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Why wastewater matters in amine-PCC deployment
Amine-based post-combustion capture creates new process-water and solvent-degradation management questions.

Deployment context

Amine-PCC is being considered for power, energy-from-

waste (EfW), cement, refining and industrial flue-gas

applications. Wastewater management is part of

responsible deployment.

Chemistry context

Amine solvents can degrade through oxidative, thermal

and nitrosation pathways, forming ammonia, organic

acids, heat-stable salts and trace hazardous products. Decision context

Treatment choices depend on stream origin, marker

pattern, discharge route, and reuse potential—not one

pollutant alone.

Project ‘s Key: Convert complex solvent/wastewater chemistry into a treatment-routing framework

• Target Systems: MEA and MEA-blend post-combustion capture plants

• Primary Use: Feasibility, design, permitting, early operation and stakeholder communication

• Scope: Early-stage screening and decision support
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Research Gap: From Known Chemistry to Treatment Decisions

The missing link is not whether pollutants can be treated, it is how PCC wastewater chemistry is used to guide decisions

Existing Knowledge

• Amine degradation pathways are well

documented

• Industrial treatment technologies exist for COD,

ammonia, metals and salts

• Regulators increasingly expect monitoring of

amines and degradation products

Gap Addressed

• No standard marker-to-treatment logic for

amine-PCC wastewater streams

• Generic wastewater matrices lack specific

information about solvent health

• Early-stage projects often lack complete

effluent data

Framework Response

• Classify streams by origin and management route

• Prioritise markers by treatment relevance and

interpretability

• Map marker patterns to screening-level treatment

categories
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Objectives
The project converted literature and regulatory evidence into a structured marker framework

1
Identify PCC wastewater 
streams

Map reclaimer waste, wash water, DCC
effluent/condensate, acid wash, mixed
aqueous streams and amine-
contaminated drainage

2 Select treatment-relevant 
markers

Prioritise markers that explain risk,
stream origin, solvent health,
treatability and management route

3
Build a scoring and 
threshold logic

Use a semi-quantitative matrix to
retain robust markers and assign
low/moderate/high screening bands

4 Translate markers into 
decisions

Create treatment categories and a
workflow that can be used by
operators, consultants, vendors and
regulators
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Methodology: Evidence-to-Decision Workflow
Workflow was used to convert evidence into a marker-based screening tool.

1

Define Scope

MEA / blends, PCC 
wastewater streams

2

Extract Evidence

papers, reports, 
permits, guidance

3

Classify Streams

origin, chemistry, 
management route

4

Convert Pollutants 
to Markers

what the compound 
indicates

5

Score Markers

relevance, feasibility, 
robustness

6

Build Framework

bands, categories, 
decision tree

7

Test worked 
example

apply logic to plausible 
stream

Treatment-train output

Stream Classification Marker panel Threshold bands Treatment categories Worked example
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Framework Architecture: stream type × marker class × treatment function
The framework links where a stream comes from to what the marker means and what treatment function is needed.

Stream Type

Water wash

DCC effluent

Reclaimer waste

Acid/mixed wash

Marker Class

Residual amine

NH₃ / NH₄⁺

COD / TOC

HSS / organic acids

Nitrosamines

Treatment Function

Biodegradability

Nitrogen removal

Salinity/HSS control

Trace-risk polishing

Segregation/recovery

Decision Output: Screening Category A–E + Required Next Action



Scoring matrix and treatment categories

Scoring Criterion Score 1 Score 3 Score 5

Hazard Low concern Moderate concern
High concern / persistent / 
carcinogenic

MEA/PCC relevance Rare or indirect
Reported in some 

studies
Repeatedly reported in MEA or 
blend streams

Treatment-selection 
value

Limited influence Refines route
Directly determines treatment 
route

Monitoring 
feasibility

Specialist / 
difficult Moderate effort Established method available

Cross-stream use One stream only Two stream types
Multiple PCC wastewater 
streams

Category Treatment Function

A Feed conditioning: Equalization, pH control, segregation

B Bulk biological treatment and Nitrogen removal

C Targeted oxidation: UV, Ozone, Adv. Oxidation Process

D Polishing: Activated carbon, Biological AC, Adsorption

E
Ionic/concentrate management: Reclaiming, Ion exchange,
Membranes, disposal

Decision Rule

21 – 25 = Core Marker
15 – 20 = Routing Modifier
10 – 14 = Diagnostic/Supporting
< 10 = Site-specific Only

How to read scores
A total score is not a concentration, toxicity value or regulatory limit, it is a
structured priority score for treatment decision-making.
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Result : Retained Marker Panel
The marker panel prioritises indicators that are useful for treatment routing, not merely species detection.

