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Fig. 1 The numbers of certified reference materials developed in 13 application fields in China.
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Fig.2 The numbers of geological certified reference materials

in each period of China.

— 446 —

1 RS s bR HEP ST ELR

MR RHE N 2 R e R i E | AR Y
JEARE, WML | Moy A B ESRR, IE
S TR R 52 e MR B AT SR,
T NS RAT It AR HE R R A . IR
T A B TR A IR AR ) R 3% E GOK 3 73
PG — AR E 5T GBW F 2 A i ) Joi
GBW(E). —ZhnifEdy i (e R B i, 2504 A
SEPE . PR AR AR BOR g, IRRIERE R A,
FITFRAE R | RS IR Ik bEsE |
S A AUE LA RO G bR ) o E (A — b ife


www.ncrm.org.cn

533

Xk v B ) ST ] 2

842

YR T TAEARE, T 5056 % H % B il o
HH [ A E B E 4 IO S 1 RN N FH A5 R Sk =R
SON, b ST bR A R T4 £ 25 (GBWOT) . HbJi
BES A IR, A — S8 Hb A Tl B B Y
B9 A 43 24 B B U5 ) LA A2, T[] 47 R
FRUEY) 5 IH & 45 DU (GBWO4) , A= 9 143 b VE ) 5
IH)E T4 125 (GBW10), AR Y iR I & T4 1
— 2 (GBWI1), 33X S5 49y 53 3 1o FH A G b

AR MBS HED) A AT R B O 22 2
PRVE BCAE i A8 J— > 2R 501, 45 R S AR HER) 3T B9 35 1
X5 N FAS HRR O 56T b i) Jo e 55
XEGR SERPPRIREL | S8 (R e, 456 s T A
Rt %5 B SRR, A SORF— S bR ) 5070 1
LRl B A MBI VR BRI, REVR M
T RRFIA 38 S 7 0, A AR Bt | AR |
JEfEAR AR . I8 VA, PRI 1.

xRl —GHEREVIBTRN, BURFRRRE
Table 1 The type, number and matrix of geological certified reference materials in China.
=AM
[T £
BT | bR | i Quantity
. FREIRE RS S (GBW) | s
i B B (EEE N developed
Country number (GBW) of
Types of | Name of CRM. Quantity| Sample matrix characteristics during the
s
CRMs CRMs 13th Five-
Year Plan
period
R B Rl TR AR TUA . AR BRI
JRRE . BRHCMINS  SERIERCA  HLIEA | BRI MR TRaL
B EsCE . SRR, fids ECE . ASE SR E . —
GBW07101 ~ GBWO07114, HERHCFRORLE W8 I ZIE | A R IUE  BURERTE |
GBW07120 ~ GBW07136, WA AT R | TS | BRIRER S
peval GBWO07725 ~ GBW07732, Ultrabasic rocks, granite, andesite, basalt, quartz sandstone, shale,
51 17
Rock GBW07835 ~GBW07837, limestone, granitic gneiss, plagioamphibolite, aegirine syenite, trachyte,
GBWO07870 ~ GBW07874, granodiorite, gabbro, rhyolite, dolomite, diabase, kimberlite, pegmatite,
GBW07397 ~ GBW07400 serpentine, quartzite, uraniferous sandstone, diplagioclase granulite, Emei
Mountain basalt, pyroxene peridotite, carbonaceous siliceous shale,
carbonaceous siliceous rocks, selenium-rich rocks, Antarctic basalts,
Antarctic tuff, carbonate rocks
- GBW07301 ~ GBW07312,
W K% | GBW07317 ~ GBW07332, LG A AL B 3T 5 S RIS, BB DT A8 7K 3R TTURR ) B i) = £ 7T
TS| WiBW | GBWO07343 ~ GBWOT7351, )
Basic 67 10
| Stream | GBW07358 ~ GBW07366 Including different geological background and landscape areas,
eolo
geology sediment | GBW07482 ~ GBW07492, metallogenic belt drainage sediment and Yellow River delta sediment
GBWO07375 ~ GBW07384
GBW07401 ~ GBW07411,
GBW07418 ~ GBW07435, . -
HUCA AR 515 55 A A ] 32, 404 B 1L X SR, T R i
GBW07439, GBW07440, . ) . o e .
X RER X B X, =V TIRMIX, B X R R S5 )
GBW07446 ~ GBW07457, s TR - . .
TRUUBRY . R 12 W TR | JR U, A& I 1 e
N GBW07475 ~ GBW07480,
1 Different soil types were obtained from different geological backgrounds,
GBWO07385 ~ GBW07391, | 142 93
Soil including hills and mountains, plain area, arid desert area, semi-arid
GBW07913 ~ GBW07942,
grassland area, loess area, three-river headwaters area, coastal tidal flat
GBW07536 ~ GBW07573,
sediment and river sediment, large basin estuary flood plain sediment,
GBW07900 ~ GBW07904,
bottom mud, and agricultural land soil
GBW07978 ~ GBW07986,
GBW07965 ~ GBW07968
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(B 1)

