
技術資料  Technology Note

エルガの製品技術を紹介した英語版の技術資料です。
ご興味をお持ちの資料があればお気軽にお問い合わせください。

Technology Note 01 A Solid Commitment to Quality
Technology Note 02 PureSure System Overview
Technology Note 03 PureSure System, how it works
Technology Note 04 PureSure System, removal of impurities
Technology Note 05 PureSure System, extending the life of the purification cartridge
Technology Note 06 Real Time TOC, an overview
Technology Note 07 Monitoring TOC in ultra-pure laboratory water
Technology Note 08 Removal of Endotoxin RNase DNase and Bacteria using the PURELAB Option-Q fitted with a Biofilter
Technology Note 09 Removal of Endotoxin using Point-of-Use Filters
Technology Note 10 Optimizing Biopurity in Purified Water for Medical Rinsing
Technology Note 1 1 Biopure Endotoxin Levels
Technology Note 12 PURELAB Ultra Analytic used for Trace Element Analysis
Technology Note 13 The pH of Pure Water
Technology Note 14 Maintaining Microbial Integrity in Pure Water
Technology Note 15 Biofilm in Pure Water
Technology Note 16 Recirculation or Static Storage
Technology Note 17 Use of Ultra-violet light in the Control of Bacteria
Technology Note 18 PURELAB flex real time TOC
Technology Note 19 PURELAB flex a different approach to sanitization
Technology Note 20 Removal of Endotoxin
Technology Note 21 PURELAB flex the efficient use of UV light
Technology Note 22 Bactericidal Effects of EDI Technology within the PURELAB Pulse
Technology Note 23 EDI Technology within the PURELAB Pulse
Technology Note 24 Overview of PureSure Technology used in PURELAB Chorus 1
Technology Note 25 PureSure Technology used in PURELABR Chorus 1
Technology Note 26 PureSure System with PureSure System used in PURELABR Chorus 1
Technology Note 27 PureSure System used in PURELABR Chorus 1
Technology Note 28 Real Time TOC System in the PURELABR Chorus 1
Technology Note 29 Monitoring TOC in ultrapure laboratory water
Technology Note 31 Removal of Endotoxin using Point-of-Use Filters
Technology Note 33 EDI Technology PURELAB Chorus 2+

Technology Note 34 Removal of Carbon Dioxide (CO2) in PURELABR Chorus
Technology Note 35 The effect on increasing Reverse Osmosis (RO) Recovery
Technology Note 36 PURELAB Chorus 1  The Efficient Use of Ultraviolet (UV) Light
Technology Note 37 PURELAB Chorus A different approach to sanitization
Technology Note 38 Integrated Filters Ultra vs Microfiltration
Technology Note 39 EDI Technology within the MEDICA range
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Why do we monitor TOC? 

Measuring Total Organic Carbon is a useful universal indicator of the presence of organic impurities 

(in the same way that measuring resistivity gives a good indication of inorganic impurities).  

By constantly monitoring TOC we can be assured of the overall organic purity of the water.Real Time TOC System

The limitations of monitoring TOC

In the same way that a resistivity monitor cannot specify which particular inorganic purities are in the water, a Toc

measurement cannot help us to define which specific organic impurities are in the water. Furthermore the relationship 

between the Toc and the equivalent concentrations of various organic compounds present in the water will vary according  

to each contaminant. (see table below).

Compound 

% Carbon 
ppb of Compound giving 10ppb of TOC

Ethanol 

52.2 

19.2

Urea 

20.0 

50.0

Chloroform 

10.1 

99.0

Phenol 

76.5 

13.1

Trichlorphenol 

36.5 

27.4

Dethyl pthalate 

64.8 

15.4

How is TOC monitored?

In a standard Toc monitor the sample is measured for resistivity, oxidized and measured again. The Toc value is a

function of the difference between the resistivity pre and post oxidization.

Example of Processes involved Within a Standard TOC Monitor

Sample Inlet

Sample Outlet

The greater the difference between 

the two readings, the higher the 

concentration of TOC

15

10

U
V Photoxidization
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Recirculation compared with static storage
Storage is required in most water purification systems after 

the relatively slow early purification stages such as distillation 

or reverse osmosis. The purified water can be stored in 

various ways:
Option 1 

In a reservoir or bladder tank for use after single-pass through 

a combination of ion exchange resins, UV irradiation and 

filtration.

Bacteria will proliferate in pure water and form biofilms on surfaces in contact with the water 

unless preventive measures are taken. Sub-0.2 micron or ultra-filters are used to remove 

bacteria, but if the water feeding them is too contaminated with bacteria the challenge on 

the filter will be very high resulting in a build-up of bacteria and debris with increased risks of 

grow-through and even break-through as well as the release of debris into the water. Control 

of bacterial levels prior to the filters is achieved by recirculation and the use of ultraviolet 

irradiation. Careful design is essential to achieve adequate control. Recirculation is discussed 

in this Technology Note; the application of UV in bacterial control is considered in Technology 

Note 17 ‘Use of UV light in the control of bacteria’.

