CARBON MONOXIDE POISONING AND AN IMPROVED METHOD OF ITS SPOT
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The paper reviews some investigations on carbon monoxide- poisoning and describes a. -
detailed method for spot detection of carbon monoxide. A comparative study indicating
the scope, limitation and range of the various other methods of spot detection has a'so been
given. :

Among the industrial toxic gases, the most frequently oceurring is carbon monoxids,
"The highly poisonous gas is the product of incomplete combustion of carbonaceous matters
and therefore may occur in different proportions in air at almost every place of human
activity, particularly in and around coke-oven plants, garages, mines, sewage-treatment
plants, hangars, factories and many other installations where fuels of organic origin are
burnt. Large number of people succumb to carbon monoxide poisoning every year. The
-coal mine explosions claim more victims through carbon monoxide poisoning than from the
explosions themselves. A large number of accidental deaths and suicides are also Teported
through the absorption of carbon monoxide present in the Hluminating gas. In 1946 in New
York-City alone there were 268 suicides and 281 accidental deaths by carbon monoxide
poisoning?. Since carbon monoxide constitutes one of the products of explosives used by
military personrel as well, the danger to the defence forces poisoned by it during peace
time manoeuvres as well as in war cannot be under estimated. The necessity of spot detec-
tion in the fields of civic and military activity can not, therefore, be over tressed. Table
1 shows the extent to which this poisonous gas may be present at different places?,

R e

POISONOUS NATURE OF CARBON MON;OXID'Ef

Carbon monoxide has an affinity for haemoglobin of blood equal to about three hund-

- ved times that of oxygen and the inhalation of the gas results in the almost quantitative

formation of carboxy-haemoglobin in the red blood corpuscles. The formation of this

-compound in the blood incapacitates the systm to take up oxygen and relatively low

level of atmospheric carbon monoxide may cause serious poisoning. Prolonged exposure

to an air containing carbon monxide as low as 0-15%, may prove fatal. Two different
modes of attack can be distinguished in carbon monoxide poisoning : o ;

1. Formation of carboxy-haemoglobin by carbon monoxide through the displacemeilt
* of oxygen. The envelope of the blood corpuscles are not damaged and red corpuscles remain
unchanged. ' ’ ‘

2. The internal vesicular respiration is inhibited by carbon monoxide where the fﬁﬁc-
tion of the respiratory: enzyme is paralysed in a similar way to that in cases of poisonfng
with hydrocyanic acid gas or hydrogen sulphide. In the latter the toxic gases combine with
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TABLE 1
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e - CARBON- MONOXIDE: CONTENT

Type and Surce % Co by volume-
Explosion in an experimental miné fuftetiately #fter diist sxpicton R .. .. 80
Mine explosion; one day after-emyplasion i #1v experiientat coal mine . e .. IO
Mine fire .. T ‘" ‘e . . . . .o «w 10
Blasting with 40% géletine flynsmite; 7 minutes.after shooting 100 sticks: 1.2
Blasting&&::gf:p of somibtEter § o -
Bk Blastity powder ve T aw .. .. . .. .. 10-8
409, nitroglycerine dynamite .. .. .. . .. . N o28.0
409 ammonia dynamite .. .. . .. .. . .. 50
JLNGTE: L ie i o PP iy .. .. ... 80:0
’ Blm-turme‘smekgas I i i P .. .. .. .. 280
Bessomdr-fuinaee gas i By i e . .. .. <« 250
"Crucible furnace, gas fuel.melting Al-Cu Sn alloy .. L .. .. .. .. 5.5
" Arc furnace sitelting afuminiilm .. .. .. .. .. .. e 322
Bupolagas .. . . . .. . . .. 17:0
»@(ﬂg@-piﬁéngas o P e .. .. .. . . 60
Coalgas - .. .. .. e . . . 1840
Carburpetsd watet gas . o . .. : . .. 80:0
“Blau dak {erhcled hebvy bils) . . . . . . .. .. 40:0
 ProSUESE ghl frbih colie i . C s G . . .. 25.0
- Distillation sl goa mixture .. . .. . . . oo Ted
o @Producer gasfrom vil |~ . i . .. .. . .. B0
- Fuel gas, - ¥ . i i . - - .o .. 30:0
= Gas rafigh burring ratutal gas ‘e . .o o . oo 0.2
“"Room heater burning natural gas . .. .. . . 0.5
Augomobile 8xhaust gas (average cf tests of 100 cars of all types) - . .70
City fire (black sm ke from burnivg tuildings) = .. .. .. .. .. .. 0.1
Insulation bgrning in slevtric arc .. e . .. 0.5
Furnace gas of small-house heating and hot-water system . . .. .. 1.0
-7 Railroad-focomotive stack gas ‘. o .. .. e . o240

