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ABSTRACT 
 
Amine based carbon capture and storage on combustion plant is an emerging concept with 
the potential to limit the effects of climate change. Whilst post combustion emissions from 
these facilities are generally well understood and regulated, the addition of amines into these 
processes results in the formation and release of degradation products to atmosphere. The 
aim of this literature review is to identify additional compounds arising from amine-based post 
combustion carbon capture systems, whether there are any knowledge gaps and suggest 
monitoring approaches where no suitable methodology exists. 
 
Understanding the process conditions prior to undertaking measurements at a sample 
location is important prior to monitoring, however incorporating an amine-based carbon 
capture system reduces the temperature of the flue gas resulting in water saturation. An 
assessment of standardised manual and instrumental methods has identified isokinetic 
sampling is required to obtain a representative sample. 
 
Several compounds typically encountered from a solvent based PCC process have been 
identified, of which the most abundant is ammonia. The solvent amine will likely be present in 
the flue gas as well as associated degradation products such as nitrosamines and 
nitramines. Existing reference methods are available for most of these compounds; however, 
none are available for nitrosamines and nitramines. Case studies based on literature 
covering emissions measurements at post combustion plant have been summarised to gain 
an understanding of what concentrations may be expected. Several studies have measured 
nitrosamines, where details on methodology have been included impinger and Thermosorb 
tube methods have been used. 
 
A review of available literature has identified heat degradation and sample preservation 
among important considerations when developing sampling methodology. Two manual 
methods have been proposed for future method development. The first is an impinger based 
method and the second uses Thermosorb cartridges. The methods shall be developed and 
tested on a simulator facility to determine their viability which shall be documented in a 
separate report. 
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1 PROJECT SCOPE 

 
The National Physical Laboratory (NPL) have been awarded a contract by the Environment 
Agency funded by the Department of Business Energy and Industrial Strategy (BEIS), to 
undertake a research and development project to address measurement gaps associated 
with monitoring emissions from amine-based carbon capture installations. The aim of this 
project is to develop an understanding of what compounds may arise from a post carbon 
capture process (PCC), identify what measurement protocols currently exist and establish 
new methodology where applicable. 
 
This literature review forms a part of phase one of the project under WP1. This report draws 
together information on compounds and process conditions typically encountered at PCC 
facilities and what measurement techniques are available. This will be undertaken through 
reviewing current literature and historical case studies. This information will then form a basis 
to develop candidate methods for where there are no reference methods. 
 
The second part of phase one under WP2 will be to develop the proposed method or 
methods through testing on the NPL stack simulator facility in preparation to carry out a pilot 
study. The results and final methodology shall be reported separately. 

 
2 INTRODUCTION 
 
The burning of fossil fuels is a major contributor to climate change, in 2020 according to 
values reported by Friedlingstein [1] fossil fuel use accounted for 91% of the global carbon 
budget. A reduction in greenhouse gas emissions is seen as vital to reduce global warming 
and meet the target of limiting a global temperature increase of 2oC this century, as laid out 
in The Paris Agreement [2]. An obvious solution would be the transition to alternative energy 
sources such as renewables or nuclear, however our reliance on fossil fuels and the time it 
would take to build the necessary infrastructure has led to alternative ideas being 
considered.  
 
One technology proposed to support the continued use of fossil fuels during the transition to 
cleaner energy sources is the use of carbon capture usage and storage (CCUS). This 
involves extracting CO2 from emission-producing industrial installations, using it for other 
purposes or storing, whilst preventing release into the atmosphere. Combined with the 
combustion of renewable fuels, such as biofuels, CCUS can enable net negative CO2 power 
generation, i.e. bio energy with carbon capture (BECCS).  
 
The most common current CCUS technology is PCC using chemical absorption to treat flue 
gas prior to release into the atmosphere, of which flue gas scrubbing using solvents is the 
most widely used method. Another way of capturing CO2 is oxyfuel combustion by burning 
the fossil fuels using pure oxygen. The exhaust gases contain a higher concentration of CO2, 
making it easier to capture and store the waste gases after burning. The third mechanism is 
to pre-treat the fuel to remove the carbon before combustion, for example to create a 
hydrogen fuel gas.  
 
Today there is enough capture capacity globally for, around 5kg of CO2 to be captured per 
person per year across the world, to a total of around 39.5 million tonnes. Yet, global CO2 
emissions are around 33 billion tonnes per year. So, a greater scale up is needed – around a 
thousand times the current level – to fill the gap [3].  
 
Because the most appropriate storage locations, which due to public safety concerns are 
now almost exclusively offshore, are generally not close to the CO2 producers a 
transportation network is needed. During this transportation and usage phase, the CO2 is 
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compressed into a liquid state and transferred by ships, road/rail tankers and through 
pipelines. Captured CO2 can be stored geologically (in sedimentary rocks, usually in depleted 
oil & gas fields), minerally or in oceans preventing it from being emitted into atmosphere [4]. 
Alternatively, the CO2 may be used in other industrial processes but depending upon its 
application may not fully sequester it. 
 
Amine based carbon capture has been in use since the 1960s and has commonly been used 
on oil refineries to treat sour gas. A range of industrial installations around the world have 
applied this concept to reduce carbon emissions. Whilst this application could be considered 
an emerging technology, there are several power stations and natural gas processing 
facilities that use this technology. Retrofitting the technology is feasible for most existing 
plant, and new installations are being designed with these systems. 
 
Amine based CO2 removal from post combustion gases uses solvents, of which the most 
commonly used is Monoethanolamine (MEA) due to its low cost and high capture efficiency. 
Trials using new solvent blends have been carried out on test benches and pilot plants. 
These projects have aimed to develop new blends to increase absorption efficiency and 
reduce solvent loss/degradation. The process flue gas is passed through an absorber in 
which a counterflow of liquid solvent captures the CO2. The flue gas can then be treated by 
further abatement before release to atmosphere. The ‘rich’ solvent is fed to a reboiler where 
it is heated, which reverses the process and releases the captured CO2 where it can be 
transported before it is processed or stored. The ‘lean’ solvent is then re-used in the capture 
process. A basic outline of the process used in PCC is illustrated in figure 1. 
 
 
 

 
 
Figure 1 – Example Post Combustion Carbon Capture Process Flow Diagram 
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PCC is an emerging technology and whilst there is experience of typical emissions from 
large combustion plant there is a knowledge gap associated with the use of solvents to abate 
CO2. The aim of this report is to establish what pollutants may be expected from a PCC 
process as well as typical concentrations. An assessment of new pollutants, for example 
breakdown products arising from the amine solvent such as nitrosamines and nitramines, 
and potential measurement techniques is required. Whilst there are established reference 
methods for pollutants associated with these types of plant, there are no validated methods 
available for nitrosamines and nitramines. The flue gas pollutant matrix and monitoring 
conditions are also likely to be different, for example containing a high concentration of water 
vapour, which may also have an effect on monitoring techniques. 
 
