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Analysis of the selenium content and speciation in rice in Hainan Province
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ABSTRACT: Objective To study the content and speciation of selennium in rice in Hainan Province. Methods The
total selenium content of rice in Hainan Province was determined by inductively coupled plasma tandem mass
spectrometry in oxygen reaction mode (O, mode). The selenium speciation in rice in Hainan Province was
determined by high performance liquid chromatography-inductively coupled plasma tandem mass spectrometry in
O, mode. Results Compared with conventional inductively coupled plasma mass spectrometry, inductively coupled

plasma tandem mass spectrometry in O, mode, with the highest abundance isotope *°Se as the detection target mass
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number, was more accurate in detecting the selenium content in rice. The average selenium content in 228 batches of

rice in Hainan was (0.0484+0.0728) mg/kg, and about 42% of the rice met the Se-enriched rice standard specified in
the GB/T 22499—2008 Selenium-enriched rice. The selenium speciation of 50 batches of Hainan Se-enriched rice

were randomly analyzed. The selenium speciation detected were mainly selenomethionine, and selenocystine was

detected in a small amount of rice. The content of selenomethionine (calculated as Se) ranged from 0.0024 to 0.0255

mg/kg, accounting for 1.7% to 51.4% of the total selenium content. Conclusion The rice in Hainan Province has a

certain selenium content basis, and some of the rice has a high content of selenomethionine, which can be developed

into high-quality Se-enriched rice.

KEY WORDS: rice; inductively coupled plasma tandem mass spectrometry; total selenium; selenium speciation;
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AR AR LT R TR 2 —, HASEM . 5
i PiREEFZREYEEREN . AN IRBE 2 5] & oK
TG Sl . ORGSR 4 FE AT TG b X 7
5 70%LA_EPY Tk EE R RS A AT R o 1k B A IR
WA A B (40 ng/d) . BERE AR T L
AT, VR AR AN E 2R R IOKREA LB,
NI AT S 3 I8 S g vell | A 2 NP D)
TR I 5 BTG (14 355 4 15 2y E R f A7 R 25 4 G HKOT,
fifi 1C % & & (selenomethionine, SeMet) . fifi 14 bt & A&
(selenocystine, SeCys2) . H Z - i £X 2} ik & BR (methyl-
selenocysteine, MeSeCys)55 A= #1145 HLAM B 25 5w A
PR ™,y B HL 22 S I B R AR [Se(IV)] i AR AR
[Se(VDIE LB R R, wb il g & AMAh &Y i A
F Y 9454 km?®, 54 B R ARG 27%U10), AR
P a2 EwTA, WP E R B AT T
T RSV 2 A AR T [, R R R AR
WK AR B BERP R IR, R X VA R b DX R ARG 5
LA DL/ 2R G4 i AT 4iGE .

H RN & B A vk R E R GRS
FAR T ¥ (inductively coupled plasma-mass spectrometry,
ICP-MS), FHARAER, 207k BA PR | s R
iR 27 (B NEG B [ A S (e b VR T D O oY
i YSe A FHR, T R AAR Y T Se /R AR 5
A, SRR S AR S S e R R R
i (inductively coupled plasma-tandem mass spectrometry,
ICP-MS/MS) H. 25 P PURAT i il S A%, AHAL T ICP-MS,
AR NRE(O, BT, WiTTE B Ane Il 50T i
0Se B, *0Se°0", MR 2 R TR mE T,
SR e 5, TR INZS S S o . SR [RIAER
YR AH {8 3% 4% K (high performance liquid chromatography,
HPLC)5 ICP-MS/MS #1456, 1E O, A EANIE 25K
25 SR SR . HU S RGE T o SRS £ S5 s A

il

RIS RA, 78 O, BT, WAMTHMRZ T 5 TR
P i B X AL A RG2S ) ke T 45
(S ICP-MS/MS, £ O, #XF, # T Kas P ifioc
BRI S AR R R, AR R AR I ROK Y
G 5 e AR TR S O HGE 50 o it 3l 3 F 4R A4 58 ICP-MS,
AHFFE R ICP-MS/MS \HPLC-ICP-MS/MS, 7E O, 8T,
G IS 301 v i e, DX DR K RS £ e AR A B i, DA
HAARAHI B BT T-HeJ5 S IRE i A 25 R o (RIS T figp Vg i
DX ROK IR 50, Sy 4l w5 V6 e L DX ROK (1 B (A 3
S, IARREIEMEWIAOK . 18R SR E RN,
PR & W IOK T S S R L H 205 L.

