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TN A 5 25 0 (o P g 85 AT 0 A v PE LR
k43 1CP - OES Il E T b 18 Fhif it o &,
— R TR A B R T X 4R 58 66§ (XRF)
Mg, 0 Ahmed 2521 23 5] R B0 3 17 45 &
ICP — MSEA K A FE H- 254 XRF I 5 ¥ v BT FR
g L1 Rl AR R . IR T R TR
FribRE  XRF I3 13 PEUTA o 38 Fhoc 2, 7
SEBUR R RIRE, 45 A XRF I 58 PR TR
10 FhERICE . VLI VA4 1 A5, Qe TR 4 PR i
2545 ICP - MS I E W PETTURR Y , REAE 15 B MLAR 9 46
R 5 MO T A Gy DR A T 30 A B I 4 5 I 485 A
VR TR UG S A XRF I 5E 0 75 4k B 1o 7
P O o AR LA 5 ] ok o AR
ALk B AR B i B, 5391045 T 2 SR AR B G B, T
A 454 ICP - MS, M REA SR HMZ AN A

%SRRI T2 A B PE LR R o £ R
f0RE T 2R M T T 9 EL AR &2 0 K R4
ICP — MS 2 Hirb 48 FhTRZ . R ol 1 B b 1
LT RTAL IR 1R] , BEAS IR A R PE DR, R
ICP - MS A6 tH FRAR 19 5 251, REAS S2 BT PE LA o
RV A T R R4 B T 2 R MR i T
£ ML IoCEMFEINIE ., T SR AR AR
SR AL R, S ¥V LR h £ 50 20 5 4 Ak
T T AT

1 SEUsRsy
L1 A B TSR

ICAP — Q Ty WA 15 45 85 1 A B 35 A (5
ThermoFisher A w]) o {448 F 2 TAESECH : AGTTN
K 1550W, 5 AL Kk 1. 03L/min, ¥ &1 I
14.0L/min, # ¥ Z # 40r/min, % B 5 i &
0.8L/min, K F VR 150mm, K ALHE H 12 1. Omm,
T A B A AR HOGIE Al A SRR A,
N4 14mm , BEJE 3mm, 5 30mm,

1.2 bRl i i3 28

“Ge " Rh."" Re #L70 % P 5 fff 5 TR (3£
ThermoFisher 2~ a]) ¢ )& 1000 wg/mL,

PIBR IR & % ;™ Ge '™ Rh."™ Re, ¥k Ji 35 Hy
10ng/mL, 1™ Ge " Rh " Re HICR NG RBIR &
JE BRI BA 2% (KT EL, T IR)) iR .

39 FOCR RS ARMER K - t 2% BT RARVERE 5
VWS M 8, Horpr, Tm (Lu Mo\ Th \Ho , Ta  Eu ,Sh
WA Tpg/mL, W Bi U, Yb Er Dy Gd,Hf Sm,
Cs . Pr.Th Be . Sc.Co & K 10pwg/mL, Ga Nb Pb

Y.Cu,Nd,Ni,La,Ce,Cr,Zn, V,Rb, Sr ¥ &
100pg/mL,Zr Ba WK 1000 wg/mL,

Al Fe Ca Mg K Na Mn Ti Si 850 % brifEi
W Wy 1000/ mL, FT AT B0 R bR HEVE W2 Hh
B A 64w AL T AR el oo de it

TR B e 4l , $h iR EIR Y o MOS 2, Jf:
ZERUNH Y. W 2 4 A Al W (R R
>99.999% ),

S K Oy gl K (L B RO ) T 18
MQ - cm),

1.3 SeUkEmn

TR SEBRRE i (FE S L REAL 2) R A i
R R O S (IS WN SN B  E /
GB 17378.3—2007 1 DZ/T 0255—2014 gAH=H3E
AT, SEBRAE S TR AT R & VL 5 E AR Y i
FA—E,

WETTAR Y AR UEY) i GBWO07333 . GBW07314
GBWO07316, GBWO07335, GBW07336, GBW07334
GBWO07313 .GBWO7315 : 43 5| Fiy [ 5¢ b J5z 55 4 ) 4k
s B R R 2R OIS R B TR Y
AT FESTT R b2 | SR JR 2 — i e P 4
BRI o HEEETTARY) E AR HE B R A, LU
ARUED) T A B R T LA S AT T TR R T
TR, HAEAAL S T &% Rl oo R 193 G
1.4 5hritk

