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ABSTRACT 

One des ign  goa l  of CELSS f o r  long d u r a t i o n  space  missions i s  t o  main ta in  a n  
atmosphere which i s  hea l thy  f o r  a l l  t h e  d e s i r a b l e  b i o l o g i c a l  spec i e s  and not  
d e l e t e r i o u s  t o  any of t h e  mechanical components i n  t h a t  atmosphere. CELSS des ign  
must t a k e  i n t o  account t h e  i n t e r a c t i o n s  of a t  l e a s t  s i x  major components; 
(1) humans and animals ,  ( 2 )  h ighe r  p l a n t s ,  ( 3 )  microalgae,  ( 4 )  b a c t e r i a  and f u n g i ,  
( 5 )  t h e  waste process ing  system, and ( 6 )  o t h e r  mechanical systems. Each of t hese  
major components can be both a source and a t a r g e t  of a i rbo rne  t r a c e  contaminants i n  
a CELSS. A range of poss ib l e  a i r b o r n e  t r a c e  contaminants is  d iscussed  wi th in  a 
chemical c l a s s i f i c a t i o n  scheme. These contaminants a r e  analyzed wi th  r e spec t  t o  
t h e i r  probable sources among the  s i x  major components and t h e i r  p o t e n t i a l  e f f e c t s  on 
those  components. Data on a i rbo rne  chemical contaminants d e t e c t e d  i n  s h u t t l e  
miss ions  is  presented along wi th  t h i s  ana lys i s .  The observed concent ra t ions  of 
s e v e r a l  c l a s s e s  of compounds, inc luding  hydrocarbons, halocarbons,  h a l o s i l a n e s ,  
amines and n i t r o g e n  oxides ,  a r e  considered wi th  respec t  t o  t h e  problems which they 
present  t o  CELSS. 



INTRODUCTION 

The u l t i m a t e  o b j e c t i v e  of t h e  CELSS r e sea rch  program is  t o  c o n s t r u c t  a l i f e  
s u p p o r t  system f o r  long d u r a t i o n  space  miss ions  capable  of p rovid ing  food, water  and 
oxygen and of r e c y c l i n g  wastes.  The major problem i n  developing such a system can 
b e  viewed a s  ach i ev ing  mass ba lance  between subsystems by c o n t r o l l i n g  flows of 
m a t t e r ,  energy and informat ion .  Before t h a t  u l t i m a t e  goa l  is  reached,  a p re l iminary  
o b j e c t i v e  f o r  t h e  CELSS r e s e a r c h  program would be t o  c o n s t r u c t  a l i f e  support  system 
f o r  l ong  d u r a t i o n  space  miss ions  capable  of main ta in ing  an atmosphere healthy f o r  
a l l  t h e  d e s i r a b l e  b i o l o g i c a l  spec i e s  and n o t  d e l e t e r i o u s  t o  any of t h e  mechanical 
components. I n  o r d e r  t o  approach t h i s  p r e l imina ry  o b j e c t i v e  i t  w i l l  be necessary  t o  
p r e d i c t ,  i d e n t i f y  and c o n t r o l  t h e  t r a c e  contaminants  which any CELSS components 
could  r e l e a s e  t h a t  would be harmful t o  any o t h e r  component. 

The i n c l u s i o n  of h i g h e r  p l a n t s  o r  microa lgae  i n  a CELSS system almost c e r t a i n l y  
gua ran t ee s  t h a t  t h e r e  w i l l  be problems wi th  t r a c e  contamination. That i s  because 
many s p e c i e s  of p l a n t s  and a l g a e  have evolved a l l e l o p a t h i c  responses;  they e x c r e t e  
o r  e m i t  s ubs t ances  which have t h e  e f f e c t  of l e s s e n i n g  t h e  compet i t ion  f o r  l o c a l  
r e s o u r c e s  by o t h e r  i n d i v i d u a l s  (J. Friedman and G. R. Waller,  1985, TIBS 10,  47-50). -- 
Ear ly  experiments  w i th  c lo sed  systems inc lud ing  both p l a n t s  and a l g a e  revea led  t h a t  
t h e  a l g a e  r e l e a s e d  a v o l a t i l e  subs tance  t h a t  could  s e r i o u s l y  damage o r  k i l l  t h e  
p l a n t s  (M. M. Korotayeu,  -- e t  a l . ,  1964, Problemy Kosmicheskoy B i o l o g i i  3 ,  204) ,  a 
r e s u l t  t h a t  could be a t t r i b u t e d  t o  a l l e l o p a t h y  and a u t o t o x i c i t y  i n  the-the a l g a e  (R. 
P r a t t ,  -- e t  a l . ,  1944, Sc ience  99, 351-352). - 

A t  a CELSS workshop conducted i n  September 1984 some concern was expressed t h a t  
t h e  problems of c o n t r o l l i n g  of t r a c e  contamina t ion  deserved more s tudy  and research .  
When d a t a  on t r a c e  contaminant  d e t e c t i o n ,  i d e n t i f i c a t i o n  and c o n t r o l  on space 
s h u t t l e  miss ions  became a v a i l a b l e ,  i t  seemed reasonable  t o  approach t h e  s tudy  of 
p o t e n t i a l  t r a c e  contamina t ion  problems i n  CELSS by examining a c t u a l  t r a c e  
contamina t ion  problems on t h e  s h u t t l e .  



