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When you can measure what you are
speaking of and express it in numbers
vou know that on which you are dis-
coursing. But when you cannot measure
it and express it in numbers, your
knowledge is of a very meagre and
unsatisfactory kind.

LORD KELVIN




2ne thecic dezcribes studiec on acute

exposures of human lungs and eyes to irritaut gacecs

and vapours and lhe physiclogic2l response of these

orgz2ns. The bronchoactivity of the gaces and varpours

after inhalation was measﬁred objectively by constant

volume whole beody plethysmograrh. The threshold

sensitivity of the eyes was assessed subjectively by

exposur= incside tight fitting goggles.

Considerable effort was devoted to the

development of methods for the production of known,

low concentrations of gases and vapours in air, Sulphur

dioxide and ammonia vere prepared by static dilution in

2 Douglas bag., Vapours were produced by continuous

e Ty T T

generation of vapour at constant temperature and sub-

sequent dilution.

lean dose responce curves were obtained for

sulphur dioxide and ammonia inhalation by randomised

double blind Latin square expcsures using twelve subjects

and four concentrations for each gac,

Lxamples of otner irritants were chosen so

as Lo illustrate the effect of siraight and branched

chains (ketones), double bonds (aldehydes) and of

increasing molecular weight in homologous series, A

chlorinated nydrocarbon (trichloroethylene) was also

included.



The :ffect of increasing molec\lar weixht from
acetone 1o the jentanones was an increase in irriteuey
(acevone and methyl ethyl ketone are not irritant). The
branche? chailr geniasone (3-methyl-butan-2-one) was less
irritant than the two <traight chain isomers. Movirg the
oxygen atom from the 3- to the 2- position also increased

irritancy.

Formaldehyde was found to te morc irritant than
acetaldehyde and acrolein more irritent than either of
these; this ruy be attribnied +e¢ the presence of the

unsaturated double boxuAd in zacrolein.

A correlation was Inund htetween the threshold of
irritancy as measured at the ey~ and *uae threshold of
bronchoactivity., Furias., the ~viicuce ouggests that
»zflex bronchoconstriction may be present at corncentratio:s

below those necessary for irritancy at the eye.

The iwplicat.ons of these findings are discussed
with reference +o the establishment of Threshold Limit
Values for industrial exposures. Iiowever, although these
experimei..a: findings :» vo'unteers Wcre, it is believed,
adequate to support the above conciusion further

observations, especially near the threshold level

would ve necessary betore they are used as an adjunct

1o other physiological responses in establishing the

TLVs.

A chapter on miscellaneous studies examines
the bronchoactivity of methoxyflurane (Penthrane) an
anaesthetic and obstetric analgesic. The results
indicate that it is a bronchodilator in normal adults.
This chapter also includes a comparison of residual volume
obtained by body plethysmography and by the method of
helium dilution.
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CHAPTER 1.

INTRODUL 1A,

Much evidence has been adduced for and against
the existence of physiological thresholds. This however
is a different gquestion than deciding un a Threshold
Limit Value (TLV) whicn is a Lygier. standard, Such a
standard is continuously inder review and may be adjusted
in the light of reporta of zdverse effects and the numbers

of such cases,

The soundest way to establisn « vaiuwe is by
taking a large body of existir,; uata on levels of exposure
and number of years “ogether with health recoris. It is
then possible to state with precision the probability of
disease associated with a given exposurs (Roach, 1970).
Even tr.cn the d<z<ision has to be made as to what is an

acceptable risk o* disease.

In Jhe absence ul ealstii7 2ate, arri=2) at a

TLV 1is necessarily a much more iterative process.

Threshold 1imit values refer to airborne concentrations of substances and
represent conditions under which it is belfeved that nearly all workers may
be repeatedly exposed day after day without adverse effect. Because of wide
variation in individual susceptibility, however, a small percentage of workers
may experience discomfort from some substances at concentrations at or below
the threshold 1imit, a smaller percentage may be affected more seriously by
:%gravation of a pre-existing condition or by development of an occupational
Tness,

Threshold 1imit values refer to time-weighted concentrations for a 7 or 8-hour

workday and 40-hour workweek. They should be used as guides in the control of
health hazards and should not be used as fine lines between safe and dangerous

concentrations. (Exceptions are the substances listed in Appendices).

Threshold 1imits are based on the best avajlable information from industrial
experience, from experimental human and animal studies, and, when possible,
from a combination of the three. The basis on which the values are establiched
may differ from substance to substance; protection against impairment of health
may be a guiding factor for some, whereas reasonable freedom from irritation,
narcosis, nuisance or other forms of stress may form the basis for others.

Threshold Limit Values for 1973
Department of Employment. Technical Data Note 2/73
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It is advantageous if an initial value can be chosen
based only on acute exposures thereby providing
minimum risk and inconvenience to the subjects
together with minimum difficulty in obtaining the
necessary volunteers, The whole body plethysmograph
is a very sensitive instrument for measuring broncho-
constriction caused by inhalation of irritant gases
and vapours. Approximately half of the substances
listed by the American Conference of Governmental
Industrial Hygienists have a TLV which is set on
grounds of i(rritancy: often irritancy at the eyes.
Thus the work described in this thesis is pursuant

to the question "can the whole body plethysmograph
provide ohjective quantitative measures as an adjunct
to subjective assessments of irritancy at the eye for

setting TLVs 2"

The rest of this chapter is devoted to a
discussion of the chemical sense as described by
Moncrief (19(7) and Keele (1964) followed by a brief
discussion of lung vagal reflexes and finally by an

-

examination ¢« ° some methods of preparing known, low

concentrations of gases and vapours in air,

Chapter ¢ describes the methods and
Chapter 3 describes the development of methods.
Chapter 4 describes the sulphur dioxide experiments

and Chapter 5 the ammonia experiments,
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Chapters 6 and 7 deal with the ketone results and
aldehyde results respectively. Chapter 8 contains
a discussion of the results and Chapter 9 contains
the results of miscellaneous studies, Chapter 10
is an examination of some sources of error. The
appendix contains a printout of the individual
results of the sulphyr dioxide, ammonia and trilene
results, The ammonia and trilene results were used

as secondary data in Chapter 10 .

1.1. THE COMMON CHEMICAL SENSE.

Man is equipped with five classically
recogn.sed senses: sight, hearing, touch, taste and
smell. The first three are physically excited where-
as the last two, taste and smell, are stimulated by
chemical agencies and are known as the chemical senses
(vioncrief 1967). However, in addition to these two
chemical senses there is a third chemical sense.

This may be aroused by the action of irritants on
exposed mucous membranes such as those of the mouth
and nasal cavities, the eye, the respiratory tract,
and anvs and reproductive openings. Parker (1922)
has called this the "Common Chemical Sense" . It is
the most primitive of the chemical senses from which
the more specialized senses of taste and smell have
evolved. Whereas these differentiations cater for

the provision of nutrition, the cemmon chemical sense

serves to promote rejection of, or withdrawal from,
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noxious chemicals in the immediate environment.

Chemical sensibility occurs even in the
simplest living organisms. The unicellular protozeq,
such as the amoeba or paramecium react appropriately
to nutrient materials and to chemical irritants.
However, they apparently possess no localized recep-

tors (Keele, 1964) nor have they nerve elements to

subserve these responses. Indeed the whole body is

susceptible to stimulation, If a paramecium is cut
into pieces, each separate piece responds to chemicals
such as 1% sodium cMpride solution or 0,05%
sulphuric acid with the same withdrawal movements

seen in whole animals (Autrum, 1959). The sea-anemones
contract in response to chemical irritation, the jelly-
fishes, the flat worms and the earthworms all show a
negative tropism to chemicals and get away from them

as fast as possible. The legs of the lobster are
covered with tens of thousands of sensory bristles,

many of them chemically sensitive.

In Diptera (flies) each labellar hair is
supplied by three neurones, one of which ends near the
base of the hair and responds to mechanical stimuli;
the other two run through to the tip of the hair and
their receptors respond to chemical stimuli, Of the
two chemoreceptors one is specifically stimulated by
sugar which evokes small electrical potentials in the

corresponding neurone and promotes a positive feeding
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response i.e. extension of the proboscis and imbibi=-
tion of liquid., The "non-sugar" receptor is stimulated
by salts, acids, alcohols and many other irritants
which evoke large electrical potentials in its neurone
and a negative or rejection reaction by the fly

(Hodgson, 1955; Dethier, 1955; Beidler, 1961).

In fishes the chemical sense is important to
the survival of the creature and is distributed over
the whole body surface. It is mediated via the fifth
cranial (trigeminal) nerve. This is in marked contrast
to the organs of olfaction and gustation. Olfaction is
confined to the olfactory pits and is mediated by the
olfactory nerve, whereas taste is widely distributed
over the flanks, barbels and pectoral fins as well as

the mouth, and is mediated by the seventh nerve,

In amphibia the taste buds are confined to
the mouth and pharynx but the common chemical sense
is distributed over the whole surface of the body.

As in fishes it is mediated by receptors belonging to

free endings of spinal and cranial (fifth) nerves.

In man and other mammals, whose skin is
horny or covered with hair, chemical sensibility of
all kinds including the common chemical sense appears
to be restricted to defined regions., The taste buds
are confined to the mouth, the olfactory epithelium to
the nose and the common chemical sense to the mucous

membranes,
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Evidence for the separate existence of the
Common Chemical Sense.

l. Experiments with taste and smell.

Parker (1910) showed that when a piece of
meat was held close to the flank of a catfish, (Amiurus),
it would turn around and snap at it, since the flank is
covered with taste—buds, but that if one of these fishes
has the nerves serving the taste organs and the lateral
line organs cut, it no longer snaps at the bait. Such
a fish is, however, sensitive to sour, saline and alk-
aline solutions, but not to sweet. As the only receptors
left in working order are the free nerve terminals, it

must be these which are operative.

In the same way this type of nerve ending is
the only one that occurs in parts of the skin of the

dogfish, (Mastelus), which is very sensitive to acids

and alkalis, less so to salts and bitter substances,

and not at all to sugar solution,

Lashley and Sperry (1943) have shown that
normal rats readily distinguish between the smells of
0il of wintergreen (Methyl salicylate) and bread and

milk. If the anterior thalamic nuclei are destroyed

they still make the distinction without difficulty,

but if the olfactory bulb is removed, their ability
to distinguish between the smells is permanently
abolished., Therefore this ability depends on olfac-

tory and not on trigeminal stimulation.
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In man it is common to refer to the '"smell"
of raw onion or of ammonia, However, those persons

who have suffered destructive lesions of the olfactory
apparatus or its nervous connections are quite anosmic
to trace smells such as essential oils, perfumes and
food flavours yet are still normally cognizant of
ammonia, chlorine and other such irritants, resulting
from stimulation of fifth nerve endings subserving the
common chemical sense. BeiZdler (1957) has made
simultaneous reccrdings in rabbits of the nerve impulses
in multifibre preparations of the non-medullated fibres
of the olfactory nerve and the fifth nerve., He found
that amyl acetate and other odours, in conoentrations
which were not objectimable to man, evoked impulses in
both olfactory and fifth nerve fibres, thus suggesting
that stimulation of the common chemical sense plays a
role in the appreciation of odours, even in non-

irritant concentrations.

With regard to the sense of taste, a study
by Harris (1952) of several hundred patients with
fifth nerve lesions led to the conclusion that in most
people, taste perception is effected by a blending of
fifth nerve sensibility with the primary gustatory

function of the chorda tympani and vidian nerves,

Thus as far as smell and taste are concerned

the common chemical sense can play a physiological role,
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though Keele (1964) points out that excessive

stimulation of this sense is painful.

2, Experiments with pain and touch.

Parker (1922) regarded pain and the common
chemical sense as distinct sensaticns. He wrote "The
curious feeling that comes from vapours that irritate
the eyes, nose or even the mouth, has not the remotest
relation to touch, smell or taste and is only distantly
related to pain. Pain, however, is easily separated
from the common chemical sense by the use of cocaine
(Cole, 1910; Crozier, 1916), and we are therefore
entirely justified in concluding that the common chemical
sense is a true sense with an independent set of recep-
tors and a sensation quality entirely its own". Thus
Parker differentiated between the common chemical sense
and pain on the basis of (i) quality of sensation (ii)
Sensitivity to cocaine and (iii) the existence of
different receptors. To these we may add (ii.a.) the
evidence adduced by Jancso (1960) for chemical desensi-

tization,

2 (i) Quality of sensation.

Keele (1964) points out that if Parker is to
be interpret ed as meaning that the sensations aroused
by the actions of irritating vapours on theeyes, nose
and mouth are different from those evoked in the skin

or mucous membranes by pinprick, no one will disagree,
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but this does not necessarily mean that the sensations
are fundamentally distinct from one another. Some
investigators (Lewis and Hess 1933; Leamis (1942) ),
decided that the quality of the sensation is determined
not so much by the nature of the stimulus as by the
duration. PFor instance a brief electric shock and a
quick tug on a single hair were indistinguishable from
a needle-prick. However these same stimuli maintained
for a period or the application of mustard oil or
chloroform to the skin produced pain that was indis-
tinguishable from that produced by prolonged heating
of the skin. Keele (1964) found that the application
of chemicals to an exposed blister base may produce

burning or pricking depending on the chemical,

2 (ii) Sensitivity to cocaine.

Parker (1922) referred to the actions of
cocaine in differentiating the common chemical sense
from pain. In one case the tail of a lecetfish,
(Amphioxus), was subjected to twenty sequential appli-
cations of a 0,025 molar solution of nitric acid and
then did not respond to further applications of this
accid. The chemical receptors were fatigued but not
the touch receptors, since the fish reacted when its
fatigued tail was touched with a light brush. On
another occasion a fish had its tail stroked with a
brush thirty times, and then, when it was fatigued to
touch and did not respond to further strokes, it still
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did respond to stimulation of the skin with weak acid.

In another case Sheldon (1909) treated the
surface of a dogfish with 2% cocaine solution and
found that responses to touch were abolished within
10-20 minutes, whereas chemical sensitivity remained
for much longer, although it too finally disappeared.
Cole (1910) immersed the legs of spinal frogs into
1% cocaine solution until there was no response to
superficial pricking and scratching with a needle,
and to pinching of the skin with forceps. After this
there was still a reflex response when the legs were
dipped into 3M NH,CL solution. Crozier (1916) recorded
similar findings using %% cocaine and a dilute solu-

tion of formic acid as the chemical irritant.

These findings certainly show that the chemical
irritants act on different receptors from those which
react to noxious mechanical stimuli, but it is possible
that the irritants penetrate further than cocaine and
excite deeper sensory nerves than those stimulated
mechanically. However, there is another line of evidence
which stongly supports the view that chemonociceptors
differ from mechanonociceptors in the skin and mucous

membranes of rat, guinea-pig and man.

2 (ii.a) Chemical desensitigzation.

Jancso (1960) has furnished strong evidence

that chemonociceptors are susceptible to chemical




desensitization. The chemical desensitizing agent
employed was 0.5% alcoholic capsaicin solution which
is a pungent principle present in the seed and fruit
of various species of capsicum. The fruits are known
as chillies or red peppers and when dried and ground

they form ceyenne pepper which is used as a condiment.

Local desensitization.

Local desensitization was demonstrated in
animal and in iuman skin. When one ear of a rat was
treated with 0.5% alcholic capsaicin solution five
times at two hourly intervals the initial application
caused apparent pain, increased sensitivity to touch,
intense hyperaemia and oedema, vigorous scratching of

the ear and reflex muscular twitching. The treated

ear became 2.6°C warmer than the untreated ear. With

subsequent treatments, pain, hyperaemia and temparature
rise decreased and were completely absent after the
fifth treatment. If twentyfour hours later both ears
were treated with the capsaicin analogue vanillillye -
n - decoylamide the desensitized ear failed to respond

though the normal ear became hyperaemic and painful.

In human facial skin a similar reaction
occurred. When O0.5% alcoholic capsaicin solution
was applied to the freshly shaved cheek on one side,
the initial application caused intense burning pain
and bright red hyperaemia with obvious oedema of the
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skin. The treated side became 3.8°C warmer than the

untreated side. With repeated applications “.0 the

same side the response progressively diminished until

after the eleventh application there was no reaction

to capsaicin, Jancso (1960) also noted tnat the side

desensitized to capsaicin showed no reaction to a ten

percent solution of ammonia which caused burning pain

and hyperaemia on the normal cheek.

The desensitization
lasted for at least twentyfour hours. The desensitized

facial skin retained its normal sensitivity to touch,

slight tickling and needle pricking thus indicating

"that capsaicin eliminated selectively the chemical

pain stimuli",

General desensitization.

Jancso (1958) and Jancso and Jancso -
Gabor (1959) have shown that repeated parenteral

administration of capsaicin to rats and gulnea pigs

can induce a generalized desensitization, the pain

receptors throughout the body becoming insensitive

to chemical but not to physical stimuli. This induced
refractory state may last for months or even for the

lifetime of the animal,

Desensitized guinea-pigs showed no signs of
irritation even in a strong mist of ammonia or chlor-
acetophenone solution which caused blepharospasm,

intense lacrimation and violent scratching of the




nose in normal animals. Instillation of formalin,
nicotine, veratrine, allyl alcohol solution or
hypertonic saline solution into the eye caused no
lacrimation or chemosis such as occur with these
substances in normal animals. Smearing the nose with
mustard oil or formic acid produced no scratching,
lacrimation or sneezing in desensitized animals,
Even dousing the nose with concentrated capsaicin
solution failed to elicit sneezing whereas normal
guineapigs after such treatment sneezed 10-20 times
consecutively. There were no defensive reflex res-
ponses after rubbing the skin with xylene, mustard
0il or chloracetophone solution. In contrast, cor-
neal and sneezing reflexes could be easily elicited
by tactile stimuli and the thresholdfor pain aroused
by pinching, pricking, heat or 2r electric current

was unaltered.

It has been observed, however, (Jancso 1960)
that other chemical agents can still produce inflama-
tory reactions in desensitized or denervated organs
to the same degree as in normal organs., The histamine
liberator, compound 48/80 , 5 - HT , (hydroxy
tryptamine), dextran and egg albumin come in this
category and Jancso has attributed their independence

of innervation to the fact that they do not stimulate

nerve-endings concerned with pain. However, Keele (1964)
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has pointed ou. that this is not true for compound
48/80 which evokes both pain and itch and that 5 - HT

also produces pain in human skin.

