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The natural river water certified reference material SLRS-5
(NRC-CNRC) was routinely analysed in this study for
major and trace elements by ten French laboratories.
Most of the measurements were made using ICP-MS.
Because no certified values are assigned by NRC-CNRC
for silicon and 35 trace element concentrations (rare earth
elements, Ag, B, Bi, Cs, Ga, Ge, Li, Nb, P, Rb, Rh, Re, S, Sc,
Sn, Th, Ti, Tl, W, Y and Zr), or for isotopic ratios, we provide
a compilation of the concentrations and related uncer-
tainties obtained by the participating laboratories. Stron-
tium isotopic ratios are also given.

Keywords: river water reference material, ICP-MS, rare earth
elements, trace elements.

Le mat�eriau de r�ef�erence certifi�e d’eau de rivi�ere naturelle
SLRS-5 (NRC-CNRC) est analys�e r�eguli�erement comme
contrôle qualit�e par dix laboratoires franc�ais �etudiant les
�el�ements majeurs et en trace dans les solutions naturelles.
La plupart des mesures sont r�ealis�ees par ICP-MS. Le
silicium et 35 �el�ements en trace (terres rares, Ag, B, Bi, Cs,
Ga, Ge, Li, Nb, P, Rb, Rh, Re, S, Sc, Sn, Th, Ti, Tl, W, Y et Zr) ne
sont pas certifi�es par NRC-CNRC. Aucun rapport isotopi-
que n’est disponible. Nous proposons, pour ces �el�ements,
des valeurs moyennes et leurs incertitudes associ�ees
obtenues par les diff�erents laboratoires participants. Le
rapport isotopique de Sr est aussi mesur�e.

Mots-clés : mat�eriau de r�ef�erence d’eau de rivi�ere, ICP-MS,
terres rares, �el�ements en trace.
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Natural river water reference materials are widely used
in order to verify routine water analyses by geochemists and
hydrogeologists (Tosiani et al. 2004, Lawrence et al. 2006,
Bayon et al. 2010, Birke et al. 2010). Among these
reference materials, the Ottawa River water SLRS, prepared
by the Canadian National Research Council (NRC-CNRC
Canada), has been used by ten French geoscience
laboratories. This study is a follow-up to the SLRS-4
compilation performed by French laboratories within the
framework of the CNRS ‘Isotrace’ network (Yeghicheyan
et al. 2001): because the batch of SLRS-4 is now
exhausted, a new batch referred to as SLRS-5 was made
available and is currently used for trace element determi-
nations, which are useful for tracing sources and studying
geochemical processes. The ten participating French labo-
ratories (the Service d’Analyse des Roches et des Min�eraux
of Nancy, the Laboratoire d’Environnements et Pal�eoenvi-
ronnements Oc�eaniques et Continentaux of Bordeaux, the
Geosciences Laboratory of Rennes, the HydroSciences
Laboratory of Montpellier, the Geosciences Laboratory of
Montpellier, the Laboratoire d’Etudes en G�eophysique et
Oc�eanographie Spatiales of Toulouse, the Laboratoire Inter-
universitaire des Syst�emes Atmosph�eriques of Paris, the
Laboratoire de G�eochimie des Eaux of Paris, the Geosci-
ence Environnement of Toulouse (research team) and the
Observatoire Midi-Pyr�en�ees (OMP) ICP-MS Facility group)
routinely analysed the SLRS-5 CRM by ICP-MS and to a
lesser extent by ICP-AES. In addition to certified elements
and depending on the aims of each laboratory, uncertified
elements were also measured in the SLRS reference water.
This present compilation includes 2 years of individual
routine results and also proposes a compilation mean for
uncertified elements. Statistical treatments were performed
by each laboratory, which were responsible for eliminating
their own outliers and for providing average values and
standard deviations. Additional statistical treatments based
on ISO Guides (ISO 5725-2, 13528 and 21748) were
carried out: (a) calculation of the compilation mean and its
related uncertainty from all acquired data and (b) evalu-
ation of the performance of the compilation calculation by
comparing compilation results with certified values when
these are available. We stress the fact that our approach is
experimental and compilation data do not contribute to
determining reference values. We simply indicate addi-
tional, very useful, information for laboratories with random
and systematic biases included in our calculations from all
our results. Isotopic Sr values (87Sr/86Sr) were also pro-
posed by the Service d’Analyse des Roches et des
Min�eraux (Nancy). Compilation results were then compared
with the SLRS-4 batch and to results obtained by a
standardisation procedure with SLRS-4 performed by
Heimburger et al. (2013).

