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The present invention relates to a method 
of and means for detecting the presence of 
carbon monoxide in dangerous proportions 
in the air, in a simple and reliable manner. 
Most of the poisoning cases on record are 

actually caused by carbon monoxide in the 
air. This is due mainly to its common Occur 
rence in everyday life. This gas forms a nor 
mal ingredient of the exhaust gases from in 
ternal combustion engines and also of illu 
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minating gases, such as coal gas and the like. 
It is a product obtained in all incomplete 
combustion processes in fire places or the like. 
Persons now living under industrialized con 
ditions are thus often liable to encounter car: 
bon monoxide and, unfortunately, industrial 
development tends to increase this danger still 
more. In many countries great attention has 
been paid to this question and many re 
searches have been published on carbon 
monoxide and its occurrence. The attention 
of the public has, however, not been drawn 
to the fact that carbon monoxide is to be con 
sidered as a very common cause of imperfect 
health in the form of fatigue, reduced capac 
ity for work, dizziness, etc., which are the 
typical symptoms of a slight carbon monox 
ide poisoning. The most dangerous prop 
erty of carbon monoxide lies in the fact that 
its presence is not noticed because it is com 
pletely devoid of Smell, taste and colour. It 
is not generally known to the public that the 
exhaust gases from an automobile engine con 
tain from five to nine per cent carbon monox 
ide, i.e. nearly the same percentage as ordi 
nary coal gas and that the proportion of car 
bon monoxide is particularly high when the 
motor runs without load. Tests of the air 
in garages have proved that the quantities 
of carbon monoxide very often reach very 
unhealthy proportions. Wahren found in a 
garage where an engine had been running for 
six hours a percentage of 0.1 to 0.2CO, in a 
boiler room 0.2 percent, in a forge 0.4 per 
cent, and in a laboratory where sixteen Bun 
sen flames had been burning for two hours 
0.1 percent. It is to be noted that 0.01 per 
cent is injurious to health. In a laundry 
where gas heated irons were used it was found 
that practically all employees suffered from 

carbon monoxide in the blood and they had 
also earlier complained of bad health. 

If the dangers of carbon monoxide are to 
be successfully fought, and the number of 
poisoning cases due thereto reduced, it is 
insufficient merely to point out the dangers 
to the public. There must also be supplied 
within reach of everybody means for ascer 

Said means 
should preferably also render possible a quick 
estimation of the extent of the danger due to 
presence of the gas. 
The methods hitherto known for carbon 

monoxide in the air and for measuring the 
proportion thereof are too insensitive and 
slow and too complicated to attain any gen 
eral measure of use amongst the public. 
There is a plurality. of different chemical 
methods based upon the reducing property of 
carbon monoxide. One of the oldest methods 
comprises the use of palladious chloride 
(PdCle) said chloride being reduced by car 
bon monoxide which results in a dark colour 
ing. This method may be applied in differ 
ent Ways. Either a paper is soaked, in the 
time of the examination, with a solution of 
palladious chloride and the blackening or 
browning observed, or the paper is before 
hand prepared with palladious chloride and 
thoroughly moistened at the moment of the 
examination, the blackening or browning be 
ing then observed in the same manner as be 
fore. However, both of these methods are, 
in common with other methods for the same 
purpose, not very Suitable in practice and give 
unsatisfactory results. As regards the for 
mer method the values obtained in the exami 
nation if the solution is only a few days old are 
entirely different from those obtained when 
using a freshly prepared solution. The same 
can be said also about the second method 
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using test paper prepared beforehand. Fur- - 
thermore, the reaction takes place in both 
methods too slowly to give any really useful 
results. Even if the concentration of monox 
ide is dangerous to life it may in certain cases 
require up to ten minutes before the reaction 
clearly appears. At a less concentration, 
which however still may be very unhealthy, 
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the papers often need to be exposed for 12 or 
even 24 hours before any reaction appears. 
The present invention has for its object to 

