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ON-LINE REALTIME WATER QUALITY MONITORING AND CONTROL FOR
SWIMMING POOLS

P. Duffyt, G. Wood$, S. O'Hogaifi, J. Walsh, C. Capliet

1. School of Manufacturing and Design Engineering, Dublin Institute of Technology,
Bolton Street, Dublin 1, Ireland.

2. School of Civil and Building Services Engineering, DIT, Bolton Street.

3. School of Physics, Dublin Institute of Technology, Kevin Street.

ABSTRACT

Effective swimming pool water quality monitoring and controlteyss are important to
safeguard public health and for bather comfort. Most Irish swimpaa monitoring systems
rely heavily on manual methods for sampling, testing and data regowl important
parameters. Microbiological testing is infrequent and resufioftan take days. The goal of this
research is to develop a water quality monitoring and contra@myaith real time data logging,
automatic data analysis, remote monitoring and control, microbaalbgampling capabilities
and online connectivity. National Instruments hardware and its sofjveaieage LabView form
the basis of the monitoring and control system. Several sensorsirsmdhs main water
parameters affecting disinfection and overall water balanempérature, pH level, total
dissolved solids, turbidity, chlorine level and redox potential. Watetlinlkeas is measured
manually due to the prohibitive cost of an automatic system. @b¥iew package and related
hardware controls the chemical dosing of the pool in order to nraiht@se parameters within
their recommended optimum levels. An investigation is also bearged out into the
development of a biosensor to detect E. coli, as it is the besatodaf faecal contamination in
water. The flexibility of the technology used in this researcansdhat it has numerous other
potential applications, such as: drinking water treatment, waaterwreatment, industrial
process control, environmental study and monitoring.

1. INTRODUCTION

At present there is a lack of uniformity in the swimming psmadtor, not only in Ireland,
but in the U.K. and further afield. This is due to two main factéistly there are no legally
binding guidelines for pool operation methods, only recommendations for ploastice’.
Secondly there is no cohesive method in place for collecting @iatimg data from different
pools. All bathing areas in Ireland must meet the minimum qusthitydards set out in the 2006
E.U Directive on Bathing Waterd. The Department of Environment, Heritage and Local
Government, through the Environmental Protection Agency (EPA), is ra@kgofts monitoring
the quality of water in all public bathing water areas. Healthsafety officers from the H.S.E
are often involved in monitoring local authority pools. Private swimgnpools are not currently
subject to any statutory quality requirements.

Any system with automatic data logging of critical paramsetind online connectivity
will no doubt provide a platform for rationalisation. It will meantthespections by relevant
authorities e.g. HSE or I.L.A.M can be simplified and regséati It will provide swimming
pool owners with ready made data to strengthen applicationsyfperte awards such as the
White Flag award. The system also has the ability to reatiseiend user by providing detailed
performance on pools. Similar systems are currently availabléehe market, such as the



Chemtrol PC600 Controller and the Polaris 4 Function Controller E1. Tieenttol controller
offers limited data analysis but it is a factory sealed witlt no room for expansion, while the
Polaris offers room for expansion but no data analysis. Neither dentcah be programmed
with the ease nor precision offered by a LabView software based centaotl neither offers the
same potential for data logging, analysis and access. Aés® tcontrollers do not have the
option for a turbidity or microbiological sensor to be included.

1.1 Background and Theory

The goal of any pool operator should be to achieve a good watercéal@hemical
values must be right for disinfection, safe for swimming and googdol materials. The main
source of pollution in any pool is from the bathers themselves. RaButieposited by bathers
into the pool include: sweat, urine, mucus from nose and chest, saliva&osaetics and scales
from skin and faecal matter. Such pollutants cause microorganidoesinéroduced to the pool.
There has been a number of disease outbreaks linked directlymionswy pools including E.
coli, Cryptosporidium parvum and Naegleria fowleri.

In order to prevent disease outbreaks it is necessary to cohtidishfect the pool
water. The most common form of disinfectant used is calcium Ijygpae. The effectiveness of
the disinfectant is not solely dependent upon the concentration dosed. Water tempgarasund
turbidity all affect the ability of the disinfectant to destroy micgamisms.

The more turbid the water the more particles there are talshiefoorganisms from the
disinfectant. The disinfectant destroys microorganisms by an @idataction. Due to the
varying rate of pollutant introduction to the pool a quantitative measiuchlorine level is not
sufficient to provide efficient operation. An ORP probe measures tidaton reduction
potential (redox potential) in the pool. Redox potential gives a gtiait measurement of the
effectiveness of the disinfectant. A redox reading of below 700md\¢ates poor disinfection in
the pool, regardless of chlorine concentration.

Water hardness and total dissolved solids outside of recommenulges rean cause
damage to pool materials. A TDS of above 1000mg/l or a hardnessofabetow 40mg/l as
CaCQ can lead to corrosion of pool materials. A hardness level of adsmg/l as CaC9
can cause scaling to occur.