Core markers

• Residual amines / parent solvent

• Amine degradation products (ADP)

• Ammonia / ammonium

• Organic acids / heat-stable salts

• COD / BOD/TOC

Routing modifiers

• pH, conductivity / salinity

• Nitrite / nitrate

• Aldehydes and carbonyls

• Metals / corrosion products

• Suspended solids / oil where relevant

A marker is core only if it directly controls the primary route. A marker can score high but remain a 
modifier if it mainly refines the route rather than selects it.



Category Treatment Target Typical technologies Primary marker triggers Stream types Key limitations

A
Source segregation, 

equalisation and 
primary conditioning

Segregate high-strength streams,
equalisation tank, pH correction,
cooling, solids removal,
dilution/blending where permitted

Variable stream type, pH extremes,
moderate COD/TN, uncertain
composition

Wash water, blowdown, mixed
stream before B/C/D

Does not remove ADP or HSS by itself,
preparation step, not final treatment

B
Biological treatment 

for biodegradable 
organic/nitrogen load

Aerobic treatment, SBR, MBBR,
biological activated carbon,
microbial fuel cell, nitrification-
denitrification for high TN

High/moderate biodegradability,
manageable ADP, ammonia/TN
requiring biological N removal

Wash water, condensate, low- to
moderate-strength blowdown,
diluted mixed stream

Inhibited by high amines, ammonia, salts,
HSS, metals or poor biodegradability,
needs treatability testing

C Advanced oxidation / 
targeted destruction

UV photolysis, UV/H2O2, ozone,
ozone/UV, hydroxyl-radical AOP

High/moderate ADP, recalcitrant
organics, aldehydes/carbonyls,
nitrite/nitrate precursor risk

Wash water,
condenser/condensate, mixed
stream requiring ADP control

May increase oxidation by-products,
energy/chemical demand rises with COD
and amines, usually needs polishing

D Adsorption, ion 
exchange or polishing

Activated carbon, biological
activated carbon, ion exchange,
final polishing filters

Trace ADP after B/C, residual organics,
low/moderate ionic load, final
discharge polishing

Wash water, condensate, post-
biological or post-AOP effluent

Capacity limited in high COD/high salt
streams, spent media management
needed

E Reclaimer/concentrat
e/salt management

Thermal reclaiming, evaporation,
crystallisation, membrane
concentration, electrodialysis, ion
exchange for HSS, offsite
hazardous-waste management

Reclaimer waste, high organic
acids+HSS Anions, high
TDS/conductivity, metals/corrosion
products, concentrated solvent
degradation

Reclaimer waste, solvent bleed,
highly concentrated blowdown,
high-salt mixed stream

Higher cost, may generate secondary
concentrate/sludge, not a simple polishing
treatment

Treatment categories for MEA/MEA-blend PCC wastewater decision framework
Screening bands A→E for aqueous stream management

5. Results 9



Result : Decision tree for selecting wastewater treatment categories

Step Decision 
Parameters Primary Markers Low / Favourable Condition Moderate Condition High / Adverse Condition Treatment Direction

1 Identify stream 
type

Stream identity: reclaimer waste, 
wash water, blowdown, mixed, 
condensate, acid wash

Wash water / condensate 
normally lower strength and 
more suitable for polishing or 
biological treatment

Blowdown or mixed streams may 
need equalisation and split-
treatment

Reclaimer waste or concentrated 
solvent bleed is normally high-
strength and salt-rich

Low/moderate:  A/B/D   
Concentrated/reclaimer: 
E first

2 Assess nitrogen 
burden

Ammonia/ammonium, TN, 
residual amines

Low nitrogen: conventional 
biological treatment may be 
feasible if COD is 
biodegradable