APPROACH 

I d e n t i f i c a t i o n  of Major Subsystems 

There a r e  many ways i n  which t h e  components of a l i f e  suppor t  system can be 
grouped i n t o  subsystems depending on t h e  o b j e c t i v e s  of t h e  ana lys i s .  For t h e  
purposes  of ana lyz ing  sou rces  and t a r g e t s  of a i r b o r n e  t r a c e  contaminants ,  s i x  major 
subsystems of a CELSS a r e  i d e n t i f i e d .  These subsystems a r e  r e f e r r e d  t o  i n  Table 1. 

H -- Humans and poss ib ly  o t h e r  animal s p e c i e s  consume 02, H20, food, energy 
and informat ion  and gene ra t e  C02 and waste. 

P -- Higher p l a n t s  consume C02, H20 and energy,  and gene ra t e  02,  food and 
waste. 

A -- Microalgae a l s o  consume C02, H20 and energy,  and genera te  02, food 
and waste. 

B -- B a c t e r i a ,  v i r u s  and fungi  w i l l  i n  most ca se s  themselves be considered a s  
p o t e n t i a l  a i r b o r n e  t r a c e  contaminants.  However, some may be i n t e n t i o n a l l y  
in t roduced  a s  sou rces  of food,  a s  a i d s  i n  processing e i t h e r  food o r  was te ,  
o r  a s  c o n t r o l s  t o  i n h i b i t  t h e  growth of o t h e r  more harmful  b a c t e r i a  and 
fungi .  

M -- Machines, i nc lud ing  s p e c i f i c a l l y  a l l  t h e  s u r f a c e s  enc los ing  and connect ing 
t h e  o t h e r  subsystems,  may p o t e n t i a l l y  ou tgas ,  degrade o r  r e a c t  t o  r e l e a s e  
v o l a t i l e  contaminants.  The machine subsystem may a l s o  accumulate and 
concen t r a t e  v o l a t i l e  contaminants r e l e a s e d  by o the r  subsystems. . 

W -- The was te  p roces s ing  system cons idered  s e p a r a t e l y  from t h e  machine 
subsystem i n c l u d e s  t h e  waste products  of t h e  b i o l o g i c a l  subsystems and a l l  
t h e  i n t e rmed ia t e  m a t e r i a l s  of t h a t  processing.  I n h e r e n t l y  t h i s  subsystem 
would be a major source  of v o l a t i l e  contaminat ion should i t  malfunct ion.  
It could a l s o  be a h igh ly  vu lne rab l e  t a r g e t  f o r  unan t i c ipa t ed  v o l a t i l e  
contaminants . 

The chemical e lements  involved i n  t h e  mass balance problem can be grouped 
accord ing  t o  t h e i r  b i o l o g i c a l  s i g n i f i c a n c e ,  Of primary importance a r e  C ,  0 ,  H ,  and 
N ;  of l e s s e r  importance a r e  P and S; and of minor importance a r e  Na, K ,  Mg, Ca, Fe,  
Cu, Zn, C 1  and maybe a few o t h e r s  such a s  B r ,  I, S i ,  Mo, V and W. The o t h e r  8 4  
chemical elements w i l l  probably not  e n t e r  t h e  mass balance problem but may be of 
i n t e r e s t  as t r a c e  contaminants.  The major chemical s p e c i e s  involved i n  t h e  mass 
ba l ance  problem a r e  02,  C02, H20, food (CHNO) and t o  a l e s s e r  e x t e n t  N2. 

An a n a l y s i s  of a i r b o r n e  t r a c e  contaminants w i l l  focus  on minor components i n  
t h i s  mass balance problem: t hose  very minor components which might be missed even 
i f  t h e  mass equa t ions  were balanced t o  t h e  f o u r t h  o r  f i f t h  s i g n i f i c a n t  f i g u r e ,  bu t  
components which could none the l e s s  have a s e r i o u s  de t r imen ta l  e f f e c t  on a t  l e a s t  one 
major subsystem. Drawing an analogy from toxico logy ,  t h e  concen t r a t i on  dependence 
of t h e  de t r imen ta l  e f f e c t s  of such t r a c e  contaminants can  be c h a r a c t e r i z e d  i n  two 
ways. 

(1) A contaminant w i l l  damage a subsystem when i t  p e r s i s t s  above a minimum 
atmospheric  concen t r a t i on  f o r  a per iod  on t h e  o rde r  of days: a c o n d i t i o n  
analogous t o  chronic  t o x i c i t y .  

( 2 )  A contaminant w i l l  damage a subsystem when i t  i s  r e l ea sed  i n  such 
q u a n t i t i e s  t h a t  i t  exceeds a minimum atmospheric  concen t r a t i on :  a 
c o n d i t i o n  analogous t o  acu te  t o x i c i t y .  