" the teivalent iton (Fe®+) and prevent its = duction, whereas in the case of poisoning by
_ Garbor monoxide, bivalent iton (Fe2+) of the respirarory enzyme reacts with the gas and
thereby inthibits its participation in the oxidation process. The relation® of the carbon.
* #ionbxide vontained in the haemoglobin (CO-H,) to the atmospheric carbon monoxide
~“gonceiitration ag well as the duration of exposure is illustrated in Fig. 1. The threshold or
toxic value of catbon monoxide lies at about 0:029, and limiting fatal concentration at
roughly 0-10%, both values being percentages by volume. A well defined carboxy-haemoglo-
Bin (CO-Hj) concentration coiresponding to the maximum blood saturation level exists;
~the value depends tpon the carbon monoxide level and the period of exposure, the latter
being affected by the movements and nature of work of the subject. The carboxy-
haemoglobin level in the blood stream of a man at work reaches roughly 209, at an atmos-
- pheric content of 0-259%, carbon monoxide within an hour. The carbon monoxide
~wbsorbed in the human organism is stable and does not get oxidised to carbon
- dioxide. A eertain part may be expelled together with the air exhaled and the
elimination process that might goup to 24 hours is accelerated through increased partial
pressure of the oxygen concentration in the blood vessel. No definite data, however, exists
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* aw*to- the possibility of cumulative carbon

'{ff” monoxide poisoning oceurring as a result of
e — ——— s prolonged exposure ‘to carbon monoxide
00 | ‘ * —= Tes  concentration of Iess than the threshold of
/, ’ e2 toxicity value. '
LI/ £ reeroxmare FaTaL iy | . ‘ ‘
R , , | ' Phystological response and towicity of carbon:
21l ; L | monoxide poisoning
-8 / ' " - .08 i
LY L roxic umtor Apart from the headache, dyspones, diz-
THRESHOLD VALUE ziness, mausea etc. frequent appearance of a.
005  Pink-skin in cases with white subjects is
» ot ~ commonly associated with the poisoning by
0.010 carbon monoxide. The absence of* such out-
ward symptoms, however, does not necessarily
‘T T vorene exclude carbon monoxide as the source of
poisoning.
o2 s e 1 waukmwo Table 2 indicates the toxic effects of
: ‘ carbon monoxide concentration in atmos-
t 23 4 s 6 7 8 9 w s phere on individuals resting as well as doing:

physical work®. The effects are broadly agreed
. . upon although minor variation in the findings
Fig. 1—The carboxy-heamogiobin in blood stream in in respect of the resporse of individual o
relation to the time of exposure and the concen- e8p P 5 6
tration of carbon monoxide in the atmosphere. tOXIC effect, has been reported 3, 6,

HOURS

TABLE 2

EFFECTS OF CARBON MONOXIDE FOISONING

Concentrajon of carbon Effect on irdividuals

monoxide in air Resting
Parts per mg./m? . doing physical work
mjllion by
volume . (20°0)
50 . 58 Nil Nil, unless exercise is very stienuous,

100 116 Nil Perhaps slight bheadache ard . some

shortress of breath after 2.3 hours_ "~

200 232 Headache after —4 hrs,; symptoms Headache; sheriness of breath, dizziness,,

' do not becoms severe, e Ditaticn 2fler two hours,

500 580 Headache, palpitation, reuveea ard Sevare tececke, dizeiress of visicn,
dizziness; syrrptoms begin after 1—13 possibly vomiticg and collapse, Symp.
hours, ) ’ tems boginafler 45 minto 1 hr, -

1000 . - 1180. ..Mild symptoms appear after L—1% hrs Mild symptoms after 30-45 mins severe

10000

11600

becoming servere after 21 hrs ~with
collapse; prolonged exposure may be
fatal.

