
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Unclassified ENV/JM/MONO(2017)18 
   
Organisation de Coopération et de Développement Économiques   
Organisation for Economic Co-operation and Development  24-Jul-2017 

___________________________________________________________________________________________

_____________ English - Or. English 
ENVIRONMENT DIRECTORATE 

JOINT MEETING OF THE CHEMICALS COMMITTEE AND 

THE WORKING PARTY ON CHEMICALS, PESTICIDES AND BIOTECHNOLOGY 
 

 

 

 

Effects of chemicals on waste water treatment: Final validation study of the protozoan activated sludge 

test to establish an OECD Test Guideline 

 

Series on Testing & Assessment 

No. 266 

 

 

 

 

 

 

 

 

 

 
JT03417546  

Complete document available on OLIS in its original format  

This document, as well as any data and map included herein, are without prejudice to the status of or sovereignty over any territory, to the 

delimitation of international frontiers and boundaries and to the name of any territory, city or area. 

 

E
N

V
/JM

/M
O

N
O

(2
0

1
7

)1
8

 

U
n

cla
ssified

 

E
n

g
lish

 - O
r. E

n
g

lish
 

 

 

 



ENV/JM/MONO(2017)18 

 2 

  



 ENV/JM/MONO(2017)18 

 3 

 

OECD Environment, Health and Safety Publications 

 

Series on Testing and Assessment 

 

No. 266 

 

 

 

 

 

 

 

 

 

Effects of chemicals on waste water treatment: Final validation study of the protozoan activated 

sludge test to establish an OECD Test Guideline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Environment Directorate 

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT 

Paris 2017 

  



ENV/JM/MONO(2017)18 

 4 

About the OECD 

 

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental 

organisation in which representatives of 35 industrialised countries in North and South America, 

Europe and the Asia and Pacific region, as well as the European Commission, meet to co-ordinate and 

harmonise policies, discuss issues of mutual concern, and work together to respond to international 

problems. Most of the OECD’s work is carried out by more than 200 specialised committees and 

working groups composed of member country delegates. Observers from several countries with 

special status at the OECD, and from interested international organisations, attend many of the 

OECD’s workshops and other meetings. Committees and working groups are served by the OECD 

Secretariat, located in Paris, France, which is organised into directorates and divisions. 

 

The Environment, Health and Safety Division publishes free-of-charge documents in twelve different 

series: Testing and Assessment; Good Laboratory Practice and Compliance Monitoring; 

Pesticides; Biocides; Risk Management; Harmonisation of Regulatory Oversight in 

Biotechnology; Safety of Novel Foods and Feeds; Chemical Accidents; Pollutant Release and 

Transfer Registers; Emission Scenario Documents; Safety of Manufactured Nanomaterials; and 

Adverse Outcome Pathways. More information about the Environment, Health and Safety 

Programme and EHS publications is available on the OECD’s World Wide Web site 

(www.oecd.org/chemicalsafety/).  
 

 

 

 

This publication was developed in the IOMC context. The contents do not necessarily reflect the views or 
stated policies of individual IOMC Participating Organizations. 

 

The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC) was established in 
1995 following recommendations made by the 1992 UN Conference on Environment and Development to 
strengthen co-operation and increase international co-ordination in the field of chemical safety. The 
Participating Organisations are FAO, ILO, UNDP, UNEP, UNIDO, UNITAR, WHO, World Bank and 
OECD. The purpose of the IOMC is to promote co-ordination of the policies and activities pursued by the 
Participating Organisations, jointly or separately, to achieve the sound management of chemicals in relation to 
human health and the environment. 

 
 

 

  



 ENV/JM/MONO(2017)18 

 5 

 

 

 

 

 

This publication is available electronically, at no charge. 

 

 

For this and many other Environment, 

Health and Safety publications, consult the OECD’s  

World Wide Web site (www.oecd.org/ehs)  

 

 

or contact: 

 

 

OECD Environment Directorate, 

Environment, Health and Safety Division 

2, rue André-Pascal 

75775 Paris cedex 16 

France 

 

Fax : (33-1) 44 30 61 80  

 

E-mail : ehscont@oecd.org  

 

 

 

 

 

 

 

© OECD 2017 

Applications for permission to reproduce or translate all or part of this material 

should be made to: Head of Publications Service, RIGHTS@oecd.org, OECD, 2 

rue André-Pascal, 75775 Paris Cedex 16, France 

 

 

 



ENV/JM/MONO(2017)18 

 6 

FOREWORD 

This document contains the validation report of the ring-test performed in 2014 to validate the 

protozoa activated sludge inhibition test (OECD Test Guideline 244). The project to validate the test 

method and develop the Test Guideline 244 was led by the German Environment Agency. The 

validation report was endorsed by the Working Group of the National Coordinators of the Test 

Guidelines Programme in April 2017 and the TG 244 was approved and is expected to be published in 

September 2017. 

The Joint Meeting of the Chemicals Committee and the Working Party on Chemicals, Pesticides 

and Biotechnology agreed to its declassification on 10th July, 2017. This document is published under 

the responsibility of the Joint Meeting of the Chemicals Committee and the Working Party on 

Chemicals, Pesticides and Biotechnology. 
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EFFECTS OF CHEMICALS ON WASTE WATER TREATMENT: FINAL VALIDATION 

STUDY OF THE PROTOZOAN ACTIVATED SLUDGE TEST TO ESTABLISH AN OECD 

TEST GUIDELINE 

  

 

Abstract 

As a constitutive group within the microbial food web, protozoa play an important role in sewage 

treatment. Their feeding on bacteria improves the treatment, resulting in higher transparency, i.e. 

lower organic loads in the effluent. Although vital for the functioning of sewage treatment plants, 

protozoa are presently not covered by the currently standardized ecotoxicological test systems.  

Between 2012 and 2014 this final ring test took place with the objective to formally validate the 

‘protozoan activated sludge test’. It was coordinated by the Free University of Berlin on behalf of, and 

with funding from the German Environmental Agency (UBA). Five laboratories participated in this 

collaborative validation study.  

In all labs tests were performed with five model chemicals using at least five concentrations steps 

(three replicates per step). In total, 31 test runs were performed. EC50-values could be calculated for 25 

out of 26 valid test runs. In one case no chemical effect could be observed. EC50s cover more than 4 

orders of magnitude. They vary across laboratories on average by a factor of 2.60 with a mean 

coefficient of variation (CV) of 36%. The extreme values of the inter-lab EC50-deviation are going 

from 2-fold to 3.45-fold with coefficients of variation in the range of 27% to 49%.   

This validation report was endorsed by the 29th Meeting of the WNT in April 2017. 
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SUMMARY 

BACKGROUND 

Protozoa and waste water treatment 

The principle of biological sewage treatment plants is to transform the organic matter of incoming 

wastewater in microbial biomass, which in turn is separated from the liquid, yielding a purified 

effluent. The aim of this process is to achieve a maximal reduction of the organic load with a minimal 

bio-sludge production. The typical protozoan fauna of sewage treatment processes supports this 

process: 

It is generally accepted that protozoan ‘grazing’ removes dispersed bacteria, resulting in higher 

transparency (clarification), i.e. lower suspended organic loads in the output water of the treated 

wastes (Pauli, et al., 2001).  

Ecotoxicological relevance of protozoa 

Ecotoxicological data show that in addition to bacterial tests, tests with activated sludge protozoa 

are indispensable to give a more accurate picture of the effects of pollutants towards the biological 

system of wastewater treatment (Pauli & Berger, 1999). It infers that these different functional groups 

supplement, rather than replace, each other with regard to the estimation of toxic effects in waste water 

treatment. 

The status of protozoa as an important functional group, relevant for the risk assessment for 

sewage treatment plants has been acknowledged by the “Technical Recommendation” (ECB, 1998; 

TGD, 2003) of the European Economic Community. To assess chemical effects towards protozoa the 

“Technical Recommendation” points out a need for a testing strategy reflecting the integrity of the 

native ciliate population in sewage sludge as a whole. 

Development of a protozoan test with activated sludge 

In 2002, a R&D-project (Pauli & Poka, 2005) was initiated by the German Federal Environment 

Agency to meet the ‘need(s) for testing data reflecting the integrity of the native ciliate population in 

sewage sludge as a whole (e.g. TGD, 1998, 2003; ECHA, 2014). The research project has been 

performed at the Free University of Berlin. The project aimed at developing an activated sludge test to 

assess the functional integrity of protozoa, the main consumers of suspended bacteria in activated 

sludge technology.  

A test was developed that monitors the bacterivorous activity of (native) activated sludge
1
 fed 

with bacteria (compare also the following Figure 3). The elimination of these added bacteria is 

measured by photometric means. The test mimics this natural removal of bacteria: Activated sludge is 

taken from the outlet of the aeration basin which contains already clarified wastewater.  In the 

laboratory bacteria are added artificially to this effluent mixed liquor (instead of the bacteria from the 

incoming sewage) and the subsequent clearing is taken as a measure for the phagocytic activity.  The 

test temperature of 22°C is close to natural conditions. The temperature of the activated sludge, 

contrary to the assumption, varies mainly between 15 and 25°C [14] throughout the year in a large 

municipal sewage treatment plant. The reason for this relatively low variation compared to air 

temperatures is the constant temperature of the wastewater from individual households (e.g. washing 

machines and dishwashers). Under real conditions a drop of water takes ca. one day to pass through a 

modern activated sludge plant. In this time period the sewage circulates several times through the 

                                                      
1
  Due to its importance and the ease of accessibility the investigations were focused on activated sludge 

from municipal treatment plants. 
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wastewater treatment plant. With an incubation period of 22hrs an attempt is also be made here to 

emulate the natural process.  

To assess chemical effects the test substance is applied in various concentrations to activated 

sludge samples. The test is performed in mid-size glass test tubes with a culture volume of two mL 

and runs under static conditions over a time span of 22 hours. The tubes are closed with oxygen 

permeable caps and shaken at 22°C. The percent reduction of the activity in relation to an untreated 

control is calculated on the basis of the optical density readings. Effective concentrations (EC-values) 

are derived by statistical means.  

 

 

 

 

 

incubation 

for 22 hrs 

at room temp.

activated sludge

 +/- test chemical 

addition of 

bacterial 

substrate

unaffected 

phagocytic 

activity / 

protozoan 

community

affected 

phagocytic 

activity / 

protozoan 

community

measurement of suspended bacterial content 

by photometric reading

Figure 3: Scheme for the evaluation of chemical effects on the (phagocytic) function of the protozoan 

community in sewage sludge probes. 
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Pilot study 

A round robin with financial support from the German Federal Environment Agency was 

organized in the years 2005 and 2006 to assess the standardization potential of the protozoan activated 

sludge test. Inter-calibrating exercises have been carried out on the basis of a first draft of a Test 

Guideline with three reference chemicals involving four labs using activated sludge from four 

municipal waste-water treatment plants in Denmark, Austria and Germany (Pauli & Poka, 2007).  

Activated sludge is, by nature, a variable commodity, and varying results can occur from day to 

day as a result of shifts in the bacterial population. Therefore, in practice, EC50-values from activated 

sludge tests are expected to vary considerably more than those from tests with well-defined test 

organisms. 

Taking this into account, the results of the protozoan activated sludge tests indicate an already 

relatively high degree of standardization of the draft test protocol. The observed coefficients of 

variations (CVs) of around 40% correspond well to between-source variations of the OECD 

respiration inhibition test and even to between-laboratory %CVs found for fully standardized single 

species ecotoxicity tests.   

Final ring study 

After the pilot study to harmonize the test protocol the German Federal Environment Agency 

(UBA) decided to perform a final validation study (coordinated by the Free University of Berlin) 

involving international laboratories in order to evaluate the inter-laboratory reproducibility of the test.  

Between 2012 and 2014 this final ring test took place with the objective to formally validate the 

‘protozoan activated sludge test’ on the basis of a revised second version of the draft guideline. It was 

organized and coordinated by the Free University of Berlin on behalf of, and with funding from the 

German Federal Environment Agency. Tests were performed at the Free University of Berlin and at an 

additional four laboratories (see Table 6).  

Table 6: Participating laboratories in the ring test (CERI: Chemicals Evaluation and Research Institute; 

Eurofins: Eurofins Agroscience Services EcoChem GmbH; UBA: German Federal Environment Agency). 

Laboratory     Country 

CERI      Japan  

Dr. Noack     Germany  

Eurofins     Germany 

Free University of Berlin   Germany 

German Environmental Agency  Germany 

Except for the laboratory of the Free University of Berlin, none of the participants had previous 

experience with the protozoan test system. The inter-laboratory validation study consists of assays 

with three replicates (three parallels) using the following five model chemicals with (supposed) 

nonpolar and polar narcosis type of action and spanning a wide range of physico-chemical properties ( 
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Table 7). All data from test runs were gathered at the Free University of Berlin and statistically 

analyzed to interpret the results and reproducibility of the analytical parameters calculated as EC50. 

The results of that validation step are the subject of this report. 
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Table 7: Substances included in the final ring test.  

Substance   source  CAS No. logPow  susp. mode of action 

1-octylamine   Fluka  111-86-4 0.76 (1) polar narcosis (2) 

3,5-dichlorophenol Fluka  591-35-5 3.68 (3) polar narcosis (4) 

Dimethyl sulfoxide Sigma  67-68-5          -1.35 (5) nonpolar narcosis (2)  

phenyl ether  Fluka  101-84-8 4.21 (5) nonpolar narcosis (6)  

hexachlorophene Fluka  70-30-4 6.91 (7) polar narcosis (8)  

ref.: (1) Sigma-Aldrich (2) TETRATOX 2012 (3) Taylor, 1990 (4) Cronin, et al., 2002 (5) Hansch et al. 1995 (6)  

Pauli, 2004 (7) Scherrer & Donovan, 2009 (8) Lessigiarska, 2006 

RESULTS 

Data basis 

Five laboratories participated in this collaborative validation study. In all labs tests were 

performed with five model chemicals using at least five concentrations steps (three replicates per 

step). Each test series included two controls: one control without chemical addition to verify chemical 

effects (negative control), and one control containing digitonin to totally inhibit phagocytic activity 

(positive control). Both controls were run with six parallels each.  

In total, 31 test runs were performed (comp. Table 8). All participants obtained valid data sets for 

each test chemical. In four laboratories all test runs proved to be in compliance with the validity 

criteria, in one laboratory 5 out of 11 test runs failed to comply with the validity criteria. This was 

mainly attributed to an unusually low phagocytic activity of the respective activated sludge samples. 

EC50-values could be calculated for 25 out of the remaining valid 26 test runs. In one case no chemical 

effect could be observed. 
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Table 8: number of valid and total (parentheses) test runs. 

 laboratories 

Chemicals 1 2 3 4 5 

1-octylamine 1 (1) 1 (1) 1 (1) 1 (1) 1 (2) 

3,5-DCP 1 (1) 1 (1) 1 (1) 1 (1) 1 (3) 

DMSO   1 (1) 1 (1) 1 (1) 1 (1) 1 (2) 

Hexachlorophene 1 (1) 1 (1) 1 (1) 1 (1) 1 (2) 

phenyl ether 1 (1) 1 (1) 1 (1) 1 (1) 2 (2) 

Controls 

To calculate the reduction in turbidity, the difference between the initial optical density (OD-

measurement 1) and the second measurement after the incubation period (OD-measurement 2) was 

taken: In the presence of protozoa a reduction in turbidity (caused by the addition of E. coli) can be 

observed (OD); in the probes with the eukaryotic inhibitor digitonin, the difference between 

measurements reflects non-specific changes in turbidity, independent of phagocytic activity 

(=ODdef). To correct for this unspecific change, the actual phagocytic activity (ODcorr) of each 

activated sludge sample was calculated by subtracting the average value of the defaunated parallel 

treatments (mean ODdef) from the total OD-decrease of each replicate (OD), see also Figure 4: 

ODcorr = OD – mean ODdef           Eq. 1 

In five cases out of 31 test runs the predetermined minimum level of 25% phagocytic activity in 

the activated sludge sample (ΔODcorr > 25%, validity criterion 1
2
) was not satisfied. Data from these 

five runs were excluded from further statistical analysis of chemical effects. Consequently, the EC50 

evaluation refers to 26 valid test runs. On average (all valid test runs from all participants included) the 

optical density at 440 nm (OD440) starts with values of 1.35 (Table 9Error! Reference source not 

found.). This value decreases for 0.74 OD-units to values of 0.62. The part of this decrease that is due 

to unspecific, non-phagocytosis dependent alterations amounts to 0.13 OD-units. The OD-decrease of 

untreated controls is corrected by this value resulting in a mean phagocytosis activity (ΔODcorr) of 0.62 

OD-units within 20 hrs. Thus, the percentage reduction of turbidity by engulfment of bacterial food 

amounts on average to 47%, which is almost the double of the predetermined minimum value of 25%.  

                                                      
2
  On average the phagocytosis dependent OD-decrease (%ΔODcorr) amounts to 47% (see Error! 

eference source not found.). The minimum value of this decrease is set to 25%, otherwise the test 

run is considered invalid. According to the experience of the validation management this minimum is 

required to achieve reliable measurements. 
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Figure 4: schematic diagram of the OD-decrease over the 20hr-test period in both 

untreated and defaunated (digitonin-treated) controls. To determine the phagocytic 

activity (ΔODcorr) the total OD-decrease needs to be corrected by subtracting the 

phagocytosis-independent OD-change of defaunated, i.e. digitonin-treated controls. 
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Table 9: Summary of the valid test runs for both untreated and defaunated controls. 

  controls 

  2h_OD 22h_OD ΔOD ΔODcorr %ΔODcorr 

mean 1,35 0,61 0,74 0,62 47% 

StDev 0,13 0,26 0,18 0,17 15% 

median 1,36 0,66 0,74 0,61 44% 

n 26 26 26 26 26 

min 0,96 0,11 0,43 0,37 26% 

max 1,57 1,01 1,19 1,03 79% 

  defaunated-controls 

  2h_ODdef 22h_ODdef   mean ΔODdef %ΔODdef 

mean 1,45 1,33 

 

0,13 9% 

StDev 0,07 0,08 

 

0,03 2% 

median 1,46 1,34 

 

0,12 8% 

n 26 26 

 

26 26 

min 1,34 1,20 

 

0,06 4% 

max 1,61 1,47 

 

0,20 14% 

Concentration-response relationships 

In total the results of 26 valid test runs were available, five for each of the four test chemicals 

octylamine, 3,5-dichlorophenol, DMSO and hexachlorophene and six for the test substance phenyl 

ether.  

In one valid test run with the (volatile) substance phenyl ether no effects could be observed over 

the whole concentration range. Consequently, no EC50-value could be calculated. As a result, 25 EC50-

data served as the basis for the statistical evaluation of the ring test.  

At high concentrations some chemicals tend to increase the turbidity of activated sludge. This 

may adversely affect the OD-measurement of the phagocytotic activity. This is the case for the highest 

concentration in four test runs with the test chemicals octylamine, 3,5-dichlorophenol and phenyl 

ether. Curve fitting and EC50-calculation were performed omitting these data.  

EC50-values 

For the statistical comparison concentration-response data from 25 test runs were available (five 

from each laboratory for each of the five test chemicals). Out of all recorded 31 test runs five had to be 

rejected as invalid (phagocytotic activity below the validity criterion) and in one case no effect could 

be measured. In four test runs the highest test concentrations had to be excluded from data analysis 

due to failing the requirements of validity criterion 3 (chemical induced OD-increase).  

The EC50-values were calculated by non-linear curve fitting to log-transformed concentrations 

and normalized %inhibition values. In all but one test run data were successfully fitted to a 

symmetrical sigmoidal curve. In case of one test run good fit results could only be obtained by 

applying an asymmetric function.  

Within the test set the EC50-values cover more than four orders of magnitude varying from 

1.3 mg/L in the case of hexachlorophene and 3.1 g/L for dimethyl sulfoxide (mean values of all 

participants).  

EC50-data vary across laboratories on average by a factor of 2.60 with a mean coefficient of 

variation (CV) of 36%. The extreme values of the inter-lab EC50-deviation are going from 2-fold 

(DMSO) to 3.45-fold (3,5-DCP) with coefficients of variation in the range of 27% to 49% (see Table 

10).   
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Table 10: summarizes the inter-laboratory deviations of the EC50-values for all test chemicals. 

  

between (inter-) lab comparison 

  

ratio highest 

to lowest 

Coefficient of 

variance 

Grubb's                       

test 
n  

  1-Octylamine 3.10 48% no outlier 5 

  35-DCP 3.45 49% no outlier 5 

  DMSO 2.00 27% no outlier 5 

  hexachlorophene 2.20 29% no outlier 5 

  phenyl ether 2.26 29% no outlier 5 

      

 

mean 2.60 36% 

  

DISCUSSION 

All EC50-values were measured in sludge probes from different plants and in different labs. No 

valid data exist for intra-laboratory variability. Therefore no differentiated conclusions can be drawn 

with respect to intra- and exclusive inter-laboratory variability. However, the real situation of testing 

the phagocytic activity of native activated sludge implies not only tests in different labs but also 

continuously varying ‘test organisms’. It might be reasonably assumed that in addition to inter-

laboratory variability the differing sludge properties also play a dominant role in determining the 

variances of EC-values. Within-plant variations can occur from day to day as a result of shifts in the 

bacterial population. Sludge from different sources, and grown under different conditions, may also 

vary in response to inhibitors, because of varying degrees of reaction of some inhibitors with non-

living sludge components. Therefore, in practice, EC50 values are also likely to be related to the 

specific activated sludge used for the phagocytosis test and inter- as well as intra-laboratory variations 

are only partly responsible for the scattering of effective concentrations.  

Taking into account that four of the five participating laboratories had no previous experience 

with protozoa testing and that activated sludge tests are expected to vary considerably more than those 

from tests with well-defined test organisms the outcome of the ring test indicates an already relatively 

high degree of standardization of the test protocol: All laboratories obtained valid concentration 

response relationships for all model chemicals without previous training. Non-valid test runs can be 

mainly attributed to low phagocytic activity of the particular sludge batch. The observed inter-

laboratory coefficients of variation of the EC50-values of around 40% are within the normal range of 

fully standardized single species ecotoxicity tests. 

For each of the 5 ring test chemicals, toxicological data for ciliate growth and phagocytosis were 

available. Data from the bacterial respiration inhibition test with activated sludge (OECD No. 209) 

were found for three of the test chemicals: The protozoan activated sludge test seems to have a 

different toxic profile as compared to the bacterial respiration inhibition test with activated sludge. It 

infers that these different functional groups supplement, rather than replace, each other with regard to 

the estimation of toxic effects in waste water treatment. However, a high degree of correspondence is 

found with growth and phagocytosis tests of the ciliate Tetrahymena. 
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BACKGROUND 

1.1 Protozoa and waste water treatment 

1. The principle of biological sewage treatment plants is to transform the organic matter of 

incoming wastewater in microbial biomass, which in turn is separated from the liquid, yielding a 

purified effluent. The aim of this process is to achieve a maximal reduction of the organic load with a 

minimal bio-sludge production. The typical protozoan fauna of sewage treatment processes support 

this process: 

2. It is generally accepted that protozoan ‘grazing’ removes dispersed bacteria, resulting in 

higher transparency (clarification), i.e. lower suspended organic loads in the output water of the 

treated wastes.  

 Their predation upon bacteria also helps to ’sanitize’ the water by diminishing pathogenic 

micro-organisms.  

 There are strong indications that they increase the fraction of aggregated bacteria (flocs), 

thus facilitating gravitational separation of the sludge from the mixed liquor in activated 

sludge processes. The prey-predator relationship between protozoa and bacteria seems to be 

closely connected to this process of floc formation.    

 Grazing by protozoa results in lower sludge production.  

 Despite their antagonistic effect as predators of bacteria, protozoa are not considered 

detrimental to treatment efficiency. To the contrary, in the presence of protozoa, bacterial 

decomposition rates are often found to be stimulated, resulting in a lower dissolved organic 

content in the outflow. 

3. The majority of microfaunal investigations confirms that all of the three main groups of 

protozoa - flagellates, ciliates and amoebae (naked and shell) - can be found in conventional 

wastewater treatment plants, whereby ciliates usually dominate over other protozoa not only in 

number of species but also in total count and biomass, both in activated sludge and in fixed-bed 

processes (percolation filters and rotating disc contactors). 

1.2 Ecotoxicological relevance of protozoa 

4. Ecotoxicological data show that in addition to bacterial tests, tests with activated sludge 

protozoa are indispensable to give a more accurate picture of the effects of pollutants towards the 

biological system of wastewater treatment (Pauli & Berger, 1999). It infers that these different 

functional groups supplement, rather than replace, each other with regard to the estimation of toxic 

effects in waste water treatment. 

5. The status of protozoa as an important functional group, relevant for the risk assessment for 

sewage treatment plants, has been officially acknowledged (e.g. TGD, 1998, 2003; ECHA, 2014). To 

assess chemical effects towards protozoa these documents point out a need for a testing strategy 

reflecting the integrity of the native ciliate population in sewage sludge as a whole. 

1.3 Development of a protozoan test with activated sludge 

6. In 2002, a R&D-project (Pauli & Poka, 2005) was initiated by the German Federal 

Environment Agency to meet the ‘need(s) for testing data reflecting the integrity of the native ciliate 

population in sewage sludge as a whole’ (ECB, 1998; TGD, 2003). The research project has been 

performed at the Free University of Berlin. The project aimed at developing an activated sludge test to 
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assess the functional integrity of protozoa, the main consumers of suspended bacteria in activated 

sludge technology. 

7. Protozoa are responsible for clearing wastewater. They filter the particles out of the 

incoming water and prevent the formation of solitary bacteria suspensions in the treatment process. 

The test design should imitate this clearing performance under conditions that were as similar as 

possible to natural conditions. 

8. A test was developed that monitors the bacterivorous activity of (native) activated sludge
3
 

fed with bacteria (compare also the following Figure 5). The elimination of these added bacteria is 

measured by photometric means. The test mimics this natural removal of bacteria: Activated sludge is 

taken from the outlet of the aeration basin which contains already clarified wastewater.  In the 

laboratory bacteria are added artificially to this effluent mixed liquor (instead of the bacteria from the 

incoming sewage) and the subsequent clearing is taken as a measure for the phagocytic activity. The 

test temperature of 22°C is close to natural conditions. The temperature of the activated sludge, 

contrary to assumption, varies mainly between 15 and 25°C (Crites & Tchobanoglous, 1998) 

throughout the year in a large municipal sewage treatment plant. The reason for this relatively low 

variation compared to air temperatures is the constant temperature of the wastewater from individual 

households (e.g. washing machines and dishwashers). Under real conditions a drop of water takes ca. 

one day to pass through a modern activated sludge plant. In this time period the sewage circulates 

several times through the wastewater plant. With an incubation period of 22 hours an attempt is also 

be made here to emulate the natural process.  

9. To assess chemical effects the test substance is applied in various concentrations to activated 

sludge samples. The test is performed in mid-size glass test tubes with a culture volume of two mL 

and runs under static conditions over a time span of 22 hours. The tubes are closed with oxygen 

permeable caps and shaken at room temperature (20-22°C). The percent reduction of the activity in 

relation to an untreated control is calculated on the basis of the optical density readings. Effective 

concentrations (EC-values) are derived by statistical means. 

 
 

 

                                                      
3
  Due to its importance and the ease of accessibility the investigations were focused on activated sludge 

from municipal treatment plants. 

incubation 

for 22 hrs 

at room temp.

activated sludge
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Figure 5: Scheme for the evaluation of chemical effects on the (phagocytic) function of the protozoan 

community in sewage sludge probes.   
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1.3 Pilot study 

A round robin with financial support from the German Federal Environment Agency was organized in 

the years 2005 and 2006 to assess the standardization potential of the protozoan activated sludge test. 

Inter-calibrating exercises have been carried out on the basis of a first draft of a Test Guideline with 

three reference chemicals involving four labs using activated sludge from four municipal waste-water 

treatment plants in Denmark, Austria and Germany (Pauli & Poka, 2007).  

Activated sludge is, by nature, a variable commodity, and varying results are often reported. Within-

plant variations can occur from day to day as a result of shifts in the bacterial population. Sludge from 

different sources, and/or grown under different conditions, may also vary in response to inhibitors, 

because of varying degrees of reaction of some inhibitors with abiotic sludge components. Therefore, 

in practice, EC50-values from activated sludge tests are expected to vary considerably more than those 

from tests with well-defined test organisms. 

Taking this into account, the results of the protozoan activated sludge tests indicated an already 

relatively high degree of standardization of the draft test protocol. The observed coefficients of 

variations (CVs) of around 40% corresponded well to between source variations of the OECD 

respiration inhibition test and even to between-laboratory %CVs found for fully standardized single 

species ecotoxicity tests.   

1.4 Final ring study 

10. After the pilot study to harmonize the test protocol the German Federal Environment Agency 

(UBA) decided to perform a final validation (coordinated by the Free University of Berlin) involving 

international laboratories in order to evaluate the inter-laboratory reproducibility of the test.  

11. Between 2012 and 2014 this final ring test took place with the objective to formally validate 

the ‘protozoan activated sludge test’ on the basis of a revised second version of the draft guideline. It 

was organized and coordinated by the Free University of Berlin on behalf of, and with funding from 

the German Federal Environment Agency. Tests were performed at the Free University of Berlin and 

at an additional four laboratories. They are all GLP-certified and selected by the validation 

management at the Free University of Berlin at the suggestion of the UBA: one public institution and 

three contract laboratories (see Table 11). 

Table 11: Participating laboratories in the ring test (CERI: Chemicals Evaluation and Research Institute; 

Eurofins: Eurofins Agroscience Services EcoChem GmbH; UBA: German Federal Environment Agency). 

Laboratory     Country 

CERI      Japan  

Dr. Noack     Germany  

Eurofins     Germany 

Free University of Berlin   Germany 

German Environmental Agency  Germany 

12. Except for the laboratory of the Free University of Berlin, none of the participants had 

previous experience with the protozoan test system. However, four laboratories were familiar with 

activated sludge, i.e. with bacterial tests using activated sludge. Only one participating laboratory had 

no previous experience, neither with protozoa nor with bacterial activated sludge tests.  

13. The inter-laboratory validation study consists of assays with three replicates (three parallels) 

using the following five model chemicals with (supposed) nonpolar and polar narcosis type of action 

and spanning a wide range of physico-chemical properties(Table 12). All data from test runs were 
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gathered at the Free University of Berlin and statistically analyzed to interpret the results and 

reproducibility of the analytical parameters calculated as EC50. The results of that validation step are 

the subject of this report. 

Table 12: Substances included in the final ring test.  

Substance   source  CAS No. logPow  susp. mode of action 

1-octylamine   Fluka  111-86-4 0.76 (1) polar narcosis (2) 

3,5-dichlorophenol Fluka  591-35-5 3.68 (3) polar narcosis (4) 

Dimethyl sulfoxide Sigma  67-68-5          -1.35 (5) nonpolar narcosis (2)  

phenyl ether  Fluka  101-84-8 4.21 (5) nonpolar narcosis (6)  

hexachlorophene Fluka  70-30-4 6.91 (7) polar narcosis (8)  

ref.: (1) Sigma-Aldrich (2) TETRATOX 2012 (3) Taylor, 1990 (4) Cronin, et al., 2002 (5) Hansch et al. 1995 (6)  

Pauli, 2004 (7) Scherrer & Donovan, 2009 (8) Lessigiarska, 2006 
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MATERIAL & METHODS 

2.1 Material, equipment and instructions for participants 

14. The coordinating laboratory at the Free University of Berlin provided most of the material 

and equipment to perform the test. Microsoft Excel templates were distributed to the laboratories for 

the test documentation and the collection of raw data. Additionally detailed testing instructions in text 

form and as video tutorials were made accessible to all participants via the Internet on the ring test 

website ‘www. round-robin.info’ (the written documentation is included in the Appendix II – 

Instructions to participants, starting on page 124). The following information and material were made 

available to each participant: 

laboratory consumables: 

substrate (lyophilized E.coli, ATCC 9637, Sigma-Aldrich)  

dilution medium: EPA moderately hard (Microbiotests Inc., Belgium) pH-buffered with 10 mM 

HEPES (Serva), a detailed description of the preparation is APPENDIX VI - Test medium, page 148) 

test chemicals as pure substances and partly in the form of stock solutions, respectively (see 

APPENDIX II – Instructions to participants, page 124) 
digitonin solution (defaunating agent and positive control, Sigma-Aldrich) 

test vials (screw top clear vial, 4 mL, Sigma-Supelco) with oxygen permeable screw caps (13 mm 

Black Top Hat Cap, PTFE/Silicone septum, Sigma-Supelco) 

devices:  

slant rack (40°) for 72 test vials (university’s workshop),   

if needed, a rotary shaker (Rotamax 120, Heidolph) and a small digital photometer (Libra S2, 

Biochrom) for measuring the samples in the test vessels (round glass vials) was provided 

instructions - documents/SOP (see Appendix II – Instructions to participants): 

Instructions for the preparation of media and chemical dilution steps 

Standard Operating Procedure (SOP),  

Bench protocol (Microsoft EXCEL workbook): a quick test preparation and documentation guide, 

containing the following three EXCEL sheets:  

- Preparation sheet (EXCEL sheet1) + Preparation scheme (EXCEL sheet2) 

- Reporting/Documentation sheet (EXCEL sheet3) 

(lists, schemes and tables in the three EXCEL sheets were related to each other and communicate with 

each other, i.e. changes in the preparation sheet automatically updated the 2 other sheets), 
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instructions - videos: 

Video1  -> sampling 

Video 2  -> Aliquoting and pipetting the sludge  

Video 2a  -> cutting off the pipette tip   

Video 2b -> sludge pipetting 

Video 3  -> Digitonin dissolution 

Video 4  -> dissolve E. coli 

Video 5  -> incubation of test vials 

Video 6  -> mixing - settling – optical density (OD) reading 

Video 6a  -> mixing of test vials & sludge settling 

Video 6b  -> OD measurement 

2.2 Test substances 

15. Five test substances were used in the ring test, namely 1-Octylamine (CAS No: 111-86-4), 

3,5-dichlorophenol (CAS No: 591-35-5), Dimethyl sulfoxide (CAS No: 67-68-5), phenyl ether (CAS 

No: 101-84-8) and hexachlorophene (CAS No: 70-30-4). The chemicals were chosen because they 

cover a wide range of physicochemical properties with different (supposed) effective strength 

(compare ‘test chemicals: description and preparation’, page 96). In addition to the above reasons 3,5-

dichlorophenol was included due to its general status as a reference standard in aquatic toxicity testing. 

