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Abstract; Selenium (Se) is an essential trace element for human beings. The common sources of Se are rice and
seafood. However, they are one of the major pathways for exposure to arsenic (As). Se and As concentrations in
three types of rice and three kinds of fishes, collected from markets in Guangzhou, China, were determined by ICP-

MS. The bioaccessibility of the two elements were obtained by an in vitro physiologically-based extraction test
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(PBET). It showed that As contents of rice and fish were 0.085 ~0.168 pwg-g ' and 2.224 ~5.533 wg-g™', respec-
tively. Se levels in the two kinds of food were 0.098 ~0.190 wg-g™' and 1.641 ~2.315 wg-g™', respectively. The
bioaccessibility of As in rice and fish were 86.86% ~99.34% and 51.95% ~ 75.64%, respectively. And 76.73%
~8544% and 71.48% ~79.83% of Se in rice and fish were bioaccessible, respectively. In addition, the estimated

daily intakes (EDI) of As and Se from food were calculated based on the bioaccessible concentrations. The calcu-

lated EDI of As accounted for 0.5% ~35.7% of the total inorganic arsenic daily maximum allowable intake. How-

ever, the target cancer risk of the food was 0.17 ~7.3 times higher than the tolerable risk.

Keywords: arsenic; selenium; rice; seafood; bioaccessibility

fifi(Se) e NMA LT I TR . R R, K
PN S YN YN T R 3TN S 3 Ca
SRMTBER Tl BAAL AT Ak A 5l 4 291k
1Y %2 J , NAT Il BR 5 vh HE s 25 b K R SRR s
RO TS P B VR B Y R T N
2 TE B TR CE IR Rl R FE AT Y
JRUBSE B A Bl R AR TR M 1
JarER N s R H AR 2, r= A B A Bk 15
fRFRETIREY . M(As)E—MREIRTER  EARA T
e i A7, HOE s KR BRI S G B YR
HEANMSG | BE M 35040 T2 B HEVES i
oL it 2 R A A 1) K U R R R s XA A L s
N2 EAE R, 2R 5| & 2 4% B A2V I 6E Y
S, FEGEM SR EY L JORTENTR
R EE R A A, g2k 5 Ry L
ST A B, IR E A AR A 70
~830 g kg™, K LLA G YL E A b DX U0 ) e A
I K FEAFARL A 7 B i S8 7 500 pg kg, 2 FE
K AR EERE(E Y 75 A5 L, KORE R
IR R 1 LR, Ok iz 2 = AN AT
Jy— 5T AP RE RS TR A b E AR H TS DT
7N R BRI | SR B 2 DL S ™ v
7 S R, A R A X S ™ it R S 3 — 2 1 g
JRE XU, W] BE s B PR v e

H: A5 5% 1 (bioavailability ) & 5 Bl AR 2 IS
A , SR S TEA N 87 0 A1 115 e 808 =Y
M i SRR Y ], A=A R —
S ANARIG R SZ G (in vivo)f3 3, (H 25256 5 3
oLl B A Y, R, SR AR A1 AL SE 5 (in
vitro){URF , IR 1575 YL W) B R 28 1 AR W) A 380k i 4
7R, B A= ¥ iT 45 1 (bioaccessibility ), A= 4 AT 25 4 I
15 Y BCE FRYALE B M IR EE ] LU ey He ), SR
T in vitro J7 E B ARG L R G (R 2R E A/
W), K FH -5 AR A B 55— S sl B2 N T3 R

THAG TR (R | 18 W /0N i W55 ) oA 12 i AN [ ik ot v
AITS 3L, DN 7E 5 Y i th i A i e g A el
ZEPERS 20T IR TR B S0 R B T LS
R 26 2 THRAE LB A R MR | W) I3 31 A9
AWyl S VERES ARG HAUS i vivo J7 ¥k B SE B 45
SRET TR M o R AR S e e R AN A W
AT BRI A AR in vitro J5 7%, EEALHE IVG
:(In Vitro Gastrointestinal) , SBRC 7% (Solubility Bio-
accessibility Research Consortium Assay ), DIN %
(Ruhr-Universitit Bochum, Germany) ,PBET 7% (Physi-
ologically Based Extraction Test)#1 SHIME A (Simu-
lator of Human Intestinal Microbial Ecosystems of In-
fants) 552, o AR FUER B PBET WL 2L T
Az SR ORI A= 1 T 25 PR A0 07 3k | R AT Hu A AL
PR B IaiHAL, HAP R, 5 in vivo 15 21 Y £ 4
AT il R R A A 0 3R B9 AR WA RO U
BPEBCON BT EAEROC TR A R A T 45
P E A — 8 BB I B RS E R 5T T
BAFEIEE RS — £ o A 2R ] 25
36% ~99% 3% 1] g5 8 dh 2 5t LA KR w527
TEASIRA SR OG T 4 A AT 45 1 A BIE SR
(B =B rh R B A BIFTE Y T IR BRI SEATS
SRV, HETAIBT ST 45 R R W 0 P Rl ) A= 9 )
51K 50% ~83% Y

