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1 M5 =
1.1 M BEE

ICP-MS: Z[H Perkin Elmer /7] Nexion 300D,
Fic #5 Sh 25 BV (DRC), 38 178 2 A 15 bk ol 52 5K 5
DRC #53(, DRC #x0 T NH; /K W S BR Ar X &6
SOCEMRA T LR AR YRR S TP Y Cr,
Fe JG% LA DRC 20, Hoe 70 2 R bR AR X
ME o

BF7 J8 T S v R S DR S AR A PR T
JKHF-140L RIBH LA : 5 B3R A A
W5 JK-60TH R[5 65 s b 75 55 R Se AL 2 A JR
/5 H]; ULTRA IONIC AU 4K AL: JEE Elga AH] .
1.2 25 R

iR 7o T-4li(MOS); 4lik: 268K %5d Elga
afiKHLALEE, B S 3%0h 182 MS/em; FRfEIAW:
Perkin Elmer 22 H], 1RAMEM, 10 mg/L; #i HEW: 5
Perkin Elmer 23 7, 10 mg/L; ArAEWIF: ERIEEER
5 RIS T GBWOSS17(MF T Saccharina ja-
ponica)’5 GBWO08571 (N5 Il Mytilus coruscus Gould),

1.3 MBELEH

FAFHEELAE 1.1 mm)FIEEBEEELAS 0.9 mm)H4 %
HE, Aol Oy, R 0.92 Limin, FEISR
1.1 L/min, 2585 7/<0% 16 L/min, ICP S 1 250
W, KRR 1200 V, BHFE-2 300 V, In REBUE(1 ng/L)ydl
820 cps, CeO™ 5 Ce Wil kb n(CeO"): n(Ce")=2.20%,
n(Ba™): n(Ba"=1.8%, ¥5{E(220)4 1.0 cps.

14 EE7k

T E A I RE A, REXE R U, IR, e R
FIRT . EEER ALK, THIRRENE A R i X 25FE i,
R i B T T A ORI R, AR SRV
EYRFRMEY R GBWOSS17(HE ) 5 GBWO08571(Jik
DOWER BB XT G, e ORI FpRE 5 i, FFR AR S
FREL Sy FEdh, SEHIH AR, HARWT:

HIAEFE T 10 HERAFREL 100 mg #5075 MU
PAEF, fA 2 mL iSRS 0.5 mL SRR, #E h;
12 h, B THiIEHERRESNEN, A 150°CRh & LA
fEIREE 12 h, R fRPE 2R AEERI AN, BT
HL PR 28 2 RT, A 1 mL ASBRS 1 mL 4k,
YA 150°C Bl JE 6 Y R0 12 h, W HE A 4lK,
WER 2 T 5] 40 g, IR G L AL .

FIARE s 5 20 WERRFREL 200 mg £ &L T 2R PUR
P, A 2 mL A4AR 5 0.5 mL R FAER, #E I N
12 hJ5, B THiEIEAEREINEN, A 150°C By 1t
FETEIRIE M 12 h, B A, Frog 2 AR IR, &
FHMAWR EEERT, WA 1 mL 48RS 1 mL 4K,
FEUTIA 150°C B B HEAE PN 19195 12 h, YA in A4l
K, WERGE BT R 40 g, WIRIRG A EALIR .
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VR, LTSRN L . A IAOCE Li. Be. Cr,
Mn, Fe, Co, Ni, Cu, Zn. As. Rb, Sr. Cd. Cs. Ba,
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x1 FAHEEER

Tab.1 Detection limits of quantification for each method
- & BB /(ng/kg) B /(ng/kg)
TR T w2 Ik Dk 2
Li 0.87 0.44 Pb 1.7 0.9
B 8.5 43 Bi 0.48 0.24
Cr* 4.1 2.1 Th 0.39 0.2
Mn 8 4 U 0.32 0.16
Fe* 74 37 La 0.3 0.15
Co 8.6 43 Ce 0.36 0.18
Ni 8.7 4.4 Pr 0.12 0.06
Cu 7.5 3.8 Nd 0.69 0.35
Zn 19.2 9.6 Sm 0.72 0.36
As 2.7 1.4 Gd 1.08 0.54
Rb 8.4 4.2 Tb 0.12 0.6
Sr 1.35 0.7 Dy 0.15 0.08
Y 0.18 0.09 Ho 1.1 0.26
Mo 2.1 1.1 Er 1.7 0.9
Cd 0.75 0.38 Tm 0.9 0.45
Cs 0.27 0.14 Yb 0.66 0.33
Ba 7.7 3.8

