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The biological The biological deoxygenationdeoxygenation as a BWTas a BWT

•• Bioreactive process using a nonBioreactive process using a non--fermenting yeastfermenting yeast
•• Developed by MD Technologies, Quebec, CanadaDeveloped by MD Technologies, Quebec, Canada
•• Hypoxic conditions (< 0.5 mg/L) within a few hours, Hypoxic conditions (< 0.5 mg/L) within a few hours, 

without alcohol productionwithout alcohol production
•• No persistent toxic chemicals at the time of No persistent toxic chemicals at the time of 

discharge discharge 

“Treated waters must meet environmental criteria “Treated waters must meet environmental criteria 
at the time and point of discharge”at the time and point of discharge”



Study objectiveStudy objective

Since classical analytical methods for water Since classical analytical methods for water 
quality monitoring are:quality monitoring are:

•• Time consuming;Time consuming;
•• Difficult to perform on board shipDifficult to perform on board ship

Develop and validate a rapid and integratedDevelop and validate a rapid and integrated
method for method for in situin situ monitoring of the biologicalmonitoring of the biological

deoxygenationdeoxygenation treatmenttreatment



UV (VisibleUV (Visible--NIR) NIR) spectrophotometryspectrophotometry
•• Direct measurement, without any transformation of the sampleDirect measurement, without any transformation of the sample
•• Small volume needed (Small volume needed (~ ~ 3 3 mLmL))
•• Rapid analytical time (< 1 min)Rapid analytical time (< 1 min)
•• Spectral acquisition from 190 to 1100 nmSpectral acquisition from 190 to 1100 nm
•• Allows single and multiAllows single and multi--wavelength analysiswavelength analysis
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HypothesisHypothesis

Given that:Given that:
•• SpectrophotometrySpectrophotometry is used to directly monitor is used to directly monitor 

rapid changes in the water quality (Thomas, rapid changes in the water quality (Thomas, 
2001)2001)

•• The bioreactive process modifies the water The bioreactive process modifies the water 
quality over timequality over time

Rapid and quantitative assessment of the Rapid and quantitative assessment of the 
bioreactive process can be done bioreactive process can be done in situin situ

by using by using spectrophotometryspectrophotometry



Experimental approachExperimental approach

Tank experimentationTank experimentation

Process monitoringProcess monitoring

Data analysisData analysis
•• Methods comparison Methods comparison 

•• PCAPCA

ResultsResults

Integrative methodIntegrative methodClassical parametersClassical parameters



Tank experimentation: setupTank experimentation: setup

99 polyethylene tanks (150 L)polyethylene tanks (150 L)

Placed in darkness at 15Placed in darkness at 15ooC during 10 daysC during 10 days

Gently mixed with submersible garden pumpsGently mixed with submersible garden pumps

UUUU UU UUTT TT TTTT TT

11 22 33 44 55 66 77 88 99

Same density of yeast in each treated tankSame density of yeast in each treated tank

DechlorinatedDechlorinated waterwater River waterRiver water



Process monitoringProcess monitoring

Flow Flow cytometrycytometry

UV (VisibleUV (Visible--NIR) NIR) spectrophotometryspectrophotometryIntegrative spectral Integrative spectral 
responseresponse

ATP extractionATP extraction
Microscopic cell countMicroscopic cell countYeast cell density and Yeast cell density and 

viabilityviability

In situIn situ sensor probessensor probespH, conductivity, pH, conductivity, 
temperaturetemperature

Automated chemical analysisAutomated chemical analysisDOC and NHDOC and NH44
++

Winkler titration techniqueWinkler titration techniqueDissolved oxygenDissolved oxygen
TechniquesTechniquesParametersParameters



UV UV spectrophotometryspectrophotometry in this studyin this study

•• Exploitation range from 190 to 320 nm (UV band)Exploitation range from 190 to 320 nm (UV band)

•• Single and multiSingle and multi--wavelength analysiswavelength analysis



Results: classical parametersResults: classical parameters
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Results: classical parametersResults: classical parameters
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Results: spectral responseResults: spectral response
Treated river water
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ResultsResults
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Results: spectral responseResults: spectral response
Treated river water
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ResultsResults

RR22 from 0.85 to 0.98from 0.85 to 0.98
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Results: PCAResults: PCA
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DiscussionDiscussion

•• First demonstration that First demonstration that spectrophotometryspectrophotometry can be can be 
used for realused for real--time tracking of the time tracking of the behaviourbehaviour of a of a 
yeast bioreactoryeast bioreactor

•• The UV spectrum (200The UV spectrum (200--320 nm) provides information 320 nm) provides information 
on both water quality parameters and biological on both water quality parameters and biological 
material (yeast) during the biological treatmentmaterial (yeast) during the biological treatment

•• Viable cells density is strongly correlated (rViable cells density is strongly correlated (r22 > 0.89) > 0.89) 
with the absorbance at 266 nm (UV1), which with the absorbance at 266 nm (UV1), which 
corresponds to DNA absorbancecorresponds to DNA absorbance

•• The second derivative (UV2), depicting the change The second derivative (UV2), depicting the change 
in the slope of the UVin the slope of the UV--spectrum, is strongly spectrum, is strongly 
correlated (rcorrelated (r2 2 > 0.85) with ammonia, currently used in > 0.85) with ammonia, currently used in 
water quality assessment water quality assessment 



ConclusionConclusion

SpectrophotometrySpectrophotometry can be used for direct can be used for direct 
monitoring of the ballast water biological monitoring of the ballast water biological 
treatment on board shiptreatment on board ship

•• Rapid and easy to operateRapid and easy to operate
•• No transformation or preservation of samplesNo transformation or preservation of samples
•• Small volume is requiredSmall volume is required
•• No analytical delayNo analytical delay
•• Integrated or Integrated or multifactorialmultifactorial response from a single response from a single 

analysisanalysis
•• Low analytical costLow analytical cost



NextNext stepssteps

Further tests to verify the effect of water types Further tests to verify the effect of water types 
(different water origins, saltwater, etc)(different water origins, saltwater, etc)

Definition of other spectral parameters to identify Definition of other spectral parameters to identify 
other components of the water sampleother components of the water sample

Technique could be adapted to other water quality Technique could be adapted to other water quality 
monitoring (i.e. sewage waters or other ballast monitoring (i.e. sewage waters or other ballast 
water chemical treatments)water chemical treatments)



Questions?Questions?

THANK YOU!THANK YOU!



Results: flow Results: flow cytometrycytometry

M1

M1M1

M1

Living cellsLiving cells
Day 1Day 1

Day 3Day 3
Living cellsLiving cells

18%18%

VitalityVitality

94%94%



Results: treated Results: treated vsvs untreateduntreated
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