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Brief History of Study

In 1998, Environmental Services Office (now DES)
requested QA/QC Program’s assistance in developing a
Standard Operating Procedure for chlorophyll filtration,
algal count sampling & single point fluorescence

Turner 10AU Fluorometer was used for fluorescence
North Bay Aqueduct (NBA) was selected for pilot study

Constituents: phytoplankton, chlorophyll, DOC/TOC,
nutrients, THMFP, field single point fluorescence

QA then developed an SOP for chlorophyll filtration

Correlation between chlorophyll, algal biovolume and
fluorescence was found to be poor



Brief History of Study (cont’d)

In 2007, the QA/QC program decided to revisit
the study to test whether newer fluorometers
could provide better correlations between
fluorescence, DOM & algal biovolume

A Fluoromax 4 Spectrofluorometer & a Hach DR
5000 spectrophotometer were acquired

NBA was still the study area with 3 stations

Study limited to 2010/11 spring & summer algal
growth periods to compare to the 1998/9 data

Samples: phytoplankton counts, DOC/TOC,
nutrients, THMFP, 2D and 3D fluorescence
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1.
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Barker SI @ Cook Rd
Barker SI @ Ag PP*
Calhoun Cut @ Hwy 113
Lindsey S| @ Hastings Is
Bridge

*Sampled in 1998/9 but not in

2010/11 due to lack of access



Importance of DOM

DOM reacts with disinfectants such as chlorine to
form potentially carcinogenic byproducts

Interacts with organic/inorganic contaminants &
affects their transport, stability and bioavailability.
Most pesticide models require DOM as one of the
main parameter inputs

Plays a key role in bacterial and microbial food web
processes in coastal ecosystems such as the Sac/SJ
Delta

Involved in carbon sequestration



Why Use Fluorescence for DOM?

e DOC measurements only give the quantity of
substances in the sample. DOC is just a gross
estimator of DOM

 Multiwavelength fluorescence can provide a
lot more information about the quality
(composition) of the sample

* Fluorescence is far more sensitive than UV/VIS
absorbance for discriminating ‘quality’ of
substances in solutions



Fluorescence: Jablonski Diagram

» Describes processes which occur between excitation & emission
* There are different diagrams for different fluorescence phenomena

» Below is one form of a simplified Jablonski diagram?
Aleksander Jablonski

“Father of Fluorescence
Spectroscopy” 1888-1980
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2D & 3D Fluorescence

2D 3D (EEMs)
S .
K s
= Fixed (constant) Excitation = Several Excitation wavelength utilized
wavelength used = Several Emissions measurements made at
= Emissions measured at each excitation creating an EEM matrix
several wavelengths of interest = Alot of data are generated
= Example above has 86 data points = Example above has 6342 data points!

There are many other types of fluorescence measurements generally not used for
DOM studies such as: phosphorescence, anisotropy, lifetimes, etc.



EEMs have a lot of data

This matrix has 6342 data points!



DOM Source Fingerprinting
Approach in this Study

1 Collected 2D data to develop source
fingerprint indices at 3 NBA (and several
Delta & watershed) stations

e Experimented with several indices but
only 2 from NBA will be presented today

2  Collected 3D data to model possible DOM
components. Modeling not started yet

Major data acquisition problem was instrument failure
that took a long time to repair due to state budget issues



Example 2D Fingerprint Indices

Fluorescence Index (Fl)

e Ratio of 470/520 (for spectrally corrected data)

e Flcan ‘distinguish’ algal & microbial DOM produced within the
aquatic system (autochthonous) from outside terrestrially
produced (allochthonous ) DOM.

 High FI & low SUVA: microbial; Low FlI & high SUVA: terrestrial
Humification Index (HIX) [used more in soils]

 Humification: conversion of lower molecular weight plant and
animal breakdown products to higher molecular weight
substances mainly through microbial activity

e Conceptually: a) active pool (<1 yr); b) Intermediate pool (years
to centuries old); c¢) passive stable pool (thousands of years old)

(I = fluorescence)



One 3D Data Decomposition Method

e Parallel Factor (PARAFAC) analysis

is a multi-way decomposition
method (a higher order PCA)

* |t models the EEMs to find the
distinct ‘components’ in the data

The PARAFAC guru

e Originated in psychometrics but
has gained wide use in chemical
and DOM analyses

° Qu |te com p | ex to | m p | eme nt Rasmus Bro -- Prof, Chemometrics Group, Dept.
of Food Science, Univ of Copenhagen



PARAFAC Analysis
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QC of Fluorescence Measurements

There are no universally accepted procedures!
e Use correct, clean cuvettes without scratches
e Calibrate lamp, and emission monochromator
e Use high quality double distilled blank water

e Can use quinine sulfate solution standard (confusing
methodology) or NIST solid standards (expensive)

e Can use reference fulvics and humics from the
International Humics Substances Society (IHSS)

 Must make spectral corrections (Raman and Rayleigh
scatter, inner filter effects, etc) of data



IHSS Reference Substances Utilized
for QC Purposes in this Study:

1. Pony Lake Fulvic Acid (FA) 2. Suwannee River Fulvic Acid

Pony L (Antarctica) is an IHSS’s Suwannee R (originates in Georgiay) is
aquatic microbial FA ‘end-member’ an IHSS’s terrestrial FA ‘end-member’




Preliminary Results: Indices

Fl suggests that at NBA stations, most DOC is microbial autochthonous but Barker and Lindsey are closer together
than to Calhoun. Fl values are out of suggested published ranges and need further research why this is so!

HIX suggests Lindsey’s DOM'’s age is a little different from the other stations. More data are needed!

QC Results

*Cory et al (2010) using the older Fluoromax 3. This indicates that correction procedures (QC) in this
study were operating well but does not explain why environmental samples’ Fl are out of range.



Phytoplankton Counts

e During the two sampling events, diatoms dominated at Calhoun Cut and
Lindsey Sl
 Non-diatom species dominated at Barker



3D Contour Plots?

Excitation

Emission

Barker S| @
Cook Rd

Calhoun Cut
@ Hwy 113

Lindsey SI@
Hastings Is Br

2peaks in literature

Ex/Em
A: Fulvic  260/400-600

(humic, terrestrial)

B: Tyrosine 275/305

C: Humic 320-360/420-460
(anthropogenic, Ag)

1(Sample Date: 7/6/2011)
2(Cobble, 2007)



Summary

Instrument failure in 2010 prevented full year
collection of fluorescence measurements

Fingerprinting indices need more work . NBA is not
a good test area (water is of too low quality)

Correlation between Fl and algal counts not as good
as expected (but too few data points)

Will continue indices in Delta & watershed stations
Spectral corrections with software still a challenge

For 3D data, next step is to find a way to run the
PARAFAC model.
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