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Although nearly all of the physical para-
meters that play a role in LC separations, 
such as eluent viscosity and diffusion 
rates, are a function of temperature, 
temperature has not yet been adequately 
explored as a tool to optimize separa-
tions and shorten analysis times.
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Another effect of increasing the tempera-
ture is the diffusion-rate increase that 
provides lower plate heights at higher-
flow-rates. To ensure that this increase in 
speed analysis will not deteriorate reso-
lution, excellent peak shapes must be 
achieved. 

When symmetrical peaks are obtained, 
peak widths are minimized, allowi

ng higher peak capacities. But most 
pharmaceutical drugs are basic com-
pounds and undesired interactions 
between the silanols of silica-based 
reversedphase stationary phases and 
basic compounds cause high peak asym-
metries. Thus Figure 2 : LCMS of a 
Nocardia productmetries.
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Increasing the temperature offers many advantages: i

considerably reduces the total analysis time without any 

loss ofresolution and it improves peak shapes by reducing 

asymmetries and peak widths. Thus, temperature is a 

viable tool to optimize LC separation of
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Introduction
Countercurrent chromatography is a separation method using two 
non-miscible liquids as stationary and mobile phases. In this study, we 
focused on Arizona systems in order to compare “classical” Arizona and 
“green” Arizona. “Classical” Arizona is composed by heptane, ethyl 
acetate, methanol and water, and “green” Arizona replaces heptane and 
methanol with limonene and ethanol respectively. This substitution is 
made to reduce the impact of solvent on the environment. To illustrate this 
comparison, we performed the separation of piperine present in domestic 
pepper.

Materials and methods
Experiments were made with a hydrostatic Countercurrent 
Chromatography instrument from ROUSSELET-ROBATEL Kromaton, called 
FCPC ATEX, with a column of 36.7 mL. A Shimadzu LC-6A pump was used 
to load the stationary phase and flow the mobile phase. The detector was 
a Shimadzu SPD-6A UV-spectrophotometric detector set up at 254 nm.
The Arizona system used was the one corresponding to the letter P. These 
systems were prepared by mixing heptane or limonene, ethyl acetate, 
methanol or ethanol and water in proportion 6/5/6/5. The stationary phase 
used was the upper phase that contains the most heptane/limonene and 
ethyl acetate. The mobile phase was the lower phase which is mainly 
constituted by methanol/ethanol and water.
The domestic pepper was prepared with the following protocol: first, the 
pepper was extracted with dichloromethane. After, the dichloromethane 
was evaporated; the extract was solubilized in mobile phase and ethanol. 
The sample for “classical” Arizona was solubilized in 6 mL of mobile phase 
and 4 mL of ethanol and the one for “green” Arizona in 5 mL of mobile 
phase and 3.5 mL of ethanol.

Results and discussion

The first chromatogram (figure 1) was obtained with “classical” Arizona 
with the following conditions: 1800 rpm (rotation per minute) and a flow 
rate of 5 mL.min-1. The second chromatogram (figure 2) was obtained with 
“green” Arizona at 3000 rpm and 5 mL.min-1.  The main peak was identified 
as piperine.
With these two chromatograms, we see that the separation is faster with 
“classical” Arizona than “green” Arizon. However, the “green” Arizona 
seems to be more selective, since we can observe an impurity as an 
upfront shoulder of the main peak. That means we can probably collect a 
more pure piperine fraction with “green” Arizona. 

Conclusion

“Green” Arizona based on limonene and ethanol is a valuable alternative 
for heptane and methanol in the domestic pepper purification. 

    Chromatogram of piperine  separation 
    Figure 1: With “classical” P Arizona system
    Figure 2: With “green” P Arizona system
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Mass Spectrometry
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Introduction
Conservation of the planet has become important in people’s mind. The 
reduction of air pollution, which makes the Earth’s temperature rise, will 
have to be done by the improvement of air quality. In the European Union,   
the Accreditated Association for the supervision of the air quality carries 
out this mission.  VOC have many origins. When we have too many VOC in 
the air, the ozone’s disintegration cycle is unbalanced, and we notice an 
accumulation of ozone. Parts of these compounds are dangerous for the 
health, particularly 1.3 butadiene which is carcinogen. This article presents 
a method of separation of VOC.

Materials and methods
For this separation, an Automatic Thermal Desorber which allows the 
pre-concentration of VOC and their injection in the GC-MS was used. 
Vector Gas used was Helium. The separation column used wasan Elite MS 
of length L=60m, internal diameter id=0.25mm and thickness film 
tf=1µm. An Electronic Impact source combined with a quadruple analyzer 
were used. For the identification, the 2005 NIST base was selected.
The air is collected in a trap composed of active coal, set  to -30°C. After 
40 minutes of sampling, the temperature of the trap is increased to 300°C 
for approximately one minute. Compounds are desorbed and separated in 
the gas chromatograph with the next programmed temperature. Then, 
compounds are identified by their fragmentation spectra.

Table 1:  GC-MS Method for the VOC separation. 

Results and discussion

Results are shown in figure 1, we can identify 27 compounds.
With this method, compounds with an aliphatic chain superior to C6 can be 
separated and identified , other compounds are not sufficiently separated 
to be identified without ambiguity. Compounds in very low concentrations 
can be seen; the limit of detection is approximately 0.02 ppb.

Conclusion

To conclude, this method allows the identification of many VOC with a 
correct resolution and selectivity. Mass spectrometry actually is the best 
tool to identify these compounds. This technique can be useful to have a 
better knowledge of pollutants.

 Figure 1: Lyon’s air analysis : A :chromatogram,
 B: compounds name in elution order

Air Rhône-Alpes
3, Allée des Sorbiers

69500 BRON

A
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Development of a method to quantify 
perfluorinated compounds and oestrogens 
present in water by SPE-HPLC-MS/MS
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Introduction
Perfluorinated compounds and oestrogens are molecules which pollute 
rivers. Perfluorinated compounds are rejected for the greater part by 
factories, and oestrogens by human and animals through excretions. 
These very resistant compounds can be dangerous, even fatal for aquatic 
organisms and dangerous for the human health even at low 
concentrations. The commercial stake for CARSO is to be capable of 
measuring these molecules up to the nano-gram per litre of water. In fact, 
the authorities need this indication to follow the rejections evolution in 
rivers. This article shows the various stages of the development of an 
analytical method allowing the dosage of these molecules. This method 
uses solid phase extraction (SPE) and high-performance liquid-phase 
chromatography coupled with tandem mass spectrometry (HPLC-MS / 
MS). 

Materials and methods
During the development of an analysis method in SPE-HPLC-MS/MS, the 
detection parameters are determined first. Then, the chromatography 
conditions are chosen and to finish the SPE conditions are optimized.
The detector is a mass spectrometer equipped with a triple quadrupole 
analyzer and an electrospray source. The first stage of development 
consists in injecting directly the molecules, one by one, in the 
spectrometer with the aim of determining the MRM transitions for each of 
them. In the same way the MS/MS parameters are optimized to increase 
the intensity of these transitions. These parameters are: the declustering 
potential which eliminates the trace of solvent around the molecule during 
the ionization, the collision energy supplied in the precursory ion that 
allows it to break up, and the exit potential which guides the fragment ions 
towards the last quadrupole. After the determination of the mass 
parameters, the optimization of chromatography can start.
In liquid chromatography, it is necessary to choose a column and mobile 
phases allowing a separation of molecules, this is achieved by reading the 
literature and by carrying out many tests. The chosen column is of type 
C18 end-capped, whereas the used mobile phases are at basic. After 
several tests a gradient of elution was determined allowing the separation 
of perfluorinated compounds and oestrogens. The analytical method was 
established, it is now possible to search the best extraction method to 
concentrate that compounds at a rate of one nano-gram per liter of water.
In SPE, the objective is to obtain a good extraction yield so as to 
concentrate samples before the analysis. For that purpose, after a step to 
condition the cartridges, 500mL of sample is loaded in an anion-exchange 
cartridge. Then, the cartridges are cleaned with water, dried under a 
stream of nitrogen, and the molecules of interests are eluted with a solvent 
judiciously chosen. To finish the solvent is evaporated to 250μL. The 
concentration factor obtained thanks to the SPE is of 2000. 

Conclusion

The developed method is capable of quantifying the perfluorinated 
compounds and the oestrogens present in water to the state of trace 
(1ng/L). This allows the authorities to follow the quantities of these 
compounds rejected in water and to reduce them when they reach the 
limits fixed by the European Commission. Furthermore, it gives indications 
on the performances of the water-treatment stations to eliminate these 
compounds in water. 

Figure: Extract of chromatograph shows the 
separation of three oestrogens.

CARSO LSEHL
 321 Avenue Jean Jaurès

 69007 LYON
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The Student test conducted with ten 
repetitions proved the correctness of the 
method. The value tcalculate  is less than  
tStudent (tStudent depends on repetition 
number and bilateral risk, here 5%). 
There was no difference between the 
reference value and the average value ( 
X)(see table1). The method was correct. 
Then the fidelity was determined using the 
Student value (tStudent=2.262).

Correctness:

Conclusion

The determination of the quantification 
limit was  successfully achieved. This part 
of the COD method validation was 
important to prove the process 
performances, so it was possible for the 
Hydreco engineers to quantify up to 
5mgO2.L-1 with a precision determined: 
5.00 ± 0.34 mgO2.L-1. 

Test method validation of assays in closed 
tubes 
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Introduction
The COD (Chemical Oxygen Demand) expresses the amount of oxygen 
originating from potassium dichromate that reacts with the oxidizable 
substances contained in 1 litre of water. A high concentration of organic 
compound in water provokes asphyxiation of aquatic organisms. In French 
Guiana rivers, the average COD level is  about 20 mgO2.L-1. The water 
sample is oxidized with a hot sulfuric solution of potassium dichromate 
with silver sulfate used as a catalyst. Chloride is masked by complexation 
with mercury sulfate. The concentration of unconsumed yellow Cr2O72- 
ions is then determined by spectrometric photometry λ=445nm. Because 
on the use of many toxic compounds, like mercury or potassium 
dichromate, Hydreco needs to develop some new procedures like closed 
tubes test in order to limit contact between analyst and toxic compounds. 
However, the use of new types of methods needs a validation including the 
determination of the quantification limit with a defined correctness and 
precision.

Materials and methods
The calibration range used in COD runs from 5 to 250 mgO2.L-1. Solutions 
are prepared by dissolution of 1.7004 g of KHP (Hydrogen potassium 
phosphate) in 100 mL of ultra pure water to give a C1=20000 mgO2.L-1 
solution. 
To determine the quantification limit, it was necessary to carry out a 
Student test using 10 repetitions of the low concentration solution 5 
mgO2.L-1. The Student test allows showing the correctness method.
Then the precision of the result was defined.  
A 5 mgO2.L-1 solution was prepared by two successive dilutions. The first 
one, 5 mL of C1 solution at 20000 mgO2.L-1 in 50 mL to obtain a C2 solution 
at 100 mgO2.L-1. The second one, 5 mL of C2 solution at 100 mgO2.L-1 in 
100 mL. 
Solutions were analyzed just after their preparation because of their 
instability. 

Results and discussion

Table 1: repetition test, average value and standard deviation.

Environment laboratory of Petit Saut 
BP 823 

97388 KOUROU Cedex

Solutions 1 2 3 4 5 𝑿 

ST-COD 
mgO2.L-1 5.67  4.51  4.57  4.98  5.91   5.19 

Solutions 6 7 8 9 10 
Standard 

deviation  σ 

ST-COD 
mgO2.L-1 4.98  4.74  5.44  5.21  5.67  0.47  
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Introduction
Microorganisms such as bacteria or fungi are known to play an important 
role in mineral weathering processes. Nevertheless their contribution and 
the mechanisms still remain unclear. In poor iron conditions, many 
bacterial species can synthesize a substance called siderophore. It may 
help them to acquire from their environment, the micronutrients they need 
for their growth. 
Pyoverdin, is the green-yellow pH dependent siderophore produced by 
Pseudomonas species, and can be easily identified with a maximum of 
absorbance between 365 to 410 nm from pH 3 to 10.  It has the ability to 
form a strong complex with iron(III) ions before being absorbed by the 
bacteria. However, other ions can also be bound to pyoverdin with lower 
affinities. Each [pyoverdin-ion] complex formed has generally its own 
spectrophotometer spectra (variations of intensity or maximum lag) (see 
Figure) hence the interest of creating a bank of reference spectra.
The basaltic glasses being composed of several metals (e.g. Fe, Al, Si, Na, 
Ca, Mg), spectral analysis can be a simple way to identify and evaluate the 
quantity of complexed metal.

Experimental procedures
The first step consisted in synthesizing pyoverdin. For this, 10µL of 
Pseudomonas aeruginosa bacteria strain were firstly grown in a rich 
medium (LB) containing (g.L-1 in distilled water): Triptone, 5; beef extract, 
5; NaCl, 5. After 3 days of incubation, 20 µL was transferred into a poor 
medium (CAA) used to induce the pyoverdin production. It contained g.L-1: 
casamido acids, 5; K2HPO4, 1.18; MgSO4.7H2O, 0.25.
For the complexation experiments, 4 solutions of metals must be prepared 
using: Al2O3, Ca3P2O8, MgO and FePO4.2H2O at respective elemental 
concentrations of 75, 250, 60 and 50 µg.L-1 (determined with previous ICP 
results (obtained by immersing basaltic samples in ultra pure water for 5 
to 25 days).
Because of the pH variations of pyoverdin and more generally the role of 
pH r in mineral dissolution, each sample was buffered at a pH of 6.38 using 
NaHCO3 1mM. Thus, results would be comparable with the ones obtained 
later with glass samples weathered in the same conditions.

Results and discussion

Entirely dependent on pyoverdin production, these experiments have not 
been performed because of the impossibility to obtain the pigment in large 
quantities, and so remain theoretical for now. 
A first production test performed to verify the method has been 
successfully achieved, validating the experimental procedure. Then at 
three different times, bacteria were cultured in three tubes containing LB 
medium and in one of them only the bacteria have developed. The CAA 
incubations were processed from this tube (with and without the buffer in 
a second phase) without success whatever the conditions were.
The first trial with the buffer may have led to an osmotic shock causing the 
death of the cultures, a hypothesis rejected by the second trial. The 
problem might be directly due to the strain: perhaps the one that         
developed in the tube is not Pseudomonas aeruginosa, or maybe bacteria 
were stressed and unable to produce the siderophore. 

Absorption spectra of pyoverdin (____) and the
 [pyoverdine-Fe3+] complex (- - -)

UPEMLV
 Laboratoire Géomatériaux et Environnement 

bd Descartes
77454 Marne-la-Vallée Cedex

Source: JM Meyer and MA Abdallah. The 
�uorescent pigment of Pseudomonas 
�uorescens: biosynthesis, puri�cation and 
physicochemical properties. Journal of General 
Microbiology, 107:319-328, 1978

Conclusion

Simple spectrophotometric experiments 
can be helpful to understand the 
mechanisms involved in the dissolution of 
basaltic glasses. They can indicate the 
complexed metals by spectral comparison, 
a first range of concentrations, and even 
an idea of the speed (and thus of the 
affinity constant) of the metal uptake by 
the bacteria. But experiments with 
bacteria are hardly reproducible, which 
can be problematic for the validation 
process of this method and associated 
results. 
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Introduction
CTC is developing a method to analyze N-nitrosamines in rubbers and  
elastomeric materials. These compounds are dangerous for the             
environment and humans because of their carcinogenic properties.       
Therefore, it is important to identify and quantify them. This article will 
focus on 12 components to be analyzed by gas chromatography-mass 
spectrometry.

