
Issue 4 • 2012

Analytix

 • Accredited Testing Services
 • Organic CRMs Tested by qNMR 
 • Natural Plant Analysis
 • Standards for Flavors & 

 Fragrances
 • Ultra-Trace Analysis of Mercury 

by CV-AFS
 • High-Purity LC Solvents
 • Test Kits for Water Analysis
 • System Check for KF Instruments

RTC Proficiency Testing Services, 
the Way to Quality Analysis 



22

I left the world of clinical chemistry a few years later and for-
got about “external quality assessment”. But it is often said 
that nothing learned is wasted, and in my case when I found 
myself in 1992, working with RT Corporation as they devel-
oped a Profi ciency Testing Program for environmental analy-
sis, I realized that all that I had learned 20 years previously was 
very relevant. RT Corporation had been established in 1988 as 
a spin-off  from the University of Laramie, Wyoming, USA to 
commercialize the production of natural matrix certifi ed refer-
ence materials for environmental analysis. The development 
of a “Laboratory Profi ciency Testing Program”, or PT, followed. 

Since then Certif ied Reference Materials (CRM) and 
Profi ciency Testing (PT) have become ever more important 
to the lab supply industry. Why has this happened and 
what has driven this growth? Quite simply, it is not possible 
to comply with the requirements of ISO 17025 and achieve 
accreditation as a testing laboratory without making almost 
daily use of CRMs and PT. So, as more and more analytical 
laboratories gain ISO 17025 accreditation, the demand for 
and use of CRMs and PT grows. 

In 2011, RT Corporation became part of Sigma-Aldrich and 
now plays a key part in the rapidly expanding Sigma-Aldrich 
Analytical group’s range of products and services, all 
designed to meet the needs of the growing number of 
ISO17025 accredited laboratories around the world. You can 
read more about some of the RTC PT Services and certifi ed 
reference materials for environmental analysis in this edition. 

Peter J Jenks BSc, MRSC.
Reference Materials and 
Profi ciency Testing Specialist

RTC Proficiency Testing Services, the Way to Quality Analysis 

Dear Colleagues,
It is now almost 37 years since I first became 
aware of the process that we all now recognize 
as Profi ciency Testing (PT). Back in September 
1974, I had just started a post-graduate course 
in Clinical (or Medical)  biochemistr y at 
Birmingham University in the UK. I was based 
at a hospital near Birmingham and attended 
lectures and seminars at the Wolfson Research 
Laboratories, at the Queen Elizabeth Hospital, 
Birmingham, which had been established 
by Prof. Tom Whitehead a few years earlier. 
Tom had also recently been installed as 
the first Professor of Clinical Chemistry at 
Birmingham University. 

Clinical chemistry was a cutting-edge science, 
evolving from laborious manual assays for a 
few analytes to automated testing of analyte 
panels aided by computing. This evolution 
revealed quality-management issues and 
highlighted the need for an inter-laboratory 
quality system. In 1969, the UK Ministry of 
Health funded the establishment of the 
National Quality Control Scheme for Clinical 
Chemistry. This project evolved into the United 
Kingdom National External Quality Assess-
ment Service (UK NEQAS), a network of pro-
grams that now covers all the disciplines in 
laboratory medicine in over 8,000 laboratories 
in the UK and in over 140 countries beyond.

Peter J Jenks BSc, MRSC. 
Reference Materials and 

Proficiency Testing Specialist
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The Auditors Came to Stay!

“The auditors are coming …” 
Those four words will strike fear 
into the heart and soul of any 
analyst working in an ISO 17025 
accredited lab. It doesn’t matter 
if you have always fi lled in your 
logbook, kept your personal 
laboratory book and the records 
you are responsible for up to 
date. It doesn’t matter that you 

have cleaned and maintained the laboratory equipment 
and instrumentation, that you have checked your balances 
with certifi ed check weights or that you check your pipettes 
daily. None of this seems to matter and all of this vanishes 
when the auditors are coming. Before I joined Sigma-Aldrich 
as a technical specialist, I was a GC-MS analyst in a United 
Kingdom Accreditation Service (UKAS) 17025 accredited lab 
in the UK. I worked in a high-throughput, mainly routine 
analytical chemistry lab. UKAS visited our laboratory in June 
but would only announce the date of the visit in May. Then 
the panic and stress would start. Annual leave was can-
celled, records were scrutinized and the Quality Assurance 
(QA) team would constantly visit us. QA would appear in 
the lab unannounced to “watch” your method, loitering in 
the shadows – waiting for you! They would keep peering 
over your shoulder while you were performing a delicate 
experiment – which would mean you would immediately 
make a mistake.

But why all this stress? 
Simply because keeping the accreditation is very import-
ant. For contract labs, a loss of accreditation would mean 
losing customers and therefore business and revenue. The 
accreditation puts you one step ahead and means that your 
results are reliable since they have been checked by an 
independent third party.

How can you lose your accreditation? 
If the auditors find flaws in your processes without ad-
equate control and if systems are not in place to correct the 
issues, they have the authority to remove the accreditation.
The fi rst response is to issue a “Notice of Corrective Action 
Required” which is eff ectively a warning. But if that correct-
ive action is not taken and the problem is not solved by the 
specifi ed deadline, the accreditation can be withdrawn. 

So how can you make the auditors happier? 
There are many ways including, but not limited to, keeping 
clear, traceable records, having a quality management 

 system, using CRMs and by taking part in a Profi ciency Test-
ing (PT) scheme from an accredited provider to demonstrate 
performance and method validation. Sigma-Aldrich RTC 
has more than 22 years’ experience developing and pro-
ducing natural matrix samples for use as PT samples in labs 
undertaking environmental analysis. RTC was one of the 
fi rst PT providers to achieve ISO 17043 Accreditation as a PT 
provider.  In paral lel  to the PT ser v ice,  RTC holds 
ISO 17025 and ISO guide 34 accreditation as a CRM producer 
and there is normally a CRM available that corresponds to 
every PT sample. RTCs Environmental PT programs cover 
drinking water and wastewater, soils and air; for all matrices 
PT samples cover not just the most popular inorganic, trace 
element and organic pollutants but some more specialized 
determinants, including bacteria and other markers of bio-
logical contamination. The core of the RTC PT service is a 
bespoke website. RTC PT customers have dedicated areas 
on the RTC website where past evaluation reports and data 
entered can be viewed at any time. Most importantly, data 
can be inputted from LIMS and uploaded into the RTC 
secure website. Once data has been received and evaluated, 
reports are distributed electronically. An electronic format 
download is always available so the evaluation report can 
be fed back into LIMS. The combination of PT and CRMs 
means that RTC provides a complete quality management 
solution for accredited laboratories.

And what if it goes wrong? 
If your PT results come back and are not in the acceptable 
range, then don’t panic. Sigma-Aldrich can provide an off -
study for you to repeat the sample and method and work 
out any problems. There is full support from the team at 
Sigma-Aldrich RTC, making your life a little easier with 
regard to PT.

And what does this mean for you? 
That your PT is fully taken care of and that the auditors are 
happier and we all want that!

Dr. Louisa Wronska, Analytical Technical Specialist ets@sial.com

Louisa is an analytical chemist with over ten years of 
experience in analytical sciences. She has worked with 
HPLC, LC-MS, High Resolution Mass Spectrometry, SPE, GC 
and GC-MS. She has a doctorate in Mass Spectrometry 
and has worked in the pharmaceutical and commercial 
fi elds in an analytical chemistry role. She is an Analytical 
Technical Specialist based in the UK with the European 
Technical Services Team and has a close connection to 
the team at RTC in Laramie, Wyoming. Please contact 
ets@sial.com for more information. 
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New Analytical Standards for Flavors and Fragrances

sigma-aldrich.com/fl avor

Taste and aroma are among the most important character-
istics of food and beverage products. Therefore, the analy-
sis of fl avors and fragrances is crucial for product develop-
ment as well as for quality control in the food industry. 
However, taste does not usually originate from a single 
component, but rather from a complex blend of aroma 
compounds of diverse structure [1]. This makes the analysis 
of flavors and fragrances a challenging task and requires 
both a suitable analytical method and reliable standards for 
calibration.

Sigma-Aldrich of fers a broad port folio of analytical 
 standards for aroma compounds for the analysis of fl avors 
and fragrances. The latest product additions are listed 
below, and the complete portfolio can be found on 
sigma-aldrich.com/fl avor

Cat. 
No.

Brand Product Package 
Size

CH2(CH2)3CH3

O

H

64397 Fluka® α-Amylcinnam-
aldehyde, mixture 
of cis and trans

100 mg

H3CS SCH3
50375 Fluka Bis(methylthio)

methane 
100 mg

OH
H3CO OCH3

53877 Fluka 2,6-Dimethoxy-
phenol 

100 mg

H3C
S

CH3
76048 Fluka Dimethyl sulfide 100 mg

O

H3C OH

H3C O

44527 Fluka 4,5-Dimethyl-
3-hydroxy-2,5-
dihydrofuran-2-one 

100 mg

OCH3(CH2)5CH2 O

92255 Fluka δ-Dodecalactone 100 mg

H3C

OH O

O CH3

55821 Fluka Ethyl 
3-hydroxybutyrate 

100 mg

O

O
OH

CH3

94185 Fluka Ethyl maltol 100 mg

N

N

CH3

90728 Fluka Ethylpyrazine 100 mg

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

Cat. 
No.

