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This report details the development a nd. f ield. test1n1 

p a s s i v e s a m p l er s y st e m  t o  c o l l e c t  g a s e o u s  a n d  

particulate contaminants i n  indoor air and. t he evaluat ion of 

t h e  c ol l ected. m at e r i a l s  f o r  b io l og ic al e f fect s u s i n g  a 

s i mp l e  l'.> ioassa y  system. The pass! ve sampler-b ioassay system 

is a c o st -effect ! ve ob ject ive met hod 'for d et ermining indoor 

air q u a l it y. 

The passive s a mpler for gaseous contaminants consists 

of act i vat ed molec ular sieve 13X,  while t h e  passive sampler 

for p a rt ic u l at e s  c o n si st s  of a s m al l  v e s s el c o nt a i n i n g  

p h ysiolog ic a l  phosphat e  b uffer. T h e  bioassay system used is 

th,,a P::Jn:;Jt,.."21111<!' !"ed.!!'i.!'!.!E + '°"'+ --- -, '!!h.:!..-=h ��� �ete�� '"�··o- ... 1 
_,... . '- ...... . 

as-- we ng c o na i  t ions 

cond. uc 1 ve t o  mic rob ial growth. The logic and experimental 

b asis for t he select ion of t h e  sampler and b ioassay systems 

is det ailed in the t ext . 

Field st udies o f  t h e  sampler for gaseous contaminants 

was were carried. cut "3+ 
"4 .. 

b u i l d i n g s  a n d  1 1  h o m e s ,  

JI JI n -r-r7 _ .. �-�.&. \-Coi> distributed. among 

W h i l e  f i e l d  stu d i e s  o f  

i9 

t he 

p a rt ic ulat e  sampler were were carried o ut at 298 s1 tes 

dist ribu t.P<1 among 9 of the h,,;1.A;"""",.,,. __ .... c::. _ ... - "64.a.'4�.&..&.&� Ql.l.'4. V VJ: t:r1e t1orne;s. 
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For most . s ites, no biological effect s  w er e  det ected 

by eit her t h e  part icle or absorbent sampler. 

The a bsor bent s a m p l er for g a s e o u s  c o nt am i n a nt s  

det ected ad verse b iological effect s  i n  19.0:t. o f  t he t e sted 

s it e s  in buildings, and 14.2:t. of the t est ed s it e s  in homes. 

These s it e s  were n o r m a l l y  ar e a s  o f  e xt e n s i ve c i ga r ett e 

smoking, areas containing solvent s  or gaseous b y- product s  of 

s o m e  p r o c e s s  l o c a l i zed w it h i n  t h e  t est e d  a r e a .  T h e  

ab sorbent sampler detected growt h  st imulat io n  i n  11.5:t. of 

t he t est ed s ites in b uildings,  and i n  14 .2:t. of t he t e sted 

sit e s  in homes. These s it es were normally in moist areas, 

or in a r e a s  cont a i n i n 8  t ext u red mat e r i a l s  (carpet in g ,  

ceiling tiles,  off ice dividers)  t h at h a d  not b e e n  c leaned 

for a long period. 

The p a rt i cle s a m p l e r s  detect e d  ad ver s e  b io l o g i c a l  

effect s  at 2 4 .9X of t h e  t est ed s ites i n  b u ildings a nd at 

17 .2X of t he test ed sites i n  h o m e s .  I n  b u il d i n g s ,  t he s e  

sites w e r e  often i n  areas n e a r  dry-process copiers, i n  areas 

near machine or welding shops, or in areas where large 

quant ities of printed or t yped document s were stored. In 

homes,  t hese effect s  were usually i n  areas where indoor 

pest icides were applied,  i n  insulation, or in cook ing areas. 

St imu l at or y  part icles were det ect ed in 11.5X of the test ed 

sites i n  b uildings, and i n  10. 3 X  o f  t h e  t e st e d  s it e s  i n  

v 
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h o m e s .  T h e s e  e f f e c t s  p a r a l l e l  t h e  d i s t r i b u t i o n  Of 

s t i m u l atory effects detected :b y  the absorbent sampler. 

These results indicate that i ndoor a i r  i s  extremely 

h e t e rogeneous, even within a single s tructure with adequate 

v e n t.1 l a  t i o n .  

In order to better understand the extent. and type of 

health complaints resulting from poor i ndoor a i r  quality, a 

q u e s t i o n n a i r e  w a s  d e v e l oped and a d m i n i s t e r e d  t o  3 8 2  

individuals in s o m e  of the buildings s tudied above.  Sixty 

five percent of t h e  res pondents had air-q u a l i t y  r e l a t e d  

health complain ts,  an d 46X of the respon den ts stated that 

the i ndoor air quality had a great or moderate effect on 

t h ei r  job pe rformance. The details of the questionnaire and 

h e a l t h  interv iews are presented in Appendix I .  

v .i 
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This project was i n i  t1 a ted to d e v e l o p  a r e l i ab le ,  

cost-effect ive method o f  ob ject i v e l y  e v a l  u a  t i n e  a i r  q ua l i t y  

and locatine t h e  primary so urces o f  indoor a i r-related healt h  

complaints. The system that was developed consists of passive 

samplers used to collect gasses and particles from i ndoor a i r  

that can t hen b e  tested f o r  toxic effects using a b iological 

i nd i c a t o r .  T h i s  report p r e s e n t s  t h e  l o g i c, a nd s c i e n t i f ic 

rationale for the developme n t  of the sampler/b ioassay system 

used,  and t he r e s u l t s  o f  pre l i m i n a r y  field t e s t s  o f  t h e  

system. 

Before discussine t h e  l o g i c  und e r l y i n g  t h i s  s a m p l e r  

system, t h e  overall pr o b l e m  of i n door a i r  q u a li t y  w i l l  b e  

reviewed. 
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t.2 C>Nf PRC>BLfM C>f" INDC>C>R AIR: SICIC BlllLDINe 51NDRC>Mf 

1 . 2 . 1  T h e  I ndoor A i r  E n v i r o n m e n t  

C a n a d i a n s  s p e n d  t h e  v a s t  m a jori t y  o f  t h e i r  t i me 

1ndoorsj in sc hools, workplaces, and res idenc es.  While it has 

n o t  b e e n  s y s t e m a t ic a l l y  i n  v e s t i g a  t e d1 t h e r e  i s  e r o w i ne 

evidenc e  of i nc reased discomfort due t o  the quality of i ndoor 

air.  Anecdotal reports of increased ab senteeism in new offic e  

b u ildings and schools, and complaints resultine from t h e  use 

of some b u i lding m a terials,  suc h  as u rea-for m a l d e h y d e  f o a m  

ins ulation ( UFFI)1 h a v e  raised q uestions ab out possib l e  health 

consequences of indoor air pollutants.  A generalized pat tern 

of health complaints that may inc lude respiratory discomfor t,  

sK1n disorders, head a c h e s ,  w a t e r i n g  e y e s ,  and na usea,  h a v e  

b e e n  l i n k e d  t o  a r e sponse b y  s o m e  i n d i v i d u a l s  t o  t h e i r  

worknl��� OT' T'F>.C: id.�� t_ i�l �!!' 'T'h "' .. ,,. - -- -- - o.,.n.,..,..::a 1 o----- -- ,..nnrt;+inno - ----- ------ ha'!e 

a s  '!:£ rom e'' o r  SlCK-

b u ilding syndrome".  Th ese two terms have slightly different 

c o n n o t a t i o n s .  T i g h t  b u i l d i n g  s y n d r o m e  refers t o  h e a l t h  

compla i n t s  t h a t  are t h e  consequence o f  decreased ai r exchange 

with the o u t s i d e,  w hi l e s i ck-b ui l d i n g  s y ndrome r e f e r s  to 

adverse effects resultine from an ac cumulation of material:1 

within the b uilding.  T he extent of these condition, or t h e  

long-term implicat ions of t i g h t-b u i l d i n g s y n drome and s ic k -

b uilding syndrome on heal th, comfort o r  product i v i t y  i s  not 

known. 
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In Canada, most b u il d i n g s  a n d  r e s i d e n c e s  h a v e  b ee n  

built a n d  desianed t o  cont ro l  t h e  exchange 0 £  air b etween t he 

i n t e r i o r  0£ t h e  st r u ct ur e  a n d  t he out s ide e n vi r o n m e n t .  

Bee a u s e  t here is l i m it ed exchange b et w e e n  indoor a n d  outdoor 

air, t h e  overall composit io n  0£ indoor and o ut door air may be 

qu it e different ,  wit h  t he indoor a i r  cont ai n i n g  a b uild-u p  of 

product s  0£ t h e  a ct ivit i e s  w it h i n  the st ruct u r e  a n d  t h e  

e s t ab li s h m e nt of l oc a l ized c o n ce nt r at i ons o f  b a ct e r i a  a n d  

molds w it hi n  the i n door e nvironment .  M u c h  o f  the strategy of 

energy-e£ficiency of t he past decade has f ocused o n  furt he r  

minimizing .the exchange of a i r  b et ween indoor and out door 

e n v i r o n m e nt s , w h i c h  h a s  i n c r e a s e d  t h e  c h e m i c a l  a n d  

microb iological differences b e t ween i ndoor a n d  out door air.  

There are many sources of contaminants i n  i ndoor air.  

0£ten specific activit ies within the b uildi n g  produce harmful 

b y - p r o d u c t s .  Some b u i l d i n g m at e r i a l s  or f u r n i s h i n g s  m a y  

release pot e n tially h a r m f u l  vapors. Prob lems wit h  indoor a i r  

m a y  b e  d u e  to t rapping of o ut side cont am i n a n t s  d r a w n  i n t o  a 

b u i l d i n g  b y  t h e  v e nt i l at i n g  s y s t e m ,  or c a r r i e d  i n to t h e 

bu ilding on people e n t e r i n g  t he b uildi n g .  I n  this sense,  the 

in door air may function as a sink. ,  in creasing the levels of 

o ut s i d e  m at e r i a l s  o r  p r o v i d i n g  e n v i r o n m e nt s  

microor ganisms from t he outside can flourish. 

in W h i c h  



(� 

Pa1e - IJ. 

1 .2.2 Specific I ndoor Air Contaminants 

It i s  generally accepted that there are a number of gasses 

that should b e  monitored and kept below specific lev els i n  indoor 

air (Wadden and Scheff, 1983; Coon, 1984).  A mong these chemicals 

are: 

1. Jf itrol'en orides recommended b y  N I O S H  not to exceed 

1 part per m illion i n  i ndoor air,  although the EPA recommends 

l ev els not to exceed 0 .5 ppm for a one year e xposure i n  outdoor 

a ir. 

2.  Carbon dioride recommended i n  J a p a n  not to exceed 

1000 ppm in o utdoor air,  and by NIOSH not to exceed 3X for short 

p eriods or 1X for longer e xposures i ndoors. 

3. Carbon monoride r ec o m m e n d e d  b y  E P A  n o t  t o  exceed 

35 ppm for a 1 hour exposure or 9 ppm over an 8 hour exposure in 

o utdoor air. N I OSH recommends levels not to e xceed 3X for short 

e x posures or 1X  for longer exposures i ndoors. 

4 .  P'ormaldeh� 

i p p m  for short periods.  

r e c o m m e nded b y  NlUSH n ot t o  ex.c.e.. eo....._ __ 

HUDJj! set t h e  upper l ev el at 0.4 ppm for 

mobile homes, and in Canada the guidlines are for 0.1 ppm. 

5. .Radon recommended b y  EPA not t o  exceed 4 pCi/L and 

by N�P as 8 pCi/l.  

6. v .labJe Particles - l e v e l s  i n  exc e s s  O f  1000 c o l o n y  

'forming uni t s  per cubic meter are considered a s  indicating serious 

con tamina tio:n. 

Less well  defined. i n  their accepted limits,  but n ev e r t h e l e s s  

C e e nerally considered to be chemicals that pose risk in indoor air 

c::..-
� 
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are ozone, oxides of sulfur, polycyclic aroma t i c  h y drocarbons 

(PAHs),  and h iih.er a ldehydes. 

As well ,  indoor air contains p a r t i c u l a t e s  t h at c o u ld 

pose a risK t o  healt h  and comfort. These include bacte r ia, 

f un e i ,  a nd spores of t h e s e  o r g a n i s m s ,  p o l l e n ,  m e t a l s ,  d u s t  

containing bound contami nants, f iberglass a n d  asbestos fibres. 

To f urther compound the problem, there can be localized 

con t a m i n a t i o n  w i t h  t o x i c  c h e m i c a l s  r e s u l t i n g  f r o m  s pe c i f ic 

hum an activities within a building,  or orieinating 

p r o b a b l e  t h a t  t he r e  

f r o m  local 

a r e  o t h e r  o u t s ide a i r .  I t  i s  a l s o  

genera l l y  occurring toxic materials i n  air t h a t  h a v e  n o t  y e t  

b e e n  identified as toxic.  I t  is  quite 11Kely that t he list of 

toxic materials in indoor a i r  will increase.  

Given t h e  d i v e r s i ty o f  ca u s e s  for p o t e n t i a l  h e a l t h  

problems ste m m ing f r o m  indoor a i r ,  and o u r  limited k nowledge 

o f  toxic m a t erial i n  indoor air,  it is not surprising t h at 

there is no widely accepted method for evaluating t h e  actual 

quality of i ndoor air.  C o mplaints about air q u a l i t y  o f t e n  

relate t o  comfort factors such a s  temperature, h umidity o r  

lig h t i n g .  C o m p l a i n t s  a b o u t  " s t u f f i n e s s ,. c a n  i n d ic a t e  t h e  

accum u l a t i o n  o f  co n t a m i n a t i n g  c h e m i c a l s  o r  m i c r oo r e a n i s m s  

( e s p e c i a l l y  m o l d s ), r e s u l t i n g  f r o m  r e d u c e d  a i r  m o v e m e n t. 

Often, compla ints stemming from indoor air qualit y  a r e  of a 
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very aeneral subjective nature, providinl little information 

that can be used in determination o-f the causes of the 

complain ts. Therefore, the best methods for detectin• a ir 

quality problems involves sampUn1 of the air and objective 

laboratory evaluation of t he collected samples. 

t.3 M O N I T O R I NG I N D OOR � 

Analysis o f  indoor a i r  for specific contaminants is 

usually p e rformed b y  activ e  sampl1 na of a volume o'f air, and 

usina analytical i n s t r uments to deter mine the levels of the 

specific con t a m i n a n t s .  

There a r e  t hree maj or drawbacks to this approa ch: 

1. A c t i ve s a m p linl p r o v i des a n  i n d ication of 

material in t h e  air only durinl the s hort 

period t h a t  the s a m plina is taking place. 

N o r m a l l y ,  

contribute 

t h e  

.. ,.. '- " 

i n d o o r  

.. h ... 
\.&..a.� 

a c t i v i t i e s  

aeneration 

t h a t  

,.._ ..,. .. 

a c c u m u la t i o n  o f  c o nta m i nan t s  o cc u r  in 

d a i l y ,  w e e k l y, o r  s e a s o n a l  c y cles.  Active 

s a m p l i n 11 t h e r e f o r e , o n l y  p r o v i d es a 

"s napshot" of conditions over a re la t i  vely 

very short time period. 
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2 .  T h i s  a p p r o ach u s u a l l y  f o c u s e s  o n l y  o n  a 

s i n e l e  c o n t a m i n a n t .  O n e  w i d e l y  u s e d  

a pproach i s  t o  measure carbon dioxide, a s  

t h e  overall indicator of ventilation r ates. 

H o wever, if other contaminants are present,  

t h ey would not be detected. 

3.  The more sensi t i v e  a na l y ti ca l  m e t h od s  for 

s pecific co n t a m i n a n t s  a r e  e x p e n s i ve, and 

monitoring for a set of contaminants can be 

v e r y  costly. Methods for monitorinf levels 

o f  several c o n t a m i n a n ts u si n g  a s i n g l e  

a nalytical met h o d  (such as GC-H S) are even 

more expensive.  

A n o t h e r  a p p r o a c h ,  Wi d e l y  u s e d  i n  w o r k place a i r  

evaluation i n  situations where known t oxic material are known 

to accumulate,  is t he use of passive air moni tors, placed a t  

specific s i t e s  o r  issued t o  workers a t  specific sites.  These 

monitors absorb t he spec i f ic co n t a m i n a n t s ,  a n d  at p e r iodic 

i n t e r v a l s  a r e  s e n t  t o  l a b o r a t o r i e s  f o r  a n a l y s i s .  The 

absorbents a r e  either ext r acted and the extract ana lyzed for 

l e v e l s  o f  a specific che m i c a l ,  or d i r e c t l y  a n a l y ze d  for a 

specific m a t e r i a l ,  u s u a l l y  b y  direct c o l o r o m e t r i c  m e t h ods.  

T h e s e  r e l a t i v e l y  inexpe n s i v e  passive m o n i t o r s  p r o v id e  an 

in dication of the total exposure to a specific contam i n a n t .  

However, t h e r e  a r e  problems w i t h  such passive mon itors.  The 

absorbent material can become s a turated with chemicals other 
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than the one for which the analysis is intended. One s uc h  

common contamin ant is water. Another problem i s  that the 

s a m p l e r s  w i l l  o ft e n  a b s o r b  w e l l  at t i mes when a m b i e nt 

concentrat i on s  of t he t ar get chemical is relat ively high, but 

w ill desorb at low ambient concent rations.  

Passive samplers give a representation of e xposure to a 

specific mat e r ial, wh ile act i ve sampling provides a measure of 

t he spec ific concentrat ion of a material i n  the air at a 

s p e c i f i c  l i m it e d  t i m e  p e r i o d .  A i r  q u a l it y  a n d  h e a lt h  

st andards can be based o n  either e xposure or concentration of 

a speci fic mat e r i a l. 

As p o i nted o ut p r e v i o u s l y ,  bot h  a ct ive a n d  p a s s i v e  

sa.mplin@ 11!':11;:illv -Fnr11 c:�.c: on ;:i �i:rifl"" 

't'.-rne-

rh"°!!!!".'�! l'"'nmT"lnn nr'I - - ---... - --- -, 
c-m-aTerra: 

complaints in a specific indoor environment. 

t.1.()BJf C T I V IE S  ()t=" T H I S  PR ()Jlf C T  

:a nr'I 

Bee a u s e  t h e r e  a r e  no w i d e l y  appl icable,  moderat e l y  

inexpe nsive m et h ods t o  eval uate a i r  q uality, and no broadly-

based set of data on air qual it y  of Ca nadian buildings.  This 

st udy was c a r r ied out to d e v e l o p  a s a m p l i n i  p r otocol f o r  
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determinini air quality, and to provide a n  indication of the 

extent of i ndoor air quality problems i n  Canada. 

The project focused 

sampler s y s t e m  c a p a b l e  o f  

resulting £rom contaminants 

system is shown in Fieure 

bioloaical test to d e t e r m i n e  

borne contaminants. 

on the development 

d e t e c t i n i  t he n e t  

of a 

t o x ic 

passive 

e f fect 

in indoor air.  The logic of -':his 

1-1 .  The project uses a s im p l e  

n e t  t o x i c i t y  of a b s o r bed a i r -
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This a pproach to monitoring .1.ndoor · air focuses o n  the 

net set o f  t oxic effects, a s  determined by the test or1anism1 

res ultina from the combined action of a l l  the components o f  

t h e  indoor air, a s  contrasted to t h e  conventional methods of 

merely q u a n t i f y inl t h e  a m o u n t s  of o n e  or m o r e  s pecific 

c o n t a m i n a n t s .  
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LOGC AND l>lfYlfLOPMlfNT C>r PROTOCOLS 

2.t. CC>f'litf"IOIJRAT IOf'lit or SAMPLlfR 

Cent r a l  to t h e  d e v e l op me n t  of a p r o t o c o l  to co up le 

passive monitorine of air to a bioassay t o  detect potent ial 

toxic effects of contaminants in the a i r  is the determination 

of t h e  eeneral configuration 0£ t he sampler system. There are 

onl y  t wo p ossibl e general configurations possible: 

1. To p h ysicall y loca t e  the b iol ogical system in 

the indoor air environment to be tested, or 

2.. To use an ab sorb e nt to trap contaminants in 

t h e a i r  in s itu, a n d  to el u t e  t h e s e  

contaminants from the ab sorbent and then to 

p e rform the b ioassay on the extract under 

lab o r a t o r y  cond i ti o n s .  

T h e  f irst app roach i s  simil ar to the traditional use of 

a cap t i v e  bird by mineworkers as an i n d i c a t or of c a r b o n  

---.--•....la Ul\JJ..l.VA.1.""'Q ""'••"'"""'� 
,liJ w.••�w.�· 

tJ"' 41 ... 
" .......... ,... 1 - ,., .; ,.. 1 11 .. , 11.ve •"'c;1..,-.,.z G�'ttn� ... "'"""' ... "'6' 0 ,, ,...,.... 

.,;,:"6"'•• a b1olc:ical 

detection s y stem is imp ractical for a numb er of reasons. Host 

currently used b ioassays util ize organisms in aq ueous medium; 

such n1"'a::an i QmQ -- ·--------- will ,.....,QT'\l"\n fi - --r-••- to the fl uct ua tions in 1 ;  ah+ --·-- - and. 

heat within a building in a fashion that woul d  influence the 
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toxic e n d p o i nts. To u t i l i z e  a s u£ f i c i e n t  n u m b e r  o f  a i r 

b r e a  t h1 nf, t e m p e r a t u r e  r e g u l a  t i n e ,  t e s t  o r ga ni s ms in a 

residence o r  workplace would be most disrupt! v�. I t  would b e  

ri diculous, f o r  example, to place a population of laboratory 

r a t s  or m i c e  in a t y p i c a l  r e s i d e n c e  or w o r k p l a c e .  

Furthermore, such tests would req ui r e  long exposure periods to 

detect the subtle, n on-lethal,  ef fects that could b e  produced 

by indoor air contaminants. 

The second approach has never been t ried outside of 

this project, but is the configuration chosen. Thi s  approach 

relies on passive sampling to collect the contaminants i n  air,  

and a laboratory - based controlled bioassay as the analyti cal 

method to e valuate the net toxicit y of these contami nants. In 

e f f e c t ,  t h e  b i o a s s a y  r e p l ac e s  a n a l y t i c a l  c h e m i s t r y  as t h e  

method used 'for t h e  evaluation o f  air-q uality. 

The developmental p hase of the p roject i n v o l v e d  t he 

select ion of a bi oassay system as well  as the selection of the 

absorbent system. The bioassay must be relatively rapid and 

inexpe n s i v e ,  and be c a p a b l e  o f  d e t e c t i n g  subtle l o n g - and 

short- t e r m  toxic e f f e c t s .  The a b s o r b e n t  s y s t e m  m us t  be 

capable of binding a wide range of co n t a m i n a n t s ,  and t h e  

cont a m i n a n t s  m u s t  b e  c a p a b l e  o f  b e i n g  e l uted f r o m  t he 

absorbent b y  a solvent that is compatible with t h e  bioassay 

system. 
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The 'f o llowing sections rev ie w  t h e  process b y  which the 

bioassay system, and the absorbent system were selected. 

2.2. Sf:Lf:CTIC>N C>f" A BIC>ASSAY 

2.2.1 G e n e r a l  Log ic 

One 0£ the most widel y  used application of bioassays is 

i n  t h e  p r o c e s s  O f  l i c e n s i n g  c o n s u m e r- u s e d  c h e m i c a l  

form u l a t i o n s ,  especia l l y  £ o r  a g r i c u l t u r a l  o r  p h a r m a c e u t i c a l  

use. T h i s  a pp r oach n o r m a l l y  c o n s i s t s  o f  a t i e r e d  s e t  o f  

bioassays,  e a c h  used to e s t a b l i s h  a specific t o x i c  e ndpoint of 

the material to be tested. The t iered structure, in which 

r e l a t i v e l y  

Q.�� .. __ .... 
\.6113� .... 

i n expe n s i v e ,  

�- --4--""""'1..i-� 
WV '""_,. ,,,.w,_.,,..A._•• 

r a p i d, 

,... __ ,('II._.,, .,_ .... _ ...... 

expen sive,  longer 'term m a m m a l la n  

s i m p le 

�!.�!.�g!.��!. 

b i o l o g i c a l  i n dica t o r s  

.,..&.&or+ a --------, mnT'� ��i!e 

ests are use 

closer approximation to pot e n t i a l  human heal t h  r1 sl:<.s,  has been 

the most widely accepted m e t hod for product licensing.  The 

approach is cost- effective insofar as very toxic mate rials are 

sc ree ned out by the more i n e x p e n s i v e  t e s t s .  H o w e v e r ,  t he 

complete suite of tests for a single compound may cost sev eral 

hundred t hou sand dollars, o v e r  a p e r i o d  of s ev e r a l  y e a r s .  

Obviously a t iered s e t  of t e s t s  on indoor a i r  would b e  most 

impractical because of both cost and time constraints. 
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A n o t h e r  a p p r o a c h  h a s  b e e n  t e r m e d  t h e  " ya r d s t ic k "  

approach b y  Samoiloff and Wells(1984).  T h i s  approach involves 

t h e  use of one of a. l imited number of standard sim ple tests to 

rank a large number of discrete samples, i n  order to focus 

upon those samples posing t.he e r e atest generalized toxic r i sl<..  

This approach focuses on t h e  comparative overall toxicit y  of 

one sample, re l a  ti  v e  to all  other tested samples.  The s imple 

bioassay is s e lected on the basis of i t s  a b il ity to indicate 

very general toxic e£fects,  ranging from lethality t hroueh to 

l o n g - t e r m  e f f ec t s ,  such a s  d a m a g e  t o  t h e  n o r m a l  g e n e t ic 

funct ions of the test system. 

This "yardstick" approach was selected as t he method 

for the general evaluation of i ndoor air.  It provides a means 

by w h ic h  a s e r i es of a i r  s a m p l e s  f r o m  w i t h i n  a s i n g l e  

structure, or from several structures can b e  r anked i n  t e r m s  

of t h e i r  relative t o x i c  e f £ e c t s  on the i nd icator species. 

