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TOXICITY PROBLEMS I N  PLASTIC HARDWARE DESIGNED 

FOR BIOLOGICAL SPACE-FLIGHT EXPERIMENTS 

By Richard W i  1 loughby 

A m e s  Research Center 

SUMMARY 

I n  t h e  development o f  hardware f o r  a b i o l o g i c a l  space f l i g h t ,  var ious 
p l a s t i c  m a t e r i a l s  were found t o  b e  t o x i c  t o  sea u rch in  sperm and u n f e r t i l i z e d  
eggs. Glass con t ro l  chambers were no t .  Acry l i c  and polycarbonate p l a s t i c s  
were t e s t e d  as material f o r  t h e  hardware body, while  fluorocarbon elastomer 
rubber,  n i t r i l e ,  t h r e e  s i l i c o n e  rubbers ,  b u t y l  rubber  and ethylene propylene 
were t e s t e d  as 1101' r i n g  materials. 
p a t i b  l e  with ethylene propylene and a c r y l i c  p l a s t i c  a f t e r  c a r e f u l  t reatment  , 
p r i n c i p a l l y  outgassing by vacuum exposure, b u t  no t reatment  was discovered 
which would s u f f i c i e n t l y  detoxify p l a s t i c  hardware s o  t h a t  i t  would maintain 
sea urchin sperm and u n f e r t i l i z e d  eggs.  

F e r t i l i z e d  f r o g  eggs were found t o  be  com- 

I NTRO DUCT I ON 

On September 7, 1967, t h e  f irst  success fu l  BIOSATELLITE was launched by 
NASA from Cape Kennedy. I t  was recovered two days la te r  with a wealth of b io -  
l o g i c a l  d a t a  from 13 b i o l o g i c a l  experiments designed t o  s tudy  t h e  e f f e c t s  of  a 
space f l i g h t  on development, growth, and response t o  r a d i a t i o n .  

Preceding t h e  f l i g h t ,  several years  of  developmental work had gone i n t o  
t h e  p repa ra t ion  and automation of t h e s e  experiments; many problems had t o  be 
overcome, and new techniques developed. This paper  o u t l i n e s  some of t h e  prob- 
lems encountered with t h e  development of  hardware f o r  a s e a  u rch in  experiment 
and a f r o g  egg experiment. 

The purpose of  t h e s e  experiments was t o  s tudy  t h e  e f f e c t s  o f  space 
condi t ions,  p r i n c i p a l l y  weight lessness ,  on f e r t i l i z a t i o n  and e a r l y  develop- 
ment of  eggs. 
with each o t h e r  as well as with c o n t r o l s .  
hardware was designed and constructed t h a t  could au tomat i ca l ly  f e r t i l i z e  t h e  
eggs a t  predetermined times and then l a t e r  f i x  them a t  s e l e c t e d  s t a g e s  i n  
t h e i r  development. 

Resul ts  from t h e  two experiments were t o  have been compared 
For t h e  sea urchin egg experiment, 

A t  t h e  time t h e  hardware was designed, engineer ing cons ide ra t ions  
r e s t r i c t e d  t h e  cons t ruc t ion  of t h e  con ta ine r s  t o  p l a s t i c s  r a t h e r  than g l a s s .  
Resul t ing t o x i c i t y  problems combined with extended ho ld  time u l t i m a t e l y  made 
it necessary t o  cancel t h e  sea urchin egg experiment f o r  t h e  BIOSATELLITE 
f l i g h t  and t o  modify procedures g r e a t l y  f o r  t h e  f r o g  egg experiment. 



The purpose of t h i s  paper  is  t o  review t h e  tes ts  and analyses  r e l a t i v e  t o  
the  b i o l o g i c a l  t o x i c i t y  problems i n  p l a s t i c  hardware. 

TESTS AND RESULTS 

Tests were performed a t  Ames Research Center t o  i n v e s t i g a t e  t h e  t o x i c  
effects of experimental  hardware. 

The organisms involved included t h e  sea urchins ,  Arbacia punc tu la t a  and 
Lytechinus va r i ega tus ,  f irst  and second choice organisms f o r  f l i g h t  and read- 
i l y  ava i l ab le  i n  F lo r ida ,  nea r  t h e  launch s i t e .  Strongylocentrotus  purpuratus 
and t h e  sand d o l l a r ,  Dendraster excent r icus  are ava i l ab le  along t h e  c e n t r a l  
Ca l i fo rn ia  coas t  near Ames Research Center.  
sons and geographic loca t ions  of t hese  fou r  echinoderms made it poss ib l e  t o  
work on the  problem a t  near ly  any time of  yea r .  
seem t o  be about equal ly  s e n s i t i v e  t o  t h e  t o x i c  e f f e c t s  under s tudy .  

