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Abstract

China is one of the most serious selenium deficient countries in the world, and about 700 million
people are in the state of selenium deficiency. Therefore, the research and application of exoge-
nous selenium technology to improve the selenium content of agricultural products, especially the
main grain, is particularly important for non-selenium rich areas. The determination of selenium
content in agricultural products is an important link in the research and development of selenium
rich technology. At present, hydride generation atomic fluorescence spectrometry (HG-AFS) is the
preferred detection method in China (GB 5009.93-2017). In this study, the effects of three wet di-
gestion methods (A, B, C) widely used in atomic fluorescence spectrometry (AFS) on the detection
results of selenium content in rice were analyzed and discussed. The results showed that: 1) The
coefficient of variation (CV) of rice selenium content detected by Atomic Fluorescence Spectrome-
try with different wet digestion methods was the smallest, indicating that the method was stable
on the whole. 2) Taking the total average value of selenium content of rice by three wet digestion
methods as reference, we preliminarily believe that the process of “nitric acid + perchloric acid sys-
tem, 80°C (60min)-heating to 100°C (60 min)-heating to 130°C (60 min), and 190°C acid driving
temperature” (treatment C) has high accuracy. 3) There were significant differences (P < 0.05, the
same below) or very significant (P < 0.01, the same below) between the three wet digestion meth-
ods in the same testing institution, which indicated that different wet digestion methods had an
important impact on the detection results of atomic fluorescence spectrometry. 4) For the same
wet digestion method, there are significant differences in the test results of three testing institu-
tions, which indicate that the accuracy of selenium detection is affected by some operation details
besides the influencing factors of wet digestion method. In addition to the possible differences of
detection equipment, the more important thing is the accuracy of operation. This situation should
be highly valued by the testing industry. It is suggested that the operation process should be fur-
ther refined in the preparation (Revision) of testing standards.
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HEEHR LRMRCENERZ —, ATLANLGEMRE RS RRE. EHit, HF5A R HSNEAMES AR,

REATEAERERIMASE, NEEMBXNE BB UARE. KEAWEENNE L EWME AT
REBERT, HRIREDEWAY - EFRIAEEFNE ERW T 5(GB5009.93-2017), KRFAUE
TR AT, AT TR FRIEEEEF ENANZMEREMBRAEA. B XN SE
MM RAEH. HARE: 1) BEFRIOGEERARRBEERTERNNBAASENTRRE
(CV), ZHEBRICVEEER/D, Bk B Z A BRRE R ERE. 2) D= NEE T R & &
B FI1H0.926 mg/kgAZ R, BRATWIBINA, U “HHR + HRRRA. 80°C (60 min)-FiEZE100°C
(60 min)-FEZE130°C (60 min)EBEFHERE. 190°CHREE” (fHEC), EAEREIHERLE. 3) B
— KRNI =FE v TH AR BRI 45 RAEE B3 (P < 0.05, TR)BMKEEZER(P<0.01, TRH),

VLA B B T VER R PRI EEE RN A R B A EEY M. 4) F—MSE BT A=A
VAR S R FAEREEER, MR RERER TEPIEBE TR E RS, SRR
ERH R EREMN, BT TRAERRNREERN,, EEENLSEERRBEREGR, X—BHM5
AT R B, B ITERIIAR R (18) & RO — P 4L B E AR .
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1. 5|15

ST 1973 R E M AB L FRIFE TR, BARGNERZ . PR S HRE SR
N fEE . W BIHUAIR A F B AL T RE[2)-[17]. K&K T 0.1 mg/ke &S EY4E S
NARTR R Z [ NE, KB ST 1 me/kg FIEPN AT BE 2 SRS BE[2]. MR E S IR BT e
B IR R T, TR R 7 X @ TS b X, {55 AR W AR A 2 LA 2 A A4 IR IE 75 218 ]
PRI, T AESR A HUIN K 18 A ™ S BT R DD . AR A 2018 4F 4 H 1 H SEft g e N R SEAT [ TLAEAT
PRt WS/578.3-2017 (HEJERETERRZSHERAES 3 Hr: MEILR) , RAHWNEFRBAERN
400 pg/d > p > 60 pg/d. L, BHFFE[19ILIEEMEE. HEEQEM MMM & EREERR, 2T
“ECOTAMIE” M EERS S, W T RS S EE A M E N, SRR T E R
an AR S R 58], ARFEAM IRt T BB S %

