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1.

Concise description of the adapted good practice

The continuous monitoring of water quality, and in particular within the current project of groundwater
quality, is an essential task in (ground)water management. In the EU Water Framework Directive, the highest
water legislative, it is defiend as one of the most important goals to guarantee the good quality status of
groundwater and, if necessary, to reverse trends and set appropriate measures to reach the good groundwater
quality within an aquifer.
This task was typically dealt with by manually taking water samples for later analysis in the lab. This procedure
is labor intensive, prone to errors with respect to appropriately taking and storing the water sample and leads
only to snapshots of groundwater quality conditions (e.g. only two measurements per year) where it is
completely unclear what impact of land use is actually observed. During the last decade various probes were
deveopled beyond the prototype stage that apply different physical measuring principles (e.g. spectrometry) to
infer water quality parameters. They have first been used to monitor the water quality of waste water
treatment plants effluent and are now increaingly being applied in observing groundwater quality.
A significant advantage of using probes to survey groundwater quality is the option of remote data transfer.
That is, either the measured data are stored on a data logger that is being read out locally in defined intervals
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or the data can additionally be transmitted by satelite or GSM communication. In the latter case, the user can
continuously follow the development of the parameter of interest, recognize failure of the system and initiate
prompt correction and in the case of exceeding set thresholds (e.g. decisive events) organize for respectice
action (e.g. manual verification samples).
As compared to the lab, typically, the water quality parameter is not measured directly by the probe but some
surrogate value (e.g. absorbance of light at a certain wave length) is obtained that needs to be transformed to
the desired water quality parameter (e.g. total organic carbon). Thus, to get useful results, a relationship
between the two values has to be established. Typically, such a relationship is being supplied by the
manufacturer of the probe based on data available to it or it can be imported from control experiments at the
location of employment conducted by the user of the probes. It has been shown by several studies that a high
correlation is obtained between data derived from spectral values mesured with an optical probe and data
analyzed in the lab. Moreover, the probes showed a lower failure rate and required less operation effort.
If the complete light spectrum is being recorded by a probe (maybe subdivided into different ranges of interest)
multiple water quality parameters can be observed at the same time. In any case, it has to be made sure that
the accuracy of the physical measuring principle of the probe matches the range of fluctuation of the water
quality parameter of interest. For preparation of this report a market survey of available probes was carried
out. To limit the range of possible water quality parameters monitored by the probes the Graz Holding (project
partner 9) defined the following 6 parameters that are representative to assess the quailty of surface water for
artificial groundwater recharge: conductivity, pH, oxygen concentration, turbidity, nitrate concentration and
total organic content (TOC). Moreover, due to lower operation costs the focus in this study was set on optical
probes as compared to semiautomatic chemical based analyzer systems. Probes of the following manufacturers

have been examined: Endress + Hauser (www.at.endress.com), Hach Lange (www.hach-lange.at), SIGRIST
(www.photometer.com), SPX (www.bran-luebbe.at), SWAN (www.swan.ch), s::can (www.s-can.at) and WTW
(www.wtw.de).
The previous table shows the scrutinized products of the different manufacturers organized by inferred water
quality parameter. Each manufacturer was asked to provide a complete offer containing technical data
information and prices. Since SIGRIST turbidity probes are currently in use by the Graz Holding it was decided
to include them in the market survey.
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For each water quality parameter an individual table is generated that comprises the measuring principle, the
measuring range, the margin of measurement errors, the price and particular relevant information (e.g.
response time, meausring interval) of the respective probes. In addition to the technical specifications,
additional inquiries at the manufacturers and experiences reported in the literature and obtained from various
users (i.e. water supplier, operator of runoff power plant, 2 academic institutions and one administrativ unit)
with respect to reliability and required maintainance efforts of the installed probes have been compiled. Based
on this comprehensive information a highest ranked product has been assigned (row coloured in light orange
within the following 6 tables) to provide assisstance for decision making on individual probes.
conductivity sensor
Measuring
range

