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I n  g e n e r a l  t h e  a c t u a l  s u s p e n d e d  p a r t i c l e  c o n s t i t u e n t  o f  a d r i n k i n g  
w a t e r  s o u r c e  i s  n o t  c o n s i d e r e d  when a w a t e r  p l a n t  i s  d e s i g n e d .  
Suspended s o l i d s  and t u r b i d i t y  m e a s u r e s  a r e  u s e d  f o r  d e s i g n  and 
m o n i t o r i n g  p l a n t  p r o c e s s e s .  I n  t he  l a s t  few y e a r s  c o n s i d e r a b l e  
i n t e r e s t  has  d e v e l o p e d  i n  e x a m i n i n g  the  p a r t i c u l a t e  f r a c t i o n  more 
c l e a r l y .  The S a f e  D r i n k i n g  Wate r  Commi t t ee  o f  t h e  N a t i o n a l  
Academy o f  S c i e n c e  c o n c l u d e d  t h a t  a s u r v e y  o f  s u s p e n d e d  
p a r t i c u l a t e  m a t t e r  i n  raw and t r e a t e d  d r i n k i n g  w a t e r  s u p p l i e s  i n  
s e v e r a l  t y p i c a l  c o m m u n i t i e s  was u r g e n t l y  n e e d e d  as b a c k g r o u n d  
i n f o r m a t i o n  (NAS, 1 9 7 7 ) .  

S h i p l e y  and F i t z p a t r i c k  (1977) l i s t  o v e r  t w e n t y  i n s t r u m e n t s  u sed  
f o r  o p t i c a l  m e a s u r e m e n t s  o f  s u s p e n d e d  m a t e r i a l  i n  s u r f a c e  w a t e r  
s u p p l i e s .  Our l a b o r a t o r y  has  b e e n  i n v o l v e d  i n  u s i n g  one o f  t h e  
most  s p e c i f i c  o f  t h o s e  m e t h o d s ,  e l e c t r o n  m i c r o s c o p y .  A l t h o u g h  t h e  
a n a l y s i s  o f  w a t e r  f o r  a s b e s t o s  was our  p r i m a r y  c o n c e r n ,  we a l s o  
e x a m i n e d ,  a n a l y z e d ,  and r e c o r d e d  a number o f  o t h e r  p a r t i c l e s  w h i c h  
a re  p a r t  o f  t h e  w a t e r  t u r b i d i t y .  We r e p o r t  h e r e  a number o f  
o b s e r v a t i o n s  we made i n  o u r  s t u d i e s .  

YATERIAL AND METRODS 

Samples  o f  d r i n k i n g  w a t e r  were  c o l l e c t e d  by  l o c a l  w a t e r  u t i l i t y  o r  
w a t e r  s u p p l y  r e g u l a t o r y  p e r s o n n e l  and s e n t  t o  t h e  USEPA i n  
C i n c i n n a t i .  Most were i n v o l v e d  i n  a w a t e r  q u a l i t y  s u r v e y ,  
e p i d e m i o l o g y  s t u d y ,  o r  f i e l d  i n v e s t i g a t i o n  r e s e a r c h  p r o j e c t .  The 
s amp le s  were  c o l l e c t e d  i n  946-ml ( 1 - q t )  c u b i t a i n e r s  and s h i p p e d  
f i r s t  c l a s s  m a i l .  

A l i q u o t s  o f  10 to  250 ml f rom each  sample  were  f i l t e r e d  by s u c t i o n  
t h r o u g h  a 0 .1  um p o r e  s i z e  N u c l e p o r e  f i l t e r  b a c k e d  by a 0 . 4 5  um 
pore  s i z e  M i l l i p o r e  f i l t e r .  A b a c k i n g  f i l t e r  was u s e d  t o  i n s u r e  
u n i f o r m i t y  o f  d e p o s i t i o n  o f  t he  p a r t i c u l a t e  m a t e r i a l  on t h e  f i l t e r  
s u r f a c e .  A q u a r t e r  o f  t h e  wet  f i l t e r  was c u t ,  a t t a c h e d  t o  a g l a s s  
s l i d e ,  d r i e d ,  and c a r b o n  c o a t e d  i n  a vacuum e v a p o r a t o r .  A p o r t i o n  
( a p p r o x i m a t e l y  2 mm 2) o f  t h e  c a r b o n  c o a t e d  f i l t e r  was p l a c e d  on a 
200-mesh c o p p e r  e l e c t r o n  m i c r o s c o p y  g r i d .  A few d r o p s  o f  
c h l o r o f o r m  were  p l a c e d  on the  f i l t e r  w i t h  a 50 u l  m i c r o s y r i n g e  t o  
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a f f i x  the  f i l t e r  t o  the  c o p p e r  g r i d .  The f i l t e r  was d i s s o l v e d  
u s i n g  a m o d i f i e d  Yaf fe  wick  a p p a r a t u s .  F u r t h e r  d e t a i l s  on the  
a s b e s t o s  a n a l y s i s  t e c h n i q u e  can  be found  i n  Ander son  and Long 
( 1 9 8 0 ) .  

