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NIPPING DANGER IN THE BUD | Complete monitoring and docu-

mentation of  the microbiological status of  an evaporative cooler 

plant as well as the obligation to register the plant and report when 

legionella concentration exceeds the limit is prescribed by law in 

some European countries. The microbiological status is continually 

documented by online monitoring of  biofilm formation. In this way, 

formation and a growth trend of  biofilms in the plant can be rec-

ognised and measures taken to immediately combat them, should 

there be a risk that the limit values will be exceeded.

Fig. 1  
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SMALL QUANTITIES of  legionella – bac-
teria naturally present in water – frequently 
get into technical systems, e.g. into evapora-
tive cooler plants, when these are not oper-
ated perfectly hygienically. Such plants radi-
ate process heat from technical processes in-
to the ambient air. Legionella can multiply 
massively at water temperatures between 
25 °C and 50 °C and, after a sufficiently long 
residence time in the circulation system, get 
into the environment as water spray or mist 
(aerosols) and be breathed in by people. In-
halation of  respirable aerosols containing 
legionella can trigger various infectious dis-
eases, such as pneumonia, which may even 
be fatal.

The respective legal requirements in 
European countries also take breweries as 
operators of  evaporative coolers to task and 
impose wide-ranging conditions on proper 
operation of  cooling towers.

This places the focus on evaporative cool-
er plants that operated practically unnoticed 
until relatively recently. As it was mandatory 
to implement the legal requirements, a cata-

logue of  measures that are both urgent and 
long-term has to be drawn up to assure that 
propagation of  microorganisms and release 
of  aerosols containing microorganisms into 
the ambient air is largely avoided.

Before the new regulations entered into 
force in Germany, Tensid-Chemie GmbH 
and Onvida GmbH started a joint project 
with a brewery with the objective of  draw-
ing up their own catalogue of  measures for 
minimising the biological hazard emanat-
ing from the evaporative cooler plant on site.

lBrief Project Description

One does not have to be a biologist to know 
that main propagation of  microorganisms, 
including legionella, takes place in the bio-

film. When the biofilm in an evaporative 
cooler plant is under control, legionella in 
the cooling water are also under control. 
The brewery involved in the project thus 
selected continuous biofilm monitoring as 
one preventative measure for microbiologi-
cal control of  its cooling water circuit.

The project started in February 2017. It 
is still ongoing, focussing on the measures 
listed below:

 ■ Monitoring the microbiological status 
of  surfaces in the cooling water circuit 
by monitoring the biofilm online, using 
Onvida biofilm sensors;

 ■ switching water treatment to using Ten-
sid-Chemie treatment chemicals;

 ■ optimising cooling water treatment 
based on biofilm formation measured;

 ■ preparing a risk analysis based on Ten-
sid-Chemie’s risk assessment for open 
cooling water systems (TC-Aqualytik®);

 ■ drawing up site-specific measures (rule-
book) for regular and acute operating 
statuses of  the evaporative cooler plant.

lOnline Biofilm 

Measurement

The biofilm sensor onvi-Control® was in-
stalled for online biofilm measurement and 
monitoring the efficacy of  water treatment. 
Measurement is online, in situ, continu-
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Fig. 2  PVC adapter with sensor in the water return pipe

ous and functions without any 
problems (Fig. 1).

The robust probe is installed 
permanently, flush with the sur-
face on which the biofilm grows, 
and is exposed to the same mi-
crobiological conditions, clean-
ing and disinfection cycles as the 
surfaces of  the plant. The meas-
urement method ensures that 
only the biofilm on the surface 
is measured and the influence 
of  the water phase is eliminated. 
The measurement result repre-
sents a total value quantifying 
the amount of  biofilm on the 
surface in the form of  a matrix 
made up of  the chemical, physi-
cal and microbiological proper-
ties of  the biofilm. The sensitiv-
ity of  the device can be adjusted 
to the particular plant – a sterile 
system requires a higher sensi-
tivity than an open water sys-
tem. 

It is important to stress that 
the biofilm sensor used shows 
quantitative biofilm evidence 
only but does not identify indi-
vidual microorganisms.

lSelecting Measuring 

Points

Selecting measuring points has 
to accommodate the peculi-
arities of  the evaporative cooler 
plant. Two such sensors are 
installed for optimally moni-
toring biofilm formation. The 
first measuring point – referred 
to as “inlet” – is located in the 

water return pipe of  the larg-
est cooling tower to the cooling 
water basin. The water has al-
ready cooled down, it is loaded 
with a high amount of  biologi-
cal, inorganic and organic par-
ticles after contact with ambient 
air while the residual content of  a 
biocide having an oxidising effect 
is low after attrition in the whole 
system. It is expected that a high 
biofilm formation potential can 
be measured at this point (Fig. 2).

