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Challenges in emission testing I - traceability  



MACPoll workshop on Indoor Air Quality | February 13, 2014 | Berlin | 3 

Challenges in emission testing II - homogeneity 

 
 
 heterogeneous samples complicate evaluation of round robin 

tests (40% to 300% at different round robin tests) [1] 
 1 Howard-Reed et al. (2011) Building and Environment 46 
 

 
→ reference materials for emission testing of building 

products are commercially not available (only two 
approaches for toluene/formaldehyde published) 
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Reference materials in emission testing 

Wei, W et al. (2012) Atmospheric Environment 47 
Wei, W et al. (2014) Atmospheric Environment 82  

Cox, S.S. et al. (2010) Indoor Air 20 
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Problem-solving approach 

1. Lacquers act as substrate 
2. Lacquers are mixed with substances of interest (analytes) 
3. Emission testing of the cured lacquer 

 
 Agitation ensures homogenisation of the analytes in the 

lacquer 
 

 Sample preparation easy to handle 
 

 Sample composition is known → measured concentrations 
are traceable to the weighed analyte amount in the lacquer 
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Preparation I 
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Preparation II 
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Analytes 
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Chamber selection I 
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Chamber selection II 

 six single chambers 
 

 constant volume (44 ml) 
 

 constant flow of techn. air 
 (30 ml/min) 

 
 constant temperature (25 °C) 
 
 No humidifaction! 

 
Fig.: Micro-Chamber/Thermal 
Extractor™ (µ-CTE, 44 ml) 
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Lacquer selection I 

 nomenclature:  X X X 
 
 
 
 
 

 
 
 tested lacquer types: 

 
 

solvent 

W  … water 

O … organic 

surface 

M … matt 

G … glossy 

color 

R  … red 

W … white 

C … clear 

I … light-ivory 

WGC WMC LGC LMC 

WGI WMW LGW LMW 

WGR WMR LGR LMR 
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Lacquer selection II 
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Lacquer selection III – alkyd lacquers 
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Lacquer selection IV – acrylic lacquers 
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Lacquer selection V 

  styrene E.H. NMP DMP C16 lindane DBP 

spiking [mg/g] 0.79 0.72 0.90 1.03 0.67 0.85 0.90 

WMC 
Min [µg/m³] 111 67 159 97 109 10 < LOQ 

Max [µg/m³] 1314 2138 1162 214 455 50 2.86 

WMR 
Min [µg/m³] 125 79 176 68 175 5 < LOQ 

Max [µg/m³] 948 1552 802 152 376 9 < LOQ 

WMW 
Min [µg/m³] 164 70 150 53 158 4 < LOQ 

Max [µg/m³] 1229 1699 542 169 361 9 2.49 

WGC 
Min [µg/m³] 75 53 179 111 159 6 < LOQ 

Max [µg/m³] 1142 1630 1155 184 400 11 < LOQ 

WGR 
Min [µg/m³] 98 61 168 69 153 4 < LOQ 

Max [µg/m³] 887 1144 646 126 258 6 < LOQ 

WGI 
Min [µg/m³] 140 55 137 55 142 4 < LOQ 

Max [µg/m³] 849 947 818 129 325 6 < LOQ 
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Meanwhile… 

 SVOC emission can be enhanced by adding more analyte 
 
 
 
 
 
 
 
 

 MeOH improves the solubility and increases the emitted 
SVOC-amount (small negativ influence on styrene) 