e Bt
ik
Types of
CRMs

FRAE
R
Name of

CRMs

FREY B E R S (GBW)
Country number (GBW) of
CRMs

Kokt
Quantity|

REAh ZE AR

Sample matrix characteristics

=T
e T K
g Quantity
developed
during the
13th Five-
Year Plan

period

el
MR

Ore
geology

SIEyA
Metallic
ore

GBW07201, GBW07202,
GBW07213,
GBW07218 ~GBW07227,
GBW07261 ~ GBW07266,
GBWO07818 ~ GBW07830,
GBW07838 ~ GBW07842,
GBW07846 ~ GBW07853,
GBW07875 ~GBW07878,
GBWO07139 ~ GBW07140,
GBWO07896 ~ GBW07899

55

BB B DL PR TR G IR0

Tron, chromium, manganese, vanadium, titanium and other black metal ores

GBW07231 ~ GBW07241,
GBW07279 ~GBW07287,
GBW07162 ~GBW07176,
GBWO07141 ~ GBW07149
GBWO07367 ~ GBW07374,
GBW07894 ~ GBW07895,
GBWO07199

55

N AN G DN SN N (€N 1K SRk )
Copper, lead, zinc, nickel (cobalt), tungsten, tin, molybdenum (bismuth),
antimony and other non-ferrous metal ores

GBW07177 ~GBW07182

R

Bauxite

GBW07150 ~GBWO07161,
GBW07183 ~GBWO07188,
GBW07392 ~ GBW07396,
GBW07733 ~ GBWO07735,
GBW07890 ~ GBW07893

30

BeLHL LB BERATE LA

Beryllium, lithium, tantalum, zirconium, strontium and other rare earth ores

GBWO07831 ~ GBW07834

BB RHoT R O

germanium, gallium, indium, thallium ores

A
Precious
metal ore

GBW07203 ~ GBW07209,
GBW07228 ~ GBW07230,
GBW07242 ~ GBW(07248,
GBW07297 ~GBW07300,
GBW07801 ~GBW07810,
GBW07854 ~ GBW07864,
GBW07255 ~ GBW07260,
GBW07288 ~GBW07294
GBW07340 ~ GBW07342,
GBWO07194 ~ GBW07198,
GBWO07736 ~ GBW07737

65

& W)L ke R 0

Gold, silver, platinum group metal ores

Ty
LRY]
Sulfide
monomi-
neral

GBW07267 ~GBW07270

B, BT OB AN R

Pyrite, chalcopyrite, galena and sphalerite

|
st
Non-
metallic ore

GBW07137, GBW07318,
GBW07210 ~ GBW07212,
GBW07214 ~GBW07217,
GBW07250 ~GBW07254,
GBW07277, GBW07278,
GBWO07811 ~GBW07817,
GBW07843 ~ GBW07845,
GBW07865 ~ GBW07869,
GBW07879 ~ GBW07889,
GBW07742 ~ GBW07744,
GBW07905 ~GBW07912

