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2 INTRODUCTION 

This joint test report describes the implementation and the results of a test design devel-

oped for verification of the performance of an environmental technology following the 

NOWATECH ETV method. 

The verification is a joint verification with the US EPA ETV scheme and the Advanced 

Monitoring Systems (AMS) Center, Battelle, see the verification protocol /1/ for details 

on organization and implications. The compliance of the test with both scheme’s re-

quirements was ensured through a process document /2/. 

2.1 Verification protocol reference 

This test report has been prepared in response to the test design established in the Sorbi-

sense GWS40 Passive Sampler, verification protocol/1/. 

2.2 Name and contact of vendor 

Sorbisense A/S, Niels Pedersens Allé 2, DK-8830 Tjele, Denmark, phone +45 8999 

2505, +45 8999 2599. 

Contact: Hubert de Jonge, e-mail hubert@sorbisense.com. 

The laboratory responsible for the analysis of samples (subcontractor to the vendor) 

was: ALcontrol Laboratories, Steenhouwerstraat 15, 3194 AG Hoogvliet, Netherlands. 

Contact: Jaap Willem Hutter, e-mail j.hutter@alcontrol.nl 

2.3 Name of center/test responsible 

NOWATECH Water Monitoring ETV Center (NOWATECH WMC), DHI, Agern Allé 

5, DK-2970 Hørsholm, Denmark. 

Test responsible: Gerald Heinicke, e-mail ghe@dhigroup.com, phone +45 9516 9268. 

US EPA Advanced Monitoring System Center, Battelle Memorial Institute, 505 King 

Avenue, Columbus, Ohio 43201-2693, US. 

Test responsible: Anne M. Gregg (AMG), e-mail gregga@battelle.org, phone +1 614-

424-7419. 

2.4 Technical experts 

The expert group assigned to this test and responsible for review of test plan and test re-

port included: 

Dietmar Müller (DM), e-mail dietmar.mueller@umweltbundesamt.at,  

Contaminated Sites, Umweltbundesamt, Spittelauer Lände 5, 1090 Wien, Austria, pho-

ne +43-(0)1-313 04/5913. 

mailto:hubert@sorbisense.com
mailto:j.hutter@alcontrol.nl
mailto:ghe@dhigroup.com
mailto:gregga@battelle.org
mailto:dietmar.mueller@umweltbundesamt.at


  
 

 

 2  
 

Mike Sherrier (MS), e-mail michael.p.sherrier@usa.dupont.com, DuPont, Chestnut Run 

Plaza, Bldg 715-230, 4417 Lancaster Pike, Wilmington, DE 19805, US, phone +1 302-

999-2533. 

Cynthia Paul (CP), e-mail paul.cindy@epa.gov, U.S. Environmental Protection Agency, 

919 Kerr Research Drive, P.O. Box 1198. Ada, OK 74820, US, phone: +1 580-436-

8556. 

3 TEST DESIGN 

The test design outlined in the test protocol is summarized in Table 1. The term “sam-

ples” is used for samples taken with the Sorbisense sampler, whereas the term “refer-

ence samples” is used for water samples taken for reference analysis, after a reference 

method in an accredited (ISO 17025) laboratory. Acronyms are explained in Appendix 

1.  

If nothing else is stated below, the standard conditions for the standpipe test performed 

in the laboratory included mid-range ionic strength (30-70 mS/m conductivity), a sam-

pling period of 6 days and a sampling depth of 0.5 m (0.05 atm overpressure). 

In Table 1, labels are given for each experiment and for experiments with different lev-

els; a new label is given for each level. 

The tests were carried out on chlorinated compounds, BTEX and MTBE (VOC). Due to 

the chloroethene being very volatile a specific set-up had to be made for tests with 

chloroethene, referred to as “Direct application”, in this set up was included all chlorin-

ated compound (VOX) but not BTEX and MTBE.  

mailto:michael.p.sherrier@usa.dupont.com
mailto:paul.cindy@epa.gov
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Table 1  Overview of test design. 

 
Performance  

parameters 

Laboratory Standpipe
1
 Field 

Direct application
2
 Sample dispenser

1
 

Limit of detection (LoD) Direct application of VOX 

standard dilution to samplers 

in 7 replicates at 5 x LoD.  

Triplicate reference analysis 

of VOX standard dilution. 

Exp. H 

n.a.
3
 7 replicate samples at 5 x LoD, 

spiked concentration. 

7 reference samples distributed 

over the sampling period, in rep-

licates of 2-3-2. 

Exp. J 

n.a. 

Precision (repeatability 

and reproducibility) 

Range of application 

Trueness 

Robustness, general 

Direct application of VOX 

standard in 7 replicates to 

samplers at 10% of range. 

Exp. L 

 

 

n.a. Triplicate samples and three 

reference samples, the latter 

distributed over the sampling 

period, at 5 spiked VOC conc.: 

10, 25, 50, 75, 100% of range. 

Exp. N, P, R, T, V 

Single samples and refer-

ence samples at 3 (Sorbi-

sense) or 4 (reference) 

times from a total of 5 

wells at 2 sites, inherent 

concentrations. 

Exp. AA, AB, AC, AD, AE 

Robustness, specific     

- Reference for the 

robustness test levels 

n.a. Triplicate samples at 1 spiked 

50% range VOC concentration, 1 

mid range ionic strength 

(35 mS/m) and 1 mid range 

sampling time (6 days) from the 

sample dispenser. 

Three reference samples distrib-

uted over the sampling period. 

Exp. BA 

Precision test above n.a. 

- Sampling depth n.a. n.a. Triplicate samples at 1 spiked 

VOC mid range concentration, 

0.5 atm. overpressure. 

Three reference samples dis-

tributed over the sampling pe-

riod. 

Exp. CA 

n.a. 

- Ionic strength n.a. Triplicate samples at 1 spiked n.a. n.a. 

                                                
1
 Standpipe and sample dispenser experiments were done with the full VOC set without chloroethene, by addition of stock solution produced from pure chemicals. 

2
 Direct application was done with chloroethene and the other chlorinated compounds (VOX), but without the BTEX and MTBE. 

3
 n.a.: not applicable. 



  
 

 

 4  
 

Performance  

parameters 

Laboratory Standpipe
1
 Field 

Direct application
2
 Sample dispenser

1
 

mid-range VOC concentration, 2 

ionic strengths (10 and 100 

mS/m), (6 days), from the sample 

dispenser. 

Three reference samples distrib-

uted over the sampling period for 

each ionic strength. 

Exp. DA, EA 

- Sampling time n.a. Triplicate samples at 1 spiked 

VOC mid range concentration, 

mid range ionic strength and 2 

sampling times (3 and 9 days), 

from the sample dispenser.  

Three reference samples distrib-

uted over the sampling period for 

each sampling time. 

Exp. FA, GA 

n.a. n.a. 

- Concentration 

integration 

n.a. Triplicate samples at a step VOC 

concentration, 3 concentrations 

(20, 50 and 80% of range), each 

at 1/3 of 6 days sampling period, 

from the sample dispenser.  

Three reference samples, each in 

the middle of the 2-days periods.  

Exp. HA 

n.a. n.a. 
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3.1 Test sites 

The direct application, sample dispenser and standpipe tests were conducted in the DHI 

laboratory building, Hørsholm, Denmark. 

The field tests were carried out on contaminated sites in the Copenhagen area. 

3.1.1 Types 
The test sites are summarized in Table 2. 

Table 2 Summary of test sites. 

Scale Address/site Site  

details 

VOC profile for test 

Direct appl.  DHI premises None Chlorinated solvents (VOX) 

Dispenser DHI premises None All target compounds (VOC) 

except chloroethene 

Standpipe DHI premises None All target compounds (VOC) 

except chloroethene 

Field 

Søborg Hovedgade, 

Søborg 

C8 Chlorinated solvents, BTEX, 

intermediary concentrations 

Søborg Hovedgade, 

Søborg 

C11 Chlorinated solvents, BTEX, 

low/intermediary concentrations 

Søborg Hovedgade, 

Søborg 

C14 Chlorinated solvents, BTEX, 

intermediary concentrations 

Farum Bytorv, Farum B17 BTEX + MTBE, high concentrations 

Farum Bytorv, Farum B18 BTEX + MTBE, low concentrations 

3.1.2 Addresses 
See Table 2. 

3.1.3 Descriptions 
See Table 2. 

3.2 Tests 

The test program was prepared to provide the information and to apply the approaches 

presented for analytical quality control for water analysis (ISO 13530) /3/ and for per-

formance test of on-line sensors/analyzing equipment (ISO 15839) /4/. The field tests 

were guided by the test requirements in the Cost Agreement (pre-standard) on verifica-

tion of monitoring technologies for groundwater site characterization (CEN/WS 

32:2008) /5/. 

The test design, as described in Table 1, included four test scales: direct application, 

sample dispenser, standpipe and field. 

For the volatile chloroethene (vinyl chloride), the performance was tested only in a sim-

plified laboratory design (direct application, best possible LoD, repeatability precision 

and trueness) and in the field (realistic reproducibility precision and robustness) due to 

difficulties preparing, obtaining and handling chloroethene solutions in the laboratory. 

3.2.1 Test methods 
No standard methods exist for testing of passive samplers for groundwater monitoring. 

The test methods were prepared for the purpose (see Appendix 3), with reference to the 
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Ground Water Sampling Technologies Verification Test Plan prepared for the US EPA 

ETV program /6/. Preparation of test solutions, reagents and chemicals are described in 

Appendix 3 as well. It should be noted that the methods in Appendix 3 are described at 

the detailed level of a work instruction for direct implementation in the laboratory. 

For the sample dispenser tests, MilliQ water was used for preparing test solutions. For 

standpipe tests, groundwater (Appendix 3.7) was used for preparing test solutions.  

For the sample dispenser and standpipe tests, custom-made stainless steel test devices 

were prepared, see below.  

For direct application laboratory tests, a standard solution with chlorinated compounds 

only was applied to the samplers directly with a syringe, followed by equilibration and 

flushing with water using the sample dispenser, see Appendix 3.1 for method descrip-

tion (no illustration). 

The sample dispenser, Figure 1 to 3, was designed as a closed system that enabled direct 

exposure of samplers to test solutions with known and stable VOC concentrations by 

conveying the test solution from a closed container by gravity, see Appendix 3.2. The 

container was equipped with spiking port, sampling port and magnetic stirrer to main-

tain homogeneous conditions in the sample container. The volume of the sample dis-

penser was 40 L. 
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Figure 1 Sketch of sample dispenser. 

 

 

Figure 2 Sample dispenser with capillaries and samplers attached. 
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Figure 3 Detail of sample dispenser. 

 

The standpipe test device, Figure 4, was designed as a closed container filled with test 

solution where the sampling system with samplers can be suspended from the top, see 

Appendix 3.3. Air from the sample reservoir is vented through an air hose. The con-

tainer is equipped with sampling ports, and mixing is ensured through continuous 

pumping from top to bottom. The volume of the standpipe was 102 L and the pumping 

rate 27 L/h.  

For both the sample dispenser and the standpipe, the air entering the container to replace 

dispensed liquid is saturated with VOCs at the same concentration as in the container, 

by using an air wash bottle. 
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Figure 4 Sketch of standpipe. 
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Figure 5 Standpipe. The air wash bottle is in the fume cupboard.  
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Figure 6 Detail of standpipe: recirculation pump and spiking port. 

 

The field sampling, Figure 7, was done by suspending the sampling systems with sam-

plers in the screened intervals in monitoring wells, see Appendix 3.4. Reference sam-

ples were taken with a reference sampling pump inserted into the well before and/or af-

ter placement of the sampling system.  

The sequence of sampling and reference sampling was as follows. Initially, the well was 

reference sampled ensuring that fresh groundwater was found in the screened interval, 

followed by retrieval of the pump and installation of the sampler. After the first sam-

pling period, the sampler was retrieved, the pump reintroduced (same pump, wiring and 

tubing), and a new reference sampling was done. This was continued through the 3 

sampling sequences, ending with a reference sample.  

Figure 7 illustrates the positioning of sampler and reference sampling pump. Figure 8 

shows photos from the field. 
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Figure 7 Sketch of field sampling. 

 

Figure 8 Photos from field sampling. 
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For all reference samplings, a low purge sampling strategy was followed, allowing only 

for flushing of sampling equipment. The water quality was monitored online (pH, con-

ductivity, temperature and oxygen). Cleaning of the well and good contact with the res-

ervoir was obtained when stable parameters were reached. Hereafter reference samples 

were taken. Details of the low purge reference sampling can be found in Appendix 3.4 

with reference to /7;8/ and Appendix 8.  

The reference sampling was performed by a subcontractor. Their field report is included 

as Appendix 8 (in Danish; for explanations on the Danish text, please contact the au-

thors of this test report). 

3.2.2 Test staff 
The test staff were: test responsible Dr. Gerald Heinicke (GHE), field responsible Mette 

T. Andersson (MTA) and test technician Susanne Klem (SEK). 

3.2.3 Test schedule 
The test schedule is given in Table 3. See Table 1 for identification of experiment la-

bels. 

Table 3 Test schedule. 

Task Period 

Preparation of test plan July 2008 - January 2009 

Pre-testing dispenser 12-18 November, 2008 

Direct application 18 November, 2008 

Tests using dispenser  

BA 

DA 

EA 

FA 

GA 

HA 

16 January - 22 March, 2009 

16-22 January, 2009 

23-29 January, 2009 

30 January - 5 February, 2009 

6-9 February, 2009 

10-19 February, 2009 

16-22 March, 2009 

Set up standpipe December16, 2008-February 6, 2009 

Test using standpipe 

J 

N 

R 

T 

CA 

V 

10 February - 23 April, 2009 

17-23 February, 2009 

16-22 March, 2009 

25 March - 1 April, 2009 

1-7 April, 2009 

7-13 April, 2009 

17-23 April, 2009 

Test field 12 February - 2 March, 2009 

Test report draft May-September, 2009 

Test report QA October 2009 - January 2010 

Test report February 2010 

 

3.2.4 Test equipment and methods 
The test equipment and methods included (working procedures): 

 Laboratory sample dispenser (Appendix 3.2). 

 Standpipe (Appendix 3.3). 

 Field sampling (Appendix 3.4). 
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The laboratory and standpipe equipment have been designed and built specifically for 

this verification test. Equipment test procedures are described in Appendix 3.5. 

Laboratory equipment procedures including cleaning and calibration were done accord-

ing to ISO 17025 accreditation /9/ for the DHI laboratories under the laboratory services 

manual of the DHI Quality Management System /10/. 

3.2.5 Type and number of samples 
The types and number of samples are summarized in Table 4. 

Table 4 Summary of type and number of samples. The numbers of samples, reference samples and 
reference analysis sent for analysis.  

 Laboratory Standpipe Field 

Direct appl. Dispenser 

Limit of detection 7 analyses 

3 reference 

analyses 

 7 samples 

7 reference samples  

3 reference analyses 

 

Precision 

Range of application 

Trueness 

Robustness, general 

7 analyses 

 

 15 samples  

15 reference samples 

5 reference analysis 

15 samples 

20 reference 

samples 

Robustness, specific     

- Reference for the 

robustness test 

levels 

 3 samples  

3 reference 

samples 

1 reference 

analysis 

  

- Sampling depth   3 samples  

3 reference samples 

 

- Ionic strength  6 samples  

6 reference 

samples 

2 reference 

analyses 

  

- Sampling time  6 samples  

6 reference 

samples 

2 reference 

analyses  

  

- Concentration 

integration 

 3 samples  

3 reference 

samples 

1 reference 

analysis 

  

Samples per test 

scale 

14 analyses 

3 reference 

analyses 

18 samples 

18 reference 

samples 

6 reference 

analyses 

25 samples 

25 reference samples 

7 reference analyses 

15 samples 

20 reference 

samples 

Check stock solu-

tions 

 5 reference analyses of stock 

solution (unopened vials) 

1 stock dilution 

 

Samples totally
4
 72 samples/analyses 

86 reference samples/analyses 

                                                
4
 Excluding reference samples from pre-testing of the sample dispenser. 
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The term analysis covers analysis of Sorbisense samplers that have been exposed to 

standard solutions by direct application. The term reference analyses covers analysis of 

standards and standard dilutions after a reference method in an accredited (ISO 17025) 

laboratory.  

The analytical program included 22 reference analyses of VOC stock solutions, VOC 

stock dilutions, or diluted analytical standards. As the stability of the solutions proved 

satisfactory, the number was reduced from the originally planned 26 reference analyses. 

In addition to the reference samples included in the above table, 21 reference samples 

controlling the test systems were taken and analyzed as described in Appendix 3.5. This 

included blanks taken from the sample dispenser, and the water used for the tests.  

An analysis of the groundwater used in the laboratory tests was obtained from the mu-

nicipal water works. 

In the field, groundwater quality was analyzed in all wells. 

3.2.6 Operation conditions 
The operation conditions applied during the verification of the product were: 

 Sampling temperature: ambient 5-25°C. 

 Sampling depth: 0.5-5 m below the water surface. 

 Sample volume: up to 600 mL. 

 Sampling period: up to 9 days. 

 Sampling replicates: 1 to 7 samplers per sampling event. 

3.2.7 Operation measurements 
During operation, the following operation conditions were recorded, as relevant, see 

Appendix 5: 

 Sampling temperature: 9-22°C. 

 Depth of sample intake: 0.5 m for the sample dispenser tests, 0.5 m and simulated 

5 m for the standpipe tests, 1.7-4 m for the field tests.  

 Sample volume: from zero (no flow) to 620 mL. The lowest sample volume for a 

sampler result, not discarded by the vendor, was 80 mL. Volumes over 500 mL were 

not determined by tracer salt analyses, but sample volumes measured manually were 

used. 

 Sampling period: from 3 to 9 days. 

3.2.8 Product maintenance 
Samplers were kept in sealed bags, as delivered from the vendor, at ambient tempera-

ture until used. Opened bags with unused samplers were resealed until used and stored 

at 4°C. 

No maintenance was prescribed for the equipment. The reservoirs were washed when a 

slimy layer was found on the outside after prolonged use in the standpipe.  
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3.2.9 Health, safety and wastes 
The use of the product does not imply special health, safety and waste issues.  

Laboratory work during testing was done according to the DHI Safety Rules that are 

compliant with the extensive Danish rules for safe occupational health and the European 

regulations of work with chemicals. 

Field work was done according to the DHI rules for safe field work included in the DHI 

Safety Rules. 

Chemicals and test solutions were discarded according to Danish regulations for chemi-

cal waste by collection and destruction, in casu by collection in drums followed by con-

trolled destruction.  

4 REFERENCE ANALYSIS 

An aliquot of each test solution was submitted to an analytical laboratory for reference 

analysis. These samples verified the actual concentrations of the test solutions and the 

results were compared to the results of the product in this verification. 

4.1 Analytical laboratory 

Reference analyses were done by Eurofins Danmark A/S, Smedeskovvej 38, DK-8464 

Galten, Denmark. 

Contact Rita Splidt Pedersen, Eurofins Miljø A/S, +45 7022 4266. 

4.2 Analytical parameters 

The analytical parameters are given in Table 5. 

Table 5 Analytical parameters. 

Analytical parameters 

Chloroethene Benzene 

1,1-Dichloroethene Toluene 

1,2-Dichloroethenes (trans- and cis-) Ethylbenzene 

Trichloroethene Xylenes (o- and m/p-) 

Tetrachloroethene MTBE 

 

4.3 Analytical methods 

The analyses were done using purge and trap gas chromatography with mass spectrome-

try detection in the selected ion monitoring mode (P&T GC-MS-SIM) according to the 

packages given in Table 6. 

 

 

 

 

 

 



  
 

 

 17   
 

Table 6 Analytical packages, parameters and performance expectations from the contracted labora-
tory. 

Analytical package Parameter Limit of 

detection 

Uncertainty 

  µg/l % 

DR124 chlorinated solvents and 

degradation products 

Trichlorethene 0.02 7.5 

Tetrachlorethene 0.02 9.2 

1,1-Dichlorethene 0.02 8.5 

trans-1,2-dichlorethene 0.02 8.2 

cis-1,2-dichlorethene 0.02 14 

Chloroethene 0.02 7.7 

DR102 BTEX 

Benzene 0.02 7.4 

Toluene 0.02 8.9 

Ethylbenzene 0.02 9.4 

o-Xylene 0.02 7.4 

m/p-Xylene 0.02 7.3 

33145 MTBE MTBE 0.1 7.0 

 

The analytical method is based upon EPA Method 624 /11/ and ISO 15680 /12/ (see 

Appendix 2 for details). 

4.4 Analytical performance requirements 

The analytical performance requirements are given in Table 7. 

