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Automated online Microbiological water quality
monitoring is possible now

A perfect fit for securing the water is free of microbes
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' When we look back, is this the future ?

‘' 1983: the last year that Lake Mead was officially full.....

-



http://time.com/3933614/lake-mead-record-low-water-shortage/
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2015 Arizona Water Reuse Symposium

\'" Introduction microLAN

‘' Introduction online microbiological

monitoring
Overview applications / customers

International perspectives of Watereuse

Conclusions

— We have to look back to the future....

Y

WATEREUSE

ARIZONA
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Y microLAN: micro Luminescence Analysis Netherlands:

Y microLAN BV: Waalwijk, the Netherlands

\ microLAN Shanghai Zean

Market leader in non-chemical monitoring

\ 1st on-line Toxicity monitor using luminescent bacteria (in 2004)
- 250+ installations world-wide

- Key references with US EPA, Veolia, Suez, SAB Miller etc.

Y Unique systems for monitoring of toxicity of chemical contaminati

- water intake protection -> Drinking water / food
- river water monitoring -> Rhine, Danube, Yellow River

- wastewater monitoring (influent / effluent).



01-02-1995

vught ’ ——
tindhoven 30 [ Vught-Centrum
Maastricht 122 |" Tilburg

; ¥V (A5 |

‘Just 16 million people
* 4 International River Basins

Y 1/3 below sea level

"\ 1/3 depending on surface water for
drinking water supply

\ Rising levels in rivers and the sea....
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' WTP’s are required to treat
wastewater _to Kkill bacteria before

discharging the effluent into streams
or rivers, by using either chlorination,

e £ ultra-violet light, or ozone.

‘" However various pathogens have been
shown to_persist through the

wastewater treatment process.

V1 It is extremely important to keep WTP’s
maintained and functioning properly, to
decrease the amount of

contaminants discharging into
rivers.
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microLAN “CONTROL”-Line Monitoring Systems, for Early Warning
and Trend Monitoring of

Algae, Bacteria & Chemicals

BE AN CONTROL
™~ 2. "OF YOUR WATER
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ol
Surface
water/River

i monitoring

Food production
using surface water




250+ Iinstallations Worldwide

Intake monitoring

‘' Drinkingwater protection & 4 Large Projects m Other Projects

Event monitoring e Henan Prov., CN 14x « SAB Miller, Colombia

. Amsterdam Waternet * Zhejiang Prov. CN 10x « Gelatin Manufacturers

 Washington, Fairfax Water ) gsleornl\%ﬁi:g:;;\:" CN 10x \I\;I;rr]i-oai; ?Qigns;eolj\leits.

e US EPA Cincinnati * Rhine, Elbe, Danube

« Beijing Olympics * Yangtze, Pearl, Yellow, g?oug:?atr:wj cN;ﬁ.rﬁZ

« Shanghai World Fair Huaihe, Huaghe “mmm'“:::':-,b_f
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‘™ microLAN

W‘TR@L Monitorineg orocduct Line e
Water inflow
« ALGAE
*  Fluorescence T
monitoring of
algae classes and
toxic algae |

High Frequency data with

- BACTERIA Loy guality:
_ trend monitoring /
¢ Enzymatic early warning indicators

monitoring of
bacteria growth

Data
handling/

e CHEMICALS transfer

* On-line toxicity
monitoring for
chemical
screening

High Frequency / Low Quality data

———— I Em——— s
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‘' Integrated On-line Toxicity-monitoring no. 1 sold in the World !

(toxic effect of organic chemicals and heavy metals)

@ ®
Web based

Data monitoring

Automated Cultivation
(inside the instrument)

Optional combination
Spectromer UV-VIS

Optional combination
ALGcontrol
For Algal toxins and chlorofyl

2 Blue Green

1.5 | l/"
o N N 7 e

370 450 525 570 590 615

[ m——]
For TOC/COD Monitoring / D
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‘' Develop a monitoring platform

Figure 1:

Hierarchy of Typical \Water Reuse Classifications and
Monitoring Program Requirements.

