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Summary   
This project report corresponds to the Phase 3 of the R&D Project on Metrology for Post 

Combustion CCUS using Amine-based technologies (NPL REPORT CSSC 0001). Phase 

3 builds on the deliverables of Phase 1 (NPL REPORT 1613; NPL REPORT 2531) and 

Phase 2 (NPL REPORT 3199; NPL REPORT 3244) and addresses gaps to existing 

knowledge that were identified through the work carried out in the previous Phases. The 

deliverables have been based on priorities identified by the Environment Agency. 

The scope of Phase 3 cover three key areas: 

• Characterization and grouping of amines/nitrosamines based on their physico-chemical 

characteristics.  

• Capability review and gap analysis on analytical capability for breakdown products 

(amines, nitrosamines) within Europe and the UK.  

• Investigation on existing CEMS technology for ammonia measurements and options for 

continuous isokinetic sampling.  

 

These three areas were covered with three work packages (WP). The present document 

compiles the report for WP1, including its specific scopes, results, conclusions, and 

corresponding annexes. Each WP report is presented in a separated document. 

  

https://ukccsrc.ac.uk/wp-content/uploads/2023/02/CCUS-BAT-Project-1-page-Summary-1.pdf
https://ukccsrc.ac.uk/wp-content/uploads/2023/02/Review-of-Emisions-from-Post-Combustion-Carbon-Capture-Using-Amine-Based-Technologies-and-Current-Monitoring-Techniques-August-2022-1.pdf
https://ukccsrc.ac.uk/wp-content/uploads/2023/09/Phase-1-WP2-Nitrosamines-metrology-on-stack-simulated-conditions-and-test-bench-laboratory-results.pdf
https://ukccsrc.ac.uk/wp-content/uploads/2024/06/Metrology_for-PCC_WP4_-Guidance_for_the_Measurement_of-Emissions_from_PCC_Processes.pdf
https://ukccsrc.ac.uk/wp-content/uploads/2024/06/Metrology_for-PCC_WP4_Measurement_Protocol_for_the_measurement_of_Nitrosamines_using_an_Absorption-based_Method.pdf
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Abstract  
Both the sorbent amines used in the Carbon Capture Usage and Storage (CCUS) plants, 

and their degradation products (amines, nitrosamines, nitramines and other organic 

compounds) exhibit complex physico-chemical behaviour under the typical post-

combustion CO2 Capture (PCC) conditions. This makes it necessary to establish a specific 

set of requirements for sampling and monitoring of these, and other pollutants produced at 

PCC plants. 

This report on amine-based PCC amines/nitrosamines stack emissions monitoring is part 

of a report series [NPL 2022, 2023 a and b, 2024 a, b, c , d and Barros et al., 2025] that 

provides technical guidance to regulatory bodies, monitoring contractors, industry, 

researchers and other parties interested in the emissions monitoring from carbon capture 

processes. 

This report includes a comprehensive desk-based literature review focused on identifying 

and categorising pollutants found in pilot plants and laboratory scale studies. It is worth 

mentioning that a large subset of papers and other documents employing modelling 

strategies including many other species were assessed, however these are not included 

within this report. 

The scrubber solution used in amine-based PCC is composed of one or several amine-

based solvents in an aqueous solution. Pollutants emitted are mainly breakdown products 

resulting from the chemical and thermal degradation of the solvent under operational 

conditions. There is a large list of amines, nitrosamines, nitramines and other species 

already identified. This makes it a challenging task to monitor all of them.  

This report summarises our proposal for a monitoring strategy consisting in classifying the 

species in terms of their main physical and chemical properties, grouping the species of 

interest in operationally defined groups of chemical compounds that potentially can 

describe the whole range of species likely to be found in the stack gas emissions to air. 
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1. Report Scope   
This report (including Annex 1) presents a comprehensive summary of amine degradation 

products found in Post Combustion CO2 Capture (PCC) pilot plants and laboratory scale 

testing. The study discusses the impact of the different physico-chemical properties of 

amines and nitrosamines on the suitability and efficacy of the proposed monitoring 

methods and proposes a strategy based on classifying the target compounds in specific 

groups of breakdown products based on these properties, listing specific stack sampling 

and analytical methods proposed for each group. The report includes the second version 

of the sampling method proposed by NPL for volatile amines and nitrosamines in PCC 

stack conditions, extending the previous validated method [NPL 2024 (c)] to nitrosamines 

of intermediate and low volatility (possibly transported by particles/droplets) and extending 

this as well to amines. Finally, a brief section on the applicability of Continuous Emission 

Monitoring Systems is included. 

2. Executive Summary  
This report provides technical guidance on amine-based Post Combustion CO2 Capture 

(PCC) amines/nitrosamines stack emissions monitoring. This research identifies and 

categorises the breakdown pollutants found in PCC pilot plants and lab-scale studies 

(Annex 1). There are no available standard methods for PCC manual sampling and 

monitoring of amines and nitrosamines. In this report, we propose a monitoring strategy 

addressing the challenges of monitoring these species, which consists of grouping them 

by their physico-chemical properties. 

We also describe the PCC plants operational conditions impacting the 

amines/nitrosamines stack manual sampling and the corresponding requirements, the 

potential use of Continuous Emissions Monitoring Systems (CEMS), the NPL proposal for 

a manual sampling method, the parameters impacting these emissions, and the candidate 

analytical methods required to determine the concentration of those chemicals in the 

obtained samples. 
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The identified relevant compounds include over 20 nitrosamines, 120 amines and 10 

nitramines, and it is likely that this list will expand in the near future, due to the current 

developments in this area (Table 1, section 6). The large variety of these compounds 

makes it challenging to monitor them all through a singular method and does not allow the 

use of single/representative surrogate species. The behaviour of the different species 

depends on their volatility and molecular structure, amongst other factors. Therefore, the 

grouping strategy considers the above-mentioned parameters as the most relevant 

classification criteria. 

The vapour pressures of nitrosamines and amines detected in PCC covers more than 7 

and 10 orders of magnitude respectively, including highly volatile compounds to non-

volatile species. The defined vapour pressures ranges for amine/nitrosamine groups are 

shown in Table 2 (section 7). A large list of sampling and analytical methods can be found 

in the literature, most of them tailored for air quality. Only a few of them have been applied 

to PCC stack samples, although no validation data was found. Here we include some 

examples which have been used or could be potentially adapted for such matrices. 

The main issues and challenges for monitoring amines and nitrosamines in PCC stacks 

are: 

• The humidity of PCC flue gas at temperatures below dew point 

• Pollutants transported in vapour and/or liquid phases (depending on their volatility 

and solubility) 

• Isokinetic sampling is required (matching the stack flue gas velocity) 

• The diversity of the target pollutants (different species of amines and 

nitrosamines) prevents the use of a single emission monitoring method 

• Available analytical methods not necessarily adapted for the sample matrices 

obtained by the proposed PCC stack sampling methods 

• The proposed monitoring methods (sampling and analysis) lack evidence of their 

suitability and effectiveness in PCC stacks, requiring experimental validation 

before its use for monitoring purposes 
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In a previous report [NPL 2024 (b)] we described the measurement protocol proposed and 

validated at NPL for PCC manual stack monitoring of volatile nitrosamines [NPL 2024 (c), 

Barros et al., 2025]. This method can be used for species belonging to the high and 

medium volatility groups (Table 2), being potentially applicable to amines within the same 

ranges of volatility. In section 8 of the present report, we will discuss some further 

improvements of this manual sampling method. 

Finaly, in this report we are expanding the scope to include recommendations to monitor 

all other amine and nitrosamine species potentially present in PPC emissions. We now 

include method candidates for amines within the highest volatility range, and for amine 

and nitrosamines belonging the lower and lowest volatility ranges (see description in Table 

2). Although these methods haven’t been validated for PCC, we are including the best 

available options for monitoring all those pollutants in PCC stack conditions, which will 

require at least three different sampling methods to cover the full range of compounds of 

interest. 

3. Introduction 
The following list summarizes the main aspects related to the production and emissions of 

amines and nitrosamines from PPC plants. 

− Understanding amine degradation mechanisms and performing PCC pilot plants or 

lab-scale experiments can help to optimise solvent composition/operating conditions, 

and to develop degradation models allowing detailed studies on how process design 

impacts degradation [Vevelstad et al., 2022]. However, the physico-chemical 

processes of production, reactions and transportation of the amine/nitrosamine 

species are quite complex [NPL, 2024 (d)], that is why extracting quantitative data or 

conclusions of general applicability from those tests has been proved to be difficult. 

− Oxidative and thermal degradation separately produce many of the compounds 

found in largescale pilot plants, but neither of them can produce the same 

degradation profile as observed in pilot samples, while both mechanisms (already 

present in PCC plants) reinforce each other. Some of the most prominent 

degradation products formed in pilot PCC plants are not found under any of the 

single condition experiments [Vevelstad et al., 2022]. 
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− The general problem with oxidative degradation experiments is that setups and 

experimental conditions vary greatly, making it difficult to compare datasets from 

different experimental programs. Minor differences in the experimental conditions 

(reactor temperature, gas flow, flue gas composition, condenser temperature, and 

setup as open/closed) may play significant roles in the outcome of the experiments 

[Vevelstad et al., 2022]. 

− MEA and other amines have been oxidized in numerous experiments that mimic 

conditions in a CO2 capture system. These studies are difficult to compare because 

degradation depends on many factors/parameters, including absorber/desorber 

temperatures, construction materials, solvent residence times in the absorber and 

desorber, O2 / MEA / metals concentrations, and CO2 loadings, amongst others 

[Buvik et al., 2021]. To complicate matters, the rate of MEA oxidation is influenced by 

O2 mass transfer, which varies widely between different experimental apparatuses 

[Voice & Rochelle., 2013]. 

− Among the diverse lab-scale facilities, cyclic degradation setups provide more 

realistic conditions. The solvent circulates between low and high temperatures, O2 is 

available in the low-temperature part of the cycle. A detailed description of cyclic 

degradation rigs can be found in Closmann & Rochelle [2011] and Einbu et al., 

[2013]. 

− Sorbent amines in the flue gas emissions in PCC pilot plants exhibit values with large 

variations, and it is well reported that they depend on the plant operational 

parameters, solvent condition, and systems in place to reduce the emissions 

[Vevelstad et al., 2017]. This implies that also breakthrough products, as secondary 

amines and nitrosamines, will be emitted in variable ranges depending on those 

factors. 

− Different types of analytical equipment have been used in lab-scale experiments to 

identify degradation compounds. Generally, the samples are pretreated, and then 

variations of gas or liquid chromatography are used in tandem with different 

detectors. This is necessary because the large number of species for each group 

(amines and nitrosamines) with the same molecular mass. 

− Furthermore, comparative studies quantifying nitrosamines in identical solutions 

showed that a large variation in results from different laboratories has been reported 
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[Fraboulet et al., 2016], meaning that more efforts should be devoted to the analytical 

side. 

− In conclusion, a large list of different amines and nitrosamines results from solvent 

amines breakdown under PCC working conditions. Sampling and measuring all the 

species that have been measured in amine-based PCC is a major challenge since it 

is not possible to capture and measure all of them using a single sampling and 

analytical method. 

− Due to the challenging and unusual conditions of PCC plant stacks, more efforts 

should be devoted to testing and validating the proposed monitoring methods before 

their use in monitoring emissions from PCC stacks. 

 

4. Operational conditions impacting the manual 
sampling of amines and nitrosamines in PCC 
plant’s stacks  

The features of the PCC plants, the processes occurring within these, and the variety and 

complexity of the amines and nitrosamines targeted during the stack emissions monitoring, 

make it challenging to undertake sampling for those pollutants. A comprehensive summary 

and details on this topic has been previously reported [NPL 2022, 2023, 2024c, Barros et 

al., 2025 and 2024d]. These features justify the application of specific methods and 

measurements when sampling amines/nitrosamines. The following processes and 

conditions have been observed in amine-based PCC, and they can be used as a brief 

summary to get insight of their impact on the sampling methods. 

− The flue gas has a temperature ranging between 40 and 80 °C, so water can coexist 

in liquid and gas phases. In the PCC process the temperature of the flue gas is 

relatively low (to maximize the CO2 absorption) [Meekoch & Maneeintr., 2020], 

producing water saturation as a secondary result. The PCC flue gas is characterised 

by presence of entrained droplets in the flue gas, caused by condensation of water 

vapour, entrainment of solvent solution or droplets produced by water 

condensation/coagulation onto fine and ultra fine solid or liquid particles. For those 

reasons, both manual and instrumental methods, require isokinetic sampling to 

obtain representative samples. 
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− Presence of solid particulates in the flue gas, as those expected in plants burning 

coal, fuel oil, oil, biogas and other fossil fuels, and in kiln industries. These particles 

are mainly composed by soot, salts, or sulfuric compounds as H2SO4. Gas turbines 

are expected to produce far lower particulate concentrations. It is advisable to 

measure the particles even in this case, since fine and ultra fine particles will trigger 

the water and amines/nitrosamine condensation/coagulation in the interface between 

the liquid- solvent and the air, being this process one of the most important factors 

enhancing the emissions of amines/nitrosamines up to a factor of two orders of 

magnitude [Khakharia et al., 2013, 2015 and 2016; Lombardo et al., 2017; Yi et al., 

2021]. 

− The amine/nitrosamine species present have a wide range of solubilities, volatilities 

and chemical affinities, for that reason it is expected that these compounds are 

transported as multiphase pollutants, being distributed in the gas phase, in the 

droplets, adsorbed onto to solid particles (if present). The fractions of each species in 

the different transport types will depend on its specific physical and chemical 

parameters. 

− Some amines and nitrosamines may react in contact with material surfaces (some 

metals, rubbers, plastics, etc.). For this reason, only inert materials such as titanium 

stainless steel, borosilicate or glass should be used to sample these pollutants. 

− Due to the heterogeneity of the flue gas carrying particles/droplets, it is necessary to 

determine a representative sample location for continuous emissions monitoring. 

Once determined this specific location, it is advisable to verify its representativity 

during the periodic wet chemical (manual) sampling campaigns. 

− Several factors affect the rate of breakdown of the amine-based solvent (solvent 

ageing, nitrogen oxide levels, metal particles from corrosion, sulphur compounds, 

oxygen levels in the stack gas and temperature). 

− The degradation and emissions observed at 18 PCC pilot plants and 29 individual 

campaigns showed that the degree of the amine degradation (or reciprocally the 

solvent stability) changes with several operational parameters - the total liquid-phase 

heat stable salt concentration and the gas phase ammonia concentration the most 

useful to obtain information of the degradation of the solvent [Buvik et al., 2021]. 

However, this information is not enough to determine the levels of amines and 

nitrosamines being emitted. Even measuring the solvent amine degradation with high 
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precision does not allow us to estimate the specific emissions of the degradation 

products (amines, nitrosamines, nitramines, etc.), since they are found in trace 

amounts, and since their formation and emissions are highly variable. For that 

reason, it is necessary to monitor them directly. 

− In the PCC process ammonia (NH3) is the most dominant degradation gas product in 

the flue gas [Spietz et al., 2018]. The general composition of a PCC’s exhaust is also 

featured by a mix of SO2, NOx, CO2, O2, N2, and water as vapour and droplets (H2O). 

− In summary, amongst the main compounds observed in the flue gas from amine- 

based PCC plants, there can be found the following ones: 

1. Water / humidity (vapour and/or droplets)  

2. Oxygen 

3. Carbon dioxide (a small fraction of the incoming combusted gas)   

4. Ammonia  

5. Sulphate and sulphur dioxide  

6. NOx  

7. Chloride and HCl  

8. Formaldehyde and acetaldehyde 

9. Heat stable salt/organic acids (nitrite, nitrate, sulphate, acetate, formate, glycolate, 

oxalate, and propionate have been observed in PCC plants)  

All these compounds should be monitored in accordance with the regulations in force and 

the relevant standard methods.  
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5. General sampling requirements for amines and 
nitrosamines in PCC stacks by wet chemical 
sampling (manual sampling)  

 

Although there is experience on the typical emissions from large combustion plants, there 

is a considerable knowledge gap associated with the specific PCC’s pollutant emissions 

(such as nitrosamines) and their typical concentrations. 

It has been shown that within systematic experiments, nitrosamine formation yield is 

proportional to the concentration of common secondary amines generated by MEA 

degradation (such as HeGly, HEEDA and DEA) and it is a function of CO2 loading and 

temperature [Fine et al., 2014; Meekoch & Maneeintr, 2020]. It is then advisable to monitor 

secondary amines in stack gas emissions, along with the main amine(s) used in the 

solvent itself and the relevant nitrosamines. 

There are no available standard methods for manual sampling and monitoring of amines 

and nitrosamines. However, the relevant physico-chemical parameters of those two 

groups of compounds covers similar ranges, they differ only in the presence of the amino 

chemical group (amines) or the nitroso chemical group (nitrosamines), but apart from that, 

they essentially are constituted by the same organic chains [NPL 2023]. This implies that 

they can be monitored using similar sampling systems and methods. 

Wet chemical impinger sampling for nitrosamines has been used extensively in previous 

studies and in Phase 2 of this project. 

Sulfamic acid (0.1 M) is used as a sampling solution to prevent nitrosamine formation 

during sampling and sample storage by inhibiting the interaction between nitrites and the 

secondary amines. For this reason, amines and nitrosamines are both preserved through 

this mechanism. Sample preservation, storage and handling requirements will be the same 

for both. 

Accredited laboratories with validated analytical methods for the specific amines and 

nitrosamines are required for the determination of the concentration of those chemicals 

within the obtained samples. 
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6. List of amines and nitrosamines found in PCC pilot 
plants and laboratory scale testing facilities  

 

A large number of amines and nitrosamines are produced and potentially emitted from 

amine-based PCC plants. In each case, the specific list of amines and nitrosamines 

depends on the solvent composition, plant design, operational parameters, inlet flue gas 

composition, corrosion of the plant, aging of the solvent and control measures in place 

[NPL 2023; SCOPE 2023; Vevelstad et al., 2022; Buvik et al., 2021; Saeed et al, 2018; 

Vega et al., 2016; Voice et al., 2013; Lepaumier et al., 2009]. 

There is no list of amines and nitrosamines of concern in PCC which has been agreed 

upon by the scientific community and regulatory bodies. However, the Environment 

Agency has presented a priority list. 

For this report 242 documents (papers, project reports, PhD thesis, conference papers, 

and institutional reports) were reviewed. The references cover more than two decades of 

both academic and industrial research. From those references more than 60 documents 

were found with a description of the amines used for post combustion carbon dioxide 

capture and its degradation products. Some other references were not included since the 

reported compounds were already included in the table (Annex 1). The number of amines 

and degradation products included in this report are summarised in Table 1. 

Table 1. Summary of compounds identified in amine-based post combustion CO2 capture. 
No of identified 
compounds 

Type of compounds 

*21 Nitrosamines identified or measured 
*57 Amines identified/measured (characterised) 
**65 Amines identified/measured (not yet characterised) 
**27 Additional amines proposed as potential 

solvent/scrubbers or potential degradation products 
**10 Nitramines identified/measured 
**18 Additional degradation products (including 

aldehydes, organic acids, etc.) 
**7 Heat stable salts identified or measured 
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Notes: 

* For these species the most relevant physical and chemical parameters have been 

researched and documented (melting and boiling points, vapour pressure, solubility, etc.). 

In some cases, interpolation or extrapolation of know data has been used to estimate 

relevant parameters in absence of reference values. 

** For these species, research on the relevant parameters is still required. Most of them 

are not easily available. 

Due to the extensive nature of the data, this information is presented in Annex 1 of this 

report. Within Annex 1 each compound is tagged to all the found references supporting the 

findings. Compounds are classified in rows, while the references are arranged in 

chronological order in columns. This makes up a matrix where each species can be 

tracked back to the corresponding references. 

All the compounds are mentioned along with their most commonly used names and 

acronyms, their chemical formula and molecular masses, the CAS number (or the 

PubChem CID if a CAS number is not available). In the case of amines, nitrosamines and 

nitramines, the report includes any other functional groups also present in the specific 

species. The type of molecular structure is also mentioned, where Linear means either 

single or branched species, and Ring means that the structure contains a ring type 

chemical with pentagonal (5) or hexagonal (6) shape. 

Annex 1 summarises the amines used in the scrubbers to capture CO2 and the most 

reported amine degradation products observed at PCC pilot plants and laboratory scale 

test facilities. These have been measured in emissions, condensates or solvent solutions, 

indicating that they can potentially be emitted to the atmosphere. 

The cited documents are mainly focused on the use of MEA and a few other popular 

solvents such as PZ. This summary includes primary, secondary and tertiary amines, 

which can be either alkanolamines, sterically hindered alkanolamines, polyamines, cyclic 

amines or amino acids, having those a wide range of volatilities, solubilities, etc. There is a 

section with other solvent amines proposed for amine-based carbon capture. 
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Within Annex 1, the list of nitrosamines includes both non-alcohol based, and alcohol-

based species already observed in PCC pilot plants and/or laboratory scale facilities. 

Those have been measured in emissions, condensates or solvent solutions. 

This experimental evidence implies that they can potentially be emitted to atmosphere. 

Finally, the list of degradation products includes many other compounds of interest. All this 

information has been summarised from the available literature, but it is foreseen that 

frequent updates will be required due to the extensive research that is currently being 

undertaken in this area. 