 
3 POST COMBUSTION CARBON CAPTURE EMISSIONS & PROCESS CONDITIONS 
 
A critical element to implementing PCC is the ability to build the technology into existing plant 
as well as incorporating it into future designs. Emissions to atmosphere from existing fossil 
power generation and other industrial sectors is well established and characterised, however, 
as mentioned above, the addition of amines into these processes may change the profiles of 
flue gas and introduce new pollutants of concern. 
 
 
3.1 WHAT COMPOUNDS MAY BE PRESENT IN THE PCC PROCESS FLUE GAS? 
 
Typical combustion gases such as sulphur dioxide (SO2), oxides of nitrogen (NOx), carbon 
dioxide (CO2) and oxygen (O2), alongside nitrogen, water vapour and particulates are the 
primary constituents of the flue gas. The expected concentrations depend on the type of the 
installation. Case studies show the majority of carbon capture systems have been installed 
on coal fired power stations, however, gas fired power stations have been used as well as a 
cement kiln [5]. Clearly, following the PCC process the concentration of CO2 in the flue gas 
will be significantly reduced; Operational targets for CCUS capture efficiency are typically 
>90%. The CCPilot100+ project at Ferrybridge achieved capture efficiencies up to 90% using 
MEA and RS-2TM solvents [6], and tests using the CESAR-1 solvent at TCM achieved 98% 
CO2 capture efficiency [7].  
 
Amine emissions should be considered due to their use in the carbon capture process. Flue 
gas passing through the absorber section may collect some of the amine solvent. Release of 
amines is likely to have a detrimental effect on the environment, a study focusing on amines 
typically used in PCC found that they have low rate of biodegradation and high toxicity [8]. 
Reducing amine loss is also considered important from a practical and financial standpoint 
as any significant loss of the solvent, whether through release to the environment or 
degradation, will result in having to replace it. 
 
Ammonia is formed through oxidation of the solvent amine and is by far the most dominant 
degradation product in the flue gas [9]. 
 
Nitrosamines are another class of compound formed through oxidative and thermal 
degradation of the solvent amine and may therefore be found in the post PCC flue gas. 
Studies have shown the presence of NOx in the waste gas stream can also help create 
nitrosamine by-products [10]. Experiments using a test rig found that MEA degraded to 
Nitrosodiethylamine (DEA) when NOx was added, which further degraded to 
Nitrosodiethanolamine (NDELA) and other nitrosamines [10]. Measurement studies of 
nitrosamines have been carried out across a small range of PCC installations; however, it 
should be noted that no reference methods currently exist, and little information is given in 
terms of methodology. Most individual nitrosamines detected in these studies were either at 
or just above the limit of detection, the highest observed from the case studies reviewed was 
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10 µg/m3 at the Ferrybridge Pilot Plant project [6]. Whilst only relatively low amounts of 
nitrosamines have been detected in studies carried out so far, the potentially high 
carcinogenic effect of these compounds is of concern [11]. A list of proposed priority 
nitrosamines to consider monitoring, based on guidance from an Environment Agency 
consultation document [12], is outlined in table 1. It should be noted however that the exact 
list of nitrosamines to prioritise monitoring depends upon the solvent used in the capture 
process. 
 

Table 1 – Proposed priority list of nitrosamines 

 
Nitrosamine Chemical 

Formula 
N-nitrosodiethanolamine (NDELA) C4H10N2O3 
N-nitrosodimethylamine (NDMA) (CH3)2NNO 
N-nitrosomorpholine C4H8N2O2 
N-nitrosomethylethylamine C3H8N2O 
N-nitrosodiethylamine C4H10N2O 
N-nitrosodiisopropylamine C6H14N2O 
N-nitrosodiisobutylamine C8H18N2O 
N-nitrosodipropylamine C6H14N2O 
N-nitrosodibutylamine C8H18N2O 
N-nitrosopiperdine C5H10N2O 
N-nitrosopyrrolidine C4H8N2O 
N-nitrosodibenzylamine C14H14N2O 
N-(2-hydroxyethyl)ethylenediamine) (HEEDA) C4H12N2O 
N-nitrosopiperazine (MNPZ) C4H9N3O 
N-nitrosodiisononylamine (NDINA) C18H28N2O 

 
 
3.2 PROCESS CONDITIONS 
 
An understanding of plant specific monitoring conditions, target pollutants and the phase that 
they might be present is an important factor when carrying out flue gas measurements. This 
information should provide the basis to determine the suitable monitoring strategy. Stationary 
source emissions monitoring is well established using published reference methods covering 
a variety of commonly measured species. Whilst these methods have been validated the 
different process conditions associated with a PCC will not have been evaluated during the 
validation process. Therefore, these should be considered when implementing existing 
methodology and developing new procedures. 
 
Flue gas temperatures are usually quite high and well above the dew point during stationary 
source monitoring, however, the PCC process requires that the temperature of waste gas 
stream to be around 30oC – 40oC to work optimally [6]. The low temperature alongside the 
presence of moisture will likely result in a water saturated flue gas. Some pollutants may 
combine with the condensation to form wet aerosols, it is thought MEA is one such 
component susceptible to this process [13]. The term ‘mist emissions’ have been used to 
describe the formation of liquid entrained pollutants which can result in spikes of emissions 
when continuously measuring certain species. An example of this was noted in the 
Ferrybridge CCPilot 100+ project when significant spikes in amine emissions were detected 
[6].  
 
Existing reference methods may need to be adapted when considering these process 
conditions. Manual extractive measurements will require isokinetic sampling due to the 
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presence of saturated water. In addition, instrumental techniques may not be suitable for 
species that are susceptible to entrainment in aerosol emissions as these systems do not 
measure isokinetically and may misrepresent the measurement results. 
 
3.3 ABATEMENT 
 
The release of harmful emissions to atmosphere is tightly regulated in Europe. Large 
facilities and installations are required to adhere to specific limit values depending on the 
type of process by employing best available techniques (BAT) to control and reduce 
pollutants. Example methods include using desulphurisation to reduce sulphur dioxides, 
using low NOx burners to reduce oxides of nitrogen and bag filters to minimise particulate 
emissions. 
 
Depending on the type of facility, it is expected that new plant or installations retrofitted with 
amine-based carbon capture technology will have these in place [14]. The introduction of 
solvents into the process requires additional abatement to reduce the levels of amines and 
associated degradation products. A water wash is used immediately after the absorber which 
removes compounds through condensation. Due to the difficulty in adding fresh water into 
the system, existing water is usually recycled, and often additional water wash sections are 
added [15]. This can be complimented with an acid scrubber to ensure the amines and 
degradation products have been sufficiently abated. In addition to gas phase emissions, mist 
emissions can arise due to the saturated nature of the flue gas [9]. Demister units consisting 
of mesh made from metal are effective at removing droplets down to 10 µm, however are 
less effective against smaller aerosols [9]. Brownian demister units made of densely packed 
fibre elements have been utilised and are believed to be effective down to around 2 µm [13]. 
 