— For screening of drinking water

safety

Y It’s a indication of (a change in)
bacteria activity

— For identification of different [ i\ A
bacteria (groups) [ s\

Water Reuse Classification Manitoring Programs

\ presence / absence of these
bacteria

Enterococci Clostridium Bacteroides-
perfringens phages

« Bacteria
< Anaerobic
¢ 5.0-0.5um

¢ Virus
¢« Fecal contamination
¢ 0.026pm

< Bacteria
¢« Fecal contamination

¢ Facultative anaerobic
¢ 0.8-1.3um

« Bacteria
¢ Fecal contamination

¢ Facultative anaerobic
e 2.0-0.5 pm
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On-line Blomanitaring Systems

Y Trend monitor and Early Warning [ p—
System for microbiological (Faecal)

contamination

sampling

4

start of test

&

result

‘' Enzymatic reaction with fluorescence
detection

BACTcontrol 2—3 hours

‘' 2-3 h detection, bigger sample volume

(up to 5L) better statistics compared to

Facultative Angerobes

lab (cultivated) methods (but correlation

Enterabocterioceor

Is location depending) Tota contooms

Developed for the drinking water
industry but now applied for
Watereuse applications within
several EU projects

— After the disinfection but before the

distribution
— ———— —— C———————
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on-line Blamaniloning Systems

Without the filter >5 - 10.000 cfu
in < than 1 hour

Based on Fluorescent measurement of
specific enzymatic activity:
— [B-Glucuronidase-> indicates E.coli activity

— [R-Galactosidase-> indicates Coliform activity

— Alkaline Phosphatase -> Total Activity
— Enterokokken (2015 with KWR)

Sample volume: 100 — 5.000 ml
Filtration over a 0,45 my Ceramic filter

Detection: 1-5 cfu per 100ml (depending
on sample volume)

Short measuring intervals (2-3 hours) up
to 6 per day (+ additional blanks)

Filter changing: 75 to 450 measuring
cycles (depending on the turbidity).
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= On-line Blomanitoding Systems
S

Widic
V1.2
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1 :
Cleaning .
5l [
Ternp. Heater
nc Sensor
- N o 52 53
Bubble Fressure ' '
System Sensor Sensor . . .
S V1.1 Pump
Cleaning solution: sodium hypochlorite, solution <1% CI active Buf! ! !
Solution Solution Solution
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3. Filtered sample out

<€

‘' Sample going into the

reaction chamber

‘' Sample is filtered and E.coli
stays in the reaction chamber

Filtered samples goes to

waste : . o

\ Buffer is added

M

Stirrer

‘' EC solution (B-Glucuronidase) ”

Gl

Temp. Heater
iIs added and reacts with the Sensor
. . >
enzyme in the bacteria 1. sample in SN R B
‘A fluorescent compound is

released which is measured

by the Fluorimeter
Buffer EC
Solution Solution Solution

e — e — e ——
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Filtration

5 minutes 1 — 300 min. < 60 minutes < 60 minutes

System filling 0,2 -1 ml/s Temp. 36-44 C. Temp. 65 C. =
96.8 - 111.2 F 149 k.

Rinsing & Volume Heating of Heating of

cleaning depending rector reactor

All pumping Filter condition Buffer & reagent Disinfection of

operations through depending dosing & system with chlorine

the filter in reverse stabilisation. solution

direction Stepwise

measurement of the
fluorescent signal
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Concentre
(over the
0,45 mu
filter)

Detection

* Enzymatic
monitoring of -
BAGCI Galactosidase
control * R-Glucuronidase
« Alkaline
Phosphatse

For low level detection!

Possibility to do blanks to
compensate for matrix
effects

(indication of)

E-coli activity
Coliform activity

Total bacteria activity

Automated
Prevents carry over

Blanks for matrix effects
compensation
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Other microbiological detection techniques

Manual, time consuming,

Direct sampling issues
measure » Specific cells (DNA),
ment identification, qPCR

Ideal for source tracking !

« Time and labour intensive
Standard methods !

