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PREFACE 

GESAMP, the Joint Group of Experts on the Scientific Aspects o f  Marine 
Pollution, was established in 1969 and is today co-sponsored by the 
International Maritime Organization (Itt0). Food and Agricultural Organization 
of the United Nations (FAO), United Nations Educational, Scientific and 
Cultural Organization (UMESCO), World Meteorological Organization (WMO), World 
Health Organization (WHO), International Atomic Energy Agency (IAEA), United 
Nations and United Nations Environment Programme (UNEP). According to its 
present terms of reference, the functions of GESAMP are: 

- to provide advice relating to the scientific aspects of marine 
pollution -11; ~ n d  

- to prepare periodic reviews of the state of the marine environment as 
regards marine pollution and to identify problem areas requiring special 
attention.. 

Since its beginning GESAMP involved a large number of experts as members of 
GESAHF or GESAXP Working Groups and produced, at the request of the sponsoring 
organizations, numerous reports2/. 

This document reproduces the substantive part of the report of the GESAMP 
Working Group on Review of .Harmful Substances, approved by the sixteenth 
session of GESAHP (London, 17 - 21 March 1986). 

Under the chairmanship of Prof. L. Friberg draft evaluations were prepared for 
effects on marine biota by Dr. A. Jernelov and for human health aspects by Dr. 
L. Magos. Editorial responsibility for the entire document was assumed by Dr. 
L. Hagos. Their efforts and contributions were most helpful in this review and 
are gratefully acknowledged by GESAMP. 

The activities of the Working Group were organized by WHO, acting as the "lead 
agency". The Working Group was jointly sponsored by WHO, FA0 and UNEP. 

I/ GBSAtlP defined marine pollution as "introduction by man, directly or - 
indirectly., of substances or energy into the marine environment 
(including estuaries) resulting in such deleterious effects as harm to 
living resources, hazards to human health, hindrance to marine activities 
including fishing, impairment of quality for use of sea-water, and 
reduction of amenities." 

2/ V. Pravdic: - GKSAMP, The First Dozen Years. UNEP, 1981. 
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1 INTRODUCTION 

1.1 Background 

The Working Group on t h e  Review of P o t e n t i a l l y  Harmful Substances (WG-13) was es tab l i sh-  
ed a t  t h e  E igh th  Sess ion  of  GESAMP (Rome, 21-27 A p r i l  1976) and worked s i n c e  then under t h e  
subsequent chairmanship of Messrs. B.H. Ketchum, A. Je rne lov  and L- Fr iberg  i n  o rder  to: 

- update t h e  Review of Harmful Substances (GESAMP Reports and S t u d i e s  No. 2 )  with 
g r e a t e r  emphasis on t h e  human h e a l t h  a s p e c t s  of marine p o l l u t i o n ;  and t o  

- continue t o  inc lude  c o n s i d e r a t i o n  of the  o t h e r  a s p e c t s  of the s u b j e c t ,  namely, harm 
t o  l i v i n g  resources ,  reduc t ion  of ameni t i es ,  and i n t e r f e r e n c e  with o ther  uses  o f  
the  seas .  

During the  subsequent s e s s i o n s  of  GESAMP, t h e  o r g a n i z a t i o n s  sponsoring t h e  work of WG.13 
(UNEP, FAO, WHO) reques ted  modi f ica t ion  of t h e  terms of re fe rence  of t h e  Working Group so 
t h a t  i t s  products  could be used by governments which a r e  p a r t i e s  t o  var ious  g loba l  and 
reg iona l  agreements, a s  guidance i n  d e a l i n g  with the  c o n t r o l  of marine p o l l u t i o n  caused by 
s p e c i f i c  p o t e n t i a l l y  harmful substances.  Consequently, a t  t h e  Tenth Session of GESAMP 
( P a r i s ,  2 8  May - 2 June 1979) t h e  fol lowing terms of r e f e r e n c e  were adopted: 

( a )  To prepare  s h o r t  referenced reviews on s e l e c t e d  substances which w i l l  include an 
assessment of t h e  fol lowing f a c t o r s :  

( i )  t h e  t o t a l  amount of t h e  p a r t i c u l a r  subs tance(s )  which reach(es )  t h e  
marine environment (on a  l o c a l ,  r e g i o n a l  and g l o b a l  s c a l e )  with 
p a r t i c u l a r  a t t e n t i o n  t o  t h e  r e l a t i v e  Importance of land-based sources;  

( i i )  t h e  f a t e  ( t r a n s p o r t ,  d i s t r i b u t i o n ,  t rans format ion)  i n  the  marine 
environment; and 

( i i i )  t h e  e f f e c t s  on t h e  marine environment and a d j a c e n t  c o a s t a l  a r e a s ,  
inc lud ing  d i r e c t  and i n d i r e c t  e f f e c t s  on l i v i n g  resources,  human h e a l t h  
and ameni t i es ;  

( b )  Produce a  s c i e n t i f i c  e v a l u a t i o n  of t h e  harmful  e f f e c t s  of substances re leased  i n t o  
t h e  marine environment on l i v i n g  resources ,  human h e a l t h ,  ameni t i es  and o ther  
l e g i t i m a t e  uses  of the  marine environment and a d j a c e n t  c o a s t a l  areas .  

On t h e  b a s i s  of t h e  i n t e r s e s s i o n a l  work of t h e  Working Group, inc lud ing  the  use of data  
p r o f i l e s  by U N E P ' S  I n t e r n a t i o n a l  R e g i s t e r  of  P o t e n t i a l l y  Toxic  Chemicals (IRFTC), a  r e p o r t  
covering cadmium, l e a d  and t i n  has been prepared and i t s  p u b l i c a t i o n  was approved by the 
T h i r t e e n t h  Session of  GESAMP (Geneva, 28 February -I* March 1983). 

The presen t  r e p o r t  covering o r g a n o s i l i c o n s  ( s i l a n e  and s i l o x a n e s )  has been prepared 
us ing  t h e  same methodology and i ts p u b l i c a t i o n  was approved by the S i x t e e n t h  Sess ion  of 
GESAMP (London, 17-21 March 1986). 

1.2 Evaluat ion Mechanism 

The method and approaches a p p l i e d  by t h e  Working Group were d i scussed  and agreed upon a t  
a planning s e s s i o n  i n  Stockholm, 24-25 September, 1982. T h i s  was a t t e n d e d  by t h e  t h e  cha i r -  
men of GESAMP and of t h e  Working Group, and by i n t e r n a t i o n a l  agency represen ta t ives .  

The c o l l a b o r a t i o n  and support  o f  IRPTC was o f f e r e d  a t  GESAMP X I 1  and a n  IRPTC Data 
P r o f i l e  on Organos i l i con  Compounds was i s s u e d  i n  June  1983. The marine d a t a  c o l l e c t i o n  and 

e x t r a c t i o n  was c a r r i e d  out  by t h e  Marine B i o l o g i c a l  Assoc ia t ion  of t h e  U.K., Plymouth, United 
Kingdom. 

From a n  examinat ion of t h i s  and o t h e r  d a t a  p r o f i l e s ,  and a v a i l a b l e  c r i t i c a l  reviews of 
publ ished d a t a ,  s i g n i f i c a n t  papers  were s e l e c t e d  f o r  thorough eva lua t ion .  These papers ,  
t o g e t h e r  wi th  r e c e n t  and p e r t i n e n t  p u b l i c a t i o n s ,  t h e n  formed t h e  b a s i s  of t h i s  review. It is 



recognised,  however, t h a t  t h e s e  papers  provide on ly  a  p a r t i a l  coverage of t h e  world 
l i t e r a t u r e . .  In format ion  was lack ing  i n  s e v e r a l  a r e a s  e s s e n t i a l  t o  a n  environmental  hazard 
e v a l u a t i o n  of t h e s e  subs tances ,  and t h e s e  a r e a s  were i d e n t i f i e d  i n  t h e  reviews. 

A f i r s t  d i s c u s s i o n  on o r g a n o s i l i c o n s  took p lace  a t  t h e  second s e s s i o n  of the  Working 
Group which was h e l d  a t  t h e  Monitoring and Assessment Research Centre  (MARC) a t  Chelsea 
College,  London, from 30 January - 3 February 1984. The . q m p o s i t i o n  of two groups is given 
i n  Annex I. As reques ted  by GESAMP, t h e  Working Group undertook a  review of o rganos i l i cons ,  
s t a r t i n g  w i t h  t h e  p r e p a r a t i o n  of d r a f t  s e c t i o n s  on marine environment and human h e a l t h  
aspec t s .  It was no ted  wi th  g r e a t  concern t h a t  t h e  d a t a  base a v a i l a b l e  l a r g e l y  r e l a t e d  t o  t h e  
producing i n d u s t r y  and t h a t  very l i t t l e  r e f e r e n c e  could  be made t o  research  f ind ings  
publ ished i n  t h e  open l i t e r a t u r e .  Any conc lus ions  reached would t h e r e f o r e  have t o  be  
q u a l i f i e d  accordingly.  Concern was a l s o  expressed over  t h e  l a r g e  and open-ended group of 
subs tances  which t h e  o r g a n o s i l i c o n s  represen t .  A meaningful  hazard assessment would 
t h e r e f o r e  have t o  be l i m i t e d  t o  def ined  groups of o r g a n o s i l i c o n s  which a r e  p resen t ly  of 
s i g n i f i c a n c e  w i t h  regard t o  product ion and usage. 

Following t h e  p r e p a r a t i o n  of a  d r a f t  e v a l u a t i o n  of o r g a n o s i l i c o n s  with regard t o  marine 
organisms and t o  human h e a l t h ,  a n  e v a l u a t i o n  d i s c u s s i o n  took p lace  a t  t h e  f o u r t h  s e s s i o n  of 
t h e  Working Groups a t  WHO Geneva, 4  - 8 November 1985. The composi t ion of t h i s  is given i n  
Annex 11. 

A f t e r  f u r t h e r  r e v i s i o n ,  inc lud ing  comments rece ived  from GESAMP members through t h e  
d r a f t  c i r c u l a t i o n  process ,  t h e  f i n a l  r e p o r t  was submit ted t o  GESAMP X V I  f o r  cons idera t ion  and 
adoption.  This  was followed by i t s  formal p u b l i c a t i o n  and g e n e r a l  d i s t r i b u t i o n .  

2  ORGANOSILICONS I N  THE MARINE ENVIRONMENT. 

2.1 Background and r e f e r e n c e s  documentation. 

Reports  p resen ted  through t h e  European Counci l  of Chemical Manufacturers '  Federat ion 
(CEFIC) t o  var ious  s c i e n t i f i c a n d  po l icy  groups,  documents and reviews w r i t t e n  by s c i e n t i s t s  
working i n  t h e  o r g a n o s i l i c o n  i n d u s t r y  (eg  Fry,  1980; Firmin e t  a l . ,  1984) w i t h  independent 
reviews prepared f o r  t h e  US Environmental P r o t e c t i o n  Agency by Howard e t  a l .  (1974) and f o r  
t h e  EEC by Vonk e t  a l .  (1984) were consu l ted-  A s e l e c t i o n  of s t u d i e s  c i r c u l a t e d  a s  company 
r e p o r t s  (eg  H i l l  a., 1983) o r  publ ished i n  open l i t e r a t u r e  were used and t h e s e  a r e  l i s t e d  - - 
i n  t h e  re fe rence  s e c t i o n .  

2.2 General  f a c t s  

A s i l y l a t i o n  of o rgan ic  compounds by t h e  replacement of hydrogen wi th  a  t r i m e t h y l s i l y  1 
group o r  t h e  s u b s t i t u t i o n  of carbon atom by s i l i c o n  can i n c r e a s e  i n  p r i n c i p l e  the  number of 
o r g a n o s i l i c o n  compounds above t h e  number of o r g a n i c  compounds. The i n t r o d u c t i o n  of s i l i c o n  
i n t o  t h e s e  o r g a n i c  compounds does not render  a s p e c i f i c  set of t o x i c o l o g i c a l  p r o p e r t i e s ,  but 
r a t h e r  t h e  s i l i c o n  analogues s i m u l a t e  t h e  b i o l o g i c a l  a c t i v i t y  of paren t  compounds (Wannagat, 
1977). This  r e p o r t  is not concerned with t h e s e  s o  c a l l e d  sila-pharmacons, but concent ra tes  
on t h o s e  commercially produced o r g a n o s i l i c o n s  which a r e  s y n t h e s i s e d  i n  t h e  fol lowing s teps :  

1. S i l i c o n e  is reac ted  wi th  a l k y l h a l i d e  at  h igh  tempera ture  i n  t h e  presence of copper 
c a t a l y s t :  

( c h l o r o s i l a n e s  which have t o  b e  
s e p a r a t e d  by f r a c t i o n a l  d i s t i l l a t i o n )  



2. The h y d r o l y s i s  of c h l o r o s i l a n e s  g i v e s  HCl and u n s t a b l e  r e a c t i v e  s i l a n o l  which y i e l d s  
condensed p o l y s i l o x a n e ,  e g  

R2SiC1.2 + Hz0 Ã‘Ã HCl + HO - ii - OH -3' - SiO -I 

I I I 
R I R '  

s i l a n o l  p o l y s i l o x a n e  

The most 
m e t h y l s i l o x a n e  

commonly produced p o l y s i l o x a n e  
(PDMS): 

r 
I m3 
1 

(CH3)7j - S i O  - SiO 

I 
L CH3 

The c h a r a c t e r i s t i c s  of a  polymer depend 
o r g a n i c  r a d i c a l  a t t a c h e d  t o  t h e  s i l i c o n  atom- 

( s i l i c o n e )  is t r i m e t h y l  end-blocked po lyd i -  

on t h e  number of s i l o x a n e  blocks  and on the  
Polymers c o n t a i n i n g  up t o  2000 s f  loxane b locks  

remain f l u i d ,  though w i t h  i n c r e a s i n g  v i s c o s i t y  and d e c r e a s i n g  v o l a t i l i t y .  The v i s c o s i t y  of 
o r g a n o s i l i c o n  f l u i d s  is g i v e n  i n  k i n e m a t i c  v i s c o s i t y  (= v i s c o s i t y / d e n s i t y )  u n i t s ,  u s u a l l y  c S t  
( c e n t i S t o k e ) , w h i c h  shows some d e g r e e  of c o r r e l a t i o n  w i t h  t h e  number of s i l o x a n e  u n i t s  per 
molecule  (Howard e t  a l . ,  1974).  C y c l i c  p o l y s i l o x a n e s  a r e  mainly  formed w i t h  n  = 3-5. I n  t h e  
p r o d u c t i o n  of some l i n e a r  and c y c l i c  p o l y s i l o x a n e s  methyl  g roups  a r e  p a r t i a l l y  s u b s t i t u t e d  
w i t h  l o n g e r  a l k y l  c h a i n s  o r  phenyl  r a d i c a l .  To a v o i d  t h e  f o r m a t i o n  of o e s t r o g e n i c  phenyl- 
methylcyclotetra-siloxanes, polymethylphenyl  f l u i d s  a r e  now s y n t h e t t s e d  from d ipheny ld ime thy l  
i n s t e a d  of phenylmethyl  i n t e r m e d i a t e s .  

