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Simultaneous determination of 50 elements in marine

sediments by microwave digestion ICP-MS

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

Abstract: The marine sediment samples were decomposed by microwave digestion and 50 elements in it were
determined by ICP-MS. The two-point standard curves were plotted by blank solution and marine sediment
reference materials. The microwave digestion conditions were optimized, and the analytical isotopes, internal
standard elements and instrument determination modes were determined. The results showed that the detection
limit of most of the elements was below 0.1 pg/g, and the RSD of each elements were between 1.2% and 12.4%.
The measured value was consistent with the certified value through the analysis of national standard references
of marine sediments, and the recovery of each elements in the actual sample was between 81.0% and 118.1%.
50 kinds of elements in marine sediments could be measured at the same time with very low detection limit in
this method, and it was very suitable for rapid analysis of small batch of marine sediment samples because of

convenience, high efficiency, and good decomposition effect.
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Tab.l Working parameters of ICP-MS

TAES% Bl TAESH Hfl
NG IE 1550 || ZEAFELmin 103
BESFR/Lmin' 140 HEREZE 3/ min ' 40
YR Lmin T 08 FAEURE/mm 150
SRAEHE AR /mm 1.0 Pt Bk
B B A2 /mm 0.7 T REL 30
15 B Bsf ] /ms* 10

¥: *Ta, W, Sb., U, ToSFHIR T HE 15 B H] 2830 ms; FHTT
ZAl Fe, Ca, Mg, K. Na, Mn. Tif5 8 i) 4 ms

1.2 F2R50 KA R

TP UUR ) S PRbe i (FE A 1L BE R 2) 2R
TR R A8 B B, T U TR DU AR W bR )
i GBWO07333. 3T 1 ¥ ¥ U PR 9 A UE W) T
GBWO07314, TR UL R Y bR HE P T GBWO07316,
HPEUURR Y FREY) it GBW07335 £l GBW07336,
3500 Fh ) R M o S B A P L A AR R R R AR
TR T . E R BRI R 5 R
P85 B

“Ge. '""Rh, "'Re HLIC & N ARG 5 W (FEER
RAHD: 1000 pg/mL; NARR G “Ge, '“Rh,
"Re B EEI N 10 ng/mL, H17°Ge. '"Rh. "*'Re
PATC R N bR A8 W G 5 38 SRR R, A o
H 3% (ERFSEL, T [F))HNO;.

HCIl, HNOj;. HF %3 MOS %, 1 £ XUl
b ZE IR AL Ak (FBHZEA/NT 18 MQrem) .
1.3 LRk

FREUEE & 0.1000 g & T AFHET, NN 2 mL
HNO;. 6 mL HCI, 5 mL HF, 1 mL H,S0,, IE4))5
RO N BRI S oA e B 2 R P T A, TR A o6 4
JE BT R HE BT 250 °C IR EL VIR AR, TR
(I TEHMN 7 mL BUEC T oK B9 R0E 56, 78
TR K5 N 250 mL 2% 2 H 9 FH 3%HNO; 22 %5
R, IRAETRIN . R AR i A8 25

DAZS LIV A AR a5, BEAE it ) s 90 fie 1) Vg
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AN TR A R 23 % RCIBE T il 80 R 7 2B 5
e o A B ST 43 3 % %8 T 2 mL HNO3;+ 6 mL
HCI. 2 mL HNO;+ 6 mL HCl+ 5 mL HF., 2 mL
HNO;+ 6 mL HC145 mL HF4+ 1 mLH,SO,. 8 mL
HNO;+ 5 mL HF+ 1 mL H,SO, X 4 fliR &5 =
XoF [ AR A I GBWO7314 Y ff 508, Hor,
1L HNO5+HC 1R A T2 1 i B f e L AR BR T
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B, 2 LT RRIN DT 2R, 45 R 25 8K
IR WL 2, 25KV, AN HF IE g AR
HUTTESR B, PR JCIR S8 2 TH R AN HySOy i,
Cr. Ni, Nb, Cd iX 4 Fl oo 1945 £ 0 8 % 1]
B RR R & HNO; A1 HCI I, L2650 ZAnEs
43 £ JCE | Rb, Ba, U B Hr4E - AU HNO,
RORBE G . BRI, A7 22k H 2 mL HNOs+6 mL
HCI+5 mL HF+1 mL H,SO, /7%,
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Tab.2  Analysis results of GBW07314 after digestion with different mixed acids

