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Inlroduct ion
T
I t t  e o l l i t t g  \ v i l  l ì  ( ì \  L  l l l  ì i ì l  i ( ) l ì l t l  i . r l  l e t  ! . e t t \ ,
( l r  anv  a l l c rgcn  lb r  t l i a t  r t ia l t c r ,  th rcc
s l fa tcg ies  ar .c  ava i lab le ' .  ( i t t te ra t io r t  o l  a l -
le rgcr ì  cun  l rc  l c t l t t cc r l  o l  c l i rn i ru r lsc l  i r l
i t s  s t l u r e c .  V c r r t i l a t i o r t  c a r r  [ r e  i r r c r c a s c d
Io  r ;x1  1y  t l rc  a l l c tger t  a rvar ' .  [ ; ina l l l ' ,  1hc
a l le rgcn  ean t re  I ' i l te rcd  ou t  r ) f  thc  a i r ,  e i -
l l r c l  * , i t l r  l . re rsona l  re  sp i ra to rs  o r  i v i l l r
gcncra la rc -a  l ' i l t ra t i r l r r .  In  cop ing  rv i th  lab-
( ) r a t o r v  a n i n i a l  r l l e r g y ,  t l r c  l i r s t  o p t i o r r
i s  o l rv io r rs ly  r ro t  ava i la l r l c .  S tanr la rc l  an i -
tn l r l  carc  p rocec l r r l cs  a l rcad l ,  spec i f ' , v  a
h i g l t  t , e n t i l u t i o r r  r a ( c ,  l - 5  c l t r r r g c s  o l  a i r
per  hour ,  anc l  i t t  co lc l  nor t l t c ln  rv i r r l c rs
n tuch  grea ter  vcn t i Ìa t io r t  ra tes  are  r ìo l
f  c 'as ib lc ,  evcn  w i th  hca t  cxchange vent i -
la t ion  sys terns .  

' [ ' here forc ,  
we undcr took

a s tuc ly  o f 'a i r  f i l t ra t ion  in  cont ro l l ing  the
le  ve l  o f  ra t  u r inary  p ro lc in  a l le rgcn  sus-

; rended in  ra t  quar te  rs .
' fhe  

s teady-s ta tc  conccnt ra t ion  o f  any
subs tance is  c le te rnr ined by  the  ra t io  be-
tween the  ra te  o l 'p roduc l ion  and the  ra te
o l  re rnova l  ( l ) .  l t  car r  bc  p red ic tcd  by  thc
g e r t e r a l  r r t a s s  b a l a r r c c  e q u a t i o n

C., - PQ,C,,  + S

E , e , + K l N E . e ,

rvhere' C.. represeuts s(ead1.5131s .ar"t-
cen t ra t ion ;  the  nuntera tor  represcnts  the
ra tc  o f  genera t ion  o f  a l le rgen;  and the
denominator  i s  the  ra te  o f  remova l .
PQ"Cn is  the  ou tdoor  source  te rm;  P  is
an empir ical ly de r ived penetrat ion factor,
wh ich  fo r  resp i rab le  par t i c les  can be  as-
s u m e d  t o  b e  l .  Q '  e q u a l s  v e n t i l a t i o n
ra te ;  C. ,  i s  ou tdoor  concent ra t ion .  S  is
indoor  source  subs tancc  gcnera t ion  ra le .
I t  has  t rvo  components ,  de  novo genera-
t ion  in to  the  a i r  and resuspens ion  o f  se t -
t led  a l le rgen.  E ,Q,  i s  remova l  by  vent i -
la t ion .  Eu is  vent i la t ion  e l f i c icncy ,  the
ra t io  o f  the  concent ra t ion  in  Lhe exhaust
to  the  concent ra l ion  in  the  occup ied
space d iv ided by  a  mix ing  fac to r .  In
spaces  where  a i r  i s  rec i rcu la ted  ar rd  n r ix -
ing  is  gooc l ,  [ : . ,  can  reasonab ly  he  as-
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the  ra l es  o f  i l s  p roduc t i on  and  remova l .  Thus ,  h i gh  concen l ra t i ons  can  resu l l  f r om h igh  p roduc t i on ,

l ow  remova l ,  o r  a  comb ina t i on  o l  t he  two .  A i r  l i l t r a t i on  can  supp lemen î  ven t i l a t i on  i n  r emov ing  a l l e r -

gens  f r om the  a i r .  Con t ro l  o l  ae roa l l e rgen  exposu re  a t  any  pa r t i cu la r  l oca t i on  wou ld  be  more  ra l i ona l

