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ABSTRACT 

In the Okanagan River  Basin, British Columbia, remedial ac t ions  
had been undertaken  to reduce phosphorus loads from municipal . waste 
.treatment p lan ts  w i t h  the aim of  reducing biological  productivity i n  the 
main Val1 ey 1 akes.  In  1976, under the Canada-Bri tish Columbia Okanagan 
Basin  Implementation Agreement,  a monitoring program of  nutrient loading 
was i n i t i a t e d  i n  the southern  part   of the basin. The program was carried 
ou t  by Water Qual i t y  Branch, IWD, f o r  and funded by the Okanagan Basin 
Implementation Board. The present repor t   dea ls  w i t h '  the results obtained 
during the three year  study  of nutrient t r anspor t   i n to  and out   o f  Skaha 
Lake. 

The major  objective  of this s tudy was t o  design a me'thod f o r  
improving the precision. o f  nutrient load ,   es t imat ion  ' i n  order . '   to   provide 
water management w i t h  a re1 iable measure of  nutrient f l u x   t o  Skaha Lake. 

Concentrations  of  total  phosphorus,  dissol ved phosphorus, n i t ra te  
plus nitr i te,  ammonia, total   n i t rogen and dissol ved si'l ica were measured 
bel ow Okanagan Lake, near the Pent ic ton   a i rpor t  and bel ow Skaha Lake 
using two  sampl i n g  methods , hereaf ter  described a s  simul ianeous and 
sequential .  Data derived from these two methods ,were used t o  ca1,cul a t e  
nutrient loads by employing the partial   load  nethod w i t h  sinul taneous 
sampl ing  data and the flow  interval method w i t h  sequential   sanpl  ing  data.  

The simultaneous sanpl i n g  method revealed  very pronounced shor t  
.range spat ia l   heterogenei t ies   of   point   concentrat ion measurements of 
nutrients a t  a l l  three channel cross-sections.  Implication  of this 
finding i s  t h a t  t h e  determination  of nutrient Toads,  based on . a  s ing le  

composition and, therefore,   cannot provide a re1 i ab le  estimate of the 
amounts of nutrients passing  through a channel cross-section.  Seasonal 
changes.  of  concentration  measurements,  obtained by the sequential  
sampl ing method, Indicate t h a t  bel ow Okanagan and Skaha Lakes 
concentrat ions  of   total  phosphorus are s ignif icant ly   higher   ,dur ing the 
fa1 1 -winter periods  than dur ing  the spring-summer periods. This seasonal 
pattern, however, i s  disturbed a t   s - t a t i o n s   l o c a t e d  below the out fa l l  from 
the waste t reatment   plant  and t r ibu ta ry  creeks. 

A s t a t i s t i c a l l y   s i g n i f i c a n t   c o r r e l a t i o n  was found, between the load 
data  obtained by the par t ia l   load method and by the flow  interval 
method. The overall  .mean load o f  ,phosphorus determined on lumped data  
from these two methods d u r i n g  the three year  sampl i n g  period  indicates a 
reduced i n p u t  o f   to ta l  phosphorus t o  Skaha Lake, by comparison w i t h  1 oad 
data  reported i n  the previous s tudy,  conducted under the Canada-Bri tish 
Columbia Okanagan Basin Agreement, 1974. Neverfheless, since the e a r l i e r  
data  are not  reported w i t h  confidence 1 i n i  t s  , the concl usion  of a change 
cannot be s t a t i s t i c a l l y  validated.  Furthermore,  loads  of  total 
phosphorus and total   d issolved phosphorus  increased  markedly i n  the 
downstream d i r e c t i o n   a t  each of  the three investigated  channel 
cross-sections.  The major  contribution  of  phosphorus  loads  cane from 
non-poi n t  sources such a s  Okanagan Lake and via  Shingl e and E l  1 i s  Creeks , 
b u t  a1 so from  Skaha .Lake. 

. grab  sanpl  ing  procedure will not  reflect  heterogenei t ies   of   water  1. 



i i  

Loads of ammonia  a1 so showed marked i n c r e a s e s   a t  each 
cross-section i n  the downstream di rec t ion .  The major  portion o f  the 
ammonia 1 oad, on an  annual bas i s ,  comes from the waste  treatment  plant, 
b u t  during the spring-summer seasons ,' sources  of ammonia  pol 1 ution i n  the 
near  shore  areas  of Okanagan  Lake a r e  a1 so very  s ignif icant .  Loads of 
n i t r a t e  p l u s  n i t r i te  increased below Shingle Creek, pa r t i cu la r ly  d u r i n g  
the fa1  1 -\vi nter seasons. Large increase i n  the 1  oad  of total   n i t rogen 
were observed  not  only  near the a i r p o r t  . b u t  a1 so below Skaha Lake 
ind ica t ing   t ha t  this lake  i s  a s ignif icant   source  of   total   n i t rogen.  

Loads o f   s i l i c a  showed interest ing  seasonal   var ia t ions above the 
in le t  and bel ow the out1 e t  from Skaha Lake. During spring freshets , 
l oads   o f   s i l i ca   s ign i f i can t ly   i nc reased   a t  the s ta t ion   loca ted  below the 
t r i b u t a r i e s  Shi ngl e and E l  1 is  Creeks , on .the o ther  hand, there was a 
ronounced decrease  of  si1  ica 1  oad i n  the discharge from Skaha Lake 
his seasonal  change i n  s i l i c a   o u t p u t  from this lake  suggests t h a t   s i l i c a  . 

l imi t a t ion  may be s i g n i f i c a n t  i n  cont ro l l ing  peak levels of  diatoms i n  
Skaha Lake during the spring. 

FF 



RESUME 

Dans 1 e bassin de 1 'Okanagane, . en  Col onbie-Bri tannique, on a 
entrepris de,  re'dui re 1 es apports de phosphore  des usines municipal es 
d '6pura t ion  en  vue  de dininuer 1 a producti v i  t 6  des principaux 1 acs de 1 a 
Val le'e. . En 1976, en vertu de 1 'Accord Canada - Col onbie-Bri tannique sur 
1 'am6nagement.'du bassin de 1 'Okanagane, l a  Direction de la q u a l i t 6  des 
eaux  de 1 a 'D.G.E.  I .  re'al isai t u n  programme  de surveil1 ance  des apports 
d'6l6nents nutritifs dans la  partie sud du bassin, pour l e  compte du 
Conit6 d'amenagenent du bassin de 1 'Okanagane, q u i  l e  f inansa i t .  Le 
pr6sent rapport  f a i t  6 t a t  des r6sul ta ts  obtenus au cours de trois ann6es 
d'e'tude sur  les 616nents nutritifs qui entrent dans l e   l ac  Skaha e t  q u i  
en sortent. 

Le principal  objectif de 1 'Gtude 6 t a i t  de trouver une n6thode pour 
mieux estimer 1 'apport  des e'l Gnents nutri t i f s  a f in  de procurer aux 
gestionnaires des ressources en  eaux  une  mesure fiable de l a  quantit6 
d'e'le'ments nutritifs q u i  entre dans l e   l ac  Skaha. - 

~ On a mesur6 les concentrations du phosphore t o t a l  , du phosphore 
dissous , des nitrates + rii tri tes, de 1 'amoniaque, de 1 'azote to t a l  e t  de 
1 a . si1  ice  dissoute en aval du lac Okanagane, ' priis de 1 'a6roport de 
Penticton e t  en aval du l a c  Skaha. Pour ce faire, on , a  utilis6 deux 
m6thodes d'iichanti'll onnage d i  tes simul tan6e e t  s6quentiell  e. Les donn6es. 
obtenues o n t  servi i calculer  1 ' a p p o r t  des 616nents nutritifs, par 1 a 
m6thode des apports partiel s ,  dans 1 e cas des  donn6es  de 
1 'khanti1 1 onnage sinul tan6 e t  par 1 a,,me'thode  des interval 1 es de  d6bi t ,  
dans 1 e cas des  donn6es s6quentiel les 

L'6chantillonnage  sinultane a nis en evidence, dans les trois 
sections mouill6es , des &arts trGs prononc6s , 2 courte  distance,  entre 
1 es  c'oncentrations  ponctuelles , ce q u i  signifierai t que les 
diiterminations fond6es sur u n  seul 6chantil 1 onnage au hasard ne 
refle'teraient pas l a  composition he'te'roghe de 1 'eau e t ,  par consgquent, 
ne pourraient pas fournir une estimation s i re  de l a  quanti t 6  616nents 
nutri t i f s  transport6e au travers de l a  section mouill6e. Les var ia t ions 
sai  sonniiires des concentrations, observ6es grice 2 1 'Gchantill onnage 
sgquentiel , signifient qu'en aval des 1 acs Okanagane e t  Skaha, 1 es 
concentrations du phosphore t o t a l  sont beaucoup plus 61ev6es 2 1 'autonne 
e t  a' 1 'hiver qu'au printenps e t  a' ,1 'ete'. Cependant, cette'  variation 
saisonniiire est  perturbge aux stations en aval des stations d'e'puration 
e t  des ruisseaux tributaires. 

On a trouv6 une corre'lation  statistiquement  significative  entre 
1 'apport  calcul6 par 1 a me'thode des apports partiel s e t  1 'apport  cal cul6 
par cell  e des interval 1 es de d6bi t. L'apport  noyen  de phosphore d u r a n t  
1 es trois ann6es de 1 'e'tude, cal cul e' au moyen  de 1 'agrggat ion des 
rgsultats de ces deux  m6thodes nontre une diminut ion  depuis 1 'Gtude 
pre'cgdente, men&  en vertu de 1 'Accord Canada - Colombie-Britannique sur 
l e  bassin de 1 'Okanagane, en 1974. Toutefois,  come les  r6sultats de 
cette  derniere e'tude sont de'pourvus de 1 i n i  tes de f i  a b i l  i te', 1 a 
d in inu t ion  ne peut pas etre confirn6e statistiquenent. De p l u s ,  les 
concentrations de' phosphore t o t a l  e t  de phosphore t o t a l  dissous 
augnentaient sensiblement vers 1 'aval , 2 chacune  des trois  sections 
mouille'es e'tudi6es. Les plus importants apports de phosphore provenaient 
de sources non ponctuell es come 1 e 1 ac Okanagane e t  1 es  ruisseaux 
Shingle e t   E l l i s ,  na,is i l  en provenait aussi du l a c  Skaha. 



ii 

L 'augmentation des concentrations d'ammoniaque e t a i  t 6gal  ement 
prononcge vers 1 'aval de chaque section  mouille'e. La majeure par t ie   des  
apports d'ammoniaque, pour toute  1 'anne'e, provient de 1 'usine  d'e'puration 
na i s ,  au printemps e t  5 1 'e'te', les   sources  de pol lut ion ammoniacale des 
rives du l a c  Okanagane sont aussi   tr6s  importantes.  Le t ranspor t  des 
n i t r a t e s  + nit r i tes   augmentai t  en aval du ruisseau Shingle ,  surtout en 
automne e t  en hiver.  On a  observg une inportante  augmentation de l a  
concentrat ion  d 'azote   total  , non seul ement pr6s de  1 'agroport ,  rnais aussi  
en aval du l ac  Skaha,  ce q u i  ind ique  que c e   l a c  es t  une source  importante 
d 'azo te   to ta l  . 

Les concentrations de si1 i c e  o n t  montr6 d ' in t6ressantes   var ia t ions  
saisonni6res en amont e t  en aval  ime'diats du l a c  Skaha. , Au .tours des 
crues   pr intannigres ,   les   apports  de si1 ice  ont  sensiblement  augnent6 2 l a  
s t a t i o n  en aval des ruisseaux  Shingle e t  Ell i s ;  par  contre,  i l s  o n t .  
considerablenent diminug  dans  1 '6nissa.ire du l a c  Skaha. Cette  variation. 
saisonniPre du "transport  de si1  ice  provenant du l a c  Skaha semble indiquer 
que l a   s i 1   i c e  es t  Peut-Gtre u n  fac teur  qui 1 i n i t e  notablement l a  
pro1 i fe ' ra t ion  pr intaniere  de diatone'es  dans l e   l a c .  

i 



ACKNOWLEDGEMENTS 

The present  report  was prepared  for and financed  under  the 
Canada-Bri tish Col unbia Okanagan Basin Imp1 ementation Agreement. The 
txlutrient Loading Project,   as a par t  of the overall Water Qual i t Y  
Flqni tor ing Program, was assigned t o  Water Qual i t y  Branch, IWD. 

The fu'll  -time  assistance i n  field  water  quality  measurenents and 
data  acquisit ion  'by D. Mal ker and encouragement by. J. Taylor  both  nenbers 
of  the Water Quality Branch are  appreciated.  :The hydrometric  data and 
i.nstrumentation  for  temporarily  established  stream  gauging  stations were 
provided by engineering  staff  of Water Survey  of Canada. ' Water sanpl es 
were expeditiously  analysed by the  cheni  sts  i n  the 1 aboratory of the 
'\Analytical Services Division,' \\later Quality'  'Branch, I!JD. Appreciation i s  
expressed t o  F. Mah, Head of the Analyttcal  Services Div is ion ,  for 
c r i t i c a l  assessment  of  the chemical data. The ass is tance o f  .B .  Deacon i n  
preparing  data  for computer analysjs  and the guidance  of s t a t i s t i c a l  . 

advisors a t  the University  of 6.C. Computing Centre is  acknowledged. 
The nanuscript  of the  report  was reviewed by blr. E.M. Clark, 

Regional Director,  Inland Waters Directorate,   Pacific and Yukon, Dr. W.E. 
Erlebach,  Chief Water Qual i t y  Branch, IWD, Pacif ic  and Yukon, and Dr. K. 

Hall , Assistant  Director of  Westwater Research  Centre and Associate 
Professor a t  U.B.C. Their  coments have grea t ly  inporved  the  quality of 
the  final  report.  Responsibil i t y  for  any errors  or  oni.ssions 
nevertheless  remains  that  of the authors. 



General 
In the Okanagan River-Skaha Lake sub-system, concentrations of  

t o t a l  phosphorus, t o t a l  dissol ved phosphorus, nitrate pl  us n i t r i t e ,  
ammonia, total  nitrogen and dissolved s i l ica  were  measured a t  three 
sampling s t a t i o n s ,  d u r i n g  the per iod  from J u l y  1976 t o  March 1979. 

The f i rs t  station  seiected below Okanagan Lake dam, i s  i n  close 
proximity t o  the  recording stream gauging station 08NM050, maintained by 
Water  Survey of Canada.  The second s t a t i o n  i s  1 ocated near the  Penticton 
a i r p o r t ,  approximately 1 .7  kn.  downstream from the o u t f a l l  of the waste 
treatment p l a n t .  The t h i r d  s t a t i o n  is  located a t  Okanagan Falls, below 
Skaha Lake, and close t o  the Water  Survey of  Canada. recording strean-"" 
gauging station 08hIF1002. 

Two sanpl i n g  methods are used for collection of water sanpl es: 
( a )  simul taneous and ( b )  sequential methods. The  simul taneous sampling 
nethod i s  a manual  method  empl oyi ng a repl icate sampl er. This  sanpl er  i s  
used t o  col.lect  three sample repl icates  at ,  approximately, one neter 
bel ow the water surface. This  sanpl i n g  procedure i s  used a t  nonthly 
intervals and provides infornat ion on the  short range spatial 
heterogeneities of concentrations observed through measurements taken a t  
a number of  sampling points i n  the  investigated channel cross-sections. 
The sequential sampl i n g  method, on the  other hand, i s  used t o  o b t a i n  t ine 
series records of  concentration measurements taken a t  a single p o i n t ,  
approximately, 0.6 of the depth of  the stream  water. Water samples are 
drawn a t  quarter-day intervals, a t  0300, ,0900, 1500 and 21 00 hours, 
d u r i n g  two consecutive  days, randomly chosen w i t h i n  a week. This 
procedure provides infornat ion on the 1 ong term  temporal var ia t ion  of 
nutrient  concentrations a long  the  river reach  caused by the effect  of  
variable  nutrient  sources and changes of discharge  regulated by darns 
1 ocated bel ow Okanagan and Skaha Lakes. 

Two methods are used for  the  determination of  nutrient  loads 
passing through each of  the  three channel cross-sections,  the  partial 
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load  method ' and the f l o w  interval method. I The part ia l  load  method ' 

utilizes da ta  obtained 'from the combined simultaneous chenical sampling 
and the hydrometric neasurenents i n  a channel cross-section. 

The 1 oads estimated by the flow interval methods are based on the 
. concentration ' da t a  derived from sequential sampling and discharge 

determined for four d a i l y  intervals. The tine period for the f i r s t  
interval extends from 0000 t o  0600 hours. According 'to this procedure 
the discharge f o r  a flow interval. i s  cal cul'ated from the or ig ina l  hourly 
discharge da ta  (m3s-l ) , converted i n t o  hourly discharge and cumul ated . 

over the  six-hour interval which  encompasses the time o f  chemical 
sampling. The cumulated dischqrge and concentration da ta  are used t o  
calculate  the  nutrient loads for  the d a i l y  flow intervals. The sum of 
the , 1 oad intervals provides,  then, the d a i l y  nutrient .1 oads passing 
through the channel cross-section. 

The najor  goal of  the  present study i s  the deterrni nation of  the 
precision and consistency of nutrient  loads derived from simultaneous and 
sequential sampl i n g  methods. The sinul taneous nethod perni t s  the 
calculation of confidence 1 imits . around the total load  passing through 
each  channel cross-section. This precision i s  based on concentration 
measurements achieved- by 4. the sample  rep1 icates taken a t  a number of 
po in ts  i n  the channel cross-section. The s ta t is t ical ly  derived errors i n  
this procedure are superimposed on the  cross-sectional  variations of  
concentration measurements, 1 aboratory ana ly t i ca l  error and an assumed 
discharge error. The sequential sampl ing nethod,  on the  other hand, i s  
based on single  point  concentration measurements and does no t  permit the 
calculation of the confidence l inits  f o r  the d a i l y  loads. However, the 
precision. of these l o a d  da ta  derived from sequential sampling can be 
periodically compared w i t h  the results obtained by the simul taneous 
methods'and their consistency can be assessed. 

Consistency of 1 oad d a t a  i s  determined by the . comparison of 
results obtained by sinul taneous and sequential sampling methods a t  the 
sane  time.  This study indicates t h a t  i n  lnost cases  the l o a d  da ta  derived 
from sequential measurements are  systenaticaly higher than  those da ta  
obtained by simultaneous method.  The statist ical   tests enployed indicate 
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t h a t  there  is  a h i g h  correlat ion between results  obtained by the two 
methods. I t  is ,  therefore ,   l eg i t imate   to  1 urnp . the 1 oad data  obtained 
from the sinul  taneous and the sequential  sampling. 

The fol 1 owing discussion i s  based on the 1 umped concentration and 
load  data  for the e n t i r e  sampling  period.  .Sub-periods from April t o  
September and from October t o  March are  analysed  separately because I;lost 
of the nutrient concentration  data show , significant  bi-seasonal 
var ia t ion.  Elutrient loads,  on the other hand, do not show pronounced 
seasonal  changes b u t  they  are   character i ied by highly  s ignif icant  annual 
var ia t ion.  

TOTAL PHOSPHORUS 

Below  Okanagan  Lake dam 
A t  the s ta t ion  located bel ow Okanagan  Lake  dam, seasonal and 

annual var ia t ion  of   total  phosphorus concentrations,  which are  determined 
on the lumped data  derived from the sirnul taneous and sequential 
measurements, are   character ized by higher  ari thmetic means d u r i n g  the 
three fa1  1 -winter  periods  than d u r i n g  the  three spri ng-sumer  periods of 
1976 t o  1979. The three-year mean concentration  of  total  phosphorus, and 
i t s  95 percent  confidence  interval s , deterni ned from 656 observations  are 

'C 

0.009 - + 0.0001 mg 1 - I .  
Loads o f  t o t a l  phosphorus below Okanagan  Lake show pronounced 

year-to-year  variations. These variations  ,are a r e s u l t  of d i f f e r e n t  
hydro1 ogical events occurring d u r i n g  the  three  year  period. The 
arithmetic mean loads and t h e i r  95 percent  confidence  .intervals,  based on 
lumped data from 1 2 ,  69 and 79 measurements---.in.  each  of  the  three  years 
a re  23.18 - + 4.064, 5.25 - + 0.522- and 13.86 - +-2.345 kg day''' i n  1976, 
1977 and 1978,  respectively. The overal l   ar thnet ic  mean of to ta l  
phosphorus  1 oads, w i t h  i t s  95 percent  confidence  -intervals,  determined 

. 
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1 

from 160  data  for the three year  period  are 10.84 - + 1.704 kg  day" 

Near . the Penti cton  Airport  
A t  the s ta t ion  located  near  the Pent ic ton  a i rport ,  i n  con t r a s t  

w i t h  the s t a t i o n  below the Okanagan  Lake dam, seasonal  variation  of  total  
phosphorus  concentration is  not   s ign i f icant .  The overal l   ar i thmetic  Mean 
concentration o f  t o t a l  phosphorus,  ,and i t s  95 percent confidence 
in t e rva l s ,  derived from 1356  observations dur ing  the three-year  period 
a r e  0.017 - + 0.001 mg 1 -' . 

The a r i  thcletic means of   total  phosphorus 1 oads, and their  95 
percent coiifidei%ce-ifitFv-alZ~de'termineii-from 1-0, 89 and 83 observations 
a re  28.33 - + 4.946;  13.15 - + 1.436  and 29.31 - + 4.984 kg daye1. i n  1976, 
1977  and  1978,  respectively. From these data i t  can be not iced   tha t  the 
confidence intervals f o r  1976 and 1978 a r e  of a s imi la r  magnitude, 
although the numbers of  observations differ  s ign i f i can t ly  d u r i n g  these 
two years.  First, information'  on loads  for  1976 is  based on a l imited 
se t  of  data which  'do not represent the entire year.  Second, the loads  of 
t o t a l  phosphorus i n  1978  are  characterize'd by extrene  values,  reaching a 
naximun of  130.00 kg day" . I Nevertheless, the overall  mean of   total  
phosphorus 1 oads f o r  the three-year sampl ing period, - deterni  ned on  a1 1 
182  measurements, a r e '  21.36 - + 2.64 kg day-l. 

7 

A t  Okanagan Fa l l s  
A t  the s ta t ion   loca ted  below Skaha  Lake, a t  Okanagan Fa l l s ,  the 

bi-seasonal  variation of t o t a l  phosphorus  concentration i s  again 
' . . s igni f icant , .   fo l l  owing a s in i l   a r   pa t te rn   to   tha t   observed  bel ow Okanagan 

f Lake. The ar i thmetic  ineans,  and their 95 percent  confidence  intervals,  
t .  determined from 370 spring-summer and 248 f a l l  -winter measurements  of 

t o t a l  phosphorus concentration " a re  0.01 5 - + 0.001, 0.03 - + 0.002 mg 1-1 , 
. respect ively.  The three-year  ari thmetic rilean of L total  phosphorus' 

concentration. deterpined on a l l  618 samples f o r  the six distinct-  periods 
a r e  0.021 - + 0.001 ng 1- l .  During this entire period., a s l i g h t  
year-to-year  increase i n  to ta l  phosphorus  c.oncentration  can be observed, 
b u t '  this pat tern is  not   fo l l  owed by i t s  1 oad measurements. 
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Loads o f   t o t a l .  phosphorus below  Skaha Lake i n  terms of the 
arithmetic means, w i t h  their 95 percent confidence intervals, determined 
from 3, 84  and 76 measurements a r e  31.67 - + 6.723,  12.15 - + 0.938 and 
41.55 - + 6.51 kg day-l i n  1376,  1977 and '19713, respect ively.  Again, the 
s imi la r i ty   o f  the confidence  intervals,   observed i n  1976  and 1978, and 
the l a rge  differences between number of  observations from which loads  are  
determined can be explained,  as  previously  mentioned, by considerable 
var ia t ion   o f   to ta l  phosphorus  loads i n  1978. A maximum load  of this 
nutrient observed i n  1978 . is 111 .OO kg day-'. The three-year 
a r i   t h n e t i c  mean, and i t s  95 percen.t confidence  interval , of to t a l  
phosphorus 1 oads  calculated from a l l   163  measurments a r e  26.22 + 3.785 
kg day-l 

- 
. .  

TOTAL DISSOLVED PHOSPHORUS 

Below Okanagan  Lake dan 
A t  the s ta t ion   loca ted  below  Okanagan  Lake dam the bi-seasonal 

a4 

variation.  of  total  dissolved  phosphorus  concentration i s  s t a t i s t i c a l l y .  
no t   s ign i f icant .  The ar i thmetic  mean concentration o f  dissolved 
phosphorus,  and i t s  ' 9 5  percent confidence  interval,  determined f o r   a l l  , 

551 measurements  during the three-year period a r e  0.004 - + 0.00'02 I 

ng 1 -' . A1 so, the r a t i o  of the means of   total   d issol  ved phosphorus t o  
to ta l  phosphorus concentrations,  an indicator  of  'compositional content, 
does  not show any s ignif icant   seasonal   var ia t ion.  The overall  nean  of 
this r a t i o  and i t s  precision  deternined from a l l  . the 551 paired 
observations  during the three-year  period  are 0.51 - + 0.01 5. 

The nean loads,  and their 95 percent confidence  intervals , 
determined on 4, 61 and 79 data  are  15.00 + 7.458, 2.46 + 0.262  and 
5.50 - + 0.878 k g  day" i n  1976,  1977  and  1978,  respectively. The 

. three-year mean " of  total   dissolved phosphorus  and i t s  precis ion 
determined from a l l   144  measurements a r e  4.48 - + 0.631 kg day-l 

- - 
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Near the Penticton  Airport 
A t  the s ta t ion  located  near  the Pent ic ton   a i rpor t  the bi-seasonal 

var ia t ion  of   total   d issolved phosphorus concentration is  character ized by 

s l i g h t  increa.se i n ,  the f a l l  -winter. periods. The three-year   a r i thne t ic  
mean of  total   dissolved phosphorus  and i t s  95 percent confidence 
in t e rva l s  determined from a l l  ,1161 measurements a r e '  0.005- + 0.0001 
mg 1 . The r a t i o  o f  the means of   total   d issolved phosphorus  and to ta l  
phosphorus, w i t h  i t s  prec is ion ,   ca lcu la ted   for  1111 da ta   a re  0.35 2 0.011 
for   the ' three-year   per iod.  This r a t i o   i n d i c a t e s '   t h a t   a t  this s t a t i o n ,  by 
c o n t r a s t   t o  the s t a t i o n  below Okanagan Lake, there i s  a s i g n i f i c a n t  
decrease i n  the percentage  content  of  total  dissolved  phosphorus. 

1 
- 

Loads of  total   dissolved phosphorus show pronounced year-to-year 
var ia t ion  which i s  associated witti var ia t ion  i n  discharge.  Tie very h i g h  
var ia t ion o f  . loads i n  1976, i l l u s t r a t ed  by the confidence interval ,  i s  
based on a limited" set of data  and,  therefore, do not represent the 
changes  occurring  during the entire year.  The mean 1 oads, and their 95 
percent confidence interval  s, of   total   d issolved phosphorus determined 
fo r  2; 87 and 83 da ta   a re  17.00'+ - 5.082, 3.51 - + 0.362 and 6.70 - + 0.031 
k g  day'l. The overall  mean of   total  d i  ssol ved phosphorus.  'and i t s  
percision-calculated from a l l  172  da ta   a re  5.21 - +'0.534 kg day" 

, .  

A t  Okanagan Fa l l s  
A t  the s t a t i o n  1 ocated below Skaha Lake, a t  Okanagan Fa l l s ,  

concentration  of  total dissolved phosphorus shows s t a t i s t i c a l l y  
s ignif icant   bi-seasonal  . variation  during the 1977 and 1'978 sarnpling 
period. This seasonal  variation i s  i l l u s t r a t e d  by the a r i t h n e t i c  means 
and their precis ion,  determined from 347 spring-sunner and 239 
f a l l  -winter neasurenents ' of  total   d issol  ved phosphorus  _concentration 
rangi n'g from 0.006 - + 0.0001 .to , 0.. 01 4 - + 0.001 hg 1 -' . The two-year 
ar i thmetic  mean of  tota'l  dissolved-  .phosphorus  concentration,  and. i t s  95 
percent  confidence  interval,   calculated from a l l  586 neasurenents   are  

The ra t io s   o f  means of  total   dissolved  phosphorys  to  total  
phosphorus,  and their precision, determined from 323 sprifg-sumer and 
238 f a l l  -winter measurements a r  0.40 - + 0.010  and 0.46 - + 0.029, and the 

. 0.009 + 0.001 mg 1" . 1 
- 
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two-year mean w i t h  i t s  95 percent confidence interval s determined fo r  a1 1 
561 measurements a r e  0.42 - + 0.016. 

The ar i thmetic  mean of  total   dissolved phosphorus  loads from Skaha 
Lake and their  95 percent  confidence  interval s , determined from 79 and  76 
observations  are 5.71 - + 0.654 and  13.88 - + 3.219. kg  day-l i n  1977  and 
1978,  respectively. The two-year . arithmetic mean of  total   dissolved 
phosphorus and i t s  precis ion  calculated  f ron a1 1 155  data  are 
9.71 - + 1.722 kg day-l . 

cI1 HCLUS IONS 

' Concentration  data of  t o t a l  phosphorus  and total   d issolved 
phosphorus, 1 umped fron  sinul taneorrs  and sequential  measurements taken a t  
the three sampling  stations i n  the Okanagan River show s i g n i f i c a n t  
bi-seasonal  variation. 

A t  the s t a t ions  1 ocated bel ow Okanagan and  Skaha Lakes 
significantly  higher  concentrations  of  total .   phosphorus  are  observed 
during the fall-winter  period  than  during the spring-sunner  period. . This 
pat tern o f  seasonal  changes i n  tota.1  phosphorus  concentration  establ ished 
bel ow the two 1 akes i s  disturbed a t  the s ta t ion   near   the   a i rpor t .  This 
disturbance i s  ascr ibed   to  the effect  of  total  phosphorus i n p u t s  fron the 
municipal ou t f a l l  and t r ibu ta r i e s ,   Sh ing le  and Ellis  Creeks. 

B i  -seasonal d i  fferences of  t o t a l  d i  ssol ved phosphorus 
concen t r a t , i on   a r e   s t a t i s t i ca l ly   s ign i f i can t  a t  the s ta t ion   near  the 

. a i r p o r t  and  below  Skaha  Lake. A t  these s ta t ions  concentrat ion o f  t o t a l  
dissolved phosphorus i s  higher during  fa l l -winter  periods than  during 
spri ng-sunner  periods. 

The overa l l   ra t io ,  and i t s  confidence  intervals ,  o f  t o t a l  
dissol ved ' phosphorus t o   t o t a l  phosphorus , an ind ica tor  of cornposi t ional  
content ,   var ies  i n  the' range  of 0.51 (+0.015), - 0.347  (+0.011 - and 
0.423 (+O.Ol6) - a t  the s t a t ions  below  Okanagan Lake, near the a i r p o r t  and 
bel ow Skaha Lake , respec ti vel y . 

The downstream increase,  between the s t a t i o n  below  Okanagan  Lake 
and that   near  the a i rpor t ,   o f  the overall  means of   total  phosphorus  and 

. 

. 
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1 -  total dissolved phosphorus concentrations i s ,  approximately, 83 and 25 
percent,  respectively. Further downstream, the  concentration  increase 
between the s t a t ion  near the airport and t h a t  below Skahg Lake i s ,  for 
total phosphorus' and total dissolved phosphorus, approximately 24 and 80 
percent,  respecti vel y . 

The  most  pronounced changes occurring i n  the river reach are  the 
year-to-year changes i n  1 oads of  t o t a l  phosphorus and t o t a l  dissolved 
phosphorus.  caused by variation  in  the  discharge. The  downstream 
increase, between the  station  located below Okanagan Lake and t h a t  near 
the airport, in terms o f  means o f  total phosphorus and total  dissol ved 
phosphorus i s ,  ' approximately, 97 and 16  percent,  respectively. The 
i-ncrease, between the stations near the a i r p o r t  and t h a t  belo\-/ Skaha Lake 
i s ,  for  t o t a l  phosphorus and t o t a l  dissolved phosphours, approximately, 
22 and 87  percent,  respectively. The contrasting  increases o f  loads of 
these phosphorus forms . evidently under1 ine  the differing behaviour of  
river reach compared w i t h  lake system.  Sources of  the two phosphorus 
forms- analysed include ,effluent from the waste treatment  plant, and a 
number of non-point  sources, such as Okanagan Lake,- Shingle and El 1 i s  

' Creeks watersheds and Skaha Lake. The na jor  increase i n  t o t a l  phosphorus 
1 oading i s .  associated w i t h  p o i n t  source waste treatement p l a n t  and the 
n o n - p o i n t  source Shing1.e and El  1 i s  Creek watersheds. The nonpoin t  source 
Skaha Lake contributes the major' increase i n  t o t a l  dissolved phosphorus. 