2 mL HNO;+6 mL HCI+ 2 mL HNO;+6 mL HCI+ 8 mL HNO;+5 mL HF+
w4 Wi gg 5 mL HF 5 mL HF+1 mL H,SO, 1 mL H,SO,
M E /g g A /g g Ml /g g
Ba 425 407.7 426.3 403.9
Zr 229 220.1 234.8 189.4
La 38 37.54 40.06 32.23
Ce 78 79.67 79.17 72.62
Nd 33 35.73 31.35 23.82
Rb 109.3 106.4 104.4 84.5
U 2.7 2.497 2.527 1.814
Cd 0.2 0.107 0.1920 0.1296
Nb 19.1 10.88 19.21 20.27
Pb 25 26.75 24.88 24.15
Cr 86 58.86 85.82 87.65
Ni 343 16.93 32.39 34.08
TiO,* 0.825 0.8123 0.8293 0.7538

T *FOR R 2R (%)

(EAS B A, BRI LR, In H,S0, B,
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Tab.3 The digestion results under different microwave digestion

conditions
ENEE 6 ik [ /min TR/ FHGHIR

5 100

%11 10 200 JHA ULTE
5 180
10 100

A2 20 150 JREBA A UTTE
10 150
10 100

A3 20 200 63 i
10 180
15 100

%14 30 200 &
15 180
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BER . TR, Hi Mz 45 5 Fr il oo
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#i X (KED) J& 78 ICP-MS By Al b 5| N\ He 5
LRI F R A mliE, WmiFFEIR T3, S
HBR . 2SI & B, i AR R0 (STD 45
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MICEAE STD B FI KED A F 46 H PR #9751k
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Tab.4 Analysis isotopes and internal standards of the measured elements
TR RN E WhReE  fRTE R E WhReE  fRTE R E WFRTCER

Li 7 "Ge Zn 66 "Ge Eu 153 "Re
Be 9 "Ge Ga 71 "Ge Gd 157 "Re
Na 23 "Ge Rb 85 "Ge Tb 159 "Re
Mg 24 "Ge Sr 88 "“Rnh Dy 163 "Re
Al 27 "Ge Y 89 "Rh Ho 165 "Re
P 31 "Ge Zr 90 "“Rh Er 166 "Re
K 39 "Ge Nb 93 "Rh Tm 169 "Re
Ca 44 "Ge Mo 95 "Rh Yb 172 "Re
Se 45 "Ge cd 111 "“Rh Lu 175 "Re
Ti 48 "Ge Sb 121 "Rh Hf 178 "Re
v 51 "Ge Cs 133 "Rh Ta 181 "Re
Cr 52 "Ge Ba 137 "“Rh w 182 "Re
Mn 55 "Ge La 139 "Re Pb 208 "Re
Fe 57 "Ge Ce 140 "Re Bi 209 "Re
Co 59 "Ge Pr 141 "Re Th 232 "Re
Ni 60 "Ge Nd 146 "Re U 238 "Re
Cu 63 "Ge Sm 147 ""Re
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Fig. 1
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T DURR W 1 R bR HE W) i GBWO7316, 4K J5 15
PSR R AT AN, SEAT AR [ AL 5, 25 51 L
= 6o B DT B KR EY) it GBWO07333,
GBWO07314, GBW07335, GBWO07336 fi 52 ¥ J7
BT AL BSIAE , FR 2 R A CE (A, 4521
UL3E 7, S5, W PR DTRLY AR o B
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Tab.5 Linear equation and detection limit of the method
JLE LT Bhnge ' | 6% &M BhBage | tE gl Kilugg!
Li »=8632x+9313 0.031 Zn  y=1349x+25468 4.011 Eu  »=11763x+37 0.007
Be y=8487x+452 0.028 Ga  y=4010x+401 0.073 Gd y=3549x+53 0.027
Na,0*  y=45920335x+3120468 0.006 Rb  »=7506x+2812 0.136 Tb  y=19273x+16 0.002
MgO*  y=5263640x+160573 0.008 Sr y=8182x+10314 0.289 Dy y=4194x+43 0.005
ALOs*  1=10978216x+382334 0.025 Y y=71687x+432 0.028 Ho  y=16890x+40 0.006
P,05* y=6212x+42118 0.035 Zr  y=2666x+1206 0.283 Er y=5818x+46 0.008
K,0*  y=46219109x+11786026 0.026 Nb  y=6401x+180 0.009 Tm  y=17189%x+16 0.001
CaO* y=1645489x+171588 0.011 Mo  y=1265x+159 0.053 Yb y=4083x+13 0.011
Sc 1=8266x+23032 0.138 Cd y=1359x+86 0.066 Lu  »=16919x+20 0.003
TiO,* ¥=52603020x+59209 0.001 Sb y=4953x+531 0.011 Hf y=3956x+46 0.011
\% »=10492x+8356 0.184 Cs  y=17341x+535 0.015 Ta y=4268x+56 0.005
Cr y=6502x+68581 1.294 Ba  »=934x+4309 1.82 W y=T429x+69 0.018
MnO*  y=82704385x+31912 0.0001 La  y=13275x+1359 0.053 Pb  y=7207x+21520 0.122
Fe,05* 1=1896215x+42118 0.005 Ce  y=12738x+3857 0.088 Bi  y=19547x+397 0.015
Co y=5462x+14316 0.236 Pr  y=20109x+287 0.012 Th  y=9561x+306 0.012
Ni y=1614x+3965 0.549 Nd  »=3917x+312 0.032 U y=10962x+122 0.014
Cu y=4003x+58711 1.479 Sm y=3691x+40 0.022