A f t e r  the  f i l t e r  was d i s s o l v e d ,  t he  g r i d  was p l a c e d  i n  a c a r b o n  
s p e c i m e n  h o l d e r  i n  the  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p e  (TED[), 
o p e r a t e d  a t  an a c c e l e r a t i n g  v o l t a g e  of  80 KV and 70 uA beam 
c u r r e n t ,  and v iewed  a t  a m a g n i f i c a t i o n  o f  17 ,000  t i m e s .  At l e a s t  
15 g r i d  o p e n i n g s  from each of  two g r i d s  were examined  f o r  each 
s a m p l e .  The morpho logy  ( s i z e ,  s h a p e ,  a p p e a r a n c e ) ,  c r y s t a l  
s t r u c t u r e ,  and e l e m e n t a l  composition of t h e  p a r t i c u l a t e s  found  i n  
the  w a t e r  sample  were i n v e s t i g a t e d  u s i n g  m a g n i f i c a t i o n s  up to  
500 ,000  t i m e s ,  s e l e c t e d  a r e a  d i f f r a c t i o n  (SAED), and e n e r g y  
d i s p e r s i v e  x - r a y  a n a l y s i s  (EDAX). M i n e r a l  s t a n d a r d s ,  g l a s s  wool ,  
d i a t o m a c e o u s  e a r t h  and b i o l o g i c a l  o r g a n i s m s  were p r e p a r e d  i n  a 
manner  s i m i l a r  to  t h a t  d e s c r i b e d  above to  be u sed  f o r  m i c r o s c o p i c  
c o m p a r i s o n .  

RESULTS AND DISCUSSION 

The c o n c e n t r a t i o n  and s i z e  of  a s b e s t o s  f i b e r s  found  i n  w a t e r  
s u p p l i e s  has  b e e n  r e p o r t e d  p r e v i o u s l y  ( M i l l e t t e  e t  a l . ,  1983) .  
The m a j o r i t y  of  w a t e r  s u p p l i e s  a n a l y z e d  d i d  n o t  c o n t a i n  a s b e s t o s  
c o n c e n t r a t i o n s  over  1 x 106 f i b e r s  p e r  l i t e r .  There  were ,  
however ,  some w a t e r b o r n e  a s b e s t o s  c o n c e n t r a t i o n s  over  10 x 106 
f i b e r s  p e r  l i t e r  c aused  by  n a t u r a l  e r o s i o n ,  mine p r o c e s s i n g  
w a s t e s ,  was t e  p i l e  e r o s i o n  o r  c o r r o s i o n  of  a s b e s t o s - c e m e n t  
m a t e r i a l s .  

C h r y s o t i l e  was the  a s b e s t o s  type  most  f r e q u e n t l y  found i n  d r i n k i n g  
w a t e r .  Some amphibo le  f i b e r s  i d e n t i f i e d  as c r o c o d o l i t e  were found 
i n  sy s t ems  w i t h  d e t e r i o r a t i n g  a s b e s t o s - c e m e n t  p i p e .  Amphiboles  
from the  a c t i n o l i t e - t r o m o l i t e  s e r i e s  have b e e n  found i n  some w a t e r  
s u p p l i e s  i n  the  P a c i f i c  Nor thwes t  and C a l i f o r n i a .  The amphibo le  
f i b e r s  found  i n  Lake S u p e r i o r ,  a s o u r c e  of  d r i n k i n g  w a t e r  f o r  
s e v e r a l  towns ,  have b e e n  i d e n t i f i e d  as c u m m i n g t o n i t e - g r u n e r i t e  
(Cook and O l s e n ,  1 9 7 9 ) ,  A n t h o p h y l l f t e  a s b e s t o s  has  n o t  b e e n  found 
i n  d r i n k i n g  w a t e r .  I n  s e v e r a l  t h o u s a n d  w a t e r  samples  from a l l  
ove r  the  U . S . ,  o n l y  one f i b e r g l a s s  p a r t i c l e  was f o u n d .  F i b e r g l a s s  
from w a t e r  f i l t e r  u n i t s  has  b e e n  r e p o r t e d  (Cook e__t_t a_!., 1978) .  
G l a s s  f i b e r s  were r e p o r t e d  i n  sewage s l u d g e  (Bishop  e t  a l . ,  
1985). 

