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Of course, every result of an intercomparison study repre-
sents a snapshot in time. But for a producer of Certified 
Reference Materials, it is of crucial importance that the qual-
ity of measurement results always stays at the same high 
level. For CRM producers, the highest level of metrological 
achievement is the double accreditation to both ISO/IEC 
17025 and ISO Guide 34. This is often referred to as “the 
Gold Standard”. The cover picture – the Swiss copy of the 
standard kilogram* – exactly represents this concept: 
highest quality with no variability.

Kind regards,

Michael Weber
Manager Marketing and R&D
Analytical Standards and Reagents
michael.weber@sial.com

* With kind permission from Swiss Federal 
Institute of Metrology (METAS)

Double Accreditation within Sigma-Aldrich®

Dear Colleagues,
The “Metre Convention” was signed in 1875 by 
representatives of seventeen nations, and the 
“International System of Units” (SI) was intro-
duced in 1960. The foundation of chemical 
metrology, however, was fi rst launched in 1971 
by the introduction of the “mole” as the seventh 
SI base unit. 

In time, a globally organized metrological 
organization was established under the 
umbrella of the Consultative Committee for 
Amount of Substance (CCQM). Many diff erent 
National Metrological Institutes (NMIs) began 
to develop a wide range of analytical reference 
materials and sought to compare their analytical 
measurement capabilities.

In order to obtain data for the evaluation of the 
“degrees of equivalence” of national analytical 
results, the NMIs organized comparison studies 
known as “Key Comparisons”. Key comparisons 
are profi ciency tests at the highest metrological 
stage and only NMIs are allowed to participate. 
However, in some cases, non-NMIs are invited to 
join these comparisons as industrial partici-
pants, but their data is not considered to be 
representative of national values. Sigma-Aldrich 
Switzerland seized the opportunity to partici-
pate in one of these metrological comparisons, 
and since the results demonstrated the 
impressive quality of our analytical expertise, 
we decided to dedicate one article to this 
special topic.

Analytix is published fi ve times per year by Sigma-Aldrich Chemie GmbH, 
MarCom Europe, Industriestrasse 25, CH-9471 Buchs SG, Switzerland
Publisher: Sigma-Aldrich Marketing Communications Europe
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Editor: Isabell Davies-Falch
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ISO/IEC 17025 + ISO Guide 34 Accreditation and Certified Reference Materials: 
The Gold Standard

Analytical measurements depend on many variables to 
provide the credible data needed to make informed deci-
sions. The quality of this data in most cases is only as good 
as the reference material used to calibrate the measure-
ment device. High-quality reference materials are available 
only from organizations with a robust quality system. The 
proper use of accreditation marks is your guarantee that 
you are using legitimate Certifi ed Reference Materials. 

Traditionally, high quality reference materials were obtained 
from National Metrological Institutes (NMI’s) such as the 
National Institute of Standards and Technology (NIST) and 
other similar organizations. These sources, however, were 
often limited in availability and at a relatively high cost. The 

late 1970s and early 1980s saw a proliferation of commercial 
reference materials suppliers to meet the growing need for 
a dependable supply and wide selection of appropriate 
reference materials at a reasonable cost. Quality and consis-
tency varied widely, however, and efforts to address this 
problem began in earnest with widespread adoption of the 
ISO 9001 standard. While this standard provided a basic 
quality system framework and a basis for running business 
systems, there was little benefi t in the form of metrologically 
sound standards that could be applied to measurement sci-
ence. To address this problem a series of ISO Guides (30–35), 
focused on Reference Materials and Certified Reference 
Materials (CRMs), and the ISO/IEC 17025 standard, focused 
on Calibration and Testing, were developed.

Adherence to ISO/IEC 17025 demonstrates competence of 
Calibration and/or Testing Laboratories. Following the 
requirements of ISO Guide 34 demonstrates competence of 
Reference Material Producers. Merely operating in accor-
dance with these standards, however, does not result in a 
credible quality system. Third party accreditation ensures 
that the organization’s quality system has been thoroughly 
inspected and that objective evidence was examined dem-
onstrating that the requirements of the standards have 
been met. An accredited organization can be recognized 
by the appearance in their literature (frequently a Certifi cate 
of Analysis) of the accreditation marks of their Accreditation 
Body. Accreditation to both ISO/IEC 17025 and ISO Guide 34 
is often referred to as “Doubly Accredited” representing the 
highest level of metrological achievement: The Gold Stan-
dard. Double Accreditation enables an organization to 
legitimately produce Certifi ed Reference Materials. Figure 1 
shows accreditation marks:

Alan Nichols, Manager R&D and Marketing alan.nichols@sial.com

Figure 1 ISO/IEC 17025 and ISO Guide 34 Marks from the Swiss Accreditation Service (SAS) and the US ANSI-ASQ National Accreditation 
Board (ACLASS). Both SAS and ACLASS accreditation certificates are accepted worldwide.
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A critical part of accreditation is the scope. The scope of 
accreditation is a list of tests, technologies, methods, and 
types of certifi ed reference materials that an organization 
may perform and produce. A reference material produced 
and tested outside of an organization’s scope cannot be 
legitimately called a certifi ed reference material and accred-
itation marks may not legitimately appear on the associ-
ated certifi cate of analysis. In fact, the ISO standards require 
that all tests and reference materials that are not within the 
scope be clearly distinguished. 

Brand Location ISO/IEC17025 ISO Guide 34

Fluka® Buchs, 
Switzerland

Supelco® Bellefonte, 
PA

Sigma-Aldrich® 
RTC

Laramie, WY

Cerilliant Round Rock, TX

Table 1 Sigma-Aldrich has four sites which are doubly accredited 
and are producing certified reference materials.

Cat. no. Brand Description Package size

CRM48392 Supelco Triazine Pesticide Standard, TraceCERT®, 100 μg/mL each component in methanol
Ametryn, atrazine, prometon, prometryn, propazine, simazine, terbutryn

1 mL

CRM7505 Supelco HC BTEX/MTBE, TraceCERT, 2000 μg/mL each component n methanol
Benzene, toluene, ethylbenzene, o-, m-, & p-xylene, methyl tert-butyl ether

1 mL

CRM47177 Supelco Formaldehyde-DNPH, TraceCERT, 100 μg/mL in acetonitrile 1 mL

CRM48902 Supelco EPA 8270 semi-volatile internal standard mix, TraceCERT, 2000 μg/mL each component 
2 mL in methylene chloride
Acenaphthene-d10, chrysene-d12, 1,4-dichlorobenzene-d4, naphthalene-d8, perylene-d12, 
phenanthrene-d10

CRM40071 Supelco Benzo(a)pyrene, TraceCERT, 1000 μg/mL each component in acetonitrile 1 mL

42438 Fluka Benzyl butyl phthalate, TraceCERT 50 mg

69311 Fluka Chinine, TraceCERT 50 mg

43540 Fluka Diisobutyl phthalate, TraceCERT 100 mg

51791 Fluka Acetate standard for IC, TraceCERT, 1000 mg/L acetate in water 100 mL

42071 Fluka Manganese standard for ICP, TraceCERT, 10 g/L manganese in 5% nitric acid 100 mL

83787 Fluka Rhenium standard for AAS, TraceCERT, 1 g/L rhenium in 2% nitric acid 100 mL

PHR1238 RTC Ergocalciferol (vitamin D2) 500 mg

PHR1185 RTC Amlodipine besylate 1 g

PHR1196 RTC Nitrofurazone (nitrofural) 1 g

PHR1235 RTC Retinyl palmitate (vitamin A palmitate) 1 g

PHR1178 RTC Budesonide  500 mg

B-050 Cerilliant Buphedrone ephedrine metabolite HCl, 1.0 mg/mL (as free base) in methanol 1 mL

T-077 Cerilliant 3,3’,5-Triiodo-L-thryonine-13C6 (T3-13C6), 100 μg/mL in 0.1N NH3 in methanol 1 mL

A-096 Cerilliant Aldosterone, 100 μg/mL in acetonitrile 1 mL

Z-009 Cerilliant Zoplicone N-oxide, 100 μg/mL in methanol 1 mL

G-015 Cerilliant Ginseng ginosides mix, 100 μg/mL of each component in methanol 1 mL

