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ABSTRACT 

The b i o l o g i c a l   a v a i l a b i l i t y  o f  phosphorus   and   n i t rogen   i n   r i ve r s   and  

streams  of  the  Okansgsn  Basin was eva lua ted  by  chpmical   analysis   of   water  

and  suspendsd  sediments .   Biological ly   avai lable   phosphorus (BAP) was 

def ined  as t h e  sum of d i s so lvod  P and t h e   f r a c t i o n   o f   p a r t i c u l a t e  P which 

was n o t   a p a t i t e .   B i o l o g i c a l l y   a v a i l a b l e   n i t r o g e n  (BAN) was def ined  as 

t h e  sum o f  d i s so lved   i no rgan ic  N ,  p a r t i c u l a t e  N and h a l f   o f   t h e   d i s s o l v s d  

organic  N. BAP c o n t e n t  o f  t he   annua l   l oad ings   va r i ed  from 16 t o  90% of 

TP whi le  BAN v a r i &  f r o m  58 t o  98% o f  TN. The h i g h l y   v a r i a b l e   q u a l t i t y  

and q u a l i t y  o f  p a r t i c u l a t e  P was r e s p o n s i b l e ' f o r   t h e   l a r g o   r a n g e   o f  BAP 

c o n t s n t .  071 t he   o the r   hand ,  much l o w e r   v a r i a b i l i t y   a n d   d o m i n a l c e   o f  

d i s so lvsd   o rgan ic -  N was r e s p o n s i b l e   f o r   t h e  smaller range of BAN 

c o n t e n t .   A v a i l a b i l i t y   t e n d e d   t o   b e   h i g h s r   i n   s t r e a m s  w i t h  c u l t u r a l  

i n p u t s ,   o s p e c i a l l y   i n   t h e   c a s e   o f   n i t r o g e n .   F u l l  . . .  u t i l i z a t i o n   o f  BAP and 

BAN loadings   p robably .depends  03 t h e   l e n g t h   o f   t i m e   t h a t   t h e s e   m a t e r i a l s  

remain i n   t h e   b i o l o g i c a l l y   a c t i v e   z o n e s   i n   s a c h  o f  t h e  Okanagan Val ley  

l a k e s .  
I 
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La d i s p o n i b i  l i t 6  b io log ique  de phosphore e t  d 'aza Ite dans l e s  r i v i 6 r e s  e t  

les r u i s e a u x  du Bassin 'de  l 'okanagane fit e'value'e par l ' ana lyse   ch imique  

des eaux  e t  d e s  sol ides  en   suspens ion .  La d i s p o n i b i l i t 6   b i o l o g i q u e  de  

phosphore (BAP) fh t d g f i n i e  comme l a  somme. de  P d i s s o u t  e t  la P a c t i o n   d u  

P p a r t i c u l a i r e   q u i   n ' e s t  pas  s o u s  forme d 'apat i te .  ' Aussi l a  

d i s p o n i b i l i t 6   b i o l o g i q u e  d 'azote ( B A N ) ,  fit de ' f in ie  comme la  somme de N 

i n o r g a n i q u e   d i s s o u t ,  de N p a r t i c u l a i r e  e t  l a  moit6e d e  N organique 

d issout .   Pour  BAP l e  contenu du   chargement   annuel   vara i t   en t re  16  g . 9 8 %  

du TP quand ?I BAN e l l e  v a r a i t  de 58% 98% du TN. La g r a n d e   v a i r a t i o n  de 

P p a r t i c u l a i r e   e n   q u a n t i t 6  e t  q u a l i t 6  fit responsable   pour  le  grand &art 

du  contenu de BAP. P a r   c o n t r e ,  l e  N o r g a n q u e   d i s s o u t   q u i  6 t a i t  dominant 

e t  beaucoup  moins  var iable ,  fht responsable   pour  le  p e t i t  &cart du 

contenu BAN. La d i s p o n i b i l i t h  de ses subs t ances   ava i t   t endance  d 'e t re  

p lus   &lev&,   spgc ia lement   pour  l 'azote  , dans d e s  r u i s e a u x   q u i   r e a e v a i e n t  

des subs t ances   nu t r i t i ves   an th ropog6n ique .  . L ' u t i l i z a t i o n  complete des 

chargements de BAP e t  de B A N  de'pend probablement d e  l a  v a r i a b i l i t 6  du 

temps que  ces m a t e r i a u x   s o n t   d a n s  l a  zone a c t i v e   b i o l o g i q u e  des lacs  de 

l 'okanagane. 
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1. 'I: NTRODUCTI ON 

The impact o f  n u t r i p n t   l o a d i n g  011 t h s   t r o p h i c   s t a t e  o f  t h e   f i v e  major  

Okanagan l akes   has   been   eva lua ted   u s i lg   a l l a lyses  o f  t o t a l   n i t r o g e n  (TN) 

and  phosphorus  (TP) i n   t r i b u t a r i e s  and i n   e f f l u e n t s  from sewage t r ea tmen t  

p l a n t s  (Tech.  Supp. 'V, Calada-British  Columbia  Okanagan  Basin  Study, 

1974;  Stockner  and  Northcote,   1974).  I t  has   been   r ecogn ized   fo r   s eve ra l  

y e a r s ,   h o w e v e r ,   t h a t   b i o l o g i c a l l y   a v a i l a b l e  N and P l o a d i n g s   a r e   u s u a l l y  

l e s s   t h a n  TN o r  TP loading  (Oglesby, 1977; Depinto'   et ,  a l . ,  1981) .   Since 

t h e   . b i o l o g i c a l   a v a i l a b i l i t y  o f  p a r t i c u l a t e  P was found t o  be h i g h l y  

v a r i a b 1 s . h   t h e s e   s t u d i e s  a l d  a l a r g e   p o r t i o n  o f  the l o a d i n g   i n  the 

Okaqagan Basin was p a r t i c u l a t e ,   t h e r e  was c o n c e r n   t h a t   t h e  TP l o a d i n g s  

were  a s i g n i f i c a l t   o v e r e s t i m s t e  o f  b i o l o g i c a l l y   a v a i l a b l e  P. .This was 

found t o  be t h e   c a s e  f o r  Ksmloops Laks i n   t h e   n e x t   d r a i n a g e   b a s i n  t o  t h e  

n o r t h   ( S t .  John e t  al- .  , 1976).,  Bscause ' o f  t he   fo rego ing   conce rns ,   t he  

Okanagan Basin  Implementat ion Board (OBIB) r e q u e s t e d   t h a t  NWRI 

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

t r a n s p o r t s d  t o  t h s  Okanagan l a k e s  by s u r f a c e   w a t e r   s t r e a m s   a n d   r i v e r s -  

, .  

. .  

B i o l o g i c a l   a v a i l a b i l i t y , o f   n u t r i e n t s   i n   w a t e r  or suspended  sediments  can 

be  assessed  by  measuring i t  i n  a b ioas say  o r  by   e s t ima t ing  i t  wi th  

chemical  measurements  of  components o f  kqown a v a i l a b i l i t y .  Chemical 



measurements were u s e d   i n  t h i s  s tudy   because  it could be i n i t i a t e d  w i t h  

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

a l lo t t ed  for p r o v i d i n g   t h e   i n f o r m a t i o n  t o  t h e  OBIB. T h i s  o b j e c t i v e  was 

approached by sampling t h e  t r i b u t a r i e s   s i x  times d u r i n g  t h e  y e a r   l o n g  

s t u d y  for t h e   a n a l y s e s  o f  t o t a l  P ,  d i s s o l v e d  P ,  ' s o l u b l e   r e a c t i v e  P ( S R P ) ,  

d i s s o l v e d  N, ammonium N, n i t r i t e  N ,  n i t r a t e  N, a n d   p a r t i c u l a t e  N (PN).  

These a n a l y s e s  allowed t h e  c a l c u l a t i o n  o f  p a r t i c u l a t e  P ( P P I ,  s o l u b l e  

u n r e a c t i v e  P (SUP),  t o t a l  N, d ' i s so lved   o rgan ic  N ( D O N ) ,  and  d i sso lved  

i n o r g a n i c  N ( D I N )  (Table  1). The forms o f  P i n  t h e  ' p a r t i c u l a t e   * a c t i o n  

I 

were estimated by methods similar t o  Williams e t  a l .  (1976) on samples o f  

suspended  sediments collected ' d u r i n g  t h e  s p r i n g  "fkeshetV1 by cont inuous  

flow cent r i fhga t ion   (Oneley   and   Blachford ,   1982) .  The phosphorus 

components i n  t h i s  p a r t i c u l a t e  material is reported as apa t i te  P ( A P ) ,  

non-apa t i t e   i no rgan ic  P ( N A I P ) ,  and  organic  P ( O P ) .  

Biological a v a i l a b i l i t y   d e p e n d s  on t h e  form .of the N or P and  on t h e  time 

o f  e x p o s u r e   o f  t h e  form t o  t h e  b i o l o g i c a l  system. The most  important 

a v a i l a b i l i t y   c o n s i d e r a t i o n  for lake management i s  w h e t h e r  o r   n o t  a 

component  can be u t i l i z e d  by t h e  phytoplankton,  t h e  pr imary producers  o f  

the lake. T h e s e   o r g a n i s m s   c a n   u t i l i z e   d i r e c t l y   o n l y  a small number o f  

molecular  forms o f  N and P;  n a m e l y   o r t h o p h o s p h a t e ,   n i t r a t e ,   n i t r i t e ,   a n d  

ammonium. The uptake o f  other forms o f  N and P r e q u i r e  t he i r  p r i o r  

t r ans fo rma t ion   by  chemical or  biochemical processes t o  these four 

compounds.  Hence t h e  term " a v a i l a b i l i t y "  is i n  practice def ined 

a r b i t r a r i l y b y  t h e  i n v e s t i g a t o r   b e c a u s e  the  rates o f  t ransformat ion  for 

each  component is dependent on i ts  form and t h e  mix o f  chemical and 
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Table 1: Phosphorus   and   n i t rogen   ana lys i s   scheme 

~~ ~ 

Total P, . .  