Brand Product Package 
Size

CH3

O

O

H3C
75034 Fluka 2,3-Hexanedione 100 mg

OH

H3C 91316 Fluka cis-3-Hexen-1-ol 100 mg

O
H

O

HO
53407 Fluka 5-(Hydroxymethyl)

furfural 
100 mg

H3C O H

OH3C

CH2

CH3

79467 Fluka Linalyl formate 100 mg

H3C

OH

OCH3

O 77938 Fluka Methyl 3-hydroxy-
hexanoate 

100 mg

O

OH3C

80133 Fluka Methyl 
cyclopentenolone 

100 mg

N

OCH3

O 69193 Fluka Methyl nicotinate 100 mg

t-Bu

OCH3

O

62535 Fluka Methyl p-tert-
butylphenylacetate

100 mg

HO S

N
H3C 61352 Fluka 4-Methyl-5-

thiazoleethanol
100 mg

OCH3

CH3

18073 Fluka 2-Methylanisole 100 mg

H3C O CH3

CH3

O 30761 Fluka 2-Methylbutyl 
acetate

100 mg

N

N
CH3 49597 Fluka 5-Methylquinoxa-

line 
100 mg

H

O

SCH3

44638 Fluka 3-(Methylthio)
propionaldehyde

100 mg

O

OHOH

HO
CH3

O

O

OH

HO

HO O

OH O

OH OCH3

OH 75041 Fluka Neohesperidin 
dihydrochalcone

100 mg

OCH3(CH2)2CH2 O
51573 Fluka γ-Octalactone 100 mg

N
H

76046 Fluka Piperidine 100 mg

O

OR

OR

OOR

OR
O

RO

OR
OR

RO

R = CH3

O 94474 Fluka Sucrose octaacetate 100 mg

N

N CH3

CH3

H3C

H3C

95162 Fluka 2,3,5,6-Tetramethyl-
pyrazine 

100 mg

H3C
O

O

O
O

O
CH3

H3C
O

76047 Fluka Tripropionin 100 mg

Reference
[1] “Practical Analysis of Flavor and Fragrance Materials”, 

Kevin Goodner, Russell Rouseff, John Wiley & Sons, 2011.

Table 1 New Analytical Standards for the Analysis of Flavors and 
Fragrances
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Dave Bell and Hugh Cramer dave.bell@sial.com

HPLC Method for the Separation of Nine Key Components of Milk Thistle

Introduction
Silymarin, derived from the milk thistle plant (Silybum), has 
been used as a natural remedy for the treatment of a num-
ber of liver diseases as well as in the protection of the liver 
from potential toxins. More recently, silymarin has been 
connected to antitumor promoting activity [1]. It is there-
fore of interest to have available analytical methods for the 
analysis of silymarin components in various matrices.

The silymarin complex consists of several closely related, 
biologically active components. The objective of this study 
was to investigate several modern stationary-phase chemis-
tries for optimal selectivity towards the development of an 
effi  cient method for the analysis of silymarin. The method 
would optimally provide baseline resolution for nine of the 
known components of silymarin in less than 15 minutes. 

Initial screening experiments were used to select a single 
combination of stationary phase and organic modifi er that 
demonstrates the greatest potential for the separation. The 
information from subsequent optimization experiments 
was processed with simulation software to predict an opti-
mized set of conditions. Finally, the predicted conditions 
were confi rmed using the analysis of an herbal supplement 
obtained from a local drug store.

Experimental
The screening protocol utilized fi ve Ascentis® Express sta-
tionary phases including C18, C8, RP-Amide, Phenyl-Hexyl 
and pentafluorophenylpropyl (F5). Gradient elution with 
two distinct organic modifi ers was performed. Injections of 
a standard containing nine of the known constituents of 
silymarin (Figure 1) were made under each condition.

The HPLC screening method employed gradient elution 
from 5% – 95% of either methanol or acetonitrile. The aque-
ous component of the mobile phase was 0.1% formic acid 
(pH 2.6).

In order to optimize the separation, separate chromato-
graphic analyzes at two diff erent gradient slopes and two 
temperatures were performed. These four runs were then 
processed using ACD LC-Simulator software (Toronto, ON, 
Canada) and a predictive model was used to develop con-
ditions that would provide baseline resolution of all peaks 
in less than 15 minutes. The conditions were then con-
fi rmed, using both standards and a commercially available 
milk thistle herbal supplement.

Results and Discussion
Using a simple peak counting approach, the combination 
of the C18 stationary phase along with methanol as the 
organic modifi er resulted in the highest number (nine) of 
visible peaks. A representative chromatogram is shown in 
Figure 2. Other combinations of stationary phase and 
organic modifier produced between six and eight peak 
responses. 

Four separate chromatographic runs using the C18 station-
ary phase and methanol modifi er were conducted, where 
the gradient slopes were varied (5% and 10% ramp) at two 
diff erent temperatures (30 °C and 60 °C). The data was then 
analyzed using ACD LC-Simulator to predict the most suit-
able optimized conditions. Comparison to the experimen-
tal data shown in Figure 3 confirms good agreement Figure 1 Structures of known biologically active silymarin components

Silybin A

Silybin B

Taxifolin
Isosilybin A

Isosilybin B
Silydianin

Quercitrin

Apigenin-7-D-glucose

Silychristin

sigma-aldrich.com/medicinalplants
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between the predicted (not shown) and actual chromatog-
raphy. Because the suggested conditions ran to just 45% 
organic, an additional step to 100% organic was included to 
elute potential hydrophobic components from a natural 
sample.

Conclusions
Stationary phase screening at the onset of method devel-
opment, especially when dealing with a complex set of 
analytes, provides an easy means of analytical method 
development. As shown in the study, a few short experi-
ments, coupled with powerful prediction software, pro-
vided chromatographic conditions suitable for the analysis 
of biologically active milk thistle components. The condi-
tions that were developed should prove useful in natural 
supplement, raw material and/or biological monitoring of 
silymarin complex components. The analytical standards 
for the analytes described in this article are listed in the 
table below.

Brand Cat. No. Description Package 
Size

Fluka® 00720585 Apigenin-7-glucoside 10 mg 

Fluka 97326 Isosilybin A 5 mg 

Fluka  95684 Isosilybin B 5 mg 

Fluka 00740580 Quercitrin 25 mg 

Fluka 02000585 Silybin, primary reference standard 10 mg 

Fluka 59527 Silybin B 5 mg 

Fluka 51681 Silychristin 10 mg 

Fluka 30494 Silydianin 10 mg 

Fluka 78666 Taxifolin 25 mg 

Table 1 Reference standards for active components of silymarin

Reference
[1] Lee, J. I.; Hsu, B. H.; Wu, D.; Barrett, J. S. Journal of 

Chromatography A 2006, 1116, 57 – 68.

Figure 2 Initial separation of silymarin components using C18 
stationary phase and Methanol as the organic modifier

Figure 4 Identification of silymarin components from a commercial 
natural supplement

See Figure 3 for conditions and peak IDs. Sample extracted with 
50:50 water:ethanol. Gradient extended to 100% methanol to elute 
potential hydrophobic sample components. 
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Finally, an herbal supplement labeled as containing milk 
thistle along with dandelion, fennel and licorice was 
extracted using water:ethanol 50:50, v/v and analyzed. As 
shown in Figure 4, all 9 of the targeted components could 
be observed in the herbal supplement material.

Analytical Standards for Herbal Medicinal Products

Sigma-Aldrich off ers both analytical standards as well as 
primary reference standards of active ingredients and 
marker compounds of medicinal plants. Currently, this 
portfolio is comprized of more than 250 products. A 
comprehensive product listing can be found on 
sigma-aldrich.com/medicinalplants

sigma-aldrich.com/medicinalplants

Figure 3 Experimental confirmation of predicted optimized 
conditions

column: Ascentis® Express C18, 10 cm x 3.0 mm I.D., 
2.7 μm particle size

mobile phase A: water with 0.1% formic acid
mobile phase B: methanol

gradient: min %A %B
0 65 35
3 65 35
13 55 45
15 55 45

flow rate: 0.6 mL/min
temp.: 35 °C

det.: UV, 254 nm
injection: 20 μL

sample: 9 milk thistle related 20 μg/μL in 86:14, 
water:methanol

1. Taxifolin
2. Silychristin
3. Apigenin-7-D-glucose

4. Silydianin
5. Quercitrin
6. Silybin A

7. Silybin B
8. Isosilybin A
9. Isosilybin B
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Technical Aspects of Quantitative NMR for the Certification of Organic Reference Materials

Nearly two years ago, Sigma-Aldrich launched its portfolio 
of certified reference materials (CRM), quantified by 
1H-qNMR under ISO/IEC 17025 and ISO Guide 34 double-
accreditation, naming this product group TraceCERT® 
which stands for traceable certifi ed reference materials [1]. 
Currently, there are approximately 90 CRMs for use as chro-
matography standards and 11 for use as qNMR standards. 
An up-to-date product list can be found on 
sigma-aldrich.com/organiccrm

As the qNMR technique elicits greater interest for use in 
various industrial applications, we would like to introduce 
our protocol for performing quantitative NMR spectros-
copy [2].

