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Real-Time Microbial Monitoring
For Ensuring Water System Control

Total Organic Carbon
Continuous Water Monitoring

Conductivity Measurement
To Meet Pharmacopeia Compliance

Trace Ozone Measurement
To Confirm Complete Sanitization
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The Hot Topic of Cold WFI 
Lower Cost and Higher Production
Pharmaceutical companies across the globe are beginning to investigate the use of Cold 

WFI because it has several cost advantages and higher speed of production over 

distillation. But what exactly is Cold WFI and what is driving the change?
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or superior to distillation in the removal 
of chemicals or microorganisms.” The 
JP approves WFI production with “re-
verse osmosis (RO) and ultrafiltration 
(UF) when fed Purified Water (PW) or 
suitably pretreated water.” However, 
the European Pharmacopeia (EP) has 
only permitted the use of distillation to 
produce WFI.

EP makes a change
In April 2017, the EP changed the al-
lowed method of production and now 
permits “a purification process that is 
equivalent to distillation. Reverse os-
mosis, which may be single-pass or 
double-pass, coupled with other  
appropriate techniques such as elec-
tro-deionisation, ultrafiltration or 
nanofiltration, is suitable.” 

The EP resisted the change for many 
years because of a belief that RO water 
was susceptible to growth through 
biofilm, and the distillation process 
when operated properly was not sub-
ject to this. As membrane technology 
developed and advanced, the EP ac-
cepted that RO combined with other 
technologies could produce water of 
equivalent quality to distillation.  

This change by the EP means that the 
three major pharmacopeias now per-
mit a method of production for WFI 
other than distillation, and this has 
initiated a shift in the pharma industry 
away from traditional methods of WFI 

production. Recognizing this change, 
system fabricators are now introducing 
Cold WFI production equipment that 
integrates reverse osmosis, electro-
deionization and ultrafiltration  
equipment.

The growing need for rapid 
microbiological tests
The European Medicines Agency (EMA) 
has issued a Q & A document address-
ing several topics regarding the EP’s 
change, its concerns and the need for 
additional monitoring during Cold WFI 
production. The EMA’s primary issue 
with non-distillation production meth-
ods centers on the microbiological 
quality of the water as well as the 
control and monitoring required to 
ensure detection and elimination of 
microbes. The EMA states in their Q & A 
document that: “Use of alterna-
tive / rapid microbiological test meth-
ods should be employed as part of the 
overall control strategy for the system.” 

“Additional TOC and conductivity 
measurements must be 
considered”
Not only does the EMA encourage the 
use of rapid microbial technologies for 
the control strategy, but it also express 
in its Q & A that there should be addi-
tional measurement points for conduc-
tivity and TOC: “On-line conductivity 
measurements and TOC instrumenta-
tion must be considered as part of the 
control strategy and located at various 

A move towards Cold WFI
Cold WFI is not truly cold but rather 
Water For Injection (WFI) at ambient 
temperature produced by a purification 
technology other than distillation. 

For decades the United States Pharma-
copeia (USP) and the Japanese 
Pharmacopeia (JP) have permitted the 
production of WFI by methods other 
than distillation. The USP states WFI 
can be produced by “distillation or a 
purification process that is equivalent 

Low running costs
No mechanical parts to exchange. 
No reagents required.

High measurement reliability 
Predictive diagnostics allow main-
tenance before sensor performance 
is affected

Compliant with global regulations 
Meets USP, EP, JP, ChP and IP  
requirements

c www.mt.com/TOC

6000TOCi total  
organic carbon sensor 
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High confidence in water quality 
Real-time notification of microbial 
excursions 

Reduced costs
Optimizes sanitization cycles

Flexible throughout a facility
For use in RO systems, and pure 
water storage and distribution loops

c www.mt.com/7000RMS

7000RMS microbial  
contamination analyzer

Reduced inventory
Very wide measuring range means 
only one sensor model is required

Error-free installation
Plug and Measure feature ensures 
easy start-up

No measurement interference
Internal measuring circuit and  
digital output provide high signal 
integrity

c www.mt.com/UniCond

UniCond  
conductivity sensors

Analytical equipment for Cold WFI production 
Innovative METTLER TOLEDO Thornton systems offer the highest quality and reliability for pharmaceu-

tical and biotechnology facilities where compliance, calibration and validation of pharmaceutical water 

systems is required.