 
4 METHODS & TECHNIQUES USED TO MEASURE PCC EMISSIONS 
 
Monitoring flue gas emissions from industrial stationary sources is well established. In the 
United Kingdom, emissions to air from these process types are regulated with validated 
reference methods used to monitor these pollutants. The pollutants associated with plants 
that have PCC technology installed commonly use reference methods such as oxides of 
nitrogen (BS EN 14792:2017), sulphur dioxide (BS EN 14791:2017), oxygen (BS EN 
14789:2017) and carbon dioxide (BS PD CEN/TS 17405:2020), and therefore will not be 
covered in any further detail. 
 
As discussed earlier the use of PCC technology will result in emissions of new compounds 
typically not associated with these process types. Existing monitoring procedures cover 
many of these species, however the saturated nature of the flue gas will likely require these 
to be modified and adapted. For compounds where no suitable method exists, such as 
nitrosamines, any existing methodology to monitor in different environments shall be 
reviewed. 
 
Monitoring flue gas emissions can be categorised into either instrumental or manual 
methods. 
 
4.1 INSTRUMENTAL TECHNIQUES 
 
In instrumental techniques, a sample of flue gas is taken, then conditioned and supplied to 
one or more analysers for further analysis. This technique is sometimes referred to as online 
analysis and has the benefit of providing results for a variety of pollutants in real time. 
Instrumental analysers are used as continuous emission monitoring systems (CEMS) on 
regulated installations and could potentially be used on PCC plant if suitable. 
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Whilst there is a range of instrumental analysers available, the most commonly used is 
Fourier Transform Infrared (FTIR) analyser. FTIR use infrared light to “scan” a sample of flue 
gas creating an absorbance spectrum. A large variety of compounds can be measured using 
this technique, however analysis of diatomic molecules such as oxygen is not possible. 
Oxygen is key a component to measure and as a result these systems often have embedded 
oxygen sensors. 
 
FTIR could be used to measure amines and nitrosamines and even target specific 
compounds within these specific group, however there are several limitations. Reference 
spectra for each compound of interest is required as well as reference material to carry out 
checks in the field, although suitable surrogate materials may be used instead which can 
check if the analyser is measuring appropriately in the target wavelength regions. In addition, 
the limit of detection may not be low enough for some compounds of interest, in particular 
nitrosamines. There is limited historical data but what is available suggests concentrations up 
to 10 µg/m3 [6]. Interference from other compounds may also be a possibility, for example 
water vapour. If there are other substances within the sample that are measured at the same 
wavelengths, these can interfere giving an erroneous result. It is usually possible to correct 
for such occurrences but requires knowledge of all potential compounds that may be present. 
 
Other instrumental techniques include non-dispersive infrared (NDIR) and tuneable diode 
laser absorption spectroscopy (TDLAS) which analyse gas samples at specific wavelengths 
instead of analysing the entire spectrum. These analysers are typically setup to measure 
specific components and are widely used for flue gas and ambient air measurements. 
However, current versions of these techniques are not able to measure many of the 
degradation products expected to be present in trace amounts. 
 
Proton transfer reaction mass spectrometry (PTR-MS) is a relatively new analytical 
approach. Developed in the 1990s at the University of Innsbruck, Austria, it uses chemical 
ionisation spectrometry to measure volatile organic compounds (VOCs). Mass spectrometry 
is commonly used in laboratories to analyse samples across a variety of fields; however, this 
technique is only suitable for measurements at ppt levels. A drawback though is that the 
measurement technique is not widely established and commercially available. Despite this a 
number of pilot projects have used PTR-MS, notably the ALIGN-CCUS project at TCM 
Norway which used two systems developed by Ionicon Analytik, a PTR-time of flight (TOF)-
MS as well as a PTR-quadruple mass spectrometer (QMS) which was designed to be 
specifically used for industrial monitoring applications [16]. 
 
 
4.2 INSTRUMENTAL MONITORING APPROACH 
 
An important consideration when using instrumental techniques is establishing whether the 
flue gas is homogenous for the measured pollutants. Sampling locations will ideally be 
situated in positions where the flue gas is well mixed and evenly distributed, this allows 
monitoring from a single position. If this is not the case it may be possible to sample from a 
particular position on the sampling plane that has been determined to be evenly mixed, 
otherwise grid measurements will be necessary. The procedure for this is detailed in BS EN 
15259:2007.  
 
Instrumental gaseous analysis systems typically use heated components to preserve the 
condition of the sample before measurement. Some analysers operate on a dry basis and 
require the cooling and drying of sample before analysis, whereas others (such as the FTIR) 
are heated throughout. Temperature of the flue gas from typical stationary source emission 
points tend to be well above the dew point, therefore heated components such as lines and 
probes are essential to stop the sample from condensing. Heated components are normally 
maintained around 180oC, however thermal degradation has been noted to occur at 
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temperature of 120oC in the stripper unit whilst in the presence of CO2
 [17]. This could mis-

represent the concentration of amines and degradation products in the flue gas, however 
further study is required.  
 
Provided it has been demonstrated that the flue gas cross-section where measurements will 
be carried out is homogenous, instrumental analysis can be carried out at a single point and 
at a set flow rate. However, if the flue gas is saturated with moisture, isokinetic sample rates 
may be required if water soluble species required to be measured. Isokinetic monitoring is 
performed by extracting a sample at the same flow rate as the flue gas. During the 
Ferrybridge monitoring campaign amine and ammonia emission spikes were detected which 
could have been down to entrainment on water droplets [6]. Figure 2 illustrates example 
setups typically used for instrumental analysis. 
 
 

  
 
Figure 2 – Example Instrumental Monitoring Techniques 
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4.3 MANUAL EXTRACTIVE TECHNIQUES 
 
Measurements taken using manual methods involve extracting a sample from the flue gas 
and passing it through sample media before recovery and off-site analysis. 
 
A commonly used technique for measuring gas phase pollutants is collecting samples in 
solution filled absorbers. A flue gas sample is extracted using a heated sampling system 
which preserves the condition of the sample before it is drawn through a series of absorbers. 
The solution used is dependent on the analyte to be measured. A filter may also be added to 
the system to collect any particulates for further analysis and/or to protect the downstream 
sampling system from particulates getting entrained on it. As the flue gas is likely to be 
saturated with moisture isokinetic sampling is required. 
 
Another technique uses sorbent tubes to collect specific compounds for analysis. These are 
often used to measure organics and can even detect levels in the low ppb’s. Different 
packing materials can be used inside the tube, it is on this matrix that the compound is 
absorbed onto when a sample is drawn through. Before the analysis, a solvent is used to 
extract the compound through a process known as desorption. For PCC plants sample gas 
dilution is required due to the saturated nature of the flue gas as sorbent tubes require a dry 
sample. Careful consideration of the limit of detection is required. It is envisaged that many of 
the degradation products will be at levels near or under the limit and sample dilution will 
prevent detection. 
 