and  e f l ec l i ve  i f  t he  con t r i bu l i on  o f  p roduc t i on ,  ven l i l a t i on .  and  f  i l t r a l i on  we re  known .  Us ing  im-

munochemica l  assays  f o r  r a t  u r i na ry  p ro te in  a l l e rgen ,  we  measu red  t he  ra te  o f  p roduc t i on  by  i n -

d i v i dua l  r a t s  and  t he  concen t ra t i on  o l  a l l e rgens  i n  t he  a i r  o l  r a l  an ima l  qua r l e r s  whe re  t he  ven t i l a t i on

ra te  was  abou î  15  changes  pe r  hou r .  We  i n t roduced  two  d i l f e ren t  h i gh -e l f i c i ency  f i l t r a t i on  sys tems

lha l  p rov ided  add i t i ona l  c l ean  a i r  changes  up  t o  a  max imum o l  127  changes  pe r  hou r .  Ma le  ra t s

shed  abou t  20  ng /m in  o l  a l l e rgen .  Because  o f  t h i s  h i gh  ra te  o l  p roduc t i on ,  subs tan t i a l  r educ t i on

in  rooms  tha t  housed  l a rge  numbers  o f  an ima l s  requ i red  t he  ve ry  h i gh  a i r - exchange  ra tes  t ha t  we re

ach ieved  w i t h  l am ina r  f l ow  sma l l  an ima l  i so la to r  r acks .  Measu red  concen t ra l i ons  ag reed  we l l  w i t h

concen l ra l i ons  ca l cu la l ed  f r om a  mass  ba lance  equa t i on  whose  t e rms  i nc luded  nu  mbers  o f  an ima l s

i n  t he  room.  p roduc l i on  ra te  by  i nd i v i dua l  an ima l s .  and  ra l es  o f  ven t i l a t i on  and  f i l t r a t i on .  We  sugges t

t ha t  l h i s  p r i nc i p l e  o f  cons ide r i ng  bo th  p roduc t i on  and  remova l  r a tes  app l i es  no l  on l y  t o  dev i s i ng

means  o f  r educ ing  l eve l s  o f  r a t  a l l e rgens  i n  ra t  r ooms ,  bu t  gene ra l l y  t o  o l he r  i ndoo r  a l l e rgens  as
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sunred to  be  l .  Q,  i s  vcn t i la t ion  ra tc .  K
is  na lu ra l  decay  ra te  (se t t l ing  fo r  par t i c -
u la tes) .  NE,1Q,1  is  rc rnova l  ra te  by  a i r
c lean ing ;  N is  c leaner  remova l  e l ' f i c i cn-
cy i  E , t  i s  dev icc  vent i la t ion  e f ' f  i c iency ,
ana logous to  E , ;  and Qa is  c lev ice  t lo rv
rale.

F-or  ra t  rooms,  the  ou tdoor  source
ternr ,  o f  coursc ,  i s  zero ;  the  o ther  te rms
neecl to be determined. We report here
experirnerrts orì lneasureruents of the oth-
er  f  ac to rs  and compar ison o f  the  ca lcu-
la ted  va lue  o f  C. .  w i th  measured va lues .

Methods

Air-sutrtpling Equiprrtent ancl Accessories

The principles and assay techniqucs for quan-
t i f i ca t ion  < , r f  indoor  a l le rgcns  have been de-
scribed (2). Air Sentinels' ! '  (Quan-1èc-Air,  Inc.,
Minneapo l is ,  MN)  were  used fo r  the  co l lec -
t ion  o f  a i rborne  par t i cu la tes .  Po ly te t ra l ' l uo-
roet hy lene ( PT F-E) mern bran es ( Quan :lec-Air,
Inc . ) ,  wh ich  re ta in  0 .3  p rn  and la rger  par t i -
cles at 99.80/o ef l ' ic icnci, ,  rvcre used as i i l t ra-
t ion  mcd ia .  The sanrp lc r  f ' l ou , ra te  rvas
cal ibratcd using a Kurz nrodcl l5l0 digital l ' lorv
nrc lc r  (Kurz .  Inc . ,  Mon lc rey ,  C-A)  a t  I  l , / s .
Par t i cu la tes  ivc re  co l lec ted  fo r  24  h ,  and the
vo lunrc  o f  a i r  sanrp lcs  u ,as  ca lcu la ted  l ronr
lhc  l ' l ow ra te  and dura t ion  o l  sanrp l ing .  A i r -
borne  par t i cu la lc  s iz ing  was accornp l i shed by