The METTLER TOLEDO portfolio of on-line sensors and analyzers provides continuous, real-time 

monitoring of microbial contamination as well as conductivity and TOC, enabling the required real-time 

insight into Cold WFI production.

positions within the RO water system 
as determined through quality risk 
management principles. ”The sugges-
tion from the EMA is for multiple 
measurement points for conductivity 
and TOC, not just in the return loop to 
the storage tank. 

The purpose of these multiple mea-
surement points is to develop trend 
data that constantly show the status of 
the water system for the monitored 
parameters, and to be able to develop 
appropriate alert and action levels 
which permit corrective action before 
the system is out-of-specification. As 
the EMA says: “The frequency of trend 
analysis and use of trend data is criti-
cal. The use of rapid microbiological 
test methods and systems should be 
considered in order to improve or in-
crease the probability of early detec-
tion and allow timely action to be 
taken.”  

See METTLER TOLEDO Thornton’s so-
lutions for the pharma industry:
c www.mt.com/Thornton
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On-line Microbial Analyzer
Real-time Monitoring and Control
For pharmaceutical manufacturers, on-line measurement provides 

process control and real-time monitoring of their water quality. A leading 

biotechnology company reduced sanitization costs with the METTLER 

TOLEDO on-line 7000RMS™ microbial detection analyzer.
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Optimizing sanitization cycles 
reduces downtime
The company’s Standard Operating 
Procedure (SOP) required a weekly 
heat sanitization from 00:30 am to 
10:00 am. Before and during this 
process, the company implemented 
the 7000RMS to monitor real-time 
trend data that was used to evaluate 
the sanitization effectiveness and du-
ration. There was no change in the 
baseline data prior to the sanitization, 
suggesting that the interval between 
sanitization cycles could be increased. 
This process change would result in 
reduced sanitization costs and prevent 
premature replacement of worn water 
system components. 

In addition, the company observed 
baseline recovery after each sanitiza-
tion, which indicated sanitization ef-
fectiveness. Using this trend data, the 
company had the opportunity to opti-
mize their sanitization cycles, thus  
reducing downtime and increasing 
overall productivity.

More production time
The ability to review real-time trending 
data also made it possible for the 
customer to reduce rinse time after 
sanitization. According to the cus-
tomer’s SOP, a six-hour rinse time was 
required. With the 7000RMS and an 
established baseline, they interpreted 
the trending data to conclude that the 
Auto Fluorescent Unit counts (the 
7000RMS’ unit of measurement) were 
within acceptable limits after only four 
hours of rinsing (Figure 1). This pro-
vided the potential to significantly re-
duce rinse time and release water two 
hours sooner, resulting in more pro-
duction time.

Increased control, minimized risk
In addition to making their processes 
more efficient, the trending data pro-
vided by the 7000RMS also allowed 
the customer to better comprehend 
their water system dynamics. With a 
more complete understanding of how 
normal system events impact the mi-
crobial and biofilm environment, an 

Improved process efficiency with 
continuous data
A leading biotechnology company 
evaluated the 7000RMS analyzer as a 
process monitoring tool in conjunction 
with plate counts as part of a strategy 
to facilitate rapid response to deteriora-
tion of their pure water system.

The 7000RMS was installed on a WFI 
loop downstream from the return port 
under temporary change control. Data 
was captured on the Building Control 
System during an evaluation period of 
four months. 

Figure 1: AFU trending data during sanitization and rinse. Dotted line indicates original rinse time.
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Improve Process Control and Production 
Efficiency
Continuous monitoring with results every two 
seconds allows optimization of sanitization 
frequency and rinse time.

Control Product Quality with Highly Sensi-
tive Technology
Counts individual microorganisms down to 
0.3 μm in size.

Minimize Risk and Reduce Cost

Real-time monitoring eliminates waiting for 
results. Trending data enables ability to react 
prior to an out-of-specification event.

