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Abstract

Acceptance of toxicity bioassays as effective analytical tools in environmental areas needs guarantees of standardization but also validation. T
European laboratories took part in an inter-laboratory study using different commercial devices based on bioluminescence inhibition of bacteri
Vibrio fischeri. Reproducibility and stability by short toxicity endpoints, effective concentration that gives 10%, 50% and 80% of inhibitign (EC
ECso and EGo) is evaluated. Parametric and non-parametric statistic is applied and performance of participant laboratories is adghessed by
calculated by non-parametric statistieScore classification was based on harmonised protocol for proficiency testing of analytical laboratories
(satisfactory|z| < 2; questionable 2 &| < 3; unsatisfactoryz| > 3). Tested samples were phenol, 3,5-dichlorophenol and influent wastewater.
Based on-score classification, more than 70% of the laboratories showed a satisfactory performance for phenol, 3,5-dichlorophenol and influen
wastewater (86%, 90% and 70%, respectively). Reproducibility and stability was observed in toxicant references and in wastewater sggmples. EC
determination appears to be more robust thatoEE@d EG,. EC determinations can be considered favorable at 5 and 15 min of exposition, in
particular for EGo. The use of different commercial devices can not be considered an additional source of variation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to establish correlations withi fischeri assay because they can
respond with different sensitivity to toxicarjts 6,10—12]. Tox-
Integrated strategy with biological and chemical analysis foiicological profile of toxicants is better understood when the
water quality control is a recognized complementary approackffects are determined by different organisms that represent
[1-3]. Chemical analysis has limitations related to the inability todifferent trophic levels and the use of a battery of bioassays
evaluate the bioavailability of contaminants or to foresee interis usually recommended for assessing environmental impact
active effects of pollutants in complex water matrices. In this[3,6,11].
sense, bioassays are becoming popular analytical tools to asses¥On the other hand, the acceptance of a toxicity test as effective
potential risk linked with the presence of chemicals (e.g. pestianalytical tool requires guarantees of standardization but also
cides, disinfection by-products, pharmaceuticals, hormones) imalidation. In spite oV, fischeri assay is considered such as one
waters. of the toxicity tests more widely applied and which experimen-
Among ecotoxicity tests, bioluminescent inhibition test usingtal procedure has been adapted for official standards in several
bacteriaVibrio fischeri has been widely applied in water anal- countrie§13-16], factors linked to experimental procedure (e.qg.
ysis and extensive database on pure chemicals is availabdample preparation, sample composition) or to bacteria (e.g.
[4-9]. Comparative studies with other toxicity bioassays, sucttonservation, reconstitution, time to equilibration to test temper-
asDaphnia magna test or fish tests, have been also conductedature) can be potential causes of variability for toxicity results
[17]. In this sense, the utility and validity of fischeri assay to
assess toxic effects of chemicals or wastewaters is conditional
* Corresponding author. Tel.: +34 950015531; fax: +34 950015483 on consistency of results. Participation in inter-laboratory stud-
E-mail address: dhernan@ual.es (M.D. Hernando). ies is a recommended practice to ensure quality assurance as
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well as measurement consistency, but inter-laboratory exerciseemparing the response given by a saline control solution (2%
concerningV. fischeri assay are scarce in literatder,18,19]. NaCl) that corresponding to the diluted sample. Effective con-
This work presents results of a ring study performed betweenentration (EC) values (E@, EGso, ECgo) were derived after
10 European laboratories. Phenol, 3,5-dichlorophenol and inflyplotting percentage inhibition against concentration. Toxicity
ent wastewater were tested by different commercial devicemeasurements were determined at 5 and 15 min of exposition.

based on bioluminescence inhibition assay wWithfischeri.