The a i r b o r n e  t r a c e  contaminants are def ined  t o  be those  components which a r e  gases  
o r  can  be v o l a t i l i z e d  a t  normal temperatures  and p re s su re s ,  o r  which can be 
t r anspo r t ed  on normal a tmospheric  cu r r en t s .  Table 1 i s  a l i s t i n g  of c l a s s e s  of 
chemical compounds which a r e  p o t e n t i a l  a i r b o r n e  t r a c e  contaminants i n  a CELSS. The 
t a b l e  i nc ludes  an e v a l u a t i o n  of which major subsystems cbuld be sources  and which 
could  be t a r g e t s  f o r  each c l a s s  of compounds. It would be a p p r o p r i a t e  t o  o f f e r  a 



few comments on how t h e s e  a i rbo rne  t r a c e  contaminants might be de t ec t ed  and 
e l imina ted  i n  a CELSS. 

Methods of Detec t  ion  

Only two methods of a i r b o r n e  t r a c e  contaminant a n a l y s i s  w i l l  be genera l ly  
a p p l i c a b l e ,  IR and GC/MS. V i s i b l e  and UV l i g h t  monitoring of a i r b o r n e  b a c t e r i a ,  
f u n g i  and t h e i r  spo res  w i l l  be important.  Monitoring of t o x i c ,  v o l a t i l e  t r a c e  
contaminants  should be done a t  a frequency p ropor t iona l  t o  t h e i r  t o x i c i t y ,  and t h a t  
requirement  w e l l  mean t h a t  monitor ing w i l l  have t o  be done i n  r e a l  time, on board 
t h e  space  c r a f t .  I n  a d d i t i o n  some compounds might be monitored a s  i n d i c a t o r s  of 
s t r e s s  on p a r t i c u l a r  subsystems, f o r  example e thylene ,  e thane  and methane could be 
monitored t o  i n d i c a t e  s t r e s s  on the  h i g h e r  p l an t s .  

:-Methods of El imina t ion  

I n  o r d e r  t o  remove a i r b o r n e  t r a c e  contaminants i t  w i l l  be necessary t o  c o l l e c t  
and chemica l ly  t ransform them s e l e c t i v e l y .  I n  a completely c losed  system 
r e g e n e r a t i o n  of t h e  c o n s t i t u e n t  elements of t r a c e  contaminants would be necessary. 
For incomple te ly  c lo sed  systems chemical t ransformat ion  of t r a c e  contaminants is  not  
neces sa ry  only i n s o f a r  a s  t h e i r  l o s s  does not  s i g n i f i c a n t l y  a f f e c t  t h e  mass balance. 
S torage  of c o l l e c t e d  contaminants would be i n h e r e n t l y  hazardous, but  j e t t i s o n i n g  of 
t h a t  m a t e r i a l  might be unacceptable  because i t  would compromise experiments o r  
procedures  dependent on vacuum condi t ions  near  t h e  space c r a f t .  

A 

OBSERVATIONS 

Table 2 i s  a l i s t i n g  of t h e  a i r b o r n e  t r a c e  contaminants which have been 
observed on t h e  s h u t t l e  miss ions  t o  da te .  They a r e  grouped according t o  the  
A c l a s s i f i c a t i o n  scheme i n  Table 1. These t r a c e  contaminants were co l l ec t ed  on space 

. - . shu t t l e  miss ions  e i t h e r  i n  gas sample b o t t l e s  manually operated by t h e  a s t r o n a u t s ,  
o r  i n  a c t i v a t e d  cha rcoa l  f i l t e r s  o r  c a n i s t e r s  of l i t h ium hydroxide which were 
components of t h e  environmental  c o n t r o l  system. The contaminants were l a t e r  
i d e n t i f i e d  i n  ground l a b o r a t o r i e s  by GC/MS. A few p a r t i c u l a r  contaminants which 
have been observed, and some which have not  been observed, r e q u i r e  s p e c i a l  comment. 

Methane i s  assumed t o  have a b i o l o g i c a l  o r i g i n ,  t h e  humans and t h e i r  a s soc i a t ed  
b a c t e r i a .  It has  a low t o x i c i t y ,  s o  i t  no t  dangerous i n  t h a t  r e spec t .  However i t  
i s  no t  r e a d i l y  adsorbed by charcoa l  and i n  some s imula t ions  i t s  atmospheric 
concen t r a t ion  has  r i s e n  h igh  enough t o  p re sen t  a f i r e  hazard. 

Dimethyl benzene ( t o l u e n e ) ,  which is  carc inogenic ,  has  been observed a s  an 
a i r b o r n e  contaminant on every  s h u t t l e  mission. On one s h u t t l e  mission the  amount of 
t o l u e n e  i n  t h e  gas  b o t t l e  samples i nd ica t ed  t h a t  the  s p a c e c r a f t  maximum al lowable 

, concen t r a t ion  (SMAC) had been exceeded. Although the  source of t h e  to luene  was no t  
p o s i t i v e l y  i d e n t i f i e d ,  i t  i s  thought t h a t  an a s t r o n a u t  had taken  gas b o t t l e  samples 

.whi le  ho ld ing  a n  uncapped marking pen. 