The second measuring point 
– referred to as “outlet” – is lo-
cated in a pipe that supplies the 
cooled water treated in the ba-
sin to the production process. 
Here, biocide concentration is 
generally highest as biocide is 
added in the basin. The amount 
of  dead biofilm mass in the ba-
sin (the nutrient medium for the 
biofilm) fluctuates considerably 
due to the heterogeneous return 
flow from the cooling towers 
and the action of  the biocide. It 
is thus difficult to estimate bio-
film formation potential at this 
measuring point.

The values measured by the 
two sensors are shown graphi-
cally on the local display and 
passed on to the in-house pro-
duction data acquisition sys-
tem.

lProject Schedule

The project schedule is subdivid-
ed into two phases. First phase:

 ■ Installation of  sensors and 
determination of  the current 
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Fig. 4  Biofilm monitoring in the evaporative cooler plant with biofilm limit value

Fig. 3  Biofilm growth in the evaporative condenser due to an increase in ambient temperature

biofilm level in the cooling water circuit;
 ■ addition of  Tensid-Chemie water treat-

ment chemicals and observing the effect 
on the biofilm;

 ■ optimising the treatment schedule in 
terms of  type, concentration and time of  
addition of  chemicals in order to main-
tain the biofilm stable and always below 
a limit value that has been determined 
as being harmless. Another objective re-
lates to minimising biocide use;

 ■ drawing up a risk evaluation (risk analy-
sis and risk assessment) for the plant.
Second phase:

 ■ Drawing up a location-specific rulebook 
including defined measures for routine 
operation of  the plant and for excep-
tional situations that might arise. The 
measures are based on a comprehensive 
analysis of  all measured data (during 
all seasons), water treatment protocols 

and relevant operational data as well as 
weather data.
The biofilm sensors were commissioned 

on February 27th, 2017. The current bio-
film status should then be recorded while 
the cooling water continues to be treated 
with a daily dose of  chlorine dioxide. Five 
weeks (until March 26th, 2017) after in-
stallation, the biofilm at both measuring 
points was still in the attachment phase, 
a state where microorganisms from the 
water condition the surfaces and settle 
on them in small quantities. Slight daily 
fluctuations ranging from two to five per 
cent were measured in the outlet, however 
without irreversible biomass growth. Fol-
lowing a slight growth phase, the biofilm 
remained at about ten to thirteen per cent 
at the inlet measuring point whereas the 
biofilm in the outlet area reached only five 
per cent (Fig. 3).

Internal and external microbiological 
water samples showed very low bacte-
rial load, specific organisms such as Pseu-
domonas aeruginosa and Legionella were 
not evidenced. The weak biofilm forma-
tion could be explained on the basis of  low 
bioburden and low outside temperatures. 
It is well known that low temperatures in 
winter curb biofilm growth in open cooling 
water systems. Warmer spring months en-
courage the biofilm to grow.

Accumulation of  microorganisms in 
the biofilm increased abruptly, as meas-
ured in the outlet on March 27th, 2017 
and in the inlet on March 31st, 2017, after 
ambient temperature had risen by about 
10 °C for four days.

The biofilm in the cooling water basin 
(outlet) grew from five to eighteen per cent 
within days (Fig. 3). The biofilm on the 
surfaces of  the evaporative cooler (inlet) 
followed with a rise of  about six per cent. 
Routine microbiological water samples 
were inconspicuous during such biofilm 
formation. This situation clearly exempli-
fies the biofilm problem faced by every cool-
ing plant operator. For reasons generally 
not obvious or recognisable, the biofilm 
gets detached from the established plateau 
phase and forms abruptly in no time at all. 
Germ count in the biofilm rises exponen-
tially. Microbiological water samples do not 
detect this increase, as the biofilm hardly 
transfers any microorganisms to the water 
during an exponential growth phase. Mi-
crobiological water samples do not recog-
nise latently present contamination.

Using online biofilm monitoring, this 
situation was recognised in time and halt-
ed by changing treatment chemicals on 
April 6th, 2017. The cooling water was 
treated with a special biocide product, 
Weicogard®-T910, a biocide having an 
oxidative action, and with the condition-
ing agent Weicogard®-C 103.

