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a b s t r a c t

Several interlaboratory exercises were organised within the framework of European FP6 project NOR-
MAN. Among others, non-steroidal anti-inflammatory drugs were investigated in different aqueous
samples in two sequential ring studies. The aim of both studies was to evaluate the state-of-art in Europe
and to determine possible sources of variation, while also attempting to diminish them. In the present
paper we discuss the results of the 2nd Interlaboratory study, while the results of 1st round were pre-
sented before. The main scope of the 1st exercise organised within NORMAN project was to assess the
laboratory proficiency regardless of the analytical method applied, to evaluate the stability of the target
compounds during sample storage, and to define possible sources of variation during sample shipment,
storage and analysis. In the 2nd round we primarily aimed to diminish these sources of variation by
applying two predetermined analytical protocols based on liquid chromatography–mass spectrometry
or gas chromatography–mass spectrometry. The two analytical protocols were compared in terms of their
ability to determine individual analytes in matrices of different complexity, i.e. tap water, river water and
wastewater. Furthermore, the 2nd exercise addressed also the filtration and compared the influence of
different filter material categories on the analysis of non-steroidal anti-inflammatory drugs.
Results presented herein evaluate laboratory performance using z-score, bias, proximity and Youden
plots. Overall, the laboratory performances were found to be satisfactory for determining NSAIDs in aque-
ous samples. The two analytical protocols, LC–MS and GC–MS, are assessed according to their sensitivity
and measurement uncertainty, where the GC–MS proved superior for the analysis of Ibuprofen, Ketopro-
fen and Naproxen in matrices with higher complexity. Finally, neither the filtration itself, nor the filter

signi
materials were shown to
∗ Corresponding author at: Jožef Stefan Institute, Department of Environmental
ciences, Jamova 39, 1000 Ljubljana, Slovenia. Tel.: +386 1 477 3584;
ax: +386 1 251 9385.
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ficantly affect the determination of NSAIDs.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
Pharmaceutically active substances are a class of emerging con-
taminants that have raised concern in recent years. Even though the
amounts of pharmaceuticals and their bioactive metabolites being
introduced into environment are likely to be low, their continu-
ous input leads to high long term presence in the environment and
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off-line solid phase extraction (SPE) with polymeric Oasis HLB
60 mg/3 mL (Waters) cartridges. Solid phase extraction was fol-
lowed by LC–MS/MS or GC–MS analysis, where the latter involved
an additional derivatisation step using MTBSTFA. Prior to the SPE,
participants were asked to perform an additional filtration step on

Table 1
Sample matrices and encoding.

Sample code and matrix
190 E. Heath et al. / Tala

ay result in chronic effects on aquatic and terrestrial organisms.
mong all pharmaceutical compounds, widespread and polar drugs
uch as acidic non-steroidal anti-inflammatory drugs (NSAIDs),
eserve particular attention. This is due to their physico-chemical
roperties: high water solubility, acidic pKa, low sorption proper-
ies and often poor degradability, which allow them to pass through
ll man-made treatments and natural filtration steps and enter
urface water, groundwater and drinking water [1,2]. The analyt-
cal methodologies for determining NSAIDs are still evolving and
re applied at the level of individual laboratories. However, there
s a need for harmonisation and validation of analytical methods
or NSAIDs residue analysis. In the absence of standard reference

aterials, the main steps of analytical procedures should be eval-
ated by interlaboratory studies, a common practice in different
esearch areas [3–12] and a corner stone of quality assurance [13].
he results of the analysis allow comparisons to be made between,
nd information to be obtained about, the laboratories, methods,
r the test materials. The laboratories may come from within one
rganisation or may encompass different laboratories across the
orld. The quality value of the measurand may be known, or the

bject of the study may be to arrive at a consensus value. Common
o all interlaboratory trials is one organisation that takes responsi-
ility for sourcing the material, distributing it to the participating

aboratories, collecting and processing of the data, and finally pub-
ishing the report [13].