HITRATE PLUS t.IITRITE 

Below Okanagan Lake dam 
A t  the station  located bel 01.1 Okanagan Lake dam, the  arithmetic 

cleans, and their 35 percent confidence interval s ,  of ni trdte .pl us ni t r i te  
concentrations, determined from 542 spring-sunoer and 242 fa1 1 -winter 
measurements, taken - d u r i n g  the . pe.riod from 19.76 t o  1979, are 
0.006 - + 0.001 and 0.036 - +'0.001 mg 1"l, respectively. The three-year 
arithmetic mean and i t s  .95 confidence interval, determined from a l l  784 
measurements are 0.01 6 - + 0.001 mg 1-1 
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The three-year mean r a t i o ,  and i t s  precis ion,   deternined from  784 
paired observat ions  of   ni t ra te  pl  us n i t r i t e ,  t o  total   n i t rogen 
concentrat ions  are  0.079 - + 0.006. The bi-seasonal  variation  of this 
r a t i o  i s  s t a t i s t i c a l l y   s i g n i f i c a n t ,  showing considerably  higher,   content 
o f  n i t r a t e  pl us n i t r i t e  d u r i n g  the. fa1 1 -winter than i n  spring-sunmer 
periods . 

Loads of n i t r a t e  p l u s  n i t r i t e  below Okanagan  Lake dam show very 
pronounced year-to-year  variation. The ar i thmet ic  means,  and their 95 
percent confidence  intervals ,   of   n i t ra te   plus  n i t r i t e  determined from 14, 

-= 69  and 79 observations  are 69.55 - + 27.91 , 4.49 - + 1.038  and  23.34 - + 7.1 2 
kg day-' i n  1976,  1977  and  1978,  respectively. The three-year clean of 
n i t r a t e  plus Ri-tri t e  load and  i t s  precis ion,  derived from a1 1 162 
ohservat ions  are  19.31 - + 4.924 kg day-'I . . 

Okanagan River near the Penticton  Airport 
A t  the s ta t ion  located  near  the Pent ic ton  a i rport ,  the ar i thmetic  

means, a.nd their prec is ion ,   o f   n i t ra te  plus n i t r i t e  concentrations 
derived from 1078 spring-sunner and 574 f a l l  -winter neasurenents, taken 
d r u i  ng the period from  1976 t o  1979,  are 0.024 + 0.002 and 0.060 + 0.007 
mg l ' l ,   respect ively.  The three , year  mean, and ' i t s  95 percent 
prec is ion , .   o f   n i t ra te  plus ni t r i te  concentration  based on a1 1 1652 
observat ions  are  0.036 + 0.003 ng 1 - I .  

- - 

- 
The three-year mean r a t i o ,  and i t s  precision,  deternined from 1652 

paired  neasurenents  of  nitrate p1,us n i t r i t e  concentrat ion  are  
0.088 - + 0.004. The bi-seasonal  variation  of this r a t i o  is  s i g n i f i c a n t  
showing s igni f icant ly   h igher   conten t   o f   n i t ra te  plus n i t r i t e  during the 
fa1 1 -winter than  during the spri ng-sumer  periods. 

Loads of   .n i t ra te  plus n i t r i t e ,  a t  the s ta t ion  located  near  the 
Pent ic ton  a i rport ,  show significan,t   variation  during the period from 1976 
t o  1978. T h e  a r i  thrnetic mean and -its precis ion,  o f  n i t r a t e  plus n i t r i t e ,  
deternined from 18, 97 and 83 observations  are 64.89 + 25.345, 
26.152 + 4.935  and 50.65 + 7.38 kg day-' . i n  1976,  1977  and"  1978, 
respect ively.  The three-year mean of these loads and i t s  precis ion,  
determined from a1 1 1 98 observations  are 39.94 - + 4.837 kg day-l. 

- 
- - 

C 
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Okanagan Fa1 1 s 
A t  Okanagan Fa1 1 s ,  bel o \ ~  Skaha Lake, the ar i thmetic  means,  and 

their 95 percent  confidence  intervals,   of nitrate plus . n i t r i t e  
concentrat ions,  determi,ned from 41 7 spring-summer  and 260 . fa l l  -winter 
measurements  during .the period from 1976 ' to  1979 are 0.005 - + 0.002 and 
0.041 - + 0.005 mg 1 -'. The three-year arithmetic nean, and i ts  
prec is ion ,   o f   n i t ra te  plus ni.trite concentration determined from  677 
measurements a r e  0.019 - +0.003 mg 1 -'. 

The three-year ' clean concentrat ion  ra t io ,  and i t s  95 percent 
conf.idence  interval s , determined from  677 paired measurements  of n i  t ra te r  
p l u s  n i t r i t e  and to t a l  nitrogen a r e  0.051 + 0.007.  -Also,,at t h i s ' s t a t i o n  
the bi-seasonal  differences ' i n  content   of   ni t ra te  plus n i t r i t e  a r e  
s t a t i s t i c a l l y   , s i g n i f i c a n t .  Nitrate plus n i t r i t e  content i s  higher dur ing  
the f a l l  -winter than d u r i n g  t h e  spring-summer per iods.  

',' 

- 

\ Loads o f  n i t r a t e  plus n i t r i t e  a t  the s t a t i o n  1 ocated bel ow Skaha 
Lake show s t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e s  d u r i n g  the period fro13 
1976 to 1978. The arithrnetic means, and 35 percent confidence in t e rva l s ,  
o f   n i t r a t e  plus n i t r i t e  1 oads determined from 3, 89 and 76 observations I 

a r e  37.17 - + 71.033,  8.13 - + 2.845 and  36.80 - + 13..615 kg day-l i n  1976, 
1977 and '1 978, respect ively.  The three-year mean o f  n i t r a t e  plus n i t r i t e  
1 oad,  determi ned from a1 1 168 observations. 'are 21.61 7 - + 6.651 kg day-l 

. .  

Relow Okanagan. Lake darn 
- A t  the s ta t ion   loca ted  below Okanagan Lake, annonia  concentration 

i s  characterized by s t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e s  between the 
spri ng-sumer ' and the fa1 1 -winter periods, from 1976 t o  1979. The 
ar i thmetic  means,  and t h e i r  95, .confidence  intervals,   of amr,!onia 
concentration determined from 542 spring-sunner and 242 fa1 1 -winter 
measurements are '  0.039 - + 0.004 and 0.009 - + 0.002 tag 1 - l .  Th e 
three-year  nean, 'a'nd i t s  prec'ision, of itmonia  concentration determined 

.. 

from a l l  784 neasurctxints  are 0..03 + OO3'mg 1 -1 - 
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. 
There i s  a very pronounced bi-seasonal  variation  of the r a t i o   o f  

ammonia t o  n i t r a t e  plus n i t r i te  concentration. The clean r a t i o s ,  and 
' .  their precis ion,  determined from  542 paired spring-summer  and 242 paired 

f a l l  -winter measurememts are 15.51 + 1.320  and  0.330 + 0.073, 
respectively. A s i m i l a r   r a t i o ,  and i t s  precis ion,  on the three-year 
bas i s ,  determined from a l l  784 paried measurements  of ammonia and n i t r a t e  

p lus  n i t r t t e ,  . a r e  10..825 - + 1.415. 

- 

- - 

Also, a r a t io   i nd ica t ing  the annonia content of  total   nitrogen 
shows s t a t i s t i ca l ly   s ign i f i can t   b i - seasona l   va r i a t ion .  The clean ratios, 
and their  95 percent confidence  intervals ,  determined from  542 paired 
spring-sunner .and 242 f a l l  -winter measurements a r e  0.166 - + 0.01 2 and 
0.045 - + 0.007,  respectively.   Similarly,  i n  terms of a l l  784 paired 
measurements  of ammonia and total   n i t rogen  concentrat ions the r a t i o ,  and 
i t s  prec is ion ,   a re  0.1 28 - + 0.010. 

Loads of ammonia, a t  the s t a t i o n  below Okanagan  Lake dam, are 
characterized by pronounced  annual  changes  during the period,  1976 t o  
1978. The arithmetic  neans and their  95 percent  confidence  intervals,  
determined f ron   14 ,   69 '  and 79 observations  are 39.28 + 23.132, 
23.39 - + 6.826  and  64.79 - + 17.333 kg day-'in  1976,  1977  and  1978, 
respect ively.  The three-year  ari thmetic mean, and ' i t s  precis ion,  
deterni  ned  from a1 1 162,  amonia 1, oad da ta   a re  44.95 - + 9.523 kg day-' . 
Near the Penticton  Airport 

. 
- 

A t  the s ta t ion  located  near  the Penticton  airport ,   annonia 
concentration shows a barely  significant  bi-seasonal  variation. Tie 
ar.ithmetic means,  and their 35 percent  confidence  intervals,  of  annonia 
concentration derived from 1078  spring-sunner and 574 fa1 1 -winter 
measurements  during the perid from  1976 t o  1979 a re  0.145 + 0.007 and 
0.205 - + 0.016 ng -', respect ively.  The three-year. mean, and i t s  95 
percent confidence  interval , calculated from a1 1 1652  nesurenents  are 
0.166 - + 0.007 mg -'. 

- 

The r a t i o ,  and i t s  precision, determined on 1078  paired 
spring-sunner and 574 paired  fa l l  -winter measurements  of ammonia and 
n i t r a t e  plus n i t r i t e  concentrat ions  are  8.015 + 0.325  and 4.921 + 0.290, 

I 

i l  

- - 
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respectively.  The three-year   ra t io ,  and i t s  I precision,  of  al l   1652 
paired measurements of amonia and n i t r a t e  plus n i t r i t e  a r e  6.721 - + 0.250. 

On the o ther  hand,. content o f  ammonia i n  total   nitrogen  does  not 
show bi-seasonal  variation. The three-year mean r a t i o ,  and i t s  
precis ion,  determined from a l l  1652  paired measurements of ammonia and 
to ta l   n i t rogen   a re  0.366 - + 0.009. 

Loads o f  ammonia, near the a i r p o r t ,  expressed as  the ar i thmetic  
means, and their  95 confidence  interval s , determi ned from 18,  97 and 83 
observat ions  are  234.67 - + 45.250,  152.110 - + 12.385 and 113.370 - + 12.825 
kg day" i n  1 976, 1 977 and  1978, respecti vel y. The three-year 
a r i t h n e t i c  mean load,  and i t s  precision, of  amnonia derived f rom a l l   198  
observations are 143.38 - + 10.075 kg day-'. 

Okanagan Fa1 1 s 

A t  the ' s t a t ion   l oca t ed  below Skaha.  Lake, a t  Okanagan .Fa1 Is ,  the 
bi-seasonal  changes o f  amonia   concent ra t ion   a re   i l lus t ra ted  by the 
following  data. The arithmetic  neans,  and their  precision, determined 
from 417 spring-summer  and 260 f a l l  -winter measurements .are 0.039 - + 0.007 
 and^ 0.129 - + 0.041 mg 1-1 , respectively.  The. three-year  ari thmetic mean 
and i t s  95 ' percent  confidence  interval , cal cul ated from a1 1 677 
measurements, a r e  0.073 - + 0.01 7 mg 1 -' . 

The rilean ra t ios   o f  ammonia t o   n i t r a t e ,  pl us n i t r i t e  and their 
precision,  determined from 417 paired  spring-sumer and 260 fa l l -win ter  
neasurements  are 12.61 - + 2.037  and 14.83 - + 5.479, respect ively,  and on 
the three-year  basis this r a t i o ,  and i t s  precis ion,  determined 'from a l l  
677 paired  measurements are 13.46 - + 2.44. 

The three-year mean r a t i o ,  and i t s  precis ion,  o f  amonia  and  
n i t r a t e  pllm nitri te concentrations,  determined on a l l  677 paired 
neasurenents,   are 0.1 05 - + 0.011. 

Loads of ammonia , bel ow Skaha Lake,. i n  t e rns  ' o f  the ar i thmetic  
neans  and their 95 percent  confidence  interval s ,  determi ned from 3 ,  84 
and 76 observations  are 28.53 + 41,277,  14.13 + 6.032 and '350.24 + 220.92 
k g  day-' i n  1976,  1977 and 1978,  respectively. The three-year 
ar i thmetic  mean of  amonia  load, and i t s  precis ion,  determined on a l l   1 6 3  
observations  are 1 66.43 - + 1 01.982 kg day-'. 

* - - 
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ORGANIC  N1TROGEf.I 

. 

Below Okanagan Lake darn 
A t  the .   s ta t ion  located below Okanagan  Lake dam, organic nitrogen 

does  not show signif icant   bi-seasonal   var ia t ion d u r i n g  the period 1976 t o  
1979. The ar i thmetic  mean, and i t s  95 percent  confidence  interval , 
determined from a l l  784 observations a re  0.1 5 - + 0.003 mg 1-1 

Content of  organic nitrogen, expressed  as the mean r a t i o ,  and i ts  
precision,  of ' organic  nitrogen and total   n i t rogen  concentrat ions,  
determined on 784 pa i r  observations are 0.792 - + 0.009. 

Loads of  organic nitrogen, bel ow Okanagan Lake dam, i s  
character ized by pronounced  changes d u r i n g  the period 1976 t o  1978. The 
three-year ari thne t i c  mean, and' i t s  precision,  determined on 162 
observations are 186.83 - + 22.25. kg day-l. 

kg day". 

Okanagan Fa1 1 s 
A t  t he   s t a t ion  1 ocated bel ow Skaha Lake, a t  Okanagan Fa1 1 s the 

three-year  arithmetic  nean, and i t s  95 percent  confidence  interval,  of 
organic  nitrogen  concentration  calculated from 677 observations  are 
0.489 + 0.088 ng 1-1 - 

The three-year  ari thmetic nean r a t i o  of  organic  nitrogen and to t a l  
nitrogen  concentrations,  and i t s  precis ion,  determined from 677 

. 
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measurements a r e  0.844 - + 0.012. 
The three-year mean, and i t s  95 percent  confidence  interval , of-  

organic  nitrogen  load  determined from 168  observations  are 
779.44 - + 249.84 kg day-l 

TOTAL NITROGEN 

Below  Okanagan  Lake dam . '. 

A t  the   s ta t ion  located below Okanagan  Lake dam concentration  of 
total   nitrogen is  characterized by ' s ta t i s t ica l ly   s ign i f icant   b i - seasonal  
var ia t ion dur ing  the period from 1976 t o  1979. The arithmetic means, and 
t h e i r  95 percent  confidence  intervals,  determined from 542 spr ing-sumer 
and 242 fall   -winter measur,ements of  total  nitrogen  concentrations  are 
0.205 - + 0.004 and 0.195 - + 0.010 ng l- ' ,  respectively.  The three-year 
ari thmetic mean, and i t s  precision,  deterninedc from a l l  784 measurements 
of  total  n i  tr.ogen  concentrations  are 0.202 - + 0.004 mg 1-l 

Loads o f  to ta l   ,n i t rogen   a t  the s t a t i o n  .bel ow Okanagan Lake, i n  
t e rns  of the ar i thmetic  means and t h e i r  95 percent   confidence  l ini ts ,  
determined from 14 spring-summer and 69 f a l l  -winter measurements a r e  
527.29 - + 47.23  and  137.12 - + 15.34 kg day-', respectively.  The 
three-year mean, and i t s  precision,  of  total  nitrogen 1 oad calculated 
fron 162  observations  are 251 . l l  - +' 29.79 ky  day-! .. 

Near the  Penticton  Airport 
A t  the   s ta t ion  located  near   the  Pent ic ton  a i rport ,   the   ar i thnet ic  

means,. and t h e i r  95 precent  confidence  interval s, determined  fron  1078 
spring-summer  and 574 fa1 1 -winter measurements  of total   nitrogen 
concentrations  are 0.358 - + 0.009 and  0.465 - + 0.026 mg 1-1 The 
three-year  arithmetic mean and i t s  95 percent  confidence  interval, of 
total   nitrogen  concentration  cal  cul ated from a1 1 1652 observations 
obtained  during the period from 1976 t o  1979 a r e  0.395 - + 0.011 mg 1- '*  

Load of total  nitrogen,  expressed  as the three-year  arithmetic 
mean and i t s  precision,  calculated from 198  observations  are 
410.88 - + 26..715 kg  day-'. 

/ 
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Okanagan Fa1 1 s 
A t  the s ta t ion   loca ted  below Skaha Lake, a t  Okanagan Fa l l s ,  

concentration  of  total   nitrogen shows s t a t i s t i c a l l y   s i g n i f i c a n t  
bi-seasonal  variation  during the sampling  period from  1976 t o  1979. The 
a r i  thrnetic means, and their 95 percent confidence  interval s, determined 
from 417 spring-sumner  and 260 f a l l  -winter measurements a r e  0.498 - + 0.137 
and 0.71 6 - + 0.094 mg 1-1 , respectively.  The three-year  ari thmetic 
mean, and i t s  presis ion,  o f  total   n i t rogen  concentrat ion,  determined from 
a l l  677 observat ions  are  0.582 + 0.002 ng . 

Loads of  total   nitrogen from Skaha Lake are   character ized by very 
pronounced  annual variation  druing the period from 1976 t o  1978. The 
ar i thmet ic  means, and their 95 percent confidence  intervals ,   of   total  

-1 - 

nitrogen  loads determined from 3,  89 and 76 observat ions  are  
585.67 - + 53.125, 224:lO - + 39.120 and  1853.90 - + 581.9 kg day'l i n  1976, 
1977  and  1978,  respectively. However, load   da ta   for  the f i rs t  yea r   a r e ,  
as  previously  stated,   based on very  1 i n i t e d  number of  observations  and, 
therefore ,   a re   no t   representa t ive   for  the entire year  of 1976. 

L SILICA 

Below  Okanagan  Lake dam 
, .  

A t  the s ta t ion   loca ted  below Okanagan Lake, concentration  of 
dissolved  s i l ica   does  not  show any s i g n i f i c a n t  temporal  changes  during 
the period from 1376 t o  1978. The three-year  ari thmetic mean and i t s  95 
percent confidence  interval,  determined from 771 measurements a r e  
4.65 - + 0.022 mg 1 - l .  

The th ree-year   a r i  thrnetic mean, and i t s  precision,  of  dissolved 
s i l i ca   l oad   ca l cu la t ed  from 158  observations  are 5697.6 + 752.4 
kg day-1. 

- 

. 
Near the Penticton  Airport 

A t  the s ta t ion  located  near  the a i r p o r t ,  the three-year   ar i  thrnetic 
clean,  and i t s  95 percent confidence  interval , determined frow  1274 
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measurements a re .  5.56 - + 0.055 ng 1 -’ 
The three-year  ari thmetic.  mean, and i t s  precision,  of  dissolved 

s i1   ica   load,   calculated from 182  observations  during the period from 1976 
t o  1978,  are 6277.7 - + 376.7 kg ‘day-’. 

Okanaaan Fa1 1 s 
A t  t h e  s t a t i o n  1 ocated bel ow Skaha  Lake, concentration of 

dissolved  si1 ica i s  characterized.  .by a very pronounced bi-seasonal 
variation  observed,  during the period from 1376 ’ t o  1979. ?he ar i thmetic  
means,,  and their  95 percent confidence  ,interval s, deternined from  390 
spring-sunner and 2636 f a l l  -winter measurements are   1 .08 - + 0.076  and 
.2.13 - + 0.162 mg 1 - l .  The’ overall mean, and i t s  precision,  of  dissolved 
si1 ica concentration,  -derived from a l l  626 measurements a r e  1.475 - + 0.087 
mg 1 -I .  

Loads o f  dissolved  s i1   ica  from  Skaha Lake determined f o r  the 
period from 1977 t o .  1978 i n  terns  of the a r i   t h n e t i c  cleans,  and their  
precis ion,   calculated from 88 and 76 observations,   are 11 21.5 + 235.02  and 
2117.9 + 376.7 kg day-’ ‘ i n  1977 and 1978,  , respectively; The two-)lear 
ar i thmetic  mean and . i t s  precision,  of  dissolved si1 ica  load, determined 
from al l   164  observat ions  are  1583.2 + 226.35 kg  day”. 

- 
- 

,. , - 
L 

COt4CLUSIOMS 

fdi trogen 
Nitrogen  in the invest igated Okanagan River reach, i s  

characterized by different   behaviour   of   ni t ra te  plus ni.trite loads i n  
conpari son wi t h  aclnoni a 1 oads . 

Load o f   n i t r a t e  plus nitr i te shows, i n  terns   of  the overall  mean 
load  for  the three year  period, a s t a t i s t i c a l l y   s i g n i f i c a n t   i ’ n c r e a s e  
a1 ong the river reach between s t a t ions  1 ocated helow  Okanagan  Lake and 
near the a i r p o r t ,  b u t ,  there i s  -a   s ignif icant   .decrease  of  the n i t r a t e  
plus n i t r i t e  load below Skaha Lake‘. A1 so, during the nutrient dispersion 
study,  conducted i n  the Okanagan River a t  Penticton, the major  increase 
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of nitrate plus n i t r i t e  was found bel ow Shi ngl e Creek.  This creek drains  
a watershed characterized by 1 i g h t  soils and, i n  i t s  lower par t ,  by 
agricultural  activi.ties. In l i g h t  soils,  nitrate ions are weakly 
adsorbed and are  readily leached by flow after prolonged and persistent 
rain. Consequently, i n  the Okanagan River,  higher  loads of  nitrate plus 
ni t r i te   are  observed d u r i n g  the fa1 1 -winter rather. t h a n  during 
spring-sunner  seasons. 

Loads of ammonia , by contrast t o  nitrate pl us ni t r i te  , show a steep 
gradient along the  river reach. The highest  levels of ammonia load  are 
observed a t  the station near the airport. According t o  results from the 
nutri-ent-di-spersi-on----study, the-major source of ammonia i s  the  Penticton 
waste treatment  plant. However, dur ing  the summer season, Okanagan Lake 
contributes a significant portion of the ammonia load t o  the Okanagan 
River. Bel ow Skaha Lake, on the other hand, the  highest ammonia 1 oads 
are observed 'during winter seasons. 

I 

Loads o f  t o t a l  nitrogen show a steep g r a d i e n t  a long  the river 
reach and a statist ically  significant seasonal v a r i a t i o n  d u r i n g  the  three 
year period. A very high .increase i n  t o t a l  nitrogen 1 oad i s  observed 
near the a i r p o r t  b u t  a1 so bel ow Skaha Lake, particularly i n  the 
fall-winter seasons,  indicating t h a t  this  lake  is a significant source of 
t o t a l  nitrogen. 

Si1 ica  
Concentration of si l ica shows a significant  increase i n  the river 

reach between the stations below Okanagan Lake and near the a i r p o r t  b u t  
there  is a h igh ly  si'gnifi.cant decrease of s i l ica  concentration below 
Skaha Lake. 

A t  the  station near the a i rpor t ,  a maxinun si l ica concentration 
occurs i n  the  spring  seasons, d u r i n g  the  periods o f  a peak discharge from 
Shingle and E l  1 i s  Creeks. On the other hand, bel ow Skaha' Lake d u r i n g  the 
early spring and summer seasons, si l ica shows a m i n i m u m  concentration 
reaching the  detection limit of  the analyt ical  nethod. 

The occurrence o f  minimum concentration of  si l ica d u r i n g  the 
spring-summer seasons observed i n  discharge from Skaha Lake indicates 

. 

. 
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that  silica  lini 'tation may be significant i n  control1 ing '  peak levels of 
diatoms i n  spring. The seasonal changes o'f si1 ica  concentration,' observed 
i n  this discharge can provide impor tan t .  information. on diatom growth i n  
the  lake. Diatoms have a special requirement for  silica  that  nost  other 
algal groups do n o t  share.  Silica, i n  the form available t o  algae 

. ', 

. (measured as  soluble,  reactive  si1  ica)  is  required by diatoms t o  .form , 

siliceous  cell walls. If  available  silicon  levels f a l l  t oo . lo \ J ,  (0.1-0.2 
ng 1-l S i02)  the diatoms  can no longer meet this requirement, and they are 
replaced by other forms, usually green and blue-green a1 gae, yhich do n o t  
require s i l ica .  The  probl.ern associated w i t h  s i l i ca  depletion i s  the 
reverse of t h a t  of  phosphorus, thus , i ncr-easing-concentra-ti-ons of --- 

/ phosphorus a l l  ow increased a1 gal growth and produce shif ts  t o  1 ess 
desirable  types. On the  other hand, decreasing,  cpcentrations of  si1  ica 
cause shifts away from desirable  types. The .implication for water 

. management i s  t h a t  there is  -no necessity. t o  limit.  silicon  input. B u t ,  
the proposed phosphorus objectives should  reduce algal ,growth and t h u s  

' eliminate silica  deficiencies. L 

Loads of si l ica  are characterized by a statist ically  significant 
in'crease- near the a i rpo r t ,  .particularly d u r i n g  the  spring season. The 
%ributary creeks are a significant  !source of si1  ica 1 oads t o  the Okanagan 
River i n  the  Penticton  area. There i s  a significant decrease of s i l i ca  
1 oad bel O\J Skaha  Lake as a resul t o f  the very 1 ow concentration of  si1  ica 
i n  the  discharge from this  lake. I 
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1 INTRODUCTION 
1.1  Probl em 

In the ' Okanagan Basin,  water management faces  water  quantity 
problems  (Marr,  1976) and water qua l i ty  problems indicated i n  the 
Okanagan Basin Study (Canada - British Col umbia  Okanagan Basin  Agreement, 
1974). 

Water quant i ty  problems are   associated w i t h  low net inflow t o  the 
Okanagan Basin 1 akes.  Despite 1 arge  capacity  of  the 1 akes, a water 
shortage i n  the valley  'has  about ten percent  chance of occurrence i n  any 
year  because  of  irrigation  requirements  for  approximately 25,000 ha of 
1 and (Marr,  1970).  Flooding which has  occurred once every f i f t e e n  and 
ten years i n  the areas  around Okanagan and Osoyoos Lake has 1 ed t o  
construction  of  control  dam a t  the mouths o f  Okanagan  and Skaha lakes.  

.~ In the past  decade,  prevention  of  undesirable  water  quality , 

conditions i n  the Okanagan vall ey 1 akes and some tributary  streams  has 
assumed great  importance  to  water management because  of i n t ens i f i ed  
socio-economic ac t iv i ty '   ' ad jacent   to  the . lakes.  The water qual i ty  study 
i n  the  basin  (the  Study,- - c i t )   i n d i c a t e d   t h a t  i n  ce r t a in   t r i bu ta ry  
streams the observed h i g h  coli.form  counts, oxygen def ic ienc ies ,   tu rb id i ty  
.grid .conceqtration  level s ,of  iron, manganese  and  phosphorus  can adversely 
a f f ec t   qua l i t y  of  water supplies f o r  d r i n k i n g ,  fish propagation and other  
uses.   Significantly h i g h  nutr ient   loads were detected i n  the inputs t o  
main  Val1 ey  1 akes. In these 1 oads,  phosphorus was identified as  one of 
the major nu t r ien ts  promoting eutrophication  of  lakes. Also,  control  of 
this nut r ien t  nay be the most successful means to   .prevent   deter iorat ion 
i n  water qual i ty  resul t i n g  from undesirable growth of  aquatic  plants and 
a1 gae. 

The origin  of nutrients and other  water  pollutants stems primarily 
from agricultural   run-off,   industrial  and nunici-pal  waste  effluents , 
sep t i c  tank  sources,  concentrations  of  livestock, and natural and 
accelerated  erosion. The prevention  of  pollution. from these  sources 
through  appropriate pol 1 ution 
the recommendations for  water 
basin (Sumnary Report  of the 

control programs was the essent ia l   par t  o f  
management measures t o  be undertaken i n  the 
Okanagan Basin  Study,  d974).  Consequently, 

- 

. 

. 
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i n  the  remedial  actions  which were undertaken i n  the   bas in   the ' reduc t ion  
of  phosphorus became the  major   ob ject ive i n  water management measures. 

I n   t h e   s c i e n t i f i c   l i t e r a t u r e ,   v a r i o u s  a1 ternatives  are  suggested 
fo r   p revent ion   o f   water   qua l i t y   de ter io ra t ion  and eutrophicat ion  of   lakes 

(Likens,  1972). It i s   o f t e n  emphasized tha t   t he re   a re  many unce r ta in t i es  
i n   t h e  development  of  water' management a l t e rna t i ves .  . As a c o n t r i b u t i o n  

to   the   s tudy   o f   water   qua l  i ty c o n d i t i o n   i n  Skaha Lake , Hershman and 
Russell , (1  976)  defined  probable  future  trends i n  water  qual i ty of  the 
1 ake under , a v a r i e t y  ' o f  management a1 te rna t i ves  -assuming ' a d i r e c t  
r e l a t i o n s h i p  between  phosphorus loading and ' t roph ic   s ta te   o f   t he   l ake .  
Williarns,  (1973) i n  the  geolog ica l   s tudy  o f   the Okanagan' rnainstem lakes 
s t a t e d   t h a t   t h e r e   i s  an uncer ta in ty  as t o  whether  n i t rogen  rather  than 

phosphorus may be t h e   n u t r i e n t  1 i m i t i n g   f a c t o r   i n   t h e  1 akes. 

I 

General ly  the  water management problems im the Okanagan Basin  can 

be  grossly  categorized  .as: 
(a)   P lanning,   admin is t ra t ion and ins t i tu t iona l ,   des ign   appropr ia te   fo r  

nul   t i -purpose use  of  the  basin  (Canada-British Columbia Okanagan 
Basin Agreement, 1974). 1 

(b)  Physical  , chemical and b io log ica l   p rocess   man ipu la t ion   to   n i t iga te  
lake  eutrophicat ion  t rends.  (Marr,  1.970; Patalas and  Sal k i  , 1973; 
F1 eming  and Stockner, 1975;  Hershnan  and  Russel 1 , 1976) 
I n  February 1976, the ' Canada-Brit ish Columbia Okanagan Basin 

Implementation Agreement was signed  af ter   remedial   act ions had been 
undertaken  to  reduce phosphorus loads  f rom  municipal .   t reatment  p lants  in,  
the Okanagan Basin. I n  summer 1976, a f ive-year  water qual i ty  oon i   t o r i ng  

program was i n i t i a t e d .  
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. 
Qual i ty Branch, In1  and Waters D i rec to ra te  were: 

i )  de te rm ina t ion   o f  changes i n  concentrat ions  of  primary . 
n u t r i e n t s  measured i n  the Okanagan River  reaches  bel ow major ' 

p o i n t  sources, 
ii) q u a n t i f i c a t i o n  o f  nu t r ien t   loads ,   w i th   known.   p rec is ion ,   to  

lakes   loca ted  downstream of   t reatment   p lants ,  
i ii assessment of   year- to-year  t rends i n   n u t r i e n t   l o a d s .  
The n u t r i e n t  1 oadi  ng  program was ca r r i ed   ou t   f rom  Ju l y  1976 t o  March 
1979 in .   t he   sou the rn  Okanagan Basin, i n   t h e   P e n t i c t o n  and O l i v e r  
areas.  This  report   deals  only  wi th  the  Pent icton  area. 

( b )  The overa l l   ob ject ives  o f   the  water   qual  i ty n o n i   t o r i n g  program  are: 
i )   t o  ' provide  water  nanagenent  with  information on the 

e f fec t i veness   o f   reduc ing   nu t r ien t   loads  t o  the  raainstrean 
lakes, and " 

i i To. evaluate  the adequacy o f   t he   wa te r   qua l i t y   da ta  base f o r  
water  resources  planning. 

The components o f   t he   wa te r   qua l i t y  program were: 
a )  waste  treatment  project  undertaken  by Waste  Management Branch, 

B. C. M i n i s t r y   o f  Environment 
b )   nu t r i en t   l oad ing   s tudy  as described i n   t h i s   r e p o r t  

c lake  response measurements performed by the  Environmental 
Protect ion  Service  of   Environment Canada 

2. BACKGROUI-ID 

2.1 EutroDhication 
Eutrophication  describes  the  process whereby a water body  becoming 

b e t t e r   n o u r i s h e d   e i t h e r   n a t u r a l l y   b y   m a t u r a t i o n   o r   a r t i f i c i a l l y   b y  
f e r t i l i z a t i o n .  The process,  broadly  defined as n u t r i e n t   o r   o r g a n i c  

Ratter  enrichment, c a n   t h e n   r e s u l t   i n   h i g h   b i o l o g i c a l   p r o d u c t i v i t y   i n  an I 

aquat ic ecosystem ,(Rodhe, 1969). 
The 1 imnol  ogical 1 i te ra tu re   suppor ts  a concept  of  trophic 

e q u i l i b r i u m  such as that  introduced  by  Hutchinson (1969).  According t o  
t h i s  concept  the  progressive changes tha t   occur  as a 1 ake ages c o n s t i t u t e  
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an ecological  succession  effected i n  ' p a r t  by the ctiange i n  the shape  of ... 

decreases,  the  resul t i n g  shall  owness ' increases  the cycl i n g  of avail  ab1 e 
nutr ients  and this usually  increases  primary.  production.  Artificial   or 
cultural   eutrophication  of  ' :water,   particularly,   lakes,   resul. ts:   fron 
increased nutrient supplies  through human a c t i v i t i e s .  The time scale   of  ' 

natural and cultural   eutrophication i s  the main contrast .  