2.2.2. Possi b l e  B i o a s say Sys t e m s  

There a r e  n u merous b iological assays used i n  evaluating 

toxicity of envi ronmental samples,  chemicals or products. All 

of t h e s e  t es t s  d e t e r m i n e  some s p e c i f i c  b i o l o g i c a l  e f fe c t ,  

referred t o  as t h e  b.iolo8.ical end-po.int, i n  a quan t i t a t i v e  

manner. The three most widely measured biological endpoints 
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are l e t h a l i t y ,  d i s r u p t i o n  o f  s o m e  p h y s i o l o g i c a l  p r ocess,  o r  

mutasenesis.  M o s t  commonly, the e nd-point is m easured a s  t h e  

perce n t a i e  o f  a t e s t  p o p u l a t i o n  t h a t  s h o w s  t h e  specific 

bioloeical e nd-point, tested over a ranse of concentrations of 

the material being investieated. 

T e s t s  u s i ni l e t h a l i t y  u s u a l l y  e s t a b l i s h  t h e  

concentration of the tested material a t  which it i s  calculated 

that 50Y. of the tes ted b1olog 1cal system dies af'ter a speci fic 

expo s u r e  

referred 

p e r iod 

to as 

( u s u a l l y  

t h e  LC50 

9 6  h o u r s ). 

£or that 

T h i s  conce n t ra t io n  

m a te r i a l. For tests 

is 

to 

deter mine the LC501 the s lope of the relationship between the 

percentage of surv iving members of the test population and the 

concentration of tested ma terial is also calculated. A wide 

r a n g e  o f  b i o l o g i c a l  

invertebrates,  mam mals, 

t e s t  s y s t e ms, i n c l u d i n g  b a c t e r i a ,  

and mammalia n  ( including hum a n )  cells 

grown .in v .itro, can been used to establish the LC50· The 

value of the LC50, and the s lope of' the "kill-curve" will  vary 

from test s ystem to test s y s tem. 

Tests for inhibition of physiological processes usually 

are based o n  establishine t h e  concentration at which 50X of 

the test population show the specific effect tested for.  This 

value, extrapola ted from dose -response studies, is  termed the 

EC50· There is a wide range of systems that are used for 

determinine the EC50, ran g i n e  f r o m  growth o f  b a cteria o r  
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2.2.3. The Panagrellus red.iv .i.vus Bioassay 

The bioassay usin8 the nematode PanagreJJus redlv.i.vus 

was developed primarily as a "yardstick" assay, to be used a s  

a bioloeical  i n d ic a t o r  o f  t he o v e r a l l  t o x i c  p o t e n t i a l  o f  

complex m i x t ur e s ,  a n d  t o  provide a r a p id,  c o s t - e f f e c t i v e  

method to rank a series o f  tested materials (Samoiloff et al, 

1 9 8 0 ,  S a m o i l o f f  et al, 1 9 8 3 ) .  T h e  b i o a s s a y  g i v e s  a 

representation of b road biochemical o r  p h y s i o l o a i c a l  e f f e c t s  

of a general biological nature. As well  a s  d e t e c t i n g  t ox i c  

e ffects, the nematode bioassay c a n  discriminate effects that 

promote the growth of m i c r o o r g a n i s m  ( s t i m u l a t o r y  e f £ e c t s )1 

f rom direct chemical toxicity. 

This bioassay exploits several unique features of the 

l i f e - c y c l e  of this f r e e - l i v i n g  n e m a tode.  In n a t u r e  t h e  

animals live i n  env ironments i n  which conditions £or 1r r o w t h  

a nd maturation fluctuate.  T o  accommodate these f l  uct ua tions,  

Panagrellus entrains its growth to environmental condi tions.  

Under adverse conditions the a n i m a l s  a r r e s t  their g r o w t h ,  

while under conditions conducive to growth the animals undereo 

rapid growt h and maturation (Samoiloff.  1980).  

Panagrellus takes in materials from its environment in 

t w o  d i f f e r e n t  f a s h ions.  M a t e r i a l s  m a y  enter �irectly via 

absorption through the body -w a l l. This transport is h i8hly 
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invertebrates throueh to such subtle e ffects as the eeneration 

of tears in laboratory mammals.  Such tests are muc h  more 

applicable to indoor air q u a lity determinations than are LC50 

studies, since the bioloeical endpoint of t h e  EC50 test can be 

s e l e c t e d  to more c l os e l y  r e p r e s e n t  the types o f  e f f ec t s  

p r o d u c e d  i n  indoor e n v i ro n m e n t s .  H o w e v e r ,  t h e r e  i s  n o  

bioloe i c a l  t e s t  pr e s e n t l y  a v a i l a b l e  t h a t  q ua n t i t a t i v e l y  a n d  

o b j e c t! v e l y  m e a s u r e s  t h e  a e n era l p a t t e r n  o f  s y m p t o m s  

associated with tieht-buildine syndrome. 

There are several methods for detectine m ut aeens, and 

this type o f  toxic effect should be monitored in indoor air. 

However, a s  the primary s ym ptoms of tight-buildine syndrome 

r e f l e c t  s h o r t - t e r m  p h y s i o l o g i c a l  e f f e c t s ,  n o n e  o f  t h e s e  

bioassays w e r e  considered f o r  this project. During t h e  course 

of this study, several air samples were tested for mutaeenic 

effects b y  the "Ames test", usine histidine au xotrophs of the 

bacter ium Salmonella typhimur.ium. 

The actual bioloeical indi.cator syst e m  s e lected waa the 

Pana1rellus red iv .i.vus bioassay. As discussed in the followine 

section,  t h is test measures several bioloeical endpoints 
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under ad verse conditio ns. A s  resula ted a n d  does not occur 

well, t he animals will ingest 

environment. Under adverse 

f luid and particles f ro m  t h e i r  

conditions. ingestio n  stops. T he 

u p  to a p p ro x i m a t e l y  15µ i n  a n i m a l  c a n  

diameter. 

i n g e s t  p a r t i c l e s  

Panacrellus undergoes 11 ve-birth, wit h n e w l y  bo r n  yo u ns 

a n i m a l s  ( t h e  L2 s t a a e )  a p p ro x i m a t e l y  300 m icro me t e r s  in 

leneth.  Under no r ma l  co nditions,  t h e  a ni ma l s  will  e ro w  

t h rough three juvenile staees to a n  adult staee.  Each s t age 

has a character istic size ranee,  reflecting a limited number 

o f  tissue-specific developmental events. Between each stage is  

a period o f  mo lting during which the animal m a y  co ntinue 

g rowth ore arrest growth. The three larval stages, designated 

L2, L3 and L4, have size ranges o f  300µ to 420µ, 420µ to 6 0 0µ, 

and 600µ to 800µ in length, respectively. Gro w t h  is completely 

d e p e n d e n t  u po n  e n v i ro n m e n t a l  co n d i t io n sj under a d v e r s e  

conditions, animals w i l l  c e a s e  g ro w i ng a t  e i t h e r  t h e  L 2 - L 3  

mo l t  o r  t h e  L 3 - L 4  mo l t .  T h e  a d u l t  a t t a i n s  a l e n g t h  o f  

approximately 1500µ.  G rowth from L2 to adult takes 96 hours. 

The growth of Panatrellus is achieved by an increase in 

c e l l  s i zej  the n u m b e r  of bo d y  c e l l s  r e m a i n s  e f f e c t i v e l y  

co n s t a n t  a t  5 2 4 .  P anagre llus h a s  m u l ti c e l l u l a r  d i e e s t i v e ,  

excreto r y, nervous,  a n d  muscular systems, and a n y  aaent that 
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produces damase to a ny 0£ t hese systems w i l l  prevent growth, 

and may result in d.ea th. 

S t u d i e s  o n  c h e m i c a l  a n d  r a d i a t i o n  m u  t a g e n e s i s  

(Samoilof£,  1980; Samoi l o £ f  et al, 19 80; B u rl<.e a n d  Samoiloff,  

1980; Deni ch and Samoiloff, 1983), indicate 

100 gene loci per animal are required for 

L2- L 3  a nd L3-L4 molts, while approximately 

r e q u i r e d  for c o m p l e t i o n  of t h e  L4 - a d u l t  

t ha t  approximately 

completion of t h e  

2 0 0 0  gene loci a r e  

m o l t .  Any a g e n t  

producing either non-repairable damage t o  D N A  or disruption of 

normal sene activity, by inhibition of either the regulation 

or p rocesses of transcription or translation, will selective ly 

inhibit the completion of this fin a l  molt.  In ear lier reports 

of t h i s  t e s t  (Sam o i l o f f ,  1980, Samoi l o f f  et al, 1983) ,  t h i s  

effect was considered to reflect t he p r e s e n c e  of m u  t as e n s ,  

a nd, i ndeed, mutasens d o  selectively inhibit t h e  f i n a l  m o l t  

(Samo i l o f f ,  1980a, S a m o i l o f f  e t  a l ,  1980) .  H o w e ver,  a g e n t s  

acting o n  tr anscription or translation, b u t  which are non-

mu tagenic also inhibit t h i s f i n a l  m o l t .  To i n d i c a t e  t h e s e  

effects a t  t h e  sene o r  gene action level,  t h e  ter m  phenotox .i.c 

has been int roduced (Samo1 loff and Bog aert, 1984) .  

The Pana11rellus bi.oassay ls per-formed by settina up a 

kno w n  n u m ber (usually 10 replicates of 10 animals each in 0.5 

mL of l i q uid) of L2 animals in a controlled li m ited nutrient 

medium in the presence of t h e  tes ted material,  and perm1t tin8 
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t hese animals to arow for a 96 hour exposure period. At the 

end o f  t he test period, the number of animals surviving t h e  

exposure, a n d  their size distribution, is  determined. T h e se 

values permit the determination o f  f o u r  s pe c i f i c  b i o l o a i c a l  

effects: 

A. Letha l.ity t he t e s t  m a t e r i al c a u s e s  a 

significant number o f  deaths, relative to a 

control population. L e t h a l  e f f e c t s  

indicate damage to a n  e s  sen t i  a l  biochemical 

or physiological process. Such e f fects have 

not been found in indoor air samples. 

B. Growth I nh.ib.it.ion in w h ich a s ignificant 

number of the surviving animals in the test 

population fail to grow to the L3 or L4 

s t a g e ,  re la ti ve to a c o n t r o l  popul a t ion.  

This indicates damage or i nhibit ion of a 

n o n- e s s e n t i a l  b i o c h e m i c a l  o r  p h y s i o l o g i c a l  

process. 

c. P henotox .ic .ity - in which growth to the L3 

and L4 staee is similar to t h a t  of the 

c o n t r o l  p o p u l a t i o n ,  b u t  s i g n i f i c a n t  

i n h i b i t i o n  o f  t h e  f i n a l  m o l t  o c c u r s ,  

r e  l a  t i  v e  t o  a c o n t r o l  p o p u l a t ion.  This 

e f f e c t  i n d i c a t e s  d a mage t o  t h e  n o r m a l  

u t i l i z a t i o n  o f  g e n e t i c  i n f o r m a t ion e i t h e r  

b y  direct d a m a g e  to DNA (mut ation), or b y  

preventing events of normal g e n e  activity. 
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e 
D. St.i.mulation - i n  which arowth to the L3 and 

LJl. staae occurs at a siani-ficantly ereater 

rate i n  the tested population than in the 

control population. Stimul a t i o n  of g r o w th 

i ndicates that the tested material contains 

nutrients, and is suggestive of condi t i o n s  

t hat promote t h e  growth o f  microorganisms. 

The survival and g r o w t h  of t h e  t e s t  p o p u l a t i o n  is 

determined as a percentage of the control popu l a t i o n .  O n e  

other value, termed fitness, is obtai ned b y  calculating t h e  

degree or deviation 0 £  the growth and survival o f  the test 

(, population from that of t h e  control population.  This value 

expresses the overall well-being of the test populat ion. The 

use of t h is value permits t he ranking of a series of complex 

mixt '..lres. 

c 

c:..-
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2.3. Sfl f C T l<>N Of' AN AeSO RBf r-i! T  SYS T f M  

2.3.t. Selection o f  Solvent System 

The a bsorbent system was selected on i t s  a bi-l i  t y  t o  

bind a wide range o f  air- borne contaminants.  The original 

sampler -bioassay concept was to utilize t h e  sampler to trap 

contaminants, and then t o  remove these contaminants from t h e  

absorbent, using an appropriate solvent,  f o r  testing with t h e  

bioassay. One primary consideration in the s e lection of an 

absorbent system was the s e lection of an appropriate solvent 

system to remove absorbed contaminants from the air. 

A s e r i e s  

d i m e t h y l s u l p h o x i d e ,  

tested for toxicity 

0 £  o r g a n i c  

d i o x a n e ,  e t h a n o l ,  

i n  t h e  Panagrellus 

s o l v e n t s  ( a c e t o n e ,  

a n d  m e t h a n o l )  w e r e  

red.iv .ivus bioassay in 

t h e  conce n t r a t i o n  range ( 1:1. - 5 /.) s e l e c t e d  for bioassays of 

extracts from the absorbents. O n l y  m e t h a n o l  a n d  

d i m e t h yl s ul p h o x i d e  s h o w e d  n o  t o x i c  e f f e c t s  i n  t h i s  

concentration range ( T a ble 2-1 ) .  

However, dimethylsulphoxide showed variability between 

batches, and was relat i v e l y  u n s t a b l e ,  s h o w i n g  toxic e £ £ e c t s  

s e v e r a l  days a f t e r  d i s t il l a t i o n  ( T a b l e  2 - 2 ) . M e t h a n o l  w a s  

s t a b l e  a n d  n o n - t o x i c  t o  t h e  t e s t  a n i m a l s  i n  t h e  d e si r e d  

concen t r a  ti o n  range.  Therefore, methanol was selected a s  the 

solution for e xtraction of the sampler . 
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T a•I• 2-1: Bieas s a y s  o �  Pos sible � • tr a c t i o n  S o l v e n t s  

The Panagrel lus b.ioassay applied to a series of concentrations 
0£ possible e xtraction sol v e n t s .  

Solvent Concentration Effect Fitness 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Acetone 0 . 3 % 1 89 
Acetone 0 . 8 % I 64 
Acetone 1 . 7 l. I 6 6  
Acetone 3 . 3 % L 7 1  
Acetone 8 .  3 :1.  L 3 9  

DMSO o .  8 1:  s 1 4 8 
DHSO 1 .  7 %  s 1 5 9 
DHSO 3 .  3 %  s 1 60 
DHSO 5 .  0 %  I 5 8  
DHSO 8 .  3 %  L 42 

Dioxane 0 .  3 %  I 6 9  
Dioxane o .  8 :1.  - 9 3  
Dioxane 1 .  7 %  L 1 1  
Dioxane 3 . 3 % L 0 
T"llt.. .:. - .. ..  - - - .. � ., T 0 U .1. V ACl..&.&.C \J • t.J ,. -
Et hanol 0 . 8 /. s 
Ethanol 1 .  7 %  s 1 1 7 
Ethanol 3 . 3 % s 1 2 2 

Methanol 0 . 8 % - 1 0 3  
Methanol 1 .  7 %  - 9 9  
Methanol 3 . 3 % - 1 0 7 
Methanol 8 . 3 % L 6 5  

Key : DMSO = dimethylsulphoxide 
L = Significant lethality of test animals 
I = Significant inhibition 0£ growth 
i. ':' Inhibition of maturation 
S = S11fnifican t stimulation o -f  &r-owth 

= No signif icant Effect 

Fitness is a weighted indica tor of overall  
a n d  m a t u r a t ion o f  a n i m a l s  g r o w n i n  t h e  
r e  l a  t i  v e  to c o n t r o l s .  

survival,  g r o w t h  
t e s t e d  m a t e r i a l ,  

T:t i .L _ _ _ _  1 - � - "" ""' � ""'  4 1'\I'\ · - � · - - ... � - .. ..... 'k 4 h i + i ,-. .,... I" ..L \.. 1 1 � .-> �  .&. � � �  '-' 4 .&. � .&. 4  &. V V  ..&. .1. 4 "4 .a. '-" g,  ._ ._- �  ..&. .1. .1. 44 .&. ""' .a.  "" """ "' • & •  

Fitness greater than 100 indicates stimulation 
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Table 2 - 2 :  B i o a s s a y  et Di•e t ll y l s ulpll o x i41 e .  

The Pana1rellus bioassay applied to d imethylsulphoxide. 

Batch Concentration Effect Fitness 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

# 1  
# 2 ( distilled ) 
# 2  ( 1 week old ) 

# 1  
# 2 ( distilled ) 
# 2 ( 1 week old ) 

# 1  
# 2  ( distilled ) 
# 2 ( 1 week old ) 

# 1  
# 2 ( distilled ) 
# 2 ( 1 week old ) 

# 1  
# 2 ( distilled ) 
# 2 ( 1 week old ) 

Key : 1 

L 
I 
i 
s 

0 . 8 1: s 1 48 
0 . 8 1: s 1 1 2 
0 . 8 1: - 9 4  

1 .  7 t: s 1 5 9 
1 .  7 1:  - 1 07 
1 .  7 1:  - 1 00 

3 .  3 1:  s 1 6 0 
3 .  3 1:  I 7 2  
3 .  3 1:  I 6 9  

5 . 0 :t. I 5 8  
5 . 0 :t. L 4 5  
6 . 7 1: I 5 4  

8 . 3 % L 42 
8 .  3 1:  L 2 2  
8 . 3 % L 4 1  

week old = 7 days after distillation . 
storage at 4 degrees C .  

= Significant lethality 0£ test animals 
= Significant inhibition of growth 
= Inhibition 0£ maturation 
= Significant stimulation of growth 
= No significant Effect 

Page 25 

F i t n e s s  is a w e i g h t e d i n d i c a t o r  o f  t h e  o v e r a l l  sur v i v a l, 
growth and maturation of animals grown in the tested material, 
re la ti v e  to c o n t r o l s .  

Fitness less t han 100 indicates i n hibition.  
Fit ness greater than 100 indicates stimulation. 
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2..3.2.. Test o'f Metha nol as !! Solvent £or Bioassays 

To test the efficiency of methanol as a solvent 

s ys t e m  for toxic m a t e r i a l s ,  a s e r i e s  o f  e x p e r i m e n t s  w e r e  

performed in which t h e  toxicity of several materials dissolved 

in met hanol was determined. 

The t o x i c i t y  of b e nzene d i s s o l v e d  in m e t h a n o l  w a s  

compared to benzene dissolved i n  acetone (Table 2 -3). Us i n g  

acetone as t h e  solvent s y s tem, benzene toxicity could only b e  

d e t e c t e d  a t  t h e  h i g h e s t  t e s t e d  c o n c e n  t r a  t i  on tested u o - 3  

m olar), 

c o u l d  

while benzene 

b e  d e t e cted 

concentrations down 

tox i ci t y  using 

w i t h  t h e  P .  

t o  10-8 molar. 

m e t ha no l  as a s o l v e n t  

red.iv .i v us bioassay a t  

T h e  ina.bil1 t y  to d e t e c t  

benzene toxicity in acetone is due to t h e  maskinll effe c t s  o f  

t h e  toxicity of acet one. 

Another set of materials (ace t a l d e h yde,  f o r m a l d e h yde,  

allyl  alcohol, iso-amyl a l c o h ol,  and 1-octanol)  w a s  t e s t e d  i n  

3X me thanol. A l l Y l  alcohol was lethal a t  10-2 a n d  10-3 molar,  

b u t  showed s light stimulation at 10-5 and 10-7 molar (Table 2-

�).  The 1-octanol w a s  l et h a l  at to-2 mol ar, w a s  i n h i bitory a t  

1 0- 3 molar and 10-4 m o l a r ,  and had n o  d e t e c t e d  bioloeical 

effect at lower concentrations (Table 2- ij.) ,  !so- a m y l  a l c o h o l  

w a s  t o x i c 

Formaldehyde 

at a l l  

caused. 

c o n c e n t r a t i o n s  t e s t e d  

si.inificant inhibition o f  

( T a b l e  2 - 4 ) .  

arowth at 1 0-3 
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and 10-4 molar concentrations. but had only sl1aht 1nh1bitory 

effects at lower concen t rations ( T a b le 2-5).  Acet aldehyde 

showed toxic! t y  in t h e  concentration r anae 10-3 t o  10-'7 molar 

( T a b l e  2 - 5 ) .  
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T a•I• 2-3: Toxicity o'f Benzene in M e thanol er Acetone. 

The Pana1re llus b ioassay applied to known concentrat ions of 
benzene in either acetone or methanol. Controls for 
benzene in acetone were run in 27. acetone, w h i l e  
controls for benzene in methanol were run i n  2 X  
methanol. 

BEHZEHE COHCEHTRATIOR EFFECT FITNESS 

1 0 - 3 M ( in 2 X Methanol ) L 0 
1 0 - 3 M ( in 2 X Acetone ) L 1 

1 0 - 4 M ( in 2 X Methanol ) I 8 2  
1 0 - 4 M ( in 2 x Acetone ) - 94 

1 0 - 5 M ( in 2 X Methanol ) I 7 9  
1 0 - 5 M ( in 2 X Acetone ) - 9 3 

1 0 - 6 M ( in 2 % Methanol ) i 87 
1 0 - 6 M ( in 2 X Acetone ) - 9 8  

1 0 - 7 M ( in 2 % Methanol ) i 8 8  
1 0 - 7 M ( in 2 % Acetone ) - 9 9  

1 0 - 8 M C in 2 X Methanol ) i 8 1  
1 0 - 8 M ( in 2 % Acetone ) s 1 0 3 

Key : L = Sig nificant lethality of test animals 
I = Significant inhibition of growth 
i = Inhibition of maturation 
S = Significant , stimulation of growth , - = No significant Effect 

F i t n e s s  i s  a we i g h t ed i n d i c a t o r  o f  t h e  o v e r a l l  s u r v i v a l , 
g rowth and maturat ion of animals grown in the tested material, 
relat i v e  t o  cont r o l s .  

Fitness less than 100 indicates inhibition. 
Fu.ness srea t.er t. han 100 1 n cu.ca t.. es s t 1 m u 1 a  t .t o n .  
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T a•I• 2 - 4 :  T o • l c l t y  o 'f  S e v e r al A l c •ll•ls. 

T h e  P a n atre l lu s  b i o a s s a y  a p p l i e d  to c o n c e n t r a t ions o f  
o c t a n o l , i s o - a m y l  alcohol,  a n d  a l l y l  a l c o h o l  i n  3 1:  
methanol. Controls w e r e  run i n  3 1:  methanol. 

Tested Hater ial Effect Fitness 

1 0 - 2H Allyl alcohol 
1 o - 3M Ally! alcohol 
1 0 - 4H Allyl alcohol 
1 0 - 5H Allyl alcohol 
1 0 - 6H Allyl alcohol 
1 0 - 7H Allyl alcohol 

1 O - 2H iso -amyl alcohol 
1 o - 3M iso -amyl alcohol 
1 0 - 4M iso -amyl alcohol 
1 0 - 6M iso -amyl alcohol 
1 0 "'."' 7M iso -amyl alcohol 

1 0 - 2M 1 -0ctanol 
1 o - 3M 1 -Octanol 
1 0 - 4M 1 -0ctanol 
1 O -

5M 1 -Octanol 
1 0 - 6M 1 -0ctanol 
1 0 - 7H 1 -0ctanol 

L 
L 
-
s 
-
s 

L 
L 
I 
I 
I 

L 
I 
I 
-
-
-

0 
0 

1 0 3  
1 0 5 
1 00 
1 0 3  

1 5  
3 9  
4 1  
49 
6 1  

0 
8 8  
9 1  
9 9  

1 00 
9 7  

Key : L = Significant lethality o f  test animals 
I = Significant inhibition of growth 
i = Inhibition of maturation 
S = Significant stimulation of growth . 

= No Significant effect 

F i t n e s s  is a weig h t e d  i n d i c a t o r  of t h e  o v e r a l l  s u r v i v a l ,  
growth a n d  maturation of animals erown in the tested material, 
relati v e  to c o n t r o l s .  

Fit ness l e s s  t h a n  100 indicates inhib ition. 
Fitness ereater than 100 indicates stimulat ion . 
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T a•I• 2-5: Bioassays et f'or•al•elly•e and Acetaldelly•e. 

The Panagre llus b ioassay applied t o  known 
a c e t a l d e h y d e  a n d  f o r m a l d e h y de 
Controls were run in 3Y. methanol. 

Tested Material Effect 

1 0 - 3M Acetaldehyde I 
1 0 - 4M Acetaldehyde I 
1 0 - 5M Acetaldehyde I 
1 0 - 6M Acetaldehyde I 
1 0 - 7M Acetaldehyde i 
1 0 - 8M Acetaldehyde -
1 0 - 3M Formaldehyde I 
1 0 - 4M Formaldehyde I 
1 0 - 5H Formaldehyde -
1 0 - 6M Formaldehyde i 
1 0 - 7M Formaldehyde -
1 0 - 8M Formaldehyde -

gn1£1 

concentrations of 
in 3:1. m e t h a no l .  

Fitness 

5 6  
6 2  
6 5  
8 5  
9 3  
9 5  

7 9  
8 3  
9 6  
9 3  
9 5  
9 7  

I : 
i = 

s = 

Significant inhibition of growth 
Inhibition of maturation 
Significant stimulation of growth . 
No Significant effect 

F i t n e s s  is a w e ig h t e d  i n d i c a t o r  of t h e  o v e r a l l  s u r v i v a l ,  
g r o w t h  and maturation o f  animals grown i n  the tested material, 
relative to con t r o l s .  

