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Fusion r e a c t o r  technology has developed f a r  enough t o  expect  l a b o r a t o r y  demonstrat ion o f  p r a c t i c a l  

l e v e l s  o f  f u s i o n  employing t h e  D-T r e a c t i o n  t o  occur  i n  t h e  e a r l y  1980s. Fo l low ing  t h a t  

demonstrat ion,  and depending upon t h e  n a t i o n a l  p r i o r i t i e s  f o r  energy f rom D-T f u s i o n ,  c o n s t r u c t i o n  

and o p e r a t i o n  o f  exper imenta l  r e a c t o r s  and demonstrat ion power r e a c t o r s  cou ld  occur b e f o r e  the  

end o f  t h i s  c e n t u r y .  Opera t ion  o f  t h e  f i r s t  commercial power p l a n t s  cou ld  then f o l l o w ,  s t a r t i n g  

about  2010. 

Development and adop t ion  o f  a  new power system e v e n t u a l l y  w i l l  r e q u i r e  a  d e s c r i p t i o n  o f  t h e  

env i ronmenta l  e f f e c t s  i n  an envi ronmenta l  s ta tement  p r o v i d i n g  a  comparison t o  t h e  e f f e c t s  

of c o m p e t i t i v e  systems. I n  a n t i c i p a t i o n  o f  t h a t  s tatement ,  an env i ronmenta l  a n a l y s i s  (BNWL-2010) 

has been prepared f o r  t h e  ERDA D i v i s i o n  o f  Magnetic Fusion Energy. That a n a l y s i s  est imates t h e  

env i ronmenta l  e f f e c t s  o f  c o n s t r u c t i n g  and o p e r a t i n g  D-T f u s i o n  r e a c t o r s  as an economical ly  

c o m p e t i t i v e  source o f  e l e c t r i c i t y  i n  t h e  21s t  cen tu ry .  

The a n a l y s i s  has f o u r  p r i m a r y  purposes: 

1. To d e s c r i b e  t h e  genera l  n a t u r e  o f  t h e  env i ronmenta l  e f f e c t s ,  
2. To detern i ine c u r r e n t  a b i l i t y  t o  es t imate  t h e  e f f e c t s ,  
3. To determine methods f o r  reduc ing  t h e  e f f e c t s ,  and 
4.  To determine research  necessary f o r  i n c r e a s i n g  c a p a b i l i t y  t o  d e f i n e  and reduce the  

e f f e c t s .  

T imely  i d e n t i f i c a t i o n  o f  needed research and methods f o r  reduc ing  e f f e c t s  w i l l  pe rmi t  the  

performance o f  t h a t  research and t h e  r e v i s i o n  o f  conceptual  f u s i o n  power p l a n t  designs be fo re  

p r e p a r a t i o n  o f  t h e  program envi ronmenta l  s ta tement .  T h i s  would improve t h e  q u a l i t y  o f  the  

env i ronmenta l  statements and cou ld  reduce t h e  es t imated  adverse envi ronmenta l  e f f e c t s  due t o  

f u s i o n  power p l a n t s .  

The envi ronmenta l  a n a l y s i s  (BNWL-2010) concludes t h a t  t h e  f o l l o w i n g  assumed c h a r a c t e r i s t i c s  a r e  

t h e  b e s t  s e t  f o r  t h e  f i r s t  o p e r a t i n g  f u s i o n  power p l a n t s :  

The D-T f u s i o n  r e a c t i o n  Standard e l e c t r i c i t y  genera t ion  
Large q u a n t i t i e s  o f  a c t i v a t i o n  products  Standard r a d i o a c t i v e  waste systems 
K i log ram q u a n t i t i e s  o f  t r i t i u m  Large magnetic f i e l d s  
i n  t h e  p l a n t  systems A s e l f - c o n t a i n e d  f u e l  c y c l e  
Massive r e a c t o r  s t r u c t u r e s  Rural s i t i n g  
Large 1  i thiuni  i n v e n t o r i e s  
Large i n v e n t o r i e s  o f  1  i q u i d  meta ls  
and s a l t s  

Using these  c h a r a c t e r i s t i c s  a  r e f e r e n c e  r e a c t o r  was analyzed t o  determine the  environmental 

e f f e c t s  by u s i n g  a v a i l a b l e  concepts o f  p l a n t  subsystems designs t h a t  c o n t r o l  i n t e r a c t i o n s  w i t h  

t h e  environment o r  by assumption t h a t  b e s t  c u r r e n t  technology would be used i n  subsystems design.  

Because t h i s  a n a l y s i s  does n o t  take  i n t o  account  advances i n  b o t h  f u s i o n  and waste c o n t r o l  

technology d u r i n g  t h e  n e x t  t h i r t y  years,  t h e  es t imated  e f f e c t s  p robab ly  a r e  s i g n i f i c a n t l y  h i g h e r  

than  t h e  a c t u a l  e f f e c t s  w i l l  be f o r  t h e  f i r s t  f u s i o n  power p l a n t s .  The es t imated  envi ronmenta l  

e f f e c t s  should be i n t e r p r e t e d  o n l y  as being t h e  probable upper l i m i t  f o r  t h e  ac tua l  e f f e c t s .  



P r e p a r a t i o n  o f  t h e  f u s i o n  power p l a n t  env i ronmenta l  a n a l y s i s  r e q u i r e d  development and use o f  

s p e c i a l l y  developed da ta  and a n a l y s i s  methods n o t  used i n  t h e  p r e p a r a t i o n  of c u r r e n t  env i ronmenta l  

s ta tements f o r  f o s s i l  and f i s s i o n  power p l a n t s .  These d a t a  and a n a l y s i s  requi rements a r e  

documented i n  a  s e r i e s  o f  r e f e r e n c e  t o p i c a l  r e p o r t s  t o  make t h i s  i n f o r m a t i o n  p u b l i c l y  a v a i l a b l e  

and t o  assure unders tand ing  o f  t h e  bas is  f o r  t h e  conc lus ions  made i n  t h e  env i ronmenta l  a n a l y s i s .  

These r e f e r e n c e  t o p i c a l  r e p o r t s  sumnarize t h e  s t a t e - o f - t h e - a r t  as a p p l i c a b l e  t o  p r e p a r a t i o n  o f  

env i ronmenta l  s ta tements f o r  f u s i o n  power p l a n t s .  They p resen t  t h e  d a t a  and a n a l y t i c a l  

techniques used i n  t h e  env i ronmenta l  a n a l y s i s  t o  e s t i m a t e  the  i n t e r a c t i o n s  w i t h  t h e  environment 

and t h e  r e s u l t a n t  env i ronmenta l  e f f e c t s .  T h i s  i n f o r m a t i o n  then  was analyzed f o r  adequacy and 

t h e  need was determined f o r  a d d i t i o n a l  research  t o  assure s a t i s f a c t o r y  a b i l i t y  t o  prepare 

env i ronmenta l  s ta tements f o r  t h e  f u s i o n  development program and exper imenta l  f a c i l i t i e s  i n  t h e  

e a r l y  1980s. Est imated envi ronmenta l  e f f e c t s  a r e  presented i n  these r e f e r e n c e  documents o n l y  

as necessary t o  i l l u s t r a t e  use o f  t h e  da ta  and a n a l y t i c a l  techniques.  

T h i s  r e p o r t  i s  one o f  those  r e f e r e n c e  documents f o r  t h e  env i ronmenta l  a n a l y s i s .  The o t h e r  

documents i n  t h i s  s e r i e s  c o n t a i n  more d e t a i l s  o f  t h e  power p l a n t  concepts and t h e  probable 

env i ronmenta l  e f f e c t s  o f  f u s i o n  power p l a n t s  w i t h  t h e  assumed c h a r a c t e r i s t i c s  l i s t e d  above. 

These documents a r e  a v a i l a b l e  through t h e  N a t i o n a l  Technica l  I n f o r m a t i o n  S e r v i c e :  

An Environmental  Ana l ys i s  o f  Fus ion Power t o  Determine Rela ted R&D Needs, BNWL-2010 

Review o f  Fus ion Research Program: H i s t o r i c a l  Summary and Program Pro jec t i ons ,  BNWL-2011 

Fuel Procurement f o r  F i r s t  Generat ion Fusion Power P lants ,  BNWL-2012 

Cu r ren t  Fus ion Power P l a n t  Design Concepts, BNWL-2013 

Reference Comnerical Fusion Power P lan t s ,  BNWL-2014 
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SUMMARY 

L i t e r a t u r e  rev iews i n d i c a t e  t h a t  e x i s t i n g  i n f o r m a t i o n  i s  incomplete,  o f t e n  c o n t r a d i c t o r y ,  and o f  

q u e s t i o n a b l e  va lue  f o r  t h e  p r e d i c t i o n  and assessment o f  u l t i m a t e  impac t  f rom fus ion- assoc ia ted  

a c t i v a t i o n  products  and o t h e r  chemical re leases .  It i s  s t i l l  u n c e r t a i n  which s t r u c t u r a l  mate- 

r i a l s  w i l l  be used i n  t h e  b l a n k e t  and f i r s t  w a l l  o f  f u s i o n  power p l a n t s .  However, niobium, 

vanadium, vanadium-chromium a1 l o y ,  vanadium- ti  tan ium a1 l o y ,  s i n t e r e d  a1 umi num produc t  (SAP), and 

s t a i n l e s s  s t e e l  have been suggested. The a c t i v a t i o n  p roduc ts  o f  p r i n c i p a l  concern w i l l  be t h e  

l o n g e r - l i v e d  i so topes  o f  2 6 ~ 1 ,  4 9 ~ ,  51~r,  5 4 ~ n ,  5 5 ~ e ,  5 8 ~ o ,  6 0 ~ o ,  9 3 ~ b ,  and 9 4 ~ b .  Such induced 

r a d i o a c t i v i t i e s  may escape t h e  r e a c t o r  con f ines  through neu t ron  s p u t t e r i n g  i n t o  o r  c o r r o s i o n  by 

l i q u i d  meta l  coolants .  A c t i v a t i o n  p roduc ts  may a l s o  escape conta inment  as aeroso ls  under c e r t a i n  

a c c i d e n t  s i t u a t i o n s .  Disposal  o f  r e t r i e v e d  r a d i o a c t i v e  waste th rough  b u r i a l  may inc rease  t h e  

p o t e n t i a l  f o r  t h e  env i ronmenta l  impact.  The impact o f  fus ion- assoc ia ted  a c t i v a t i o n  p roduc ts  and 

o t h e r  chemical re leases  on t h e  t e r r e s t r i a l  and a q u a t i c  ecosystem needs t o  be f u r t h e r  determined. 

The b i o l o g i c a l  t r a n s p o r t  o f  many o f  these elements has n o t  been s t u d i e d  i n  terms o f  atmospheric 

d i s p e r s a l ,  d e p o s i t i o n  and accumulat ion i n  s o i l ,  h y d r o l o g i c  t r a n s p o r t ,  and accumulat ion i n  p l a n t s  

and animals .  

L i t h i u m  r e l e a s e d  t o  t h e  environment e i t h e r  d u r i n g  t h e  m i n i n g  cyc le ,  f rom power p l a n t  o p e r a t i o n  

o r  acc iden t ,  may be i n  t h e  fo rm o f  a  number o f  compound types v a r y i n g  i n  s o l u b i l i t y  and a f f i n i t y  

f o r  b i o l o g i c a l  organisms. Hence, t o x i c i t y  would appear t o  v a r y  accord ing  t o  s o l u b i l i t y  and 

p o s s i b l y  pH s h i f t .  Where comparat ive da ta  a r e  presented, animal forms a r e  more s u s c e p t i b l e  than  

p l a n t  forms; t h e  embryonic and j u v e n i l e  1  i f e  stages demonstrat ing great.er s e n s i t i v i t y  than t h e  

a d u l t  an imal .  From t h e  l i t e r a t u r e  review, i t  i s  e v i d e n t  t h a t  t h e  e x i s t i n g  d a t a  base i s  o f  

ques t ionab le  v a l u e  f o r  t h e  p r e d i c t i o n  and assessment o f  u l t i m a t e  impact.  The l a c k  o f  i n f o r m a t i o n  

on source terms, i n  p a r t i c u l a r ,  compl icates t h i s  problem. Also, p resen t  research  has n o t  t r e a t e d  

t h e  p o t e n t i a l  f o r  adverse impacts f rom long- term, low- leve l  exposures o f  t h e  meta l .  The poten-  

t i a l  f o r  b i o m a g n i f i c a t i o n  has n o t  been de f ined .  

The e f f e c t s  o f  a severe l i q u i d  meta l  f i r e  o r  e x p l o s i o n  i n v o l v i n g  Na o r  K w i l l  va ry  accord ing t o  

i n h e r e n t  a b i o t i c  and b i o t i c  f e a t u r e s  o f  t h e  a f f e c t e d  s i t e .  Sa l ine ,  s a l i n e - a l k a l i n e ,  and sod ic  

s o i l s  o f  a r i d  lands  would be p a r t i c u l a r l y  s u s c e p t i b l e  t o  a l k a l f n e  s t r e s s .  Grasslands s o i l s  con- 

t a i n  g r e a t e r  q u a n t i t i e s  o f  humus which inc rease  b u f f e r i n g  c a p a c i t y  o f  t h e  s o i l ,  a l l e v i a t i n g  

a k a l i n e  s t r e s s .  The v e r y  a c i d i c  s o i l  o f  f o r e s t  reg ions  would tend  t o  n e u t r a l i z e  a l k a l i n e  i n s u l t .  

I n  marshlands, p r o x i m i t y  t o  an a q u a t i c  biome would f a c i l i t a t e  d i l u t i o n ;  however, t h e  ecology o f  

wet lanas i s  ex t reme ly  v u l n e r a b l e  t o  con tamina t ion  f rom a  l i q u i d  meta l  s p i l l .  Wetlands o r  

marshlands o f t e n  p r o v i d e  s p e c i a l  h a b i t a t s  r e q u i r e d  f o r  r a r e  and endangered species, and a r e  

among t h e  most p r o d u c t i v e  biomes. L e n t i c  ( s t i l l - w a t e r )  environments r e p r e s e n t  t h e  most v u l n e r -  

a b l e  o f  a q u a t i c  biomes; e s t u a r i n e  o r  mar ine c o a s t a l  s i t e s  t h e  l e a s t  s e n s i t i v e  due t o  t h e  g r e a t e r  

b u f f e r i n g  c a p a c i t y  o f  more s a l i n e  waters. Present  research, however, does n o t  adequate ly  deal  

w i t h  t h e  env i ronmenta l  impact  assoc ia ted  w i t h  l i q u i d  meta l  d i s a s t e r s .  O f  p a r t i c u l a r  s i g n i -  

f i c a n c e  a r e  t h e  dynamics i n v o l v e d  w i t h  t h e  h y d r o l y s i s  o f  a l k a l i  meta l  ox ides  i n  ecosystems and 

t h e  f a t e  o f  t h e  a l k a l i  and hydrox ide  d e r i v a t i v e s .  



Beryllium released t o  the  environment during the  mining cycle o r  reactor  accident s i tua t ion  

could be in  the  form of a nuniber of compound types. So lub i l i ty  and hence biological  ava i l ab i l -  

i t y  would vary with pH, the  pvesence of ce r t a in  inorganic and organic compounds, and the  physio- 

chemical forn~s  of these  compounds; i . e . ,  ionic ,  co l lo ida l ,  or  pa r t i cu la t e .  Beryllium tox ic i ty  

was demonstrated i n  a var ie ty  of organisms including plants ,  animals, and man. Animals a r e  

usually a s  suscept ib le  a s  plants.  Evidence suggests t h a t  beryllium concentrates in  both plant 

and animal forms with potent ia l  f o r  biomagnification in food chains leading t o  man. Research 

needs include study of both acute  and chronic exposures. The potential  f o r  biomagnification 

a l so  ~ e e d s  t o  be defined.  Studies over longer time perioas and a t  low l eve l s  need t o  he con- 

ducted to  detec t  sublethal  l eve l s  of s t r e s s .  

S a l t  d r i f t  i s  not unique t o  fusion power plant  designs. S a l t  d r i f t .  wi l l  contr ibute  s ign i f i can t ly  

t o  the  accumulation of s a l i n i t y  i n  s o i l s  of a r i d  regions,  and t o  some degree in  grasslands,  with 

the  potential  f o r  adverse impact on vegetation. S a l t  from cooling towers will  not l i k e l y  accumu- 

l a t e  in fores ted  regions. Cooling tower s a l t  d r i f t  may contain t r a c e  quan t i t i e s  of a r sen ic ,  

cadmium, lead,  chromium, and mercury, and i f  threshold l imi t s  a re  exceeded, tox ic i ty  t o  animals 

as well a s  plants wi l l  r e s u l t .  Future research needs include provisions t o  be t t e r  character ize  

the  heavy metal const i tuents  and other compounds comprising s a l t  d r i f t ,  a s  well as assessing 

t h e i r  r e l a t i v e  t o x i c i t i e s  t o  indigenous f l o r a  and fauna. Tests under s i t e  spec i f i c  conditions 

and u t i l i z i n g  indigenous species need to  be conducted before the  s igni f icance  of impact may be 

predicted. 

Adverse e f f e c t s  t o  aquat ic  species from rout ine  chemical re leases  (b iocides ,  corrosion i n h i b i t c r s ,  

d issolut ion products) may occur in  the  discharge of both f i s s ion  and fusion power plant  designs. 

The potent ia l  impact i s  reduced abundance or  t o t a l  l o s s  of one or  more species ,  and sometimes 

the  subs t i tu t ion  o f  undesired species.  Mortality may be d i r ec t  or  ind i rec t  wher~ small quanti-  

t i e s  accumulate within the  f l e sh  of affected owanisms. However, such I-outine chemical re leases  

a r e  we17 character ized,  and i f  re leases  a re  control led ,  t h e i r  actual  impact will  be mjnimal. 

Future research needs a r e  t s  be applied on a s i t e- by- s i t e  basis which sncludes provisions t o  

determine the  qua l i ty  of cooling and receiving water t o  de tec t  the  presence and background 

levels  of important chen~ical c o ~ s i i t u e n t s ;  t o  determine by laboratory and f i e l d  bioassay the  

potent ia l  acute and chronic e f f e

c

t s  of a l t e red  water qual i ty  and chemical discharges an suscep- 

"Libie b io ta ;  arid t o  detenr~ine the  potential  f o r  accumulation and biomagnificatior~ of discharged 

chemicals in suscept ib le  biota.  



BIOLOGICAL EFFECTS OF ACTIVATION PRODUCTS AND OTHER 

CHEMICAL RELEASES FROM FUSION POWER PLANTS 

1. BIOLOGICAL EFFECTS OF ACTIVATION PRODUCTS 

L o n g- l i v e d  r a d i o a c t i v e  waste w i l l  r e s u l t  f rom o p e r a t i o n  o f  f i r s t  genera t ion  f u s i o n  power p l a n t s .  

The p r imary  source o f  such waste w i l l  be neu t ron  a c t i v a t i o n  o f  s t r u c t u r a l  m a t e r i a l s  i n  t h e  

b l a n k e t  and f i r s t  w a l l  t h a t  faces  t h e  plasma. Because o f  r a d i a t i o n  damage, t h e  f i r s t  w a l l  w i l l  

be r e p l a c e d  and t h e  removed m a t e r i a l  w i l l  be e i t h e r  s e n t  t o  underground d isposa l  o r  r e c y c l e d .  

B u r i a l  i nc reases  t h e  p o t e n t i a l  impact  on l a n d  use, and r e c y c l e  may c r e a t e  p l a n t  r a d i a t i o n  

problems o r  waste streams c o n t a i n i n g  r a d i o a c t i v i t y .  Such induced r a d i o a c t i v i t y  may a l s o  escape 

t h e  r e a c t o r  c o n f i n e s  th rough  n e u t r o n  s p u t t e r i n g  i n t o  o r  c o r r o s i o n  by a l i q u i d  c o o l a n t .  Coolant  

leakage d u r i n g  opera t ion ,  o r  rep lacement  and p u r i f i c a t i o n  w i l l  y i e l d  r a d i o a c t i v e  waste f o r  

d i s p o s a l .  Dur ing  c e r t a i n  severe a c c i d e n t  s i t u a t i o n s ,  such neu t ron  a c t i v a t e d  s t r u c t u r a l  m a t e r i a l s  

may escape p l a n t  conta inment  as aeroso ls  t h a t  w i l l  u l t i m a t e l y  s e t t l e  o u t  t o  t h e  ground, o r  

d i s s o l v e  i n  nearby wate r  bodies. 

The m a t e r i a l s  chosen f o r  use i n  s t r u c t u r a l  components i n c l u d e  niobium, vanadium, vanadiuni- 

chro~nium a l l o y s ,  vanadium- t i tan ium a l l o y s ,  s i n t e r e d  aluminum produc t  (SAP), and s t a i n l e s s  

s t e e l .  I n  a 1000 megawatt thermal  (MWt) f u s i o n  power p l a n t ,  S t e i n e r  and Frass (1972) e s t i -  

mated t h a t  t h e  r a d i o a c t i v e  i n v e n t o r y  would i n c l u d e  155 niegacuries (MCi) of 9 5 ~ b  i f  n iobium were 

used as t h e  s t r u c t u r a l  m a t e r i a l ,  and 4.2 MCi 4 8 ~ c  if vanadium were used. For  t h e  UWMAK-I i t  

was c a l c u l a t e d  t h a t  more than  80 percen t  o f  t h e  a c t i v i t y  i n  t h e  f i r s t  w a l l  a t  shutdown would be 

a t t r i b u t e d  t o  t h e  i so topes ,  51~r ,  5 8 ~ 0 ,  6 0 ~ o ,  5 5 ~ e ,  and 5 4 ~ n .  The c a l c u l a t e d  a c t i v i t y  a f t e r  t e n  

years  was approx imate ly  225 C i l k i l o w a t t  (UWFDM, 1973). The b reed ing  o f  t r i t i u m  i n  s o l i d  L i A l  o r  

SAP would r e s u l t  i n  2 6 ~ 1  (Powel l ,  e t  a l . ,  1973) and o t h e r  a c t i v a t i o n  p roduc ts  i m p l i c a t e d  i n c l u d e  

51~i, 4 9 ~ ,  "Nb, and 9 4 ~ b  (Young, e t  a l . ,  1975). 

The envi ronmenta l  t r a n s p o r t  o f  many o f  these elements has n o t  been s t u d i e d  i n  terms o f  atmo- 

s p h e r i c  d i s p e r s a l ,  d e p o s i t i o n  and accumulat ion i n  s o i l ,  h y d r o l o g i c  t r a n s p o r t ,  and accumulat ion 

i n  p l a n t s  and animals. Very l i t t l e  d a t a  i s  r e a d i l y  a v a i l a b l e  on t h e  p o t e n t i a l  f o r  bioaccumula- 

t i o n  i n  f o o d  cha ins  l e a d i n g  t o  man. T h i s  s e c t i o n  i n c l u d e s  a summary o f  t h e  e x i s t i n g  i n f o r m a t i o n  

on a c t i v a t i o n  products .  