MPN / 100 ML

* Enzymatic
monitoring of
3-Galactosidase

No identification

. No quantification
¢ Indicator for 9

bacteria growth

Only (possible) warning

BAGI
control
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TABLE 1 - Accuracy of GLUase activity measurement, Escherichia coli abundance estimated by the minia-
turized MPN method and FC plate counts in three different contaminated river water

samples
Sample GLUase activity Escherichia coli FC
(pmoles MUF-mint  CVP (N-100 ml1)? C\b (N-100 ml1)2 Cvb
.100 ml-1)?
1 6.7 £ 0.5 8 1218 + 381 31 540 =+ 142 28
2 80 +12 15 7880 = 8259 105 14040 = 3179 23
3 590 = 87 15 29540 = 15853 54 52000 = 12981 25

The three measurements were repeated 5 times on each sample and the mean, standard deviation, coef-
ficient of variation were calculated.

2 Mean = standard deviation; P the coefficient of variation was calculated as the standard deviation divid-
ed by the mean and multiplied by 100.

‘' An early warning method to detect faecal contamination of river waters
Servais et al 2005

\ MPN = Most Probable Number / FC = Faecal coliforms
———— I Em——— s
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Trends in Analytical Chemistry, Vol. 44, No., 2013 Trends
Table 2. Results for the application of the reported techniques for bacteriological detection of water samples
Type of technology Parameters analyzed in water samples LoD Analysis Time Ref.

Light scattering Cryptosporidium 1 oocysts/mL 60 min [15,55]

E coli 1000 CFU/mL Continuous
ATP luminescence Total microbial biomass 200 CFU/ml 5 min [59]
Immunoassays Bacillus anthracis 100,000 CFU/mL 15 min [18,60]

Legionella pneumophila 800 CFU/mL 180 min
Polymerase chain reaction (PCR}  E coli, Enterococci, 15 CFU/ 00 mL 3h [24,26]

Legionella pneumophila 100 genomes unitsll. 3 h

| Enzyme fluorescence E. coli, total coliforms 50 CFU/A 00 mL 1h [32,33] |
FISH E coli 100-100 CFU /mL 2 h [61]
10 CFU /100 mL 10h

Molecularly-imprinted polymers  Bacillus not specified 1 day (plus bead synthesis)  [37]
Electrochemiluminescence (ECL)  E coli, Salmonella 1000 cells/mL 1h [62]
Raman spectroscopy E coli 1000 cells/mL [45]
Dye-loaded microspheres E coli 1000 cells/mL Th [63]

On-line bacteriological detection in Water. Trends in Analytical Chemistry, Vol. 44,

No. , 2013, Ramon Lopez-Roldan, Pol Tusell, Sophie Courtois, Jose Luis Cortina

We can concentrate up to 5,000 ml !

e —
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Overview of customer & applications

-Ground water intake:
BEANS, BESY.

_IWB Basel, Switzerland .

- Drinking water intake:

- Water Utility Denmark

- Reclaimed water

-Waste water utility Spain




\ -
BACTcontrol Ulblen,

DRSPS

mm"""w.._-q

\/\V/ B
- Hebeletrale Weil-am F
s Weil am ﬂhﬁna Daires 65 Pladiist
3 Garensiadi = nr It
Yarc des eaux vives I
g .\'-'x:l’t
A
: / N
D453 ,,_L..%"'
- N -
i Laguna Badeland (= e
0 't"'-'.‘.rd‘-__-:
—__Dves Ldnder Garten
g r
! : :
| 7
E.-" :.-1"'* -
oier g 2
. B ™

BN, Enkaufszentrum

Pumping

" ]
3 5
5 £ i
f = L ¥
g F W\ 4 station
-\, |
= A - 2%
3 @ (= \
= Depot Wiesenplatz EVE
o BEa
3
BECK
1
g
£
] = “Lange Erben
¥ al
=0 Mauerstrasse Tietpark L ﬁ‘g /
ierpary Lange Erlen ;
Horburgpark (4 : /
. Fasanensirass,
peusSE

=]

O




Pump
station of

BACTcontrol
1x per 2 months
service

BACTcontrol () MicrolAN

On-line E_Iutrmnmnq Sysbems

In case of
rainfall the

bottom of
overflow of

the wwtp will : the canal
go into the -— 1S

concrete

groundwater
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= BACTcontrol) compared with Flow Cytometry

Enzymatic bacteria monitoring (blue line

(red dots) -> Good correlation with surrogate detection -> this is a process monitor !
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\

A Danish drinking water facility determining a contamination using the
BACTcontrol

The graph shows an increase in enzyme activity date 6/5-2014 and
suddenly a high peak in coliform activity. The water works reacted on the
first rise in activity, and water from the water work was not used as
drinking water, when the high contamination occurred.