Table 2 Recent certified reference materials released by Sigma-Aldrich

Scopes are always easy to fi nd and review. Each accrediting 
body maintains on their website a list of accredited organi-
zations and their associated scopes. Most accredited orga-
nizations also maintain access to their scopes on their 
individual websites. Sigma-Aldrich organizations are 
accredited under ISO/IEC 17025 to perform tests using all 
important analytical techniques, including but not limited 
to: qNMR, ICP-AES, HPLC (multiple detectors), GC (multiple 
detectors), MS, and many others. They are also accredited 
under ISO Guide 34 to produce certifi ed reference materials 
for most analytical methods, including but not limited to: 
Environmental, Pharmaceutical, Food and Beverage, Petro-
chemical, etc., in both neat solid form and in quantitative 
solution. The following list represents some recent CRM 
releases. Please find a complete product overview at 
sigma-aldrich.com/crm or cerilliant.com for Cerilliant 
brand products.
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Jürg Wüthrich, Senior Scientist R&D juerg.wuethrich@sial.com
Markus Pfluger, Supervisor Quality Control markus.pfluger@sial.com

Klaus-Dieter Schmidt, Senior Supervisor Quality Control klaus-dieter.schmidt@sial.com

Measurement Capability of Highest Metrological Level
Sigma-Aldrich achieves excellent results in International Round-Robin Test

The “Metre Conven-
tion” was signed in 
Paris on May 20, 1875 
by representatives of 
seventeen nations, 
which set up an insti-
tute for the purpose 
of coordinating inter-
national metrology 
and for coordinating 
the development of 
the metric system. 
Initially it was only 
concerned with the 

units of mass and length, but in 1921 it was revised and its 
mandate extended to cover all physical measurements. 
Since 1960, it has been known as the “International System 
of Units” (SI).

The Convention created three main organizations to facilitate 
the standardization of weights and measures around the 
world. The fi rst, the CGPM (General Conference on Weights 
and Measures) provides a forum for representatives of mem-
ber states; the second, the CIPM (International Committee for 
Weights and Measures) is an advisory committee of metrolo-
gists of high standing; and the third, the BIPM (International 
Bureau of Weights and Measures, based at Sèvres, France) is 
an institute that provides appropriate secretarial and labora-
tory facilities in support of the GCPM and CIPM. 

Since 1889, the unit of mass, the kilogram, has been defi ned 
as the mass of the international prototype of the kilogram 
(IPK) and has been kept in air under three bell jars at the 
BIPM (see picture). This cylinder is made of an alloy of 90% 
platinum and 10% iridium. During three comparisons of the 
IPK with official copies (all about 40 years apart), it was 
shown that the mass of the IPK changed 50 μg, which is 
about 0.5 μg per year! As a consequence, a redefi nition of 
the kilogram was proposed in 2011, and it is very likely that 
we will see that historical change at the next CGPM confer-
ence in 2014. This example shows the great importance of 
international key comparisons for the scientifi c world.

Consultative Committee and Key Comparisons 
Over the years, the CIPM has set up a number of Consultative 
Committees, which bring together the world’s experts in 
their specifi ed fi elds as advisers on scientifi c and technical 
matters. The CCQM (Consultative Committee for Amount of 
Substance – Metrology in Chemistry) represents activities 
concerning primary measurement methods, international 
comparisons, establishment of international equivalence 
between national laboratories, and advice on matters con-
cerned with metrology in chemistry. Only laboratories from 
member states, usually laboratories from National Metro-
logical Institutes (NMI), can participate in these CCQM key 
comparisons. The key comparison results for an NMI very 
often represent the calibration and measurement capability 
in that specifi c country.

BAM – Federal Institute for Materials Research and Testing, Germany MC-TIMS, double IDMS

CENAM – Centro Nacional de Metrología, Mexico ICP-OES, one-point-calibration + IS

GUM – Central Office of Measures, Poland ICP-OES, one-point-calibration

HKGL – Government Laboratory, Hong Kong ICP-OES, one-point-calibration + IS

INM – National Institute of Metrology, Romania Q-ICP-MS, calibration curve

INMETRO – National Institute of Metrology, Standardization 
and Industrial Quality, Brazil

ICP-OES, calibration curve

INTI – Instituto Nacional de Tecnología Industrial, Argentina FAAS and ICP-OES, one-point-calibration

KRISS – Korea Research Institute of Standards and Science ICP OES, one-point-calibration + IS

LGC – LGC Ltd., United Kingdom MC-ICP-MS, double IDMS and Q-ICP-MS, one-point-calibration + IS

LNE – Laboratoire National de Métrologie et d’Essais, France Q-ICP-MS, double IDMS and titrimetry

NIM – National Institute of Metrology, P. R. China Q-ICP-MS, bracketing + IS

NIST – National Institute of Standards and Technology, USA ICP-OES, one-point-calibration + IS

NMIA – National Measurement Institute, Australia HR-ICP-MS, double IDMS

NMIJ – National Metrology Institute of Japan titrimetry

NMISA – National Metrology Institute of South Africa ICP-OES, bracketing + IS

PTB – Physikalisch-Technische Bundesanstalt, Germany ICP-OES, bracketing + IS

SMU – Slovak Institute of Metrology coulometric titrimetry and titrimetry

TUBITAK UME – TUBITAK National Metrology Institute, Turkey Q-ICP-MS, four-point-calibration + IS and Q-ICP-MS, double IDMS

VNIIM – D. I. Mendeleev Institute for Metrology, Russian Federation ICP-OES, one-point-calibration

Table 1 Participants of CCQM-K87 in alphabetical order of their acronyms and technique used for measurements
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CCQM-K87: Calibration Solutions of Cr, Co and Pb
The key comparison CCQM-K87 and the connected pilot 
study CCQM-P124 both measured the same type of samples. 
Diff erent matrix-free, mono-elemental standard solutions 
were prepared by the pilot lab at PTB with a mass fraction 
of about 1 g/kg. Three elements (chromium, cobalt and 
lead) were chosen to represent diff erent kinds of needs and 
challenges. Chromium becomes increasingly important in 
environmental analysis, and cobalt, as a mono-isotopic 
element, cannot be determined using isotope dilution 
techniques. Lead usually requires the determination of the 
isotopic abundances in every sample because of its natural 
range of variation.

Results
Sigma-Aldrich® (Switzerland) was invited to take part in the 
pilot study because of its reputation as a reference material 
producer. It was a great honor for us to join in this inter-
national comparison, since we are one of only a few industrial 
laboratories that had the opportunity to participate.

The charts show a selection of the key comparison results 
(values within ±1% to reference value) together with the 
results from Sigma-Aldrich measured by Inductively Cou-
pled Plasma Atomic Emission Spectroscopy (ICP-OES). The 
ICP-OES calibration was performed as a one-point bracket-
ing calibration with internal standard (IS). Expanded measure-
ment uncertainties between 0.13% and 0.36% were 
achieved for all six samples (samples A and B of Co, Cr and 
Pb). For the samples B and C, we also reported titration 
results for the elements cobalt and lead. Both techniques 
showed a perfect match (diff erences of only 0.03%, respec-
tively 0.06%) and an excellent agreement to the reference 
values. As expressed in the original comment of the CCQM 
report, Sigma-Aldrich measurement results were equal to 
the best results of various NMIs (see text box below). All details 
and results are published in Metrologia, 2012, 49, Tech. Suppl., 
08010 CCQM-K87 Final Report, 2012, 104 pages (also available 
at www.bipm.org/utils/common/pdf/final_reports/
QM/K87/CCQM-K87.pdf ). The results of the pilot study 
CCQM-P124 are under Appendix C where Sigma-Aldrich is 
referred to as “Industry-2”.

Since 2007, Sigma-Aldrich (Switzerland) has produced certi-
fied reference materials under double accreditation (ISO 
Guide 34 and ISO/IEC 17025) for the TraceCERT brand 
(sigma-aldrich.com/tracecert). Our superior measure-
ment capabilities, as shown in this international comparison, 
give our customers confi dence in the calibration standards 
that they use.