Mild symptoms after 10 mins, becoming
severe in 15 mins, = This concenira-
tion will be fatal if breathed for more
than 2--3 hrs., and may be fatalin a
shorter period. N :

symptems efter 45" mins, to 1 hr,

Mild symptens in 2-5 mins, beccming
rapidly severe. Danger to life.
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‘ TABLE: 3

METHODS FOR SPOT DETECTION OF CARBON MONOXIDE

b ]

T T i :
Wl o cod

Method and reaction

Type

"

o Na.tvure; of test :

Range‘

P e

1

. fS %8
_Remarks;
B e

[N T R

1. (;t) Céinaries

(b) Japanese dancmg
i mme - )

"9, Palladous Chloride do-

tectors (reduction to
metallic Palladium).

"3, CMRS. :Co-dotector
- tubes Catalytic reduc-
tion of yellow ammo.
nium s1hcomolybdate

. complex.

4 NBS Indicator. Ca-
talytic reduction of
yellow ammonium. sii-
comolybdate complex,

5. Hoolamite detectors.
Reduction of Iodine
pentoxite to Iodine,

6. Blood method with Labo-

pyrotannic. acid

7. I-ialdane Caramine
method

Spot.. .

Spot

Spot

Spot

Spo(‘

Spot

i

ratory

and
Spot

Labora-
tory

B°hav.our in movemenf

Do. -

colour. from
to

Change in
Brownish ye]low
black: e

“Charge in colour from

. yellow to blue matched
with perma.nent]y co-
loured ge]s. S

Change in colour fl om.

yellow to blue.
M@tehed w1th -printed
strlps

Colovir of white granu-
les change - - to bluish
reen, violet brown

~and fitially t6 black

Light brownish grey
suspension is formed.
Matched with stand.
erd colours,

Caramine dye solution
is added to a diluted
blood. to produce the
tint of the p01soned
blood. .

(@) Positive md)ca.tlonN

with in 75—130 mi-
nutes in 1000—1200
ppm CO.

. (b) Same in 5-10 minu-

tes, Quicker response
in * highr concentra-
tions,

200--1000 ppm..

10—1000 ppm.
1 ppm detected,

. . sent

10—1000 ppm - -

1000—10,000 ppm

of 100--200 ppm.
Maximum indication
2000 ppm.

- B _
(@), Time interval bet-
ween response of mun
and observable jes-
ponse of .the animal is
often not sufficent for

" use in practice,

<

Sensitivity * decreases
with low air temper-
ature,

Interfering substances
are  strong reducing
or oxidising gases pre-
Jn | very large
amount.

Matching may be.affest-
ed subjectwise, Re-
ducing and oxidising
gases may also inter-
fere. .

Interfering gases are
acetylene, ammonia,

butylene, ethylene etc.

“Accurate in the range Limited appiioatioh due

to- difficulty in- the
preparation of stan-
dards with blood.
Permanent standards
may improve the
utility of the method,

Restricted use in caess
of actual blood
poisoning,

?

METHODS FOR DETECTION OF CARBON MONOXIDE

The methods of detection and estimation can be broadly placed into two major
groups—the detection and estimation of carbon monoxide on the spot and estimation in the
laboratory. Since the laboratory methods for the determination of carbon monoxide
are well known, some of the important spot detection methods ‘along with the ranges of
detectlon and hmltatmns are summansed in Table 3.
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_

Fig. 2 - Detector tubes before and after Fig. 3 —Aspirator-cum-comprator for carcon monoxide detector
filling. tubes,

Indigenous availability of the high grade silica gel prompted the authors to develop a
method based on the colorimetric reaction of  carbon monoxide with silico-molybdate
complex. This method has been described herein detail. The technique employed in this
method was developed in our laboratory”.

