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P a r t i c l e  S i t e  of Inha la t ion  Aeroeol Syateaa 1: 

by Pe te r  J.  D.vies,* R i r i t  K. k i n  and C i l l i a n  A. Mott 

School of Pharucy .  Brighton Polytechnic. kdrecooclb, Brighton BNZ 4(tl 

Production of Mowgenow Diaperdona  

Ihr w t h o d s  uaed t o  si te  inha la t ion  oeroaols and the  p rob lem involved i n  prodiicing 
an hoaogenow c l o d  of aeroaol p a r t i c l e a  are reviewed. 
rnre carried out  uaing a Eoyco 2251508 p n r t i c l e  size analyscr.  
va r i ab le#  such aa senaor head pos i t i on  have been examined under conditimis of 
cons tan t  t m p e r a t u r e  and humidity. It  it ahow thac a d i l u t i o n  of t he  aerosol 
cloud i n t o  a l a r y  volume (360 1) g i w a  a aa t i a fac tocy  number of p a r t i c l e s  i n  the  
aa.ple wlur.  
adequate a i r  turbulence cao be generated uaing sleeved sicitered-bearing fan6 . 
The a i r  flow rate muat be cont ro l led  so t h a t  s i r  parses over t h e  senaor a t  not 
more c h i  0.58 as-'. 
i a  sham t o  be a b w t  10 aecs. 

P a r t i c l e  size nnolysaa 
A number of 

The pos i t ion ing  of the  aenaor head i a  not c r i t i c a l  provided t h a t  

The length of time required to produce a uniform d i s t r i b u t i o n  

Ibe UH of i nha la t ion  amrosol devicea f o r  t he  t rea t l l sn t  of s u 1  r cap i r r to ry  
diaeaaea i r  n w  routine.  
o f  doae de l ive red  -re introduced i n r o  the B r i t i s h  Pharrcciitical Codex 1973. 
It l a  genera l ly  cooaidered t h a t  o w  of t h e  cuceraory r e q u i r e v n t s  for an inha la t ion  
aerosol i a  the l imi t a t ion  of the m x i u  sire of p a r t i c l e a  i n  the  cloud produced. 
Ilouever. as aulgeated by Hatch 6 Crosa (1974) it i a  not ao much the  piiyaical air. 
of t he  p a r t i c l e s  which is irportmt but t h e i r  aeroclynuic p rope r t i e r .  
t h e  rrod-ic d i u r t e r  aa t h e  d i a r t e r  of a aphere of u n i t  dens i ty  having the 
mama s e t t l i n g  va loc i ty  u the p a r t i c l e  bping examined regnrdlean ot  i t a  shape or 
denai ty .  
r eap i rn to ry  tract which is e f f e c t i v e l y  a p a r t i c l e  c l a s s i f i e r  (Landhol 6 llernun 
(1948); b v i e a ,  C.N. (1972)). 
ia the respiratory tract may inf luence  the the rapeu t i c  e f f i cacy  of t h e  product 
(Task Croup oa Lung Dynuica  1966). Thia latter value is dependent on t he  sire 
of the p a r t f c l e a  i n  the apray and on their degree of f loccula t ian .  
forrulatiw proceas u a t  include an asseaamcnt of t he  sire range of t h e  p a r t i c l e a .  

Addi t ioaa l  s t u d i e s  are requi red  t o  ensure t h a t  t h e  so10 spray c h a r a c t e r i a t i c a  are 
produced at each ac tua t ion  of t h e  device  (Doviea, C.N. e t  01 (1972))- 

There are w y  d o c u n t e d  r t h o d a  f o r  s i r i n g  the  aeroaol cloud. 
microacopic examination (B.P.C. 1973); a e d i r n t a t i o n  and subaeqiient microacopic 
s a a e s s a n t  (HdLuortb 6 R u i l t o n  (1976)); i n e r t i a l  impaction (Bel l ,  Brow 6 
Claaby (1973)); holograpiric techniques (Croaa 6 Peter (1973)) and l i g h t  a c a t t e r i n s  
( D i d c k  e t  a1 (1958)). 