It should be noted that the uncertainties stated by the laboratory, Table 6, include both 

the random error under reproducibility conditions (requirements set here for the preci-

sion under repeatability conditions) and the systematic errors (requirements set here for 

trueness).  

For MTBE, there was concern whether the analytical laboratory would be able to satisfy 

the limit of detection of 0.03 µg/L, compare Table 6 and Table 7. Such a low limit of 

detection is generally required for the quantification of contaminants at trace concentra-

tions in groundwater. Given the limit of detection stated by the vendor, the limit of de-

tection available at the contracted laboratory was considered sufficient.  

Table 7 Required analytical performance. 

Compound Limit of 

detection 

Precision Trueness Range of 

application 

 µg/L % % µg/L 

Chloroethene 0.03 5 90-110 0.03-2000 

1,1-Dichloroethene 0.03 5 90-110 0.03-2000 

1,2-Dichloroethenes 0.03 5 90-110 0.03-2000 

Trichloroethene 0.03 5 90-110 0.03-2000 

Tetrachloroethene 0.03 5 90-110 0.03-2000 

Benzene 0.03 5 90-110 0.03-2000 

Toluene 0.03 5 90-110 0.03-2000 

Ethylbenzene 0.03 5 90-110 0.03-2000 

Xylenes 0.03 5 90-110 0.03-2000 

MTBE 0.03 5 90-110 0.03-2000 
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4.5 Preservation and storage of reference samples 

All water samples for VOC reference analysis were taken in 3x40 mL autosampler vials 

with Teflon lined screw caps as delivered from the laboratory contracted for reference 

sample analysis. The water samples were not preserved but stored cold (1-5°C) and dark 

until delivered to the laboratory within a maximum of 3 (in one occasion 4) days. 

Stock solutions samples for reference analyses were taken in 1.5 mL capped vials and 

stored cold (1-5°C) and dark until delivered to the laboratory within a maximum of 3 

days. Spare samples of stock solution or stock dilution were kept in the freezer at -20°C.  

5 DATA MANAGEMENT 

The data filing and archiving procedures of the DHI Quality Management System were 

followed. 

5.1 Data storage, transfer and control 

The data compiled and stored are summarized in Table 8.  

Analytical raw data was filed and archived according to the specifications of the labora-

tories’ quality management systems under their ISO 17025 accreditation, Eurofins for 

reference analysis and AlControl for sample analysis. 

Table 8 Data compilation and storage summary. 

Data type Data media Data 

recorder 

Data 

recording tim-

ing 

Data storage 

Test plan and 

report 

Protected PDF 

files 

Test responsi-

ble, DHI 

When approved 

by responsible 

Files and 

archives at DHI 

Test details in 

laboratory and 

field  

Log book and 

pre-prepared 

forms  

Technician, DHI During collection Files and 

archives at DHI 

Calculations Excel files Test responsi-

ble, DHI 

During calcula-

tions 

Files and 

archives DHI 

Analytical 

reports 

PDF files, as 

accredited. With 

additional digit 

as Excel files 

Test responsi-

ble, DHI 

When received Files and 

archives DHI 

 

Tables with the data recorded are shown in Appendix 5. 

6 QUALITY ASSURANCE 

The tests were performed under the quality management system of DHI which is ISO 

9001 compliant /13/, but not certified. The DHI laboratories have ISO 17025 accredita-

tions /9/ and OECD GLP approvals /14/ for a range of tests and ISO 17025 for sampling 

of drinking water. As part of the ISO 17025 and GLP inspections, the procedures for 
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general laboratory processes, quality assurance and documentation/archiving were re-

viewed. 

6.1 Test plan review 

The test plan was subject to internal review by the verification responsible from 

NOWATECH WMC Verifications: senior chemist Christian Grøn. Additionally, the test 

plan was subject to review by the Battelle Advanced Monitoring Center quality man-

ager (Zachary Willenberg), as well as by the US EPA ETV AMS project officer, quality 

manager and ETV coordinator (John McKernan, Lauren Drees and Evelyn Hazell, re-

spectively).  

External review of the test plan was done by the technical experts assigned to this veri-

fication. 

6.2 Performance control – reference analysis 

Reference analysis at an external laboratory comprised analysis of general chemistry 

and of reference samples. All reference analyses were done under the ISO 17025 ac-

creditation of Eurofins.  

The performance of Eurofins for the reference analysis was evaluated (performance 

evaluation audit) from laboratory quality control data for the relevant period (precision 

under repeatability conditions, trueness). Data for the analytical quality control of the 

laboratory included duplicate control samples at two concentrations (acceptance within 

100%±10%) in each series and at least one blank sample per 5 samples. The data from 

participation in a proficiency test arranged by Analytical Products, Inc., September 2008 

was evaluated for the demonstrated precision and traceability for the compounds in 

question for relevant matrices. 

The detection limits and risks of false positives of the laboratory were controlled by 

submitting blank samples and low concentration samples. 

The precision and trueness of the laboratory was further evaluated by analysis of stock, 

standard and spike solutions used for the test (22 reference analyses). The reference 

analysis included analysis of standards with analytical certification, diluted at DHI, and 

of solutions prepared from pure chemicals at DHI. 

The analytical reference performance control is summarized in Table 9, with reference 

to Appendix 3.6 and 3.7 for information on water, standard solution (purchased standard 

with analytical certificate) and VOC solutions (prepared by DHI from pure chemicals). 

Table 9 Summary of analytical reference performance control. 

Control type Limit of detection or blanks Precision Trueness 

VOX standard solution - - X 

VOC solutions - X X 

Groundwater (field) X - - 

Laboratory quality control X X X 

Proficiency test - - X 
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6.3 Test system control 

The laboratory test system control included test solutions of known concentrations, 

traceable back to added chemicals of p.a. quality or standards with analytical certifica-

tion, see Appendix 3.7 for specifications of purity, etc.  

Known concentrations were used to pre-test the test design, see Appendix 3.5. The wa-

ter used for preparation of solutions was controlled for contents of the target VOCs as 

part of the system control.  

The system contamination test of the standpipe was done indirectly, with data from the 

LoD test. This data was also used for controlling the groundwater (municipal drinking 

water) for possible contents of the target VOCs.  

The stability of the test concentrations was controlled continuously during the tests by 

taking and analyzing reference samples distributed over the sampling periods, consider-

ing the “true concentrations” based upon added amounts and the reference analyses. 

The control of the field test system was done using analysis of reference samples and 

field blank samples. 

The analytical reference performance control is summarized in Table 10. Sample dis-

penser blanks were MilliQ water with ionic strength controlled by adding KCl. Stand-

pipe sample blanks were a groundwater matrix. The system contamination/blank sample 

reference analysis for the standpipe was controlled indirectly, by the reference samples 

from test J, at 5 times the LoD stated by the vendor.  

Table 10 Summary of test system control. 

Information/control type Laboratory Standpipe Field 

Direct 

application 

Sample 

dispenser 
  

System contamination/blank 

sample reference analysis 
- X (X) - 

System contamination/field blank 

sample reference analysis 
- - - X 

System trueness/spiked sample 

reference analysis 
X X X - 

System variability/spiked sample 

reference analysis 
- X X - 

System trueness/natural sample 

reference analysis 
- - - X 

System variability/natural sample 

reference analysis 
- - - X 

 

6.4 Data integrity check procedures 

All transfer of data from printed media to digital form and between digital media were 

checked by spot check of not less than 5% of the data (test or field responsible). If errors 

were found in a spot check, all data from the transfer were checked.  
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6.5 Test system audits 

Internal audit from DHI following the GLP audit procedure by a trained auditor was 

done, see the verification protocol for details. 

The Battelle quality manager, Zachary Willenberg, performed a technical systems audit 

(TSA) during this verification and test. The purpose of this audit was to ensure that the 

verification test was being performed in accordance with the AMS Center quality man-

agement plan /15/, the test/quality assurance plan, published reference methods and any 

methods used in the tests. During the TSA, the Battelle quality manager reviewed the 

reference methods used, and compared actual test procedures to those specified or refer-

enced in the plan. The Battelle quality manager also observed testing in progress, ob-

served the reference method sample preparation and analysis, inspected documentation, 

and reviewed technology-specific record books. He also checked standard certifications. 

A TSA report was prepared, including a statement of findings and the actions taken to 

address any adverse findings. The AMS quality manager and the NOWATECH WMC 

verification responsible received a copy of Battelle’s TSA report. The TSA findings 

were communicated to technical staff at the time of the audit. 

The Battelle Quality Manager performed an audit of data quality (ADQ). This was a re-

view of data acquisition and handling procedures and an audit of at least 10% of the 

data acquired in the test and verification. The Battelle Quality Manager traced the data 

from initial acquisition, through reduction and statistical comparisons, to final reporting. 

All calculations performed on the data undergoing the audit were checked. 

6.6 Test report review 

The test report was subject to internal review by chief engineer Anders Lynggaard-

Jensen (ALJ), DHI.  

External review of the test report was done by the technical experts. 

7 TEST RESULTS 

7.1 Test data summary 

The test results are summarized below, sorted after the performance parameters investi-

gated. To follow the path of raw data, calculation and reporting, the reader is referred to 

the test design (Section 3), raw data (Appendix 5), and calculation (Verification report, 

Section 8.1). The Excel worksheets containing the actual calculations are archived at 

DHI.  

7.1.1 Direct application, sample dispenser and standpipe tests 
The tests performed investigated the limit of detection, precision and trueness, as well 

as robustness against several parameters under well-defined conditions.  

Limit of detection 

The limit of detection (LoD) was calculated (tests H and J in Appendix 5) at 5 times the 

vendor-stated LoDs, see Table 11. Also negative values were included in the calcula-

tion. Both in the direct application and in the standpipe tests of LoD, one out of seven 
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samplers was excluded due to lack of flow through the sampler. For chloroethene (direct 

application) and 1,1-dichloroethene (standpipe), four out of six remaining replicates 

were reported as zero. It was therefore judged that the peaks of these compounds were 

not detected at this concentration. The LoD could accordingly not be detected at this 

concentration. A conservative estimate of the detection limits are instead stated as cal-

culated from test at 10% of range concentration for direct application (chloroethene, test 

L, n=7) and standpipe (1,1-dichloroethene, test N, n=3). The analysis of trichloroethene 

from standpipe data resulted in a wide range of positive and negative values, thus the 

high detection limit calculated. The LoD calculated from the direct application test (H) 

may be regarded as a lower boundary, under best-case conditions, taking into account 

the sorbent and the analysis only. Under these conditions, the LoD for 1,1-

dichloroethene was 1.7 µg/l, and for trichloroethene 0.3 µg/l. 

Table 11 Limit of detection (µg/L). The number of replicates (n) is 6, except for chloroethene, where 
n=7 and 1,1-dichloroethene, where n=3. 

Compound Laboratory Standpipe 

 Direct application  

 µg/L µg/L 

Chloroethene <30  

1,1-Dichloroethene  <90 

trans-1,2-Dichloroethene  4 

cis-1,2-Dichloroethenes  4 

Trichloroethene  70 

Tetrachloroethene  2 

Benzene  3 

Toluene  4 

Ethylbenzene  5 

o-Xylene  4 

m/p-Xylenes  3 

MTBE  6 

 

Precision 

Precision was investigated in the standpipe tests by exposure of multiple samplers at 

several concentrations. The results are shown in Table 12. For chloroethene, precision 

was calculated from the direct application tests at 10% of the measurement range.  
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Table 12 Precision as relative standard deviation (RSD) in percent. n replicates in m tests. direct ap-
plication: n=7, m=1 at 10% of range. Sample dispenser: n=3, m=5 at nominal 1000 µg/l, 
Standpipe: n=3, m=5 at ca. 200-2400 µg/l. 

 

 

 

 

 

 

 

 

 

 

 

Trueness 

In the standpipe tests shown in Table 13, trueness varied between the five tests done at 

different concentrations (test N, P, R, T, V), without a correlation to concentration. The 

range of trueness in the standpipe was between approximately 90% and 190%. For 

chloroethene, the trueness from the direct application test at 10% of the measurement 

range is stated.  

Table 13 Trueness of sampler results from the direct application and standpipe tests. n replicates in m 
tests. Direct application: n=7, m=1 at 10% of range. Standpipe: n=3, m=5 at ca. 200-
2400 µg/l. 

 Laboratory  

 Direct application Standpipe 

 Mean Minimum Average Maximum 

Compound % % % % 

Chloroethene 65    

1,1-Dichloroethene  78 100 156 

trans-1,2-Dichloroethene  73 101 154 

cis-1,2-Dichloroethene  93 129 188 

Trichloroethene  77 110 141 

Tetrachloroethene  94 137 196 

Benzene  89 135 212 

Toluene  89 131 201 

Ethylbenzene  87 153 226 

o-Xylene  94 139 201 

m/p-Xylene  99 138 207 

MTBE  103 147 252 

 

 Laboratory Standpipe 

Direct 

application 

Sample dispenser 

 10% of range Samplers Reference Samplers Reference 

Compound RSD 

(%) 

RSD  

(%) 

RSD 

(%) 

RSD  

(%) 

RSD 

(%) 

Chloroethene 9.6     

1,1-Dichloroethene  6.8 9.4 11 19 

trans-1,2-

Dichloroethene 

 11 6.7 11 16 

cis-1,2-

Dichloroethene 

 11 3.1 10.2 12 

Trichloroethene  14 4.2 9.1 13 

Tetrachloroethene  13 9.5 8.5 19 

Benzene  9.0 3.9 10.0 15 

Toluene  12 3.1 9.5 13 

Ethylbenzene  12 2.6 8.6 30 

o-Xylene  13 3.0 8.8 18 

m/p-Xylene  12 2.4 8.5 22 

MTBE  10 6.4 10.6 16 



  
 

 

 24   
 

Range of application 

Limits for the range of application could not be established in the laboratory tests. True-

ness did not vary systematically with concentration for the tested range. 

The highest concentrations that could not be excluded as non-linear for sampler meas-

urements after visual evaluation are given in Linear range data were not available for 

chloroethene, as this compound could not be included in the multiple concentration test 

in standpipe.  

Table 14 shows linear maximum concentration with the coefficient of regression (R
2
), 

the slope (a) and the intercept (b) of the plot of sample measurements versus reference 

sample measurements.  

Linear range data were not available for chloroethene, as this compound could not be 

included in the multiple concentration test in standpipe.  

Table 14 Range of application data.  

Compound Standpipe 

 Linear maximum Linear regression parameters 

  Coefficient Slope Intercept 

 µg/L R
2
 a b 

Chloroethene     

1,1-Dichloroethene 1,900 0.88 1.5 -350 

trans-1,2-Dichloroethene 1,900 0.87 1.5 -380 

cis-1,2-Dichloroethene 1,500 0.93 1.9 -360 

Trichloroethene 1,700 0.97 1.5 -240 

Tetrachloroethene 1,200 0.93 2.0 -350 

Benzene 1,600 0.87 2.0 -390 

Toluene 1,500 0.90 2.0 -430 

Ethylbenzene 1,600 0.85 2.0 -270 

o-Xylene 1,400 0.94 2.1 -410 

m/p-Xylenes 1,300 0.92 2.2 -470 

MTBE 1,700 0.82 2.3 -580 

 

Robustness 

The robustness of the product against variations in several parameters was investigated 

and expressed as an effect on trueness, given as R in Table 15.  

For details on the statistical tests performed please refer to the Verification protocol /1/. 
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Table 15 Robustness (R, %) under controlled variations, using the sample dispenser and standpipe. 
R values significantly different (95% confidence level, two-sided t-test) from 100% are 
marked bold. 

Compound Sampe dispenser 

Stand-

pipe 

  Ionic strength
1
 Exposure time

2
 Concen-

tration 

Sampling

depth 

 

Low High Short Long Variation
3 Deep

4
 

 

R R R R R R 

 

% % % % % % 

Chloroethene       

1,1-Dichloroethene 89 86 78 78 83 111 

trans-1,2-Dichloroethene 94 121 100 102 116 112 

cis-1,2-Dichloroethene 85 114 94 93 99 108 

Trichloroethene 83 102 80 91 102 120 

Tetrachloroethene 96 100 91 90 90 106 

Benzene 80 95 80 90 108 105 

Toluene 76 94 81 88 95 107 

Ethylbenzene 75 87 77 96 95 101 

o-Xylene 72 80 77 84 91 101 

m/p-Xylenes 78 84 82 88 87 102 

MTBE 67 96 68 87 82 100 

1
 Low=10 mS/m, high = 100 mS/m, reference 35 mS/m 

2
 Short= 3 days, long = 9 days, reference = 6 days 

3
 Successive intervals of 20%, 50% and 80% of measuring range 

4
 Deep= 5 m below surface (mbs), reference = 0.5 mbs 

The test with variations in ionic strength showed lower recovery of trichloroethene, 

BTEX and MTBE at low ionic strength. One reason for the differences being significant 

between the reference level and the experiment at low conductivity is a low standard 

deviation in experiment at low conductivity. 

The test with variation in sampling time showed lower recovery of BTEX and MTBE at 

short sampling times. The effect of sampling time was not systematic, since also at 

longer times the recovery was lower than at the reference level for most components, al-

though not statistically significant.  

The test with increasing concentration produced a trueness that was not significantly 

different from the trueness on the reference level, for any compound (two-sided t-test 

assuming unequal variances, α = 0.05). 

The robustness against sampling depth was investigated; the results are shown in Table 

15. A t-test of the sampler results (two-sided t-test assuming equal variances, α = 0.05) 

did not reveal a significant difference of the results at 0.5 and 5 m depth, except for one 

compound. Only trichloroethene exhibited a significantly higher concentration at 5 m 

depth. 
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7.1.2 Field test 

Data summary 

The field testing results are summarized in Table 17 - Table 21. Wells C8, C11 and C14 

are located at Søborg, Denmark while B17 and B18 are located in Farum, Denmark.  

Some results were below the limit of detection. To calculate the ratio between samples 

and reference samples and for performing a paired t-test, generic rules for handling non-

detects were established, these are listed in Table 16. 

Table 16 Calculation rules used for calculation of trueness. 

Problem Method/rule 

4 reference samples to be compared with 3 

samples 

The sample result was compared to the av-

erage of the reference sample taken before 

and after the sample 

1-2 of the 3 results to compare (2 reference 

samples and 1 sample) are below limit of de-

tection 

Concentrations below limit of detection were 

set to a value equal to half of the respective 

LoD 

All 3 results to be compared (2 reference 

samples and 1 sample) below limit of detec-

tion 

All concentrations below limit of detection 

were set to a value equal to half of the high-

est LoD 

 

For some compounds the reference samples and/or the analyses of the sampler has been 

both above and below the limit of detection, while the limit of detection also can vary. 

E.g. for tran-1,2-dichloroethene the reference samples were <0.40, <0.20, 0.11 and 

<0.02. Then that is given as an interval that is <0.02 - < 0.40, and therefore not showing 

that as result above limit of detection (0.11) has been determined. The corresponding 

sampler results were all below limit of detection. The rules of calculation in Table 16 

cause that the ratio is calculated to 1-24. 

Table 17 Results from field testing, well C8. 

Well C8 Ref. samples Sampler Ratio 

 µg/L µg/L - 

Chloroethene 0.87-1.3 <1.8-<2.9 0.88-1.3 

1,1-Dichloroethene <0.02-<0.40 <1.9-<2.9 1.0 

trans-1,2-Dichloroethene <0.02-<0.40 <1.8-<2.9 1.0-24 

cis-1,2-Dichloroethene <0.02-<0.40 <1.9-<2.9 2.2-27 

Trichloroethene <0.02-<0.40 <1.8-<2.9 1.0-15 

Tetrachloroethene <0.02-0.59 <1.8-<2.9 1.0-2.6 

Benzene 640-1000 750-1600 1.2-1.7 

Toluene <0.02-0.50 3.4-9.6 22-170 

Ethylbenzene <0.02-<0.40 110-170 1,100-13,000 

o-Xylene <0.02-1.0 5.7-11 6.1-25 

m/p-Xylene <0.02-<0.40 5.0-6.5 43-500 

MTBE 1.3-<2 <1.8-<2.9 0.61-1.8 
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Table 18 Results from field testing, well C11. 

Well C11 Ref. samples Sampler Ratio 

 µg/L µg/L - 

Chloroethene 17-30 6.7-15 0.24-0.63 

1,1-Dichloroethene 0.29-<1 <0.68-<0.83 0.82-1.1 

trans-1,2-Dichloroethene <1-1.5 1.1-2.3 0.76-2.0 

cis-1,2-Dichloroethene 27-89 29-69 0.81-12 

Trichloroethene <1-2.4 <0.83-1.1 0.41-0.57 

Tetrachloroethene 0.068-1.3 <0,68-<0.83 0.59-42 

Benzene 167-4800 2700-5000 0.71-33 

Toluene 2.2-3.6 1.8-4.7 0.61-2.0 

Ethylbenzene 6.1-14 1.5-3.8 0.12-0.45 

o-Xylene 0.28-<1 <0.68-<0.83 1.1-2.3 

m/p-Xylene 0.75-2.2 <0.68-<0.83 0.19-0.42 

MTBE 1.76-<5 1.2-2.3 1.2-1.6 

 

Table 19 Results from field testing, well C14. 