The i n t r o d u c t i o n  of p o l y e t h e r s  ( p o l y o x y e t h y l e n e  and po lyoxypropy lene )  g i v e s  b lock and 
g r a f t  s i l i c o n e  p o l y e t h e r  copolymers.  I n  b lock  copolymers  a  b lock of s i l o x a n e  polymer is 
a t t a c h e d  t o  a  b lock  of p o l y e t h e r  polymer and i n  g r a f t  copolymers  po lyoxya lky lene  s i d e  c h a i n s  
a r e  g r a f t e d  on a  po ly rne thy l s i loxane  backbone. The p r o d u c t i o n  of e l a s t o m e r s  and r e s i n s  is 
based on t h e  p r e s e n c e  of r e a c t i v e  ( e g  H, OH o r  v i n y l )  r a d i c a l s  which a l l o w s  c r o s s  l i n k i n g  
between l i n e a r  polymers and t h e  f o r m a t i o n  of a  more r i g i d  ma t r ix .  

The s u b d i v i s i o n  of such a  l a r g e  g roup  of h e t e r o g e n e o u s  compounds is a  p r e r e q u i s i t e  f o r  
any mean ingfu l  d i s c u s s i o n .  The f o l l o w i n g  g roups  have  been chosen  f o r  t h e  e v a l u a t i o n  of 
t h e i r  behav iour  i n  t h e  mar ine  env i ronmen t :  

s i l a n e s  and s i l a n o l s  
p o l y d i m e t h y l s i l o x a n e s  (PDMS) f l u i d s  
s i l i c o n e  p o l y e t h e r  and o t h e r  copolymer f l u i d s  
p o l y p h e n y l s i l o x a n e  f l u i d s  
s i l i c o n e  e l a s t o m e r s  and r e s i n s  

2.3 Sources  

2.3.1 P r o d u c t i o n  and u s e  

The a n n u a l  wor ld  production of o r g a n o s l l i c o n s  was a b o u t  500,000 t o n s  i n  1983 (Vonk 
al., 1984). According t o  a n  e a r l i e r  e s t i m a t e  (Howard e t  a l . ,  1974) abou t  45-50% of t h e  - 
t o t a l  p r o d u c t i o n  went i n t o  s i l i c o n  f l u i d s  ( two  t h i r d s  PDMS and one t h i r d  p o l y e t h e r  copoly- 
mers), 33% i n t o  e l a s t o m e r s  and  11% i n t o  r e s i n s .  A small amount ( a b o u t  3%) of s i l a n e s  was no t  
used f o r  po lymer iza t ion .  According t o  a later e s t i m a t e  f o r  t h e  USA, t h e  p r o p o r t i o n  of 
s i l i c o n  f l u i d s ,  e l a s t o m e r s ;  r e s i n s  i s  11.2:4.5:1 (Vonk e t  al. ,  1984). 



Organosi1icons have found numerous a p p l i c a t i o n s .  The f l u i d s  a r e  used i n  waxes and 
p o l i s h e s ,  po lyure thane  foams, l u b r i c a n t s  and water  r e p e l l e n t s  and a s  ant i foams.  Some of 
them a r e  used f o r  c o a t i n g  of t e x t i l e s  and g l a s s ,  i n  cosmet ics ,  pharmaceuticals  and p e s t i c i d e  
fo rmula t ions ,  i n  surgery  f o r  d r e s s i n g  g r a n u l a t i n g  wounds (foam e las tomers ) .  Resin and e l a s -  
tomer pro theses  a r e  implanted i n  p l a s t i c  and or thopaedic  surgery.  PDMS i s  rep lac ing  PCB a s  a  
d i e l e c t r i c  coo lan t .  

2.3.2 Sources of environmental contaminat ion 

Environmental presence of o r g a n o s i l i c o n s  is  e x c l u s i v e l y  anthropogenic.  According t o  
Howard e t  a l . ( l 9 7 4 )  t h e  c o n t r i b u t i o n  of manufacturing o p e r a t i o n s  and t r a n s p o r t  t o  environ- 
mental  contaminat ion is not s i g n i f i c a n t .  The only repor ted  l a r g e  s c a l e  acc iden t  was t h e  
s p i l l  of 4500 1 t e t r a c h l o r o s i l a n e  through t h e  rup tured  tank-coupling u n i t  of a  s to rage  tank. 
Rapid h y d r o l y s i s  on t h e  moist ground r e s u l t e d  i n  t h e  formation of HCl and s i l i c i c  a c i d  
(H4Si04). The inorgan ic  s i l i c o n  compound formed a 150-200 rn high  cloud and spread over more 
than  a  mile  (Kizer  et a l . ,  1984). S i loxanes  a r e  not  c o r r o s i v e  and v o l a t i l i t y  sharp ly  
d e c r e a s e s  wi th  t h e  degree of po lymer iza t ion ,  and t h e s e  two c h a r a c t e r i s t i c s  decrease 
tendenc ies  t o  escape. So f a r  no s i g n i f i c a n t  a c c i d e n t a l  s p i l l  i n t o  n a t u r a l  wate rs  has been 
repor ted  (Firmin e t  a l . ,  1984). Whether t h i s  was because t h e r e  were none o r  whether they 
simply remained unnoticed was not made c l e a r .  Loss of o r g a n o s i l i c o n s  i n t o  the  environment is 
mostly from t h e i r  use (Howard e t  a l . ,  1974). Organos i l i cons  i n  waxes and cosmetics a r e  
e v e n t u a l l y  washed o f f .  Antifoams e s p e c i a l l y  when used i n  sewage p l a n t s  can e n t e r  the  water 
system w i t h  s ludge  and e f f l u e n t .  S i l i c o n e  f l u i d s  used a s  l u b r i c a n t s ,  shock absorbers ,  heat  
exchange and d i e l e c t r i c  f l u i d s  may be r e l e a s e d  i n t o  t h e  environment through l e a k s  o r  inten-  
t i o n a l  d i sposa l .  The t reatment  bath f o r  c o a t i n g  of t e x t i l e s  o r  g l a s s  with s i l i c o n e  may be 
t h e  source  of environmental  contamination. S i l i c o n e  polymers i n  polyurethane foans,  
e l a s t o m e r s ,  r e s i n s  and coated t e x t i l e s  a r e  e i t h e r  i n c i n e r a t e d  o r  disposed i n  land f i l l .  
I n c i n e r a t i o n  decomposes o r g a n i s i l l c o n s  t o  CO2 and S i 0 2  but d i s p o s a l  of f l u i d s  i n  l a n d - f i l l s  
may a l l o w  smal l  amounts t o  escape i n t o  a q u a t i c  systems- 

2.4 Transpor t ,  t r a n s f o r m a t i o n  and bioaccumulation 

2.4.1 Transpor t  and t rans format ion  

2.4.1- 1  S i l a n e s  and s i l a n o l s  

C h l o r o s i l a n e s ,  but  a l s o  alkoxy-, ace toxy ,  amino-, and epoxysi lanes undergo rapid 
h y d r o l y s i s  i n  water  with t h e  formation of s i l a n o l  and s i l o x a n e  compounds. Degradation of 
c h l o r o s i l a n e s  a l s o  produces HC1. I n  t h e  marine environment t h e  a c i d  is d i spersed  and 
n e u t r a l i s e d .  Diethoxydimethylsi lane,  a s  t h e  s i n g l e  source  of energy,was a b l e  t o  maintain t h e  
growth of a  s t r a i n  of Pseudomonas, s e v e r a l  b a c i l l i  and gram nega t ive  rods (Heinen. 1977). 
probably from e t h a n o l  l i b e r a t e d  from t h e  h y d r o l y s i s  of t h e  Si-0 bond- Dimethylsi lanediol  
(Me2Si(O~)2 and o t h e r  water-soluble methy ls i l axonols ,  i r r a d i a t e d  with 254 nm UV l i g h t ,  sun 
lamps g i v i n g  365 run UV l i g h t  o r  n a t u r a l  ground l e v e l  sun l i g h t ,  broke down i n  water t o  C02 
and s i l i c i c  acid.  Traces of NaN0-j o r  NaNO; (10 ppb) a c e l e r a t e d  decomposition (Frye,  1980; 
Buch e t  a l . ,  1983). 

2.4.1.2 Polydimethylsi loxane (PDMS) f l u i d s  

L inear ,  branched and c y c l i c  polydimethylsi loxanes have d e n s i t i e s  below I .  Nevertheless  
they  do not form l a s t i n g  s u r f a c e  f i l m s  on n a t u r a l  w a t e r s ,  b u t  become adsorbed onto p a r t i c l e s  
and s i n k  t o  t h e  sed imenta l  l a y e r  where m o b i l i t y  is low ( P e l l e n b a r g ,  1979a; Get t ings  and Lane, 
1982). Thus 430 1 seawater ,  pe rco la ted  slowly through 200 g sediment s i l i c o n i s e d  wi th  2-0 g 
DC 561 (50  c S t )  PDMS, removed o n l y  5% s i l i c o n e  (CEFIC,1983, Ea les  and Taylor ,  1983). 

A t  p resen t  t h e r e  is no evidence f o r  b iodegrada t ion  i n  t h e  a q u a t i c  environment (Vonk 
a l .  , l984), though non-biological  decomposition has  been demonstrated. Under the  in f luence  - 
of UV l i g h t  t h e  atmospheric  decomposition of v o l a t i l e  methy ls l loxanes ,  l i k e  hexaaethyldi- 
s i l o x a n e  or octamethylcyclotetrasiloxane was f a s t e r  t h a n  t h e  decomposition of n-octane (Frye, 
e t  a l . ,  1980). The s i l o x a n e  bond of  PDMS undergoes h y d r o l y s i s  and rearrangement i n  c o n t a c t  -- 
w i t h  t h e  c l a y  components of s o i l '  when t h e  m o i s t u r e  c o n t e n t  is more than  2.0%. Contact w i t h  
k a o l i n i t e  r e s u l t s  i n  t h e  formation of v o l a t i l e  c y c l i c s  whi le  montmor i l lon i te  a t t a c k s  tri- 
~ t h y l s l l o x y  ends i n  p re fe rence  t o  t h e  d i m e t h y l s i l o x y  c h a i n  s i t e s  (Buch and Ingebr ig t son ,  
1979; Frye, 1980). 



2.4.1.3 S i l i c o n e  p o l y e t h e r  copolymer f l u i d s  

Depending on  t h e  p o l y e t h e r  compos i t ion  t h e s e  s u r f a c t a t i t  m a t e r i a l s  may be s o l u b l e ,  
a i s c i b l e  o r  i n s o l u b l e  i n  water .  The wa te r  s o l u b l e  o r  m i s c i b l e  copolymers a r e  expected t o  
behave d i f f e r e n t l y  from PDMS. Some b i o d e g r a d a b i l i t y  may be expec ted  b u t  has not been 
r e p o r t e d .  On t h e o r e t i c a l  grounds  n i t r a t e  med ia t ed  p h o t o d e g r a d a t i o n  i s  p o s s i b l e .  

2.4.1.4 Polymethylphenyls i loxane f l u i d s  

Env i ronmen ta l  p r o p e r t i e s  of t h i s  group a r e  e x p e c t e d  t o  be s i m i l a r  t o  those  of  PDMS and 
on t h e o r e t i c a l  g rounds  t h e  same d e g r a d a t i o n  mechanism is  l i k e l y .  The u t i l i z a t i o n  of phenyl- 
s i l a n e  by a  Pseudomonas s t r a i n  (Heinen,  1977)  and t h e  c o n v e r s i o n  of  2 ,6-c is-diphenylhexa-  
methylcyclotetrasiloxane t o  hydroxyphenyl  d e r i v a t i v e  ( L e v i e r  g. ,  1977) have been 
s u g g e s t e d ,  bu t  w i t h o u t  any documentat ion.  Moreover,  a t  l e a s t  i n  r a t s  pheny l t r i m e t h y  l s i l a n e  
and p h e n y l d i m e t h y l s i l a n e  a r e  not  decomposed b u t  c o n v e r t e d  t o  d i s l l o x a n e s  (Fassenden and 
Hartman, 1970). 

