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Determination of 7 kinds of common mineral elements in health food by wet
digestion and inductively coupled plasma optica emission spectrometry
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(Beijing Center for Disease Prevention and Control, Beijing Center for Preventive Medicine Research,
Beijing 100013, China)

ABSTRACT: Objective To establish a method for determination the contents of 7 kinds of common mineral
elements (copper, manganese, iron, zinc, calcium, magnesium, and potassium) in health food by wet
digestion-inductively coupled plasma optica emission spectrometry. Methods The sample was digested by the
wet method of nitric acid-perchloric acid system with high content of perchloric acid, and the vegetable oil,
glycerin, ethylene glycol, titanium dioxide and other compounds difficult to be digested in health food were
completely eliminated. The samples were measured by inductively coupled plasma emission spectrometry with a
miniature torch with more argon saving. Results Within a certain mass concentration range, the 7 elements had
good linear relationships, and the correlation coefficients were greater than 0.999. The limits of detection were
0.2-10 mg/kg, the limits of quantification were 0.6-30 mg/kg, the recovery rates of standard addition were
92.1%-104.7%, and the relative standard deviations were less than 3.89%. Conclusion This method has
complete pre-treatment and digestion of samples, less physical and chemical interference, accurate and reliable
results, good precision and recovery rate, and is suitable for the accurate detection of 7 kinds of common mineral

elements in health food.
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Wil Bl 0 R, AT B RS AR i
JCE XM RE SR BN I, ARk 5 AR BT B
JTOE MR SN Ia AR, RO SRR TR AN P I
TG F AR B BOR A 32 21 T B

WG R H ARSI kA R RIaEE Y
JBR A 5 IR & B 6 1% 7 (inductively  coupled plasma
optica emission spectrometry, ICP-OES)[H]ZQ B A S
FAAR T ¥ (inductively coupled plasma mass spectrometry,
ICP-MS)P 2. [l ik HEEZ T R E, BefEiE 2%
Rl A . etEdE % . ICP-MS AT DL £ u &K [A] R
M, (HORE IR Z., AL FIAS A S SRR TC AN
s, MARERSHAZIETFEFTIR, Ba0 Y
TR BIENW R, [/ ICP-MS & RE N I 725 5) 3 Fe4fE
fL. ICP-OES 5 ICP-MS AiLt, BEI& TAG I e e it v iy
SEMNT YOG, BT ICP-OES ¥ B ik % FE FE A3
IS AR AT AL BTy %, (PR I vk T T AR R
R . Hh . 2 T SRS A,

YT, AHPCRASEAR S B NRRERE
IR, PR ICP-OES MERES, A&
WY TG R AR T RS K A

1 #MR5RE%

1.1 EENEERF

ICPE-9000 Ha J8HH & 45 i 1K & i (H A B it
28 FD); TKA HL B (7 [ TKA 23 7); Milli-Q Elix 5 #KICE
T4k (3 E Millipore 23 H]); MES02 HL TR -(ks &
1 mg, i LAERRE-FCRIZ A ).

il R (BV-IIZ%, JbEUfb2Ei5WF 5T Ar); s &R (%
g, FEZGER);, M. B Bk B85 B BIRRERR
(1000 pg/mL, ™ ETTERFFOF R BEARMEY TG, 250t
GBW 10016 ARfEY) B (Hb 3k 4y R Hb IR AL 25 2 BFSE T ) o
1.2 #HmKIR

W S b 5t b IX T B PR 5 SR R AN RN 2 | o2 Fh
BRER . L O RIS — e TR
1.3 Bi&RHIECH

i FHI L) 3% HNOS(V:V)Hi B il i & @ e £ /Y
REEBR RS, SRR BRESTE .
1.4 HE@mEIiE

JEHE . WO FERE S F AN EYIR S A

ORI i PR BB A B TR 505 VLIRS0 BURE . LR &)
T %) [ AR 1 g BRORARE & 5 ¢ F 100 mL =i,
AIRBZ(HNO5-HCIOy, 4:1, V:V)20 mL #5) 352 W0 (AR FE
P G R AR 2 2R S K £ Bl A A BRI AR
HREFMARR), #ESR. WRHE TR Enk
TH AR, AR R BN R AR B % A T IR O 4 IR S
220 °C, UNIEAE AL RN S s R, I A RO R 2 TG
£ B IR B 6057 I VA I B PR A R AR A, ST AR
FEEZ 1 mL R HIFEAA 50 mL AR . TR
SZHG PR I8 #8 ML 7E 20% HNO, 2 48 h DL b, 4l
KGRI T -