AN IMPROVED METHOD FOR SPOT DETECTION OF CARBOY
MONOXIDE,

Principle . - ,

The basic principle of thereduction of yellow silico-molybdate (#08+) to lower oxides
has been utilised in this method. A number of reducing agents (including Mo3+ and carbon
monoxide) have been found to reduce molybdates into colloidal molybdenum blues-8, -
the composition of which approximate to Mog0,,H,0. The stages of colour change (from
yellowish green to green and finally to deep blue) are indications of the extent to which
the reduction has been effected and thereby relates to the concentration of the reducing
agent. Consequehtly, the reaction is not specific as hydrogen sulphide gas, lnsaturated
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hydrocarbons, moisture etc. also produce identical colour changes. These interfering
gases can, however, be easily removed by employing suitable absorbents which do not
absorb carbon monoxide to an appreciable extent.

Detector tube :

The carbon monoxide detector tube described here consists of a 14 cm. pyrex glass tube,
of 7 mm. to 8. mm internal diameter (Fig. 2) and contains a short (1 cm.) column of silica
gel impregnated with silico-molybdate co v plex. On either side of this yellow reagent column
two short columns (about 4 cm. and 2 em.) of guard silica gel remove the interfering gases
and moisture by absorption. The gel columns in the tube are kept in position by plugs of
glass cloth and the ends of the tube are vacuum-sealed with a pointed flame. In actual use
the ends of the tubes are broken and the air sample to be tested is drawn Zhrough the
tube by means of an aspirator—cum—comparator (developed at the Central Mining Re-
search Station, Dhanbad)—see Figs. 3 and 4. Any colour change produced indicates the
presence of carbon monoxide in the sample. This change in the colour of the reagent gel is
matched against a set of standard coloured gels to give the carbon monoxide content
directly from the scale. The comparator gels are prepared by impregnating silicagels
with  different admixtures of Prussian blue and Potassium dichromate. solutions an
drying them at 150°C. They are subsequently filled in pyrex tubes having the same dia-
meter as the detector tubes. ‘

Detailed procedure for preparing the dectector tubes is given below :

REAGENTS
(@) Silica Gel for impregnation

The gel to be used should preferably be of
the non-indicating type and colourless. The
sizes should be such that the entire amount
passes through 60 B.S.S. sieve and retained
on 72 B.S.S. sieve. Evenif the purity of the
‘gel is guaranteed by the manufacturers, it

k
O

Fig. 4 Detecting apparatus in use. _ Fig. 5 --Vessel for checking gel prior to use.
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is necessary to purify it once more by digesting it in nitric acid and subsequently
washing with distilled water. The possiblity of the size reduction during digestion and
washing processes cannot be over ruled. It is, therefore, advisable to repeat the sieving
operation after the purification. Further, the gels availablein the market exhibit different
activities depending on the mode of their preparation. ~The colour developing quality
of silica gel may also be affected. It is, therefore, advisable to carry out the following
experiments to test the gel for its suitability.

Testing the gel for its suitability ;—b gm. of the gel is boiled with excess nitric acid
for half an hour and washed with distilled water several times to free it from acid. It
is then drigd at 110°C inan air oven for four hours. 2 gm. of this washed gel is transferred
to 50 c.c. pyrex glass bottle and heated in furnace to a temperature of 3404-20°C for
four hours. The open (nd stopper (Fig. 5) containing silica gel is placed on' it and
allowed to cool. 5 ml of 5%, ammonium molyb- date solution is added to the cooled gel
followed by an -addition of 4 drops of 509, sulphuric acid. The bottle is stoppered,
shaken for two minutes and kept for 2 hours to allow the colour to develop. The coloured
solution is extracted, made up to 100 ml with distilled water and the intensity
of coloration measured with the help of a spectral type photometer using -one

- : centimetre cell at 420 mu. The gel suitable
AT‘;—_} l for the purpose should show an extinction of
—

0-60—0-65.

Purification of the vmpregnation gel.— The gel
thus found suitable is purified in the following
manner: 500 gm. of the. gelis dried at 320°C
for two hours, transferred to a 2-litre flask and
subsequently refluxed with nitric acid ona water
bath (Fig. 6). Concentrated nitric acid (A.R.)
covers the silica gel completely and the level of
the acid stands 4 cm. above the surface of the
gel. It is refluxed for 48 hours and the loss of
acid is replenished by periodic addition of the
acid. After 48 hours, the acidis siphoned out
and the gel washed several times with re-distilled
water till the wash water is rendered clear and
has a oH value betwcen 4-9 and 5+01is obtain-
cd. About 30 t'mes washing with 500 ml of
Redistilled water cach time and boiling for 10
minutes generally suffice. The washed gel is
dried in an air-oven for six hours at 110°C

E N

60'3 em I ——

p o
——
g |

- T and subsequently stored in clean 2-litre reagent
€ bottles provided with ground glass stoppers.
@ The stopper shouldbe ungreased and contact

L of the gel with rubber, oil -grease or any other
- reducing material should be carefully avoid-
ed.

