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SR PR I A T A 38 7 v, P P B 5 56 B R R SR i 00 o i o Y R o L et 3 B 589.592,588.995 nm
2 ARG NIRRT [ (8 A5 RS AL T AN [ A ek X T | 398 RN [) 5 B 194 96 it 5 DX B DR 3 X ARG 235 SR
FTor ARSI A SR & A5 B AR BT 1 X e A 4 R A T T IR E . LeXd . Z55R - 589.592 nm WEJBLF, T
P/, AP H JER A 5 1 A R S T 0 R ot 35 SR A2 A VAR P L R TR R S A, A W P A v B /N
F 0.5 mg/L SN 5.0~10.0 mg/L i, A7 SBA IS AR ZETT K 11.9%, 4SS4SR0 5E 1.0~5.0 mg/L
e E B B AL MEYE I . RRRR T AR AR . BRI AR, bR LR A R 113.8%~117.1%F1
115.1%~120.0%, 13 o 2 i 5256 5, RAT 4 mg/L (BRSO AR, B85 . B 2R B b el e 32 43 51 Sy
98.5%~104.8% . 102.1%~104.3% . IV JH W3 8RS & 55 85 K B2 3 i A7 Jr ¥R e, A i [ e % oy
97.6%~104.2%, FAXIHREN 2= (relative standard deviation, RSD) N 0.984%~1.47%, &€  AWF5FE T HEM
JH LG B 55 B AR G 0 5 B TR AR DGR A, A TERR I E B AR A T HOR S
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Research on key influencing factors of determination of sodium in food by
inductively coupled plasma atomic emission spectrometry
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ABSTRACT: Objective To explore the key factors affecting the determination of sodium in food by inductively
coupled plasma optical emission spectrometry (ICP-OES). Methods Samples with different matrices were selected,
the pretreatment method of microwave digestion was adopted, and the sodium in food was determined by inductively
coupled plasma emission spectrometry. The detectionresults were analyzed and studied by the key factors such as
selecting 2 spectral lines of 589.592 nm and 588.995 nm, diluting the samples at different multiples to make them in
different linear intervals, and selecting the different substrates samples. The analytical results were verified and
compared by inductively coupled plasma mass spectrometry. Results The peak shape of 589.592 nm was good and

the interference was small. The determination of sodium by ICP-OES was greatly affected by the concentration range
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of sample solution and matrix. When the concentration of sodium in the solution was less than 0.5 mg/L and the

concentration was 5.0-10.0 mg/L, the deviation of parallel test results could reach 11.9%. According to the

experimental results, 1.0-5.0 mg/L was the best linear range for the determination of sodium. The recoveries of garlic

powder and candy without internal standard were 113.8%—-117.1% and 115.1%-120.0% respectively. By improving

the experimental method, the recoveries of garlic powder and candy were 98.5%-104.8% and 102.1%-104.3%

respectively by using 4 mg/L lithium as internal standard. The method was validated by inductively coupled plasma

mass spectrometry. The sample recovery rates were 97.6%—104.2%, and the relative standard deviations were

0.984%—1.47%. Conclusion This study points out the key points for the accurate determination of sodium in food

by ICP-OES, which provides technical support for the accurate determination of sodium in food.

KEY WORDS: inductively coupled plasma optical emission spectrometer; substrates; sodium; key factors; internal

standards
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Optima 8000 HLIBHH A 553 TR 6% . 900F k
YR TR/ e e BE T (36 [ Perkin Elmer 23H]); Agilent
7900 FLIEAR 555 B TR B (36 [ B A ), Mars 6
WO TS AR (35 CEM 23 1]); Advantage A10 #B 4k L2
[ 25 B |