 

7. Grouping strategy for amines and nitrosamines for 
PCC emissions monitoring  

The nitrosamines are compounds that have a large variety of molecular structures and 

properties, they are grouped together because of the presence of the nitroso functional 

group (N-N=O) in an otherwise completely different organic compound. The wide range of 

physical and chemical properties within the group indicates that different species may 

have different susceptibility to specific chemical reactions, forming, remaining stable, or 

transforming, or exhibiting different transport and thermodynamic behaviours. For 

instance, their volatility (vapour pressure) covers 7 orders of magnitude, their solubility is 

variable among the different species, they include linear compounds and ring type 

species, and molecular masses range from 74 to 299 g/mol. 

For that reason, it is not possible to find a surrogate species within the nitrosamine group 

capable of representing the whole family of compounds. Also, it is not possible to 

determine which one of the relevant species could be used as the “worst case scenario”, 

since their behaviours (production, dynamic and emissions) differ, and are dependent on 

specific local conditions.  

In the case of the amines the diversity of the relevant species is even wider. For instance, 

the aliphatic amines are primary, secondary or tertiary amines that have alkyl substituents. 

Depending on the substitution, they occur as gaseous, liquid, oily, or solid substances with 

an unpleasant, in some cases fishy odour. 
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Considering only the amines detected in PCC, their vapour pressure covers more than 10 

orders of magnitude, from highly volatile compounds to non-volatile species. In fact, the 

amines are featured just by having a nitrogen atom as part of an organic compound, and 

the PCC plants operational conditions have been shown to produce a large and diverse 

set of amines by degrading the amine species initially used as the solvent scrubber. Again, 

the wide range of different parameters leads to a wide range of behaviours, pathways, 

distribution dynamics and final fates, making it impossible to select a single surrogate 

species. 

 

Sampling and measuring all the species that have been measured in PCC (potentially up 

to 20 nitrosamine and 120 amine species) is a major challenge since it is not possible to 

capture and measure all of them using a single sampling and analytical method. For that 

reason, we propose a classification strategy with the potential to monitor amines and 

nitrosamines in PCC stack flue gases. 

The validation test previously performed at NPL to assess the performance of the stack 

manual sampling method for volatile nitrosamines [NPL 2024(c)] had shown that there is in 

fact a strong influence of the physical and chemical parameters on the sampling. The main 

parameters associated with these differences are the volatility and the chemical structure 

of the compounds. The results exhibited systematic trends separating the highly volatile 

from the medium volatile species, also separating the linear compounds from the ones 

having ring structure. For ease of reading, the main results of that validation [NPL 2024 

(c)] are summarised below. 

 

NNS  VP@20 C  m. mass 

0.4 kPa 74 amu 

0.15 kPa  88 amu 

0.11 kPa  102 amu 

0.012 kPa 114 amu 

0.011 kPa 130 amu 

0.006 kPa 158 amu 

0.005 kPa 100 amu 

0.005 kPa 116 amu 

Figure 10 from NPL 2024 (c). Total nitrosamine’s sampling yield [%]. 3 impingers combined, n=11 
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The first method proposed and tested by NPL used a series of 3 impingers. The yield (or 

recovery) mentioned in the previous plot was determined as the total percentage 

recovered in the 3 impingers with respect to the added mass during the tracing test. 

It is worth noting that despite NDPA and NDBA being similar compounds, both being 

linear, symmetric, and secondary nitrosamines, just differing in two CH2 (one on each 

side), it can be seen that they are indicating the border between the nitrosamines well 

captured (near 100% of recovery) and the ones being sub-sampled (near the 75% of the 

recovery). It can be seen from the table that the vapour pressure (VP) is reduced by nearly 

a factor 2 from one to another, changing from 0.011 kPa (NDPA) to 0.006 kPa. For this 

reason, the value of 0.010 kPa was used as a division to separate the compounds with 

high volatility and the ones with medium volatility. 

On the other hand, none of the nitrosamine species are more volatile than water, however, 

several of the relevant amine species are more volatile than H2O. That is why the water 

vapour pressure (2.3 kPa @ 20 ⁰C) was used to separate the compounds with the highest 

volatility and the ones having high volatility. 

Within the lower range of volatilities, we can find several nitrosamines of interest, like 

EHEN (0.00012 kPa) and NDLEA (0.00007 kPa). This Lower group was (ad hoc) 

operationally defined as having an upper limit of 0.001. This criterium is based on the 

nature of the analytical methods available for the species above (Medium group) and 

below 0.001 kPa (Lower group). For instance, species belonging to the Medium volatility 

group (as NPYR, NDBA, NDIBA, NMOR) can be sampled by liquid impingers, stored and 

analysed as aqueous samples and being measured by Thermal Analysis or other 

analytical method. However, species having VP < 0.001 kPa cannot be efficiently sampled 

in standard liquid impingers, requiring specific sampling media (e.g. EHEN, NMELA and 

NDELA). 

Finaly, all the species having VP below 0.00001 kPa are included in the group labelled as 

Lowest volatility. This last limit was selected (ad hoc) as representing the species with 

insignificant volatility. Within this group there are 2 species with known vapour pressures 

(DNPIPA 4.3x10-7 kPa and N-HeGly 8x10-8 kPa), and 3 species for which vapour 

pressure values are not available. However, their molecular structures and masses (all 

above 207 g/mol) make it reasonable to classify them within the Lowest volatile group. 
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In summary, the operationally defined groups in terms of the vapour pressure are 

described in Table 2. 

Table 2. Range of vapour pressures for amine, nitrosamine and nitramine groups. 

Group regarding volatility 
Vapour pressure 

[kPa, @ 20 ⁰C] 

Highest > 2.3 

High 0.01 – 2.3 

Medium 0.001 – 0.01 

Lower 0.00001 – 0.001 

Lowest < 0.00001 

 

The code of colours used here is the same as in the Figures below, this code is also used 

in the detailed table contained in Annex 1. It is worth noting that amongst the species 

observed in PCC, the range of vapour pressures is wide. 

Figure 1 represents the vapour pressure of most of the amines and nitrosamines 

contained in Annex 1. The figure includes the nitrosamines in the list Nitrosamines 
measured in post combustion amine-based CO2 capture (21 nitrosamines), also some 

additional nitrosamines (used as tracers in laboratory testing) have been included to better 

represent the range of values being covered by the above defined groups. This graph 

includes the amines in list Amines measured in post combustion amine- based CO2 
capture (57 amines), but it does not include the amines in the list Additional amines 
measured in post combustion amine-based CO2 capture (65 amines) which 

parameters haven’t yet been investigated (since this task requires a greater effort and 

more resources, exceeding the present project scope).  
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Figure 1. Vapour pressure ranges for amines and nitrosamines. 

This grouping is the first step in a strategy devised to propose and test PCC stack 

sampling methods capable of efficiently capturing the compounds of interest in spite of 

their diversity. 

Some limitations have been found related to the available data on the physico-chemical 

parameters of the species of interest. Since the vapour pressure values have been used 

for this first grouping approach, it is worth mentioning that different data sources indicate 

vapour pressure values generally matching, but in many times, this is not the case. For 

example, Figure 2 represents the vapour pressure data for the nitrosamines used during 

the validation of the first sampling method proposal [NPL 2024 (c)]. 
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Figure 2. Vapour pressure of nitrosamines used as tracers in the sampling validation.  
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Figure 2 represents a restricted range of all the available data in order to show the details 

around ambient temperature, which correspond to the used VP values (@ 20⁰ C). It can be 

observed that for several species (like NDMA, NPI, NPYR) some of the found values show 

large discrepancies (note that the vertical axis is in logarithmic scale). For that reason, all 

the available data was compiled and the best possible fitting to the Antoine equation was 

performed. The trend lines shown in figure 2 correspond to the mentioned equation. A 

similar situation was found for the vast majority of the studied amines and nitrosamines. 

So, although the species belonging to different groups are classified by different 

behaviours (associated with the individual volatility), the species in the frontier between 

groups could be difficult to distinguish in terms of the observed behaviour. 

It is worth noting that there is no correlation between the nitrosamine’s (or amine’s) vapour 

pressure, molecular mass or molecular structure observed. In Figure 3 it can be seen that 

species covering similar mass ranges are dispersed in a wide range of vapour pressures. 

Also, different nitrosamines (and amines) have exactly the same molecular mass, limiting 

the simple use of a mass spectrometer to detect and quantify these species, requiring 

separation methods such as liquid or gas chromatography. 

 

Figure 3. Vapour pressures vs molecular masses of amines and nitrosamines. 

Figure 3 includes most of the nitrosamines listed in Annex 1 (all the species with known 

vapour pressure) and an additional 10 nitrosamines (suggested to be present or used in 

tracing tests in CCUS) added to facilitate the observation of the trends. Similarly, in the 

case of amines, the species included are the same as in Figure 1. 
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It can be seen that the nitrosamine’s ranges of vapour pressure and mass overlap the 

corresponding amine’s ranges, while the molecular structure (linear or ring shape) is not 

setting a distinctive trend. Then, as a first approach, the specific sampling methods applied 

to each range will be the same for a given volatility group, regardless of whether we are 

considering amine or nitrosamine species. 

There are several reasons for not including vapour pressure values in the list of Annex 1 in 

the BAT CCUS Phase 3 final report. Firstly, there are few vapour pressure values 

available in the literature. However, for many species there are not reported values. On the 

other hand, in the case of species with existing data, there are many values which are 

contradictory among them, differing even up to one or two orders of magnitude. This kind 

of discrepancy in the reported data were observed also for boiling points of several 

species, and this was already discussed in a previous report (Section 3.2.1 in NPL 2024 

(c)). In that report we mentioned some strategies we have used to sort out the most 

reasonable boiling point values, making use of the correlation between boiling and flash 

points. Also, the vapour pressure data and the best/selected boiling points were used to fit 

the data to the Antoine equation (relating vapour pressures with temperature). This well 

know physico-chemical equation was used to select the most appropriate values in case of 

discrepancy (basically choosing those values which better fit the tendency of the majority 

of the data points). Also, it was used to extrapolate vapour pressures for a temperature of 

20-25 ⁰C, in those cases in which data is published only for different temperatures. Finally, 

in case of species where no data is available at all, the molecular similarity between 

species was used to make a gross estimate of the vapour pressure values. 

In conclusion, the preliminary obtained vapour pressure values are good enough to 

classify all the relevant species in terms of their vapour pressure, as it is shown in Annex 

1. However, in spite of the efforts, the general quality of the summarised vapour pressure 

data is not enough to be published yet, due to the above mentioned complications. Further 

efforts to develop a more robust data base with the corresponding validation and QC is 

encouraged. Also, we suggest including Henrys law constant, solubility in water, octanol-

water partition coefficient and polarity values, since these are valuable parameters of use 

in both the sampling strategy definition and the development/selection of analytical 

methods for specific species and matrices. 
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7.1. Highest volatility group (>2.3 kPa)  
The species within the first group (Highest volatility) may not be efficiently sampled using 

the standard chemical method based on water (or aqueous) impingers. They may require 

other kinds of sorbent media. 

Pioneering methods to analyse methylamines (as MMA, DMA and TMA) in air used 

activated charcoal traps and GC- AFD (alkali flame detector) [Fuselli et al., 1967]. Then, 

several classic methods on air sampling and analysis focused on low molecular weight 

aliphatic amines, for species like MMA, DMA, EA, and DiEA, used adsorbent tubes 

containing Amberlite XAD-7 resin coated with the derivatizing reagent NBD chloride (7-

chloro-4-nitrobenzo-2-oxa-1,3-diazole). The analysis is performed by HPLC coupled to 

fluorescence and/or UV/visible detector [Elskamp and Schultz, 1986], which is basically 

the same as OSHA method 40 [OSHA 1982]. 

More recently, methods encompassing 21 alkyl amines, which cover vapour pressures in 

the range from 0.06 to 314 kPa, has been validated [Schmitt et al., 2024]. This analytical 

method is used to determine certain volatile amines, which are sampled on two (0.5 M 

sulphuric) acid-impregnated glass fibre filters and then desorbed using demineralised 

water. Potassium carbonate solution is finally added to an aliquot of this solution, and the 

amines are determined and quantified by headspace GC-MS. A large list of methods for 

amine analysis can be found in the literature, here we just included some of the initial 

works and some of the more updated ones to give some examples. 

It is important to recall that 5 of the amines within the Highest volatility group are included 

in the UK Environment Agency priority list. Also, this group includes another 5 alkyl amines 

(characterised) and many more (not yet characterised) which have been detected in PCC 

(see full table in Annex 1). Furthermore, it is possible that this list will expand in the near 

future, due to the current trend of research and development observed in the area. 

Adapting these air sampling methods to manual stack sampling will be a challenge, 

requiring specific laboratory testing, validation and site testing. One of the main issues will 

be the amount of humidity supplied by the PCC flue gas, the need of isokinetic sampling, 

and the speed of the flue gas within the stack, which implies a relatively large volumetric 

sampling rate not affordable for the filters used for air sampling. 
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The following table summarises several potential sampling methods and some analytical 

methods potentially applicable to monitor highly volatile amines. As far as we know, there 

is no available validation data on any of these methods applied to highly volatile amines in 

PCC plants, where water droplets could represent a limiting factor for the applicability of 

these methods. It is encouraged to undertake the corresponding performance assessment 

and validation tests before using these methods for monitoring purposes. 

Table 3. Highest volatility group (only amines), vapour pressure range > 2.3 kPa 

Sampling Lab procedure 
Analytical 
method 

Standard 
method 

Aqueous impingers 

(may not be efficient) 

Depending on the 

analytical method 

Suitable for 

aqueous matrix 

(see Table 6) 

None for 

sampling amines 

Activated charcoal Elution 

Suitable for 

aqueous matrix 

(see Table 6) 

None for 

sampling amines 

Adsorbent tubes 

containing resins with 

derivatizing reagents 

Elution + HPLC 

Fluorescence or 

UV/visible 

detector (possibly 

others in Table 6) 

OSHA method 

40 (used for air 

monitoring) 

[OSHA 1982] 

Glass fibre filter 0.5 

M H2SO4 

impregnated 

Desorbed (pure 

water), K2CO3 

solution added to an 

aliquot 

Headspace GC-

MS 

None for 

sampling amines 

 

Most of these methods have been developed for air quality monitoring, so as far as we 

know, there is no available validation data on any of these methods applied to highly 

volatile amines in PCC plants. It is encouraged to undertake the corresponding 

performance assessment and validation tests before using these methods for monitoring 

purposes. 
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7.2. High and medium volatility groups (0.01 – 2.3 kPa 
and 0.001 – 0.01 kPa)  

The dividing point between the Highest and the High volatility groups was chosen to be the 

vapour pressure of water since water is the main media use for chemical wet stack 

sampling methods. The vapour pressure value selected to split this region in two separate 

parts (0.01 kPa) was set in view of the results obtained in the nitrosamine validation 

exercise (as commented above), with the focus on the sampling. However, this preliminary 

selection could be adjusted in the future, depending on results obtained on the necessary 

testing and validation phase. 

Amongst the works we used as references, only a few were found to have measurements 

of solvent amine’s degradation products in different compartments of the system. 

Vevelstad and collaborators have obtained measurements of several compounds in the 

lean solvent and in the condensates they found in the used plant vapour trapping system, 

among other compartments not mentioned here [Vevelstad et al., 2017]. Only a few of 

these compounds were found on both of the two mentioned compartments, allowing us to 

compare these quantities. This is shown in Figure 4, where it can be seen two radically 

different trends for volatile and non-volatile compounds. Consistently the only species 

measured in high concentration (above 100 mg/L) in the lean solvent but found to be 

scarce in the condensate (below 0.01 mg/L) are those having low volatility. On the other 

hand, the volatile compounds can be found in both compartment with a difference lower 

than a factor 10 (this is shown in Figure 4 right, where the log of the concentration ratios 

are close to zero (ratios constrained between 10-1 and 101). 
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Figure 4. Concentration of various degradation products in lean solvent and condensate 

[Barros et al., 2025, data taken from Vevelstad et al., 2017]. 

Figure 4 provides evidence that the volatility is one of the main parameters driving the 

dynamic of the degradation products along the system, and then an important parameter 

to consider in any stack sampling strategy. The observed “non-volatile” compounds are 

MEA-urea, HEPO, HEGly, HEI, HEF, OZD and HEA. These species are mainly distributed 

along our Medium, Lower and Lowest groups. Only HEA lays on the High group, 

challenging our previous border definition. Three of the “volatile” compounds measured by 

these authors (DM-pyrazine, 2-MP and Pyrazine) belongs to our High volatility 

operationally defined group, while the other six “volatile” species (3-Mpy, EMA, EA, DMA, 

MA, NH3) belongs to the Highest volatility group. 

Some of the nitrosamine species within the groups called High and Medium volatilities, 

have been sampled using standard stack manual sampling with impingers [NPL 2024c 

and references therein]. However, the previous validation test performed [NPL 2024c] has 

shown that while the most volatile nitrosamines (High group) are efficiently sampled 

(recoveries around 100%), the species belonging the Medium group cannot be fully 

trapped, at least with the first proposed method (recoveries around 75%). For that reason, 

some important changes have been incorporated in the NPL second method for manual 

stack sampling, in order to enlarge the range of species efficiently trapped. 
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Similarly, a work presenting measurements in the vapour and liquid phase of a stack 

sampling test have found MEA and some of its degradation products in a wash tower exit 

(among other compartments). This data is shown in Figure 5. 

 

Figure 5. Concentration of MEA and various of its degradation products in sampled vapour 

and liquid phases [data taken from Dahlin et al., 2013]. 

The potentially emitted substances being present in both phases (vapour and liquid) were 

found to be volatile compounds, in this case they are MEA, formaldehyde, acetaldehyde 

and ammonia. However, the conclusions that can be drawn from this relation [Dahlin et al., 

2013] and the previous one [Vevelstad et al., 2017] are limited by the selected and 

measured species, since the scope of such works did not include the present discussion. 

The sampling method described in this second proposal includes amines as well, using the 

nitrosamines behaviour as a guide by comparing the different species’ physical and 

chemical parameters driving their behaviour. The changes are detailed in section 8. The 

sample’s matrices will include pure water, 0.1 M sulfamic acid aqueous solution, 0.05 

sulphuric acid aqueous solution, as shown in Table 4. The analytical methods applicable 

to these samples shall take into account that there are many target species having the 

same molecular mass, requiring the use of LC or GC as previously commented. 

 
 
 
 
 
 



 

Page 28 of 53 

NPL Management Ltd  

M
CR

-0
04

, I
ss

ue
 1

a,
 Ju

ly
 2

02
5 

 
Table 4. High and medium volatility (0.01 – 2.3 kPa and 0.001 – 0.01 kPa) 

Sampling Lab procedure Analytical method Standard method 

Aqueous impingers with 0.1 M 
sulfamic acid (nitrosamines), 
or 0.05 M sulphuric acid or 0.1 
M HCl (amines) 

GC coupled with the 
measurement 
technique 
(LC potential for some 
species) 

GC-TEA: IFA 77483 
(IV/03) (applied to 
condensates). FT-
IR, GC-MS and 
others in Table 6 

NPL validated for 8 
volatile nitrosamines 
in PCC stack 
simulated conditions 
[NPL 2024 (c)] (not 
yet a standard) 

Condensates from knockout 
flask (water) and Aqueous 
impingers with H2O, 0.1 M 
sulfamic acid aqueous 
(Non-alcohol-based 
nitrosamines) 

Samples spiked with 
mass-labelled internal 
standards and 
extracted with CH2Cl2 

GC-MS, GC-HRMS 

EPA method 521 
for air monitoring, 
validated for 7 
volatile nitrosamines 

Refrigerated (coil condenser) 
knockout flask (water) and 
Impingers with 0.1 M sulfamic 
acid (nitrosamines) or 
0.05 M sulphuric acid (amines) 

GC coupled with a 
suitable measurement 
technique 
 

GC-TEA. FT-IR, 
GC-MS and others 
in Table 6 

Proposed by NPL to 
extend the range of 
sampled species. 
Not yet validated 
(section 8) 

ThermoSorb tubes for 
nitrosamines 

Elution + GC coupled 
with the measurement 
technique 

GC-TEA. FT-IR, 
GC-MS and others 
in Table 6 

IFA 8172 (IV/18) 
for air monitoring 

 

To our knowledge, there is only one validation data set available on the aforementioned 

aqueous impinger method (see Figure 10 from NPL 2024 (c) reproduced in section 7), 

which includes 8 nitrosamine species. Variations of this method has been proposed and 

used for amines as well, but no evidence on validation is available for its use in PCC 

plants conditions. Again, it is encouraged to undertake the corresponding performance 

assessment and validation tests before using these methods for monitoring purposes. 

ThermoSorb cartridges were originally developed for volatile nitrosamines, however they 

could be potentially used for amines (in the same range of volatility). This must be 

validated in the laboratory before use. We recommend its use in tandem after the impinger 

train (using a parallel stream line to reduce the sampling flow) to collect the remaining 

(non-condensable) vapours. This allows users to check the impingers recovery, but the 

required reduction of the flow rate will reduce the amounts captured as well, challenging 

the method’s limits of detection. 
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7.3. Lower and lowest volatility groups (0.00001 – 0.001 
AND < 0.00001 kPa)  

As in the previous cases, these two groups have been defined in terms of the available 

information related to analytical methods that have been used or can be adapted to stack 

sampling manual methods. The defined Lower volatility group contains only three 

nitrosamines already detected in real conditions, these are EHEN, NMELA and NDELA. 