Moderate nitrogen: biological 
treatment with nitrification or 
staged N-control may be required

High nitrogen: risk of inhibition, 
nitrification burden and discharge 
non-compliance

Low: A/B
Moderate: B
High: B with N-removal or 
A + B/C

3 Assess 
biodegradability

COD, TOC, BOD if available, 
BOD/COD

High biodegradability: 
biological route can be primary 
treatment

Moderate biodegradability: 
equalisation and biological 
treatment may still work, 
polishing likely needed

Poor biodegradability: biological 
treatment alone is unreliable

High:     B 
Moderate:     A + B/D,
Poor: C/D         
or 
E depending stream

4 Assess hazard 
markers

ADP = Nitrosamines + Nitramines, 
modifiers: Nitrite/nitrate/Nox  
precursors

Low ADP: treatment can be 
driven by COD/TN/ionic burden

Moderate ADP: include targeted 
polishing or monitoring hold point

High ADP: targeted 
destruction/removal required 
irrespective of bulk COD

Moderate/High: C and/or D 
often B + D or C + D

5 Assess ionic 
burden

(organic acids + HSS Anions)                
= formate, acetate, sulfate, HSS, 
TDS/conductivity where available

Low ionic load: 
biological/AOP/polishing not 
strongly constrained by salts

Moderate ionic load: treatment 
feasible but salt accumulation 
should be monitored

High ionic load: biological 
inhibition, corrosion, 
solids/reclaimer burden and 
concentrate management 
become critical

Low/moderate: A/B/C/D
High: E or E + C/D

6 Assign category Combined decision from steps 1-5 Single route may be adequate, 
e.g. A + B or B + D

Combined route likely,
e.g. A + B + D

Concentrated or high-hazard 
route likely, e.g. E + C/D

A-E or 
combined category

11



Worked Examples :-
For Marker-based Wastewater 
Treatment Selection

Source-reported markers Semi-quantitative scoring Treatment train decision



Example 1 — MEA washwater: impurity profile and marker interpretation

Waste Stream Features 

Stream Type:
Pilot MEA wash water, water-wash blowdown

Solvent : 35% MEA system

Objective: Identify whether bulk treatment,
hazard control or polishing is required

Reported Impurity Marker Class Decision Meaning

Residual MEA (6.8 mM) Parent amines / residual solvent Solvent carryover, alkalinity and nitrogen-related burden

Total N-nitrosamines (0.73 μM) Amine degradation products (ADP) Hazard marker present, targeted treatment required

Formate + Acetate (1100 μM) Organic acids + HSS indicator Organic-acid / ionic burden, HSS itself not fully quantified

COD / BOD / TN (Not Reported) COD/BOD/TN Biodegradability and total nitrogen burden are data gaps

Nitrite / Nitrate   (210, 25 uM) NOₓ-derived precursors Future ADP formation potential with residual amines

Formaldehyde (200 uM) Aldehydes / carbonyls Oxidation demand and degradation severity modifier

The measured values were used as source-reported markers. The framework does not treat
them as universal limits, it uses them to identify hazard, chemistry, organic-acid burden.

Decision Note:

; Wang et al. (2013) anaerobic digestion of MEA wastes; Dong et al. (2019) review of amine-rich wastewater treatment; UK environmental permit/guidance documents and final literature survey/scoring matrix developed for this project.

Dai et al. (2012) measurement of nitrosamine/nitramine formation in amine PCC washwater 12

❑ Core Markers ❑ Modifiers



Example 1 — MEA washwater: scoring matrix and treatment decision

Marker Used Hazard MEA-
Relevance

Treatment 
selection 

Value

Monitoring 
Feasibility Cross stream Relevance Total Decision role

Parent amines / residual MEA 4 5 5 5 4 23 Core: Add “A” if feed variability or pH control needed

ADP: nitrosamines/nitramines 5 5 5 4 4 23 Core:             Add “C + D”

Nitrite/nitrate precursors 4 5 4 4 4 21 Modifier:      Strengthens ADP control logic

Aldehydes/carbonyls 3 4 4 4 4 19 Modifier:      Oxidation demand

Organic acids + HSS anions 4 5 5 4 5 23 Core:              Evaluate ionic burden, E if high

