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EN-1948-4 Validation Measurements in Vienna    
19. -26. June 2007 
     
Sampling device description: 
 
For the sampling of PCBs at the Flötzersteig plant in Vienna there was employed a 
DioxinMonitoringSystem (Monitoring Systems , Kottingbrunn, Austria) using the dilution 
method described in EN-1948-1.  
The three  basic components of the sampling device are: the sampling unit, the control unit 

and the sampling cartridges .  
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 the measurement    Measurements at the plant 

g unit 

 unit is the part connected on the gas channel and extracts isokinetically a small 
e gas at one or two representative positions of the stack.  
 completely particle free dilution air is mixed with the extracted flue gas to 
ixed gas” with a dew point below 30°C. 
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The sampling unit was  fitted with two heated titanium probes on the east side sampling point 
and with one heated titanium probes on the west side sampling point. In the case of two 
probes a switching device takes the flue gas sample  alternately from one of the two single 
probes. After the switching device a titanium mixing chamber is arranged, where the flue gas 
sucked off is mixed with dust free and dehumidified dilution air. The temperature in the flue 
gas channel was measured constantly.  
 
The Sampling cartridge (for PCDD/F and dioxinlike PCBs) 
 
The sampling cartridge is made if titanium and is connected to the sampling unit. It consists 
of a mixing chamber and a filter holder with the prepared dioxin filter. It  is also connected 
with hoses to the switch  cabinets. In the filter unit the flue gas/dilution gas mixture is led over 
the filters. The  filter set is made of a glass fibre filter and two poly-urethane plugs. At these 
filters the polychlorinated dioxins and furans, polychlorinated biphenyl, further organic 
components as well as the entire dust freight are separated. After the sampling the cartridge 
is transported to the laboratory. 
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The Control unit 
 
The control unit controled  the start, the sampling process and the stop of the automatic 
measurement.  
 

         
 
The Control unit 
 
The measuring and control unit fulfills the following functions: 
 

• independent control of isokinetic sampling at 2 positions in the stack 

• periodic switching between the points of sampling in the chimney 

• monitoring and control of the sampling temperatures 

• documentation of the sampling 

• monitoring of exceeding the control range 
The sucked dilution air is filtered with a dust collector and brought by compressors into the 
membrane drying unit. Having passed the dryer the dilution air is led through the measuring 
and control systems. The measurement of the volumes of the diluent air is made by 
calibrated gasmeters, calibrated temperature measurement and calibrated pressure 
measurement. The dilution air is led to the sampling unit. 
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Laboratory determination working procedure: 
 
The pre-extracted (soxleth 16 h) filter material used for sampling (Morawetz) was spiked, 
according EN-1948-4, before sampling with 1000 ng  of PCB  # 60, #127,  #159  using  100 
µl of Toluene(96%)/Tetradecane (4%) solution. Also the dioxin sampling standard according 
EN-1948-1 was added. 
Sampling materials were stored in the dark before and after sampling. Before soxleth 
extraction (16 h) of the filter and the poly urethane plugs with toluene, extraction standards 
according EN-1948-4 for WHO-PCBs and marker PCBs were added. 
After solvent exchange to hexane a sulphuric acid treatment followed by washing with water 
and drying with Na2SO4 was used. Multi step clean up on an automated sample clean up 
apparatus (Power Prep, FMS) was used to purify the extracts. Special pre-cleaned 
adsorbents for clean up are required in order to get sufficient low method blanks. “PCB free” 
multilayer silica gel (basic and acid) in series with “PCB free” basic aluminum oxide columns 
were used. The sample was loaded on the columns, washed by 100 ml of hexane. PCBs 
were eluted by 150 ml of hexane /dichloromethane 93/7 (V/V). Dioxins were eluted with 
hexane /dichloromethane 50/50 (V/V. 
Counter flow evaporators reduced the volumes of the fractions to 0,5 ml. Recovery standards 
were added and a vacuum centrifuge was used to reduce the volume to 10 µl. 
The standard clean up procedure used in our laboratory did not give sufficiently clean 
samples for non-ortho PCB determination at very low (unexpected low) concentration levels. 
So we added an  additional  carbon column clean up (6,35/10 MM Supelco, Dual Layer 
Carbon Reversible Tube  system) to make the  quantification easer. The sample was loaded 
on the columns, washed with 50 ml of hexane /dichloromethane 97/3. Elution of PCBs was 
done in counter flow with 100 ml of toluene.   
 