1.1 Niobium (Nb) 

4 The l o n g  h a l f - l i v e s  o f  9 5 ~ b  (35 days), 9 4 ~ b  (2  x  10 y e a r s ) ,  and "Nb (10 days) c r e a t e s  concern 

r e g a r d i n g  t h e  u l t i m a t e  e f f e c t  o f  n iob ium on b i o l o g i c a l  systems a l though  n iob ium i s  considered a 

r e l a t i v e l y  u n r e a c t i v e  meta l .  Niobium burns i n  t h e  presence o f  a i r  a t  1472OF (800°C), and t h i s  

i m p l i e s  t h a t  t h e  i s o t o p e s  c o u l d  be d ispersed  as aeroso ls  d u r i n g  an a c c i d e n t  s i t u a t i o n .  

T e r r e s t r i a l  E f f e c t s  

Vlamis and Pearson (1950) have shown t h a t  p l a n t s  a r e  a b l e  t o  absorb n iob ium and t r a n s f e r  i t  t o  

t h e  shoots. Niobium was r e p o r t e d  t o  decrease t h e  growth r a t e s  o f  l a b o r a t o r y  mice over  an 

18  month p e r i o d  (Schroeder, e t  a1 . , 1968). Female mice i n c u r r e d  reduced l o n g e v i t y ,  whereas, 

males remained u n a f f e c t e d  i n  t h i s  respec t .  T issue  analyses demonstrated n iob ium accuniulat ions 

i n  t h e  sp leen  and h e a r t  and a h i g h  i n c i d e n c e  o f  h e p a t i c  t i s s u e  degenerat ion.  Niobium used i n  

Schroeder 's  work was a d m i n i s t e r e d  o r a l l y .  Furchner and Drake (1971 ) found t h a t  9 5 ~ b  accumulated 

i n  t h e  bones, k idneys,  spleen, t e s t e s  and l i v e r  o f  mammals, where r a d i o l o g i c a l  e f f e c t s  may be 

most d e t r i m e n t a l .  
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Whi le  t h e  e c o l o g i c a l  r o l e  o f  n iob ium i n  t e r r e s t r i a l  h a b i t a t s  i s  p o o r l y  understood, a  mechanism 

f o r  b i o m a g n i f i c a t i o n  f o r  t h e  element m i g h t  p o s s i b l y  e x i s t .  Such a hypo thes is  needs t o  be 

v e r i f i e d  by  b o t h  l a b o r a t o r y  and f i e l d  exper imenta t ion .  

Aqua t i c  E f f e c t s  

The r o l e  o f  n iob ium i n  a q u a t i c  ecosystems has r e c e i v e d  min imal  examinat ion.  Niobium was found 

as a p a r t i c u l a t e  i n  mar ine  w a t e r  a t  c o n c e n t r a t i o n s  o f  0.05 m i l l  i g r a d k i l o g r a m  (niglkg) . 
P o l i k a r p o v  (1966) r e p o r t e d  exper imenta l  c o n c e n t r a t i o n  f a c t o r s  rang ing  f rom 335 f o r  green a lgae  

up t o  2000 f o r  r e d  a l g a e  (mar ine spec ies ) .  Mo l luscs  were found t o  concen t ra te  9 5 ~ b  by a 

f a c t o r  o f  3000 i n  t h e  byssus ( a  f i l amentous  at tachment  s t r u c t u r e )  and 95-170 i n  t h e  s h e l l .  

Crustaceans (Malocost racea)  ma in ta ined  t h e  h i g h e s t  c o n c e n t r a t i o n  i n  t h e  g i l l s  (19-150) and i n  

t h e  exoske le ton  (60-100). Muscle and v i s c e r a  c o n c e n t r a t i o n  f a c t o r s  were q u i t e  low. Eisenbud's  

(1973) c o n c e n t r a t i o n  va lues  agree w i t h  P o l i k a r p o v  (1966), a l though  he found va lues up t o  

2900 f o r  p l a n t  forms. 

Niobium can be concen t ra ted  i n  v a r i o u s  forms o f  l i f e  b u t  l i t t l e  has been done t o  d e f i n e  i t s  

e f f e c t s  upon b i o t a ,  p a r t i c u l a r l y  f reshwate r  i n h a b i t a n t s .  Lack o f  such d e f i n i t i o n  i s  e v i d e n t  

f o r  b o t h  s t a b l e  and r a d i o a c t i v e  i so topes  o f  niobium, and t h e  e f f e c t s  o f  n iob ium shou ld  be 

s t u d i e d  i f  i t  becomes a ma jo r  c o n s t i t u e n t  i n  f u s i o n  r e a c t o r s .  

1.2 Vanadium (V) 

N a t u r a l  c o n c e n t r a t i o n s  o f  vanadium i n  t h e  a i r  range f rom 0.22-0.80 ng/m3, w i t h  h i g h e r  concentra-  

t i o n s  observed near  i n d u s t r i a l  f a c i l i t i e s  (NAS, 1974). A i r b o r n e  vanadium compounds r e s u l t i n g  

f rom a massive l i q u i d  meta l  f i r e  c o u l d  p o s s i b l y  exceed these l e v e l s  l o c a l l y  and i n c r e a s e  t h e  

p o t e n t i a l  f o r  adverse b i o l o g i c a l  i n t e r a c t i o n .  A r a d i o l o g i c a l  hazard c o u l d  be imposed by 4 9 ~  

because o f  a  h a l f - l i f e  o f  330 days. Such a r a d i o l o g i c a l  hazard due t o  d e p o s i t i o n  o f  5 2 ~  i s  

smal l  because o f  a  s h o r t  h a l f - l i f e  o f  3.77 minutes. S t a b l e  vanadium i s  produced as a decay 

p r o d u c t  o f  51~i and 51~r ,  b o t h  a c t i v a t i o n  p roduc ts  o f  o t h e r  p o t e n t i a l  s t r u c t u r a l  m a t e r i a l s  f o r  

f u s i o n  r e a c t o r s .  

T e r r e s t r i a l  E f f e c t s  

Welch and Huffman (1973) found no d i f f e r e n c e  i n  growth y i e l d s  o f  l e t t u c e  and tomatoes grown 

i n  n u t r i e n t  s o l u t i o n s  w i t h  0.04 and 50.0 m i l l i g r a m / m i l l i l i t e r  (mg/ml) vanadium. However, 

d e f i n i t i v e  l i m i t s  o f  vanadium t o x i c i t y  t o  p l a n t s  have n o t  r e c e i v e d  much a t t e n t i o n .  McKee and 

Wol fe (1971 ) c i t e d  l e v e l s  o f  10-20 mi 11 i g r a m l l  i t e r  (mg/l ) vanadium as harmfu l  t o  soybean and 

f l a x ,  and 50 m g l l  o f  metavanadate i o n  ( v o - ~ )  as i n j u r i o u s  t o  sugar beets.  

Vanadium has been recogn ized  as a p o t e n t i a l  h e a l t h  hazard t o  humans. Vanadium has a l s o  been 

l i n k e d  t o  t h e  suppress ion o f  many enzymatic processes i n  mammals. T o x i c i t y  was found t o  be 

dependent upon mode o f  a b s o r p t i o n  w i t h  p a r e n t e r a l  mechanisms o f  a d m i n s t r a t i o n  hav ing  g r e a t e r  

e f f e c t s  than  r e s p i r a t o r y  o r  d i g e s t i v e  pathways. L e t h a l  doses o f  t h e  element range f rom 

1.0 t o  190 mg/kg body we igh t  f o r  v a r i o u s  l a b o r a t o r y  animals  (McKee and Wolf, 1971). 

Aqua t i c  E f f e c t s  

Vanadium has been r e p o r t e d  i n  a c o n c e n t r a t i o n  range o f  0.3 t o  <20.0 m i c r o g r a m l l i t e r  ( u g / l )  i n  

most f r e s h  waters of t h e  U.S. Extreme l e v e l s  o f  220 mg/l have been recorded  i n  Wyoming 

(NAS, 1974). Sea wate r  va lues  a r e  r e p o r t e d  over  a \ range  o f  2-29 p g / l .  Vanadium i s  most 

s o l u b l e  i n  t h e  t e t r a -  and p e n t a - s a l t  form. The vanadyl c a t i o n  (VO) and vanadate an ion  (V04) 



a r e  a l s o  s o l u b l e .  Vanadium was shown t o  be an e s s e n t i a l  element f o r  t h e  green a l g a  Scenedesmus 

ob l iquus .  Asc id ians  have been recognized f o r  t h e i r  a b i l i t y  t o  concen t ra te  vanadium. Seinehar t ,  

e t  a l .  (1974) r e p o r t e d  concen t ra t ions  o f  9000 i n  Perophora annectens. Po l i ka rpov  (1966) 

r e p o r t e d  c o n c e n t r a t i o n  f a c t o r s  o f  10-300 f o r  brown algae, 1000 f o r  noncalcareous a lgae,  100 i n  

t h e  s o f t  t i s s u e s  o f  i n v e r t e b r a t e s  and 20 i n  t h e  s o f t  t i s s u e s  o f  v e r t e b r a t e s .  

S p e c i f i c a t i o n s  o f  vanadium t o x i c i t y  a r e  r e l a t i v e l y  few. Tarzwel 1  and Henderson (1  956) found 

t h e  96 hour Median Tolerance 1  i m i t  (TLm) f o r  fa thead  minnow, Pimephales promelas, t o  be 4.8 mg/l 

i n  s c f t  wa te r  and 30 mg/l  i n  hard water  when vanadyl s u l f a t e  was used. S i m i l a r  t e s t s  performed 

w i t h  t h e  b l u e g i i l  sdn f i sh ,  Lepomis macrochi rus,  gave a  TLm va lue  o f  6 mg/l i n  s o f t  water  and 

55 mg/i i n  hard water .  

1.3 A1 umi num (A1 ) 

I n  t h e  a c c i d e n t  s i t u a t i o n  i n v o l v i n g  a  f u s i o n  des ign  employing L i A l  o r  SAP, o x i d a t i o n  o f  h o t  

L i A l  would 1  i k e l y  produce a i r b o r n e  2 6 ~ 1 2 0 3  p a r t i c l e s ,  as w e l l  as L i 2 0 .  The p r i n c i p a l  compound 

o r  i n t e r e s t  here, 2 6 ~ 1 2 0 3 ,  i s  n o t  h i g h l y  s o l u b l e  i n  n e u t r a l  o r  s l i g h t l y  a c i d  s o l u t i o n s ,  and 

t h e r e f o r e ,  i s  n o t  considered t o  be h i g h l y  mob i le  i n  s u r f a c e  s o i l s  o r  s u r f a c e  waters.  However, 

over  a  p e r i o d  o f  t ime,  d i s s o c i a t i o n  t o  a  more s o l u b l e  form c o u l d  r e s u i t  i n  s i g n i f i c a n t  t r a n s-  

l o c a t i o n  w i t h  p o t e n t i a l  f o r  adverse b i o l o g i c a l  i n t e r a c t i o n s .  The very  l o n g  h a l f - 1  i f e  o f  2 6 ~ 1  
5  (7.4 x  10 y e a r s )  would n e c e s s i t a t e  long- term management o f  t h e  waste. 

T e r r e s t r i a l  E f f e c t s  

When n u t r i e n t  c a t i o n s  (Ca, Mg, and K )  a re  l a c k i n g  as i n  common a c i d  s o i l s ,  wa te r  s o l u b l e  

aluminum a t  concen t ra t ions  as low as 1  t o  2 p a r t s  p e r  m i l l  i o n  (ppm) i n h i b i t e d  growth o f  r i c e  

r o o t s  (Cate and Sukhai, 1964). E f f e c t s  o f  h i g h e r  concen t ra t ions  on o t h e r  c e r e a l s  i n c l u d e d  

c h l o r o s i s  o f  o l d e r  leaves,  l i m i t e d  and d i s t o r t e d  r o o t  growth, and r o o t  d i s c o l o r a t i o n .  T o x i c i t y  

symptoms resembled ca lc ium de f i c iency ,  s i n c e  aluminum reduced b o t h  absorp t ion  and accumulat ion 

o f  ca lc ium, and r e s t r i c t e d  c a l c i u m  t r a n s p o r t  t o  t h e  shoots. 

T o x i c i t y  symptoms o f  aluminum have been r e p o r t e d  i n  animals, b u t  a t  g e n e r a l l y  h i g h e r  l e v e l s ;  a  

c ~ n s t a n t  i n t a k e  o f  approx imate ly  42.9 ppm o f  aluminum oxSde was a p p a r e n t l y  t h e  cause o f  death 

i n  domestic c a t t l e  (Pugh, 1945). An average d a i l y  dose o f  2  m i l l i g r a m  (mg) o f  aluminum d i d  

n o t  harm r a t s  (Anon,, 1950). The t o t a l  aluminum i n  t h e  normal d i e t  o f  humans i s  es t imated  a t  

10 t o  100 mg p e r  day (Browning, 1961). However, v e r y  l i t t l e  o f  such inges ted  aluminum i s  

absorbed i n  t h e  a l i m e n t a r y  t r a c t ,  

Aqua t i c  E f f e c t s  

Bringrnann and Kuhn (1959) s t u d i e d  t h e  t h r e s h o l d  e f f e c t s  o f  A1CI3 on v a r i o u s  a q u a t i c  organisms 

d u r i n g  an expasure o f  4  days a t  75 t o  80GF (23 t o  27°C). Daphnia spp. w i t h s t o o d  a  c o n c e n t r a t i o n  

o f  1000 ppm as aluminum; w h i l e  t h e  alga, Scenedesmus spp. demonstrated t o x i c  e f f e c t s  a t  1.5- 

2.0 ppm. I n  c o n t r a s t ,  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  f o r  Daphnia spp. i n  Lake E r i e  waters a t  

77°F (25°C) was found t o  be l e s s  than  7 ppm over  64 hour exposure (Anderson, 1950). Young 

ee ls ,  A n g u i l l a  r o s t r a t a ,  d i e d  i n  3.6 hours exposed t o  2.7 ppm aluminum as A1C13 (Doudorof f  

and Katz, 1953). 



1.4 T i t a n i u m  ( T i )  

T i t a n i u m  i s  t h e  t e n t h  mast abundant element found (as ~ x i d e  m a t e r i a l )  i n  t h e  e a r t h ' s  c r u s t .  

As ide  f rom r a d i o a c t i v e  51~i, s t a b l e  i s c t o p e s  o f  t i t a n i u m  may be encountered as decay products  

o f  " 9  and 4 8 ~ c  ( a c t i v a t i o n  p r o d u c t i o n  o f  o t h e r  elements under c o n s i d e r a t i o n  f o r  f u s i o n  

r e a c t o r s ) .  B i o l o g i c a l l y ,  t i t a n i u m  has n o t  been a t t r i b u t e d  t o  any n u t r i t i o n a l  r o l e  i n  p l a n t s  

o r  an imals .  T i t a n i u m ' s  e c o l o g i c a l  r o l e  r e q u i r e s  more a t t e n t i o n  i f  t i t a n i u m  i s  used i n  l a r g e  

q u a n t i t i e s  i n  f u s i o n  r e a c t o r s ,  as i n d i c a t e d  by t h e  r e l a t i v e  l a c k  o f  da ta  a v a i l a b l e .  

T e r r e s t r i a l  E f f e c t s  

Sugar beets were a d v e r s e l y  a f f e c t e d  by i 2  mg/l t i t a n i u m  i n  n u t r i e n t  s o l u t i o n s  (Hewi t t ,  1953). 

T i t a n i u m  has been shown t o  be t o t a l l y  i n e r t  i n  t h e  human d i g e s t i v e  t r a c t  w i t h  min imal  absorp t ion ,  

and i t  seems r e a s ~ n a b l e  t o  specu la te  t h a t  t i t a n i u m  would behave i n  a  s i m i l a r  manner w i t h  o t h e r  

mamma 1  s  . 
Aquat i c  E f f e c t s  

Po? i karpov (1956) r e p o r t e d  c o n c e n t r a t i o n  f a c t o r s  o f  90-10,000 f o r  6  species o f  brown a lgae,  

1,000 f o r  noncalcareous algae, 1,000 i n  t h e  s o f t  t i s s u e  o f  i n v e r t e b r a t e s ,  and 40 f o r  f i s h  

t i s s u e  (a1 1  mar ine v a r i e t i e s ) .  

Median t o x i c  t h r e s h ~ l d s  f o r  t i t a n i u m  c h l o r i d e  a r e  r e p o r t e d  a t  2.0 mg/l f o r  Scenedesmus spp., 

4-6 mg/l f o r  Daphnia spp. and 40 m g l l  f o r  t h e  protozoan Microregma spp., (Bringmann and Kuhri, 

1959). Tarzwe l l  and Henoerson (1956)  found t h a t  t h e  96 hour TLnl f o r  t h e  f l a t h e a d  minnow, 

Fimephales promelas, was 8.2 mg/l i n  s a l t  wa te r  and 12C mg/i i n  hard f r e s h  water .  

1.5 Scandi urn (Sc) 

The i s o t o p e s  4 6 ~ c ,  4 7 ~ c ,  and 4 8 ~ c  may a l l  be produced by a c t i v a t i o n  i f  a  V-20 t i t a n i u m  a l l o y  

i s  used as t h e  f i r s t  wa?? m a t e r i a l .  A l l  a r e  r a d i o a c t i v e  i so topes  w i t h  r e l a t i v e l y  l o n g  h a l f -  

l i v e s  and decay by be ta  emiss ion  t o  form s t a b l e  i so topes  o f  t i t a n i u m .  It i s  es t imated  t h a t  

"SC would accouqt  f o r  72.1 c u r i e / k i l o w a t t  (Ci/kW) f o r  a  10 y e a r  exposure (UWFDM, 1973). 

E c o l o g i c a l  behav io r  o f  scandiuw i s  p o o r l y  understood. Menzel (1965) r e p o r t e d  a  r e l a t i v e  

c o n c e n t r a t i o n  f a c t o r  o f  scandium i n  c rop  p l a n t s  o f  l e s s  than 0.C1. Scandium was a p p l i e d  i n  

wa te r  s o l u b l e  forms t o  s o i l s  a f t e r  which p l a n t  c o n t e n t  o f  scandium was determined.  Sax (1963) 

c i t e d  scandium t o x i c i t y  as unwown, b u t  scandium does chemica l l y  resemble t h e  r a r e  e a r t h  

elements and may behave s i ~ i l a r l y .  Sucli s p e c i l l a t i o n  should be s c i e n t i f i c a l l y  v e r i f i e d  b e f o r e  

a  more d e f i n i t i v e  assesznient car1 be rnaae. 

1.6 S t a i n l e s s  St&eL 

The p r i n c i p a l  a c t i v a t i c n  p rodbc ts  o f  316 s t a i n l e s s  s t e e l  i n c l u d e  51~r ,  5 8 ~ o ,  6 0 ~ o ,  5 5 ~ e ,  and 

5 3 ~ n ,  A1 1 have r e l a t i v e ]  y long  ha1 f - 1  i v e s ,  and most a r e  c m s i d e r e d  b i o l o g i c a l l y  a c t i v e  elements. 



1.7 Chromi urn (Cr )  

Chromium-51 ( h a l f - l i f e  o f  2 i . 8  days) decays t o  s t a b l e  5 1 ~  by  e l e c t r o n  capture.  S t a b l e  5 2 ~ r  

may a l s o  be produced by be ta  decay o f  a c t i v a t e d  5 2 ~ .  Chromium does n o t  occur  f r e e l y  i n  nature,  
- 1 b u t  t h e  i o n s  Cri2, Crt3, Cr02 , c ~ o ~ - ~ ,  and cro7-' a r e  o f t e n  encountered i n  e f f l u e n t s  f rom 

i n d u s t r i a l  processes. O f  t h e  t r i v a l e n t  chromic s a l t s ,  t h e  c h l o r i d e ,  n i t r a t e  and s u l f a t e  a r e  

s o l u b l e  i n  water;  t h e  hydrox ide  and carbonate a r e  i n s o l u b l e .  O f  t h e  hexava len t  s a l t s ,  o n l y  

sodium, potassium, and ammonium chromate a r e  considered s o l u b l e  i n  water .  The corresponding 

d ichromate s a l t s  a r e  a l s o  s o l u b l e  i n  water.  

T e r r e s t r i a l  E f f e c t s  

Chromium i s  p resen t  i n  s o i l s  and p l a n t s  i n  t r a c e  q u a n t i t i e s ,  b u t  t h e r e  i s  no ev idence t h a t  

suggests p l a n t s  concen t ra te  t h e  element. P l a n t s  a r e  considered t o  be more s u s c e p t i b l e  t o  

chromium t o x i c i t y  than  animals. T r i v a l e n t  chromium e x h i b i t e d  a s l i g h t  t o x i c i t y  t o  a g r j c u l t u r a l  

crops a t  concentrat;ons o f  3.4 t o  17.3 mg/l ( K l i n t w o r t h ,  1952). Vary ing degrees o f  c h l o r o s i s  

were observed i n  o a t s  t r e a t e d  w i t h  5.0 t o  10 mg/l potassium dichroniate, w h i l e  15 t o  50 mg/l 

g r e a t l y  impa i red  growth (Hewi t t ,  1953). Sedova (1958) r e p o r t e d  t h a t  concen t ra t ions  o f  chromium 

i n  excess o f  1.0 mglkg s o i l  i n h i b i t e d  n i t r i f i c a t i o n .  

I n  exper iments w i t h  r a t s  and dogs, Byerrum (1960), MacKenzie, e t  a l .  (1957, 1958), Decker, e t  a l .  

(1956, 1958) and Anwar, e t  a l .  (1960), demonstrated t h a t  l i t t l e  chromium was r e t a i n e d  i n  body 

t i s s u e s  when e i t h e r  t r i v a l e n t  o r  hexavalent  chromium was admin is te red  a t  5 mg/l o r  l e s s  i n  

d r i n k i n g  water .  A t  7.7 mg/l o r  more, a l l  t i s s u e s  showed a s i g n i f i c a n t  inc rease  i n  accumulat ion. 

A t  25 mg/l ,  those  organisms r e c e i v i n g  hexava len t  chromium demonstrated an average t i s s u e  

chromium c o n t e n t  e i g h t  t imes  h i g h e r  than  organisms r e c e i v i n g  t r i v a l e n t  chromium. However, 

even a t  25 mg/l, no adverse e f f e c t  on food consumption o r  we igh t  g a i n  was recorded.  