COD/TOC/BOD 4 5 5 5 5 24 Core, but not assessable because NR

ADP Present
C + D

Residual MEA + Precursors
A + C + D

COD/BOD/TN NR
No Information Available

Final Route
A + C + D

Interpretation

o MEA washwater is treated as hazard-led
o Biological treatment is not selected from this case because COD/BOD/TN were not reported
o ADP and precursor chemistry justify oxidation plus polishing

13



Example 2 — MEA reclaimer waste: impurity profile and marker interpretation

Waste Stream Features

Stream: MEA reclaimer waste used in 
anaerobic digestion testing
Reported values indicate a concentrated, 
high-strength waste
Solvent: MEA (18-30 %)
Framework question: can bulk biological 
treatment be considered and what 
pretreatment/residue management is 
needed?

Reported impurity / parameter Marker class Interpretation

COD (450–900 mg COD g⁻¹ waste) COD/TOC/BOD
High organic load, biological treatment possible only 
with loading control

Total N (Approx. 7–14 wt%) Ammonia / TN High nitrogen burden, nitrification/inhibition risk

Ammonia inhibition reported Ammonia / TN modifier
Biological process requires acclimation, dilution or 
controlled feed ratio

HSS / ionic burden not fully speciated Organic acids + HSS
Reclaimer stream implies salt/residue management 
should be assessed

ADP not confirmed in selected case ADP Do not add C + D unless detected or expected

Decision Note
This case is load-led rather than ADP-led: high COD, nitrogen and solvent burden drive segregation, controlled bulk 
treatment and residue/salt management.

Wang et al. (2013) anaerobic digestion of MEA wastes; 14



Example 2 — MEA reclaimer waste: scoring matrix and treatment decision

Marker used Hazard MEA-
Relevance

Treatment 
selection 

Value

Monitoring 
Feasibility

Cross stream 
Relevance Total Decision role

COD/TOC/BOD 4 5 5 5 5 24 Core:                 Add B if biodegradability/control is feasible

Ammonia/ammonium + TN 4 5 5 5 4 23 Core:                Nitrogen removal and inhibition control

Parent amines / residual MEA 4 5 5 5 4 23 Core:                 Add A for segregation/equalization

Organic acids + HSS anions 4 5 5 4 5 23 Core:                 Add E if ionic/HSS burden is high

Metals/corrosion products 3 3 4 4 2 16 Conditional:       Precipitation/solids handling if detected

ADP: nitrosamines/nitramines 5 5 5 4 4 23 Core only if detected/expected, add C + D

High-strength stream

A
High COD + nitrogen

B
Reclaimer / salt burden

E
Final route

A + B + E

o Reclaimer waste should not be routed as simple washwater
o A + B + E reflects segregation/equalization, controlled biological or bulk treatment, and ionic/residue management 
o C + D is added only if ADP is confirmed

Interpretation

15



Implementation protocol for a new MEA/PCC wastewater sample

1. Classify stream
Reclaimer waste, washwater, blowdown,
condensate or mixed

2. Measure core markers
Parent amines, ADP, COD/TOC/BOD,
ammonia/TN, Organic acids+HSS

3. Add modifiers where needed
Nitrite/nitrate, aldehydes, non-nitroso MEA
intermediates, metals

4. Apply scoring/tier logic
Confirm whether each marker is core, modifier
or conditional

5. Apply threshold rules
Map marker pattern to A–E treatment functions

6. Validate treatment train
Bench/pilot treatability testing and site-specific
compliance review

Recommended minimum analytical package

o COD, TOC and BOD where possible, ammonia/ammonium and TN, pH and conductivity
o MEA/AMP/PZ or other parent amines, total and/or speciated nitrosamines/nitramines
o Formate, acetate, sulfate and wider HSS anions, nitrite/nitrate precursors

Decision safeguards

o Do not use biological treatment as default where COD/BOD/TN are not measured
o Do not treat ADP as a bulk COD problem, ADP requires hazard-specific control
o Do not combine HSS/organic acids with ADP, they indicate ionic burden, not the same toxicological

endpoint

OUTPUT

A reasonable first-pass treatment train, supported by marker evidence and ready for site-specific
treatability testing

