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Table 1 Information of candidates for reference materials of rare earth-enriched sediments in the Pacific Ocean.

Shlr s R A R Frah
(m) (kg)
461V-ESPB-S027BC04 R R ey (0, 22 48 (O BRI 3 1 4367 75
461V-ESPB-S028BC05 R R A ORI + 4313 80
461V-ESPB-S029BC06 AR AR AR IR ZE + 4303 85
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Table 2 Homogeneity test results of candidates for reference materials of rare earth-enriched sediments in the Pacific Ocean.

MR S5 Si0, AlLO;, Ca0O MgO K,0 Na,O TFe,0, MnO P,Os TiO, As Ba
FEEX) 2803 8.98 8.29 221 228 4.41 19.97 4.62 2.92 0.67 174.18 2416
RSD(%) 0.67 0.49 0.39 0.77 0.46 0.87 0.44 1.18 1.35 1.01 1.27 0.78
Fyp 1.24 1.06 1.36 1.31 1.05 1.09 1.00 1.05 1.00 1.07 1.40 1.68
Ubb 0.062 0.008 0.013 0.006 0.002 0.008 0.031 0.009 0.001 0.001 0.900 9.452
MHASEL Be Bi Cd Ce Co Cr Cs Cu Dy Er Eu Ga
FHE (X) 2.07 123 0.78 131 292 21.8 1.44 1008 93.5 61.8 19.4 11.6
RSD(%) 3.64 2.17 2.02 1.12 1.21 2.9 1.03 0.79 0.95 0.69 0.96 1.79
Fam 121 1.34 1.03 1.56 1.60 1.32 1.47 1.19 1.28 1.15 1.62 1.06
Ubb 0.023 0.010 0.002 0.687 1.705 0.234 0.007 2.339 0.313 0.113 0.091 0.035
MR SHL Gd Hf Hg Ho La Li Lu Mo Nb Nd Ni Pb
FHE (%) 83.8 6.57 0.01 21.8 349 17.0 8.83 88.7 25.0 341 856 89.9
RSD(%) 0.95 1.2 4.75 0.85 1.33 1.24 0.83 1.07 1.34 1.19 0.64 0.9
j o~ 1.13 1.36 1.01 1.04 1.19 1.14 1.68 1.62 1.50 1.45 1.46 122
Upb 0.197 0.031 0.000 0.025 1.361 0.053 0.037 0.463 0.150 1.736 2396 0.253
M5 Pr Rb S Sb Sc Se Sm Sr Ta Tb Th Tl
SFAEE (X) 74.7 35.0 2543 11.6 322 0.17 72.5 563 0.90 143 6.26 4.88
RSD(%) 1.15 1.44 0.77 3.22 1.32 5.64 0.97 0.63 1.19 1.04 1.12 1.45
Fyp 1.10 1.10 131 1.52 1.37 1.24 1.47 1.14 1.24 1.02 1.13 1.30
Ubb 0.185 0.112 7.149 0.171 0.168 0.003 0.307 0.928 0.004 0.015 0.018 0.025
MRS Tm U \Y W Y Yb Zn Zr
FE (X) 8.71 3.69 347 10.8 743 54.5 289 295
RSD(%) 0.9 0.86 1.05 0.98 0.65 0.88 1 0.62
Fsam 1.06 1.40 1.03 1.29 1.08 1.63 127 125
Ubb 0.013 0.013 0.476 0.038 0.970 0.235 0.998 0.607

. Si0,. ALO;. CaO., MgO. K,O. Na,O. TFe,0;. MnO. P,O;. TiO, K¥Jfit/3%h 10%; As. Ba, Be, Bi. Cd. Ce. Co., Cr. Cs, Cu,
Dy. Er. Eu. Ga. Gd. Hf. Hg. Ho. La. Li. Lu. Mo. Nb., Nd. Ni, Pb, Pr. Rb. S, Sb. Sc. Se. Sm. Sr. Ta. Tb, Th, Tl. Tm.
U, V. W, Y. Yb. Zn, Zr (BtR3E0CR 107,
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Table 3 Jolt stability test results of candidates for reference

materials of rare earth-enriched sediments in the

Pacific Ocean.