Desensitization of eyes.

Jancso, Jancso - Gabor and Takets (1961)
have shown that aplication of nicotine tartrate or
ACh, (actylcholene), (2.5%) to the eye of a rat or
guineapig produces immediate signs or irritation in
the form of blepharospasm, lacrimation and scratching,
followed by an inflammatory reaction comprising
hyperaemia and oedema of the conjundtiva. All these
effects covlid be prevented by desensitizing the nerve-

endings in the following ways:

l. By repeated applications of nicotine or Ach.

2. By local application of ganglion - blocking drugs
e.g. hexamethonium,

3. By systemic administration of ganglion -~ blocking
drugs.

However, when the sensory nerve-endings in the
eye (or in the nasal mucosa) have been desensitized in
one of the above - mentioned ways irritation by sub-
stances such as capsaicin, piperine, formalin or
chloracetophenone was in no way reduced, and a normal

corneal reflex could be elicited by touch.,

On the other hand, in an eye which had been

desensitized to capsaicin, by local or systemic




administration of this substance (Jancso 1960), the

actions of nicotine and Ach were completely prevented,
though responses to noxious physical stimuli were

unaltered.

2 (iii) Existence of different receptors.

Parker's (1922) claim that the common chemical

sense has an independent set of receptors, said to be

the free nerve endings of spinal and cranial nerves,

is true only in comparison with the specialized receptors

for the chemical senses of taste and smell, Free nerve
endings in skin and mucous membranes are now known to
be concerned not only with pain and common chemical sense
but also with sensations of touch, pressure and tempera-

ture.

Application of the chemical sense.

Thus we have a sense which is chemically

mediated., It is fortuitous that it does not enjoy the

exquisite sensitivity of the sense of smell and the

accompanient gross variation between individuals. It
is better thought of in comparison with sensibllity
to heat. Humans find water at 40°C to give 1little

sensation of heat whereas water at 80°¢ produces quite

unacceptable pain,

Somewhere in this narrow range lies

a threshold which varie's only little between individuals,

Thus we have tried to use this proper}y to try to



determine a threshold of irritancy for irritant gases
and vapours. Keele (1964) suggests that the eye may
be the most chemically sensitive organ being three to
four times more sensitive than the nose and thus the
eyes were selected for exposure. Keele (personal
communication) has pointed out that it is not possible
to expose each eye to a different gas and make a
comnarison of irritancies because of the possibility
of irritation in one eye producing irritation in the
other. The correct strategy is to expose both eyes
together administering different concentrations on
different occasions. Histologically the conjunctiva
contains fewer free nerve endings than the cornea from
which sensations of warmth, cold, touch and itch may
be elicited as well as irritation (Lele and wWeddell
(1956)). The cornea contains many free nerve endings
served by non-myelinated axons of different diameters
(Weddell and Miller (1962) and the terminal arboriza-

tions intertwine and overlap.

1.11. LUNG REFLEXES.

Lung reflexes have been reviewed by Widdicombe

(1964) and Widdicombe and Sterling (1970). Three vagal

arfferent systems have been observed which mediate
respiratory reflexes in mammals Glogowska and Widdicombe

(1973). These are:

l. Pulmonary stretch receptors.

These are slowly adapting myelinated fibres
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found in the smooth muscle of the airways extending
from the trachea down to the bronchioles which Adrian

(1933) concluded were responsible for the Hering-

Breuer inflation reflex. In man this reflex is very

weak and bilateral vagotomy does not cause slow, deep
breathing as observed in other mammals. Experimental'
evidence by Guz et al (1966); and Guz and Widdicombe
(1968) showed that bilateral anesthetization of the

vagus nerves caused no change in the pattern of quiet

breathing or in end-tidal P .
CO2

Work on animals has shown that increased

activity is produced by pulmonary congestion and

atelectasis. Also, stimulation of these receptors

causes a reflex relaxation of tracheobronchial smooth

muscle (Widdicombe and Sterling (1970)). However they

are insensitive to pathological changes such as micro-

mild bronchoconstriction and inhalation of

embolism,

irritants and dust.

2. Type = J receptors.

First reported by Paintal (1970) type - J
receptors lie in the alveolar wall and have non-mye-

linated vagal afferent fibres, They are stimulated by

microembolism, congestion and oedema and also by

inhalation of irritant gases and of halothane, The
reflex action is to cause rapid shallow breathing,

hypotension and bradycardia.



3.(a). Cough receptors.

The cough receptors are concentrated at the

carina and at bronchial bifurcations and decrease in

number in smaller bronchi.

They are found superficially

between the epithelial cells and are relatively insensi-

tive to chemical irritants, However they are very

sensitive to mechanical stimulation for example by
inhalation of carbon dust (Widdicombe et al (1962)).
At low concentration this produces bronchoconstriction

but at high concentrations it also elicits coughing.

3.(b). Iung irritant receptors.

These are found in the epithelial layer of
the intrapulmonary airways from the trachea to the

large bronchioles., They have myelinated fibres in

the vagus nerves which produce reflex bronchoconstriction

and hyperpnoea. They are more sensitlve to chemical
than to mechanical irritation. The receptors may be

pulmonary

stimulated by inhalation of irritant gases,

microembolism, cigarette smoke, carbon dust, intravenous

hista mine and also histamine aerosol. In man they are

thought to contribute to the sensation of breathlessness

(Sellick and Widdicombe (1971)). They are also stimulated

by bronchoconstriction and hyperpnoea thus providing a
reinforcing positive feedback which may prolong any
response, The bronchoconstriction can be abolished or

prevented by isoproterenol, indicating that the effect is
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due to contraction of airway smooth muscle. Atropine
also blocks the bronchoconstriction suggesting that

the effect is medlated via postganglionic cholinergic
pathways.

Different subjects show greater and lesser
sensitivities to stimulation of irritant receptors.
Flg. 1.1. after Nadel (1973) depicts the mechanisms
by which reflex bronchoconstriction is thought to

occur.

1.III. SOME WMETHODS OF PREPARING KNOWN, LOW

CONCENTRATIOLS OF GASES AND VAPOURS IN AIR.

1, Static Wethods.

One technique is to allow a solution in a
thermostatically controlled closed container to come

to equilibrium with its vapour. Henry's law states

that the partial pressure in the vapour phase is

proportional to the concentration in the solution.

It is usual to make the volume of the liquid large

compared with the vapour space so as to leave the

concentration in the solution unchanged., Burnett and
Swaboda (1962) employed this method to obtain samples
of argon containing known concentrations of ethanol
or acetone vapour from aqueous solutions which they

used to calibrate an argon ionization detector.

H111 (1961) made up low concentrations by
evacuating a steel cylinder, admitting a small quantity
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of the required vapour and then filling up with the

diluent gas to about a thousand pounds per square incn

pressure. However, under these conditions physisorption

at the walls reduces the concentration of vapour. For

instance an attempt to produce 200ppm of ethanol act-

ually produced 142ppm,

Pate et al (1963) prepared 1ppm of SO, in

air by adding O0.1ml of SO2 from a gas tight syringe

to 100 litre of air in a Mylar bag. Altshuller et al

(1962) record similar techniques and adopt the precau-

tion of filling and emptying the bag several times in

order to precondition them. They also conclude that

many dry, stable gases and vapours may Dbe stored in

this way. The importance of the effect that the

presence of water may have on the concentration is

stressed by Baker and Doerr (1959).

Dynamic liethods.

Z.

The "log bottle" technique of Lovelock (1901)

refined by Fowliss and Scott (1963) has been employed

successfully for producing steadily reducing concentra-

tions of organic vapours but it does rely on the assump-

Hi11 and Newell (1965)

tion of thorough rapid mixing.

describe the use of a Blow injector built and developed

to overcome the limitations of commercially available

instruments. lersch (1969) reviews fourteen different

methods of continously generating experimental pollutants

in air.
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ight (1903) did not use a shutt but simply
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doTAUULlS .
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5 vith nead neld upright and v no clip (Fig.2.%).
X occedu 1 rlained to the subje who practic
’ Lil ta d X off., I ubgect Xecutes =hallow
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vove. he cneel nel g2l La ide of tn
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t esistance of Llune larynx (Pride, 1970). Ine observer
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1 ble to comnut I Y . TIne
V 4
of resistance is knowu conductauce

(¢,.) . Tt is found that tnere 1s a sigmoid relation-

|
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!

snip between wu, and which is approximately i

TG ;

1

- i’
*Smok in for one hour prior to test.
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ig. ?.%3. Constant volume whole body plethysmograph.
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Countinuou

vilco

tuving Aand

tubing.

'hus Lhe subject was awvle to move his head easily

The mild steel inlet and

whilst wearing the goggles

outlet ports of the pump have been adAriled by the






0.d,,Coppe

tubing silver soldered

Connection of the copper tubing to

1)

is by Swagelock compression

couplings (vrass with copper olives). o Swagelock

were inserted in thne line oetween the

pwap and tne needle valve. 'he first one to incor-

rate a2 manually operated bypass valve in the syst

wiiich voilded to the outside of tne bullding. ‘ne

cond was

ol the nature of a flow splitter deliver-

ing 2 continuous supply to tne ga loop of

tne gas cnromatograpi.

Procedure.

Pne nature of the riment and procedure

explained to the subject. The subject

£i

then seated wearing a nose clip and the goggles which

retained Ly an adjustable rubver band. The supject

sed hls eyes and tne pump was switcned on by ta

observer who also started a stopclock. fter iLwenly
seconds the pump was switched off and tae subject

told to open uis eyes. de was informed of lhe time

seconds for fifteen seconds,

from opening every five

after whicih the goggles were removed. The observer

tnen asked "was there any irritation?".

The [ifteen second period was chosen to

'his was

each subject.,

standardise the exposure for



T

uniform briel {posure ratner than a time rosure,
The object here was to asce in tne acute effect and

not the effect of long exposures. le feel this to

have been justified on several counts. Tnitially our
xrerience of manufacturing low concentrations repro-

ducibly for innalation nad 1 us tn develnping methods

c { & 1 A 4 -~
£ continuous generation tatic >taods,

[ne same advantages of mir due to sorption
ppertain equally to the gogegles as for the breathing

system. ilowev

r, 1t is found that a flow of pure air

'l

across tne open eye can of 1tself be irritating. Thus
thie strategy adopted was to f£il]l the goggles by Iflusaning
througn for twenty seconds witn thne continuously
generaved vapour, DIuring tauis period tne eyes were
closed, tne eyellds cerving a dual role. ZFirstly to

roteci the chemical sensors iu the eye during fillinug

f tne goggles. econdly to avoid precseating tne
interior of the goggles with a wet surface during tuis
period. TL would seem likely thal wnen ilhe [lo
itcned off and tne eyes opened, tne conceantration 1iu

a funcliion of iime, due mainly

tue goggles would fall

in the eye. Finally concentrating on the

cube effect and limiting the time of exposure Lo

I fteen seconds has merit in limiting the toxlcity to

f
1L

tne subgject.




Calioration of needle - e controlling flow
tnrough goggles.

necesss { ensur tnat the flow
goggles was sufficient to wasn out
of the system and to make sure that
’en tne most soluble gases and vapours
ere mediately made good. ‘he needle valve
controlling cthe flow was calibrated ove a range
of settings with the line to the chromatogra

yling loop alternately open and occluded.

GAP flowmeter was used with interchangeaovle components

to cover tne complet r=2nge. Thne flowmeters were
arked in unitls which were interpreted by means
calibration charts supplied with instrument.

Liown corrected to litrx per minute iu

1. , and presented grapnically in rfig.

.

The eye experiments were performed wita needle

setting of four turns and with tne chromatograpn

line occluded, corresponding to flow of 2.7 1litre

=4
min

Tlie opportunity we a0 taken to examine

the reproducability of setting of the needle valve.

‘o error could be detected in re-setiing over tie

e

range investlgated.
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laboratory

L-piece, the

Jor fraction being diverted via a rotameter to

juent dilution., <hne minor fraction

bubbled tnrougn dreschel bottle containing tne

platile liquid and immersed in not oatn at fortysi

\ny aerosol present being removed

by a2 filter. Tne flow uvnen passed serially through

rdified as shown in Fig.?

Supported in refrigerated oatn at twenty degre

centigrade, Tunese bottles act 3 ¢ondensers from

wnich tne emergent stream was considered to be fully

5 centigrade witn tne

saturated at wwenity degre

latile vapour. Thne vapour anumidity was the same

+

tnat suppli

by the compressor wnicn was ambient.

rebuilt for use witn

Lile

owever wielrl

¢rolein drying tube of silica gel was included

for the air going througn the bubbler., The saturated

was diluted Ly the major fraction (either single

nr douvle dilution)to provide tne required concenira-

tion, It was then admitted to the maln breathing

tube viza an 2luminium clad ruober bung. Lhorough

ing was achleved by Lhe interposition of two wire

esn baffles. Tt is most important to ensure tnat the






contents of Lhe main breathing tube are as homogeneous

oseinle. In tne first place human volunteers

innale from the system and secondly

Lae ipling for the cnromatograrhic estimation of

concenti ion and for tihe eye exposu: is via stain-

tubing localised At point in the

tning tube was constructed from

tn minimi chemisorvrtiion and physisorption

general

Procedure,

aring a nose clip tne subject inhaled ten

bre s ol one litre eacn througn tune moutan. Thie

volui. wel eacured Dy ¢ ‘right respirometer (m:..w, )

CC.L.CENTRATICHS.

for continuous geuneration descrived

thod producing concentration

edictavle from a knowledge of Lhe saturaved vapour

ilution ratio. lowever Lane

and tne

oncentration

always checked by Eliagawa g

coilcenira tion: ere

(formaldenyde

chromatography

tecto LU e and Dy g S

easured by ¢olo rimetric method).

The chromatogcraph mployed in cougunciion

tandard cylinder of 870ppm acetone. A series

of acelone and vapour for analysi

»f alternate sample:







injecte pling loop. (The inle

4 v Il A i -~
i0n ol DI tcning

i

1 1&,».}

valve 31lver soldered (o tue stainless ste

From the kanown sensitivity (manufacturers catalogue)

L ossiple Lo concile tne actua concentration

formaldenyde

decided to

obltain formaldenyde in air by buobling air througn

alin solution in the system described avove.

ver altnougn tue dreschel bottle was tnermostated

nd tne flow mnel constant i1t was not po sivle ©

in the Llhe

concency

concent Lio v neasured directly vy a metnod due

ywicki et al (1%o01) as modified by Hauser and

(1964). A sample of the generated atmospnere

continuously througn an impinger containing

twenty mls., of 0.05 Z-methyl-2-vbenzothiazolone

nydrazone fo sured time. When tne flow was

witcned off tne reagent was allowed to stand for one

hour. Tnen ten mls. were pippeted into test

tube and two mls. of oxidising agent, an agueous

solution conaining 1.07 sulphamic acid and 1.09

re added and allowed to stand for

ferric cnloride w

twelve minutes. During tni Lime the

furtuner

ovserved o turn blue. At the

solution w
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1icin of the value recorded £ stand

apsorbance for tnen plott
t concentration. The ethod wa to place
snlutic into botn ind r cells.

orbance due C y ;2 | is then obtained

obeyed fron

one nundred and twenityfive lcrog:







Subjects,

The subjects were healilry wclunteers with

normal ventilatory indices and vere either students

or staff of the london Schorl of Hygiene and Tropical

Medicine., There weve 21 men and 18 women and the

median age was 23 ycar: (rarge 16 - 64). For the

men mean forced expirator” volumcs in one second was

4.19 # 0,29litre. ivc mean “l.al cnpceity was 4.95 1
3.35

I+

0.30litre, capecity rativ was 84.87 per cent,

per cent. For tihe women the values were 3.31 + 0.14

litre, 3.85 + O,1%1itre, and 86.18 i 1.89 per cent

respectively., A further six persowus took part in the

cye experim:nts only and of the fortyfive subjects,

thirteen werc smokers (range 448 - 11,607 pack years).

Many of the subjecic liad riirecuy *n~g=2arch

experiehce and all of them were intelligent. The

experiment was explained to them and it was suggested

to the subjects that of the doses they were to

receive (lungs and eyes) one or more of these might

It is arguable that suggestible persons

be a blank,

might bronchoconstrict on fresh air as is known to




occur in asthmatics who believe they are inhaling

an allergen. Against this possibility was the

finding that bronchodilatation w2a socasionally

observed in individuals with smuller and even

medium fcces of Su2 gilthcocush the average for all

individuals was aliweys bronchoconstriction for all

doses 2dministered.

Atopy.

A definition ci atopy (VUr. Kevin Carrol

pers., comm.) is:

"The rrnpensity of a person to produce

reaginic sntibody (IgE) to everyday exposures of

common allergens in their environment",

It was not practigable to measure the

1gk lever in tii~ suije~i~ here dnascribed and for

the purposes of this study, those subjects who

responded to one or more of three common allergens

(grass pollen, house dust mite and aspergillus)

were described as atoplc. (see Appendix B). Pepys

(1969) states: "The prick test is preferable......

to the intracutaneous test since fewer reactions are
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obtained and these show a much better correlation
with the clinical findings and a good correlation

with inhalation tests".

It is against official policy to do

antigen inhalation tests in this school,

Control of Experiments with Air,

In planning the more intensive early trials
(c.co. 802 ana NHK) the question arose whether to
inersrorats a blank which is usually advisable in
testirg subjective responses. Random trials ¢ this
nature indicated that suggestible individuals were
rare in population examined., It was decided that in
all cases a subilrritant respcnse would be mandatory.
From prior experience the doses chosen usually
straddled the threshold but if a positive response
was outzlned {rom t»~ ~alculated sub threshold further
lower doses were given, with attention to randomisation,
until a sub threshold response was achieved. It was

felt that the gain on the positive response side more

than compensated for omission of a routine blank,




Timing of inhalation of irritants,

entry to box, box temperature.

The subjects inhaled tcu urz 1itre breaths

at their own speed., A clock wei started at the

first breath. fhe time for “‘nhalation showed little

variabiliity being acont thirty or thirtyfive seconds.

