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(57) L’invention concerne un procédé et un dispositif
permettant d’analyser automatiquement des substances
volatiles dans des gaz, notamment dans de 1’air. Le
procédé comprend les étapes suivantes: a) le gaz a
analyser est guidé a travers une solution d’absorption et
éventuellement de réaction, b) la solution est analysée a
I’aide d’une méthode de chromatographie. Selon
I’invention, la solution d’absorption et éventuellement
de réaction se trouve dans une cavité (6) dans le fond
d’un récipient (8). Apres action exercée par le gaz a
analyser, ladite solution est prélevée a 1’aide d’une
canule et I’analyse est effectuée.

I*I Industrie Canada  Industry Canada

(57) The invention concerns a method and device for the
automatic analysis of volatile substances in gases, in
particular in air, the method comprising the following
successive steps: a) the gas to be analyzed is passed
through an absorption, and optionally reaction, solution;
and b) the solution is analyzed by a chromatography
method. According to the invention, the absorption, and
optionally reaction, solution is located in a depression (6)
in the bottom of a vessel (8) and, when it has been acted
on by the gas to be analyzed, is removed with a cannula
and taken for analysis.
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(57) Abstract

The invention concerns a method and device for the automatic analysis of volatile substances in gases, in particular in air, the method
comprising the following successive steps: a) the gas to be analyzed is passed through an absorption, and optionally reaction, solution;
and b) the solution is analyzed by a chromatography method. According to the invention, the absorption, and optionally reaction, solution
is located in a depression (6) in the bottom of a vessel (8) and, when it has been acted on by the gas to be analyzed, is removed with a

cannula and taken for analysis.
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"METHOD AND DEVICE FOR ANALYZING VOLATILE SUBSTANCES IN GASES"

The invention refers to a method and a device for
automatically analyzing volatile substances in gases, in
particular in air, the method comprising the following
successive steps:

a) the gas to be analyzed is passed through an
absorption or reaction solution,

b) the solution is analyzed by a chromatography
method.

Such methods and devices are known: An article of A.
Grémping and K. Cammann "Development of an automated, qguasi-
continuous method for the simultaneous determination of
nitrogen oxides, aldehydes, and ketones in air" published in
the periodical INSTRUMENTATION SCIENCE & TECHNOLOGY 22
(1994), pages 25 to 38 describes a method of this type
according to which the gas to be analyzed is passed through
a recipient (impinger) which is nearly completely filled
with a reaction solution, the gas sparkling upwards through
the solution. After the intended exposure time a part of the
solution is pumped via ducts and by means of a peristaltic
pump into a chromatograph while the remaining solution is
withdrawn from the recipient. The latter is then cleaned and
charged with fresh solution for the next analysis cycle. All
these steps are automatically supervised and controlled by a
sequential program.

A main inconvenience of this method is the low
sensitivity especially due to the following effects:

a) The analysis by means of the two chromatographic

methods commonly in use, i.e. the high resolution liquid
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chromatography (HPLC) and the capillary gas chromatography
(CGC) allows to inject only about 20 pl or 5 pl respectively
of the absorption or reaction liquid into the chromatograph
column. Taking into account a liquid volume of about 20 ml
this represents only 1% or less of the entire sample volume
and signifies a corresponding loss in sensitivity.

b) The absorption or reaction recipient having a
volume of several milliliter cannot be cleaned at reasonable
expenditure to an extent which is necessary for a sensitive
measurement. Therefore the memory effect is high. The memory
effect is further increased by the duct through which after
exposure the solution to be analyzed must flow towards the
chromatograph. For this reason this duct must also be
cleaned after each analysis cycle. Moreover the volume of
the recipient cannot be reduced in size at will since the
length of this duct imposes a lower limit of recipient
volume. Thus, in each cycle 20 ml of solution should be
pumped towards the chromatograph. Under these conditions
concentrations of down to 50 ppb of formaldehyde had to be
measured.

The increasing pollution burden of closed rooms due
to the improvements in the thermal isolation and the use of
poisonous adhesives in the furniture industry and for posing
wallpapers or carpets has created a need for a low cost
measurement and supervision of even lower pollutant concen-
trations, especially the concentration of formaldehyde in
the concentration range below 50 ppb.

It is therefore an objet of the invention to propose
a new method and a device adapted thereto allowing in a
fully automatic manner the realisation of a sequence of
analysis cycles which allows the extractioﬁ of a sample of
gases to be analyzed, the adsorption of the sample in a
reaction solution and finally the analysis of this solution
and which permits measurement of very low concentration

rates of pollutants, for example a formaldehyde concentra-
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tion of 1 pg/m® or about 0.8 ppb.

This object is achieved according to the invention by the
method as defined in claim 1. The device for implementing
this method is characterized by claim 3. Concerning features
of a preferred embodiment of the method reference is made to
claim 2.

The invention will now be described in more detail by
means of a preferred embodiment and the attached drawings
which show schematically and in a sectional view a reaction
recipient in which a reaction solution is submitted to the
gas to be analyzed.

The invention is explained in the frame of formalde-
hyde detection in ambient air, but it can also be applied to
other products, especially pollutants in air or another
support gas.

The air in a room 1 to be analyzed is sucked by means
of a sucking pump 2 through a reaction recipient 3. The gas
inlet 4 and the gas outlet 5 of this recipient are arranged
in such a way that the gas to be analyzed is injected
through a thin pipe 10 into an absorption and reaction
solution which is located in a tiny depression 6 at the
bottom of the recipient. The inlet and the outlet can be
disposed horizontally or along inclined lines in such a way
that the pipe 10 extends rectilinearly towards the depress-
ion 6.