 

  lindane DBP 

LOQ [µg/m³] 1.24 2.12 

spiking [mg/g] 4.08 6.72 

WGC25_2 
Min [µg/m³] 37 13 

Max [µg/m³] 63 22 

spiking [mg/g] 0.84 0.90 

WGC55_2 
Min [µg/m³] 6 < LOQ 

Max [µg/m³] 13 1.40 

WGC55_4.5 
Min [µg/m³] 6 < LOQ 

Max [µg/m³] 13 1.28 
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Reproducibility I 

 reproducibility: deviation of three equal prepared lacquer-
batches inside one µ-CTE (n=3) 
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Reproducibility II 

 n = 3 lacquer-batches styrene E.H. NMP DMP C16 lindane DBP 

spiking [mg/g] 0.430 0.523 0.488 1.864 0.482 4.801 13.022 

2 
Mean [µg(m²h)] 1478 999 4817 853 974 103 20 

RSD [%] 5 26 15 4 7 5 27 

4 
Mean [µg(m²h)] 408 159 1912 720 743 92 21 

RSD [%] 3 35 16 5 7 3 39 

7 
Mean [µg(m²h)] 105 77 1044 755 711 105 35 

RSD [%] 1 34 17 5 9 5 13 

9 
Mean [µg(m²h)] 32 75 668 700 633 93 27 

RSD [%] 2 20 18 3 9 3 18 

11 
Mean [µg(m²h)] < LOQ 44 464 674 574 91 25 

RSD [%] < LOQ 9 18 7 12 11 14 
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Curing I - air change 

 DMP, lindane, DBP mostly uninfluenced by the air change 
 

 Lower emission of styrene, E.H. and NMP at higher flows 
 

 Shifted emission-peak for C16 and NMP (delayed curing at 
lower flows) 
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Curing II - humidity 

 DMP, lindane, DBP, styrene 
mostly uninfluenced 

 
 Shifted emission-peak for C16 

and NMP (delayed curing) 
 

0

10.000

20.000

30.000

40.000

50.000

60.000

70.000

0 24 48 72 96 120 144 168 192 216 240 264

ai
r c

on
ce

nt
ra

tio
n 

in
 µ

g/
m

³ 

sampling time after loading in h 

styrene 
 ωL = 0.543 mg/g 

styrene 0 % RH
styrene 55 % RH

0

1.000

2.000

3.000

4.000

5.000

6.000

7.000

8.000

9.000

10.000

0 24 48 72 96 120 144 168 192 216 240 264

ai
r c

on
ce

nt
ra

tio
n 

in
 µ

g/
m

³ 

sampling time after loading in h 

NMP 
 ωL = 0.617 mg/g 

NMP 0 % R.H.
NMP 55 % R.H.



MACPoll workshop on Indoor Air Quality | February 13, 2014 | Berlin | 21 

Reproducibility III 

 n = 3 lacquer-batches styrene E.H. NMP DMP C16 lindane DBP 

spiking [mg/g] 0.643 0.579 0.720 1.443 0.534 7.000 12.605 

5 
Mean [µg(m²h)] 230 1300 4600 270 360 75 61 

RSD [%] 6 13 11 5 4 4 6 

7 
Mean [µg(m²h)] 67 580 2100 200 260 61 50 

RSD [%] 2 13 7 4 7 1 9 

11 
Mean [µg(m²h)] 13 150 130 130 150 39 34 

RSD [%] 5 11 3 5 9 3 5 

14 
Mean [µg(m²h)] 10 110 120 120 150 36 29 

RSD [%] 2 10 9 10 11 6 10 

 
 
 
 
 
 
 
 

 30 ml/min → 15 ml/min; no humidification 
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 24-l-chamber (desiccator):  

T = 23 °C; RH = 50 %;  
n = 4.4 h-1 ; q = 15 m3/(m2 h) 

 

Detectable amounts 

sampling day sampling volume styrene E.H. NMP DMP C16 lindane DBP 
[d] [l] [µg/m³] [µg/m³] [µg/m³] [µg/m³] [µg/m³] [µg/m³] [µg/m³] 

3 1 86 56 53 108 98 55 22 
7 1 35 40 31 100 72 61 34 

Spiking [mg/g] 0.45 0.41 0.26 1.18 0.38 12.9 17.5 
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Conclusion I - The Lacquer system… 

… can easily be prepared 
 
… produces hardly any self emission (without analytes) 
 
… emits a wide range of analytes 
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Thank you for your attention! 
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