HEFAFRIC 0. 1000g A B T SmL £ A3
B 0. 400g firs B ER 1, 1R 2. K¢ 3 33 & T 1000°C
Fe il A R 1S min, JCHS I8, <7 RIDRE G Rl A8 A
A 15mL 5% TR AR b, iBGHORE BN BTl 7S
P VEALHE P B0 P ol e B ) VA . B8 A 250mL
IR RO, T 5% RHTR & 25 )5 155, [R] N B [v)
FER 2 H

PAZS VR MROVE AR, 5 R o [ I i ) s 1
TR M bR ME W R GBWO07316, GBWO07334
GBWO07313 .GBWO7315 1y i i, EALIN & 153 3 %
TCRMME AR . R =38 AR L as ey Jr =om
AWFRMBAIEWR, TEVEE 1Y 1CP — MS A% TAE
AT E

2 ARG
2.1 ImONRREE
A i Ak P R v i D R L ) P 22 X T R
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R BT ORI, B 2 S8 Fid s .
AR SCH T R R Al B T B 5 A i 1) EE B 23S A
0.200.0.300,0. 400 .0. 500¢g {0 4E , 0 M i
DU R ) 5 GBWO7314 Hr ) Zr  HE Nb, Ta,
Mo W JLBHHERE O, UM £ s I A i Gl
KL, HLTORE IR AN G I R TR R R T R
SR, PRI 1o X 4 T R M E 45 2R m] DL
BRIt 4. FOURMGEAIRILE 1,
1 E W IR AL 0. 400g AR I, Zr |
HE \Nb \Ta A~ [F) R EE 0 1% , FH EL S Bl 72 1 A rp A
B, fit SR BRI A AN A2 2 S OB i BOHE A 0
% JE B B A A KT R 2 S BT, P
i Hed A 0. 400,

H 1 AFEIER LM X GCBWO7314 whxfi iy o 4 Br
SR
Table 1  Effect of different LiBO, addition on analysis results of
refractory elements in GBW07314

5 (pe/e)

o, AEM
TR e 0.200g 0.300g 0.400¢ 0.500g

AR WONEREE (WENERER (w4
Zr 229 111 172 225 209
Hf 6.2 2.74 3.04 6.41 6.80
Nb  19.1 4.25 6.83 18.6 17.2
Ta 1.2 0.436 0.702 1.23 1.38
w21 1.24 1.69 2.02 2.14
Mo  0.64 0.177 0.415 0.603 0.612

2.2 FRRRE R R

BA S | AR RS, P A SR, HLvT g
CAFAED AR IS FE 55 A AR, WO R A R A RO
I 3R A AHA B AOR o X R34 e R
RYPFEAR, A BT 5t T4, HHET ICP - MS
D V6 ¥ U0 R W 19 e RE A% £/ T 1000 ~ 4000
RIS RS T AR AR OO
SEII S He HEE 7 1) SE 36 7 PR TR b
HEY) T GBWOT7314 W) I, — 4 5% MR B &2
100mL( # BEAE£A 1000 ) , 75— 20 B 2 250mL
(FBEAE RN 2500 £5) , BRALPATINAE 6 IR, 45 R 3R
B, R 2 250mL 5 25 R AR, 4% 0T A X AR
e 2= (RSD) B/ T 5% , X J2 i T i 7 BEAS B0
A T3 S BRI 5 T BE & 100mL £ %500
RWAEFEIMER 45, {0 Nb La, Ce S0 1) RSD
It 10% , HA BEAS BN A B 1 L5 b 2 3 2,
W AR SCHE PR 5 VR B 2 250
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SIV\SZCI‘\SSMH ‘57Fe\59C0\60Ni ‘63CU\O6ZH ‘71 Ga\SSRb\
SSSI'\S() Y“)O ZI'\% Nb \95 M0\12l Sb\l33 CS\137 B‘d\Bg La\
140C6‘\l41 Pr\l% Nd\l47 Sm\ISS Eu\157 Gd\159 Tb\l63 Dy\
165H0\166 EI‘\169 Tm\172 Yb\175 Lu\l78 Hf\lgl Ta\182 W\
“Pb *Bi *Th U, 5 ICP — MS & Hby 5 £ it
PEAI0)0 bR G G