16



18

Alignment with Emerging UK PCC Permitting Evidence

UK Case

VPI Immingham Amine monitoring in water, DCC blowdown routing, PCC resource metrics

Viridor Runcorn MEA system, degradation products incl. amines, nitrosamines/nitramines before/after reclaiming

Encyclis Protos Solvent quality monitoring: active amine, HSS, soluble iron, colour, degradation products

Phillips 66 Humber PTU effluent, ammoniacal-N, salinity baseline, WGS purge-treatment uncertainties

Net Zero Teesside / Keadby DCC effluent treatment, ammonia removal, pH/conductivity/temperature and BAT monitoring logic

Implication for Framework The permits support a marker-based approach because regulators now ask for solvent-quality, degradation-
product, ammonia, HSS, salinity and water-stream monitoring at process-specific locations.
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Conclusions
The framework is technically useful as a screening and communication tool

C1 Framework logic is workable

It uses stream origin + marker pattern + treatment function, rather than generic 
pollutant lists

C2 Marker panel is industrially interpretable

Core markers link to nitrogen load, organic load, solvent ageing, salinity/HSS 
burden and trace-risk control

C3 Decision categories are practical

A–E categories help determine whether to screen for biological treatment, 
pretreatment, polishing or other relevant technology

C4 Scope is appropriately limited

It does not replace BAT assessment, detailed design, discharge consent or 
treatability testing
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Future Work: Screening Framework into Validated Tool
The next stage should generate site-specific evidence and improve quantitative confidence.

Validation Apply to real samples from MEA and blend-based PCC systems, compare framework categories with actual treatability 
results

Analytical refinement Define minimum analytical methods for amines, HSS, aldehydes, nitrosamines/nitramines and low-level trace markers

Treatment testing Generate bench-scale data for biological inhibition, AOP, adsorption, ion exchange, RO and combined trains

Digital tool Convert workbook into an auditable decision-support interface with uncertainty flags and version-controlled source data

Regulatory engagement Test the framework with operators, wastewater vendors and regulators to align with permit expectations and BAT 
discussions
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Result : Threshold Bands and Treatment Technologies

Pollutant / Marker Low Band Moderate Band High Band
Possible Treatment 

Category
Rationale

Parent amines / 
residual solvent

<100 mg/L 100–1,000 mg/L
>1,000 mg/L or wt% 

solvent waste
A/B/C/E

Low residual amine may be biologically screened, high-strength
solvent carryover is inhibitory/high-COD and needs pretreatment,
reclaiming or segregation

Amine Degradation 
Products (ADP)

<0.004 µg/L (4 ng/L) 0.004–1 µg/L
>1 µg/L or accumulated 

process-liquid levels
D/E

Trace hazardous species require LC-MS/MS-guided control and
targeted polishing; emission prevention and precursor control are
also needed

Organic acids+HSS
Anions

<500 mg/L total 0.5–10 g/L total
>10 g/L or >3% solvent 

inventory
B/C/E

Low/moderate organic acids may be biologically tractable, high
HSS/salinity requires ion exchange, electrodialysis, thermal
reclaiming, source control or segregation

Ammonia / ammonium <50 mg N/L 50–500 mg N/L >500 mg N/L A/B/C/E
Ammonia drives nitrogen load and biological inhibition, high
concentrations require stripping, ion exchange, staged biological
treatment, equalisation or segregation

Specific non-nitroso 
MEA degradation 

intermediates

<10 µg/L each or trace-
only signal

10–1,000 µg/L each
>1 mg/L each or persistent 

process-liquid 
accumulation

B/C/D/E
These species are useful diagnostic markers, treatment depends
on matrix strength, persistence and toxicity information. High
accumulation supports reclaiming/source-control action

Nitrite / nitrate / NOx-
derived precursors

Nitrite <0.1 mg N/L, 
nitrate <10 mg N/L

Nitrite 0.1–1 mg N/L, nitrate 
10–50 mg N/L

Nitrite >1 mg N/L or 
nitrate >50 mg N/L

B/C/D/E
Nitrite is a direct nitrosation precursor and can cause artefactual
formation, nitrate/nitrite control is needed alongside ADP
monitoring and NOx source control