2.4.1.5 O r g a n o s i l i c o n  e l a s t o m e r s  ( r u b b e r s )  and r e s i n .  

These  m a t e r i a l s  a r e  cu red  s o l i d s ;  t h e y  a r e  i n s o l u b l e  i n  w a t e r  and non-biodegradable .  The 
s u g g e s t i o n  t h a t  s i l i c o n  rubbe r  c a n  be used a s  food s o u r c e  by S t r ep tomyces  was not suppor t ed  
by t h e  d e m o n s t r a t i o n  of d e g r a d a t i o n  (Ca lde ron  and  S t a f f e l d t ,  1965). Other  p u b l i c a t i o n s  
reviewed by Vonk e t  a l .  (1984)  showed t h a t  s i l i c o n  r e s i n s  and r u b b e r  a r e  r e s i s t a n t  t o  f u n g a l  
decay and d e t e r i o r a t i o n  by microorganisms.  

2.4.2 B ioaccumula t ion  

2.4.2.1 Octanol-water  p a r t i t i o n  c o e f f i c i e n t  

B i o c o n c e n t r a t i o n  f a c t o r s  (BCF) of o r g a n i c  s u b s t a n c e s  a r e  de te rmined  under  s t e a d y  s t a t e  
c o n d i t i o n s ,  and  c a n  be p r e d i c t e d  on  t h e  b a s i s  of p a r t i t i o n  c o e f f i c i e n t  [Kow] (GESAMP 1984, 
Chiou 1981). Based on t h e  measured [Kyy] v a l u e s  of 59 c h e m i c a l s  and t h e i r  BCF v a l u e s  i n  
f a t h e a d  minnow, b l u e g i l l ,  mosqu i to  f i s h ,  r a inbow t r o u t  and g r e e n  s u n f i s h ,  V e i t h  e t  a l . ,  1979,  
found t h a t  BCF can  be p r e d i c e d  from t h e  f o l l o w i n g  e q u a t i o n :  

l o g  BCF = 0.85 Kyy - 0.70 

The p r e d i c t e d  BCF may be lower than  t h e  a c t u a l  BCF when b i o m a g n i f i c a t i o n  via  food cha i r .  
o c c u r s  and h i g h e r  when t h e  compound i s  b iodegraded  (GESAMP 1984).  BCF, c a l c u l a t e d  from the  
wa te r  c o n c e n t r a t i o n  of t h e  chemica l  a t  t h e  b e g i n n i n g  of e x p o s u r e ,  is a l s o  too h igh  when 
aqueous  c o n c e n t r a t i o n  d e c l i n e s  (Chiou,  1981) ,  e.g. t h e  c h e m i c a l  undergoes  h y d r o l y s i s  ( l i k e  
s i l a n e s ) ,  e v a p o r a t i o n  ( l i k e  c y c l i c  s i l o x a n e s )  o r  s e d i m e n t a t i o n  ( l i k e  PDMS). Long 
accumula t ion  t ime i n c r e a s e  t h e  impor t ance  of t h e s e  f a c t o r s .  Though bioconcent  r a t  ion  
i n c r e a s e s  w i t h  ky, t h e  t ime t o  r each  t h e  s t e a d y  s t a t e  is i n c r e a s e d  w i t h  d e c r e a s i n g  w a t e r  
s o l u b i l i t y .  Thus t h e  more s o l u b l e  t r i c h l o r o b e n z e n e  r eached  t h e  s t e a d y  s t a t e  c o n c e n t r a t i o n  i n  
f i s h  i n  two days  and t h e  l e s s  s o l u b l e  p e n t a c h l o r o b e n z e n e  i n  7  days  (Chiou,  1981). Another 
e x c e p t i o n ,  i m p o r t a n t  f o r  polymers,  is t h a t  d i f f u s i o n  th rough  membrane can be impeded by t h e  
s t r u c t u r e  o r  s i z e  of  t h e  molecu le  ( R o b e r t s  and  M c G a r r i t y ,  1985). 

2.4.2.2 S i l a n e s  and s i  l a n o l s  

The re  a r e  no e n v i r o n m e n t a l  d a t a  on t h e  b i o a c c u m u l a t i o n  of s i l a n e s  o r  s i l a n o l s .  but t h e i r  
e n v i r o n m e n t a l  i n s t a b i l i t y  makes s i g n i f i c a n t  b i o a c c u m u l a t i o n  u n l i k e l y .  The l ack  of b io-  
accumula t ion  i n  f a t h e a d  minnows (P imepha les  p romelas )  exposed from eggs  through a d u l t  s t a g e s  
f o r  60 t o  9 0  d a y s  t o  a maximum of 10 ppm d i m e t h y l s i l a n d i o l  were  i n  agreement  w i t h  t h i s  view 
(Annel in  and Buch, 1978). 

2.4.2.3 P o l y d i m e t h y l s i l o x a n e  (PDMS) f l u i d s  

B i o c o n c e n t r a t i o n  e x p e r i m e n t s  (Anne l in ,  1984) w i t h  octamethylcyclotetrasiloxane 
i n d i c a t e d  t h a t  f a t h e a d  minnows (P imepha les  p r o m e l a s )  t a k e  up  t h i s  c y c l i c  o l igomer  (m.w. = 
296, w a t e r  s o l u b i l i t y  = 0.5 mg/ l )  r a p i d l y .  The a v e r a g e  b i o c o n c e n t r a t i o n  f a c t o r  was n e a r  t o  
t h e  p r e d i c t e d  1200 c a l c u l a t e d  from l o g  bw = 4 - 4 5  e s t i m a t e d  by Bruggeman e t  a l . ,  (1984)-  



About 9 0  Z o f  t h e  body burden c l e a r e d  w i t h  a  h a l f  t i n e  of 16.8 h and 10% w i t h  a  h a l f  tioe of 
120 h  (Anne l in ,  1984). 

I n  f e e d i n g  e x p e r i m e n t s  (Bruggeman e t  a l . ,  1984) w i t h  l i n e a r  and c y c l i c  o l i g o u e r s  and DC 
200 f l u i d  ( 5  c S t )  t h e  v o l a t i l i t y  of low m o l e c u l a r  weight  o l i g o u e r s ,  i n c l u d i n g  o c t a u e t h y l -  
c y c l o t e t r a s i l o x a n e ,  p r e v e n t e d  s u p p l e m e n t a t i o n  w i t h  n e a s u r a b l e  c o n c e n t r a t i o n  i n  food bu t  
a u t h o r s  were a b l e  t o  estiaate t h e  u p t a k e  of c y c ~ u s i i o x a n e s  w i t h  6 and 9  s i l i c o n  a toms and t h e  
u p t a k e  of l i n e a r  s i l o x a n e s  f rom 5  t o  14 s i l i c o n  atoms. Only t h e  two c y c l i c  s i l o x a n e s  and 
from t h e  l i n e a r  g r o u p s  t h o s e  wi t t i  b t o  12 s i l i c o n  atoms gave  u e a s u r a o l e  c o n c e n t r a t i o n s  i n  
g u p p i e s  ( P o e c i l i a  r e t i c u l a t a )  a f t e r  t h e  10 weeks t r e a t m e n t  pe r iod .  The d e t e c t i o n  l imic  was 
0.3 pg/g t i s s u e .  The a p p a r e n t  b i o u a g n i f i c a t i o n  f a c t o r  ( t h e  r a t i o  of c o n c e n t r a t i o n  i n  f i s h  t o  
c o n c e n t r a t i o n  i n  f o o d )  f o r  l i n e a r  o c t o s i l o x a n e  was 0.16 and f o r  a l l  o t h e r s  l e s s  than U . I .  
These  f a c t o r s  d i d  n o t  show any c o r r e l a t i o n  w i t h  t h e  oc tano l -wa te r  p a r t i t i o n  c o e f f i c i e n t  and 
were 10-30 t i m e s  lower  t h a n  t h o s e - o t  PCB compounds. 

S i m i l a r  low b i o c o n c e n t r a t i o n  and b i o m g n i f i c a t i o n  f a c t o r s  were  o b t a i n e u  w i m  u o r e  
v i s c o u s  p r e p a r a t i o n s ,  eg w i t h  50  c s  Put-lS f l u i d  i n  b u l l h e a d s ,  L c t a l u r u s  u e l a s  (Anne l in ,  lY7Y) 
and w i t h  300 c S t  f l u i d  i n  b l u e g i l l  s u n f i s h ,  Leponis  u a c r o c l ~ i r u s  (Hobbs e c  a l . ,  1975). ~ u b e r t  
e t  a l .  (1985,  1985)  exposed f o u r  food-chain  p a i r s  t o  200 w g / l  PDMS (47 c S t )  o i l .  Worms i n  -- 
t h e  p r e s e n c e  of b a c t e r i a  and p l a n k t o n ,  o r  f i s h  and c r u s t a c e a  f e d  on exposed a n n e l i d  worus had 
a  b i o c o n c e n t r a t i o n  f a c t o r  ( c o n c e n t r a t i o n  i n  t i s s u e  p e r  c o n c e n t r a t i o n  i n  w a t e r )  of 0.05. B O C I I  

p h y t o p l a n k t o n  and p l a n k t o n  had a b o u t  2.0 b i o c o n c e n t r a t i o n  f a c t o r ,  o u t  mol luscs  ( r i y t i l u s  
e d u l i s )  f e d  on p h y t o p l a n k t o n  o r  f i s h  ( C a r a s s i u s  a u r a t u s )  f e d  on p l a n k t o n  had low bioconcen- 
t r a t i o n  f a c t o r s ,  0.24 and 0.1 r e s p e c t i v e l y .  

C o n t r a r y  t o  t h e s e  o b s e r v a t i o n s  Watanabe et  a1 (1984a)  r e p o r t e d  s i g n i f i c a n t l y  h i g h e r  bio- 
c o n c e n t r a t i o n  f a c t o r s  i n  s i l v e r  ca rp .  Water c o n c e n t r a t i o n s  (and s o l u b i l i t y )  f o r  t h e  1200,  
6000, 2500 and 56000 m.w. PDMS p r e p a r a t i o n s  were  1.6, 0.56, 0.17 and 0.076 ppm and a f t e r  
72 h  exposure  t i s s u e  s i l c o n e  c o n c e n t r a t i o n s  were  4.1, 3.5,  48.0 and  75.3 ppa. It is n o t  
c l e a r  t h a t  c o n c e n t r a t i o n s  r e f e r  t o  t h e  whole f i s h  o r  t o  muscle ,  but  s u r f a c e  c o n t a u i n a t i o n  is 
t h e  most l i k e l y  e x p l a n a t i o n  f o r  t h e  f o l l o w i n g  r easons .  F i r s t l y  d i f f u s i o n  of molecu les  
th rough  membranes canno t  i n c r e a s e  w i t h  m o l e c u l a r  we igh t  and s e c o n d l y  t r o u  t h e  g a s t r o -  
i n t e s t i n a l  t r a c t  even l i n e a r  m e t h y l s i l o x a n e  w i t h  6  s i l i c o n  a toms a r e  no t  abso rbed  (.Le V i e r  
a l . ,  1977).  - 

2.4.2.4 S i l i c o n e  p o l y e t h e r  copolymers  and p o l y m e t h y l p l ~ e n y l s i l o x a n e  f l u i d s .  

P o l y e t h e r  copolymers  due t o  t h e i r  s u r f a c e  a c t i v e  p r o p e r t i e s  uay beliave so~ iewha t  
d i f f e r e n t l y  f rom PDMS, and p o l y m e t h y l p h e n y l s i l o x a n e  f l u i d s  a r e  e x p e c t e d  t o  beliave l ikr i  W M S  
w i t h  t h e  same m o l e c u l a r  weight .  However i t  o u s t  be  p o i n t e d  o u t  t h a t  phenyl  g roups  a r e  not 
on ly  e n l a r g e  but  modify t h e  s t r u c t u r e  of raolecule.  

2.4.2.5 E las tomers  and r e s i n s  

No d a t a  on a q u a t i c  b ioaccu iau la t ion  have been found,  but based on e x p e r i e n c e  of c n e i r  u s e  
i n  med ic ine ,  t h e  p r o b a b i l i t y  of b ioaccumula t ion  is  e x t r e m e l y  u n l i k e l y .  

2.5 C o n c e n t r a t i o n s  i n  s e a  w a t e r ,  s e d i m e n t s  and mar ine  b i o t a .  

Low s o l u b i l i t y  l i m i t s  t h e  aqueous  c o n c e n t r a t i o n  of o r g a n o s i l i c o n s  but  t hey  can  form a  
m i c r o l a y e r  on aqueous  s u r f a c e s .  I n  two u a r i n a s  m i c r o l a y e r  samples ,  which f i l l e d  a n  a luu in iu ia  
mesh s c r e e n  i n  c o n t a c t  w i t h  t h e  s u r f a c e ,  c o n t a i n e d  20-40 ppo s i l i c o n e  ( P e l l e n o a r g ,  1979aJ .  