What are the main issues when measuring 
 chromatographic purities?
Usually the purity of organic substances is measured by 
HPLC or GC. The chromatographic purity corresponds to 
the area-% of all detected signals. This procedure neglects 
the fact that diff erent substances may cause diff erent inten-
sities. Furthermore, all impurities may not reach the detec-
tor or be seen by it. So the chromatographic purity can be 
very different from the true content. What if the material 
contained 10% salt or solvent? Then the true content of the 
substance would only be around 90%, while it appears to 
be >99% pure by chromatography. To overcome this prob-
lem, it is possible to run the same chromatogram fi rst of all 
with a pure standard of the same substance. Once the 
purity of this standard and the weighing value have been 
established, it is possible to create a traceability chain from 
the sample material to the reference standard and to an SI 
unit. However, due to the countless number of organic 
compounds, it is often diffi  cult to fi nd a suitable chroma-
tography standard at all.

What is the advantage of using qNMR?
The technique of qNMR yields both quantitative and quali-
tative information within one experiment. NMR spectro-
scopy itself is a non-invasive and non-destructive method 
and the quantitative information of one analyte can be 

extracted even without prior isolation of the compound of 
interest in a mixture. When performing qNMR, one can 
work with an internal or external standard. We prefer work-
ing with an internal standard because of its higher accuracy, 
and will, therefore, explain this method further. Yet another 
advantage of qNMR is evident when preparing the sample 
for the quantitative experiment, since the preparation of 
the sample is quite easy compared to other analytical 
techniques. 

Both the sample material and the reference standard are 
weighed directly into the same vial. The resulting NMR 
spectrum compares the proton signal intensities of both 
the sample and the reference. qNMR is a relative primary 
method, which means that the signal intensity is in direct 
proportion to the number of protons contributing to the 
resonance [3]. Furthermore, the signal intensities of the 
sample of interest and a reference substance can directly 
be compared and the resulting content is a true content.

Important steps to successful qNMR measurements
1) Choice of a suitable reference standard
Besides having a high level of purity, qNMR reference mater-
ials are supposed to be easily weighable, which means not 
hygroscopic or volatile. Residual water ought not to be pres-
ent due to potential baseline effects in 1H-NMR spectra, 
leading to integration errors. Solubility in diff erent deuter-
ated solvents, providing unique and stable signals, and 
chemical shift, also plays a central role. The reference sub-
stance should have only a few signals in order to minimize 
overlaps with the sample signals. Diff erent samples need 
different references, but it is sufficient to have one well-
separated signal from each in the spectrum. To guarantee 
accurate and precise qNMR measurements, a signal inten-
sity ratio of 1:1 is necessary.

The reference standard can be a totally different organic 
substance, as long as it has protons. When it is character-
ized sufficiently, a direct traceability chain can be estab-
lished, e.g. when using internationally accepted reference 
materials such as those from the National Institute of Stan-
dards and Technology NIST. 

Dr. Christine Hellriegel, Senior Scientist R&D Europe christine.hellriegel@sial.com
Dr. Alexander Rück, Senior Scientist R&D Europe alexander.rueck@sial.com

 Internal 

Sample  

High-precision 
weighing 

Addition of Transfer to 
NMR-tube  

qNMR 
measurement

Data 
processing  deuterated

solvent

Figure 1 Important steps to successful qNMR measurements

sigma-aldrich.com/organiccrm
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2) Compatibility check
qNMR references should be chemically stable and inert in 
order to avoid reactions with samples or solvents. Addition-
ally, we recommend compatibility checks with 1H-NMR 
experiments. We measure the tolerance between analyte 
and standard with one sample by running experiments at 
t=0 and t=24h. The relevant signals for quantifi cation must 
not overlap each other and there should not be interfer-
ence by possible impurities. Normally it is necessary to try 
diff erent combinations in order to fi nd the most favorable 
internal standard. 

3) High-precision weighing
Good weighing values are mandatory, as they have direct 
infl uence on the result. Here at Sigma-Aldrich Switzerland 
we use a UMT-5 Ultramicrobalance from METTLER TOLEDO 
with a readability of 100 ng, certifi ed by DKD and calibrated 
with OIML Class E2 weights. The balance is positioned on a 
weighing table completely made of stone and a U-elec-
trode is in place to get rid of potential static charge. Sample 
and reference are weighed into the same HPLC-vial, which 
can be closed for solvation by deuterated solvents, and to 
ensure complete dissolution, sonication is necessary.

4) Determine instrument settings
Sigma-Aldrich Switzerland works with a 600 MHz Bruker 
Avance-III NMR spectrometer equipped with a 5 mm BBO 
probe head. We are applying a 90° pulse to improve the S/N 
and reduction of artifacts, and generally we wait 5–7x T1. 
Since the T1 relaxation time varies for diff erent mixtures and 
deuterated solvents, we evaluate the relaxation time for 
each mixture simultaneously with the compatibility check.

5) Spectra evaluation
After zero fi lling and exponential weighing of the FID, the 
Fourier Transformation is applied. Phase correction and 
baseline correction are two critical points in processing the 
spectra. In order to obtain accurate integrals, we perform 
this process manually instead of relying on automatic pro-
cedures. For integration, it is important to either include the 
13C-satellites or exclude them for both signals. This depends 
very much on the space around the signals. 

6) Calculation of the absolute content
We recommend performing 5 –10 replicates. Quantifi cation 
of the sample content is directly calculated from the 1H-NMR 
peak areas and the initial weights of the candidate and refer-
ence substance, according to the following equation: 

Ref
Sample

Ref

Ref

Sample

Sample

Ref

Ref

Sample
Sample P

m
m

M

M

N
N

I

I
P ⋅⋅⋅⋅=

In order to obtain even more precise results, weighing val-
ues can be corrected for air buoyancy if climate conditions 
in the lab are known.

7) Uncertainty evaluation
The signal ratio of two diff erent protons can be measured 
with tremendous precision and the integration of the sig-
nals in most cases dominates the measurement uncer-
tainty. An additional increment for the integration can be 
implemented into the uncertainty evaluation, taking into 
account small diff erences between diff erent operators.

Homogeneity of the material is tested by qNMR measure-
ments using 7–10 subsamples which are taken from diff er-
ent positions in the entire bulk material. The recommended 
minimal sample size is taken for all the homogeneity test 
samples. Analysis of variance (ANOVA) results should be 
included into the calculation of uncertainty [3].

Conclusion
As a reference material producer, it is also compulsory to 
conduct stability tests at storage temperature and at ele-
vated temperature. Obeying some basic rules, and with a 
good balance, it is routinely possible to perform 1H-NMR-
measurements with 1% measurement uncertainty. In order 
to minimize the increments by the internal reference, 
Sigma-Aldrich certifi ed the new CRMs under optimal condi-
tions, so that their uncertainties of around 0.1% would not 
dominate the overall result [4].

References
[1] Analytix No. 3 (2010), “New generation of organic CRM”, pp4 – 6.
[2] F. Malz, H. Jancke, J. Pharm. Biomed. Anal. 38 (2005), pp813–23.
[3] Eurachem/CITAC Guide, 2nd Ed. (2000), “Quantifying uncer-

tainty in analytical measurement.”
[4] Weber M.; BERM-13, oral presentation on High Performance 

qNMR (2012).

sigma-aldrich.com/organiccrm

Figure 2 qNMR Spectrum of Acenaphthene 

and CRM Dimethylsulfone

PSample Purity of sample as mass fraction (Acenaphthene, in % g/g)

PRef Purity of reference as mass fraction 
(Dimethylsulfone, in % g/g)

ISample Integral of the sample signal (Acenaphthene = 112.2648)

IRef Integral of the reference signal 
(Dimethylsulfone = 100.0000)

NSample Number of sample protons (Acenaphthene = 4)

NRef Number of reference protons (Dimethylsulfone = 6)

MSample Molecular mass of the sample (Acenaphthene = 154.21)

MRef Molecular mass of the reference (Dimethylsulfone = 94.13)

mSample Mass of sample (Acenaphthene)

mRef Mass of reference (Maleic acid)
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Inorganic Custom Standards
An Interactive Online Platform

TraceCERT® standards for AAS, ICP and IC are Certifi ed 
Reference Materials fulfi lling the highest quality standards.* 
In addition to our comprehensive portfolio of catalog 
products, we also off er you a custom service where you 
can defi ne your own multi-component standards at the 
same high quality, using our Inorganic Custom Standards 
Online Platform:

sigma-aldrich.com/csp

sigma-aldrich.com/tracecert

For all TraceCERT Custom Standards, we guarantee:

 • Certification under double accreditation following 
ISO/IEC 17025 and ISO Guide 34

 • Highest levels of accuracy and reliability
 • Minimized uncertainties and lot-specific values
 • Traceability to at least two independent references 

(i.e. NIST, BAM or SI unit kg)
 • Printed certificate according to ISO Guide 31
 • Light- and gas-tight aluminum foil bag packaging 

allowing a shelf life of up to four years

With a few simple mouse clicks you can specify the 
desired characteristics among the following:

 • Element standard 
 • Ion standard
 • Defining matrix
 • Analytes 
 • Concentrations

The Custom Standards Platform is a dynamic web page: 
elements, ions and matrices can only be chosen if the 
combinations are chemically allowed.