Dimethyl sulfoxide was chosen because it is the preferred solvent in protozoan tests. It is a water 

miscible organic solvent used as a good solvent for poorly soluble organic test chemicals, showing a 

low toxicity towards protozoa. The volatile and therefore problematic substance phenyl ether was 

selected to verify the robustness and range of application of the test.   

16. Four participating laboratories received the test chemicals from the Free University of 

Berlin. All these laboratories received chemicals from the same batch (see para 2, page 124: 

APPENDIX II – Instructions to participants). One laboratory (CERI, Japan) purchased all test 

chemicals from own suppliers.   

2.3 Standard dilution water 

17. As standard dilution water synthetic EPA-water (moderately hard), pH-buffered (10mM 

HEPES, pH 7.5) was chosen. Preliminary investigations revealed that this medium supports the 

phagocytic activity and minimizes unspecific binding reactions of suspended bacteria.  

18. Detailed instructions on how to prepare the standard dilution water are given under 

Appendix II – Instructions to participants / Preparation of standard dilution medium, page 95). 

2.4Testing poorly water soluble substances 

In case of the highly lipophilic (logPow 7.5) substance hexachlorophene, stock solutions were 

prepared in DMSO. DMSO was used in concentrations that did not exceed 0.2% (v/v), up to which no 

significant effects on phagocytic activity can be observed (own measurements).  

2.5 ‘Test organism’ 

Sampling and storage 

The activated sludge was taken with a scoop directly from the run off from the aeration tank of a 

municipal wastewater treatment plant (the powerful circulation in the aeration tanks ensures a 

homogeneity of the samples). At each sampling, ca. 0.5 – 1 L activated sludge was transferred into a 

screw-capped polypropylene container and transported to the laboratory. In the laboratory the 

necessary portion for experimental purposes was withdrawn from the polypropylene container. The 

remaining native activated sludge was stored in the screw-capped, transparent polypropylene container 

at 4-6°C for no longer than 5 days. 
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Dry substance 

In most cases actual dry weight data (g/L) of the sampled activated sludge is provided by the 

wastewater laboratories which continuously perform routine measurements of the plants. If actual 

operating data was not available, the dry weight was determined by standard methods to measure total 

suspended solids concentration (TSS).  

2.6 Substrate 

All laboratories received the substrate from the Free University of Berlin. The substrate consisted of 

lyophilized bacteria
4
, E. coli strain ATCC 9637 (risk group 1

5
 test strain), being purchased from 

Sigma-Aldrich.  

2.7 Sample preparation 

19. For experimental purposes, a dilution series was prepared directly in the test vials by serial 

dilution of the highest test concentration in dilution medium. At least five test concentrations were 

used, following the range proposed in the instructions. The lowest and highest concentration were 

selected here to have no observed effect and to inhibit phagocytosis by more than 50% and preferably 

stopping phagotrophy altogether. Each dilution series was prepared in triplicate: One triplicate of the 

test series was run to verify chemical effects, while the other duplicate included digitonin
6
 (200 mg/L 

final concentration). This provided parallels with total inhibition of the phagocytic activity allowing 

the measurement of any passive reaction of the added E. coli-suspension, i.e. the nutrient substrate. 

20. Each test run included six untreated controls in standard dilution water, which have been 

inoculated with activated sludge but without test chemicals being added (negative controls) and six 

controls containing activated sludge and digitonin to defaunate the samples (positive controls).   

21. Consequently, each test run consisted of 6 controls plus at least 5 chemical treatment groups, 

each consisting of triplicate samples and the same quantity for defaunated, digitonin treated parallels 

(see Table 13). 

22. To inoculate the test vials, the necessary volume of activated sludge was taken from the 

polypropylene container to give a final concentration of 1 g dry weight/L in the 2 mL assays
7
. Tests 

were started by the addition of a 50-fold concentrated E.coli-suspension (lyophilized bacteria 

reconstituted with H2O, concentration in test: 0.4 mg/mL, which corresponds to an optical density of 

1.3 - 1.4 at λ = 440 nm, path length ca. 13 mm). 

  

                                                      
4
  The freeze-dried bacterial substrate can be stored at -20°C for several months without any significant 

effects. 

5
  Risk Group 1 (RG1): Agents that are not associated with disease in healthy adult humans. 

6
  The detergent digitonin selectively renders the eukaryotic plasma membrane permeable but not 

bacterial cells. 

7
  The diluted activated sludge was transferred to the glass test tubes with an automatic pipette. To 

eliminate any floc-destroying shear forces, the pipette tip was cut off about 5 mm from the end, 

enlarging the tip aperture to ca. 3 mm. 
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Table 13: illustrates the number of test vials and treatment groups (control, conc. 1, conc. 2, …) for a 

typical test run of the protozoan activated sludge test.  

 
controls 

chemical 
conc. 1 

chemical 
conc. 2 

chemical 
conc. 3 

chemical 
conc. 4 

chemical 
conc. 5 

- 6 vials 3 vials 3 vials 3 vials 3 vials 3 vials 

defaunated        
(digitonin-
treated)* 

6 vials 3 vials 3 vials 3 vials 3 vials 3 vials 

Total 12 6 6 6 6 6 

*Note: To correct for passive reactions of the substrate suspension (e.g. due to binding of the added E.coli to sludge flocs), 

the averaged values of the respective defaunated treatment group are used for further calculations (see text below, para. 

0). 

2.8 Test procedure 

23. Prior to the first OD-measurement the probes were equilibrated for 2 hours under vigorous 

shaking: all test vials were put in a holding tray and placed on a shaker at 250 rpm at 22±1°C (Note: 

during the incubation on the shaker it is important to keep the test vials at an angle of 20-40° to the 

horizontal. This facilitates optimal oxygen supply and lowers the aggregation/binding of the 

suspended bacterial food).  

24. After two hours of equilibration all samples were taken from the shaker, mixed thoroughly 

(vortexed) and left standing for 30 min. After sedimentation of the activated sludge, the supernatant 

was carefully (i.e. without disturbing the settled sludge
8
)  measured in the 4 mL glass test tubes in a 

photometer with a cuvette slot for 15 mm round tubes at 440 nm (OD-measurement 1). Following the 

first photometric measurement of the supernatant, incubation on the shaker (250 rpm) continued for 

another 20 hrs at 22±1°C. After the incubation, the second OD-measurement of the turbidity of the 

supernatant (OD-measurement 2) was performed following the same procedure as the first. 

2.9 Analyses 

25. To calculate the reduction in turbidity, the difference between the initial optical density (OD-

measurement 1) and the second measurement after the incubation period (OD-measurement 2) was 

taken: In the presence of protozoa a reduction in turbidity (caused by the addition of E. coli) can be 

observed (OD); in the probes with the eukaryotic inhibitor digitonin, the difference between 

measurements reflects non-specific changes in turbidity, independent of phagocytic activity 

(=ODdef). To correct for this unspecific change, the actual phagocytic activity (ODcorr) of each 

activated sludge sample was calculated by subtracting the average value of the defaunated parallel 

treatments (mean ODdef) from the total OD-decrease of each replicate (OD):  

ODcorr = OD – mean ODdef           Eq. 2 

26. Using this method, the phagocytotic activity (ODcorr) was calculated for each non-

digitonin treated sample (6 control replicates and 3 replicates per chemical concentration). Based on 

                                                      
8
  The activated sludge must remain at the bottom of the test tube and the photometer must be built so 

that the beam of light passes through the supernatant above the sedimented sludge.   
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y = bottom + 
𝑡𝑜𝑝−𝑏𝑜𝑡𝑡𝑜𝑚

1+10((𝑙𝑜𝑔𝑋𝑏 −𝑥)∗𝐻𝑖𝑙𝑙𝑆𝑙𝑜𝑝𝑒)
𝑠   

x = log of chemical concentration, y = response; 
y starts at Bottom and goes to Top with a sigmoid shape; 

logXb = logEC50 + 1 𝐻𝑖𝑙𝑙𝑆𝑙𝑜𝑝𝑒⁄  ∗  log⁡(2
(
1

𝑆
)
− 1) 

the mean ODcorr of controls (n = 6) the inhibition for each replicate of the respective chemical 

treatment group was then calculated as a percentage to the averaged control:  

%Inhibitionx = 1 - Error! x 100         Eq. 3 

27. EC50-values were determined statistically on the basis of these normalized values. The 

triplicate values of each chemical treatment group were treated as separate points. Concentration-

response-curves were calculated by non-linear curve fitting to log-transformed concentrations and the 

percent inhibition values (Note: The data were normalized to the mean of control values. However, 

since there is random variation in the data, some data points have normalized values less than zero and 

others have normalized percentage values greater than hundred. They were left in to avoid biasing the 

analysis).  

28. The top and bottom plateau were constrained to 0% and 100%, respectively. In all but one 

case a best fit could be achieved by the standard symmetrical model of a S-shaped ‘four parameter 

dose-response’ curve or ‘Hill equation’ (24 out of 25 concentration response curves). Two parameters 

(top and bottom) were constrained, so that only two parameters were fitted (the logEC50 and the Hill 

Slope), compare the following Eq. 4:   

 

29. In one case (one test run of laboratory 5 with 3,5-DCP) an adequate fit could only be 

obtained by fitting the common asymmetric model, known as the ‘five parameter logistic equation’ or 

the ‘Richards function’, shown here as  Eq. 5:  

 

30. Curve-fitting and the estimation of the EC50-values and their 95% confidence limits was 

performed on the basis of non-linear regression using GraphPad Prism 6, GraphPad Software, San 

Diego California USA. To look for outliers in the recorded EC50-values that are either much higher 

than the other values or much lower, a two-sided Grubbs test (alpha=0.05) was run using the same 

statistics program.  

31. Unless otherwise specified, all other statistical calculations were carried out using MS 

EXCEL standard formulas.  

 

  

Eq. 4 

Eq. 5 
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2.10 Validity criteria 

32. Generally controls are included in a test run to show the normal, unimpaired activity. Here, 

this is achieved by monitoring the decrease of bacterial substrate of chemically untreated activated 

sludge probes for a period of nearly one day. Since the bacterial substrate causes a marked turbidity, 

this feeding process can be easily followed by non-invasive photometric measurements (OD-readings 

at 440 nm). However, the bacterial substrate in the sample decreases not only by the faunal feeding 

activity. Some part of bacteria decrease by self-aggregation and unspecific binding to the sludge flocs 

in the test sample. It is therefore essential to include a phagocytosis-free (positive) control, indicating 

what proportion of the decrease in turbidity (resp. optical density) is due to these nonspecific changes 

in the bacterial content during the test period. A selective inhibition of the phagocytosis can be 

achieved by the addition of the digitonin. This chemical selectively renders the eukaryotic plasma 

membrane permeable but not bacterial cells. By the addition of digitonin the activated sludge sample 

can be defaunated within a few minutes and phagocytosis is stopped. Any changes in turbidity can 

now be attributed to passive reactions of the added bacteria - unaffected by phagotrophy. Subtracting 

this decrease in turbidity of digitonin controls from the decrease of turbidity of untreated controls 

yields the pure biological, i.e. phagocytic activity (comp. Figure 6).   

33. A high phagocytic activity corresponds to a significant difference between the start and the 

final OD of controls. This also leads to a clearer distinction of chemical effects. On the other hand, 

low phagocytosis activity differences to controls tend to blur and chemical effect calculation becomes 

more and more imprecise.  

34. In order to measure phagocytosis satisfactorily, the bacterial food should not only be taken 

up effectively but also show low adsorption. Unspecific interactions of the bacterial food should 

therefore be as minimal as possible. To check this, each test run includes defaunated, digitonin-treated 

controls with a total inhibition of the phagocytotic activity.   

 

Figure 6: schematic diagram of the OD-decrease over the 20hr-test period in both untreated and 

defaunated (digitonin-treated) controls. To determine the phagocytic activity (ΔODcorr) the total OD-

decrease needs to be corrected by subtracting the phagocytosis-independent OD-change of defaunated, i.e. 

digitonin-treated controls. 
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35. At high concentrations some chemicals tend to increase the turbidity of activated sludge. 

This may adversely affect the OD-measurement of the phagocytotic activity. This must be taken into 

account when evaluating the data. 

36. Consequently, based on the results of the pilot study (Pauli & Poka, 2007) and on 

preliminary investigations, the following three test validity criteria were included in the test protocol 

and used to select and reject data (Figure 7): 

 i) the mean phagocytotic activity (%ΔODcorr(controls)) must exceed 25% within the testing 

time between 2 hrs and 22 hrs 

 ii) the mean of the unspecific OD-decrease (440 nm) of defaunated controls 

(%ΔODdef(controls)) containing bacterial substrate and digitonin must remain below 25% 

within the testing time 

 iii) furthermore, the chemical test concentration at which a mean OD-increase (440 nm) of 

more than 5% in the defaunated parallel samples (containing bacterial substrate, digitonin 

and test chemical: %ODdef(treatment)) occurs within the test interval has to be excluded 

from the effect calculation. 

 

Figure 7: summarizes the validity criteria of the draft Guideline, which served as the basis for the ring 

study. Criterion 1: The phagocytosis activity – calculated as difference between the total OD-decrease and 

the OD decrease of defaunated controls – should be at least 25% within the test period. Criterion 2: The 

OD-decrease of defaunated (digitonin treated) controls must not exceed 25% in the test interval. Criterion 

3: The OD-increase of test chemical-treated defaunated parallels should not be more than 5%. 
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RESULTS 

3.1 Data basis 

37. Five laboratories participated in this collaborative validation study. In all labs tests were 

performed with five model chemicals using at least five concentrations steps (three replicates per 

step). Each test series included two controls: one control without chemical addition to verify chemical 

effects (negative control), and one control containing digitonin to totally inhibit phagocytic activity 

(positive control). Both controls were run with six parallels each.  

38. In total, 31 test runs were performed (comp. Table 14Error! Reference source not found.). 

All participants obtained valid data sets for each test chemical. In four laboratories all test runs proved 

to be in compliance with the validity criteria, in one laboratory 5 out of 11 test runs failed to comply 

with the validity criteria. This was mainly attributed to an unusually low phagocytic activity of the 

respective activated sludge samples. EC50-values could be calculated for 25 out of the remaining valid 

26 test runs. In one case no chemical effect could be observed. 

Table 14: number of total and valid (parentheses) test runs. 

 laboratories 

chemicals 1 2 3 4 5 

1-octylamine 1 (1) 1 (1) 1 (1) 1 (1) 1 (2) 

3,5-DCP 1 (1) 1 (1) 1 (1) 1 (1) 1 (3) 

DMSO   1 (1) 1 (1) 1 (1) 1 (1) 1 (2) 

Hexachlorophene 1 (1) 1 (1) 1 (1) 1 (1) 1 (2) 

phenyl ether 1 (1) 1 (1) 1 (1) 1 (1) 2 (2) 
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3.2 Controls 

39. The following Table 15 shows the recorded phagocytotic activity for all test runs. In five 

cases out of 31 test runs the predetermined minimum level of 25% phagocytic activity in the activated 

sludge sample (validity criterion 1
9
) was not fulfilled (comp. also Figure 7). Data from these 5 runs 

were excluded from further statistical analysis of chemical effects. Consequently, the EC50 evaluation 

refers to 26 valid test runs. 

40. On average (all valid test runs from all participants included) the optical density at 440 nm 

(OD440) starts with values of 1.35, ranging from a minimum of 0.96 to a maximum of 1.57 (Table 16). 

This initial OD decreases during the testing period for 0.43 up to 1.19 OD-units to OD-values between 

0.11 and 1.0. On average the initial OD decreases for 0.74 OD-units to values of 0.61 at t = 22hrs. The 

part of the decrease that is due to unspecific, non-phagocytosis dependent alterations contributes 0.13 

OD-units of this total OD-decrease of 0.74 OD units. To obtain the pure phagocytic activity the OD-

decrease of controls is corrected by the unspecific alterations, which results here in a mean 

phagocytosis activity (ΔODcorr) of 0.62 OD-units within then testing period. This corresponds to an 

average percentage reduction of turbidity due to the engulfment of bacterial food of 47% which is 

almost the double of the predetermined minimum value of 25% (validity criterion 1). However, caused 

by the inherently variable, biological nature of sludge samples the phagocytic activity exhibits 

considerable differences with values as high as 79%. Note that the minimum phagocytic value in 

Table 16 is restricted – due to the validity criterion 1 it can't be less than 26%.  

 

                                                      
9
  On average the phagocytosis dependent OD-decrease (%ΔODcorr) amounts to 47%. The minimum 

value of this decrease is set to 25%, otherwise the test run is considered invalid. According to the 

experience of the validation management this minimum is required to achieve reliable measurements.  
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Table 15: percent phagocytotic activity of all test runs (mean % ΔODcorr of controls). Values below 25% 

are considerd to be invalid. 

test Laboratory 
  substance No_run mean % ΔODcorr (controls) criterion 1 fulfilled? 

1-Octylamine 1_1 60%  yes 
  2_1 44%  yes 
  3_1 74%  yes 
  4_1 40%  yes 
  5_1 27%  yes 
  5_2 14%  no 
  

  

 
 35-DCP 1_1 73%  yes 

  2_1 44%  yes 
  3_1 59%  yes 
  4_1 40%  yes 
  5_1 33%  yes 
  5_2 24%  no 
  5_3 23%  no 
  

 
 

 
 DMSO 1_1 79%  yes 

  2_1 41%  yes 
  3_1 61%  yes 
  4_1 39%  yes 
  5_1 26%  yes 
  5_2 17%  no 
  

  

 
 hexachlorophene 1_1 45%  yes 

  2_1 44%  yes 
  3_1 57%  yes 
  4_1 41%  yes 
  5_1 18%  no 
  5_2 27%  yes 
  

 
 

 
 phenyl ether 1_1 56%  yes 

  2_1 42%  yes 
  3_1 60%  yes 
  4_1 50%  yes 
  5_1 28%  yes 
  5_2 29%  yes 

valid runs only:  n valid 26     
  mean 47%     
  StDev 15%     
  median 44%     
  min 26%     
  max 79%     
  n (not valid) 5     

Table 16: Summary of the valid controls for all test runs. 

  controls 

  2h_OD 22h_OD ΔOD ΔODcorr %ΔODcorr 

mean 1,35 0,61 0,74 0,62 47% 

StDev 0,13 0,26 0,18 0,17 15% 

median 1,36 0,66 0,74 0,61 44% 

n 26 26 26 26 26 

min 0,96 0,11 0,43 0,37 26% 

max 1,57 1,01 1,19 1,03 79% 

3.3 Defaunated controls 

41. To verify non-phagocytosis related alterations of the optical density parallels including 

digitonin were run for each sample. According to the SOP, which served as the basis for the ring 
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study, the maximum value for the unspecific decrease of these defaunated controls was limited to 25% 

(validity criterion 2, see also Figure 7). In all 31 test runs the OD-decrease of these fauna-free controls 

(%ΔODdef) is below 15%. Thus, all runs fulfill that second criterion (Table 17).   

42. For the defaunated controls the initial OD at t = 2 hours amounts on average to 1.45 (see 

Table 18). This is slightly higher (7%) than the average OD values of normal controls without 

digitonin (average initial OD = 1.35) . When testing for statistical difference, the P values provided by 

t-tests showed that the differences between both untreated and defaunated control OD-values are in 

most cases significant (23 runs out of 31). During the test period (2-22 hrs) the initial OD-values of 

defaunated controls decrease on average for 9% (0.13 OD-units) with a range between 4% and 14% to 

an OD of 1.33. 

3.4 Controls for chemical effects on OD 

43. Chemicals, especially at high concentrations, increase the turbidity of sludge samples. In 

defaunated samples, this unspecific OD-alteration can be recorded directly – uninfluenced by changes 

due to phagocytosis. According to the preliminary validity criteria, given in the ring test SOP, 

chemical concentrations leading to an increase of defaunated samples for more than 5% has to be 

excluded from data analyses (validity criterion 3).  

44. In most cases (n = 22) the treatment group containing the highest chemical concentration 

complies with the validity criterion. However, in four test runs the highest concentration (C1) of the 

test chemicals octylamine, 3,5-DCP and phenyl ether was found to exceed this 5 percent increase
10

 

limit (Table 19) and thus curve fitting and EC50-calculation were performed omitting these data. Based 

on the valid data (values greater than -5%) for the highest test concentration the average change of OD 

during the test period is close to zero. Nonetheless, this implies an average OD increase caused by the 

highest treatment group of around 9% relative to the chemical-free controls, taking into account that 

the average OD decrease of defaunated controls amounts to 9% (see Table 18).  

 

                                                      
10

  Note: whereas a decrease of OD (OD at t=2h exceeds OD at t=22hrs) is shown by positive values an 

increase is indicated by negative values (OD at t=2h is less than OD at t=22hrs).  
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Table 17: percent OD changes over the testing period (2 to 22 hrs) of defaunated controls (mean % ΔODdef 

of controls) for all 31 test runs. Values below 25% are considered to be valid. 

test Laboratory 
  substance No_run mean % ΔODdef (controls) criterion 2 fulfilled? 

1-Octylamine 1_1 8%  yes 
  2_1 7%  yes 
  3_1 9%  yes 
  4_1 9%  yes 
  5_1 4%  yes 
  5_2 11%  yes 
  

  
 

 35-DCP 1_1 11%  yes 
  2_1 7%  yes 
  3_1 10%  yes 
  4_1 9%  yes 
  5_1 10%  yes 
  5_2 9%  yes 
  5_3 11%  yes 
  

 
 

 
 DMSO 1_1 11%  yes 

  2_1 6%  yes 
  3_1 11%  yes 
  4_1 11%  yes 
  5_1 7%  yes 
  5_2 8%  yes 
  

  
 

 hexachlorophene 1_1 13%  yes 
  2_1 7%  yes 
  3_1 6%  yes 
  4_1 11%  yes 
  5_1 7%  yes 
  5_2 6%  yes 
  

 
 

 
 phenyl ether 1_1 7%  yes 

  2_1 7%  yes 
  3_1 14%  yes 
  4_1 9%  yes 
  5_1 8%  yes 
  5_2 7%  yes 

valid runs only:  n valid 31     
  mean 9%     
  StDev 2%     
  median 8%     
  min 4%     
  max 14%     
  n (not valid) 0     

Table 18: statistics on average OD-values of defaunated controls. 

  defaunated-controls 

  2h_ODdef 22h_ODdef   mean ΔODdef %ΔODdef 

mean 1,45 1,33 

 

0,13 9% 

StDev 0,07 0,08 

 

0,03 2% 

median 1,46 1,34 

 

0,12 8% 

n 26 26 

 

26 26 

min 1,34 1,20 

 

0,06 4% 

max 1,61 1,47 

 

0,20 14% 

Table 19: influence of the highest chemical concentration (C1) on OD-values. The given percent values 

reflect the difference in optical density between the initial 2 hour and the final 22 hour OD-value for each 

test run and the respective highest treatment group of defaunated parallels (mean % ΔODdef (treatment 

C1). Values below -5% are regarded as invalid (validity criterion 3) and not included in the concentration-

response calculation. 
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test Laboratory 
  substance No_run mean %ΔODdef(treatment C1) criterion 3 fulfilled? 

1-Octylamine 1_1 1%  yes 
  2_1 -4%  yes 
  3_1 -7%  no 
  4_1 -4%  yes 
  5_1 -10%  no 
  5_2 -1%  yes 
  

  

 
 35-DCP 1_1 4%  yes 

  2_1 -1%  yes 
  3_1 -1%  yes 
  4_1 -4%  yes 
  5_1 -10%  no 
  5_2 -3%  yes 
  5_3 -1%  yes 
  

 
 

 
 DMSO 1_1 7%  yes 

  2_1 4%  yes 
  3_1 2%  yes 
  4_1 6%  yes 
  5_1 -1%  yes 
  5_2 -3%  yes 
  

  

 
 hexachlorophene 1_1 4%  yes 

  2_1 -3%  yes 
  3_1 2%  yes 
  4_1 0%  yes 
  5_1 -4%  yes 
  5_2 1%  yes 
  

 
 

 
 phenyl ether 1_1 1%  yes 

  2_1 -2%  yes 
  3_1 -11%  no 
  4_1 -1%  yes 
  5_1 6%  yes 
  5_2 -2%  yes 

valid runs only:  n valid 22     
  mean 0,1%     
  StDev 3%     
  median -1%     
  min -4%     
  max 7%     
  n (not valid) 4     
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3.5 Concentration-response relationships 

45. In total 31 tests were conducted. All five participating labs tested the five test substances. All 

laboratories succeeded in obtaining valid concentration-response curves for all 5 test chemicals. Five 

test runs of one laboratory had to be excluded as invalid due to an unusual low level of phagocytotic 

activity (see above, paragraph ‘Controls’). 

46. Altogether, the results of 26 valid test runs were available, five for each of the four test 

chemicals octylamine, 3,5-DCP, DMSO and hexachlorophene and six for the test substance phenyl 

ether. 

47. In one valid test run with the (volatile) substance phenyl ether, no effects could be observed 

over the whole concentration range. Consequently, no EC50-value could be calculated. As a result, 25 

EC50-data served as the basis for the statistical evaluation of the ring test. 

3.6 Effects of DMSO 

48. Dimethyl sulfoxide is the preferred solvent in protozoan tests (Pauli & Berger, 1996). It 

provides good dissolution properties for a variety of organic chemicals and shows a low toxicity 

towards protozoa. In the ring test SOP dimethyl sulfoxide is considered to be the solvent of choice for 

poorly soluble organic substances. DMSO was also used to dissolve the highly lipophilic substance 

hexachlorophene. To verify possible toxic effects due to the use of this solvent, DMSO was included 

as model substance in the chemical test set. 

49. Concentration response relationships could be recorded by all participants of the 

intercalibration exercise (Figure 8). The line in the diagram gives the best fit for all recorded mean 

effects (± StDev) of all participants. The dashed lines indicate the maximum allowable solvent 

concentration of 0.2% and the approximate NOEC- and LOEC-value. Ambiguous results were 

obtained in the displayed range between the NOEC and the LOEC. Here some participants find a 

significant response and some not. Below and above this concentration of about 0.5% and 1.2% 

DMSO a clearly dominant negative or positive effect was found (Table 20). According to the best fit 

function a DMSO concentration of 0.2% results in an inhibitory effect of 0.6% (i.e. < EC01) and the 

actual level of effect at the NOEC and the LOEC is 3% (EC03) and 14% (EC14), respectively.  
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Table 20: NOEC and LOEC determination: mean effect values for all treatment groups of all test runs 

with DMSO and their statistically significant difference to the control (significance was calculated for each 

run on the basis of a Dunnett multiple comparison test); ns: not significant (p>5%);*: significant (P<5%); 

**: highly significant (P<1%,); green background: values below NOEC; white background: ambiguous 

results; red background: clearly dominant positive effects. 

DMSO (v/v) effect 
 

DMSO (v/v) effect 

0,1% ns  P>0.05 

 
1,2% **  P<0.01 

0,1% ns  P>0.05 

 
1,2% **  P<0.01 

0,2% ns  P>0.05 

 
1,3% **  P<0.01 

0,2% ns  P>0.05 

 
2,2% **  P<0.01 

0,2% ns  P>0.05 

 
2,2% ns  P>0.05 

0,4% ns  P>0.05 

 
3,1% **  P<0.01 

0,5% ns  P>0.05 

 
3,1% **  P<0.01 

0,5% ns  P>0.05 

 
3,3% **  P<0.01 

0,5% ns  P>0.05 

 
4,4% **  P<0.01 

0,5% *   P<0.05 

 
5,5% **  P<0.01 

0,9% **  P<0.01 

 
7,6% **  P<0.01 

1,1% ns  P>0.05 

 
7,7% **  P<0.01 

 
  

 
8,3% **  P<0.01 

 
  

 
8,7% **  P<0.01 

  

LOEC NOEC 
ambiguous 

0.2% DMSO 

Figure 8: Effects of DMSO ( v/v) on the phagocytic activity of activated sludge for all test runs. The 

symbols in the diagram represent the mean values of the respective treatment group for each test run (± 

StDev). The dotted line shows the best fit. The NOEC and the LOEC were calculated for each run on the 

basis of a Dunnett multiple comparison test. For further explanation, see text. 
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3.7 EC50-values 

50. For the statistical comparison concentration-response data from 25 test runs were available 

(five from each laboratory for each of the five test chemicals). Out of all recorded 31 test runs, five 

had to be rejected as invalid (phagocytotic activity below the validity criterion) and in one case no 

effect could be measured. In four test runs the highest test concentrations had to be excluded from data 

analysis due to failing the requirements of validity criterion 3 (chemical induced OD-increase).  

51. The EC50-values were calculated by non-linear curve fitting to log-transformed 

concentrations and normalized %inhibition values. In all but one test run data were successfully fitted 

to a symmetrical sigmoidal curve. In case of one test run good fit results could only be obtained by 

applying an asymmetric function.  

52. Within the test set the EC50-values cover more than four orders of magnitude varying from 

1.3 mg/L in the case of hexachlorophene) and 3.1 g/L for dimethyl sulfoxide (mean values of all 

participants). In the following all EC50-values (±95% confidence interval) are given for each test 

chemical.   

 Octylamine  

53. The reported EC50 values for octylamine range from 14.9 to 46.4 mg/L with a ratio of highest 

to lowest value of 3.1 (Figure 9). The average EC50 across all laboratories for octylamine is 28.5 mg/L 

with a standard deviation of 6.1 mg/L and a variation coefficient (CV) of 48%. According to the 

Grubb’s test there are no significant ‘outliers’ (P<0.05) in this data set:   

1-Octylamine (mg/L) 

EC50-values (inter-lab) 

mean 28.5 

St Error 6.1 

median 24.6 

St.Dev. 13.7 

CV (%) 48% 

variance 188.9 

curtosis -2.2 

skewness 0.5 

value range 31.6 

minimum 14.9 

maximum 46.4 

ratio sample range 3.1 

sum 142.6 

number 5 

± confidence (95.0%) 17.1 

 

  

Figure 9: statistical data of the reported EC50-values for 1-octylamine and their graphical comparison (±95% 

confidence limits).   
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 3,5-Dichlorophenol  

54. EC50-values for 3.5-dichlorophenol (3,5-DCP) are between 1.49 and 5.13 mg/L with a ratio 

of highest to lowest of 3.45 (Figure 10). The mean EC50-value of all five valid test runs is 2.91 mg/L 

with a standard deviation of 1.43 mg/L and a CV of 49%. No outliers could be detected by the 

Grubb’s test: 

 

 3.5 DCP (mg/L) 

EC50-values(inter-lab) 

 mean 2.91 

St Error 0.64 

median 2.32 

St.Dev. 1.43 

CV (%) 49% 

variance 2.03 

curtosis 0.75 

skewness 1.10 

value range 3.64 

minimum 1.49 

maximum 5.13 

ratio sample range 3.45 

sum 14.3 

number 5 

± confidence (95.0%) 1.77 

Figure 10: statistical data of the reported EC50-values for 3.5-dichlorophenol and their graphical 

illustration (±95% confidence limits). 
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 Dimethyl sulfoxide (DMSO) 

55. In case of DMSO the inter-lab comparison of EC50-values shows a maximum deviation by a 

factor of 2.0 (22078 mg/L to 44219 mg/L). The mean EC50 amounts to 30810 mg/L with a standard 

deviation of 8353 mg/L and a CV of 27% (Figure 11). The Grubb’s test shows no significant ‘outliers’ 

(P<0.05) in the data set.   

 

DMSO (mg/L) 

EC50-values (inter-lab) 

mean 30810 

St Error 3735 

median 29747 

St.Dev. 8353 

CV (%) 27% 

variance 69767096 

curtosis 1.91 

skewness 1.18 

value range 22141 

minimum 22078 

maximum 44219 

ratio sample range 2.0 

sum 154051 

number 5 

± confidence (95.0%) 10371 

Figure 11: statistical comparison of the reported EC50-values for dimethyl sulfoxide and documented as 

graphics (±95% confidence limits).  
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 Hexachlorophene 

56. The EC50s range from 0.90 to 1.97 mg/L giving a ratio of highest to lowest of 2.2. The 

average EC50-value of all laboratories is 1.34 mg/L with a standard deviation of 0.39 mg/L and a 

variation coefficient of 29% (Figure 12). In the data set no significant ‘outlier’ (P<0.05) can be 

detected by Grubb’s test.     

hexachlorophene (mg/L) 

EC50-values(inter-lab) 
 

mean 1.34 

St Error 0.18 

median  1.30 

St.Dev. 0.39 

CV (%) 29% 

variance 0.15 

curtosis 2.42 

skewness 1.10 

value range 1.08 

minimum 0.90 

maximum 1.97 

ratio sample range 2.20 

sum 6.72 

number 5 

± confidence (95.0%) 0.49 

Figure 12: statistical information on EC50-values from the ring study for the model substance 

hexachlorophene and its graphical presentation (±95% confidence interval).  
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 Phenyl Ether 

57. The reported EC50-values for phenyl ether range from 7.39 mg/L to 16.7 mg/L with a ratio of 

highest to lowest of 2.26. The mean here is 12.5 mg/L and the standard deviation amounts to 

3.68 mg/L giving a coefficient of variation of 29% (Figure 13).  No outlier has been identified in the 

dataset by the Grubb’s test.   