Recirculation or Static Storage?

Option 2
In a reservoir with periodic recirculation through a 

combination of ion exchange resins, UV irradiation and 

filtration.
option 1 offers no control or removal and is not 

recommended for applications where bacterial levels need 

to be controlled. option 2 provides the best option with low 

contamination levels in the reservoir and final purification 

just before use. Both options are compared below.

Option 1
Static storage

Option 2
Storage with periodic recirculation

Dispense 
point

Water recirculates intermittently when there is no requirement

Recirculation pump

Water continuously moves  –  no static areas

Composite vent filter to remove airborne contaminants

Areas for air entrapment

Static 
Zone

No flow through of water in the area resulting in stagnation

Feed from purifier

Feed from purifier

Dispense point

Return for  re-purification
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WEATHER

MONITORING

The Frozen Diary – history unlocked 

with the help of ultrapure water

Professor Carlo Barbante of the University of Venice is

interested in atmospheric pollution and, in particular, how it

has changed over the years. As snow falls it washes pollutants

like heavy metals from the atmosphere and the Antarctic snow

– frozen for centuries – provides a historical record of

atmospheres past. The levels of heavy metals such as

cadmium, lead, zinc and copper in these frozen records are

very low, varying from thousands of picograms per gram (pg/g)

for present day Greenland surface snow to tenths of a pg/g for

Antarctic snow from the Holocene epoch (up to about 50,000

years ago), so the purity of the samples is of critical

importance. On a recent expedition the team visited Coats

Land, Antarctica, to take samples covering a period of about

seventy years from about 1915 to about 1985. This is the story

of that expedition.

Sampling

Sampling the Antarctic snow involved digging an 8.3m deep

sampling pit from which potentially contaminating metal

objects were carefully excluded – including the removal of

operators’ jewellery and even spectacles1. The operators, who

did all the digging and sampling with acid-cleaned stainless

steel tools, wore clean room clothing whilst they were cutting

sample blocks about 40cm x 30cm x 33cm from one wall of the

pit, each representing about two years of history. They

scraped the sample blocks with an acid-cleaned polyethylene

scraper to remove any metallic contamination, and then

stored them in acid-washed double polyethylene bags in a

cold storage pit. When all the samples had been taken they

were collected by ship and transported to the laboratories in

the ship’s cold store, so that the temperature was maintained

below  10°C at all times.

In the laboratory, the blocks were sub-sampled, using

protocols designed to give as representative samples as

possible, in a specially designed laminar flow clean bench

inside a cold room kept at  15°C. The clean bench and most of

the handling equipment was constructed from polyethylene

and acid cleaned before use. The sub-samples were placed in

polyethylene bottles, acidified with nitric acid and then re-

frozen for storage until analysis.

Sample Preparation and Analysis

In trace analysis two factors are of fundamental importance:

protection of the sample from contamination and accuracy of

the measurement and the University of Venice has special

clean room facilities with minimum metallic content. Even the

HEPA filters and air fans are constructed from low density

polyethylene. 

Earlier work2 had already given the researchers

confidence that Sector Field ICP-MS could be used to analyse

the samples with sufficient repeatability, provided that the

samples were thirty times concentrated by sub-boiling

evaporation. The sample concentration stage clearly conc-

entrates any earlier contamination of the sample, and is itself

another potential source of contamination. For this reason, the

researchers were keen to find a technique that would allow 

the samples to be analysed directly without any pre-

concentration step. 

They chose a ThermoFinnigan inductively coupled plasma

sector field mass spectrometer (ICP-SFMS) with an ESI

(Elemental Scientific) PFA-100 microflow nebuliser connected

to a polyfluoroacetate double pass spray chamber maintained

at room temperature. The thawed sample was drawn from the

bottle via a PFA capillary, using a Spetec peristaltic pump fitted

with a Tygon tube. The system was pre-cleaned, to minimise

the possibility of contamination, by passing ultrapure nitric

acid (1% solution in ultrapure water) for at least twenty hours

before attempting any measurements. As an indicator they

used lead 208Pb and considered the instrument clean when

this stabilised at less than 400 counts per second.

The accuracy of instruments like the ICP-SFMS is

dependent on the purity of the blanks and standards used 

for calibration, and the double distilled nitric acid used 

for cleaning the introduction system and acidifying 

the samples had a typical lead content of 0.13pg/g. Each day

the tuning parameters of the ICP-SFMS were optimised

against a 1.0ng/g solution of indium acidified with the

ultrapure nitric acid so as to obtain the maximum signal

response and stability. Calibration of the ICP-SFMS was

against a 100µg/g multi-element standard solution supplied

by Merck, which was diluted with the same ultrapure water as

was used for blanks.

