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1. Introduction – Researchers have used fluorescence spectroscopy to measure organic matter in water 

systems in various ways for many years.  Based on these results, oit has been hypothesized that 

fluorescence spectroscopy analysis techniques could be used to determine the BOD in water.  It may be 

possible to use fluorescence spectroscopy techniques to determine the quantity of flow to a natural body 

of water, such as a river, that was contributed by a wastewater discharge. Fluorescence measurements 

may be performed quickly and easily thus providing a fast, simple estimation of BOD and the 

contribution of wastewater flow to a natural water body that could prove very useful. 

Advances in fluorescence spectrophotometry allow the collection of fluorescence data quickly and 

efficiently.  Water samples are excited by monochromatic light at wavelengths typically varying between 

250 and 400 nm.  The intensity of fluorescent radiation emitted from the sample is then measured at 

wavelengths typically between 300 and 500 nm.  These data may then be plotted in a figure called an 

excitation-emission matrix (EEM). 

2. Experimental - Fluorescence spectroscopy analyses were conducted on samples from two separate 

studies.  In the first study wastewater samples were collected at different locations along the treatment 

train of two wastewater treatment plants.  Each sample was analyzed by a PerkinElmer LS 55 

luminescence spectrometer.  Scans were performed with excitation wavelengths between 250 and 400 nm 

at 5 nm increments and emission wavelengths between 300 and 500 nm also at 5 nm increments.  This 

results in a file of 1200 intensity measurements for each sample that correspond to the possible 

excitation/emission combinations that is called an excitation-emission matrix (EEM). The BOD5 of each 

sample was also determined by the Standard Method.  A “brute force” regression analysis was performed 

on the data to determine possible correlations between fluorescence properties of the samples and BOD5.  

In the second study samples were taken from the effluent of two separate wastewater treatment plants and 

a several locations downstream of the facilities.  The EEM for each of these samples were also 

determined using the same PerkinElmer spectrometer.  These data were analyzed using Bayesian 

statistical techniques.  

3. Results and Discussion – A “brute force” regression analysis using 10,000 multiple regression models 

with 10 covariates found a good correlation between EEM data and BOD concentrations found in the first 

study when a proper correlation at an individual specific sites.  Very little correlation was found between 

multiple sites.  A Bayesian hierarchical model and Markov chain Monte Carlo methods generated 

posterior data distributions to describe source contributions of wastewater discharge and upstream flow 

(i.e., source apportionment). The fluorescent surface of the EEMs was used to represent wastewter 

discharge in this model.  When predicted and meaasured wastewater flow contributions were compared 

using the model a correlation coefficient of 0.943 was measured. 

4. Conclusions - A multiple regression model can be developed using fluorescence data that can 

accurately be used to predict BOD5 on a site specific basis.  By this method an estimate of BOD5 may 

easily be determined in a very short period of time at an individual site. The BOD5 model developed at 

one sampling location is not likely to be applicable to other sampling locations.  Individual models will 

likely need to be developed at each individual location even within the same treatment plant.Analysis of 

EEM data could be used to identify wastewater discharges.  EEM data could also be used to quantify 

wastewater discharges.EEM data analysis can be used to  perform source apportionment studies, and can 

allow researchers to effectively determine the degree to which a water source has been contaminated by a 

pollution source.This research also demonstrates that fluorescence spectroscopy methods and Bayesian 

statistical analysis can effectively perform source apportionment. 
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