“The parallel pilot study CCQM-P124 demonstrated that at 
least the participating two industry laboratories (both 
suppliers of secondary calibration solutions) are able to 
successfully measure mono-elemental calibration solutions 
on a par with the majority of NMIs. This is an encouraging 
finding because the traceability in the field is usually 
achieved via secondary calibration solutions from manu-
facturers like the ones who participated.”
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Matthias Nold, Product Manager, Analytical Standards matthias.nold@sial.com

New Analytical Standards for Stevia Rebaudiana

The leaves of the Stevia rebaudiana plant have been used 
for centuries by the native South American people because 
of their sweet taste and because of their benefi cial eff ect 
on health. The plant leaves are 30–45 times sweeter than 
sucrose, and steviol glycoside extracts have 300 times more 
intense sweetness than sucrose. Despite this, they have 
only a negligible eff ect on blood glucose. This makes Stevia 
a promising alternative to artifi cial sweeteners. Nevertheless, 
due to concerns about the potential mutagenic or carcino-
genic eff ects of the steviol glycosides, Stevia was not per-
mitted as a dietary supplement in many countries for several 
years. Japan is the exception, having used it since the 1970s. 
Today, it has become by far their most important sweetener. 

Recent studies conducted by the World Health Organization 
have disproven any safety concerns for steviol and its glyco-
sides [1]. Furthermore, the study noted evidence for pharma-
cological eff ects such as anti-hypertension and anti-type II 
diabetes. The WHO defi ned the acceptable daily intake of 
steviol glycosides at 4 mg per kg of body weight. Today, 
Stevia is FDA approved as a dietary supplement and rebau-
dioside A is considered “Generally Recognized As Safe” 
(GRAS). The European Community has allowed the use of 
steviol glycosides as food additives since December 2011. 

The constituents that are responsible for the strong, sweet 
taste of Stevia rebaudiana are the so-called steviol glyco-
sides. There are at least ten diff erent glycosides contained in 
Stevia. The two major constituents are Rebaudioside A and 
Stevioside. Sigma-Aldrich® has now launched a series of 
analytical standards for the most common Stevia rebaudi-
ana constituents (see Table 1).

Cat. no. Brand Product Package size

90378 Fluka® Dulcoside A 10 mg

92273 Fluka Isosteviol 10 mg

38462 Fluka Rebaudioside A 10 mg

49747 Fluka Rebaudioside B 10 mg

30987 Fluka Rebaudioside C 10 mg

19189 Fluka Rebaudioside D 10 mg

62933 Fluka Rubusoside 10 mg

19345 Fluka Steviol 10 mg

59754 Fluka Steviolbioside 10 mg

50956 Fluka Stevioside 10 mg

Table 1 Fluka Standards for Stevia rebaudiana Constituents

Profiling of a Stevia Rebaudiana Extract Using HILIC 
and Reversed Phase Chromatography 
In a study published in the magazine Supelco Reporter [2], 
both reversed-phase chromatography and HILIC chroma-
tography were utilized for the determination of extract 
components. By using two diff erent modes of selectivity, 
components that co-retain, do not retain, or do not elute 
under one chromatographic mode may be resolved under 
a separate mode. By resolving a component chromato-
graphically, a more accurate assessment of the component 
can be made without relying specifi cally on accurate mass 
data. The profi ling of the Stevia rebaudiana extract demon-
strates the utility of performing orthogonal chromatographic 
modes when handling complex samples.

References:
[1] WHO Food Additives Series 54, 2006, 117.
[2] Aurand, C. Reporter 27.2.
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Reference Substances from Medicinal Plants
Analytical Standards and Primary Reference Standards for Herbal 
Medicinal Products, Nutraceuticals and Research
Sigma-Aldrich® off ers an extensive and rapidly growing portfolio of analytical standards 
of active ingredients and marker compounds for a wide range of medicinal plants. 
The portfolio also includes several primary reference standards for QC, in-process 
control and stability testing of herbal medicinal products.

A complete and continuously updated product listing can be found on 
our webpage sigma-aldrich.com/medicinalplants

The products are listed by: alphabetical order, structure class and plant genus.

Figure 1 Chemical structures of the Stevia rebaudiana constituents 

Dulcoside A / 90378 Isosteviol / 92273 Rebaudioside A / 38462

Rebaudioside D / 19189Rebaudioside B / 49747 Rebaudioside C / 30987

Rubusoside / 62933 Steviol / 19345 Steviolbioside / 59754 Stevioside / 50956
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For more than a century, heavy metals were measured in 
pharmaceutical products as sum parameters according to 
U.S. Pharmacopeia (USP) General Chapter <231> Heavy Metals, 
a colorimetric procedure based on the precipitation of 
insoluble metal sulfi des. 

USP has now introduced two new General Chapters related 
to elemental impurities, the <232> Elemental Impurities-
Limits and <233> Elemental Impurities-Procedures. These 
chapters provide procedures for the detection of 16 selected 
impurities in drug products based on modern analytical 
methods (ICP-OES and ICP-MS), as well as acceptable limits 
for their presence based on toxicity data and exposure levels. 
The new methods are designed to set safer limits for public 
exposure and to reduce the environmental impact of dated 
methods. The standards have been offi  cial since December 
1, 2012 and conformance is required on May 1, 2014.

Comparison of the Old and New USP Methods
Disadvantages of USP <231> (Heavy Metals): Old non-
specific semi-quantitative method, detects only metals 
precipitated by sulfi de ion (Ag, As, Bi, Cu, Cd, Hg, Mo, Pb, Sb 
and Sn), lab intensive, relatively large sample size required 
(1 to 2 g), false negative results possible (especially for Hg), 
test provides no information about other relevant analytes 
such as Sn, Pt, Cr and Ni.

Advantages of USP <232> and <233> (Proposed Limits 
and Procedures): Modern sample preparation methods 
provide complete dissolution of most solid materials 
(closed vessel or microwave digestion), smaller sample sizes 
required due to improved detection limits, ICP-OES and 
ICP-MS multi-element analysis improves efficiency and 
reduces analytical costs.

New Certified Reference Materials for USP <232> and <233>
Two different multi-element standard solutions for calibration and quality control

Jürg Wüthrich, Senior Scientist R&D juerg.wuethrich@sial.com

sigma-aldrich.com/tracecert

Element PDE (µg/day)

Inorganic Arsenic  1.5

Lead  5

Inorganic Mercury  15

Cadmium  25

Molybdenum  100

Palladium  100

Platinum  100

Vanadium  100

Iridium  100

Osmium  100

Rhodium  100

Ruthenium  100

Nickel  500

Copper  1000

Chromium  (n)

Table 1 USP<232> analytes and permissible daily exposure (PDE) 
for pharmaceutical products as oral uptake. (n) = not a safety concern

Choosing the appropriate calibration standard
You need the “right” reference material for calibration and 
quality control when metal impurity analyses are per-
formed in a regulated environment (GMP or ISO standards). 
The two new TraceCERT certified reference materials for 
USP <232> and <233> are produced under ISO/IEC 17025 
and ISO Guide 34 and provide traceable values, properly 
calculated measurement uncertainties and high-quality 
packaging (precleaned FEP bottle in multilayer aluminum 
bag, fi lled under clean-room conditions). The concentration 
levels are designed for checking the oral and parenteral 
PDE limits for drug products.

Cat. no. Product Description

89395 USP 232 Element Impurities, Standard 1  1.5 mg/L: As 100 mg/L: Mo, V
 5 mg/L: Pb 500 mg/L: Ni
 15 mg/L: Hg 1000 mg/L: Cu
 25 mg/L: Cd in 10% in nitric acid, 100 mL FEP bottle

39967 USP 232 Element Impurities, Standard 2 100 mg/L: Ir, Os, Pd, Pt, Rh, Ru in 10% hydrochloric acid, 100 mL FEP bottle

02650 Nitric acid ~65%, TraceSELECT® Ultra, for ultra trace analysis, 250 mL and 1 L FEP bottles

96208 Hydrochloric acid 30%, TraceSELECT Ultra, for ultra trace analysis, 250 mL and 1 L FEP bottles

02658 Hydrofluoric acid 49%, TraceSELECT Ultra, for ultra trace analysis, 250 mL and 1 L FEP bottles

77239 Sulfuric acid 95%, TraceSELECT Ultra, for ultra trace analysis, 250 mL and 1 L FEP bottles

14211 Water TraceSELECT Ultra, ACS reagent, for ultra trace analysis, 1 L HDPE bottle

Table 2 Range of Fluka® branded products that are used with USP <233>. Please find the complete list of inorganic trace analysis products 
at sigma-aldrich.com/traceanalysis
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Vicki Yearick, Product Manager vicki.yearick@sial.com

New XRF Calibration Standards for Sulfur Analysis of Petroleum Products

The sulfur compounds found in crude oil, refi nery streams 
and petroleum fuels have a negative impact on the environ-
ment and human health. As a result, the European Union, 
the United States, Canada and other countries have set limits 
on the amount of sulfur that may be present in a variety of 
petroleum-based products. Materials impacted by these 
limits include diesel fuel, jet fuel, residual oil, mineral oil, and 
lubricant oils.