VEPEG I8 I N PR JC 2R RERME TR A R 1 T
Po, HREA B W3 AL L T (5 5 IR RS . Hb T
FEal o B b I N AR JC 2R A2 45 LiSc . Ge Y \Rh,
In Re Bi 5§, INARIT ZR Lo 45 J5t I it Jot 1 50 5 9 oo
FAHE, B R ST TR A EN, Be,
Na Mg Al.Si K .Ca,Sc.Ti.V.Cr.Zn Ga ,Rb [N Fx
TLE PR Ge,Sr.Y . Zr Nb Mo . Sb.Cs .Ba 19 N #5
JTCEEEE K" Rh, Eu, Gd, Th, Dy Ho Er , Tm,Yb,
Lu Hf Ta W Pb Bi . Th . La Ce Pr.Nd.Sm.U [}y
PRt EEEE N Re o 7 EULHH B9, BT RO AN
Be Na Mg Al Si K Z%AGENNFRCE, HEE
FA" Ge AU o Ayt o (X A8 FEEAS 5 R (0 285 SR 22 ,
DZE 10 ASFEAL, AT SR Zs dilbn et 26
2.4.3 I E B TR IR

Gy ICP — MS FEAR YERL 2L I JE 26 0 &
W Ti V. Cr Ni Zn B, f7AE LA™ I 2 5 F 5
TSI (KED ) 278 ICP - MS [l
A He 5 Z i+ T I8 F & B4, T
FEAR T4, ASCLL Ti V. Cr Ni Zn S, 25 25N
TR TEARERL (STD B3 F 3l BRI AR = (KED
) N S ESEROKRE (BEC) 22460, BEC Jy
RS A ShiT o, 45 B R, 1E STD BT,
Ti.V.Cr.Ni.Zn ff] BEC {5455} 4. 86 4.67 58.4 .
9.61 46.04pg/g; Mi7E KED £ K, BEC {543 5
0.78.1.55,18.55.3.59 8. 65ug/g, X FH K H
STD L 43Hr irfG BEC {H B @ b KED #5251
Z,XEHTHAEZEFE TR, W
12C35C1 + X‘ 47Ti,35C1160+ Xj_ﬁl V ,40AI'12C + \35 Cllﬁ Ol H +
P Cr,*Ca'0" FCa®0'H* P Na’ Cl* %F“Ni, LA I
PTI0 " X" Zn #y4 E T4, IS S0 i R
T RCSFROREE AR & 2 e 25 3L, T KED A i
ARMEE BEC ., PR CREERZ , A E
I, A ICER g — i KED B 47, 52k
I ) 235 R4 N

AREMER TR, REBOTRERS
Mrial 7 2= BRRTIEBR T4 (I 2. 4.2 7)) H 2 8ot
E T kR e, kB AT 2 T

"/

Gy Hr T 2 (HEAT 2 20 Ca 1T, B LAAE I 2
TAANEEY Ca W T A REAS BIMERG &5 5 oI008 1 v
i E" Ca, R FEAR EAR (KX 1) K IEY Ca
XTI P2 A i 3 o

pr =pr —K(pe) (1)
KK R TIITER N TIALIE N F 500 WA IE G
Ti 1) 55 B o B 5 pmy O™ T 28 00 o o
po it Ca BYSEPR R BT . W 76 A TR BE Ti A
WP INAARFR B THOCR Ca 19 2 ik
B Wi K f ) 0. 0896453
2.5 ik
2.5.1 kgt

P BRI 7%, 2 PR bR vE I 26, I X i F
25 VA BOE S E 12 W, LA 2 45 B 1) =5 bR
ZE AR R . 3R 2 252 AT 0L, A vR A R
AL T XRF 37 PR % 98 90 2 19 2047 1 3
K. WAL BT AT Wil R £, 7
s W AR o & T IR U TR, T BORE B PR A X R
R (ERIER 124 FILR(5RE VTR ALY Lo Toe Rl 2