Materials:  
 
Standard solutions: 
 
Following calibration standards were  used for the calibration curve of WHO-PCBs. 
Wellington Laboratories  Expire Date: 10/23/2001 
Product code    Lot Number 
P48-W-CVS1    P48WCS11006 
P48-W-CVS2    P48WCS21006 
P48-W-CVS3    P48WCS31006 
P48-W-CVS4    P48WCS41006 
P48-W-CVS5    P48WCS51006 
P48-W-CVS6    P48WCS61006 
 
Following calibration standards were  used for the calibration curve of Marker-PCBs. 
Wellington Laboratories  Expire Date: 10/27/2001 
Product code    Lot Number 
P48-M-CVS0.1   P48MCS0.11006 
P48-M-CVS1    P48MCS11006 
P48-M-CVS2    P48MCS21006 
P48-M-CVS3    P48MCS31006 
P48-M-CVS4    P48MCS41006 
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Following labelled standards were  used for the validation measurements 
 
Sampling standard:   100 pg/µl (13C12) of #60, #127, #159 
Wellington Laboratories  Expire Date: 10/23/2001 
Product code: P48-SS   Lot Number: P48SS1006 
 
Recovery standard:   100 pg/µl (13C12)of #70, #111, #170  
Wellington Laboratories  Expire Date: 10/23/2001 
Product code: P48-RS  Lot Number: P48RS1006 
 
Extraction standard WHO PCBs: 1000 pg/µl (13C12) of #28, #52, #101, #138, #153, #180  
Wellington Laboratories  Expire Date: 10/23/2001 
Product code: P48-W-ES  Lot Number: P48WES1006 
 
Extraction standard Marker PCBs: 1000 pg/µl (13C12)of #77, #81, #105, #114, #118, 

#123, #126, #156, #157, #167, #169, #189  
Wellington Laboratories  Expire Date: 10/23/2001 
Product code: P48-M-ES  Lot Number: P48MES1006 
 
Solvents: 
 
Hexane:  Promochem Picograde Lot.  702402 
Heptane:  Promochem Picograde Lot.  705204 
Dichloromethane: Promochem Picograde Lot.  701251 
Toluene:  Promochem Picograde Lot.  702906 
Acetone:  Promochem Picograde Lot.  703901 
 
Adsorbents for clean up columns:  
 
Multilayer silica  FMS, PCB free (PCBSABNSTD)     Lot. 41   
Aluminum oxide, basic FMS, PCB free (PCBSABAS011)    Lot. 43 
Activated carbon:  Supelco, 6,35/10 MM Dual layer carbon reversible Lot. 20121 
 
GC-MS: 
Finnigan MAT 95 XP (Thermo Electron Corp.) coupled to 6890 series gas chromatograph 
(Agilent Corp.) with PTV injector.  
 
Gas chromatography: 
GC column:  Agilent XLB, 60 m, 0.18 mm ID, 0.18 µm film 
Oven temperature: 115°C (2 min.), 25°C/min to 220 °C, 15 min 220°C, 1,2°C/min. to 270°C, 
7°C/min  to 310°C, 1min. 310°C) 
Injector: PTV in solvent vent mode,  60°C (0,1 min.), 700°C/min to 310 °C, 15 min 310°C 
Carrier: Helium 0,8mL/min., transfer line: 260°C. 2µl injection volume 
 
Mass spectrometer: 

eco-research Srl – GmbH 

High resolution multiple ion detection (MID) operating in electron impact (EI) mode at 40 eV.  
Resolving power > 10.000.  
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Comments: 
 
The unexpectedly low concentrations of PCBs found in the emission samples of the 
Flötzersteig incinerator in Vienna had the following consequences: 
 
First, with our normal clean up procedure we were not able to get sufficient clean samples for 
very low level GC/HRMS determination. High background noise level made it impossible to 
quantify PCB #126 in any of the samples. So an additional activated carbon clean up 
procedure was applied. 
This lead to unexpected recovery yields, because the retaining and fractionation mechanism 
is different  to mono- and di-ortho PCBs. Also slightly higher method blanks can be expected. 
Second, already in the pre-validation measurements we did in December 2006 and April 
2007 we observed that the PCB concentration levels of the blanks  were not much lower than 
the concentration levels we measured in the emission sample. But the levels we measured 
during the validation were nearly ten times lower (see long term overnight measurement). So 
blank and sample concentrations could not be distinguished any more.  
  