The last compound can be sampled using glass fibre filters impregnated with KOH 

followed by Thermal Energy Analysis, and potentially other analytical methods. This 

method was used in a previous monitoring study on PCC pilot plant [NPL 2023b]. Within 

the same group we can find six amines (we have characterised) and a large list of 

additional amines (we have not yet characterised). The large number of amine-breakdown 

species found to be produced in PCC, and the time consuming process to validate the 

used parameters [NPL 2023], made impossible to characterise all these species within the 

frame of the present project report. 

On the other hand, some authors have proposed stack sampling and analytical methods 

for nitrosamines, making a distinction between alcohol-based and non- alcohol-based 

nitrosamines [Gangstad & Nenseter., 2014]. For the non-alcohol based nitrosamines the 

recommended medium is pure water (for the condensate) and 0.1 M sulfamic acid (as 

sorbent). The samples are then spiked in the lab with mass-labelled internal standards and 

are extracted with dichloromethane prior to analysis with GC- MS (or GC-HRMS where 

available), making reference to EPA method 521 [EPA 2005]. However, the data 

presented in that report about the tested nitrosamines include only a reduced set of 

volatile nitrosamines, not mentioning any species having low volatility. It is worth 

mentioning that the Environment Agency priority list includes two non-alcohol based 

nitrosamines (DNPIPA and NDBzA) within the Lowest volatility group, while another two 

more have been found in the literature research (NDiNA and 1-nitro-4-nitrosopiperazine). It 

is worth mentioning that this method could potentially be used for other species having 

lower volatilities, but its validity and performance for those species need to be proved 

before using the method for monitoring purposes. It is advisable to perform specific 

method validation tests series for these low volatility species (see Annex 1) under PCC 

simulated conditions, this should be done in a suitable test rig, as the test rig developed at 

NPL. 
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For specific alcohol-based nitrosamines, these authors recommend continuous liquid- 

liquid extraction with ethyl acetate, followed by LC/MS/MS (APCI). The authors claim that 

this procedure covers the analysis of NDELA in wash water samples, and we add that in 

principle this should be useful also for analysing NDELA (and other similar compounds) in 

the condensate and/or sorbent impingers, since this compound has a low volatility and a 

good enough water solubility. However, once again there is no mention about the volatility 

of the studied compounds and whether the method has been tuned considering the 

alcohol functional group, or only due to the behaviour resulting from its volatility. 

Regarding the amines and nitrosamines solubilities, it is important to highlight that, for a 

given species, the existing literature provides several values in most cases exhibiting large 

discrepancies, so the information the impact of the solubility on the sampling recovery and 

on the laboratory pre-conditioning procedures is difficult to assess quantitatively [NPL 

2024c]. 

Amongst the species listed as measured in PCC (within Annex 1), the Lower volatility 

group also contains six amines, five of these being alcohol-based amines, while the 

Lowest volatility group has 10 amines, all of them being alcohol-based amines. However, 

in the list with additional amines (from which no data have been compiled yet) there will be 

a large number. In Annex 1 it can be seen that 21 of these amines contain alcohol as a 

functional group, and the alcohol amines are more frequent at higher masses. 

Despite the low volatility of the compounds included in the two last groups, they can be 

emitted by droplet entrainment, since the solubility of these species covers a wide range. 

In fact, in Annex 1 it can be seen that several compounds with low volatility have been 

measured, mostly in the fluids (solvent solution, water washes, etc.) but in some cases 

also in the emissions. 
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Table 5. Lower and lowest volatility (0.00001 – 0.001 AND < 0.00001 kPa) 

Sampling 
Lab 
procedure 

Analytical 
method 

Standard 
method 

Glass fibre filters impregnated 

with KOH 

Potentially applicable to other 

nitrosamines and some amines 

Elution 

Thermal Energy 

Analysis, and 

potentially 

others 

IFA 8183 

(III/00) 

Validated for 

NDELA in air 

monitoring 

Wash water samples (NDELA 

and other alcohol-based 

nitrosamines). Potentially 

applicable to condensates or 

sorbent impingers, and some 

amines 

Continuous 

liquid-liquid 

extraction 

with ethyl 

acetate 

LC-MS-MS and 

potentially 

others 

None for 

sampling 

 

 

Isokinetic sampling implies a relatively large volumetric sampling rate, which is not suitable 

for air sampling filters or tubes. Adapting these methods to suit manual stack sampling will 

be a challenge, requiring specific laboratory testing/validation and site testing. 

7.4. Relation with the scrubber solvent and water wash 
units  

NH3 emissions rise over time as a result of the accelerating oxidative MEA degradation 

catalysed by an increasing metal ion (e.g. iron as Fe2+/Fe3+) concentration in the solvent. 

As a result, NH3 emissions scale with the Fe concentration in the scrubber liquid phase 

[Mertens et al., 2013]. It is well known that maintaining good solvent purity and chemistry 

control (i.e. reclaiming of the solvent and minimisation of corrosion and solvent 

degradation) is vital to secure low formation of volatile degradation products such as 

ammonia [Knudsen & Bade, 2012].  
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So, it is advisable to record the concentration of Fe and other common metal ions in order 

to correlate it with the ammonia emissions, since this scenario favours the formation of 

secondary/tertiary amines and nitrosamines. 

For the MEA solvent, the operational temperature should be kept at 120 °C to reduce MEA 

decomposition. NHEGly and NDELA are stable under these conditions. These compounds 

can accumulate over large periods (months) [Chen et al., 2018], and emissions scenarios 

are potentially emerging from any situation (periodic or continuous) in which foaming and 

or entrainment of droplets could become vectors for transporting these and/or many other 

non-volatile but soluble and highly toxic species. This is significant, since their emission 

and potential deposit to the surrounding environment should be controlled. More studies 

are needed in the near future. 

Amines, nitrosamines and nitramines may accumulate in a water wash unit, which is the 

last treatment unit before venting flue gas to the atmosphere. This is mainly due to the 

potential formation of nitrosamines and nitramines from amines mainly in the absorber 

unit, and the reactions between NOx and amines in the flue gas [Dai & Mitch, 2013]. On 

top of this are added the fraction of amines, nitrosamines and nitramines which are carried 

over from the previous cycles. Also, degradation catalysers as hot stable salts and metals 

associated with corrosion are being continuously accumulated and recycled during normal 

operations (e.g. solvent recycle). This is also important when comparing data from small-

scale to industrial size units, due to the presence of impurities encountered in commercial 

operations but not considered at laboratory scale, which could lead to foul or poison 

solvents. Some impurities in recycle streams might accumulate over time and cause 

operational problems not foreseen at smaller scale [Kolderup et al., 2011]. 

Under operational conditions, for most of the analysed secondary and tertiary amines and 

nitrosamines, the total accumulation rates in the water wash unit have been 1-2 orders of 

magnitude lower than the total nitrosamine formation rates in the absorber [Chen et al., 

2018]. However, these observations should be examined in more detail before 

extrapolating to a larger range of nitrosamines or conditions. The more volatile 

nitrosamines (in the vapour phase) and the more water-soluble nitrosamines (transported 

in mist/droplets) are more likely to be present in the water wash, as compared with the 

species characterised by low volatility and low water-solubility. Independent formation 

rates cannot be deduced from these results, and more research is needed to better 
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understand the impact of the different physical and chemical properties of the individual 

species in the whole process (production, dynamic, accumulation, rates, etc.). 

For instance, for some primary amines except glycine, MEA, and TRIS, the accumulation 

rates in the water wash unit were comparable to the formation rates in the absorber [Dai & 

Mitch, 2013]. This result is in agreement with the well-known relatively low volatility of MEA 

(VP 50 Pa @ 20 ⁰C) and the much lower volatilities of glycine and TRIS (around 3 mPa 

and 0.02 mPa respectively), but conclusions regarding the general behaviour of amines 

cannot be accurately extracted, since the amine’s volatilities range is nine orders of 

magnitude, from highly volatile to barely volatile compounds. 

8. Manual sampling method for amines and 
nitrosamines in PCC  

The method presented here is an improved version of the method proposed previously 

[NPL 2024b and c]. As shown in Table 4, this method is intended to be used to sample 

species belonging to the high and medium volatility groups. The main aim of the 

modifications is to take advantage of the differential phase transition behaviour of the 

different species to improve capture efficiency. The main modifications with respect to the 

first proposed method [NPL 2024c] are listed below: 

• A refrigerated coil condenser with circular cold water flow to reduce the 

temperature of the incoming flow gas. This is part of the standard equipment for 

sampling trace organic pollutants, such as dioxins [BS EN 1948:2006]. 

• A knockout empty impinger to collect the incoming water, which will include a 

fraction of the already dissolved analytes 

• The knockout impinger was custom designed with a larger volume to capture a 

potentially large amount of condensate. 

• Then, as in the first proposal, two sorbent impingers + one empty impinger 

• Finally, a silica gel impinger follows 
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Figure 6. Updated NPL amine and nitrosamine stack manual sampling method  

With the reduction of the incoming flue gas temperature, due to the cooled condenser, it is 

foreseen that a better capture efficiency can be found, this is particularly important for the 

more volatile compounds. Additionally, there is a need to harmonise the sample media 

with the laboratory analytical methods to be applied. 

In the case of compounds belonging to the Lower and Lowest groups, an evaluation of this 

system is required. A comparison between this method with the capture in sorbent tubes 

or filters is of paramount interest. We propose that NDELA would be used as a first 

example, for instance using the analytical method described in section 6.3. Again, the 

adaptation of the stack isokinetic sampling rates to the working range of any other sorbent 

filter, tube or cartridge will be a subject requiring effort. 

The use of impingers is the main method used to manually sample volatile amines and 

nitrosamines in PCC stacks, basically a modification of EPA Method 5 [EPA Method 5]. 

However, there are some works adapting those methods to use other kinds of sorbent 

media when manually sampling volatile amines and nitrosamines from PCC stacks. 

The first of these methods consist of using an impinger train followed by a multiple T 

connection driving secondary-stream lines to specific sorbent tubes (each one connected 

to a calibrated sampling pump). The sorbent-tubes are used to collect the remaining (non-

condensable) vapours. Another advantage of this method is that it also checks out the 

collection efficiency of the impinger train, as it is able to capture the species breaking 
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through. However, the reduced flow rates for each tube could limit the amount of the 

accumulated target species and then challenge the analytical method’s limit of detection 

[Dahlin et al. 2013]. This method has been used to capture nitrosamines in a PCC pilot 

plant using ThermoSorb cartridges [NPL, 2023b]. However, due to the high flue gas 

humidity and the consequently low sampling rate used to feed these dry cartridges, the 

used 6 hours’ time wasn’t enough, being most of the results below the limit of detection of 

the method. On the other hand, the ThermoSorb cartridges have been developed 

specifically to measure volatile nitrosamines, but it is highly probable that it can be used to 

capture amines (within the same range of volatilities) as well. Future research in this 

direction is advisable. 

The second method consists of upstream branches (multiple T connections but before the 

impinger train), which have been used to split the isokinetic gas inlet for simultaneous 

sampling using the wet sampling method (impingers) and continuous (online) 

measurements [Fraboulet et al., 2014]. Also, this approach has been used to split the flow 

in to separate parallel impinger trains and a split downstream mainstream line for isokinetic 

sampling rate adjustment (after a drying tower) [Gangstad & Nenseter, 2014]. These 

authors used two side streams with absorbent flasks and the adjustment line for “higher” 

gas velocities, while for “lower” gas velocity, only one mainstream with absorbent flasks 

was used. However, they recognise that splitting downstream of the condensate flask will 

produce good results only if the gas is relatively dry. 

It is important to recall that manual sampling shall be isokinetic, regardless of the group of 

compounds or specific species being monitored. This could impose restrictions on the 

partial sampling rate used for solid sorbent tubes and cartridges. That is why it is of 

paramount importance to assess the capability of the refrigerated enhanced impinger train 

(as in the updated amine and nitrosamine stack manual sampling method depicted in 

Figure 6) to systematically capture the full range of relevant species. 

An isokinetic flow split into parallel impinger trains and a split downstream mainstream line 

for isokinetic sampling rate adjustment was performed by Gangstad & Nenseter, 2014. It is 

important to note that splitting the condensate flask downstream will produce good results 

only for relatively dry flue gas. 
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9. Other parameters related to stack gas emissions  
There are several parameters that are generally assessed as long-term process/plant 

monitoring indicators. These are key performance indices that can only be assessed over 

many hours of operation and include chronic effects as well as intermittent operations 

[Thimsen et al., 2014]. 

The condition/composition of several of these parameters are related to the level of 

amines breakthrough products being produced, accumulated (in the scrubber/lean 

solution) and emitted to the atmosphere. Therefore, they can also be used as indirect 

indicators of the potential atmospheric emissions of amines and nitrosamines (amongst 

other pollutants such as SO2, SO3 or metals). 

It is worth mentioning that the generated information can be used to assess the potential 

toxicity and impact of the corresponding waste streams (solids and/or liquids including 

potential leaks), for which appropriate systems of management and final disposal should 

be in place. 

These additional parameters are related to the composition or condition of the items listed 

below: 

• Flue gas source and flow rate 

• Materials and mitigation means 

o Amine solution (scrubber/rich amine & stripper/lean amine) composition 

o Water blowdown 

o Shower waters 

• Intermittent waste streams 

o Amine reclaim waste 

o Lean-solution filter cake 

o Spent activated carbon (filters) 

• Heat exchanger fouling/corrosion 

• Gas-liquid contactor fouling/corrosion/foaming 
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• Accumulation/emission of degradation/corrosion products 

Some of the main target compounds used to characterise the previous items are the 

following analytes: 

• Particles (in the case of the flue gas source) 

• Amines 

• Nitrosamines 

• Nitrites (NO3‾) 

• Ammonia 

• Heat stable salt/organic acids (acetate formate, glycolate, oxalate) 

• Metals (from corrosion and some fuels) 

• Sulphur compounds 

In the full table presented in Annex 1 the relevant compounds were added, among them 

10 nitramines, 18 additional degradation products (organics), and 7 heat stable salts 

(HSS), all of them already identified/measured in post combustion amine-based CO2 

capture. 

 

10. Summary of analytical methods (Laboratory)  
 

The detection and quantification of the amine degradation products (amines, nitrosamines 

and nitramines) of interest in PCC require sensitive and robust analytical methods. Due to 

their low levels, water samples usually require concentration methods, like pre-

concentration through solid-phase extraction (SPE) or liquid-liquid extraction (LLE) 

followed by gas chromatography-mass spectrometer (GC-MS) or liquid chromatograph-

mass spectrometer (LC-MS) analysis at least [Chen et al., 2018 and references therein]. 

Furthermore, the coexistence of nitrosamines and nitramines in amine solvents and wash-

water samples significantly increases the difficulties of pre-concentration and 

measurement, and this would be the same situation for the aqueous samples obtained by 

stack emissions monitoring. 
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The EPA method 521 is the most commonly used (adapted) to measure volatile 

nitrosamines in PCC. This method provides procedures for the determination of some 

nitrosamines in drinking water. The method may be applicable to untreated source waters 

and other types of water samples, but it has not been evaluated for these uses. The 

method is applicable to nitrosamines that are efficiently partitioned from the water sample 

onto a solid phase extraction (SPE) sorbent, and sufficiently volatile and thermally stable 

for gas chromatography. The method has been validated only for NDMA, NMEA, NDEA, 

NDPA, NDBA, NPYR and NPIP, which covers a vapour pressure range from 0.36 to 

0.0063 kPa. It is worth nothing that the nitrosamines found in the PCC industry covers a 

far wider range of volatilities; for instance N-HeGly has a vapour pressure of 8 10-8 kPa. 

All the 7 mentioned validated species are non-alcohol-based nitrosamines, while amongst 

the 20 nitrosamine species found in the PCC plants there are 5 alcohol-based 

nitrosamines. This method has the potential to be extended to other nitrosamine species, 

however this will require validation before use. 

Because several nitrosamines can leach from rubber products, rubber components must 

be avoided in the PCC stack sampling systems. Reagent water contamination with NDMA 

has been reported in the literature. It is strongly recommended that the reagent water 

system includes an ultraviolet module, since UV light is capable of destroying trace 

amounts of nitrosamines that may be in the water. Reagent water may be successfully 

stored in glass bottles with PTFE lined screw caps [EPA Method 521]. 

During the PCC stack sampling and analytical method development the focus is centred 

on the measurement of species previously known to be present. However, in real emission 

monitoring cases, there is a considerable degree of uncertainty related to which specific 

species could be present. Therefore, in order to identify the specific species being emitted 

among all the possible degradation products from PCC, it is necessary to use 

spectroscopic methods capable of resolving the potential interferences amongst the large 

variety of compounds. 

The following list summarises the main analytical techniques used to measure amines and 

nitrosamines, these techniques have been used for different applications, as environment, 

food, medicines and toys analysis. These analytical techniques could be adapted to 

measure amines and nitrosamines in the samples originated from PCC stack monitoring. 

In fact, some of these has been used experimentally, as mentioned before, to analyse 

https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P10096KC.txt
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amine solvents and some compounds in PCC emissions. Each method has been applied 

using specific matrices, sample conditioning and operational parameters. Spectrometric 

technics (as FT-IR and MS) have been used alone in pioneering works, preliminary 

assessments, and for measuring species that were known to be present in PCC, while for 

more recent assessments separation methods (as liquid or gas chromatography) have 

been used. 

Any of these analytical techniques need to be adjusted to the specific target species and 

to the sample matrices from PCC stack sampling, also they need to be validated in 

conjunction with the sampling method (manual or continuous).  

Table 6. Analytical techniques used for amines and nitrosamines 

FT-IR Fourier Transform Infrared Spectroscopy 
IC-MS Ion Chromatography Mass Spectrometry 
GC-TEA Gas Chromatography Thermo-Energy Analysis 

GC-MS Gas Chromatography Mass Spectrometry 

DIMS 
Direct-injection mass spectrometry 

(dominate recent direct air analysis) 

PTR-MS 
Proton Transfer Reaction - Mass Spectrometry 

(no sample pre-treatment, Worton et al., 2023) 
PTR-QMS PTR - Quadrupole Mass Spectrometry 

PTR-ToF-MS PTR - Time of Flight - Mass Spectrometry 

IMR-MS 
Ion-Molecule Reaction Mass Spectrometer 

(Drageset et al. 2022 installed one in an industrial environment) 

APCI-MS Atmospheric Pressure Chemical Ionization - Mass Spectrometry 

SIFT-MS 
Selected Ion Flow Tube - Mass Spectrometry 

(it has been adopted to a greater extent by industry than academia) 
LC-MS Liquid Chromatography Mass Spectrometry 
TONO Total nitrosamines 

 

In the last decade integrated analytical strategies have been developed, which combine 

many advanced analytical instruments, such as gas chromatography-mass spectrometer-

time of flight mass spectrometry (GC-MS-TOF), and liquid chromatography- tandem mass 

spectrometer (LC-MS-MS). 
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However, there are still PCC originated nitrosamines that haven’t been identified or 

quantified [Chen et al., 2018 and references therein]. To address these challenges, some 

relatively recent developments have been proposed. For example, a total nitrosamines 

(TONO) assay along with the synthesis of specific standards has been developed and 

applied to measure the molar concentration of TONO in amine solvents and wash-water 

samples. In the attached Annex 1 it can be found several works where TONO have been 

measured on these PCC compartments and also in the emissions. 

Here is a list of references for Total Nitrosamine (TONO) analysis in aqueous samples: 

• GC-NCD: Gas Chromatography (GC) Nitrogen Chemiluminescence Detector 

(NCD) [Einbu et al., Energy Procedia 37 ( 2013 ) 717 – 726] 

• Chemical denitrosation with CuCl and HCl at 70 °C, detection of NO release using 

ozone-chemiluminescence (NOA 280) [Wang et al., J. Agric. Food Chem. 2005, 

53, 4686−4691] 

• Chemical denitrosation with CuCl and HCl at 70 °C, detection of NO release by 

TEA [Knudsen et al., Energy Procedia 63 ( 2014 ) 6464 – 6475] 

• Treatment with HgCl2/Glacial acetic acid/tri-iodide reducing solution, @ 80 °C, NO 

by O3-NCD [Kulshrestha et al., Environ. Sci. Technol. 2010, 44, 3369–3375]; [Dai 

& Mitch, Environ. Sci. Technol. 2013, 47, 3648−3656] ; [Dai et al., Environ. Sci. 

Technol. 2012, 46, 9793−9801]. 

• Treatment with HBr/Glacial acetic acid/Ethyl acetate, boiling at 80 °C, detection of 

NO by TEA [Fraboulet et al., Energy Procedia 63 ( 2014 ) 848 – 862] 

• Head space GC-MS-NCD as released NO after treatment with HCl and CuCl 

[Knudsen et al., Energy Procedia 63 ( 2014 ) 6464 – 6475] 

Unfortunately, TONO analysis is restricted to nitrosamines, and comparable methods for 

amines or nitramines are not available. In the case of these kind of compounds, only 

ensuring a proper sampling and capture media for all the identified volatility groups, in 

conjunction with the corresponding analytical methods, will allow a reasonable estimation 

of the emissions. 
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Finally, the best available method proposal includes the quantitative determination of 

specific nitrosamines in each one of the identified volatility groups, using the 

corresponding suitable capture media. The principle is to use at least two nitrosamines per 

group, one on the top and one in the bottom of the range, in order to be able to 

encompass the species in between. This strategy will be followed during the validation of 

the method using standard reference material as tracers in order to ensure that the 

sampling recovery is suitable for the species belonging to the different volatility groups. 