Baaic rtandarda for .pximm p a r t i c l e  a i r e  and uniformity 

They defined 

Thia rite i a  i l p o r t a n t  becauae the  p a r t i c l e a  have t o  paaa i n t o  the  

The r e sp i r a to ry  cyc le  and tln repara t ion  of p a r t i c l e s  

Therefore any 

They include 
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646 MVIES, AnlN, AN0 

?lie 3.P.C. rAidr Japus i t i oa  m t h d  is nut e n t i r e l y  r a t i s f a c t o r y  i n  t h a t  t l i m  number 
of p d r t i c l e r  d r p u r i t r d  WI c h .  s l i d e  i a  BO grant 4s t o  prrvent  adequate examination 
of any we p a r t i c l e .  
Cakinp e rcuss iv r ly  la18 time period* and arm sub jec t  to loss of f i n e  p a r t i c i a v  
(Oaviou. P.J. a t  a1 (1978)),whilac irpinyemznc r c h o d s  u w l d  uppeat t o  measure 
aarudpamic  proprrc iea  rattur than riw1e u ~ a  or d i u c a r .  the e f f i c i e n c y  o f  
cv l l r cc ioo  f a l l s  with &creas ing  p a r t i c l e  size (hrcer (1962)) and the tima 
raquirod for C O C J l  a a m ~ s m m c  c.0 be pruloayrd. 

A t  the prrvrur t i r  Iwloyraphy is J s p c i a l i s r d  t rchnique  and its rpp l i cac iun  is 
prububly rosc r i c t ad  t o  s p e c i a l i s t  scudias.  but it does reprosant a most i n t e re r r ing  
approach to rcudy o €  i&alatioa arromot parrich c l o d s .  
bran usud by srveral group. of wckers ( D i d c k  (19S8). Ball (1976). Daviar e t  a1  
(1971)) urd l a m  thu advoocatp of provid in8  rapid counts of lucge numberr o f  
p a r t i c l e s .  
ayyrogatrd wspansiorrs. 
background count d w  to inharent  p a r t i c l e  c a n t a m h a t i u a  ot  che a m u p h a r e .  

Since l iybc  scurceriu8 aaasures s func t iou  of projec ted  area i c  s e u a  reasonable 
t o  a s o m  tbt  it provider an s p p c o r h  to raseus iny  th. wrodynamic p rope r r i e r  
of pclrticlr*. Us have used this t e c h a i q u  i n  th. prereoc rcudy t o  rxamine the 
prubl ror  involved i n  size a n a l y s i s  of wrosul p a r t i c l e s .  

Sdimentac ion  methods s u f f e r  from the dircldvantage of 

l i g h t  n c a r t e r i i i ~  ham 

Uwever d i f f i c u l t i r s  do  d u  i n  produciny s u f f i c i e n c l y  d i l u t e  nun- 
A l m a  care U ~ C  be taken to account for the large n a t u r a l  

Pa rc i c l r  mwsuc-nc was c a r r i e d  w c  ru ing  a Puyco 225 P a r t i c l e  S i z r  Analyr r r  
(Eeyco I I u c r w n t s  Inc., C d i f o r n i a ,  U.S.A. ud ruppliud by Celmaa-lbukolay LCd., 
WrthPrpcoa, Englad). 
(vlrich also allwr f o r  va r i ab le  s P q l i n g  rim), and a d e l  261 air-borne purricle 
*.a*uc u n i c .  
rwplrd u v ~  a yivaa priod uf tin. 
zotu li&c falliny 00 tbu ia .uCLrrd, C h  ti8bt scattered foruard i n  the rey ion  
7 - 17. i s  co l l ec t ed  ;rod crrcudcced ta a pbotodrtector. 
respoprr o€ ELI i a v c r u r o c  is Cheimd by man8 of electrical reference pu l ses  
lod ca l ibrucrd  by mans of stambed l acex  uroml swpoluioas. 

Ttr c r l i b r a t i o a  CUCYI is MC 1itm.t .ad .bur& a d i scon t inu i ty  i n  the s i z e  range 
0.8 cu 1.1 u c r o r ~ t e r a  (Fig. 1). 
scac t r r iny  process  am t h  sitr OC th p a r t i c l e s  i n c n a u a .  
but d-8 w c  pcorkrcv iaauprrabh difficultirs. 

