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Tab.1 Analysis of the working conditions of elements by XRF instrument
. . o . § 20/(°) PHA
JLE AR APrdiE MRS /um WS EE/AV HET/mA

e GBS LL UL
Na Ka XS-55 0.46 Gas 30 120 24.822 40 250
Mg Ka XS-55 0.46 Gas 30 120 20.634 22.778 40 160
Al Ka PET 0.23 Gas 30 100 144.563 40 250
Si Ka PET 0.23 Gas 30 40 108.990 40 250
Ka PET 0.46 Gas 30 120 89.406 93.158 50 150
S Ka PET 0.46 Gas 30 80 75.729 79.628 50 150
Cl Ka PET 0.46 Gas 30 120 65.440 67.012 50 150
K Ka LiF200 0.46 Gas 50 120 136.660 40 250
Ca Ka LiF200 0.46 Gas 50 20 113.109 40 250
Sc Ka LiF200 0.23 Gas 50 120 97.716 96.300 50 150
Ti Ka LiF200 0.23 Gas 50 120 86.144 50 150
A% Ka LiF200 0.23 Gas 50 120 76.944 78.251 50 150
Cr Ka LiF200 0.46 Sci 60 120 69.358 70.996 50 150
Mn Ka LiF200 0.46 Sci 60 120 62.990 65.118 50 150
Fe Ka LiF200 0.23 Sci 60 5 57.519 50 150
Co Ka LiF200 0.23 Sci 60 120 52.747 54.507 50 150
Ni Ka LiF200 0.46 Sci 60 120 48.684 49.866 50 150
Cu Ka LiF200 0.46 Sci 60 120 45.041 46.855 50 150
Zn Ka LiF200 0.23 Sci 60 120 41.796 42.532 50 150
Ga Ka LiF200 0.46 Sci 60 120 38.981 39.580 50 150
As Ka LiF200 0.46 Sci 60 120 33.985 32.4 50 150
Br Ka LiF200 0.23 Sci 60 120 29.965 29.3 50 150
Rb Ka LiF200 0.23 Sci 60 120 26.617 24.500 50 150
Sr Ka LiF200 0.23 Sci 60 120 25.150 24.500 50 150
Y Ka LiF200 0.23 Sci 60 120 23.767 24.650 50 150
Zr Ka LiF200 0.23 Sci 60 120 22.541 24.600 50 150
Nb Ka LiF200 0.23 Sci 60 120 21.381 24.500 50 150
Mo Ka LiF200 0.23 Sci 60 120 20.338 24.500 50 150
Cd Ka LiF200 0.46 Sci 60 120 15.322 17.347 50 150
Sn Ka LiF200 0.23 Sci 60 120 14.033 14.950 50 150
Sb Ka LiF200 0.23 Sci 60 120 13.475 14.950 50 150
Ba Lal LiF200 0.23 Gas 50 120 87.164 89.260 50 150
La Lol LiF200 0.46 Gas 50 120 82.968 84.458 50 150
Ce Lal LiF200 0.46 Gas 50 120 79.221 81.960 50 150
Nd Lp1 LiF200 0.46 Sci 60 120 65.141 65.849 50 150
Hf Lal LiF200 0.23 Sci 60 120 45.900 46.802 50 150
w Lal LiF200 0.23 Sci 60 120 43.026 44.300 50 150
Pb LB1 LiF200 0.23 Sci 60 120 28.254 28.810 50 150
Bi Lol LiF200 0.23 Sci 60 120 33.007 32.537 50 150
Th Lol LiF200 0.23 Sci 60 120 27.398 29.510 50 150
U Lal LiF200 0.23 Sci 60 120 26.148 29.513 50 150

TE: PHA S50 48 i s B2 4345, LL 9204 R BR, UL Sk BIR
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Tab.2 Concentration range for elements in calibration samples

oy FEEHE% | A9 SR/ | 45 SR/ (ng/g) | Hr SEEE/(ng/e) | d5r FaEiul/(ng/g)

Na,O 0.08~8.99 P 221~1150 Ni

MgO 0.18~4.66 S 66~-27000 Cu
Al,O; 9.3~29.26 Cl 2.4~40000 Zn
Si0,  32.69~77.42 Sc 2.1~28 Ga
K,0 0.2~4.31 Ti 1510~20200 As
CaO 0.1~18.25 v 28~245 Br
Fe,O;  1.79~18.76 Cr 21~410 Rb