& Amphi-BaE BACTcontrol
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V' According to the Spanish legislation for reclaimed water, it is set an

extensive control (and disinfection) of the load of E. coli in treated water:

US0S URBANDS | UsS0S AGRICOLAS US0S INDUSTRIALES | usos RECE.EMWUS pms AMBIENTALES )
VALORES . . . | Sevicios  CALIDAD | CALIDAD | CALIDAD |CALIDAD | CALDAD | CALIDAD CALIDAD CALIDAD CALIDAD CALIDAD CALIDAD CALIDAD
MAXIMOS urbanos 2.1 2.2 2.3 31 3.2 3.3 4.1 4.2 5.1 5.2 53 5.4
| . | . -
UF;j‘inm 0 <20 100 1000 | 10000 | 10000 | 1000 0 200 | 10000 | 1000 "‘l’l.:t:ja ::::c'l‘:
casa

Compared with lab:

- Membrane filtration
- Incubation

- Chromogenic TBX
culture medium — 24 h
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‘' E.coli load at different stages of the treatment plant

COMPARATIVA
1,00E+10
1,00E+03 a—— ~—INFLUENTE
e | 7
_ 1,00E+07 \ / > %
€ 1,00E+06
S . S Y » —=-SALIDA
O a—a DECANTACION
& 1.00E+04 \ N A\ P
5 L ) o N h g
@ 1,00E+03
= 100402 W/ —4&—SALIDA UVA
1,00E+01
1,00E+00
1 2 3 4 5 6 7 8 9 10
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The BACTcontrol was used to study the reliability, functionality and possible correlation

\

between the online results with lab results, on a WWTP in South Spain

Some conclusions are that there is a good correlation between online - and laboratory

results(as shown in the graph), and with the use of the online BACTcontrol any method of

disinfection can be automated.

lab results / Green Line = flow of Waste water

Red line = BACTcontrol / Blue Line =

\
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' Some international
Watereuse applications
(where microLAN is
Involved)

— River Rhine

— China

CALFORMIA
FARM LAND |

— The perspective is depending on

the location....
——— e — I




_ From @ Micolan

* length: 1,320 km
— oo e catchmentarea: 185,000 km?2
-
I a0 000 ] - - .
— o e inhabitantsinc.a.. ~50 Mio.
hany e drinking water for: 5.5 Mio
inhab.

e shipping: ~ 11,000 ships
~ 175 Mio. tons
~ 1/3 hazardous

freight

—BfG * 50 % of Europe‘s chemical

industry in catchment area
———— e —  ———
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VOGELENEAMNG

Rgoeiving msorvoirs

Reservoir Leiduin
TOXcontrol &
s::can combination

NIELIWVEGEIN
The Cornels Biemond Water Winning Slatkon

The Princess Juliana Water Winning Station

Reservoir Loenen
TOXcontrol &
s::can combination

Hilversum

Intake protection
TOXcontrol
s::can combination

20 million of the 50 million
people who today live in

the Rhine watershed drink
treated Rhine water which
In most cases is produced
from riverbank filtrate and
(in NL) direct abstraction

Rhine water that has been
cleaned when percolating
different layers of earth and
gravel for months is mostly
being delivered from wells.

The raw water then
undergoes several treatment
procedures in the water
works.
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The Rhine has always transported too large
amounts of suspended matter to allow perfect
drinking water quality.

The Romans already led Rhine through an
aqueduct from the Eifel mountains to Cologne.

Today, requirements to drinking water quality are
much more strict than those applicable to
mineral water.

Ahine Raw water Rapid sand ~looding areas Well Cearbon dioxide Pumping station Consumers Reservoir
pumping filtration Sroundwater i removal UV diginfection :
station Activated

carbon filtration

Ir '|"1—|| .

n

=ig. 1: The near-natural treatment chain from Bhine river water to drinking water at the Lange Erlen waterworks.
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Russia

600 miles
Canal (1 of 4)

J South-to-North water
diversion project i
_r-l:"' (middle route)

India

South China Philippin
. Mietnam

Aay of MAsnpal

“ Thatland

Combodia

1 a5y
7 Baodi
Gangnan Qangcheng i
o .

