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High SO2 concentrations

*  Industrial emissions in the Craiova area

*  Source of plume over Bulgaria source from ‘’clean’’ Maritza power plants

*  Emissions following topography of Carpathian mountains
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Left: OMI Planetary Boundary Layer SO2 for Romania 
and Bulgaria on 1–7 Sept.2008.  Units are Dobson 
units (DU) and each 0.25 x 0.25 degree box contains 
SO2 a mounts accumulated over the period of 7 
days, i.e. the first week of September 2008 in this case.



Romanian Atmospheric research 
3D Observatory - RADO
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NILU’s role: 
• technical and scientific support for the implementation of the project
• training of Romanian researchers at NILU and at RADO
• develop 5 IR and 5 UV cameras for SO2, particles, volcanic plumes,

and to implement them at the 5 stations of the observatory



Detector

Apogee e2V CCD47-10 
back illuminated
QE ~60% at 320 nm
cooled

Pixels
1024x1024 
13 µm square

Filterwheel
max. 9 filters 
310, 315,325 and 330 nm 
10 nm FWHM

UV lens
50, 78, 105 mm,
F/3.5, F/3.8, F/4.0

Digitisation 16 bits

FOV 15.2° - 7.23°

Detection range ~10 km

Accuracy (SO2) 0.1 gm-2

UV camera

OTEM - 29 September 2011, Bucharest



SO2 camera development: 

Mori T, Burton MR (2006) The SO2 camera: a simple, fast and cheap method for ground-
based imaging of SO2 in volcanic plumes. Geophys Res Lett 33:L24804. 
doi:10.1029/2006GL027916

Bluth GJS, Shannon JM, Watson IM, Prata AJ, Realmuto VJ (2007), Development of an 
ultra-violet digital camera for volcanic SO2 imaging. J Volcanol Geotherm Res 161:47–56

Portable UV 
imaging camera for 
industrial and 
anthropogenic  gas 
emission monitoring 
and assessment
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Measurement and calibration principle:

Beer-Bougier-Lambert-law

IA(λ) = I0,A(λ) · exp (- k λ·ρ·L)

Ln (I /I0,A) = - k · S

Calibration: 

Quartz glass cells filled with 
known amounts of SO2

k: extinction coefficient 
ρ: gas concentration
L: pathlength
S: path concentration
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Measurement principle, cont.

[from Kern, AMTD, 2010]

τA = τ SO2
+ τ SCAT

τ = τ A - τ B
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Quartz glass calibration cells 50 mm diameter [100 – 1500 ppm·m] 
[<5000 ppm·m]

SO2N2

1. heat at 100°C, flush with N2 for one hour

2. evacuate, fill with mixture of SO2 and N2

3. sealing by glass blower
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Τglass, 310 nm – Tglass, 330 nm ˂ 0.01 
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R 0.9998
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from Kern, AMTD, 2010

Calibration corrections

T(λ, θFOV) 
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Calibration cell A25 (~1600ppmm) - at 09:17 LT τA_so2 + glass = 0.335 
at 19:32 LT τ A_so2 + glass = 0.280
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Rovinari field training site

1 – 15 September 2010

Romanian Atmospheric research 
3D Observatory - RADO
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Principle: 
- Log (I0 – Id / I – Id) 

310 nm filter

-Log ( 3275 -1300 / 2260 -1300 )
=  0.31

330 nm filter

-Log ( 34200 -1300 / 29700-1300) 
=  0.06

AASO2 = 0.31 – 0.06 = 0.25

SO2 :  ~  3000 pppm·m



SO2

O3, NO2

SZA

Aerosol

Atmosphere

- Dillution

- Multiple scattering

Combine camera and spectrometer
&  RT modelling
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Calibration 

• laboratory: black body

• black body shutter

IR camera
schematics & specification



7.3 µm and 8.6 µm SO2 bands

Line intensities from HITRAN-2000 database 
(Rotheman et a al, 2003)

Prata, A. J., and C. Bernardo (2007) Retrieval of volcanic SO2 column abundance from Atmospheric 
Infrared Sounder data, J. Geophys. Res.,112, D20204, doi:10.1029/2006JD007955.



Broadband image 11 µm image

8.6 µm image 8.6-11 µm image (ΔTso2)

Stack measurements
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