Within the framework of EU FP6 project NORMAN two sequen-
ial interlaboratory studies were set-up to determine Ibuprofen,
etoprofen, Naproxen and Diclofenac residues in various aqueous
amples. The first level of verification and the quality of exist-
ng analytical procedures was evaluated by the Department of
nvironmental Chemistry, IDAEA-CSIC, Barcelona, Spain [8]. Here
quatic samples of differing complexity were prepared, distributed
nd analysed according to individual laboratory practices. The
tudy was performed using either LC–MS/MS or GC–MS methods
eveloped by the individual participant laboratories. All methods
mployed SPE as a purification and concentration step. The objec-
ives of this 1st Interlaboratory exercise were to determine NSAIDs
n different samples in various European laboratories, to evaluate
he main sources of variation in the results, to ascertain any signifi-
ant differences between results obtained by LC and GC for samples
ith different matrices, and to check the stability of the samples.

he results of that study revealed the following:

1) No significant difference between GC or LC based methods.
2) No relation exists between the submitted results and the tem-

perature at reception, but temperature was still recognised as
an important source of variation.

3) The number of outliers was linked to the number of steps in
analytical procedure and the complexity of the method.

4) A good agreement was obtained between the concentrations of
fortification and the mean values reported by the participants.

5) The precision of individual participants was low along the
exercise suggesting the need for a protocol to unify sample
treatment including handling, how to defrost the samples and
chemical analysis in order to minimise sources of variation in
the 2nd Interlaboratory exercise.

Based on these findings, protocols for sample pre-treatment
nd two harmonised protocols for GC and LC separation were pre-
cribed. The second ring exercise was performed by the “Jožef
tefan” Institute, Ljubljana, Slovenia in collaboration with IDAEA-

SIC in Barcelona, Spain. The objectives of this study were to
ddress weaknesses arising from the 1st Interlaboratory exercise
ncluding the influence of temperature during sample shipment,
ffect of sample filtration, influence of complexity of the matrix,
torage of frozen cartridges instead of samples and to evaluate over-
 (2010) 1189–1196

all variation in results arising from LC or GC pre-defined analytical
procedures.

2. Materials and methods

2.1. Experimental design, sample collection and handling

Samples were prepared by the Department of Environmental
Sciences, “Jožef Stefan” Institute in collaboration with IDAEA-CSIC.
Samples of wastewater treatment plant effluent (WWTP Rubi,
Barcelona, Spain) and river water (Llobregat, Spain) were filtered
through 2.7 �m and 0.5 �m glass micro-fibre filters. Deionised
water was not filtered. Afterwards, samples were homogenised,
spiked (Table 1) and sub-sampled for homogeneity and stability
testing. The samples (900 mL) were transferred into 1 L polyethy-
lene bottles and frozen. The frozen samples were then shipped on
dry ice to the participating laboratories. A total number of 117 sam-
ples were sent to 13 participants in 12 laboratories, distributed
among 9 European countries: Austria, France, Greece, Italy, Norway,
Slovakia, Slovenia, Spain and Switzerland. The samples reached the
participant laboratories within 24–72 h in a frozen state. Labora-
tory codes 1–13 were used to ensure anonymity. Separately, 1.5 mL
of a standard NSAID mixture in methanol was sent separately at
ambient temperature.

Three batches of samples were prepared for each laboratory,
where each batch consisted of 3 samples prepared from wastewater
(batch A), river water (batch B) and tap water (batch C) (Table 1).

2.2. Chemicals

Ibuprofen, Naproxen, Ketoprofen, and Diclofenac were sup-
plied by Jescuder (Rubí, Spain). The purity of the standards
was confirmed by LC–MS (UPLC-QTOF, Waters Corp., Milford,
MA, USA) and GC–MS (Hewlett Packard, Waldbron, Germany),
and the chromatographic response matched that of authen-
tic standards purchased from Sigma Aldrich (≥98% purity,
St. Louis, MO, USA). The internal standard was deuterated
Ibuprofen-d3 obtained by participants themselves. N-Methyl-N-
[tert-butyldimethyl-silyl]trifluoroacetamide (MTBSTFA, provided
by participants) was used as a derivatising agent in the GC–MS
analytical procedure.

2.3. Analytical methods

As already explained, the 1st Interlaboratory exercise [8] did
not make any special requirements on the analytical proce-
dures for determining NSAIDs. In contrast, for this round of the
Interlaboratory study the participants were asked to follow the
analytical protocols based on gas chromatography–mass spec-
trometry, GC–MS, or liquid chromatography–mass spectrometry,
LC–MS, available in the participant laboratories. Both analytical
procedures involved concentration and clean-up steps using an
Batch A Batch B Batch C

A1 Natural wastewater B1 Natural river water C1 Spiked tap water
A2 Spiked wastewater B2 Spiked river water C2 Spiked tap water
A3 Spiked wastewater B3 Spiked river water C3 Spiked tap water
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he sample series 1 and 2 (Table 1): A1, A2, B1, B2, C1 and C2, where
he internal standard was added post-filtration. The extraction vol-
mes were 400 mL for river water and tap water samples (batches
and C) and 200 mL for wastewater (batch A). No adjustment of

he sample pH was made prior to the extraction.

