GEOPT15 - AN INTERNATIONAL PROFICIENCY TEST FOR ANALYTICAL
GEOCHEMISTRY LABORATORIES - REPORT ON ROUND 15 / June 2004
(Ocean floor sediment MSAN)

Philip J. Potts!*, Michael ThompsonZ2, Simon R.N. Chenery’, Peter C. Webb!

and WANG Yimin*

'Department of Earth Sciences, The Open University, Walton Hall, Milton Keynes, MK7 6AA, UK.
*Department of Chemistry, Birkbeck College, Gordon House, London, WC1H 0PP, UK.
*British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK.

* National Research Centre for Geoanalysis, 26 Baiwanzhuang Road, Beijing 100037, PR China.

*Corresponding author: e-mail p.j.potis@open.ac.uk

Keywords: Proficiency festing, quality assurance, GeoPT, GeoPT15 round, MSAN, ocean floor sediment

Abstraet

Results are presented for GeoPT135, round fifteen of the
GeoPT international proficiency testing programme for
analytical geochemistry laboratories. The sample
distributed for this round was MSAN, an ocean floor
sediment sample collected and prepared as a candidate
reference material by the National Research Centre for
Geoanalysis, Beijing, P.R. China, In this report,
contributed data are listed, together with an assessment
of assigned values, z-scores and charts showing both the
distribution of contributed results and the overall

performance of participating laboratories.

Introduction

This fifteenth round of the international proficiency
testing programme, GeoPT15, was conducted in a similar
manner to earlier rounds. The programme is designed to
be part of the routine quality assurance scheme of
analytical geochemistry laboratories. The trial involves
distributing a sample of established homogeneity to
participating laboratories, which are required to analyse
the sample using a well-characterised technique or
techniques operated under routine analytical conditions.
Results are then tabulated by the organisers and z-scores

calculated by comparing each analysed result submitted
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with the value assigned to be the best estimate of the true
composition, These assigned values were estimated by
robust statistical analysis of all the contributed data. By
examining the magnitude of the z-score, participating
laboratories can decide whether the quality of their data
is satisfactory in relation to both their chosen fitness-for-
purpose criterion and results submitted by all the other
laboratories contributing to the round, and choose to take

corrective action if this appears justified.

Full details of the programme have been included in
reports of previous rounds, the current publication status
of which is listed in Appendix 1. More specifically, the
procedures followed in this round comply with the
protocol published for conducting the GeoPT series of
proficiency tests (see www.geoanalyst.org). In this
report, therefore, only the features of the present round
are included and readers interested in further details are
invited to review the GeoPT protocol and previously

published reports.
Steering Comntittee for Round 14: M. Thompson

(Chair), P.I. Potts (Secretary), S.R.N. Chenery, P.C.
Webb and WANG Yimin.
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Sample: The Ocean floor sediment sample (MSAN) used
in GeoPT15 was collected and prepared as a candidate
reference material by the National Research Centre for
Geoanalysis, Beijing, P.R.China, under the direction of
Prof WANG Yimin.

The sample was tested for homogeneity by
selecting at random ten packets of the material that had
been prepared for distribution. Duplicate test portions
from each packet were analysed by WD-XRF at the OU.
For the elements that were assigned values, homogeneity
was considered to be satisfactory for use in the GeoPT15
round. An analysis of the homogeneity results with

additional comments is listed in Appendix 2.

Timetable for GeoPT14:

Distribution of sample: March 2004,

Deadline for submission of analytical results: 15th May
2003,

Distribution of draft report: June 2004

Submission of resuits

Results submitted by the seventy-nine Iaboratories that
participated in this round are listed in Table 1. All these
data (except P79 - late submission) were used for the

assessment of assigned values.

Assigned values
Following procedures described in earlier rounds, a
robust statistical procedure was used to derive assigned

concentration values [X3], these being judged to be the

best estimates of the true composition of this sample.
Data in Table 2 lists assigned values for 10 major and 43
trace elements. Values were assigned on the basis that:
(i) sufficient laboratories had contributed data for an
element, (ii) the statistical assessment gave confidence
that the results showed a central portion approximating
to a normal distribution. Part of this assessment involved
examining a bar chart for each element to judge the
distribution of results. Bar charts for elements/species
shown in Figure 1 were judged to have satisfactory
distributions, namely:

§i0,, Ti0;,, ALO;, Fe,0,T, MnO, Mg0, Ca0, Na,0,
K.0, P,0s, As, Ba, Be, Br, Cd, Ce, Co, Cr, Cs, Cu, Dy,
Er, Eu, Ga, Gd, Hf, Ho, La, Li, Lu, Mo, Nb, Nd, Ni, Pb,
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Pr, Rb, Sb, S¢, Sm, Sn, Sr, Ta, Tb, Th, TI, Tm, U, W, Y,
Yb, Zn and Zr.