A disadvantage of manual methods is that sampling is typically carried out over a few hours’ 
time period, and results are not known until the sample has been analysed offsite. 
Furthermore, the setup and recovery of tests is time-consuming and multiple tests may be 
required if different absorber solutions are needed to test for different compounds. 
 
Sampling systems for absorber methods operate on a similar basis to instrumental methods 
where components are heated above the dew point prior to the absorbers to avoid sample 
deposition. As indicated earlier this will be suitable for thermally stable species but may result 
in amine degradation. An example configuration of a manual method using absorbers is 
outlined in figure 3. 
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Figure 3 – Example Manual Technique using an Absorber Method 
 
 
5 POST CARBON CAPTURE SPECIFIC COMPOUNDS – EXISTING REFERENCE 

METHODS 
 
A review of existing methods that could be used to measure PCC compounds expected in 
the flue gas have been outlined below. There are no reference methods for nitrosamines, but 
some based on workplace monitoring exist and could be adapted. 
 
 
5.1 AMINES & ALDEHYDES 
 
Manual sampling for organics may be carried out using BS PD CEN/TS 13649:2014 – 
Sorptive sampling method followed by solvent extraction, which can be used to target 
specific volatile organic compounds (VOCs). A sample is drawn through tubes containing 
activated carbon which are later sent to a laboratory for desorption and analysis using gas 
chromatography. 
 
Analysis for a range of amines can be conducted using an FTIR in accordance with CEN TS 
17337:2019 – Determination of mass concentration of multiple gaseous species – Fourier 
transform infrared spectroscopy. 
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5.2 AMMONIA 
 
Isokinetic sampling of ammonia can be undertaken using a manual absorber setup in 
accordance with BS EN ISO 21877:2019. Ammonia is collected in sulphuric acid absorber 
solution and then later analysed by either spectrophotometry, continuous flow analysis or ion 
chromatography. Instrumental analysis using an FTIR, CEN TS 17337:2019, is also possible 
and is commonly done so for regulatory purposes both for compliance and continuous 
monitoring purposes. 
 
 
5.3 NITROSAMINES & NITRAMINES 
 
There are currently no reference methods applicable to stationary source emissions 
monitoring that can be used to measure nitrosamines and nitramines. Several occupational 
health methods from the United States have been found which are associated with 
monitoring the immediate environment around individuals in specific locations. 
 
OSHA 27 is an ambient air procedure used to monitor nitrosamines in the workplace around 
individuals. Sampling is carried out using ThermoSorb/N cartridges which are designed to 
capture and preserve samples. A trap is used to remove amines from the sample to prevent 
nitrosamine formation prior to analysis, whilst an inhibitor prevents degradation. In addition, 
the sampling system is opaque to prevent nitrosamine degradation by ultraviolet light. 
Sampling is carried out at a flow rate of 1 l/min and analysis performed by gas 
chromatography for seven specific nitrosamines (NDMA, NDEA, NDPA, NDBA, NPIP, 
NPYR, NMOR). The detection limits vary for each type of nitrosamine between 0.12 and 0.2 
µg/m3. NIOSH 2522 is a similar method found to sample and analyse the same seven 
nitrosamines using ThermoSorb/N cartridges and gas chromatography. 
 
OSHA 31 is another ambient air procedure used to monitor n-nitrosodiethanolamine 
(NDELA) in the workplace around individuals. A sample is drawn through an open glass fibre 
filter which is protected from light during sampling and storage before analysis by high 
performance liquid chromatography (HPLC). Sampling undertaken using this method is 
carried out at a flow rate of 2 l/min with a detection limit of 0.42 µg/m3. 
 
Whereas the monitoring strategy behind these methods involves taking low volume samples 
in ambient air they could potentially be adapted for use on a PCC process. The ability of the 
ThermoSorb/N cartridges to stop degradation of the captured nitrosamines as well as 
prevent formation of new ones is important and at the very least the process of sample 
preservation during and after sampling should be addressed when developing future 
methods. The presence of moisture in the PCC process would also need considering as this 
would require removal before the extracted sample is passed through the media, however 
some of the nitrosamines maybe stripped from the sample and therefore analysis of this 
condensate would be required.  
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5.4 MONITORING METHODS 
 
A summary of monitoring methods applicable to measuring pollutants from PCC plant as well 
as ambient air procedures that may be adapted are summarised in tables 2 and 3 below. 
 

Table 2 – Instrumental monitoring methods 

Species Monitoring 
Standard/Procedure 

Technique 

Carbon Dioxide CEN TS 17405 Determination of carbon dioxide is carried out 
using an infrared absorption analysers. 

CEN TS 17337 Mass concentration of carbon dioxide in 
sampled gas is determined using a Fourier 
Transform Infrared (FTIR) analyser. 

Oxygen BS EN 14789 Determination of oxygen is carried out using 
a paramagnetic analyser. 

Sulphur Dioxide CEN TS 17021 Determination of sulphur dioxide using 
instrumental techniques. No specific analyser 
types or techniques are specified, instead 
stated performance criteria shall be met. 

Oxides of 
Nitrogen 

BS EN 14792 Mass concentration of nitrogen oxides in 
sampled gas is determined using a 
chemiluminescence analyser. 

Total Organic 
Carbon (TOC) 

BS EN 12619 Mass concentration of total organic carbon in 
sampled gas is determined using a Flame 
Ionisation Detector (FID) analyser. 

Ammonia CEN TS 17337 Mass concentration of ammonia in sampled 
gas is determined using a Fourier Transform 
Infrared (FTIR) analyser. 

Amines CEN TS 17337 Mass concentration of specific amines in 
sampled gas is determined using a Fourier 
Transform Infrared (FTIR) analyser. Spectra 
for specific amines may need adding to the 
analysis model if they haven't already been 
done so. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



NPL Report (RES) 1613             NPLML – Commercial 
 

Page 12 of 25 
 

Table 3 – Manual monitoring methods 

Species Monitoring 
Standard/Procedure 

Technique 

Sulphur Dioxide BS EN 14791 Sample gas is extracted and passed through 
absorbers containing hydrogen peroxide 
solution. The mass concentration of sulphate 
is subsequently determined either by ion 
chromatography or titration. 

Water Vapour BS EN 14790 
 

Determination of water concentration using a 
condensation and absorption technique. 
Applicable in the range of 4-40%. This 
technique cannot be used when the flue gas 
stream is saturated with water. In these 
circumstances water vapour concentration is 
determined using Annex B in the standard. 