ASBEFERS I T 7 R AR A ROK AN 11 A AT Ak
I R AORVATG (4 ¢ B2, IR A PBET J7 ik ALl
WA IS, 3 A SR GRT Y A ) ] 25V S AR I
LA 0SB ot v e AR £ R A i /KU R AT I
i, 0T HeA) A e BE AR W) AT 265 T B2 T 0 (BT 2 A/
IR L K i ity 5 XU, A Sy B Ay R - A et B
4 ) e R XU 382 BE R~ A Al

1 ##57% (Materials and methods)
1.1 FEahREE
TE) T R A RO S 3 26 #h, Horp TR
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AR VIV 3 A ARACHBIX 6 Bl U114 3 AR
JUPRHE HIG X 3 Bl SRAE TS BY FKOKAEE S B AR
T, AR L B, 3 60 H Ui , R4S %5 B A7 T Tk
PRI DN E B R BT e B S e BOH R 3 ke
JERREE W IR AT AE T 45 5050

FET KL 2 A ik i g B T SR S 5% £, (7
mMvb, NLFRGH) R CGRIE, N TFA) ML 5 M
(KRR, N T 3R5H), REM AL LR B3R5,
K PRI FHAB LK vk 3 W, ARG EREINLI, F-20 C
TR 12 h 5, —E8 A B2 R U T HL(AL-
PHA 1-2,CHRIST, f&E)N& VR T4 72 h, A5 0T
B, 55— TE-80 °C T IR-AT
1.2 BRI ER)

HEBA PRI I8 5 9 ROKBE i 0.4 g SR PRI RE
M CRVRTHER 0.5 g R THER 02 g), INA 4 mL fil§
R B BRI TSR 4 ~6 h), R85 ImA
1 mL XK, 25 15 R AR 1 i A (Mars6 , CEM, 5%
FENERK IR 1 600 W 24 T HEA7 16 1 18 f# 40
min(#5 71 i I T A0 TE T Bt 1) 452 B Rt 1) 43 331 Sk
120 °C :6 min,5 min;150 C ;5 min,5 min;180 °C .4
min, 15 min), JHAFBELZE 50 mL, R 0.22 pm
KR UE S R, BRI 2 R R =X
AR BAEAT 3 e

S A R R A ICP-MS(ICP-MS 7700,
Agilent, 25 E)Ill £ . ICP-MS W TAES % 1 fr
IR SRR S A = il A 2K (5 mL - min”")
HERCArCL T, SE50 R FH 5% M R 72 00 e
BRI TR 5 B BV, FH T 6 B RS Y 3k BE AR
e RIS A o fH 28 10 v B2 A 2 4303 4 0.0 ,10.0,20.0
50.0 F1100.0 pg-L™', #EHGe fEN R0 pg-

LYY, ZEZR TN  SI2 56 1000 5 fy 0076 v 2 il 4 A 56 3R
IAE 09999 Lk b W E 25 FIRE (5% iR, 1T 5
VL YR A (B 3 A5 A 14 Ot 22 BT X 02 19 3 BT 400 1 ik
FEAE, RIS AG S BREO A5 bt 585 28] ) A AR A
H R 504 0.093 F110.0022 pg-L™'

S R K AR i B i (GBW10043) , Ji & i1 4
(NRC DORM-2)F1 .  F4 (NRC DORM-4)F5 1 ) 5t
I [ E E KR T oo, LD H T ORIE
D7 AR | S S T AR S A
s PEAR R AT A& BOCH: P (0 RAT , A 4 Jo f4)  a
(B HR A I ARG %) B o 5 St 1 LU (T A5
BRI RICR 43510 82% ~115% F191% ~107%
1.3 in vitro =¥y 0] 45 MRS

