl
arsenic acid, MMA); i il 3278 (arsenobetaine, AsB )i # TA
HIEEE, JEHUR R = A A E T A A S
AL IE R R e AR, A& TR, TEAR A
YB3 10 80~90 d. REMEZLAN IR AR, IR IE B A 3L
A, AE SO BRIEE T A BERAE G, B A Y DI TR R S AL
B SRAE LS 5, (R R0, 1B PR bR 2 g R AN
oo BIE . TPOC. MRS REIREE . BRI R SE, L
AEURVE, R st

WA PS5 G B IR AT TG B i 22 A m R F A,
KPR ARG R TS Y B RO At B G L H i
ST K TE AL R I SE k3R AR TR IR T OO
(atomic fluorescence spectroscopy, AFS)AHI e JEHHE & 45 3 1A
J5t i 15 (inductively coupled plasma mass spectrometry,
ICP-MS), LA K 5 W& AR £ 335 55 1k J5 5 2¢ 56 06 31 1 (liquid
chromatograph- atomic fluorescence spectroscopy, LC-AFS)#l
WA O B RO O R T IR B GE  (liquid
chromatograph-inductively coupled plasma mass spectrometry,
LC-ICP-MS)!M ™, [ G451 GB 5009.11-2014¢ £ i i 4

A G ARE B b R S ORI E ) U S Al
UL IR HC BRI AE F), AL BRACREAR . ATFE R ICP-MS
R A, AR €3 ER R T O 1 HE AT JEHLER 3,
I ko8 B K TEALA BT AR BT IR, DAL SR A S
246 R SR S PR 0T AR, e TE AL i ) JBUARE
MY, DAl B G 2 1, BOR R L e m A i 2, Dok b
IIHTINSE BRI BR 2, AT 2 A/ NN T R
GORDBL, hy 0 B A PR AR AR

2 MREREE

21 UESEF
211 BB

NexLON350X Hi B #E & % 8 T i A (£ E
PerkinElmer /A ]); ED36 £71 85 {8 X (AL 5 AR ZSRHMU AN A
FRAF]); AFS-8220 WRAH (A 3E- I T2 ik L b at &
RALER 2> F]); XS205DU 53T K. Seven MulitpH 11(Jii
4 Mettler Toledo %3 w]); H1850 w55 .U LG e AN 5236
FEAERTT RAG PR T, SHZ-825 1H a2 1% /K 1 258 B (i M
IR TE AR AT BR2Y Hl); KQ-500DE A A (B 1y
FEAERE R A D,
212 &K A

TSR (G2, DU P Bl Ak T B0 A BN W), Tl v
EW(100 pg/mL), —FFEEMI(25.1 ng/g+0.8 png/g). —HI%E
f(52.9 ng/g+1.8 pglg). WAL (75.8 ng/gtl.2 pg/g) AR
MR(17.5 png/g+0.38 ng/g) b B (H B TR0 5T ),
HNBRME S IR(10 pg/mL, 3E[E PerkinElmer 23 #]); Bilg —
A EUKGTal, R KU b 2R R A B2 | ;
EALB (P al) . E A (T g sl (11 25 42 Ak 2= 35
A BRAFD.
RPOE3=E S
ARYCSEI RRES B R IATE . RIR L R L STl 20
s . T RN 8 AT BB s B s O I S T2
A 558 5y T S g e iRk, REPATIT RAER) R Bt 18
Pk, i 18 7F, S 18 F, BEHT 15, HAM B RAERE
3, B0 3 {4, S 2, BT 1M, HARERAE 5K
W 1.

2.2

xk1 BHRER#E
Table 1 Source and quantity of fish
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2.3 SLIEEe
23.1 AR egETAE

HGFE S 25 B2 RS R B T AT AR 0, B BRI
MEEREESL 2 13 5.0 gCREHEE] 0.001 g)FEfh A E T
50 mL FY¥RREL.ORE T, — O FE SRR S BRI, A
20 mL MHAER, RSB RUE, KA BT A
th, £ 2000 W, 120 °CHYZE T It Z W& 5 TC A IR AT
WY, REiKESRE S0 mL &0 53—k &
MR, A 20 mL 1% SRR, MENKS, T 90 °CH
% K5 E P HIRI 150 min, BB AHEFIR,
10000 r/min #.0> 15 min &5, BGER FEERLT 0.45 pm
JEL S A5 0 o R i 2 T s T B
232 MBEAF LM

LR 5 55 B T RIS VR (ICP-MS) (AR S5 L3R 25
TRAR AT - IR F 9T (LC-AFS) 3% 3.