Huangbizhuong
D5hijiazhuang

South-North Water Transfer Project, 2050
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‘' Netherlands: N5 Well hello
— Watereuse Municipal WWTR Kaatsheuvel ),\,}
— Municipal WWTP + sandfilter / biofiltration

again.

— For golf park and amusements park

Aguavalens FP7 EU research projects: = AQUAVALENS
\ Spain
— Aguas de Barcelona, drinking water utility, part of Suez
— Trial starts end of the year, within the FP7 Aguavalens
V' Germany:

— Validation with TZW Karlsruhe (research institute)

— First starting on lab, within the FP7 www.Aguavalens.org

R — e —



http://www.aquavalens.org/

2. Sandfilter
to remove
pathogens

Dewivitmytion —
(2 o

\
5. After biofiltration it's used
on the golf courses

[ — P

-—

BACTcontrol online monitor will
monitor the effluent going to the
Efteling Golf park, first trough a
biofiltration (Helofyten filter)

microLAN

—
On-lbne Blomoanitoring Systems

3. Addition of ¢
FeCl3 to
decrease
Phosphate

Eﬂ;:j@:j; e
18 -2

6. And finally to th

e amusement park




2 On-line Blomonitoning Systems

‘' Pathogen reduction

V' 1st time online monitoring

Municipal
WWTP Effluent: 335 CFU/ml
* Filtrate: 80 CFU/ml ' !
Installation in containter
Biofiltration

Biofilter: 1.2 CFU

~
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*t'-i* H/R\‘ \
BB | T AQUAVALENS O

‘' General information about possible chosen utilities — DWTP

Surface water
Germany (river) Ozone, CIO, - (Yes)
UK Upland”, a a (Yes)
surface, humic
12 months
Denmark Groundwater uv - Yes +
Events
Surface water IS(()Fii?jOO
Spain (river) Ozone, CIO2 cl _
Ground water Industry) =
WSP

\' General information about the treatment DWTP

Count Treatment steps (where to Pathogens Online analysers to be Kits to be
i analyse) (what to analyse) tested tested
c lati " lati V: norovirus
oagu atlon/ oceu at!o'n / B: Campylobacter, [BACTcontrol: coliforms,
Germany sedimentation (effectivity . . .
pathogenic E. coli after coagulation
assessment) b CtG
:C+
: : These are all very
Treat ‘ | V: Pending to define roLAN: E. coli . tant
Y P: Pending to define ' cond|t|qns Wl_th
Raw water / Before & after V: Pending to define |microLAN: total activity the consideration
Denmark UV B: Pending to define (final) of the use of an
P: Pending to define DTU: ATP online
V: at least one microbiological
(norovirus) monitor
Spain Sand filter / GAC / Treated B Sal " b microLAN: total activity] Maybe MST: \ j
P water ->a mon.e ae,r. DTU: ATP catchment
aeurginosa
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T AQUAVALENS

Length170 km (110 mi)
Elevation1,259 m (4,131 ft)
Elevation 0 Avg.

Discharge 20.77 m3/s (733 cu ft/s)
Basin area

4,948.3 km? (1,910.5 sg mi)

The river
stops here
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mh-
Example of San Joan Despi DWTP belongs to Aiglies de Barcelona (really

complex plant) .
L~ 3
E S~
Ground water “~
O,

GAC
Filtration

&3 =g

2
2
Llobregat f.liant(.j Post
River (raw ClO, Htration Chlorination
water) \l/
v
v
LIobrr]egat h Ultrafilt Reverse Reminer
runs throug : Osmosis alization
industrial ration
sites and
salt mines...
\ J Raw water After GAC filtration

After sand filtration Treated water
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‘' Test will start later this year _
Parameter Units
with Agbar and supported by pHUnits 7.3 82 8,9
CETaqua Conductivity (20 °C) uS/cm 353 1.269 3.903
Temperature °C