After your request has been submitted online, we 
will evaluate the production costs and respond with a 
quotation by e-mail.

It’s easy, try it out!

*  At sigma-aldrich.com/tracecert you can fi nd the 
extensive TraceCERT portfolio of certifi ed single- and 
multi-element standards.
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Vitroids™ – the Microorganism Standards – Coming Soon in all Countries

In today’s world of increased regulation and stricter 
guidelines, there is more pressure to use certified micro-
organism standards. 

Certified quality and processes are increasingly affecting 
our daily business. For example, in the UK’s UKAS guide-
lines, if control media are used, they must be prepared 
independently and tested for suitability and performance. 
Where possible a traceable control strain, which is certifi ed 
according ISO 17025, should be used. The strains should be 
from a recognized national  culture collection or from a ref-
erence material producer accredited to ISO Guide 34. For 
the detailed testing of the media, UKAS (LAB 31 2nd Edition) 
refers to the ISO Standard 11333.

With this in mind, Sigma-Aldrich began working to extend 
our ISO 17025 accreditation into the fi eld of microbiology. 
Using a new patented technology, we can support microbi-
ologists by providing highly reliable certifi ed microorgan-
isms in a stable and ready to use format. The result is small 
discs, called Vitroids, with defined bacteria, molds and 
yeasts from a recognized culture collection such as ATCC 
and NCTC with a certifi ed number of colony-forming units 
(CFU). The discs are easy to use as they can be directly used 
in water, diluent, broth or even agar plates. The Vitroids 
contain highly viable bacteria and when placed in contact 
with media they dissolve rapidly and start to grow without 
a lag phase. The viability of the CFU in a disc is stable for at 
least one year, and possibly two years, when kept in the 
refrigerator. If the Vitroids are kept at -20 °C then the stabil-

ity can even be prolonged. It is also not a problem if the 
product is transported at ambient temperature. The discs 
are produced under the ISO guidelines 34 and are certifi ed 
according ISO 17025. Each disc is packed in an individual 
tube with some dessicant, and then packaged in mylar foil. 
Each package is supplied with a comprehensive certifi cate 
of analysis reporting the CFU and Standard deviation.

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

Figure 3 A single Vitroids disc on an agar plate. After about ten 
minutes on a plate it is rehydrated automatically and forms a droplet 
(no water addition is needed). The drop can be spread with a loop.

Figure 2 A Vitroid just put into buffer (left). After ten minutes it is 
completely dissolved (right).

Figure 1 
Bacteria collection

Reference Microorganisms in Certified and 
Defined Colony Forming Units (CFU) 

 • Standards in concentrations of 30-50.000 cfu per disc 

 • Produced acc. ISO Guide 34 

 • Certified acc. ISO 17025 

 • Delivered with detailed certificate of origin 

 • Reference strains from ATCC, NCTC etc. 

 • Minimum one year shelf life at 4 °C (usually two years) 

 • No lag phase

 • Amazingly little standard deviation (e.g. 100 CFU +/- 3%)

sigma-aldrich.com/vitroids
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Due to the toxicity of mercury and 
especially its organometallic com-
pounds, as well as its tendency to 
bioaccumulate, analyses for mer-
cury trace content in environmen-
tal analysis, food safety, and clinical 
studies have become increasingly 
important in recent years. Because 
of the more stringent limits set by 
various regulations and health 
guidelines, more sophisticated, 
reliable analysis methods with 
extremely low detection limits are 
required [1].

Cold vapor techniques, where mer-
cury is fi rst reduced to its elemental 
state and the resulting volatile 
vapors are then spectrometrically 
analyzed, are often the method of 

choice for mercury determination due to their high selectivity. 
Most matrix eff ects can be avoided as the analyte is separated 
from the matrix before the actual analysis. The already low 
detection limits can additionally be improved by sample 
enrichment through amalgamation. When choosing the 
spectrometric technique, atomic fl uorescence spectrometry 
off ers some advantages over atomic absorption methods: a 
larger dynamic range, linearity over a broad range of mercury 
concentrations and a very high sensitivity. Combined, cold 
vapor atomic fluorescence spectrometry (CV-AFS) allows 
mercury determinations in the sub-ppt-range. Existing stan-
dards published by regulatory bodies regarding mercury 

analysis, such as EPA method 1631, require the use of CV-AFS 
to reach the necessary detection limits reliably.

Since the limits for mercury are extremely low, reagents 
used for mercury determination as reductant, carrier or 
during sample preparation, such as tin chloride, nitric acid 
or hydrochloric acid, need to exhibit especially low blank 
values. This is particularly true because they are often used 
in excess to the sample and any high mercury contamina-
tions aff ect the result of the analysis considerably. 

CV-AFS is used at Sigma-Aldrich for the quality control of 
TraceSELECT® products designed for Hg determinations. The 
instrument of choice is the mercur DUO plus® by Analytik 
Jena (Figure 1), as it off ers fl ow injection, and full fl exibility 
with both absorption and fluorescence modes, and it can 
also be used either with or without analyte enrichment 
reaching detection limits down to <0.1 ng/L.

Sample preparation and mercury determination of 
high-purity reagents
For mercury determination in high-purity reagents such as 
TraceSELECT HNO3, POCl3 or Methanol, the instrument is 
generally calibrated directly with solutions of 5% HCl (v/v) 
containing 0.01, 0.05 and 0.10 μg/L mercury (see Figures 2 
and 3). 

Ultra Trace Analysis of Mercury by Cold Vapor Atomic Fluorescence Spectroscopy

Matthias Drexler, Product Manager, Spectroscopy matthias.drexler@sial.com
Gabriele Holzapfel, Analytical Product Manager

Markus Pfluger, Head of Trace Analysis markus.pfluger@sial.com
Michaela Portala, Application Specialist, Analytik Jena, Überlingen

Figure 3 Fluorescence signals of a nitric acid sample and multiple 
calibration standards

Figure 2 Calibration during direct measurement

Figure 1 Analytik Jena mercur DUO plus atomic 
fluorescence and absorption spectrometer (picture 
kindly supplied by Analytik Jena AG)

sigma-aldrich.com/traceanalysis
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The samples (0.5 g for HNO3, POCl3 resp. 0.2 g for Methanol) 
are dissolved in 8 mL high-purity water. 1 mL hydrochloric 
acid is added and the samples are filled up to 20 mL. In 
parallel, to validate the method and check for matrix eff ects, 
additional samples spiked with 100 ng/L Hg are prepared. 
As reductant, a solution of 5% (m/v) SnCl2 in 10% (v/v) HCl is 
used, the carrier being a 5% HCl (v/v) solution. 

Table 1 shows examples of measurements of these 
reagents in respect to Hg content, including recovery val-
ues from the spiked samples, resulting in an absolute deter-
mination limit of 3.5 ng/L (calculated from the tenfold of 
the standard deviation), corresponding 0.14 μg/kg in POCl3 

and HNO3 samples and 0.35 μg/kg for Methanol with the 
dilutions and methods used. It can be concluded that 
CV-AFS is a robust method for Hg determination in these 
products as the determination limits are signifi cantly lower 
than the maximum specifi cations. 

Sample Specification 
[μg/kg]

Result lower 
than method 
determination 
limit [μg/kg]

Recovery [%]

POCl3 
TraceSELECT®

≤5 < 0.14 89

HNO3 
TraceSELECT 
Ultra

≤0.5 < 0.14 82

Methanol 
TraceSELECT

≤1 < 0.35 110

Table 1 Sample results of mercury determinations including 
recovery values

When analyzing NaBH4, an important reactant for Hydride-
Generation-AAS, the above method of direct calibration 
and measurement cannot be used, due to the matrix 

effects caused by molecular hydrogen that is generated 
and chemical incompatibility to the standard reductant 
SnCl2. By sample enrichment through amalgamation on an 
Au/Pt-mesh (integrated in the instrument), the matrix 
eff ects can be avoided. Sample preparation involves add-
ing 0.3 g NaBH4 to 100 mL of high-purity water, with 1 drop 
of NaOH (10%) as stabilizer. In parallel, samples containing 
additional 0.01, 0.05 and 0.10 μg/L are prepared for calibra-
tion through the standard addition method. Using this 
method, an absolute determination limit of 2.4 ng/L can be 
reached, corresponding to 0.8 μg/kg in NaBH4 (see Table 2).

Sample Specification 
[mg/kg]

Result lower than method 
determination limit [mg/kg]

NaBH4 ≤0.05 <0.0008

Table 2 Results of mercury determinations in NaBH4

Summary
The cold vapor fl ow injection instrument Mercur DUO plus® 
by Analytik Jena has proven to be very suitable for mercury 
determinations in diff erent, and to some extent aggressive, 
matrices. Matrix eff ects can be avoided due to the separa-
tion of the analyte from the matrix and the possibility for 
amalgamation sample enrichment. The achieved determi-
nation limits are well below the needs determined by the 
product specifi cations of high-purity reagents. In addition, 
the time needed per sample is very short, with three min-
utes per directly measured sample (including three 
repeated measurements) and six minutes for analyzes utiliz-
ing sample enrichment. 

