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ABSTRACT 

The Flathead  River  headwaters  are i n   t h e   s o u t h e a s t e r n   c o r n e r   o f   B r i t i s h  

Columbia; the   r i ver   then  c rosses   the   In te rna t iona l   Boundary ,   eventua l l y  

reaches  Flathead  Lake i n  Montana,  and u l t i m a t e l y   j o i n s   t h e   C o l u m b i a   R i v e r  

system.  Concerns r e l a t i v e   t o  proposed  developments i n   t h e  Canadian 

p o r t i o n   o f   t h e   b a s i n  have l e d   t o  management e f f o r t s   t o   c o n s e r v e  Canadian 

i n t e r e s t s   w h i l e   m i n i m i z i n g   t h e   p o t e n t i a l   f o r   d i s p u t e s   o v e r   w a t e r   q u a l i t y  

i n  the   bas in .  Management o f  t h e   p r o b l e m   w o u l d   b e   f a c i l i t a t e d   b y   d e f i n i n g  

w a t e r   q u a l i t y   c o n d i t i o n s   t o  be  pursued  (water   qual i ty   ob ject ives) .   Water  

q u a l i t y   o b j e c t i v e s   r e q u l r e  a bas l s  i n  c r i t e r i a   f o r   s p e c i f i e d   w a t e r  uses, 

i . e .   t h e   s i t e - s p e c i f i c   w a t e r   q u a l i t y   r e q u i r e m e n t s   t o   s u p p o r t   a g r e e d - t o  

w a t e r   u s e s .   T h i s   r e p o r t   d e v e l o p s   s i t e - s p e c i f i c   w a t e r   q u a l i t y   c r i t e r i a  

f o r   t o x i c  compounds o f   n i t r o g e n   f o r   r e l e v a n t   f i s h  and a q u a t i c   l i f e  

species i n   t h e  Canadian p o r t i o n   o f   t h e   F l a t h e a d   R i v e r .  

N i t rogen  chemis t ry  i n  the  aquat lc   env i ronment  i s  determined  by  the  major 

n i t rogen   cyc l i ng   p rocesses ;   t hese   i nc lude   ammon i f i ca t i on ,   d i rec t  

a s s i m i l a t i o n ,   n i t r i f i c a t i o n ,  and d e n i t r i f i c a t i o n .  A number o f   p h y s i c a l ,  

chemical, and b i o l o g i c a l   f a c t o r s   m o d i f y   t h e   n i t r o g e n   c y c l i n g   p r o c e s s e s  'In 

streams and r i v e r s .  Thus t h e   r e l a t i v e   p r o p o r t i o n s   o f   v a r i o u s   h i g h l y  

t o x i c  and l e s s   t o x i c  compounds o f   n i t r . ogen  will v a r y   i n  a s i t e - s p e c i f i c  

manner. F u r t h e r ,   t h e   p a r t i c u l a r   s p e c i e s   o f   f i s h   p r e s e n t   i n   t h e  system, 

as w e l l  as t h e i r   l i f e   s t a g e  and s t a t e   o f   s t r e s s   f r o m   i n t e r a c t i n g  

env i ronmen ta l   f ac to rs ,   mod i f y   t he   t ox i c i t y ,   o f   t hese  compounds i n  a 

s i t e - s p e c i f i c  manner. These w a t e r   q u a l i t y  and b i o t i c   f a c t o r s  were  taken 

i n t o   - c o n s i d e r a t i o n  and  used w i th  l a b o r a t o r y   t o x i c o l o g y   i n f o r m a t i o n  i n  
d e v e l o p m e n t   o f   s i t e - s p e c i f i c   w a t e r   q u a l i t y   c r i t e r i a   f o r   n i t r a t e ,   n i t r i t e ,  

and ammonia. 

Assuming t h e   t o x i c   e f f e c t s   o f  ammonia and n i t r i t e   a r e   a d d i t i v e ,  where t h e  

two  tox icants   occur   together ,   the   fo l low ing   p rocedure   shou ld   be   used  to  

c a l c u l a t e   f i n a l   c r i t e r i a   v a l u e s .  The c o n c e n t r a t i o n   o f  one o f   t h e  
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compounds  must  be  measured,  and  to  comply  with  the  criteria  the  sum  of 
the  ratios  of  ambient  levels  to  individual  criteria  values  (Tables 12 and 
20) for  the  two  compounds  should  not  exceed 1.0. For  example, if the 
concentration of NH3 is 60% of  the  maximum  acceptable  level  of NH3 for  a 
specific  site in the  Flathead  basin  (Table 20)., then  CMC  (the  Criterion 
Maximum  Concentratqon) . NH3. = [NH3] and  CMC  (Criterion  Maximum 
Concentration) NO2 would  be 40% of  the  maximum  no-effect  level  of N O p  

(Table 12). 

- - 
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RESUME 

Le  cours  superieur  de l a   r i v i e r e   F l a t h e a d   e s t   s i t u q  a l ' ex t rem i te   sud -es t  

de l a   C o l o m b i e - B r i t a n n i q u e ;   l a   r i v i e r e   t r a v e r s e   l a   f r o n t i e r e  

i n t e r n a t i o n a l e ,  se deverse  ensuite  dans l e   l a c   F l a t h e a d ,   s i t u 6  au 

Montana, e t   r e j o i n t   f i n a l e m e n t   l e   b a s s i n  de l a   r i v i e r e  Columbia. 

Cer ta ines   inqu ie tudes   susc i tees   par  des p r o j e t s  de  developpement dans l a  

par t ie   canadienne  du  bass in  ont  amen6 des p lans d'amenagement v i s a n t  a 

p r e s e r v e r   l e s   i n t e r 6 t s   c a n a d i e n s   t o u t  en m in im isan t   l es   r i sques  de 

c o n f l  i t  a propos  de l a   q u a l i   t 6  de 1 'eau  du  bassin.  La mise en oeuvre  de 

ces  plans d'amenagement s e r a i t   f a c i l i t e e   p a r   l a   c o n n a i s s a n c e  des 

cond i t i ons  de q u a l i t 6  de l ' e a u  a m a i n t e n i r   ( d e s   o b j e c t i f s  de q u a l i t 6  des 

eaux). Les o b j e c t i f s   d o i v e n t   6 t r e  bases  sur  des c r i t e r e s   v i s a n t  a 

permet t re  des  usages spec i f iques  de l ' e a u ,   a u t r e m e n t   d l t ,  des  exigences 

de q u a l i t e  de l ' e a u   s p e c i f i q u e s  aux s i t e s  ou de t e l s  usages  sont 

e f fec tues .  Le p resen t   rappor t   e labo re  des . c r i t e r e s  de q u a l i t 6  des  eaux 

spec i f iques  a des s i t e s  donnes, e t  ce  pour  des  produi ts  azotes  toxiques 

envers   les   especes   impor tan tes   de   po issons   e t   de   v ie   aquat ique  p resentes  

dans l a   p a r t i e  canadienne  de l a   r i v i e r e   F l a t h e a d .  

La c h i m i e   d e   l ' a z o t e  dans l e   m i l i e u   a q u a t i q u e   e s t   d e t e r m i n e e   p a r   l e s  

processus  pr incipaux  de  recyclage de l 'azote;   ces  processus  sont 

l ' a m m o n i s a t i o n ,   l ' a s s i m i l a t i o n   d i r e c t e ,   l a   n i t r i f i c a t i o n   e t   l a  

d e n i t r i f i c a t i o n .  De nombreux facteurs  physiques,  chimiques  et  

b io log iques   in f . luencent   ces   cyc les   dans   les   cours   d 'eau  e t   les   r i v ie res .  

Par  consequent, l e s   p r o p o r t i o n s   r e l a t i v e s  des d i v e r s  composes p lus  ou 

moins   tox iques   peuvent   var ie r   en t re  des s i t es   de te rm ines .  De p l u s ,   l e s  

especes p a r t i c u l i e r e s  de  poissons  presentes  dans l e   m i l i e u ,  de m6me que 

l e u r   s t a d e  de v i e   e t   l e   s t r e s s  cause  par   les   d ivers   fac teurs  

environnementaux,  modif ient  l a   t o x i c i t e  de ces composes  de facon 

spec i f i que  a chaque s i t e .  Ces fac teu rs   ch im ique   e t   b io log iques   on t   e te  

consideres  et   combines  avec  des  informat ions  toxicologiques  obtenues en 
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laboratoire  afin  d'elaborer  des  criteres  de  qualite  de  l'eau  specifiques 
a chaque  site,  et  ce  pour  le  nitrate,  le  nitrite  et  l'ammoniac. 

En  supposant  que  les  effets  toxiques  de  l'ammoniac  et  du  nitrite  sont 
additifs  lorsqu'ils  sont  tous  deux  presents,  la  procedure  suivante  peut 
Ctre  utillsd  pour  calculer  les  valeurs  finales des criteres. La 
concentration  de l'un des  deux  composes  doit  etre  mesurde,  et  pour 
respecter  les  criteres,  la  somme  des  rapports  des  niveaux  ambiants  aux 
criteres  individuels  (tables 12 et 20) pour  les  deux  composes  ne  doit  pas 
exceder 1.0. Par  exemple, s i  la concentration  de  l'ammoniac  est i 60% du 
niveau  maximum  acceptable  pour un site  speciflque  dans  le  bassin  de la 
rivlere  Flathead  (table 20). alors  le  CMC  (Criterion  Maximum 
Concentration,  concentration  maximum d u  critere)  de  l'ammoniac  dqale  la 
concentration  de  celui-ci,  et  le  CMC  pour  le  nitrite  est  de 40% de  son 
niveau  maximum  acceptable. 

I 
-I 
I 
1 
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1. INTRODUCTION 

The  Flathead  River  system  drains  approximately 1 582  km2  of 
southeastern  British  Columbia,  near.  the  6.C.-Alberta-Montana 
borders.  After  flowing  almost 70 km  from  its  headwaters  in  the  Rocky 
Mountains,  the  Flathead  crosses  the  International  Boundary, 
eventually  reac.hing  Flathead  Lake  in  Montana,  and  ultimately  joining 
the  Columbia  River  system  (Figure 1). 

Developmental  activities  in  the  Canadian  portion  of  the  Flathead 
Basln  (Figure 2), until  recently,  have  been  limited  to  small-scale 
utilization  of  forest  resources  and  some  mineral  exploration. 
Recently,  infestations  of  forest  insects  have  induced  clear-cutting 
activities  throughout  portions  of  the  watershed  to  salvage  affected 
timber.  In  addition,  coal  and  oil  deposit  discoveries  have  resulted 
in  increased  activity  in  the  area.  Oil  and  gas  developments  are 
proposed,  with  the  construction  of a carbon  dioxide  purification 
facility  and  pipeline  to  transport  extracted  C02  gas.  Coa 1 
deposits  are  considered  extensive  enough in the  .Cabin  Creek  area  to 
sustain  intensive  mining  activities  for up to  20  years.  These 
potential  developments  may  affect  the  aquatic  environment  in  Canada 
and  in  the  United  States  (where  the  North  Fork  of  the  Flathead 
River  flows  along  the  western  boundary  of  Glacier  National  Park,  and 
has  been  designated a scenic  and  recreational  river  under  the  Wild 
and  Scenic  Rivers Act). Because  the  potential  for  impacts  on 
aquatic  resources  may  have  international  implications,  there is 
clearly a federal  concern in this  water  quality  management  issue. 
Among  the  most  important  uses  of  the  river in the U.S.A. are  those 
associated  with  recreational  activities,  particularly  sport 
fishing. 
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In land  Waters and  Lands,  Environment Canada will respond t o   t h e s e  

c o n c e r n s   b y   d e v e l o p i n g   s i t e - s p e c i f i c   w a t e r   q u a l i t y   c r i t e r i a .  These 

c r i t e r i a   a r e   u s e f u l   f o r   t h e   n e g o t i a t i o n  o f  w a t e r   q u a l i t y   o b j e c t i v e s  

for   the  F la thead  system  des igned  to   conserve  Canadian  in terests .  

The s p o r t   f i s h e r y  i n  Montana i s   p r i m a r i l y  dependent on s tocks   o f  

kokanee  (Oncorhynchus  nerka)  salmon,  which  are  produced  ent i re ly 

w i th in   t he   Amer i can   po r t i on  of the   bas in .  However, s tocks of buk l  

( S a l v e l i n u s ,   c o n f l u e n t u s )  and c u t t h r o a t  (Salmo c l a r k i )   t r o u t   a r e  

u t i l i z e d   e x t e n s i v e l y  by   spo r t   f i she rmen   bo th   i n   t he   F la thead   R ive r  

and i n   F l a t h e a d  Lake.   Mounta in  whi te f ish  (Prosopium  wi l l iamsoni )   are 

a l s o   u t i l i z e d   i n   t h e   F l a t h e a d   R i v e r   d u r i n g   p o r t i o n s   o f   t h e   y e a r .  

Wlth the   excep t ion  o f  kokanee,  production o f  t h e s e   i m p o r t a n t   f i s h  

species i s  dependent, i n   p a r t ,  on u t i l i z a t i o n   o f   h a b i t a t s   w i t h i n  

Canada f o r   v a r i o u s   s t a g e s   o f   t h e 9 . r   l i f e   h i s t o r y   c y c l e s .   I n   o r d e r   t o  

de termine  cond i t ions   requ i red  t o  suppor t   impor tan t   spo r t   f i sh   spec ies  

and f i s h e r i e s ,  i t  i s  necessary t o   d e f i n e   t h e   w a t e r   q u a l i t y  

r e q u i r e m e n t s   f o r   t h e s e   s p e c i e s   d u r i n g   t h e   c r i t i c a l   l i f e   h i s t o r y  

s t a g e s   t h a t   o c c u r   i n   t h e  Canad ian   por t ions   o f   the   bas in .   In  

p a r t i c u l a r ,   H o w e l l  Creek  and the  Flathead  River  between  Howell   Creek 

and t h e   I n t e r n a t i o n a l  Boundary  contain f l s h  hab i ta ts   o f   concern .  

An e x a m i n a t i o n   o f   t h e   e f f e c t s   o f   e x p l o s i v e s  used i n   s u r f a c e   c o a l  

min ing  on t h e   q u a l i t y   o f   r e c e i v i n g   w a t e r s  (Pommen e t   a l .  1982) 

i n d i c a t e d   t h a t   s i g n i f i c a n t   i n c r e a s e s   i n   q u a n t i t i e s   o f   n i t r o g e n  

compounds resu l ted   f rom t h i s  a c t i v i t y .  A t  Ford ing  Coal   L td .   (on  the 

Elk  River  system)  approximately s i x  p e r c e n t   o f   t h e   n i t r o g e n  

o r i g i n a l l y   p r e s e n t   i n   t h e   e x p l o s i v e s  used was d i s c h a r g e d   t o   t h e  

Ford ing   R iver ,  w i th  n i t r a t e ,   n i t r i t e  and ammonia account ing   fo r   most  

o f   t h a t   n i t r o g e n .  Wet b l a s t i n g   c o n d i t i o n s ,   n e c e s s i t a t i n g   t h e  use o f  

s l u r r y   e x p l o s i v e s ,   t e n d e d   t o   i n c r e a s e   t h e   l o s s e s   o f   t h e s e   n i t r o g e n  

compounds f r o m   t h e   m l n e .   S i m i l a r i t i e s   i n   t h e   c l i m a t i c   c o n d i t i o n s  and 

methods o f  c o a l   e x t r a c t i o n   a t   t h e   F o r d i n g  and  Howell  Creek s i t e s  



suggest  that  considerable  potential  for  nitrogen  losses  exists if 
developmental  activities  proceed in the  Flathead  River  watershed. 
The  loss  of  nitrogen  compounds  to  the  aquatic  environment  could 
result  in  elevated  levels  of  those  species  which  are  considered  to  be 
toxic  to  fish  and  aquatic  life.  Water  quality  criteria,  developed  on 
a site-specific  basis,  provide a yardstick  against  which  the  effects 
of  these  elevated  nitrogen  levels  can  be  measured.  Therefore, 
formulation  of  site-specific  water  quality  criteria,  negotiation  of 
water  quality  objectives,  and  implementation  of a monitoring  program 
to  assess  compliance  with  objectives  for  nitrates,  nitrites,  and 
ammonia will contribute  to  the  fulfillment  of  Canadian  obligations 
under  the  Boundary  Waters  Treaty,  and  reduce  the  potential  for 
international  disputes  over  water  quality  in  this  system. 

In  the  context  of  this  report,  criteria  are  defined  as  constituent 
concentrations  or  levels  of  physical,  chemical  or  biological 
characteristics  of  water,  sediment  or  biota  that  represent a quality 
of  water  that . supports a -particular use.  Specifically, a water 
quality  criterion  consists  of  three  essential  features: 

1 .  The  specific  concentration  or  level  of  the  water  chemistry 
(physical)  variable.  Maximum  and  average  criteria  are 
determined  where  appropriate. 

2. The  frequency  at  which  any  criteria  concentrations  can  be 
exceeded  without  impairing a specified  water  use,  or  without 
impairing it beyond  predicted  degrees. 

3. The  duration  for  which  the  criteria's  concentration  may  be 
exceeded  at  the  specified  frequency  without  impairment  of a 
specifled  water use. 

Environmental  Protection  Agency  (1985),  Nordin  and  Pommen (1986) and 
Canadian  Council  of  Resource  and  Evironment  Ministers  (1987)  provide 
recent  and  comprehensive  informaton  on  general  criteria  for  toxic 
compounds  of  nitrogen  for  fish  and  aquatic  life.  Much  of  this 



information  is  used  here  in  developing  site-specific  criteria  for  the 
Canadian  portion  of  the  Flathead  River. In addition,  the  criteria 
formulated  in  this  report  take  into  consideration  specific  ambient 
water  quality  and  biotic  characteristics,  including  differences  in 
susceptibilities  of  various  life  history  stages  and  species  in  Howell 
Creek  and  in  the  Flathead  River  from  Howell  Creek  to  the 
International  Boundary. 

2. NITROGEN  CHEMISTRY  IN  THE  AQUATIC  ENVIRONMENT 

Nitrogen  occurs  in  freshwater  in a number  of  forms,  including 
dissolved  molecular  nitrogen  gas (N2), a large  number  of  organic 
compounds,  ammonia,  nitrite  and  nitrate.  The  major  nitrogen  species 
in the  environment  are  interrelated by a series  of  transformations 
tha.t collectively  comprise  the  nitrogen  cycle  (Figure 3). In  aquatic 
systems,  most o f  these  transformations  are  mediated by biological 
processes,  with  abiotic  processes  (such  as  volatization,  sorption  and 
sedimentation)  important  only  under  certain  circumstances. 

2.1 Nitrosen  Cycle 

2.1.1 Ammonification 
As a result  of  metabolism,  nitrogen is excreted by organisms 
(as  ammonia,  urea,  urine, etc.). At  death,  inorganic  compounds 
are  formed  as a result  of  cellular  decomposition  of  tissues. 
This  breakdown is carried  on by heterotrophic  bacteria  in  both 
the  terrestrial  and  aquatic  environments  or  through  the  process 
of  proteolytic  deamination  (Painter 1970). 

The  net  result is the  production  of  ammonia  from  these  organic 
nitrogen  compounds.  The  ammonification  process  would  not 
normally  constitute a problem  in a lake  or  free  flowing  stream, 
clear  of  man-made  nitrogen  inputs.  However,  when  additional 
inorganic  nitrogen is present,  the  primary  production  of  an 
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FIGURE 3 
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aquat ic  system may inc rease   d ramat i ca l l y  i f  n i t r o g e n   i s  a 

l i m i t i n g   f a c t o r .  The tu rnove r   o f   t h i s   e leva ted   p roduc t i on   can  

t h e n   l e a d   t o   i n c r e a s e d   a m m o n i f i c a t i o n   w h i c h ,   i n   t u r n , - a d d s  more 

nu t r i en ts   t o   i nc rease   p r imary   p roduc t i on   i n   downs t ream  a reas  

(De  Renzo 1978; Pa in te r  1977; Raune and  Krenkel  1975; 

Lopez-Bernal e t   a l .  1977) .   Th is   cyc le   (a lso  known a s  

e u t r o p h i c a t i o n )   i n   s t r e a m  systems r e s u l t s   i n  an  increase i n  

both  the  carbonaceous  and  nitrogenous  oxygen demand on t h e  

system  and u l t i m a t e l y  may reduce  oxygen  content i n  a stream o r  
l a k e   t o   t h e   p o i n t  where i t  can  no  longer  support many aqua t i c  

animals  (De Renzo 1978;  Painter  1977; Raune and Krenkel  1975; 

Lopez-Bernal e t   a l .  1977). 

2.1.2 D i r e c t   A s s i m i l a t i o n  

With few  except ions,   most  phytoplankton and macrophytes 

c o n t a i n i n g   c h l o r o p h y l l   a r e   a b l e   t o   u t i l i z e  NH4 , NO3 o r  NO2 

d i r e c t l y   f o r   t h e   s y n t h e s i s  o f  c e l l u l a r   m a t e r i a l   ( B r e z o n i k  1977; 

Brown e t   a l .  1974;  Forsberg  1977;  Kolenbrander  1977). Fogg 

(1953)   and  Syret t   (1962)   repor t   that  when supp l ied   together ,  

NH4 i s  a s s i m i l a t e d   b y   m o s t   a l g a e   p r e f e r e n t i a l l y   t o  NO3 , and 

t h a t  NO3 i s  a s s i m i l a t e d   o n l y   a f t e r  most o f  t h e  NH4 i s  
exhausted. This r e s u l t  i s  understandable f r o m  the   s tandpo in t  

t h a t   t h e   r e d u c t i o n   o f  NO3 requi res  energy  input   (Vol lenweider  
1968) .   Examin ing   the   e f fec ts   o f   inorgan ic   n i t rogen 

concen t ra t i on  on growth,   Vol lenweider  (1968)  concluded  that   the 

op t ima l   concen t ra t i on  i n  p l a n k t o n i c   a l g a e   c u l t u r e s  was between 

0.3  and  1.3 mg/L. For  green and blue-green  algae  the  optimum 

was genera l l y   g rea te r   t han  1 mg/L. M u l l i g a n  and  Baronowski 

(1969). i n  a s tudy   o f   op t ima l   i no rgan ic   n i t rogen   concen t ra t i ons  

fo r   g rowth   o f   m ic rophy tes  and macrophytes,   found  that   the  best 

g rowth   o f   phy top lank ton   occu r red   a t   n i t rogen   concen t ra t i ons  

above  1.0 mg/L, wh i l e   vascu la r   p lan ts   responded   bes t   t o   l ower  

n i t rogen   concen t ra t l ons .  

+ - - 

t - 
- t 

- 



U n f o r t u n a t e l y   l i t t l e   i n f o r m a t i o n   i s   a v a i l a b l e   r e g a r d i n g   t h e  

r a t e   o f   i n o r g a n i c   n i t r o g e n   . t u r n o v e r   b y   a q u a t i c   v a s c u l a r  

p l a n t s .  It i s  known tha t   the   macrophy te  Lemna minor (common 

duckweed) consumes NH4 and NO3 more e f f e c t i v e l y   t h a n  NO2 

(Simms e t   a l .  1968;  Scul thorpe  1967).   Forsberg  (1965)  reported 

t h a t  Chara ze t l an i ca   can   ass im i la te  NH4 more r e a d i l y   t h a n  

I n  an   ana lys is   o f   the   compos i t ion   o f   water   p lan ts ,   B i rge  

and  Juday  (1922)  found tha t   a lgae  cons is ted   o f   be tween 2.7%  and 

10% t o t a l   n i t r o g e n  by  dry  weight.  The corresponding  phosphorus 

content  ranged  f rom 0.1% t o  1.1%. The a c t u a l   n i t r o g e n   c o n t e n t  

seems t o   v a r y   w i t h   t h e   s p e c i e s  and t h e   a b i l i t y   o f   t h e   p l a n t   t o  

a c c u m u l a t e .   n u t r i e n t s   d u r i n g   p e r i o d s   o f  good supply.  The 

a b i l i t y   t o   s t o r e   n u t r i e n t s   w h i c h  can  be  used l a t e r  b y   t h e   c e l l s  

t o   s u r v i v e   p e r i o d s   o f   l o w   s u p p l y  i s  ca l l ed   l uxu ry   up take .  

G e r l o f f  and  Krombholz  (1966)  and  Gerloff  (1969) i n  a s t u d y   o f  

t h e   c r i t i c a l   n i t r o g e n   c o n t e n t   o f   s e v e r a l   m a c r o p h y t e s  

(CeratoDhyl lum demersum. Va l l i sner ia   amer icana.   Heteran thera  

dub ia .   E lodea   occ iden ta l i s ,   Na jas   f l ex i l i s  and Zan iche l ia  

pa lus t r i s )   f ound   the   m in ima l   n i t rogen   con ten t  needed t o  

m a i n t a i n   t h e   p l a n t  was 1.3%  by  dry  weight. 

t - - 

+ 

No3 : 
- 

I n   t h e   F l a t h e a d   R i v e r ,  i t  i s  knorn   tha t   an  abundance o f   a q u a t i c  

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

seasonal ly .   Therefore,  i t  can  be  expected  that   d i rect  

a s s i m i l a t i o n   o f   n i t r o g e n  compounds by  these  p lants  will play  an 

i m p o r t a n t   r o l e   i n   t h e   f a t e   o f   n i t r o g e n   i n t r o d u c e d   t o   t h i s  

system. 

2.1.3 N i t r i f i c a t i o n  

Under a e r o b i c   c o n d i t i o n s ,   n i t r i f y i n g   b a c t e r i a   o f   t h e  genus 

Nitrosomonas  oxidize NH4 t o  form NO2 . S i m i l a r l y ,   t h e  

b a c t e r i a ,   o f   t h e  genus N i t r o b a c t e r   o x i d i z e  NO2 t o   f o r m  

n i t r a t e .  Because ' t h e   r a t e   o f   g r o w t h   o f   N i t r o b a c t e r  i s  g r e a t e r  

than  that   o f   N i t rosomonas,  NO2 i s  a s h o r t   l i v e d  compound i n  

t - 
- 

- 
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most  streams  under  steady  state  condi t ions (De  Renzo 1978). 

A l t h o u g h   t h e   n i t r i f i c a t i o n   p r o c e s s   c a n   r e d u c e   c o n c e n t r a t i o n s   o f  

t o x i c  ammonia and n i t r i t e ,  i t  does so a t   t h e  expense  .of 

oxygen.  This will be  descr ibed more f u l l y   i n   t h e   s e c t i o n  on 

p h y s i c a l  and chemical   cons iderat ions.  The n i t r i f i c a t i o n  

process  has  been  reported  as  being  responsible  for   depressed'  

oxygen l e v e l s   i n   s e v e r a l   n i t r o g e n   p o l l u t e d   s t r e a m s  and lakes  

(Brezonik  1977; Raune and Krenkel  1977;  Lopez-Bernal e t   a l .  

1977). I n   g e n e r a l ,   t h e   n i t r i f i c a t i o n   p r o c e s s   t a k e s   p l a c e   i n  

two d i s t i n c t  aqueous media. N i t r i f y i n g   b a c t e r i a  can  be  found 

i n  most  streams  as  suspended  organic  matter  or  growing as a 

b i o l o g i c a l  film a t t a c h e d   t o   r o c k s ,   g r a v e l  and  sand. 

D i f f e r e n c e s   i n   t h e   p h y s i c a l  and  chemica l   charac ter is t i cs  

between the  two  media  can  resul t  i n   d i f f e r e n t i a l   r a t e s   o f  

r e a c t i o n .   S i n c e   n i t r i f y i n g   b a c t e r i a   o c c u r   i n   v i r t u a l l y   a l l  

natura l   water   courses,  i t  can  be  expected  that   the  process  o f  

n i t r i f i c a t i o n  will' occupy a c e n t r a l   r o l e   i n   t h e   t r a n s f o r m a t i o n s  

o f   n i t r o g e n   i n   t h e   F l a t h e a d   R i v e r  system. 

2.1.4 D e n i t r i f i c a t i o n  

Under  anaerobic  condi t ions,  a w ide   range  o f   bac ter ia  and fung i  

can  reduce n i t r i t e  and n i t r a t e '   t o   m o l e c u l a r   n i t r o g e n   ( P a i n t e r  

1977;  Forsberg  1977; De Renzo 1978).  This  process i s  

p a r t i c u l a r l y   e v i d e n t   i n   p o o r l y   a e r a t e d   r i v e r s  and lakes  where 

most o f   t h e  NOg and NO2 convers ions   t ake   p lace   i n   t he  
anaerobic silt l a y e r s   a t   t h e   r i - v e r   o r   l a k e   b o t t o m .  I t has  been 

n o t e d   t h a t   i n  a mixed  two  phase r i v e r  water-mud  system, 

d e n i t r i f i c a t i o n   a p p e a r s   t o   t a k e   p l a c e   o n l y   i n   t h e  mud phase, 

which i s  anaerobic and n o t   i n   t h e   a e r o b i c   w a t e r  phase  (Edwards 

and  Rol l e y  1965). 