Ml 2 Li Be La Pr Pb U
FEMHE X 168 211 342 745 88.7  3.70
s 0.16  0.09 7.34 1.17 .17 0.02
RSD(%) 0.93 448 2.15 1.58 132 0.66
NEE 167 209 338 74.8 879  3.68
T 209 0.70 1.73 0.81 209 213

. Li. Be. La. Pr. Pb. U [BHECH 107,

TR WA AR e PE T ARSI B A3 (g N
ug)o IR AR MR R 2 SR W3 4,
223 KWREN

WA JIF 1646-—2017 [HZR, 44 B % 5 11 1
R0, MBRIED T SR I A AR IS IS H L 3 AN H
6 ™M 124 A L 184 4t 5 AR S TR IR
SE PR SR, BRI ] S AT A 3 U E o R
7R Si0,, AlOs. TFe,05. K,0, CaO, Na,O, MgO,
MnO. P,Os, TiO,, As, Ba. Be, Bi, Cd. Ce, Co. Cr,
Cs. Cu, Dy, Er. Eu, Ga, Gd. Hf, Hg. Ho. La, Li,
Lu., Mo, Nb, Nd. Ni, Pb, Pr, Rb, S, Sb, Sc. Se.

4 KFEER LB EY R RIEY—25°C Fl 60°C MIRE TR R R

Table 4 Short-term stability test results of candidates for reference materials of rare earth-enriched sediments in the Pacific Ocean at

—25°C and 60°C.

=25 CKFRRE)
MLZH sio, ALO; Ca0O As Be cd Ce Co Cs Dy Er Eu
FHE (X)  27.98 8.87 8.36 176 2.12 0.761 134 293 1.45 92.8 61.5 19.4
b 0.0041  0.0004 —0.0002 —0.0536 —0.0004 —0.0001 —0.0179 —0.0536  0.0002  0.0179  0.0036  0.0018
fhos*s(b)  0.0049  0.0007  0.0016  0.0940  0.0020  0.0005  0.1152  0.1152  0.0005  0.0350  0.0066  0.0054
Ust 1 0.032 0.004 0.011 0.612 0.013 0.003 0.750 0.750 0.004 0.228 0.043 0.035
M4 Ga Gd Ho La Li Lu Mo Nb Nd Ni Pb Pr
FHE @ 117 86.3 215 345 17.1 8.76 87.8 249 344 851 90.0 75.9
b 0.0025  —0.0018  0.0018  0.0357  0.0018 —0.0002 0.0054 —0.0214  0.0357  0.1786  —0.0411  0.0089
fhos*s(by)  0.0119 00221 00180  0.1330  0.0094  0.0024  0.0544 00154  0.1273 02742  0.0738  0.0388
Ust 1 0.078 0.144 0.117 0.866 0.061 0.015 0.354 0.100 0.829 1.785 0.480 0.252
MK S5 Rb Sc Sm Ta Tb Th Tl Tm 1§} W Y Yb
FHEX 365 326 727 0.88 14.3 6.19 478 8.70 3.68 11.1 748 54.5
by -0.0071 —0.0071  0.0107 —0.0002 —0.0054 —0.0002 —0.0004  0.0004  0.0005  0.0018  0.0893  —0.0036
fhos*s(by)  0.0127 00199 00127  0.0005  0.009 00024  0.0013  0.0007  0.0031 00038 03119  0.0127
Ust1 0.083 0.130 0.083 0.004 0.061 0.015 0.008 0.004 0.020 0.025 2.031 0.083
60°C.(HEFH)
WS sio, ALO, Ca0 As Be cd Ce Co Cs Dy Er Eu
FEE (X)  28.02 8.86 8.36 173 2.14 0.755 133 293 1.45 92.8 61.6 19.5
b 0.0061  0.0004 —0.0003 -0.0162 —0.0010 0.0001 —0.0195 —0.0455 —0.0004 0.0172  0.0010 —0.0016
fhos*s(by)  0.0077  0.0015  0.0011  0.1339  0.0011  0.0003  0.0279  0.1675  0.0006  0.0216  0.0191  0.0028
Us12 0.050 0.009 0.007 0.872 0.007 0.002 0.182 1.091 0.004 0.141 0.125 0.018
MHiAZ 5 Ga Gd Ho La Li Lu Mo Nb Nd Ni Pb Pr
FEE @ 116 86.1 215 346 17.0 8.75 87.8 249 345 848 89.3 75.9
b 0.0006 —0.0166  0.0010 —0.1364  0.0088 —0.0012  0.0130 —0.0013  0.0519  0.0455 —0.0201  0.0107
fooss(b1)  0.0110  0.0356  0.0048  0.1451  0.0097  0.0019  0.0704  0.0084  0.1873  0.1914  0.0812  0.0463
us12 0.072 0.232 0.031 0.945 0.063 0.012 0.459 0.055 1.220 1.246 0.529 0.302
M ZHL Rb Sc Sm Ta Tb Th Tl Tm U w Y Yb
FHEX) 364 326 72.8 0.88 142 6.18 478 8.69 3.68 113 749 54.1
by -0.0049 —0.0032  0.0162  0.0004 —0.0010  0.0003  —0.0003  0.0002  0.0006 —0.0019 0.1623  —0.0058
foosxs(b1)  0.0290  0.0108  0.0279  0.0006  0.0140  0.0017  0.0020  0.0010  0.0024  0.0028  0.3476  0.0203
Us12 0.189 0.070 0.182 0.004 0.091 0.011 0.013 0.006 0.016 0.018 2.264 0.132