Materials
Five grams of polymer are extracted with thirty milliliters of methanol with 
an ultrasonic device at room temperature during thirty minutes. An    
optional clean-up step based on a C18 SPE cartridge could be conducted 
before the analysis.  

The N-nitrosamines are analyzed by GC-MS/MS (Agilent 7000 and 7890A 
GC System). The mass spectrometer uses an Electronic Impact source and 
has a triple quadrupole. The carrier gas used was Helium with a flow rate 
of 1.0mL/min. 
The mass spectrometer will operate in MRM mode.
 
The analytical standard is provided by Sigma-Aldrich and consists of one 
mixture with the 12 components at 2000 mg/l in methanol.

Experimental procedures

In order to create the MRM transitions for each compound, several runs in 
full scan mode were performed in order to: 

  ● Find the right oven gradient
  ● Determine the retention time of each target compound
  ● Have a full spectrum of the target compound for choosing the 
     precursor ion  

After several test, the right gradient starts with 40°C for 4 minutes then a 
slope of 10°C/min until it reaches 255°C which lasts 4 minutes. The     
chromatogram can be seen in the figure 1. Firstly, the splitless mode for 
the injector was used with a temperature of 250°C but the pulsed splitless 
mode showed that it was better for the resolution. The reduction of the 
injection temperature to 200°C prevented the degradation of two          
compounds: the N-nitroso N-methylaniline (1) and the N-nitroso      
N-ethylaniline. 
Nevertheless, some decomposition was still there (2). Thus, some         
compounds are thermolabile. 
After that, the Product Ion Mode was used for determining the produced 
ions. For each compound, the precursor ion is broken with different 
collision energy and the produced ions are recorded. Two transitions were 
chosen for each target/compound.
Example of transition for the N-nitroso morpholine:

 116 -> 86 with a collision energy of 5 eV.
 116 -> 56 with a collision energy of 10 eV.
 

Figure 1: Comparison of two chromatograms of 
N-nitrosamines in full scan mode.
a. In splitless mode – b In pulsed splitless mode

CTC Lyon
 4 Rue Hermann Frenkel

 69367 LYON Cedex 07

Conclusion

This method could be used to identify and 
quantify the N-nitrosamines. The only 
problem is the decomposition of the    
N-nitrodiphenylamine in diphenylamine(3). 
Maybe a solution for this problem is to test 
the analysis of these compounds in 
HPLC-MS-MS

a

b
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Introduction
As endocrine disruptors, chlorophenols can endanger aquatic                
environments. This is why these pollutants are subject to rigorous controls, 
especially for industrial wastewaters. 
However, it is not advised to analyze them by GC without preparation 
because of their high polarity which produces a broad tailed peak. It is thus 
necessary to convert them into a less polar form, for instance by           
acetylation. 
Gas chromatography coupled with mass spectrometry is particularly    
adapted for the analysis of chlorophenols thanks to its high sensitivity and 
selectivity. 
This article presents how to analyze 4-chloro-3-methylphenol (4C3MP) by 
GC-MS with preliminary acetylation and use of an internal standard, the 
4-bromophenol.

Experimental conditions
Due to the fact that the samples are contaminated (being really dirty), a 
purification is needed by changing pH.  The 4C3MP has a pKa of 9.55, so 
nitric acid is added to reduce the pH and to mainly have the molecular form 
of chlorophenol. Furthermore, it is possible to extract this with toluene. 
Using a solution of sodium carbonate, it will become more alkaline and 
water soluble. 
Samples are derivatized by acetylation by adding sodium carbonate and 
anhydrous acetic acid. This step allows the conversion of the alcohol     
function into acetate. Eventually, an extraction with hexane is carried out 
to concentrate the acetate of 4-chloro-3-methylphenol (A4C3MP). 
During all these steps, the internal standard, 4-bromophenol, is used to 
follow the evolution of the pollutants studied. 
Once the acetylation is performed, it is then possible to analyze it by 
GC-MS. 

Results and discussion
Before applying the operating procedure on samples, aqueous standards 
were tested in order to verify that all pollutants had been extracted. Then 
the sample is purified, the results show losses of 4C3MP with an efficiency 
of around 30% instead of 95% without purification. So the purification step 
is deleted. 
The chromatogram obtained by GC-MS is shown in figure 2. For each   
chromatographic peak, a characteristic mass spectrum is associated with a 
parent ion mass. 
The acetate of 4-chloro-3-methylphenol shows its parent ion mass at 
m/z = 142 and a fragment ion with a high relative abundance at               
m/z = 107. The fragment ion used for the internal standard appears at m/z 
= 172 (parent ion). With an internal calibration, it is possible to determine 
the concentration of the chlorophenol in the industrial effluent.

IRCELYON
  2 avenue Albert Einstein

  69626 Villeurbanne Cedex

Conclusion

This procedure allows the quantification of 
chlorophenols in samples. However, since 
it is necessary to derivate the pollutants, it 
would not be advised to perform            
qualitative analysis. It was observed that 
the acetylation alters the effluent         
components. It could be interesting to test 
another method which would keep the 
pollutants intact, such as Solid Phase 
Extraction (SPE).

Fig.1 : Chromatogram after acetylation of 
4-chloro-3-methylphenol and the internal 
standard
Fig.2 : Mass spectrum of 4-chloro-3-methylpe-
nol acetate

 m/z = 107 

Time (min)

Fig.1

Fig.2

 Acetate of 4-
bromophenol 

 Acetate 
of 4C3MP 
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Introduction
One of the topics of research of the “Anabio” team in the “Institut des 
Sciences Analytiques”, is to develop methods to quantify proteins in       
biological environment. This development can take several weeks, this is 
why an optimization of several steps of this development could save     
operators time. For this optimization, the team gets some robots to 
achieve automatically some tasks such as dilutions and Solid Phase    
Extractions (SPE) that are needed for the development of methods.

Material and methods
This optimization with the robot follows three steps:

- First, the program read by the robot with its software is created. For 
example, this program allows the robot to transfer liquid from one labware 
to another, to move labwares on the robot’s deck, to heat, to shake 
labwares or to make vacuum with a vacuum pump…

- Second, an excel workbook is created to change automatically this 
program due to values entered into the excel workbook.

- Finally, when the program ends, the final products are analyzed by 
LC-MS/MS.

Analyses were made with a 4000 Q-Trap AB Sciex mass spectrometer, 
coupled with a LC-MS/MS system, in Multiple Reaction Monitoring (MRM) 
mode. This mass spectrometer uses an electrospray as ionization source 
and this source is heated to reach a temperature of 450K.

Results and discussion

Diluted solutions of the peptide A made by the robot were analyzed. These 
analyses made at a concentration higher than 5pg/mL give correct results 
(Figure 1). However, this is not checked for each peptide, because each 
one has a different response factor. So, a peptide with a high response 
factor could saturate the mass spectrometer at high concentrations, 
instead of one with a response factor which is not quantifiable at low 
concentrations. These dilutions were made in water so the noise was very 
low. However in blood or plasma this noise might be higher so the limit of 
quantification might be higher as well.
SPE made by the robot did not give correct results as the dilutions did. It 
is because these SPE do not have a good yield because a vacuum pump is 
used to accelerate the flow into SPE columns. If this vacuum is not well 
balanced it decreases the extraction yield. Therefore, analyses made after 
SPE by robot gave only blanks. 

Conclusion

This robot allows saving time at different steps of the development of 
methods to quantify a protein. Dilutions gave correct results but it has not 
been checked with peptides into blood and it could be different. However, 
SPE have not given correct results yet. Tests should be performed to know 
the vacuum time and its value for each step of the SPE, so as the yield is 
increased.

Figure 1: Calibration curve of the peptide A in 
water between 0.005 and 10ng/mL. Dilutions 
made by the robot

Institut des Sciences Analytiques (ISA)
 Team Anabio

 5, rue de la Doua
 69100 Villeurbanne 

Figure 2: Example of robot instrument setup for 
SPE
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Introduction
Secauto is a company member of Clemessy, itself member of Eiffage. 
French leader in industrial analysis, this company has developed an on line 
mercaptans analyzer in kerosene. The SECAN-RSH (SECauto Analyzer) 
allows the determination of the amount of sulfur in hydrocarbon. Those on 
line analyses allow the regulation and the adjustment of the KEROX unit 
parameters in real time. This analyzer can also be used to anticipate the 
regulation of the unit in case of charge changing.

Material and methods
The kerosene flows through different pipes to get into the measuring cell. 
The flow is guides by several valves controlled by the PLC (programmable 
logic controller). A calibrated loop enables the introduction of the expected 
volume of hydrocarbon in the measuring cell. The analytical unit is       
composed by the measuring cell, a pneumatic agitator and 3 electrodes 
(silver, platinum and combined electrodes).
The quantitative determination of mercaptans is based on their               
precipitation with silver ions. The generation of Ag+ ions is managed with 
a coulometric method by oxidation of a silver electrode. The evolution of 
the reaction is followed by a potentiometric method. A PID (Proportional 
Integral Derivate) controls the generation of current in order to be :

- Fast at the beginning, 
- Controlled at the equivalence 
- Nil after the equivalence.

At the equivalent point the number of silver ions is equal to the number of 
moles of mercaptans. Knowing the density (d) and the volume of the 
sample, the amount of mercaptans is calculated with the following 
relation:

RSH amount (ppm) =  

Q= i × t (i: current in amperes, t: time in seconds)
F: number of Faraday (96500 Coulomb)

Results and discussion

During the analysis, the automate draws curves corresponding to the 
evolution of the measurement. Figure 1 illustrates the evolution of the 
measures of the combined electrode and the setpoint (corresponding to 
the equivalent point) during different analyses. We can notice that 
analyses are stopped when the measure reaches the setpoint. Figure.3 is 
a graphic showing the repeatability of the analyzer and laboratory 
analyses. As we can see in this figure the analyzer gives a correct and 
repeatable value of RSH amount compared with the lab value.

Conclusion

Thanks to this analyzer, laboratory systematic analyses are not necessary 
to ensure the correct regulation of the unit. 
The SECAN-RSH makes 2-3 analyses per hour and is available 24 hours a 
day with an accuracy of 1ppm whereas lab analyses are only done once a 
day. 

Figure.3 : repeatability tests
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Figure.1 : dosage curves of RSH by silver ions

Figure.2 : evolution of the measures
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Introduction
The elemental analysis using inductively coupled plasma and optical emis-
sion spectrometry or ICP-OES is now established as a multi-element analy-
tical technique for major elements, minor elements and traces. However, 
the detectors used in this type of devices are still less sensitive. Meanwhile, 
manufacturers are developing intensified Charged Coupled Devices came-
ras called “iCCD”. During the completion of this project, a coupling of an 
ICP-OES with two different detection systems and a comparison of these 
two different assemblies were carried out.

Material and methods
The material used for this experiment was an ICP-OES Horiba/Jobin-Yvon 
JY138 Ultrace Prototype and a Horiba/Jobin-Yvon iHR 320 spectrometer 
with a photomultiplier detection and a Horiba/Jobin-Yvon iHR 320 spectro-
meter coupled with a Horiba/Jobin-Yvon iCCD camera model 320T. An 
optimization of each assembly was conducted before coupling to determine 
the optimal parameters to produce and detect plasma signal through the 
spectrometer. Then, the assemblies were carried out and different spectra 
for a multi-element solution containing 1 mg/L of Mg and 20 mg/L of Ni, 
Cd and Pb were obtained. The comparison was realized thanks to different 
analytical performance criteria like SBR, RSDb and finally LOD, obtained 
after calculation using spectra.

Results and discussion

An outstanding diminution of LOD is obtained with iCCD detector. The 
decrease is greater for elements like Cd and Ni with a factor about 20, than 
the diminution for elements like Mg. This difference is due to a variation of 
detection efficiency between the two detectors at some wavelengths.

Conclusion

This study allows us to conclude that iCCD camera enables to increase 
sensitivity of the plasma detection compared to the detection with the PMT. 
It would be interesting to do this comparison in real condition, this means 
with an axial detection and a better connection by integrating the iCCD 
camera directly into the ICP-OES.

Figure 1: Histogram showing the relative PMT 
LOD / iCCD LOD depending on the studied 
element.

Instrumentation

Characterization of stationary phases 
functionalized by photochemistry  

15

Sarah MOUMTAZ

Sarah MOUMTAZ

Introduction
Monoliths are used as a new stationary phase which enables the         
miniaturization of systems and give good performances. The advantage of 
that kind of stationary phase is that their synthesis can be done in-situ, 
thus, the synthesis is prepared in fused silica capillary of 75 µm inner 
diameter.
Figure 1 represents a scanning electron microscopy image of a silica    
monolithic column characterized by interconnected macropores. 
The classical silanisation process wide lead to the so called ODS column 
(OctaDecyl Silane), is very long and laborious. To find a solution to this 
time consuming process, the Laboratory of Analytical Sciences (LSA) 
focused on a new photochemical process.
Figure 2 illustrates the original photochemical approach investigated.
The aim of this work was to characterize the new monolithic silica columns. 
This was done by measuring some chromatographic selectivities (the 
Tanaka diagram). These characterizations allow the determination of the 
influence of the spacer, the morphology (monomeric or polymeric) of the 
obtained layers and the impact of residual surface silanols on the retention 
of basic compounds for example. 

Methodology
All manipulations were done with a capillary electrophoresis system under 
12 bars. The UV detector set on 214 and 254 nm enabled the detection of 
all the compounds. The Tanaka test is composed of 6 parameters: the 
surface coverage, the methylene selectivity, the steric selectivity, the 
amount of silanols and the silanols activity at pH > 7 and pH < 3. For these 
different parameters, several solute were used: amyl benzene, hexyl 
benzene for the first and the second tests; ortho-terphenyl, triphenylene 
for the third; caffeine, phenol and benzylamine for the last three analyses. 
Thiourea was used to determine the column dead time.

Results and discussion

All the results were combined on a radar plot in figure 3. These results 
were compared with an ODS column which serves as the reference 
column. The results are quite similar for tests A and B which means that 
the hydrophobicity does not vary much between these two columns. The 
steric selectivity is large for this column which demonstrates the polymeric 
nature of the layer. Thus, this kind of column can clearly separate          
compounds by their shape not just their hydrophobicity. 

Conclusion

The investigated photografting process is a simple, rapid and versatile 
process to elaborate a miniaturized column. 

Figure 1 :  diagram of a capillary with a zoom on 
the skeleton of monolith.

Institut des Sciences Analytiques
La Doua 69100 Villeurbane

 

Figure 2: photographting of acrylate C12 carbon 
chain on a methacrylate actionable under UV. 
In red, capillary spacer is represented.
BME: benzoic methyl ether

Figure 3: Tanaka plot: A, surface coverage, B, 
methylene selectivity, C, steric selectivity, D, 
amount of silanols and E and F silanols activity 
at pH > 7 and pH < 3. In red the classical 
column, in violet the photographted one
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Introduction
Nowadays, generic drugs have become a real alternative. Indeed, they 
have the same effects as reference drugs called brand drugs, but at a lower 
cost. In this favorable context, the pharmaceutical laboratory MAP France 
develops and analyzes new drugs. We were focused on Trolovol whose 
active ingredient is D-penicillamine. This drug is specifically prescribed for 
the treatment of Wilson’s disease and rheumatoid arthritis. Thus the aim 
of this experiment was to validate a new method of analysis by HPLC, 
following a protocol which includes a statistical test.