F 1 t n ess l e s s  than 100 " '" ""' "- � � + .a. o  'll 'l"'\ k " l-ri. " + 11 ,,.,. Y'\ 
.A. .!. .!.  ..... .6- V W.  ""' "- �  .A. .£. � .t. .&. ...... � .A.  � � V & .l> c  

Fit ness 1 r e a t e r  than 100 i ndica tes stimulation. 
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2.3.4 Selection 0£ Molecular Sieve !!,! Absorbent 

The selection of methanol as an extraction solvent f o r  

the a bsorbent sampler l i m i t s  t he number of potential absorbent 

materials that could be u s e d  £ o r  t h e  s a m p l e rs .  T h e  b e s t  

a b s o r b e n t  s e e m e d  t o  b e  M o l e c u l a r  S i e v e  1 3 X ,  a l t h o u & h  

preliminary tests were also carr ied out with poropak, X AD, and 

tenex. 

The initial tests of absorbents were carried o u t  i n  

c u b i c a l  e l o v e  boxes l i n e d  w i t h  p o l y e t h y l e n e ,  c o n t a i n i n g  a 

circulating fan and controlled input and output a i r  f l o w s .  

Formaldehyde gas w a s  permitted t o  f l o w  i n t o  the chamber a t  a 

rate suff icient to allow a steady-state concentration 0£ 0.2 

ppm of formaldehyde. A bsorbent samplers contain i n g  0.2e o f  

molecular sieve 13X,  poropak, X AD, and tenex were placed i n  

the chambers for a 7 day sampling period. Other tests were 

performed using 0.4 and 0.8 grams of tenex, XAD, and poropak. 

The results of these tests are shown in Table 2-6. 

After 7 d a y s  3 Y.  m e t h a n o l  e x t r a cts of m o l e c u l a r  s i e v e  1 3 X  

showed a lethal effect o n  t h e  b ioassay, while similar e xtracts 

of XAD showed inhibition 0£ maturation. Extracts of tenex and 

poropak showed no significant effects in the bioassay.  As a 

r e s u l t o f  t h e s e  p i l o t  s t u d i e s ,  m o l e c u l a r  s ie v e  1 3 X  w a s  

selected a s  the absorbent of choice for the sampler. 
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T attle 2-6: Tests of Several A lllsor•ents. 

T h e  r e s u l t s  of t h e  Pan agre l lus red i v  i vus b io a s s a y  o n  3 :1.  
m e t h a n o l  e x t r a c t s  o f  m o l e c u l a r  s i eve 1 3 X ,  t e n e x ,  
poropak, and XAD exposed t o  cont rolled at mospheres 
of 0.2 ppm formaldehyde. 

Tes ted Absorbent Effect Fitness 

Molecular sieve 1 day 
Molecular sieve 3 days 
Molecular sieve 7 days 

PoropaK o .  2g ( 7  days ) 
PoropaK O . 4g ( 7  days ) 
PoropaK o . 8g ( 7  days ) 

Tenex O .  2.g ( 7  days ) 
Tenex o .  4g ( 7 days ) 
Tenex O .  8g ( 7  days ) 

XAD 0 .  2g ( 7  Days ) 
XAD 0 .  4g ( 7  Days ) 
�.A.D 0 .  eg I '7 T\1 � r �  \ 

\ .  - - .z  - I 

L 

s 

i 
I 

Key : L = Significant lethality of test animals 
I = Significant inhibition of growth 
i = Inhibition of maturation 
S = Significant stimulation of growth . 

= No Significant effect 

9 5  
9 1  
6 2  

94 
8 3  
94 

1 0 1  
1 04 

9 8  

9 5  
7 6  
o �  
., _  

F i t n e s s  is a w e i g h t ed i n d i c a t o r  of t h e  o v e r a l l  s u r v i v a l ,  
g rowth a n d  mat u r a t i on o f  animals grown 1 n  the tested material, 
re la ti  ve to c o n t r o l s .  

Fitness less than 100 indicates inh ibition. 
Fitness greater than 100 indicates stimulation.  
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2.3.5 Absorption-Desorption � Molecular Sieve 13X 

One of the advantages of a passive monitor system is 

its ability to continuousl y  absorb contaminants that may occur 

at different concentrations over the series of activity c y cle 

t h a t  o c c u r  d u r 1 n c  t h e  s a m p l i n ti  p e r i o d .  H o w e v e r .  t h is 

adv antage would be los t if materials absorb when presen t  in 

high concentrat ions i n  air, but desorb when t he materials are 

present in lower concentrations in the ambient air than o n  the 

absorbent. Therefore, the absorp tion-desor p t ion properties of 

the absorbent were invest igated using formaldehy de gas as an 

indicator. Formaldehyde was select ed as the indicator gas for 

t h e s e  s t u d i e s  b e c a u s e  i t  c o u l d  b e  m o n i t o r e d  a t  l o w  

concentrat ions i n  both t h e  air and i n  t h e  extract o f  the 

sampler.  It is assumed that formaldehyde i s  a represent ative 

organic vapor for these st udies. 

The experiments,  presented in Table 2-7,  in vol ved the 

exposure of a set of vials containing 2g molecular sieve 13X 

t o  a relatively high co ncentration (0 . 2 p p m )  of f o r m a l d e h y d e  

durina an absorption period, t h e n  t o  lower t he formaldehyde 

levels to 0 .027 ppm to deter mine the desorption.  During the 

course of t he experiments samples of sieve were removed from 

the exposure chamber, the molecular sieve e l uted w i t h  water,  

a n d  t h e  c o n c e n  t r a  t i  o n  o f  f o r m a l d e h y d e  d e t e r m i n e d  b y  

c o l o r o m e t r  i c  m e a n s .  T h e  r e s u l t s  s h o w n  i n  T a b l e  2. - 7  

demonstrate that,  under t h e  test conditions,  t h e  absor b e n  t s  
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• 
b ecome saturated with formaldehyde within 20 hours, but that 

no detectab l e  desorption occurs, even after up to 20 hours at 

l ow 'formaldehyde concentration. 

These s t u d i e s  f u r t he r  support t h e  validit y of t h e  

choice of m olecular s i e v e  1 3 X  as the a bsorbent material for 

the passive air samplers. 

( 

' 

l 

c 

C..-
' 



I 
f) 
I 
r, 
r ,  
, . 

l� 

Pa1e 35 

Tattle 2-"J: Abserptlen-Deserptien ·� f' • r•aldell yde . . 

A mounts o f  formaldehyde eluted with water from molecular 
sieve 1 3 X  exposed to high (2 ppm) and then low (0.027 ppm) 
levels of formaldehyde vapor. 

Exposure Time 

Formaldehyde 
Levels 

AIR ( ppm ) ELUAHT ( ug/ml ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Absorption Period : 

o hrs 0 0 
2 .  5 hrs 0 . 20 1 .  8 6  
2 .  5 hrs 0 . 20 1 . 3 6 

2 3  . o  hrs 0 . 2 2 3 . 5.1!-
2 3 . 0  hrs 0 . 2 2 4 . 45 
2 6 . 0  hrs 0 . 2 3 8 2 . 90 
2 6 . 0  hrs 0 . 2 3 8 4 . 1 8  

Desorption Period : 

o hrs 0 . 0 2 7  4 . 1 8  
1 6 .  5 hrs 0 . 0 2 7  4 . 0 3 
1 6 .  5 hrs 0 . 02 7  4 . 8 3 
1 9 . 5  hrs 0 . 0 2 7  5 . 1 0 
1 9 . 5  hrs 0 . 02 7  4 . 2 3 
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Dur1n8 t h e  field testin8 of the absor bent s a m pler, it 

became obvious that in some locations the health complaints 

stemm1n8 from indoor air were t he con.sequence of particulates. 

Since the a bsorbent system was designed to detect b iolosica l l y  

active vapors, i t  became necessary t o  d e s i g n  a passive sampler 

s ystem to t rap both via ble and non-viable particulates for 

subsequent bioa s s a y .  

T h e  passive sampler £or 

this study consisted of a 7 m L  

phosphate bu£fer ( p H  7 .2) .  The 

sampling period, t h e n  r e s e a l e d .  

particulates desien e d  

v i a l  c o n t a i n i n g  4 m L  

d u r i n g  

of M9 

v i al is  opened during the 

A 1 0 /.  d i l u t ion 0£ t h e  M 9  

bu£fer is t es ted f o r  biological activity w i t h  t h e  Pana11rellus 

red i. v  1. vus bioassay, while a second sample from the H9 buffer 

1 s  p l a t e d  on n u t r i e nt plates t o  d e t e r m i n e m i c r o b i o l o e i c a l  

c o n t a m i n a n t s .  
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2 . 5  C () N C L U S l () M S  

This chapter has reviewed t h e  loaic and experiments 

leadini to t he development o f  the sampler system.  O n  t h e  

basis o f  t hese points, the sampler/bioassay system consists o f  

the followini components:  

1 .  P a n a11re l  l u s  red.iv .ivus i s  t h e  b i o l o i i c a l  

i n d i c a t o r .  

2 .  Activated molecular sieve 1 3 X  t h e  absorbent 

3. 

used to trap gasses,  and methanol is used 

to elute these t r ap ped components from the 

molec u l a r  s i e v e .  

M9 buffer a s  t h e  f l u i d f o r  t h e  p a r t i c l e  

sampler. 

The next c h a p t e r  w i l l  r e p o r t  t h e  m e t h o d s  u s e d  i n  

preparing, using and analyzing t h e  absorbe n t  and particulate 

s a m p l e r s ,  a n d  w i l l  p r e s e n t  a t h e o r e t i c a l  c r i t ique o f  t h e  

system .. 
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Tiff: 81C>�IJIEST
, 

SAMPLER SYSTEM 

3.t.  INTRC>l>llC TIC>N 

The Bioquest Sampler system consists of a passive 

absor bent sampler,  and a p a s s i v e  p a r t i c l e  s a m p l e r .  T h e  

absor b e n t  s a m p l e r  c o n t a i n s  M o l e c u l a r  S i e v e  1 3 X ,  a f i n e  

absorbent powde r ,  while t h e  p a rticle sampler contains M9-

phosphate buffer,  a liquid. A pair o-f samplers are placed 

i n  a tested i ndoor air environment,  opened to ambient air, 

and left in place -for a 7 day sampling per iod. Durini this 

per iod, the absorbent sampler binds co n t a m i n a t i n g  g a s s e s  

f r o m  the air,  w h i l e  t h e  p a r t i c l e  sampler traps viable and 

non-v iable particula tes from the air.  At the end of the 

sampling period, t he samplers a r e  sealed,  and returned to 

the laboratory where the trapped and absorbed materials are 

analyzed for toxic effects,  using the Panagr e l l u s  bioassay. 

The analyses o-f the absorbent samplers is carried out 

by extracting the samplers with methanol for 24 hours, and 

t e s t i n e  a 3% s o l ut i on of 

biological ef-f ects using t h e  

t h is m e t h a n ol e x t r a ct 

Panacrellus bioas say.  At 

for 

the 

same t i m e ,  the p a r t i c l e  s a m p l e r  is a n a l yzed f o r  viable 
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particles by platine 0.5mL o f  the liquid onto nutrient aaar 

plates. The particle s a m p l e r  i s  a n a l y z e d  'for b i o l o a i c a l  

effects by t estin1 a . 10i'. s olution of the liquid w i t h  t h e  

Pana1rel1us bioassay. These a n a l y s e s  p r o v i d e  data o n  

bioloaical effects o f  air-bor ne contamin a n t s .  The o v e r a l l  

pattern o f  t estinl i s  shown i n  F18ure 3-1. 
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f'iaure 3 - t :  <>verview of SampHna and Testina . 

[ - - - - - - - - - - - - ] 
ACTIVATfD 
ABS<>RBfMT 

SAMPLER 

- - - - - -- - - -
-
-

fXTRACT 
with 

Methanol 

3'Z Ettraet 

A fter 
1 day 

Samplina 
Period 

[- - - - - - - - - - - ] 
M 9 - BUFf"fR 
PARTICLf 

SAMPLfR 
_ _ _ _ _  .. _ _ _ .,. _  

- - - - - - - - - ] BACTfRIA 
and 

f'UMGI - - - - - - -1 -
- - - - -- - - - - - - - -

BIVASSA,. 
t-&Y, ENtraet 

T<>XIC T<>XIC VIABLf 
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3.2. T� A8SOR81ENT SAMPLIER 

M o l e c u l a r  Sieve 1 3 X ,  6 0 / 3 0  m e s h ,  o b t a i n e d  f r o m  

S u p e l c o  I n c . ,  B e l l e f o n t e, P e n n s y l v a n ia ,  i s  u s e d  a s  t h e  

absorbent material .  T h e  experimental justif icat ion f o r  t he 

u s e  o f  t h is w a s  p re s e n t ed i n  C h a p t e r  2 .  B a t c h e s  o f  

a p p r o x i m a t e l y  5 0  g r a m s  o f  t h e  a b s o r b e n t  a r e  Soxh l e t  

extrac ted w i t h  methanol,  d r ied a t  220°c . ,  and stored i n  a 

dessicator until use.  Just p r ior t o  u s e, t h e  absorbent i s  

a c t i v a t e d  b y  Soxhlet e x t r a c t io n  w i t h  d i s t i l le d  w a t e r ,  

followed b y  drying a t  22ooc. 

The absorbent samp l e r  c o n s i s t s  of a 2. 2. . 2 m L  F l i n t  

glass vial with a vin yl-lined screw c a p  ( Fisher Scien t i f i c  

# 0 3 - 3 3 8 H ) .  Ac t i  va t e d  mol e c u l a r  s i e ve ( 0 . 8 g )  is  p l a c e d  i n  

the vial immediately prior t o  use, and t h e  vial  i s  sealed.  

A label with an ide n t if ic ation n u mber is attached to t he 

outside of each v ial.  

In field s t udies,  a pair of number- coded a bsorbent 

samplers are p laced in at each tested site.  One me mber of 

the pair is ope ned, acting a s  the test a bsorbent sampler,  

w h i l e  t h e  o t he r  s a m p l e r  is Kept s e a l e d ,  a c t i n g  as a 

reference blank. The samplers are left in place for a 7 day 

sampling period, then t he t e s t  s ampler is re sealed, and t he 

samplers r e t u r ned to the Bioquest. Laboratory for analyses. 
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E a c h  s a m p l e r  is e x t r a c t e d  by addit i o n  0£ 2.0 m L  

methanol. The samplers are extracted for a 24 hour period. 

with periodic agitat ion. The molecular sieve i s  a l lowed to 

settle, and an 5mL aliquot 0£ the methanol from each sampler 

is transferred to a number coded 7mL glass v ial .  A 3Y. 

solution o f  this methanol is tested for toxic effects by the 

bioassay. 

A s i m pl e  check has been dev ised to establish t h e  

efficiency o f  a c t i v a t i o n  of absorbent,  as reports ( J u d i  t h  
! 

Young, personal communication) indicated that • some batches 

0£ molecular sieve 13X may be faulty. During the extraction 

0£ samplers,  when each sampler is being opened for t he 

a d d i t i o n  o f  me t h a n o l ,  t h e  i n d i v i d u als per f o r m i n g  t h e  

extraction a r e  i n s t r u c ted t o  listen f o r  a n y  s ounds coming 

from a particular sampler as it is opened, and to record the 

number of any sampler which produces a hissin&Z sound when 

first opened.  Control  samplers,  not opened in t he field,  

will  produce s u ch a hissing so und, a s  there n a s  been some 
I 
' 

abs orpt ion b y  t h e  absorbent of gasses w i thin the closed I 
control .sampler,  producing a l owered pressure within the 

s a m p l e r .  A n y  b a t c h  in w h i c h  t h e  c o n t r o l s  c a n n o t  b e  

recognized b y  this h issing w o u l d  be r e jected. Such batches 

have not b e e n  d e t e c t e d .  



I' 
{'� 
I 
I' 
r 

I 
I 
( I 

I 
"-

'- ·"'  

Pae11 43 

3.3. Ttlf: PARTICLIE SAMPLIER 

The particle sampler consists 0£ liquid in a small  

vial.  The liquid is M9 -phosphate bu£fer, made up in 1000mL 

batches prior to use.  The composi tion 0£ M9 buffer is:/j 

6 g  N a 2 H P 0 4 

3 g  K H2 P 0 4 

5g NaCl 

0 . 2 5 g  M g S 0 4 

1000 m L  Dis tilled water 

Freshly prepared buffer is sterilized b y  autoclaving.  

are prepared 

7 . 4 m L  F l i n t  

b y  measuring 

g l a s s  v i a l s  

4mL of 

( F i s h e r  

Particle samplers 

f r e s h  M 9 - b u :f f e r  i n  

Sci e n  t i f  i c  # 0 3 - 3 38C)  w i t h  v i n y l - l i n e d  s c r e w  caps.  E a c h  

particle s a m p le r  is a u toclaved and t hen labe l led with a n  

identification n u m b e r .  

T h e  p a r t icle samplers are opened and placed adjacent 

to the absorbent samplers for the 7 day sam pling period.  

Nor mally t h e  a bsorbent and particle samplers are connected 

b y  string t o  one another.  Samplers can be suspended near 

the ceiling b y  draping t h e  string over ceil ing supports, or 

the str ing can be t acked t o  t he ceiling or an area of wall, 

or the samplers can be placed on a desk, or attached to the 

legs of furnit ure.  
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At the end of the sampling period, the samplers are 

resealed a n d  returned to the laboratory for analyses.  An 

aliquot 0£ the l iquid is taken -from the sampler, and used to 

prepare a lOX solution of t h e  l iquid for bioassay. 

In some of the later f ield tests another aliquot of 

the liquid from the sampler is taken for microbiological 

testing.  The total n umber and number of different types of 

colonies g r o w n  from 0.5mL samples of the M9-phosphate buffer 

were recorded on t w o  diff e r e n t  c u l t u r e  meq i a j  S t a nd a r d  

Methods ( T r y p t o n e - G l u c o s e - Y e a s t )  a g a r  p l a t e  f o r  b a c t e r i a l  

ana l y s i s  a n d  S a b o u r a  ud d e x t r o s e  agar p l a t e  f o r  f u n g a l  

a n a l y s i s .  B o t h  t y p e s  o·f a g a r  a r e  p u r c h a s e d  f r o m  B B L  

Microbi o l o g y  S y s t e m s ,  C o c k e y s v i l l e ,  M a r y l a n d .  T h e s e  t e s t s  

w e r e  p e r f o r m ed t o  a t t e m p t  t o  e s t a b l i s h  t h e  a m o u n t  o f  

microbial c o n tamination present,  a n d  d i d  n o t  involve direct 

iden t i ficat i o n  o f microbial species present.  

The remaining fluid from the part icle s a m p l e r  i s  

stored at .q. o c .  u n t i l  t h e  t e s t s  f r o m  t h e  a l i q u o t s  a r e  

completed. I n  some runs duplicate aliquots are prepared for 

b ioassay a s  an internal check o n  re producibility. 
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3.4. TH£ N£MA TOD£ 810ASSAJ' 

3.4.l  Preparat ion of Extracts 

As samplers are r e t ur ned f r o m  t he field tests,  a 

master key is p r e pared, recording t h e  identification number 

of each absorbe n t  and p a r t icle sampler used at each site.  

These samplers are grouped into " wo r k in g  groups" of 8-12 

samplers each, contain ing t h e  1nd1 Vidual test samplers,  and 

appropriate controls,  refe r e nc e  blanl<s,  and, i n  some cases,  

"sp iked" reference s a m p l e s .  O n e  i n d i v id u a l ,  n o t  i n vo l v e d  

w i t h  t h e  actual testing,  w as g i v e n  t h e  respo nsibil i t y  o f  

m a i n t a i n i ng t h e  m a s t e r  l<. e y , a n d  p r e p a r i n g  t h e  " wo r k i n g  

groups" o f  s a m p l e s .  T h i s  i n d i v i d u a l  t he n  p r e p a r e d  t h e  

a c t u a l  e x t r a c t s  e x t r a c t s  f o r  t e s t i n g ,  a n d  t h e c o n t r o l ,  

re plicate, or spil<ed samples for that g r o u p ,  a n d  posted a 

list of grouped sampl e n umbers to be tested by one of 6 

other individuals actual l y  p e r forming the bioassays.  This 

ensured that all tests were performed on completely blind -

l a b e l l ed s a m p l e s .  

Methanol ext racts from absorbent samplers,  o r  l m 1 111li tre 

aliquots f rom the particle sa mplers were s t o r e d.  a t  .q. oc.  

prior to testing.  Normally,  tests were performed w i t h i n  3 

days after t h e  samplers were returned from field tests. 
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T h e  methanol extract from t h e  absor bent samplers or 

the liquid from the particle samplers are p r e p a r ed f o r  

bioas s a y  b y  dilution with M9-Y medium. This medium consists 

of M9-phosphate buffer,  to which is added a small quantity 

o:f Baker's yeast as a nutrient source, and 1mL of e thanol 

containing 5mg of cholesterol, required for growth of the 

nematodes . The composit ion of the M 9 -Y medium is : 

6g Na 2HP0 4 

3g KH 2PO L! 

5g NaCl 

0 .  2 5g MgSO .q. 

5mg dried Baker's yeast 

.111 - T  - ..&.. '- - - - 1 _ _ _  ..._ _ .:, _ .;  _ _  C' - - 1 - 'f  - '- .-. 1 -- · - - -1 .1. U&.L.1 ic::; '- .L .1. d. J. J. V .I.  V V .1. .1.  ... a. � J. .1. ..1. J. .l. (j.  "" " ' 6 /  111 4-t "" ... .. v ... C:. �  "" <;.I  ... V .&.  

1 000 mL Dist illed water 

This medi u m  is a utocla ved af ter prepa r a t ion. 

For bioassays,  a 0.3mL sa mple of the met ha nol extract 
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for t e s t i n g  of this extract, while 1mL of the M9-buffer from 

a particle sampler was added to 9 m L  of M9 -Y medium for 

t e s t i n g  of t he p a r t ic u l a te s .  B io a s s a y s  w e r e  p e r f o rmed in 

0.5mL of the diluted test m a terial in 2mL Au toanalyzer cups. 
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3.4.2 Sett ing !lE Tests 

T h e  d a y  b e f o r e  t e s t i n g ,  g r a v i d  f e m a l e s  o f  P .  

r e d 1 v  1vus were transferred from stock plates t o  non-nutrient 

agar plates.  The offsprin8 of the females had no nutrients. 

so were arres ted at the L2 stage.  A p proximately 10 females 

were transferred for each sample to be tested. 

For bioas says,  groups of 10 L2 animals are removed 

from t h e  non- nutr ient plate of g ravid females and p laced in 

each autoanalyzer cup containing test or control material.  

Ten replicates of 10 L2 a n imals each are set up for each 

test or control group, so 100 animals are tes ted for each 

sample.  The autoanal yzer cups are capped,  and allowed to 

incubate at 220C.  for a 96 hour growth period. For each 

g r o u p  o f  t e s t  a n d  c o n t r o l  a n i m a l s ,  a g r o u p  o f  1 0  

autoanalyzer cups containing only M9-Y medium is set u p  a s  a 

food c o n t r o l .  

A t  t h e  end of the g r o w t h  pe r iod, t h e  autoanalyzer 

cups are opened, and the number of surviving animals is 

d e t e r m i n e d .  T h e s e  s u r v i v o r s  a r e  r e m o v e d  f r o m  t h e  

autoanalyzer c up s  and placed i n  a small  drop of medium on 

g e l a t i n - c o a t e d  g l a s s  m i c r o s c o p e  s l i d e s ,  h e a t  k i l l e d ,  a n d  

stained w i t h  cot t o n - b l u e  l a c t o p h e no l .  T h e  i m a g e  of t h e  
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animals is r ecorded o n  a Canon printing microfiche reader, 

and t he size distribution of the animals in each e roup is 

measured on a Hewlit t-Pacl<.ard 9835A computer, with graphics 

pad, using a program developed by Dr.  Martin Samoilo£f, 

Univer sity of Manitoba. 

The data o b t a i n e d  for each g r o u p  o f  a n i m a l s ,  

comprising a test of o n e  sampler extract,  control,  b lank, o r  

s p i k ed s a m p l e  c o n s i s t ,  t h e r e f o r e , of t h e  f o l l o w i n g  

i n f o r m a t i o n :  

1 .  T h e  number o f  animals surviving from t he 

( initial population of 100 L2 animals.  

2 .  The n u m b e r s  o f  L 2 ,  L 3 ,  L 4 ,  a n d  adu l t  

eseR-t-a-t-t l:l.. .a o:t: x ne---e.r-0-w..t..n.---------

period. 

These data are recorded and given to the individual 

' who is res ponsible for maintaining the master key of the 
• 

sites,  and w ho enters the data, with site names, into an IBM 

PC computer for analysis and filing.  A part of a typical 

data group is shown on the next page. 

fl 

' 
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SAMPLE :I.Survivors L 2  L 3  L 4  Adults 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 3 9 9 8  0 3 27 6 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 1 4  7 9 3 34 4 1  2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 5 1 94 0 5 40 49 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

The sample # represents the blind labelled number assigned 
to each sampler , blank or control . In this case : 

Sample 6 3 9  is a control . 
Sample 7 1 4  is a spiked sample . 
Sample 6 5 1 ls from a site near a dry -process copier . 

Pa6e JJ.9 

Data analy s is i s  performed b y  a set of pro.rrams, 

developed in and compiled in BASIC. These programs perform 

both straight numeric and statistical analyses,  as discussed 

in the following section. 

3.4.3 Analysis of Bioassays 

The v a l u e s  o f  s u r v i v a l ,  g r o w t h ,  m a t u r a t i o n  a n d  

£1 t ness a r e  all calculated relative to controls. ' S u r v 1 v a l  

is the number of animals surviving i n  the test population 

relative to the n u m be r  surviving in the control population. 