This method used in conjunction with TONO analysis will serve to indicate to what extent 

each specific nitrosamine constitutes to the total nitrosamine pool. This information and the 

fractional recovery obtained from the validation phase will help to better assess if the 

emissions are below emission limits. 

11. Monitoring amines and nitrosamines in PCC stacks 
by continuous emissions monitoring systems 

The specific requirements for monitoring amines/nitrosamines in amine-based PCC stacks 

using continuous monitoring systems (CEMS, also called instrumental methods) are 

similar to those for manual methods, especially with respect to sampling 

representativeness and the consequent need to use isokinetic sampling. Here we include 

a brief discussion on the available information about the proposals and few attempts of 

using CEMS sampling and monitoring methods in this challenging context. 

There are no well-established techniques available for continuous monitoring of amines 

and/or nitrosamines in PCC stacks. However, several analytical techniques have been 

proposed and experimentally used in some countries for monitoring stack emissions from 

amine-based PCC in industrial scale trials and pilot plants. 

Although these types of instruments include relatively new analytical approaches with 

LODs and accuracy that (in principle) would be suitable for PCC monitoring, as far as we 

know, there is still a lack of validation studies. No validation data has been found about the 

nitrosamines and amines of interest in PCC, neither on testing the efficacy of these CEMS 

under PCC operational conditions. Furthermore, it is not clear which specific species (or 

groups of species) are meant to be covered by any of these techniques, or which other 

species could be difficult to measure. The wide range of volatilities and solubilities of the 

target compounds, and their potential cross interference (both in IR and mass spectra) are 
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amongst the features to be consider while trying to measure these compounds in the PCC 

stack gas. 

An isokinetic gas inlet split for simultaneous wet sampling (impingers) and continuous 

(CEMS) measurements of some PCC breakdown products can be found in the paper 

published by Fraboulet et al., 2014.  

Finally, whether these techniques can be used combined with iso-kinetic sampling or 

whether their use will be restricted to non-wet PCC emissions is still an open question.  

In general, the main proposed/used CEMS instrumentation includes: 

• FITR: Fourier Transform Infrared Spectroscopy 

• GC-MS: Gas Chromatography Mass Spectroscopy 

• PTR-MS: Proton Transfer Reaction Mass Spectroscopy 

using a quadrupole MS (PTR-Q-MS) or a time-of-flight MS (PTR-TOF-MS) 

• SIFT-MS: Selected Ion Flow Tube Mass Spectrometry 

• IMR-MS: Ion-Molecule-Reaction Mass Spectrometry 

None of these techniques can measure the whole range of species of interest. However, 

several compounds can be measured simultaneously [Buvik et al., 2021]. As it was 

concluded in a previous report [NPL 2024 (a)], currently no suitable methods are available 

for periodic monitoring of amines and/or nitrosamines in PCC stacks conditions. 

Selected Ion Flow Mass Spectroscopy (SIFT-MS) is a relatively new analytical method 

which employs ultra-soft chemical ionisation to directly analyse volatile organic compounds 

(VOCs) in air and headspace in real-time with high specificity and sensitivity. This have 

been applied to analysis of headspace, sample bags, and thermal desorption tubes, in 

areas such as consumer and drug product testing for volatile impurities, environmental 

samples, clinical research, and materials testing [Langford and Perkins 2024], although 

the same authors propose the complementarity of this real-time analyser to conventional 

laboratory techniques, such as GC-MS [Langford 2023]. In all these cases validations of 

the applied methods have been undertaken, and it is worth nothing that the laboratory 

analysis of stack samples implies different matrices, therefore validation tests will be 

necessary to assess the performance of such analytical methods in the frame of PCC 

monitoring. 
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In principle, SIFT-MS would be suitable as analytical technical for PCC manual stack 

monitoring, although no testing and validation data has been found in the literature.  

In a recent review, the authors claim that amongst its applications we can find from real‐

time analysis, obviating sample collection of very humid exhaled breath, to its adoption in 

industrial scenarios for air quality monitoring [Smith et al. 2025]. However, in other recent 

works [Belluomo et al. 2021 and 2024], it is claimed that SIFT-MS is immune to the effects 

of the water vapor present in breath, and that humidity measurement can be used as an 

additional quality control for adequate breath sampling. If this technology can effectively 

afford the sampling of the PCC wet gases, then it could become a promising option for 

CEM. However, up to our knowledge, this technology has not been validated for PCC 

stack gases, which are even more humid than a breath and are characterised by higher 

temperatures (40 to 80 ⁰C). Any attempt in this direction must be thoroughly assessed and 

validated before use. 

Furthermore, online mass spectrometry (MS) methods face significant challenges when 

analysing chemically complex mixtures such as amine-treated flue gas. Analysers based 

on IMR-MS and SIFT-MS utilise relatively low-cost, low-resolution mass filters, which limit 

their ability to analyse complex mixtures. As a result, these mid-range analysers can 

reliably monitor only a narrow range of amines and degradation products [Languille et al. 

2024] 

On the other hand, a recent conference work [Languille et al. 2024] recognises that, 

despite its advantages, PTR-TOF-MS analysis of amine-treated flue gas poses significant 

challenges for plant operators, while it is expected that the future regulatory framework 

could be leading to at least ppm amine and ppb nitrosamine levels in flue gas. These 

authors mentioned that, albeit at a higher cost, PTR-TOF-MS has been previously 

employed for the continuous monitoring of solvent amine emissions and a wide range of 

degradation products. However, in the cited references only few amines are mentioned or 

measured (MEA, AMP, PZ, etc.), while no nitrosamines are quantified, and no validation 

testing/data is mentioned or referenced. 

Finally, Languille et al. [2004] also claimed that they have successfully deployed PTR-ToF-

MS analysers at industrial sites and developed streamlined workflows, however no data is 
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shown in the mentioned reference, and nothing is commented about the species 

measured, neither about the experimental measurement method validation. 

Any technique selected for continuous monitoring should be validated using wet chemical 

(manual sampling) methods. Again, accredited laboratories with validated analytical 

methods for the specific amines and nitrosamines are required for the determination of the 

concentration of those chemicals within the obtained samples. 

12. Conclusions 
Amines and nitrosamines (and also nitramines) potentially emitted by amine-based PCC 

plants comprise a list of species which have a wide range of physicochemical parameters 

that affect their emissions and the effectiveness of the proposed monitoring methods 

(sampling and measurement). 

We propose a classification of these compounds into five groups according to their 

volatilities (considering the corresponding vapor pressures), this classification can be seen 

in Table 2, and all species identified in PCC has been classified in Annex 1. For many of 

these species the vapour pressure values are not available, so estimations based on data 

interpolation/extrapolation were used for the classification. Also, several values found in 

the literature are inconsistent amongst them, for that reason further quality control of the 

data is required before publishing the list of values. 

Using the aforementioned classification, we identify and propose three different set of 

monitoring methods covering the following groups (section 7.1, 7.2 and 7.3 respectively): 

Highest volatility, High and Medium volatility and Lower and Lowest. 

There are no available testing and validation data for most of the proposed methods 

applied to PCC emissions monitoring. Amongst the proposed methods, the only one with 

known validation data is the manual sampling method for volatile nitrosamines (section 

7.2), for which some improvements are proposed in this report (section 8). This method 

can potentially be applied to volatile amines in the same range (high and medium 

volatility), but this should be validated separately. 

The lack of test and validation data on the proposed methods applied to PCC stack 

monitoring makes it difficult to foreseen what the corresponding uncertainties will be. In the 
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case of the validated method for volatile nitrosamines [NPL 2024 (c)] the relative 

uncertainty for the species belonging to the high volatility group was near 12% (recovery 

≈100%), while for most of the species in the medium volatility group it was 20% (recovery 

75-80%), although this figures are expected to get better by the method improvements 

proposed in section 8. 

The operating conditions on PCC stacks, particularly the relatively low temperature (below 

the dew point), presence of water droplets, and the need of isokinetic sampling, could 

impact the efficacy of the proposed methods. 

Further design and experimental validation is required before using these methods for 

monitoring purposes, this task could be carried out as a further phase of this project. The 

validations should include experiments using standard reference material (amines or 

nitrosamines) to produce synthetic samples of know pollutant concentration aiming to 

demonstrate the efficacy of the different proposed methods on PCC simulated conditions. 

We have already identified representative (commercially available) reference standard 

materials for amines and nitrosamines covering the whole range of parameters of interest, 

which can be used for the validations. On the other hand, the NPL test rig is capable to 

simulate the required PCC conditions providing the corresponding metrological approach 

for the simulated flue gases and the mentioned conditions. 
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Annex 1 
 

This Annex (the icon above) is an embedded Excel file (.xlsx extension) 

We suggest using one of the following options to open this file. 

1. Use Adobe Acrobat Reader — Free PDF Viewer 

- Download here https://get.adobe.com/reader/  

- Double click the icon below to open the attached Excel file 

- Or use the right hand click and select “Open file” from the menu 

- Or use the right hand click and select “Save embedded file to disk” from the menu 

2. PortPDF — Free Online PDF Attachment Viewer/Extractor 

- https://portpdf.com/blog/how-to-edit-pdf-attachments-online-free.html  

- Upload the PDF 

- The tool displays the embedded attachments 

- Click Extract next to the .xlsx file 

- Download the extracted Excel file 

- Open the .xlsx file in Excel or other appropriate reader of spreadsheets 

3. UPDF — Free online extraction tool ONLY 

- Instructions here: https://updf.com/annotate-pdf/extract-embedded-files-from-pdf/  

https://get.adobe.com/reader/
https://portpdf.com/blog/how-to-edit-pdf-attachments-online-free.html
https://updf.com/annotate-pdf/extract-embedded-files-from-pdf/

Amine breakdown products (lock)

		National Physical Laboratory																		Reference number		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63
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(3.2 + 0.8 M)		MEA 30%		MEA				MEA 30%		MEA 30%		Review		Review		MEA 30%		MEA, MOR, DEA, TEA, AMP, TRIS, EDA, GLY, ALA, AP		MEA 30%, RS-2TM		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA 30%, ACCTM S26		MEA 30%		MEA 30%		MEA 30%, S21, S26		MEA 30%		MEA 30%		MEA 30%		MEA, PZ, 2MPZ & MDEA		MEA 30%, KS-1		MEA 30%		MEA 30%		MEA 30%		MEA, AMP, PZ, MDEA		MEA 30%		MEA, DEA, MDEA, PZ		MEA 30%		MEA 30%		MEA 30%		MDEA		PZ		MEA		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA + 11 amines		MEA, PZ		MEA

		Author: Dr. Haydn Barros (haydn.barros@npl.co.uk)																		Observed time		-		-		y		49 weeks
3 weeks
no info		3 weeks		13 weeks				77 weeks		-		-				12 weeks		~1600 Hours		-		-		-		-		8 weeks		5 weeks		5-7 weeks		11 weeks		10 weeks				~834 Hours		400, 535, 972 hours				-		6 weeks		6 hours		some months		-		-		-		2-3 Days				up to 8 weeks		-		-		-		14 weeks		~1600 Hours		1350 Hours		5 weeks		-		-		-		-		5 days		-		-		-		-		14 weeks		1 week		15 weeks		4 days test rig +
1 day batch		1-5 weeks		-		-		~1600 hours		2 weeks		> 1 week		-

		Amines and its degradation products in the CO2 carbon capture industry																		Flue gas matrix		-		-				CO2 5%
CO2 20%
no info		Air, CO2, O2, NO2				CO2, no more info				-		-				H2O, CO2, O2, NOx, SOx		-		-		-		-		-				N2, CO2, O2, NOx, SOx		CO2				O2, N2, CO2, SO2, NOx				-		-				-		CO2, H20, O2, N2 + Ar, SO2, NOx		CO2, H20, O2, N2, NO2, NO		-		-		-		-		O2, SOx, NOx, HCl...		-		O2, N2, CO2, H2O, SO2, NOx, Dust		-		-		-		N2, CO2, O2, NOx		-		-		CO2, O2		-		CO, CO2, SO2, HCl		-		-		N2, CO2, O2, NO, NO2		-		-		CO2, O2, CO, SOx, NOx, HCl		-		Air, H2O, CO2, etc.		O2, CO2		2% CO2 / 98% O2		O2, N2, CO2, NOx, H2O		Air, CO2		-		-		O2, CO2, H20, SO2, NOx, Dust		Air, CO2		Air, N2, CO2		-

		Last update June 2025																		Absorber T (⁰C)		-		-		Solvent		38-40
30-32
no info		35-40				30-50				-		-						-		-		-		-		-				25-80		135		35-37		40				-		-				-		55.2?		48		-		-		-		-		-		-		-		-		-		-		40		-		-		40-55		-		NO, NO2, NH4		-		-		44		-		-		-		-				55		-		44 at test rig
120 at batch		55		-		-		-		140		55		-

		Notes:								Groups of compounds:										Stripper T (⁰C)		-		-		proposed		120 ⁰C
120 ⁰C
No info		120-130				no information		-		-		-						-		-		-		-		-				110-150		-		110-120		100				-		-				-		120?		120		-		-		-		-		-		-		-		-		-		-		120-140		-		-		80-150		-		-		-		112-115		No information		-		-		-		-				up to 120		55, 150, 175				135		-		-		-		140		55		-

		1. The symbol / separates equivalent identifiers for a given species								Volatility (vapour pressure range in kPa, values at 20-25 ⁰C )										Experimental rig / Lab Scale		-		-		for PCC		x		LR2 - TNO		x		x		-		-		-				x		-		-		-		-		-		x		SDR		OD 316 stainless steelcylinders				IFPEN				-		-				-		-		Lab scale 5 cm diam
40 cm length		x		-		-		-		-		-		x		-		-		x		SDR		-		-		ISDA, HTCS & Miniplant		x		-		-		-		Aminox pilot reactor		-		-		-		-		x		ISDA		½" diam x 5" length and
Original Oxidation Reactor 0.6 L		AminoxTM test rig		Lab scale		-		-		-		Lab scale		Lab scale		x

		2. The colors group the compounds in terms of the vapor pressure (VP)								Highest
(> 2.3)		High
(0.01 - 2.3)		Medium
(0.001 - 0.01)		Lower
(0.00001 - 0.001)		Lowest
(< 0.00001)		Pilot plant		-		-		y		Lignited-fired PP
Refinery x H2 prod
Waste x energy		1TPD - TERC		TC Mongstad		Plant		Niederaussem (c)		-		Łaziska				TCM DA		Heilbronn (a)		Niederaussem		TCM		Heilbronn (B)		CAER 0.7 Mwe		UKy-CAER		x		x		TCM (Mongstad)		x				Loy Yang		-		Not measured		-		CSIRO Australia / CERI China		x		Ferrybridge		TNO's CO2 Capture plant		Niederaussem		-		Heilbronn		-		Aker Solutions MTU		Mikawa		TCM DA (a)		Mongstad		Esbjerg		Heilbronn (A)		-		-		PSTU, NCCC		MTU - NCCC		Maasvlakte		CSIRO / Loy Yang		x		Logannet/ Esbjerg		-		Esbjerg		Niederaussem (a)		SINTEF		x		x		x		Esbjerg		-		Maasvlakte		-		x		x		IMC Chems. Facility

		3. Species shaded in white not yet classified in terms of vapour pressure																		Volume / features		-		-						0.6 L (abs) / 5 L (stripper) 70 L (abs) / 450 m3 (str)						-		-		-						-		-		-		-		-				5 L		1/2 diam x
5" length				20 L				-		-		*Std ref mat proposed		Measured		-		-		-		-		-		-		-		-		2.26 m3		-		-		-		5 L		-		-		0.7: 0.35 and 0.35 L		-		-		-		-		3 columns, 11 cm diam. X 85 cm 		-		-		-		-		500 L		1.2 L		-				-		-		-		-		0.1 L		few litres

		4. Other compounds are grouped by type (also shaded in colours)																		DOI / Link		UK EA 2025		UK EA 2024		https://static1.squarespace.com/static/61a4d2a041902b6d99f6407d/t/63dceeda92512e6528479327/1675423469233/SCOPE+D3.1+-+PNEC+and+degradation+data+and+pathways+for+amines+and+amine+degradation+products-2.pdf		https://doi.org/10.1016/j.ccst.2023.100110		https://ssrn.com/abstract=4279777		https://ssrn.com/abstract=3812139		https://dx.doi.org/10.1021/acs.est.0c04630		https://doi.org/10.1016/j.ijggc.2019.102945		https://doi.org/10.1016/j.ijggc.2019.102845		https://doi.org/10.1007/s13762-017-1475-z		https://doi.org/10.1016/j.cej.2017.11.032		doi: 10.1016/j.egypro.2017.03.1379		CANNOT FIND DOI		https://doi.org/10.1016/j.egypro.2017.03.1245		https://doi.org/10.1016/j.egypro.2017.03.1377		https://doi.org/10.1016/j.egypro.2017.03.1376		https://doi.org/10.1016/j.ijggc.2017.08.003		doi: 10.1016/j.egypro.2017.03.1242		doi: 10.1016/j.egypro.2017.03.1341		http://dx.doi.org/10.1016/j.ijggc.2016.01.022		GHGT-13		https://hal.science/hal-01410521				https://doi.org/10.1021/acs.energyfuels.5b00713		https://doi.org/10.1016/j.ijggc.2015.09.015		https://www.sepa.org.uk/media/155585/review-of-amine-emissions-from-carbon-capture-systems.pdf		https://www.sepa.org.uk/media/155585/review-of-amine-emissions-from-carbon-capture-systems.pdf		https://doi.org/10.1016/j.egypro.2014.11.149		DOI: 10.1021/acs.est.5b03085		doi: 10.1016/j.egypro.2014.11.655		https://doi.org/10.1016/j.ijggc.2014.06.022		https://doi.org/10.1016/j.egypro.2014.11.100		https://doi.org/10.1016/j.egypro.2014.11.098		https://doi.org/10.1016/j.egypro.2014.11.668		https://doi.org/10.4209/aaqr.2013.05.0150 		doi: 10.1016/j.egypro.2014.11.682		https://doi.org/10.1016/j.egypro.2014.07.020		doi: 10.1016/j.egypro.2014.11.636		doi: 10.1016/j.egypro.2014.11.658		doi: 10.1016/j.egypro.2013.05.160		https://doi.org/10.1016/j.egypro.2013.06.576		https://doi.org/10.1016/j.egypro.2013.06.072		doi: 10.1016/j.egypro.2013.06.091		https://www.researchgate.net/publication/334126566		https://doi.org/10.1016/j.egypro.2013.06.058		https://doi.org/10.1016/j.egypro.2013.05.167		https://doi.org/10.1016/j.fuel.2012.02.023		dx.doi.org/10.1021/es301867b		https://doi.org/10.1021/ie300718a		https://doi.org/10.1016/j.ijggc.2012.06.015		https://doi.org/10.1016/j.ijggc.2011.11.015		https://doi.org/10.1016/j.ijggc.2011.05.011		doi:10.1016/j.egypro.2011.02.050		doi:10.1016/j.egypro.2011.01.018		https://repositories.lib.utexas.edu/items/c87e48af-7b18-4ece-92de-a3b3f1cb4c79		doi:10.1016/j.egypro.2011.02.026		doi:10.1016/j.egypro.2011.02.037		https://ieaghg-publications.s3.eu-north-1.amazonaws.com/Technical+Reports/2010-11+Workshop+on+Environmental+Impact+of+Amine+Emissions+during+Post-Combustion+Capture.pdf		https://doi.org/10.1016/j.egypro.2013.05.167		doi: 10.1016/j.egypro.2014.11.682		doi:10.1021/ie900472x		https://repositories.lib.utexas.edu/server/api/core/bitstreams/da4c12f6-20e6-4f1e-91b4-2d421382792d/content		doi:10.1021/ef020272i		.		.		.
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		Nitrosamines measured in post combustion amine-based CO2 capture (species organised by vapour pressure, lower to higher) 

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Nitrosamine compound		Acronym.						x

		0		Nitrosamine		-		-		-		-				-		Total  Nitrosamines		TONO																		<LOD						y						Y				<LOQ		Y		90% unknown				y																y		y		Y				Y						<LOD				<LOD		< LOD		42% unknown												Y				y						<LOD				<LOD																				100% unknown

		1		Nitrosamine								74		C2H6N2O		62-75-9		N-Nitrosodimethylamine		NDMA		y		y		y																y																						y		y								y																								< LOD		y (detected)								y								y																y

		2		Nitrosamine		Secondary		Linear		-		88		C3H8N2O		10595-95-6		N-Nitroso-Methyl-Ethyl-amine		NMEA		y		y		y																y																																																								< LOD

		3		Nitrosamine		Secondary		Linear		-		102		C4H10N2O3		55-18-5		N-Nitrosodiethylamine		NDEA		y		y		y																y																								y								y																								< LOD

		4		Nitrosamine		Secondary		Linear		-		130		C6H14N2O		601-77-4		N-Nitrosodi-iso-propylamine		NDIPA		y		y																																																y*

		5		Nitrosamine		Secondary		Linear		-		130		C6H14N2O		621-64-7		N-Nitrosodipropylamine		NDPA		y		y		y																																																																								< LOD

		6		Nitrosamine		Secondary		Ring (6)		-		114		C5H10N2O		100-75-4		N-Nitrosopiperidine		NPIP				y		y																y																																																								< LOD

		7		Nitrosamine		Secondary		Ring (5)		Oxide		116		C4H8N2O2		39884-53-2		N-nitroso-2-methyl-oxazolidine		NMOx																						y																								y

		8		Nitrosamine		Secondary		Ring (5)		-		100		C4H8N2O		930-55-2		N-Nitrosopyrrolidine		NPYR		y		y		y																																																																								< LOD

		9		Nitrosamine		Secondary		Linear		-		158		C8H18N2O		924-16-3		N-Nitrosodi-n-butylamine		NDBA		y		y																		y																																y																								< LOD

		10		Nitrosamine		Secondary		Linear		-		158		C8H18N2O		997-95-5		N-Nitrosodi-iso-butylamine		NDIBA																																																						y

		11		Nitrosamine		Secondary		Ring (6)		Oxide		116		C4H8N2O2		59-89-2		N-Nitrosomorpholine		NMOR / NSMO		y		y		y																y																						y										y				y																				< LOD										y								y																y

		12		Nitrosamine, Amine		Secondary, Secondary		Ring (6)		-		115		C4H9N3O		5632-47-3		N-nitrosopiperazine		MNPZ (NPZ)		y		y		y						y										y																																																																										y

		13		Nitrosamine		Secondary		Linear		Alcohol		118		C4H10N2O2		13147-25-6		Ethylethanolnitrosamine / 2-(Ethylnitrosamino)ethanol		EHEN / NEELA		y		y																		y

		14		Nitrosamine		Secondary		Linear		Alcohol		104		C3H8N2O2		26921-68-6		2-(Methylnitrosoamino)ethanol		NMELA																						y

		15		Nitrosamine		Secondary		Linear		Alcohol x 2		134		C4H10N2O3		1116-54-7		N-Nitrosodiethanolamine		NDELA		y		y		y																y		y																		2-4% TONO		y										y				y																		Y		Y		2% TONO								y								y		y								Y						y

		16		Nitrosamine		Secondary x 2		Ring (6)		-		114		C4H8N4O2		140-79-4		N,N´-Dinitrosopiperazine		DNPIPA / DNPZ		y		y		y																y																																																																										y

		17		Nitrosamine		Secondary		Linear		Glycine, Alcohol		148		C4H8N2O4		80556-89-4		Nitroso-(2-hydroxyethyl)-glycine		N-HEGly						y				y												y		y														10% TONO				60-68% TONO																																						56% TONO

		18		Nitrosamine		Secondary		Ring (6) x 2		-		226		C14H14N2O		5336-53-8		N-nitrosodibenzylamine		NDBzA		y		y

		19		Nitrosamine		Secondary		Linear		-		299		C18H38N2O		1207995-62-7		N,N-bis(3,5,5-trimethylhexyl)nitrous amide		NDiNA																																																						y

		20		Nitrosamine		Secondary		Ring (6)		Alcohol		159		C6H13N3O2		48121-20-6		4-Nitroso-1-piperazineethanol		-		y		y

		21		Nitrosamine, Nitramine		Secondary, Secondary		Ring (6)		Nitramine		160		C4H8N4O3		107938-05-6		1-nitro-4-nitrosopiperazine		-																						y																																																																										y



		Amines measured in post combustion amine-based CO2 capture (species organised by vapour pressure, lower to higher) 

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Amine compound		Acronym.