I 

Dissolved P, P a r t i c u l a t e  P* 

I 

Soluble   Reac t ive  P, So lub le  

Non Apatite Ino rgan ic  P* 

T o t a l  N o  

Dissolved Ammon i u  m Nitrate Nitrite 

o r g a n i c  N* * * 0 

* measured  components 

calculated  components  
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b iochemica l ' p rocesses   occu r r ing  il t h a t   p a r t i c u l a r   r e c s i v i l g  

environment. The d e f i n i t i o n  of  " a v a i l a b i l i t y "  used i n  t h i s  s t u d y  i s  

e l abora t ed  ii t h e   d i s c u s s i o l .  

E s t i m a t i n g   t h e   r e l a t i v e   p r o p o r t i o l  o f  b i o l o g i c a l l y   a v a i l a b l e  P  a3d N (BAP 

and BAN) i n   t h e   t o t a l  P and N loadings   requi res   sampl i2g   . th roughout   the  

yea r   because   t he   r e l a t ionsh ip   be tween  BAP afid TP o r  BAN a l d  TN is 

v a r i a b l e .  An adequate   sampling  f requency f o r  o b s e r v i l g   c o m p o s i t i o m l  

changes was assumed t o  be much lower   t han   t ha t   r equ i r ed  f o r  a m u a l  

l o a d i n g   e s t i m a t e s .   I n   t h i s   s t u d y   s i x   s a m p l e s   p e r   y e a r   w e r e  assumed t o ' b e  

adequa te   t o   desc r ibe   t he   compos i t io l a l   changes  which  occur   s9aso3al ly .  

The composi t ion was expected t o  b e   a f f e c t e d   s t r o l g l y  by  hydrology. 

S p e c i f i c a l l y ,   t h e   p a r t i c u l a t e  P was expected t o  be the  major  componelt  o f  

TP d u r i n g   s p r i n g   r u n o f f .  Hence i t  was a d d i t i o m l l y  assumed tha t   one  

sample o f  t he   suspended ' sed imen t   co l l ec t ed   du r ing   t he   h igh   f l ow  pe r iod  

would b e . a d e q u a t e   t o   c h a r a c t e r i z e   t h e   b i o a v a i l a b i l i t y   o f   t h e  PP l o a d i 3 g  

a t  e a c h   s i t e .  

The sampling  occurred  between  September,   1980  and  August,   1981. The 

sampling  periods  were a l m o s t  equa l ly   d i s t r ibu ted   be tween   h igh   and  low 

flow. The h igh  f l o w  p e r i o d s   s a m p l e d   i n   t h i s   s t u d y  were d u r i n g   s p r i l g  

runoff  as s i g l i f i c a n t   r a i n  s t o r m  even t s   i n   o the r   s easons   were   mi s sed .  

The s t r eam  d i scha rges   du r ing  low f l o w  pe r iod   p reced i lg   t he   1981  m o w  mel t  

were  below  average  but   the   discharges  during  the snow melt   were  higher  

than  normal. This d i s c h a r g e   p a t t e r n  was caused by double   the g o r m a l .  

r a i n f a l l  il May on a l e s s   t h a l   a v e r a g e   s l o w p a c k .  The d i scha rges   du r ing  
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V 

I 

I 

I 

June  and July were average except for discharges a t  the Okanagan River 

s i t e s  which  were well above average. 
(. 
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2. METHODS 

2.1.  Water  Sampling  and  Analysis 

Water   samples   were . re t r ieved  f rom t h e   p o i l t  o f  obvious maisl flow 02 

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

a v s i l a b l e ,   o n   l a r g e r   r i v e r s .  I n  l a r g e r   c r e e k s  o r  r i v e r s   . w i t h o u t  

br idges ,   the   samples   were   ob ta i r ied   c lose   to   shore   whers   no   obvious  
, .  . 

\ 

back   edd ie s   occu r sd .   S ince   a sce r t a in ing   spa t . i s1   and   t empora l  

v a r i a b i l i t i e s  was n o t   t h e   o b j e c t i v e   o f  t h i s  s tudy,   only  one  sampls  

was c o l l e c t e d   a n d   t h e n   a n a l y z e d   i n   t r i p l i c a t e .  The sample was 

c o l l e c t e d  by p l a s t i c   bucke t   snd   immedia t e ly   poured   i n to  3 one l i t r e  

p l a s t i c   b o t t l e s   i n  a way that  maintained  homogeleity.   These 7 

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

Turbidi ty ,   conduct ivi ty   .and  temperature   were  measursd 03 the   sample 

i n   t h e   f i e l d .   T u r b i d i t y  was measured 'with 9 DTR 2000 meter  isl NTU 

u n i t s ,   c o g d u c t i v i t y  was measured  with  an  induct ion  probe 02 a Triac 

CMlOO and  temperature   with a mercury  thermometer  graduated i n  0.1"C. 

F o r   a n a l y s i s   o f   d i s s o l v e d  N agd P components  samples  were f i l t e r e d  

immedia t e ly   t h rough   Sa to r ius   ce l lu lose   ace t a t e  membrane f i l t e r s  

(0.45  micron, SM 11106)  which  had  been  soaked i g  de ion ized   wa te r   fo r  

8 hours.  SRP samples (50mL) wsre  preserved  with 0.5mL o f  

chloroform. A l l  s amples   were   s to red   i n   coo le r s .  The PC/PN samples 

were f i l t e r e d  a t  t h e  end of   the   day   th rough Whatman GF/F g l a s s   f i b e r  

f i l t e r s  and  f rozen.  
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SRP ssmples  were  anslyze'd st t h s  NWRI l a b o r a t o r y   w i t h i n  a week o f  

c o l l e c t i o n .  A l l  r emain i lg   chemica l   ana lys i s   were   conducted  a t  t h e  

Pac i f i c   Wate r   Qua l i ty   Labora to ry   w i th in  a week of  sampligg. The 

a n a l y t i c a l   p r o c e d u r e s   a r e   o u t l i n e d   i n   T a b l e  2. 

2.2. Suspended  Sediment  Sampling  and h a l y s i s  

Suspendsd  sedimelts   were  col lected  by  cont inuous-f low  centr i fugat ion 

o f  water s imul t aneous ly  pumped f rom  the   middle   o f   the  strsam. The 

conf igura t ion   of   the   sa rnpl igg   appara tus  a d  technique was designed 

and  supplied  by ENVIRODATA Ltd., who wer'e c o n t r a c t e d   f o r   t h e  

sampling.  Their  SsdiSamp  System,I is f u l l y   d e s c r i b e d  , by .. Ongley  and 

Blachford (1982). The f low- through  ra te  was 4L.min . Because 

t h s   c o n t e n t  o f  suspendod  sed imel t s   var ied   cons iderably ,   the   sampl ing  

in t e rva l   va r i sd   f rom  45   mi l lu t e s   t o  6 hours.   After  enough  sediment 

had   been   co l lec ted ,   the   sed iments   were   t ransfered   wi th   washing   to  a 

-1 

p las t i c   bo t t l s . .   Th i s   s ample  was concen t r a t ed  a t  t h e  end o f .   t he   day  

i n  a , b a t c h   c e n t r i f u g e . a n d  I :, t r a n s f e r e d   t o   p l a s t i c  bags and  frozen. 

Upon r e t u r n   t o   t h e   l a b o r a t o r y ,   t h e   s a m p l e s   w e r e   f r e e z e   d r i e d   a n d  

s ieved  through a 64  micron  sieve.   Only'  the f i n e r   s i z e - f r a c t i o n  was 

, .  

. . .  . 

, .  . .  . .  . .  

analyzed  for  phosphorus  components. 

The P f r a c t i o l   a n a l y s i s  scheme was e s s e n t i a l l y  a m o d i f i c a t i o n   o f   t h e  

proximate  analysis   technique  developod  by Williams e t  a l .  (1976). 

I t  i n v o l v s d   t h e   a l a l y s i s   o f   o r t h o p h o s p h a t e   i n  3 d i f f e r e n t   e x t r a - c t s  

of   the   sed iment   samples .   "For   to ta l  P (TP) , a sub-sample was . .  r o a s t e d  

a t  550°C f o r  2 h o u r s   a l d   e x t r a c t e d   t w i c e ,   f o r   1 6   h o u r s   i n  1 N   H C 1 .  

. .  . .  
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TABLE 2: Chemical  Analysis  Procedures 

Analysis 
Do tec  tion 

Range  Limit 

~~ ~ ~~~~ ~ ~~ 

1. Phosphrous  (total  and  dissolved): 
Sulphuric  acid  and  persulphate  digestion 
iq an autoclave  followed  by formation'of 
the  coloured  complpx o f  antimony-phospho- 
molybdate  after  reduction  with  ascorbic 

acid.  Measured at 880 Im 

2. Phosphorus  (soluble  reactive) : 
Phosphomolybdate  complex  formed  on a 3  
undigested  sample  and  reduced to the 
coloured  complex  with Sn C12.  Measured 
at 660 nm- 

0-200 ppb 2 ppb 

3 .  Nitrate + Nitrite: 
Nitrate  reduced  to  nitrite  using  a  Cu 0-200 ppb 2 ppb 

coated  Cd  filing  column.  Azo  dye  formed 
with  sulphanilamide  and N-(1 naphthyl) 

ethyl  ethylensdiamine  dihydrochlorids. 
Measured at 550 nm 

4. Ammonia: 
Formation o f  iIdophenol  by  reaction  with 0-200 ppb 2 ppb 
hypochlorite,  phenol  and  nitroprussids. 

Measured at 630 nm 



TABLE 2: Analysis  Procedures  continued 

Detection 

Aqalysis  Procedure  Range  Limit 

5. Total  Dissolved N: 
Oxidatio3  by UV light  under  acidic  then 
basic.  conditions to nitrate  agd  nitrite. 
Measured as in procedure 3 .  