COD / TOC COD <1,000 mg/L COD 1,000–10,000 mg/L COD >10,000 mg/L A/B/C
Organic load controls biological feasibility and oxidant demand,
very high COD needs equalisation, anaerobic/AOP pretreatment or
physico-chemical treatment

Aldehydes / carbonyls <1 mg/L 1–100 mg/L >100 mg/L A/B/C/D
Often biodegradable/oxidisable at low to moderate levels, high or
persistent concentrations may need AOP, adsorption or source-
control action

Total nitrogen <50 mg N/L 50–500 mg N/L >500 mg N/L A/B/C
Bulk nitrogen is not species-specific but helps track
nitrification/denitrification requirements and treatment
performance

Metals / corrosion 
products

Fe <1 mg/L, Ni/Cr/Cu/Zn 
<0.1 mg/L

Fe 1–10 mg/L, Ni/Cr/Cu/Zn 
0.1–1 mg/L

Fe >10 mg/L or 
Ni/Cr/Cu/Zn >1 mg/L

C/D/E
Metals may be toxic and can indicate corrosion/degradation,
removal by precipitation, filtration, adsorption and source-control
is preferred21
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Markers, Scoring and Retention Logic
Candidate markers were evaluated for decision value rather than treated as a simple pollutant list.

Treatment relevance Does the marker change the likely treatment route?

Analytical feasibility Can it be measured reliably at relevant concentrations?

Literature support Is the marker supported by technical evidence?

Interpretability Does it indicate a clear function: load, hazard, solvent health or stream origin?

Robustness across streams Does it remain useful across different PCC wastewater types?

Retention Rule
o Markers scoring strongly overall and representing distinct treatment functions were retained (Score: 21-25)

o Lower-scoring species were retained only as modifiers where technically justified (Score 15-20)
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Markers Tier Pollutants
Hazard 

(1–5)

MEA
Relevance

(1–5)

Treatment-
selection value 

(1–5)

Monitoring 
Feasibility 

(1–5)

Cross-stream 
Occurrence

(1–5)

Total Score

(25)

Decision 
Output

Parent amines / 
residual solvent

Core MEA or blend with AMP, PZ, MDEA, DEA, and other
residual amines when used in blends 4 5 5 4 5 23 Retain as 

Core Marker

Amine Degradation 
Products (ADP)

Core
Combined nitrosamines + nitramines, includes
NDMA, NDEA, NDELA, NPZ/MNPZ and solvent-
specific nitroso/nitro products

5 5 5 3 4 22
Retain as 

Core Marker

organic acids + HSS 
Anions

Core Combined formate + acetate + sulfate + other
heat-stable-salt anions 3 5 5 5 5 23

Retain as
Core Marker

Ammonia / 
ammonium

Core NH3/NH4+ and ammonia nitrogen if measured 4 5 5 5 4 23 Retain as 
Core Marker

COD /BOD/ TOC Core Chemical oxygen demand, total organic carbon,
biodegradable/non-biodegradable organic load 3 5 5 5 5 23 Retain as 

Core Marker

Nitrite / nitrate / 
NOx-derived 
precursors

Routing modifier NO2−, NO3−, nitrite/nitrate formed from NOx
absorption and oxidative chemistry 3 5 4 3 3 19 Retain as 

Routing modifier

Specific non-nitroso 
MEA degradation 

intermediates
Routing modifier

HEIA, HEEDA, HEGly, OZD, amides,
piperazinones, oxazolidines, imidazoles, other
nitrogenous heterocycles

3 5 4 3 3 18 Retain as 
Routing modifier

Aldehydes / 
Carbonyls

Routing modifier Formaldehyde, acetaldehyde, other
aldehydes/ketones/carbonyl oxidation products 4 4 4 4 4 20 Retain as Routing 

Modifier

Total nitrogen Routing modifier TN, TKN where available, combined organic
nitrogen + ammonia + nitrate/nitrite 3 4 4 5 4 20 Retain as 

Routing Modifier

Metals / corrosion 
products

Conditional 
marker

Fe, Ni, Cr, Cu, Zn and other corrosion or
equipment-derived metals where relevant 3 3 4 4 3 17

Retain only where 
stream-specific 
evidence exists

Marker Scoring Matrix – For Framework
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