Reproducibility was based in short toxicity endpoints (5 and2.3. Statistical treatment of results

15min of exposition), determined by effective concentration

(EC) that gives 10%, 50% and 80% of inhibition (ECEGCso At the close of inter-laboratory exercise, results were pro-
and EQyo). For that, parametric and non-parametric statisticcessed to assess reproducibility and sample stability along 5
was applied and performance of participant laboratories wamonths. Mean, standard deviation of the mean (S.D.), median
addressed by-scores calculated by non-parametric statistic. and median absolute deviation (MAD) values were determined
Score classification was based on harmonised prof@addfor  in accordance with generally accepted laboratory statistical pro-
proficiency testing of analytical laboratories (satisfactor 2;  cedure. Quality indicataz-score proposed by IUPAC was cal-
questionable 2 &| < 3; unsatisfactoryz| > 3). culated with the formuldl) [23]:

2. Experimental z-score= (x — u)/MAD (1)

wherex is the median result of participant laboratories (assigned
2.1. Standards and wastewater samples value, an estimate for the “true value’), the result of each
laboratory for this test (laboratory measured value) and MAD
Two reference toxicants (phenol, 3,5-dichlorophenol) andnat were calculated by the median of absolute deviations of
influent wastewater samples were selected in this intefpach test result and the mediarScore classification was based
laboratory study. Six series of samples (batches) were distributesh harmonised protocol for proficiency testing of analytical

in polyethylene containers, among the participant laboratories tghoratories (satisfactolty] < 2; questionable 2 k| < 3; unsat-
evaluate the reproducibility and sample stability along the timgstactory|z| > 3) [20].

(5 months). Samples were preserved-20°C and processed
by adjustment of pH in arange of 6-8 (using HCl or NaOH) and3, Results and discussion
adjustment of osmotic pressure to 2% NaCl.
Solutions of phenol and 3,5-dichlorophenol were prepared ;  ppenol
at concentration of 60 and 50 mgt, respectively, by a central
source to minimize sources of variation not associated with the pnenol has been commonly used as reference toxicant in

laboratories. Phenol and 3,5-dichlorophenol were included iy i test because of its stability and reproducibility of toxi-

this inter-laboratory study as usual toxicant references selectqglty measurementd 9—21,22]. For statistical treatment, results

in several publications and protocols such as in Micr8t®st  yere organized in data set of laboratories, batch of samples and

[19-21,22]. toxicity measurements (EG, ECsoand EGo). A representation
Influent wastewater sample was also selected to be testeg mean and median values corresponding to toxicity determina-

because degradation process can occurs along the time chaggns (EG o, ECso and EGo) at 5 and 15 min is given ifig. 1.

ing the toxicity results. The influent wastewater samples Wer&andard deviation (S.D.) of mean and median absolute devi-

collected from a sewage wastewater treatment plant (STP) thation (MAD) are also showed ifig. 1. Mean EC values are

receives wastewaters from an industrialized area. Previously ¥igher than median EC values and in only one case, mean and

its distribution, wastewater samples were processed also by cepyedian were equal (&g at 5min). The mean is different than

tral source by centrifugation and filtration. the median because it treats all data equally including more data
o . ‘ atthe extreme lower values than extreme higher values. S.D. and
2.2. V. fischeri toxicity test: commercial devices MAD were higher for EGgothan EGg and EGp determinations.

The participant laboratories used reagent (V. fischdRRL-

B 11177) from different commercial devices: MicrofokAzur s i

Environmental, Carlsbad, CA), Toxal®(Merck, Darmstadt, S 80

Germany), BioFi® Lumi (Macherey-Nagel, Dren, Germany), ER: ' Fr—T—r
ToxTraceP (Skalar, Breda, The Netherlands). Preparation and ‘ED 30 ®mean and D
reconstitution of reagent were carried out according with the = ?g

device protocols. Samples were analyzed on duplicate by lumi-
nometers. The concentrations tested for each sample were;
45.45%, 22.73%, 11.36%, 5.68% and 2.84%. Dilution of sam-_ i dian, standard deviation (S.D.) and median absolute deviat

. 0 . 1g. 1. ean, median, standar eviation .D.) and median absolute deviation
pIes was performed using 2% NaCl solution and pH of sample AD) of EC19, EC50 and EGy at 5 and 15 min of exposition corresponding

was also checked to be i_n pptimal range (6-8) for tOXiC_ity analig toxicity data of phenol (mean and mediar 10 of the mean and median of
ysis. The percent of inhibitory effect (%) was determined bybatchesy =6 reported by 10 laboratories).