Aqua t i c  E f f e c t s  

P o l i k a r p o v  (1966) r e p o r t e d  c o n c e n t r a t i o n  f a c t o r s  o f  260-295 f o r  5 1 ~ r  i n  f reshwate r  p l a n t s  

w h i l e  c o n c e n t r a t i o n  f a c t o r s  o f  100-120,000 were c i t e d  f o r  s i x  species o f  mar ine a lgae.  

For  hexava len t  chromium, Anderson (1944) r e p o r t e d  t h e  t o x i c  t h r e s h o l d  o f  Daphnia magna t o  be 

<1.0 m g i l  ; w h i l e  f o r  t r i v a l e n t  chromium, Anderson (1958) i n d i c a t e d  t h e  t o x i c  t h r e s h o l d  f o r  

Daphnia magna was 1 .2  m g i l .  Bringmann and Kuhn (1959) showed t h a t  the  t o x i c  t h r e s h o l d  f o r  

Daphnia magna t o  t r i v a l e n t  chromium was 42 mg/l .  

For  f i s h ,  hexavalent  chromilrm o f  5 t o  520 mg/l i s  r e p o r t e d  by McKee and Wolf (1971) t o  be 

t o x i c  f o r  a v a r i e t y  o f  species; whereas, t r i v a l e n t  chromium o f  1.2 t o  5.2 mg/l i s  r e p o r t e d  t o  

be t o x i c  f o r  a l i m i t e d  number o f  species. However, i n  a s e r i e s  o f  exper iments where j u v e n i l e  

chinook. salmon were exposed t o  e i t h e r  0.2 n g / l  hexavalent  o r  t r i v a l e n t  chromium, Olson (1958) 

found t h a t  t e s t  f i s h  exposed t o  t h e  hexavalent  fo rm demonstrated reduced growth and inc reased  

m o r t a l i t y ,  whereas, t e s t  f i s h  exposed t o  t h e  t r i v a l e n t  fo rm showed no observable e f f e c t .  

1.8 Coba l t  (Co) 

5 8 ~ o  and 6 0 ~ o  account f o r  29 and 4.7 Ci/kW f o r  a 10 year  exposure o f  316 s t a i n l e s s  s t e e l  i n  

t h e  UWMAK-I des ign  (UWFDM, 1973). 5 8 ~ o  ( h a l f - l i f e  72 days) and 6 0 ~ o  ( h a l f - l i f e  5.25 years )  

decay r e s p e c t i v e l y  t o  5 8 ~ e  and 63~i, b o t h  s t a b l e  i so topes .  Coba l t  s a l t s  may be b o t h  d i v a l e n t  

and t r i v a l e n t .  The d i v a l e n t  s a l t  i s  r e l a t i v e l y  s tab le ,  whereas, t h e  t r i v a l e n t  s a l t  i s  uns tab le  

and i s  a s t r o n g  o x i d i z i n g  agent.  



T e r r e s t r i a l  E f f e c t s  .---.- 

i n i l e  p l a n t s  r e q u i r e  sma l l  q u a n t i t i e s  o f  c o b a l t  as a  m i c r o n u t r i e n t ,  excess ive  amounts produce 

d e t r i m e n t a l  e f f c x t s .  Concen t ra t ions  o f  2.0 m g l l  c o b a l t  s u l f a t e  were found t o  cause s t u n t i n g  

and w i t h e r i n g  i n  tomato p l a n t s  and 10.7 m g l l  was l e t h a l  (Meinck, e t  a l . ,  1956). F l a x  p l a n t s  

e x h j b i t e d  t o x i c  e f f e c t s  t o  c o b a l t  a t  1.0 mg/l (McKee and Wolf, 1963). Concen t ra t ions  o f  5.9, 

14.7, and 29.5 rngJl  were a l s o  found t o x i c  f o r  sugar beets, tomatoes, and o t h e r  c r o p  p l a n t s  i n  

sand c u l t u r e  (Hewi tt, 1953). 

Coba l t  may be considered t o  have a  r e l a t i v e l y  low t o x i c i t y  f o r  animal forms. A l e t h a l  dose f o r  

doqs was found t o  be 30 mglkg body we igh t  (Anon., 1950) whereas, 0.9 mg/kg produced t o x i c  

e f f e c t s  i n  d a t r y  c a l v e s  ( E l y ,  e t  a l . ,  1948). The l e t h a l  dose f o r  c h i c k s  was r e p o r t e d  by Turk 

2nd K r a t z e r  (1960) t o  be 50 mg/kg body weight,  and impa i red  growth was mon i to red  a t  l e v e l s  as 

low as 5 mg/kg body we igh t .  

Aqua t i c  E f f e c t s  

P o l i k a r p o v  (1966) r e p o r t e d  t h a t  f reshwate r  a lgae  concen t ra ted  6 0 ~ o  over  a  range o f  250 t o  

238,000 t imes  a b w e  ambient l e v e l s .  Freshwater v a s c u l a r  p l a n t s  concen t ra ted  t h e  i s o t o p e  i n  t h e  

range o f  3,490 t o  18,665. Concen t ra t ion  f a c t o r s  i n  mar ine a lgae  ranged between 15-740. Mar ine 

i n v e r t e b r a t e s ,  however, were r e p o r t e d  t o  concen t ra te  t h e  element up t o  20,005 t imes .  Values 

f o r  mar ine f i s h  were c i t e d  t o  be 14  t o  560. 

C o ~ a l t  c o n c e n t r a t i o n s  o f  1.0 mg/l were n o t  found t o  be harmfu i  t o  y e a r l i n g  tench, carp, ra inbow 

t r o u t ,  and char, o r  t o  crustacea,  worms, and i n s e c t  l a r v a e  c ~ n ~ p r i s i n g  t h e  food base o f  these 

f i s h  (Schweiger, 1961 ) .  Jones (1939) found t h e  l e t h a l  c o n c e n t r a t i o n  f o r  s t i c k l e b a c k ,  

G i s t e r o s t e u s  acu lea tus ,  t o  be 10 mgl;. A  l e t n a l  c o n c e n t r a t i o n  o f  c o b a l t  c h l o r i d e  i n  t h e  

k i  i l i i i s h .  Fundulus spp., was r e p o r t e d  t o  be 16 m g l l  by McKee and Wolf (1963) who a l s o  r e p o r t e d  

10 mg/l c o b a l t  n i t r a t e  t o  be l e t h a l  f o r  s t i c k l e b a c k .  

1.9 I r o n  ( F e j  

5 5 ~ e  i s  es t imated  t o  account  f o r  140 Ci/kW over  a 10 y e a r  exposure i n  t h e  UWMAK-I design. 

(UL~FDM, 1973), 5 5 ~ e  has a  h a l f - l i f e  o f  2 .6 years  and decays t o  t h e  s t a b l e  i s o t o p e  5 5 ~ n .  

l e r r e s t r i  a1 E f f e c t s  -- -- 

I r o n  i s  r a r e l y  r e p o r t e d  t o  impose a  hazard i n  t e r r e s t r i a l  h a b i t a t s .  I r o n  i s  a  problem i n  

p l c t i t s  ofi!) when i t  i s  d e f i c i e n t .  I r o n  i s  an e s s e n t i a l  c o n s t i t u e n t  o f  animal d i e t s  so d i e t a r y  

changes may a f f e c t  t h e  h e a l t h  o f  domest icated animals .  McKee and Wolf (1963) r e p o r t e d  t h a t  

d s ~ r y  cows d r i n k  l e s s  and produce l e s s  m i l k  when t h e i r  source o f  d r i n k i n g  wate r  con ta ins  h i g h  

i r o n  con ten t .  

Aqua t i c  Effects. 

N c s t  i r o n  ss? t s  a r e  s o l u S l e  i ,n water,  hence, a r e  b i o l o g i c a i l y  a v a i l a b l e .  However, a1 k a l  i n e  

wa te rs  tend  t o  o x i d i z e  f e r r o u s  i o n s  t o  f e r r i c  i o n s  r e s u l t i n g  i n  t h e  p r e c i p i t a t i o n  of i n s o l u b l e  

ox ides  and h!/droxides. McKee arid Wolf  (1963) r e p o r t e d  t h a t  a lgae  and phy top lank ton  concen t ra ted  

5 9 ~ e  f rom 720 t o  200,000 t imes above ambient concen t ra t ions .  



Southgate (1948) i n d i c a t e d  t h a t  t o x i c i t y  t o  i r o n  and i r o n  s a l t s  i s  dependent upon wnether i t  i s  

i n  s o l u t i o n  o r  suspension. Genera l ly ,  i r o n  as f e r r o u s  i o n s  i s  considered t o  be more t o x i c  than  

i r o n  as f e r r i c  ions.  McKee and Wol f  (1963) r e p o r t e d  t h a t  dea th  o f  tench, p i k e  and t r o u t  occurred 

a t  1-2 mg/l i r o n  a t  pH o f  5.0 t o  6.7. However, f e r r i c  s a l t s ,  i f  p r e c i p i t a t e d  a t  h i g h e r  pH, may 

impose a hazard t o  b e n t h i c  communit ies and demersal spawning f i s h  species.  NAS-NAE (1972) has 

recommended t h a t  i r o n  c o n c e n t r a t i o n s  i n  s u r f a c e  waters do n o t  exceed 0.3 mg/l .  

1  . I 0  Manganese (Mn) 

Manganese-54 ( h a l f - l i f e  o f  310 days) i s  r e p o r t e d  t o  account f o r  24 Ci/kW i n  t h e  s t a i n l e s s  s t e e l  

b l a n k e t  s t r u c t u r e  o f  UWMAK-I over  a 10  y e a r  exposure (UWFDM, 1973). Manganese-54 decays by 

e l e c t r o n  c a p t u r e  t o  s t a b l e  54~r .  Manganese has s i m i l a r  chemical p r o p e r t i e s  as i r o n ,  and t h e  

s u l f a t e ,  n i t r a t e ,  and c h l o r i d e  s a l t s  a r e  a l l  r e l a t i v e l y  s o l u b l e  i n  water.  The ox ides  and 

hydrox ides a r e  considered r e 1  a t i v e l y  i n s o l u b l e .  

T e r r e s t r i a l  E f f e c t s  

Manganese i s  regarded as an e s s e n t i a l  m i c r o n u t r i e n t  f o r  p l a n t s ;  however, manganese t o x i c i t y  may 

occur  i n  s o i l s  i f  t h e  pH drops below 5.5 r e n d e r i n g  i n s o l u b l e  manganese more s o l u b l e .  A l though 

e f f e c t  v a r i e s  by species, manganese t o x i c i t y  i s  g e n e r a l l y  m a n i f e s t  by c r i n k l i n g  o f  l e a f  marg ins 

w i t h  p r o g r e s s i v e  n e c r o s i s  o f  l eaves  and stems. McKee and Wol f  (7963) r e p o r t e d  t h a t  manganese 

was harmfu l  f o r  most p l a n t s  over  a range o f  1  t o  25 mg/ l .  However, f l a x  and oa ts  were adverse ly  

a f f e c t e d  a t  h i g h  concen t ra t ions  o f  50 t o  500 mg/ l .  

Increased q u a n t i t i e s  o f  i n g e s t e d  manganese i s  b e l i e v e d  t o  cause an imbalance of o t h e r  e s s e n t i a l  

m i n e r a l s  i n  mammals. A con t inuous  excess o f  manganese has been r e p o r t e d  t o  cause an i n f e c t i o u s  

anemia i n  horses. Manganese was b e l i e v e d  t o  o x i d i z e  v i t a m i n  5 i n  t h e  horse, producing t h e  

d isease  a v i t a m i n o s i s  (Russe l l ,  1944). However, i n t a k e  o f  manganese a t  l e v e l s  as h i g h  as 

6C0 mg/kg body we igh t  was n o t  harmfu l  t o  e i t h e r  c a t t l e  o r  b i r d s  (McKee and Wolf, 1963). 

Aqua t i c  E f f e c t s  

Manganese i s  concen t ra ted  10,500 t o  42,000 t imes  above t h e  ambient l e v e l  by f reshwate r  a lgae  

(Harvey, 1974). Pol  i karpov (1 966) r e p o r t e d  t h a t  manganese was concen t ra ted  by mar ine a lgae  

f rom 20-20,000 t imes,  w h i l e  c o n c e n t r a t i o n  f a c t o r s  f o r  300 p l a n k t o n i c  species ranged between 340 

t o  1700. Concen t ra t ion  f a c t o r s  f o r  f i s h  were es t imated  t o  range between 70 t o  126,000 t imes; 

f o r  mol luscs,  between 600 t o  550,000 t imes. 

The t o x i c  t h r e s h o l d  c o n c e n t r a t i o n  f o r  t h e  f la tworm, P o l y c e l i s  n i g r a ,  was r e p o r t e d  by 

Jones (1940) t o  be 700 mg/l as manganese c h l o r i d e  and 660 mg/l as manganese n i t r a t e .  Other  

a q u a t i c  i q v e r t e b r a t e s  were n o t  harmed by 15 mg/l o f  manganese over  a 7 day exposure 

(Schweiger, 1957). McKee and Wolf (1963) c i t e d  concen t ra t ions  o f  manganese over  a range o f  

15 t o  2700 m g l l  as be ing  t o x i c  t o  v a r i o u s  species o f  f i s h .  Permangandte s a l t s  were r e p o r t e d  t o  

k i l l  f i s h  i n  8 t o  18  hours a t  concen t ra t ions  as low as 2.2 t o  4.1 mg/l (Oshima, 1960 and 

Iwao, 1960). 

1.11 Conclusions 

The spectrum o f  neu t ron  induced a c t i v a t i o n  p roduc ts  i n  s t r u c t u r a l  m a t e r i a l s  o f  f u s i o n  power p l a n t s  

may d i f f e r  s i g n i f i c a n t l y  f rom t h a t  o f  c u r r e n t  5WR o r  PWR designs.  I t  i s  s t i l l  u n c e r t a i n  which 

s t r u c t u r a l  m a t e r i a l s  w i l l  he used i n  t h e  b l a n k e t  and f i r s t  w a l l  o f  f u s i o n  r e a c t o r s ;  however, 



n i o b f  um, vanadium, \janadium-chromium a l l o y ,  vanadium-titaniu:ri a1 l e y ,  s i n t e r e d  aluminum 

p r o d u c t  (SAP), and s t a i n l e s s  s r e e l  have been suggested. The a c t i v a t i o n  p roduc ts  o f  p r i n c i p a l  

concern w i l l  be t h e  l o n g e r - l i v e d  i so topes  of 2 6 ~ 1 ,  4 9 ~ ,  5 1 C r ,  5 4 ~ n ,  5 5 ~ e ,  5 8 ~ 0 ,  6 0 ~ o ,  9 3 ~ b ,  and 

" ~ b .  Such induced r a d i o a c t i v i t i e s  may escape t h e  r e a c t o r  c ~ n f i n e s  th rough  neu t ron  s p u t t e r i n g  

i n t o ,  o r  c o r r o s i o n  by 1 i a i ~ i d  meta l  c o c ~ l  ants .  A c t i v a t i o n  p roduc ts  may a1 so escape contafnment 

as aeroso ls  under c e r t a i n  a c c i d e n t  s i t u a t i s n s .  Disposal  of r e t r i e v e d  r a d i o a c t i v e  waste through 

b u r i a l  may inc rease  t h e  p o t e n t i a l  f o r  env i ronmenta l  impact.  

However t h e  above l i t e r a t u r e  r e v i e w  i n d i c a t e s  t h a t  t h e  e x i s t i n g  da ta  base i s  incomple te  and 

o f t e n  c o n t r a d i c t o r y ,  and i s  of ques t ionab le  v a l u e  f o r  t h e  p r e d i c t i c n  and assessment o f  u! t i rnate 

impact .  The envi ronmenta l  t r a n s p o r t  of many of these elements has n o t  been s t u d i e d  i n  t e r m  of 

a tmospher ic  o r  hydro1 o g i c  d i s p e r s a l ,  deposi t i o r1  and accumulat ion i n  s o i  1 s  o r  sediments, and 

accumulat ion i n  p l a n t s  and animals .  Very l i t t l e  da ta  a r e  r e a d i l y  a v a i l a b l e  on t h e  p o t e n t i a l  

f o r  bioaccumu'iat ion i n  food cha ins  l e a d i n g  t o  man. Lack o f  es t imates  o f  t h e  q u a n t i t i e s  o f  

p r i n c i p a l  a c t i v a t i o n  i s o t o p e s  re leased  i n  waste streams 01- under a c c i d e n t  c o n d i t i o n s  f u r t h e r  

r e s t r i c t s  assessment a t  t h i s  t ime. 

7.12 F u t u r e  Research Needs 

Est imates o f  t h e  q u a , n t i t i e s  o f  f u s i o n  assoc ia ted  a c t i v a t i c n  products  r e l e a s e d  t o  t h e  environment 

as w e l l  as t h e i r  p h y s i c a l /  chewical  forni  need t o  be e s t a b l i s h e d .  Impor tan t  pathways o f  d i s p e r s a l  

t o  b o t h  t e r r e s t r i a l  and a q u a t i c  ecosystems must a l s o  be i d e n t i f i e d .  For  b o t h  acu te  and c h r o n i c  

r e l e a s e  c o n d i t i o n s ,  es t imates  of c o n c e n t r a t i o n  f a c t o r s  and t u r n o v e r  r a t e s  i n  b o t h  a b i o t i c  and 

b i o t i c  compartments o f  n a t u r a l  ecosystems need t o  be conf i rmed.  Temporal and s p a t i a l  v a r i a t i o n s  

mdst be f o l l o w e d  and t r o p h i c  r e l a t i o n s h i p s  s tud ied .  S ince many f u s i o n  assoc ia ted  a c t i v a t i o n  

p roduc ts  a r e  concen t ra ted  above ambient l e v e l s  i n  b o t h  p l a n t  and animal forms, t h e  p o t e n t i a l  f o r  

b i ~ m ~ y c i f i c a t i o n  must a l s o  be de f ined .  The r a d i o t o x i c i t y  o f  a c t i v a t i o n  p roduc ts  i d e n t i f i e d  as 

m i c r o n u t r i e n t s  i n  b i o l o g i c a l  systems a l s o  needs t o  be assessed, 

2. BIOLOGICAL EFFECTS OF OTUER CHEMICAL RELEASES 

2.1 B i o l o g i c a l  E f f e c t s  o f  L i t h i u m  

L i t h i u m  ( L i )  i s  r o u t i n e l y  used i n  i n d u s t r y  and has a  l o n g  h i s t o r y  o f  min ing,  r e f i n i n g ,  and 

process ing.  Erlvironmental qua?;ty star idards have been d e f i n e d  and adequate technology i s  

a v a i l a b l e  t o  p e r m i t  des ign  o f  waste t rea tment  systems t h a t  assure compliance w i t h  appl.icat;?e a i r  

and wate r  q u a l i t y  r e g u l a t i o n s .  

Hcrhever, s i g n i f i c a n t  r e l e a s e s  of L i  c o u l d  occur  d u r i n g  acc iden ts .  T h i s  niay c r e a t e  a  d i f f e r e n t  

impact than  t h e  p e s t  r o u t i n e  sma l l  re leases .  To assess w i t $  assurance t h e  e f f e c t  o f  L i  re ieases ,  

i t  i s  necessary t o  know hov, r e a d i l y  t h e  meta l  1 s  ~ e t a b o i i z e d  by b i o l o g i c a l  organisms, and a t  

what :evels  t o x i c i t y  may be expected. E n t r y  o f  L i  i n t o  t h e  food  cha in  o r  food  web w i t h  biornagni- 

f i c a t i o n  c o u l d  p r e s e n t  a  hazard t o  Ran. Howe~er ,  f e h  s t u d i e s  r e l e v a n t  t o  t h i s  need have been 

undertaicen. 



2.1.1 L i t h i u m  and I t s  Compounds 

L i t h i u m  ( L i )  i s  one o f  t h e  a1 k a l i  meta ls  and 'is c h e m i c a l l y  r e l a t e d  t o  sodium (Na) and potassium 

(K); be ing  found o n l y  i n  a few m i n e r a l s  and c e r t a i n  s p r i n g  waters. Ext remely r e a c t i v e ,  t h e  

meta l  does n o t  occur  n a t u r a l l y  i n  t h e  e lementa l  s t a t e .  When p u r i f i e d ,  i t  must be mainta ined 

f r e e  o f  i n t e r a c t i o n  w i t h  oxygen and water.  It i s  used i n  m e t a l l u r g y ,  f o r  med ic ina l  purposes, 

i n  some types  o f  g lass ,  as l i t h i u m  hydrox ide  i n  s to rage  b a t t e r i e s ,  and as a wa te r  c o n d i t i o n e r  

i n  l i g h t  wa te r  r e a c t o r s .  

L i t h i u m  forms a n i t r i d e  by d i r e c t  combinat ion w i t h  n i t r o g e n  a t  o r d i n a r y  temperatures. L i t h i u m  

c h l o r i d e  (L iC1)  i s  produced d i r e c t l y  f rom L i  meta l  and i s  v e r y  s o l u b l e  i n  water,  a l coho l ,  and 

c e r t a i n  o t h e r  nonaqueous s o l v e n t s .  L i t h i u m  carbonate (Li2C03) i s  a 1 i g h t ,  w h i t e  a1 k a l  i n e  

compound t h a t  i s  r e a d i l y  s o l u b i l i z e d  i n  water.  L i t h i u m  forms t h e  moderate ly  s o l u b l e  s a l t  

l i t h i u m  f l u o r i d e  ( L i F ) ,  and t h e  l e s s  s o l u b l e  l i t h i u m  o x i d e  ( L i 2 0 ) ,  b o t h  o f  which have been 

i d e n t i f i e d  as p o s s i b l e  combustion p roduc ts  re leased  t o  t h e  environment i n  t h e  event  o f  a  

massive l i q u i d  meta l  f i r e  o r  exp los ion .  

2.1.2 Q u a l i t a t i v e  and Q u a n t i t a t i v e  A n a l y s i s  

As w i t h  sodium (Na) and potassium (K), l i t h i u m  ( L i )  i s  most r e a d i l y  determined i n  t r a c e  

q u a n t i t i e s  by f l ame photometry  (APHA, 1971). The measurement i s  performed a t  a  wave l e n g t h  o f  

671 m i l l i m i c r o n  (wm) w i t h  a Perk in-Elmer Model 52-C f lame photometer o r  a  Beckman Model Dl.! 

spect rophotometer  equipped w i t h  p h o t o m u l t i p l i e r  tube  and f lame accessory. 

