
Sampling, filtering
and analyzing
procedures for 
thermal-optical OCEC 
analysis to determine
black, organic and 
total carbon in Arctic
snow, ice and water
samples

Outi Meinander, Enna Heikkinen, 
and Minna Aurela 
(firstname.lastname@fmi.fi)

Outi Meinander  Enna Heikkinen

We will be available during the EGU2020

chat on 4 May:



outi.meinander@fmi.fi

CONTENTS

1. Who and what?
2. Introduction
3. Our samples
4. Sampling and filtering
5. OCEC analysis
6. Protocols
7. Projects
References



1. Who and what?

We and our OCEC analyzer are part of the 
‘Aerosols and Climate’ –research group of the 
Finnish Meteorological Institute (www.fmi.fi), 
Helsinki, Finland (60.1°N)

3



2. INTRODUCTION: BC IN SNOW AND ICE

Black carbon (BC) is mostly released in the atmosphere from human activities, 
but also from natural sources like forest fires.

Seemingly small amounts of black carbon (BC) in snow, of the order of 10–100 
parts per billion by mass (ppb), have been shown to decrease its albedo by 1–5 
%. 

Due to the albedo-feedback mechanism, surface darkening accelerates snow 
and ice melt and contributes to Arctic warming.

OUR SAMPLES: ARCTIC, ANTARCTIC, MOUNTAIN REGIONS, SNOW, ICE, 
GLACIER ICE, RAIN, AND NATURAL WATER
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ANALYSIS RESULT: BC, OC and TC [ppb] equals to [µg/kg] and [µg/L],

determined as [µg-EC/L-H2O]



3. OUR SAMPLES FOR OCEC ANALYSIS
Our Arctic samples include field and laboratory  experiment samples and natural 
surface snow and snow profile samples, and ice and water samples collected at, 
e.g.: 

North of the Arctic Circle at the Finnish Meteorological Institute Arctic Space Center in 
Sodankylä, Finland (67◦37 N, 26◦63 E), which is also a World Meteorological Institute’s 
Global Atmospheric Watch station (WMO GAW). 

H2020 EU-Interact stations of Faroes FINI, Iceland Sudurnes and UK Cairngorms.

Elsewhere from Iceland and Finland, including Helsinki Kumpula SMEAR-III station 
(60°12 N, 24°57 E, Station for Measuring Ecosystem-Atmosphere Relations, 
https://www.atm.helsinki.fi/SMEAR/index.php/smear-iii)

The most northern research catchment area of Pallas (68°N, about 130 km north from 
the Arctic Circle, https://blogs.egu.eu/divisions/hs/2019/06/19/featured-catchment-
series-pallas/).

The BC concentrations in snow have been detected to vary according to the origin of 
the air masses and as a result of the post-depositional snow process (e.g., Meinander 
et al. 2013 and Meinander et al. 2020, see References at the end of this 
presentation).

5

https://www.atm.helsinki.fi/SMEAR/index.php/smear-iii
https://blogs.egu.eu/divisions/hs/2019/06/19/featured-catchment-series-pallas/


4. SNOW/ICE/WATER SAMPLING 
AND FILTERING USING QUARZ 
FILTERS (900 OC TEMPERATURES)

1. To avoid contamination, Snow/ice/water sample 
is collected using sterile plastic bags or glass 
containers, using stainless steel spatula.

2. Snow/ice is melted. 

3. Water is filtered through sterile filters.

4. Particles are collected on a quarz-fiber filter 
and subjected to different temperature ramps 
following the protocols (e.g., NIOSH-870, 
EUSAAR2, or IMPROVE). Pyrolysis correction is by 
laser transmittance. Light transmittance through the 
filter is monitored during the collection phase to 
quantify BC (using transmission is more accurate 
than using reflectance). 



5. THERMAL OPTICAL CARBON ANALYSIS

Basic principle:

 Filter piece is put into the sample oven and 
heated in two steps so that all the carbon on 
the filter is oxidized to carbon dioxide

 Carbon dioxide is reduced to methane which 
is measured using FID-detector

 Two-step heating separates organic carbon 
(OC) from elemental carbon (EC)

 In the 1st heating step organic carbon is 
oxidized in pure helium atmosphere

 In the 2nd heating step elemental carbon is 
oxidized in He/O2-atmosphere

 The split point between OC and EC is 
determined using laser

 Split point is the point where laser 
transmittance/reflectance returns to the 
starting value

 Pyrolysis correction

Figure 1. The thermogram.



6. PROTOCOLS
EUSAAR 2

Gas

Temperature (°C) Time (s)

He 200 120

He 300 150

He 450 180

He 650 180

He 0 30

He/O2 500 120

He/O2 550 120

He/O2 700 70

He/O2 850 80

He/O2 - -

He/O2 - -

The most often used protocols are:

 EUSAAR 2

 NIOSH 870

 IMPROVE

 IMPROVE A

Different protocols give the same TC

The ratio of OC to EC varies

Table 1. The EUSAAR 2 protocol.



7a. Sodankylä SnowAPP campaign
(2019-2020)

• NordSnowNet field campaign in 2020 in Sodankylä was planned to complete
data set of SnowAPP campaign with measurements of spectral reflectance
with hand held devices and measurements of spatial variability of snow
properties

• Plan changed to support SnowAPP campaign measurements by locals due
COVID-19

• Snow pit measurements were made twice per week in March-May, including
NIR photos, density, SWE, liquid water content, stratigraphy, grain size and 
type, specific surface area, impurity, micro-CT sampling, and SnowMicroPen
measurements

• Aim of SnowAPP project is to improve modelling of optical and microwave
observations
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7b. http://nordsnownet.fmi.fi



7c. Soot on Snow campaigns (SoS) 
Sodankylä and AKA NABCEA-project
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7d. Pallas catchment



7e. EU-Interact Black-project in Sudurnes
Iceland, Cairngorms UK, and FINI Faroes
(with Arctic Research Blog)
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7f. IBA-project as data user
(https://en.ilmatieteenlaitos.fi/iba-
project) (NordSnowNet collaborator)
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Twitter.com/FMI_Snow

https://en.ilmatieteenlaitos.fi/iba-project
https://en.ilmatieteenlaitos.fi/iba-project
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