53

BrRE . WA B A A KA. Aaf . A, iy a . miaa . 4L
VAINE 1> N R WATNE 7.y /A IND = e ol =11 e w2 e i LT

Perlite, sepiolite, phosphate ore, limestone, dolomite, fluorite, arsenic ore,
barite, sillimanite, magnesite, tourmaline, diopside, diatomite, kaolin,
bentonite, attapulgite

29
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F =3
ik
FRUER | ARERI | ‘H Quantity
. PREY R E R S (GBW) | o N
b R K Bl AR developed
Country number (GBW) of ) ] o )
Types of | Name of CRM Quantity| Sample matrix characteristics during the
s
CRMs CRMs 13th Five-
Year Plan
period
e | GBWO07313 ~ GBW07316, ‘ ) o o o
- HHE . FEIE R D P IERNE  REA ., LB TTRRY)
o DU GBW07357,
piRES 10 Sediment of Yellow Sea, South China Sea, East China Sea, near sea, -
s Marine | GBW07333 ~ GBW07336,
T2 Pacific, Antarctic Ocean and Arctic Ocean
. sediment GBW07481
Marine 5 7 | GBW07249, GBW07295
geology : ’ ’ LR, B
Marine GBW07296, 6 . . -
) Polymetallic nodules and cobalt-enriched crusts
minerals | GBW07337 ~ GBW07339
P/ NNV N B SN =R 71 S B N e 2l MR N
HEW)TEHL H3 . B3 RUF. B DL, B BEIE Wk AR IREEE . NS BB
TLE GBW07601 ~ GBW07605, SR HEARIN | A R s AR
Bioinor- | GBW10010 ~ GBW10028, 34 Rice, wheat, corn, soybeans, cabbage, spinach, celery, carrots, beans, green -
ganic GBW10043 ~ GBW10052 onions, garlic powder, seaweed, prawns, scallops, chicken, pig liver, milk
element powder, pollen, spirulina, ginseng, Astragalus, apple, shrub branches and
leaves, poplar leaves, citrus leaves, tea leaves, and human hair
SEORITTR A TR TR RO L BRI L B B - U5
LR N 7§ o NS | ) 2 A WL 4 e N /S 4 e N B B o S
THOTR PERST | RIS L TR L TR L | B
A3 | GBWO07412 ~ GBW07417, Heilongjiang black soil, Liaoning brown soil, Henan yellow tide soil,
b Effective | GBW07458 ~GBW07461, 16 Xinjiang gray calcareous soil, Shaanxi leossial soil, Sichuan purple soil, 6
MR state of soil| GBW07493 ~ GBW07498 Anhui yellow brown soil, Hubei paddy soil, Jiangxi red soil, Guangdong
DS
. elements laterite soil, Shaanxi Lou soil, Shaanxi dark loessial soil, Qinghai chestnut
Environ-
soil, Ningxia irrigated silt soil, Gansu irrigated desert soil, and Xinjiang
mental
brown desert soil
geology
GBW07436 ~ GBW07438, o o N . N
B THORPIAYOCEIEA . WNATTR W H e A . RHEEmIEA . MoK
JTLEEL | GBW07441 ~ GBW07445, res
%
Element | GBW07462, GBW07463, 19 4
Elemental morphology in soil and sediment, phosphorus morphology in lake
form GBW07974 ~ GBW07977,
sediment, soil carbon morphology, arsenic valence state in groundwater
GBW07464 ~ GBW07468
JLER A
K . .
B T4 E 3 A RS
Element | GBW07943 ~ GBW07964 22 22
extractable Extractable state of heavy metal elements in soil
state
PR AR 2 R S VBT 23k
GBW07469 ~ GBW07474,
Organic 10 Organochlorine pesticides and polychlorinated biphenyls in soil and 4
ineredients | GBW07352 ~ GBW07355 ) ) ) )
& polycyclic aromatic hydrocarbons in sediment
A KEJes . BIREJE . WIRETUE | WIRG GRS | A a3
Oil source | GBWO07115 ~ GBWO07119 5 Gray mudstone, black gray mudstone, dark gray shale, dark gray green -
HETE rock mudstone, purple tight shale
. NI, B, 173 S, S9N, FRIEE. SUMRE . DU, KA. AU
T -
P SRR