opera t ing  the  A i r  Sent ine l ' "  ec lu ipped rv i th  an
Andersen cascade impaction head at 5 l- ls
(Anderson Sarnp le rs ,  lnc . ,  A t lan ta ,  CA) .  A t
th is  f low ra te  the  impact ion  head separa tes
par t i c les  in to  f  i ve  n ìean mass  aerodynamic
d ianre ter  s ize  ranges  (>  9 .4 ,  9 .4  to  4 .5 ,  4 . -5  to
2 .7 ,2 .7  to  L6 ,  and (  1 .6  pnr ) .  Except  as  spcc i -
f i cd  subsequent l ) ' ,  the  a i r  san tp le r  was  ce t t -
t ra l l y  loca tcd  in  each roont .

[ ìor rat urinary al lergen production rate
rneasuren len ts ,  the  sarnp le r  d re$ '  a l r  th rough
a venled l0-L Lucite@ chantber containing trvo
male  ra ts .  Sanrp le  t ime was a t  leas t  2  h  to  a l -
lo rv  co l lec t ion  o f  su f l - i c ien t  quant i t ies  o l  ra t
u r inary  p ro te in  fo r  accura le  assay .  A i r  en ter -
ing  the  charnber  conta ined no  ra t  a l le rgen.

Ra! Rootn Desc'ripf ions

During the period of these studies, nìore than

(Reteived in original .fortn Jul.t' 5, 1989 ond in
ret,i.setl .lortn Decenther ll, 1989)

-; 
i l ; ; ; ,1* Di l ision of Al lergic Diseases and In-

tcrnal l t4cdicine, Mayo C'l inic antl  N'f  a1o []ounda-
tìon. Rochester. l \4innesota.

'  Suppor le t l  hv  lhe  Mavo Io t tndat io r t ,  ( 'on t ro l
Rcror r r r ' c<  S i . l c r t i r ,  l r rc . .  So t r th  IJc t ld ,  l r td ia r t l r .  : t r ld
U.S, l 'ubl ic lJealth Scrvices Cìrant No. Al-21255.

' (  o l r e c l ) o r t d c t t e c  a n d  r e q t t c t t \  f o r  r c n r i t l t s

should l rcaddrcssed to(  l tar les E l lc 'ed,  N4 t ) . '  I ) i -

v i s i o n  o l  A l l c r g i c  [ ) i s e a s e s  u n t l  l t t l e t t t a l  N l e d i c t l t e .

l \ lavo (  l in ic ,  200 l i rs l  St reet  S.W.,  Rochcster ' ,  N4N
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Roorn Stratificat ion oJ',4 llergen
An es t imate  o f  remova l  bv  se t t l ins
was obtained by nreasuringal lergeric
centrat ion in Room 1022 al thrce, ler
in  the  room:  a t  f loor  levc l .  anc l  36  r
90  inches  above the  l ' l oor  ( tab le  l ) .
tho t rgh  wc obscrved a  dowrrward  ( r t
in  a l le rgen concent ra t ion  as  santn l
he ig l r t  inc reascc l .  thc  c l i f fe rc r rccs  v r
sn ta l l ,  and  in  fu r ther  ca lcu la t io r rs  wc
sumed remova l  by  se t t l ing  to  be  neg l
b le  in  th is  env i ronnrcn t  where  a i r  u t i x
is  h igh .  To  an  unknou/n  ex ten t ,  remc
by sctt l ing is balanccd by generation fr
resuspens ion  o f ' se  t t l cd  dus l  .  l Jecar rsc
r 'oonts have lrarc l ' loors and arc clear
frcquently, we assun.ìed rcsusDension ,
a lso  ncg l ig ib lc .

.lllt'rgt,rt Di,striltutirtn in Dt.l int,tt
Purtit lc .\i:t'.t

Par f  i c lc  s iz ing  f ' ronr  saml t l cs  {akcn a l
36- inch  levc l  dcnrons t ra tcd  a l le rgcn
t i v i l y  i n : r l l  s t a g c s  ( ) l  l h c  i t n l . ì a c t ( ) r  ( t í ì
2 ) .  Scann ing  c lec t  ron  l tho tonr ic rogra
cont i rn t  c l ' l ' cc t i vc  par t i c le  s ize  separa f
( f i g u r e  l ) .  N o t e  f  h c  s h o r t  h a i r  i m p a c
r t n  l h c  s f a g e  h o l d i n g  t h c  s r r r a l l t s t  p a