- the 1 ake  brought  about by i t s  f i l l  ing .  As the 1 akes  f.il1.s and the vol une 

Lakes have been c l a s s i f i e d  i n  accordance : w i t h  their t rophic   level  
o r  bathymetry as  eutrophic, 01 igotrophic,  mesotrophic,  or  dystrophic 
(National Academy of  Sciences,  1969). A typical  eutrophic  lake  .has a 
high  surface-to-volume  ratio, and an abundance , of nutrients  producing 
heavy  growth  of aquatic  plants and other  vegetation; i t  contains  highly 

. .  

organic  sediments, and may have seasonal  or  continuous low 
dixsolved-oxygen concentrations i n  its- .. hypolj-nnjan. - The drainage basin 
which ' a7 fec t s  the conposition  of  water  'can  influence sediment of lakes ,  

- .  thus sone  hardwater  eutrophic  lakes have calcareous sediments. A typical 

-. 

ol  igotrophic  lake  has a l.ow surface-to-volune  ratio, a .nutrient content 
that  supports  only a .low.  '-level 0.f aquatic  productivity,  a h i g h  
dissol ved-oxygen concentration extending t o  the deep waters, and 
sediments  largely  inorganic i n  composition. The charac te r i s t ics   o f  
mesotrophic 1 akes 1 i.e between those  of  eutrophic and ol igotrophic  lakes. 

1 ow pH, a reduced rate  'of  bacterial  decomposition, bottom sediments 
usually composed o f  p a r t i a l l y  decomposed vegetation, and 1 ow aquatic 
biomass productivity. 

'> A dystrophic  lake has brownish water from humic mater ia ls ,  a r e l a t ive ly  

In deep lakes-  w i t h  no n-ajor  surface  or  subsurface  drainage or \ti t h  
nutrient-poor  drainage  water, i t  could be expected  tha$  eutrophication 
would proceed very slowly.  Nutrients and organic  matter would be 
deposited  as sediments w i t h  1 i t t l e   r e c y c l i n g  because  of  reduced  ion 

.. . exchange on the predominant  oxidized  surfaces.  .Overload and accelerated 
eutrophication  could  occur w i t h  excessive  nutrient and organic  matter 
i nputs  . 

" . 

Classical ly ,   lakes   are  assumed t o  show a succession from 
-. ol igotrophic   to   eutrophic   s ta tus .  However, Margalef  (1 968) points  out 
- 

.- 
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t h a t  01 igotrophic ,   lakes   are  more mature  than  eutrophic  lakes i f  the 
definit ion  of  maturity i s  r e l a t ed   t o  'time of   equi l ibrat ion of nutrients 
continuously  being added by runoff. 

The eutrophication  process i n  lakes can be reversed by natural 
(Hutchison, 1969) .or management  (Edrnondson, 1969; Oglesby, 1969) controls 
of the i n p u t s  from the t e r r e s t r i a l  ecosystem. 

2.1.1 Cultural  eutrophication 
Causes of cultural   eutrophication  are  discharge of  municipal and 

industrial   waste  waters,   agricultural   practices,   land development,  and 
construction. , Most . l ake   res tora t ion  program's, however, a r e  concerned 
w i t h  advance  treatment  of  waste  water by removing nut r ien ts ,   par t icu lar ly  
phosphorus from effluent  discharge  into  receiving  water.  Other  sources, 
prinarily  non-point  sources,  also have t o  be considered i n  o rde r   t o  
evaluate the r e l a t i v e -   e f f e c t  of the nutrient loads coming from natural 
sources and man's a c t i v i t i e s .  Likens (1972)  emphasizes the ecosystem 
study  approach  which,  coupled w i t h  . an understanding  of nutrient and 
energy  fluxes,  provides a theore t ica l   bas i s   for   the  management of 
freshwater  resources. 

The role  of  scientific  information i n  fornulation  of government 
pol ic ies  i n  control1 i n g  cultural   eutrophication i s  s t ressed  by Prince and 
Bruce  (1 972).  Various methods  have been suggested  to minimize the 
process  of 1 ake eutrophication. According t o  Lee (1 970) , fo r  exampl e ,  
this process  can be mi ninized by reducing  the  nutrient i n p u t  t o  the l.ake, 
by increasing  the  nutrient  output from the lake,  by innobi l iz ing . 

nutrients w i t h i n  the 1 ake and by control 1 i ng excessive  growths  of a1 gae 
w i t h i n  the  lake.  Go1 termann (1967)  stressed  that  a1 though various  local 
remedial actions dre possible,  the e f f i c i e n t  means for  control of lake 
eutrophication i s  the  decrease of nutrient i n p u t ,  especial ly  i n p u t  of 
phosphorus. In this connection,  diversion  of sewage has. been applied 
el sewhere b u t  w i t h  variable  success,  because of  probl  ens associated w i t h  
internal  nutrient  cycl i n g  i n  lakes.  The role  of  internal  phosphorus 
cycling,  after  the  diversion  of sewage,  has been studied i n  Sweden. The  
diversion  of sewage from Lake. Trummen i n  Sweden (Bjork " e t  a1 ., 1972) d i d  
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not  lead  to an  improvement i n  water  quali ty u n t i l  res torat ion measures 
such as  suction dredging of the sediment and macrophyte elimination were 
appl ied. On the  other hand,  a contrast ing example i s  the Lake Washington 
case,  where diversion  of sewage from the 1 ake  resul  ted i n  a  prompt 
reversal  of the eutrophication  pattern (Edmondson, 1979). The a r t i f i c i a l  
des t r a t i f i ca t ion  of  lakes  also  turned  out  to be an e f fec t ive  means of 
control 1 i ng bl ue-green a1 gae (Fogg , 1 969; R i  dl ey , 1 969). 

In the  assessment o f .   nu t r i en t   l oads   o r ig ina t ing  from various 
sources the re1 a t i v e  importance  of human i n p u t  must be known so t ha t   t he  
Useful ness of any  program dealing w i t h  land  use  control can be determined 
and any success  achieved  evaluated.  Studies  of nutrient ,budgets  indicate 
t h a t  i n p u t  of  nutrients  nearly  always  exceeds  output. The only 
considerable  losses  are  outflow,  evaporation  (i.e. ammonia), or  harvest .  
The. following " contributing  input-output items are  considered by Brezonik 
(1972) i n  determination o f  nutrient  budgets  for Takes  (Tabl'e 1 ) .  

Go1 terman (x. c i  t. ) concludes  that i f  the nutrient budget shows a 
positive  balance'  the  concentration. of nu t r ien ts  i n  the  lake will rise, 
and algal grovlth will increase. This s i tuat ion  ni l1   lead  to   increased 
sedimentation and increased  nutrient  outfl  ow. 

2.1.2 l!utrients 
Chemical nutrients,   necessary  to  the growth and reproduction of 

rooted  or  floating  flowering  plants,  ferns , a1 gae, f u n g i  or bac te r i a ,   a r e  
c lass i f ied  as   macronutr ients ,   t race  e l   enents   or   micronutr ients ,  and 
organic  nutrients.  The macronutrients  are nitrogen, phosphorus,  calcium, 
potassium, magnesium, sodium, sulfur, carbon  ,and  carbonates (Deevey, 
1972) .  The micronut r ien ts   a re   s i l i ca ,  manganese, iron,  zinc,  copper, 
molybdenum, boron, chromium, cobal t ,  and perhaps vanadium ( C h u ,  1942, 

Arnon and Wessell , 1953, Hansen et c., 1,954). Exanpl es  of  organic 
nut r ien ts   a re   b io t in ,  B12, t h i  ani  ne, and glycyl gl yci ne ( Droop, 1 962 ) . 
corre la tes   c lose ly  w i t h  tha t   ava i lab le   to   the  a1 gae. However, Shapiro 
(x. - c i  t. ) notes   that   the  problem of  deternini ng avail ab1 e iron seems t o  
be insoluble  unless an analytical  method i s  elaborated  separately  for 
each algae. Goldrnan (1972)  stated  that  i n  general  deficiencies . .  i n  t race  
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Tab1 e 1 Sources and S inks   for  the Nitrogen Budget of a  1 ake 
(a f te r  Brezoni k ,  1972) 

Sources Sinks 

A i  rbo rne 
Ra i nwa ter  
Aerosols and d u s t  
Leaves  and m i  scel 1 aneous debris 

Surface 
Agricul tural  (crop1 and  and 

Animal waste runoff 
Marsh drainage 

. Runoff  from uncultivated 
and f o r e s t  l and  

, Urban storm  water  runoff 
Domestic waste effluents 
Industr ia l  waste effluent 
Wastes  from b o a t i n g   a c t i v i t i e s  

drainage 

Underground 
Ilatural  groundwater 
Subsur.face  agricultural and 

urban drainage 
Subsurface  drainage from 

septic tanks near 1 ake  shore 

Effluent 1 oss 

Groundwater recharge 

Fi s h harvest  

Weed harvest  

Insect emergence 

Vol a t i l   i z a t i o n   ( o f  NH3 

Evaporation  (aerosol 
formation from sur face  
foam) 

Deni t r i f icat ion 

Sediment deposit ion  of 
detritus 

Sorption  of ammonia onto 
sediments 

In si tu 
Ni trogen  f ixat ion 
Sediment 1 eaching 
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elements a r e  more 1i.kely t o  occur i n  oligotrophic  than i n  eutrophic Some 
O f  the amino acids  and simple sugars have a l s o  been shown t o  be nutrients 
for  heterotrophs  or  partial   heterotrophs.  Carbon (C) is  required by a l l  
photosynthetic  plants. '  I t  may be i n ,  the form of , '  C02 i n  so lu t ion ,  
HC03, o r  Cog. Carbarnine carboxylate, which may be formed- by the 
compl exi ng of  cal cium or  other  carbonates and ani no compounds i n  a1 kal i ne 
water, i s  an efficient source  of C 0 2  (Hutchinson,  1967).  Usually  carbon 
i s  not  a 1 i n i  t i n g  f ac to r  i n  water (Go1  dman " e t  a1 . , 1971 ) . 

Cations such as  calcium, magnesium, sodium,  and  potassium a r e  
required by algae and h ighe r  aquatic  plants  for'   growth, b u t  the optimum 
amounts  and ratios  vary.  Furthermore, few s i t u a t i o n s   e x i s t  i n  which 
these woul d be i n  such 1 ow supply a s  t o  be 3 i n i  t i n g  t o   p l an t s  ., .Trace 
elements either .sing1 e o r  i n  combination  are important f o r  the growth  of 
a1 gae.  For exampl e ,  molybdenum has been demonstrated  to be a 1 imi t i  ng 
nutrient i n  Castle Lake, California  '(Goldnan,  1964,'  1972).  Various  form 
of i ron ,  have been s t u d i e d  i n  1 ake waters  to f i n d  a  biol  ogical 1 y avail  ab1 e 
form of this t r ace  .el ement . and i t s  effect  on the growth  of a1 gae. In 
culture experiments w i t h  iron-starved  Microcystis  aerujinosa,  i n  waters 
taken from six lakes  i n  blinnesota,  Shapiro (1967) found t h a t  the i ron i n  
lake,   waters ,  which is  .capable o f  react ing w i t h  thiocyanate a t  pH 1.5,  
waters. Under natural '   conditions i t  i s  d i - f f icu l t  t o  determ'ine the effect  
of  change i n  concentrations of  a single chemical on the growth of 
organisms. The principal  reasons  are.   that  growth resul ts from the 
interact ion  of  many chemical,  physical, and biological  factors on the 
functioning o f  an  organism;  and t h a t  nut,rients ' a r i s e  from a mixture of 
chemical s from divers i ty  of sources. However,. , the increase i n  amounts 
and types of nutrients can be traced by shifts  in species  forming  aquatic 
communi t ies  (Beeton,  1969 

In the process  of  evaluation  of  eutrophication, i t  has been 
recognized  that   al l  macro-  and micro-nutrients  as ye1 1  as  dissol ved 
organic  matter  are very s i g n i f i c a n t   f a c t o r s  (Goldnan,  1972; Likens, 
1972). However, phosphorus  and  nitrogen  are  considered  to be the two 
elements most responsible   for   eutrophicat ion,  and either one clay . be  
l imit ing  product ivi ty  w i t h i n  a par t icu lar   aqua t ic  system (Vollenweider, 

> 



- 27 - 

1970). The environmental  significance  of  phosphorus and nitrogen i s  the 
major  concern  of this study. 

2.2 Phosphorus i n  Aquatic Ecosystem 
2.2.1 . Foms 

) 
Phosphorus  occurs i n  natural  water and i n  waste  water i n  various 

forms, commonly classified  into  orthophosphate,   inorganic  condensed 
phosphate  and  organic  phosphate (Stumn and blorgan, 1970). In nutrient 
loading studies, phosphorus i s  of ten   d i f fe ren t ia ted  i n t o  dissolved  and 
pa r t i cu la t e  forms. 

-Total  phosphorus includes soluble  phosphorus pl us t h a t  1 iberated 
following  treatment w i t h  a strong  oxi.dant  such  as  potassium  persulfate or 
perchlor ic   acid.  No ma t t e r  which method of  analysis i s  used, to t a l  
phosphorus. is  made up  of some o r  a l l  of the fol lowing  f ract ions:  
c r y s t a l l i n e ,  occluded, absorbed, par t iculate  organic,  soluble  orga-nic, 
and soluble  inorganic.  Common analyt ical  methods a re   no t   ava i l ab le   t o  
measure a1 1 these f rac t ions  b u t  do, when considered  as a group, give 
reasonably  close  approximations  of the more important  ones  (Schaffner  and 
Oglesby,  1978). The operational and ana ly t ica l  methods used (Murphy and 
Riley  (1962);  Ri.gler  (1964); and  Burton  (19731, d i f f e r e n t i a t e  phosphorus 
i n  water   sanbles   as   total  phosphorus  and total  dissolved  phosphorus. 
Sone investigators  dist inguish  phosphorus  fractions  according  to their  
hydrolyzabil i ty .  Go1 terman  (1  975),  for exarnpl e ,  c l   ass i   f ied  phosphorus i n  
lake  water   into the following components: 

I.  Inorganic  orthophosphate: 
PO4 - P = (H2P04 + HP04 + PO4 

11. Total  dissolved  phosphate:  Tot-Pdiss 

IV. Particulate  phosphate:  Part-P ( i n  a lgae ,   bac te r ia ,   o ther  
organisms;  absorbed on c lay   o r  humic compounds o r   a s  pebbles and 
rock  fragments) , 

Van  Wazer (1958/61 ) d i v i d e s  the inorganic  phosphates  into the 
following  groups:  (a)  orthophosphates, ( b )  polyphosphates  (chain 

111. . = I1  - I,  Hydrolysable  phosphate: Poly-P + Org-Pdiss 

V SUKI Of I I i- IV = Tot-P (Part-P + TOt-Pdiss ) 

. 



- 28 - 

phosphates),  (c)  metaphosphates ( r i n g  phosphates 1, and ( d l  u l  traphosphates 
(branched r i n g  s t ruc tu res ) .  The u l  traphosphates  are  extremely  unstabl e 
i n  aqueous solutions  and,  therefore,  without  consequence  for  the  water 
analyst .  The metaphosphates have been found i n  some biological  materials 
(Van  Wazer, 1968). The orthophosphates and the  polyphosphates have  a 
par t icular   s ignif icance i n  the '   s tud ies  of the aquatic  .environment. 
Sources  of  these two phosphate  -forms.  are:  (a ) breakdown of rocks, 
yielding the natural  orthophosphates; ( b )  biological  phosphate 
netabol ism and formation  of  decomposition  products,  -including 
orthophosphates and polyphosphates, and (c)   int roduct ion by man of 
various forms of  phosphate compounds ( f e r t i l i z e r s ,   n a t e r i a l  from water 
treatment,  domestic and industrial  waste  water). The polyphosphates 
or iginat ing from detergents  are  considered a s ign i f i can t  component  of 

_, waste water. . i 
In t h e ,  laboratory  analysis ,   the .   react ion between orthophosphate 

and acidified  molybdate, the widely used reaction i n  biological  phosphate 
analysis ,  i s  specif ic   . for   the  soluble   react ive phosphorus form -(SRP). 
This explains .why a,nalyses can only be performed d i r ec t ly  i n  the case of 
orthophosphates.  Polyphosphate  detection i n  water.   requires a1 t e r a i ion  of 
the analytical  method. The ' polyphosphates  nust be converted by 
hydrolysis  or by the more d ra s t i c  wet digest ion,   or  by dry conbustion. 
Because ,.polyphosphates do not   react   d i rect ly  w i t h  molybdates (unless  
IlYdrolysis  has  taken  place) . an unspecified  quantity  of such 
polyphosphates i s  invariably broken down dur ing  treatment w i t h  acid 
(Vollenweider,  1970). Ohle (1938) made a detai led i di f fe ren t ia t ion  of the 
phosphate  fractions by making a sharp  division between the  dissolved and 
suspended  matter, and by stressing  the  importance of the  adsorption 
processes. This system  has had .a  great  influence on thought  about  these 
problem r i g h t  up  to   the  present   t ine.  This d i f f e ren t i a t ion   a l so   c i t ed  
by Vollenneider (1978) i s  i l l u s t r a t e d  i n  Table 2. 

Since  the  vast  majority of to ta l  phosphorus is  i n .  the form of 
orthophosphate and organic  phosphorus,  these  are  the two phosphorus  forms 
considered  to  be-inportant i n  nutrient  cycling. 

I 
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2.2.2 The Phosphorus  Cycle 
Phosphorus is  a  constituent  of  igneous  rocks,  soil,   waters and 

l i v i n g  organisms. I t  cycles  readily between inorganic and organic 
s y s t e m .  The gross phosphorus cycle encompasses many interwoven cycles , 
the most prominent  o f  which are l i thosphere,  hydrosphere and biosphere. 

In the 1 i thosphere , the or iginal  phosphorus source is  igneous 
rocks  containing  phosphorus  principally  as  apatite Cas [(F, C 1 ,  O H )  
(P04)3], f l uo rapa t i t e  [Ca5(P04)3F]  being  the most abundant  forn 
i n  nature (Will iams " e t  a1 . , 1976, Deer " e t  a1 . , 1966). A1 though a p a t i t e  
contains between 18.0 t o  18.7 per cent  of  phosphorus, i t  is  a  ninor 
source of  phosphorus for  biological growth because i t s  s o l u b i l i t y  i n  
water i s  1 ow. 

The phosphorus i n  rocks i s  slowly  solubilized by weathering 
process. Carbon dioxide, when united' w i t h  water forms a weak acid which 
enhances the sol  ubi1 i ty  of  phosphorus rocks. The micro-organisms i n  the 
so i l  have  been  found to   solubi l ize   inorganic  phosphorus o r  rock 
fragments. The soluble . phosphorus i s  par t ia l ly .   absorbed by the 
biol  ogical  processes  occurring i n  the ,  pedosphere and hydrosphere,  and 
par t ia l  1 y  reprecipi  tated  as  secondary  phosphate nj neral s. The  conrnon 
secondary  minerals i n  t h e  soii  are  cal  c'iun,  iron, and6  a1 urni num phosphates 
and clay  nineral  phosphates. 

\ 

In the so i l  phosphorus  content  ranges from 0.002 t o  0.83 per  cent 
(Van Mazer, 1961 1. Only a  small  fraction  of  this  content i s  ava i lab le  
for   plants  and nicrobial  use. Calcium, iron,  aluninun and cer ta in   c lay  
mineral s of  the  soil   readily  unite w i t h  sol ubl e  phosphorus to  render i t  
i nsol ubl e.  

Phosphorus i s  not  present i n  the atmosphere,  except  as i t  appears 
there i n  d u s t  pa r t i c l e s  and nicrobial   debris.  In the  hydrosphere, the 
phosphorus cycle i s  conpl icated.  Waters contain  both  undissolved 
(ses tonic)  and dissolved  phosphorus. In r ive r s  phosphorus i s  depleted 
from upper reaches  of the streams  to  lower  concentration  levels by stream 
flow  of soluble forms and colloidal and debris suspension before i t  
accumulates  finally on lake bottoms. The natural  range of  t o t a l  
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Tab1 e 2. ' Forms of  Phosphorus Present i n  Surface and Waste W a l k  

Dissol ved P , 

Total P 

P i n  suspension 

Orthophosphate As organic As mineral 0r.gani sms Absorbed 

(PO41 col 1 oi  ds and par t i  cl  es on de t r i t u s  
. .  . 

o r  combined (e .g .   apa t i te )  and or  present 

w i t h  an &/or absorbed 

absorptive on inorganic 

col 1 o i  d compl exes  such 

Fe(OH3) 

in  organic 

compounds 

D i  ssol ved i norgani c P 

Total ' P i n  f i l t r a t e  
. .  

. I  

. .  

Total P content of unfil tered  water 

Source : Vol 1 enwei der (1 978 1 
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phosphorus i.n river waters i s  from a t r a c e   t o   a s  much a s  one p a r t  per 
mill ion  (Hutchinson,  1957).  Accelerated.  erosion  of  soil a1 ters the 
phosphorus  quantity and the r a t io   o f  i t s  so luble   to   inso luble  forms i n  
rivers and 1 akes 

Biological processes i n  the 1 i thosphere and hydrosphere a r e  
essent ia l   par t s  o f  the overall  cycle of p.hosphorus. Biologically 
available  phosphorus, w h i c h  includes both  water and d i l  uted-acid sol ubl e 
phosphorus a s  we1 1 as certain  organic  phosphorus compounds, i s  taken u p  
from the environment by 1 i v i n g  organi sns. Part   of  the phosphorus  uptake 
i s  transformed  into a divers i ty   of   organic  compounds and pa r t  i s  re ta ined  
as  mobile,  inorganic . phosphorus i n  -the-- cel-I-  fluidss-----The  speci-es----of 
soluble  phosphorus compounds and  mechanisms by which they  are  produced i n  
lake  water i s  a subject  of  various studies. Lean (1973) s t a t e s   t h a t  an 
exchange mechanism e x i s t s  i n  1 ake  water between phosphate  and  plankton, 
b u t  the excretion  of  an'  organic  phosphorus compound  by the plankton is  
a l s o  a s ign i f i can t   p rocess .   I t  results i n  the extracel lular   fornat ion  of  
a coll   oidal  substance,  and nost  of the nonpart icul   a te  phosphorus i n  1 ake 
water i s -  i n  this form. 

2.2.3 Sediment - Phosphorus Interact ion 
There a re   s ign ' i f ican t   fac tors  which have a bearing on management 

strategies  of  nonpoint  source  of  phosphorus,   particularly i n  terms of 
association  of phosphorus t ranspor t  w i t h  sediment and biological 
avai l   abi l  i ty  of  phosphorus. The avail   abil  i ty  of  tributary  phosphorus 
1 oads, direct  point  source  loads and atmospheric  loads needs t o  be 
considered  to   provide  cost-effect ive management s t r a t eg ie s .  For  example, 
i n  the Great  Lakes, studies sediment-associated  loads  (inportant  for 
assessing the biological ly   avai l   able   port ions  of   total  phosphorus ) have 
been investigated  (International  Referral  Group on Great Lakes Pol lut ion 
from Land Activities, 1978). 

The nagni tude of  sediment-associated  tributary  loads  to the 1 akes 
and pa.rt i t ioning  of sediment phosphorus among p a r t i c l e   s i z e   f r a c t i o n s .  
warrants  greater  emphasis  to  provide  useful  information i n  the development 
of management s t r a t e g i e s .  In-1 ake  resuspension and diffusion/convection 

.. 
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of  soluble phosphorus from sediments ( i  .e. , internal   loading)  needs t o  be 
better  understood,  especially w i t h  respec t   to  ' the impact on shall  ow lakes 
wherein nutrient-rich  sediment may greatly  delay  water  quali ty 
improvements expected from reduced  external 1 oadi ngs . 

Meteorological and climatological  factors have t o  be considered. 
Natural  neteorol ogi-cal f luctuat ions can direct ly   affect   over land del ivery 
t o  a strean,  transmission w i t h i n  the s t rean  and volume of  the  stream, and 
consequently  are  responsible  for  large temporal var ia t ions i n  t r i bu ta ry  

u 1 oa.ds to   t he  1 akes.   Specifically,  wet, dry and normal years , and 
individual b u t  very severe ' storms  can a f f e c t  nonpoint  source 1 oads. 
Atmospheric  phosphorus loads.  also  vary  considerably from year   to   .year  and 
season.  to  season  (Acres Consul t i  ng Services L td .  1 977 ) . 

Ident i f ica t ion  of po ten t ia l   cont r ibu t ing   a reas ,   par t icu lar ly  
hydro1 ogical l y  active  areas, 1 ocated close t o  rivers and 1 akes , i s  an 

' integral   par t  o f  phosphorus 1 oad assessment.  Soil  type norp.ho1  ogy , 1 and 
use  intensity ' and material s usage are  important  factors i n  determining 
nonpoint  source  loads. . The most c r i t i c a l  probl  en a reas   a re  rowcrops  of 
f ine   t ex tured   so i l s ,  some concentrated  livestock  operations,  developing 
urban areas ,  and highly  impervious  portions o f  major  urban centers.  

L Phosphorus i n  urban stormvater and combi  ned  sewa'ge or iginates   f ron 
numerous sources, nany  of which a re   d i f f i cu l  t t o   i s o l a t e  and quantify i n  
t e rns  of  actual  loads. Flany of the sources  contribute  phosphorus 
co l lec t ive ly  t o  the  runoff from various  land  uses and l and   ac t iv i t i e s  

Studies have indicated  that   the   correlat ion of to ta l  phosphorus t o  
to ta l  suspended sol ids i n  urban runoff from several urban 1 and uses i s  
the highest compared w i t h  the  correlations  for  total   nitrogen, BOD5, 

and chemical oxygen demand ( C O D ) .  Thus ,  phosphorus i s  probably 
associated w i t h  suspended s,ol ids or  he1 d i n  complex w i t h  eroding  soils.  
Leachate from 1 eaves on s t r e e t s ,  i n  gu t te rs ,  and on impervious surfaces,  
can a1 so contribute  substantial  phosphorus 1 oads i n  urban runoff. 
Laboratory simul at ion of the rain 1 eaching  process  'on oak and pop1 a r  
leaves  yielded  total   soluble phosphorus 1 oads o f  54 and 140 ug/g of 
leaves , respectively.  Soaking  of the leaves  for  extended  periods ,. u p  t o  
about one day , yie l  ded about 270 ug/g o f .  1 eaves (Cowen .and Lee , 1 973). 

! 
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Phosphorus concentrations i n  runoff  fron streets, parking  lots ,   bare  
areas ,   corporat ion  yards  and construction sites can  range  fron  about 0.5 
t o  over 3 ng/l . Over 56% of the phosphorus  found on streets i s  
associated w i t h  very fine si l t- l ike pa r t i cu la t e s  ( 43 u ) ,  and over 85% 
i s  associated w i t h  p a r t i c l e   s i z e s  less t h a t  .lo4 u (Manning e t  a1 ., 1977). 

In basinwide studies, Grizzard " e t  a l .   (1978)   report  their f indings 
i n  terms of  runoff volume correlat ion  of  phosphorus  load  and runoff 
volume f o r  two watersheds i n  northern  Virginia.  This m i g h t  be a spurious 
co r re l a t ion ,  nevertheless, the . re la t ionships  found indicate   a  log-1 inear  
increase i n  phosphorus  1 oad w i t h  increasing  runoff vol une f o r  a 
118,400-ac mixed urban-rural  watershed and  a 21 9,400-ac  watershed w i t h  
predominantly  agricultural  land use. The co r re l a t ion   coe f f i c i en t s   fo r  
these two regress ion   l ines   a re  0.94 and 0.93, respectively.  A1 though the 
difference i n  phosphorus yields between the two basins is  about  f ivefol d , 
the ra te   o f   increase  i n  y i e lds  i s  roughly  para1  le1 . 

The preponderance  of  forested 1 ands i n  the Okanagan basin  and 
1  arge  proportion  of  agricultural   land  provide  for the 'importance  of 
nonpoint  source  1  oads of phosphorus.  Sources  of  phosphorus from shore 
b l u f f  erosion,  al though  potentially  high,  are  not  considered  to be 
important  because the biological  avail  * abi l  i t y  o f  phosphorus derived from 
this source i s  snal  1  (Schindl er ,  1977) .  Chemical analyses  of  water and 
sediment of Kaml oops Lake (S t .  John -. e t  - a1 . , 1976)  indic,ate  that 70% of 
the to t a l  phosphorus entering the 1  ake i s  i n  the form of   apa t i te  and t h a t  
a p a t i t e  may occur i n  a l l   s i ze   f r ac t ions   , o f  the lake se.diment. This 
la t te r   sugges t ion  is  s ign i f i can t ,   f o r  i f  a p a t i t e  i s  present i n  the lake  

. 

I as   par t ic les   sna l  ler  than  0.45 um, apati te  particles  could  pass  through 
I the membrane f i l ters used to   separa te   "d isso lvedn  f ron   "par t icu la te"  

mater ia ls  and be included i n  the "dissol vedl' phosphorus  pool.  Therefore, 
estimates  of  productivity  could be erroneous eyen i f  dissolved  ra ther  
than  total  phosphorus  values.  are used for the e s t ina t ion ,   a s  suggested by 
Dillon and Kirchner (1 975). , Study of apat i te   concentrat ion i n  sediment 
of Kamloops lake (Reid, 1979)   indicate:   that   apat i te   smaller   than 0.45 urn 
may be abundant i n  Kaml oops  Lake, . conpri sing as  much a s  20% of the - 
"dissol ved" phosphorus 1 oad. 

t 

\ 
\ 
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Another  phosphorus  source,  pertinent  to Skaha Lake, i s  the  
recycl  ing of  phosphorus w i t h i n  the 1  ake , incl udi ng the regeneration  of 
phosphorus from bottom sediment. Core samples  taken from the  sediment  of 
Skaha Lake indicate   that   typical  deep muds cons is t  of 58.5 percent s i l t ,  
41 percent  clay and 0.5 percent  sand ( S t .  John 1 973). According t o  
Williams . (1973) ,   apa t i te  mainly i n  the' form of Ca10(~~4)6 (OH)2 ,  
consti tutes  a  . large  part   of  the  lake sedi.ment. 

In  more recent  years , there has  'been a grpwing awareness  of the 
role  sediments  play i n  the  dynatiics  of  lake  systems. Recycl i n g  of 
mineral  ized  organic  matter,  especial l y  the  nutr ients  , i n  sediments by 

organicdec 'ay and pore f l u i d  transfer  processes  are ' now recognized  as 
essential  conponents of  models that   at tempt  to  decribe the nut r ien t  
dynamics  of lake and reservoir  systens (A1  1 en and Kraner, 1972)  

. .  

- - " "___ 

One o f  the prime goals  o f  s tudy ing  the' quantitative  mineral ogy and 
chemistry of sediments. is  the evaluation  .of  the  sources  of  .sediment 

t o  

\ 

phases and the re1 ative  importance. of  each  source. I t  is  useful 
d i s t i n g u i s h :  
1 ) the  ninerals  brought  into  the  lake by surface  water  (streams and 

1 ean ' . over1,and f l  ow) , shore  erosion , gl aci  a1 t ransport ,  and aeo 
processes  (a1 1 ogenic  fraction) ; 

2 ) '  the ni  neral s originat ing from processes  occurring w i t h i n  the 

3 the  mineral s resul . t i  ng fron  processes  that  occur w i t h i n  the sed 

Such imposition of order on nature.   inevitably  leads  to  cases 

col unn (endogenic  fraction ; 

once deposited  (authigenic  fraction).  

c 

water 

inents  

where 
' dis t inc t ion  of origin i s  almost  impossible, b u t  i t  points O u t  the 

important types of  interact ions between lakes and sediments. 
Some of the most important  authigenic  processes i n  lake  sedinents 

i nvol  ve phosphorus.  According to  various  1 i terature  sources,  phosphate 
' ' concentration  values  in-l,ake  sediment  vary from 0.25 t o  0.75 percent  (by 

I weight) . 
Nil 1 ians " e t  a1 . (1 971 , 1976) subdivided the phosphorus o f  1  ake 

sedinent  into  three  categories:  
1 ) surface  sorbed .and coprecipitated  or minor component of an ardorphous 
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phase, 
2 1 const i tuent  of  an organic   es ter ,   or  
3 )  component of a discrete   mineral ,  such a s   apa t i t e   o r   v iv i an i t e .  

