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Simultaneous Determination of 10 Elements in Laminaria Japonica by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
LIU Xian-jin
(Ningde Product Quality Inspection Institute, Ningde, Fujian 352100, China)
Abstract: The contents of 10 elements (Mg, Ca, Cu, Zn, Mn, Fe, Cd, Cr, Pb, Hg) in Laminaria japonica samples
were determined simultaneously by using the inductively coupled plasma source mass spectrometer after the treatment
of microwave digestion in nitric acid solution, and the linear relationship, detection limit, precision and adding stand-
ard recovery of the method were also investigated. The results showed that the linear relationship of 10 elements in
Laminaria japonica was good, the correlation coefficient r was all greater than 0. 999 2, the adding standard recovery
was 88.0% —102.1%, and the relative standard deviation (RSD) was 4. 0% — 6. 8%. The national standard refer-
ence materials were selected to verify the accuracy of the method, finding that the determination results of 10 elements
were all within the allowable range of national standard values., The method was simple to operate, and fast to ana-
lyze, with good recovery rate, high precision, and accurate &. reliable determination results, which could satisfy the
simultaneous determination and analysis of various elements in Laminaria japonica, and could provide reference for
the quality control and safety evaluation of Laminaria japonica.
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1.1 FEMNLFSRKA

FEAULT: Mars 6 IEIHMA (EEH CEM 4
A Agilent 7700X HLRF G S B F A G (BT
[F].0 % de i HMI i /B R RS (EE Agi-
lent AW ; EHD - 24 B3k (JLIE R AL AHUAL 28
HIRAFD); ME204E HF R (MR8 24X
& (B BRAF].

A HEEHN1000 pg - mL" BYEE, 45. 5.
BELOHEL. BB BB R SR TEWRERES
W, WTFERXA SR LB FHE 2P d .0
WHRBES IR RN 100 pg - mL T A94R. HT. #.
.M. R. B ) BRI GRER 10
pgs LTS, B 2. #i. &), RBFHA 22X
THER VWK BC I TAEME s RAFUER ER: B 1 mL
STXEREMBSE, A2XBERBEWESRE 500
mL, I TRARAER WA BCH] s SR b A W A
H; WHRAINEL,

1.2 A%t

. RETHEE THET: BRERS 5
FREYI R (GBW10025) o [ 4 it B} 2% 5t 3 Bk )
H b 1R A 5 Bl A B 5 B kR
1.3 UFBIESH

s THESEHN: FETFEIWE 15.0
Lemin', Z4=EEE 2C, HHhHE1550 W,

HSWE 08 Lemin', iR W E 0.4
Lemin!, B XX He, He XA & 4.5
mL - min™', RAEEFMERREY HERME, RFERE
7.5 mm, £FBESPERX, HoEHK0.3s (H
F Hg H0.5s), EEME 3 K.
1.4 HHATLE

Wi mHERETINES. LU RHMRKE
BRiE, BETHA I5CHTZERE, MEH,
ZH . PRELO. 3~0.5 g MBI 5] 5 A I RE 5 T
W mAEET, A 5 mL BEER, ME THARL
OCH M 0.5 h, BHJE, 2 LIMENE THE
MBS, RABRPIHR T T HE, BARER
BERLE L HESHE, B, FiE, FHHERE
P B T R BB B 110°C i BGEE BR N BE R 44
1 mL ik, #H, BakEBHEREFEAEZR 50
mL AEHEF, BAUHE, £, FAREHsH
1 B2 T S A T ) R VR

£1 WENEBREF

Table 1 Microwave digestion program

S ﬂiﬂﬁﬂ“lﬁ] Hﬁ:iﬂ)ﬁ ﬁ?#ﬁﬂlﬂ
(min) Qo (min)
F£18 10 120 6
F28 6 160 8
F3H 8 190 25
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Bor. PATIEFRE M2 BB 11K, 758 AR MW
# SD, FLIRHEM 2 SD ) 3 5 TR & LR Ak i
W, ZRF|TR2, FRERY, 10 MR ERZL
MAHRRE r AT 0.9992, TR IR
0.06~6.0 pg+ L', RAZEFTERBER.
FRAG, AEWE R R ROLR A9 T I e R .
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Table 2 Standard curves and detection limits of the measured samples

% St 17 (ﬁf%?) MXAK qfﬁ%w
Mg y=0. 0067x+0. 0328 0~20000 0. 9997 1.0
Ca y=1.2000X10—5x+2. 0032 0~20000 0. 9996 6.0
Cr y=0.035%9z +6.1497X107* 0~25 0.9999 0.1
Mn y=0.0274x —0. 0012 0~500 0.9998 0.5
Fe vy=0.0347x +0.1128 0~5000 0. 9997 1.0
Cu y=0.0431x +0.0374 0~250 1. 0000 0.5
Zn y=0.0085x +0.0205 0~500 0. 9999 0.8
Cd y=0.0013x —4.0797X10°° 0~25 0.9999 0. 06
Hg y=0.0013x—3.1359X107% 0~5 0.9993 0. 07
Pb y=0.0079x —4.1263X10"¢ 0~25 0.9998 0. 08