 

phenyl ether (mg/L) 

EC50-values (inter-Lab) 

mean 12.5 

St Error 1.65 

median 14.0 

St.Dev. 3.68 

CV (%) 29% 

variance 13.6 

curtosis -0.99 

skewness -0.53 

value range 9.29 

minimum 7.39 

maximum 16.7 

ratio sample range 2.26 

sum 62.5 

number 5 

± confidence (95.0%) 4.57 

Figure 13: statistics on EC50-values from the ring study for phenyl ether and its graphical presentation 

(±95% confidence interval).  
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 Summary of the EC50 comparisons 

58. Out of 31 recorded test runs 25 passed the validity criteria. EC50-data vary across 

laboratories on average by a factor of 2.60 with a mean coefficient of variation (CV) of 36%. The 

extreme values of the inter-lab EC50-deviation range from 2-fold (DMSO) to 3.45-fold (3.5-DCP) with 

coefficients of variation in the range of 27% to 49% (see Table 21).   

Table 21 summarizes the inter-laboratory deviations of the EC50-values for all test chemicals. 

  

between (inter-) lab comparison 

  

ratio highest 

to lowest 

Coefficient of 

variance 

Grubb's                       

test 
n  

  1-Octylamine 3.10 48% no outlier 5 

  35-DCP 3.45 49% no outlier 5 

  DMSO 2.00 27% no outlier 5 

  hexachlorophene 2.20 29% no outlier 5 

  phenyl ether 2.26 29% no outlier 5 

      

 

mean 2.60 36% 

   

DISCUSSION 

4.1 Data basis 

59. All EC50-values were measured in sludge probes from different plants and in different labs. 

No valid data exist for intra-laboratory variability. Therefore no differentiated conclusions can be 

drawn with respect to intra- and exclusive inter-laboratory variability. However, the real situation of 

testing the phagocytic activity of native activated sludge implies not only tests in different labs but 

also continuously varying ‘test organisms’. It might be reasonably assumed that in addition to inter-

laboratory variability the differing sludge properties also play a dominant role in determining the 

variances of EC-values. Within-plant variations can occur from day to day as a result of shifts in the 

bacterial population. Sludge from different sources, and grown under different conditions, may also 

vary in response to inhibitors, because of varying degrees of reaction of some inhibitors with non-

living sludge components. Therefore, in practice, EC50 values are also likely to be related to the 

specific activated sludge used for the phagocytosis test and inter- as well as intra-laboratory variations 

are only partly responsible for the scattering of effective concentrations.  

60. Apart from pesticides, the majority of environmental chemicals are organic industrial 

chemicals, which were and are developed without considering their biological effects. About two 

thirds of them exert a type I (nonpolar) or type II (polar narcosis) mechanism of action (Veith, 2010). 

With the selection of three polar and two nonpolar narcotic chemicals for testing this main group of 
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unspecific chemical mode of action is represented, although it has to be recognized that reactive and 

specifically acting chemicals
11

 are missing in this investigation.  

61. A biological test, however, should not only be able to detect these various effect 

mechanisms, the test protocol must also take into account the divergent physico-chemical properties of 

the compounds to be tested, making it possible to assess substances ranging from poorly soluble to 

highly volatile compounds. In choosing chemicals which cover a wide range of logPow-values and 

including volatile substances in the test set, some of the main problems associated with 

physicochemical properties of environmental chemicals were taken into consideration.    

4.2 Controls 

62. The concentration of the bacterial food suspension is chosen so that the food supply should 

not run out during the test period. After the addition of bacteria the fauna of the activated sludge 

phagocytose bacterial particles. This consumption is constant over time and can be followed by a 

linear decrease of OD
12

. The average value of the start OD after the addition of bacterial food is 1.35. 

This value lies in the linear range of the absorbance vs. E.coli-concentration. However for OD-values 

above 1.4 this correlation may no longer hold and the %effect calculation might slightly be affected. 

This may apply to about one third of all test runs (9 out of 26) and deserves further attention.  

63. Phagocytosis stops at an OD of about 0.05 (data not shown) when the food runs out. The 

lowest recorded OD-value of all test runs after the 22 hours of incubation is 0.11 (minimum of 22hr-

OD) indicating that in all test runs food supply is sufficient and phagocytosis can take place over the 

entire incubation period.  

64. In order to be valid, it is necessary that mean phagocytotic activity (% ΔODcorr(controls)) 

exceeds 25% within the testing time between 2 hours and 22 hours. The validation management 

assumes that an even higher value of 30% would be appropriate to further enhance the robustness 

without limiting the applicability of the test.  Values for the phagocytotic activity (%ΔODcorr) of 

activated sludge samples below 30% could only be observed in the laboratory which had no previous 

experience with activated sludge. Values below 30% are therefore considered exceptional and in most 

cases, appropriate experience with activated sludge provided, avoidable.  

4.3 Defaunated controls 

65. The start optical density of defaunated controls is in most cases (23 out of 31) significantly 

(on average 9%) higher than that of the faunated, normal controls. To defaunate the detergent 

digitonin is added at the start and remains in the sample throughout the entire test period. This ensures 

on the one hand a total inhibition of phagocytic activity, and on the other hand eliminates further 

working steps, thus facilitating test handling. However, the addition of digitonin is related to an 

increase of the optical density. Whereas eucaryotic sludge inhabitants are very effectively lysed in the 

presence of digitonin, there are no indications that the effects of digitonin are detrimental to the sludge 

bacteria. However digitonin may exert an effect on the sludge consistency due to its mild detergent 

action, resulting in a release of particles loosely bound to the sludge flocs. Both, the lysis of the fauna 

as well as the separation of particles from the flocs may result in the observed increase of turbidity and 

OD, respectively.  

4.4 Controls for chemical effects on OD 

The test chemicals have a tendency to increase the OD of the defaunated parallels. The defaunated 

parallels of each concentration step record these changes and help to correct the OD change due to 

                                                      
11 

For more information on classification, see, for example, overview of (Verhaar, et al., 1992; EPA White Paper, 2010). 

12
  It should be noted that in the applied concentration range the amount of suspended bacteria is linearly 

related to the optical density at 440 nm up to around 1.4 OD-units 
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phagocytosis.The chemical induced alterations can be seen if one compares the optical density of 

chemical containing defaunated parallels with the optical density of defaunated controls at the end of 

the test (Figure 14). With increasing concentration the optical density increases in relation to the 

control. This becomes also obvious when considering the percentage values of the optical density 

change of defaunated parallels at the end of the test. Whereas the defaunated controls show an average 

loss of OD of 9% during the test period, this amount of decrease diminishes in chemically treated 

defaunated parallels in a concentration-related manner. In some cases even an increase can be 

observed. Validity criterion 3 takes this chemical-induced change in OD into account and excludes 

concentrations leading to an increase of the optical density of more than 5% from data analyses. The 

5% limit is an empirical value based on own measurements, taking into account that at even higher 

deviations of the optical density the effect calculation becomes inprecise and more and more 

uninterpretable.  
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4.5 DMSO as potential solvent 

66. According to the preliminary SOP dimethyl sulfoxide is the preferred organic solvent in case 

of poorly soluble compounds. In earlier studies it was found that up to concentrations of 0.2% (v/v) 

DMSO no significant effects on phagocytic activity could be observed. The same was the case in the 

present investigation. However, according to the OECD Guidance Document on Aquatic Toxicity 

Testing of Difficult Substances and Mixtures (OECD, 2000) the solvent concentration should be 

below 1/10th of the no observed effect concentration (NOEC) or in any case below 100 mg/l (or 0.1 

mL/L). In the ring test a NOEC of 0.5% (v/v) was found. A tenth amounts to 0.5 mL/L DMSO, which 

is still substantially higher than 100 mg/L. According to the OECD Guideline the maximum allowable 

solvent concentration should therefore be reduced considerably in the final test protocol for the 

protozoan activated sludge test.    

4.6 EC50-values 

67. One of the major criteria which a standardized test method must fulfil is reproducibility, 

independent of the laboratory or technician and – as in this particular case - independent of possible 

seasonal and local variations in the ‘test organism’ activated sludge.  In order to validate test systems it 

is therefore essential to compare toxic data from identical chemicals tested in several laboratories with 

the same test protocol. Although the data presented in this report only reflect comparisons for a small 

number of test chemicals and a small number of participants, this interlaboratory study provides some 

important information about the degree of standardization of the protozoan activated sludge test 

protocol. 

68. In the present study for all of the five test chemicals concentration-response curves could be 

obtained over the whole effect range. With the exception of one case R-squared-values above 0.85 

indicate that the model of a S-shaped curve fits well the collected data. The 95%-confidence intervals 

Figure 14: effect of chemicals on the final optical density. The figure illustrates the increase of the 22h-OD 

with increasing effect, i.e. chemical concentration, on the basis of data of defaunated controls. The 22h-OD 

of defaunated controls shows an average OD-loss of 9% (at 0% inhibition). With an increasing effect, i.e. 

with increasing chemical concentrations, the loss gets smaller and in some cases even an increase of the 

22h-OD can be observed.The line shows the linear regression.   
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of the best fit deviate from the EC50-value in 23 out of the 25 cases at maximum by a factor of less 

than 2.5. Only in two test runs a higher deviation of up to 5-fold could be observed.  

4.7 Interlaboratory comparisons 

69. No significant outliers in the data set provided by the different labs using sludge from 

different wastewater treatment plants were found by the Grubbs test. Based on the preliminary test 

protocol the EC50-data from each participant deviate by not more than a factor of two from the 

interlaboratory mean. The observed coefficients of variations between 30% and 50% correspond well 

to to between-laboratory %CVs found for fully standardized single species ecotoxicity tests (e.g. 

Microtox: 30-55% (Nałęcz-Jawecki, et al., 2010), Daphnia: around 40% in 80% of the reviewed round 

robin data (Rue, et al., 1988)) and even to within-laboratory variations of the OECD respiration 

inhibition test (intra-laboratory %CVs of 30-40% for 3,5-DCP (Gendig, et al., 2003)).  

4.8 EC50s and lipophilicity 

70. As can be seen from Figure 15, the measured effects are in good agreement with the known 

effect profile of the substances: The polar narcotic compounds octylamine and 3,5-dichlorophenol 

show a more than 10-times higher toxicity (dots lying below the line) than the rest of the substances 

with nonpolar narcotic effects like DMSO and phenyl ether or with a very high lipophilicity as in the 

case of hexachlorophene. The dots representing the logEC50-data for the chemicals DMSO, phenyl 

ether and hexachlorophene were connected with a straight line, which should reflect the so-called 

basis or minimal toxicity. 

 

Figure 15: log EC50-data of the test chemicals versus their log octanol-water partition coefficient.The 

dotted line illustrates the supposed baseline toxicity caused by nonpolar narcosis.    

4.9 Comparison with toxicological data from other ciliate and activated sludge tests 

71. For each of the five ring test chemicals, toxicological data for ciliate growth and 

phagocytosis were available. Data from the bacterial respiration inhibition test with activated sludge 

(OECD No. 209) were only found for three of the test chemicals (Table 22). 

72. Comparison of the results of the EC50 value with the protozoan and the bacteria activated 

sludge test (OECD 209) demonstrates that the protozoa are more susceptible to n-octylamine and 3,5-

dichlorophenol (with a factor of 6 and higher) and markedly less sensitive to dimethyl sulfoxide (by a 

factor of more than 2 orders). 

DMSO 

octylamine 

3,5-DCP 

phenyl ether 

Hexchlphene 
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73. The comparison of the EC50 values for the phagocytosis in activated sludge and the growth 

and phagocytosis of the ciliate Tetrahymena reveals no marked differences in their relative sensitivity 

to the test chemicals (Figure 16). EC50s of the Tetrahymena growth and the protozoan activated sludge 

test deviate by a factor of less than five and the EC50s of the phagocytosis assays with activated sludge 

and Tetrahymena by a factor of less than two. This is all the more striking because the ciliate tests are 

performed with a single species and in a medium with a comparably low organic-matter level of 

around one tenth of that of the protozoan activated sludge test. Furthermore the ciliate tests with 

Tetrahymena record in the case of the growth assay a multi-generation response to the chemicals and 

in the case of the phagocytosis assay a short time response within a few minutes. Significant 

differences in the sensitivity to a toxicant correlated with the amount of organic content in the medium 

may be expected for especially reactive chemicals and for heavy metals. Further studies will have to 

decide whether this similarity in sensitivity is also valid for a broader range of environmental 

chemicals. 

Table 22: comparison of the ring test data with EC50-values of the OECD 209 activated sludge respiration 

inhibition test and growth and phagocytosis tests with the ciliate Tetrahymena. References are given in the 

Table. 

*) own measurements (not published)  

 

 

 

 

Chemical Protozoan 

activated 

sludge (this 

study) 

OECD 209:             

AS 

resp.inhib 

test  

Tetrahymena 

growth 

Tetrahymena 

phagocytosis 

n-octylamine 
28.5 (15-46) 

mg/L 

>200 mg/L 

[21] 
140 mg/L* 15 mg/L* 

3,5-DCP 
2.91 (1.5-

5) mg/L 

5-30 mg/L 

[22] 
4.4 mg/L [10] n.a. 

DMSO 
30.8 (22-

44) g/L 

10-100 mg/L 

[23] 
10 g/L* 18 g/L* 

hexachlorophene 
1.34 (0.9-

2) mg/L 
n.a. 0.3 mg/L* 1.2 mg/L* 

Phenyl ether 
12.5 (7.4-

17) mg/L 
n.a. 34 mg/L* 16 mg/L* 



ENV/JM/MONO(2017)18 

 52 

 

 

 

Figure 16: comparison of EC50s from the protozoan activated sludge test and from Tetrahymena growth 

and phagocytosis assays. 

 

CONCLUSION 

74. A key prerequisite for successful testing is a high phagocytic activity of the activated sludge. 

This important biological characteristic can be usually inquired by the local wastewater authorities. 

The validation management therefore proposes that the validity criterion 1 should be raised from 25% 

to 30%. 

75. The optical density at the start of the test is in some cases very close to the point at which no 

clear linear correlation exists any more between substrate concentration and optical density. The 
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validation management, therefore, proposes to reduce in parallel both substrate as well as activated 

sludge concentration for 10%  from 4 g/L and 1 g/L to values of 0.36 mg/L and 0.9 g/L, respectively. 

76. Taking into account that four of the five participating laboratories had no previous 

experience with protozoa testing and that activated sludge tests are expected to vary considerably more 

than those from tests with well defined test organisms the outcome of the ring test indicates an already 

relatively high degree of standardization of the test protocol: All laboratories obtained valid 

concentration response relationships for all model chemicals without previous training. Non-valid test 

runs can be mainly attributed to low phagocytic activity of the particular sludge batch. The observed 

inter-laboratory coefficients of variation of the EC50-values of around 40% are within the normal range 

of fully standardized single species ecotoxicity tests. 

77. The protozoan activated sludge test seems to have a different toxic profile as compared to the 

bacterial respiration inhibition test with activated sludge (OECD No. 209). It infers that these different 

functional groups supplement, rather than replace, each other with regard to the estimation of toxic 

effects in waste water treatment. However, a high degree of correspondence is found with growth and 

phagocytosis tests of the ciliate Tetrahymena. 
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1 APPENDIX I – CALCULATED & ORIGINAL DATA 

1.1 Controls 

untreated and defaunated  

(digitonin-treated) controls 

 

controls: Digitonin-controls:

Lab run 2h_OD 22h_OD ΔODControl mean ΔODcorr %OD-decrease 2h_OD 22h_OD mean ΔOD %OD-decrease

Lab_1 1_1 1.27 0.39 0.88 0.75 60% 1.46 1.34 0.122 8%

Lab_1 1_1 1.26 0.18 1.08 0.92 73% 1.42 1.26 0.157 11%

Lab_1 1_1 1.30 0.11 1.19 1.03 79% 1.51 1.34 0.167 11%

Lab_1 1_1 1.38 0.57 0.82 0.62 45% 1.50 1.30 0.198 13%

Lab_1 1_1 1.30 0.46 0.84 0.73 56% 1.53 1.42 0.112 7%

Lab_2 2_1 1.34 0.69 0.65 0.58 44% 1.50 1.39 0.107 7%

Lab_2 2_1 1.34 0.65 0.69 0.59 44% 1.46 1.36 0.102 7%

Lab_2 2_1 1.40 0.73 0.67 0.57 41% 1.52 1.42 0.095 6%

Lab_2 2_1 1.36 0.66 0.70 0.60 44% 1.50 1.40 0.098 7%

Lab_2 2_1 1.33 0.68 0.65 0.55 42% 1.47 1.37 0.098 7%

Lab_3 3_1 0.96 0.13 0.83 0.71 74% 1.36 1.24 0.120 9%

Lab_3 3_1 1.27 0.38 0.89 0.75 59% 1.34 1.21 0.137 10%

Lab_3 3_1 1.22 0.33 0.89 0.75 61% 1.35 1.20 0.145 11%

Lab_3 3_1 1.46 0.55 0.91 0.82 57% 1.44 1.35 0.087 6%

Lab_3 3_1 1.10 0.25 0.85 0.66 60% 1.39 1.20 0.188 14%

Lab_4 4_1 1.57 0.81 0.76 0.62 40% 1.61 1.47 0.137 9%

Lab_4 4_1 1.55 0.80 0.76 0.62 40% 1.57 1.43 0.140 9%

Lab_4 4_1 1.40 0.70 0.69 0.54 39% 1.40 1.24 0.155 11%

Lab_4 4_1 1.40 0.67 0.73 0.58 41% 1.40 1.25 0.152 11%

Lab_4 4_1 1.47 0.61 0.86 0.73 50% 1.48 1.34 0.135 9%

Lab_5 5_1 1.36 0.93 0.43 0.37 27% 1.36 1.30 0.060 4%

Lab_5 5_2 1.34 0.99 0.35 0.18 14% 1.48 1.32 0.165 11% not valid control

Lab_5 5_1 1.35 0.77 0.59 0.44 33% 1.37 1.23 0.143 10%

Lab_5 5_2 1.39 0.93 0.47 0.34 24% 1.43 1.30 0.127 9% not valid control

Lab_5 5_3 1.44 0.96 0.48 0.33 23% 1.47 1.32 0.155 11% not valid control

Lab_5 5_1 1.52 1.01 0.51 0.40 26% 1.52 1.41 0.113 7%

Lab_5 5_2 1.45 1.08 0.37 0.24 17% 1.52 1.40 0.127 8% not valid control

Lab_5 5_1 1.44 1.08 0.36 0.26 18% 1.45 1.34 0.107 7% not valid control

Lab_5 5_2 1.42 0.96 0.46 0.38 27% 1.49 1.41 0.083 6%

Lab_5 5_1 1.45 0.93 0.52 0.41 28% 1.44 1.33 0.112 8%

Lab_5 5_2 1.43 0.92 0.52 0.41 29% 1.47 1.37 0.102 7%

mean 1.36 0.61 0.74 0.62 47% 1.46 1.33 0.13 9%

StDev 0.12 0.26 0.18 0.17 15% 0.07 0.07 0.03 2%

CV % 9% 43% 25% 27% 32% 4% 6% 25% 26%

median 1.38 0.61 0.74 0.62 47% 1.47 1.34 0.13 9%

n 31 26 26 26 26 31 31 31 31

min 0.96 0.11 0.43 0.37 26% 1.34 1.20 0.06 4%

min 1.57 1.01 1.19 1.03 79% 1.61 1.47 0.20 14%
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1.2 Chemical effects, fitting model & EC50-values 

 test highest effect at lowest effect at single values EC50 lower upper control Digitonin-control %OD-change

Lab run substance tested conc. highest conc. tested conc. lowest conc. fitting model r2  (mg/L) Conf.limit Conf.limit %OD-decrease %OD-decrease C1+ remarks

Lab_1 1_1 1-Octylamine 119.08 87% 1.47 -6% sigmoidal 0.938 39.2 32.24 47.58 60% 8% 1%

Lab_1 1_1 35-DCP 14.04 92% 0.17 0% sigmoidal 0.987 5.13 4.73 5.56 73% 11% 4%

Lab_1 1_1 DMSO 70222 94% 1798 3% sigmoidal 0.916 29747 23909 37011 79% 11% 7%

Lab_1 1_1 hexachlorophene 9.86 89% 0.12 -5% sigmoidal 0.954 1.97 1.23 2.72 45% 13% 4%

Lab_1 1_1 phenyl ether 66.3 100% 0.82 2% sigmoidal 0.977 16.7 14.56 19.11 56% 7% 1%

Lab_2 2_1 1-Octylamine 142.24 89% 1.76 -6% sigmoidal 0.962 14.87 12.21 18.10 44% 7% -4%

Lab_2 2_1 35-DCP 14.2 96% 0.18 12% sigmoidal 0.961 1.49 1.22 1.81 44% 7% -1%

Lab_2 2_1 DMSO 50153 80% 1284 1% sigmoidal 0.984 26232 24040 28623 41% 6% 4%

Lab_2 2_1 hexachlorophen 10.67 93% 0.13 11% sigmoidal 0.964 0.898 0.744 1.08 44% 7% -3%

Lab_2 2_1 phenyl ether 50.15 102% 0.62 8% sigmoidal 0.959 14.25 12.1 16.79 42% 7% -2%

Lab_3 3_1 1-Octylamine 157.01 70% 9.81 6% sigmoidal 0.969 46.43 41.75 51.64 74% 9% -7% C1 not valid

Lab_3 3_1 35-DCP 15.7 96% 0.98 19% sigmoidal 0.933 3.43 2.90 4.07 59% 10% -1%

Lab_3 3_1 DMSO 79203 93% 4950 6% sigmoidal 0.967 44219 40683 48061 61% 11% 2%

Lab_3 3_1 hexachlorophene 11.86 96% 0.74 23% sigmoidal 0.987 1.30 1.22 1.38 57% 6% 2%

Lab_3 3_1 phenyl ether 79.2 120% 4.95 8% sigmoidal 0.360 13.97 6.87 28.40 60% 14% -11% C1 not valid

Lab_4 4_1 1-Octylamine 138.86 95% 1.71 2% sigmoidal 0.986 17.58 15.54 19.90 40% 9% -4%

Lab_4 4_1 35-DCP 13.89 93% 0.17 2% sigmoidal 0.982 2.15 1.88 2.47 40% 9% -4%

Lab_4 4_1 DMSO 69429 98% 1777 -2% sigmoidal 0.979 22078 19708 24734 39% 11% 6%

Lab_4 4_1 hexachlorophene 10.41 94% 0.13 0% sigmoidal 0.975 1.21 1.03 1.42 41% 11% 0%

Lab_4 4_1 phenyl ether 77.59 101% 0.96 1% sigmoidal 0.991 7.39 6.73 8.11 50% 9% -1%

Lab_5 5_1 1-Octylamine 150.55 83% 0.62 9% sigmoidal 0.898 24.55 19.13 31.51 27% 4% -10% C1 not valid

Lab_5 5_2 1-Octylamine 155.18 162% 0.64 -44% sigmoidal 0.7441 ~ 16,74 (Very wide) (Very wide) 14% 11% -1% not valid control

Lab_5 5_1 35-DCP 15.91 130% 0.07 -3% asymsig 0.893 2.32 1.01 5.33 33% 10% -10% C1 not valid

Lab_5 5_2 35-DCP 15.52 117% 0.06 6% sigmoidal 0.929 2.35 1.80 3.07 24% 9% -3% not valid control

Lab_5 5_3 35-DCP 15.05 105% 0.06 2% sigmoidal 0.832 1.85 1.19 2.87 23% 11% -1% not valid control

Lab_5 5_1 DMSO 75272.73 76% 770.79 4% sigmoidal 0.860 31775 22750 44381 26% 7% -1%

Lab_5 5_2 DMSO 75272.73 70% 770.79 16% sigmoidal 0.754 11155 6748 18440 17% 8% -3% not valid control

Lab_5 5_1 hexachlorophene 11.58 127% 0.05 18% sigmoid 0.841 ~ 1,169 (Very wide) (Very wide) 18% 7% -4% not valid control

Lab_5 5_2 hexachlorophene 10.53 107% 0.04 -17% sigmoidal 0.887 1.34 0.92 1.96 27% 6% 1%

Lab_5 5_1 phenyl ether 77.59 9% 0.32 9% sigmoidal - - - - 28% 8% 6% no effect!

Lab_5 5_2 phenyl ether 70.22 98% 0.29 -16% sigmoidal 0.867 10.18 6.68 15.52 29% 7% -2%

n (tested) 31 n (EC50s) 25

n (valid) 26 n (valid) 26
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1.3 Curve-fitting statistics, best fits
13

 

 

 

 

                                                      
13

  Description of the test runs: No of participant and No of test run (e.g. Lab 1_1: lab1, test run 1)  

curve fit data: 1-octylamine

Lab 1_1 Lab 2_1 Lab 3_1 Lab 4_1 Lab 5_1

type of fitting curve Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, 

X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.)

Best-fit values

Top = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Bottom = 0,0 = 0,0 = 0,0 = 0,0 = 0,0

LogIC50 1.593 1.172 1.667 1.245 1.39

HillSlope 2.505 1.728 1.417 1.427 1.815

IC50 39.16 14.87 46.43 17.58 24.55

Span = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Std. Error

LogIC50 0.03913 0.03953 0.02072 0.02484 0.05018

HillSlope 0.676 0.2484 0.1087 0.1044 0.3421

95% Confidence Intervals

LogIC50 1,508 to 1,677 1,087 to 1,258 1,621 to 1,713 1,191 to 1,299 1,282 to 1,498

HillSlope 1,044 to 3,965 1,192 to 2,265 1,175 to 1,659 1,202 to 1,653 1,076 to 2,555

IC50 32,24 to 47,58 12,21 to 18,10 41,75 to 51,64 15,54 to 19,90 19,13 to 31,51

Goodness of Fit

Degrees of Freedom 13 13 10 13 13

R square 0.9376 0.9617 0.9694 0.9859 0.898

Absolute Sum of Squares 0.1362 0.08548 0.01872 0.02752 0.1379

Sy.x 0.1024 0.08109 0.04326 0.04601 0.103

Constraints

Top Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000

Bottom Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0

Number of points

Analyzed 15 15 12 15 15
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curve fit data: 3,5-DCP

Lab 1_1 Lab 2_1 Lab 3_1 Lab 4_1 Lab 5_1

type of fitting curve Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Asym. sig., 5PL,

X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.)  X is log(conc.)

Best-fit values

Top = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Bottom = 0,0 = 0,0 = 0,0 = 0,0 = 0,0

LogIC50 0.7098 0.1724 0.5358 0.3332 0.3663

HillSlope 2.747 1.733 1.839 1.391 ~ 114,2

IC50 5.126 1.487 3.434 2.154 2.324

Span = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Std. Error

LogIC50 0.01625 0.03957 0.03404 0.02772 0.169

HillSlope 0.3581 0.2498 0.245 0.1103 ~ 5273/ S ~ 0,3538

95% Confidence Intervals

LogIC50 0,6747 to 0,745 0,08688 to 0,2578 0,4623 to 0,6094 0,2733 to 0,3931 0,006110 to 0,7264

HillSlope 1,973 to 3,520 1,194 to 2,273 1,310 to 2,368 1,153 to 1,629(Very wide) / S (Very wide) 

IC50 4,728 to 5,558 1,221 to 1,811 2,899 to 4,068 1,876 to 2,472 1,014 to 5,326

Goodness of Fit

Degrees of Freedom 13 13 13 13 15

R square 0.9871 0.9614 0.9329 0.982 0.8928

Absolute Sum of Squares 0.02549 0.08597 0.1053 0.03327 0.5055

Sy.x 0.04428 0.08132 0.09 0.05059 0.1836

Constraints

Top Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000

Bottom Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0

Number of points

Analyzed 15 15 15 15 18
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curve fit data: DMSO

Lab 1_1 Lab 2_1 Lab 3_1 Lab 4_1 Lab 5_1

type of fitting curve Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, 

X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.)

Best-fit values

Top = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Bottom = 0,0 = 0,0 = 0,0 = 0,0 = 0,0

LogIC50 4.473 4.419 4.646 4.344 4.502

HillSlope 1.91 1.932 3.823 2.229 0.977

IC50 29747 26232 44219 22078 31775

Span = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Std. Error

LogIC50 0.04392 0.01754 0.01675 0.02283 0.06845

HillSlope 0.3477 0.1419 0.5724 0.2346 0.1585

95% Confidence Intervals

LogIC50 4,379 to 4,568 4,381 to 4,457 4,609 to 4,682 4,295 to 4,393 4,357 to 4,647

HillSlope 1,159 to 2,661 1,625 to 2,238 2,586 to 5,059 1,722 to 2,736 0,6409 to 1,313

IC50 23909 to 37011 24040 to 28623 40683 to 48061 19708 to 24734 22750 to 44381

Goodness of Fit

Degrees of Freedom 13 13 13 13 16

R square 0.9161 0.9836 0.9673 0.9789 0.8599

Absolute Sum of Squares 0.1372 0.02154 0.05507 0.04425 0.1745

Sy.x 0.1027 0.04071 0.06509 0.05834 0.1044

Constraints

Top Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000

Bottom Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0

Number of points

Analyzed 15 15 15 15 18
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curve fit data: hexachlorophene

Lab 1_1 Lab 2_1 Lab 3_1 Lab 4_1 Lab 5_2

type of fitting curve Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, 

X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.)

Best-fit values

Top = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Bottom = 0,0 = 0,0 = 0,0 = 0,0 = 0,0

LogIC50 0.07573 -0.0468 0.1128 0.08315 0.1269

HillSlope 1.973 1.45 1.926 1.611 2.215

IC50 1.19 0.8979 1.297 1.211 1.339

Span = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Std. Error

LogIC50 0.04032 0.03791 0.01289 0.03215 0.07759

HillSlope 0.3438 0.1639 0.1099 0.1738 0.8719

95% Confidence Intervals

LogIC50 -0,0114 to 0,1628 -0,1287 to 0,0351 0,0849 to 0,1406 0,0137 to 0,1526 -0,0376 to 0,2914

HillSlope 1,230 to 2,715 1,096 to 1,804 1,688 to 2,163 1,235 to 1,986 0,3662 to 4,063

IC50 0,9741 to 1,455 0,7435 to 1,084 1,216 to 1,382 1,032 to 1,421 0,9171 to 1,956

Goodness of Fit

Degrees of Freedom 13 13 13 13 16

R square 0.9536 0.9644 0.9867 0.9752 0.8873

Absolute Sum of Squares 0.104 0.0651 0.01488 0.05277 0.5351

Sy.x 0.08944 0.07076 0.03383 0.06371 0.1829

Constraints

Top Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000

Bottom Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0

Number of points

Analyzed 15 15 15 15 18
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curve fit data: phenyl ether

Lab 1_1 Lab 2_1 Lab 3_1 Lab 4_1 Lab 4_2 Lab 5_1 Lab 5_2

type of fitting curve Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, Sigmoidal, 4PL, no measurable Sigmoidal, 4PL, 

X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.) X is log(conc.) effect X is log(conc.)