Of these, the elements As, Br, Cd, Sb and Sn were
assigned provisional values, principally because data

distributions plotted in Figure 1 possess some degree of

asymmetry.

Charts in Figure 2 show distribution data for elements
that were not judged to be sufficiently satisfactory in the
statistical analysis to assign values. In the present round,
values could not be assigned to the following
elements/species, despite the availability of sufficient
analytical results:

FeO, H,0", CO,, LOJ, B, Bi, CI, F, Ge, Hg, 1, S, Se, W.
Of these, the element/species FeO, CO,, LOI and W are
presented in Figure 2 with guidance values. There is
some degree of consensus in results reported for these
elements to provide some guidance to contributing
laborateries. However, these data must be interpreted

with caution.

For other elements that are not included in either of these
two lists, insufficient data were reported to allow any

assessment to be made.

The most comnton reasons for elements failing the
assessment of assigned values were as follows:

(1) Insufficient number of contributed results.

(ii} Results showing a strong positive skew in the
frequency distribution diagram, sometimes with an
indication of multi-modality.

(iii) A robust mean clearly different from the mode,
which makes the determination of a consensus
impracticable.

(iv} A very wide distribution of results as judged by the
robust standard deviation value so that no matter where
the consensus was placed, most of the participants would
receive an ‘unsatisfactory’ classification if z-scores were

calculated.

Z-~score analysis
As in previous rounds, laboratories were invited to
choose one of two performance standards against which

their analytical results would be judged:
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Data quality 1 for laboratories working to a ‘pure
geochemistry’ standard of performance, where analytical
results are designed for geochemical research and where
care is taken to provide data of high precision and
accuracy, sometimes at the expense of a reduced sample
throughput rate.

Data quality 2 for laboratories working to an ‘applied
geochemistry’ standard of performance, where, although
precision and accuracy are still important, the main
objective is to provide results on large numbers of
samples collected, for example, as part of geochemical
mapping projects or geochemical exploration
programmes.

The target standard deviation (Hy) for each element
assessed was calculated from a modified form of the

Horwitz function as follows:
H, = k_Xa0.3495
Where X, is the concentration of the element expressed

as a fraction, and the factor k = 0.01 for pure
geochemistry labs and k=0.02 for applied geochemistry
labs.

Z-scores were calculated for each elemental result
submitted by each laboratory from:

z=[X-Xz]/Hy

where

X is the contributed result, X is the assigned value and
Ha is the target standard deviation.

Z-score results are listed in Table 3 and participating
laboratories are invited to assess their performance using
the following criterion:

Z-score results in the range -2<z<2 are considered to be
'satisfactory’ (in the sense that no action is called for by
the participant). I the z-score for any element falls
outside this range, contributing laboratories are advised
to examine their procedures to ensure that determinations

are not subject to unsuspected analytical bias.

Overall performance

A summary of the overall performance of individual
laboratories in this round is plotted in Figure 3 as a
multiple z-score chart. In this chart, the z-score
performance for each element is distinguished by

symbols that make it simple to identify whether the

GeoPT15 Repont

results were satisfactory or gave z-scores that exceeded
the action limits. This chart is designed to help
individual laboratories to judge their overall performance

in this proficiency testing round.

Participation in future rounds

The benefit from proficiency testing arises from regular
participation and laboratories are invited to contribute to
the GeoPT16 round, the sample for which will be
distributed during September 2004,
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Appendix 1

Publication status of proficiency testing reports

GeoPT1

Thompson M., Potts P.J,, Kane J.S. and Webb P.C.
(1996)

GeoPT1. International proficiency test for analytical
geochemistry laboratories - Report on round 1.
Geostandards Newsletter: The Journal of Geostandards
and Geoanalysis, 20, 295-325,

GeoPT2

Thompson M., Potts P.J., Kane J.S., Webb P.C. and
Watson, J.5. (1998)

GeoPT2. International proficiency test for analytical
geochemistry laboratories - Report on tound 2.
Geostandards Newsletter: The Journal of Geostandards
and Geoanalysis, 22 127-156.