To address this environmental and human health impact, 
Sigma-Aldrich® is expanding its line of Supelco® brand 
petroleum standards to include calibration standards for 

monitoring sulfur compounds. We have partnered with Ana-
lytical Services Inc. (Spring, TX) to provide petroleum ana-
lysts with X-Ray Fluorescence Spectroscopy (XRF) standards 
meeting the ASTM methods D2622, D4294, D4927, D6334, 
D6445, and D7039, as well as US EPA methods 80.580 to 
80.585. Each XRF standard is prepared from certified 
reagents and accompanied with a Certifi cate of Analysis.

Below is a sampling of our new line of XRF calibration stan-
dards for monitoring sulfur compounds in petroleum-based 
fuels and oils. Visit sigma-aldrich.com/standards to view 
the complete off ering.

sigma-aldrich.com/standards

Cat. no. Brand Description Test method Package size

ULSDO-25 Supelco Ultra Low Sulfur in Diesel Fuel
Concentrations of 0, 5, 10, 15, 20 and 25 ppm; 6 standards per set

US EPA 80.580 to 80.585 6 x 100 mL

ULSDO-20 Supelco Ultra Low Sulfur in Diesel Fuel
Concentrations of 20, 40, 60, 80 and 100 ppm; 5 standards per set

US EPA 80.580 to 80.585 5 x 100 mL

SCO7 Supelco Di-n-butyl sulfide in Crude Oil
Concentration range: 0.05–2.0 wt%; 7 standards per set

ASTM D2622 & D4294 7 x 100 mL

SDF7 Supelco Di-n-butyl sulfide in Synthetic Diesel Fuel
Concentration range 0 – 0.100 wt%; 10 standards per set

ASTM D4294 7 x 100 mL

SDF10 Supelco Di-n-butyl sulfide in Synthetic Diesel Fuel
Concentration range 0 – 5.0 wt%; 10 standards per set

ASTM D2622 & D4294 10 x 100 mL

SMO10 Supelco Di-n-butyl sulfide in Mineral Oil
Concentration range 0 – 0.100 wt%; 10 standards per set

ASTM D2622 & D4294 10 x 100 mL

SRO10 Supelco Di-n-butyl sulfide in Residual Oil
Concentration range 0.25–5.00 wt%; 10 standards per set

ASTM D2622 & D4294 10 x 100 mL
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Pharmaceutical manufacturers must demonstrate that their 
products are free from potentially harmful undesired con-
taminants. These include residual solvents, as well as 
organic and inorganic impurities. Organic contaminants 
that can arise during the manufacturing process include 
excess starting material, intermediates, reagents or by-
products, or degradation products. The limits and analysis 
of pharmaceutical impurities are described in the corres-
ponding pharmacopoeia monographs.

Pharmaceutical Impurities Standards

Matthias Nold, Product Manager, Analytical Standards matthias.nold@sial.com

Cat. no. Description USP Ph Eur Package size

Bupropion Impurities 

O

CH3

N
H

CH3

CH3

CH3

98849 2-(tert-butylamino)-4’-chloropropiophenone 
hydrochloride

Related 
Compound A

 50 mg

O

CH3

Br N
H

CH3

CH3

CH3

51083 2-(tert-butylamino)-3’-bromopropiophenone 
hydrochloride

Related 
Compound B

 50 mg

Carvedilol Impurities 

O N
O

OH
O

OH

OCH3

HN

NH

56344 (3,3’-(2-(2-methoxyphenoxy)ethylazanediyl)
bis(1-(9H-carbazol-4-yloxy)propan-2-ol))

Related 
Compound B

Impurity B 50 mg

N
H

O
O

98846 (4-(Oxiran-2-ylmethoxy)-9H-carbazole) Related 
Compound D

 50 mg

O
NH2

OCH3

40551 2-(2-methoxyphenoxy)ethylamine Related 
Compound E

 50 mg

Lamotrigine Impurities

OH

O

Cl
Cl

19468 (2,3-dichlorobenzoic acid) Related 
Compound B

Impurity E 50 mg

N
H

N
N

Cl
Cl

O NH2

42789 (3-amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-
5(4H)-one)

Related 
Compound C

Impurity A 50 mg

Sigma-Aldrich® off ers a fast-growing range of Pharmaceutical 
Impurity Standards. Specifi cations of the standards gener-
ally include chromatographic purity, water content, residual 
solvents and structure confirmation by NMR. The most 
recent additions to this product line are listed below. On 
our website, sigma-aldrich.com/pharmaimpurities, you 
can fi nd an up-to-date list of products, which are structured 
based on the corresponding APIs.

sigma-aldrich.com/pharmaimpurities
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sigma-aldrich.com/pharmaimpurities

Cat. no. Description USP Ph Eur Package size

N

N
N

Cl
Cl

H2N N
H

O Cl
Cl

93190 (N-[5-amino-6-(2,3-dichlorophenyl)-1,2,4-
triazin-3-yl]-2,3-dichlorobenzamide)

Related 
Compound D

Impurity F 50 mg

Ondansetron Impurities

N

O

CH3

N
H3C

CH3

43924 (3[(dimethylamino)methyl]-1,2,3,9-tetrahydro-
9-methyl-4H-carbazol-4-one hydrochloride)

Related 
Compound A

Impurity A 50 mg

N

OH2C

CH3

42243 (1,2,3,9-tetrahydro-9-methyl-4H-carbazol-4-
one)

Related 
Compound C

Impurity C 50 mg

N

O

CH3

N

N

92318 (3RS)-3-[(1H-imidazol-1-yl)methyl]-9-methyl-
1,2,3,9-tetrahydro-4H-carbazol-4-one

 Impurity G 50 mg

Valaciclovir Impurities 

N

N
H

N

N

O
O

O

H2N

O

CH3

CH3

HN
CH3

38863 (2-[(2-amino-6-oxo-1,6-dihydro-9H-purin-
9-yl)methoxy]ethyl N-methyl-L-valinate 
hydrochloride)

Related 
Compound C

Impurity C 50 mg

N

N
H

N

N

O
O

O

H2N

O

CH3

CH3

NHH3C

12404 (2-[(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)
methoxy]ethyl N-ethyl-L-valinate)

Related 
Compound D

Impurity D 50 mg

N

N
H

N

N

O
O

O

H2N

O

CH3

CH3

HN O

O

04994 (2-[(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)
methoxy]ethyl N-[(benzyloxy)carbonyl]-L-
valinate)

Related 
Compound E

Impurity E 50 mg

H3C

CH3

O

O
OH

NH2

H3C S OH
O

O

93202 (2-hydroxyethyl valinate para-toluenesulfonate 
salt)

Related 
Compound F

Impurity F 50 mg

N

N
H3C CH3

94673 (N,N-dimethylpyridin-4-amine) Related 
Compound G

Impurity G 50 mg

HN

N N

N

O

O
O

O

CH3

H2N

16237 (2-[(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)
methoxy]ethyl acetate)

 Impurity I 50 mg

New Fluka® Pharmaceutical Impurities Standards
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Tools for Optimizing Mycotoxin Analysis 
New HPLC applications and a broad range of analytical standards

Eva Katharina Richter, Product Manager Analytical Standards evakatharina.richter@sial.com
Anders Fridstrom, European Marketing Manager, HPLC anders.fridstrom@sial.com

sigma-aldrich.com/mycotoxins

Some fungal genera like Aspergillus, Fusarium, Penicillium, 
etc. produce mycotoxins. These toxic secondary metabo-
lites are harmful to animal and human health if they enter 
the food chain via contaminated crops and fruits or through 
processed food and feed products. Therefore, in at least 
100 countries, limits are set for mycotoxin levels for food 
and feed. For a precise detection of all regulated mycotoxins, 
Sigma-Aldrich off ers new HPLC applications and a compre-
hensive range of analytical standards.

Improved HPLC Analysis of Deoxynivalenol (DON) 
Metabolites Using Ascentis® Express F5
Deoxynivalenol (DON, Figure 1) is a trichothecene myco-
toxin, which is produced by Fusarium, and is a very common 
contaminant of grain. Several toxic effects are known, 
including decreased feed intake and weight gain in livestock 
animals with reduced performance and immune function [1]. 
Ascentis Express F5 HPLC Column from Supelco® provides 

Figure 2 Separation of mycotoxins on Ascentis Express F5 (Positive Ion Mode). Red arrows indicate deoxynivalenol (DON) metabolites (the 
chromatogram was kindly provided by Enio Belotti, Water & Life Lab SRL, Entratico / Italy).