TE: ¥R 2R 8 (%)
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Tab.6 Recovery test results
JLE EN e M/ Ml /g IR/ (%) RSD/(%)
Cu 63.85 115.5 185 104.9 4.6
Zn 118.9 71 187.3 96.4 3.6
Cr 123 19 142.7 103.6 3.8
Ni 39.96 54 97.92 107.3 2.7
Co 15.99 26.5 44.9 109.1 4
Pb 31.63 11 41.13 86.3 3
Sr 84.72 3335 392.5 92.3 42
Ba 7343 1250 1922 95 1.2
Ga 8.895 6 15.02 102 4.9
Mo 0.9472 2.85 3.481 88.9 7.5
Zr 306.9 47 356.7 106 7.1
Cd 0.5674 0.15 0.6917 82.9 9.3
La 69.17 22 88.07 85.9 3.9
Ce 35.02 27.5 63.07 102 33
Nd 71.92 25.5 98.41 103.9 4
Sm 9.272 6 15.28 100.1 6.6
Eu 4.738 1.5 6.25 100.8 10.6
Ho 2.618 1.2 3.986 114 11.1
Yb 2.153 2.9 5.288 108.1 11.5
Lu 0.4496 0.45 0.933 108.6 8.3
Y 54.41 345 95.14 118.1 6.5
Pr 18.46 6 25.14 111.4 53
Gd 11.19 6 17.93 112.2 3.4
Dy 12.96 5.5 18.52 101.2 4.6
Er 1.017 3.15 4.005 94.9 124
Tm 0.732 0.48 1.173 91.9 6.4
Rb 110.8 25 139.5 114.7 4.5
Sc 14.09 7.5 22.16 107.6 6.5
Th 17.29 3.5 21.06 107.6 8.4
A\ 116.1 345 149 95.3 33
Nb 5.076 3.45 8.652 103.6 12.3
Ta 2.237 0.21 2.437 97.2 10.7
Hf 5.86 1.15 7.127 110.2 9.6
Cs 7.977 2.25 10.14 96.1 8.6
w 4.118 2.05 6.087 96 11.6
Sb 4.474 0.65 5 81 12.2
U 3.802 0.55 431 92.3 9.1
Tb 0.4955 1 1.59 109.5 12.1
Be 4.934 0.75 5.689 100.7 9.9




