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SENSORY IRRITATION AI{D INDOOR AIR OUALITY

will iam s. cain and J. Enrique cometto-Mufliz(*)
John B. Pierce Laboratory and yale univeniry, New Haven, cr, usA

A b s t r a c t

Sensory irr i tat ion. an aspect of the common chemicai sense
(CCS). f igures prominently among the varied complaints brought
about by indoor air pol lut ion. Studies of persons lacking a functional
sense of smell  (anosmics) offer a simple and unbiased means to
understand the functional characterist ics of the nasal CCS. Testing
anosmics for their abi l i ty to detect series of chemical ly related (. .g..
homologous)  substances should a l low construct ion of  quant i ta t ive
st ructure-act iv i ty  models for  human pungency ( i r r i ta t ion)  percept ion.

I n t r o d u c t i o n

Although scientists wish to l ink complaints regarding indoor air
pol lut ion to specif ic chemical causes, various sources of uncenainty
plague the effort. First. .the mere variety of the complaints
engenders uncertainry. How should we count them? Should we
aggre&ate complaints of fat igue, Iassitude. and memory loss wirh
those of eye irr i tat ion or should we keep the complainrs separare and
seek a different cause for each? Does on. complainr drive another?
Does irr i tat ion cause lassitude? Second. people often experience the
symptoms of  concern outs ide problem bui id ings.  as wel l  as ins ide
them. There is therefore l i t t le conrrol over wherher the symptoms,
even i f  va l id ,  ar ise s t r ic t ly  f rom exposure to agents in  .ny-  p in icu lar
bui lding. 

"Third. 
we can rarely val idace the ryrptorns oUjeci ively.

Wi thout  such means,  we wi l l  a lways have the potent ia l  p ioblem of
over - repor t ing  and  embe l l i shment .  A l though  one  person  may  seem
more sensi t ive than another ,  the d i f ference may l ie  in  a greater
proc l iv i ty  ro compla in.
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A l t h o u g h  t h e  v a r i e d  c o m p l a i n t s  a b o u t  i n d o o r  p o l l u t i o n  m a y
res is t  aggrega t ion .  sensory  i r r i ra r ion  t i gu res  p rominen t l y  among
them and even forms a cohrmon denominator .  I r r i ra t ion lends i rse l i
t o  measurement  psychophys ica l l y  i n  humans  and  an ima ls .
func t iona l l y  i n  an ima ls .  and .  when  severe .  c l i n i ca l l y  i n  humans .
Because  o f  i t s  p rominence  and  sc ien t i f r c  access ib i l i r v ,  i r r i ra t ion  can
provide the focus For  borh basic  and appl ied research on reacr ions ro
indoor  con taminan ts .  On lv  when  the  mechan ism fo r  i r r i t ac ion
becomes known wi l l  we have the tools  to  avcr t  i r r i tar ive symptoms
of  indoor  po l lu t ion  comp le te ly .  I f  i r r i t a t ion  in  bu i ld ings  came abou t
only .  f rom substances known as f rank i r r i rants.  such as
formaldehyde.  we could avoid or  e l iminate the problem quick ly .  I t
appears instead that  i r r i ta t ion f rom indoor  pol lu t ion musr  ar ise t rom
the aggregate ef ' fect  o f  low concentrat ions of  mater ia ls  not  normal ly
considered i r r i tants .  Volat i le  organic  compounds (VOCs).  such as rhe
ingred ien ts  in  common so lven ts .  ub iqu i tous  in  the  indoor
env i ronment ,  a re  p r ime cand ida tes .