Ammonia BS EN ISO 21877 Sample gas is extracted and passed through 
absorbers containing sulphuric acid solution. 
The mass concentration of ammonium is 
subsequently determined either by either ion 
chromatography, flow analysis and 
spectrometric detection, or 
spectrophotometry. 

Amines CEN TS 13649 
 

Sample gas is extracted passed through a 
series of tubes which are analysed for 
specific volatile organic compounds using 
gas chromatography. 

Nitrosamines* OSHA 27 
 

Ambient air monitoring procedure using a 
Thermosorb/N cartridge to measure seven 
specific nitrosamines. 

NIOSH 2522 Ambient air monitoring procedure using a 
Thermosorb/N cartridge to measure seven 
specific nitrosamines. 

OSHA 31 
 

Ambient air monitoring procedure using a 
glass fibre filter to measure NDELA. Analysis 
is done by ion chromatography. 

Formaldehyde CEN TS 17638 Sample gas is extracted and pass through a 
series of absorbers containing water. 
Subsequent analysis is by either a 
photometry method or high-performance 
liquid chromatography. 

 
* The nitrosamine methods are applicable for ambient air monitoring. 
 
6 CASE STUDIES 
 
Carbon capture technology has been in use for several decades, but it is only more recently 
been envisaged for capture and storage. Proving that the technology can be designed and 
deployed is fundamental to its success. Projects range from building test rigs to retrofitting 
existing plant. New facilities are also being designed and constructed with carbon capture 
processes as part of the plant. A review of several projects has been undertaken and 
summarised below, focusing on flue gas emissions monitoring studies. Table 4 provides an 
outline of these projects and Table 5 a summary of typical flue gas components. 
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Table 4 – Summary of case studies 

 
Facility Process Type Solvent CO2 Removal Rate 
Ferrybridge, UK [6] Coal Power Station MEA & RS-2TM  100 tonnes/day 

Technology Centre 
Mongstad (TCM), 
Norway [18] 

Combined Heat & Power 
(CHP) 

MEA & CESAR-1 80 tonnes/day 

Residual fluidised 
catalytic cracker (RFCC) 

MEA 275 tonnes/day 

Esbjerg, Denmark [19] Coal Power Station MEA, CASTOR 1&2 1000 kg/hour 

Norcem, Norway [5] Cement Kiln S26 
No information 
available 

Maasvlakte, Netherlands 
[17] 

Coal Power Station MEA 
No information 
available 

ENEL, Italy [17] Coal Power Station MEA 2.5 tonnes/day 
EnbW, Germany [17] Coal Power Station MEA 7.2 tonnes/day 
Mikawa, Japan [20] Coal Power Station TS-1 10 tonnes/day 
Laziska, Poland [21] Coal Power Station MEA & AEEA 1000 kg/day 

 

Table 5 – Summary of case studies flue gas components 

 
Facility Temperature Particulate SO2 NOx CO2 O2 H2O 
Ferrybridge, UK [6] No information available 
Technology Centre 
Mongstad (TCM, 
CHP) [22] 

25-50 oC  <1 ppm 3 ppm 3.6% 14% 4.5% 

Technology Centre 
Mongstad (TCM, 
RFCC) [22] 

15-50 oC  5 ppm 60 ppm 15% 3.2% 2.5% 

Esbjerg, Denmark 
[19] 

47 oC <10 
mg/Nm3 
(wet basis) 

<10 
ppm 

<65 
ppm 

   

Norcem, Norway 
[5] 

 5-10 
mg/Nm3 

0-130 
mg/m3 

180-
250 
mg/m3 

17.8% 7.5% 18.2% 

Maasvlakte, 
Netherlands [17] 

40 oC  93 
mg/m3 

55-70 
mg/m3 

11% 7.4%  

ENEL, Italy [17] 47-50 oC 1 mg/Nm3 20-600 
mg/m3 

40-120 
mg/m3 

11.5% 6.3-
8.2% 

 

EnbW, Germany 
[17] 

35 oC  150-
170 
mg/m3 

160-
180 
mg/m3 

12.3% 6.4%  

Mikawa, Japan 
[20] 

    12%   

Laziska, Poland 
[21] 

64oC  0.75 
ppm 

86.61 
ppm 
(NO) 

12-
14% 

7.66% 16.85% 

Note – Data obtained from available literature 
 
Several sampling methods for nitrosamines exist, albeit for ambient air monitoring 
applications. A review of past projects focusing on emissions measurements have been 
identified where nitrosamine monitoring has been conducted. Table 6 below summarises the 
results and methods used. 
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Table 6 – A summary of case studies nitrosamine results and methodology 
 
Facility Nitrosamine Measurement Results Measurement Method 
Ferrybridge, UK 
[6] 

 October 2013 – Total 
nitrosamine measured as 20 
µg/m3, of which three specific 
nitrosamines identified. The 
highest was 10 µg/m3. 

 December 2013 – Three 
nitrosamines detected but none 
were above 1 µg/m3. Only one 
specific nitrosamine detected in 
both campaigns. 

 Specific nitrosamines were not 
stated. 

A manual method was used 
with no further details. 

Technology 
Centre Mongstad 
(TCM) [22 & 23] 

 2013/2014 – No nitrosamines 
or nitramines detected [23]. 

 2015 – No nitrosamines or 
nitramines detected [22]. 

A manual method using an 
impinger train with sulfamic 
acid used for both 
campaigns. In addition, a 
PTR-TOF-MS used during 
the 2013/2014 campaign. 

Esbjerg, Denmark 
(NPL) [24] 

 Eight specific nitrosamines 
monitored (N-
nitrosodimethylamine, N-
nitrosomethylethylamine, N-
nitrosodiethylamine, N-
nitrosodibutylamine, N-
nitrosodipropylamine, N-
nitrosopiperidin, N-
nitrosopyrrolidin and N-
nitrosomorpholin). 

 No nitrosamines detected 
above the limit of detection 
(0.04 – 0.1 µg/m3). 

Non isokinetic manual 
method using Thermosorb 
cartridges. 

Norcem, Norway 
[5] 

 Total nitrosamines below the 
limit of detection (0.03 
µmol/Nm3), no specific 
nitrosamines stated. 

 Nitrosamine detected in solvent 
samples (0.013 & 0.024 
mmol/kg). 

An isokinetic manual 
method using impingers 
filled with a sulfamic acid 
solution. 

Maasvlakte, 
Netherlands [13] 

 N-nitrosodiethanolamine, N-
nitrosodimethylamine, N-
nitrosomorpholine in a range of 
5 - 47 ng/Nm3. 

 MEA-nitramine also detected. 

No details. 