Instrumentation and statistical treatment

Instruments

Equipment used by each laboratory is reported in
Table 1. All the laboratories used quadrupole or high-
resolution ICP-MS. Instrumental operating parameters were
similar for all ICP-MS instruments, but sample introduction
systems, subtracted blanks, acid molarity of analysed solu-
tions and calibration methods were specific to each
laboratory. Oxides and doubly charged ions were lower
than 3%, and the different laboratories applied oxide and
hydroxide interference corrections (Aries et al. 2000) both
monitored with mono-elemental solutions, except for the
LISA/LGE-IPGP, which worked under high-resolution condi-
tions in order to avoid these interferences (Heimburger et al.
2013). All of these corrections are reported in Table 1.
Furthermore, CCT (Collision Cell Technology) with He gas
was used to limit or eliminate interference corrections (cf.
Table 2). Since it is routine in performance, the choice to use
CCT was left to each participant. Most laboratories used
CCT for the same element, mainly the transition metals (e.g.,
Zn). This choice was made based on the manufacturers’
recommendations and on the individual experiments and
internal tuning (Tanner et al. 2002). In addition, the SARM
and LISA laboratories also used ICP-AES (iCap3500 Ther-
moFisher Scientific and Arcos Spectro, respectively) for Si and
S measurements using wavelengths without spectral inter-
ferences. Even though the LEGOS laboratory used more than
one sample introduction system, they felt that their results
were coherent enough to group their measurements
together.

Instrument calibrations were carried out using synthetic
multi-element solutions. Instrumental drift was monitored
and corrected where necessary by using one of two
techniques: (a) addition of an internal standard to samples
such as In (Geosciences, Rennes), In and Re (OMP,
Toulouse), In, Ge and Bi (HydroSciences, Montpellier) or
(b) measurement of a standard solution every 4–5
samples (LISA, EPOC, Geosciences Rennes, SARM Nancy).
Two groups (GET and LEGOS, Toulouse) added spikes for
REE isotope dilution measurements. Subtracted blanks and
acids are listed in Table 1. Blanks were acidified with 2%
v/v HNO3 by all laboratories (Carignan et al. 2001).
Geosciences Rennes, EPOC, the Toulouse teams, Hydro-
Sciences and Geosciences Montpellier added 2% v/v
HNO3 to samples to reach pH 1 (instead of pH 1.6
reported by NRC-CNRC for SLRS-5) because a more
stable signal was observed for all the elements under this
condition. Table 2 summarises the isotopes taken into
account, as well as spikes and internal standards
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measured by the different teams. When several isotopes
were measured, we chose that with the smallest
standard deviation after verifying the absence of interfer-
ences.

For Sr isotope determination, 30 ml of SLRS-5 was
evaporated in triplicate. Strontium isolation from the rest of
the matrix was then carried out following an analytical
protocol similar to that of Pin et al. (1994). Briefly, the
samples were diluted with 2 ml of HNO3 (2 mol l-1) and
loaded onto Sr Spec resin (Eichrom), which had been
previously washed and conditioned. Strontium was then
isolated from Rb, Ba and REE using nitric acid solutions at
various values of molarity. The Sr fraction was then dried
and ready for measurement by TIMS.

Measurements of Sr isotopes were made at the CRPG
using TIMS (Triton Plus from Thermo Electron) in multi-
collection mode using Re as the filament. Five Faraday cups
were used to monitor Rb also. To correct for instrumental
mass bias, internal normalisation with a 86Sr/88Sr ratio of
0.1194 and an exponential law were used. International Sr
reference material NBS 987 was used to control the method
accuracy. The blank processed and measured along with
the samples gave a value of less than 100 pg, which is
negligible compared with the amount of Sr from the sample
(about 1.5 lg).

