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Table 1  Statistical results of the homogeneity tests

ETE R Srir i H I fH /ME RORE MXMEZE(%)  BITERR A E E AR AN 5 BE

Cr 91.3 89.4 92.7 0.89 1.64 0.68 0.64

Zn 105.2 103.4 107 0.88 1.3 1.0 0.98

La 40.7 39.7 41.4 0.93 1.77 0.48 1.2

\Y 131 128 134 0.97 1.84 0.82 0.63

CJBW -1 Ba 452.4 447 456.8 0.55 1.66 2.7 0.61
TFe, 05 6.75 6.65 6.83 0.74 1.04 0.046 0.68

K,0 3.00 2.93 3.05 1.08 1.19 0.025 0.82

MgO 2.86 2.82 2.9 0.7 1.51 0.020 0.71

MnO 0.125 0.122 0.127 0.89 0.96 0.0008 0.64

TiO, 0.864 0.849 0.879 0.75 0.94 0.0084 0.97

Cr 72.5 68.8 76.9 2.91 1.8 1.3 1.8

Zn 71 69.2 72.9 1.3 1.22 0.73 1.0

La 42.3 40.2 44.6 3 0.76 0.26 0.62

v 94.3 90.2 98.1 1.74 0.97 0.78 0.83

CJBW -2 Ba 399.9 385.1 403.9 0.99 0.76 1.8 0.46
TFe, 04 5.03 4.88 5.09 0.98 1.1 0.031 0.52

K,0 2.30 2.24 2.34 0.87 0.85 0.015 0.66

MgO 2.15 2.09 2.18 0.99 0.92 0.014 0.63

MnO 0.126 0.123 0.139 1.16 0.97 0.0012 0.94

TiO, 0.772 0.749 0.796 1.83 1.04 0.011 1.2

1 :Cr.Zn La V Ba JLE I FRE/ECN 10 ~°;TFe, 05 K, 0, MgO MnO  TiO, {3 ¥k 10 72,

2 RuEtERSRSHER

Table 2 Statistical results of the stability tests

ETE RS Srrai H I fE T g 22 Bi s(B1) to.os * s(B1) AHEE AR Ao
Cu 43.5 0.31 0.022 0.020 0.064 0.48 1.1
Ni 48.1 0.19 -0.001 0.01793 0.057 0.43 0.89
Zn 110 1.41 -0.095 0.10 0.30 2.3 2.1
As 14.7 0.10 -0.002 0.009 0.028 0.21 1.4
CJBW -1 Hg 62.4 0.55 0.040 0.034 0.11 0.82 1.3
Y 28.8 0.17 0.005 0.016 0.050 0.37 1.3
Br 24.9 0.21 -0.012 0.015 0.049 0.37 1.5
Mn 925 6.40 0.41 0.46 1.45 11.0 1.2
TFe, 05 6.82 0.036 0.003 0.0021 0.007 0.051 0.75
CaO 3.90 0.019 0. 0009 0.0016 0.005 0.039 1.0
Cu 20.9 0.38 -0.031 0.019 0.061 0.46 2.2
Ni 31.1 0.25 0.008 0.022 0.070 0.53 1.7
Zn 73.9 0.37 0.027 0.02 0.077 0.58 0.79
As 12.5 0.14 -0.008 0.012 0.037 0.28 2.2
CJBW -2 Hg 33.8 0.28 0.011 0.024 0.08 0.58 1.7
Y 26.8 0.26 -0.018 0.018 0.057 0.43 1.6
Br 22.3 0.19 0.001 0.009 0.028 0.21 0.95
Mn 960 5.57 0.22 0.48 1.52 11.5 1.2
TFe, 05 5.04 0.031 0.002 0.0020 0.006 0.048 0.96
CaO 5.58 0.022 0.0002 0.0021 0.007 0.049 0.88

7E:Cr \Ni Zn As.Y Br Mn JGE AT/ H0N 10 7 He MR 50500 10 7% 5 TFe, 05 CaO Ay HCH 10 72,
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Ni . Pb . Pr Rb.Sb.Sc.Se.Sm . Sr . Tb  Th Tl . Tm .U,
V.W.Y,Yb,Zn, Al, O,, CaO, MgO, K, O, Na, O,
TFe, 0, .MnO P, 05, TiO, ,TC, Org. C (A #Lf%k) . LOI
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SEAE T 2R 2 AR 0 B AR A 73 T A
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Hors R L Z 0 R 4 A 0 KBRS % X 4%
(ICP - MS XRF 45) &% 1 B ZAEH], &0 = Wik
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Table 3 Test groups and analysis method