The following table summarises the chemicals and control metebelsted for each of
the pool parameters:

Par ameter Increase Decrease

Temperature Heater on Heater off

Chlorine Level Add Ca(CIO) Dilute with source water
pH Level Add NaHCQ Add HCI

TDS Level n/a Dilute with source water
Turbidity n/a Add Alx(SQy)3

Hardness Add CaC} Dilute with source water

Table 1 — List of Pool Water Parameters
1.2 System Overview
An overview of the proposed monitoring and control system is shown imeF®jurhe
pool circulation system has been simplified somewhat for the purpose of.clarity
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Figure 2 — Pool Operating System Overview

The system has a total of 9 inputs and 9 outputs. The pool ciocutstem has been
mimicked by the use of a scaled rig. An overview of the tessspown in Figure 3. Due to the
low flow rate of the rig circulation system it was decidednbt include a filter in the rig.

However the use of the system to control filter backwashinigbeikimulated using a series of
switches.

Peristaltic Pumps Chemical Storage Bottles Electric Control Box

Circulation Pipe \ / Microbiclogical Sampling Area

/!

Sensors Heater Main Tank Pump Qverflow Pipe Balance Tank Qutlet Pipe I Inlet Pipe

Figure 3 — Test Rig Overview

A National Instruments Compact Rio 9023 embedded controller wasesktecbperate
the test system. Five modules were selected to be used witbrttieller — a 32 channel analog
input module, a 32 channel output module, an eight channel digital input moduleghan e
channel digital output module and a 4 channel thermocouple module. The Conpacic&
programmed in LabView can function independently of a P.C. Data eadolvnloaded
periodically to free up memory or continually via an Ethernet link.



2. ELECTRONIC CIRCUITRY
2.1 Pump Speed Control

Peristaltic pumps were selected for the chemical dosing $sodédne variable speed pumps
selected each draw ~200mA at start up. The analog output chasfntle Compact Rio
controller each provided a maximum of 20mA. The control circuit showhkigure 4 was
designed to overcome this problem. Initial tests will be caoigdusing the digital outputs and
simple rated on/off control. The performance of this control methddtlvéh be compared to
proportional control using the analog outputs and the control circuit below.

-15v 741 OpAmp IRF530N Transistor +12V

NN
AEW .

10K —

Figure 4 — Pump Speed Control Circuit

2.2 Probe Signal Amplification

The voltage output from the pH and Chlorine probes was found to be too small to provide
accurate and repeatable measurements. A Laplace Instrumeri2® 6w level signal amplifier
was selected to improve the output signal from the probes. @Esimgnplifier gain of 500 and
signal processing within LabView a pH voltage relationship of qoiMinit was achieved. The
control system requires an accuracy of 0.1pH units or 0.01V. Thd sigisa was found to be
approx 0.0005V which was sufficiently small to enable this accufdsing the same signal
processing, but a smaller amplifier gain of 200, a similarbueate signal output was achieved
for the Chlorine probe.

However the amplifier chosen may prove prohibitively expensive éal world
implementation of this system. There are numerous designs ofaotipdifier circuits available
for both pH and Chlorine probes. An example of such a circuit is shown in Figure plahned
to build and test a selection of these designs in order to findeapensive, high performance
replacement for the amplifier currently being used.

Figure 5: pH Probe Amplifier Circulf!



3. CHEMICAL EXPERIMENTS

A series of experiments were performed to confirm that#heulated chemical dosages
were correct and to deduce their effects on relevant watemptaes and each other. It was
decided not to include aluminium sulphate in these tests as it will only be dosedmabas
The following graphs illustrate some of the results obtained from these egptsim
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Figures 6,7,8,9,10,11 — Graphs of Experimental Results

The experiments confirmed that the calculated dosages weretcamcethat, with the
exception of Ca(CIQ) each chemical affected only its relative parameter. ICg¢Qvas found
to increase water pH by approx 0.2pH units/ml Ca(gladed. This rise in pH can be offset by
addition of HCI reduce levels to within the optimum operating pH range for disorieof 7.2 to
7.6. NaHCQ can also to be added to stabilise the solution. The solutions defecteach
chemical are shown in Table 2:

Chemical Concentration Parameter Control

Ca(ClO), 0.1535g/cm Chlorine Level
HCI 0.1M pH/Alkalinity

NaHCQ, 1.4002g/cri pH/Alkalinity

CaC} 2.7672g/100cth Calcium Hardness




Table 2 — List of Chemical Concentrations
4. ESCHERICHIA COLI AND TURBIDITY DETECTION

Research is currently ongoing into an optical fibre basedse&rtsch can firstly be used
as a turbidity meter and secondly to investigate its potentsaléntively detect E. coli in water.
Table 3 shows a summary of various E. coli detection methods usirggediffforms of
biosensors. The methods chosen were those that showed the besf ldeiection for that
particular method. While some show extremely good limits of detethiey cannot selectively
sense for E. coli in the presence of pollutants or other bactdda.sdme methods, such as
sensing using glassy carbon electrodes, are ‘one shot’ systems witlepsar Sorage times.