15 min | 5 min 5min | 15min

EC80
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Variability in measurement to detect low percent of inhibition months. More than 67% of laboratories showestores within
such as 10% is usually expected. Measurement at 50% of inhi-1 and when allowing-score of+2, the number of satisfac-
bition also showed similar S.D. and MAD and was higher thartory performing laboratories increased to more than 76%. Slight
ECgomeasurements. Onthe other hand, S.D. and MAD faoEC differences can be observed whescores for laboratories and
determination at 5 min of exposition are higher than the obtainetiatches at 5 and 15 min are compared. In fact, for 5 min of expo-
at 15 min as well as for Efg determination. For E§, S.D. and  sition, more than 80% of the results showeskcore+2, while
MAD are similar for measurements at 5 and 15 min and appeaf6% of the results were also satisfactory for determinations at
to be more robust than BEgor EGsg determinations. 15 min. There was not found a significant variation among lab-
The data set was also evaluated usirgcores applying oratories that applied different commercial devices. Thus the
median rather than mean due to median is more robust towardse of different commercial devices does not appear to be an
outliers and mean was more sensitive to extreme lower valueadditional source of variation. On the other hand, the results of
Advantages to use median rather than mean are particularly usieboratories with codes lab 7, 9, 10 and for batches 1, 4 and 5
ful if a ring exercise has a limited data set. As well as, thewere unsatisfactory with positivescore values >3. Negative
uncertainty of median is easy to calculate, assuming that thescore values <3, indicating also unsatisfactory results were
measurements are independent. This is generally a reasonablaeserved for lab 2, 11, 4, 8 and for batches 1, 2, 4 and 6.
assumption in these types of tests, when there are not a large Fig. 2c and d compile-score values for laboratories and
number of results from one particular laboratory or from allECyg, EC50 and EGg values for phenol at 5 min (Fig. 2c) and
laboratorieg25]. Therefore, data set of laboratories, batch of15 min (Fig. 2d). Most of laboratories (86—90%) also achieved a
samples and toxicity measurements (EECspand EGgo) were  satisfactory performance. Contrary unsatisfactory performance
treated applying-scores calculated by median and MAD. related with EGy was observed for labs 11, 2 (z-score values
In Fig. 2a and bz-scores for laboratories and batches relateck?) and labs 7, 9 (z-score values >2). Whescores withint1
to EGsp for phenol at 5 min (Fig. 2a) and 15 min (Fig. 2b) are was considered, 66% of the results were in this range fapEC
illustrated. Dotted lines iifrig. 2a and b show-score classifi- ECsg and EGgp at 15 min while 46% of them were observed at
cation to evaluate the performance of laboratories in terms db min.
reproducibility and stability. A significant number of labora-  As alternative approach to assess data, criteria based on “fit-
tories achieved satisfactory performance for bacthes during Bess for purpose” (FFP) assuming 30% error was also applied
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Fig. 2. Display ofz-scores values for participant laboratories corresponding to toxicity analysis of phenebdade values for laboratories and batches related to
EGCsp at 5 min of exposition; (b}-score values for laboratories and batches related & BC15 min of exposition; (c)-score values for laboratories and &C
EGCso, ECgo values at 5 min of exposition (median of six batches)z¢dyore values for laboratories and BCEGCso, ECGgp values, at 15 min of exposition (median
of six batches). Dotted lines show thescore classification (satisfactory (|z| < 2), questionable |2 < 3), unsatisfactory (|z+ 3)).
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as acceptable dispersion of values and more than 93% of results Mean, median, S.D. and MAD corresponding to analysis at
were considered to be into this margin. This is a common prac5 and 15 min are showed iig. 3b. Similarly to phenol, for 3,5-
tice in most proficiency testing schemes in analytical chemistrgichlorophenol, mean EC values were also higher than median
where the use of scoring system is recommended in the havalues. Close median EC values were observed in particular for
monised protocol to helps the participant assess the accuracy BCsg and EGg at 5 and 15 min. Contrary to phenol, S.D. and
their result426,20]. MAD in ECsp were observed to be higher than in Gt 5

and 15 min. However, Efg results to be also more robust than
ECipand EGp. Butin the case of mean for Bgat 15 min, S.D.