Well C14 Ref. samples Sampler Ratio 

 µg/L µg/L - 

Chloroethene 17-45 28-77 1.2-2.1 

1,1-Dichloroethene <0.40 <1.1-<1.3 1.0 

trans-1,2-Dichloroethene 1.6-2.2 2.6-10 1.4-6.2 

cis-1,2-Dichloroethene 26-58 23-186 0.45-4.8 

Trichloroethene 5.9-25 3.0-21 0.19-3.1 

Tetrachloroethene 4.4-18 2.6-17 0.44-3.6 

Benzene 880-2300 1300-5600 0.78-3.8 

Toluene 2.9-4.4 12-18 3.1-4.6 

Ethylbenzene 20-35 77-92 2.6-3.3 

o-Xylene 2.3-5.3 14-33 5.5-7.9 

m/p-Xylene 4.2-5.9 11-54 2.2-11 

MTBE 2.7-3.4 1.2-17 0.36-5.4 

 

Table 20 Results from field testing, well B17. 

Well B17 Ref. samples Sampler Ratio 

 µg/L µg/L - 

Chloroethene <0.02-<0.20 <0.82-<0.92 1.0 

1,1-Dichloroethene <0.02-<0.20 <0.82-<0.92 1.0 

trans-1,2-Dichloroethene <0.02-<0.20 <0.82-<0.92 1.0 

cis-1,2-Dichloroethene <0.02-<0.20 <0.82-<0.92 1.0-29 

Trichloroethene <0.02-<0.20 <0.82-<0.92 1.0 

Tetrachloroethene <0.02-1.4 <0.82-<0.92 0.68-1.0 

Benzene <0.02-0.46 <0,92-4,2 2.0-420 

Toluene <0.02-1.4 <0.8-<0.92 0.65-1.0 

Ethylbenzene <0.02-0.14 <0.8-<0.92 1.0-5.9 

o-Xylene <0.02-0.045 <0.9-0.92 17-53 

m/p-Xylene <0.02-0.084 <0.8-<0.92 1.0-8.8 

MTBE 2.9-111 3.0-50 0.83-1.4 
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Table 21 Results from field testing, well B18. 

Well B18 Ref. samples Sampler Ratio 

 µg/L µg/L - 

Chloroethene <0.02-<0.20 <0.7-<0.79 1.0 

1,1-Dichloroethene <0.02-<0.20 <0.7-<0.79 1.0 

trans-1,2-Dichloroethene <0.02-<0.20 <0.7-<0.79 1.0 

cis-1,2-Dichloroethene <0.02-<0.20 <0.7-<0.79 1.0 

Trichloroethene <0.02-<0.20 <0.7-<0.79 1.0 

Tetrachloroethene <0.02-<0.20 <0.7-<0.79 1.0 

Benzene <0.02 <0.7-<0.79 1.0 

Toluene <0.02 <0.7-<0.79 1.0 

Ethylbenzene <0.02 <0.7-<0.79 1.0 

o-Xylene <0.02 <0.7-<0.79 1.0 

m/p-Xylene <0.02 <0.7-<0.79 1.0 

MTBE <0.1 <0.7-<0.79 1.0 

 

At first reference sampling occasion, the general groundwater chemistry was analyzed. 

The results are summarized in Table 22, while all data are given in Appendix 5.  

The ionic strength was highest in Søborg. 

Table 22 Mean groundwater chemistry at field sites. 

Site Søborg (3 wells) Farum (2 wells) 

 

Average Standard de-

viation 

Average Standard de-

viation 

 

mg/L mg/L mg/L mg/L 

Ca 233 15 125 7.1 

Mg 25 3.1 8.0 1.1 

K 4.7 0.4 1.7 0.14 

Na 120 36 19 2.8 

Fe 5.2 2.8 1.5 0.49 

Ammonium 0.77 0.14 0.46 0.53 

Nitrate <0.5 - <0.5-0.84 - 

Chloride 340 62 53 22 

Fluoride 0.30 0.015 0.28 0.042 

Sulphate 157 40 75 23 

Bicarbonate 482 81 315 28 

NVOC (DOC) 3.0 0.74 5.9 4.5 

Ion strength (mol/L) 0.028 0.0012 0.012 0.00055 

Field measurements 

Conductivity (µS/cm) 2,020 156 733 32 

pH (-) 7.2 0.081 6.9 0.10 

 

Sample to reference sample ratio 

It was tested whether the Sorbisense sampler results were significantly different from 

the reference sample results in a paired t-test. The differences were significant for tolu-

ene, ethylbenzene and o-xylene, see Table 23. For all compounds the ratio between 

sample and reference sample is given. 
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Table 23 Results from paired t-test, trueness in the field. Significant difference is marked in bold.  

Parameter Ratio Part of data below LoD 

 - % 

Chloroethene 0.24-2.1 49 

1,1-Dichloroethene 0.82-1.1 91 

trans-1,2-Dichloroethene 0.76-24 60 

cis-1,2-Dichloroethene 0.45-29 51 

Trichloroethene 0.19-15 63 

Tetrachloroethene 0.44-4.2 69 

Benzene 0.71-420 31 

Toluene 0.61-170 46 

Ethylbenzene 0.12-13,000 49 

o-Xylene 1.0-50 46 

m/p-Xylene 0.19-500 60 

MTBE 0.36-5.4 34 

 

Precision 

The precision of the measurements was expressed as the range of RSD, encountered for 

the wells, both for the reference samples and the samplers. In the case of values below 

LoD, general rules were established for the calculation and are listed in Table 24. The 

results are reported in Table 25. 

Table 24 Calculation rules used for calculation of relative standard deviation (RSD).  

Problem Method/rule 

Result below limit of detection Concentrations below limit of detection were set to 

a value equal to half of the corresponding detection 

limit 

Several results below limit of detection RSD was not estimated with less than two values 

 

Table 25 Relative Standard Deviation (RSD) for reference samples and samplers, as range over five 
wells.

 
 

 Ref. samples Samplers 

 % % 

Chloroethene ≤ 37 ≤ 51 

1,1-Dichloroethene ≤ 23 n.a
1
 

trans-1,2-Dichloroethene ≤ 39 ≤ 66 

cis-1,2-Dichloroethene ≤ 95 ≤ 113 

Trichloroethene ≤ 84 ≤ 88 

Tetrachloroethene ≤ 84 ≤ 88 

Benzene ≤ 82 ≤ 98 

Toluene ≤ 23 ≤ 51 

Ethylbenzene ≤ 31 ≤ 43 

o-Xylene ≤ 74 ≤ 39 

m/p-Xylene ≤ 61 ≤ 82 

MTBE ≤ 39 (166)
 

≤ 78 (124)
2
 

1
 n.a. = not applicable.

2 
The high deviation in parenthesis is due to “drag in” of contamination 

into well B17 at the first reference sampling.  

 

The high deviation in parenthesis for MTBE is due to “drag in” of contamination from 

the nearby gasoline contamination into well B17 at the first reference sampling, for fur-

ther details see Figure 14. 
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The occurrence of discrepancies between samples and reference samples was investi-

gated. A positive discrepancy was defined as an occasion when the sampler found a 

measurable concentration, while all reference samples were below the limit of detection. 

The opposite was defined as a negative discrepancy. It should be noted that a discrep-

ancy may reflect different principles of sampling rather than error on behalf of one of 

the methods, see Section 7.3.5. 

 

For the type of discrepancy with one reference sample being below LoD, a general rule 

was established (Table 26). The results are reported in Table 27.  

 

Table 26 Calculation rule used for determination of discrepancy with one reference sample being 
<LoD.  

Problem Method and rule 

Sampler result below limit of detection, while 

a concentration is detected in 1 of the 2 ref-

erence samples 

Average of the reference sample A (value) 

and ½ LoD of reference sample B (below 

detection limit).  

If average > sample LoD = > negative dis-

crepancy 
 

In total 15 measurement sets were compared.  

 

Both types of discrepancies occurred. Positive discrepancies occurred mainly for the 

three compounds with significant difference in the t-test (Table 23). Details on the iden-

tified discrepancies are shown in Table 28. 

 

Table 27 Frequency of samples with discrepancies. Numbers in brackets (X/Y): X samples giving dis-
crepancies out of totally Y samples.  

 positive discrepancy negative discrepancy 

 % (no. samples) % (no. samples) 

Chloroethene 0 0 

1,1-Dichloroethene 0 0 

trans-1,2-Dichloroethene 0 0 

cis-1,2-Dichloroethene 0 0 

Trichloroethene 0 7 (1/15) 

Tetrachloroethene 0 0 

Benzene 13 (2/15) 0 

Toluene 13 (2/15) 0 

Ethylbenzene 20 (3/15) 0 

o-Xylene 0 0 

m/p-Xylene 20 (3/15) 20 (3/15) 

MTBE 0 0 
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Table 28 Details on discrepancies.  

Compound Discrepancy type Reference sample Samplers 

  µg/L µg/L 

Benzene Sampler measured content, reference 

samples not (positive)  

< 0.02 1.3 - 4.2 

Toluene < 0.02 - < 0.40 3.4 - 9.5 

Ethylbenzene < 0.02 - < 0.40 110 - 170 

m/p-Xylene < 0.02 - < 0.40 5.0 - 6.5 

Trichloroethene Reference samples measured con-

tent, sampler not (negative) 

< 1 - 1.4 < 0.83 

m/p-Xylene <1 - 2.2 < 0.68 - < 

0.83 

 

7.2 Test quality assurance summary  

7.2.1 Sample analysis performance data 
The performance of the sampler analysis was reported by the vendor as given in Table 

29, assuming a water volume sampled within the range used in the verification reported 

here. 

Table 29 Performance parameters for sampler analysis reported by the vendor. 

Compound Limit of 

detection 

Precision Recovery of 

spike to 

samplers 

Maximum 

concentration tested 

 µg/L % % µg/L 

Chloroethene 0.3 16 59 170 

1,1-Dichloroethene 0.3 12 79 170 

1,2-Dichloroethene 0.2 11 82 170 

Trichloroethene 0.2 11 92 170 

Tetrachloroethene 0.2 19 103 170 

Benzene 0.2 11 89 170 

Toluene 0.1 10 87 170 

Ethylbenzene 0.1 11 92 170 

o-Xylene 0.2 10 93 170 

m/p-Xylenes 0.3 10 92 170 

MTBE 0.3 14 88 170 

 

The performance data accordingly do not include the salt measurements that are used 

for concentration calculations in routine application of the samplers.  

7.2.2 Reference analysis control data 
Control data for the reference analysis are summarized in Table 30 based upon standard 

and stock solutions in organic solvent. Trueness that was significantly different (95% 

confidence level, two-sided t-test, laboratory reproducibility used in test) from 100% is 

indicated by a number in bold. 
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Table 30 Summary of reference analysis control data. Data for proficiency tests are from /16,17/. 1,1-
dichloroethene results were corrected by the laboratory after completion of the test. In this 
table, data is stated both before and after correction. 

Compound VOX standard solution
5
 VOC stock solution

6
 Proficiency test 

 Repeat- 

ability 

Trueness Repeat- 

ability 

Trueness Trueness 

 % % % % % 

Chloroethene 30 110   140 

1,1-Dichloroethene bef. 10 121 1.6 132 131 

1,1-Dichloroethene after 10 97 1.3 105 none 

trans-1,2-Dichloroethene 4 112 1.4 107 110 

cis-1,2-Dichloroethenes 3 109 3.7 103 102 

Trichloroethene 3 105 3.1 96 95 

Tetrachloroethene 2 105 2.8 96 82 

Benzene   2.8 97 104 

Toluene   4.4 93 101 

Ethylbenzene   5.6 143 104 

o-Xylene   4.9 86 
103 

m/p-Xylenes   4.0 101 

MTBE   2.3 85 90 

 

For 1,1-dichloroethene and ethylbenzene, the trueness with the VOC stock solution was 

significantly different from 100%.  

The laboratory provided data from their routine quality control samples from the period 

of analysis demonstrating 103 and 98% trueness, respectively for the two compounds. 

Subsequent control of ethylbenzene trueness with analysis of two independent solutions 

yielded 98-103% recovery.  

Furthermore, the reference laboratory provided documentation for recent participation 

in a proficiency test /16/ covering VOC in drinking water with trueness data inserted 

into Table 30. A number in bold was indicated as unsatisfactory by the organizer of the 

proficiency test. 

After completing the reference analysis, the reference laboratory prepared new 1,1-

dichloroethene standards based upon another batch/product and used these for control 

analyses. Furthermore, the reference laboratory participated in an additional proficiency 

test /17/. The overall conclusion was that all results reported should be corrected by a 

factor of 0.80 for 1,1-dichloroethene, and this was subsequently applied for all test data. 

After the correction of 1,1-dichloroethene concentrations, the trueness of the analysis of 

VOX standard solution was 97%, and of the VOC stock solution analysis 105%.  

The quality of the reference analyses after correction of the 1,1-dichloroethene concen-

trations is summarized in Table 31. 

Of the 15 reference analyses of VOC stock solution, five were done on original 1.5 mL 

vials that had not been opened before. Those five analyses produced a trueness of 97-

                                                
5
 The VOX standard solution was a certified standard solution, was diluted at DHI to 25 µg each VOX/L and con-

tained only chlorinated solvents as indicated. 
6
 The VOC stock solution was prepared at DHI to 10 g each VOC/L and did not contain chloroethene. 
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107%, for the 11 compounds, in average 101% of the expected values stated in Table 

33. The precision of these four analyses ranges from 3-11%, in average 5% (Table 31). 

During the test of the product’s limit of detection in the standpipe, reference samples of 

groundwater with concentrations around 2.5 µg/L were taken at three occasions as 2 or 

3 replicates. From the triplicate, a conservative estimate of the LoD was derived, be-

tween <0.09 and <0.30 µg/l for the 11 compounds. All reference analyses of water sam-

ples taken as blanks were reported as less than the LoD (<0.02 µg/L, <0.1 µg/L for 

MTBE), also indicating a correct LoD reported by the laboratory.  

Table 31 Summary of analytical reference performance control, after the correction of 1,1-
dichloroethene concentrations. Data given as range over the tested compounds, with aver-
age in parenthesis. 

Control type Limit of detection 

µg/L 

Precision 

RSD % 

Trueness 

% 

VOX standard solution - - 97-110 (106) 

VOC stock solutions
7 

- 3-11 (5) 97-107 (101) 

Groundwater (field) <0.09-<0.30  - - 

Laboratory quality control 0.008-0.01 5-11 93-110 

Proficiency test - - 90-140 (106) 

 

The analytical quality control data from the reference laboratory as obtained during the 

test period are compiled in Table 32. 

Table 32 Compilation of reference laboratory quality control data. 

Compound Low control 

concentration
8
 

High control 

concentration
9
 

Detection 

limit 

 Total RSD Trueness Total RSD Trueness  

 % % % % µg/L 

Chloroethene 9.3 110 8.2 110 0.01 

1,1-Dichloroethene 7.9 106 7.6 105 0.01 

trans-1,2-

Dichloroethene 

7.7 99 5.9 104 0.008 

cis-1,2-

Dichloroethenes 

6.5 103 7.0 103 0.01 

Trichloroethene 6.2 99 5.9 102 0.01 

Tetrachloroethene 9.3 99 6.0 103 0.009 

Benzene 7.7 95 5.6 101 0.008 

Toluene 6.7 97 5.9 101 0.008 

Ethylbenzene 8.8 100 7.1 101 0.008 

o-Xylene 8.0 98 5.6 101 0.008 

m/p-Xylenes 9.6 98 5.3 101 0.01 

MTBE 11.0 93 6.6 97 0.009 

 

Overall, the reference analysis quality data indicated precision and trueness satisfying 

the requirements for most compounds but with a concern for high results for chloro-

ethene. For ethylbenzene, an error of preparation of the stock solution was indicated. 

                                                
7
 from unopened stock solution vials only. 

8
 Low control concentration is 0.08 µg/L, 170-219 control samples. 

9
 High control concentration is 0.8 µg/L, 192-232 control samples. 
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7.2.3 Test system control data 
Reference analysis of the water used in laboratory test and water from the test system 

(dispenser, after 30 minutes and after 6 days) gave results below the LoD (<0.02 µg/L, 

<0.1 µg/L for MTBE) indicating no contamination of either. 

Field blank reference analysis for the two field sites showed results below LoD, except 

for toluene in the field blank sample from the Søborg site (0.04 µg/L, LoD 0.02 µg/L). 

The field blank data did not indicate any substantial contamination with the VOC during 

field sample handling. 

The stability of stock solutions was controlled with reference analyses made of aliquots 

distributed over the test period, see Figure 9. 

 

Figure 9 Reference analyses of stock solution aliquots used for spiking. The aliquot identifiers corre-
spond to the data forms in Appendix 5.  

Over the test period, the stock solution concentrations varied considerably, and for six 

compounds the mean reference analysis measurements were significantly different from 

the value calculated from added amounts and volumes of the prepared stock solutions. 

For these compounds, reference analysis measurements were assumed to be correct, see 

compounds listed as analyzed under Data source in Table 33. The expected values for 

the stock solution were only used to calculate expected values in the sample dispenser 

and the standpipe, for test system control purposes. All performance parameters were 

calculated against measured data from the reference analyses.  
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Table 33 Concentrations in the stock solution. 

Compound True value 

(g/L) 

Data source 

1,1-Dichloroethene 9.7 calculated 

trans-1,2-Dichloroethene 10.1 calculated 

cis-1,2-Dichloroethene 7.70 calculated 

Trichloroethene 9.79 analyzed 

Tetrachloroethene 9.74 calculated 

Benzene 8.98 analyzed 

Toluene 9.04 analyzed 

Ethylbenzene 13.9 analyzed 

o-Xylene 8.90 analyzed 

m-Xylene 10.4 calculated 

MTBE 8.52 analyzed 

 

The dispenser laboratory test system showed stable concentrations after 6 days as meas-

ured by reference analysis, and corresponded to the expected values (Table 34, middle 

column). Conversely, sample measurements under reference conditions (test BA) were 

lower than the expected values for most compounds (Table 34, right hand column). The 

deviations of the sampler results from the expected values were correlated to compound 

volatility, but not to compound polarity, see Figure 10. 

Table 34 Stability, reference sample concentrations and sample concentrations in the dispenser labo-
ratory test system. 

Compound Laboratory 

 Dispenser 

 Reference sample measurement 

after 6 days 

Sample measurement 

over 6 days 

 % of expected value % of expected value 

Chloroethene   

1,1-Dichloroethene 107 81 

trans-1,2-Dichloroethene 116 71 

cis-1,2-Dichloroethene 114 90 

Trichloroethene 107 70 

Tetrachloroethene 97 72 

Benzene 97 85 

Toluene 112 81 

Ethylbenzene 103 75 

o-Xylene 122 90 

m/p-Xylenes 88 77 

MTBE 112 110 
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Figure 10 Deviation of trueness from 100% in dispenser against volatility and polarity of compounds. 

 

In the dispenser, test solution from the dispenser was lead to the sampler through poly-

mer capillaries supplied by the vendor. The plots of difference between sample meas-

urement and true value (calculated from added amounts and volumes of the prepared 

stock solutions) against log Kow (partitioning coefficient octanol water) and kH (parti-

tioning coefficient air water) did not support that loss through adsorption should be im-

portant (should exhibit inverse relationship between trueness deviation and partitioning 

coefficient), whereas loss of compounds by evaporation e.g. through the capillaries can-

not be excluded (relationship between trueness deviation and Henry’s law constant can-

not be excluded). Accordingly, dispenser trueness data are not used independently but 

only as reference for robustness assessments. 

The standpipe test system exhibited high reference sample measurements for the sam-

ples taken after 2 hours, followed by a lower and stable plateau, see Figure 11. The ini-
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tial high reference sample measurements were taken to reflect incomplete mixing in the 

test system and subsequently, the first reference samples were taken after 4 hours. 

 

Figure 11 Reference sample measurements in standpipe at level 5 times the expected limit of detec-
tion. Samples no. 1-2 taken 2 hours after spiking, no. 3-5 taken 2 days after, no. 6-7 taken 6 
days after spiking. 