Statistical methods

All laboratories proposed their own average working
values after outlier rejection by their own methods. The
Dixon and Grubbs tests at the 95% confidence level
(Miller and Miller 1993, Prichard et al. 1995, Feinberg
1996) were applied by LEGOS and SARM (Nancy).
Detailed statistical methods were not available for the
others. The statistical tests classically used to interpret the
results of a round-robin study assume a population
meeting the criteria of a normal distribution defined by
the mean and the variance. Differences in data size
(n = 2–284) did not allow the certification of element
concentrations in SLRS-5 because it did not follow any
statistical law. Therefore, the aim of this paper is only to
propose compilation values for uncertified elements.
Instead of using robust statistical methods for which no
hypothesis concerning the distribution is necessary, we
chose the general approach based on the ISO 5725-2
procedural standard, in order to define the criteria of
repeatability, reproducibility and the knowledge of com-
pilation value, to reveal the possible existence of a bias

between laboratories. Thus, compiled data were inter-
preted using a homogeneous statistical model for both
certified and uncertified elements.

The mean values for each laboratory were calculated
using the following equation:

yi ¼
1
ni

Xni
j¼1

yij ð1Þ

where yi is the mean of j repeats for the laboratory i and ni is
the number of repeats for the laboratory j.

The compilation mean is the mean of all yi of p
laboratories and is defined in Equation 2:

y ¼
Pp
i¼1

niy i

Pp
i¼1

ni
ð2Þ

The compilation means y are thus weighted by taking into
account the numbers of results per laboratory (ni).

The ISO 5725 procedural standard was also used for
determining the standard deviation of repeatability (rr

intralaboratory reproducibility), which measures the disper-
sion of the results obtained for tests by each laboratory and
of reproducibility (rR, interlaboratory reproducibility), which
measures the dispersion of the mean results obtained by all
the participating laboratories.

The standard deviation of repeatability rr is defined as
follows:

rr ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPp
i¼1

ðni -1Þr2i
Pp
i¼1

ðni -1Þ

vuuuuuut ð3Þ

where ri is the standard deviation of each laboratory
(denoted as ‘s’ in tables).

The standard deviation of reproducibility rR is defined as
follows:

rR ¼ rr þ r1;where r1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r2d - r2r

n

s
ð4Þ

with
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r2d ¼ 1
p -1

Xp
i¼1

ni �yi - ��yð Þ2and n ¼ 1
p -1

Xp
i¼1

ni -

Pp
i¼1

n2i

Pp
i¼1

ni

2
6664

3
7775 ð5Þ

In our case, we took rR as an estimation of the
uncertainty for the compiled data as proposed in the ISO
21748 recommended procedure. All results are expressed
with an expanded uncertainty U (in agreement with ISO
5725-2) defined as follows:

U ¼ k:rR ð6Þ

where k is a coverage factor chosen at a prescribed level of
confidence (under the assumption of a Gaussian law). In our
case, we chose to use the 95% level of confidence with
k = 2 instead of 1.96, which is commonly applied in
interlaboratory comparisons.

To check the reliability of our compilation, we chose to
calculate the En number (typically used in measurement
comparison schemes and described in ISO 13528), which is
a performance statistic calculated as follows:

En ¼ y - l

k
ffiffiffiffiffiffiffiffiffiffiffiffiffi
r2lab þ

q
r2ref

ð7Þ

where l is the reference target value, k is the coverage
factor (k = 2, here), rlab is the uncertainty of a participant’s
result (rR in our case), and rref is the uncertainty obtained by
the reference provider’s assigned value.

We used a critical value of 1 with En numbers because
En numbers are calculated using expanded uncertainties in
the denominator. If En < 1, we consider results compatible,
and if En > 1, then incompatible, considering the given
uncertainties.