90o/o of lhe rats irere ntzì lcs. Roonr 1034
houscd 300r 'a ts .  had a  vo lL rnre  o l  l00  ru , ,  anc l
exchanget . l  the  a i r  172 l in resr ,h  [ . {5  by  l rousc
v c n l i l a t i o n  p l L r s  l l 7  h r  l a r r r i n . r i  f l , r r r  h i g l r -
e f f i c iency  par t i c le  abso lu re  (  H  EpA ) - l  i l te rec l
s rna l l  an ima l  i so la to rs ;  Forn ta  Sc ien t i f  i c ,  l \4a l -
l inckrod t ,  Inc . ,  f r , la r iena,  ( ) | { } .  Roonr  1023
housed 30() rats and had a volurrre of [ ì0 nr,
and a  s ta {ed  43  a i r  exchanges/h  (30  by  house
vent i la t ion  and l3  by  HEPA f i l r ra t ion ;  CRSI
ó00, Control Resource Systenrs, Inc., South
Ilend, IN). Actual air cxchange was less be_
cause the  vent i la t ion  duc ts  werc  inac lver ten t -
l y  occ luded dur ing  (he  per ioc l  o l  the  s tuc l ies .
Roonr  l03 lC houscd 30  ra ts  and had a  vo l -
unre  o f  34  m'  and 3 f r  a i r  e rchar rges  per  hor r r
(18  by  hr tuse  vcn t i la r i ( )n  and l8  by  ( 'RSI  6 (X)
I lE,IrA l ' i l t rat ion). Roonr 1022 housed 275 rars
anr l  har l  a  vo l r r rnc  o l  B( )  n r ,a r rc l  up  to  56  a i r
c rchanges per  hour  (30  hy  housc  vcn l i la t ion
coup led  w i th  l3  and 26  changes bv  (  RSI  f iX)
I l l  I A  l i l t r . i l i t r r r ) .  V c r r t i l t r t i o l t  $ i l \  u t r i t s l l c ( l
by  d i lec t  c lc tc l rn i r ra t io r r  o f  a i r . f  lou ,  in  exhaus l
r. l trcf s u, i t  h i ìn i ìnernonìelcr.

,4 i r Su t n p I e P re pa ro I i o n / rt r,.l rr a l.r,.s. i s
A i rbornc  par t i cu la tcs  rvc rc  co l lec tc r ì  l r v  I i l t ra -
l i ( rn  ( ì r .  i r r  l l t c  care  o l  l l r c  Anr le rsen i ; r rnn l . , .
L ry  i r r rpac t ion  on  P I  I .E  rne  n t l r ra r rc . ' l  hc  l - i l t c r
r r rcd iu rn  i s  a  b i la rn i r ra le  o l  t )  l  I  t :  anc l  a  1 to ly ,
cs tc f  sp i l t ì  supp( ) r t  ba tk i r rg .  ' l  he  sant t r l c  i s
t l t ' l l t r r r i r r l l c t l  l t r r t l  l l r t  l ,  I  I  I  r r rc r r rh tu l r ,n l i t ce( l
i r r l o  t r  l . ì  \  l ( X )  r ì i l t ì  t c \ l  t u l ì c  l r l o n g  r r i t l r  I
o r  2  rn l  o l  -500/o  g lycc l ina tcd  d i lucn l  con ta in_
ing 0.20lo bovine serunt albumin ( BSA;, 6rysqr,!,
20 ,  and phosphatc  bu f  fe r ,  p t l  7 . '1 .  The sun-
por t  back ing  is  d iscardec l .  The tL rbe  is  v is_
orous lv  n r i rc t l  lo  we l  thc  c r ì t i r c  \ r l ì ìn le  u r ì ì j
a l lowed lo  s tand overn igh t  a t  4 '  ( ' .  Thc  lb l
lorving day thc sanrple is nri .red agairr ancl ccrr-
tr i fuged, and the superrìatant is stored in racks
at  -20 '  C  un t i l  ana lyzed.

I trr t n t r n o<, h e m i cct l .4.ssu.v o.f R u I Lt r i n e
Ncwrnan-Taylor and corvorkers reportccl the
rna jo r  ra t  a l le rgc t rs  to  be  i t r  u r ine  ( j ) .  A  ra t
urine allergen refèrcnce standard rvas prepar.ecl
l ' rom Sprague-l)awlcy r. ì t  ur ine col lcctccl in
rne tabo l ic  cages .  