Energy GBW11139 ~GBWI11154 16 . ) ) -
Coal Fat coal, gas coal, 1/3 coking coal, weak viscous coal, coking coal, lean
geology . .
coal, anthracite, long flame coal, gas coal, gas fertilizer coal
TUHS BRiTes | M
GBW07499 ~ GBW07500 2 2
Shale gas Carbonaceous mudstone, coal
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=T
e T K
PRIV | ARdEYIRT | g Quantity
. PRE R E R 55 (GBW) | ", N
il R B Bl AR developed
Country number (GBW) of ) ] o )
Types of | Name of CRM Quantity| Sample matrix characteristics during the
s
CRMs CRMs 13th Five-
Year Plan
period
NLA - \ .
o BORRERRER . HoH X BRSO
Artificial | GBW07701 ~ GBW07724 24 -
. Synthetic silicates, limestone, X-ray fluorescence spectra
synthesis
SR AR EY SRR I-HE L -, ah-EE . R B EAEIE Bk
A R R RARMEY) AL FE I AL AR B R 3R | iERRER AR L3R | Bk
GBW04409 ~ GBW04419, e T o e e 1 N e
FRARTR AR R LR | DI IR B A AL R L A=W BT A
GBWO04421, GBW04422, i I . . - e et =1 -
T RN | A3 A AR RER AR | WS Fe kAR KA
GBWO04435, GBW04436, R L
SAIRINLER | BRARBR AL 2
GBW04439,
R The reference materials for geological age include rubidium-strontium,
i | GBW04458 ~ GBW04461,
38 samarium-neodymium, uranium-lead, uranium series, potassium-argon, 16
Isotope GBWO04476, GBW04477,
argon-argon process, and rhenium-osmium; stable isotope reference
GBW04494 ~ GBW04497,
materials include silver sulfide sulfur isotope, silicate oxygen isotope,
GBW04507 ~ GBW04510,
carbonates carbon oxygen isotope, marine sediments carbon nitrogen stable
GBW04701 ~ GBW04703,
isotope, organic chemicals carbon nitrogen stable isotope, quartz sandstone
GBW04137 ~ GBW04141
and pure reagent silicon isotope, cobalt-rich crust osmium isotope, hydrogen
and oxygen isotope in water, and monomer carbon isotope
sk TS NEY RE, ARG, AT EEET SRERT R Ak
ERAN . - . N o, ™~ i
- BEL RS, ALEE, BOICHR. BEALHA, LA, SULEr. PRIRER . BYBEES,
It e - P e .
Soecial AR WA AT SRR, MM L B R, A3 BRI T
pecia s fo T - e s it - ; N,
. BERRYT. FIRERRAN . TURERRSN . FOBERREL . TIREMRYL . HWERREZ . TLWERR
geology — e g ks
Bl FIWERREK . TIBRRRER . TLBERRES
Galena, amphibolite, chenite, barite, cerussite, scheelite, mangancolumbite,
HFIRE . o . . o o
cadmium telluride, zinc selenide, gallium arsenide, zinc selenide, indium
Electronic | GBW07501 ~ GBW07535 35 N
b antimonide, indium phosphates, indium arsenide, zinc oxide, potassium
probe
niobate, lead glass, boron glass, cyanite, pyrite, olivine, anorthoclase,
chromite, quartz, ployadelphite, scandium pentaphosphate, lanthanum
pentaphosphate, cerium pentaphosphate, praseodymium pentaphosphate,
neodymium pentaphosphate, samarium pentaphosphate, gadolinium
pentaphosphate, holmium pentaphosphate, ytterbium pentaphosphate,
lutecium pentaphosphate
WA | GBWO07189 ~ GBW07193, ]
EX R ENE /a2 ]
Phase | GBWO07271 ~GBW07276, | 15 4
Gold ore, iron ore, and bismuth ore
analysis | GBW07738 ~ GBW07741
T TR R E KR
GBW07969 ~ GBW07973 5 5
JH Soil limit water cnotent
Soil R I YES
GBW07987 ~ GBW07998 12 ) 12
specific use Soil pH
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Table 2 Calculation basis for the uncertainty of elements without homogeneity test.