- - 

A s s i m i l a t i o n   o f   n i t r i t e  and n i t r a t e   i n   t h e s e   e n v i r o n m e n t s  by 

b a c t e r i a  such  as Pseudomonas s t u t z e r i  has  been  documented  by 

Hulme (1974) and Harvey  (1955). The k i n e t i c s  of the  process, 
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however,  have  been  described, f o r   t h e  most pa r t ,   f r om 

in format ion  generated on sewage treatment  systems (De Renzo 

1978). From the   ana lyses   o f   da ta  on d e n i t r i f i c a t i o n   i n  sewage 

t r e a t m e n t ,   s u f f i c i e n t   i n f o r m a t i o n   i s   a v a i l a b l e   t o  make 

q u a l i t a t i v e  and i n  some cases q u a n t i t a t i v e  assessments o f  

d e n i t r i f i c a t i o n   r a t e s  (De Renzo 1978). I n  f r e e l y   f l o w i n g ,   w e l l .  

aerated  streams  and  r ivers,  i t  i s   u s u a l l y   c o n s i d e r e d   t h a t  

d e n i t r i f i c a t i o n  i s  not   an  important  process i n   t h e  removal o f  

inorgan ic   n i t rogen  (Forsberg  1977; Painter  1977).   This  should 

be  the  case  for   most o f  the   F la thead  R iver .  

I n  summary, t h e   c e n t r a l   p r o c e s s e s   i m p o r t a n t   i n   d e t e r m i n i n g   t h e  

f a t e   o f   i n o r g a n i c   n i t r o g e n   i n   t h e   F l a t h e a d   R i v e r   a r e   t h e  

a s s i m i l a t i o n   o f  N H ~ + ,   NO^ and NO3 by   aquat ic   a lga l   spec ies ,  

the  removal   o f  NH3 by  aerat ion,  and t h e   n i t r i f i c a t i o n   o f  NH4 

t o  NO3 by   bac ter ia .  Because o f  t h e   f r e e   f l o w i n g   n a t u r e   o f   t h e  

r i v e r ,  it shou ld   be   ae ra ted   w i th   su f f i c i en t   oxygen   to   ma in ta in  

d e n i t r i f i c a t i o n   t o  a l o w   l e v e l .  This does n o t   i m p l y   t h a t  

oxygen will not  be  depressed i n   t h e   r i v e r ,   j u s t   t h a t  even  low 

l e v e l s   o f  o x y g e n   a r e   s u f f i c i e n t   t o   h a l t   t h e   d e n i t r i f i c a t i o n  

process (De Renzo 1978). I f ,  as a r e s u l t   o f   i n o r g a n i c   n i t r o g e n  

i n p u t s   t o   t h e   F l a t h e a d   R i v e r ,  . t h e   p r i m a r y   p r o d u c t i o n   o f   t h e  

system  increases  dramat ica l ly ,   the  processes  o f   ammoni f icat ion 

and e u t r o p h i c a t i o n  may become impor tan t .  

- - 

t 

- 

2.2 Phys ica l  and  Chemical. Considerat ions 

2.2.1 Ammonia E q u i l i b r i u m  

Ammonia i s  p r e s e n t   i n   f r e s h w a t e r   s y s t e m s   i n   b o t h   t h e   i o n i z e d  

(NH4+) and un-ionized  forms ( NH3). The s t a t e   o f  ammonia i n  
water i s  l a r g e l y   c o n t r o l l e d  by pH, a l t h o u g h   i o n i c   s t r e n g t h  and 

tempera ture   p lay   ro les  as w e l l .  I n  general ,   an  increase i n  pH 
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o f  one u n i t  will produce a t e n f o l d   i n c r e a s e   i n   t h e  

concen t ra t i on   o f   un - ion i zed  ammonia concen t ra t i on   (T russe l  

1972). A t  pH values  below 7 . 2 ,  l ess   t han  1% o f   t h e  ammonia i s  

p resent  i n  the  un- ion ized  form.   F igure 4 shows t h e  

r e l a t i o n s h i p  between  ionized  and  un-ionized ammonia as a 

f u n c t i o n   o f   w a t e r  pH and  temperature. The s to i ch iomet ry  f o r  

t h e   i o n i z a t i o n   o f  ammonia i n   w a t e r  i s  g iven  by:  

NH4 t OH- \---- NH3 t H20 t ““b 
(1 )  

The e q u i l i b r i u m   c o n s t a n t ,   K b ’ ,   f o r  t h i s  r e a c t i o n  IS 

approximately  1.79 X 10 a t   i n f i n i t e   d i l u t i o n  and 25’ Ce ls ius  
where: 

5 

Kb’ = [NH,+][OH-]/[NH,] 

. The v a r i a t i o n ’   o f   t h e   e q u i l i b r i u m   c o n s t a n t   w i t h   i o n i c   s t r e n g t h  

and  temperature  can be determined  using  standard  methods i n  

phys ica l   chemis t ry  (Stumm and  Morgan  1981). An impor tan t  

a s p e c t   o f   t h e   k i n e t i c s   o f   t h i s   r e a c t i o n  i s  t h a t  i t  occurs 

a l m o s t   i n s t a n t a n e o u s l y   i n   r e l a t i o n   t o   o t h e r   r e a c t i o n s   o f  

concern t o   t h e   o v e r a l l   n i t r o g e n   p o l l u t i o n   p r o b l e m  (Stumm and 

Morgan  1981).  Other  factors,  which may a f f e c t   t h e   t o x i c i t y   o f  

ammonia a t  a g iven  temperature and pH, are  d issolved  oxygen  and 

carbon  d iox ide   concent ra t ions ,  as w e l l  as b icarbonate  

a l k a l i n i t y .  

I n   t h e  removal  of ammonia b y   a e r a t i o n ,   a s s i m i l a t i o n  and 

n i t r i f i c a t i o n ,   e q u i l i b r i u m  will be m a i n t a i n e d   a t   a l l   w a t e r  

temperatures  and pHs. That i s ,  as NH3 i s  removed  by ae ra t i on ,  

will be  conver ted   t o  NH3 t o   m a i n t a i n   e q u i l i b r i u m .  

L ikewise,  as NH4 i s  consumed by   aquat ic   p lan ts  and n i t r i f y i n g  

b a c t e r i a ,  NH3 will be  conver ted   t o  NH4 t o   m a i n t a i n  

e q u i l i b r i u m .   I n  each  case,  the t o t a l  ammonia o f   the   sys tem 

t 
NH4 

t 

t 

I 
1 
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F igure  4 T h e   e f f e c t  of pH and  temperature on the  distribution of ammonia 
and  ammonium  ions  in  water. ( A f t e r   M a y o   e t .  a l .  1972 1 
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will be  reduced.  Therefore, i n  mode l l i ng   t he   va r ious   aqua t i c  

p rocesses   i nvo l v ing   i no rgan ic   n i t rogen ,  ammonia e q u i l i b r i u m  

will be  an e s s e n t i a l  component. 

2 . 2 . 2  Aera t i on  

As ment ioned   ea r l i e r ,  ammonia c o n c e n t r a t i o n s   i n  a stream may b e  

reduced  by  the  process  o f   aerat ion.  Ammonia i n  i t s  un- ion ized 

form i s  a gas which i s  s o l u b l e   i n   w a t e r .  Due t o   t h e  absence o f  

ammonia i n   t h e  atmosphere  surrounding a natura l   s t ream, a 

concen t ra t i on   g rad ien t   ex i s t s   wh ich   d r i ves  ammonia o u t   o f  

so lu t i on   i n to   t he   a tmosphere .  I t  should be noted  f rom  F igure 4 

t h a t  most o f   t h e  ammonia i n   w a t e r  i s  i n   t h e   i o n i z e d   f o r m   a t  pH 

values  and  temperatures  of   the  Flathead  River.   Because  of   the 

l ow   concen t ra t i on   o f   un - ion i zed  ammonia i n   s o l u t i o n . ,   t h e   a c t u a l  

c o n c e n t r a t i o n   g r a d i e n t s   d r i v i n g  ammonia f r o m   s o l u t i o n  by 

d i f f u s i o n   a r e   s m a l l .   T h i s   i n   t u r n  means the   ra te   o f   remova l   by  

s i m p l e   d i f f u s i o n  will be very  slow. On t h e   o t h e r  hand, i f  a 

stream i s   q u i t e   t u r b u l e n t ,   c o n v e c t i v e  mass t r a n s f e r  becomes 

impor tan t  and t h e   r a t e   o f  ammonia removal  can  increase 

d ramat i ca l l y   [ see   We l t y   e t   a l .   ( 1976)   o r   F id le r   (1983)   f o r  a 

d i s c u s s i o n   o f   t u r b u l e n t  mass t r a n s f e r   r a t e s ] .   I n   a d d i t i o n   t o  

the  removal   o f  ammonia by   ae ra t i on ,   ae ra t i on  i s  an  important 

c o n s i d e r a t i o n   i n   t h e   p r o c e s s   o f   n i t r i f i c a t i o n .  As  mentioned 

e a r l i e r ,   t h e   o x i d a t i o n   o f  NH4 and NO2 by n i t r i f i c a t i o n  

removes diss.olved  oxygen  f rom  the  water.   Unless t h i s  oxygen i s  

r e p l a c e d   w i t h   t h a t  f r o m  t h e   a t m o s p h e r e ,   t h e   n i t r i f i c a t i o n  

process will be  re tarded  (see  sect ion on dissolved  oxygen).  

F id le r   (1983  & 1985)   rev iewed  the   ana ly t i ca l  methods a v a i l a b l e  

f o r   p r e d i c t i n g   t h e  mass t r a n s f e r   c o e f f i c i e n t s  and r a t e s   o f  

t r a n s f e r  o f  d i sso l ved  gases  from  aqueous  solut ions t o  and f rom 

the  atmosphere. I n   o r d e r   t o   a p p l y   t h e s e   t e c h n i q u e s   t o  a r i v e r ,  

de ta i led   knowledge  o f   water   tempera ture ,   f low  pa t te rns ,   depth  

and l e v e l s  o f  t u r b u l e n c e   i n   t h e   r i v e r  must  be known. I n  

g e n e r a l ,   t h e   r a t e   a t   w h i c h  ammonia i s  removed f rom a water  

t - 

I 
I 
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course will be  enhanced  by  elevated  water  temperatures  and pH, 

a long w i th  - h i g h   l e v e l s   o f   t u r b u l e n c e  combined w i th  sha l low 

depth. The same cond i t i ons  will apply   to   oxygen mass t r a n s f e r ,  

e x c e p t   t h a t  pH will have  no  bearing on mass t r a n s f e r  

c o e f f i c i e n t s .  

For   an   aera t ion   p rocess ,   the   ra te   o f  change i n   c o n c e n t r a t i o n   o f  

a gaseous  species i n  a one dimensional   water  f low  can  be 

expressed  as: 

Q*(dC/dZ) = kL*AL*( C - Cs) ( 3 )  

where: Q i s  t h e   f l o w r a t e  

C i s  t h e   c o n c e n t r a t i o n   o f   t h e  gaseous  species i n  

s o l u t i o n  

Z i s   t h e  streamwise  measure o f   d i s t a n c e  

kL i s   t h e  mass t r a n s f e r   c o e f f i c i e n t  

i s  a constant   s 'ur face  area  per   un i t  z 
Cs I s  t h e   e q u i l i b r i u m   c o n c e n t r a t i o n   o f   t h e  

gaseous  species i n   s o l u t i o n  

I n t e g r a t i o n   o f   t h i s   e q u a t i o n   ( F i d l e r ,  1983) y i e l d s :  

c = co - exp( kL*AL*Z/Q) ( 4 )  

where Co i s  t h e   i n i t i a l   c o n c e n t r a t i o n   o f   t h e  gaseous 

species a t  Z = 0 

The assumption  of  one d imens iona l   f low  imp l ies   un i fo rm  mix ing  

o f   t h e   f l o w   b o t h   l a t e r a l l y  and v e r t i c a l l y   t h r o u g h   t h e   w a t e r  

co lumn.   For   shal low  turbulent   s t reams,   th is   condi t ion i s  

usual ly  met.   For  deep,  s low  moving  streams,  there will be 

s i g n i f i c a n t   c o n c e n t r a t i o n   v a r i a t i o n   b o t h   l a t e r a l l y  and 

v e r t i c a l l y ,   t h u s   r e q u i r i n g  a more  complex  two o r  even  three 

d imensional   set   o f   equat ions.  
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2.2.3 N i t r i f i c a t i o n  

N i t r i f i c a t i o n   i n v o l v e s   t h e   c o n v e r s i o n   o f   i o n i z e d  ammonia, NH4 , 
f i r s t   t o   n i t r i t e  and t h e n   t o   n i t r a t e   b y   b a c t e r i a l   a c t i o n .   T h i s  

convers ion  is   accompl ished  by  the  two  groups  o f   chemoautot rophic  

bac ter ia   o f   the   genera   N i t rosomonas and N i t r o b a c t e r .  They a r e  

termed  chemoautot rophic   because  they  der ive  the i r   energy f o r  

growth   f rom  inorgan ic   ox ida t ion   p rocesses .  

t 

2.2.3.1  Chemistry 

Ni t rosomonas  ox id izes  the ammonium i o n  (NH4') t o   n i t r i t e  

(NO2-) t h rough   the   reac t i on :  

55  NH4 t t 76 O2 t 109 HC03 - <----- ""-\ 

C5H702N t 54 NO2 t 57 H20 t 104 HZC03 
- - 

( 5 )  

The n i t r i t e  i s  f u r t h e r   o x i d i z e d '   t o   n i t r a t e  (NO3-)  by 

N i t r o b a c t e r   t h r o u g h   t h e   r e a c t i o n :  

C5H702N t 3 H20 t 400 NOb 
- 

( 6) 

The e f f i c i e n c y   w i t h   w h i c h   t h e s e   b a c t e r i a   c a r r y   o u t   t h e  

o x i d a t i o n   o f  ammonia and n i t r i t e  i s  dependent on  a  number o f  

f a c t o r s ,   i n c l u d i n g   t h e   c o n c e n t r a t i o n   o f   d i s s o l v e d  oxygen, 

temperature,  pH, l i g h t   i n t e n s i t y ,   n i t r i f i e r   c o n c e n t r a t i o n ,  

mass l o a d i n g   r a t e ,  and  chemical   s t imulat ion and i n h i b i t i o n .  

The impor tance   o f   t hese   f ac to rs  will be discussed  below. 

2.2.3.2  Growth  Rates 

The k ine t ic   equat ion   p roposed  by  Monod (1949) i s  most o f t e n  

used t o   d e s c r i b e   t h e   b i o l o g i c a l   g r o w t h   r a t e  of  e i t h e r  

Ni t rosomonas  or  Ni t robacter  (Grady  1983; De Renzo 1978). 

The Monod g r o w t h   r e l a t i o n s h i p  i s  def ined  by:  
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" = "max * A o / ( K s  t Ao)  

where: p = specific  growth  rate  of  microorganisms/day 

"ma x 
A = growth  limiting  substrate  concentration 
K s  = substrate  concentration  at 1/2 

= max'imum  growth  rate/day-l 

0 

"ma x 

Since  the  growth  rate  of  Nitrobacter  is  considerably  higher 
than  the  max3mum  growth  rate o f  Nitrosomonas,  Nitrosomonas 
growth  usually  becomes  the  limiting  factor in ammonia 
oxidation.  Further,  this  condition  assures  that  under 
steady  state  conditions  there is not  an  appreciable  buildup 
o f  nitrite in the  system.  Non-steady  state  conditions  do 
lead  to  some  imbalance in the  relative  rates o f  Nitrosomonas 
and  Nitrobacter  mediated  oxidations  and  an  accumulation  of 
nitrite  can 0ccu.r. For  example,  ammonia is toxic to 
Nitrobacter.  Thus,  until a population o f  Nitrosomonas i s  
sufficient  to  convert.  most  ammonia  to  nitrite,  the 
development  of  Nitrobacter will be  inhibited. 

2.2.3.3 Oxidation  Rates 
The  ammonia  oxidation  rate  constant ( k A )  can  be  related  to 
the  Nitrosomonas  growth  rate,  as  follows: 

k = p / Y A  = A k t A  * A / ( k s  t A )  

where: A = growth  limiting  substrate  concentration 
t (NH4 in  mg/L) 

rate  (in  mg  NH4  oxidized/mg  VSS/day) 
= half-saturation  constant ( i n  mg/L NH4') 
= organism  yield  coefficient  (in  mg 

k ' A  = "max A / Y  = maximum  ammonia  oxidation 
t 

k S  

yA 
Nitrosomonas  grown [VSS]/mg NH4  oxidized) t 

VSS = volatile  suspended  solids  (in  mg/L) 
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T h i s   e q u a t i o n   c l e a r l y   i n d i c a t e s   t h a t   t h e   r a t e   o f  ammonia 

removal i s  p r o p o r t i o n a l   t o   t h e   g r o w t h   r a t e   o f   t h e   o r g a n i s m .  

The values o f  pmax, k S  and YA vary  considerably,   depending 

on the   env i ronmenta l   cond i t ions   fo r   g rowth .  Each of  these 

parameters i s   i n f l u e n c e d  by  d issolved  oxygen  concentrat ion,  

pH, tempera ture ,   and  the   p resence  o f   g rowth   inh ib i t ing  o r  

enhancing  substances. 

The resu l ts   ob ta ined  f rom  Equat ion  8 are  dependent on t h e  

mass o f   n i t r i f y i n g   b a c t e r i a   p r e s e n t  and a r e   a p p l i c a b l e   t o  

suspended  growth  environments. I n   t h e  case  of  a.t tached 

growth ,   the   equat ion   must   be   mod i f ied   to   account   fo r   an  

e f f e c t i v e   s u r f a c e   a r e a   f o r   g r o w t h .  It should be n o t e d   t h a t  

i n   g e n e r a l ,  a g rave l  or sand stream  bed will prov ide  more 

spec i f i c   sur fac .e   a rea   fo r   m ic roorgan ism  g rowth   than a silt 

or  bedrock  stream  bed, and i n   t u r n  an   i nc reased   ra te   o f  

ammonia o x i d a t i o n   ( C u r t i s   e t   a l .   1 9 7 5 ) .  

2 . 2 . 3 . 4  Reaction  Order 

It has  been  found t h a t   t h e   o r d e r   o f   t h e   k i n e t i c   r e a c t i o n  

v a r i e s   w i t h   t h e   c o n c e n t r a t i o n  o f  t h e   l i m i t i n g   n u t r i e n t .   F o r  

h i g h   l e v e l s   o f   n u t r i e n t s ,   n i t r i f i c a t i o n   p r o c e s s e s   a r e   o f  

zero  order  (Huang and  Hopson 1974;  Wild e t   a l .  1971; 

Wong-Chong and  Loehr  1975). I n   o t h e r  words ,   t he   ra te   o f  

ammonium removal  by n i t r i f i c a t i o n  can be expressed.as:  

dA/dt = -kA 

where: A i s  t h e  ammonium concen t ra t i on  and 

kA i s  t h e   r a t e   c o n s t a n t   f o r   t h e   r e a c t i o n  

Fo r   l ow   l eve l s  o f  ammonia, the   reac t ions   a re   found  to   be  

f l r s t  order  w i th  t h e   r a t e  o f  removal  expressed  as: 

dA/dt = -A*kA (10) 

I 
I 
I 
I 
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For  an  at tached film n i t r i f i c a t i o n   p r o c e s s , .   t h e   r a t e  

equations  must  be  coupled with the   equat ions   o f  mass 

t ransfer   (Grady,   1983) .  Due t o   t h e   o x i d a t i o n   o f  ammonia i n  

the   o rgan ic  film l a y e r ,   t h e r e  will be a concen t ra t i on  

g r a d i e n t   f o r   b o t h  ammonia and  oxygen  from  the  bulk  water t o  

t h e  film. A s  a r e s u l t ,  a more  complex se t   o f   equa t ions  is 

r e q u i r e d   t o   a c c o u n t   f o r   d i f f u s i o n   o f  ammonium and  oxygen 

i n t o   t h e  film l a y e r  and t h e   r e a c t i o n   i t s e l f   [ s e e   W e l t y  

e t   a l .  (1976) or B i r d   e t   a l .   ( 1 9 6 0 )   f o r  a complete 

d e s c r i p t i o n   o f   t h e   e q u a t i o n s   f o r   c o n v e c t i v e  mass t r a n s f e r  

through a react ing  boundary  layer ] .  

As  men t ioned   ea r l i e r ,  i f  t u r b u l e n t   f l o w   e x i s t s  i n  the   water  

n e x t   t o   t h e  film, higher   concentrat ion  gradients   can  be 

maintained  (Grady 1983; T r e y b a l l  1980), and maximum 

oxidat ion  ra tes  achieved.   A l though.   h igh  concentrat ion 

g r a d i e n t s   a r e   i m p o r t a n t   t o   t h e   n i t r i f i c a t i o n   p r o c e s s ,  i t  

should be n o t e d   t h a t   t h e r e  wi1.l p robab ly  . be a maximum 

v e l o c i t y   o r   t u r b u l e n c e   l e v e l  beyond  which  the  react ion 

chemist ry ,  and n o t   f l o w   c o n d i t i o n s ,  becomes t h e   l i m i t i n g  

factor  (Grady  1983).  Turbulence and t o t a l  volume o f  f l o w  

will a l s o  be impor tan t   f rom  the   s tandpo in t   o f   assess ing  

o v e r a l l   m i x i n g  and e f f e c t i v e   s u b s t r a t e   c o n c e n t r a t i o n s .  

Under c o n d i t i o n s   o f  s l o w  laminar   f low,  i t  can  be  expected 

t h a t   s i g n i f i c a n t   s t r i a t i o n s   i n   s u b s t r a t e  and d i sso l ved  

oxygen  concentrat ion will be p r e s e n t .   I n   t h i s   s i t u a t i o n ,  

t h e  mass t r a n s f e r  and react ion  equat ions  can no longer  be 

t r e a t e d   i n  a two  dimensional   form,  hut   must  involve  their  

complete  three  dimensional  forms. 

2.2.3.5  Dissolved Oxygen 

The s t o i c h i o m e t r i c   e q u a t i o n s   l l s t e d  above  (Equations 5 and 

6) f o r  combined o x i d a t i o n  - s y n t h e s i s   i n d i c a t e   t h a t  3.31 mg 

O2 a r e   r e q u i r e d   f o r  each m i l l i g r a m   o f  ammonium t h a t  i s  
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c o m p l e t e l y   o x i d i z e d   t o   n i t r a t e .  The b i o l o g i c a l   o x i d a t i o n   o f  

ammonium i n   b o t h  a suspended  and at tached  growth  environment 

r e q u i r e s   t h a t  ammonium and  oxygen  en ter   the   b io log ica l  film 

by t h e   p r o c e s s   o f   d i f f u s i o n   b e f o r e   t h e y   c a n   b e   u t i l i z e d   b y  

t h e   b a c t e r i a .  Haug and  McCarty  (1972)  have shown t h a t   t h e  

d i f f u s i o n   c o e f f i c i e n t s   o f   t h e s e   t w o   s u b s t a n c e s   a r e   v e r y -  

nea r l y   equa l   (2  x cm /s) and t h a t   t h e   s t o i c h i o m e t r i c  

balance o f  c o n c e n t r a t i o n s   i s   e s s e n t i a l   t o   p r e v e n t   t h e  

reac t i on   f rom  becoming   ra te .   l im i ted .  This i s  impor tan t  

s i n c e   r e a c t i o n   k i n e t i c s  show , t h a t  oxygen becomes r a t e  

l i m i t i n g   b e f o r e  ammonium (Grady  and  Lim  1980). I n   o r d e r   t o  

c o r r e c t   t h e   r a t e   c o n s t a n t   e q u a t i o n s   f o r   t h e   e f f e c t s   o f  

oxygen  concentrat ion i n  a suspended  growth  environment, De 

Renzo ( 1 9 7 8 )   a p p l i e d   t h e   f o l l o w i n g   c o r r e c t i o n   f a c t o r :  

2 

where: pN a f t e r   c o r r e c t i o n   f o r   d i s s o l v e d  oxygen Is pmax 
concen t ra t i on  

DO i s  the  oxygen  concentrat ion  (mg/L) 

ko i s  t h e   h a l f   s a t u r a t i o n   c o n s t a n t   f o r  oxygen 

(mg/L) 

I n   t h e   c a s e   o f  an   a t tached  g rowth   sys tem,   the   e f fec ts   o f  

oxygen  concentrat ion  must  be  included i n   t h e  combined mass 

t r a n s f e r - r e a c t i o n   k i n e t i c s   e q u a t i o n s .   F o r  example * 

Lopez-Bernal e t   a l .  (1977)   used  the  fo l lowing one 

d imens iona l   equa t ion   t o   desc r ibe   oxygen   concen t ra t i on   i n  

several   streams  of   the  Tennessee  Val ley:  

dC/dt = DL*( d C/dX ) -U*(dC/dX) + S 2 2  

I 
I 
I 
I 
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where: C i s   t h e   c o n c e n t r a t i o n   o f  oxygen  (mg/L) 

DL i s   t h e   l o n g i t u d i n a l   m i x i n g   c o e f f i c i e n t  

S i s  a source  or  s ink  of   oxygen  (mg/L-sec) 

x i s   t h e   d i s t a n c e   a l o n g   t h e   s t r e a m  (m) 

t i s   t i m e   ( s e c )  

U i s  s t ream  ve loc i ty   (m/sec)  

d i n d i c a t e s   d i f f e r e n t i a t i o n  

(m I /sec) 2 

The S t e rm i n  the  equation  must  account  for  the  oxygen 

uptake due t o   n i t r i f i c a t i o n ,   a s s i m i l a t i o n   b y   a q u a t i c   p l a n t s  

and a e r a t i o n   e f f e c t s .  Each o f   these will i n   t u r n  have a 

s e p a r a t e   s e t   o f   e q u a t i o n s   i n c l u d i n g   r e a c t i o n   k i n e t i c s ,  

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

It should be no ted   t ha t   t he   oxygen   requ i remen ts   l i s ted  ab0v.e 

a r e   f o r   s t o i c h i o m e t r i c   c o n d i t i o n s .   I n  some cases, i t  has 

been  found  that   addi t ional   oxygen demands a r e   a l s o   p r e s e n t  

i n  a n i t r i f i e r   c u l t u r e .   F o r  example,  Gigger and  Speece 

(1979)  found  that  i n  a n i t r i f i c a t i o n   f i l t e r   a p p l i c a t i o n ,   t h e  

actual  oxygen  consumption was 225% o f   s t o i c h i o m e t r i c  oxygen 

consumption,  thus  represent ing a nitrogenous  oxygen demand 

i n  excess  of 7 . 4  mg 02/ mg NH4 . Since  the  source o f  t h e  

excess  oxygen demand in   t hese   exper imen ts   cou ld   no t  be 

i d e n t i f i e d ,  i t  i s  n o t  known i f  s i m i l a r   e l e v a t e d  demands 

would  be  present i n  a c lea r ,   f r ee   f l ow ing   s t ream.  

t 

2.2.3.6 TemDerature 

N i t r i f i c a t i o n   r e a c t i o n s   a r e   t e m p e r a t u r e   d e p e n d e n t  as de f i ned  

by   t he   van ' t   Ho f f  - A r r h e n i u s   r e l a t i o n s  up t o  a temperature 

o f  30' Cels ius .   In   o ther   words ,  as temperature  increases, 

n i t r i f i c a t i o n   r a t e s   a r e   a c c e l e r a t e d  (Wong-Chong and Loehr 

1975; Sharma and Ahler t   1977) .   F igures 5 and 6 f rom De 

Renzo (1978) show t h e   e f f e c t   o f   t e m p e r a t u r e  on t h e  maximum 
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g rowth   ra te  and h a l f   s a t u r a t i o n   c o n s t a n t s   f o r   n i t r i f i c a t i o n  

i n  a suspended  growth  system.  Figure 7 demonstrates  the 

e f f e c t  o f  temperature i n  an  attached  growth  system. It i s  

c l e a r   t h a t   s i g n i f i c a n t   v a r i a b i l i t y   e x i s t s   i n   t h e   d a t a   f o r  

attached  growth  systems. The s o u r c e   o f   t h i s   v a r i a b i l i t y  may 

be r e l a t e d   t o   v a r i a t i o n s   i n   o t h e r   p a r a m e t e r s   t h a t   e f f e c t  t h e  

n i t r i f i c a t i o n   r a t e ,  such  as  dissolved  oxygen, pH o r   t h e  

p r e s e n c e   o f   n i t r i f y i n g   i n h i b i t o r s .  It i s  a l s o   i m p o r t a n t   t o  

n o t e   t h a t   t h e   o r d i n a t e s   i n   F i g u r e s  5 and 6 a r e   l o g a r i t h m i c  

and tha t   f o r   l ow   tempera tu res ,   bo th   g rowth   ra tes  and h a l f  

sa tu ra t i on   cons tan ts   dec rease   d ramat i ca ' l l y .   I n   f ac t ,  Sharma 

and A h l e r t   ( 1 9 7 7 )   f o u n d   t h a t   n i t r i f i e r   a c t i v i t y  ceased 

complete ly   a t   temperatures  be low 4" C e l s i u s .   T h i s   r e s u l t  

will have  spec ia l   s ign i f i cance  dur ing   the   w in te r   months   in  

the  Flathead  River  where ammonia and n i t r i t e   o x i d a t i o n  may 

cease  and i c i n g  on a s t ream  would  not   permi t  ammonia removal 

b y   a e r a t i o n .   I n   a d d i t i o n ,   l o w   l i g h t   l e v e l s   a n d / o r   i c e   c o v e r  

may limit amm0ni.a a s s i m i l a t i o n   b y   a q u a t i c   p l a n t s .  