3.2. 3,5-Dichlorophenol L . .
was significant greater, supporting the use of median rather than

3,5-Dichlorophenol is also a compound commonly tested€3": o
in V. fischeri test as toxicant reference. Dose-response curves Datasetwere also evaluated considering batch of samples and

of phenol and 3,5-dichlorophenol are showed Fig. 3a ECi0, EGspand EGgpvalues at5 and 15 min, for each laboratory.
where EGp at 15,min is calculated from percent of inhi- The results obtained show in general a good reproducibility of
bition (%) against concentration. 3,5-Dichlorophenol showe({jata rep(_)rted by the laboratories related to_ the evaluation of
lower effective concentration (EG 15 min= 4.1 mg/L) than phe- aboratories and batches as well as laboratories angd, ECsg
nol (EGso 15 min= 10.4 mg/L) ' and EGp values. Most of the results (90%) showgdcores

e i ' within &2 in both data sets and for the tested times of exposition
(5 and 15min). As exampldsig. 3¢ shows-score values for

Dose-response curves for 3,5-dichlorophenol laboratories and batch 5, where only the lab with code 7 had a
and phenol (15 min) score value >2. The results obtained testing 3,5-dichlorophenol
120 also support the stability in the time and that the use of different
100 — i i iati
-§ . / commercial devices can not represent cause of variation.
£ - g : 3.3. Influent wastewater
R 4 — i
20 _/»/ For controlling wastewater quality, in addition to chemi-
0 : . . | cal analysis based on global parameters (e.g. chemical oxygen
@ ¢ 08 - conc(:ng e i ‘ demand, COD; biochemical oxygen demand, BOD) actually,
' toxicity tests has a potential application in conventional wastew-
3,5-dichlorophenol a_ter treatment .plants (WWPTs) to assess biological effects on
different organisms. In this sense, there is a need of support
- ig N f[he use toxicity_ tests and i_nflu_ent wastewaters have been_ also
2 included for validation studies in this inter-laboratory exercise.
=2 20 - @ median and MAD The presence of colour or turbidity can be interferences leading
; 10 - r[i 'j_f LLL (e to erroneous results. Suspended particles can disperse or adsorb
01 s ‘ el g min[ P P, light causing turbidity, which can affect toxicity measurements.
(b) s r‘ s - Thus, particles in water that adsorb light can be interferences
by adsorbing the light produced by the bacteria. In this way, a
reduction in the light intensity can be measured that is not due
6 to the toxicity of the sample.
5 | 3,5-dichlorophenol: toxicity analysis 15 min However, tests based on bioluminescence organisms have not
g ] a correction procedure that can attenuate interferences observed
g f o for samples containing optically absorbing particles. In spite
3 _ﬁ’ e .- | I . that, the previous processing based in centrifugation and filtra-
N2
j wastewater influent
:g = g gg T
- Ing — — - [y - . g = -
% § % § § E % Pg § g % gg | @ median and MAD
(c) Laboratories and batch 5 S 5 B aah akd BD
Fig. 3. (a) Dose response curves for phenol (W) and 3,5-dichlorophenol (a) Bt 18:
at 15 min of exposition; (b) mean, median, S.D. and MAD ofif;&Csp and 5min |15 min |5 min 5 min {15 min
ECgp at 5 and 15 min, for 3,5-dichlorophenol (mean and medianl0 of the EC10

mean and median of batches=6 reported by 10 laboratories); (g)score

values for 3,5-dichlorophenol obtained from laboratories {@) corresponding  Fig. 4. Mean, median, S.D. and MAD of kg EC5p and EGp at 5 and 15 min
to batch 5 (toxicity analysis at 15 min). Dotted lines shescore classification  of exposition for influent wastewater (mean and median10 of the mean and
(satisfactory (|z| < 2), questionable (2= < 3), unsatisfactory (|zt 3)). median of batches,= 6 reported by 10 laboratories).
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(a) Wastewater influent: toxicity analysis 15 min
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(b) Wastewater influent: toxicity analysis 5 min
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(c) Wastewater influent: toxicity analysis 15 min
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Fig. 5. Display ot-scores values for laboratories corresponding to toxicity analysis of phengiS¢aye values for laboratories and batches related tg 85 min

of exposition; (b)-score values for laboratories and f5CEGs0, EGgp values at 5 min of exposition (median of six batches)z{syore values for laboratories and

ECi0, EGso, ECgp values at 15 min of exposition (median of six batches). Dotted lines shawattere classification (satisfactory (|z| < 2), questionable|@ < 3),

unsatisfactory (|z 3)).
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tion before toxicity analysis can induce to a better performance In contrast to parametric statistic, outlier techniques are not
of toxicity measurements. On the other hand, wastewater samequired in robust statistic, because deviating test result do not
ples are also degradable and higher deviation than in toxicaiitave a great influence on the estimate of the location and spread
references should be expect&dy. 4 shows mean and median of the test results. The use of robust statistic can minimize the
of EC19, ECs0, EGgp values at 5 and 15 min. Similarly to toxi- influence that extreme results may have on estimates of the
cant references, mean is higher than median. S.D. and MAD fanean and standard deviation. Hence, outliers were not excluded
ECyp are higher than E€g and EGp. It is notable the high S.D. before calculation of variability measures for the participant
and MAD values for EGp at 15 min. As well as Egy median  laboratories.