The complementary breeding sea- 

The sperm and eggs of  a l l  

Background Studies  

F e r t i l i z e d  eggs were found t o  be r e s i s t a n t  t o  these  t o x i c  effects ,  
u n f e r t i l i z e d  eggs less s o ,  and experimentation showed t h a t  t h e  s to rage  of 
sperm p r i o r  t o  f e r t i l i z a t i o n  was t h e  c r i t i c a l  f a c t o r .  Consequently, i n  t h e  
tests t h e  sperm and eggs were h e l d  sepa ra t e ly  f o r  varying lengths  of  time i n  
the  mater ia l  being t e s t e d .  They were then mixed, and examined f o r  s eve ra l  
days t h e r e a f t e r  t o  observe development. A s  a labora tory  b a s e l i n e  f o r  com- 
par i son ,  90 - 95 percent  of t he  eggs i n  g l a s s  con t ro l  chambers could be  
expected t o  show r a i s e d  f e r t i l i z a t i o n  membranes, followed by f i rs t  and second 
c e l l  d iv i s ion .  These eggs would then be  followed through t h e  mot i le  g a s t r u l a  
s t a g e  t o  e a r l y  o r  middle p lu teus  s t a g e  t o  watch f o r  abnormal development o r  
high mor t a l i t y  ra te .  F o r  d e t a i l e d  desc r ip t ions  on obta in ing  and handl ing s e a  
urchin eggs,  see re ference  1. 

Toxic i ty  was presumed when few o r  no f e r t i l i z a t i o n  membranes were r a i s e d ,  
l i t t l e  o r  no c e l l  d i v i s i o n  occurred, t h e  moti le  g a s t r u l a  and p lu teus  e i t h e r  
behaved abnormally o r  appeared abnormal, o r  t h e  mor t a l i t y  r a t e  was substan- 
t i a l l y  h ighe r  than i n  t h e  con t ro l s .  

Repeated experiments using g l a s s  chambers ind ica t ed  t h a t  s epa ra t e  sperm 
and eggs could usua l ly  be he ld  f o r  per iods i n  excess of 6 hours without unac- 
ceptab le  lo s s  of v i a b i l i t y  i f  h e l d  i n  c a r e f u l l y  cleaned pyrex g l a s s ,  i n  f i l -  
t e r e d  sea water with l ~ l O - ~  M EDTA added, and t h e  pH read jus t ed  t o  8 . 2  with 
NaOH. Temperatures were normally from 13" t o  20" C ,  depending on t h e  spec ies  
involved. The F lo r ida  organisms d i d  well a t  h ighe r  temperatures .  Tyler  ( see  
ref .  2)  was ab le  t o  ge t  normal development of eggs f e r t i l i z e d  with sperm 
s t o r e d  up t o  24 hours ,  bu t  t h a t  f i g u r e  was never equaled i n  t h e  Ames  labora- 
t o r y  a t  normal temperatures.  However, 90-percent f e r t i l i z a t i o n  was achieved 
when sperm were he ld  a t  6" C f o r  24 hours and then warmed t o  13" C before  fer-  
t i l i z a t i o n .  Ground g la s s  s toppered b o t t l e s  (10 m l  volumetr ic  f l a s k s )  s ea l ed  
with high vacuum s i l i c o n e  grease gave s a t i s f a c t o r y  r e s u l t s  and it was a l s o  
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found t h a t  sperm and eggs could usua l ly  be  success fu l ly  kept  i n  p l a s t i c  hard- 
ware i f  t h e  conta iners  were open t o  t h e  a i r .  The t o x i c  e f f e c t s  were usua l ly  
only apparent  i n  p l a s t i c  when t h e  chambers were closed.  
s i t a t e d  r epea t ing  a whole series of  tests,  and a number of substances p rev i -  
ously thought t o  be  safe were found t o  b e  unacceptably t o x i c  under s e a l e d  
condi t ions .  
sperm were pyrex g l a s s  and high vacuum s i l i c o n e  grease ,  which was used t o  
l u b r i c a t e  and seal  our  systems. 