. Si0,. ALO;, CaO HyFiH/3%0h 107%; As, Be. Cd. Ce. Co. Cs. Dy, Er, Eu, Ga, Gd. Ho. La, Li, Lu. Mo, Nb, Nd. Ni, Pb,
Pr. Rb, Sc. Sm. Ta, Tb, Th, Tl, Tm. U, W, Y. Yb KRN 10,
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Sm, Sr, Ta, Tb, Th, Tl, Tm, U, V. W, Y. Yb. Zn,
Zr 3£ 56 T,
PR B RS E A 30 R H 3Bk
SRR 5 YIS R R RE GRS E M R 4,
T YD) Jo A0 12 0 R 1 0 R IR 0K o AT T A 2K
uo=s(b)xt(ZH1=18), & B KIARE T A
AN AE BE 0 B (up), KB EE R LA 5,

3 EREATEEME

ASYHR ) S5 (R o3 E A T, Y AR
R4, 36 62 3. Si0, . AlLO;, CaO, MgO, K,0. Na,0,
TFe,0;. MnO, P,0s, TiO,, LOI, TC, TN, OrgC.
CO,. As. Ba, Be. Bi. Cd. Ce. Co. Cr. Cs. Cu, Dy,
Er, Eu, Ga, Ge., Gd. Hf, Hg, Ho. La, Li, Lu, Mo,
Nb. Nd. Ni, Pb, Pr, Rb. S, Sb. Sc. Se. Sm, Sr. Ta,

LR E R Kk ICP-OES 511404, fiie
FYR - ICE A ICP-OES, ICP-MS %5 Z Rl /34 {2 il
FE o BRI R T B3 ) ok 3474 PR AR R B
A7, [A) B FE 3 A ok 2 v B 5 — Sbs e W) o
GBWO07343, GBW07344, GBW07345 JE47 i Wids,
(A A R VIR ZE T Y o
AR KA1 & s = TRV DO R ) s o ) o o

T KR ERG EE Zjiﬁmﬁ%%zﬁéﬁﬁ
THEWIE (CMA) % 51, 1A HL 52 09 52 50 HAH AR K
FMZUGEBESES . o0 al0E: HRGEIRERSE — I
AT P G A R R L AR Ry s L
JoT ARk B b R ) B R Ak 2 B A B SR T L RS T
JRSCE AT A% Tl — O =58, [ B R
A = G R W BRI Hhots | W TTAE M R PR SR T
TIEGA A A0 P G | VLIRS H S R A i 5 B

Tb. Th, Tl Tm, U, V. W, Y. Yb. Zn. Zr,

REARL DT 1R AR e T i MNAR 23 M ik A

FRMBUE TR E MR LR 6. ERITR

@i,

T8 TR ST | A R e

FRIFEERT ST o

%5 KRR LU R %Y K PER s 2R

Table 5 Long-term stability test results of candidates for reference materials of rare earth-enriched sediments in the Pacific Ocean.