Studies of surficial  sediments from 14 Wisconsin lakes  indicated 
t h a t  most of the phosphorus was covalently bonded t o  an amorphous o r  

i 

short-range  order conpl  ex re la ted  i n  cornposi t ion   to  some form of  hydrated 
iron  .oxide (Will ians  " e t  a1 . , 1976) .  Organic  phosphorus exists as an 
integral  part  of  sediment  organic  matter  associated w i t h  clay  minerals 
and ,ferric  oxide.  Will iams " e t  a1 . , (1971 ) suggested  that  organic 
phosphorus i s  tied up i n  humic and fu lv ic   f rac t ions  w i t h  the clay 
minerals and showed no obvious , re la t ionship   to   l ake   t rophic   l eve ls  
(Somners " e t  a1 . ; 1972). Will iams  and Mayer (1 972)  emphasized t h a t  
a p a t i t e  ' i n  i t s  nany va r i e t i e s  is  the  nost  common phosphate  mineral i n  
sedimentary  .environments.  Williams " e t  a1 . (1976), i n  t h e i r  study of the 
forms of  phosphorus i n  the phosphorus d i s t r ibu t ion  i n  a sediment p ro f i l e  
from Lake Erie, demonstrated the diagenesis of  mineral  phosphate from 
amorphous t o   c r y s t a l l i n e  form.  According t o  these  investigators,   the 
processes of mineralization of organic  phosphorus and release  of  sorbed 
phosphorus  under reducing  conditions i n  the 1 ake  sediment  can  provide 
regenerated  solute  phosphate  through d i f f u s i o n  from pore fluids, b u t  this 
will be counterbalanced by apati te  formation. They concluded t h a t  
regeneration  of  solute phosphorus from sediment i s  an important  control 
on t h e   r a t e   a t  which sedimentation and mineralization remove phosphorus 
from the lake  waters.  Livingstone, and Boykin (1962) es t imated .   tha t  
sediment  regeneration  has  contributed  about 45 percent of  the phosphorus 
loading  to  Linsley Pond,  Connecticut, based on the assumption t h a t  
var ia t ion  of   total  phosphorus content  of  sediment bands  were the   resu l t  
of a constant  rate  of phosphorus deposition w i t h  a var iab le   ra te  of 
subsequent  regeneration. 

- 

2.2.4 Ecology 
. -  Most invest igators   feel   that  phosphorus is the l i m i t i n g  nut r ien t  

t o  phytoplankton growth i n  most fresh  water  aquatic  systems. In many - 
cases an increase i n  phosphorus  1  oading t o  a stream  or 1 ake resul t s  i n  a 
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. 
direct increase i n  a1 gal growth. Often increased phosphorus 1 oadings  can , 
be a t t r ibu ted   to  man's a c t i v i t i e s .  Excessive concentrations  of  instrean 
phosphorus can result from point  loads  of sewage effluent and diffuse 
1 oads of fert i l  izer. Phosphorus is  introduced  into a r i v e r  reach by 
1 oads from point and nonpoint  sources.  Sinking,  benthal  re1  eases , and 
decomposition  and  death  of  both  free-floating and benthic algae  are  
addi  tio'nal  sources  of phosphorus. Sinks of phosphorus a r e  up take  
requirenents  for a1 gal  growth, and sediments. Biological  processes which 
occur i n  water (Figure 1 ) are   of  importance i n  detemi ning the quantity 
of phosphorus i n  a par t icular  river reach.   or  the amount avai lable   for  a 
downstream reach. 

Generally  of ~ the various forms of phosphorus present i n  the aquatic 
environment such as  orthophosphates,  polyphosphates and organic 
phosphorus,  only  orthophosphate i s  immediately avai lable   for  a1 gal 
uptake. The other phosphorus  forms require varying degrees of 
transformation  before they may be ut i l ized.  The impact  of detergent, fo r  
example, a s  a source  of  polyphosphate i s  s ign i f icant  i n  par t icular  w i t h  
respect t o  i t s  abi l  i t y   t o  produce orthophosphate by hydrolysis i n  natural 
waters (C1 esceri and Lee, 1965 1. 

Some phosphorus-deficient  algae  uti1  ize  organic phosphorus 
compounds f o r  metabol i c  functions and growth (Chu 1946; Fogg and Mi11 er ,  
1958) and this i s  of paramount importance i n  controll ing the influx  of 
phosphorus to  natural   waters (Kramer " e t  a1 . , 1972). ' The removal of the 
to t a l  phosphorus, a s  high a s  ninety-five percent, i s  theoret ical ly  
possible by precipitation w i t h  a1 um o r  1 ine (Buzzel 1 and Sayer,  1967). 
T h i s  removal efficiency, however, i s  far  greater  for  orthophosphate  than 
f o r  the organic phosphqrus fract ion (Bennett, 1970). 

In most lakes there appears t o  be a net movement of phosphorus 
i n t o  the sediment. Mechanisms responsible  for  sedimentation  of  inorganic 
phosphorus a re :   ( a )  chemical precipitation  of phosphorus rginerals and 
( b )  adsorption  of phosphate on sediment under aerobic and anaerobic 
conditions. Three basic phosphorus mineral  groups may be involved i n  
organic  precipitation:. the calcium  phosphates, the iron  phosphates, and 
the a1 uminum phosphates .(Kramer " 'et a1 . , 1972). The phosphorus compounds 

. .  
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FIGURE 1 . Phosphorus Cycle i n  Water 
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containing cal ciun  (Voll  enweider, 1971 1, i n  increasing  order  of Sol Ubi1 i t Y  
are:  f l  uor-apatite,  carbonate-apati te ,  hydroxy-apati te,   oxy-apati   te,  
tricalcium  phosphate,  dicalciun  phosphate, and mOnOCalCi~~  Phosphate. In 
the surficial  sediments  of Skaha Lake, according  to  Williams  (19731,  the 
majority of phosphorus (seventy percent) is  i n  the form o f '  
hydroxy-apatite. The source of the a p a t i t e  i n  this lake i s  so i l  and rock 
weathering  occurring i n  the basin  rather  than chemical Precipi ta t ion 
w i t h i n  the 1 ake  system.  Evidence for  the,  presence  of 'this mineral i n  
stream i n p u t s  to   the  Okanagan Valley  lakes i s  not  available even  though 
the  adjacent  Tertiary  volcanics  are  r ich i n  a p a t i t e  phosphorus (Hal 1 , 
personal  comunication 1. 

Rdsorpt,ion reactions  play an important  rol e i n  control 1 i n g  the 
exchange of phosphorus between sediments and overlying water (Hayes, 
1  964; Will iarns and Mayer, 1972). Iron and al-uminun hydroxi des and 
oxides , a s  we1 1 as,   si1  icates  of.   these  el   enents  adsorb phosphorus (Sturnm 

and Morgan, ,1970). In Skaha Lake, for  instanc'e,  eighteen  percent  of the 
phosphorus i n  the surficial   sediments  are composed of  adsorbed  phosphorus 
which i s  the most abundant form a f t e r   t h e   a p a t i t e  ' i n  the lake (Will ians ,  
1973). I t  i s  assu,med that  adsorption of  orthophosphate by sedinent i S 

the dominant mechanism i n  phosphorus sedimentation d u r i n g  the mixing 
period  fron November t o  March (Fleming,  1974). 

Inorganic  phosphate i s  used by growing algae which are  extremely 
e f f i c i e n t  in renoving  phosphate from solution. Followi.ng the  death  of 
the a1 gae most of the phosph,ate . i s   re leased  back into  the  water.  In 
respect  to  organic phosphorus, s i n k i n g  i n  1 akes   acts   as   e i ther  a source, 
fron  overlying  lake  layers,  or a sink, se t t l i ng   ou t  of  a layer .  This 
phosphorus form i s  of  major  importance i n  1 akes  or  reservoirs.  
Sedimentation o f  organic phosphorus i s  subjected  to  seasonal  variation. 
kluch phosphorus  accompanies the  sedimentation  of dead algae  cel l  S i n  
s i n k i n g  from.the  epil imnion  to the hypolinnion and to  benthic  sediments. 
Survey of 1 i t toral   areas   of  Skaha Lake (Stockner " e t  a1 , 1972)  indicated 
that  about  seventeen  percent  of  organic phosphorus fron  the  epilimnion 

.ended u p  i n  l i t t o r a l  sediments and about  eighty-three,  percent i n  the  
hypo1 imni  on. 
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Inorganic  orthophophosphate and organic  phosphorus  are  the two 
phosphorus forms which are  considered  to be important i n  nutr ient   cycl ing 
i n  lake  waters. Golterman (1967)  suggests  that a d i s t inc t ion  can be nade 
between two phosphate  cycles i n  lakes:   (a)   in ternal   (metabol ic) ,  and ( b )  
external. The f i r s t  cy.cle  summarizes b io log ica l  aspects and i s  expressed 
by Go1 terman (3. - c i  t. ) as  follows: 

primary  production  mineral i sat ion (PO4-P) + Org-P 
( PO4-P )water , . ce l l  -PO4 water  water 

Processes i n  the f i rs t  (biological)   cycle  are  usually of sho r t  
duration ( u p  t o  a few days),  though  animals may use a  small f rac t ion  of 

the phosphate for  longer  periods.  
The second cycle i s  geocheni  cal and can be  symbol i zed as  f o l  1 ows: 

The second cycle i s  geochenical , character ised by sl ow process, 
especial ly  w i t h  respect   to   the  solut ion of sediment. 

Because  a very  large  fraction  of the phosphorus i n  a given 
system nay be inside l i v i n g  organisms a t  any given t i n e ,  a special 
consideration by  some invest igators  i s  given to   res idence  t ine of 
dissol ved phosphorus.  According t o  Poneroy  (1 9601, residence  t ine of 
dissolved  phosphate,  that i s  the  average  tine  .phosphorus  atom remain i n  
solut ion,   var ies  from 0.05 t o  200 hr. A system  having a short  residence 
t i n e  may be 1 ow i n  d i  ssol ved phosphate , as  i n  the   sea,   or  i t  may be very 
ac t ive   b io logica l ly ,   as  i n  a1 gal  blooms. When both  conditions  ,occur 
together ,   as  i n  snal 1 lakes,  the  residence  time becomes very  short. 
Consequently, the concentration of dissolved  phosphate i n  lake  waters 
gives l i t t l e   i n d i c a t i o n  of  phosphate a v a i l a b i l i t y   o r  turnover (Lean, 
1973) .  Poneroy (9. - c i t .  ) has  suggested  that  the f l u x  of phosphate i s  
more important  than  the  concentration  of  dissolved  phosphate i n  
maintaining h i g h  rates  of  production. 

. 
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2.3 Eli trogen i n  Aquatic Ecosystem 
2.3.1 . Forms 

Nitrogen i s  present i n  water i n  inorganic,  organic and 
short-term  dissolved  gaseous  forms, !I2, H20, NO, as  intermediates 
during the process  of  denitrification.  Inorganic  nitrogen is  present 
primarily  as highly oxid ized   forns ,   n i t r i t e  and nitrate, a s  a reduced 
foms ammonia, and as  molecular  nitrogen. A variety of intermediate 
gaseous  oxides  of  nitrogen  are  important i n  atmospheric  chemistry b u t  
less  important i n  natural  waters.  Naturally  occurring  organic  nitrogen 
consists.   primarily o f  amino and anide  (proteinaceous)  nitrogen,  .along 
w i t h  some heterocycl  ic compounds such as  purines and pyrinidi nes 
(Brezoni k, 1972). Fli trogen compounds are  present as ce l l  u l  a r  
const i tuents ,   as  nonl i v i n g  par t iculate   mat ter ,   as   soluble   organic  
compounds, and as.  inorganic  ions i n  sol ution. 

Total  Kjeldahl  nitrogen is  a product of a par t icu lar   ana ly t ica l  
method by which both ammonia and organic  nitrogen  are measured. Both of 
these. forms of  nitrogen.  are present i n  nitrogenous,  organic detritus from 
natural   biological.   activit ies.   Total  Kjel dah1 nitrogen nay cont r ibu te   to  
the overall abundance  of nutr ients  i n  water and thus eutrophication. 
C1 a s s i f i ca t ion  of ni t rogen  form i n  water,  proposed by Ohle (1 937) and 
used by Vo1.lenweider (1970) i s  shown i n  Table 3. All nitrogen forms a r e  
in t e r r e l a t ed  by a ser ies   of   react ions known col lec t ive ly   as  ' the nitrogen 
cycle,  which portrays  the f l o w  of  nitrogen from inorganic forms i n  so i l  , 
a i r ,  and water  into l i v i n g  sys t em and then  back'again  into  organic forms. 

2.3.2 The Nitrogen Cycle 
The el  enent  nitrogen  occurs  naturally i n  the 1 i thosphere, 

atmosphere,  hydrosphere and biosphere. Hutchinson  (19541,  and Mason 
(1958)  indicate  that  the b u l k  of the nitrogen  (about ninety-eight 
percent)   exis ts  i n  the  l i thosphere.  Most of  the  remainder i s  found i n  
the  atmosphere. The amounts that   occur i n  the  hydrosphere and the 
biosphere  are  relatively  smaller  than  they  are i n  the  other  spheres. 

In the 1 i thosphere,  nitrogen i s  dis t r ibuted  extensively 
throughout  the  si1  icates. I t  i s  found i n  soils,   sediments,   minerals,  



- 41 - 

Tab1 e 3.  Forms of  Nitrogen Present i n  Water 

Gaseous N Dissol ved El N i n  suspension 

C$, Inorganic  Organic  conpounds Organisms Organic detritus 
H20, compounds such as amino acids  and/or i norgani c 
NO and organic  con- 

... pounds adsorbed 
on pa r t i   c l  es 

peptides and  poly- 
pepti des 

... D i  ssol ved a1 buni n 
ti other   organic  
compounds 

Nitrosyl  sal t s  
Organic  sal t s  

+"-- Total N i n  f i l t r a t e  "--+ 

+--" Total t4 content  o f  unfi l tered  water  "-3 

Forms detectable  by chemical ana lys i s  

. 

Source : Vol 1 ennei der (1 978 1 



- 42 - 

fos s i l  s, and rocks  of a1 1 types. Many natural  products, such as  coal and 
petroleum,  contain  nitrogen. Ex,cept f o r  small  quanti t i e s  of el emental 
ni t rogen  that  nay be occl uded i n  the tubular channel s of some mineral s , 
the nitrogen  contained i n  the 1 i thosphere i s  i n  a combined s t a t e ,  
ammonia , n i t r a t e  , n i t r i t e  and organic  nitrogen.  Investigation 
(Stevenson,  1962)  indicates  that most of  the  nitrogen  contained i n  
primary  (igneous)  rocks may exist a s  ammonium ions he1 d \vi t h i n  the 

f structures  of such mineral s as   the  micas and . fe ldspars . ,  
In sediments, the nitrogen  occurs  largely i n  the forla of organic 

matter. A dist inguishing  feature  o f  s o i l s  , sediments , and sedimentary 
rocks i s  the constancy of the C/N r a t io .  For  marine and lake  sediments, 
and fo r   t he   su r f ace   l aye r   o f   t e r r e s t r i a l   so i l s ,  the r a t io   gene ra l ly   f a l l s  
w i t h i n  well-defined limits, usually from abou,t  10  to'20. Deep marine and 
lake sediments and subsurface soils often have subs tan t ia l ly  ' 1 ower 

1 

r a t io s .  The C/N r a t i o  i n  sedinentary  rocks  varies widely, both h i g h  
( 40) and low ( 5)  values  having been reported. 

In the atmosphere,  nitrogen  comprises  seventy-eight  percent . by 
volume (seventy-five  percent by weight) o f  the gases present. Except f o r  
minute amounts of  nitrous  oxide, ammonia, n i t r i t e  , n i t r a t e ,  and 
organically bound nitrogen  (associated w i t h  cosnic d u s t )  , this nitrogen 
exists  as  diatomic El2. The geochemical  cycl i ng of nitrogen i n  , the 
ear th  i s  concerned  mainly w i t h  the pas'sage  of no1 ecul a r   n i t rogen   in to  and 
out of the  atmosphere. The processes  invol ved a re  1 argely , biol  ogical . 
The accession  of combined nitrogen , i n  ra in  and snow, consis t ing of 
ammonia, nitr i te,  n i t r a t e  and organic  nitrogen  associated w i t h  cosrnic 
dust, supplements t h a t  which i s  fixed by biochemical  agents  (Hutchinson, 
1944). Sone o f  the nitrogen i n  p rec ip i ta t ion   (amonia  and the ' organic 
forms)  orginates from so i l  dus t .  

In  the  hydrosphere,  nitrogen  occurs  as  molecular  nitrogen, 
amionium,' nitr i te,  n i t r a t e ,  and dissolved and paticulate  organic  matter.  
Hol ecul ar  nitrogen  occurs  as a dissolved  gas.  Nitrogen  fixation and 
denitrif ication  takes  place  ,"even though t h e i r   e f f e c t  on the  total  
dissolved  nitrogen may be small. 

The importance o f  nitrogen i n  the biosphere, is emphasized by the 
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f a c t   t h a t   a l l   o f  the biochemical  processes  carried  out by l i v i n g  
organisms are   catalyzed by n i  trogen-containing compounds called  enzynes. 
The cycl i ng of  carbon, oxygen, phosphorus, and sul fur i n  the  ear th  is  
intimately  associated w i t h  biochemical  nitrogen  transformations. 

A fea ture  of pa r t i cu la r   i n t e re s t  i s  biochemical n i t rogen  
f ixat ion.  The process  of  nitrogen  fixation i s  important i n  the 
geochemical cycle  to  maintain a nitrogen  balance i n  the  biosphere  as \{el 1 
a s   f e r t i l i t y  of the s o i l .  In natural   waters,   nitrogen  f ixation  acts  as a 
source  of  nitrogen and permits continued  organjc  production when the 
supply of f i x e d  nitrogen becomes depleted. 

A variety  of  organism  are  capable  of  nitrogen  f ixation,  including 
a number of  blue-green a1 gae,   apparently  all   photosynthetic  bacteria,  
various  aerobic  bacteria  (e.g.  Azotobacter),  anaerobic  bacteria  (e.g., 
Clostridium), many facul ta t ive   bac te r ia  b u t  only under anoxic  conditions 
( Wi 1 son,  1969), 1 egume root nodul es, and nonl eguminous root-nodul  ated 
plants such a s  Podocarpus  and the a1 der t r e e  (A1 nus sp. ) Most studies  of 
nitrogen  f ixation i n  natural  waters have  emphasized the   ro le  of 
f i l  arnentous, heterocystous b l  ue-green a1 gae  such a s  Anabaena , 
Gleoetrichia,  and  Nostoc. The agents and occurrence of nitrogen  f ixation 
i n  the  biosphere have  been extensively  reviewed by Stewart (1 966; 1970). 

Nitrogen-fixing  algae  usually bloom' i n  lakes   only  af ter   nutr ients  
have been depleted by blooms of  other a1 gae ( i  .e.,  1 a t e  sulilner i n  
temperate  lakes). Iioweve,r, contrary  to  earl   ier   opinion, small t o  
moderate  concentrations of amonia do not  necessarily i n h i b i t  f ixa t ion ,  
although synthesis of the enzyme nitrogenase i s  repressed a t  h i g h  
levels.  Aquatic  organisms would u t i l i ze   t he   ava i l ab le   amon ia  and 
n i t ra te   before  f i x i n g  nitrogen  because this process  requires  additional 
energy. 

Stewart (1 968) suggests tha t   the  1  eve1 s of combined nitrogen i n  
most natural   ecosystems  are  insufficient  to i n h i b i t  f ixat ion  i tmediately 
o r  even t o   p e r s i s t  1 ong enough for existing  nitrogenase  to be d i lu ted  
out. Low levels  of combined nitrogen may ac tua l ly  be advantageous t o  
nitrogen-fixing  plants by enabling more e f f i c i e n t  and heal  thy growth than 
coul d be achieved on N2 a1 one. 
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The poss ib i l   i ty  o f  eleniental  nitrogen  being fixed by Cyanophyceae 
seem t o  merit grea te r   a t ten t ion  (Voll enwei der, 1970). A review of 
studies deal i n g  w i t h  the  capabil i t y  of bl ue-green a1 gae t o .  f i x  elemental 
nitrogen was done by  Fogg (1956).  Results  obtained i n  measuring the 
nitrogen-fixing  capacity of  a1 gae are  not always  convincing (Sawyer and 
Derul io ,  1961 ; Goering and  Ness 1961 ). Lund (1 956)  evaluated  the . 

nitrogen f i x i n g  capabi l i ty  of various  blue-green a1 gae. Based on this 
evaluation and comments of  Vollenweider (1 9701, i t  should be noted t h a t  
the three blue-green a1 gae t h a t  most frequently cause the formation of 
water blooms, i .e. Microcystis  aeruginosa,  Oscillatoria  rubescens and 
Aphanizornenon flos  aquae, do not' belong to  nitrogen f i x i n g  species;   the 
capacity of  Anabaena fl os aquae t o  do so is  doubtful . 

In the overal.1  process  of  biochemical  nitrogen  transfornation, 
mineral i zation i s  the conversion of organic n i t rogen  t o  inorganic  forms 
The in i t ia l   reduct ion  t o  ammonia i s  , r e f e r r ed   t o  as  ammonification; the 
oxidation of this compound t o   n i t r a t e  is  termed n i t r i f i c a t i o n .  The 
u t i l i z a t i o n  of . ammonia and n i t r a t e  . by plants and microorganisms 
const i tutes   ass imilat ion.  Combined nitrogen is  ultimately  returned t o  
the atmosphere  through  biological  denitrification.,  thereby conpl e t ing  the 
cycl  e. 

2 . 3 . 3  Ecology 
MitrOgen is  not  only a najor   nutr ient   for   aquat ic   plants ,  b u t  . t h e  

nitrif ication  process  (oxidation o f  reduced  nitrogen forms by, n i t r i f y i n g  
bac ter ia )  may exe r t  a considerabl e oxygen demand .on a water body. 
Consequently,  nitrogen  dynanics can  have  a large  inpact  on the  dissolved 
oxygen balance w i t h i n  an aquatic system. 

Various  physico-chemical . and b i  ol ogical  processes  are i nvol ved i n 
nitrogen  dynanics i n  water body. Nitrogen  can en ter  a r ive r  reach  as a 
load from point - and nonpoint  sources.  Benthal  releases and death and 
respiration  of  benthic a1 gae are  other  nitrogen  sources.  The 
nitrif ication  process  acts  to  transform  nitrogen forms w i t h i n  a reach 
from reduced to  oxidized chemical species.  Thus ,  wh i l e   n i t r i f i ca t ion  
does not   affect  the to ta l  amount of  nitrogen w i t h i n  the system, i t  can 
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a c t   a s  a source of n i t r a t e ,  and  a sink of n i t r i t e  and ammonia. The 
removal of  nitrogen from the system  can resul t   f romadvect ion,   uptake by 
benthic a1 gae, s i n k i n g ,  and under anaerobic condi t i 'ons ,   deni t r i f ica t ion .  

Several  biological  reactions  control  nitrogen  cycling ( F i g u r e  2 ) .  
Ni t r i f ica t ion  and den i t r i f i ca t ion   a r e  mentioned here. Ni t r i f i ca t ion  i s  
the  oxidation  of ammonia and n i t r i t e  by chemoautotrophic  bacteria. This 
oxidation  provides  energy  for  bacteria i n  much the  sane way t h a t  s u n l i g h t  
provides  energy  to  photosynthetic a1 gae. The oxidation  reaction  of 
ammonia t o  nitr i te i s  completed  only by the  bacteria  Nitrosononas. 
N i t r i t e  i s  then fur ther   ox id ized   to   n i t ra te  by the bacteria  Nitrobacter.  
These reactions may be expressed by the  following  equations.: " - . 

E1H4-+ 3/2 02 Nitrosomonas N02-+ 2H+ + Hz0 

N02-+ 1 /2 02 Ni trobacter  ~ 0 3 -  

Deni t r i f ica t ion ,  the reduction  of  nitrate,  i s  accomplished by ce r t a in  
facul ta t ive  anaerobic   bacter ia .  These bacter ia  use NOg as  an electron 
acceptor i n  the  sane manner t h a t  oxygen i s  used under aerobic 
conditions. They use oxygen u n t i l  the environment becornes nearly  or 
total ly   anaerobic .  Then under anaerobic  conditions,  these  bacteria  have 
the  capaci ty   to  uti l  i ze  NO3 as  an electron  acceptor.  The primary 
reaction  involved i n  den i t r i f i ca t ion  i s :  

hac teri a 
H+ + NO3 1 /2 N2 + 5/4 02 + 1 /2 Hz0 

Coupled w i t h  t h i s .  reaction i s  the  oxidation of organic  matter  as an 
energy  source. Examples of deni t r i fying bacter ia   are  Pseudomonas and 
Micrococcus. The qua l i ta t ive   s ign i f icance  of the deni t r i f icat ion  process  
i n  the  nitrogen budget of s t ra t i f ied   eu t rophic   l akes   .has  been described 
by Brezoni k and Lee (1 968). 

With  respect t o  the u t i l  izat ion of nitrogen i n  the  aquatic 
ecosystem the various  nitrogen  form  cannot be used t o  the same exten t  by 
the d i f f e ren t  organisms.  Nitrate i s  normally  the  predominant  inorganic 
nitrogen form i n  surface  water. Organisms using n i t r a t e , a s  their source 
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FIGURE 2. Nitrogen Cycl e i n Water 
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of  nitrogen must reduce i t  t o  the 1  eve1 of ammonia before  incorporating 
i t  into  organic forrn (Eppley " e t  a1 , 1969).  Nitrate  can be used by nost  
higher  plants,   bacteria and some algae  (Strickland,  1965) b u t  ammonia i s  
the preferred  nitrogen  for  planktonic  assimilation. The use  of  organic 
nitrogen compounds by some a1 gae has been reported by A1 1 en (1 9 5 2 )  In 
the process  of  nitr if ication, ammonia i s  oxidi-zed t o  n i t r i t e  and n i t r a t e  
by a selected group  of  aerobic  autotrophic  bacteria and a t  much slower 
r a t e s ,  by a var ie ty  of heterotrophic  bacteria,  actinomycetes and fungi 
(Delwiche,  1965). In the absence  of oxygen n i t r a t e  i s  uti1  ized by 
facul  tat i .ve and anaerobic  bacteria. This process i s  known as  
-deni- t r i f icat ion.   Ni t r i te  is  formed as  the f i rs t  intermediate i n  this 
process,  nitrous  oxides can  sonetirnes  .be formed a1 ong w i t h  no1 ecular  
nitrogen. The principal end product is  a form of nitrogen uhich 
can be ut i l ized  only by some organisms  (Delwiche, - c i t . )  

. ~ " .  

In the  discussion  of  the  nitrogen and phosphorus  cycles one of the 
major differences between these two cycles  should be pointed  out. In the 
nitrogen  cycle,   there i s  a  change to   different   oxidat ion  s ta tes   while  i n  
the phosphorus cycle the oxidat ion  s ta te   of  phosphorus  never  changes, 
jus t  t h e   f o r m ,  such as  soluble,   particulate,   organic  or  inorganic forms. 

- 
2.4 Inpl i ca t ion   fo r  Management 

Eutrophication  has a s ign i f icant   re la t ionship   to  the use  of  water 
for   recreat ional  and aes the t ic  enjoyment a s  well as  the other  water 
uses. This relat ionship nay be desirable  or  undesirable,  depending upon 
the  type of recreational and aes the t ic  enjoyment  sought. The possible 
disadvantages  or  advantages of eutrophicaton nay be viewed subject ively 
as   they  re la te   to  a particular  water  use.  

2.4.1 Eutrophication  Aspects 
A desirable   aspect  of eutrophicat ion,   for  example, is  t h e   a b i l i t y  

of  mesotrophic o r  s l igh t ly  eutrophic  lakes  typically  to Produce grea te r  
crops of -f ish than their ol igotrophic   or   nutr ient  poor counterparts.  As 
1 ong as  nuisance blooms of a1 gae and extensive  aquatic weed beds do not 
hinder  the growth of  desirable fish species   or   obstruct   the  mechanics and ! 
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. 

I -  
aes the t i c s  of f i sh ing '  or  other  beneficial   uses,  some enrichment may be 
desirable.  Fertil i r a t i o n  i s  a  tool i n  commercial and spor t   f i shery  
management used t o  produce greater  crops of fish  (LeBrasseur " e t  a1 . , 
1978). 

As a result of nutrient over-enrichment,  aquatic  growths  can 
develop to  nuisance  proportions i n  s t r e a m  and lakes.  This devel opnent 
can  lead  to  incipient and undesirable  eutrophication  ,(Vollenweider,  1970) 

-which  can be characterized by the following  indicators: 
( 1 )  A quant i ta t ive  increase i n  the biomass, as  observed either i n  the 
macrophytes and periphytic  algae  near the shore,   or  i n  the  planktonic 

( 

. a1 gae  of the pel-agi-c-regions-:--Such--an increase- is  usual l y  acconpanied a t  
the  outset  by a  .decrease i n  the number of  species  typical of 01 igotrophic 
waters  and,  simultaneously  or  subsequently, by the  appearance of 
indicator  organisms i n  the plant  cor;muni ties. 
(2) Qual i tat i 've and quanti  tati,ve  changes i n  the 1 i t t o ra l  , benthic, and 
planktonic  fauna, and i n  the fish population. While the members of  the 
l a t t e r  may be bigger a t   t h e   o u t s e t ,  the changes a re .  more pronounced a t  a 
more advanced stage  of  eutrophication, with a t h i n n i n g  out  of the higher 
species and a  corresponding  increase i n  the 1 ower ones. In some 1 ake 
waters ,   for  example, these changes are  ref1  ected i n  the average  ratio  of 
the number of Salnonidae and Coregenae to   t he  number of Cyprinidae. 
( 3 )  From the  physical and chemical 'standpoints,  the  decreasing 
transparency and changing col our of the  waters,  the devel  opnent  of oxygen 
maxima o r  minima w i t h i n  the metal  irnnic 1 ayers,  and the  overall  decl i ne i n  
'the oxygen content  of  the hypo1 innic  1 ayers d u r i n g  the summer months, 
i . e .  d u r i n g  the. period of  thermal' s t r a t i f i c a t i o n ,  and a b u i l d u p  of the 
average  nutrient 1 eve1 , part icul   ar ly  phosphorus and nitrogen. 

2.4.2 Estimation of Eutrophication 
Conceptual ly,  various  approaches have been undertaken i n  

estimating the degree . of eutrophication i n  an aquatic ecosyster;l 
( Vol 1 enwei der,  ' 1  968) : 
(1 The eut rophic   s ta te  may be estimated by devising  a  scale  for  lakes 
i n  comparable c l imat ic  zones and measuring the symptoms. The weak point  
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of this approach i s  t h a t  wide regional   var ie ty*of   lakes   natural ly  exists 
making i t  d i f f i c u l t ,  i f  not  impossible,.  to set up  a universal   scale  .of 
eutrophication synptoms. 
( 2 )  Another  approach i s  t o  measure the rate   of  changes  of eutrophication 
synptons. 
( 3 )  The t h i r d  approach,  proposed by Vol 1 enweider (9. - c i  t. ) is based on 
neasurements  of the causal  factors  responsibl  e,for the eutrophication. 
In their simplest  form these  factors  are  estimates  of nutrient areal 
loading  rates.  In the  concept  of  areal nutrient loading  Vollenweider 
(1 976) considered  total  phosphorus concentrations of 10 mg n-3  and 20 
mg L I - ~  t o  be the t ransi t ion  range between ol  igotrophy and eutrophy. 
However, prediction of the t rophic   s ta tus  of  a water body from phosphorus 
loading i s  only  possible i f  phos.phorus is  i n  assimilable form and is  a l so  
the   fac tor  1 irni ti ng b i  ol ogical  productivity (Vol 1 enwei der, 1971 1. 

Process  of  nitrogen  fixation  received much a t ten t ion  i n  s tud ies  
.dealing w i t h  nutrient  balance i n  aquatic  ecosystens  (Keirn and Brezonik, 
1971 1. According t o  Dugdale and t.lees (1 961 ) the   factors  which influence 
the N p  f ixat ion  are   calcium, boron and molybdenum as  well a s   su f f i c i en t  
quan t i t i e s  of  phosphorus  (Sawyer  and Ferullo,  1961 : Vollenweider 1971 1. 
Schindler  (1977)  has, however, hypothesised  that, on the basis of data 
from several  studies  of  the  carbon,  nitrogen, and phosphorus cycle,  
schemes for   control l ing  ni t rogen i n p u t  t o   l akes  may ac tua l ly   a f fec t   water  
qual i t y  adversely by causing 1 ow N/P r a t i o s ,  which favour  the vacuo1 a t e  
nitrogen-fixing  blue-green  algae  that  are most objectionable from a water 
qual i t y  standpoint.  Conversely, when phosphorus control  causes an 
increase i n  N/P r a t io ,   t he   r e su l t i ng  shif t  from "water bloom" blue-green 
a1 gae t o  forms tha t   a re   l ess   ob jec t ionable  clay  be a s  , inportant  as 
quantitative  decreases i n  algal  standing  crop. The nut r ien t  l i m i t i n g  
concept and appropriate   nutr ient   ra t ios  have been studied  extensively 
elsewhere,   including  the  effect   of renewal of  water and nutr ient   suppl ies  
and the fixation  of gaseous  nitrogen - (Fogg  and  Horne, 1967).  Phosphorus 
and nitrogen  play a major pa r t  i n  . production,  periodicity and 
determination of the  type  of community present i n  water (Go1 dnan, .1964).  
In most inland  watevs, phosphorus is  the limiting  nutri 'ent  (Schindler,  
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/ 
1974). In studies of algal  productivity i n  lakes ,  a typical   ra t io   of  
carbon,  nitrogen and  phosphorus i s  considered  to be 100:15:1.  According 
t o  Go1 ternan (1 975) and Dill on and Rig1 e r  (1  974)  the  ratio  of  nitrogen  to 
phosphorus required by algae i n  fresh water i s  i n  the  range from 1O:l t o  
12: l .  Because of  the complex functional  interactions  of many 
environmental  factors i n  lake  ecosystems, the nitrogen  to  phosphorus 
r a t i o  needs t o  be applied w i t h  caution. For  example, the growth r a t e  of 
phytoplankton i n  Lake Washington and Lake Samanish i s  found by  We1 ch 
" e t  a1 . , (1978) t o  be a function  of  phosphate and t o  be r e l a t ive ly  
unaffected by n i t r a t e  eve.n as  the  nitrogen  to phosphorus ratio  approaches 
un i ty .  Some . i nves t iga to r s .  have observed a shift  from.  blue-green  algae, 
a t  low nitrogen  to phosphorus r a t i o ,  t o  less   ob jec t ionable   a lgae   form i n  
environnents w i t h  h i g h  ratio  (Shapiro,   1973).  This observation i s  
probably the most s ign i f icant  imp1 ica t ion  of  the nutrient l i n i t i n g  
concept  because the growth r a t e  and biomass production nay be unaffected 
by the  nitrogen  to phosphorus r a t io .  