Long term overnight measurement 
 
Vienna  overnight sampling on east side  
(90 m3 dry sampling volume  and  11,0% O2) 
 From 20.6. until 26.6.2007     
         
Iupac  PCB   pg/m3  *  Recovery % *  pg/m3  **  Recovery %  ** 

28   182,2  45  220,1  56 
52   290,7  49  408,1  24 
77   2,7  56  4,5  78 
81   0,4  57  0,2  133 
60      80     72 
127      65     71 
101   157,3  55  299,3  37 
123   3,2  60  5,6  81 
118   47,5  57  79,5  79 
114   1,1  61  1,7  82 
105   12,3  62  20,8  84 
126   0,5  68  0,5  109 
138   71,7  65  118,1  54 
159      88     120 
153   154,5  136  251,7  112 
167   3,8  70  4,9  89 
156   9,0  62  13,4  63 
157   1,4  62  1,4  89 
169   0,4  73  0,5  124 
180   44,0  82  50,5  72 
189   1,2  62  1,7  101 

         
* Normal clean up procedure: multilayer silica and basic aluminum oxide 
** Additional carbon clean up:      
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The long term measurement results confirm the extremely low concentrations of non-ortho 
PCBs. Also the mono- and di-ortho PCB concentrations are very low.  
Long term sampling permits to get a much higher amount of analytes in your sample. 
In this case all chromatographic peaks of non-ortho PCBs are easy to distinguish from the 
background noise. The quantification is therefore much easer. Also the blank influence in the 
case of marker PCBs is reduced. 
 
The measurement results  of 6 h sampling are strongly influenced by the filed blank 
concentrations. 
 
 
 
 
Bolzano,   24/10/2007 
 
 
Dr. Werner Tirler 
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All results in ng/Sample

PCBs Extraction + Clean up Blank 
(extraction of filter and PUF in soxhlet and clean up)
Iupac Aug 07 sep-07 nov-07 FB 19-06 FB 22-06 FB 25-06

28 2.32 1.88 5.07 9.94 6.32 7.28
52 2.53 2.06 5.89 2.95 9.34 5.68
77 0.06 0.05 0.07 0.21 0.18 0.07
81 0.00 0.00 0.00 0.01 0.00 0.00
60 0.00 0.00 0.00 0.00 0.00 0.00
70 0.00 0.00 0.00 0.00 0.00 0.00

127 0.00 0.00 0.00 0.00 0.00 0.00
101 2.31 1.88 2.72 2.24 5.14 4.42
111 0.00 0.00 0.00 0.00 0.00 0.00
123 0.03 0.02 0.03 0.09 0.05 0.05
118 0.60 0.49 0.77 2.53 1.18 1.11
114 0.01 0.01 0.03 0.06 0.04 0.03
105 0.21 0.17 0.29 0.73 0.29 0.33
126 0.00 0.00 0.00 0.01 0.00 0.00
138 1.90 1.55 2.25 1.42 1.90 2.99
159 0.00 0.00 0.00 0.00 0.00 0.00
153 1.77 1.44 2.93 11.04 6.10 10.55
167 0.07 0.06 0.04 0.20 0.04 0.13
156 0.20 0.16 0.28 0.42 0.14 0.32
157 0.02 0.02 0.03 0.08 0.02 0.04
169 0.00 0.00 0.00 0.00 0.00 0.00
170 0.00 0.00 0.00 0.00 0.00 0.00
180 0.93 0.75 0.61 3.58 0.95 2.01
189 0.03 0.02 0.01 0.06 0.02 0.04