UL 2R 73 e K-

miAE% sio, ALO, Ca0 MgO K,0 Na,0 TFe,O;  MnO P,0; Tio, As Ba
FHME @ 28.16 8.86 8.35 224 226 4.34 20.0 4.63 2.93 0.66 166 2402
by -0.0077  0.0013  —0.0007 —0.0013 —0.0001  0.0009 —0.0051 —0.0014 —0.0023 —0.0004  0.1398  —0.4818
fhosxs(b1)  0.0126  0.0046  0.0033  0.0019  0.0016 0.0028  0.0055  0.0025  0.0024  0.0008 02094  1.0753
Us2 0.072 0.026 0.019 0.011 0.009  0.016  0.031 0.014 0.014 0.005 1.185 6.086
MXSE Be Bi Cd Ce Co Cr Cs Cu Dy Er Eu Ga
FEHHE @ 2.02 1.23 0.83 131 291 213 1.43 994 92.4 61.6 19.3 11.5
by -0.0016  0.0012  —0.0010  —0.001  —0.116  0.0022 —0.0002  0.0048 —0.0076  0.0267  0.0056  —0.0072
foos<s(b1)  0.0046  0.0032  0.0011  0.1826 03698 0.0509 0.0011 09564  0.0949  0.0481  0.0164  0.0251
ugp 0.026 0.018 0.006 1.033 2093 0288  0.006 5414 0.537 0.272 0.093 0.142
WS4 Gd Hf Hg Ho La Li Lu Mo Nb Nd Ni Pb
FEIME ) 829 6.63 0.011 22.0 349 16.9 8.63 90.2 24.8 341 847 89.3
by —0.0359  —0.0050 —0.00001  0.0088 —0.0795 0.0197  0.0054 —0.0343 —0.0154 —0.3242 —0.2031  0.0156
foos¥s(b1)  0.0616  0.0062  0.00004  0.0104  0.1991  0.0250  0.0077  0.1539  0.0487  0.3957 04305  0.1695
us2 0.348 0.035 0.0002 0.059 1.127 0142 0.044 0.871 0.276 2.240 2.437 0.960
M Z% Pr Rb S Sb Sc Se Sm Sr Ta Tb Th Tl
FHEE X 744 34.8 2567 11.7 32.0 0.141 722 552 0.90 142 6.24 485
by 0.0173  —0.0165 —0.7299  0.0131  —0.0080 0.0003  0.0238  —0.1485 —0.0004  0.0063  0.0011  —0.0018
foos<s(b1)  0.0913  0.0789 09218  0.0306  0.0448  0.0006 0.0781 03129  0.0011  0.0214  0.0049  0.0069
Us2 0.517 0.446 5.218 0.173 0.254  0.003 0442 1.771 0.006 0.121 0.028 0.039
MK ZH Tm U \4 W Y Yb Zn Zr
FHME ) 8.64 3.65 334 11.3 739 55.1 286 292
by 0.0011  0.0021  —0.5900 —0.0016  0.1619  0.0284 —0.0364 —0.1034
foos<s(b1)  0.0024  0.0063  0.8288  0.0059  0.8385 0.0334 02088  0.1623
us2 0.013 0.036 4.691 0.033 4746 0.189  1.182 0.919
E: Si0,. ALO;. CaO. MgO. K,0. Na,0. TFe,0,, MnO, P,05. TiO, i/ H 1075 As, Ba, Be. Bi, Cd. Ce, Co. Cr, Cs, Cu,
Dy. Er. Eu. Ga. Gd, Hf. Hg. Ho. La. Li. Lu. Mo. Nb., Nd. Ni, Pb, Pr. Rb. S. Sb. Sc. Se. Sm. Sr. Ta. Tb, Th, Tl. Tm.

U. V. W. Y. Yb. Zn, Zr BFiHE3%00 1075,
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Table 6 Analytical methods for the certified values of compositions in standard substances.

% VKIWIReS % ViR IWIRES
Si0, GR, VOL Hg AFS

AlLO; VOL, ICP-OES Hf ICP-MS
TFe,0, VOL, COL, ICP-OES Ho ICP-MS
MgO VOL, AAS, ICP-OES La ICP-MS
Ca0O VOL, ICP-OES Li ICP-OES, ICP-MS
Na,O AAS, ICP-OES Lu ICP-MS

K,0 AAS, ICP-OES Mo ICP-MS
TiO, COL, ICP-OES, UV Nb ICP-MS
MnO AAS, ICP-OES Nd ICP-MS
P,0; ICP-OES, COL, UV Ni ICP-OES, ICP-MS
CO, VOL Pb ICP-OES, ICP-MS
OrgC GC, IR, VOL Pr ICP-MS