S i g n i f i c a n t  numbers  ( o v e r  10 m i l l i o n  f i b e r s  p e r  l i t e r )  of  
a t t a p u l g i t e  f i b e r s  ( p a l y g o r s k i t e  c l a y )  have b e e n  found  i n  w e l l  
w a t e r s  on i s l a n d s  o f f  the  c o a s t  of  G e o r g i a  and i n  two F l o r i d a  
w a t e r  s y s t e m s ,  b o t h  u s i n g  g round  w a t e r  s u p p l i e s .  The p a l y g o r s k i t e  
f i b e r s  found  i n  t h e s e  sys t ems  o c c u r r e d  m o s t l y  i n  s h o r t  ( l e s s  t h a n  
2 um l o n g )  b u n d l e s  and clumps ( see  F i g u r e  l a )  w i t h  i n d i v i d u a l  
f i b r i l s  l e s s  t h a n  200 ~ i n  d i a m e t e r .  H a l l o y s i t e  c l a y  f i b e r s  have 
boon found i n  some C a l i f o r n i a  w a t e r s  and i n  one w a t e r  s y s t e m  i n  
V i r g i n i a .  P r e v i o u s  work ( M i l l e t t e  e t  a l . ,  1979) i n v e s t i g a t e d  the  
s i m i l a r  a p p e a r a n c e  o f  the  two f i b r o u s  c l a y s ,  p a l y g o r s k i t e  and 
h a l l o y s i t e  found  i n  w a t e r  to  t h a t  o f  c h r y s o t i l e  a s b e s t o s .  



Trace  c o n c e n t r a t i o n s  o f  some t i t a n i u m  f i b e r s ,  p o s s i b l y  f u t i l e ,  
have b e e n  found i n  w a t e r  s u p p l i e s  such as  B u f f a l o ,  NY, and 
Montgomery,  AL. I n  F o r t  Wayne, IN, f i b e r s  v i s i b l e  by o p t i c a l  
m i c r o s c o p y  were found  on one o c c a s i o n  i n  a w a t e r  d i s t r i b u t i o n  
sy s t em.  O p t i c a l  and e l e c t r o n  m i c r o s c o p e  e x a m i n a t i o n s  l e d  to  the  
c o n c l u s i o n  t h a t  t h e s e  were c o t t o n  f i b e r s  ( F i g u r e  l b ) .  The o r i g i n  
of the  f i b e r s  was n o t  d e t e r m i n e d ,  b u t  s u s p e c t e d  to  be the  r e m n a n t s  
of  a c l o t h  a c c i d e n t a l l y  l e f t  i n  t he  d i s t r i b u t i o n  sys t em by  worke r s  
making p i p e  r e p a i r s .  

Some f i b e r s  of  b i o l o g i c a l  o r i g i n ,  p i e c e s  of  d i a t o m a ,  a l g a e  
s c a l e s  and o t h e r  f i b e r - l i k e  f r a g m e n t s  of  o r g a n i s m s  have b e e n  found  
i n  w a t e r  s a m p l e s ,  somet imes  i n  h i g h  c o n c e n t r a t i o n s .  As i n d i c a t e d  
by  Moes t rup  (1974) ,  as many as a hund r e d  of  t h e s e  s i l i c a  s c a l e s ,  
each c o n s i s t i n g  of  a s l e n d e r  s p i n e  on a f l a t  d i s c ,  may be a t t a c h e d  
to  an a l g a e  c e l l  (Spume l l a  v e s t i t i ) .  ( F i g u r e  l c ) .  The s p i n e s  a re  
abou t  4-5  um i n  l e n g t h  and l e s s  t h a n  0 .1  um i n  d i a m e t e r .  S i n c e  
1955 when the  f i r s t  e l e c t r o n  m i c r o s c o p e  images of  t h e s e  s c a l e s  
were s e e n ,  ove r  60 k i n d s  of  s c a l e s  have b e e n  r e p o r t e d  ( T a k a h a s h i ,  
1975) .  Most a re  the  more rounded  shape  as shown i n  F i g u r e  l d .  I n  
a number of  d r i n k i n g  w a t e r  s a m p l e s ,  i r o n  b a c t e r i a  were p r e s e n t .  
These b a c t e r i a  a r i s e  i n  i r o n - r i c h  g r o u n d w a t e r  s o u r c e s  and i n  the  
d i s t r i b u t i o n  sys tems  w i t h  r u s t y  p i p e s  (McMil lan and S t o u t ,  1 9 7 7 ) .  
I n d i v i d u a l  s t r a n d s  of  G a l l i o n e l l a  ( F i g n r e  l e )  a re  composed of  
f e r r i c  h y d r o x i d e  and a re  l e s s  t h a n  0 .1  um i n  d i a m e t e r .  