1 MR5RE

1.1 MR5iRF

Y P b DX RO S AR 7 B T 4% T EL B OK 228 it
w, Hhay o ditik. =5 124k, B 14 itk B
14 k. A& 17 Hevk . 2L 14 R RO 17 #ik.
F 143t SRZR 10 HEik L I 9 HEik L Bk 14 4tk . B
W14, BUP 0. S 10tk T E 14 4k
T 1241k, SCE 144k, FAg1 10 k.

il BA.JC 2% b 1 15 T (GSB04-1720-2004, 1000 pg/mL,
FE R A 58w S H 5 BB o), SeCys, bR
Y 5i(GBW 10087, 44.2 ng/g+1.0 ng/g, VA Se i1). MeSeCys
T BATHEY) T (GBW 10088, 34.8 pg/g+1.0 pg/g, UL Seif).
Se(IV)IFRFRIEY) T [GBW 10032, 42.9 ng/g+0.9 pg/g, LA Se
1], SeMet FHRFRIEY) FI(GBW 10034, 39.4 ng/eg1.0 ng/g, LA
Se ). Se(VIVARAMEYIFIGBW 10033, 41.5 png/g+ 1.3 pg/g,
PL Se 11 1CH TR F S BE); 1 R ROK bR o A
[GBW10045(GSB-23), 0.053 mg/kg+0.014 mg/kg, H[E
JoT Rk 2 B Bk B b R AL 2E B SR E SR T ] BE R S E
(8216 Ulg, iR AEMEHEARAF), MR LL).
K (AL (TR Merck A w]); =8k FH REZ 5L Le R IR
8 [Tris-HCL, ZEEE 99%, Bk ib(h B b2 RAF
FEEEIR (S Hr i, PaBERLE M A BRA W), L3 KN
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Milli-Q #4liK .
12 UFE5EE

1260 FUERGRA %A . 8900 B H JEHE & 45 B 1A
FRIDCTE X (3E [ Agilent 23 F]); MARS BUfE  {X (35 [
KA F]); XS204 B F 4341 KOF- (B h 0.0001 g, Bt
MEER)-FEH] 23 w)); HM100 % 7T B AL (Jb 50A% B S
I ERE A PR F); SHZ-C R R IIR 35 K ¥ (E R BRAY
PR BR D), Centrifuge 5804R T i i 85 oL (1 3
AN ] ); SK7200B A I T R (RS A s
Hamilton PRP-X100 #£[4.6 mm x 150 mm, 5 um, M4 3E1H(F
) SR A BRA H D
1.3 XWFE
13.1 XKAkwTaE

A3 A IR FM N R 5], AR A P& F .

BTN 208 GB 5009.268—2016 ik Zc 4
FArifE AP ZICRIINE ) 55— IR A 24 0.5 oK
% 0.001 g) FHRUMIEMATED, A 8 mL MR, MM
B 1 h 5 B T AR v R A 25 TR T T R (T
BFWE D, HEERE, Hbakehkmes, AR
HLHUAR N, 100 °C T m#k 30 min, FI/KELAZE 25 mL, 1R
JE R

Fz1 WUEEHRRER

Table 1 Program of microwave digestion

e TR /°C T il B 1] Sl
/min /min
1 ZE~120 5 5
2 120~150 5 5
3 150~180 5 10

W AR BT 1 S I S 2 ik, A sk
HEFIFREL 2 g FKFORE I 2 0.001 g) T 15 mL .04, fin
ABE#HE N E 20 mg, A 10 mL 75 mmol/L Tris-HCI #
BUR, WAAEEAT 1 min, #7530 minJ5, T 37 °C/KIBIRY 4 h,
B S 10000 r/min FESL 3 min, BIFWGE 0.22 pm K E
WL, U8R RN Ry R
132 MEI/ELMH

ICP-MS/MS: HF#izh=: 1550 W; FHIGER: Hf%;
TAESR: Ar; Z0SH: 1.09 L/min; #MES35#: 0 L/min;
BRI 0.90 L/min; SRAEREE: 10.0 mm; RIS Oy
O, Jiid: 30%; $REBUGESE 1: 0 V; RBGERS 2: 250 V; R4
it Q1—Q2: 80—96; BUNMIIE]: 0.3 5.