Fig. 6 -Reflux unit for the.purification
of gel. -
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(b) Guard gel

The silica gel used for the guard gel employed in the detector tube for removing other
reducing gases and moisture should also be colourless and non-indicating type. It should
entirely pass trough a 30 B.S.8 sieve. The purification of the gel is carried out in a manner
similar to that of impregnation gel.

(¢c) Polladous sulphate solution

1 gm. of 99-9 %, metallic palladium wire (05 mm. dia.) is cut in small piecesof 1 mm.
length and dissolved completely in 20 ml. of 209, nitric acid contained in a 100 ml. pyrex
conical flask. The solution is transferred to a clean porcelain basin, evaporated to dryness in
a furnace cupboard and further heated in a furnace at 350°C for eight hourss The black
shining residue is scrapped off and transferred to the 100 ml. pyrex conical flask. About
12 ml. of sulphuric acid is used in partially dissolving, and loosening the residue. Continuous
boiling of the material with the acid on a hot plate and using an air condenser (Fig. 7)
dissolves the black oxide of palladium and deep brown solution is obtained. 1 ml. of
distilled water is added through the top of the condenser at regular intervals of 15 minutes
during boiling and the addition is discontinued with the cessation of evolution of suplhur
dioxide gas. The boiling is, however, continued for another half an hour. The palladium is
estimated by dimethy glyxime method forma 2ml. aliquot and ‘the solution is according-
ly diluted to give 0-015 gm. per ml, of palladium and 0-25 gm. of 36 N sulphuric acid.

GLASSWOOL

9
[
o
0
3

SILICA GEL

GLASS wooL
STANDARD GLASS
JOINT B 12 : _ )

* GLASS JOINT
ND. B 19

FILTER
PUMP

r . L - %ﬁﬁu

N

A} [ | L] ot . | -
;—‘ ] 0 ) le—12.6 em —_—
;‘ H I - .23em l
Fig. 7—Apparatus for preparation of Palladous Fig. 8—Set-up for initial drying of gel after

sulphate solution impregnation.
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(d) Preparation of am/monmmu . molybdate solution

15 gm. of A.R. quality ammonium molybdate is dissolved and made upto 200 ml, with
freshly - boiled distilled water.

Drying of gel prior to Impregnation :—500 gm of the purified gel is taken in a 2-litre
pyrex glass flask fitted with a standard joint. The gel is heated for 4 hours at 340
-+ 20°C in a suitable furnace under suction.In case there is already a furnace athand,
a suitably modified Pyrex glass vessel of appropriate size and fitted with standard
joints may replace flask. In either case, the vessel must be provided with an open
top stopper containing guard gel to prevent moisture from getting inside during
cooling. After heating the stopper is replaced and the vessel allowed to cool.

(e Im];'iegatwn
The iimpregnation vessel should be a 2-litre pyrex flask, fitted vacuum .tight

points in the manner given in Fig. 8. The dried and cooled gel is transferred to the 2-litre
flask and the reagents given below are added as quickly as possible :

Ammonium molybdate solution (7-5%) .. .. .. 100 ml,
Palladium sulphate sgiiition (as prepared i)revmusly) .. .. 25 ml
Distilled water .. .. S .. 200 ml

If the gel has already taken in some moisture, the development of yellow colour by the
addition of the reagent may not be complete. In such case, the quality of the detector tube
gels would not be reliable for detection of carbon monoxide. A pinch of the gel may be
allowed to react with two drops of ammonium molybdate solution and a drop of 29, sul-
phuric acid on a glazed porcelain tile to test if the gel is dry enough. An intense yellow
colour must be formed. Otherwise the gel should be dried again as described earlier. The
yellow colour which is instantaneously formed is allowed to develop completely by keeping
1t overnight.