Because  c l a y  m i n e r a l s  a re  commonly the  p r o d u c t s  of  w e a t h e r i n g ,  
t hey  a re  i n  s u r f a c e  w a t e r s  which  a r e  used  f o r  d r i n k i n g  s o u r c e s .  
There  a re  few d a t a  a v a i l a b l e ,  however ,  on the  c l a y  c o m p o s i t i o n  i n  
d r i n k i n g  w a t e r s .  Of the  f i v e  p r i n c i p l e  c l a y  m i n e r a l  g roups  
( k a o l i n i t e ,  i 1 1 i t e ,  s m e c t i t e ,  v e r m i c u l i t e  and p a l y g o r s k i t e ) ,  the  
k a o l i n i t e  and p a l y g o r s k i t e  g roups  a re  of  p r e s e n t  i n t e r e s t  b e c a u s e  
t h e y  i n c l u d e  m i n e r a l s  w i t h  f i b e r - l i k e  m o r p h o l o g y .  O t he r  c l a y  
m i n e r a l s  a re  added to  w a t e r  s u p p l i e s  by  e r o s i o n  or  o t h e r  
mechanisms b u t  p r o p e r  c o n c e n t r a t i o n  and a n a l y s i s  t e c h n i q u e s  have 
n o t  b e e n  a p p l i e d  to  i d e n t i f y  them. T h i n  s i l i c a  and c a l c i u m  
p a r t i c l e s  a re  found  i n  d r i n k i n g  w a t e r s  of  Idaho  ( F i g u r e  l f ) .  
There  i s  l i t t l e  d e f i n i t i v e  e v i d e n c e  t h a t  the  i n g e s t i o n  of  
p a r t i c u l a t e s  commonly found  i n  d r i n k i n g  w a t e r  a d v e r s e l y  a f f e c t s  
h e a l t h .  However, the  Safe  D r i n k i n g  Water  Commit tee  of  the  
N a t i o n a l  Academy of  S c i e n c e s  a f t e r  r e v i e w i n g  the  a v a i l a b l e  d a t a  
c o n c l u d e d  t h a t  s m a l l  p a r t i c l e s  of  some m a t e r i a l s ,  such  as  a s b e s t o s  
m i n e r a l s ,  may have the  p o t e n t i a l  to  a f f e c t  human h e a l t h  d i r e c t l y  
when they  a r e  i n g e s t e d ,  and many k i n d s  o f  p a r t i c l e s ,  t hough  
a p p a r e n t l y  h a r m l e s s  i n  t h e m s e l v e s ,  many i n d i r e c t l y  a f f e c t  the  
q u a l i t y  of  w a t e r  of  o t h e r  p o l l u t a n t s  (NAS, 1 9 7 7 ) .  Suspended  
s e d i m e n t  p l a y s  a m a j o r  r o l e  i n  the  p o l l u t a n t  t r a n s p o r t  p r o c e s s  
( K a r i c k h o f f  e t a.!l., 1979 ) .  Most o f  the  me r c u r y  and o t h e r  he a vy  
m e t a l s  t r a n s p o r t e d  to  the  sea  by  the  r i v e r s  a re  f i x e d  to  s u s p e n d e d  
p a r t i c l e s  l e s s  t h a n  16 um i n  d i a m e t e r  (De Groot  e t  a l . ,  1971) .  

There  i s  some e v i d e n c e  t h a t  i n g e s t e d  s o l i d  p a r t i c l e s  can  p e n e t r a t e  
the  d i g e s t i v e  t r a c t .  I n  t h e i r  m i n i - r e v i e w  of  i n t e s t i n a l  
a b s o r p t i o n  of  p a r t i c u l a t e  m a t t e r ,  Le F e v r e  and J o e l  (1979) l i s t  



Figure 1. Particulates in drinking water: (a) Electronmicrograph 
(EM) of palygorskite fibers from a well in Georgia. (b) Optical 
micrograph of cotton fibers from a distribution system in Indiana. 
(c) EM of algal scales (Spumella vestita), water system in New 
York. (d) EM of algal scales, water system in North Carolina. 
(e) Iron bacteria strands, distribution system, Arizona. (f) EM of 
particles in water from Idaho. 



c o l l o i d a l  m e t a l s ,  l a t e x  s p h e r e s ,  p o l y v i n y l  c h l o r i d e  p e l l e t s ,  end 
i r o n  f i l i n g s .  Cook and O l s e n  (1979)  r e p o r t e d  f i n d i n g  n o n f i b r o u s  
p a r t i c l e s  of  s i l i c a ,  d i a tom f r a g m e n t s ,  f i b e r s  o f  i r o n ,  t i t a n i u m  
and g l a s s  of  p r o b a b l e  manmade o r i g i n  i n  human u r i n e .  A t t a p u l g i t e  
c l a y  f i b e r s  have b e e n  r e p o r t e d  i n  the  u r i n e  of  a p e r s o n  i n g e s t i n g  
l a r g e  doses  f o r  m e d i c a l  p u r p o s e s  (Bignon e t  a l . ,  1979) .  