2 Jiikkihm

Table 2  Detection limit of the method

J— R i B PR K B
FRMTE FFNTCE

(ng/g) (pg/g)

Cu 1.479 Tm 0. 006
7Zn 11.452 Rb 0.549
Cr 16.262 Sc 0.330
Ni 0.995 Th 0.067
Co 0.236 v 1.168
Pb 2.955 Nb 0.137
Sr 0.357 Ta 0.067
Ba 3.616 Hf 0.021
Ga 0.466 Cs 0.043
Mo 0.113 w 0.064
Ir 0.360 Sh 0.051
La 0.391 U 0.098
Ce 0.157 Th 0.015
Nd 0.267 Bi 1.096
Sm 0.064 Be 0.430
Eu 0.008 Sio, 0.870
Ho 0.007 AL O 0.026
Yb 0.074 Fe, 07 0.033
Lu 0.006 Ca0* 0.051
Y 0.442 MgO * 0.004
Pr 0.025 K,0* 0.192
Gd 0.077 Na, 0 * 0.080
Dy 0.026 MnO * 0.001
Er 0.113 Tio; 0.001

T AR = "B RRIN TR A RN %
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2.5.2 JiikKEEIE

WU SEBRRE i 1 SEATRRI 12 {7, $e5
By A TN A , T A B HER 2% (RSD) o AR
P S5 2 H 0 MR fh 2 35 A S (1 2 50000) )
(DZ/T 0011—2015) , JC & & = 7E — &5k th R Y,
RSD < 15%, J. & & & £ = 5 & 1 R 4h, RSD
<10% , ARPEFFFMICE RSD AT 1.1% ~9.7% 2.
], 5 AT ESR . (AR 55 2 2 T
JCREW V. Cr, &R TCE N Ta, DLFER /> 3
JCE U Si F Ca, R FATHE i 53 BT R — U B
(MTAEAL A I ) R R 25, ATk E o pr
B AL AT IR B B =K, 25 R B, A
M TAE R

463 [EShRUEP IR 85 R B mibsini

2.5.3 JrikUEmRE

W v VE DU AR W) E K bR ME W BT GBWOT7314
GBWO07333 .GBW07335 . GBWOT7336 #i¢ 52 3 J7 1k 47
AEFRIEINRE , TR 25 R E(E TR, S5 R4 3.
VTR S PRRE i 2 £ PATRRRE 2 £y, — 45k
BT EATAL B, I — 0 IR AR I A — 2 1R FH 39
FICRIR BARER W S Al \Fe ,Ca Mg K Na Mn Ti
BAITRARMEATR (SI B T3 8, FUInbR B sE 56
i N3k Z2 AR UEE, PR AR [T S ) 425
W7 ks HEAT A0 B, HEAT bR DO g, o A 5 R
(32 3) 1] TSR HEY B F i T R EH S
WE [ HEA— B, SEBRFE il AT 2 IR i3 1
83.6% ~118.6% Z [i], FRHIA T B HER LR =i

Table 3 Analytical results of national standard references and their spiked recovery

GBW07314 GBWO07333 GBWO07335 GBWO07336
==t = N N » N \ > ~ > lE!LI&g
(RS IEE W E 1B NEE 5 {H TAEfE D5 INEE D5 A (%)
(peg/s) (pg/s) (pe/g) (ne/g) (ne/g) (ne/g) (ne/g) (ne/'g)