F1 BERERRETENRERE (ng/mL)
Table 1 Concentration of each element in mixed standard
solution (pg/mL)

5 Cu Mn Fe Zn Ca Mg K

1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 1.0 1.0 5.0 5.0 20.0 10.0 2.0

3 2.0 2.0 10.0 10.0 40.0 200 4.0

4 3.0 3.0 15.0 15.0 60.0 30.0 6.0

5 4.0 4.0 20.0 20.0 80.0 40.0 8.0

6 5.0 5.0 25.0 25.0 100.0 50.0 10.0

1.5 NFEIESH
ICP-OES S A {4 #8280 M T AF &0 B AR S 503 T
F2rh,

%2 ICP-OES T{E&#
Table 2 Working parameters of ICP-OES

TAESH BEE
B PFEE D) TR A

S Ay 1) il e
[SEESIY 1.20

5 B F IS0 /(L /min) 10.00
B /(L/min) 0.7
o ) SR /(L /min) 0.6
W SGAF ] /s 30
TR s 10
FEGL T UE/s 20
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2 HREHR

2.1 RAIRIBEEMMR

AT A TE 0 3R ARG I 1) i Ak B vk v AR T A vk A
R 3 G T DN LR AR TR L 24, AR FHSEIR A B AT
fip e A, B HTUC T T A AT T Ak AR
TR I fiff 30 0 s ) R e R R 0 A O SN AL, R T B
TR T AR e SRR B AR T AR BE ), X TR AR
AL AR B 4K 22 B0 R o AT LSRN 52 4 TR AR, AR TR
A 5 T T ICP-MS ., ICP-OES % i Gt i i 2% . 4R
MR G B AR W 2 4, MIRERREENKREEH
Y. Hh, 2 ZESEA Y, bR EE N NEY
AR WAE, ERELRREEL RS ETHEE RN,
TR R L W BE Ry T A kR RUR IS A ALk, X
SE LA i 16 A LD A AN 2 v TR 1 0 A R 3R rh LA T 1
SEART AR, DR Al R S R - v e PR TR R 1Ak R 1 T
fif AT AR B 3K, A BE T 4 TH R A5 2 R 1 R A B E A
SOBT=¢ el

S A 10.0~20.0 mL HNO; ik 0 ~5.0 mL
HCIO, 1 Z 5 hy T f 0, 308 s X Ao v 400 J B A i ) e 52
It FRIBGRSTAF I EIARRES, 1 g BORIARES: S g IMA
HNO;-HCIO, 4:1(V:V)IRER 20 mL, RIS ROCIE, 2
FIELASEAIG EL AR T I 55 (1 4 v
22 NBEHMK

X} ICP-OES ARS8k TAES M BARS T T
ik, ik 2 o, A TR R RS . R
I, BORREETEBR T ou R ML T30, e 25 R n]
5, HEIZETEEH GB 5009.268—2016 (£ 5 2E 4 E %R
e B2 ENE ) B0k BB A SRR

SN, AR i U ROR R A S b 5 B A
M 15.0 L/min FEZ 10.0 L/min, 7EfEIFRE S 2 HER T Y
R 8 ® SIE =02 —
2.3 TESIMBLAMIK

PR S &5, Bk, B 85, B B 7 R R
LR T AT AR P ocE M A IR SR IL s
FEHERE M S ERE . XEAKTTRAR, 7 59 HoeE
TEZEFARE K T I A IO O T A R R A
JLE SRR HER RN, HEE 7 ARG E A R
TEIELE, LR EmPrisdiein .. REUE . kT, Fx
PLAE R, W e e R L3 3,
2.4 DIk, —T—REMAFERBEXRH

IRPRE R 2 MR T TR, TR ARifERR
LY — T — WA RIUE . 7 FrRTE —n— ke
P FRAEOE RO 0.99913~1.00000, LM B UT A3 HTHELE |
— LR AR B AR e RO 3.
25 KMUHRREEMR