Above this depression the recipient is obturated by a
septum 7 through which a cannula 8 can penetrate into the
recipient. The recipient is for example made of a glass
material which is inert with respect to the gas to be ana-
lyzed and to the reaction solution. The cannula is coupled
to a transfer system 9 which has been showﬁ here symbolical-
ly as a piston-type syringe but in reality the transfer
system is automated and allows defined quantities of reac-
tion products and cleaning liquids to be injected into the

recipient or of exposed reaction liquid to be extracted
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therefrom in order to be transferred into an automated
liquid chromatography column. The transfer system and the
analysis column are known per se and are for example
commercialised under the designation SIL-7A by Shimadzu
Corporation. In this commercial apparatus a plurality of
test tubes each filled with an analysis sample are analyzed
under the control of an automated sequence controller. A
cannula penetrates through the septum of a tube, extracts a
sample and transfers it into a liquid chromatography column
in which the sample is analyzed separately by means of a
convenient detector. After the cleaning of the cannula the
next-following tube is treated.

The device according to the invention operates
preferably as follows: At first the transfer system with-
draws via the cannula 8 a certain quantity of cleaning
liquid from a supply tank (not shown) and pours this liquid
into the reaction recipient 3. By operating the sucking pump
the cleaning liquid is distributed in the recipient in such
a manner that the entire inner surface is rinsed. Thereafter
the cleaning liquid is extracted through the cannula from
the recipient and is discharged. The device is now ready to
receive a well defined quantity of an acid solution of
dinitrophenylhydrazine through the cannula 8. Thereafter the
air or gas sample is applied. After the exposure which might
last for seconds, minutes or hours, as the case may be, the
admission of the air to be analyzed is interrupted. The next
step is constituted by a complete withdrawal of the solution
via the cannula 8 and by its transfer to a dosing system of
a liquid chromatograph column allowing to measure the con-
tent in pollutants. This is the end of the cycle, and a new
cycle begins as explained above by cleaning the cannula and
the reaction recipient, by filling in fresh reaction sol-
ution into the depression 6 and by again cleaning the can-
nula 8.

In the depression an extremely small reaction sol-
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ution quantity of for example only 10 to 100 pl can be
charged which after the exposure is transferred totally
through the cannula into the chromatograph. Due to this
small quantity of solution which has become possible by the
absence of the duct towards the chromatograph and by the
direct transfer through the cannula, the pollutant concen-
tration in the solution becomes higher and the cleaning of
the recipient and the cannula is notably less complicated
and consequently the memory effect is reduced to an extent
that repeatable measurements of concentrations of for
example formaldehyde in the range of 1 pg/m® or even below
this value can be obtained.

Since the entire cycle is performed without human
interverition a large variety of analysis requirements can be
fulfilled by an appropriate programming of the transfer
system. This is true for example for the duration of the
exposure and, as the case may be, for the waiting time
between two successive sample extractions, as well as for
the type and quantity of the reaction solution. Thus a
complex and variable measurement program can be pre-pro-
grammed and is performed automatically without human inter-
vention.

The device according to the invention can be realised
by modifying the type SIL-7A injector mentioned above by
simply withdrawing from the injector the rack intended to
receive the plurality of test tubes and by mounting instead
in a defined location the reaction recipient shown in the
drawings. The transfer system then must only be guided to
this location and to the tanks for the cleaning liquid and
for the absorption or reaction solution or its components
respectively instead of a plurality of tesf tubes awaiting
in the rack successively their analysis. In the frame of the
invention more than one reaction recipient 3 can be fore-
seen, especially two such recipients which are operated

alternately, at each instant one of them being in the expo-
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sure phase and the other in the preparative phase for the
next exposure. This allows a supervision of the air in a
room or in the outer environment practically without inter-
ruption.

The invention is not restricted to the device shown
in detail and to the corresponding method. Thus other pollu-
tants than formaldehyde such as acetaldehyde, acrolein and
acetone can be detected with the device according to the
invention, and these pollutants can further be contained in
other support gases than air. As the case may be, the reac-
tion product can be a composition other than dinitrophenyl-

hydrazine.
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CLAIMS

1. A method for automatically analyzing volatile
substances in gases, in particular air, comprising the
following steps:

a) the gas to be analyzed is passed through an absorption
or reaction solution, as the case may be,

- b) the solution is analyzed by means of a
chromatographic method,
characterized in that the absorption or reaction solution is
disposed in a depression of a reaction recipient and is
completely extracted from the recipient through a cannula
after the exposure to the gas to be analyzed, the solution

being then analyzed.

2. A method according to claim 1, characterized in
that the reaction product in the solution is dinitrophenyl-

hydrazine.

3. A device for implementing the method according to
claim 1, characterized in that the reaction recipient (3)
presents at the bottom a depression (6) for the reaction
solution and is obturated at the upper end and opposite to
the depression by a septum (7) through which the cannula (8)
is able to penetrate into the depression, in that the inlet
into the recipient (3) for the gas to be analyzed terminates
in a pipe (10) dipping into the depression whereas the
outlet (5) connected to a sucking pump (2) is disposed
laterally above the depression, and in that the cannula (8)
is part of a automated transfer system known per se which
under the control of a program injects a cleaning liquid
into the recipient, discharges this liquid.thereafter and
injects a defined quantity of fresh solution or its compo-
nents respectively into the reaction recipient for the next-

following analysis.
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