TR ER IR L 30% Y AL A (TR at, FifgE 2545 1A);
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1.2 75 & 122 WBBEF B TIRAH A T/ &4
121 Mok Xt TAESHN A 1500 Wi 458573 10 L/min;
454y GB 5009.91—2017 (il E R prefriieh FHAEE 0.5 Limin; FB) L 0.2 Liming JEFEAE
BB ) BORLE, DUR GO R B s e . R0 45 sy BEH 589.592 nm K S AT HELR HET TR
IS | SRR 2 P L TIOR3 A, N
RS RO I b e s e ik e, 2 BRSO
R 0.5 g Zetisead FHlk . MRRGTEOATHAIG | (Cp.OES MilZE 43 42 E = 1B
R TR DU Z s e b, A 8 mL RPRIES T i
T, VEE MO TR, TLFR 1, TS R U P
HE, BT ATR AR |, 140 CCHBMEET, IKEASE
50 mL A&

2.1.1 ket

& 589.592. 588.995 nm 2 £%ifE4k, R ICP-OES
JEA T TSR EY R Na B35, 3IET 5
WK, 255 L3R 2. i 7 A M AR X A 1 Al 22 (relative standard

1 RURHRZE deviation, RSD)4 14 1.83%F1 2.17%. R 2 ALkl
Table 1 Microwave digestion procedure SRR S 1.46%: DL S50 2 ik 25 )
N s N Z g . ; R N RIEEIHZZAN/D,
ayp BOEPR BB RERME RSN . o o
I W /min /°C /min *%'\/Elﬁ:ﬁ%, ZER & {EIEHZ@L[EI 1 W71 % B 589.592 nm
1 1600 10 140 5 WEIELF, T/, B ICP-OES I 5E #43% F 589.592 nm 4F
2 1600 5 170 10 R HTIEL, 588.995 nm AT LIRS HEXTER . 2 ARl 1
3 1600 5 190 20 WEFEE 1 iR,
FR2 TR ME&LERET
Table 2 Comparison of the results of different analysis lines
Ea &L /mm FE & i1t/ (mg/kg) F-HME/(mg/kg) RSD/% AFX i 2 %
1639 1623
589.592 1701 1637 1659 1.83
1697
HEk 1.46
1696 1673
588.995 1741 1683 1708 2.17
1746
aM Na 589.592 nm M Na 588.995 nm

il
5 /\ % /A\ | \
| AN\
| .. / L
0 0 T
‘ZB‘Z{;/nm "&{’;/nm

K12 AL i igTe
Fig.l Peak patterns of 2 different analysis lines
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M 95.1%~120.3%, NIEHR LR, {HIE & S0 A %R
2z FEMTERT PR <0.5, 0.5~1.0, 10.0~100.0
mg/L B, W (A TEARED) I B R G FE B E AR

ARG E 2 Vo 37 25 R e KX 224 18.6%,
AFFE GB 5009.91—2017 Xif K5 % B A0 ER, (3 i Jak
P 5 B A R S S 0 s e S T ) e S R U
GERM 2R, AU —HIIE SR A E, AT BUIL R
JIBS . S FLANGE RS A T IRV RN R A5 R S 58, 25
WK 4, Z5 R Bk BETEAN R T TR, 45 522 51
R, WP RIWE < 0.5 mg/L FIE R 0 4k T 1E
5.0~10.0 mg/L i, V4732545 RIRZETTE 11.9%, X
FERRIE 255 . bR B B6 45 5, & 3L ICP-OES il &
BRI T R AR PR X ]S 1.0~5.0 mg/L.

R3 BRIENERRENRNESERNES

Table 3 Differences in the results of the determination of standard substances with different dilutions