The mean reference sample measurements for the 5 last samples were significantly dif-

ferent from the true value calculated from added amounts and volumes of the prepared 

stock solutions for 8 of 11 compounds at a level of 5 times the expected limit of detec-

tion. The concentrations measured for the reference samples relative to the true value 

decreased with increasing octanol water partitioning coefficient as would be expected 

with adsorption of compounds to the test system or the sampling system, see Figure 12. 

The standpipe test system was made of the same materials as the dispenser test system 

with no adsorption observed, but adsorption to the sampling system with up to 7 sam-

plers suspended in the standpipe cannot be excluded.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0,00

1,00

2,00

3,00

4,00

5,00

6,00

1 2 3 4 5 6 7

R
e

fe
re

n
ce

 s
am

p
le

 m
e

as
u

re
m

e
nt

 (µ
g

/L
)

Reference sample number (-)

1,1-Dichloroethene

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Trichloroethene

Tetrachloroethene

Benzene

Toluene

Ethylbenzene

o-Xylene

m+p-Xylene

MTBE



  
 

 

 38   
 

 

Figure 12 Deviation of trueness from 100% in standpipe against polarity of compounds at level 5 times 
the expected limit of detection. 

As reduced test solution concentrations in the standpipe due to adsorption could not be 

ruled out, reference sample based concentrations were used as true values in standpipe 

test. 

7.3 Test performance observation 

7.3.1 True volumes that passed through the samplers 
During the tests, the volumes passed through the samplers were determined in two 

ways: by tracer salt analysis as part of the product, and as a manual measurement of the 

collected liquid in the laboratory or in the field. In some tests, the difference was a fac-

tor of approximately two for all three replicates; see e.g. samples V and CA. The rule 

for which volume to use was: use the volume measured by the tracer salt method, unless 

the result is over range, >500 mL. In those few cases, the volumes measured in labora-

tory or in the field were used. 

7.3.2 Direct application tests 
The direct application tests H and J were the only laboratory tests that included chloro-

ethene. After the application of the VOX analytical standard (test J) or the standard dilu-

tion (test H), the samplers were rinsed with 300 mL of water. In test H, one of the seven 

replicate samplers exhibited a very high hydraulic resistance. This sampler was ex-

cluded from the evaluation of data.  

7.3.3 Tests using the sample dispenser 
In the tests using the sample dispenser, the relative standard deviation (RSD) of sam-

plers was higher (lower precision) than for the consecutive reference samples. In the 

tests using the standpipe, the samplers showed a lower RSD (better precision) than the 

reference samples.  

7.3.4 Tests in the standpipe 
The reference samples from the standpipe are not true replicates, for two reasons. 

Firstly, there may be a loss of concentration over time, presumably mainly due to ad-

sorption to the plastic materials that are part of the Sorbisense set-up. Secondly, mixing 
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may be incomplete at the time of the first reference sampling, resulting in too high con-

centrations at the sampling port, see Figure 11. An indication of that can also be seen at 

in the test N at 10% of range (reference samples O). For the tests of trueness in the 

standpipe, it is judged that the variation between replicates is larger than the effect of 

the above-mentioned reasons for varying concentrations in the standpipe. After 

Amendment 3, the first sampling was 4 hours after spiking. 

7.3.5 Field test in monitoring wells 
When testing in the existing groundwater monitoring wells, some unexpected conditions 

arose. In some cases, action was taken. In all cases, the unexpected conditions were 

considered when evaluating the results. 

When taking reference samples in well C14 at Søborg Hovedgade, a black (oily?) liquid 

was pumped up at start of pumping. When taking up the Sorbisense equipment, it was 

covered with the black substance, see Figure 13. The chemical analyses did not show 

any significant effect of the unknown substance, and all results from the well were in-

cluded in the validation.  

 

 

 

 

 

 

 

 

 

Figure 13 Pictures of Sorbisense equipment retrieved from well C14 at Søborg Hovedgade. 

 

In well B17 at Farum Bytorv, it was difficult to achieve a stable water quality (meas-

urement of pH, conductivity and oxygen) when taking reference samples from this well.  

During the first reference sampling, the well was pumped over a longer period than 

planned in an attempt to achieve stable water quality. At the next reference samplings, 

the sampling was done after approximately the same pumping time as needed for the 

other wells to get stable water quality. Further it was not possible to place the Sorbi-

sense equipment in planned depth due to irregularity (bend) in well casing well. All 

samples and 3 out of 4 reference samples were taken from approximately 1 m above 

planned depth. 

This well was in the periphery of the contamination. The extra pumping at the first ref-

erence sampling apparently caused this sample to contain higher concentrations, mainly 

of MTBE, than the following reference samples. It was not possible to determine how 

much the difference in sampling level affected the results. The extra pumping and drag-

ging in of contamination from the nearby gasoline hot spot has affected the results of the 
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first sampler, which had higher concentrations than the following samples. The meas-

ured MTBE concentrations are shown graphically in Figure 14. All results from well 

B17 were included in the validation. 

 

Figure 14 MTBE concentrations in well B17 over time in samplers and reference samples.  

 

7.4 Amendments and deviations from the test plan and test proto-
col 

There has been in total four amendments to the test plan. All amendments have been 

approved. These amendments were made as update of sections and appendices in the 

test plan. This test report therefore includes the revised sections. An overview of the 

sections and appendices where the amendments have caused updates is shown in Table 

35.  

Table 35 Overview of updates according to amendments. 

No. Section Change 

1 Test plan appendix 3.4 Reference sampling strategy in the field 

2 Test plan appendix 3.10 Handling of exposed samplers 

3 Test plan appendix 3.3 Time of first reference sample from standpipe 

4 Test plan appendix 3.2, 3.9 Way of conducting concentration integration test HA 

5 Test protocol  Use of statistical methods 

 

During the testing, 31 deviations to the test plan were noticed. Where applicable, the 

test plan was updated. A list of the deviations is included in Appendix 7. 

0

20

40

60

80

100

120
1

2
-f

e
b

1
4

-f
e

b

1
6

-f
e

b

1
8

-f
e

b

2
0

-f
e

b

2
2

-f
e

b

2
4

-f
e

b

2
6

-f
e

b

2
8

-f
e

b

0
2

-m
ar

C
o

n
ce

n
tr

at
io

n
 (

µ
g/

L)

Well B17 - MTBE

Reference samples

Samples



  
 

 

 41   
 

A P P E N D I X  1  

Terms and definitions used in the test plan 
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The abbreviations and definitions used in the verification protocol and the test plan are 

summarized below. 

Where discrepancies exist between NOWATECH and US EPA ETV terminology, defi-

nitions from both schemes are given. 

Word NOWATECH US ETV 

ADQ Audit of data quality: An examination 

of a set of data after is has been col-

lected and 100% verified by project 

personnel, consisting of tracing at 

least 10% of the test data from origi-

nal recording through transferring, 

calculating, summarizing and report-

ing 

 

AMS Center Advanced Monitoring Systems Cen-

ter at Battelle 

 

Analysis Analysis of Sorbisense samplers at 

the vendor identified laboratory 

 

Analytical 

laboratory 

Independent analytical laboratory 

used to analyze reference samples 

 

Application The use of a product specified with 

respect to matrix, target, effect and 

limitations 

 

BTEX Benzene, toluene, ethylbenzene and 

xylenes 

 

CEN European Committee for Standardi-

zation 

 

CWA CEN Workshop agreement  

Direct applica-

tion 

A test design where a standard solu-

tion is applied directly to the Sorbi-

sense samplers 

 

Discrepancy Sampler resulting in measurable 

concentrations while all reference 

samples are below limit of detection 

or opposite reference samples with 

detectable content and all sampler 

results being below limit of detection 

 

DOC Dissolved organic carbon  

DS Danish Standard  

Effect The way the target is affected, in this 

verification the measurement volatile 

organic contaminants 

 

EN European standard  

ETV Environmental technology verification 

(ETV) is an independent (third party) 

assessment of the performance of a 

technology or a product for a speci-

fied application, under defined condi-

tions and adequate quality assurance 

EPA program that develops generic 

verification protocols and verifies 

the performance of innovative envi-

ronmental technologies that have 

the potential to improve protection 

of human health and the environ-

ment 

Evaluation Evaluation of test data for a technol-

ogy product for performance and 

data quality 

An examination of the efficiency of 

a technology 

Experts Independent persons qualified on a 

technology in verification or on verifi-

Peer reviewers appointed for a veri-

fication 
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Word NOWATECH US ETV 

cation as a process 

GC Gas chromatography  

GLP Good laboratory practice  

Groundwater 

monitoring 

Baseline monitoring of groundwater 

quality 

 

GWS Groundwater sampler  

HDPE High density polyethylene  

ICP Induced coupled plasma  

ISO International Standardization Organi-

zation 

 

kH Partitioning coefficient air water  

Kow Partitioning coefficient octanol water  

Limit of detec-

tion 

LoD 

Calculated from the standard devia-

tion of replicate measurements at 

less than 5 times the detection limit 

evaluated. Corresponding to less 

than 5% risk of false blanks 

 

Matrix The type of material that the product 

is intended for 

 

mbs m below surface  

Method Generic document that provides 

rules, guidelines or characteristics for 

tests or analysis 

 

MS Mass spectrometry  

MTBE Methyl-tert-butylether  

NOWATECH 

ETV 

Nordic Water Technology Verification 

Centers 

 

NOWATECH 

WMC 

(ETV) Water Monitoring Center at 

DHI 

 

NVOC Non-Volatile Organic Carbon  

OECD GLP Organisation for Economic Co-

operation and Development, Good 

Laboratory Practice 

 

P&T Purge and trap  

Performance 

parameters 

Parameters that can be documented 

quantitatively in tests and that pro-

vide the relevant information on the 

performance of an environmental 

technology product 

 

Precision The standard deviation obtained from 

replicate measurements, here meas-

ured under repeatability or repro-

ducibility conditions 

 

QA Quality assurance  

Range of ap-

plication 

The range from the LoD to the high-

est concentration with linear re-

sponse 

 

Reference 

analyses 

Analysis by a specified reference 

method in an accredited (ISO 17025) 

laboratory 

 

Reference 

samples 

Samples taken for and analyzed by a 

specified reference method in an ac-

credited (ISO 17025) laboratory 

 

Repeatability The precision obtained under repeat-
ability conditions, that is with the 
same measurement procedure, same 
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Word NOWATECH US ETV 

operators, same measuring system, 
same operating conditions and same 
location, and replicate measurements 
on the same or similar objects over a 
short period of time 

Reproducibility The precision obtained under repro-
ducibility conditions, that is with 
measurements that includes different 
locations, operators, measuring sys-
tems, and replicate measurements 
on the same or similar objects 

 

Robustness % variation in measurements result-

ing from defined changes in matrix 

properties 

 

RSD Relative standard deviation in %  

Sample dis-

penser 

Test device designed for controlled 

exposure of Sorbisense samplers to 

test solutions 

 

Sampler Sorbisense sorbent cartridge  

Samples Samples taken with and analyzed 

after the Sorbisense method 

 

Sampling sys-

tem 

The sampling reservoir and venting 

system used to operate the Sorbi-

sense samplers 

 

SIM Selected ion monitoring  

SM Standard Methods for the Examina-

tion of Water and Wastewater, latest 

edition 

 

Standard Generic document established by 

consensus and approved by a rec-

ognized standardization body that 

provides rules, guidelines or charac-

teristics for tests or analysis 

 

Standpipe Test device designed to simulate a 

groundwater well 

 

Target The property that is affected by the 

product, in this verification the target 

performance parameters measured 

 

(Environ-

mental) tech-

nology 

The practical application of knowl-

edge in the environmental area in a 

technology whose use is less envi-

ronmentally harmful than relevant 

alternatives 

An all-inclusive term used to de-

scribe pollution control devices and 

systems, waste treatment proc-

esses and storage facilities, and 

site remediation technologies and 

their components that may be util-

ized to remove pollutants or con-

taminants from, or to prevent them 

from entering, the environment 

Trueness  The % recovery of true value ob-

tained either from knowledge on the 

preparation of test solutions or from 

measurements with reference meth-

ods 

 

TSA Technical system audit  

US EPA United States Environmental Protec-

tion Agency 

 

Vendor The party delivering the product or The technology developer, owner, 
or licensee seeking verification 
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Word NOWATECH US ETV 

service to the customer 

Verification Evaluation of product performance 

parameters for a specified application 

under defined conditions and ade-

quate quality assurance 

Establishing or proving the truth of 

the performance of a technology 

under specific, predetermined crite-

ria, test plans and adequate data 

QA procedures 

VOC Volatile organic compounds, here the 

compounds listed as target com-

pounds/analytical parameters 

 

VOX Volatile halogenated organic com-

pounds, here the halogenated com-

pounds listed as target com-

pounds/analytical parameters 

 

WS Workshop (under CEN)  
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A P P E N D I X  2  

Reference methods and references 
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1 Reference analysis, VOC 

Water samples are taken as 40 mL samples in autosampler vials filled completely from 

the bottom and allow to overflow. 

A precise volume of subsample is transferred from the sampler vial to the airsparger via 

a sample loop and using helium as the pressure gas. The subsample is purged with he-

lium and the purged compounds trapped on a VOCARB 3000 adsorbent, followed by 

thermal desorption at 240°C and transfer of desorbed compounds to the gas chromato-

graph (GC). GC separation is followed by selected ion monitoring and quantification 

against external standard. 

Selectivity is ensured by applying a maximum limit of 20% deviation of mass ratios for 

the selected masses from reference run. 

The equipment used is Tekmar Aquatek 70/Velocity XPT and Agilent 6890 GC/5973 or 

5975 MS. 

Standard method references are EPA Method 624.2 /11/ and ISO 15680 /12/. 

2 General chemistry 

Groundwater from wells in the field test will be characterized for general chemistry pa-

rameters using the below given methods. Analysis for pH and conductivity is done on-

line in the field. 

Parameter  Method Parameter Method 

pH  DS 287 DOC  EN 1484 

Conductivity  DS 288 Iron  SM3500C 

Nitrate  EN 10304 Ammonium  DS 224 

Fluoride  EN 10304 Sodium  SM3500C 

Chloride  EN 10304 Potassium  SM3500C 

Bicarbonate  DS 256 Calcium  SM3500C 

Sulphate  EN 10304 Magnesium  SM3500C 

 

General chemistry data for groundwater for the laboratory tests, see Appendix 3.7, will 

be obtained from the water work delivering the water. 
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A P P E N D I X  3  

In-house test methods 
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The in-house test methods are the detailed specifications (work instructions) of the tests 

to be performed including specific information on the practical work planned, Appendi-

ces 3.1 to 3.4. 

The pre-testing is described in Appendix 3.5 and the check of solutions used in Appen-

dix 3.6. 

Reagents are described in Appendix 3.7 and apparatus in Appendix 3.8. 

The volumes of solutions used for different experiments are summarized in Appendix 

3.9. 

The storage and shipping of samples is described in Appendix 3.10. 

 

  



  
 

 

 53   
 

Appendix 3.1 

Direct application of halogenated hydrocarbons standard to samplers 

For personal safety and to avoid contamination, wear nitrile gloves for all handling of 

equipment. 

a) Place 7 samplers in the fume cupboard in a vial stand.  

b) Add the spike (50 µL of 24.7 µg/mL VOX standard dilution for 5xLoD, 50 µL stan-

dard solution for 10% of range) directly into the adsorber resin of the sampler using 

a 50 µL gas tight syringe.  

c) Place each sampler into a separate 100 mL glass bottle with PTFE-lined screw cap. 

d) Place 3-4 of the 100 mL bottles into a 2 L wide-neck glass bottle with Teflon-lined 

screw cap. 

e) Let the samplers equilibrate at 4°C for 24 hours at least.  

f) Remove the samplers from the glass bottles.  

g) Connect 3 of the samplers to the sample dispenser using new 1/16’’ capillaries.  

h) Convey 300 ml (collect in 500 mL graduated cylinders) of water through each sam-

pler during approximately 4 hours. This is done in batches of 2-3 samplers, before 

the sample dispenser has been used with VOCs, but after the blank test of the sam-

ple dispenser.  

i) Prepare the samplers for shipping.  
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Appendix 3.2 

Laboratory sample dispenser 

For personal safety and to avoid contamination, wear nitrile gloves for all handling of 

equipment. 

1 Preparations 

a) Start with the clean, empty dispenser, lid attached, air exchange pipe detached from 

the wash bottle. Make sure the stir bar in the dispenser is positioned in the middle of 

the dispenser bottom and rotating when stirrer is switched on.  

b) Connect the sampler capillaries to the 1/16 inch fittings. Place the ends of the capil-

laries above the lid of the lab dispenser to avoid leakage.  

c) Add 35 mL potassium chloride stock solution to the dispenser through the spiking 

port, using a 100 mL syringe with Luer lock. For the tests with different ionic 

strength add 10 mL for 10 mS/m or 100 mL for 100 mS/m). Rinse with 100 mL of 

water. 

d) Fill the dispenser with water (see separate instruction below). 

e) Add the VOC spike to the dispenser (see separate instruction below).  

f) Fill the wash bottle with water up to the 5.5 L-mark
10

.  

g) Add the adequate spike directly to the wash bottle (under the water surface) and 

close the wash bottle. 

h) Connect the exchange pipe and tighten the fittings.  

i) Start the magnetic stirrers in the wash bottle.  

j) Take down the end of the capillaries from the dispenser. Let at least 1 mL go to 

drain.  

k) Make sure that 30 minutes have passed since the magnetic stirrers have been started; 

then, connect a sampler to each capillary.  

l) Start the magnetic valve timer. 

m) Note the time and possible deviations. 

 

2 Filling the dispenser with water  

a) Attach one end of the PTFE tube to the vertical nozzle of the sampling port. Attach 

the other end to the water tap (MilliQ).  

b) Open the two-way valve in the lid of the dispenser. 

c) Open the sampling port valve. Open the water tap to fill the dispenser until water 

overflows from the open two-way valve.  

d) Close the water tap. Close the spiking port valve.  

e) Remove the PTFE tube and close the open ends with tinfoil.  

f) Drain 200 mL of water from the dispenser through the sampling port. Measure con-

ductivity and temperature in the drained water.  

g) Continue with step 1e. 

 

3 Addition of spike to the lab dispenser 

a) Start the dispenser’s magnetic stirrer. 

b) Open a stock solution vial with appropriate volume. 

c) Fill the appropriate amount into the suitable gastight syringe with Luer lock, with 

needle attached. 

                                                
10

 Removed “using the PTFE tubing” after comment in Battelle’s audit report. 
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d) Remove the needle from the syringe and connect the syringe to the dispenser’s spik-

ing port.  

e) Open the spiking port valve and add the contents to dispenser.  

f) Close the spiking port valve and remove the syringe.  

g) Attach the needle and fill syringe with methanol. Detach the needle and add also the 

methanol to the dispenser. 

h) Close the spiking valve, and remove the syringe. 

i) Fill a 100 mL syringe with Luer lock with water. Add the water to the dispenser. 

Close the spiking port valve and remove the syringe.  

j) Close the two-way valve in the lid of the dispenser. 

k) Continue with step 1f. 

 

4 During exposure 

a) Control the amount of liquid that has passed through each sampler after ½ the sam-

pling time and full sampling time by collecting in pre-weighed 1000 mL bottles. 

b) Take water phase sample from the dispenser after 2 hours, ½ the sampling time and 

full sampling time, following the sampling instruction.  

 

5 Reference sampling instructions 

a) Wipe the vertical nozzle of the sample tap with acetone-soaked paper tissue. Rinse 

the nozzle with water from a bottle, dry with paper tissue.  

b) Set the magnetic valves to open. 

c) Open the sample tap and drain 25 mL to waste.  

d) Place the nozzle in a 40 mL P&T vial, open the sample valve by approximately 45 

degrees and fill the vial slowly from below. Let the sample overflow for at least 3 

seconds. Close the sample tap, and close the vial.  

e) Repeat c) for the 2 following P&T vials. 

f) Start the magnetic valve timer. 

g) Repeat a) to clean the nozzle after sampling. 

h) Store cold 1-5°C and dark for no more than 3 days and transfer to laboratory.  

 

6 End of exposure 

a) Stop both magnetic stirrers.  

b) Open the two-way valve in the lid of the dispenser. 

c) Drain the dispenser through the sample tap, into containers for disposal
11

.  

d) Remove the samplers and send them for analysis. 

e) Detach the air exchange pipe from the wash bottle
12

 and tilt the container towards 

the sample tap to empty completely.  

f) Detach the magnetic valve from the other side of the wash bottle. 

g) Empty the wash bottle. Attach the air exchange pipe lightly until next use.  