Best-fit values

Top = 1,000 = 1,000 = 1,000 = 1,000 = 1,000 = 1,000 = 1,000

Bottom = 0,0 = 0,0 = 0,0 = 0,0 = 0,0 = 0,0 = 0,0

LogIC50 1.222 1.154 1.145 0.8684 1.131 - 1.008

HillSlope 2.275 2.48 2.226 1.898 3.299 - 1.67

IC50 16.68 14.25 13.97 7.386 13.53 - 10.18

Span = 1,000 = 1,000 = 1,000 = 1,000 = 1,000 - = 1,000

Std. Error

LogIC50 0.02734 0.03289 0.1384 0.01882 0.03184 - 0.08629

HillSlope 0.2891 0.4852 1.451 0.1431 0.7867 - 0.4899

95% Confidence Intervals

LogIC50 1,163 to 1,281 1,083 to 1,225 0,8368 to 1,4530,8277 to 0,9091 1,049 to 1,213 - 0,8250 to 1,191

HillSlope 1,651 to 2,900 1,431 to 3,528-1,008 to 5,460 1,589 to 2,207 1,277 to 5,321 - 0,6315 to 2,708

IC50 14,56 to 19,11 12,10 to 16,79 6,867 to 28,40 6,726 to 8,111 11,20 to 16,33 - 6,683 to 15,52

Goodness of Fit

Degrees of Freedom 13 13 10 13 5 - 16

R square 0.9768 0.9594 0.3597 0.9912 0.9822 - 0.8668

Absolute Sum of Squares 0.05292 0.08891 1.609 0.0214 0.02234 - 0.4769

Sy.x 0.0638 0.0827 0.4011 0.04057 0.06685 - 0.1726

Constraints

Top Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000 Top = 1,000

Bottom Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0 Bottom = 0,0

Number of points

Analyzed 15 15 12 15 7 18 18
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1.4 Excel Spreadsheets with original data 

  Octylamine: laboratory 1. test run 1 (Lab_1_1) 

 AS sampling date 18-Apr-13 Code defaunated1 Code

dry weight 2.6 g/L control C0a control C0a+

control C0b control C0b+

test date 19-Apr-13 highest conc. C1 highest conc. C1+

test substance 1-octylamine . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1.26 0.44 0.82

C0b control 1.27 0.38 0.89

C1 in test 119.08 1.37 1.27 0.1

C2 in test 39.69 1.31 0.90 0.41

C3 in test 13.23 1.20 0.48 0.72

C4 in test 4.41 1.27 0.42 0.85

C5 in test 1.47 1.26 0.38 0.88  

C6 in test

C7 in test

C0a control 1.25 0.35 0.9

C0b control 1.24 0.38 0.86

C1 in test 119.08 1.48 1.34 0.14

C2 in test 39.69 1.3 0.91 0.39

C3 in test 13.23 1.46 0.47 0.99

C4 in test 4.41 1.28 0.38 0.9

C5 in test 1.47 1.28 0.41 0.87

C6 in test

C7 in test

C0a control 1.30 0.40 0.9

C0b control 1.27 0.39 0.88

C1 in test 119.08 1.45 1.35 0.1

C2 in test 39.69 1.14 0.78 0.36

C3 in test 13.23 1.39 0.55 0.84

C4 in test 4.41 1.38 0.39 0.99

C5 in test 1.47 1.37 0.41 0.96
C6 in test

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1.45 1.34 0.11

C0b+ control1 1.45 1.33 0.12  

C1+ in test
1 119.08 1.5 1.46 0.04

C2+ in test
1 39.69 1.44 1.39 0.05

C3+ in test
1 13.23 1.45 1.36 0.09

C4+ in test
1 4.41 1.46 1.38 0.08

C5+ in test
1 1.47 1.45 1.29 0.16

C6+ in test1

C7+ in test1

C0a+ control1 1.45 1.35 0.1

C0b+ control1 1.44 1.34 0.1

C1+ in test
1 119.08 1.46 1.46 0

C2+ in test
1 39.69 1.47 1.42 0.05

C3+ in test
1 13.23 1.4 1.26 0.14

C4+ in test
1 4.41 1.46 1.35 0.11

C5+ in test
1 1.47 1.42 1.29 0.13

C6+ in test1

C7+ in test1

C0a+ control1 1.52 1.40 0.12

C0b+ control1 1.45 1.27 0.18

C1+ in test
1 119.08 1.51 1.50 0.01

C2+ in test
1 39.69 1.51 1.49 0.02

C3+ in test
1 13.23 1.49 1.42 0.07

C4+ in test
1 4.41 1.47 1.32 0.15

C5+ in test
1 1.47 1.53 1.40 0.13

C6+ in test1

C7+ in test1

1
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Octylamine: Lab_1_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,260 0,183 1,077 0,038 0,001 6 0,920 0,039 0% 4% 73%

mean C1 14,04 1,450 1,317 0,133 0,023 0,0005 3 0,070 0,024 92% 3% 5%

mean C2 4,68 1,353 0,720 0,633 0,031 0,0009 3 0,510 0,031 45% 3% 38%

mean C3 1,56 1,267 0,203 1,063 0,038 0,0014 3 0,917 0,041 0% 4% 72%

mean C4 0,52 1,223 0,177 1,047 0,064 0,0041 3 0,883 0,065 4% 7% 72%

mean C5 0,17 1,227 0,157 1,070 0,010 0,0001 3 0,920 0,010 0% 1% 75%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,420 1,263 0,157 0,0103 0,0001 6 11%

mean C1+
1 14,04 1,453 1,390 0,063 0,006 3,333E-05 3 4%

mean C2+
1 4,68 1,453 1,330 0,123 0,006 3,333E-05 3 8%

mean C3+
1 1,56 1,410 1,263 0,147 0,015 0,0002333 3 10%

mean C4+
1 0,52 1,410 1,247 0,163 0,012 0,0001333 3 12%

mean C5+
1 0,17 1,410 1,260 0,150 0,000 0 3 11%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
) including Digitonin 

data analysis / evaluation
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Octylamine: laboratory 2. test run 1 (Lab_2_1) 

 

  

AS sampling date 14-Jan-13 Code defaunated1 Code

dry weight 3,72 g/L control C0a control C0a+

control C0b control C0b+

test date 15-Jan-13 highest conc. C1 highest conc. C1+

test substance 1-Octylamin . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,25 0,56 0,69

C0b control 1,38 0,72 0,66

C1 in test 142,24 1,51 1,50 0,01

C2 in test 47,41 1,37 1,29 0,08

C3 in test 15,80 1,42 1,10 0,32

C4 in test 5,27 1,33 0,72 0,61

C5 in test 1,76 1,33 0,61 0,72  

C6 in test

C7 in test

C0a control 1,36 0,66 0,7

C0b control 1,34 0,88 0,46

C1 in test 142,24 1,48 1,47 0,01

C2 in test 47,41 1,4 1,29 0,11

C3 in test 15,80 1,42 1,11 0,31

C4 in test 5,27 1,37 0,81 0,56

C5 in test 1,76 1,4 0,63 0,77

C6 in test

C7 in test

C0a control 1,31 0,61 0,7

C0b control 1,39 0,70 0,69

C1 in test 142,24 1,50 1,50 0

C2 in test 47,41 1,47 1,31 0,16

C3 in test 15,80 1,41 1,10 0,31

C4 in test 5,27 1,38 0,77 0,61

C5 in test 1,76 1,36 0,69 0,67
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,50 1,36 0,14

C0b+ control1 1,48 1,36 0,12  

C1+ in test
1 142,24 1,49 1,55 -0,06

C2+ in test
1 47,41 1,46 1,43 0,03

C3+ in test
1 15,8 1,49 1,42 0,07

C4+ in test
1 5,27 1,46 1,4 0,06

C5+ in test
1 1,76 1,49 1,38 0,11

C6+ in test1

C7+ in test1

C0a+ control1 1,49 1,41 0,08

C0b+ control1 1,49 1,41 0,08

C1+ in test
1 142,24 1,49 1,52 -0,03

C2+ in test
1 47,41 1,48 1,46 0,02

C3+ in test
1 15,8 1,49 1,44 0,05

C4+ in test
1 5,27 1,46 1,38 0,08

C5+ in test
1 1,76 1,48 1,37 0,11

C6+ in test1

C7+ in test1

C0a+ control1 1,49 1,38 0,11

C0b+ control1 1,52 1,41 0,11

C1+ in test
1 142,24 1,51 1,59 -0,08

C2+ in test
1 47,41 1,50 1,47 0,03

C3+ in test
1 15,8 1,46 1,39 0,07

C4+ in test
1 5,27 1,44 1,35 0,09

C5+ in test
1 1,76 1,49 1,40 0,09

C6+ in test1

C7+ in test1
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Octylamine: Lab_2_1 (continued) 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,338 0,688 0,690 0,094 0,009 6 0,583 0,097 0% 17% 44%

mean C1 142,24 1,497 1,490 0,007 0,006 0,0000 3 0,063 0,026 89% 4% 4%

mean C2 47,41 1,413 1,297 0,117 0,040 0,0016 3 0,090 0,041 85% 7% 6%

mean C3 15,80 1,417 1,103 0,313 0,006 0,0000 3 0,250 0,013 57% 2% 18%

mean C4 5,27 1,360 0,767 0,593 0,029 0,0008 3 0,517 0,033 11% 6% 38%

mean C5 1,76 1,363 0,643 0,720 0,050 0,0025 3 0,617 0,051 -6% 9% 45%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,495 1,388 0,107 0,0234 0,0005 6 7%

mean C1+
1 142,24 1,497 1,553 -0,057 0,025 0,0006333 3 -4%

mean C2+
1 47,41 1,480 1,453 0,027 0,006 3,333E-05 3 2%

mean C3+
1 15,80 1,480 1,417 0,063 0,012 0,0001333 3 4%

mean C4+
1 5,27 1,453 1,377 0,077 0,015 0,0002333 3 5%

mean C5+
1 1,76 1,487 1,383 0,103 0,012 0,0001333 3 7%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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Octylamine: laboratory 3. test run 1 (Lab_3_1) 

  
AS sampling date 12-Feb-13 Code defaunated1 Code

dry weight 5,13 g/L control C0a control C0a+

control C0b control C0b+

test date 12-Feb-13 highest conc. C1 highest conc. C1+

test substance 1-octylamine . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 0,96 0,12 0,84

C0b control 0,98 0,13 0,85

C1 in test 157,01 1,17 0,98 0,19

C2 in test 78,51 1,13 0,91 0,22

C3 in test 39,25 1,07 0,67 0,4

C4 in test 19,63 1,11 0,48 0,63

C5 in test 9,81 1,03 0,28 0,75  

C6 in test

C7 in test

C0a control 1,05 0,18 0,87

C0b control 1,02 0,16 0,86

C1 in test 157,01 1,14 1,04 0,1

C2 in test 78,51 1,06 0,84 0,22

C3 in test 39,25 1,08 0,65 0,43

C4 in test 19,63 1,01 0,46 0,55

C5 in test 9,81 0,97 0,22 0,75

C6 in test

C7 in test

C0a control 0,84 0,09 0,75

C0b control 0,89 0,09 0,8

C1 in test 157,01 1,12 1,04 0,08

C2 in test 78,51 1,08 0,85 0,23

C3 in test 39,25 1,05 0,68 0,37

C4 in test 19,63 1,04 0,47 0,57

C5 in test 9,81 1,04 0,33 0,71
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,33 1,20 0,13

C0b+ control1 1,37 1,26 0,11  

C1+ in test
1 157,01 1,27 1,4 -0,13

C2+ in test
1 78,51 1,39 1,39 0

C3+ in test
1 39,25 1,37 1,34 0,03

C4+ in test
1 19,63 1,4 1,35 0,05

C5+ in test
1 9,81 1,35 1,31 0,04

C6+ in test1

C7+ in test1

C0a+ control1 1,41 1,29 0,12

C0b+ control1 1,37 1,28 0,09

C1+ in test
1 157,01 1,4 1,46 -0,06

C2+ in test
1 78,51 1,37 1,42 -0,05

C3+ in test
1 39,25 1,34 1,33 0,01

C4+ in test
1 19,63 1,37 1,31 0,06

C5+ in test
1 9,81 1,39 1,32 0,07

C6+ in test1

C7+ in test1

C0a+ control1 1,37 1,20 0,17

C0b+ control1 1,31 1,21 0,1

C1+ in test
1 157,01 1,29 1,36 -0,07

C2+ in test
1 78,51 1,41 1,40 0,01

C3+ in test
1 39,25 1,35 1,38 -0,03

C4+ in test
1 19,63 1,33 1,28 0,05

C5+ in test
1 9,81 1,45 1,34 0,11

C6+ in test1

C7+ in test1
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Octylamine: Lab_3_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 0,957 0,128 0,828 0,045 0,002 6 0,708 0,053 0% 8% 74%

mean C1 157,01 1,143 1,020 0,123 0,059 0,0034 3 0,210 0,070 70% 10% 18%

mean C2 78,51 1,090 0,867 0,223 0,006 0,0000 3 0,237 0,033 67% 5% 22%

mean C3 39,25 1,067 0,667 0,400 0,030 0,0009 3 0,397 0,043 44% 6% 37%

mean C4 19,63 1,053 0,470 0,583 0,042 0,0017 3 0,530 0,042 25% 6% 50%

mean C5 9,81 1,013 0,277 0,737 0,023 0,0005 3 0,663 0,042 6% 6% 65%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,360 1,240 0,120 0,0283 0,0008 6 9%

mean C1+
1 157,01 1,320 1,407 -0,087 0,038 0,0014333 3 -7%

mean C2+
1 78,51 1,390 1,403 -0,013 0,032 0,0010333 3 -1%

mean C3+
1 39,25 1,353 1,350 0,003 0,031 0,0009333 3 0%

mean C4+
1 19,63 1,367 1,313 0,053 0,006 3,333E-05 3 4%

mean C5+
1 9,81 1,397 1,323 0,073 0,035 0,0012333 3 5%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
) including Digitonin 
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Octylamine: laboratory 4. test run 1 (Lab_4_1) 

  
AS sampling date 31-Aug-12 Code defaunated1 Code

dry weight 3,5 g/L control C0a control C0a+

control C0b control C0b+

test date 01-Sep-12 highest conc. C1 highest conc. C1+

test substance 1-octylamin . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,58 0,83 0,75

C0b control 1,60 0,86 0,74

C1 in test 138,86 1,64 1,64 -0,005

C2 in test 46,29 1,61 1,45 0,16

C3 in test 15,43 1,68 1,21 0,47

C4 in test 5,14 1,56 0,93 0,63

C5 in test 1,71 1,58 0,80 0,78  

C6 in test

C7 in test

C0a control 1,57 0,8 0,77

C0b control 1,59 0,83 0,76

C1 in test 138,86 1,61 1,69 -0,08

C2 in test 46,29 1,58 1,42 0,16

C3 in test 15,43 1,56 1,1 0,46

C4 in test 5,14 1,6 0,91 0,69

C5 in test 1,71 1,58 0,83 0,75

C6 in test

C7 in test

C0a control 1,52 0,76 0,76

C0b control 1,56 0,79 0,77

C1 in test 138,86 1,59 1,61 -0,02

C2 in test 46,29 1,56 1,36 0,2

C3 in test 15,43 1,54 1,12 0,42

C4 in test 5,14 1,55 0,91 0,64

C5 in test 1,71 1,51 0,79 0,72
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,60 1,44 0,16

C0b+ control1 1,63 1,51 0,12  

C1+ in test
1 138,86 1,65 1,73 -0,08

C2+ in test
1 46,29 1,62 1,59 0,03

C3+ in test
1 15,43 1,61 1,5 0,11

C4+ in test
1 5,14 1,58 1,49 0,09

C5+ in test
1 1,71 1,63 1,52 0,11

C6+ in test1

C7+ in test1

C0a+ control1 1,61 1,46 0,15

C0b+ control1 1,59 1,47 0,12

C1+ in test
1 138,86 1,59 1,65 -0,06

C2+ in test
1 46,29 1,55 1,51 0,04

C3+ in test
1 15,43 1,56 1,42 0,14

C4+ in test
1 5,14 1,51 1,39 0,12

C5+ in test
1 1,71 1,58 1,41 0,17

C6+ in test1

C7+ in test1

C0a+ control1 1,58 1,44 0,14

C0b+ control1 1,62 1,49 0,13

C1+ in test
1 138,86 1,59 1,65 -0,06

C2+ in test
1 46,29 1,60 1,55 0,05

C3+ in test
1 15,43 1,56 1,44 0,12

C4+ in test
1 5,14 1,55 1,42 0,13

C5+ in test
1 1,71 1,54 1,39 0,15

C6+ in test1

C7+ in test1
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Octylamine: Lab_4_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,570 0,812 0,758 0,012 0,000 6 0,622 0,020 0% 3% 40%

mean C1 138,86 1,612 1,647 -0,035 0,040 0,0016 3 0,032 0,041 95% 7% 2%

mean C2 46,29 1,583 1,410 0,173 0,023 0,0005 3 0,133 0,025 79% 4% 8%

mean C3 15,43 1,593 1,143 0,450 0,026 0,0007 3 0,327 0,031 47% 5% 21%

mean C4 5,14 1,570 0,917 0,653 0,032 0,0010 3 0,540 0,038 13% 6% 34%

mean C5 1,71 1,557 0,807 0,750 0,030 0,0009 3 0,607 0,043 2% 7% 39%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,605 1,468 0,137 0,0163 0,0003 6 9%

mean C1+
1 138,86 1,610 1,677 -0,067 0,012 0,0001333 3 -4%

mean C2+
1 46,29 1,590 1,550 0,040 0,010 0,0001 3 3%

mean C3+
1 15,43 1,577 1,453 0,123 0,015 0,0002333 3 8%

mean C4+
1 5,14 1,547 1,433 0,113 0,021 0,0004333 3 7%

mean C5+
1 1,71 1,583 1,440 0,143 0,031 0,0009333 3 9%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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Octylamine: laboratory 5. test run 1 (Lab_5_1) 

  
AS sampling date 17-Jul-12 Code defaunated1 Code

dry weight 4,4 g/L control C0a control C0a+

control C0b control C0b+

test date 18-Jul-12 highest conc. C1 highest conc. C1+

test substance 1-octylamine . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,35 0,93 0,42

C0b control 1,36 0,94 0,42

C1 in test 150,55 1,35 1,43 -0,08

C2 in test 50,18 1,42 1,35 0,07

C3 in test 16,73 1,46 1,16 0,3

C4 in test 5,58 1,45 0,99 0,46

C5 in test 1,86 1,36 0,90 0,46  

C6 in test 0,620 1,36 1,01 0,35

C7 in test

C0a control 1,36 0,9 0,46

C0b control 1,34 0,91 0,43

C1 in test 150,55 1,43 1,49 -0,06

C2 in test 50,18 1,38 1,32 0,06

C3 in test 16,73 1,41 1,15 0,26

C4 in test 5,58 1,39 1 0,39

C5 in test 1,86 1,42 1,01 0,41

C6 in test 0,62 1,27 0,81 0,46

C7 in test

C0a control 1,37 0,90 0,47

C0b control 1,35 0,98 0,37

C1 in test 150,55 1,38 1,45 -0,07

C2 in test 50,18 1,34 1,28 0,06

C3 in test 16,73 1,37 1,15 0,22

C4 in test 5,58 1,42 0,96 0,46

C5 in test 1,86 1,37 0,95 0,42
C6 in test 0,62 1,40 0,96 0,44

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,36 1,30 0,06

C0b+ control1 1,35 1,31 0,04  

C1+ in test
1 150,55 1,42 1,53 -0,11

C2+ in test
1 50,18 1,45 1,51 -0,06

C3+ in test
1 16,73 1,42 1,42 0

C4+ in test
1 5,58 1,4 1,35 0,05

C5+ in test
1 1,86 1,41 1,32 0,09

C6+ in test1 0,62 1,36 1,30 0,06

C7+ in test1

C0a+ control1 1,36 1,3 0,06

C0b+ control1 1,38 1,31 0,07

C1+ in test
1 150,55 1,38 1,52 -0,14

C2+ in test
1 50,18 1,39 1,41 -0,02

C3+ in test
1 16,73 1,45 1,39 0,06

C4+ in test
1 5,58 1,41 1,32 0,09

C5+ in test
1 1,86 1,4 1,34 0,06

C6+ in test1 0,62 1,41 1,30 0,11

C7+ in test1

C0a+ control1 1,37 1,31 0,06

C0b+ control1 1,36 1,29 0,07

C1+ in test
1 150,55 1,38 1,53 -0,15

C2+ in test
1 50,18 1,38 1,36 0,02

C3+ in test
1 16,73 1,38 1,38 0

C4+ in test
1 5,58 1,39 1,30 0,09

C5+ in test
1 1,86 1,36 1,30 0,06

C6+ in test1 0,62 1,40 1,33 0,07

C7+ in test1
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Octylamine: Lab_5_1 (continued) 

 

 

 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,355 0,927 0,428 0,035 0,001 6 0,368 0,037 0% 10% 27%

mean C1 150,55 1,387 1,457 -0,070 0,010 0,0001 3 0,063 0,023 83% 6% 5%

mean C2 50,18 1,380 1,317 0,063 0,006 0,0000 3 0,083 0,040 77% 11% 6%

mean C3 16,73 1,413 1,153 0,260 0,040 0,0016 3 0,240 0,053 35% 14% 17%

mean C4 5,58 1,420 0,983 0,437 0,040 0,0016 3 0,360 0,047 2% 13% 25%

mean C5 1,86 1,383 0,953 0,430 0,026 0,0007 3 0,360 0,032 2% 9% 26%

mean C6 0,620 1,343 0,927 0,417 0,059 0,0034 3 0,337 0,064 9% 17% 25%

mean C7 #NV 0%

mean C0b+ 0
1 1,363 1,303 0,060 0,0110 0,0001 6 4%

mean C1+
1 150,55 1,393 1,527 -0,133 0,021 0,0004333 3 -10%

mean C2+
1 50,18 1,407 1,427 -0,020 0,040 0,0016 3 -1%

mean C3+
1 16,73 1,417 1,397 0,020 0,035 0,0012 3 1%

mean C4+
1 5,58 1,400 1,323 0,077 0,023 0,0005333 3 5%

mean C5+
1 1,86 1,390 1,320 0,070 0,017 0,0003 3 5%

mean C6+1 0,62 1,390 1,310 0,080 0,026 0,0007 3 6%

mean C7+1 #NV

1
) including Digitonin 
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Octylamine: laboratory 5. test run 2 (Lab_5_2) 

  
AS sampling date 31-Jul-12 Code defaunated1 Code

dry weight 4,9 g/L control C0a control C0a+

control C0b control C0b+

test date 02-Aug-12 highest conc. C1 highest conc. C1+

test substance 1-octylamine . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,37 1,01 0,36

C0b control 1,34 1,05 0,29

C1 in test 155,18 1,46 1,61 -0,15

C2 in test 51,73 1,49 1,41 0,08

C3 in test 17,24 1,37 1,24 0,13

C4 in test 5,75 1,33 1,09 0,24

C5 in test 1,92 1,39 1,03 0,36  

C6 in test 0,640 1,44 0,97 0,47

C7 in test

C0a control 1,35 1,02 0,33

C0b control 1,33 0,95 0,38

C1 in test 155,18 1,48 1,59 -0,11

C2 in test 51,73 1,4 1,4 0

C3 in test 17,24 1,47 1,23 0,24

C4 in test 5,75 1,37 1,03 0,34

C5 in test 1,92 1,38 1,03 0,35

C6 in test 0,64 1,34 0,97 0,37

C7 in test

C0a control 1,30 0,95 0,35

C0b control 1,35 0,97 0,38

C1 in test 155,18 1,48 1,61 -0,13

C2 in test 51,73 1,47 1,39 0,08

C3 in test 17,24 1,35 1,15 0,2

C4 in test 5,75 1,36 0,98 0,38

C5 in test 1,92 1,33 0,93 0,4
C6 in test 0,64 1,35 0,97 0,38

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,48 1,29 0,19

C0b+ control1 1,52 1,34 0,18  

C1+ in test
1 155,18 1,61 1,64 -0,03

C2+ in test
1 51,73 1,52 1,37 0,15

C3+ in test
1 17,24 1,47 1,36 0,11

C4+ in test
1 5,75 1,49 1,35 0,14

C5+ in test
1 1,92 1,49 1,31 0,18

C6+ in test1 0,64 1,49 1,35 0,14

C7+ in test1

C0a+ control1 1,49 1,33 0,16

C0b+ control1 1,46 1,31 0,15

C1+ in test
1 155,18 1,56 1,54 0,02

C2+ in test
1 51,73 1,51 1,42 0,09

C3+ in test
1 17,24 1,49 1,37 0,12

C4+ in test
1 5,75 1,48 1,36 0,12

C5+ in test
1 1,92 1,5 1,34 0,16

C6+ in test1 0,64 1,46 1,32 0,14

C7+ in test1

C0a+ control1 1,45 1,29 0,16

C0b+ control1 1,48 1,33 0,15

C1+ in test
1 155,18 1,52 1,56 -0,04

C2+ in test
1 51,73 1,48 1,43 0,05

C3+ in test
1 17,24 1,48 1,35 0,13

C4+ in test
1 5,75 1,47 1,34 0,13

C5+ in test
1 1,92 1,48 1,36 0,12

C6+ in test1 0,64 1,48 1,33 0,15

C7+ in test1

1
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Octylamine: Lab_5_2 (continued) 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,340 0,992 0,348 0,034 0,001 6 0,183 0,038 0% 21% 14%

mean C1 155,18 1,473 1,603 -0,130 0,020 0,0004 3 -0,113 0,038 162% 21% -8%

mean C2 51,73 1,453 1,400 0,053 0,046 0,0021 3 -0,043 0,068 124% 37% -3%

mean C3 17,24 1,397 1,207 0,190 0,056 0,0031 3 0,070 0,057 62% 31% 5%

mean C4 5,75 1,353 1,033 0,320 0,072 0,0052 3 0,190 0,073 -4% 40% 14%

mean C5 1,92 1,367 0,997 0,370 0,026 0,0007 3 0,217 0,040 -18% 22% 16%

mean C6 0,640 1,377 0,970 0,407 0,055 0,0030 3 0,263 0,055 -44% 30% 19%

mean C7 #NV 0%

mean C0b+ 0
1 1,480 1,315 0,165 0,0164 0,0003 6 11%

mean C1+
1 155,18 1,563 1,580 -0,017 0,032 0,0010333 3 -1%

mean C2+
1 51,73 1,503 1,407 0,097 0,050 0,0025333 3 6%

mean C3+
1 17,24 1,480 1,360 0,120 0,010 0,0001 3 8%

mean C4+
1 5,75 1,480 1,350 0,130 0,010 0,0001 3 9%

mean C5+
1 1,92 1,490 1,337 0,153 0,031 0,0009333 3 10%

mean C6+1 0,64 1,477 1,333 0,143 0,006 3,33333E-05 3 10%

mean C7+1 #NV
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3.5-dichlorophenol: laboratory 1. test run 1 (Lab_1_1) 

  
AS sampling date 28-Feb-13 Code defaunated1 Code

dry weight 3,6 g/L control C0a control C0a+

control C0b control C0b+

test date 28-Feb-13 highest conc. C1 highest conc. C1+

test substance 3,5-DCP . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,31 0,22 1,09

C0b control 1,24 0,21 1,03

C1 in test 14,04 1,46 1,34 0,12

C2 in test 4,68 1,36 0,76 0,6

C3 in test 1,56 1,23 0,21 1,02

C4 in test 0,52 1,23 0,21 1,02

C5 in test 0,17 1,22 0,16 1,06  

C6 in test

C7 in test

C0a control 1,25 0,18 1,07

C0b control 1,26 0,22 1,04

C1 in test 14,04 1,39 1,27 0,12

C2 in test 4,68 1,33 0,67 0,66

C3 in test 1,56 1,29 0,2 1,09

C4 in test 0,52 1,31 0,19 1,12

C5 in test 0,17 1,25 0,17 1,08

C6 in test

C7 in test

C0a control 1,25 0,15 1,1

C0b control 1,25 0,12 1,13

C1 in test 14,04 1,50 1,34 0,16

C2 in test 4,68 1,37 0,73 0,64

C3 in test 1,56 1,28 0,20 1,08

C4 in test 0,52 1,13 0,13 1

C5 in test 0,17 1,21 0,14 1,07
C6 in test

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,42 1,27 0,15

C0b+ control1 1,40 1,26 0,14  

C1+ in test
1 14,04 1,46 1,4 0,06

C2+ in test
1 4,68 1,56 1,44 0,12

C3+ in test
1 1,56 1,42 1,29 0,13

C4+ in test
1 0,52 1,4 1,23 0,17

C5+ in test
1 0,17 1,44 1,29 0,15

C6+ in test1

C7+ in test1

C0a+ control1 1,44 1,28 0,16

C0b+ control1 1,43 1,27 0,16

C1+ in test
1 14,04 1,45 1,38 0,07

C2+ in test
1 4,68 1,36 1,23 0,13

C3+ in test
1 1,56 1,38 1,22 0,16

C4+ in test
1 0,52 1,41 1,26 0,15

C5+ in test
1 0,17 1,41 1,26 0,15

C6+ in test1

C7+ in test1

C0a+ control1 1,42 1,25 0,17

C0b+ control1 1,41 1,25 0,16

C1+ in test
1 14,04 1,45 1,39 0,06

C2+ in test
1 4,68 1,44 1,32 0,12

C3+ in test
1 1,56 1,43 1,28 0,15

C4+ in test
1 0,52 1,42 1,25 0,17

C5+ in test
1 0,17 1,38 1,23 0,15

C6+ in test1

C7+ in test1
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3.5-dichlorophenol: Lab_1_1 (continued) 

 

 
Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,260 0,183 1,077 0,038 0,001 6 0,920 0,039 0% 4% 73%

mean C1 14,04 1,450 1,317 0,133 0,023 0,0005 3 0,070 0,024 92% 3% 5%

mean C2 4,68 1,353 0,720 0,633 0,031 0,0009 3 0,510 0,031 45% 3% 38%

mean C3 1,56 1,267 0,203 1,063 0,038 0,0014 3 0,917 0,041 0% 4% 72%

mean C4 0,52 1,223 0,177 1,047 0,064 0,0041 3 0,883 0,065 4% 7% 72%

mean C5 0,17 1,227 0,157 1,070 0,010 0,0001 3 0,920 0,010 0% 1% 75%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,420 1,263 0,157 0,0103 0,0001 6 11%

mean C1+
1 14,04 1,453 1,390 0,063 0,006 3,333E-05 3 4%

mean C2+
1 4,68 1,453 1,330 0,123 0,006 3,333E-05 3 8%

mean C3+
1 1,56 1,410 1,263 0,147 0,015 0,0002333 3 10%

mean C4+
1 0,52 1,410 1,247 0,163 0,012 0,0001333 3 12%

mean C5+
1 0,17 1,410 1,260 0,150 0,000 0 3 11%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
) including Digitonin 
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3.5-dichlorophenol: laboratory 2. test run 1 (Lab_2_1) 

 

  
AS sampling date 14-Jan-13 Code defaunated1 Code

dry weight 3,72 g/L control C0a control C0a+

control C0b control C0b+

test date 15-Jan-13 highest conc. C1 highest conc. C1+

test substance 3,5-Dichlorophenol . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,34 0,68 0,66

C0b control 1,33 0,61 0,72

C1 in test 14,22 1,49 1,45 0,04

C2 in test 4,74 1,43 1,19 0,24

C3 in test 1,58 1,44 0,90 0,54

C4 in test 0,53 1,37 0,76 0,61

C5 in test 0,18 1,38 0,78 0,6  

C6 in test

C7 in test

C0a control 1,33 0,65 0,68

C0b control 1,33 0,65 0,68

C1 in test 14,22 1,42 1,45 -0,03

C2 in test 4,74 1,42 1,21 0,21

C3 in test 1,58 1,39 0,88 0,51

C4 in test 0,53 1,36 0,73 0,63

C5 in test 0,18 1,42 0,78 0,64

C6 in test

C7 in test

C0a control 1,36 0,66 0,7

C0b control 1,36 0,64 0,72

C1 in test 14,22 1,45 1,44 0,01

C2 in test 4,74 1,48 1,24 0,24

C3 in test 1,58 1,38 0,90 0,48

C4 in test 0,53 1,39 0,78 0,61

C5 in test 0,18 1,39 0,76 0,63
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,46 1,37 0,09

C0b+ control1 1,48 1,40 0,08  

C1+ in test
1 14,22 1,51 1,53 -0,02

C2+ in test
1 4,74 1,5 1,44 0,06

C3+ in test
1 1,58 1,48 1,35 0,13

C4+ in test
1 0,53 1,44 1,33 0,11

C5+ in test
1 0,18 1,48 1,38 0,1

C6+ in test1

C7+ in test1

C0a+ control1 1,42 1,31 0,11

C0b+ control1 1,51 1,38 0,13

C1+ in test
1 14,22 1,55 1,56 -0,01

C2+ in test
1 4,74 1,49 1,44 0,05

C3+ in test
1 1,58 1,45 1,33 0,12

C4+ in test
1 0,53 1,45 1,35 0,1

C5+ in test
1 0,18 1,41 1,3 0,11

C6+ in test1

C7+ in test1

C0a+ control1 1,40 1,30 0,1

C0b+ control1 1,47 1,37 0,1

C1+ in test
1 14,22 1,51 1,53 -0,02

C2+ in test
1 4,74 1,43 1,39 0,04

C3+ in test
1 1,58 1,44 1,31 0,13

C4+ in test
1 0,53 1,44 1,31 0,13

C5+ in test
1 0,18 1,45 1,36 0,09

C6+ in test1

C7+ in test1
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3.5-dichlorophenol: Lab_2_1 (continued) 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,342 0,648 0,693 0,024 0,001 6 0,592 0,030 0% 5% 44%

mean C1 14,22 1,453 1,447 0,007 0,035 0,0012 3 0,023 0,036 96% 6% 2%

mean C2 4,74 1,443 1,213 0,230 0,017 0,0003 3 0,180 0,020 70% 3% 12%

mean C3 1,58 1,403 0,893 0,510 0,030 0,0009 3 0,383 0,031 35% 5% 27%

mean C4 0,53 1,373 0,757 0,617 0,012 0,0001 3 0,503 0,019 15% 3% 37%

mean C5 0,18 1,397 0,773 0,623 0,021 0,0004 3 0,523 0,023 12% 4% 37%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,457 1,355 0,102 0,0172 0,0003 6 7%

mean C1+
1 14,22 1,523 1,540 -0,017 0,006 3,333E-05 3 -1%

mean C2+
1 4,74 1,473 1,423 0,050 0,010 0,0001 3 3%

mean C3+
1 1,58 1,457 1,330 0,127 0,006 3,333E-05 3 9%

mean C4+
1 0,53 1,443 1,330 0,113 0,015 0,0002333 3 8%

mean C5+
1 0,18 1,447 1,347 0,100 0,010 0,0001 3 7%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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3.5-dichlorophenol: laboratory 3. test run 1 (Lab_3_1) 

  

AS sampling date 12-Feb-13 Code defaunated1 Code

dry weight 5,13 g/L control C0a control C0a+

control C0b control C0b+

test date 12-Feb-13 highest conc. C1 highest conc. C1+

test substance 3,5-dichlorophenol . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,22 0,29 0,93

C0b control 1,24 0,36 0,88

C1 in test 15,70 1,47 1,42 0,05

C2 in test 7,85 1,45 1,28 0,17

C3 in test 3,93 1,44 0,86 0,58

C4 in test 1,96 1,35 0,63 0,72

C5 in test 0,98 1,26 0,43 0,83  

C6 in test

C7 in test

C0a control 1,34 0,42 0,92

C0b control 1,27 0,42 0,85

C1 in test 15,70 1,51 1,5 0,01

C2 in test 7,85 1,48 1,36 0,12

C3 in test 3,93 1,39 0,93 0,46

C4 in test 1,96 1,31 0,6 0,71

C5 in test 0,98 0,91 0,14 0,77

C6 in test

C7 in test

C0a control 1,31 0,46 0,85

C0b control 1,26 0,35 0,91

C1 in test 15,70 1,44 1,45 -0,01

C2 in test 7,85 1,43 1,30 0,13

C3 in test 3,93 1,48 1,12 0,36

C4 in test 1,96 1,31 0,56 0,75

C5 in test 0,98 1,06 0,33 0,73
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,32 1,20 0,12