The q u e s t i o n  of  t he  b i o l o g i c a l  a c t i v i t y  of  suspended  p a r t i c u l a t e s  
i s  complex b e c a u s e  of  the  i n t e r a c t i o n s  b e t w e e n  p a r t i c l e s .  Samples  
of  c o n c e n t r a t e d  p a r t i c u l a t e s  r e p r e s e n t i n g  the  e n t i r e  su spe nde d  
f r a c t i o n  were c o l l e c t e d  from 3 d r i n k i n g  w a t e r  s y s t e m s  and were 
t e s t e d  f o r  b i o l o g i c a l  a c t i v i t y  i n  c e l l  c u l t u r e  a s s a y  by two 
i n d e p e n d e n t  l a b o r a t o r i e s .  C o n c e n t r a t e d  samples  of  p a r t i c u l a t e s  
were c o l l e c t e d  from t h r e e  d r i n k i n g  w a t e r  s u p p l i e s  i n  D u l u t h ,  I~IN, 
San F r a n c i s c o ,  CA, and S e a t t l e ,  WA. The D u l u t h  sample  was 
c o l l e c t e d  from the  d r i n k i n g  w a t e r  b e f o r e  the  f i l t r a t i o n  p l a n t  was 
o n - l i n e .  The sample from San F r a n c i s c o  was c o l l e c t e d  a t  t he  
c h l o r i n a t i o n / f l u o r i n a t i o n  s t a t i o n  on the  o u t f l o w  from C r y s t a l  
S p r i n g s  r e s e r v o i r ,  San Mateo Coun ty .  There  was no f u r t h e r  
t r e a t m e n t  of  the w a t e r  from t h a t  p o i n t .  The sample from S e a t t l e  
was c o l l e c t e d  a f t e r  t he  f i n a l  t r e a t m e n t  of  t he  w a t e r  b e f o r e  i t  was 
d i s t r i b u t e d  to  c o n s u m e r s .  The samples  were c o l l e c t e d  u s i n g  a 
Nuc l epo re  Quick R inse  ( O X )  type  c a r t r i d g e .  The i n t e r n a l  
c o n s t r u c t i o n  of  the  OR c o n s i s t e d  of  p o l y c a r b o n a t e  membranes ( 0 . 2  
um po re  s i z e )  l a y e r e d  be tween  p o l y p r o p y l e n e  s c r e e n s .  T o g e t h e r  
t hey  were p l e a t e d  so t h a t  3 . 7  s q u a r e  m e t e r s  of  membrane were 
c o n t a i n e d  i n  a 50.2  cm long  c a r t r i d g e ,  The c a r t r i d g e  h o u s i n g  u n i t  
was a t t a c h e d  a t  t he  w a t e r  p l a n t  a f t e r  f i n a l  t r e a t m e n t  and the  
wa t e r  was a l l owed  to  f low t h r o u g h  the  f i l t e r  u n t i l  i t  was 
e s s e n t i a l l y  p l u g g e d .  T y p i c a l l y  a t h o u s a n d  g a l l o n s  were f i l t e r e d .  
The e x a c t  amount was d e p e n d e n t  on the  w a t e r  t u r b i d i t y .  A f t e r  
f i l t r a t i o n  the  c a r t r i d g e  u n i t s  were p l u g g e d  and s e n t  to  the  EPA i n  
C i n c i n n a t i .  S e c t i o n s  of  the  membrane and s c r e e n s  were r i n s e d  
r e p e a t e d l y  w i t h  p r e f i l t e r e d  d i s t i l l e d  w a t e r  i n  4 l i t e r  f l a s k s  
u n t i l  t he  m a t e r i a l s  were c l e a n .  The r e s u l t i n g  s u s p e n s i o n  ( a b o u t  
10-12 l i t e r s  f o r  each  sample)  was r ed uc e d  to  a powder by  f r e e z e  
d r y i n g .  Each c a r t r i d g e  y i e l d e d  s e v e r a l  grams of  d r i e d ,  p r e v i o u s l y  
su spended  m a t e r i a l .  

Two a d d i t i o n a l  samples  of p a r t i c u l a t e  r e p r e s e n t a t i v e  of  t hose  
found  i n  w a t e r  s u p p l i e s  were o b t a i n e d ,  A sample  of t he  I e s s  t h a n  
2 u m - s i z e  f r a c t i o n  t a c o n i t e  t a i l i n g s  was p r e p a r e d  by a 
s e d i m e n t a t i o n  s e p a r a t i o n  p r o c e d u r e .  A sample  of  a t t a p u l g i t e  
( p a l y g o r s k i t e )  c l a y ,  a n o n - a s b e s t o s  m i n e r a l  was o b t a i n e d  i n  a 
r e l a t i v e l y  pu re  form from a mine i n  A t t a p u l g a s ,  GA. The 
a t t a l p u l g i t e  f i b e r s  i n  the  t e s t  sample  were found  to  be q u i t e  
s i m i l a r  t o  t hose  found  i n  the  d r i n k i n g  w a t e r  s a m p l e s .  The f i b e r s  
were g e n e r a l l y  l e s s  t h a n  2 um i n  l e n g t h  and t e n d e d  to  clump and 
form s m a l l  b u n d l e s  when i n  w a t e r .  

Smal l  p o r t i o n s  of  d r i e d  p a r t i c u l a t e  samples  were d i s p e r s e d  i n  
p r e f i l t e r e d  d i s t i l l e d  w a t e r ,  s t i r r e d  ove r  an hour  by m a g n e t i c  
s t i r r i n g ,  and shaken  v i g o r o u s l y  b e f o r e  an a l i q u o t  was t a k e n  and 
f i l t e r e d  t h r o u g h  a 47 ~ d i a m e t e r  N u c l e p o r e  f i l t e r .  The f i l t e r  