2.3 RBEEMMERE U E R E

R BRI, RO 0 R AT AR
RiAb¥, FICP-MSWER 10 HMITREE, F17
W7E 6 &, BEFHEMEEE. ST 6 HiFHHE
M. TERLUETEARRT, R MA Ca. Mg, Fe, Cu,
Zn, Mn, Cr, Cd. Hg. Pb bR#E®E W, #4745
BSOS, B bR E W, ERHITFE 3,

®3 BEEMMEEEE (n=6)

Table 3 Precision and adding standard recovery (n=6)

/it 7y

; B ,
TR (Zrifi?{la) ?;13 ( mznﬁ\{;l) ¥ﬁjﬁ, Eﬂ%;ﬂg
(mg+ kg™H)
Mg 5953. 24 4.8 5000 10713. 25 95.2
Ca 10723. 89 5.1 10000 20304. 32 95. 8
Cr 0.51 4.5 0.5 1. 00 98.0
Mn 11. 54 4.3 10.0 21.33 97.9
Fe 306. 91 4.9 250 549. 65 97.1
Cu .72 4.0 2.0 3.69 98.5
Zn 11.29 4.1 10.0 21. 50 102.1
Cd 0. 34 4.2 0.25 0.58 96.0
Hg 0.037 6.8 0.025 0. 059 88.0
Pb 0. 46 4.7 0.5 0.94 96. 0

MR 3 G5 RATH, WG 10 FpoT T K AE X AR
YERZ RSD 7F 4. 0% ~6. 8%, EEMELT; MR
[l ZAE 88. 0% ~102. 1%, [t BT,

2.4 WREMRSH

1 HUR e B LA AR vE B (GBW10025)
YRR B 4aRE i X T ¥R 0 HE B BE R AT B0 0E, 45 2R %)
T 4,

F4 BEE(GBWI0025)H 10 MITRHMUELER (n=3)

Table 4 Determination results of 10 elements in spirulina

(GBW10025){n=3) (Bfi: mge+ kg )

TR WEME  EdAEM | IR WEME EBAEE
Mg  2806.50 2870100 Cu 7.48 7.7£0.6
Ca  1488.65  1580%150 Zn 41.15 1242
Cr 141 1.50£0.13 | Cd 0.35  0.37£0.03
Mn  31.12  3L.7+1.2 Heg  0.013 (0.015)
Fe 1045.28  1100%70 Pb 2. 69 2.840.2

W FHHHMRENSHE, £ RN R
MR A4 GERTT A, BRI AR 43 43 AT A HE W) R

(GBW10025) H 10 FI0 & W 5E 45 R ¥ 7EIE B4
WEEARFERN, REZFEERTE,
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B BRAZ DTN AR TIET R 8 30 (3
WHMHET 10 HTREBHWE, FRAEKS.

MRS SR AL, WA 10 MOTRE RS
FRR/MRE A : Ca>Mg>Fe>Zn>Mn>Cu>
Cr>Pb>Cd>Hg, K& EF WK Ca. Mg, Fe
HAEDLFT YFRITR, MEBHEH Zn, Mn,
Cuo FANBEBLEHEITER, XETREAEFTBHA
B EFEEREE/AEA. RIE (GB2762—2017 &
mEEEFIE FRTERYRE) P EESR
FEM M Pb FRERAR AR 1.0 mg « kg !
(CLFEID s &b R E T+ Cr. Cd. Hg
MBREIEIR, ZF K7 R HK W A Cr f %
KB MR ®E W ABN 20 mgekg! 0.5
mg « kg ', X 30 IEH F IS RYESE Cr M
FHERERYFEEZ M, BEHFER LS RNIET
F Pb G EREMAAR, RESHEHF Pb & EAT
& B R

x> BEFHERMNEER

Table 5 Determination results of laminaria japonica samples

(L. mg- kg™

LR SR FHE TR FEEE  CPHE

Mg 2551.78~11956.82 5949.58 || Cu 0.66~2.68 1.44

Ca 7083.90~28104.38 12289.47| Zn 3.50~92.61 24.42
Cr 0.058~1. 88 0.67 Cd 0.11~0.93 0.35
Mn 6.50~29. 26 15. 99 Hg 0.017~0.040 0.029
Fe 65.12~675. 48

333.76 || Pb 0.21~1.12  0.60

3 &g
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