6 .  PC/PN: 
Filtration on 47 mm  GF/F  glass  fiber 

filters  which  have  been  ashed at 450°C 
f o r  four  hours.  Filters  froze3 in the 
field  a3d air dried  before  asalysis 03 a 
Hewlett-Packard.  CHN  analyzer  after corn- 

bustioh  at 950°C- 

7. Silica: 
Formation of the  silicomolybdate  complex 
ald  subsequent  destruction of the 
phosphomolybdate  complex  with  oxalic  acid. 
Measured  at 480 Im. 

8. Chloride: 
Formation of ferric, thiocyanate  after 

reaction  with  mercuric  thiocyanate. 
Me.asured at 480 lm. 

1 L filt- 
sred 

0-20 ppm 0.2 ppm 

0-20 ppm 0.2 ppm 
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For  t o t a l  i n o r g a n i c  P (TIP) ,  a second  sub-sample was e x t r a c t e d   i n  1 N  

HC1 w i thou t  prior roast ing. '  For apa t i te  P (AP), a t h i r d  sub-sample 

was ' s e q u e n t i a l l y  extracted w i t h  c i t ra te  d i t h i o n a t e   b u f f e r  for 30 

minutes ,  1 N  NaOH for 16 hours   and 1N HC1 for 16  hours.   Only t h e  HC1 

extract  was analyzed.  The e x t r a c t s  were analyzed 

spectrophotometrically i n  a Technicon System after a 15:l d i l u t i o n  

a rter t h e  methods o f  Harwood e t  a l .  (1969)   u s ing  ascorbic acid as 

t h e  r educ tan t .  

Organic  P (OP) was c a l c u l a t e d  by s u b t r a c t i n g  T I P  fkom TP. 

Non-apa t i te   inorganic  P (NAIP) was c a l c u l a t e d  by ' s u b t r a c t i n g  AP fkom 

TIP. 
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7.1. Sampling s i t e   c h a r a c t e r i s t i c s  

There  were 20 sampl ing   l oca t ions  which, were   ca t egor i zed   i n to  two 

g roups   based   on   t he   sou rce   o f   t he i r   wa te r   (F igu re   1 )  Mountain 

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

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

ma jo r   va l l ey   l akes   (Tab le  3). Addi t iona l   sampl ing  was undertaken a t  

ilpstream sitss i n   t h e   S h i n g l e   a n d  Vaseux  Creeks  drainage  basins i n  

s u p p o r t   o f   a c t i v i t i e s   o f   t h e  OBIB s tudy   on   nu t r i en t   l oad ings .   These  

locat ions  were  sampled  during  October ,  1980 a g d , e a r l y  May, 1981 for 

water a n a l y s e s  a l d  i n   e a r l y  May for   suspended  sediments .  

Most streams  were  sampled as n e a r  as p o s s i b l e   t o   t h e i r   m i d - p o i n t   o f  

f low.   Ekcept ions   were   the   ou t le t s .of  Wood, Kalamalka,  Okanagan  and 

Skaha  Lakes,  and some t r i b u t a r i e s   d u r i n g   h i g h e s t   f l o w s  when wading 

i n t o   t h e   m i d d l e   o f   t h e   c r e e k  bed  would  have  been  suicidal. '   These 

exceptions  were  samplsd a t  the   shore   in   th?   obvious   dowmtream 

flow. I t ,was assumed t h a t . t h e   p o t e n t i a l   c r o s s - s t r e a m   v a r i a b i l i t y   i n  

c o l t e l t   o f  N and P would n o t  affect  t h e   r e l a t i v e   c o m p o s i t i o n  

. , '  

. .  

s i w i f i c a n t l y .  

7.2  Sampling Dates: 

The sampl ing   occu r red   du r ing   s even   t r i p s .   t o   t he   , va l l ey   (Tab le  4). 

Some s t a t ions   were   no t   s ampled   on   each   t r i p .   Spec i f i c   da t e s   and  

. .  . ,  I 

h ou r   o f   s ampl ing   a r e   i nc luded   i n   t he   da t a   l i s t i ngs   (Append ix  I ). 
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FIGURE 1: Map of t h e  Okanagan  Drainage  Basin  and  s ta t ion  locat ions 
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'TABLE 3: S ta t ion   Loca t ions  

Categories   Locat ion 
. N  W 

1. Mountain Tributaries 
Deep 
Equesis 
Coldstream 
Vernon  above Hiram Walker 
Vernon  below Hiram Walker 
Win f ie ld  
Mission 
Lambly 
Trout 
Shingle  
Vaseux 

2. Val ley   Tr ibutar ies .  . 

a )  .Lake i n l e t s  
Vernon a t  Wood 
Vernon a t .  Okanagan 
Okanagan a t  Skaha 
Okanagan a t  Osoyoos 

b) Lake o u t l e t s  
E l l i son '  ' 
Wood 
Kalamalka 
Okanagan 
Skaha 

50.20.58. 
50.17.18 
50.13.28 

50.00.13 
50.03.08 
49.50.34 
49.55.42,. 
49.34.05 
49.28.48 
49.14.42 

50.00.50 

I .  

... . 

50.03; 08 

49.27.20 
49.05.21 

50.15.50 

50.00.58 
50.06.39 

49.30.06 
49.20.40 

50e.13e-54 

119.17.50 
119.24.38 
119.15.30 

119.23.16 
119.24.18 
119.29.10 
119.30.40 
l,l9.37.50 
119.36.03 
119.31.25 

119.23.00 

lis. 24.15 
119.20.35 
119.35.45 
119.32-05 

119.24.05 
119.22.50 
119.16.00 
119.36.45 
119.34.48 
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prel iminary  sampling was carried o u t   i n  la te  May 1980 i n  Vernon, 

E l u e s i s  and Coldstream Creeks. The . r e s u l t s  o f  t h i s  sampling were 

u s e d   i n .  t he  ana lys i s .  

' TABLE .4: Water Sampling Dates 

Monitor Year . I  Month Days S ta t ions   no t   s ampled  
I) 
1 80  Sept  8-11 Win f i e l d ,  Shingle  

2a  80 Oct . 19-20  Lambly; Trout ;  Vernon below-HW; 
Vaseux; E lues i s ;  Okanagan, E l l i s o n ,  
Skaha and Kalamalka o u t l e t s ;  Skaha 
and Osoyoos i n l e t s  

2b ' 80 De c 2 every  one  except  Vernon a t  Wood, 
Wood o u t l e t  , Win f i e l d  

3 81 . Jan 20-22 

4 81 Apr 30 Vernon  below HW 
May $1-6 

5 81 May 26-28 

6 81 June 23-25 

7 81 . J u l y  27-30 

Monitors 4 and 5 were d u r i n g  t h e  s p r i n g  snow melt w i t h  monitor 5 

expe r i enc ing   t he   h ighes t  flows. High flows p e r s i s t e d   i n  some 

s t a t i o n s   d u r i n g   m o n i t o r  6. T h i s  was t h e  case i n  the  Okanagan River  

and i n  Vernon,  Deep,  Coldstream  and  Trout Creeks. No major 

ra ins torm  events   occur red   dur ing  t h e  o ther   moni tors  so t h e  

1 
I 
I 
I 

I 

I 
I 
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TABLE 5: Suspended  Sediment  Stations  and  Sampling  Duration 

Date 

Location  (1981 1 Time 

Mountain T r i b u t a r i e s  

Deep 

Eguesis 

Coldstream 

Vernon above ,Hiram-Walker 

Mission 

Lambly 

Trout 

Shingle  a t  Mouth 

Shingle  below  Rogers Ranchl 

S h a t  ford a t  bridgel 

Vaseux 

Vaseux a t  hydromet r i c   s t a t ion2  

Underdown Creek2 

Wabash Creek2 

Upper Vaseux2 

Lake I n l e t s  

Vernon a t  Wood Lake 

Vernon a t  Okanagan Lake 

Apr i l  30 

A p r i l  30 

May 1 

May 5 

May 5. 

May 1 

May 1 

May 4 

May, 3 

0940-1040 

0900-1100 

1355-1505 

1026-1326 

1120-1305 

1033-1203 

0946-1030 

1645-1830 

1440-1540 

1404-1628 

1637-1822 

1126-1225 
1323-1640 

1325-1710 

1148-1445 

1105-1410 

0926-1026 

1205-1'435 

1. S t a t i o n s   i n  t h e  Shingle  Creek dra inage   bas in  
2. S t a t i o n s   i n  t h e  Vaseux Creek Drainage  ,basin 
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c o n c e n t r a t i o n s  on t h o s e   d a t e s   w e r e   c o n s i d e r e d   t o   r e p r e s e n t  low  flow. 

Suspended  sediment  sampling  took  place  from  April  30 t o  May 5 du r ing  

mon i to r .4 .  ' A l l  lake o u t l e t s  a l d  t h e  i n l e t s  o f  Skaha and O S O ~ O O S  

Lakes were not . sampled . for   suspended   sed iments .   S ta t ions   samplsd  

a3d d u r a t i o n   o f   s a m p l i n g ' i s   ' l i s t e d   i n   T a b l e  5- 

3.3.. Water Sampling  Resul ts  

7.3.1. Compos i t iona l   and   s easona l ,   pa t t e r l  

There were b a s i c   d i f f e r e m e s  i n  composi t iona l   a3d   seaso la l  

. pa t t e rns   be tween   t he   moun ta in   and   va l l ey   t r i bu ta r i e s .  ThP 

s e a s o n a l   e f f e c t s  03 P c o n c e n t r a t i o s s  were dramatic i n   b o t h  

types .  The c o m p o s i t i o n a l   p a t t e r n s   w e r e   m o d i f i e d   t o   v a r y i l g  

d e g r e e s   w h e l   s i g n i f i c a n t   c u l t u r a l   s o u r c e s  o f  N and P e x i s t e d .  