GeoPT3

Thompson M., Potts P.J., Kane I.S. and Chappell B.W.
(19992}

GeoPT3, Intemational proficiency test for analytical
geochemistry laboratories - Report on round 3.
Geostandards Newsletter: The Journal of Geostandards
and Geoanalysis, 23, 87-121,

GeoPT4

Thompson M., Potts P.J., Kane J.S., Webb P.C. and
Watson J.S. (1999b)

GeoPT4. International proficiency test for analytical
geochemistry laboratories - Report on round 4. Published
in the electronic version of Geostandards Newsletter:
The Joumnal of Geostandards and Geoanalysis (Summer
2000).

GeoPT5

Thompson M., Potts P.J.,, Kane 1.5., and Wilson S.
(1999¢)

GeoPT5. International proficiency test for analytical
geochemisiry laboratories - Report on round 5. Published
in the electronic version of Geostandards Newsletter:
The Journal of Geostandards and Geoanalysis (Summer
2000).

GeoPT6

Potts P.J., Thompson M., Kane J.S., Webb P.C. and
Carignan J. (2000)

GEOPTE - an international proficiency test for analytical
geochemistry laboratories - report on round 6 (OU-3:
Nanhoron microgranite) and 6A (CAL-S: CRPG
limestone). International Association of Geoanalysts:
Unpublished report.

GeoPT7

Potts P.J., Thompson M., Kane J.S., and Petrov L.L.
(2000)

GEOPT7 - an international proficiency test for analytical
geochemistry laboratories - report on round 7 (GBPG-1
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Gamnet-biotite plagiogneiss). International Association of
Geoanalysts: Unpublished report.

GeoPT8

Potts P.J., Thompson M., Kane 1.S., Webb, P.C. and
Watson J.S. (2000)

GEOPTS - an international proficiency test for analytical
geochemistry laboratories - report on round 8 / February
2001 (OU-4 Penmaenmawr microdiorite). Intemational
Association of Geoanalysts: Unpublished report.

GeoPT9

Potts P.J., Thompson M., Webb, P.C. and Watson 1.8,
(2001)

GEOPT? - an international proficiency test for analytical
geochemistry laboratories - report on round 9 / July 2001
{OU-6 Penrhyn slate). International Association of
Geoanalysts: Unpublished report.

GeoPT10

Potts P.J., Thompson M., Webb, P.C., Watson J.S. and
Wang Yimin (2001)

GEOPT10 - an international proficiency test for
analytical geochemistry laboratories - report on round 10
{/ December 2001 (CH-1 Marine sediment). International
Association of Geoanalysts: Unpublished report.

GeoPTl11

Potts P.J., Thompson M., Chenery S.R., Webb, P.C. and
Watson J.S. (2002)

GEOPTI11 - an international proficiency test for
analytical geochemistry laboratories - report on round 11
{ July 2002 (OU-5 Leaton dolerite). International
Association of Geoanalysts: Unpublished report.

GeoPT12

Potts P.J., Thompson M., Chenery S.R., Webb, P.C. and
Batjargal B. (2003)

GEOPTI2 - an international proficiency test for
analytical geochemistry laboratories - report on round 12
{ January 2003 (GAS Serpentinite). International
Association of Geoanalysts: Unpublished report.

GeoPT13

Potts P.J., Thompson M., Chenery S.R., Webb, P.C. and
Kaspar H.U. (2003)

GEOPT13 - an internaticnal proficiency test for
analytical geochemistry laboratories - report on round 13/
July 2003 (K&In Loess). International Association of
Geoanalysts: Unpublished report.

GeoPT14

Potts P.J., Thompson M., S.R. Chenery, Webb, P.C. and
B. Batjarga (2004)

GeoPT14 - an international proficiency test for analytical
geochemistry laboratories - report on round 14 / January
2004 (OShBO - alkaline granite). International
Association of Geoanalysts: Unpublished report.
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Appendix 2 - GeoPT15 Homogeneity Report

The sample was tested for homogeneity by selecting at random ten packets of the material that had been prepared for
distribution. Duplicate test portions from each packet were analysed by WD-XRF at the QU. Data for each element were
carefully examined for features that would invalidate or unduly weaken the test for sufficient homogeneity. Elements for
which the homogeneity data were thus inadequate were excluded from the analysis. The valid data sets were subjected
element by element to one-way analysis of variance to derive a number of statistical parameters from which homogeneity
could be assessed. Because of deficiencies in conventional homogeneity testing statistics, that can flag the presence of
heterogeneity at a level that is statistically significant but inconsequential for the purposes of the proficiency test, overall
conclusions were evaluated against a standard of ‘sufficient homogeneity’ as evaluated from the Fearn-Thompson test. The

test refers to a different null hypothesis, namely H : O'fam < 0‘3” , where 0'3” is the ‘allowable’ variance, the highest

between-sample variance compatible with the nature of the proficiency test. In the GeoPT programme, conclusions from the

Fearn-Thompson test are taken as definitive (T Fearn and M Thompson, 4ralysz, 2001, 126, 1414-1417).