FP5 ES 3

No. Factor

Sl

Basis for classification

Rock forming elements (SiO,, Al,0,, MgO, Ca0, Na,0, K,0)
BRI ICE Tron group elements (Ti, V, Cr, Mn, Fe, Co, Ni)

FEICR BRI AT 6
1 Classification by geochemical properties of

elements

WA TR

Rare earth elements (Li, Be, Rb, Cs, Nb, Ta, Zr, Hf, Sc, Ym, REE)
TR

Radioactive elements (U, Th)

BHREITR

Tungsten-molybdenum group elements (W, Sn, Mo, Bi)

SRR TR

Chalcophile metallogenic elements (Cu, Pb, Zn, Au, Ag, As, Sb, Hg)
Disperse elements (Sr, Ba, Cd, Ga, In, TI, Ge, Se, Te, Re)
WA R TR

Mineralizer and halogen elements (B, C, N, P, S, F, Cl, Br, I)

) P

Platinum group elements (Pt, Pd, Os, Ir, Ru, Rh)

FOUR &R TRk
2 Classification of magnitude by element

content

%, ug/g, ng/g

LR M EITEI 2
3 Classification by element measurement
method

B2 TC 3R A ARy 2 P o BRI 7 AR A e R i N 12, #24
SIMECRTCER FAR R CR L M 202K

The method with the largest proportion among all the test methods for screening the
element with a fixed value is used as the subject test method of the element. The elements

tested and untested for uniformity are classified according to the subject test method.
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Table 3 Control conditions of relative extended uncertainty.

S B IR Control limits
ER=ERENR
Content range af, I BRI A Az ARG TE. &
JIF1646—2017 . ) 4
Rock, soil, sediment Ore Biota Effective state, form, valence state
>30% / <1% <2% / /
>10% <2% <2% <50 / /
>1% <5% <5% = <8% <10%
0.1%~1% <10% <10% <10% <10% <15%
< 0
~ <15% <20%
_100-1000ng/s | <15% <15% <15% - -
10-100ng/g —°Z <20% <25%
1~10pg/g <20% <20% <20%
0.1~1pg/g <25% <25% <30% <25% <30%
<0.1pg/g <30% <30% <35% <30% <35%
<0.01pg/g <35% / / <35% /

TE: ARG —, BRI S EOERIRI L7 FoR

At VA, AT R | AR SAER R SRR U, W LD KRR I R D Uk S AR IR 2
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Research Progress of Geological Reference Materials in China

LIU Mei
(Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences; Key Laboratory

of Geochemical Exploration Technology, Ministry of Natural Resources, Langfang 065000, China)

HIGHLIGHTS

(1) The application of X-ray fluorescence spectrometry to the homogeneity test of reference materials is worthy of
further study due to its advantages of high precision.

(2) A method is proposed to evaluate the uncertainty of unchecked elements in homogeneity by considering the
nature, content and testing technology of elements.

(3) The monitoring time of the trend analysis method is analyzed, which leads to the excessive contribution of the
stability uncertainty to the total uncertainty and is not suitable for calculating the stability uncertainty of
geological reference materials.