Global Compliance
Regulatory agencies encourage the use of al-
ternative, rapid microbiological methods.

7000RMS Microbial  
Detection Analyzer

out-of-specification event becomes 
easier to recognize. Critical decisions 
can be made based on real-time re-

sults, reducing the risk of releasing 
contaminated water.

Find out more about bioburden testing 
in real time in our latest white paper:
c www.mt.com/7000RMS-control
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Ensure Pharmacopeia Compliance
with Digital Conductivity Sensors
The conductivity limits of pharmaceutical bulk waters must meet the requirements of the applicable 

global pharmacopeia. Further, the conductivity instrument itself must comply with calibration 

requirements to meet all global pharmacopeias. UniCond® sensors not only confirm compliance, 

they also provide the highest degree of accuracy.

ceived at the readout instrument is 
therefore always assured.

Major improvement in accuracy 
Signal degradation and variance is 
eliminated with UniCond sensors be-
cause of the integrated measurement 
circuit. Impedance and capacitance 
problems associated with analog sen-
sors and cable length are eradicated. 
Further, integrating the sensor and the 
measuring circuit provides far greater 
measurement accuracy compared 
with analog probes.

Error-free start up
A reliable and accurate digital signal 
is not the only benefit of UniCond sen-
sors. Intelligent Sensor Management 
(ISM®) technology means on-board 
memory stores and communicates 
complete sensor identification and 
calibration data to the readout instru-
ment for simplified startup and calibra-
tion. The result is convenient Plug and 
Measure functionality, and greatly re-
duced chances of operator error.

With conventional sensors, the user 
must remember to manually enter the 
precise cell constant and temperature 
calibration data for each individual 

probe  into  the  transmitterʼs memory 
to achieve rated accuracy. The 
UniCondʼs integral sensor eliminates 
questions about which cell constant to 
use, calibration data to enter, spare 
parts to maintain and other decisions 
where multiple sensor types would 
normally be required. This significantly 
improves system simplicity and  
reliability. 

UniCond for USP compliance
Compliance with USP < 645 >, EP 
2.2.44 and all other global pharmaco-
peias requires calibration of the sensor 
cell constant, the measurement circuit, 
and the transmitter. The measurement 
circuit in UniCond sensors is traceable 
to NIST and is calibrated prior to as-
sembly. The cell constant is traceable 
to ASTM. In addition, UniCond sensors 
can be calibrated in-line, as recom-
mended by the USP and EP. Also, ISM 
simplifies regulatory compliance by 
storing sensor calibration data inter-
nally and reducing written record 
keeping.

Download the Conductivity Theory 
guide:
c www.mt.com/pro-pharma-con-

ductivity

The need for better performance
As requirements for pharma waters 
become ever stricter, so the need for 
increased analytical measurement 
accuracy and repeatability has be-
come greater.

The advent of the digital sensor has 
opened up new horizons for the per-
formance of in-line analytical equip-
ment, and provides benefits in ease of 
use that non-digital sensors cannot 
match. 

Digital signal is extremely robust 
Traditional analog conductivity mea-
surement systems can be prone to 
signal loss between sensor and trans-
mitter due to interference to the AC 
signal.

UniCond sensors operate differently. 
Signal processing takes place within 
the probe head itself. Measurements 
are then sent digitally to the transmit-
ter. Digitizing the analog signal in 
proximity to the sensing element is a 
significant improvement, as the robust 
signal is immune to interference or 
degradation. High confidence in the 
reliability of the measurements re-
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UniCond conductivity  
sensor

•  33 % improved accuracy over 
analog sensors

•  Digital signal ensures high pro-
cess reliability 

•  No signal degradation over 
long cable lengths

•  Can be calibrated in-line as 
recommended by USP and EP
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High Performance Meets Easy Maintenance
Advanced, Dependable On-line TOC Monitoring
Measurement accuracy is not the only important criteria for a total organic carbon sensor – easy 

servicing is significant too. METTLER TOLEDO’s on-line TOC sensor combines rapid, precise 

measurement with intelligent diagnostics and fast, easy maintenance. All features appreciated 

by one of Spain’s leading biopharma companies. 
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valuable features would fully meet their 
needs.
  