C0b+ control1 1,39 1,26 0,13  

C1+ in test
1 15,70 1,71 1,73 -0,02

C2+ in test
1 7,85 1,4 1,35 0,05

C3+ in test
1 3,93 1,34 1,25 0,09

C4+ in test
1 1,96 1,34 1,22 0,12

C5+ in test
1 0,98 1,35 1,22 0,13

C6+ in test1

C7+ in test1

C0a+ control1 1,35 1,18 0,17

C0b+ control1 1,34 1,21 0,13

C1+ in test
1 15,70 1,43 1,44 -0,01

C2+ in test
1 7,85 1,39 1,37 0,02

C3+ in test
1 3,93 1,44 1,36 0,08

C4+ in test
1 1,96 1,36 1,19 0,17

C5+ in test
1 0,98 1,41 1,24 0,17

C6+ in test1

C7+ in test1

C0a+ control1 1,31 1,18 0,13

C0b+ control1 1,34 1,20 0,14

C1+ in test
1 15,70 1,42 1,44 -0,02

C2+ in test
1 7,85 1,36 1,31 0,05

C3+ in test
1 3,93 1,44 1,29 0,15

C4+ in test
1 1,96 1,38 1,25 0,13

C5+ in test
1 0,98 1,38 1,18 0,2

C6+ in test1

C7+ in test1
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3.5-dichlorophenol: Lab_3_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,273 0,383 0,890 0,035 0,001 6 0,753 0,039 0% 5% 59%

mean C1 15,70 1,473 1,457 0,017 0,031 0,0009 3 0,033 0,031 96% 4% 2%

mean C2 7,85 1,453 1,313 0,140 0,026 0,0007 3 0,100 0,032 87% 4% 7%

mean C3 3,93 1,437 0,970 0,467 0,110 0,0121 3 0,360 0,116 52% 15% 25%

mean C4 1,96 1,323 0,597 0,727 0,021 0,0004 3 0,587 0,034 22% 4% 44%

mean C5 0,98 1,077 0,300 0,777 0,050 0,0025 3 0,610 0,061 19% 8% 57%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,342 1,205 0,137 0,0175 0,0003 6 10%

mean C1+
1 15,70 1,520 1,537 -0,017 0,006 3,333E-05 3 -1%

mean C2+
1 7,85 1,383 1,343 0,040 0,017 0,0003 3 3%

mean C3+
1 3,93 1,407 1,300 0,107 0,038 0,0014333 3 8%

mean C4+
1 1,96 1,360 1,220 0,140 0,026 0,0007 3 10%

mean C5+
1 0,98 1,380 1,213 0,167 0,035 0,0012333 3 12%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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3.5-dichlorophenol: laboratory 4. test run 1 (Lab_4_1) 

  
AS sampling date 31-Aug-12 Code defaunated1 Code

dry weight 3,5 g/L control C0a control C0a+

control C0b control C0b+

test date 01-Sep-12 highest conc. C1 highest conc. C1+

test substance 3,5-dichlorophenol . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,54 0,78 0,76

C0b control 1,58 0,84 0,74

C1 in test 13,89 1,59 1,60 -0,01

C2 in test 4,63 1,58 1,44 0,14

C3 in test 1,54 1,55 1,00 0,55

C4 in test 0,51 1,56 0,89 0,67

C5 in test 0,17 1,54 0,76 0,78  

C6 in test

C7 in test

C0a control 1,55 0,79 0,76

C0b control 1,56 0,81 0,75

C1 in test 13,89 1,56 1,59 -0,03

C2 in test 4,63 1,57 1,37 0,2

C3 in test 1,54 1,53 1,01 0,52

C4 in test 0,51 1,54 0,92 0,62

C5 in test 0,17 1,56 0,81 0,75

C6 in test

C7 in test

C0a control 1,53 0,78 0,75

C0b control 1,54 0,77 0,77

C1 in test 13,89 1,56 1,58 -0,02

C2 in test 4,63 1,54 1,33 0,21

C3 in test 1,54 1,52 1,02 0,5

C4 in test 0,51 1,56 0,91 0,65

C5 in test 0,17 1,52 0,81 0,71
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,58 1,44 0,14

C0b+ control1 1,56 1,43 0,13  

C1+ in test
1 13,89 1,6 1,65 -0,05

C2+ in test
1 4,63 1,58 1,57 0,01

C3+ in test
1 1,54 1,54 1,43 0,11

C4+ in test
1 0,51 1,55 1,45 0,1

C5+ in test
1 0,17 1,55 1,42 0,13

C6+ in test1

C7+ in test1

C0a+ control1 1,58 1,43 0,15

C0b+ control1 1,57 1,43 0,14

C1+ in test
1 13,89 1,58 1,64 -0,06

C2+ in test
1 4,63 1,56 1,5 0,06

C3+ in test
1 1,54 1,53 1,41 0,12

C4+ in test
1 0,51 1,54 1,38 0,16

C5+ in test
1 0,17 1,57 1,41 0,16

C6+ in test1

C7+ in test1

C0a+ control1 1,55 1,42 0,13

C0b+ control1 1,59 1,44 0,15

C1+ in test
1 13,89 1,56 1,63 -0,07

C2+ in test
1 4,63 1,56 1,51 0,05

C3+ in test
1 1,54 1,54 1,40 0,14

C4+ in test
1 0,51 1,53 1,39 0,14

C5+ in test
1 0,17 1,56 1,41 0,15

C6+ in test1

C7+ in test1
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3.5-dichlorophenol: Lab_4_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,550 0,795 0,755 0,010 0,000 6 0,615 0,014 0% 2% 40%

mean C1 13,89 1,570 1,590 -0,020 0,010 0,0001 3 0,040 0,014 93% 2% 3%

mean C2 4,63 1,563 1,380 0,183 0,038 0,0014 3 0,143 0,046 77% 8% 9%

mean C3 1,54 1,533 1,010 0,523 0,025 0,0006 3 0,400 0,029 35% 5% 26%

mean C4 0,51 1,553 0,907 0,647 0,025 0,0006 3 0,513 0,040 17% 6% 33%

mean C5 0,17 1,540 0,793 0,747 0,035 0,0012 3 0,600 0,038 2% 6% 39%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,572 1,432 0,140 0,0089 0,0001 6 9%

mean C1+
1 13,89 1,580 1,640 -0,060 0,010 0,0001 3 -4%

mean C2+
1 4,63 1,567 1,527 0,040 0,026 0,0007 3 3%

mean C3+
1 1,54 1,537 1,413 0,123 0,015 0,0002333 3 8%

mean C4+
1 0,51 1,540 1,407 0,133 0,031 0,0009333 3 9%

mean C5+
1 0,17 1,560 1,413 0,147 0,015 0,0002333 3 9%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
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data analysis / evaluation

R
e
p

li
c
a
te

2
 1

-3
R

e
p

li
c
a
te

 1
-3

 (
+

D
ig

it
o

n
in

)



ENV/JM/MONO(2017)18 

 82 

3.5-dichlorophenol: laboratory 5. test run 1 (Lab_5_1) 

  
AS sampling date 11-Jul-12 Code defaunated1 Code

dry weight 5,2 g/L control C0a control C0a+

control C0b control C0b+

test date 12-Jul-12 highest conc. C1 highest conc. C1+

test substance 3,5-Dichlorophenol . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,33 0,80 0,53

C0b control 1,36 0,80 0,56

C1 in test 15,91 1,40 1,67 -0,27

C2 in test 5,30 1,42 1,42 0

C3 in test 1,77 1,41 1,10 0,31

C4 in test 0,59 1,40 0,98 0,42

C5 in test 0,20 1,43 0,85 0,58  

C6 in test 0,070 1,41 0,85 0,56

C7 in test

C0a control 1,41 0,81 0,6

C0b control 1,32 0,71 0,61

C1 in test 15,91 1,43 1,68 -0,25

C2 in test 5,30 1,44 1,4 0,04

C3 in test 1,77 1,41 0,98 0,43

C4 in test 0,59 1,39 0,8 0,59

C5 in test 0,20 1,4 0,85 0,55

C6 in test 0,07 1,43 0,8 0,63

C7 in test

C0a control 1,35 0,74 0,61

C0b control 1,35 0,75 0,6

C1 in test 15,91 1,43 1,72 -0,29

C2 in test 5,30 1,42 1,37 0,05

C3 in test 1,77 1,44 0,96 0,48

C4 in test 0,59 1,40 0,84 0,56

C5 in test 0,20 1,37 0,80 0,57
C6 in test 0,07 1,44 0,81 0,63

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,39 1,25 0,14

C0b+ control1 1,43 1,28 0,15  

C1+ in test
1 15,91 1,46 1,56 -0,1

C2+ in test
1 5,3 1,44 1,4 0,04

C3+ in test
1 1,77 1,43 1,3 0,13

C4+ in test
1 0,59 1,48 1,33 0,15

C5+ in test
1 0,20 1,41 1,27 0,14

C6+ in test1 0,07 1,39 1,24 0,15

C7+ in test1

C0a+ control1 1,35 1,23 0,12

C0b+ control1 1,42 1,24 0,18

C1+ in test
1 15,91 1,43 1,57 -0,14

C2+ in test
1 5,3 1,45 1,36 0,09

C3+ in test
1 1,77 1,43 1,29 0,14

C4+ in test
1 0,59 1,43 1,24 0,19

C5+ in test
1 0,20 1,46 1,25 0,21

C6+ in test1 0,07 1,44 1,26 0,18

C7+ in test1

C0a+ control1 1,28 1,17 0,11

C0b+ control1 1,37 1,21 0,16

C1+ in test
1 15,91 1,38 1,55 -0,17

C2+ in test
1 5,3 1,39 1,35 0,04

C3+ in test
1 1,77 1,42 1,32 0,1

C4+ in test
1 0,59 1,39 1,24 0,15

C5+ in test
1 0,20 1,32 1,14 0,18

C6+ in test1 0,07 1,36 1,24 0,12

C7+ in test1
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3.5-dichlorophenol: Lab_5_1 (continued) 

 

 

 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,353 0,768 0,585 0,033 0,001 6 0,442 0,042 0% 9% 33%

mean C1 15,91 1,420 1,690 -0,270 0,020 0,0004 3 -0,133 0,040 130% 9% -9%

mean C2 5,30 1,427 1,397 0,030 0,026 0,0007 3 -0,027 0,039 106% 9% -2%

mean C3 1,77 1,420 1,013 0,407 0,087 0,0076 3 0,283 0,090 36% 20% 20%

mean C4 0,59 1,397 0,873 0,523 0,091 0,0082 3 0,360 0,094 18% 21% 26%

mean C5 0,20 1,400 0,833 0,567 0,015 0,0002 3 0,390 0,038 12% 9% 28%

mean C6 0,070 1,427 0,820 0,607 0,040 0,0016 3 0,457 0,050 -3% 11% 32%

mean C7 #NV 0%

mean C0b+ 0
1 1,373 1,230 0,143 0,0258 0,0007 6 10%

mean C1+
1 15,91 1,423 1,560 -0,137 0,035 0,0012333 3 -10%

mean C2+
1 5,30 1,427 1,370 0,057 0,029 0,0008333 3 4%

mean C3+
1 1,77 1,427 1,303 0,123 0,021 0,0004333 3 9%

mean C4+
1 0,59 1,433 1,270 0,163 0,023 0,0005333 3 11%

mean C5+
1 0,20 1,397 1,220 0,177 0,035 0,0012333 3 13%

mean C6+1 0,07 1,397 1,247 0,150 0,030 0,0009 3 11%

mean C7+1 #NV

1
) including Digitonin 

R
e
p

li
c
a
te

2
 1

-3
R

e
p

li
c
a
te

 1
-3

 (
+

D
ig

it
o

n
in

)

data analysis / evaluation



ENV/JM/MONO(2017)18 

 84 

3.5-dichlorophenol: laboratory 5. test run 2 (Lab_5_2) 

  
AS sampling date 24-Jul-12 Code defaunated1 Code

dry weight 4,9 g/L control C0a control C0a+

control C0b control C0b+

test date 25-Jul-12 highest conc. C1 highest conc. C1+

test substance 3,5-Dichlorophenol . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,43 0,99 0,44

C0b control 1,42 0,92 0,5

C1 in test 15,52 1,37 1,49 -0,12

C2 in test 5,17 1,41 1,31 0,1

C3 in test 1,72 1,42 1,11 0,31

C4 in test 0,57 1,42 1,00 0,42

C5 in test 0,19 1,39 0,94 0,45  

C6 in test 0,060 1,40 0,94 0,46

C7 in test

C0a control 1,38 0,94 0,44

C0b control 1,39 0,91 0,48

C1 in test 15,52 1,36 1,47 -0,11

C2 in test 5,17 1,42 1,3 0,12

C3 in test 1,72 1,38 1,07 0,31

C4 in test 0,57 1,38 0,93 0,45

C5 in test 0,19 1,38 0,93 0,45

C6 in test 1,36 0,95 0,41

C7 in test

C0a control 1,38 0,90 0,48

C0b control 1,36 0,90 0,46

C1 in test 15,52 1,41 1,47 -0,06

C2 in test 5,17 1,40 1,28 0,12

C3 in test 1,72 1,39 1,05 0,34

C4 in test 0,57 1,38 0,95 0,43

C5 in test 0,19 1,37 0,96 0,41
C6 in test 0,06 1,38 0,90 0,48

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,42 1,30 0,12

C0b+ control1 1,42 1,29 0,13  

C1+ in test
1 15,52 1,43 1,43 0

C2+ in test
1 5,17 1,44 1,4 0,04

C3+ in test
1 1,72 1,4 1,27 0,13

C4+ in test
1 0,57 1,42 1,28 0,14

C5+ in test
1 0,19 1,44 1,28 0,16

C6+ in test1 0,06 1,42 1,28 0,14

C7+ in test1

C0a+ control1 1,43 1,3 0,13

C0b+ control1 1,41 1,31 0,1

C1+ in test
1 15,52 1,43 1,5 -0,07

C2+ in test
1 5,17 1,42 1,37 0,05

C3+ in test
1 1,72 1,38 1,3 0,08

C4+ in test
1 0,57 1,41 1,29 0,12

C5+ in test
1 0,19 1,39 1,29 0,1

C6+ in test1 0,06 1,40 1,28 0,12

C7+ in test1

C0a+ control1 1,45 1,32 0,13

C0b+ control1 1,43 1,28 0,15

C1+ in test
1 15,52 1,44 1,49 -0,05

C2+ in test
1 5,17 1,39 1,37 0,02

C3+ in test
1 1,72 1,40 1,31 0,09

C4+ in test
1 0,57 1,39 1,27 0,12

C5+ in test
1 0,19 1,42 1,28 0,14

C6+ in test1 0,06 1,42 1,29 0,13

C7+ in test1
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3.5-dichlorophenol: Lab_5_2 (continued) 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,393 0,927 0,467 0,024 0,001 6 0,340 0,029 0% 9% 24%

mean C1 15,52 1,380 1,477 -0,097 0,032 0,0010 3 -0,057 0,048 117% 14% -4%

mean C2 5,17 1,410 1,297 0,113 0,012 0,0001 3 0,077 0,019 77% 6% 5%

mean C3 1,72 1,397 1,077 0,320 0,017 0,0003 3 0,220 0,032 35% 9% 16%

mean C4 0,57 1,393 0,960 0,433 0,015 0,0002 3 0,307 0,019 10% 6% 22%

mean C5 0,19 1,380 0,943 0,437 0,023 0,0005 3 0,303 0,038 11% 11% 22%

mean C6 0,060 1,380 0,930 0,450 0,036 0,0013 3 0,320 0,037 6% 11% 23%

mean C7 #NV 0%

mean C0b+ 0
1 1,427 1,300 0,127 0,0163 0,0003 6 9%

mean C1+
1 15,52 1,433 1,473 -0,040 0,036 0,0013 3 -3%

mean C2+
1 5,17 1,417 1,380 0,037 0,015 0,0002333 3 3%

mean C3+
1 1,72 1,393 1,293 0,100 0,026 0,0007 3 7%

mean C4+
1 0,57 1,407 1,280 0,127 0,012 0,0001333 3 9%

mean C5+
1 0,19 1,417 1,283 0,133 0,031 0,0009333 3 9%

mean C6+1 0,06 1,413 1,283 0,130 0,010 0,0001 3 9%

mean C7+1 #NV

1
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3.5-dichlorophenol: laboratory 5. test run 3 (Lab_5_3) 

  
AS sampling date 07-Aug-12 Code defaunated1 Code

dry weight 4,4 g/L control C0a control C0a+

control C0b control C0b+

test date 08-Aug-12 highest conc. C1 highest conc. C1+

test substance 3,5-dichlorophenol . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,43 0,94 0,49

C0b control 1,46 0,91 0,55

C1 in test 15,05 1,48 1,53 -0,05

C2 in test 5,02 1,52 1,37 0,15

C3 in test 1,67 1,46 1,20 0,26

C4 in test 0,56 1,44 1,04 0,4

C5 in test 0,19 1,47 1,03 0,44  

C6 in test 0,060 1,43 1,01 0,42

C7 in test

C0a control 1,44 0,95 0,49

C0b control 1,44 0,98 0,46

C1 in test 15,05 1,52 1,57 -0,05

C2 in test 5,02 1,48 1,33 0,15

C3 in test 1,67 1,37 1,18 0,19

C4 in test 0,56 1,41 0,97 0,44

C5 in test 0,19 1,45 0,97 0,48

C6 in test 0,06 1,41 0,95 0,46

C7 in test

C0a control 1,43 0,99 0,44

C0b control 1,43 0,98 0,45

C1 in test 15,05 1,52 1,54 -0,02

C2 in test 5,02 1,45 1,31 0,14

C3 in test 1,67 1,47 0,98 0,49

C4 in test 0,56 1,47 0,95 0,52

C5 in test 0,19 1,48 1,01 0,47
C6 in test 0,06 1,43 0,93 0,5

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,47 1,32 0,15

C0b+ control1 1,48 1,31 0,17  

C1+ in test
1 15,05 1,58 1,64 -0,06

C2+ in test
1 5,02 1,51 1,44 0,07

C3+ in test
1 1,67 1,47 1,32 0,15

C4+ in test
1 0,56 1,45 1,3 0,15

C5+ in test
1 0,19 1,45 1,31 0,14

C6+ in test1 0,06 1,48 1,35 0,13

C7+ in test1

C0a+ control1 1,46 1,31 0,15

C0b+ control1 1,46 1,29 0,17

C1+ in test
1 15,05 1,58 1,6 -0,02

C2+ in test
1 5,02 1,5 1,41 0,09

C3+ in test
1 1,67 1,49 1,37 0,12

C4+ in test
1 0,56 1,47 1,32 0,15

C5+ in test
1 0,19 1,43 1,32 0,11

C6+ in test1 0,06 1,47 1,33 0,14

C7+ in test1

C0a+ control1 1,47 1,32 0,15

C0b+ control1 1,48 1,34 0,14

C1+ in test
1 15,05 1,59 1,58 0,01

C2+ in test
1 5,02 1,50 1,41 0,09

C3+ in test
1 1,67 1,48 1,30 0,18

C4+ in test
1 0,56 1,47 1,37 0,1

C5+ in test
1 0,19 1,46 1,32 0,14

C6+ in test1 0,06 1,47 1,32 0,15

C7+ in test1
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3.5-dichlorophenol: Lab_5_3 (continued) 

 
Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,438 0,958 0,480 0,040 0,002 6 0,325 0,042 0% 13% 23%

mean C1 15,05 1,507 1,547 -0,040 0,017 0,0003 3 -0,017 0,039 105% 12% -1%

mean C2 5,02 1,483 1,337 0,147 0,006 0,0000 3 0,063 0,013 81% 4% 4%

mean C3 1,67 1,433 1,120 0,313 0,157 0,0246 3 0,163 0,160 50% 49% 11%

mean C4 0,56 1,440 0,987 0,453 0,061 0,0037 3 0,320 0,068 2% 21% 22%

mean C5 0,19 1,467 1,003 0,463 0,021 0,0004 3 0,333 0,027 -3% 8% 23%

mean C6 0,060 1,423 0,963 0,460 0,040 0,0016 3 0,320 0,041 2% 13% 22%

mean C7 #NV 0%

mean C0b+ 0
1 1,470 1,315 0,155 0,0122 0,0002 6 11%

mean C1+
1 15,05 1,583 1,607 -0,023 0,035 0,0012333 3 -1%

mean C2+
1 5,02 1,503 1,420 0,083 0,012 0,0001333 3 6%

mean C3+
1 1,67 1,480 1,330 0,150 0,030 0,0009 3 10%

mean C4+
1 0,56 1,463 1,330 0,133 0,029 0,0008333 3 9%

mean C5+
1 0,19 1,447 1,317 0,130 0,017 0,0003 3 9%

mean C6+1 0,06 1,473 1,333 0,140 0,010 0,0001 3 10%

mean C7+1 #NV
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Dimethyl sulfoxide: laboratory 1. test run 1 (Lab_1_1) 

  
AS sampling date 28-Feb-13 Code defaunated1 Code

dry weight 3,6 g/L control C0a control C0a+

control C0b control C0b+

test date 28-Feb-13 highest conc. C1 highest conc. C1+

test substance DMSO . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,30 0,13 1,17

C0b control 1,39 0,16 1,23

C1 in test 70222,22 1,24 1,12 0,12

C2 in test 28088,89 1,28 0,45 0,83

C3 in test 11235,56 1,29 0,29 1

C4 in test 4494,22 1,25 0,20 1,05

C5 in test 1797,69 1,26 0,09 1,17  

C6 in test

C7 in test

C0a control 1,27 0,08 1,19

C0b control 1,24 0,07 1,17

C1 in test 70222,22 1,32 1,16 0,16

C2 in test 28088,89 1,27 0,48 0,79

C3 in test 11235,56 1,25 0,38 0,87

C4 in test 4494,22 1,26 0,21 1,05

C5 in test 1797,69 1,26 0,1 1,16

C6 in test

C7 in test

C0a control 1,25 0,08 1,17

C0b control 1,36 0,14 1,22

C1 in test 70222,22 1,34 1,16 0,18

C2 in test 28088,89 1,31 0,50 0,81

C3 in test 11235,56 1,29 0,18 1,11

C4 in test 4494,22 1,31 0,13 1,18

C5 in test 1797,69 1,32 0,22 1,1
C6 in test

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,53 1,33 0,2

C0b+ control1 1,50 1,35 0,15  

C1+ in test
1 70222,22 1,38 1,29 0,09

C2+ in test
1 28088,89 1,46 1,3 0,16

C3+ in test
1 11235,56 1,49 1,32 0,17

C4+ in test
1 4494,22 1,46 1,32 0,14

C5+ in test
1 1797,69 1,51 1,34 0,17

C6+ in test1

C7+ in test1

C0a+ control1 1,51 1,31 0,2

C0b+ control1 1,5 1,35 0,15

C1+ in test
1 70222,22 1,29 1,21 0,08

C2+ in test
1 28088,89 1,44 1,26 0,18

C3+ in test
1 11235,56 1,46 1,27 0,19

C4+ in test
1 4494,22 1,45 1,26 0,19

C5+ in test
1 1797,69 1,44 1,3 0,14

C6+ in test1

C7+ in test1

C0a+ control1 1,46 1,34 0,12

C0b+ control1 1,54 1,36 0,18

C1+ in test
1 70222,22 1,37 1,27 0,1

C2+ in test
1 28088,89 1,43 1,26 0,17

C3+ in test
1 11235,56 1,43 1,22 0,21

C4+ in test
1 4494,22 1,46 1,30 0,16

C5+ in test
1 1797,69 1,48 1,34 0,14

C6+ in test1

C7+ in test1
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Dimethyl sulfoxide: Lab_1_1 (continued) 

 

 Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,302 0,110 1,192 0,027 0,001 6 1,025 0,042 0% 4% 79%

mean C1 70222,22 1,300 1,147 0,153 0,031 0,0009 3 0,063 0,032 94% 3% 5%

mean C2 28088,89 1,287 0,477 0,810 0,020 0,0004 3 0,640 0,022 38% 2% 50%

mean C3 11235,56 1,277 0,283 0,993 0,120 0,0144 3 0,803 0,122 22% 12% 63%

mean C4 4494,22 1,273 0,180 1,093 0,075 0,0056 3 0,930 0,079 9% 8% 73%

mean C5 1797,69 1,280 0,137 1,143 0,038 0,0014 3 0,993 0,042 3% 4% 78%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,507 1,340 0,167 0,0320 0,0010 6 11%

mean C1+
1 70222,22 1,347 1,257 0,090 0,010 0,0001 3 7%

mean C2+
1 28088,89 1,443 1,273 0,170 0,010 0,0001 3 12%

mean C3+
1 11235,56 1,460 1,270 0,190 0,020 0,0004 3 13%

mean C4+
1 4494,22 1,457 1,293 0,163 0,025 0,0006333 3 11%

mean C5+
1 1797,69 1,477 1,327 0,150 0,017 0,0003 3 10%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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Dimethyl sulfoxide: laboratory 2. test run 1 (Lab_2_1) 

 

  

AS sampling date 18-Jan-12 Code defaunated1 Code

dry weight 2,09 g/L control C0a control C0a+

control C0b control C0b+

test date 21-Jan-13 highest conc. C1 highest conc. C1+

test substance Dimethyl sulfoxid . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,32 0,67 0,65

C0b control 1,42 0,73 0,69

C1 in test 50153,11 1,40 1,24 0,16

C2 in test 20061,24 1,39 0,88 0,51

C3 in test 8024,50 1,39 0,82 0,57

C4 in test 3209,80 1,41 0,78 0,63

C5 in test 1283,92 1,41 0,74 0,67  

C6 in test

C7 in test

C0a control 1,4 0,72 0,68

C0b control 1,42 0,78 0,64

C1 in test 50153,11 1,4 1,2 0,2

C2 in test 20061,24 1,39 0,92 0,47

C3 in test 8024,50 1,41 0,8 0,61

C4 in test 3209,80 1,43 0,76 0,67

C5 in test 1283,92 1,42 0,75 0,67

C6 in test

C7 in test

C0a control 1,43 0,78 0,65

C0b control 1,42 0,72 0,7

C1 in test 50153,11 1,38 1,20 0,18

C2 in test 20061,24 1,39 0,93 0,46

C3 in test 8024,50 1,41 0,81 0,6

C4 in test 3209,80 1,41 0,79 0,62

C5 in test 1283,92 1,36 0,68 0,68
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,54 1,43 0,11

C0b+ control1 1,52 1,43 0,09  

C1+ in test
1 50153,11 1,43 1,36 0,07

C2+ in test
1 20061,24 1,47 1,36 0,11

C3+ in test
1 8024,5 1,5 1,4 0,1

C4+ in test
1 3209,80 1,54 1,43 0,11

C5+ in test
1 1283,92 1,54 1,41 0,13

C6+ in test1

C7+ in test1

C0a+ control1 1,48 1,38 0,1

C0b+ control1 1,52 1,42 0,1

C1+ in test
1 50153,11 1,45 1,39 0,06

C2+ in test
1 20061,24 1,5 1,41 0,09

C3+ in test
1 8024,5 1,5 1,41 0,09

C4+ in test
1 3209,8 1,48 1,41 0,07

C5+ in test
1 1283,92 1,53 1,45 0,08

C6+ in test1

C7+ in test1

C0a+ control1 1,52 1,43 0,09

C0b+ control1 1,52 1,44 0,08

C1+ in test
1 50153,11 1,43 1,37 0,06

C2+ in test
1 20061,24 1,50 1,39 0,11

C3+ in test
1 8024,5 1,50 1,41 0,09

C4+ in test
1 3209,80 1,49 1,43 0,06

C5+ in test
1 1283,92 1,51 1,41 0,1

C6+ in test1

C7+ in test1
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Dimethyl sulfoxide: Lab_2_1 (continued) 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,402 0,733 0,668 0,025 0,001 6 0,573 0,027 0% 5% 41%

mean C1 50153,11 1,393 1,213 0,180 0,020 0,0004 3 0,117 0,021 80% 4% 8%

mean C2 20061,24 1,390 0,910 0,480 0,026 0,0007 3 0,377 0,029 34% 5% 27%

mean C3 8024,50 1,403 0,810 0,593 0,021 0,0004 3 0,500 0,022 13% 4% 36%

mean C4 3209,80 1,417 0,777 0,640 0,026 0,0007 3 0,560 0,037 2% 7% 40%

mean C5 1283,92 1,397 0,723 0,673 0,006 0,0000 3 0,570 0,026 1% 5% 41%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,517 1,422 0,095 0,0105 0,0001 6 6%

mean C1+
1 50153,11 1,437 1,373 0,063 0,006 3,333E-05 3 4%

mean C2+
1 20061,24 1,490 1,387 0,103 0,012 0,0001333 3 7%

mean C3+
1 8024,50 1,500 1,407 0,093 0,006 3,333E-05 3 6%

mean C4+
1 3209,80 1,503 1,423 0,080 0,026 0,0007 3 5%

mean C5+
1 1283,92 1,527 1,423 0,103 0,025 0,0006333 3 7%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
) including Digitonin 
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Dimethyl sulfoxide: laboratory 3. test run 1 (Lab_3_1) 

  AS sampling date 14-Feb-13 Code defaunated1 Code

dry weight 5,32 g/L control C0a control C0a+

control C0b control C0b+

test date 14-Feb-13 highest conc. C1 highest conc. C1+

test substance Dimethyl sulfoxide . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,18 0,32 0,86

C0b control 1,70 0,81 0,89

C1 in test 79203,01 1,39 1,32 0,07

C2 in test 39601,50 1,19 0,64 0,55

C3 in test 19800,75 1,19 0,33 0,86

C4 in test 9900,38 1,06 0,22 0,84

C5 in test 4950,19 0,98 0,14 0,84  

C6 in test

C7 in test

C0a control 1,09 0,24 0,85

C0b control 1,12 0,26 0,86

C1 in test 79203,01 1,15 1,05 0,1

C2 in test 39601,50 1,2 0,69 0,51

C3 in test 19800,75 1,12 0,31 0,81

C4 in test 9900,38 1,1 0,27 0,83

C5 in test 4950,19 1,04 0,24 0,8

C6 in test

C7 in test

C0a control 1,15 0,24 0,91

C0b control 1,10 0,11 0,99

C1 in test 79203,01 1,17 1,12 0,05

C2 in test 39601,50 1,17 0,61 0,56

C3 in test 19800,75 1,38 0,61 0,77

C4 in test 9900,38 1,25 0,42 0,83

C5 in test 4950,19 1,11 0,25 0,86
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,39 1,26 0,13

C0b+ control1 1,32 1,17 0,15  

C1+ in test
1 79203,01 1,23 1,21 0,02

C2+ in test
1 39601,5 1,25 1,15 0,1

C3+ in test
1 19800,75 1,39 1,27 0,12

C4+ in test
1 9900,38 1,37 1,2 0,17

C5+ in test
1 4950,19 1,28 1,15 0,13

C6+ in test1

C7+ in test1

C0a+ control1 1,39 1,28 0,11

C0b+ control1 1,32 1,17 0,15

C1+ in test
1 79203,01 1,23 1,21 0,02

C2+ in test
1 39601,5 1,26 1,2 0,06

C3+ in test
1 19800,75 1,33 1,16 0,17

C4+ in test
1 9900,38 1,31 1,13 0,18

C5+ in test
1 4950,19 1,46 1,3 0,16

C6+ in test1

C7+ in test1

C0a+ control1 1,37 1,23 0,14

C0b+ control1 1,30 1,11 0,19

C1+ in test
1 79203,01 1,32 1,29 0,03

C2+ in test
1 39601,5 1,25 1,18 0,07

C3+ in test
1 19800,75 1,25 1,14 0,11

C4+ in test
1 9900,38 1,29 1,20 0,09

C5+ in test
1 4950,19 1,32 1,22 0,1

C6+ in test1

C7+ in test1
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Dimethyl sulfoxide: Lab_3_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,223 0,330 0,893 0,052 0,003 6 0,748 0,059 0% 8% 61%

mean C1 79203,01 1,237 1,163 0,073 0,025 0,0006 3 0,050 0,026 93% 3% 4%

mean C2 39601,50 1,187 0,647 0,540 0,026 0,0007 3 0,463 0,034 38% 4% 39%

mean C3 19800,75 1,230 0,417 0,813 0,045 0,0020 3 0,680 0,055 9% 7% 55%

mean C4 9900,38 1,137 0,303 0,833 0,006 0,0000 3 0,687 0,050 8% 7% 60%

mean C5 4950,19 1,043 0,210 0,833 0,031 0,0009 3 0,703 0,043 6% 6% 67%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,348 1,203 0,145 0,0266 0,0007 6 11%

mean C1+
1 79203,01 1,260 1,237 0,023 0,006 3,333E-05 3 2%

mean C2+
1 39601,50 1,253 1,177 0,077 0,021 0,0004333 3 6%

mean C3+
1 19800,75 1,323 1,190 0,133 0,032 0,0010333 3 10%

mean C4+
1 9900,38 1,323 1,177 0,147 0,049 0,0024333 3 11%

mean C5+
1 4950,19 1,353 1,223 0,130 0,030 0,0009 3 10%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
) including Digitonin 
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Dimethyl sulfoxide: laboratory 4. test run 1 (Lab_4_1) 

  AS sampling date 31-Aug-12 Code defaunated1 Code

dry weight 3,5 g/L control C0a control C0a+

control C0b control C0b+

test date 02-Sep-12 highest conc. C1 highest conc. C1+

test substance Dimethyl sulfoxid . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,41 0,72 0,69

C0b control 1,39 0,69 0,7

C1 in test 69428,57 1,40 1,31 0,09

C2 in test 27771,43 1,39 1,03 0,36

C3 in test 11108,57 1,38 0,77 0,61

C4 in test 4443,43 1,41 0,71 0,7

C5 in test 1777,37 1,37 0,66 0,71  

C6 in test

C7 in test

C0a control 1,39 0,7 0,69

C0b control 1,42 0,73 0,69

C1 in test 69428,57 1,41 1,34 0,07

C2 in test 27771,43 1,39 1,05 0,34

C3 in test 11108,57 1,43 0,84 0,59

C4 in test 4443,43 1,39 0,76 0,63

C5 in test 1777,37 1,4 0,71 0,69

C6 in test

C7 in test

C0a control 1,38 0,68 0,7

C0b control 1,39 0,70 0,69

C1 in test 69428,57 1,37 1,23 0,14

C2 in test 27771,43 1,40 1,00 0,4

C3 in test 11108,57 1,39 0,81 0,58

C4 in test 4443,43 1,37 0,69 0,68

C5 in test 1777,37 1,38 0,65 0,73
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,40 1,23 0,17