was p r e p a r e d  i n  the  way d e s c r i b e d  p r e v i o u s l y .  Random p h o t o g r a p h s  
were t a k e n  a t  5000 t i m e s  m a g n i f i c a t i o n .  A r e c t a n g u l a r  g r i d  was 
i n s c r i b e d  ove r  each pho to  and random a r e a s  s e l e c t e d  f o r  p a r t i c l e  
shape a n a l y s i s .  At l e a s t  300 p a r t i c l e s  were examined and 
c l a s s i f i e d  as f i b e r s ,  e q u a n t s ,  a g g r e g a t e s  or  a c c i r c u l a r  s h a p e s .  
Only  t hose  p a r t i c l e s  which  a p p e a r e d  to  be c r y s t a l l i n e  i n  n a t u r e  
were c o n s i d e r e d .  The r e s u l t s  of  t h e s e  a n a l y s i s  a re  shown i n  Ta b l e  
1. As migh t  e x p e c t e d  most  o f  the  p a r t i c l e s  found  had l e s s  t h a n  
the  3 :1  l e n g t h : w i d t h  measurement  u s e d  to  d e f i n e  a p a r t i c l e  as a 
f i b e r .  

Tab l e  1. A n a l y s i s  by E l e c t r o n  Mic roscopy  of  the  C r y s t a l l i n e  
F r a c t i o n  of  the  Samples o f  P a r t i c u l a t e s  

F i b e r s  a Equan t s  b A g g r e g a t e s  A c c i r c u l a r s  
Sample (~) (~) (%) (%) 

D u l u t h  4 .2  61.1  9.3 0 .9  

San F r a n c i s c o  7 .7  37 .4  18.1  0 .0  

S e a t t l e  2 . 0  80 .9  1 .5  0 . 0  

A t t a l p u l g i t e  100 .0  Trace  

a F i b e r s  a re  e l o n g a t e d  p a r t i c l e s  w i t h  a l e n g t h  a t  l e a s t  t h r e e  t i m e s  
the  w i d t h .  
b S i n g l e  c r y s t a l  shapes  and a g g r e g a t e  c l a s s i f i c a t i o n  as d e s c r i b e d  
i n  the  Bureau  of  Mines I n f o r m a t i o n  C i r c u l a r / 1 9 7 7  I C - 8 7 5 1 .  

P o r t i o n s  of t h e  p a r t i c u l a t e  m a t t e r  were coded and s e n t  t o  the  
N a y l o r  Dana I n s t i t u t e  f o r  D i s e a s e  P r e v e n t i o n ,  Amer ican  H e a l t h  
F o u n d a t i o n  New York to  t e s t  the  e f f e c t  o f  the  p a r t i c u l a t e s  on the  
i n h i b i t i o n  of  c o l o n y - f o r m i n g  e f f i c i e n c y  of  c u l t u r e d  human 
embryonic  i n t e s t i n e - d e r i v e d  e p i t h e l i a l  ( I - 4 0 7 )  c e l l s .  T h i s  
t o x i c i t y  a s s a y  had b e e n  d e v e l o p e d  by  r e s e a r c h e r s  a t  the  I n s t i t u t e  
to  compare the  t o x i c i t i e s  of  the  d i f f e r e n t  forms of  a s b e s t o s .  A 
sample of  a m o s i t e  a s b e s t o s  was i n c l u d e d  i n  the  s e t  o f  coded w i t h  
m a t e r i a l s  t h a t  had b e e n  s t u d i e d  more t h o r o u g h l y  i n  o t h e r  t e s t s .  
The r e s u l t s  of  the  a s s a y  i n d i c a t e d  t h a t  the  most  t o x i c  of  the  
samples  t e s t e d  b l i n d l y  was a m o s i t e  a s b e s t o s  which  was e q u a l  i n  
t o x i c i t y  to  the  a m o s i t e  u s e d ,  by c h a n c e ,  as a p o s i t i v e  c o n t r o l .  
The t o x i c i t i e s  of  the  p a r t i c u l a t e s  c o n c e n t r a t e d  from d r i n k i n g  
w a t e r  were a p p r o x i m a t e l y  1 0 0 - f o l d  l e s s  t h a n  the  a m o s i t e  a s b e s t o s  
of  t h e s e ,  t he  o r d e r  of  t o x i c i t y  of  the  samples  was San F r a n c i s c o  > 
S e a t t l e  > D u l u t h .  The samples  of  a t t a l p u l g i t e  c l a y  and t a c o n i t e  
t a i l i n g s  d i s p l a y e d  a p p r o x i m a t e l y  h a l f  t he  t o x i c i t y  of  the  d r i n k i n g  
w a t e r  p a r t i c u l a t e s  ( R e i s s  e t  a l . ,  1 9 8 0 ) .  