A l a r g e  number of s i l i c o n e  compounds have been observed i n  f a i r l y  high 
concent ra t ions .  These compounds a r e  no to r ious ly  d i f f i c u l t  t o  remove once they have 
been app l i ed  t o  su r f aces .  Contamination from them i s  general ly .  not  considered t o  
pose a problem because of t h e i r  low t o x i c i t y  t o  humans. Two s i l i c o n e  contaminants 
which a r e  t o x i c  and have been observed a r e  p ropy l f luo ros i l ane  and 
p ropy ld i f  l uo ros i l ane .  



On s e v e r a l  occasions r e l a t i v e l y  l a r g e  amounts of bromotrifluoromethane have 
been observed. This mi ld ly  tox ic  compound is re leased  by l eak ing  f i r e  
ex t ingu i she r s .  Twenty-three o t h e r  halocarbons have a l s o  been observed, some of them 
a t  r e l a t i v e l y  high concent ra t ions .  Most of t h e s e  halocarbons a r e  thought t o  a r i s e  
from the  outgass ing  of r e s i d u a l  s o l v e n t s  used f o r  degreasing and removing excess  
s i l i c o n e s .  

Dichloroethyne (C2C12) i s ' a n  extremely t o x i c  compound not  known t o  be -a 
contaminant o r  a n  outgassing product of any substance present  i n  t h e  s h u t t l e .  
However i t  can  be produced by dehydrohalogenation of t r i c h l o r o e t h e n e  (C2HC13) i n  
s t r o n g  base. This l a t t e r  compound is  commonly used a s  an  i n d u s t r i a l  s o l v e n t ,  f o r  
degreas ing  and dry cleaning.  Undoubtedly i t  has been used i n s i d e  t h e  s h u t t l e  
because i t  has  a l s o  been t rapped and de t ec t ed  i n  t h e  a c t i v a t e d  charcoa l  f i l t e r s .  , 

However, t h e  a c t i v a t e d  charcoa l  f i l t e r s  did not  c o l l e c t  a l l  t h e  t r i ch lo roe thene .  
Some of i t  must have passed through t h e  cha rcoa l  t o  t he  l i t h i u m  hydroxide c a n i s t e r s  
which a r e  next  i n  t he  a i r  flow pa th  and a r e  used t o  scrub  carbon d ioxide  from t h e  
a i r .  The t r i c h l o r o e t h e n e  r eac t ed  i n  t h e  l i t h i u m  hydroxide c a n i s t e r s  t o  form 
d ich lo roe thyne  which passed back out  i n t o  t h e  cabin  atmosphere. It was then  picked 
up i n  a  subsequent pass through t h e  a c t i v a t e d  charcoa l  f i l t e r s .  

The s h u t t l e  missions have had some v a r i a b i l i t y  i n  t h e  number of a i rbo rne  . 
b a c t e r i a ;  between 100 and 350 c u l t u r e  forming u n i t s  per  cubic  meter have been 
observed inc lud ing  both aerobes  and anaerobes. The spores  of one major fungus, 
Candida a l b i c a n s ,  have been observed, but  fungal  growth does not  appear  t o . b e  a  
problem on t h e  s h u t t l e .  I f  t h e r e  i s  a  problem, i t  might not  be ev ident  u n t i l  longer  
d u r a t i o n  missions a r e  undertaken. On t h e  e a r t h ,  g r a v i t y  a c t s  l i k e  a  f i l t e r  l i m i t i n g  
t h e  propagat ion  of a i r b o r n e  fungal  spores. ,  I n  a  low g rav i ty  environment t h e  spores  
could be expected t o  propagate more r e a d i l y .  

Among t h e  compounds which have no t  been observed a r e  hydrogen cyanide-and 
b e n z o n i t r i l e ,  a l though they have been observed i n  t e s t s  involv ing  t h e  p y r o l y s i s  of 
e l e c t r i c a l .  i n su l a t ion .  Ethene (ethy1ene) 'which has d ive r se  and s t r i k i n g  e f f e c t s  on 
h ighe r  p l a n t s  a t  concen t r a t ions  a s  low a s  5 ppb, has a l s o  not been observed. 

DISCUSSION 

The t r app ing  of dichloroethyne i.n t h e  s h u t t l e  i l l u s t r a t e s  p a r t i c u l a r l y  we l l  why 
g r e a t  c a r e  is  requi red  i n  s tudying the  i n t e r a c t i o n s  of CELSS subsystems. The way i n  
which i t  must have been generated i n  t h e  space s h u t t l e  c l e a r l y  i l l u s t r a t e s  how two 
subsystems can  i n t e r a c t  t o  produce hazardo,us t r a c e  contaminants. The p o s s i b i l i t y  
t h a t  chloroethyne and dichloroethyne could be generated i n  t h a t  way had been pointed 
out  by R. Saunders (1967, Arch. Environ. Hea l th  - 14,  380-384) i n  r e p o r t s  of very 
e a r l y  space  f l i g h t  s imula t ions .  