The subject was ther ctvated in the plethysmograph

and allowed to come to thermal eguilibrium. This

was determined by c%scrving w-:n the constant drift

The pressure in

of the oscillosrupe spot nad ceased,

the box was breuaght back to atmospheric by the

operation of a sclenoid activated shutter in the

box.

wall of the

fig. 2.14, shows the temperature in the

plethysmograpi. plotted as a function of time from

a subject (height 193cm, wcigo 35, 7kg,) cuiering

the box, using the data in Table 2.2.

Pable 2.2.

time -
(Mins.) temperature, (°C)

0] 2202
1 23,6
2 24.1
3 24.0
4 24,2
5 24.0
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An apparatus was assemvled in wnica bubbl

e Boa 3 P ] it o
througn a dreschel bottle thermostated at 20 C

and containing trilene. This stream was diluted to

produce a concentration predicted from knowledge of

st 3 . o) e ol
tne saturated pressure at 20°C and tne subject

z

innaled from a glass oreatning system shown in TFig. 3.1.

The concentrations were cnecked by ¥itagawa tubes and

it became appar@unl that ine concentrations were too

low. Tt was councluded tuat the air passing througn

saturated

the ovubvler was not one hundred per cent

(this is supported by the analysis in appendix 4 ).

was raised o

saturation the buobler

To achieve full

o] o ~ - . - :
6 C nnd followed by a cnain of condensing bottles

~

(a]
in a refrigerated batn at 20 C . Room temperature

o 3 i o
was 24 C and tnls obviated the danger of further

condensation in the tubing leaving tne refrigerated

batn.

Fresh estimations of concentration produced

This was investigated

wiaich were too hign.

into the condensing chain

tnermo-couple

see Fig. 3.2, and checking i1f the temperature was in

fact 20°C . The temperature was indeed ?0°C and a

solution to the puzzle was proposed by Dr. C.h. Davies

wiio suggested tnat aerosol formed in the bubbler meay

be transported 2long wita the satlurated vapour and







unab? { 0 Lbe until the ficst dilution after

tne condensing cnain, duraluminium filver holderx
containing A disc cut from ¢ artindale mask filte
interposea D€ n bLhe vubbler and thne condensing
cuain. agnesium oxide coated slides were neld in
Lie v YUl tream witn and witnoul tne filter.
nout oo {1ier craters, the result ef impact,
rbservanle unde Lne light microscope (size

arproximAacely ﬁ//“' W ith the filter condensation

nenomen2 only were observabl (see Pign.2.3 , 3.4, ).

r1lowing tne successful compleiion of tne

.one tudy it was decided to investlgate ine

irritantl pro ies of aldenyd veginning witn
Ii. 1 ySte lescrived above alinougn

gorously checked f e uclng a water mAauomeler

1 cirolein into the lavoratory. Tt
uggested by cihemisis that it was possible for
Lie crolein (,L\ LV O.'ppm \ to rermeate tne ¥ alls of

tne nlactic counnecting tuving. Whatever the reason
L w lecic Lo construct the system from glass

eand stalnle eel . t decided tn repl

ace Lue
duraluniniun filter nolde itn an 211 glass compouent.
[ne > thod devised w Lo turn tne rim of A B-34 glass

e in a coal-gas nd oxygen flame Lo oxrange neatl.

TC w then placed outo am all glass fiore filter










1.4 iin 1ling action ] Ccut out
na ] CLoOSE lne cone (0 L. S ) . Px Wur
ing reveal tn A i ve tn the
itvselr, he =2ssemble Y ratus i nown in
Ll Zeon
In the trilene X ciment tae ark I goggle
(Big. 2.7.) used successfully aund csuggestiion
ie Lo nvement. Inese were lucc ratec
in Lne y IT gogsle nown in 2lg. 3.8 . Subgject
nad c¢ ited tnat "slignt coolness™ could ove felt
on tne cloced eyeli luring £illing of tne goggles.
Others had commente tnal oune eye fell cool and not
the otner 2nd on occasion tiat one eye sulffered more
~itation than the otner. 'nus the supply of vapcuy
Lo goggles we restructured into a parallel con-
figuration supplylng each goggle L me tLime.
‘ne efflauent fro the goggl vas voided viAa tupe
tne vridge of the nose. Tne coolness experlenced
vy the inflowing vapour impinging on the eyell

ybviate by C nving deflector tubes onto the inlet
volnts inclde tae gokeles. Cutl ovliquely from plastic

flected the eam onto the front

cubing, ti

indnw of tne goggles.
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CHAPTEL 4.

SULPidUd DIOXIDE.

introduction.

Sulphur dioxide is a common pollutant of
the atmosphere arising chiefly from industrial,
commercial and domestic combustion of fossil fuels.
It is produced during the smelting of sulphur ores
and is used in the bleaching of paper and the preserva-
tion of some foods. Urban concentrations are usually
in the region of O.2ppm but local maxima may reach

2prme.

Sulphur dioxide was selected as the first
gas for investigation because it is widely encountered
and known to be bronchoconstricting. The first person
to record this was Bernardino Ramazziniﬁé}3-l7J4) R,4J.
In his book Diseases of Workers (1713) he describes
how a baker found that balls of sulphur used for
lighting the oven had caught fire. He managed to
stamp them out but was tormented with a cough and had
"great difficulty of breathing; for the vesicular
structure of the lungs was constricted by the strong

acid fumes",

Kehoe et al (1932) conducted a survey of
workers in a refrigerator factory: 50, exposure

20 - 30 ppm with peaks of 55 - 70 ppm. The control

group was expoSed to CO., There was nothing peculiar
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in the appearance of the roentgenograms of the
exposed subject and nothing from an X-ray point of

view to indicate the existence of injury to the lungs

or bronchi as a result of the exposure.

However, the
exposed group had greater fatiguability and more short-

ness of breath on exertion. No correction was made

for possible differences in smoking. Two other points

emerge from Kehoe's study which may in 19%2 have been

reflexes were

less significant.

Firstly abnormal

deduces that this

Kehoe

nigher in the exposed group.

represents a degree of variation in general irritab-

ility, (Kasl 1964 found a strong association between

aggressive mood and illness behaviour). Secondly

duration of colds was extended on average by a factor

of 2.3 times. This is supported by the total man -

weeks of colds (1,141 exposed, 462 controls) and the

number of men having colds lasting all winter (40

exposed, 13 controls). It is possible that today

sickness absence could be affected.

Anderson (1950) examined the workers at

Abadan on behalf of the Anglo Iranian 0Oil Company.

Introducing pulmonary function measurement to this

problem he measured vital capacity as the best index

available. In one plant he found the exposed
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workers to have a significantly higher mean vital
capacity: in the other plant it was higher but

not significant. Daily concentrations of 802

varied between O and 25 ppm. with occasional

peaks of 100 ppm. Radiographic findings yielded

no difference between exposed and controls, Anderson
concluded "No evidence of adverse effects on health

could be found".

Ferris et a2l (1967) made a study of workers
exposed to S0, (0 - 7 ppm) in a pulp mill., They
were Aable to construct maximum flow volume curves
by measuring the slope of the last three F.V.C. curves
at the specified lung volumes from the tracings
obtained on a Stead-Wells spirometer with a fast
paper speed and averaging them. This may leave
something to be desired in terms of sensitivity.

No significant effects were found attributable to
SO? although men exposed to chlorine "had a somewhat
poorer respiratory function and more shortness of

breath",

Both Kehoe and Anderson discussed the
different acclimatization times of different
workers and Ferris went further to suggest that

a considerable degree of self selection had taken

place.
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Subjects not exposed occupationally to SO2

have been studied by several investigators who examined

their response to brief exposures of SO, . Amdur et

al (1953) reported shallow, tachypnea following ten

minute exposures of 502 . However, Lawther ‘

1 to 8ppm

(1952) and Sim and Pattle (1957) found little change in

breathing pattern. Strandberg (1964) suggested that in

rabbits the scrubbing efficiency of the upper respira-

tory tract is much greater at higher than at low

concentrations., Thus a disproportionately greater

percentage of sulphur dioxide may reach the lung at

low concentrations, Amdur (1966) working with guinea

pigs claimed that this accounted for the changes

observed by her in slope of the dose response curve.

Speizer and Frank (1966) considered the

atteﬂ%ion imposed upon an initial concentration of

S0 by inhalation through the human nose. They

2
concluded that during quiet breathing of an initial

average concentration of 16.,1ppm virtually all of

was absorbed by the nose and further that

the 502
it re leased significant amounts of 802 with the

subsequent expiration. Andersen (1974) claims that

ciliastasis is produced in the anterior naso pharynx

by 302 5

Alarie et al (1970) suggested that too short

exposures had been used in earlier experiments, Thus
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they exposed guinea pigs to low concentrations (0.13,

1.01 and 5.72ppm ) for fiftytwo weeks. Apart from some
alterations in the livers of those exposed to the highest

concentration there were no detrimental effects.

Frank et al (1962) exposed humans to average

levels of sulphur dioxide of 1, 5, and 13ppm while
seated in a constant pressure body-plethysmograph.

Pulmonary flow resistance was measured by oesophageal

balloon during spontaneous breathing. IZxposures varied

between ten and thirty minutes, With one exception the

group (of eleven subjects) showed no significant increase

in pulmonary flow resistance at 1ppm . At both 5 and

13ppm flow resistance was elevated, the change being

greater at 13ppm . The change occurred within one

minute of exposure, increased after five minutes but,

on the average, showed no further change after ten

minutes. Four subjects were exposed to 5 or 13ppm

of S0, for thirty minutes without exhibiting increases

in flow resistance beyond the first ten minutes. In

addition, at 1ppm a prolongation of exposure to thirty

minutes did not increase the likelihood of a significant

rise in flow resistance.

From the community environment viewpoint,
studies in the United States (Public Health Service,

(1969)) have shown that a proportion of the sulphur



dioxide emitted into the atmosphere undergoes oxidation,

leading eventually to the formation of sulphuric acid

and particulate sulphates. Atkins et al (1972) have

shown similar processes taking place in England. Amdur

(1971) has reviewed the toxicology of aerosols formed

by oxidation of sulphur dioxide. She concluded that
the sulphur acid and particulate sulphates engendered

have a greater potency for irritation than sulphur

dioxide. She also stresses the importance of particle
size and found tnat submicronic particles were the

most potent.

Methods.
The methods were as described in the chapter
on methods. TFour daes ( 5, 15, 30 and 80ppm SO, )

were administered to four subjects in a double blind
experiment using a randomised block Latin square design.
The experiment was repeated with three groups making a

total of twelve subjects.

Results.

Table 4.] shows the mean change in specific

conductance elicited by each of the four doses admin-

The following percentage

istered to twelve subjects.

changes were obtained, ten pairs of oscilloscope

readings were obtained as control values for the subject

(see methods) in two blocks of five readings. The first

TABLE 4.2 GIVES VITALOGRAPH READINGS.
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pair of each five was discarded and the remaining
eight pairs used to compute values of airways resis-~
tance (RAW) thoracic gas volume (VIG) and specific
conductance (SGAW). These were averaged to provide
the control values. Following the inhalation of the
gas, two groups of five more pairs were obtained and
again the first reading was discarded from each group.
The mean of each group was then compared with the
control value and the change expressed as a percent-
age of control. The average percentage changes in
specific conductance for the first post gas group
are shown plotted in Fig.42 and are replotted on

a logarithmic scale of dose in Fig. 4,3 . The

| least squares regression line was computed as

y = 16.23x + 0,03
(r=0.3%6 p<.01 )
where y = percentage change SGAW

and x = 1log dose
The intercept on the dose axis was 0.99ppm.

Subjectively the effect of SO2 inhalation
was recorded as irritant but not particularly un-
pleasant, Additionally the values of resistance,
specific conductance and lung volume obtained without
discarding the first pair of each five pairs of readings

are given in appendix C.

b e
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The intercept of the least squares dosec

response curve may conveniently be regarded as a notional
"threshold" for bronchoconstriction which permits
comparison of one vapour with another and also
provides a means of comparing tht results of the

[ inhalation experiments with those of the eye

experiments, It must be strorsly emphasised

however that this extrapolation outside the

measured range does not purpvort to establion a

value for a physiolozical threshold. Tuis could

‘ only be achieved by taking a large nunaer of readings
especially in the vicinity of the "threshold". The
techniques employed here can at best provide only
an indication of wherz iie "thres «ld" might lie,
Any attempt to exploit body plethysio..raphic
measurements as a contributing lfactor in aelcrm’' ».os
TLVs would have to be strictly limited to the range
of concentrations actually administered., In
addition it would require a specifically planned
experiment for each gas or vapour under investigation

in which a large number of subjects would be exposed -

preferably for long periods., This of course is




expensive and long exposures require some estimate
of the risk, if any, to the subject. There are

indications that the dose respyuse curve obtained
by an acute exposure or ten breaths may not differ

too greatly from tbat obiuined by prolonged exposure

of up to 30Omins. {(Pra.k ot al 1962).
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Eye Exposures.

Two subjects received eye exposures using
the goggles shown in Fig.2.7 (see Methods). The
doses administered on separate occasions were 1O 255
42, 88 and lobppm . At doses up to 88ppm no irri-
tation was detected but at 166ppm one subject (kD)
reported "irritating immediately and more so after ten
seconds plus lacrimation®. The other subject (SKF)
reported "definite irritation (quite severe on opening

eyes) worn off after ten seconds. Some lacrimation".

Discussion.

The intercept of the least squares dose
response curve at 0.99ppm may be interpreted as
being a hotione " threshold” for bronchoconstric-
tion, While bearing in mind that this is an
extrapolation outside the measured range of doses
it is none the less interesting that Frank et al (1962)
found no significant bronchoconstriction at 1ppm
with exposures ranging from five to thirty minutes.

At 5ppm they obtained an average 40% increase in
bronchoconstriction (the value in this present study
being 11% ) and at 13ppm 73% (this study obtained
17% at 15ppm ). Thus Frank et al obtained a steeper
dose response curve but the same intercept. It is
suggested that the need for the subject to take ouly

ten breaths may in some respects represent an advantage

when investigating broncho-active gases and vapours.
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TABLE 4.2.

VITALOGRAPH RESULTS GF SUBJECTS oF 802 EXPERIMENT.

Name Sex EEV #pred VC %pred FEV/VC #pred
M 3.51 8 5,72 113 61.4 75
M 4.54 109 4.70 94 96.6 117
F 3.67 123 4.03 115 91.1 106
F 3.51 113 4.00 109 87.7 101
F 3,19 109 4.19 122 76.1 89
P 2.43 86 2,86 89  85.0 99
M 2,73 98* 3,24 101* 84,3 107
M 5.54 125 6,31 117  87.8 107
M 3.54 111 4.55 109 77.8 108
F 3,11 105 3.88 112  80.2 93
F 3,66 117 4.23 113  86.5 101
F  4.36 158 4.74 148 92,0 108

The best reading is taken (out of 5) and corrected to BTPS,

Predicted values obtained from Cotes "Lung Function" 1968,

*Predicted values for Indians and Pakistanis based on

data of Hearn also Hunt (unpublished) and Cotes and

Malhotra, Cotes "Lung Function'" 1968,
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CdAPTEKR
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ANMNONZIA.,

TLV = 25ppm

formula = Nh,

Introduction.

Ammonia is produced as a by-product in the

distillation of coal, by the action of steam on

cyanamide, and by the cataytic combination of nit-

+ogen and hydrogen gases at high temperature and

pressure. It is used in the manufacture of fertilizers,

nitric acid, explosives,

dyes, plastics, in refining

petroleum and as a refrigerant. Tne physical and

chemical properties of ammonia are listed below in

Table 5.1.

Physical and chemical
of ammonia.

properties

Physical state : colorless gas

Molecular weight ¢ BT

~
~

elting point : -77.7°C.

Boiling point : -33,35°C,
(o)
Solubility : 90g.in 100ml. water at 0O °C,

The broncnoactivity experiments were performed
initially using twelve subjects with methods similar to
thhose used for the sulphur dioxide experlment. Due to

difficulties of dose preparation using static methoas
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thods chapter) a second bronchoactivity
‘ experiment was performed later using technigues

iments,

veloped from tihne ketone exper

b TR : i
! *irst Dronchoactivity exveriment.

The equipment and procedure

ibed in the chapter of methods using static

dilution in a Douglas bag.

A

'he mean changes in specific conductance

for twelve subjects are shown graphically in Pig. 5.1.
using the data from Table. 5.2. Tavle 5.3. 91va:

the forced expiratory volume in one second (FEV,)

in litres, the forced vital capacity (FVC) in litres
=nd the ratio (FZV,/FVC) expressed as a percentage

and measured using a Vitalograpn. Subjects reported
increased salivation while inhaling the gas. One
subject described the response as "raining from the
roof of my mouth". The results were later re-computed
for each individual using all five replicates and

tne are included as appendix C

cond vroncaonctivity experiment.

methnds.

SZquinment.

The continous generation system used for




v T 4 i

40 50 60 70
o Drop Specific Conductance.
Means + Standard Error,

PMg. 5.1. Dosa response curve for ammonia using statie
dilution,
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TABLE 5.3

VITALOGRAPH RESULTS OF SUBJECTS OF NH3 EXPERIMENT,

197]
o
=
&)
<

Name %pred ve %pred FEV/VC% %pred

17. E.O. F .19 109 4.19 122 76.1 89
TETRET PR M o 15! 98*% 3.24 101 * 84.3 107
190 Jle, ) 3.51 113 4.00 109 87.7 101
20500 NERK F 2.43 86 2.86 89 85.0 99
2158 DR M 4,20 108 4,52 98 92.9 115
22, M.,D. F 3.11 105 3.88 112 80.2 93
2%, D.C, M 5.54 125 6.31 117 87.8 107
2450 NGTDI M 3.54 111 4,55 109 77.8 108
25 MiS HY M 4.21 108 4.91 106 85,7 105
26 00 SSRGS F 3.48 119 3.54 98 98.3 112
27. AW, M 4,54 109 4.70 94 96.6 117
28. R.W, F 3.40 116 3.60 105 %94.4 110

The best reading is taken (out of 5) and corrected to BTPS,

Predicted values obtained from Cotes "Lung Function" 1968,

*Predicted values for Indians and Pakistanis based on

data of Hearn also Hunt (unpublished) and Cotes and

Malhotra, Cotes "Lung Function'" 1968,




I TSIV VEEL AN L jsieb @

the ketone experiments was modifizg for use with a
cylinder of gas described in tho culphvr dioxide eye

expcriments,

A cylinder nominally 800ppm of ammonia
in air was employed and doses for inhalation were
prepared using a single diultion. Fig. 5.2. shows
kitagawa readings of different doses plcited agzinst

nominal values using the data of Table 5.4.