Experimental procedures
Analyses were performed on a LaChrom Elite HPLC system (High 
performance Liquid Chromatography) coupled with a DAD detector from 
Hatachi technology (UV detection was carried out at 220 nm).  The column 
used was a C18, size 150x3.9 mm, with a flow rate of 0.8 ml/min. 20µL of 
solution were injected, and the mixture was separated using a mobile 
phase made up of 100% potassium dihydrogenophosphate (6.8g/L) and 
hexansulfonic acid (0.206g/L) buffer whose pH was adjusted to 3.5. So 
under these conditions the run ended in 15 minutes. 
The theoretical concentration of D-penicillamine required for the assay was 
3 mg/ml.

Results and discussion

ESeveral parameters such as specificity, linearity, repeatability, 
reproducibility, accuracy and stability were studied in order to validate the 
analytical method.
As shown in the Figure hereafter, D-penicillamine and the main impurity 
D-penicillamine disulfide are well separated. This chromatogram also 
reveals the instability of D-penicillamine due to the fact that it is degraded 
into an impurity over time. This characteristic is important to note, it 
means that D-penicillamine cannot be preserved in solution. 
Firstly, a solution of the active ingredient and one of impurity were 
prepared to check the specificity. 
Secondly, after comparison of the slopes and the Y-intercepts of the linear 
regressions of the active ingredient with and without all excipients, it 
concluded that the experiment could only be carried out in water. It means 
the response of D-penicillamine in the chromatographic system is linear 
within the range [80%-120%] of the concentration used in the assay and 
there is no matrix effect.
Thirdly, repeatability was tested with 10 injections on the same day, and 
reproducibility was conducted for 3 consecutive days. Accuracy is deduced 
from statistical calculations using the previous test results for repeatability 
and the confidence interval can therefore be estimated.

Conclusion

Several coefficients of variation (reproducibility and repeatability) were 
under 2%, so the method seemed reproducible, repeatable and exact with 
a confidence interval of 0.19%. All parameters were successfully tested 
and this analytical method was validated. Thus, in the future, it will be 
necessary to carry out a forced degradation of the drug (PH, temperature, 
with H2O2) in order to determine the ideal conditions of storage and 
dissolution. 

Stability of D-penicillamine (superposition of 
multiple chromatograms at T=0 min (black), 
T=45min (blue), T=1h30 (pink), T=2h15min 
(skyblue).)
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14 rue Jacques Monod
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Introduction
 The “Unit of reconstitution cytotoxic drugs centralized” (URCC) is a unit 
which prepares injectable chemotherapy treatments intended for patients 
with cancer. The URCC has several objectives: to guarantee the quality of 
microbiological and particulate preparations, to protect staff, the 
environment and the patient against cytotoxic drugs, to secure the system 
of anticancer drugs and all within constrained budgets. To reduce 
medication errors, a quality control tool has been implemented in the 
URCC: both quantitative and qualitative analytical control preparations 
pre-release.
Anthracyclines belong to a family of cytotoxic drugs, extracted by bacteria 
of the genus Streptomyces which presents an anti-tumor activity. The 
mechanism of action is by inserting of anthracyclines between the two 
strands of DNA, and causing cell death. However, this mechanism does not 
only target cancer cells, which explains the occurrence of certain side 
effects.
The aim of these tests was to measure the parameters such as linearity, 
accuracy (intermediate precision) for two anthracyclines: Doxorubicin and 
Epirubicin but here only the doxorubicin will be exposed.

Experimental methods
Ranges of calibration were performed on Doxorubicin to validate the 
automatic diluter and provide the following dilutions: dilution to ¹/50, ¹⁄20, 
¹⁄10, ¹⁄5, ¼, ¹⁄3, ½, ¹⁄1.3 and pure. The dilution operations were conducted 
for each molecule in two different solvents: NaCl 0.9%and glucose 5% but 
here only the results of NaCl were used. To validate the diluter, the 
following parameters were measured: repeatability, accuracy, linearity and 
intermediate precision. The calibration was repeated over 3 days with 3 
points of Quality Control (QC) for 3 different concentrations in each 
solvent. A total of 54 samples for QC were tested in order to obtain reliable 
results for the rest of the study.

Results and discussion

Here, only the Doxorubicin in NaCl was examined and results are 
illustrated in Table 1 and 2. The data of regression generated allows ending 
in the linearity of the answers in an interval of concentrations included 
between 0.04 and 2.0 mg/mL. In every case, R2 is higher than 0.999 and 
the ranges slopes show the pourcentage of deviation (CV) always lower 
than 5%. All in all, the accuracy of the repeatability  of the three QCs, 
whatever the matrix, the compound, are lower than 10%. The CV of the 
average QCs obtained during three consecutive days of manipulation 
compared with the theorical values are lower than 10%. 
To conclude, results of tests proved the automatic diluter lead to faithful 
and accurate results, in both matrices and in the range of the considered 
concentrations.

Fig.1: Structure of Anthracyclines.
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Table 1 : An extract of the table of results for 
Doxorubicin in NaCl:  exactitude and 
intermediaire precision.

Table 2 : An extract of the table of linearity’s 
results for Doxorubicin in NaCl.
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Introduction
The control laboratory of the pharmacy of the Edouard Herriot Hospital 
carries out physico-chemical and bacteriological analyzes of different drug 
forms. In this context, an accurate and rapid spectrophotometric method 
was set for the estimation of azithromycin (AZI) dihydrate in pure and 
pharmaceutical dosage forms as capsules. (Fig.1) This molecule is a  
semi-synthetic macrolide antibiotic drug effective against a wide variety of 
bacteria. It is used for the treatment of a range of adult and paediatric 
infections, including those of the upper and lower respiratory tract, skin 
and soft tissues, as well as sexually transmitted diseases.

Experimental method
All spectral measurements were undertaken with Shimadzu UV/VIS  
double beam spectrophotometer (model 2401 PC) with 1 cm matched 
quartz cells. First, azithromycin was solubilised in pH 6.8 phosphate + 
methanol buffer. Then, solutions were dissolved under ultrasound for 5 to 
10 min. Finally, the blank cell was realized with water and all solutions 
were analyzed. The macrolid shows an absorbance peak at 215 nm. The 
same procedure was followed for three days to study inter-day variations 
and by three different analysts for inter-analyst studies.

Results and discussion

The method was validated for different parameters like specificity, linearity, 
accuracy, precision (repeatability, reproducibility, intermediate precision) 
limit of quantification (LOQ) and limit of detection (LOD).

Specificity
The UV-Spectrum of AZI showed no change in the presence of common 
excipients (lactose + carmine) used for the formulation. So there is no 
interference in the measurement of antibiotic

Linearity
The linearity was found in the range of 1.5-3.6 g/L supported by high 
regression coefficient of 0,990 for 3 days. (Figure 2) Therefore the method 
can be considered as linear.

Accuracy
The accuracy of the method was checked by determining the percentage 
recovery values. 

This percentage recovery values is in a confidence interval: 96 % to 100 % 
which is a correct result.

Limit of quantification and limit of detection
LOD and LOQ are terms used to describe the smallest concentration of a 
measure and that can be reliably measured by an analytical procedure. Laboratoire de contrôle de la Pharmacie

Hôpital Edouard Herriot Pavillon X
5 place d’Arsonval

69003 LYON

Figure 1: Structure of AZI (C38H72N2O12 2H2O)

Conclusion

A simple, rapid, accurate and precise 
method was developed for UV determina-
tion of azithromycin. The method was 
validated. It demonstrated a wide linear 
range, a good precision, accuracy and 
specificity. The method is sufficiently 
sensitive to measure the antibiotic.

Figure 2: Standard calibration curve of AZI in 
pH 6.8       phosphate + methanol bu�er.
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Introduction
The LIBS (Laser-Induced Breakdown Spectroscopy) technology is an 
elemental analysis known for being a non-destructive and a semi-quantita-
tive method. Moreover, it covers a large field of applications. Indeed, 
thanks to that technology, it is now possible to analyze a variety of 
elements from art pieces to fingerprints to rocks for instance. Besides, 
experiments are fast and easy, and remote measurements can also be 
practiced. That is why this developing technology has been chosen: the 
objective is to be able to analyze glass pearls (glass incorporated into a 
matrix). Calibration curves were plotted with elements of known      
concentrations. Using those curves will allow finding the LoD of some 
elements in order to determine the performances of the LIBS. 

Experimental procedures
To determine calibration curves with each element from the pearl, the 
Czerny-Turner spectrograph which covers a spectral range of           
approximately 30nm was used. A plasma was created into the glass by a 
266 nm ns Nd:YAG laser with an energy of 12 mJ. The light produced was 
collected by an optical fiber and the spectra were recorded using an Inten-
sified Charge Coupled Device (ICCD). Measurements were carried out in 
ambient air at atmospheric pressure since the cameras are really fragile 
pieces. A tiny portion of matter was ablated by means of the laser by a 
10x10 matrix sites. The duration of an experiment is typically about 1 min.

Results and discussion

Calibration curves were plotted with 8 reference samples in order to quan-
tify unknown pearls then. Afterwards, we could carry out a quantitative 
analyze however, it is not the subject of this article. Firstly, the pearls were 
analyzed from the least concentrated to the most concentrated in Chro-
mium and Barium amongst others shown in table 1. The results are illus-
trated in figure 1. An excellent linearity is observed. Moreover, the obtai-
ned LoDs are almost always below ppm. Determining the concentration of 
the unknown pearls in the elements 

Table 1 - Results of all the calibration samples 
                                                                                                                       Institut Lumière Matière

                    UMR5306 CNRS
Université Claude Bernard Lyon 1

             Domaine Scienti�que de La Doua
          Bâtiment Kastler, 10 rue Ada Byron
         69622 Villeurbanne CEDEX, France

Conclusion

The LIBS performances are shown through 
those results since elements below the 
ppm degree can be detected. 

Figure 1 : Calibration curves of Chromium and 
Barium
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Introduction
Combretastatin A-4 (Fig. 1) belongs to a family of natural products which 
have the capacity to inhibit the polymerization of tubulin within cancer cells 
by binding to this protein. As a consequence, cell mitosis is blocked, thus 
inducing cell apoptosis. As the cis derivative is 30 fold more active than its 
trans isomer and as there is an in vivo cis to trans isomerization, a method 
of quantification of each compound has to be developed, aiming to 
determine the rate of this process. Furthermore, this method would be 
helpful to determine if the conditions used for the galenic formulation of 
CA-4, could modify the cis/trans ratio. As the structures of these two 
isomers were very close, the main problem was to find appropriate 
conditions to efficiently separate trans and cis CA-4.
Preliminary results used a Poroshell® column 120 SB-C18 with an internal 
diameter of 2.1 mm, a 50 mm length, particles size diameter of 2.7 µm, at 
a flow rate of 0.500 mL/min (injection volume of 5 µl). Moreover, the 
mobile phase was composed of water/acetonitrile (ACN) (40:60) (v:v).

Experimental conditions
CA-4 was analyzed using these preliminary conditions: Poroshell® column. 
The mobile phase was composed of a water/ACN (60:40) (v:v) mixture. 
Efficiency was very low and the results were insufficient in term of 
resolution (Fig. 2).

Consequently, the column was changed for a Zorbax Eclipse Plus® with an 
internal diameter of 2.1 mm, a 100 mm length, particles size diameter of 
1.8 µm, at a 0.500 mL/min flow rate (injection volume of 5 µL), which 
significantly improved the efficiency of the column.
As both isomers of CA-4 were not totally separated, an optimization of the 
mobile phase was then undertaken.

The solvent system was changed to water/methanol (MeOH). After 
optimization, the water/MeOH mixture for the mobile phase was set to 
(40:60) (v:v) to 15873 and the resolution to 6.63 (Fig. 3).

Results and discussion

After the determination of suitable conditions, the optimal 
chromatographic system was composed of a Zorbax Eclipse Plus® column 
and a water/MeOH (40:60) mobile phase. This study has proven the 
superiority of sub-2 µm particles compared to a core-shell system: it 
allowed a total separation of the two isomers of CA-4, and it will be used 
for the rest of the pharmaceutical development of this compound. 

Université Claude Bernard Lyon 1
ISPB – Faculté de Pharmacie de Lyon

Unité de recherche EA 4446
  Biomolécules, Cancer et Chimiorésistance

Figure. 1 – Chemical structure of 
combretastatin A-4 (CA-4).

Figure. 2 – Chromatogram of CA-4 obtained 
with a Poroshell® 120 SB-C18 chromatographic 
column using a water/ACN (60:40) mobile 
phase.

Figure. 3 – Chromatogram of CA-4 obtained 
using a water/MeOH (40:60) mobile phase and 
a Zorbax Eclipse Plus® column. 
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Introduction
Alzheimer’s disease is the most common form of dementia and affects 35 
millions of people in the world today. The diagnostic is usually possible 
after signs of the first symptom. However recent studies show that neuron 
damage can begin 10 years before this. Thus the research of new           
biomarkers to detect and identify this disease earlier on is of great interest.
In this article, the protein A is studied as a potential as biomarker of this 
disease in human plasma. Two forms of this protein are analyzed and 
quantified by micro-LC coupled with tandem mass spectrometry. A         
parameter X, the ratio of the two protein’s forms, is also determined for 
samples from healthy patients (Control Sample) and patients with 
Alzheimer’s disease (AD Sample). The results show a difference between 
the two sets of samples.

Material and methods
The protein A was digested by trypsin and purified by Solid Phase       
Extraction (SPE) with an Oasis HLB cartridge 3 cc 60 mg (Waters).      
Digestion allowed to break down the protein into small molecules, 
peptides, which are adapted to mass spectrometry analysis. A specific 
peptide was chosen. Two forms of this peptide were separated and 
analyzed by micro liquid chromatography (Column C18,3 µm, 1mm*10 
cm) coupled with tandem mass spectrometry. A triple quadrupole mass 
analyzer in Selected Reaction Monitoring (SRM) mode was used. SRM 
mode is a powerful method for quantitative measurement of target 
peptides and has been a tool for quantification for number of decades. 
Moreover, this mode is highly specific and sensitive.
For each from of peptide, three SRM transitions (m/z values selected in Q1 
and Q3) were followed but only one was used for quantification. 
The SRM transitions are described in Table 1.

Table 1: SRM transitions followed during the analysis. The values in red 
were used for the quantification.
  
For each form of the peptide, a peak was obtained on the chromatograms. 
Each peak was integrated and the parameter X, ratio of the two forms, was 
deduced. This was repeated for all of the samples. An average X parameter 
was calculated for the two types of sample.

Institut des Sciences  Analytiques
                                         5, rue de la Doua
                                     69100 Villeurbanne

Conclusion

Protein A (and its parameter X) shows a 
true potential as a biomarker of 
Alzheimer’s disease. Further studies 
should be undertaken to confirm these 
results in order to validate protein A as a 
new biomarker.