 
 
6.1 TCM MONGSTAD, NORWAY [7] [22] [23] [25] 
 
Situated next to the Equinor refinery, the Technology Centre Mongstad (TCM) in Norway was 
established as a research installation for PCC. The facility begun operating in 2012 and has 
the capability to treat flue gas from either a combined heat and power plant (CHP) or a 
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residual fluidised catalytic cracker (RFCC). The flue gas from both units contains varying 
amounts of CO2 (CHP 3.5%, RFCC 13-14%) which provides contrasting testing conditions, 
and offers the capability to test new solvents and technologies. In November 2011 TCM was 
granted an environmental discharge permit by Klif (Norwegian Climate and Pollution Agency, 
which is now part of the Norwegian Environment Agency) which prescribed limit values for 
flue gas emissions to atmosphere. 
 
A range of instrumental and manual techniques are used to measure species of interest. At 
ground level an FTIR measures typical flue gas components such as CO2, SO2, NH3 as well 
as amines and aldehydes. Alongside this a PTR-TOF-MS is used to measure amines, 
aldehydes, nitrosamines, and nitramines amongst others. Measurements are taken from 
either the absorber inlet, absorber outlet or the stripper outlet via a 101m heated line. In 
addition, a PTR-QMS was installed near to the absorber outlet sampling location. 
 
Manual measurements can also be undertaken by isokinetic sampling at the absorber outlet. 
A cooled probe was used to draw a sample through into a condensate flask housed in an ice 
bath. The sampled gas can then be split and drawn through different sampling trains, each 
setup to measure different analytes. Table 7 below summarises the different impinger 
solutions or sample media used to measure a range of analytes. 
 

Table 7 – Isokinetic sampling impinger solutions/sample media for each analyte 

 
Impinger solution/sample media Analytes 
Sulphuric Acid Ammonia and Amines 
Sulfamic Acid Nitrosamines and Nitramines 
DNPH Cartridge Aldehydes and Ketones 

 
Several monitoring campaigns have been carried out by TCM since the facility has been 
commissioned, focusing on operation considerations and emissions monitoring amongst 
others. 
 
Between 2013 and 2014 TCM carried out a campaign to test the use of MEA to see how well 
it performs during the carbon capture process [23]. Manual and instrumental measurements 
were carried out during this time. Thirteen isokinetic tests were undertaken between 
November 2013 and February 2014, predominantly measuring MEA and ammonia, however 
three of these measured formaldehyde and acetaldehyde instead of ammonia. MEA 
emissions varied between 3.5 – 78 µg/m3, although the first test of the campaign measured 
848 µg/m3. Three measurement techniques were used to measure MEA (FTIR, PTR-TOF-
MS and isokinetic manual) however it was noted that several factors made it difficult to 
compare the results. The PTR-TOF-MS and manual method measured concentrations in the 
region of ppb, which was too low for the FTIR to detect. A different sampling technique was 
also used for the instrumental method which sampled non-isokinetically and would have had 
a long lag time attributable to the 101m heated sample line. Nitrosamine and nitramine 
measurements using the PTR-TOF-MS and isokinetic manual technique were below the limit 
of detection. 
 
TCM tested using 30% MEA as a solvent in the carbon capture process in a monitoring 
campaign between July and October 2015 [22]. Similar to the 2013/2014 trial no nitrosamine 
or nitramines were detected at the absorber outlet, however two nitrosamines (NDELA and 
Nitroso-HeGly) were found in solvent samples as well as others that were unidentified. 
Measurements of ammonia, MEA, acetaldehyde and formaldehyde were carried out 
throughout the campaign, however it is difficult to compare the results as the FTIR and PTR-
TOF-MS data was averaged over a day whereas the isokinetic manual samples were 
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performed over a two-hour period. An additional comparison study looking at MEA and 
ammonia emissions was carried out using two FTIRs (Gasmet and Anafin), a PTR-TOF-MS 
and a PTR-QMS (MEA only). Measurements were carried out over a ten-hour period and 
appear to show good agreement between the different systems. 
 
In June 2020 a four-day trial looked into the feasibility of using a new solvent in the carbon 
capture process [7]. The CESAR-1 solvent is a mix of 2-amino-2-methyl-1-propanol (AMP) 
and piperazine (PZ) achieving a capture rate of 96 – 99%. Manual measurements of 
formaldehyde, acetaldehyde, and ammonia were all lower than comparative measurements 
when MEA was used as the solvent. It was also noted that SO2 data from previous MEA 
campaigns was lower at the absorber outlet than the inlet which suggests there is some 
absorption during the carbon capture process. This change wasn’t observed using the 
CESAR-1 solvent however there doesn’t appear to be enough data to determine specific 
rates.  
 
 
6.2 FERRYBRIDGE POWER STATION [6] 
 
A post combustion pilot plant was installed at Ferrybridge power station in 2013 with the aim 
of proving that technology used on an experimental facility could be scaled up and used on a 
commercial facility capturing 100 tonnes of CO2 a day. The two-year project known as 
CCPilot 100+ set out to establish the long-term viability of the project as well as test the RS-
2TM solvent. 
 
Gaseous emissions were measured using an FTIR which monitored carbon dioxide, water 
vapour, sulphur dioxide, oxides of nitrogen, carbon monoxide and MEA at five separate 
locations throughout the carbon capture process. Oxygen was also measured using a 
separate system. No results were available for these species however it was noted that 
spikes in amine and ammonia emissions were detected periodically which may have been 
down to entrainment on aerosols as well as an increase in ammonia likely due to solvent 
degradation [6]. 
 
Monitoring for a selection of nitrosamines were carried out by manual methods during two 
measurement campaigns, however no details were provided regarding the techniques 
employed. A total of 20 µg/m3 was detected from three nitrosamines during the first 
campaign, however the subsequent campaign two months later again detected three 
nitrosamines of which none were higher than 1 µg/m3 and only one was common to the first 
campaign. Specific nitrosamines were not identified in the report. 
 
 
6.3 MAASVLAKTE POWER STATION [13] 
 
The coal fired Massvlakte power station located in Rotterdam, Netherlands has an output of 
1080 MW and has an integrated post combustion pilot plant which can capture 250 kg/hr of 
carbon dioxide. A study assessing flue gas emissions was performed at five locations after 
the absorber section where a range of abatement systems had been installed. Gas phase 
emissions were monitored by a manual method using impingers that contained different acid 
solutions, however there were no further details on the technique. Analysis of samples was 
by liquid chromatography mass spectrometry. 
 
One of the main measuring objectives looked at MEA concentrations as the flue gas passed 
through a water wash, demister and a Brownian Demister Unit (BDU) abatement system. 
Most measurements were carried out before and after the BDU which saw a range of 
concentrations from 87 to 177 mg/Nm3 drop to 0.97 to 3.95 mg/Nm3 after the abatement. In 
addition, analysis for MEA on liquid in the BDU catch was performed. The study suggested 
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that the comparison of these results with the before and after BDU measurements indicates 
that the sampling method used gave accurate results. 
 
A range of nitrosamines were also measured which were N-nitrosodiethanolamine, N-
nitrosodimethylamine and N-nitrosomorpholine. The nitrosamines were detected in a range 
from 5 to 47 ng/Nm3. No information was provided in what measurement techniques were 
used. 
 
