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What is fluorescence

And why measure it?

Excitation |

Fluorescence

* Sensitivity
e Specificity
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Typical fluorometer design

filter detector




Chelsea’s range of fluorometers

e Visible
e Algae
* Dye tracing

e UV
* Tryptophan

» Aromatic Hydrocarbons (AH)
« CDOM
 Optical brighteners

* Multiparameter
* AH/CDOM/Chl/Absorbance/Turbidity
* 4) Chl/Absorbance/Turbidity
* Active fluorescence
* Photosynthesis analysis




Chelsea’s range of fluorometers

Deployment options
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Handheld data logger Wall mounted data logger
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UV fluorescence

Chelsea has a long history in UV fluorometry




UV fluorometry

Detectable compounds
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UV fluorometry

Applications

Bathing waters Aviation fuel run-off Environmental Water industry
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Specificity

Aromatic compounds can have highly structured spectra

800 1400
750 900
= 1200 Phenanthrene
£ 700 800
£ 650 1000
E 700
g 600 £ .
E 550 800 '*E, 6005
{ kY g
= 500 600 § 500§
C 450 ®
9 £ 400 5
T 400 400 5 g
= g 300
350 e
i 200
300 200
250 0 100
250 300 350 400 450 500 550 600 650 700 750 800
0
. . 250 280 310 340 370 400 430 460 490 520 550
Emission Wavelength (nm) Emission wavelength / nm
800 1000
IRCE Perylene 1400 Chlorophyll-a o
IS
£ 700 1200 500
£ 650 ~
2 so0 1000 E 700 g
8 £ 3
g 550 800 E 600 g
g 500 : 500 _;
600 2 H
S 450 8 400 3
= & =
T 400 W 400 3 300 &
= 2 &
% 350
W 300 200 e
100
250 - = 0

250 300 350 400 450 500 550 600 650 700 750 800
250 300 350 400 450 500 550 600 650 700 750 800

Emission Wavelength (n m) Emission wavelength (nm)




Real world samples

‘cocktail” of compounds
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Fluorescence standardization

Essential for fluorescence to be more widely adopted
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* Quinine Sulphate: NIST-traceable, certified reference

. ——Certificate  ——Aqualo
material g |
1000 -
. 2 800 1 ppm standard
* Aqualog normalises spectral response for source S
intensity and detector sensitivity to correlate different § 400 -
calibration solutions £ 20
0 T T T T ; ]
. . . 375 425 475 525 575 625 675
* QSU calibration provides an absolute measurement of Wavelength/nm

fluorescence allowing direct comparison between
different sensor configurations
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Tryptophan fluorescence
What is it?

An essential amino acid in human diet

* Main component of protein fluorescence

Metabolic product in bacteria
e Sewage & faecal contamination of waste waters

e Agricultural runoff
* Bacterial activity @0

Has been shown to correlate with:
* BOD.
e Bacterial cell count
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WWTW outflow

Pollution source tracking
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WWTW event detection
Tryptophan and CDOM deployment
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WWTW event detection (cont.)

Benefits of continuous monitoring

UVILUX BOD / UVILUX CDOM
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Bacterial monitoring in groundwater

Correlation with bacterial counts
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Sorensen, J.PR, Lapworth, D.J., Marchant, B.P, et al. (2015). In-situ tryptophan-like fluorescence: a
real-time indicator of faecal contamination in drinking water supplies. Water Research, 81, 38-46.
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But what are we measuring?

Tryptophan fluorescence as a function of bacterial growth
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Fox B.G. et al, (2019). Microbial Processing and Production of Aquatic Fluorescent Organic
Matter in a Model Freshwater System, Water, 11, 10; doi:10.3390/w11010010




Indicator of bacterial activity

Tryptophan fluorescence vs cell count
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Figure 5. Fluorescence and bacterial enumeration data for synthetic water samples incubated at a
range of temperatures over a five-day experimental period, showing; (a) Peak T fluorescence, QSU

(1QSU=1pgL 1 quinine sulphate); and (b) the number of living bacteria (cells mL 1). Data shown
is from 20 to 48-h plus a single time point at day five (120 h).

Fox B.G. et al, (2019). Microbial Processing and Production of Aquatic Fluorescent
Organic Matter in a Model Freshwater System, Water, 11, 10; doi:10.3390/w11010010




Turbidity & ‘colour’ interference

Both effect must be taken into account
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Turbidity & ‘colour’ correction

Correction algorithm development
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VLux multiparameter ‘sonde’

New approach to in situ monitoring

Sense

24



VLux multiparameter ‘sonde’

Electro-optics

Absorbance PCB

Detector ADC PCB

Toemn

LED driver PCB
PSU PCB

Detector PCB

Detector PSU PCB
Interface PCB
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VLux multiparameter ‘sonde’
Potential algal interference
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VLux multiparameter ‘sonde’

Variants
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VLux trial in Kolkata

Ganga tributary transect
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VLux trial in Kolkata

Ganges transect
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VLux trial in Kolkata

Wetlands and canals
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VLux trial in Kolkata

Potential algal bloom interference

Ganges (GT1) Ganges (GT5)
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Ganga transect mid-river.
No obvious biological
pollution source.

Ganga transect sewage
outflow, 100 m bathing
area.

>R
(NsD) asuadsaton|d

[=]

Excitation wavelength (nm)

Wetlands (WTL2)

7490
740
690
640
590
540
490

(NsD) asuadsason]d

390
M0
290

240 +=
250 350 450 550 650 750

Emission wavelength (nm)

Wetlands, ‘clean’ pond
overflow. Treated fisheries
pond with visible green
colouration.




VLux multiparameter ‘BioSonde’

* New multi-parameter fluorometer

* 3xfluorescence, absorbance, turbidity
and temperature channels

e Turbidity, absorbance and temperature
compensation

* Linear dynamic range extended (x20)
e Turbidity is ISO 7027:1999(E) compliant

* Long term calibration stability

* Traceable output in relative fluorescence
units (QSU)

* Internal logging, range of data output
options

* Integrated biofouling protection
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