C0b+ control1 1,38 1,22 0,16  

C1+ in test
1 69428,57 1,38 1,29 0,09

C2+ in test
1 27771,43 1,39 1,25 0,14

C3+ in test
1 11108,57 1,41 1,22 0,19

C4+ in test
1 4443,43 1,4 1,24 0,16

C5+ in test
1 1777,37 1,39 1,22 0,17

C6+ in test1

C7+ in test1

C0a+ control1 1,37 1,19 0,18

C0b+ control1 1,41 1,24 0,17

C1+ in test
1 69428,57 1,37 1,27 0,1

C2+ in test
1 27771,43 1,4 1,22 0,18

C3+ in test
1 11108,57 1,39 1,24 0,15

C4+ in test
1 4443,43 1,37 1,19 0,18

C5+ in test
1 1777,37 1,36 1,19 0,17

C6+ in test1

C7+ in test1

C0a+ control1 1,42 1,30 0,12

C0b+ control1 1,39 1,26 0,13

C1+ in test
1 69428,57 1,38 1,31 0,07

C2+ in test
1 27771,43 1,39 1,26 0,13

C3+ in test
1 11108,57 1,40 1,27 0,13

C4+ in test
1 4443,43 1,41 1,24 0,17

C5+ in test
1 1777,37 1,38 1,23 0,15

C6+ in test1

C7+ in test1
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Dimethyl sulfoxide: Lab_4_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,397 0,703 0,693 0,005 0,000 6 0,538 0,025 0% 5% 39%

mean C1 69428,57 1,393 1,293 0,100 0,036 0,0013 3 0,013 0,039 98% 7% 1%

mean C2 27771,43 1,393 1,027 0,367 0,031 0,0009 3 0,217 0,040 60% 8% 16%

mean C3 11108,57 1,400 0,807 0,593 0,015 0,0002 3 0,437 0,034 19% 6% 31%

mean C4 4443,43 1,390 0,720 0,670 0,036 0,0013 3 0,500 0,037 7% 7% 36%

mean C5 1777,37 1,383 0,673 0,710 0,020 0,0004 3 0,547 0,023 -2% 4% 40%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,395 1,240 0,155 0,0243 0,0006 6 11%

mean C1+
1 69428,57 1,377 1,290 0,087 0,015 0,0002333 3 6%

mean C2+
1 27771,43 1,393 1,243 0,150 0,026 0,0007 3 11%

mean C3+
1 11108,57 1,400 1,243 0,157 0,031 0,0009333 3 11%

mean C4+
1 4443,43 1,393 1,223 0,170 0,010 0,0001 3 12%

mean C5+
1 1777,37 1,377 1,213 0,163 0,012 0,0001333 3 12%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
) including Digitonin 

data analysis / evaluation
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Dimethyl sulfoxide: laboratory 5. test run 1 (Lab_5_1) 

  
AS sampling date 17-Jul-12 Code defaunated1 Code

dry weight 4,4 g/L control C0a control C0a+

control C0b control C0b+

test date 19-Jul-12 highest conc. C1 highest conc. C1+

test substance Dimethyl sulfoxide . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,50 1,00 0,5

C0b control 1,54 1,01 0,53

C1 in test 75272,73 1,40 1,31 0,09

C2 in test 30109,09 1,45 1,17 0,28

C3 in test 12043,64 1,49 1,12 0,37

C4 in test 4817,45 1,50 1,09 0,41

C5 in test 1926,98 1,50 1,06 0,44  

C6 in test 770,790 1,44 1,00 0,44

C7 in test

C0a control 1,5 0,97 0,53

C0b control 1,52 1,01 0,51

C1 in test 75272,73 1,44 1,38 0,06

C2 in test 30109,09 1,49 1,15 0,34

C3 in test 12043,64 1,52 1,1 0,42

C4 in test 4817,45 1,47 1,11 0,36

C5 in test 1926,98 1,55 1,06 0,49

C6 in test 770,79 1,49 0,97 0,52

C7 in test

C0a control 1,52 1,04 0,48

C0b control 1,53 1,01 0,52

C1 in test 75272,73 1,45 1,35 0,1

C2 in test 30109,09 1,46 1,14 0,32

C3 in test 12043,64 1,49 1,10 0,39

C4 in test 4817,45 1,54 1,04 0,5

C5 in test 1926,98 1,52 1,01 0,51
C6 in test 770,79 1,51 0,98 0,53

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,52 1,38 0,14

C0b+ control1 1,51 1,43 0,08  

C1+ in test
1 75272,73 1,44 1,46 -0,02

C2+ in test
1 30109,09 1,48 1,41 0,07

C3+ in test
1 12043,64 1,49 1,41 0,08

C4+ in test
1 4817,45 1,52 1,4 0,12

C5+ in test
1 1926,98 1,51 1,42 0,09

C6+ in test1 770,79 1,50 1,42 0,08

C7+ in test1

C0a+ control1 1,52 1,43 0,09

C0b+ control1 1,52 1,37 0,15

C1+ in test
1 75272,73 1,43 1,45 -0,02

C2+ in test
1 30109,09 1,47 1,41 0,06

C3+ in test
1 12043,64 1,5 1,4 0,1

C4+ in test
1 4817,45 1,52 1,41 0,11

C5+ in test
1 1926,98 1,51 1,41 0,1

C6+ in test1 770,79 1,54 1,38 0,16

C7+ in test1

C0a+ control1 1,54 1,42 0,12

C0b+ control1 1,50 1,40 0,1

C1+ in test
1 75272,73 1,44 1,44 0

C2+ in test
1 30109,09 1,51 1,40 0,11

C3+ in test
1 12043,64 1,52 1,38 0,14

C4+ in test
1 4817,45 1,49 1,41 0,08

C5+ in test
1 1926,98 1,49 1,39 0,1

C6+ in test1 770,79 1,50 1,40 0,1

C7+ in test1
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Dimethyl sulfoxide: Lab_5_1 (continued) 

 

 

 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,518 1,007 0,512 0,019 0,000 6 0,398 0,034 0% 9% 26%

mean C1 75272,73 1,430 1,347 0,083 0,021 0,0004 3 0,097 0,024 76% 6% 7%

mean C2 30109,09 1,467 1,153 0,313 0,031 0,0009 3 0,233 0,040 41% 10% 16%

mean C3 12043,64 1,500 1,107 0,393 0,025 0,0006 3 0,287 0,040 28% 10% 19%

mean C4 4817,45 1,503 1,080 0,423 0,071 0,0050 3 0,320 0,074 20% 19% 21%

mean C5 1926,98 1,523 1,043 0,480 0,036 0,0013 3 0,383 0,037 4% 9% 25%

mean C6 770,790 1,480 0,983 0,497 0,049 0,0024 3 0,383 0,065 4% 16% 26%

mean C7 #NV 0%

mean C0b+ 0
1 1,518 1,405 0,113 0,0280 0,0008 6 7%

mean C1+
1 75272,73 1,437 1,450 -0,013 0,012 0,0001333 3 -1%

mean C2+
1 30109,09 1,487 1,407 0,080 0,026 0,0007 3 5%

mean C3+
1 12043,64 1,503 1,397 0,107 0,031 0,0009333 3 7%

mean C4+
1 4817,45 1,510 1,407 0,103 0,021 0,0004333 3 7%

mean C5+
1 1926,98 1,503 1,407 0,097 0,006 3,333E-05 3 6%

mean C6+1 770,79 1,513 1,400 0,113 0,042 0,001733333 3 7%

mean C7+1 #NV

1
) including Digitonin 
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Dimethyl sulfoxide: laboratory 5. test run 2 (Lab_5_2) 

  
AS sampling date 07-Aug-12 Code defaunated1 Code

dry weight 4,4 g/L control C0a control C0a+

control C0b control C0b+

test date 09-Aug-12 highest conc. C1 highest conc. C1+

test substance dimethyl sulfoxide . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,45 1,06 0,39

C0b control 1,45 1,09 0,36

C1 in test 75272,73 1,43 1,41 0,02

C2 in test 30109,09 1,41 1,26 0,15

C3 in test 12043,64 1,39 1,21 0,18

C4 in test 4817,45 1,35 1,10 0,25

C5 in test 1926,98 1,47 1,15 0,32  

C6 in test 770,790 1,40 1,10 0,3

C7 in test

C0a control 1,46 1,09 0,37

C0b control 1,42 1,06 0,36

C1 in test 75272,73 1,48 1,44 0,04

C2 in test 30109,09 1,42 1,25 0,17

C3 in test 12043,64 1,41 1,24 0,17

C4 in test 4817,45 1,47 1,15 0,32

C5 in test 1926,98 1,44 1,13 0,31

C6 in test 770,79 1,46 1,13 0,33

C7 in test

C0a control 1,46 1,10 0,36

C0b control 1,47 1,10 0,37

C1 in test 75272,73 1,44 1,42 0,02

C2 in test 30109,09 1,44 1,25 0,19

C3 in test 12043,64 1,45 1,23 0,22

C4 in test 4817,45 1,42 1,16 0,26

C5 in test 1926,98 1,39 1,08 0,31
C6 in test 770,79 1,46 1,07 0,39

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,52 1,38 0,14

C0b+ control1 1,55 1,42 0,13  

C1+ in test
1 75272,73 1,37 1,41 -0,04

C2+ in test
1 30109,09 1,44 1,34 0,1

C3+ in test
1 12043,64 1,46 1,36 0,1

C4+ in test
1 4817,45 1,45 1,35 0,1

C5+ in test
1 1926,98 1,47 1,35 0,12

C6+ in test1 770,79 1,47 1,35 0,12

C7+ in test1

C0a+ control1 1,52 1,4 0,12

C0b+ control1 1,5 1,39 0,11

C1+ in test
1 75272,73 1,42 1,43 -0,01

C2+ in test
1 30109,09 1,43 1,36 0,07

C3+ in test
1 12043,64 1,46 1,35 0,11

C4+ in test
1 4817,45 1,47 1,35 0,12

C5+ in test
1 1926,98 1,53 1,42 0,11

C6+ in test1 770,79 1,50 1,35 0,15

C7+ in test1

C0a+ control1 1,54 1,38 0,16

C0b+ control1 1,50 1,40 0,1

C1+ in test
1 75272,73 1,35 1,44 -0,09

C2+ in test
1 30109,09 1,44 1,36 0,08

C3+ in test
1 12043,64 1,45 1,33 0,12

C4+ in test
1 4817,45 1,50 1,37 0,13

C5+ in test
1 1926,98 1,45 1,36 0,09

C6+ in test1 770,79 1,52 1,38 0,14

C7+ in test1
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3 Dimethyl sulfoxide: Lab_5_2 (continued) 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,452 1,083 0,368 0,012 0,000 6 0,242 0,025 0% 10% 17%

mean C1 75272,73 1,450 1,423 0,027 0,012 0,0001 3 0,073 0,042 70% 17% 5%

mean C2 30109,09 1,423 1,253 0,170 0,020 0,0004 3 0,087 0,025 64% 10% 6%

mean C3 12043,64 1,417 1,227 0,190 0,026 0,0007 3 0,080 0,028 67% 12% 6%

mean C4 4817,45 1,413 1,137 0,277 0,038 0,0014 3 0,160 0,041 34% 17% 11%

mean C5 1926,98 1,433 1,120 0,313 0,006 0,0000 3 0,207 0,016 14% 7% 14%

mean C6 770,790 1,440 1,100 0,340 0,046 0,0021 3 0,203 0,048 16% 20% 14%

mean C7 #NV 0%

mean C0b+ 0
1 1,522 1,395 0,127 0,0216 0,0005 6 8%

mean C1+
1 75272,73 1,380 1,427 -0,047 0,040 0,0016333 3 -3%

mean C2+
1 30109,09 1,437 1,353 0,083 0,015 0,0002333 3 6%

mean C3+
1 12043,64 1,457 1,347 0,110 0,010 0,0001 3 8%

mean C4+
1 4817,45 1,473 1,357 0,117 0,015 0,0002333 3 8%

mean C5+
1 1926,98 1,483 1,377 0,107 0,015 0,0002333 3 7%

mean C6+1 770,79 1,497 1,360 0,137 0,015 0,000233333 3 9%

mean C7+1 #NV

1
) including Digitonin 
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hexachlorophene: laboratory 1. test run 1 (Lab_1_1) 

  
AS sampling date 11-Apr-13 Code defaunated1 Code

dry weight 3,1 g/L control C0a control C0a+

control C0b control C0b+

test date 12-Apr-13 highest conc. C1 highest conc. C1+

test substance hexachlorophen . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,40 0,78 0,62

C0b control 1,38 0,52 0,86

C1 in test 9,86 1,50 1,35 0,15

C2 in test 3,29 1,48 1,26 0,22

C3 in test 1,10 1,40 0,97 0,43

C4 in test 0,37 1,38 0,61 0,77

C5 in test 0,12 1,39 0,61 0,78  

C6 in test

C7 in test

C0a control 1,37 0,46 0,91

C0b control 1,42 0,55 0,87

C1 in test 9,86 1,53 1,36 0,17

C2 in test 3,29 1,48 1,25 0,23

C3 in test 1,10 1,4 0,99 0,41

C4 in test 0,37 1,39 0,59 0,8

C5 in test 0,12 1,36 0,49 0,87

C6 in test

C7 in test

C0a control 1,35 0,51 0,84

C0b control 1,37 0,57 0,8

C1 in test 9,86 1,54 1,35 0,19

C2 in test 3,29 1,47 1,28 0,19

C3 in test 1,10 1,49 1,03 0,46

C4 in test 0,37 1,40 0,59 0,81

C5 in test 0,12 1,39 0,54 0,85
C6 in test

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,49 1,25 0,24

C0b+ control1 1,52 1,28 0,24  

C1+ in test
1 9,86 1,53 1,43 0,1

C2+ in test
1 3,29 1,54 1,35 0,19

C3+ in test
1 1,1 1,43 1,36 0,07

C4+ in test
1 0,37 1,51 1,27 0,24

C5+ in test
1 0,12 1,48 1,29 0,19

C6+ in test1

C7+ in test1

C0a+ control1 1,49 1,24 0,25

C0b+ control1 1,47 1,3 0,17

C1+ in test
1 9,86 1,54 1,44 0,1

C2+ in test
1 3,29 1,51 1,37 0,14

C3+ in test
1 1,1 1,49 1,37 0,12

C4+ in test
1 0,37 1,49 1,26 0,23

C5+ in test
1 0,12 1,5 1,31 0,19

C6+ in test1

C7+ in test1

C0a+ control1 1,52 1,36 0,16

C0b+ control1 1,51 1,38 0,13

C1+ in test
1 9,86 1,47 1,47 0

C2+ in test
1 3,29 1,51 1,40 0,11

C3+ in test
1 1,1 1,53 1,39 0,14

C4+ in test
1 0,37 1,51 1,34 0,17

C5+ in test
1 0,12 1,52 1,34 0,18

C6+ in test1

C7+ in test1
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hexachlorophene: Lab_1_1 (continued) 

 

 
Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,382 0,565 0,817 0,103 0,011 6 0,618 0,115 0% 19% 45%

mean C1 9,86 1,523 1,353 0,170 0,020 0,0004 3 0,103 0,061 83% 10% 7%

mean C2 3,29 1,477 1,263 0,213 0,021 0,0004 3 0,067 0,045 89% 7% 5%

mean C3 1,10 1,430 0,997 0,433 0,025 0,0006 3 0,323 0,044 48% 7% 23%

mean C4 0,37 1,390 0,597 0,793 0,021 0,0004 3 0,580 0,043 6% 7% 42%

mean C5 0,12 1,380 0,547 0,833 0,047 0,0022 3 0,647 0,048 -5% 8% 47%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,500 1,302 0,198 0,0512 0,0026 6 13%

mean C1+
1 9,86 1,513 1,447 0,067 0,058 0,0033333 3 4%

mean C2+
1 3,29 1,520 1,373 0,147 0,040 0,0016333 3 10%

mean C3+
1 1,10 1,483 1,373 0,110 0,036 0,0013 3 7%

mean C4+
1 0,37 1,503 1,290 0,213 0,038 0,0014333 3 14%

mean C5+
1 0,12 1,500 1,313 0,187 0,006 3,333E-05 3 12%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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hexachlorophene: laboratory 2. test run 1 (Lab_2_1) 

 

  
AS sampling date 14-Jan-13 Code defaunated1 Code

dry weight 3,72 g/L control C0a control C0a+

control C0b control C0b+

test date 16-Jan-13 highest conc. C1 highest conc. C1+

test substance Hexachlorophen . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,31 0,58 0,73

C0b control 1,36 0,67 0,69

C1 in test 10,67 1,54 1,54 0

C2 in test 3,56 1,50 1,41 0,09

C3 in test 1,19 1,41 1,11 0,3

C4 in test 0,40 1,35 0,85 0,5

C5 in test 0,13 1,36 0,80 0,56  

C6 in test

C7 in test

C0a control 1,34 0,65 0,69

C0b control 1,38 0,67 0,71

C1 in test 10,67 1,5 1,52 -0,02

C2 in test 3,56 1,46 1,41 0,05

C3 in test 1,19 1,43 1,06 0,37

C4 in test 0,40 1,4 0,83 0,57

C5 in test 0,13 1,37 0,7 0,67

C6 in test

C7 in test

C0a control 1,40 0,75 0,65

C0b control 1,34 0,64 0,7

C1 in test 10,67 1,56 1,55 0,01

C2 in test 3,56 1,45 1,43 0,02

C3 in test 1,19 1,44 1,13 0,31

C4 in test 0,40 1,41 0,84 0,57

C5 in test 0,13 1,37 0,71 0,66
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,50 1,37 0,13

C0b+ control1 1,53 1,42 0,11  

C1+ in test
1 10,67 1,56 1,62 -0,06

C2+ in test
1 3,56 1,5 1,52 -0,02

C3+ in test
1 1,19 1,53 1,44 0,09

C4+ in test
1 0,40 1,49 1,42 0,07

C5+ in test
1 0,13 1,53 1,44 0,09

C6+ in test1

C7+ in test1

C0a+ control1 1,51 1,42 0,09

C0b+ control1 1,49 1,43 0,06

C1+ in test
1 10,67 1,6 1,63 -0,03

C2+ in test
1 3,56 1,53 1,53 0

C3+ in test
1 1,19 1,54 1,45 0,09

C4+ in test
1 0,4 1,54 1,43 0,11

C5+ in test
1 0,13 1,49 1,39 0,1

C6+ in test1

C7+ in test1

C0a+ control1 1,50 1,38 0,12

C0b+ control1 1,48 1,40 0,08

C1+ in test
1 10,67 1,61 1,65 -0,04

C2+ in test
1 3,56 1,58 1,54 0,04

C3+ in test
1 1,19 1,55 1,48 0,07

C4+ in test
1 0,40 1,49 1,43 0,06

C5+ in test
1 0,13 1,50 1,40 0,1

C6+ in test1

C7+ in test1
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hexachlorophene: Lab_2_1 (continued) 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,355 0,660 0,695 0,027 0,001 6 0,597 0,038 0% 6% 44%

mean C1 10,67 1,533 1,537 -0,003 0,015 0,0002 3 0,040 0,022 93% 4% 3%

mean C2 3,56 1,470 1,417 0,053 0,035 0,0012 3 0,047 0,047 92% 8% 3%

mean C3 1,19 1,427 1,100 0,327 0,038 0,0014 3 0,243 0,040 59% 7% 17%

mean C4 0,40 1,387 0,840 0,547 0,040 0,0016 3 0,467 0,048 22% 8% 34%

mean C5 0,13 1,367 0,737 0,630 0,061 0,0037 3 0,533 0,061 11% 10% 39%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,502 1,403 0,098 0,0264 0,0007 6 7%

mean C1+
1 10,67 1,590 1,633 -0,043 0,015 0,0002333 3 -3%

mean C2+
1 3,56 1,537 1,530 0,007 0,031 0,0009333 3 0%

mean C3+
1 1,19 1,540 1,457 0,083 0,012 0,0001333 3 5%

mean C4+
1 0,40 1,507 1,427 0,080 0,026 0,0007 3 5%

mean C5+
1 0,13 1,507 1,410 0,097 0,006 3,333E-05 3 6%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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hexachlorophene: laboratory 3. test run 1 (Lab_3_1) 

  
AS sampling date 19-Feb-13 Code defaunated1 Code

dry weight 5,29 g/L control C0a control C0a+

control C0b control C0b+

test date 19-Feb-13 highest conc. C1 highest conc. C1+

test substance hexachlorophen . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,51 0,53 0,98

C0b control 1,49 0,56 0,93

C1 in test 11,86 1,62 1,54 0,08

C2 in test 5,93 1,59 1,47 0,12

C3 in test 2,97 1,55 1,30 0,25

C4 in test 1,48 1,56 1,11 0,45

C5 in test 0,74 1,49 0,76 0,73  

C6 in test

C7 in test

C0a control 1,51 0,62 0,89

C0b control 1,43 0,56 0,87

C1 in test 11,86 1,63 1,56 0,07

C2 in test 5,93 1,55 1,44 0,11

C3 in test 2,97 1,54 1,31 0,23

C4 in test 1,48 1,5 1,08 0,42

C5 in test 0,74 1,37 0,6 0,77

C6 in test

C7 in test

C0a control 1,49 0,53 0,96

C0b control 1,31 0,48 0,83

C1 in test 11,86 1,64 1,58 0,06

C2 in test 5,93 1,50 1,42 0,08

C3 in test 2,97 1,51 1,29 0,22

C4 in test 1,48 1,48 1,06 0,42

C5 in test 0,74 1,43 0,73 0,7
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,52 1,41 0,11

C0b+ control1 1,57 1,47 0,1  

C1+ in test
1 11,86 1,68 1,65 0,03

C2+ in test
1 5,93 1,66 1,59 0,07

C3+ in test
1 2,97 1,62 1,51 0,11

C4+ in test
1 1,48 1,52 1,42 0,1

C5+ in test
1 0,74 1,57 1,44 0,13

C6+ in test1

C7+ in test1

C0a+ control1 1,42 1,31 0,11

C0b+ control1 1,34 1,28 0,06

C1+ in test
1 11,86 1,46 1,4 0,06

C2+ in test
1 5,93 1,43 1,39 0,04

C3+ in test
1 2,97 1,46 1,39 0,07

C4+ in test
1 1,48 1,43 1,34 0,09

C5+ in test
1 0,74 1,39 1,3 0,09

C6+ in test1

C7+ in test1

C0a+ control1 1,37 1,32 0,05

C0b+ control1 1,39 1,30 0,09

C1+ in test
1 11,86 1,52 1,50 0,02

C2+ in test
1 5,93 1,49 1,43 0,06

C3+ in test
1 2,97 1,42 1,37 0,05

C4+ in test
1 1,48 1,39 1,29 0,1

C5+ in test
1 0,74 1,35 1,27 0,08

C6+ in test1

C7+ in test1
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hexachlorophene: Lab_3_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,457 0,547 0,910 0,057 0,003 6 0,823 0,063 0% 8% 57%

mean C1 11,86 1,630 1,560 0,070 0,010 0,0001 3 0,033 0,023 96% 3% 2%

mean C2 5,93 1,547 1,443 0,103 0,021 0,0004 3 0,047 0,026 94% 3% 3%

mean C3 2,97 1,533 1,300 0,233 0,015 0,0002 3 0,157 0,034 81% 4% 10%

mean C4 1,48 1,513 1,083 0,430 0,017 0,0003 3 0,333 0,018 60% 2% 22%

mean C5 0,74 1,430 0,697 0,733 0,035 0,0012 3 0,633 0,044 23% 5% 44%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,435 1,348 0,087 0,0258 0,0007 6 6%

mean C1+
1 11,86 1,553 1,517 0,037 0,021 0,0004333 3 2%

mean C2+
1 5,93 1,527 1,470 0,057 0,015 0,0002333 3 4%

mean C3+
1 2,97 1,500 1,423 0,077 0,031 0,0009333 3 5%

mean C4+
1 1,48 1,447 1,350 0,097 0,006 3,333E-05 3 7%

mean C5+
1 0,74 1,437 1,337 0,100 0,026 0,0007 3 7%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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hexachlorophene: laboratory 4. test run 1 (Lab_4_1) 

  AS sampling date 31-Aug-12 Code defaunated1 Code

dry weight 3,5 g/L control C0a control C0a+

control C0b control C0b+

test date 02-Sep-12 highest conc. C1 highest conc. C1+

test substance hexachlorophen . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,39 0,65 0,74

C0b control 1,41 0,69 0,72

C1 in test 10,41 1,41 1,37 0,04

C2 in test 3,47 1,38 1,29 0,09

C3 in test 1,16 1,40 1,06 0,34

C4 in test 0,39 1,41 0,81 0,6

C5 in test 0,13 1,37 0,61 0,76  

C6 in test

C7 in test

C0a control 1,42 0,69 0,73

C0b control 1,41 0,67 0,74

C1 in test 10,41 1,36 1,31 0,05

C2 in test 3,47 1,38 1,25 0,13

C3 in test 1,16 1,41 0,96 0,45

C4 in test 0,39 1,38 0,71 0,67

C5 in test 0,13 1,41 0,66 0,75

C6 in test

C7 in test

C0a control 1,37 0,64 0,73

C0b control 1,38 0,66 0,72

C1 in test 10,41 1,39 1,38 0,01

C2 in test 3,47 1,40 1,23 0,17

C3 in test 1,16 1,38 0,94 0,44

C4 in test 0,39 1,37 0,72 0,65

C5 in test 0,13 1,36 0,65 0,71
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,39 1,25 0,14

C0b+ control1 1,38 1,23 0,15  

C1+ in test
1 10,41 1,38 1,41 -0,03

C2+ in test
1 3,47 1,37 1,35 0,02

C3+ in test
1 1,16 1,4 1,31 0,09

C4+ in test
1 0,39 1,39 1,25 0,14

C5+ in test
1 0,13 1,37 1,21 0,16

C6+ in test1

C7+ in test1

C0a+ control1 1,39 1,23 0,16

C0b+ control1 1,41 1,26 0,15

C1+ in test
1 10,41 1,36 1,32 0,04

C2+ in test
1 3,47 1,39 1,31 0,08

C3+ in test
1 1,16 1,4 1,29 0,11

C4+ in test
1 0,39 1,36 1,21 0,15

C5+ in test
1 0,13 1,38 1,23 0,15

C6+ in test1

C7+ in test1

C0a+ control1 1,41 1,26 0,15

C0b+ control1 1,40 1,24 0,16

C1+ in test
1 10,41 1,39 1,41 -0,02

C2+ in test
1 3,47 1,40 1,36 0,04

C3+ in test
1 1,16 1,37 1,25 0,12

C4+ in test
1 0,39 1,36 1,21 0,15

C5+ in test
1 0,13 1,39 1,22 0,17

C6+ in test1

C7+ in test1
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hexachlorophene: Lab_4_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,397 0,667 0,730 0,009 0,000 6 0,578 0,012 0% 2% 41%

mean C1 10,41 1,387 1,353 0,033 0,021 0,0004 3 0,037 0,043 94% 7% 3%

mean C2 3,47 1,387 1,257 0,130 0,040 0,0016 3 0,083 0,050 86% 9% 6%

mean C3 1,16 1,397 0,987 0,410 0,061 0,0037 3 0,303 0,063 48% 11% 22%

mean C4 0,39 1,387 0,747 0,640 0,036 0,0013 3 0,493 0,037 15% 6% 36%

mean C5 0,13 1,380 0,640 0,740 0,026 0,0007 3 0,580 0,028 0% 5% 42%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,397 1,245 0,152 0,0075 0,0001 6 11%

mean C1+
1 10,41 1,377 1,380 -0,003 0,038 0,0014333 3 0%

mean C2+
1 3,47 1,387 1,340 0,047 0,031 0,0009333 3 3%

mean C3+
1 1,16 1,390 1,283 0,107 0,015 0,0002333 3 8%

mean C4+
1 0,39 1,370 1,223 0,147 0,006 3,333E-05 3 11%

mean C5+
1 0,13 1,380 1,220 0,160 0,010 0,0001 3 12%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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hexachlorophene: laboratory 5. test run 1 (Lab_5_1) 

  AS sampling date 31-Jul-12 Code defaunated1 Code

dry weight 4,8 g/L control C0a control C0a+

control C0b control C0b+

test date 01-Aug-12 highest conc. C1 highest conc. C1+

test substance Hexachlorophen . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,43 1,10 0,33

C0b control 1,45 1,12 0,33

C1 in test 11,58 1,46 1,63 -0,17

C2 in test 3,86 1,46 1,44 0,02

C3 in test 1,29 1,45 1,32 0,13

C4 in test 0,43 1,46 1,12 0,34

C5 in test 0,14 1,46 1,08 0,38  

C6 in test 0,050 1,44 1,05 0,39

C7 in test

C0a control 1,45 1,09 0,36

C0b control 1,46 1,06 0,4

C1 in test 11,58 1,49 1,59 -0,1

C2 in test 3,86 1,41 1,42 -0,01

C3 in test 1,29 1,39 1,3 0,09

C4 in test 0,43 1,33 1,03 0,3

C5 in test 0,14 1,33 1,06 0,27

C6 in test 0,05 1,39 1,07 0,32

C7 in test

C0a control 1,42 1,07 0,35

C0b control 1,43 1,03 0,4

C1 in test 11,58 1,48 1,61 -0,13

C2 in test 3,86 1,44 1,54 -0,1

C3 in test 1,29 1,44 1,31 0,13

C4 in test 0,43 1,42 1,08 0,34

C5 in test 0,14 1,45 1,06 0,39
C6 in test 0,05 1,43 1,13 0,3

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,49 1,35 0,14

C0b+ control1 1,48 1,36 0,12  

C1+ in test
1 11,58 1,49 1,56 -0,07

C2+ in test
1 3,86 1,47 1,41 0,06

C3+ in test
1 1,29 1,44 1,37 0,07

C4+ in test
1 0,43 1,43 1,38 0,05

C5+ in test
1 0,14 1,45 1,34 0,11

C6+ in test1 0,05 1,45 1,33 0,12

C7+ in test1

C0a+ control1 1,44 1,34 0,1

C0b+ control1 1,42 1,32 0,1

C1+ in test
1 11,58 1,49 1,55 -0,06

C2+ in test
1 3,86 1,47 1,5 -0,03

C3+ in test
1 1,29 1,46 1,36 0,1

C4+ in test
1 0,43 1,43 1,33 0,1

C5+ in test
1 0,14 1,44 1,38 0,06

C6+ in test1 0,05 1,40 1,28 0,12

C7+ in test1

C0a+ control1 1,44 1,36 0,08

C0b+ control1 1,43 1,33 0,1

C1+ in test
1 11,58 1,47 1,53 -0,06

C2+ in test
1 3,86 1,48 1,40 0,08

C3+ in test
1 1,29 1,44 1,40 0,04

C4+ in test
1 0,43 1,42 1,36 0,06

C5+ in test
1 0,14 1,45 1,32 0,13

C6+ in test1 0,05 1,48 1,34 0,14

C7+ in test1
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hexachlorophene: Lab_5_1 (continued) 

 

 

 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,440 1,078 0,362 0,032 0,001 6 0,255 0,038 0% 15% 18%

mean C1 11,58 1,477 1,610 -0,133 0,035 0,0012 3 -0,070 0,036 127% 14% -5%

mean C2 3,86 1,437 1,467 -0,030 0,062 0,0039 3 -0,067 0,086 126% 34% -5%

mean C3 1,29 1,427 1,310 0,117 0,023 0,0005 3 0,047 0,038 82% 15% 3%

mean C4 0,43 1,403 1,077 0,327 0,023 0,0005 3 0,257 0,035 -1% 14% 18%

mean C5 0,14 1,413 1,067 0,347 0,067 0,0044 3 0,247 0,076 3% 30% 17%

mean C6 0,050 1,420 1,083 0,337 0,047 0,0022 3 0,210 0,049 18% 19% 15%

mean C7 #NV 0%

mean C0b+ 0
1 1,450 1,343 0,107 0,0207 0,0004 6 7%

mean C1+
1 11,58 1,483 1,547 -0,063 0,006 3,333E-05 3 -4%

mean C2+
1 3,86 1,473 1,437 0,037 0,059 0,0034333 3 2%

mean C3+
1 1,29 1,447 1,377 0,070 0,030 0,0009 3 5%

mean C4+
1 0,43 1,427 1,357 0,070 0,026 0,0007 3 5%

mean C5+
1 0,14 1,447 1,347 0,100 0,036 0,0013 3 7%

mean C6+1 0,05 1,443 1,317 0,127 0,012 0,000133333 3 9%

mean C7+1 #NV

1
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hexachlorophene: laboratory 5. test run 2 (Lab_5_2) 

  AS sampling date 04-Sep-12 Code defaunated1 Code

dry weight 3,6 g/L control C0a control C0a+

control C0b control C0b+

test date 06-Sep-12 highest conc. C1 highest conc. C1+

test substance hexachlorophen . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,47 0,94 0,53