.3.1. LC–MS/MS analytical protocol
The conditioning of the SPE cartridges was carried out using

mL of methanol, followed by 5 mL of ultra-pure water (HPLC
rade). The samples were allowed to percolate through the car-
ridges at a flow rate of 5 mL min−1. After enrichment the cartridges
ere rinsed with 5 mL of HPLC grade water and then dried under

acuum (15–20 min) to remove excess water. Finally, the car-
ridges were eluted with 8 mL of methanol (2 × 4 mL), evaporated
nder nitrogen and reconstituted with 1 mL of methanol : water
25:75, v/v). The LC–MS/MS analyses were performed in negative
on mode using an RP-18 column for the chromatographic sepa-
ation. The mobile phases were methanol with 5 mM NH4 acetate
nd water with 5 mM NH4 acetate. In the tandem MS operation,
wo multiple-reaction monitoring (MRM) transitions (identifica-
ion and quantification ion) were acquired for each compound,
henever possible.

.3.2. GC–MS analytical protocol
In the GC–MS analytical protocol the cartridges were con-

itioned with ethylacetate (3 mL), methanol (3 mL) and finally
insed with ultra-pure water (3 mL). Likewise the LC–MS/MS,
rocedure followed the enrichment, rinsing and drying step,
fter which the cartridges were eluted with 2 × 1 mL of ethy-
acetate. Prior to GC–MS analysis the samples were derivatised

ith MTBSTFA at 60 ◦C for 1 h. Separation was performed using
30 m × 0.25 mm × 0.25 �m) capillary column with 95% methyl/5%
henyl polysiloxane stationary phase for chromatographic sepa-
ation. The GC oven was programmed as follows: 2 min at 65 ◦C,
hen ramped at 30 ◦C/min to 180 ◦C, further ramped at 5 ◦C/min to
00 ◦C, and finally held for 12 min. The target ions used for quan-
ification were m/z 263 for Ibuprofen, m/z 287 for Naproxen, m/z
11 for Ketoprofen and m/z 352 and 354 for Diclofenac.

.4. Statistical parameters

The homogeneity of sample preparation was statistically eval-
ated by a �2 test, using Eq. (1):

2 =
∑ (Oi − Ei)

2

Ei
(1)

here Oi is a mean concentration of two parallels in each sample
nd Ei the mean concentration of each batch containing 10 samples.

As an acceptance criterion for each result the z-score value was
alculated using Eq. (2):

= xlab − x0

�0
(2)

here xlab is a laboratory mean (median), x0 a mean (median)
oncentration for the initial dataset and �0 is the correspond-
ng standard deviation. Both, the classical approach using mean
alue and the robust approach using the median were employed
n calculations of z-scores. A z-score higher than 3.0 indicates an
nsatisfactory performance [14] and such result was automatically
xcluded from the further data processing as an outlier. For val-
es between 2.0 ≤ |z| ≤ 3.0 [7], that is suspect outliers, the Dixon

iscordance test [15] was applied at a 5% significance level.

After excluding any outliers, the corrected mean (X), standard
eviation (�), coefficient of variation (CV), standard error of mean
�M), median (M), minimum (Min) and maximum value (Max)
ere calculated for each series of results and the normality was
 (2010) 1189–1196 1191

confirmed by Lilliefor’s Test. In addition, laboratory biases (D)
were estimated for each result (or average of results) reported
by each participant. According to ISO/DIS 13528:2002(E) [16] the
biases were classified into three categories |D ≥ 3.0�| indicating
an “action signal”, |2.0� ≤ D < 3.0�| considered as a “warning sig-
nal” and −2.0� < D < 2.0� indicating “acceptable value”. The outlier
results were excluded from the calculation of D.

Proximity to the mean Pr(X) was calculated as:

Pr(X) = 1
n

×
∑ |xlab − X|

X
(3)

where n is the sample size, xlab the laboratory mean and X the cor-
rected mean after the outlier exclusion. Similarly, the ‘proximity to
the median’ Pr(M) was calculated, as shown in Eq. (4).