Ultrapure Water

Giulio Cozzi is the University of Venice’s ultrapure water

specialist, and he is meticulous in his attention to detail. For his

most recent spectrometry work, he chose an ELGA LabWater

PURELAB Ultra Analytic.

The PURELAB Ultra Analytic is designed for “polishing”

pre-treated water. In the University of Venice’s laboratory, it is

fed with water that has been pre-treated by reverse osmosis

and has a resistivity better than 0.1MΩ.cm. The water is fed

through a primary purification cartridge, which combines

mixed bed ion exchange resins and an organic adsorbent to

remove both ionic and organic impurities. It is then exposed to

ultraviolet irradiation using a low pressure mercury lamp,

which generates UV at wavelengths of 185nm and 254nm. The

longer wavelength radiation has a powerful bactericidal effect,

whilst the shorter wavelength generates free hydroxyl radicals

which photo-oxidise residual trace levels of organic matter to

form charged species. The second purification cartridge

removes the ions generated by photo-oxidation as well as any

other trace residual ions, which remain after the primary

cartridge, principally those such as sodium which are present

at relatively high levels in the feed water. Resistivity monitoring

between the two cartridges ensures that exhaustion of the

primary cartridge is detected whilst most of the polishing

capacity still remains in the secondary cartridge, so that there

is no possibility of the treated water quality deteriorating.  The

water from the secondary cartridge is filtered to 0.05µm by a

membrane microfilter and is then recirculated to the primary

purification cartridge until required for use.

Maintaining water quality is vital to successful operation

and this is confirmed by resistivity monitoring after each

For more than ten years Carlo Barbante and his research team at the University of Venice’s Department of Environmental Sciences have

been digging up the Antarctic snow to look for trace levels of heavy metals. The snow is a deep-frozen record of atmospheres of

centuries past, and the heavy metals show how atmospheric pollution has changed with the passing years.

Article first published in IET May/June 2006

Ultrapure water free from biologically activeimpurities suitable for PCR
Abstract
PCR techniques are in widespread use through the life science sector for amplification of genetic material, from fundamental genomic

research through to advanced biomedical and forensic applications. The need for reagents and solutions free from nucleases (DNase,

RNase) which could cause breakdown of oligonucleotides is widely recognized, however, the influence of other waterborne

contaminants is rarely considered. These could cause problems with the test results so it is vital that water should be used which is 

free from waterborne contaminants.

Introduction
The advent of polymerase chain reaction (PCR)techniques revolutionised genomics in the early 1980s, and PCR-

based methods, such as reverse transcription PCR (RT-PCR) and
quantitative PCR (qPCR), are now essential in a wide range of
medical and biological research applications. 

DNA amplification by PCR relies on the use of DNA polymerase
enzymes to synthesise double stranded DNA molecules from 
single-stranded ‘templates’, using short oligonucleotide primer
sequences to target the gene of interest. Although this process
generally uses thermostable DNA polymerases, both the target
specificity and efficiency of the enzyme catalysed reaction is highly
dependent on the physical conditions (pH, temperature, etc.) and 
composition of the reaction mixture1. The presence of nucleases –
enzymes which cleave the phosphodiester linkages between nucleic
acid subunits – within the reaction vessel will lead to severe
disruption of the PCR process, as genetic material will quickly
become fragmented under reaction conditions. It is therefore vital
to ensure that all reagents and solutions used in PCR applications
are free from nucleases. The need for ‘nuclease-free’ water in PCR
applications is widely recognized, however, there are a number of
other contaminants commonly found in water that canimpede DNA amplification2 by PCR, including:Bacteria

The presence of bacterial DNA can lead to erroneous results,
particularly for qPCR techniques, as well as amplification of non-
target sequences. In addition, many bacteria release extracellular
nucleases and other small molecules and ions which interfere with
DNA polymerization. 
Ions
Thermostable DNA polymerases require a magnesium (Mg2+) 
co-factor for effective substrate binding. The concentration of
Mg2+ is therefore crucial for optimization of polymerase activity3.
Polymerase enzymes are also highly sensitive to other common
divalent cations (Cu2+, Fe2+, Ni2+, etc.), which interfere with co-
factor co-ordination and disrupt substrate binding within the
active site. In addition, the presence of even trace amounts of
heavy metal ions (such as cadmium) will inhibit enzyme activity. 