Reliable technology
The on-line TOC analyzer measures 
organics in a water supply by first 
measuring the water’s conductivity. A 
flow controller then passes the water 
at a precise rate through a quartz coil 
wrapped around a UV lamp. The UV 
light oxidizes any organic material in 
the water, causing an increase in the 

Cutting-edge drugs producer
One of Spain’s foremost biopharma 
companies specializes in products for 
injection, mostly within the fields of 
oncology and urology. The company 
covers the complete development of 
medicines, from R & D through clinical 
studies to launch in the market.

As with all biopharma companies Pure 
Water is essential to the company’s 
processes and they continuously 

monitor water quality in the water loop. 
An existing TOC sensor at their facility 
was approaching end-of-life and the 
company wanted to replace it with 
another from the same supplier.

METTLER TOLEDO Thornton asked the 
company if we could demonstrate our 
on-line TOC sensor sensor to them. We 
were sure that the sensor’s easy main-
tenance combined with its high mea-
surement performance and other 

6000TOCi
Power of an Analyzer
Complete process control and precise data trending with real-
time continuous TOC measurement and the fastest response 
available.

Improve measurement reliability of your continuous, real-time 
TOC analysis by eliminating sensitivity to pressure changes with 
an automated flow control system.

Streamline record keeping for the release of water through 
simplified data collection with innovative Peak and Average TOC 
measurements by analyzing up to 24 hours of readings with 
only two measurements.

Convenience of a Sensor
Maximize uptime with a robust, reliable design virtually free from 
moving parts.

Reduce complexity of your pure water instrumentation by inte-
grating TOC measurement into a comprehensive UPW monitor-
ing system with multi-parameter capability.

Lower costs with the ability to monitor up to four TOC sensors 
on a single M800 transmitter.

Features and Benefits



  Pharmaceutical Waters  METTLER TOLEDO   9

niently records Peak and Average TOC 
measurements for simplified compli-
ance monitoring.

The partnering M800 transmitter 
opens up a number of additional ad-
vantages. Its iMonitor display clearly 
shows the diagnostic tools that con-
tinuously check the on-line TOC sen-
sor’s operating condition. These tools 
allow any sensor maintenance, such 
as calibration, to be planned for when 
it will be required, rather than to a fixed 
schedule.

The M800 is a multi-channel, multi-
parameter instrument and allows the 
connection of up to four sensors (for 
TOC, conductivity, pH, oxygen and 

ozone measurement), therefore reduc-
ing complexity and simplifying opera-
tions at measurement points.

Water purity protected 
The company was convinced and re-
placed its existing sensor with the 
on-line TOC sensor. Managers and 
technicians continue to be impressed 
with the unit’s easy maintenance and 
reliability. Rapid identification of any 
water contamination by organics is 
now safely assured.

c www.mt.com/6000TOCi

water’s conductivity. A second con-
ductivity reading is taken and the on-
line TOC sensor then calculates the 
organic burden in the water based on 
the difference between the two read-
ings.

Fast response and predictive main-
tenance
At the demonstration we showed that 
exchange of the unit’s compact UV 
lamp and subsequent calibration is an 
easy procedure that takes less than 
half the time than that of their existing 
sensor. Managers from the company 
were also impressed with the on-line 
TOC sensor’s response of less than 60 
seconds and high resolution of 0.001 
ppb C. In addition, the sensor conve-
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with Reliable Ozone Measurement
Ozone is being increasingly used in the sanitization of pharma water systems. 

The new pureO3® sensor provides fast, dependable measurements plus the 

lower operating cost benefits of Intelligent Sensor Management.

254 nm wavelength) leaving no re-
sidual chemicals or traces of ozone 
after sanitization, and meeting the “no 
added substances” regulation.