manufacturer

Product‐Name

Measuring method

E+H

Indumax CLS50D

Inductive conductivity measurement

SWAN

Monitor AMI Solicon4

conductive conductivity measurement

WTW

TetraCon® 700 IQ

conductive conductivity measurement

Hach Lange

3798‐S sc

Inductive conductivity measurement

SPX

Leitfähigkeits‐Sensor

Inductive conductivity measurement

s::can

condu::lyser eco

conductive conductivity measurement

2 μS ‐2000
mS/cm
0,1μS ‐100
mS/cm
10 μS ‐500
mS/cm
250 μS ‐2 S/cm
40 μS ‐
4000 μS/cm
0 μS ‐5 mS/cm

Measurement error

Price €

±(5 μS/cm + 0,5 % of
measured value)

803

± 0,5 % of measured value

2.310

NA

643

NA
5 μS/cm or 1% of measured
value
0,1% of measured value

900

618

874

Turbidity sensor
Manufacturer

Product‐Name

Measuring method

Measuring
range

Measurement error

wavelength

ISO
certification

price €

E+H

90°‐scattered light

0 ‐9999 FNU

< 2 % of measured value or 0,1 FNU (whatever is largert)

860 ± 30 nm

ISO 7027

1.580

90°‐ scattered light

0 ‐200 FNU

1% of measured value or ± 0.003 FNU/NTU

NA

ISO 7027

5.386

90°‐ scattered light
90°‐ scattered light

0 ‐4000 FNU
0 ‐4000 FNU

< 1 % in the range to 2000 FNU
<1 % of measured value ±0.01 FNU in the range to 1000 FNU

NA
NA

ISO 7027
ISO 7027

1.500
1.814

90°‐ scattered light

2 ‐1000 FNU

3% of measured value

NA

ISO 7027

2.000

Sigrist
Sigrist

CUS51D
Monitor AMI
Turbiwell
VisoTurb 700IQ
Solitax t‐line sc
Trübungs‐
Sensor
AquaScat WTM
AquaScat HT

90°‐ scattered light
90°‐ scattered light

0 ‐4000 FNU
0 ‐4000 FNU

NA
NA

880 nm
880 nm

ISO 7027
ISO 7027

6.500
5.500

s::can

multi::lyser

UV‐Vis 220 ‐720
nm

0 ‐1400 FTU

NA

NA

NA

2.000

SWAN
WTW
Hach Lange
SPX

pH‐Sensor
Measuring
range

Measuring
range redox

potentiometric

0 ‐14 pH

NA

NA

NA

267

potentiometric

1 ‐13 pH

‐500 ‐1500 mV

NA

NA

2.083

NA

NA

578

NA

pH: < 5 s 1)

854

< 1% FS
0,01 pH

?1s
30 sec 2)

150
575

Manufacturer

Product‐Name

Measuring method

E+H

Orbisint CPS11D
Monitor AMI pH‐
Redox

SWAN
WTW

SensoLyt® 700 IQ

potentiometric

0 ‐14 pH

Hach Lange

pHD‐S sc pH

potentiometric

0 ‐14 pH

SPX
s::can

pH Elektrode
pH::lyser II eco

potentiometric
potentiometric

2 ‐13 pH
0 ‐14 pH

‐2000 ‐2000
mV
‐2000 ‐2000
mV
NA
NA

Measurement
error

Measuring
intervall

Price €

1)=response time (T90)
2)=response time
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Oxygen sensor

manufacturer

Product‐
Name

E+H

Oxymax
COS61D

SWAN

Oxysafe

WTW

FDO 700 IQ
Lange LDO‐
Sensor

Hach Lange
SPX

O2‐Sensor

s::can

oxi::lyser™ II

Measuring
method

LDO
Elektrochemi
sch
LDO
LDO
Elektrochemi
sch
LDO

Measuring
range [mg/l]