AR 2, F Grubbs VARSI X G211 b 0] BE(E 71T
Mo #RJ5 FH Cochran 3 Fil Grubbs % | Dixon 3 X}
S0 5 A (ARG B R ) A TR B . e
H R % — WK ek (Shapiro — Wilk ) 47 1E 2573 A
R, TERHE IR TE 25 0 A A 60 T LASEAR -2 1
NI AEAR T, BRI AL TE 25 4 A1 50 25 43 A1 0 1
LT, LA AL e Al

ZE AR, #E 5 CJBW —1 ) Rb Se \Ga TC
A CIBW —2 1) Zn Sy k28504, BOh A2 E Ik
FEAE, HARITCR N IES A1, LA BIEAE A
FEE
3.3 AhERE

AR JIF 1343—2012 o4 3 5 (#1438
PRI K G2 i ) v A AN o B8 P T 12 AT
ANHAE PR THER, SAEAE BE (e ) HUARER) 5T Ey

EEERR 4% SEAH T SEEFERR MRk EAHTT %
As 14 ICP - MS, AFS,NAA , XRF Sc 13 ICP - MS, ICP - OES,NAA
Ba 20 ICP - MS,ICP - OES,NAA,XRF Se 10 ICP - MS, AFS
Be 16 ICP - MS, ICP - OES Sm 13 ICP - MS,ICP - OES,NAA
Bi 14 ICP - MS, AFS Sr 20 ICP - MS, ICP - OES, XRF
Cd 10 AAS,ICP - MS,ICP - OES Th 13 ICP - MS,ICP - OES,NAA
Ce 18 ICP - MS,ICP - OES, XRF,NAA Th 15 ICP - MS, ICP — OES,NAA , XRF
Co 2 ICP - MS,ICP - OES,NAA, XRF I 12 ICP - MS
Cr 20 ICP - MS, ICP - OES, XRF,NAA T'm 12 ICP - MS, ICP - OES
Cs 14 ICP - MS, XRF,NAA, AAS 12 ICP — MS,NAA
Cu 20 ICP - MS, ICP - OES, XRF, AAS v 19 ICP - MS, ICP - OES, XRF
Dy 12 ICP - MS,ICP - OES 13 POL,ICP - MS
Er 12 ICP - MS, ICP - OES Y 18 ICP - MS, ICP — OES, XRF
Eu 13 ICP - MS,ICP - OES,NAA Yb 12 ICP - MS, ICP - OES,NAA
Ga 15 ICP - MS, XRF Zn 17 ICP - MS,ICP - OES, AAS, XRF
Gd 13 ICP - MS, ICP - OES,NAA AL O, 20 VOL,ICP - OES, XRF
Hg 9 AFS Ca0 22 AAS,ICP - OES, VOL, XRF
Ho 12 ICP - MS, ICP - OES MgO 23 VOL,ICP - OES, XRF, AAS, NAA
La 18 ICP - MS, ICP - OES,NAA,XRF K,0 20 ICP - OES, XRF, AAS
Li 16 ICP - MS, ICP — OES, AAS Na, 0 18 ICP - OES, XRF, AAS, NAA
Lu 13 ICP - MS, ICP - OES,NAA TFe, 0, 21 AAS,COL,NAA, ICP - OES, XRF
Mo 16 ICP - MS, ES, POL MnO 24 ICP - MS,ICP - OES, XRF, AAS, NAA
Nd 13 ICP - MS,ICP - OES,NAA P,0; 23 ICP - OES, COL, XRF
Ni 19 ICP - MS,ICP - OES, XRF Ti0, 26 ICP - MS, ICP - OES, COL, XRF
Pbh 20 ICP - MS,ICP — OES, XRF,NAA, AAS LOI 11 GR
Pr 12 ICP - MS,ICP - OES TC 10 VOL,IR,GR,XRF
Rb 17 ICP - MS,ICP - OES, AAS, XRF ,NAA Org. C 10 VOL,EL
Sh 14 ICP - MS, AFS,NAA, AAS