' fhe  
ur inc  was c l ia lvzed in

Speclrapor'r '  3-500 M cutot ' l '  (sDectrutn
Medica l  Inc lus t r ies ,  l .os  Angc lcs ,  CA)  cas ing
and lyoph i l i zcd .  Pro tc in  d r - rc r rn ina f  ions  hv
the  rne t l rod  o l  I .o iv r l  a r rc l  couorkcrs  (4 )  in t . l i -
ca ted  925 Ug /n ì l  o l '  p r ( ì t c in .

The radioal lergosorbent ( RASl')  intr ibir ion
assay has been clescribed clsewhere (2). I l r ief lv.
I t n m u l o r t  l l  m i e  r o t i t e r  p l a t c  u c l l r  d r r t  t . o o l ( d
wi th  I  pg  ra t  u r inar  y  p ro te in .  E i t l re r  s tanc la rc l

TABLE 1

AIRBORNE RAT URINARY ALLERGEN
CONCENTRATION AT DIFFERENT

HEIGHfS

Samp le r l oca t j on  
_

F loo r

Eench  (36  i nches )

9,'!,11{ 1?9 iTh9.)

X + S D

!,s/!'l
658 + 299
468 + 278
380 a 207

TAELE 2

DISTRIBUTION OF RAT URINAFY ALLEFGEN

, lN PtlllsljF D5F!\ED srzEl
Size Rat  Al lergen
( rm) (ng/mr)

>  9 . 4
9 . 4 - 4 . 5
4 . 5 * 2 . 7
2 . 7 - 1  . 6
. 1  1 . 6

t J  I

t o

33

63

t l i l r r r io r ts  o l  thc  ra t  u r inarv  p ro tc i r r  o r  a i r  sar r r -
p les  a re  n r i re 'd  in  the  we l l  w i th  50  p l  hunran
sera  conta in ing  Ig lJ  an t i t tod ics  to  ra t  u r - inc
pro tc i r r .  f  he  assay  is  va l ida ted  l ry  para l le  I  in -
h ib i t ion  curves  t lenv ten  thc  u r i r re  re te renec
s tanc la rd  and thc  a i r  sarnp le  ex l rac t .  I t  shou ld
be ttotecl lhat this i tssiì l /  mcasrtrcs scvcr:r l  l r l -
I c rgcns  l ron t  thc  c ru t le  u r inc .  s landar .d ,  no t
a  s i r rg l r  a l l c rgen ie  cor .np( ) l ì cn [ .

Results

Indiyictual Rot . llcrgen
Prodrrt'tiott Rule

ln  seven scpara te  exper in ten(s ,  thc  avcr -
agc  ra {c  o l 'p roduc t ion  was 19 . -5  t  9 .3  ng
(nrcan +  SD)  o f  u r inar l ,  p ro te in  a l l c rgcn
l ) c r  t ì ì i t ì u f c  l ) e r  l t ì i ì l e  r a l .

Stage

1
2
3
4
5

Fig.  1.  Scanning e lect ron photomicro.
graphs (x500)  of  PTFE media suppor t -
ing s ized par t ic les l rom f  ive mean mass
aerodynamic d iameter  s ize ranges:  ( t )
unexposed; (2) > 9.4t (3) 9.a to a.5; (a)
4.5 to  2.7,  (5\2.7 to  1.6;  and (6)  < 1.  6  i l  m.

20
? 1
1 9

1<



CALCULATED AND

TABLE

M E A S U F E D
ALLERGEN

AIRBORNE RAT URINARY
(ng/m3)
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Discuss ion
' I 'h is  

s tudy  excrnp l i f ies  the  va lue  o f  con-
s ider ing  separa te ly  the  ind iv idua l  com-
ponents  o f  the  rnass  ba lance cqua l ion  i r r
p ìann ing  cont ro l  o f  a l le rgen exposure .
Vent i la t ion  in  these an in ra l  carc  rooms
would be consiclerccl exccl lent undcr nrost
c o n d i t i o n s .  l n  c o n r p a r i s o n  t o  t h e  l 5  t o
20 a i r  exchanges pcr  hour  in  thesc  ra t
roonìs ,  a i r  exchange in  honres  or  o l f i ces
wi th  rv indows c losed is  a t  leas t  l0  t in tes
lcss .  Rats  p roduce a l le rgcn  a t  such a  las t
la te  t l ra t  la rge  numbe rs  o l '  an ima ls  can
ou ls f  r ip  the  capac i l v  o l '  o rc l inary  vent i -
la t ion  and f i l t ra t ion  sys terns  to  le rnove
it adequatcl l ' .  For cxantlr lc, in Rclont l0-14
w i l h  3 ( X )  r a f  s ,  a n  a i r  e r c h a n g e  r a f  e  o l  l 7 2
e lrarrgcs pcr hour u,as reqr-r irccl {o aclr ievc'
reasonab le  cont ro l .  Th is  i s  1 ,000- fo ld
grca tc r  than thc  a i r  exc l ta r tge  ra te  in  a
typ ica l  con ten l l )o rary  c r rc rgv-c f  l  i c ien t
Anrer ican  horue w i t l r  t l re  rv in t lows c losed.