Figure 1 : Control samples and AD
Samples parameters X of human plasma’s 
protein A 

PROTEIN A m/z in Q1 m/z in Q3 

form 1 516,263 
 

734.4 

621.3 

416.2 

form 2 524,361 

847.4 

750.3 

637.3 

Results and discussion

As showed in Figure1, the parameter X of 
the protein A is less important for Control 
Samples than for AD samples. An average 
difference of 54.3 % was observed. These 
results seem encouraging, however before 
concluding it is necessary to also study the 
influence of other parameters such as 
sample preservation, sampling procedure, 
and the cleanliness of the equipment. 
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Introduction
Sulfamethoxazole is an antibiotic of the sulfonamide family. The 
pharmacological activities of sulfonamides are well known in literature. 
Indeed, this antibiotic is already used for treating burns on humans or 
animals. However, antibiotics alone are becoming less and less efficient 
against bacteria which are more and more resistant. Therefore, mixture of 
antibiotics are tested in order to increase their activities, in particular for 
the treatments of nosocomial infections. Another chemical pathway is 
possible: the synthesis of sulphonamides complex with antiseptic metals. 
A major step before this synthesis is the condensation of the 
sulfamethoxazole. This step is used to increase the coordination sites. This 
study will present the modification of a sulfamethoxazole and the 
characterization of this molecule by NMR and X-Ray diffraction.

Synthesis
The NH2 group of our molecule was modified to an enaminone moities by 
adding of trifluoromethyl ether. This condensation reaction (figure 1) 
allows increasing the number of coordination sites.

Figure 1: Condensation reaction of sulfamethoxazole

Results and discussion

• X-Ray diffraction
X-ray diffraction was used to determine the chemical structure of the 
synthesized product (figure 2) even though the main difficulty was to 
obtain single-crystals available for analysis. 

Figure 2: Modified sulfamethoxazole structure where Oxygen is shown in 
red, Nitrogen in blue, Carbon in grey, Sulphur in yellow. 

Université Claude Bernard Lyon 1
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• NMR
NMR provides structural information of the 
molecule in a solution. Therefore, we can 
verify the purity of the product. It can be 
seen in figure 4 that the NH2 group 
disappeared in the 1H NMR spectrum 
(doublet initially at 6.1ppm in 
sulfamethoxazole spectrum). Similarly, we 
can distinguish the “CH=CH moities” at 
8.2ppm/8.4ppm and 5.7ppm/5.9ppm. 
This chemical displacement characterizes 
the group “trifluoromethyl ether 
enaminone”. Moreover, it is apparent from 
the data in figure 3 that the reaction was 
successful. Finally, the synthesized 
product was presented in two isomers cis 
and trans with the relative ratio 20/80.
The spectrum 1H NMR was obtained using 
a spectrometer BRUKER of 400MHZ 
equipped with a probe BBI.

Figure 3: 1H_ NMR spectrum of 
sulfamethoxazole modified in DMSO d6. 
DMSO peak is at 2.5ppm.  

Conclusion

The sulfamethoxazole condensation was 
successful. This modified antibiotic was 
characterized by X-ray diffraction and 1H 
NMR methods. Two isomers are obtained 
from this synthesis: Cis and Trans forms. 
This discovery is very important in view of 
the molecule pharmacological properties.
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Introduction
Staphylococcus aureus is a bacterium responsible for many types of 
infections, such as nosocomial infections in humans. Plus, it is the second 
pathogen responsible for this type of infection after Escherichia coli. S. 
aureus has the ability to secrete, after invasion, adhesion factors, toxins or 
enzymes. These toxins are capable of forming pores such as PSM. These 
peptides are produced in large quantities by the community strains, and 
participate in the success of infection by their ability to lyse neutrophils. 
PSM of type I called PSMα are those that will be investigated here. The 
objective is to develop the assay PSMα by HPLC-MS to quantify the 
expression of PSMα and know later if a particular antibiotic inhibits or 
otherwise induces the expression of a PSMα Geraldine strain of S. aureus.

Material and method
Analyses were performed on a liquid chromatograph in combination with a 
mass spectrometer system. The column used is a Strategy US2 C12 (50 
mm x 2.1 mm x 2.2 µm). The flow rate is 0.220 mL/min and the injection 
volume is 10 µL.

Table 1: Description of the gradient elution (A: 90% acetonitrile, 10% 
water, 0.1% formic acid ; B: 10% acetonitrile, 90% water, 0.1% formic 
acid)

About the mass detector conditions, the capillary voltage was at 4 500 
volts, the gas temperature at 350 °C, the gas flow at 11 L/min, the 
nebulizer pressure at 50 psig and the oven temperature at 45 °C.

Results and discussion

In the first instance, the standard range permit to quantify the expression 
of PSMα in the Geraldine strain of S. aureus (results table 2). Plus, the 
standard deviation is quite important which means the expression is not 
stable.

Secondly, antibiotics’ effect have been determined. Indeed, Oxacillin and 
Linezolid have no effect, Clindamycin induces PSMα1-2 and inhibits 
PSMα3, Tigecyclin Vancomycin inhibits and Ofloxacin induces (figure 1 and 2). 
(MIC = Minimal inhibitory concentration)

Conclusion

To conclude, the results show that PSMα can be quantified with an 
HPLC-MS but it would be better if some parameters were changed, such as 
the gradient in order to reduce the analysis time. 
Moreover some antibiotics can inhibit the PSMα‘s expression. It means 
that, in the future, they will have the opportunity to fight against PSMα.

Hôpitaux Civils de Lyon
Service de Bactériologie

Chemin du Grand Revoyet
69495 Pierre-Bénite

Time 0 3 3.5 7 20 23 25 30 

%A 100 100 60 60 0 0 100 100 

%B 0 0 40 40 100 100 0 0 

 Concentration (µg/mL) Standard 
Deviation 

PSMα1-2 530 1400 

PSMα3 520 210 

Table 2: PSMα’s concentration
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Introduction
A research project in Université Claude Bernard Lyon 1 tries to synthesize 
an osmium complex which contains the entity [OsIINO]3+ and at least four 
pyrazol heterocycles from the complex H2[OsIVCl6]. This complex is 
expected to have a very interesting antiproliferative activity against cancer 
cells due to the apoptosis property of the NO grouping and the             
bioactivation property of the pyrazol heterocycles. The research started 
with the substitution of four Chlorides from the complex H2[OsIVCl6] with 
four pyrazoles and the characterization of the final complex with analytical 
methods. 

Synthesis

The synthesis used is the following one :

In this reaction, seven equivalents of pyrazol were used. Indeed the 
synthesis needs four equivalents of pyrazol in order to substitute four   
chlorides, two others participate at the reduction of the [OsIV] to [OsIII] 
and one more in excess which favors the reaction. The mixture of 
H2[OsIVCl6] was boiled with seven equivalents of pyrazol at 170°C during 
twenty hours. After the end of the reaction the complex [OsIII(Hpz)4Cl2]Cl 
crystallized as a red solid. An IR and a Mass Spectrometry analyses on 
positive mode were performed on the solid. 

Analyses and results

- IR: The IR analysis was done with a FT-IR using the ATR mode. On the 
spectra (figure 1), a characteristic peak due to the N-H band (secondary 
amine) of the pyrazol is visible around 3300 cm-1. The presence of two 
peaks around 1500 cm-1 (C=C) and 3126 cm-1 (C-H) demonstrates the 
presence of azole heterocycles. The band Osmium- pirazol is also visible 
with a peak at 570 cm-1: Os-N. 

- Mass Spectrometry : The mass spectrometry analyses were done in the 
positive ion-mode using an ESI source and a triple quadruple in the Q1MS 
mode. On the spectra (figure 2), four major ions are present. For our    
compound, an ion [OsIII(Hpz)4Cl2]+ with a m/z at 534,0 Da was          
expected. This one is present on the spectra but with three other major 
peaks. One at 523.9 Da which corresponds to the ions [OsIII(Hpz)3Cl2]Na+, 
another at 1024.6 Da which corresponds to the multiple complex 
[Os3(Hpz)3Cl2][OsIII(Hpz)3Cl2]Na+, and the last one at 398.1 Da characte-
ristic of the product ion [OsIII(Hpz)2Cl2]+.

Conclusion

After this experimentation, the results 
demonstrate that the complex synthetized 
is not ready for the next step. Indeed, we 
have obtained a mixture of some 
Osmium’s complex which contains three or 
four pirazoles and it is an obligation to 
have only four pirazoles on it. An improve-
ment of the method is necessary. In order 
to make sure all the substitutions happen, 
the use of a bigger excess of pyrazol 
during the reaction is an option as much as 
the modification of the operational condi-
tions during our synthesis (time and 
temperature of reaction,pH,matrix).  

Figure 1: IR Spectra of Our compound
Figure 2: Mass spectra of our compound in 
positive  Ion mode

Université Claude Bernard Lyon 1
Laboratoire Multimatériaux et Interfaces

Campus de la Doua 
69622 Villeurbanne Cedex
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Introduction
Some molecules which contain identical atoms linked together in the same 
order, and with a similar geometrical structure, can be found in several 
different forms. If a molecule includes at least one asymmetric carbon 
atom, it is possible to have two different configurations which are mirror 
images of each other, but cannot be superimposed: these two               
configurations are called enantiomers. Despite their similar geometry, they 
can  have very different chemical properties and biological effects. In the 
pharmaceutical world, most drugs contain only one of the two              
enantiomers. It is therefore important to be able to characterize the     
absolute configuration of these molecules to ensure effective medication 
and avoid unwanted side effects. Single-crystal X-ray diffraction can be 
used to determine the chirality of the compounds through the              
determination of the Flack parameter.1

Material and methods
Using a four-circle goniometer with Kappa geometry, a small single-crystal 
(0.21 x 0.08 x 0.05mm) was irradiated with Copper radiation 
(λ=1.5418 Å) emitted by an X-ray tube. The X-ray wavelengths are 
comparable with inter-atomic distances within a crystal and can therefore 
be used to determine the structure of the crystal at an atomic level2 The 
sample crystal diffracts the incident beam with varying angles of diffraction 
according to the material analysed. The X-ray scattering pattern is 
detected by a CCD (Charge-Coupled Device) detector and is analysed to 
produce a diagram showing the intensity of the X-rays detected according 
to the diffraction angles. The positions of the diffraction peaks allow the 
determination of the unit-cell parameters and the symmetry elements 
(Space Group). The integrated intensities can then be used to reconstruct 
the electron density map and consequently identify the position of the 
atoms in the unit-cell. This structure can then be refined by the 
least-squares method2 and the model can be assessed through reliability 
factors which represent the agreement of the observed structure factors 
with those calculated from the refined model.
For structures which crystallize in a non-centrosymmetric Space Group, it 
is possible to determine their absolute configuration using the Flack 
parameter, which takes into consideration the anomalous dispersion effect 
in the scattering pattern. The Flack parameter x is evaluated as follows:
 
Ihkl=(1-x)|Fhkl|+x|F-h-k-l|

Ihkl: Intensity of the reflection hkl
Fhkl: Structure factor for the reflection hkl

If the refined Flack parameter is close to 0, then the structure is likely to 
be correct. If it is close to 1 then the atomic coordinates need to be 
inverted to generate the other enantiomer. Finally, a Flack parameter of 
0.5 indicates the presence of a racemic mixture.

Results and conclusion

Single-crystal X-ray diffraction enabled us to determine and refine the 
structure of a pharmacologically active molecule (Figure 1) which 
crystallises in a chiral Space Group (Table1).

Centre de Di�ractométrie Henri Longchambon
 Site CLEA

 5 Rue de la Doua
 69100 Villeurbanne

The refined Flack parameter for this struc-
ture has a value of 0.1(2) which indicates 
that the assigned absolute structure is 
correct.

1. Flack H. D., Acta Cryst. (1983), A39, 876-881
2. Bragg W.L., Proc. Cambridge Philos. Soc.(1913), 17, 
43-57
3. Betteridge et al., J. App. Cryst. (1999), 36, 1487
 

Figure 1 : View of the molecular structure (the 
asymmetric carbon is indicated by *) and a 
photograph of the measured crystal

Molecular Formula C26H22F3N3O3.(C5H5N)3 

Crystal system Monoclinic 

Space Group P21 

 
Unit-cell parameters 

a=5.6607(4)  Å 
b=28.130(2)  Å 
c=11.6278(9) Å 
β=100.210(7) ° 

* 

Tableau 1 : Cristal data summary
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Introduction
Prostate cancer is the third most frequent cancer diagnosed, it is the first 
in terms of number of deaths and it is associated with a high mortality rate. 
Various methods of detection and quantification of these diseases exist, 
such as the ELISA’s method. There is a traditional technique using a speci-
fic antibody reagent with antigen’s protein of the studied disease. However 
for this analysis, specific antibodies need to be developed and produced 
which is both time consuming and expensive. A new analytical method for 
complexes matrices such as biological samples has been developed, the so 
called Photo-SRM mode in mass spectrometry. This method allows a more 
sensitive analysis by adding the specificity of photo fragmentation with a 
laser (LID) to the selectivity of the mass spectrometry. Traditionally, the 
fragmentation is produced by collision with an inert gas (CID). Figure 1 
shows these two SRM methods.

Figure 1. Comparison of two SRM methods.

The specificity of the laser fragmentation is due to the addition of a chro-
mophore to the targeted molecule. The selection of this chromophore is 
very important in the development of the photo-SRM methods. This article 
will discuss the choice of the best chromophore to use for the analysis of 
peptide from PSA (Protein Serum Albumin) in photo-SRM.  

Experimental method
The studies were carried out with 4 different peptides containing cysteine 
residues. These peptides were derived using two different chromophores 
(Dabcyl C2 maleimide and QSY-7 maleimide). This preparation is realized 
with an addition of a fivemolar excess of TCEP (to reduce disulfure bond) 
and threemolar excess of chromophore in the dark during 4 hours. The 
derivation reaction occurs between the thiol group on the cysteine residue 
and the maleimide group of the chromophores. Then this sample is intro-
duced in the mass spectrometry instrument. After the isolation and expul-
sion of the ion parent, a value of CID is apply to the fragmentation of this 
ion in Cell collision where the laser is introduced in this cell.

Results and discussion

Firstly, in order to identify the targeted molecule, we need a large coverage 
of sequence, i.e. a lot of specific fragment ions. With this second figure, we 
can see that derivation with Dabcyl chromophore makes it possible to

obtain more fragment ions compare to the 
derivation with QSY7. Moreover, the frag-
mentation of larger charge state peptides 
also induces more fragment ions. These 
ions are more specific and allow the 
sequencing of the peptide. Concerning the 
fragmentation process, the LID fragmen-
tation is better because this method offers 
better identification (93% in LID mode and 
86 % in CID) although the signal is lower.

Figure 2. Total quantity and ratio obtained 
for various studied parameters

Conclusion

As a conclusion, we can say that the 
Photo-SRM technique using derivation 
with Dabcyl allow to have an easier identi-
fication and a more specific  detection. 
This method will be used for the  quantifi-
cation of peptides from biological markers 
of prostate cancer, such as the PSA protein 
in real biological samples such as plasma.