F2 ICP-MS LB TIELH
Table 2 Instrument working conditions of ICP-MS

&2 ZHE P& ZHE
UIETRYIES 1400 W SRAEHE Ni0.8 mm
RAERIE 8.5 mm TCBUHE Ni0.4 mm
ERFHS 13.5L/min RSt R] 10 ms
H B #% 0.8 L/min S E IR 3°C
A 0.85L/min  HEA N CEL 3
Y27 <2.0% FRL B e
LHFif <3.0%

%3 LC-AFS (B TIEEH
Table 3 Instrument working conditions of LC-AFS

S5 il INEEE 28 Bl
SHLIL/mA 80 A H/(mL/min) 400
4L /mA 40 J5# #i S i/ (mL/min) 600

RV 300

233 ARfEd &g

MA: B 0.5 mL 100 pg/mL FARAERE W, I 2%
RS 50 mL, FRAl 1 pg/mL AIRHAR HERE FHVE IR,
BE A 2> 3 5. 10, 20, 30, 50, 100 pg/L IbRHE
#51.

Brstm: Ze3HEE 398 pL — H JERRFR HEIE I | 189 uL

T SERPAR I . 132 pL AR ERARMEA AN 571 L
FRARARHE T 10 mL 28 S P, BL 10 pg/mL A 256
TR BRI T I T 10 pg/mL AN ZSB0IR S A vl
FHVREC I R 5. 10, 20, 30, 50, 100 pg/L AIARAE
#51.,

3 ZR5TR

3.1 BRI ERAL
3.1.1 HMHRNRE

SR E SRR R, XSO AR . MR . A s
e S T IRAR TS i AT HO A, HUARTE DL 3R 4, 006 3R B
s AR B T R A R, A b JCB R LS TE AR B
FEER S, MRS RERMTRE, AL
BRI RE A SRR T T AR R S AT R i

F4 HBAERER

Table 4 Comparison of digestion methods

WL AR AL
TR s B SR
AR AT AR,
Ay >
IR 220 g 2
e 220 WA, AR TR
amwk 4 BEA ALK

3.1.2 HRBEFHLE

S R G A o JBORE B R 0 R DLABCT A ek He, AR
T B T A AR A B AU %o R A R, I o v £
ELRIRE AR AT 206, Rk B IRE N 1.0 g, MR
o4 5.0 mL, HAREE L% 5.

x5 HmEEESHERER
Table 5 Sample quantity and digestion

Wubest/g AR /mL TH AR L
0.5 5.0 TR se 42, R e
1.0 5.0 ARt 4, K DU(EVER
1.0 10.0 THAR T4, A8 =
2.0 5.0 TH AN 56 4
- 100 T Te 4y, Kol E v,

N ARIFISN
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3.2 AN IERAL

TCALRR I 5 7 i A 1R Al B IBURE IR, 5 DRAE: i
AEZE B AE TR BOR T, FEAL IR K IR R IR 5 A 2
B, G T T ahR G R A REALIR 22, PRUERE S G 1 -F-
Ttk S IUE, S TRR A A O R, S 2 IE A 9R
SIS Sy, JOALA I 5 A DR -5 1 ] — ek 1 Ak 53
A, o i 2 4R R T S B B K I [ AT 5 g e ) Ak PR A
o RALE 100 pg/L SR iEY) BUE 25 70 4 2335 1 DL
K1,

1100.0F o3
RES
880.0
=
s 660.0f S oed
L . Al vwaR =
g 838 oI s5¥
= 4400 “R=
2007 &

1 1 1 1 L
3.92 7.84 11.76 15.68 19.61
A5} ] /min

1100 pg/L BFRUEIE S 43 B i) s &
Fig.1 Chromatogram for the morphological analysis of
100 pg/L arsenic

33 ZMXRERIEGHIR

AR AR DN ) 7 A5 R R VR P Al bR 26, AT 11
W2 ARESINE (F5H, THE A 20 500 i bR
%, VARG B 2 15 S A BRI Sy B,
B e, el 3 RIFR4% B TR A RR, ik 6 BT, 4%
BB A RIFHEMERR, AR N REE.

Fz6 BRSHWLMXARKER
Table 6 Linear relationship and detection limit of arsenic in
various forms

9 1 pg/mL B SEERIE, #4720, 40, 70 pg/L 3 Rk EEK
SRR, AR 3 0y, PEATIAR RS, HA
WA 7 PR, SRR A AR R, B AT
I

TIHURl—FEL 9 103, LERER PRIV 25.1 pg/mL
— FELRAR HEIR R 10, 20, 30 pl; 52.9 pg/mL () = H LT
FRUETE IR 5.10.20 pL; 75.8 pg/mL (437 B BERIFR HERS IR 5.
10, 15 pL; 17.5 pg/mL AERARAERSIR 10, 20, 30 uL, Fik
WREEYIIEAT 3 yFESE RN E, THEA A A AR Rk
R, LIEUE LR 8, ST RN I AR HA BT ]

=7 RWEENERELE#=3)

Table 7 Standard recovery of total arsenic (n=3)

SERIIAR E A ST BTG EkeR A XA

FBAE/(ug/l)  /(ug/L) 1% 1% W 25/%
20 19.0 94.5~95.5 95 0.24
40 37.5 92.5~95.0 93.75 0.18
70 65.5 92.86~94.29 93.57 0.20