Results from an evaluation of the homogeneity testing data obtained by the XRF analysis of both glass disks (for majors) and
powder pellets (for traces) is given in the following two tables, in which only the key parameters are listed. As part of the
data evaluation, it was noted that one Cochrairie outlier was detected in the major element results, but was eliminated, as
allowed under the revised Harronised Protocol. In addition, a slight trend was detected in the trace element data, and for
some elements, the analytical precision was worse than the ideal limit (elements denoted by an "*' in the table below). These

discrepancies were judged not to invalidate the Fearn-Thompson statistic nor the overall conclusions of sufficient

homogeneity.
Fearn statistic
Analyte Concen- Analytical Sampling | Critical level Qutcome
tration variance variance

(% m/m)
Si02 54.6824 0.007812 0.006634 0.071268 OK
Ti0o2 1.0812 0.0000151 0.0000084 0.0000965 oK
Al203 15.7416 0.0005092 0.000329 0.00811 OK
Fe203 7.9675 0.000045 0.0000366 0.002422 oK
MnO 0.1558 0.0000011 0 0.0000042 OK
MgO 3.6584 0.0001009 0.000045 0.000745 OK
CaQ 5.4593 0.0002036 0 0.001475 Q0K
Na2Q 4.342t 0.0003511 0 0.001237 OK
K20 1.3926 0.0000116 0 0.000133 OK
P205 0.2544 0.000004* 0.0000014 0.0000813 OK
Lol 4.5578 0.0006778* 0.000212 0.001674 OK

Analyte Concen- Analytical Sampling | Critical level Outcome
tration variance variance
(gl

Rb 33.08 0.154 0.02475 0.568 OK
Sr 359.615 2.046 1.18608 25.876 OK
Y 28.585 0.101 0.02343 0.425 oK
Zr 144.073 0.522 1.29704 5.56 OK
Nb 6.278 0.116* 0 0.142 OK
Ba 255.625 119.403* 0 133.952 OK
Pb 16.848 0.875* 0.08971 1.015 OK
Th 3472 0.154* 0.12603 0.164 OK
U 1.952 0.622% 0 0.632 OK
Sc 24.197 1.792* 1.26565 2.053 OK
v 202.25 41.339% 0 50.716 OK
Cr 76.59 4.485* 0 6.251 OK
Co 21.093 0.771* 0.40779 0972 OK
Ni 30018 0.602* 0.23285 0.959 QK
Cu 54.813 1.175* [V} 2.161 0K
Zn 91.287 1.128 1.35778 3.458 OK
Ga 16.143 0.271* 0 0.396 OK
As 10.618 3.308* 0 3.402 QK

*Exceeds the ideal Jimit.

GeoPT15 Report
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GeoPT15 Table 3 z-scoresxds
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GeoPT15 Table 3 z-scoresxis

[Round iderlifie] Pz | Pss | Fed | PeE | Foe . Por | FRR [ P [ PR | PR T B TP T Pa T rar [ e e et P59 |
Sample MSAN | MSAN | MSAN | MEAN | MSAN | MEAN | MSAN | MSAN | MSAN | MSAN | MSAN | MSAN | MGAN | MGAN | MGAN | MGAN| MSAN| M5AN | MEAN | MSAN
Technicua codes AL MX X X AAIR AlR X X X AX MX AMX AAR X IR AM AM ABA AAA AR
M TX T X M0 X OX OX MO IRX
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Figure 1 (Part 1). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for elements for which values were assi
Horizontal lines show the limits for -2<z<2 for pure geochemistry labs (solid lines) and -2«z'<2 for applied geochemistry
labs (pecked lines).
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Figure 1 (Part 1). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for elements for which values were
assigned. Horizontal lines show the limits for -2<z<2 for pure geochemistry labs (solid lines) and -2<z'<2 for applied
geochemistry labs (pecked lines).
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Figure 1 (Part 2). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for elements for which values were
assigned. Horizontal lines show the limits for -2<z<2 for pure geochemistry labs (solid lines) and -2<z'<2 for applied
geochemistry labs (pecked lines).
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Flgure 1 (Part 2). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for elements for which values were
assigned. Horizontal lines show the limits for -2<z<2 for pure geochemistry labs (solid lines) and -2<2’<2 for applied
geochemistry labs (pecked lines).
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Figure 1 (Part 2). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for elements for which values were
assigned. Horizontal lines show the limits for -2<z<2 for pure geochemistry labs (solid lines) and -2<z’<2 for applied