Reference 
[1] W.L. Clevenger, B.W. Smith., J.D. Winefordner, Trace 

Determination of Mercury: A review, Critical Reviews in 
Analytical Chemistry, 1997, 27:1, 1–26.

Cat. No. Brand Product Specification Package Sizes

05878 Fluka® L-Ascorbic acid TraceSELECT, ≥99.9998% metals basis 100 g

84415 Fluka Hydrochloric acid ≥37%, TraceSELECT, for trace analysis, fuming 100 mL, 500 mL

11514 Fluka Hydroxylamine hydrochloride TraceSELECT, ≥99.9995% metals basis 100 g

16482 Fluka Mercury Standard for AAS TraceCERT®, Hg 1000 mg/L in nitric acid 100 mL

28941 Fluka Mercury Standard for ICP TraceCERT, Hg 1000 mg/L in nitric acid 100 mL

84385 Fluka Nitric acid ≥69%, TraceSELECT 250 mL, 1 L

60085 Fluka Potassium bromate puriss. p.a., ACS reagent, ≥99.8% RT dried material 50 g, 250 g

90737 Fluka Potassium bromide TraceSELECT, ≥99.9995% metals basis 50 g

30533 Fluka Potassium iodide TraceSELECT, ≥99.999% metals basis 100 g

71321 Fluka Sodium borohydride for the determination of hydride formers by AAS, ≥99% 25 g, 100 g

13171 Fluka Sodium hydroxide solution ≥30% in H2O, TraceSELECT, for trace analysis 250 mL

44355 Fluka Tin(II) chloride TraceSELECT, ≥99.999% metals basis 250 g, 2.5 kg

95305 Fluka Water TraceSELECT 500 mL, 1 L, 2.5 L, 10 L

Table 3 Reagents and standards for trace analysis of mercury. Please find the complete list of products for inorganic trace analysis at 
sigma-aldrich.com/traceanalysis

sigma-aldrich.com/traceanalysis
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Fast: results obtained within a few seconds to minutes

Easy to use: measuring range can be increased by use 
of dilution water, easily understandable instructions 
included

Refi llable: reagents, check solutions, dilution water and 
accessories for AQUANAL-plus kits can be ordered 
separately

Economical: cost-eff ective
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Semi-Quantitative Visual Test Kits and Strips for Water Analysis

Matthias Drexler, Product Manager, Spectroscopy matthias.drexler@sial.com

Cat. No. Brand Product Line Analyte/Product Visual Measuring Range [mg/L] Color Chart Gradation [mg/L] Number 

37400 Fluka® AQUANAL-plus Ammonium 0.2 – 8.0 NH4
+ 0 – 0.2 – 0.5 – 0.8 – 1.2 – 1.6 – 2.0 – 3.0 – 5.0 – 8.0 250

37064 Fluka QUANTOFIX Arsenic 50 0.05 – 3.0 As3+/5+ 0 – 0.05 – 0.1 – 0.5 – 1.0 – 1.7 – 3.0 100

37432 Fluka AQUANAL-plus Cadmium 0.02 – 1.2 Cd2+ 0 – 0.02 – 0.05 – 0.1 – 0.15 – 0.2 – 0.3 – 0.5 – 0.8 – 1.2 120
NEW 37066 Fluka QUANTOFIX Calcium 10 – 100 Ca2+ 0 – 10 – 25 – 50 – 100 60
NEW 37068 Fluka QUANTOFIX Chloride 500 – 3000 Cl- 0 – 500 – 1000 – 1500 – 2000 – ≥3000 100

37419 Fluka AQUANAL-plus Chlorine 0.01 – 0.30 Cl2 0 – 0.1 – 0.025 – 0.045 – 0.06 – 0.08 – 0.10 – 0.15 – 0.20 – 0.30 300
NEW 37070 Fluka QUANTOFIX Cyanide 1 – 30 CN- 0 – 1 – 3 – 10 – 30 100
NEW 37072 Fluka QUANTOFIX Formaldehyde 10 – 200 HCHO 0 – 10 – 20 – 40 – 60 – 100 – 200 100

37406 Fluka AQUANAL-plus Manganese 0.03 – 0.5 0 – 0.03 – 0.06 – 0.10 – 0.15 – 0.20 – 0.30 – 0.40 – 0.50 110

37205 Fluka QUANTOFIX Nitrite 1 – 80 NO2
- 0 – 1 – 5 – 10 – 20 – 40 – 80 100

37410 Fluka AQUANAL-plus Nitrite 0.005 – 0.1 NO2
- 0 – 0.005 – 0.012 – 0.02 – 0.03 – 0.04 – 0.05 – 0.06 – 0.08 – 

0.10 
110

37428 Fluka AQUANAL-plus Oxygen 1 – 12 O2 0 – 1 – 3 – 5 – 7 – 9 – 12 30

37206 Fluka QUANTOFIX Peroxide 100 1 – 100 H2O2 0 – 1 – 3 – 10 – 30 – 100 100
NEW 37074 Fluka QUANTOFIX Peroxide 1000 50 – 1000 H2O2 0 – 50 – 150 – 300 – 500 – 800 – 1000 100

37214 Fluka QUANTOFIX Peroxide 25 0.5 – 25 H2O2 0 – 0.5 – 2 – 5 – 10 – 25 100

37423 Fluka AQUANAL-plus Phosphate 3 – 120 PO4
3- 0 – 3 – 6 – 10 – 18 – 30 – 60 – 120 210

Table 1 Selection of test kits and strips for semi-quantitative determination of analytes in water. For a full product list, please visit sigma-aldrich.com/semiquant

Semi-quantitative determination of analytes in water as pro-
vided by the AQUANAL™-plus and QUANTOFIX® product 
lines is a valuable tool wherever speed of analysis, ease of 
use and cost effi  ciency is important. Every kit and set of test 
strips includes everything that is necessary to swiftly per-
form semi-quantitative determinations within seconds to 
minutes. In addition, AQUANAL-plus test results can also be 
analyzed quantitatively with a wide range of photometers, 
such as Aquanal Spectro 3 or similar devices.

Figure 1 AQUANAL-plus test kit Figure 2 QUANTOFIX kits and strips

sigma-aldrich.com/semiquant
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New Derivatization Brochure
Broad offering for accurate analysis on GC, HPLC or TLC

Over 400 Derivatizing Reagents

 • Silylation, Acylation and Alkylation reagents for GC 
 • UV/VIS, Fluorescent and Electrochemical derivatives for HPLC
 • Optically pure derivatizing reagent for Chiral 
 • Derivatizing reagents for TLC applications 
 • Accessories for derivatizing reaction

To order your free copy of the New Derivatization Guide, and for product and ordering information, 
visit sigma-aldrich.com/derivatization

Get the Brochure  – 
Download the App
Learn how you can maximize speed and sensitivity 
of LC-MS with our innovative and proven workflow 
solutions for bioanalysis.

sigma-aldrich.com/bioanalysis
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High-Purity Solvents for UHPLC and LC-MS

Solvent impurities are the most common cause of extraneous 
peaks and unstable baseline. Background noise is typically 
caused by impurities that enter the system from the sample, 
by leaching from system components (bottles, tubes, valves, 
vials, etc.), and from solvents and additives. Solvent-derived 
impurities do not condition out over time and can interfere in 
the analysis in multiple ways, such as:
a) collect on head of the column and elute as a distinct 
peak or as baseline rise, 
b) cause general elevation in baseline, lowering sensitivity 
of analysis,
c) foul or damage sensitive instrument components 
d) cause cluster ion formation that prevents reliable identifi -
cation and quantification. For minimizing or eliminating 
these issues, sensitive tests like UHPLC and LC-MS require 
the use of highly pure solvents and additives.

Our Fluka® brand has added another product line to the 
family of high-purity CHROMASOLV® solvents, blends for 
sensitive UHPLC applications and additives. This new prod-
uct line is tested for UHPLC performance, including gradi-
ent applications, under both UV and MS detection. These 
solvents and reagents, designed for use in these sensitive 
analyzes, are manufactured with the utmost precision and 
are tested under strict quality control requirements. 