  

                                                
11

 Changed according to deviation no. 4. 
12

 Whenever detaching the connections of the wash bottle, detach the nut on the steel side of the fitting, not on the 

glass side.  
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Appendix 3.3 

Standpipe 

1 Preparations 

Wear nitrile gloves for all handling of equipment. 

 

a) Mount the needed number of samplers with samplers into the empty standpipe. 

Tighten with the provided strings. 

b) Connect the air hoses
13

 to the lid.  

c) Close the standpipe. 

d) Open the two-way valve in the lid of the standpipe. 

e) Fill the standpipe from the bottom with groundwater, using PTFE tubing, until water 

overflows from the open two-way valve.  

f) Stop the water flow, close the sampling port valve and remove the PTFE tubing. 

g) Drain 200 mL from the standpipe. Measure conductivity and temperature in the 

drained water. 

h) Start the circulation pump. 

i) Add the spike to the standpipe (see separate instruction). 

j) Fill the wash bottle with water up to the 5.5 L-mark
14

.  

k) Add an adequate spike directly to the wash bottle (under the water surface) and 

close the wash bottle. 

l) Connect the air exchange pipe.  

m) Start the magnetic stirrer in the wash bottle. Start the magnetic valve timer. 

n) Note the time and possible deviations. 

 

2 Addition of spike to the standpipe 

a) Make sure the magnetic valves are closed.  

b) Open a stock solution vial with appropriate volume. 

c) Fill the appropriate amount into the suitable gastight syringe with Luer lock, with 

needle attached. 

d) Remove the needle from the syringe and connect the syringe to the standpipe’s spik-

ing port.  

e) Open the spiking port valve and add the contents to standpipe.  

f) Close the spiking port valve and remove the syringe.  

g) Attach needle and fill syringe with methanol. Add to standpipe
15

. 

h) Close the spiking valve, remove syringe. 

i) Fill a 100 mL syringe with Luer lock with water
16

. Add the water to the dispenser. 

Close the spiking port valve and remove the syringe.  

j) Close the two-way valve in the lid of the standpipe. 

k) Continue with step 1h. 

 

  

                                                
13

 Deviation no. 14. 
14

 Removed “using the PTFE tubing” after comment in Battelle’s audit report. 
15

 g) and h) added as deviation no. 7. 
16

 From test J on, the rinsing was done 10 times with a 10 mL syringe (deviation no. 8). 
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3 During the exposure 

Take water phase sample from the dispenser after 4 hours
17

, ½ the sampling time and 

full sampling time, following the sampling instruction.  

 

4 Reference sampling instructions 

a) Wipe the vertical nozzle of the sample tap with acetone-soaked paper tissue. Rinse 

the nozzle with water from a bottle, dry with paper tissue.  

b) Set the magnetic valves to open. 

c) Open the sample tap and drain 25 mL to waste.  

d) Place the nozzle in a 40 mL P&T vial, open the sample valve by approximately 45 

degrees and fill the vial slowly from below. Let the sample overflow for at least 3 

seconds. Close the sample tap, and close the vial.  

e) Repeat c) for the 2 following P&T vials. 

f) Start the magnetic valve timer. 

g) Repeat a) to clean the nozzle after sampling. 

h) Store cold 1-5°C and dark for no more than 3 days and transfer to laboratory.  

 

5 End of exposure 

a) Stop the magnetic stirrer in the air wash bottle. 

b) Stop the recirculation pump.  

c) Open the two-way valve in the lid of the standpipe. 

d) Remove the air exchange pipe. 

e) Drain the standpipe into containers for disposal, using the sample tap.  

f) Open the standpipe and take up the sampler. 

g) Remove the samplers and send them for analysis. 

h) Measure the sampled water volume by collecting in 1000 mL pre-weighed glass bot-

tles and weighing. 

i) Tilt the container towards the sample tap to empty completely.  

j) Empty the wash bottle. Attach the air exchange pipe lightly. 

 

  

                                                
17

 Amendment no. 3. 
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Appendix 3.4 

Field sampling 

1 Data compilation 

First planning step includes data compilation in order to allow for the detailed planning: 

Full Address Well 

identifi-

cation 

Well regis-

tration 

number 

Contact, name, phone, e-mail 

Søborg Hovedgade 17-19, 

Søborg 

B103 201.5848 Region Hovedstaden, Jens Lerche 

Mortensen, +45 4820 5333, 

jens.lerche.mortensen@regionh.dk 

Søborg Hovedgade 17-19, 

Søborg 

C8 201.5855 Region Hovedstaden, Jens Lerche 

Mortensen, +45 4820 5333, 

jens.lerche.mortensen@regionh.dk 

Søborg Hovedgade 17-19, 

Søborg 

C11 201.5851 Region Hovedstaden, Jens Lerche 

Mortensen, +45 4820 5333, 

jens.lerche.mortensen@regionh.dk 

Søborg Hovedgade 17-19, 

Søborg 

C14 201.5858 Region Hovedstaden, Jens Lerche 

Mortensen, +45 4820 5333, 

jens.lerche.mortensen@regionh.dk 

Farum Bytorv 76, Farum B17 193.2277 JordMiljø, Charlotte Juhl Søe-

gaard, +45 3582 0402, 

cjs@jordmil.dk 

Farum Bytorv 76, Farum B18 193.2278 JordMiljø, Charlotte Juhl Søe-

gaard, +45 3582 0402, 

cjs@jordmil.dk 

 

Well identification Filter 

(mbs)
 18

 

Diameter (mm) Groundwater 

table 

(mbs) 

Geology 

C8 11.5-15 63 8.86 Sand 

C11 7-13 63 8.9 Sand 

C14 6-13 63 9.48 Sand 

B17 8.2-15.2 63 9.3 Sand 

B18 8.3-15.3 63 9.2 Sand 

 

2 Reference sampling strategy 

The second planning step is to select the reference sampling strategy and to select the 

sampling (0.5-5 mbgwt
19

) and reference sampling positions. All selected wells are 

monitoring wells. The position of the sampler and reference sampling is therefore based 

on geology, groundwater level and knowledge of contamination (PID monitoring during 

drilling). 

 

                                                
18

 mbs: meter below surface. 
19

 mbgwt: m below groundwater table. 
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Well identification Sampler position 

(mbs) 

Sampler position to 

in well groundwater 

table distance 

(m) 

Reference sampling 

position 

(mbs) 

C8 13 4.1 13 

C11 11 2.1 11 

C14 11.5 2 11.5 

B17 12 2.7 12 

B18 12 2.8 12 

 

3 Sampling 

The sampling is done as follows: 

a) Mount a sampling system with a sampler in the well at the selected depth. 

b) Secure the position with the provided string. 

c) Leave the sampler in position for 6 days. 

d) Take up the sampler. 

e) Remove the sampler and send it for analysis. 

f) Repeat twice. 

 

The reference sampling is done as follows, for monitoring wells: 

 

a) Lower the pump into the well to the selected depth. 

b) The pump is pulled slowly approximately 0.5 m up and down from the selected 

depth, to remove old water, etc. while pumping at low yield.  

c) The pre-pumping will be done as micro pre-pumping. The pumping must be so low 

that the draw down is less than 10 cm, if not possible the maximum flow is 0.5 

l/minute. 

d) During clean-up, pre-pumping and sampling indicator parameters (pH, dissolved 

oxygen, conductivity) are measured and noticed every 3-5 minutes.  

e) Samples are taken when pH and conductivity are stable.  

f) The groundwater level is measured before placement of pump, during pre-pumping 

with an interval of 0.5-5 minutes as well as just before sampling. 

g) Just before sampling the pump is throttled down, ensuring that the groundwater 

level is rising (measurement). Pump yield is 0.1 l/minute or as minimum so low that 

the groundwater level is rising. 

h) Fill sample containers from the bottom and allow to overflow minimum 2 times en-

suring no head space in the containers, where required. Samples bottles for metal 

analyses contain conservation media and are only to be filling 90%, no overflow due 

to loss of conservation media. 

i) Store and preserve samples as prescribed and send to the laboratory. 

 

Reference sampling is done before, between and after each sampling, totally 4 times. 

 

Field blanks are prepared during the first reference sampling at each site. Water is trans-

ferred to sample bottles on site and the samples are stored, transported and analyzed as 

reference samples. 

 

Sampling is done using a Grundfos MP1 pump equipped with 8/10 mm Teflon tubes. 

The same pump and tube will be used exclusively for the same well every time. The 
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pumps will not be used for other purposes in between the reference samplings. Pumps 

are cleaned before first use, new Teflon tubing is used.  

 

Indicator parameters (pH, dissolved oxygen, conductivity, temperature) are measured in 

a flow through on-line cell.  
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Appendix 3.5 

Pre-testing 

Laboratory sample dispenser. 

Objective Test design Samples 

Blank test  Dispenser filled with water 

 

Triplicate reference samples 1) of 

water, 2) from dispenser directly 

30 minutes after addition, and 3) 

from dispenser after 6 days 

VOC stability in dispenser Dispenser filled with water, 

spiked to 5xLoD 

Triplicate samples 1) of 0.1 g/L 

VOC solution, 2) from dispenser 

30 minutes after addition, and 3) 

from dispenser after 6 days 
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Appendix 3.6 

Preparation of solutions for reference analysis  

1 10 g/L VOC stock solution 

Check of concentrations is done initially and each time a subsample is taken out for use. 

Initial testing is done by filling a 1,5 mL capped vial with stock solution at  

-20°C, using a low-flow pipette. Close vial. Produce triplicate vials in this way. Place 

each of the 1 mL capped vials in a larger capped vial. Store cold 1-5°C and dark for no 

more than 3 days and transfer to laboratory with information of concentration range.  

Check during use: after using part the stock solution in the vial for spiking, fill one 1,5 

mL capped vials with the solution using a gas-tight syringe. Close the vial and place it 

in a larger capped vial. Store cold 1-5°C and dark for no more than 3 days and transfer 

to laboratory with information on concentration range. Produce 2 more vials and keep at 

-20°C for possible future reference. 

2 0.1 g/L VOC solution 

Check during use is done after using part the solution in the vial for spiking by transfer-

ring 1 mL to a cap vial using a low-flow pipette. Close vial, shake well. Produce tripli-

cate vials in this way. Close the vials and place each in a larger capped vial. Store cold 

1-5°C and dark for no more than 3 days and transfer to laboratory with information of 

concentration range.  

3 VOX Standard dilution 

Check during use is done after using part the stock solution in the 6 mL vial with VOX 

standard dilution for spiking. Fill three 1.5 mL capped vials with the solution using a 

gas-tight syringe. Close the vials and place them in a P&T vial. Store cold 1-5°C and 

dark for no more than 3 days and transfer to laboratory with information of concentra-

tion range. 
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Appendix 3.7 

Reagents 

1 Water 

Laboratory grade water from Millipore system with electrical conductivity below 10 

MΩ/cm. Dissolved organic carbon below 0.1 mg/L and target VOC below the limit of 

detection 0.02 µg/L is expected and verified in first blank test series.  

2 Groundwater 

Potable water as obtained from the supply network at DHI. Groundwater characteristics 

are as follows: 

Parameter Value  Parameter Value 

pH 7.6  DOC 1.5 mg C/L 

Conductivity 71 mS/m  Iron 0.02 mg/L 

Nitrate 2.4 mg/L  Ammonium 0.058 mg/L 

Fluoride 0.62 mg/L  Sodium 30 mg/L 

Chloride 44 mg/L  Potassium 3.8 mg/L 

Bicarbonate 340 mg/L  Calcium 85 mg/L 

Sulphate 21 mg/L  Magnesium 22 mg/L 

 

Target VOC is below the limit of detection 0.02 µg/L.  

3 VOX standard  

Standard solution “QTM Volatile Halocarbons Mix” produced by Supelco, purchased 

from Sigma-Aldrich, product number 48001, lot number LB59726, with analytical cer-

tificate, MFG date July 2008, nominal concentrations as follows (among other VOCs): 

Compound Nominal concentration 

 µg/L 

Chloroethene 1998 

1,1-Dichloroethene 2000 

trans-1,2-Dichloroethene 2000 

cis-1,2-Dichloroethene 1951 

Trichloroethene 2000 

Tetrachloroethene 2000 
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4 Chemicals 

Compound Producer Quality Purity Batch 

     

1,1-Dichloroethene Supelco Analytical standard 99.9% LB56468 

trans-1,2-Dichloroethene Supelco Analytical standard 99.9% LB57511 

cis- 1,2-Dichloroethene Fluka  Analytical standard 99.7% 7333X 

Trichloroethene Fluka Puriss. p.a. >99.5% 1368013 

Tetrachloroethene Supelco Analytical standard 99.9% LB56979 

Benzene Fluka Puriss. p.a.  99.9% 1369911 

Toluene Fluka Puriss. p.a. >99.7% 1392028 

Ethylbenzene Fluka Puriss. p.a. >99.0% 1388758 

m-Xylene Fluka Puriss. p.a. >99.0% 1399073 

o-Xylene Fluka Puriss. p.a. >99.0% 1406896 

MTBE Fluka Puriss. p.a. >99.5% 1399802 

Methanol Fluka Puriss. p.a.  

For trace analysis of 

chlorinated hydrocarbons 

≥99.8% 1379978 

Potassium chloride Fluka Puriss. p.a. >99.5% 80150 

 

5 10 g/L VOC stock solution 

Prepare a 10 g/L solution of each target VOC as follows: 

a) Fill a 250 mL volumetric flask (with glass stopper) with methanol, refrigerate to -

20°C and mark the level.  

b) Keep 210 mL methanol in the volumetric flask, place on ice in fume cupboard. 

c) Add the volume indicated below of each chemical using low flow pipettes, starting 

with the highest boiling compound and keeping the pipette below the methanol sur-

face while emptying. Close the flask after each addition. 

d) Refrigerate flask to -20°C. 

e) Fill the volumetric flask to the new mark with methanol refrigerated to -20°C. 

f) Shake by hand until no phase difference is visible. 

g) Distribute the stock solution into 1.5, 3.5 and 10 ml capped vials using a low flow 

pipette. Check cap tightness (tight when cannot be twisted), wrap with aluminium 

foil and place in freezer, -20°C. 

 

 
Compound µL pipetted Density 

g/L 

µg pipetted Concentration 

g/L 

Chloroethene - - - - 

1,1-Dichloroethene 2 000 1.218 2 436 000 9.74 

trans-1,2-Dichloroethene 2 000 1.2565 2 513 000 10.05 

cis-1,2-Dichloroethene 1 500 1.2837 1 925 550 7.70 

Trichloroethene 1 750 1.4642 2 562 350 10.25 

Tetrachloroethene 1 500 1.6227 2 434 050 9.74 

Benzene 2 750 0.87865 2 416 288 9.67 

Toluene 2 750 0.8669 2 383 975 9.54 

Ethylbenzene 2 750 0.867 2 384 250 9.54 

o-Xylene 2 750 0.8802 2 420 550 9.68 

m-Xylene 3 000 0.8642 2 592 600 10.37 

MTBE 3 250 0.74 2 405 000 9.62 
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6 0.1 g/L VOC solution 

Prepare a 0.1 g/L solution from the 10g/L solution as follows, directly before use. 

a) Open a 1.5 mL vial of 10 g/L stock solution. 

b) Fill a 10 mL capped vial with 10 mL of methanol using a low flow pipette at 

20°C±2°C. 

c) Add 100 µL of 10 g/L stock solution using a gas tight syringe with cemented needle, 

keep needle under methanol surface while emptying.  

d) Close the vial, check for tightness. 

e) Shake by hand. 

f) Use after letting the solution equilibrate at room temperature for 1 hour.  

 

7 24.7 µg/L VOX standard dilution for direct application 

Prepare a 24.7 µg/mL stock solution of halogenated hydrocarbons as follows: 

a) Add 6 mL of methanol to a 6 mL cap vial using a low flow pipette. 

b) Transfer 75 µl of the 2000 µg/mL volatile hydrocarbon standard to the cap vial us-

ing a 50 µL gas tight syringe, keeping the needle below the methanol surface while 

emptying. 

c) Close the vial, check for tightness. 

d) Shake by hand. 

e) Use after letting the solution equilibrate at room temperature for 1 hour.  

 

8 205 g/L KCl stock solution 

Prepare a 205 g/l stock solution of potassium chloride: 

a) Place a 1000 mL volumetric flask with 200 mL of water. 

b) Weigh the flask with water. 

c) Add portions of KCl dried at 105ºC overnight and shake well. 

d) When all 205 g of KCl is dissolved, allow the solution to equilibrate to room tem-

perature. 

e) Fill the flask to the mark.  

f) Transfer to a 1000 mL glass bottle and close with a blue cap screw lid.  
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Appendix 3.8 

Apparatus 

 

1 Glass syringes and adapters 

a) 1 gas tight glass syringe with stainless steel Luer-lock, 2.5 mL. 

b) 1 gas tight glass syringe with stainless steel Luer-lock, 5 mL. 

c) 1 gas tight glass syringe with stainless steel Luer-lock, 10 mL. 

d) 1 stainless steel Luer/Luer adapter with valve, each for lab dispenser and standpipe. 

e) 6 needles with Luer adapter, 22 ga (0.394 mm ID). 

f) 1 gas tight syringes with fixed needle, 25 µL. 

g) 2 gas tight syringes with fixed needle, 50 µL. 

h) 1 gas tight syringe with fixed needle, 100 µL. 

i) 1 gas tight syringe with fixed needle, 500 µL. 

j) 1 gas tight syringe with fixed needle, 1000 µL. 

k) Glass syringe with Luer lock, 100 mL. 

 

2 Glassware 

a) Volumetric flasks 250 mL and 1000 mL with glass stopper. 

b) Low flow glass pipettes at 250, 500, 7500, 1000, 1250, 1500, 2000 and 2500 µL. 

c) 3 stir bars, glass coated. 

d) Capped vials for 1.5, 3.5, and 10 mL, caps with PTFE seals.  

e) 25 mL Erlenmeyer flask with mark. 

f) 200 mL Erlenmeyer flask with mark. 

g) 1000 mL bottle with blue screw cap. 

h) 1000 mL bottles with red screw cap. 

i) 500 mL graduated cylinders. 

 

3 Miscellaneous 

a) Micropipettes with tips at 100 µL, 1 mL and 5 mL. 

b) Dedicated, water flushed PTFE tubes, 8x6 mm diameter. 

c) Nitrile gloves. 

 

4 Field 

a) Grundfos MP1 pump. 

b) Transformer box. 

c) 220 V generator. 

d) Dedicated, water flushed 10 mm PTFE tubes. 

e) On-line flow through devices (WTW) for monitoring of indicator parameters (pH, 

dissolved oxygen, conductivity). 
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Appendix 3.9 

Spike volumes and solutions 

 

Experiment Lab dispenser or  

standpipe (mL) 

Wash bottle 

(mL) 

Solution 

H 0.050 --- VOX standard dilution 

L 0.050 --- VOX standard 

BA 4.00 0.55 10 g/L VOC stock solution 

DA 4.00 0.55 10 g/L VOC stock solution 

EA 4.00 0.55 10 g/L VOC stock solution 

FA 4.00 0.55 10 g/L VOC stock solution 

GA 4.00 0.55 10 g/L VOC stock solution 

HA, first step
20

 1.50 0.2 10 g/L VOC stock solution 

HA, second step 2.50 0.35 10 g/L VOC stock solution 

HA, third step 2.00 0.30 10 g/L VOC stock solution 

J 2.50 0.125 0.1 g/L VOC solution 

N 2.00 0.10 10 g/L VOC stock solution 

P 5.00 0.25 10 g/L VOC stock solution 

R 10.00 0.50 10 g/L VOC stock solution 

T 15.00 0.80 10 g/L VOC stock solution 

V 20.00 1.00 10 g/L VOC stock solution 

CA 10.00 0.50 10 g/L VOC stock solution 

 

  

                                                
20

 Changes to test HA spiking volumes are part of Amendment no. 4. 
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Appendix 3.10 

Managing, storing and shipping of samples/samplers 

1 Managing samples 

a) Prior to each individual test, the sampling responsible (test technician or field re-

sponsible) labels the correct type and number of sample vials, according to informa-

tion in the test plan and the data forms. For cap vials, only the labels are prepared, to 

avoid contamination.  

b) The test responsible checks the array of labeled sample bottles and labels against the 

test plan and the data forms. 

c) After sampling, the sampling responsible takes a photo of the sample vials and sends 

the photo to the test responsible immediately. 

d) The sampling responsible stores the sample vials.  

e) The test responsible prepares a requisition for analysis, and sends it to the sampling 

responsible. 

f) The sampling responsible ships the samples, and making sure that they are sent 

within the maximum stated storage time.  

g) The sampling responsible informs the test responsible immediately when the sam-

ples have been sent. 

h) The sampling responsible keeps a copy of the requisition with a note of the date of 

shipping. 