2.2.3.7  Water pH 

The c o n c e n t r a t i o n   o f   h y d r o g e n   i o n s   i n   s o l u t i o n   a l s o   p l a y s   a n  

i m p o r t a n t   r o l e   i n   e s t a b l i s h i n g   t h e   r a t e   a t   w h i c h  

n i t r i f i c a t i o n  proceeds.   Sr ina th   e t   a l .   (1976)   de termined 

t h e   n i t r i f i c a t i o n   r a t e s   f o r   b o t h   N i t r o s o m o n a s  and 

N i t r o b a c t e r  as a f u n c t i o n   o f   w a t e r  pH f o r  wastewater. 

F igures  8 and 9 i n d i c a t e s   t h a t   t h e  optimum pH f o r  

n i t r i f i c a t i o n   l i e s  between 7 and 8 and t h a t   t h e   r a t e   d r o p s  

o f f   s i g n i f i c a n t l y  f o r  pH va lues  outs ide  th is   range.   Other  

i n v e s t i g a t o r s  have  found s i m i l a r   e f f e c t s   w i t h   v a r i a t i o n s   i n  

n i t r i f i c a t i o n   r a t e s  dependent on the  environment i n  which 

t h e   n i t r i f y i n g   b a c t e r i a   a r e  grown.  Figure  10  from Sawyer 

e t   a l .  (1973)  summarizes  these  results.  Information f r o m  

these   sou rces   i nd i ca tes ,   co l l ec t i ve l y ,   t ha t   t he   op t imum 

1 
I 
I 
I 
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growth o f  n i t r i f y i n g   b a c t e r i a  i s  r e a l i z e d  between pH values 

o f  7 and 9 and tha t   g rowth   ra tes   a re   d ramat i ca l l y   reduced   a t  

pH va lues  outs ide  that   range.  

Another  important  aspect of  pH can be  seen f rom 

re-examinat ion o f  Equations 5 and 6 wh ich   desc r ibe   t he  

n i t r i f i c a t i o n  process. I n   t h e   p r o c e s s   o f   o x i d i z i n g  one 

m i l l i g r a m .   o f  ammonium t o   n l t r a t e ,  7.14 mg o f   b i ca rbona te  

a l k a l i n i t y   a r e   r e q u i r e d .  A s m a l l   p o r t i o n   o f   t h i s   c o n t r i b u t e s  

t o   c e l l   s y n t h e s i s ,   w h i l e   t h e   r e s t  i s  r e q u i r e d   t o   n e u t r a l i z e  

the  hydrogen  ions  that   are  produced  by  the  react ions  (De 

Renzo 1978).  Therefore, i f  the  water  source does not  have 

s u f f i c i e n t   a l k a l i n i t y   t o   b u f f e r  pH changes a s s o c i a t e d   w i t h  

the   hyd rogen   i ons   p roduced   by   n i t r i f i ca t i on ,   t he   ra te   o f  

n i t r i f i c a t i o n  will be reduced as water pH drops  (F igure  10) .  

2.2..3.8 L i s h t   I n t e n s i t y  

Sharma and A h l e r t   ( 1 9 7 7 )   r e f e r   t o   s e v e r a l   a r t i c l e s   w h i c h  

d e m o n s t r a t e   t h a t   n i t r i f i c a t i o n   r e a c t i o n s   p r o c e e d   a t   i n c r e a s e d  

rates  under   condi t ions o f  darkness. One study  (Hooper and 

Terry ,   1973)   repor ted  complete  inh ib i t ion  o f   N i t rosomonas 

under a 200 w a t t   b u l b   r a d i a t i n g   a t  420 l u x .  Thus, i n  a 

natural   stream, i t  c a n   b e   e x p e c t e d   t h a t   n i t r i f i c a t i o n  will 

o c c u r   a t   i n c r e a s e d   r a t e s   a t   n i g h t  and under  c loudy  skies.  

Low l e v e l   w i n t e r   l i g h t  i s  a l s o  o f  b e n e f i t ;  however,  low 

water  temperatures,  as mentioned  above, may limit o r  a r r e s t  

b a c t e r i a l   g r o w t h   a l t o g e t h e r   a t   t h a t   t i m e .  

2.2.3.9 S t imu la to ry  and I n h i b i t o r y  Substances 

There  appears t o  b e   c o n s i d e r a b l e   v a r i a b i l i t y   i n   t h e   d a t a  

r e p o r t e d   f r o m   f i e l d   s t u d i e s  on n i t r i f i c a t i o n   e f f i c i e n c y .  

This  may, a t   l e a s t   i n   p a r t ,  be  due to   t he   p resence  o f  

s t i m u l a t o r y   o r   i n h i b i t o r y   s u b s t a n c e s   i n   t h e   w a t e r .  Sharma 

and Ahlert  (1977)  have  compiled a l l s t  o f  substances known 



- 30 - 

t o   s t i m u l a t e   t h e   n i t r i f i c a t i o n   p r o c e s s   ( T a b l e  1 ) .  Table 2 

l i s t s  many of   the  substances known t o  be i n h i b i t o r y   t o   t h e  

g r o w t h   o f   n i t r i f y i n g   b a c t e r i a .   A l s o ,  as   no ted   ea r l i e r ,  

ammonia i s   t o x i c   t o   N i t r o b a c t e r  and a f f e c t s   t h e   t r a n s i e n t  

p e r f o r m a n c e   o f   t h e   n i t r i f i c a t i o n   p r o c e s s .  I f  t h e   l e v e l   o f  

ammonia i n  a s t ream  va r ies   w i th   t ime ,  i t  can  be  expected 

t h a t  ammonia, n i t r i t e  and n i t r a t e   c o n c e n t r a t i o n s  will vary 

s i g n i f i c a n t l y   b o t h   t i m e   w i s e  and w i t h   l o c a t i o n   i n   t h e   s t r e a m .  

2 . 2 . 4  Non-Steady S t a t e   E f f e c t s  

I n  an  aquat ic  environment  where  inorganic  n i t rogen  loadings, 

water  temperature,   streamflow,  d issolved  oxygen  and pH a r e  

cons tan t  and  have  been so f o r  a s i g n i f i c a n t   p e r i o d   o f   t i m e ,  a 

s teady   s ta te   cond i t ion   shou ld   ex is t .   That  i s ,  t h e   r a t e   o f  

a s s i m i l a t i o n   o f   n i t r o g e n   b y   a q u a t i c   p l a n t s  and t h e   b a c t e r i a l  

conversions o f  n i t rogen  shou ld   occur   a t  a c o n s t a n t   r a t e .   I n  

na ture ,   however ,   the   s teady   s ta te   cond i t ion   i s  seldom, i f  ever ,  

rea l i zed .   Fo r  example, when  ammonia i s  f i rs t  ' In t roduced  in to  a 

s t ream  tha t  was p r e v i o u s l y   f r e e  o f  ammonia, t h e r e  will be a 

t r a n s i e n t   p e r i o d   d u r i n g   w h i c h   b a c t e r i a 1  and a q u a t i c   p l a n t  

popu la t ions  will i n c r e a s e .   I n   t h e   c a s e   o f   n i t r i f y i n g   b a c t e r i a  

Ni t rosomonas,   as  descr ibed  ear l ier ,  will increase more r a p i d l y  

than   N i t robac te r .  The p e r i o d   r e q u i r e d   f o r   N i t r o b a c t e r  t o  come 

i n t o   e q u i l i b r i u m   w i t h   N i t r o s o m o n a s  may take  up t o  two  months a t  

10"  Cels ius ( D . P . H .  Stechey.  Canadian  Aquaculture  Systems. 

Windsor,  Ontario,  Personal  communication,  1986).  During t h i s  

t ime,   there  will b e   h i g h e r   l e v e l s   o f  ammonia and n i t r i t e  

downstream  than  would  ex is t   a f ter  an e q u i l i b r i u m  i s  

e s t a b l i s h e d .   S i m i l a r l y ,   f o r   a q u a t i c   p l a n t s ,   t h e r e  will be a 

p e r i o d  i n  w h i c h   g r o w t h   r a t e s   a d j u s t   t o   t h e   a v a i l a b l e   n u t r i e n t s ,  

and d u r i n g   t h a t   t i m e   h i g h e r   l e v e l s   o f  ammonia will be  found 

downstream  than will e x i s t   a t   e q u i l i b r i u m .  

However,  even a f te r   these  ad jus tments   have been made, 

e q u i l i b r i u m  i s  se ldom  establ ished  because  o ther   factors  will 

1 
I 
I 
I 
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TABLE 1 
LIST OF SUBSTANCES STIMULATORY TO NITRIFIER GROWTH ( f ran   Sham and Ahlert, 1977) 

Substance Concentration- Effect$ 
~~ ~~ 

Reference 

Phosphate 

hgnesi um 

310 as P 

5 as P 

- 

- 
5 

10.5-50.5 
(as S0,*7H20) 

13.5-50 

Molybdenum 

Iron 

Calcium 

S o d i u m  

kri ne Salts 

V i  tami ns 
A-Palmi tate 
Pantothenic  Acid 

Nicotinic  Acid 
Ascorbic  Acid 
B io t in  

Adenine Sulfate 
S o d i  um G1 u tama te  
Yeast Extract 
L-Ser i ne 

L-Glutamine 

L-Glutamic Acid 
-Aspartic  Acid 

ksh of  corn  steep 
1 i quor 

G1 ucose, p-ami no- 
benzoi c acid 

50- loo 
- 

10-9n(o.o001) 

10-2n(1000) 

0.5-0.6 
7 

- 

0.5-10 

10.5-50.5 

- 

(as CaC12*2H,0) 

0-0.06 
- 

0.1 

0.1-0.5 
0.6-1.5 
1.5-7.0 

- 

500,OOO USP ml -1  
0.05 mg m l - 1  

0.0025 pg ml-l 
0.05 mg m l - 1  
0.05 mg m l - 1  

0.-150  mpg 

2 
0.05 mg m l - 1  
1720 mg m l - 1  

2 mg m l - 1  
4 pg m l - 1  

1050 mg ml-l 
4 pg ml'l 

1450 mg ml-l 
4 pg m l - 1  
4 pg ml-l 

2-5 

Reqd fo r  Ns G 8 Nb G 
Reqd fo r  Ns G 8 Nb G 

Reqd fo r  Nb G 

Reqd fo r  Ns G 8 Nb G 
Reqd fo r  Nb G 

No ef fect  on  Ns A 
Ns A + 
Slight Ns A - 

Nb A + 
1 1-fold increase i n  

Slight Nb A, G - 
Reqd fo r  Ns G 8 Nb G 
Ns G + 
Reqd fo r  Nb G 

Reqd fo r  Nb G 
No effect by i t s e l f  on 

Ns A; + i n  presence o f  
5 mg 1 - 1  EDTA 

No effect on  Ns A 
Reqd fo r  Nb G 
Ns A + ; Added 
Ns A + along with 5 mgl-1 

Sl ight Ns A + ; With  higher 
concentrations Ns A - 

Increasing Ns A 

Reqd by sane estuarine 
or l i t to ra l   cu l tu res   o f  
amnonia oxidizers 

Nb A and G 

.EDTA 

N S A + ;  N s G -  
N S A - ;  N s G +  

N s G + ; N b G +  
Nb G + 
Ns A + 
Nb G + 
Nb G + 
2-&fold Nb A + * 

100-1OOefold Ab G + 
Slight Ns A, G + 
Nb G + 
N s G + ; N b G +  
Nb G + 
N s A + ; N s G +  
Nb G + 
N s G + ; N s A +  
Nb G + 
N s G + ; N s A +  
N s G + ; N s A +  
Ns G + 
Ns A + ; Nb A.+  ; ;ye; mixed 

Lees  (1955) 
Van Dmgenbroeck 8 

Aleem (1959, c i t e d   i n  

Lees  (1955) 
Aleem (1959, c i t e d   i n  

Skinner 8 Walker  (1961) 
Loveless 8 Painter (1968) 

Laudelout (1967) 

Painter, 1970) 

Painter, 1970) 

Aleem (1959, c i t e d   i n  
Painter 1970) 

Finstein 8 Delwiche 
(1965) 

Lees  (1955) 
Skinner 8 Walker  (1961) 
Aleem  (1959, c i t e d   i n  

Lees  (1955) 
Loveless 8 Painter (1968) 

Painter, 1970) 

Skinner 8 Walker  (1961) 
Lees (1955) 
Loveless 8 Painter (1968) 

Tan1 inson et. a. (1966) 

Skinner 8 Walker  (1961) 
Loveless 8 Painter (1968) 

Finstein 8 Bitzky (1972) 

Pan (1971a) 

Gunderson  (1955) 
Pan  (1971a) 

Krulwich 8 Funk (1965) 

Clark 8 Schmidt  (1967a) 
Pan  (1971a) 

Clark 8 Schmidt  (1967a, b) 
Pan  (1971a) 
Clark 8 Schmidt  (1967a) 
Pan  (1971a) 
Clark 8 Schmidt  (1967a) 

Gunderson  (1958) 

Cooper 8 Catchpole 
(1973, c i ted  in  Painter,  
1977,  and i n  Stafford, 
1974) 

* A l l  results  are  for pure cultures  unless  indicated  otherwise.  +In mg 1-1 unless  specified 
otherwise. 9 s  = Nitrosanonas; Nb = Nitrobacter; G = Growth; A = Activi ty; + = Stimulation; - = Inhibit ion. e.9. Ns A + = stimulation  of Nitrosanonas act iv i ty   s t imulat ion  o f   n i t r i f icat ion.  
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TMLE 2 
L I S T  OF SUBSTANCES INHIBITORY TO NITRIFIER GROWTH (from S h a m  and Ahlert, 1977) 

Substance 
Degree of  

Concen t r a  t i on+# Inhibi  t ion/Effect* Reference 

Angs 
(2-aminwl"Q-hloro- 10 pg g" so i l  
6 methl-pyrimidine) 

ST§§ 
(sulfathiazole) 

Volat i le  sul fur  
Canpounds 
cs2 

CH3SSCH3 , CH,SH, 

Disinfection/ 

cH3sCH3, H,S 

chlorination 

Pyridine or 4- 
methyl pyridine 

2-methyl pyridine 

J-methyl pyridine 

Diethyldi  thio- 
carbamate 

Ethyl xanthate 
3-h inot r iazo le 
Mthylene Blue 

Methanol 
Ethanol 
0-Propanol 
0-Butanol 
Ethyl  acetate 
Tannin and tannin 

der i vat i ves 
phenol i c  acids 
and f 1  avonoi ds 

10 pg 9-1 s o i l  

10 pg  g-1 so i l  

Up to  50 pg  g - l   so i l  

0.6-2 mg l"1 
Chlorine  residual; 
contact time up to  

60 min 

100 

100 

1 0 0  

10-5 M - 

10-4 M 
10-3 H - 
10-4 H - 

5 X 10-3 H 
0.09 H 
0.33 M 
0.11 M 
0.12 H - 

- H 

34%  Ns 8 Nb A - Bremner 8 Bundy (1974) 
a f te r  5 days; 
none a f te r  14 daysfs 

a f te r  5 days; 
none a f te r  14 daysfs 

332 NS 8 Nb A - Bremner 8 Bundy (1974) 

912 Ns 8 Nb A - Bremner 8 Bundy .(1974) 

I n i t i a l  Ns 8 Nb A - ; Bremner 8 Bundy  (1974) 

a f te r  5 days; 
95% a f te r  14 daysfs 

almost ne l i g i b l e  
a f te r  7-l! days 

more resitant than 
fecal  streptococci ; 
n i t ra t i f ie rs   surv ive  
better than n i t r i t i f i e r s -  

respectively. . Almost 
canplete Nb A - by both. 
Measured  as 0 uptake 
a t  80 min. Ace. Sludge. 

40% Ns A -; a t  80 
min; activated 
sludge system 

Nb A - ; activated 
sludge system 

o f  NS A as masured 
by r a t e   o f   n i t r i t e  Hooper 8 Terry (1973) 
formulation  after 20 
mln, re la t ive  to  a 
control 

N i t r i f i e r s  considerably  Stran a. d. (1976) 

50% NS A - 8 90% NS A -, Stafford (1974) 

Very s l igh t  Nb A - ; Stafford (1974) 

Very s l   igh t  -Ns A and Stafford (1974) 

Canplete inh ib i t ion  

Canplete inh ib i t ion  
of Ns A as  measured 
by r a t e   o f   n i t r i t e  Hooper 8 Terry (1973) 
formulation a f te r  20 
min, re la t ive  to  a 
control 

Very strong  inhibitors  Rice 8 Pancholy  (1974) 

*Also  marketed  by Hach Chemical Canpany, Pmes, Iowa,  as  Formula-2533 n i t r i f i ca t i on   i nh ib i t o r ;  and by 
Dow Chemical Co., Hidland,  Hichigan. "A11 results  are  for pure cultures  unless  indicated  otherwise. 
#In mg 1-1 unless  indicated  otherwise. §Degree of inhibitaion  not  reported. .iwrNs = Nitrosanonas; Nb 
= Nitrobacter; A = Act iv i t y  = n i   t r i t i - h i t r a t i f i c a t i o n ;  G = Growth; + = Stimu!ation; - = Inh ib i t ion  
fs;nhIbition.study by incubatin  soil sanples i n  screw-cap bot t les and measuring the amount o f  
( n i t r i t e  + nitratel-N formed. A r k e t e d  by To o Koatsu Industries,  Inc. Tokyo,  Japan. §§@rketed 
by S i g n a  Chemical Co., S t .  Louis, Missouri. JLab and f i e l d  study  enploying  the MPN technique. 
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TABLE 2 (Continued) 

Degree  of 
Substance  Concen t ra t i on-  Inhibi  tion/Effect*  Reference 

Halogen-substituted 0 - Netcalf 8 Eddy  (1973) 
phenol i c  canpounds 

Halogenated  solvents 
Thiourea 

E thy1  urethane 

Heavy  metals 
Copper 

Chromium,  trivalent 

Nickel 

fran which  hydrocycanic 
acid  is  liberated 
on  acidification 

Cyanides 8 all conpounds 

Phenol  and  cresol 
Phenol 

Phenol , 0- ,  m-, 

Vitamins 
p-cresol s 

Riboflavin;  a-lipoic 

HC1; B 
acid; B, pyridoxine 

Panthothznic  acid 
Thiamine 

Ani  no'  Acids 
L-Lysi  ne 

L-Threoni ne 

L-Histidine 

L-Val i ne;.  L-Argi ni ne 
L-Methionine 

Alanine;  aspartate; 
glycine;  glutamate; 
cysteine;  methionjne 

Pur 1 nes  and  pyr 1 mi di nes 

0 
0 

0.0003 t4 

0.01 n 
0.12 

10-20 
0.05-0.56 

4 

150 

>O .25 
118 

>O .25 
20 mg 1-1 

2o %;-' 

1 0 0  

0.05 mg ml-l 

0.05 mg ml'l 
5 pg0ml-l 

4 pg ml'l 
1460 mg ml;l 
4 pg  ml- 

1200 mg ml -ll 
1 0 0  pg ml- 
4 pg  ml-l 
4 pg ml-l 
4 pg ml'l 

0.0005-0.01 n 

0.01 n 

-§ 

-1ete  inhibition  of 
-§ 

nltrificatjon until 
16.days;  mixed  culture, 
s o i l  perfusion  expt 

752-in 0, uptake;  mixed 
culture  of  soil  nitrifiers Norma! nitrification  after 
inhibition  for 18 days; 
mixed  culture,  soil 
perfusion  expt 

-§ 
NS A - 
752- Ns A - ; negligible 
for  nitrifying  activated 
s 1 udge 

sludge 
752- ni tri tying  activated 
Ns G 
752- nitrifying  activated 

Ns G 
"§ 

sl udge 

Metcalf 8 Eddy  (1973) 
Metcalf 8 Eddy  (1973) 
Quastel 8 Scholef  ield 

( 1949) 

Quastel 8 Scholefield 

Quastel 8 Scholefield 
( 1949) 

(1949) 

Metcalf 8 Eddy  (1973) 
loveless 8 Painter(1968) 
Tanlinson e. a. (1966) 
Tanlinson a. a_l. (1966) 
Skinner 8 Walker  (1961) 
Tan1  inson e. a. (1966) 
Skinner 8 Walker  (1961) 
Metcalf 8 Eddy  (1973) 

--§ Metcalf 8 Eddy  (1973) 
Acclimatization by Stafford (1974) 
activated  sludge 
if approached 
gradual 1 y 

activated  sludge 
No  effect  on Nb A in Stafford (1974) 

Nb G - Pan  (1971a) 

Nb G - 
NS A - 

NS A -, NS G - 
NS G - 
NS A -, NS G - 
NS G - 
NS A - 
NS A -, NS G - 
NS A -, NS G - 
NS A -, NS G - 
Normal  nitritifjcation 
after  inhibition  for 16 
days;  mixed  culture;  soil 
perfusion  expt 

Nj tratification  delayed 
but proceeds  normal 1 y 
after  adaptation 

Pan  (1971a) 
Gunderson  (1955) 

Clark 8 Schmidt  (1967a) 
Pan  (1971a) 
Clark 8 Schmidt  (1967a) 
Pan  (1971a) 
Gunderson  (1955) 
Clark 8 Schmidt  (1967a) 
Clark 8 Schmidt  (1967a) 
Clark 8 Schmidt  (1967a) 
Quastel 8 Scholefield 

( 1949) 

Quastel 8 Scholefield 
( 1949) 

cytosine,  guanine 0.05 mg ml-l Nb G - Pan  (1971a) 
Pyruvate 0.4 mg ml-l as lithium Nb G - Pan  (1971a) 

5 x 10- n or greater Nb G - Pan  (1971a) 
Potassium  chlorate 10-5-10-3 n N b G - ;   N b A -  Lees 8 Quastel  (1945) ; 

Voets e. a. (1975) 
N-Serve* 10 Canplete  inhibition  of  Voets  et. a1 . (1975) 

(2-chloro-6(tri-  nitrification (inhi6i ti% data  not 

pyruvate 

chloranethy1)-pyridine)  presented) 
10 pg  g-l  soil 642 NS 8 Nb A - Bremner 8 Bundy 

after 5 days; 7 3 2  (1974) 
after 14 daysf) 
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c o n s t a n t l y  change the   cond i t i ons   f o r   g rowth .  As  mentioned 

e a r l i e r ,   l i g h t   p l a y s  a n   i m p o r t a n t   r o l e   i n   t h e   n i t r i f i c a t i o n  

process  as  well   as i n   t h e   p r o c e s s  o f  a s s i m i l a t i o n  o f  n i t r o g e n  

by   aquat ic   p lan ts .  It can be e x p e c t e d   t h a t   v a r i a t i o n s   i n  

a v a i l a b l e   l i g h t  will cause  non-s teady   s ta te   n i t rogen  cond i t ions  

on bo th  a d i u r n a l  and a seasonal  basis. 

I n   no r the rn   l a t i t udes ,   seasona l   t empera tu re  changes l e a d   t o  

v a r i a t i o n s  i n  b a c t e r i a l   p o p u l a t i o n s ,   t h e r e b y   r e s u l t i n g   i n  

p o t e n t i a l l y   h i g h   r a t e s  o f  n i t r i f i c a t i o n   d u r i n g   t h e  warmer 

months.  However,  as d e s c r i b e d   i n   t h e   t e m p e r a t u r e   e f f e c t s  

sec t ion   above,   w in te r  may s t o p   n i t r i f i c a t i o n   c o m p l e t e l y .  

Aquat ic   p lants ,   depending on species,  will respond t o  warmer 

water  temperatures and i n c r e a s e d   l i g h t  b y   i n c r e a s i n g   t h e i r  

biomass  and, i n  so do ing ,   by   i nc reas ing   t he i r   capac i t y   t o  

a s s i m i l a t e   n i t r o g e n  compounds. During  these  seasonal  changes 

t h e r e  will be  cor respond ing   var ia t ions  i n  ammonia, n i t r i t e  and 

n i t r a t e   l e v e l s   t h r o u g h o u t   t h e  system. 

I n   a d d i t i o n   t o   d i u r n a l  and seasonal  changes a f f e c t i n g   n i t r o g e n  

t c o n c e n t r a t i o n s   i n  a r i v e r ,  

r a t e  o f  i n o r g a n i c   n i t r o g e n  

increased,   there will be a 

p l a n t  and b a c t e r i a l   p o p u l a t  

above. As n i t r o g e n   l o a d i n g  

popu la t ions  will d i m i n i s h  un 

here  may a l s o  be v a r i a t i o n s   i n   t h e  

load ing .  As n i t r o g e n   l o a d i n g  i s  

co r respond ing   i nc rease   i n   aqua t i c  

ons, w i t h  a l a g  phase  as descr ibed 

decreases ,   the   p lan t   and  bac ter ia l  

il elevated   load ings   occur   aga in .  

From t h i s   d i s c u s s i o n ,  i t  should be c lea r   t ha t   t he   chemica l  

s t a t e  o f  i n o r g a n i c   n i t r o g e n   i n  a s t ream  o r   r i ve r   sys tem will be 

i n  a non-steady  s ta te  condi t ion  most  o f  the  t ime.  Consequent ly,  

t h e   m o d e l l i n g  o f  i n o r g a n i c   n i t r o g e n  i n  a stream o r  r i v e r  

environment i s  compl ica ted   by   the   requ i rement   to   account   fo r  

t empora l   e f fec ts  o f  v a r y i n g   n i t r o g e n   l o a d i n g  as w e l l  as d i u r n a l  

and  seasonal   var iat ions i n   t h e   c h e m i c a l ,   p h y s i c a l ,  and 

b io log i ca l   p rocesses   t ha t   e f fec t   n i t rogen   dynamics .  
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3. S ITE-SPECIF IC  WATER QUALIFY CRITERIA  DEVELOPMENT 

3.1  Ambient  Water Q u a l i t y  

3.1.1  Backqround 

Over the  past   ten  years,   the  Water   Qual i ty   Branch  ( IW/L)   has 

c h a r a c t e r i z e d   e x i s t i n g   w a t e r   q u a l i t y   c o n d i t i o n s   i n   t h e   F l a t h e a d  

R i v e r   b a s i n .   W a t e r   q u a l i t y   s u r v e y   a c t i v i t i e s   w e r e   i n i t i a t e d   i n  

December, 1975, t o  examine t h e   w a t e r   q u a l i t y   i n   t h e  Canadian 

p o r t i o n   o f   t h e   b a s i n .  This i n tens i ve   wa te r   qua l i t y   samp l ing  

program was completed I n  September,  1976, w i t h   f o l l o w - u p  

surveys  conducted i n  August,  1980  and Ju l y ,  1982. N u t r i e n t s ,  

meta ls  and other  chemical   var iables  were  measured  at  a t o t a l   o f  

n i n e   s i t e s   i n   t h e   w a t e r s h e d .   R o u t i n e   w a t e r   q u a l i t y   m o n i t o r i n g  

a c t i v i t i e s  commenced i n  Ju l y ,  1979  and A p r i l ,  1980, a t  the 
F la thead   R ive r   a t   t he   I n te rna t i ona l   Bo rde r  and on Sage Creek 

respec t ive ly .   Sampl ing   ac t i v i t ies   have  been  conducted   a t  a 

var iab le   f requency   (6 -10   t imes/year )   w i th   nu t r ien ts ,   meta ls  and 

o t h e r   v a r i a b l e s  measu.red i n  water   on ly .  ' 

~. 