Another l e s son  provided by t h e  odyssey of chloroethyne i n  t h e  space s h u t t l e  is  
t h a t  t h e  a c t i v a t e d  cha rcoa l  f i l t e r s  have a  f i n i t e  capac i ty  t h a t  can be overwhelmed 
w i t h  unpleasant  consequences. I n  o r d e r  t o  be e f f e c t i v e ,  a c t i v a t e d  charcoa l  f i l t e r s  
must be changed on a  r e g u l a r  bas i s .  For long du ra t ion  space miss ions  t h i s  means 
t h a t  l a r g e  numbers of spent  f i l t e r s  must e i t h e r  be j e t t i s o n e d ,  s t o r e d  and re turned  
t o  e a r t h ,  o r  recharged with t h e  discharged contaminants being e i t h e r  evacuated o r  
converted by t h e  waste processing system. Only the  l a s t  a l t e r n a t i v e  can be 
considered d e s i r a b l e  i n  a  CELSS; The problems wi th  a c t i v a t e d  cha rcoa l  f i l t e r s  can  
be  expected t o  become even more c r i t i c a l  when h ighe r  p l a n t s  o r  microalgae a r e  
included i n  a  CELSS because of t he  r e l a t i v e l y  l a r g e  amounts of v o l a t i l e  organic  
compounds which they produce. 



- 

.From t h e  a v a i l a b l e  t r a c e  contaminat ion d a t a ,  t h e  c l a s s  of compounds posing t h e  
most immediate danger i s  t h e  haloalkanes.  They meet both c r i t e r i a  f o r  t h e  
d e f i n i t i o n  f o r  c h r o n i c  contaminants ;  they a r e  no t  completely adsorbed o r  r e t a i n e d  by 
t h e  a c t i v a t e d  cha rcoa l  f i l t e r s ,  s o  they tend t o  p e r s i s t  i n  t h e  s h u t t l e  atmosphere,  
and a s  a c l a s s  t h e  ha loa lkanes  a r e  chronic  t o x i n s  t o  humans. It must be hoped t h a t  
s t e p s  w i l l  be t a k e n  t o  l i m i t  t h e  use of ha loa lkanes  on t h e  s h u t t l e ,  on t h e  space  
s t a t i o n  and c e r t a i n l y  i n  a CELSS. 

Another c l a s s  of compounds which p r e s e n t s  a l a r g e  p o t e n t i a l  danger a s  t r a c e  
contaminants  i s  t h e  s i l oxanes .  These compounds, l i k e  t h e  ha loa lkanes ,  tend t o  be 
chemica l ly  i n e r t ,  b u t  u n l i k e  t h e  ha loa lkanes ,  they  a r e  mostly nontoxic  t o  humans. 
The low molecular  weight  compounds a r e  e a s i l y  v o l a t i l i z e d ,  no t  r e a d i l y  adsorbed by 
a c t i v a t e d  cha rcoa l  and tend  t o  p e r s i s t  i n  s p a c e c r a f t  atmospheres. They have been 
observed a s  t r a c e  contaminants  i n  every  s p a c e c r a f t  s i n c e  t h e  Mercury capsu le .  
Unfo r tuna t e ly  t h e s e  compounds do p re sen t  a number of problems. F i r s t ,  t h e i r  
t enac ious  p e r s i s t e n c e  on s u r f a c e s  l e a d s  t o  t h e  heavy use  of ha loa lkanes  i n  e f f o r t s  
t o  remove them. Second, t h e  a l t e r a t i o n s  i n  t h e  su r f ace  p r o p e r t i e s  of s i l i c a t e  g l a s s  
which they  can produce a t  even low concen t r a t i ons  might s e r i o u s l y  compromise c e l l  
t i s s u e  c u l t u r e  work envis ioned  f o r  f u t u r e  s h u t t l e  experiments. Thi rd ,  no r e sea rch  1 
has  been done on t h e  long  term e f f e c t s  of low atmospheric  concen t r a t i ons  of t h e s e  
compounds on p l an t s .  Four th ,  f o r  some exper imenta l  waste process ing  systems, i t  is  
p o s s i b l e  t h a t  t h e s e  compounds could be d i f f i c u l t  t o  handle. 

Another p o t e n t i a l  sou rce  of t r a c e  contaminat ion i s  aging s y n t h e t i c  polymers. 
With t i m e  a l l  s y n t h e t i c  polymers s u f f e r  depolymerizat ion which is  u s u a l l y  
accompanied by t h e  r e l e a s e  of a l a r g e  number of gaseous compounds. Such polymers 
have been used e x t e n s i v e l y  i n  t h e  s h u t t l e  and presumeably they w i l l  con t inue  t o  be 
used i n  t h e  c o n s t r u c t i o n  of s p a c e c r a f t  f o r  many years .  The ag ing  of s y n t h e t i c  I 