For the data shown above, survival of animals exposed to the 

ex tract of the s a mpler placed by t h e  copier (Sampler 651) 

would be: 

XS = 100•( 9 4 / 9 6 )  = 9 5 . 9  
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Gro w t h  is t he percentage of the test population that 

reaches the L4 or adult s tage, relative to this value in the 

control population. In the example above, growth of the 

populat ion i n  t he extract f r o m  the sampler placed near the 

copier (Sample 651) would be calculated as: 

G r o w t h  = 1 0 0 • ( 8 9 / 9 4 ) / ( 9 5 / 9 8 )  : 9 7 .  7 

H a turat 1on is the percentage of the L 4  and adult 

animals in the test population that reach the adult stage, 

re la t i  ve t o  this value in t he control pop ulat ion. In the 

example above, the value for maturation in the extract taken 

from s ample 651 would be: 

M a t  u r a  t i  on = 1 0 0 • ( 4 9 / 8 9 ) / ( 6 8 / 9 5 )  : 7 6 . 9  

F .i. t n e s s ,  a single value representing sur vival,  growth 

and m a t u r a t ion is calculate d as a weighted mean of the 

values of the surv1 val re la t1 ve to c o n t r o l s ,  the g r o w t h  

relative to t h e  controls,  a n d  t h e  matur ation relative to 

controls.  Fitness provides a s i n g l e  value by w h i c h  t h e  

overall t o x i c  effect of each member o f  a se ries o f  s amples 

can be compared (Sa.moiloff et ... 7 
" � ·  1983),  and is of primary 

use in the ranking of such a series of samples. Survival is 

g i ven a weight equal to t w ice the growth, while growth is 

g i v e n  a w e i g h t  eq u a l  t o  t w i i:; e  the m a t u r a t i o n .  T h e  

jus tification f o r  t h is weighting i s  that d e a t h  is a more 



�· 
[ 
I "� 

..,, , 

I 
r 
I 

.... 

� 

"' � 

Page 51 

severe toxic effect than is inhibition of g rowth, w hich i s  

m o r e  severe t h a n  t h e  inhibition of m a t u ration. Fit ness in 

the extract from t h e  sample 651  is calculated as: 

F i t n e s s  = ( (  4 11 9 5 . 9 ) + ( 2 11 9 7 .  7 ) + ( 7  6 . 9 ) ) / 7 : 9 3 . 7  

The statistical tests are performed b y  carrying out a 

chi-square contingency analysis of the values that comprise 

e i t h e r  s u r v i v a l ,  g r o w t h  or m a t u r a t i o n .  

s i g n i f i c a n c e  a p p l i e d  i n  t h e s e  t e s t s  

The l e v e l  o f  

i s  P < 0 . 0 5 .  A 

sienificant decrease in t h e  number of survivors in the test 

populat ion re la ti  ve to that of the control popula lion is 

designated as "Lu, for lethality.  A significant decrease of 

t h e  o l d e r  i n d i v i d u als ( L 4 s  a n d  a d u l t s )  re la ti ve t o  t h e 

control popula tion is designated as 11Jtt 1  while a significant 

decrease in adults is designated a s  ni".  I n  some cases, the 

test populat ion has a significantly greater n u mber of older 

(L4 and adult anima ls).  In this case, growth is shown as"S" 

to designate sig nific ant growth s t i m ul a tion. 

Several su bject ive criteria are also applied to each 

g r o u p  of t e s t s .  I f  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  

between the food controls r u n  w i t h  e a c h  group a n d  t h e  

extracts f r o m  c o n t r o l  samplers, or r e f e rence b l a n k s ,  t h e  

group o f  samples i s  tested again.  Periodically groups are 

prepared with "spiKed" sam ples con tainine either 10-6 molar 

1so-a m y l  alcohol or 10-5 molar acetaldeh yde. If  t h e  t e s t  
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fails to detect si1nificant. inhil:>ition of growth i n  these 

spiked samples, the tests are redone. In over 800 tests, no 

a roupa were required to J:>e redone J:>y the application of the 

above c r i t e r ia.  

This chapter h a s  detailed t h e  p r o tocols used in 

set tinl up and analyzin1 the sampler /l:>ioassay system. The 

next chapter will review the results o'f £1eld test.inc of the 

samplers in workplaces and homes. 
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CHAPTf:R 4 

t="lf:LD STIJOlf:S 

4. t. OVf:RYlf:W Of' f'lf:LO STlJOlf:S 

Field s t udies on t h e  effectiveness of t h e  p a s s i v e  

sampler a n d  bioassay s y s t e m  f o r  evaluating a i r  quality were 

carried out in 19 different workplaces and in 9 houses. The 

bulk of the worl<.places were selected as r epresentative of a 

broad range o f  diverse activities. w h i l e  t h e  homes selected 

were from the list mainta ined by the National R e s e a r c h  

Council UFFI group. Some o f  the workplaces were selected 

after consul tation with Mr. Jim Switzer. Health Safety and 

L i f e  D i v i s i o n ,  M a n i t o b a  G o v e r n m e n t  S e r v i c e s .  T h e s e  

workplaces were i n  b u ildings within wh ich frequent worker 

complaints of air -quality r e lated health complaints had been 

re gistered. For field tests in these latter locations, the 

act ual areas within the building from which the health 

complaints originated was not revealed to Bioqu e s t  s t a f f  

until t h e  completion o f  testing and analyses.  

Ideally,  v e r i f i c a t i o n  of t h e  e f f e c t i v e n ess of t he 

sampler should pr oceed in a stepwise fas hion as follows: 

1 .  T e s t s  a r e  p e r f o r m e d  o n  a s p e c i f i c 

b u i l d i n g ,  w i t h i n  w h i c h  m e d i c a l l y  
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doc u m e n t e d  a i r - q u a l i t y  r e l a t e d  h e a l t h  

prol>lems o c c u r .  

2 .  O n  t h e  b a s i s  of t h e  t e s t s ,  c o r r e c t i v e 

measures are taken in areas identified by 

the test as having air-quality problems. 

3. The area is r e t e s t e d  l>y t he s a m p l e r -

bioassay system and medical exam inations 

are made to detect changes in the heal th 

status of individuals in the bu ildi ng. 

At .  The s a m p l e r - l> i o a s s a y  and t h e  m e d i c a l  

e x a m i n a t i o n  s h o u l d  l> o t h  d e m o n s t r a t e  

improvements in a i r  q uality. 
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However, for the great bulk of the buildings and 

h o m e s  t e s t ed,  this w a s  n o t  p o s s i b l e .  U s u a l l y ,  B ioquest 

staff approached either senior adminis t r a t o r s  w i t h i n  an 

office or shop,  o r  approached t h e  b u i ld i n g  e n g i n e e r s  

responsible f o r  a particular building, to recei ve permission 

to place the samplers at 

records,  i n t e r n a l  heal th 

- - - --...3 - -·- - - - - ...&.. - - - - ..: ...... ., -
.. c 1,, v .i. - y, -.  n a. i:I  U V  I. .t"' V i:l o:> .L J.J .1. C .  

their location. Access to medical 

c o m p l a i n t  r e c o r d s ,  or a b s e n t e e  

The i n f o r· m a. t io n  p r· o v 1d e d  b y  

Bioquest on the air quality was, to o u r  best information, 

rare l y  a cted upon. 

Medical information was generally not a vailable from 

t hese locations. Therefore, in order to better understand 

the n a t u r e  of a i r - q u a l i t y  r e l a t e d  h e a l t h p r o b l e m s ,  t wo 
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a pp r o a c h e s  w e r e  f o l l o w ed .  F i r s t l y ,  a q u est i o n n a i r e  w a s  

developed f o r  determinina t h e  e x t e n t  a n d  perception o f  air-

quality related health complaints, and the perception of the 

causes for t hese complaints.  Secondly, personal interviews 

were performed by medical students on a random cross-section 

of i ndividuals within these buildines to develop a general 

set o f  medical h i s t o r i e s  of c o m p l a i n t a n t s .  H o w e ver,  t o  

e n s u r e  c o n f i d e n t i a l i t y  o f  t h e  i n d i v i d u a l s  q u e s t ioned,  

g ua urantees were made not to identify either individuals or 

s p e c i f i c  w o r l<.  l o c a t i o n s  O f  t h e s e  i n d i v i d u a ls .  These 

studies, w hile not central to the development of the pass ive 

s a m p l e r - b i o a s s a y  s y s t e m  f o r  e v a l u a t i n g  a i r  q u a l i t y ,  do 

s ueeest that heal th problems resulting from low indoor air 

quality are significant and frequent.  The results o f  these 

studies are p rese n t ed in Appendix I. 

Despite the li mitations d i s c u s s ed a b o v e ,  t h e  f i e l d  

tests were carr ied o u t  t o  determine the effectiveness o f  the 

passive sampler -bioassay sys tem to detect areas of low air 

quality, and to establ ish t h e  potential o f  the test system 

to indicate both causes a n d  pos s i b le c o r r e c t i v e  a c t i o n s .  

These results w i l l  be detailed in the following sections . 
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4.2. SIJMMAR1' OP' f"llfLD TlfSTS 

For office buildings,  re viewed in Table 4-1, a total 

of 706 sites in 1 9  bu1ldines were tested with a total of 743 

samplers. Absor bent samplers were tested a t  390 sites in 19 

buildings while the p a r ticle samplers were tested at a total 

of 2.69 sites in 9 b u i ldings. The absorb e n t  sampler found 

t o x i c  e f f e c t s  at 7 4 s i t e s  ( 19X of t h o s e  t e s t e d),  a n d  

stimulatory effects a t  45 sites (12.X of t hose tested). The 

particle sampler detected toxic effects at 67 sites (25X of 

those t e sted), and s t imulatory effects a t  2 4  sites (9X  of 

t hose t e sted).  A total of 31.:t. of all  the sites tested b y  the 

absorbent sampler, and 341: of the sites tested with the 

particle sampler, showed contaminants in the air that could 

be detec ted by the bioassays. 

For homes, a m uch smaller sample size was studied, as 

shown i n  Table 4-2..  E i g h t y  eight tests were done with the 

absorben t sampler at 5 7  sites in 10 homes,  and the particle 

sampler at 29 sites in 5 homes. The absorbent s a m p l e r  

detected toxic effects a t  7 sites (12Y. of t h e  tested sit es), 

and located stimulatory e ffects at another 7 sites (121: of 

t he total  n u mber tested) .  The p a r t i c l e  s a m p l e r  t r a p p e d  

inhibitory ma terials a t  5 sites ( 1 7' /.  of t h e  total tested),  

and sti mulatory effects at 3 sites (10i': of t he total) .  
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Two test absorbent samplers were placed at 37 of the 

tested sites t o  determine the reproducibility of the passive 

s a m p l e r - bioassay p r otocol .  In e a ch o f  t h es e  cases.  t h e  

effects detected were ident ical f o r  t h e  t w o  samplers, a n d  

t he calculated f itness values w e r e  w i t h i n  2 u n i t s  o f  each 

other. Replicate part icle samplers w e r e  placed at 26 sites, 

and the e f f ects d e t e c t e d  b y  the two r e p l icat e s  w e r e  

identical, while fitness values never varied by more than .q. 

uni ts bet ween the t w o  repl icate samplers. 

The details of the individual tes ted buildines and 

homes will  be presented i n  t he next sections. 
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T ABLf 4 - t .  SIJMMARY C>r SAMPLfR TfSTS 11"'4 BIJILDll"'tGS 

ABSC>RBfl"'tT SAMPLfR I PARTICLf SAMPLfR 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SAMPLf SITfS INHIB STIM SITfS !r-!tl!B ST!M 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

t 200 P<>RT AC3f 
640 C()RYD<>M 
303 MAIM 
CC>PlfR SH<>P 
fA T()l"'t PLACf 
LAl<fVlf W SQIJARf 
PC>ST ()f"f"l(;f 
TfCHl"'tC>L<>GY CfMTRf 
ST . ANDREWS TC>WfR 
fl"'tVIRC>MMfNT AL LAB 
HC>TfL 
MANITC>BA AR(;HIVfS 
C>VfR PRll"'tTSHC>P 
C>LD GRAll"'t BIJILDING 
PARl< ADf 
PRll"'tl SHC>P 
RfSTAURANT 
RC>Y AL VISIT C>fflC:f 
W<><>DSWC>IHH BLDG . 

e t  
32 
38 

t 
30 
39 
2 4  
t 7  
t 6  

1 
3 

t 1  
t 

26 
2 
5 
7 
7 

1 3  

2 t  
6 
5 
0 
3 
2 
3 
4 
6 
2 
0 
0 
0 
7 
0 
t 
2 
3 
9 

20 
t 
4 
0 
0 
0 
t 
0 
6 
I 
0 
0 
t 
2 
0 
3 
0 
0 
6 

97 
25 
28 

t 
23 
38 
2 4  
t 7  
t 6  

24 
0 
5 
t 
4 

t t 
2 
g 

1 2  

t 3  
2 
t 
0 
I 
t 
0 
6 
0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ ....._ _ - - - - - - - - - - - - - - - - - -

I V I AL S  .:J9u 1 4  qt) �9 bl � 4  

PfRCfl"'tT AGES 1 9  t 2  25 g 
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T A8Lf 1 - 2 , SUMMARY ()f' SAMPLfR TfSTS IN t1()MfS 

SAMPLe 

t1()Mf A 

t1()Mf B 

t1()Mf C 

H()Mf D 
Ul"f'I ti()MfS 

t1()Mf IE 

t1()Mf f' 

t1()Mf 0 
tt()Mf H 
H()Mf I 

ABS()RBIENT SAMPLfR I PARTICLf SAMPLfR 

SITfS 1Nt118 

8 t 
3 0 
1 0 

t o  3 
8 0 
8 3 
3 0 
5 0 
6 0 
1 0 

STIM 

7 
0 
0 
3 
0 
0 
0 
0 
0 
0 

SITES INttlB 

8 
3 
2 
8 
8 

t 
0 
0 
0 
1 

STIM 

0 
0 
0 
3 
0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

T()TALS 59 7 

PfRCfNTAOf t 2  

7 29 

t 2  

5 3 

t 7  t o  

Page 59 
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BIJILl>INes 

g.Q_Q P o r t ase A v e n u e  

Thi• t.hree-storey build in I is approximately 9 years 

old, and is occupied by provincial offices. Each floor has 

its o w n  air circulating s ystem. This building was sugeested 

for f ield test.int by M r .  Jim Switzer, M a n itoba Government 

Serv ices, Division of L i £ e  Sa£ety and Healt.h.  N umerous 

complaints had been received, mainly 'from workers o n  the 

t hird floor. The analyses of samplers placed o n  the third 

floor of this· building are shown in Table 4--3, for absorbent 

samplers, and Table 4-4- for the particle s amplers. 

Material trapped by the absorbent sampler placed at 

sites at the north-west end of this floor (rooms 301, the 

west end of 329 and. the hall coffee room) were, for the most 

part, 1nh 1b1 tory, but the particle sampler failed to detect 

any toxic! ty in this area. This suggested that this area of 

the building is acting as either a sinK or a source of 

gaseous contam inants in the air. However, there were no 

activities or processes unique to this area of the bu1ld1ne 

that could account for tne contamination of the air. 

T h e  general pat tern of air circulation on tne third. 

floor is such that air f rom the roof heatine and cooling 
I 

intaK.es is passed by ducts to the northwest end. of the third. 
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floor, w here the ducts b r a nch into one m a i n  duct for the 

south side and one main duct for the north side. Return air 

moves from west to east t hrouah the h e adspace above the 

s u s p e n d e d  c e i l i n e .  T h i s  m o v e m e n t  of a i r  v e r y  c l o s e l y  

p a r a l l e l s  t h e  p a t  t e r n  o -f t o x i c i t y  a s s o c i a t e d  w i t h  t h e  

n o r t h  west areas o f  this floor. 

In room 311 the absorbent sam p l e r s  d e t e c t e d  v e r y  

significant stimulator y effects, while t h e  particle samplers 

detected minor inhibitory e-ffects. This area is below the 

humidif ication system, and water leakage on the ceiling had 

been noted on several occasions. M i c r o b i o l o g i c a l  c u l t u r e s  

from the particle samplers in t h i s  r e g ion revealed large 

numbers of bacteria and -fungi, and a high species diversity. 

Several areas around copiers and printers also showed 

some effects in both the absorbent and particle samplers.  

These are considered t o  be the conseq uence of i ncreased 

levels of particles containing both carbon and metals, a nd 

t h e r e f o r e , p r oducing b o t h  s t i m u l a t o r y  a n d  i n h i b i t o r y  

effects. 

During the course of the study of this building, the 

l e v e l  of worker c o m p l a i n  ts became so s e r i o u s  t h a t  t h e  

prov i n c i a l  M i n i s t e r  r e s p o n s i b l e  for t h i s o f f i ce ordered 
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staff moved to other workine facilities until the study was 

c o m p l e t e d .  

l 
Several actions were recommended as a consequence of 

this study. On the basis of the distributio n  of detected 

effects in the northwest corner, it was suggested that the 

ducting of the air circu lating system b e  cleaned. It was 

found that dust removed from the ductworl<. was not toxic, but 

t h a t  h i g h  l e v e l s  of c a r bo n a t e - con t a i n i n g  p a r ticles w e r e  

present in t he ductwork. These particle probably arose from 

p r e c i p i t a t e s  of d i s s o l v e d  s a l t s  in t h e  w a t e r  u s e d  f o r  

( h u midification, which were drawn into t h e  air circ ulating 

system.  S uch particles could ca use sl<.in disorde rs, as were 

report ed for the northwest area. 

e recommend.e cor rec t l  ve act.ions were 

the level of worker complaints fell below 101:. As a result,  

Bioquest was requested to examine t h e  lower f loors o f  this 

, building.  In these lower floors, as shown in Tables 4-5 and 

ll- - 6. the primary problem appears to be stimulatory material, 

probably originating from some m i c r o b i a l  g r o w t h  in t h e  

carpet ing a n d  materials used as surfacing o n  t h e  s p a c e  

dividers. 

c 

C:--
& .  
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This buildina was the most intensively studied, and 

these results show the a b il ity of t h e  s ampler system to 

determine t h e  a r e a s  w i t h . problem a i r ,  a nd to p r o v i d e  

indications of the type of corrective actions r equired. 
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TAeLf 4 - 3 .  t 200 P<>RTAGf THIRD f'L()()R 
. 

- ABS<>RefNT SAMPLER 

SAMPLf SURVIVAL GR()WTH MATURf f"ITNfSS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
30 t Conference Rm 
30 I Conference Rm Uow 1 
30 t Dust # t  
30 t Dust # 2  
3 0  t Main Center 
30 t Main Center Uow J 
30 t Main <>v . Coff Tb 
305 (;omputer Rm 
305 Computer Rm l low I 
305 Main 
305 Main l low J 
305 <>v�r Table 
305 JS 
305 JS llow J 
3 t  t DS 
3 t  t DS l low J 
3 t 3  By s .  wall 
3 t 3 Recept . desk l low J 
3 t 3  Word proc . Uow J 
323 Main 
323 Main llow J 
323 over printer 
323 printer l low J 
325 [ie:i;k iev . 9·5 
325 fducation 
325 SI< 
325 Storaae Rm . 
329 Below - behind copier 
329 Le 
329 Dust 
329 E of Copier 
329 finance NW 
329 f"inance NW llow J 
�;>Q - ·� 
- - J  - -

329 JO l low I 

329 MO 
329 MG l low I 
329 S toraae 
329 Word Processor 
329 Word Processor llow J 
CM 
C:M l low J 
Desk Lev . VS 

t oo -
1 00 -

96 -
t oo -

98 -
97 -

t oo -
99 -

t oo -
89 -
97 -

t oo -
9 4  -
95 -

t oo -
t oo -
t oo -
t oo -

98 -
95 -
97 -
98 -

t oo -
96 -
94 -
96 -
96 -

t oo -
94 -

1 00 -
t oo -
1 00 -
t oo -

O""J -.I • 

t oo -
t oo -
1 00 -

98 -
t oo -

98 -
t oo -

98 -
96 -

95 -
86 I 
98 -

t oo -
t t  t -
t oo -
t 0 7  -

t oo -
97 -
95 -
9 4  I 

t 02 -
9 t  I 

t 02 -
t t o s 
t t O S 

99 -
t o t  -

96 -
t oo -
t 05 -
t o t  -

90 I 
i OO  -
t 02 -

99 -
97 -
95 -
9 t  I 

t o t  -
99 -
85 I 
87 I 
00 -
.I .I 

t o t  -
97 -
96 -

t o t  -
1 01 -

9 4  -
95 -
97 -

t oo -

45 i 
... t t 
98 -

t oo -
1 t i 

3 i 
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -

30 i 
40 i 
70 -

t oo -
t oo -
t oo -
t oo -

91 -
92 -
97 -
99 -
82 -

t oo -
t oo -

4 t i 
32 i 
42 i 

Olli. -
.1 -

t oo -
78 -
65 -

t oo -
42 ! 
47 i 

1 00 -
1 00 : -

9 7  -

9 t  i 
98 I 
97 -

t oo -
9 4  i 
8 4  i 

t 02 -
99 -
99 -
92 -
97 I 

t o t  -
91 I 
98 -

t 03 s 
t 03 s 

90 i 
92 i 
93 -
97 -

t oo -
99 -
97 I 
97 -
96 -
97 -
97 -
96 -
9 4  I 

t oo -
9 1  i 

86 I 
88 I 
O ""J  -., .  

t oo -
96 -
91 -
99 -
93 i 
90 i 
99 -
98 -
97 -
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TABLf 4 - 3 .  t 200 Portaae Absorbent 

SAMPLf 

ttall Coffee Rm 
Hall Coffee Rm Uow I 
Hall by 3 t 3  
library 

library over Coffee 

Library llow l 
VS 

SURVIVAL 

96 -

94 -
9 t  -
93 -
97 -
98 -

t oo -

( cont . ) 

OR OW TH 

9 t  I 

94 I 

9 t  I 

87 I 
97 -
90 I 

99 -
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MA TURf f'ITNr:ss 

t oo -
60 -

t oo -
47 -

t oo -
80 -

t oo -

95 I 
89 I 
92 I 
85 I 
97 -
93 I 

t oo -
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T ABU� 4 - 4 • t 200 PORT AGf THIRD rLOOR - PARTICLE SAMPLER 

SAMPLE 

30 t Conference Rm 

30 t Conference Rm l low I 
30 t Main Center 
30 t Main Center llow I 
30 t Main Ov • Cott Tbl 
305 Computer Rm 

305 Computer Rm llow I 
305 Main 

305 Main l low I 

305 Over Table 
305 JS 

305 JS llow I 

3 t  t DS 

3 t  t DS llow I 

3 t 3  B y  S .  wall 
3 t 3 Recept . desl< llow I 

3 t 3 Word proc . l low I 

323 Main 
323 Main l low I 
323 over printer 
323 printer llow I 

325 Desi< lev • \IS 

325 Education 
325 s� 

325 Storaae Rm . 
329 Below - behind copier 
329 L B  

329 !:: �'!' !:opter 
329 f"lnance NW 

nance l""tW uow 
329 JG 

329 JG llOW ) 
329 MG 

329 MG llow I 
329 LB 

329 S toraae 
329 Word Processor 
329 Word Processor l low I 
CM 
CM llow l 
Hall Coffee Rm 
Hall Cot fee Rm llow I 
tiall b y  3 1 3  

Ubrary 
Ubrary over Cof fee 
Ubrary llow I 
\IS 

SUR\'l\'AL 

t oo -

t oo -

99 -

t oo -

1 00 -

95 -
t oo -

98 -

96 -

93 -

9 4  -

95 -

99 -

99 -

97 -

99 -

t oo -

98 -

t oo -

1 00 -

99 -

99 -

97 -
98 -
97 -

95 -

97 -

! 00 -
1 00 -

t oo -

1 00 -

1 00 -

1 00 -

t oo -

t oo -

99 -

t oo -

t oo -

t oo -

95 -

94 -

96 -

99 -

t oo -

93 -

t oo -

GROWTH 

t oo -

99 -

t oo -

99 -

t o t  -

9 t  I 

96 -

98 -

t o t  -

96 -

97 -

t oo -

t 05 s 
t 05 s 
t o t  -

t o t  -

t o t  -

t o t  -

1 22 s 
I t 6  S 

1 23 s 
99 -

1 03 -

1 00 -

1 05 s 
99 -

t 0 4  -
! 00 -
1 00 -

t o t  -

t o t  -

t o t  -

t o t  -

t 25 s 
t t 2 -

t oo -
I O I  -

t t 6 s 
t t 5 s 

95 -

95 -

96 -

95 -

99 -

95 -

t t 6 s 

MATURE f"ITNESS 

t oo -

96 -

t oo -

99 -

t oo -

7 7  -
63 I 
87 -

7 t  -
52 I 
88 -

88 -

1 8  I 

33 I 

t oo -

95 -

t oo -

1 00 -

1 00 -

72 -

6 t  -

7 8  -

58 I 

7 3  -

t oo -

96 -

t oo -
! 00 -
t oo -

93 -

t oo -

t oo -

t oo -

50 I 

67 -

89 -

t oo -

39 I 
56 -

98 -

92 -

t oo -

58 I 

7 1  -

60 I 

6 t  -

t oo -

99 -

99 -

t oo -

t oo -

9 1  I 

9 4  I 
96 -

94 -

88 I 

91 -

95 -

93 I 

9 1  I 

99 -

99 -

t oo -

99 

t 06  s 
t o t  s 
t oo s 

96 -

93 I 
95 -

t oo s 
96 -
99 -

! 00  -
t oo -

99 -

t oo -

t oo -

t oo -

t oo 1 
99 -

98 -
1 00 -

96 I 

98 s 
95 -

94 -
9-, -
92 I 
96 -

89 I 

99 s 
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TABLf 1 - 5 .  t 200 PVRTAGf f'LVVRS t AND 2 - ABSVRBfNT . 
SAMPLfR 

SAMPLf SURVIVAL GRVWTH MATURf f'ITNfSS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

t t 5  Pension f'und 
t t 5 Pension f"uncl llow J 

t t 6  Coffee door 
t t 6 Desi< Uow J 

t t 6  Desi< middle 
t t& Desk middle l low J 
2 t 5  c 
2 t 5  f' 