Cu 31 29.9 29.1 26.5 18 16.6 23 20.8 96.2
Zn 87 85.5 114 112 79 75.4 100 95.5 91.4
Cr 86 77.8 107 98.5 78 73.9 64 57.9 91.4
Ni 34.3 32.7 46.1 42.0 36 35.7 44 42.5 87.8
Co 14.2 13.3 18.9 18.6 15 14.9 13 12.3 83.6
Ph 25 23.6 29 26.9 25 23.5 20 18.3 92.2
Sr 150 142 130 124 193 184 507 463 96.0
Ba 425 424 477 449 396 361 488 479 96.4
Ga 16.1 16.0 - 19.2 16 14.8 15.1 14.1 114.6
Mo 0.64 0.651 - 0.462 - 1.42 - 1.08 107.8
Ir 229 227 144 132 184 171 134 128 105.2
La 38 35.6 40.8 39.9 38 36.0 31 28.0 93.6
Ce 78 70.4 77.4 75.9 78 71.5 64 62.8 86.6
Nd 33 30.0 33.1 31.6 32.6 30.2 26 25.0 112.0
Sm 6.7 6.48 6.28 6.18 6.2 6.03 5.2 4.77 89.8
Eu 1.3 1.24 1.26 1.16 1.25 1.24 1.01 0.93 91.2
Ho 1 0.965 0.96 0.952 0.92 0.839 0.8 0.744 110.0
Yb 2.8 2.61 2.46 2.23 2.42 2.21 2.2 2.11 85.2
Lu 0.45 0.425 0.37 0.355 0.38 0.374 0.31 0.318 86.2
Y 27 25.2 24.9 23.7 25 25.0 23 20.7 109.4
Pr 8.7 7.98 8.32 7.51 8.3 7.59 6.8 6.26 85.2
Gd 5.6 5.46 5.44 4.98 5.4 5.09 4.5 4.08 86.2
Dy 5.4 5.18 4.59 4.43 4.8 4.74 4.1 3.97 107.2
Er 3 2.94 2.57 2.49 2.56 2.42 2.3 2.09 108.8
Tm 0.44 0.442 0.38 0.355 0.39 0.364 0.29 0.285 109.6
Rb 109.3 104 164 164 118 113 110 99.8 95.0
Sc 12.5 11.6 16.1 15.1 12 11.9 11 10.8 118.6
Th 10.2 9.52 14.2 13.2 13.6 12.6 12.6 12.0 93.4
\Y 103.1 95.5 131 128 95 91.3 87 85.6 109.6
Nb 19.1 18.3 17.1 16.3 13.7 13.2 12.9 12.4 116.5
Ta 1.2 1.08 1.22 1.21 - 1.62 - 1.08 110.0
Hf 6.2 6.09 5.2 4.83 5 4.91 5 4.80 97.2
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52 EAEW A MR R — i R 5 5 B A B VR (R I S TR v 48 RO R 55 40 %
(84 3)
GBW07314 GBWO07333 GBWO07335 GBWO07336
o \ ‘ \ , ‘ ‘ ‘ e
fRNIER | GEM WS (i A WS (] A W (] A W (%)
(ne/g) (ne/s) (neg/g) (heg/g) (ne/s) (ne/s) (ne/s) (ng/s)
Cs 8.2 8.11 13.8 13.4 8 7.33 7.6 7.28 105.6
W 2.1 1.97 1.93 1.82 - 2.11 - 1.97 104.8
Sh 1.4 1.39 1.06 0.972 - 0. 865 - 1.32 96.0
U 2.7 2.66 4.5 4.45 2.7 2.61 2.8 2.54 113.2
Th 0.83 0.821 0.76 0.725 0.8 0.762 0.7 0. 645 107.8
Be - 2.42 - 1.61 - 1.72 - 1.71 99.2
Bi - 0.621 0.45 0.431 - 0.515 - 1.46 110.2
Si0, * 61.91 60.4 54 51.3 59.6 55.3 44.9 44.4 -
AL O, " 13.07 12.58 17.42 17.32 13.1 12.06 12.1 11.9 96.2
Fe, 05 " 5.36 5.14 6.77 6.17 5.28 5.23 4.65 4.57 91.0
Ca0 ™ 4.31 4.27 1.47 1.34 4.8 4.51 4.8 4.62 112.5
MgO * 2.5 2.43 3.08 2.84 2.51 2.4 2.51 2.31 87.5
K,0*" 2.48 2.44 3.53 3.36 2.71 2.63 2.71 2.65 93.5
Na,O " 1.68 1.53 2.93 2.66 2.3 2.12 2.5 2.37 103.0
MnO * 0.096 0.112 0.062 0.0641 0.073 0.0754 0.3 0.274 109.9
TiO, * 0.825 0.824 0.775 0.711 0.72 0. 654 0.61 0.595 101.2
e BRI 7 ARFIN T A E (BRI 2 (A 5 al S %6
P R4S [3] Wang X H,Gao Y S,Wang Y M,et al. Three cobalt —
ailk
S R B R R B — TCP — MS V3 58 ¥ LI AR rich seamount crust reference materials: GSMC -1 to 3
N /N
WIRE I BENS— TR ERE | ) S 48 FhTZE . Ac: [J]. Geostandards & Geoanalytical Research,2003,27
- et e (3):251 ~257.
FHHCBRIA 1 S XRF 1557050 , FEAR A R0R &, . . . -
evin , Mengerin , Gjerde , et al. Defining
. IR . ] . [4] L LAM k K, Gjerde K M, et al. Def;
HRBE PR e T e A SR AL 1S i 5 87 ] v B 7R 0 0 . . . . .
. serious harm” to the marine environment in the context
) Sl 22 o 22 AT
s ANGIANa K, 1§ﬂ‘{m‘ﬂ/~£m%%ﬁiiﬁ Jm ’ ﬁ%)&% of deep — seabed mining[ J]. Marine Policy,2016,74;
I MEB G R MR AR e 4. 28K, B T IR R 245 —259.
(1) 5 AR 0, 3 BRI T 2R R R AN A0 R i [5] German C R,Petersen S,Hannington M D. Hydrothermal
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Simultaneous Determination of 48 Elements in Marine Sediments by
ICP - MS with Lithium Metaborate Fusion