Results and discussion

Compiled and individual results are reported in
Tables 3–5, while statistical and published data are
reported in Appendices A–C. Although ten participants
are cited, the GET (Toulouse) measured only REEs and,
therefore, only appears in Table 4. On the other hand,
LGE-IPGP and LISA (Paris) performed analyses on the
same instrument but not at the same time and with
different calibration procedures: except for REEs, both
reported their own results separately. We assumed
that blanks and standard solution purities were checked
by participants and that instrument calibration cannot be
involved if scattered results were observed.

Certified values

Compiled data for elements having certified concentra-
tions in SLRS-5 are detailed in Table 3. Mean, repeatability,
reproducibility and En score are shown with certified values
of SLRS-5 and SLRS-4 in Appendix A.

The individual standard deviations varied from 1% (Mg
from EPOC) to 26% (Cd from HydroSciences, Montpellier).
This difference is mainly due to the eight orders of magnitude
difference in concentration between Mg (2540 lg l-1) and
Cd (7 ng l-1) and to a lesser extent to the individual
methodology.

Most elements fall within the certified limits if we take into
account the individual and the compiled uncertainties. Even
for very low-level concentrations, there was good agreement
with the certified values (Cd from five laboratories).

Figure 1 shows compiled data normalised to the certified
values. For Be, Co and Sb, certified ranges are not available,
but compiled values were close to the information values
given by NCR-CNRC (differences of less than 10%). In all
other cases, the compilation value fell into the certified range
except for Mo and Zn, where the compiled weighted
average was about 20% lower and 20% higher than the
certified value.

Standard deviations of repeatability and reproducibility
are rather similar in Appendix A, which may suggest no
interlaboratory bias. The En numbers calculated indicate that
compilation values were consistent with target values. Note
that the certified value for Mo, which was recently added to
the certificate by the provider (0.27 � 0.04 lg l-1), is slightly
higher than that of the compilation (0.22 � 0.05 lg l-1)
and of the proposed value by Heimburger et al. (2013)
(0.21 � 0.04 lg l-1).

As reported, for example, by Date and Gray (1989) and
May and Wiedmeyer (1998), uncorrected/corrected poly-
atomic interferences on K (ArH+), Zn (ArMg, sulfur species)
and Ni (CaO) might explain most of the outliers and high
standard deviations observed for these elements (Table 3).
Furthermore, possible contamination on blanks or calibration
methodologies for elements such as Cd, Co, Ni, Pb and Zn
would introduce noise in measurements (Figure 1).

Therefore, individual laboratories obtained consistent
values for certified elements within the NRC-CNRC limits,
and all compiled data fell within these limits, except for Zn.
This indicates the proficiency of the participating laboratories
and thus suggests that they also produce trustworthy results. It
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also allows us to have confidence in our mode of calculation
for uncertified elements (mean values and expanded
uncertainty).

Uncertified values: Tables 4 and 5 show compilation
means with expanded uncertainty U obtained from
participating laboratories, while published data are
reported in Appendices B and C.

Rare earth elements: Compiled and individual results
for REEs are shown in Figure 2 and reported in Table 4.
Their concentrations varied from 252 ng l-1 (Ce) to 1.5 ng l-1

(Tm) and relative expanded uncertainty (rU) varied from
6% (La) to 31% (Tm), suggesting homogeneous results
between laboratories and techniques. Uncertainty values
correlate somewhat with concentration.

Larger interlaboratory variation for middle REEs may be
partly explained by the noise introduced by isobaric
interference corrections for oxides of low atomic number
REEs (LREEs) and Ba. Higher values for Eu and Gd reported
by the LEGOS are difficult to explain by insufficient interfer-
ence correction: this laboratory used both a desolvating and
a classic sample introduction technique and did not observe
any bias between the results obtained, despite the fact that
desolvation is known to generate very small amounts of
oxides. The high value for Lu given by EPOC is most likely
explained by a calibration bias, because none of the
participants applied oxide corrections to the mass 175. The
GET laboratory applied an isotope dilution method using

ten enriched REE spikes and achieved uncertainties better
than 2% RSD on all REEs. This high precision method yielded
REE concentrations that overlapped narrowly with the REE
compilation concentrations based on all participating lab-
oratories (Table 4).