A lmos t  a l l  a i rbo rne  o rgan ic  subs tances  cen  s t imu la te  bo th  the
ol factorT sense and the i r r i ta t ion sense.  and aspect  of  the common
chemical  sense (CCS).  In  everyday l i fe .  we of ten t 'a i l  ro  not ice that  a
sme l l  may  have  a  l i t t l e  sharpness  tha t  imp l ies  co -ac t i va t ion  o f  the
CCS as wel l  as o l fact ion.  Personal  products and c leaning products.  tor
example,  wi l l  somet imes s ignal  the i r  e f f icacy by a sharp "c leann or" ref reshing"  

aroma that  resul ts  f rom a CCS component .  Commonlv in
psychophysica l  exper iments.  par" t ic ipants may be asked to assess the
odorous and pungent attr ibures of a given srimulus separately t3. 4.
7. -8].  In a few studies. the use of subjects with uni lateral destmction
of the tr igeminal nerye l .2l or of subjects rvithout olfactory funcrion.
i .e . .  anosmics (e.g. .  t5 .  6 l ) .  have permiued a more d i rect  look ar  rhe
independent  funct ion ing of  rhe nasal  CCS

In studies shown below,  we rv i l l  compare the i r r i tar ine and
ol factory potency of  var ious volat i le  organic  compounds that  appear
in indoor  a i r  in  anosmic and normosmic persons.  respect ive ly .  and
wi l l  i l lust rate the lawfu lness of  what  makes one substance more
potent  than anorher .

:

T h r e s h o l d s

For  those  subs tances  w i th  capac i t v  to  s t imu la te  borh  o l fac t ion
and the CCS. the odor  threshold typ ica l lv  ta l ls  below the pungency
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threshold Unt i l  our  use of  anosmic subjects ,  i t  has been impossib le
to establ ish t rue nasal  CCS thresholds.  Anosmic persons lack the
sense of  smel l  e i ther  congeni ta l ly  or  secondary to  another  cause (e.g. .
head t rauma. nasal  s inus d isease) ,  so thei r  on ly  way to detect
airborne chemicals is through the CCS.

We have charted how well normal, i.e., normosmic. and
anosmic panicipants can detect homologous series of al ipharic
alcohols and acetate esters [5, 6].  Figure 1 depicts thresholds for
cdor  (normosmics) .  nasal  pungency (anosmics) .  and eye i r r i ta t ion
(obtained from a third, normosmic, group). Cleariy, the thresholds
decl ine with carbon chain-length. The eight-carbon molecule. for
example, is a thousand or more t imes more effect ive than the one-
carbon molecule, irrespective of the sense organ. Such a basic
observation says much about the physicochemical basis for alt  three
chemosensory reactions. The figure reveals as well a striking
similariry in the absolute values of the thresholds for corresponding
sensations in the acetate and alcohol series. The gap between odor
and pungency, however, varies from about one order of magnitude to
about four orders. Within the acetates series. eye irriration
thresholds fel l  close to those for nasal pungency.

The thresholds in Figure 1 refer to vapor phase concentrat ion.
In order to reach the appiopriate receprors. the st imuli  musr
penetrate the mucus layer and then reach the l ipid bi layer of the
receptive membrane. The mucus comprises both viscous and watery
layers tll]. The effective concentration at the receptors will
therefore reflect the net effect of partitioning between air and
viscous mucus, between the viscous mucus and watery mucus, and
between the watery mucus and the l ipid membrane. The f i l ter ing
effect wi l l  vary from very warer soluble molecules - such as
methanol  or  methy l  acetate -  to  l ip id  so luble molecules -  such as l -
octanol or dodecyl acetate.

Both the odor  and pungency thresholds change logar i thmical lv
with carbon chain-length as do thresholds for narcosis [ ] ,  9] and
various toxic phenomena [[0. l2].  The relat ive thresholds for such
phenomena seem to resul t  f rom an equi l ibr ium between
heterogeneous phases -  re f lect ing water  so lubi l i ty ,  vapor  pressure,
surface activi ty, and part i t ion coeff icients - and are largely
determined by a d is t r ibut ion equi l ibr ium between an external  phase
and a suscept ib ie b iophase.  In  such cases,  the thermodynamic
activi ty of the st imulus is the same in al l  phases involved in such
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equ i l i b r i um -  a i r .
differ vastly from

mucus .  l i p id  membrane
one phase to another .
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4  . ^ r

o
an
o  t 0 '
c '  t o t

r n . l

1 0  :