Recent ly,  a second in tens ive   survey  was i n i t i a t e d  (November, 

1983) t o  assess  the  seasonal and y e a r l y   v a r i a b i l i t y   o f   h i g h  

p r i o r i t y   w a t e r   q u a l i t y   v a r i a b l e s .   N u t r i e n t s ,   n o n - f i l t e r a b l e  

res idues and barium  have  been  measured p e r i o d i c a l l y   t h r o u g h o u t  

l ow   f l ow   pe r iods  and i n t e n s i v e l y   d u r i n g   f r e s h e t .  Measurements 

were rou t ine ly   per fo rmed  a t   the   In te rna t iona l   Boundary ,   Howel l  

Creek,  and a s i t e  on the  F la thead  River   upst ream  of   the  Howel l  

Creek  confluence  with  the  mainstem. The r e s u l t s  o f  t h i s   s u r v e y  

will be d e t a i l e d  i n  subsequent  reports, and t h e r e f o r e   o n l y  a 
b r i e f   o v e r v i e w   o f   t h e   w a t e r   q u a l i t y   i n f o r m a t i o n   r e q u i r e d   f o r  

n i t rogen  spec ies   c r i te r ia   deve lopment  will be i n c l u d e d   i n   t h i s  

r e p o r t .  
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3.1.2 Summary 
A number o f  reports  are  currently  available  or  in  preparation 
[Sheehan  et  al. 1980; Sheehan  et  al.  1985;  Water  Quality  Branch 
1986;  Thorp  1985;  Valiela  and  MacDonald  1987a  (in prep.); 
Valiela  and  MacDonald  1987b  (in prep.)] that,  collectively, 
provide a good  indication o f  the  existing  water  quality 
conditions in the  Flathead  River  basin.  Therefore,  only a 
overview  of  these  data will be  provided  in  this  report. 

3.1.2.1 Flathead  River  at  the  International  Border 
A statistical  summary o f  existing  data  on  water  quality 
available  as o f  1982 for  the  Flathead  River  at  the 
International  Boundary  is  provided in Appendix 1. 

The  quality o f  surface  waters is a function o f  the  chemical 
properties o f  the  precipitation  that  falls in the  watershed, 
.the  physical,  chemical  and  biological  properties o f  the 
watershed  itself,  and  the  sum  total o f  the  anthropogenic 
inputs  to  the  aquatic  system  within  the  watershed 
boundaries.  Generally,  precipitation  has  very  low  levels o f  

nutrients,  metals,  major  ions  and  non-filterable  residues. 
Inputs o f  these  variables  are  dependent  on  dissolution  or 
suspension  during  the  progression  from  moisture  deposition 
to  streamflow  or  on  human  activities. 

In the  Flathead  River,  changes in the  concentrations o f  many 
o f  the  water  quality  variables  measured  are  closely  linked 
to  changes in  streamflow. 

Alkalinity,  hardness,  conductivity  and  pH  exhibit  distinct 
seasonal  trends  at  the  International  Boundary  station o f  the 
Flathead  Rlver.  Measurements o f  all  four  variables  remain 
relatively  constant  during  the  period  from  September  to 
mid-March.  Recorded  values  are  highest  for  all o f  these 
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v a r i a b l e s   d u r i n g   t h i s   l o w   f l o w   p e r i o d .  However, w i t h   t h e  

onset   o f   f reshet ,   rap id  snowmel t  and p r e c i p i t a t i o n   e v e n t s  

c o n t r i b u t e  a l a r g e  volume o f   w a t e r   t o   t h e   F l a t h e a d   R i v e r  

mainstem. A t  t h i s   t i m e   o f   t h e   y e a r ,   f o r e s t   s o i l s   a r e  

sa tu ra ted  w i th  water so t h a t  much o f   t h e   r u n o f f   e n t e r s   t h e  

r i v e r   w i t h o u t   p e r c o l a t i n g   t h r o u g h   t h e   s u r f a c e   s o i l   l a y e r s . .  

The re fo re ,   t he   runo f f   t ends   t o   be   l ow   i n   i on i c   con ten t  and 

i n   b u f f e r i n g   p o t e n t i a l .   T h i s   d i l u t i o n   e f f e c t  commences 

about  mid-March, i n t e n s i f i e s  and reaches i t s  peak near   the 

end o f   M a y , ( c o r r e s p o n d i n g   t o   t h e  peak i n   s t r e a m f l o w ) ,  and 

subs ides   dur ing   the   per iod  June 1 - August 31. 

Suspended s e d i m e n t ,   o r   n o n - f i l t e r a b l e   r e s i d u e  (NFR) l e v e l s  

i n   t he   F la thead   R ive r   va ry   seasona l l y ,  and e l e v a t e d   l e v e l s  

genera l l y   co r respond   to   sp r ing   f reshe t   cond i t i ons .  NFR 

l eve ls   rema in   re la t i ve l y   cons tan t   f rom  Ju l y   15  - March  15, 

w i th  c o n c e n t r a t i o n s   g e n e r a l l y   f a l l i n g   i n   t h e  0 - 5 mg/L 

range.  Extreme levels   occur   f rom  mid  March  to   mid  Ju ly ,  

w i t h  peak  suspended  sediment concent ra t ions   reach ing  200 - 
800  mg/L.  Those var iables,   such as t o t a l   m e t a l s ,   t o t a l  

phosphorus ,   e tc . ,   tha t   a re   normal ly   assoc ia ted   w i th  

suspended  sediment  tend t o ,   d i s p l a y   s e a s o n a l   d i s t r i b u t i o n  

p a t t e r n s   t h a t   a r e   v e r y   s i m i l a r   t o   t h a t   o f  NFR. 

3.1.2.2  Howell  Creek  below  Cabin  Creek 

A s t a t i s t i c a l  summary o f   e x i s t i n g   d a t a  on w a t e r   q u a l i t y   i n  

Howel l   Creek  below  the  conf luence  wi th  Cabin  Creek  ( to  1982) 

i s  p r o v i d e d   i n  Appendix 2. 

The seasonal v a r i a b i l i t y   p a t t e r n s   o f   t h e   w a t e r   q u a l i t y  

va r iab les  measured i n  Howell  Creek  appear t o  be v e r y   s i m i l a r  

t o   t h o s e  measured i n   t h e   F l a t h e a d   R i v e r  mainstem. The major 

dif ferences  between  the  two  systems  stem  from  the  higher 

degree  of  groundwater  input and lower   d i scha rge   i n   Howe l l  
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Creek.  These  characteristics  result  in  water  that  is 
somewhat  harder,  with  better  buffering  potential  and  higher 
ionic  content in  Howell  Creek  as  compared  to  the  mainstem. 
In  addition,  values  for NFR and  related  variables  tend  to  be 
lower in  Howell  Creek. 

3.2 Fisherjes  Interactions  with  Environmental  Contamination 

Environmental  contaminants  can  be  harmful  to a fishery i n  at  least 
five  ways  (Alabaster  and  Lloyd 1982): 

1)  By acting  directly  on a fish  swimming  in  the  water,  either 
by killing  them  or  reducing  their  growth  rate  and  resistance 
to  disease; 

i i )  By preventing  the  successful  development  of  fish  eggs  and 
larvae; 

i i i )  By  modifying  natural  movements  and  migrations  of  fish; 
iv) By reducing  the  abundance  of  food  available  to  the  fish; 

v )  By'affecting  the  efficiency  of  methods  for  catching  fish. 

It  is  therefore,  important  to  detail  life  history  patterns  and 
identify  the  most  sensitive  developmental  stages  of  recreationally 
important  species  in  order  to  develop  water  quality  criteria  that 
will represent  no-effect  conditions  for  those  species.  The  following 
information  was  extracted  from  MacDonald  (1985),  with  contributions 
by A .  Martin  (personal  communication,  Fisheries  Branch,  Cranbrook, 
B.C., 1986). 

3.2.1 Bull  Trout 
Sexually  mature  adult  bull  trout  leave  Flathead  Lake  to  begin 
their  upstream  migration in early  spring,  generally  in  April 
and  May.  Upstream  migration  takes  place  over a number  of 
months,  with  the  bull  trout  usually  arriving  at  the  mouths  of 
their  natal  tributary  streams  from  mid  July  to  late  August. 
The  size  and  availability  of  these  fish  throughout  the  course 
of  their  upstream  migration  make  them  the  target  of a rather 

I 
1 
8 
1 
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intense  sport  fishery in the  Flathead  River.  The  bull  trout 
enter  the  tributary  streams  from  early  August  to  late  September, 
and  initiate  spawning  activities  when  water  temperatures  drop 
to  approximately 8.0"C. The  eggs  are  deposited in large  redds 
that  are  normally  constructed in areas  with  favourable  gravel 
substrate  characteristics  and,  frequently,  upwelling 
groundwater  flow. 

Incubation  proceeds  through  the  autumn  and  winter  months,  with 
the  peak  of  hatch  generally  occurrlng by mid  January.  Bull 
trout  larvae  remain in the  gravel  until  yolk  sac  absorption is 
nearly  complete.  Peak  of  emergence  of  fry  takes  place by May 
31 in most  tributaries  to  the  North  Fork  of  the  Flathead  River, 
with  the  exact  emergence  timing  dependent  on  spawning  timing 
and  water  temperatures  over  the  period  of  incubation.  After 
rearing  for 1-3 years in tributary  streams,  bull  trout  smolts 
migrate  (June - August)  to  Flathead  Lake.  In  the  lake,  an 
abundance  of  food  items  results  in  very  rapid  growth,  with  fish 
achieving  trophy  size by the  age o f  7+ or 8t. Substantial 
sport  fishing  effort is directed  at  these  fish  while in the 
lake,  with  the  older  year  classes  selected  through  gear  choice 
and  the  minimum  size  limit (46.0 cm)  on  bull  trout.  Bull  trout 
life  history  patterns  in  the  Flathead  system  are  diagrammed  in 
Figure 1 1 .  

3.2.2 Cutthroat  Trout 
Cutthroat  trout in the  Flathead  River  watershed  have  developed 
a number  of  life  history  patterns  that  effectively  utilize  the 
habitat  available in the  system. A total  of  three  forms, 
resident,  fluvial  and  adfluvial,  of  westslope  cutthroat  trout 
exist  in  the  Flathead  system.  The  resident  and  migratory  forms 
are  indistinguishable  as  juven'iles,  and  downstream  emigration 
of  smolts is the  only  means  of  differentiating  the  two  forms. 
Adult  (mature)  cutthroat  trout  can  be  distinguished by size, 
with  the  largest  being  adfluvial,  the  intermediate  sized  fish 
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b e i n g   f l u v i a l ,  and t h e   s m a l l e s t   b e i n g   r e s i d e n t   f i s h .  A l a c k   o f  

t empora l   o r   spa t i a l   i so la t i on   du r ing   spawn ing   i nd i ca tes   t ha t  

t h e r e   i s   p r o b a b l y  a s i g n i f i c a n t  amount o f   t r a n s f e r   o f   g e n e t i c  

in format ion  between  the  three  forms.   Therefore,   env i ronmenta l  

r a t h e r   t h a n   g e n e t i c   f a c t o r s  may be   respons ib le   f o r   t he  

migra tory   behav iour   o f   th is   spec ies .  

C u t t h r o a t   t r o u t  spawn i n  May and  June i n   s m a l l   t o   i n t e r m e d i a t e  

s i z e d   t r i b u t a r i e s   i n   t h e   F l a t h e a d   d r a i n a g e .  Development 

p roceeds  rap id ly  due to   t he   i nc reas ing   wa te r   t empera tu res   ove r  

the   i ncuba t ion   pe r iod .  The peak o f   ha tch ing   usua l l y   t akes  

p lace   by   mid   Ju ly ,   w i th   the   a lev ins   remain ing   in   the   s t ream-bed 

s u b s t r a t e   u n t i l   t h e   y o l k  sac i s  near ly  completely  absorbed. 

Emergence takes   p lace   f rom  l a te   Ju l y  t o  mid  August w i t h   t h e  

exact  t iming  mediated  by  water  temperatures  over  the  per iod o f  

i n c u b a t i o n .   J u v e n i l e   c u t t h r o a t   t r o u t   u t i l i z e   p o o l s  and runs i n  

the  upper  reaches o f  t r i b u t a r y  streams f o r   r e a r i n g   a c t i v i t i e s .  

I n   g e n e r a l ,   f r y   d e n s i t i e s   d e c r e a s e  as s t ream  order   increases,  

i n d i c a t i n g   t h a t   t h e   m a i n s t e m  i s  not   used  extens ive ly   by 

j u v e n i l e s   f o r   r e a r i n g   a c t i v i t i e s .   A f t e r  1 t o  4 years  (most ly  2 

o r  3)  o f   r e a r i n g   i n   t r i b u t a r y   s t r e a m s ,   j u v e n i l e   a d f l u v i a l  

cu t th roa t   t rou t   m ig ra te   ( June  - J u l y )   t o   F l a t h e a d  Lake. 

J u v e n i l e   f l u v i a l   c u t t h r o a t   t r o u t   m i g r a t e   ( J u n e  - J u l y )   t o   t h e  

mainstem, w h i l e   r e s i d e n t   f i s h   r e m a i n   i n   t r i b u t a r y   s t r e a m s .  I t 

has a l s o  been p o s t u l a t e d   t h a t  some ou tm lg ra t i on  o f  c u t t h r o a t  

j u v e n i l e s  may occur i n  some t r i b u t a r i e s   i n   t h e   f a l l .  I t  i s  

presumed t h a t   t h e s e  movements a r e  made t o   o v e r w i n t e r i n g  

h a b i t a t s ,  and may be r e l a t e d   t o   t h e   w i n t e r   c a r r y i n g   c a p a c i t y  o f  

t h e   t r i b u t a r i e s .  

Ups t ream  m ig ra t i on   o f   sexua l l y   ma tu re   ad f l uv ia l   cu t th roa t   t rou t  

i s  i n i t i a t e d  i n  mid  January  and  continues  through  the  month o f  

A p r i l .  These f i s h  move i n t o   t h e   t r i b u t a r i e s   d u r i n g   o n s e t   o f  

f reshe t ,  w i th  water  temperatures and s t reamf lows   impor tan t   i n  
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t h e   i n i t i a t i o n   o f  spawning movements  and redd  cons t ruc t ion .  

Spawning o f t e n   o c c u r s   d u r i n g   o r   j u s t   a f t e r   t h e  peak o f  

f r e s h e t .  Downstream movement o f   k e l t s   b e g i n s   s h o r t l y   a f t e r  

spawning a c t i v i t i e s  have  been  completed,  and  most o f   t h e  

spawners  have l e f t   t h e   t r i b u t a r i e s  by  mid  July.  

3.2.3 Mounta in  Whi te f ish 

Moun ta in   wh i te f i sh  i s  probably   the  most   abundant   f ish  spec ies 

i n   f l u v i a l   h a b i t a t s   i n   t h e   F l a t h e a d  s y s t e m .   W h i t e f i s h   u t i l i z e  

h a b i t a t s  w i th in  the  Flathead  River  mainstem  and  the  lower 

p o r t i o n s   o f   t r i b u t a r y   s t r e a m s   t h r o u g h o u t   t h e i r  l i f e  h i s t o r y ,  

undergoing  seasonal movements assoc ia ted   w i th   f eed ing ,  

spawning,  and ove rw in te r ing .  

W h i t e f i s h   o v e r w i n t e r   i n  deep pools  o f  the  mainstem, 

predominantly  below  Howell  Creek i n  the Canadian p o r t i o n   o f   t h e  

bas in.  I n  the   sp r ing ,   t hese   l a rge   ove rw in te r ing   popu la t i ons  

gradua l ly   d isperse   ups t ream  to   take   advantage  o f   food  resources  

a v a i l a b l e   i n   t h e   m a i n s t e m  and t h e   l o w e r   p o r t i o n s   o f   t r i b u t a r y  

streams.  Spr ing  migrat ions  are  fo l lowed  by  gradual   downstream 

m i g r a t i o n s   i n   t h e   l a t e   s u m e r  and f a l l ,  when t h e   f i s h   b e g i n   t o  

concen t ra te   i n   poo ls .   Sexua l l y   ma tu re   adu l t s   rap id l y   m ig ra te  

upstream t o  spawning  areas i n   l a t e  October.  Spawning 

a c t i v i t i e s   o c c u r   f r o m   m i d   O c t o b e r   t o   m i d   t o   l a t e  November, w i th  

t h e  eggs broadcast i n  r i f f l e   h a b i t a t s   o v e r   g r a v e l  and cobbles. 

Downstream mig ra t i on   t akes   p lace  soon a f t e r  spawning a c t i v i t i e s  

are  completed. 

I n c u b a t i o n   o f   w h i t e f i s h  eggs  and a lev ins  proceeds  over   the 

w i n t e r  months, w i t h   t h e  emergence t iming  dependent  on bo th  

spawning  t iming  and  water  temperatures  over  the  incubat ion 

per iod .  The r e a r i n g   o f   f r y   o c c u r s   p r i m a r i l y   i n   t h e   s h a l l o w  

r i f f l e  areas  and  backwaters  of   the  Flathead  River.  A summary 

o f   l i f e   h i s t o r y   i n f o r m a t i o n   f o r   F l a t h e a d   R i v e r   s a l m o n i d   s p e c i e s  

i s  c o n t a i n e d   i n   T a b l e  3. 

m 
1 
5 
1 
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TABLE 3 

SUMMARY  OF  LIFE  HISTORY  INFORf4lTION  FOR  FLATHEAD  RIVER 
WATERSHED  SALMONID  FISH  SPECIES 

Species  Period  Activity  Loca t i on 

Bull Trout 

Cutthroat  Trout 
(Adf luvial) 

Cutthroat  Trout 
(Fluvial) 

Cutthroat  Trout 
(Resi  dent ) 

Sept 1 - Jan 30 
Jan 1 - Jan 30 
Jan 1 - Hay  31 

July 1 - June 30 
June 1 - Aug  31 
Apr 1 - July 30 
July 15 - Sept  15 
Sept 1 - Oct  15 
Sept  15 - OCt 30 

Hay  15 - July  15 

Hay  15 - July 20 
July 5 - July 20 
July 5 - AUg  15 
July 20 - Sept 20 

Aug 1 - Sept 30 
Jan  15 - Apr 31 
Apr 15 -Hay 31 
Hay  15 - June 30 
June 1 - July 15 

AUg  15 - AUg 14 

Hay  15 - July 20 
July 5 - July 20 
July 5 - AUg  15 
July 20 - Sept 20 
AUg  15 - AUg 14 
AUg 1 - Sept 30 
Jan  15 - Apr 31 
Apr 15 -Hay 31 
Hay  15 - June 30 
June 1 - July 15 

May  15 - July 20 
July 5 - July 20 
July 5 - AUg  15 
July 20 - Sept 20 
AUg  15 - AUg  14 
Hay  15 - June 30 

Incubation 
Hatching 
Alevin  Development 
Early  Rearing  (to 1 g) 
Juvenile  Rearing 
Smolt  Outmigration 
Adult U/S Migration 
Adult  Entry  into  Tributaries 
Spawni ng 
Kelt  Outmigration 

Incubation 
Hatching 
Alevin  Development 
Early  Rearing  (to 1 g) 
Juveni  le.  Rearing 
Smolt  Outmigration 
Adult U/S Migration 
Adult  Entry  into  Tributaries 
Spawning 
Kelt  Outmigration 

Incubation 
Hatching 
Alevin  Development 
Early  Rearing  (to 1 g) 
Juveni  le  Rearing 
Smol t Outmi  gra t i on 
Adult  U/S  Migration 
Adult Entry  into  Tributaries 
Spawning 
Kelt  Outmigration 

Incubation 
Hatching 
Alevin  Development 
Early  Rearing  (to 1 g) 
Juveni  le  Rearing 
Spawni  ng 

Howell  Creek 
Howell  Creek 
Howel 1 Creek 
Howell  Creek,  Flathead  River 
Howell  Creek,  Flathead  River 
to  Flathead  Lake 
to  Tributary  Mouth 
Howell  Creek 
Howel 1 Creek 
to  Flathead  Lake 

Howell  Creek 
Howel 1 Creek 
Howel 1 Creek 
Howel 1 Creek 
Howell  Creek,  Flathead  River 
to  Flathead  Lake 
to  Tributary  Mouth 
Howell  Creek 
Howell  Creek 
to  Flathead  Lake 

Howell  Creek 
Howell  Creek 
Howell  Creek 
Howel 1 Creek 
Howell  Creek,  Flathead  River 
to  Flathead  River 
to  Tributary  Mouth 
Howel 1 Creek 
Howell  Creek 
to  Flathead  River 

Howell  Creek 
Howel 1 Creek 
Howell  Creek 
Howel 1 Creek 
Howell  Creek 
Howell  Creek 
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TABLE 3 (Continued) 

SUHHARY OF LIFE HISTORY INFORWTION  FOR  FLATHEAD RIVER 
WATERSHED SALMONID FISH SPECIES 

8 
1, 

Species Period Ac t iv i t y  Loca t i on 

Mountain Whitefish Oct 15 - Mar 15 Incubation Howell Creek 
Mar 1 - Nar 30 Hatching  ttowell Creek 
Mar 1 - May 30 Alevin Development Howell Creek 
May  15 - June 15 Fry  Outmigration to  Flathead  River 
May  15 - June 20 Early Rearing ( to  1 9) Flathead  River 
July 1 - June 30 Juvenile Rearing Flathead  River 
Oct 1 - Nov 1 Adult  Migration  into 1 

Tributaries Howell Creek 
Oct 15 - Nov  15  Spawning Howell Creek 
Nov 1 - Nov 30 Kelt Outmi grat ion  to Flathead  River 
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3.3 N i t roqen  Compounds 

Nitrogen  can  be  present i n  the   aqua t i c   env i ronmen t   i n  a number o f  

f o rms ,   each   rep resen t ing   pa r t i cu la r   p rob lems   to   f reshwa te r   f i sh  

species when p r e s e n t   a t   h i g h   l e v e l s .   W h i l e  i t  i s  r e c o g n i z e d   t h a t   t h e  

p o t e n t i a l   e x i s t s   f o r   e l e v a t i o n   o f   t h e   l e v e l s   o f  a w i d e   v a r i e t y   o f  

n i t r o g e n  compounds, o n l y   t h e   e f f e c t s   o f  ammonia, n i t r i t e  and n i t r a t e  

on f r e s h w a t e r   f i s h  will be considered i n   t h i s  document. 

3.3.1 N i t r a t e  

E l e v a t e d   l e v e l s   o f   n i t r a t e   i n   s u r f a c e   w a t e r s   a p p e a r  t o  pose 

l i t t l e   o r  no t h r e a t   t o   f r e s h w a t e r   f i s h   d i r e c t l y .   L i m i t e d  

i n f o r m a t i o n  on t h e   e f f e c t s  o f  n i t r a t e  on f i s h  suggest   that  

a c u t e   t o x i c i t y   i s  a p rob lem  on ly   a t   very  high concent ra t ions .  

The 96 hour LC5o v a l u e   f o r   b l u e g i l l s   a t  20°C  was 12,000  and 

3,000 mg/L f o r  sodium n i t r a t e  and   po tass ium  n i t ra te  

. r e s p e c t i v e l y  (Trama 1954).  Subsequent  studies  on  salmonid 

s e n s i t i v i t y   t o   n i t r a t e   ( W e s t i n  1974) i n d i c a t e   t h a t   c h i n o o k  

salmon ( l - l o g )  and r a i n b o w   t r o u t   ( 1 - 5 9 )   a r e   v e r y   r e s i s t a n t   t o  

n i t r a t e   p o i s o n i n g   w i t h  96 h r  LCso (@13-17"C)  values f o r  sodium 

n i t r a t e   i n   f r e s h w a t e r   b e i n g  5,800  and  6,000 mg/L r e s p e c t i v e l y  

f o r   t h e   t w o   s p e c i e s .   I n   c o n t r a s t ,   t h e  eggs o f  coho  salmon  and 

r a i n b o w   t r o u t   a r e  more s e n s i t i v e   t o   n i t r a t e   t h a n   o t h e r   l i f e  

h i s t o r y   s t a g e s ,   w i t h   t h r e s h o l d   t o x i c   v a l u e s   i n   t h e  40-80 mg/L 

range (R. Nordin,  B.C. M in i s t r y   o f   Env i ronmen t  and Parks. 

V i c t o r i a ,  B.C. Personal  communication.  1987). 

It i s   f u r t h e r   a n t i c i p a t e d   t h a t   n i t r a t e   l e v e l s   w o u l d  be o f  

concern  only when t h e y   r e s u l t   i n   p r o b l e m a t i c   l e v e l s  o f  a l g a l  

growth;   therefore,  no c r i t e r i a  will be proposed f o r   n i t r a t e   i n  

t h i s  document. 
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3.3.2 N i t r i t e  

I n   w a t e r ,   n i t r i t e s   a r e   g e n e r a l l y  formed  by  ox idat ion  o f  ammonia 

o r  by  reduct ion o f  n i t r a t e s .  These species (NO2 , HN02, e tc . )  

t e n d   t o  be q u i c k l y   o x i d i z e d   t o   n i t r a t e s  i n  surface  waters,   and 

a r e   t h e r e f o r e   r a r e l y   p r e s e n t  i n  s i g n i f i c a n t   c o n c e n t r a t i o n s .  

However, d i s c h a r g e s   o f   l a r g e   q u a n t i t i e s  o f  ammonia i n t o .  

r e c e i v i n g   w a t e r s   n e c e s s i t a t e s   t h a t   t h e   n i t r i f i c a t i o n   p r o c e s s  

proceed  downstream  f rom  the  d ischarge  point .   Discharges  which 

r e s u l t   i n   l e v e l s   o f   n i t r i t e  above  ambient  levels i n   t h e  

rece iv ing   wa te r   p resen t  a p r o b l e m   t o   t h e   f i s h  and a q u a t i c   l i f e  

present  (Russo  and  Thurston,  1975). 

- 

3.3.2.1  Fish 

3.3.2.1.1 Mode o f   Tox i c   Ac t i on  

N i t r i t e  has  been shown t o  be h i g h l y   t o x i c   t o   s a l m o n i d s  

(Smith  and  Wil l iams  1974; Cameron 1971;   Thurs ton   e t   a l .  

1978),  however the   exac t  mechanisms o f   t o x i c i t y   a r e   n o t  w e l l  

understood. It i s   w e l l   e s t a b l i s h e d   t h a t   f r e s h w a t e r   f i s h  

accumulate n i t r i t e  ' i n   t h e   b l o o d  and i n  body t i ssues .  

M a r g i o c c o   e t   a l .   ( 1 9 8 3 )   i n d i c a t e d   t h a t   r a i n b o w   t r o u t  

accumulated n i t r i t e   i n   t h e   b j o o d   t o   l e v e l s   t h a t  were  up t o  

60 t imes  h igher   than  env i ronmenta l   va lues   a f te r   on ly  a few 

hours   o f   t rea tment .   Cerebra l  and hepat ic   leve ls   were  up t o  

30 t i m e s   h i g h e r   t h a n   t h o s e   i n   t h e   t r e a t m e n t   w a t e r .  These 

data  appear t o   i n d i c a t e   t h a t   n i t r i t e  i s  a c t i v e l y   t r a n s p o r t e d  

i n t o   f i s h   b l o o d .  

H i g h   b l o o d   n i t r i t e   l e v e l s   l e a d   t o  a c o n d i t i o n  known as 

methaemoglobinemia  (Brown and Mcleay  1975;  Smith and  Russo 

1975).  which i s  due t o   t h e   o x i d a t i o n   o f   h a e m o g l o b i n   ( H b )   t o  

methaemoglobin  (Met-Hb) in   e ry th rocy tes .   Methaemoglob in  

l a c k s   t h e   c a p a c i t y   t o   b i n d  oxygen r e v e r s i b l y  (Bodansky 

1951) ,   and  there fore ,   an   e leva t ion   o f   the   leve l   o f  
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methaemoglobin i n  the  b lood  can  cause  such  patholog ica l  

symptoms a-s cyanosis  and  t issue  hypoxia  (Kiese  1974).   For 

t h i s  reason, some researchers (Wedemeyer and  Yasutake  1978) 

cons ider   the   death  o f  i n tox i ca ted   an ima ls  t o  be a d i r e c t  . 

consequence o f  hypox ia   genera ted   by   an   impa i red   capac i ty   o f  

t h e   b l o o d   t o   c a r r y  oxygen. A r i l l o   e t   a l .  (1984)  suggested _, 

t h a t   l i v e r   h y p o x i a   I s   t h e   r o o t  o f  t h e   a c u t e   t o x i c i t y  

mechanism o f   n i t r l t e   i n   r a i n b o w   t r o u t .   C e r e b r a l   h y p o x i a ,  

h y p o g l y c e m i a ,   i n h i b i t i o n   o f   s e v e r a l  o f  t h e  enzymes o f  Krebs . 

Cycle  and  lysosomal damage have a l s o  been c i t e d  as acu te  

problems  associated w i th  n i t r i t e   t o x i c i t y  (Mens1 e t   a l .  