The vinimum L i  c o n c e n t r a t i o n  d e t e c t a b l e  by t h e  f lame pho tomet r i c  method i s  o f  t h e  o r d e r  o f  

1  I .  Barium (Ba), s t r o n t i u m  (Sr ) ,  and ca lc ium (Ca) a r e  known t o  i n t e r f e r e  i n  t h e  f lame 

pho tomet r i c  d e t e r m i n a t i o n  of L i ,  b u t  can be removed by t h e  a d d i t i o n  o f  a  sodium su l fa te- - sod ium 

carbonate s o l u t i o n  which p r e c i p i t a t e s  BaS04, SrC03, and CaC03. The q u a n t i t y  o f  e i t h e r  sodium 

o r  magnesium must n o t  exceed 10 m i l l i g r a m s  i n  t h e  a l i q u o t  taken f o r  a n a l y s i s .  

I n  genera l ,  t h e  unknown L i  c o n c e n t r a t i o n  i s  determined by d i r e c t  i n t e n s i t y  measurement a t  a  

wave l e n g t h  o f  671 mu. Development o f  a  s tandard  cu rve  r e l a t i o n s h i p  i s  necessary. The unknown, 

d i s t i l l e d  wa te r  b lank  (mg/l  L i )  and t h e  L i  s tandards a r e  analyzed as n e a r l y  s imu l taneous ly  as 

p r a c t i c a l .  

The c o n c e n t r a t i o n  o f  L i  i n  t h e  unknown i s  determined f rom t h e  c a l c u l a t i o n s :  

The L i  c o n c e n t r a t i o n  can be determined w i t h  an accuracy o f  i0 .0-0.2 m g l l  over  a range o f  0.7- 

1 . 2  mg/ l .  

2.1.3 T e r r e s t r i a l  E f f e c t s  

P l a n t s  s e n s i t i v e  t o  Na w i l l  g e n e r a l l y  show a s e n s i t i v i t y  t o  L i .  L i t h i u m  t o x i c i t y  i n  c i t r u s  

t r e e s  has been i d e n t i f i e d  i n  Santa Barbara County, C a l i f o r n i a .  I n  greenhouse experiments, 2  t o  

5 m g j l  l i t h i u m  s u l f a t e  caused t h e  appearance o f  t o x i c  symptoms i n  orange seedl ings.  I n  t h e  



f i e l d ,  1, 2, and mg/! o f  l i t h i u m  c h l o r i d e  i n  t h e  s o i l  have caus?d L i  t o x i c i t y .  i r r i g a t i o n  

wat.ers i n  t h e  v i c l o i t y  con ta ined  0.045-0.080 q g / l  L i .  L i t h i u m  po ison ing  p robab ly  r e s u i t e d  f rom 

t h e  accumulat ion i n  t h e  s o i l s  of t o x i c  concen t ra t+ens  aver  a  r e l a t i v e l y  l o n g  p e r i o d  o f  t i m e  

(McKee and K o l f ,  1963). 

Hansen and O v e r s t r e e t  (1952) s t u d i e d  t h e  e f f e c t s  of a 7 k a l i n e  e a r t n  s a l t s  on t h e  growth o f  r o o t s  

anci hypoco ty l  o f  t h e  r a d i s h .  It was found t h a t  ci- lori ides o f  t h e  a l k a l i  groslp d i r r i n i s h e d  

e l o n g a t i o n  i n  t h e  o r d e r  L i C l  > CsCl > RbCi > NaC1. The depress ing e f f e c t  o f  a l k a l i - s a l t s  vias 

n o t  due p r i m a r i l y  t o  inc reased  osmot ic  p ressure  o f  t h e  c u l t u r e  medium, b u t  t o  a  s p e c i f i c  

i r b i b i  t o r y  e f f e c t  by t h e  a l  k a l  i ne  ions .  hansen and O v e r s t r e e t  (1952) a l s o  r e p o r t e d  t h a t  L i  as 

L i C l  was t o x i c  t o  c i t r u s  t r e e s  a t  0.05 t o  0.1 v q / l .  

Ber t rand  (1949) s t u d i e d  t h e  d i s t r i b u t i o n  of L i  i n  seeds. For t )  ~ i d e l y  d i v e r s e  spec ies  were 

examined. I n  genera l ,  t h e  seeds con ta ined  a  lower  percentage EL? L i  than  t h e  remainder o f  t h e  

p l a n t .  

The a b s o r ~ t i o n  o f  L i  i n  r y e  seed l ings  was i n v e s t i g a t e d  by Michael and Wi lberg  (1951). The 

r y e  was grown i n  pure  sand and t h e  comparat ive a b ~ o r p t i o ~  o f  i i  and K determined. The q u a n t i t y  

o f  L i  was found t o  v a r y  f rom 20 t o  120 percen t  o f  K; t h e  h i g h e s t  r a t i o  occur red  under cond i-  

t i o n s  o f  po ison ing  w i t h  urethane.  The r a t i o  increasea w i ~ h  age o f  t h e  p l a n t s ,  w i t h  i n c r e a s e  

o f  C02 i n  t h e  p l a n t  atmosphere, and w i t h  decrease i n  s i z e  of seeds. It had a  rnaximum v a l u e  

a t  pH 5-6 i n  t h e  medium and was n o t  a f f e c t e d  by e i t h e r  l i g h t  c r  dark c o n d i t i o n s .  

Yamagata and Karobe (1951) s t u d i e d  t h e  a b s o r p t i o n  o f  L i ,  Cs arid Rb i n  p l a n t s .  They found t h a t  

t h e  r a t e  o f  a b s o r p t i o n  o f  L i  by r i c e  decreased as t h e  c o n c e n t r a t i o n  i n  t h e  wa te r  o f  c u l t i v a t i o n  

i r c r e a s e d .  Wh i le  t h a t  of Cs was found t o  inc rease  as t h e  c o n c e n t r a t i o n  i n  t h e  wa te r  increased,  

t h e  r a t e  c f  a b s o r p t i o n  c f  Rb had no r e l a t i o n  t o  t h e  c o n c e n t r a t i o n  i n  t h e  water .  

I n  l i t h i u m  f l u o r i d e ,  t o x i c i t y  a t t r i b u t a b l e  t o  t h e  f l u o r i d e  i o n  may als:, r e s u l t .  P l a n t s  have 

been r e p o r t e d  t o  concen t ra te  f l u o r i d e .  Leone, e t  a l .  (1948) demonstrated t h a t  i n  a c i d  so;ls 

c o n t a i n i n g  o n l y  a few p a r t s  p e r  m i l l i o n  s o l u b l e  f l u o r i d e ,  r o o t s  accumulated 1000 t o  6003 ppm 

f l u o r i d e ,  w h i l e  severa l  hundred p a r t s  per  m i l l i o n  were t r a n s l o c a t e d  t o  t h e  leaves.  Brewer, 

e t  a l .  (1959) a l s o  found t h a t  c i t r u s  t r e e s  accumulated s i g n i f i c a n t  q u a n t i t i e s  o f  f l u o r i d e  f rom 

n u t r i e n t  s o l u t i o n s .  b u t  i n f e r r e d  t h a t  such a b s o r p t i o n  was u n l i k e l y  under f i e l d  c o n d i t i u n s .  

M a c l n t i r e ,  e t  a l .  (1942) found when superphosphates were added t o  s o i l  t o  improve f e r t i l i t y ,  

t h e i r  k i g h  f l u o r i d e  c o n t e n t  d i d  n o t  add s i g n i f i c a n t l y  t o  f l u w i d e  c o n t e n t  i n  p l a n t s  gruwn on 

such s o i l s .  

Treshow (1970) i v d ~ c a t e d  t h a t  e n t r y  t o  the p l a n t  occurs through t h e  l e a f  stomata, where i t  

passes d i r e c t l y  i n t o  t h e  c e l l  o r  i s  d i s s o l v e d  i n  wa te r  and i s  t r a n s p o r t e d  through v a s c k i a r  

t i s s u e s  t o  accumulate i n  t h e  l e a f  t i p s  and margins. Accuxu la t ion  o f  t o x i c  concen t ra t ions  

r e s u l t s  i n  n e c r o s i s ,  c h l o r o s i s ,  o r  both.  F l u o r i d e  has been p o s t u l a t e d  t o  a f f e c t  t h e  funda- 

menta l  a c t i v i t y  o f  enzymes e s s e n t i a l  t o  such p l a n t  precesses as r e s p i r a t i o n ,  p h o t ~ s y n t h e s i s ,  

ca rbohydra te  metahol ism, p r o t e i n  syn thes is ,  c e l  i wai 1 f o r m t i o n ,  energy balance, and n u c l e o t i d e  

and n u c l e i c  a c i d  syn thes is .  

F l u o r i d e  a l s o  a f f e c t s  growth of p l a n t s .  I n  greenhouse s t u d i e s  o f  srange t r e e s  exposed t o  

1- 5 ppb f l u o r i d e  as an aeroso l  f o r  26 months, Brewer ( l 9 6 G j  e s t a b l i s h e d  t h a t  l e a f  s i z e  was 

reduced 30 percen t ,  l i n e a r  shoot  growth was reduced 15 percent ,  and t r e e  h e i g h t  and cro j~fn 

volume were a l s o  reduced, F i e l d  s t u d i e s  conducted by Anderson (1966) have slicwn t h a t  i e a f  s i z e  



o f  woody p l a n t s  such as aspen and Oregon grape were a l s o  r e d ~ c e u  s i r j r ~ l + i c a n l i y  when exposed t o  

atmospher ic  f l  u c r i d e .  Powever, Aso (1  906) concluded t h a t  smal l  q u a r t i  t i e s  o f  sod ium f l u o r s d e  

s t i m u l a t e d  g rcwth  o f  b a r l e y  and pea p l a n t s .  Treshow, e t  a l .  (1967) a l s o  r e p o r t e d  eqhanced 
S 

v e g a t a t i v e  g r c k t h  r e s u l t e d  when bean p l a n t s  were exposed t o  aeroso ls  c o n t a i n i n g  0.5-4 -g,/m' 

f l u o r i d e .  

Adverse e f f e c t s  on p l a n t  r e p r o d u c t i o n  have a l s o  been repor ted .  I n  greenhouse experiments on 

c i t r u s  y i e l d s ,  Leonard and Graves (7966) demonstrated a  27 p e r c e n t  decrease i n  average y i e l d  

p e r  t r e e  w i t h  each 50 ppm inc rease  i n  atmospheric f l u o r i d e  c c n c e n t r a t i o n .  Y i e l d  r e d u c t i o n s  

were p a r t l y  a t t r i b u t e d  t o  v i s i b l e  c h l o r o s i s  which appeared when f o l i a r  f l u o r i d e  l e v e l s  exceeded 

20-30 ppm. 

Fewer s t u d i e s  a r e  a v a i l a b l e  on t h e  i n f l u e n c e  o f  L i  on animal forms. The t o l e r a n c e  o f  Drosoph i la  

melai iegaster t o  L i C l ,  NaH2Py4, KHZPO4, KCL, and NaCl was s t ~ d i e d  by King (1953). ~ i '  (0.02M) 
t 

was f a r  more t o x i c ,  w h i l e  K  was s l i g h t l y  more t o x i c  than Na a t  h i g h e r  concen t ra t ions  (0.4M). 

King a l s o  concluded t h a t  i n h i b i t i o n  was s p e c i f i c  r a t h e r  than  due t o  osmotic o r  h y d r a t i o n  

pheno~~ena.  The t i m e  r e q u i r e d  f o r  t h e  comp le t ion  o f  development of Drosoph i la  r e a r e d  on a 

c u l t u r e  medium c o n t a i n i n g  0.02M L i C l  was inc reased  two t o  t h r e e f o l d .  C h a r a c t e r i s t i c  abnor- 

m a l i t i e s  were produced i n  male t e r m i n a l i a  and wing venat ion.  

The e f f e c t  o f  l i t h i u m  carbonk te  on egg s h e l l  f o r m a t i o n  and serum ca lc ium l e v e l  o f  t h e  hen was 

s t u d i e d  by Creek, e t  a l .  (1971). The i n c l u s i o n  o f  l i t h i u m  czrbonate i n  t h e  d i e t  o f  hens a t  

l e v e l s  o f  282-685 mg o f  L i  pe r  kg o f  d i e t  produced d ia r rhea ,  excess s a l i v a t i o n ,  r e g u r g i t a t i o n ,  

2nd p r o d u c t i o n  o f  s h e l l - l e s s  eggs as e a r l y  as 24 hours a f t e r  be ing  p laced on t h e  exper imenta l  

d i e t .  L i t h i u m  a l s o  decreased serum Ca l e v e l s ;  however, s o f t  s h e l l e d  eggs were produced b e f o r e  

any r e d u c t i o n  i n  serum Ca was de tec tab le .  L i t h i u m  seemed t o  i n h i b i t  s h e l l  d e p o s i t i o n  i n  some 

o t h e r  manner. 

The o r a l  LD50 f o r  l i t h i u m  f l u c r i d e  i n  gu inea p i g s  was r e p o r t e d  by Simonin and P i e r r o n  (1937) t o  

be approx imate ly  200 mg/kg o f  body weight .  F l u o r i d e  i n  d r i n k i n g  wate r  a t  concen t ra t ions  o f  

5Q mg/l has caused c h r o n i c  po ison ing  i n  sheep (Boddie, 1944). 

2.7.4 Aqua t i c  E f f e c t s  

L i t h i u m  i s  a  m inor  c o n s t i t u e n t  o f  m i n e r a l s  and u s u a l l y  i s  p resen t  i n  f r e s h  waters a t  concentra-  

t i o n s  below 10 mg/ l .  B r i n e s  and thermal  waters c o n t a i n  h i g h e r  L i  l e v e l s .  

I n  t h e  protozoan Microegma, food i n t a k e  was i n h i b i t e d  a t  a  c o n c e n t r a t i o n  o f  L i C l  o f  66 mg/l 

(9959). Employing Escher i ch ia  c o l i  and Scenedesmus w. as t e s t  organisms, no t o x i c  e f f e c t s  

were observable a t  c o n c e n t r a t i o n s  o f  < I 0 0  mg/l (1959). 

Kar iander  and Krauss ( iY72)  demonstrated t h a t  dnder opt in;al  ~ r c w t i :  c o n d i t i o n s  o f  l i g h t ,  C02 and 

temperature,  concen t ra r ions  up t o  100 mg/l o f  L i  were n o t  j n h i b i t o r y  t o  growth o f  C h l o r e l l a  

v a n n i e l l i .  A t  1000 mg/l L i ,  t h e  a u t o t r o p h i c  growth r a t e  was reduced t o  52 percen t  of t h e  -- 
c o n t r o l .  

Anderson (1948) found 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  f o r  i m m o b i l i z a t i o n  o f  Daphnia magna i n  i a k e  

E r i e  wa te r  t o  be ~ 7 . 2  mg/l . I n  R i v e r  Have1 wate r  a t  73OF (23"C), t h e  t h r e s h o l d  o f  t o x i c  e f f e c t  

was observed a t  16 m g j l  f o r  48 hours exposure (Bringrnann and Kuhn, 1959). 



To evoke s t i m u l a t i o n  and movement of t h e  water  b e e t l e ,  Laccoph i l  us m a c i ~ l o s i  s, a co r l cen t ra t ion  

o f  i i C l  a t  19,OC3 n g / l  was r e q u i r e d  (Hodgson, 1951). 

Low concen t ra t ions  o f  i i C l  a r e  d e l e t e r i o u s  t o  t h e  eggs o f  v a r i o u s  a q u a t i c  organisms, r e t a r d i n g  

debelopmerkt and p roduc ing  a b n o r m a l i t i e s .  Ying (1953) demonstrated t h a t  c o n c e n t r a t i o n s  o f  

848 mg/l  were h i g h l y  t o x i c  t o  f l y  l a rvae ,  i n h i b i t i n g  emergence o f  o f f s p r i n g  and r e t a r d i n g  

development o f  b o t h  l a r v a e  and puDae. 

C y c l o p i c  embryos o f  t h e  pond s n a i l ,  Limnaea s t a g n a l i s ,  prcduced by t h e  a c t i o n  o f  L i  as LiC1, 

were s t u d i e d  by Raven (1947). L i  was found t o  cause t h e  f o r m a t i o n  o f  a  c y c l o p i c  eye, s h o r t e n i n g  

o f  t h e  c e r e b r a l  comm-issure, o t h e r  cnanges i n  the  c e r e b r a l  gang l ion ,  and s u p p r e s s i o ~  o f  d i f f e r -  

e n t i a t i o n  o f  most c e l l  l i n e s  o f  t h e  embryo o f  t h i s  species o f  s o a i l .  I n  r e l a t e d  s t u d i e s ,  

Gei lenk i rchem (1952) s t u a i e a  t h e  e f f e c t s  o f  L i  t rea tment  o f  whole egg masses and i s o l a t e d  egg 

capsules i n  Limnaea s t a g n a l i s .  Three groups o f  egg masses o f  Limnaea were t r e a t e d  w i t h  0.01 per-  

c e n t  of L i C l  f o r  one hour  d u r i n g  second cleavage. Group I conta ined  egg capsules t r e a t e d  

w i t h i n  t h e  j e l l y ;  Group I!, egg capsules i s o l a t e d  f rom t h e  j e l l y ;  Group 111, egg capsules 

i s o l a t e d  f rom t h e  j e l l y ,  t r e a t e d  and washed. A l l  eggs were subsequent ly  c u l t u r e d  u n t i l  ha tch ing .  

Group I produced lliarly more exogas t ru lae  than  e i t h e r  Group I1  o r  III. The number o f  head mal- 

f o r m a t i o n s  was t h e  same i n  a l l  groups; however, t h e  number o f  dead a f t e r  s i x  days was s i g n i f i -  

c a n t l y  g r e a t e r  i n  Group I than  i n  Groups I1  o r  111. The au thors  concluded t h a t  t h e  presence o f  

t h e  j e l l y  d u r i n g  t rea tment  d i d  n o t  i n f l u e n c e  t h e  r e s u l t s ;  b u t  i t s  presence d u r i n g  r i n s i n g  

r e s u l t e d  i n  t n e  g r e a t e r  number o f  exogas t ru lae  due t o  a  d e l a y  i n  removal o f  L i C l  f rom t h e  eggs 

s t i l l  i n  j e l l y  d u r i n g  r i n s i n g .  

Ernanuelson (1971) s t u d i e d  t h e  e f f e c t s  o f  l i t h i u m  c h l o r i d e  on embryos o f  t h e  polychaete,  

Ophryo t rocha  l a b r o n i c a .  High concen t ra t ions  s t r o n g l y  i n h i b i t e d  development i n  c leavage embryos 

and l e d  t o  endcderm;l p r o t r u s i a n ;  wneress moderate concen t ra t ions  p e r m i t t e d  development o f  

l a r v a e ,  a l though  w i t h  c h a r a c t e r i s t i c  d i s t u r b a n c e  as a  consequence. U l t r a s t r u c t u r e  analyses o f  

embryns r e v e a l e d  changes mar l i fes t  i n  24 haurs, i . e . ,  o f  l i p i d  d r o p l e t s  and y o l k  granules,  t h e  

l a t t e r  be ing  r u p t u r e d  and t h e  con ten ts  d ispersed  t o  an e x t e n t  f a r  su rpass ing  t h a t  a t  normal 

development . 
F a r i n e l l a - F e r r u z z a  (1952) prcidirced s i m i l a r  r e s u l t s  i n  exposures o f  eggs o f  A s c i d i a  malaccz t o  

L i C l  a t  a  c o n c e n t r a t i o n  of C.8 percen t  and eggs cf P h a l l u s i a  m a m i l l a t a  a t  c o n c e n t r a t i o n s  o f  

1.0, 0.8, and 0.5 percen t .  11-1 b o t h  species, eggs f e r t i l i z e d  i n  L i C l  developed v, i th 

a b n o r m a l i t i e s ,  and development beyond g a s t r u ! a t i o n  was g e c e r a l l y  a r r e s t e d .  However, eggs 

exposed t a  LiC1, washed, and then  f e r t i l i z e d  i n  normal sea wate r  developed w i t h c u t  gross 

abnorma l i t y .  S e n s i t j v i t y  t o  L i C l  d fm in ished  w i t h  development, as determined f o r  t h e  u n f e r t i l i z e d  

egg, t h e  2-blastomere stage, and t h e  64-blastomere s tage.  W i  t n  s t r o n g  concen t ra t ions  ( I S % ) ,  

and i n  stages o f  precocious development ( u n d i v i d e d  egg, ?-biastomere s tage)  exogas t ru las  were 

obta ined;  whale w i t h  weaker c o n c e n t r a t i o n s  (0.8 and 0.5%) and i n  l a t e r  stages, d e i e c t i v e  l a r v a e  

were ob ta ined .  A b n o r m d l i t i e s  observed i n  s u r v i v i n g  l a r v a e  i n c l u d e d  d e l e t e d  palps, sense organs, 

c e r e b r a l  v e s i c l e s ,  and reduced o r  d s l e t e d  t a i l s .  The au thor  concluded t h a t  t h e  mechanism o f  

a c t i o n  o f  L i C l  was n o t  due t o  i t s  a f f e c t  on sperx; r a t h e r ,  i n  t h e  physiochemical m o d i f i c a t i o n  o f  

t h e  o v u l a r  plasma t h a t  always f o l l o w s  f e r t i l i z a t i o n .  The L i  i ons  a r e  i n c o r p o r a t e d  i n  t h e  plasma 

m o l e c u l a r  s t r u c t s r e  such t h a t  t h e i r  i n f l u e n c e  i s  exerc ised  th roughou t  development. 



At 3 c o n c e n t r a t i o n  o f  3750 mg/l ,  l i t h i u m  c h l o r i d e  i n  d i s t i l l e d  wa te r  was l e t h a l  t o  g o l d f i s h  i n  

22 t o  27 hours ( E l l i s ,  1937). For a d u l t  smal l  f reshwate r  f i s h ,  the  24 hour  l e t h a l  c o n c e n t r a t i o n  

was founa t o  be 2600 m ~ / 1  (Dcudoro f f  and Katz, 1953). I n  o t h e r  s tud ies ,  l i t h i u m  c h l o r i d e  a t  

c o n c e n t r a t i o n s  between 1950 and 3770 mg/l  k i l l e d  f reshwate r  f i s h  i n  24 hours o r  sooner a t  

warmer temperatures.  Meinck, e t  a l . ,  (1956)  r s p o r t e d  t h a t  :O@ mg/l o f  L i C l  i s  t o x i c ,  b u t  

33 mg/l i s  harmless t o  f i s h .  