provide a method more sensitive and more re 
liable than those hitherto known and to stand 
ardize the reaction means used in connection 
with the method so as to assure entirely uni 
form results under all circumstances. By 
the invention it is simultaneously rendered 
possible not only to ascertain quickly and 
safely the presence of carbon monoxide in 
quantities injurious to health but also to 
make an estimation of the proportion of 
monoxide present in the air. 
The invention is based upon the following 

facts observed in connection with the known 
palladious chloride methods. In the reac 
tion, hydrochloric acid is set free which may 
influence the reaction proper and also the co 
agulation of palladium. It is found that the 
reaction does not take place at the presence 
of dilute hydrochloric acid (for example 0.1 
normal solution of HCl) and that the acidity, 
i. e. the hydrogen ion concentration, has a 
strong influence upon the reaction, as can be 
seen from the diagram in Fig. 1 on the accom 
panying drawing where the abscissa repre 
sents the hydrogen ion concentration, ex 
pressed in pH, and the ordinate represents the 
time t of reaction in minutes. As is clearly 
understood from the diagram the reaction 
time is considerably increased if the hydro 
gen ion concentration becomes greater than 
0.003 of normal solution (pH less than 2.5) 
and that the rapidity of reaction quickly in 
creases if the hydrogen ion concentration is 
reduced below said value. It is, however, not 
suitable to proceed beyond the neutral point, 
as hydrolysis of the palladious chloride than 
may occur which disturbs the reaction. 
There is thus a limited range for the values 
of the hydrogen ion concentration when the 
reaction proceeds at its optimum. The prob 
lem to limit the hydrogen ion concentration 
to said optimum is solved according to the in 
vention by a further addition to the palla 
dious salt of a re-agent namely a so called 
buffer substance i.e. a substance able to con 
trol the hydrogen ion concentration and to 
maintain it at a fixed value. Such substances 
are used, by way of example, in enzyme chem 
istry. 
In its simplest form the new method may 

be applied by moistening an ordinary pal 
ladious chloride paper with a solution of such 
a buffer substance. Such a procedure is, 
however, not practical. The method must be 
so simplified that the reaction may be car 
ried out without solutions of chemicals being 
available, besides which it is desirable, as 
above mentioned, to standardize a new reac 
tion means in order to increase the uni 
formity of the reaction and to render pos 
sible a comparatively exact estimation of the moisture is obtained between the dry and 
percentage of carbon monoxide present, as 
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given by the reaction time. For this purpose 
the paper is prepared beforehand both with 
the palladious salt and with the buffer sub 
stance the ratio of concentration between the 
two substances being so selected that the con 
centration of the buffer substance expressed 
in equivalents is greater than the concentra 
tion of palladious chloride expressed in the 
same manner, the buffer substance being thus 
capable of suppressing the concentration of 
the hydro-chloric acid set free. To confine 
the values of the hydrogen ion concentration 
to a range permitting the reaction to pro 
ceed at its optimum, the buffer substance con 
trolling the hydrogen ion concentration must 
be constituted by a salt of a strong base (for 
example, of an alkaline metal) and a weak 
acid the dissociation coefficient of the latter 
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being then preferably less than 0.001. In 
the moistening of the paper ordinary water 
may then be used. As an example of a suit 
able buffer substance sodium acetate may be 
mentioned. 
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The researches carried out in connection ... 
with the invention and concerning those fac 
tors which may bear upon the reaction ra 
pidity and the durability of the paper, have 
shown that the following circumstances 
should be taken into account to obtain a high 
sensitivity of the test paper and to facilitate 
a thorough standardization. 

1. The paper must not be loose or too po 
rous. The paper must be thick and firm but 
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should at the same time have good absorptive 
properties which latter properties should 
characterize the paper not only in its un 
impregnated state but also after it has been 
impregnated by inorganic salts. 

2. At higher concentrations of palladious 
chloride the test paper reacts more rapidly 
than at weaker concentrations. On the other 
hand, the paper is less durable the higher the 
concentration is. It has, however, been found 
that the concentration preferably should be 
kept between 0.1 and 0.5 percent. The most 
advantageous concentration has been found 
to be about 0.3 percent. 