Tested parameter % fragment’s peptide 

Fragmentation process CID 86% 
LID 93% 

Charge  Number 
1 60% 
2 93% 
3 89% 

Chromophore Dabcyl 90% 
QSY7 87% 

Institut des Sciences Analytiques – ISA
5 Rue de la Doua 

69100Villeurbanne

  

Incubation

5 min to 37°C

Incubation

2 min to 37°C

Incubation

4 min to 37°C

60μL MBLI-141 
(10μg/mL)

20μL MBLI-141 d (1μg/mL)

500μL B

1.5mL cold methanol

Taking 500μL

10μL MBLI-141 
(10μg/mL)

500μL B

20μL MBLI-141 d 
(1μg/mL)

1.5mL cold 
methanol

B

T0

B B

T1

B B

T2

Céline JORE

Introduction
Tumoral cells can resist cytotoxics used to fight against cancer. A possible 
reason is that drugs are transported out of cells. One of the molecules 
synthesized to inhibit the drug efflux is the MBLI-141 (figure 1). However 
this molecule is metabolized by P450 cytochromes which prevents it from 
acting. 
Currently, the most used method to determine and quantify metabolites of 
a molecule is liquid chromatography coupled to mass spectrometry which 
makes it possible to separate various molecules present in a complex 
sample while providing qualitative and quantitative information. Fragmen-
tation patterns of MBLI-141 on one hand and of the internal standard 
MBLI-141 deuterated three times on the other hand, are necessary to 
determine the transitions to use for the quantification of MBLI-141. Then 
MBL-141 metabolites are sought.

        Figure 1: MBLI-141                                      Figure 2: 
                                                          Gradient for MBLI-141 analysis

Experimental methods
A LC method with a Hypersil GOLD Thermo column (100x2,1 mmx3 μm) 
was used with a gradient with the following solvants: ammonium acetate 
50 mM  pH 6,5 (A), isopropanol (B), water (C) and acetonitrile (D) with a 
flow rate of 200 μL/min (figure 2). 
A Finnigan TSQ Quantum Ultra from Thermo was used, in ESI positive 
mode. For the fragmentation, MBLI-141 and its internal standard was 
infused at 0.5 μg/mL with 10:10:80 of A:B:D.
For the metabolization, a first tube called B with 2 mL of regenerating 
system (with glucose-6-phosphate deshydrogenase), 1.8 mL of deionized 
water and 350 µL of liver microsomes of mice (previously treated with 
phenobarbital) was prepared. Then the protocol presented in figure 3 was 
followed.
Once all tubes were recovered, they were vortexed and centrifugated          
5 min to 3500 rotations/min. Then supernatants were evaporated for  
about 45 min and the dry residue was taken with 200 μL of mobile phase 
(50:10:40 of A:B:D)

Results and conclusion

The transitions 547->169 and 547->342 were used to detect MBLI-141 
because it was apparent from the infusion that it was its main fragments. 
For the deuterated MBLI-141, the transitions 550->169 and 550->345 were 
employed.
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Figure 3: Preparation of the samples for 
metabolization

However, the metabolites detected only 
partly explain the disappearance of the 
MBLI-141. 

Figure 4 : Chromatogram of the 
N-dealkylated (a) and the O-dealkylated 

metabolite (b) at 0, 2 and 6 min.

Yet some metabolites were detected like 
the N-dealkylated or O-dealkylated at 374 
and 378 Th respectively. Their maximum 
quantity is probably reached at 2 minutes 
for the O-dealkylated metabolite because 
its intensity decreases after(figure 4b). 
The N-dealkylated metabolite was always 
increased between 2 and 6 minutes   
(figure 4a). Future experiments will moni-
tor MBLI-141 and its metabolites over a 
longer time.

Absorption spectra of pyoverdin (____) and 
the  [pyoverdine-Fe3+] complex (- - -)
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Introduction
Citric acid (2-hydroxypropane-1, 2, 3-tricarboxylic acid) is a tri- acid of 
formula C6H8O7 (Fig.1) involved in the Krebs cycle. The determination of 
this component permits the medical supervision of the toxicity during   
significant blood transfusion especially in case of a dialysis. The analytical 
method is based on enzymatic colorimetric. The main goal of this work is 
to create an internal quality control (IQC) for the automatic method 

Principle of the enzymatic reaction
Citric acid is changed into oxaloacetate and acetate by Citrate Lyase. (a)
                                                                                     
   CL
  (a) Citrate            oxaloacetate + acétate

With Malate-dehydrogenase (MDH) and Lactate-dehydrogenase 
(LDH),oxaloacetate and pyruvate (decarboxilated product of oxaloace-
tate), are transformed into L-Malate and L-Lactate, giving oxidization of 
NADH in NAD+. (b, c) The formation of NAD+ causes a diminution of absor-
bance at 340 nm.

                      L-MDH                 ,                                  
(b)     Oxaloacetate + NADH + H+             L-malate + NAD+

                  L-LDH                                                     
(c)     Pyruvate + NADH + H+                     L-lactate + NAD+

The NADH concentration oxidized is proportional to the citrate concentra-
tion.

Test carried out

Pentra ABX 400 is an automatic system based on a spectrophotometer  
(colorimetric and turbidimetry) and a potentiometer analysis. It has a  
maximal efficiency of 420 tests by hours and it can analyze up to 55 
samples in one series. For the citric acid analysis, it is important that IQC 
is made of the even matrix as the serum. But if samples remain frozen for 
a long time, the acid will degrade. So, all samples are going to be     
freeze-dried to keep their properties. Freeze-dry samples were analyzed by 
the automatic machine. Then repeatability and reproducibility tests                      
were conducted.

Conclusion

Coefficients of variations are less than 10% (Fig.2 and Fig. 3), so we can 
say that the analysis method and the method of conservation of IQC are 
repeatable and reproducible.  But these tests were performed on a small 
number of samples, it would be necessary to carry them out on more 
samples and for a longer time to see if the creation of IQC is a real        
solution.

BIOMNIS
17/19 rue Tony Garnier 

69007 LYON

(Fig 1) : Molecular structure of citric acid
 

Fig 2) Test of repeatability

(Fig 3): Test of reproducibility

Number of 
passages Average Standard 

Deviation CV 

10 16.51 0.39 2.3 % 

Number of 
passages Average Standard 

Deviation CV 

10 69.77 3.5 5.0 % 
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Introduction
Hydroxychloroquine is a drug which is prescribed to patients who suffer 
from rheumatoid arthritis and lupus. It is also used to treat malaria and 
must be taken daily. If not, the symptoms will reappear and an hospitaliza-
tion will be necessary to cure the patients. It is important to assay 
hydroxychloroquine into the patients’ blood to be sure they take the    
medicine as they are supposed to do.
The aim of this article is to outline a method to identify and quantify the 
hydroxychloroquine. Firstly in serum and in whole blood then despite the 
difficulty to identify and quantify the drug in whole blood due to the matrix 
effects.

Experimental procedures
100µL of the internal standard were added to 400µL of serum and after 
proteins were precipitated by 500µL of acetonitrile. After two imperative 
centrifugations to separate the solid to the liquid phase, sample prepara-
tion was performed by solid phase extraction on Turboflow® column. This 
column allows to eliminate the molecules of no interest and to retain toxins 
or drugs such as hydroxychloroquine. The analysis was carried out by a 
Liquid Chromatography coupled with mass spectrometry. The sample 
molecules were separated by a C18 Hypersil Gold PFP (100 x 3mm) 
column, ionized by an electrospray source and analyzed by a linear ion 
trap. Identification of molecules is possible thanks to their retention time 
and mass spectrum. Also, the quantification can be found by the ratio 
between the peak intensity of the hydroxychloroquine and the peak    
intensity of the internal standard.

Results and discussion

In a first hand we tested Chloroquine, Prazepam-D5 and Hydroxychloro-
quine-D4 as internal standards. We calculated the slot and the response 
factor of calibrations ranges at 0.2/0.5 and 1mg/L in hydroxychloroquine 
with 100µL of an internal standard. It appeared that Chloroquine was not 
reducing the matrix effects and a lack of intensity of the drug, with 
Hydroxychloroquine-D4, occurred at point 0.2mg/L. Prazepam-D5 had the 
best stability, determination coefficient and a response factor equal to 1.

Secondly, to identify and quantify the Hydroxychloroquine in the whole 
blood, another sample preparation was required. To be able to analyze the 
sample, the liquid injected into the LC-MS must be colorless. We tried 
several quantities of acetonitrile in order to obtain a colorless solution. Due 
to the huge amount of proteins in the whole blood, a volume of 1.5mL in 
acetonitrile was necessary.

Conclusion

Identification and quantification of hydroxychloroquine are important and 
possible with a LC-MS instrumental in serum. However, in whole blood 
matrix another sample preparation is required. Prazepam-D5 is the best 
internal standard using the method described previously.

Hôpital Lyon Sud
Ciblage thérapeutique

165 chemin du Grand Revoyet
69495 Pierre-Bénite Cedex

Hydoxychloroquine's Intensity/Prazepam-D5's 
Intensity = f([Hydroxychloroquine])

Figure 1: Calibration range in Hydroxychloro-
quine with Prazepam-D5

Figure 2: Volume of Acetonitrile in whole blood 
sample

Volume of ACN (µL) 500 1000 1500 

Color of the solution red yellow colorless 
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Introduction
The quantification of anti-HBs antibodies is necessary to see if a patient 
has a sufficient concentration of antibodies to protect him effectively 
against Hepatitis B. Other factors have to be taken into account, such as 
quantification of HBs antigen and anti-HBc antibodies. However; we will 
focus on anti-HBs antibodies quantification. In order to manage a proce-
dure of validation, the main part is to compare the instrument we want to 
check with another available in the laboratory. The method in question is 
ELISA:  Enzyme Linked Immuno-Sorbent Assay. In this case, the method 
is based on the sandwich principle. Two automated systems using ELISA 
method are compared: BEP 3 System from Siemens and VIDAS from 
Biomérieux. The only difference between these two systems is the detec-
tion: BEP 3 uses a colored reaction product and VIDAS uses a fluorescence 
measure. After checking the systems performances, such as repeatability 
and reproducibility, the same samples are analyzed by the BEP 3 and the 
VIDAS respectively. Patients’ samples used for this comparison are chosen 
so as to be homogeneous in the covering of the all measuring range. 

Experimental conditions
For this technic, critical values in concentration are around 10 IU/l for the 
cut-off and around 100 IU/l . Above 100 IU/l it is considered that the 
concentration of antibodies is sufficient to neutralize the Hepatitis B virus. 
The range of concentration is between 10 to 150 IU/l and composed of 20 
sera. 10 sera were taken above 150 IU/l and finally, 10 sera were under 10 
IU/l (negative values). Sera were frozen and samples dates were between 
February 4th, 2013 and March 20th, 2013.  

Results and discussion

Results were satisfying for low values and then results were further 
extended. On the XY graph (see figure 1), VIDAS results are on the x-axis 
and BEP 3 results on the y-axis. The goal is to have a line with a slope 
equal to 1 and a y-intercept equal to 0. For the comparison, values above 
100 are not considered so relevant and there is no clinical interest to check 
above this limit since results will always be positive. We can see that one 
serum, near 128 with BEP, is around 71 with VIDAS, and it could explain 
the low quality of the regression (R² = 0.56 and R²a = 0.57). In addition, 
the study of residuals does not allow concluding on the linearity. However, 
this serum is not abnormal with the Grubbs test at 5%. Concerning nega-
tive sera, some of them are discordant (see table 1). Indeed, 3 sera are 
undetermined and 1 is positive by VIDAS.

Conclusion

Especially for low values, the concordance between the two methods was 
accurate. However, on the 10 negative sera, 1 was positive with VIDAS, 
which is the contrary of the BEP result. We can notice that samples which 
were discordant were near the cut-off, so it can explain the discrepancy 
between the systems. There is also a difference of sensitivity; a colorime-
tric detection is less sensitive than one by fluorescence. We can also notice 
that a patient who has a very low concentration of antibodies or no antibo-
dies at all will not have a real different diagnostic.   

Centre Hospitalier de la  Région d’Annecy 
 1 avenue de l’hôpital

 Metz-Tessy – BP 90074
 74374 Pringy Cedex

Figure 1 : XY representation of BEP and VIDAS 
results, the linear regression with a near one slope, 
the y-intercept near 0 and the discrepancy at 71 on 
x-axis.

Table 1 : Sign table of two methods with positive 
sera found positive by both techniques and for 
negative sera, some discordances appear.   

  
BEP 

  
+ - 

VIDAS 

+ 30 1 
Indeterminate 

result 0 3 

- 0 6 

 
TOTAL 30 10 

Pharmaceutical

Optimization of enzymatic digestion by 
LC-MS-MS

31

Doriane TOINON

Doriane TOINON 

Introduction
MNowadays, biomarkers identification and quantification in the plasma are 
important. Biological characteristics allowed us to detect and prevent a 
disease. Results with a good sensitivity and selectivity can be obtained 
with a mass spectrometry with Single Reaction Monitoring (SRM) mode.  
However the peptide quantity is function of samples preparation based on 
the digestion. That is why its efficiency must be increased to have a maxi-
mum of signal. Thanks to that, many proteins in a wide dynamic range can 
be detected.

Materials and method
All the products are LC-MS quality to certify the reliability of the results. 
The SRM mode is used with a precursor ion is selected in Q1. Then, it is 
fragmented in collision cell. Finally the ions of interest are chosen in Q3. 

Discussion

A reference digestion enzymatic method with 4 successive stages is used. 
First of all, the plasmatic proteins were denatured. Thus, they lost their 
three-dimensional structure after breaking non-peptide bonds by a dena-
turant agent, the urea. Secondly, the disulfide bonds were reduced with 
DTT. In the third step, the IAM was added to alkylate proteins, without it, 
the disulfide bonds could reform. Finally, proteins were digested by the 
trypsin. This enzyme specifically breaks a kind of peptidic bonds. A shorter 
amino acid chain, called peptides was obtained.
To optimize all stages, parameters of reference protocol were changed one 
by one. We could observe their impact on digestion efficiency.
First, a buffer (AMBIC) was added to the plasma. It allowed the pH to be 
adjusted at 8-9 before starting the different digestion stages. In fact, the 
primary structure (amino acid chain) arranges in space (tertiary structure) 
with hydrogen, ionic and disulfide bonds. In the plasma, this structure was 
stable. The environment change was experiment in order to disorganize 
the proteins.
Then, the urea denaturant was replaced by the Doc and the DTT reducing 
agent nature was substituted by the TCEP. The aim was to determine which 
agent was the most suitable.
DTT was added after alkylation because it allowed the IAM to be elimina-
ted. Indeed, instead of totally consuming, it could alkylated the trypsin 
too. Its primary structure could be modified and the enzyme lost its speci-
fic activity. Thus, the peptidic bonds were not cut.
Finally, the enzymes act in fixing temporarily on the substrates to create a 
complex which is possible, thanks to a shape compatibility between the 
two proteins. So, the activity is due to the tertiary structure. The trypsin 
organization may decrease. Therefore CaCl2 was introduced to maintain 
the tertiary structure.

To look at the impact of each modified parameters, proteins were identified 
with mass spectrometry in SRM mode. Two peptides were selected with 
three transitions for each. After injecting all solutions, the peptides areas 
(fig1) were compared.  To obtain the best enzymatic digestion, the Doc 
had to be used instead of urea due to the high efficiency. 

Institut des Sciences Analytiques
 Département LSA – Equipe Anabio

 5, Rue de la Doua
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Conclusion

With this optimization, lower concentration 
proteins can be detected. It would also be 
interesting to decrease the analysis time 
as more patients’ plasma could be studied 
in a shorter time.