To f a c i l i t a t e   t h e   d e s c r i p t i o n ,   p h o s p h o r u s   a n d   n i t r o g e n  w i l l  be  

t r e a t e d   s e p a r a t e l y .  Complete d a t a   a r e   a v a i l a b l e   i n   A p p e l d i x  I.  

Phosphorus 

I n  mos t   moun ta in   t r i bu ta r i e s ,   t he   concen t r a t ions   o f  SUP,  SRP 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

and PP f l u c t u a t e d   w i t h i n  a nar row  range   except   dur ing   the  

s p r i n g  snow melt (Monitors 4 ,  5 and   6 )  when c o n c e n t r a t i o n s   o f  

SUP and PP increased   dramat ica l ly .   Miss ion   Creek  showed t h i s  

p a t t e r n   ( F i g u r e  2) .  However, ' i n  t r i b u t a r i e s   w i t h   l a r g e  

c u l t u r a l   i n p u t s ,  SUP was cons tan t   and  SRP dec reased   du r ing   t he  

f r e s h e t   ( e g .  Deep, F igu re  2).  ' 

I 
I 



I 
I 
I 
I 
II 
I 
I 

I 
I 
I 
I 
1 
I 
I 
I 
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FIGURE 2: Mission and  Deep Creeks phosphorus concentrations 
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A t  most l a k e   i n l e t   s t a t i o n s ,   t h e  PP was h i g h e s t   d u r i n g   s p r i n g  

f reshe t   whereas  SRP and SUP gene ra l ly   dec l ined .  This p a t t e r n  

w a s  demonstrated a t  t h e   i n l e t   o f  Skaha (F iga re  3). The ve ry  

high PP o b s e r v e d   i n   l a t e  May r e f l e c t s   t h e   i n f l u e n c e  of  Shingle  

and Ellis c reeks  a t  t h i s  time o f  y e a r  when t h e y   c a r r i e d   l a r g e  

amounts  of PP t o   ' t h e  Okanagan River.  The s u r p r i s i n g l y   h i g h  SRP 

. .  

, .  

and SUP i n  e a r l y  May r e f l e c t s   t h e   i n f l u e n c e   o f   t h e   P e n t i c t o n  

sewage   t rea tment   p lan t   e f f luent  a t  a t ime when the   ou t f low from 

Okanagan  Lake w a s  very  low (2.9 Ef fec t s  similar 

t o   t h e s e  were  observed a t  t h e   o t h e r   l a k e   i n l e t   s t a t i o n s .  

SUP and.BRP  concent ra t ions   occur red   in   win ter   and   ear ly   spr ing  

followed  by  low  concentrations i n  summer. Two exceptions  were 

t h e   o u t l e t s  o f '  Kalamalka  agd E l l i s o n   l a k e s  where concen t r a t ions  

were   h ighes t   in   Ju ly   and   September   respec t ive ly .  PP was 

g e n e r a l l y   h i g h e r   d u r i n g   t h e  summer i n   l a k e   o u t l e t s   a l t h o u g h  

t h i s  was n o t   t h s  case f o r  Skaha. 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Nitrogen 

In m o u n t a i n   t r i b u t a r i e s ,  DON was usually  the  dominant  form  of N 

and  usua l ly   reached  maximum concen t r a t ions   du r ing   t he   sp r ing  I 
f r e she t   ( eg .  Lambly, Figure 4). I n  c o n t r a s t   n i t r a t e  + z l i t r i t e  

(NN) agd ammonium  (AN) were   usua l ly   h ighes t   dur igg   win ter .  

However, t h i s   g e n e r a l i z a t i o n   d i d   n o t   d e s c r i b e   t h e   p a t t e r n  

o b s e r v e d   i n   t r i b u t a r i e s   w i t h   c u l t u r a l   i n p u t s   ( e g .   W i n f i e l d ,  

I 
I 
I 
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FIGURE 3:'Skaha Lake o u t l e t  and i n l e t  phosphorus concentration 
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Coldstrsam, Deep, EQuesis,  Trout,  Mission) I n   t h e s e  

t r i b u t a r i e s  NN was usua l ly   the   dominant  N form  and i t  was 

h i g h e s t   d u r i n g  autumn  and  winter ( e g o  Coldstream,  Figure 5 )  

Nit r i te  was a l so   f r equen t ly   obse rved  i n  ' these   po l lu ted  

t r i b u t a r i e s .  PN was h i g h e s t   d u r i n g   s p r i n g   r u n o f f   i n  a l l  t h e  

moun ta in   t r i bu ta r i e s .  

A t  t h e   l a k e   i n l e t   s t a t i o n s ,   t h e  basic composi t iona l   na ture   o f  

t he   ups t r eam  l ake   ou t l e t  was modified by c u l t u r a l  and  mountain 

t r i b u t a r y   i n p u t s .  . N N  was u s u a l l y   n o t i c e a b l y   e l e v a t e d   d u r i n g  

low  flow a t  s t a t i o n s  where c u l t u r a l   i n p u t s .   o c c u r r e d .  AN was 

tho  domi?ant D I N  cornpollent in t h e  Skaha Lakp inpu t .  .PN rsached 

I 
I 

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

by   mounta in   t r ibu tar ies .  

I 
1 

I n   t h e   l a k e   o u t l s t s ,  DON was again  the  dominant form but  i t  d i d  

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

t r i b u t a r i e s   ( e g .  Skaha  Lk., F igure  6.). N N ,  was a t  i t s  maximum 

dur ing   w in te r   a ld   o f t en   d ropped   be low  de t ec t ion   du r ing  summer. 

AN was g e n e r a l l y  low bu t   occas iona l ly   i nc reased  up t o  

2 @ g 0 L - ~ .  PN was usua l ly   h ighe r   du r ing   t he   g rowing  

seaso l   bu t   t he   d i f f e rencs   be tween   w in te r .   aqd  summer was g o t  

g r e a t  . 

7.3.2. Rela t ionships   o f  PP and PN t o   t u r b i d i t y .  , 

When PP and PN were co r re l a t ed   w i th   f i e ld -measu red   t u rb id i ty ,  
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by l i n o a r   r e g r e s s i o n ,   t h e   c o r r e l a t i o n s   w e r e  good between PP and 

tu rb id i ty   bu t   . no t   be tween  PN and t u r b i d i t y   ( F i g u r e s  7, 8 

and 9 ) .  The s l o p e s  o f  t h e   r e g r e s s i o n  l i n e s  va r i ed  among t h e  

m o u n t a i n   t r i b u t a r i e s ,   l a k e   i n l e t s   a n d   l a k e   o u t l e t s .  PP 

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

t r i b u t a r i e s  and  slowest i g  l a k e   o u t l e t s .  

3.4. SuspPnded  Sediment  Sampling  Results 

The most common component of   par t icu la te   phosphorus  was a p a t i t e  

(AP), u s u a l l y   a c c o u n t i n g   f o r  40 t o  80% o f  t h e ,   t o t a 1 . P   ( T a b l e  6). 

The remaining P was made up  a lmost   equal ly  o f  o rgaa ic  P (OP) and 

non-apa t i te   inorganic  P (NAIP) e 

Although  the  susponded  sediments  had as much,as  3500 pgPag, , -1 

tho most f reqasnt   va luss   occur red   be tween 1000 and 1800 

pgP*g-’., The most f r e q u e n t   c o n c e a t r a t i o n   r a n g e s   f o r  OP, NAIP 

and AP ‘were  150-160,  100-400,and 800-1000 WP*g-’, r e s p e c t i v e l y  

(F igure   10)  

There   were   severa l   except ions   to   the   p receeding   gegera l iza t ions .  

Deep Creek  sedimelt  had a ve ry  low amount .of  AP which  only  accounted 

f o r  7% of t h e  TP whi le  OP and NATP were  the  highest   measured 

togPther   compris ing more than  90% o f  t h e  to,tal .  Samples  from 

UndPrdown and Wabash Creeks   a l so  had  low AP . .  and  high OP c o n t e n t s   b u t  

NAIP was no t   g rea t e r   t han   ave rage .  , A t  t he   o the r   ex t r eme   t he re  w a s  

Trout   Creek  with  the  highest  . .  AP content  which made up s s s e n t i a l l y  



- 28 - 

TABLE 6:. . Suspended Sediment Phosphorus Component Concentrations  (pg*g-') 

TP NAIP OP AP AP 

% o f  T P  

Equesis 

Deep 

Coldstream 

Vernon above E l l i son  

Vernon above 
Wood Lake 

Vernon above 

. .  

Okanagan Lake 

Mission 

Lambly 

Trout 

Shingle 

Shingle be low' 

~ 

Rogers Ranch1 

Shatford a t  br idge l  

Vaseux 

Vaseux a t  hydro- 
met r ic   s ta t ion2  

Underdown Creek2 

Wabash Creek2 

Upper Vaseux2 

1200 

3470 

1130 

1400 . .  

1480 

1055 

1475 

i250 .  