polymers i s  a c c e l e r a t e d  by exposure t o  l i g h t ,  i o n i z i n g  r a d i a t i o n ,  t r a c e  
contaminants ,  water  and oxygen. In  s p a c e c r a f t  t h e  aging processs  could be worse I 

because of h igh  energy r a d i a t i o n  and atmospheres of enr iched oxygen. (Oxygen 
r a d i c a l  s p e c i e s  a r e  c r e a t e d  i n  p ropor t i on  t o  t h e  p a r t i a l  p r e s su re  of oxygen, bu t  i n  
pu re  atmospheres t h e r e  i s  less p r o b a b i l i t y  f o r  d e s t r u c t i v e  c o l l i s i o n s  s o  t h e  r a d i c a l  ~ 
s p e c i e s  can  reach  h ighe r  concent ra t ions . )  I n  a CELSS inc luding  e i t h e r  h ighe r  p l a n t s  
o r  microa lgae ,  t h e  exposure t o  l i g h t  and humidi ty  can be expected t o  a c c e l e r a t e  t h e  
ag ing  of polymers used i n  t h e  growing chambers. 

An enumeration of t h e  a i r b o r n e  t r a c e  contaminants observed on t h e  s h u t t l e  i s  
u s e f u l  i n  determining what contaminat ion problems can be d e a l t  w i th  i n  t h e  c u r r e n t  
l i f e  suppor t  system, a system c o n s i s t i n g  of j u s t  human, b a c t e r i a l  and machine 
subsystems. For  a CELSS inc lud ing  a waste  processing system and e i t h e r  h ighe r  
p l a n t s  o r  a l g a e ,  t h e  l i s t  of t r a c e  contaminants  w i l l  c e r t a i n l y  i n c l u d e  even more 
compounds from t h e  c l a s s e s  l i s t e d  i n  Table  1. With a g r e a t e r  v a r i e t y  of t r a c e  
contaminants  p r e s e n t ,  t h e  p r o b a b i l i t y  of s y n e r g i s t i c  e f f e c t s  a l s o  becomes g r e a t e r ;  
s e v e r a l  t r a c e  contaminants  could  r e a c t  t o  form an  even more hazardous compound, a 
t a r g e t  subs tance  could  be more s u s c e p t i b l e  t o  a combination of contaminants ,  o r  a 
contaminant  could  c a t a l y z e  a r e a c t i o n  which r e l e a s e d  more contaminants.  
F o r t u n a t e l y ,  wi th  more t r a c e  contaminants p r e s e n t ,  t h e r e  i s  a l s o  an i nc reased  
p r o b a b i l i t y  t h a t  some of them could r e a c t  and become n e u t r a l i z e d ,  bu t  t h a t  is  t h e  
s o r t  of good f o r t u n e  t h a t  should not be r e l i e d  upon. I n  a CELSS i t  w i l l  be very  
impor t an t  t o  be a b l e  t o  i d e n t i f y  t r a c e  contaminants  r a p i d l y  and t o  have a d a t a  base 
of chemical  p r o p e r t i e s  and r e a c t i o n s  which can be used t o  p r e d i c t  t h e  consequences 
of contaminat ion.  
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TABLE 1. P o t e n t i a l  Airborne Trace Contaminants, -- Sources and Ta rge t s  i n  CELSS 

G i n d i c a t e s  t h a t  t h e  compound is  generated by t h e  l i s t e d  subsystems,  E i n d i c a t e s  
t h a t  t h e  compound h a s  a n  e f f e c t  on t he  l i s t e d  subsystems, and H ,  P, A, B ,  M and W 
i n d i c a t e  t h e  a p p r o p r i a t e  subsystems a s  def ined  i n  t he  APPROACH Sec t ion  of t h i s  
paper.  

1 ) Hydrocarbons 
. l )  methane, e thane ,  o t h e r  a lkanes ;  G:HPABM 
.2) e t h e n e ,  o t h e r  a l k e n e s ,  t e rpenes ;  G:PAB, E:P 
.3 )  e thyne ,  o t h e r  a lkynes ;  G:PM, E:HP 
.4)  benzene, a lky lbenzenes ,  indan,  naphtha lene ;  G:M ( s o l v e n t s ) ,  E:HPAB 

2 )  N i t rogen  Containing 
. l )  n i t r o g e n  ox ides  - N20, NO, N ~ o ~ ,  N02, N2O4, N205, NO3, 

N2O6; G:PAMW ( f u e l s ,  a tmospheric  r e a c t i o n s ) ,  E:HPAM 
. 2 )  o rgan ic  n i t r o g e n  ox ides  - RNO ( n i t r o s o ) ,  RON0 ( n i t r i t e ) ,  RN02 ( n i t r o ) ,  

RON02 ( n i t r a t e ) ,  R2NNO (n i t rosamine) ;  G:M ( f u e l s ) ,  E:HPAB 
. 3 )  amines - NH3, RNH2, R2NH, R3N, R ~ N ~ ;  G:HPABW (c l ean ing  and 

d i s i n f e c t i n g  compounds), E:HPAB 
.4 )  hydraz ines  - N2H4, RNHNH2, RNHNHR, R2NNH2, R2NNR2; G:M 