		0		Amine		-		-		-		-		-		-		Solvent amines (other than MEA)		-																								Y				Y		Y				Y																												Y		Y		Y						<LOD				Y		y										Y		Y												Y				Y										<LOD		Y

		0		Amine		-		-		-		-				-		Total amines		Tot-A																																																						y																		y

		1		Amine		Primary		Linear		-		31		CH5N		74-89-5 		Methylamine 		MA / MMA		y		y		y						y												y														y				y																														y								y

		2		Amine		Tertiary		Linear		-		59		C3H9N		75-50-3 		Trimethylamine 		TMA				y

		3		Amine		Secondary		Linear		-		45		75-04-7 		124-40-3		Dimethylamine		DMA		y		y		y																		y														y				y				y								y																		y						y		y								y

		4		Amine		Primary		Linear		-		45		75-04-7 		75-04-7 		Ethylamine 		EA		y		y		y																		y														y				y																														y						y		y								y

		5		Amine		Secondary		Linear		-		59		C3H9N		624-78-2		Ethylmethylamine		EMA		y		y		y																		y														y

		6		Amine		Primary		Linear		-		59		C3H9N		107-10-8		Propylamine		PA / MPA						y																		y																																																y

		7		Amine		Secondary		Linear		-		73		C4H11N		109-89-7		Diethylamine		DiEA		y		y		y																		y														y				y																														y						y		y

		8		Amine		Secondary		Ring (5)		-		71		C3H5NO		504-77-8		4,5-dihydro-oxazole		2-oxazoline																																						y								y

		9		Amine		Tertiary		Linear		-		101		C6H15N		121-44-8 		Triethylamine 		TEA				y		y

		10		Amine		Secondary		Ring (6)		-		93		C6H7N		108-99-6		3-Methylpyridine		3-Mpy																																						y								y

		11		Amine		Secondary		Linear		-		101		C6H15N		142-84-7		Dipropylamine		DPA																																																																								y

		12		Amine		Secondary & Tertiary		Linear		-		88		C4H12N2		108-00-9		1,1-Dimethylethylenediamine		DMEN / N N diMEDA		y		y																																																																																																																						from DMEN

		13		Amine		Secondary		Linear		-		88		C4H12N2 		110-70-3		Dimethyl ethylene diamine		DMEDA / N N' diMEDA		y																																																																																																																								from 3MEDA*, DMEDA

		14		Amine		Secondary x 2		Ring (6)		-		80		C4H4N2		290-37-9		Pyrazine (it is a diazine, it is not an amine)		Pyrazine						y																		y														y				y		y		y

		15		Amine		Secondary		Ring (6)		-		93		C6H7N		109-06-8		2-Methylpyridine		2-Mpy																																														y

		16		Amine		Primary x 2		Linear		-		60		C2H8N2		107-15-3		Ethylenediamine		EDA				y		y																																		y																																																																						y														from PZ

		17		Amine		Secondary		Ring (6)		Oxide		87		C4H9NO		110-91-8 		Morpholine		MOR		y		y		y						y												y																		y

		18		Amine		Secondary x 2		Ring (6)		-		94		C5H6N2O		109-08-0		Methylpyrazine / 2-Methylpyrazine		2-MP						y																																y						y		y

		19		Amine		Primary		Linear		Alcohol		89		C4H11NO		124-68-5 		2-amino-2-methyl-propanol 		AMP		y		y		y						y		y																																																																																																												From AMP

		20		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		Next 3 CAS No.		n,m-Dimethylpyrazine (total)		DM-Pyrazine, DM						y																																y						?

		21		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		123-32-0		2,5-Dimethylpyrazine		DM																																												y

		22		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		108-50-9		2,6-Dimethylpyrazine		DM																																														y

		23		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		5910-89-4		2,3-Dimethylpyrazine		DM																																														y

		24		Amine		Secondary		Linear		Alcohol, Amide		103		C4H9NO2		142-26-7		N-(2-Hydroxyethyl)acetamide / N-acetylethanolamine		HEA						y		y		y														y														y				y		y																																Y		Y		y																		Y								Y								y												y*

		25		Amine		Secondary x 2		Ring (6)		-		122		C7H10N2		14667-55-1		2,3,5-Trimethylpyrazine		2,3,5-TM-pyrazine																																						y

		26		Amine		Secondary x 2		Ring (6)		-		122		C7H10N2 		15707-23-0		2-Ethyl-3-methylpyrazine		2-Ethyl-3-methylpyrazine																																						y						y		y

		27		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		13925-00-3		2-Ethylpyrazine		2-Ethylpyrazine																																						y						y		y

		28		Amine		Secondary		Linear		Alcohol		75		C3H9NO		109-83-1		2-(Methylamino)ethanol		MMA / MAE						y																																																																								y																																												from DMEA, MAE

		29		Amine		Tertiary		Linear		Alcohol		117		C6H15NO		100-37-8		Diethylaminoethanol / 2-Diethylaminoethanol		DEELA / DEEA		y		y		y

		30		Amine		Secondary		Linear		Alcohol		89		C4H11NO		110-73-6 		2-(Ethylamine)ethanol / N-Ethylaminoethanol		EAE		y		y		y

		31		Amine		Secondary		Ring (5)		Amide, Oxide		87		C3H5NO2		497-25-6		Oxazolidone / 2-Oxazolidinone / 1,3-Oxazolidin-2-one		OZD						y		y		y						Y								y		Y										Y		y		y		y		y		y		y																								Y				Y				y														Y				Y								Y								y								from HEEDA				y

		32		Amine		Primary		Linear		Alcohol		61		C2H7NO		141-43-5		Mono-Ethanolamine		MEA		y		y		y								y										y												y		y				y		y										y						 												y								y						from MEA		y																																		MEA, HEEDA, DMEN				y

		33		Amine		Primary		Linear		Alcohol		75		C3H9NO		156-87-6		3-Aminopropanol* / N-Propanolamine		PLA / AP / 3AP				y		y

		34		Amine		Secondary x 2		Ring (6)		-		86		C4H10N2		110-85-0		Piperazine		PIP / PZ		y		y		y						y		y																																																																								from PZ

		35		Amine		Secondary x 2		Linear		Alcohol x 2, Amide x 2		176		C6H12N2O4		1871-89-2		N,N'-Bis(2-hydroxyethyl)oxamide		BHEOX						y		y		y														y		Y												y				y		y				y																																y														Y				Y								Y								y

		36		Amine		Secondary		Linear		Alcohol x 2		105		C4H11NO2		111-42-2		Diethanolamine		DEA		y		y		y																		y																		y		y																																				y																												y														from MDEA, DEA

		37		Amine		Primary & Secondary		Linear		Alcohol		104		C4H12N2O		111-41-1		N-(2-Hydroxyethyl)-Ethylene-diamine		HEEDA / AEEA		y		y		y		y																y												y		y				y		y																																																														Y								y								from HEEDA

		38		Amine		Tertiary		Linear		Alcohol x 2		119		C5H13NO2		105-59-9		N-Methyldiethanolamine 		MDEA		y		y		y																																																																																from MDEA																						y														from MDEA

		39		Amine		Secondary & Tertiary		Ring (6)		Alcohol		130		C6H14N2O		103-76-4		Hydroxyethylpiperazine		EtOH-PZ / PZE / HEP		y		y		y																																		y																																																																						y

		40		Amine		Secondary & Tertiary		Ring (6)		Aldehyde		114		C5H10N2O		7755-92-2		1-Formylpiperazine / 1-Piperazinecarboxaldehyde		1FP / FPZ		y		y																																																																																																										y

		41		Amine		Tertiary		Linear		Alcohol x 2		133		C6H15NO2		139-87-7		N-ethyldiethanolamine 		EDELA		y		y

		42		Amine		Secondary x 2		Ring (6)		Amide		100		C4H8N2O		5625-67-2		Piperazin-2-one		2-PO		y		y		y		y		y

		43		Amine		Secondary		Linear		Alcohol, Aldehyde		89		C3H7NO2		693-06-1		N-(2-Hydroxyethyl)formamide / N-formylethanolamine		HEF						y		y		y														y												Y		y				y		y																																Y		Y		y																		Y								Y								y										from MEA		y

		44		Amine		Secondary & Tertiary		Ring (5)		Alcohol		112		C5H8N2O		1615-14-1		2-(1H-Imidazol-1-yl)ethanol		HEI						y		y		y														y		Y										y		y				y		y				y																												Y		Y		y														Y				Y								Y								y										from MEA

		45		Amine		Tertiary x 2		Ring (6)		Alcohol x 2		174		C8H18N2O2		122-96-3		1,4-Piperazinediethanol / 1,4-Bis(2-hydroxyethyl)Piperazine		BHEP		y		y																																				y																																																																																		from DEA

		46		Amine		Secondary & Tertiary		Ring (5)		Alcohol		126		C6H10N2O		1615-15-2		N-(2-hydroxyethyl)-2 methyl imidazole		HEMI																																				y

		47		Amine		Tertiary x 2		Ring (6)		Aldehyde, Alcohol		158		C7H14N2O2		25209-64-7		1-formyl-4-(2-hydroxyethyl) piperazine		-		y		y

		48		Amine		Primary		Linear		Alcohol x 3		121		C4H11NO3		77-86-1		Tris(hydroxymethyl)aminomethane 		TRIS				y

		49		Amine		Secondary		Linear		Alcohol, Glycine		119		C4H9NO3		5835-28-9		N-(2-hydroxyethyl)glycine		HEGLy				y		y		y		y														y												Y		y				y		y																																Y		Y		y																		Y								Y

		50		Amine		Tertiary		Linear		Alcohol x 3		149		C6H15NO3		102-71-6		Triethanolamine 		TELA / TEA				y		y																																		y																																																																																		from MDEA

		51		Amine		Tertiary		Ring (5)		Alcohol, Amide x 2		143		C6H9NO3		18190-44-8		1-(2-hydroxyethyl)-2,5-pyrrolidinedione / N-(2-hydroxyethyl)-succinimide		HESucc																																																																																																																														y

		52		Amine		Tertiary		Linear		Alcohol x2, Glycine		163		C6H13NO4		150-25-4		Bicine		Bicine						y																		y		Y																y		y				y																																						y								Y				Y								Y		y

		53		Amine		Secondary & Tertiary		Ring (6)		Alcohol, Amide		144		C6H12N2O2		59702-23-7		1-(2-hydroxyethyl) piperazin-2-one		1HEPO						y				y														Y														y						y																																Y		Y		y																		Y								Y								y												y

		54		Amine		Secondary & Tertiary		Ring (6)		Alcohol, Amide		144		C6H12N2O2		23936-04-1		4-(2-hydroxyethyl) piperazin-2-one		4HEPO		y		y				y																y																		y		y																																																																																		y

		55		Amine		Secondary x 2		Linear		Amide, Alcohol x 2		148		C5H12N2O3		15438-70-7		N,N'-bis(2-hydroxyethyl)-urea		MEA urea / BHEU						y		y		y																												y						y

		56		Amine		Secondary & Tertiary		Ring (5)		Alcohol, Amide		130		C5H10N2O2		3699-54-5		1-(2-hydroxyethyl)-2-imidazolidinone		HEIA						y		y		y						Y								y		Y										y		y				y		y		y		y																																														Y										Y										y								from HEEDA				y

		57		Amine		Secondary		Linear		Amide, Alcohol x 2		119		C4H9NO3		3586-25-2		2-Hydroxy-N-(2-hydroxyethyl)acetamide		HHEA																																																																																																																		y

		58		Amine		Secondary x 2		Linear		Amide, Alcohol x 2		162		C6H14N2O3		144236-39-5		N-(2-hydroxyethyl)-2-[(2-hydroxyethyl)amino]-acetamide		HEHEAA						y		y		y														y												y		y				y																																																																								y





		Additional amines measured in post combustion amine-based CO2 capture (organised by molecular mass)

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Amine compound		Acronym.

		1		Amine		Primary		Linear		Amide		45		CH3NO 		75-12-7		Formamide		FA						y						y												y																		y																																																																		y																from PZ

		2		Amine		Primary		Linear		Amide		59		C2H5NO		 60-35-5		Acetamide		-						y																		y																		y

		3		Amine		Secondary		Ring (5)		-		67		C4H5N		109-97-7		Pyrrole		-						y																																						y		y

		4		Amine		Primary		Ring (5)		-		73		C3H7NO		504-76-7		Oxazolidine		-																																												y		y

		5		Amine		Tertiary		Linear		Amide		73		C3H7NO		68-12-2		N,N-dimethylformamide		DMF																																														y

		6		Amine		Primary & Secondary		Linear		-		73		C3H10N2		109-81-9		2-(Methylamino)ethylamine		-																																																																																																																										from MEA, DMEN

		7		Amine		Primary		Linear		Alcohol, Aldehyde		75		C2H5NO2		56-40-6		Glycine		Glyc / GLY						y																																						y

		8		Amine		Secondary		Ring (5)		-		85		C4H7NO		1120-64-5		2-Methyloxazoline		-																																												y

		9		Amine		Secondary x 2		Ring (5)		Amide		86		C3H6N2O		120-93-4		Ethyleneurea / 2-imidazolidone		2-Imid																																																																																																														y

		10		Amine		Secondary		Ring (5)		-		87		C4H9NO		16250-70-7		2-Methyloxazolidine		-																																														y

		11		Amine		Tertiary		Linear		Alcohol		89		C4H11NO		108-01-0		Deanol		DMEA / DMAE / DMMEA						y																																																																																																																				from MDEA, DMEA

		12		Amine		Secondary x 2		Ring (5)		Aldehyde		96		C4H4N2O		10111-08-7		2-imidazolecarboxaldehyde		-																																																																																																																														y

		13		Amine		Secondary & Tertiary		Ring (5)		Aldehyde		100		C4H8N2O		694-32-6		1-Methyl-2-imidazolidinone		-																																																																																																																										from MEA, DMEN

		14		Amine		Secondary & Tertiary		Ring (6)		-		100		C5H12N2 		109-01-3		1-Methylpiperazine		1MPZ																																																																																																														y												from DMP

		15		Amine		Secondary & Tertiary		Ring (6)		-		100		C5H12N2		109-07-9		2-Methylpiperazine		2MPZ																																																																																						from 2MPZ

		16		Amine		Secondary		Ring (5)		-		101		C5H11NO		16250-71-8		2-Ethyloxazolidine		-																																														y

		17		Amine		Secondary		Ring (5)		Aldehyde		101		C4H7NO2		19836-78-3		3-Methyl-2-Oxazolidinone		-																																																																																																																										MDEA, DMEA, MAE, TMEDA

		18		Amine		Secondary		Ring (5)		-		101		C5H11NO		51200-87-4		4,4-Dimethyloxazolidine		DMO						y						y												y																		y

		19		Amine		Secondary & Tertiary		Linear		-		102		C5H14N2		142-25-6		Trimethyl ethylene diamine		3MEDA*																																																																																																																										from TMEDA, 3MEDA*

		20		Amine		Secondary		Linear		Alcohol		103		C5H13NO		27646-80-6		2-Methyl-2-(methylamino)propan-1-ol		MeAMP						y						y																																																																																																														from AMP

		21		Amine		Primary		Linear		Alcohol x 2		105		C4H11NO2		115-69-5		Aminomethyl Propanediol / 2-Amino-2-methyl-1,3-propanediol		AMPD						y																																		y

		22		Amine		Secondary		Ring (6)		-		107		C7H9N		100-71-0		2-ethylpyridine		-																																														y

		23		Amine		Secondary		Ring (6)		-		107		C7H9N		583-61-9		2,3-dimethylpyridine		-																																														y

		24		Amine		Secondary		Ring (6)		-		107		C7H9N		536-78-7		3-ethylpyridine		-																																														y

		25		Amine		Secondary & Tertiary		Ring (5)		Aldehyde		110		C5H6N2O		13750-81-7		1-methyl-2-imidazolecarboxaldehyde		-																																																																																																																														y

		26		Amine		Tertiary		Ring (5)		Alcohol		111		C6H9NO		6719-02-4		N-(2-hydroxyethyl)pyrrole		HEPyr																																												y		y

		27		Amine		Tertiary x 2		Ring (6)		3D Ring		112		C6H12N2		280-57-9		Triethylenediamine		TEDA																																								y

		28		Amine		Secondary		Ring (5)		Amide		114		C5H10N2O		80-73-9		1,3-Dimethyl-2-imidazolidinone		DMEU																																																																																																																										DMP, 3MEDA*, DMEDA

		29		Amine		Secondary		Ring (6)		-		114		C6H14N2		106-58-1		1,4-Dimethylpiperazine		DMP																																																																																																																										MAE, DMP, TMEDA, 3MEDA*, DMEDA

		30		Amine		Secondary & Tertiary		Ring (6)		-		114		C6H14N2		5308-25-8		1-Ethylpiperazine		EPZ																																																																																																														y

		31		Amine		Secondary		Ring (5)		-		115		C6H13NO		17026-89-0		2-ethyl-2-methyloxazolidine		-																																														y

		32		Amine		Secondary		Ring (5)		-		115		C6H13NO		53019-51-5		2-propyloxazolidine		-																																														y

		33		Amine		Secondary		Ring (5)		Amide		115		C5H9NO2		26654-39-7		4-Dimethyl-2-oxazolidon		-																																																																																																																										from AMP

		34		Amine		Tertiary x 2		Linear		-		116		C6H16N2		110-18-9		Tetramethyl ethylene diamine		TMEDA																																																																																																																										from TMEDA

		35		Amine		Secondary		Ring (6)		-		121		C8H11N		104-90-5		5-ethyl-2-methylpyridine		-																																														y

		36		Amine		Secondary x 2		Ring (6)		-		122		C14H20N4		36731-41-6		2-ethyl-6-methylpyrazine		-																																												y

		37		Amine		Secondary x 2		Ring (6)		-		122		C7H10N2		236-416-6		2-ethyl-5-methylpyrazine		-																																												y

		38		Amine		Primary & Secondary		Ring (6)		-		122		C7H10N2		3512-80-9		2,6-dimethyl-4-pyridinamine		-																																																																																																																														y

		39		Amine		Tertiary x 2		Ring (6)		Amide		128		C6H12N2O		PubChem CID 13449561		1,4-Dimethylpiperazin-2-one		-																																																																																																																										from DMP

		40		Amine		Tertiary		Ring (5)		Amide		129		C6H11NO2		PubChem CID: 22949116		3,4,4-trimethyl-1,3-oxazolidin-2-one		-																																																																																																																										from AMP