1320 

1610 

1310 

1785 

1090 

1160 

1970 

1695 

1120 

110 

1630 

50 

2 75 

260 

255 

200 

195 

2 

385 

280 

360 

120 

140 

565 

315 

140 

28 5 

1570 

190 

4 70 

265 

240 

180 

265 

-25 

550 

170 

490 

165 

200 

1180 

1095 

4 30 

800 

2 70 

89 0 

660 

950 

560 

1020 

790 

1340 

680 

870 

9 30 

805 

820 

225 

285 

550 

66 

7 

78 

47 

64 

53 

69 

63 

100 

42 

66 

52 

73 

70 

11 

16 

49 

1. S ta t ions  i n  t h e  Shingle Creek drainage b a s i n  
2. S t a t i o n s  i n  t he  Vaseux. Creek drainage bas in  

"- 
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100% o f   t h e  TP a t  the  t ime  of   sampling.  

Conc'entrations o f  PP i n   t h e   i n p u t  and  output   s t reams  of   the 

c e n t r i f u g e  were measured t o  a s c e r t a i n  t h e  r ecovory   e f f i c i ency   o f  t h e  

ENIVRODATA SediSamp  System I The av 'srage  recovery was 87% and 

ranged  between  79  and  95%,  except  for two small s t r e a m s   i n   t h e  

Vaseux  Creek bas in   where   recover ies  o f  43 and 100% were   ca lcu la ted .  

However, b o t h   l o c a t i o n s  had PP c o n c e q t r a t i o n s   c l o s e   t o   t h e   d e t e c t i o n  

limit, s o  t h e   p r e c i s i o n   o f   t h e s e . t w o   e s t i m a t e s  o f  recovery i s  

probably po'or. 

. .  

On  May 25, i n   t h e   S h i n g l e ' C r e e k   b a s i n ,   t h e r e  was a heavy  rainstorm 

which   resu l ted   in   very   h igh   suspended   sed iment   concent ra t ions .  

Seve ra l   wa te r   s amples   o f   t h i s   even t   were   p rov ided   t o  as by t h e  OBIB 

s tudy  team  which was moni tor ing   the   s t ream.  The suspended  sediment 

i n  1 L  o f   wa te r  was s u f f i c i e n t   t o   h a r v e s t   t h e   r e . q u i r e d  amount i n   t h e  

l e s s   t h a n  64 m i c r o n   s i z e   f r a c t i o n   f o r  P aslalysis.  These  samples 

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

sampling  which  had  occurred  thres weeks e a r l i w .  

The P composition  of  the  suspended  sediments  sampled downstr,eam o f  

Rogers Ranch was almost i d e n t i c a l   ( T a b l e  7 ) .  Samples a t  Shatford 

Creek  br idge  and  Shingle  CrPek  mouth,  however, showed cons ide rab le  

enrichment o f  AP i n   t h e   r a i n s t o r m .   O t h e r   s t a t i o n s  a t  h i g h e r  

e l eva t ions   i n   t he   d ra inage   bas iq   were   s ampled   du r ing   t he   r a ins to rm 

a n d   t h e i r   a n a l y s e s  showed t h a t  AP increased   over .one   th i rd   be tween 



.I . ' 

I 
I 
'I 
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I 
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t he  Water  Survey s t a t i o 2  a2d the  bridgo o n  Shatford  Creek the major 

' t r i b u t a r y  o f  Shirtgle  Creek. 
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TABLE 7: Comparison  of P componelts i n  suspended  sedimelts  
c o l l s c t e d   i n   S h i n g l e   C r e s k   d r a i n a g e   b a s i n  02 Apri l  30 
and May 25. 

S t a t i o 2  Date 
pg .e 

TP NAI P OP AP AP 
(% ‘o f  TP) 

Shingle  below Apr i l  30 1310 280 170 870  66 
Rogers Ranch . , May 25 ,1380 240 240 900  65 

Shatford a t  Apr i l  30 1785 360 490 9 30 52 
Bridge May 25 1740 145 360 1240  71 

Shingle  Creek Apr i l  30 f610 385 550 680  42 
a t  Mouth May 25 1530 27 5 225 1030 

2 67 
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4. D I  SCUSSI ON 

4.1. D e f i n i t i o l  and  Computation  of BAP and BAN 

Since i t  is be l ieved   tha t   phytoplankton   produce   the   major i ty   o f   the  

o rgan ic   ca rbon   i n   t hese   l akes   (S toche r   and   Nor thco te ,   1974) ,   t he  

b i o l o g i c a l   a v a i l a b i l i t y   o f  N and. P fo r   phy top lank ton  was chosen as 

t h e   c r i t e r i a   f o r   d e f i n i n g  BAP and BAN.. Since  most  phytoplankton  can 

only  take  up  orthophosphate-P, nitrate-N, n i t r i t e -N   and  ammonia-N 

d i r e c t l y ,   t h e   a v a i l a b i l i t y   o f   o t h e r   d i s s o l v e d  and p a r t i c u l a t e  forms 

of P agd N depends   on   the i r  r a t e  o f  breakdown t o   t h e s e   f o u r  

components r e l a t i v e   t o  their  r e s i d e n c e   t i m e   i n   t h e  water colum9. 

For e x a m p l e ,   a p a t i t e - P   c a r b e   s l o w l y   d i s s o l v e d   i n   n a t u r a l   f r e s h w a t e r  

b u t   t h e  ra te  is s o  s l o w   i n   r e l a t i o n   t o  i t s  s e d i m e n t a t i o n   r a t e   t h a t  

i t  is e s s e n t i a l l y   u n a v a i l a b l e   ( W i l l i a m s   e t  a l . ,  1980). I n  some 

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

a v a i l a b i l i t y .   F o r   i n s t a m e ,   a d s o r p t i o n   o f   p h o s p h a t e  from l a k e   w a t e r  

by  suspended  sediment  input  can  sometimes remove a v a i l a b l e  P from 

the   wa te r  column  (Gree? e t  sl., 1 9 7 8 ) .   h o t h e r  example   could   a r i se ,  

if thP  degrada ' t ion of DON were ,   s low  r e l a t ive  t o  h igh   f l u sh ing  rates 

observed i n  some lakes  (eg.  Skaha  and  Osoyoos).  Obviously  these 

compl ica t ions   cannot   be   t ack led   in  a p r e l i m i n a r y   i n v e s t i g a t i o n   o f  

t h i s   s o r t . ,  The r a t e s  o f   r e l e a s e   o f   t h e   o r t h o p h o s p h a t e ,   n i t r a t e ,  

n i t r i t e   o r  ammonia from many s p e c i f i c   p a r t i c u l a t e   o r   d i s s o l v e d  

compounds a r e   n o t  known. A l s o   t h e   a b i l i t y   t o   u s e   e x p e r i m e n t a l l y  

measured,   re lease ra tes  i n   t h e .   a s s e s s m e n t   o f   t h o s e   r a t e s   i n   l a k e s  is 

very  po'or a t  t h i s   t i m e .  

. .  

' t  

a 
.7 '  
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The simplest approach  t o ' t h e  problem is t o  estimate t h e  p o t e n t i a l  

a v a i l a b i l i t y  of t h e  major components o f  P and N *om data g e n e r a t e d  

i n  t h i s  s t u d y   a n d  fbom l i t e r a t u r e  estimates. These a v a i l a b i l i t y  

estimates can on ly   be  o f  t h e   p o t e n t i a l   a v a i l a b i l i t y ;   e s t i m a t i o n s  on 

a c t u a l   a v a i l a b i l i t y - i n  each r e c e i v i n g   e n v i r o n m e n t  w i l l  n o t  be 

attempted. The major components o f  BAP and BAN are as follows: 

BAP = SRP t. a(SUP) t b(PP) 

BAN = D I N  t 'c(D0N) + d(PN)  

where: a ,  b ,  c and d are a v a i l a b i l i t y   c o e f f i c i e n t s  

D I N  = AN t NN 

The c h o i c e  'of t h e   a v a i l a b i l i t y   c o e f f i c i e n t s   i n  t h i s  s tu ,dy is based 

on 'data for c o e f f i c i e n t  - b o n l y ,  t h e  others  were based on some data 

a n d   d i s c u s s i o n s   i n .   t h e   l i t e r a t u r e ,  as detailed i n  t h e  f o l l o w i n g  

d i s c u s s i o n .  . .  

Soluble   Reac t ive   Phosphorus  

This  component i s  made u p  o f  or thophosphate  and  weakly associated 

p h o s p h a t e   i n  some h i g h   m o l e c u l a r  weight co l lo ids  (Lean,   1973) .  

While t h e  orthophosphate is r a p i d l y  a v a i l a b l e ,  t h e  l a t te r  may be 

o n l y   s l o w l y   a v a i l a b l e   ( P a e r l   a n d   D o m e s ,   1 9 7 8 ) .  SRP was assumed t o  

be c o m p l e t e l y   a v a i l a b l e   w i t h i n  the  d e f i n i t i o n s  o f  t h i s  s t u d y .  

So lub le   Unreac t ive   Phosphorus  

SUP is  made u p  o f  i d e n t i f i a b l e   o r g a n i c  compounds (eg. glycerophos-  

phate ,  glucose-6-phosphate,  DNA,  a d e n y l a t e  phosphates ,  i n o s i t o l  

phosphate ,  and   phosphopro te ins ) ,   un iden t i f i ed   phosphorus  
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compounds ?n humic  and f u l v i c   a c i d s   a n d   p h o s p h a t e   i n   c o l l o i d a l  

mater ia l   which i s  no t  measured as SRP. 

The d e g r e e   o f   a v a i l a b i l i t y   o f   e a c h   o f   t h e  SUP components i s  va r i ed .  