S u c h  a  l a y e r  is h i g h l y  permeable  t o  oxygen ( C l a r k  and G o l l a n ,  lY66), and bo tn  low s o l u b i l i t y  
and low s u r f a c e  t e n s i o n  promotes a d s o r p t i o n  on p a r t i c l e s .  Thus P e l l e n b a r g  (1Y79a) and Ann 
Arbor  T e c h n i c a l  S e r v i c e s  (1985) measured 1.0 t o  4.8 ppb o r g a n o s i l i c o n  c o n c e n t r a t i o n s  i n  t h e  
e f f l u e n t  of d i f f e r e n t  sewage d i s p o s a l  p l a n t s ,  w h i l e  c o n c e n t r a t i o n s  i n  f i l t e r  cake  and s l u d g e  
ranged f rom 8 .0  t o  104 ppm. I n  t h e  New York b i g h t ,  n e a r  t o  the  dumping si te of s l u d g e ,  
s e d i m e n t s  c o n t a i n e d  up t o  50 ppm o r g a n o s i l i c o n s  ( P e l l e n b a r g ,  1979b) ,  w h i l e  i n  t h e  s e d i m e n t s  
of t h e  Potomac r i v e r  n e a r  t o  a sewage d i s p o s a l  p l a n t  t h e  maximuu c o n c e n t r a t i o n  was o n l y  3.1 
Ppm and i n  t h e  Delaware r i v e r  Bay i t  was below 1.0 ppm ( P e l l e n b a r g ,  l979b) .  No o c t a o e t h y l -  
c y c l o t e t r a -  s i l o x a n e  ( d e t e c t i o n  l i m i t :  0.05 ppm d r y  w e i g h t )  was d e t e c t e d  i n  s e d i m e n t s  
c o l l e c t e d  i n  t h e  C u r t i s  bay, Delaware bay and Po touac  r i v e r  a r e a s  (Ann Arbor T e c h n i c a l  
S e r v i c e s  Ltd. ,  1985). No d a t a  have been found f o r  o r g a n o s i l i c o n  c o n c e n t r a t i o n s  i n  s e d i m e n t s  



outside estuaries or In seawater and biota. Extractable organosilicon concentrations in fish 
from the Nagara river area, highly contaminated with municipal and industrial sewage, were 
below 1.0 ppm (Watanabe et al., 1984b). 

3- EFFECTS ON MARINE BIOTA 

The paucity of data on marine organisms made it essential to include data on freshwater 
species. 

3-1 Reference documentation 

The review of Vonk et al. (1984) especially the tabulated data on toxic effects served 
as a basis for this part. Other reviews consulted were those by Firmin et al. (1984) and by 
Cabridenc (1985). 

In two thirds of the entries in the comprehensive toxicity tables prepared by Vonk 
fi. * (1984) the highest organosilicon concentrat ions used by the investigators had no 
injurious effect on marine organisms or were below the corresponding LC50 values. The 
arbitrariness In the choice of the highest concentration nakes the grading of organosilicons 
for toxic potential difficult. Moreover as most of the experiments with polymers were 
carried out at a concentration level well above water solubility, differences in the disper- 
sion and sedimentation of the insoluble substance may have caused differences in actual 
concentrations from experiment to experiment. 

3.2 Silanes and silanols 

3.2.1 Microorganisms, algae and crustaceans. 

In microcosm experiments SO to 60 ppm dimethylsilanediol did not alter community struc- 
ture of bacteria, algae and protozoa (Getting and Lane 1982). Fourteen days exposure to 1000 
to 2000 ppm trimethylsilanol~ dimethylsilandiol or nethylsilanetriol did not affect the 
growth of green (Selenastrum caprlcornutum) and blue algae (Anabaena flos-aquae), but 
different methoxysilanes in the concentration range of 100 to 300 ppm caused a 50% inhibition 
(ICso) in algal growth (Vonk et al., 1983). 

Chlorosilanes at around 200-300 ppm level killed 50% (LCso) of European brown shrimp 
(Craneon crangon). As hydrochloric acid from the hydrolysis of silane was the toxic agent 
the extension of exposure time from 1 h to 96 h did not increase mortality (Franklin, 1981). 
The 96 h LC50 values for dimethylsilanediol were 471 ppm in shore crab &chygrapsus 
crassipes), and 604 ppm in marsh shrimp (Palaemonetes vulgaris), while in waterflea (Daphnia 
magna) 72 h exposure to 1000 ppm trimethylsilanol,dimethylsilanediol or nethylsilanetriol did 
not cause mortality (Vonk eta. , 1983). For the same species epoxysilane had 324 ppm as 48 -- 
h LC50- Alkoxytrimethoxysilane and acetoxysilane were not toxic in concentration up to 100 
P Pm- 

3-2.2 Molluscs and fish 

NO toxicity data are available for molluscs. Fish (armed bullhead, Agonus cataphractus) 
with 1 hr LC50 values of -180 to 300 ppm have the same sensitivity to chlorosilanes as 
crustaceans (Franklin, 1981). No LC50 values could be established for silanols, as eg 96 h 
exposure to 1000 ppm dimethylsilanediol did not cause any mortality in rainbow trout (Salmo 
gairdneri), bluegill sunfish (Lepomis macrochirus) or killifish (Fundulus heteroclitus) (Vonk 
et al., 1984). Exposure to 10 ppm dimethylsilanediol for 280 days did not affect survival, 
growth and weight of fathead minnows (Pimephales promelas). Of three oxysilanes vinyltri- 
acetoxysilane had the lowest LCso, 51 ppn for rainbow trout and 68 mg ppm for bluegill sun- 
fish- In the sane two species glycidoxypropyltrimethoxysilane and an aminopropyltrimethoxy- 
sllane had LC50 values between 200 and 300 ppm and vinyltrinethoxysilane was not toxic to 
bluegill sunfish even at 1000 ppm (Vonk et al., 1984). 

3.3 Polydimethylsiloxanes (PDMS) fluids 



3.3.1 Microorganisms,  a l g a e  and c r u s t a c e a n s  

Community s t r u c t u r e  of  a microcosm, i n c l u d i n g  b a c t e r i a ,  a l g a e  and  p r o t o z o a ,  was no t  
a f f e c t e d  by 24 weeks e x p o s u r e  t o  ^ c - l a b e l l e d  55  cs hyaroxy endb locked  POMS. The microcosm 
sys t em c o n s i s t e d  of  9.1 1  w a t e r  and 2.4 1 l a k e  sed imen t  and 8 4  mg PDMS was e i t h e r  sp read  on 
t h e  s u r f a c e  of wa te r  o r  mixed w i t h  t h e  sediment .  Water c o n c e n t r a t i o n s  i n  t h e  f i r s t  c a s e  
ranged from 17 t o  260 ppb w i t h  144 ppb median and i n  t h e  second case from below d e t e c t i o n  
l i m i t  t o  14.5 ppb w i t h  9  ppb median ( G e t t i n g s  and Lane,  1982). Sea  w a t e r  s a t u r a t e d  w i t h  
d i f f e r e n t  PDMSs (100, 350 o r  12,000 c S t )  d i d  no t  a f f e c t  t h e  growtti of f l a g e l l a t e s  o r  d i a toms ,  
o r  t h e  m o r t a l i t i e s  of b r i n e  sh r imp  and h e r m i t  c r a b  ( C l i n o b a r i u s  n i s a n t h r o p u s )  (Maggi and 
A l z i e u ,  1977). Aubert  (1983)  found t h e  120 h  LC50 of  a  30% PDMS emuls ion  (47 c S t )  2000 ppu 
f o r  f l a g e l l a t e s ,  w h i l e  a n  Annel id  ( N e r e i s  d i v e r s i c o l o r )  and b r i n e  sh r imp  (Artemia  s a l i n a )  
t o l e r a t e d  l o n g e r  exposure  t ime  o r  h i g h e r  c o n c e n t r a t i o n s .  

Hobbs e t  a l .  (1975) found  t h e  48 h  LC50 of  a n  a n t i f o a u  wich 30% PUNS e m u l s i o n  (3SU c S t )  
t o  be 244 ppm ( 7 3  ppo PDMS) f o r  Daphnia magna. Two o t h e r  s t u d i e s  g a v e  LC50 v a l u e s  n e a r  t o  
500 ppm (155 ppm PDMS) f o r  t h e  s a n e  s p e c i e s  (Howard et a l . ,  1977). The 12X c y c l i c  o l igomers  
i n  t h e  PDMS used by Hobbs (1975)  may have  i n t e r f e r e d  i n  t h e  t o x i c i t y ,  but  a u t h o r s  a l s o  n o t e d  
t h a t  t h e  c r u s t a c e a n s  became e n t a n g l e d  w i t h  t h e  s i l i c o n e  l a y e r  on t h e  w a t e r  s u r f a c e .  Exposure 
t o  c y c l i c  m e t h y l s i l o x a n e s  a t  l e a s t  up t o  100  ppn c o n c e n t r a t i o n  f o r  96 h  d i d  no t  a t f e c t  t h e  
o i o r t a l i t y  of marsh shr imp ( P a l a e n o n e t e s  v u l g a r i s )  o r  a l g a l  growth. ~ r i n e  shr imp t o l e r a t e d  24 
h r  exposure  t o  500 ppm (Vonk e t  a l . ,  1984).  

3.3.2 Mol luscs  and f i s h  

Few d a t a  a r e  a v a i l a b l e  on s o l u b l e  l i n e a r  and c y c l i c  compwnds. C y c l i c  low molecu la r  
we igh t  s i l o x a n e s  (DC 345)  were  no t  t o x i c  t o  t h e  z e b r a  f i s h  (Brackiydanlo r e r i o )  a t ~ l e a s t  up t o  
96 h  exposure  t o  500 ppu (Meur i ce ,  1 9 8 l a )  o r  105 days  exposure  t o  10 ppm (Maurice ,  198lb) .  

More d a t a  a r e  a v a i l a b l e  on h i g h  m o l e c u l a r  we igh t  polymers.  Exposure of mussel  ( M y t i l u s  
e d i l i s ) ,  p e r i w i n k l e  ( L i t t o r i n a  l i t t o r e a )  o r  o y s t e r  ( O s t r e a  e d u l i s )  f o r  9 6  h  t o  s a t u r a t e d  
s o l u t i o n s  of  100 ,  350 o r  12,500 c S t  PDMS s o l u t i o n s  caused  no m o r t a l i t y  (Maggi and  A l z i e u ,  
1977). M y t i l u s  e d u l i s  i s  u o r e  s e n s i t i v e  t o  t h e  e m u l s i f i e r  t han  t o  PDMS and  a c c o r d i n g  t o  
Aubert  e t  a l .  (1985)  t h e  l e t h a l  f a c t o r  is n o t  b i o c h e m i c a l ,  but t h e  mechan ica l  o b s t r u c t i o n  of 
t h e  r e s p i r a t o r y  passages .  Data t a b u l a t e d  by Vonk e t  a l .  (1984) i n d i c a t e s  t h a t  u u s s e l s  
( M y t i l u s  e d u l i s )  o r  c o c k l e s  ( P r o t h a c a  spaminea lcan  t o l e r a t e  1000 ppm PUMS. 

Exposure of rainbow t r o u t  (Salrno g a i r d n e r i ) ,  b l u e g i l l  s u n f i s h  (Lepomis m a c r o c h i r u s )  and 
k i l l y f i s h  (Fundulus  h e t e r o c l i t u s )  t o  1000 ppm DC A n t i f o a n  C  (30% e m u l s i o n )  f o r  9b 11 caused no 
d e a t h  i n  t h e  f i r s t  two and 20% m o r t a l i t y  i n  t h e  t h i r d  s p e c i e s .  A t  and above 1000 ppn o lue -  
g i l l  s u n f i s h  and rainbow t r o u t  became l e s s  a c t i v e  (Hobbs e t  a l . ,  1975). E i g h t  days  exposure  
of minnows (Phoxinus  p h o x i n u s )  t o  3000 ppu e m u l s i f i e d  PDMS c a u s e d  402 u o r t a i i t y  (Vonk e t  a l - ,  
1984). Exposure t i n e  i s  impor t an t .  I n  t h e  e x p e r i m e n t s  of Aubert  et a l .  (1983)  w i t h  PDMS (47 
c S t )  i n c r e a s e  of exposure  t ime  f rom 24 t o  42  h  d e c r e a s e d  LC50 f r o u  10,U00 t o  1000 i n  g o l d f i s h  
( C a r a s s i u s  a u r a t u s )  and f r o u  5 0  h  t o  120 h  d e c r e a s e d  t h e  LCsO o f  Scorpaena  porcus  i rom 20U0 
t o  1000 ppu. These  c o n c e n t r a t i o n s  a r e  s u b s t a n t i a l l y  h i g h e r  than  t h e  
s o l u b i l i t y  of PDMS, which is i n  t h e  ppb range.  Maggi and A l z i e u  (1977.) found  no m o r t a l i t y  
when th ree - sp ined  s t i c k l e b a c k  ( G a s t e r o s t e u s  a c u l e a t u s )  o r  sand goby (Poo ia tosch i s tus  u i n u t u s ;  
were  exposed f o r  96 h r  t o  t h e  s a t u r a t e d  s o l u t i o n  of d i f f e r e n t  PUMS. 