2.4.3 Water Qual i t y  Guide1 i nes 
There a r e  no generally  accepted guide1 ines   for  j u d g i n g  vrhether  a 

s t a t e  of  euwophy  exists  or by what c r i t e r i a  i t  nay be measured,  such a s  
production of biomass, r a t e  o f  productivity,  appearance,'  or  change i n  

' water qual i ty .  Ranges i n  primary productivity and oxygen d e f i c i t  have 
been suggested  as  indicative of eutrophy,  mesotrophy, and oligotrophy by 

t lort iaer (1 941 ); Sacamoto (1 966); Voll enweider  (1  970) and Ednondson 
(1970), b u t  these  ranges  'have had no .official  recognition.  Generally, 
for  temperate  lakes, a s ign i f i can t  change i n  indicator  comrwnities  or a 
s ignif icant   increase i n  any of the  following  indices,   such,  as  prinary 
productivity,  biol;lass, oxygen d e f i c i t  and nut r ien t  i n p u t ,  detectable  over 
a five-year  period'   or  less,   is   considered  sufficient  evidence  that  
accelerated  eutrophication is  occurri,ng. An undetectable change over a 
shorter  period would not  necessarily  indicate a lack of accelerated 
eutrophication. A change detectable   only  af ter   f ive  years  nay s t i l l  
i ndicate t unnatural ly   accelerated  eur tophicat ion,  b u t  f ive   years  i s  
suggested as  a r e a l   i s t i c  maximum for   the,   average moni toring  endeavour. - 
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(The United Sta tes  Environment Protection Agency, 1972). 
Ranges i n  photosynthetic  rate  for  determination of  primary 

productivity i n  aquatic  environment, measured by radioactive  carbon 
assimilation as indicat ive of trophic  conditions,  were suggested .by Rodhe 
(1 969), and a r e  shown i n  Tab1 e 4. 

Chlorophyll ' a '  i s  used as  a v e r s a t i l e  measure  of a1 gal  biomass. 
The ranges presented  for mean  summer chlorophyll ' a '  concentration 
determined i n  epil innet ic   water   suppl ies   col lected  a t   least   b iweekly,   are  
indices  of  the  trophic stage of  a lake: ol igotrophic 0-4 ng chlorophyll 
a/m3; eutrophic,  10-1 00 ng  chlorophyll  'a'/m . 3 

Cr i t e r i a   fo r   r a t e  of  depletion o f  hypol inne t ic  oxygen i n  r e l a t ion  
t o  t roph ic   s t a t e  were reported by Mortiner (1 941 ) as  'follows: 

01 igotrophic  eutrophic 
250 mg 02/n /day 2 550 .mg 02/m /day 2 

This is  the   ra te  of depletion  of  hypolimnetic oxygen deternined by 
the change i n  mean concentration of hypol inne t ic  oxygen per u n i t  time 
mu1 t i p l i e d  by the mean d e p t h  of the hypol imnion. The observed t i n e  
interval  should be a t   l e a s t  a nonth,  preferably  ' longer, d u r i n g  sunmer 
s t r a t i f i c a t i o n .  

. .  

The representation of cer ta in   species  i n  a cornunity  grouping i n  
fresh  water  environments i s  often a sensi t ive  indicator  of  the  t rophic  
state.  Nutrient  enrichment i n  s t ream  causes  changes i n  the  size  of 
faunal and floral   populations,  k i n d s  of species,  and number of species 
( E l l i s ,  1937;  Tarzwell and Gaufin,  1953). For example, i n  a s t rean  
typical  of  the  temperate zone i n  the  eastern United S ta tes ,  degraded by 
organic  pollution, the following shifts  i n  aquatic  connunities  are  often 
found: i n  the zone  of rapid  deconposition below a pollution  source,  
bacteria  counts  are  increased;  sl  udgeworns (Tubi f icadae) ,   ra t ta i l  maggots 
(Er i s ta l  is  tenax) and  bloodworms (Chirononidae) dominate the  benthic 
fauna; and blue-green a1 gae and the sewage fungus (Sphaerotil us ) becone 
common (Patrick " e t  a1 . , 1967).  Various  blue-green a1 gae  such as 
Schizothrix  calciola,  Micro-coleus  vaginatus,.  Microcystis  aeruginosa, and 
Anabaena sp. a re  commonly found i n  nutrient-rich  waters,  and  blooms of 



TABLE 4. Ranges i n  Pho tosyn the t i c   Ra te   fo r   P r imary   P roduc t iv i ty   De te rn ina t ions  

Per iod  01.1 got rophic  Eu t roph  i c 

Mass d a i l y   r a t e s  i n  a  growing  season, 30 - 100 300 - 3000 

(ngC/mZ/day 1 
L .  

r .  

Tota l   annual   ra tes  7 -  75  75 - 100 

( gC/n2/year 

Source: Rodhe (1969),  National Academy o f  Science;   t la t ional  Acadeny 

o f  Engi neeri ng (1 972) .  

- 
. .  

- 

I 
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these and other   a lgae  f requent ly   detract  from the aes the t i c  and 
recreational  value  of  lakes. Diatoms such as  Nitzschia  palea, Gomphonerna 
parvul urn, Navicul  a cryptocephal  a, Cycl o t e l l  a nemeghiniana, and Me1 osi   ra  
var ians   are  a1 so often  abundant i n  nutrient-rich  water  (Patrick and 
Reimer, 1966).  Midges, leeches,   blackfly  larvae,  Physa snails,  and 
fingernail  clans  are  frequently  abundant i n  the  recovery zone. 

Sawyer (1 947) determined c r i t i c a l   l e v e l s  of inorganic  nitrogen 
(300 ug/l N )  and inorganic phosphorus (10 ug/l P )  a t  the t i n e  of spring 
overturn i n  . Wisconsin 1 akes.  If  exceeded,  these 1 eve1 s woul d probably 
produce  nuisance bl oons of a1 gae d u r i n g  the summer. Nutrient 
concentrations  should be maximum  when measured a t  the  spring overturn and 
a t  t h e   s t a r t  of  the growing season.  Nutrient  concentrations d u r i n g  
ac t ive  growth periods nay only  indicate  the '   difference between amounts 
absorbed i n  biomass  (suspended and s e t t l e d )  and the i n i t i a l  amount 
biological ly   avai lable .  The values,   therefore,  would not be ind ica t ive  
of  potential  algal  production.  E!utrient  content  should be determined a t  
1 e a s t  monthly ( incl  uding  the  time  of spring' overturn) from the  surface,  
nid-depth, and botton. These values can be rel'ated  to  water volume i n  
each  stratum and nutrient  concentrations based on total   lake vol  une can 
he deri ved. 

A s igni f icant   re la t ionship  has been demonstrated by Ednondson 
(1 9 7 0 )  between naximum phosphate  content a t   t h e   t i n e  o f  lake  overturn and 
eutrophication  as  indicated by algal .. biomass. During the  years when 
a1 gal densit ies  progressed  to  nuisange  levels,  nean winter P04-p 
increases from 10-20 ug/l t o  57 ug/l . Fol lowing diversion of  the seriage 
mean  P04-P decreased  once  again to  the  pre-enrichment  level. 
Correlated w i t h  the P04-P reduction was  mean surmer chlorophyll a 
content,  which decreased from a mean of 27 ug/l a t  peak enrichment  to 
l e s s  than  10 ug/l , six years   af ter   d ivers ion was i n i t i a t e d .  

Vol 1 enwei der (1 970) proposed as  a general  rul e ,   tha t   waters  w i t h  
to ta l  phosphorus and inorganic  nitrogen  concentrations i n  excess of  20 
mg/n and 300 mg/n , respectively,  nay be regarded t o  be i n  c r i t i c a l  
stage  of becoming eutrophic. This rule  should  not be regarded  as a r i g i d  
guide1 ine and each  case  of  study must be considered on i t s  own meri t. 

3 3 
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Apart from all suggested guidelines  in  terns of nutrient  concentrations, 
Vollenweider (z. - c i t .  ) concluded - t h a t  i n  practice, the key t o  the 
eutrophication problem l ies  no t  in the  nutrient  concentrations b u t  i n  
subsequent nutrient 1 oadi ng. 

A1 though d i  fficul t . t o  assess, the rate of nutrient i nfl ow more 
closely  represents  nutrient a v a i l a b i l  i t y  t h a n  does nutrient  concentration 
because of  the dynamic character ' of these nonconservati ve material s . 
Loading rates  are  usually determined on the  basis of periodic moni tor ing  
of water flow, nutrient concentration in natural surface and groundwater, 
and wastewater inflows. 
c 

Vollenweider  (1968, 1971 ) related  permissible. and cr l t ical ,  
nutrient 1 oading-.  t o  clean depths for ,  various !.re11 -known lakes (Tab1 e 5) 
and identified  trophic  states  associated with  induced eutrophication. 
These f i n d i n g s  showed shall ow 1 akes t o  be cl ear ly  more sensitive t o  
nutrient income per u n i t  area than deep lakes, because nutrient reuse t o  
perpetuate nuisance growth. of a1 gae increased as depth decreased. From 
0 . 3  g/m2/yr P and ' 4 g/n /yr tJ for a lake \ v i  t h '  - a  mean depth of  20 
netres, and about  0.8 g/m /yr P and 11 g/m /yr I.1 for  a lake w i t h  a 2 2 

mean depth o'f 100 metres. 

2 

These suggested cri teria apply only i f  other requirements of a1 gal 
growth are met,  such as  available l i g h t  and water retention time. I f  
these factors' 1 ini t growth r a t e  and the  increase o f  biomass, 1 arge 
amounts of nutrients may move through the systenl  unused, and nuisance 
conditions nay not  this  standpoint nutrient load ing  which  produced 
nuisance conditions were about-occur (Gklch, 1969) .  

Even though  a l l  the  nutrients necessary for p l a n t  growth are 
present, growth will not  take place  unless -evironmental\ factors such as 
l i g h t ,  temperature, and substrate  are  suitable. Nan's  use of  the 
watershed a1 so , influences  the sediment 1 oad and nutrient  levels i n  
surface waters (Leopold " e t  a1 . , 1964; Bornann and Likens, 1967) .  

2.4.4 Flanagenent Priorities 
The identification of sources,  loads and management practices 

relative t o  phosphorus and other  pollutants from other than point Sources 
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i s  being  documented i n  the l i terature from  var ious  basinwide studies 
(e.g. -Northern Virg in ia   P lanning  District Commission  and Vi rg in i a  
Pol utechnic Institllte and   S t a t e   Un ive r s i ty ,   1977) .  .Thus,  the f i r s t  s t e p  
i n  s e t t i n g   p r i o r i  t ies  on 1 a n d   a r e a s   f o r  management purposes  i s  the 
i d e n t i f i c a t i o n   o f   a r e a s  c o n t r i b u t i n g  l a r j e   p r o p o r t i o n s   o f   p o l l u t a n t s  
d i rect ly  t o   s u r f a c e  waters. -These a r e a s  are nornal l y  1 oca ted  close t o  
r i v e r s ,   s t r e a m s ,   l a k e s   a n d  impoundments  and  have been termed 
hydro1  ogical l y   a c t i v e   a r e a s .  Other nonpoin t   sources ,  such as 1 and uses 
incl uding the nonsewered  waste  disposal  of septic s y s t e m s ,   s a n i t a r y  
l andf i l l s ,   s t r eambank   e ros ion ,   g roundwate r   i npu t s ,   l and   d i sposa l   o f  mine 
t a i l i n g s ,   s l u d g e   d i s p o s a l  on l a n d   a n d   r e c r e a t i o n a l   a c t i v i t i e s   h a v e  a1 so 
been cons idered .  

3. STUDY AREA 

3.1 Geonorphol ogy 

The  Okanagan Val 1 ey . is  a s t r u c t u r a l  trench o v e r l y i n g  a s y s  ten o f  
sub -pa ra l l e l  , 1 inked f a u l t s   t h a t   s e p a r a t e s  the 1 a t e   P a l e o z o i c   o r   e a r l y  
i- lesozoic  Monashee  group  of  metamorphic  rocks  of  differing 1 i t h o l o g y  on 

either side o f  the trench. This trench i s  p a r t i a l l y   f i l l e d  by s e v e r a l  
hundred meters of   unconsol ida ted   mater ia l s .   Dur ing   and  a f t e r  the 
p1 e i s t o c e n e ,  the Val 1 ey was the s i t e  o f   d e p o s i t i o n ,  resul t i  ng from 
g l a c i a l  r -  outwash, d i rect  g l a c i a t i o n ,   a n d   l a c u s t r i n e   a n d   f l u v i a l  
sedimentation  (Nasrnith, '   1962;  St .   John " e t .  a1 . , 1973) .  

3.2 Landscape 
Three b iogeoc l   i na to log ica l   zones   a r e  represented i n  the Okanagan 

Basin  (Kraj ina,   1969;   Valent ine " e t  a1 ., 1978):   (1 ) Englernann Spruce - 
S u b a l p i n e   F i r ,  ( 2 )  In t e r io r   Doug las  and ( 3 )  Ponderosa Pine -' Bunchgrass 
zone. Zone 1 1 ies above  1200-1  350 m a1 ti  tude and trees i n  this zone nust 
be ab1 e t o   t o 1   e r a t e   r e 1   a t i v e l  y s e v e r e  winters w i t h  frozen  ground. Zone 2 
1 ies between 300-1 350 m a1 t i  tude  and includes open   and   c losed   fores t   o f  
both  Ponderosa p i  ne and Doug1 a s  f ir .  Zone 3 1 ies i n  the semi - a r i d  Val 1 ey 
bottoms  and on s o u t h - f a c i n g   s l o p e s   t o   a .  maximum o f  750 rn a1 t i tude.  
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TABLE 5. Pre l iminary  Permissible and  Cri t ical-   .Loading Rates i n  Lakes of  
D i f f e r e n t  Mean Depth For Total Nitrogen and Total Phosphorus 

Permissible Loading, 
( u p  t o )  

Crit ical  Loading 
( i n  excess of 

Hitrogen.  Phosphorus Mi rogen  Phos horus 
Mean Depth g/m2.year g/mz .yea r  g/m 8 .yea r  g/n B .year 

5 m  1 .o 0.07 2.0 0.1 3 

10 rn 1 .5  0.1 0 3.0 0.20 

1 5  m 4.0 0.25, 8.0 0.50 

l o o  m 6.0 0.40 12.0 0.80 
. .  

150 cl 7.5 0.50 15 .0  1 .oo 
200 m 9.0 0.60 18.0  1 .20 

*After  Vollenweider  (1  968,  1971 . . 
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Seven major so i l s ,  (Valentine " e t  a1 . , op. c i t .  ) are  represented i n  
the basin: (1 ) .huno-ferric podzols and dystric  brunisols  characterise 
the  highest  biogeoclimatic zone, ( 2 )  eutric and dystric  brunisols and 
gray 1 uvisol s occur in the intermediate zone and ( 3 )  brown, and  bl ack 
chernozem characterise  the 1 owes t zone. 

The main Okanagan Valley i s  the result o f  intensive g lac ia l  
erosion' d u r i n g  the P1 eistocene. The valley formed a channel through 
which ice escaped from the major mountainous centres of accumulation t o  
1 ower elevations  (Tipper, 1971 ). A variety of sediments has been 
deposited i n  this glacial t rough d u r i n g  the la te  - and post - glacial  
period, b u t  very 1 i t t l e  evidence from earlier  glacial episodes or even 
from earl  ier  parts of the l a s t  glacial episode remains. These sediments 
are impor tan t  t o  the hydro1 ogy and water qual i t y  of the Okanagan Basin 
because they constitute  aquifers and .aquicl udes w i t h  totally  different 
hydrologic residence times than the underlying bedrock. In the case of 
the  fluvial  terraces , kettled outwash, outwash terraces, and a1 1 uvial 
fans the  saturated  hydraulic  conductivities a re  very h i g h  by contrast 
with  moraine ridges (of  which there  are n o t  many) and the extensively 
exposed  gl acial 1 ake sediments. 

i 

The work of  the  ice  sheet and the distributing agencies of 
deglaciation and post-glacial  erosion  are  responsible  for  the  final 
arrangement of the  materials from which the Okanagan soils  are derived 
(Kelley, and Spilsbury, 1949) .  The parent  glacial t i l l   i s  a general 
mixture, whose mineral characters have  been inherited by a1 1 o f  the 
soil s , b u t  water-sorting has affected  the degree of  inheritance  in regard 
t o  some constituents. Water-sorting has  endowed the 1 oamy sands w i t h  a 
h i g h  content of  s i l ica  by removing iron, aluminium and magnesium. 

The content of organic  matter and nitrogen i n  the soil  profile 
varies  in response t o  climatic distinctions, the black soils being most 
favoured for  accumulation and f i x a t i o n  under  well -drained cond i t ions .  
From the dark brown t o  the brown soil zones, the amount of  organic  matter 
and nitrogen stored  in the soil  is progressively snaller, owing t o  rnore 
lirnited ra in fa l l  and more scanty  vegetation. In the internountain podsol 
there  is an organic mat on the surface, b u t  the  soil  itself contains less 
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organ ic   ma t t e r  and n i t r o g e n  than the grass1  and types.   Phosphorus is  the 
leas t  mobile  of the impor t an t   so i l   m ine ra l s ,   and  i t s  g r e a t e s t  
c o n c e n t r a t i o n  i n  t h e  s o i l   p r o f i l e  i s  u s u a l l y  a t  o r  near the s u r f a c e .  
This  is  due t o  the a c t i o n   o f  plants which draw a par t  o f  their  supply  
from the s u b s o i l .  As vegeta t ion   decays ,  the phosphorus is he ld  i n  
conb ina t ion  w i t h  o r g a n i c   h a t t e r .   A p p a r e n t l y  the return of  this subs t ance  
t o  the ,subsoi l  by 1 eaching  i s  a t  a sl ower r a t e  than i t s  accumul a t i o n  i n  
the topso i l   unde r   na tu ra l   cond i t ions .  Where c r o p s   a r e  grown and sh ipped  
away,  however, this cycl e is  interrupted and  sooner o r  1 a t e r  the a c t u a l  
loss   o f   phosphorus   f rom the s o i l  must be rep laced  by the use of  

f er t i .1  i z e r  . 
Sol ubl  e sal t s  move i n  the groundwater  from up1 a n d s   t o  1 ow1 ands i n  

- e v e r y  cl i n a t i c   r e g i ' o n  an'd some o f  them a r e   r e t a i n e d  i n  the p r o f i l e s   o f  
the soils t h a t  l i e  i n  the v a l l e y  bottom. T h i s  accumulation i s  related t o  
humidi ty   and  solubi l   i . ty ,  the g r e a t e s t  number and  amount o f  s a l t s   b e i n g  , 

e a c h e d   i n t o  the streams and rivers ' i n  the h u n i  d cl inate.  The n o s t  humi d 

Okanagan c l i m a t e   p r e v a i l s  i n  the intermountain  podsol  region.  In this 
zone, the bases   have   g rea t e s t  1 i bera t ion   and  the topso i l  is rendered 
s l i g h t l y   a c i d  by the s i n k i n g  . o f  s o l u b l e  sa l ts .  Available  sodium, 
potassiun,   and magnesium a r e  more o r  less leached  from the p r o f i l e .  
E x c e s s   i r r i g a t i o n   w a t e r ,  which l e a c h e s   c o n s i d e r a b l e   q u a n t i t i e s   o f   s a l t s  
i n t o  the V a l l e y   l a k e s ,   g i v e s   t e r r a c e   s o i l s  a r e a c t i o n   o v e r  pH 8.0. 

3.3 Lirnnol ogy 
General 1 innologica l  - studies of  Okanagan, Wood and Kal anal  ka Lakes 

were conducted by Raws'on (1 935)  and. C1.enens " e t  a1 . , (1 939).  Limnol og ica l  
studies conducted by Ste in   and  Coul thard   (1  971 ) and Coul thard   and   S te in  
(1'969) preceded the j o i n t  s tudy  o f  Federal   -Provincial  Okanagan Basin 
Agreement,  (Canada-Bri tish Col unbia Okanagan  Basin  Agreement,  1974). 
Some f e a t u r e s   o f  the morphometry  and  hydrology o f  the Okanagan  Lakes a r e  
shown i n  Tables  6 and 7. Trophic   condi t ions  of   sone Okanagan Basin 
l a k e s ,   u s i n g   c r i t e r i a   p r o p o s e d  by Vollenweider  (1  968,  1971 ) a r e  shown i n  
F igure  3. 1 
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3.4 Climate 
The Okanagan River drainage extends from latitude N 50" 50' and 

flows in a southerly  direction, abou t  204 km i n  Canada and  117 kn in the 
United States, .where i t  joins the Columbia River. Most of the 
precipitation  is b r o u g h t  t o  the area by prevailing  westerlies. S t rong  
orographic effects compl icate the  precipitation  pattern. The Cascade 
Mountains e x h i b i t  a "spillover" on to  the leeward (eastern) slope of 
orographic enhancement of precipitation, whereas the areas t o  the east 
are in a strong precipitation shadow..  Descending a i r  on the lee  side of 
the western mountains i s  re1 atively dry and,  as a resul t of being  warned, 
becomes strongly  evaporative. In the  eastern mountains, orographic 
enhancement o f  precipitation occurs. 

3.5 -Hydro1 ogy 
As a function of the geomorphology and the  climate  there  are  three 

distinct hydrologi,c regions i n  the Okanagan River basin: ( a )  the upland 
rim, ( b )  the  northern Okanagan and ( c )  the Southern Okanagan Region. 
( a )  Uplands: East and west of Okanagan Lake there i s  a sharp rise  in 
precipitation t o  500 mm y r  on the uplands. Temperatures are lower 
(5"C), hence runoff is, enhanced (175 ~m yr-' or greater) by comparison 
w i t h  the Okanagan Val ley.  Seasonal snow storage and ne1 t are  inpor t an t  
in this  area. 
( b )  Northern Okanagan Val 1 ey: Mean annual tenperature i s  5-6°C here, 
whilst  precipitation i s  in the region of 375-500 mm. The precipitation 
i s  reasonably well distributed and snow storage i s  notably less  inportant 
here. As a result, actual e'vaporation is  fairly high ( 250 nm) and 
runoff  i s  low. However, d u r i n g  spring  freshet, the importance of  snow 
me1 t fed tributaries,  for exanpl e, El 1 i s  and Shingle Creeks , i S 

emphasized. Their contribution t o  water budget in the Okanagan River 
should no t  be underestimated. 
( c )  Southern Okanagan Valley: This area,  including the  southern-nost 
Similkaoeen  River Valley, is  the warmest (8-9°C) and driest  (300-375 LIM 

yr-l  region. Snow storage is  relatively unimportant  and runoff i s  as  c 

1 i t t l e  as 75 mn yr-l . Runoff i s  highly seasonal and variable, most 

- -1 

\ 

L 
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watercourses being dry i n  l a t e  summer. 
The net e f f e c t  of  these hydrol ogic  regions  has been summarized 

by McNeill (1976). The Okanagan basin, on average,  receives 300 m of 
precipitation  annually a1 ong the popul ated Val 1 ey  bottom.  Orographic 
effects   increase the to ta l  t o  'an  overall  average  figure of 550 m per 
year  over ' the Okanagan  Lake watershed. Only about  120 m prec ip i ta t ion  
reaches the valley bottom and of this amount, about 50 mm evaporates from 
the'   surface  of the 1 ake so tha t ,  on average,  only  about  thirteen per cent  
of the incoming precipitation  or  about 70 m over  the  watershed i s  
avail  able  for  use. 

A t  present, (1 976)  there  are  twenty-five  active snow courses  (one 
per 120  square  miles),  seventy-five  streamgauging and lake  level   s ta t ions 
(one  per  forty  square  miles 1, and about  twenty-five  meteorological 
s t a t ions  (one per 120 square miles) i n  the basin. The meteorological 
stations  include  about ten c lass  "All evaporation  pans. 

3.6  Okanagan River - Skaha Lake Subsystem 
Detailed s tudy  o f '  Skaha  Lake has been carr ied  out  by Fleming 

(1 974) , and .. F1 eming and Stockner (1 975). This work led   to   the  
'development  of  a model of the phosphorus cycle and phytoplanktok growth 
in-Skaha Lake (Fleming,  op. c i t . ) .  A t  the   sane  t ine,   data   for   the 
Okanagan River between Okanagan and Skaha Lake were pub1 ished 
(Canada-British Columbia  Okanagan Basin  Agreement, 1974) and  Hershnan  and 
Russell  (1976) have considered a1 ternat ive  future   t rends i n  the  trophic 
condition of  the Okanagan River-Skaha Lake sub-system. I 

I 

The sa l ien t   po in ts  from the above research  concern  the  relative 
t rophic   condi t ion  for .  Skaha  Lake. The cont ras t  between phosphorus 
external and internal 1 oading r a t e s  i n  Skaha Lake (Figure 4 ) ,  as  
estimated by Fleming (op. c i t . ) ,   i n d i c a t e  comparative  contributions  of 
a l l  ochthonous and autochthonous  sources. Tab1 e 8 shows the  estimates of 
sources of  nitrogen. and phosphorus entering  the 1 ake and the  important 
concl  usions o n .  t he   e f f ec t s  o f  changing  hydrol  ogic  conditions. 

I t  i s  s ign i f icant   tha t   l a rge  changes i n  trophic s t a t u s  may, 
theoretically  occur i n  only 0n.e year  as a r e s u l t  of var ia t ions i n  
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TABLE 6. Morphometry of the Okanagan Basin Lakes 

Depths (n 1 
Surface 

Vol ume area 
Lake (1 06n3)  (1 O6m2 mean  maximum 

Wood 
Kal anal ka 
Okanagan 
Skaha 
Vaseux 

" " "" 

osoyoos (El ) 

osoyoos ( S) 

osoyoos 
(Total ) 

200 
1,520 

26 200 
568 
17.7 

204.0 

51.5 

397.0 

_ _ - .  

9.3 
25.9 

348.0 
20.1 

2.75 
9.91 

22 
53 
76 
26 

21 
6.5 

34 
142 
242 
57 
27 
63 

5.1 4 

23.0 

10.  

14  

29 

63 

/ 

Note : Osoyoos ( E l )  i s  the basin  north o f  the highway b r idge  
Osoyoos ( S )  is  the basin between the highway b r idge  and 
the U.S. border. 

Sources: Canadian  Elational  Topographic  System,  1960.  Scale 1 : 
126,720. 

F i sh  and Wildlife Branch,  Departnent  of  Recreation  and 
Conservation, B. C. 

Canada-Bri tish Col unbia Okanagan Basin Agreement (1 974). 

Stockner and  Northcote (1 974) 
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Tab1 e 7. Mean Annual Discharge  and  Residence  Tine o f  the Okanagan Basin Lakes 

Mean annual  outflow  Residence  tine 

Wood 10.1 8.2 "~ "" 

Kal anal ka 21.3 . 17.3 71 .3 
Okanagan 439.0  336.0 ' 59.7 
Skaha 474.7 385.0 1 .2' 
Vaseux 528.8  428.9 0.03 
Osoyoos ( t o t a l  590.3 478.6 0.7 

. .~ 

1 ake Canadian 
and U.S. p a r t s )  

Source:  Canada-British  Colurlbia Okanagan Basin Agreement 
Technical Suppl enent V. (1  974). 
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O l i g o l r o p h i c  

F igure  3. Troph ic   cond i t ions  i n  some Okanagan Basin l a k e s   u s i n g   c r i t e r i a  
proposed by Vol 1 enweider (1  968,  1971 ) 

Source:   (1)   Patalas   and  Salki   (19731,  ( 2 )  "- indica tes   1990 '  
1  oading Mi t h  e i g h t y  percent removal o f  
phosphorus f r o m  municipal waste wa te r ,  ( 3 )  
Canada-Bri t i  sh Col umbia  Okanagan Basin  Agreement 
(1 974 1. 

- 

r 
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hydrol ogy and phosphorus 1 oading. The hydrol  ogic  and 1 oading  conditions 
occurring from March 1972 t o  March 1973 resulted i n  a decrease i n  spr ing 
phosphorus  concentration i n  the 1ak.e  of 26 ug/l  (from 42 t o   1 6 ) .  The 
1  ower phosphorus  concentration  resul ted i n  s ign i f icant ly  1 ower 
phytoplanton  production  during the sunmer of 1973'; and no serious a1 gal 
bl oorns. Similar  changes  are documented i n ,  the body of this r epor t   fo r  
1  976 t o  1 978. ' 

4. METHODOLOGY 
4.1 Fie1 d Measurenents 

Chemical water qual i t y  measurements, ernpl oying simul taneous and 
sequential  sanpl i n g  methods  were conducted a t  three s t a t ions   l oca t ed  i n  
Okanagan River. 

4.2 Sanpl ing  Stat ions 
In the Okanagan River - Skaha Lake sub-system  chemical  water 

qual i t y  sampl ing   s ta t ions  were selected i n  the Okanagan river reach 
between Penticton and Okanagan Fal ls .  

In summer 1976, two sampling s t a t i o n s  were establ ished i n  Okanagan 
River a t  Penticton. One s t a t i o n  was located  inmediately below Okanagan 
Lake and instrumented v / i  t h  a portabl e discrete sanpl er  (Manning model 
S-4040). This s t a t i o n  was s i tua ted  i n  close  proximity'   to - the  recording 
s t rean   gauging-s ta t ion ,  08NM050, maintained by Water Survey  of Canada. 

The second sampl ing   s ta t ion  was located  near the Penticton 
airport ,   approximately  1.7 kn. downstream fron the Penticton  municipal 
.ou t fa l l  . This s t a t i o n  was equipped w i t h  two portab1.e d i s c r e t e   s a w l e r s .  
One sampler was located on the west and the other  on the   ea s t  bank. T h i s  
s t a t i o n  was not instrumented w i t h  water  level  recorder b u t  w i t h  a nanual 
s t rean gauge. 

In  1977, auxi l ia ry   water .   qua l i ty   s ta t ions  were established a t  the 

two t r ibutar ies ,   Shingle  and E l  1 i s  Creeks. A t  the mouth of  Shingle 
Creek, the sampl i ng s t a t i o n  was not equipped w i t h  a portabl e col 1 ec tor  
and was used for   col l   ect ion  of  siclul  taneous  sanpl es only. In order   to  
provide  Shingle Creek discharge  data, t h e  s t a t i o n  O8NM150 was react ivated 
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1969 - 1970 

FIGURE 4: External  1  oading (upper curve)   and  sinul a t e d   i n t e r n a l  
l oad ing   ( l ower   cu rve )  o f  phosphorus   to  the e p i l i o n i o n  i n  

' Skaha Lake (from  Fleming;  1974). 

N.B. These da ta   a re   approximate ly   one   o rder  O f  RIdgnitUde h i g h e r  
t han   t hose   r epor t ed  i n  Canada - British Columbia  Okanagan 
Basin  Agreement  (1974). 
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TABLE 8. Annual Input  (percent) o f  Total Eli trogen 

and Total PhosDhorus t o  Ska’ha  Lake (1969-71 

f4i trogen 
To t a l  

Phosphorus 

Okanagan  Lake 45.6 21.9 
Tributary  Streams 0.9 7.6 
GIaste Treatment  Plants 28.7 60.2 
Tributary S1 opes 4.6 1 .1 
Groundwater 14.5 5.7 
Precipi ta t ion 5.7 3.5 

100.0 = 199  ton  yr-’  100.0 = 24.23 ton  yr-’ 

Source:  Canada-British Columbia  Okanagan Basin  Agreenent  (1  974) 

N.B. These data include al l   sources  o f  nutrients and,   therefore ,   are  
not  di .rectly comparable w i t h  Tab1 e 12.7 o f  the Canada - British 
Col umbia Okanagan Basin Agreement Report (1 974). 



by Water Survey of Canada  and instrumented w i t h  a manual gauge. The 
water  sampling  station which was loca ted   a t   t he  mouth of Ell is  Creek, 
08NCll35, was equipped w i t h  a portable   discrete  sanpl e r .  For the  purpose 
of discharge measurements the s t a t i o n  was instrumented w i t h  a  water  level 
recorder and maintained by Water Survey o f  Canada. 

A t  Okanagan Fa1 Is ,   the   water  qual i t y  sampling s t a t i o n  was 1 ocated 
bel ow Skaha Lake dam and equipped w i t h  a  portable  discrete  sanpl  er .  This 
s t a t i o n  was s i tua ted   c lose  t o  the Water Survey of Canada s t a t ion ,  
08t4I.4002, instrumented w i t h  a water  level  recorder. 