		41		Amine		Secondary		Ring (6)		Alcohol		129		C9H19NO		2403-88-5		2,5-Dimethyl-4-piperidinol		DMPD																																								y

		42		Amine		Secondary x2 & Tertiary		Ring (6)		-		129		C6H15N3		140-31-8		N-Aminoethylpiperazine		AE-PZ / AEP						y																																		y																																																																						y

		43		Amine		Tertiary		Ring (5)		Amide, Alcohol		131		C5H9NO3		3356-88-5		3-(2-Hydroxyethyl)-2-oxazolidinone		HEOD																																								y																																																																																		from DEA

		44		Amine		Secondary & Tertiary		Linear		Alcohol		132		C6H16N2O		17225-70-6		2-(Methyl(2-(methylamino)ethyl)amino)ethanol		-																																																																																																																										from DMEA, MAE

		45		Amine		Secondary		Linear		Amide, Alcohol x 2		133		C5H11NO3		5422-34-4		N-(2-hydroxyethyl)-lanthamide		-																																																																																																																														y

		46		Amine		Tertiary x 2		Ring (6)		Amide		142		C7H14N2O		PubChem CID 22152606		1,3,4-Trimethylpiperazin-2-one		-																																																																																																																										from DMP

		47		Amine		Primary & Tertiary		Ring (5)		Amide		142		C7H14N2O		7663-77-6		1-(3-Aminopropyl)-2-pyrrolidone		APP																																								y

		48		Amine		Secondary x 2, Tertiary		Linear		-		145		C7H19N3		105-84-0		1,4,7-Trimethyldiethylenetriamine? (excluding brackets)		-																																																																																																																										from DMEDA

		49		Amine		Primary & Tertiary		Linear		Alcohol x 2		148		C6H16N2O2		3197-06-6		N,N'-bis(2-hydroxyethyl)ethylenediamine		BHEEDA																																												y

		50		Amine		Secondary x 2		Linear		Alcohol x 2		148		C6H16N2O2		4439-20-7		N,N'Bis(2-hydroxyethyl)ethylenediamine		-																																																																																																																										from HEEDA

		51		Amine		Secondary, Tertiary x 2		Ring (5)		Amide		157		C7H15N3O		PubChem CID 17881670		1-[2-(Dimethylamino)ethyl]-2-imidazoldinone		-																																																																																																																										from DMEN

		52		Amine		Secondary, Tertiary x 2		Linear		-		159		C8H21N3		61877-80-3		N,N,N′-Trimethyl-N′-[2-(methylamino)ethyl]-1,2-ethanediamine		-																																																																																																																										3MEDA*

		53		Amine		Secondary x 2		Linear		Amide, Alcohol x 2		162		C6H14N2O3		PubChem CID 129880212		2-hydroxyethylamino-N-hydroxyethyl-acetamide		-																																																																																																																														y

		54		Amine		Secondary x 2, Tertiary		Ring (5)		Amide, Alcohol		173		C7H15N3O2		PubChen CID 43498335		 1-[2-(2-hydroxyethylamino)ethyl]imidazolidin-2-one  /  N-[2-[(2-Hydroxyethyl)amino]ethyl]imidazolidin-2-one / 1-(2-aminoethyl)-3-(2-hydroxyethyl)-2-imidazolidinone		AEHEIA / HEAEIA																																				y																																																																														y

		55		Amine		Tertiary x 3		Linear		-		173		C9H23N3		3030-47-5		1,1,4,7,7-Pentamethyldiethylenetriamine		PMDTA																																																																																																																										from TMEDA

		56		Amine		Tertiary x 2		Ring (5)		Amide, Alcohol x 2		174		C7H14N2O3		71298-49-2		1,3-Bis(2-hydroxyethyl)imidazolidin-2-one		-																																																																																																																										from MEA

		57		Amine		Secondary & Tertiary		Ring (5)		Amide		186		C9H18N2O2		2761991-15-3		1-(1-Hydroxy-2-methylpropan-2-yl)-4,4-dimethylimidazolidin-2-one		-																																																																																																																										from AMP

		58		Amine		Primary x 2 & Secondary x 3		Linear		-		189		C8H23N5		112-57-2		Tetraethylenepentamine		TEPA																																								y

		59		Amine		Secondary & Tertiary		Linear		Alcohol x 3		192		C8H20N2O3		60487-26-5		2-[2-[bis(2-hydroxyethyl)amino]ethylamino]ethanol		-																																																																																																																										from MEA, DEA

		60		Amine		Tertiary x 2		Ring (6)		Amide x2, Alcohol x2		202		C8H14N2O4		23936-14-3		N,N'-bis(2-hydroxyethyl)piperazin-2,5-dione		2,5-BHEPDO																																												y

		61		Amine		Secondary & Tertiary x 2		Ring (6)		Alcohol x 2		217		C10H23N3O2		PubChem CID 162441368  		2-[2-Hydroxyethyl(2-piperazin-1-ylethyl)amino]ethanol		-																																																																																																																										from DEA

		62		Amine		Tertiary x 2		Linear		Alcohol x 4		236		C10H24N2O4		140-07-8		N,N,N',N'-Tetrakis(2-hydroxyethyl)ethylenediamine		THEED																																								y

		63		Amine		?		?		?		158		C7H14N2O2		?		1-hydroxyethyl-3-homopiperazine		-																																																																																																																														y

		64		Amine		?		?		?		176		C7H16N2O3		?		3-hydroxyethylamino-N-hydroxy-ethyl-propanamide		HEHEPA																																																																																																																														y





		Additional amines proposed as potential solvent/scrubbers or potential degradation products in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Amine compound		Acronym.

		1		Amine		Secondary x 2		Ring (5)		-		68		C3H4N2		288-32-4		Imidazole		IMD						y

		2		Amine		Primary & Secondary		Linear		-		88		C4H12N2		6291-84-5		1,3-Propanediamine,N-methyl		MAPA						y

		3		Amine		Primary x 2 & Secondary		Linear		-		103		C4H13N3		111-40-0		Diethylenetriamine		DETA						y

		4		Amine		Tertiary		Ring (5)		Alcohol		115		C6H13NO		2955-88-6		1-(2-Hydroxyethyl)pyrrolidine		1-(2HE)PRLD						y

		5		Amine		Primary		Linear		Alcohol		75		C3H9NO		78-96-6		1-Aminopropan-2-ol		MIPA						y

		6		Amine		Primary		Linear		Alcohol		89		C4H11NO		13325-10-5		4-Amino-1-butanol		AB						y

		7		Amine		Primary		Linear		Alcohol, Oxide		105		C4H11NO2		929-06-6		Diglycolamine		DGA						y

		8		Amine		Secondary		Ring (6)		Alcohol		129		C7H15NO		1484-84-0		2-Piperidineethanol		2PPE / 2-PiperEtOH						y

		9		Amine		Secondary		Linear		Alcohol x 2		133		C6H15NO2		110-97-4		Diisopropanolamine		DIPA						y

		10		Amine		Secondary x 2		Linear		-		74		C3H10N2		109-76-2		1,3-Diaminopropane / Trimethylenediamine		PDA						y

		11		Amine		Secondary		Ring (6)		-		85		C5H11N		110-89-4		Piperidine		Piper						y

		12		Amine		Secondary x 2		Ring (5)		-		68		C3H4N2		288-32-4		Imidazole / Glyoxaline		-						y

		13		Amine		Secondary & Tertiary		Linear		-		102		C5H14N2		109-55-7		Dimethylaminopropylamine		DMAPA						y

		14		Amine		Primary x 2		Linear		-		102		C5H14N2		7328-91-8		Neopentyldiamine / 2,2-Dimethyl-1,3-propanediamine		DMPDA						y

		15		Amine		Tertiary		Linear		Alcohol		103		C5H13NO		3179-63-3		Dimethylaminopropanol  / 3-Dimethylamino-1-propanol		DMPA						y

		16		Amine		Tertiary		Linear		Alcohol		103		C5H13NO		108-16-7		Dimepranol  / 1-Dimethylamino-2-propanol		1DMA-2P						y

		17		Amine		Secondary		Linear		Alcohol		117		C6H15NO		4620-70-6		tert-Butylaminoethanol		TBEA						y

		18		Amine		Primary x 2  & Secondary		Linear		-		117		C5H15N3		13531-52-7		N-(2-Aminoethyl)-1,3-propanediamine		PETA						y

		19		Amine		Primary		Linear		Alcohol x 2		119		C5H13NO2		115-70-8		2-Amino-2-ethyl-1,3-propanediol		AEPD						y

		20		Amine		Tertiary		Ring (6)		Amide		129		C6H11NO2		1696-20-4		4-Acetylmorpholine / Morpholine, 4-acetyl		AMOR						y

		21		Amine		Tertiary		Ring (6)		Alcohol		129		C7H15NO		3040-44-6		N-Piperidinoethanol		EtOH-Piper						y

		22		Amine		Primary x 2  & Secondary		Linear		-		145		C7H19N3		124-20-9		Spermidine		Spermid						y

		23		Amine		Primary x 2  & Secondary x 2		Linear		-		202		C10H26N4		71-44-3		Spermine		Spermin						y

		24		Amine		Tertiary x 4		Linear		-		272		C15H36N4		33329-35-0		Tris(N,N-dimethylaminopropyl)amine		TMBPA						x

		25		Amine		?		?		?		?		?		?		Tetra-N-methylpropanediyldiamine		TMDPA						x

		26		Amine		?		?		?		?		?		?		1-Amino-1-cyclohexylaminopropane		ACHP						x

		27		Amine		Quaternary+		Linear		Br-		322		C16H36N.Br		1643-19-2		Tetrabutylammonium bromide		TBAB						y





		Nitramines measured in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Nitramine compound		Acronym.

		1		Nitramine		Secondary		Ring (6)		-		132		C4H8N2O3		4164-32-3		N-Nitromorpholine		NMO																						y

		2		Nitramine		Primary		Linear		-		76		CH4N2O2		598-57-2		N-Nitromethylamine		MA-NO2																						y

		3		Nitramine		Secondary		Linear		-		90		C2H6N2O2		4164-28-7		Dimethylnitramine		DMNO																						y

		4		Nitramine		Secondary x 2		Ring (6)		-		176		C4H8N4O4		4164-37-8		1,4-Dinitropiperazine		-																						y																																																																										y

		5		Nitramine		Secondary		Linear		Alcohol		134		C4H10N2O3		217089-38-8		2-(Ethylnitroamino)ethanol		-		y		y

		6		Nitramine, amine		Secondary, Secondary		Ring (6)		-		131		C4H9N3O2		42499-41-2		1-Nitropiperazine		NPZ		y		y																		y																																																																										y

		7		Nitramine		Secondary		Linear		Alcohol		106		C2H6N2O3		74386-82-6		2-nitroaminoethanol/ ethanolnitramine		MEA-nitramine / MEA-NO2																						y		y																		y																																						y

		8		Nitramine		Secondary		Linear		Alcohol x 2		150		C4H10N2O4		13084-48-5		N-Nitrodiethanolamine (secondary nitramine)		-																						y																																																																										y

		9		Nitramine		?		?		?		106		C2H6N2O3		?		N-nitromonoethanolamine		NO2-MEA / Nitra-MEA																						y																																																																										y

		10		Nitramine		Secondary		Linear		Nitrate x 2		240		C4H8N4O8		4185-47-1 		Nitrodiethanolamine dinitrate (secondary nitramine)		DEA-NO2 / DINA				y		y





		Additional degradation products (organics) identified or measured in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Compound		Acronym.

		1										17		NH3		7664-41-7		Ammmonia		NH3						y				y								Y		Y				y						Y				Y		y		y						y																Y		Y				Y						<LOD				Y		y								y		y		Y		Y										Y				Y										Y		Y						from MEA		y

		2		Aldehyde								-		-		-		Total aldehydes		-																				Y				Y						Y				Y																												Y				Y										Y		y										Y														Y																Y

		3		Aldehyde								30		CH2O 		50-00-0		Formaldehyde		-						y						y								Y														<LOD												y																Y																										y																														Y

		4		Aldehyde								44		C2H4O 		75-07-7		Acetaldehyde		-						y						y																																		y																																										y

		5		Aldehyde								58		C3H6O		123-38-6		Propionaldehyde		-																																														y

		6		Aldehyde								70		C4H6O 		4170-30-3		2-butenal		-																																														y

		7		Aldehyde								72		C4H8O		123-72-8		Butyraldehyde		-																																														y

		8										41		C2H3N		75-05-8		Acetonitrile / Ethanenitrile / Methyl cyanide		-						y						y

		9										44		C2H4O		75-21-8		Ethylene oxide		EO																																								y (from Kennard, 1983)

		10										46		CH2O2		64-18-6		Formic acid										y

		11										58		C3H6O		67-64-1		Acetone		-						y						y

		12										60		C2H4O2		64-19-7		Acetic acid		-						y		y																																						y																																										y																																						y

		13										62		C2H6O2		107-21-1		Ethyleneglycol		EG						y																																						y		y																																																																												from MDEA, DMEA

		14										72		C4H8O		78-93-3		2-butanone		-																																														y

		15										74		C3H6O2		79-09-4		Propionic acid		-																																														y																																										y																																						y

		16										88		C4H8O2		107-92-6		n-butyric acid		-																																																																																																																														y

		17										90		C2H2O4		144-62-7		Oxalic acid										y

		18										106		C4H10O3		111-46-6		Diethyleneglycol		DEG																																														y





		Heat stable salts identified or measured in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Heat stable salts - HSS		Acronym.

		0																Total heat stable salts - Total HSS		Total HSS																								Y		Y						Y				y						y						y		Y						Y														Y				Y		Y		Y						Y										Y																										Y

		1										45.017		CHO2-		71-47-6		Formate		FA-																Y								y		Y						Y				y						y		y				y		Y						Y														Y				Y		Y		Y				Y		Y		y								Y										Y				y		y														from MEA, PZ

		2										46		NO2		14797-65-0		Nitrite		NO2-																																																																																						y																																						from MEA

		3										59.04		C2H3O2-		71-50-1		Acetate		AA-																Y								y		Y						Y				y						y						y		Y																																				y								Y										Y						y

		4										62.005		NO3		14797-55-8		Nitrate		NO3-																Y								y		Y						Y		y
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		5										75		C2H4O3		79-14-1		Glycolic Acid / Glycolate		GA-																								y								Y				y						y		y						Y																										Y		Y								y																								y

		6										88.02		C2O4-2		338-70-5		Oxalate		OA-																Y								y		Y						Y				y						y		y				y		Y						Y																				Y		Y				Y				y								Y																y														from MEA

		7										96		SO42-		14808-79-8		Sulphate		SO42-																Y								y								Y		y
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Amine breakdown products (open)

		National Physical Laboratory																		Reference number		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63

		Environmental Emissions Metrology Group																		Used solvent		-		-		Proposed		MEA		MEA 35-40%		AMP + PZ blend		MEA, AMP, PZ		MEA 30%		MEA 30%		MEA 30%		Review		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA, NA-S1		DEA + PZ
(3.2 + 0.8 M)		MEA 30%		MEA				MEA 30%		MEA 30%		Review		Review		MEA 30%		MEA, MOR, DEA, TEA, AMP, TRIS, EDA, GLY, ALA, AP		MEA 30%, RS-2TM		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA 30%, ACCTM S26		MEA 30%		MEA 30%		MEA 30%, S21, S26		MEA 30%		MEA 30%		MEA 30%		MEA, PZ, 2MPZ & MDEA		MEA 30%, KS-1		MEA 30%		MEA 30%		MEA 30%		MEA, AMP, PZ, MDEA		MEA 30%		MEA, DEA, MDEA, PZ		MEA 30%		MEA 30%		MEA 30%		MDEA		PZ		MEA		MEA 30%		MEA 30%		MEA 30%		MEA 30%		MEA + 11 amines		MEA, PZ		MEA

		Author: Dr. Haydn Barros (haydn.barros@npl.co.uk)																		Observed time		-		-		y		49 weeks
3 weeks
no info		3 weeks		13 weeks				77 weeks		-		-				12 weeks		~1600 Hours		-		-		-		-		8 weeks		5 weeks		5-7 weeks		11 weeks		10 weeks				~834 Hours		400, 535, 972 hours				-		6 weeks		6 hours		some months		-		-		-		2-3 Days				up to 8 weeks		-		-		-		14 weeks		~1600 Hours		1350 Hours		5 weeks		-		-		-		-		5 days		-		-		-		-		14 weeks		1 week		15 weeks		4 days test rig +
1 day batch		1-5 weeks		-		-		~1600 hours		2 weeks		> 1 week		-

		Amines and its degradation products in the CO2 carbon capture industry																		Flue gas matrix		-		-				CO2 5%
CO2 20%
no info		Air, CO2, O2, NO2				CO2, no more info				-		-				H2O, CO2, O2, NOx, SOx		-		-		-		-		-				N2, CO2, O2, NOx, SOx		CO2				O2, N2, CO2, SO2, NOx				-		-				-		CO2, H20, O2, N2 + Ar, SO2, NOx		CO2, H20, O2, N2, NO2, NO		-		-		-		-		O2, SOx, NOx, HCl...		-		O2, N2, CO2, H2O, SO2, NOx, Dust		-		-		-		N2, CO2, O2, NOx		-		-		CO2, O2		-		CO, CO2, SO2, HCl		-		-		N2, CO2, O2, NO, NO2		-		-		CO2, O2, CO, SOx, NOx, HCl		-		Air, H2O, CO2, etc.		O2, CO2		2% CO2 / 98% O2		O2, N2, CO2, NOx, H2O		Air, CO2		-		-		O2, CO2, H20, SO2, NOx, Dust		Air, CO2		Air, N2, CO2		-

		Last update June 2025																		Absorber T (⁰C)		-		-		Solvent		38-40
30-32
no info		35-40				30-50				-		-						-		-		-		-		-				25-80		135		35-37		40				-		-				-		55.2?		48		-		-		-		-		-		-		-		-		-		-		40		-		-		40-55		-		NO, NO2, NH4		-		-		44		-		-		-		-				55		-		44 at test rig
120 at batch		55		-		-		-		140		55		-

		Notes:								Groups of compounds:										Stripper T (⁰C)		-		-		proposed		120 ⁰C
120 ⁰C
No info		120-130				no information		-		-		-						-		-		-		-		-				110-150		-		110-120		100				-		-				-		120?		120		-		-		-		-		-		-		-		-		-		-		120-140		-		-		80-150		-		-		-		112-115		No information		-		-		-		-				up to 120		55, 150, 175				135		-		-		-		140		55		-

		1. The symbol / separates equivalent identifiers for a given species								Volatility (vapour pressure range in kPa, values at 20-25 ⁰C )										Experimental rig / Lab Scale		-		-		for PCC		x		LR2 - TNO		x		x		-		-		-				x		-		-		-		-		-		x		SDR		OD 316 stainless steelcylinders				IFPEN				-		-				-		-		Lab scale 5 cm diam
40 cm length		x		-		-		-		-		-		x		-		-		x		SDR		-		-		ISDA, HTCS & Miniplant		x		-		-		-		Aminox pilot reactor		-		-		-		-		x		ISDA		½" diam x 5" length and
Original Oxidation Reactor 0.6 L		AminoxTM test rig		Lab scale		-		-		-		Lab scale		Lab scale		x

		2. The colors group the compounds in terms of the vapor pressure (VP)								Highest
(> 2.3)		High
(0.01 - 2.3)		Medium
(0.001 - 0.01)		Lower
(0.00001 - 0.001)		Lowest
(< 0.00001)		Pilot plant		-		-		y		Lignited-fired PP
Refinery x H2 prod
Waste x energy		1TPD - TERC		TC Mongstad		Plant		Niederaussem (c)		-		Łaziska				TCM DA		Heilbronn (a)		Niederaussem		TCM		Heilbronn (B)		CAER 0.7 Mwe		UKy-CAER		x		x		TCM (Mongstad)		x				Loy Yang		-		Not measured		-		CSIRO Australia / CERI China		x		Ferrybridge		TNO's CO2 Capture plant		Niederaussem		-		Heilbronn		-		Aker Solutions MTU		Mikawa		TCM DA (a)		Mongstad		Esbjerg		Heilbronn (A)		-		-		PSTU, NCCC		MTU - NCCC		Maasvlakte		CSIRO / Loy Yang		x		Logannet/ Esbjerg		-		Esbjerg		Niederaussem (a)		SINTEF		x		x		x		Esbjerg		-		Maasvlakte		-		x		x		IMC Chems. Facility

		3. Species shaded in white not yet classified in terms of vapour pressure																		Volume / features		-		-						0.6 L (abs) / 5 L (stripper) 70 L (abs) / 450 m3 (str)						-		-		-						-		-		-		-		-				5 L		1/2 diam x
5" length				20 L				-		-		*Std ref mat proposed		Measured		-		-		-		-		-		-		-		-		2.26 m3		-		-		-		5 L		-		-		0.7: 0.35 and 0.35 L		-		-		-		-		3 columns, 11 cm diam. X 85 cm 		-		-		-		-		500 L		1.2 L		-				-		-		-		-		0.1 L		few litres