TC GC, IR, VOL Rb ICP-OES, ICP-MS
TN GC, VOL S VOL, ICP-OES, IR
LOI GR Sb ICP-MS, AFS

As AFS Sc ICP-OES, ICP-MS

Ba ICP-OES, ICP-MS Se AFS

Be ICP-OES, ICP-MS Sm ICP-MS

Bi AFS, ICP-MS Sr ICP-OES, ICP-MS

Ce ICP-OES, ICP-MS Ta ICP-MS

Cd ICP-MS Tb ICP-MS

Co ICP-OES, ICP-MS Th ICP-MS

Cr ICP-OES, ICP-MS T1 ICP-MS

Cs ICP-MS Tm ICP-MS

Cu ICP-OES, ICP-MS U LF, ICP-MS

Dy ICP-MS \'% ICP-OES, ICP-MS

Er ICP-MS w ICP-MS

Eu ICP-MS Y ICP-MS

Ga ICP-MS Yb ICP-MS

Gd ICP-MS Zn ICP-OES, ICP-MS

Ge AFS, ICP-MS 7r ICP-OES, ICP-MS

: GR—HE#L; VOL—%&

B COL—Hayk; ICP-OES—HUBHNA 5B PR A SHEIED:; ICP-MS—HUBRA 55 B RS ;

AAS—JFEF RSO s XRE—X IO AFS—EFIOWGIE ;. GC—ItRE Mk, LF—otsaeiik;

IR—EIMLLIMNE ;. UV—Iilaiik.
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Table 7 Certified values and expanded uncertainty for reference materials of rare earth-enriched sediments in the Pacific Ocean.

8 Sio,”  ALO," TFe,0,7 MgO™ CaO® Na,0© K,0© TiO,” MnO" PO €O, oOrgC TC
FRE(E 27.98 8.97 20.10 2.20 8.27 439 227 0.67 4.65 2.91 3.12 0.16 1.01
Y RATE R U 0.29 0.08 0.21 0.04 0.12 0.09 0.04 0.02 0.07 0.08 0.17 0.04 0.04
T TN"  LOI' As Ba' Be Bi cd Ce Co Cr Cs Cu’ Dy
FRE(E 0.026 16.1 168 0.25 2.03 1.22 0.78 132 298 22.0 1.43 0.10 92.8
VERWEEU  0.002 0.7 7 0.01 0.11 0.08 0.06 4 10 12 0.07 0.01 2.8
LR Er Eu Ga Gd Ge Hf Hg Ho La Li Lu Mo Nb
FRfiEff 62.3 18.9 113 85 1.16 6.5 0.013 214 348 17 9.0 87 23.7
VRAHEE U 2.1 0.8 1.5 4 0.25 0.5 0.003 0.8 12 1 0.4 6 1.4
JLE Nd Ni Pb Pr Rb s’ Sb Sc Se Sm Sr Ta Tb
FRE(E 342 868 89 76 35.9 0.26 12.2 322 0.17 71 563 0.89 143
VIR EE U 13 27 5 4 1.8 0.01 0.9 1.4 0.03 3 13 0.08 0.6
JLE Th Tl Tm U A W Y Yb Zn Zr
FrRifE(E A 6.17 4.72 9.0 3.74 346 10.8 732 56.8 295 301
VRARMEE U 025 0.36 0.5 0.24 18 0.8 29 2.6 11 10
TE: AR N 107, ARSI BN 107,
5 &g

FEFHE IR B A TR SR 4R (1 DRI TR ) S )
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Preparation of Reference Material for Deep-Sea Rare Earth-Enriched

Sediments in the Pacific Ocean

ZHU Aimei****, SHI Xuefa1’2’3’4*, LIU Jihua"***, WANG Hongmin1’2’3, WANG Xiaojingl’z’3,

BAI Yazhi"*®, CUI Jingjing"**

(1. The First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China;

2. Key Laboratory of Marine Geology and Metallogeny, Ministry of Natural Resources, Qingdao 266061, China;

3. Laboratory for Marine Geology, Pilot National Laboratory for Marine Science and Technology,

Qingdao 266239, China;

4. Key Laboratory of Deep Sea Mineral Resources Development, Qingdao 266061, China)

HIGHLIGHTS

(1) Surface sediments from three representative Pacific Ocean sites were selected as candidates and pulverized by

fluidized bed flow to ensure that the particle size of the reference material candidates met the requirements of the

national code.

(2) A total of 62 components of major, minor and trace components in deep-sea rare earth-enriched sediments were

determined, which covered the test items required for chemical composition analysis of marine sediments, and

the total rare earth content was 2103pug/g, demonstrating that a standard basis for testing samples with high rare

earth content can be provided.