I e T BRI AL A6 T 20 T2 90 44X, H i3 E & f il & Bl e 32 2R A GB5009.93-2017 (B &
A K ARUE - &SI E AR, ZARAE LAY - R T IREIERENEE —E PO EEE R
B E B A S B PR AICP-MS) N =ik, HTEMY - IR PO EwE, HRE
B, BN AR s ) B e . S - SRR IR I S A SR VR A, B SR b
FH ARSI AR HEAE AR R UG S S B AR IR AR Vi . WA R, ESEPrAG il T o S A8 MM LR R
FWRIETE R AR BORZE R, IXFh 2 7 o] R s e BRI 25 5, (H H §i ok WA G i dikiE . A
WHFL B FE SR R = AT R 715, B2 A ML X [R]— & PR KA b (R BT R AT A, et
K2 R FEAT G307, CASSIEAS RV AR 7 V2250 FEK B A Al & A I &5 SR R, Ol ' A A= it
ARHFF R 55 26 7= I FH B TS DUl 25 B L R 2 A 4

2. B EF*E
2.1. RIEH
PR 2019 FRERIAEBIA A P2 B RORRK), IR 2 AR RHE R A TR 54 A 7

fefit.

KA : =AU Z 5B, 2058 11 AR 12 A% 13 26

Wi R XA AP IR S 0, RERHRIIEAR IR 5 E 5 A PT, B Bl
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2.2. R

KH GB5009.93-2017 EAb) - I 2566 i, Wit =FiRiEiE b B 7 5, 0 A: TR & “ 1
FR+XUEIK Y, THRTFHERER: 110°C (150 min)FHEZE 160°C (120 min), EFERIEE: 160°C; 4bHE B: Fr
IR &R “HRe+m SR, MM THEAEFE: 100°C (90 min)-THEZ 120°C (60 min), #EIEE: 160°C; it
C: TR AR “WMR+m &R, WATHEREF: 80°C (60 min)-FHiE % 100°C (60 min)-FHiE % 130°C (60
min), AEERIEE: 190°C. DAHUEHE &S B 7 A ICP-MS) A & (4 HE D). REAE GB5009.93-2017 &
) - JE 5 T R (R T Ak B b A R, (RAE S B R A R U R A A —SE 1
Bk, R AAR G o R4 — B A R F AL

2.3. ¥IRALE

A5G B K A Excel 2003 HEAT B B3 A7 2 04, K H Excel 1) TDIST pR £t 47 £ H LLE(LSD),
K HAE 5 RZBU(CV) 7 Bkl 77 2 i e e 1
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3. ZERE S
3.1. EMBHRENERE S

FHZE 1 RTAN, S AL SR B AN RIS 7 v A3 A KA & &, AEARPRHEZETE 0.012~0.062, HAT—
P R ST 5 45 BRI 4 0t 224 5 HOP I B0 AR A 3.4%~15.6%, T /7 55 55 1t 2 4t T 3RS 19 20k ST )
TE &5 K 40 A AN AT M 20% 0 F sk, iR B S R, KgAK

Table 1. Test results and validity analysis table of selenium content in rice (mg/kg)

1. KIS BRNERS ARSI R(my/ke)

KL AT KRR KFE-2 KHE-3 KFf-4 KHE-5 PR bRiEE ROKNEM: THE(%)