Control of biological 
contamination is mandatory
Microbiological monitoring and con-
trol is required for regulated waters 
globally. Purified Water (PW) and 
Water For Injection systems operators 
diffuse ozone gas into their water loops 
at the precise quantities needed to 

sanitize the system to protect against 
contamination. Once sanitization is 
complete, the remaining ozone gas is 
destroyed using UV light. Monitoring 
and control are required to limit the 
total ozone gas levels needed for 
sanitization (100 – 150 ppb) and also 
to confirm that all ozone gas is re-
moved from the water system after 
sanitization and prior to release. Ozone 
monitoring and analysis manages this 
process precisely and provides an 

A natural and powerful oxidizer
Dissolved ozone, a naturally occurring 
form of oxygen, is one of the most 
aggressive oxidizers used to manage 
and control biological contamination 
in Pharmaceutical and Life Science 
water systems. Ozone is an effective 
oxidant that quickly destroys biofilm 
and aqueous microbial contamination 
with low, easy-to-control dosages and 
minimal contact time. The molecule’s 
very short half-life is typically acceler-
ated with exposure to UV light (at 

pureO3 Ozone Sensor
•  High accuracy at very low ppb 

ozone concentrations

•  Reinforced silicone membrane 
for exceptional durability and 
repeatability

•  Fast response: 30 seconds for 
90%

•  Plug and Measure start up

•  Advanced predictive diagnos-
tics with ISM
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audit trail to ensure compliance to 
global regulations.

Stable and repeatable ozone 
determination
METTLER TOLEDO Thornton’s new and 
robust pureO3 sensor with Intelligent  
Sensor Management (ISM®) offers a 
fast responding ozone measurement 
that is stable and repeatable for deter-
mining ozone oxidation levels to en-
sure complete sanitization. The same 
pureO3 sensor also measures trace 
levels of dissolved ozone to confirm 
that all ozone is destroyed after sani-
tization and prior to water distribution 
and use.

Lower operating costs
ISM is a unique feature to METTLER 
TOLEDO. ISM technology provides pre-
calibrated sensors for Plug and Mea-
sure fast, error-free start-up, and 
greater process reliability with ad-
vanced sensor diagnostics. In addi-
tion, ISM offers predictive diagnostics 

for longer uptime and more efficient 
routine maintenance which can be 
scheduled in advance, eliminating 
unexpected measurement point down-
time. ISM’s features decrease opera-
tional costs and simplify sensor han-
dling while allowing operators to make 
more informed decisions about pro-
cess conditions. 

When coupled with an innovative 
transmitter from METTLER TOLEDO 
such as the multi-parameter, multi-
channel M800, the pureO3 measure-
ment solution conveniently provides 
state-of-the–art dissolved ozone 
monitoring and control to optimize 
plant performance and compliance. 

Durable and cost effective  
solution
Dissolved ozone is an attractive option 
for sanitizing Pharmaceutical and Life 
Science water systems, because it is 
easily infused and controlled while 
reaching all parts of a water system. 

Ozone eliminates potentially danger-
ous handling of chemical oxidants or 
the expense that heat or steam saniti-
zation alternatives require, and it is 
easy to remove, leaving no residual 
compounds prior to use. The METTLER 
TOLEDO pureO3 sensor with ISM pro-
vides a durable and cost effective solu-
tion to monitor and control dissolved 
ozone sanitization effectively and ef-
ficiently.

Download the Ozone Measurement 
white paper:
c www.mt.com/pro-pharma-

ozone



Visit for more information
www.mt.com/pro

UniCond, 7000RMS, ISM, and pureO3 are  
trademarks of the METTLER TOLEDO Group.

METTLER TOLEDO Group
Process Analytics
Local contact: www.mt.com/pro-MOs

Subject to technical changes
© 08 / 2019 METTLER TOLEDO. All rights reserved  
MarCom Urdorf. PA 7014en A

Pharmaceutical Waters Guide  
for Regulatory Compliance, Analysis  
and Real-Time Release

The guide covers vital topics including water purification 
technologies and system capabilities, critical measure-
ments and global pharmacopeia regulations.

We understand pure water – visit our Expertise Library
METTLER TOLEDO Thornton is a market leader in pharmaceutical pure water analytics. To help you in the 
management, design and care of your pure water production and distribution systems, we have created a 
number of useful guides and white papers.

Find this guide and more in our Expertise Library
c www.mt.com/pro-library-pharma