I n i t i a l   r e s e a r c h   s u g g e s t s   t h a t  some of i t  is p o t e n t i a l l y   a v a i l a b l e  

bu t   t ha t   ' t he   p ropor t ion  is va r i ab le   ' (Pe t e r s ,   1981)  .. Framko  and 

Heath  (1979)  found  that  much o f   t h e  SUP i n  a eu t roph ic   l ake . and  a 

bog  were conver ted   to   o r thophosphate  when a lka l ine   phospha ta s ' e   o r  

low dose UV l i g h t  was appl ied .   Because   o f   the   ambigui t ies  i n  t h e  

l i t e r a t u r e ,  i t  was d e c i d e d   t o   i n c l u d e  a l l  o f   t h i s   f r a c t i o n  i n  t h e  

p o t e n t i a l l y   a v a i l a b l e   c a t e g o r y ;  i n  o t h e f w o r d s  co-eff ic ient  5 was 

a r b i t r a r i l y   s e t   e q u a l   t o  one. 

Par t icu la te   Phosuhorus  

O f  the  three  components 

- e s s e n t i a l l y   u n a v a i l a b l e  

of PP, on ly   Apa t i t e  ( A P )  i s  considered 

(Williams e t  a l . ,  1980) .   Various  authors  

have fouDd t h a t   f r a c t i o n s   c l o s e l y   r e l a t e d   t o  .NAIP a r e   a v a i l a b l e   t o  

b ioassay   o rgan i sms   i n   sho r t   t e rm  incuba t ions   (Dor i ch   e t  a l .  , 1980, 

Verhoff  and  Heffner  1979,  Williamb e t  a l . ,  1980; Depinto e t  a l e ,  

1981). On t h e   o t h e r h a n d ,   t h e   a v a i l a b i l i t y   o f  OP i s  n o t   c e r t a i n  

(Williams e t  a l . ,  1980) .   Cer ta in ly   the  number o f   s t e p s   r e q u i r e d   t o  

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

.phytoplankton.  Orthophosphate can be   r e l eased  from OP a f t e r  

hydro lys i s   by   a lga l  o r  bac te r ia l   phosphatases .   These   p rocesses  

would occur   to   vary ing   degrees   depending  on t he '   r ece iv ing   wa te r  

e l v i r o m e n t .   F o r   i n s t a n c e ,  i f  a l a k e   h a d   e x t e n s i v e   l i t t o r a l   z o n e s  
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the  likelihood of releasing  phosphate  from  organic  particles  would 

be  enhanced  due to very  active  benthic  fauna  and  bacterial 

populations.  On  the  other  hand if a lake-had extensive  pelagic 

zones  and  a  rapid  sedimentation  rate in those  zones  then  the  extent 

of phosphate  release  before  a  particle  was  buried  in  the  relatively 

inactivs  sediments  would  be  low. In this  treatment of availability, 

we  have  once  agai9 opted  for  "potential"  availability as the 

criteria  and  would  include  OP in this  category.  Because of the 

foregoing  arguments,  coefficient bhas been  made  proportional to the 

relative  amount of NAIP  and OP in the  suspended  sediment  samples 

(Table 8). The  coefficient  was  rougded  off  to  the  nearest  tenth to 

reflect  the  frequescy of sampling. 

Dissolved  Inorganic  Nitrogen 

Ammonium is  -usually most.  rapidly  take2  up by photoplankton,  followed 

by  nitrite  and  nitrate  (Murphy, 1980). Since  there  is  essentially 

complete  specificity in the  analyses of these  components,  th? 

problems  that  arise i3 differentiating  orthophosphate  from  other SRP 

components  do  not  arise in evaluating  the  availability of DIN. 

Dissolved  Organic  Nitrogen 

Dissolved  organic  nitrogen  consists  of  identifiable  organic 

compounds  (eg.  amino  acids,  proteins,  DNA,  amino  sugars ,. urea)  and 

unidentifiable  nitrogen-containing'  organic  compounds in humic  and 

fulvic  acids.  Urea is available to phytoplankton  although  at  a 

slower  rat6  than  ammonium  (McCarthy, 1972). Very  little  information 

. .  



- 37 - 

TABLE 8: ,Particulate P Bioavailability  Coefficient 

Sampled 

Tributary Coefficient 

Deep 0 .9  

Vernon above Ellison, Wood 
and  Okanagan  Lakes 0.5 

Shingle 

Lambly 

Q uesis 0 . 4  

I .  

Vaseux 

M i  s s'ion . .  

Coldstream 0.2 

Trout 0 .1  
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is' a v a i l a b l e  on t h e   a v a i l a b i l i t y   o f   t h e   o t h e r  DON components. Cowen 

e t  a l .  ( 1 9 7 8 )   p r e s e n t e d   d a t a   f o r   o r g a n i c   n i t r o g e n   ( p a r t i c u l a t e  and 

d i s s o l v e d )   i n   t r i b u t a r i e s   o f  Lake Ontar io .  They found  between 30 

and 60% o f  t h e  t o t a l  o rganic  N was a v a i l a b l ? .  

An e s t i m a t e   o f   a v a i l a b l i t y   o f  DON i n   t h e  Okanagan b a s i l  was obta ined  

by  comparing  sui tabiy .averaged i r i p a t   c o l c e n t r a t i o n s '   t o   t h e  

mid-winter   outf low  concerl t ra t ions  of  Wood, Kalamslka a l d  Okanagan 

l akes .  The s u i t a b l y . a v e r a g e d   i n p u t   c o n c e l t r a t i o n  was obtained by 

m u l t i p l y i n g   t h e  volume-weighted mean o f   t h e   i n p u t   b y   a n   e v a p o r a t i o l  

c o r r e c t i o n .  The r e s u l t  would  be t h e   c o n c s n t r a t i o n   i n   t h e   l a k e  if 

DON was a ' c o n s e r v a t i v e  componsnt l i k s   c h l o r i d e .  O u t f l o w  

c o n c e n t r a t i o n s   i n   w i n t e r   w e r e   u s e d   t o   r e f l e c t   l a k e   c o n c e n t r a t i o n s   i n  

general .   This   comparisog showed t h a t  DON i n   t h e   l a k e   d e c r e a s o d  

42 t o  64% r e l a t i v e   t o   i n p u t   c o g c e n t r a t i o n s   ( T a b l e  9 ) .  The equat ing  

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

be  considered  vory  preliminary  and a g ross   e s t ima te .   Fo r   i n s t anco ,  

i t  assumes t h a t  a l l  t h e  DON, produced  by  phytoplankton i n  t h o  l a k o ,  

i s  degraded  before  mid-winter.  

Takirlg  both Lake Ontario  and Okanagan Basin  Pvidence  into 

c o n s i d e r a t i o n ,   c o e f f i c i e n t  - c was a r b i t r a r i l y   s e t   e q u a l   t o  0.5. 

P a r t i c u l a t e   N i t r o g e n  

P a r t i c u l a t e   n i t r o g e n  i s  most ly   o rganic   a l though some coald be 

ammonium assoc ia t ed   w i th   c l ays .   S incs  o u r  PN a n a l y s i s  method 
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TABLE 9: Comparison  of  inflow 'and ou t l e t   concen t r a t ions  o f  
- h  

, .  

DON (pg0L-l) 

Vo lumo Wintsr 
Lak e Weightsd  Evaporation  Corrected  Outlet %DON 

Inf low  correct ion  Inf low  Concentratfon 
Concegtration  Concentration c-d x 100% 

a b C d. C 

Wood Lake 

Vernon  334 1-55  517.  298  42 

Kalamalka Lake . .  

Coldstream, 

Wood Laks 

o u t l e t  '275  1-57 . 431 

Oksnagan Lak? 

Equosis 

D ~ e p  

V o r n o n  250 1.74 335 134 

Mission 

64 

60 

Lambly 

T r o  ~1 t 

Sewage Ef f luen t " .  

"Randtke  and  McCarty (1977) 
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involves   conbust ion  in  a CHN ana lyzer  whtch would no t   quan t i t a t ive ly  

recover   the   c lay   assoc ia ted  ammonium, the  PN values  were a s s m e d   t o  

be   en t i re ly .o ' rganic .  The type o f  o rgan ic   pa r t i c l e s  was not  

i m r e s t i g a t e d   d i r e c t l y  by microscopy.  General   indications o f  t h P  

composition  could'be deduced  from the  PC/PN r a t i o .   T h i s   r a t i o  

usually  ranged  between 10 and 20 and was i n d i c a t i v e  o f  a mixture o f  

f resh   o rganic   mat te r ,  s o i l ,  and f o r e s t   l i t t e r .  There  have  not  .been 

s p e c i f i c   s t u d i e s  o f  t h e   a v a i l a b i l i t y  o f  n i t rogen  f rom these  

p a r t i c l e s  Cowen e t  a l .  (1978)   es t imated  that   half  of  the  t o t a l  

o rgagic   n i t rogen   (d i sso lved  and p a r t i c u l a t e )  was a v a i l a b l e  i n  

. t r i b u t a r i e s  o f  Lake O n t a r i o ;   t h s   r e l a t i v s   c o n t r i b u t i o n  o f  the  

dissolved and   pa r t i cu la t e   n i t rogen  t o  t h e   b i o - a v a i l a b i l i t y  was not  

inves ' t igated.  The dec is ion  t o  a s s i g n   a v a i l a b i l i t y  t o  the  PN 

f r a c t i o n  was somewhat ' a r b i t r a r y   i n   l i g h t   o f  n o  s p e c i f i c   d a t a .  We 

chose t o   a s s i g l  a coe f f i c i , en t   o f  1.0 as the  upper limit of  the 

po ten t i a l   ava i l ab21 i ty .  