		4. Other compounds are grouped by type (also shaded in colours)																		DOI / Link		UK EA 2025		UK EA 2024		https://static1.squarespace.com/static/61a4d2a041902b6d99f6407d/t/63dceeda92512e6528479327/1675423469233/SCOPE+D3.1+-+PNEC+and+degradation+data+and+pathways+for+amines+and+amine+degradation+products-2.pdf		https://doi.org/10.1016/j.ccst.2023.100110		https://ssrn.com/abstract=4279777		https://ssrn.com/abstract=3812139		https://dx.doi.org/10.1021/acs.est.0c04630		https://doi.org/10.1016/j.ijggc.2019.102945		https://doi.org/10.1016/j.ijggc.2019.102845		https://doi.org/10.1007/s13762-017-1475-z		https://doi.org/10.1016/j.cej.2017.11.032		doi: 10.1016/j.egypro.2017.03.1379		CANNOT FIND DOI		https://doi.org/10.1016/j.egypro.2017.03.1245		https://doi.org/10.1016/j.egypro.2017.03.1377		https://doi.org/10.1016/j.egypro.2017.03.1376		https://doi.org/10.1016/j.ijggc.2017.08.003		doi: 10.1016/j.egypro.2017.03.1242		doi: 10.1016/j.egypro.2017.03.1341		http://dx.doi.org/10.1016/j.ijggc.2016.01.022		GHGT-13		https://hal.science/hal-01410521				https://doi.org/10.1021/acs.energyfuels.5b00713		https://doi.org/10.1016/j.ijggc.2015.09.015		https://www.sepa.org.uk/media/155585/review-of-amine-emissions-from-carbon-capture-systems.pdf		https://www.sepa.org.uk/media/155585/review-of-amine-emissions-from-carbon-capture-systems.pdf		https://doi.org/10.1016/j.egypro.2014.11.149		DOI: 10.1021/acs.est.5b03085		doi: 10.1016/j.egypro.2014.11.655		https://doi.org/10.1016/j.ijggc.2014.06.022		https://doi.org/10.1016/j.egypro.2014.11.100		https://doi.org/10.1016/j.egypro.2014.11.098		https://doi.org/10.1016/j.egypro.2014.11.668		https://doi.org/10.4209/aaqr.2013.05.0150 		doi: 10.1016/j.egypro.2014.11.682		https://doi.org/10.1016/j.egypro.2014.07.020		doi: 10.1016/j.egypro.2014.11.636		doi: 10.1016/j.egypro.2014.11.658		doi: 10.1016/j.egypro.2013.05.160		https://doi.org/10.1016/j.egypro.2013.06.576		https://doi.org/10.1016/j.egypro.2013.06.072		doi: 10.1016/j.egypro.2013.06.091		https://www.researchgate.net/publication/334126566		https://doi.org/10.1016/j.egypro.2013.06.058		https://doi.org/10.1016/j.egypro.2013.05.167		https://doi.org/10.1016/j.fuel.2012.02.023		dx.doi.org/10.1021/es301867b		https://doi.org/10.1021/ie300718a		https://doi.org/10.1016/j.ijggc.2012.06.015		https://doi.org/10.1016/j.ijggc.2011.11.015		https://doi.org/10.1016/j.ijggc.2011.05.011		doi:10.1016/j.egypro.2011.02.050		doi:10.1016/j.egypro.2011.01.018		https://repositories.lib.utexas.edu/items/c87e48af-7b18-4ece-92de-a3b3f1cb4c79		doi:10.1016/j.egypro.2011.02.026		doi:10.1016/j.egypro.2011.02.037		https://ieaghg-publications.s3.eu-north-1.amazonaws.com/Technical+Reports/2010-11+Workshop+on+Environmental+Impact+of+Amine+Emissions+during+Post-Combustion+Capture.pdf		https://doi.org/10.1016/j.egypro.2013.05.167		doi: 10.1016/j.egypro.2014.11.682		doi:10.1021/ie900472x		https://repositories.lib.utexas.edu/server/api/core/bitstreams/da4c12f6-20e6-4f1e-91b4-2d421382792d/content		doi:10.1021/ef020272i		.		.		.

										Heat stable salts				Additional degradation products						Reference		Priority list		Priority list		SCOPE 2023		Buvik et al 2023		Akram et al., 2022		Languille et al., 2021		Yi et al. 2021		Moser et al. 2020		Akinpelumi et al. 2019		Spietz et al. 2018		Chen et al. 2018		Morken et al. 2017		Dhingra et al. 2017		Moser et al. 2017		Lombardo et al. 2017		Rieder et al. 2017		Thompson et al. 2017b,c		Thompson et al. 2017a		Vevelstad et al. 2017		Mazari et al. 2016		Morken et al 2016		Chahen et al. 2016				Reynolds et al. 2015b		Bazenhov et al. 2015		SEPA 2015		SEPA 2015		Feron et al. 2014-2015		Wang & Mitch 2014		Fitzgerald et al. 2014		Khakharia et al. 2014a		Moser et al. 2014		Bade et al. 2014		Bazhenov et al. 2014		Thompson et al. 2014		Knudsen et al. 2014		Saito et al. 2014		Morken et al. 2014		Gorset et al. 2014		Einbu et al. 2013		Rieder & Unterberger. 2013		Neilsen et al. 2013		Voice et al. 2013		Dahlin et al. 2013		Knudsen et al. 2013		Da Silva et al. 2013		Artanto et al. 2012		Dai et al. 2012		Da Silva et al. 2012		Gouedard et al. 2012		Mertens et al. 2012		Moser et al. 2011a		Mejdell et al. 2011		Closmann & Rochelle 2011		Freeman 2011		Fostas et al. 2011		Lepaumier et al. 2011		Graff. 2010		Aas & Da Silva. 2010		Knudsen et al. 2009
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		Nitrosamines measured in post combustion amine-based CO2 capture (species organised by vapour pressure, lower to higher) 

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Nitrosamine compound		Acronym.						x

		0		Nitrosamine		-		-		-		-				-		Total  Nitrosamines		TONO																		<LOD						y						Y				<LOQ		Y		90% unknown				y																y		y		Y				Y						<LOD				<LOD		< LOD		42% unknown												Y				y						<LOD				<LOD																				100% unknown

		1		Nitrosamine								74		C2H6N2O		62-75-9		N-Nitrosodimethylamine		NDMA		y		y		y																y																						y		y								y																								< LOD		y (detected)								y								y																y

		2		Nitrosamine		Secondary		Linear		-		88		C3H8N2O		10595-95-6		N-Nitroso-Methyl-Ethyl-amine		NMEA		y		y		y																y																																																								< LOD

		3		Nitrosamine		Secondary		Linear		-		102		C4H10N2O3		55-18-5		N-Nitrosodiethylamine		NDEA		y		y		y																y																								y								y																								< LOD

		4		Nitrosamine		Secondary		Linear		-		130		C6H14N2O		601-77-4		N-Nitrosodi-iso-propylamine		NDIPA		y		y																																																y*

		5		Nitrosamine		Secondary		Linear		-		130		C6H14N2O		621-64-7		N-Nitrosodipropylamine		NDPA		y		y		y																																																																								< LOD

		6		Nitrosamine		Secondary		Ring (6)		-		114		C5H10N2O		100-75-4		N-Nitrosopiperidine		NPIP				y		y																y																																																								< LOD

		7		Nitrosamine		Secondary		Ring (5)		Oxide		116		C4H8N2O2		39884-53-2		N-nitroso-2-methyl-oxazolidine		NMOx																						y																								y

		8		Nitrosamine		Secondary		Ring (5)		-		100		C4H8N2O		930-55-2		N-Nitrosopyrrolidine		NPYR		y		y		y																																																																								< LOD

		9		Nitrosamine		Secondary		Linear		-		158		C8H18N2O		924-16-3		N-Nitrosodi-n-butylamine		NDBA		y		y																		y																																y																								< LOD

		10		Nitrosamine		Secondary		Linear		-		158		C8H18N2O		997-95-5		N-Nitrosodi-iso-butylamine		NDIBA																																																						y

		11		Nitrosamine		Secondary		Ring (6)		Oxide		116		C4H8N2O2		59-89-2		N-Nitrosomorpholine		NMOR / NSMO		y		y		y																y																						y										y				y																				< LOD										y								y																y

		12		Nitrosamine, Amine		Secondary, Secondary		Ring (6)		-		115		C4H9N3O		5632-47-3		N-nitrosopiperazine		MNPZ (NPZ)		y		y		y						y										y																																																																										y

		13		Nitrosamine		Secondary		Linear		Alcohol		118		C4H10N2O2		13147-25-6		Ethylethanolnitrosamine / 2-(Ethylnitrosamino)ethanol		EHEN / NEELA		y		y																		y

		14		Nitrosamine		Secondary		Linear		Alcohol		104		C3H8N2O2		26921-68-6		2-(Methylnitrosoamino)ethanol		NMELA																						y

		15		Nitrosamine		Secondary		Linear		Alcohol x 2		134		C4H10N2O3		1116-54-7		N-Nitrosodiethanolamine		NDELA		y		y		y																y		y																		2-4% TONO		y										y				y																		Y		Y		2% TONO								y								y		y								Y						y

		16		Nitrosamine		Secondary x 2		Ring (6)		-		114		C4H8N4O2		140-79-4		N,N´-Dinitrosopiperazine		DNPIPA / DNPZ		y		y		y																y																																																																										y

		17		Nitrosamine		Secondary		Linear		Glycine, Alcohol		148		C4H8N2O4		80556-89-4		Nitroso-(2-hydroxyethyl)-glycine		N-HEGly						y				y												y		y														10% TONO				60-68% TONO																																						56% TONO

		18		Nitrosamine		Secondary		Ring (6) x 2		-		226		C14H14N2O		5336-53-8		N-nitrosodibenzylamine		NDBzA		y		y

		19		Nitrosamine		Secondary		Linear		-		299		C18H38N2O		1207995-62-7		N,N-bis(3,5,5-trimethylhexyl)nitrous amide		NDiNA																																																						y

		20		Nitrosamine		Secondary		Ring (6)		Alcohol		159		C6H13N3O2		48121-20-6		4-Nitroso-1-piperazineethanol		-		y		y

		21		Nitrosamine, Nitramine		Secondary, Secondary		Ring (6)		Nitramine		160		C4H8N4O3		107938-05-6		1-nitro-4-nitrosopiperazine		-																						y																																																																										y



		Amines measured in post combustion amine-based CO2 capture (species organised by vapour pressure, lower to higher) 

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Amine compound		Acronym.

		0		Amine		-		-		-		-		-		-		Solvent amines (other than MEA)		-																								Y				Y		Y				Y																												Y		Y		Y						<LOD				Y		y										Y		Y												Y				Y										<LOD		Y

		0		Amine		-		-		-		-				-		Total amines		Tot-A																																																						y																		y

		1		Amine		Primary		Linear		-		31		CH5N		74-89-5 		Methylamine 		MA / MMA		y		y		y						y												y														y				y																														y								y

		2		Amine		Tertiary		Linear		-		59		C3H9N		75-50-3 		Trimethylamine 		TMA				y

		3		Amine		Secondary		Linear		-		45		75-04-7 		124-40-3		Dimethylamine		DMA		y		y		y																		y														y				y				y								y																		y						y		y								y

		4		Amine		Primary		Linear		-		45		75-04-7 		75-04-7 		Ethylamine 		EA		y		y		y																		y														y				y																														y						y		y								y

		5		Amine		Secondary		Linear		-		59		C3H9N		624-78-2		Ethylmethylamine		EMA		y		y		y																		y														y

		6		Amine		Primary		Linear		-		59		C3H9N		107-10-8		Propylamine		PA / MPA						y																		y																																																y

		7		Amine		Secondary		Linear		-		73		C4H11N		109-89-7		Diethylamine		DiEA		y		y		y																		y														y				y																														y						y		y

		8		Amine		Secondary		Ring (5)		-		71		C3H5NO		504-77-8		4,5-dihydro-oxazole		2-oxazoline																																						y								y

		9		Amine		Tertiary		Linear		-		101		C6H15N		121-44-8 		Triethylamine 		TEA				y		y

		10		Amine		Secondary		Ring (6)		-		93		C6H7N		108-99-6		3-Methylpyridine		3-Mpy																																						y								y

		11		Amine		Secondary		Linear		-		101		C6H15N		142-84-7		Dipropylamine		DPA																																																																								y

		12		Amine		Secondary & Tertiary		Linear		-		88		C4H12N2		108-00-9		1,1-Dimethylethylenediamine		DMEN / N N diMEDA		y		y																																																																																																																						from DMEN

		13		Amine		Secondary		Linear		-		88		C4H12N2 		110-70-3		Dimethyl ethylene diamine		DMEDA / N N' diMEDA		y																																																																																																																								from 3MEDA*, DMEDA

		14		Amine		Secondary x 2		Ring (6)		-		80		C4H4N2		290-37-9		Pyrazine (it is a diazine, it is not an amine)		Pyrazine						y																		y														y				y		y		y

		15		Amine		Secondary		Ring (6)		-		93		C6H7N		109-06-8		2-Methylpyridine		2-Mpy																																														y

		16		Amine		Primary x 2		Linear		-		60		C2H8N2		107-15-3		Ethylenediamine		EDA				y		y																																		y																																																																						y														from PZ

		17		Amine		Secondary		Ring (6)		Oxide		87		C4H9NO		110-91-8 		Morpholine		MOR		y		y		y						y												y																		y

		18		Amine		Secondary x 2		Ring (6)		-		94		C5H6N2O		109-08-0		Methylpyrazine / 2-Methylpyrazine		2-MP						y																																y						y		y

		19		Amine		Primary		Linear		Alcohol		89		C4H11NO		124-68-5 		2-amino-2-methyl-propanol 		AMP		y		y		y						y		y																																																																																																												From AMP

		20		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		Next 3 CAS No.		n,m-Dimethylpyrazine (total)		DM-Pyrazine, DM						y																																y						?

		21		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		123-32-0		2,5-Dimethylpyrazine		DM																																												y

		22		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		108-50-9		2,6-Dimethylpyrazine		DM																																														y

		23		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		5910-89-4		2,3-Dimethylpyrazine		DM																																														y

		24		Amine		Secondary		Linear		Alcohol, Amide		103		C4H9NO2		142-26-7		N-(2-Hydroxyethyl)acetamide / N-acetylethanolamine		HEA						y		y		y														y														y				y		y																																Y		Y		y																		Y								Y								y												y*

		25		Amine		Secondary x 2		Ring (6)		-		122		C7H10N2		14667-55-1		2,3,5-Trimethylpyrazine		2,3,5-TM-pyrazine																																						y

		26		Amine		Secondary x 2		Ring (6)		-		122		C7H10N2 		15707-23-0		2-Ethyl-3-methylpyrazine		2-Ethyl-3-methylpyrazine																																						y						y		y

		27		Amine		Secondary x 2		Ring (6)		-		108		C6H8N2		13925-00-3		2-Ethylpyrazine		2-Ethylpyrazine																																						y						y		y

		28		Amine		Secondary		Linear		Alcohol		75		C3H9NO		109-83-1		2-(Methylamino)ethanol		MMA / MAE						y																																																																								y																																												from DMEA, MAE

		29		Amine		Tertiary		Linear		Alcohol		117		C6H15NO		100-37-8		Diethylaminoethanol / 2-Diethylaminoethanol		DEELA / DEEA		y		y		y

		30		Amine		Secondary		Linear		Alcohol		89		C4H11NO		110-73-6 		2-(Ethylamine)ethanol / N-Ethylaminoethanol		EAE		y		y		y

		31		Amine		Secondary		Ring (5)		Amide, Oxide		87		C3H5NO2		497-25-6		Oxazolidone / 2-Oxazolidinone / 1,3-Oxazolidin-2-one		OZD						y		y		y						Y								y		Y										Y		y		y		y		y		y		y																								Y				Y				y														Y				Y								Y								y								from HEEDA				y

		32		Amine		Primary		Linear		Alcohol		61		C2H7NO		141-43-5		Mono-Ethanolamine		MEA		y		y		y								y										y												y		y				y		y										y						 												y								y						from MEA		y																																		MEA, HEEDA, DMEN				y

		33		Amine		Primary		Linear		Alcohol		75		C3H9NO		156-87-6		3-Aminopropanol* / N-Propanolamine		PLA / AP / 3AP				y		y

		34		Amine		Secondary x 2		Ring (6)		-		86		C4H10N2		110-85-0		Piperazine		PIP / PZ		y		y		y						y		y																																																																								from PZ

		35		Amine		Secondary x 2		Linear		Alcohol x 2, Amide x 2		176		C6H12N2O4		1871-89-2		N,N'-Bis(2-hydroxyethyl)oxamide		BHEOX						y		y		y														y		Y												y				y		y				y																																y														Y				Y								Y								y

		36		Amine		Secondary		Linear		Alcohol x 2		105		C4H11NO2		111-42-2		Diethanolamine		DEA		y		y		y																		y																		y		y																																				y																												y														from MDEA, DEA

		37		Amine		Primary & Secondary		Linear		Alcohol		104		C4H12N2O		111-41-1		N-(2-Hydroxyethyl)-Ethylene-diamine		HEEDA / AEEA		y		y		y		y																y												y		y				y		y																																																														Y								y								from HEEDA

		38		Amine		Tertiary		Linear		Alcohol x 2		119		C5H13NO2		105-59-9		N-Methyldiethanolamine 		MDEA		y		y		y																																																																																from MDEA																						y														from MDEA

		39		Amine		Secondary & Tertiary		Ring (6)		Alcohol		130		C6H14N2O		103-76-4		Hydroxyethylpiperazine		EtOH-PZ / PZE / HEP		y		y		y																																		y																																																																						y

		40		Amine		Secondary & Tertiary		Ring (6)		Aldehyde		114		C5H10N2O		7755-92-2		1-Formylpiperazine / 1-Piperazinecarboxaldehyde		1FP / FPZ		y		y																																																																																																										y

		41		Amine		Tertiary		Linear		Alcohol x 2		133		C6H15NO2		139-87-7		N-ethyldiethanolamine 		EDELA		y		y

		42		Amine		Secondary x 2		Ring (6)		Amide		100		C4H8N2O		5625-67-2		Piperazin-2-one		2-PO		y		y		y		y		y

		43		Amine		Secondary		Linear		Alcohol, Aldehyde		89		C3H7NO2		693-06-1		N-(2-Hydroxyethyl)formamide / N-formylethanolamine		HEF						y		y		y														y												Y		y				y		y																																Y		Y		y																		Y								Y								y										from MEA		y

		44		Amine		Secondary & Tertiary		Ring (5)		Alcohol		112		C5H8N2O		1615-14-1		2-(1H-Imidazol-1-yl)ethanol		HEI						y		y		y														y		Y										y		y				y		y				y																												Y		Y		y														Y				Y								Y								y										from MEA

		45		Amine		Tertiary x 2		Ring (6)		Alcohol x 2		174		C8H18N2O2		122-96-3		1,4-Piperazinediethanol / 1,4-Bis(2-hydroxyethyl)Piperazine		BHEP		y		y																																				y																																																																																		from DEA

		46		Amine		Secondary & Tertiary		Ring (5)		Alcohol		126		C6H10N2O		1615-15-2		N-(2-hydroxyethyl)-2 methyl imidazole		HEMI																																				y

		47		Amine		Tertiary x 2		Ring (6)		Aldehyde, Alcohol		158		C7H14N2O2		25209-64-7		1-formyl-4-(2-hydroxyethyl) piperazine		-		y		y

		48		Amine		Primary		Linear		Alcohol x 3		121		C4H11NO3		77-86-1		Tris(hydroxymethyl)aminomethane 		TRIS				y

		49		Amine		Secondary		Linear		Alcohol, Glycine		119		C4H9NO3		5835-28-9		N-(2-hydroxyethyl)glycine		HEGLy				y		y		y		y														y												Y		y				y		y																																Y		Y		y																		Y								Y

		50		Amine		Tertiary		Linear		Alcohol x 3		149		C6H15NO3		102-71-6		Triethanolamine 		TELA / TEA				y		y																																		y																																																																																		from MDEA

		51		Amine		Tertiary		Ring (5)		Alcohol, Amide x 2		143		C6H9NO3		18190-44-8		1-(2-hydroxyethyl)-2,5-pyrrolidinedione / N-(2-hydroxyethyl)-succinimide		HESucc																																																																																																																														y

		52		Amine		Tertiary		Linear		Alcohol x2, Glycine		163		C6H13NO4		150-25-4		Bicine		Bicine						y																		y		Y																y		y				y																																						y								Y				Y								Y		y

		53		Amine		Secondary & Tertiary		Ring (6)		Alcohol, Amide		144		C6H12N2O2		59702-23-7		1-(2-hydroxyethyl) piperazin-2-one		1HEPO						y				y														Y														y						y																																Y		Y		y																		Y								Y								y												y

		54		Amine		Secondary & Tertiary		Ring (6)		Alcohol, Amide		144		C6H12N2O2		23936-04-1		4-(2-hydroxyethyl) piperazin-2-one		4HEPO		y		y				y																y																		y		y																																																																																		y

		55		Amine		Secondary x 2		Linear		Amide, Alcohol x 2		148		C5H12N2O3		15438-70-7		N,N'-bis(2-hydroxyethyl)-urea		MEA urea / BHEU						y		y		y																												y						y

		56		Amine		Secondary & Tertiary		Ring (5)		Alcohol, Amide		130		C5H10N2O2		3699-54-5		1-(2-hydroxyethyl)-2-imidazolidinone		HEIA						y		y		y						Y								y		Y										y		y				y		y		y		y																																														Y										Y										y								from HEEDA				y

		57		Amine		Secondary		Linear		Amide, Alcohol x 2		119		C4H9NO3		3586-25-2		2-Hydroxy-N-(2-hydroxyethyl)acetamide		HHEA																																																																																																																		y

		58		Amine		Secondary x 2		Linear		Amide, Alcohol x 2		162		C6H14N2O3		144236-39-5		N-(2-hydroxyethyl)-2-[(2-hydroxyethyl)amino]-acetamide		HEHEAA						y		y		y														y												y		y				y																																																																								y





		Additional amines measured in post combustion amine-based CO2 capture (organised by molecular mass)

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Amine compound		Acronym.