Measuring range
saturation

0 ‐20

0 ‐200 %

0 ‐20

0 ‐200 %

0 ‐20

0 ‐200 %

0,05 ‐20

0,5 ‐200 %

0 ‐20

NA

±0,2 mg/l

0 ‐25

NA

1% vom Messwert

Measurement error

±1 % vom Messbereichsende
1,5 % with ± 10 °C deviation
to calibration tepoerature
± 0,1 mg/l
±0,05 % vom Messbereich

Response
time

60sec1)

resolution

Price €

NA

975

< 180sec1)

NA

2.898

< 150sec1)

0,01 mg/l

914

< 30sec1)

0,01 mg/l

1.385

NA

0,1 mg/l

60sec2)

0,01 mg/l

500
1.425

1) = response time t90

TOC / SAK254 Probe
manufacturer

Product‐Name

Measuring method

Messbereic
h SAK254

Messbereic
h TOCeq

E+H

STIP‐scan CAS74

UV‐Vis 200 ‐680 nm

1–250 m ‐1

4‐800
mg/l1)

0,5–250 m ‐

E+H

Viomax
CAS51D ‐C2

mg/l2)

WTW

CarboVis 700/5
IQ

Hach Lange

UVAS plus sc

SPX
s::can

ISIS II
multi::lyser

UV‐Vis
UV/VIS
Spektrometer
UV/VIS
Spektrometer
UV‐Vis 200 ‐710 nm
UV‐Vis 220 ‐720 nm

1

0–600m ‐1
0,01–60 m ‐
1

0–200 m ‐1
0–300 m ‐1

resolution
Measurement error

0,1 m ‐1
NA

±0,1 % of upper
measuring bound
2 % of upper
measuring bound 1)

Measuring
interval

Price €

2 ‐60 min

10.650
5.300

10.126

0‐500
mg/l2)

0,1 m ‐1

NA

NA
minimal, 5,
10, 15, 30, 60
min

mg/l2)

NA

NA

> 1 min

16.260

0‐500 mg/l
0‐150 mg/l

NA
NA

NA
NA

>50 sec
min 60 sec

9.500
7.000

1) = in relation to KHP (Kaliumhydrogenphthalat)
2) = TOC correlated to SAK254

Nitrate sensor

manufacturer

Product‐Name

E+H

Viomax CAS51D ‐
A1

E+H

STIP‐scan CAS74

SWAN
WTW
Hach Lange

Monitor FAM
Nitrate
NitraLyt Plus Set /
Comp
NO3D sc Nitrat ISE
Sonde

Measuring
method

Measuring range
NO3 ‐N [mg/l]

Measuring range
NO3 [mg/l]

UV‐Vis

0,1 ‐20

0,4 ‐80

UV‐Vis 200 ‐
680 nm

0,3 ‐23

ISE

0,1 ‐1000

ISE

0,1 ‐1000

ISE

0,1 ‐1000

Hach Lange

NITRATAX clear sc

UV‐Vis

0,5 ‐20

Hach Lange

NITRATAX plus sc

UV‐Vis

0,1 ‐25

SPX

ISIS II

s::can

multi::lyser

UV‐Vis 200 ‐
710 nm
UV‐Vis 220 ‐
720 nm

0,1 ‐100
0 ‐70

Measurement error

2 % of upper measuring bound
above 2 mg/l

NA

5.304
4.000

NA

3.791

NA

< 3min 1)

2.611,

5 % of measured value + 0,2 mg/L1

< 3min 1)

3.693

10% of measured value

+5 % of measured value + 0,5 mg/l

0,1 ‐100

Price €

120 sec

±0,1 % of upper measuring bound

0,5 ‐4500

Response time

+/‐3 % of measured value +/‐0,5
mg/l
± 5 % rel. of upper measuring
bound
±3% +1/OPL