The portable sampl e r s  1 ocated a t  a1 1 s t a t ions  were  housed i n  s teel  
manholes,  approximately 1.5 m below the ground. A permanent p l a s t i c  
pipe, 3 cm. i n  diameter,  connected  the  housing w i t h  the  sampling po in t  i n  
the s trean. 

4.3 Sanpl i n g  Method 
Two sampl i n g  methods  were  used for  co l lec t ion  of water sanpl es ,  

(a)  simultaneous,  and ( b )  sequential  nethod. 
. 

4.3.1 'Sinul taneous  sanpl i n g  nethod 
The sinul  taneous  sanpl i n g  method 

repl  icate  sampler  devel oped by Water 
was a nanual nethod  employing  a 
Qual i t y  Branch, In1 and Waters 

Di rec tora te ,  Vancouver, B. C. This  nethod was designed w i t h  the aim of 
establ i s h i n g  heterogeneity of p o i n t  concentration measurements of 
nu t r ien ts  i n  the  investigated channel cross-section.  Hydronetric 
measurements  were  taken  concurrently w i t h  simul  taneous sampl i n g .  During 
these combined measurements  each  channel cross-section was divided i n t o  a 
rninirnum of twenty  hydrometric  subsections and four cherni'cal s l   ices .  A 
standard,  two-point hydrometric  dethod  (Ozga, 1971 ) was used . for 
determination of discharges through each  subsection. In order t o  o b t a i n  
chemical da t a  a channel cross-section was divided i n t o  four s l i c e s  and 
three sample repl  icates were col lected i n  the upper stratum of  each 
s l i c e ,  a t  approximately 0.6 of the  depth below the  water  surface. The 
s e t s  of simultaneous  samples for analysis  of total  phosphorus and t o t a l  
dissolved  phosphorus were col lected i n  50 and 100 m l  glass-Pyrex 
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bot t les .  Samples for  analysis  of  nitrogen forms were col lected i n  100 rill 

pol yethyl  ene  bottl es. 
!. , 

4 , .. 

4.3.2 Sequential.  sampling method 
The , sequential sampl i n g  method, empl oy,i ng portabl e d i sc re t e  

samplers , was used.   to   obtain  the. .   ser ies   records of single point 
measurements of  nutrient  concentrations i n  t h e ,  stream  channel , a t  
approximately 0.'6 of the  depth bel ow the  water.  surface. These records 
provided  information on concentrati'on  changes  caused by var iab le   e f fec t  
of  discrete  nutrient  sources .and. r a t e s   o f ,  f l  ow, regulated by  dams located 
below Okanagan and Skaha Lakes. \ 

4.4 Frequency  of  sanpl i n g  
Simul taneous sampl i n g  method was applied i n  nonthly  intervals.  A t  

sanpj i n g  s ta t ions ,   th ree  . rep1 icate  water samples were c o l l e c t e d   a t  each 
of '   the   four  s i  i ces  of  the  particular  channel.  cross-section. 

Sequential sampl'ing method was used i n  weekly in te rva ls  d u r i n g  two 
consecutive, randomly  chosen  days w i t h i n  the week. In order  to  determine 
diurnal  variation i n  nutrient  concentrations  four  sequential  samples  were 
col 1 ected d u r i n g  each sampl i ng day. Time of sanpl i ng was a t  03: 00 , 
09:00, 15:OO and 21 :00 hours. The daily  sanpl i n g  in te rva ls  were .based on 
the results of short-term  t ime  series  analysis of nutrient  concentrations 
measurements on samples co l lec ted   a t   s ta t ion   near   the   Pent ic ton   a i rpor t ,  
i n  1976.  Concentration  naxina  occurred a t  times close t o  09:OO and 21 :00 
hours,  respectively,  while  concentration minina  were observed- a t  n i g h t  
and afternoon. 

I '\ 

1 . 7  

! 

4.5 Sarnpl e Pretreatment 
In si t u  water sprnples col lected  for   the  dissolved phosphorus 

analyses were immediately f i l t e r e d  through pre-soaked and prewashed  0.45 
micron ce l lu lose   ace ta te  membrane f i l t e r  of 47 om diameter.  Sanples  for 
nitrogen  determination were kept i n  . cool e r s  (Col eman  Cool e r s  Model 
5243-720). A1 1 sanpl es were shipped . to   the 1 aboratory i n  Analytical 
Service  Division,  Pacific Region, Water Quality Branch,  Vancouver, B. C. 
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4.6  Chemical Analyses 
4.6.1 Total  phosphorus (P).and'   total   dissolved phosphorus ( P I  

The concentrations of to ta l  phosphorus and to ta l  d 
phosphorus were measured a f te r   d iges t ion  w i t h  persulfur ic   acid 
automated coqorinetr ic  phosphomolybdate method u t i 1  izing  ascorbic 

i s s ol ved 
by the 
a c i d  as  

the  reducing  agent (Murphy and Riley,  1962).  Results were reported  as 
t o t a l  phosphorus ( P )  and total   dissolved phosphorus (P) i n  mg 1 

The precision and accuracy  of the analyses were es t ina ted  by  blah 
(1 976). Sarnples of stream water used f o r  this t e s t  were c o l l e c t e d   a t  
four ' d i f f e ren t  1 ocations and from these  samples  seven  subsanpl es were 
poured from a well  nixed sarnpl e bo t t l e  and analyzed. 

4.6.2 f l i t r a t e   p lus   n i t r i t e  ( E l )  
The concentrations o f  n i t r a t e  plus n i t r i t e  were  measured by the 

automated cadmium reduction method devel oped by Technicon Instrunents 
Corporation  (1.972). Hi t r a t e  p l u s  n i t r i t e   concent ra t ions  (El) were 
reported i n  ng 1 -' . 
4.6.3  ,Amonia (N) 

Ammonia  was measured by the  automated  indophenol  blue method 
(Technicon  Instrunents  Corporation, 1971 1. hnonia   concentrat ions  \ .We 
reported as ammonia (IJ) i n  ng 1 -' 
4.6.4 Total  disso1,ved  nitrogen ( F J )  

The automated u l  t ra -v io le t   d iges t ion  method was used t o  measure 
the soluble  nitrogen forms i n  water  samples (Afghan " e t  a1 . 1970; 
Environment Canada , 1974). Resul ts were reported  as  total dissol ved 
nitrogen (N) i n  mg I 

4.7 Rutrient  sampling 
Generally,  there i s  a .   var ie ty  of fac tors  which can affect   ' the  

study  of  various  sources of  phosphorus  and other  pollutant  loads i n  a 
basi n. These incl ude factors  previously  discussed and other 
considerations emphasized i n  the 1 iterature  (e.g.  International  Reference 
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Group on Great Lakes Pollution from Land Use Activi t ies ,   1978) .  The 
following  consideration can be included i n  the development  of pol lutant  
sampl i ng programs : 
( a )  one of the great,   concerns w i t h  the pol 1 utant 1 oad data, i s  the 

possibility  of  not  sampling  major storm or  spr 
can contr ibute  a very large  .proportion of the 
b u t  t o  improve sanpl i n g  procedure  following a 
response  nature of  each t r ibu tary .  

( b )  A1 though there i s  a tendency toward standa 

ng ne1 t events which 
total  tribu'tary 1 oad 
study . i n to  the  event 

dization  of  loading 
nethodol  ogies  there  has been 1 i.ttl e attempt  "to.  assess the accuracy 
of  any method i n  various  types  of  streams under various Sampl i n g  
s t r a t eg ie s .  

( c  1 -Sanpl i n g  frequency i s  . c r i t i c a l  t o  the.  accuracy o,f any 1 oading 
calculat ions and the  inaccuracies  resulting  from..a ,1 imited data  -base 
1 i ke1.y exceed  inaccuracies resul t i  ng from any  1 oadi ng cal  cul a t i  on 
me thodol ogy . ' 

Some of these considerations,are  addressed i n  the  present s tudy of 
nutrient 1 oads. 

4.8 Precision,.  consistency and accuracy 
Precision,  consistency and accuracy were considered. i n  re la t ion  t o  

the  three  phases  of  the. study:.  fie1 d measurements,  chemical analysis  and 
data   interpretat ion.  

Generally,   the  tern  precision  refers  to the 'reproduci  bil i t y  of  a 
r e s u l t  when operations i n  1 aboratory  analysis  are performed repeatedly on 
a  sample under control led. ,condi t ions.  In the  f ie ld ,   precis ion  refers  t o  
the  variabil  i t y  observed among numerous oeasure,ments  of  chemical 
concentration  or  other  quantity  (Fritschen and Gay, 1979) .  The observed 
Val ues  can be widely  displaced 'from true mean value  'as a resul t of 
systematic  errors  present through neasur,ements.  Precision,.according t o  
Eisenhart (1 952) , as  an expression of the  clustering  of ' t he  data ,  i s  
re1 ated  to   factors   inherent   to   the measuring  process. 

Consistency  of  data can be determined when  two or more measuring 
processes  or methods a re  used over a f i n i t e  time  period and the  resul t ing 
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data  are compared. If the r e s u l t s  of  one method a re  either always higher 
o r  lower  than  those  of  another method,  a systematic  bias can be assumed. - 
However, i t  i s  not known which of the methods is  more accurate b u t  i f  the 
behaviour o f  data compared show a consis tent   pat tern  then  their   real  
temporal trends can be detected. 

I 

Accuracy r e fe r s  t o  the  re la t ion between the measured and "true" 
value  or  the  closeness  to an accepted  standard such as  those  maintained 
by the Mati-on.al Bureau of  Standards (American Society  for  Testing 
Idaterial s , 1972). 

Accuracy expresses a r e l a t i o n   t o  a Val  ue external   to   the measured 
process. An accurate method (Eisenhart, z. - c i t . )  i s  a method t h a t  i s  
both precise and unbiased i n  the sense  that  i t  y ie lds  measurements t h a t  
a re   c lose ly   c lus te red  and centered on the  true  value.  Laboratory 
standards  are  normally.  considered  accurate. In f ield s tudies ,  on the 
other  hand,  the  true f ield standards  cannot be determined and indicat ion 
of  bias and def ining  levels  of precision  are,  therefore,  fundamentally 
important  considerations i n  designing  procedures  of  sanpling and 
ana ly t ica l   in te rpre ta t ion .  

. 
- 

The sinultaneous  sampling method,  employing collection  of  three 
rep l ica tes  of  water samples fo r  chemical analysis,   al lows  precision of 
'nutrient,concentration  neasurenents i n  the channel cross-section t o  be 
determined.  Concurrently,  instantaneous  discharge  data were obtained by 
the use  of  two-point  hydrometric measurements a t  twenty-four  subsections 
across  the  channel. 

Precision and accuracy  of 1 aboratory  nethods used to  analyse  water 
samples f o r  nutrient concentration, summarized by blah (1 976 1, vfere 
tabulated i n  the   reports   on.nutr ient   dispersal  (Zeman e t  a1 ., 1977) .  

Consistency  of  nutrient  concentration measurements i n  the   r iver  
was determined by the use of  two sanpl i n g  nethods, the simul taneous and 
sequential method. Discharge  data were calculated by standard 
cross-sectional vel oci t y  measurements.  These  measurements a re   p lo t ted  
graphically and interpreted by f i t t i n g  a stage-discharge  curve which i s  
the  basis-   for  discharge  precision  estimate of - + five  percent  (Nater 
Survey  of Canada , personal  communication). 
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Determination  of the precision  of nutrient concentration 
measurements  and load  estimates was one o f  the major  goals  of the present 
study. Concentration and load  data were reduced  to   ar i thnet ic  and 
geometric means  on daily,  seasonal and annual basis.  Standard  deviations 
were calculated  to  characterize  dispersion  of  individual measurements  of 
nutrient  concentrations  and 1 oads  about  the.  calculated means, and 
standard  errors  indicated  the.   variation among observation means. 
Confidence 1 i n i t s  were established around ' the  calculated means of 
nutrient  concentrations and loads. 

Consistency  of  'nutrient  concentration and load  data was assessed 
by comparison  of results obtained by simul taneous and sequential sampl i n g  
nethods. Tab1 es of resul t s  were prepared  to  indicate ' seasonal and annual 
ari thmetic neans  of  nutrien.t  concentrations and loads  for  data  deternined 
by bo th  sampl i n g  methods. Daily geornetric  neans o f  concentration and 
loads were used fo r  graphical  representation.  Confidence limits were 
determined fo r  dai ly  mean nutrient concentrations  obtained by both 
sampling methods.. In terns  of daily  load  determination simul taneous 
sanpl i ng nethod,, i nvol v i  ng rep1 i ca t e  sampl e s ,  provided  the.  possi b i  1 i t y  of 
establishing  confidence limits around  the  daily  nutrient  loads.  Daily 
loads  determined by sequential method were represented by one number, the 
sum of 1 oads  calculated  for  six-hour  intervals.  

5 DATA INTERPRETATION 
The procedure  of  data  interpretation  involves  simple  statist ical  

and graphical  techniques  to  i l lustrate  spatial  and temporal  changes  of 
variables measured d u r i n g  the.  three-year  period. These var iables   are  
discharge,  concentration  of  nutrients and their  loads  determined a t  the 
three  sampling  stations  located: ( 1 )  below Okanagan  Lake  dam, ( 2 )  near 
the  Penticton  airport just upstream  of Skaha Lake and ( 3 )  a t  Okanagan 
Fa l l s ,  below the Lake. 

5.1 Discharge 
The acquis i t ion of discharge  data for deternination  of  nutrient 

1 oads requires a specific  approach,  depending on the method used f o r  
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collection of sanpl es  for chemical analysis .  
Discharge for the  calculation o f  loads from concentration 

measurements obtained by simul taneous ,sampl ing was determined in si t u  , 
dur ing  combined hydrometric and  chemical  measurements. On the other 
hand, f o r  the calculation of 1 oad based on concentration measurerilents 
from sequential sampl es  discharge data were obtained fron the records of 
Water  Survey of Canada. These records were available fo r  a l l  s t a t i o n s  
w i t h  the  exception o f  the station near the Penticton airport. Discharge 
a t  this s t a t ion ,  no t  instrumented w i t h  a water level  recorder was 
estimated. In' 1976 and 1977, because of the absence of da t a  fron 
t r ibu tary  streams,  discharge for this  station was taken from station 
Ol3E~lt.1050. After instrunentation o f  tributary  creeks, in October 1977, 
discharge .for this  station was calculated as the sum of discharges from 
the  station below Okanagan Lake dam, municipal outfall,  Shingle'and  Ellis 
Creeks. Annual hydrographs are used t o  i l lustrate  temporal  changes of 
discharge measured and/or  estimated a t  the  three sampling stati'ons. 

5.2 Concentration 
The precision of nutrient  concentrations measured by simultaneous 

and sequential sampling methods are  illustrated by p lo ts  showing 
three-year time series records of the,  daily geometric means and their 95 
percent confidence 1 ini ts .  Digital interpretation of concentration d a t a  

. i S shown in two sets of tab1 es. The f i r s t   s e t  of tab1 es shows 
statistical  characteristics o f  a l l  individual  concentration  neasurenents 
taken i n  the particular nonths. of sampl i n g  during the  three-year  period. 
The second set  of tables shows statistical  characteristics of al l  
i ndivi dual concentration measurements w i t h i n  the particul  ar  years. of 

sanpl i ng . 
5.3 Load 

TWO procedures are used i n  the detereination of nutrient loads 
passing through each of the three sampl i n g  stations o f  Okanagan River. 
The f i r s t  procedure u t i 1  izes discharge and concentration measurements 
obtained by simul taneous sanpl i ng methods. The second  procedure i s  based 



- 74 - 

on da ta  obtained by sequential sampling method. 

5.3.1 Simul taneous sampl i ng method 
In the procedure which is  based on simul taneous  sampling method 

the' partial   load method is  used to   ca l cu la t e   nu t r i en t  1 oads passing 
through  a  channel  cross-section. This. method was developed d u r i n g  the 
nutrient  dispersion  study i n  the Okanagan River a t  Penticton (Zenan e t  
a1 . , 1977). An a1 gorithrn for  the  determination of nutrient 1 oads, and 
t h e i r  - precision, by the partial   1 oad  &hod i s  described by  Zeman and 
Slaymaker  (1980a; 1981 ). In an abbreviated form, this nethod  uti1  izes 
instantaneous  data on discharge and chemical  measurements taken 
simultaneously i n  the hydrometric  subsections and chemical  domains  of the 
investigated channel cross-sections.  

On the basis  o f  the three sample repl. icates and discharge 
determined i n  a  sl ice-element  (saiipling  point)   the  nutrient  load i s  
calculated  for  . this srnal 1 e s t  sampl i n g  u n i t .  Then , the sums of the 
elenient  loads i n  each 'of the four slices give .the par t ia l   loads of the 
pa r t i cu la r   s l i ce .  The sun of the  partial   loads of s l ices   represents  the 
total   1 oad i n  the  channel  cross-section. In order  to  determine  precision 
of  the  load  data a number of s t a t i s t i c a l   t e s t s   a r e  employed. Variances 

'o f   the   par t ia l  1 oads are  'calculated and t h e i r  homogeneity is examined .by 
s t a t i s t i c a l  tests (Welch, 1951 ; Brown and .Forsythe,  1974;. Levene, 1960). 
The procedure  proposed by Satterthwai  te (1 946) is  employed for   the  
calculation  of  degrees  of 'freedom which a r e  used t o  estimate  confidence 
1  ini  ts of  the  partial   loads and cross-sectional  loads  of  nutrients.  

5.3.2 Sequential sarnpl i n g  nethod 
In the procedure  of  nutrient  load  determination,. which is  based on 

sequential  sampling method, the  flow  interval method (Zenan  and 
S1 aynaker,  1980b) i s  used for  calculation  of t h e  dai ly   total  1 oads.  In 
this procedure,  the  continuous  hourly  discharge  recorded d u r i n g  a day of 
sampling is  divided  into  the  four.  flow  intervals. The time  period  of the 
f i r s t  flow interval is from  0000 . t o  0600 hours. The hourly  discharge 
d u r i n g  the f l o w  interval i s  curnul a ted  to  produce  a volume of  discharge 
for  the  six-hour  period. This. discharge,  multiplied by nut r ien t  
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concentration neasured a t  one po in t  i n  the channel cross  section and i n  
the middle of each flow interval (0300, 0900, 1500 and 2100 hours, 
respectively) gives nutrient load  per s ix-hour  interval. From these four 
neasurenents,  daily geometric concentration means and .their 95 percent 
confidence 1 ini ts  are- calculated and used for .  graphical representation of 
a short range  temporal heterogeneity o f  nutrient concentration observed 
d u r i n g  a particular day o f  sampl ing. The  sum of the loads determined for 
each flow interval  represents the daily to t a l  load of nutrients ( k g  
day j. . In this procedure, nutrient concentration neasured i n  the 
middle of a flow interval i s  assumed t o  be representative for  the 
par t icu lar  interval. Missing. concentration mea-surenents are- .rep1 aced by. "- -. 

the  observations  obtained d u r i n g  the nearest  sanpling.period. 

RESULTS AND DISCUSSION 
6.1 General 

Data characterizing  nutrient  transport i n  the Okanagan River-Skaha 
Lake system are  interpreted i n  terms of spatial and temporal variation of 
nutrient  concentrations and loads d u r i n g  the period from 1976 t o  1970. 

Spa t ia l  v a r i a t i o n  of  concentrations and loads  of t o t a l  phosphorus 
( P I ,  t o t a l  dissolved phosphorus ( P ) ,  nitrate plus ' n i t r i t e  ( t i ) ,  ammonia 
(N) , .o rganic  nitrogen (b! )  and t o t a l  nitrogen (N),  as  well as, dissolved 
s i l ica  -are interpreted from neasurenents 'taken a t  stations  located below 
Okanagan Lake dam, near the  Penticton airport and a t  Okanagan Fal l  S .  

Temporal var ia t ion  of  nutrient  concentration and l o a d  d u r i n g  the 
three-year period is  illustrated  graphically. Variation of nutrient 
concentration, measured by simul taneous and sequential sampl i n g  methods 
i s  shown i n  the sets of common p l o t s  i n  terns of the d a i l y  geometric 
means and their 95. percent confidence 1 imi ts .  .Another set  of p lo t s  
indicates the temporal variation of nutrient loads .  Variation of 
nutrient 1 oads,  derived from simul taneous sanpl i ng nethod combi ned w i t h  
hydrometric  measurements; i s  indicated -by the plots of the 
cross-sectional  loads. The simultaneous sampling method, employing 
sample  rep1 icates, permits the  calculation of confidence 1 irnits based on 
concentration error and an ,assumed discharge error  plotted around the 
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total  cross-sectional loads. Data obtained by this method' represent 
instantaneous nutrient loads and are  plotted, on the sane tine  scale, as 
the data derived from sequential  sanpling method  which represent  the 
t o t a l  d a i l y  loads.  The t o t a l  d a i l y  loads  are  calculated- as the sum of 
the 1 oads determined for each o f  the four flow interval s dur ing  the day 
of  sampling and confidence limits of the d a i l y  nutrient loads  cannot be, 
therefore,  established. 

The graphical representation of results, a p a r t  from the information 
on ,seasonal and year-to-year changes i n  nutrient behaviour, indicates  the 
degree of precision of  nutrient  concentration measurements and their 
consistency i n  determination of nutrient'  loads  du r ing  the  three-year 
period . 

. Illustration of nutrient  concentration and load  da ta  i n  d i g i t a l  
f o A  i s  provided  i n  two sets of  tab l  es (Appendices B ,  C and E ) .  The 
f i r s t  set  of  these tables indicates s ta t i s t ica l  characteristics of 
nutrient concentration and load  da ta  determined fo r  a l l  observations 
obtained d u r i n g  individual months of the  three-year  period.  Further 
reduc'tion of data i s  shown, in the second' set  o f .  tables,  indicating 
statistical  characteristics,  .nutrient  concentrations and loads which are 
Qetermined . for  a1 1 data obtained d u r i n g  the ind iv idua l  years of  
sanpl ing .  Both tabl es show the arithmetic cleans o f  nutr ient  
concentration and loads for  the specified sanpl i n g  periods and number of 
sarnpl es. The  number of sanpl.es . i s  a significant  criterion i n  the 
assessment of  precision and representativeness of the results obtained by 
the two sanpl i n g  methods. 

In the  discussion o f '  results, 3-year .means of nutrient 
concentration ratios are used.  These 3-year means are determined for two 
distinct periods i n  each year of the  three-year sampling program. Thus, 

the f irst  period (spring and sunner)  includes  observati.ons  obtained fron 
the beginning of April t o  the end of September and the second period 
(fall  and winter)  includes data obtained- fron,  the beginning of  October t o  
the end of March.  Then, for a1 1 the i n d i v i d u a l  observations  obtained 
w i t h i n  the par t icu lar  period, 3-year concentration neans are cal cul ated. 
Therefore, there  are two values of the long-term concentration mean fo r  
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each nutrient. The number of  observations used f o r  the deteminat ion  of  
these 1 ong-term means and their 95 percent  confidence  interval s ' a r e  used 
t o  describe the changes  of the individual nutrient forms occurring dur ing  
these two distinct periods. 

. 

In the assessment o f  nutrient 1 oad v a r i a t i o n ,  discharge is  the 

most s ign i f i can t   f ac to r .  The annual  hydrographs are ,  therefore, provided I '  

t o  i l l  u s t r a t e  1 eve1 s and var ia t ion  of discharge  observed a t  each sarnpl i ng 
s ta t ion  during @e three-year  period. 

6.2 Okanagan River bel ow Okanagan  Lake Dam 
6.2.1 D i  scharae 

A t  s t a t i o n  below Okanagan  Lake dam (Water  Survey  of Canada s t real  
flow recording  s ta t ion 08NP150), the levels and s i g n i f i c a n t  changes  of 
discharge  maintained by the control dan a r e   i l l u s t r a t e d  by hydrographs 
(Appendix A ) .  The flow  regulation i s  obvious from the stepwise 
cha rac t e r i s t i c s   o f  the hydrographs,  fron the absence o f  peaks  and the 
maintenance  of the same pattern  of  f low  for  an extended period  of '  ' t i r x .  
Consequently, the concentration-discharge  relationship i s  no t   s ign i f i can t  
b u t  the magnitude  of  discharge and i t s  changes a f f e c t  the ~ m ~ n t  of 
nutrient loads. Maxinun and nininun  dischawes  observed a t  this s t a t i o n  
during the three-year  period  are 76.86- (May 1970) and '0.85 (May 1977)  
m s , respectively. The annual  discharge means (calculated  f ron 
the da i ly  means)  and their  95 percent' confidence  intervals Vary i n  the 
range  of  21.63 '+ 1.07, 7.19 + 0.36 and 18.5 + 1-00  n3 S" i n .  1976, 
1977 and 1978,  respectively. 

3 -1 

- - - 

6.2.2 Phosphorus 
Tenporal var ia t ion  o f  phosphorus i n  the Okanagan River bel ow 

Okanagan  Lake dam dur ing  the period  fron  1376 t o .  1978 i s  discussed i n  
terms . of  concentration and load  of  total  phosphorus ( P )  and to t a l  
d i  ssol ved phosphorus ( P 1. 

Seasonal  variations of  to ta l  phosphorus  concentration measured by 
simultaneous and sequential  sanpling  nethods i s  i l l u s t r a t e d  by the p lo t s  
of the daily  geometric means and their 95 - percent confidence 1 imits 
(Appendix B1 ). The wide sca t t e r .  of  confidence .limits around the 

. 

5 

. 
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concentration means determined from sinul taneous sampl i ng (three sample 
rep1 icates taken a t  each of the four slices i n  the channel cross  section) 
indicate  the  existence of heterogeneity of cross-sectional means of t o t a l  
phosphorus. Concentration of t o t a l  phosphorus  measured by the ,sequential 
.method, and illustrated in terms of the d a i l y  geometric neans, i s  
characterized by very  wide spread of the 95 percent. confidence 1 j n i t s ,  
because these means  were determined on a small number (usually  four) 
samples. The daily means of '  total phosphorus do not  show any long-term 
trend b u t  they indicate  the  existence of , a seasonal var ia t ion 'over the 
three-year  period. This seasonal ' ,variation is  characterized by higher 

n 

concentration--.of-total phosphorus dur ing  the  three ' fa1 1 -winter seasons 
than  d u r i n g  the  three spring-summer seasons. 

The seasonal variation of t o t a l  phosphorus is  further  illustrated 
by the arithmetic 'concentration means and their 95 percent . confidence 
interval s cal cul ate'd' fron i n d i v i d u a l  'concentration measurenents d u r i n g  
any given month of  sampling  (Appendix 82). The seasonal pattern of  t o t a l  
phosphorus concentration a t  station below Okanagan .Lake dam is  consistent. 
However; a maxinun concentration of total phosphorus,  measured by 
sequential method i n  August 1978, is  '0.1 ng 1-1 and a ' m i n i m u m  
concentration of 0.004 ng 1-1 (sequential measurements .occurs i n  

\ August' 1977'; July,  August and September 1978. (See the note regarding 
, the  results of the  concentration da ta  generated fron  sinul taneous and 

There i s  a 1 imi ted number of  observations  for  deternination of 
annual concentration means, b u t  the .arithmetic  concentration means and 
thetr ' statistic'al  characteristics,  are determined from a l l  i n d i v i d u a l  
observations d u r i n g  each year of sampl i n g  (Appendix B3).  These reduced 
da ta  indicate t h a t  the  year-to-year  differences of nean annual t o t a l  
phosphorus concentrations  deternimd i n  Okanagan River bel ow Okanagan 
Lake dan are n o t  significant. 

sequenti'al measurements i n .February 1978, Appendix B ) 

Loads of to ta l '  phosphorus, d u r i n g  the three  year  period,  are 
characterized by different behaviour pattern than concentrations o f  this 
phosphorus form. There are pronounced year-to-year  differences of  t o t a l  
phosphorus loads observed below Okanagan Lake dam. These changes are 
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associated w i t h  hydrological events. The annual hydrographs  (Appendix A ) .  
show the change  fron h i g h  discharge i n  1976 t o  the s ignif icant ly   lower 
discharges i n  the f o l l  owing two years.  A1 so, plots   of  the da i ly  1 oads  of 
t o t a l  phosphorus (Appendix B1 and note i n  Appendix B )  indicate  decrease i n  
loads  of this phosphorus form d u r i n g  the three-year   per iod,   par t icular ly  
i n  1977. However, the plots   of   dai ly   loads  of   total  phosphorus  appear t o  
ind ica te  a return i n  December, 1978 t o  the January,  1976 level . 

S t a t i s t i c a l  characteristics of  load da ta  are shown i n  Appendix 
B2. This appendix .shows the ar i thmetic  means and their confidence 
in t e rva l s ,  o f  t o t a l  phosphorus . ca lcu la ted   for   a l l   ind iv idua l  1 oads 
obtained  during  any g iven  months o f  ’ sanpl  i.ng. A maximun and a m i  n imum of 
the monthly mans  of  daily  loads of t o t a l  phosphorus  observed  during the 
three-year  period are 36.73 - + 14.75 (Clay 1978,  sequential  sampling 
nethod) and 2.76 - + 0.85 (May 1977,  sequential  sampling  method) kg 

day” , \ respec t ive ly .  The 95 percent confidence  intervals around the 
load means ind ica te  a pronounced var ia t ion   o f   to ta l  phosphorus da i ly  
1 oads determined a t  the s t a t ion  below Okanagan  Lake dam. 

S ta t i s t i ca l   cha rac t e r i s t i c s   o f   da i ly   l oad  means of t o t a l  
.~ phosphorus 

during  any 
.the number 
first year  
based on 

a r e  a1 so determined  for a1 1 individual 1 oad data  obtained 
par t icular   year   of  sarnpl ing. These means a re  determined f o r  

of observations which i s  different  f ron  year   to   year .  In the 
of  sanpling,  for  exanple, the ava i lab le  nutrient da ta   a re  

si.nu1 taneous  sanpl  ing i n  February, then i n  July,  August, 

. 

September  and December 1’976. According t o  the resul ts shown i n  Appendix 
B3, the to ta l  phosptiorus  load means and their .95 percent  confidence 
i n t e r v a l s   a r e  23.17 - + 4.07 (simultaneous  method), 5.29 - + 0.56  and 14.83 5 
3.14  (sequential  method) kg  day-’, i n  1976, 1977 and  1978, respect ively.  
The information on the load means  sho\dn fo r  1977  and  1978 is  based on 
1 arger  number of observations,  which are   obtained by sequential  sanpl i n g  
method and is ,  therefore,   considered  nore  ‘reliable  than  infornation 
obtained  by. a 1 in i   t ed  se t  of  sinul  taneous  sanpl es. 

Variation of total  dissolved  phosphorus,  observed a t  the s t a t i o n  
below Okanagan  Lake  dam, is  i l l u s t r a t e d  by the plots   of  i t s  da i ly  
geometric  concentration means and their  95 percent confidence 1 i n i t s  
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I .  

(Appendix B4). Simi lar ly ,   as  i n  the case  of  total  phosphorus, the 
dissolved form is  characterized by a pronounced heterogeneity  of the 
daily  concentration  measurenents and a l so  by seasonal  changes d u r i n g  the 
sanpl  ing  period.  General 1 y ,  concentration  of  total d i  ssol ved . phosphorus 
i s  sl igh t ly  higher dur ing  the fa1 1 -winter seasons i n  comparison t o  the 
spring-sunner  seasons. These seasonal  changes  are further indicated by 
the a r i t h n e t i c  means, 'and their s ta t i s t ica l   charac te r i s t ics ,   de te rmined  
for   -a l l   individual   concentrat ions  of   total   d issolved phosphorus  measured 
during any  given month of sampl i n g  (Appendix B5) .  A maximum 
concentration  of . t o t a l  phosphorus is  0.02 ng 1-1  (me'asured . by 

7 sequential method i n  January 1978) and a nininun i s  0.002 mg 1" 
(detect ion limit of the analytical  method),  neasured by both  sanpling 
methods i n  August  1977  and by sequential  nethod i n  Decenber 1977, and i n  
the s p r i n g  and. summer months 1978). 

of the 
winter 
l a k e ' s  
s umcler 
higher 

Generally, a t  t h e  s t a t i o n  below. Okanagan  Lake dan, the occurrence 
higher levels of  total   dissolved phosphorus concentrations d u r i n g  
and ear iy  i n  spring  corresponds  to the period  characterized by the 
low phytoplankton  growth,  while the low concentrations  observed i n  
can be caused by phytoplankton  uptake. In fa1 1 , t h e  observed 

concentrations  of this nutrient can be ascribed  to  both,  the lower 
phytoplankton  uptaken  and  phosphorus  regeneration i n  lake  water. 

Seasonal  changes  and the year-to-year  variation of concentration 
of   total   d issolved phosphorus a r e  n o t  s ign i f i can t .  Appendix B6 shows the 
s t a t i s t i ca l   cha rac t e r i s t i c s   o f  al.1  concentration  neans  of  total , dissolved 
phosphorus  determined for   a l l   concent ra t ions  measured d u r i n g  the 
individual  years  of  sanpl i ng. These means a r e  of , 0.005 2 0.0003 . 