Mn 290~4569 Sr

Co 4.4~97 Y

3~276 Zr 71~524 4 0.7~126
3.9~1230 Nb 5.1~72 Pb 14~636
19~874 Mo 0.4~8.4 Bi 0.2~50
10.8~39 Cd 0.1~4.8 Ce 24~109
2.4~304 Sn 1~370 Nd 8.9~75
0.8~98.2 Sb 0.2~35 Th 4.1~233
16~408 Ba 180~3100 U 1.1~9.1
24~577 La 11.8~62
7~98 Hf 2.7~13.6
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Tab.3 Detection limits of the components

s Lp/(pg/g) 955 Lp/(ng/g)
M SEIME HIpE JHE
Na,O 28 150 Br 0.4 1.0
MgO 27 150 Rb 0.8 1.6
Al,O4 18 200 Sr 0.7 25
Sio, 18 220 Y 0.7 1.0
K,0 16 200 Zr 0.8 1.5
CaO 15 120 Nb 0.6 1.3
Fe,0; 12 120 Mo 0.6 1.2
P 2.6 11.0 cd 0.7 1.5
S 23 18.0 Sn 0.8 1.5
Cl 6.0 15.0 Sb 1.1 1.9
Ti 2.1 8.0 Ba 7.0 13.7
\% 1.1 45 La 43 9.6
Cr 1.6 3.6 Ce 2.0 11.1
Mn 1.4 6.0 Nd 0.8 7.8
Sc 1.0 1.5 Hf 0.4 0.9
Co 1.0 1.4 w 13 1.8
Ni 0.4 1.2 Pb 1.0 1.9
Cu 0.3 0.8 Bi 1.0 1.5
Zn 0.7 2.0 Th 1.1 1.5
Ga 0.6 1.5 U 0.2 0.8
As 0.6 1.1

2.2 P GHEEE

fiff M K R Rk, X 88K ) bR E W) R
GBWO07408 FiE LY L3 AR ifEY) GBWO7315 %
1A B E A 12 Ik, TR 4
TG, 2R 4 EPE T AL, JTER Na,0. MgO,
AlLO;. Si0,, P, S. Cl. K,0, CaO. Fe,0;. Ti. V.,
Cr. Mn., Co. Ni, Cu. Zn. Ga. As, Br, Rb. Sr.

Fz4 FENBEEEG@E12)
Tab.4 Precision test of the method

4145 GBW07315 GBW07408
X RSD/% X RSD/%
Na,O 4.56 1.05 1.74 0.28
MgO 3.08 0.50 2.37 0.62
AL O, 11.3 0.81 12.2 0.33
SiO, 50.6 0.56 58.7 0.36
K,0 2.35 0.13 2.39 0.42
CaO 5.91 0.49 8.29 0.18
Fe,05 6.06 0.16 4.45 0.39
P 2093 1.33 767.2 0.60
S 2543 3.50 120.7 3.16
Cl 37504 3.87 65.6 2.44
Sc 23.55 4.83 11.8 3.34
Ti 3566 0.72 3826 0.22
v 98.4 1.21 80.5 0.79
Cr 55.6 0.32 66.8 0.30
Mn 4437 0.47 643.5 0.26
Co 81.2 0.78 12.2 1.10
Ni 169.9 0.62 30.8 0.38
Cu 356.3 0.89 233 0.54
Zn 140.7 0.59 70.6 0.66
Ga 17.1 2.45 14.5 2.72
As 7.71 3.77 12.6 2.59
Br 139.4 3.75 2.52 4.41
Rb 71.5 1.31 94.8 0.79
Sr 321.8 1.06 233.7 1.24
Y 100.6 0.72 26.9 0.56
Zr 138.2 1.30 230.3 0.80
Nb 11.8 1.99 15.6 2.10
Mo 13.2 5.90 1.15 5.35
Cd — — 0.11 4.95
Sn — — 2.55 4.20
Sb 2.21 7.47 0.98 5.96
Ba 2993 0.27 493.6 0.38
La 64.5 7.17 354 6.50
Ce 81.6 3.8 64.7 2.50
Nd 76.3 5.73 31.2 6.96
Hf 3.8 3.04 7.9 5.57
w 5.1 2.67 1.71 2.03
Pb 38.8 1.31 22.0 0.78
Bi 0.95 6.95 0.33 7.73
Th 11.32 4.66 10.91 3.8
U 1.86 7.13 2.30 5.1