Sheepshead minnow (Cyprinodon v a r i e g a t u s )  embryos and l a r v a e  were  exposed t o  t h e  po lyd i -  
m e t h y l s i l o x a n e  f o r m u l a t i o n  of MAJ241 a t  f i v e  c o n c e n t r a t i o n  l e v e l s  ( H i l l  e t  a l . ,  1984). The 
measured c o n c e n t r a t i o n s  of MAJ241 were  91 ,  200,  293,  606 and  671 ppm w i t h  35% PDMS. An 

a d d i t i o n a l  g roup  was exposed t o  t h e  emuls ion  f o r m u l a t i o n  W 2 4 2  which h a s  t h e  same con- 
p o s i t i o n  a s  MAJ241 but  PDMS was r e p l a c e d  by water .  The c o n c e n t r a t i o n  of MAJ242 was 594 ppo, 
t h a t  is a p p r o x i m a t e l y  t h e  same a s  i n  t h e  606 ppm e x p o s u r e  group. S t a t i s t i c a l  compar ison was 
made between t h e s e  g r o u p s  and  a  s i x t h  g r o u p  k e p t  i n  s a l i n e  wa te r .  H a t c h a b i l i t y  was 
s i g n i f i c a n t l y  i n h i b i t e d  o n l y  i n  t h e  h i g h e s t  e x p o s u r e  g roup ,  s u r v i v a l  i n  t h e  second and f o u r t h  
exposure  g roup  and i n  t h e  emuls ion  c o n t r o l ,  l e n g t h  d e c r e a s e d  i n  t h e  b71 ppm and e u u i s i o n  
g roups  and f i n a l l y  weight  i n c r e a s e d  i n  t h e  200,  293 a n d  606 ppia exposure  and d e c r e a s e d  i n  t h e  
emuls ion  c o n t r o l  groups .  A s  s u r v i v a l  was a f f e c t e d  i n  t h e  200 ppm riAJ 241 exposure  group,  
a u t h o r s  p u t  t h e  no -obse rvab le  e f f e c t  c o n c e n t r a t i o n  .(NOEC) a t  91  ppm, t h e  obse rved  e f f e c t  
c o n c e n t r a t i o n  (OEC) a t  200 ppm and t h e r e f o r e  t h e  t h r e s h o l d  c o n c e n t r a t i o n  between 91 and 200 



ppm ( H i l l  et a l . ,  1984). However t h i s  e v a l u a t i o n  may be ove r  z e a l o u s  because  t h e  l a c k  of 
graded dose  r e s p o n s e  r e l a t i o n s h i p  range.  Maggi a n d  A l z i e u  (1977)  found no m o r t a l i t y  when 
th ree - sp ined  s t i c k l e b a c k  ( G a s t e r o s t e u s  a c u l e a t u s )  o r  s and  goby (Pomatosch i s tus  minu tus )  were  
exposed f o r  96 h r  t o  t h e  s a t u r a t e d  s o l u t i o n  of d i f f e r e n t  PDMS. 

3.4 S i l i c o n e  p o l y e t h e r  copolymer f l u i d s  

3.4.1 Microorganisms,  a l g a e  and c r u s t a c e a n s  

S i l i c o n e  p o l y e t h e r  copolymers  d i d  n o t  a f f e c t  t h e  b i o l o g i c a l  oxygen demand of sewage 
organisms exposed t o  1000 ppm f o r  20 weeks ( F i r m i n  e., 1984). DC 193 s u r f a c t a n t ,  a  
s i l i c o n e  p o l y e t h e r  copolymer ,  caused  a  50% d e c r e a s e  i n  t h e  growth r a t e  of g r e e n  a l g a e  a t  16.8 
ppm and t h a t  of t h e  b l u e  a l g a e  a t  753 ppm c o n c e n t r a t i o n  (Vonk e t  a l . ,  1984). The same 
s u r f a c t a n t  d i d  n o t  i n f l u e n c e  t h e  r e p r o d u c t i o n  of  Daphnia magna exposed t o  10 ppm f o r  21 days  
and f o r  t h e  same s p e c i e s  t h e  e s t i m a t e d  4 8  h  LC50 v a l u e s  were 311 ppm and 486 ppm (Vonk & 
a l . ,  1984) and 10% of t h e  b r i n e  f i s h  (Ar temia  s a l i n a )  d i e d  when exposed t o  500 ppm f o r  24 h  - 
(Meurice ,  1 9 8 1 ~ ) .  

3.4.2 F i s h  

The 9 6  h  LC50 of DC 193 s u r f a c t a n t  was 245 ppm i n  t h e  rainbow t r o u t  (Salmo g a i r d n e r i )  
and 30Z of t h e  b l u e g i l l  s u n f i s h  (Lepornis m a c r o c h i r u s )  d i e d  by 96 h  exposure  t o  1000 ppm (Vonk 
e t  a l -  , 1984).  No z e b r a  f i s h  (Brachydan io  r e r i o )  d i e d  from 96 h  exposure  t o  500 ppm DC 190 -- 
s u r f a c t a n t  (Meur i ce ,  1981a) o r  e x p o s u r e  t o  10  ppm f o r  105 days  (Meur i ce ,  1981b). 

3.5 Polymethylphenylsiloxane f l u i d s  

There  a r e  o n l y  few d a t a  on t h e  t o x i c i t y  of  < t h i s  group of compounds on  a q u a t i c  
organisms. The growth o r  y i e l d  of a l g a e  ( S e l e n a s t r u m  c a p r i c o r n o t u m  o r  Anabaena f  los-aquae)  
was not  i n f l u e n c e d  by 67 days  e x p o s u r e  t o  10,000 ppm polymethylphenylsiloxane (Vonk e t  a l . ,  
1984). Exposure  t o  500 ppm DC 556 ( 2 0  c S t )  f o r  24 h r  caused  20% m o r t a l i t y  i n  b r i n e  sh r imps  
(Artemia s a l i n a )  (Meurice ,  1 9 8 1 ~ ) .  The 24 h r  LC50 v a l u e  f o r  Daphnia magna and Brachydanio  
r e r i o  were a l s o  i n  e x c e s s  of 500 ppm, and 1000 ppm f l u i d  was no t  t o x i c  f o r  t h e  ra inbow t r o u t  
(Vonk e t  a l . ,  1984). Exposure  t o  z e b r a  f i s h  (Branchydan io  r e r i o )  t o  500 ppm DC 556 f o r  96 h  
(Meurice,  1981a)  o r  10.0 ppm f o r  105 d a y s  d i d  not  i n c r e a s e  m o r t a l i t y  ( F i r m i n  e t  a l . ,  1984). 

3.6 S i l i c o n e  e l a s t o m e r s  and r e s i n s  

These a r e  i n s o l u b l e  i n  w a t e r  and n o t  t o x i c  f o r  mar ine  organisms. 

3.7 Some o t h e r  o r g a n o s i l i c o n s  

Some s i l i c o n  d e r i v a t i v e s  of a l k y l -  and  a r y l  amino a l c o h o l s ,  c a l l e d  s i l a t r a n e s ,  a r e  
b i o l o g i c a l l y  a c t i v e  and can r educe  p h o t o s y n t h e s i s  i n  d i a t o m s  (Ro th  e t  al . ,  1983) o r  have 
a n t i b a c t e r i a l  and a n t i f u n g i c i d a l  a c t i v i t i e s  (Lukev ics ,  1977).  The e x t e n t  of u s e  of t h e s e  
compounds e i t h e r  i n d u s t r i a l l y  o r  commerc ia l ly  is  n o t  c l e a r ,  but  y e a r l y  p roduc t ion  is u n l i k e l y  
t o  exceed 1  ton.  

3.8 Summary 

The compara t ive  a q u a t i c  t o x i c o l o g y  of  f o u r  g roups  of s i l a n e s  and s i l o x a n e s  on s e l e c t e d  
s p e c i e s  is g i v e n  i n  T a b l e  1. 



reports of FAO/WO (1974). Howard & (19751, Cosmetic Ingredient Review (CIR) Expert 
Panel (1982) and review papers written by Garson and Kirchner (1971) LeVier et al. (1977) and 
Vonk et al. (1984) have also been used. 

4.2 Toxicokinetic properties 

4.2.1 Silanes and silanols 

There are no data on the absorption and excretion of chlorosilanes and alkoxysilanes. 
Chlorosilanes in contact with the humidity of mucous membranes or even skin are rapidly 
hydrolysed with the liberation of HCl (Rowe et al- , 1948). The resulting silanol can undergo 
condensation to siloxanes (Heinen, 1977; Fassenden and Ahlfors, 1967; Fassenden and Hartman, 
1970). Oxysilanes are also prone to hydrolysis (Levier et al., 1977). but at a slower rate 
and therefore the concentration of silanol may be too low to permit condensation. 

Trimethylsilanol and dimethylsilandiol labelled with 14c were completely adsorbed by the 
gastrointestinal tract of monkeys. The elimination route for trimethylsilanol was 10-30% 
pulmonary, 7045% In urine and 1.0% in faeces, while in dimethylsilanediol treated monkeys no 
pulmonary elimination was evident and urinary excretion correspondingly increased (Bennett 
and Statt, 1973). 

4.2.2 Polydimethylsiloxanes (PDMS) fluids 

The gastrointestinal absorption of polydimethylsiloxanes shows an inverse relationship 
with the number of silicon atoms per molecule. Compared with hexamethyldisiloxane, the 
gastrointestinal absorption of a linear trisiloxane is 752 and a linear pentasiloxane is only 
20%. Linear siloxanes with 6 silicon atoms or more are not significantly absorbed. The 
gastro-intestinal absorption of cyclic siloxanes is 1007 up to 4 Si atoms and 30% and 10% for 
penta- and hexosiloxanes (LeVier et al., 1977). 

Sillcones are less readily absorbed dermally than after ingestion (Howard et al., 
1975). Dermally applied cyclic phenylmethylsiloxanes with at least one phenyl group per 
cyclic oligomer were absorbed in rabbits, but not in monkeys or in humans (Palazzolo et al., 
1972). Blood and urine levels of silicone did not indicate any absorption from the daily 
application of 50 mg PDMS, tris(trimethylsiloxy)phenylsilane or trifluoropropylmethylpoly- 
siloxane (Hobbs et al., 1972). Absorption after intraperitbneal administrations is less than 
after ingestion, but follows the same order (LeVier et al., 1977). From the peritoneal 
cavity large molecular weight polymers are mostly transported by phagocytizing cells (Rees 
al., 1967). - 

Within 48 h of the oral administration of 20 to 80 mg/kg of Ĉ labelled hexamethyldi- 
siloxane to monkeys, 20% of the radioactivity was exhaled, 78% was recovered in urine and 1Z 
in faeces. When the compound was injected intravenously, values for pulmonary and urinary 
excretion were reversed (Bennett and Statt, 1973) probably because this volatile compound (47 
am Hg vapour pressure at 30Â C) is practically insoluble in water (Rowe et al., 1948) and 
therefore the initial high plasma concentration promoted evaporative loss into the alveolar 
space. In similar experiments with monkeys 80% of the orally administered octamethylcyclo- 
tatraslloxane was excreted within 48 h, 20% in expired air, 63% in urine and 5% in faeces 
(LeBeau and Gorzinski, 1973). 

Only the oligomers from c^-labelled PDMS were absorbed and these were eliminated from 
monkeys with half-times of 4-6 hr for pulmonary and 24 hr for urinary excretion (FAOIWHO, 
1974). The excretion of silicon in the urine of human volunteers increased only by the 
ingestion of Antifoam A, which contained about 10% low molecular weight silicons, and not by 
Antifoam M, which contained less than 0.22 oligomers (LeVier et al., 1977). 

Faecal excretion is the only route of excretion after the oral administration of non- 
absorbable PDMS oligoaiers (LeVier et al., 1977; Dow Corning, 1967). 

4.2.3 Silicon polyether copolymer fluids 

No data are presently available, but the molecular weight of commercial copolymers is 
too high to permit absorption. Decomposition in the gastrointestinal tract could possibly 



r e s u l t  i n  t h e  a b s o r p t i o n  and u r i n a r y  e x c r e t i o n  of low molecu la r  weight  product  from t h e  
po lye ther  chains.  The po lyd is i loxane  r e s i d u e s  would be expected t o  be e x c r e t e d  i n  the  f a e c e s  
unchanged. 

4.2.4. Polymethylphenylsiloxane f l u i d s  

Within 48 h  of t h e  o r a l  o r  in t ravenous  a d m i n i s t r a t i o n  of ^c- label led 2,6-cis-diphenyl- 
hexamethylcyclotatrasiloxane the  recovery of. r a d i o  a c t i v i t y  was found r e s p e c t i v e l y  3.3 and 
2.8% i n  exp i red  a i r ,  60 and 65% i n  u r i n e  and 28 and 20% i n  faeces.  A s  45% o f  t h e  dose was 
s e c r e t e d  i n  b i l e  and only 20% was e x c r e t e d  i n  f a e c e s ,  more than ha l f  of t h e  s e c r e t e d  compound 
had t o  be reabsorbed (LeBeau and Gorz insk i ,  1973). I n  monkeys t h e  c l e a r a n c e  h a l f  time of 
t h i s  compound was 12 h  and i n  man 18 h ( P i l b r a n t  and S t r i n d b e r g ) .  I n  seven male p a t i e n t s  
maximum serum c o n c e n t r a t i o n  of 1.1 t o  5.0 mg/1 were ob ta ined  wi th in4  t o  7.5 h  of t h e  
a d m i n i s t r a t i o n  of 100 mg 2,6-cis-diphenylhexamethyltatracyclosiloxane ( P i l b r a n t  and 
S t r indberg  , 1975). No evidence of a b s o r p t i o n  of low molecular  weight c y c l i c  phenylmethyl- 
s l l o x a n e s  through human s k i n  was noted ( P a l a z z a l o  e t  ' a l .  , 1972). 