Thanks to the new cooling water treat-
ment, the biofilm in the cooling water ba-
sin stabilised at a level of  16-18 per cent 
already after two days. It did not increase 
while ambient temperatures were rising 
steadily. After about one week, the biofilm 
in the evaporative cooler stabilised at a low-
er level of  about 12-13 per cent.

In-house microbiological water samples 
had CFU/ml below limit values during the 
whole time. The danger of  microbiological 
contamination of  cooling water including 
release of  polluted aerosols was eliminated 
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as biofilm formation was detected in time 
and the biocide product and conditioning 
agent were changed. 

Subsequent analysis of  biofilm curves 
helped to get a better understanding of  
processes taking place and plant-specific 
dynamics of  biofilm formation. It was sur-
prising that the biofilm in the basin area re-
acted faster and much more vigorously to 
the increase in temperature. The biofilm on 
the surfaces of  the evaporative cooler grew 
more slowly but reacted to biocide treat-
ment significantly later. Using a simple 
mathematical analysis of  biofilm curves 
recorded – such methods are available as 
spreadsheets –, quantitative parameters for 
the biofilm growth rate can be determined. 
They were calculated at 0.8 per cent/
hour in the cooling water basin between 
March 27th and 31st, 2017. In principle, 
this value provides information about the 
speed of  biofilm formation within a certain 
time period, should this rate of  formation 
persist. Based on this information, it was 
possible to change water treatment rap-
idly in order to avoid critical situations that 
would not be recognised in the time frame 
applying to prescribed control analyses 
for withdrawing microbiological water 
samples. Reasons for an increase in bio-
film growth are usually not recognised at 
a glance, such as in the following situation. 
For the first time, a trend towards biofilm 
growth was observed in the inlet, on the 
surfaces of  the evaporative cooler, on June 
19th, 2017, and noticed on June 20th, 
2017 in the outlet – cooling water basin 
(Fig. 4).

In the days that followed, the biofilm 
value rose to 40 per cent in the inlet and 
36 per cent in the outlet. The exceptionally 
strong growth was duly recognised by on-
line biofilm monitoring and slowed down 
using several successive biocide additions 
and subsequent cleaning of  the cooling 
water basin and exchange of  cooling wa-
ter. Though samples withdrawn at the 
same time had slightly elevated CFU/ml, 
none exceeded the limit values for general 
and specific microorganisms. What had 
happened: during a routine update of  the 
control software, the dosage pump for the 
biocide shot for daily dosage was switched 
off. This, on its own, would be tolerable 
but not with simultaneous heavy rainfall 
for three to four days and an increase in 
ambient temperature that inject a large 
amount of  biomass and contaminants into 

the cooling water basis via the surfaces of  
the evaporative cooler. Without biofilm 
monitoring, this situation could have led 
to legionella contamination in the cooling 
water at worst.

During the first three months of  the 
project, a limit value of  20 to 25 per cent 
biofilm was defined for this evaporative 
cooler plant, based on laboratory values 
and biofilm measurement curves. Should 
the biofilm reach or continuously exceed 
this limit value, the rulebook lays down ad-
ditional, adjusted water treatment meas-
ures, even when laboratory values remain 
inconspicuous.

The first phase of  the project was largely 
completed when the risk assessment had 
been carried out in June 2017 as planned. 

The second phase of  the project, 
comprising further optimisation of  the 
treatment schedule and drawing up a rule-
book with measures to be taken, is still on-
going.

lSummary

A brewery installed two onvi-Control on-
line biofilm sensors in the cooling water cir-
cuit of  its plant in the context of  changing 
cooling water treatment to Tensid-Chemie 
products. The biofilm growth curve was 
monitored online and recorded in the in-
house production data acquisition system. 
Based on measurement data and laborato-
ry results of  cooling water samples, a limit 
value was defined for the biofilm. Should 
this value be exceeded, measures for re-
duction of  microorganisms will be initi-
ated immediately. In another step, cooling 
water treatment will be optimised in terms 
of  type, concentrations and time of  addi-
tion of  chemicals in order to maintain the 
biofilm stable and always below the limit 
value. The catalogue containing measures 
to be taken is based on biofilm, operational 
and weather data and makes a fast reac-
tion to exceptional microbiological situa-
tions that may arise possible. Using online 
biofilm detection and taking measures 
appropriate for the specific situation, the 
brewery is prepared to comply with the 
new national legal regulation applying to 
evaporative cooler plants and to recognise 
all tendencies towards propagation of  mi-
croorganisms in the cooling circuit as early 
as possible and take appropriate action. 
The risk to releasing aerosols contami-
nated with microorganisms is thus largely 
eliminated. ■