The l e t h a l  dose i n  48 hours i n  t h e  f i s h ,  T inca  v u l g a r i s ,  f o r  l i t n i u n  f l u o r i d e  das r e p o r t e d  as 

%2'0,000 mg/l  (Arena, 1963). However, Angelov ic ,  e t  a1. (1961 ) i n d i c e t e d  t h e  n~ed ian  t c l e r a n c e  

l i m i t  f o r  50% r s o r t a l i t y  (TLm) f o r  t r o u t  i n  s o f t  water  was 2.3-7.3 mg/l a t  65°F (18'C), 2.6 t o  

6.0 mg/l  a t  55OF (13OC), and 5.9 t o  7.5 mg/l  a t  45OF (7.5OC). Neuhold, e t  a l .  (1960) r e p c r t e d  

t h e  TLm f o r  c a r p  exposed t o  sodium f l u o r i d e  was 75 t o  91 mg/l .  Delays i n  ha tch ing  and r e d u c t i o n  

i n  ha tch fng  percentage occur red  i n  t r o u t  embryos exposed t o  1.5 mg/l f l u o r i d e  ( E l l  i s ,  1946). 

h i b b a r d  (1934) recommended t h a t  l i t h i u m  i n  wa te r  f o r  d r i n k i n g  and cooking purposes should n o t  

exceed 5 mg/ l .  I n  man, t h e  k idneys seein t c  be rne s i t e  o f  t o x i c  a c t i o n  o f  L i  (Arena, 1963). 

Tne recommended l e v e l  f o r  f l u o r i d e  i n  domestic water  s u p p l i e s  i s  0 .7  to 1 .Z mg/l (McKee and 

Wolf,  1963). 

2.1.6 Conclusions 

L i t h i u m  r e l e a s e d  t o  t h e  environment e i t h e r  d u r i n g  t h e  n i n i n g  c y c l e ,  from power p l a n t  opera t ion ,  

o r  acc iden t ,  may be i n  t h e  form o f  a  nurrber o f  compound types v a r y i n g  i n  s o l u b i l i t y  and a f f i n i t y  

f o r  b i o l o g i c a l  organisms. From a v a i l a b l e  data,  t o x i c i t y  would appear t o  v a r y  accord ing  t o  

s o l u b i l i t y  and p o s s i b l y  t o  pH s h i f t .  

Where comparat ive data a r e  presented, animal forms a r e  genera l l j l  more s u s c e p t i b l e  than p l a n t  

foras; t h e  embryonic and j u v e n i l e  l i f e  s tages demonstrate g r e a t e r  s e n s i t i v i t y  than  t h e  a d u l t  

animal.  

F rox  t h e  l i t e r a t u r e  rev iew,  i t  i s  ev iderr t  t h a t  t h e  e x i s t i n g  data base i s  incomplete and o f t e n  

c o n t r a d i c t o r y ,  and i n  genera l ,  i s  o f  ques t ionab le  va lue  f o r  t h e  p r e d i c t i o n  and assessment o f  

u l t i m a t e  impact.  The l a c k  o f  i n f o r m a t i o n  on source terms, i n  p a r t i c u l a r ,  compl icates t h i s  

problem. 

However, assuming t h a t  t h e  p r i n c i p a l  compound types re leased  t o  t h e  environment would i n c l u d e  

1 i th iu rn  f l u o r i d e  ( L i F )  an3 l i t h i u m  ox ide  ( L i 3 0 ) ,  t'le f o l l o w i n g  t e n t a t j v e  conc lus ions  cou ld  be - 
reacned: 

I n  t e r r - e s t r i a l  h a b i t a t s ,  t o x i c i t y  t c  p l a n t  c o ~ r n u n i t i e s  cou ld  r e s u l t  f rom bo th  roclt  

abso;-ption and f o l i a r  uptake. T o x i c i t y  wsuld deoend upon s o l u b i l i t y  o f  t h e  compound type; bnd 

i n  ground depos i t i on ,  would be a f f e c t e d  by s o i l  pH. I n  a c i d  s o i l s ,  L i  and i t s  compounds wculd 

be p resen t  i n  more s o l u b l e  forms, thus  i n c r e a s i n g  a b s o r p t i o n  and t o x i c i t y .  I f  deposi ted as t h e  

f l u o r i d e ,  c o n c e n t r a t i o n  above s q i l  e q u i l i b r i u m  l e v e l s  c o ~ l d  r e s d l  t. I n  a1 k a l  i n e  s o i l s ,  however, 

most L i  wodld be irt an i n s o l u b l e  forni  f i r m l y  bound by l i m e  and c l a y .  T o x i c i t y  would g e n e r a l l y  

be 91-eater i n  a r i d  lands  where s o i l  m o i s t u r e  i s  lowest .  Most a;j. icultural crops appear t o  be 

s e n s i t i v e  t o  L i  c r  i t s  compounds. T o x i c i t y  t o  ~ n i m a l  fqrmr i n c l u d i n g  man cou ld  p o s s i b l y  r e s u l t  

d i r e c t l y  f rom cclntaminat'ion o f  d r i n ~ i n g  ws te r  s b p ~ l i e s ,  o r  from contaminated food s t h f f s .  



In aquat ic  hab i t a t s ,  t o x i c i t y  would vary with pH. Freshwater hani ta ts  would l i k e l y  
be nore vulnerable than e s tua r ine  or  marine habi ta ts .  I n  general ,  ea r ly  l i f e  stages would be 

more sens i t ive  than adu l t  forcs .  

2 .1 .7  Future Research Needs 

For both acute  and c h r ~ n i c  type exposures, concentration f ac to r s  and turnover r a t e s  i n  the  

various compartments of both t e r r e s t r i a l  and aquatic ecosystsms must be determined. The 
ao ten t i a l  f o r  biomagnification must a l so  be defined. 

Longer term or  chronic t e s t s  extending over the  e n t i r e  l i f e  cycle of se lec ted  t e s t  organisnis 

should be used t o  determine the  highest s a fe  concentration of Li a t  which no adverse biological  

e f f e c t s  a r e  observed. Data derived from these s tud ies  should be used t o  develop appl ica t ion 
f ac to r s  t h a t  f a c i l i t a t e  est imation o f  sa fe  concentrations of L i  from short- term acute t e s t s .  

Subiethal s t r e s s  in  development, growth, feeding, and s a l i e n t  biochemical processes should be 

assessed t o  permit rapid detec t ion of responses t o  Li a t  s t r e s s ing  levels  as low as those found 
by chronic t e s t s  to  be h iolagica i ly  safe .  

2.2 Biological Effec ts  of Sodfum and Potassium 

Fusion power p lants  require  a heat exchange system capable of handling l a rge  quan t i t i e s  of heat. 

The a l k a l i  metals sodium (Na) and potassium ( K )  a r e  prime candidates f o r  heat t r ans fe r  media in  

these systems. They a r e  extremely s o f t  metals, lus t rous  and s i lve ry  in color and very l i g h t .  

Their high spec i f i c  heat  and the  broad range of temperatures a t  which they maintain a l i qu id  

s t a t e  make Na and K i dea l ly  sui ted  f o r  a heat  t r ans fe r  medium. The very remote poss ib i l i t y  of 

a massive l iqu id  metal f i r e  o r  explosion breaching the  reactor  walls could r e s u l t  in substant ia l  

re leases  of Na and K compounds which may s e t t l e  out to  the  ground o r  dissolve in nearby water 

bodies. 

2.2.1 Sodium and Potassium and Their Compounds 

These s imi la r  metals a r e  very react ive  and do not occur natura l ly  in  the  metal s t a t e .  Several 

genera l iza t ions  car: be made about t h e i r  chemistry before examjning each metal on an individual 
bas is .  These a l k a l i  metals will  bu rn  and produce potent ia l ly  toxic  oxides when exposed t o  a i r .  
The der ivat ives  wi l l  d i s soc ia t e  in  water to  form a caus t i c  hydroxide solut ion.  

These excjthermjc react ions  a re  summarized in the following equations ( l e t t i n g  A = a1 kali  
metal 1 : 

r Metal react icns  

2)  2A+02-A0 2 2 Peroxide 

3 )  K + 02-KO2 Sbperoxide, pctassium only 

e A 1  kali  oxide react ions  



A l k a l i  meta ls  i n c u r  a  v igo rous  r e a c t i o n  when mixed w i t h  water .  T h i s  r e a c t i o n  l i b e r a t e s  hydrogen 

gas which can be i g n i t e d  s o l e l y  by t h e  exothermic hea t  o f  t h e  r e a c t i o n :  

I n  t h e  even t  o f  a  massive l i q u i d  meta l  f i r e  breaching t h e  r e a c t o r  w a l l s ,  i t  i s  l i k e l y  t h a t  a  

c a u s t i c  m i s t  o r  a1 k a l i  o x i d e  aeroso l  would be generated. The d i s p e r s a l  o f  such an aerosol  

would depend upon e x i s t i n g  m e t e o r o l o g i c a l  c o n d i t i o n s .  Wind and p r e c i p i t a t i o n  would impose t h e  

most s i g n i f i c a n t  f a c t o r s .  Because t h e  a l k a l i  meta ls  e v e n t u a l l y  break down i n t o  hydrox ides and 

a1 k a l  i meta l  ions.  env i ronmenta l  impact  would occur  as a r e s u l t  o f  1  ) e l e v a t i o n  o f  hydrox ide  

i o n  c o n c e n t r a t i o n  and t h e  t o x i c  e f f e c t s  assoc ia ted  w i t h  t h i s  s h i f t ,  and 2 )  s p e c i f i c  t o x i c  

e f f e c t s  o f  t h e  meta l  i o n s .  

2.2.2 Q u a l i t a t i v e  and Q u a n t i t a t i v e  Analyses 

Hydrox ide I o n  Concentrat ion.  Hydrox ide i o n  c o n c e n t r a t i o n  may be determined by measuring t h e  pH 

which i s  t h e  l o g a r i t h m  o f  t h e  r e c i p r o c a l  o f  t h e  hydrogen i o n  concen t ra t ion .  A  pH va lue  o f  7 

i n d i c a t e s  t h a t  i n  one 1  i t e r  o f  s o l u t i o n  t h e  c o n c e n t r a t i o n  o f  hydrogen i o n s  (and a1 so t h e  

hydrox ide  i o n s )  i s  1  x  M. As t h e  a c i d i t y  decreases, t h e  pH v a l u e  increases.  A s o l u t i o n  

o f  pH v a l u e  g r e a t e r  than  7  i s  b a s i c  o r  a l k a l i n e .  

The pH v a l u e  can be measured e l e c t r o m e t r i c a l l y  o r  c o l o r i m e t r i c a l l y  (APHA, 1971). The e l e c t r o -  

m e t r i c  method i s  more p r a c t i c a l .  I n  theory,  a  change o f  59.1 mV a t  77OF (25°C) i s  i n d i c a t i v e  

o f  1  pH u n i t  change across g l a s s  e lec t rodes .  The pH values can be determined w i t h  an accuracy 

~f 10.05 u n i t s .   general?,^, pH values a r e  r e p o r t e d  t o  t h e  neares t  t e n t h  o f  a  u n i t .  

Sodium. Sodium (Na) may be determined a t  l e v e l s  as low as 10 v g / l  us ing  f lame photometry w i t h  

t h e  wave l e n g t h  s e t  a t  589 mu. Compensation must be made f o r  i n t e r f e r e n c e  f rom o t h e r  ions,  

p a r t i c u l a r l y  p o t a s s i  um ( K )  and c a l c i u m  (Ca). Magnesium (Mg) , c h l o r i d e ,  s u l f a t e ,  and b ica rhona te  

i o n s  a l s o  i n t e r f e r e  when t h e y  occur  i n  r e l a t i v e l y  l a r g e  p r o p o r t i o n s .  An unknown c o n t a i n i n g  

19.9 mg/l Na was analyzed i n  35 l a b o r a t o r i e s  w i t h  a  r e l a t i v e  s tandard  d e v i a t i o n  o f  17.3 percen t  

and r e l a t i v e  e r r o r  o f  4.0 percen t  when t h i s  method was employed (APHA, 1971). 

A  g r a v i m e t r i c  method f o r  de te rmin ing  Na i s  n o t  as s e n s i t i v e  as t h e  f lame pho tomet r i c  approach 

sc  i t  i s  employed o n l y  when f lame photometry  i s  u n a v a i l a b l e  o r  t o  check r e s u l t s  o f  a  pho tomet r i c  

t e s t .  Tes ts  by f o u r  l a b o r a t o r i e s  y i e l d e d  a  r e l a t i v e  s tandard d e v i a t i o n  o f  11.3 percen t  and a  

r e l a t i v e  e r r o r  o f  0.5 p e r c e n t  f o r  an unknown c o n t a i n i n g  19.9 mg/l Na. T h i s  method i s  based 

upon t h e  p r e c i p i t a t i o n  o f  Na as sodium z i n c  u r a n y l  a c e t a t e  hexahydrate by t h e  a d d i t i o n  o f  z i n c  

u r a n y l  a c e t a t e  reagent .  Compensation must be made f o r  p o t e n t i a l l y  i n t e r f e r i n g  ions .  

Potassium. Potassium ( K j  may be determined a t  minimum l e v e l s  o f  0.1 mg/l by f lame photometry. 

The procedure i s  s i m i l a r  t o  t h e  procedure f o r  Na, o n l y  t h e  wavelength s e t t i n g  i s  768 mu. I o n  

problems o f  K a r e  s i m i l a r  t o  those o f  Na, a l though  t h e  chemicai dynamics a r e  somewhat d i f f e r e n t .  

A n a l y s i s  o f  an unknown c o n t a i n i n g  3.1 mg/l  K by 33 l a b o r a t o r i e s  demonstrated a  r e l a t i v e  s tandard 

e r r o r  o f  2.3 percen t  (APHA, 1971 !. 

C o l o r i m e t r i c  d e t e r m i n a t i o n  c f  K i s  n o t  as s e n s i t i v e  as f lame photometry. Minimum concentra-  

t i o n s  o f  5  mg/l a r e  de tec tab le ,  b u t  t h i s  technique i s  n o t  adv ised f o r  l e v e l s  below 10 mg/l 

(APHA, 1971). Est imated accuracy o f  t h i s  method i s  t0 .5 mg K. ~ n t e r f e r e n c e  f rom o t h e r  i o n s  i s  

n e g l i g i b l e  except  f o r  ammonium i o n  which should n o t  be p resen t  a t  a l l .  



2 . 2 . 3  E l e v a t i o n  o f  Hydrox jde I o n  C o n c e n t G i o n  and Tox ic  E f f e c t s  

2.2.3.1 K r - r e s t r i a l  E f fec ts -  

A l t h i s ~ g h  ph i s  used e x t e n s % e l y  t c  appra ise  s o i l  c o n d i t i c n s ,  ve ry  l i t t l e  research  has been 

d i r e c t e d  a t  assess ing i t s  i ~ i d e p e r d e n t  e f f e c t .  T h i s  n e g l e c t  may be a t t r i b u t e d  t o  d i f f i c u l t i e s  

i n  i s o l a t i ~ ~ g  t h e  s o l e  e f f e c t  o f  pH f rom o t h e r  chernical f a c t o r s  o f  t h e  s o i l .  However, some 

ger:erzl conc lus ions  can be made a b m t  pH and s o i l  p l a n t  r e l a t i o n s h i p s .  

P l a n t  e c o l o g i s t s  and p h y s i o l o g i s t s  g e n e r a l l y  assume t h a t  a l k a l i n e  ph' va lues exceeding 8.6 ma:] 

be d e t r i m e n t a l  t o  p l a n t s ,  a l though  pH to le rances  a r e  observed i n  excess o f  t h i s  va lue.  

Sh ie lds ,  e t  a l .  (19G4) r e p o r t e d  t h a t  b lue- green a lgae  grov; i n  s o s l s  w i t h  pHs r a n g i n g  f rom 8.6 

t o  10.0. G i s t i c a l i s  s p i c a t a  ( s a l t  g rass )  has been recorded  by F a i r c h i l d  and Wi lson (1967) as 

growing on s o i l  w i t h  a  pH v a l u e  o f  9.9. These va lues a r e  i n d i c a t i v e  o f  upper bounds onserved 

i n  n a t u r a l  communit ies of v e r y  s a l t  r e s i s t a n t  biomes. V a r i a t i o n  o f  pH t o l e r a n c e  may be observed 

on b o t h  i n t r a s p e c i f i c  and i n t e r s p e c i f i c  l e v e l s .  

A l k a i i n e  pH regimes i m p a r t  a  c o r r o s i v e  e f f e c t  which inc reases  as a l k a l i n a t y  r i s e s .  The 

h y d r o l y s i s  o f  Na i n  s o d i c  s o i l s  (pH > 8.5) i m p a r t s  a  c a u s t i c  e f f e c t  (Daubenmire, 1967). Th is  

c o n d i t i o n  i s  d e t r i m e n t a l  t c  r o o t s ,  s o i l  humus, and assoc ia ted  s o i l  m i c r o f l o r a .  

I n  t h e  even t  o f  a massive s p i l l ,  t h e  r e s u l t i n g  ox ides  and hydrox ides would l i k e l y  e x e r t  a 

d e v a s t a t i n g  c o r r o s i v e  e f f e c t  upon t h e  s o i l  and i t s  assoc ia ted  b i o t a .  M i s t  o r  vapors r e s u l t i n g  

f rom such an i n c i d e n t  c o u l d  a t t a i n  a t h e o r e t i c a l  pH va lue  of 74.0. However, c a u s t i c  r e a c t i o n s  

due t o  f a l l o u t  g e n e r a l l y  woti ld reinain l o c a l i z e d .  Subsecruent d i l u t i o n ,  e i t h e r  n a t u r a l  o r  

a r t i f i c a l ,  would weaken t h e  r e a c t i o n ,  b u t  i t  would a l s o  d i s p e r s e  t h e  p o l l u t a n t s  downward i n t o  

t h e  rh izosphere  and outward over  a  g r e d t e r  area. The c a u s t i c  magnitude o f  t h i s  s i t u a t i o n  would 

be dependent upon many s o i l  f a c t o r s .  E x i s t i n g  pH and b u f f e r i n g  c a p a c i t y  o f  t h e  s o i l  zou ld  

e x e r t  a  moderat ing e f f e c t  upon t h e  r e a c t i o n .  Other  f a c t o r s  such as s o i l  s t r u c t u r e ,  p e r m e a b i l i t y ,  

s o i l  mo is tu re ,  amount of f a l l o u t  and subsequent a p p l i c a t i o n  o f  water  t o  t h e  s o i l  a l s o  would 

determine t h e  o v e r a l l  e f f e c t .  

Caus t i c  e f f e c t s  o f  c o r r o s i v e  aeroso ls  o r  m i s t s  would v a r y  accord ing  t o  p l a n t  species,  I n i t i a l  

i n j u r y  wobld occur  t o  s o f t  s t r u c t u r e s  such as leaves, f r u i t s  and f lowers.  The bark  o f  t r e e s  

and shrubs would a f f o r d  g r e a t e r  p r o t e c t i o n  than  t h e  stems o f  most herbaceous p l a n t s .  Whereas 

s m a l l e r  herbaceous p l a n t s  c o u l d  be destroyed, woody p l a n t s  mighx endure t h e  i n i t i a l  s t r e s s  over  

a  season and e v e n t u a l l y  recover .  tiowever, t h e  p l a n t s  s u s c e p t i b i l i t y  t o  d isease and r e s i s t a n c e  

t o  o t h e r  env i ronmenta l  s t resses  would be d imin ished.  D i f f u s i o n  o f  t h e  c a u s t i c  components i n t o  

t h e  s o i l  c o u l d  i m p a r t  an i n j u r ~ o u s  a f f e c t  cn  t h e  soot  s t r u c t u r e  o f  p l a n t s .  

Sodium o r  potass ium o x i d e  o r  hydrox ide  f a l l o u t  would prove d e t r i m e n t a l  t o  a l l  forms o f  animal 

l i f e  i t  con tac ts .  4 1 k a l i  ae roso ls  cou ld  cause severe damage t o  t h e  eyes and m o i s t  ph1mcnar.y 

membranes, Extended c o n t a c t  w i t h  even d i l u t e  s o l u t i o n s  would e x e r t  a  c o r r o s i v e  e f f e c t .  Sma l le r  

organisms would be a f f e c t e d  more  adverse;^ than  l a r s e r  organisnts b u t  a l l  would be Fore  

s u s c e p t i b i e  t o  disease,  reda at ion and o t h e r  env i ronmenta l  s t r e s s .  

2 . 2 . 3 . 2  Aquat i c  Effect?. 

D e t r i m e n t a l  e f f e c t s  assoc ia ted  w i t h  a l k a i i n e  s h i f t s  i n  a q u a t i c  systems a r e  u s u a l l y  a t t r i b u t e d  

t o  t h e  t o x i c i t y  o f  t h e  assoc ia ted  ca t ions ,  o r  o rgan ic  and p o o r l y  d i s s o c i a t e d  i n o r g a n i c  bases. 



Potassium ( Y )  and sodium !Na) a r e  h i g h l y  d i s s o c i a b l e  c a t i o n s  and a r e  g e n e r a l i y  non tox ic  a t  pH 

l e v e l s  i e s s  than  3.0. I n  c o n t r a s t ,  amoniurn hydrox ide  e x e r t s  2 marked t o x i c  e f f e c t  a t  concen- 

t r a t i o n s  w i t h  lower  assoc ia ted  pH values (Aqua t i c  L i f e  Adv iso ry  Committee o f  t h e  Ohio R i v e r  

Val!ey S a n i t a t i o n  Commission, 1955). 

Whi.!e 1ign1 y s p e c i f i c  forms o f  a q u a t i c  v e g e t a t i o n  have been observed a t  r a d i c a l  pH values,  most 

a q u a t i c  p l a n t s  s u r v i v e  a i t h i n  t h e  range o f  7 .0  t o  9.2 (NAS-NAE, 1972). Aphanizomenon f los- aquae 

( L . ) ,  a  b lue-green a lgae,  was grown over  a pH range o f  5 .2  t o  11.0 w i t h  o ~ t i m a l  growth recorded 

a t  7.5 ( G e n t i l e  and Maloney, 1969). McKee and Wolf (1963) i n d i c a t e d  t h s t  a pH range o f  7 .5  

t o  8.4 i s  accep tab ie  f o r  most a q u a t i c  p l a n t  growth. 

Pho tosyn the t i c  a c t i v i t y  i s  r e s p c n s i b l e  f o r  l a r g e  d i u r n a l  pH f l u c t u a t i o n s  i n  l e n t i c  h a b i t a t s  

( s t f  11 wa te rs ) .  V a r i a t i o n s  o f  3.4 pH u n i t s  have been r e p o r t e d  i n  dense beds o f  Potomogeton 

capense, and 1.5 u n i t s  i n  c o l o n i e s  o f  Scenedesmus spp. and M i c r o c y s t i s  spp. 