A l l  ctw r x p a r i r n c s  YR c a r t i e d  ouc i n  a d i f i e d  laminar €1- c a b k c  ( M e 1  
2.5 %, Urpuire (U.U.) lcd.). A parspax . h a t  u u  used to u a l  t h  front of tlu 
wit to pruvanc i n y r r s r  08 p a r t i c l e s  from t& a i r  (Fig. 2 rd 2 0 ) .  

S u q l a  d i r t r i b u c i w u  wi th in  th u s i t  yu obrailud by w of LYO sleeved s i a w r u d  
bror iny  faam (etri Ois t r ibuc loo  F a ,  IlOd.1 k s .  12S.po180 ;.lul 1 2 6 . m i b 0 ,  
fku i l ly -Sua-sd tu ,  Prance). 

Tbe u c o r i a l r  u u d  YCO c-tcially ava i l ab le  inlulatioo uraeols. 

This uni t  us. f i t r e d  u i t h  a 50.3 r i m - s e l e c c i w  madule. 

Tlr couaciny wric comes p a r t i c l a s  greater tha the srlectaf r i z e  
Am cbo p a r t i c l e s  are dram through the sensor 

Tbe c i r c u i t r y  and 

Zbis  c w l d  be due to a chanue i n  the l i ghc  
Thia m y  bu inconvrniant 

The c u b i w t  v o l w  is i g o r c a h t  i n  char s u t f i c i u t c  d i l u t i o n  u c  be obcainrd  to 
pranrn t  s r tu ra t iom of tb. elactronic C O U O C ~ C ~ .  This  d i f f i c u l t y  i n  c h e  ure of 
l iyhc r ca t t* r ing  uu noted by hvien,  ?.J. oc a1 (1978) ubo h.d d i f f i c u l t y  i n  
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PAnTIcLt SIZE OF ImUUTIWl AEROSOL SYSTEMS. I 64 7 

rf9. 1 - Calibration Curve - laDyco 225 System 
w i t h  rr0d.l 241 Sensor 

count ins  h e n  t h e  climber volume was 160 litres. 
in  the present  r tudy by w e  oC a chamber Iuving a volume of 361.6 litres. 

Tbe c s b i n t  a i r  circulator was operated until l ea s  than IOU0 p a r t i c l e a  g r c s t r r  
than 0.5 a wre recorded i n  s me minute maple. The a i r  c i r c u l a t u r  was then 
swicchd off .ad th d f s c r i b u c i m  Curs a w i t e h d  on. 
increaae i n  the  p a r t i c l e  count. 

?his problem has becn e l imina ted  

IItare produce no aeasurable 

The aerosol was sc tua ted  into tlte un i t  v i a  a port  i n  the  f ront  p l a t e  and seqvled 
ac 0.1 cfm for one minute with a X I 0  cwnter s e n s i t i v i t y .  
e x p e r h u t  tk un i t  was c l m r e d  of p a r t i c l e s  before proceedhig t o  the next 
1 8 s u m t  by r a r  of the  cabine t  a i r  c i r c u l a t o r  a. ind ica ted  abow. A l l  
e x p e r h u t s  wre carried out a t  30. i 2' md r e l a t i v e  humidity of COX 1111 ( t fx) .  
Care has t o  ba taken in poei t ion iog  the sensor i n  order to gct balaoiced sampling. 
me a i r  €1- rate over the  so rp l ing  pnrt should not exceed 0.58 m.s- '  (Royeo 

A t  t he  cud uf t he  
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PAUTICLE SIZE OF LNUAlATION AEROSOL SYSTEMS. I 649 

0 8.8 

5 9.8 

10 4.2 

15 4.6 

20 4.7 

30 9.0 

I n a t r u n t a  Manual). 
and lera .  A t  no tin did y. de tec t  pa r t i c l ea  greater than 8 u rlthough i t  is 
poaaible  thee acae did ex ia t .  
0.25 me#-' (t20%) r u u r e d  by men. of a W v i r t e r  (Airflow D e v e l o k n t a  Ltd., 

The a t a r t  of * u p l i n g  time aluaya ereetea a a a  d i f f i c u l t i r a .  
only to enaure a uoifoa d ia t r ibu t ioo  of the  p e r t i c l e a  but #Lao to  a g l e  before 
aigmificant clungea due to e i t h r  a e t t l i n g  out  or poaaible a g g l o r r a t i o n  of the 
ayatem. Data ahoun i n  Table 1 indicatea tlut a uniform u x  i a  obtained i n  about 
10 uconda  Era the  t i r  of actuation. 