P o r t i o n s  of  the  samples  were coded and a l s o  s e n t  to  the  Chemical  
B i o m e d i c a l  E n v i r o n m e n t  a l  R e s e a r c h  Group a t  the  Ohio S t a t e  



U n i v e r s i t y ,  Columbus,  Ohio .  The coded samples  were t e s t e d  i n  
c u l t u r e d  c e l l  a s s a y s  employ ing  n o r m a l  human f i b r o b l a s t  c e l l s  and 
p r i m a r y  S y r i a n  h a m s t e r  embryonic  c e l l  c u l t u r e s .  These a s s a y  
sys tems  had b e e n  p r e v i o u s l y  d e v e l o p e d  to  i n v e s t i g a t e  the  e f f e c t  o f  
d i f f e r e n t  c y t o t o x i c i t y ,  v i t a l l y - d i r e c t e d  c e l l u l a r  and b i o c h e m i c a l  
p a r a m e t e r s  of  t r a n s f o r m a t i o n ,  c e l l  membrane c o m p o s i t i o n ,  and 
c y c l i c  n u c l e o t i d e  c o n c e n t r a t i o n s  ( H a r t ,  1979) .  As w i t h  t he  a s s a y  
t e s t  done by  the  Amer ican  H e a l t h  F o u n d a t i o n ,  the  c y t o t o x i c i t y  o f  
the  c o n c e n t r a t e d  d r i n k i n g  w a t e r  p a r t i c u l a t e s  was much l e s s  t h a n  
t h a t  o f  commerc i a l  a s b e s t o s .  I n  t h i s  c a s e ,  t he  o r d e r  of  t o x i c i t y  
of  the  samples  was D u l u t h  ~ S e a t t l e  ~ San F r a n c i s c o .  T h i s  i s  
r e v e r s e  of  the  t o x i c i t y  r a n k i n g  done by the  Amer ican  H e a l t h  
F o u n d a t i o n  a s s a y .  The r e a s o n  f o r  the  d i f f e r e n t  r e s p o n s e  i s  n o t  
known a t  t h i s  t i m e .  The p a r t i c u l a t e s  c o l l e c t e d  f rom the  d r i n k i n g  
w a t e r s  were more c y t o t o x i c  t h a n  the  s amples  or  a t t a p u l g i t e  o f  
t a c o n i t e  mine  t a i l i n g  ( l e s s  t han  2 um).  The a t t a p u l g i t e  and 
t a c o n i t e  t a i l i n g s ,  however ,  had a g r e a t e r  e f f e c t  on c e l l u l a r  
components  t h a n  d id  the  w a t e r  p a r t i c u l a t e s .  (Har t  e t  a l . ,  1 9 7 9 ) .  

An a n a l y s e s  o f  ove r  2000 d r i n k i n g  w a t e r  samples  from many p a r t s  o f  
the  U n i t e d  S t a t e s  s u g g e s t  t h a t  most  w a t e r  consumers  do n o t  d r i n k  
w a t e r  c o n t a i n i n g  l a r g e  numbers  of  e l o n g a t e d  m i n e r a l  p a r t i c u l a t e s  
which have l e n g t h s  t h r e e  t i m e s  the  d i a m e t e r .  Some d r i n k i n g  w a t e r s  
do c o n t a i n  h i g h  amounts  of  p a r t i c u l a t e .  While  i t  i s  s t i l l  to  be 
d e t e r m i n e d  how p r e d i c t i v e  c e l l  a s s a y  t e s t s  are  of  p o t e n t i a l  h e a l t h  
h a z a r d s ,  i t  i s  a p p a r e n t  the  the  su spende d  p a r t i c u l a t e  f r a c t i o n s  of  
3 d r i n k i n g  w a t e r s  have some e f f e c t  on b i o l o g i c a l  s y s t e m s .  I t  i s  
i m p o r t a n t  t o  n o t e  the  the  r e s u l t s  o f  two i n d e p e n d e n t  a s s a y s  show 
the  d r i n k i n g  w a t e r  p a r t i c u l a t e  t o  be much l e s s  b i o l o g i c a l l y  a c t i v e  
t h a n  c o ~ e r c i a l  a s b e s t o s  f i b e r s  b u t  f u r t h e r  work on the  a s s a y  
sy s t ems  i s  n e c e s s a r y  b e f o r e  the  i n t e r p r e t a t i o n  of  the  r e l a t i v e  
t o x i c i t y  r a n k i n g s  i s  c l e a r .  
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the  many d r a f t s  o f  t h i s  m a n u s c r i p t .  The H e a l t h  E f f e c t s  R e s e a r c h  
L a b o r a t o r y  has  r e v i e w e d  and approved  t h i s  a r t i c l e  f o r  p u b l i c a t i o n .  
M e n t i o n  of  t r a d e  names does n o t  c o n s t i t u t e  e n d o r s e m e n t .  

REFERENCES 

Ander son  CH, Long 3M (1980) I n t e r i m  method f o r  d e t e r m i n i n g  
a s b e s t o s  i n  w a t e r .  EPA Res R e p o r t ,  E P A - 6 0 0 / 4 - 8 0 - 0 0 5 ,  pp 34.  

B ishop  K, Ring $7, Z o l t a i  T, Manos CG, Ahrens  VD, L i s k  D7 (1985)  
I d e n t i f i c a t i o n  of  a s b e s t o s  and g l a s s  f i b e r s  i n  m u n i c i p a l  sewage 
s l u d g e s .  B u l l  E n v i r o n  Contm T o x i c o l  3 4 : 3 0 1 - 3 0 8 .  