1982; A r l l l o   e t   a l .  1984). It i s   l i k e l y   t h a t  many o r   a l l   o f  

t h e  above f a c t o r s   a c t   t o g e t h e r   t o  cause m o r t a l l t y  o f  n i t r i t e  

a f f e c t e d   f i s h .  

. .  

3.3.2.1.2 A b i o t i c   F a c t o r s   A f f e c t i n g   N i t r i t e   T o x i c i t y  

The t o x i c i t y  o f  n i t r i t e   t o   f r e s h w a t e r  f i s h  i s   m o d i f i e d  by a 

number o f  f a c t o r s   t h a t   a r e   p r e s e n t  and  measurable i n  t h e  

aquat ic  environment.  These f a c t o r s   i n c l u d e ,   b u t   a r e   n o t  

necessar i l y   l im i ted   to ,   ambien t   hydrogen  ion ,   ch lo r ide  and 

c a l c i u m   l e v e l s  i n  the   sur face   water .  

a.  Hydroqen Ion   Concent ra t ion  

I n  aqueous s o l u t i o n ,   n i t r i t e   e s t a b l i s h e s   t h e   f o l l o w i n g  

e q u i l i b r i u m :  
NO2- + H+ ----a 

\"-- HN02( aq) (13)  

This e q u i l i b r i u m   i s   a f f e c t e d  by   t he   concen t ra t i on   o f  

hydrogen  ions i n  s o l u t i o n ;   t h e r e f o r e   t h e   t o x i c i t y   o f  

the  t reatment   water   would  a lso be a f f e c t e d  by pH i f  t h e  

r e l a t i v e   t o x i c i t y  o f  t h e   t w o   n i t r i t e   s p e c i e s   w e r e  

d i f f e r e n t .   P r e l i m i n a r y   r e s u l t s   o f   n i t r i t e   b i o a s s a y s  

designed t o   t e s t   t h e   i n f l u e n c e  o f  pH on n i t r i t e  

t o x i c i t y  (Russo  and  Thurston  1977)  suggested  that 

t o x i c i t y   t o   r a i n b o w   t r o u t  was independent o f  pH over  - 
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the  range 7 . 5  - 8.5,  and t h a t   n i t r i t e   t o x i c i t y  was 

c o r r e l a t e d   w i t h  NO2 concen t ra t i on .  However, 

subsequent   s tud ies  (Russo  e t   a l .   1981)   ind icated  that  

t h e   t o x i c i t y  o f  n i t r i t e   t o   r a i n b o w   t r o u t   i s  pH-dependent 

w i th in   the   range  cons idered  acceptab le   to   most  

f r e s h w a t e r   a q u a t i c   l i f e  (pH 6 . 5  - 9.0). I t  was a l s o  

found tha t  b o t h   n i t r i t e   s p e c i e s   a r e   t o x i c ,   w i t h   t h e  

HN02 species  be ing much more t o x i c   t h a n   t h e  NO2 species 

(96  hour LCso. values : = 10 ng/L HN02 vs . 250,000 ng/L 

NO2 @ pH 8.0). The r e l a t i v e  abundance o f  the  two 

spec ies   (1   pa r t  HN02: 104-10 p a r t s  NO2-) w i t h i n   t h e  

acceptab le   range  fo r  pH means t h a t   b o t h   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   t o t a l   t o x i c i t y .   F i g u r e  12  (Table 

4 )  demonst ra tes   the   e f fec t  o f  pH on t h e   t o x i c i t y  o f  

n i t r i t e   t o   r a i n b o w   t r o u t .   T h i s   e x p o n e n t i a l   r e l a t i o n s h i p  

c a n   b e   l i n e a r i z e d   b y   p l o t t i n g   I n  LC5o aga ins t  pH. 

Ana lys is  o f  t h e   a v a i l a b l e   d a t a   i n d i c a t e s   t h a . t   t h e  

e f f e c t  of pH on t h e   t o x i c i t y  o f  n i t r i t e  can  be 

- 

- 

- 

6 

expressed  by 

FAV (pH) = 

where: FAV 

SLP 

LCR 

and 
LCP 

the  equat ion:  

FAV r e f .  e SLP (pH-8.0)tLCR 

LCP 

r e f .  i s  the   F ina l   Acute   Va lue   fo r   the  
species  determined  under  reference 
c o n d i t i o n s .   I n   t h i s  case, pH=8.0, 

i s  the   s lope o f  the  curve,  and i s  
c a l c u l a t e d   d i r e c t l y   f r o m   t h e  I n  LC50 
v s .  pH p l o t ,  

i s  t h e  common r e f e r e n c e   p o i n t  on t h e  
curve,  and i s  ca l cu la ted   us ing :  
LCR = I n  LC50 (pH=8 .O) * 

i s  t h e   p r o p o r t i o n a l i t y   c o n s t a n t   t h a t  
permits  the  assessment o f  pH e f fec ts   under  
non-reference  condi t ions,   and i s  
ca l cu la ted   us ing :  LCP = LC50 (pH=8.0). 
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TABLE 4 

EFFECT OF pH ON THE TOXICITY OF TOTAL NITRITE 
TO  RAINBOW  TROUT (RUSSO e t  a l .  1981). 

96 h r  LC50 (Range)a 

PH n N02- t HN02 (mg./L) N02- (mg/L) HN02 (ng /L )  
""""""""""""""""""""""""""""" 

7.0 2 0.13(0.11-0.14)  0.13(0.11-0.14)  30.2(25.9-34.4) 

7.2 1 0.15  0.15  21.6 

7.4 1 

7.6 1 

7.8 1 

7.9 7 

8.3 1 

8.4 1 

8.5 1 

8.6 1 

8.7 1 

8.8 2 

9.0 2 

0.19 

0.18 

0.40 

0.25(0.17-0.36) 

0.54 

0.46 

0.45 

0.50 

0.71 

0.89(0.61-1 .17) 

1.11(1 .lo-1.12) 

0.19 19.4 

0.18 10.8 

0.40 13.6 

0.25(0.17-0.36) 7.7(4.9-11  .4) 

0.54 7.2 

0.46 4.3 

0.45 3.6 

0.50. 3.0 

0.71 3.5 

0.89(0.61-1 .17) 3.3(2.2-4.3) 

1.11(1  .lo-1.12)  2.4(2.4-2.5) 

a )   a m b i e n t   w a t e r   c h e m i s t r y   d u r i n g   t e s t s  was 0 .0 .  = 6.6 - 9.3, 
NH3 = 0.00-0.06, C1 = 0.00-0.47, Ca# = 46.8-61.3. 
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Analysis o f  pooled  rainbow  trout  acute  toxicity  data 
provides  estimates o f  1.08, -1.10, and 0.33 for  the 
three  data  set  dependent  variables in the  equation, 
respectively.  Therefore,  the  relationship  between  pH 
and  nitrite  toxicity  can  be  quantified  using  the 
following  equation: 

1.08(pH-8.0)-1.10 
FAV  (pH) = FAV  ref. e 

0.33 

b. Chloride 
The  suppression o f  nitrite  toxicity in the  presence  of 
chloride  has  been  reported  for  rainbow  trout  (Russo  and 
Thurston 1977), coho  salmon  (Perrone  and  Meade 1977), 

and  steelhead  trout  (Wedemeyer  and  Yasutake 1978). 

This  amelioration o f  nitrite  toxicity by chloride 
appears  to  be  related  to  the  mechanics o f  nitrite 
transport  into  the  blood.  It is likely  that  the  gills 
are  impermeable  to  NO2  but  allow  its  conjugate, 
nitrous  acid  (HN02),  to  diffuse  freely  into  the  blood, 
where it dissociates  according  to  the  blood  pH  value. 
Thus,  NO2 will accumulate in the  blood if it has a 
higher  pH  than  the  treatment  water  (Eddy  et  al.  1983). 
In  addition,  the  movement  of  the  NO2  species  across 
the gill epithelia  may  be  facilitated  by  the  branchial 
anion  exchange  mechanism.  Krous et  a1 . (1982) 

speculated  that  if  lamellar  chloride  cells  are  involved 
in  active  chloride  uptake in  freshwater,  then it is 
possible  that  other  anions  use  the  same  pathway  for 
branchial'  entry  into  the  blood.  The  direct  correlation 
between  plasma  nitrite  values  and  numbers o f  lamellar 
chloride  cells  discovered in rainbow  trout  acclimated 
to  freshwater  for  various  periods o f  time  would  seem  to 

- 

- 

- 
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s u b s t a n t i a t e  t h i s  hypothes is .  Russo  and Thurston 

(1977)  observed a l i n e a r   r e l a t i o n s h i p  between n i t r i t e  

t o x i c i t y   ( 9 6  hr .  LC5o) and ch lo r i de   concen t ra t i on   f rom 

0 - 41 mg/L C1 ( F i g u r e   1 3 ) .   T h i s   r e l a t i o n s h i p  was 

expressed  by  the  equat ion:  

F A V  (Cl-) = F A V  r e f .  t 0.31 [Cl-] (16)  

Calc ium 

The presence  o f   ca lc ium  ions   in   sur face   waters   appears  

t o  be  an f a c t o r   i n   t h e   r e d u c t i o n   o f   n i t r i t e   t o x i c i t y .  

Wedemeyer and Yasutake  (1978)  reported a 12 f o l d  

r e d u c t i o n   o f   t h e   t o x i c i t y   o f   n i t r i t e   a t  25 mg/L CaC12 

compared t o  a 2 f o l d   d e c r e a s e   f o r   t h a t   l e v e l   o f  NaCl 

(F igure   14) .  These r e s u l t s   i n d i c a t e   t h a t   c o n s i d e r a b l e  

p r o t e c t i o n   i s   a f f o r d e d  by   inc reas ing   the   concent ra t ion  

o f  Ca". S u p p o r t i v e   e v i d e n c e   f o r   t h i s   a s s e r t i o n   i s   t h e  

s e a w a t e r   i n h i b i t i o n   o f   n i t r i t e   t o x i c i t y   t o   c h i n o o k  

salmon  (Crawford and A l l e n  1977) , i n  wh ich   the  Cat+ i o n  

was s t rong ly   imp l i ca ted .   The re fo re ,  f i s h  r e s i d i n g   i n  

ha rd   wa te r   r i ve r   sys tems   w i th   h igh   l eve l s   o f  CaC03 
s h o u l d   b e   l e s s   s e n s i t i v e   t o   n i t r i t e   a d d i t i o n s   t h a n   f i s h  

exposed t o   n i t r i t e  under s o f t   w a t e r   c o n d i t i o n s ,  

a l t h o u g h   t h i s   r e l a t i o n s h i p  has no t  been d e f i n i t i v e l y  

es tab l i shed.  

. _  

Q u a n t i f i c a t i o n   o f   t h e   e f f e c t   o f   c a l c i u m  on t h e   t o x i c i t y  

o f   n i t r i t e   t o   f r e s h w a t e r   s a l m o n i d s  i s  n o t  a t r i v i a l  

process.  Only a l i m i t e d  amount o f   d a t a  i s  a v a i l a b l e  

f r o m   l i t e r a t u r e   s o u r c e s ,  and much o f   t h i s   d a t a   i s  

rendered  unusab le   because  researchers   fa i led   to   fu l l y  

repo r t   t he   wa te r ,   qua l i t y   cond i t i ons   under   wh ich   t he  

acute  tox ic i ty   b ioassays  were  conducted.  However, 

s tandard i za t i on   o f   t hose   rema in ing   da ta   po in ts   t o  
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re te rence   cond i t i ons  (pH=8.0,  C1-=0.35 mg/L) has 

f a c i l i t a t e d  a p re l im inary   assessment   o f   the   in f luence 

o f  . ca lc ium on n i t r i t e   t o x i c i t y .  The r e s u l t   o f   t h a t  

assessment  (Figure 1 5 )  i s  expressed  by  the  fo l lowing 

equat ion:  
tt  tt 

FAV (Ca ) = FAV r e f .  SLP I n  [Ca ] t I N T  

LCP 

where SLP i s  t he   s lope   o f   t he   cu rve ,  and i s   c a l c u l a t e d  
d i r e c t l y   f r o m   t h e  LC50 vs. I n  [Ca t+ ]   p lo t .  

I N T  i s  t h e   y - a x i s   i n t e r c e p t  on t h e  LC50 vs. I n  
[ c a t + ]   p l o t .  

and 
LCP i s  t h e   p r o p o r t i o n a l i t y   c o n s t a n t   t h a t   p e r m i t s  

the  assessment  of Cat' e f f e c t s  under 
non-reference  condi t ions,  and i s  c a l c u l a t e d  
us ing:  

LCP = LC50 (Ca++ = 80.0 mg/L) 

A n a l y s i s   o f   r a i n b o w   t r o u t   a c u t e   t o x i c i t y   b i o a s s a y   d a t a  

prov ides  est imates  o f   those  three  data  set   dependent  

va r iab les ,  and r e s u l t s   i n   t h e   f o l l o w i n g   r e l a t i o n s h i p :  

FAV (Catt) = FAV r e f .  4 . 0  I n  [Cat+] - 6 . 8  
(18)  

10.73 

Th is   ana lys is  assumes t h a t   t h e   c a l c i u m  will be 

a s s o c i a t e d ,   f o r   t h e   m o s t   p a r t ,   w i t h   b i c a r b o n a t e ,  and  as 

such   t he   i n f l uence   o f   b i ca rbona te  on t h e   t o x i c i t y  o f  

n i t r i t e   i s   i n c l u d e d  i n  t h i s   e q u a t i o n .  

d.   Dissolved Oxygen 

L i t t l e   d a t a  i s  c u r r e n t l y   a v a i l a b l e  on t h e   i n f l u e n c e   o f  

d issolved  oxygen on t h e   t o x i c i t y  o f  n i t r i t e  t o  

f reshwa te r   f i sh .  However, g iven   the  mode o f   t o x i c  

a c t i o n   o f   n i t r i t e  i t  i s  c e r t a i n   t h a t   r e d u c t i o n s   o f  

d isso lved  oxygen  be low  sa tura t ion   va lues   wou ld   resu l t  

i n   l o w e r  LCso v a l u e s   f o r  f i sh .  A s i n g l e   p u b l i s h e d  

s tudy  (Bowser   e t   a l .   1983)   on  channel   cat f ish  would 
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appear t o   s u b s t a n t i a t e   t h e   e f f e c t   o f   l o w  D . O .  l e v e l s  on 

n i t r i t e   t o x i c i t y .   T h e r e f o r e ,   t h e  development o f  

s i t e - s p e c i f i c   c r i t e r i a . . f o r   n i t r i t e  will r e q u i r e  some 

judgement  and i n t e r p o l a t i o n  when oxygen  depressions  are 

a n t i c i p a t e d .  

e.  Temperature 

To date,   no  in format ion i s  a v a i l a b l e  on t h e   i n f l u e n c e  

of   temperature on n i t r i t e   t o x i c i t y .  It i s  l i k e l y   t h a t  

t e m p e r a t u r e   w o u l d   a f f e c t   n i t r i t e   u p t a k e   r a t e s ,  and the  

e q u i l i b r i u m  between  the  gaseous  and  ionic  forms, and 

t h e r e b y   a l t e r  i t s  t o x i c i t y   t o   f r e s h w a t e r   f i s h .  

A d d i t i o n a l   r e s e a r c h   i s   r e q u i r e d   i n   t h i s   a r e a   b e f o r e   t h e  

i n f l u e n c e   o f   t e m p e r a t u r e   c a n   b e   c o n s i d e r e d   i n   n i t r i t e  

c r i t e r i a  development. 

3.3.2.1.3 B i o t i c   F a c t o r s   A f f e c t i n s   N i t r i t e   T o x i c i t y  

I n   a d d i t i o n   t o   t h e   p h y s i c a l   c h a r a c t e r i s t i c s   o f   t h e   w a t e r  

body  under  study,  there  are a number o f   b i o t i c   f a c t o r s   t h a t  

a f f e c t   t h e   t o x i c i t y   o f   n i t r i t e  t o  f reshwater  f i sh .  

a.  SDecies 

In fo rma t ion  f r o m  d i v e r s e   s o u r c e s   ( G i l l e t t e   e t   a l .  1952; 

Wallen e t   a l .  1957; McCoy 1972;  Smith and Wi l l iams 

1974; Co l t ,  1974; Russo e t   a l .  1974;  Thurston e t   a l .  

1978; Tomasso, 1 9 8 6 )   i n d i c a t e s   d i f f e r e n t i a l  

s e n s i t i v i t i e s   t o   w a t e r - b o r n e   n l t r l t e   d e p e n d i n g  on t h e  

species  tested.  Salmonids  appear t o  be p a r t i c u l a r l y  

s e n s i t i v e ,  w i th  repor ted  96 h r .  LC5o values  ranging 

from  0.11 - 12.6 mg/L NO2 -N i n   f r e s h w a t e r .   C y p r i n i d s ,  

i c t a l u r i d s  and  catostomids  appear t o  be  more r e s i s t a n t  

t o   t h e   e f f e c t s   o f   n i t r i t e ,   w i t h  96 h r .  LC5o values 

ranging  f rom  1.5 - 100 mg/L, 7.5 - 40 mg/L, and t o  100 

mg/L N02-N, r e s p e c t i v e l y .   W i t h i n   t h e   f a m i l y  

- 
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salmonidae,  the  relative  sensitivity  seems  to  be 
rainbow  trout = cutthroat  trout 2 chinook  salmon. No 

information is currently  available  on  the  relative 
sensitivity  of  Salvelinus  or  Prosopium  to  elevated 
levels  of  nitrite. To expedite  criteria  development it 
was  be  assumed  that  the  three  salmonid  species. 
identified  in  the  Canadian  portion  of  the  Flathead 
River  system  have  approximately  the  same  sensitivity  to 
nitrite  as  rainbow  trout.  This is a major  assumption,- 
but  no  better  information is available  at  this  time. 

Life  History  Stage 
Although  the  data  are  somewhat  sketchy,  there is some 
evidence  that  larger  fish  are  more  sensitive  to  high 
nitrite  levels  than  are  fry  during  early  rearing. 
Russo  et  al.  (1974)  demonstrated a two-fold  difference 
in the 96 hr. LC5o  values  between 2 . 0  g ( 0 . 3 9  mg/L 
N02-N) and 235 g ( 0 . 2 0  mg/L N02-N) rainbow  trout 
(Figure 15) .  No information is currently  available  on 
the  effects  of  high  levels  of  water-borne  nitrite  on 
the  eggs,  alevins,  or  mature  adults  of  any  salmonid 
species.  For  the  purpose  of  criteria  development, it 
will be  assumed  that  eggs  and  alevins  are  at  least  as 
sensitive 
fry,  and 
sensitive 

to  nitrite  toxicity  as  are  newly  emergent 
that  mature  adults  are  approximately  as I 

as 235 g fish. 

3 . 3 . 2 . 2  Invertebrates 
Almost  no  research  has  been  conducted  on  the  toxicity  of 
nitrite  to  freshwater  invertebrates,  and  more  on  those 
species  present  in  the  Flathead  basin.  The  results  of a 
test  on  the  freshwater  prawn  (Macrobrachium  rosenbergii) 
suggest  that  this  species is fairly  resistant  to  the  effects 
of  nitrite (3-4 week  LC5o = 15.4 mg/L;  Wickens 1976). For I 
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t h e   p u r p o s e   o f   d e f i n i n g   c r i t e r i a ,  i t  i s  assumed t h a t  

i n v e r t e b r a t e s   a r e   a t   l e a s t  as t o l e r a n t   o f   e l e v a t e d   n i t r i t e  

l e v e l s   t h a n   a r e   f i s h ,  and t h e r e f o r e   c r i t e r i a   f o r m u l a t e d   f o r  

f i s h   s h o u l d  be  adequate t o   p r o t e c t   i n v e r t e b r a t e   s p e c i e s   f r o m  

ha rmfu l   e f fec ts .  

3.3.2.3  Algae 

L i k e  ammonia and n i t r a t e ,   n i t r i t e  can  serve as a source  o f  

n i t r o g e n   f o r   a l g a l   m e t a b o l i s m ;   h o w e v e r ,   a t   v e r y   h i g h  

c o n c e n t r a t i o n s   n i t r i t e  may i n h i b i t   t h e   g r o w t h   o f  some 

species  ( in   laboratory   s tud ies;   Lewin  1962) .   Very l i t t l e  

i n fo rma t ion   appears   t o  be a v a i l a b l e  on t h e   t o x i c i t y   o f  

n i t r i t e   t o   a l g a e .  It i s  r e a s o n a b l e   t o  assume t h a t ,   g i v e n  

the   h igh   deg ree   o f   res i s tance   i nd i ca ted   by   t he   l im i ted  

l a b o r a t o r y   s t u d i e s ,   t h e   a l g a l  community  would  not  respond 

n e g a t i v e l y   t o   t h e   c r i t e r i a   f o r   n i t r i t e   d e v e l o p e d   f o r  f i sh .  

C r i t e r i a   f o r   n i t r i t e  combined w i t h  ammonia and n i t r a t e ,   t h a t  

wou ld   p revent   eu t roph ica t ion   o f   rece iv ing   water   s t reams,  

will b e   r e p o r t e d   i n  a document c u r r e n t l y   i n   p r e p a r a t i o n .  

3.3.2.4 S i t e - S p e c i f i c   C r i t e r i a   f o r   N i t r i t e  

I n   o r d e r   t o   d e v e l o p   s i t e - s p e c ' i f i c   c r i t e r i a   f o r   n i t r i t e  i t  i s  

necessary t o   i n t e g r a t e   t h e   f a c t o r s   t h a t   a f f e c t   n i t r i t e  

t o x i c i t y   t o   f i s h  w i th  s p e c i f i c   i n f o r m a t i o n  on the  ambient 

w a t e r   q u a l i t y   c o n d i t i o n s  and l i f e   h i s t o r y   p a t t e r n s   o f   t a r g e t  

species i n   t h e  watershed. The most   impor tant   o f   these  are 

pH, water   hardness,   ch lor ide  concentrat ion,  and l i f e   h i s t o r y  

stage . 

The fo l l ow ing   p rocedure  was u t i l i z e d   t o   c a l c u l a t e   t h e   f i n a l  

a c u t e   t o x i c i t y   v a l u e s   ( F A V ' s )   f o r   t h e   t h r e e   i m p o r t a n t   s p o r t  

f i s h  species  found i n   t h e  Canadian p o r t i o n   o f   t h e   F l a t h e a d  

R iver  system: 
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1. The a v a i l a b l e  96 hr .  LC5o d a t a   f o r   r a i n b o w  and 

c u t t h r o a t   t r o u t   w e r e   p o o l e d  and a d j u s t e d   t o   r e f e r e n c e  

cond i t ions   (pH = 8.0, C1- = 0.35 mg/L) i n  accordance 

w i th  the  equat ions  13 - 18 l i s t e d   p r e v i o u s l y .  These 

d a t a   w e r e   t h e n   p l o t t e d   . a g a i n s t   f i s h   w e i g h t   t o   p r o v i d e  

e s t i m a t e s   o f   s e n s i t i v i t y   t o   n i t r i t e   b y   l i f e   h i s t o r y  

stage. The s e n s i t i v i t i e s  o f  ProsoDium  and  Salvelinus 

were assumed t o  be s i m i l a r   t o   t h o s e   o f  Salmo. 

ii. Reference  f ina l   acu te   va lues  (FAV r e f . )   f o r  each l i f e  

h i s t o r y   s t a g e  were i n t e r p o l a t e d   d i r e c t l y   f r o m   t h e   f i s h  

w e i g h t - s e n s i t i v i t y   p l o t   ( T a b l e  5 ) .  

iii. Fina l   acu te   va lues  (FAVs)  were  then  calculated  by 

i n t e g r a t i n g   s i t e - s p e c i f i c   h y d r o g e n   i o n   ( p H ) ,   c a l c i u m  

and c h l o r i d e   c o n c e n t r a t i o n   d a t a  w i th  re fe rence FAV 

i n f o r m a t i o n  on a month ly   bas is   in   accordance  w i th   the  

f o l l o w i n g :  

FAV (pH, Ca", C1-) = FAV r e f .  FPH FCa t FC1 (19)  

FCa = 4.0  I n   I C a t ' t l  - 6.8 ; Cat' < 150 mg/L (21)  
10.73 

FC1 = 0.31 [Cl-] ; 0 . 5  < C1- < 41 mg/L ( 2 2 )  
= o  ; 0.5 2 C1- 

The f i n a l   a c u t e   v a l u e s   f o r   F l a t h e a d   R i v e r   m a i n s t e m  and 

Howell  Creek b u l l   t r o u t   a r e   p r e s e n t e d   i n   T a b l e s  6 and 7 

(F igu re   16 ) ,   respec t i ve l y .  FAVs f o r   c u t t h r o a t   t r o u t  

(Tables 8 and  9, Figure  17) and moun ta in   wh i te f i sh  

(Tables  10  and  11,  Figure  18)  have  also  been  calculated 

us ing   th is   methodo logy .  
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TABLE 5 

REFERENCE FINAL ACUTE VALUES OF NITRITE FOR KEY LIFE HISTORY STAGES 
OF IMPORTANT  FLATHEAD R I V E R  SYSTEM FISH SPECIES 

Species  Dates L l f e   H i s t o r y  Stage FAV r e f .  (mg/L)a 

B u l l   T r o u t  

Cu t th roa t  
Trou t  

Mountai n 
W h i t e f i s h  

Sept. 1 - Jan.  30 
Jan. 1 - Mar. 31 
Mar.  15 - May 31 
May 15 - June  15 
May 30 - June.30 
June  15 - J u l y  15 
J u l y  1 - June  30 
J u l y  1 - June 30 
Ju ly   15  - O C t .  15 

May 15 - J u l y  20 
J u l y  5 - J u l y  31 
J u l y  15 - AUg. 10 
J u l y  20 - AUg. 20 
J u l y  31 - Aug. 31 
Aug. 15  - Sept .20 
Sept. 1 - Aug. 31 
Sept . 1 - Aug. 31 
Sept. 1 - Aug. 31 

Oct.  15 - Mar.  15 
Mar. 1 - May 10 
May 1 - May. 30 
May 15 - June  15 
June  10 - June 30 
June 20 - J u l y  20 
J u l y  1 - June 30 
J u l y  1 - June 30 
J u l y  1 - June  30 

Eggs 
Ear l y   A lev ins  
La te   A lev ins  
F r y   ( t o  0.25g) 
F r y   ( t o  0.50g) 
F r y   ( t o  1 .OOg) 
F ry   ( t o   10 .09 )  
J u v e n i l e s   ( t o  50.0g) 
Adul ts  

Eggs 
Ear l y   A lev ins  
La te   A lev ins  
F r y   ( t o  0.259) 
F r y   ( t o  0.50g) 
F r y   ( t o  1 .OOg) 
F r y   ( t o  10.09) 
Juven i l es   ( t o   50 .09 )  
Adul ts  

Eggs 
Ear l y   A lev ins  
La te   A lev ins  
F r y   ( t o  0.259) 
F r y   ( t o  0.509) 
F r y   ( t o  1 .OOg) 
F r y   ( t o  10.09) 
J u v e n i l e s   ( t o  50.09) 
Adu l ts  

0.70 
0.10 
0.10 
0.70 
0.70 
0.70 
0.40 
0.25 
0.20 

0.70 
0.10 
0.10 
0.10 
0.10 
0.10 
0.40 
0.25 
0.20 

0.70 
0.70 
0.70 
0.70 
0.10 
0.70 
0.40 
0.25 
0.20 

a)  Reference  condi t ions:  pH = 8.0 2 0.2, T = 10°C, 0.0. 2 8.0 mg/L 

Cat+ = 80 2 5 mglL, C1- = 0.5 2 0.5 mg/L 

hardness = 200 2 10 mg/L as CaC03. 