This discovery neces- 

The only two substances found t o  be  e n t i r e l y  safe f o r  sea urchin  

P l a s t i c  Hardware S tudies  

Each u n i t  ( f i g .  1) of t h e  mul t ip le  u n i t  device was designed t o  hold 
sepa ra t e ly  4 . 2  m l  o f  egg suspension and 0 .45  m l  of sperm suspension i n  s e a  
water. A t  predetermined times a f t e r  loading,  t h e  contents  of t h e  two chambers 
were mixed. A t h i r d  chamber contained 5 m l  o f  a f i x a t i v e  (usua l ly  formalde- 
hyde) which was added t o  t h e  suspension of f e r t i l i z e d  eggs a f t e r  var ious 
lengths  of time had been allowed f o r  development. 

OUTER 
CASE 

CHAMBER 

BEFORE 
ACTUATION 

. -END 
CAP 

AFTER 
FERTILIZATION 

When t h e  eggs were f e r t i l i z e d  
immediately a f t e r  being p laced  i n  t h e  
hardware, they developed normally o r  
near ly  normal ly  . However, when approxi- 
mately 1 hour e lapsed before  f e r t i l i za -  
t i o n ,  both t h e  f e r t i l i z a t i o n  r a t e  and 
normal development d e t e r i o r a t e d  dras -  
t i c a l l y ,  sometimes below 5 percent .  
Since t h e  expected hold  time had been 
increased  from an o r i g i n a l l y  es t imated 
3 t o  8 o r  9 hours ( ac tua l  ho ld  time a t  
f l i g h t  was near ly  14 hour s ) ,  t h i s  
s i t u a t i o n  had t o  be cor rec ted .  

Figure 1.- Sea urchin egg chamber. A t  f i r s t  formaldehyde leakage from 
t h e  f i x  chamber t o  t h e  egg chamber was 

blamed f o r  t he  d i f f i c u l t y ,  and indeed such leakage d i d  occur.  The s i l i c o n e  
rubber ) 'Oft  r ings  used f o r  dynamic seals on s l i d i n g  p i s tons  were permeable, and 
over an 8-hour per iod  would allow s e v e r a l  p a r t s  p e r  m i l l i o n  of  formaldehyde t o  
d i f f u s e  i n t o  t h e  chamber. 

Several  110" r i n g  materials were t e s t e d  f o r  both t o x i c i t y  and permeabi l i ty .  
These included fluorocarbon elastomer rubber ,  n i t r i l e ,  t h r e e  d i f f e r e n t  kinds 
of s i l i c o n e  rubber,  b u t y l  rubber,  and ethylene propylene. 
propylene proved e i t h e r  t o o  t o x i c ,  t o o  permeable o r  both f o r  our purposes.  
Ethylene propylene was found acceptable  f o r  f r o g  eggs bu t  was not  proven 
acceptable  f o r  sea urchin  eggs.  I t  was a l s o  found necessary t o  in spec t  each 
"0" r i n g  with a d i s s e c t i n g  microscope t o  ensure aga ins t  manufacturing 
blemishes . 

A l l  b u t  e thylene 

Another t o x i c i t y  problem was due t o  t h e  p l a s t i c  material from which t h e  
chamber was made. When it  was discovered t h a t  a c r y l i c  p l a s t i c  was t o x i c  when 
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t he  hardware was s e a l e d ,  a polycarbonate was used. 
these  p l a s t i c s  were found t o  conta in  ma te r i a l s  i n  add i t ion  t o  t h e i r  b a s i c  f o r -  
mulae, probably as impur i t i e s  and as  addi t ions  t o  improve s t r e n g t h  and pe r fo r -  
mance, e tc .  Understandably, t he  manufacturers dec l ined  t o  divulge p r o p r i e t a r y  
information concerning these  add i t iona l  c o n s t i t u e n t s ,  bu t  ana lys i s  of mate- 
r i a l s  ex t r ac t ed  by "hard" outgassing of t h e  p l a s t i c s  showed a v a r i e t y  of poten- 
t i a l l y  t o x i c  subs tances .  Among them were low molecular weight hydrocarbons, 
and methyl methacrylate  monomer i n  t h e  acrylic and phenol i n  t h e  polycarbonate.  
"0" r ings  contained such v o l a t i l e  materials as low molecular weight hydrocar- 
bons, o l e f i n e  compounds, and carbon d i s u l f i d e .  A l l  rrO" r i n g  materials t e s t e d  
showed a t  least  traces of s e v e r a l  metals. 