WANG Jia — han, LI Zheng — he, YANG Feng, YANG Xiu - jiu, HUANG Jin — song
(No.9 Geological Part of Chinese Armed Police Force, Haikou 571127, China)

HIGHLIGHTS

(1) It was difficult to obtain a low detection limit of each element in marine sediment by the common analysis
methods of multi — element analysis when the efficiency of pretreatment was considered at the same time.

(2) The pretreatment time could be shortened and the decomposition of marine sediment was complete by alkali
fusion. The simultaneous determination of 48 elements in marine sediments has been realized by ICP — MS.

(3) The optimization of experimental procedure and instrument conditions was carried out, which provided a rapid

and accurate method for the determination of multiple elements in marine sediments.

ABSTRACT

BACKGROUND: The common analysis methods of marine sediments, such as open digestion or high — pressure closed
digestion combined with inductively coupled plasma — mass spectrometry (ICP —MS) or inductively coupled plasma —
optical emission spectroscopy (ICP —OES) determination, and pressed powder pellet or fusion tablets combined with
XRF determination, have a low efficiency of sample pretreatment and less detectable elements. The disadvantages
of incomplete digestion, slow speed and high detection limit contribute to the inefficiency of the method.
OBJECTIVES: To develop a rapid method for the determination of 48 elements in marine sediments by ICP — MS.
METHODS; Lithium metaborate was used as a flux to decompose the sample. The obtained sample was leached
with 5% nitric acid and determined by ICP — MS. An analytical method for the rapid determination of 48 elements
in marine sediments was established. Using the national standard references materials of marine sediment as the
high point, the standard working curve was drawn. The amount of flux LiBO, , dilution ratio, analytical isotope and
internal standard elements of each element to be measured, instrument measurement mode and interference
correction equation of individual elements were determined, an optimal decomposition conditions and measurement
conditions were obtained.
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RESULTS:; The results showed that the accurate results of P, As, Se, Cd, Hg cannot be obtained due to high
temperature loss, yet microwave digestion or other methods could be used for pretreatment to avoid loss before
determination. The accurate results of 48 elements may be obtained by this method, the relative standard deviation
(RSD) of each element was less than 9. 7% . The measured values of the national standard references of marine
sediments GBW07333, GBW07314, GBWO07335 and GBWO07336 were consistent with the certified values. The
recoveries of each element in marine sediment samples ranged from 83.6% to 118.6%.

CONCLUSIONS: This method greatly improves the analysis efficiency, and can analyze more elements, suitable

for the analysis of large numbers of samples.

KEY WORDS: marine sediment; alkali fusion; lithium metaborate; inductively coupled plasma — mass

spectrometry
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