Higher polymers probably behave a s  PDMSs. 

4.2.5 0rganosM.icon e las tomers  and r e s i n s  

~ h e s e  a r e  not absorbed from t h e  g a s t r o i n t e s t i n a l  t r a c t  o r  a f t e r  implan ta t ion .  

4.3 Heal th e f f e c t s  

4.3.1 S i l a n e s  and s i l a n o l s  

The a c u t e  e f f e c t  of a l k y l c h l o r o s i l a n e s  g iven  o r a l l y  o r  i.p. is due e n t i r e l y  to  t h e  
rap id  hydro lys i s  t o  c o r r o s i v e  HC1. The i r  l e t h a l  dose a f t e r  o r a l  a d m i n i s t r a - t i o n  is about 

i r  
1  

g/kg, and t e n  t imes l e s s  a f t e r  i.p. i n j e c t i o n  (Rowe e t  a l .  , 1948). P h e n y l t r i c h l o r o s i l a n e  is 
somewhat l e s s  and p h e n y l t r i f l u r o s i l a n e  is  more t o x i c  than m e t h y l t r i c h l o r o s i l a n e  (Smyth 
&. , 1954). The replacement of h a l i d e  wi th  ethoxy group(s )  decreases  t o x i c i t y .  The o r a l  
LD50 of t e t r a e t h o x y s i l a n e  i n  t h e  r a t  is 6.3 g/kg and a l k y l a l k o x y s i l a n e s  a r e  even l e s s  t o x i c  
(Smyth e t  a l . ,  1949; 1954). Acute i n h a l a t i o n  exposure t o  r a t s  r e s u l t e d  i n  lung .damage, eye 
and nose i r r i t a t i o n ,  while  d i e t h o x y s i l a n e  and e thoxyt r imethy l -  s i l a n e  had no s i m i l a r  e f f e c t s  
(Rowe et  a l . ,  1948). Besides being an i r r i t a n t ,  t e t r a e t h o x y s i l a n e  is renotox ic  (Rowe e t  a l . ,  
1948). 

4.3.2 Polydimethylsi loxanes (PDMS) f l u i d s  

4.3.2.1 General  toxicology 

The a c u t e  t o x i c i t y  of a l k y l s i l o x a n e s  is very low. Thus a  s i n g l e  o r a l  dose of 30 ml/kg 
hexamethyldis i loxane had no e f f e c t  on r a t s  o r  guinea p i g s ,  and t h e  same dose of dodecamethyl- 
pen tas i loxane  had only a  l a x a t i v e  e f f e c t  (Rowe e t  a l . ,  1948). I n t r a p e r i t o n e a l l y  and i n t r a -  
dermally i n j e c t e d ,  but not  dermally a p p l i e d  hexamethyldis i loxane was i r r i t a n t .  Longer 
s i l o x a n e  cha ins  had no i r r i t a n t  e f f e c t  (Rowe e t  a l . ,  1948). 

L inear  po lyorganos i l i cones  have an extremely low t o x i c i t y  (Rowe e t  a l . ,  1948; Paren t ,  
1979a, b, c ;  Cosmetic I n g r e d i e n t  Review Expert  P a n e l ,  1982). PDMS (50 o r  more c S t )  d i d  no t  
change growth, organ weight ,  o r  cause  haematological  o r  h i s t o p a t h o l o g i c a l  changes a f t e r  t h e  
o r a l  a d m i n i s t r a t i o n  of 20 doses of 1.0, 2.0, 5.0, 10 o r  20 g /kg  w i t h i n  28 days   owe e t  a l . ,  
1948) o r  a f t e r  feed ing  r a t s  on a  d i e t  c o n t a i n i n g  0.3% PDMS-silica mix ture  f o r  two years  (Rowe 
et  a l . ,  1950) o r  1.0% PDMS f o r  90 days  (MacDonald e t  a l . ,  1960). Rats  and r a b b i t s  showed no -- 
s i g n s  of adverse  e f f e c t  when fed  f o r  8 t o  12 months on I% PDMS (50 and 350 c S t )  o r  1% PDMS- 
s i l i c a  (Carson e t  a l . ,  1956). Dogs had o c c a s i o n a l l y  moist  and l o o s e  s t o o l  d u r i n g  a  6 weeks 
t rea tment  w i t h  d a i l y  doses  of 0.3, 10 o r  3.0 g /kg  (Child e t  a l . ,  1951). 

I n  agreement with animal experiments ,  twentyseven p a t i e n t s  t o l e r a t e d  48 ml PDMS g i v e n  i n  
d iv ided  doses  f o r  3-13 months, without  s i g n i f i c a n t  t o x i c  e f f e c t s  except  o c c a s i o n a l  nausea 
(FAO/WHO, 1975). Nei ther  adverse  e f f e c t s  o r  i n t e s t i o n a l  a b s o r p t i o n  were noted i n  four  human 
vo lun teers  fed  d a i l y  7.1 g PDMS f o r  t e n  days  (Howard e t  a l e ,  1974). 



4.3.2.2 Reproduc t ion  

Hexamethy ld i s i loxane ,  d e c a m e t h y l t e t r a s i l o x a n e  o r  PDMS (50 ,  350 o r  1250 c S t )  a t  dermal  
doses  o f  200 mg/kg/day f o r  28 days  were w i t h o u t  any e f f e c t  on t h e  r e p r o d u c t i v e  o rgans  of male  
and female  r a t s  (Hobbs et a l .  1, 1972). The d a i l y  subcu taneous  i n j e c t i o n  of 200 mglkg PDMS 
(350 c S t ) ,  g i v e n  t o  male r a t s  f o r  10 weeks ( 3  t imes  weekly)  b e f o r e  ma t ing  o r  t o  female  r a t s  
from two weeks b e f o r e  ma t ing  u n t i l  t h e  end of  l a c t a t i o n ,  had no e f f e c t s  on dams, pregnancy o r  
o f f s p r i n g  (Kennedy e t  a l . ,  1976). A 7 c S t  f l u i d  was not  t e r a t o g e n i c  i n  r a t s  a t  a n  o r a l  d o s e  
o f  1000 mglkg (Kennedy e t  a l . ,  1976).  

4.3.2.3 M u t a g e n i c i t y  

I n  t h e  Ames t e s t  PDMSs were not  mutagen ic  ( M a r s h a l l  e t  a l . ,  1981;  R o i d l ,  1983). A 7-cSt -- 
PDMS f l u i d  was non-mutagenic i n  mice a t  i n t r a p e r i t o n a l  doses  o f  5 o r  10 mg/kg (Kennedy & 
a l . ,  1976). - 

4.3.2.4 C a r c i n o g e n i c i t y  

Ben-Hur and Neuman i n  t h e i r  f i r s t  expe r imen t  (1963)  found i n  2  o f  t he  36 mice  t r e a t e d  
subcu taneous ly  w i t h  2  o r  3  m l  PDMS adenocarcinomas,  bu t  t h i s  f i n d i n g  was no t  conf i rmed by 
t h e i r  nex t  expe r imen t  (1965)  o r  by G r a s s o  et a l -  (1964).  I n  a  l i f e s p a n  s t u d y  mice were g i v e n  
f o r  76 weeks e i t h e r  2.5% d i e t a r y  a n t i f o a m  c o n t a i n i n g  94% PDMS and  6% f i n e l y  d i v i d e d  S i 0 2  o r  a  
s i n g l e  subcu taneous  i n j e c t i o n  of 0.2 n i l  of t h e  an t i foam.  T h e r e  was no i n c r e a s e  i n  t h e  
i n c i d e n c e  of  ma l ignan t  o r  benign tumours ( C u t l e r  e t  a l . ,  1974).  Die t  c o n t a i n i n g  0.1% 
s i l i c o n e  f l u i d  f e d  t o  t h r e e  g e n e r a t i o n s  of male and female  r a t s  d i d  not  produce any 
s i g n i f i c a n t  change i n  h e a l t h  p a r a m e t e r s  i n c l u d i n g  tumour i n c i d e n c e  (FAOIWHO, 1975).  

4.3.3 S i l i c o n  p o l y e t h e r  copolymer f l u i d s  

These copolymers a r e  mainly  used i n  cosmet i c s .  The r e s u l t s  of t h e i r  s a f e t y  a s s e s s m e n t ,  
reviewed and t a b u l a t e d  by t h e  Cosmet ic  I n g r e d i e n t  Review Exper t  P a n e l  (1982) ,  i s  summarised 
a s  fo l lows.  

Without  e x c e p t i o n  t h e  o r a l  LD50 v a l u e s  of s even  p o l y e t h e r  copolymers  were more than  10 
g l k g  i n  t h e  r a t .  Exposure  t o  I% o r  4% copolymers  i n  t h e  d i e t  f o r  8 9  d a y s  had no d e l e t e r i o u s  
e f f e c t s  i n  t h e  same s p e c i e s .  I n  r a b b i t s  a t  t he  dermal  a p p l i c a t i o n  of 200 mglkg day f o r  28 
days  s l i g h t  t o  moderate  erythema ( r e d d e n i n g  of t h e  s k i n )  and oedema were obse rved ,  but  wi th-  
ou t  any o t h e r  c l i n i c a l  o r  p a t h o l o g i c a l  a b n o r m a l i t i e s .  I n  a c u t e  e x p e r i m e n t s  u n d i l u t e d  samples  
caused o n l y  mi ld  i r r i t a t i o n .  None of t h e  200 human s u b j e c t s  exposed de rma l ly  t o  u n d i l u t e d  
p o l y e t h e r  copolymers  e x h i b i t e d  i r r i t a t i o n  and on ly  one of 19 pe r sons  e x h i b i t e d  very  mi ld  
i r r i t a t i o n  a t  t h e  s i t e  of a n  o c c l u s i v e  p a t c h  t e s t  made wi th  40% copolymer  emulsion. 

4.3.4 P o l y m e t h y l p h e n y l s i l o x a n e  f l u i d s  

A handcream f o r m u l a t i o n  which was t a k e n  o f f  t h e  market c o n t a i n e d  e q u i l i b r a t e d  methyl- 
p h e n y l c y c l o t e t  r a s i l o x a n e s  w i t h  o e s  t r o g e n i c  p r o p e r t i e s  r e s u l t i n g  i n  t e s t  i c u l a r  a t r o p h y  
and a l t e r a t i o n  i n  s p e r m a t o g e n e s i s  i n  r a b b i t s  and r a t s  ( P a l a z z a l o  e t  a l . ,  1972).  The mst 
a c t i v e  c o n s t i t u e n t  was 2.6-cis-diphenylhexamethyl- c y c l o t e t r a s i l o x a n e  ( b u t  not  t h e  2 ,h -c i s  o r  
t h e  2 ,6 - t r ans  i somers ) .  Monophenyl hep tamethylcyc lo te t ra i loxane  was somewhat l e s s  a c t i v e .  
The l i n e a r  d i p h e n y l t e t r a m e t h y l -  d i s i l o x a n e  and d ipheny lhexamethy  l t r i s i l o x a n e  showed some 
a c t i v i t y  b u t  compared w i t h  t h e  two c y c l o t e t r a s i l o x a n e s  t h e i r  t h r e s h o l d  doses  were  
approx ima te ly  a  hundred t imes  h i g h e r  ( B e n n e t t  e t  a l . ,  1972).  Compounds which were a n d r o g e n i c  
a l s o  a f f e c t e d  t h e  f ema le  r e p r o d u c t i v e  sys t em (Hayden and Bar low,  1972).  

The h i g h  b i o l o g i c a l  a c i t i v i t y  of 2 .6-cis-diphenylhexamethylcyclotetrasi loxane is i n  
c o n t r a s t  t o  i t s  ve ry  low a c u t e  l e t h a l  t o x i c i t y .  Thus t h e  o r a l  LDgg cannot  be e s t i m a t e d  i n  
t h e  mouse o r  i n  t h e  r a t  because  t h e  s tomach has  t o o  s m a l l  a  volume t o  t a k e  a  l e t h a l  d o s e  
(Albanus e t  a l . ,  1975). I n  t h e  dog 40 days  t r e a t m e n t  w i t h  250 mg/kg day was wi thou t  any  
c l i n i c a l l y  obse rved  e f f e c t ,  though a t  t h e  end of one week t r e a t m e n t  wi th  10 mglkg day a  
s i g n i f i c a n t  d e c r e a s e  i n  e j a c u l a t e  volume and i n c r e a s e  i n  sperm t a i l  a b n o r m a l i t i e s  were  
obse rved  (Albanus  e t  a l . ,  1975) . In  r a b b i t s  a f t e r  two d a i l y  d o s e s  of 2.0 mglkg t h e r e  was some 
vacuo la t ed  c e l l s  w i t h  n e c r o t i c  n u c l e i  i n  t h e  ep id idymal  e p i t h e l i u m  (Nicander ,  1975). I n  t h e  
r h e s u s  monkey (Macaca r n u l a t t a )  28 d a y s  t r e a t m e n t  w i t h  0.1 mg/kg, 1.0 mg/kg o r  10.0 %/kg  
r e s u l t e d  i n  p y k n o t i c  cells i n  t h e  e p i d i d y m i s ,  d i s r u p t i o n  of  s p e r m a t o g e n e s i s  and g r o s s  



t u b u l a r  a t r o p h y  r e s p e c t i v e l y  ( L e v i e r  et a l .  , 1975). I n  c a s t r a t e d  f ema le  rats 3  d a y s  treat- 
ment w i t h  0.1 mg/kg i n c r e a s e d  u t e r i n e  weight .  I n  p regnan t  r a t s  0.33 mg/kg day g i v e n  on days  
1-5 g e s t a t i o n  i n h i b i t e d  i m p l a n t a t i o n .  T rea tmen t  w i t h  10  mg/kg day on  6-11 d a y s  of g e s t a t i o n ,  
e s p e c i a l l y  between 8-11 d a y s ,  caused  r e s o r p t i o n .  Pregnancy was u n a f f e c t e d  by 2 ,6 -c i s  
g i v e n  a f t e r  day 11  of  g e s t a t i o n  ( L e v i e r  and Jankowiak,  1972). 