I f  an lumogewa d i r t r i b u t i o n  uaa produced within the mixing perid. r u i d a  
placing of t he  aenaor ahould enabla rimilar r eau l t s  to be obtained. Terta  were 
ca r r i ed  out  i n  ten poait iona a t  two l eve l s  within the cabinet.  
lea# tbaa flO% were regarded aa a c c e p t r b h  (Table 2). 

Thia enabler e f f e c t i v e  a . q l i a g  of a11 pa r t i c l ea  of 10 )r 

The ave,rage f l w  r a t e  over the rampling port  u u  

e n g l a d ) .  

It i a  eaaen t i a l  not 

Voriationa of 

8 .  1 8.9 

13.9 18.4 

3.9 3.9 

3.6 4.2 

4.s 4.8 

9.1 7.9 

Table 1. Effect of Tim nixing Before -ling om the  Size Distr ibut ion 

Wan Nuder of Par t i c l ea  Greater then 
Stated S i u  ( m i c r o r t e r a )  f o r  M b p e a t a  

~~ 

0 

5 

10 

15 

20 

30 

~ 

22939 

25blb 

21399 

21412 

19473 

17685 

14830 

16705 

13936 

13767 

12317 

11302 

1.5 

7350 

8168 

6734 

6386 

5794 

5516 

3.0 

628 

557 

501 

459 

379 

431 

Purcent k f f i c i c n t  of Variance 

15 

12 

than 
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650 DAVIES, AHIN, AND WTT 

Tablu 2. Efficiency of D i e t r i h t i o n  of Part ic les  After a 10 second Hiring Period 

0.7 

10041 

12319 

9155 

11443 

10399 

9651 

96 78 

lOl95 

8693 

8627 

10107 

18 

358 

karor 
Poaitioa. 

1.5 

5852 

5382 

4846 

5076 

5558 

5044 

5087 

5521 

4565 

4636 

5157 

13 

125 

Level 1 A 

D 

c 

D 

g 

Lrvrl 2 c 

G 

U 

1 

J 

- 

3.0 

384 

340 

256 

345 

349 

268 

272 

344 

234 

273 

307 

25 

91 

m a  M. 

Variation tl 

YtYoJPrd G r o r  
of neu 

5.0 

11 

8 

6 

8 

9 

6 

7 

9 

7 

14 

7.5 

47 

2.4 

_-. 
UM Huber of Par t ic lea  Croater rhan 

Stated Sizm ( u c r o r c e r a )  €or 20 Repeat8 

0.5 

20288 

20550 

17732 

19217 

19534 

lwI75 

18619 

19192 

17297 

16447 

18775 

10 

3 89 

?h w O P  a l iybt  rcatcarin8 uoic for  r u u r i n a  par t ic la  air. v w l d  appear LO 
offor g K 8 a C  rppl icobi l i ty  LO i n b l u c i o o  aaroaol e y a t w .  
t o u n l r r l r  coincidetaco oL COUIICS or pot.ntia1 e y p l o u r a t i a  of par t ic les .  
htter Parmt8r ia  app.resc1y ioL1wac.d by h u j d i t y  o f  t h  ryrtam (Byrom (19771). 
tly Choice o t  oprratiocrrl voluv for lifit reat tor in8 acudiea m a t  all -  €or 
ahquute apace to prrvurt p u t i c l e a  b i n 8  carried foruord and i q i n a i n #  on the w l l e  
of  t& Upit. Volun  und uw rate n a t  a i m  b c a r d u l l y  controlled. 
seacur ing  pruducao r proj8cc.d arm --t, ubick m y  & rwuded 
ar a u u f u l  aurdynlauic mamm but it MY br memaaary to cowarc data to ochr  
d i r t r i b u t i w  fonuce. 

Care PUOC bm axarcired 
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