(4) It is suggested to establish reasonable relative extended uncertainty control limits for different sample types to
improve the characterization level of geological reference materials.
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geological CRM

First-class of national
certified reference
materials

Basic geological CRM

Ore geological CRM

Marine geological CRM

Second-class of
national certified
reference materials

Application aspect

Energy geological CRM

Special geological CRM

The quantity of some types of
reference materials developed
is small, the gradient
distribution of characteristic
values is insufficient, and the

There are many components
in the geological reference
materials with mature
development technology
that have no certified values

At the current class of
analytical technology,
there is only one
measurement method for
several elements

matrix type is simple

— 44—

Technical aspect

The measurement method used during homogeneity testing

The introduced calculation method of uncertainty of unexamined elements in
uniformity test

Evaluation method of stability uncertainty

Formulating reasonable control limits for relative extended uncertainty

ABSTRACT: Geological reference material is a primary standard to ensure the accuracy of geological sample
analysis results. After more than 40 years of development, China has developed and certified thousands of
geological reference materials covering different media such as rock, ore, soil, sediment, organism, and water. China’s
metrological management department divides the certified reference material into two classes according to the
classification class, the first-class reference material (GBW) and the second-class reference material [GBW(E)].

According to their attributes and application fields, they are divided into 13 categories'®”)

, and the geological
reference materials belong to the seventh category [GBWO07 and GBW(E)07]. It can be seen from the National
Sharing Platform for Reference Materials (https://www.ncrm.org.cn) that by the end of the 13th Five-Year Plan, the
total number of geological reference materials approved by the State Administration for Market Regulation is 1013,
including 718 first-class certified reference materials, and the amount of first-class certified reference materials
ranks first in the 13 categories (Fig.1). Geological materials are the most important and basic raw materials in the
development of human society, with various types, complex components, and large differences in component
content. It is because of the complexity of geological materials and the demand for reliable quantitative analysis that
thousands of geological reference materials have been developed. Some reference materials developed by some
industrial geological agencies are classified into other categories in classification management, such as isotope
reference materials belonging to the fourth category, biological composition reference materials belonging to the
tenth category, coal reference materials belonging to the eleventh category, these reference materials are widely used
in related geological work, and in this paper they will be classified as geological reference materials. To
systematically grasp the development status of geological reference materials in China, the first-class geological
certified reference materials are comprehensively sorted, and are divided into six categories according to the type of

matrix, property value and application scope: basic, ore, marine, environment, energy and special purpose (Table 1),
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and the development situation of each type, matrix characteristics and fixed value index respectively are
summarized. On the basis of summarizing the results, on one hand, the main problems existing in the application of
geological reference materials and the causes of these problems are analyzed. On the other hand, the detailed
technical problems that may affect the uncertainty in the process of homogeneity, stability and characterization are
discussed, and the views and suggestions are expounded.

In this paper, the first-class geological certified reference materials are divided into the following six
categories to summarize the development of each type:

(1) 260 basic geological reference materials have been developed, the type of matrix including rock, soil and
river sediments. The characteristic components of the certified value are generally 70 elements and compounds,
which are mainly used as monitoring standards for sample analysis in basic geological surveys and research.

(2) 272 ore geological reference materials have been developed, including precious metal ore, metal ore, single
mineral, and non-metallic ore. The specific mineral types are shown in Table 1. There are generally 20 property
values, which are the main technical indicators in mineral exploration. They are mainly used as a monitoring
standard for geological exploration, mineral processing and smelting, comprehensive utilization, commodity
inspection and trade amongst other fields.

(3) 16 marine geological reference materials have been developed, including marine sediments and marine
minerals. The specific samples include 10 marine sediment reference materials namely, 1 near sea, 1 Yellow Sea, 2
South China Sea, 1 East China Sea, 3 deep Pacific Ocean, 1 Antarctic Ocean and 1 Arctic Ocean. Six marine
mineral reference materials are three polymetallic nodules and three ocean cobalt-enriched crusts. The characteristic
composition of the certification value is the same as that of the basic geological reference material, but slightly less,
generally 51-71 kinds. This is a necessary chemical composition measurement standard for marine sediment
measurement and marine mineral resource survey and research.