4.2. Rela t ive  BAP and BAN Loadings 

The r e l a t i v e  amounts o f  BAP and BAN i n   t o t a l   l o a d i n g s  were o s t i m a t o d  

by a discharge  weight ing  technique  which,mult ipl ied  average 

c o n c e n t r a t i o n s   i n  .low and high  f low  periods by 10 year   average 

d ischarge   in   each   per iod .  The average  concen,trations i.2 each 

per iod  were  obtained  af ter  BAP and BAN wero ca lcu la ted   us ing   the  

previously  discussed  formulae.  The coef f ic ie3 ts   o f   the   formulae  

were  assumed t o  be the  same for both h i g h  and low flow. Mors 

complicated  and  potentially  better  discharge  weighting  techniques 
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(Dola? e t .  al., 1981)  could  not  be  attempt.ed.  with ' t h e   l i m i t e d  

f r squsncy  o f  t h e   d a t a .  

f i e  a s s i g m e n t  o f  h igh  awl low  flow  periods was a r b i t r a r y   b u t  i t  

usaa l ly   i gvo lved   ca l cu la t ing   t he   ave rage  amount o f  d i scharge  f o r  t h e  

' May m d   J u l e   p e r i o d .  The a s s imment  o f  a s p e c i f i c   s a m p l i n g   d a t e  t o  

the  high  or   f low  per iod  depended on t h e   a c t u a l   f l o w  f o r  1980-1981. 

This  r e s u l t s   i n  some samples   occu r r ing   i n  May which  were  low  flow 

and some i q  Ju ly .wh ich  were  high  flow.  These  samples  were  averaged 

wi th  the  data   f rom  the  appropriate   f low  regime.  A t  s e v e r a l   s t a t i o n s  

t h e m  was no r e c e l t   d i s c h a r g e   d a t a   ( e g .  Vernon  above Hiram Walker, 

a l d  a t  o u t l e t  o f  E l l i s 0 3  Lk, Sh ing l s  at t h e  mouth, Deep a t  t h e  

mouth.,  Lambly a t  t h e  mouth)   and   the   o lder   da ta  may riot  have  been o f  

10 ysars .dura t ion .  

Ths f low  per iods Used f o r  c a l c u l a t i o n  o f  BAP and BAN c o n t e n t s  in 

lak9 o u t l e t s  werP w i n t e r  and   growing   seasoq ,   to   re f lec t  t h e  fac t  

t h a t   d i s s o l v s d   n u t r i e n t   c o n c e n t r a t i o m   a r e   h i g h s s t   d u r i n g   w i n t e r  and 

, a l m o s t   u l d s t e c t a b l e   i l , s o m e   c a s e s   d u r i n g  summer. .S ince   suspe ld5d  

sod imen t s   were   no t   co , l l ec t ed   i n   t he   ou t l e t s ,  i t  was .necessa ry   t o  

g u e s s :   t h e  BAP c o n t e l t   o f   t h e  PP. . ' It  was assumed  to,  be 90% based on 

'. t h e   g s l e r a l   o b s e r v a t i o n   t h a t   t h e   m a j o r i t y  o f .  t h e  PP would'  be o rgan ic  

d e t r i t u s   p r o d u c e d   w i t h i n   t h s   l a k e .  

BAP.co?tent  ranged  from 16 t o  98%.'of TP loadings  whereas  BAN con ten t  

ralgod  from  58 t o  '98%  of  TN (Table  10). The very   l a , rge   range  
: . T  . 



- 42 - 

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

c o n t r i b u t i o n s  o f  a p a t i t e   i n   t h e   p a r t i c u l a t e   m a t t e r  as wsll as t h e  

h i g h l y   v a r i a b l e   y i e l d   o f   p a r t i c u l a t e   m a t t e r  from e a c h   t r i b a t a r y .  

The much smaller range o f  BAN con te3 t   demons t r a t e s   t he   cons i s t en t ly  

h igh   p ropor t i03  o f  DON i n  the   l oad ing  from d i f f e r e r l t   d r a i l a g e   b a s i n s .  
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T r i b u t a r y  . .  X BAPs 

1. M o u n t a i n   T r i b u t a r i e s  

% BAN* 

Deep 96  76 
El u e s i s  5.7  76 
Coldstream 44 90 

Vernon  above Hiram-Walker 

Vernon below Hiram-Walker 

Win f i e l d  

Mission 

Lambly 
Trout 

S h i n g l e  
Vaseux 

2. Valley T r i b u t a r i e s  

a )  

b) 

Lake i n l e t s  
Vernon a t  Wood 

Vernon at Okanagan 
Okanagan a t  Skaha 

Okanagan a t  Osoyoos 

Lake o u t l e t s  ' 
E l l i s o n  

Woods 

Kalamalka 

Okana gan 
Skaha 

, .  

. .  

77 I 

73 
98 
41 

65 
1 6  
55 

48 

60 
74 
44 
57 

92 
98 

94 
87 
94 

59 
58 
98 
72 
62 
69 
7 
59 

82 
80 
75 
70 

76 
63 
62 
62 

66 

Detailed c a l c u l a t i o n s  are a v a i l a b l e   i n   A p p e n d i x  11. 
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5. CONCLUSIONS 

SRP was t h e  most common c o n s t i t u e n t  o f  t h e  TP components   except   dur ing  

t h e  h i g h   d i s c h a r g e   p e r i o d s  when PP became the   dominant  form. SUP r a r e l y  

became more i m p o r t a n t   t h a n  SRP a n d   o n l y   d u r i n g  ear ly  fiesh.et. 
. .  

DON was t h e  dominant form o f  N i n  most t r i b u t a r i e s   a n d  was a t  its h ighes t  

c o n c e n t r a t i o n   d u r i n g   e a r l y  fieshet. On t h e  other  hand, NN and'AN were a t  

the i r  lowest c o n c e n t r a t i o n s   d u r i n g   f i e s h e t   a n d  summer. I n   t r i b u t a r i e s  

i n f l u e n c e d ' b y   c u l t u r a l   i n p u t s ,  .NN was u s u a l l y  t h e  most common component , 
a l t h o u g h  .AN was t h e  dominant D I N  component i n  t h e  Okanagan  River  above 

Skaha Lake. 

. .  

PP was h i g h l y  correlated 'with.  t u r b i d i t y  whereas PN was n o t .  T h i s  close 

correspondence  between PP a n d '   t u r b i d i t y   c o u l d  allow c o n t i n u o u s   m o n i t o r i n g  

data o f  t u r b i d i t y  t o  be t r a n s f o r m e d   i n t o   c o n t i n u o u s  PP data. S i n c e  t h e  

v a r i a b i l i t y  o f  DP c o n c e n t r a t i o n s  is l iable  t o  be much less t h a n  t h a t  o f  

PP, better TP l o a d i n g  estimates c o u l d  be o b t a i n e d  i f  a u t o m a t i c  water 

samplers a n d   t u r b i d i t y   s e n s o r s   c a n  be combined w i t h  c o n t i n u o u s  

measurement o f  discharge. 

The suspended  sediment  was r e l a t i v e l y  r ich i n  P compared t o  suspended 

sediment  fkom t h e  Great Lakes  Basin where e x t e n s i v e   s t u d i e s   h a v e   b e e n  

carried out   (Logan e t  al.,  1979) .  The r e l a t i v e   p r o p o r t i o n s  o f  

AP/NAIP/OP, however, showed tha t  the  Okanagan  sediments were h ighe r  i n  AP 

on ly .   Th i s  reflects t h e  source of most o f  t h e  PP i n  t h e  t r i b u t a r i e s .   I n  
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.. . 

t h e   m o u n t a h   t r i b u t a r i s s ,   t h e   e r o s i o n a l  components  were  mainly  from c u t  

banks  which a r e  made up   o f   g l ac i a l   -depos i t s  and a r e   r i c h '   i n  AP. 'In Deep ' 

Creek ,   on   the .o thor   har id ,   sur face   ru lof f   f rom  agr icu l tura l   l and   provides  

m o s t  of t h e   s e d i m e n t s   a n d   t h e y   a r e   r i c h   i n  NAIP and OP,  much l i k e   t h e  

sed ime l t s  o f  t ho  Groat Lakes Basin. 
. .  , .  

The s e a s o n a l   v a r i a t i o n   i n   t h o   c o m p d s i t i o l  o f .  PP w a s  n o t   i n v e s t i g a t e d   i n  

' . th i s   s tudy .   Al though  the   major i ty   o f   the   loadigg   of .PP  occurs  i n  s p r i n g  

when we sampled   the   suspendkd  sed iments ,   the   e f fec t ,   o f   composi t iona l  

cha lges   dur ing  low d ischarge   per iodq   could   be   l a rgs   , enough  to   nega te  some 

o f   t he   conc lus iom  advanced-he re .  I t  i s  l ike ly   tha t :   suspended   sed iments  

from low d i scha rge   pe r iods  will be   cha rac t e r i zed .  by . .  h'igher '  NAIP and 'OP 

c o n t s n t s  as  w e l l   a s  a h i g h e r   o v s r a l l  TP conte1t   (Ongley  e t .  a l . ,  1981). 

The impac t ,   o f   h ighe r   b iosva i l ab i l i t y   du r ing   pe r iods   o f  low PP load ing  

remaim  to   be   eva lua tod .  

. .  , .  

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

Okanaqan Va l loy   l akes   va r i e s   ' co?s ide r sb ly ;   e spec , i a l ly   fo r   phosphorus  

The r o l a t i v o   a n n u a l  BAP loadings  ranged  betwoon  16.  and. 98% of t h e  TP 

loadings .  The r o l a t i v e   a n n u a l  BAN loadiags  ranged  betweel  58 and '98S  of  

t h e  TN loadings .  The s t a t i o n s   w i t h   h i g h   r e l a t i v e   p e r c e n t a g e s   f o r  BAN 

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

drainago  basin  (og.  Coldstream, Deep, Winf i s ld ,  Vernon  above Wood and 

Okanagah) .   .Howover ,   the   s ta t ior is .with  high  . re la t ive  percel tages-of  BAP 

wore no t   un i fo rmly   t hose   i n f luenced   s t rong ly  by c u l t u r a l   i n f l u e n c e s .   I n  

f a c t   t h e   s t a t i o r i   w i t h   t h e   t h i r d ,   h i g h o s t  BAP percentage (77%) was 'vernon 

' .  . 