geochemistry labs (pecked lines).
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Figure 1 (Part 2). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for slements for which values were
assigned. Horizontal lines show the limits for -2<z<2 for pure geochemistry labs (solid lines) and -2<z'<2 for applied
geochemistry labs (pecked lines).



GeoPT15 - Barchart for Yb GeoPT15 - Barchart for Zn

4 140
130

E —» &

& [T mmmmmTmmmmseoe—eeo oo |72 2120

b

g . % 110 2=2

= 3 — I = 100 z=2

'2 -----llllllllll z=0 :‘g a0 z=0

5] LLL LY Rkl ol =2

5 "II""l 3=

5 5 80 Z'=.

z=_
§ g 70
O z=2 O &0
50
FITTTITTTI T TT TR I I T TR I T I I T T I T TR I I T T T I T I TENTTTITT T
ARUS TR AR AR R RAR - BN RN - PRI AR ASFORRR B ¥ SRR
l.aboratory
180
170
E 160 2=2
2450 z=2
{5
N 140 z=0
[
g 130 zZ=-
£ 120 2=
5110 -
£ 100 —
=3
O 90
80 — e
TPRTTTTTT I TT TTT I T T T T T I A T AT AT T T A T T T T TR I T 1]
Lt P b EEE SR At E LR R R EEL B R AL LS 1
Laboratory

Figure 1 (Part 2). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for elements for which values were
assigned. Horizontal lines show the limits for -2<z<2 for pure geochemistry labs (solid lines) and -2<z’<2 for applied
geochemistry labs (pecked lines).
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Figure 2 (Part 2). GeoPT15 — MSAN ocean floor sediment: Data distribution charts for elements for which only guidance
values can be given or where no value could be assigned.



Concentration Cl / ppm

GeoPT15 - Barchart for B GeoPT15 - Barchart for Bi ¢

80 —f
£ ;
é 70 §
@ g i
c o
9 S
S50 - J:
C [asl
[} Q
Q [&]
& 40 — 5
(&} &)
30 :
g ¢ 5 8 4 g 8 &
Laboratory Laboratory
GeoPT15 ~ Barchart for CI GeoPT15 - Barchart for F
20000 550 —|
£
(=]
[+
15000 I 450
S |
.E,. 1
10000 £
g 350
Q
o
5000 250
¥iofgdgddddddnd 8 & w & L 4 4 4
P - -] o o 0 W oM WD M '+ L] " N 7ol o -
Laboratory Laboratory
GeoPT15 - Barchart for Ge GeoPT15 - Barchart for Hg
0.05 —
= =~ 0.04
& 2
c c
k=] <]
g g
£ £ 003
3 8
| =
3 3
0.02
I N EEEE T 8 8 85 8 8 5 4 9
Laboratory Laboratory
GeoPT15 - Barchart for | GeoPT15 - Barchart for S
2000 —
£ £
g g
= »
S S 1000
2 e
5 c
Q 3
. 0 —
T
3 5 & & 3 299533733397 2340538794
Laboratory Laboratory

- Figure 2 (Part 2). GeoPT14 — MSAN ocean floor sediment: Data distribution charts for elements for which only guidance

values can be given or where no value could be assigned.
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gure 3 (Part 1) GeoPT15 — MSAN ocean floor sediment: Multiple z

GeoPT15 round. Symbols indi
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a

-score charts for laboratories participating in the
cate whether or not an elemental result complies with the -2<z<+2 criteria. Satisfactory

data are plotted as '+'. Data for other categories are plotted as follows: z<-3 (¥}, -3<z<-2 @), +2<z<+3 ), Z>+3 (a).
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Multiple z-score chart — GeoPT 15
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cate whether or not an elemental resuit complies with the -2<z<+2 criteria. Satisfactory

data are plotted as '+'. Data for other categories are plotted as follows: z<-3 (¥), -3<z<-2 (), +2<z<+3 (), z>+3 (a).
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