Fef BWWPWE/(mg/L) MRS R/A(mg/ke) bR/ (mg/kg) [EISR /% X2 /% A R
<0.5 1532 97.6/95.1/96.4 ~11.4 &
0.5~1.0 1564 103.0/106.1/108.2 -9.76 &
HEEH 1.0~5.0 1673 500/1000/2000 103.2/96.5/97.3 -3.29 2
5.0~10.0 1790 108.0/107.5/109.3 3.47 2
10.0~100.0 1873 114.4/120.3/118.3 7.23 &
*4 BETENEHHERNEERNESR
Table 4 Differences in the results of the determination of samples with different dilutions
FE VW /(mg/L) FE it 7 5 /(mg/kg) JinkrR e /(mg/kg) [ETC% /%
<0.5 1100 107.9/105.7/95.8
0.5~1.0 1270 105.4/100.8/100.9
R R 1.0~5.0 1301 500/1000/2000 97.8/104.9/94.5
5.0~10.0 1398 109.7/112.8/113.4
10.0~100.0 1456 112.4/114.2/110.9
<0.5 142.7 102.3/105.2/101.9
0.5~1.0 152.1 97.4/95.3/96.3
23 100/200/500
1.0~5.0 160.0 104.7/108.2/105.9
5.0~10.0 171.2 113.2/112.1/119.2
<0.5 17121 104.3/106.8/102.1
0.5~1.0 18045 98.4/101.5/94.6
PRNEFL 1.0~5.0 18685 1000/2000/5000 96.7/104.8/101.9
5.0~10.0 19891 108.9/112.1/114.3

10.0~100.0 21331

121.0/118.3/123.4
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FEL SRR B 45 B A R M T s I — L B R
WEE . R . B2, U5k . BRPEERSE, ik
{EWRE 1.0~5.0 mg/L 3 [l AT ASEATHER DU 2, (HO2Xt
BT Sl 1 SN 7 W L VSR = T ot N S
(FLU PR 1 R B SRR B AN 1m0 o A28 S TR, AN FRE,
W 7 7 4 OB SR B bR LR 43508 113.8%~117.1%F1
115.1%~120.0%, AFF4 GB/T 27404—2008 { 525628 i
P A FRARAG I ) A4 4 & KT 100 mg/kg
B, TR 95%~105% 925K . I AR oE 4ead 2 vk 5L 56,
TR T — R R A5 55 2 U & SRS I A AR I8 3k DA
WE ST, HTFME—BmERR/NT 6.1 eV, BT
T B Gy i R G PO, i LR A S s AR I B e T
R FLRROARETRL RS, [IASANAT R BE R, SN E,

T AR BT LA 4 v 121, B s v v . ol T
5 4 )i ol 4 R G R M TR AT, AR AF g AL (L)
VR I BRI TR, R T 7 VBRI i 0 P i AL, i LA
ZURIEN 4 mg/L. BEFHRRIRSL R FE S ARy . MR —
R 5T 0 1 GEAR E D) SO A B R, T A B 8 o R
LR SHGIS A LR IE, HE1 7 25 5 T,
SEILANZE S Fin o AT B K B L B A A IR R B
T D FEHOR AL S, BRSSP, 0 2 SR Y
[l e384 AR 2 ER /N, I HAS I &R AL bR (2
SRIGREIN, SR AN A IR 9 7 35000 5 Sr A0 FIORER, s 91
RT3 K 98.5%~104.8% . 102.1%~104.3%, BEHIIIAN
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Table S Comparison of results between different methods

ICP-OES(JL M F7) ICP-MS ICP-OES(f5 N#7)
1639 1614.8 1673
T 1701 1626.6 1692
1697 1628.8 1684
1623 1620.8 1702
1664 1637.2 1655
X/ (mg/kg) 1665 1626 1681
RSD% 1.83 1.15 1.08
Jinkr/(mg/kg) 500/1000/2000
T SR % 104.8/100.2/103.9 103.5/97.6/101.5 95.3/98.5/96.8
905.7 788.8 837.7
909.3 784.2 816.5
R 893.4 800.4 817.7
903.2 779.6 813.2
938.9 789.6 820.5
-/ (mg/kg) 910.1 788.5 821.1
RSD% 1.88 0.984 1.17
JnbR & /(mg/kg) 500/1000/2000
T SR % 113.8/115.2/117.1 104.1/103.8/101.6 104.8/103.7/98.5
657.5 560.8 597.0
678.1 560.3 585.5
B 641.1 546.7 576.0
642.7 542.6 559.2
647.7 553.9 588.1
X/ (mg/kg) 653.4 552.9 581.2
RSD% 2.33 1.47 2.47
Jinkr i/ (mg/kg) 500/1000/2000

JIAR AR % 118.1/120.0/115.1

102.7/104.2/102.6

104.3/102.1/103.2
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