3. When such a palladious chloride paper 
has been moistened with water the reaction 
takes place more or less rapidly according to 
the proportion of humidity. This is shown 
by the diagram in Fig.2 where the abscissa 
represents the moisture m percent whereas 
the Ordinate represents the reciprocal value 
of the reaction time. This pronounced in 
fluence of the moisture upon the reaction 
time makes it absolutely necessary to define 
the moisture in the reaction in order to ren 
der possible a standardization of the means 
employed. Said difficulty may, however, be 
avoided in a very simple manner by moisten 
ing the test paper only partially in such a 
manner that a transition zone with a defined 

the damp portion of the paper. The moisten 
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ing is then carried out in the simplest man 
ner by only putting a drop of Water on the 
paper. Then the further advantage is gained 
that the concentration of palladious chloride 
is increased in the border Zone proper on 
account of absorption. At the same time a 
durable paper is obtained by limiting the 
concentration of palladious chloride in pre 
paring the paper. The increased rapidity 
of reaction resulting from a higher concen 
tration is thus utilized by said method for 
applying the moisture. 

4. The preferred manner of preparing the 
test paper according to the invention is to 
soak the same with a solution containing 
both palladious chloride and a buffer sub 
stance of the kind referred to. The drying 
of the paper thus impregnated should be ac 
celerated by using artificial means because, in 
using a slow drying process, the paper be 
connes browned which renders the observa 
tion of the reaction more difficult. Besides, 
said artificial drying may be carried on fur 
ther than the natural drying. It is to be ob 
served that the drying should be applied uni 
formly to both sides of the paper. - 
At high carbon monoxide concentrations 

involving danger to life the paper according 
to the invention reacts instantly. The time 
required for the reaction of said papers at a 
carbon monoxide concentration of 0.2 per 
cent (which dose may result in the loss of life 
after inhalation for at least one hour) is 
twenty to twenty-five seconds and, in case of 
a concentration of 0.01 percent (considered as 
the Weakest concentration which injuriously 
affects the health after a prolonged inhala 
tion, by way of example during a working 
day) a clearly distinguishable reaction is ob 
tained after ten minutes. Said values refer 
to temperatures about 18° C. At tempera 
tures about 0° C. the times are twice as long. 
The test is so simple to carry out and the 

indication so distinct that the method can 
usefully be used by any person. The inven 
tion is not intended to represent an exact 
quantitative method, even if so used by a 
trained chemist, but it is intended to render 
possible a comparatively exact estimation of 
the order or degree of the carbon monoxide 
concentration so as to enable even a layman to 
ascertain the extent of actual danger of poi 
soning thereby. 
I claim:- 
1. A method for the production of reaction 

means for detecting carbon monoxide in 
quantities injurious to health in the air char 
acterized in that porous paper is impreg 
nated with a palladious Salt and also, in a 
higher concentration, with a salt of a strong 
base (such as of an alkaline metal) and a 
weak acid. 

2. A method as claimed in claim 1, charac 
terized by the dissociation coefficient of the 
weak acid being less than 0.0001. 

3. 

3. A method as claimed in claim 1, char 
acterized in that the paper is soaked by means 
of a solution containing both the palladious 
Salt and a buffer substance the latter having 
a higher concentration than the former. 

4. A method as claimed in claim 1, charac 
terized in that the paper is subjected to a 
rapid drying process by artificial means, the 
drying being carried out in such a manner 
that the drying rapidity is equal on both sides 7 
of the paper. 

5. Reaction means for the detection of car 
bon monoxide in the air, comprising paper 
impregnated with a palladious salt and also 
a Salt of a strong base and a weak acid, the 
latter salt having a higher concentration than 
the former. 

6. A method for the production of reac 
tion means for detecting carbon monoxide in 
quantities injurious to health in the air, in 
which a porous paper is soaked by means of a 
Solution containing a palladious salt and also, 
in a higher concentration, a salt of a strong 

of an alkaline metal type and a weak 
CO 

In testimony whereof I affix my signature. 
GUSTAF LJUNGGREN. 
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