> 1 min.
(adjustable)
> 1 min,
adjustable

6.670,
14.900

NA

4.000

NA

4.000

OPL = optical path length in mm
1) = response time t90
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Space requirements of an online probe system depend on the overall probe dimensions and a potential
controller unit. Moreover, sufficient space has to be considered for maintenance and manipulation tasks. All
important data and meta-data collected by a probe should be accessible on the spot and by remote devices; if
a transformer is in use, also raw data should be stored.
Concerning maintenance and implementation we mainly draw on the experiences of a large Austrian water
supplier. s:can probes are applied to monitor the leading parameters temperature, turbidity and SAK 254 and
are compared to the readings by SIGRIST photometers. It clearly prefers to run the best available probe per
parameter compared to using all probes from the same manufacturer. Monthly maintenance (rinsing, cleaning
and recalibration of the probes) is being done by technician of the water supplier, every six months a service is
being completed by the manufacturer s:can adding up to costs of about 4000 €/year. The University of
Saarbrücken reported that optical probes to monitor NO3-N and SAK254 have to be maintained every other
month. Every six months the probes are being recalibrated by a technician from the manufacturer Hach-Lange.
More detailed information including a more in depth discussion of the physical measuring principles
implemented in the analyzed probes can be found in the master thesis of Gerald Grabenbauer (equipment for
online monitoring in an aquifer) completed 2012 at the Karl-Franzens-University Graz.

Application example for the s::can probe by the Holding Graz (project partner 9)
General situation of the waterwork Feldkirchen before construction of the runoff power plant Gössendorf:
The Graz Holding | water supply operates south of Graz the water work Feldkirchen. As can be seen in Fig. 1
the water work consists of five groundwater wells (red dots) and is situated close to the river Mur (blue).
Around the wells there are groundwater protection zones defined (brown and yellow). Depending on the
pumping rate of the wells the drinking water is a mixture of ambient groundwater (main part) and river bank
infiltration of the river Mur. Depending on the groundwater and the river Mur level there is bidirectional water
exchange between the two water bodies leading to seasonal fluctuations of the groundwater level. Thus,
oxygen uptake of the groundwater from the unsaturated zone is increased and improves the overall
groundwater quality.
Situation of the waterwork Feldkirchen with operating runoff power plant Gössendorf:
In 2010 and 2011 the runoff hydro power plant Gössendorf at the river Mur (figure 2 blue) was built next to the
water work Feldkirchen. The Mur water level was raised up to 6 meters close to the barrage. To avoid major
water seepage through the reservoir dams sheet piles were integrated that reach to the aquitard. Thus, the
natural interaction between the two water bodies is interrupted. To compensate for this impact a controllable
artificial groundwater drainage system for active groundwater management by 5 adjustable gates (Fig. 2 left –
red lines) was built.
The drainage shaft is 1,5 m wide and 1,8 m high (Fig. 3). In the wall facing the wells slots for in- and outflow of
water are integrated. The water level in the drainage system is controlled by 5 adjustable gates. If the gates are
lowered the original discharge from the aquifer into the river Mur (in this case into the drainage system) can be
simulated.
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Fig. 1: water work Feldkirchen.
Moreover, also river bank filtration into the aquifer can be imitated by the drainage system. For this purpose a
shaft was built at the beginning of the drainage system. The inflowing water into this shaft comes from an
upstream urban area and thus may induce water quality risks. To control the quality of the inflowing water a
probe for online monitoring is installed. If the water quality is sufficient, the inflowing water is forwarded to the
groundwater drainage system and recharges the local groundwater. If not, the water is forwarded to a tight
bypass pipe (Fig. 2 left) and diverted past the power house into the river Mur. Depending on the groundwater
and the river Mur level there is bidirectional water exchange between the two water bodies leading to seasonal
fluctuations of the groundwater level. Thus, oxygen uptake of the groundwater from the unsaturated zone is
increased and improves the overall groundwater quality
Situation of the waterwork Feldkirchen with operating runoff power plant Gössendorf:
In 2010 and 2011 the runoff hydro power plant Gössendorf at the river Mur (Fig. 2 blue) was built next to the
water work Feldkirchen. The Mur water level was raised up to 6 meters close to the barrage. To avoid major
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water seepage through the reservoir dams sheet piles were integrated that reach to the aquitard. Thus, the
natural interaction between the two water bodies is interrupted. To compensate for this impact a controllable
artificial groundwater drainage system for active groundwater management by 5 adjustable gates (Fig. 2left –
red lines) was built.
The drainage shaft is 1,5 m wide and 1,8 m high (Fig. 3). In the wall facing the wells slots for in- and outflow of
water are integrated. The water level in the drainage system is controlled by 5 adjustable gates. If the gates are
lowered the original discharge from the aquifer into the river Mur (in this case into the drainage system) can be
simulated.
Moreover, also river bank filtration into the aquifer can be imitated by the drainage system. For this purpose a
shaft was built at the beginning of the drainage system. The inflowing water into this shaft comes from an
upstream urban area and thus may induce water quality risks. To control the quality of the inflowing water a
probe for online monitoring is installed. If the water quality is sufficient, the inflowing water is forwarded to the
groundwater drainage system and recharges the local groundwater. If not, the water is forwarded to a tight
bypass pipe (Fig. 2 left) and diverted past the power house into the river Mur.