Figure 1 : Comparison of the e�ect of 
 di�erent parameters

However DTT and TCEP had the same 
action. And the increasing of pH allowed 
the tertiary structure to be disorganized. 
Then the DTT really eliminated the IAM 
excess. Finally it was important to use 
CACl2 to maintain the trypsin. All selected 
parameters allowed the digestion to be 
increased.
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Introduction
In 2001, nine countries gathered into the GenIV International Forum, an 
initiative of the U.S. Department of Energy (DoE) that was in charge of 
determining what the future of nuclear energy could and should be. They 
defined six different projects of nuclear reactors, some of which have been 
selected by France to work on.  This means new materials able to with 
stand extreme conditions of those future reactors, such as high tempera-
ture or high levels of displacement per atom (dpa), have to be developed. 
They also have to be mechanically and chemically resistant and prevent 
from fission products release. IPNL, which is a part of CNRS/IN2P3 in 
charge of these researches with also CEA, studied the effect of the tempe-
rature on the behavior of gases products.  This study was done on a refrac-
tory ceramic (TiC) that could be used as a diffusion barrier in GenIV reac-
tors and even in current reactors to improve safety: 

Material and methods
Ion implantation technique was used. It consists in the incorporation of 
species through an IMIO400 accelerator (IPNL). It is a good way to simu-
late what the materials in the nuclear core will undergo during the nuclear 
fission.  It especially simulates the emission of fission products with crea-
tion of structural defects (dpa for instance). Argon was chosen for its 
chemical inertness and its ability to create dpa near the surface. Moreover, 
its behavior inside the material could be compared to another rare gas, i.e. 
Xenon, which is an abundant fission product. This Xenon is responsible for 
many potential problems such as cracks and bubble nucleation. Argon was 
implanted under several different temperature conditions (while the dura-
tion was the same each time): one implantation was done at room tempe-
rature; the second at high temperature (870°C to simulate temperature 
deep in the core) and the third was done at room temperature and then 
was annealed at 870°C. A fourth sample was implanted at 1000°C at           
1 Mev, while the others were at 500 keV. The duration of this fourth 
implantation was 3h instead of 7h. The aim of these experiments was to 
study the influence of temperature on Argon depth distribution. To follow 
the movements of Argon in the TiC, the samples were cut in two parts and 
analyzed by SEM (Scanning Electron Microscope) on the (transversal 
section). SEM had two advantages during the study. First, its high resolu-
tion power should allow distinguishing details of the scale of the supposed 
size of the biggest bubbles of Argon. Secondly, it can be coupled with 
X-Rays to establish mapping depending on the concentration of any desi-
red chemical elements.

Conclusion

With only 6.75x1016 atoms/cm² implanted, Argon is not concentrated 
enough to form bubbles visible by SEM on transversal sections that would 
be distinguishable during SEM analysis. Nevertheless, the use of X-Ray 
detection allows us to understand the formation of the 300nm wide dete-
riorated area under the surface. Calibrated especially to look after Argon, 
it shows us a high concentration of Argon on this part. As Argon is 
supposed to be distributed in a 700 nm wide area beneath the surface, it 
means Argon migrated into the surface under the effect of the tempera-
ture.

Institut de Physique Nucléaire de Lyon
 4 rue Enrico Fermi

 Bâtiment Dirac
 69622 Villeurbanne Cedex

SEM layout showing (red rectangle areas) 
higher concentration near the surface on 500 
keV Argon implanted during 7h at 1000°C 
sample.
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Introduction
Wet creep of plasterboards is a known problem in industry, and mostly in 
regions with high humidity. ILM laboratory proved that creep is related to 
the dissolution of gypsum (CaSO4, 2H2O): the main component of plaster. 
Holographic interferometry, an alternative technique, is set to measure 
dissolution and diffusion coefficient of gypsum in bulk water. Chemical 
additives, are added to the water to reduce the diffusion coefficient as 
much as possible. The aim of this article is to identify the most efficient 
additive. 

Experimental procedures
J.Colombani has developed an experimental methodology, involving inter-
ferometric holography. An hologram of a transparent cell 
(9.5 x 10 x 40 mm3) containing the solution is created by this technique. 
A piece of gypsum (obtained from he cleavage along (101) plane of the 
crystal) is immersed in the bottom of that cell. The evolution of concentra-
tion induce a change of the refraction index n of the solution, and so an 
optical path difference. Using a program created with Matlab, the dissolu-
tion with the creation of interference fringes can be followed. From the 
evolution of the fringes, it is possible to calculate the concentration evolu-
tion in the cell c(z,t). Interferometric holography presents advantages: the 
dissolution of the gypsum is analyzed in quiescent water, and the solid-li-
quid interface is directly observed, without introducing going into the cell.

The measurement leads to 3 parameters:
- D = diffusion coefficient (m².s-1)
- k = dissolution coefficient (mol.m-².s-1)
- csat = gypsum solubility in solution

The aim of this study was to find a chemical additive that can reduce the 
dissolution coefficient. Composition of solution: 99% water, 1% additive.
 
The active components of the additives are different, but works in the 
same way: the acid phosphonic or phosphonate groups are bounded with 
Ca2+ to build complexes. The phosphonates groups adsorb at the surface 
and hinder the detachment (and attachment) of Ca2+ and SO42- (Pachon-
Rodriguez and Colombani, 2012). 

Conclusion

Two efficient additives were identified: CM 1201 and Vebe DP 885S. The 
dissolution coefficient is ten times lower than in pure water. The standard 
deviation is too big (±20%) because of too few experiments, so this study 
must be continued.

Figure 1 : Holographic interferograms of the 
dissolution of a gypsum single crystal in water
10, 60, 120, 180, and 360 min

Figure 2 : Evolution of the dissolved gypsum 
concentration versus vertical position for
 the holographic interferograms of the 
experiment.
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Introduction
PLD or Pulsed Laser Deposition is a process to allow the production of a 
variety of thin films (metal, oxide, organic...) and of various thicknesses, 
from a few nm to a few µm.
PLD consists in focusing an intense laser beam on a target, and if fluency 
(or energy by surface units) is superior to the material ablation level, we 
obtain a material ejection under plasma morph. 
A substrate is placed in parallel to the target, the matter deposits on the 
substrate; deposition features of the thin film depend on various experi-
mental parameters. The object of our study is the fluency control.

Experimental procedures
To know the fluency of a laser beam, it is necessary to know the dimension 
and the energetic profile of the beam in laser exit and before enclosure 
deposition (figure 1). In this perspective, an experimental mounting 
allowed cutting full or part of a beam was used. A derivation calculation 
allows the beam profiles to access  two dimensions. As expected, mea-
sures performed in laser exit had shown that the beam was not homoge-
neous in energy (figures 2a and 2b). A rectangular mask (15mmX6mm) 
was carried out; it was positioned in order to keep the most energetic and 
homogenate beam fragment. New profiles after mask are presented in 
figure 3a.

In order to manage laser beam divergence, a telescope (associated lenses) 
was crafted. A parallel beam in exit was obtained. Profiles of the laser 
beam after telescope are also presented in figure 3a. To increase fluency 
at entry of PLD enclosure, a quartz lens was used to focus the beam. After 
the estimate fluency two techniques were used. First, known target-lens 
distance, laser pulse impacts on SiO2-Si target (figure 2b) was realized and 
measured. Secondly, a laser beam profile was established once again. We 
deducted that the first method was the easiest to exploit. We extracted 
lens focal distance from results (36cm, figure 2b). Calibration curve linked 
fluency to focalization lens position was established with our previous mea-
sures, and then these results could be used and still can be used for any 
energy (figure 3b).

Results and discussion

The study of the laser beam fluency allowed putting a base control point 
for one critical parameter in PLD. An operator can use this work to adjust 
the receipt target energy and better manage the thin film deposition. This 
work contributed to ensure a better manipulation reproducibility. However 
the fluencies results are only acceptable for the used KrF laser (at 248nm 
wavelength).
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Figure 1: Optic axe schema, we can see the 
laser, the PLD enclosure, the telescope and the 
L3 focus lens.

Figure 2: Figure a, Size evolution of laser 
impact on a silica target in function of 
lens-target distance. Figure b, photo of a laser 
impact made for a 34cm distance between lens 
and target.

Figure 3: Figure a, laser beam pro�le in various 
positions of optic axe. Figure b, Fluency 
evolution in function of L3 lens positions on 
optic axe.
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Introduction
According to the INRS asbestos can be defined as “Different forms of natu-
ral fibrous silicate minerals exploited in the past for their properties of 
flexibility, high tensile strength, low thermal conductivity and high resis-
tance to chemical and thermal attacks”. The six varieties of asbestos are 
presented in table 1. Nevertheless, it was discovered during the beginning 
of the nineties that asbestos is harmful and can cause cancer, thus, the use 
and the exposure to have been regulated since 1996 and its analyses are 
subject to accreditation. Nowadays, the most used and reliable method for 
qualitative analysis of bulk material is the research of fibres by TEM.

Materials and Method
Following an appropriate treatment of acidification and carbonization, a 
drop of the sample is deposited on a carbonized grid.   Firstly, the grids are 
introduced in the TEM using an object carrier, this operation need to be 
done carefully considering the fact that the entire device is at low pressure. 
Two modes are available for this analysis. The first one is used during most 
of the analysis and consists in obtaining an enlarged picture of the grid. 
This mode allows the analyst to observe directly the sample and is useful 
for mapping the grid. Two diaphragms and several magnetic lenses are 
used for this mode. The second mode is the electronic diffraction, it is 
necessary to use the third diaphragm to obtain this mode. It is required to 
focus and defocus the source on the sample in order to check the align-
ment with a magnification of X 150. Then, the analyst has to choose an 
appropriate square well carbonised with enough material but not over-
loaded. 
The analysis starts by finding an appropriate aperture with a magnification 
between X 10,000 and X 20,000 depending on the size of the fibre. 
Usually, a magnification of X 16,000 is the most efficient for the common 
fibres. Once the analyst found a particle which looks like a fibre, an electro-
nic diffraction is required. A particle is a fibre if the ratio length/width is at 
least equal to three. Also it has to be a parallelepiped. 

Table 1: The six forms of asbestos depending on their chemical 
composition according to Walton W.H. Annals of Occupational
Hygiene.1982, 25, 2 pp. 117-247.

Bravas lattice and degree of alteration can be checked thanks to the 
diffraction. The final step of this process is the chemical analysis by Energy 
Dispersive X-ray spectroscopy (EDS), this analysis allows the analyst to 
know the chemical composition of the analysed particle and thus, the 
variety of asbestos. 
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Moreover, the method of calculation    
Cliff-Lorimer is used in order to obtain a 
suitable result. An example of a spectrum 
is shown in Figure 1. In order to insure a 
reliable result, at least two apertures need 
to be analyzed and ten have to be mapped 
to be sure of the homogenous sample 
repartition on the grid.

Conclusion

Simple spectrophotometric experiments 
can be helpful to understand the      
mechanisms involved in the dissolution of 
basaltic glasses. They can indicate the 
complexed metals by spectral comparison, 
a first range of concentrations, and even 
an idea of the speed (and thus of the 
affinity constant) of the metal uptake by 
the bacteria. But experiments with        
bacteria are hardly reproducible, which 
can be problematic for the validation 
process of this method and associated 
results. 

Figure 1: Spectrum of a standard of 
tremolite. In order to obtain a relevant 
percentage it is required to subtract the 
background. The grids are made of copper 
thus the signal of this compound need to 
be subtracted as well.

Asbestos Variety Nominal Composition 
Serpentine group of minerals 

Chrysolite Mg3(Si2O5)(OH)4 
Amphibole group of mineral 

Crocidolite Na2Fe3
2+Fe2

3+(Si8O22)(OH)2 
Amosite (Fe2+,Mg)7(Si8O22)(OH)2 
Fibrous Anthophylilite (Mg, Fe2+)7(Si8O22)(OH)2 
Fibrous Actinolite  Ca2(Fe2+,Mg)5(Si8O22)(OH)2 
FibrousTrémolite  Ca2Mg5 (Si8O22)(OH)2 
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Introduction
Stepantex is a component of the washing powder Minidou and has a softe-
ner capacity. It is a mixture, which contains esteramines, quaternary 
esters, triethanolamine and quaternary triethanolamine. Stepantex is 
synthesized by a quaternization reaction of esters with a quaternization 
agent: dimethylsulfate (DMS). The objective is to determinate the mass 
percentage of these quaternary esters in the Stepantex mixture which 
contains three sorts of quaternary esters: mono, di and tri- quaternary 
esters.
Several analysis techniques can be used. However 1H NMR spectroscopy is 
the most appropriate for this mixture because there is no ionization com-
petition like in MS spectroscopy. Moreover it is more repeatable compared 
to the Liquid Chromatography. 

Experimental conditions
The first goal was to collect pure quaternary esters by the Liquid Chroma-
tography with a NH2 preparation column (250 mm x 10 mm, particle 
diameter: 5 µm) and a fraction collector coupled to the UV detector. The 
mobile phase used is consisted of 85 per cent of hexane, 10 per cent of 
methanol, 5 per cent of tetrahydrofuran (THF) and 0.05 per cent of trifluo-
roacetic acid (TFA). This mobile phase is not polar because through contact 
of water, Stepantex causes an emulsion. 

The experimental conditions used were:
Flow rate: 5 mL/min
Injection volume: 500 µL
Detection wavelength: 220 nm

Results and discussion

Quaternary esters fractions NMR spectra were individually recorded on a 
400 MHz spectrometer. Each sample purity was then checked. Those spec-
tra were compared to the NMR spectrum of Stepantex mixture.
The three quaternary esters were collected (5 to 10 mg) and analyzed in a 
mixture of solvents acetone – chloroform (70-30) in a volume of 600 µL. 
This mixture guarantees a good splitting of resonances in proton and 
carbon spectra.  The 1H spectra obtained serve as outer reference for the 
ERETIC quantification method. To ensure the quantification is reliable, all 
the spectra were recorded with the same parameters: scans number (64), 
gain (101.6) and relaxation period (5s).
Finally, nine samples of Stepantex mixture were prepared. We measured 
the mono, di and tri- quaternary esters’ mass percentages contained in the 
mixture in order to assess the reproducibility and repeatability of the expe-
riment. Also, we have taken into account the content in counter-ion 
(methosulfate) has to be taken into account to measure the quantity of 
active matter present in the Stepantex mixture.

Three types of quaternary esters were distinctly separated (see figure). 
The integration of each characteristic peak and the use of the ERETIC 
method allow quantifying the proportions of each quaternary ester in the 
Stepantex mixture, without using a separative chromatography step.
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Conclusion

To conclude, the Stepantex mixture 
contains: 
- (36.1± 2.6)% of mono quaternary esters
- (54.4% ± 2.4)% of di quaternary esters
- (9.5% ±1.0)% of tri quaternary esters.
Those mass percentages, determined on 
nine samples, considering counter-ion and 
represent active matter 70 per cent in the 
Stepantex mixture.

Figure — Stepantex 1H NMR spectrum, zoom 
on the characteristic chemicals shifts of mono, 
di and tri- quaternary esters (3.40 to 3.50 ppm, 
400 MHz)
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Introduction
Brucellosis is a cattle disease transmissible to humans and dangerous for 
them. If contamination occurs, it could have a significant economic and 
health impact. Every year, approximately 9000 cow milk samples are 
analyzed in the GALILAIT laboratory with ELISA test to detect Brucellosis. 
Internal controls allow to confirm a positive sample in case of doubt, as 
well as watch micro-plates and control samples stability.