Pr(M) = 1
n

×
∑ ∣∣xlab − M

∣∣
M

(4)

To evaluate the effect of filtration on determination of NSAIDs in
different matrices three statistical tests were used. An F-test at
5% significance level was used for comparison of the variances
between filtered (series ‘2’) and unfiltered (series ‘3’) sample series
within each batch [17]. In addition, a paired t-test was applied to
compare unfiltered and filtered mean values within each labora-
tory. In case of Ibuprofen in tap water samples (batch C, series, 1, 2
and 3) three variances were compared with ANOVA.

3. Results and discussion

3.1. Sample preparation

To minimise the variation between the samples, the matrices
were collected, prefiltered, spiked, homogenised, divided-up and
frozen within 24 h. To assure and to confirm the quality of sam-
ple preparation, the homogeneity of mixing was tested for each
batch (matrix). Thus the homogenised batches (A, B and C, series
2 and 3, Table 1), were spiked and then sub-sampled. According
to ISO/DIS 13528 [16] 10 samples per batch (series 2 and 3) were
taken randomly from different layers in the polyethylene container.
The samples were then analysed in parallels and the homogeneity
was statistically evaluated using the �2 test. The homogeneity was
confirmed in all cases at the 95% confidence level.

Given that the stability of samples during shipment and storage
was one of the goals of the 1st NORMAN Interlaboratory exercise
[8], and was confirmed for all analytes, the authors felt that there
was no need to perform similar tests in the 2nd round. Further-
more, testing the stability of compounds in the aqueous media was
an irrelevant issue for 2nd round as participants were asked to per-
form the SPE extraction short upon sample receipt (48 h), while
the analyses themselves were allowed to be carried out within 3
months from extraction. Instead, the stability of NSAIDs in frozen
cartridges was tested within 3 months after the sample extraction,
where no decrease in the analyte content was observed within the
studied period of time.

3.2. Laboratory proficiency testing

A total number of 108 samples were analysed in this exercise
by 12 participants from 11 different institutions. Seven LC and five
GC laboratories took part in the exercise and submitted 773 results
including parallel and <LOD values. Among these, 428 values were
pooled out for subsequent data mining process, starting with the

determination of outliers. The z-score calculation, which was per-
formed by classical and robust approach and the Dixon test, yielded
15 (3.5%) or 18 (4.2%) outliers, respectively. Fig. 1 shows the abso-
lute z-score values according to the classical approach for each
laboratory.
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Fig. 1. Absolute z-score values for each of the participant laboratories (Lab ID 1–13) calculated using classical approach. The outliers are marked with circles. Dotted line:
z = 2; solid line: z = 3.
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The highest number of outliers was determined for tap water,
hich is a consequence of the lower concentration levels, agreeing
ith the results of the 1st Interlaboratory exercise [8]. By the use

f the robust approach, the total number of outliers increased for
hree, which were, as shown in Table 2, all on account of Ibuprofen
n tap water using the LC–MS/MS analytical procedure. Out of 249
esults obtained by LC–MS/MS, 12 (4.8%) or 15 (6.0%) were excluded
s outliers using the classical and robust approach, respectively.
he number of excluded GC results was considerably lower com-
ared to the LC method, i.e. 3 out of 179 (1.7%), regardless of which
utlier-testing approach was used. Out of the total of twelve partic-
pants, the outlier results were reported by 5 (or 6 using the robust
pproach) laboratories, which generally experienced difficulties in
etermining only a single compound (e.g. Naproxen in laboratory
and Ketoprofen in laboratory 13), while, on the other hand, they

howed a satisfactorily method performance for determining the
emaining analytes (Fig. 1).

The percentage of the outlier values reported in the 2nd round
as considerably lower compared to the 1st round [8], which may

e attributed to diminishing the weaknesses recognised in the 1st
nterlaboratory exercise, i.e. sample shipment to the participant
aboratories and/or pre-determination of the analytical protocols.
nifying the analytical protocols revealed a particularly evident

mprovement in case of GC based analytical protocol, where the
umber of outliers was up to 5 folds lower in 2nd round (3 out-

iers out of 428 processed results), when compared to 1st round
15 outliers out of 486 results). Such outcome is in agreement with
ur expectations since GC analytical protocols employed in the
st exercise were rather heterogeneous, i.e. up to 3 different sor-
ent materials for SPE, 3 different elution solvents and 4 different
erivatisation reagents were used [8].