A 0.825 0.803 0.895 0.841 0.918 0.856 0.048 13.43
B 0.891 0.922 0.915 0.914 0.918 0.912 0.012 3.40
J1 AF]
C 0.871 0.943 0.928 1.015 0.944 0.940 0.051 1532
D 1.080 1.190 1.090 1.020 1.070 1.090 0.062 15.60
A 0.986 1.004 1.025 0.991 1.001 1.001 0.015 3.89
B 0.950 0.945 1.029 0.999 0.968 0.978 0.035 8.59
12 AFE]
C 0.894 0.911 0.862 0.896 0.888 0.890 0.018 5.50
D 1.028 1.111 1.118 1.057 1.082 1.079 0.038 8.34
A 0.801 0.876 0.851 0.908 0915 0.870 0.046 13.10
B 0.923 0.932 0.987 0.943 0.951 0.947 0.024 6.76
I3 A
c 0.930 0.904 0.947 0.957 0.959 0.930 0.023 5.86
D - - - -

3.2. FEEMHREAE S

HHE% 2. 38 34 7 4 0I5, = SR IIATLAS BAS U 45 SRAEAS [R) AL BE [A] I A7 A0 AR 0 35 22 5 (P < 0.01, R [A).
ZHEIEER, J1 AFAE D (ICP-MS J7E) A& s, e s TH e, 42 B C Bk
EHE T A, HB. CHEREZER. 12 AFAE D (ICP-MS k)Ml & &fm, WeEmTHek
., WP A BEEHTBEB P <005 FHE). WEFHETAHEC, A BWEFHET C A, 13 AF
AbEE B TS R, RS T A, (BS54 C REREES; o CREER T A.

Table 2. Analysis of variance of test results of rice selenium content by J1 company

2 RS E N ARKRMNERFESHR

A S R Y5 Ss v MS F
ZH[A] 0.150 3 0.050 25.0"
HH 0.036 16 0.002

)} 0.185 19

H: TRRTTESNIEN R E TP <0.01), RRITEMHEREAKT(P<0.05), TR,
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Table 3. Variance analysis of test results of rice selenium content J2 company

3. RIS E 2 ARKRNERFESTR

AR 5 A SsS v MS F
4] 0.091 3 0.030 37.7"
HA 0.013 16 0.001

h) 0.104 19

Table 4. Variance analysis of test results of rice selenium content J3 company

T4 FBARIMSE I3 ARKRMNERFESR

A S Y5 SsS v MS F
#H[a] 0.018 2 0.009 9.0"
HH 0.013 12 0.001

)} 0.031 14

3.3. RT3 BRI BRI

KRBT/ TTE A QB A), ANFER DS IR & B EREE Z 7GR S), Hf: 24
" >I3aF >J1 AT, R ATKIMEREZE ST 11 AT I3 AT, I AFM I3 AFZAZERANE
. RARIEHEFATTE B, AERNENS KN S EAEREZRG 6), Hi: 1247 > B34
A >01 A, HMEZELE P = 0.01 /K EXE S EE S WIREMm % C, AR 1FE
KNS EAAEREZRGET), Hd: I1AF >3 A7 > 1245, J1AFM I3 o al i s T
2 A, I AFR I3 AR Z A ERARE . RA ICP-MS 773, AR IIH LR A5 1) RE KA 7 & (7]
o3 2 (R 8), PRGN & R T e A IR IE I R 72 AL By C 205l 19.27%, 14.68%-
17.47%, HiB ICP-MS Jrik Mk iigt Sl . Rk, 76 5 W0 S BRI R BRI T4, DURHET
PEICIEVEEAT

Table 5. Variance Analysis of rice selenium content in wet digestion method A

5. WIKIHMEE A KR ERENR

AR 5 A Ss v MS F
(8] 0.064 2 0.032 20.338"
HA 0.019 12 0.002

)<} 0.083 14

Table 6. Variance Analysis of rice selenium content in wet digestion method B

6. IIKIHMETE B IR S BHEN TR

AR 5 A Ss v MS F
4[] 0.011 2 0.005 5"
HA 0.008 12 0.001

)<} 0.019 14
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Table 7. Variance Analysis of rice selenium content in wet digestion method C