2 t 5 f' Uow J 

2 t 5  Middle 
,2 t 5 Middle llow J 

22 t Currie Dev • 

22 t Currie Dev . l low J 

227 Coffee Rm . 
227 Coffee Rm • Uow J 

227 Copier 
227 Copier I low J 

227 fntrance 
227 Middle 
227 Middle I low J 

t oo -
95 -

t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -

95 -
96 -

t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -

227 Teacher fntran l low J t oo -
Boardroom 
Boardroom I low J 

CWA Desi< Wrd Pre 
CWA 

t oo -
t oo -
t oo -
t oo -
t oo -

96 -
t oo -
t oo -

t oo -
97 -

t oo -
97 -

t oo -
t oo -

Pen . f'und Warehouse Cof . 9 4  -

Computer rm . 
Computer rm . l low J 

Copier Rm 
Copier Rm l low J 
Desi< lev • near computer 
G 
G l low J 

l<odal< Copier rm . 
Mc 
Mc llow J 

Pen . f'und mid die t oo -
Pen . f'und office 
T off . Inner l low J 

T oft • Inner rm . 

t oo -
88 -

t oo -

I 1 5  S 

t 01 -
99 -
98 -

t t 3  s 
t t 2  s 
t t t s 
t 09 s 
t 03 -
1 02 -
t 1 3  s 
t o t  -
1 00 -
1 09 s 
I t o  S 
t t o  s 
t 07 -

83 I 
t 09 s 
t 06  -
t 06  -

99 -
99 -
99 -

t oo -
t t t  s 
t 09 s 

92 -
t 02 -
t t o  s 

97 -
t oo -
1 08 s 
1 06  s 
t t t s 

9 4  -
t t 5  s 
t oo -
t 02 -
t oe s 

t oe -
t oo -
t oo -

83 -
t oo -
t oo -
t oo -
t oo -

88 -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -

70 -
1 00 -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -

7 1  -
88 -

t oo -
t oo -
1 00 -
t oo -
t oo -
t oo -

95 -
t oo -
t oo -
t oo -
t oo -

t 04 s 
98 -

t oo -
97 -

t 01 s 
t 03 s 
1 03 s 
1 03 s 

99 -

I O I  -

t o t  s 
98 -

t oo -
1 03 s 
t 03 s 
1 03 s 
1 02 -

9 t  I 

1 03 s 
1 02 -
1 02 -
t oo -
t oo -
1 00 -
t oo -
1 03 s 
t oo s 

9 4  -
99 -

1 03 s 
97 -

t oo -
1 0 1  s 
t 02 s 
1 03 s 

9 4  -
1 04 s 
t oo -

91 -
1 02 s 
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TABLE 4 - 6 .  1 200 PORTA'311: f'LOORS I AMD Z - PARTICLf SAMPLfR 

SAMPLf SURVIVAL 

I I 5 Pension f'und 
I 1 5  Pension rund llow J 
I 1 6  Coffee door 
I 1 6  Desk l low J 
I I 6 Desk middle 
t t 6 Desk meddle l!ow ! 
2 t 5  c 
2 t 5  ... 
2 t 5  f' llow J 
2 t 5  Mlddle 
2 t 5 Middle llow J 
22 I Currie Dev • 

22 I Currie Dev . l low J 
223 Desk 
223 Desk l low J 
223 f'lllna rm 
223 f'lllna rm llow J 
223 Off . Crnr SW 
223 O f f . Cr11r SW llow J 
225 Boardroom 
225 Boardroom llow J 
221 Coffee Rm • 

221 Cof fee Rm . l low J 
227 Copier 
227 Copier llow J 
221 f 11trance 
227 Middle 
22 7 Middle iiow i 
227 Stud . Records 
227 Stud . Records l low J 
227 Teacher r:ntran Uow J 
Boardroom 
Boardroom llow J 
CWA Desk Wrd Pre 
CWA 
Computer rm . 
computer rm . llow J 
!:cp!er P.!rn 
Copier Rrn ( low J 
Desk lev • near computer 
(3 
l<odak Copier rm . 
MC 
Mc l low l 
Pen . f'und Warehouse c 
Pen • f'u11d middle 
Pen . f'und office 
T oft . Inner l low J 
T off • inner rm . 

95 -
99 -
97 -
90 -
9 1  -

ge -

1 00 -
1 00 -

97 -
99 -
99 

1 00 -
1 00 -

92 -
1 00 -

98 -
97 -

1 00 -
1 00 -

93 -
t oo -
t oo -
1 00 -

98 -
97 -

1 00 -
99 -
YB -
0 

1 00 -
t oo -

96 -
92 -
9 1  -
95 -
98 -
96 -

.. ...... . "" 
98 -
98 -
98 -

1 00 -
95 -
98 -

1 00 -
96 -

t oo -
t oo -
t oo -

'3ROWTH 

I O I  -
1 00 -

96 I 
98 -
99 -
97 -

1 00 -
t oo -
t oo -

99 -
99 

1 2 1  s 
1 26 s 
t oo -
t oo -

99 -
t oo -
t oo -
1 00 -
t oo -
t oo -
t 22 s 
t 29 s 
t oo -
t oo -
1 26 s 
t oo -

yg -
Hl 
t oo -
1 26 s 

91 -
98 -
91 I 

89 I 

1 02 -
t 02 -
.. ...... " "" 
t oo -
t oo -

96 I 

1 30 s 
98 -
98 -

t 03 -
t 03 -
t oo -
t t O -
t 06  -

MATURf 

64 I 

58 I 
48 I 

38 I 
18 -
64 I 

t oo -
t oo 

97 
98 
99 

t oo 
t oo 

9 1  
t oo 

93 
98 

t oo 
t oo 

94 
t oo 
t oo 
t oo -
t oo -

97 -
t oo -

97 -
9ti -

1 00 -
t oo -

89 -
61 I 
59 I 

61 I 
91 -
86 -

ga -
72 
17 -
39 I 

t oo -
59 I 

1 4  -
4 4  I 
62 I 
68 I 

t oo -
t oo -

f'ITMfSS 

92 I 
93 I 
90 I 

85 I 
9 t  -
93 I 

t oo -
t oo -

98 -
99 -
99 

1 06  s 
1 07 s 

91 -
t oo -

98 -
98 -

t oo -
t oo -

95 -
t oo -
t 06  s 
1 08 s 

99 -
98 -

1 07 s 
99 -
98 -

1 00 -
1 01 s 

95 -
90 I 
87 I 
89 I 

99 -
96 -

.. .... ... I VV -

95 I 
96 -
89 I 

t 09 s 
9 t  I 
95 -
93 I 

93 I 
95 I 

1 03 -
1 02 -
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4.3.2 640 Corydon Avenue 

The building at 640 Corydon Avenue is an older o£fice 

building housine electronic equipment.  Inhibi t o r y  e £ f e c t s  

detected by the absorbent sampler w e r e  limited to a sinele 

of£ice complex, the staff lounge, and areas a r o u nd s o m e  

machines, wh ile stimulatory effects were found a t  a basement 

site (Table 4-7) .  The particle sampler did not detect a n y  

e f f ects ( T a b l e  4 - 8) .  

The office area pro d u c i n g  i n h i b i t o r y  e f f e c t s  w a s  

maintained u nder positive pressure,  and t h e  sites showing 

1nh1b1 tory e f fects were all  near doors,  s ug g e s ting that the 

observed effects were the result of materials being f l ushed 

into these areas by individuals en tering and leaving these 

rooms.  Reduction of the pressure,  and increased v entilation 

were suigested to reduce t h is problem. 

In t he staff lounge,  inhibitory effects were detected 

in the smoking areas. 

The effects observed in t he basement areas around 

some o f  the m a c h ines w e r e  p r i m a r i l y  l i m i t e d  to o l d e r  

equipment, while newer versions of t hese machines d i d  not 

produce e f f ec t s .  
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TABLf 1 - 7 .  6i0 CORYDON - ABSORBfNT SAMPLfR 

SAMPLf SUR\'l\'AL GROWTH M ATURf f'IT1"'4fSS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3CL f 95 - 98 - t oo - 97 -
3CL Middle l low I t oo - t 02 - t oo - t o t  -
3CL W 93 - 98 - 90 - 95 -

easement eatteries 99 - t 03 - t oo - t oo -
Basement over aenerators 86 - t 01 - 81 - 9 t  -
Basement Center Rm Uow I 82 - t t O S e t  - 90 s 
easement fast Power Rm t oo - t 01 - t oo - t o t  -
Basement New Rectifiers t oo - t 07 - 98 - t 02 -
easement Recitifiers 96 - 8 1  I t oo - 9i I 

Lounae 96 - 96 I 55 i 90 I 
MIDAS Center t oo - 97 - 70 i 95 i 
MIDAS Ce11ter l low J 96 - t o t  - 98 - 98 -
MIDAS Nf 81 - t oo - t oo - 93 -
MIDAS Nf llow J 99 - 93 I 75 - 91 I 
MIDAS NW 9 t  - 99 - t oo - 95 -
MIDAS NW Uow I 9 1  - t 03 - t oo - 96 -
MIDAS Sf Uow I 93 - t 0 1  - t oo - 97 -

( MIDAS SW t oo - 99 - 70 i 95 i 
MIDAS SW Uow I 1 00 - 96 I 72 i 95 I 
TOPS Sf llow I 99 - t o t  - t oo - t oo -
Tops t10BIC 1 00 - 1 03 - t oo - t o t  -
Tops HOBIC l low I 99 - 99 - 53 - 92 -
Tops Nf 99 - t o t  - 1 00 - t oo -
Tops Nf llow I 97 - 98 - t oo - 98 -
Tops NW t oo - 1 02 - 1 00 - 1 0 1  -

.W -1.lo..w I t oo - HU - 1 00 - i o  
Tops Sf 1 00 - 95 - 80 - 96 -
Tops Sf fXT N 1 00 - t oe - 1 00 - 1 02 -
Tops Sf f � t  s 1 00 - t 02 - 53 - 94 -
Tops Sf f d  S llow I 1 00 - 99 - t oo - t oo -
Tops SW 1 00 - t 02 - 1 00 - t o t  -I lounae llow I t oo - t oo - 80 - 97 -

I I I 

c 

� 
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f °" _.,, TABLf 4 - 8 .  640 CORYDON - f>ARTICLf SAMPLfR 

f - SAMPLf SURVIVAL C)ROWTH MATURf f'ITNfSS 
- - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

r- 3CL Middle l low I 99 - t oo - 96 - 99 -
3CL W 99 - t 04 - 99 - t oo -
Lounae 99 - 99 - 8'1 - 9'1 -
MIDAS Center t oo - t o t  - t oo - t o�. -

r . MIDAS Center l low J too - t 02 - too - t o t· -
MIDAS Nf t oo - t o t  - 1 00 - 1 00 -
MIDAS Nf l low ) 1 00 - I O I  - 1 00 - 1 00 -
MIDAS NW 99 - I O I  - 1 00 - 1 00 -
MIDAS NW l low J 1 00 - t o t  - 1 00 - t oo -
MIDAS Sf l low J 1 00 - 1 02 - 1 00 - I O I  -
MIDAS SW t oo - 1 06  - 99 - 1 02 -
MIDAS SW llow ) 96 - I O I  - 95 - 9'1 -
Tops HOBIC too - I O I  - 1 00 - 1 00 -
Tops HOBIC llow J 98 - 1 00 - 94 - 98 -
Tops Nf 95 - I O I  - 96 - 9'1 -
Tops Nf Uow J t oo - 1 05 - too - I O I  -

Tops NW 1 00 - t oo - 8'1 - 98 -
Tops NW l low J 1 00 - 1 05 - too - I O I  -

Tops Sf 99 - t o t  - 85 - 98 -
Tops Sf fXT N t oo - t oo - too - t oo -
Tops Sf f1lt S 99 - t oo - 90 - 98 -
Tops Sf f1lt S l low J 1 00 - t 04 - 8'1 - 99 -
Tops SW 82 - t o t  - 83 - 88 -
Tops SW l low J 1 00 - 1 03 - 94 - t oo -
lounae l low l t oo - 96 - 90 - 9'1 -

�· 

u 



c 

( 

( 

� 

Pa6e 72 

4.3.3 3 0 3  M a i n  S t re e t  

. The b uilding a t  303 Main S treet is a 10 year old 16-

s t o r e y  m u l t i p u r p o s e  fede r a l  o f f i c e  b u i ld i n g ,  c o n t a i n 1ni 

off ices on t he lower floors, and agriculture laboratories on 

the top 4 floors. This building was examined using only the 

absorbent s a mpler in the summer of 1984, and t h e n  re

examined in the winter of 1985, using both the absorbent and 

particle samplers.  The results are shown in Tables 4-9 and 

4-10. 

In t he s u m mer of 1984, inhibitory effects were found 

at low sites in the grain milling area, and in the mycology 

l aboratory.  S t i m u l a t o r y  e f f e c t s  were found in l ocalized 

areas 0£ one office that was examined, and in t he protein 

analy s i s  l a b o r a t o r y .  

In t h e  winter of 1985, the inhibition was detected b y  

the absorbent sampler o n l y  i n  t w o  chemical la b o r a t o r i e s .  

The particle s a mpler found inhibitory materials in a welding 

area, a millin& area, a pest icides lab, and in the mycoloa y 

laboratory. Retes ting of the mycology laboratory t w o  weeks 

later found no inhibitory materials, which suggests that the 

inhibitory mat erials in this l a b  are transitory in nature.  

The hallway of the chemical lab area was f o u nd to co ntain 

s t i m u l a t o r y  p a r t i c l e s .  
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St u d i e s  in t h e  w i n t e r  of 1 9 85 u s i n g  a bs o r b e n t  
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samplers showed no effects on the office area. However, 

inhibitory material i n  the entry section o'f the o££ice area 

w as found with the particle sampler. 
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TABLIE 4 - 9 .  303 MAIN STRflET - ABSC>RBfNT SAMPllER 

SAMPLf SUR\'l\'AL GRC>WTH MATURf f'IT""41ESS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
� �  Summer 1 984 
l ab - Bakina t oo - t 09 - t oo - t 03 -
tab - Mimn2 teiate 1 00 - 1 0 !  - 76 - 97 -
lab - Millina low t oo - 88 I 94 - 96 I 
Lab - Mycoloay 98 - t 05 - 62 i 95 i 
lab - Protein t oo - t 09 s 1 00 - t 03 s 

l ab - Radiochem t oo - t 02 - 76 - 97 -
Rm 500 fntry Area 98 - 1 1 0 s t oo - t 02 s 

Rm 500 ""40 - smokina 93 - t t 3  s 1 00 - t oo s 

Rm 500 C>pen C>ffice 98 - 97 - t oo - 98 -
Rm 500 by carpet t oo - 1 1 9 s 1 00 - t 05 s 

b � Winter 1 985 
t 305 M alt lab t oo - t oo - t oo - t oo -
t 3 t O C>ilseeds Rm t oo - 96 I t oo - 99 I 
t 3 t 0  Wei2ht Rm t oo - 94 I t oo - 98 I 
t 3 t 8  Hallway t oo - 96 - t oo - 99 -

( t 3 t 8 C>ilseeds flltraction t oo - t 02 - t oo - t o t  -
t 324 Seeaer Maltina Nf t oo - 9 t  I t oo - 97 I 
t 3�4 Seeaer Ma1tin2 Sink t oo - 96 - t oo - 99 -
t 379 Shop Weldin& Area t oo - t o t  - 92 - 99 -
t 379 Shop main drill t oo - t o t  - 83 - 98 -
t 379 Shop milline 98 - t oo - 94 - 98 -
t 379 Shop o ver lathe t oo - t o t  - 98 - t oo -
i "'u .; Admir1i�i.re1 iion H iu - 99 - i uu - i uu 
t 401 A dministratiofl Uow I 1 00 - 1 0 t  - t oo - 1 00 -
1 540 Pestkide Center t oo - 1 0 1  - 1 00 - t oo -
1 540 Pestkide by Hood t oo - t 02 - t oo - t o t  -
1 540 Pesticide Uow 1 96 - 1 02 - t oo - 98 -
t 603 Millina 1 00 - 98 - 1 00 - 99 -
1 603 Millina l low I 1 00 - 99 - 1 00 - t oo -
1 638 Mycoloay 97 - 1 00 - 91 - 97 -
t 638 M ycoloa y  Uow 1 95 - 1 0 1  - 98 - 97 -
t 679 Pilot Mill 2nd 1 00 - 1 03 - t oo - t 0 1  -
1 679 Pilot. �m 3"-d ! 00 - ! 9 !  - ! 99 - ! 90 -
t 679 Pilot Mill Main t oo - t 04 - 1 00 - 1 0 1  -
1 938 M ycoloay 98 - t oo - 98 - 99 -

Rm 500 fntry 94 - 97 - 83 - 93 -
Rm 500 fntry l low I 9 t  - 1 00 - 93 - 94 -
Rm �oo SW Corner 98 - 1 00 - 92 - 98 -
Rm 500 SW Corner Uow I 90 - 99 - 89 - 92 -

( 

� 
' 
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T ABLf 1 - t 0 .  303 MAIN STRffT - PARTICLf SAMPLIER 

I � 
SAMPLf SURVIVAL C3R()WTH MATURf f"ITNfSS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Winter 1 985 only L 
t 305 Malt Lab 85 - t o t  - 87 - 90 -
t 3 I o  ()Hseeds Rm 90 - t oe - t oo - 97 -
t 3 t O  Welaht Rm 98 - t oo - t oo - 99 -
1 3 t 8  Hallway 92 - t t o  s 1 00 - 98 s 
t 3 t 8  ()llseeds f 111traction 95 - t 06  - t oo - 99 -
t 321 seeaer Maluna Nf 98 - 1 02 - t oo - 99 -
t 321 Seeaer MalUna Slnl<. 89 - 99 - t oo - 93 -
t 379 Shop Weldina Area 99 - 93 I 79 - 9 1  I 
t 379 Shop main drill t oo - t oo - t oo - 1 00 -
t 379 Shop millina 1 00 - 1 00 - 1 00 - t oo -
I 379 Shop over lathe t oo - t oo - t oo - t oo -
t 101 Administration 99 - t oo - 1 00 - 99 -
I 101 Administration now J 92 - 95 - t oo - 9 1  -

I t 510 Pesticide Center 93 - 1 02 - t oo - 97 -
t 510 Pesticide by Hood 92 - 96 I t oo - 91 I 
t 510 Pesticide now J 95 - 96 - 80 - 93 -

I t 603 MHllna 96 - t o t  - e t  - 95 -
1 603 MHllna l low J 9 1  - 95 I 50 i 86 I 
t 638 M ycoloay 93 - 91 I 83 - 92 I ( t 638 Mycoloay now J 96 - t o t  - 1 00 - 98 -I � 

1 679 Piiot Miii 2nd 96 - 98 - 88 - 95 
t 679 Piiot Miii 3rd 96 - 98 - 88 - 95 -I 
t 679 Piiot Miii Main 95 - 1 03 - t oo - 98 -
t 938 Mycoloay 1 00 - t oo - 1 00 - t oo -

Rm 500 Entry 88 - t o t  - 75 - 90 -
Rm 500 fntry Uow J 93 - 97 I 77 - 92 I 
Rm 500 SW Corner 98 - 98 - 97 - 98 -
Rm 500 SW Corner Uow I 96 - 98 - t oo - 97 -

... 

I ,...,i 

� 
1 H  
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T h i s  b u i l d i n g  i s  a n  

Pa6e 7� 

o l d  w a r e h o u s e ,  r e ce n t l y  

renovated, with a shopping mall on the lower floor and both 

federal and prov incial offices on the upper floors. The 

o f f i c e  f l o o r s  h a d  h i g h  c e i l i n g s  ( 1 8  f t ) ,  b u t  p o o r  

ventilation,  with car bon dioxide readings u p  t o  1.6Y.. The 

results are shown in Tables .q.-11  and .q.-12. 

I n h ibition was detected by the absorbent samplers 

near i n p u t  d u c t s  i n  offices,  and w i t h i n  a small  s e l f 

c o n t a i n e d  c o m p u t e r  r o o m .  The p a r t i c l e  s a m p l e r  f o u n d.  

inh ibitory materials in t h e  computer room, by i n p u t  ducts,  

a nd in s mokine areas. Stimulatory part icles were found in 

an area w here papers have been stored for periods of time. 

M a n y  of the complaints in this buildine stemmed from 

comfort f a c tors (low humid i t y ,  fluctuating te mperature, poor 

lighting) r a ther than from contaminants in the air.  
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T ABlf 4 - t t . EA T()N PLACf - ABSORBENT SAMPLER 

SAMPlf SUR\'l'YAL GR()WTtt MATVRf f'ITNfSS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
5 Admin t oo - t o t  - t oo - t oo -
5 Admtn ( by duct ) 96 - 95 I 91 - 96 I 
5 C3eol CuUin1t Rm 94 - t 02 - 95 - 96 -
5 Geol Lab ( centre ) 99 - 99 - t oo - 99 -
5 Geol lab ( centreB ) t oo - t 03 - 99 - t o t  -
5 Geol l ab ( m ) 91 - t 02 - t oo - 99 -
5 Geol Lab ( middleB ) 95 - t o t  - 86 - 95 -
5 Geol Wash 79 - 92 - 86 - 84 -
6 Mail Rm t oo - t oo - 95 - 99 -
6 Main 97 - t oo - 95 - 98 -
6 Main [ low I t oo - t oo - t oo - t oo -
6 ()fftce # t t oo - t oo - t oo - t oo -
6 ()ffice # 2  t oo - 99 - t oo - t oo  -
6 ()ffice # 3  t oo - t oo - 99 - t oo -
7 t 5 Computer Rm 93 - t o t  - 96 - 96 -
7 t 5  Computer Rm llow J 87 - 95 I 9 4  - 90 I 
1 t 5  Interior Rm t oo - 96 I t oo - 99 I 
1 t 5 Interior Rm llow J t oo - 99 - t oo - t oo -
9 Accourttine t oo - t oo - t oo - t oo :. 
9 Accouritin1t Storaee t oo - t o t  - 95 - t oo -
9 Accountine llow J t oo - t oo - t oo - t oo -
9 Admin ()ver Desi<. 99 - 99 - t oo - 99 -
9 Admin by \'ent 99 - 98 - t oo - 99 -
9 Admln llow J t oo - 99 - 97 - 99 -
9 Computer Rm 95 - t oo - 94 - 96 -
9 Computer Stora2e 98 - t oo - t oo - 99 -
9 Mail Machine Rm t oo - t oo - 9 4  - 99 -

9 Mail �m 93 - 1 00 - t oo - 96 -
9 Mail Store Rm 98 - 99 - 9 t  - 97 -
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C: , TABLI: 4 - t 2 . fATON PLACf - PARTICLf SAMPLfR 

SAMPLf SURVIVAL C3ROWTH MATURI: f'ITNfSS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5 Oeol cutttna Rm t oo - 98 - t oo - 99 -
5 C3eol Wash t oo - t 02 - t oo - t o t  -
6 Mall Rm t oo - t o t  - t oo - t oo -
6 Main t oo - t 03 - t oo - t o t  -
6 Main l low J t oo - 97 - t oo - 99 -
6 Office # t  t oo - 96 - t oo - 99 -
6 Office # 2  t oo - 97 - t oo - 99 -
6 Office # 3  t oo - 95 - t oo - 99 -
7 t 5 Computer Rm 93 - 93 I 58 I 88 I 
7 U 5  Computer Rm Uow J 98 - t 02 - 78 - 96 -
7 t 5 Interior Rm 97 - 99 - 78 - 95 -
7 t 5 Interior Rm Uow J t oo - 93 - t oo - 98 -
9 Accountina B5 - 6B I 49 I 75 I 
9 Accounttna Storaae t oo - t 02 s t oo - t o t  s 
9 Accountlna Uow J 99 - t 02 - 92 - 99 -
9 Admln ()ver Desi< 9B - BB I 65 i 90 I 
9 Admln by Vent 96 - 93 I 64 i 9 t I 
9 Adman Uow J t oo - t o t  - t oo - t oo -
9 Computer Rm t oo - t 03 - t oo - t o t  -
9 Computer Storaae 98 - t 05 - 9 t  - 99 -( 9 Mall Machine Rm t oo - 9B - t oo - 99 -
9 MaH Rm t oo - t o t  - t oo - t oo -
9 Mail Store Rm t oo - t 05 - t oo - t o t  -

( 
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4.3.5 L a k e v i e w  Squ a r e  

Lakeview Square i s  a 5-year old o f f  i c e  buildine used 

b y  both federal and provincial agencies for offices.  Only 

the basement and bottom 3 floors were tested. 

Numerous complaints were made b y  individuals working 

in one s m a l l  b a s e m e n t  o f f i c e .  T h e  a b s o r b e n t  s a m p l e r  

detected inhibition only a t  a low site i n  the entry area of 

this office (Table 4 - 13), while t h e  part icle sampler found 

inhibition 

c o n f e r e nc e  

report ed, 

at every site except for a l o w  

r o o m  ( T a b l e  4 - 1 4 ) .  A f t e r  t h e s e  

the carpets w e r e  s t e a m  cleaned, old 

s i t e  i n  

r e s u l t s  

ceiline 

t h e  

w e r e  

t i l e s  

were replaced, and the w a l l s  disinfected.  Re-testine of t h e  

area showed no effects.  Prior to cleaning,  one ver y large 

fungal growth was noted on one ceiling t i le in t h e  e n t r y  

area. 