1 ity FRRHURIATG (4) A= 400 1T 405 1 S 6 5 T AR S ML
B -l BB BOEAL(PBET)™ | 5286 b i FH I 1k 24 9
J5, BRI, Y2k M Sigma-Aldrich 24 ], k4347
afi e UL b S28e K 8 47K (Milli-Q Element,
Millipore , 3% [# , HLFHR =182 mQ - cm), T Ji £ (1) &%
MR 20% SRR 24 h 5 ¥R A,

FEAS R HE A 500 mL 40 E W (1 L 4k
K+125 g BEAMA0.5 g FrEIRIN+0.5 g SERR+
420 wL FLR+500 wL 4R, 3 12 mol- L™ By HCI
P pHAEZ 2), 0L S g FORBAM R VR THE 5, 8
1 ~2 min, AT, 7E 37 °C 97 HER A T DA
150 r-min™' SEWRE D | h; ek 554 T B30 mL ik
W, TEHE AN B BERT, 46 HI1RUFT NaHCO, ¥ 0K pH
HIRZE 53, RIGHERA OV FEFITA 0875 g NHER4N
(m(EYIRESY) © m(IAERE)=1 : 0.175)F1 025 g iR
(m(EYIRER) : m(BERF) =1 : 0.05); FF 1 mol - L™ )
NaOH ¥ pH {HH %= 7.0, 78 37 CHIE R 2L

#z1 ICP-MS ({FEHITESH

Table 1

ICP-MS instrument parameters

TAES %L Parameter

% EH Value

BH45(RF) TR Radio frequency (RF) power
FE TR Plasma gas flow
SR Aux gas flow
M Carrier gas flow
AL E Nebulization temperature
1% 2% Nubulizer pump
RAETRE Sampling deep
U Ht[A] Integral time

PARICZ (" Ge) Internal standard element ("> Ge)

Hdi R 4E 738 Data collection

1550 W
15 L-min™'
1 L-min™!
112 L-min™"

2C

0.1 res™

8 mm
1s

10 pg-L™!

45 1 Quantitative
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150 r-min™' HERE 2 h; ied% 20 T H30 mL JHfb
W, THALWAE 5 000x g B0 15 min, | ¥EHCRH
022 pm /KR IENG >R ICP-MS %€ S FAR
1.4 AWel gk B Ad e AR T35
FRAREAE S I A 25 5K, B o e RN ) A ] 25
PERT R LL T ARG R,
< o, LT 2 B A SORTG e B
T S T 24P (% ) = ;Z,ﬂ i @;@Zm Rxio0
(1)
AT VAR TR R R B £t R A 5 XU A
i 8 E0gER IXURS: | >R FH B H 3% A (EDID A H A 98 4 XL
I;(ﬂ\(TR)D%SS] .

DCxC,
EDI= @)
BW
TR:ETXEFZiDIxCSFxl 0" )

X1 . DC NAF H IR E A A R (g-d™"); C K
K B £ PR Hh (1 R G Y B B A T AR B (g
g ") ;BW AR E (R 60 kg, /NM% 32.5 k)™,
INZFRTR N TR A 550k 277 1389 g-d™', )
RAEMNARBEARE N 60 g-d”', /N A AEA R
41 g-d"™ ) BF NEREHIFEG65 d-a”'),ET 25
FZETEI(70 a), AT k#5228 K4 (25 550 d), CSF
MIERERPR R EL(1.5 (mg-kg ™ -d™)™"), Al AZ AT
R R A 107409
1.5 Seitsorth

%1 SPSS 21.0 il OriginLab 9.0 4> Hr4kdi . %
FHE ) 5 225381 W & 7k, 24 P<0.05, MITA R LA
EE L BT B SR F T Y 50 7 2 (8 A 1
ZIE, B B o T EIE L,

2 ZR 517t (Results and discussion)
2.1 BSR4

BRI 3 Fh KK Hh a1 o7 244k BE R 0.085
0.121 F10.168 ng-g'. Zhuang 2 7542 5 #h X %
48 3 IARIR] R OK R4 T RS P, T 4 85 32 i K
KA A B A 0.086 ~0.156 pg-g ', SABISE K
K B e B R L, Bk S OR K BR 1E (Y
T418—2000) T HLE MK <040 pg-g™' , NEFAFE
A B B R, TN T B RO B A 2
B IORRE