For  a n i n a l  forms, YcKee and Wol f  (1963) r e p o r t  a  range o f  5.0 t o  9.5 as t o l e r a b l e  f o r  most 

species, w i t h  maximurn p r o d u c t i v i t y  a t t a i n e d  over  t h e  more r e s t r i c t e d  range o f  6.5 t o  8.2. 

Hokever, t o x i c  pH ranges vary  accord ing  t o  b o t h  t h e  species and t h e  ecotype. 

Davis  and Ozburn (1969) have recorded  t h a t  t h e  Cladoceran, Daphnia pu lex  i s  t o l e r a n t  t o  a  range 

o f  pH f rom 4.2-10.4; b u t  par thenogenic  r e p r o d u c t i o n  was observed o n l y  w i t h i n  t h e  range o f  7.0 

t o  5.5. O '  B r i e n  and DeNoyel l e s  (1972) r e p o r t e d  t h e  l e t h a l  t h r e s h o i d  f o r  Cenodaphnia r e t i c u l a t a  

t o  be 10.8, and 100 p e r c e n t  m o r t a l i t y  a t  11.2. Jones ( 1  941 ) demonstrated a  marked decrease i n  

s u r v i v a l  o f  t h e  f la tworm, b l y c e l i s  n i g r a  over  a  pH range o f  9.6 t o  11.6. Optimum pH range f o r  

20 genera o f  c a d d i s f l i e s  was 7.5 t o  9.6 (Rcback, 1963). Curry (1962) recorded a  range o f  4.0 

t o  9.1 as s u s t a i n i n g  s u r v i v a l  o f  80 species o f  midge l a r v a e .  It was a l s o  r e p o r t e d  t h a t  a  pH 

o f  12.0 i s  t h e  upper t o l e r a n c e  l e v e l  f o r  c a d d i s f l i e s  and s pY o f  11.3 i s  the  upper t o l e r a n c e  

l e v e l  f o r  b o t h  s t o n e f l  i e s  and d r a g o n f l  i e s  (NAS-NAE, 1972). 

Using sodium hydrox ide  t o  a d j u s t  pH, Jones (1948) found t h a t  t h e  s t i c k l e b a c k ,  Gasterosteus spp. 

r e a c t e d  d i s t r e s s f u l l y  a t  pH values o f  11.4. A l k a l i n e  l i m i t s  o f  rainbow t r o u t  have been recorded 

a t  9.8, w h i l e  g o l d f i s h ,  largemouth bass and b l u e g i i l s  t o l e r a t e d  values a t  10.4-10.5 

(Jones, 1964). Jordan and L l o y d  (1946) found t h a t  t r o u t  acc l imated  t o  more a1 k a l i n e  waters 

were subsequent ly  more t o l e r a n t  t o  inc reased  l e v e l s  o f  a l k a l i n i t y  sp t o  a  pH o f  10.7. 

A l k a l i n e  pH a l s o  has a d e l e t e r i o u s  i n f l u e n c e  on t r o u t  eggs and l a r v a e  (Kr ishna,  1953). T r o u t  

eggs exposed t o  a l k a l i n e  mediums a t  9.0 and above e x h i b i t e d  endosmosis, w h i t e n i n g  c f  t h e  y o l k ,  

and apparent  r e d u c t i o n  o f  metabolism. Day o l d  l a r v a e  e x h i b i t e d  100 percen t  m o r t a l i t y  a t  pH 

ranges o f  8.0-9.0. F e r t i l i z e d  embryos were found t o  be more r e s i s t a n t  t o  a l k a l i n e  s t r e s s  than 

eyed embryos o r  day o l d  l a r v a e .  

Weib, e t  a l .  (1934) observed t h a t  f i s h  reqb i r e d  h i g h e r  c o n c e n t r d t i c n s  o f  d i s s o l v e d  oxygen i n  

r e l a t i o n  t o  i n c r e a s i n g  a1 k a l i n i t y .  E i g h t  species o f  f i s h  were s t ressed  by v a r y i n g  pH l e v e l s  

and d i s s o l v e d  oxygen regimes. A t  l e t h a l  a l k a l i n i t i e s ,  more d i s s o l v e d  oxygen reva ined  i n  t h e  

water  than  a t  n c n l e t h a l  a l k a l i n i t i e s .  By z l t e r i n g  i n i t i a l  a i s s o l v e d  oxygen concen t ra t ions ,  

Wiebe then  demonstrated an inc reased  oxygen r e q u i r e ~ i e n t  i n  a1 k a l  i ne s t ressed  f i s h .  

C a i r ~ ? s ,  e t  a1. (1970) a t t r i b u t e d  a  decrease i n  d i s s o l v e d  oxygen i n  c o n j u n c t i o n  w i t h  increased 

a l k a l i n i t y  as a  ma jo r  cause o f  f i s h  death as a  r e s u l t  o f  t h e  C l i n c h  R i v e r  f i y  ash s p i l l .  



2.2.4 *e_cific I o n  E f f e c t ?  

T e r r e s t r i a i  E f f e c t s .  S e i f r i z  (1 949) found t h a t  i n  s l i m e  molds z o x i c i t y  t o  monovalent a1 k a l  i -- + t t 
metal  i o n s  inc reased  i n  t h e  o r d e r  of ~ i '  :> Na > K > Rb , ~ ~ h i l e  t o x i c i t y  t c  d i v a l e n t  a1ka;i 

i t  tt 4-4" f 4- 
s e t a l  i o n s  inc reased  i n  t h e  o r d e r  of Ca > Ng Sr  ; Br . D i v a l e n t  i o u s  were found t o  be 

most t o x i c .  S e i f r i z  (1 949) suggested t h a t  t o x i c i t y  was r e l a t e d  t o  r e l a t i v e  permeabi! i t y  and 

h y d r a t i o n  p r o p e r t i e s  of t h e  i o n .  Strogonov (1964) r a t e c  K as t h e  most permeable o f  t h e  ccmmon 

i o n s  assoc ia ted  vri t h  s o i l  p l a n t  dynamics i n d i c a t i n g  t h a t  K may be more t o x i c  than Na a t  

equivalent c o n c e n t r a t i o n s .  M e i r i  and Po; jakof f -Mayher  (1970) r e p o r t e d  t h a t  i s o s m o t i c  concentra-  

t i o n s  c f  sodium and potass ium c h l o r i d e  i n  t h e  growth s u b s t r a t e  produced i d e n t i c a l  e f f e c t s  on 

bean p l a q t s .  

Excessive amounts o f  Na do n o t  g e n e r a i l j  d i s t u r b  the  n u t r i e n t  balance o f  p l a n t s .  When exchange- 

a b l e  Ca l e v e l s  a r e  low, however, an inc rease  i n  Na, and presumably K, w i l l  f a c i l i t a t e  an 

d d d i t i o n a l  d e p l e c i n n  o f  Ca. Calcium d e f i c i e n c y  was shown d e t r i ~ i e n t a l  f o r  a  v a r i e t y  o f  a g r i -  

c u l t u r a l  c rops  (Berns te in ,  1964). LaHayne and B e r n s t e i n  (:969) demonstrated t h a t  Ca l e v e l s  

lower  than  1 nM/1 can cause massive l o a d i n g  o f  Na i n  bean p l e n t s .  No d e t r i m e n t a l  e f f e c t s  were 

observed wnen Ca c o n c e n t r a t i o n  exzeeded 1 mM/l. 

Sodium-calcium imbalance i s  r e p o r t e d  t o  cause r e d  r o o t  d isease i n  chrysanthemums (Kaabe, e t  a l . ,  

1966). T h i s  c o n d i t i o n  i s  i d e n t i f i e d  by a reddening o f  t h e  r o o t s ,  l o s s  o f  r o o t  t i p s  and r o o t  

h a i r s ,  and redbced growth. 

Several o t h e r  d:seases of p l a n t s  may a l s o  be a t t r i b u t e d  t o  Nc uptake and concen t ra t ion .  

Avccaoo leaves  e x h i b i t e d  Na scarch, a  d i s o r d e r  c h a r a c t e r i z e d  by marginal  i o l i a r  b leach ing  and 

r \ec ros is  (Ayers, 1950). S i m i l a r  symptors appear on common c e r e a l  g r a i n s  o f  t h e  western U.S.  

(Treshow, 1970 ) .  A f f e c t e d  l e a f  t i p s  t u r n  w h i t e  o r  greenist i -wni te ,  t h e  sheath t w i s t s ,  heaos 

enlerge i m p e r f e c t l y ,  and t h e  seed may be deformed. P l a ~ t s  may be dwarfed and seed f o r m a t i o n  

p re ten ted .  The presence o f  t h e  a1 k a l i  i s  tnough t  t o  i n h i b i t  t h e  uptake o f  i r o n  (Fe) and 

p c s s i b l y  o t h e r  t r a c e  elements e s s e n t i a l  t o  t h e  p l a n t .  

P l a n t s  would be a pathway f o r  t h e  p o t e n t i a l  d e t r i m e n t a l  e f f e c t s  o f  Na and K t o  animal forms. 

A l t e r a t i o n  o f  h a b i t a t ,  p r i n c i p a l l y  by denuding t h e  b i o w  o f  p l a n t  l i f e ,  would impose t h e  w o r s t  

case s i t u a t i e n  i n  which animal forms a r e  adverse ly  a f f e c t e d .  Vege ta t ion  i s  used by animals  f o r  

b o t h  s h e l t e r  and food. 

Sodium i s  n o t  considered a r e l a t i v e l y  t o x i c  i o n  f o r  most animal forms. Ar~ jma ls  would n o t  be 

adverse ly  a f f e c t e d  i f  p l a n t s  were n o t  a f f e c t e d .  Most an imals  a re  h i g h l y  mob i le  and would 

l i ~ e l y  a v o i d  zones o f  depos i ted  sodium o r  potassium ox ides .  However, those animals w i t h  s o f t  

a n d  m o i s t  integuments such as amphibians cou ld  be more s u x e p t i b l e  than  mammals, b i r d s ,  and 

t -ep t i  1 es. 

McKee and Wolf (1963) r e p o r t e d  t h a t  2000 mg/l Na was t h e  t o x i c  t h r e s h o l d  Tor l i v e s t o c k  i n  

d r i n k i n g  wate r ,  and 7000 m ~ / l  Na i n  d r i n k i n g  water  was t c i t i c  f o r  ch icks .  There i s  l i t t l e  

i n d i c s t i o n  t h a t  b i o l o g i c a l  m a g n i f i c a t i o n  would pose a problem i n  food chains.  

4 q a t  f f e c t .  Aqua t i c  p l a n t s  a r e  as s e n s i t i v e  t o  ;la ans K as t e r r e s t r i a l  p l a n t s .  Bioassay - 
wsrk has a i m s t  exc ' lus ive ly  d e d l t  w i t h  animals, p a r t i c u l a r l y  f i s h .  k o r k  i n v o l v i n g  p l a n t s  i s  

i l i r e c t e d  toward n u t r i t i ~ n a l  d e f i c i e n c i e s  i n s t e a d  o f  t o x i c  excsssEs. 



C a t t a i l  (Typha l a t i f o l i a ) ,  an emergent macrophyte, was shown t o  have a  min imal  t o l e r a n c e  t o  

osmot ic  s t r e s s  imposed by Na s a l t s  (Choudhuri, 1968). The low t o l e r a n c e  t o  osmot ic  s t r e s s  was 

p a r t i c u l a r l y  apparent  i n  germina t ion  s t u d i e s  w j t h  sodium carbonate. Choudhuri a t t r i b u t e d  t h i s  

t o  t h e  c o r r o s i v e  n a t u r e  assoc ia ted  w i t h  t h e  carbonate i o n .  

The t o x i c  e f f e c t s  o f  K  and Na u s u a l l y  a r e  overwhelmed by t h e  co r ros iveness  assoc ia ted  w i t h  t h e  

hydrox ide  ion .  However, t h e  e x t e n t  o f  t h i s  e f f e c t  i s  moderated by t h e  b u f f e r i n g  c a p a c i t y  c f  

t h e  a q u a t i c  biome. However, even i n  a  b u f f e r e d  system, c o n c e n t r a t i o n  o f  Na o r  K  may be s t r o n g  

enough t o  e x e r t  a  t o x i c  a f f e c t  on a q u a t i c  f l o r a .  

The c a t i o n  exchange p r o p e r t i e s  assoc ia ted  w i t h  t e r r e s t r i a l  s o i l s  do n o t  e x i s t  i n  a q u a t i c  

systems. Calcium, Mg, Na and K  a r e  so s o l u b l e  t h a t  s u f f i c i e n t  d i s s o l v e d  q u a n t i t i e s  o f  these 

c a t i o n s  a r e  u s u a l l y  a v a i l a b l e  t o  p l a n t s .  The p e r m e a b i l i t y  o f  sediment s t r u c t u r e  may be 

a f f e c t e d ,  b u t  most submergent a q u a t i c  p l a n t s  have such reduced r o o t  systems t h a t  t h i s  e f f e c t  

may be n e g l i g i b l e  f o r  e s t a b j  i s h e d  organisms. However, decreased sediment p e r m e a b i l i t y  may 

adverse ly  a f f e c t  ge rmina t ion  o f  submergent a q u a t i c  seeds. 

I n v e s t i g a t i o n s  o f  a l k a l i  meta l  t o x i c i t i e s  i n  a q u a t i c  ecosystems employed t h e  claudoceran, 

Daphnia magna, an i m p o r t a n t  l i n k  i n  a q u a t i c  food  chains. T o x i c i t i e s  assoc ia ted  w i t h  meta ls  a r e  

viewed w i t h  emphasis upon t h e  a n i o n i c  components i n s t e a d  o f  t h e  c a t i o n .  Sodium has a  r e l a t i v e  

t o x i c i t y  l e s s  than  K and Jones (1941) assumed t h e  t o x i c  e f f e c t s  o f  Na were e q u i v a l e n t  t o  t h e  

anions o f  t h e  l e a s t  t o x i c  s a l t s ,  NaC1. 

B i e s i n g e r  and Chr is tensen  (1972) found Na t o  be t h e  l e a s t  t o x i c  o f  21 metals. C h l o r i d e  s a l t s  

were used th roughou t  t h e i r  work so t h e  p o s s i b i l i t y  e x i s t s  t h a t  t h e  measured s t r e s s  cou ld  be 

p a r t i a l l y  a t t r i b u t e d  t o  t h e  c h l o r i d e  i o n .  An LCs0 f o r  Daphnia magna was found a t  1,480 mg/l Na 

and 97.0 mg/l K. S i g n i f i c a n t  r e d u c t i o n  i n  r e p r o d u c t i v e  p o t e n t i a l  was observed a t  680 mg/l Na, 

and 53 mg/l K. The pH l e v e l s  i n  B i e s i n g e r ' s  work d i d  n o t  f l u c t u a t e  more than 0.3 u n i t s ,  hence 

t h e  e f f e c t s  may n o t  be a t t r i b u t e d  t o  hydroxy l  i o ~  e f f e c t s .  Freeman and Fowler (1953) acknowl- 

edged t h e  tendency o f  i nc reased  t o x i c i t y  c o n t r i b u t e d  by a  change o f  pH f rom 8.2 t o  9.3 i n  

c o n j u n c t i o n  w i t h  d i f f e r e n t  combinat ions o f  sodium s a l t s .  

The rev iew o f  Doudoro f f  and Katz (1953) on meta l  t o x i c i t y  o f  f i s h  agrees t h a t  K  i s  more t o x i c  

than  Na. T o x i c  responses a r e  c i t e d  f o r  f r e s h w a t e r  f i s h  over  t h e  range o f  50 t o  400 ppm f o r  K, 

and 500 ppni t o  2000 ppm f o r  Na. The v a r i a t i o n  i n  t o x i c  range may be a t t r i b u t e d  t o  t h e  

d i f f e r e n t  s a l t  forms, t i m e  o f  exposure, b u f f e r i n g  c a p a c i t y  o f  t h e  water  and t h e  species o f  f i s h  

t e s t e d .  McKee and Wolf (1971) c i t e d  t o x i c i t y  l e v e l s  o f  200 mg/l K f o r  Gammaridae, 700 mg/l K  

f o r  Chironomidae and 1000 mg/l  K f o r  T r i c h o p t e r a ,  

h i g h  c o n c e n t r a t i o n s  o f  Na a n d l o r  K may i n f l i c t  an osmot ic  s t r e s s  upon a q u a t i c  crganisms. 

I n v e r t e b r a t e s  a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  t h i s  s t r e s s  as t h e i r  e n t i r e  body sur face  i s  

i n v o l v e d  i n  a b s o r p t i o n  o f  wa te r  and so lu tes .  F i n l e y  (1930) found t h a t  t h e  degree o f  

a d a p t a b i l i t y  t o  s a l i n e  media v a r i e d  w i t h  t h e  species o f  f reshwate r  protozoan. Protozoans 

g e n e r a l l y  addpted t o  osmot ic  and t o x i c  s t r e s s  when changes were gradual .  A few species were 

z b l e  t o  s u r v i v e  and reproduce when t r a n s f e r r e d  d i r e c t l y  t o  a  s a l i n e  medium. 



2 . 2 . 5  Conclus ions 

I n  c o n s i d e r i n g  t h e  remote p o s s i b i l i t y  o f  a  severe l i q u i d  meta l  f i r e  o r  e x p l o s i o n  which c o u l d  

d i s p e r s e  a  c a u s t i c  a1 k a l  i aeroso l  t o  b o t h  su r round ing  t e r r e s t r i a l  and a q u a t i c  h a b i t a t s ,  t h e  

impacts o f  such an occurrence a r e  es t imated  i n  t h e  f o l l o w i n g  paragraphs. A  d i l u t i o n  g r a d i e n t  

would e x i s t  as t h e  d i s t a n c e  inc reased  f rom t h e  source o f  contaminat ion,  and presumably t h e  

i n t e n s i t y  o f  b i o l o g i c a l  response would s i m i l a r l y  decrease. Also, t h e  e f f e c t s  o f  such a  con- 

taminan t  o r  contaminants on a  p a r t i c u l a r  biome would v a r y  accord ing  t o  i n h e r e n t  a b i o t i c  and 

b i o t i c  f e a t u r e s .  

A r i d  Land. S o i l  development i s  a t t r i b u t e d  t o  c a l c i f i c a t i o n  i n  a r i d  lands .  S o i l s  a r e  h i g h l y  

aggregated due t o  t h e  i m m o b i l i t y  o f  c o l l o i d s  and t h e  h i g h  c o n c e n t r a t i o n s  o f  Ca and Mg. 

Vege ta t ion  i s  sparse and t h e  humic c o n t s n t  o f  t h e  s o i l  i s  n e g l i g i b l e .  S a l i n e ,  s a l i n e - a l k a l i  

and sod ic  s o i l  c o n d i t i o n s  a r e  u s u a l l y  assoc ia ted  w i t h  t h i s  biome. 

These s o i l  t ypes  would be p a r t i c u l a r l y  s u s c e p t i b l e  t o  a l k a l i n e  s t r e s s .  Low humus c o n c e n t r a t i o n  

and c o l l o i d  c h a r a c t e r i s t i c s  would l i m i t  t h e  b u f f e r i n g  c a p a c i t y  o f  t h e  s o i l .  Dynamics o f  c a t i o n  

exchange would impose a d d i t i o n a l  s t r e s s  r e l a t i v e  t o  a l k a l i n e  r e a c t i o n s .  The ecology o f  a r i d  

lands  i s  ex t reme ly  f r a g i l e .  The b i o t a  a r e  designed t o  cope w i t h  an area o f  n a t u r a l  env i ron-  

mental s t resses .  A r i d  lands  n o t  o n l y  would be t h e  most d r a s t i c a l l y  a f f e c t e d  bu t ,  due t o  ni ininial  

p r e c i p i t a t i o n ,  would r e q u i r e  t h e  l o n g e s t  n a t u r a l  recovery  t ime.  

Grassland. C a l c i f i c a t i o n  i s  t h e  predominate s o i l  fo rm ing  process assoc ia ted  w i t h  grass lands.  

P r e c i p i t a t i o n ,  10-30 inches  annua l l y ,  accounts f o r  more p l a n t  growth, b u t  i s  considered 

i n s u f f i c i e n t  f o r  t r e e s .  I r r i g a t i o n  p r a c t i c e s  have conver ted  many a r i d  lands i n t o  p r o d u c t i v e  

a g r i c u l t u r a l  ~razs!anc!s thus,  i n  some respec ts ,  t h e  r e l a t i c n s h i p s  a s s o c i s l e d  w i t h  a r i d  lands s l s o  

app ly  t o  grass1 ands . 
Grassland s o i l s  c o n t a i n  g r e a t e r  q u a n t i t i e s  o f  humus which inc rease  t h e  b u f f e r i n g  c a p a c i t y  o f  

t h e  s o i l ,  a l l e v i a t i n g  t h e  a l k a l i n e  s t r e s s  f a c t o r .  Most n a t i v e  species o f  grass a r e  adapted t o  

low s a l i n i t y  and s l i g h t  a c i d i t y  t o  moderate ly  a l k a l i n e  pH (6.0-8.0). 

Grass land organisms c o u l d  p o s s i b l y  t o l e r a t e  a  g r e a t e r  i n s u l t  o f  a l k a l i  meta l  r e l a t e d  s t r e s s .  

Where t h e  r h i z o s p h e r e  o f  e s t a b l i s h e d  communities would extend 6  f e e t  i n t o  t h e  ground and s u r f a c e  

r o o t  a b s o r p t i o n  would be reduced, t h e  deeper u n a f f e c t e d  r o o t s  cou ld  assume these f u n c t i o n s .  

T h i s  would a l l o w  a  q u i c k e r  r e c o v e r y  o f  g rass land  areas. 

Fores t .  A t  l e a s t  30 inches  of p r e c i p i t a t i o n  i s  necessary f o r  t h e  growth o f  t r e e s  i n  a  warm o r  

coo l  c l i m a t e .  

S o i l  pH va lues  a r e  p redomina te ly  a c i d  ( l e s s  than  7.0) r e s u l t i n g  f rom t h e  accumulat ion and 

decomposi t ion o f  f o r e s t  l i t t e r ,  m inera l  decay o f  p a r e n t  m a t e r i a l s  and metabol ism o f  s o i l  

organisms. An a c i d  s o i l  regime would tend  t o  n e u t r a l i z e  a l k a l i n e  r e a c t i o n s  d e r i v e d  f rom a l k a l i  

meta l  con tamina t ion .  A b u f f e r i n g  e f f e c t  would be d e r i v e d  f rom c e r t a i n  so l  i d  c o l l o i d s  and 

s o l u t e s .  

The f o r e s t  l i t t e r  i t s e l f  would r e t a r d  t h e  d i s s e m i n a t i o n  o f  harmfu l  contaminants i n t o  t h e  s o i l .  