The data may also be “wsed to provide

estimates of the cylinder concentrations (nominally

800ppm) by dividing by the proportional dilu.:ion
(see Table 5.4.). However, although the detecctor
tubes are convenient for providing a siuvle check
on the dilutions, they are not good enough to provide
a reliable estimate of the cylinder conceatrations.
An atmosphere of ammon:a 'n air was zenerated in the
breathing system as used for the subjcouts and the
concentration measured by absorbing ammonia ..
standard acid and back titrating with standard

base using methyl red - bromocresol grecn as
indicator, The acid used was 1/10 molar HCL
diluted to 2 x 10”2 molar and the base was a

concentrated volumetric solution of Na OH diluted

to 10”7 molar.

The ammonia in wir was drawn through



100ml of standard acid in a fritted bubbler for

ten minutes at one litre a minute. Ten mls was then
placed in a conical flask with four 4»zy:e of indicator

solution. This was then titratec with standard base,

Trmediately icllowing the bubbling six

kitagawa <cubes from uvwc boxes A and B were used to

vample. The time to dreor six tubes was approximately

30 mins. and the results ar~ given in Table. 5.4(a).

It may be seen that vo averagr iLic kiczzawa lubes are
reading 9.,17% (Re.uze 4.31% — 14.14%) below the
estimate from tiivration. The estimates of cylinder

concentration obtained by dividing by the proportional

dilution had a meun vaiue of 764.4ppw. If one accepts
that the ki'szawa tubes read low, then increasing this
by 9.17% gives wn estimate of 834.49ppm (797.34ppm

and 872.4yppm if the vaiues o7 A .27,0 and 14, 14Y% are
usea respectively). This is approximately 4% more
than the manufacturers estimate of 800ppm but it is

not possible to reject this value due to the range of

estimates.




Table 5.4. ANMMONIA CYLINDER DiiUTIONS
vs, KITAGAWA TUBE ESTI.ATIONS,
blus CALCULATED CYLIEDER CONCENTRATIGNS.

PROPORTION OF NH; KITAGAWA TUBE
CYLINDER (800ppm). ESTIMATION (ppm)

(pom).

0.090 74
0.168 120

0.200 150
0.250 220
0.335
0.500 410

Table 5.4(a).

TITRATTON
ESTIMATES OF NH3

292 ppm. 1.

2. 289 ppm, 2.
Bl 288 ppm. 3.
4. 290 ppm. 4,

5.

mean 290 + 1.5 (p<.05) 6.

el e ey

B2e 32
T 103
75¢.0

880.0

420.0

K1TAGA YF.
ESTIMATES OF NHy

260 ppm (A)
280 ppm (B)
270 ppm (A)
250 ppm (B)
275 ppm (A)
245 ppm (B)

mean 263 + 12.7 (p <£.05)

CALCULATED
CYLINDER
CONCENTRATION

600.0"

meay 764,4







-- J(g)_

The second subject (kL) found 200ppm to produce a

"slight burning in the throat" while at 300ppm des-
cribed a "desire to cough after tne first breath and
grating feellng in the throat”, The largest dose
(400ppm ) elicited "throat irritation after the second
breatn which became worse after the fifth breath".

The tnirst subject (DD) found 200ppm to produce a
"purning sensation, lacrimation and salivation” but
"no desire to cough". Subpject HR found ?00ppm to
produce "burning in the throat after the first breath
and very difficult to take the tenth breath", However,
vhese results are qualified by the fact that tone subject
\ had previously peen briefly inside an exposure cnamber
contaminated with flax dust. The final subject (MRH)

found 200ppm to produce 2 "barely controlable urge to

cough which was far more worrying than the burning
sensation in the throat". At 300ppm "ilhe effect was
initially worse than last time but with conscinus

relaxation it was possible to cope with this concentra-

(

tion for ten breaths".

rable 5.6 contains the constants of the
straigut lines snown in Fig. 5.3 The thresnold of
the dose response curves range from thirtyfive ppm

to one hundred and fortyeight ppm (arithmetic mean g4.%vm,

geometric mean74.6 ppm ).
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BURNING AT BACK OF THROAT, CHOKGNG;
CAME OFF AFTER 5 BREATHS.

SLIGHT BURNING IN THROAT.
DESIRE TO COUGH AFTER 15T ERBATH. GRATING FEELING IN THROAT.

THROAT IRRITATION AFTER 2ND BREATH, BECAME WORSE AT 5TH ERBATH.

BURNING SENSATION, IACRINATION, SALIVATION, NO DESIRE T0 COUGH.

-(o1)s-

BURNING IN THROAT AFTER 1ST EREATH. VERY DIFFICULT TO TRKE 10TH
BREATH.
HAD EEEN IN CONTAMINATED FIAX CHAMEER.

BASGLY CONTROIASLE URGE TO COUGH WHICH WAS FAR MORE WORRYING THAN
THE BURNING SE)NSATION IN THE THROAT.

THE EFFECT WAS INITIALLY WORSE THAN IAST TIME BUT WITH [=e Salepied
REIAXATION IT WAS POSSIBLE TO COPE WITH THIS CONCENCRATION FOR 10 BREATHS.

DOICATED BY A POSITIVE VALUE OF & CHANGE SCAW AND A NEGATIVE VALIE OF # CHANGE RAW.

& « SURJECTIVE COMENT.
0 = O3SERVER COMVENT.






TABLE 5. 6

AMMONTA

SUBJECT

ATOPY EYE THRESHOLD

DOSE _PPM

LUNG THRESHOLD
DOSE PPM

SIOFE OF DOSE
RESPONSE CURVE

63.83 57.62

147.6

104.6

35.89 S54.37

91.83 72.85




mye experiments.

Table 5.6 gives the results of the ammonia

eye experiments. The first subject listed (SW) found

59ppm to have no effect and 110ppm and 160ppm to

pe irritant. The subject reported revorted 110pon

as "less irritant than the octner (160ppm) dose". The

1]

second subject (ML) described 160ppm as irritant

commenting "I felt it right away. Twice as nasty as

the first dose (110ppm ). It continued for fifteen

seconds". At 59ppm the subject reported "no sensation".

The third subject (DD) reported of 59ppm "slignt

irritant effect immediately; disappeared before five

seconds. Slignt lacrimation." At 110ppm the subject

reported "intense irritation”, Subject (li) found "no
effect"” at 59ppm and at 110ppm reported "certainly

different from first dose, very slignt stinging which

continued after removing goggles". At 100ppm subject

remarked "irritant I felt that one right away". Subject

(Ail) remarked for 59ppm "no, not irritant" , for 110ppm
recorded "could just feel something irritant immediately
on opening eyes". At 1o0ppm the subject reported
wcertainly stronger than the first one (110ppm )".
Subject (iS) found 52ppm to produce "no effect wnatso-
ever"and 110ppm to produce "gmarting at four or five
seconds which thnen wore off". In previous experiments

subjects SikF and KD had recorded thresholds for irrita-

tion of 100ppm .
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CHAPTER 6,

KETCNES.
Introduction,

Historically, some of the first commercially

available ketones were produced by fermentation of

grain or by the destructive distillation of wood, In

recent years, however, more and more of the commercial

ketones are made by organic synthesis, In general,
the usual method involves the dehydration or the

oxidation of an appropriate secondary alcohol using

suitable catalysts and conditions. The petrochemical
industry is becoming an increasingly important source

of the raw materials for making ketones.

In industrial operations, ketones find

three major uses: as solvents for a wide variety

of materials, as raw materials or intermediates in
organic syntheses, and for spe;}al uses such as in
perfumes, They may be encountered in the manufacture
of smokeless powder and other explosives, varnishes,
lacquer and varnish removers, plastics, rubber,
artificial silk and leatner, lubricating oils,
cosmetics, pharmaceuticals, perfumes, and many
organic chemicals. They are used widely as solvents
for dyes, oils, fats, tars, waxes, and many natural
and synthetic resins and gums. They are to be found
in many consumer items such as synthetic coatings,

dopes, and adhesives.



The ketones are generally quite stable

chemically but all of them are flammable to some

degree, It is important, therefore, that due con-
sideration be given to this property in their

industrial handling.

The physical and chemical properties of
the five ketones investigated are listed in Table 6.1.
Acetone i3 the first member of the homologous ketone

series, The second is methyl ethyl ketone (MEK) or

?-butanone while the third member has three isomers,

These are pentan-2-one, pentan-3-one and 3-methylbutan-

2-one. This last isomer has a branched chain structure,

Tndustrial exposure to the commonly used
ketones has been occuring to an appreciable degree

for many years. The vapours of the saturated ali-

phatic ketones generally are classed as narcotic.

Patty (196#) comments that concentrations required

to cause frank narcosis are not breathed voluntarily
giving irritation to eyes and respiratory passages as

the reason; (this finding is not supported fully by

the experiments here reported (see acetone results)).

Patty also points out that lower concentrations which

can be breathed witnout discomfort, may cause impair-

ment of judgment and thereby create a secondary hazard.

Generally, toxicity, irritation, and narcotic potency

of the aliphatic ketones increases with increasing

molecular weight; irritation and toxicity also increase



KEICNES - PEYSICAL AND CHELICAL PROPERTIES

Molecular Structural Solbty.g/100m1,
formula formula L b n?O Ether

Acetone ~;6 JnB.VO.Ch3 3 0
2-3Butanone o
(¥ethyl Sihyl CHy.CH,=C0.CHy 35010, C
¥etone) 19¢90°C
3 methyl 0
butan-2-one H (CH,),.CH.CO.Ci, .61230°C
. 7 < 7
Pentan-2- -
one CH,.Cl 0.CH .63@30°C

Pentan-3- 4.7s?o°g
one H s .Chy o CO.Cily . Chig 3,82100°C

-1

S = solubility between 10 - 50 g 100 ml,

Sources: cee Table 7.1.




with unsaturation. In liquid form, the common ketones

are painful and irritating to the eyes and prolonged

and/or repeated contact with the skin may cause detri-

mental effects.
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ACETONE.

ITLV 1000ppm.

formula = CBhoO

Methods.

The equipment and procedure were as
described in the chapter on methods. The saturated
vapour pressure of acetone at 20°C was obtained by
interpolation from the graph shown in Fig. 6.1

to be1 mm Hg.

Eroncnoacctivily Experimsntc.

Resultis,.

Plethysmographic results were obtained for
only one subject and these are shown below in Table

(517200

rYable 0,2,

ACETONE KESULLS

SUBJECI DOSE CONTROL % CHANGE
(ppm) VTG RAW SGAW VIG RAW SGAW

SMF 8, 000 3.28 0,61 0,50 -1.7 -4.5 5.8

Subjective sensations.
A dose of £,000ppm produced virtually no
bronchoconstriction., The ten breaths were inhaled

only with great difficulty although there was no
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Fig., 6.1, Saturated Vapour Pressure Curve for Acetone.




feeling of irritation in the trachea. However the
effects elicited were most urnpleasant including nausea
and a "mild anaesthetic feeling". 1In addition the
subject recorded '"vasodilation initially : facial

and peripheral which was rather unpleasant”. Pallor
was observed in the subject after 4.5 minutes. A
second subject (RD) inhaled 6,000ppm and succeeded

in taking ten breaths only with difficulty. The
effects were nausea,

suffocation, slignt dizziness

and a strong desire to withdraw from the mouth piece.

There was however no feeling of irritancy.

It was concluded that further exposures

should not be attempted.

Acetone Eye Experiments.

Results.

Two subjects received eye exposures of
acetone. At 1,000ppm subject one (RD) felt "nothing" ‘
and the other, Subject two (SMF), experienced "cold

At 2,000ppm subject one experienced

on opening eyes",

a "feeling of lacrimation to a2 small, but definite,
extent". Subject two recorded a "stinging feeling on
opening the eyes which took a while to wear off", At
4,000ppm subject one felt "stinging rather than

lacrimation; gone after ten seconds". Subject two J

felt "stinging but gone after five seconds". At 10,000

ppm subject one was "conscious of lacrimation and




desire to shut eyes - gone after ten seconds. Not

irritant as such". To an observer the subjects eyes

appeared "watery". Subject two recorded "lacrimation

ind desire to shut eyes which continued for the full

fifteen seconds. Not really irritant". Again, to an

observer the subject's eyes appeared "watery".
onclusion.

Acute exposures of the eyes to acetone do not

produce very great irritation and it seems that at

elevated concentrations (10,000ppm) all irritation is

obviated by lacrimation.
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METHYL ETHYI. KETONE (2 - BUTANONE).

ILV 200ppm.
formula = C4H80
Me tnods.

The equipment and procedure were as
described in the chapter on methods. The saturated
vapour pressure of acetone at 20°C was obtained by
interpolation from the graph shown in Fig. 6.7

to bpe D> mm lHg.

Bronchoactivity Experiments,

nesults.

The results are shown below in Table ©6.3.

Table 6.3,

LETAYL EIdYL, KETCNE LESULIS

SUnJECL DOSE CONTROL %o CHANGEA‘\
m) vig RAW SGAW VIG RAW SGaW

1,600 3,03 0,50 0.69 -14,8 -9.9 23.1
1,000  4.42 0.64 0,36 = 2.1 0.7 1.7

liethyl ethyl ketone (MEK) was administered

to two subjects at 1,600ppm producing bronchoconstriction

(23.1% drop in specific conductance) in one subject
and virtually no change (1.7% drop in specific conduc-

tance) in the other subject.
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Fig. 6.2, Saturated Vapour Pressure Curve 2-Dutanone.




Subjective sensations.

After inhalation the first subject above did

not comment. The second subject described the effect
"like drinking water used for washing hospital corridor

floors". A third subject who inhaled the same concentra-
tion spat into the sink and described the effect as
"horrible". A fourth subject (RD) confirmed this ketone
was subjectively very distasteful and although not un-
breathable was likely to be unacceptable to the average

volunteer,

Lye Experiments.

nesults.

Four subjects received acute eye exposures of

MEK. The first (DP) experienced a "slight tingling"

at 200ppm and "nothing" at 100ppm and 400ppm, The second
subject (#/D) reported "very slight lacrimation"” at 100ppm
and 200ppm, "nothing" at 400ppm and at 800ppm "some ‘
lacrimatory sensation on opening the eyes together with a
suggestion of irritancy lasting for three seconds", The

third subject (SMF) experienced "nothing" at 100ppm, but
"irritancy, lasting for five seconds" at both 200ppm and

400ppm. At 80Oppm this subjecil recorded "a bit of irrit-

ancy lasting for three seconds". The fourth subject (UT)

found that 400ppm produced a sensalion described as

"faintly cool but no irritancy". At 800ppm there was

"no effect".
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Conclusion,

In concentrations up to 800ppm, MEK appears
to be non irritant in three subjects and although a
fourth subject found slight irritancy this was very

transient.




PERTAN - 3-0OnE

TLV not known

n o1
formula u5n100

Methods.

Lhe equipment and procedure were as

described in the chapter on metnods, The saturated

vapour pressure oI acetone at 20°C was obtained by

interpolation from the graph shown in Fig. 6,3,

to be 11mm Hg.

Bronchoactivity Experiment.

Results,

summarizes the results of

Table ©.4

inhalation of Pentan - 3-one which are shown

graphically in rig.o.4.

All six subjects showed a degree of broncho-

dilation at doses below that required for broncho-

constriction. Moreover the dose level at which

reversal occurred varied between individuals. Two

subjects (MI and SH) were still bronchodilating at

o00ppm but increasing the dose to 800ppm produced

marked bronchoconstriction with 43.55 and 52.7% drop

in specific conductance respectively. A third subject

(LI) showed bronchodilation at 400ppm and broncho-

constriction at 600ppm. The remaining three, all

atopics, bronchodilated at 20Oppm and bronchocon-

(HR) and 600ppm (IS and SMF) .

stricted at 400ppm
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= SUBJECTIVE COMENT
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This vapour was also used to investigate

the effect of varying the number of breaths (see

Nethods)

Subjective sensations.

Some comments made by the subjects about

the effect of pentan - 3-one are given in Table o©.4

It was generally regarded as producing unpleasant

sensations localised in the trachea in contrast to

acetone which was more general in its effect, 1In

two subjects it produced burning and chest tightness

which persisted for up to fifteen minutes. Another

subject particularly emphasised the necessity for

him to spit into the sink after inhalation.

The initial bronchodilation could possibly

be accounted for by relaxation of the airways smooth

muscle, The effect of muscle tone on airways resistance

has been reviewed by Widdicombe and Sterling (1970)

and relaxation of muscle tone is usually only produced

by stimulation of pulmonary stretch receptors,

Table 6.5 1is a specimen of the calculation

used to obtain the slope and intercept of the dose

response curves, Filg, ©.4 shows the dose response

curve for pentan - 3-one using the data of Table 0.4

The intercept on the abscissa may be considered as
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the lung threshold dose for bronchoconstriction. The

calculated values are shown in Table 6.6. The arith-

metic mean of the lung thresholds is 414ppm and the

geometric mean 377ppm. One subject (LI) is of interest.

His intercept of 439ppm

is quite close to the mean,

He suffers from allergic rhinitis but his prick test

results were negative for grass pollen, house mite

and aspergilus. The remaining five subjects fall into

two groups: the sensitive and the less-sensitive.

Students "t"-test reveals that the mean thresholds

for the two groups were significantly different
(t=9.9 p< .01 ).,

The mean for the more sensitive group is

253 .4ppm
. TLV of 200ppm

and for the less sensitive 645ppm. Thus Q 1
:

may be too high to avoid broncho-

constriction in all individuals,

Eye Experiments.