7. RIKIEMRAE C RIS BHENTER

A S R Y5 SS v MS F
e ) 0.008 2 0.004 4
HH 0.014 12 0.001

B 0.022 14

Table 8. Variance analysis of selenium content in rice by ICP-MS

5 8. ICP-MS AT RM S ERENITE

8 S RS SS v MS F
41 ] 0.0003 1 0.0003 0.115
HA 0.021 8 0.003

hs) 0.021 9

A. By C =Rk iR 5V M FEK I & & 43 55 0.909 mg/kg. 0.946 mg/kg. 0.923 mg/kg, &P
{54 0.926 mg/kg. T iR =5k hse Bt sh & 72, iR CLESFIME 0.926 mg/kg (f5H A
BAR, TALEE C (1 PIME S 2 SEAH R sdn i, otk T DAY IR M7 C (R &5 3 T B2l
HAh.

3.4. BiNAENREE S

JEF 266 EE R F AN IRV T A7 V2 D R R KA 25 B AR 5 RAL(CV),  WIE —EREJE b S ks
WMF7vE R M, R0 T AL X SR 7 i I AR BORE M4 I F2 RS . F 3R 9 W N, ALBE B (1 CV
SRR, R LU R R C ARERR) CV ER, 12 AR 13 AFEA—E, H 1
AFRE CV EMA R e, BLEA J1 A RZEAE N Z VAR A AERA RIS L A b3 CV E 12 A
RN, T I AFIFE I3 AR EEAR S HBOR, WMERE ZITVER 12 2 mlEiR 1 SRS HE .

Table 9. Variation coefficient of selenium content in rice samples

R, MAHEAMEELTRARNNER

AbF A B C Py
JLAR 5.65 1.33 5.46 415
2 AR 1.51 3.62 2.01 2.38
I3 A 534 2.60 2.44 3.46

5 4.17 2.52 3.30 3.33

4. it 548

15 H B G AR R, SRR 2 0T [ 50 R bR v, (E 7 JBL 59 06 6 vk P v
IRV AEAE— B HIZE 0], WARRTTE T Ay By C =Rl AR 7 140 T3k 18 R E R LA 2 252
Fiik. ABEREW, AR A R — R s iR 7 5 R o s A B 2R,
e 02 ARCEE Ay B RS B, TiAE C HIEEA%: J1 AR AL B 7 k& Bl
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W A%, MALEE C ik I3 AR SRR VA S R EHT S E S . BIXMERERR, BT
A REAFAE AR B & 22 4k, SE R S EMIRE NGOG AT DRI SRR AR s Uk, R RR
TEHLARRBEET T T, X [F]—HE= 5% 4 FAG NI 2 AT A, ARG KAN & 2 400 2 4R
K(F 10)o 2 10 R “HUAG 47 R MR 20 60E, HREH g 7725 4056 AL C 7772
AR, (A BHE B ARG AL FE C K 73%; 10K ICP-MS J59%: i = SAG MM LR 0 R KAl 45 SR (1R — M
i), AU 17 BRI R 27%, LA 27 F NI 37 il ECARERAK 27% 19%, IX PP TR
SN S AN, B, R AR, PR R RO E

Table 10. Test results of selenium content in Rice by four testing institutions

= 10. TN FER IS EREUER

fili % & (mg/kg)
e MHLAG I 7792 - ARG ST B 7 1P HME £+ %
K-1 *-2 k-3
LI 1 ICP-MS 14 1.39 1.34 1.38 27
HLKE 2 ICP-MS 0.736 0.826 0.802 0.79 -27
LA 3 ICP-MS 0.89 0.87 0.88 0.88 -19
HLK 4 JR ¥ 0.25 0.245 0.245 0.25 -73

T =P AR T VAR IR AR B s A B AT, AT, R “REIR + mAR” IRAR.
80°C (60 min)-FHiEZ 100°C (60 min)-THEZE 130°C (60 min)iH fETHEFRFE . 190°CHERIEE, BB
R
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