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Fluorescence spectroscopy – pros & cons

• Fast
• Sensitive
• Small quantities of sample
• No sample pretreatment
• Correlates with standard
parameters (BOD, TOC)

• Qualitative
• Influenced by external 

factors
• Only organic 

contamination
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 Fluorescence spectroscopy

chlorine + organic matter

Ates et al., 2007
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chlorination by-products 
(trihalomethanes (THMs) & haloacetic acids (HAAs))

Main application: 

• Water quality monitoring; 

• waste / drinking water treatment 
process control. 

reduce costs

timely action



Natural Organic Matter (NOM)

• comprises the decay products of animal and plant matter. 
• NOM:

• Autochthonous – microbially derived
• Allochthonous – terestrially derived 

Natural Organic Matter

Dissolved Organic Matter Particulate Organic Matter
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NOM Fluorescence

Dissolved Organic Matter

Proteins Humic substances

Tryptophan Tyrosine Phenylalanine Fulvic acidHumic acid

λex = 230/ 275 nm
λem = 310 nm

λex = 230/ 290 nm
λem = 350 nm

λex = 260 nm
λem = 282 nm

λex = 230 nm
λem = 400 - 500 nm

λex = 300 - 350 nm
λem = 400 - 500 nm
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NOM Fluorescence

A – humic acid
C – fulvic acid

T1 & T2 – tryptophan
B – tyrosine 
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Spatial and temporal variability
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Coble (1996)

Hudson et al. (2007)



Spencer et al., 2007

Spatial and temporal variability
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• In situ measurements using a WET 
Labs WETStar

• Single-band excitation-emission in 
situ fluorometer 370 nm excitation / 
460 nm emission



Spatial and temporal variability
• In situ measurements using a WET 

Labs WETStar
• Single-band excitation-emission in 

situ fluorometer 370 nm excitation / 
460 nm emission

Downing et al., 2009
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Spatial and temporal variability
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Abstract:
Continuous monitoring of dissolved organic matter (DOM) character and concentration at hourly resolution is rare, despite
the importance of analysing organic matter variability at high-temporal resolution to evaluate river carbon budgeting, river
water health by detecting episodic pollution and to determine short-term variations in chemical and ecological function.
The authors report a 2-week experiment performed on DOM sampled from Bournbrook, Birmingham, UK, an urban river for
which spectrophotometric (fluorescence, absorbance), physiochemical (dissolved organic carbon [DOC], electrical conductivity,
pH) and isotopic (D/H) parameters have been measured at hourly frequency. Our results show that the river had sub-daily
variations in both organic matter concentration and characteristics. In particular, after relatively high-magnitude precipitation
events, organic carbon concentration increased, with an associated increase in intensity of both humic-like and tryptophan-like
fluorescence. D/H isotopic ratio demonstrates different hydrological responses to different rainfall events, and organic matter
character reflects this difference. Events with precipitation <2 mm typically yielded isotopically heavy water with relatively
hydrophilic DOM and relatively low specific absorbance. Events with precipitation >2 mm had isotopically lighter water with
higher specific absorbance and a decrease in the proportion of microbially derived to humic-like fluorescence. In our heavily
urbanized catchment, we interpret these signals as one where riverine DOM is dominated by storm sewer-derived ‘old’ organic
matter at low-rainfall amounts and a mixed signal at high-precipitation amounts where ‘event’ surface runoff-derived organic
matter dominate during storm sewer and combined sewer overflow routed DOM. Copyright  2009 John Wiley & Sons, Ltd.

Additional Supporting information may be found in the online version of this article.
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INTRODUCTION

Organic matter is ubiquitous in every type of aquatic sys-
tem and, due to the influence that it has on their ecological
health, can be used as a useful water quality indicator.
Historically, organic matter was considered rather unreac-
tive, but recent research has shown that it is actually reac-
tive and labile, and therefore presents both beneficial and
risk effects on ecosystems (Baigorri et al., 2007; Hudson
et al., 2007; Battin et al., 2008). Deleterious activities,
especially under anthropogenic influences, lead most of
the time to a perturbation in organic matter concentra-
tion and/or composition and a deterioration of aquatic
ecosystems. The organic matter fraction present in natu-
ral waters (i.e. with almost no anthropogenic influence)
can be autochthonous, formed in situ through microbial
activity, algal productivity, invertebrate grazing, etc., and
allochthonous, formed externally and brought into the
water system through soil leaching, geological activities
or degradation of terrestrial vegetation (Volk et al., 2002;
Winter et al., 2007). Human influence can affect both of