HPLC: #4341 Hamilton PRP-X100 #1(4.6 mmx150 mm,
5 um); HshH: 5 mmol/L AFIERRIA, pH=5.0(Z /K pH);
TRE: | mL/min; SRR 50 pL, SEREVEIR
133 Esalz

SV A E K B RS AR B A ST

RERIR T AN, DA I NbRHERI T, FIF O, SOmiEst, Tl
RE ROK H RIG B o

PTEAS S HIRBERERA A %4 1ICP-MS/MS FI
HPLC, 878 32 BOR 51 A & A0R A a5, 4080
SeCys,. MeSeCys. SeMet. Se(IV). Se(VI), LIk K HHxR
WYL, R Oy MR, FH W G 55 B8 I SR I BT
G S TS I &

1.4 HIEAIE

FEAFORAE AN 3 KA T5E56, A Origin 2021 3k {4
1 Excel 2013 ZE47 504k /AT AL BE

2 HER5H5H

2.1 AESHER AR

T 37 2% A G 0 % e P dse A L3 B A v i TR o7
%, Se A 6 FhlAIfNIZ, 20914 ¥Se. ¥Se. 7Se. ""Se. Se.
MSe, % H ARSI HIH 8.73%., 49.61%., 23.77%. 7.63%.
9.37%. 0.89%'". MI%T He HixX, Mibtto THkHEFE
B TSe, O, BEH RE B AT I PR . SR TR T R
Foe R YSe MR BT, Wi AT v B R B R Y
$0Se VR MARIN I 2 . AN ST LA G 2 A0 e BT Ry o AR A,
WG 2R ST R RN AS S A LU AsAR, i He
A O, B BRRAE LR, P T R PG R L K
HBR . 10 pg/L ARUEZR R AY cps (B AR ST F R s Aok Y
FrDUE, 255038 2. O, =0T, 10 pg/L Rl T g4k
SR M 3607, J& He BExUH 31522, H O, B K i FRAE
iK% 0.00434 mg/kg, BHRAET He Bz, FRfsFEBIR FOKIW
FrPE(E A 0.053 mg/kg, FFPE(E XY 0.039~0.067 mg/kg,
M2 2 Al%1, ICP-MS/MS 7£ O, BixCIAT B4 A 1
ICP-MS 7€ He £ 1MR, BHEEFFE(E, LiRgs LR,
ICP-MS/MS 7 O, #3XF, KRR 4F M i BR X *°Se Y )5 i
T, HAGIGE R R, . X5 E gl
MR AR —3 .
22 BEMRAKAESEFER

ARG X WSS B 228 VR T s X KO AT T A
HAGI, MAFAE S = e i35 0.8310 mg/kg, 5 &Y
{8 24(0.0484+0.0728) mg/kg, 5T CHEN 21N 75 iy 3¢
] 3 3 R TG 2 S 4448.(0.025+0.011) mg/kg, HFE
VL, . KOy WO K. T, SCES AT
B, YWERFE 0.05 mg/kg VL o TR A Db HE X KK AR
T TR X, X AT A8 A pY A b H X A S A
AT R TR XA PO, A R KR AT AR SEAR
WM A M2 PR R £ | AR R SR ATV PSS, Wl
SMAE-RSINIE IR R G, KNS S5EAT . ZRENE
B, R A TR R $E I GB/T 224992008
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Table 2 Effects of different analytical modes on selenium detection results
e SRl KR ¥ R 10 pg/L FRUEE NI 50 KOK B A Ul
LRI . -

Vakilx 52 R LT H(r) /(mg/kg) T #/cps FE{H/(mg/kg)