(4) 101 standard materials for environmental geology have been developed, including the available state of soil
elements, the form of soil and sediment elements, the valence state of groundwater elements, the extractable state of
soil elements, biological inorganic elements, organic pollutants in soil and sediment and other reference materials.
The characteristic components of the matrix and certified values are the total amount of inorganic elements in
biological samples, the available states, and forms of elements in soil and sediment, the valence states of elements in
water and organochlorine pesticides, polychlorinated biphenyls, and polycyclic aromatic hydrocarbons in soil and
sediment. This kind of reference material provides analytical quality monitoring standards for land quality
geochemical surveys and evaluation, regional ecological geochemical evaluations, multi-objective geochemical
surveys and detailed surveys of soil pollution.

(5) 23 energy geological reference materials have been developed. The property values of oil-generating rock
reference materials are organic carbon, pyrolysis hydrocarbon §,, pyrolysis peak temperature 7,,,,, and chloroform
asphalt “A”. The property values of coal reference material are calorific value, ash, volatile matter, total sulfur,
carbon, hydrogen, nitrogen, true relative density and phosphorus, chlorine, fluorine, and arsenic. The property values
of the reference materials of highly evolved hydrocarbon source rock are pyrolysis hydrocarbon §,, pyrolysis peak
temperature 7, and total organic carbon TOC. This is the monitoring standard for the exploration, evaluation and
rational utilization of energy and mineral resources.

(6) 129 reference materials for special purposes have been developed, including 20 synthetic reference
materials for emission spectroscopy and 4 synthetic reference materials for X-ray fluorescence spectroscopy
analysis. The property values are 28-29 inorganic chemical elements. There are 38 isotope reference materials, and
the property values of those include isotope abundance and abundance ratio. There are 35 electron probe reference
materials, and the property values are generally two principal components of their minerals. There are 15 reference
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materials for phase analysis, and the property values are the corresponding main phase. There are 5 soil limit water
content reference materials, and the property values are 10mm liquid limit, plastic limit, and plastic index. There are
12 soil pH reference materials, and the property values are pH. It can be seen from the classification and summary
that the geological reference material matrix in China is rich in types and quantities, which establishes an influential
quality monitoring system for geological sample analysis, ensures the reliability and consistency of geological
sample test data, and significantly improves the comparability and scientific value of relevant data.

At present, there are still some problems in the application and development technology of a large
number of geological reference materials. The problems are discussed and analyzed, hoping to draw attention to
improving the value determination class of geological reference materials. In the aspect of application, the specific
problems existing in different types of geological reference materials and their causes at the present stage are
analyzed and development suggestions are proposed, according to the work needs of current mineral resources,
international cooperation, marine strategy, ecological civilization and other fields. In the aspect of development
technology, some detail technologies which may affect the value determination class in the process of homogeneity,
stability and characterization are analyzed. In the aspect of development technology, some detail technologies which
may affect the setting in the process of homogeneity, stability and value setting are analyzed. The test method of
homogeneity and the evaluation method of stability uncertainty are discussed. Suggestions are made for the
uncertainty evaluation method of unexamined elements for homogeneity test and control limit of relative extended
uncertainty.

1. Three problems existing in the current application of geological reference materials are analyzed:

(1) The quantity of some types of reference materials developed is small, the gradient distribution of
characteristic values is insufficient, and the matrix type is simple. For example, the amount of marine geology,
micro-area analysis, energy and mineral resource reference material development is small. The ore-forming
elements of key metal ore reference materials are mainly low content, lacking rich ore grade or higher content grade.
The matrix types of the samples of organic pollutant reference materials are only soil and sediment, and the property
values are only organochlorine pesticides, polychlorinated biphenyls, polycyclic aromatic hydrocarbons and other
compounds, and the matrix types and target compounds are few. The main reasons for these problems are difficulty
in obtaining samples, little working demand, difficulty in ensuring the uniformity and stability of the sample
preparation technology, large error of analysis technology unable to determine the value.

(2) There are many components in the geological reference materials with mature development technology that
have no certified values. The reasons of low element content and test interference are mainly analyzed.