I n h i b i t o r y  e f f e c t s  were f o u n d  by t h e  a b s p r b e n t  

sampler at a low site at one e n d  o f  t h e  coffee room in 

another small basement of-fice. Inhibitory and stimulatory 

particles w e r e  also found in the coffee room. The absorbent 

sampler found no effects in the tested areas in t h e  upper 

floors, but the par ticle sampler detected inhibition i n  t wo 

small of-fices on the upper floors. One of these of-fices had 

been vacant for 3 months, the other was rarely used . 
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TABLE 4 - t 3 .  L Al<f\llfW S�UARE - ABS()RBfr-IT SAMPLER 

SAMPLE SUR\11\IAL '3R()WTH MATlJRf f'ITr-tfSS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Before Ufll and After �l : 
B Boiler Room ( 8 ) t oo - 98 - 80 - 97 -

B Boiler Room ( A ) 89 - t oo - 93 - 93 -
B Conference ( B ) t oo - 99 - 89 - 98 -
B Conference ( A )  t oo - 99 - t oo - t oo -
B Conference Uow J ( B )  98 - 9 4  - 97 - 97 -
B Co11ference Uow J ( A  ) t oo - t oo - t oo - t oo -
B Copier Room ( B ) t oo - t oo - 92 - 99 -
B Copier Room ( A ) 86 - 98 - 80 - 89 -
B fntry ( B )  t oo - 98 - t oo - 99 -
B fntry ( A ) t oo - 99 - t oo - t oo -
B fntry U o w  J c e l  96 - 95 I t oo - 96 I 
B fntry Uow J ( A ) t oo - t oo - t oo - t oo -

B fC Coffee Rm f Uow J t oo - t 02 - t oo - t o t  -
B fC Co ffee Rm r-1 t oo - t 02 - t oo - t o t  -

( 8 f C  Coffee R m  l"f l lo w  J 99 - 9 4  I 98 - 97 
B EC Coffee R m  W 96 - t oo - 95 - 97 -
B fC: Coffee Rm W Uow J 98 - t oo - t oo - 99 -
e fC: fnd ()ffice 9 7 - t oo - t oo - 98 -
e fC End Clffice Uow J 88 - t oo - 88 - 9 t -
B f C fntry Wall t oo - 99 - t oo - t oo -
e fC: fntry l lo w  J t oo - t o t  - 1 00 - t oo -
Rrn � i 4 Caci� Cffice ! 00 - ! 00 - H )Q - ! QQ -
Rm 2 t 4 Back C>ffice Uow J t oo - t o t  - 97 - t oo -
Rm 2 t 4  fntry 
Rm 2 t 4  f ntry - Pr inter 95 - t o t  - 93 - 96 -
Rm 2 t 4 Entry Uow J 95 - t oo - 97 - 9 1 -
Rm 2 t 4 Over Copier 92 - t oo - 93 - 94 -
Rm 305 eacl<. Clffice 93 - 98 - 96 - 95 -
Rm 305 Back Office C low J 88 - 1 00 - 86 - 9 t  -
Rm 305 Entry 90 - 97 - 06 - 9 t -
Rm 305 E ntry Uow J 93 - 99 - 94 - 95 -
l.>m 305 () v e r  Printer 95 - 98 96 - 96 -
Rm 305 Storaae Rm 89 - 99 - 82 - 9 1 -
Rm 307 Empty Office 93 - t oo - 90 - 95 -
Rm 307 Emp t y Office Uow J t oo - t oo - t oo - t oo -
Rm 307 fntry t oo - 1 00 - t oo - t oo -
Rm 307 E n try Uow J t oo - t oo - t oo - t oo -
Rm 307 C>ver C:opier 1 00 - t oo - t oo - 1 00 -

( 

'� 
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T ABLf 4 - t 4 .  LAICEVlfW S�UARf - PARTICLE SAMPLER 

SAMPLE SURVIVAL GROWTH MATURf f"ITNfSS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Be., ore Uf!..l and A'fter (A L :  
B Boller Room C B ) 

B Boller Room C A  ) 
B Conference C B ) 

B Conference C A  ) 

8 Conference l low I C B  ) 

B Conference llow I C A  ) 

B · Copier Room C B  ) 

B Copier Room C A  ) 

B Entry C B ) 

B Entry C A ) 

B Entry l low I C B ) 

B Entry l low I C A ) 

Hallway 
B E C  Coffee Rm E l low I 

8 E C  Coffee Rm N 

B E C  Coffee Rm N l low I 

8 E C  Coffee Rm W 
B E C  Coffee Rm W llow I 

B E C  End Office 
B EC End Office l low I 

B E C  Entry Wall 
B EC Entry l low I 

Rm 2 t 4 Back Offtce 
Rm 2 t 4 Back Of ftce llow I 

Rm 2 t 4 fntry - Printer 
Rm 2 t 4 fntry l low I 

Rm 2 t 4 Vver Copter 
Rm 305 Back ()fftce 
Rm 305 Back Office llow I 

Rm 305 fntry 
Rm 305 Entry l low I 

Rm 305 Vver Printer 
Rm 305 Storaee Rm 

Rm 307 Empty ()fftce 
Rm 307 fmpty ()fflce l low I 

Rm 307 fntry 
Rm 307 fntry l low I 

Rm 307 Vver Copier 

94 -
82 -
91 -

t oo -
9 t  -

95 -

97 -
88 -
98 -

t oo -
98 -

t oo -

93 -
95 -
94 -
90 -

t oo -
96 -

t oo -

99 -
9 t  -

91 -
t oo -

91 -
t oo -
too -

91 -
92 -
89 -
9 t  -

88 -
90 -
95 -
84 -
9 t  -

99 -
too -

96 -

83 I 82 - 89 I 

t o t  - t oo - 90 -

93 I t oo - 96 I 

99 - t oo - t oo -
t 02 - 7 7  - 92 -

98 - t oo - 97 -

93 I t oo - 96 I 

99 - t oo - 93 -
88 I 4 t I 87 I 

97 - t oo - 99 -
97 - 55 I 92 I 

97 - t oo - 99 -

88 I 7 7  - 89 I 

93 - t oo - 95 -

94 - t oo - 95 -
t 09 s t oo - 97 s 

9 t  I t oo - 91 I 
88 I t oo - 94 I 

t 03 - t oo - t o t  -

9 t  - t oo - 97 -

84 I 1 0  - 86 I 

t 02 - t oo - 99 -
97 I t oo - 99 I 

99 - 99 - 98 -
t oo - t oo - t oo -
t o t  - t oo - t oo -

99 - t oo - 98 -
98 - t oo - 95 -

t 06 - 88 - 94 -
t Ol - t oo - 91 -

95 - t oo - 92 -
97 - 1 1  - 90 -

t o t  - 1 1  - 94 -
86 I t oo - Bl I 

t 03 - t oo - 96 -

t oo - t oo - 99 -
t oo - t oo - t oo -
t oo - t oo - 98 -
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4 . 3 . 6  P o s t  O f f  ice B u i l d i ng 

This is a 20-year old m u l tipurpose office building.  

The a r o u n d  f loor has large drive through areas for delivery 

tr ucks. No Post Office a r eas w e r e  t e s t e d ;  s t u d ie s  w e r e  

l imited t o  federal of fices o n  t h e  6 t h  t o  9 t h  floors. The 

results are given in Tables 4 -15 and 4-16.  

S t i m ulatory effects with the absorbent samplers were 

d e t e c t e d  a t  a l o w  s i t e  in o n e  n o n - r e n o v a t e d  o f f  i c e .  

Inhibitory gasses were detected by the absorbent sampler i n  

a s m o k i n g  a r e a ,  a n d  o v e r  an a r e a  w h e r e  graph ics work was 

b e i n g  p e r -f o r me d .  P a r t i c l e  s a m p l e r s  r e v e a led s t i m u l a t o r y  

ef£ec t s  by a set o f  liquid copiers, in an isolated computer 

room, and a t  one low point i n  t he non-renovated office, and 

f o u n d i n h i b i t o r y  e f f e c t s  at a not her s i t e  in t h e  n o n -

reno v a t e d o f f  i c e .  

At one site,  by a h o l e  in a c e i l i n g  p a n e l s  i n  a 

l i t t l e  used c o r n e r  of a n  e i g h t h  f l o o r  m a i l  r o o m ,  t h e  

p a r t i c l e  s a m p l e r  d e t e c t e d  l e t h a l  e f f e c t s ,  w h i l e  t h e  

abso r b e n t  s a m p l e r  d e t e c t e d  n o  e f f e c t .  T h i s  s i te w a s  

r e t e s t e d ,  w i t h  l e t h a l  e f f e c t s  detected i n  t h e  p a r t ic l e  

sampler, a n d  n o  ef fect detected i n  the absor bent. N o  worker 

c o m p l a i n  ts w e r e  r e p o r t e d  on t h is f lo o r ,  al t h o u g h  f e w  
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individuals spent more than �everal minutes in this part of 

the room. 

The major complaints from workers in this b ui lding 

i n v o l v e d  e x t r e m e s  o f  the t e m p e r a t u r e ,  al t h o u g h  s o m e  

individuals also complained o f  a g e neral s tuf-f iness. 





r 
I 
r 
I 
r· 

I 
l 

l� 

J -
\ LJ-

Pa1e 84 

T ABLf 4 - 1 5 .  PC>ST Of'f'ICf BUILD IMO - ABSC>RBf MT SAMPLfR 

SAMPLf SURVIVAL OROWTH MATURf f'ITMfSS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I I Main Air f'Hters 
Rm t 000 fnvCan 
Rm t 000 fnvCan . Uow I 
Rm t 000 Reception 
Rm 600 Stats Copier s  
R m  600 Stats Main Uow I 

Rm 600 Stats Sf 
Rm 700 DSS Coffee Rm 
Rm 700 DSS fntry 
Rm 700 DSS E ntry Uow I 

Rm 700 DSS South Uow I 
Rm 800 CflC Mail 
Rm BOO CflC Mail Uow I 

Rm BOO CflC Main 
Rm 000 CflC Main Uow I 
Rm 800 Computer M ain 
Rm 800 Computer Printer 
Rm BOO Computer Tape Rm 
Rm 900 Computer ( f'ax ) 
Rm 900 Computer ( mid ) 
Rm 900 Weather 
Rm 900 Weather Uow I 
Rm 905 Sci • Ser • 

Rm 905 Sci • Ser . ( I ) 

1 00 -
97 -

t oo -
1 00 -

91 -
1 00 -
1 00 -
1 00 -
t oo -
1 00 -
t oo -
1 00 -
1 00 -
1 00 -
t oo -
1 00 -

1 00 -
98 -
99 -

t oo -
t oo - · 

t oo -
99 -
98 -

1 0 1  - 1 00 - 1 00 -
1 03 - t oo - 99 -
1 02 - 1 00 - I O I  -
I O I  - 92 - 99 -
I O I  - 1 00 - 99 -
t 09 - t oo - 1 03 -
I t  t - 1 00 - t 03 -

98 - 76 - 96 -
t oo - 7 4  - 96 -
t 06  s 1 00 - 1 02 s 

9 t  I 93 - 96 I 
1 02 - t oo - I O I  -

99 - 1 00 - t oo -
1 03 - B5 - 99 -
t 02 - 86 - 99 -

97 - 1 00 - 99 -
t 02 - 6 4  i 95 i 

97 - 62 - 93 -
99 - 9 t  - 98 -
99 - 1 00 - 1 00 -
95 I B3 - 96 I 
91 - 97 - 99 -

t o t  - 89 - 98 -
99 - 99 - 98 -
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TABLE 4 - 1 6 . PVST ()f"flCf BVILDINC3 - PARTICLE SAMPLfR 

SAMPLE SUR\'l\'AL C3RVWTH MATURE flTNESS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1  Ma•n Atr r'Hters 

Rm 1 000 Env . Can . 

Rm I 000 Env . Can • l low J 

Rm t 000 Reception 

Rm 600 Stats Copters 

Rm 600 Stats Matn l low J 
Rm 600 Stats SE 

Rm 700 DSS Coffee Rm 

Rm 700 DSS Entry 

Rm 700 DSS E ntry l low J 

Rm 700 DSS south l low J 
Rm 800 CEIC Man 

Rm 800 CEIC MaH now J 
Rm 800 CEIC Main 

Rm 800 CEIC Main l low J 
Rm BOO Computer Matn 

Rm 800 Computer Printer 

Rm 800 Computer Tape Rm 

Rm 900 Computer (fa� ) 

Rm 900 Computer ( mid ) 

Rm 900 Weather 

Rm 900 Weather l lo w  J 

Rm 905 Sci • Ser • 

RR 905 Sci . Ser . Uow l 

1 00 - 1 04 -
91 - 1 05 -

too - 1 05 -
99 - 1 04 -
93 - 1 08 s 

88 - 1 06  s 

98 - 1 08 s 

93 - 1 05 -
98 - 1 06  s 

92 - 1 08 s 
t oo - t oe s 

57 L 0 I 
1 00 - I O I  -
1 00 - 95 -

98 - t oo -
1 00 - 1 05 -

93 - 1 08 s 

92 - 1 08 s 

t oo - I O I  -
99 - 1 04 -

99 - I O I  -
97 - 1 05 -

1 00 - 98 -
93 - 99 -

1 00 - I O I  -
1 00 - t oo -
t oo - I O I  -
t oo - 1 0 1  -
1 00 - 98 s 

87 - 87 s 

t oo - I O I  S 

t oo - 97 -
1 00 - 1 0 1  s 
t oo - 98 s 
1 00 - 1 02 s 

0 • 33 L 
t oo - 1 00 -
too - 99 -

87 - 97 -
1 00 - 1 0 1  -

95 - 98 s 

1 00 - 98 s 

1 00 - 1 00 -
t oo - 1 0 1  -
t oo - 1 00 -
1 00 - 1 00 -
t oo - 99 -

119 - 94 -

' -; 
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4.3.7 Industr ial T e c h nology C e n t r e  

T h i s  b u i l d i n a  i s  a n e w e r  s i n g l e- l e v e l  b u i l d i n e ,  

containina a n  o f f i c e ,  l i b r a r y ,  c h e m i c a l  l a b  a nd m a c h i n e  

shop, a l l  o f  w h i c h  a r e  i n t e r c o n n e c t e d .  It. h o u s e s  b o t h  

prov incial and fede r a l  e mp l o y ees.  R e s u l t s  a,r e s ho w n  i n  

Tables 4-17 and 4 -18. 

Inhibitory vapors were found i n  the main off ice area, 

by the carpets in the reception area, a n d  near a m achine-

controller. The particle sampler showed inhibitory effects 

in the reception area, the main off ice area, and in a small 

o u t e r  o f f i c e .  

There were numerous complaints o n  air quality from 

workers in t h is building.  
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T ABLf 4 - t 7 . INDUSTRIAL TfCtfN()L()C3Y CfNTRf 

Page lJ'l 

- ABS()RBf NT SAMPLfR 

SAMPLf SURVIVAL C31WWTtl MATURf flTNfSS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Chem lab 9 t  - t o t  - t oo - 95 -

Instrument Lab t oo - t o t  - t oo - t oo -
Library Stact<. s t oo - t oo - 95 - 99 -
Library by Copier 96 - 97 - 80 - 9 4  -
library Uow J t oo - t o t  - 1 00 - t oo -
Machine Controller f OO - 9 4  I 93 - 97 I 
Machine Shop Center 1 00 - t 07 - t oo - t 02 -
Machine Shop North t oo - t 02 - t oo - t o t  -
Main 1 00 - 97 - t oo - 99 -
Main -est 1 00 - 92 I t oo - 98 I 
Main desf<. top t oo - t 02 - t oo - t o t  -
Main l low J t oo - 9'4 I t oo - 98 I 
Metalur2y Lab 90 - 97 - 85 - 9 t  -
Reception 1 00 - 97 - t oo - 99 -
Reception over copier t oo - t t 4  - t oo - t 0 4  -
Reception l low J t oo - 9 4  I t oo - 98 I 
Small ()uter ()ffice t oo - t 04 - t oo - t o t  -

' 

-
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T ABLlf: 4 - 18 • INDUSTRIAL Tlf:CHNC>LC>OY CfNTRf - PARTICLE SAMPLfR 

SAMPLlf: SURVIVAL ORC>WTH MATURI: f"ITNfSS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Chem lab 96 - 99 - 96 - 97 -
Instrument Lab 98 - I O I  - 96 - 99 -
Library Stacl<s 1 00 - t O I  - t oo - 1 00 -
Ubrary by Copter 1 00 - 99 - t oo - 1 00 -
l ibrary llow l 1 00 - t oo - t oo - t oo -
Machine Controller t oo - 99 - t oo - 1 00 -
Machine Shop Center t oo - t oo - t oo - t oo -
Machine Shop North 97 - t oo - 89 - 97 -
Main 1 00 - 93 I 86 - 96 I 

Main West t oo - 99 - BB - 98 -
Main desl< top 1 00 - 96 I 8 1  - 96 I 
Maln l low l 92 - 9 1  I 82 - 90 I 
Metaluray Lab 1 00 - t o t  - t oo - t oo -
Reception 90 - 87 I 63 . 85 I 
Reception over copter 90 - t oo - 69 j 90 I 
Reception Uow l 90 - 92 I B 4  - 90 I 

Small C>uter ()fflce 98 - 95 I a t  - 95 I 
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4.3 .8 S t .  Andrews T o w e r  
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This location is a control tower at a s mall airport, 

a five- s t o r y  t a l l ,  n a r r o w ,  s e l f- c o nt a i ne d  s t r u c t u re. The 

working areas are relatively small,  and several workers are 

hea v y  smokers. 

As is shown in Table � - 19, in hi bi tory gasses were 

detect ed in four of the office areas, a basement power room, 

the opera tions area,  a n d  the coffee room. Particle samplers 

(Tab l e  il-20) found inhibit o r y  material in the coffee room, 

'!th :floor office, and t h e  operations area. The fourth floor 

of'fice is occupied by two heavy smokers. 

' 

-��oport-i"'O'n--e-r-----------

s it es w i t h  adverse e f f'ects detected b y  the samplers,  the 

four people, all  smokers, in the building during the times 

of testing had few complaints about air quality. 
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T ABLf 1 - 1 9 . ST . ANDREWS TC)WfR - ABSC)RBfNT SAMPLfR 

SAMPLE SURVIVAL GRC)WTH MATURE flTNESS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - -

1st Telecommunications 1 00 - t 02 - 67 t 96 t 
211d Conference Rm 1 00 - t 1 3  s t oo - 1 01 s 
211d Conference Rm closet t oo - t o t  - t oo - 1 00 -
211d Conference Rm C low I t oo - t 1 2  s t oo - t 03 s 
3rd C)ffice 301 copier t oo - 1 t 8  s t oo - t 05 s 
3rd C)ffice 304 Uow I 1 00 - I t 2 S 1 00 - 1 03 s 
3rd <>tttce 305 9 1  - 1 05 - 1 00 - 96 -
3rd ()ffice 305 Uow I t oo - I 1 7  S t oo - 1 05 s 
4th Coffee Rm 1 00 - 95 I 88 - 97 I 
4th Coffee Rm Uow J 1 00 - 1 00 - 1 00 - 1 00 -
4th ()ffice 408 t oo - 1 00 - 8 7  - 98 -
4th ()ff ice 408 Uow I 1 00 - 95 I 1 00 - 99 I 
5th Operations 94 - 99 - 33 i 87 i 
5th Operations ( lede 95 - 78 I 2 4  i 80 I 
5th Operations Uow J 98 - 82 I 27 i 83 I 
e Power Rm 92 - 1 06  s t oo - 97 s 
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TABLE 4 - 20 . ST . ANDREWS T()WER - PARTICLE SAMPLER 

SAMPLE 

tst Telecommunlcauons 
2rld Conference Rm 

2nd Conference Rm closet 

2rld Conference Rm l low 1 
3r d  ()fflce 304 copier 

3rd ()fflce 304 l low J 

3rd ()f flce 305 

3rd ()ffice 305 1 1ow J 
4th Coffee Rm 

4th Cof fee Rm Uow J 

4th ()fflce 408 
4th ()ff Ice 4 08 l low J 

5th ()peraUons 

5th ()peraUons ( ledae ) 

5th ()perauons Uow J 
B Power Rm 

SURVIVAL 

97 -
97 -

94 -

97 -

98 -

95 -

94 -

98 -
96 
95 -
96 -
95 -

97 -

93 -
t oo -

97 -

C3R()WTH 

t o t  -
84 I 
75 I 
82 I 
95 -

90 I 

89 I 
81 I 
90 I 

91 I 
96 -

90 I 
96 -
99 -

9 1  I 

79 I 

MATURE 

t oo -

45 . 

55 . 

23 • 
45 I 

82 -
27 I 

36 .  

t oo -
t oo -
t oo -
t oo -
t oo -
t oo -
t oo -

32 I 

f'ITNESS 

99 -
86 I 

8 3  I 

82 I 

90 I 

92 I 

83 I 

85 I 

95 I 

95 I 
97 -
91 I 

97 -
96 -
98 I 

83 I 

' 
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4.3.9 Old G r a i n  B u i l d i ni? 

The Old Grain B uildina i.s an older b uildina, w h ic h  

h a s  b e e n  r e c e n t l y  r e n o v a ted.  The a c t i v i t i e s  o f  t h is 

building are very m u c h  like t h o s e  of t h e  n e w e r  c r a i n  

buildini a t  303 Main Street.  This b uildini was only tested 

by the absorbent sampler (Table 4-21) .  

S t i m ul a t o r y e f f e c t s  w e r e  f o u n d  in a l a b o r a t o r y  

involved w i t h  pes ticide residues on agricult ural products,  

and in a ee rmination laboratory. Inhibition was detected in 

a room in w hich infected crops were stored, in office areas 

with m a n y  smoker s,  and in two locations i n  a p r int-shop 

area. 
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T ABLE 4 - 2 t . ClLD '3RAIN BUILDIN'3 - A l3 SClRBENT SAMPLER 

SAMPLE SURVIVAL '1RClWTH MATURE f'ITNESS - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
03 H&W Lab 
03 H&W Clffice 
03 H& W Clffice l low J 
O� ti& W Pesti . 
0 4  Animal Patholoey 
04 DSS Print 
04 DSS Print l low J 
0 4  PWC Copier 
04 PWC Main Area 
04 PWC l low J 
05 E C:  Data Rm 
05 E C  Main 
05 f C Storaee 
05 E C  Storaee Uow J 
07 Corn Smut Lab 
07 '3ermin • L ab 
07 '3ermin . L ab l low J 
07 Clffice 
01 Clffice ( by carpet ) 
07 Plant Health 
07 Seed Storaae Rm 
07 Storaae 
01 S t ora2e l low J 
B - 2 t Corner l low J 
B - 2 t  Mid - area 
B - 2 t Pesticide Area 

99 -
88 -

t oo -
99 -

86 -
t oo -
t oo -

99 -

9 4  -

96 -
t oo -

98 -

t oo -
t oo -

80 -
t oo -
t oo -

9 4  -

t oo -
95 -

t oo -

9 4  -
98 -

t oo -

93 -

98 -

t 02 - t oo - t oo -
76 I t oo - 86 I 

t 06 - t oo - t 02 -

t 29 s B t  - t 05 s 
t 02 - 78 - 89 -

86 - 33 i 86 i 
92 - 22 i 87 i 

t t 9 - t oo - t 05 -

75 I t oo - 89 I 
85 - t t  i e t  i 

t t 3  - 99 - t 04 -

t 02 - 97 - 99 -

93 - t oo - 98 -

98 - 99 - 99 -

t 0 4 s 52 I 83 i 
t t 2 - 98 - t 03 -
t 05 s t oo - t o t  s 
t 0 4 - 84 - 95 -

t oo - t oo - t oo -
t 09 - t oo - t oo -

99 - t oo - t oo -
I O I  - 1 00 - 91 -

92 - 98 - 96 -
t oo - t oo - t oo -

98 - 90 - 94 -

98 I 96 - 98 I 

' -: 
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4.3.10 The Woodsworth Build i ni 

a n d  

T h i s  

c i t y  

i s  a large office building, used b y  

o f f i c e s .  T h i s  b u i l d i n g  w a s  o n l y  

absorbent sampler, as re ported in Table 4-22. 

Pa6e 94 

p r o v i ncial 

t e s t e d  b y  

Stimulatory effects were found i n  one area of the 7th 

floor, and by the e n t r y  area o f  a 1 5 t h  floor suite.  The 

effects on the 7 t h  floor were centered a bout an area in 

which a port able humid i f i e r  h a d  been u s e d ,  a n d  w h i c h  

s u b s e q u e n t l y  n u m e r o u s  c o m p l a i n t s  o f  r e s p i r a t o r y  

difficulties,  watering eyes,  and sinus discomfort h a d  been 

repo r te d .  These h e a l t h  c o m p l a i n t s  and t h e s t i m u l a t o r y  

effects detected by the passive sampler-bioassay system were 

removed a f ter steaming of the ca rpet and the replacement of 

ceiling t i les in t h i s  a r ea. 