After the outlier exclusion, the mean, standard deviation, coef-
cient of variation, standard error of mean, median, minimum and
aximum value were calculated for each NSAID in each of the 9

amples. As shown in Table 3, the sample series ‘2’ and ‘3’ were
piked with the same level of the tested compounds, while spik-
ng levels of Ibuprofen in tap water were equal in all three series:
1’, ‘2’ and ‘3’. An excellent agreement was obtained between the
oncentrations measured in tap water and the actual spiking lev-
ls (Table 3). In general, the mean and median concentrations
atched closely and followed the spiked concentrations. How-

ver, in wastewater and river water, the concentration raise is, as a
ule, smaller than the actual concentration increase due to spiking.
learly, this phenomenon can issue from the suppression effect of

he matrix compounds, which interfere with the LC and GC analysis.
his effect is principally emphasized in the atmospheric pressure
onisation methods (API), which are generally used in LC, and have
een several times reported [18–23]. Thus, it was shown that, in

able 2
alculated number (the percentage of total is stated in the brackets) of outlier values
ccording to the sample matrix, analyte and analytical method. The outliers were
alculated according to the classical and robust approach.

Classical approach Robust approach

Outliers/sample matrix
Wastewater 4 (0.9%) 4 (0.9%)
River water 4 (0.9%) 4 (0.9%)
Tap water 7(1.6%) +3 10 (2.3%)

Outliers/analyte
Ibuprofen 3 (0.7%) +3 6 (1.4%)
Ketoprofen 5(1.2%) 5 (1.2%)
Naproxen 6(1.4%) 6 (1.4%)
Diclofenac 1 (0.2%) 1 (0.2%)

Outliers/analytical method
LC–MS/MS 12 (2.8%) +3 15 (3.5%)
GC–MS 3 (0.7%) 3 (0.7%)
Fig. 2. CV plotted against the mean concentrations of tested compounds determined
in wastewater, river water and tap water samples.

batch B the LC samples yielded a considerably lower response to
the spiked concentration in comparison to the GC samples, which
were in general only slightly affected. This effect corresponds to
complexity of applied river water sample (batch B), which in our
case contained a lot of particulate matter and was sampled dur-
ing the dry season downstream the city of Barcelona. In addition,
it was extracted in twice higher volume (400 mL) as wastewater
(200 mL) and thus the extracts presumably involved more organic
matter than wastewater. Further, an unusually high concentration
of Ibuprofen (approx. 7.5 �g L−1, Table 3) was determined in the
natural river water sample, what is more likely a result of the sam-
pling conditions (grab sample, extremely low water level and flow
at sampling time), than a picture of Llobregat River pollution.

Alternatively, high coefficients of variation (CV, Table 3) were
observed particularly in tap water for all four analytes due to
the low spiking levels, while Diclofenac revealed high variabil-
ity also in the remaining two matrices. As further discussed, this
indicates that the highest uncertainty was found in the determina-
tion of Diclofenac, without respect to the analytical method used.
Additionally, the smallest number of outliers observed for this
compound is also attributed to the high coefficient of variation.
Indeed, as shown in Fig. 2, the CV increases for the lowest con-
centration samples (tap water), but remains lower for Ibuprofen,
probably as a consequence of the fact that the internal standard is
Ibuprofen-d3. Therefore, a more suitable internal standard (e.g. iso-
topically labelled Diclofenac) may improve method performance
for Diclofenac.

A comparison of the CV values (Fig. 3) in both complex matrices,
i.e. river water and wastewater, resulted in considerably higher CV
in the samples analysed by LC–MS procedure, which again implies
that the ion suppression affected the LC analysis. On the other
hand, the GC–MS provided a smaller variability in the analysis of
Ibuprofen, Ketoprofen and Naproxen in both matrices, whereas, the
determination of Diclofenac did not prove particularly consistent,
regardless of the analytical procedure.

The ISO/DIS 13528 [16] classification of the laboratory biases
resulted in the complete absence of “action signals” and one or less
“warning signals” per series of results, which indicated that the cal-
culated mean (X) and standard deviation (�), with the underlying
normal distribution, were good approximates for the true mean

and the standard deviation values. The Pr(X) and Pr(M) values were
derived for each analyte determined by the participating laborato-
ries. These parameters describe a general capability of a laboratory
to determine an analyte without respect to the tested matrix. Pr(X)
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Table 3
Summary of the corrected statistical parameters after the outlier exclusion: mean (X), standard deviation (�), coefficient of variation (CV), standard error of mean (�M),
median (M), minimum (Min) and maximum (Max).