Fig. 2: artificial groundwater drainage system (controllable) for active groundwater management by 5
adjustable gates; in the upstream sampling chamber surface water quality is monitored online. The
bypass is used if water quality is not sufficient (right image).
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Fig. 3: Groundwater drainage system inside with slots and bypass pipe.
Online monitoring by s::can probe:
The s::can probe is installed in the shaft for analyzing (temperature, conductivity, oxygen, nitrate and organic
substances like TOC) of the inlet water coming from a sampling chamber (Fig. 4).

Fig. 4: Installation of the s::can probe with the bypass test section including hose pump and equipment for data
transfer to the central control system.
The central control system receives the data from the probe and operates the system (in this case slides for
drainage system or bypass pipe) fully automated. On the circuit diagram (Fig. 5) the operating state of the
system can be completely observed.
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Fig. 5: circuit diagram of the analyzed data and plants.
All these measures were primarily implemented to simulate the groundwater situation in the water work
Feldkirchen without the runoff river power plant Gössendorf. Secondary, it offers the possibility to provide
active groundwater management since the groundwater level in the aquifer can be controlled.

2.

Description of adaption process

In principle it has to be decided if several probes shall be ordered from the same manufacturer
or if for each parameter the best ranked probes from different manufacturers should be installed. In the first
case a central control unit can be installed which leads to the advantage that all data can be retrieved at one
spot. In the case of maintenance or failure contact to only one company is necessary (and not several individual
arrangements), which might be beneficial for small water suppliers. However, the performance of the entire
probe system relies on this single provider.
Comparing the specifications of the analyzed probes we infer that products of s::can und Hach-Lange (and also
Endress-Hauser with some limitations) show the highest quality. The best value for money is being achieved by
s::can products. The cheapest set of probes is being provided by SPX. Almost all probes allow to import local
calibration data to transfer measured physical units into water quality information.
Consistent findings from experiences of several users reveal that sensors require only low maintenance efforts
leading to low service costs, show a high life span and additionally provide high reliability and accessibility of
data. For pH, turbidity, conductivity and oxygen probes it is being recommended to have a yearly technical
inspection and recalibration done from the manufacturer. Optical probes should be cleaned weekly (by regular
stuff) and being checked for recalibration and maintenance on a quarterly basis (by manufacturer).
We expect that in the future the use of optical and ion selective online measuring systems will significantly
increase due to its wide range of possible applications, high resolution and user-friendliness combined with
economic advantages compared to manual sampling.
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