I n  t h e  r a t  r o o r r r  w i t h  h i g h  a i r  e r c h a n g e
l i r tes  p rov id ing  gooc l  a i r  n t i r i t rg ,  h igh  a l -
le rgcn  produc t ion  ra tes ,  and cenrent
l loors  tha t  a rc  l ' r cquent ly  c lcar ted ,  se t -
l l i n g  o f  a l l c r g e  n  c o n t r i b u ( c d  l i t t l e  t o
rcnrova l .  a r rc l  rc -suspc t ts i r l r t  co t t t t  ibu tcd  l i t -
I  l (  l (  ì  l ) r ( ) r l u e l  i t r t t .  I t t  ( ) l  I t r ' t ' c t t v i t t r n t ì ì c l ì { \ .
s r rch  as  homcs,  th is  mav no t  l re  lhe  casc .
Set t l ing ,  rnay  t rccorne thc  rna io r  n leans
of  l cnrova l  i r r  roor t rs  w i lh  poor  a i r  n r ix -
ing  and exchangc ra tcs ,  and mechan ica l
resuspension f ' ronr dust nray bc a major
source  o f '  p roduc t ion .  In  such an  env i -
ronmcnt ,  the  par t i c lc  s ize  d is l r ibu t ion
m a k i n g  u p  t h e  s t e a d y - s t a t e  a l l e r g e n  c o n -
centrat ion woult l  be skcu,ed toward smal-
le  r  par t i c les  whose se t t l ing  ra tc  i s  vc ry
s low.  ln  such a  s i (  ua t ion ,  in rp rovcd vcn t  i -
Ia t ion  and l ' i l t ra t ion  is  cxpcc ted  to  bc  a
more ef ' fect ive rneans of 'rcducing al lcrgen.

Our  observa t i r lns  i r r  ra l  roc ln rs ,  where
r ì r ( ) r c  l h a r ì  h a l f ' t h c  a l l c r g c n  w a s  i n  p a r t i -

c les  la rger  than 9 .4  L rn l  mean n ìass  aero-
dynarn ic  c l ianre ter  ( too  la rge  to  be  resp i -
rab lc ) ,  a re  s imi la r  to  those repor îed  by

TABLE 4

HEPA FILTER (CHSI 600)
REf\ ,1OVAL EFFICIENCY

Rat Ur inary Al lergen Ef f ic iency

, 
(ng!:annte\ ("!ù

35,358
3,493 90

1 5 , 0 0 6
1 , 0 5 9 '  >  9 3

25,859
3,507 86

25.502

Room Rat
No.  Counl

Ai r f low
Room (m3/min)  Ai r
Size - - .1  Changes Calculated
( n ' )  V  F  ( h ' )  X + S D

1 034
1023
1 0 3 1 C
1 0 3 1 C
1 0 2 2
1022
1022

20
1 4 6
5 /

134
94

2 1 2
0
0

1 7
0

1 7
34

300
300
30
30

275
275
275

100 75
80 43'
3 4  1 6
_  1 6
B0 43
_ 4 3
- 4 3

Measured
X : t S D

1 8  +  7 . 2
803 + 282.0

47 + 25.7
26 + 12.5

2 1 6  +  5 6
208 L 217
1 1 4  +  9 2

172
30
1 8
36
30
43
56

Delinit ion of abbrevtattons V = venlr latron, F = fr l tratron (HEPA)
'  Des igned  ven t i l i ì l i on ,  ac l r r a l  veo l r l a l r on  was  much  l ess  because  exhaus l  ven l s  we re  i nadve r l en t l y

occl ucied

c lcs .  
' l  

he  l ' i t r c r  o r  i c t t t cc l  i t sc l l ' ac r .odynaur -
i c a l l y  a s  a  s n r a l l c r  p a r l i c l e .  A t r o u t  a  t h i r c l
ol f  he al lergcn u,as ir t  rcspirablc-sizccl par-
t i c l c s  l c s s  t h a n  4 . 5  1 r r n .