(3) At the current class of analytical technology, there is only one measurement method for several elements,
and for some elements, with the widespread application of modern instrumental analysis technology, the optional
measurement method is gradually becoming singular.

2. The detail technology of four aspects in the development of reference material is discussed:

(1) Uniformity testing method. XRF is a widely used measurement method for the uniformity test of geological
standard materials due to its high testing precision. However, due to its large sample size, XRF cannot meet the
requirements of minimum sample size. Since the release and implementation of China National Technical
Specification for Measurement “General and Statistical Principles for Characterization of Reference Materials”
(JJF1343) in 2012, the uniformity of reference materials was tested by ICP-MS and ICP-OES under 0.1g weighing

2301 The measurement precision of these two methods is not as good overall as that of XRF, and the

sample!
accuracy of individual elements is poor, which may cause the numerical value to be too large when calculating the
uncertainty introduced by uniformity, thus affecting the reasonable evaluation of the uncertainty of property value.
13435 improved the XRF sample preparation device, studied the accuracy and precision
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of the method under 0.1g weighing sample, and verified the application effect for uniformity testing. However, only
10 major components in the reference materials of soil and stream sediments were tested under 0.1g weighing
sample, while the reference materials of other matrix types and other trace elements, especially heavy elements,
have not been studied and tested. Therefore, the feasibility of the XRF method with a sample size of 0.1g still needs
to be verified.

(2) Uncertainty calculation method for elements without uniformity test. The composition of geological
materials is complex, and its reference substances generally have multiple attribute values, and the content of each
component is greatly different, so it is usually difficult to test the uniformity of all attribute values. According to the
provisions of JIF1646—2017, the characteristic of representative and less homogeneous should be selected for
uniformity evaluation. The uncertainty of the untested elements can be evaluated according to the concentration and
geochemical properties with reference to the uncertainty introduced by the tested elements. However, the exact
calculation method was not specified. An evaluation method that considers both element properties, content and test
methods (Table 2) is presented here. The specific calculation method is to multiply the relative uncertainty (U,) of
the uniformity of the detected element by the standard value p of the undetected element and take it as the
uncertainty component uy, of the undetected element.

(3) Evaluation method of stability uncertainty. At present, trend analysis method is generally used to evaluate
the stability uncertainty (u,) of geological reference materials, and the calculation formula is u=s(b,)-t. It can be
seen from the formula that the longer the stability monitoring time, the greater the stability uncertainty introduced.
The stability uncertainty data of several reference materials were compared and determined to be the main
contribution to the total uncertainty, which is inconsistent with the long-term observation of the stability of the
geological reference materials. Therefore, this calculation method is not suitable to evaluate the uncertainty
introduced into the stability of geological reference material. Meng et al.!**! suggested using the analysis of variance
to calculate, and the comparative analysis showed that u, was still the main contribution to the total uncertainty.

Wang et al.**!

used range method to calculate u,, but the application of this method in geological reference materials
has yet to be verified. In conclusion, the reasonable evaluation of stability uncertainty of matrix reference materials
with more test error sources needs to be studied further.

(4) Control limits for relative extended uncertainty. The determination of the property value of geological
reference materials usually has certain control requirements for relative extended uncertainty (U,), but these control
limits are rarely introduced in the public information of the reference material. It was not until the specification
JJF1646 published in 2017 that U, was required in principle. U, is the embodiment of the quality of property value
data. U, control limits in Table 3 are proposed on the basis of the principle requirements of JJF1646—2017 by
referring to the control limits in the development of existing reference materials and the analysis of different types of
geological reference materials. In the process of development, the developer also needs to comprehensively consider
the matrix condition, setting index, element content of the sample and formulate reasonable U, control limits of
uncertainty in combination with the current analysis technology class, to obtain accurate and reasonable property

value and uncertainty.

KEY WORDS: geological reference material; homogeneity; stability; uncertainty; relative expanding uncertainty
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