P AR A, B (R B IRIERI 2
o R SRR 4R 2224 4.649 F15.533 pg-
g IRIE S KR EAS RN E T 3 i A A o

e g 43514 0.433 .1.100 F11.030 pg-g ™', Zhang
SRR I VA 7K 5 B XA ST K R A B £ 0 A7 4G
I b LR 20 2 ) i (T8 4300 R 1.04
~1.86 F12.59 ~7.85 pg g™, GARMT N L5 M
FIE FEBERY S5 25,

K [ TRV 358 A9 AS [] 14 o A v e 1 3 P R —
X A] B AN ) 0 2 A O SRR B LA O RIS
FFE ISR X, A EN, KM ES
AR S 79 iy N - N RN T 8 £ o< Rl g <
FRRTAEMEME PR 3 R R i A
T aSE, R A AF AR T SR
LR eSS IV FIIRAS ; 5% £ J ] 1130013
s, P, WEEN ZREOR R,

TPl 1 AT SRR R i A= P el 2548 86.86%
~99.34% , 11 £ PR Hh At 9 A 0 AT 2 MR Gk 1 4R
fI%, 9 51.95% ~75.64% , FOK AR H il i )
AT PEAH S R T R AE TR EE AR R & i b A i
TEEA—FE, PR, Y& 5 b AL i A= ]
S A 5 T HAR I S B Y Huang 555 84 i
= IR DS E A N N SR R U - N AL )
783% Fidi ., MK b (AN ) i ) E IR SN
R B O [ R S 5 B S Y 78N
2.2 B R AE AT A

JORFNA A TRl ) & 9 Tk 2t 3 ROk
Hf Y B 0.098 ~0.190 wg-g™', 5 T Chen 251
AORIESE ) 7R 48 B S ROK il i S 34 B i, R
(0.0039+0.0018) wg - g™, T A A A
H1.641 ~2315 pg-g”' T, 5HABL CHE & T
PRG54 () i LB AR L™, Fl 181 2 W, JROK il
HEI AT 5 VE R 76.73% ~ 85.44% T A1 A ARG Y A
YIal 251 R 71.48% ~79.83% . £ FHAM ) A= 4 T
SV S HALR SR K, B B ROK Tl
F I AR 2 (SeMet) , T 7E £A P Al (14 32
TR 25 4 Al 4% 2 B & R (SeCys, )**', Khanam #il
Platel®™ 8% % i , SeMet A% 4= ¥ 1l 45 7 22 K T Se-
Cys, o PRI, ROK A iy A= 4 vl 25 1 K £ TR R
G 4 A AT 251

Xof ARG B A 40T 45 AN R A T 2 Y
ol & o, HE T E T AR, S8 OB S i Y BT Ak
S, B R RARG 4 A eT AR A BT B TR LR
Kl2), BOER A FERRIE SR T (pH=2.0), H & i
a2 o 2 1 R (o L A b AT R R 8 R
KA, eI AL S BE pH M E pH=5.3 ~ 7.0, Jif
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: T / o
15 £ Anchovy R B Tiger grouper %% i Turbot

1 KR EBATHNBEYATEE. . BREDTSEE

Gastric and gastrointestinal bioaccessibility of arsenic in rice and fish

B A m] 4514 Gastric
H W49y v] 5V Gastrointestinal
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FK1# Rice 1# FK24# Rice 24# K34 Rice 3#

-
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H

fiffi1 Anchovy &R BETiger grouper 2 5i i Turbot
2 KX ERPHERNSENASE BRHEYTEE

Fig. 2 Gastric and gastrointestinal bioaccessibility of selenium in rice and fish
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Table 2 Total contents and bioaccessible concentration of arsenic and selenium in rice and fish
BT SR (g2 YT TR (g g™)
FhiZs =24 FEA MK R /% Total contents/(pg-g™") Bioaccessible concentration/(ug-g™")
Category Latin name Sample size  Dehydration T fif§ T Tl
rate/% Arsenic Selenium Arsenic Selenium
KK 1# Rice 1# 3 — 0.085+0.019 0.098+0.006 0.074+0.011 0.075+0.008
) Oryza sativa L.
Fk 2#  Rice 2# 3 — 0.121+0.007  0.158+0.002  0.120+0.023 0.135+0.071
KK 3# Rice 3# 3 — 0.168+0.004  0.190+0.009 0.164+0.031 0.151+0.087
%41 (K) Anchovy  Engraulis encrasicolus 6 80.54 2224+0234 2315+0.108 1.155+0.128 1.848+0.154
& FEBE Tiger grouper Blotchy rock cod 4 76.34 4.649+0.121 1.641+0.067 3.333+0211 1.186+0.276
£ 541 Turbot Scophthalmus maximus 8 8138 5533+0254 2.055+0.098 4.185+0311 1469+0.249