( f u e l s ) ,  E :HPABM 
.5)  amine ox ides  - NH20H, RNHOH, RzNOH, R3NO; G:M ( p o s s i b l y  atmospheric  

r e a c t  i o n s ) ,  E :HPAB 
.6) amino a l c o h o l s  - 2-aminoethanol; G:W (carbon d ioxide  s c rubbe r ) ,  E:HPA 
. 7 )  ' cyanides  - HCN, RCN; G:PAM ( p y r o l y s i s ) ,  E:HPAB 
.8) cyana t e s  (ROCN), i socyana t e s  (RCNO); G:W (degrada t ion  of u r e a  and 

polymers),  E :HPAB 
.9 )  t h iocyana t e s  (RSCN); G:P, E:HPA 

. l o )  n i t r o g e n  h e t e r o c y c l e s  - pyr id ine ,  i n d o l e ,  ska to l e ;  G:HPA(?)BW, E:HP 

3 )  Oxygen Containing 
. l )  oxygen ( i n  some subsystems) ,  ozone, oxygen r a d i c a l s  ( 0 ,  OH); G:PAM 

(atmospheric  r e a c t i o n s ) ,  E:HPABM 
.2 ) carbon  monoxide; G:H(?)BM, E:HPAB 
. 3 )  water  ( i n  some subsystems);  G:HPBW, E:MB 
.4 )  a l c o h o l s  and phenols  (ROH), e t h e r s  (R20); G:HPBM, E:HP 
.5)  hydrogen peroxide  (H202 ) , hydroperoxides  (R02H), peroxides  (R202 ); 

G:AM ( f u e l s ,  polymerizing a g e n t s ) ,  E:HPABM 
. 6 )  aldehydes (RCHO) , ketones  (R2CO); G:HPB, E:HPB 
.7 ) c a r b o x y l i c  a c i d s  (RC02H); G:HPB, E:HPBM 
.8 ) ca rboxy l i c  e s t e r s  (RC02R); G:HPBM, E :HP 
.9)  oxygen h e t e r o c y c l e s  - fu ran ,  coumarin; G:PB, E:HP 

4 )  Halogen Containing ( F l u o r i n e ,  Chlor ine ,  Bromine, Iod ine )  
. l )  c h l o r i n e  (C12),  hypoch lo r i t e  (ClO'), i o d i n e  ( I ~ ) ;  G:M ( fumigants ,  

d i s i n f e c t a n t s ) ,  E:HPABM 
.2)  hydrogen h a l i d e s  (HF, HC1); G:MW, E :HPABMW 
.3)  phosgene (COC12); G:M ( p y r o l y s i s ) ,  E:HPABM 
.4 )  ha loa lkanes  (RF, RC1,  RBr, RI);  G:PA(?)B(?)M (macroalgae produce organic  

compounds of C 1 ,  B r  and 1 ; c l ean ing  s o l v e n t s ,  r e f r i g e r a n t s ,  polymers),  
E : HPABW 

.5 )  f l u o r o s i l a n e  ( R ~ S ~ F ) ;  G:M ( t r a c e  contaminant i n  s i l i c o n e s ) ,  E:HPABMW 



5) S i l i c o n  Conta in ing  
. 1 )  s i l a n e s  (R3SiH), s i l a n o l s  ( R ~ S I O H ) ,  s i l o x a n e s  (R3SiOSiR3); G:M 

( s i l i c o n e s ) ,  E:P(?)W 
. 2 )  o r t h o s i l i c a t e  e s t e r s  ( [ ~ 0 ] ~ S i ) ;  G:M ( c o o l a n t  f l u i d ) ,  E:HPW 

6 )  Phosphorus Conta in ing  
. 1 )  phosphate  e s t e r s  ( [ R O I ~ P O ) ;  G:MW ( f l a m e  r e t a r d a n t ,  p l a s t i c i z e r ,  h y d r a u l i c  

f l u i d ,  d i s i n f e c t a n t ) ,  E:HPAB 

7 )  S u l f u r  Conta in ing  
. l )  s u l f u r  o x i d e s  - S20, SO, S02, S03; G:MW (a tmospher ic  r e a c t i o n s ) ,  

E : H PABM 
. 2 )  o r g a n i c  s u l f u r  o x i d e s  - s u l f o x i d e s  (R2SO), s u l f o n e s  (R2S02), s u l f a t e  

e s t e r s  (R2S04); G:M, E:HPABM r -. 
. 3 )  s u l f i d e s  - hydrogen s u l f i d e  (H2S), t h i o l s  (RSH), t h i o e t h e r s  (R2S), 

d i s u l f i d e s  (R2S2); G:PA(?)W, E:HP 
.4 )  ca rbon  d i s u l f  i d e ;  G:M, E:HP 
.5 )  s u l f u r  h e t e r o c y c l e s  - th iophene ,  t h i o f u r a n ;  G:B, E:HP 