(sinul  taneous  method)  and' 0.004 + 0.0002 (sequential  method) ng 1 -' i n .  
1976 t o  1978, respectively. 

- 

Variation  of.  the daily  loads  of  total   dissolved phosphorus derived 
from the two sanpli.ng -methods a t  t h e  s t a t i o n  below  Okanagan  Lake dam i s  
i l l u s t r a t e d  by p lo ts  (Appendix B4). -. Variation  of these loads  during the - 

three-year  period i s  associated,  w i t h  changes  of the discharge  regulated 
by the dam. The 1 oad means of  total  dissolved  phosphorus,  cakul  ated  for 
a l l   individual  measurements dur ing '  " any given month of the three-year 

._ 
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i 

sampl ing   a r e  shown i n  Appendix B5. 
Total  dissolved  phosphorus i n  terns of  load means deternined  for 

a l l  measurements du r ing  individual  years (Appendix B6) i s  14.98 2 7.44 
(simultaneous  sampling)  through 2.46 - + 0.213 t o  5.87 - + 0.92 (sequential  
sampling) kg day” i n  1976, 1977 and 1978, respectively. 

6.2.3 Nitrogen 
Variation  of  nitrogen i n  the Okanagan River below Okanagan  Lake 

darn is  described i n  terrns of  concentrations and 1 oads  of n i t r a t e  pl U S  

ni t r i te ,  amonia,   organic  nitrogen and total   nitrogen.‘  

\ 

Varia t ion   of   n i t ra te  plus nitri te i s  i l l u s t r a t e d  by the p lo ts   o f  
the daily  geometric means and their  95 percent   conf idence   l in i t s  d u r i n g  
the three-year  period (Appendix 87). The signif icant   seasonal   var ia t ion 
o f   n i t r a t e  plus.. n i t r i te ,  shown  by these p lo t s ,  i s  characterized by the 
higher concentration  neasurenents i n  the f a l l  -winter seasons i n  
conparison  to the spring-summer seasons  of the sampl i n g  period. Data i n  
Appendix B8, showing var ia t ion   o f   n i t ra te  plus nitrite by months, confirn 
this pat tern.  A naxinun  concentration  of  nitrate plus n i t r i t e  i s  0.22 

concentration  of less than 0.002 ng 1 -’ (represent ing  detect ion 1 irni t 
of the analytical  methods)  occurs  during  several months throughout the 
three-year  period. On the annual bas i s ,  the a r i t h n e t i c  I;leans and their 
95 percent  confidence  intervals (Appendix -B9) a r e  i n  the range of 0.02 2 
0.0032 (simultaneous  measurements), .. 0.011 - + 0.0019 (sequential  
measurements)  and  0.013 - + 0.0021 (sequential  measurements) mg 1 -’ i n  
1976, 1977  and 1978, rspect ively.  These reduced  data  indicate no 
s igni f icant   year - to-year   var ia t ion   o f   n i t ra te  plus n i t r i t e  concentrations 
measured a t   s t a t i o n  below  Okanagan  Lake dam. 

ng 1-1 (simultaneous  measurements,  July  1976) and a mininun 

Seasonal  variation  of the daily  loads of n i t r a t e  plus n i t r i t e  i s  
i l l u s t r a t e d  by plots  (Appendix B7) and by s t a t i s t i c a l   c h a r a c t e r i s t i c s  of 
the 1 oad means determined f o r  any g iven  m o n t h  du r ing  the three-year 
sampling  period (Appendix Be). A maximum and a niminur.1 load  of this 
nitrogen form a r e  130.25 (sinul  taneous  neasurements, July 1976) and 0.77 
(sequential  measurements, . June 1977)  kg day-l ,   respectively.  These 



, 
extreme 1 oad data  are observed during the month characterized by very 
high and very 1 ow discharge measurements. . The n i t r a t e  plus nitri te load 
means and their 95 percent  confidence  interval s determined fo r  a1 1 
individual measurements during the three ,years-  of sampling (Appendix B9) 
a re  65.54 - + 32.61 (simultaneous measurements), 4.54 - + 1.08 (sequential 
measurements) and 23.90 + 7.8 (sequential measurements) kg day-l , i n  

' 1976,  1 977  and 1978, respectively. The 1 ow n i t r a t e  pl us nitri te mean 
' 1 oad for  1977 is strongly i n f l  uenced by 1 ow annual.  discharge. 

- 

Amnonia, i n  the Okanagan River below  Okanagan  Lake  dam, is 
characterized by a wide range  of .the 95 percent  confi.dence  1 imits around 
the daily geometric  concentration means (Appendix B l O ) .  The pattern of 
seasonal variation  of ammonia concentration is different than t h a t  of 

" n i t r a t e  p l u s  nitrite. Amnonia concentration, by contrast  w i t h  n i t r a t e  
pl u's ntri te , is higher  during the spri ng-summer seasons  than.  during the 
f a l l  +tinter seasons. S ta t i s t ica l  characteristics o f  concentration means 
of  amonia  cal cul a ted  for  the individual month of sampl i ng (Appendlx B11 
confirm the pattern  of seasonal  changes  of amonia  concentration. A 
maximum and a minimum ammonia concentration  are 0.35 (sequential 
measurements, July 1978) and 0.002 (the detection limit of the analytical 
method) which was observed  during  several months o f  the sampl ing  period 
ng 1 , respectively. On the annual basis, the ainmonia concentration 
means calculated from a l l  measurements obtained  during the individual 
years (Appendix Bl21 vary i n  the range  of 0.01 2 ,+ - 0.002 (simultaneous 
measurements), 0.035 - + 0.005 (sequential measurements) and  0.054 - + 0.008 
(sequential measurenents).mg 1-1 , i n  1976;1977.and 1978, respectively. 

Loads of ammonia exhibi t   s ignif icant   dai ly  and seasonal variation 
during the three-year  period. A wide sca t te r  of  confidence limits around 
the daily  ldads,   i l lustrated i n  plots (Appendix B l O ) ,  . a r e  derived fron 
simul taneous  sampling method.,  and reflect the e f f ec t  of heterogeneity  of 
point  concentration measurements. The sumer months are  characterized by 
higher loads of amonia  than the winter months (Appendix B l l  1. A maximum 
and a minimum load, observed  during the three-year  period',  are 358.83 
(sequential measurements, May 1978) and 0.35 (sinul taneous measurements, 
March 1978) kg day" . The mean loads o f  ammonia calculated  for . the 

-1 

' .  
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ind iv idua l  y e k s  (Appendix Bl2)  vary i n  the range  of 30.91 - + 15.00 
Simultaneous  measurements), 24.78 - + 7.26 (sequential  measurements)  and 
70.74 - + 18.47 (sequential measurements) kg day-' i n  1976,  1977  and 
1978,  respectively.  These changes o f  ammonia loads   a re   assoc ia ted  w i t h  
changes of   discharge during the three-year period. 

Organic  nitrogen i n  the Okanagan River bel ow Okanagan Lake dam is 
charac te r ized  by a wide sca t te r   o f   conf idence  limits around i t s  geonet r ic  
concentrat ion means (Appendix  813). The pa t te rn   o f   seasonal   var ia t ion   o f  
this ni t rogen form is s i m i l a r   a s   t h a t  o f  anmonia. Concentration  of 
organic   ni t rogen i s  s l i g h t l y  higher i n  the spring-sunmer seasons  than i n  
the fa l l -w in te r   s easons  b u t  these c h a n g e s   a r e   n o t   s t a t i s t i c a l l y  
s i g n i f i c a n t .  A maximum and  a minimum concentrat ion o f  organic   ni t rogen 
(Appendix B f . 4 )  a r e  0.278 (simultaneous  measurements,  September  1976)  and 
0.069 (sequential measurements, A p r i l '  1978) mg l-', respectively. On 
the annual basis, the a r i thne t i c   concen t r a t ion  means, determined f o r   a l l  
Measurements of   organic-   ni t rogen  for   individual   years  (Appendix B15) , 
vary i n  the range  of 0.166 + 0.004 (sinul taneous  measurements), 0.170 + 
0.01 2 (sequent ia l  measurements) and  0.138 + 0.003 (sequent ia l  
measurements) mg 1-l i n  1976,  1977 and 1978,  respectively.  

Variat ion o f  loads  o f  organic   ni t rogen during the three-year 
period is  i l lustrated by the-p lo ts   o f  i ts  daily loads (Appendix Bl3). A 
maximum and minimum of   thesg   loads  are 560.33 (simultaneous  measurements, 
July  1975)  and 23.81 (simultaneous measurements, Harch 1978) kg day'' 
(Appendix B14 1. The magnitude o f  the organic   ni t rogen 1 oads is 
assoc ia ted  w i t h  var ia t ions   o f   d i scharge   dur ing  the sampling  period. The 
loads  of organic   ni t rogen reduced t o  the annual  basis,  i n '  terns of  the 
a r i  thnetic means,  vary i n  the range of 431.6 . - + 44.9 (sinul taneous 
measurements ) , 109.5) + - 11.9 (sequential measurements ) and 229.25 5 36.01 
(sequential measurements ) kg day-:, i n  1 976,  1977  and 1 978, respectively 
( Appendi x B15 1. 

- - 
- 

Total  nitrogen i n  the Okanagan River bel ow Okanagan Lake darn 
e x h i b i t s   . a   s i g n i f i c a n t   v a r i a t i o n ,   i l l u s t r a t e d  by i t s  geonet r ic  
concentrat ion means and their wide 95 percent  confidence limits (Appendix 
R16). Seasonal va r i a t ion  of total   n i t rogen  concentrat ion during the 

. 

-. 
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three-year  period is  n o t  s ign i f i can t .  A maximum and a min imum 
concentrations  of  total   nitrogen observed during the sanpl  ing  period  are 
1.3  (sequential  measurements, December 1977) and 0.095 (sinul  taneous 
measurements, May 1977) ng l - l ,  respect ively (Appendix Bl7).. The 
arithmetic means, ca lcu la ted   for  a1 1 concentration measurements  of t o t a l  
nitrogen d u r i n g  the individual  years  of  sanpl  ing (Appendix B18) , vary i n  
the range  of 0.198 - + 0.005 (sinultaneous  measurements), 0.216 - + 0.013 
(sequential  neasurements) and 0.205 - + 0.008 (sequential  neasurements 
ng 1-1 i n  1976,.  1977 and 1978,  respectively. 

Variation of the daily  loads  of  total   nitrogen  during the 
three-year  period is  i l l u s t r a t e d  i n  Appendix 816. A maximum and a 

minimum of  total   nitrogen  loads (Appendix B l 7 )  a r e  1245.3  (sequential 
measurements, Hay 1978) and  30.64 (sirnul  taneous . neasurenents, March 1978 
'and  anomalous discharge) kg day" , respectively., On the annual bas i s  
the total   n i t rogen 1 oad means ca lcu la ted   for  the individual  .years  of 
sampling (Appendix B18) vary i n  the range 528.04 - + 51.82 (sinultaneous 
measurements),  139.24 - + 16.29 (sequential measurements) ' and 323.J39 5 
48.22 (sequential measurements) kg day-l i n  1976,,  1977  and  1978, 
respec ti vel y . 

Variat ion,   of   s i l ica  i n  the Okanagan River below Okanagan  Lake dam 
during the sanpl i n g  period i s  i l l  us t ra ted  by the p lo ts  of the geometric 

' concentration means and their 95 percent  confidence  intervals (Appendix 
B19). A1 though concentration of  si1 ica i s  s l   igh t ly  higher during the 
fa1 1 -winter seasons  (approximately by 6 percent)  than i n  the spri ng-sumer 
seasons, this var ia t ion of s i l i c a  is  n o t   s t a t i s t i c a l l y   s i g n i f i c a n t .  
A1 so, .the year-to-year  variation  of  si1  ica  concentrations (Appendix 'B21) 
measured  below Okanagan  Lake dan is  not   s ign i f icant .  

1 

Seasonal   var ia t ion   o f   s i l i ca   loads ,   i l lus t ra ted  by the graphs  of 
i t s   d a i l y   l o a d s  (Appendix Bl9) is  very s ignif icant   'dur ing the Sampling 
period. A naxirnum s i l ica   load   of  29,218 (sequential  neasurements, Play 
1978) and a ninimun  of 866.19 (sinul  taneous  measurement, March 1978) 
k g  day-', respect ively,   coincide w i t h  the h i g h ,  and low discharges 
observed d u r i n g  these pa r t i cu la r  months  (Appendix 820). In term of 
a r i   t h n e t i c  means, calculated f o r  a1 1 . individual  data  during the 
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three-year  period (Appendix B21) , the s i 1   i c a  1 oads  vary i n  the range of 
12.948 - + 1852  (simultaneous  measurements),'  2,986 - + 297.07 (sequential  
measurements) and  7,661.4 + 1260.2 (sequential  measurenents) kg day-' , 
i n  1976,  1977  and  1978,  respectively. 

- 

6.2.4 Concentration  ratio 
The pattern of seasonal changes of  .nutrient concentrations,  

neasured i n  water  samples  collected i n  Okanagan River bel ow Okanagan Lake 
dam, i s  i l l u s t r a t e d  by var ia t ion  of  nutrient concent ra t ion   ra t ios  
ca lcu la ted   for  lumped data  obtained  during two dis t inct   seasons  of  the 
three-year sampl i ng period. The division  of  data  into two periods is  
based on the  examination  of  scatter-grams  of the original  observations 

The 1 ong-term concentration nean r a t i o  o f  total   d issol  ved 
-phosphorus t o   t o t a l  phosphorus,  determined on 378  and 173 observations,  
var ies  i n  the range  of 0.53 - + 0.018  and  0.46 - + 0.02  during the f i r s t  
(spr ing and summer) and the second  (fa1 1 and winter) period,  respectively.  

Each of the fo l l  owing 1 ong-tern  concentration  nean  ratios , 
describing the seasonal  changes ' of  nitrogen  forms, i s  determined on 542 
and 242 observations  obtained  during the two distinctive periods. The 
long-term mean r a t i o s  of n i t r a t e  plus n i t r i t e  to   t o t a l   n i t rogen ;  amnonia 
t o  total   n i t rogen and organic nitrogen to   to ta l   n i t rogen   a re  0.03 - + 0.005 

and  0.19 - + 0.007;  0.17 - + 0.0012  'and  0.05 - + 0.007  and 0.80 - + 0.012  and 
0.77 - + 0.009 during the f i r s t  and the second  period,  respectively. These 
concen t r a t ion   r a t io s   i nd ica t e   s ign i f i can t   d i f f e rences  i n  the conposition 
of total  nitrogen  observed between the two seasonal periods. 

Nitrate  plus n i t r i t e  content,  i n  total   nitrogen,  increases  very 
s i g n i f i c a n t l y  (by 533 percent), i n  the f a l l  -winter seasons.  hmonia 
content,  on the other  hand, i s  higher (by 240 percen.t) i n  the 
spring-sunner  than i n  fa1 1 -\vi nter  seasons.  Further examination  of the 
seasonal  changes  of these two nitrogen  forms is  i l l u s t r a t e d  by the 
1 ong-term concentration mean ra t ios   o f  ammonia t o   n i t r a t e   p l u s  ni t r i te .  
These r a t i o s ,  determined on 542  and 242 observations,  are 15.5 - + 1.92 t o  
0.33 - + 0.073 during .the spring - summer seasons and the fa1 1 - winter 
seasons,   respectively.  During the three year   per iod,   par t icular ly ,  June, 
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July and ,:August show consis tent ly   high  ra t io   of  ammonia t o   n i t r a t e  'plus 
n i t r i t e  r a t io .  This r a t i o  has an important  implication i n  the assessment 
of the ammonia . .pol 1 ution 1 oading  sources. ' In water  containing oxygen , 

' 
a,tmonia is  slowly  oxidized  to nitr i te (NO;) and n i t r a t e  il.J037. ..Thus 
a high r a t i o   o f   a m o n i a   t o   n i t r a t e  plus n i t r i t e  ind ica tes  a recent source 

' .  of  .aimonia  .pollution. ' On the o ther  hand,, . i f  t h i s  r a t i o  i s  low, i t  
ind ica tes  an .ol der i n p u t  of arnlnonia t h a t  has  subsequently been oxidized 
o r  the reduction o f  the source  of ammonia o r  the mechanism promoting i t .  

. .  

i 
I The occurrence  'of the h i g h  ammonia t o   n i t r a t e  plus n i t r i t e  r a t i o  i n  water 

samples  taken  immediately below the , e x i t   o f  Okanagan Lake. d u r i n g  the 
summer periods implies t h a t  a s ign i f icant   source   , -of  ammonia pol lut ion 
e x i s t s  i n  the. nearshore  areas  of the Okanagan Lake. 

In order  to  eval  uate  seasonal  changes  of  both  phosphorus  .and 
nitrogen i n  the Okanagan River below Okanagan  Lake darn, the concentrati.on 
r a t i o s  of to ta l   n i t rogen   to  the individual  phosphorus  forms  are 
determined.:. ,-The long-term.  concentration mean ratio;  (and their  95 
percent  confidence 1-imits4 of  total  nitrogen  to  total  phosphorus; and 
to ta l   n i t rogen   to   toa l  . dissol ved phosphorus- (determined on 464 and 192; 
378.and  173  observations,   respectively)  are 29.9. - + 1.29 and 21..99 - + 1.05; 

'61.63 - + 2.72  and 50.72':+. - 2.74 during the f i r s t  period (spring and summer) 
and the ?second period  (fa1 1 and winter ) , respectively. Because'  phosphorus 
i s  uti1  ized by plankton  roughly i n  an   a tomic- ra t io   o f  1 t o  15  w i t h  respect  

. to   ni t rogen,  the above  data suggest that   'avai l   abi l  i ty   of  phosphorus i s  the 

i 

, 

, 

1 irni t ing fac tor   for   aqua t ic   .b io ta  i n  Okanagan  Lake water. 

6.3 Okanagan 'River .near  the Penticton  Airport 
6.3.1 D i  scharge 

In 1976, da t a   fo r   d i scha rge   a t '  the s ta t ion   near .  the Penticton 
a i r p o r t  were obtained from the.  records   for   s ta t ion  below Okanagan Lake 

, darn (Water Survey of Canada s t a t i o n  '08fsiIO50). In the fo l lowing  two 
y e a r s ,   a f t e r  the react ivat ion  of  . the stream  gauging  stations a t  the 
t r ibu tary   s t ream,   d i scharge  for the s ta t ion   near  the - a i rpo r t  was 
calculated  as  I the, sum of discharges  determined a t   s t a t i o n  .08tJE;1050, 

08tM 50 (Shingle  Creek a t  the mouth), 08MM135 (Ell i s  Creek a t '  the mouth) 

I 



and the Penticton  municipal  outfall.  A naxinum  and a minimum discharge 
observed  during the three-year  sanpl  ing  period  are 81.85 (May 1978)  and 
0.92 (May 1977). The annual,  discharge means and their  95 percent 
confidence  intervals  vary i n  the range  of  21.63,+  1.07  (data from s t a t i o n  
08Nf4050), 7.32 + 0.36 and 19.49 + 1.16 n3 s-l i n  1976,  1977 ‘and 1978, 
respect ively.  The annual  hydrographs, i l l u s t r a t i n g   v a r i a t i o n  of the 
discharge a t  this s ta t ion during the three-year  period are shown i n  
Appendix A. 

- 
- - 

6.3.2  Phosphorus 
Concentrations and loads  of  total  phosphorus and total   d issolved 

phosphorus  forms  analysed i n  the Okanagan River near the Penticton 
a i r p o r t  e x h i b i t  d i f ferent  behaviour  than  that  observed bel ow Okanagan 
Lake dan. . 

Variation  of  total  phosphorus concentration  during the three-year 
period is i l l u s t r a t e d  by plots  of i t s  geometric means and their 95 
percent confidence 1 imits (Appendix C1 and IJote Appendix B ) .  The wide 
sca t t e r   o f  these confidence 1 i m i  t s  i .ndicates  local  heterogeneity  of  point 
concentration measurements  of t o t a l  phosphorus a t  this s t a t ion .  High 
levels of  total  phosphorus  concentration,  observed a t  this s ta t ion ,   occur  
d u r i n g  the year  of 1977 w h i c h  is character ized,  i n  comparison t o  the 
o ther  two years ,  by lower  discharge. A maximum concentration measured 
during the three-year  period (Appendix C2) is 0.325 eg 1-1 (sequent ia l  
measurements, November 1977) and a ninimun i s  0.005 ng 1-1 
(simul taneous  measurements,  July 1976  and sequential measurements, Hay 
1977  and April 1978). ,However, the seasonal  variation  of  iota1 
phosphorus  concentration a t  this s t a t i o n ,  by c o n t r a s t   t o   s t a t i o n  below 
Okanagan  Lake dam, i s  not   s ignif icant .  

The arithmetic  concentration means,  and their 95 percent 
confidence  interval s ,  determined f o r  a1 1 observations  during the 
individual  years (Appendix C3) a r e  i n  the  range o f  0.011 - + 0.0005 
(sinul  taneous  measurements) 0.021 + 0.002 (sequential  measurements 1 and 
0.01 7 - + 0.0009 (sequential  measurements) mg 1 -’ i n  1976,  1977  and  1978, 
respectively.  

- 
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The time s e r i e s  of to ta l  phosphorus  concentration, 
ar i thmetic  means calculated  for   the  individual   years  i n d i  

is  not" any obvious 3 year  trend i n  concentration  of 
form. However, the range i n  the  concentration  data  for 
over the sampling  period is  subs tan t ia l .  T h i s  i 

a s 'we l l   a s ,  the 
ca t e   t ha t   t he re  
this phosphorus 
any ,given  nonth 
s par t icu l   a r ly  

s ign i f i can t  when i t  i s  recognized  that  changes  of  only  several micrograms 
of  total  phosphorus concentration can influence the downstream lake  
behaviour. In order   to  f i n d .  a concentration Val ue which cvoul d be 
representat ive  for  the three-year  sampling  period a long-term 
concentration mean and i ts  95 percent  confidence  intervals  of  total 
phosphorus a re  determined. ' This 1 ong-tern mean, calculated  for  1356 
observations which includes a1 1 simul taneous  and.  sequential measurements 
from July 1976 to   the  end March, 1979, i s  0.01 7 - + 0.001  ng 1- I .  

, P1 o t s  o f  d a i l y  loa'ds o f  to ta l  phosphorus, determined a t  s t a t i o n  
near' t h e  Pent ic ton  a i rport  (Appendix C1 ) ind ica te   tha t   there  i s  a 

.considerable  variation of 1 oads  of this phosphorus form d u r i n g  the 
three-year  period. A maxinum of  daily  total  phosphorus  load (Appendix C2) 
Of' 129.77 (sequential measurements, May 1978) and'  a ninimum of 3.1 5 
(sequential  measurements, May 1977)  coincide w i t h  the h igh  and low 
discharges  observed dur ing  these  par t icular  months (Appendix A ) .  

The range  of means of to ta l  phosphorus 1 oads and t h e i r  95 percent 
confidence  interval s, determined f o r  a1 1 data d u r i n g  the individual  years 
(Appendix C3) is  28.31 - + 4.94 (simultaneous  measurenents), 13.29 - + 1.55 
(sequential  measurements) and 29.74 - + 5.07 (sequential  measurements) 
k g  day" i n  1976 , 1 977 and 1 978, respectively.  These resul t s  a re  based 
on a 1 in i ted  number of sar;lpl i n g  days and months du r ing  the  three-year 
period. Thus ,  i n  1976,  the sampl i ng period  includes  data  obtained i n  
July , August, September and  December.  In 1 977 the sarnpl i ng period 
i ncl udes data  obtained dur ing  nine Llonths, beginning Harch  and i n  1978, 
the  load  data  are  determined  .for a1 1 twelve months. 

Variation  .of  the , daily  geometric  concentration means of t o t a l .  
dissolved phosphorus  observed a t   s ta t ion   near   the   Pent ic ton   a i rpor t  
i l l u s t r a t e d  by ' p l o t s  (Appendix C4 and Note Appendix 8) is  characterized 
by a  wide . s c a t t e r  of the 95 percent  confidence  limits du r ing  the 
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t h ree -yea r   pe r iod .  These p l o t s  indicate t h a t  s e a s o n a l '   v a r i a t i o n   o f  
c o n c e n t r a t i o n  means o f  this phosphorus  form  observed a t  this s t a t i o n ,  by 
c o n t r a s t   t o   s t a t i o n  below  Okanagan Lake dam, is  n o t   s i g n i f i c a n t .   A l s o ,  
v i sua l   examinat ion   of  these p l o t s   s u g g e s t s   t h a t  there i s  a d e c r e a s i n g  
trend i n d i c a t e d  by the geomet r i c   concen t r a t ion  means over  the data record .  

A maximum c o n c e n t r a t i o n   o f   t o t a l   d i s s o l v e d   p h o s p h o r u s  i s  0.048 
ng I- '  (sequential measurements, Nay 1978) and  r i l ininun  concentration is  
0.002 mg 1 - j   ( s equen t i a l  measurements). This minimum c o n c e n t r a t i o n   o f  
t o t a l   d i . s so lved   phosphorus ,   r ep resen t ing  the d e t e c t i o n  1 imit o f  the 
analytical  methods,   occurs   during  several   months  of   three-year   per iod 
(Appendix C5). The arithmetic concent ra t ion   means ,  and their  95 percent 
conf idence   i n t e rva l  s ,  c a l c u l a t e d   f o r  a1 1 Measurenents   obta  ined i n the 
indiv idua l   year   o f   sampl ing   (Appendix  C6) are  0.007 - + 0.0004 (s imul taneous  
measurements),  0.006 - + 0.003 (sequent ia l   measurements )  and 0.004 - + 0.0002 
( s e q u e n t i a l  measurements) ng 1-1 i n  1976,  1977 and 1978, respectively. 

In o r d e r   t o   c h a r a c t e r i z e   c o n c e n t r a t i o n   o f  the d isso lved   phosphorus  
forms by one Val ue which can represent the entire sanpl  i n g  pe r iod  a 
long- te rm  concent ra t ion  mean i s  determined. This long-term ari t h n e t i c  
c o n c e n t r a t i o n  mean and i t s  95 percent c o n f i d e n c e   i n t e r v a l s ,  determined on 

o f  !larch 1979, i s  0.005 - + 0.0002 mg 1-1 .' 
J. 1,161  observa t ions   ob ta ined  d u r i n g  the pe r iod  drom July 1 9 7 6   t o  the end  

Var i a t ion  o f  l o a d s  of t o t a l   d i s so lved   phosphorus ,  d u r i n g  the 
th ree -yea r   pe r iod ,  i s  i l l u s t r a t e d  by the p l o t s   o f  the d a i l y   t o t a l   l o a d s  
and shown i n  Appendix C4. A maximum and a min imum of the d a i l y   l o a d  of 
this phosphorus  form  (Appendix C5) i s  19.28  (sequent ia l   measurements ,  May 
1978)  and   1 .05   ( sequent ia l .   measurements ,  December 1977)  kg day-l , 
r e s p e c t i v e l y .  The occurrence  of  these ex t r eme   va lues   o f   t o t a l   d i s so lved  
phosphorus 1 oads   co inc ide  w i t h  the period  of   high  and 1 ow d i s c h a r g e ,  
i n d i c a t e d  by annual  hydrographs  (Appendix A ) .  

The a r i t h m e t i c   l o a d  means  and the i r  95 percent c o n f i d e n c e   i n t e r v a l s  
O f  t o t a l   d i s so lved   phosphorus  determined f o r   a l l   i n d i v i d u a l   d a t a   o b t a i n e d  
during  any  given  year   (Appendix C6) a r e  i n  the range  of   16.98 2 4-81 
(simul taneous measurements), 3.28 - + 0.38 (sequent ia l   measurements)   and 
6.72 - + 0.85 (sequent ia l   measurements)  kg day-' i n  1976,  1977  and 1978, 
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respectively.  These results, as' previously mentioned, are based on the 
1 ini  ted number of sampl i ng days,  particul  arl y i n  1976. The year-to-year 
changes  of total  .dissolved phosphorus  1  oads are  associated w i t h  annual 
var ia t ion of discharge. 

6.3.'3 Nitrogen 
Variation  of  nitrogen, i n  the Okanagan River near  the  Penticton 

a i r p o r t ,  is  interpreted i n  terns  of concentration and loads  of   ni t ra te  
plus n i t r i t e ,  ammoni.a, organic , nitrogen  'and,  total  nitrogen  observed 
dur i  ng the  three-year  period. 

Concentration of n i t r a t e  plus n i t r i t e ,  shown  by the  plots  of  the 
daily  geometric means and t h e i r  95 percent  confidence 1 imits (Appendix c7) 
i s ' cha rac t e r i zed  by 'a significant  seasonal  variation. This var ia t ion i s  
i l l u s t r a t e d  by' a long-term  'concentration  neans and their 95 Percent 
confidence  interval s , calculated on 1 umped concentration  data  obtained 
d u r i n g  &he tyo  dis t inct   seasons of the sanpl i ng period. These 1 ong-tern 
concentration means, determined on 1,078 and 574 observations  vary . i n  the 
range of 0.024 - + 0.002 and '0.06 - + 0.014 ' mg 1-1 d u r i n g  the three  
spring-summer and the  three fa1 1 -winter  seasons,  respectively. 

A naxinurn concentration of  ni$rate plus n i t r i t e ,  neasured i n  
December 1977 (sequential  measurements), is  0.8 mg 1-1 (Appendix C8). 
A ninimun . concentration of 0.002 ng 1 , neasured i n  August 
(sinul  taneous measurements ) , October 1 977, June and September 1 978 
(sequential  measurements), i s  a t  the detection 1 i n i t  o f  the  analytical  
method. 

-1 

The arithmetic  concentration means and t h e i r  95 percent  confidence 
intervals,   'determined  for  al l   data  obtained d u r i n g  the  individual  years 
(Appendix C9), a re  0.021 - + 0.002 (simultaneous  neasurenents), 0.054 - + 
0.009 (sequential  measurenents) and 0.034 . - + 0.003 (sequential 
neasurements) mg l - l ,  i n  1976, 1977 and 1978,.  respectively. 

Variation of  the  ,daily  loads  of  nitrate-  plus  nitr i te  determined a t  
station  near  the  Penticton  airport  i s  i l l u s t r a t e d  by plots  i n  Appendix C7. 
A rblaxinum and a  ninimun  of the daily  loads of thjs nitrogen form observed 
d u r i n g  ' the  three-year  period i s  159.95 (sinul  taneous  neasurenents,  July 
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1977) and  3.49 (sequential  measurements, June 1978) kg day-l , 
respect ively (Appendix C8). These extreme va lues   o f   n i t ra te  plus nitr i te 
loads  coincide w i t h  the periods  of h i g h  and low discharge. The load 
means and their 95 percent- confidence  interval s of this nitrogen form 
calculated f o r  a1 1 individual  data  of any g iven  year  (Appendix C9 a r e  
75.41 - + 42 (simultaneous  neasurements), 26.69 - + 5.41 (sequential  
measurements)  and 50.96 - + 7.54 (sequential  measurements) kg day-' i n  
1976,  1977 and 1978, respectively. 

Variation  of ammonia concentration, measured a t   s t a t i o n   n e a r  the 
Pent ic ton  a i rport ,  is i l l u s t r a t e d  by the plots   of  the daily  geometric.  

__ " ~~ -- ~- ----means and- the i r  95 percent confidence limits (Appendix C l O ) .  S igni f icant  

seasonal  variation  of  annonia,  observed a t  th i s  s t a t i o n  (by c o n t r a s t   t o  
s t a t i o n s  bel ow Okanagan  Lake  dam) i s  charac te r ized  by higher 
concentrations i n  the fa1 1 -winter seasons  rather  than i n  the 
spring-summer  seasons. The 1 ong-tern ammonia rconcentrati on  means and 
their 95 percent confidence  . l imits,   deternined on 1,078  and 574 
observations (simul taneous and sequential  1 ,  vary from 0.145 - + 0.007 t o  
0.205 - + 0.01 5 mg 1 -' during the three spri ng-summer and the three 
f a l l  -winter seasons, respectively. A maximum amonia  concentratjon i s  
0.97 mg 1-1 .(sequential  measurenents, December 1977) and a minimum of 
0.002 ng 1-1 (sequential  measurements) , representing the detect ion 
1 imit of the ana ly t ica l  method, occurs d u r i n g  several months of the f a l l  
seasons (Appendix C11 ). The arithmetic  concentration means and their  95 
percent confidence  interval s ca lcu la ted   for  a1 1 measurements obtained 
d u r i n g  the individual  year  of  sampling (Appendix C12) a r e  '0.086 - + 0.004 
(sinul  taneous  measurements), 0.277 - + 0.01 6 (sequential  measurements 1 and 
0.096 - + 0.008 (sequential-  measurements] mg 1-1 i n  1976,  1977  and 1970, 
respect ively.  