T 7 FoRIZIGE AR A DRC B # A Bcds, HoAb
JLR A AR

Wit R 2 BURG RN, TR B SRE
i 22 5 — G B A P, JC o Ak, A AR v
ZER/N, AR, A PR AE R 22 K . GBWO08517
MEXTE 19 Cu. Zn, St 5 Mo &EEaEILE, M
RS PREEEINE T —3 {H Mn, Fe 5 Ni t#
& R, AR R i D, 87 Ah BB
S5 AR R g, HARE AT 2, W+
JCE Fra i, M Ce it 1 150 pg/kg % Tb Jfi
It 9.9 ng/kg, TEJFHLE 100 pg/kg LA FIF, AHXARE
T 2E#/NT 10%, TR BE LAE 100 pgkg LU TEE,
AR AR AE SR 22 3 /N T 20%. GBWO08571 FFIGE, Hijkb
HO7 1 SRrab ik 2 IR AR /N, Mn.
Fe. Ni. Cu. Zn. Sr 5 Mo JL B4k, EEEE
A E, MR FAE; La, Ce. Pr5 Nd &8,
225N, /NF 10%, Sm. Gd. Tb. Dy, Ho. Er.

Tm. Yb 5 Lu FFc & i KT 100 pg/kg, HXA5
T iy 25 K — 2k, FEAHS/NT 20%.

GBWO08517 5 GBWO08571 Wifh )y ik iy ik (5
FRUEMEIEAT Hed, RIALEE 775 | SRTARE Tk 2 Pk
R Ew &, SheilEE—2%, BEA00TR, TH
AR E R ITE, A SR, BIARE L 1 g
FXRRE, PR, WE4e, X T Cr TE,
HIACRE i 2 I 2 S T AR e, B Tkt
7k 1A R AR ArC T3k, 1
BT RAE =, RUARFE i 1 HEE A Cr oo A
Ko X Ni g6, GBWO08517 Bl izt (e & i s, E0)
RS, TBAE LU i, &3k BRI .
F e E SR, PR Y BRI A 5 bR v
M2ZERKR, TR 17%, & m0e & i
MZERFERE.

e DO gy &/ AT S T L. s 7|
Ao 3 o A R ) 5 R R AR, Ty
RS R . NKTITERE . Btk
SR L EGRRE T L AR, R TRV AR W T A rh ORI
T H RO T R, A TR A AR v B T A T
ERME T RS %

3 i

AR AT v, Mg EAYIR GBWO08S1T
(45)5 GBWOSST1(G V)R bRED) B, PIASHURE
SRR, LIRSS SRR, (OIEHEEY
A OT R BARS RAUIR, (B RO A
-ICP-MS MNP BHEAE EEASS, BRmloczah, M4
R EGAREEARST &, vl R 1T RCRT 100 pgkg)it
HERIER; Q)RTALBE 75 1 AR A PO RE SRS SR o
T . THAERS, JLHUE R EA R AR ME, AT RASE
PRI TR S KT 100 pg/kg TLE HERINEL,
e HSE A SEIRTZ R T ArC T Cr HEFIE; (3)
s FHBT S e RO R EAR AL T A= e b AL B A T 1%,
A% A 200K B AE W FE b B A LR, 720y R R
ICP-MS ByfL#. 5 UMERIEE T AL, TE4 Yk
PR TR T i, ATALFEDT¥E 1 B B B3 . Ab
Bl = N (w1 Y 2 SN o i U 1 S 1 3 = SRR e X
S . MR E v, R AR R TR
DRI Ak FHLT A () BRAE Tk
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Tab.2 Reference values of two reference materials and their experimental results obtained from two different methods

GBWOSS 1 7(i# ) GBWO08571(liz Il )
JLE o RS- Y E/ (ng/kg) RSD/% o M ME/ (pg/kg) RSD/%
FrifE(E FrifE(E