Figure 1 Molecular structure of deoxynivalenol (DON)

St
an

da
rd

s

 Column:  Ascentis Express F5, 2.7 μm, 
100 x 2.1 mm 53569-U)

 Mobile phase A:  1 mM ammonium acetate, 
0.5% acetic acid in water

 Mobile phase B:  1 mM ammonium acetate, 
0.5% acetic acid in methanol

 Mobile phase gradient: min %B
  0 5
  0.5 10
  12.00 95
  15.00 95
 Flow rate: 400 μl/min
 Temperature: 40 °C
 Detection: Positive ESI-MS-MS

separation of 15 mycotoxins within 10 min. (Figure 2), (note 
the separation of the positional isomers 15-Ac-DON and 
3-Ac-DON). It is an excellent research and QC tool to separate 
and quantify closely related substances more accurately 
and quickly.

Positive Ions Ascentic 
Express F5
Rt (min)

Nivalenol 2.0
DON 2.9
15 Ac DON 4.9
3 Ac DON 4.9
Aflatoxin G2 6.2
Aflatoxin G1 6.4
Aflatoxin B2 6.6
Aflatoxin B1 6.8
Atrazin D5 6.5
Fumonisin B1 8.5
T-2 Toxin 7.2
Fumonisin B2 9.0
Ocratoxin A 7.7
Sterigmatocistin 8.0
TFF 7.8
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Mycotoxin Standards and Reference Materials for 
Fusarium Mycotoxins
For accurate quality control of deoxynivalenol (DON) in 
food and feed, please see Table 1, which lists all available 
standards, including neats, 13C-isotopical labeled standards 
and mixture solutions. For the calibration of your analytical 
instruments and for recovery experiments, we off er certifi ed 
reference materials (CRMs). CRMs being released from IRMM 
and distributed by Sigma-Aldrich are produced with raw 
materials to more accurately resemble actual samples in 
their natural state. We off er maize fl our reference material 
for performance control of deoxynivalenol analysis. For a 
complete list of mycotoxin standards and reference materials, 
visit our website at sigma-aldrich.com/mycotoxins or 
order our new brochure (Figure 3) via the attached business 
reply card at the end of this magazine.

Reference:
[1] Rotter, B.A., Prelusky, D.B., Pestka, J.J. Toxicology of 

Deoxynivalenol (Vomitoxin). J Toxicol Environ Health. 48(1): 
1–34 (1996).

sigma-aldrich.com/mycotoxins

Cat. no. Description Concentration Solvent Package size

Neats

32927 3-acetyldeoxynivalenol 5 mg

32928 15-acetyldeoxynivalenol 5 mg

32943 Deoxynivalenol 5 mg

Solutions

34132 3-acetyldeoxynivalenol 100 μg/g Acetonitrile 2 mL

34133 15-acetyldeoxynivalenol 100 μg/g Acetonitrile 2 mL

34129 Acetyl-deoxynivalenol-D3 100 μg/g Acetonitrile 2 mL

46911 Deoxynivalenol 200 μg/g Ethylacetate/Methanol (95/5) 1 mL

34155 Deoxynivalenol-D1 100 μg/g Acetonitrile 2 mL

34135 Deepoxy-deoxynivalenol 50 μg/g Acetonitrile 2 mL

34124 Deoxynivalenol 100 μg/g Acetonitrile 2 mL

32911 Deoxynivalenol-3-glucoside 50 μg/g Acetonitrile 1 mL
13C-Isotopical Labeled

32962 3-acetyldeoxynivalenol-13C17 25 μg/mL Acetonitrile 1 mL

34128 Deoxynivalenol-13C15 25 μg/mL Acetonitrile 1 mL

Mixture Solutions

32926 Trichothecene Mix (3-AcDON, DON, NIV, FusX, HT-2, T-2, DAS, ZON) 10 μg/mL (each) Acetonitrile 1 mL

34134 B-Trichothecen Mix (DON, NIV, 3-AcDON, 15-AcDON) 100 μg/mL Acetonitrile 2 mL

Reference Materials

BCR377 Maize flour (Deoxynivalenol, blank) <50 μg/kg 150 g

IRMM315 4-Deoxynivalenol 25.1 μg/g Acetonitrile 4 mL

Table 1 Analytical standards for deoxynivalenol (DON) metabolite analysis

Figure 3 New mycotoxin standards brochure
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sigma-aldrich/fl avor

Sigma-Aldrich Provides a Broad Range of 
Flavors and Fragrances Standards 
Our new portfolio focuses on analytical standards for aroma compounds 
from the “EU positive list of authorized fl avoring substances” (EFSA 10/2012). 
Test your products against our analytical standards to ensure the highest 
quality!

Check our new Analytical Standard Portfolio Flavors and Fragrances 
at sigma-aldrich/fl avor

New Certified Reference Materials for SVHC 
(substances of very high concern) Are Available!  
Find an up-to-date product list at sigma-aldrich.com/organiccrm

TraceCERT organic CRMs are characterized by:
 • Certified content by high-performance quantitative NMR (HP-qNMR®) 

 • Superior level of accuracy, calculated uncertainties, and lot-specific values 

 • Traceability to NIST Standard Reference Material

 • Production and certification in accordance with ISO/IEC 17025 and ISO Guide 34

The TraceCERT organic CRMs portfolio includes more than 100 products. We are continuously expanding 
our product range in order to offer you reliable and traceable reference materials for a broad spectrum of analytes. 
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Expanded Selection of Matrices for MALDI-MS

New TraceSELECT® Grade Organic and Inorganic Products for Trace Analysis 
and Ion Chromato graphy

The choice of the right matrix substance is essential for any 
successful MALDI-MS analysis. Sigma-Aldrich® has recently 
increased the product range of MALDI suitable matrix sub-
stances, which exhibit both high chemical purity and a low 
level of trace metal impurities, to improve the resulting MS 
spectrum.

Our TraceSELECT grade comprises high-purity reagents 
and solvents for sample preparation and measurement in 
commonly used methods for inorganic trace analysis:

 • Atomic Spectrometry (AAS, ICP-OES)
 • Elemental Mass Spectrometry (ICP-MS)
 • Ion Chromatography
 • Voltammetry/Polarography

Matthias Drexler, Product Manager, Analytical Reagents matthias.drexler@sial.com

Matthias Drexler, Product Manager, Analytical Reagents matthias.drexler@sial.com

sigma-aldrich.com/maldimatrix

Cat. no. Brand Description Abbreviation Analyte suitability Package sizes

N

NH2 92817 Fluka® 9-aminoacridine 9-AA lipids, metabolites 1 g

S

N
SH

Cl 55754 Fluka 5-chloro-2-
mercaptobenzothiazole

CMBT glycans/oligosaccharides 250 mg

N
H

N

CH3

53679 Fluka Harmane proteins, glycans, fullerenes 250 mg

H
N

COOH

38472 Fluka trans-3-indoleacrylic acid IAA polymers 250 mg

Me2N NMe2 64199 Fluka N,N,N',N'-tetramethyl-
1,8-naphthalenediamine 
(Proton Sponge)

DMAN metabolites, fatty acids, 
lipids

1 g

Product Table New matrix substance grade products for MALDI-MS

Cat. no. Brand Description Grade/Specification Package sizes

43391 Fluka Ammonium phosphate dibasic TraceSELECT, ≥99.998% (metals basis) 25 g

16497 Fluka Gallium(III) nitrate hydrate TraceSELECT, ≥99.999% (metals basis) 5 g

90737 Fluka Potassium bromide TraceSELECT, ≥99.9995% (metals basis) 25 g, 100 g

94256 Fluka 2,6-pyridinedicarboxylic acid TraceSELECT, ≥99.999% (metals basis) 25 g

42616 Fluka Trizma® base TraceSELECT, ≥99.9995% (metals basis) 100 g

Product Table New TraceSELECT grade products. For a complete listing of our trace analysis products, please visit sigma-aldrich/traceanalysis

More information, such as literature citations and availability, 
can be found on the corresponding product detail pages 
on our website. Please also visit our complete product listing 
for MALDI matrix substances at: sigma-aldrich.com/
maldimatrix

All products of this range exhibit very low trace impurities, 
with up to 70 individual elemental traces specifi ed on the 
certifi cate of analysis. Recently, we were able to introduce 
additional products to this range which are suitable for 
sample preparation and as additives in trace analysis 
applications.
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Coliforms: The Fecal Indicators

Methods and Techniques for Detection and 
 Enumeration of Coliforms
By defi nition, coliforms are lactose-fermenting Enterobacteri-
aceae that produce acid and gas during the fermentation of 
lactose. They are rod-shaped, Gram-negative, aerobic or 
facultative anaerobic bacteria. They are typically an indicator 
of fecal contamination and may co-occur with other patho-
genic organisms of fecal origin. Although coliforms may be a 
normal part of our intestinal tract flora, they can be the 
cause of diverse infections, especially for elderly people or 
children. 