Itesults.,

Table 6.6. summarises the results of the eye

experiments., Eilght subjects were exposed to doses of

four, eight and sixteen hundred ppm of pentan -

two,

3-one., Six of the subjects showed a response at eight

hundred ppm. One of the subjects (MLT) felt irritation

which wore off in five seconds and described it as "a

minimum irritant sting", while another subject (SMF)

felt "stinging for fifteen seconds plus slight lacrima-

i onits



EO——

e — e —

TABIE ¢ ¢,

PENTAN-3-ONE

EYE THRESHOLD
DOSE PPM

LUNG THRESHOID
DOSE PPM

SLOPE OF DGSE
RESPONSE CURVE

93.46
548.4

800 2%2.8

800 668.3
438.5

622.3

31.80

490,8
40.86

219.8

92.68

207.6




—————

At 400ppm this same subject (SNF) could detect a
"very slight non irritant sensation on opening the
eyes which was gone within two seconds". Subject
MLT also reported a "slight sensation, gone in three
seconds" at four hundred ppm, as did SH, LI and HS.

MIT experienced no such sub-irritant sensation at

400ppm but at 800ppm reported "definitely irritant
for fifteen seconds although wearing off a little

towards the end".

i

Of the two remaining subjects (HR) observed
at 400ppm "very little irritancy - somewhere round
the threshold", At 800ppm he reported simply "defini-
tely irritant". Also at 800ppm subject RD experienced
"cold for the first five seconds on opening eyes but
not irritancy". At 1600ppm this subject observed

"stinging for fifteen seconds plus slight lacrimation".
opclusion .

An acute exposure of the eyes to pentan -

3-one produces a sub-irritant sensation in most people

at 400ppm which becomes unmistakably irritant at 800ppm.
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PENTAL - 2-0OKE

TLV = ?OOppm.

formula = CSH 0

10

Methods.

The equipment and procedure were as

described in the chapter on methods. The saturated

vapour pressure of acetone at 20°C was obtained by

interpolation from the graph shown in Fig. o0.5.

to be 11mm lig.

Bronchoactivity Exreriment.

iiesults.

summarizes the results of

Table., ©0.7.

?-one which are shown graph-

inhalation of Pentan -

ically in Fig.o0.6.

A1l four subjects showed bronchoconstriction

in response to the larger of the two doses. Three of i
1
:

the subjects showed virtually no response at 400ppm,

while the fourth, an atopic, showed a 57.4% increase

in resistance and a 40.2% drop in specific conductance. ‘

At 200ppm this subject had slight bronchoconstriction

(29.4% increase in resistance and 24.7% drop in specific

conductance). Of the other three, one showed 20.7% fall i

in specific conductance at 600ppm and the other two

showed drops in this index of 37.0% and 30.0% at 800ppm.

In all cases of bronchoconstriction, the percentage

increase in airways resistance was greater than the

drop in specific conductance shown graphically in Fig.o.o.
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TABLE 6.7.
PENTAN 2-ONE

% CHANGE FROM CONTROL
SGAW R VIC  SGAW

0.46 -29.4 2.6 24.7

0.46 -57.% -5.8 40.2

0.9 3.5 -43
-37.2 0.1 26.7

-1.6 -1..8 3.4
-54.8 -1.9

1.6 -0.3

-1.6

BRONCHOCONSTRICTION IS INDICATED BY A POSITIVE VALUE OF % CHANGE SGAW AND
A NEGATIVE VALUE OF % CHANGE RAV.
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PENTAN-2-ONE

LUNG THRESHOLD
DOSE PPM

SLOPE OF DGSE
RESPONSE _CURVE

62.95
408.3
421.7
249.9

49.82
106.3
176.0

112.9




Subiective sensations.

Pentan - 2-one was the most bronchoactive

of the ketones investigated. The subjects commented

on the "taste of pear drops” after inhalation. The

intercept values, together with the slopes of the

dose response curves are summarized in Table o g,

Students "t"-test revealed the lung threshold dose

for the sensitive subject (63ppm) to be significantly

different from the mean threshold dose (393ppm) for
(Bt = 160708, SpE<SRl0 )i The

the other subjects

existing Threshold Limit Values for Pentan - 2-one

is quoted at 200ppm (Amer. Conf. Govt. Ind. Hyg.

1973).

of the subjects but not necessarily for the sensitive

This would seem to be appropriate for three

subject.

Eye Zxperiments.

Results.

In this experiment, the Mark TI goggles

Fig.z.9 with the parallel supply and gas stream

deflectors were introduced. Two subjects were

exposed to two, four, elght and sixteen hundred ppm.

From the first subject, (RD), 200 and 400ppm elicited

no response, 800ppm produced "stinging for eignt

seconds and then lacrimation", while 1600ppm produced

stinging for ten seconds when lacrimation

"gevere

stinging continued at lower degree for full

begins,
fifteen seconds. Noticeably stronger than 800ppm.

The second subject found nothing at 200ppm but with




400ppm experienced "definite stinging throughout"

and lacrimation. 800ppm produced "stinging through-

out but indistinguishable from 400ppm" and again

lacrimation, At 1600ppm there was '"very severe

stinging throughout the fifteen seconds which made

it difficult to keep the eyes open. Definitely more

than the other two",

irritant

Eight other subjects were exposed to the

above doses except sixteen hundred ppm and in addition

one at 100ppm, Three of the subjects were also

exposed to zero dose which produced no effect. The

thresnolds for the ten individuals are recorded in

Table £.%

Conclusion.

Six persons had a threshold eye irritation

at 400ppm and four persons at 800ppm following an

acute exposure to pentan - 2-one. This supports the

existing TLV of 200ppm.

SR N T i B



1 = NEIHYL - BUTAN - 2-ONE

TLV not known

formula = C5H1OO

sethods.

The equipment and procedure were as

described in

the chapter on methods. The saturated

O~ : - =
vapour pressure of acetone at 20°C was obtained by

interpolation from the graph shown in Fig. ob.7.

to be

21 mm Hg.

Broncnoactivity Experiment.

Results.

The results of two trials are tabulated

in Table o,9. ig. ©.8, shows the dose response

curves obtained for the first trial in which four

subjects inhaled two doses, 800ppm and 1600ppm. A

fifth subject (PM) inhaled 800ppm only. There were

only small and inconsistent changes at these low doses

and although it can be seen that with one exception

the small changes observed were bronchoconstricting

it was decided that insufficiently high doses had

administered.

been

The experiment was repeated later using P Lo,

doses up to 2400ppm and four new subjects. Two subjects

(PC and AB) showed considerable bronchoconstriction

at 1600ppm. PC and AB showed respectively 43.2% and

33,84 drops in specific conductance. At 1200ppm the

falls were 32.4% and 19.7% respectively. The other

MR 1 Y ALZAVS NVYAOX R
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TABLE 6.9

5-YETHYLBUTAN-2-Q0F

# CHANGE FROM CONTROL DOSE
My yooosew

-1.4 -11.0 1.9
24,3 1.1 89

6.9 0.5 6.7 -

-8.6 2.7 +  UNPLEASANT AND SENSATION OF WARMIH IN TRACHEA.

7.3
-9.5

10.3

4.7

0.8

0.49

0.53 0.48 ‘ " 1600 Si
0.35 431 0.68 . 2400 81

0.5 3.27 0.57 2.4 1200 S
0.37 4.23 0.64 3.2 1600 3

0.62 2.7% 0.59 -24.6 -0.6 19.7 1200 St -
AB, 0.53 3.09 0.63 -46.2 -3,5 33.8 1600 51 -

BAONCHOCONSTRICTION IS INDICATED BY A POSITIVE VALUE OF § CHANGE SGAW AND A NEGATIVE VALUE OF # CHANGE RAW,
S = SUBJECTIVE COMMINT.
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TABLE 6,17,

3=-METHYIBUTAN-2-ONE

SUBJECT ATOPY EYE THRESHOID LUNG THRESHOLD SIOPE OF DOSE
DOSE PPM DOSE PPM RES PONSE CURVE

M.T. A >1600

P.G. NA 1600

H.S. A 1600

L.3. NA 1600




two subjects (CC and MB) were less susceptible at

7

1000ppm snowing 23.0% and 5,19

drops in specific ]

conductance respectively. However at 2400ppm the

changes were 45.6% and 44.5% respectively.

Subjective sensations.

This isomer was generally regarded as the

most unpleasant of the pentanones but the least

irritant to inhale,

The parameters of the dose response curves

~

for tne second trial are given in Table o, " ine ’

thresholds range from 506ppm to 1393ppm with an ar ith-

metic mean of 939ppm (geometric mean 879rpm).

Yye Experiments.

The results are summarized in Table o.

The eyes of eight subjects were exposed to concentra-

tions of 400ppm and 800ppm. In addition two of these

subjects were given 200ppm. None of the subjects

:
.'
experienced any irritation. At 1600ppm six subjects i

experienced slight but definite irritation. One of

the subjects (HR) blinked constantly throughout the

fifteen seconds. Of the other two subjects one (MT) '

experienced a sensation described as "cold but not

ijrritating". The other subject (RD) experienced

s sensation bordering on irritancy for a full fifteen

seconds and lacrimation from five until fifteen seconds".




At 2400ppm one subject (RD) experienced

"stinging for fifteen seconds., Definite but not so

bad as S0, ", A second subject (SMF) found "definite

but not severestinging throughout the fifteen seconds.

It a2also stops on removing the goggles: in marked

contrast to acrolein."

The subject was observed to

blink excessively for fifteen seconds.

Conclusion.

These experiments indicate that 1600ppm is

the threshold of eye irritancy for an acute exposure

10 3 - methyl - butan - 2-one.
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CHAPIER 7.

ALDEAYDES.

Introduction.

The name aldehyde is said to be derived from

the words alcohol dehydrogenated which refer to the

0ldest methods of synthesis of aldehydes by the oxida-

tion of alcohols. Thus methyl and ethyl alcohols can

be converted to formaldenyde and acetaldehyde respec-

tively. The oxidation of natural gas can also be used

Acetaldehyde

as a means of producing formaldehyde.

may be prepared by reaction of water with acetylene

and acrolein may be obtained from the denydration of

glycerol.

Industrially aldehydes are of great importance.

They are used in the manufacture of resins, as inter- ,

mediates in the synthesis of alcohols, acid and other

chemicals: they are also used in rubber, tanning and

paper industries and also in agriculture. Aldehydes

are used in the manufacturing of medicinals and dyes

while formaldehyde in particular is used as a deodor-

izing, bactericidal agent and as a hardening agent for

proteins.

The physical and chemical properties of the ‘

aldehydes studied are listed in Table 7.7. An important

characteristic of aldehydes 1s the tendency to poly-

merize.




PLIISICAL AND CHEMICAI PROPERIIES OF ALDEHYDES TWNVESTIGAIED.

; OLLECULAR SIRUCTURA gt 5
“AVE ORLTIT.A ar v 0 ml.
= Wil L LUVl oo ve ~ - o]

FOPE AR

aldehyde CH,0

i Ji

cetaldenyde ur,“40 Cd3.0k30 44 .05 o0 6]

v ~
wilae'wila CHO

_
olubility between 10 -~ 50 g 100 ml.

"3plubility of Organic Compounds" 2rc
2, Van Nostrand (1941).

verck Index of Chemicals and Drugs 7tn edition,
Merck & Co. Tnc. N.J. U.S.A, (1900). i

wHandbook of Chemistry and Physics" 39th edition,
The Chemical Rubber Rub. Co. Ohio.
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The aldehydes are considered to be irritants.
Irritancy is usually greatest in those with low
molecular weights. Patty (1967) states that the
general and parenteral toxicities of these molecules

ippear to be related primarily to the irritant properties.

R T - o e e e
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ACKROLEIi .

TLV = O.1ppm

formula = CH, = CHCHO

MNethods.

Eouipment.

e ———

Preliminary experiments with acrolein were

made using the production system used for the ketones.

Although the system was shown to ve leak-tight using a

water manometer, unacceptable concentrations of acrolein

escaped into the laboratory air. The explanation was

thought to be that acrolein was permeating the poly-

Accordingly the system was

propylene connecting tubes.

repuilt from glass and stainless steel (see methnds).

The cold bath was maintained at 0°C throughout its

depth by packing with crushed ice. The "hot" bath had

melting ice floating on its surface and the temperature

was about 2°C .

Procedure.

The procedure was the same as used for the

ketones except for a modification to the eye exposure

experiments. During the experiments it became apparent

that the time course of events for acrolein was different

from the ketones. Accordingly longer exposures were

introduced with the concentration in the goggles main-

-1
tained by a trickle flow of 0.4 1 min .

Measurement.

The concentration of acrolein was calculated




from a knowledge of the saturated vapour pressure
of acrolein at 0°C obtained by interpolation from

tne graph shown in Fig. 7.1 to be S0mm hg.

pronchoactivity Experiment.

Results.

Lfable 7.2 summarizes the results of
inhaling acrolein which are shown graphically in
Fig. 7.2. Four subjects were exposed to two con-
centrations each: 5.5ppm and 8.25ppm. Three subjects
bronchoconstricted at the lower concentration (mean
drop in specific conductance 22.8%). The remaining
subject (HR) showed little change at this dose (3,1%
increase in resistance and 6.3% drop in specific
conductance). At the higher dose, all four subjects
oronchoconstricted showing a mean drop in specific

conductance of 38.9%.

‘upjectlve sensations.

All four subjects found acrolein to be
irritant at both 5.5 and 8.25ppm. At the lower dose
the first two subjects (HR and IS) noted a "prickling

in the throat" after three breaths, In addition the

first subject reported an "aching stiffness in the

chest" one and a half hours later when starting to

smoke. The third subject (SMF) experienced a "burning
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-60.8 2.7

-16.9 -11.5
-93.7 -0.4

=262 LT

-57.9 -11.6

-20.1 6.3
-48.8 0.9

TABIET.2

ACROLEIN

PRICKLING IN THRCAT AFTER ) ERSATHI. ACHING STIFFNESS IN CHIST
1§ HOURS IATER WHEN STARTED SMOKING.

PRICALING OF 28D BREATH INCREASED AFTER 5. 10TH BREATH REQUIRED
CONSCIOUS EFFORT.

PRICKLY FEELING IN THROAT AFTER -4 BREATHS.

IRRITANT AT 3AD EREATH DESIRE TO COUGH WHICH BECAME WORSE WITH MORE
BREATHS. RESIDUAL IRRITATION AFTER 50 MINS.

BURNING IN TRACHEA AFTER 9 BREATHS, ACHE IN CHEST APTER 6 MINS.
CONTIMUING FOR ONE HOUR.

BURNING IN TRACHEA AFTER 5 BREATHS GETTING WORSE. STILL SORE 45 MINS,
IATER.

BURNING IN THROAT AFTER 6 EREATHS.

IRRITATION AFTER ) BREATHS.

BRONCHOCONSTRICTION IS INDICATED 5Y A POSITIVE VALUE OF ¥ CHANGE SGAW AND A NEGATIVE VALUE OF # CHANGE RAW.

8 = SURJECTIVE COMMENT.
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in the trachea after nine breaths"

also an "ache in

’

the chest after six minutes continuing for one hour."

The fourth subject (GC) noted a "burning in the throat

after six breaths".

At the higher dose the first two subjects

again reported sensation at the third breath. The

first (HR) noted that the "prickling at the third

breath increased after the fifth" and tnat the "tenth

breath required conscious effort". The second subject

(HS) now reported "irritancy at the third breath" with

a "desire to cough which became worse with more breaths";

he had residual irritation after fifty minutes. The

third subject (SMF) observed "burning in the trachea

after five breaths getting worse thereafter"; the

effects were still present fortyfive minutes later.

The fourth subject (GC) reported "irritation after

three breaths".

Table 7.~ . shows the calculated parameters

of the curves shown in PFig. 7.°, The intercepts

with an arithmetic mean

range from 1.S%ppm to 5.8ppm

of 4.1ppm (geometric mean 3.8ppm).

Eve Exvneriments.

nesults.

summarizes the results of eye

Table 7.



TABIE 7.7%.

ACROLEIN

EYE EXPERIMENTS

SUBJECT ATOPY LUNG THRESHOILD SILOPE OF DOSE
CONC. TIME OF DOSE FPM RESPONSE CURVE
PPM. ONSET OF
IRRITATION

da2ily in culorinated procl.




exposures of seven subjects to acrolein. Four

subjects experienced irritation beginning at ten

seconds when exposed to 12.5ppm. Subject HS remarked

"nothing until ten seconds and then getting worse to ;

fifteen seconds". The second subject (SMF) reported

"irritant after ten seconds and still building up.

A very different irritancy from the ketones. Fading

away after about forty seconds." The third subject

(LK) observed "stinging after ten seconds; wearing

off after sixty seconds". The fourth subject (DP)

recorded

"stinging after ten seconds and getting

worse to fifteen seconds.

Wearing off after sixty

seconds." A fifth subject 2lso exposed to 12,.5ppm

(M1LT) reported "irritation at five seconds getting

rapidly worse till ten seconds". The goggles were

removed at ten seconds and the subject reported that

after sixty seconds there was "only residual stinging".

A sixth subject (GC) also received1?2,.5ppm and

experienced "nothing until fifteen seconds after

removal of goggles after which there was irritancy!

Three subjects were also exposed to 10ppm.

The first subject (SMF) observed stinging at eleven

seconds and the second subject (MLT) made similar

The third subject (RD)

comment at ten seconds.

found it "very irritant from three seconds",

The same three subjects were exposed (one




eek later) to 5.5ppm. The first subject (RD) found
"slight pricking after thirtyfive seconds wnich wore
off in sixty seconds"., The second subject (SkF)
reported "nothing until sixty seconds, then soreness

in eyes which continued until after ninety seconds".

The third subject (MLT) recorded "irritation at twenty-
five seconds", A later repeat of this dose for subject

T witn flow maintained as a trickle (see methods)

produced "irritation at twentyfive seconds which rapidly

became worse induclng involuntary blinking".
Conclusion.

The product of concentration (C) and time
to produce irritancy (T) gave 2 range of CT values

of pm secs, to ppm secs. Tne arithmetic mean

wa! ppm secs, and the geometric mean 19y pPpm secs.
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ILV = 2ppm

formula = HCHO

Methods.