Tk 1 k2 HYl k2 Tk Ik 2 1 2
Li 0.69 0.48 052 2,04  3.70 0.8 1.42 1.16 1.40 1.69
B - 43.6 47.8 1.68 1.1 7 7.7 7.1 0.94 1441
Cr 0.630.08 0.64 072  3.03  4.00 0.57+0.08 0.68 0.77 9.68  10.13
Mn 32.6+1.78 333 31.3 239 3.01 10.2+1.8 9.6 7.92 3.78 4.00
Fe 161+13 176 188 457  5.62 22114 212 216 2.88 3.85
Co 0.2+0.03 0.18 0.18 090  0.70 0.94+0.06 1.07 0.88 4.94 5.38
Ni 0.71+0.09 1.02 1.09 731  7.63 1.03+0.13 1.03 0.79 176 10.23
Cu 5.01+0.32 5.14 528 233 258 | 7.70£0.9 9.15 7.4 2.58 7.38
Zn 27.9£0.9 28.3 26.7 111 2.94 138+9 166 131 5.06 5.76
As 13.9+2.4 15.1 15.2 1.31 1.94 6.1+1.1 6.63 7.13 5.51 7.40
Rb 11.7+2.7 11.8 10.7 336 531 2 2.11 1.7 4.98 5.03
Sr 1033£94 1032 931 3.98  4.02 12.8+1.1 16.3 13.9 1.88 6.08
Y 0.56 0.57 0.52 179 3.70 - 0.3 0.23 3.14 4.17
Mo 0.13 0.14 0.13 269  3.10 0.6 0.54 0.45 1.89 2.17
cd 1.14+0.11 1.2 1.16 256  0.85 4.5£0.5 4.83 3.94 4.09 4.60
Cs 0.028 0.028 0.025 5.69  7.41 0.03 0.037 0.03 2.82 3.23
Ba 81.1£6.0 83.9 81.4 133 2.05 2 2.13 1.74 0.95 8.42
Pb 1.41£0.12 1.11 1.13 089  4.24 1.96+0.09 1.8 1.51 3.51 3.21
Bi* 33 32.8 36.5 296 3.7 - 80.3 64 1.90 7.78
*Th 70 78.4 87 12.00  15.53 60 81.6 61.5 6.53  12.89
*U 241 234 239 130  0.83 - 89.7 73.1 5.81 6.16
*La 290 309 304 128 288 200 208 205 6.77  10.48
*Ce 1150 1118 1102 099  2.13 300 316 283 5.17 7.52
*Pr 60 61.3 61.6 0.66 238 - 493 38.6 14.23 9.18
*Nd 200 212 239 9.77  16.59 - 191 160 9.17 6.98
*Sm 62 81.3 79.3 193 11.79 20 18 313 3.11 1.57
*Gd 40.3 51 62 7.08  7.46 - 38.3 40.1 9.66 9.97
*Tb 9.9 11 12.2 6.90 991 - 5.51 3.34 13.55  10.99
*Dy 79 66 61.8 507  6.08 - 31.2 25.6 5.96 3.64
*Ho 14 16.3 15.5 324 197 - 6.84 5.13 1122 1421
*Er 41 37.1 35.5 8.92  12.35 - 14.3 11.7 10.85 2.50
*Tm 7 7.03 571 1482 1522 - 2.71 1.8 1132 13.46
*Yb 51 54 50.5 522 6.65 - 15.7 13.4 5.42 7.59

e 7 FoRZITE NN ng/kg, HMITEER R me/ke-
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Determination of trace elements in marine organisms by
anticorrosive and efficient digestion bomb-ICP-MS method
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Abstract: Herein, we developed an accurate method to quantify trace elements in marine organisms. Two oceanic
biological reference materials, Saccharina japonica and Mytilus coruscus Gould, were first digested using two pre-
treatment methods based on an anticorrosive high efficiency digestion bomb, then 33 trace elements including rare
earth elements were quantified by inductively coupled plasma mass spectrometry (ICP-MS). The results obtained
were consistent with the recommended values, except for a few elements, and the digestion pretreatment method 1
provided more stable and accurate results than method 2. The pretreatment method optimized by using a digestion
bomb effectively removed the organic matrix, which ultimately facilitated the good performance of the ICP-MS.
Compared with previously reported digestion methods, the method established in this study showed better efficacy
and had more advantages, such as ease of operation, fast speed, low cost, less reagent consumption, less contamina-

tion, safety, and enhanced reliability.
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