C0b control 1,40 0,91 0,49

C1 in test 10,53 1,48 1,52 -0,04

C2 in test 3,51 1,47 1,38 0,09

C3 in test 1,17 1,46 1,20 0,26

C4 in test 0,39 1,46 1,04 0,42

C5 in test 0,13 1,48 0,96 0,52  

C6 in test 0,040 1,54 0,96 0,58

C7 in test

C0a control 1,41 0,98 0,43

C0b control 1,41 0,94 0,47

C1 in test 10,53 1,56 1,53 0,03

C2 in test 3,51 1,5 1,38 0,12

C3 in test 1,17 1,48 1,18 0,3

C4 in test 0,39 1,47 1,02 0,45

C5 in test 0,13 1,53 0,9 0,63

C6 in test 0,04 1,42 0,92 0,5

C7 in test

C0a control 1,42 0,98 0,44

C0b control 1,41 0,99 0,42

C1 in test 10,53 1,55 1,56 -0,01

C2 in test 3,51 1,53 1,38 0,15

C3 in test 1,17 1,47 1,16 0,31

C4 in test 0,39 1,45 0,95 0,5

C5 in test 0,13 1,47 0,89 0,58
C6 in test 0,04 1,44 0,86 0,58

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,51 1,42 0,09

C0b+ control1 1,50 1,42 0,08  

C1+ in test
1 10,53 1,58 1,54 0,04

C2+ in test
1 3,51 1,52 1,48 0,04

C3+ in test
1 1,17 1,51 1,42 0,09

C4+ in test
1 0,39 1,53 1,42 0,11

C5+ in test
1 0,13 1,49 1,41 0,08

C6+ in test1 0,04 1,51 1,41 0,1

C7+ in test1

C0a+ control1 1,49 1,4 0,09

C0b+ control1 1,47 1,42 0,05

C1+ in test
1 10,53 1,58 1,55 0,03

C2+ in test
1 3,51 1,52 1,44 0,08

C3+ in test
1 1,17 1,5 1,42 0,08

C4+ in test
1 0,39 1,56 1,49 0,07

C5+ in test
1 0,13 1,5 1,42 0,08

C6+ in test1 0,04 1,50 1,39 0,11

C7+ in test1

C0a+ control1 1,49 1,38 0,11

C0b+ control1 1,48 1,40 0,08

C1+ in test
1 10,53 1,55 1,56 -0,01

C2+ in test
1 3,51 1,51 1,47 0,04

C3+ in test
1 1,17 1,52 1,43 0,09

C4+ in test
1 0,39 1,50 1,41 0,09

C5+ in test
1 0,13 1,50 1,41 0,09

C6+ in test1 0,04 1,52 1,40 0,12

C7+ in test1
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hexachlorophene: Lab_5_2 (continued) 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,420 0,957 0,463 0,042 0,002 6 0,380 0,046 0% 12% 27%

mean C1 10,53 1,530 1,537 -0,007 0,035 0,0012 3 -0,027 0,044 107% 12% -2%

mean C2 3,51 1,500 1,380 0,120 0,030 0,0009 3 0,067 0,038 82% 10% 4%

mean C3 1,17 1,470 1,180 0,290 0,026 0,0007 3 0,203 0,027 46% 7% 14%

mean C4 0,39 1,460 1,003 0,457 0,040 0,0016 3 0,367 0,045 4% 12% 25%

mean C5 0,13 1,493 0,917 0,577 0,055 0,0030 3 0,493 0,055 -30% 15% 33%

mean C6 0,040 1,467 0,913 0,553 0,046 0,0021 3 0,443 0,047 -17% 12% 30%

mean C7 #NV 0%

mean C0b+ 0
1 1,490 1,407 0,083 0,0197 0,0004 6 6%

mean C1+
1 10,53 1,570 1,550 0,020 0,026 0,0007 3 1%

mean C2+
1 3,51 1,517 1,463 0,053 0,023 0,0005333 3 4%

mean C3+
1 1,17 1,510 1,423 0,087 0,006 3,333E-05 3 6%

mean C4+
1 0,39 1,530 1,440 0,090 0,020 0,0004 3 6%

mean C5+
1 0,13 1,497 1,413 0,083 0,006 3,333E-05 3 6%

mean C6+1 0,04 1,510 1,400 0,110 0,010 0,0001 3 7%

mean C7+1 #NV
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phenyl ether: laboratory 1. test run 1 (Lab_1_1) 

  AS sampling date 10-Apr-13 Code defaunated1 Code

dry weight 3,155 g/L control C0a control C0a+

control C0b control C0b+

test date 11-Apr-13 highest conc. C1 highest conc. C1+

test substance phenyl ether . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,26 0,45 0,81

C0b control 1,25 0,47 0,78

C1 in test 66,30 1,47 1,47 0

C2 in test 22,10 1,38 1,09 0,29

C3 in test 7,37 1,34 0,70 0,64

C4 in test 2,46 1,30 0,54 0,76

C5 in test 0,82 1,25 0,44 0,81  

C6 in test

C7 in test

C0a control 1,46 0,47 0,99

C0b control 1,26 0,45 0,81

C1 in test 66,30 1,44 1,43 0,01

C2 in test 22,10 1,34 1,01 0,33

C3 in test 7,37 1,45 0,65 0,8

C4 in test 2,46 1,31 0,5 0,81

C5 in test 0,82 1,27 0,45 0,82

C6 in test

C7 in test

C0a control 1,32 0,47 0,85

C0b control 1,27 0,45 0,82

C1 in test 66,30 1,51 1,50 0,01

C2 in test 22,10 1,36 0,97 0,39

C3 in test 7,37 1,31 0,64 0,67

C4 in test 2,46 1,31 0,52 0,79

C5 in test 0,82 1,29 0,45 0,84
C6 in test

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,52 1,46 0,06

C0b+ control1 1,47 1,39 0,08  

C1+ in test
1 66,30 1,55 1,54 0,01

C2+ in test
1 22,1 1,48 1,41 0,07

C3+ in test
1 7,37 1,54 1,43 0,11

C4+ in test
1 2,46 1,51 1,43 0,08

C5+ in test
1 0,82 1,49 1,4 0,09

C6+ in test1

C7+ in test1

C0a+ control1 1,51 1,33 0,18

C0b+ control1 1,61 1,46 0,15

C1+ in test
1 66,30 1,55 1,55 0

C2+ in test
1 22,1 1,5 1,42 0,08

C3+ in test
1 7,37 1,48 1,41 0,07

C4+ in test
1 2,46 1,46 1,36 0,1

C5+ in test
1 0,82 1,49 1,34 0,15

C6+ in test1

C7+ in test1

C0a+ control1 1,49 1,41 0,08

C0b+ control1 1,59 1,47 0,12

C1+ in test
1 66,30 1,51 1,49 0,02

C2+ in test
1 22,1 1,49 1,43 0,06

C3+ in test
1 7,37 1,48 1,43 0,05

C4+ in test
1 2,46 1,51 1,41 0,1

C5+ in test
1 0,82 1,49 1,41 0,08

C6+ in test1

C7+ in test1
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phenyl ether: Lab_1_1 (continued) 

 

 
Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,303 0,460 0,843 0,075 0,006 6 0,732 0,089 0% 12% 56%

mean C1 66,30 1,473 1,467 0,007 0,006 0,0000 3 -0,003 0,012 100% 2% 0%

mean C2 22,10 1,360 1,023 0,337 0,050 0,0025 3 0,267 0,051 64% 7% 20%

mean C3 7,37 1,367 0,663 0,703 0,085 0,0072 3 0,627 0,090 14% 12% 46%

mean C4 2,46 1,307 0,520 0,787 0,025 0,0006 3 0,693 0,028 5% 4% 53%

mean C5 0,82 1,270 0,447 0,823 0,015 0,0002 3 0,717 0,041 2% 6% 56%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,532 1,420 0,112 0,0467 0,0022 6 7%

mean C1+
1 66,30 1,537 1,527 0,010 0,010 0,0001 3 1%

mean C2+
1 22,10 1,490 1,420 0,070 0,010 0,0001 3 5%

mean C3+
1 7,37 1,500 1,423 0,077 0,031 0,0009333 3 5%

mean C4+
1 2,46 1,493 1,400 0,093 0,012 0,0001333 3 6%

mean C5+
1 0,82 1,490 1,383 0,107 0,038 0,0014333 3 7%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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phenyl ether: laboratory 2. test run 1 (Lab_2_1) 

 

  
AS sampling date 18-Jan-13 Code defaunated1 Code

dry weight 2,09 g/L control C0a control C0a+

control C0b control C0b+

test date 16-Jan-13 highest conc. C1 highest conc. C1+

test substance Phenylether . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,29 0,66 0,63

C0b control 1,35 0,68 0,67

C1 in test 50,15 1,52 1,56 -0,04

C2 in test 16,72 1,40 1,15 0,25

C3 in test 5,57 1,35 0,78 0,57

C4 in test 1,86 1,33 0,74 0,59

C5 in test 0,62 1,33 0,69 0,64  

C6 in test

C7 in test

C0a control 1,31 0,66 0,65

C0b control 1,34 0,66 0,68

C1 in test 50,15 1,46 1,52 -0,06

C2 in test 16,72 1,36 0,96 0,4

C3 in test 5,57 1,36 0,76 0,6

C4 in test 1,86 1,33 0,7 0,63

C5 in test 0,62 1,36 0,77 0,59

C6 in test

C7 in test

C0a control 1,38 0,74 0,64

C0b control 1,30 0,66 0,64

C1 in test 50,15 1,48 1,53 -0,05

C2 in test 16,72 1,38 1,06 0,32

C3 in test 5,57 1,34 0,75 0,59

C4 in test 1,86 1,36 0,75 0,61

C5 in test 0,62 1,34 0,72 0,62
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,47 1,36 0,11

C0b+ control1 1,45 1,36 0,09  

C1+ in test
1 50,15 1,5 1,55 -0,05

C2+ in test
1 16,72 1,5 1,42 0,08

C3+ in test
1 5,57 1,46 1,37 0,09

C4+ in test
1 1,86 1,47 1,37 0,1

C5+ in test
1 0,62 1,52 1,41 0,11

C6+ in test1

C7+ in test1

C0a+ control1 1,45 1,36 0,09

C0b+ control1 1,47 1,38 0,09

C1+ in test
1 50,15 1,53 1,55 -0,02

C2+ in test
1 16,72 1,49 1,4 0,09

C3+ in test
1 5,57 1,46 1,34 0,12

C4+ in test
1 1,86 1,45 1,39 0,06

C5+ in test
1 0,62 1,46 1,36 0,1

C6+ in test1

C7+ in test1

C0a+ control1 1,51 1,39 0,12

C0b+ control1 1,45 1,36 0,09

C1+ in test
1 50,15 1,45 1,49 -0,04

C2+ in test
1 16,72 1,49 1,40 0,09

C3+ in test
1 5,57 1,46 1,38 0,08

C4+ in test
1 1,86 1,49 1,38 0,11

C5+ in test
1 0,62 1,46 1,35 0,11

C6+ in test1

C7+ in test1
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phenyl ether: Lab_2_1 (continued) 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,328 0,677 0,652 0,019 0,000 6 0,553 0,024 0% 4% 42%

mean C1 50,15 1,487 1,537 -0,050 0,010 0,0001 3 -0,013 0,018 102% 3% -1%

mean C2 16,72 1,380 1,057 0,323 0,075 0,0056 3 0,237 0,075 57% 14% 17%

mean C3 5,57 1,350 0,763 0,587 0,015 0,0002 3 0,490 0,026 11% 5% 36%

mean C4 1,86 1,340 0,730 0,610 0,020 0,0004 3 0,520 0,033 6% 6% 39%

mean C5 0,62 1,343 0,727 0,617 0,025 0,0006 3 0,510 0,026 8% 5% 38%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,467 1,368 0,098 0,0133 0,0002 6 7%

mean C1+
1 50,15 1,493 1,530 -0,037 0,015 0,0002333 3 -2%

mean C2+
1 16,72 1,493 1,407 0,087 0,006 3,333E-05 3 6%

mean C3+
1 5,57 1,460 1,363 0,097 0,021 0,0004333 3 7%

mean C4+
1 1,86 1,470 1,380 0,090 0,026 0,0007 3 6%

mean C5+
1 0,62 1,480 1,373 0,107 0,006 3,333E-05 3 7%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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phenyl ether: laboratory 3. test run 1 (Lab_3_1) 

  
AS sampling date 14-Feb-13 Code defaunated1 Code

dry weight 5,32 g/L control C0a control C0a+

control C0b control C0b+

test date 14-Feb-13 highest conc. C1 highest conc. C1+

test substance phenyl ether . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 2h-OD440 22h-OD440 OD

C0a control 1,09 0,22 0,87

C0b control 1,08 0,26 0,82

C1 in test 79,20 1,42 1,96 -0,54

C2 in test 39,60 1,16 0,44 0,72

C3 in test 19,80 1,21 0,47 0,74

C4 in test 9,90 1,21 0,41 0,8

C5 in test 4,95 1,11 0,29 0,82  

C6 in test

C7 in test

C0a control 1,07 0,21 0,86

C0b control 1,12 0,26 0,86

C1 in test 79,20 1,38 1,45 -0,07

C2 in test 39,60 1,3 1,21 0,09

C3 in test 19,80 1,19 0,79 0,4

C4 in test 9,90 1,09 0,49 0,6

C5 in test 4,95 1,11 0,37 0,74

C6 in test

C7 in test

C0a control 1,08 0,25 0,83

C0b control 1,17 0,31 0,86

C1 in test 79,20 1,34 1,57 -0,23

C2 in test 39,60 1,39 1,45 -0,06

C3 in test 19,80 1,24 1,12 0,12

C4 in test 9,90 0,97 0,38 0,59

C5 in test 4,95 1,30 0,56 0,74
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,73 1,58 0,15

C0b+ control1 1,25 1,04 0,21  

C1+ in test
1 79,20 1,3 1,38 -0,08

C2+ in test
1 39,6 1,46 1,44 0,02

C3+ in test
1 19,8 1,34 1,22 0,12

C4+ in test
1 9,90 1,55 1,38 0,17

C5+ in test
1 4,95 1,78 1,63 0,15

C6+ in test1

C7+ in test1

C0a+ control1 1,44 1,25 0,19

C0b+ control1 1,18 1,02 0,16

C1+ in test
1 79,20 1,45 1,51 -0,06

C2+ in test
1 39,6 1,22 1,27 -0,05

C3+ in test
1 19,8 1,19 1,09 0,1

C4+ in test
1 9,9 1,17 1,01 0,16

C5+ in test
1 4,95 1,42 1,25 0,17

C6+ in test1

C7+ in test1

C0a+ control1 1,35 1,16 0,19

C0b+ control1 1,37 1,14 0,23

C1+ in test
1 79,20 1,44 1,75 -0,31

C2+ in test
1 39,6 1,29 1,18 0,11

C3+ in test
1 19,8 1,80 1,01 0,79

C4+ in test
1 9,90 1,48 1,34 0,14

C5+ in test
1 4,95 1,38 1,22 0,16

C6+ in test1

C7+ in test1
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phenyl ether: Lab_3_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,102 0,252 0,850 0,020 0,000 6 0,662 0,036 0% 5% 60%

mean C1 79,20 1,380 1,660 -0,280 0,239 0,0571 3 -0,130 0,276 120% 42% -9%

mean C2 39,60 1,283 1,033 0,250 0,414 0,1713 3 0,223 0,422 66% 64% 17%

mean C3 19,80 1,213 0,793 0,420 0,310 0,0964 3 0,083 0,501 87% 76% 7%

mean C4 9,90 1,090 0,427 0,663 0,118 0,0140 3 0,507 0,119 23% 18% 46%

mean C5 4,95 1,173 0,407 0,767 0,046 0,0021 3 0,607 0,047 8% 7% 52%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,387 1,198 0,188 0,0299 0,0009 6 14%

mean C1+
1 79,20 1,397 1,547 -0,150 0,139 0,0193 3 -11%

mean C2+
1 39,60 1,323 1,297 0,027 0,080 0,0064333 3 2%

mean C3+
1 19,80 1,443 1,107 0,337 0,393 0,1542333 3 23%

mean C4+
1 9,90 1,400 1,243 0,157 0,015 0,0002333 3 11%

mean C5+
1 4,95 1,527 1,367 0,160 0,010 1E-04 3 10%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV
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phenyl ether: laboratory 4. test run 1 (Lab_4_1) 

  
AS sampling date 23-Nov-12 Code defaunated1 Code

dry weight 4,9 g/L control C0a control C0a+

control C0b control C0b+

test date 23-Nov-12 highest conc. C1 highest conc. C1+

test substance pheny ether . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,45 0,58 0,87

C0b control 1,47 0,61 0,86

C1 in test 77,59 1,51 1,56 -0,05

C2 in test 25,86 1,49 1,38 0,11

C3 in test 8,62 1,46 1,01 0,45

C4 in test 2,87 1,47 0,75 0,72

C5 in test 0,96 1,45 0,62 0,83  

C6 in test

C7 in test

C0a control 1,49 0,65 0,84

C0b control 1,46 0,59 0,87

C1 in test 77,59 1,5 1,51 -0,01

C2 in test 25,86 1,48 1,39 0,09

C3 in test 8,62 1,46 1,09 0,37

C4 in test 2,87 1,47 0,69 0,78

C5 in test 0,96 1,45 0,59 0,86

C6 in test

C7 in test

C0a control 1,47 0,58 0,89

C0b control 1,46 0,62 0,84

C1 in test 77,59 1,52 1,53 -0,01

C2 in test 25,86 1,48 1,42 0,06

C3 in test 8,62 1,46 1,03 0,43

C4 in test 2,87 1,45 0,69 0,76

C5 in test 0,96 1,46 0,61 0,85
C6 in test

C7 in test

Code mg/L 0h-OD440 25h-OD440 OD

C0a+ control1 1,50 1,36 0,14

C0b+ control1 1,48 1,35 0,13  

C1+ in test
1 77,59 1,51 1,53 -0,02

C2+ in test
1 25,86 1,52 1,49 0,03

C3+ in test
1 8,62 1,49 1,35 0,14

C4+ in test
1 2,87 1,48 1,33 0,15

C5+ in test
1 0,96 1,5 1,37 0,13

C6+ in test1

C7+ in test1

C0a+ control1 1,46 1,32 0,14

C0b+ control1 1,47 1,34 0,13

C1+ in test
1 77,59 1,5 1,5 0

C2+ in test
1 25,86 1,49 1,48 0,01

C3+ in test
1 8,62 1,46 1,37 0,09

C4+ in test
1 2,87 1,47 1,35 0,12

C5+ in test
1 0,96 1,45 1,31 0,14

C6+ in test1

C7+ in test1

C0a+ control1 1,46 1,32 0,14

C0b+ control1 1,49 1,36 0,13

C1+ in test
1 77,59 1,51 1,53 -0,02

C2+ in test
1 25,86 1,49 1,41 0,08

C3+ in test
1 8,62 1,45 1,39 0,06

C4+ in test
1 2,87 1,46 1,29 0,17

C5+ in test
1 0,96 1,42 1,31 0,11

C6+ in test1

C7+ in test1
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phenyl ether: Lab_4_1 (continued) 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,467 0,605 0,862 0,019 0,000 6 0,727 0,020 0% 3% 50%

mean C1 77,59 1,510 1,533 -0,023 0,023 0,0005 3 -0,010 0,026 101% 4% -1%

mean C2 25,86 1,483 1,397 0,087 0,025 0,0006 3 0,047 0,044 94% 6% 3%

mean C3 8,62 1,460 1,043 0,417 0,042 0,0017 3 0,320 0,058 56% 8% 22%

mean C4 2,87 1,463 0,710 0,753 0,031 0,0009 3 0,607 0,040 17% 5% 41%

mean C5 0,96 1,453 0,607 0,847 0,015 0,0002 3 0,720 0,022 1% 3% 50%

mean C6 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0 #DIV/0! #DIV/0! #DIV/0! #DIV/0!

mean C7 #NV 0%

mean C0b+ 0
1 1,477 1,342 0,135 0,0055 0,0000 6 9%

mean C1+
1 77,59 1,507 1,520 -0,013 0,012 0,0001333 3 -1%

mean C2+
1 25,86 1,500 1,460 0,040 0,036 0,0013 3 3%

mean C3+
1 8,62 1,467 1,370 0,097 0,040 0,0016333 3 7%

mean C4+
1 2,87 1,470 1,323 0,147 0,025 0,0006333 3 10%

mean C5+
1 0,96 1,457 1,330 0,127 0,015 0,0002333 3 9%

mean C6+1 #NV #DIV/0! #DIV/0! #DIV/0! 0,000 #DIV/0! 0

mean C7+1 #NV

1
) including Digitonin 
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phenyl ether: laboratory 5. test run 1 (Lab_5_1) 

  
AS sampling date 24-Jul-12 Code defaunated1 Code

dry weight 4,9 g/L control C0a control C0a+

control C0b control C0b+

test date 26-Jul-12 highest conc. C1 highest conc. C1+

test substance phenyl ether . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,45 0,91 0,54

C0b control 1,44 0,94 0,5

C1 in test 77,59 1,44 0,96 0,48

C2 in test 25,86 1,45 0,96 0,49

C3 in test 8,62 1,43 0,87 0,56

C4 in test 2,87 1,43 0,87 0,56

C5 in test 0,96 1,46 0,88 0,58  

C6 in test 0,320 1,43 0,90 0,53

C7 in test

C0a control 1,45 0,9 0,55

C0b control 1,48 0,92 0,56

C1 in test 77,59 1,41 1 0,41

C2 in test 25,86 1,46 0,93 0,53

C3 in test 8,62 1,44 0,92 0,52

C4 in test 2,87 1,44 0,94 0,5

C5 in test 0,96 1,47 0,91 0,56

C6 in test 0,32 1,36 0,92 0,44

C7 in test

C0a control 1,42 0,99 0,43

C0b control 1,43 0,89 0,54

C1 in test 77,59 1,45 0,97 0,48

C2 in test 25,86 1,44 0,96 0,48

C3 in test 8,62 1,43 0,92 0,51

C4 in test 2,87 1,38 0,96 0,42

C5 in test 0,96 1,42 0,98 0,44
C6 in test 0,32 1,41 0,88 0,53

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,44 1,33 0,11

C0b+ control1 1,44 1,32 0,12  

C1+ in test
1 77,59 1,43 1,36 0,07

C2+ in test
1 25,86 1,46 1,32 0,14

C3+ in test
1 8,62 1,44 1,3 0,14

C4+ in test
1 2,87 1,44 1,3 0,14

C5+ in test
1 0,96 1,45 1,35 0,1

C6+ in test1 0,32 1,44 1,30 0,14

C7+ in test1

C0a+ control1 1,42 1,36 0,06

C0b+ control1 1,48 1,32 0,16

C1+ in test
1 77,59 1,45 1,36 0,09

C2+ in test
1 25,86 1,46 1,34 0,12

C3+ in test
1 8,62 1,45 1,3 0,15

C4+ in test
1 2,87 1,43 1,32 0,11

C5+ in test
1 0,96 1,45 1,33 0,12

C6+ in test1 0,32 1,47 1,33 0,14

C7+ in test1

C0a+ control1 1,41 1,30 0,11

C0b+ control1 1,43 1,32 0,11

C1+ in test
1 77,59 1,48 1,39 0,09

C2+ in test
1 25,86 1,42 1,30 0,12

C3+ in test
1 8,62 1,44 1,32 0,12

C4+ in test
1 2,87 1,46 1,32 0,14

C5+ in test
1 0,96 1,42 1,31 0,11

C6+ in test1 0,32 1,44 1,33 0,11

C7+ in test1
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phenyl ether: Lab_5_1 (continued) 

 

 

 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,445 0,925 0,520 0,049 0,002 6 0,408 0,058 0% 14% 28%

mean C1 77,59 1,433 0,977 0,457 0,040 0,0016 3 0,373 0,042 9% 10% 26%

mean C2 25,86 1,450 0,950 0,500 0,026 0,0007 3 0,373 0,029 9% 7% 26%

mean C3 8,62 1,433 0,903 0,530 0,026 0,0007 3 0,393 0,031 4% 7% 27%

mean C4 2,87 1,417 0,923 0,493 0,070 0,0049 3 0,363 0,072 11% 18% 26%

mean C5 0,96 1,450 0,923 0,527 0,076 0,0057 3 0,417 0,076 -2% 19% 29%

mean C6 0,320 1,400 0,900 0,500 0,052 0,0027 3 0,370 0,055 9% 13% 26%

mean C7 #NV 0%

mean C0b+ 0
1 1,437 1,325 0,112 0,0319 0,0010 6 8%

mean C1+
1 77,59 1,453 1,370 0,083 0,012 0,0001333 3 6%

mean C2+
1 25,86 1,447 1,320 0,127 0,012 0,0001333 3 9%

mean C3+
1 8,62 1,443 1,307 0,137 0,015 0,0002333 3 9%

mean C4+
1 2,87 1,443 1,313 0,130 0,017 0,0003 3 9%

mean C5+
1 0,96 1,440 1,330 0,110 0,010 0,0001 3 8%

mean C6+1 0,32 1,450 1,320 0,130 0,017 0,0003 3 9%

mean C7+1 #NV
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phenyl ether: laboratory 5. test run 2 (Lab_5_2) 

AS sampling date 04-Sep-12 Code defaunated1 Code

dry weight 3,6 g/L control C0a control C0a+

control C0b control C0b+

test date 05-Sep-12 highest conc. C1 highest conc. C1+

test substance phenyl ether . C2 . C2+

. C3 . C3+

! For a statistically acceptable evaluation, each test . C4 . C4+

! concentration has to be assayed in three replicates! lowest conc. C5 lowest conc. C5+

! Accordingly, the controls are assayed in six replicates. 1
) including Digitonin 

Code mg/L 0h-OD440 25h-OD440 OD

C0a control 1,47 0,93 0,54

C0b control 1,47 0,89 0,58

C1 in test 70,22 1,49 1,53 -0,04

C2 in test 23,41 1,44 1,34 0,1

C3 in test 7,80 1,44 1,03 0,41

C4 in test 2,60 1,45 0,97 0,48

C5 in test 0,87 1,42 0,91 0,51  

C6 in test 0,290 1,42 0,88 0,54

C7 in test

C0a control 1,45 0,91 0,54

C0b control 1,41 0,82 0,59

C1 in test 70,22 1,5 1,51 -0,01

C2 in test 23,41 1,43 1,32 0,11

C3 in test 7,80 1,37 1,02 0,35

C4 in test 2,60 1,38 1,08 0,3

C5 in test 0,87 1,37 0,87 0,5

C6 in test 0,29 1,41 0,87 0,54

C7 in test

C0a control 1,42 1,02 0,4

C0b control 1,36 0,92 0,44

C1 in test 70,22 1,48 1,48 0

C2 in test 23,41 1,45 1,34 0,11

C3 in test 7,80 1,43 1,02 0,41

C4 in test 2,60 1,44 1,09 0,35

C5 in test 0,87 1,43 0,86 0,57
C6 in test 0,29 1,39 0,83 0,56

C7 in test

Code control 0h-OD440 25h-OD440 OD

C0a+ control1 1,48 1,38 0,1

C0b+ control1 1,49 1,40 0,09  

C1+ in test
1 70,22 1,52 1,55 -0,03

C2+ in test
1 23,41 1,46 1,41 0,05

C3+ in test
1 7,8 1,49 1,43 0,06

C4+ in test
1 2,60 1,47 1,38 0,09

C5+ in test
1 0,87 1,49 1,42 0,07

C6+ in test1 0,29 1,44 1,42 0,02

C7+ in test1

C0a+ control1 1,47 1,36 0,11

C0b+ control1 1,48 1,34 0,14

C1+ in test
1 70,22 1,49 1,52 -0,03

C2+ in test
1 23,41 1,48 1,42 0,06

C3+ in test
1 7,8 1,49 1,37 0,12

C4+ in test
1 2,6 1,47 1,36 0,11

C5+ in test
1 0,87 1,44 1,4 0,04

C6+ in test1 0,29 1,46 1,37 0,09

C7+ in test1

C0a+ control1 1,46 1,36 0,1

C0b+ control1 1,45 1,38 0,07

C1+ in test
1 70,22 1,48 1,50 -0,02

C2+ in test
1 23,41 1,46 1,40 0,06

C3+ in test
1 7,8 1,46 1,38 0,08

C4+ in test
1 2,60 1,47 1,39 0,08

C5+ in test
1 0,87 1,46 1,36 0,1

C6+ in test1 0,29 1,47 1,38 0,09

C7+ in test1
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phenyl ether: Lab_5_2 (continued) 

  

 

 

 

 

 

 

 

 

 

 

 

 

Code mg/L mean2h-OD mean22h-OD mean OD StDev variance n mean ODcorr StDev % inhibition CV %OD-decrease

mean C0 0 1,430 0,915 0,515 0,077 0,006 6 0,413 0,081 0% 20% 29%

mean C1 70,22 1,490 1,507 -0,017 0,021 0,0004 3 0,010 0,022 98% 5% 1%

mean C2 23,41 1,440 1,333 0,107 0,006 0,0000 3 0,050 0,008 88% 2% 3%

mean C3 7,80 1,413 1,023 0,390 0,035 0,0012 3 0,303 0,046 27% 11% 21%

mean C4 2,60 1,423 1,047 0,377 0,093 0,0086 3 0,283 0,094 31% 23% 20%

mean C5 0,87 1,407 0,880 0,527 0,038 0,0014 3 0,457 0,048 -10% 12% 32%

mean C6 0,290 1,407 0,860 0,547 0,012 0,0001 3 0,480 0,042 -16% 10% 34%

mean C7 #NV 0%

mean C0b+ 0
1 1,472 1,370 0,102 0,0232 0,0005 6 7%

mean C1+
1 70,22 1,497 1,523 -0,027 0,006 3,333E-05 3 -2%

mean C2+
1 23,41 1,467 1,410 0,057 0,006 3,333E-05 3 4%

mean C3+
1 7,80 1,480 1,393 0,087 0,031 0,0009333 3 6%

mean C4+
1 2,60 1,470 1,377 0,093 0,015 0,0002333 3 6%

mean C5+
1 0,87 1,463 1,393 0,070 0,030 0,0009 3 5%

mean C6+1 0,29 1,457 1,390 0,067 0,040 0,001633333 3 5%

mean C7+1 #NV
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2 Appendix II – INSTRUCTIONS TO PARTICIPANTS 

9.1 Preparation of standard dilution medium 
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9.2 test chemicals: description and preparation 
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9.3 EXCEL spreadsheet 1 – test protocol form 
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9.4 Testing scheme  
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9.5 Proposed placement of test vials in the holding tray   

 



 ENV/JM/MONO(2017)18 

 129 

9.6 EXCEL spreadsheet 2 – exemplary documentation form 
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3 Appendix III - SOP 

 

SOP (Standard Operating Procedure) 

Testing chemical compounds  

Glass TEST TUBES containing standard dilution water
14

 with the desired concentration of the test 

substance are inoculated with an aliquot of activated sludge to give the desired activated sludge 

concentration of 1 g (dry weight) per L in a final assay volume of 2 mL.  

If the approximate toxicity of the chemical compound to the phagocytotic activity of activated sludge 

is known, a DEFINITIVE TEST can be performed immediately. However, if no data is available on the 

toxicity of the chemical, two consecutive assays must be performed: 

a)  a range finding test to determine the 0-100% tolerance range of the activated sludge to the 

toxicant. 

b)  a definitive test to determine the 50% inhibition threshold with more precision. 

Equipment / Material 

- glass test tubes (45 mm long and 15 mm in external diameter. total volume of 4 mL) with oxygen 

permeable caps.  

- Analytical balance 

- standard dilution water14. possibly dimethyl sulfoxide (DMSO) 

- variable pipettes: 2 mL. 1 mL. 100 µL. 10 µL (preferably positive displacement µL-pipettes). 

pipette tips 

- racks enabling a slanting position of test tubes with an angle of inclination between of 20-40° to 

horizontal.  

- digital photometer (filter of λ=440 nm) suitable for above mentioned test tubes  

Preparation of Chemical Test Solutions 

In case of readily and moderately soluble substances prepare a solution with the highest soluble 

concentration of the test chemical in the standard dilution water (prepare freshly before each test run). 

To avoid inaccuracies of weighing (solids) or pipetting low volumes (solutions) do not fall below 20 

mg and 40 µL. respectively.  

 

Poorly soluble compounds may be dissolved in organic solvents, preferably dimethyl sulfoxide 

(DMSO). The concentration of the vehicle must not exceed 0.1 mL/L in the test, i.e. the stock solution 

in the organic solvent must be 10,000-fold diluted in standard dilution water14 to gain the highest 

chemical concentration for testing purposes.  

Preparation of Samples for range finding test 

                                                      
14

  buffered synthetic water (EPAmoderately hard, pH-buffered with 10 mM Hepes, pH7.5) 
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Prepare a dilution series by serial dilution with standard dilution water
14

, starting with the highest 

soluble concentration (or the highest soluble concentration containing no more than 0.2% vehicle). 

1) Prepare the highest concentration to be tested in a small glass vessel (10-100 mL). 

2) Take 14 glass test tubes and label them C0 (duplicates) to C5 and C0+ (duplicates) to C5+.          

3) C0 represents the controls and C1 to C5 the chemical dilution series. The plus sign denotes the 

addition of digitonin.  

4) Determine the volume of the activated sludge (volAS) to be added to the test vials to obtain a 

concentration of 1g/L for the 2 mL-assays
15

. 

5) Specify the diluent volume (voldil) on the basis of volAS and the substrate volume of 40 µL (voldil = 

2 mL minus volAS minus 40 µL) and prepare the 10-fold dilution series directly in the test vials
16

.  

Table: Exemplary 10-fold dilution series of the chemical compound 

Vessels chemical concentration mg/L 

C1 100 

C2 10 

C3 1 

C4 0.1 

C5 0.01 

 
…proceed to section ‘Inoculation of the test vials’. 

                                                      
15

 e.g. the concentration of native activated sludge amounts to 3.57 g/L dry weight. To obtain a sludge 

concentration of 1 g/L the native sludge has to be diluted by a factor of 1:3.57, i.e. in the 2 mL-assays 

0.56 mL (2 mL*1/3.57) native activated sludge have to be added ( preparation sheet & preparation 

scheme).   

16
 using the same example the diluent volume accounts for 1.40 mL (2 mL assay volume - 0.56 mL volAS – 

40 µL substrate volume = 1.40 mL). To prepare e.g. a 1:10 dilution series fill both C1 test tubes with 

1.556 mL (=1.40 mL plus 0.156 mL: nine parts + one part corresponds to a dilution of 1:10) of the 

highest test concentration (stock) and add to all remaining test tubes (controls and chemical dilutions) 

1.40 mL standard dilution water. Afterwards, transfer 0.156 mL (1 part) of the highest test 

concentration (stock) to the 1.40 mL (nine parts) standard dilution water in C2 and mix (dilution1). 

Then, use dilution 1 to prepare dilution 2 etc. ( preparation sheet & preparation scheme).       
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Preparation of samples for definitive test 

The dilution series to be prepared should span the range of the lowest concentration producing 80-100% 

effect and the highest concentration producing less than 10% effect in the range-finding test. 