The following genera of bacteria are characteristically coli-
forms: Citrobacter, Enterobacter, Escherichia and Klebsiella.

Water testing is an important topic concerning coliforms. 
Water is vital in the production of many items, including 
pharmaceuticals, food and beverages, and water is also 
used in the cleaning of production equipment. Depending 
on the source and treatment of the water used, the risk of 
fecal contamination can be very high. Even in highly devel-
oped regions of the world or in villages close to mountains 
with pristine water, cases of contamination still occur from 
time to time.

Jvo Siegrist, Product Manager Microbiology ivo.siegrist@sial.com

sigma-aldrich.com/coliforms
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LST (Lauryl Sulfate Tryptose Broth) 17349-500G

BRILA (Brilliant Green Bile Lactose Broth) 16025-500G

Figure 3 Method for the enumeration of coliforms – MPN technique 
in food acc. to EN-ISO 4831:2006

Figure 1 Membrane filter with Clostridium perfringens on CP ChromoSelect Agar

Oxidase neg., indole pos. = E. coli

Oxidase neg., indole neg. = coliforms

Lactose TTC Agar with Tergitol®-7 54232-500G 

Tryptic Soy Agar 79872-10X100ML*
22091-500G
22091-2.5KG

30 plates, ø55 mm 57994-30EA-F*

Kovac’s Reagent for indoles 67309-100ML

Oxidase Strips 40560-100STRIPS-F

Oxidase Test 70439-50DISKS-F

Oxidase Reagent acc. Gordon-McLeod 18502-100ML-F

Oxidase Reagent acc. Gaby-Hadley A 07345-100ML-F

Oxidase Reagent acc. Gaby-Hadley B 07817-100ML-F

*not sold in USA

Figure 2 Detection and enumeration of E. coli and coliform bacteria 
in water acc. to EN-ISO 9308-1:2000

TTC-Tergitol 7

Standard test

Membrane

21 hrs

36°C

21 hrs

36°C

21 hrs

44°C

4–5 hrs

36°C

19–20 hrs

44°C

10–30 min.

Yellow colonies with yellow area

TSA

TSA Tryptophan broth

Oxidase test Indole test
Kovac’s reagent

Tryptone bile agar

Rapid test

Place the membrane on a filter pad 
saturated with indole reagent

Red colonies (E.coli)

LST Broth

Confirmation

Sample

dilutions

30°C or 37°C

(as appropriate) 

24 or 48 h,

if gas formation 

is not observed

Single-strength Double-strength

30°C or 37°C

(as appropiate) 

22–26 h

Coliforms 

(gas production)

BRILA

30°C or 37°C

22–26 or 48 h, 

if gas formation 

is not observed 
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Detection of E. coli by rRNA
With the HybriScan™ System, E. coli in food and water can 
be qualitatively and quantitatively detected and identifi ed 
quite easily and rapidly. Compared to PCR, it is more robust 
and accurate but less costly.

 • Time savings of five to seven days
 • High flexibility
 • Easy handling
 • Analysis in 2.5 hours
 • Only living cells are detected (rRNA quickly decomposes 

in a dead cell)

Sensitive – up to 1 CFU/mL with enrichment step 
(5000 CFU without pre-enrichment)
High specifi city of the probes – low cross reaction
Robust system – not sensitive to sample matrix
Cost-effi  cient analyses – 96-well microplate format

For more details, visit sigma-aldrich.com/hybriscan

sigma-aldrich.com/coliforms
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VRBL (Violet Red Bile Lactose Agar) 70188-500G 

BRILA (Brilliant Green Bile Lactose Broth) 16025-500G

Figure 4 Method for the Enumeration of Coliforms – Colony-count 
Technique in Food acc. to EN-ISO 4832:2006

Figure 5 Optical readout for detection and quantification

For the detection and enumeration of coliforms, ISO recom-
mends a method utilizing classical media and biochemical 
reagents (see Figures 2 – 4). In addition, a variety of new 
chromogenic media is available. The use of these media 
enables the analyst to replace some steps of the process 
and to realize advantages such as additional confi rmation, 
faster results, fewer reagents, and reduced labor intensity. 
Table 1 lists some of the interesting chromogenic and fl uoro-
genic media for E. coli and other coliforms. The methodology 
behind such media is a smart combination of selective 
agents and differentiation by detection of characteristic 
enzymes with corresponding chromogenic and fluoro-
genic substrates.

In addition, Sigma-Aldrich® also provides a comprehensive 
range of classical media to detect, identify and enumerate 
coliforms according to specifi c guidelines and regulations. 
We have also expanded our product line to include some 
new interesting, specifi c, and innovative media. A complete 
list of 200 diff erent media can be found at: 
sigma-aldrich.com/coliforms

15 ml VRBL1 ml

+ –
+ –

Pour plate method 

30°C or 37°C

(as appropriate) 

for 22–26 h

Sample

Overlay with 4 ml VRBL

?    Atypical Colonies

BRILA

30°C or 37°C

for 22–26 h

Enterobacteriaceae

(red-violet colonies,

Ф ≥ 0.5 mm)

➔ count colonies
Coliforms 

(gas production)

(continued on page 20)
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sigma-aldrich.com/hybriscan

Cat. no. Name) Description

16016 BRILA MUG 
Broth

Brilliant Green Bile Lactose Broth with the addition of the fluorogenic substrate MUG. It directly confirms the presence of E. coli and differentiates 
it from other coliforms.

44657 ECD MUG Agar The bile-salt mixture in this E. coli Direct Agar extensively inhibits the non-obligatory intestinal accompanying flora. The cleavage of the 
fluorogenic substrate MUG and a positive indole test demonstrate the presence of E. coli.

81938 HiCrome™ 
Coliform Agar*

A selective chromogenic medium recommended for simultaneous detection of E. coli and total coliforms in water and food samples. 
Sodium lauryl sulfate inhibits Gram-positive organisms. The chromogenic mixture contains two chromogenic substrates, Salmon-GAL and 
X-glucuronide. The enzyme β-D-galactosidase produced by coliforms cleaves Salmon-GAL, resulting in the salmon to red coloration of coliform 
colonies. The enzyme β-D-glucuronidase produced by E. coli cleaves X-glucuronide. E. coli forms dark blue to violet-colored colonies due to 
cleavage of both Salmon-GAL and X-glucuronide. The addition of tryptophan improves the indole reaction, thereby increasing detection 
reliability in combination with the two chromogens. To confirm E. coli, add a drop of Kovac’s reagent (Fluka® No. 60983) on the dark blue to 
violet colony. Formation of cherry-red color indicates the positive reaction.

70722 HiCrome E. coli 
Agar B*

Allows detection and enumeration of E. coli in foods without further confirmation on membrane filter or by indole reagent. Most of the E. coli 
strains can be differentiated from other coliforms by the presence of enzyme glucuronidase which is highly specific for E. coli. E. coli cells absorb 
X-glucuronide and the intracellular glucuronidase splits the bond between the chromophore and the glucuronide. The released chromophore 
gives the blue coloration of the colonies.

73009 HiCrome ECC 
Agar*

HiCrome ECC Agar is a differential medium recommended for the presumptive identification of E. coli and other coliforms in food and 
environmental samples. The chromogenic mixture contains two chromogens as X-glucuronide and Salmon-GAL. X-glucuronide is cleaved by 
the enzyme β-glucuronidase produced by E. coli. Salmon-GAL is cleaved by the enzyme galactosidase produced by the majority of coliforms, 
including E. coli. Color of E. coli colonies: blue/purple. 