LC-MS Ultra CHROMASOLV Grade Solvents
These solvents are tested for performance in UHPLC gradient 
separations, as well as UV, and positive and negative ion 

mode MS detection (Figure 1). Compared to standard 
LC-MS grade solvents, this new grade has signifi cantly lower 
baseline and fewer minor peaks. In general, these solvents 
off er the following advantages:

 • High purity for extremely low detection limits under any 
detection mode together with UHPLC

 • Tested for UHPLC-MS 

 • Suitability tested by UHPLC-MS TOF

 • High lot-to-lot reproducibility

 • Reliable data, high performance and eliminate system 
downtime

LC-MS CHROMASOLV Solvents
The LC-MS CHROMASOLV solvents undergo 34 distinct and 
relevant tests to ensure solvent requirements of sensitive 
LC-MS analyzes. Some of the most important features are:

 • Application-tested for LC-MS using the reserpine test 
(Figure 2)

 • Low level of inorganic and metal ions for high sensitivity 
spectra

 • Particle/non-volatile compound-free (maintain system 
integrity)

 • Low-gradient baseline with your own optimized 
 protocols

 • Significantly reduced level of phthalate contaminants

Shyam Verma shyam.verma@sial.com

Figure 1 UV drift of the solvent baseline resulting from a gradient application of LC-MS Ultra CHROMASOLV Acetonitrile/water (red) 
compared with LC-MS grade Acetonitrile/water (blue)

sigma-aldrich.com/uhplc
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Pre-Blended LC-MS Solvents
Our pre-blended solutions of the most commonly used 
LC-MS mobile phases are prepared with precision and 
unsurpassed attention to quality. Using the precisely 
blended solvents eliminates time-consuming mobile phase 
preparation, and can eliminate lost sample information and 
instrument downtime caused by impure mobile phase. A 
special formulation ensures that no precipitation or decom-
position of the additive occurs under normal laboratory 
conditions. These high-quality pre-blended solvents off er: 

 • Time savings

 • Accurate composition

 • Minimized baseline and artifacts

LC-MS Mobile Phase Additives
The Fluka® brand off ers a wide range of high-purity addi-
tives for LC-MS applications that are already tested for LC-MS 
application. These high-purity additives off er many advan-
tages for both small and large molecule analysis.

 • Acids, bases, volatile salts and sodium sources

 • High purity and LC-MS application tested

 • Improved ionization and resolution

 • Sodium ion additives for uniform/stable molecular ions 

New Headspace Grade Solvents for the Analysis of 
Organic Volatile Impurities
Fluka Brand headspace solvents are manufactured under 
strictly controlled processes, including micro-fi ltration and 
packaging under an inert atmosphere. This ensures their 
suitability for meeting the demands of headspace analysis.

Cat. No. Description

LC-MS Ultra CHROMASOLV® Solvents 
and Additives, tested for UHPLC-MS

Package
Sizes

14261 Acetonitrile 1 L, 2 L

14262 Methanol 1 L, 2 L

14263 Water 1 L, 2 L

14264 Trifluoroacetic acid 1 mL, 2 mL

14265 Formic acid 1 mL, 2 mL

14266 Ammonium formate 25 g

14267 Ammonium acetate 25 g

LC-MS CHROMASOLV Solvents

39253 Water 1 L, 4x4 L, 
20 L

34967 Acetonitrile 250 mL, 1 L, 
2.5 L, 6x1 L, 
4x4 L, 20 L

34966 Methanol 1 L, 2.5 L, 
6x1 L, 
4x2.5 L, 
4x4 L, 20 L

34965 2-Propanol 1 L, 2.5 L, 
6x1 L, 4x2.5 L

34972 Ethyl acetate 1 L, 2.5 L

LC-MS CHROMASOLV Solvent Blends

34976 Acetonitrile with 0.1% TFA 2.5 L

34974 Methanol with 0.1% TFA 2.5 L

34668 Acetonitrile with 0.1% formic acid 2.5 L

34669 Acetonitrile with 0.1% ammonium acetate 2.5 L

34676 Acetonitrile with 0.1% formic acid and 
0.01% TFA 

2.5 L

34978 Water with 0.1% TFA 2.5 L

LC-MS CHROMASOLV Mobile Phase Additives

40967 Trifluoroacetic acid (TFA) 10 mL, 
10x1 mL, 1 L

56302 Formic acid 10x1 mL, 
50m L, 1 L

49199 Acetic acid 50 mL

55674 Ammonium formate 50 g

Table 1 High purity solvents, blends and additives for UHPLC and 
LC-MS applications

Figure 2 Reserpine spectrum measured in Methanol (Cat. No. 34966); no signals should be greater than 
[M+H]+=609 (100 ppb reserpine; ESI, positive mode)

sigma-aldrich.com/lc-ms 
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Maximize Speed and Sensitivity of Bioanalysis

Proven Tools for the HPLC, UHPLC, and LC-MS Analysis 
of Small Molecules in Biological Matrices
Few analytical techniques are experiencing more growth in 
interest and practical applications than mass spectrometry, 
especially when coupled with rapid, effi  cient separations 
delivered by UHPLC systems. An area that is ripe for all the 
benefi ts of the sensitivity off ered by LC-MS is bioanalysis, 
the analysis of compounds in biological matrices. However, 
to take full advantage of the sensitivity potential, it is impor-
tant to choose the right sample collection, sample prepara-
tion and separation methods using the highest-quality 
consumables. 

Although LC-MS is now found in nearly every analytical 
field, analysts generally face the same set of challenges. 
This short article will discuss these challenges, and high-
light some key tools from the Fluka® and Supelco® product 
range to maximize speed, sensitivity, and throughput in 
LC-MS. 

Removing Phospholipids and Proteins from 
Plasma Samples
Endogenous proteins and phospholipids are two of the 
major causes of matrix effects in LC-MS analyzes. Such 
matrix eff ects can reduce the MS signal by suppressing the 
ionization of analytes that elute in the same retention win-
dow. In addition, accumulation of phospholipids on the LC-
column reduces its lifetime and causes non-reproducible 
elution patterns. If only using protein precipitation, how-
ever, only proteins but not phospholipids will be removed. 
For these reasons, it is important to remove proteins and 
phospholipids from the sample prior to injecting it into the 
HPLC or UHPLC system. 

A proven technique to accomplish this task employs 
HybridSPE®-Phospholipid technology to completely remove 
proteins and phospholipids from serum and plasma sam-
ples in a one-step procedure that is as simple, fast and easy 
as protein precipitation. HybridSPE-Phospholipid comprises 
zirconia-coated silica particles that selectively remove phos-
pholipids using Lewis acid/base interaction between the 
phosphate moiety (a Lewis base) of the phospholipid and 
the zirconia surface (a Lewis acid). This mechanism results in 
highly effi  cient depletion of phospholipids from biological 
matrices, while remaining nonspecifi c to a broad range of 
acidic/basic/neutral compounds.

Figure 1 shows an example of the type of results to expect 
when using the HybridSPE-Phospholipid in conjunction 
with a UHPLC separation. In this case the ions of proprano-
lol and 4-hydroxy propranolol overlaid with total phospho-
lipid content is shown. Response/abundance of matrix is 
more than 30 times that of the response of the drug and 
metabolite. This overlap with a high abundance of matrix 
can significantly reduce the response of target analytes. 
Compared to the protein precipitation method, the LC-MS 
of the sample prepared using the HybridSPE-Phospholipid 
method (lower panel) exhibits no phospholipid matrix 
ef fect. The improved phospholipid depletion of the 
HybridSPE-Phospholipid resulted in a four-fold increase in 
response for propranolol compared to the protein precipita-
tion technique for the same plasma sample, providing a 
truer ratio of propranolol and its 4-Hydroxy-metabolite.

Maximizing Throughput/Minimizing 
Turn-Around Time
Bioanalytical LC-MS and UV applications typically require 
columns that provide speed, efficiency, selectivity, and 
robustness, and rigorously clean mobile phase components. 
Eff ective sample prep also plays an important role in main-
taining or improving throughput by preventing column 
fouling and instrument downtime, and reducing the need 
for gradient programs to just elute retained matrix compo-
nents like phospholipids. Indeed, sample prep methods, 
columns, and solvents, go hand-in-hand to achieve and 
ensure maximum performance from an LC-MS analysis. 

Two products that have been used together successfully for 
many bioanaly tical LC-MS and UV applications are 
Ascentis® Express Fused-Core® UHPLC columns and 
LC-MS CHROMASOLV® solvents and additives. With respect 
to Ascentis Express, four features contribute to its widespread 
utility in bioanalytical LC-MS: (1) high column effi  ciency, (2) 
low backpressure, (3) wide range of available phase chemis-
tries, and (4) higher resistance to fouling relative to sub-2 μm 
particles. The LC-MS CHROMASOLV solvents and additives 
complement the performance of the Ascentis Express line by 
providing low impurity levels that result in cleaner spectra 
and lower adduct formation. The particle-free Ultra grade for 
UHPLC is particularly well suited for use with sub-2 μm UHPLC 
columns. The chromatograms shown in Figures 2, 3, and 4 
are examples of applications of current interest on Ascentis 
Express columns using Ultra CHROMASOLV solvents.