T+ X 0 12 WINE P 3I(E, HBE 2 FOR AL Na,O~Fe 05 1%,

P~U H7 ng/g.
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Tab.5 Accuracy of the method by standard sample analysis

i GBWO07310., T3 FriEY) GBWO07430. TV
DU AL B EY) i GBWO734 bRifE e i B0 IE, A
il 45 3 AR, 43R 1 By & SRR 5 R 3 AR F
i, W AR g R SR MEE S T . ER 5
(A AT, I S AR M AL A, RIAA TS

VA B R JEE RE I A2 0 BT 2K

B GBWO07310 GBWO07430 GBWO07343
o bR S bR FHE bRl T
Na,O 0.039+0.009 0.032 0.33+0.02 0.34 2.39+0.06 2.43
MgO 0.12+0.04 0.12 0.84+0.05 0.88 2.31+0.04 2.30
Al,O4 2.84+0.07 2.79 17.85+0.12 17.78 11.87+0.10 11.92
SiO, 88.89+0.19 89.09 63.81£0.16 63.76 61.34+0.28 61.16
K,0 0.12+0.013 0.13 2.50+0.04 2.51 2.294+0.06 2.28
CaO 0.70+0.03 0.69 0.40+0.04 0.36 6.57+£0.11 6.67
Fe,03 3.86+0.09 3.80 5.444+0.05 5.45 4.21+0.05 4.20
P 271+£15 277 972+34 966 611+44 606
S (90) 88 261+26 239 0.046+0.004 0.044
Cl (53) 52 7846 80 0.64+0.03 0.63
Sc 4.1+£0.4 4.4 14.0+£0.5 14.5 11.3+1.4 11.4
Ti 1270+£70 1277 5780+260 5620 3800+£200 3900
Vv 10745 110 105+4 106 76+2 77
Cr 40+3 40 67+3 66 62+2 61
Mn 1010+£29 1008 441+20 435 0.059+0.002 0.058
Co 15.3+1.1 14.5 13.6+0.6 13.3 11.6+0.9 11.8
Ni 3042 31 27.4+0.9 27.2 29+1 30
Cu 22.6+1.3 22.2 3242 32 22.5+1.1 21.9
Zn 46+4 45 100+8 95 6342 62
Ga 6.4+0.7 6.3 25.1£1.2 24.2 14.7+0.5 14.3
As 2543 26 18+2 19 11.2+£0.6 10.6
Br 2.44+0.5 2.7 2.6+0.3 2.5 2442 24
Rb 9.2+1.5 8.8 173+5 169 95+4 93
Sr 2543 24 68+4 66 208+7 204
Y 14+2 12 3843 37 24+1 24
Zr 70+6 75 275+11 269 210+£5 211
Nb 6.8+1.3 5.9 26+1 25 29+1 28
Mo 1.2+0.1 1.3 1.2+0.1 1.2 0.63+0.05 0.65
Cd 1.12+0.08 1.16 — — — —
Sn 1.4+£0.3 1.3 12.4+0.8 12.2 2.6+0.3 2.5
Sb 6.3+£0.6 6.4 (1.9) 1.9 — —
Ba 4247 38 411+18 412 543+16 550
La 13.0+£0.9 13.2 67+3 67 33.0+0.6 32.8
Ce 38+4 40 13345 137 — —
Nd 11.8%1.1 12.0 57+4 56 29+1 29
Hf 1.8+0.4 1.7 8.2+0.4 8.2 6.1+0.5 5.8
w 1.6+£0.3 1.9 5.8£0.2 5.7 1.7£0.1 1.7
Pb 2742 25 61+2 60 19+1 19
Bi — — 1.44+0.11 1.40 — —
Th 5.0+£0.3 5.2 28+2 29 11.0+0.6 11.6
U 2.1+0.2 2.1 5.94+0.3 5.5 2.1+£0.2 2.0