85927 HiCrome ECC 
Selective Agar*

HiCrome ECC Selective Agar is a selective medium recommended for the simultaneous detection of E. coli and coliforms in water and food 
samples. The ingredients help even the sublethally injured coliforms to grow rapidly. Tergitol inhibits Gram-positive as well as some Gram-
negative bacteria other than coliforms. The chromogenic mixture contains two chromogenic substrates as Salmon-GAL and X-glucuronide. 
The enzyme β-D-galactosidase produced by coliforms cleaves Salmon-GAL, resulting in the salmon to red coloration of coliform colonies. The 
enzyme β-D-glucuronidase produced by E. coli cleaves X-glucuronide. E. coli forms dark blue to violet-colored colonies due to cleavage of both 
Salmon-GAL and X-glucuronide. The addition of tryptophan improves the indole reaction. To confirm E. coli, add a drop of Kovac’s reagent (Fluka 
No. 60983) on the dark blue to violet colony. Formation of cherry-red color indicates the positive reaction.

09142 HiCrome ECD 
Agar with MUG*

Detect E. coli in water and food samples by using a combination of chromogenic and fluorogenic substrate. The presence of E. coli is indicated 
by a blue-colored colony whose formation is due to cleavage of a chromogenic substrate. The fluorogenic substrate MUG permits rapid 
detection of E. coli and also detects anaerogenic strains which may not be detected in conventional procedures.

90924 HiCrome m-TEC 
Agar

HiCrome m-TEC Agar is recommended by the U.S. Environmental Protection Agency (USEPA) for differentiation and enumeration of 
thermotolerant E. coli from water by the membrane filtration technique.

51489 HiCrome Rapid 
Coliform Broth*

Rapid Coliform Broth is used for detection and confirmation of E. coli and coliforms on the basis of enzyme substrate reaction from water 
samples, using a combination of chromogenic and fluorogenic substrate. The fluorogenic substrate (MUG), is split by enzyme β-D-glucuronidase, 
which is specifically found in E. coli. The reaction is indicated by a blue fluorescence underUV light. The presence of total coliforms is indicated 
by the blue-green color of the broth due to cleavage of chromogenic substrate (X-Gal). IPTG amplifies enzyme synthesis and increases the 
activity of β-D-galactosidase. To confirm the presence of E. coli by indole reaction, overlay the medium with Kovac’s reagent (Fluka 67309). 
The layers turn red within 2 minutes in the case of a positive reaction.

62634 LST-MUG Broth LST broth with the addition of fluorogenic substrate MUG for the detection of E. coli. In addition, the medium is modified with tryptophan for 
a confirmation step with the Kovac’s reagent (indole test).

39734 Membrane 
Lactose 
Glucuronide 
Agar

M-Lauryl Sulfate Chromogen Agar is for the differentiation and enumeration of E. coli and other coliforms, which simplifies the membrane 
filtration technique for E. coli and coliforms by reducing the number of filtration stages required from two to one, thereby reducing the need 
for further confirmation steps. Coliform bacteria are detected based on lactose fermentation (yellow colonies). X-glucuronide is cleaved by 
β-glucuronidase present in the E. coli. In combination with the lactose fermentation, it results in a green colony.

M1678 MUG EC Broth Selective media used for the detection of E. coli by a fluorogenic procedure.

17165 MUG Tryptone 
Soya Agar

Used for cultivation of fastidious and nonfastidious microorganisms, especially for E. coli by fluorogenic method.

51413 Plate Count 
MUG Agar

Plate Count MUG Agar is used for determination of plate count of microorganisms in milk and other dairy products, including direct detection 
and enumeration of E. coli by fluorogenic method.

92435 TBX Agar Tryptone bile agar with the chromogenic substrate X-glucornide is used for the detection and enumeration of E. coli in foodstuffs, animal food, 
and water without further confirmation.

95273 VRB MUG Agar A violet red bile agar for the detection and enumeration of coliform bacteria, modified with the fluorogenic substrate to differentiate E. coli. 
Gram-positive accompanying flora is extensively inhibited by crystal violet and bile salts. A color-change to red indicates lactose-positive 
colonies, within which E. coli can be demonstrated by fluorescence in the UV.

Table 1: Chromogenic and fluorogenic media for detection of coliforms, particularly E. coli
 * not sold in USA
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Coulometric Water Determination According to Karl Fischer
Reagents and examples of applications

 • Renew catholyte at least weekly, otherwise unpleasant odor, 
darkened electrodes and yellowish precipitates in the cathode 
chamber can occur.

 • Remove remaining iodine from the anolyte by addition of wet 
methanol or small amounts of HYDRANAL® water standard.

 • Solid samples cannot be analysed with a coulometric system 
directly: pre-dissolve them and run against blank samples.

 • Clean glass anode chamber with water or a suitable solvent, 
then dry in an oven at 50 °C or under a stream of warm air.

 • Clean generator electrode with a diaphragm by placing it in a 
beaker of methanol or, if necessary, in nitric or chromosulphuric 
acid, then repeat with methanol.

 • Clean generator electrode without diaphragm by rinsing it with 
water or a suitable solvent, if necessary it can be dipped in nitric 
or chromosulphuric acid, then repeat with water or solvent.

Reagents and Applications
 • HYDRANAL Coulomat A type reagents are used as anolytes. 

They contain iodide and a sulphur dioxide/imidazole buffer in 
a suitable solvent.

 • HYDRANAL Coulomat CG reagents are used as catholytes.
 • HYDRANAL Coulomat E can be used as both anolyte and catholyte 

solution; it is based on ethanol and has a water capacity of over 
1000 mg per 100 mL (100 mg per 5 mL when used as catholyte).

The coulometric Karl Fischer technique is a micro-method that is particu-
larly suitable for samples with low water content, from ~10 μg up to 
~10 mg. It uses electrochemically generated iodine, produced from 
iodide-containing reagents by anodic oxidation at a generator electrode 
directly in the titration vessel. The amount of consumed iodine and 
therefore the amount of water from the sample is proportional to the 
total current consumption (current x time).

Its high precision, and the convenient introduction of liquid samples 
with a syringe, make coulometry a viable and easy technique for water 
determination.

Advantages of Coulometric Titration Include:
 • Easy to use
 • Detects low concentrations of water
 • High accuracy

Coulometric Titration Vessels
The coulometric technique can be carried out with two diff erent types of 
generator electrodes: with or without diaphragm. The diaphragm sepa-
rates the smaller cathode compartment, where protons are reduced to 
hydrogen, from the larger anode compartment, where iodide is oxidised 
to iodine. Generator electrodes without diaphragm also have anode 
and cathode, but only one reagent compartment. Specially designed 
reagents for coulometric cells without diaphragm are available.

The function of the diaphragm is to enable the exchange of certain 
anions and cations, and to prevent the diff usion of the generated iodine 
and its immediate reduction at the cathode, which causes erroneous 
results. In cells without diaphragm, the cathode construction is modifi ed 
to prevent these interferences.

Coulometric Karl Fischer titrations in cells with diaphragm require two 
reagent solutions, an anolyte and a catholyte. The catholyte solution 
(5 mL) is added to the cathode chamber, and the anolyte solution is 
added up to the same level in the anode chamber (see Figure 1). The 
levels of liquid in the two chambers should be equal to prevent exchange 
of anolyte and catholyte by pressure compensation. In diaphragmless 
cells, the anolyte (~100 mL) is used as single solution.

When using reagents containing chloroform and/or xylene, or analysing 
samples with water content below 50 μg/g, using a generator electrode 
with diaphragm is recommended to ensure high precision.

Care and Maintenance of the Coulometric Cell
Proper care and maintenance of coulometric cells can help maximise 
the sensitivity and reliability of Karl Fischer titrations.

(continued on page 22)

Andrea Felgner, Market Segment Manager HYDRANAL andrea.felgner@sial.com

Water determination in petrol, unleaded 
(Application Report L428)
The solubility of petrol in the methanolic medium of the Karl 
Fischer titration is limited, therefore the use of reagents containing 
solubilisers is recommended. In 100 mL HYDRANAL Coulomat A, 
up to 50 mL of petrol can be dissolved. Also, HYDRANAL Coulomat E 
is suitable, since 100 mL dissolves up to 35 mL of this sample.
HYDRANAL Coulomat E (5 mL) is added to the cathode compart-
ment; the anode chamber is also fi lled with HYDRANAL Coulomat E 
to the same liquid level as in the cathode chamber. If HYDRANAL 
Coulomat A is used in the anode chamber, the cathode chamber is 
fi lled with 5 mL HYDRANAL Coulomat CG. After titrating to dryness 
with low and stable drift, the samples can be injected.