Soi 1  con tamina t ion  would even tua l  1  y  occur ,  b u t  o n l y  a f t e r  c o r r o s i v e  a c t i o n  consumed a  ma jo r  

p o r t i o n  o f  t h e  f o r e s t  l i t t e r .  Complete d e s t r u c t i o n  o f  t h e  f o r e s t  l i t t e r  would expose t h e  s o i l  

t o  bo th  wind and wate r  e ros ion .  T h i s  would be an adverse impact s i n c e  f o r e s t  l i t t e r  p rov ides  a  

h a b i t a t  f o r  many organisms, p a r t i c u l a r l y  i n s e c t s ,  o t h e r  i n v e r t e b r a t e s  and microorganisms. 



MarSshlands. A marshland i s  a  l i n k  between two v e r y  broad h a b i t a t s :  t e r r e s t r i a l  and a q u a t i c .  

Marshlands may i n  f a c t  e x i s t  between bodies o f  f reshwate r  and t h e  t e r r e s t r i a l  biome o r  i n  

a s s o c i a t i o n  w i t h  t h e  mar ine env i rons .  

Because o f  a  h i g h e r  m o i s t u r e  content ,  d i s s o c i a t i o n  o f  a l k a l i  ox ides  and hydrox ides would be 

a c c e l e r a t e d  g r e a t l y  and subsequent d issemina t ion  i n t o  t h e  s o i l  o r  sediments would be increased.  

Aerosol  f a 1  l o u t  would i m p a r t  an instantaneous c o r r o s i v e  a c t i o n  on t h e  moi s t  su r face .  P r o x i m i t y  

t o  an a q u a t i c  biome would f a c i l i t a t e  d i l u t i o n ,  a l though  t h i s  e f f e c t  would be moderated by the  

p h y s i c a l  p r o p e r t i e s  o f  t h e  subs t ra te .  

The ecology o f  wet lands o r  marshlands would be ext remely v u l n e r a b l e  t o  con tamina t ion  f rom a 

l i q u i d  meta l  s p i l l .  Wetlands o r  marshlands o f t e n  p r o v i d e  s p e c i a l  h a b i t a t s  r e q u i r e d  f o r  r a r e  

and endangered species o f  amphibians, r e p t i l e s  and f i s h .  Such s i t e s  a r e  o f t e n  breeding o r  

w i n t e r i n g  grounds f o r  many species o f  wa te r fow l  and water  b i r d s .  I s o l a t e d  popu la t ions  o f  r a r e  

p l a n t s  ( f e r n s ,  Venus f l y  t r a p )  a r e  a l s o  o f t e n  assoc ia ted  wi t h  wetlands. 

Freshwater L e n t i c  H a b i t a t s .  L e n t i c  ( s t i  11 wa te r )  environments r e p r e s e n t  t h e  most v u l n e r a b l e  o f  

a q u a t i c  biomes. Out f low o f  most l a k e s  and ponds i s  u s u a l l y  min imal  and i n  some cases non- 

e x i s t e n t .  P e r c o l a t i o n  t h r o u ~ h  t h e  sediments would a f f o r d  t h e  o n l y  n a t u r a l  mechanism o f  removal 

o r  neu t ra l i za t . i on  o f  these contaminants. The b u f f e r i n g  c a p a c i t y  would v a r y  and i t s  re levance  

would be n e g l i g i b l e  i n  r e l a t i o n  t o  a l a r g e  s p i l l .  De t r imenta l  c o n d i t i o n s  would p e r s i s t  f o r  

g r e a t  l e n g t h s  o f  t i m e  and would r e q u i r e  a r t i f i c i a l  means t o  a l l e v i a t e  t h e i r  e f f e c t s .  A 

r e d u c t i o n  o f  p r o d u c t i v i t y  i n  l e n t i c  biomes would a l s o  e f f e c t  t h e  dynamics assoc ia ted  w i t h  

t e r r e s t r i a l  biomes as i.nany organisms t ranscend bo th  h a b i t a t s .  R e h a b i t a t i o n  o f  d i s

t

urbed  l e n t i c  

environments would be slow f o r  most endemic b i o t a .  T o t a l l y  a q u a t i c  organisms may n o t  be a b l e  

t o  r e h a b i t a t e  w i t h o u t  human ass is tance .  

Lakes i n  temperate reg ions  a r e  u s u a l l y  s t r a t i f i e d  through t h e  i n f l u e n c e  o f  thermocl ines.  

S t r a t i f i c a t i o n  may m a i n t a i n  e l e v a t e d  concen t ra t ions  o f  contaminants i n  t h e  e p i l i m n i o n  by 

r e s t r i c t i n g  t h e  d i  1  u t i o n  process. The e p i  7 imnion i s  t h e  most p r o d u c t i v e  r e g i o n  o f  d i m i c t i c  

lakes;  hence, any d is tu rbances  t o  t h i s  area would be o f  pr ime e c o l o g i c a l  s i g n i f i c a n c e .  

Freshwater R i v e r s  and Streams. De t r imenta l  e f f e c t s  o f  contaminants can be d i s t r i b u t e d  a long  - 
t h e  downstream r o u t e  o f  a  r i v e r  o r  stream. S e v e r i t y  o f  t h i s  e f f e c t  would be moderated as t h e  

contaminants move downstream and a r e  subsequent ly  d i l u t e d .  The C l i n c h  R i v e r  f l y  ash s p i l l  

(Cai rns,  e t  a1 . , 1970j  e x e m p l i f i e s  t h i s  process. Approx imate ly  130 m i l l  i o n  g a l l o n s  o f  c a u s t i c  

ca lc ium hydrox ide  (pH 12.0-12.7) s p i l l e d  i n t o  a t r i b u t a r y  o f  t h e  C l i n c h  R i v e r .  Th is  amounted 

t o  approx imate ly  40 percen t  o f  t h e  d a i l y  f l ow.  Bottom fauna were c x n p l e t e l y  e l i m i n a t e d  3 t o  

4 m i l e s  downstream and a d r a s t i c  r e d u c t i o n  was no ted  as f a r  as 77 m i l e s  downstream. T o t a l  

m o r t a l i t y  f o r  a l l  spec ies o f  f i s h  was r e p o r t e d  f o r  66 m i l e s  below t h e  s p i l l .  A f t e r  2 years,  

a l l  endemic organisms had r e h a t i t a t e d  t h e  a f f e c t e d  area immediate ly  below t h e  source o f  

contaminat ion;  however, t h e  p o p u l a t i o n  d e n s i t y  was n o t  as g r e a t  as t h e  u n a f f e c t e d  p o p u l a t i o n  

d e n s i t y  above t h e  source o f  contaminat ion.  

E s t u a r i n e  and Coasta l  Mar ine H a b i t a t s .  B u f f e r i n g  c a p a c i t y  o f  sea water  i s  g r e a t e r  than most - 
f r e s h  waters; hence, b o t h  e s t u a r i n e  and c o a s t a l  mar ine h a b i t a t s  w i l l  a s s i m i l a t e  g r e a t e r  volumes 

o f  a l k a l i  contaminant  w i t h o u t  adverse e f f e c t s .  Organisms c l o s e  t o  a source o f  con tamina t i cn  

would l i k e l y  s t i l l  be a f f e c t e d ,  b u t  u l t i m a t e  impact  would n o t  be severe. B i o t a  i n h a b i t i n g  



e s t u a r i e s  and c o a s t a l  mar ine e n v i r o n s  would t o l e r a t e  o f t e n  extreme v a r i a t i o n s  i n  a1 k a l  i n i  t y  and 

o t h e r  wa te r  p r o p e r t i e s .  The pH f l u c t u a t i o n s  of temperate e s t u a r i e s  o f t e n  range between 6.5 

and 9.5. 

2.2.6 F u t u r e  Research Needs 

Presen t  research  does n o t  adequate ly  deal  w i t h  t h e  env i ronmenta l  impact  a s s o c i a t e d  w i t h  l i q u i d  

meta l  d i s a s t e r s .  O f  p a r t i c u l a r  s i g n i f i c a n c e  a r e  t h e  dynamics i n v o l v e d  w i t h  t h e  h y d r o l y s i s  o f  

a l k a l i  meta l  ox ides  i n  ecosystems and t h e  f a t e  of t h e  a l k a l i  and hydrox ide  d e r i v a t i v e s .  

F u r t h e r  e c o l o g i c a l  i n v e s t i g a t i o n s  i n t o  s o d i c  s o i l  h a b i t a t s  and a l k a l i n e  a q u a t i c  h a b i t a t s  would 

a i d  i n  d e l i n e a t i n g  t h e  e x p l i c i t  e f f e c t s  o f  these contaminants a t  t h e i r  most t o l e r a b l e  

b i o l o g i c a l  extremes. 

Bioassay work shou ld  be conducted f o r  b o t h  acu te  and c h r o n i c  e f f e c t s  on organisms o f  s i g n i f i c a n t  

v a l u e  t o  t h e i r  r e s p e c t i v e  ecosystems. E f f o r t s  should be made t o  assess b o t h  c a u s t i c  hydrox ide  

e f f e c t s  and s p e c i f i c  i o n  e f f e c t s  independent o f  each o t h e r .  Rates o f  t u r n o v e r  and removal by 

b o t h  n a t u r a l  and a r t i f i c i a l  means should be analyzed. Such an assessment would f a c i l i t a t e  t h e  

development o f  reasonable m o n i t o r i n g  programs assoc ia ted  w i t h  f u s i o n  power p l a n t s .  

2.3 B i o l o g i c a l  E f f e c t s  o f  B e r y l l i u m  

B e r y l  1  ium (Be) may be i n c l u d e d  i n  t h e  f i x e d  b l a n k e t  s t r u c t u r e  i n  c e r t a i n  f u s i o n  r e a c t o r  des igns 

as a  neu t ron  m u l t i p l i e r .  I n  t h e  most severe a c c i d e n t  est imated,  a  massive l i q u i d  meta l  f i r e  o r  

e x p l o s i o n  c o u l d  c r e a t e  s u f f i c i e n t  pressure t o  breach r e a c t o r  conta inment  w a l l  s. T h i s  would 

r e s u l t  i n  t h e  r e l e a s e  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  combustion p roduc ts  i n c l u d i n g  ox ides  o r  

hydrox ides  o f  t h e  meta l  Be, d ispersed  as aeroso ls  u l t i m a t e l y  depos i ted  on t h e  ground o r  nearby 

wate r  bodies. S i g n i f i c a n t  re leases  o f  ox ides  o f  Be as aeroso ls  cou ld  a l s o  occur  d u r i n g  t h e  

m in ing ,  r e f i n i n g  and f a b r i c a t i o n  o f  m a t e r i a l s  in tended  f o r  f u s i o n  r e a c t o r  use. 

The e n t r y  o f  Be i n t o  t h e  food  cha in  w i t h  b i o m a g n i f i c a t i o n  cou ld  p resen t  a  hazard t o  man. To 

assess and p r e d i c t  t h e  e f f e c t s  o f  Be re leased  t o  t h e  environment, i t  i s  necessary t o  know how 

r e a d i l y  t h e  meta l  i s  metabo l i zed  by b i o l o g i c a l  organisms, and a t  what l e v e l s  t o x i c i t y  cou ld  be 

expected. 

2.3.1 B e r y l l i u m  and I t s  Compounds 

B e r y l l i u m  i s  an a l k a l i n e  e a r t h  and forms a  s e r i e s  o f  compounds resembl ing o t h e r s  o f  t h e  

magnesium f a m i l y .  Be forms t h e  monoxide, BeO, when heated i n  a i r  o r  oxygen ( 0 ) .  Be0 does n o t  

r e a c t  w i t h  wa te r  and m e l t s  a t  2500'. I t  forms t h e  d i o x i d e ,  NaHBe02, i n  t h e  presence o f  a l k a l i  

hydrox ide  (NaOH). The hydrox ide,  Be(OH)2, i s  i n s o l u b l e  i n  water  b u t  i s  amphoteric and d i s s o l v e s  

i n  b o t h  a c i d s  and a l k a l i e s .  The s a l t s  o f  Be r e a d i l y  hydro lyze  and form b a s i c  compounds. 

2.3.2 Qua1 i t a t i v e  and Q u a n t i t a t i v e  A n a l y s i s  

B e r y l  1  ium i s  most commonly determined by spect rophotometry  (APHA, 1971 ). I n  p r i n c i p l e ,  a  smal l  

q u a n t i t y  o f  EDTA i s  added t o  t h e  Be sample t o  p reven t  i n t e r f e r e n c e  f rom moderate q u a n t i t i e s  o f  

aluminum (A1 ) ,  c o b a l t  (Co), copper (Cu), i r o n  (Fe), manganese (Mn), n i c k e l  ( N i ) ,  t i t a n i u m  (Ta), 

z i n c  (Zn) ,  and z i rcon ium ( Z r ) .  An A1 b u f f e r  reagen t  i s  then  added t o  fo rm a  Be l a k e  and t h e  

c o l o r  developed i s  measured a t  515 mp. 



Development o f  a  s tandard c l ~ r v e  r e l s t i o n s h i p  i s  necessary. The unknown, d i s t i l l e d  water  b lank,  

and Be standards a r e  analyzed as n e a r l y  s imu l taneous ly  as p r a c t i c a l .  The c o n c e n t r a t i o n  o f  Be i n  

t h e  unknown i s  determined f rom t h e  c a l c u l a t i o n :  

mg!~ Be = 2 B e _  
ml sample 

The minimum d e t e c t a b l e  c o n c e n t r a t i o n  f o r  Be i s  5  p j / l .  In  an unknown sample f u r n i s h e d  t o  

32 independent l a b o r a t o r i e s ,  Be i n  t h e  presence o f  o t h e r  i n t e r f e r i n g  meta ls  was determined w i t h  

a r e l a t i v e  s tandard d e v i a t i o n  o f  7 percen t  and a r e l a t i v e  e r r o r  o f  12 percen t  (APHA, 1971). 

2.3.3 Behavior  and E f f e c t s  o f  B e r y l l i u m  i n  t h e  Environment 

2.3.3.1 T e r r e s t r i a l  E f f e c t s  

Concen t ra t ion  and t o x i c i t y  o f  Be was r e p o r t e d  i n  a wide spectrum o f  organisms i n c l u d i n g  p l a n t s ,  

animals, and man. 

Growth i n  l e n g t h  o f  squash r o o t s ,  Cucurb i ta  pepo, and Carthamus t i n c t o r i u s ,  was i n h d b i t e d  

34 t o  46 percen t  i n  7.3 x  t o  7.3 x  M Be s u l f a t e  (Hopk~ns ,  1952). Growth o f  bus+ bear,, 

Phaseolus vu l a a r i s ,  was s i g n i f i c a n t l y  i n h i b i t e d  w h e ~  10- day-old seed1 i n g s  were t r a n s f e r r e d  f rom 

sand c u l t u r e  t o  aera ted  n u t r i e n t  s o l u t i o n s  c o n t a i n i n g  0.5 t o  1.0 mg/l  Be (Rornney, e t  a l . ,  1962). 

Roots tu rned  brown w i t h i n  5 days o f  exposure and f a i l e d  t o  resume normal e l o n g a t i o n .  S t u n t i n g  

o f  p l a n t  f o l i a g e  was apparent  w i t h i n  10 days o f  exposure, and abnormal f l o w e r i n g  was observed a t  

t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  Be. Roots accumulated Be and leaves accumulated t h e  h i g h e s t  

concen t ra t ions .  Small amounts accumulated i n  t h e  bean f r u f t s .  I n  e x e r t i n g  i t s  t o x i c  a c t i o n  on 

t h e  bush bean p l a n t ,  i nc reased  Be c o n c e n t r a t i o n s  decreased Ca c o n t e n t  i n  r o o t s  and stems. 

Phosphorous ( P )  c o n t e n t  was s l i g h t l y  inc reased  i n  stems, leaves, and f r u i t s .  Romney, e t  a l .  

(1962) b e l i e v e d  t h e T i n h i b i t c r y  e f f e c t s  o f  Be gn p l a r t  growth were cen te red  i n  r o o t  t i ssues ,  and 

t h a t  Be may have i n h i b i t e d  normal f u n c t i o n s  o f  t h e  p l a n t s  phosphatase enzyme system. An i n h i b i -  

t i o n  o f  normal metabol ism o f  i n o r ? ? n ~ c  P which t h e  p l a n t  a t tempted t o  overcome by increased P 

uptake a l s o  may have accounted f o r  inc reased  P concen t ra t ions  a t  h i g h e r  l e v e l s  o f  Be. B e r y l l i u m  

d i d  n o t  appear t o  i n h i b i t  syn thes is  aqd f u n c t i o n  o f  c h l o r o o h y l l .  

B e r y l 1  ium has produced sarcomas i n  r a b b i t s ,  pulmonary cancer i n  r a t s  and monkeys, and r i c k e t s  

and osteosc. leros is  i n  1 i v e s t o c k  (Vorwald, e t  a1 ., 1966). 

2.3.3.2 Human E f f e c t s  

Humans b r e a t h i n g  aeroso ls  c o n t a i n i n g  Be were r e p o r t e d  t o  c o n t r a c t  b r o n c h i t i s  and pneumonit is,  

w h i l e  d i r e c t  s k i n  c o n t a c t  w i t h  Be r e s u l t e d  i n  c o n j u n c t , i v i t i s ,  d e r m a t i t i s ,  and u l c e r a t i o n  

(Vorwal d, 1966). 

Recommended t r a c e  element to le rances  f o r  c o n t i n u c u s l y  used i r r i g a t i o n  waters i s  0.5 mg/l f o r  Be 

(Na t iona l  Technica l  Adv iso ry  Committee t o  t h e  Secre ta ry  o f  t h e  I n t e r i o r ,  1968). The U.S. 

P u b l i c  H e a l t h  S e r v i c e  d r i n k i n s  wa te r  s tandards l i m i t s  Be t o  0.1 mg/l ( B r e s l i n ,  1966). The 
3 recofimended a l l o v ~ a b l e  fume o r  d u s t  c o n c e n t r a t i o n  i n  a i r  i s  O.CI02 mg/m (Arena, 1963). 

2.3.3.3 Aqua t i c  E f f e c t s  

Goldberg, e t  a1 . (1971) r e p o r t e d  t h a t  Be ;,as concentrated '300 t imes i n  mar ine p l a n t s  and animals  

E e r y l l i l ~ r n  apparen t l y  i s  t o x i c  f o r  a v a r i e t y  o f  aq t ia t i c  organisms. 



Kar lander  and Krauss (1972) found t h a t  t h e  a l g a  Chore1 l a  v a n n i e l i i  absorbed up t o  44 mg o f  Be 

per  mg d r y  we igh t  f rom a  c u l t u r e  s o l u t i o n  c o n t a i n i n g  10 m g l l  o f  Be(OH)2. Maximum a u t o t r o p h i c  

growth r a t e s  were i n h i b i t e d  10 t o  20 percen t  by t h e  a d d i t i o n  o f  100 mg/l Be t o  c u l t u r e  s o l u t i o n s .  

From f i e l d  exper iments w i t h  Be, Kar lander  and Krauss (1972) concluded t h a t  knowledge of t h e  pH 

o f  r e c e i v i n g  waters was an i m p o r t a n t  f a c t o r  i n  de te rmin ing  t h e  b i o l o g i c a l  a v a i l a b i l i t y .  I n  

genera l ,  l ow pH (<7.0) enhanced t h e  s o l u b i l i t y  o f  Be, w h i l e  t h e  presence o f  OH- i o n s  caused 

p r e c i p i t a t i o n  o f  Be. Kar lander  and Krauss (1972) a1 so i n d i c a t e d  t h a t  b i o l o g i c a l  a v a i l a b i l i t y  

depended upon t h e  r e l a t i v e  amount o f  suspended m a t e r i a l  i n  r e c e i v i n g  waters.  B e r y l  1  ium adhered 

t o  many sur faces,  and most m a t e r i a l  n o t  i n  s o l u t i o n  a t t r a c t e d  Be, and i f  i n  t h e  hydrox ide  form, 

caused i t  t o  p r e c i p i t a t e .  Other  m a t e r i a l s  such as phosphates were i m p l i c a t e d  i n  t h e  p r e c i p i t a -  

t i o n  o f  Be. However, Everes t  (1964) r e p o r t e d  t h a t  some o rgan ic  compounds, such as c i t r i c  ac id ,  

c h e l a t e d  Be he1 p i n g  t o  m a i n t a i n  i t  i n  s o l u t i o n .  

T o x i c i t y  t e s t s  i n d i c a t e d  t h a t  96 hour LC50 f o r  fa thead minnow, Pimephales promelas, exposed t o  

b e r y l l i u m  c h l o r i d e ,  was 0.15 m g l l  i n  s o f t  water,  and 15 m g l l  f o r  t h e  same spec ies  i n  hard  wa te r  

(Tarzwe l l  and Henderson, 1960). Jackim, e t  a l .  (1970) r e p o r t e d  a  96 hour LC50 o f  31 mg/l f o r  

t h e  mummichog, Fundulus h e t e r o c l i t u s ,  exposed t o  b e r y l l i u m  c h l o r i d e .  

The maximum c o n c e n t r a t i o n  of Be accep tab le  i n  mar ine o r  e s t u a r i n e  waters shou ld  n o t  exceed 0.01 

o f  t h e  96 hour LC50 va lue  determined f o r  a  p a r t i c u l a r  r e c e i v i n g  wate r  and u s i n g  t h e  most 

i m p o r t a n t  s e n s i t i v e  species p resen t  as t h e  t e s t  organism. Concen t ra t ions  o f  Be i n  mar ine o r  

e s t u a r i n e  wate rs  i n  excess o f  1.5 m g l l  would be unacceptable. 

2.3.4 Conclus ions 

B e r y l l i u m  r e l e a s e d  t o  t h e  environment d u r i n g  t h e  m i n i n g  c y c l e  o r  r e a c t o r  a c c i d e n t  s i t u a t i o n  

c o u l d  be i n  t h e  fo rm o f  a  number o f  compound types.  S o l u b i l i t y  and hence b i o l o g i c a l  

a v a i l a b i l i t y  would v a r y  w i t h  pH, t h e  presence o f  c e r t a i n  o t h e r  i n o r g a n i c  and o r g a n i c  compounds, 

and t h e  phys iochemical  forms o f  these compounds; i .e.,  i o n i c ,  c o l l o i d a l ,  o r  p a r t i c u l a t e .  

B e r y l  1  ium t o x i c i t y  was demonstrated i n  a  v a r i e t y  of organisms i n c l u d i n g  p l a n t s ,  an imals ,  and 

man. Where comparat ive d a t a  i s  a v a i l a b l e ,  an imals  a r e  g e n e r a l l y  as s u s c e p t i b l e  as p l a n t s .  