HAT He REAH 8Se Y=0.0009116X+0.00040040 1.000 0.01750 1100 0.063
K (He BE5X) ' ' ’ ' ’

I Oz%ﬁ&fi 805 Y=0.0007337X+0.00004719 1.000 0.00434 3607 0.054

(0, #5X)

T BRI R ORI AR 0.053 mg/kg,

CEmFELR ) BER, JORAE & EikF] 0.04~0.30 mg/kg #
FE SO E KK . FHEE 3 AT, 228 LI RS H X AKAT
TR B R RO BSR4 95 b, 205 B 42%, i
BLL 5T SCE L BUE . AR5 SRR AT B R A OK |5 L
ik 64%LA -, HULTTAI, FHBA KK HAT TF 5 o B A RO i) i
Rl 2%t o I PEHER ORI % & KT 0.30 mg/kg, R H
BK AT, i 40 0.8310 mg/kg . 0.6460 mg/ke,
UL UR ST, FITF R Y Al 4 R A, dRY
b R RO FRR TR SR S P S A b, Rk S B oG
T T SR — R A R XU -

SeCys,. MeSeCys, SeMet, Se(IV). Se(VDZEZEH N
LI 5PN, BT W] SeCys, . SeMet 254 HLAMG Al 4k
SEREA B K 512 2 XK, T Se(VI) . Se(IV) 55 LA

FEPEAEE M 0.039~0.067 mg/kg.

A SERE AT B A S A f i 12 22 A DA A KK
FRBEHLPERE S0 HERE AL PETT 5 FIRTE 254600 . 22 4 AT A1, 50
HEE W AOKIIAR K H MeSeCys. Se(IV). Se(VD)EF 3 il
TE7S, 45 HE BTG AOKAG H SeMet, 2 HE B Al KK A H /0 (1
SeCys,, KIHIKPAIEIES FEA SeMet, BH D&M
SeCys,, SHASCRES | BRMERAES . ZHAO ZP95E Kok
TPHRTE A A FARTE . A WFR R L HUARRS 4 TR
FFGZ (PR BN T TOHUG . JOR PSR & B 25 AN
ISR A K IR S R Al SR AR S 5, i LAl
BIERA I HLRIREY, 5 HEEMAK AR SeMet,
XEEA AR SeMet 5 HLEAN & 5 ¢ R AT IE LA,
WE 1 PR, PWESEE I RE r R 0.0642, T
TRk RN & B T SeMet & R EMIE KRR

#x3 BEESHEXKEESE
Table 3 Selenium content of rice in Hainan cities and counties
0.04 mg/kg< LT i
U = . o [EIEER e N
FEASL SR Bk B E<0.04 mgkg <03 mg/kg s AP S
i H "N v A >0.3 mg/kg [
/] /(mg/kg) /(mg/kg) HIRE A 250/ 6] B A K i t/%
FEA B

S84 9 0.0154+0.0079 0.0334 9 0 0 0

Pr= 12 0.0235+0.0090 0.0355 12 0 0 0

¥R 14 0.0702+0.0468 0.1430 4 10 0 71

B 14 0.0077+0.0126 0.0291 14 0 0 0

fs 17 0.0379+0.0158 0.0852 12 5 0 29

TE A 14 0.0500+0.0328 0.1530 6 8 0 57

K7 17 0.0598+0.0226 0.1160 4 13 0 76

i 14 0.0730+0.0606 0.1810 6 8 0 57

SRR 10 0.0256+0.0219 0.0782 8 2 0 20

I = 9 0.0394+0.0229 0.0744 6 3 0 33

Fi 7k 14 0.0844+0.2150 0.8310 10 3 1 21

Bitifg 14 0.0465+0.0143 0.0786 5 9 0 64

Birp 10 0.0284+0.0145 0.0600 8 2 0 20

=i 10 0.0447£0.0202 0.0777 5 5 0 50

GUy=] 14 0.0335+0.0177 0.0640 8 6 0 43

Vilen 12 0.12000.1690 0.6460 2 9 1 75

XE 14 0.0514+0.0157 0.0768 4 10 0 71
HA5L 10 0.0341+0.0085 0.0479 8 2 0 20

Mt 228 0.0484+0.0728 0.8310 131 95 2 42
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Table 4 Total selenium and selenium form content in 50 batches of rice (n=3)