Klaus Buckendahl klaus.buckendahl@sial.com

Figure 1 LC-MS interface

sigma-aldrich.com/bioanalysis
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Figure 2 HPLC Analysis of 25-Dihydroxyvitamin D2, 
25-Hydroxyvitamin D3, and 3-epi-25-Hydroxyvitamin D3 
on Ascentis Express F5

1. 25-Dihydroxyvitamin D2
2. 25-Hydroxyvitamin D3
3. epi-25-Hydroxyvitamin D3

column: Ascentis Express F5, 10 cm x 2.1 mm I.D., 
2.7 μm (53569-U)

mobile phase: 5 mM ammonium formate in 75:25 (v/v) 
methanol:water

flow rate: 0.4 mL/min
column temp.: 40 °C

detector: UV, 265 nm
injection: 1 μL

sample: 500 μg/mL in methanol

Figure 4 HPLC Analysis of “Spice” Cannabinoids 
on Ascentis Express F5

1. JWH-073 metabolite 2. CP-47, 497 C8 3. JWH-073 
4. JWH-200 5. HU-210, HU-211 6. JWH-018
7. CP-47, 497 8. JWH-250 

column: Ascentis Express F5, 10 cm x 2.1 mm I.D., 
2.7 μm (53569-U)

mobile phase: (A) 50 mM ammonium formate; (B) water; 
(C) acetonitrile; (10:35:55, A:B:C)

flow rate: 0.6 mL/min
column temp: 30 °C

detector: UV, 200 nm
injection: 3 μL

sample: 100 μg/mL each compound in 45:55 
water:acetonitrile
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Figure 1 Comparison of LC-MS Analysis of Propranolol and 
4-Hydroxy Propranolol from Plasma Using a Standard Protein 
Precipitation Technique and the HybridSPE-Phospholipid 
Technique

column: Ascentis Express F5, 5 cm x 2.1 mm I.D., 2.7 μm 
(53567-U)

mobile phase: (A) 2 mM ammonium formate in acetonitrile; 
(B) 2 mM ammonium formate in water (90:10, A:B)

flow rate: 0.4 mL/min
column temp.: 35 °C

detector: MS, ESI(+) TOF, m/z=100-1000
injection: 2 μL

sample: 200 μg/mL in water:acetonitrile (25:75)
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Figure 3 LC-MS Analysis of Illicit “Bath Salts” in Urine on Ascentis 
Express HILIC after Solid Phase Extraction (SPE) on Supel™-Select 
SCX

1. MDPV 2. Butylone 3. Mephedrone
4. Buphedrone 5. Ethylone 6. Methylone
7. 3-Fluoromethcathinone 8. 4-Fluoromethcathinone 9. Methedrone

sample/matrix: urine samples spiked to 100 ng/mL with each 
target analyte

SPE tube: Supel-Select SCX, 30 mg/1 mL (54240-U)
conditioning: 1 mL 1% formic acid acetonitrile then 1 mL water

sample addition: 1 mL spiked urine
washing: 1 mL water, 1 mL 1% formic acid acetonitrile, 

1 mL water
elution: 2 mL 10% ammonium hydroxide in acetonitrile

post-treatment: thoroughly mix, evaporate 1 mL aliquot to 
dryness, reconstitute in 100 μL water:methanol

column: Ascentis Express HILIC, 10 cm x 2.1 mm I.D., 
2.7 μm (53939-U)

mobile phase: (A) 5 mM ammonium formate acetonitrile; 
(B) 5 mM ammonium formate water; (98:2, A:B)

flow rate: 0.6 mL/min
column temp.: 35 °C

detector: MS, ESI(+), TIC, m/z 100-1000
injection: 1 μL
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Summary
Analytical consumables for successful LC-MS experiments 
should allow analysts to achieve the maximum amount of 
information with the highest degree of confidence in 
 identifi cation and quantifi cation in the minimum amount 
of  t ime,  whi le  maintaining ins t rument integr i t y. 
Sigma-Aldrich’s Analytical brands, Supelco® and Fluka®, do 
provide and will continuously further develop innovative 
products that help solve many of the challenges in the bio-
analytical workfl ow. 

Products featured are:

 • HybridSPE®-Phospholipid 96-well plates and cartridges

 • Ascentis® Express Fused-Core U/HPLC columns

 • LC-MS Ultra CHROMASOLV®

Information on these and other products for the bio-
analy tical LC-MS workfl ow can be found on our website 
sigma-aldrich.com/bioanalysis
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Degradation of β-Hexachlorocyclohexane during Hydrothermal Carbonization

Introduction
The hydrothermal carbonization (HTC) process has cur-
rently raised awareness for the production of biocoal-like 
materials for their prospective application as soil amend-
ment, sorbent or for energetic purpose KR [1,2]. In this pro-
cess, wet biomass is converted in aqueous suspension 
under moderate pressure and at elevated temperatures 
(subcritical conditions) into a bituminous coal-like material. 
Biocoal yields along with its composition depend both on 
the feedstock materials and process conditions. Beyond the 
desired generation of biocoal, a fraction of the organic carbon 
(typically, 5–20%) is transformed into dissolved organic mat-
ter. The chars have higher heating values than the feed-
stock, thus are suitable for energy generation. Their applica-
tion to soil is also being tested for soil-ameliorating 
properties and increase in crop production.

Potential substrates for HTC are waste biomasses, such as 
sewage sludge and animal manure. However, it often con-
tains residuals of organic micropollutants, such as pharma-
ceuticals, pesticides and surfactants, that raise environmen-
tal concern. They are problematic for application of these 
materials as soil amendment. In addition to biochar produc-
tion, the objective of this HTC process is the decontamina-
tion of waste biomass-materials, such as the removal of 
contaminants that remain after sewage treatment of waste 
water in the effl  uent.

In the present study, the detoxifi cation potential of the HTC 
is investigated by degradation studies with the highly 
 persistent organic pollutant β-hexachlorocyclohexane 
(β-HCH). Although the use of β-HCH as an insecticide was 
phased out years ago, this chemical is still produced as an 
unintentional by-product of lindane (γ-HCH). A previous 
study has shown that lindane degrades in subcritical water 
but aromatic chlorinated metabolites survived this treat-
ment KR [3]. The β-HCH can be considered as the most 
recalcitrant isomer of the HCH-family. This is particularly 
true for hydrolysis reactions because its all-trans conforma-
tion prevents the preferred β-elimination mechanism.

Method Description
The laboratory experiments were performed in steel auto-
claves in either (a) 1 mM aqueous H2SO4 solution, or (b) 
1 mM aqueous H2SO4 solution with 10 g/L sucrose as model 

biomass. A β-HCH stock solution was added to the solution 
and the autoclaves heated in a hot drying oven for the indi-
cated reaction time. After cooling to room temperature, the 
autoclaves were opened and rinsed with CHCl3. Phenan-
thren-d10 was added as internal standard to the aqueous 
phase, followed by solvent extraction with chloroform. The 
combined organic layers were dried over Na2SO4, fi ltered 
through a silica plug and derivatized with BSTFA prior to 
GC-MS analysis.

GC-MS Analysis
 • QP 2010 Plus GC-MS, Shimadzu, EI-mode, scan data 

acquisition

 • Column: HP 5 MS, 30 m x 0.32 mm, 0.25 μm or 
 comparable column, e.g. Supelco SLB-5ms

 • Total flow: 13.1 mL/min He

 • Oven program: 5 min at 40 °C, 8 K/min to 200 °C, 
hold 10 min

Results
Sucrose was investigated as a model biomass to study its 
impact on the degradation of β-HCH. In Figure 1, the con-
version of HCH under hydrothermal conditions in an acidic 
solution and with addition of sucrose shows no signifi cant 
diff erence. The quantifi cation of the released chloride ions 
as analyzed by ion chromatography provided evidence that 
the chloride recovery translates into only 30 – 60% of chlo-
rine, which is expected due to the mineralization of β-HCH 
given its conversion rate. This fi nding is a strong indication 
for chlorine-bearing stable organic intermediates. To 
address identification of these intermediates along with 
their quantification, a GC-MS analysis of the extracts was 
performed. 

Barbara Weiner, Department of Environmental Engineering
Helmholtz Centre for Environmental Research (UFZ), barbara.weiner@ufz.de 

Figure 1 Residual β-HCH (in blue) and sum of formed metabolites 
(in red) with regard to initially applied β-HCH after HTC reactions at 
200 °C and 255 °C for 4 or 16 h. Relative concentrations are given on 
a molar basis.

sigma-aldrich.com/standards
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When the reaction conditions were more severe, i.e. pro-
longed time and higher temperature, β-HCH degraded 
completely with a concomitant increase of intermediates 
concentration and the sum of identified metabolites 
increased. The chromatogram for HTC products under 
harsh reaction conditions (255 °C, 16 h) shows that β-HCH is 
completely degraded but chlorinated aromatic metabolites 
are formed and remain (Figure 2). 

Major abundant metabolites include 1,2,4-trichlorobenzene 
(TCB), among smaller amounts of other trichlorobenzene-
isomers (Figure 3). The formation of chlorophenols, domi-
nated by the 2,3- and 3,4-dichlorophenols (DCP) among 
smaller portions of monochlorophenols is unexpected. 
These products were not observed in the alkaline hydrolysis 
of HCH-isomers at ambient conditions. Furthermore, chloro-
benzenes are stable under HTC reaction conditions. Hence, 
chlorophenols can be considered as products of a combina-
tion of elimination and substitution reactions in the course 
of the aromatization of the cyclohexane ring. Because of the 
acidic reaction milieu, water molecules rather than hydroxyl 
ions must be the reactive nucleophiles.