S I e t t r | "l' 
-,\ t t: t Í t' .,1 I I a r.!, ( n (' t t t t t' e r t I ru t i r t r t

trl eu,su re trt t' rt / (' u I c't r I u t i o tt.s

F lo r t t  t l t c  p roduc t ion  ra te ,  (hc  nLrnr t re ' r  o t
an in ra ls  hor rsed,  t l re  s izc  o l  thc  x rorn .  and
v c n i i l i r t i o n  a r r d  f  i l l r a t i o r ì  l ' a t c s ,  u ' t - -  e a l ,
c t r l l t t c t l  i r v c r i r g t  i t i r  l l t r l t r c  r ' ( ] l t c c l t l  t a t  i ( ) t ì \
o l  t a t  u r i n e  u s i n g  t h c  s t e a d l , - s t a t c  n r a s s
ba lancc  ec lua t ion .  Us ing  thcse  assur r ì l l -
t ions ,  there  is  per l ' cc t  rank-orc le r  cor re -
la t ion  be tween ca lc r r la ied  and observcd
concent  ra t ions  ( tab le  3 ) .  l ' he  quant i t y  o f '
al lergen calculated from the equation and
actua l l y  measured cor re la ted  w i th in  the
cr ro r  o l  n leasurement  in  a l l  roon ls  cx -
ecp[  ( )nc .

The apparen l  except ion ,  Roorn  1023,
u,as cl iscovered to be due to an inaccuraf c
va lue  fb r  thc  s ta {ed  vent i la t ion  ra te .  A f ' -
te r  the  a i r  samples  had been co l l cc ted ,
we d iscovered tha t  thc  exhaust  vcn ts  \ \ / c rc
p a r t i a l l y  c l o g g c d  d u r i n g  t h e  c o l l e c t i o n .
The ac tua l  ven t i la t ion  ra te  a t  th is  t ime
is  unknorvn .

Ach ievement  o f ' low a l le rgen leve ls  in
Roorn  1034 desp i tc  the  la rge  numbers  o f '
ra ts  i s  a t t r ibu ted  to  the  subs tan t ia l l y  h igh-
er  a i r  cxchange ra te  in  tha t  room.  The

anirrrals wcre lrcluscti  orr f  ivc larrr inar f ' lo\À,
rack ing  sys tc tns  tha t  cach nroved I , ,5 (X)
c fn r  (43  nr ' /n r in )  o l 'H I r . tA- t ' i l t c rec l  a i r  ou t
c lver  thc  : rn imaìs .  ( )oera t ion  o f  the  un i ts
in  t l r i s  n rode is  in tenr lcd  to  l t r t l v ìc lc  u

l ra thogen- f ree  cnv i ronurcn t  lb r  the  ar r i -
n r a l s .  l  h i s  I { l : P A - l i l t c r c d  l a n r i r r a r  l l o w
a i r  c rc l range,  togc thcr  rv i t l . r  t l r c  us t ra l  vcn-
L i la t ion ,  a lso  wc l rkec l  to  lowcr  t l re  a i r -
bor r rc  ra l  a l le rgcr r  conr l ta rec l  to  Roonr
l ( ) 2 2  o r  l ( ) 2 3  o l ' s i r r r i l a r  s i z c  a n d  v c r r t i l a -
l i c i n .  l r o u s i r r g  a  s i r n i l a r  l t u n t b e l  o f  a r r i -
n ra ls  in  c t . rnvcr r I ioua l  cagcs  ( l ' i g r , r rc  2  a r r t l
taLr le  3  ) .

Roonr  1022 u ,as  rnon i f  o rcd  ovcr  scver -
a l  months  w i th  the  CRSI  600 HEPA f i l -
te r  opera t ing  a t  a  f low ra te  o f  l7  r l3 /n t in .
The re rnova l  e f  f i c iency  8 , ,  o f  th is  de  v icc
is  approx imate ly  900/o  ( tab le  4 ) .  

' Ihe

l r roduc t ion  o f  a l le rgcn  i r r  th is  roorn  over -
whchned i ts rcnroval by cornbinecl venti la-
t ion  and Ht iPA f  i l t ra t ion  as  thcre  u ias
no cliffercnce during early Nttvcnt[s1 11,[1s11
the  F{EPA f i l te r  was  tu rncd  o f f ' ( f  igure  3) .

On the  o thcr  hand,  Room l03  lC ,  a
smal l  room u , i th  on ly  30  ra ts ,  i l l us t ra tcs
what  can be  ach icvcd  b i , thc  sanre  HEPA
ai r  l - i l t ra t ion  when thc  cond i t ions  arc  su i t -
ab le .  The conccnt ra t ion  o l  ra t  u r inary
pro te in  a l le rgen was reduced in  ha l f  when
the  a i r  exc l ' range ra te  was doub lcd ,  a l -
though the  a l le rgen produc t ion  ra tc  rc -
m a i n e d  t h e  s a r n e .