Evidence suggests t h a t  Be concen t ra tes  i n  b o t h  p l a n t  and animal forms w i t h  p o t e n t i a l  f o r  

b i o m a g n i f i c a t i o n  i n  f o o d  cha ins  l e a d i n g  t o  man. 

From t h e  l i t e r a t u r e  review, i t  i s  e v i d e n t  t h a t  t h e  e x i s t i n g  da ta  base i s  f ragmentary,  and i s  o f  

q u e s t i o n a b l e  v a l u e  f o r  p r e d i c t i o n  and u l t i m a t e  assessment o f  impacts. The l a c k  o f  i n f o r m a t i o n  

on s p e c i f i c  compound types  r e l e a s e d  t o  t h e  env i ronment  d u r i n g  t h e  m i n i n g  c y c l e  o r  r e a c t o r  

a c c i d e n t  f u r t h e r  comp l i ca tes  t h i s  problem. However, assuming t h a t  t h e  p r i n c i p a l  compound types  

o f  Be r e l e a s e d  t o  t h e  env i ronment  a r e  ox ides o r  hydrox ides,  which a r e  r e l a t i v e l y  i n s o l u b l e ,  and 

t h e  l e v e l s  r e l e a s e d  exceed maximum accep tab le  concen t ra t ions ,  t h e  f o l l o w i n g  conc lus ions  a r e  

reached. 

I n  t e r r e s t r i a l  h a b i t a t s ,  t o x i c i t y  t o  p l a n t  communities would i n i  t a l  l y  be min imal ,  b u t  c o u l d  

i n c r e a s e  w i t h  t i m e  a f t e r  d i s p e r s a l  due t o  m i c r o b i a l  i n t e r a c t i o n  i n  low pH s o i l s  t o  form more 

s o l u b l e ,  b i o l o g i c a l l y  a v a i l a b l e  compound types.  I n  reg ions  where a c i d  r a i n s  occur, s o l u b i l i t y  

o f  these  compounds would l i k e l y  be enhanced w i t h  t h e  o p p o r t u n i t y  f o r  more immediate adverse 

e f f e c t s .  T o x i c i t y  t o  animal forms i n c l u d i n g  man c o u l d  r e s u l t  d i r e c t l y  f rom s k i n  c o n t a c t  o r  

- i n h a l a t i o n ,  o r  f rom i n g e s t i o n  o f  contaminated f o o d s t u f f s .  I n g e s t i o n  o f  domestic herb ivo res ,  

d a i r y  products ,  and game animals  c o n s t i t u t e  o t h e r  p o t e n t i a l  pathways t o  man. Crops such as 

tobacco m i g h t  a l s o  c o l l e c t  these p o t e n t i a l l y  t o x i c  compounds and c o n s t i t u t e  y e t  another  pathway 

t o  man th rough  smoking. 
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I n  a q u a t i c  h a b i t a t s ,  t o x i c i t y  would v a r y  w i t h  pH. It i s  l i k e l y  t h a t  f reshwate r  environments 

would be more v u l n e r a b l e  than  e s t u a r i n e  o r  mar ine environments. M i c r o b i a l  i n t e r a c t i o n  i n  

sediments c o u l d  p l a y  an i m p o r t a n t  r o l e  i n  r e n d e r i n g  t h e  r e l a t i v e l y  i n s o l u b l e  ox ides  and hydro-  

x ides  more s o l u b l e  making them more a v a i l a b l e  f o r  d i r e c t  t o x i c  e f f e c t .  However, i n d i r e c t  t o x i c  

e f f e c t s  c o u l d  be more impor tan t ,  i n  t h a t  f i l t e r  f e e d i n g  organisms (mol luscs,  i n s e c t  la rvae ,  

crustaceans,  and f i s h )  would i n g e s t  s i g n i f i c a n t  q u a n t i t i e s  o f  t c x i  c  meta l  absorbed t o  f o o d s t u f f s .  

T h i s  c o u l d  be t r u e  a l s o  f o r  d e t r i t a l  feeders such as o l i g o c h a e t e  and polychaeta worms, i n s e c t  

l a r v a e ,  and crustacea.  I n g e s t i o n  o f  f i s h  and s h e l l  f i s h  c o n s t i t u t e  p o t e n t i a l  pathways t o  man. 

2.3.5 F u t u r e  Research Needs 

For  b o t h  a c u t e  and c h r o n i c  t ype  exposures, c o n c e n t r a t i o n  f a c t o r s  and t u r n o v e r  r a t e s  i n  t h e  

v a r i o u s  corr~partments o f  b o t h  t e r r e s t r i a l  and a q u a t i c  ecosystems must be determined. The poten- 

t i a l  f o r  b i o m a g n i f i c a t i o n  must a l s o  be de f ined .  

Longer te rm o r  c h r o n i c  t e s t s  ex tend ing  over  t h e  e n t i r e  l i f e  c y c l e  o f  s e l e c t e d  t e s t  organisms 

should be used t o  determine t h e  h i g h e s t  s a f e  c o n c e n t r a t i o n  of Be a t  which no adverse b i o l o g i c a l  

e f f e c t s  a r e  observed. Data d e r i v e d  f rom these s t u d i e s  should be used t o  develop a p p l i c a t i o n  

f a c t o r s  t h a t  f a c i l i t a t e  e s t i m a t i o n  o f  sa fe  concen t ra t ions  o f  3e f rom shor t - te rm acu te  t e s t s .  

Assessment of s u b l e t h a l  s t r e s s ,  i .e., development, growth, feeding,  and s a l i e n t  p h y s i o l o g i c a l  

and b iochemical  processes, shou ld  be conducted t o  p e r m i t  r a p i d  d e t e c t i o n  o f  responses t o  Be a t  

s t r e s s i n g  l e v e l s  as low as those found by c h r o n i c  t e s t s  t o  be b i o l o g i c a l l y  safe.  

2.4 S a l t  D r i f t  f rom Coo l ing  Towers 

The p c t e n t i a l  e x i s t s  f o r  t h e  accumulat ion o f  s a l t s  i n  t h e  environment surrounding nuc lear  power 

p l a n t s  t h a t  employ c o o l i n g  towers t o  d i s s i p a t e  waste heat.  The q u a n t i t i e s  o f  s a l t s  assoc ia ted  

w i t h  d r i f t  depends l a r g e l y  on t h e  q u a l i t y  o f  makeup water .  A d d i t i o n a l  s a l t s  a r e  c o n t r i b u t e d  by 

chemical a d d i t i v e s  and c o r r o s i o n  p roduc ts  assoc ia ted  w i t h  t h e  c o o l i n g  c y c l e .  D ispersa l  depends 

upon t o ~ e r  h e i g h t  and p r e v a i l i n g  m e t e o r o l o g i c a l  c o n d i t i o n s  w i t h  u l t i m a t e  d e p o s i t i o n  governed by 

wind d i r e c t i o n  and v e l o c i t y .  

2.4.1 Behavior  and E f f e c t s  of S a l t  D r i f t  i n  t h e  Environment 

2.4.1.7 T e r r e s t r i a l  E f f e c t s  

The p r imary  impacts o f  s a l t  d r i f t  d e p o s i t i o n  i n  t e r r e s t r i a l  h a b i t a t s  w i l l  e f f e c t  1 )  t h e  bare 

s o i l ,  such as newly plowed o r  f a l l o w  f i e l d s ,  and 2)  v e g e t a t i v e  su r faces  o f  v a r i o u s  k inds  o f  c r o p  

p l a n t s ,  n a t u r a l  grass, shrub, and t r e e  communities. 

Most da ta  on t h e  e f f e c ~ s  o f  s a l t  accumulat ion i n  s o i l  i n  r e l a t i o n  t o  p i a n t  growth a r e  a v a i l a b l e  

f rom research  on i r r i g a t e d  a g r i c u l t u r a l  p r a c t i c e s .  E f f e c t s  on p l a n t  growth depend on t h e  

q u a n t i t y  and chemical compos i t i on  o f  s a l t s  i n  t h e  source wate r .  The q u a n t i t y  o f  s a l t s  may vary,  

r a n g i n g  f rom 70 ppm i n  t h e  Columbia R i v e r  wa te r  a t  Wenatchee, Washington, t o  2300 ppln i n  t h e  

Pecos R i v e r  a t  Carlsbad, New Mexico. An a c r e - f o o t  o f  Colorado R i v e r  wa te r  may add 2000 pounds 

o f  s o l u b l e  s a l t s  t o  an a c r e  o f  c rop  l a n d  i n  t h e  I m p e r i a l  V a l l e y  o f  C a l i f o r n i a .  However crops 

a r e  s t i l l  grown s u c c e s s f u l l y  i f  s u f f i c i e n t  water  i s  a v a i l a b l e  and subsur face dra inage f o r  excess 

wate r  i s  prov ided.  Furthermore, t h e  adverse e f f e c t s  o f  s o l u b l e  s a l t s  on c r o p  lands depends on 

t h e  t o t a l  c o n c e n t r a t i o n  o f  sodium, and t h e  p r o p o r t i o n  o f  sodium t o  c a l c i u m  and magnesium, t h e  

c o n c e n t r a t i o n  o f  b icarbonate,  and t h e  presence o f  such t o x i c  elements as boron. 



N a t u r a l  p l a n t  communities a r e  a l s o  a f f e c t e d  by these f a c t o r s ,  b u t  a l s o  a r e  p robab ly  v u l n e r a b l e  

t o  d e p o s i t i o n  o f  s o l u b l e  s a l t s  on t h e  surface s o i l  which may serve t o  decrease seed germina t ion  

and s e e d l i n g  development. It i s  n o t  l i k e l y ,  then, t h a t  deeply  r o o t e d  p e r e n n i a l  p l a n t s  would be 

d i r e c t l y  a f f e c t e d  by s a l t  d e p o s i t i o n  i n  s u r f a c e  s o i l s ,  b u t  may f a i l  t o  reproduce because o f  

u n f a v o r a b l e  c o n d i t i o n s  assoc ia ted  w i t h  chemical changes i n  s u r f a c e  s o i l s .  

S tud ies  o f  l ong- te rm d r i f t  d e p o s i t i o n  p a t t e r n s  a t  Oak Ridge, Tennessee ( T a y l o r  e t  a1 . , 1975), 

d i s c l o s e d  h i g h  c o n c e n t r a t i o n s  of b o t h  chromium and z i n c  near  c o o l i n g  towers, b u t  adverse 

e f f e c t s  on n a t i v e  species were n o t  observed except  i n  l e a f  s i z e  r e d u c t i o n s  i n  tobacco p l a n t s ,  

an u n u s u a l l y  s e n s i t i v e  species.  

The r e t e n t i o n  of depos i ted  s a l t s  on n a t u r a l  grasses, shrubs, and t r e e  communit ies i s  temporary 

s i n c e  most p l a n t s  exper ience  a  y e a r l y  senescence, and dead p l a n t  p a r t s  drop t o  t h e  ground. 

The u l t i m a t e  r e p o s i t o r y  f o r  s a l t  d e p o s i t i o n  i s  t h e  s o i l .  Impact w i l l  v a r y  accord ing  t o  t h e  

p r e v a i l i n g  ecosystem, i .e . ,  deser t ,  g rass land  o r  f o r e s t :  

I n  a r i d  reg ions ,  t h e  r a t e  o f  e v a p o t r a n s p i r a t i o n  i s  h i g h  r e l a t i v e  t o  p r e c i p i t a t i o n ;  

s a l t  d e p o s i t i o n  w i l l  c o n t r i b u t e  t o  accumulat ion o f  s a l i n i t y  i n  s o i l s ,  w i t h  t h e  p o t e n t i a l  f o r  

marked change i n  vege ta t ion .  

I n  grass land,  t h e  r a t e  of e v a p o t r a n s p i r a t i o n  i s  u s u a l l y  approx imate ly  equal t o  

p r e c i p i t a t i o n ;  t h e r e  s t i l l  e x i s t s  p o t e n t i a l  f o r  accumulat ion o f  s a l i n i t y  i n  s o i l s .  When t h i s  

occurs, a  s h i f t  f rom low s a l t  t o l e r a n t  species t o  h i g h  s a l t  t o l e r a n t  species may r e s u l t .  

I n  deciduous f o r e s t s ,  t h e  r a t e  o f  e v a p o t r a n s p i r a t i o n  i s  g e n e r a l l y  exceeded by 

p r e c i p i t a t i o n  w i t h  t h e  r e s u l t  t h a t  s a l t  depos i ted  f rom c o o l i n g  tower d r i f t  i s  d i l u t e d  and does 

n o t  accumulate; adverse impact  on such f o r e s t  h a b i t a t s  i s  n o t  l i k e i y  t o  occur. However, i n  

f o r e s t s  l o c a t e d  i n  more a r i d  reg ions ,  t h e  e v a p o t r a n s p i r a t i o n  r a t e  again approximates p r e c i p i t a -  

t i o n  w i t h  t h e  p o t e n t i a l  f o r  s a l t  accumulat ion, and thus adverse impact.  

2.4.1.2 Animals 

Coo l ing  tower  d r i f t  may c o n t a i n  t r a c e  q u a n t i t i e s  o f  a rsen ic ,  cadmium, lead,  chromium and mercury, 

and a l s o  b i o c i d e s .  I f  t h r e s h o l d  l i m i t s  a r e  exceeded, t o x i c i t y  t o  an imals  as w e l l  as p l a n t s  niay 

r e s u l t .  D e p o s i t i o n  o f  d r i f t  on f o l i a g e  i s  t h e  p r i n c i p a l  r o u t e  by which such m a t e r i a l s  may 

p o t e n t i a l l y  a f f e c t  animal forms; however, d i r e c t  s k i n  c o n t a c t  and i n h a l a t i o n  c o n s t i t u t e  o t h e r  

i m p o r t a n t  r o u t e s .  Man i s  p o t e n t i a l l y  a f f e c t e d  by e a t i n g  contaminated vegetables,  doniest icated 

animals ,  d a i r y  products ,  and game animals. Crops such as tobacco may a l s o  c o l l e c t  d r i f t  and 

a f f e c t  man th rough  smoking. A l though t h e  magnitude o f  impacts t o  an imals  cannot  be a c c u r a t e l y  

assessed f rom t h e  a v d i l a b l e  d a t a  base, i t  does n o t  appear t o  be s e r i o u s  p r o v i d e d  emiss ion m n -  

t r o l s  a r e  mainta ined.  

2.4.1.3 Aqua t i c  E f f e c t s  

Impacts on a q u a t i c  species a r e  n o t  u s u a l l y  assoc ia ted  w i t h  s a l t  d r i f t ,  b u t  a r e  more c l o s e l y  

r e l a t e d  t o  t h e  d i r e c t  d i scharge  o f  c o o l i n g  tower  blowdown t o  a q u a t i c  h a b i t a t s .  However, some 

measure o f  impact  may r e s u l t  f rom d e p o s i t i o n  o f  s a l t  d r i f t  on f reshwate r  marshes. 

2.4.2 Conclus ions 

S a l t  d e p o s i t i o n  w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  accumulat ion o f  s a l i n i t y  i n  s o i l s  o f  a r i d  

reg ions ,  and t o  some degree i n  grass lands,  w i t h  p o t e n t i a l  f o r  adverse impact  o r  v e g e t a t i o n .  

S a l t  f rom c o o l i n g  towers w i l l  n o t  l i k e l y  accumulate i n  f o r e s t e d  reg ions .  Coo l ing  tower s a l t  



d r i f t  may conta in  t r a c e  q u a n t i t i e s  o f  arsenic, cadmium, lead, chromium, and mercury, and if 

threshold l i m i t s  are exceeded, t o x i c i t y  t o  animals as we l l  as p lan ts  could r e s u l t .  Man may be 

a f fec ted  by eat ing  contaminated vegetables, domesticated animals, d a i r y  products, and game 

animals. Crops such as tobacco may a l so  c o l l e c t  s a l t  d r i f t  and a f f e c t  man through smoking. 

Impacts on aquat ic hab i ta t s  are  usua l l y  no t  associated w i t h  coo l ing  tower d r i f t ,  although some 

measure o f  impact may r e s u l t  from depos i t ion  on freshwater marshland. 

2.4.3 Future Research Needs 

S a l t  d r i f t  from coo l ing  towers i s  a problem f o r  both f i s s i o n  and fusion desjgns; and s i t e  s p e c i f i c  

cond i t ions  w i l l  weigh heav i l y  on u l t ima te  assessment impact. Future research needs inc lude 

prov is ions  t o  b e t t e r  charac ter ize  the  heavy metal cons t i t u ten ts  and other compounds comprising 

s a l t  d r i f t ,  as we l l  as assessing t h e i r  r e l a t i v e  t o x i c i t i e s  t o  indigenous f l o r a  and fauna. Tests 

under s i t e  s p e c i f i c  cond i t ions  and u t i l i z i n g  indigenous species need t o  be conducted before the  

s ign i f i cance  o f  impact may be predicted.  F i n a l l y ,  atmospheric dispersed o f  s a l t  d r i f t  on a 

s i t e - b y- s i t e  basis must be s tud ied and modeled. 

2.5 Routine Releases t o  Water 

As i n  the  case o f  s a l t  d r i f t ,  adverse e f f e c t s  t o  aquat ic species from chemical releases may 

occur i n  the  discharge o f  both f i s s i o n  and fus ion  power p l a n t  designs. Such releases are mani- 

fes ted as a community response i nvo l v ing  detectable changes i n  the  t o t a l  number o f  species and 

i nd i v i dua l s  comprising a species. This may r e s u l t  because o f  temporary, i n te rm i t t en t ,  o r  con- 

t inuous re lease o f  t o x i c  chemicals (b iocides,  cor ros ion  i n h i b i t o r s ,  d i sso lu t i on  products). The 

po ten t i a l  impact i s  reduced abundance o r  t o t a l  l oss  o f  one o r  more species, and sometimes the  

s u b s t i t u t i o n  o f  undesired species. 

2.5.1, E f fec t s  o f  Routine Chemical Releases i n  the  Aquatic Environment 

A l l  aquat ic  organisms are p o t e n t i a l l y  suscept ib le as they are  i n  d i r e c t  contact  w i t h  the  t o x i c  

ma te r i a l s  i n  s o l u t i o n  o r  suspension. The t o x i c  mater ia l  enters aquat ic organdsms through t h e i r  

integument, membranes, g i l l s ,  o r  mouth. M o r t a l i t y  may be d i r e c t ,  o r  i n d i r e c t  bhen small quant i-  

t i e s  accumulate w i t h i n  the  f l e s h  o f  a f f ec ted  organisms. Accumulated ma te r i a ld  may cause reduced 

fecundi ty,  lowered stamina, o r  s tun t i ng  o f  growth. Organisms low on the  food chain may be 

destroyed, so t h a t  valued species a t  h igher l e v e l s  f i n d  l i t t l e  forage and may be el iminated o r  

displaced. However, aquat ic  organisms vary wide1 y i n  t h e i r  to le rance t o  t o x i c  chemicals. A1 so 

s u s c e p t i b i l i t y  depends upon the l i f e  stage o f  the organism, and as we l l ,  the concentrat ion o f  

the  tox icant ,  and the  a b i o t i c  features o f  the  hab i ta t .  

Cooling water i s  used r o u t i n e l y  t o  dispose o f  small q u a n t i t i e s  o f  ch lor ine ,  a1 k a l i n e  hydroxides, 

copper, n i cke l ,  i ron ,  zinc, chromium, and boron, by means o f  d i l u t i o n ,  d ispers ion,  and reduct ion.  

P o t e n t i a l l y  t o x i c  ma te r i a l s  may a1 so reach the  aquat ic environment by 1 i q u i d  seepage froni onshore 

disposal  basins, con t ro l  o f  f o u l i n g  organisms i n  coo l ing  systems, and concentrat ion o f  chemicals 

i n  b l  owdown from cool i ng towers. 

However, chemicals normal ly  used i n  the r o u t i n e  operat ion o f  power p lan ts  are  we l l  characterized, 

and i f  chemical releases are con t ro l l ed  a t  the p lan t ,  t h e i r  actual  impact on aquat ic organisms 

w i l l  be minimal. 



2.5.2 Conclus ions 

Adverse e f f e c t s  t o  a q u a t i c  organisms from r o u t i n e  chemical re leases  a r e  l i k e l y  t o  occur  i n  

f u s i o n  power p l a n t s  as t h e y  occur  c u r r e n t l y  i n  d ischarges  f rom f i s s i o n  des igns.  A l l  a q u a t i c  

organisms a r e  p o t e n t i a l l y  suscep t ib le ;  m o r t a l i t y  may be d i r e c t ,  o r  i n d i r e c t  when smal l  q u a n t i -  

t i e s  accumulate w i t h i n  t h e  f l e s h  o f  a f f e c t e d  organisms. Coo l ing  wa te r  d ischarges  a r e  used 

r o u t i n e l y  t o  d ispose o f  smal l  q u a n t i t i e s  o f  c h l o r i n e ,  a1 k a l  i n e  hydrox ides,  copper, n i c k e l ,  i r o n ,  

z i n c ,  chromium, and boron, a1 1  p o t e n t i a l l y  t o x i c  compounds and elements. However, such con- 

s t i t u e n t s  a r e  u s u a l l y  w e l l  charac te r i zed ,  and i f  r e l e a s e s  a r e  c o n t r o l l e d  a t  each p l a n t  s i t e ,  

t h e i r  a c t u a l  impac t  on a q u a t i c  organisms w i l l  be m in ima l .  

2.5.3 F u t u r e  Research Needs 

Chemical r e l e a s e s  f rom n u c l e a r  p l a n t s  a r e  encountered i n  b o t h  f u s i o n  and f i s s i o n  r e a c t o r  designs; 

and s i t e  s p e c i f i c  c o n d i t i o n s  w i l l  weigh h e a v i l y  on u l t i m a t e  assessment o f  impact .  Then, on a  

s i t e  s p e c i f i c  bas is ,  research  needs i n c l u d e  t h e  p r o v i s i o n s  t o  determine t h e  q u a l i t y  o f  c o o l i n g  

and r e c e i v i n g  wate r  t o  d e t e c t  t h e  presence and background l e v e l s  o f  i m p o r t a n t  chemical con- 

s t i t u e n t s ;  t o  determine by l a b o r a t o r y  and f i e l d  b ioassay t h e  p o t e n t i a l  acu te  and c h r o n i c  e f f e c t s  

o f  a l t e r e d  wate r  q u a l i t y  and chemical d i scharges  on s u s c e p t i b l e  b i o t a ;  and t o  determine t h e  

p o t e n t i a l  f o r  accumula t ion  and b i o m a g n i f i  c a t i o n  o f  d i scharged  chemicals  i n  s u s c e p t i b l e  b i o t a .  
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