B R ST/ AR Em 2 SeMet(UA Se i) MAXHARHENR2ZE  SeCyso(Bh Se ) AAXFHRUENw 22 SeMet

(mg/kg) /% /(mg/kg) /% /(mg/kg) /% /%

KK 1 0.181 13 0.0109 8.1 ND / 6.0
Kok 2 0.070 25 0.0113 7.3 ND / 16.2
KK 3 0.051 3.2 0.0077 9.4 ND / 15.1
KK 4 0.072 2.7 0.0228 42 ND / 31.7
KK 5 0.064 4.6 0.0147 43 ND / 23.0
KK 6 0.046 3.4 0.0034 9.8 ND / 7.4
KK 7 0.045 1.6 0.0049 10.2 ND / 10.9
KK 8 0.060 2.4 0.0129 6.2 ND / 21.4
KK 9 0.074 3.6 ND / ND / 0

Kk 10 0.062 42 0.0114 5.4 ND / 18.4
KK 11 0.066 5.7 0.0151 3.2 ND / 22.8
KK 12 0.063 3.7 0.0247 2.4 ND / 39.1
KK 13 0.143 6.8 0.0024 7.6 ND / 1.7
Kk 14 0.044 75 ND / ND / 0

KA 15 0.137 23 0.0125 5.5 ND / 9.1
KK 16 0.079 1.1 0.0150 43 ND / 19.0
KK 17 0.056 5.7 0.0058 3.6 ND / 10.4
KoK 18 0.058 6.3 ND / ND / 0

KA 19 0.040 3.6 0.0053 5.7 ND / 13.1
KK 20 0.041 3.1 0.0041 3.3 ND / 10.1
Kok 21 0.085 5.8 0.0193 4.0 ND / 22.7
Kok 22 0.058 4.6 0.0146 3.1 ND / 25.1
Kk 23 0.067 8.6 ND / 0.0020 7.0 0

KK 24 0.078 3.4 0.0126 3.5 ND / 16.2
KK 25 0.052 2.7 ND / ND / 0

KK 26 0.067 6.7 0.0113 1.5 0.0021 7.4 17.0
KK 27 0.065 3.4 0.0154 3.6 ND / 23.6
Kok 28 0.101 0.8 0.0149 42 ND / 14.8
K 29 0.051 2.9 0.0109 5.8 ND / 21.5
KK 30 0.056 2.6 0.0067 6.4 ND / 11.9
KK 31 0.053 3.3 0.0056 3.9 ND / 10.6
KK 32 0.083 1.5 0.0061 3.7 ND / 7.4
KoK 33 0.061 1.2 0.0075 7.8 ND / 12.4
KK 34 0.053 3.7 0.0029 9.6 ND / 5.5
KK 35 0.109 22 0.0179 5.6 ND / 16.5
KK 36 0.094 7.1 0.0029 8.7 ND / 3.0
Kok 37 0.077 6.4 0.0110 5.4 ND / 143
KK 38 0.054 3.9 0.0065 8.6 ND / 11.9
K 39 0.070 42 0.0163 4.1 ND / 23.2
KK 40 0.153 2.7 0.0179 5.8 ND / 11.7
Kok 41 0.137 3.0 0.0084 6.2 ND / 6.2
KK 42 0.044 1.7 0.0210 2.4 ND / 477
KoK 43 0.065 8.5 0.0255 3.6 ND / 39.4
Kok 44 0.043 6.9 0.0133 3.4 ND / 313
KK 45 0.041 7.2 0.0213 2.5 ND / 51.4
KK 46 0.050 3.4 0.0193 6.6 ND / 38.7
KK 47 0.054 2.8 0.0223 2.8 ND / 416
Kok 48 0.057 4.1 0.0226 45 ND / 39.6
KK 49 0.049 1.6 0.0081 8.3 ND / 16.3
KK 50 0.066 3.8 0.0034 7.7 ND / 5.2