* Correspondence to: Elfrida M. Carstea, National Institute for Optoelec-
tronics, INOE 2000, 409 Atomistilor Street, P. O. Box MG-5, RO-077125
Magurele, Romania. E-mail: frida@inoe.inoe.ro

these fractions and in a complex manner. For example,
increased algal-derived organic matter due to eutrophica-
tion, increased microbially derived organic matter from
human and animal wastes and changes in allochthonous
organic matter from changes in land use. Organic matter
composition and concentration can therefore vary greatly
from one water body to another (Coble et al., 1996), from
source to sea (Baker and Spencer, 2004) at annual to
hourly timescales (Spencer et al., 2007; Wu et al., 2007).

During the last decade, fluorescence spectroscopy has
been effectively used to determine and characterize
organic matter concentration and character and its link
to function and chemical water quality (Coble, 1996;
Thacker et al., 2005; Hudson et al., 2007; 2008). It is
a quantitative and sensitive technique that requires small
quantities of sample, with little or no sample prepara-
tion. Fluorescence spectroscopy can measure a sample
in approximately 1 min, depending on the set-up param-
eters, offering the spectral fingerprint for any type of
water body. The fluorescence signal can be recorded
as excitation–emission matrix, generated by scanning
both excitation and emission wavelengths (Coble, 1996;
Hudson et al., 2007). Thus, the fluorescence maxima
can be identified by analysing the !ex/!em (excitation

Copyright  2009 John Wiley & Sons, Ltd.

ORGANIC MATTER VARIABILITY ON THE BOURNBROOK RIVER 1943

Figure 5. Continuous measurement of fluorescence and absorbance: fluorescence intensity for peaks C (a) and A (b)—humic substances; fluorescence
intensity for peaks B (c) and T (d)—microbially derived; (e) absorbance data at 254 nm

Figure 6. Correlation between TOC and (a) peak C fluorescence and (b) absorption coefficient at 254 nm

small heavily urbanized catchments. However, iso-
topic evidence suggests that the source of the DOM

might be different between events I–IV and event
V, due to the greater precipitation and discharge in

Copyright  2009 John Wiley & Sons, Ltd. Hydrol. Process. 23, 1937–1946 (2009)
DOI: 10.1002/hyp



Methodology
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spectrofluorometer

spectrophotometerpH, conductivity
meter

temperature logger

tea & coffee

• Varian Cary Eclipse spectrofluorometer, scan 
rate 9600 nm/min, integration time 0.0125 s, 
both excitation and emission slits at 5 nm

• Mean value of Raman peak intensity 7 
arbitrary units. 

• Excitation wavelength range 225 nm - 400 
nm, 5 nm step

• Emission wavelength range 280 nm -500 nm, 
2 nm step. 

• Water pumped to Cary Eclipse Fluorescence 
Spectrometer (20ml /min).

• Fibre-optic probe with 1 cm path-length 
liquid probe tip measures fluorescence EEMs 
every 3 minutes in a 20 ml sample chamber.

• Samples also taken every hour from both 
river and sample chamber for fluorescence, 
UV absorbance, pH, electrical conductivity,  
hydrogen isotopic composition, and total 
organic carbon.

• Water temperature monitored using a Tinytag 
T logger.  River stage recorded every hour. 



Sampling site
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Set-up 
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Spectro‐
photometer

Fibre‐op.c

Sample 
Chamber

PumpOutlet
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Fluorescence EEMs

Introduction Methodology Results Conclusions

C

B T1
A

T2



Fluorescence EEMs
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Continuous fluorescence data
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Day 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Continuous fluorescence data
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Continuous fluorescence data
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Continuous fluorescence data
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Continuous fluorescence data
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Continuous fluorescence data
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Continuous fluorescence data
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Continuous fluorescence data
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Continuous fluorescence data
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Conclusions

• First continuous EEM data for any application.
• Successful optical protocols (slits, filters, scan speeds, etc.).
• Data gaps due to software bugs.
• Ten days of continuous data collection until generator failure.
• No drift or calibration issues over the ten days.
• Identification of major diesel pollution event.
• Identification of ~ hourly minor pollution pulses from cross connections.
• Unanswered question – how long could continuous EEMs be collected for?
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