		1		Amine		Primary		Linear		Amide		45		CH3NO 		75-12-7		Formamide		FA						y						y												y																		y																																																																		y																from PZ

		2		Amine		Primary		Linear		Amide		59		C2H5NO		 60-35-5		Acetamide		-						y																		y																		y

		3		Amine		Secondary		Ring (5)		-		67		C4H5N		109-97-7		Pyrrole		-						y																																						y		y

		4		Amine		Primary		Ring (5)		-		73		C3H7NO		504-76-7		Oxazolidine		-																																												y		y

		5		Amine		Tertiary		Linear		Amide		73		C3H7NO		68-12-2		N,N-dimethylformamide		DMF																																														y

		6		Amine		Primary & Secondary		Linear		-		73		C3H10N2		109-81-9		2-(Methylamino)ethylamine		-																																																																																																																										from MEA, DMEN

		7		Amine		Primary		Linear		Alcohol, Aldehyde		75		C2H5NO2		56-40-6		Glycine		Glyc / GLY						y																																						y

		8		Amine		Secondary		Ring (5)		-		85		C4H7NO		1120-64-5		2-Methyloxazoline		-																																												y

		9		Amine		Secondary x 2		Ring (5)		Amide		86		C3H6N2O		120-93-4		Ethyleneurea / 2-imidazolidone		2-Imid																																																																																																														y

		10		Amine		Secondary		Ring (5)		-		87		C4H9NO		16250-70-7		2-Methyloxazolidine		-																																														y

		11		Amine		Tertiary		Linear		Alcohol		89		C4H11NO		108-01-0		Deanol		DMEA / DMAE / DMMEA						y																																																																																																																				from MDEA, DMEA

		12		Amine		Secondary x 2		Ring (5)		Aldehyde		96		C4H4N2O		10111-08-7		2-imidazolecarboxaldehyde		-																																																																																																																														y

		13		Amine		Secondary & Tertiary		Ring (5)		Aldehyde		100		C4H8N2O		694-32-6		1-Methyl-2-imidazolidinone		-																																																																																																																										from MEA, DMEN

		14		Amine		Secondary & Tertiary		Ring (6)		-		100		C5H12N2 		109-01-3		1-Methylpiperazine		1MPZ																																																																																																														y												from DMP

		15		Amine		Secondary & Tertiary		Ring (6)		-		100		C5H12N2		109-07-9		2-Methylpiperazine		2MPZ																																																																																						from 2MPZ

		16		Amine		Secondary		Ring (5)		-		101		C5H11NO		16250-71-8		2-Ethyloxazolidine		-																																														y

		17		Amine		Secondary		Ring (5)		Aldehyde		101		C4H7NO2		19836-78-3		3-Methyl-2-Oxazolidinone		-																																																																																																																										MDEA, DMEA, MAE, TMEDA

		18		Amine		Secondary		Ring (5)		-		101		C5H11NO		51200-87-4		4,4-Dimethyloxazolidine		DMO						y						y												y																		y

		19		Amine		Secondary & Tertiary		Linear		-		102		C5H14N2		142-25-6		Trimethyl ethylene diamine		3MEDA*																																																																																																																										from TMEDA, 3MEDA*

		20		Amine		Secondary		Linear		Alcohol		103		C5H13NO		27646-80-6		2-Methyl-2-(methylamino)propan-1-ol		MeAMP						y						y																																																																																																														from AMP

		21		Amine		Primary		Linear		Alcohol x 2		105		C4H11NO2		115-69-5		Aminomethyl Propanediol / 2-Amino-2-methyl-1,3-propanediol		AMPD						y																																		y

		22		Amine		Secondary		Ring (6)		-		107		C7H9N		100-71-0		2-ethylpyridine		-																																														y

		23		Amine		Secondary		Ring (6)		-		107		C7H9N		583-61-9		2,3-dimethylpyridine		-																																														y

		24		Amine		Secondary		Ring (6)		-		107		C7H9N		536-78-7		3-ethylpyridine		-																																														y

		25		Amine		Secondary & Tertiary		Ring (5)		Aldehyde		110		C5H6N2O		13750-81-7		1-methyl-2-imidazolecarboxaldehyde		-																																																																																																																														y

		26		Amine		Tertiary		Ring (5)		Alcohol		111		C6H9NO		6719-02-4		N-(2-hydroxyethyl)pyrrole		HEPyr																																												y		y

		27		Amine		Tertiary x 2		Ring (6)		3D Ring		112		C6H12N2		280-57-9		Triethylenediamine		TEDA																																								y

		28		Amine		Secondary		Ring (5)		Amide		114		C5H10N2O		80-73-9		1,3-Dimethyl-2-imidazolidinone		DMEU																																																																																																																										DMP, 3MEDA*, DMEDA

		29		Amine		Secondary		Ring (6)		-		114		C6H14N2		106-58-1		1,4-Dimethylpiperazine		DMP																																																																																																																										MAE, DMP, TMEDA, 3MEDA*, DMEDA

		30		Amine		Secondary & Tertiary		Ring (6)		-		114		C6H14N2		5308-25-8		1-Ethylpiperazine		EPZ																																																																																																														y

		31		Amine		Secondary		Ring (5)		-		115		C6H13NO		17026-89-0		2-ethyl-2-methyloxazolidine		-																																														y

		32		Amine		Secondary		Ring (5)		-		115		C6H13NO		53019-51-5		2-propyloxazolidine		-																																														y

		33		Amine		Secondary		Ring (5)		Amide		115		C5H9NO2		26654-39-7		4-Dimethyl-2-oxazolidon		-																																																																																																																										from AMP

		34		Amine		Tertiary x 2		Linear		-		116		C6H16N2		110-18-9		Tetramethyl ethylene diamine		TMEDA																																																																																																																										from TMEDA

		35		Amine		Secondary		Ring (6)		-		121		C8H11N		104-90-5		5-ethyl-2-methylpyridine		-																																														y

		36		Amine		Secondary x 2		Ring (6)		-		122		C14H20N4		36731-41-6		2-ethyl-6-methylpyrazine		-																																												y

		37		Amine		Secondary x 2		Ring (6)		-		122		C7H10N2		236-416-6		2-ethyl-5-methylpyrazine		-																																												y

		38		Amine		Primary & Secondary		Ring (6)		-		122		C7H10N2		3512-80-9		2,6-dimethyl-4-pyridinamine		-																																																																																																																														y

		39		Amine		Tertiary x 2		Ring (6)		Amide		128		C6H12N2O		PubChem CID 13449561		1,4-Dimethylpiperazin-2-one		-																																																																																																																										from DMP

		40		Amine		Tertiary		Ring (5)		Amide		129		C6H11NO2		PubChem CID: 22949116		3,4,4-trimethyl-1,3-oxazolidin-2-one		-																																																																																																																										from AMP

		41		Amine		Secondary		Ring (6)		Alcohol		129		C9H19NO		2403-88-5		2,5-Dimethyl-4-piperidinol		DMPD																																								y

		42		Amine		Secondary x2 & Tertiary		Ring (6)		-		129		C6H15N3		140-31-8		N-Aminoethylpiperazine		AE-PZ / AEP						y																																		y																																																																						y

		43		Amine		Tertiary		Ring (5)		Amide, Alcohol		131		C5H9NO3		3356-88-5		3-(2-Hydroxyethyl)-2-oxazolidinone		HEOD																																								y																																																																																		from DEA

		44		Amine		Secondary & Tertiary		Linear		Alcohol		132		C6H16N2O		17225-70-6		2-(Methyl(2-(methylamino)ethyl)amino)ethanol		-																																																																																																																										from DMEA, MAE

		45		Amine		Secondary		Linear		Amide, Alcohol x 2		133		C5H11NO3		5422-34-4		N-(2-hydroxyethyl)-lanthamide		-																																																																																																																														y

		46		Amine		Tertiary x 2		Ring (6)		Amide		142		C7H14N2O		PubChem CID 22152606		1,3,4-Trimethylpiperazin-2-one		-																																																																																																																										from DMP

		47		Amine		Primary & Tertiary		Ring (5)		Amide		142		C7H14N2O		7663-77-6		1-(3-Aminopropyl)-2-pyrrolidone		APP																																								y

		48		Amine		Secondary x 2, Tertiary		Linear		-		145		C7H19N3		105-84-0		1,4,7-Trimethyldiethylenetriamine? (excluding brackets)		-																																																																																																																										from DMEDA

		49		Amine		Primary & Tertiary		Linear		Alcohol x 2		148		C6H16N2O2		3197-06-6		N,N'-bis(2-hydroxyethyl)ethylenediamine		BHEEDA																																												y

		50		Amine		Secondary x 2		Linear		Alcohol x 2		148		C6H16N2O2		4439-20-7		N,N'Bis(2-hydroxyethyl)ethylenediamine		-																																																																																																																										from HEEDA

		51		Amine		Secondary, Tertiary x 2		Ring (5)		Amide		157		C7H15N3O		PubChem CID 17881670		1-[2-(Dimethylamino)ethyl]-2-imidazoldinone		-																																																																																																																										from DMEN

		52		Amine		Secondary, Tertiary x 2		Linear		-		159		C8H21N3		61877-80-3		N,N,N′-Trimethyl-N′-[2-(methylamino)ethyl]-1,2-ethanediamine		-																																																																																																																										3MEDA*

		53		Amine		Secondary x 2		Linear		Amide, Alcohol x 2		162		C6H14N2O3		PubChem CID 129880212		2-hydroxyethylamino-N-hydroxyethyl-acetamide		-																																																																																																																														y

		54		Amine		Secondary x 2, Tertiary		Ring (5)		Amide, Alcohol		173		C7H15N3O2		PubChen CID 43498335		 1-[2-(2-hydroxyethylamino)ethyl]imidazolidin-2-one  /  N-[2-[(2-Hydroxyethyl)amino]ethyl]imidazolidin-2-one / 1-(2-aminoethyl)-3-(2-hydroxyethyl)-2-imidazolidinone		AEHEIA / HEAEIA																																				y																																																																														y

		55		Amine		Tertiary x 3		Linear		-		173		C9H23N3		3030-47-5		1,1,4,7,7-Pentamethyldiethylenetriamine		PMDTA																																																																																																																										from TMEDA

		56		Amine		Tertiary x 2		Ring (5)		Amide, Alcohol x 2		174		C7H14N2O3		71298-49-2		1,3-Bis(2-hydroxyethyl)imidazolidin-2-one		-																																																																																																																										from MEA

		57		Amine		Secondary & Tertiary		Ring (5)		Amide		186		C9H18N2O2		2761991-15-3		1-(1-Hydroxy-2-methylpropan-2-yl)-4,4-dimethylimidazolidin-2-one		-																																																																																																																										from AMP

		58		Amine		Primary x 2 & Secondary x 3		Linear		-		189		C8H23N5		112-57-2		Tetraethylenepentamine		TEPA																																								y

		59		Amine		Secondary & Tertiary		Linear		Alcohol x 3		192		C8H20N2O3		60487-26-5		2-[2-[bis(2-hydroxyethyl)amino]ethylamino]ethanol		-																																																																																																																										from MEA, DEA

		60		Amine		Tertiary x 2		Ring (6)		Amide x2, Alcohol x2		202		C8H14N2O4		23936-14-3		N,N'-bis(2-hydroxyethyl)piperazin-2,5-dione		2,5-BHEPDO																																												y

		61		Amine		Secondary & Tertiary x 2		Ring (6)		Alcohol x 2		217		C10H23N3O2		PubChem CID 162441368  		2-[2-Hydroxyethyl(2-piperazin-1-ylethyl)amino]ethanol		-																																																																																																																										from DEA

		62		Amine		Tertiary x 2		Linear		Alcohol x 4		236		C10H24N2O4		140-07-8		N,N,N',N'-Tetrakis(2-hydroxyethyl)ethylenediamine		THEED																																								y

		63		Amine		?		?		?		158		C7H14N2O2		?		1-hydroxyethyl-3-homopiperazine		-																																																																																																																														y

		64		Amine		?		?		?		176		C7H16N2O3		?		3-hydroxyethylamino-N-hydroxy-ethyl-propanamide		HEHEPA																																																																																																																														y





		Additional amines proposed as potential solvent/scrubbers or potential degradation products in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Amine compound		Acronym.

		1		Amine		Secondary x 2		Ring (5)		-		68		C3H4N2		288-32-4		Imidazole		IMD						y

		2		Amine		Primary & Secondary		Linear		-		88		C4H12N2		6291-84-5		1,3-Propanediamine,N-methyl		MAPA						y

		3		Amine		Primary x 2 & Secondary		Linear		-		103		C4H13N3		111-40-0		Diethylenetriamine		DETA						y

		4		Amine		Tertiary		Ring (5)		Alcohol		115		C6H13NO		2955-88-6		1-(2-Hydroxyethyl)pyrrolidine		1-(2HE)PRLD						y

		5		Amine		Primary		Linear		Alcohol		75		C3H9NO		78-96-6		1-Aminopropan-2-ol		MIPA						y

		6		Amine		Primary		Linear		Alcohol		89		C4H11NO		13325-10-5		4-Amino-1-butanol		AB						y

		7		Amine		Primary		Linear		Alcohol, Oxide		105		C4H11NO2		929-06-6		Diglycolamine		DGA						y

		8		Amine		Secondary		Ring (6)		Alcohol		129		C7H15NO		1484-84-0		2-Piperidineethanol		2PPE / 2-PiperEtOH						y

		9		Amine		Secondary		Linear		Alcohol x 2		133		C6H15NO2		110-97-4		Diisopropanolamine		DIPA						y

		10		Amine		Secondary x 2		Linear		-		74		C3H10N2		109-76-2		1,3-Diaminopropane / Trimethylenediamine		PDA						y

		11		Amine		Secondary		Ring (6)		-		85		C5H11N		110-89-4		Piperidine		Piper						y

		12		Amine		Secondary x 2		Ring (5)		-		68		C3H4N2		288-32-4		Imidazole / Glyoxaline		-						y

		13		Amine		Secondary & Tertiary		Linear		-		102		C5H14N2		109-55-7		Dimethylaminopropylamine		DMAPA						y

		14		Amine		Primary x 2		Linear		-		102		C5H14N2		7328-91-8		Neopentyldiamine / 2,2-Dimethyl-1,3-propanediamine		DMPDA						y

		15		Amine		Tertiary		Linear		Alcohol		103		C5H13NO		3179-63-3		Dimethylaminopropanol  / 3-Dimethylamino-1-propanol		DMPA						y

		16		Amine		Tertiary		Linear		Alcohol		103		C5H13NO		108-16-7		Dimepranol  / 1-Dimethylamino-2-propanol		1DMA-2P						y

		17		Amine		Secondary		Linear		Alcohol		117		C6H15NO		4620-70-6		tert-Butylaminoethanol		TBEA						y

		18		Amine		Primary x 2  & Secondary		Linear		-		117		C5H15N3		13531-52-7		N-(2-Aminoethyl)-1,3-propanediamine		PETA						y

		19		Amine		Primary		Linear		Alcohol x 2		119		C5H13NO2		115-70-8		2-Amino-2-ethyl-1,3-propanediol		AEPD						y

		20		Amine		Tertiary		Ring (6)		Amide		129		C6H11NO2		1696-20-4		4-Acetylmorpholine / Morpholine, 4-acetyl		AMOR						y

		21		Amine		Tertiary		Ring (6)		Alcohol		129		C7H15NO		3040-44-6		N-Piperidinoethanol		EtOH-Piper						y

		22		Amine		Primary x 2  & Secondary		Linear		-		145		C7H19N3		124-20-9		Spermidine		Spermid						y

		23		Amine		Primary x 2  & Secondary x 2		Linear		-		202		C10H26N4		71-44-3		Spermine		Spermin						y

		24		Amine		Tertiary x 4		Linear		-		272		C15H36N4		33329-35-0		Tris(N,N-dimethylaminopropyl)amine		TMBPA						x

		25		Amine		?		?		?		?		?		?		Tetra-N-methylpropanediyldiamine		TMDPA						x

		26		Amine		?		?		?		?		?		?		1-Amino-1-cyclohexylaminopropane		ACHP						x

		27		Amine		Quaternary+		Linear		Br-		322		C16H36N.Br		1643-19-2		Tetrabutylammonium bromide		TBAB						y





		Nitramines measured in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Nitramine compound		Acronym.

		1		Nitramine		Secondary		Ring (6)		-		132		C4H8N2O3		4164-32-3		N-Nitromorpholine		NMO																						y

		2		Nitramine		Primary		Linear		-		76		CH4N2O2		598-57-2		N-Nitromethylamine		MA-NO2																						y

		3		Nitramine		Secondary		Linear		-		90		C2H6N2O2		4164-28-7		Dimethylnitramine		DMNO																						y

		4		Nitramine		Secondary x 2		Ring (6)		-		176		C4H8N4O4		4164-37-8		1,4-Dinitropiperazine		-																						y																																																																										y

		5		Nitramine		Secondary		Linear		Alcohol		134		C4H10N2O3		217089-38-8		2-(Ethylnitroamino)ethanol		-		y		y

		6		Nitramine, amine		Secondary, Secondary		Ring (6)		-		131		C4H9N3O2		42499-41-2		1-Nitropiperazine		NPZ		y		y																		y																																																																										y

		7		Nitramine		Secondary		Linear		Alcohol		106		C2H6N2O3		74386-82-6		2-nitroaminoethanol/ ethanolnitramine		MEA-nitramine / MEA-NO2																						y		y																		y																																						y

		8		Nitramine		Secondary		Linear		Alcohol x 2		150		C4H10N2O4		13084-48-5		N-Nitrodiethanolamine (secondary nitramine)		-																						y																																																																										y

		9		Nitramine		?		?		?		106		C2H6N2O3		?		N-nitromonoethanolamine		NO2-MEA / Nitra-MEA																						y																																																																										y

		10		Nitramine		Secondary		Linear		Nitrate x 2		240		C4H8N4O8		4185-47-1 		Nitrodiethanolamine dinitrate (secondary nitramine)		DEA-NO2 / DINA				y		y





		Additional degradation products (organics) identified or measured in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Compound		Acronym.

		1										17		NH3		7664-41-7		Ammmonia		NH3						y				y								Y		Y				y						Y				Y		y		y						y																Y		Y				Y						<LOD				Y		y								y		y		Y		Y										Y				Y										Y		Y						from MEA		y

		2		Aldehyde								-		-		-		Total aldehydes		-																				Y				Y						Y				Y																												Y				Y										Y		y										Y														Y																Y

		3		Aldehyde								30		CH2O 		50-00-0		Formaldehyde		-						y						y								Y														<LOD												y																Y																										y																														Y

		4		Aldehyde								44		C2H4O 		75-07-7		Acetaldehyde		-						y						y																																		y																																										y

		5		Aldehyde								58		C3H6O		123-38-6		Propionaldehyde		-																																														y

		6		Aldehyde								70		C4H6O 		4170-30-3		2-butenal		-																																														y

		7		Aldehyde								72		C4H8O		123-72-8		Butyraldehyde		-																																														y

		8										41		C2H3N		75-05-8		Acetonitrile / Ethanenitrile / Methyl cyanide		-						y						y

		9										44		C2H4O		75-21-8		Ethylene oxide		EO																																								y (from Kennard, 1983)

		10										46		CH2O2		64-18-6		Formic acid										y

		11										58		C3H6O		67-64-1		Acetone		-						y						y

		12										60		C2H4O2		64-19-7		Acetic acid		-						y		y																																						y																																										y																																						y

		13										62		C2H6O2		107-21-1		Ethyleneglycol		EG						y																																						y		y																																																																												from MDEA, DMEA

		14										72		C4H8O		78-93-3		2-butanone		-																																														y

		15										74		C3H6O2		79-09-4		Propionic acid		-																																														y																																										y																																						y

		16										88		C4H8O2		107-92-6		n-butyric acid		-																																																																																																																														y

		17										90		C2H2O4		144-62-7		Oxalic acid										y

		18										106		C4H10O3		111-46-6		Diethyleneglycol		DEG																																														y





		Heat stable salts identified or measured in post combustion amine-based CO2 capture

		#		Compound		Type		Structure		Other func. groups		Mass		Formula		CAS		Heat stable salts - HSS		Acronym.

		0																Total heat stable salts - Total HSS		Total HSS																								Y		Y						Y				y						y						y		Y						Y														Y				Y		Y		Y						Y										Y																										Y

		1										45.017		CHO2-		71-47-6		Formate		FA-																Y								y		Y						Y				y						y		y				y		Y						Y														Y				Y		Y		Y				Y		Y		y								Y										Y				y		y														from MEA, PZ

		2										46		NO2		14797-65-0		Nitrite		NO2-																																																																																						y																																						from MEA

		3										59.04		C2H3O2-		71-50-1		Acetate		AA-																Y								y		Y						Y				y						y						y		Y																																				y								Y										Y						y

		4										62.005		NO3		14797-55-8		Nitrate		NO3-																Y								y		Y						Y		y
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