% 4 4 EAES, ¥ BIEUHMR-ICP-MS R B & FU R ¥ 50 A T FK 617
6
JLE AIElpge ! A /pgg W g g ! [/ (%) RSD/(%)
Bi 0.8142 0.29 1.055 84.7 4
Li 52.71 17.5 67.07 82 6.9
AlO3* 10.61 3.85 14.25 94.7 4.6
Fe,03* 2.753 1.91 4.459 89.5 4.6
CaO* 2.579 11.3 12.55 88.2 6.4
MgO* 2.989 1.02 3.922 91.5 4
K,0* 4.364 0.81 5.245 109.4 3.8
Na,O* 2.396 1.88 4.392 106.4 2.7
MnO* 0.1027 0.2 0.3224 109.9 1.6
TiO,* 0.8198 0.2 1.01 97.4 22
P,05* 0.2353 0.17 0.3749 84.6 42
T *FORFRNA AR R (%)
®7 IEFIRYERREYRMNEER
Tab.7 Determination results of national standard references of marine sediments
— GBW07314 GBW07333 GBW07335 GBW07336
e INEM/pug g WiHE/ng g NEMge ' WEfpee ' INEMfngg WiHEng g AEMngg' W Eg g
Cu 31 30.01 29.1 29.57 18 18.66 23 23.64
Zn 87 90.89 114 105.1 79 80.36 100 92.81
Cr 86 86.26 107 105.3 78 71.58 64 65.96
Ni 343 33.09 46.1 46.45 36 34.23 44 43.93
Co 14.2 13.66 18.9 18.17 15 14.57 13 13.61
Pb 25 24.46 29 28.31 25 25.14 20 19.20
Sr 150 146.1 130 130.0 193 188.7 507 529.6
Ba 425 420.7 477 458.4 396 376.8 488 502.6
Ga 16.1 16.63 - 14.83 16 16.65 15.1 14.54
Mo 0.64 0.6201 - 0.6289 - 0.7368 - 0.6641
Zr 229 234.8 144 138.0 184 175.8 134 140.3
Cd 0.17 0.1684 0.28 0.2805 0.2 0.1999 0.31 0.3224
La 38 38.81 40.8 40.01 38 32.09 31 29.78
Ce 78 80.11 77.4 80.07 78 76.41 64 65.42
Nd 33 33.14 33.1 29.38 32.6 3234 26 24.77
Sm 6.7 6.432 6.28 6.011 6.2 6.434 5.2 5.049
Eu 1.3 1.328 1.26 1.083 1.25 1.281 1.01 1.005
Ho 1 1.008 0.96 0.9426 0.92 0.9609 0.8 0.8244
Yb 2.8 2.703 2.46 2.419 2.42 2.147 2.2 2.264
Lu 0.45 0.4681 0.37 0.3593 0.38 0.3677 0.31 0.3102
Y 27 26.76 24.9 25.66 25 24.96 23 20.78
Pr 8.7 8.987 8.32 8.271 8.3 8.012 6.8 6.811
Gd 5.6 5.655 5.44 5.286 5.4 5.574 45 4.691
Dy 5.4 5.853 4.59 4.594 4.8 4.717 4.1 4.004
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g GBW07314 GBWO07333 GBW07335 GBWO07336
JLR
NEMngg ' WiEMg g INEMnge ' WiHELge ' WEHnge' WiHEnge' ANEMEngeg' WiHEMgg'
Er 3 3.129 2.57 2.611 2.56 2.555 2.3 2.221
Tm 0.44 0.4286 0.38 0.3805 0.39 0.3795 0.29 0.2923
Rb 109.3 111.7 164 158.8 118 114.3 110 101.2
Sc 12.5 11.86 16.1 15.94 12 12.56 11 10.84
Th 10.2 10.47 14.2 14.11 13.6 13.65 12.6 12.55
Vv 103.1 100.7 131 124.8 95 92.73 87 83.65
Nb 19.1 19.60 17.1 17.12 13.7 14.09 12.9 12.42
Ta 1.2 1.197 1.22 1.210 - 1.146 - 1.107
Hf 6.2 6.406 5.2 5.014 5 4.903 5 4.801
Cs 8.2 7.793 13.8 14.46 8 7.974 7.6 7.785
w 2.1 2.104 1.93 1.963 - 1.906 - 2.181
Sb 1.4 1.231 1.06 1.108 - 1.602 - 1.306
U 2.7 2.800 4.5 4.939 2.7 2.778 2.8 2.489
Tb 0.83 0.8987 0.76 0.7512 0.8 0.8239 0.7 0.7322
Be - 1.976 - 2.054 - 2.094 - 1.513
Bi - 1.473 0.45 0.4620 - 2.500 - 0.5294
Li - 104.3 88.5 90.75 - 82.49 - 54.69
AlL,O5* 13.07 12.99 17.42 18.27 13.1 13.26 12.1 12.17
Fe,05* 5.36 5.258 6.77 7.092 5.28 5.476 4.65 4.591
CaO* 431 4.356 1.47 1.403 4.8 4.846 4.8 4.949
MgO* 2.5 2.534 3.08 3217 2.51 2.587 2.51 2.520
K,O* 2.48 2.538 3.53 3.494 2.71 2.677 2.71 2.701
Na,O* 1.68 1.703 2.93 3.027 2.3 2.347 2.5 2.450
MnO* 0.096 0.09454 0.062 0.06448 0.073 0.07064 0.3 0.3122
TiO,* 0.825 0.8231 0.775 0.8101 0.72 0.7203 0.61 0.6390
P,05* 0.148 0.1421 0.121 0.1269 0.12 0.1165 0.13 0.1288

T — RN R B NEE

(1) R PR TR AR D) o AN 25 I s
) 9 S AR T2, AN R, i L A R
AT

(2) M PEUTAR Y ffR A 2 mL HNO;+6 mL
HCl+ 5 mL HF+ 1 mL H,SO, i 5 %, H (9
i 2% 100 °C JHf# 10 min, FEFHEZE 200 °C {4
¥ 20 min, i J5 7 180 °C ££%F 10 min,

(3)Hg. Se. As, B4t & i T7E MR i 2
HRE R BRI C IR A BIMER S5 R . T R

Bt R0 (KED) T #EA 705 , R0 bt 3 A5
iR SO
(4)J7 R BRARAI, AR IITCRTE 0.1 pg/g L
T R 5 RN M A AT DL R S BR AT B
(5) ATy ki b BT, At FRARALG, R3S 53
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