MMethod Descri ption L O D. Detection Ease
Time of Use
Electrochemical
Glassw Carbon detection of 2 CFUO/L00ml ~ 20 min Good
Electrodel?] GUD activity
(enzvme)
Laser produced
Bio-Optical MATS to 10 — 100 ~-~ 5 min E=xcellent
Signaturel*] Zenerate BOS CFU/ml
detected using
a solid state
detector
Mucleic acid
Tapered Optical svnthesis on 35 ng of = 2 min Extremely
Fibre with SYBERE fibre surface ssDINA Poor
101 dwvels] detects LacZ
gene
BAW monitors
8 Channel Bulk culture mediurm 100 CFU/ml -~ 900 min Average
Acoustic Wavwe conductivity
Impedance Physical which is
Biosensor C5] changed by the
growth of
bacteria
Detection of
Cartridge Based GUD and GAD = 1
TN Fibre Optic by formation of CFU/100ml -
Spectrophotomerty[’] fluoresce nt 103
molecules CFU/L00ml
MMeasurement of
Antibody change in 70 cellsfml ~ 10 min Average
Immohbilized tramnsmitted
Biconical Tapered light due to
Optical Fibrel81 changes in the
ewvanescent field

Table 3 — Summary of E. coli detection methods

Excellent

Initial E. coli testing was based on the Beer-Lambert Paw
A =¢bc
where A = absorbance
€ = molar absorbtivity
b = path length of sample
¢ = concentration of compound in solution

4.1 Escherichia coli Experimentation

Preliminary tests were performed using Escherichia coCBR5922 strain to quantify
the current limitations of nephelometric techniques to detect E.Taob samples with an initial
estimated concentration of 3 x®1€fu/ml of the test strain was made using McFarland Standard
Number 1. A series of 10 fold dilutions were then performed from 3xa@n to 3 x 16 for
each initial sample. Each 5ml sample was placed in an Ocptics G000 spectrophotometer
and readings of its transmittance and absorbance were takamme€ulere made of each sample
and incubated overnight. A count of the cfu/ml of each sample was ¢nfemmped to verify the
initial concentrations were correct. It was then possible to raagerrelation between E. coli
concentration and absorbance. It was found that taking absorbance readings ah48Bninaf
detection was TOcfu/ml of E. coli. The graph illustrates how absorbance varids ®itcoli
concentration.
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Figures 13 and 14 — Images of Cell Cultures with Concentrations ahd0.0 cfu/ml

Further research is being carried out into the use of recombinanbdeth&reen Fluorescent
Protein (EGFP) as a possible marker for E. coli in aqueous solufibe€GFP fluoresces when
excited by light at a wavelength of 488nm and emits lightwheelength of 507nm. Previous
research carried out bY researchers at Purdue University, .UrfliBates that it is possible to
use EGFP in this way. The intensity of light emitted by the EGFP would provide a tlirec
correlation to the amount of E. coli present.

4.2 Optical Fibre Turbidity Sensor

Turbidity is an important pool water parameter. Not only does duvimter look
unappealing to the bather but it can also cause a decreaseeifetitiveness of the disinfectant
agent. Turbid water can be an indicator of increased water pallaimd of poor filtration.
Currently manual tests are carried out for turbidity in most pealh the maximum
recommended turbidity level being 0.5 NTU (nephelometric turbidity Jurt®liminary work is
being carried out on the design of a turbidity sensor for swimpaads. The system will work
on a catch and release basis consisting of an LED light soufeed @nd a return fibre and an
analyser. The intensity of the light transmitted through thepsa will be measured and
correlated to a turbidity value. Figure 15 shows an outline of the proposed system.

d—/_zRelurn Fibre

Feed Fibre 7

Figure 15 — Turbidity Sensor Outline



5. CONCLUSIONS AND FURTHER WORK

A suitable test rig has been designed which will accyratebdel the operation a
swimming pool, incorporating a National Instruments Compact Rio 9023delatdecontroller.
Accurate relationships between water parameters and chemicalg dagents have been
established. These are effectively linear relationships and can beit@gjhated into the control
system. The use of fibre optics as both a biosensor and turbidity sensor has shown.potential

Extensive testing of the control system is required using bodd @td proportional
dosing pump control. Standard pollutants will be introduced by both graddathock dosage
methods to evaluate the system response. Further dialogue wittetr@nteuthorities needs to
be opened in order to develop the best possible data analysiBng rad system control via
remote computer and mobile phone also needs to be undertaken. Fuitiemert of the
current fibre optic E. coli detection system is needed to increasstivity. This will include
both physical changes to the test rig, such as different gurces, and also further post
processing of results. Following this, experimentation with the pusation of EGFP to
increase system selectivity will be conducted.

The prototype turbidity sensor outlined previously will be constructestinfeof the
system will include the use of different light sources and fapgcs (both off the shelf and
laboratory made). A comparison of this method of turbidity measuremgainst a cost
comparable vision system will be made.

Upon completion of the above application further investigation will lbeechout into
applications in drinking water monitoring and waste water treatment.
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