- 62 - 

9 

W 
d 

U 
I- 

m 

F 
c 

aJ 

aJ 
c 
> 
3 
r) 

c, 
7 

0 
U 

a 

7 
c 

a 

E a > 
m 
a 

c, 

0 
a 
U 

c 

c, 

0 
a 
U 

7 

c, 

U 
3 

U 

c 

c, 

U 
3 

U 

c 

F 
c 

Q, 

c 
Q, > 
3 
a 

c 
c 

aJ 

c al 
a > 
3 

a 
en 
m 

v) 
cu 
0 

v) 
N 

0 

0 
N 

v) 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

v) 
N 

0 

v) 
N 

0 

v) 
N 

0 

n 

\ 
A 

m 
E 
Y 

o- 
aJ 
L 

0 
m 
QD 

N 
v) 

QD 

0 
N 

Q) 

v) 
N 

QD 

0 
d 

QD 

0 
m 
a3 

v) 
c 

QD 

0 
v) 

a0 

0 
Q, 

r- 

v) 
m 
QD 

0 
m 
Q3 

0 
N 

Q3 

> 
U 

m 
I 

L ; P  

n 
v) 
m 
0 

m 
I- 

0 

N 
v) 

0 

0 
m 
0 

0 
m 
0 

0 
N 

0 

r- 
N 

0 

v) 
N 

0 

0 
m 
0 

0 
m 
0 

0 
m 
0 

m 
m 
0 

m 
I 

0 
c 

n 
0 

N 
d 

r- 
m 
d 

Q, 

0 
d 

m 
c 
d 

c 

0 
d 

N 

Q) 
m 

Q3 

QD 
N 

v) 

Q, 
N 

9 

m 
m 

m 
N 
d 

I- 

N e- 

N 

c 
d 

(0 + + 
0 
m 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F 
0 
LL 

9 
I- 

O 

I- 
I- 

O 

v) 
r- 
0 

L n  
I- 

O 

d 
r- 
0 

N 
I- 

O 

N 
9 

0 

m 
9 

0 

03 
9 

0 

9 r- 
0 

r- 
I- 

0 

v) 
I- 

0 

V 
m 

I- 
N 

0 

v) 
N 

0 

Q, 
c 

0 

v) 
N 

0 

m 
N 

0 

0 
N 

0 

v) 
c 

0 

m 
c 

0 

N 
c 

0 

Q) 
N 

0 

I- 
N 

0 

m 
N 

0 

n 
d 
\ 

E, 
Y 

U 
> 

d 
c 

0 

m 
F 

0 

0 
F 

0 

m 
F 

0 

N 
c 

0 

0 
c 

0 

QD 
0 

0 

0 
r- 

0 

9 
0 

0 

d 
c 

0 

d 
c 

0 

N 
c 

0 

V 
n 

5 
E 
X 

t 
m 
c 

I- 
N 
0 

0 

v) 
N 
0 

0 

Q, 

0 

0 

c 

v) 

0 
N 

0 

m 
N 
0 

0 

0 

0 
N 

0 

v) 

0 

0 

F 

m 
0 

0 

c 

N 

0 

0 

F 

43 

0 
N 

0 

I- 
N 
0 

0 

m 
0 
N 

0 

I x  
n 

c 
L 

9 
Q, 

L L U U  



- 63 - 

I 
I 
I 

I 
I 

C 
3 
0 a 
C 

d 
A 
3 
m 
X 
W 
W 

0 

d 
d 
W 

a 

g 
X 

a 
0 
LLn 

vl 
w e  e o  
U P  

I-* a €  
uv) z 
L O  
0 
cno 
c 

d e  
W c ,  
> e  
w e  
d e  

rc c a  
00 
W 
L L  
L O  
W v -  

Oc, 
z x  a 
Ol- z e a  a mv) 
w w  
3 
d 
U > 
W c 
3 
V 

r c .  

I 

a 
d 
U z 
LL 

0 
W c 

U 

5 
3 u 
d 
U 
V 

a 
c 
c 
e a > 
7 
3 

F 
c 

a 

c a > 
3 
z 

c, 

Q 
7 

U 

c 

c, 
7 
0 
U 

F 

a 
F 
.r 
c a w 
7 
3 a 

c 
e 
c a w =! 
r) 

c 
e 

a 

.a c 
> 
7 
3 

c 
c 

a 

c a > 
rJ 
7 

a 
c 
c 
c a > 
a 
3 a 

c 
e 
e a w 
3 
a 
a 
F 

e 
c a 
w 
7 
3 a 

c 
.r 
c a w 
3 
3 

v) 
N 

0 

v) 
N 
0 

0 
N 
0 

0 
N 

0 

v) 
N 

0 

v) 
N 
0 

v) 
N 

0 

v) 
N 

0 

Ln 
N 

0 

Ln 
N 

0 

v) 
N 

0 

v) 
N 

0 

n 

\ 
d 

en 
E 
Y 

rc 
a 
L 

> 
U 

0 
m 
QD 

v) 
N 
QD 

0 
N 

QJ 

v) 
N 

QJ 

0 
d 

QJ 

0 
m 
QD 

v) 
e 

QD 

0 
UJ 

QD 

0 
Q, 

I- 

v) 
m 
QD 

0 
m 
QD 

0 
N 

QD 

m 
X 

L L P  

0 
9 

0 

P 
0 * 
0 

n 
0 
d 

0 

m 
m 
0 

v) 
N 

0 

0 
N 
0 

v) 
N 

0 

m 
m 
0 

0 
d 

0 

n 
0 
d 

0 

0 
m 
0 

9 
0 
d 

0 

n 
d 
\ 

F 
Y 

(0 

0 
c 

9 

N 
d 

P 
0 
N 
d 

P 
0 

N 
d 

m 
c 
d 

N - 
d 

0 

0 
d 

v) 

N 
m 

9 

0 
m 

QD 

v) 
m 

n 
0 

N 
d 

Q, 

m * 
n 
0 

N 
d 

n 
d 
\ 

F 
W 

(0 + + 
V 
m 

0 
d 

F 

N 
m 
c 

v) 
N 
c 

N 
m 
F 

9 
v) 

c 

0 
d 

c 

Q, 
e 

c 

I- 
O 
c 

i 
Q, 

0 

r- 
d 

c 

0 
d 

e 

u) 
N 
c 

I 
Q. 
LL 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 
u 
LL 

9 

0 

9 
I- 

0 

9 
I- 

0 

Ln 
r- 

0 

v) 
r- 

0 

d 
r- 
0 

rD 
9 

0 

d 
9 

0 

0 
r- 

0 

9 
r- 

0 

a3 
r- 

0 

9 
I- 

0 

V 
m 
LL 

l- 
N 

0 

v) 
N 
0 

Q, 
c 

0 

0 
N 

0 

Q, 
N 

0 

9 
N 
0 

0 
N 

0 

r- - 
0 

9 
e 

0 

a3 
N 

0 

r- 
N 

0 

d 
N 

0 

n 
A 
\ 

F 
Y 

> 
U 
LL 

d 
c 

0 

m 
c 

0 

0 
c 

0 

0 
c 

0 

v) 
c 

0 

m 
c 

0 

0 

0 

c 

0 
Q, 

0 

0 
QD 

0 

d 
F 

0 

d 
c 

0 

N 
c 

0 

U 
n 

5 
E 
X 

r m 
e 

l- 
N 
0 

0 

v) 

0 
N 

0 

Q, 

0 

0 

0 

0 
N 

0 

Q, 
N 
0 

0 

F 

9 

0 
N 

0 

0 
N 
0 

0 

I- 

0 

0 

c 

9 

0 

0 

c 

a3 

0 
N 

0 

* 
N 
0 

0 

d 

0 
N 

0 

I x  
n 

.c 
L 

9 
m 

Y Y  

vl 
c 
0 

nnn 
m n  v 



- 64 - 

L 

Y- 
0 
a .- c. 
c. 
L 
" 

z 
+ 
0 

2 

ii 
3 
0 

i 

0 
cv) 
0 

m 0 m cv cv 7 

0 0 0 

0 
7 

0 

m 
0 
0 

0 
0 
0 



- 65 - 

I 
1 
I 
I 
8 
I 
I 

0 

0 
a 

> 
z 0 

c, 
0 
u 

c, 
P a m 

9) a 
U 

* 
a 
3 

c 

a c 
r) 
a 

2, 
m 
r 

c 
.I- 
L 
n 
U 

c 
V 
L 

z m 

n 
LL 
a 

c 
m 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

v) 
N _ .  

v) 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

n 
A 
\ 
m 
E 
w 

Ce 
a 
L 

> 
U 
LL 

0 
m 
a3 

v) 
N 

03 

0 
N 

a3 

v) 
N 

a3 

0 
d 

a3 

0 
m 
-a 

v) 
c 

a3 

v) 
0 

a3 

0 
Q, 

r- 

v) 
m 
a3 

0 
m 
a3 

0 
N 

a3 

m 
X 
P 

n 
v) 
c3 

0 

r- 
m 
0 

v) 
N 

0 

0 
m 
0 

0 
m 
0 

0 
N 

0 

N 
r- 

0 

v) 
N 

0 

0 
m 
0 

0 
m 
0 

0 
m 
0 

m 
m 
0 

m 
I 

0 
c 

n 
0 

N 
d 

r- 
m 
d 

Q, 

0 
d 

m 
c 
d 

c 

0 
d 

N 

a3 
m 

a3 

a3 
N 

v) 

.Q ,  
N 

9 

m 
m 

m 
N 
d 

r- 

N 
d 

N 

c 
d 

rn + + 
0 
m 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 
V 
L 

9 
r- 
0 

r- - 
0 

v) 
r- 

0 

v) 
r- 

0 

d 
r- 

0 

N 
r- 
0 

N 
(D 

0 

m 
(D 

0 

a3 
9 

0 

9 
r- 

0 

r- 
I- 

O 

v) 
r- 

0 

V 
m 
LL 

w 
N 

0 

0 
N 

0 

Q, 
F 

0 

0 
N 

0 

m 
N 

0 

0 
N 

0 

a3 
F 

0 

* 
F 

0 

N 
c 

0 

N 
N 

0 

N 
N 

0 

Q, 
c 

0 

n 
A 
\ 

F 
Y 

> 
LL 

F 
c 

0 

0 
F 

0 

0 
c 

0 

0 
c 

0 

N 
c 

0 

0 
c 

0 

0 
QI 

0 

0 
Q, 

0 

9 
0 

0 

c 
c 

0 

c 
F 

0 

0 
c 

0 

u 
n 

5 
E 
c 
X 

x m 
Y 

F 

N 
0 

0 

0 

0 
N 

0 

Q, 

0 

0 

F 

0 

0 
N 

0 

m 
N 
0 

0 

0 

0 
N 

0 

a3 

0 

0 

F 

r- 
F 
0 

0 

N 

0 

0 

c 

N 
N 

0 

0 

N 

0 
N 

0 

Q, 

0 

0 

c 

i x  
n 

A= 
L 

9 
Q, 
U 

m a  
o m  
1 L  

s c ,  L 

c 



- 66 - 

Q, 

W 
d 

a 
I- 

m 

I- 

0 
3 

I- 

I- 

0 
I 
I- 
I- 
x 
u 
Y 
W 
W a 
0 

d 
A 
W 
3 
0 
X 

a n  
O W  
LC 
0 

a 

a 
a 

E 2  
u2, 

I- 
a m  
u%. z o  
L C  
0 0  

v)c, 

W E  
A -  

> e  
W % .  
- I Q ,  

I- 
V L  
w o  
LLCC 
LL 
Wc, 

I X  
OQ, z c  

c 

n 

n a  
e m  
ZQ, 

v) 
W 
3 
d 
a > 
W 
I- 
3 

a u 

a A 

Y 
z 
LL 

a 
W 
I- 

Y 

4 - - .  
0 
-I 

u 

V a 
n 

> 
z 0 

c, 

0. 
V 

c, a a? 
v) 

m 
1 a 

2, 
I- 

3 
a 

Q, c a 
3 

2, 

t 
m 

c 
c 
L 
n a 

c 
V 
L 

t 
a 

n 
LL 
Q, 

m 
c 
r) 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

n 
d 
\ 

F 
Y 

CC 
Q, 
L 

> 
LL 

0 
m 
QD 

v) 
N 

QD 

0 
N 

QD 

v) 
N 

43 

0 
d 

43 

0 
m 
43 

L n  
c 

QD 

0 
v) 

QD 

0 
Q, 

I- 

v) 
m 
43 

0 
m 
43 

0 
N 

QD 

m 
X 
n 

0 
9 

0 

n 
0 
d 

0 

n 
0 
d 

0 

m 
m 
0 

v) 
N 

0 

0 
N 

0 

v) 
N 

0 

m 
m 
0 

0 
d 

0 

n 
0 
d 

0 

0 
m 
0 

n 
0 
d 

0 

n 
d 
\ 

F 
Y 

(0 

0 
c 

9 

N 
d 

n 
0 

N 
d 

n 
0 

N 
d 

c) 

c 
d 

N 

c 
d 

0 

0 
d 

v) 

N 
m 

9 

0 
m 

43 

v) 
m 

n 
0 

N 
d 

Q, 

m 
d 

n 
0 
N e- 

n 

\ 
-I 

F 
Y 

m + + 
0 
m 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

c 
V 
LL 

9 
I- 

0 

9 
I- 

0 

9 
I- 

0 

v) 
I- 

O 

v) 
r- 
0 

d 
P 

0 

9 
9 

0 

d 
9 

0 

0 * 
0 

9 
P 

0 

43 
P 

0 

9 * 
0 

u 
m 
LL 

c 
N 

0 

0 
N 

0 

Q, 
c 

0 

0 
N 

0 

m 
N 

0 

- 
N 

0 

9 
c 

0 

d 
c 

0 

m 
F 

0 

N 
N 

0 

N 
N 

0 

Q, 
c 

0 

n 

\ 
d 

F 
Y 

> a 
LL 

c 
c 

0 

0 
c 

0 

0 
c 

0 

0 
c 

0 

N 
F 

0 

c 
F 

0 

0 
a0 

0 

0 
I- 

0 

0 
I- 

0 

c 
c 

0 

c 
F 

0 

0 
c 

0 

V 
n 

5 
E 
c 
X 
m 
t 
U 

c 
N 
0 
0 

0 

0 
(v 

0 

Q, 

0 

0 

c 

0 

0 
N 

0 

m 
0 
N 

0 

c 

0 
N 

0 

9 

0 

0 

c 

d 

0 

0 

F 

m 
0 

0 

c 

N 

0 
N 

0 

N 
N 
0 

0 

Q, 

0 

0 

c 

I x  
n 

c 
L 

9 
Q, 
U 



- 67 - 

0 0 0 0 0 0 

> 
0 z 

a 
a, cn 

L 
a a 



- 68 - 

u 
a al 

w 
L 
0 

+J 
0 
u 

c, 

al 
m 
n 

cn 
U 
a 

2, 

7 
3 

c 

al 

a c 
3 

2, 

r 
m 

F 
c 
L 
n a 
r 
V 

a 
L 

r 

n 
LL 
al 

c 
3 
m 

c 
N 
0 

0 

0 
0 
N 

0 

Q, 

0 

0 

c 

0 

0 
N 

0 

N 
m 
0 
0 

0 
N 
0 
0 

Ln 

0 

0 

c 

m 
0 

0 

F 

N 

0 

0 

c 

N 
N 

0 

0 

N 
N 
0 

0 

Q, 

0 

0 

e 

I x  
n 

.c 
L 

9 
Q, 
U 

n 
Ln 
m 
0 

e 
c3 

0 

N 
v) 

0 

0 
c3 

0 

0 
m 
0 

0 
N 

0 

I- 
N 

0 

Ln 
N 

0 

0 
m 
0 

0 
m 
0 

0 
m 
0 

m 
m 
0 

a 
1 

V 
c 

P 
0 
N 
d 

I- 

m 
d 

Q, 

0 
d 

m 
F 
d 

c 

0 
d 

N 

QD 
m 

QD 

(0 
N 

v) 

01 
N 

9 

m 
m 

m 

d 
N 

I- 

N 
d 

N 

c 
d 

m + + 
V 
m 

c, 

0 
7 

U 

c 0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

n 

\ 
J 

. c n  
E 
Y 

v- 
al 
L 

> 
U 
LL 

0 
m 
QD 

Ln 
N 

9 
I- 

0 

I- 
I- 

0 

v) 
I- 

O 

v) 
I- 

F 

N 

0 

0 
N 

0 

Q, 
c 

0 

0 
N 

0 

m 
N 

0 

0 
N 

0 

Ln 
F 

0 

m 
c 

0 

N 
c 

0 

N 
N 

F 

c- 

0 

0 - 
0 

0 
c 

0 

0 
c 

0 

N 
c 

0 

0 
F 

0 

0 
co 

0 

0 
I- 

0 

0 
9 

0 

c 
c 

0 

7 

c 

0 

0 
c 

0 

u 
n 

5 
E 
e 
X 

x m 
Y 

0 
d 

c 

N 
m 
c 

v) 
N 

c 

N 
m 
c 

9 
Ln 

F 

0 
d 

c 

m 
F 

c 

0 

0 

0 

c, 

0 
7 

U 

c 0 
N 

0 

0 

c, 
c 

U 
U 

a v) 
N 

QD 

0 
d 

QD 

0 
m 
Q3 

Ln 
c 

QD 

0 
Ln 

QD 

0 
Q, 

e 

v) 
m 
43 

0 
m 
QD 

0 
N 

OD 

m 
X n 

c, 

U 
a 
U 

c 

0 

0 

0 

0 

0 

0 

c, 

T3 
a 
U 

F 

c, 

0 
a 
U 

v N 
9 

0 

m 
9 

c, 

0 
a 
U 

c 

c, 

0 
a 
U 

c 

c, 

0 
a 
U 

c I- 9 
I- 0 

c 

0 
d 

F 

Ln 
N 

c 

I 
Q. 
LL 

0 

c, 

0 
a 
4. 

c I- 
I- 

0 

v) 
I- 

O 

u 
(0 

LL 

0 

0 

0 a 
a 0 

0 

F 
V 
LL 

al cn 
m 



J 

. .  

= e  
0; 
L O  

c 

v) 
N 

0 

v) 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

0 
N 

0 

L n  
N 

0 

m 
N 

0 

v) 
N 

0 

n 
A 
\ z 
Y 

b b  
a3 
L 

> 
U 

0 
m 
43 

v) 
N 

OD 

0 
N 

43 

v) 
N 

QD 

0 
d 

43 

0 
m 
43 

0 
m 
OD 

L n  
0 
43 

0 
m 
I- 

v) 
m 
43 

0 
m 
43 

0 
N 

43 

0 
9 

0 

P 
0 
d 
0 

n 
0 
d 

0 

m 
m 
0 

v) 
N 

0 

0 
N 

0 

0 
N 

0 

m 
m 
0 

0 
d 

0 

n 
0 
d 

0 

0 
m 
0 

n 
0 
d 

0 

n 
J 
\ 

F 
Y 

m 
I 
c 

- 69' - 

9 

N 
d 

n 
0 

N 
d 

n 
0 

N 
d 

m 
c 
d 

N 

F 
d 

0 

0 
d 

0 

0 
d 

rD 

0 
m 

43 

Ln 
0 

n 
0 

N 
d 

m 
m 
d 

n 
0 

N 
d 

n 

\ 
J 

z 
Y 

m + + 
V U L L  

lu 

0 
d 

F 

N 
c3 

c 

Ln 
N 
c 

N 
m 
c 

9 
v) 

c 

0 
d 

c 

0 
d 

c 

0 
I- 

F 

F 

m 
0 

I- 
d 

c 

0 
d 

F 

Ln 
N 

F 

I a. 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c 
V 
LL 

9 
I- 

0 

9 
I- 

0 

v) 
I- 

0 

v) 
I- 

O 

v) 
I- 

0 

d 
I- 

0 

9 
9 

0 

d 
9 

0 

0 
I- 

0 

9 
I- 

O 

43 
I- 

0 

9 
I- 

O 

V 
m 
LL 

I- 
N 
0 

Ln 
N 

0 

m 
F 

0 

0 
N 

0 

m 
N 

0 

F 
N 

0 

9 
F 

0 

d 
c 

0 

m 
I" 

0 

QD 
N 

0 

I- 
N 

0 

d 
N 

0 

n 

\ 
J 

z 
Y 

> 
U 

d 
F 

0 

m 
F 

0 

0 
F 

0 

0 
F 

0 

N 
F 

0 

c 
I" 

0 

0 
OD 

0 

0 
I- 

O 

0 

0 

I- 

d 
c 

0 

d 
F 

0 

N 
c 

0 

u 
n 

5 
E 
e 
X 

Z 
m 

I- 
N 
0 

0 

v) 

0 
N 

0 

m 
0 

0 

c 

0 

0 
N 

0 

m 
N 
0 

0 

c 

0 
N 

0 

9 

0 
0 

F 

d 

0 
0 

c 

m 
0 

0 

c 

43 

0 
N 

0 

I- 
N 
0 

0 

d 

0 
(u 

0 

I x  
n 

c 
L 

9 
m 

L U U  

9 
m 
T3 c 
m 

5 
E 
c 
X 

nnn 
m n  v 



" 
c 
cd 
c 
3 

- 
8 

E 
ii 
3 
CT) 

1-l 
Y l d  I 

I 
I 
I 

I 
I 

0 
c') 
0 

v) 0 m 0 
7 F 

rn 
0 
0 0 



- 7 i  - 

Development o f  w a t e r   q u a l i t y   c r i t e r i a   f o r   n i t r i t e   a l s o  

r e q u i r e s   d e t a i l e d   i n f o r m a t i o n  on b i o t i c  responses t o  

sub- le tha l  doses i n   o r d e r   t o   p r e d i c t  no e f f e c t   l e v e l s  

f o r  a pa r t i cu la r   wa te rshed .  A rev iew o f  t h e   r e l e v a n t  

l i t e r a t u r e  on  acute and c h r o n i c   t o x i c i t y  o f  n i t r i t e   t o  

rainbow  (Perrone and Meade 1977)  and c u t t h r o a t   t r o u t .  

( T h u r s t o n   e t   a l .  1978)  suggests  an  acute:chronic  rat io 

o f  approximately  two.  Long-term LC values  (36  days) 

were s i m i l a r   t o   t h o s e   r e p o r t e d   f o r  5 t o  7 day  per iods,  

i n d i c a t i n g   t h a t   r e s i s t a n c e   m i g h t   b e g i n   t o   d e v e l o p  

w i t h i n   f i s h   a f t e r   t h a t   p e r i o d  o f  t ime  (Lewis and M o r r i s  

1986) .   In fo rmat ion   ava i lab le  on s u b - l e t h a l   e f f e c t s ,  

such  as  growth  suppression and t i s s u e  damage, i n d i c a t e s  

t h a t   t h e r e  i s ,  as ye t ,  no  evidence t o  suggest   that  

n i t r i t e   c o n c e n t a t i o n s   e q u a l   t o   o r   l e s s   t h a n  10% o f  t he  

96 h r  LC5o would be d e t r i m e n t a l  t o  f reshwater   f i shes  

(Lewis and Morr is,   1986).  

50 

N o - e f f e c t   l e v e l s  o f  n i t r i t e - n i t r o g e n  were  then  der ived 

u s i n g   t h e   m o n t h l y   s i t e - s p e c i f i c  F A V ' s  c a l c u l a t e d   f o r  

t h e   t h r e e   i m p o r t a n t   s p o r t f i s h   s p e c i e s   t o g e t h e r   w i t h  

i n f o r m a t i o n   a v a i l a b l e  ' on a c u t e : c h r o n i c   r a t i o s  and 

sub- le tha l   e f fec ts .   Lewis  and Morr is   (1986)   repor ted 

t h a t   t h e   r a t i o  o f  2 4  h r  LC5., v a l u e s   t o  96 h r  LC5o 

values has a median  value o f  2.0 and i s  f a i r l y   u n i f o r m  

across  species.  These da ta   suggest   tha t ,   wh i le  

f r e s h w a t e r   f i s h   s p e c i e s   e x h i b i t  a wide  range o f  

s e n s i t i v i t i e s ,   t h e   g e n e r a l   p a t t e r n  o f  response t o  

e l e v a t e d   l e v e l s  o f  n i t r i t e  i s  s i m i l a r .   T h e r e f o r e ,   t h e  

same approach t o   c r i t e r i a  development was used f o r  each 

o f  t he   t h ree   spec ies   o f   sa lmon id .   Spec i f i ca l l y ,   t he  

maximum l e v e l s  o f  n i t r i t e - n i t r o g e n   t h o u g h t   t o   r e s u l t   i n  

no n e g a t i v e   e f f e c t s   t o  f i s h  and. a q u a t i c   l i f e   r e s o u r c e s  

were  estab l ished  us ing  the  gu ide l ines  proposed  by  the 



3.3.3 

- 72  - 

U.S. Environmental  Protection  Agency  by  calculating  the 
level o f  0.5 of  the  monthly  FAV  (Stephan  et  a1 . 1985). 
The  average 96 hr  concentration  thought  to  result in no 
negative  effects  to  fish  and  aquatic  life  resources  was 
tentatively  set  at 0.1 of  the  monthly  FAV  to  take  into 
account  potential  sub-lethal  effects  and  to  provide a 

reasonable  margin  of  safety  since  acute:safe  ratios 
have  not  been  established  definitively.  The 
site-specific  water  quality  criteria so developed  are 
designed  to  minimize  the  potential  for  extended 
exposures  to  chronically  toxic  or  unsafe  levels  of 
nitrite.  No-effect  levels  of  NO2 -N in Howell  Creek 
and  the  Flathead  River  mainstem  are  presented in Table 
12  and  Figure 19. 

- 

Ammon i a 
Under  natural  conditions,  ammonia is formed  upon  decomposition 
of  nitrogenous  organic  matter.  Most  naturally  occuring  ammonia 
is produced by bacterial  action  on  amino  acids  or  polypeptide 
chains.  In  solution, a dynamic  equilibrium is established 
between  the  NH3  (un-ionized  ammonia)  and  NH4 (ionized 
ammonium)  species.  The  equilib.rium is dependent  on  both  pH  and 
temperature  and,  as  such,  these  two  factors  primarily  determine 

t 

the  relative  proportions  of  each  of  the  two 
et  al. 1974). The  relationship is expressed by 

forms  (Thurston' 
the  equation: 

NH4' t OH- (23) 
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TABLE 12 

CALCULATED  NO-EFFECT  LEVELS OF 
N I T R I T E  I N  THE FLATHEAD R I V E R  WATERSHED 

Month  Acceptable  Levels'  o f  N l t r i t e  (N02- t HN02 1 n  mg/L) 

[Maximum] [96 hr  x] [Maximum] [96 hr x] 
"_"""""""""""""""""""""""""" 

F lathead  Rlver  Howel l   Creek 

January 

February 

March 

A p r i  1 

May 
June 

J u l y  

August 

September 

October 

November 

December 

0.10 

0.11 

0.11 

0.06 

0.07 
0.08 

0.10 

0.12 

0.10 

0.10 

0.10 

0.11 

0.019 

0.022 

0.022 

0.012 

0.013 

0.015 

0.020 

0.023 

0.020. 

0.019 

0.020 

0.021 

0.10 

0.11 

0.11 

0.07 

0.07 

0.08 

0.11 

0.12 

0.10 

0.10 

0.10 

0.11 

0.019 

0.022 

0.022 

0.013 

0.014 

0.016 

0.021 

0.023 

0.020 
0.019 

0.020 

0.021 
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3.3.3.1 Fish 

3.3.3.1.1 Mode  of  Toxic  Action 
The  symptoms  of  acute  ammonia  toxicity i n  fish  include 
hyperventilation  and  violent,  erratic  movements  with 
convulsions,  followed  by  coma  and  finally  death  (Smart 
1975).  Chronic  exposures  to  elevated  levels  of  environmental 
ammonia  result  in  reduced  growth  rates  (Brockway 1950). 
reduced  stamina,  increased  susceptibility  to  bacterial gill 
infections,  and  proliferation  (Burrows 1964) and  thickening 
of  gill  lamellae  (Larmoyeaux  and  Piper 1973). In  addition, 
blood  vessel  lessions  and  tissue  disintegration  (Flis 1968), 
reduced  haemoglobin  (Buckley  1978)  and  dorsal  aortic  blood 
oxygen  levels  (Smart  1978),  osmoregulatory  problems  (Lloyd 
and  Orr 1969), and  electron  transport  chain  and  Krebs  cycle 
impairment  (Arillo  et  al. 1981) have  been  reported in fish 
exposed  to  sub-lethal  levels  of  ammonia. 

The  major  problems  associated  with  elevated  levels  .of 
ammonia  seem  to  stem  from  two  sources.  First,  unprotonated 
ammonia  (NH3)  molecules  'seek'  to  complete  their  more 
stable,  octet  configuration  (le.  tetrahydral  form) by 
'picking  up' a hydrogen  ion.  The  removal  of a proton  from 
solution  causes  localized  alkalinity  or,  in  other  words,  an 
increase i n  pH. Alkaline  conditions  tend  to  decrease 
membrane  stability  (and  therefore  gas  and  metabolic  waste 
product  transport  and  ionic  balance  maintenance  efficiency), 
alter  the  calcium  dynamics in the  sacroplasmic  reticulum 
(thereby  generating  locomotory  problems),  and  impair 
oxidative  metabolism  (Hochachka  and  Somero 1973).  Second, 
high  ammonia  levels  exert a direct  effect  on  the  kinetics  of 
the  ornithine  cycle,  Krebs  cycle  and  the  electron  transport 
series,  and  thereby  disrupt  cellular  energy  metabolism. 
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Disruption o f  membrane  stability  with  increasing  ammonia 
concentrations  can  increase  the  permeability o f  freshwater 
fish  to  water  (Lloyd  and  Orr 1969). Increased  absorption o f  

water  affects  osmoregulatory  processes,  imposes  stress  on 
the  kidneys,  and  thereby  results in  problems  with  the  blood 
system  and  tissues. 