Sample Matrix Spiking level
(ng L−1)

Filtration No. acc.
results

X (ng L−1) � (ng L−1) CV �M (ng L−1) M (ng L−1) Min (ng L−1) Max (ng L−1) No.
outliers

Ibuprofen
A1 Wastewater – YES 12 1238 460 0.37 133 1265 433 1987 0
A2 416 YES 12 1622 577 0.36 167 1668 570 2588 0
A3 416 NO 12 1620 586 0.36 169 1669 537 2633 0
B1 River water – YES 11 7545 1853 0.25 559 7351 4500 11,684 1
B2 416 YES 12 7250 2302 0.32 665 7537 2358 11,235 0
B3 416 NO 11 7791 1864 0.24 332 7663 4600 11,891 1
C1 Tap water 50 YES 12 77 56 0.73 16 55 29 200 0
C2 50 YES 11 61 41 0.67 12 46 33 172 1
C3 50 NO 12 70 50 0.72 14 47 31 571 0

Ketoprofen
A1 Wastewater – YES 11 334 108 0.32 33 350 111 520 1
A2 790 YES 12 967 284 0.29 82 985 434 1400 0
A3 790 NO 12 830 416 0.50 120 905 107 1705 0
B1 River water – YES 10 269 234 0.87 74 147 69 725 0
B2 790 YES 11 754 259 0.34 78 812 91 997 1
B3 790 NO 12 886 261 0.29 75 893 428 1389 0
C1 Tap water 47 YES 11 93 79 0.85 24 40 30 217 1
C2 205 YES 11 319 231 0.73 70 248 123 854 1
C3 205 NO 11 273 136 0.50 41 230 170 571 1

Naproxen
A1 Wastewater – YES 11 507 115 0.23 35 510 325 675 1
A2 412 YES 11 791 224 0.28 67 808 332 1022 1
A3 412 NO 11 737 220 0.30 66 742 317 1030 1
B1 River water – YES 12 1754 516 0.29 149 1825 609 2646 0
B2 412 YES 12 1956 608 0.31 175 1976 771 2993 0
B3 412 NO 11 1978 563 0.28 170 1977 852 2925 1
C1 Tap water 45 YES 10 97 111 1.15 35 46 26 388 1
C2 120 YES 12 283 276 0.97 80 154 113 1014 0
C3 120 NO 11 210 132 0.63 40 167 111 516 1

Diclofenac
A1 Wastewater – YES 12 521 357 0.69 103 586 59 1186 0
A2 523 YES 12 730 487 0.67 141 693 110 1341 0
A3 523 NO 11 796 452 0.57 136 860 71 1444 0
B1 River water – YES 12 1959 924 0.47 267 1887 352 3640 0
B2 523 YES 12 2054 1234 0.60 356 2030 300 4715 0
B3 523 NO 12 2216 1152 0.52 332 2284 386 4262 0
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C1 Tap water 63 YES 12 77
C2 220 YES 12 250
C3 220 NO 11 244

nd Pr(M) are plotted in Fig. 4a and b, respectively, where the outlier
alues are included in order to illustrate a full performance of labo-
atories [7]. Comparison of both figures reveals that Fig. 4b, where
r(M) is plotted for each laboratory, more significantly shows the
ifferences in laboratory performance regarding each test com-
ound. In addition, on the x-axes the analytical protocol is marked,
hich, in contrast with the results from the first exercise, shows
relatively good performance of GC laboratories and may be the

onsequence of method harmonisation, as explained before.
Fig. 4 also shows that one laboratory in particular has a high Pr(X)

nd Pr(M) values for three compounds, while the six laboratories
3, 4, 8, 10, 11 and 12) showed excellent method performance for
ll four analytes.

As C1 and C2 were split-level samples with respect to the con-
entration of Ibuprofen (Table 3), a Youden graph was plotted from
he reported results for C1 samples (x-axes) against those reported
or C2 samples (y-axes, Fig. 5). The median values for both samples
re also plotted (dotted lines: x = 55 ng L−1, y = 46 ng L−1), where
heir intersection point is accepted as the most probable value [7].
he results show an excellent agreement with the spiking level for

buprofen in the batch C, i.e. 50 ng L−1.