REE patterns normalised to upper crust concentrations
(Taylor and McLennan 1985) are reported in Figure 2a. The
patterns display LREE enrichment relative to high atomic
number REEs (HREEs) as well as a large negative Ce anomaly.
The SLRS-5 compilation pattern is reported in Figure 2b. The
SLRS-5 pattern from Heimburger et al. (2013) and the SLRS-4
pattern are shown for comparison. Systematically lower
concentrations (3–19%) are reported by Heimburger et al.
(2013) compared with this study (Appendix B). The authors
deduced data from SLRS-5/SLRS-4 ratios that correspond to
an indirect standardisation. This relative determination may
lead to errors compared with individual absolute determina-
tions. Thus, a bias in the compiled data calculated by
Yeghicheyan et al. (2001) and used for calibration by
Heimburger et al. (2013) induced a proportional bias in their
REE concentrations. The largest discrepancies are observed for
the two lowest concentrations: Tm (1.3 � 0.3 ng l-1 com-
pared with 1.5 � 0.5 ng l-1 for compiled data in this study)
and Lu (1.5 � 0.2 ng l-1 vs. 1.7 � 0.4 ng l-1). However, in
both cases, the results overlap within uncertainties and fall
within the same concentration range.

Other elements: Twenty-two other elements, including
silicon, without certified values were also analysed.

Average
Minimum
Maximum

1.4

1.2

1.0

0.8

0.6

Al As Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Mo Na Ni Pb Sb Sr U V Zn
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Figure 1. Comparison of compiled data versus certified values for the river water reference material SLRS-5.

Diamonds represent compiled data. Triangles are the minimum and the maximum values from the results of

individual laboratories. Bars represent certified values with uncertainty ranges. For Be, Co and Sb (not certified by

NCR-CNRC), the information values given by the NRC-CNRC were used.
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Compiled results are reported in Table 5 and compared
with published data in Appendix C.

Eleven elements (B, Bi, Cs, Li, Rb, Si, Th, Ti, Tl, Y and Zr), out
of the twenty-two were determined by at least three different
laboratories or methods (Figure 3 and in bold in Table 5).
All the available data were used for compiled values,
including complementary data by ICP-AES for Si.

Reported individual results and compiled values are in
good agreement even for low-level concentrations such as
that of Tl (3.9 � 2.4 ng l-1 compiled value). Figure 3 shows

examples of results from the different laboratories (for B, Bi, Li,
Si, Th and Zr). All elements measured fell within the range of
compiled values considering uncertainties, except for Bi
(LEGOS) (Figure 3b) and Zr (LISA) (Figure 3f). In both cases,
the discrepancy can be mostly explained by the very low
uncertainties obtained by LEGOS and LISA for Bi and Zr,
respectively, which do not allow overlap with the compiled
values. Silicon concentration was measured by two tech-
niques: ICP-MS and ICP-AES (Table 5). ICP-MS individual
values ranged from 1732 to 1951 lg l-1, whereas the
average value obtained by ICP-AES from the SARM (Nancy)
was intermediate (1904 � 65 lg l-1). The underestimated
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Figure 2. Upper crust-normalised REE patterns of the river water reference material SLRS-5 obtained by the different

laboratories. n = number of results. Upper crust data from Taylor and McLennan (1985).
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value for Si given by Geosciences Montpellier is most
probably explained by a calibration bias (Figure 3d).

Eleven other trace elements were determined only by
one (Ag, Nb, P, Re, Sn) or two (Ga, Ge, Rh, S, Sc, W)
laboratories (in italics and normal type in Table 5, respec-
tively). Except for S, W and Rh, results for these elements were
not identical between laboratories even considering uncer-
tainties. More dispersed values with high uncertainties were
observed for Ga, Ge and Sc. The slightly dispersed results
observed for Ga and Ge could have been resulted from
uncorrected isobaric interferences from sulfide, argide and
chloride species (May and Wiedmeyer 1998). In the case of
Sc, LISA and Geosciences Montpellier found values of 0.008
and 0.037 lg l-1, respectively. Silicon species are usually
involved in Sc concentration overestimation. It therefore

seems likely that results from medium-resolution analysis
performed by the LISA are more accurate than the others.