R3I KKIaphMiNAHE S HENE (EDI)

Table 3 Estimated daily intake (EDI) of arsenic and selenium in rice and fish

fifi(Arsenic) EDI

fifi(Selenium) EDI

i Mg kg™ -d™") Mg kg™ -d™") ATE
Food YN IN% YN IN% Remarks
Adult Children Adult Children
KK Rice 0.8 13 1.0 13
i} £.(K) Anchovy 04 05 05 0.6 DA S i sl 4] i B 3
# JEHE Tiger grouper 1.1 14 04 0.5 Arsenic/selenium initial contents
25 ff1 Turbot 1.0 13 04 05
K Rice 0.8 1.0 0.8 1.0
51t (K) Anchovy 02 03 04 05 VLR e A ] 265 e s e i 1
HFEHE Tiger grouper 0.8 10 03 04 Arsenic/selenium bioaccessible contents
%544 Turbot 038 10 03 03

T B Z BB K AR T8 BN O — 2D IR
HAREEH TE R 2 SR gn =, ik T 45
B e T L BORIRR 9 R, 55 — 7 T IR BB 1Y 5
JERG R  POIAE S B TE AR S A RN ) A A e
SRR 43 T A LA H R BT

2.3 {ERREA f R/ KU IR

JIFAIF 5 118 KK £ PR rv S e LG ) 5 H A
IR 3 PR,

DAAE W] 265 ()l B 1155 2 1) B H A RITAT A
FHNT DL S o R AR 44 B e R T AR E
B, T35 8] 4 H 3m i KOk R A Al
50274 ~1.025 wg-kg™ WAEE B O T 3 AMEA
F HAEEAR A N e R 55 g - d7 (BRI
o 169 #1092 wg-kg™' -d™H™M, FIH A7 @
T R R (o MR R T o P B A (40 A T A A
oK, JEHRET/INZ R U, % T Al 13 B A

T TCHLU &S A 45% ~78.3% " Ifij fa Y
TEHLA S 2 B Y 5% Y T AR R)FIG),
THEARRI A/ INZE o 3R 3 i A TCHLeR B0
U350 1.69%107° ~5.81x107™ F12.13x107* ~734
X107, J& A2 3 0] 25 2 0 AU 19 0.17 ~ 7.3 £
I, A AT FOKAN 3 Fh i A B TCHLA & [ PR
ZHAVHITH L T 40 4L (FAO/WHO) A A Y JC LR it 45
JAHTE T 2 B (PTWD (15 wg-kg™" BW, T8 4 H
e EmZE N 2.1 pg-kg' BWH05% ~
35.7% AHFTAFST 0 KK A fa R v e AL 9 B0 X
B, SR/ N, S S AT A B

B ) M T B A SRR R 8 PR PR RRDAT F A 4 mT
PRI T OESE SRR, ROR F A A P 86.86%
~99.34% Fl 51.95% ~ 75.64% ) &l 24 4 Af
25 ,76.73% ~8544% 1 71.48% ~ 79.83% ) fifi 4= 4
Al g, JETEA YT 25 TR BE A Bl 1 X R H 43 A 1
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TR TET M, RN AR H it FOR A A
BEARTG N 0.274 ~ 1.025 pg- kg™, HE A BYH Ky
0225 ~1.017 pg-kg " HITEA R AFNZEA
TCHLA A 0T XU 2 P 2232 ] 25 22 A XURz /9 0.17
~73 A%, A R B R A R R 1)
1 DL R TEAUAS i ORI R /N, (HAR
SCHBRAEEE T AR ORI E 4 AR
PESCHRAG S, — 25 B ZETCHLA B A= o] 251, 25
A HAb A SR R AR YT 4 DL Bl K | AR
A B A BB AT AR 2 87 KU PEA

BIVEE® 201979, B, Sk EAFHE 1 ESA T4
U, £ BB T o) Ky T R A B A AR
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