Efficient  and  coordinated  contraction o f  skeletal  muscles in 
vertebrates  is  dependent  on  the  tight  regulation o f  Cat+  ion 
(which  triggers  muscle  contractions)  concentrations in the 
myoplasm.  This  regulation  is  the  result o f  a process  whereby 
Cat+  ions  are  sequestered in the  sarcoplasmic  reticulum (SR) 
until  released  in  response  to  electrical  neural  impulses. 
An  efficient  calcium  pump  then  returns  the  Cat+  ions  to  the 
SR against a strong  concentration  gradient  (Hoar 1975). It 
is likely  that  high  levels o f  NH3  affect  the  stability o f  

the SR membrane,  rendering it 'leaky'  to  Cat+  ions,  and, 
therefore,  result in the  erratic,  uncoordinated  muscle 
contractions  associated  with  convulsions. 

Disruption o f  oxidative  metabolism  due  to  high  un-ionized 
ammonia  levels is the  end  result o f  decreased  oxygen 
delivery  and  cellular  utilization  efficiency.  Brockway 
(1950)  and  Ellis  (1937)  reported  severe  reductions in blood 
oxygen  levels o f  trout  exposed  to  high  levels o f  ammonia, 
and  suggested  that  ammonia  may  inhibit  the  binding  of  oxygen 
to  haemoglobin.  Decreases in the  number o f  circulating 
erythrocytes in trout  (Reichenbach-Klinke 1967) and 
heamolysis  in  carp  (Danecker 1964) have  also  been  reported 
after  exposures  to  ammonia.  Reduced  oxygen  delivery  to  the 
tissues  also  results  from  NH3  induced  pH  increases in the 
capillaries.  Under  normal  conditions,  metabolically 
generated  C02  creates  more  acidic  conditions in the  tissues 
than in the  gills  where  the  oxygen is 'loaded'  onto  the Hb 
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molecule.   'Unloading '   o f   oxygen i n  t h e   t i s s u e s  i s  then 

f a c i l i t a t e d  because  the a f f i n i t y   o f  Hb f o r  oxygen  and t h e  

oxygen c a r r y i n g   c a p a c i t y   o f  Hb drop w i th  decreas ing pH (Bohr 

and  Root e f f e c t s  , r e s p e c t i v e l y ) .   E l e v a t e d   l e v e l s   o f  NH3 i n  

the   t i ssues   marked ly   d is rup t   the   normal  pH s h i f t  and thereby 

i n t e r f e r e   w i t h   t h e   u n l o a d i n g   o f  oxygen. 

A t  t h e   c e l l u l a r   l e v e l ,   h i g h   l e v e l s  o f  NH3 a f fec t   ene rgy  

metabolism,  both i n  the  cytop lasm and i n   t h e   m i t o c h o n d r i a .  

W i th in   t he   m i tochondr ia ,   e lec t ron   t ranspor t   cha in - l i nked  ATP 

syn thes i s   i s   reduced  as a consequence o f  NADH d e p l e t i o n  due 

t o :  (I) excess  glutamate  product ion,  ( i i )   m a l a t e - a s p a r t a t e  

s h u t t l e   i n h i b i t i o n ,  and ( i i i )  K rebs   cyc le   impa i rmen t   (A r i l l o  

e t   a l .  1981) .   Wi th in   the  cytop lasm,  g lu tamine  product ion 

f r o m  g lu tamate   f u r the r   reduces   ava i l ab le  ATP reserves.  ATP 

d e p l e t i o n   s t i m u l a t e s   t h e   g l y c o l y t i c  breakdown o f  s to rage 

po lysacchar ides   t o   py ruva te  and f i n a l l y   l a c t a t e  (Campbell 

1973). An i n c r e a s e d   c y t o c o l i c .   l a c t a t e :   p y r u v a t e   r a t i o  i s  a 

c l e a r   i n d i c a t i o n   o f  oxygen  debt and anox ic   s t ress .  I t  i s  

l i ke l y   t ha t   impa i rmen t   o f   ene rgy   me tabo l i c   p rocesses  i s  t h e  

pr imary  mode o f   t o x i c   a c t i o n   o f  ammonia, w i t h   t h e   o t h e r  

f a c t o r s   c o n t r i b u t i n g   t o   b r i n g   a b o u t   m o r t a l i t y .  

Whi le i t  i s  c l e a r   t h a t   e l e v a t e d   b l o o d  ammonia l e v e l s  

c o n t r i b u t e   s t r o n g l y   t o   t h e   o v e r a l l   t o x i c i t y   o f  NH3, t h e r e  i s  
still some quest ion  about how h igh  env i ronmenta l  ammonia 

l e v e l s   a f f e c t   b l o o d  'NH3 l e v e l s .  Many researchers  (Smart  

1975; Wuhrmann and Woker 1948; H i l l a b y  and  Randall  1979) 

have  suggested tha t   env i ronmenta l  ammonia moves f r e e l y  

a c r o s s   t h e   g i l l   s u r f a c e  and e n t e r s   t h e   b l o o d   a t   t h a t   p o i n t .  

Other  researchers ( V .  Thurston,  Department  of  Chemistry. 

Montana S t a t e   U n i v e r s i t y .  Bozeman, Montana  personal 

communicat ion)   have  ind icated  that   h igh  concentrat ions  o f  

ammonia i n   t h e   w a t e r   r e s u l t   i n   r e d u c e d   r a t e s   o f   e x c r e t i o n   o f  
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metabolically  produced  ammonia  due  to  the  elimination of the 
substantial  concentration  gradient  that is normally in 
evidence.  This, in turn,  leads  to  elevated  blood,  cytosolic 
and  mitochondrial  NH3  levels. It is likely  that  both  of 
these  mechanisms  are  important  under  various  environmental 
conditions.  Increases in environmental  NH3  levels  above 
those  levels  evident in the  blood  would  result  diffusatory 
movements  of  NH3  Into  the  blood  until  the  levels In the 
water  and  the  blood  equilibrated.  Additional  NH3 in blood 
would  subsequently  result  from  metabolic  sources  (Cameron 
1986). Less  substantial  increases in environmental  NH3 
would  reduce  concentration  gradients  and,  therefore,  result 
in high metabolically  produced  blood  NH3  levels. 

3.3.3.1.2. Abiotic  Factors  Affecting  Ammonia  Toxicity 
The  toxicity  of  ammonia  to  fish  can  largely  be  attributed  to 
the  un-ionized  (NH3)  form  (Downing  and  Merkens  1955).  The 
fraction  of  the  total  ammonia  that is present in the  NH3 
form is dependent  on  pH  and  temperature.  Emerson  et a1 . 
(1975)  quantified  the  relationship  according  to  the 
following  equations: 

pKa = 0.0901821 t 2729.92 
T(”C) + 273.16 

NH3 = f  [total  ammonia]  (26) 

where f  is the  fraction  of  un-ionized  ammonia, 
pKa is the  negative  log  of  the  ionization  constant, 
T is temperature in degrees  Celcius. 

The  toxicity  of  this  NH3  (ammonia)  fraction  to  fish is 
further  modified by the  physical  and  chemical 
characteristics  of  the  water  body  under  study. 
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a)  Dissolved Oxygen 

As s t a t e d   e a r l i e r ,   e l e v a t e d   l e v e l s   o f   u n - i o n i  zed 

ammonia a r e   d i s r u p t i v e   t o   o x i d a t i v e   m e t a b o l i c   p r o c e s s e s  

i n  f i s h ,   b o t h   i n   t e r m s   o f   d e l i v e r y  and u t i l i z a t i o n .  I t  

t h e r e f o r e   f o l l o w s   t h a t -   t h e   t o x i c i t y   o f  NH3 would  be 

inc reased  a t   low  d isso lved  oxygen (D.O. )  concentrat ions; .  

Downing  and  Merkens  (1955)  examined t h e   i n f l u e n c e   o f  

0.0 .  on su rv i va l   t imes   o f   ra inbow  t rou t   exposed   to  

t o x i c   c o n c e n t r a t i o n s   o f   u n - i o n i z e d  ammonia. I n   t h a t  

study, a r e d u c t i o n   o f  0.0. i n   t h e   w a t e r   t o  50% 

s a t u r a t i o n   r e d u c e d   t h e   s u r v i v a l   t i m e   o f   r a i n b o w   t r o u t  

by  two- th i rds.   L loyd  (1961)   demonstrated  that   low 

oxygen  tensions (40% s a t u r a t i o n )   i n c r e a s e d   t h e   t o x i c i t y  

o f  NH3 t o   t r o u t  by up t o  2.5 t i m e s .   S i m i l a r l y ,  

Danecker  (1964)  reported a r a p i d   i n c r e a s e   i n   t h e  

t o x i c i t y   o f   u n - i o n i z e d  ammonia when dissolved  oxygen 

dropped  be low  two- th i rds   o f   the   sa tura t ion   va lue .  A 

d e t a i l e d   s t u d y   o f   t h e   t o x i c i t y  o f  NH3 on r a i n b o w   t r o u t  

f i n g e r l i n g s   ( T h u r s t o n   e t   a l .  1981b) i n d i c a t e d   t h a t  96 

h r  LCs0s w e r e   s t r o n g l y ,   l i n e a r l y   c o r r e l a t e d   t o  

d isso lved  oxygen  leve ls   over   the  2 .5 - 9.0 mg/L D.O.  

range  (Figure  20). The r e l a t i o n s h i p  was descr ibed  by 

the   f o l l ow ing   equa t ion :  

LCSO(D.O.) = 

LC50(D.0.=8.0 mg/L) - 0.067(8.0mg/L-D.O.) ( 2 7 )  

b)  Temperature 

The t o x i c i t y  o f  ammonia t o  F reshwate r   f i sh  i s  a f f e c t e d  

by  temperature i n   a t   l e a s t  two ways. F i r s t l y ,   t h e  

r e l a t i v e   p r o p o r t i o n   o f   t h e  more t o x i c  NH3 f r a c t i o n  

changes r e a d i l y   i n  response t o  changes i n  water 

temperature i n  accordance w i th  the  equat ions  (24-26) 

p resented   above.   Second ly ,   the   tox ic i t y   o f   the  NH3 
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f r a c t i o n   t e n d s   t o   i n c r e a s e  as the  water   temperature 

decreases  (Burrows  1964). Brown (1968)  suggested a 

two- fo ld   inc rease i n  the   t h resho ld  LC5o o f  un- ion ized 

ammonia f o r   r a i n b o w   t r o u t  when the  water   temperature 

was increased  f rom  3"   to  10°C. S i m i l a r   r e s u l t s  were 

obtained  by  Thurston and  Russo (1983)   wi th   ra inbow 

t r o u t   i n   t h e  7 - 12 g range, w i t h   t h e  96 h r .  LCso 

increas ing   approx imate ly   th ree- fo ld   over   the  

temperature  range o f  10" t o  19°C. Recent  analysis o f  

ava i l ab le   da ta   (E r i ckson ,   1985)   i nd i ca ted   t ha t   t he  

e f f e c t  o f  temperature on t h e   t o x i c i t y   o f   u n - i o n i z e d  

ammonia t o   d i f f e r e n t   s p e c i e s  o f  f i s h  i s  v e r y   s i m i l a r .  

The equat ions:  

descr ibe   the   tempera ture  dependence o f  ammonia (NH ) 

t o x i c i t y   f o r   f r e s h w a t e r   f i s h e s   ( F i g u r e   2 1 ) .  
3 

c )  Hydrogen Ion   Concen t ra t i on  

The e f f e c t   o f  pH on t h e   t o x i c i t y   o f  ammonia t o  

f r e s h w a t e r   f i s h  i s  s u b s t a n t i a l ,   w i t h  LC50s dec l i n ing   by  

as much as  an order  o f  magni tude  per   un i t  pH increase 

(Env i ronmenta l   Pro tec t ion  Agency 1985). The b u l k  o f  

t h i s   v a r i a t i o n  i s  due t o   t h e   e f f e c t  o f  pH on t h e  NH3 - 

NH+4 e q u i l i b r i u m ,   w i t h   i n c r e a s e s   i n  pH favour ing   t he  

more t o x i c  NH form. However, when t h e   t o x i c i t y  i s  

expressed on the   bas i s   o f   un - ion i zed  ammonia i t  becomes 

e v i d e n t   t h a t  some r e s i d u a l  pH dependence e x i s t s .   I n  

general ,   LC501s  for  NH3 i n c r e a s e   w i t h   i n c r e a s i n g  pH, 

w i th  t h e   c u r v e   l e v e l i n g   o f f   a t   h i g h  pH values  (Thurston 

e t  a l .   1 9 8 1 ~ ) .  

3 
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Regress ion   ana lys is   o f   poo led   da ta   se ts   fo r   Daphn ia  

SJ, ra inbow  t rou t   (F igure   22) .   coho salmon ( F i g u r e  

23), and fa thead minnow ( E r i c k s o n ,   1 9 8 5 )   r e s u l t e d   i n  

t h e   f o l l o w i n g   e m p i r i c a l  model t o   d e s c r i b e  pH dependence 

o f  NH3 t o x i c i t y :  

LCSO(pH) = LIM/[1 + 10 SLP(  PHT-pH) 3 (13) 

where  LIM i s  the   asympto t ic  LC5o a t   h i g h  pH. 

SLP i s   t h e   a s y m p t o t i c   s l o p e   a t   l o w  pH. 

PHT i s  a t r a n s i t i o n  pH t h a t   c o n t r i b u t e s  

t o   t h e   d e f i n i t i o n   o f   t h e   c u r v e .  

Common v a l u e s   f o r  SLP( 1.03)  and PHT( 7.32) , obta ined 

f rom  the   poo led   da ta   ana lys is ,   y ie lded good r e s u l t s   f o r  

r e g r e s s i o n   a n a l y s i s   o f   i n d i v i d u a l   d a t a   s e t s .  

T h e r e f o r e ,   c a l c u l a t i o n   o f  LCso va lues   o f  NH3 f o r  a 

g i ven  pH r e q u i r e d   t h e   i n p u t  o f  o n l y  one da ta   se t  

dependent  var iable  (LIM).  However, t h i s  model d i d   n o t  

i n c o r p o r a t e   I n d i c a t i o n s   i n  some data   se ts   tha t   LCs0 's  

d e c l i n e  as t h e  pH increases  over  8.5  (Environmental  

P r o t e c t i o n  Agency 1985) .   There fore ,   ca lcu la t ion   o f  

FAVs for   water   systems  wi th   h igh  ambient  pH values 

c o u l d   r e q u i r e  some d e g r e e   o f   i n t e r p o l a t i o n .  

M o d i f i c a t i o n   o f   t h i s  model t o  account for t h e   j o i n t  

t o x i c i t y   o f  NH3 and NH4 ( i e .  assumed SLP=l.O) r e s u l t e d  

i n   t h e   f o l l o w i n g :  

t 

LC5o( pH) = LC5o(  pH=8.0) ; pHz8.0  (29) 
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Us ing   the   mod i f ied   mode l ,   regress ion   ana lys is   o f   poo led  

d a t a   s e t s   r e s u l t e d  i n  an e s t i m a t e   o f   7 . 4   f o r   t h e  

parameter PHT (Env i ronmenta l   Pro tec t ion  Agency 1985). 

S i m p l i f i c a t i o n   o f   t h e  model  represented  above  resul ts 

i n   t h e   f i n a l   r e l a t i o n s h i p :  

LC5o(  pH=8.0) ; pH28.0 (31)  

LCso( pH=8..0) 1 .25  ;pH<8.0 
t1 07. 4-pH (32) 

d)  Carbon  Dioxide 

A labas ter  and Herbert   (1954)  demonstrated  that   the 

t o x i c i t y  o f  t o t a l  ammonia t o   f r e s h w a t e r   f i s h  i s  reduced 

by   i nc reas ing   t he   l eve l  o f  f ree   ca rbon   d iox ide   (C02)   i n  

t h e   w a t e r .   T h i s   e f f e c t   r e s u l t s   p r i m a r i l y   f r o m   t h e  

i n f l u e n c e  o f  h i g h   l e v e l s   o f  C02 on pH. Decreases i n  pH 

r e s u l t   i n  decreases i n   t h e   p r o p o r t i o n  o f  un- ion ized 

ammonia i n   s o l u t i o n ,  and t h e r e f o r e   r e d u c e d   t o x i c i t y .  

The s i g n i f i c a n c e   o f   m e t a b o l i c  C02 e x c r e t i o n   i n . t e r m s  o f  

m i t i g a t i n g   t h e   e f f e c t s  o f  h i g h  NH3 l e v e l s   r e m a i n s   i n  

ques t i on .   B roder ius   e t   a l .   ( 1977)   sugges t   t ha t   t he  

uncata lyzed C02 h y d r a t i o n   r e a c t i o n  i s  t o o  s l o w ,  w i t h i n  

normal  temperature  and pH ranges, t o  produce 

s i g n i f i c a n t  numbers o f   p r o t o n s   w h i l e   t h a t   w a t e r  i s  i n  

con tac t  w i th  t h e   g i l l   l a m e l l a e .  Szumski e t   a1. (1982)  

hypothes ized  tha t  C02 i s  excreted as Ht and HC03 a t  

the   g i l l   ep i the l ium,   thereby   mak ing   p ro tons   immedia te ly  

a v a i l a b l e   t o   i o n i z e  NH3 molecules.  Recent  studies 

(L .   F id le r ,   unpub l i shed   da ta )  on t h e  mechanisms o f  C02 

e x c r e t i o n   i n  f i s h  have i d e n t i f i e d   t h e   p r e s e n c e   o f  

carbonic  anhydrase i n  t h e  mucous o f  t h e   s k i n  and g i l l  

e p i t h e l i a .  The l e v e l s   o f  t h i s  carbonic  anhydrase 

(wh ich   ca ta l yzes   t he  C02 h y d r a t i o n   r e a c t i o n )   a r e   f a i r l y  

- 
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low,  however, i n d i c a t i n g   t h a t   s i m p l e   d . i f f u s i o n   p r o b a b l y  

p rov ides   t he  mechanism o f   e x c r e t i o n   f o r   t h e   b u l k   o f   t h e  

metabo l ica l l y   p roduced C02 .(Perry  1986). Still, 

metabo l i c   p rocesses   l i ke l y   p rov ide  a l i m i t e d  number o f  

p r o t o n s   t o   p a r t i a l l y   m e d i a t e   t h e   e f f e c t s  o f  h i g h   l e v e l s  

o f  NH3. However, a t   l o w   f i s h   d e n s i t i e . s ,   c h a r a c t e r i s t i c  

o f   na tura l   f reshwater   sys tems,  no a d d i t i o n a l   p r o t e c t i o n  

aga ins t  NH3 i s  a n t i c i p a t e d  due t o   m e t a b o l i c a l l y  

produced C02, and t h e r e f o r e ,   t h i s   f a c t o r  will not  be 

used i n  c r i t e r i a  development. 

e)   F luctuat ing  Exposures 

The i n f l u e n c e  o f  f l u c t u a t i n g   l e v e l s   o f   u n - i o n i z e d  

ammonia on t o x i c i t y   t o   f r e s h w a t e r   f i s h  i s  an impor tan t  

cons ide ra t i on  when r e l e a s e s   o f   n i t r o g e n  compounds t o  

the   aqua t i c   env i ronmen t   a re   an t i c ipa ted   t o   be   ep i sod ic  

i n  nature.  To assess   t he   s ign i f i cance   o f   sho r t - t e rm 

c y c l i c   f l u c t u a t i o n s  o f  ammonia, Thurs ton   e t   a l .   (1981a)  

conduc ted   acu te   t ox i c i t y   t es ts  on ra inbow  and  cut throat  

t r o u t .  Companion t e s t s  were a l so   run   us ing   cons tan t  

. concent ra t ions  o f  ammonia. When LCso v a l u e s   f o r  

constant  and f l u c t u a t i n g   l e v e l s   o f   u n - i o n i z e d  ammonia 

were  compared,  based on t o t a l  dose  exposure, i t  was 

f o u n d   t h a t   f i s h  were  more t o l e r a n t  o f  constant  

concent ra t ions .  The magnitude o f  t h e   e f f e c t   o f  

f l uc tua t i ng   exposures  on t o x i c i t y  i s  d i f f i c u l t   t o  

assess. However,  Brown e t   a l .  (1969)   repor ted   tha t   the  

mean s u r v i v a l   t i m e  o f  ra inbow  t rou t   cou ld  be reduced  by 

as much as 50% when f i s h   a r e   s u b j e c t e d   t o   f l u c t u a t i n g  

ra the r   t han   cons tan t   l eve l s  o f  NH3. 

3.3.3.1.3 B i o t i c   F a c t o r s   A f f e c t i n g  Ammonia T o x i c i t y  

It i s  l i k e l y   t h a t  a number o f   b i o t i c   f a c t o r s   a c t   i n   c o n c e r t  

t o   m o d i f y   t h e   e f f e c t s  o f  e l e v a t e d   l e v e l s  o f  environmental  
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ammonia (NH3) on   f reshwater   f i sh .  The most s i g n i f i c a n t  o f  

t h e s e   f a c t o r s   a r e   s p e c i e s ,   l i f e   h i s t o r y   s t a g e  and 

acc l ima t ion   pe r iods .  

a)  Species 

An ex tens i ve   rev iew  o f  ammonia l i t e r a t u r e   ( E n v i r o n m e n t a l  

P r o t e c t i o n  Agency 1985) i n d i c a t e d   a c u t e   t o x i c i t y   t o  

f reshwa te r   o rgan isms   a t   concen t ra t i ons   (unco r rec ted   f o r  

pH) rang ing  f r o m  0.083 t o  4.60 mg/L NH3-N f o r  23 f i s h  

species f r o m  n i n e   f a m i l i e s .  Among f i s h   s p e c i e s ,  

sa lmon ids   were   most   sens i t i ve   w i th   96   h r  LCso values 

ranging  f rom  0.083  to   1 .09 mg/L NH3-N. Data on n i n e  

f r e s h w a t e r   f i s h   s p e c i e s   ( f r o m   f i v e   f a m i l i e s )   i n d i c a t e d  

c h r o n i c   e f f e c t s  o f  exposure t o  ammonia a t   c o n c e n t r a t i o n s  

rang ing   f rom 0.0017 t o  0.612 mg/L NH3-N, w i th   sa lmonids 

aga in   be ing   the   most   sens i t i ve .  These data  suggest 

t h a t   s a l m o n i d   f i s h   a r e   l i k e l y   t h e   ' m o s t   s e n s i t i v e  

ecosystem component w i t h   r e s p e c t   t o  NH3 t o x i c i t y .  

-Wi th in   the   fami ly   sa lmon idae,   there   i s  some e v i d e n c e   t o  

suggest  that  Oncorhynchus i s  more s e n s i t i v e   t h a n  

Salmo. L i m i t e d   r e l e v a n t   i n f o r m a t i o n  on t h e   r e l a t i v e  

s e n s i t i v i t y  o f  Sa lve l i nus  and  Prosopium  (Thurston and 

Meyn 1984)   ind ica tes   tha t   chars  may be s l i g h t l y  more 

r e s i s t a n t   t h a n ,  and wh i te f i sh   app rox ima te l y  as 

r e s i s t a n t  as, t r o u t   t o  NH3. 

b )   L i f e   H i s t o r y   S t a g e  

Incubat ing  sa lmonid eggs appear t o  be r e l a t i v e l y  

r e s i s t a n t   t o   e x p o s u r e s   t o   u n - i o n !  zed ammonia. 

B u r k h a l t e r  and Kaya (1977)  exposed  rainbow  t rout  eggs 

t o   c o n c e n t r a t i o n s  o f  NH3-N i n   t h e  0.05 - 0.37 mg/L 

r a n g e   f r o m   f e r t i l i z a t i o n   t o   h a t c h i n g   w i t h o u t   a f f e c t i n g  

s u r v i v a l   r a t e s .   S i m i l a r   r e s u l t s  were  obta ined  wi th  

r a i n b o w   t r o u t  eggs cont inuous ly  exposed t o  0.00 - 0.077 
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mg/L NH3-N (Thurston  e t   a l .   1984) .   Shor t - term  exposure 

(96 hr )  o f  p i n k  salmon (0. gorbuscha) eggs t o   l e v e l s  o f  

NH3-N i n  excess o f  1 .5  mg/L (R ice  and Bai ley,   1980) 

a l s o  had l i t t l e   e f f e c t  on s u r v i v a l .   I n   c o n t r a s t ,  

Rankin  (1979)  demonstrated  that  sockeye  salmon (0. 
nerka) eggs canno t   t o le ra te   un - ion i zed  ammonia 

concent ra t ions   g rea ter   than 0.403 mg/L NH3-N f o r  

ex tended  per iods   ( ie .  60 days).   Salmonid  a levins  are,  

v e r y   l i k e l y ,   t h e  most s e n s i t i v e   l i f e   h i s t o r y   s t a g e  w i th  

r e s p e c t   t o  ammonia t o x i . c i t y .   R i c e  and Bai ley  (1980) 

repo r ted  96 h r  LC5o v a l u e s   f o r   e a r l y  and l a t e   a l e v i n s  

t o  be 0.33 and  0.083 mg/L NH3-N r e s p e c t i v e l y .  

S e n s i t i v i t y   t o   e l e v a t e d   l e v e l s   o f  NH3 decreased a f t e r  

emergence (F igu re   24 ) .   Genera l   i nh ib i t i on   o f  

development  and f a i l u r e   t o   a b s o r b   t h e   y o l k - s a c  was 

observed I n  rainbow t r o u t  exposed t o  NH3-N l e v e l s  o f  
0.19 mg/L or   h igher .   Thurs ton  and  Russo  (1983) 

conducted a t o t a l   o f  71 a c u t e   t o x i c i t y   t e s t s  on rainbow 

t r o u t   t o   d e l i n e a t e   t h e   r e l a t i o n s h i p  between f i s h   w e i g h t  

and  96 hr  LC5o va lue.  The r e s u l t s   o f   t h a t   s t u d y  

i n d i c a t e   t h a t   r e s j s t a n c e   t o   e x p o s u r e s   t o  NH3 increases 

f rom emergence t o  a maximum at   the   1 .0 -10 .0  g s i z e .  

Resis tance  decreases  thereaf ter  as f i s h   w e i g h t  

inc reases .   F igure  25 d e t a i l s   t h e   r e l a t i o n s h i p  between 

s e n s i t i v i t y   t o   u n - i o n i z e d  ammonia and f i s h  weight .  

c )   A c c l i m a t i o n   t o  Low  Ammonia Concentrat ions 

Acc l imat ion  o f  f i s h   t o   l o w   l e v e l s   o f   u n - i o n i z e d  ammonia 

i s   i m p o r t a n t   p r i m a r i l y  because i t  migh t   enab le   t he   f i sh  

t o   s u r v i v e  exposures t o  NH3 tha t   wou ld   o therw ise   be  

a c u t e l y   l e t h a l .   L l o y d  and Orr (1969)  conducted 

acc l imat ion  exper iments on r a i n b o w   t r o u t  and  concluded 

t h a t   r e s i s t a n c e   t o  NH3 i s  m a i n t a i n e d   f o r   a t   l e a s t  one 
day a f te r   exposure ,   bu t  i s  l o s t   a f t e r   t h r e e   d a y s .  



.- go - .  

0 a¶ 

I a, 
3 rn *- 

LL 

t 
0 

'? 
0 

c'! 
0 

c 

0 

0 co 

0 
b 

0 
CD 

L 
a> c 

0% 
*VI 
a 
x 
U 

0 
m 

0 
@4 

0 

[i/sU U! N-€HN] OS31 496 



U 
S 

4- 

i! 
E 
U 

O Y- 

0- 

cu ui 
a L 
3 m iz 

+ 
3 
0 * 

Q 

- 91 -. 

u 

t 

0 
I 

&, 
Y 
0 

rn 
€3l 

Q 

Q 
Q 

a 

a x  

Q 

Q 

a 
Q 

c 
I I 

a? 
0 

I 

'9 
0 

[1/6W U! N-'HN] OS31 JY96 

C 



- 92 - 

Schulze-Wiehenbrauck  (1976)  accl imated  juveni le  ra inbow 

t r o u t   t o   a p p r o x i m a t e l y   o n e - t h i r d  o f  t h e  8.5 h r  LC5o 

value  (0.45 mg/L NH3-N). When t e s t  f i s h  were 

subsequently  exposed t o  0.45 mg/L NH3-N f o r  8.5 hrs 100 

percent  o f  t h e  f i s h  surv ived.  I n  c o n t r a s t ,   c o n t r o l  

f i s h  had o n l y  50 p e r c e n t   s u r v i v a l   a t   t h a t   c o n c e n t r a t i o n  

o f  un- ion ized ammonia. A t l a n t i c  salmon  smolts 

a c c l i m a t e d   t o  ammonia ( A l a b a s t e r   e t   a l .  1979) a l s o  

acqu i red   Inc reased  res is tance t o  h i g h  ammonia l e v e l s ;  

Acc l imated f i s h  s u r v i v e d   e x p o s u r e s   t o   t o x i c   l e v e l s  o f  

NH3 b e t t e r   t h a n   c o n t r o l   f i s h ,   w i t h  24 h r  LC5o values 

38-79% h ighe r   t han   t hose   f o r  f i s h  w i t h o u t   p r i o r  ammonia 

acc l ima t ion .  It i s , - t h e r e f o r e ,   e v i d e n t   t h a t   s a l m o n i d s  

acqu i re  some degree o f  r e s i s t a n c e   t o   h i g h   l e v e l s  o f  

environmental  NH3 t h r o u g h   p r i o r   e x p o s u r e   t o   s u b - l e t h a l  

l e v e l s ,   w i t h   t h e .   p r o t e c t i o n   a f f o r d e d   b e i n g   o n l y  

temporary i n   n a t u r e .  