is more robust than Eg and EGg at 5 and 15 min. On the In common statistics for relative comparison of results and
other hand, Egp gives an idea of the toxicity (80% inhibition) evaluation of performance of laboratories, the results of par-
of the wastewater, since correspond to a percentage of dilutidiicipants are usually converted intazacore. Thus, for further

of 25—-27%. But, with this dilution, turbidity of the sample also interpretation of the data, median of results of laboratories was

can contribute to the toxicity of the sample. used as the assigned value as well as the corresponding MAD
Data set corresponding to laboratories and batches of sarno obtain thez-score and classification was applied.
ples at 5 and 15 min showegscores values:2 for 80% of In addition, to evaluate absolute performance, criteria based

data.Fig. 5a is an example afscore values for laboratories on “fitness for purpose” (FFP) or expert criteria based on the ana-
and batches that correspond todg@t 15 min.Fig. 5b illus-  lyst background can be applied. In the absence of performance
trate z-score values by laboratories and CEGsg and EGop characteristics that defined a level acceptable for the uncertainty,
values at 5 min, where 83% of results hagscores values2.  adefinedvalue based onthe FFP principle (target robust standard
Unsatisfactory results (z-score > 3) related to the determinatiodeviation) can be selected as criterion. In this inter-laboratory
of ECso were observed for laboratories with codes 1, 8;-9. study,z-score was also calculated establishing robust S.D. to
Score values <3 related to E§were observed for laboratories range of+30%. This indicates that the selected performance
8 and 11Fig. 5¢c shows-score values for laboratoriesand fgC  criterion (30% deviation from the assigned value) represents
ECso, ECgo values at 15 min, where 70% of results were alsoan uncertainty range that is “fit for purpose” for evaluating the
satisfactory. Similar trend was observed at 5min. Using FFRneasurement results and performance of the participants. This
more than 76 of the results is also considered acceptable assuselection was derived from previous reported inter-laboratory
ing a standard uncertainty of 30%. Thus, the reproducibility angtudies and validation studies with thefischeri test[7,17,19].
stability observed can be considered as satisfactory following

z-score classification in the 80% of data sets. On the other hang, Conclusi

the processing of samples (centrifugation and filtration) previ-" onclusions
ous to toxicity analysis can be favorable to obtain satisfactory

results on the basis of the reproducibility observed. Parametric and non-parametric statistics have been applied

and performance of participant laboratories has been evaluated

by monitoring the--scores. Based anscore classification, more

than 70% of the laboratories showed a satisfactory performance

for phenol, 3,5-dichlorophenol and influent wastewater (86%,
0, 0, I ibili ili

A common way to establish inter-laboratory comparisons f0r90 % and 70%, respectively). Reproducibility and stability was

) obfserved intoxicant references and in wastewater samplgs. EC
performance assessment is the use of measurement results

the participants to calculate the assigned value of the measurad%term!nat!on appearsto be more robust thaigad EGo. EC .
: . aetermlnatlons can be considered favorable at 5 and 15 min of
and the associated uncertainty. There are well known an

statistically sound methods available to combine results WitheXpOSItlon’ in particular for E. The use of robust statisticis an

different uncertaintieR4]. Parametric statistic is the more com- appropriate approach because problems related to big dispersion

T .of results (outliers) are minimized as well as its use is indicated
monly known approach. One of the characteristic of parametric

2 . o ... _When the number of participant laboratories is low. The use of
statistic (e.g. mean and S.D.) is the great sensitivity for deviating,. . . ! .
: - . ifferentcommercial devices can not be considered an additional
results. Thus, the use of classical statistical techniques usual

require the application of outliers tests (e.g. Grubb’s, Dixon’ssyource of variation.

or Cochrane’s tests) to remove the influence of deviating results

(e.g. outliers, stragglers) before that the mean and S.D. arkcknowledgements
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4. Discussion
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