It was not possible to obtain formaldehyde
gas in cylinders. Thus the gas was obtained by
bubbling air through formalin solution., The con-
centraticn was measured by a colourometric method
using a spectro-photometer as described in the chapter
of methods. Otherwise the equipment and procedure

were as used for acrolein.,

Broncnoactivity Experiment.

Results.

Table 7.4. summarizes thne results of inhaling
formaldehyde which are shown grapnically in e
Al11 four subjects received doses of 8.1ppm and 12.2ppm
and in addition two subjects (HS and SMNF) each received
one extra dose, 9.7 and 4.1ppm respectively. Subject
NI showed 29.8% drop in specific conductance at the
lower dose and 38.8% drop at the higher dose. Subject
SW showed 19.3% and 48.1% drop in specific conductance
at the lower and higher does respectively. The third
subject (dS)showed virtually no change to the lower
dose but responded to the higher dose with 53.2% drop

in specific conductance. An intermediate dose of

9.7ppm produced 9.2% bronchoconstriction. The fourth




# CHANGE FROM CQNTROL COMENTS

RAW V1o SGAW

-43.3 1.1 29.8 2 . : VERY MILD SENSATION AFTER 5 BREATES.

-50.k 8.0 38.8 " : SHARP SEXSATION AT BACK OF THROAT DURING IAST 2 OR ) EREATHS.

-19.4 -L4 193 Y : IRRITANT IN THROAT AFTER 5 EREATES.

9L.4 -0.4 8. : IRRITANT IN THROAT AFTER 6 BREATHS AND EECAME WORSE.

4.2 -7.2 0.1 . :+ SLIGHT PRICKLING IN BACK OF THROAT AFTER 5-6 BREATIHS.
9.8 -0.9 9.2 ; SLIGHT IFRITATION IN THROAT AT 3-4 BREATHS.

-107.5 =13 : PRICKLING IN THROAT AFTER 4 BREATHS WHICH GOT WORSE WITH EACH BREATH.

-20.2 -2.2 § -

-50.4 -2.8 . : STINGING SENSATION IN THROAT COMMENCING AFTER 2 EREATHS, PERSISTED
AFTER INHAIATION.

<Th.0 18.7 . : IRRITANCY IN THROAT WITH 25D SREATH WHICH BECAME WORSE FOR THE 10 BREATHS.

BROKCHOCUMSTRICTION IS INDICATED EY A POSITIVE VALUE OF ¥ CHANGE SGAW AND A MEGATIVE VALUE OF % CHANGE FAW.

8 = BSUBJECTIVE COMMENT.




TABLET.&.

SLBJECT CONTRUL #% CHANGE FROM CONTSOL DOSE ATOPY COMVENTS
== au v seN BN Vo oW - e
X.F. 0.51 4.72 0.54 -43.3 1.1 29.8 8.13 A S: VERY MIID SENSATION AFTER 5 BREATHS.
N.F. 0.46 4.37 0.50 -50.4 <8.0 38.8 12.2 A S: SHARP SENSATION AT BACK OF TFROAT DURING IAST 2 OR J EREATHS.
S.W, 0.54 4,28 0.45 -19.4 -13 0.3 8.13 NA S IRRITANT IN THROAT AFTER 5 EREATIS.
) SR, 0.5 3.90 0.48 9.4 -0.&4 8.1 12.2 NA S: IRRITANT IN THAOAT AFTER 6 BREATHS AND EECAME WORSE.
H.S. 0.5% 3.70 0.5 4.2 -7.2 Cc.1 8.13 A S: SLIGH? PRICKLING IN BACK OF THROAT AFTER 5-6 BREATES.
RS, 0.52 3.91 0.5 9.8 -0.9 9.2 9.72 A S: SLIGHT IRRITATION IN THROAT AT 3-4 BREATHS.
E.5. 0.35 &.53 0.65 -107.5 =~1.3 53.2 2.2 A S: PRICKLING IN THROAT AFTER 4 BREATHS WHICH GOT WORSE WITH EACH BREATH.
S.MLP. 0.54 3.73 0.4 -20.2 -2.2 18.6 4.06 A Sz =
S.H.F. 0.57 3.57 0.49 -50.4 -2.8 2.8 8.13 A S: STINGING SEMSATION IN THROAT COMMENCING AFTER 2 EREATHS, PERSISTED
AFTER INHRIATT
S.M.F. 0.55 3.65 0.51 -T4.0 18.7 29.6 12.2 A 3: IRRITANCY IN THROAT WITH 23D BREATH WHICH BECAME WORSE FOR THE 10 BREATHS.

ERONCHOCONSTRICTION IS INDICATED BY A POSITIVE VALUE OF ¥ CHANGE SGAW AND A MEGATIVE VALLE OF % CHANGE RAW.

8§ = SUBJECTIVE COMMENT.
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suoject (SNF) showed 18.6% drop in specific conductance
at 4.7ppm and 30.8% drop at 8.1ppm., At 12.2ppm there
was 29,6% drop in specific conductance but this was
accompanied by 18.7% drop in thoracic gas volume and

{4.0% increase in resistance.

Subjective sensations.

At 8.1ppm three of the subjects experienced
a sensation in the throat after five breaths. This
was described as "very mild" in the first case, "irritant"
in the second case and "slight vrickling" in the third.
The fourth subject (SkF) described this dose as prod-
ucing a "stinging sensation in the throat" but commencing
after two breaths and persisting after inhalation had
ceased. At 12.2ppm tne numpber of breaths to onset of
irritation in the throat were substantially the same.
Three of the four subjects commented that, as compared
with the lower dose the sensation became worse with each
breatn and the fourth subject (NF) found that the "mild
sensation" experienced at the lower dose had now become

a "sharp sensation".

The calculated parameters of the curves
shown in Pig. 7. 7. are presented in Table. 7. 5. The

intercepts range from 1.4 to 9.3ppm with an arithmetic

mean of 4,.8ppm (geometric mean 3.oprm). It is noteworthy




TABIE 7.5.

FORMA ILDEHYDE

EYE EXPERIMENTS

SUBJECT ATOPY LUNG THRESHOID SIOPE OF DOSE
CONC, TIME OF DOSE PPM RESPONSE CURVE
PPM. ONSET OF .
TIRRITATION
N.F. A 18.3 - 2.136 51.28
30.5 10 sec
30.3 9
S.W. NA 8.1 - 6.183 163.3
12.2 5
H.S. A 801 - 9.301 153.1
12.2 10
S.M.F, A 8.1 - 1.407 40.41
12.2 15
18.3 8
R.D. NA 8.1 -
12,2 10
18.3 8
D.Ps A 12.2 -
18.3 9
P.M. NA 18.3 -
24. 4 10
ar A .1 -
8.1 5
122 4

MR 4 ¥V AL AV XVOO X e



that there is a delay of several breaths before the
onset of sensation and that a2 disproportionate
increase in subjective sensation occurred with only

a 50% increase in concentration.

Eyve Experiments.

Resul ts.

Table. 7.5, summarizes thne reults of the
formaldehyde eye experiments. The first subject (NF)
found 18.3ppm to be not irritant. At 30.3ppm this
subject reported "definitely irritant at ten seconds
getting progressively worse to fifteen seconds", Ten
days later with the same dose this same subject
ovserved "irritant at nine seconds becoming unbearable
by fifteen seconds". The second subject (SW) found
8.1ppm to be not irritant and 12.2ppm to be "irritant
at five seconds with lacrimation which lasted until the
goggles were removed", The third subject (uS), fourth
subject (SNK) and the fifth subject (RD) all found
8.1ppm to be not irritant. Subject HS found 12.2ppm
to be "irritant at ten seconds whnich got worse until
fifteen seconds". Subject SMF found 12.2ppm to ve
irritant at fifteen seconds and subject (RD) experienced
"{irritation from ten seconds with lacrimation". At

18.3ppm subjects SMF and RD experienced irritation

from eight seconds and DP irritation from nine seconds.

R ————




The final subject (PN) when exposed to 24.4ppm
experienced "irritation at ten seconds increasing

to fifteen seconds",

Conclusion.

The product of concentration (¢) and time

oduce irritancy (T) gave a range of CT values
secs, to30z2 ppm secs. The arithmetic mean

(5]

1 the geometric mean 1,571 ppm secs.




ACETALDEHYDE.

TLV = 200ppm.

formula = ChBCdO

Methods.

The equipment and procedure were thne same

as for the acrolein exposures. Tig,. 7.4

ul Lted T Curv fo cetaldenyd
Results.

Table. 7.,, summaries the results of the

acetaldehyde eye experiments., All of the eight

Subjects were exposed on separate occasions to two

doses, 1704ppm and 3408ppm. The first subject (RD)

exposed to tne lower dose found "stinging at fourteen

seconds which almost ceased on removing goggles". At

the higher dose thls subject recorded irritant at

seven seconds rapidly becoming worse to fifteen seconds

and still getting worse witn goggles off until thirty

secouds. Conscious blinking made the stinging worse ! \

at fortyfive seconds; increasing tnereafter up to one

minute": residual stinging was present at three minutes.

The second subject (PB) exposed to 1704ppm found "irri-

tation in thirtyfive seconds from opening eyes". The

conjunctiva were observed to be red (Fig.7.5. ). At

the higher dose the subject found "irritation three

seconds after opening the eyes continulng till ten

seconds (when goggles removed) and sti1ll present until

washing with eyebath then completely gone'". The

observer noted conjunctival reddening before washing
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TABLE

r Ay

1

EYE THRESHOID DOSE

PPM

ACETAIDEHYDE
SUBJECT ATOPY
CONC.
R.D. NA 1704
3408
P.B. A 1704
3408
S.M.F, A 1704
3408
D.D NA 1704
3408
M.L.T. NA 1704
3408
W.J 1704
3408
S.W. NA 1704
3408
H.33 A 1704

3408

TIME OF ONSET
OF IRRITATION
IN SECS.

14
7

35
>

15
2

80
50

185
85

190
80

135
4o

90
35




Fig 7.5(a)
Pre Gas

Fig 7.5(b) post Gas




Fig 7.5(a)

Pre Gas

Fig 7.5(b) post Gas
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Fig 7.5(¢c)
Post Washing




Fig 7.5(c)
Post Washing




which was virtually gone afterwards. The third subject

(SMF) found the lower dose to produce quite sharp t

"stinging at fifteen seconds and thought it was going

to get worse but it ceased on removing g€ogyles”., The

observer noted "some reddening of the eyes"., At the

higher dose the subject observed definite but not

severe "stinging at nine seconds. Continued at tne

same level though goggles removed at fifteen seconds

and still present at one minute. The stinging felt

as if it were going to develop and become worse but

didn't and remained definite but not severe", The

fourth subject (DL) exposed to the lower dose found

irritancy at eighty seconds and at ninety seconds

commented "getting worse and lacrimation". At one

hundred seconds the subject remarked "definite dis- I

The irritation

comfort" and the goggles were removed.,

Reddening

continued up to thirty seconds after removal,

of the eyes was evident a few seconds after beginning

At the higher dose this subject detected

the exposure.

"continuous",

irritancy at fifty seconds described as

Again the eyes were observed to be red. The fifth

subject (MLT) found the lower dose to be irritant from ’

one hundred and eightyfive seconds and at two hundred

and forty seconds commented "still getting worse"

whereupon the goggles were removed. The eyes were

observed to be red and an increased rate of blinking

was also recorded. At the higher dose the subject




found irritancy at eightyfive seconds described as
"very definite and getting worse until ninetyfive
seconds" (when goggles removed) and "still irritant
after removal of goggles". Reddening of the eyes

was again noted. The sixth subject (WJ) found the
lower dose to produce irritancy at one hundred and
ninety seconds and the higher dose was "irritant at
eighty seconds, getting worse until ninety seconds"
(when goggles removed) and "irritation continuing
after goggles off". The seventh subject (SW) found
the lower dose to be "irritant at one hundred and
thirtyfive seconds". The observer noted redness of
the eyes after half a minute. At the higher dose the
subject recorded irritation in forty seconds. Again
the eyes were observed to be pink, The eighth subject
(HS) found the lower dose to be irritant at ninety
seconds and also remarked on the presence of lacrimation,
At one hundred seconds the subject reported "strong
irritation" and at one hundred and fifteen seconds

"still strong" whereupon the goggles were removed.

The eyes were observed to be reddened even after

washing. At the higher dose the subject reported
irritation at thirtyfive seconds and at fortyfive seconds

remarked that it was "stronger with lacrimation”. The

eyes were observed to be pink.




In addition to the above exposures, seven
Subjects were exposed to concentrations of eight
hundred and fiftytwo ppm for periods up to five
minutes. In no instance was irritancy reported but
in 2ll cases the eyes were observed to be red. A
feature of the reddening produced by acetaldehyde is
that the colour is deeper in the corners of the eye

although none of the white is unaffected.
Conclusion.

The product of concentration (C) and time
CT

to produce irritancy (T) gave a range of CT values

oflo224rpm secs. toswueppm secs, The arithmetic mean

was/gysQrpm secs. and the geometric mean9o,44rpm secs.




Introduction,

This chapter assesses the results of the
preceding chapters and what conclusions may be drawn
while also bearing in mind the question posed in
introductory chapter: "Can the whole body pl
provide objective quantitative measures i ad junct
to subjective assessments of irritancy at the eye for

setting TLV's?",

Assessment of results.

Table 8.1 gives the mean eye and lung
thresnolds for seven of the gases and vapours invest-
igated and thes 1 plotted in Fig. 8.1; +the line of
identity is also drawn. It must be born in mind that
the eye thresholds for the two aldehydes plotted on
an axis labelled in ppm (as is appropriate for tne
other five gases and vapours) are in fact threshold
doses with units of ppm secs. Thus the values given
may be considered as that concentration in ppm which
will produce a response in one second. Ammonia and

the ketones show an assoclation vetween the thresholds

at the lung and the eye. The branched chain isomer

3 ~ methyl - butan - 2-one was less irritant than the

other two pentanones. Moving the functional group
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TABLE 8.1.

EYE THRESHOID DOSES VS. LUNG THRESHOLD DOSES

GAS OR VAPOUR

Sulphur Dioxide.
Ammonia.
Formaldehyde.
Acrolein.
Pentan-2-one.
Pentan-3-one.

3-Methyl Butan-2-one.

EYE

168ppm.

110ppm.

177ppm.secs.

153ppm.secs.

560ppm.
800ppm.

1600ppm.

LUNG

1.0ppm.
85.0ppm.
4.8ppm.
4, 1lppm.
311.0ppm.
414, Oppm.

939.0ppm.
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from the three to the two position further increased
irritancy. Ammonia was more irritant than tne ketones
but less than the aldenydes. Patty states that alde-
hydes may be expected to show reduced irritancy witn
increasing molecular weight but the presence of tne
double bond in acrolein produces a molecule which was
found to be more irritant tnan formaldehyde. Thus
although the relative positions of the aldehydes are
determined it is quite possible Lo relocate them on
the ordinate scale be inserting a different value of

time.

The eye tnreshold for sulphur dioxide was

found to be lo8ppm for an acute exposure using two

subjects. Henderson aad Ha”ul (1943) found eye irritation

to be possible at 20ppm using acule exposures.
The lung tnreshold was much lower at ippm 2and nearer
to tue TLV of Sppm. The value of 1ppm was in close
agreement of that of Frank and Amdur (1964) wno used
exposures of up to thirty minutes. Tnis indicates
that the same information may be ootained witn an
acute exposure of ten breaths only. liowever caution
would nave to be exercised in applying tais to alde=~
nydes where time was snown 10 be important in eye

exposures.

The values plotted in rig. 8.1 all lie




Does tnis indicate that

above the line of identity.

the ung is more sensitive to irritants than the eye?
Possibly yes since broncnoconstriction is measured at

However

levels below that for irritation at the eye.
this cannot be shown to be so on subjective grounds
alone and it may be possible to measure physiological
responses of increasing sensitivity in either orgszan
at levels many nrders below those required for conscious
irritation. This accounts for the major divergence in
TLVs 1listed in the USSR and USA (and Britain) (Sixth
report joint ILO/WnO Committee on Occ. Health, 1909).

The Russian position appears to be that 1f any physio-
logical response can be detected at all, the level is

too nigh., For instance levels which abolish a Pavlovian
conditioned reflex come within this definition (Izmerov,
1971). The American position, more pragmatic nas been
given by lilatch (1971, 1972). Tae Americans attacn
considerable importance to the degree to which the
defence mechanisms, which are a normal part of man's
phnysiological endowment, can safely be drawn upon to
offset any result from the offending agent. The
Americans employ dose response studles working down

from levels of known adverse effects towards levels at
which predictions of probable adverse effects can also

be made using whatever sensitive measures are appropriate

(histological, biochemical, etc.) eventually to a value




which appears to carry no unacceptable risk of adverse

effect. This is then subject to continuous revision

in the ligut of subsequent events (Stokinger, H.E.,

1909).

A recent British report by Silverman (1974)

the Russian attitude in relation to his

considers

investigations of behavioural responses of rats to
trichloroethylene expnsures. He noles that ihe TLV

for trichloroethylene in America is 100ppm aund in

Ruseia 2ppm . (The Germans, Japanese, Scandinavians,
Swiss and Czechs adopt intermediate values bpeiween

40 and 75ppm ). Silverman Iound significant changes
in benaviour of rats but commented that with exposures
which varied from a few nours up to two months and
dose levels between 100 and 1000ppm there were no

simple dose response relationships and even para-

doxical findings. He compared this with the actions

of sedative drugs like pentobarhitone where small doses
regularly have a paradoxical stimulant effect. Finally
ne speculated on the implications of his work for
numans and finding reporis{drowsinesa, fatigue and
headaches not unexpecied, suggested that workers
exposed to the ULV concentration of 100ppm trich-

loroethylene would perform velow theilr peak rate on

a self paced task; and under pressure this mignht lead
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were tolerated easily. Kleinfeld and Giel
(1956) and Challen, Hickish and Bedzor.: (3058)
also observed the development of tolerancr to
ozone. However, Fizrchild {(1967) has pcintea
out that although tolerance may develope this
does not imply that increasingly serious damage
will not occur. Corn and Burton (1967, <~omment
tlat many workers Gisagree on ‘the mean.ng of
the word irritant. DPatty (1967) osuggeats

that the irritant properties of miny mclecules
irdicate probable toxicity. The r3periments

in this thesis suggest that the >0 lex
bronchoconstriction produc.d “y an aci.»
exposure of irritant gas or vapour may be
combined with Patty's suggestion to provide

some indication of toxicity in many cases.