Material and methods
Internal control making was composed of five steps: reconstitution of pure 
positive serum, serum dilution of 1/10 in water, second serum dilution in 
negative milk to be determined, ELISA test to validate dilutions and to 
finish aliquoting. Note that a second dilution was performed into milk, it 
will allows to have an internal control which has the same matrix than the 
analyzed samples.
An ELISA test was carried out with micro-plates sensitized with a            
Brucellosis lipopolysaccharide. Each micro-plate contained 96 micro-wells. 
Milk samples were put into wells. If the milk was contaminated, the sample 
contained anti-brucellosis antibodies which made a complex with the 
antigens present into the wells. After micro-plate incubation and washing, 
a conjugate was added, it bound to the complex antigens-antibodies pres-
ent. After a second incubation and washing, a substrate was added into 
wells. If there conjugate bound was present, the substrate became blue 
then yellow after adding a stop solution. The color intensity resultant was 
proportional to the antibodies quantity into the tested milk. This intensity 
was read with a spectrophotometer which gives optical density (DO) of 
each micro-well. Two controls provided in the ELISA kits, were placed into 
every plate, one positive and one negative. These controls allowed to 
calculate %E/P of each well and so to determine if they were positive or not 
using the formula: 

                 (DO (sample)-DO( TN))

                (DO (TP)-DO( TN))*100 

TN: Negative control                                                                                    
TP: positive control

If this percentage was higher than 55%, the sample was positive. If it was 
lower than 45% the sample was negative and if it was between 45 and 
55%, the sample was dubious.

Results and discussion

Dilutions of 1/10, 1/50, 1/100, 1/150 and 1/200 were performed into 
negative powder milk reconstituted to determine which dilution factor will 
be applied. Then each sample was analyzed by ELISA test. These tests 
were divided in three parts, therefore three negative controls and three 
positive controls were used. After reading the DO of each diluted milk and 
%E/P calculation (figures 1, 2 and 3), we can deduct that the dilution 
which will have permitted to have a %E/P greater than 55% but still close 
to this value, is a 1/150 dilution. 

Galilait
Laboratoire d’analyses agroalimentaires 

Theix, impasse Réjalet
63122 Saint Genés-Champanelle 

So pure serum was diluted at 1/10 into 
pure water then at 1/150 into negative 
milk, then it was aliquoted in 0.5 ml and 
used for each Brucellosis ELISA test. 

Figure 1: ELISA test, 1st dilution series 1/10, 1/50, 
1/100
TN value: 0,138-TP value: 1,953

Figure 2: ELISA test, 2nd dilution series 1/150

Figure 3: ELISA test, 3rd dilution series 1/200

Conclusion

The internal controls used in the search of 
cattle diseases like Brucellosis is          
mandatory and required by the standard 
COFRAC 109-05. ELISA method is used for 
cattle disease search because this method 
is simple, reliable and inexpensive. 

%E/P= 

1/10 %E/P  1/50 %E/P 1/100 %E/P 

3.324 175.52 3.295 173.92 2.199 113.55 

3.15 165.93 2.949 154.86 2.159 111.35 

TN TP 1/150 %E/P 
0.083 1.27 1 .266 76.62 

  
1.28 77.53 

TN TP 1/200 %E/P 

0.116 1.969 0.825 38.27 

  
0.721 32.66 

Results and discussion

As it can be seen from Figure 1, more than 
half of the samples contain APEOs.      
Moreover, all have a concentration less 
than 1000 mg/kg. So they are in com-
pliance with the law. To conclude this 
method can be applied to real samples and 
allows the quantification of Alkylphenols 
ethoxylate in textile. In this way, CTC has 
a protocol for the analysis of these com-
pounds. 

Conclusion

The application of technical analysis to real 
samples was used to quantify the APEO 
present in textiles. This work will be               
continued to assess the repeatability and 
accuracy of the method. The company CTC 
has now a set of reliable data and         
information to help set an official standard 
for the study of APEO. 

Quality control

Quantification of alkylphenols ethoxylate in 
textiles by HPLC/MS/MS

38

Feriel BOUICHE

Feriel BOUICHE

Introduction
Alkylphenols ethoxylate (APEO), part of the great alkylphenol’s family, are 
compounds used in the textile industry as surfactant. The REACH program 
regulates the use of these compounds by including them in Annex XVII, 
thus prohibiting the commercialization of articles with a concentration 
greater than 0.1%. Moreover, they are known as endocrine disruptor for 
animals but also for humans. Therefore, following the publication of     
Greenpeace « Dirty Laundry », the problem of APEO’s presence in textile 
has been brought into focus, forcing textile manufacturers to control their 
products further. Thereby, in order to meet the needs of industrial          
customers and also to have a reliable method of analysis, it was necessary 
for CTC to develop a test method for the quantification of APEO in textile.

Experimental methods
The method used was based on the Project Standard CEN/TC248/ N201. 
The global approach used was the Liquid Chromatography coupled with 
Mass Spectrometry as analytical method for the analysis of a mixture of 
two standard mixtures containing different APEO:
- One containing 15 OPEO (Octylphenols Ethoxylate)
- Other containing 17 NPEO (Nonylphenols Ethoxylate)
These solutions served only to make the optimization of the method by 
playing on the various parameters linked to the analysis and to make the 
calibration solution for the quantification. 

After diverse assays, the final method’s choice, in order to have the best 
sensitivity, was the SIM mode (Single Ion Monitoring) with a Capillary 
Voltage of 5000 V and different fragmentor values for the 32 ions. This 
value was determined by comparing the intensity of each peak for different 
values of fragmentor. An example of this comparison for one ion is shown 
in Figure 1.

And the elution condition for the chromatography section presents the 
following parameters:

-column:Poroshell 120 Bonus RP
-Length: 150 mm
-Internal Diameter: 4.6 mm
-Particle size: 2.7 µm
-Temperature of the column: 40°C
-Flow rate: 0.3 mL/min
-Injection Volume: 10 µL                 Table 1: Description of the gradient elution

                                                                   
See table 1 for the gradient elution used, with Ammonium Acetate pH 3.6 
(A) and acetonitrile (B).

The instrumental method is now applied to 50 real samples to quantify 
APEO present in textile. First of all, compounds of interest are extracted 
with methanol by ultrasonic bath at 40°C for one hour. Then they are 
analyzed the by the LC/MS/MS method described above.

Figure 1 : Proportion of textiles according to 
their APEO composition 

Time 
(min) 

%A %B 

0 50 50 
1 50 50 
2 2 98 

10 2 98 
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Introduction
Sagal is one of three entities of the group ALKOS, designer and              
manufacturer of cosmetics. The company produces soap and deodorant 
sticks that have to meet many quality requirements. Indeed, to achieve 
the correct weight of the finished product, a manufacturing weight is      
specified. This is why a study of the weight loss of soap over time was 
carried out. The aim is to see if it is actually necessary to define a manufac-
turing weight and to assess if the soap only loses water.

Material and methods
The experiment was carried out over a 30 day period on 60 different soaps 
with a claimed weight of 50g.
To measure the water content of the soap at the beginning and at the end 
of the study, the equipment used was a Karl Fisher 870 Trinito plus titrator. 
The soap is neutralized by hydranal composite 5 and hydranal               
composolver E.

Karl Fischer parameters :
- Start drift : 20 µL/min
- Output: 166 mL/min
- Temperature : 44°C
- Stirring rate : 1000 rpm
- Extraction time : 500 seconds

Results and discussion

Figure 1 represents the variations of soap’s weight loss according to their 
date of cellophane wrapping at room temperature.
It means that the quicker soap is put in cellophane after its manufacture, 
the less it loses weight. Moreover, the weight loss begins to stabilize from 
day 10.
Furthermore, from Figure 2 it seems that the soaps weight loss is             
proportional to the time in cellophane wrapping,that is why soap-weight 
loss at Day 30 can be predicted.

Secondly, measures of Karl Fischer confirm that soap’s weight loss comes 
only from its loss of water, also there isn’t loss of perfume, as shown in 
Table 1, that represents the loss of water, compared to soap’s weight loss. 

Conclusion

Claimed weight by clients is assured if soaps are put in cellophane at the 
latest 2 days after their manufacture. 

SAGAL groupe ALKOS
 Z.A de la Croix saint Mathieu

28320 Gallardon

Figure 1 : Average weight loss of soaps kept at 
20°C according time. 

Figure 2 : Weight loss at J+30, of soaps kept at 
20 °C according their day of cellophane 
wrapping.

Table 1 : Results of soaps weight loss and water 
loss at T=20°C.

Cellophane wrapping J+1 J+2 J+3 
Weight loss (%) 2.32 3.27 3.57 
Water loss (%) 3.17 3.69 3.76 

Cellophane wrapping J+7 J+10 J+30 
Weight loss (%) 4.42 5.25 6.73 
Water loss (%) 4.55 6.39 6.80 
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Introduction
Hair is a very interesting matrix for the determination of drugs because it 
offers the possibility to detect their consumption dating back to several 
months, against a few hours in blood or serum and from a few days to a 
few weeks in urine. Cannabis is the most consumed drug in France and is 
often detected during roadside checks. The most important active ingre-
dient is THC, which causes the psychoactive effects of the plant. That is 
why when measuring cannabinoids, molecule to be identified is THC. The 
concentration of two other compounds was determined, 11-hydroxy-tetra-
hydrocannabinol (11-OH-THC) and 11-nor-Δ9-tetrahydrocannabinol-car-
boxylic acid (THC-COOH), which are the metabolites of THC formed in the 
body.

Material and method
To begin, hairs are washed in two baths of dichloromethane to remove 
impurities. After drying, they are crushed and weighed. The analytes are 
added at the desired concentration, and their deuterated analogues, as 
internal standards, as well. A solution of sodium hydroxide (1 mol.L-1) 
allows the digestion of hairs. To facilitate the process of digestion tubes are 
heated at 80°C for 20 mn. After neutralization by hydrochloric acid, 400 µL 
of a buffer at pH 5.9, 4.5 mL of hexane and 500 µL of ethyl acetate are 
added. After stirring and centrifugation, samples are transferred into 
silanized glass tubes. After evaporating to dryness by heating at 30°C 
under nitrogen, all the hydroxide and carboxylic acid moieties are methyla-
ted, by reaction with methyl iodide in the presence of TMAH as a base, in 
DMSO. After 2 mn, the reaction is stopped by HCl and the analytes are 
extracted in isooctane. 

Results and discussion

Four parameters have been studied: inter sample contamination, repeata-
bility, reproducibility, and limit of quantification. The study of cross conta-
mination sample showed contamination below 1 % for each of the mole-
cules, which is acceptable. For the toxicology laboratory of the University 
Hospital of Dijon, the maximum coefficient of variation allowed for repea-
tability and reproducibility is 20 % for low values and 15 % for high values. 
The results for repeatability meet these requirements. 
The reproducibility results are not conform for the lowest concentration, 
for 11-OH-THC and THC-COOH. This is in accordance with their quantifica-
tion limits, which are higher than the lowest studied concentration. For 
THC reproducibility in the range 0.03-2 ng.mg-1 is good and the limit of 
quantification of 0.05 ng.mg-1 is adequate since the expected concentra-
tions are between 0.05 and 10 ng.mg-1.

Conclusion

Up to now, the parameters studied showed that the method is valid for the 
quantification of THC.  For the two other molecules the limit of quantifica-
tion could be attained but with a more sophisticated technique. Further-
more, other parameters should be checked, namely upper limit of linearity 
and reproducibility as well.

CHU de DIJON
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Figure: Example of chromatogram and view of 
the THC molecule.

GC-MS : Agilent 
Colum DB 5MS (length : 30 m, internal 
diameter : 0.25 mm and thickness �lm : 
0.25 µm)
Vector gas : helium
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Introduction
A method is described for the qualitative and quantitative analysis of 
cyanide (CN), a very short-acting and powerful toxic agent. Suicidal, homi-
cidal and accidental deaths by inhalation of hydrogen cyanide (HCN) or 
ingestion of CN salts are encountered in clinical and forensic science prac-
tice. Blood CN concentrations are also raised in fire victims. To determinate 
the rate of CN in blood, gas chromatography (GC) connected to headspace 
(HS) with nitrogen phosphorus detector (NPD), was used for the method 
validation.

Materials
When CN was extracted after its conversion into HCN by acidification, the 
HeadSpace (HS) gas was injected into the GC system using gas-tight 
syringes. For this, GC was performed on a Hewlett-Packard HP7890 series 
gas chromatograph interfaced with an Agilent G1888 HeadSpace. An 
Agilent PoraBOND U (polar stationary phase) capillary column (25m x 
0.32mm x 7µm, film thickness) and an oven temperature program from 
90°C (5 min) to 140°C at 10°C/min are used. The carrier gas was H2 and 
its flow was 2 mL/min. To detect HCN and the internal standard, a nitrogen 
phosphorus detector was used with an air flow of 60 mL/min. The run time 
was 10 min with a solvent delay of 3 min.

Validation procedure

Linearity was established over six orders of magnitude in the concentration 
range 0.1-5µg/mL. Calibration samples are prepared by spiking the matrix 
with appropriate amounts of CN: CH3CN was used as internal standard. 
Calibration curves were constructed by plotting the peak area ratio 
between the analyte and the IS versus CN concentrations using six calibra-
tion points per curve (0.1, 0.25, 0.5, 1, 2.5 and 5 µg/mL). (fig. 1) Regres-
sion analysis was used to construct the calibration curves. The precision of 
the method was calculated as the percentage of relative standard deviation 
of three levels in water (0.175, 0.75 and 3.75 µg/mL), obtaining five repli-
cates at each level (intra-day precision, n=5) and over three days (inter-
day precision, n=12).
The accuracy was evaluated by calculating the percentage recovery of 
three spiked levels in water, as follows:

R% = COBS/CSPIKE x 100

Where COBS was the mean concentration of the fortified sample and 
CSPIKE was the spiked concentration. All measurements were replicated 
five times.

Results and discussion

Acceptance for the accuracy and reliability criteria were given in the 
Guidance for Industry Bioananalytical Method Validation (FDA).The total 
validation was done in water for three consecutive days and partial valida-
tion in the blood should be done during the day.
Method validation was carried out in terms of linearity, precision and accu-
racy in both aqueous solutions and blood. The limit of detection (LOD) and 
limit of quantification (LOQ) were determined only in aqueous solutions.

LAT LUMTOX
                                                                71 avenue Rockefeller

                                              69003 Lyon

The assay was linear over six orders of 
magnitude (0.1-5µg/mL), and the LOD 
and LOQ in water were 0.01µg/mL and 
µg/mL, respectively.
Good intra and inter-essay was obtained, 
always <9%. (fig. 2) 

Conclusion

The method is simple, fast and sensitive 
enough for the rapid diagnosis of cyanide 
intoxication in clinical and forensic          
toxicology.

Figure 1: Chromatogram obtained for 
HS-GC-NPD analysis of IS and HCN gas

Figure 2 : Results of validation method in water 
 during three days
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Introduction
Glass analyses are carried out by forensic scientists in many criminal cases 
(burglary, vandalism, hold-ups, road accidents, homicides or assaults with 
a glass object as a weapon). 
A fragment of glass can be identified by its physical properties (thickness, 
colour ...), its elementary chemical composition but mainly by its refractive 
index. To perform these analysis the Forensic Science Laboratory of Paris 
acquired a phase contrast microscope, the “GRIM 3”, which working 
principle is based on the Becke line method: the refractive index is measu-
red with an oil immersion technique. 
Before being used in criminal cases and in order to ensure the trustworthi-
ness of the results given by the forensic scientists, this method must be 
first validated.