Conclusions
The HTC process has a significant potential to degrade 
organic micropollutants. This holds even for the most recal-
citrant HCH isomer, the β-HCH, which could be completely 
degraded. Biomass does not infl uence the degradation of 
the pesticide HCH in subcritical water. Limitations in the 
detoxifi cation potential of the HTC process can be seen for 
aromatically bound chlorine. The process needs to be fur-
ther studied, striving for a complete mineralization. 
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Related Products:
Cat. No. Description

39883-100ML Fluka® Chloride Standard for IC, TraceCERT®

28482-U Supelco® SLB-5ms Capillary GC Column

33376-100MG Fluka β-HCH PESTANAL®, analytical standard

36627-1G Fluka 1,2,4-Trichlorobenzen, PESTANAL, 
analytical standard

35811-1G Fluka 2,4-Dichlorophenol, PESTANAL, 
analytical standard

36746-1G Fluka 2-Chlorophenol, PESTANAL, analytical standard

15222 Fluka BSTFA for GC Derivatization

15238 Fluka BSTFA/1% TMCS for GC Derivatization

15209 Fluka BSTFA/10% TMCS for GC Derivatization

Figure 2 (a) GC-chromatogram and mass-spectrum of β-HCH 
(23 min) prior to HTC. (b) GC-chromatogram and mass-spectra after 
HTC reaction (16 h at 255 °C), in pink TCBs (retention time 13 –14 min), 
in green DCPs (retention time 16–18 min)

Figure 3 Proposed major degradation path of β-HCH during HTC
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HYDRANAL®-Water Standards for Titer Determination and System Check of 
Karl Fischer  Titration

Calibration, validation and control 
of analy tical instruments and 
reagents are central requirements 
in most quality management sys-
tems. In the case of Karl Fischer 
(KF) titration, regular titer determi-
nation, control of measurement 
precision and accuracy, as well as 
validation and inspection of the 
instrument, are of fundamental 
importance.

Titer Determination in Volumetric KF Titration
For volumetric KF titration, the determination and regular 
control of the titer (or water equivalent WE) of the titration 
reagent is necessary. Despite the fact that the chemistry 
behind KF reactions is well known and the technique is 
employed in a myriad of applications, it is still necessary to 
take the time to measure the exact titer value in order to 
achieve accurate and reliable measurements.

The titer of a KF reagent is determined by measuring a 
defi ned volume of a substance containing a known amount 
of water. This substance can, of course, be pure water itself, 
or other substances with precisely controlled water con-
tent. Using pure water requires very exact handling and 
weighing: a reagent with titer 2 requires only 10 –15 mg of 
water per injection. Weighing errors can occur easily when 
handling such extremely small amounts of water; these 
errors lead to high standard deviations, incorrect titer val-
ues, and, in the end, to imprecise measurement results. 
However, the use of substances with a low water content 
decreases standard deviations and errors; accuracy and 
precision of results can be improved signifi cantly. Recom-
mended acceptable standard deviation for volumetric titra-
tion: for 10.0 mg water ± 0.2 mg.

System Check for Coulometric KF Instruments
Although coulometry is considered an absolute method, 
not all titrated values are necessarily correct. Air humidity, 
electrode poisoning, or sample matrix conditions can infl u-
ence the results. It is therefore necessary to test the system 
with known quantities of water, and to check the recovery 
data. This validation of the instrument should be performed 

after the titration vessel has been freshly charged with 
reagents. To monitor for interferences caused by the sam-
ple matrix, a control test should be done immediately after 
analyzing a sample. The theoretically added amount of 
water should correspond to the experimentally titrated 
amount of water. Recommended acceptable standard 
deviations for coulometric titration: 
 • for 1000 μg water ± 30 μg 
 • for 100 μg water ± 10 μg

We recommend the use of HYDRANAL-Water Standards 
with exactly confi rmed water content:

 • for titer determination

 • for monitoring precision and accuracy

 • for validation and inspection of KF titrators according to 
ISO 9001-9003, GMP, GLP and FDA guidelines

Liquid HYDRANAL-Water Standards
Liquid HYDRANAL-Water Standards are ideal for all these 
tasks in volumetric and coulometric KF titration. They con-
sist of stable solvent mixtures with specific composition 
and precisely determined water content, supplied in air-
tight glass ampoules to ensure quality when opened by the 
end user. The exact amount of water is given on the Certifi -
cate of Analysis (CoA), which is enclosed in each product 
package. The liquid HYDRANAL-Water Standards are fi lled 
under Argon in 4 mL or 8 mL glass ampoules. The humidity-
proof packaging allows for a minimum storage of fi ve years. 
Each box contains ten ampoules.

Traceability to a national standard or to a SI unit is often 
required in guidelines. Our HYDRANAL-Water Standards are 
tested against the NIST standard reference material SRM 
2890, Water Saturated Octanol (NIST – National Institute of 
Standards and Technology USA).

ISO 760 prescribes using sodium tartrate dihydrate instead 
of pure water for titer determination of a KF titration agent. 
HYDRANAL-Standard sodium tartrate dihydrate is ideal for 
this application; it contains 15.66% water by weight (exact 
value stated on CoA), the value ensured by drying at 150 °C. 
Sodium tartrate dihydrate has limited solubility in metha-
nol, but it dissolves readily in HYDRANAL-Solvent.

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

sigma-aldrich.com/hydranal
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Advantages of liquid HYDRANAL-Water Standards:
 • Filled under Argon in glass ampoules

 • One ampoule is sufficient for one test series

 • Minimum shelf-life 5 years

 • Instructions for use enclosed

 • Certificate of Analysis enclosed in each box

 • All HYDRANAL-Water Standards are tested against 
NIST SRM 2890

Europe and International
Mr. Thomas Wendt
Technical Service HYDRANAL
Wunstorfer Straße 40
D-30926 Seelze, Germany
Tel. +49 (0) 5137 8238-353
Fax +49 (0) 5137 8238-698
E-Mail: hydranal@sial.com

USA and Canada
Mr. Doug Clark
HYDRANAL Technical Center
545 S. Ewing Ave
St. Louis MO 63103, USA
Toll free: +1 800 493-7262 (USA and Canada)
Fax: +1 314 286-6699
E-Mail: hydranal@sial.com

Product Table HYDRANAL® Standard Substances for KF Titration
Cat. No. Brand Description

Liquid Standards

34849 Fluka® HYDRANAL-Water Standard 10.0
Liquid standard for volumetric KF titer determination. Water content 10.0 mg/g (1.0%), exact value stated on CoA. Tested 
against NIST SRM 2890 and traceable to SI-Unit (kg).

34828 Fluka HYDRANAL-Water Standard 1.0
Liquid standard for coulometric KF titration. Water content 1.0 mg/g (0.1%), exact value stated on CoA. Tested against NIST 
SRM 2890. Used for validation and check of system and recovery rates.

34847 Fluka HYDRANAL-Water Standard 0.1
Liquid standard for coulometric KF titration. Water content 0.1 mg/g (0.01%), exact value stated on CoA. Tested against 
NIST SRM 2890. Used for validation and check of system and recovery rates.

34813 Fluka HYDRANAL-Standard 5.0
Liquid standard for volumetric KF titration. Water content 5.00 ± 0.02 mg/mL (5.91 ± 0.02 mg/g). 

34694 Fluka HYDRANAL-Water Standard Oil
Mineral oil-based matrix standard, for direct coulometric and volumetric KF titration and indirect titration with KF oven. 
Water content in the low ppm range, exact value stated on CoA. Tested against NIST SRM 2890.

Solid Standards

34696 Fluka HYDRANAL-Standard sodium tartrate dihydrate
Primary standard reference material for volumetric KF titration. Water content ~15.66%, exact value stated on CoA. Tested 
against NIST SRM 2890 and traceable to SI-Unit (kg). This standard remains stable under normal conditions and does not lose 
or absorb moisture. This product is a finely powdered solid that dissolves relatively quickly; although its solubility in methanol 
is limited.

34693 Fluka HYDRANAL-Water Standard KF-Oven 140–160 °C
Solid standard for the control of KF oven using the coulometric or volumetric technique. Water content ~5%, exact value 
stated on CoA. Tested against NIST SRM 2890. This standard can be used to verify accuracy of results and tightness of a KF 
oven system. The function of the connected titration cell should be tested using a liquid HYDRANAL-Water Standard.

34748 Fluka HYDRANAL-Water Standard KF-Oven 220–230 °C
Solid standard for the control of KF oven, using the coulometric or volumetric technique. Water content 5.55 ± 0.05%, exact 
value stated on CoA. Tested against NIST SRM 2890. This standard can be used to verify accuracy of results and tightness of 
a KF oven system. The function of the connected titration cell should be tested using a liquid HYDRANAL-Water Standard.

Technical Support
Take advantage of our expertise gained from over 30 years 
of experience and our extensive applications database on 
KF titration. We’ll be glad to provide you with support for 
the analysis of your samples. Contact our HYDRANAL 
 specialists (details below) or visit us at 
sigma-aldrich.com/hydranal 

Please visit our website to find instructional videos on 
KF titration, including the use of water standards. A leafl et 
with detailed information on the procedure of titer determi-
nation for volumetric KF titration can be provided by our 
Technical Service on request.

sigma-aldrich.com/hydranal
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