WiH EYEpE MXRE KB/ (mg/kg)
S Y= 404959X-254.03 0.9999 0.003
=M Y =6378.9X+12379 0.9994 0.012
THEE Y =13791.2X-10550 0.9995 0.049
—HEEM y=5327.9x-3728 0.9997 0.027
TN Y =3789.4X+1924.9 0.9996 0.040

34 [EIWRRBEEE
FREURI—#EA 9 7, 2 %1mA 0.2, 0.4, 0.7 mL &%

&8 NTWEMARE YR

Table 8 Standard recovery rates of valence arsenic

gpp TR SIS EDRCRIGME RO bR

M(ug/L)  /(ng/L) 1% 1%
18.95 17.03 89.87 0.68
= 37.9 34.65 91.42 0.71
56.85 52.32 90.03 0.65
13.25 11.87 89.58 0.46
ZHER 265 23.82 89.89 0.69
529 48.69 92.04 0.38
12.55 11.25 89.64 0.87
—HHEm 251 22.84 90.99 0.92
37.65 34.62 91.95 0.72
8.75 7.89 90.17 1.09
FA A 17.5 15.58 89.03 0.98
26.25 23.86 90.89 1.15
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3.5 REREH
SO LR I R, 3 3 R O A R A A R A T
THF AT, AL, SCEG R, RI(E AR O AR
SEHEFEEN, SRR RAA B S, B8
UL 9, IR S HG rp R L R R B S 4 S I VAR R R S
AHFE
3.6 HMENER
ARSERIRA 132 R, 131 Hp&a—2

0 R, DR SRR v R A e 0 R O A BLE
L2 SR Al R A T JC LA FE AR e o F BR
(0.1 mg/kg)it, T5ZE— AT A0 I E 430y, I
B HFE S SR FE 10, 131 FFRE A T IoHLE,
H TR = M, &N 0~0.279 mg/kg, TLAT A
K, RAEZEAE GB 2762-2017, TCHLAS & R R
0.1 mg/kg, ZAMENEAR 21 4, & 16.03%., & HEFR
BLULZR 110 FE S i — RS R R A e, K
SANBIRE S S R L 2,

F9 DREHESHEEN

Table 9 Known sample detection of total arsenic

Jsyii JeHLmf
Pl
Ke i/ (mg/kg)  SHMEUE/(mg/kg)  KBE/ (mgke)  SHMHMRE/(mg/kg)
WA N T AR EY) B (GBWO08573) 5.09 5.08+0.39 - -
FK B A (GBW (E) 100349) 0.24 0.25+0.03 0.17 0.19+0.03

R10 ZEAEMEREFEHESERMNER

Table 10  Test results of total arsenic in fish from different regions of Yunnan province

HIX /1 YR/ (mg/kg) R 25 4/ (mg/kg)
B9l 69 0.01~1.96 0.37
FARC 9 0.01~1.40 0.268
EES 9 0.02~1.34 0.31
Ep ] 9 0.00~1.00 0.20
pdll 9 0.01~0.78 0.24
i 5 9 0.02~1.52 0.28
W 9 0.02~2.31 0.39
4 9 0.01~1.31 0.25

x11 SEFEBXE D= NHSERNERRBIRE

Table 11  Test results and exceeding rate of trivalent arsenic in fish in different regions of Yunnan province
b X FE a1 =M AE (me/kg) =M bR /A =M ERR R %
B9l 69 0.073167 18 26.09
EART} 9 0.041432 2 22.22
EES 9 0.060305 1 11.11
HEp ] 9 0.037305 0 0
pail 9 0.028901 0 0
i 5 9 0.032508 0 0
W 9 0.017015 0 0
4 9 0.012362 0 0
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1100.0
880.0
= 660.0 -
=)
E -
440.0 - je
°~§..’3§§
o~ ST
220.0 N
3.56 7.11 10.67 14.22 17.78
H5f 8] /min

B2 K =i Gk

Fig.2 Chromatogram for the detection of trivalent arsenic samples

AHEE T E Z bR 1E GB 5009.11-2014 ¢ & 5 F &4 4
FhRUE B 5L RIS JCHLR B RE ) A R R R BT
PRI T 20 BRFE B G, AT S A A B [ 45
PR TR, JOHLR R B AR T SRR IR 22, ik
TERG AT, 3 T K AR R R A A ARSI AR
SRR LW, FIR 3 AT A /DR RE S O LR A
o T E KRR, BT RS T e T,
RSB0 M 7T BT R AE B RE R, AR T IR R

BACKRTE, EUNREfEmAHERTIX 3 A i 15 g i,
TN A i 11 2R 4 AL LR VR L, A BERE AR (M T
TEOL, LABG PR B A A BT 4 4, O U A9 A BEER R
P o BRI IZ MG XT 25 284l B 575 =l WA, gk
WIREK . PR . IR SE, N FA 2 i O AL S T
1T HERR
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