 
6.4 ESBJERG POWER STATION [19] [24] 
 
Between 2004 and 2008 a CO2 capture plant was built and operated on the Esbjerg power 
station in Denmark as part of the European Union CASTOR project. The power station is 
coal fired with an output of 400MW. As well as aiming to prove the feasibility of carbon 
capture technology, the project looked at the efficiency and performance of new solvents. 
 
Two new solvents were trialled, CASTOR 1 & 2. They both attained a CO2 capture efficiency 
of 90%. Another parameter assessed during the campaigns was the formation of heat stable 
salts (HSS) as these may be associated with the creation of degradation products from the 
solvents. The rate at which the HSS were created during the CASTOR 2 trial was far less 
than when MEA was used. Measurements of the flue gas after the absorber detected a 
range of degradation products, the only result stated though was ammonia where 25 mg/Nm3 
was measured. 
 
In February 2011 the National Physical Laboratory (NPL) carried out an emissions 
monitoring study with the aim of quantifying possible emissions of amines, amides, 
aldehydes and nitrosamines from the treated flue gas. Amines, amides and aldehydes were 
monitored isokinetically in accordance with BS EN 14791. A 0.1N sulphuric acid absorber 
solution was used to capture amines and water was used for amides and aldehydes. 
Nitrosamines were measured non-isokinetically using Thermosorb/N cartridges and gas 
chromatography. 
 
The majority of the species monitored were either at or around the limit of detection, with the 
exception of ammonia (41.2 – 48.2 mg/Nm3) and ethanolamine (1.7 – 12 mg/Nm3). Eight 
specific nitrosamines were monitored (N-nitrosodimethylamine, N-nitrosomethylethylamine, 
N-nitrosodiethylamine, N-nitrosodibutylamine, N-nitrosodipropylamine, N-nitrosopiperidin, N-
nitrosopyrrolidin and N-nitrosomorpholin) all of which were below the limit of detection. 
 
 
6.5 NORCEM CEMENT PLANT [5] 
 
A mobile carbon capture facility was installed on the Norcem cement plant in Brevik, Norway 
in April 2014 which was the first time such a system had been installed on a cement kiln. 
Amine solvent S26 developed by Aker Solutions was used for the project. Measurements of 
the flue gas were taken at the absorber inlet, absorber outlet and desorber outlet using an 
FTIR gas analyser. A range of species typical to the process were measured as well as 
amines and ammonia. Manual measurements were also taken from the absorber outlet for 
amines, ammonia, nitrosamines, nitramines, aldehydes and ketones. Three separate sample 
systems using impingers that contained either sulphuric acid or sulphamic acid, as well as 
DNPH cartridges, measured in parallel. 
 
Amine emissions measured by the FTIR analyser during the trial were at or below the limit of 
detection (reported to be around 1 ppm) and ammonia was below 5 ppm, with the exception 
of start-ups and other operational events. Results of amines (0.46 & 0.3 mg/Nm3) and 
ammonia (4.0 & 3.1 mg/Nm3) from the manual measurements appears to show reasonable 
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agreement between the two different monitoring techniques, although it is unclear if these 
were single tests, or an average of a series of tests performed on each day. Two nitrosamine 
measurements were also below the limit of detection (<0.03 µmol/Nm3) but again it wasn’t 
clear whether it was an average over a series of tests or just one, and which nitrosamines 
were targeted for analysis. 
 
6.6 MIKAWA POWER PLANT [20] 
 
A carbon capture pilot plant was constructed by Toshiba at the coal fired Mikawa power plant 
in Japan. A novel solvent TS-1 was developed by Toshiba and used on the facility which 
could capture 10 tonnes of CO2 a day. A study in 2009 looked at amine emissions from the 
plant in order to assess the environmental and financial risks. 
 
Amine emissions were monitored with an instrumental and manual method. A PTR-MS was 
used to measure a sample drawn isokinetically through a heated sample system and had a 
detection limit of around 10 ppb. Manual measurements were also taken by drawing a 
sample through impingers for an hour, however no further details on the method were 
available. Comparisons between the two methods were carried out over two separate tests 
by sampling for the TS-1 solvent. The manual method results (Test 1 - 8.7 ppm, Test 2 - 11.9 
ppm) both measured lower than the corresponding PTR-MS average over the same time 
period (Test 1 - 12.1 ppm, Test 2 - 15.5 ppm).  
 
6.7 LAZISKA POWER PLANT [9] [21] 
 
The Laziska power plant in southern Poland is coal fired and generates 225MW of electricity. 
A mobile carbon capture was developed by the Institute of Chemical Processing of Coal 
alongside TAURON Polska Energia S.A. and TAURON Wytwarzanie S.A. and installed at 
the facility with the aim of demonstrating the feasibility of amine-based carbon capture. 
 
A baseline study carried out in 2013 used MEA as the solvent with the aim of testing the 
mobile carbon capture technology [21]. During the study a range of gases (CO2, SO2, 
NO/NO2 and O2 were measured using a Siemens Ultramat 23 at several locations along the 
process prior, after and in the absorber as well as in the stripper column. However, the 
reported results only focused on CO2 and there were no details on the monitoring method. 
 
A test campaign carried out in October 2015 investigated the efficiency of water wash 
abatement used to reduce ammonia emissions on a trial using aminoethylethanolamine 
(AEEA) as the solvent [9]. A Gasmet DX4000 FTIR was used to measure gases after the 
water wash section, however, no sample spectra were available for the AEEA solvent 
therefore it could not be measured. 
 
Ammonia emissions were measured around 45 ppm with little variation, this lowered to 
around 34.5 ppm though when the fresh water flow rate used in the abatement was 
increased. Another increase in the water flow rate saw emissions drop further still to 27 ppm. 
Changes in ammonia emissions were also observed when the temperature of the amine 
used to treat the flue gas in the absorber was adjusted. Ammonia emissions changed from 
40 – 48 ppm to 50 ppm after the lean amine temperature was adjusted from 40oC to 50oC, 
this then fell to 30 ppm when the temperature was further changed to 30oC. 
 
 
7 POTENTIAL NITROSAMINE MONITORING APPROACHES 
 
There are no suitable existing reference methods for the monitoring of nitrosamines, 
however, stationary source measurement techniques are well established and could 
potentially be adapted. Whilst instrumental measurements provide the benefit of real time 
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continuous results, heated components could potentially degrade the sample and low levels 
of emissions could be difficult to quantify. Therefore, manual monitoring techniques using 
solid sample media or impingers are probably best suited. Several PCC projects have 
measured nitrosamines however little information is available regarding what sampling 
techniques were used. Several areas have been identified that require consideration to 
develop a nitrosamine sampling technique. 
 