84

T #5538 NayO~Fey03 %, P~U 4 pg/g.
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Tab. 6 XRF Analysis results of sediment samples from Bohai Bay

o 1 2 3 5y 1 2 3
Na,O 2.03 2.52 2.55 Br 30.2 23.6 17.3
MgO 271 2.18 1.72 Rb 101 79.7 71.7
ALO; 12.6 11.1 10.2 Sr 201 198 200
Si0, 55.8 60.4 63.4 Y 24.9 28.3 30.4
K,0 2.50 2.16 1.93 Zr 213 504 612
Ca0 7.39 6.05 6.11 Nb 13.7 14.8 16.1
Fe,05 4.62 3.44 3.17 Mo 0.86 — —
P 693 836 795 cd 1.33 1.15 —
S 913 1074 554 Sn 6.92 3.92 1.95
Cl 7652 9116 5535 Sb 8.15 6.42 2.22
Ti 3652 3650 4032 Ba 479 416 405
\% 85.1 68.5 63.9 La 35.6 29.7 32.4
Cr 67.5 70.9 67.3 Ce 50.9 52.2 54.9
Mn 611 652 478 Nd 31.1 24.3 25.6
Sc 9.90 9.44 8.23 Hf 5.89 13.7 16.1
Co 16.3 12.0 10.8 W 5.37 7.10 7.63
Ni 30.5 222 17.9 Pb 24.8 17.2 14.1
Cu 25.9 16.8 11.9 Bi 1.40 2.24 —
Zn 71.3 63.2 39.7 Th 11.1 8.66 11.7
Ga 15.9 11.7 11.5 6] 3.13 2.33 2.36
As 10.8 8.18 7.75
T« R B L NayO~Fe,05 9%, P~U i pg/g.

3 &% ICP-OES. ICP-MS S5 )ik i 2 u R R ZF

ASCR B AR Rl o ke i, #Er Ti
KA XRE (5] B e DR Hh (Na,O . MgO
ALO;. SiO,. P. S, Cl. K,0. CaO. Fe,0;. Sc.
Ti. V. Cr. Mn., Co. Ni, Cu. Zn. Ga., As. Br.
Rb. Sr. Y. Zr. Nb. Mo. Cd. Sn. Sb, Ba. La.
Hf., W. Pb, Bi. Ce. Nd. Th, U)41 Fioc& i H4&
Y . BeRIB #EAT Zoc R M, BEREf T

TIEALE IR I B BB, Rk TR ST k2 A
BERD DL ER 5 B ROR, S O R 45 R i 2 R
SR MARAR EHBR T 28 AR TR & A 5
AMBRZE, Bl e . 5500 A LA RIS
w L T ZoURFERE . LRI K
FRAG AL MA I AT R G 00 J] 300 e LA R
Ji FEIBR BT 82 i /NS 2 Ao o TR IR AS AR T R s 2
— R BAE B 2k R R BIREROR, BRAET B | IR
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w, MHAT R B S k2, SORE G Tl 3% 55
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Mgk, w5z A B, it v D
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HEYI BT GBWO7315 #EATHG % B 5 48, 4 RZHFE X
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Determination of 41 Elements and Oxides in Marine Sedi-
ments by X-ray Fluorescence Spectrometry
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Abstract: A method for determining Na,O, MgO, Al,0;, SiO,, P, S, Cl, K,0, CaO, Fe,0s3, Sc, Ti, V, Cr, Mn, Co, Ni,
Cu, Zn, Ga, As, Br, Rb, Sr, Y, Zr, Nb, Mo, Cd, Sn, Sb, Ba, La, Hf, W, Pb, Bi, Ce, Nd, Th, and U in pressed powder
pellets of marine sediment samples by X-ray fluorescence spectrometry is reported in this paper. Boric acid was
admixed with the liner material, and the samples were kept under a pressure of 30 t for 30 s. The prepared samples
were solid, smooth, and had a low moisture absorption. The matrix effect between elements was corrected by com-
bining the empirical coefficient, theoretical o coefficient, and Compton scattering internal standard method. The
detection limit of the method was 0.8~220 pg/g. The precision of the soil standard substance GBW07408 and ma-
rine sediment standard substance GBWO07315 were examined, and the relative standard deviation (RSD) of most
elements were 0.16%~3.87% (n = 12). The results show that the method was efficient in determining 41 elements or
their oxides in three sediments of Bohai Bay, and it has a good reproducibility. The method is equally applicable to

land-based sediments.
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