 

2 Sample storing, reference samples 

Water samples are taken in 40 mL P&T vials. Samples are stored cold 1-5°C and dark 

for no more than 3 days prior to transfer to the laboratory. 

3 Sample storing, samplers 

Samplers are equipped with protective caps in both ends, placed in transportation tubes 

and stored cold 1-5°C and dark for no more than 3 days prior to transfer to the labora-

tory
21

. 

4 Sample shipping, reference samples 

Water samples (P&T vials) are sent in cooling boxes with cooling elements. Cap vials 

with stock solution or stock dilution are placed individually into a P&T vial and may be 

sent in a non-isolated package, with one cooling element. 

5 Sample shipping, samplers 

Samplers are packed in the transport tubes in a cardboard box with a cooling element. 

Samplers are shipped with a courier service, with maximum 48 hours transport time. 

 

 

                                                
21

 Amendment no. 2. 
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A P P E N D I X  4  

In-house analytical methods 
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None 
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A P P E N D I X  5  

Test data report 
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A Check of 10 g/L VOC stock solution, reference analyses, unopened vial. 
Compound Concentration mg/L 

       

Date Dec.1, 2008 Not taken Not taken Jan. 8, 2009 Jan. 8, 2009 Jan. 8, 2009 

 A1 A2 A3 A4 A5 A6 

1,1-Dichloroethene 10,000   10,320 10,400 10,080 

trans-1,2-Dichloroethene 11,200   10,900 10,800 10,600 

cis-1,2-Dichloroethene 7,840   8,020 8,150 7,590 

Trichloroethene 10,400   10,100 9,950 9,520 

Tetrachloroethene 10,600   9,660 9,390 9,130 

Benzene 8,740   9,550 9,530 9,090 

Toluene 8,530   9,230 8,970 8,460 

Ethylbenzene 13,100   14,300 13,800 12,800 

o-Xylene 8,460   8,750 8,410 7,930 

m/p-Xylene 9,270   10,800 10,500 9,970 

MTBE 10,100   8,320 8,160 7,940 

 
aA Check of 10 g/L VOC stock solution, reference analyses, used in test BA. Spare vials are not sent for analysis, but kept in the freezer.  

Compound Concentration mg/L 

 Usage Spare Spare 

Date Jan. 15, 2009 Date Vial Vial 

 aA1 aA2 aA3 

1,1-Dichloroethene 9,200   

trans-1,2-Dichloroethene 9,410   

cis-1,2-Dichloroethene 6,920   

Trichloroethene 8,960,   

Tetrachloroethene 8,840,   

Benzene 7,850   

Toluene 8,130   

Ethylbenzene 12,800   

o-Xylene 8,140   

m/p-Xylene 8,900   

MTBE 7,250   
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bA Check of 10 g/L VOC stock solution, reference analyses, used in test DA. Spare vials are not sent for analysis, but kept in the freezer.  
Compound Concentration mg/L 

 Usage Spare Spare 

Date Jan. 23, 2009 Date Vial Vial 

 bA1 bA2 bA3 

1,1-Dichloroethene 9,760   

trans-1,2-Dichloroethene 9,920   

cis-1,2-Dichloroethene 7,700   

Trichloroethene 10,200   

Tetrachloroethene 9,880   

Benzene 8,850   

Toluene 9,430   

Ethylbenzene 15,000   

o-Xylene 9,570   

m/p-Xylene 10,900   

MTBE 8,490   

 
cA Check of 10 g/L VOC stock solution, reference analyses, used in test EA. Spare vials are not sent for analysis, but kept in the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date Jan. 30, 2009 Date Vial Vial 

 cA1 cA2 cA3 

1,1-Dichloroethene 10,300   

trans-1,2-Dichloroethene 10,400   

cis-1,2-Dichloroethene 8,180   

Trichloroethene 10,200   

Tetrachloroethene 10,481   

Benzene 9,210   

Toluene 9,800   

Ethylbenzene 15,400   

o-Xylene 9,810   

m/p-Xylene 10,500   

MTBE 8460   
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dA Check of 10 g/L VOC stock solution, reference analyses, used in test FA. Spare vials are not sent for analysis, but kept in the freezer. 
Compound Concentration mg/L 

 Usage Spare Spare 

Date Feb. 6, 2009 Date Vial Vial 

 dA1 dA2 dA3 

1,1-Dichloroethene 10,000   

trans-1,2-Dichloroethene 10,600   

cis-1,2-Dichloroethene 8,130   

Trichloroethene 10,000   

Tetrachloroethene 9,450   

Benzene 9,210   

Toluene 9,710   

Ethylbenzene 15,100   

o-Xylene 9,741   

m/p-Xylene 10,600   

MTBE 8,560   

 
eA Check of 10 g/L VOC stock solution, reference analyses, used in test GA. Spare vials are not sent for analysis, but kept in the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date Feb. 10, 2009 Date Vial Vial 

 eA1 eA2 eA3 

1,1-Dichloroethene 10,900   

trans-1,2-Dichloroethene 11,300   

cis-1,2-Dichloroethene 8,040   

Trichloroethene 10,200   

Tetrachloroethene 10,500   

Benzene 9,660   

Toluene 9,690   

Ethylbenzene 15,100   

o-Xylene 9,600   

m/p-Xylene 10,400   

MTBE 9,360   
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fA Check of 10 g/L VOC stock solution, reference analyses, used in test HA for 20% of range. Spare vials are not sent for analysis, but kept in 
the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date Mar. 16, 2009 Date Vial Vial 

 fA1 fA2 fA3 

1,1-Dichloroethene 9,680   

trans-1,2-Dichloroethene 9,210   

cis-1,2-Dichloroethene 6,960   

Trichloroethene 9,040 not not 

Tetrachloroethene 9,150 enough enough 

Benzene 7,910 stock stock 

Toluene 8,310 left left 

Ethylbenzene 12,700   

o-Xylene 8,360   

m/p-Xylene 8,860   

MTBE 7,440   

 
gA Check of 10 g/L VOC stock solution, reference analyses, used in test HA for 50% of range. Spare vials are not sent for analysis, but kept in 
the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date: Mar. 18, 2009 Date Vial Vial 

 gA1 gA2 gA3 

1,1-Dichloroethene    

trans-1,2-Dichloroethene    

cis-1,2-Dichloroethene    

Trichloroethene not not not 

Tetrachloroethene sent  enough enough 

Benzene to stock stock 

Toluene analysis left left 

Ethylbenzene    

o-Xylene    

m/p-Xylene    

MTBE    
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hA Check of 10 g/L VOC stock solution, reference analyses, used in test HA for 80% of range. Spare vials are not sent for analysis, but kept in 
the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date Mar. 20, 2009 Date Vial Vial 

 hA1 hA2 hA3 

1,1-Dichloroethene    

trans-1,2-Dichloroethene    

cis-1,2-Dichloroethene    

Trichloroethene not not not 

Tetrachloroethene sent  enough enough 

Benzene to stock stock 

Toluene analysis left left 

Ethylbenzene    

o-Xylene    

m/p-Xylene    

MTBE    

 
iA Check of 10 g/L VOC stock solution, reference analyses, used in test N. Spare vials are not sent for analysis, but kept in the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date Feb. 17, 2009 Date Vial Vial 

 iA1 iA2 iA3 

1,1-Dichloroethene 11,000   

trans-1,2-Dichloroethene 11,400   

cis-1,2-Dichloroethene 8,150   

Trichloroethene 10,300   

Tetrachloroethene 10,800   

Benzene 9,432   

Toluene 9,657   

Ethylbenzene 15,200   

o-Xylene 9,760   

m/p-Xylene 10,500   

MTBE 9,379   
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jA Check of 10 g/L VOC stock solution, reference analyses, used in test P, first attempt. Spare vials are not sent for analysis, but kept in the 
freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date Feb. 24, 2009 Date Vial Vial 

 jA1 jA2 jA3 

1,1-Dichloroethene 7,340   

trans-1,2-Dichloroethene 8,220   

cis-1,2-Dichloroethene 7,630   

Trichloroethene 8,480   

Tetrachloroethene 8,380   

Benzene 7,650   

Toluene 8,690   

Ethylbenzene 13,500   

o-Xylene 8,450   

m/p-Xylene 9,720   

MTBE 7,950   

 
jAnew Check of 10 g/L VOC stock solution, reference analyses, used in test P. Spare vials are not sent for analysis, but kept in the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date Mar. 10, 2009 Date Vial Vial 

 jA1new jA2new jA3new 

1,1-Dichloroethene 10,000   

trans-1,2-Dichloroethene 10,300   

cis-1,2-Dichloroethene 7,360   

Trichloroethene 9,930   

Tetrachloroethene 11,400   

Benzene 9,360   

Toluene 8,870   

Ethylbenzene 12,300   

o-Xylene 8,560   

m/p-Xylene 10,800   

MTBE 8,440   
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kA Check of 10 g/L VOC stock solution, reference analyses, used in test R. Spare vials are not sent for analysis, but kept in the freezer. 
Compound Concentration mg/L 

 Usage Spare Spare 

Date Mar. 26, 2009 Date Vial Vial 

 kA1 kA2 kA3 

1,1-Dichloroethene 10,800   

trans-1,2-Dichloroethene 10,700   

cis-1,2-Dichloroethene 7,220   

Trichloroethene 9,610  not 

Tetrachloroethene 10,700  enough 

Benzene 9,780  stock 

Toluene 8,900  left 

Ethylbenzene 13,700   

o-Xylene 8,510   

m/p-Xylene 9,370   

MTBE 8,470   

 
lA Check of 10 g/L VOC stock solution, reference analyses, used in test T. Spare vials are not sent for analysis, but kept in the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date: not taken Date Vial Vial 

 lA1 lA2 lA3 

1,1-Dichloroethene    

trans-1,2-Dichloroethene    

cis-1,2-Dichloroethene    

Trichloroethene not not not 

Tetrachloroethene enough enough enough 

Benzene stock stock stock 

Toluene left left left 

Ethylbenzene    

o-Xylene    

m/p-Xylene    

MTBE    
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mA Check of 10 g/L VOC stock solution, reference analyses, used in test V. Spare vials are not sent for analysis, but kept in the freezer. 
Compound Concentration mg/L 

Date Apr. 20, 2009. un-

opened stock vial sent 

for analysis, since not 

enough used stock left 

Usage Spare Spare 

Date Vial Vial 

mA1 mA2 mA3 

1,1-Dichloroethene 11,400   

trans-1,2-Dichloroethene 10,200   

cis-1,2-Dichloroethene 7,730   

Trichloroethene 10,000 not not 

Tetrachloroethene 9,720 enough enough 

Benzene 8,910 stock stock 

Toluene 9,240 left left 

Ethylbenzene 13,300   

o-Xylene 9,440   

m/p-Xylene 11,300   

MTBE 9,500   

 
nA Check of 10 g/L VOC stock solution, reference analyses, used in test CA. Spare vials are not sent for analysis, but kept in the freezer. 

Compound Concentration mg/L 

 Usage Spare Spare 

Date: not taken, see de-

viation nr. 27 

Date Vial Vial 

 nA1 nA2 nA3 

1,1-Dichloroethene    

trans-1,2-Dichloroethene    

cis-1,2-Dichloroethene    

Trichloroethene    

Tetrachloroethene    

Benzene    

Toluene    

Ethylbenzene    

o-Xylene    

m/p-Xylene    

MTBE    
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B Check of 0.1 g/L VOC solution, reference analyses, used in lab dispenser pre-testing. 
Compound Concentration mg/L 

 Preparation Not taken Not taken 

Date Nov. 18, 2008 Date    
 B1 B2 B3 

1,1-Dichloroethene 93.6   

trans-1,2-Dichloroethene 107   

cis-1,2-Dichloroethene 75.3   

Trichloroethene 100   

Tetrachloroethene 102   

Benzene 83.7   

Toluene 83.3   

Ethylbenzene 128   

o-Xylene 82.7   

m/p-Xylene 90   

MTBE 98.4   

 

aB Check of 0.1 g/L VOC solution, reference analyses, used in test J. 
Compound Concentration mg/L 

 Preparation Preparation Preparation 

Date Feb. 10, 2009 Date Date Date 

 aB1 aB2 aB3 

1,1-Dichloroethene 102 96.0 97.6 

trans-1,2-Dichloroethene 99.7 97.9 99.9 

cis-1,2-Dichloroethene 86.1 83.4 85.7 

Trichloroethene 96.2 93 94.5 

Tetrachloroethene 95.9 93.1 95.1 

Benzene 91.1 90.7 91.4 

Toluene 86.2 83.9 86.6 

Ethylbenzene 141 138 137 

o-Xylene 89.4 87.5 88 

m/p-Xylene 95.8 95.7 96.3 

MTBE 88.3 88 88 
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C Check of VOX standard dilution, reference analyses. 
Compound Concentration mg/L 

 Preparation  Preparation  Preparation  

Date Nov. 18, 2008 Date Date Date 

 C1 C2 C3 

Chloroethene 17.8 32.8 31.2 

1,1-Dichloroethene 21.3 26.2 24.1 

trans-1,2-Dichloroethene 26.6 28.9 27.2 

cis-1,2-Dichloroethene 25.9 27.1 25.5 

Trichloroethene 26.2 26.4 24.9 

Tetrachloroethene 26.4 26.0 25.2 

 
aD Check of MiliQ water from tap. 

Compound Concentration µg/L 

Date Nov. 12, 2008 Sample 1 Sample 2 Sample 3 

 aD1 aD2 aD3 

Chloroethene <0.0200 <0.0200 <0.0200 

1,1-Dichloroethene <0.0200 <0.0200 <0.0200 

trans-1,2-Dichloroethene <0.0200 <0.0200 <0.0200 

cis-1,2-Dichloroethene <0.0200 <0.0200 <0.0200 

Trichloroethene <0.0200 <0.0200 <0.0200 

Tetrachloroethene <0.0200 <0.0200 <0.0200 

Benzene <0.0200 <0.0200 <0.0200 

Toluene <0.0200 <0.0200 <0.0200 

Ethylbenzene <0.0200 <0.0200 <0.0200 

o-Xylene <0.0200 <0.0200 <0.0200 

m/p-Xylene <0.0200 <0.0200 <0.0200 

MTBE <0.100 <0.100 <0.100 
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bD Check of water from lab dispenser sample tap after 30 minutes. 
Compound Concentration µg/L 

Date Nov. 12, 2008 Sample 1 Sample 2 Sample 3 

 bD1 bD2 bD3 

Chloroethene <0.0200 <0.0200 <0.0200 

1,1-Dichloroethene <0.0200 <0.0200 <0.0200 

trans-1,2-Dichloroethene <0.0200 <0.0200 <0.0200 

cis-1,2-Dichloroethene <0.0200 <0.0200 <0.0200 

Trichloroethene <0.0200 <0.0200 <0.0200 

Tetrachloroethene <0.0200 <0.0200 <0.0200 

Benzene <0.0200 <0.0200 <0.0200 

Toluene <0.0200 <0.0200 <0.0200 

Ethylbenzene <0.0200 <0.0200 <0.0200 

o-Xylene <0.0200 <0.0200 <0.0200 

m/p-Xylene <0.0200 <0.0200 <0.0200 

MTBE <0.100 <0.100 <0.100 

 
D Check of water from lab dispenser sample tap after 6 days 

Compound Concentration µg/L 

Date Nov. 18, 2008 Sample 1 Sample 2 Sample 3 

 D1 D2 D3 

Chloroethene <0.0200 <0.0200 <0.0200 

1,1-Dichloroethene <0.0200 <0.0200 <0.0200 

trans-1,2-Dichloroethene <0.0200 <0.0200 <0.0200 

cis-1,2-Dichloroethene <0.0200 <0.0200 <0.0200 

Trichloroethene <0.0200 <0.0200 <0.0200 

Tetrachloroethene <0.0200 <0.0200 <0.0200 

Benzene <0.0200 <0.0200 <0.0200 

Toluene <0.0200 <0.0200 <0.0200 

Ethylbenzene <0.0200 <0.0200 <0.0200 

o-Xylene <0.0200 <0.0200 <0.0200 

m/p-Xylene <0.0200 <0.0200 <0.0200 

MTBE <0.100 <0.100 <0.100 
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E VOC stability check of sample dispenser, reference samples after 30 minutes, see deviation no. 1. 
Compound Concentration µg/L 

Date Dec. 1, 2008          

 E1 E2 E3 E4 E5 E6 E7 E8 E9 

1,1-Dichloroethene 12.4 12.6 12.5 11.4 11.6 12.1 12.5 12.6 12.7 

trans-1,2-Dichloroethene 12.9 13.5 13 12.4 12.2 12.8 13.2 13.2 13.5 

cis-1,2-Dichloroethene 13.2 13.3 12.9 13.2 12.8 13.2 13.8 13.9 13.8 

Trichloroethene 17.3 17.8 17.3 17.5 17.1 17.7 18.3 18.2 18.2 

Tetrachloroethene 12.9 13.2 12.9 13 12.8 13.2 13.8 13.6 13.6 

Benzene n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

Toluene n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

Ethylbenzene n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

o-Xylene n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

m/p-Xylene n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

MTBE 11.8 11.8 11.6 11.2 11.1 11.4 11.8 11.9 12.1 

 
aE VOC stability check of sample dispenser, reference samples after 6 days. 

Compound Concentration µg/L 

Date Dec. 7, 2008 Sample 1 Sample 2 Sample 3 

 aE1 aE2 aE3 

1,1-Dichloroethene 10.3 10.4 10.6 

trans-1,2-Dichloroethene 11.4 11.7 12 

cis-1,2-Dichloroethene 7.99 9.85 8.5 

Trichloroethene 10.2 10.6 10.7 

Tetrachloroethene 10.2 9.13 9.09 

Benzene 8.38 8.69 8.98 

Toluene 9.8 10.3 10.3 

Ethylbenzene 14.4 14.2 14.4 

o-Xylene 10.9 10.9 10.8 

m/p-Xylene 9.22 9.1 9 

MTBE 9.27 9.61 9.83 
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H LoD test direct application, samples. Raw data including values below detection limit and negative values. Note unit: µg. 
Compound Mass on sampler µg 

Date of spiking: Nov. 18, 2009 ID 1008-237 ID 1008-238 ID 1008-239 ID 1008-240 ID 1008-41 ID 1008-242 ID 1008-243 

Temperature: room temperature H1 H2 H3 H4 H5 H6 H7 

Chloroethene 0 0.025 0 0 0 0 0.05 

1,1-Dichloroethene 0.725 0.625 1.68 0.525 0.700 0.575 0.725 

trans-1,2-Dichloroethene 0.725 1.00 1.68 0.725 0.550 0.675 0.825 

cis-1,2-Dichloroethene 2.05 1.55 1.48 1.38 1.33 1.28 1.35 

Trichloroethene 1.88 1.53 1.48 1.40 1.38 1.35 1.38 

Tetrachloroethene 2.15 1.48 1.48 1.20 1.25 1.18 1.28 

Date of rinsing: Nov. 20, 2009        

mL passed for rinsing (measured) <10 300 300 300 300 300 300 

mL passed for rinsing (by tracer salt) 5 272 276 277 268 272 260 
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J LoD test standpipe, samples. Raw data including values below detection limit and negative values. 
Compound Concentration µg/L Dates Temperatures 

 ID 1008-0209 ID 1008-0210 ID -0211 ID -0212 ID -0213 ID -0214 ID -0215   

 J1  J2 J3 J4 J5 J6 J7   

1,1-Dichloroethene -0.22 -0.09 0.00 0.00 0.00  0.00 Set up Set up 

trans-1,2-Dichloroethene 2.88 2.33 1.24 3.73 3.60  3.83 Feb. 10, 2009 13.6°C 

cis-1,2-Dichloroethene 3.10 1.96 0.62 1.37 1.46  0.92 Sampled Sampled 

Trichloroethene 16.61 3.83 0.93 -20.39 -22.05  -29.83 Feb. 16, 2009 21.6°C 

Tetrachloroethene 1.99 1.59 1.24 2.74 2.48  2.64 Pressure head External  

Benzene 2.35 1.55 1.12 2.56 2.54  2.45 at set-up pressure 

Toluene 4.43 2.71 3.42 2.49 2.25  1.98 50 cm 0 bar 

Ethylbenzene 2.66 2.33 1.24 4.23 3.94  3.56 - - 

o-Xylene 1.55 1.68 0.62 3.36 2.70  2.90 Conductivity - 

m/p-Xylene 2.22 1.87 0.93 3.23 2.25  2.64 at set-up - 

MTBE 5.98 2.80 2.18 4.10 4.28  4.62 69.8 mS/m - 

mL sampled (measured) 105 276 n.a 206 209 no flow 388 - - 

mL sampled (by tracer salt) 113 268 80 201 222 5 189 - - 

 
K LoD standpipe, reference samples. 
Compound Concentration µg/L 

 