In hi bi tory effects were found in storage areas on t he 

4th, 1 3 t h  and 15th floors w here old records were being held, 

s u g g e s t i n g  t h a t  o l d  p a p e r s  c o u l d  b e  a s o u r c e  o f  

con taminat ing materials.  I nh i bitory effects were also found 

in tests of the water of the main air intaKe humidification 

system. 
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T AeLE 4 - 22 . W()()l)SW<>RTtt 6UILDINC3 - AeS<>RefNT SAMPLER 

SAMPLE SUR\'IVAL GR<>WTtt MATURE FITNESS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 4  Entry 90 -
0 4  Hall 96 -
0 4  Small ()f fice 90 -
0 4  Storaee 99 -
0 4  Stora2e l low J 99 -
0 1  A bove Ceiline t oo -
07 Ely w indow low 98 -
07 M ain ( on desk ) 9 4 -
07 Main ( over desk ) 96 -
07 Records Rm 97 -
07 s . f . t oo -
01 s . f . ( on desk ) t oo -
01 S . f . l low J t oo -
07 Safe Rm t oo -
01 Safe Rm low 99 -
0 7  Storaee 99 -
t 2  L A  Sf t oo -
t 2  L A  West t oo -
t 2 l and Titles t oo -
t 2 Recept ion Area t oo -
t 3  Storaee 99 -
t 3 Storaee llow J t oo -

--Aee&YF1-t.ff:l2 t -00 
t 5  Accountin2 l low J 97 -
t 5  EM<> t oo -
1 5  EMO low 97 -
t 5  Entry t oo -
t 5  fntry Uow J e5 -

El Back Draftina t oo -
e Below t:: it t oo -
e Elelow t::it. l low J t oo -
t; (;opier i iow l 9B -
El Main Mid . 98 -
e Main Mid l low J t oo -
e s . f . side t oo -
e Surveys ( hiah ) 97 -
6 West end 1 00 -
ICitchen Main 93 -
ICitchen by Hood 99 -
ICitchen . in hood t oo -
Main Air Intake t oo -
Main Intake Water # 1 t oo -
Main Intake Water # 2  t oo -

t oo -
86 I 

t 05 -
99 -
98 -

t oe s 
t o t  -

94 I 
1 00 -
t oo -
t t 4  s 

9e -
2 4 3  s 
t 02 s 
t o t  -

94 -
t 50 -
t 4 7 s 
t 0 4 -
t o t  -

95 I 
99 -

143 
99 -

1 02 -
t o t  -

93 -
t t o  s 
t oe -
t 07 -

99 -
i O"i -

99 -
96 -
99 -
93 -......... I VU -

t 04 -
9 4  -

t o t  -
67 I 
9 t  I 
85 I 

t oo -
66 i 

t oo -

97 -
56 i 

t oo -
96 -
95 -
66 i 
84 -

t oo -
t oo -

1 3  -
t oo -
t oo -
t oo -
t oo -
t oo -

95 -
t oo -

69 i 
1 00 -
t oo 

90 -
t oo -
t oo -

e2 -
e t  -

t oo -
94 -
9 4  -
96 -
99 -
99 -

t oo -
88 -

1 00 -

99 -
7 t  i 

t oo -
t oo -
t oo -

4 1  i 

99 -
09 I 

t oo -
99 -
93 i 

t 02 s 

99 -

9 4 I 

93 i 

96 -
t 0 4  s 

99 -
t 33 s 
t o t  s 
t oo -

9e -
t t 4 -
t t 3  s 
t oo -
t oo -

94 I 
t oo -

97 -
t o t  -

99 -

95 -

92 s 
t 02 -
t o t  -

99 -
99 -
9e -
99 -

t oo -

95 -. ........ I VU -

9.7. -

... .. . 
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9 t  I 
97 I 
ee I 
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4.3 .11  Manitoba Archives and Royal V i s i t  O f f  ice 

The Manitoba Archives Building is an older b uilding 

s p e c i a l l y  m o d i f i e d  for t h e  s t o r a g e  o f  o l d  h i s t o r i c a l l y  

impor tant documents. T h e  a i r  i s  filtered, a n d  maintained a t  

constant temperature a n d  h u m idity,  w i t h  a h i g h  ventilation 

rate. N o  effects were detected i n  t his b uilding (Table 4-

23) .  No health complaints were reported in the tested part 

of the building. 

The Royal Visit Office was a small basement office in 

an older building,  tempor a r i l y  r e n t e d  by the p r o v i nc i a l  

government to coordinate plans for a visit by t h e  Queen. 

There were nu merous health complaints from the individuals 

w o r l<. i n g  in t h is o f f i c e ,  a n d  t e s t s  i n d i c a t e d  i n h i b i t o r y  

m a t e r i a l s  a s s o c i a t e d  w i t h  s t a i ned a r e a s  o f  c a r p e t i n g ,  

ceiling tiles,  a n d  near a reconditioned d r y-process copier . 
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TABLE 4 - 23 . MANITC>eA ARCHIVES AND RC>Y AL \'ISIT ()fflCf 
ABSORBENT SAMPLER 

SAMPLE SURl'l\'Al l3ROWTii MATIJRf flTNESS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Manitoba Archives : 
Archives cool rm 
Cool Rm by \'ent 
Cool Rm old 

I 

ttBA by intake 
ttBA new 
ttBA very old 
Microaraphics # t 

Micro2raphic s # 2  

Microaraphics # 3 

Post C>ftice 
Printers C>ffset 
Printers Wes t  
Printers by Mach . 

Rora� .,isit (Jffice : 
Coffee Room C lo w  J 

Copier ( behind ) 
Copier C hieh ) 
End ()ffice llow J 

Entry 
��.We 

tlallway 

95 -

t oo -

t oo -

98 -

97 -
90 -

98 -

98 -

t oo -

t oo -

98 -

t oo -

93 -

t oo -

99 -

t oo -

98 -

t oo -

· 96 -
95 -

t oo - t oo - 97 -

98 - t oo - 99 -
t oo - t oo - t oo · -

9 4  - t oo - 97 -
97 - 96 - 97 -

t o t  - 93 - 94 -
t o t  - 99 - 99 -
t oo - t oo - 99 -

t 02 - t oo - t o t  -

t oo - t oo - t oo -

t oo - t oo - 99 -
t o t  - t oo - t oo -

99 - 95 - 95 -

98 I t oo - 99 I 
t 02 - t oo - t oo -

92 I 7 3  - 94 I 
97 - 8 4  - 96 -

t o t  - 9U - 99 -
85 - i oo - 93 -

99 - 56 i 9 t  i 

·--.,..,-� - � ...,.. -
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Table 4 - 2 4  reviews several other locations at which 

samplers had been used for air evaluations. 

Tests were performed w i t h  absorbent s a mplers at a 

restaurant i n  a large depa rtment store. Toxic e f fects were 

detected in the air line of the cooking fume hood and in the 

designated smoking a rea. 

A print s hop had t o x i c  e f f ect s b y  t h e  p r i n t i n g  

presses, and showed s t i m  u l a  t i  o n  in p a p e r  s t o r a g e  a r e a s .  

Tests were carried out i n  a small shop i n  which dry copiers 

are serviced and repaired. Only one of each type of sampler 

was placed in this shop, and only the p a r t i c l e  s a m p l e r  

detected i nhibitory e f f e c t s .  

I n  a n  en vironmental laboratory, carrying out chemical 

tests for v a rious conta m i n a n t s ,  inhibition was detected in a 

room rich in ammonia vapors. Stimulation was found in a gas 

chromatography preparation room. No effects were identified 

in a PCB t e s t ing laboratory or in a small office. 

in 

On a recent trip to Los Angeles, samplers 

the aircraft (3  hours), i n  a hotel room ( 1 4  

were opened 

hours),  and 
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on a balcony exposed to outside a i r  (12 hours).  Ho effects 

were detect e d .  

The off ice o v e r  a printshop i s  i n  a n  older 2-f loor 

wood-frame building, with numerous worker complaints. The 

one s ite examined in this office was stimulatory. 

No signif icant effects were d e tected after a 3 day 

exposure period in an underground parkade. 

� 

� 

-
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T ABLf. 4 - 24 . 'VARIC>VS TfSTfD LC>CA TIC>NS 

SAMPLf 

A :  Restaurant : 
Back l<itchen 

Dinina -no smokina 

Dinina -smokina 

In Cookina Hood 

Main l<itchen 

C>ver Cookina Hood 

Staff Lounee 

B :  Print Shop : 
Darkroom 

Machines 

No Machines 

No Smokina 

C>ver Copier 

C :  Environmental Lab : 
Ammonia Rm 

GC Prep 

PCB Test Rm 

Room t 55 

D :  Copier Shop : 

SVR'VI\' AL · 

t oo -
t oo -
t oo -

90 -

t OO -
98 -

t oo -

t oo -
96 -

99 -

t OO -
t oo -

9 4  
t oo -
t oo 
t oo -

Shop - Absorbent Sampler t oo -
Shop - Particle Sampler 9 4  

E :  Los Anaeles Trip : 
Balcony 

Inside Hotel room 

Inside plane 

F :  ()'ffice ()ver Printshop 

6 :  Parkade : 
Lower Level 

Vpper Level 

t oo -
t oo -
t oo -

96 -

t oo -
96 -

GRC>WTH 

t 02 -

99 -
t 03 -

9 3  I 
t 0 4  -
t o t  -

99 -

t oe s 
Bl I 

t t o s 
t 03 -
t 06  s 

8 4  I 

t 22 s 
93 
93 -

t oe -

8 4  I 

9 7  -

t o t  -
t oo -

t t  t s 

95 -
99 -

MATVRf 

87 -
86 -
59 i 

8 4  -
t oo -
t oo -

78 -

t oo -
1 4 -

t oo -

98 -
t oo -

t t  
t oo -

4 4  i 
80 -

80 -

3 t  

t oo -
t oo -
t oo -

t oo -

t oo -

7 3  -

Page JOO 

f'ITr-tfSS 

99 -
98 -
95 I 
90 I 

t o t  -
99 -
97 -

t 02 s 
90 I 

t 02 s 
t o t  -
t 02 s 

19 I 

t 06  s 
90 i 

95 -

99 -
82 I 

99 -
t oo -
t oo -

t o t  s 

99 -
9 4  -
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4 . 4 .  H O M E S  

Several homes were tested with both absorbent and 

particle samplers,  as shown 1n Table q-25.  

Home A ls a n  old home, presently rented by several 

g raduate students. The house had been vacant for about 1 

year, and there w a s  extens1 v e  f un gal growth and mildew i n  

the house. The home h a d  b e e n  cleaned a n d  disinfected, but 

the effects can be detected with the absorbent sampler. 

Home B was a UFFI house, in which the UFFI has been 

removed. No e f fects are d etected. Homes F,  G, and I (Table 

q-26) are also UFFI h o m e s ,  w i t h  f o a m  r e m o v e d ,  with n o  

d e t e c t a b l e  e f fe c t s .  

Home c is a UFFI home, w i t h  f o a m  still 1n the home, 

s h o w i n c  no e f f e c t s  w i t h  e i t h e r  absorbent or particle 

sampler. 

Home D is a UFFI home, with foam removed, occupied. by 

a man and his wi'fe who have experienced. severe respiratory 

p roblems since the 'foam was removed. Stimulatory e ffects 

o bserved. with both absorbent and particle samplers suggested 

) that there was e x tensive m icrobial cont a m ination. Steaming 

' 
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of the ruas and draperies has r educed the discomfort 0£ the 

occupants.  Samples of the new Thermax foam in the buildina 

was examined, and both core and surface samples 'from t h e  

insulation was inhibitory. 

Two UFFI homes in the Ottawa area were examined. The 

samplers were sent to Hr. C .  Shirtliffe,  N a t ional Research 

Council ,Di v i s i o n  of B u i l d i n g  R e s e a r c h ,  and r e t u r n e d  to 

Winnipea for e xtraction and ana l ysis. The particle samplers 

placed in house #1 d e t e c t e d  i n h i b i t o r y  m a t e r i a l  at a l l  

tested locations, while n o  ef£ects were -found in t h e  other 

house. 

H o m e  E is a n e w  " e n e r g y - e f f ic i e n t "  h o m e .  T h e  

residents h a d  c o m p l a i n t s  o f  d i f f i c u l t y  i n  .brea t h i n g  or 

sleeping. Several sites sho wed inhibitory e f fects (Table A!--

26).  Ho corrective actions have been taken.  
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e . 
T ABLf 4 - 25 . H()Mf S - ABS()RBfNT AND PARTICLf SAMPLfRS 

SAMPLf SURVIVAL GR()WTH MATURf f"ITNfSS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
HCME A 

Absorbent Sampler 
Basement 95 - 1 2 1  s 1 00 - 1 03 s 

Basement l low I t oo - t 25 s 9 4  - t 06  s 

Bedroom N .  t oo - t t 3  s t oo - t 04 5 
Bedroom N . Uow I 7 7  L t 33 s t oo - 96 L 

Bedroom s .  98 - t t 5  s t oo - t 03 s 

Bedroom S . l low I 98 - t t 5  s 67 - 98 s 
Livina Rm . .98 - t t o  s t oo - t 02 s 

Livine Rm . Uow I 86 - t 3 4 s t oo - t o2 s
· 

Particle Sampler 
easement t oo - 98 - 9 t - 98 -
Basement Uow I 96 - t oo - t oo - 98 -
Bedroom N .  t oo - 98 - 9 t  - 98 -

Bedroom N . Uow I t oo - t o t  - t oo - t oo -
Bedroom s .  t oo - 92 - e t  - 95 -
Bedroom S . Uow I 95 - 9 4  - 96 - 95 -

( Livine Rm . 97 - 9 4  - 99 - 96 -
Uvina Rm . l low I t oo - 88 I 56 i 90 I 

HCME B 
Absorbent Sampler 

BR t oo - t oo - t oo - t oo -
easement t oo - 98 - 9 t  - 98 -

L R  t oo - t o t  - t oo - t oo -
E.ac.t.i.c.le. S.amp.le.c. 

BR t oo - t 03 - t oo - t o t  -
Basement t oo - t o t  - t oo - t oo -
LR t oo - t o t  - 93 - 99 -

H()Mf C 
Absorbent Sampler 

Child's BR t oo - 99 . t oo - t oo -
LR 98 - t oo - 98 - 99 -
LR l iuw l i GG - 1 00 - 1 00 - H iv -
Main BR 99 - t oo - t oo - 99 -

PartJcle Sampler 
LR t oo - t oo - t oo - t oo -
Main BR t oo - t o t  - 96 - t oo -

c 

c:..-
' 
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SURVIVAL C3ROWTH MATURf f'ITNfSS 

,� . .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

k I 

, � 

HCMf D 
Absorbent Sampler 

Basemel"lt t oo -
Basemel"lt l low I 1 00 -
f'amHy Rm . t oo -
f'amily Rm . now I 1 00 -
Uvlna Rm . t oo -
Uvlna Rm . Uow J 1 00 -
Master Bedroom 97 -
Master Bedroom l low J 98 -

Particle Sampler 
easement 91 -
easement llow J 1 00 -
f'amlly Rm . 91 -
Family Rm . Uow J 1 00 -
Uvlna Rm . 1 00 -
uv1na Rm . now J 91 -
Master Bedroom 91 -
Master Bedroom l low J 97 -

1 07. f xtract o'f Insulation 
T hermal!l Surface 

Thermal!l Interior 

IJFFI HOMES 
Absorbent Sampler 

# t 2rld nr llow I 

# I l<itchen 

# I  easement 

# I Basement l low J 
Particle Sampler 

# t 2rld nr now J 
# t l<ltchen 

# t  Basement 

# t easement llow I 

Absorbent Sampler 
# 2  Bedroom 

#2 Dinlna Rm 

#2 Dlnlna Rm llow I 

# 2  easement 

Particle Sampler 
# 2  Bedroom 

# 2 Dinina Rm 

#2 Dlnlna Rm llow I 

# 2  easement 

1 00 -
1 00 -

1 00 -
1 00 -
t oo -
t oo -

1 00 -
98 -
93 -

t oo -

91 -
1 00 -

91 -
95 -

94 -
96 -
94 -
91 -

I O I  - 56 - 9 4  -
97 - 56 - 93 -

1 26 s 1 00 - t Ol S 

1 26 s 1 00 - t Ol S 

1 1 3 - 1 00 - t 04 -
1 27 s t oo - 1 08 s 

84 I 59 - 88 I 

96 - t oo - 98 -

1 06 - t oo - 1 00 -
92 - 1 00 - 98 -

t Ol - 1 00 - t oo -
1 1 3 s 1 00 - 1 04 s 
I 1 5  S 1 00 - 1 04 s 

98 - 1 00 - 98 -
t i  I S 1 00 - t o t  s 
t Ol - t oo - 1 00 -

80 I 1 00 - 9 4  I 

90 I 60 - 9 1  I 

98 - t oo - 99 -
98 - t oo - 99 -

1 04 - 1 00 - t o t  -
t o t  - 1 00 - 1 00 -

98 - 4 7  • 92 . 
t o t  - 40 I 9 1  I 

95 I 6 t  I 89 I 

t oo - 69 . 96 i 

95 - 1 00 - 97 -
99 - 1 00 - 1 00 -

1 03 - 91 - 98 -
91 - 98 - 96 -

I O I  - 90 - 95 -
98 - 1 00 - 97 -

1 00 - 94 - 96 -
t o t  - 87 - 91 -
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T ABL£ 4 - 26 . H()M£S - ABSVRBfNT SAMPLERS ()NL Y 

SAM PL£ SURVIVAL GRVWTH MA TUR£ f'ITN£SS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HCM£ E 
Basement t oo - 96 - t oo - 99 -
Dining Room 98 - 89 I 90 - 9 4  I 
Games Room ( attic low ) 97 - t 07 - 50 - 93 -
Games Room ( at tic ) 98 - t 06  - t oo - t o t  -
Living Room 90 - 91 - t oo - 93 -
L iving Room Uow J 83 - t 03 - t oo - 9 t  -

M ain Bedroom 95 - 1 9  I 42 I 83 I 

Main Bedroom ( closet ) t oo - 8 t  I 68 - 90 I 

HCM£ I"' 
Basement t oo - t Ol - 91 - t 02 -
Dining Room 96 - 99 - 84 - 95 -
Upper Bedroom 98 - t 03 - 10 - 95 -

HCME 6 
Basement 98 - t Ol - 92 - t oo -
IC:ltchen t oo - t 05 - t oo - t o t  -

( Uvlna Room 92 - t 03 - 94 - 95 -
Uvlna Room Uow J t oo - t 02 - t oo - t o t  -
Upper f"ront BR t oo - t o t  - t oo - t oo -

lfCME 11 
Add M atn t oo - t oo - t oo - t oo -
Add Main Uow J t oo - t oo - t oo - t oo -
B asement t oo - t oo - t oo - t oo -
Upper BR t oo - t oo - t oo - t oo -
tlpper-8 R-(-c toset ) t oo-- · �  • �o t-0 
Upper BR Uow I t oo - t oo - t oo - t oo -

lft>ME I 
Basement 99 - t oo - 99 - 99 -
Child's BR 99 - t oo - t oo - 99 -
Uvina Room t oo - t oo - t oo - t oo -
Main BR t oo - t oo - t oo - t oo -

( 

C--
' 
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4 . 5  C ON C L IJ S I O N S  

T h e  results o f  these f i e l d  tests demonstrate t h a t  

t h e  u s e  0£ t h e  p a s s i v e  s a m p l e r s  c o u p led t o  b i oa s s a y s  

provides a means to e valuate t h e  air q u a l i t y  at specific 

r e gions in homes and workplaces. 

The passiv e  sampler-bioassay system detected regions 

w ithin all but one 0£ the t e n  extensively s tudied b uildings 

that contained m a terials in the air that produced biological 

e £ f ec ts,  a l t h o u g h  in none of t h e  e x t e n s i v e l y  s t ud i e d  

b u ildings did a l l  s i t e s  t e s t e d  c o n t a i n  m a t e r i a l s  t h a t  

produce biological e f fects. This indicates a h e terogenei t y  

of indoor air previously unsuspected. 

The majority of sites tested produced no biological 

e ffects. With the absorbent sampler, 221 0£ the 390 tested 

sites (56. 7 X )  showed no e f f e c t s ,  w h i l e  w i t h  t h e  p a r t i c l e  

sampler, 178 of t h e  269 t e s t e d  s i t e s  ( 6 6 . l i': )  p r o d uced n o  

effects. 

Where e f fects were detected, usually an o bvious local 

source could be determ ined. These sources i nclude regions 

of heavy cigarette s moking, regions near dry process copiers 

and other machinery, areas containing in s o l v e n t  f u m e s ,  

localized areas o f  microbiological  c o n t a m i n a t i o n  r e s u l t i n g  
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from water accumulation or contaminated materials, and areas 

somehow 1sola ted 'from the gener a l  air circulation. 

Of t e n  t h e  b i o l og ic a l  e f f e c t s  detected c o u l d  be 

ascri bed to c o m b i n a t io n s  o'f the t y pe s  o 'f  c a u s e s  l i s te d  

a bove. The results sug1est that each area studied is unique 

and that decreased indoor air qual ity c a n  result from a 

mult!plici t y  o f  c a  u s e s .  

The use of this method has led to recommend.a t ions for 

a c t ions to c o r r e c t  indoor a i r  p r o b l e m s .  W h ere these 

recommendations have been followed, t h e  problems have been 

either greatly reduced or eliminated. 

C o s t  a n a l yses 1 n d. 1 c a t e  t h a t  the t e s t s  c a n  b e  

performed at a cost o f  $130 per pair o f  samplers. This cost 

i n c l u d e s  p r e p a r a t i o n  of t h e  s a m p l e r s ,  b i o a s s a y s ,  a nd 

analyses. 

This project has resulted in the developmen t  of a 

simple,  yet cost-effect! ve method for determination o f  air 

quality,  that c a n  be i mmediately appl ied to the ana lysis of 

problems of a i r  quality in the workplace. 
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CHAPTER 5 

usa:s AND LIMIT ATIOritS Of' SAMPLER-IHOASSAJ' Sl'STEM 

5.1. UTILITY Of' THE SJ'STEM 

The p a s s i v e  s a m p l e r - b 1 o a s s a y  s y s tem d e s c r i b e d  i n  

t h i s  r e p o r t  p r o v i d e s  a c o s t - e f f e c t i v e  a l t e r n a t i v e  t o  

chemical analysis as a m ethod f o r  determining indoor a i r  

q uality. T h e  s y s t e m  prov ides an objective evaluation of t h e  

air quality, a n d  appears to b e  a g o o d  predicto r  o f  regions 

of indoor air that produce increased health complaints. 

The passive sampler is reproducible and sens! t i  v e ;  

c a p a b l e  o f  d e t e c t i n g  h e te r o g e n e i t y  o f  a i r  q u al i t y  a t  

dif ferent sites w i thin a home or wor:Kplace. 

In practice, the passive sampl�r-bioassay system can 

be used as a primary indicator of air quality problems, and. 

the information provided. c a n  be u s e d  to e s t a b l i s h  t h e  

s o u r c e s  o f  t h e  c o n t a m i n a n t s  a n d  t o  s u g g e st cor r e c t i v e  

actions. The s y s t e m  is intended to p r o v i d e  an o v e r a l l  

indication as to whether o r  n o t  a i r  quality problems e x ist 

and. to ran:K the overall air quality over a series of areas 

within a particular structure. 
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The sampler-bioassay system d e v e loped h e r e  h a s  a 

si1ni'ficant a dvantage in that samplers can be sent quickly 

to any place i n  Horth America, opened at the tested sites, 

r e s e a l e d ,  a n d  r e t u r n e d  t o  W i n n tpec 'f o r  b i o a s s a y .  T h is 

provides a s11nificant cost advantage over more traditional 

methods w h e r e  highly trained individuals were required to 

set up and measure individual air q u al ity indicators on an 

on-site b a s i s .  

The s ystem c a n  discriminate between c h e m i c a l  a nd 

b i o l o g i c a l l y  

particulate 

b a s e d  a i r  q u a u  t y  p r o b l e m s ,  

a n d  vapor-phase components of 

and b e t w e e n  

t h e  tested a ir. 

Rather than e va luation of the levels of a single component 

o:f the air, this approach determi nes the combined e:ffects of 

contaminants in the air. 
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5.2 l>ISAl>Y ANT Aet: or- T Ht: SYSTt:M 

The primary disad v antase of the system is the t im e  

r equired between setting up the samplers a n d  receivin& the 

analyzed results. With a 7 day sampling period, one day for 

extraction, one day to set up tests, four days for growth, 

and one day to read the growth results, the minimum time 

from set-up to results i s  two weeks. 

T h e  second di sadvanta&e of t h e  s y s t e m  is t h e  

potential f o r  m i s i n t e r p r e t a t i o n  o f  t h e  b i o a s s a y  r e s u l t s .  

T h e  test determines whether o r  not materials trapped i n  the 

a i r  produce a bi.olog i.cal effect.  A direct m easure o f  the 

e f fect of the air on h u m an health cannot b e  extrapolated 

from the bioassay results.  The data s u ggest that w h ere 

b io lo&ical effects are detected the p o t e n t .i a l  for h e a l  th 

complaints is increased. I f  the air contains material that 

p roduces a b iological r e spon s e ,  the q u a l i ty of t h a t  a ir 

should be called into question because of t h e  i n c r e a sed 

potential to produce health problems. 

The sampler was desi gned to be used as a n  objective 

means for evaluating the overall quality of indoor air, not 

as a method for establishing risKs to humans. I t  is hoped 

that the a p plica t ion of such a system c a n  reduce r isK, but 
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the primary measurements relate to bioloiical, not human, 

consequences 0£ ind.oor air contaminants. 

The system cannot establish the effects or levels 0£ 

a s i n g l e  c o n ta m inatins c o m p o u nd., a n d.  s o  a i r  q u a l ity 

d.eterminations using the passive sampler-bioassay system are 

not d.riven by established. compound-by-compound. air quality 

guidelines or reg ulat ions,  b u t  r a t h e r  e v a l u a t e s  t h e  n e t  

e f fect of a l l  the constituents o f  t h e  air. Host 1nd.ivid.uals 

responsible -for air quau ty i n  spec1£1c buUd.ings pre-fer to 

focus on a bsolute levels of spec1-f1c compound.s. 
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5 . 3  l'" U R T H � R  l> I R � C T I O N S  

The passive sampler-bioass a y  s ystem described i n  this 

report should be considered to b e  a protot y pe,  explo1tin8 a 

new approach for moni to r ing indoor air quality. The studies 

reported here indicate the utility of this appr()ach. 

However, improved systems could be easily developed. 

For example a m uch more rapid sampler-bioassay protocol 

could be developed usin8 a n  impin ger s a mpler fl ushina air 

volumetrically though w a ter, followed by bioassay w i t h  a 

very rapid bacterial b1oassay such a s  t h e  Hicrotox test.  

This would permit sampling a nd analysis t o  b e  done on the 

same day.  However, such a system w ou l d  require o n  site 

visits b y  operators, a nd would. n o t  lend. itself to use at 

sites distant from the bioassay laboratory. A compromise 

system w o u l d  use the p a s s i v e  s a m p l er s ,  w h i c h  c o u l d.  be 

shipped. to the test sites and returned to the bioassay 

laboratory, coupled t o  a m o r e  r a p i d  b a c t e r i a l  i n d ic a tor 

system. 