Po lymer ic  polymethylphenylsiloxanes a r e  non-oes t rogen ic  and expec ted  t o  behave s i m i l a r l y  
t o  t h e i r  PDMS c o u n t e r p a r t s  ( F i r m i n ,  1982). 

4.3.5 S i l i c o n e  e l a s t o m e r s  and r e s i n  

There  a r e  c o n f l i c t i n g  e x p e r i m e n t a l  r e p o r t s  on t h e  e f f e c t s  of imp lan ted  s i l i c o n e  
e l a s t o m e r s .  E la s tomers  i n j e c t e d  i n  l a r g e  q u a n t i t i e s  i n  t h e  f l u i d  form may c a u s e  problems 
u n t i l  t h e  end of t h e  c u r i n g  p r o c e s s ,  a s  i n d i c a t e d  by t h e  obse rva t ion ,  t h a t  i n  a  t r a n s s e x u a l  
p a t i e n t  s u f f e r i n g  from a c u t e  p o s t i n j e c t i o n  r e s p i r a t o r y  d i s t r e s s ,  b r o n c h o a l v e o l a r  washing 
c o n t a i n e d  s i l i c o n e  i n  t h e  o r i g i n a l  f l u i d  form ( E d i t o r i a l ,  1983). Damage t o  blood v e s s e l s  
caused  by l a r g e  volumes of s i l i c o n e  i n j e c t e d  s u b c u t a n e o u s l y  f o r  h i p  augmen ta t ion  may have 
been r e s p o n s i b l e  f o r  t h e  d e a t h  of a n o t h e r  t r a n s s e x u a l  p a t i e n t  who had r ece ived  monthly  1  
l i t r e  o f  s i l i c o n e  f l u i d  and d i e d  of p n e u m i n i t i s  a f t e r  t h e  s i x t h  i n j e c t i o n  (Durocher  e t  a l . ,  
1983). The u s e  of e l a s t o m e r  d r e s s i n g ,  a non-adherent ,  n o n - a l l e r g i c ,  s l i g h t l y  a b s o r b e n t  
m a t e r i a l  which a l l o w s  a i r  t o  c o n t a c t  t h e  wound, proved t o  be w i t h o u t  a d v e r s e  e f f e c t s  (Wood & 
a l . ,  1977). - 
4.3.6 Some o t h e r  o r g a n o s i l i c o n s  

Mercap to - func t iona l i sed  s i l i c o n e  o i l ,  a  PDMS d e r i v a t i v e  r e l e a s e  agen t  f o r  x e r o g r a p h i c  
t o n e r ,  i n  a c u t e  t o x i c i t y  t e s t s  produced o n l y  t r a n s i e n t  eye  i r r i t a t i o n  and b a r e l y  p e r c e p t i b l e  
s k i n  i r r i t a t i o n .  An o r a l  dose  o f  34.6 g /kg  caused  temporary  h y p o a c t i v i t y  and l aboured  
b r e a t h i n g ,  i n f l ammat ion  i n  t h e  stomach and i n t e s t i n e s ,  b u t  no d e a t h  ( P a r e n t ,  l979a) .  
I n h a l a t i o n  exposure  of r a t s  t o  0.45 mg/1 ( 6  h  pe r  d a y ,  5 days  p e r  week) f o r  a  p e r i o d  o f  90 
days  o r  dermal  exposure  of mice t o  50 mg ( t h r e e  t imes  weekly f o r  18 months) n e i t h e r  
i n f l u e n c e d  weight  g a i n  no r  produced c l i n i c a l ,  h a e m a t o l o g i c a l  o r  p a t h o l o g i c a l  e f f e c t s  ( P a r e n t ,  
1979b,c).  

DC FS-1265 f l u i d  c o n t a i n i n g  t r i f u o r o m e t h y l p o l y -  s i l o x a n e  (Hobbs e t  a l . ,  1972)  and t r i -  
fluoropropylmethylcyclotrisiloxane ( S i d d i q u i  and Hobbs, 1982)  d i d  n o t  a f f e c t  t h e  r e p r o d u c t i v e  
o r g a n s  of  r a b b i t s .  D a i l y  dermal  a p p l i c a t i o n  of 4 0  mg/kg t r i s i l o x a n e  f o r  21 d a y s  d i d  not  
c a u s e  a d v e r s e  r e a c t i o n ,  b u t  200 mg/kg.day a f f e c t e d  we igh t  g a i n  and 400 mg/kg.day was l e t h a l  
t o  f i v e  of 12 r a b b i t s  ( S i d d i q u i  and Hobbs, 1982).  

C e r t a i n  a l k y l  q u a r t e r n a r y  ammonium a l k o x y s i l a n e s  have been shown t o  c o n f e r  a n t i m i c r o b i a l  
p r o p e r t i e s  t o  s o l i d  s u r f a c e s  t o  which t h e y  adhe re .  3-(~rimethoxysily1)-propyldimethyl- 
o c t a d e c y l  ammonium c h l o r i d e  i s  a  r e p r e s e n t a t i v e  of t h i s  group ( I s q u i t h  e t  a l . ,  1972) and used 
commercia l ly  t o  c o n f e r  b a c t e r i o c i d a l  and f u n g i c i d a l  p r o p e r t i e s  t o  s o c k s ,  h o s p i t a l  bed s h e e t s ,  
c a r p e t s ,  a i r  f i l t e r  e t c .  The compound was no t  removed from s u r f a c e s  wi th  r e p e a t e d  washing 
w i t h  w a t e r  ( I s q u i t h  e t  a l . ,  1972)  and t h e r e  a r e  no d a t a  i n d i c a t i n g  any a d v e r s e  e f f e c t .  

O the r  s i l y l a t e d  o r g a n i c  compounds s h a r e  t h e  b i o l o g i c a l  a c t i v i t y  of t h e  r e s p e c t i v e  p a r e n t  
compound (Garson and K i r c h n e r ,  1971; Wannagat,  1977) .  

The most t o x i c  o r g a n o s i l i c o n  compounds a r e  among t h e  s i l a t r a n e s .  Thus t h e  LD5o o f  
p - t o l y s i l a t r a n e  i s  0.2mg/kg i n  mice. Cold blooded a n i m a l s ,  l i k e  f r o g s ,  a r e  r e s i s t a n t  t o  t h e  
t o x i c  e f f e c t s  of s i l a t r a n e s  (Garson and K i r c h n e r ,  1971) .  T h e i r  u s e  a s  r o d e n t i c i d e  was 
abandoned because  of i t s  r a p i d  decompos i t ion  i n  damp b a i t s  (Renn i son ,  1974). 

4.4 T o t a l  exposure  t o  o r g a n o s i l i c o n s  

Man can  be exposed t o  s i l i c o n e  from (a) t h e  working env i ronmen t ,  ( b )  t h e  use  of  
p r o d u c t s ,  e g  p a i n t ,  waxes, c o s m e t i c s ,  ( c )  m e d i c a l  t r e a t m e n t ,  and ( d )  food. 

The re  a r e  no d a t a  on  t h e  d e g r e e  of  o c c u p a t i o n a l  e x p o s u r e  t o  s i l a n e s ,  s i l a n o l s  o r  
s i l o x a n e s  o r  i n t o x i c a t i o n  of o c c u p a t i o n a l  o r i g i n  ( S t o k i n g e r ,  1981)  w i t h  t h e  e x c e p t i o n  of 
l a c r i m a t i o n ,  r u n n i n g  nose  and cough i n  worke r s  exposed  t o  t e t r a c h l o r o s i l a n e  vapour and 
h y d r o l y s i s  p r o d u c t s  a f t e r  a n  a c c i d e n t a l  s p i l l a g e  f rom a  s t o r a g e  t a n k  (Kize r  e t  al. ,  1984)-  



Though burns caused by c o n t a c t  wi th  c h l o r o s i l a n e s  a r e  a  r e a l  p o s s i b i l i t y ,  poisoning by 
polymers is no t ,  because a  70 kg worker would have t o  i n g e s t  100 t o  300 g  polymer to  be 
s e v e r e l y  a f f e c t e d  (S tok inger ,  1981 1. 

The use of products  c o n t a i n i n g  o r g a n o s i l i c o n  polymers makes dermal exposure a  frequent  
but so  f a r  no t  q u a n t i f i e d  event  f o r  t h e  genera l  populat ion.  The use of o rganos i l i cons  i n  
cosmetic  surgery  and o t h e r  forms of medical  t rea tments  p resen ts  a  l e s s  frequent  but l a r g e r  
exposure. Breast  and h i p  augmentation may r e q u i r e  t h e  subcutaneous i n j e c t i o n  of many l i t r e s  
of  s i l i c o n e  elastomer.  Against f l a t u l e n c e  up t o  2  g  PDMS can be administered o r a l l y  each day 
and l e s s  is given t o  decrease  abdominal discomfort  a f t e r  hysterectomy and caesar ian  s e c t i o n  
o r  t o  improve t h e  q u a l i t y  of ul t rasonography.  Elastomer d r e s s i n g  of g r a n u l a t i n g  wounds, the  
use of s i l i c o n e  o i l  bath f o r  t h e  t rea tment  of open wounds and t h e  use of creams, l o t i o n s  and 
ointments  with 10 t o  30% s i l i c o n e  conten t  f o r  the  p revent ion  of bedsores a r e  the  main sources 
of dermal exposure. 

The most widespread exposure t o  o r g a n o s i l i c o n s  is  with food. The use of PDMS i n  b o t t l e  
washing (making use of t h e i r  s u r f a c e  a c t i v e  p r o p e r t i e s ) ,  e d i b l e  o i l  processing,  i n  fermen- 
t a t i o n ,  i n  t h e  manufacture of jam, j e l l y ,  marmalade, i n s t a n t  c o f f e e ,  t e a  o r  cocoa, i n  s o f t  
d r i n k s ,  meat e x t r a c t s ,  f r y i n g  o i l ,  p o t a t o  c r i s p s  and p i c k l e s  makes d i e t a r y  exposure t o  
polyorganosi loxanes v i r t u a l l y  unavoidable i n  many s o c i e t i e s .  The permit ted concent ra t ion  i n  
food products  can be a s  high a s  10 ppm (Denmark, U.K., U.S.A.), though i n  the U.S.A. t h e  
l i m i t  is n i l  f o r  milk, i n  Sweden 0.2 ppm f o r  f r u i t  j u i c e  and canned peas,  i n  t h e  F . R . G .  3.0 
ppm f o r  f r y i n g  o i l  (Brinker  e t  a l . ,  1984). The a c t u a l  concent ra t ion  is u s u a l l y  lower than 10 
ppm, thus i n  t h e  U.K. 2.5 ppm was measured i n  marmalade (Br inker  e t  a l . ,  1980) and 0.15 t o  
0.2 ppm i n  beer  (Baker and Boddy. 1977)- According t o  a  FAO/WHO Expert Committee (1975) t h e  
accep tab le  d a i l y  i n t a k e  f o r  man is  0  - 1.5 mg/kg. 

A t  p resen t  i t  is impossible  t o  c a l c u l a t e  t o t a l  exposure t o  o rganos i l i cons  or  i n t a k e  from 
food. Because of t h e  low t o  n i l  a b s o r b a b i l i t y  of polymers some v a r i a t i o n  i n  i n t a k e  cannot 
cause meaningful v a r i a t i o n  i n  uptake. 

4.5 Cont r ibu t ion  of o rganos i l i cons  from marine food 

There is no d a t a  on organos i l i con  c o n c e n t r a t i o n s  i n  marine food products. Watanabe ec 
a l .  (1984b) i n  the  Nagara River  a r e a ,  where i n d u s t r i a l  e f f l u e n t s  and s ludge were sometimes - 
heavi ly  contaminated with s i l i c o n e  found measurable concent ra t  ions (2 .0 ,  2.0, 2.8, 7.9 and 
54.2 ppm) i n  f i v e  of the  nine water samples. Mean and maximum s i l i c o n e  concent ra t ions  i n  
four  f i s h  s p e c i e s  were below 1.0 ppm, though i n  6 deep bodied c ruc ian  c a r p  (Carass ius  
c u v i e r i )  t h e  maximum concent ra t ion  was 4.47 ppm w i t h  0.69 ppm mean. The low b ioconcent ra t ion  
and b iomagni f ica t ion  f a c t o r s  (Bruggeman e t  a l . ,  1984; Aubert e t  a l . ,  1985 and the review of 
Vonk e t  d l . ,  1984), and the  l i m i t e d  spread of contaminat ion from r i v e r s  and e s t u a r i e s  t o  sea 
due t o  t h e  low mobi l i ty  of sedimented o r g a n o s i l i c o n s  ( P e l l e n ,  1979b; CEFIC, 983; Eales  and 
Taylor ,  19831, makes i t  u n l i k e l y  t h a t  o r g a n o s i l i c o n s  i n  marine food can have a  s i g n i f i c a n t  
impact on t o t a l  exposure t o  o rganos i l i cons .  