Organic compounds
Particulates may cause damage to the HPLC pump and can also
cause columns and frits to block. This effect is even more
significant for UHPLC users, as the very small particle sizes and
decreased diameters of these columns make them more
susceptible to premature blocking than their HPLC counterparts.
Colloids can be irreversibly adsorbed onto the stationery phase,
resulting in a change to the separation efficiency of the column.Ultraviolet (UV) radiationBecause DNA molecules carry a negative charge, other negatively

charged biomolecules within the reaction environment can
interfere with substrate binding by entering the positively charged
active site and causing steric interference, leading to reduced
substrate turnover. 

Purifying water for PCROptimization of PCR processes requires the use of water free 
from nucleases, micro-organisms, organic compounds and trace
elements for constitution of all reagents and buffers. To ensure
that these contaminants are not present, ultrapure grade (Type I)
water – with a resistivity of 18.2 MΩ cm, a low total organic carbon
(TOC) value of less than 20 ppb, bacteria levels of below 1 CFU/ml
and endotoxins below 0.01 EU/ml – is highly recommended for
PCR applications4. ELGA’s PURELAB Ultra Genetic uses a multi-step 
purification process to produce ultrapure grade water suitable for
PCR, including: 

Ultraviolet (UV) radiationPassing water through a beam of ultraviolet light effectively
breaks down organic compounds including bacteria and bio-
active molecules such as nucleases and endotoxins. A wavelength
of 185 nm oxidises carbon-containing macromolecules, yielding
ionized fragments for subsequent removal by ion exchange,
whereas longer wavelength UV radiation (254 nm) disrupts the
activity of bacterial enzymes, preventing replication. To maximize
breakdown of organic molecules, the PURELAB Ultra Genetic 
uses a full spectrum UV lamp with an ultra-high purity synthetic quartz sleeve. 
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Application Note:The importance of ultrapure water

for characterizing bacterial signaling 

molecules by UHPLC-HRMS/MS 

N-acyl homoserine lactones (AHLs), shown in Figure 1, 

are signaling compounds used by many bacteria for 

communication between single or closely related species. 

Along with a number of other messenger compounds 

(known as autoinducers or pheromones), AHLs play an 

important role in quorum sensing – the mechanism by 

which bacteria coordinate behaviors, such as biofilm 

formation, virulence, and antibiotic resistance, based on 

the local density of the bacterial population.

Bacteria that employ quorum sensing secrete these 

autoinducers into their surrounding environment, where 

the molecules subsequently bind to target receptors 

within other bacteria. Upon binding, the autoinducers 

activate the transcription of certain genes, including those 

for autoinducer synthesis. In the presence of only a small 

number of bacteria, the concentration of autoinducer 

in the surrounding area is almost zero due to diffusion. 

However, in larger bacterial populations the concentration 

of autoinducer passes a threshold that causes more inducer 

to be synthesized, resulting in a positive feedback loop. As 

activation of the receptor also induces up-regulation of 

other genes, population-wide activation causes all of the 

cells to begin transcription simultaneously.

Bacteria use this phenomenon to maximize cell efficiency. 

For example, the bioluminescent luciferase produced by 

Aliivibrio fischeri (found in the photophore of the Hawaiian 

bobtail squid) would not be visible if it was produced by a 

single cell. Using quorum sensing to limit the production 

of luciferase to situations where bacterial populations are 

large therefore conserves energy.
The characterization and quantitation of autoinducer 

compounds is therefore of importance to better 

understand quorum sensing processes. However, because 

AHLs are typically released in appreciable amounts only 

when bacterial concentrations are high, the direct analysis 

of these compounds in marine environments can be 

difficult. One solution to this challenge is the isolation and 

identification of AHL-producing strains, and subsequent 

characterization of the compounds produced.

The analysis of known AHLs is often achieved using 

thin layer chromatography or high-performance 

liquid chromatography (HPLC) in combination with 

appropriate reference standards. However, for novel AHLs, 

chromatographic techniques, such as gas chromatography 

or HPLC, are typically paired with methods for structural 

identification, such as mass spectrometry or nuclear 

magnetic resonance.

Introduction Quorum sensing is used by many species of bacteria to coordinate behaviors, such as biofilm 

formation, virulence, and antibiotic resistance. To understand and potentially modulate these 

processes, the identification and characterization of the communication molecules associated 

with this phenomenon is essential. Ultra-high performance liquid chromatography (UHPLC), in 

combination with high-resolution tandem mass spectrometry (HRMS/MS), can be used for this 

purpose. However, to obtain reliable results, these techniques require a consistent supply of 

ultrapure water. In this application note, we look at how Karine Escoubeyrou and colleagues at the 

Bio2Mar Technical Analytical Platform at Banyuls-sur-Mer Oceanographic Observatory have used 

the ELGA PURELAB® Option and flex 2 systems to meet their water purification needs.