Mercury is often studied in environmental cycles and is
increasingly easy to determine with new analytical methods.
Even if the provider does not note any sampling/storage
precaution for Hg, the SARM attempted to determine Hg
using a Hg analyser (DMA-80 from Milestone) from four
different provider bottles; Hg is unstable in low molarity
HNO3 and Hg concentrations varied from 1 to 0 lg l-1 as a
function of the date of bottle opening. The longer the bottle
was opened, the smaller the amount of mercury was present.
Hg0 degassing and adsorption onto bottle walls from water
might induce decreasing concentrations (Leopold et al.
2010). Therefore, Hg is unstable and cannot be determined
under the present conditions of storage for SLRS-5.
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Figure 3. Average concentrations of (a) B, (b) Bi, (c) Li, (d) Si, (e) Th and (f) Zr in the river water reference material

SLRS-5 determined by each participating laboratory. The compilation value for each is displayed in the respective

legends. The shaded area represents the expanded uncertainty of the compiled value.
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Sr isotopic ratio: Strontium isotope measurements pro-
vided an average value of 0.711011 (Table 5) ranging
between 0.710960 and 0.711075, each individual mea-
surement having an uncertainty less than 10 ppm. Such a
value is consistent with the mixture of various lithologies
represented in the river basin. Note that to the authors’
knowledge, no Sr isotopic measurements on SLRS-4 are
available, limiting the potential for comparison. However, the
SLRS-5 Sr content is two times higher than that reported for
SLRS-4, indicating slight variations in the contribution of
various lithologies. Thus, the 87Sr/86Sr value reported here
could be different from that of SLRS-4.

SLRS-5 versus SLRS-4: SLRS-4 certified concentrations
are also reported in Appendix A, as well as data from
Yeghicheyan et al. (2001) in Appendices B and C for
comparison purposes. As far as certified values are
concerned, the two batches were found to be different: Al,
As, Be, Cd, Cr, Fe, Ni, Pb, V and Zn were lower in SLRS-5 than
in the SLRS-4 batch. While V differed only by 1%, Cd was a
factor of two lower in SLRS-5. On the other hand, Ba, Ca, Co,
Cu, K, Mg, Mn, Mo, Na, Sb, Sr and U were found to have
higher concentrations in SLRS-5. For Cu, the difference
reached 861%, suggesting contamination during sampling
rather than solid charge variations in the reference water.
REE concentrations were depleted by about 30% for LREEs
and 12% for HREEs in SLRS-5 relative to SLRS-4 (Appen-
dix B). Moreover, the REE concentration comparison of both
Heimburger et al. (2013) and this study with the SLRS-4
compilation data (Yeghicheyan et al. 2001) showed the
same trend (Figure 2b). However, Sm concentrations
showed the largest variation (33.2 ng l-1 instead of
57.4 ng l-1), whereas HREEs were rather similar. Such a
difference may be explained by the inclusion of some
uncorrected values in the compilation of the SLRS-4 paper
(Yeghicheyan et al. 2001).

For other elements (Appendix C), variations between
batches were more obvious: Ag, Cs, Li, P, Rb, Th, Tl, Y and Zr
were lower, while B, Ga, Ge, Si, Ti and W were higher than
in SLRS-4. These variable proportions directly depend on
sampling and lithological contributions.

Conclusions

We report a compilation of concentrations for certified
and uncertified elements in the natural river water certified
reference material SLRS-5 (NRC-CNRC) from 2 years of
routine analysis in ten different French laboratories. The
reported results show coherent values for REE concentrations,

with relative expanded uncertainties ranging from 6% to
31%. Strontium isotopic ratios were also determined.