8 ) Macroorganics  
. l )  p o l l e n ,  b a c t e r i a ,  v i r u s ,  s p o r e s ;  G:HPAB, E:HPABM 
. 2 )  h a i r ,  s k i n ,  e x c r e t a ;  G:H, E:HBM 
. 3 )  abraded  m a t e r i a l ;  G:M ( l i n t ,  t o r n  v e l c r o  hooks) ,  E:HM 

9 )  Meta l s  
M e t a l s  which might  be g e n e r a t e d  i n  t r a c e  amounts by t h e  machine subsystem and 
which would be b i o l o g i c a l l y  hazardous  (depending on t h e  chemica l  form and  t h e  
b i o l o g i c a l  s p e c i e s )  a r e :  Al ,  Sb, As, Ba, B e ,  B i ,  B, C r ,  Co, Ga, Ge, Au, I n ,  Pb, 
L i ,  Mn, Hg, N i ,  Pd, P t ,  Re, Rh, Se, Ag, Ta, Sn, T i ,  Z r .  

, % ' ,  , 
I 'it > , & T  -.."),...+,b - 



TABLE 2. Airborne Trace Contaminants on Shuttle Missions -- 
These compounds were recovered from gas sample bottles, activated charcoal filters 
or lithium hydroxide canisters after shuttle missions and were identified by GC/MS. 
They are grouped according to the classification scheme in Table 1. 

1.1) methane, pentane, hexane, heptane, ottane, nonane, decane, 2-methylpentane, 
2,2,4-trimethylpentane, methylcyclopentane, cyclohexane, 2-methylhexane; other 
incompletely identified alkanes: C4-alkane, C5-alkane, C6-alkane, C7-alkane, 
C8-alkane, C9-alkane, C10-alkane, C11-alkane, C12-alkane, Clsalkane, 
C14-alkane, methylethylcyclopentane 

1.2) l-pentene, 2-methyl-1,3-butadiene, limonene; other incompletely identified 
alkenes: butene, pentene, C4-alkene, C7-alkene, C8-alkene, C9-alkene, 
C10-alkene 

1.4) benzene, methylbenzene, 1,2-dimethylbenzene, 1,3-dimethylbenzene, 
1,4-dimethylbenzene, butylbenzene, ethylbenzene, ethenylbenzene, propylbenzene, 
indan, 2-methylindan, napthalene; other incompletely identified alkylbenzenes: 
C3-substituted benzene, C4-substituted benzene, dimethyl ethenylbenzene 

2.3) ammonia 
2.7) ethanenitrile 

3.2 ) carbon monoxide 
3.4) methanol, ethanol, l-propanol, 2-propanol, l-butanol, 2-butanol, 

2-methyl-l-propanol, 2-methyl-2-propanol, 2-methyl-2-butanol, 1,2-ethanediol, 
diethoxymethane, 2-ethoxyethanol, 3-ethoxy propene 

3.6) ethanal, propanal, propenal, butanal, pentanal, hexanal, heptanal, 
2-ethylhexanal, 2,4-hexadienal, benzaldehyde, propanone, 2-butanone, 
2-hexanone, 2-heptanone, 3-heptanone, 4-methyl-2-pentanone, 
6-methyl-2-heptanone; an unidentified C7-ketone 

3.7) acetic acid, 3-oxobutanoic acid 
3.8) ethyl formate, ethyl acetate, propyl acetate, butyl acetate, 2-butyl acetate, 

2-methylpropyl acetate, 2-ethoxyethyl acetate, ethyl propanoate, methyl 
2-methylpropenoate, ethyl butanoate, diethyl o-phthalate; an unidentified 
C5-es ter 

3.9) 1,4-dioxane, furan, benzofuran, 2-methylbenzofuran 

4.4) l,l,l-trichloroethane, 1,1,2-trichloro-1,2,2-trifluoroethane, 
1,l-dichloroethane, 1,l-dichloroethene, 1,l-dichlorotetrafluoroethane, 
1,2-dichloroethane, 1,2-dichloropropane, bromotrifluoromethane, chloroethane, 
chloroethene, chlorofluoromethane, chloromethane, chlorotrifluoroethene, 
dichlorodifluoroethene, dichloroaif luoromethane, dichloroethane , 
dichloroethyne, dichlorofluoromethane, dichloromethane, tetrachloroethene, 
trichloroethene, trichlorofluoromethane, trichloromethane, trifluoromethane 

4.5) propylfluorosilane, propyldifluorosilane 

5.1) hexamethyldisiloxane, octamethyltrisiloxane, decamethyltetrasiloxane , 
dodecamethylpentasiloxane, tetradecamethylhexasiloxane, 
hexadecamethylheptasiloxane, octadecamethyloctasiloxane, 
eicosamethylnonasiloxane, docosamethyldecasiloxane, 
hexacosamethyldodecasiloxane, hexamethylcyclotrisiloxane, 
octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane, 
dodecamethylcyclohexasiloxane, tetradecamethylcycloheptasiloxane, 
hexadecamethylcyclooctasiloxane, propylsilane, triethylsilane, trimethylsilanol 

7.3) dimethylsulfide 
7.4 ) carbon disulf ide 

I - -- 