To meet the objection that the abowve
correlation is based on extrapolated values the

following alternative presentation is now given,

Table 8.2. is a summary of the minimum values found
to be effective for an acute exposure of the eyes
and the lowest doses at which bronchoconcctriction
has been measured experimentally in human voluntecvs
and which meets the criterion of exceeding 10/ that
is used as a level of significant bronchoconstriction.

-These values are of course higher than the notionali

"thresholds" or intercepts obtained by ex*iapolatic-

below the measured range, but have the aivantage of

using actual measured values. Ranking produces a

correlation (R = 0.77) which is significent at the
5% level. The apparently anomalous value for NH3 1
relative to 302 may be due to tha very high

solubility of NH; in water (0.329g/g. a: 4n°C

which is approximately six times that of 802 .

Also, when measured values instead of extrapolated f

"thresholds" are used bronchoconstriction

notional

occurs at concentrations below the threshold for

irritancy at the eye. It is highly unlikely that
the lowest doses at which bronchoconstriction was
measured in these experiments are also the lowest

doses at which bronchoconstriction can be produced




TABL¥® 8.2.

LOWRBST CONCENTRATIONS AT WHICH EYE
IRRITATICON awd BRONCHUCONSYRICTION
WERE aCTUALLY EIBASURID.

GAS EYE 1LUNG

(ppm) (ppm)

SO2 168 5

' NH3 110 200

Pentan - 3 - one 800 600

Pentan - 2 - one 600 507
2 Methyl Dbutan -

2 - one 1600 160C*

Acrolein 505 5.5

Formaldehyde 12.2 8=

#*Por these gases the lowest dose administered was
different for subjects of differing sensitivities

and here the median is guoted.




i.e. the true physiological threshold (if it exists
and if it can be located experimentally) is going
to be found at some lower concentration. There is
no way ci nnowing the precise shape of the dose
response curve outside the measured range; however
a semi logarithmic curve was found to fit the data
of the exhaustive SO? experiment within the
measuvred range and so this relationship was adopted.
‘this provides an intercept on the dose concentration
axie whizr permits comparison of one gas or vapour
with znother. This value masy perhaps give & first
approximation of the region in which the true
physiological threshoid is located. It is these
intercepts which are plotted as notional lung
vthresholds" in Fig., 8.1. producing a picture which
is in general agreement with the data in Table 8.2.
more “pocarically, veses which are more irritant to
the eyes are also more bronchoactive. Llioreover
bronchoconstriction is produced at levels below
those required for subjective irritancy at the eye

when acute exposures are used in both cases.,

The general accord between the recsponse

of the eyes and the lung to these irritants is

supported by the rapid increase in response with




increasing concentration which has been observed

with some irritants especially the aldehydes.

Do these findings have any applicability

to the problem of setting TLV 8? A connection has

been adduced in this thesis betweer humen reflox
bronchoconstriction and one of the health eifents
encountered by work people i.e, irritancy as
detected at the eye, but this is, at best, only a
“omall part of the knowledge needed when agreelig
hygiene standards. Standards of air cleariiness
include maximum permissible concentraticns, maximum
acceptable concentrations, ceiling values &nd
Threshold Limit Values. These staniards are 2
compromise between what irg feasible, practicable,
economic and socially acceptable and what consequences
to health arise from their implenmeniatioin. ModsTed
body plethysmographic measurements may well be
considered as a supplement to observations of eye

irrjitation.



The physiological significance of

(a) lack of correlation between sensation
and bronchoconstriction and of (b) possible
sites of action of the irritants and the responses.

(a) Those gases which were irritant generally
produced greater subjective sensation (of irritancy)
at higher doses. However, at lower doses, sutjects
could not always detect irritancy although bron~io-
constriction took place. This 1s perhaps not
surprising, since subjects can bronchoccasisict
after smoking a cigeivette without noticing any

particular irritancy.

Other sensations such as chest tigrtness were
less frequent and sometimes delaye:. That subjective
sensations of this nature are leus censitive than
external measuring instrumerte ie illusesnind oy on
example given by Dr. M.L. Newhouse (pers.comm.) of
a worker exposed to toluene diisocyanate. (?DI).
During a three hour afternoon shift the man (aged
42, height 5' 8" ) had an FVC which fell from
6.8 litre to 3.5 1litre and an FEV, which fell from

4.8 1itre to 1.8 litre. The subjective comment:

"I was just beginning to feel a bit tight in the chest"




does indicate the large functional change which can

occur with minimal subjective sensation.

Besides sensations of 1vcicancy and chest
tightness the sutjects of this (.esis experienced
several sensations simultaneously which did not
include irritancy whan exposed to acetone. These
were nausea, dizziness, recvulsion, vasodilation etc.,
but no irritancy.

(b) npossible (i) sites of #ction or the irritants
and (ii) the resvonses.

(1) sites., Sellack and Widdicombe (1970) have
jdentified Jung irritant receptora in rabbits by
the patterns of activity in single vagal myelinated
fivres, ar.l ov thelr responses in a variety of
cond>+icns in the Tunas. The réc°ptors are almost
certainly intra - or subepitherial endings 1in vhe

bronchial or bronchiolar mucosa.

Jeffery and Lynne Reld (1973) have

provided definite histological evidence of nerve
endings in the mucosa of rats near to the surface
which are capable of £i11ing the role of reflex

bronchoconstriction,




(11) The responses. Nine conditions have been shown

to increase significantly the discharge in vagal
fibres from lung irritant receptors and z.lso <o
stimulate inspiratory activity. These nine conditinns
are: inhalation of irritant goses, pulmonary micro=
embolism, anaphylaxis, pulmonary congestion, drug
-induced bronchoconstriction, asphyxial hyperpnoea,
pneumothorax, negative pressure deflatiors and large
inflations of the lungs. In investigatirg these last
two quantitatively, Sellick and Widdicomb= (1970)
noted that the irritant receptors showed considerable
variation in the size of their respo.ses to inflation
or deflation and since this variabjlity has been seen
with all other stimuli to irr:tsnt recepuovTs, Lhey
suggested that this may be due to localization of the
receptors at different sites in the intrapulmonary
airways. This is supported by the histological
evidence of Jeffery and Lynne Reid (1973) who found

that the concentration of axons was greatest in the

upper trachea, and was significantly greater (p< .05)

than in either the lower trachea or the main bronchus,

between which no significant difference was found.
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In the upper trachea the concentration of axons in
the anterior wall did not differ significantly from
that in the posterior wall. The lower trachea and
main bronchus resembled each other in havirg
significantly more axons ( on average six times as
many in the anterior wall ( p < .001)., There ware
fewer single axons as well as fewer groups in the
posterior wall. The decrease in the concentration
of axons from the upper to the lower part »f the

trachea was also most marked in the postertor wall.

The experiments of Stransky et a1 (1973)
showed that stimulation of lung irritent receplnrs
in cats and rabblts by histzmine acid shosphate
(either intravenously or by inhalation .f aerosol)

caused tachypnoea and expiratory cungtriciliernsd $3

the larynx, and increased discharges in expiratory
laryngeal motoneurones.

Further experiments by Szereda - Przestaszewska
and Widdicombe (1973) extended this work to chemical
yrritation of the upper airways by jnsufflation of

ammonia vapour, Again, expiratory increases 1in

laryngeal resistance were m~asured.
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That which follows hzs been in part abstracted

from a receant repor’ by Roach (MRC limited

i974).

circulaiion report,

Procedures for Producing Hygiene Standards in Britain.

In 1965 the British Occupational Hygiene

Society (B O H S) appointed a Committee on Hygiene
Stanfiards with the objective of formulating hygiene
erandards for airborne substances and other environmenta.
agents, Prior to that time there were no stanrdards
produced in Britain apart from those specifically
reiated io innieing radiations and coal dust. The
coragittecs activities are limited to considering
isolated agents for which existing American standards

(A C G I H)''are believed to be most unsatisfactory for

use in tnis country. The procedure for producing a

TLV is somewhat different in the two countrics.. In

America the A C G I H select values which are in

large mec.cure secondhand values, being taken from

publications in tecn.-wal journals, Criticiem of

individual TLVs 1s deflected to the original

references. The procedure of the B.0 H S Committee

on Hygienc Standards is firnt to give reasons for

the standards it recommends, and then to derive uine

standards first hand from data in the technical ‘
Jiterature or unpublished data made available to

the Society. Such a procedure has the advantage that

the quality of the recommended standards may have a



degree of uniformity. On the other hand it has
the disadvantage of taking a great deal of work to

arrive at an acceptable standard.

Tevelcping a nygiene standard entails
first finding and critically reviewing relevant
new or published evideace. Appraisal entails
fitting this evidence into an agre=sd framework
for hygiene standards of a.. conitarin nts, The
evidence and ar smuuent asseciated with a standard
should be capable of presentation in such a way as
to show that the hygiene standards used or proposed
are practinzable, reasonable and consistent with
other compurable standards. Roach (MRC limited

circulat.or veport) has enlarged on this theme by

spesifically stating cucstions which should be

answerable in developing a hygiene slandaru,

Finally the commitiee recommends standards
which it is able to show to its satisfaction will
protect the health of a stated high proportion of
those exposed to an agent for a working lifetime.
The necessary periodic medical examinations to

protect the health of the remainder are also specified.
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The Future - Scientifically
Roach (MRC limited circwlatisn report) has
suggested attempts be made to eatablish the rules

which govern the relaticnships between:

a. The concentations of chemically similar air

conteminants to produce *the same adverse effects.

b. The concentrations of physically gimilar air

contaminants %c produce rlhe eamc adverse effects.

¢. The human ani laboratory animal responses for a
concentration of air contaminant at or about the '
TLV. B resronse is meant abnormal behaviour,
irritation, narcosis, impairment of health or
death.

d. ‘Lhe temporar; =n0 pera~n~nt reenonsel. Such

" responses as odour, eye irritatiom, cough,
physiological function or the appearance of
metabolites in excretions might be temporary

and readily observable.

The levels of air concentration which are .

of interest are low as also is the degree of
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expected responses and since the order of magnitude
of the response under study shoull e the same as

that which would be accepted by individuals in

their daily werk, it is thexefore important to know
what is an acceptarle healith risk or response. The
risk tc healin accepted in one's choice of place of
work rises with the benefits a95001a}ed with the
activity. 1t would be desirable t;iﬁgliurm knowledge
of risk involved with difrerent substances. This
could be more vreadily obtained if the toxicoclogical

results of animal experiments could be used as a

predictor c¢f the 1likely human expccience. !

The Future - T.egislatively.

The ropert of the Committee of Inquiry
on, Safety and Health at Work under the Cnarrwaonship
of Lord Robens was published in July 1972 (HMSO 1972),
and was followed by the Health and Safety at Work Act
which received the Royal assent on 31st July, 1974. :

This now means that many persons, about five million,

who have not hitherto been covered by health and
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safety legislation, are protectedfor the first time.
This is also the first time that the health and
safety of the public in connection with the workplace
has been covered comprehensiveiy., It is an enabling
Act, its flexibility a23ilowirg change, expansion and
revision to cope with any exigency arising in the

future.

The Health and Safeiy Commission (ist
October 1974) and i%. Executive (1st january 1975)
will administer the Act which now defines the
obligation of cmployers, employees, self-employed
and those manufacturing and supplying articles and
substances for use at work.

Conclusicli.

Frow the above discussion one is drawn
ineluctably to the cumcausinn %hat netting 2 TLV
is'not easy. No two people are the same; some are
sensitive individuals, others less so. Some poeple
show aclimatization to some substances. In

addition, major industrial countries adopt different

philosophies as to waht a TLV should be,




In Britain a TLVY s taleir tc he a
Hygiere standard set on the best availab.-
information at that time. Thus one needs all
the information that one can get: Preferably
quantitative if one is to follow Kelvin's advice.
Roach (1970) has applied the guantitative method
to chrysotile asbestos (Fig.8.2.) and states "1t
is believed that this is the first time a hygiene
standard has been associated »ith such a spec.tied
degree of protection"., This precise specification
follows directly from applying the quantitciive
method.

The association between eye and lung
responses for acute exposures supports the thesis
that bronchoactivity is a useful adjunct to eye

exposures for setting TLVs,

To the physiologict nne can surrest Lhat

the lung may be more sensitive than the eye to

irritants,




% incidence of asbestosis

RESPONSE TO CHRYSOTILE

ASBESTOS EXPOSURE

250 500 750 1000
Exposure (fibre years/cm3)

Fig.8.2.
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PHYSICAL AND CHEMICAL PROPERTIES OF METHOXYFLURANE.

Chemical formula CHCla.CFe.O.CH}

M. Wt. 166
B.P. ( °c)

Vapour Pressure ( 20°C )
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0.35% v/v. The exhalate was void xternally

void contamination of the plethysmogra

dal volume for minutes, following

the specific conductance z asured immedi
It was considered wortahwhil to r

to

1. Dbreatning

whicn

atel

manouevre using an empty inualer. [t is unfortunate

not possible to C

cnarged and so A dummy innaler

nufacturers leaflet gives the resistance of

i -1 . ;
as 0.5" u,0 at 20 1 min . Ihis was simul

1g a connector and length of 10mm 1i.d.

face mask and corrugatl

tubing to the st

Jarious lengths were tried and the pre urc fJ

acteristics obtained (Taple 2.?; Filgs. 9.1, teo

-1 <
e resistance at 30 1 min flow [ cn 1
2# plotted in I ig. 9.6. T e be 1, that

provided

pvc v\AULM& 42 ¢

The ults are saown in Table 9.3,

subjects showed 2 rise in specific conductance (range

]

7.24 to 33.0%; mean »n.3%)., Bronchodilation

occurred in the seventh subject, out tnl

ridden by a2 larger cnange in lung volume.

value of 0.5"

P e v g 2
- 58 K ‘y A N L

dry-out an inhaler once
substituted. The

an inhale

ated Dby

c

d tuve.

ngtn

o* of

HA0 t

br thed from tuis

ance.

also

over-




TABLE 9.2.

PRESSURE FLOW CHARACTERISTICS FOR FACE
MASK _AND TUBIKG.

Flow _. Pressure in squares at each tube length
1 min L =0 L =19.75" L =15 L =0.75" L =5

20
25
30
35
40
45
50
55
60

1.8 1.8 1.2

2.8 2.7 1.8 2.0

4.0
5.4
7.2
9.2
11.4
13.0
15.0

2.6
3.4
4.6
6.0

3.9
5.1
6.8

8.8
10.6 T.2 9.0
9.0
15.0 11.0 12.4

12.5

* one square = 1/6th inch of
water,
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Flow |3
(1.mint )

55 | /

50 J -

"O -4 .

Squares.
(1 8q.=1/ 1n.X120)
PRESSURE FLOW CURVE FOR FACE MASK,CORRUGATED 6
TUBE A CT1 (ZEnO ins.EXTRA TUBING) .
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Fig.9. PRESSURE FLOW CURVE 19.751ins EXTRA TUBING. Squares.
(1sq.=1/g1n.
H20)
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Fig.9. PRESSURE_FLOW CURVE 15ins. EXTRA TUBING. (1 sq.=1/gin.H;0)
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Conclusior.

)}

These results suggest that consideration

U

mignt be given to favouring this analgesic for
vomen presenting with airways obstruction or with !

a history of asthma.

2 esidual Volume Ly Body Pletauysmography and by
delium Dilaution,

Letnhods,

fne whole wvody pletihysmograph was modified
by the addition of a2 solenoid operated valve between
the subject and the shutter whicheccludes tue moutn-

plece during the panting manouevre. Tnis valve

communicated the subject to a spiro the
pletaysmograph to permit spilrographic measurement of
the wvital capacity 2and its subdivisions. Combining

tnese witn the pletnysmographic determination of

thoracic gas volume at functional idual capacity
yielded residual volume, total lung capacity and the
ratio RV/ILC . Another observer obtained these

ments using tne metnod of hellum dilution.

by both methods were made 1n random
order within an nour of each otuer.
Sixtyfive subjects were examined, most of

winom had had industrial exposure to asbestos, but
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lie ere other indusirial exposures. ilne subjects
xcluded from the study; one pecause a cleft

Aalate made the heliun dilution readings doubtful

tne ovutine clgnt because they could not satisfact-
orily perform the panting manouevre in the plethy

Line idual volumes for the 5b subgects

given in Table 9.4 and are plotted iun Fig. 2.7

paired t-te snowed a mean difference of 0,02

tre and a t of *.4?. This was significant at tne

‘ouclusion,

a1

sidu: volum 1ay be obtained

by body plethysmograph or by the method of heliun

£ s

ution. lnere is adeauate agreement in many case:
but tnere is a significant mean difference of aboutl
thres or four per cent overall. This may be a response

to tnAat group of subjects of say less tnan three And

a half 1litr by nelium diltution and greater than tnres
Aand half litres by pletuysmograpn (sec Fig. a.] ).
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Introduction.

This chapter describes three investigations

of sources of error. The first was an examination of
the errors of measurement of z2irways resistance and

sources of variation.
The second investigation was an examination
of the box calibration factor, the fregquency with

wnich it should be changed and its dependence on

tmospneric variabples.

The third investigation tested the efficlency
of mixing in the low vapour concentration production
system, The absence of thorougn mixing can produce
regions of nigh concentration (for example along the
wall) which can maintain their integrity for a loug
distance.

1, Neasurement of Ajrways Resistance.

As described in the methods section tne body
plethycmograph is operated by Aan observer to measure
the specific conductance, airways resistance and !
thoracic gas volume of an instructed subject, It

was decided to examine the measurements yielded by
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aopove.