(3) The uncertainty of a certified value was synthesized by the uncertainties caused by homogeneity, short- and long-

term stability, and values.
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Dy, Er, Eu, Ga, Ge, Gd, Hf, Hg, Ho,
La, Li, Lu, Mo, Nb, Nd, Ni, Pb,
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ABSTRACT: Rare earth elements play a key role in industrial developments. However, there are few sediment
reference materials of rare-earth elements and yttrium (together called REYs) worldwide. A deep-sea sediment
certified material rich in rare earth elements has been developed and evaluated on the special protocol of a certified
reference material, and 62 components of major, minor and trace components in the deep-sea rare earth-enriched
sediments were determined. Reference Material for Deep-sea Rare Earth-enriched Sediments in the Pacific Ocean
has now been certified as GBW07590. The BRIEF REPORT is available for this paper at http://www.ykcs.
ac.cn/en/article/doi/10.15898/j.ykes.202303130033.

KEY WORDS: deep-sea rare earth-enriched sediment; reference materials; certification value; uncertainty

BRIEF REPORT

Significance: Deep-sea rare earth is the fourth kind of deep-sea mineral resource discovered after polymetallic
nodules, cobalt-enriched crusts and polymetallic sulfides. It is characterized by rich medium-heavy rare earth
elements. Rare earth elements are widely used in military, aerospace, electronics, petrochemical, metallurgy,
agriculture and other fields. However, according to the International Database for Certified Reference Materials
(COMAR), there are no REY sediment reference materials worldwide. A deep-sea sediment certified material rich
in rare earth elements has been developed to meet the analysis needs. The successful development of the reference
material has further enriched the categories of deep-sea sediment reference material worldwide, and provided
scientific and technological support for scientific research, deep-sea resource development evaluation and
geochemical analysis and testing.

Methods: The candidate was collected from the Pacific Ocean. The collected samples were left to stand for several
days, then the free seawater was removed in a clean place, and they were placed on a clean plastic cloth and dried in
a clean and ventilated place. In this process, a wooden tool was used to rotate the sample, remove the fragments and
mix thoroughly. The sediment was put in the sample pan and then into an oven at 80°C for 48h. A fluidized-bed jet
mill was used to finely crush the sediment to —74pm with a cooled high-pressure airflow and pass it through a —200
mesh sieve to ensure that the sieving rate reached 99.9%. The treated samples were temporarily stored in
polyethylene plastic drums under constant temperature and clean conditions, and then packaged in 50g bottles for
testing. Random samples were selected for uniformity and stability tests. More targeted evaluation methods such as
gravimetry, atomic fluorescence spectrometry, inductively coupled plasma-mass spectrometry and inductively
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coupled plasma-optical emission spectrometry were used to ensure the accuracy of rare earth-enriched sediments in
deep sea through eleven collaborating laboratories.

Data and Results: According to the newly issued National Metrology Technical Specification “The Production of
Reference Materials for Geoanalysis” (JJF 1646—2017), 33 bottles of samples were randomly selected from the
smallest packing unit, and each sample was tested twice. 56 items were tested for uniformity and stability and are
Si0,, Al,O5, TFe,05;, MgO, Ca0, Na,0, K0, TiO,, MnO, P,0s, As, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu,
Ga, Gd, Hf, Hg, Ho, La, Li, Lu, Mo, Nb, Nd, Ni, Pb, Pr, Rb, S, Sb, Sc, Se, Sm, Sr, Ta, Tb, Th, Tl, Tm, U, V, W, Y,
Yb, Zn, Zr. The I value of the variance test was less than the critical value [F s:3233=1.76] (Table 2), indicating that
the homogeneity of the reference material was good. During the stability inspection period, there was no significant
difference in the content of the 56 components, indicating that the reference material was stable (Table 5). Data were
processed according to General and Statistical Principles for Characterization of Reference Materials (JJF
1343—2012) and outlier tests were performed using the Grubbs and Dixon Method. According to statistics, there
were 2975 original data of deep-sea rare earth-enriched sediments, and 32 outliers were eliminated. The elimination
rate was 1.08%. Standard values and uncertainties of reference materials were determined by statistical processing
of constant value test data. The Shapiro-Wilk method was used to test the normal distribution of the mean data set,
and the test results were all normal distribution. The final value comprised 62 components, covering major, trace,

and all rare earth elements. The total content of rare earth was 2103ug/g (Table 7).
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