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VOC content VOC emission VOC concentration VOC effect
[g/l] [µg/m³] [mg/hm2] [µg/m³] Syntoms

ASTM 2369... ISO 16000, EN 717, 
ASTM D6330, ASTM 

D6670...

Air changes, T, RH, 
heating, ventilation, 

air conditioning…

Gender, age, dose,
frequency...



: 





Free stand
T= 20°C 

RH = 60 %

Soft vacuum
sealed
T= -18°C









SPME-MS ISO 16000SPME-MS





ED-XRF:
• Elements atomic mass > 12 a.m.u. (Mg) (no C, H, O…)
• Quali-quantitative analysis
• Handheld instrument with possible bench top and 

automation set-up.
• with pretty good accuracy
• Designed for metals, calibrated for wood
• No preparation, fast and cheap analysis
Set-up:
• Oxford Instruments X-MET 5100 ED-XRF 
• X-ray source: 45 kV 40 μA, 
• Sensitivity: from few to 1 000 000 mg/kg (e.g. Cl 2000 

mg/kg Cd 4 mg/kg)
• Measurement set-up: bench top position, 40cm air 

background
• 6 replicas of 600 s measures per specimen

automatic process:
6 spec., 36 meas., 6 hours



• Pocket geiger type 6;
• 100 mm² First Sensor A.G. 

X100-7 PIN Ionizing
radiation detector;

• X γ rays radiation (β 
removing the internal 
shield;

• High sensitive sensor;
• Measuring range (Cs137) 

0.05uSv/h～10mSv/h 
0.01cpm～300Kcpm;

• USB, microcontrollers (e.g. 
Arduino), Android, IOS 
compatible;

• 10 minutes measurements;
• Certification Dutch

Metrology Institute;
www.radiation-watch.org

http://www.radiation-watch.org/
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89% of total 
emitted VOC
61%
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average of 10 floors
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Characterization:
Analysis once per day?
No, once per year, 20 kg!

How does end life wood looks like?
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Test 5: maximum detection thickness
Cubes
3 anatomical directions of wood, 
5 wood species
Wedges 
3 anatomical directions of wood, 
2 specimens for anatomical direction,
1 wood specie (Fagus Sylvatica) 
22 measurements along the changing thickness 
11 replicas
total of 1452 measurements



Test 6: Set-up and radiation leaks
ca

se
 

Set-up Radiation leakage Operations 

orientation 
Specimen 

(1 cm 
spruce) 

protection back-
ground 

distance of 
measurement [m] emissions maximum 

exposure 
[hours/year] 

Operator 
ergonomics 

Max 
specimen 
size [cm] 0,1 0,3 1 μSv/h 

1 upward no cabinet Air x    0,1 10000 low 60x60x30 
2 upward no shield cap Cap x    0,1 10000 average 8x4x2,5 
3 down-ward no enclosure Plate x    0,1 10000 average 40X40x20 
4 down-ward yes none Plate x    12 83 good Unlimited 
5 upward yes none Air x    29 34 good Unlimited 

5a upward yes none Air  x   3 333 good Unlimited 
5b upward yes none Air   x 0,1 10000 good Unlimited 
6 horizontal yes none Air x 

 
  70 14 average Unlimited 

6a horizontal yes none Air 
 

x   14 71 average Unlimited 
6b horizontal yes none Air   

 
x 0,3 3333 average Unlimited 

 





real pharmacy shelf





Compound name Area 
(%)

Acetic acid 25,71
Pentane 12,52
Ethyl ether 6,88
Plinol C 5,62
Limonene 5,20
CO2 4,76
Silane, trichlorodecyl- 4,49
Cyclotrisiloxane, hexamethyl- 3,59
Lilac alcohol B 2,76
1R-α-Pinene 2,59
1,3-Cyclohexanediol, 2-methyl-2-nitro-, mon   2,41
p-Trimethylsilyloxyphenyl-bis(trimethylsilylo 2,07
Hexanal 1,97
Vinyl acetate 1,84
Octane 1,74
2-Furanmethanol, 5-ethenyltetrahydro-α,α,  1,73
Cyclohexanol, 1-methyl-4-(1-methylethyl)-, 1,22
Propylene Carbonate 1,01
Toluene 0,97
1-Pentanol 0,88
Nonane 0,86
1,6-Anhydro-2,4-dideoxy-β-D-ribo-hexopyra 0,74
β-Pinene 0,67
3-Octen-2-ol 0,61

 

  
 

  

 
   

Other wood flooring, code 102, (oiled oak on 
plywood)

Compound name Area 
(%)

α-Pinene 32,43
β-Pinene 16,06
γ-Terpinene 10,98
Limonene 10,52
Terpinolene 7,30
α-Terpinene 3,38
o-Cymene 3,10
Camphene 2,73
α-Thujene 2,01
α-Pinene 1,81
(-)-Terpinen-4-ol 1,52
Terpineol 1,10
3-Carene 0,66
Acetic acid 0,60
Hexanal 0,59
Fenchol 0,45
Dehydro-p-cymene 0,45
δ-Elemene 0,42
α-Fellandrene 0,30
Borneol 0,25
Benzene, 2-methoxy-4-methyl-1-(1-m 0,25
Cadinene 0,22
Isoledene 0 19

 

Fiemme 3000 biocompatible wood flooring, 
code 64

headspace SPME-MS
comparison of two 
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Compound 
SPM

E 
Area 

Respons
e Factor 

PID

Molecul
ar 

Weight

Concentration of 
single VOC 

name CAS 
number (%) g/mol ppb μg/m3

α-Pinene 80-56-8 32,4 0,27 136,237 28 158
β-Pinene 127-91-3 16,0 0,17 136,237 14 79
Limonene 138-86-3 10,5 0,9 136,237 9 51
Terpinolene 586-62-9 7,3 0,6 136,237 6 36
Terpineol 98-55-5 1,1 0,8 154,25 1 6
3-Carene 13466-78-9 0,7 0,5 136,1 1 3
Acetic acid 64-19-7 0,6 36 60,052 1 1

TOTAL VOC 60 335



Preliminary tests TVOC emissions 15 – 350  μg/m3 3 days

Preliminary tests TVOC emissions 2 – 30  μg/m3 28 days

UNI EN ISO 16000-9 measurements are still ongoing
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