1 .
Ine first part of the investigation w
se rhysiological variation by measuring the
specific conductance of two subjects eacn weekday
tne same time of day for two and one half con-

>cutive weeks (fourteen days for one subject and

¢

thirteen days for the other). On each occasion
tne subject performed the manouevre ten times in

t sets of five leaving the plethysmograph between

Tyt m
11l E4d

tment of Data.

o) ea

L

cu subject the data was treated
factorial experiment ( 2 x 14 1in one case aud
? x 13 in tne other ) and a two way analysls o
variance was verformed using an Olivetti programme

eveloped in the department. The first of each of

(0]

tihe five replicates was discarded, leaving two sets
»f four for each person and day. Tue data is tab-
ulated in Tablesl0l and¥.2 and the means are shown for

ach set and day in graph lio10.14fe. The results of tie

analysis of variance are snown in Pablesi03and 104

conclusions.

1 There is & significant difference in

specific conductance between days ( p < 0.001 ) and
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! ] ] 1‘
. 5 6 9 | 10 11 12 33 418 17 18 % 19 20
, ' | |
| 0.2276] 0.6135) 0.3343 | 0.3208 0.2955: 0.2946 | 0.2803 ! 0 2’”s| 0.2470 | 0.1756 | 0.1719 . 0.3785 | 0.2431! 0.1982
| 3 | | |
| 0.3342 | 0.4256| 0.2827 0.3092 | 0.2274 | 0.3292 | 0.2327 1 0.2042| 0.2663 | 0.2051/ 0.1886 | 0.2431 | 0.2314 | 0.2042
' ' | :
| ©0.3474} 0.4155 3.42:&‘ 0.3635 | 0 2616 | 0.2761 | 0.2267 | 0.2748 0.1952‘ 0.1859| 0.3127 | 0.2225 | 0.2101 | 0.1823
i { | | ! |
| o :697! 0.4822| 0.3268 ' 0.3503 | 0.2906 | 0.3583 | 0.2470| 0.2191 0.2359 | 0.1859| 0.2616 | 0.2101 | 0.2473| 0.2023 | §
! ~
i | O
| 0.2947| 0.4842| 0.3424 | 0 :31,; 0.2591 | 0.3151 | 0.2467 | 0.2315} 0.2369 | 0.1881| 0.2337 | 0.2636 | 0.2329 | 0.1968 | ¥
! |
| ©.3426]0.3343| 0.3058 | 0.3208 | 0.2803 | 0.3160 | 0.2241 | 0.2296 | 0.2090 jo.z357i 0.2253 | 0.2204 | 0.2431 | 0.1995
| | i ! {
| 0.4021) 0.2500 | 0.4556 | 0.3670 | 0.2610 ; 0.2885 | 0.2116 ; 0.2393 | 0.2190 ‘0.2037i 0.2074 | 0.2282 { 0.2101 | 0.2359
1 ¢ |
3 | ©0.3630}0.3503 | 0.3223 | 0.2981 { 0.3127 l0.2313 '0.2247 | 0.2470 | 0.2470 { 0.1859 | 0.2239 | 0,2443 | 0.1911 | 0,1881
ir VA | 0.294510.3034] 0.2740 | 0.3982 ;0.2353' 0.3420 | 0.1881 | 0.2603 | 0.2170 | 0.1859 | 0.2365 | 0.2148 | 0.2282 | 0.2170
| Mear | 0.3506 | 0.3095 | 0.3394 | 0.3460 | 0.2848 | 0.2942 0.2121 | 0.2441 | 0.2230 |0.2038 | 0.2233 | 0.2269 | 0.2181 | 0.2101 |
| | | | | | | \

Teble]02. Values of Specific Conductance (SG“) measured on different

days (S.M.F.)
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Table 10.3 ANALYSIS OF VARIANCE SUMMARY FOR SPECIFIC CONDUCTANCE (SUBJECT SMF.)
SOURCE SUM OF SQUARES D.F. MEAN SQUARE F p

DAYS 0.2900 13 0.0300 18.75 < 0.001

SETS 0.0061 1 0.0061 3,81 NS

INTERACTION 0.0715 13 0.0055 3.44 < 0.001

RESIDUAIS 0. 1344 84 0.0016

TOTAL 0.6020 111

-(L)ot-




Table 10.4. ANALYSIS OF VARIANCE SUMMARY FOR SPECIFIC CONDUCTANCE (SUBJECT J.C.)

SUM OF SQUARES . MEAN SQUARE

DAYS 0.2148 0.01719

SETS 0.0005 0.0005

INTERACTION 0.0380 0.0032

RESIDUAILS 0.2886 0,0037




therefore experiments to measure the change due to

timulus require fresn sets of control assessments

on each occasion.

2. There is no significant difference between

tne two sets on any day. On this basis it was decided

to dispense with the practice of physically removing

the subject from the box between each set and simply

replace this with a rest period seated witnin tne box.

It

was decided to enlarge and extend tne scope

of the

investigation. This forms the second part of the

study. The control values from the trilene experiment

lus ammonia experiment were used as secondary data. In

these experiments, the door was not removed from the

plethysmograph between sets (see conclusions ? above).

Otherwise the methods were Lhe same.

Data.

_reatment of

There were seventeen persons ( 9 men, §

women) who came on four separate days. Coding this data

onto punched cards enables analysis by computer to

include analysis of variation wituin seits. This nad not

bLeen possible in the first part of the investigation,

Murther the first reading was not discarded, the whole

five readings in each set Dpeing included in the analysis.




[he title of the computer program employed is BNDO?2V -
Analysis of Variance for Factorial Degign., The program
performs the analysis for of ,F y CoOtoe , Cotﬁ 5 Cot/3

coted o ViG, G.,, SGg,.

Cot B / Cotel

fnere is a nighly significant difference

ihe table of means (Tablel)d) that between the lowest

vetween persons

3

< 0.0t ) . It will be seen from

value (0.84919) and tne hignest value (1.67272)

there is

a difference of almost one hundred percent.

From Tableld.éit can be seen that pe tween

days the difference is highly significant ( p<g 0.01 ),

eferemnce

to tne table of means suggests that tuis is

attributable to the first day being nign. Why this

should ove 1s not known but it reinforces the policy

of taking control values on each day.
Inere is no significant difference between
sets tuus validating tne declsion to replace the

practice of pnysically removing the subject between

sets with one of simply allowing the subject to rest

inside the bLox.

Tnere 1s a suggestlon of a difference between

replicates bul the probability ( p<£ 0.7 ) is not '

generally described as significani, Examination of
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Table 10.6. ANALYSIS OF VARIANCE COTR/COTSC
W

SOURCE OF DEGRFES OF SIS OF MF AN
VARIATION FRFFIOM SUUARES SQUARES

1 ( PERSONS) 16 $35.48892 2.21793
>(DAYS) , 3 - .9774R 32586
3(SETS) | 03972 2035721
& (REPLICATES) 4 L(2A7 10065
12 GH 4.89197 10162
13 i6 B ELLY) ' “JGhlZR
16 Hi 4,.1504) 7 . N6B4AS'
23 3 N TS ) 00673
24 17 Y ALY JOSHT2
k14 “ 127127 03182
1¢3 4 2.69411 05613
124 H.R3T7] 04603
134 2.14al190 «33a7
234 . : G THE ' 057399
RESTNUAL PR D E S «04h11
TOTAL T0.55049 2
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tie means suggests tnat tne [irst replicate may be

p
low (oy about three percent) and tne 2cond hign

f{ . :
(by a similar amount).

The - value reveals a nighly significant

interaction for person and day combinations

( < 0.01). This is consequential upon there

being a difference betv

en persons and also tne day

to day variation of individuals.

x.ln.\,':.g.u”lo‘.

The resulis for o , B, cot p , cote ,
I/ ’

show significant interactions. This is accounted for

oy the strong interdependence of alpha and veta. In

111 cases out one (see above) tne interactions

disappear in the analysis of cot/q / coteg .

Calibration Pagtor Experimesnt.

2 y
s LOX

It was decided to investigate the frequency

snould be recalivrated and tne

the box

with wnich

influence on the ca2libration of temperature, humidity,

barometric pressure and volume pumped.

Methode.

T'he methods were as deccriped in the chapter

AR ki lhd ¥V ALd 4WS AVYAOMN



on methods. Lhe calibration was carried ouct tnree

times at each range setting using different pump

volumes selected at random in order to cover the

;otal range of attenuation. Using the manoeuvre

-

lescribed in Methods the volume was measured before

and after

tne calibration of the box. The syringe

as read to the nearest 1 ml, A subsidiary study

of the accuracy of measurement was carried out by

rerforming the manoeuvre three times consecutively:

tne readings of tne syringe were identical, [Furtaer,
epeating three consecutive measurements after tne

equipment had been left standing over a weekend

yielded the same values.

The oscilloscope screen carried a graticule

scribed in centimetre divisions. Using this, estimates

of the excursion were made by eye to the nearest mill-

setting.

imetre for each range

The humidity of tne room was measured by
wnirling bulb thermometer and interpret ed from Tables.

The dry bulb thermometer was also used to 1

asure room

The barometric pressure was measured

temperature.

using a Fortin barometer.

The experiment as described, and for three

volume settings, was then repeated, morning and after-

noon, for ten days.



of the data was undertaken

using lue Olivetti Programma. TFirst the values of

tiie ovox calibration factor were evaluated and tnen

tne correlation coefficient was calculated beiween

pox calibration factor and volume pumped, L.C.F. and

barometric pressure (P,..) , BCF and humidity, BCF

and temperature, Tn addition a students t-test w

pplid to test for a difference between the morning

and afternoon esuimations. The results of tne

analysis are summarised in Table 10.7.

On iwo raunges ( x 100 and x 40 ) the

calivration factor correlated sigunicantly witn

volume pumped at the flve percent level and one

percent level respectively. IHHowever for the times

ten range the correlation coefficient was positive

nd on the times forty range negative. During thne

experimentation tne bellows had been ouserved to

bump against the push-rod at certain stroke volumes.

Tnis benaviour could be accounted for by some

resonance phenomenon which may also have produced

the significant but opposite correlation coefficlents.

On tihree ranges ( x 40, x 100, x 200 ) .

tne calioration factor correlated significantly witha
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n@rature t the five per cent level.,

'ne t-test revealed no significant difference

o n th yrning and afternoon results on any range.

he possibility of predicting the box cali-

lon fact from measurements of atmospheric
ined. o do this, an equation
for oscilloscor reading was used & shown below:

o -4
reading = 22 ( p ) (s )P ( g ) v
: (free) (MTE) (500
where L. Range setting on oscilloscope
p = DBarometric pressure

t = Temperature

n = Lumidity
Vv = Volume pumped

An initial analysis of covariance using a
general linear hypothesis produced a call for more
1, Tt decided to repeat the experiment and

readings over a greater range of tempera=

tures. On half tne days the temperature was reduced
in the mornings Ly leaving a window open overnight
{th the heating turned off and then warming up tuae

room Lfor the afternoon readings. On alternate days

sequence was reversed., The data obtained from
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>cond series was of bpetter qualily with smaller

re luals, ne results of this 12l ysi re sSnown

LOC S W .
0 tare nundred and twentyfive estimation
the vox calibratiomn factor it n oeel possible
[ - 4 . ~ 3 = ) - B ( & .
L n the true pbox c ibration factor (i.e. for
enuation range * , not provided on thne oscillo-
0] ) 1se tne relative values of the six ranges

of attenuation using tne smallest range ( x10 )
:ference.
"o ancwer the question "now frequently is
it necessary to change the box calibration f ctor2"
tne ancwer could be "never" since the corrections due

nosvneric conditions are small. llowever useful

proceaure could be to recalibrate the pox at frequent

interval nd compare the value obtained wilh the
jicted value. Any systematic departure from tne

indication of fault

predicted value could be an early

in the equipment.

i 0z
LA

%, lixiug Efficiency in Ureatning System.

Tne addition of a further wire mesh baffle

 tnin the glass breathing tuvewas investigated by
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TAELE 10.8.

ASTTMATES OF ATTENUATION RANGES AND CONSTANTIS OF
¥ODEL EVPLOYED IN BOX CALIBRATICH FACTOR EXPSRIMENT.

Parameter Estimate
BC?H 10.18
Ry (not estimated) 10.0
R, ( x 20 ) 17.6
Rz ( x 40 ) 44.8
R, ( x 100 ) 93.0
R5 ( x 200 ) 186.0
Rb ( x 400 ) 37%.0
ol 0.53
A -0.103
¥ -0.02
é 0.9930

Standard Error

0.3

1.0
0.069
0.14
0.0076
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pl ing tainles steel sampling tube tanrougin the
oulth breatning point Omm downstream from tne
ition2l baffle and feeding the sample to a g
liquid chromatograph. [he sampling tube was inserted
through a2 rubver septum whicn sealed tne system. Tine
1ing tube, norizontal and perpendicular to the flow
1 1 points across the diameter of tne tuve.
T ldicion, cted ctnez rling pointswere sampl
VoV nd below the norizontal plane.

rnolel0.d shows the peak heights from tne
chromategrams sampled a2t different pcints across the

01l thing tube, ‘ig.m.Zi W?fc"‘ example of tue

chromatogra obltained. TableldfOgives tne analys=l
of variance for the readings ovbtained. Tuils 1y Le

18 follows:

and y

reated a.m., and p.m. values




Table 10.9. CHROMATOGRAM PEAK HEIGHIS (ARBITRARY UNITS) AT DIFFERENT SAMPLING POINTS.

a b e d ] f g h X y
3 o 5 1 40 41 43,5  39.5  41.5 45 42
28y 41 43 40 41 8.5 39 43.5 43.5 k2.5
40 10 40 bl 40 39.5 36 39 bl 4.5 43
81 42 44 43 38 39 255 42 42,5 42 42
k2 3.5 46 48 41 38 12 43.5 43 Ly
B b2 45.5 57 9 29 29 37 43
L 4o 42,5 44.5 40.5 40 46 41 1
o 435 b 48 k2 o
b 41,5 43 38 5
83 38.5 &
1 42,5 38 :
k2 =z
40 42.5
B 43
44 43,5
L2
Mean 41.2 42.6 4.8 .6 25.0 9.2 6.9 42.6 82,7 52.7
Position centre wall centre breathg.3/,, 1/ y centre centre wall centre

point way way & up
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Fig.10.2, TYPICAL CHROMATOGRAM.




Table 10.10. ANALYSIS OF VARIANCE TABIE : VAPOUR CONCENTRATION ACROSS BREATHING TUBE.

Between Groups Within Groups
Total sum D.F, Mean Sq. D.F, Mean 3q.
of squares

548.69 31.46 7 4,78

13.73 0.00 10 1.7

287.99 45.14 45 4.7%9

184.17 13.35 20 4.3%6
84.24 0.40 24 3.46

269.65 49.90 4,25




positions.

(p <.01)

1L positions ¢ > g, h. (p.m. values)

nl

33,0030 (.05« p<.01)

& "nl_y

w

= 041 50N

1. The effect of position has been confounded

itn that of time i.e. cannot distinguish vetween

ffect of time and position as botn measured by thne

of the peak neiguts.

2. There a suggesilion of 2 time trend and

ould appear tn be tue most plausible explanation

significant "#" factors

Since tne effect due to time cannot be

cannot make exac ta ents avout the

<

ion except to say that it does not appear
very important ac readings at the centre are
d with relatively very higin and very low

lues. Thus it would seem safe Lo conclude that tne

xing efficiency of tne baffle 1s very aiga.

4. Taking 211 the "centre" values there 1s
significant difference ( p &£ 0,01 ) between runs at

tue centre. Tnis indicates that the effect is due 1o

time.
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Ltne trilene experiment referred to in

$

cuapter 3 contained screpancies et n the nominal

lue ol concentration oased on tne saituraition vapour

fo) )
ure at 20°C and tne actual value 3 measured

0

detecuor e (see fig b

Experimenvs were rformed in wnicn a ligat
rolytuene ooltle filled witn trilene =2ud weiglied,

On - o e
lie Lnttles was tnermostated at 20°°C nd cteady flow

i vubbled tarough for thnirty minutes after

vaicn the poltle rewelgned. Thnls produced an

timated vapour prescure of about 22 mm ag (much

13-

€ tnan tue .V.p. of 58 mm ng obtained by inter-

nlation vetween kXnown T*oin...’\(F."A.é).

Turn.ng to tne original value ol c¢oncentro-
tion obtained in tne trilene experiment the nominal
value were vased on a variety of different buvbler

nd éiluting flows. The absolute discrepancies between




ted concentration were plottec
througn tne oubbler (Fig. A.4Q )

0.€540 ) is vetter than

lne nuabe
our taeoretic € ov

ctu=l number.

T.et tne flow of ai througn tne ouboler ve

. -1
stream V c¢c min -

vy tune relationsnip:
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hitagawa reaadlug
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Fig. £.1, Nominal values of concentration against actual.
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APPENDIX 3.

ATOPY AND SKOKING.

Prick tests for three common allergens:

grass pollen (group B2), house dust and aspergillus

fumigatus, were carried out on twentynine subjccts,

and the results are summarised in Table B.1. Of

four subhjects were sensitive to grass pollen

these,

three subjects were sensitive to house dust

only,

only =nd three subjects were sensitive to both. No

subjects were sensitive to aspergillus, Subjects

responding to one or more alleens were defined as

atopic. It was observed during the experiments

that some subjects were more sensitive to irritants

than others but it was not possible to associate

The number of smokers *

this with atopy or smoking.

(thirteen/fortyfive) was small and while the number

of atopics (£ 30%) was on the large side it contained

¥or instance MT and PB were both

several anomolies.

regarded as relatively insensitive subjects to

irritants yet both responded strongly to grass pollen.

Neither suffered from hay fever yet PB had an identical

twin who suffered from hay fever and MT (a South Affican)

had children who suffered from hay fever.

* Range 448 - 11,607 .pack years.




Subject

P.B.

- B (2) -

TABLE B.1l.
PRICK TEST RESULTS

Grass House ) i ergillus  Comments |

pollen  dust
) - - No history - but ‘

twin sister hay-
fever,

Asthma in family,

Allergy to house-
hold dust,

Hay fever.,

No history.

+44(4) +44(4) - History of allergy
to feathers,

History of asthma.




=B (5) =

PRICK TEST RESULTS (Cont'd.)

Grass House

Subject oallen daat Aspergillus Comments

M.T. ++46) e 2

M.L.T. - - -

S.¥, - - -

AW, - - -

M.L. - - - Allergic to
penicillin,

PLCws - - -

c.c.




APPENDIX C,

Results for SO

2 NH3 and Trichloroethylene
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