In  t h e  course of t h e  t es t s ,  

A t  t h i s  po in t  two sepa ra t e  programs were begun t o  avoid t h e  e f f e c t s  of 
t hese  materials. 
t h e  o t h e r  was an attempt t o  coat  t h e  i n s i d e  of t h e  hardware with p r o t e c t i v e  
ma te r i a l s .  Vacuum p l a t i n g  techniques were used t o  p l a t e  s i l i c o n e ,  gold,  chro- 
mium, aluminum oxide,  s i l i c o n  dioxide,  inconel ,  n i c k e l ,  and gold,  over chro- 
mium. These coverings gave very e r r a t i c  r e s u l t s .  Occasionally t h e  r e s u l t s  
very near ly  equaled those  i n  g l a s s ,  and y e t  t h e  same hardware seemed h ighly  
t o x i c  t h e  next  time it was used, while  another  p i ece  of hardware t r e a t e d  t h e  
same way might be t o x i c  on i t s  f i r s t  usage. This was t e n t a t i v e l y  a t t r i b u t e d  
t o  t h e  th inness  of t h e  coa t ings ,  t h e  p o s s i b i l i t y  of incomplete coverage, and 
the  p r o b a b i l i t y  t h a t  handl ing and cleaning,  however g e n t l e ,  would damage t h e  
i n t e g r i t y  of  t h e  l aye r .  
gold.  

One was an outgassing and i n t e n s i v e  cleaning procedure and 

The b e s t  of t hese  e r r a t i c  r e s u l t s  were obtained with 

Outgassing and a c i d  cleaning t reatments  seemed t o  hold t h e  most promise 
f o r  success ,  and a technique was developed t h a t  proved s a t i s f a c t o r y  f o r  t h e  
f rog  egg experiment and was indeed used f o r  t h e  f l i g h t ,  bu t  was not  
s a t i s f a c t o r y  f o r  s e a  urchin sperm and eggs. 

Acry l ic  hardware and ethylene propylene 110" r ings  were scrubbed 
thoroughly i n  a b i o l o g i c a l  lab de t e rgen t ,  r i n s e d  f o r  a h a l f  hour i n  running 
deionized water and then p laced  i n  an acid-alcohol  r i n s e  and v i b r a t e d  i n  an 
u l t r a s o n i c  c leaner  f o r  15 minutes.  The r i n s e  w a s  made as fol lows:  

Concentrated HC1 175 m l  
D i s t i l l e d  H20 325 m l  
95% Ethyl  a lcohol  500 m l  

The hardware was r i n s e d  again f o r  1 hour i n  deionized water, placed i n  a 
vacuum oven, and hea ted  t o  65" C while  a vacuum pump was drawing a vacuum of  
0 . 1  micron (0.0001 mm Hg) continuously f o r  48 hours .  The hardware was cooled 
gradual ly  over about 4 hours t o  prevent  deformation. With hardware . t ha t  had 
been used with formaldehyde, t h i s  e n t i r e  procedure was preceded by a 1 hour 
soak i n  a 2-percent sodium metab i su l f i t e  s o l u t i o n .  

This outgassing and ac id  c leaning  technique gave good r e s u l t s  f o r  t h e  
f rog  egg experiment i n  which t h e  eggs were p r e f e r t i l i z e d ,  bu t  was unable t o  
r i d  p l a s t i c  ma te r i a l s  s u f f i c i e n t l y  of t h e i r  t o x i c i t y  t o  maintain sea urchin  
eggs and sperm s e p a r a t e l y .  
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CONCLUSION 

The experiments showed t h a t  echinoderm eggs and sperm could b e  kept  
s a f e l y  i n  hardware made of  va r ious  p l a s t i c  ma te r i a l s  i f  open t o  t h e  a i r .  When 
t h e  hardware was closed,  as would b e  necessary f o r  space f l i g h t ,  no t e s t e d  
ma te r i a l s  o t h e r  than g l a s s  and s i l i c o n e  high vacuum grease allowed normal fer-  
t i l i z a t i o n  and development. Various coat ings and t r ea tmen t s ,  while a l l ev ia t -  
i ng  t h i s  problem somewhat , were unsuccessful  i n  r i d d i n g  t h e  p l a s t i c  hardware 
of  harmful effects t o  sea urchin eggs and sperm. 
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