Seventeen elements (B, Bi, Cs, Ga, Ge, Li, Rb, Rh, S, Sc, Si,
Th, Ti, Tl, W, Y and Zr) determined by at least two laboratories
yielded compiled values having relative expanded uncer-
tainties ranging from 8% to 241%. Five more trace element
(Ag, Nb, P, Re and Sn) concentrations were reported, but
with a more restricted number of results.
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Appendix B.
Published data, average concentration values (ng l-1), standard deviation (s), relative standard deviation
(RSD) from each laboratory, compilation mean with expanded uncertainty (U) and relative expanded
uncertainty (rU) of REEs in the river water certified reference materials SLRS-5 and SLRS-4

Compilation Heimburger et al.
(2012)

SLRS-4 Yeghicheyan
et al. (2001)

p n Average U rU (%) Average 2s Average s

La 8 303 207.2 12.8 6 196.0 11.0 287.0 8.0
Ce 8 306 252.3 59.7 24 236.0 16.0 360.0 12.0
Pr 9 244 49.1 7.2 15 46.9 2.5 69.3 1.8
Nd 9 323 192.1 46.4 24 185.0 20.0 269.0 14.0
Sm 8 213 33.7 4.4 13 32.4 3.3 57.4 2.8
Eu 6 172 6.1 1.1 18 5.6 1.4 8.0 0.6
Gd 6 170 26.7 4.4 16 24.9 3.0 34.2 2.0
Tb 7 196 3.4 0.6 18 3.2 0.6 4.3 0.4
Dy 7 206 19.1 2.0 10 18.2 2.5 24.2 1.6
Ho 7 206 3.7 0.4 12 3.6 0.5 4.7 0.3
Er 7 207 10.9 1.2 11 10.5 1.0 13.4 0.6
Tm 7 205 1.5 0.5 31 1.3 0.3 1.7 0.2
Yb 7 207 10.1 1.6 16 9.3 0.7 12.0 0.4
Lu 7 192 1.7 0.4 23 1.5 0.2 1.9 0.1

p, number of laboratories; n, number of results; –, no measurement available.

Appendix C.
Published data, proposed mean concentration values (µg l-1), number of measurements, number of
participants, standard deviation (s), relative standard deviation (RSD) from each laboratory, compilation
mean with expanded uncertainty U and relative expanded uncertainty rU of uncertified elements in the river
water certified reference materials SLRS-5 and SLRS-4

Compilation Heimburger et al.
(2012)

SLRS-4 Yeghicheyan
et al. (2001)

p n Average U rU (%) Average 2s Average s

Ag 1 10 0.0098 0.0008 8 0.035 0.005
B 5 138 6.56 0.91 14 7.46 0.58 5.95 0.22
Bi 3 48 0.0009 0.0003 38 0.00086 0.00016
Cs 3 76 0.0049 0.0019 39 0.0057 0.0013 0.0090 0.0010
Ga 2 59 0.02 0.01 67 0.015 0.001 0.0119 0.0004
Ge 2 34 0.015 0.014 93 0.0063 0.0038 0.010 0.003
Li 5 133 0.45 0.09 20 0.50 0.13 0.54 0.07
Nb 1 5 0.0036 0.0016 44 0.0038 0.0006
P 1 8 8.19 3.40 42 13.1 2.2 9.13 0.78
Rb 7 284 1.24 0.37 30 1.23 0.08 1.53 0.05
Rh 2 37 0.0009 0.0015 161
Re 1 35 0.066 0.012 18
S 2 39 2368 244 10
Sc 2 19 0.017 0.041 241 0.0087 0.0015
Si 5 129 1922 165 9 1881 99 1864 48
Sn 1 10 0.0050 0.0004 8 0.0057 0.0005
Th 5 148 0.0136 0.0033 24 0.011 0.004 0.018 0.003
Ti 5 181 1.86 0.34 18 2.28 0.05 1.46 0.08
Tl 4 99 0.0039 0.0024 62 0.0042 0.0007 0.0076 0.0006
W 2 35 0.014 0.018 125 0.013 0.001
Y 5 142 0.112 0.009 8 0.120 0.010 0.146 0.008
Zr 5 158 0.02 0.03 113 0.120 0.015
87Sr/86Sr 1 3 0.711011 0.000059 – – – – –

Elements determined by at least three laboratories are shown in bold, by two laboratories in normal typeface and by one laboratory in italic typeface. n, number of
results; p, number of laboratories.
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