Further, the three isolated points positioned in the upper right
uadrant of the Youden plot (Fig. 3) illustrate that the reported
esults were too high indicating a systematic error in these three
aboratories [7,13]. Youden plots were plotted for all tested com-
0.93 21 48 10 243 0
0.60 43 245 22 515 0
0.41 30 233 21 433 1

pounds in at least two series of samples. Since all the plots reveal
similar outcomes only one representative plot is shown.

3.3. Filtration test

Filtration as a step in sample preparation process may cause two
additional effects. First, depending on the analyte polarity and fil-
ter material, the analytes can adsorb to a filter, and consequently
the concentrations determined in final samples are lower than
the actual concentrations before filtration. On the other hand, by
removing the organic matter present in matrix, the filtration may
be a way to reduce the ion suppression effect and thus improve the
LC–MS analysis.

In order to evaluate the effect of filtration the sample series ‘2’
and ‘3’ in each batch (A, B, C) were prepared in parallel. As indicated
in Table 3, the participants were asked to filter samples in series ‘2’
prior to SPE, while sample in series ‘3’ were extracted without the
pre-filtration. By statistical testing of the reported values it was
shown that the samples were drawn from the same population,
suggesting that the filtration had no effect on the analysis. As illus-

trated in Table 4, only in case of Naproxen in tap water a significant
difference in variances was observed. However, this was not con-
firmed with the ‘paired t-test’ on sample means and therefore it is
concluded that filtration did not cause the difference in two-sample
variances.
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Fig. 3. CV derived for LC–MS and GC–MS procedure. Top: wastewater; bottom: river
water.

Fig. 4. (a) Bar-chart showing the Pr(X) values for each analyte measured by partic-
ipating laboratories. (b) Pr(M) results. The analytical procedure is indicated bellow
laboratory ID.

Fig. 5. Two-sample Youden plot for Ibuprofen in C1 and C2 samples. The borderline
represents 95% around the origin of the plot.

Table 4
Results on testing the effect of filtration.

Tested samples Test significance

F-test t-test ANOVA

Ibuprofen
A2/A3 NO NO
B2/B3 NO NO
C1/C2/C3 NO

Ketoprofen
A2/A3 NO NO
B2/B3 NO NO
C2/C3 NO NO

Naproxen
A2/A3 NO NO
B2/B3 NO NO
C2/C3 YES NO

Diclofenac

A2/A3 NO NO
B2/B3 NO NO
C2/C3 NO NO

As the filter material was not predetermined in the analytical
protocols at least four different types of materials were used in
different laboratories: glass-fibre, nitrocellulose membrane, nylon
membrane, cellulose acetate and non-specified membrane filters.
Among the twelve participating laboratories, seven used glass
micro-fibre filters, while the remaining five used membrane fil-
ters. In order to test the influence of the filter material, F-test was
applied to compare the variances between glass-fibre and mem-
brane filtering in all the filtered samples (A1, A2, B1, B2, C1 and C2).
It was proven that at a 95% confidence level that the filter material
had no impact on the analysis of NSAIDs.

By showing that filtration does not impact determination of the
compounds that is no sorption on the filters was observed and the
matrix effect was not reduced, the series of samples 2 and 3 (and all
three series in case of Ibuprofen in tap water) were made possible
to be compared on measures of precision. Obtained results are in
agreement with published literature [24].
4. Conclusions

Twelve participants from eleven different European research
institutes and universities took part in a 2nd Interlaboratory exer-
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ise on the determination of selected NSAIDs in aqueous matrices.
he 1st NORMAN Interlaboratory exercise was a test round focus-
ng on the stability of compounds during sample storage, whereas
he 2nd round was based on two predetermined analytical proto-
ols (LC–MS/MS and GC–MS). Further, the 2nd round specifically
ddressed the filtration and eliminated the weaknesses recognised
n the 1st round. Thus, in contrast to the 1st round, the samples were
hipped on dry ice and were extracted on arrival at the participating
aboratories.

On the basis of the 1st and 2nd Interlaboratory exercise we
onclude that shipping samples on dry ice, as well as using a stan-
ard laboratory protocol contributed towards a reduced number
f outliers and improved laboratory performance, particularly for
C analysis. Thus, the distribution of the outliers between the GC
nd LC protocols is contrary to the results of the 1st round of the
ORMAN Interlaboratory exercise. However, as the outliers were
istributed among only 5 participants this suggests that the perfor-
ance of a single laboratory had a large impact on the final number

f outliers. Another aim of the 2nd round was to test, whether
he pre-filtration affected the determination of the analytes in the
ested matrices. The results of the test implied that the filtration
tself as well as filter material, did not affect the analysis of selected
SAIDs in none of the three tested matrices.