2 ND A A i, MeSeCys. Se(IV). Se(VI) 3 FififE A5 S AA i, /4 A AT I HUIL -
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Fig.1 Linear fit of the content of total selenium and SeMet in rice

A AL AR LTI BE AN, A s AR R
JE RIS ER) . A FSEGE SeMet 1 HL AT AR 4 v B
75 5 Bl AR OR Y, B KR At SeMet(LA Se 1)
SEVEE N 0.0024~0.0255 mg/kg, S EE A LIE
FR 1.7%~51.4%, 15 taHe S ORI A5 22 B RP 3R 2 HEVR & il
KA UG &5 L2330 5.81%  22.05%, Fhak RO 4511 7
T BH & B KK SeMet (5 AT EL 154 5.38%~17.08%, TiH
ZRPTRUAS TG | W S R A AOK R SeMet i AT 7
B 60%LA I, NI HL X A & Al KoK SeMet 2t (BT
HI B A HE, F G Sk SeMet & (5
K 30%LL F, T HAER Ay, R A SR S A R
SRETE S

3 WHit5%ER

5 1CP-MS A, ICP-MS/MS TERli /52 I3 it By g n 1
—ANFA DU R R A b A, PN S R B, DS
Ve B bR R AR RN, A R AR, H bR
Yy LLNE Py s I AR B, BRI T 2R TR
T WA C R R LR AT AT, B 2012
A — AR ICP-MS/MS A LIk P P Hof v T
ICP-MS JGik se IR AT IR, 32 1% FH TR 4500 L 36
B S0 r Aok, B [ N A
BEAR TR, Sk S0 o A b G £ 5 R O 35 AR E OO R,
ICP-MS/MS # Ak 22 # i T & & h oo R A Hr AR oo
RIS ORI B R DR A ICP-MS
RN RETH BR T RCR AT IR 1 oo K & 5 B/ b 2= 3
A TR 55 B SR B4 B3 T4, SR T £ R v E TG
WPEET R IR AERPED . AR5 ICP-MS/MS i,
e SRR IR B ARG 5 B 0 %S e 5 Ak MSe 0, TRk
TXE RN ER *Se RYFRIETHE, M TH M ICP-MS,
FERSIN FOK T 1 F IR AR ARAS T S AIR A A He R RN B 1= 1Y

TR

FIF ICP-MS/MS Jrik, XTUREER) 228 HETERIHLIX K
KRIEAT S R, S5 ERARE, VR AR AU X JOR AN
W TR HLIX, ATEES O Y A AT KR
Tl 25 5 ¥ 47(0.0484+0.0728) mg/kg, Kb TFHrMEME M &
TG KA S5 ST L, A 42% B9 ROKAM 75 0k 2 E il Ak 7K
T, 2R B g b X ROK BT I A ROR T s 1 A o
fitle BV 77 SCESET R EWIOK G ik 64%LL 1
ML, RS, AT BTN ORI AR 3] 5 il koK
-, FTRE A -3 P I 2 22 5 DA SO TR A ROK b R 1
W 45 R BOR A A P, TN — 2 2 1A 1 ) DA [ it i
FOK TG & 4 RBOE O, R 2 Hh R4 53 1Y 8 Al AOK
it =

WEER A JE 235 | R AHCEENG, [RIFEAN 48 A 5 AT 5
Hih . o IR U B A T A2 R R AR R
400 pg/d, $HEA BB AR FE P R it BN T
FEAE—E AR, GB/T 22499—2008 Xif & il Kok A il
i AT AR B, SRR A AOK T AN
#AxL 0.3 mg/kgo ASWFFE ARG 228 LAk HA 2 HEACK
R PR IR, A A A A T R
ROKAR 5 3 B BR R wl e K E N E
PR HE A ol 2, PR AT i — A S 224 b R B 4 T KORlG /
JE R R EAR T ST, T 224 b JRORFG  £2 oF J R fgkt i 1Y)
DRI 7K o ) Bt Ly R A A DA G 2k S o i %) A0 2%,
AT A S A AOK T R B R S, Tl e (R AR {1t
A TR
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