The likelihood is that flue gas from CCS plant will be saturated with water which will require 
isokinetic sampling. Many of the compounds of interest are water soluble and therefore this 
approach should allow collection of a representative sample. 
 
Avoiding condensation in the sample is an important aspect of manual sampling as this can 
lead to losses and an under representative result. Current techniques require sampling 
systems to be heated to avoid this problem, however evidence has suggested this is likely to 
lead to sample degradation. Testing by Ramboll Analytics using a heated manual sampling 
system found an increase in nitrosamines at a temperature of 120oC which increased further 
still at 180oC [26]. An alternative approach could be to use a dilution sampling method, 
whereby a known amount of diluent is added to a sample before it is captured, however 
nitrosamines in the flue gas are expected to be at trace levels and therefore it is unlikely 
enough will be present in the sample after dilution. Low levels of determinands often require 
longer sampling times to collect enough to be detected and therefore expected 
concentrations and laboratory limit of detections need to be considered when developing a 
sampling strategy.  
 
Sample preservation during and after sampling is another important consideration, ongoing 
degradation may occur in the sample media and whilst in storage. Thermosorb/N cartridges 
use an inhibitor to prevent degradation, this approach could be applied to an impinger based 
manual monitoring technique. Sulfamic acid could be loaded into the impingers prior to 
sampling preventing further reactions in the collected condensate during sampling and 
storage. A study by Ramboll Analytics comparing sampled condensate which were treated 
with NO2 found no significant levels of nitrosamines when a sulfamic acid inhibitor was added 
after sampling, whereas samples with no treatment contained higher concentrations [26]. 
Protection from sunlight is also a necessity as ultraviolet radiation will destroy collected 
nitrosamines, therefore impingers will need to be wrapped in foil and brown glass sample 
bottles used. Sample storage duration and conditions are usually well defined however there 
doesn’t appear to be much literature covering this and certainly an area that should be 
addressed.  
 
Analysis of ambient air samples for nitrosamines are carried out by gas chromatography 
(OSHA 27 and NIOSH 2522) or liquid chromatography (OSHA 31), with limits of detection 
approximately 10 ppt. These techniques could likely be applied to atmospheric samples of 
condensate or absorber solution. A study carried out within the OCTAVIUS project performed 
a round robin experiment using samples collected from a manual monitoring campaign. 
Solutions from the second impinger of the sampling train, where no nitrosamines were 
detected, were spiked with known concentrations of nine compounds and sent to five 
laboratories for analysis. Each laboratory used different methods based around gas or liquid 
chromatography, however the study indicates there was good agreement despite of this [27]. 
 
 
8 SUMMARY & PROPOSED NITROSAMINE MONITORING METHOD 
 
This report has reviewed currently available information associated with amine based PCCC 
processes and identified important sampling considerations. Well established procedures 
exist for most pollutants; however, the low temperature and saturated nature of the flue gas 
differ from typical process conditions these methods have been validated against. Identifying 



NPL Report (RES) 1613             NPLML – Commercial 
 

Page 20 of 25 
 

a suitable location that yields a representative sample is also important. Some facilities may 
already have designated sample ports that are suitably located. 
 
Some pollutants specific to amine based PCCC, such as amines and ammonia, have specific 
monitoring procedures. Whereas no reference methods specific to measuring nitrosamines 
from stationary source emission points exist, a proposed method is outlined based on 
knowledge gathered on the nature of the compound and monitoring techniques employed by 
other projects. 
 
Existing methods and techniques will understandably form the basis of any new monitoring 
procedure, whilst taking into account several key considerations specific to nitrosamines. 
Capturing a sample from the flue gas and maintaining its stability through the sampling 
process until it is analysed is arguably the main challenge. Heating the sample could cause 
the nitrosamines to degrade, as well as exposure to light and other components within the 
captured sample. The case studies have also demonstrated that expected concentrations 
are extremely low and therefore an analysis technique with a suitable level of detection is 
important. Determining which nitrosamine compounds to analyse samples for is also an 
important consideration as different solvent blends may degrade and form different products. 
Given there is often commercial sensitivity around the composition of solvent blends this may 
not be possible. 
 
Considering this information, using instrumental analysers to measure nitrosamines would 
not be recommended. The heated components in gas cells and lines would likely degrade 
the sample, and condenser systems used to remove water from the sample would likely lead 
to loss of nitrosamines due to their soluble nature. FTIR analysers may be used to measure 
specific nitrosamines compounds but don’t have a suitable detection limit.  PTR-TOF-MS has 
suitably low detection limits but is not widely available. 
 
Adapting a manual method to sample nitrosamines may be possible whilst adjusting specific 
criteria to allow representative sampling. Using knowledge gained from reviewed literature 
and case studies an impinger based method to capture and analyse nitrosamines is 
proposed. Sampling will be carried out isokinetically using an unheated probe, or one that is 
heated to the same temperature as the flue gas. The sample will be drawn through a series 
of impingers containing a sulfamic acid inhibitor solution, which will be sat in an ice bath. 
Exposure of the sample to sunlight shall be prevented by protecting all relevant parts of the 
sample train with foil. Sampling duration may be around two or more hours to allow sufficient 
capture of the required analytes. Once monitoring has concluded, samples shall be 
recovered in a way to allow calculation of capture efficiency rates and stored in brown glass 
bottles to protect from sunlight. All parts of the sample system before the impingers will be 
thoroughly cleaned prior to testing and then rinsed again after for collection and analysis. 
Samples shall be refrigerated and analysed as soon as possible. 
 
The feasibility of the proposed method shall be assessed through a laboratory trial at the 
NPL stack simulator facility by testing under field conditions. Several parts of the proposed 
method have been identified where we believe it would be advantageous to gather additional 
data due to current knowledge gaps. An investigation into the effect of temperature on 
sample degradation by heating the probe will be trialled, as well as exploring different sample 
handling and storage conditions and whether this affects the sample. Figure 4 below outlines 
the proposed method to be tested. 
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Figure 4 – Proposed primary manual method for sampling Nitrosamines 
 
A second manual technique using a dilution method and Thermosorb cartridges shall also be 
tested. This procedure involves drawing a sample of flue gas and diluting it to remove the 
water vapour. The diluted gas is then sampled onto two Thermosorb cartridges arranged in 
series. The evidence from historical emissions monitoring campaigns suggests nitrosamine 
concentrations are close to the limit of detection and therefore as this method uses dilution it 
may not be suitable. This secondary method shall be tested to determine its viability at 
expected concentrations but also at higher levels to assess its viability. Figure 5 below 
outlines the proposed setup for this method. 
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Figure 5 – Proposed secondary manual method for sampling Nitrosamines 
 
Both the primary and secondary proposed methods detailed above shall be developed and 
deployed on the NPL stack simulator facility. A separate report shall be issued detailing the 
results from these tests and concluding which method to take forward. The final method will 
be documented and a test plan for the field pilot study will be outlined. 
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