Date 

Sample 1 

Feb. 10, 2009 

Sample 2 

Feb. 10 

Sample 3 

Feb. 13 

Sample 4 

Feb. 13 

Sample 5 

Feb. 13 

Sample 6 

Feb. 16 

Sample 7 

Feb. 16 

 K1 K2 K3 K4 K5 K6 K7 

1,1-Dichloroethene 4.02 3.60 2.76 2.86 2.81 2.71 2.70 

trans-1,2-Dichloroethene 3.59 3.61 2.87 2.94 2.96 2.83 2.81 

cis-1,2-Dichloroethene 2.70 2.69 2.20 2.26 2.24 2.19 2.16 

Trichloroethene 3.42 3.53 2.42 2.45 2.47 2.25 2.26 

Tetrachloroethene 3.31 3.42 1.50 1.55 1.55 1.14 1.17 

Benzene 3.35 3.42 2.63 2.66 2.68 2.49 2.48 

Toluene 3.17 3.27 2.27 2.32 2.32 2.09 2.07 

Ethylbenzene 5.04 5.17 2.65 2.69 2.72 2.06 2.00 

o-Xylene 3.34 3.43 1.87 1.90 1.91 1.58 1.56 

m/p-Xylene 3.83 3.99 1.78 1.82 1.82 1.38 1.40 

MTBE 2.97 3.00 2.59 2.60 2.62 2.58 2.55 
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L Precision direct application, 10% of range, samples. Note unit: 100 µg represents 200 µg/L in 500 mL. 
Compound Mass on sampler µg 

Date of spiking Nov. 18, 2009 ID 1008-230 ID 1008-231 ID 1008-232 ID 1008-233 ID 1008-234 ID 1008-235 ID 1008-236 

Temperature: room temp. L1 L2 L3 L4 L5 L6 L7 

Chloroethene 69.8 68.3 71.1 63.9 66.8 65.1 52.4 

1,1-Dichloroethene 71.8 72.6 71.2 73.1 75.6 70.0 66.3 

trans-1,2-Dichloroethene 71.8 72.6 71.2 73.0 75.6 70.0 66.3 

cis-1,2-Dichloroethene 100 102 105 103 103 102 103 

Trichloroethene 90.8 94.3 101 100 99.8 98.6 97.9 

Tetrachloroethene 84.0 89.1 94.2 94.2 95.7 93.1 91.0 

Date of rinsing: Nov. 20-21         

mL passed for rinsing (measured) 300 300 300 300 300 300 300 

mL passed for rinsing (by tracer salt) 288 279 261 242 259 267 271 
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N Precision standpipe 10% of range, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0216 ID 1008-0217 ID 1008-0218   

 N1 N2 N3   

1,1-Dichloroethene 158 148 179 Set up Set up 

trans-1,2-Dichloroethene 186 185 227 Feb. 17, 2009 20.7°C 

cis-1,2-Dichloroethene 152 156 185 Sampled Sampled 

Trichloroethene 146 142 171 Feb. 23, 2009 21.6°C 

Tetrachloroethene 129 122 152 Pressure head External  

Benzene 154 157 191 at set-up pressure 

Toluene 148 150 183 50 cm 0 bar 

Ethylbenzene 186 165 224 - - 

o-Xylene 139 145 174 Conductivity - 

m/p-Xylene 148 148 181 at set-up - 

MTBE 178 192 227 71.0 mS/m - 

mL sampled (measured) 588 140 351 - - 

mL sampled (by tracer salt) 87 168 318 - - 

 
O Precision standpipe 10%, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Feb. 17, 2009 Date: Feb. 20, 2009 Date: Feb. 23, 2009 

 O1 O2 O3 

1,1-Dichloroethene 289 174 161 

trans-1,2-Dichloroethene 295 160 165 

cis-1,2-Dichloroethene 210 151 170 

Trichloroethene 265 160 175 

Tetrachloroethene 210 116 101 

Benzene 251 156 158 

Toluene 233 161 147 

Ethylbenzene 322 200 141 

o-Xylene 214 141 133 

m/p-Xylene 221 143 121 

MTBE 244 165 172 
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P Precision standpipe 25%, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0866 ID 1008-0867 ID 1008-0868   

 P1 P2 P3   

1,1-Dichloroethene 517 461 464 Set up Set up 

trans-1,2-Dichloroethene 524 461 466 Mar. 10, 2009 14.0°C 

cis-1,2-Dichloroethene 600 520 532 Sampled Sampled 

Trichloroethene 627 556 559 Mar.16, 2009 Not recorded 

Tetrachloroethene 505 465 477 Pressure head External  

Benzene 691 610 620 at set-up pressure 

Toluene 610 551 554 50 cm 0 bar 

Ethylbenzene 764 716 737 - - 

o-Xylene 592 537 544 Conductivity - 

m/p-Xylene 597 541 554 at set-up - 

MTBE 709 619 636 68.4 mS/m - 

mL sampled (measured) 336 245 217 - - 

mL sampled (by tracer salt) 240 212 191 - - 

 

Q Precision standpipe 25%, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Mar. 10, 2009 Date: Mar. 13, 2009 Date: Mar. 16, 2009 

 Q1new Q2 Q3 

1,1-Dichloroethene 621 507 466 

trans-1,2-Dichloroethene 607 492 612 

cis-1,2-Dichloroethene 480 401 448 

Trichloroethene 580 467 501 

Tetrachloroethene 383 315 350 

Benzene 529 448 475 

Toluene 508 436 438 

Ethylbenzene 582 336 255 

o-Xylene 433 400 407 

m/p-Xylene 522 453 441 

MTBE 568 468 526 
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R Precision standpipe 50%, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0872 ID 1008-0873 ID 1008-0874   

 R1 R2 R3   

1,1-Dichloroethene 722 723 877 Set up Set up 

trans-1,2-Dichloroethene 715 716 865 Mar. 25, 2009 13.1°C 

cis-1,2-Dichloroethene 776 792 904 Sampled Sampled 

Trichloroethene 767 772 894 Apr. 1, 2009 21.0°C 

Tetrachloroethene 677 635 742 Pressure head External  

Benzene 918 973 1,061 at set-up pressure 

Toluene 784 770 948 50 cm 0 bar 

Ethylbenzene 1,142 1,120 1,268 - - 

o-Xylene 784 763 882 Conductivity - 

m/p-Xylene 784 753 885 at set-up - 

MTBE 952 1,013 1,113 70.4 mS/m - 

mL sampled (measured) 324 372 406 - - 

mL sampled (by tracer salt) 291 303 349 - - 

 
S Precision standpipe 50%, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Mar. 26, 2009 Date: Mar 29, 2009 Date: Apr. 1, 2009 

 S1 S2 S3 

1,1-Dichloroethene 912 904 1,128 

trans-1,2-Dichloroethene 1,080 1,000 1,070 

cis-1,2-Dichloroethene 800 745 782 

Trichloroethene 904 871 898 

Tetrachloroethene 649 650 686 

Benzene 841 818 1,010 

Toluene 848 871 829 

Ethylbenzene 1,070 1,130 1,020 

o-Xylene 718 794 716 

m/p-Xylene 756 800 673 

MTBE 903 851 928 
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T Precision standpipe 75%, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0875 ID 1008-0876 ID 1008-0877   

 T1 T2 T3   

1,1-Dichloroethene 1,445 1,629 1,788 Set up Set up 

trans-1,2-Dichloroethene 1,439 1,607 1,779 Apr 1, 2009 12.2°C 

cis-1,2-Dichloroethene 1,640 1,738 1,895 Sampled Sampled 

Trichloroethene 1,749 1,886 1,998 Apr. 7, 2009 20.1°C 

Tetrachloroethene 1,408 1,541 1,611 Pressure head External  

Benzene 1,901 2,032 2,239 at set-up pressure 

Toluene 1,767 1,886 1,949 50 cm 0 bar 

Ethylbenzene 2,348 2,524 2,599 - - 

o-Xylene 1,624 1,722 1,821 Conductivity - 

m/p-Xylene 1,660 1,779 1,867 at set-up - 

MTBE 1,938 2,035 2,227 70.9 mS/m - 

mL sampled (measured) 312 231 172 - - 

mL sampled (by tracer salt) 222 177 109 - - 

 
U Precision standpipe 75%, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: April 1, 2009 Date: April 4, 2009 Date: April 7, 2009 

 U1 U2 U3 

1,1-Dichloroethene 1,830 1,400 1,690 

trans-1,2-Dichloroethene 1,750 1,510 1,660 

cis-1,2-Dichloroethene 1,230 1,410 1,260 

Trichloroethene 1,470 1,440 1,510 

Tetrachloroethene 965 919 1,060 

Benzene 1,640 1,400 1,590 

Toluene 1,270 1,300 1,420 

Ethylbenzene 1,340 1,730 1,810 

o-Xylene 871 1,230 1,230 

m/p-Xylene 880 1,380 1,180 

MTBE 1,470 1,400 1,620 
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V Precision standpipe 100%, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 0209-0091 ID 0209-0092 ID 0209-0093   

 V1 V2 V3   

1,1-Dichloroethene 3,267 2,913 2,653 Set up Set up 

trans-1,2-Dichloroethene 3,263 2,877 2,664 Apr 17, 2009 15.2°C 

cis-1,2-Dichloroethene 3,195 2,879 2,563 Sampled Sampled 

Trichloroethene 2,568 2,511 2,150 Apr. 23, 2009 not recorded  

Tetrachloroethene 2,330 2,391 2,106 Pressure head External  

Benzene 3,777 3,585 3,116 at set-up pressure 

Toluene 3,250 3,144 2,725 50 cm 0 bar 

Ethylbenzene 3,829 3,838 3,376 - - 

o-Xylene 2,848 2,889 2,453 Conductivity - 

m/p-Xylene 2,809 2,859 2,485 at set-up - 

MTBE 4,688 4,288 3,769 70.9 mS/m - 

mL sampled (measured) 246 281 252 - - 

mL sampled (by tracer salt) 129 169 158 - - 

 

X Precision standpipe 100%, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: April 17, 2009 Date: April 20, 2009 Date: April 23, 2009 

 X1 X2 X3 

1,1-Dichloroethene 2,000 2,020 1,630 

trans-1,2-Dichloroethene 2,050 2,070 1,610 

cis-1,2-Dichloroethene 1,720 1,620 1,250 

Trichloroethene 1,680 1,980 1,450 

Tetrachloroethene 998 1,510 968 

Benzene 1,740 1,810 1,390 

Toluene 1,430 1,800 1,300 

Ethylbenzene 1,580 2,040 1,270 

o-Xylene 1,120 1,810 1,150 

m/p-Xylene 1,220 1,650 1,070 

MTBE 2,030 1,920 1,110 
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AA Precision field, samples, and groundwater chemistry. 
Well number C8  Concentration µg/L   

Samples  ID 1008-0830 ID 1008-0835 ID 1008-0833      

Compound Start AA1 AA2 AA3      

Chloroethene  <1.9 <1.8 <2.9      

1,1-Dichloroethene  <1.9 <1.9 <2.9      

trans-1,2-Dichloroethene  <1.9 <1.10 <2.9      

cis-1,2-Dichloroethene  <1.9 <1.11 <2.9      

Trichloroethene  <1.9 <1.12 <2.9      

Tetrachloroethene  <1.9 <1.13 <2.9      

Benzene  1,115 748 1,638      

Toluene  3.4 9.55 6.06      

Ethylbenzene  169 110 132      

o-Xylene  5.7 10.9 7.48      

m/p-Xylene  6.5 5.33 4.99      

MTBE  1.9 <1.8 <2.9 AA General chemistry 

L passed (measured)  0.14 0.10 0.10 Parameter Value Parameter Value 

L passed (tracer salt)  0.104 0.113 0.070 pH 7.0±0.02 DOC  2.7 mg C/L 

Date set up 12-Feb    Conductivity 200±14 mS/m Iron  6.4 mg/L 

Date sampled  18-Feb 24-Feb 2-Mar Oxygen 0.33±0.32 mg/L Ammonium 0.79 mg/L 

Depth water table set up, mbs 9.05    Nitrate <0.50 mg/L Sodium  110 mg/L 

Depth water table sampling, mbs  9.06 9.09 9.06 Fluoride 0.28 mg/L Potassium  4.4 mg/L 

Depth top sampler, mbs 13    Chloride 410 mg/L Calcium 250 mg/L 

Depth bottom well, mbs 14.67    Bicarbonate  430 mg/L Magnesium  26 mg/L 

Quality of water in reservoir  Clear Clear Clear Sulphate 120 mg/L   
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AA Precision field, reference samples. 
Well number C8 Concentration µg/L 

 Sample 1 

Date 12-Feb 

Sample 2 

Date 18-Feb 

Sample 3 

Date 24-Feb 

Sample 4 

Date 2-Mar 

Compound AA4 AA5 AA6 AA7 

Chloroethene 0.903 1.17 0.87 1.34 

1,1-Dichloroethene <0.40 <0.20 <0.02 <0.02 

trans-1,2-Dichloroethene <0.40 <0.20 0.11 <0.02 

cis-1,2-Dichloroethene <0.40 0.398 0.0967 <0.02 

Trichloroethene <0.40 <0.20 0.186 <0.02 

Tetrachloroethene <0.40 <0.20 0.59 <0.02 

Benzene 1,040 642 - 951 

Toluene <0.40 <0.20 <0.02 0.502 

Ethylbenzene <0.40 <0.20 <0.02 <0.02 

o-Xylene 1.04 0.851 <0.02 0.816 

m/p-Xylene <0.40 <0.20 <0.02 <0.02 

MTBE <2 1.18 1.78 1.26 
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AB Precision field, samples, and groundwater chemistry. 
Well number C11  Concentration µg/L   

Samples  ID 1008-0814 ID 1008-0813 ID 1008-0821 The well was located near a remediation pump which oper-

ates between defined water levels and can therefore stop 

and start during the period of sampling. This results in varia-

tion in water level in the well 

 

Compound Start AB1 AB2 AB3      

Chloroethene  6.65 15.4 7.19      

1,1-Dichloroethene  < 0.83 <0.7 <0.68      

trans-1,2-Dichloroethene  1.77 2.29 1.10      

cis-1,2-Dichloroethene  29.08 67.7 68.7      

Trichloroethene  < 0.83 1.06 0.931      

Tetrachloroethene  < 0.83 <0.7 <0.68      

Benzene  3,341 4,996 2,734      

Toluene  1.77 4.74 2.54      

Ethylbenzene  3.63 3.84 1.52      

o-Xylene  < 0.83 0.74 <0.68      

m/p-Xylene  < 0.83 <0.7 <0.68      

MTBE  2.28 2.04 1.18 AB General chemistry 

L passed (measured)  0.28 0.40 0.35 Parameter Value Parameter Value 

L passed (tracer salt)  0.241 0.306 0.295 pH 6.8±0.04 DOC  3.8 mg C/L 

Date set up 12-Feb    Conductivity 210±13 mS/m Iron 2.0 mg/L 

Date sampled  18-Feb 24-Feb 2-Mar Oxygen 0.74±0.25 mg/L Ammonium 0.62 mg/L 

Depth water table set up, mbs 9.10    Nitrate <0.50 mg/L Sodium  160 mg/L 

Depth water table sampling, mbs  9.02 8.86 8.61 Fluoride 0.31 mg/L Potassium  5.2 mg/L 

Depth top sampler, mbs 11    Chloride 290 mg/L Calcium 220 mg/L 

Depth bottom well, mbs 12.94    Bicarbonate  580 mg/L Magnesium  22 mg/L 

Quality of water in reservoir  Clear Clear Clear Sulphate 200 mg/L   

 

Marked in brown: Concentration indicative due to interfering components 
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AB Precision field, reference samples. 
Well number C11 Concentration µg/L 

 Sample 1 

Date 12-Feb 

Sample 2 

Date 18-Feb 

Sample 3 

Date 24-Feb 

Sample 4 

Date 2-Mar 

Compound AB4 AB5 AB6 AB7 

Chloroethene 17 19.5 29.6 29.9 

1,1-Dichloroethene <1 0.290 0.461 0.372 

trans-1,2-Dichloroethene <1 1.26 1.37 1.53 

cis-1,2-Dichloroethene 39.8 27.4 81.7 88.7 

Trichloroethene <1 1.35 2.41 2.14 

Tetrachloroethene 1.3 <0.20 0.0684 <0.4 

Benzene 4,600 4,760 - 167 

Toluene 3.63 2.15 2.5 2.58 

Ethylbenzene 6.12 10.1 13.9 10.7 

o-Xylene <1 0.284 0.343 <0.4 

m/p-Xylene <1 1.48 2.16 0.749 

MTBE <5 1.95 1.76 <2 
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AC Precision field, samples, and groundwater chemistry. 
Well number C14  Concentration µg/L   

Samples  ID 1008-0824 ID 1008-0816 ID 1008-0823      

Compound Start AC1 AC2 AC3      

Chloroethene  27.8 77.3 59.7      

1,1-Dichloroethene  < 1.2 <1.1 <1.30      

trans-1,2-Dichloroethene  10.3 4.96 2.60      

cis-1,2-Dichloroethene  186 32.9 23.2      

Trichloroethene  3.04 21.0 7.79      

Tetrachloroethene  12.2 16.7 2.60      

Benzene  1,288 5,586 4,443      

Toluene  12.3 18.1 12.3      

Ethylbenzene  77.2 91.5 81.1      

o-Xylene  33.2 25.5 14.1      

m/p-Xylene  54.0 18.1 11.4      

MTBE  1.16 17.3 15.1 AC General chemistry 

L passed (measured)  0.15 0.19 0.15 Parameter Value Parameter Value 

L passed (tracer salt)  0.173 0.176 0.154 pH 7.0±0.02 DOC  2.4 mg C/L 

Date set up 12-Feb    Conductivity 190±4 mS/m Iron 7.1 mg/L 

Date sampled  18-Feb 24-Feb 2-Mar Oxygen 0.18±0.02 mg/L Ammonium 0.89 mg/L 

Depth water table set up, mbs 9.56    Nitrate <0.50 mg/L Sodium  91 mg/L 

Depth water table sampling, mbs  9.58 9.60 9.59 Fluoride 0.30 mg/L Potassium  4.5 mg/L 

Depth top sampler, mbs 11.3    Chloride 320 mg/L Calcium 230 mg/L 

Depth bottom well, mbs 12.32    Bicarbonate  440 mg/L Magnesium  28 mg/L 

Quality of water in reservoir  Slightly cloudy 

Black sand  

on top 

Clear 

Black sand  

on top 

Clear 

Black sand  

on top 

Sulphate 150 mg/L   

 
Marked in brown: Concentration indicative due to interfering components 
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AC Precision field, reference samples. 
Well number C14 Concentration µg/L 

 Sample 1 

Date 12-Feb 

Sample 2 

Date 18-Feb 

Sample 3 

Date 24-Feb 

Sample 4 

Date 2-Mar 

Compound AC4 AC5 AC6 AC7 

Chloroethene 16.8 30.6 44.5 38.9 

1,1-Dichloroethene <0.40 <0.40 <0.4 <0.4 

trans-1,2-Dichloroethene 1.61 1.71 2.15 1.68 

cis-1,2-Dichloroethene 51.3 25.6 57.6 44.6 

Trichloroethene 25.2 6.83 6.62 5.93 

Tetrachloroethene 17.9 4.77 4.4 7.3 

Benzene 1,020 2,280 1,440 882 

Toluene 4.41 3.54 4.38 2.87 

Ethylbenzene 20.1 26.8 34.6 28.2 

o-Xylene 5.3 3.69 2.77 2.34 

m/p-Xylene 4.17 5.93 5.75 4.51 

MTBE 3.14 3.35 3.08 2.72 
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AD Precision field, samples, and groundwater chemistry. 
Well number B17  Concentration µg/L   