ó  1200
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F 'g  2  Foom 1034  (ha t ched )  reduLed

leve l s  o f  a r rbo rne  ra t  unna ry  a l r e rgens  
[ Í : : r ,

ove r  a  mon th  ( l a te  May  t h rough  ea r l y

June ) .  Foom 1023  ( c ross -ha t ched )  da i l y  I n take

leve l s  o f  a r rbo rne  ra l  unna ry  a l l e rgen  Exhaus t

ove r  a  z -wk  pe r i od  Days  1  t o  4  rep re -  l n take
sen l  p red t c ted  l eve l s  g i ven  a r r  exchange  Exhaus t
and  an ima l  coun l ,  howeve r ,  a f t e r  Dav  5 ,
ven t t l a t t on  was  no t  no rma l .  I n take

Exhaust  2,755

'  
L o w e r  l i m i l  o f  d e l e c ì r o r

89

n Room 1034 laminar l low
racking wilh HEPA f i t tral ion

I Room 1023 no HEPA
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Fig. 3. Room 
'1022 

dai ly levels of rat uri '

na ry  a l l e rgen  l eve l s  as  ra l s  we re  i n t r o .

duced  In to  t he  room Add i t i ona l  a i r  ex -

change  supp l red  by  HEPA f i l l r a t r on  a t

a  ra te  o f  17  mr /m in  made  l i t t l e  d i l f e rence

in  t he  a l l e rgen  concen t ra l r on .

P l a t t s - M i l l s  a n d  c o \ \ , o r k e r s  ( 5 )  i t l  a  s i m i -

la r  cnv i ro t t t t t cn t  b t r l  v , ' i t l i  c l i l  f ' c r i :n f  san t -
p l ing  tec l r r t iques . ' [ -hc rc  1v ; ls ,  l l l r t vg l ' c I .

subs tan t ia l  a l le rgen car r i cd  i v i th  rcs l l i ra -

[ r l e  P i r r l i c l c s  l e s s  l l t i t l t  4 . 5  l t t t t  l l ì c a l ì  l l l J \ \

ac rodynamic  c l ian te(er  as  w 'e l l .  I ' a r ( i c lc

s i z c  r r o t  o n l y  d e t e r n t i n c s  ( l t e  r a t e  o l  s e t -

t l i n g ,  b u t  a l s o  l h c  a l l e r g i c  s y n l p l r ) m s .

L l r rgc  Par t ie le \  Ie l ì ( l  | ( ì  r ' i t I l \ c  t l l ) l ì c l  i l i t  \ \ i l \

symptor îs ;  s rna l l  p i i r t i c les  pe l le t ra tc  Io

the air ivays atrcl cattse brt lnclt ial  5.y-l l ì l ) t() l l ls.

l l  i s  t r n c l e  r s t o t t c l  I r o t t t  l t r c r ' i o u s  s t L r d i c s

t l r i t t  l r u t n i t l i 1 1 , ,  c l g i r r u  \ \ ' \ l c t l l \ .  a t t t l  a i t

s a n r p l c r  l o c a t i o r t  ' u t :  t l l  l l r c t ( ) r s  c o r t t r i b t l l -

i r r g  f o  t l r e c ( ) t l c c t t I n ì t i o t t s  t t t c l t s t r r c t l  i n  I l l c

air.  f  hese f actors, l tou'evct, \ \  ete col lsluì l ì f

900

8 0 0

7 0 0

R a t
O U U

u f  I n a r  y

a l l e r g e n  5 o o

n g /  m 3  4 o o

300

200

1 0 0

0

i n  hc lp ing  to  ident i l y  changes in  a r r in ra l  r l
bers  and ac t iv i t ies  in  the  an imal  care  roo
Ms.  Pat  Abe l l -A le f f ' s  scann ing  e lec t ron
croscope exper t i se ;  lhe  ded ica ted  p t r rs t t i
product inlbrmatit tn and kind patience of

Ron Marsh in donating t{ l iPA f i l ter eq
ment  and supp l ies  f ro rn  CRSI ,  lnc . ;  the
v is ion  o f  p roduc t  in fo rn ta t ion  and schet
ics for the snral l  animal isolators frorn I\

Martin, Fbrnra Scientifig lnc; and the secrc
al assistance provided by Ms. Marian Ilortc
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