3 .3 i3 .2   I nve r teb ra tes  

Severa l   s tud ies on t h e   t o x i c i t y  o f  ammonia i n d i c a t e   t h a t  

f r e s h w a t e r   i n v e r t e b r a t e s   a r e   g e n e r a l l y   l e s s   s e n s i t i v e   t h a n  

f i sh ,  w i th  96 h r  LCso values  ranging  f rom  0.53 t o  8.00 mg/L 
f o r   i n v e r t e b r a t e   s p e c i e s   r e p r e s e n t i n g   n i n e   f a m i l i e s  

(Env i ronmenta l   Pro tec t ion  Agency 1985). Fish should be t h e  

focus o f  c r i t e r i a  development  (Nordin  and Pommen, 1986). 

Thus, c r i t e r i a   f o r   f r e s h w a t e r   i n v e r t e b r a t e s .   f o r  ammonia 

t o x i c i t y  have  not  been  developed. The c r i t e r i a   d e v e l o p e d  

f o r   f r e s h w a t e r   f i s h   a r e   c o n s i d e r e d   t o   i n d i c a t e  no e f f e c t  

c o n d i t i o n s   f o r   f r e s h w a t e r   i n v e r t e b r a t e s  as w e l l .  

3.3.3.3  Algae 

With few  exceptions,  algae  can  use ammonia (as  NH4') 

d i r e c t l y   f o r   t h e   s y n t h e s i s  o f  c e l l u l a r   m a t e r i a l  (Brown 

e t   a l .  1974;  Brezonik  1977). Fogg (1953)  and  Syrett  (1962) 

I 
1 
I 
a 
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reported  that,  when  NO3  and  NH4  are  supplied  together, 
NH4 is assimilated by most  algae  preferentially  to  NO3 , 
and  that  NO3  is  used  only  after  all  the  NH4  is  exhausted. 
This i s  understandable  because  the  reduction o f  NO3 
requires  an  expenditure  of  metabolic  energy  (Vollenweider 
1968). Therefore,  additions o f  ammonia  can  be  expected to. 
provide  the  periphyton  community  with a highly  available 
nitrogen  source  and,  therefore,  to  result in  increases  in 
growth  rates  and in biomass if other  environmental  factors- 
are  not  limiting. 

- t 

t - 
- t 

- 

There  .has  been  little  work  on  the  toxicity o f  ammonia  to 
freshwater  algae. A review  (Nordin  and  Pommen, 1986) 

indicates  that,  a1  though  some  depression o f  

photo-assimilation  rates  can  occur  at  fairly  low  levels o f  

ammonia (0.6 mg/L), in  general  algae  are  fairly  resistant  to 
ammonia  toxicity.  Since  the  criteria  proposed  for  fish  are 
adequate  to  protect  algal  species,  no  additional  criteri,a 
specifically  for  algae  are  developed.  Criteria  for  ammonia 
relevant  to  eutrophication o f  affected  streams  are  proposed 
in a report  on  algal  nutrients  currently  in  preparation. 

3.3.3.4 Site-Specific  Criteria  for  Un-ionized  Ammonia 
There is a great  deal  more  to  ammonia  toxicity  than  can  be 
related  by a single  criterion  value. It is necessary  to 
integrate  the  abiotic  and  biotic  factors  that  modify  NH3 
toxicity  with  specific  information  about  ambient 
environmental  conditions i n  the  watershed in order  to 
develop  site-specific  ammonia  criteria. 

The  most  important  of  these  factors in the  Flathead  system 
are  likely  to  be  temperature,  pH, D . O . ,  species  and  life 
history.  stage  affected.  In  the  process o f  site-specific 
criteria  development, it will be  assumed  that  carbon  dioxide 
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l e v e l s  will' r e m a i n   l o w   a n d   t h a t   t h e   e f f e c t s   o f   f l u c t u a t i n g  

exposures  and  accl imat ion will be roughly  equal ,   and 

therefore  cancel   each  other  out .   Temperature  and pH 

p r o f i l e s   f o r   t h e   F l a t h e a d   R i v e r  and  Howell  Creek  are 

presented i n  F lgu re  26 and 27, r e s p e c t i v e l y .   I n   t h e  absence 

o f   s i t e - s p e c i f i c   i n f o r m a t i o n   t o   t h e .   c o n t r a r y ,  i t  will be 
assumed t h a t   d i s s o l v e d  gas l e v e l s   a r e   a t   o r   n e a r   s a t u r a t i o n  

values i n   su r face   wa te r   t h roughou t   mos t   o f   t he .   yea r .  The 

e f f e c t   o f   d i s s o l v e d '  oxygen  concentrat ion on ammonia t o x i c i t y  

will be inc luded  i n  t h e   c a l c u l a t i o n  o f  f i n a l   a c u t e   v a l u e s  

when t h e   r e s u l t s  o f  o n - s i t e  measurements become a v a i l a b l e .  

The fo l l ow ing   p rocedure  was used t o   c a l c u l a t e   t h e   f i n a l  

a c u t e   t o x i c i t y   v a l u e  (FAV) fo r   t he   t h ree   impor tan t   spec ies  

o f   s p o r t f i s h   f o u n d   i n   t h e  Canadian p o r t i o n   ' o f   t h e   F l a t h e a d  

River  system: 

1. A v a i l a b l e  96 hr  LC5o d a t a   f o r  Salmo, Sa lve l i nus  and 

Prosopium  were  adjusted t o   r e f e r e n c e   c o n d i t i o n s  

(pH-8.0, T=lO°C, 0.0.=8.0 mg/L) i n  accordance w i th  

equat ions 8-17 l i s t e d   p r e v i o u s l y .  These data  were  then 

p l o t t e d   a g a i n s t  f i s h  we igh t   t o   p rov ide   an   es t ima te   o f  

s e n s i t i v i t y  by l i f e  h i s t o r y   s t a g e .  I t  was assumed t h a t  

Prosopium  and  Salvel inus  would  demonstrate a s i m i l a r  

l i f e   h i s t o r y   s e n s i t i v i t y   p a t t e r n   t o   t h a t   o f  Salmo, and 

there fore   miss ing   da ta   po in ts   fo r   those  spec ies   were  

i n t e r p o l a t e d   ( F i g u r e  2 5 ) .  

ii. R e f e r e n c e   f i n a l   a c u t e   v a l u e s   ( F A V r e f . )   f o r   e a c h   l i f e  

h i s t o r y   s t a g e  were   es t ima ted   d i rec t l y   f rom  the  

s e n s i t i v i t y   p l o t s   g e n e r a t e d   f o r  each  species  (Table  13). 

iii. Fina l   . acu te   va lues   were   t hen   ca l cu la ted   by   i n teg ra t i ng  

FAVre f .   i n fo rma t ion   w i th   s i t e -spec i f i c   t empera tu re ,  pH 
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TABLE 13 

REFERENCE FINAL ACUTE VALUES OF AMMONIA FOR KEY LIFE HISTORY STAGES 
OF IMPORTANT FLATHEAD R I V E R  SYSTEM FISH SPECIES 

Spec i es Dates L l f e   H i s t o r y   S t a g e  FAV re f .   ( rng/L)a)  

B u l l   T r o u t  

Cu t th roa t  
Trou t  

Mountain 
W h i t e f i s h  

Sept. 1 - Jan. 30 
Jan. 1 - Mar. 31 
Mar. 15  - May 31 
May 15 - June 15 
May 30 - June 30 
June  15 - J u l y  15 
J u l y  1 - June 30 
J u l y  1 - June  30 
J u l y  15  - O C t .  15 

May 15 - J u l y  20 
J u l y  5 - J u l y  31 
J u l y  15 - AUg. 10 
J u l y  20 - AUg. 20 
Ju ly .  31 - AUg. 31 
Aug. 15 - Sept.20 
Sept. 1 - Aug. 31 
Sept . 1 - Aug. 31 
Sept. 1 - Aug. 31 

Oct. 15 - Mar. 1 5  
Mar. 1 - May 10 
May 1 - May. 30 
May 15  - June 15  
June 15  - J u l y  15 

J u l y  1 - June 30 
J u l y  1 - June 30 
J u l y  1 - June  30 

J u l y  1 - J u l y  30 

Eggs 
Ear l y   A lev ins  
La te   A lev ins  
F r y   ( t o  0.259) 
F r y   ( t o  0.50s) 
F r y   ( t o  1 .OOg) 
F r y   ( t o  10.09) 
J u v e n i l e s   ( t o  
Adu l ts  

50. Og 

0.40 
0.30 
0.20 
0.40 
0 .65  
0.80 
0.80 
0.70 
0.40 

Eggs 
Ear l y   A lev ins  
La te   A lev ins  
F r y   ( t o  0.259) 
F r y   ( t o  0.50g) 
F r y   ( t o  1 .OOg) 
F ry   ( t o   10 .09 )  
Juven i les  ( t o  50.09) 
Adu l ts  

Eggs 
Ear l y   A lev ins  
La te   A lev ins  
F r y   ( t o  0.259) 
F r y   ( t o  0.50g) 
F r y   ( t o  1 .OOg) 
F r y   ( t o  10.09) 
J u v e n i l e s   ( t o  50 
Adul ts  

0.40 
0.30 
0.20 
0.25 
0.35 
0.50 
0 .55  
0 .50  
0.35 

0.40 
0.30 
0.20 
0.20 
0.30 
0 . 4 5  
0.50 
0 .45  
0.30 

a)  Reference  condi t ions:  pH=8.0,  T=lO°C,  D.O.=8.0 mg/L 
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and dissolved  oxygen  data  on a month ly   bas is  i n  

accordance  w i th   the   fo l low ing :  

FAV(pH, T,  D.O.) = [FAVref. . FT FPH] - FDO (33) 

FPH = 1 .o ; pH28.0 - - 1.25 . ;pH<8.0 
1+10.0'.4-pH 

FDO = 0.067(8.0-0.0.) ; D.O.40.0 mg/L (38) 
= -0.134 ; D.0.>10.0 mg/L (39) 

F i n a l   a c u t e   v a l u e s   f o r   b u l l   t r o u t   a r e   p r e s e n t e d   i n  

Tables  14 and 15 for   t t ie  Flathead  River  mainstem  and 

Howel l   Creek  respect ively,  and rep resen ted   g raph ica l l y  

i n  F igu re  28. FAVs f o r   c u t t h r o u t   t r o u t   ( T a b l e s   1 6  and 

17; F igure  29)   and  mounta in  whi te f ish  (Tables 2'0 -and  

21; F igure-   30)   have  a lso   been  ca lcu la ted   us ing   th is  

methodology. No e f f e c t   l e v e l s   o f  NH3-N a re   repo r ted  as 

maximum and  96 hr  a r i t h m e t i c  mean c o n c e n t r a t i o n s   i n  

Tables  14-19. 

A r e v i e w   o f   t h e   r e l e v a n t   l i t e r a t u r e  on acu te  and 

c h r o n i c   t o x i c i t y   o f  ammonia t o  r a i n b o w   t r o u t  

(Env i ronmenta l   Pro tec t ion  Agency 1985)  indicated  an 

a c u t e   t o   c h r o n i c   r a t i o   o f   a p p r o x i m a t e l y  14.  Acute: 

c h r o n i c   r a t i o s   f o r   c u t t h r o a t  and b u l l   t r o u t ,  and 

mounta in  whi te f ish  were assumed t o  be s i m i l a r  t o  t h a t  

o f   ra inbow  t rou t .   Accep tab le   l eve l s   o f   un - ion i zed  

ammonia were,  then,  der ived  by  apply ing  Environmental  

P r o t e c t i o n  Agency ( 1 9 8 5 )   s a f e t y   f a c t o r s   f o r  ammonia- 

n i t r o g e n   t o x i c a n t s   t o   t h e   s i t e - s p e c i f i c  FAVs f o r   t h e  
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th ree   spec ies  o f  f i s h   i n d i g e n o u s   t o   t h e  system.  This 

approach t o   c r i t e r i a  development  suggests t h a t   t h e  

l e v e l  o f  0.50 o f  t h e  96  h r  LC5o ( o r  FAV) value  should 

not  be  exceeded a t  any t i m e   i n   t h e   r e c e i v i n g   w a t e r  

a f t e r   m i x i n g ,  and the  average 96 hr  concen t ra t i on  

should  not  exceed 0.05 o f   t h e  96  h r  LCso ( o r  FAV) 

value. The c r i t e r i a  so developed  are  designed t o  

min imize   the .   po ten t ia l   fo r   ex tended  exposures   to  

c h r o n i c a l l y   t o x i c   l e v e l s   o f  NH3-N. Accep tab le   l eve l s  

o f  . un- ion ized ammonia, presented i n  Table 20 and 

F igu re  3 1 ,   w e r e   c a l c u l a t e d   b y   i n t e g r a t i n g   a l l   o f   t h e  

spec ies -spec i f i c  FAVs by  month t o  produce 

system-speci f ic  FAVs, and t h e n   m u l t i p l y i n g  by  the 

a p p r o p r i a t e   a p p l i c a t i o n   f a c t o r .  

1 
I 
I 
I 
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TABLE 20 

CALCULATED  NO-EFFECT  LEVELS OF AMMONIA I N  THE 

FLATHEAD RIVER  WATERSHED^ 

Month Ammonia  (NH3-N i n  mg/L) 
""""""""""""""""""""""""" 

Flathead  River  Howel l   Creek 
[Maximum] [96   h r .  X]b [Maximum] [96 hr .  X]b 

January 

February 

March 

Apr i  1 

Ma Y 
June 

J u l y  

August 

September 

October 

November 

December 

0.08 

0.08 
0.09 

0.09 

0.07 
0.09 

0.18 

0.18 

0.15 

0.11 

0.09 

0.08 

0.008 

0.008 

0.009 

0.009 

0.007 
0.009 

0.018 

0.018 

0.015 

0.011 

0.009 

0.008 

0.08 

0.08 

0.08 

0.07 

0.07 

0.08 

0.08 

0.09 

0.14 

0.10 

0.09 
0.09 

0.008 

0.008 

0.008 

0.007 

0.007 

0.008 

0.008 

0.009 

0.014 

0.010 

0.009 

0.009 

a')  See t e x t   f o r  method  used f o r   c a l c u l a t i o n  o f  a c c e p t a b l e   l e v e l s  
O f  NH3. 

b)  Denotes maximum 96 h r  mean concen t ra t i on  
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4 .  FINAL C R I T E R I A  FOR NITROGEN COMPOUNDS 

The f i n a l   c r i t e r i a   f o r   t o x i c   n i t r o g e n  compounds are  expressed  as 

maximum ( C r i t e r i o n  Maximum Concentrat ion - CMC) and  long-term 

a r i t h m e t i c  mean (Cr i t e r i on   Con t inuous   Concen t ra t i on  - C C C )  

concent ra t ions  on a month ly   bas is .   For   th is   repor t ,   the  CMC and CCC 

a re   de f i ned  as fo l l ows :  

1 )   C r i t e r i o n  Maximum Concentrat ion - T h i s   c r i t e r i o n  i s  i n t e n d e d   t o  

p rov ide  an e s t i m a t e   o f   t h e ,   l e v e l   o f  a t o x i c a n t   t h a t ,  i f  

ma in ta ined   f o r   sho r t   pe r iods   o f   t ime   ( i . e . ,  <24 hrs )   on l y ,  will 

cause no a d v e r s e   s h o r t - t e r m   e f f e c t s   i n   t h e   r e c e i v i n g   w a t e r  

system,  prov ided  the  long- term  average  cr i ter ion (CCC) i s  

compl i ed w i th .  

2) Cr l te r ion   Cont inuous   Concent ra t ion  - This c r i t e r i o n  i s  in tended 

t o  p rov ide  an es t imate  o f  t h e   s a f e   l e v e l   ( i  .e. , t h e   l e v e l   t h a t  

i f  main ta ined  cont inuous ly ,  will cause  no  adverse  long-term 

e f f e c t s )   o f  a t o x i c a n t   i n  a receiv ing  water  system. The 

c o n c e n t r a t i o n   o f  a p o l l u t a n t  may exceed  the C C C  p r o v i d i n g ,   a )  

the  magni tude  and  durat ion  o f   the  excurs ions  above  the C C C  a re  

l i m i t e d ,  and,   b)   there  are  recovery  per iods  o f   t ime  dur ing 

wh ich   t he   concen t ra t i on  i s  be low  the CCC.  The h ighe r   t he  

concen t ra t i on  i s  above t h e  C C C ,  t h e   s h o r t e r   p e r i o d   o f   t i m e  i t  

can be to le ra ted   (S tephan  e t   a l .   1985) .  

The w a t e r   q u a l i t y   c r i t e r i a   f o r  ammonia and n i t r i t e   i n c o r p o r a t e d   t h e  

r e s u l t s   o f   l a b o r a t o r y   b i o a s s a y s   r e p o r t e d   i n   t h e   l i t e r a t u r e .  These 

tests   prov ided  the  response o f  s i n g l e   t e s t   o r g a n i s m s   t o   h i g h   l e v e l s  

o f  a s i n g l e   t o x i c a n t .  However, t h e   t o x i c   e f f e c t s   o f  ammonia and 

n i t r i t e  may be a t   l e a s t   a d d i t i v e  ( V .  Thurston,  Montana  State 

Un ive rsa i t y .  Bozeman, Montana.  Personal  communication  1986). 

The re fo re ,   c r i t e r i a   deve loped  f o r  ammonia o r   n i t r i t e   a l o n e   a r e  

non-pro tec t ive  when t h e   t w o   o c c u r   t o g e t h e r .   I n d i v i d u a l   c r i t e r i a  
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v a l u e s   t h e n   r e q u i r e   m o d i f i c a t i o n   t o   - a c c o u n t   f o r .   t h e   p r o b a b l e   a d d i t ' l v e  

n a t u r e   o f   t h e   e f f e c t s   o f   t h e   t w o   t o x i c a n t s .   A d d i t i v i t y   o f   t h e   t o x i c  

e f f e c t s   o f  ammonia and n i t r i t e ' i s   o n l y  a guess  based  on t h e i r   s i m i l a r  

modes o f  t o x i c   a c t i o n .  An al ternat ive  assumption  would  be  synergism 

b u t  no i n f o r m a t i o n   e x i s t s   t o   s u p p o r t  t h i s  hypothes is .  

Assuming t h e   t o x i c   e f f e c t s   o f  ammonia and n i t r i t e   a r e   a d d i t i v e ,  where 

the   two   t ox i can ts   occu r   t oge the r   t he   f o l l ow ing   p rocedure   shou ld  be 

used t o   c a l c u l a t e   f i n a l   c r i t e r i a   v a l u e s .  The c o n c e n t r a t i o n   o f  one o f  

t h e  compounds must be  measured,  and t o  comply w i t h   t h e   c r i t e r i a   t h e  

sum . o f   t h e   r a t i o s   o f   a m b i e n t   l e v e l s   t o   i n d i v i d u a l   c r i t e r i a   v a l u e s  

(Tables 12 and 20) f o r   t h e   t w o  compounds should  not  exceed 1 . O .  For 

example, i f  t h e   c o n c e n t r a t i o n   o f  NH3 i s  60% o f   t h e  maximum acceptable 

l e v e l   o f  NH3 f o r  a s p e c i f i e d   s i t e   i n   t h e   F l a t h e a d   b a s i n   ( T a b l e  2 0 ) .  

then CMC (NH3) = [NH3] and CMC ( NOZ-) should be 40% o f   t h e  maximum 

a c c e p t a b l e   l e v e l   o f  NO2 (Tab le  1 2 ) .  The de ta i l ed   p rocedure  i s  as 

f o l l o w s :  

- 

1)  Measure  temperature, pH and t o t a l  ammonia c o n c e n t r a t i o n   i n   t h e  

water-  body on s i t e   ( f requency   o f   samp l ing   shou ld   be   d i c ta ted   by  

p r o x i m i t y   o f   a m b i e n t   l e v e l s   t o   c r i t e r i a   v a l u e s ) .  

2) Using  equat ions 24-26 i n   t h e  Ammonia s e c t i o n   c a l c u l a t e   t h e  

c o n c e n t r a t i o n   o f  NH3-N i n  s o l u t i o n .  

3) C a l c u l a t e   r a t i o s  R1 and R 2  where: 

." Maximum No-ef f e c t  [ NH3-N 'J ; from  Table 20 (40 )  

n 
R 2  = ( i = 1  x [NH3-Nli)/n ; n = sample s i z e  

No-e f fec t  96 h r  ii [NH3-N] ; from  Table 20 
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4. Calculate  final  criteria  values  where: 

a)  If R1 5 1 then, 

CMC  (NH3) = [NH3-N] 

CMC  (NOz-) = (l-R1)=Maximum  No-effect [N02--N]; 

from  Table 12 

b)  If R2 5 1 then, 

n 

1 =1 
cCc( NH3)- = ( E [NH3-N]l)/n 

ccc(N02-)- = (l-R2) Acceptable 96 hr x [NO;-N]; 
from  Table 12 

( 43 j' 

( 4 4 )  

( 4 7 )  
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6. APPENDIX 1 

EXISTING WTER QUALITY CONDITIONS IN THE FLATHEAD RIVER 
AT THE INTERNATIONAL W N D A R Y  TO 1982 

(00BCO8NpooO3) 

Variablea 
Standard 
Deviation 

Alkalinity, total 20  112.6 80.4 - 148.0  20.5 
Conductivity  (pSie/an) 20  215.0.. 157.0 - 288.0 37.7 
Hardness, as Cam3 20  116.6 83.9 - 146.0  21  .5 
pH (units) 20  8.2 8.0 - 8.6  0.2 "_""""""""" """".""." "._ "_ ."_ """""""_ """" """" """_"""_ 

Calcium 20 34.4  25.4 - 47.0  6.3 
Chloride  20  0.3  0.2 - 0.5  0.1 
Fluoride  19  0.08 < 0.05 - 0.12  0.02 
hgnesi um 20  7.45  5.0 - 11.2  1.6 
Potassi urn 20  0.3  0.2 - 0.4  0.1 
Si1 ica 20  4.7  4.0 - 5.3 0.3 
Sodium  20  0.7  0.3 - 0.9  0.1 
Sulphate 20  4.3  2.6 - 7.1 1.1 
""""""~""""""""""-.-.""""""-"-"""""""""~""""""""" 

Phosphorus,  total  dissolved  14(3)  0.007  0.002 - 0.022  0.003 
Phosphorus,  total 19(6)  0.076  0.002 - 4.155  0.171 
Ni trogen , dissolved  NO2+NO3  19(6)  0.021 .c 0.0002 - 0.110  0.020 
Nitrogen, dissolved amnonia 19(6)  0.01s < 0.001 - 0.300  0.025 
Nitrogen, dissolved  17(6)  0.083  0.03 - 0.55  0.05 
Nitrogen, particulate 3 (3) 0.010  0.004 - 0.018  0.007 
""""""""""""""""""""""""""""""""""""-""""""" 

Carbon, total organic 19(6) 2.6 C 1.0 - 8.2 1.9 
Carbon,  total i norgani c 19(6) 27 .O  19.3 - 34.8 5.2 
Carbon, particulate 2(3) 0.146 0.113 - 0.165 0.037 

mg/L unless otherwise indicated 

I 
I 
'I 
I 



- 125 - 

APPENDIX 1 (cont) 

EXISTING WATER QUALITY CONDITIONS IN THE FLATHEAD RIVER 
AT THE INTERNATIONAL BOUNDARY TO 1982 

(00BcoSNPO003) 

Variableab 
n 

(rep1 icates) *an 
Standard 

Range Deviation 

Arsenic 
Barium 
C a d n i  um 
Cobal t 
Copper 
Iron 
Lead 
Manganese 
Hercury 
Nickel 
Selenium 
Zinc 

17(1) 0.0004 
17(1) 0.28 
18(1) 0.0007 
16(1) < 0.001 
19(1)  0.001 
19(1)  0.165 
19(1) < 0.001 
19(1) 0.02 
18(1) < 0.0000s 
17(1) < 0.001 
17(1) 0.0001 
19(1) 0.004 

0.0001 - 
0.11 - 

<0.0002 - 
< 0.001 - 
< 0.001 - 
0.006 - 

< 0.001 - 
< 0.01 - 
< 0.00005 - 
< 0.001 - 
<O.OOol - 
< 0.001 - 

0.0010 
1.60 
0.0050 
0.001 
0.004 
0.630 
0.002 
0.05 
0.00008 
0.002 
0.0002 
0.050 

0.0002 
0.35 
0.0001 
0.000 
0.001 
0.205 
0.OOo 
0.01 
0.00001 
0.000 
o.oO0o 
0.011 

mg/L unless otherwise indicated 
bextractable values reported for metals levels 
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7. APPENDIX 2 

EXISTING WTER QUALITY CONDITIONS I N  HoklELL CREEK TO 1982 
(00BCOSNpooo8) 

n Standard 
Variablea- (rep1 icates) Mean  Range Deviation 

Alka l in i ty ,   to ta l  15(1) 120.6 92.5 - 147.0 17.3 
Conductivity (pSie/an) 11 (1) 246.8 180.0 - 310.0 . 47.8 
Hardness,  as  Cam3 lS(1) 126.4 98.1 - 160.0 18.6 
pH (units) 15(1) 8.2 8.1 - 8.4 0.09 
............................................. 

Calcium 15(1)  37.6  28.9 - 43.9 5.1 
Chloride 15(1) 0.3 0.2 - 0.6 0.1 
Fluoride 14(1) 0.09 < 0.05 - 0.14 0.02 
f4agnesi um 15(1) 7.9  5.9 - 12.2  1.7 
Potassium 15(1) 0.36- 0.2 - 0 .5  0.1 
S i  1 i ca  15(1)  4.8  4.4 - 5.4 0.3 
Sodium 15(1) 0.1 0.6 - 0.8 0.1 
Sulphate lS(1) 5.3  3.7 - 8.9 1 .S 
"""""""""""""""""""""""""""""""~""""""""""""~." 

Phosphorus, total  dissolved  l(3) 0.011  0.004 - 0.018  0.004 
Phosphorus, t o ta l  14(6)  0.021  0.009 - 0.062  0.017 
N i  trogen , dissolved NO2+NO3 146)  0.025 0.002 - 0.082  0.022 
Nitrogen,  dissolved amnonia 14(6) 0.008 0.002 - 0.012  0.003 
N i  trogen , di  ssol ved  13(6) 0.08 0.05 - 0.15 0.03 
Nitrogen,  particulate 1(3) 0.012 0.010 - 0.015 
""""""""""""""""""-""""""""""""""""""""""" 

Carbon , to ta l  organic 14(6) 3.1 < 1.0 - 7.0 2.1 
Carbon, total  inorganic 14(6) 28.3 21.5 - 35.0 4.7 
Carbon, part iculate 1(3) 0.184 0.171 - 0.200 0.015 

mg/L unless  otherwise  indicated 
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APPENDIX 2 (cont) 

EXISTING WATER QUALITY CONDITIONS IN HOWELL CREEK TO 1982 . 
(OOSCOSNPOOOS) 

Variableab 
n 

(rep1 icates) Mean 
Standard 

Range Deviation 

Arseni c 
Bari um 
Cadni um 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Zinc 

0.0005 
0.30 
0.0011 

< 0.001 
< 0.001 
0.060 

< 0.001 
0.01 

< 0.00005 
< 0.001 
0.0002 

< 0.001 

0.0003 - 0.0010 
0.12 - 1.50 

< 0.0002 - 0.0100 

< 0.001 - 0.001 
0.009 - 0.200 

< 0.001 - 0.001 
0.01 - 0.02 

< 0.0001  0.001 

< 0.001 - 0.001 

- 

- 

O.OOO1 - 0.0003 

0.0002. 
0.40 
0.0030 
0.000 
0.000 
0.064 
0.000 
0.004 
0.000 
0.000 
0.0001 
0.000 

mg/L unless otherwise indicated 
bextractable values reported  for metals levels 
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