. I  

. .  
. .. . 

. .  

. .,  

, .  
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above  Hiram  Walkpr  which  has  very little.cultara1 input.  Lambly  also  had 

a higher.BAP'conteht than most at 65%. Ig contrast  Coldstream's  TP  input 

was ogly.44% avsi'lable 'eves though  it is  heavily inflclenced by caltaral 

inputs.  K3owledge o f  BAP  coltent also changsd the importance of TP 

loadi2g from Trout Creek  which  is a major contribitor o f  TP to the  basin 

(Tech.  Suppl. IV, 1974). 13 fact  the  BAP  loading for Trout  Creek  was 
. I  , 

less  than  that of. Shingle  Cresk  which  is'  an  average  contributor  of  TP. 

. .  I 

The'potential biologicai  availability of the  nutrient  exports  from  the 

lakes  was  consistently  high for phosphorus  asd  low  for  litrogen. BAP 

conteit  averaged '93% whereas  the  BAN  content  averaged 63% excspt  for 

Ellison  which  was 76%. Sisce  lake  outlet  c.hemistry  reflects  ths 

.compositional  characteristics of the  surface  layers  of  the  lake,  it  is 

not  suprising  that  the  BAN  contelt  was  low bscaose.ths  available 

compoge3ts  wpre  utilized  by  the  phytoplankton  throughout  the  growing 

season.  The  high BAP content,'  however,  is  somswhat  baffling. Became of 

. .  

the  definition  used here.'and the  assumption  that 90% of the PP was 

available  it  could  not  be  otherwise. In reality,  the  availability of ths 
I 

SUP content in lake  surface  waters  must be lower  tha3  the 100% assumed in 

I this  investigation. 

While  selection of availability  coefficients,  was  partly  arbitrary,  it. 

should  be  emphasizpd  that  the  biological  availability  estimates  dsrived 
, .  

from  them  were  liablp to be maximum  estimatss.  The  rate  at  which  these 

potentially  available fractiom are  actually  utilized  remains a  subject 

for  further  study.. Is systems  with  short  water  reside?ce-times  (eg. 
. .  

. .  

I 
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Sksha  and  Osoyoos  Lakss),  the  actual BAP and BAN u t i l i z e d  i s  probably 

mach lower   t han   t he   po te l t i a l .   Conver se ly ,   i n  Okanagan Laks ,   the   long  

r s s i d s x e   t i m e   s h o u l d   l e a d   t o   g r e a t e r   u t i l i z a t i o l .  

The BAP and BAN loading  information  provided by. t h i s   r e p o r t   s h o u l d  

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

r e a s o m .   ' F i r s t ,   t h o   u t i l i t y   o f  TP l o a d i q g   s s t i m a t e s   f o r   d s c i d i l g   w h e r s  

cont ro l   measures  are requi red  i s  very  poor i n  t h i s   b a s i n   b s c a u s e   i n  many 

i l l s t a n c e s   t h e   p o t e n t i a l  BAP l o a d i n g s   a r e   1 e s s . t h a n  50% o f  TP loadings .  

F o r t u n a t e l y   t h e   u t i l i t y  .of TN l o a d i n g   e s t i m a t e s  is grea te r   bu t   depe3ds  03 

. .  

, t h e   s f f s c t i v e   a v a i l a b i l i t y  o f  DON as opposed .   t o   , t he ,  50% p o t e n t i a l  

a v a i l a b i l i t y  assumsd here .  Many o f  t he  N i l lpu ts  f r p m  t r i b u t a r i e s  

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

a v a i l a b i l i t i e s   o f  DON a r e   l o w e r   t h a n  50% t h e   o v e r a l l   a v a i l a b i l i t y  would 

be  reducsd  to  a g r s a t e r   e x t e n t   t h a n  ,would  be . .  t h e .   c a s e  i? t r i b u t a r i e s   w i t h  

h i g h   c o n c e n t r a t i o n s   o f   n i t r a t e  o r  ammoiium. 
. .  

, .  

. .  

Second,   the   p rese l t  management s t ra t sgy   of   : l imi t ing   suspsnded   sed iment  

i n p u t s ,  as a way o f  r e d u c i l g  P loading,   must   be  select ive i n  i ts  

a p p l i c a t i o n   b s c a u s o   t h e   e f f e c t i v s 3 e s s   o f   t h i s   p o l i c y   d e p e n d s  on  t h e  BAP 

content  o f  the  suspeld.od  sediments.   For  example,   controll ing  sus 'pended 

sedimsnts   in   Trout   Creek.  (0% BAP c o n t s n t )  would  be  unsuccessful il 

c o n t r o l l i n g   e u t r o p h i c a t i o l  compared t o   e r o s i o n  c o n t r o l  i n   t h e  Deep Creek 

dra i l lage   bas in  (90% BAP c o n t s n t ) .  
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APPENDIX I (Continued) 

The f o l l o w i n g   t a b l e s   c o n t a i n   t h e   d a t a   f o r  water 

samples   co l l ec t ed   f rom  s t a t ions   w i th in   t he   Sh ing le   and  

Vaseux  Creeks  drainage  basins  which were e x t e n s i v e l y  

sampled by OBIB.  Our, sampling  only  occurred  on two 

d a t e s ,  however:  one i n  autunin,  1980  and  one i n   s p r i n g ,  

1981. -. 

""" 

No. Locat ion 

Shingle  Creek  Drainage  Basin 

1 

2 

Shingle  Above Roger s '   Rkch  

Shingle  Below Rogers Ranch 

3 Sha t fo rd  @ Hydrometr ic   S ta t ion  

4 Shat ford  Above Fork @ Bridge 

5 I Shingle  @ Lumber Mill 

Vaseux  Creek  Drainage  Basin 

9 
10 

11 

MacIntyre 

Upper  Vaseux 

Wabash 

Vaseux @ Water Survey 

Vaseux @ Highway 97 

Under Down 
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APPENDIX I11 

Areal Yie ld ,  Estimates for I tNatural t t   Runoff  

I' To estimate areal n u t r i e n t '   y i e l d s  fkom n a t u r a l   r u n o f f ,  t h e  a n n u a l  

n u t r i e n t   e x p o r t  fkom u n d i s t u r b e d   t r i b u t a r i e s  were d iv ided   by  t h e  

d r a i n a g e .   b a s i n  areas. Although there are n o   t r i b u t a r i e s   . ' c o m p l e t e l y  

fkee of  c u l t u r a l   a c t i v i t y ,  -there were 4 c o n s i d e r e d  t o  be u n a f f e c t e d  

e x c e p t  for l o g g i n g   a c t i v i t i e s   a n d  small r e s e r v o i r   c o n s t r u c t i o n .  The 

f o u r   t r i b u t a r i e s   c h o s e n  were .upper   Vernon, .   Mission,  Lambly and  

Vaseux Creeks. The hydro logic  record for each s t a t i o n  w a s  n o t  very  

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

s t a t i o n .  ' The .amount o f  l o g g i n g  was also a problem i n  t h a t ,  t h e  area 

logged i n . t h e  last  10 years _ .  v a r i e d   c o n s i d e r a b l y .  
. .  I .  

. .  

The a n n u a l  ,area y . i e l d s  varied  between  4.3  'and  23 kg*km-* for 

phosphorus  and  between  37  and  -72 k.g*km-2 for n i t r o g e n   ( T a b l e  11>. 

. .  . .  

. ,  

These y i e l d s   m u s t  be treated as e x t r e m e l y   p r e l i m i n a r y   a n d   p r o b a b l y  

u n d e r e s t i m a t e s   d u e  t o  t h e  low number o f  s a m p l i n g  dates and t h e  lack 

o f  samples d u r i n g   r a i n  storm e v e n t s   a n d  peak flows d u r i n g  snow 

melt. Compared t o  y i e l d s  i n  other areas o f  North America, these 

Okanagan t r i b u t a r i e s  are v e r y  low f o r  b o t h , P  and N. TP y i e l d s  



elsewhere are g e n e r a l l y   a b o v e  20 kg*km-2*yr-1 e x c e p t   f o r  

forested areas on t h e  Canadian .Shield (Di , l lon   and   Ki rchner ,   1975) .  

I n   a n   e x t e n s i v e   r e v i e w  o f  t h e  l i t e r a t u r e  Reckhow (1980)   found 'no  TN 

y i e l d s  below 130 kg*km * y r  for forested d r a i n a g e   b a s i n s .  

In c o n t r a s t  t h e  h i g h e s t  v a l u e   o b t a i n e d  here was 72 

I .  

-2 -1 

kg*kni"*yr". The e x t r e m e l y  low n i t r o g e n   y , i e l d s   r e s u l t   i n  a 

BAN/BAP ra t io  i n  t h e  e x p o r t  o f  6.4 which  would lead. t o  n i t r o g e n  

limited lakes i n  t h e  n a t u r a l   p r e c u l t u r a l   s i t u a t i o n .  

i 
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. .  

, .  

f*Naturai** annual nutrient  yields. 
. .  

Are'al Yield Areal yield 

Tributary Are a kg*km'2 

k TP TN 

k g * k i 2  

BAP BAN 

Upper  Vernon 

Mission 

Lambly 

Vaseux 

Aver age 

127  4 .3  

873.   23 

272 8 

255 

37 

72 

57  

2 2  

52 

36 

29 

10.7  54 5 0.5 35 
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