0 t 2 3 1 ' r A 7 8 9
Carbon  Cha in  Leng th

Figure t .  Compar ison berween
two homologous ser ies:  a)
normal  a l iphar ic  a lcohols  f rom
I -  methanol  to  8 = l -octanol
and b) acetates from 1 -

methy l  acetate to  8 = ocry l
acetate in  terms of  rhei r  ab i l i tv
to provoke threshold nasal
pungency in  an anosmic group,
and threshold odor  in  a
normosmic  g roup .  Eye  i r r i ra t ion
thresholds -  measured in
another group - are also shown
for sglg.cted acetates. From
Cometto-Mufriz and Cain t6l.
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Figure 2.  Compar ison berween
the homologous ser ies in  terms
of  thermodynamic act iv i ty  at
threshold odor from
normosmics.  at  threshold nasal
pungency  f rom anosmics .  and
at  threshold eye i r r i ra t ion.
Thermodynamic  ac t i v i t y  was
calcu lated as the rar io  between
vapor  concen t ra t ion  a t
th resho ld  odor .  nasa l  pungcncy .
or eye irr i tat ion. over saturated
vapor  concen t ra t ion .  mu l t i p l i ed
by t 00. From Cometto-lvf uiiz
and Cain t6l.

The rat io of panial vapor pressure at a threshold effect - e.g..
threshold of  pungencv or  narcosis  or  tox ic i ty  -  to  saturated vapor
pressure prov ides an index of  thermodynamic acr iv i ty .  F igure 2
shows the odor. nasal pungency, and eye irr i tat ion thresholds
expressed as percentase of  sarurated vapor  at  threshold.  The
thresholds for  nasal  pungency,  unl ike odor  thresholds,  are e l ic i red at
a fa i r ly  constant  percentage of  saturated vapor  i r respect ive of
molecular  s ize or  funct ional  grodp.  Eye i r r i ta t ion thresholds roughly
coinc ide wi th those tor  nasal  pungency,  a l though there was s l ight ly
h igher  re lat ive sensi t iv i ty  for  the middle acetates.  In  v iew of  rhe
strone ro le p laved by thermodynamic act iv i ty .  i t  appears thar  the
pungency  evoked  by  these  re la t i ve ly  nonreac t i ve  chemica ls  a r i ses
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f rom a nonspeci f ic .  physica l  in teract ion between the sr imul i  and
suscep t ib le  mucosa l  ta rger  s i tes "

Studies of  .anosmic persons of fer  a s imple means to understand
the functional characteristics of the nasal CCS. Studies of additional
chemical series in such subjects should evenrual ly al low consrrucrion
of quanritat ive strucrure-activi ty models for human 

-pung.n.y

perception. The human data can be compared with . . l .u"nt animal
data when possible. Figure 3 shows the associat ion between our
nasal pungency threshords and thresholds for the integrated
tr igeminal nervc response from rars (see t l3l).  The level of
agreement encourages further comparisons.

Figure 3. Comparison of human
psychophysica l  thresholds
obta ined f rom anosmic subjects
t5l and rar neural (tr igeminal
nerve) thresholds t l3l  for
al iphatic alcohols frorn
methanol  (upper  r ighr)  to  l -
octanol ( lower left).
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Studies of the mles of addit iviry of pungency in mixtures
should also stand high on the agenda. Regarding the possible role ofvocs in the creation of irritatioir, we need to ask wherher
subthreslolg levels add up or- even amprify each orher to produce
noticeable irr i tat ion. Do repeti t ive or cbntinuous .*porrr.s ro
subthreshold concentrat ions increase sensi t iv i ty  to ' those substances
t: that they evoke pungency when they orherwise would not? Do
the various mucosae - oculai, nasal. thr-oar - differ in their
s e n s i t i v i t y ?
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