Samples  ID 1008-0812 ID 1008-0819 ID 1008-0817      

Compound Start AD1 AD2 AD3      

Chloroethene  < 0.82 <0.9 <0.92      

1,1-Dichloroethene  < 0.82 <0.9 <0.92      

trans-1,2-Dichloroethene  < 0.82 <0.9 <0.92      

cis-1,2-Dichloroethene  < 0.82 <0.9 <0.92      

Trichloroethene  < 0.82 <0.9 <0.92      

Tetrachloroethene  < 0.82 <0.9 <0.92      

Benzene  4.24 1.34 <0.92      

Toluene  < 0.8 <0.9 <0.92      

Ethylbenzene  < 0.8 <0.9 <0.92      

o-Xylene  0.92 <0.9 <0.92      

m/p-Xylene  < 0.8 <0.9 <0.92      

MTBE  50.1 8.87 2.99 AD General chemistry 

L passed (measured)  0.26 0.25 0.19 Parameter Value Parameter Value 

L passed (tracer salt)  0.244 0.231 0.217 pH 7.1±0.02 DOC  9.0 mg C/L 

Date set up 12-Feb    Conductivity 74±5 mS/m Iron 1.1 mg/L 

Date sampled  18-Feb 24-Feb 2-Mar Oxygen 0.15±0.06 mg/L Ammonium 0.086 mg/L 

Depth water table set up, mbs 9.30    Nitrate <0.50 mg/L Sodium  21 mg/L 

Depth water table sampling, mbs  9.29 9.31 9.23 Fluoride 0.25 mg/L Potassium  1.8 mg/L 

Depth top sampler, mbs 11.0    Chloride 68 mg/L Calcium 130 mg/L 

Depth bottom well, mbs 15.03    Bicarbonate  330 mg/L Magnesium  8.8 mg/L 

Quality of water in reservoir  Clear Clear Clear Sulphate 58 mg/L   
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AD Precision field, reference samples. 
Well number B17 Concentration µg/L 

 Sample 1 

Date 12-Feb 

Sample 2 

Date 18-Feb 

Sample 3 

Date 24-Feb 

Sample 4 

Date 2-Mar 

Compound AD4 AD5 AD6 AD7 

Chloroethene <0.02 <0.20 <0.02 <0.02 

1,1-Dichloroethene <0.02 <0.20 <0.02 <0.02 

trans-1,2-Dichloroethene <0.02 <0.20 <0.02 <0.02 

cis-1,2-Dichloroethene <0.02 <0.20 <0.02 0.021 

Trichloroethene <0.02 <0.20 <0.02 <0.02 

Tetrachloroethene <0.02 <0.20 <0.02 1.35 

Benzene <0.02 <0.02 <0.02 0.460 

Toluene <0.02 <0.02 <0.02 1.41 

Ethylbenzene <0.02 <0.02 <0.02 0.14 

o-Xylene <0.02 0.0248 <0.02 0.045 

m/p-Xylene <0.02 <0.02 <0.02 0.084 

MTBE 111 9.79 2.86 3.55 
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AE Precision field, samples, and groundwater chemistry. 
Well number B18  Concentration µg/L   

Samples  ID 1008-0811 ID 1008-0818 ID 1008-0815      

Compound Start AE1 AE2 AE3      

Chloroethene  < 0.79 <0.7 <0.72      

1,1-Dichloroethene  < 0.79 <0.7 <0.72      

trans-1,2-Dichloroethene  < 0.79 <0.7 <0.72      

cis-1,2-Dichloroethene  < 0.79 <0.7 <0.72      

Trichloroethene  < 0.79 <0.7 <0.72      

Tetrachloroethene  < 0.79 <0.7 <0.72      

Benzene  < 0.79 <0.7 <0.72      

Toluene  < 0.79 <0.7 <0.72      

Ethylbenzene  < 0.79 <0.7 <0.72      

o-Xylene  < 0.79 <0.7 <0.72      

m/p-Xylene  < 0.79 <0.7 <0.72      

MTBE  < 0.79 <0.7 <0.72 AE General chemistry 

L passed (measured)  0.29 0.31 0.34 Parameter Value Parameter Value 

L passed (tracer salt)  0.254 0.286 0.279 pH 7.3±0.02 DOC  2.7 mg C/L 

Date set up 12-Feb    Conductivity 73±0.5 mS/m Iron 1.8 mg/L 

Date sampled  18-Feb 24-Feb 2-Mar Oxygen 0.09±0.01 mg/L Ammonium 0.83 mg/L 

Depth water table set up, mbs 9.18    Nitrate <0.50 mg/L Sodium  17 mg/L 

Depth water table sampling, mbs  9.19 9.21 9.13 Fluoride 0.31 mg/L Potassium  1.6 mg/L 

Depth top sampler, mbs 12    Chloride 37 mg/L Calcium 120 mg/L 

Depth bottom well, mbs 15.10    Bicarbonate  300 mg/L Magnesium  7.2 mg/L 

Quality of water in reservoir  Clear Clear Clear Sulphate 91 mg/L   
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AE Precision field, reference samples. 
Well number B18 Concentration µg/L 

 Sample 1 

Date 12-Feb 

Sample 2 

Date 18-Feb 

Sample 3 

Date 24-Feb 

Sample 4 

Date 2-Mar 

Compound AE4 AE5 AE6 AE7 

Chloroethene <0.02 <0.20 <0.02 <0.02 

1,1-Dichloroethene <0.02 <0.20 <0.02 <0.02 

trans-1,2-Dichloroethene <0.02 <0.20 <0.02 <0.02 

cis-1,2-Dichloroethene <0.02 <0.20 <0.02 <0.02 

Trichloroethene <0.02 <0.20 <0.02 <0.02 

Tetrachloroethene <0.02 <0.20 <0.02 <0.02 

Benzene <0.02 <0.02 <0.02 <0.02 

Toluene <0.02 <0.02 <0.02 <0.02 

Ethylbenzene <0.02 <0.02 <0.02 <0.02 

o-Xylene <0.02 <0.02 <0.02 <0.02 

m/p-Xylene <0.02 <0.02 <0.02 <0.02 

MTBE <0.1 <0.1 <0.1 <0.1 
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AF Field blind. 
Compound Farum blind 1 Farum blind 2 Søborg blind 1 Søborg blind 2 

  µg/L µg/L µg/L µg/L 

Chloroethene <0.02 - <0.02 - 

1,1-Dichloroethene <0.02 - <0.02 - 

trans-1,2-Dichloroethene <0.02 - <0.02 - 

cis-1,2-Dichloroethene <0.02 - <0.02 - 

Trichloroethene <0.02 - <0.02 - 

Tetrachloroethene <0.02 - <0.02 - 

Benzene <0.02 - <0.02 - 

Toluene <0.02 - 0.0435 - 

Ethylbenzene <0.02 - <0.02 - 

o-Xylene <0.02 - <0.02 - 

m/p-Xylene <0.02 - <0.02 - 

MTBE <0.1 - <0.1 - 

 
Farum blind 2 and Søborg blind 2 have not been analyzed since there was not detected any content in Farum and Søborg blind 1. 
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BA Reference robustness lab dispenser, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0194 ID 1008-0195 ID 1008-0196   

 BA1 BA2 BA3   

1,1-Dichloroethene 714 755 840 Set up Set up 

trans-1,2-Dichloroethene 631 697 812 Jan. 16, 2009 20.8°C 

cis-1,2-Dichloroethene 634 690 748 Sampled Sampled 

Trichloroethene 631 681 744 Jan. 22, 2009 22.3°C 

Tetrachloroethene 663 697 734 Pressure head External  

Benzene 733 768 796 at set-up pressure 

Toluene 711 737 737  55 cm 0 bar 

Ethylbenzene 1,030 1,056 1,044 - - 

o-Xylene 770 812 810 Conductivity - 

m/p-Xylene 775 814 818 at set-up - 

MTBE 889 941 971 34.2 mS/m - 

mL sampled (measured) 242 346 437 - - 

mL sampled (by tracer salt) 243 308 393 - - 

 

BB Reference robustness lab dispenser, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Jan. 16, 2009 Date: Jan. 19, 2009 Date: Jan. 22, 2009 

 BB1 BB2 BB3 

1,1-Dichloroethene 1,100 1,020 984 

trans-1,2-Dichloroethene 1,230 1,170 1,060 

cis-1,2-Dichloroethene 876 838 840 

Trichloroethene 1,120 1,070 1,000 

Tetrachloroethene 1,090 1,050 874 

Benzene 1,000 958 943 

Toluene 890 878 978 

Ethylbenzene 1,400 1,360 1,440 

o-Xylene 908 888 963 

m/p-Xylene 988 949 987 

MTBE 802 791 855 
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CA Sampling depth robustness standpipe, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0820 ID 1008-0822 ID 1008-0825   

 CA1 CA2 CA3   

1,1-Dichloroethene 855 839 872 Set up Set up 

trans-1,2-Dichloroethene 858 839 867 Apr 7, 2009 12.9°C 

cis-1,2-Dichloroethene 876 847 942 Sampled Sampled 

Trichloroethene 965 929 1,020 Apr. 13, 2009 21.2°C 

Tetrachloroethene 727 687 760 Pressure head External  

Benzene 1,016 990 1,079 at set-up pressure 

Toluene 900 826 961 50 cm 0.45 ± 0.05 bar 

Ethylbenzene 1,163 1,179 1,236 - - 

o-Xylene 811 762 872 Conductivity - 

m/p-Xylene 828 754 886 at set-up - 

MTBE 1,013 973 1,088 70.5 mS/m - 

mL sampled (measured) 590 297 507 - - 

mL sampled (by tracer salt) 347 252 374 - - 

 

CB Sampling depth robustness standpipe, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: April 7, 2009 Date: April 10, 2009 Date: April 13, 2009 

 CB1 CB2 CB3 

1,1-Dichloroethene 1,590 1,130 1,020 

trans-1,2-Dichloroethene 1,610 1,130 1,070 

cis-1,2-Dichloroethene 1,270 886 851 

Trichloroethene 1,490 1,110 1,040 

Tetrachloroethene 1,130 749 798 

Benzene 1,570 1,060 993 

Toluene 1,440 1,020 960 

Ethylbenzene 1,980 1,210 1,160 

o-Xylene 1,320 907 894 

m/p-Xylene 1,320 1,140 1,110 

MTBE 1,600 1,040 941 
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DA Ionic strength robustness lab dispenser, 10 mS/cm, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0197 ID 1008-0198 ID 1008-0199   

 DA1 DA2 DA3   

1,1-Dichloroethene 641 643 646 Set up Set up 

trans-1,2-Dichloroethene 607 593 605 Jan. 23, 2009 21.0°C 

cis-1,2-Dichloroethene 581 542 566 Sampled Sampled 

Trichloroethene 551 533 512 Jan. 29, 2009 21.7°C 

Tetrachloroethene 606 586 558 Pressure head External  

Benzene 605 590 578 at set-up pressure 

Toluene 603 597 577  55 cm 0 bar 

Ethylbenzene 817 817 786 - - 

o-Xylene 616 613 599 Conductivity - 

m/p-Xylene 659 660 638 at set-up - 

MTBE 722 705 645 10.1 mS/m - 

mL sampled (measured) 340 288 323 - - 

mL sampled (by tracer salt) 335 295 330 - - 

 

DB Ionic strength robustness lab dispenser, 10 mS/cm, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Jan. 23, 2009 Date: Jan. 26, 2009 Date: Jan. 29, 2009 

 DB1 DB2 DB3 

1,1-Dichloroethene 1,040 936 944 

trans-1,2-Dichloroethene 1,080 1,010 1,010 

cis-1,2-Dichloroethene 803 802 831 

Trichloroethene 1,020 1,000 1,010 

Tetrachloroethene 927 867 868 

Benzene 934 938 946 

Toluene 971 966 984 

Ethylbenzene 1,450 1,440 1,470 

o-Xylene 948 966 984 

m/p-Xylene 1,010 1,010 1,030 

MTBE 854 924 935 
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EA Ionic strength robustness lab dispenser, 100 mS/cm, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0200 ID 1008-0201 ID 1008-0202   

 EA1 EA2 EA3   

1,1-Dichloroethene 663 739 611 Set up Set up 

trans-1,2-Dichloroethene 844 952 744 Jan. 30, 2009 21.7°C 

cis-1,2-Dichloroethene 780 875 669 Sampled Sampled 

Trichloroethene 650 820 546 Feb. 5, 2009 21.6°C 

Tetrachloroethene 605 862 519 Pressure head External  

Benzene 741 838 618 at set-up pressure 

Toluene 736 930 540  55 cm 0 bar 

Ethylbenzene 925 1,379 692 - - 

o-Xylene 638 936 524 Conductivity - 

m/p-Xylene 653 977 558 at set-up - 

MTBE 1,032 1,178 831 98.0 mS/m - 

mL sampled (measured) 604 551 448 - - 

mL sampled (by tracer salt) over range over range over range - - 

 

EB Ionic strength robustness lab dispenser, 100 mS/cm, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Jan. 30, 2009 Date: Feb. 2, 2009 Date: Feb. 5, 2009 

 EB1 EB2 EB3 

1,1-Dichloroethene 1,100 1,100 944 

trans-1,2-Dichloroethene 1,140 1,160 1,070 

cis-1,2-Dichloroethene 841 859 821 

Trichloroethene 1,030 1,080 1,000 

Tetrachloroethene 1,000 1,010 875 

Benzene 976 997 958 

Toluene 974 999 980 

Ethylbenzene 1,530 1,560 1,540 

o-Xylene 988 1,010 1,010 

m/p-Xylene 1,050 1,070 1,040 

MTBE 939 929 887 
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FA Sampling time robustness lab dispenser, 3 days, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0203 ID 1008-0204 ID 1008-0205   

 FA1 FA2 FA3   

1,1-Dichloroethene 673 685 655 Set up Set up 

trans-1,2-Dichloroethene 750 761 732 Feb. 6, 2009 22.1°C 

cis-1,2-Dichloroethene 680 688 656 Sampled Sampled 

Trichloroethene 564 569 544 Feb. 9, 2009 21.8°C 

Tetrachloroethene 649 665 626 Pressure head External  

Benzene 676 686 667 at set-up pressure 

Toluene 689 690 686  55 cm 0 bar 

Ethylbenzene 943 942 942 - - 

o-Xylene 699 709 711 Conductivity - 

m/p-Xylene 740 751 749 at set-up - 

MTBE 767 800 823 36.3 mS/m - 

mL sampled (measured) 259 314 254 - - 

mL sampled (by tracer salt) 264 332 274 - - 

 

FB Ionic strength robustness lab dispenser, 3 days, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Feb. 6, 2009 Date: Feb. 7, 2009 Date: Feb. 8, 2009 

 FB1 FB2 FB3 

1,1-Dichloroethene 1,070 1,180 1,190 

trans-1,2-Dichloroethene 1,160 1,240 1,210 

cis-1,2-Dichloroethene 882 897 899 

Trichloroethene 1,080 1,110 1,090 

Tetrachloroethene 929 1,050 1,080 

Benzene 1,020 1,090 1,090 

Toluene 1,040 1,060 1,060 

Ethylbenzene 1,610 1,620 1,630 

o-Xylene 1,050 1,070 1,060 

m/p-Xylene 1,110 1,130 1,120 

MTBE 941 1,060 1,050 
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GA Sampling time robustness lab dispenser, 9 days, samples. 
Compound  Concentration µg/L Dates Temperatures 

 ID 1008-0206 ID 1008-0207 ID 1008-0208   

 GA1 GA2 GA3   

1,1-Dichloroethene 585 631 691 Set up Set up 

trans-1,2-Dichloroethene 590 770 865 Feb. 10, 2009 21.4°C 

cis-1,2-Dichloroethene 561 605 793 Sampled Sampled 

Trichloroethene 499 542 815 Feb. 19, 2009 21.6°C 

Tetrachloroethene 551 584 752 Pressure head External  

Benzene 604 747 826 at set-up pressure 

Toluene 579 756 838  55 cm 0 bar 

Ethylbenzene 1,006 1,149 1,264 - - 

o-Xylene 590 803 895 Conductivity - 

m/p-Xylene 632 825 914 at set-up - 

MTBE 830 964 1,094 34.4 mS/m - 

mL sampled (measured) 373 459 618 - - 

mL sampled (by tracer salt) 405 451 over range - - 

 

GB Ionic strength robustness lab dispenser, 9 days, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Feb. 10, 2009 Date: Feb. 14, 2009 Date: Feb. 19, 2009 

 GB1 GB2 GB3 

1,1-Dichloroethene 1,260 1,110 904 

trans-1,2-Dichloroethene 1,280 1,200 1,040 

cis-1,2-Dichloroethene 924 867 821 

Trichloroethene 1,140 1,070 1,010 

Tetrachloroethene 1,140 1,010 903 

Benzene 1,090 1,030 933 

Toluene 1,090 1,010 1,000 

Ethylbenzene 1,700 1,550 1,520 

o-Xylene 1,100 1,020 999 

m/p-Xylene 1,170 1,060 1,060 

MTBE 1,080 960 887 
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HA Concentration integration robustness, lab dispenser, samples. 
Compound  Concentration µg/L Date & time Temperatures 

 ID 1008-0869 ID 1008-0870 ID 1008-0871   

 HA1 HA2 HA3   

1,1-Dichloroethene 669 389 686 Start 20% Set up 

trans-1,2-Dichloroethene 740 466 853 Mar. 16, 2009 at 15:45 21.0°C 

cis-1,2-Dichloroethene 675 409 790 Step to 50% Sampled 

Trichloroethene 673 417 771 Mar. 18 at 16:30 21.3°C 

Tetrachloroethene 485 374 739 Step to 80% Pressure head 

Benzene 774 477 900 Mar. 20 at 16:00 at set-up 

Toluene 751 418 855 Sampled 55 cm 

Ethylbenzene 1,084 573 1,206 Mar. 22 at 15:45 - 

o-Xylene 767 426 868  External  

m/p-Xylene 826 450 924 Conductivity pressure 

MTBE 851 478 959 at set-up 0 bar 

mL sampled (measured) 562 414 520 34.2 mS/m - 

mL sampled (by tracer salt) over range 461 over range  - 

 

HB Concentration integration robustness, lab dispenser, reference samples. 
Compound Concentration µg/L 

 Sample 1 Sample 2 Sample 3 

 Date: Mar. 17, 2009 Date: Mar. 19, 2009 Date: Mar. 21, 2009 

 HB1 HB2 HB3 

1,1-Dichloroethene 355 968 1,500 

trans-1,2-Dichloroethene 369 974 1,550 

cis-1,2-Dichloroethene 300 826 1,240 

Trichloroethene 361 996 1,520 

Tetrachloroethene 324 853 1,430 

Benzene 343 902 1,300 

Toluene 327 912 1,440 

Ethylbenzene 487 1,350 2,200 

o-Xylene 342 897 1,370 

m/p-Xylene 390 1,050 1,670 

MTBE 334 870 1,260 
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A P P E N D I X  6  

Data management  
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In general, the data filing and archiving procedures of the DHI Quality Management 

System were followed. 

All data recording and reporting was done in English, communication with Danish ex-

ternal and internal was partly in Danish. 

Data storage, transfer and control 

The data was compiled and stored as summarized in Table 36. 

Analytical raw data was filed and archived according to the specifications of the labo-

ratories quality management systems under their ISO 17025 accreditation and were 

thus not the concern of DHI staff.  

Table 36 Data compilation and storage summary. 

Data type Data media Data recorder Data recording 

timing 

Data storage 

Test plan and re-

port 

Protected PDF 

files 

Test responsible, 

DHI 

When approved Files and 

archives at DHI 

Test details in 

laboratory and field  

Log book and pre-

prepared forms  

Technician, DHI During collection Files and 

archives at DHI 

Calculations Excel files Test responsible, 

DHI 

During calculations Files and 

archives DHI 

Analytical reports Paper Test responsible, 

DHI 

When received Files and 

archives DHI 

 

Implementation 

All e-mail communication was filed in the Outlook Exchange folders, see below struc-

ture. 

The DHI person receiving an e-mail (to field, not cc field) filed the e-mail. The DHI 

person sending an e-mail used the “send and file” option and thereby ensured prompt 

filing of all e-mails sent. There was generally no need to widespread cc when sending 

e-mails, unless specific action or communication is required. 

All paper communication was immediately filed in the binder established by GHE and 

available at his office. The title page of the binder resembled the folder structure at 

dkstor, see below. 

All recordings during testing in the laboratory or in the field were done in water proof 

writing in hardback log-books with all pages numbered page/total page number. The 

log books were filed with the staff member using them until the testing was com-

pleted, then with GHE and available at his office. 

All data needed for the tests were recorded in the data sheets available from Appendix 

5 of the Test Plan. The format was Word tables, Excel worksheets or paper sheets as 

decided by GHE as test responsible. The outline and format were mandatory and could 

only be deviated from by recording a deviation with justification. 

All calculations were done using Excel spreadsheets with names identifying the con-

tents and with headings and notes explaining the calculations. 
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All electronic files are stored at dkstor in the folder structure shown below. File names 

were constructed to identify the contents. Subfolders were established as found con-

venient, while again constructing folder names that identify the contents. When work-

ing away from network connection (offline), copies of files were used on own PC, but 

the server version was updated immediately after returning to network connection. 
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A P P E N D I X  7  

Deviations and amendments 
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A P P E N D I X  8  

Field report 
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