‘' Customer needs to decide if JZ2o%0c  mgen o5 as 13,1

. Turbidity UNF 6,85 210,74  14.400,00
the sand filter can be
Nitrates mg NO3/l 4,38 9,03 18,50
removed from the treatment nitrites mg NO2/I <0,1 0,26 0,72
||ne sulphates mg S04/l 78,80 146,00 207,00
Ammonium mg NH4/1 <0,05 0,80 7,72
\ Monitoring |Oca.ti0ns at- Total coliforms m/lplloo = 6.000,00 300.000,00
?g'ony countat22 o mp - 6.000,00 200.000,00
— Raw water, fecal coliforms m"P/ 100 5 600,00 40.000,00 100.000,00
Pseudomonas UFC/100mI 8.000,00 300'000'0
— After GAC filtration His sulfit-
clesiriels syl UFC/100ml 2.000,00 8.000,00 20.000,00
reductors
Clostridium UFC/100mI 0,00 20.000,00 400.000,00
perfringens
Enterococs IUFC/lOOm 75,00 7.000,00 90.000,00
e — e — -
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On-lbne Blomoanitoring Systems

\

Water Treatment Facilities Henderson
— River Mountains Water Treatment Facility

— Nearly 90 % of our drinking water comes from
the Colorado River via Lake Mead.

Daniel Gerrity, Ph.D., Assistant Professor Department

of Civil and Environmental Engineering and
Construction, Howard R. Hughes College of
Engineering, UNLV



http://faculty.unlv.edu/wpmu/dgerrity/
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UNLV microLAN
Orr-line Blomanitoding Syshems

Microbiological monitoring Toxicity testing with
with BACTcontrol

‘' The BACTcontrol to be tested

with direct potable reuse

applications

‘' Proposal for testing this in a

Ozone-BAC application

Transition from Indirect to Direct Potable Reuse

Enviranmental Reresuen Engineered
Buffer Time Storage Buffer
[ y— !
Tiere
Public 4
| Health R Online
. Monitori
Traditional Rigks L T
Testing  Monkorig
Tm &
T
Indirect Potable Rewse Direct Potable Reuss
Public Health Protection

UMV Created by: Briam Pecson, Trussel Technologies

iITOXcontrol

‘' The iTOXcontrol will be tested
to measure Toxicity of tertiary
treated wastewater as well as
water intended for potable
reuse.

‘' The potable reuse water will
be tertiary filtered water that
will also be ozonated and run
through biofilters.
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On-lbne Blomoanitoring Systems

' So many cleaning &
disinfection
technologies....

' We need to monitor
what is Safe & Reliable

‘" The BACTcontrol will be
a safeguard for this

process !

Summary of overall assessment

Groundwater|

Chlorine

UF only

TV only

Alternative + Residual

Surface water

Chlorine only

Conventional pre-treat + Chlorine

UF only

Conventional pre-treat + TTF

Conventional pre-treat + Czone + TUF

NE + TV

Conventional pre-treat + TV

Conventional pre-treat + Czone + TV

Alternative + Residual™

L L] [ ]
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L L] [ ]

|+ |w |+

UF = ultrafiltration, MF = microfiltration, Comventional pre-treat = e.g coagulationisedimentation
+ = hetter than average, — = worse than average, » = average

{1 IF + chlorine residhal or Cony + UV + chlorine residual

) Comy pre-treat + UF + chilorine residual or MF + UV + chlorire residudl or Cor pre-treat + UV + residual
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L Ol Blaamanitoding Sysbeims

Y Online bacteria monitoring can now be used for water

quality and safety purposes

‘' Demonstration projects for online Bacteria monitoring

— Several starting in Europe now

— US with UNLV (and others ? Looking for funding.....)
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On-line Blomanitaring Systems

From Toilet (®) to Tap ???7??

ANTIBIOTICS <




— BACTcontrol () MICroLAN

MICROLAN “CONTROL”-LINE MONITORING SYSTEMS

To be “IN CONTROL” of

your water quality / security !
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* =~ Thank you, for questlons pls mall to joep. appel@mmrolan nl
- Or visit our website www.microlan.nl
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mailto:joep.appel@microlan.nl
http://www.microlan.nl/
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‘' What happens Oct. 21st 2015 ?

‘' It’s already here...... we don’t have to look back

http://www.morefm.co.nz/Man-breaks-record-with-275m-flight-on-hoverboard/tabid/96/articlelD/24172/Default.aspx



http://www.morefm.co.nz/Man-breaks-record-with-275m-flight-on-hoverboard/tabid/96/articleID/24172/Default.aspx
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