TE: ICP - MS—HUBRE & 55 8 TR BTk i s AFS— R T 906 Bt s NAA—rh Tl AL Bk s XRE—X ST T80k  ICP - OES—HLU B 5 S5 8 T
PREGS G 1 s AFS— R T IR WO 5 8 s ES— IR T R I i 4 s POL—7R il i ks VOL— %5 4 ¥k ; COL— L (L Bk ; CR—F 43t 1 s IR—ZL 4

ik s EL—rLf ik
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Table 4  Certified values and uncertainty of CJBW - 1 and
CJBW -2 samples
. Hh CIJBW -1 i CIBW -2
TR W ke | b e
Zn 109 5 73 2
Yb 2.9 0.2 2.7 0.2
Y 30 1 26.5 0.9
\4 2.3 0.2 1.7 0.1
v 130 7 95 4
U 2.7 0.2 2.2 0.2
Tm 0.47 0.03 0.43 0.03
Tl 0.82 0.05 0.53 0.04
Th 14.2 0.9 13.2 0.7
Th 0.94 0.06 0.90 0.03
Sr 136 7 224 6
Sm 6.8 0.4 6.8 0.4
Se 0.20 0.03 0.13 0.02
Sc 16.7 0.9 11.1 0.3
Sh 1.11 0.07 0.58 0.02
Rb 145 6 96 6
Pr 9.6 0.6 9.9 0..6
Pb 32 2 24 1
Ni 47 2 30.6 0.8
Nd 35.8 0.9 36.8 0.9
Mo 0.82 0.05 0.50 0.02
Lu 0.44 0.03 0.41 0.02
Li 63 3 37 2
La 42 3 44 1
Ho 1.09 0.06 0.99 0.05
H 67 5 39 3
Gd 5.9 0.4 5.9 0.4
Ga 22.6 0.9 15.2 0.8
Eu 1.44 0.04 1.34 0.08
Er 3.00 0.08 2.8 0.2
Dy 5.4 0.4 5.0 0.3
Cu 42 1 19.6 0.9
Cs 12.0 0.6 6.2 0.3
Cr 96 5 74 3
Co 19.0 0.5 13.9 0.4
Ce 80 4 81 5
Cd 0.19 0.02 0. 100 0.006
Bi 0.59 0.01 0.33 0.02
Be 2.8 0.2 2.0 0.1
Ba 457 26 407 16
As 15 1 12.2 0.8
*Org. C 0.70 0.05 0.48 0.02
*TC 1.39 0.10 1.44 0.11
*LOIT 9.12 0.40 7.68 0.09
*TiO, 0.86 0.04 0.78 0.03
*P,04 0.151 0.006 0. 145 0.006
* MnO 0.123 0.005 0.125 0.004
“TFe,05 | 6.76 0.27 5.08 0.12
*Na, O 1.68 0.05 2.11 0.08
*K,0 3.00 0.10 2.28 0.06
*MgO 2.85 0.11 2.16 0.06
* CaO 3.84 0.13 5.49 0.11
“ AL O, 16.42 0.36 11.48 0.43

T HCPRRTE * B BT ST BUR %  Hg 10 % AR R A 1070,
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Preparation of Yangtze River Delta Sediment Reference Materials

XIN Wen-cai', XIA Ning®, XU Lei', ZHU Zhi-gang'
(1. Qingdao Institute of Marine Geology, China Geological Survey, Qingdao 266071, China;
2. Geological Survey Institute of Inner Mongolia, Hohhot 010020, China)

Highlights
* The elements with certified values in Yangtze River Delta sediment reference materials reach up to 53, more

than the similar standard materials abroad.

* Certified items for Yangize River Delta sediment reference materials include most of the heavy metal elements

and all of the rare earth elements.
* The Yangtze River Delta sediment reference materials form gradient series of estuarine sediment reference
materials, providing reliable quality assurance for the analysis and testing of geological and environmental

survey in the Delta region.
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Abstract; More than 10 harbour and estuarine sediment reference materials have been developed in the United
States, Canada and other countries, but most of them focus on organic pollutants and radionuclide, and lack
certified values. Three sediment reference materials of the Yellow river delta have been prepared in China in 2007.
In order to meet the needs of offshore marine sediment geochemical surveys and resource exploration, two sediment
standard materials of the Yangtze river delta were prepared according to ISO guidelines and technical standards for
reference standards at the national level. Two samples were collected according to different particle sizes, and were
dried and ball milled to 200 mesh. Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS) and Inductively
Coupled Plasma-Optical Emission Spectrometry (ICP-OES) were used to test the homogeneity. Results show that
the F' values for the variance test were less than the threshold, which indicates good homogeneity. X-ray
Fluorescence Spectroscopy was used for a four-time stability test in two years. No statistically significant changes
were observed and the stability of the samples was good. A total of 13 accurate and reliable analytical methods were
used in 12 technologically significant laboratories to finalize the contents of 53 elements. The major elements show
gradient distribution with 16.42% and 11.48% of Al,0,. These two reference materials have multiple elements
with determined values by accurate and reliable methods, which can provide quality assurance for the analysis and
testing during geological and environmental surveys in the Delta region.

Key words: Yangtze River Delta; standard material ; homogeneity test; stability test; certified value
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