B ignon  7,  S e b a s t i a n  P,  G a u d i c h e t  A, 7 a u r a n d  MC (1979) B i o l o g i c a l  
e f f e c t s  o f  a t t a p u l g i t e .  I n  Proc  Symp on A s b e s t o s ,  UICC, WHO, 
Lyon F r a n c e .  

Cook PM, 01son  GF (1979) I n g e s t e d  m i n e r a l  f i b e r s :  e l i m i n a t i o n  i n  
human u r i n e .  S c i e n c e  2 0 4 : 1 9 5 - 1 9 8 .  



De G r o t t  AJ .  De Goey JJM, Z e g e r s  C (1971)  C o n t e n t s  and b e h a v i o r  o f  
m e r c u r y  a s  compared  w i t h  o t h e r  h e a v y  m e t a l s  i n  s e d i m e n t s  f rom 
t h e  R i v e r  R h i n e .  Ems G e o l o g i e  en Mijnbouw 50,  393 -398 .  

H a r t  RW, F e r t e l  R, Neuman HAI, D a n t e 1 F B ,  B l a k e s l e e  JR (1979)  The 
e f f e c t s  o f  s e l e c t e d  a s b e s t o s  f i b e r s  on c e l l u l a r  and m o l e c u l a r  
p a r a m e t e r s ,  R e s e a r c h  R e p o r t  E P A - 6 0 0 - 1 - 7 9 - 0 2 1 ,  pp 35 .  A v a i l .  
f rom NTIS, S p r i n g f i e l d ,  VA, O r d e r  #PB85127496.  

K a r i c k h o f f  SW, Brown DS, S c o t t  TA (9179) S o r p t i o n  o f  h y d r o p h o b i c  
p o l l u t a n t s  on n a t u r a l  s e d i m e n t s .  W a t e r  Res 13 ,  2 4 1 - 2 4 8 .  

L e F e v r e  ME, J o e l  DD (1979)  M i n i r e v t e w :  i n t e s t i n a l  a b s o r p t i o n  o f  
p a r t i c u l a t e  m a t t e r .  L i f e  S c i e n c e  21, 1403-1408. 

McMi l l i am L,  S t o u t  R (1977)  O c c u r r e n c e  o f  S p a e r o t i l u s ,  
C a u l o b a c t e r ,  and G a l l i o n e l l a  i n  raw and t r e a t e d  w a t e r .  7 .  Amer 
W a t e r  Works A s s o c  6 9 ( 3 ) : 1 7 1 - 1 7 3 .  

M i l l e t t e  JR,  Twyman YD, Hansen EC, C l a r k  P J ,  P a n s i n g  ~T (1979)  
C h r y s o t i l e ,  p a y l s o r s k i t e  and h a l l o y s k i t e  i n  d r i n k i n g  w a t e r .  
S c a n n i n g  E l e c t r o n  Microscopy/1979/I 579-586. 

M i l l e t t e  JR ,  C l a r k  P J ,  S t o b e r  7 ,  R o s e n t h a l  M (1983)  A s b e s t o s  i n  
Wate r  S u p p l i e s  o f  t h e  U n i t e d  S t a t e s .  E n v i r o n  H e a l t h  P e r s p  53, 
45-48. 

Moestrup 0 (1974) Scale format ion:  a spec ia l  func t ion  of  the 
g o l g i  a p p a r a t u s  i n  a l g a e .  E i g h t  I n t e r  Cong on E l e c t r o n  
Microscopy, C a n b e r r a ,  Vol  I I  5 6 4 - 5 6 5 .  

N a t i o n a l  Academy o f  S c i e n c e  (1977)  D r i n k i n g  W a t e r  and H e a l t h ,  
P a r t  I ,  pp IV, N a t 1 R e s  Counci l ,  W a s h i n g t o n ,  DC. 

H e i s s  B, M i l l e t t e  JR,  W i l l i a m s  GM (1980) The a c t i v i t y  o f  e n v i r o n -  
m e n t a l  s a m p l e s  i n  a c e l l  c u l t u r e  t e s t  f o r  a s b e s t o s  t o x i c i t y .  
E n v i r o n  Res 22,  3 1 5 - 3 2 1 .  

S h i p l e y  GL, F i t z p a t r i c k  JA (1977)  M e a s u r e m e n t s  o f  s u s p e n d e d  
m a t e r i a l  i n  s u r f a c e  w a t e r  s u p p l i e s .  P roc  Amer W a t e r  Works Assoc  
Conf ,  May 8-13 p a p e r  16 -3  pp 1 - 1 2 .  

T a k a h a s h i  E (1975)  The f i n e  s t r u c t u r e  o f  t h e  s c a l e s  and f l a g e l l a  
o f  t h e  C r y s o p h y t a .  I n :  Advance  o f  P h y c o l o g y  i n  Yapen.  ( T o k i d a  
J and H i r o s e  H, e d s )  Dr .  W. Junk  b . v .  Pub1 The Hague ,  The 
N e t h e r l a n d s  pp 6 8 - 9 7 .  

R e c e i v e d  J u l y  12,  1985;  a c c e p t e d  S e p t e m b e r  18 ,  1986. 