This range can span one order of magnitude (case A) or two orders of magnitude (case B). 

The new concentration range to be tested will again be called C1-C5.  

Note: each definitive test contains three replicates. 

 
A. C1-C5 spans one order of magnitude 

Prepare a dilution series by serial 1:2 dilution with diluent14 starting with the lowest chemical 

concentration that produced 80-100% inhibition in the range finding test. 

 

1) Prepare the highest concentration to be tested in a small glass vessel (10-100 mL). 

2) Take 42 glass test tubes (=14 tubes per replicate x 3 replicates) and label each replicate with C0 

(duplicates) to C5 and C0+ (duplicates) to C5+. C0 represents the controls and C1 to C5 the chemical 

dilution series. The plus sign denotes the addition of digitonin.  

3) Determine the volume of the activated sludge (volAS) to be added to the test vials to obtain a 

concentration of 1g/L for the 2 mL-assays
17

. 

4) Specify the diluent volume (voldil) on the basis of volAS and the substrate volume of 40 µL (voldil = 2 

mL minus volAS minus 40 µL) and prepare the 1:2 dilution series directly in the test vials
18

.  

 
 
 
…proceed to section ‘Inoculation of the test vials’. 

 
 

                                                      
17

  e.g. the concentration of native activated sludge amounts to 3.57 g/L dry weight. To obtain a sludge 

concentration of 1 g/L the native sludge has to be diluted by a factor of 1:3.57, i.e. in the 2 mL-assays 0.56 

mL (2 mL*1/3.57) native activated sludge have to be added.   

18
  using the same example the diluent volume accounts for 1.40 mL (2 mL assay volume - 0.56 mL volAS – 

40 µL substrate volume = 1.40 mL). To prepare e.g. a 1:2 dilution series fill both C1 test tubes with 2.8 mL 

(=1.40 mL plus 1.40 mL: one parts + one part corresponds to a dilution of 1:2) of the highest test 

concentration (stock) and add to all remaining test tubes (controls and chemical dilutions) 1.40 mL 

standard dilution water. Afterwards, transfer 1.40 mL (1 part) of the highest test concentration (stock) to 

the 1.40 mL (1 part) standard dilution water in C2 and mix (dilution1). Then, use dilution 1 to prepare 

dilution 2 etc.      
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B. C1-C5 spans two orders of magnitude 

Prepare a dilution series by serial 1:3 dilution with standard dilution water14 starting with the lowest 

chemical concentration that produced 80-100% inhibition in the range finding test. 

1) Prepare the highest concentration to be tested in a small glass vessel (10-100 mL). 

2) Take 42 glass test tubes (=14 tubes per replicate x 3 replicates) and label each replicate with C0 

(duplicates) to C5 and C0+ (duplicates) to C5+. C0 represents the controls and C1 to C5 the chemical 

dilution series. The plus sign denotes the addition of digitonin.  

3) Determine the volume of the activated sludge (volAS) to be added to the test vials to obtain a 

concentration of 1g/L for the 2 mL-assays
19

. 

4) Specify the diluent volume (voldil) on the basis of volAS and the substrate volume of 40 µL (voldil = 2 

mL minus volAS minus 40 µL) and prepare the 1:3 dilution series directly in the test vials
20

.  

…proceed to section ‘Inoculation of the test vials’. 

Inoculation of the test vials 

1) Take the activated sludge container
21

 and shake it gently to homogenize the sludge suspension.  

2) Transfer the respective volume of the activated sludge (volAS. see above under ‘PREPARATION OF 

SAMPLES FOR RANGE FINDING TEST’) to the test vials by means of an automatic pipette. To avoid floc-

destroying shear forces do not forget to cut off the pipette tip about 5 mm from the end enlarging the tip 

opening to ca. 3 mm.  

 
…proceed to section ‘ADDITION OF SUBSTRATE’.  

Addition of digitonin and substrate 

                                                      
19

  e.g. the concentration of native activated sludge amounts to 3.57 g/L dry weight. To obtain a sludge 

concentration of 1 g/L the native sludge has to be diluted by a factor of 1:3.57, i.e. in the 2 mL-assays 0.56 

mL (2 mL*1/3.57) native activated sludge have to be added.   

20
  using the same example the diluent volume accounts for 1.40 mL (2 mL assay volume - 0.56 mL volAS – 

40 µL substrate volume = 1.40 mL). To prepare e.g. a 1:3 dilution series fill both C1 test tubes with 2.1 mL 

(=1.40 mL plus 0.7 mL: two parts + one part corresponds to a dilution of 1:3) of the highest test 

concentration (stock) and add to all remaining test tubes (controls and chemical dilutions) 1.40 mL 

standard dilution water. Afterwards, transfer 0.70 mL (1 part) of the highest test concentration (stock) to 

the 1.40 mL (two parts) standard dilution water in C2 and mix (dilution1). Then, use dilution 1 to prepare 

dilution 2 etc.      

21
  for testing purposes activated sludge probes (sampling: see  video1) can be stored in the refrigerator 

(4-6°C) and should be used within one week.  
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1) bring Digitonin into solution and add 40 µL this 10 g/L solution to one half of the test vials (C0+ 

controls and chemical dilution series C1+ to C5+),   

2) reconstitute the freeze-dried bacterial substrate with H2O to obtain a 50-fold concentrated bacterial 

solution of 20 mg(dw)/mL and 

3) pipette 40 µL of the substrate solution to each test vial, 

4) close all test vials with screw caps,  

5) put all test vials in the holding tray and place on a shaker (250 rpm) at (22 ± 1°C). Be aware of the 

inclination of the vials in the rack (20-40° to horizontal),  

6) equilibrate the probes for 2 hours while shaking (250 rpm).  

…proceed to section ‘Optical density measurements’.  

Optical density measurements 

1) remove the test vials from the shaker. Mix each vial by vortexing for 3 seconds at highest speed. 

Subsequently. let the vials stand for 30 min to settle solids.  

2) After 30 min of sedimentation the optical density of the supernatant is measured in the test vials:  

a) Zero-calibrate the photometer at 440 nm with a test vial (blank) containing exclusively 2 mL of standard dilution 

water14. 

b) Measure the optical density of the probes at 440.  

 Note: The photometer cuvette holder must be built so that the light beam passes through the supernatant 

above the sedimented sludge.  

Be careful placing the test vials into the cuvette slot. The activated sludge must remain at the bottom of the 

test vials to not disturb the optical readings. 

3) Record the data of the first (2 hours-) OD measurements (2h-OD).  

4) Put all test vials in the holding tray again and continue shaking (250 rpm. 22 ± 1°C. 20-40° inclination 

of the vials to horizontal). 

5) After 22 hours incubation determine once again the optical density of each test tube: 

a) remove the test vials from the shaker. Mix each vial by vortexing for 3 seconds at highest speed and let the vials 

stand for 30 min to settle solids  

b) Following settling of solids zero-calibrate the photometer and measure the optical density of the probes  

6) Record the data of the second (22hours-) OD measurement (22h-OD).  
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Validity of the test  

For a test to be valid the following conditions should be fulfilled: 

- controls: the averaged decrease of the optical density of (untreated) controls due to phagocytotic 

activities (% mean ODcorr(controls)) should at least exceed 25% within the testing time (if the 25% 

criterion is not fulfilled, a warning appears in the  EXCEL form).  

- protozoa-free controls: the (unspecific) decrease of the optical density of defaunated (digitonin-) 

controls should not exceed 25% within the testing time (-> EXCEL form). 

- chemically treated protozoa-free controls:  in some cases test chemicals may cause an increase of the 

optical density of Digitonin-controls within the testing period especially at high concentrations. 

Concentrations at which this occurs should not be included in the effect calculation, i.e. in the evaluation of 

concentration-response curves if the increase amounts to more than 5%.  

Troubleshooting guide 

- low phagocytotic activity i.e. the optical density of (untreated) controls decreases less than 25% within 

the testing time (% mean ODcorr(controls) < 25%): 

 low ambient temperatures can – with some time delay - dramatically lower the temperatures of the aeration tanks 

and correspondingly the phagocytotic activity of activated sludge (in Central Europe particularly in late winter and 

early spring). However, a phagocytotic activity below 25% is considered exceptional and – according to the 

experience of the validation management - paralleled by a low metabolic activity of the sludge as a whole. In case of 

an extended period of low activity it is advisable to take the activated sludge from another wastewater treatment plant.   

- high OD-decrease of defaunated (Digitonin-) controls:  

 Attachment of microorganisms on surfaces is a common and well-known behavior in both natural and engineered 

aquatic environments. In the test this effect can be observed as a non-phagocytosis mediated decrease in the optical 

density (turbidity). If the decrease of defaunated controls (%mean ODdef(controls)) exceeds 25% within the testing 

period the following factors influencing this ‘unspecific’ decrease should be examined: integrity of bacterial food (is 

the bacterial powder still dry?); shaking speed high enough (250 rpm) during incubation? equilibrated (shaking at 250 

rpm and at 22°C) for 2 hours before the first OD-measurement? samples vigorously vortexed and subsequently settled 

for 30 min just before the OD-measurement? If none of these factors apply a new batch of lyophilized E.coli-powder 

should be used for further testing. 

- increase of OD at high chemical concentrations:  

 at high test chemical concentrations an increase of the turbidity may occur. If the increase of defaunated and 

chemically treated probes [i.e. Digitonin-controls containing test chemicals: (%mean ODdef(treatment))] exceeds 5% 

the test result is not valid and has to be excluded from further evaluation (effect calculation and concentration-

response estimation). 
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Floating sludge / floating scum layer  

Avoid floating scum when collecting activated sludge. Do not collect the sample in dead corners where 

scum has built up. Take your sample by complete immersion of your sampling tool below the surface of 

the water.  

If floating occurs during testing gentle tilting the glass vials may be successful to let the surface layer drop 

to the bottom.   
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4 Appendix IV – DRAFT TEST GUIDELINE 

PROPOSAL FOR A PROTOZOAN ACTIVATED SLUDGE INHIBITION TEST 

 

INTRODUCTION 

1. This Test Guideline describes a method to assess effects of a substance on the phagocytotic 

activity (consumption of dispersed bacteria) of activated sludge under defined conditions in the 

presence of different concentrations of the test substance. 

2. The principle of biological sewage-treatment plants is to transform the organic matter of 

incoming waste-water in microbial biomass, which in turn is separated from the liquid yielding a 

purified effluent. The aim of this process is to achieve a maximal reduction of the organic load 

with a minimal bio-sludge production. The phagocytotic activity of activated sludge organisms 

supports this process. In conventional plants ciliates usually dominate this activity. It is especially 

their feeding on bacteria which clarifies the waste water, resulting in a higher transparency, i.e. 

lower organic loads in the output water. 

3. The purpose of the test is to provide a means to record effects of substances on consumers in 

sewage treatment plants, which consist mainly of ciliated protozoa and which – due to their 

grazing on bacteria - considerably contribute to the functioning of STPs. 

4. The test is most easily applied to water soluble substances which, under the test conditions, are 

likely to remain in the water. 

5. This guideline proposal is based on an international ring study commissioned by the German 

Federal Environment Agency and conducted in 2011-2013. 

PRINCIPLE OF THE TEST 

6. The activated sludge sample is exposed to the test chemical in small glass test vials with a 

culture volume of 2 mL. The vials are closed with oxygen permeable caps and shaken for 22 hrs 

at 22°C. At the start, the sludge samples are fed suspended bacteria. Whereas the turbidity 

decreases in control samples, in the chemically inhibited samples no elimination of bacteria takes 

place. To quantify the phagocytotic activity, the decline of the added bacteria with time is 

followed by two photometric measurements (λ = 440 nm) after 2 hrs (t1) and after 22 hrs (t2) of 

incubation. Based on the difference between both values the percentage reduction of the activity 

in relation to an untreated control is calculated. The test is typically used to determine the ECX 

(e.g. EC50) of the test substance. To compensate for unspecific reactions of the added bacterial 

substrate with the sludge flocs (e.g. binding) or effects of chemicals on the turbidity of the sludge 

sample (e.g. by disaggregation) defaunated (and thus phagocytosis-free) parallel samples are 

included for controls and for each concentration.   



ENV/JM/MONO(2017)18 

 138 

INFORMATION ON THE TEST SUBSTANCE  

7. It is necessary to know the water solubility of the substance under the conditions of the test. A reliable 

analytical method for the quantification of the substance in the test solutions should also be available. 

8. Useful information includes structural formula, degree of purity, chemical stability, dissociation constants, 

n-octanol/water partition coefficient, vapour pressure and biodegradability (see Guideline 301). Solubility 

and vapour pressure can be used to calculate Henry’s constant which will indicate if losses of the test 

substance may occur.  

VALIDITY OF THE TEST 

9. For a test to be valid the following conditions must be fulfilled: 

- the decrease of the optical density (OD) of controls due to phagocytotic activity must exceed 30% within 

the testing time between 2 hrs and 22 hrs (cf. para 42) . 

- the unspecific decrease of the OD (defaunated controls containing bacterial substrate) must not exceed 

25% within the testing time (cf. para 43). 

- chemical concentrations at which an average OD-increase of more than 5% in the defaunated parallel 

samples occurs has to be excluded from the effect calculation (cf. para 44). 

REFERENCE SUBSTANCES 

10. A reference substance may be tested as a means of detecting unsatisfactory test conditions. In 

a 2011 international ring study (present report) the EC50 of 3,5-DCP was found to be in the range 

1.5 mg/L to 5.1 mg/L for the activated sludge phagocytosis inhibition. If a reference substance is 

used, the results should be given in the test report.  

APPLICABILITY OF THE TEST 

11. The test method may be applied to water-soluble, poorly soluble and volatile substances. 

However,. it may not always be possible to obtain EC50 values with chemicals of limited 

solubility and - although the described procedure uses closed test vessels - valid results with 

volatile chemicals may only be obtained providing that the bulk (> 80%) of the test substance 

remains in the reaction mixture at the end of the exposure period. Additional analytical support 

data should be submitted to refine the ECX concentration when there is any uncertainty regarding 

the stability of the test substance or its volatility. 
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DESCRIPTION OF THE METHOD 

Apparatus 

12. Normal laboratory equipment and especially the following is necessary: 

(a) glass vials with oxygen permeable caps,  

recommended are:   

- clear glass screw top vials, 45 x 15 mm (outer dimensions), total volume of 4 mL. 

- open top closures (screw caps open tops) with teflon faced silicone liners. 

(b) a rotary shaker (speed adjustable to 250 rpm) with racks enabling a slanting position of test 

vials with an angle of inclination of 20°-40° to horizontal.  

(c) digital photometer (filter of λ=440 nm) suitable for above mentioned test vials.  

(d) a cabinet or chamber, in which a temperature of 22°C (± 1°C) can be maintained.  

Inoculum  

13. Activated sludge from the exit of the aeration stage of a well-operated sewage treatment plant 

treating predominantly domestic sludge is used as the inoculum for the phagocytosis test. Avoid 

floating scum when collecting activated sludge. Do not collect the sample in dead corners where 

scum has built up. Take your sample by complete immersion of your sampling tool below the 

surface of the water. If floating occurs during testing gentle tilting of the glass vials or manual 

stirring using a glass rod may be successful to let the surface layer drop to the bottom. 

14. To perform the test it is necessary to know the dry weight of the sludge. Suspended solids 

concentrations of 2 g/L to 4 g/L may be considered appropriate. In most cases wastewater 

facilities continuously perform routine measurements of the sludge concentration. If actual dry 

weight data are not available, the dry weight has to be determined. From this result, the volume of 

native activated sludge suspension can be calculated. This must be suspended in the 2 mL assays 

in order to obtain an activated sludge with a mixed liquor suspended solids value of 0.9 g/litre.  

15. The activated sludge should be used on day of collection. If this is not possible, the whole 

batch of native - undiluted - sludge should be stored in the refrigerator at 4-7°C for one week 

maximum. 

Substrate 

16. Bacteria showing a low tendency to aggregate, to flocculate and to adhere to activated sludge 

flocs may be used as substrate. Bacteria which meet these requirements and have been found to be 

suitable as food source for phagotrophic sludge inhabitants are shown in Appendix V. However, it 

should be noted that any other bacterial strains can be used if they fulfill the validity criteria.  
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17. On the basis of the results of the ring test a final concentration of the bacteria to be used for 

feeding the sludge of 0.36 g/L (dry weight) can be recommended. This concentration ensures an 

adequate food supply and reliable OD-measurements (c.f. here paragraph 0, page 47). 

Test medium 

18. To dilute the activated sludge and to prepare the chemical dilution series EPA synthetic water 

is recommended (the detailed composition of the recommended test medium is given in Appendix 

VI - Test medium). 

19. Modification of the test medium may be necessary for certain purposes, e.g. testing at 

different pH values. Use of modified media must be described in detail and justified. 

Phagocytosis-free controls 

20. Some part of the bacterial substrate may form aggregates or attach to the sludge flocs thereby 

changing the turbidity of supernatant suspension. In addition test chemicals – especially at high 

concentrations - may have impacts on the floc structure of the activated sludge, leading to an 

increase in turbidity. Controls without phagocytic activity are therefore necessary, reflecting 

changes in turbidity due to passive, non-specific reactions in the test system. The eukaryotic 

inhibitor digitonin (Mooney, 1988) has proved to be a useful and specific inhibitor of 

phagocytosis completely defaunating the activated sludge probe. To obtain phagocytosis-free data 

parallels with digitonin at a final of 200 mg/L (preparation see Appendix VII - Preparation of 

digitonin solution) should be included in the test for both controls and all chemical concentrations.  

Test substance 

21. Pre-dilution series of test solutions are freshly prepared at the start of the study by dilution of a 

stock solution in test medium. In case of sparingly water soluble substances ultrasonic dispersion 

or other suitable physical means are the preferred methods to dissolve the test chemical. In some 

cases the use of solvents may be required in order to produce a suitably concentrated stock 

solution. Examples of solvents that may be used as vehicles to dissolve substances of low water 

solubility are acetone, ethyl alcohol and dimethyl sulfoxide. Due to its low toxicity dimethyl 

sulfoxide may be given preference. However, every effort should be made to avoid the use of such 

materials and if organic solvents are used, they must not significantly inhibit the phagocytotic 

activity. 

22. The test should be carried out without adjustment of the pH. If there is evidence of marked 

change in the pH it is advised that the test be repeated with pH adjustment and the results 

reported. In that case the pH value of the stock solution should be adjusted to neutral pH (HCl and 

NaOH may be used for this adjustment if warranted). This pH adjustment should be made in such 

a way that the stock solution concentration is not changed to any significant extent and that no 

chemical reaction or precipitation of the test substance is caused.     
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Conditions of exposure 

23. Duration: 22 hours under permanent shaking.   

 Vessels: glass vials with oxygen permeable screw caps.  

 Light: the test should be performed in the dark.   

 Temperature: 22 ± 1°C.  

 Oxygen supply: a sufficient oxygen supply has to be maintained throughout the test 

period by fast shaking the test vials at 250 rpm. For the recommended assay the culture volume 

should not exceed 2 mL in the (4 ml-) test vials which should be closed with oxygen permeable 

caps and kept at an angle of 40° to the horizontal.  

Replicates and controls 

24. The test design should include three replicates at each test concentration and twice that 

number of controls.  

25. For each assay, a parallel phagocytosis-free test run with the same number of samples 

(triplicates at each test concentration and 6 controls) containing digitonin as specific inhibitor
22

 

(200 mg/L final concentration) should be included.    

26. When a solvent is used to solubilize the test substance, additional controls containing the 

solvent at the same concentration as used in the test cultures should be included in the test design. 

27. A separate set of test solutions may be prepared for analytical determinations of test substance 

concentrations (see paragraphs 32-34). 

28. No less than five concentrations are tested simultaneously, preferably arranged in a geometric 

series. The lowest concentration should have no observed effect on growth. The highest 

concentration tested should inhibit growth by at least 50% relative to the control and, preferably, 

stop growth completely. For statistical reasons. However, it is desirable to select the 

concentrations so that they bracket the 50% effect level. 

Measurements 

29. The tests run for 22 hours. After vigorous shaking the test vials and settling the sludge for 30 

min the optical density of the supernatant is measured spectrophotometrically (440 nm) after 2 hrs 

(t1) and after 22 hrs (t2) of incubation. Since under the experimental conditions optical density is 

directly proportional to the bacteria content, absorbance is a rapid means of non-invasively 

estimating the phagocytotic activity of sludge samples.   

                                                      
22

 The detergent digitonin selectively renders the eukaryotic plasma membrane permeable but not bacterial 

cells (Mooney, 1988). The addition of digitonin provides on the one hand a control with total inhibition of 

the phagocytic activity and on the other it allowed the measurement of any passive reaction of the added 

bacterial suspension, i.e. the nutrient substrate. 
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Range finding  

30. If no data is available on the toxicity of the chemical, a range finding test is carried out to 

determine the 0-100% tolerance range of the phagocytotic activity to the toxicant. It should 

include at least 5 dilution steps with a dilution factor of 10 from a starting concentration of 1000 

mg/L or the maximum solubility of the substance.  

Limit test 

31. Under some circumstances, e.g. when a preliminary test indicates that the test substance is 

non-toxic at concentrations up to 100 mg/L or up to its limit of solubility in the assay (whichever 

is the lower), a limit test involving a comparison of responses in a control group and one treatment 

group (100 mg/L or a concentration equal to the limit of solubility) may be undertaken. It is 

strongly recommended that this be supported by analysis of the exposure concentration. All 

previously described test conditions and validity criteria apply to a limit test, with the exception 

that the number of treatment replicates should be doubled. Growth in the control and treatment 

group may be analysed using a statistical test to compare means, e.g. a Student’s t-test. 

Analytical determinations 

32. In some cases, it may be necessary to determine the concentration of the test substance in the 

test vials (e.g. for highly volatile or strongly adsorbing test substances). Analysis at the start and 

end of the test of a low and high test concentration and a concentration around the expected EC50 

may be sufficient where it is likely that exposure concentrations will vary less than 20% from 

nominal values during the test. Analysis of all test concentrations at the start and end of the test is 

recommended where concentrations are unlikely to remain within 80-120% of nominal (e.g. for 

volatile or strongly adsorbing test substances). In all cases, determination of test substance 

concentrations need only be performed on one replicate vessel at each test concentration (or the 

contents of the vessels pooled by replicate). 

33. Test samples prepared specifically for analysis of exposure concentrations should be treated 

identical to those used for testing, i.e. they should be inoculated with activated sludge, provided 

with food and incubated under identical conditions. If analysis of the dissolved test substance 

concentration is required, it may be necessary to separate the solid constituents from the aqueous 

phase. Separation should preferably be made by centrifugation, sufficient to settle the activated 

sludge and the suspended bacterial food substrate.  

34. If there is evidence that the concentration of the substance being tested has been satisfactorily 

maintained within ± 20% of the nominal or measured initial concentration throughout the test, 

analysis of the results can be based on nominal or measured initial. If the deviation from the 

nominal or measured initial concentration is greater than ± 20%, analysis of the results should be 

based on average concentration during exposure. 
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Other observations 

35. Microscopic observation can be performed to verify a normal and healthy appearance of the 

inoculum activated sludge and to observe any abnormal appearance of the bacterial feeders, 

especially protozoans. 

DATA AND REPORTING 

Response variables 

36. The purpose of the test is to determine the effects of the test substance on the phagocytosis 

activity of activated sludge.  

Treatment of results: 

37. The content of suspended bacterial food in the test vessels is expressed in units of the 

surrogate parameter optical density (OD440) used for measurement. 

38. The measured optical densities in the test cultures and controls are tabulated together with the 

concentrations of the test substance and the time of measurement. 

39. The phagocytotic activity is calculated on the basis of the difference between the initial optical 

density after 2 hrs of incubation and that after 22 hours of incubation;  

i.e.:   OD  =  optical density difference between 2 and 22 hours (controls and treatments 

without digitonin). 

40. To correct for unspecific optical density changes (e.g. due to binding. complexing or lysis of 

the bacterial food or due to deflocculating effects of test chemicals) defaunated, digitonin-treated 

parallels without phagocytotic activity are included in the test design. Their shift in optical density 

values between 2 hrs and 22 hours (ODdef) is subtracted from the OD-values; 

i.e.:   ODdef  =  optical density difference between 2 and 22 hrs of defaunated parallels 

(treated with 200 mg/mL of the specific eukaryotic inhibitor digitonin).  

41. To compensate for unspecific optical density changes the corrected mean OD- difference for 

all replicates of the control and treatment groups is calculated as:   

ODcorr = OD – mean ODdef 

where:  

OD: OD-value of a single sample without digitonin (6 controls and 3 samples per chemical 

concentration); 
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meanODdef: mean OD-value of the (defaunated) phagocytosis-free, digitonin-containing 

control (n=6) and the respective digitonin-containing chemical treatment group (n=3). 

Test performance 

42. The percentage decrease of the OD of controls (important to validity, see para 9) is calculated 

as: 

%OD(control) = Error! x 100 

where:  

mean ODcorr(controls):  mean OD(controls) – mean ODdef (controls); n=6; 

mean 2h-OD(control): mean of the 2h-OD (start-OD at t1=2hrs) for all control replicates (n=6). 

 

43. The percentage ‘unspecific’ decrease of the OD for phagocytosis-free. digitonin-containing 

controls (important to validity, see para 9)  is calculated as: 

 %ODdef(controls) = Error! x 100 

where:  

mean ODdef(controls): mean of the OD-difference between 2hrs and 22hrs for replicates of 

digitonin controls (n=6); 

mean 2h-ODdef(controls): mean of the 2h-OD (start-OD at t1=2hrs) for replicates of digitonin 

controls (6 replicates). 

 

44. The calculation of chemical effects on the optical density (important to validity. see para 9)  is 

made according to: 

% ODdef(treatment) = Error! x 100 

where:  

mean ODdef(treatment): mean of the OD-difference between 2hrs and 22hrs for replicates of a 

treatment group (n=3) containing digitonin; 

mean 2h-ODdef(treatment): mean of the 2h-OD (start-OD at t1=2hrs) for replicates of a treatment 

group (3 replicates each) containing digitonin. 

Reduction of phagocytosis 

45. The inhibition of the phagocytotic activity for each replicate at each substance concentration is 

expressed as a percentage of the mean of the control phagocytotic activities:  

%Inhibitionx   = 1 -  Error! x 100 

where:  

ODcorr(replicatex of treatment group): corrected OD-difference between measurements after 2hrs 

and 22hrs for the respective replicate (vial) of the chemical concentration (treatment group), i.e. 
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ODcorr(replicatex of treatment group) = OD(replicatex of treatment group) - 

meanODdef(replicates1-3 of the respective treatment containing digitonin);   

meanODcorr(controls): mean value for corrected OD-differences between controls and controls 

containing digitonin, i.e. mean of OD(controls) - meanODdef(controls). 

When solvents are used to prepare the test solutions, the solvent controls rather than the controls without 

solvents should be used in calculation of percent inhibition. 

Plotting concentration response curves 

46. Plot the percentage of inhibition for each individual vial (replicate) against the logarithm of the test 

substance concentration (n=3 for each concentration), compare inhibition curve, Appendix VIII - 

Concentration-response curves.  

47. Include the data of the unspecific OD-change of defaunated parallels for each replicate (n=3 

for each concentration) according to: 

 % ODdef(replicatex) = Error! x 100; 

see also inhibition curve, Figure 17 of Appendix VIII - .    

Evaluation of EC-values 

48. ECX-values are derived by statistical means. All data are normalized by dividing by 

corresponding data for the controls (average of all control replicates). Concentration-response 

curves are fitted with nonlinear regression methods on log-transformed concentrations. 

Calculations of preferably EC50-values should be performed on the basis of three- and four- 

parameter (symmetrical and asymmetrical) sigmoidal functions. Each replicate is treated as a 

separate point. The top and bottom plateau are constrained to 0% and 100%, respectively (some 

substances may stimulate the growth at low concentrations, referred to as hormesis. Only data 

points indicating effects between 0 and 100% should be considered). EC-values should be 

reported with 95% confidence limits. 

49. Where the data obtained are inadequate for the use of standard curve-fitting methods of 

calculating the EC50, the highest concentration causing no effect and the lowest concentration 

producing 100 per cent inhibition should be used as an approximation for the EC50 (this being 

considered the geometric mean of these two concentrations). 

Test report 

50. The test report must include the following information: 

Test substance 

  identification data  

 purity, physical nature and. where relevant physicochemical properties 

Activated sludge 
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 origin, conditions of operation of the wastewater treatment plant and influent it receives, dry 

weight, day of sampling, storage conditions (if relevant), any pretreatment etc.  

Test conditions: 

 date of the start and the end of the test 

 activated sludge concentration (mixed liquor suspended solids) 

 temperature 

 bacterial strain (culturing. source/origin) 

 test vessel and apparatus 

 vehicle and method used for solubilizing the test substance and concentration of the vehicle in 

the test solutions 

 concentrations tested (measured or nominal) 

 information of concentrations of test substances in the test solutions, analytical method 

Results: 

 optical density values for each vessel at each measuring point 

 mean values of replicates 

 graphical presentation of the concentration effect relationships 

 EC50-values with 95% confidence limits and method of calculation 

 other observed effects, incidents which might have influenced the results 
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5 Appendix V - SUBSTRATE 

Substrate 

Commercially available lyophilized cells of the E.coli-strains ATCC 9637, ATCC 8739 and K12 

(Sigma-Aldrich) have been found to meet the requirements of a low tendency to aggregate, to 

flocculate and to adhere to activated sludge flocs. They are also suitable as food source for 

phagotrophic sludge inhabitants. 

Additionally it has been shown for both ATCC strains that an appropriate substrate can also be 

produced by cultivating and subsequent lyophilisation of cells: a spatula tip of E. coli powder was 

added to 2 mL Terrific broth medium (TB) in a 12-mL glass tube with metal cap and shaken 

overnight in an incubator. 37°C at 200 rpm. 100 µL-aliquots were mixed with glycerine (final 

concentration 15%) and stored at -80°C. 5 µL of this E. coli stock culture were used as inoculum 

of 200 or 500 mL-Erlenmeyer flasks containing 50 or 100 mL TB, respectively. The cultures were 

incubated at 37°C and continuously shaken for aeration (200 rpm). After 16-18 h. the early 

stationary-phase cells were spun down (10
4
×g), washed in 0.9% (w/v) NaCl and lyophilized, i.e 

the cell mass was frozen at -80°C and the remaining fluid vaporized under vacuum in a 

lyophilisator (Alpha 1-4 LD, Martin Christ). It should, however, be noted, that not all preparations 

showed satisfactory results
23

 and that each preparation has to be examined with regard to a low 

binding of the bacterial substrate to sludge flocs under testing conditions.  

Other bacterial strains are of course not excluded if they fulfill the validity criteria. 

                                                      
23

  It is known that environmental conditions and the bioavailability of nutrients may considerably shift the 

adhesive properties of bacterial cells (e.g. Faille, et al., 2002; Bonaventura, et al., 2008) and that bacterial 

strains have quite considerable possibilities of hydrophobic property variations in the course of growth 

(e.g. Jorand, et al., 1994). 
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6 Appendix VI - TEST MEDIUM 

Test medium 

Test medium: moderately hard EPA synthetic water (EPA, 2002), pH-buffered  

I. preparation of chemical stock solutions  

1) prepare 100 mL of a 40-fold concentrated stock solution for each reagent 1-5: 

reagent final conc. conc.     reagent per 100 mL 

 in test factor  

(1) NaHCO3  96 mg/L 40x 384 mg ad 100 mL H2O   

(2) CaSO4▪ 2H2O   60 mg/L 40x 240 mg ad 100 mL H2O   

(3) MgSO4            60 mg/L 40x 240 mg ad 100 mL H2O   

(4) KCl     4 mg/L 40x   16 mg ad 100 mL H2O   

(5) Hepes, pH 7.5 10 mM 40x 9.532 g adjust pH → ad 100 mL H2O 

2) adjust the pH of the HEPES buffer-solution to pH 7.5 (NaOH)    

a) dissolve 9.532 g HEPES reagent in ca. 90 mL of H2O     

b) adjust the pH to 7.5 with a concentrated NaOH solution (ca. 2.8 mL of a 5 M (200g/L) NaOH solution) 

c) fill up to 100 mL with deion. (or distilled) water      

 

3) store the test medium stocks at -20°C (for practical reasons it is recommended to aliquote the 

stocks) 

     
II. preparation of the standard moderately hard EPA synthetic water, pH-buffered  

1) Fill a 200 milliliter volumetric flask with approximately 160 ml deionized (or distilled) water and                                           

2) add 5 mL of each concentrated stock solution, in the sequence 1 to 5. 

3) Add deionized (or distilled) water up to the 200 ml mark and shake to homogenize the medium. 

→ store the (diluted) test medium at 4-6°C for no longer than 2 weeks.  
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7 Appendix VII - PREPARATION OF DIGITONIN SOLUTION 

Digitonin (CAS Number 11024-24-1) tends to form precipitates in solution, but it dissolves 

readily in boiling water. After cooling the solution remains clear for several hours.  

Add 100 mg digitonin to 10 mL H2O (= 10 g/L = 50-fold concentrated solution), heat the solution 

to about 95°C-100°C for 5 minutes and vortex slowly to dissolve the precipitate. Cool to room 

temperature prior to use (Note: Commercial digitonin powder is a mixture consisting of about five 

glycosides (Fukunaga, et al., 1988). One of the main components is digitonin, which amounts to 

about 50% of the preparation (TLC) from Sigma-Aldrich used in the ring study). 

8 Appendix VIII - CONCENTRATION-RESPONSE CURVES 

Concentration-response curves 

Figure 17: Exemplary concentration-response plot with %inhibition data (triplicates) for the phagocytosis 

activity (filled circle) and the %change of the defaunated digitonin-triplicates (cross). 
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9 Appendix IX - OD VS. E.COLI CONCENTRATION 

Relationship between OD440 nm and E. coli concentration 

Figure 18: Plot of optical density at λ = 440 nm versus the concentration of the E. coli strain ATCC9637.   
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