Experimental procedures
The principle of the Becke line method is to immerse the glass particles in 
silicone oil while varying the temperature of the system (oil-glass) with a 
hot stage. When the refractive indexes of glass and oil are different, a 
bright halo along the fragments is observed, this is the Becke line. 
At a specific temperature, the glass particles seem to "disappear" in the oil 
(figure 1). The oil and the glass have exactly the same refractive index at 
this point, referred to as the "Match Temperature" or point of phase extinc-
tion.
Prior to the validation process, an internal calibration of the GRIM 3 was 
conducted using reference glasses whose refractive indexes are precisely 
known. Through this internal calibration, the software is able to calculate 
the refractive index in function of the measured Match Temperature accor-
ding to the calibration equation “refractive index = f(temperature)”.

Results and discussion

The validation strategy set up is based on the French standard AFNOR NF 
T90-210-2009, which deals with the "Protocol for initial evaluation of 
performances of a method in a laboratory."
Validation range covers a field commonly used by the Forensic Science 
Laboratory: 1.46 < RI < 1.56. This validation was only performed with the 
interference filter of wavelength λ = 589.3 nm (sodium D line). 
Different performances of this method were evaluated.
The accuracy was evaluated and validated: observed results correspond to 
the real value of the reference sample.
The repeatability was tested: 24 measurements were made in a short time 
interval, The measured standard deviation is lower than 0.00001. This 
method is repeatable.
The reproducibility was checked. It was proven that three different opera-
tors gave results matching each others’.
External parameters, which may impact on the measurements, were also 
studied. It was shown that the localization of the glass particle in the 
camera field has no impact on results. However, the study of the method 
robustness demonstrated that the aging of the oil had an impact on the 
measurement of the refractive index. Therefore providing the sample is 
prepared on the day of the analysis, the method is valid.

Institut National de Police Scienti�que
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Conclusion

The glass analysis method with the Grim 3 
instrument is validated: it can be used to 
measure the refractive index in a compa-
rative analysis of glass samples.
This analytical method provides highly 
accurate measurements of refractive index 
(RI) and has a high repeatability.
However, the statistical retreatment of the 
refractive index results must be performed 
cautiously by the forensic science experts. 
They must confirm their results by combi-
ning, as far as possible, refractive index 
measurements to another elemental tech-
nique such as LA ICP-MS.
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Introduction
Every year, ingestion of toxic mushrooms causes many illnesses and can 
lead to death in absence of medical assistance. These intoxications can 
result from the consumption of some amatoxins like α-amanitin, 
β-amanitin or phallotoxin, present in several toxic mushrooms like Amanita 
phalloides. In order to quantify mycotoxins in complex matrixes and be 
able to give a treatment as quickly as possible, toxicologists must adapt 
and improve their analytical techniques to make it faster and more 
reliable. A validated LC-MS method (liquid chromatography coupled with a 
Thermo Scientific Q ExactiveTM instrument, an ultra-high resolution and 
accurate mass instrument) for simultaneous quantification of mycotoxins 
in small urine samples was set up.

Experimental conditions
The method includes a simple solid phase extraction (SPE). Urine samples 
were first spiked with an internal standard (IS) (Flurazepam) and       
extracted by SPE with Bond Elut Agilent Certify cartridges (C18, 200 mg,  
3 mL). Analytes were then eluted with 3 mL of methanol with 2% of  
ammoniac. The eluate was evaporated to dryness at 50°C, reconstituted in 
200 µL of LC-MS water and injected on LC-MS system. Quantitation was 
performed by extracting the exact mass of each of the protonated species 
using a 5 ppm mass accuracy. LC separation was carried out using a 
gradient on a C18 Accucore column (100 mm x 2.1, 2.6 µm). Molecules 
were detected in positive mode using the Q ExactiveTM mass spectrometer 
equipped with an Electro Spray Ionization (ESI) source. Analysis was 
performed in Targeted SIM by injecting only the masses of interest into the 
mass spectrometer. All acquired data were processed using Xcalibur 
software.

Results and Conclusion

Separation of analytes was obtained in a 6 min LC gradient with a flow rate 
of 400 µL.min-1. Retention times for α-amanitin, β-amanitin, phalloidin and 
IS were respectively 2.2, 2.0, 3.5 and 3.8 min (Fig. 2). Accurate mass 
specific to each mycotoxin was determined by direct infusion of the mole-
cule into the orbitrap. Measured accurate m/z values were 919.3614, 
920.3455, 789.3257 and 388.1586 for α-amanitin, β-amanitin, phalloidin 
and IS, respectively. Mass spectrum of toxins and Flurazepam showed one 
abundant peak, corresponding to the [M+H]1+ species. Calibration curves 
were obtained by spiking drug-free urine from 1 to 100 ng/mL. Mean 
correlation coefficients, r², were above 0.99 for each mycotoxin (Fig. 3). 
The validation procedure included tests for the following parameters: 
linearity, accuracy, precision (with a variation coefficient less than 20%), 
recovery (around 90%) and matrix effects according to the currently 
accepted method validation procedures. 

Forensic and Toxicology Laboratory
CHU Pontchaillou
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FIGURE1 : Separation of three mycotoxins (100 
ng/mL) and �urazepam (50 ng/mL)
Column: C18 Accucore, 2.6 µm, 100x2.1 mm -  
Mobile phase A: 10 mM ammonium acetate 
bu�er containing 0.1% (v/v) formic acid; 
mobile phase B: acetonitrile with 0.1% formic 
acid - 6 min LC Gradient - Flow rate : 
400 µL/min.  

FIGURE 2 :  Calibration curve of α-Amanitin in 
urine (y= -0.00057+0.01346x ; R²=0.998)
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Introduction
The Desgenettes military toxicology and pharmacology laboratory uses 
GC-MS for screening narcotics such as amphetaminics, cannabinoids, 
opiates and cocainics. 
GC-MS is also used for the development of a method to identify and    
quantify clonidine in plasma. Clonidine is a drug commercialized as       
Catapressan®, a potent drug used in the treatment of arterial hyperten-
sion. 
This drug is present in very low therapeutic concentration in plasma 
(<2ng/ L). Manipulations are time consuming and quantification of         
clonidine is achieved by the method of internal standardization using 
moxonidine, a compound  with a similar structure to clonidine. Sample 
preparation is very laborious (separation, purification, derivatization, clean 
up…)

Experimental conditions
Before injection, samples are extracted by Solid Phase Extraction (SPE), 
derived overnight and washed several times.
Clonidine and moxonidine are observed in chromatograms obtained with a 
HP-5MS column (30 m x 0.25 µm x 0.25 mm) on a gas chromatography 
coupled with a mass spectrometer (GC-MS).

For GC-MS, Helium was used as carrier gas and injection is in splitless 
pulse at 100 kPA.
The oven temperature program was chosen as follows:
- 70°C during one minute 
- 70°C to 200°C (25°C/min)
- 200 to 300°C (10°C/min)
- 300°C (1min)
A simple quadruple in SIM is used for the detection. Clonidine is identified 
by two ions target m/z: 354 and 356. Moxonidine by two other ions ions: 
366 and 401.

Results and discussion

Figure 1 shows clonidine at 13.1 minutes and internal standard at           
13.3 minutes. In addition, we find that the observed concentrations are in 
the range of hundreds of pg/mL.
To increase the equipment sensitivity, we played on a function of the 
ChemStation software: the voltage applied to the detector. As the chroma-
togram is clean we used a voltage of + 1000V.
Then the chromatographic peaks were integrated for different concentra-
tions. The calibration line was plotted: area ratio (clonidine moxonidine) 
depending on the concentration of clonidine (Figure 2).

Toxicology Laboratory
 HIA Desgenettes
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Conclusion

Next step will consist into the method 
validation. We have already demonstrated 
that the method is repeatable.
However, the following must be tested : 
- Linearity study
- Calibration function study (homogeneous 
  variance, Student’s and    Fisher’s test),
- Fidelity study (reproducibility),
- Accuracy

Figure 1 : Chromatogram of Clonidine and 
Monxonidine in GC-MS (Helium, HP-5MS, 
gradient temperature, SIM)

Figure 2 : Calibration of clonidine in plasma

Concentration (ng/mL)

 

Abundance Moxonidine
13.3 min

Clonidine
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Introduction
The purpose of this study is to investigate if an alteration of empty pupae 
lipidic content is occurring over  time. There is also a possible application 
to estimate the post-mortem interval (PMI).
Preliminary studies conducted by GC/MS have shown that the decomposi-
tion of the pupae hydrocarbons appears to depend on time and environ-
mental factors.
Therefore, in order to obtain more information, other compounds such as 
waxes (up to 60% of the pupae weight) have been studied.
The following trans-esterification reaction was used to observe fatty acid 
ethyl esters (FAEE) from the waxes (Figure 1), analysed by GC/MS.
Recently, the laboratory has acquired a new LC/HRMS (QTOF). The topic of 
this study is the identification of wax compounds. Thanks to this analytical 
technique, new opportunities may arise.

Figure 1: Trans-esterification principle

Experimental procedures
Column: Agilent Poroshell C8 (reverse phase) 2.1 * 100 mm, particle size: 
2.7 µm
• Mobile phase: A = Channel ammonium formiate (5 mM) + 0.1% formic 
   acid: buffer solution for the formation of adducts 
   (M+H4)+. B = ACN. D = isopropanol. Ternary gradient elution (Figure 2) 
   pH = 3.1
• Flow rate: 0.5 mL/min
• Temperature:  50°C
• Volume injected: 2 μL
• Infinitely better HPLC 1260, Agilent Technologies
• Ionisation Source: ESI positive Jet Stream Specification Agilent 
   Technologies
• Analyzer: Q-TOF 6540 Accurate-Mass Q-TOF LC\MS, Agilent Technologies
• Mass range: [100-1700] Resolution = 30000

Figure 2: Composition of mobile phase for employed method

Results and discussions

Analysis of saturated esters is possible by LC/HRMS without the trans-es-
terification reaction.
After pupae are cleaned, extraction with pentane is carried out to obtain 
fatty esters. Then, they are diluted with isopropanol before being injected 
to the LC/HRMS. This technique can separate esters (Figure 3).
A database was created with the exact mass and retention times for this 
analytical method.

Institut de Recherche Criminelle
de la Gendarmerie Nationale

Fort de Rosny 1 boulevard Théophile Sueur
93 111 Rosny-sous-Bois

Figure 3: Profile of saturated esters of pupae 
Hydrotea aenescens, 1997

To investigate the reproducibility of this 
method, 5 samples of several identical 
pupae were extracted and injected. For 
repeatability, a new series was analysed a 
few weeks later. The results were 
averaged and corrected.
Thus the importance of the correction of 
results was highlighted. Each saturated 
ester was divided by the sum of the areas 
of all the esters from the pupae. Moreover, 
the results of each ester were corrected on 
5 pupae series (Figure 4).

Figure 4: Area comparison depending on the 
pupae age

After correction, the results of the qualita-
tive analysis suggest the possibility of 
estimating the post-mortem period. 
Indeed, variations in the ratios of esters 
were found between pupae of two different 
ages.
The analyses by LC/MS² have to achieve 
and it will allow identification of the com-
position of the two aliphatic chains without 
distinguishing their ramifications. 
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Introduction
At the end of December 2012, a forensic autopsy investigated a drug or 
toxic intoxication. To clear up this suspicion, biological samples such as 
gastric juice and cardiac blood were brought to the laboratory of toxicolo-
gy-pharmacology. The objective of the paper is to carry out an analytical 
exploitation of these samples, through different devices such as SPME, 
GC-MS, HPLC-UV-DAD and HPLC-MS/MS. 

Experimental procedures
The gastric juice emits a strong smell, therefore the first analysis is   
Headspace of gas chromatography coupled with mass spectrometer 
(SPME-GC-MS) in the electron impact mode. It is an analysis of volatiles. 
The HP-5MS capillary column (30 m x 0.25 mm x 0. 25 µm film hickness) 
was used for the gas chromatographic separation, and helium is carrier 
gas.
Next, an analysis of gas chromatography coupled with mass spectrometer 
(GC-MS) after liquid-liquid extraction of cardiac blood and gastric juices 
molecules. The column characteristics are the same as previously. 
High performance liquid chromatography coupled to diode array detectors 
(HPLC-DAD) use a column ODS (5 µm, 100*2 mm + precolumn 20*2 mm) 
with an elution gradient.
High performance liquid chromatography coupled to tandem mass spectro-
metry (HPLC-MS/MS) use a column UPLC BEC C18 (1.7 µm 2.1*50 mm) 
with an elution gradient. 

Results and discussions

Different hydrocarbon compounds such as benzene tetramethyl, naphtha-
lene, benzene pentamethyl, naphthalene methyl, naphthalene dimethyl, 
naphthalene trimethyl and biphenyl methyl were identified by SPME analy-
sis of gastric juice suggesting ingestion of a naphta mixture.
GC-MS and HPLC-UV-DAD showed other unknown peaks with similar spec-
tra, one peak was further identified as Dimethenamid, (Figure 1 and 2), 
the other could be metabolites.
 
Quantitative analysis was performed both by HPCL-UV-DAD and HPLC-
MS/MS. However, these methods were not totally validated. 
Instability of Dimethenamid during liquid-liquid extraction and evaporation 
was observed and not totally resolved.
Sample precipitation of protein without evaporation process was tested for 
HPLC-MS/MS, but the validation process was not completed. 
Instability of the Dimethenamid in biological samples was observed espe-
cially in whole blood but also in “plasma” supernatant and different 
concentrations levels were observed after repeated data on different 
weeks under +4°C storage conditions. 

Conclusion

One of the causes of the suicidal death was the ingestion of a drink  mainly 
containing  Dimethenamid. This compound can be contained in some 
herbicides. The dimethenamide quantitative analysis was started but not 
totally validated because several problems occurred as indicated in the 
results and discussion part.

CHU Angers
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Figure 1: UV-visible spectra of Dimethenamid
Figure 2: Mass spectrum of Dimethenamid
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High quality analyses are required in many aspects of every day life and in a large variety of industries. 

To analyse blood or urine, to separate DNA and proteins, to study complex biological systems, to manage large scale        
chemical engineering industries, to ensure products are manufactured in the most efficient way, to design new more           
sustainable materials, to ensure the quality of drinking water, not only we use continuously improved high technology equip-
ment but more importantly we need qualified engineers to develop and optimise their performances.

Analytical Sciences

Careers

- Quality Control 
- Industrial Process Control
- Instrumentation development
- Technical support
- Technical sales consultancy
- Research and Development

Programs

- Analytical sciences
  Research and developpment

- Forensics Bio-analysis
  Science, investigation

- Physico chemical analysis
  and control
  Quality control, instrumentation

- Industrial analysis
  Production line

Training

- Industrial placements
  For most students at the Master Analyse et 
  Contrôle, the second year is a sandwich year, 
  where periods with a company alternate with 
  periods at University.

- Project Work and Tutorials 
  The professional environment is simulated at 
  University through practical lab work, project 
  work and role plays for example students 
  have access to a technical centre in which 
  they ensure the quality of their working 
  environment.
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