Figure 1 Coulometric titration vessel with diaphragm

HYDRANAL

Coulomat A/AG/AG-H/E/Oil

(Anolyte)

HYDRANAL®

Coulomat CG/E

(Catholyte)



22
Ti

tr
at

io
n

sigma-aldrich.com/hydranal

HYDRANAL® Coulomat AG, AD and AG-H are anolytes free of haloge-
nated hydrocarbons, whereas HYDRANAL Coulomat A contains chloro-
form for better solubility of fat-containing substances. The chloroform 
content may still be increased, but it should not exceed 30%, otherwise 
the conductivity will decrease. The minimum conductivity diff ers from 
instrument to instrument, so an exact maximum chloroform volume 
cannot be given.

Many long-chained mineral oils cannot be dissolved completely; they 
must be analysed in reagents containing solubilisers or dispersing 
agents. For example, the water content of finely dispersed oil can be 
determined very easily with reproducible results. Based on methanol 
and with addition of aromatic and halogenated hydrocarbons, 
HYDRANAL Coulomat Oil is very well suited for the analysis of oil samples. 
It should be used in coulometric cells with diaphragm using HYDRANAL 
Coulomat CG as catholyte.

Use of the Karl Fischer Oven
Many substances release their water only at high temperatures, making 
them unsuitable for direct KF titration.

The water in these substances can be evaporated in a Karl Fischer oven at 
100 °C to 300 °C, depending on the sample. It is then transferred to the KF 
titration cell by purging with a dry, inert gas. The coulometric titration cell 
is fi lled with HYDRANAL Coulomat AG-Oven, which is especially suitable 
for use with Karl Fischer ovens as it shows high drift stability, or 
HYDRANAL Coulomat E for less toxic applications.

This method of water determination can be applied to:
 • Insoluble solids that only release their inherent water at temperatures 

above 60 °C (e.g. plastics, salts)
 • Solids and liquids that undergo side reactions with conventional Karl 

Fischer titration reagents (ascorbic acid, mineral oils), assuming that 
the matrix is not vaporised at these temperatures and that none of 
the substances decompose to products that can interfere with the 
Karl Fischer reaction.

Suitable carrier gases are air or nitrogen, with nitrogen preferred when the 
sample is sensitive to oxidization at temperatures of 100 °C to 300 °C. The 
carrier gas must be dried, for example with 34241 HYDRANAL Molecular 
Sieve 0.3 nm. The working conditions must be optimized for each product 
analysed. The temperature chosen depends on the properties of the 
substance being investigated. Of particular importance is the determina-
tion of the optimum oven temperature to remove the water.

Water Determination in Rapeseed Oil
(Application Report L319)
Rapeseed oil does not dissolve in a methanolic KF working 
medium. The addition of chloroform helps to fi nely disperse the 
sample in the medium. In addition, it is important to choose a delay 
time of 30 seconds in the titration software to ensure that all con-
tained water is titrated. HYDRANAL Coulomat Oil, which contains 
chloroform and xylene as solubilisers, is very well suited for coulo-
metric determination in fats and oils.

HYDRANAL Coulomat CG (5 mL) is added to the cathode compart-
ment of a titration vessel with diaphragm. HYDRANAL Coulomat Oil 
(~100 mL) or a mixture of HYDRANAL Coulomat A and 30% chloro-
form are added to the anode compartment up to the same level.

HYDRANAL Coulomat AK is an anolyte for the coulometric determination 
of water in ketones. Its water capacity is approximately 100 mg per 
100 mL. HYDRANAL Coulomat CG-K is the corresponding catholyte, free 
of halogenated hydrocarbons.

Water Determination in Octamethylcyclotetrasiloxane
(Application Report L519)
When determining the water content of octamethylcyclotetrasilox-
ane coulometrically in a methanol-containing reagent, the drift 
increases with each injected sample. An esterifi cation takes place 
as a side-reaction. However, the substance can be determined with 
stable end points and without increasing drift in a methanol-free 
reagent.

HYDRANAL Coulomat CG-K (5 mL) is placed in the cathode com-
partment of the coulometric cell. The anode compartment is fi lled 
up to the same level with HYDRANAL Coulomat AK.

Coulometric cells without diaphragm require only one reagent. 
HYDRANAL Coulomat E, AD, AG, AG-H, AG Oven and AK can be used 
with diaphragmless cells; no catholyte solution is needed.

Water Determination in Poly-L-lactide, PLLA, with KF Oven
(Application Report L577)
This sample is an uncolored granulate, which cannot be dissolved 
for direct titration in the alcohol-containing media of KF reagents, 
not even by addition of chloroform.

To evaluate its temperature behavior, a sample was gradually 
heated from 50 °C to 270 °C (see Figure 2). At 50 °C, the adherent 
water is released. Above 60 °C, the enclosed water is released. 
Water release is completed at 210 °C. According to literature, ther-
mal decomposition occurs at 230 °C.

This heating ramp shows that sample heating at 210 °C for 10 to 15 
minutes is recommended.

HYDRANAL Coulomat CG (5 mL) is added to the cathode chamber 
of a coulometric cell with diaphragm; the anode compartment is 
filled to the same level with ~100 mL HYDRANAL Coulomat AG 
Oven.

After starting the instrument, it automatically titrates to dryness. 
Once the drift is low (<10 μg H2O/min.) and stable, the carrier gas is 
switched on. As soon as the original stable drift value is reached 
with the carrier gas, about 0.5 g of the sample, weighed precisely, 
can be heated.
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The oven temperature must be high enough to drive off  the water in the 
sample within 10 to 15 minutes. At the same time, the temperature must 
be low enough to prevent vaporization of the sample matrix, which 
could interfere in the Karl Fischer titration, but again high enough to 
prevent condensation in the transfer tubing.

Table 1 HYDRANAL reagents for coulometric KF titration

Cat. no. Brand Description

34807 Fluka® HYDRANAL Coulomat A

34836 Fluka HYDRANAL Coulomat AG

34810 Fluka HYDRANAL Coulomat AD

34843 Fluka HYDRANAL Coulomat AG-H

34739 Fluka HYDRANAL Coulomat AG Oven

34726 Fluka HYDRANAL Coulomat E

34820 Fluka HYDRANAL Coulomat AK

34868 Fluka HYDRANAL Coulomat Oil

34840 Fluka HYDRANAL Coulomat CG

34821 Fluka HYDRANAL Coulomat CG-K
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Figure 2 Heating ramp from KF oven for poly-L-lactide, 50 °C to 270 °C

Control of Accuracy with Water Standards
In order to control the accuracy of reagents and instruments according 
to ISO 9000, the use of liquid 34828 HYDRANAL® Water Standard 1.0, 1 g 
(1 mL) contains 1 mg = 0.1% water (at 20 °C), and 34847 HYDRANAL 
Water Standard 0.1, 1 g contains 0.1 mg = 0.01% water, is recommended. 
As solid standards for the control of KF oven systems, 34748 HYDRANAL 
Water Standard KF Oven 220 °C to 230 °C and 34693 HYDRANAL Water 
Standard KF Oven 140 °C to 160 °C are recommended.

Expert Technical Support
Take advantage of our experience with KF titration. We are happy 
to answer any questions you might have. Complete application 
reports can be obtained from our HYDRANAL specialists:

Europe and
International

USA and
Canada

Mr. Thomas Wendt
Technical Service HYDRANAL
Tel.: +49-5137/8238-353
Fax: +49-5137/8238-698
E-mail: hydranal@sial.com

Mr. Doug Clark
HYDRANAL Technical Center North America
Help Line: +1-800-493-7262
(toll-free hotline for USA and Canada)
Fax: +1-314-286-6699
E-mail: hydranal@sial.com

NEW “How to…” 
Videos and Webinar for Karl Fischer Titration
Watch our KF expert, Doug Clark, explain how to Calculate the Appropriate Sample Size and how to Choose the Appropriate 
Water Standard for your method.

sigma-aldrich.com/hydranal_video

Listen to the webinar Introduction to Karl Fischer Titration by our KF expert, Andrea Felgner, via our website. This talk discusses 
the basic principles and theory behind KF Titration. Practical tips and recommendations are also given to help you determine 
water content in challenging applications.

sigma-aldrich.com/brighttalk
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