4.6 Evaluat ion of p o t e n t i a l  h e a l t h  e f f e c t s  

It is very u n l i k e l y  t h a t  o r g a n o s i l i c o n s  i n  marine food products  present  any hazard t o  
human hea l th .  However it  must be pointed out  t h a t  i n  t h e  absence of comprehensive a n a l y t i c a l  
d a t a  on s i l i c o n e  c o n c e n t r a t i o n s  i n  unprocessed marine food products ,  t h i s  view is based on 
( a )  experimental  evidence on bioaccumulat ion o r  b iomagni f ica t ion ,  ( b )  the  dependence of 
g a s t r o i n t e s t i n a l  a b s o r p t i o n  on molecular s i z e  and on p r a c t i c a l  experience obtained from t h e  
use  of o r g a n o s i l i c o n s  i n  medicine. 

5 .  SUMMARY AND CONCLUSIONS 

The t h e o r e t i c a l  number of o r g a n o s i l i c o n  compounds is  extremely l a r g e  because most o rgan ic  
compounds can be converted t o  o r g a n o s i l i c o n  by replacement of one or  more carbon atoms by 
s i l i c o n  o r  by s i l y l a t i o n .  The presence of s i l i c o n  does not change s u b s t a n t i a l l y  the  t o x i c  
c h a r a c t e r i s t i c s  of t h e  paren t  compound, t h e r e f o r e  o r g a n o s i l i c o n s  do not form a  d i s t i n c t  group 
from t h e  t o x i c o l o g i c a l  p o i n t  of view. Consequently it is  impossible  t o  eva lua te  t h e  organo- 
s i l i c o n s  a s  one s i n g l e  group with regard t o  t h e i r  hazard r a t i n g  i n  "black" and "grey" l is ts  
of  I n t e r n a t i o n a l  t r e a t i e s ,  i.e. wi th  regard t o  t h e i r  t o x i c i t y ,  p e r s i s t e n c e  and bfo- 



accumula t ion .  The s p e c i f i c  p r o p e r t i e s  t h a t  a n  o r g a n i c  compound o b t a i n s  upon t h e  i n c l u s i o n  of 
s i l i c o n  r e l a t e  t o :  

- i n c r e a s e d  tendency f o r  p o l y m e r i z a t i o n ;  

- changes  i n  s u r f a c e  a c t i v i t y ;  

- changes  i n  a d s o r b a b i l i t y .  

Also  when t h e  o r g a n o s i l i c o n s  a r e  s u b d i v i d e d  i n t o  more un i fo rm chemical  subgroups t h e  
a s ses smen t  of t o x i c i t y  and e n v i r o n m e n t a l  f a t e  of o r g a n o s i l i c o n s  is impaired by t h e  l a c k  of  
comprehensive  a n a l y t i c a l  d a t a  on c o n c e n t r a t i o n s  i n  f r e s h  mar ine  p roduc t s .  Data a r e  a l s o  
m i s s i n g  on t o x i c o l o g i c a l  and e n v i r o n m e n t a l  p r o p e r t i e s  of i n d i v i d u a l  o r g a n o s i l i c o n  compounds.. 

5.1 P o t e n t i a l  harm t o  l i v i n g  r e s o u r c e s  

O r g a n o s i l i c o n  i n p u t  i n t o  t h e  mar ine  environment  i s  c o m p l e t e l y  a n t h r o p o g e n i c  and i t  i s  
d e r i v e d  mainly  from t h e  u s e  of o r g a n o s i l i c o n  p r o d u c t s  and no t  f rom p r o c e s s e s  a s s o c i a t e d  w i t h  
t h e i r  p r o d u c t i o n  o r  t r a n s p o r t .  Wastewater  con tamina ted  w i t h  s i l i c o n e  washed off  from 
s u r f a c e s  and a c c i d e n t a l l y  o r  i n t e n t i o n a l l y  r e l e a s e d ,  e g  wi th  break f l u i d s ,  may be f u r t h e r  
e n r i c h e d  i n  sewage d i s p o s a l  p l a n t s  w i t h  s i l i c o n e  an t i foam.  I n  s p i t e  of f i l t e r i n g  of t h e  
s l u d g e ,  some o r g a n o s i l i c o n  is r e l e a s e d  w i t h  t h e  e f f l u e n t ,  bu t  more may be dumped wi th  s l u d g e  
i n t o  r i v e r s  and e s t u a r i e s .  O r g a n o s i l i c o n s  a t t a c h e d  t o  s o l i d  p a r t i c l e s  a r e  l i k e l y  t o  be 
removed by s e d i m e n t a t i o n  from t h e  w a t e r  column, w h i l e  f l u i d  c a n  form a  m i c r o l a y e r  on t h e  
w a t e r  s u r f a c e -  However t h e i r  low s u r f a c e  t e n s i o n  promotes  a d s o r p t i o n  by s o l i d  p a r t i c l e s  and 
t h e r e f o r e  s e d i m e n t a t i o n .  The m o b i l i t y  of s ed imen ted  o r g a n o s i l i c o n s  i s  low and a s s o c i a t e d  
w i t h  t h e  movement of f i n e - g r a i n e d  bot tom s e d i m e n t s  ( P e l l e n b a r g ,  1979).  Smal l  molecu la r  
weight  polymers ,  l i k e  octamethylcyclotetrasiloxane a r e  l o s t  from w a t e r  mainly by 
e v a p o r a t i o n .  V o l a t i l i t y  may e x p l a i n  why i n  s e d i m e n t s  l e s s  t h a n  1.0% of t h e  t o t a l  
o r g a n o s i l i c o n  c o n c e n t r a t i o n  was i n  t h e  form of octamethylcyclotetrasiloxane (Ann Arbor 
T e c h n i c a l  S e r v i c e s ,  1985).  

The p r a c t i c a l  absence  of o c t a m e t h y l c y c l o t e t r a -  s i l o x a n e  i n  sedimented o r g a n o s i l i c o n s  
nea r  t o  was tewa te r  t r e a t m e n t  p l a n t s  is i m p o r t a n t ,  compared t o  o t h e r  o r g a n o s i l i c o n s ,  because  
t h i s  compound has  a n  o u t s t a n d i n g l y  h i g h  b i o c o n c e n t r a t i o n  f a c t o r  when t h e  e f f e c t  of 
v o l a t i z a t i o n  on exposure  i s  c a n c e l l e d  by m a i n t a i n i n g  wa te r  c o n c e n t r a t i o n  a t  a  c o n s t a n t  
l e v e l .  I n  t h i s  c a s e  t h e  b i o c o n c e n t r a t i o n  f a c t o r  was 1200 f o r  t h e  f a t h e a d  minnow (Pimephales  
p romales )  (Anne l in ,  1984). I n  f e e d i n g  e x p e r i m e n t s  no measurab le  c o n c e n t r a t i o n  could  be 
a c h i e v e d  i n  g u p p i e s ,  because  t h e  s a m e  compound r a p i d l y  e scaped  from t h e  supplemented food 
(Bruggeman e t  a l . ,  1984). For l i n e a r  s i l o x a n e s  w i t h  6  t o  12 s i l i c o n  atoms and c y c l o s i l o x a n e s  
w i t h  6 and 9  s i l i c o n  a toms t h e  b i o m a g n i f i c a t i o n  f a c t o r  was 0.16 o r  l e s s  (Bruggeman e t  a l . ,  
1984). A foodcha in  expe r imen t  a l s o  i n d i c a t e d  t h a t  e x p o s u r e  t o  47 c s  PDMS r e s u l t e d  i n  
s i m i l a r l y  low b ioaccumula t  i o n  f a c t o r ,  e x p r e s s e d  as a  c o n c e n t r a t  i o n  r a t i o  between water  and 
m o l l u s c s  ( M y t i l u s  e d u l i s )  o r  f i s h  ( C a r a s s i u s  a u r a t u s )  though t h e i r  r e s p e c t i v e  food,  a  
phy top lank ton  ( T a t r a s e l m i s  s p )  and a  p l a n k t o n  (Ar temia )  c o n c e n t r a t e d  PDMS by a  f a c t o r  of 2 
(Auber t  e t  a l . ,  1985). 

These d a t a  i n d i c a t e  t h a t  t h o s e  low m o l e c u l a r  we igh t  polymers ,  which a r e  absorbed f rom 
t h e  g a s t r o i n t e s t i n a l  t r a c t  of mammals ( L e v i e r  et a l . ,  1977)  have t h e  p o t e n t i a l  t o  b io-  
c o n c e n t r a t e ,  and l a r g e r  compounds, which a r e  n o t  a b s o r b e d  th rough  t h e  g a s t r o i n t e s t i n a l  t r a c t  
o f  mammals do no t  b i o c o n c e n t r a t e  and have no b i o m a g n i f i c a t i o n  p o t e n t i a l .  

Low w a t e r  s o l u b i l i t y  r e s t r i c t s  c o n c e n t r a t i o n  f o r  b o t h  g r o u p s  t o  below 5 ppm and mos t ly  
t o  t h e  ppb range. They a r e  removed from t h e  w a t e r  body o r  w a t e r  s u r f a c e  by adhe rence  t o  
s e d i m e n t i n g  p a r t i c l e s .  I n  t h e  c a s e  of low m o l e c u l a r  we igh t  s i l o x a n e s  e v a p o r a t i o n  a c c e l e r a t e s  
c l e a r a n c e  and a c t s  a g a i n s t  b i o a c c u a u l a t i o n -  

T o x i c o l o g i c a l  d a t a  i n d i c a t e  t h a t  t h e  s e n s i t i v i t y  of  mar ine  organisms t o  s i l i c o n e s  i s  
v e r y  low. The e x p e r i m e n t s  of Maggi and A l z i e u  (1977)  d e m o n s t r a t e d  t h a t  96 h  exposure  t o  
s a t u r a t e d  s o l u t i o n s  o f  100,  300 o r  12,500 c S t  PDMSs c a u s e d  no m o r t a l i t y  in a  v a r i e t y  of 
mar ine  s p e c i e s .  T a b l e  1. shows t h a t  e v e r y  s p e c i e s  s o  f a r  t e s t e d  h a s  LC50 v a l u e s  f o r  v a r i o u s  
o r g a n o s i l i c o n s  above and f r e q u e n t l y  s u b s t a n t i a l l y  above t h e  s o l u b i l i t y  l i m i t .  



Haauulian experiments indicated that siloxanes with more than 6 silicon atoms are not 
absorbed from the gastrointestinal tract and this observation gives weight to the few bio- 
concentration and magnification experiments which showed that the bioaccumulat ion factor in 
marine organisms is less than one. Thus low bioaccumulation, low toxicity, low water 
solubility and the volatility of low molecular weight polymer argue against the possiblity of 
a significant environmental impact. 

5.2 Potential hazards to human health 

In the absence of occupational exposure or medical treatment with fluids or elastomers, 
organosilicons are acquired through the ingestion of food. Organosilicons are intentionally 
added to food and drink products to prevent foaming during their industrial processing-There 
is experimental evidence which indicate that the gastrointestinal absorption of siloxanes is 
limited to small molecular weight compounds which are not present in food additive silicones. 

There are no data on organosilicon concentrations in human tissues, but the rapid 
clearance of small molecular weight compounds and the non-absorbeability of large molecular 
weight polymers argue against the possibility that oral intake, could increase organosilicon 
concentration in the body, outside of the gastrointestinal content, above detection limit. 

There is a wide variation in the toxicity of organosilicons but, as a result of change 
in the synthetic pathway, polymethylphenyl polymers no longer contain oestrogenic derivatives 
and the production of toxic silatranes is extremely low, mainly to satisfy research. Apart 
from these two groups and chlorosilanes, which act through the hydrolytic release of HCl, the 
toxicity of organosilicons is very low as shown by tolerance to implanted elastomers. 
Dietary intake probably shows wide variation, but it is unlikely that exposure exceeds the 
upper limit of acceptable daily intake of 1.5 rng/kg set by a FAOIWHO Expert Committee (1984). 

The contribution of marine fish or other seafood to the daily organosilicon intake has 
not been investigated. Low water concentration of silicones in the effluents of wastewater 
treatment plants (Pellenbarg, 1979a). the practical absence of octanethylcyclotetrasiloxane 
(with a substantial bioconcentratlon potency) in organosilicon contaminated sediments (Ann 
Arbor Technical Services, 1985). the low mobility of sedimented silicone (Pellenbarg, 1979b) 
and the lack of bioconcentration or biomagnification (factors below 1.0) in molluscs and fish 
(Aubert et al., 1985; Bruggeman et al., 1984) suggest that .organosilicons in fresh mrine 
products cannot contribute significantly to total intake and cannot increase organosilicon 
intake to a hazardous level. 
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