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Today’s presentation
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1. NOM and TOC
2. SEC-TOC
3. Results
4. Take-home messages
5. Q&A
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Characterization of NOM – Why it is important
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Reasons to monitor Natural Organic Matter (NOM):

1. Understand:

a) Disinfection Byproducts (DBPs) formation

b) Changes in water quality and treatment 

performance

2. Meet regulation (based on Total Organic 

Carbon (TOC) concentration)
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Increased relevance with the broader 

implementation of water reclamation



Total Organic Carbon Analysis
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Is TOC analysis enough to 

characterize NOM?
Additional info

DBPs formation NO

TOC correlates with formation 

(in wastewater), but not with 

specific fingerprint

Understanding changes NO

TOC does not provide specific 

information of fate from 

different fractions of NOM

Meet regulation YES --
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Other parameters commonly used to characterize NOM: 

SUVA254, FEEM, Adsorbable Organic Carbon



TOC analysis – Instrumentation: Examples
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High temperature combustion catalytic oxidation

Simultaneous TOC and TN analysis 

with the TN-module

Wet oxidation (persulfate)

Common: Sum parameter based on detection of carbon dioxide by the NDIR



Size Exclusion Chromatography (SEC)
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NOM components get separated by molecular weight with SEC 



SEC-TOC
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Fluorescence Detector - optional

Measuring Range

(TOC)
0～25 ppm

Limit of Detection

(TOC)
5 ppb

Output from SEC-TOC: Chromatogram of TOC 
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UV



SEC-TOC - Benefits
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Example of SEC-TOC analysis of Lake Biwa (Japan) water

• SEC-TOC provides a quantitative measurement to characterize unknown samples.

• The use of two detectors in-line (UV or fluoresce and TOC detector) provides additional 

lines of evidence for characterizing the samples.



Results - Chromatography
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Gel Filtration Calibration Kit LMW / HMW – Cytiva

LMW：6.5k ~ 2000k

HMW：43k ~ 2000k

Injection Volume：250 μL



Results – Calibration (in collaboration with NIES)
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Size Calibration by PSS TOC Calibration by KHP

PSS（Poly Styrene Sulfonate Salt）
Linear range: 184～64k Da

PSS is suitable for measuring 

molecular size of DOM from water

R² = 0.9996
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KHP calibration linear range: 1～5 mg C/L 

Limit of detection（S/N = 3)：17 µg C/L
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Results – Comparison TOC and SEC-TOC (in collaboration with NIES)

Shimotori et al (2016) doi: 10.1002/lom3.10118

Comparable results TOC vs SEC-TOC



Study of Source Water
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【Easily decomposable DOM】
（Molecular size：large, 

Biodegradability：high）

Carbon source for bacteria:

Amino acids, proteins, sugars, etc.

【Persistent DOM

（Molecular size：small, 

Biodegradability：low）

Carbon storage and water 

contaminants

分
子
サ
イ
ズ
の
減
少

生分解性の減少
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Study of Source Water (in collaboration with NIES)

15

【Easily decomposable DOM】
（Molecular size：large, 

Biodegradability：high）

Carbon source for bacteria:

Amino acids, proteins, sugars, etc.

【Persistent DOM

（Molecular size：small, 

Biodegradability：low）

Carbon storage and water 

contaminants

分
子
サ
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の
減
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Water Source - Lake Biwa (Japan)

Aromatic fraction and 

other UV254-absorbing 

compounds

Tryptophan-like 

fluorescence, 

easily degradable DOM

Humic-like fluorescence, 

persistent DOM



Study of Source Water
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【Easily decomposable DOM】
（Molecular size：large, 

Biodegradability：high）

Carbon source for bacteria:

Amino acids, proteins, sugars, etc.

【Persistent DOM

（Molecular size：small, 

Biodegradability：low）

Carbon storage and water 

contaminants

分
子
サ
イ
ズ
の
減
少

生分解性の減少
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Aromatic fraction and 

other UV254-absorbing 

compounds

Tryptophan-like 

fluorescence, 

easily degradable DOM

Humic-like fluorescence, 

persistent DOM

Fluctuations of water quality were evaluated



Evaluation of treatment performance
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• Drinking water treatment plants traditionally relied on physicochemical processes

 

• Biofiltration has been widely implemented in drinking water treatment

• Treatment technologies used in water reclamation rely on membranes filtration, ozonation, and 

biofiltration
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Evaluation of treatment performance
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• Drinking water treatment plants traditionally relied on physicochemical processes

 

• Biofiltration has been widely implemented in drinking water treatment

• Treatment technologies used in water reclamation rely on membranes filtration, ozonation, and 

biofiltration
Performance depends on NOM 

composition
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Evaluation of treatment performance

19

• Drinking water treatment plants traditionally relied on physicochemical processes

 

• Biofiltration has been widely implemented in drinking water treatment

• Treatment technologies used in water reclamation rely on membranes filtration, ozonation, and 

biofiltration
Performance depends on NOM 

composition

Komatsu et al (2020) https://doi.org/10.1016/j.watres.2019.115459

FEEM data (c) acquired with a benchtop fluorescence spectrophotometer
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Evaluation of treatment performance
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Komatsu et al (2020) https://doi.org/10.1016/j.watres.2019.115459

Q&ATake-HomeResultsSEC-TOCNOM

DOC and UV254 provided 

insights of overall removal;

FEEM added information 

about removal of specific 

NOM fractions

SEC-TOC (with UV detection) 

allowed for investigating the 

removal selectivity of

each treatment step



Take-Home Messages
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• There is an increasing need for investigating the specific composition of NOM in environmental 

waters and during water treatment as the implementation of water reclamation grows

 

• A combination of in-line detectors is a suitable alternative to perform this work (e.g., TOC with 

UV or fluorescence). SEC adds the benefit of the chromatographic separation of NOMs 

components before the detectors 

• Examples shared demonstrated the use of SEC-TOC for the study of source water quality and 

treatment performance. Limit of detection of TOC: 5 ppb.
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For any questions, contact:

Ruth Marfil-Vega, PhD

rmmarfilvega@shimadzu.com

For more information, visit:

www.OneLabOneEarth.com

Connect with us:

Twitter - @shimadzussi

Instagram - @shimadzussi

LinkedIn - /company/shimadzu-scientific-instruments/

YouTube - @ShimadzuScientificInstruments
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