Within the 2nd round the two analytical protocols, LC–MS and
C–MS, are assessed according to their sensitivity and measure-
ent uncertainty. On the basis of the results which included 7

C based and 5 GC based results, GC–MS analytical procedure
as proved superior for the analysis of Ibuprofen, Ketoprofen and
aproxen in matrices with higher complexity. Higher uncertainty
as found in the determination of Diclofenac, without respect to

he analytical method used. To verify the outcomes of this Interlab-
ratory exercise an option would be to involve the higher number
f participants.

Importantly, the results of the 2nd Interlaboratory exercise are
ot directly comparable with the 1st Interlaboratory exercise, espe-
ially not in terms of repeatability and reproducibility of results.
he main reason is that in the 1st Interlaboratory exercise different
atrices were spiked with the same amounts of analytes in order

o confirm stability, while in the 2nd Interlaboratory round spiking
nd/or treatment of samples differed.
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[2] T. Kosjek, D. Žigon, B. Kralj, E. Heath, J. Chromatogr. A 1215 (1–2) (2008)

57–63.
[3] A. Marchetto, R. Mosello, M. Bianchi, H. Geiss, G. Serini, G. Serrini Lanza, G.A.

Tartari, H. Muntau, Microchim. Acta 123 (1–4) (1996) 95–102.
[4] R.R. Maronpot, K. Mitsumori, P. Mann, M. Takaoka, S. Yamamoto, T. Usui, H.

Okamiya, S. Nishikawa, T. Nomura, Toxicology 146 (2000) 149–159.
[5] U. Kalbe, W. Berger, F.-G. Simon, J. Eckardt, G. Christoph, J. Hazard. Mater. 148

(2007) 714–720.
[6] M. Ricci, O. Bercaru, R. Morabito, C. Brunori, I. Ipolyi, C. Pellegrino, A. Sahuquillo,

F. Ulbreth, TrAC Trends Anal. Chem. 26 (2007) 818–827.
[7] Y.V. Heyden, J. Smeyers-Verbeke, J. Chromatogr. A 1158 (2007) 158–167.
[8] M. Farré, M. Petrovic, M. Gros, T. Kosjek, E. Martinez, E. Heath, P. Osvald, R.

Loos, K. Le Menach, H. Budzinski, F. De Alencastro, J. Müller, T. Knepper, G. Fink,
T.A. Ternes, E. Zuccato, P. Kormali, O. Gans, R. Rodil, J.B. Quintana, F. Pastori, A.
Gentili, D. Barcelo, Talanta 76 (2008) 580–590.

[9] E. Heath, T. Kosjek, H.R. Andersen, H.-C. Holten Lützhøft, M. Adolfson Erici, M.
Coquery, R.-A. During, O. Gans, C. Guignard, P. Karlsson, F. Manciot, Z. Moldovan,
D. Patureau, I. Cruceru, F. Sacher, A. Ledin, Proceedings of “XENOWAC – Xeno-
biotics in Urban Water Cycle”: Interlaboratory Exercise on Steroid Estrogens in
Aqueous Samples, Cyprus, 11–13 March, 2009.

10] H.W. Vesper, S. Bhasin, C. Wang, S.S. Tai, L.A. Dodge, R.J. Singh, J. Nelson, S.
Ohorodnik, N.J. Clarke, W.A. Salameh, C.R. Parker jr, R. Razdan, E.A. Monsell,
G.L. Myers, Steroids 74 (2009) 498–503.

11] F.T. Peters, O.H. Drummer, F. Musshoff, Forensic Sci. Int. 165 (2007) 216–224.
12] I. Taverniers, M. De Loose, E. Van Bockstaele, TrAC Trends Anal. Chem. 23 (2004)

535–552.
13] D.B. Hibbert, in: P. Worsfold, A. Townshend, C. Poole (Eds.), Encyclopedia of

Analytical sciences, vol. 7, Elsevier Ltd., Oxford, 2005, p. 449.
14] M. Thompson, R. Wood, Pure Appl. Chem. 65 (9) (1993) 2123.
15] S.P. Verma, A. Quiroz-Ruiz, Revista Mexicana de Ciencias Geológicas 23 (2)

(2006) 133–161.
16] International Organization for Standardization (2002), Statistical methods for

use in proficiency testing by interlaboratory comparisons, Draft International
Standard ISO/DIS 13528.
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