SRR AR R 5 i BUR 7 s FakkE 21 e,
Hi B (limit of detection, LOD) A 3 5 A5 i 22 b LA 2R 45 5]
B BTk B, TR PR . % 2 PR (limit of quantitation,
LOQ)A 10 ftriEm 2Rk AR RS2 A9k B, 0 E
R, W 4,
2.6 MAREMESEE

8 T B 5 B 7% 2 FE T I AR S AR AR IR A T
TNPRSEES, AR SEEG T I E fF A R, T 6 R
A7 00 58 T 5 AH X A UE e 2 (relative  standard deviation,
RSD) . [E] 0 % K 92.1%~104.7%, AH %t ¥5 i i 25 K
3.5%~7.2%, Wi /e SIRER, ZEREE S,

R3 SiiELR. —T—REMBFREREXRY

Table 3 Analysis of spectral lines, linear equation of one variable and correlation coefficient

WsE I /nm —IL—IRE&NETTHR R Er E
Cu 324.754 Conc.=8.042944e-5x1-0.1021178 0.99996
Mn 257.610 Conc.=2.974539e-5x1-0.0122058 1.00000
Fe 238.204 Conc.=1.531845e-4x1-0.0753316 0.99998
Zn 202.548 Conc.=8.910766e—-4x1-0.2134084 0.99988
Ca 315.887 Conc.=2.789698e—-4x1-0.4113153 1.00000
Mg 383.826 Conc.=4.644019e-4x1-0.5403684 0.99999
K 766.490 Conc.=4.737316e—4x1-0.9211788 0.99913
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Table 4 Limits of detection and limits of quantitation

=5 MAREUER T RERZE (n=6)

Table 5 Recoveries and relative standard deviations (n=6)

WsE TR % H PR/ (mg/kg) &R BR/(mg/kg) AJEAH/ (ng/mL) bR/ (ng/mL)  EEER/%  RSD/%
Cu 0.2 0.6 Cu 2.37 2.00 95.5 42
Mn 0.2 0.6 Mn 1.92 2.00 96.0 3.8
Fe 0.5 1.5 Fe 9.20 10.00 97.2 5.4
Zn 0.8 2.5 Zn 10.28 10.00 96.8 3.5
Ca 10 30 Ca 47.46 20.00 92.1 6.5
Mg 10 30 Mg 34.05 20.00 93.0 7.2
K 5 15 K 2.97 2.00 104.7 5.0

27 HRNEERERBEZRE

PR R SR Z AN TR . T ERER .
S T IR A . R S IR 6 ASPA TR 4 B AR
U A TR I S T SRS B R, RIS RN R R
0.94%~3.89%, 45 IR 6, SLUREE IR WAy 1k BRE it il
R AT o

2.8 tREMIRMNESERKIERE

S R S B TR R A4S GBW10016 #r
WEYIR, AR i R s R . IEWRE A
SRR A LA . B vHE A T I 5 5 R IR B 4
27 o SEEREE B WIA Ty TR AR ) ST R A A,
FRUED) 0 2 IE A -2.715%~2.417%

Ro6 HRMNENFEHERBEE(N=6)

Table 6 Mean value and precision of sample determination (n=6)

Cu Mn Fe Zn Ca Mg K
R #E/(mg/100 g) 169.8 273.7 656.9 7343 6780 2432 212.3
RSD/% 1.37 1.46 0.94 1.15 1.02 2.29 3.74
F#1/(mg/100 g) 52.5 74.8 380.5 410.6 12540 5210
RSD/% 3.82 3.89 1.52 2.05 3.08 2.04
I 236 /(mg/100 g) 22.5 22.0 1460
RSD/% 3.87 3.25 2.93

®7 REMRNEERREEHE

Table 7 Determination results and accuracy of reference materials

WE TR WEME 1/(mg/kg) DE(H 2/(mg/kg) SF¥{E/(mg/kg) RSD/% FRUfE(E/(mg/kg) /%
Cu 18.1 185 183 2.186 18.6+0.7 -1.613
Mn 497.2 511.6 504.4 2.855 500420 0.880
Fe 250.1 245.6 247.9 1.816 242+18 2417
Zn 50.8 50.2 50.5 1.188 5142 ~0.980
Ca 3235.2 3327.1 3281.2 2.801 3260+80 0.649
Mg 1788.5 1830.5 1809.5 2321 1860+110 -2.715

K 16286.0 16885.6

16585.8 3.615 16300+700 1.753
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