(f) Initial Drying

The flask containing the gel at the bottom and the yellow coloured silico-molybdate
complex on the top is fitted to a set up as given in Fig. 8. The flask is connected to a
vacuum pump via trap containing indicating type of silica gel dehydrated at 320°C. During
the process of drying, the gel shows a tendency to cake, and the flask is occasionally
taken out and struck gently against a thick and semi-hard rubber sheet in order to disinte-
grate the cakes formed. The rubber tube connecting the flask to the filtering conical flask
should be sufficiently-long (about 10 inches) to permit this operation.

When the cakes are disintegrated and the gel particles are dry enough to move freely
with respect to each other (in actual process, the gels quiver, that is, a visual analogy to
boiling is observed), the three-way stop cock is turned to the atmosphere, and the air
allowed to enter into the flask through the guard tube. The flask is subsequently taken out,
closed with a ground glass stopper and kept in a cool place.
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Fig. 9—Assembly for flnal ;l-ryhlg of impregnated gel.

Fig. 10—Dosing apparatus for reagent gel.

an 11 -:Dosfng apparatus for guard gel
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(9) Final Drying

The sensitivityof the impregnated gel for the detection of carbon monoxide is largely
governed by its low moisture content and the gel is to be thoroughly dried to make it pro-
perly sensitive. Since it is very difficult to remove traces of moisture from silica gel, special
drying technique is employed. The set up, found suitable by the authors, has been illustrated
in Fig. 9. A high vacuum Cenco-pump (10—¢ mm Hg and capacity 30/40 litres per minute)
is employed for the purpose and system of traps filled with dry silica gel and kept in freezing
mixture, fixes the moistiure evacuated. Salt-ice mixture ket in thermos flask is used as
freezing mixutre. Therémometers are placed in the bath. and periodic replenishment of
galt jee mixture assures a sufficently low temperature (—15°C), - e :

A ¢ylinderical or bulb type seperating funnel of 500 ml. ca.pa.ctiy' (Fig. 10) is used
both for final drying as well as dosing. No grease is applied to the stop cock and the
filling in of the tubes is completed soon after drying.

Eight hours are generally required for final drying of 250 gm of impregnated and
previously dried gel; the periodic measurement of the suction should not show a pregsure
higher than 10— mm. Hyg.

(%) Filling up of the tubes

The moisture content of the reagent gel largely determines its sensitivity and, therefore,
the gels should preferably be filled in the tubes immediately after final drying (same-
day if possible) or kept in a big dessicator containing silica gel dehydrated at 340°C. The
dosing tubes must be stoippered with thin film of Apiezon grease at the ends. The dosing
stop cock, however, should preferably be left ungreased. '

The filing in of the tubes is carried out in a room free from traces of unsaturated
hydrocarbons or any other reducing vapouras. This is very important in the sense that
traces of such gases might affect the sensitivity and spoil the product of the entire
run. The relative humidity of the room where the filling in of the tube is carried out should
not exceed 60%, at 25°C. The tubes are rinsed and kept overnight in chromic acid and the
glass cloth for pulgging is digested in nitric acid for four hours to remove any grease
present on the materials. In either case, the traces of the acid are removed by repeated
washing with distilled water and subsequent drying.

The guard gel to be filled is also dried at 340°C under vacuum for four hours and kept
stored in the air-tight glass-stoppered bottle using a little Apiezon grease. Before pouring
. in the dosing bottle, the grease is removed with a piece of clean cloth.

The dosing vessels in Figs. 10 and 11 containing the freshly dried guard gel and the im-
pregnation gel are kept vertical in two separate stands. A piece of square glass cloth is plugg-
ed inside the tube through the open end. A fixed volume of guard gel is first dosed in the
tube. Impregnated gel is subsequently added by rotating the stop cock through 180° and
another column of guard gel is finally added on the top of the impreguated gel. The entire
column is pushed to 9-5 cm. from the lower end of the bottom gel by means of a
stainless steel rod. One cm square of glass cloth is subsequently rammed in position and
the tube immediately sealed by drawing it under vacuum with the help of a pointed gas
flame, Storage ranging from 15 days to one month is advisable in case of tubes showing
low initial sensitivity.

!
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