T he passive sampler-bioassay system described. here 

must undergo more extensive field study,  with more link.age 

between the results of the assay, corrective m easures a nd 

heal th complaints, a s  outlined in Section 5.1.  
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AQer, D., H. R .  samo1loff,  and A .  Petka u .  198.ll . E f fects o f  

dose-rate on the 'frequency of X -l i n ked lethal m u tation 

in t h e  n e m a tode P a n a1re l l u s  r e d l v  l v u s .  M u t a t i o n  
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SIJR¥f YS Of" HEAL TH CC>MPLAINTS AND INDOOR AIR 

A - t . t  M f T ttODS ()f" STIJDY 

Although the primary object i v e  of the study was to 

develop a n  inexpensive me thod for eval ua tine a i r  quality,  

s t udies were carried out to determine the e xtent and types 

of health complaints in off ices in 'Winnipeg buildings, which 

were u t ilized as locations £or field tests of the sampler 

protocol.  I n  order to gain access t o  t he individual work.ers 

w i t h i n  t h e  b u i l d i n g s ,  h o w e v e r ,  s e v e r a l  c o n s t r a i n  t s  w e r e  

p l a c e d  on Bioquest s t a f f ,  F i r s t l y ,  confide ntiality h a d  to 

be maint ained, so that no reference could be made to name or 

specific loca tion w i t h i n  a t e s t e d  b u i l di n g .  The l i n k. a g e  

b e t w e e n  a r e s po n s e  e i t h e r  b y  h e a l t h  i n t e r v i e w  or b y  

questionnaire and the sp�cif.i.c individual could not be made. 

This means that. al t. h o u g h  a specific site w i t h i n  a building 

was i d e n t ified by the sampler- bioassay system as having air 

t h a t  p r o d u c e s  a s i g n i f i c a n t b i o l o g i c a l  e f f e c t ,  t h e  

c o m p l a i n  t s  o f  i n d i v i d u a l s  a t  that s i t e  c o u l d  n o t  be 

determined. Nor can the levels of complain ts be related to 

any o t h e r  characteris tics of the building or s pecific site 

w i t h i n  t h e  bu1lc.1ing.  However,  the results of these heal th 

complaint evaluations do pro vide e vidence for the need for 

methods o f  air quality evaluat ion. 
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Two methods were used to examine the degree and type 

o f  h e a l t h  c o m p l a i n  t s .  F i r s t l y , a q u e s t i o n n a i r e  w a s  

developed f o r  d e t e r m i n i n g  t h e  perc e p t i o n  o f  a i r- r e l a t ed 

health complaints b y  indi viduals workini in t hese offices.  

Secondly,  d i r e c t  i n t e r v i e w s  w e r e  p e r f o r med b y  m e d i c a l  

students employed by Bioquest1 t o  de velop a s e t  of medical 

his to ries of the complaintants. The quest ionnaire prov ides 

an indication of the number of individuals with air- related 

health complaints, and an indicat ion of the perceived extent 

of the problem, while the interviews establish an impartial, 

b u t  s u b je c t i v e ,  e v a l u a t i o n  o f  t h e  

c o m p l a i n t s .  

s e v e r i t y  o f  s uc h  

Al t h o u g h  t he s e  s t u d ies w e r e  l i m i t e d  t o  W i n n i p e g  

off ices, t here a r e  no reasons w h y  t h e s e  results should n o t  

apply i n  general to l a r g e  office complexes in Canada. 
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A- t.2. THf HfAl TH CUJf S T H> N N A IRf 

The q uestionnaire,  p resented i n  Table At-1 , usually 

was administered b y  a n  i n terviewer /evaluator employed b y  

Bioquest,  but,  in one off i c e  i t  w a s  d i s t r i b u t e d  b y  t h e  

uni o n - m a naeement joint safety comm i t t e e .  T h e  r e s u l t s  i n  

t h i s  l a tter case showed no s i g n i f i c a n t  d i f f e r e n c e s  f r o m  

t h o s e  administ ered b y  interviewers.  

Prior to administ r a t ion of the ques t i o n n a i r e ,  the 

interviewer was ins t r ucted to make the following statement: 

"Some i n d i v i d u a l s ,  in t h i s  w o r k p l a c e ,  

have su ffe red from g e n e r a l  h e a l t h  d i s c o m f o r t s ;  

m o s t  of these complaints have n o  known cause. To 

help inves tigate the possible presence or absence 

of these complaints,  B i o q u e s t  I n t e r n a t io n a l  I n c .  

h a s  develo ped this q ues tionnaire t o  determine i f  

t h e r e  is s o m e t h i n g  i n  t h e  a i r  c a u s i n g  t h e s e  

d i s c o m f o r t s .  We a p p r e c i a t e  y o u r  a s s i s t a n c e  in 

answ ering these quest ions." 

The results are entered into an IBM PC computer, and 

counts made of the various responses. The health complaints 

are g r o uped into broad g roupings.  Respiratory complaints 

i n c l u d e  c h e s t  t i g h t n e s s ,  c o n g e s t i o n ,  d i f f i c u l t y  i n  
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breathine,  sneezing and sinus congest ion.  Head complain ts 

include h e a d a c h e s ,  i ns o m n ia ,  d iz z i n e s s  f a t i g ue / d r o w s i n e s s ,  

a n d  nosebleeds. Eye complaints include eye irritation and 

d i f f i c u l t y  w i t h  c o n t a c t  l e n s e s .  S k i n  c o m p l a i n  ts i n c l u d e  

discolored skin, d r y  o r  f laking s k i n  or s k i n  irr i t a  t i  o n .  

D i e e s t 1 v e  c o m p l a i n t s  w e r e  l i m i t e d  t o  n a u s e a .  M u s c l e  

compl aints i nclude aching joints and back pain. 

An individual expressing complaints in any one of the 

symptoms of a group w a s  considered to h a ve complaints of 

that group.  Hear tburn and muscle twitching were cons idered 

placebo ef fects, not d u e  to air q u a l i t y .  A n  i n d i v id u a l  

expressing these placebo e-f fects was n o t  conside red to b e  

manifesting indoor a i r  q u a l i t y - r e l a t e d  h e a l  t h  c o m p l a i n t s .  

T h e r e f o r e ,  a l l  t h e  c o m p l a i n  t s  o f  t h o s e  i n d i v i d u a l s  

expressing placebo effects were not included i n  the counts 

o f  c o m p l a i n t s  . 

1 1 8  
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Table A I - I :  The Bioquest Questionnaire . 

t .  How Iona have you been in this office? Mos Yrs 

2 .  Do you have any aeneral h�alth discomforts? Yes or No? 

3 .  Specific Health Complaints 

O - no discomfort t - mild disc omfor t 

2 - moderate discomfort 3 - extreme discomfort 

0 I 2 3 Achina joints 0 t 2 3 Heartburn 

0 I 2 3 Back Pain 0 t 2 3 Insomnia 

P a g e  1 1 9  

0 t 2 3 Chest tiahtness 0 t 2 3 Muscle twitches 

0 t 2 3 Coneestion 

0 t 2 3 Difficult y in 

erea thina 

0 t 2 3 1"4oticeable odours 

0 I 2 3 Problems wearina 

contact lenses 

0 1 2 3 fye irritation 

0 1 2 3 Fatiaue/drowsiness 

0 t 2 3 Sneezina 

() ther : 

1 .  When do these complamts occur? 

0 t 2 3 
0 t 2 3 
0 t 2 3 
0 1 2 3 
0 1 2 3 
0 1 2 3 
0 t 2 3 
0 1 2 3 
0 t 2 3 

Mornina __ Daily 

Specific day ( s ) of the week 

No no tlc�able trends 

Nausea 

Nosebleeds 

Discolored skin 

Diz z iness 

Sinus conaestion 

Dry , flakina skin 

Skin irritation 

Hearina problems 

Headaches 

A fternoon 

All day 

5 .  a ) Do you experience any relie f  from these c omplaints 

wnen you 1eave wort<" ? Yes or !"40 . 
b )  Do they persis t a t  home? Yes or !"40 . 

6 .  When did this discomfort start? ________________ _ 

What do you think s tar ted it? 
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Table A t  - t .  eioquest (luestionnaire ( cont . )  

7 .  Sources of Discomfort in the Workplace 

Y or N Too Hot Y or N T oo Moist 

Y or N Too Cold Y or N Too Stuffy 

Y or N Too E xtreme Y or N Too Much Smoke 

e .  

9 .  

Y or N Too erieht 

Y or N Too Dark 

Y or N Too Dry 

When do these discomfort s  usually 

Mornina 

A f t ernoon 

All day 

Y or N T oo Noisy 

Y or N ead Smells 

Other 

occur? 

Daily 

Specific day ( s ) 

No noticeable trends 

How have the health complaints and workplace discomfor ts 

affected your e fficiency? 

o no chanee t very little 2 moder ate 3 very much 

1 0 . Do you have any of the followine? 

Y or N Cold/Flu 

Y or N Hay fever 

pollen allereies 

Y or l"'f Sinus problems 

t t . Do you smol<e Tobacco? Yes or No 

Amount/day 

Y or N Sl<in allereies/ 

Dermatitis 

Y or l"'f O ther Allereies 

t 2 .  Do you feel any discomfort while near any office 

equipment? 

Yes ( specif y ) or Mo . 

t 3 .  Do you have any su22estions as to the chanaes that 

1 20 

could be made ? Yes ( specify ) ��������������������� 

t 4 .  Generally speak ina 1 how would you compare the air 

quality in your workplace with the air quality in you home? 

t much better 2 bet ter 3 the same 4 not as 2ood 

t 5 .  How important do you consider the issue of air quality 

� your workp�ce? 

f very important 

3 not very important 

E v a l u a t o r ' s  c o m m e n t s :  

2 impor tant 

4 not impor tant at 

all . 

or No . 
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A total of 3 8 2  i n d i v i d u a l s ,  p r i m a r i l y  i n  c l e r i c a l  

p o s i t i o n s ,  w e r e  i n t e r v i e w e d .  T h e  r e s u l t s  of t h e s e  

i n terviews a r e  presented i n  Table Ai -2.  A total of 2 4 9  

individuals (65:1.) h a d  w h a t  were classif ied a s  real heal t h  

complaints stemming from ind.oor a i r  quality. O n l y  3 1  

indiv id uals (8X)  of t hose surveyed e xp r e s s e d  t h e  p l a c e b o  

symptoms.  Of these 249 indivi d u a l s  w i t h  c o m p l a i n t s ,  231  

(93:1.)  s t a ted that their symptoms were relieved at home. 

Of the 249 individuals with real  heal th complain ts, 

84X had complain ts of headaches f a t igue or drowsiness (head 

c o m p l a ints),  79'1. had res p i r a t o r y  c o m p l a i n t s ,  68X h a d  e y e  

complain t s ,  a n d  55:1. had s k i n  complain ts.  Sixteen percen t  

had h e ar ing problems,  and n o  individuals expressed either 

d i g  es ti  v e  o r  m u s c u l a r  c o m p l a i n  ts.  T h e  a v e r a g e  level  of 

respi r a t ory,  e y e, head or skin complaint was moderate. 

Eighty eight perce n t  of those interviewed felt that 

air quality in t h e  workplace was not as good as i n  their 

h o mes. Only 10'.I. felt t h a t.. t h e a i r  i ll  t h e i r workplac::e was a.s 

good a s  that a t  home,  and only 1 percent ( 4  individuals) 

felt t hat the air was better in the workplace. 
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Table A t  -2 :  Results of the 5ioquest Ouestionnaire . 

Mean refers to the averaae level of discomfort reported 

O : no effect t = mild discomfort 

2 : moderate d�comtor t 3 = extreme discomfort 

Sample size 382 individuals . 

TY Pf I. MEAN - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Percent with Complaints 65/. 

Respiratory 79 t . 9 1 
Head 04 t .  9 1  
Eyes 68 1 . 96 
SI< in 55 I . 99 
Diaestive 0 0 . 00 
Muscles 0 0 . 00 
Hearina 1 6  t .  78 

Placebo 8 

Relief at Home 93 

_.,. .. ___ , _ _ _  ,_.,. ��_.,___.__ .,. __ .... __ 

P a g e  122 
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Thirty f i v e  individuals ( 9 :t.  of t hose surveyed) stated 

that t heir health complaints had a ereat effect on their job 

p e r fo r m a n c e ,  w h i l e  1 4 2  ( 3 7 :1. )  s t a t e d  t ha t  t h e r e  w a s  a 

moderate effect on their job performance due to air quality. 

Thirt y t wo percent of the responde nts claimed little effect 

on job performance,  a n d  2 2 X  r e p o r t e d  no effect on job 

perfor mance. However,  all  of the respondents claimed that 

air quality was important in the workpl ace. 

Of the e n v i r o n m e n t a l  f e a t u r e s  of t h e  w o r k. p l a c e  

c a u s i n g  d i s c o m f o r t ,  t e m p e r a t u r e  and h u m i d i t y  w e r e  t he 

primary sources of complain ts (75:1. a n d  7 1:1.1  r e s p e c t i ve l y ) .  

Stu ffiness and odors w e r e  also major sources o f  discomfort 

( 6 51: a n d  5 8 :1. ,  r e s p e c t i v e l y ) .  O n l y  1 7 :1.  c o m p l a i n e d  o f  

smoking,  while 2.8% complained. o f  poor l l g h  t i ng_. 

s e v e n  d i f f e r e n t  w o r k p l a c e s ,  e a c h  w i t h  50 - 6 0  

individuals were e x a m ined w i th t he q uestionnaire. In t h e  

worst case, 95:1. of the responde nts h a d  h e a l t h  compla ints,  

while in the best case 53/. had health complaints. Table A1-
3 compares t he pattern of complaints in these two locations. 

S u r p r is i n e l y ,  t h e  p a t t e r n  of c o m p l a i n t s  in t h e s e  t w o 

locations is quite s i m ilar. This 

s e n s i t i v i t i e s  i n  t h e  p o p u l a t ion,  

suggests a gradation of 

in which u nd e r  b e t t e r  

conditions f e w e r  people s h o w  the specific s y mptoms,  b u t  as 

the qual1 t y  of indoor air det eriora tes more people express 
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h e a l t h  c o m p l a i n t s ,  r a t h e r  t h a n  t he r e  :b e i n g  a d i s t i nc t  

t h re s h o l d  0£ a i r  q u al i t y. b e l o w  w h i c h  t here a r e  n o  

complaints a nd above which there are health complaints. 
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Table A 1 - 3 :  (;!uestionnaire Results a t  t w o  locations . 

complaints . 

L ocation A ( 640 Corydon ) represents the location 

w ith the lowest percentaae of complaints • 

L ocation e ( 1 200 Por taae ) represent s the 

location with the hiahest percentaae of 

Mean refers to the averaee level of discomfor t reported 

O = no effect 1 = mild discomfort 

2 = moderate discomfort 3 = elltreme discomfort 

Sample size : 

TY Pf 

Percent with Complaints 

Respiratory 

ttead 

Eyes 

Skin 

[)iaestive 

Muscles 

tiearir12 

Placebo 

Relief at Home 

Location A 

Location B 

L<>C:A Tl()N A 

62 individuals . 

49 individuals 

L<>CA Tl()N B 

Z MfAN /'. MEAM 

53 93 
85 t . 92 82 t . 9 4  
85 t . 9 4 93 1 . 99 
70 t . 95 80 2 . 02 

54 1 . 86 63 2 . 07 
0 0 . 00 0 0 . 00 
0 0 . 00 0 0 . 00 

28 t .  76 8 1 . 80 

9 2 

97 9 1  
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A - t  .. 3 .  H f A L T H  I N T f R Y l lf  W S  

T h e  r e s u l t s  o f  t h e  he a l t h  i n t e r v i e w s  c a n n o t  be 

s u m m a r ized q u a n t i t a t i v e l y .  Rat her,  a t y pi c a l  s e r ies o f  

reports on complaints w i l l  be excerpted t o  i n d i c a t e  t h e  

types and dearees of complaints detected. These r e f e r  to a 

group of workers w ho had moved to a new location 18 months 

p r e v i o u s l y .  

"Evaluating the history of each heal t h  

problem w a s  not t o o  d if f icult as a l m o s t  all  o f  

t h e m  b e g a n  i m m e d ia t e l y  a f t e r  a r r i v a l  t o  t h e  

present location while others showed delayed onset 

mani £es ta tions. The majority of people a r e  still  

performing the same job that t h e y  d i d  a t  t he i r  

p r e v i o u s  l o c a t i o n  . . . .  p e o p le c o m p l a i n e d  o f  d r y  

itchy sKin ( i . e .  e x p o s e d  s K in) ,  c h e s t  c o n g e s t i o n  

w i t h  d r y  cough,  d r y  a i r ways,  and p a i n f u l  i t c h y  

eyes.  They also complained o f  "a pressure on my 

head" w hich in one woman lead to headaches a nd 

dizziness. Two women smoKed cigaret tes b ut had 

never s u f fered the t ig htness and cong est ion (or 

any of the o t h e r  s y m p t o m s )  at the p r e v i o u s  

location. O n e  woman could obtain r e l i e f  b y  going 

for a walK w h i l e  the other continued couehing 

throughout the entire day and night." 
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"One woman had eczema diaenosed three 

months after arrival a t  the building.  She had 

never had. i t  before and. only her father's father 

had a h i s t o r y  of it.  She had n o  a l lereies yet 

suffered sneezini at tacks almost daily sometimes 

ca u s i n e  h e r  to w h e e z e .  B o t h  t h e  e c z e m a  a n d  

s neezing did not occur anywhere else but at work." 

"Both people had the common complaint of 

daily afternoon headaches and drowsi ness.  Both 

are doing t h e  same jobs a s  in the p r e v ious 

location, lil:<.e doing them, and never had t h e s e  

sy mptoms before.  Neither suffer t h ese effects at 

home,  weel:<.ends,  or on holida y s .  Both f e l t  their 

job per£ormance was affected." 

" O n e  w o m a n  h a d  s u f f e r e d  a n  e y e  

irritation, recei ved drops from doct o r ,  eye d i d  

n o t  h e a l  a n d  p r o c e e d e d  t o  u l c e r a t e .  S h e  

subsequently had to wear a n  eye patch." 

"One office wor ker repor ted itchy skin 

(as did the open area workers) when in office for 

an extended period of time.  This did not occur 

anyw here else or before moving to the present 

locale." 

P ae e  127 
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" W o m a n  w i t h  a f a m i l y  h i s t o r y  o f  

Rheumat o id arthritis complained o f  intense chest 

p a i n .  s k i n  i r r i t a t i o n s  { p i m p l e s ,  b o i l s )  

headaches,  fatig ue. and weakness. These s y mptoms 

are chronic and they started about one year ago in 

t his o f fice.  She had s uf f e red a s i m i l a r  pain at 

her last Job a t  a c h e m ical plant.  She also s a y s  
' 

that she feels the symptoms of a cold (congestion, 

malaise)  w hile at work, but it clears up when she 

g e t s  h o m e .  S h e  f e e l s  t h a t  h e r  v i s i o n  i s  

de ter iorating ( f o g g y  at w o r k )  a n d  her v o i c e  is 

v e r y  r a s p y .  S h e  f i n d s  h e r s e l f  n o w  b e c o m i n g  

nervous and depressed. She has been diagnosed as 

hav ing chemical and mold allergies ( leaking pipes 

were found behind a wall  i n  the office) ,  h o w e v er, 

these only act up at work and not a n y w h ere else 

( w here they lead to w h eezing and sneezing) .  S h e  

has missed a n  inordinate number of work days and 

sometimes comes i n to work for only two hours. By 

Sunday she feels fine,  "like a new person," and by 

M o n d a y  noon the s y m p t o m s  b e g i n  and s l o w l y  

progress,  worsening a s  t h e  week goes o n ." 

" A  man with no history o f  headaches 

reported that when he has to spend a day i n  the 

office he suffers from headaches and fatigue which 

d o  n o t  s ubside in the evening. He is going to see 
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a doc tor for t hese complaints.  H i s  job allows him 

much t ravel and he does not s uffer either 0£ t he 

s y mptoms anywhere else."  

" A l i  t hree workers in t h i s  area stated 

t hat 

and 

they s uf f e r  eye burning 

excessive drowsiness.  None 

and pain, £a tigue,  

0£ t hese symptoms 

o c c u r r e d  w i t h  the p r e s e n t  con s i s t e n c y  a t  t h e  

previous locat ion o n  t h e  first floor.  They a l l  

described t he a f t ernoon drow s i ness a s  "fightini to 

K e e p  y o u r  e y e s  o p e n . "  A l l  f e l t  t h e i r job 

performance was affected."  

"Another em ployee,  a fitness instructor,  

who c o n d u c t s  noon h ou r  ae r o b i c s ,  s u f f e r s  f r o m  

w h e e z i n g  a n d  a t i g h t n e s s  i n  h e r  c h e s t .  S h e  

copside r s  herself t o  be in good shape a n d  these 

manifes t a tions only occur on the third floor. She 

also s a y s  t h a t  she now has to g o  home and s leep 

for two hours every day after worl<., something she 

!l t: V e.i·  u.id w h ilt: w o r K i n g  on the f i r s t  f loor. She 

a l s o  d i s c l o s e d  t h a t  she l i k e s  to w e a r  c o n t a c t  

lenses at all  t i mes ( s h e  h a t e s  w e a r i n g  g l a s s e s )  

but lasts only one t o  t w o  hours i n  the morning, a t  

w hich t i m e  her e y es become glassy a n d  bloodshot 

(she t h e n  has to wear g l a sses) .  A c o u ple of time 

per week s h e  h a s  a n u mbness on t he left side of 
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h e r  face which immediately goes a w a y  when she 

l eaves work. A doctor could not find. a reason for . 

this.  Normally a calm, contented person, she n o w  

f i n d s  h erself anxious a n d  nervous at work." 

"One woman, who works in a v e r y  hot 

of fice, has developed a chronic plugged nose which 

clears up at n i g h t .  S h e  d. e f i n i  t e l y  f e e l s  h e r  

conce ntration and product i v i t y  i s  hampered." 

" A n o t h e r  w o m a n  d e s c r i b e d  h e r s e l f  a s  

h a v i n g  to " f i g h t  for Oxygen". She says her office 

undergoes variable t emperature extremes.  Her job 

requires her to read, analyze,  and write, b u t  in 

the afte rnoon the eye burning and fatigue set in 

and she has to taKe her worK home or do it the 

next morning.  This began rig h t  after the move 

from the first floor.  S h e  has no allergies but 

complained o f  a chronic conges t i v e  cold." 

"-A n o t h e r  w o m a n ,  w i t h  an a l l e r g y  t o  

metals,  reports intense red b urning e y e s  w h i c h  

s t a r t  on Monday worse n b y  Friday clear b y  Sunday 

(she must use eye ointment seven times a day).  

She has a history of skin boils but has suffered 

an increased number o-f them since the move." 
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"A woman who began work i n  the office in 

July 0£ 1984 b e g a n  . in M a r c h  t o  m a n i f e s t  t h e  

s y mptoms o f  red itchy lumps o n  her face which to 

date h a v e  not cleared up. She has also twice had 

a. chemical irritation 0£ her aums and is presently 

under the care of a periodontist.  She has a lso 

noticed a lesion on t he white of one eye." 

"Ano t her woman, in addition to a similar 

lesion in h e r  eye,  has a perma nent red streak in 

one e ye which fails to appear when she is away 

from work for an extended period of time. She has 

no aller gies,  yet e ve r y  day upon arrival to work 

she becomes congested and s u ffers sneezing fits.  

For r e l i e f  she s t e p s  o u t s i d e  and i m m e d i a t e l y  

becumes ciea.red u p .  .She cumes :Oa.ci\. i n  anci. i:.he 

sy mptoms start again.  She takes ant ihistamines 

wh ich sometimes work. At t h e  prev ious location 

she w a s  always a head in her work but since the 

move i s  al ways b e h i n d .  T h e  w o r k l oad and j o b  

T'\ T"' Q C! C! 1 ,  T"I A  r •  - - - - ·  - ha".re not � h ::li .,, cJ O f"'i  - ·.a. - • • o - - and s h e  c- � ,. r  C" .., .... � IJ i t  i s  

"impossible t o  do a f u l l  day's work"."  

"Three ti mes over the past year a woman 

n o t i c e d  a b o i l  o n  h e r  n e c K  w h i c h  took a n  

excess i v e l y  long t i me to heal .  S h e  also cannot 

keep her contact lenses in for t h e  w h o l e  d a y  
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because they keep drying out. She has a -f a m i l y  

h i s t o r y  of mieraines b u t  £eels she i s  get t ing f a r  

t o o  many since the m o v e  . Her fatigue continues 

into t h e  evening and h a s  a f fected her home l i f e  

( her husband has noticed a change i n  her).  S h e  

feels her job h a s  no more pressure t han it e v e r  

h a s  b u t  has noticed herself change a t  times from a 

c o n t e n t e d  a n d  r e l a x e d  i n  d i v  i d  u a l  t o  o n e  

e x periencing bout s  0£ n ervousness and depress ion." 

" G r a n t e d t h a t  s o m e  p e o p l e  l i ke t o  

complain,  if there is s o meone t o  complain t o, and 

people would like t h e i r  w o r king conditions to be 

'per f e c t ', but t h e  numbers,  types,  and .severity of 

t h e  m a n i f e s t a t i o n s  r e p o r t e d  a r e  m o r e  t h a n  

convincing enough t o  t e l l  me that
· 

there i s  a real 

problem h e r e . "  

P a g e  

T h e s e  re ports give a n  indication of t h e  k i nds a n d  

d e g r e e  of h e a l t h  complaints r e s u l t i n g  from poor indoor a i r  

q u a l i t y .  O f t e n  t h e  c o m p l a i n t s  are s u b t l e  a n d  v e r y  

subject i ve.  However,  our interv iewers have been convinced 

t h at t h e  m ajor i t y  of complaints are real,  are b a s e d  on 

workplace air quality , and do have an: adverse impact on job 

p e r f o r m a nce.  
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