Variation  of ammonia loads observed a t   s t a t i o n   n e a r  the Penticton 
a i r p o r t  is  i l l u s t r a t e d  by plots   of  i t s  da i ly   to ta l   loads  (Appendix C l O ) .  
These plots  indicate  decreasing  year-to-year- trend i n  anmonia 1 oads 
dur ing  the three-year  period. A maximum and a m i  nil;lun 1 oad of ammonia i s  
413.46 (Sinultaneous  measurements,  July  1976) and  3.49 (sequential  
measurements , June 1976.) kg  day" . The.se extreme 1 oads  of ammonia 
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. coincide w i t h  the higti  and low d ischarge   i l lus t ra ted  by the annual 
hydrographs. The ammonia 1 oad means and their  95 percent confidence 
in t e rva l s  determined f o r   a l l  da ta  obtained  during the i n d i v i d u a l  years  of 
sampling (Appendix .C12) a r e  253.73 - + 68.89  (simul  taneous  -neasUreLlentS) , 
149.1 - + 12.76 (sequential  measurements) and 111.59 - + 12.9  (sequential 
measu,rements) kg day" i n  19'76, 1977  and  1978;  respectively. ' 

Variation of concentration  data  .(obtained by ca l cu la t ion )  on 
organic  nitrogen i s  i l lustrated by plots  of  the 'daily  geometric cleans and 
their 95  percent . confidence l.imi ts  (Appen'di x C13). The 1 Ong-term 
concentration means,  and ' .  their 95' percent confidence  intervals,   of 
organic . n i  trogen  deterni n~~"-an-l-S078"a-n~-574 'obserTati-on  (sinul  taneous 
and sequential  measurements)  vary from 0.189 - + 0.003 t o  0.199 2 0.015 
rng 1-1 during the three spri ng-summer and  fa1 1 -winter seasons 
respectively.  A maximum and a m i n i m u m  concentration o f  this nitrogen 
form i s  2.166 (sequential  measurements, December 1977)  and .0.012 
(sequential  measurements, June 1977) mg l - l ,  respect ively (Appendix . 
C14). The ari thrnetic mehns, and their 95 percent  confidence  interval s ,  
ca lcu la ted   for  a1 1 concentration  data  of  orga.nic.  ni'trogen  obtained i n  any 
given year  of  sampling  are i n  the range  of 0.174 - + 0.004 (sinul  taneous 
measurements),  0.245 - + 0.017 (sequential   neasurenents) and  0.167 - + 0.005 
(sequential  measurements) mg 1-1 i n  1976,  1977 and 1973,  respectively 
(Appendix  C15). 

Variation  of  organic  nitrogen  loads d u r i n g  the three-year  period 
i s  i l l u s t r a t e d  tjy p lo ts  o f  i t s  dai ly   total   loads (Appendix Cl3). A 
maxinun load  of this nitrogen form i s  1437.5 kg day-l (sequential  
measurements, May 1978) and a min imum concentration i s  30.92 k g  day-l 
(sequential  method,  March' 1977) (Appendix Cl4). The ar i thne t ic   load  
means,  and their  95 percent  confidence i nteval s determined  for a1 1 data 
of  organic  nitrogen  obtained d u r i n g  the individual  years  of  sanpl i ng 
(Appendix C15) a r e  447.25 - + 47.67 (simultaneous  measurements).,  146.98 - + 

measurements) kg day-' i n  1976,  1977  and  1978,  respectively. 
Total  nitrogen is  characterized by a wide sca t t e r   o f  95 percent 

confidence.1  inits   around the daily  geometric  concentration means and by a 

/ I 

? 13.58  (sequential  measurements)' and  285.96 + 43.31 . (sequential  - 
. .  
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significant  seasonal  variation (Appendix Cl6). The 1,ong-term 
concentration means, and t h e i r  95 percent  confidence  intervals,  of  total 
nitrogen  determined on 1,078 and 574 observations  (simultaneous and 
sequential measurements)  vary i n  the range of  0.358 - + 0.009  and  0.464 2 
0.026 mg 1 -' dur ing  the three spring-summer and fa1 1 -winter  seasons , 
respectively.  A maximum of  total  nitrogen  concentration,  observed d u r i n g  

t h e  sampling  period i s  2.4 mg 1 (sequential measurements, December 
1977) and minimum is  0.1 mg 1-1 (sequential measurements, August 1978) 
(Appendix Cl7). The arithmetic  concentration means and their  precision 
calculated  for   a l l   concentrat ion measurements of to ta l  nitrogen d u r i n g  
the individual  years (Appendix C18) a r e  i n  the  range o f  0.282 - + 0.007 
(sinul  taneous  measurements), 0.576 - + 0.027 (sequential  measurements) and 
0.297 - + 0.012 (sequential  measurements)'mg 1-1 i n  1976, 1977 and  1978, 
respectively.  

Variation o f  total   nitrogen  loads d u r i n g  the three-year  period is  
i l l u s t r a t e d  by the p lo ts  of i t s  dai ly   total  1 oads (Appendix C16) A 
maximum and a minimum of total   nitrogen 1 oad (Appendix C17) i s  1,534 
(sequential  neasurenents, Clay 1978) and '1 34.83 (sieul taneous  measurements , 
December 1977) kg day-' , respectively.  The arithmetic means and t h e i r  
95 percent  confidence  intervals  determined  for a l l  data of total   nitrogen 
1 oads d u r i n g  the three-year  period (Appendix C18) vary i n  the  range  of 
776.39 - + 144.2  (simultaneous  neasurenents), 322.77 - + 21.18 (sequential  
measurements) and 448.51 - + 43.84 (sequential  neasurements) kg day-l i n  
1976,  1977 and 1978, respectively.  

-1 

Variation  of  silica  concentration  observed a t   s t a t ion   nea r  the 
Pent ic ton  a i rport  i s  i l l u s t r a t e d  by the   p lo ts  of i t s  geometric 
concentration means and t h e i r  95 percent  confidence 1 imits (Appendix Cl9). 
The wide s c a t t e r  of confidence  intervals  around the concentration means 
derived from sequential measurements indicate   s ignif icant   heterogenei ty  
of the dai ly  mea.n concentration measurements of s i l i c a   a t  this Stat ion.  
Seasonal var ia t ion  of   s i l ica   concentrat ion i s  s ign i f icant .  The peak of , - 
si1  ica  concentration  observed i n  spring 1978  coincides w i t h  peak 
discharge from, the   t r i bu ta r i e s  Sh ing l  e and E l  1 i s  Creeks. The 1 ong-term 
concentration means and their 9 5  percent  confidence  interval  determined 

.- - 

* 

._ 
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on 706 and 568  observations (sirnul taneous and sequential ) vary i n  the 
range  of 5.71 5 - + 0.09 and  5.372 - + 0.047 mg 1 -'. during the .three 
spring-summer  and f a l l  -winter seasons,   respectively.  A naxinutn s i1   i ca  
concentration .is. 9.4 ng 1-1 (sequential  measurements, May 1977) and a 
minimum i s  1.7 mg 1" (sequential measurements, July  1977),, (Appendix 
C20). This maximum concentration of s i l i c a  is  associated w i t h  the very 
1 ow discharge  measured i n  May 1977,  while minimum occurs  during the nonth 
Ju ly  1977 which  i s  characterized,  approximately,  ,by  an  average 
discharge. .The arithmetic  concentration. means,  and their 95 percent 
confidence  interval s , of  si1  ica determined f o r  a1 1 measurements  taken 
.during the individual , years  of sanp1.i ng (Appendix C21 ) a re  i n  the range 

. of 5.031 - + 0.009. (sinul  taneous  measurements 1, 5.807 - + 0.104 (sequential  
neasurenents)  and'  5.328 +'  0.071 (sequential  neasurements) mg 1 - l  i n  
1976, 1977  and 1978, respectively. 

- 

Variat ion  .of  the daily  total   loads  of  si1  ica  during the three-year 
per iod  are  shown  by , p l o t s  i n  Appendix C19. A rnaximucl load  of si1 i ca  

' .  I (Appendix C20) of 39,271 1:g day-l (sequential  ' . measureclents ) ,. i s  
observed  during  very  high  discharge i n  May' 1978  and. a ni nimum 1 oad of 
1 ,684 kg  day" (sequential  measurements) ' i s  assoc ia ted '  w i t h  1 ow 

discharge i n  December-1977. The ar i thmetic  means and their 95 percent 
confidence limits, determined  for  'al l   load  data o f  s i l i c a   o b t a i n e d   a t  any 
given  year (Appendix C21 ) are 12,404 - + 213.31 (simultaneous 

. measurements),  3,473.7 . -  + 211.76.. (sequential  . neasurenents) and  9,478 - + 
1,423.6  .(sequential  measurements) kg day-! i n  1976,  1977  and  ,1978, 
respect ively.  

. I  

6.3.4-  Concentration  Ratio 
The pat tern of temporal var ia t ion  of  nutrient concentration 

observed i n  Okanagan River near the Pent ic ton   a i rpor t  i s  further 
i l l u s t r a t e d  on variation  of the long-term  concentration  man.  ratios Of  . 

i n d i v i d u a l  nutrients. . These ra t io s   a r e   ca l cu la t ed  from Concentration 
data 1 urnped for   the  three spring-summer (April - September) and three 

.- . 

, 

0 fall-winter  seasons  (October - March) o f  the study  period. . '  

The . 1 ong-tern  concentration mean r a t io   o f   t o t a l  dissolved 4 
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phosphorus t o   t o t a l  phosphorus;. is determined on 645  and 466 observations 
and var ies  i n  the range  of 0.33 - + 0.013  and 0.37 - + 0.017 during the 
spring-sunner and f a l l  -winter seasons,  respectively.  Therefore,  fron the 
calculat ion  of  this r a t i o  i t  i s  evident t h a t  the dissolved  phosphorus 
form, a t  this ' s t a t i o n  accounts f o r  approximately 33 percent of t o t a l  
phosphorus i n  the spring-summer seasons  and  about '37 percent i n  the 
f a l l  -winter seasons. T h i s  pat tern 'of seasonal differences i s  i n  opposite 
t o   t ha t   obse rved   a t   s t a t ion  below  Okanagan  Lake  -dam. A1 so, this 
long-term mean r a t i o .   i n d i c a t e s   t h a t  there 'is a s ign i f i can t  downstream 
decrease  of the dissolved phosphorus content i n  total  phosphorus, by 
approximately 37 and 20 percent,, i n  t h e  spring-summer and fa1 1 -winter 
seasons,   respectively.  

The 1 ong-term  concentration mean ra t ios   descr ib ing  the pat tern o f  
seasonal  changes  of  each  of the three following  nitrogen  forms  are 
determined on 1,078 and 574 observation  obtained  during the two dis t inct  
seasons. Thus ,  the mean r a t i o s   o f   n i t r a t e  plus nitr i te t o   t o t a l  
nitrogen ; ammonia to   to toa l   n i t rogen;  and organic   ni t rogen  to   total  
nitrogen  vary from 0.064 - + 0.004 (spring-summer seasons)   to  0.'134 - + 0.007 
( fa l l -win ter   seasons) ;  from 0.353 - + 0.01 (spring-sumer seasons)   to  0.389 
- + 0.017 ( f a l l  -winter seasons) ;  and  from 0.583 - + 0.01 (spring-suomer 
seasons)   to  0.476 - + 0.015 ( fa l l -win ter   seasons) .  

These da ta   ind ica te   tha t   cobpos i t ion   o f   to ta l   n i t rogen ,   a t  this 
s t a t i o n  by con t r a s t  t o  s t a t i o n  below Okanagan  Lake dam, is  character ized 
by higher  content  of  inorganic and by lower  content  of  organic  nitrogen 
forms. . A t  this s t a t i o n ,  the content of anmonia i n  total .   nitrogen is 
higher during  both  dist inct   seasons,  d u r i n g  the spri ng-surmer, 
approximately by 106 percent,  and d u r i n g  the f a l l  -winter seasons by 
approximately 786 percent. The content   o f   n i t ra te  ,plus nitr i te i s  higher 
here during the spring-summer (by approximately 11 0 percent) b u t  lower, 
approximately by 30 percent, du r ing  the fall-winter  seasons.  The content  

c .  . 

of  organic  nitrogen i n  to ta l   n i t rogen  decreases ,  by approximately 28 and 
38 percent, d u r i n g  the spring-summer and the fa1 1 -winter seasons, 
respec t i  vel y . b 

e 

The long-term means of  acmonia t o   n i t r a t e  plus nitr i te r a t i o s ,  and 
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thei,r 95 percent confidence  intervals ,  determined on 1.,078  and 574 
observationsd  are 8.02 - + 0.33 (spring-summer seasons) and 4.29 2 0.29 
(fal l -winter   seasons) .  The magnitude  of these r a t io s   i nd ica t e s  a 
s ign i f i can t   e f f ec t   o f  amionia  pollution  sources  along the invest igated 
Okanagan River reach such as  eff luent  from the Penticton  \taste  treatment 
plant,  run-off from  urban area  via Ellis Creek and  from agr icu l tura l   l and  
via Shi-ngl e Creek .. 

Seasonal  changes  of  phosphorus  and  nitrogen,  occurring a t   s t a t i o n  
n.ear the Pent ic ton   a i rpor t   a re  shown by the means of the concentration 
r a t i o s ,  and their, $95 percent  confidence  interval s ,  of to t a l  , .  nit rogen  to  
total   dissolved phosphorus  and .by the , ra t io   o f   to ta l   n i t rogen   to   to ta l  
phosphorus.' . The- long-term  concentration  nean  ratios of to ta l   n i t rogen   to  
'total  dissolved  phosphorus, determined on 694 and 467.  observations  are 
80.7' - + '2.8 (spring-summer seasons) and 97.9 - + 5.5 ( fa l l -winter  seasons). 
The long-term 'mean .ratios  of  total   nitrogen  ' to  total   phosphorus.  are  25.6 . 

These resul ts. indicate   different   seasonal   pat tern  of '  the: nitrogen ' t o  
phosphorus r a t i o s   a t  this s t a t i o n  i n  comparison to   s ta t i .on below  Okanagan ' 

Lake  dam. A t  s ta t ion   near  the a i r p o r t  .the ra t ios   o f   to ta l   n i t rogen   to  

- + 0.'96 (spring-summer seasons) and 31.51 - + 1.69  (fa1 1 -winter seasons) .  

to ta l   d i sso lved  phosphorus show cons is ten t   increase ,  by approximately 81 
and 98 percent d u r i n g  t h e .  spring-summer and  fa1 1 -winter seasons.. On the 
other.. hand, the r a t i o  of  ' total  n.itrogen  to ' t o t a l  phosphorus  decreases 
here, (by approximately , 1 4  percent)  d u r i n g  the spring-sul;uner and 
increases (by approxinatel'y 44 percent)  during the fa1 1 -winter seasons. . ' 

6.4 Okanagan River a t  Okanagan Fa1 1 s 
6.4.1 D i  scharge 

Variation of discharge, measured i n  Okanagan River a t  Okanagan 
Fa1 1 s (Water Survey of Canada s t a t i o n  08l.lM002) d u r i n g  1976 t o  1978, i S- 

i l l u s t r a t e d  by the annual  hydrographs (Appendix Dl. A naximun da i ly  nean 
discharge,  observed  during the three-year  period, i s  51 -45 m S 3 -1 

(Flay 1978)  and' a minimum is  3.99 m3 s-l (December 1977). The annual 
dishcarge means and their '95  percent  confidence  intervals  are 23.05 - + 

1 .o, 7.99 + 0.25 and  19.53 + 1.01 rn3 5-l i n  19.76,  1977  and  1978, - - 
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6.4.2  Phosphorus 

Total  ,phosphorus, i n ,  Okanagan River a t  Okanagan Fal ls ,  i s  
character ized by a wide s c a t t e r  of the 95 percent  confidence 1 i n i t s  
around the geometric  concentration means (Appendix E l  ) and very 
significant  seasonal  variation  during. the sampling  period. This 
var ia t ion  i s  illustrated- by the 1 ong-term concentration means, and their 
associated  confidence  interval s. .These means, determined on 370  and 248 
simultaneous and sequential  measurements  of  total  phosphorus 
concentration are 0.015 - + 0.001 and 0.031 - + 0.002 ng 1-l  during the 
three spring-summer and fa1 1 -winter seasons,   respect ively.  On the 
monthly bas i s ,  the s t a t i s t i c a l   c h a r a c t e r i s t i c s  of t o t a l  phosphorus 
concentrat ions  are  ,shown i n  Appendix E2. A maxinun concentration  of 
t o t a l  phosphorus is  0.01 9 rng 1 (simul taneous measurements, July  1976) 
and a ninimun is  0.004 ng 1-l (sequential  measurements, May 1977). .On 
the annual basis (Appendix E3) the arithmetic concentration means and 
their  .95- percent confidence  intervals   are  i n  the range  of 0.01 2 0.001 

(simul taneous,  measurements i n  1976,  data were obtained i n  Ju ly   on ly ) ,  
0.02 - + 0.01 . .  (sequential  measurements) and 0.023 - + 0.002 (sequential  
neasurements) mg 1-l i n  1976,  1977  and  ,7978, respect ively.  

Variation  of the da i ly  1 oads  of t o t a l  phosphorus,  during the 
three-year  period, i s  i l l u s t r a t e d  by graphs i n  Appendix E l .  A maxinun 
1 oad of t o t a l  phosphorus i s  11 1.1 4 (sequential  measurements, f.lovember 

. 

1977) and a m i n i m u m  i s  2.32 
k g  day" (Appendix E2).  Tie 
conf i dence i nterval s , deterni  ned 

'and any  given  year (Appendix 
neasurenents i n  1976,  data i n  
measurenents ) and  41.96 - + 6.73 
1976,  1977  and  1978,  respectively. 

observed a t  this s t a t i o n ,  i s  disturbed in terms of  1 . o ~  load  data  in  1977, 'i' 

because  of a very 1 ow discharge   dur ing   tha t   par t icu lar   year .  

The pattern  of the concentration  data  of  total   phosphorus,  

(sequential  measurements, blay 1977 1 
1 oad means,  and their 95 percent 
f o r   a l l  1 oad data  of.  total  phosphorus 
E3) a r e  31.64 - + 6.77 (simultaneous 

July  only),  28.34 - + 0.98 (sequential  
(sequential  measurements) kg  dafl i n  



. 
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Total  dissolved  phosphorus is  characterized by a  pronounced 
variation  of  concentration measurements, i l l u s t r a t e d  by the p lo ts  of the 
geometric  concentration means and a wide spread of 95 percent  confidence 
1 i n i t s  (Appendix E4). - Seasonal var ia t ion of this phosphorus form i s  
highly'   significant.  The' long-term - concentration  neans and . ' their  95 
percent  confidence  interval s determined on 347 and 239 siriiul taneous and 
sequential  raeasurenents  vary i n  the range  of 0.006 - + 0.0002 and 0.014 2 
0.001 mg 1-1 dur ing  the three-year  spring-surmer and . fa1 1 -winter 
seasons. A :maximum concentration  of.  ,total ~ dissolved phosphorus is  0.038 
(sequential  measurements,  'February  1978)  .and m i n i m u m  :is 0.002 (sequential 
measurements,  October , .  ,1977) mg 1-1 (Appendix E5) .  The a r i   t hne t i c  
concentration means and their 95 percent  confidence  intervals  determined 
for  concentration  laeasurenents :of total   dissolved phosphorus du r ing  the 
ind iv idua l  years (Appendix  E6)  are i n  the  range. of 0.028 2 0.0009 

(sequential  measurements) a n d '  0.038 ' - + 0.0007 '(sequential  .measurements) 
ng 1-1 i n  1977- and 1978,. respectively.  These data  indicate du r ing  
these two years ,   tha t   there  i s  a slight increase i n .  concentration  of 
total  dissolved  phosphorus i n  discharge from Skaha Lake. 

Variation o f  t h e  daily  loads of ,total  dissolved  .phosphorus d u r i n g  
the two-year period is plotted . i n  Appendix E4. A maxinun Toad of this 
phosphorus form is  85.23 (sequentjal measurements-) and ni nirnun i s  2.05 
(sequential measurements, May 1977) kg  day-l  (Appendix E5). The ' load 
neans and t h e i r  95 percent  confidence  interval s deterni ned for a1 1 1 oad 
data d u r i n g  any g i  ve'n year (Appendix E6) a r e  i n  the , range  of 5 .a3 +. 0.69 
(sequential.  neasurements) and 13.69 , - + 3.25 (sequential  measurements) 
k g  day-' i n  1977 and 1978,  respectively. These 2 year  data  indicate an 
increas'ing  output o f  total   dissolved phosphorus from Skaha Lake. 

6.4.3  Nitrogen . .  

Variation of n i t r a t e  plus n i t ' r i t e ,  i n  terms  of  the  daily  geometric 
concentration means and. t h e i r  95 percent  confidence limits, d u r i n g  the 
three-year  period is i l l u s t r a t e d  i n  Appendix E7. A t  this stati 'on,  
n i t r a t e  plus n i t r i t e  i-s chara,cterized by pronounced short  range  tenporal 
,heterogeneity of point  concentration  measurenents  'and -.by . h igh ly  
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significant  .seasonal  variation. The ’ long-term  ari‘thmetic  concentration 
means and t h e i r  95 percent  confidence  interval s ,  determined on  41 7 and 
260 simultaneous and sequential  measurements,  are i n  the  range of 0.005 2 
0.002 ; and 0.041 - + 0.005 clg 1 -’ dur ing  .the  three-year spri ng-summer and 
f a l l  -winter seasons, respectively. A1 though;  the long-term concentration 
means of n i t r a t e  p l u s  n i t r i t e  is  h i g h .  du r ing  the fa1 1 and winter 
seasons. A maximum concentration  of 0.37 mg 1-1 of this nitrogen form 
occurs i n  August 1978  (sequential measurements 1. B u t ,  dur ing  the spring 
and summer seasons most o f  m i n i m u m  concentrations . (0;002 mg 1 -’ a r e   a t  
the detection 1 imit of the  analyt ic  method (Appendix E8). The .ar i thmetic  
concentration means and t h e i r  95 percent  confidence  interval s determined 
f o r  a1 1 .concentration measurements o f  n i t r a t e  pl’us n i t r i t e  d u r i n g  any 
g iven  year   a re  0.013 - + 0.014 (sinul  taneous  measurenents  based on 
measurements i n  July 1976 only) ,  0.01.6 - + 0.004 (sequential  measurements) 
and 0.018 - + 0.005 (sequential  measurements)  mg.1-l i n  1976, 1977 and 
1978, respectively (Appendix. E9). These da ta   ind ica te   tha t   there  is  a 
sl ight year-to-year  increase i n  concentration  of  nitrate plus nitr i te.  
(Note tha t   the  1976 da ta   a re   for  a very shor t   .per iod) .  

A1 so, the  daily  loads of n i t ra te   p lus  nitr i te are   character ized by 
a  pronounced var ia t ion d u r i n g  the three-year  period (Appendix E7) .  A 

naxinum ,dai ly   load .’ of n i t r a t e  plus n i t r i t e  i s  220.02 kg day’’ 
(sequential  measurements, November 1978) and a  mininun i s  0.95 kg day-’ 
(sequential and simul taneous  measurements i n  March and May 1977, 
respec t ive ly) ,  (Appendix E8). The load means.  and t h e i r  95 percent 
confidence  intervals  determined  for a1 1 observa,tions  obtained dur ing  the 
individual-  years of  sampling a r e  37.16 - + 71.07 (simultaneous  ~eaSUrenentS) 
8.53 - + 3.0 (sequent ia l .  measurements) and  35.9.7 - + 13.74 (sequential  
neasurenents) kg day” i n  1976, 1977 and 1978. . The extreme var ia t ion 
o f  1 oads  of n i t r a t e  pl us ~ n i t r i t e  determined f o r  July 1976 i s  caused by 
sudden discharge ’ changes, shown by the  hydrograph, d u r i n g  period of 
sarnpl i n g  (Appendix-E9).. . 

Annonia, i n  Okanagan River a t  Okanagan Fa1 1 s ; i s  charaterized by a 

i 

. .  

”. . .  

- 

very  pronounced short  range temporal .heterogeneity of point  concentration c 

measurements, shown  by the  plots  of the .daily  geometric ‘means and t h e i r  
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95 percent confidence limits (Appendix 0 0 ) .  Seasonal  variation  of 
ammonia concentration is  very  s iginf icant .  The long-term.  concentration 
means,  and their 95 percent confidence intervals., deterni'ned  for 41 7  and 
260 simultaneous  and  sequential  measurements,  vary i n  the range 0.f 0.039 
- + 0.007 and  0.129' - + 0.041 ng 1-1 during the three-year  spring-sunner 
and f a l l  -winter seasons,  respectively.. 

A maximum concentrati.on of ammonia observed a t  this s t a t i o n  i s  4.1 
ng  1 -' (sequential  measurements,  February  1977 1. A nininum  of 0.002 
mg 1 -' (a   de tec t ion   '1  imit of the analytical  nethod)  occurs  during 
several months of the .three-year  per.iod (Appendix 'Ell 1. Data shown i n  
this Appendix i nd ica t e   t ha t ,  i n  winter 1977-1 978, there a r e  more 
neasurehents  of anmonia concentrations  exceeding  a  pernissib1.e-  l imit  of 
0.5 mg l - l ,  established for: d r i n k i n g  water (EPA, 1972). 

On the 'annual bas i s ,  the ari thmetic  concentration cleans -and their 
95 percent.  confidence  interval s ,  deterni  ned from a1 1 concentration . .  

neasureoents o f  ammonia a r e  i n  the range  of 0.009 - + 0.0039 (simultaneous 
measurements i n  July  1976,  only),  .0.02 - + 0.0073 .(sequential measurements) 
and 0.1  77 - + 0.044 (sequential  measurements) ng 1-1 i n  ,1976,.  1977  and 
1978 (Appendix E l  2 ) .  The data   indicate  an. increase i n  ,anmonia 
concentration  -during the sanpl i ng .period. 

Variation  of the dai ly   loads  of   amonia is  i l . l u s t r a t ed  i n  Appendix 
EJO. A maximum  ammonia 1oad.i .s   7,889'   (sequential  measurements,  February 
19781  and  a  mininun i s  0.76 .(sequential  sleasurements, t4arch 1977) 
k g  day" (Append'ix El 1 ) . This maximum 1 oad' i s  caused; by the occurrence 
of  an extreme, anmonia' concentration measured i n  -Februa'ry  1978 while a 
nininun  load  obaserved i n  March 1977 i s  associated with the low discharge 
i n  t h i s ' p a r t i c u l a r  month. 

The ammonia 1 oad means, and their  95 percent confidence  interval s , 
determined fo r  a1 1 data  obtained  during the individual.   years  of I sanpl i ng  
(Appendix El21  a r e .  28.54 - + 41.27 (sinul  taneous  measurements'. i n  Ju ly ,  
only)  14.44 - + 6.45 (sequential  'measurements) and  364.03 - + 229.56 
(sequential  measurements) kg day-l i n  1976, ' 1977  and 1978, 
respectively. The very high  variation  of ammonia load  for  1976. is  caused 

I . by the high variabil i ty  of  discharge,  . i n  summer of this par t icu lar   year .  
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High 1 eve1 s of ammonia concentration, a1 so ' h i g h  discharge resul ted i n 
very  high  amonia  load i n  1978. 

.Variation  of.   organic  nitrogen, i n  t e rns  of the  daily  geometric 
concentration neans and their 95 percent conf idence , l i n i t s  are i l l u s t r a t e d  
by the plots  i n  Appendix El3: The h i g h  concentration  values of organic 
nitrogen occur  particularly du r ing  the  fa1 1 -winter  seasons i n  1977. t o  
1978. Thus ,  the' long-term concentration means and their 95 percent 
confidence  intervals,  determined on  41 7 and 260 data,  derived frorn 
simul taneous and sequential measurements,  vary from 0.454 - + 0.135 t o  
0.546 - + 0.077 ng 1-l. d u r i n g  . the  three-year spring-summer  and 
fa1 1 -winter  seasons,  respectively. A maximum concentration of .organic 
nitrogen is  17.95  (sequential  measurenents, April 19781, (Appendix  El41 
and a nininun is  O.OC6 (sequential  neasureme,nts) ng 1-l . 

The arithmetic  concentrations  neans and t h e i r  95 percent  confidence 
interval ' s ,   deternined.   for   a l l   data  on organic  nitrogen d u r i n g  .any  .given 
year  (Appendix  El51 ape i n  the  range  of 0.165 - + 0.008 (sinul  taneous ~ 

measurements), .0.396 - + 0.067 (sequential  measurements) and  0.824 - + 0.234 
(sequential  measurements) mg 1 i n  1976,  1977 and 1978,  respectively.. 
These ar i thmetic  means ind ica te  an increase i n  concentration of Organic 
nitrogen  observed dur.ing this sampling  period a t  this s ta t ion  located 
bel ow Skaha 'Lake. 

. 

Variation  of  organic  nitrogen  loads., observed d u r i n g  the  three-year 
period, is  i l l u s t r a t e d  by plots  in. .  Appendix E13. A naxiwn  dai ly   load O f  . 

organic  nitrogen. i s  10,824.1  (sequential  netkod,  April 1978) and ninirwm 
is  81.8 (sequential measurements, Novelaber 1977) kg day-' (Appendix 
E141.: T h i s  maximum load  of  organic  -nitrogen i s   a s soc ia t ed  w i t h  the h i g h  
concentration  data  obtained for .Apri l  1978,  rather  than w i t h  h i g h  
discharge, b u t  a minimum 1 oad i n  Novenber 1977,  occurs du r ing  a period of 
very 1 ow discharge. The organic nitrogen- 1 oad cleans and t h e i r  95 percent 
confidence  intervals,  determined. for al'l  data  obtained d u r i n g  the 
individual  years (Appendix E15) a r e  519.88 - + 73.35 (SinUltaneOUS 
neasurenents),  206.34 - + 38.69 (sequential  measurements) and 1,516.1 - + 

533.61 (sequential  measurenents) kg day-' i n  1976, 1977 and 1978, 
respectively.  Because of the 1 ow discharge i n  1 977, there  is  no obvious 
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year-to-year t r end  i n .  organic  nitrogen load a t  this sampling s t a t ion .  
Total  nitrogen, i n  Okanagan River a t  Okanagan Fa1 1 s , i s  

characterized by a pronounced short  range temporal heterogeneity  of 
concentration  neasurenents (Appendix.  .El6) and by a significant  seasonal 
var ia t ion . d u r i n g  the  three-year  period. The long-term  concentration 
neans and t h e i r  95 percent  confidence 1 imits,. derived from 41 7 and  260 
sinul taneo'us and sequential measurements  of total  nitrogen  are  ranging 
.from 0.438 + 0.1 39 t o  0.71 6 + 0.094 mg 1 dur ing  the three-year 
spring-sumer and fall  -winter  seasons,  respectively. A maxinun 
concentration  of  total  nitrogen i s  18.0 mg 1-1 (sequential  
measurenents, April 1978) and a nininun i s  0.15 ng 1 -', (sinul  taneous 
neasu'rements, July.   1976) (Appendix El  7 ) .  The arithmetic  concentration 
means and +their 95 percent confidence  interval s , determined f o r  a1 1 
measurements of total   nitrogen, d u r i n g  the 'individual  years of sampl i ng 
(Appendix El8) a r e  0.187 - + 0.01 7 (sinul  taneous  neasurenents) , 0.432 - + 
0.07 (sequential  measurements) and 1.02 - + '0.24  (sequential  measurenents) 
k g  .day-' i n  1976,  1977 and 1978,  respectively. These means indicate  an 
increase i n  concentration of total  ni.trogen a t  this s t a t ion .  

. Tine se r i e s  of the  daily  geometric  concentration  nean,  and.  their 
95 percent  .confidence  limits,  of  si1  ica  observed i n  Okanagan River a t  
Okanagan Fa l l s  is plot ted i n  Appendix El9. Seasonal var ia t ion of si1 ica  
concentration is very s ign i f i can t  a t  this s t a t ion , .  by con t r a s t   t o   s t a t ion  
bel ow Okanagan  Lake dam.  The long-term cleans and t h e i r  95 percent 
confidence  intervals,  derived from 390 and 236 simultaneous and sequential 
neasurenents of s i l i ca   concent ra t ion  vary fron 1.08 2 0.076 t o  2.13 2 
0.162 ng 1-1 d u r i n g  the  three-year spri ng-summer and fa1 1 -winter 
seasons,,  respectively. Maxina o f  s i l ica   concent ra t ion  of  5.0 ng 1-1 , 
(sequential  measurements) , (Appendix E20) occur i n  October and January i n  

,1977 and 1978, respectively;  while minima of 0.2 mg 1-1 , reaching  the 
detection limit of the  analytical  nethod,  are  observed d u r i n g  the  early 
s p r i n g  seasons  (sequential  neasurements, March and April 1977 and 1978)  

The occurrence of mi nirnun concentration of si1 ica  du r ing  the 
spring-suimer  seasons  observed i n  discharge from Skaha Lake ind ica tes  
t h a t  s i l i c a   l i m i t a t i o n  nay be s ign i f i can t  i n  control l ing peak l eve l s  of 

-1 . . 

- - 
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diatons i n  spring. The seasonal  changes o’f *si l ica   concentrat ion  observed 
i n  discharge a t  this s t a t i o n  can  provide  important-  information on diatom 
growth i n  the lake.  Diatoms  have a special  requirement f o r   s i l i c o n   t h a t  
most o ther  a1 gal  groups do not ,   share .   S i1   i ca ,  i n  the form a v a i l a b l e   t o  

. 

‘algae (measured a s  s o l u b l e ,  reactive s i l i c a )  i s  required by d ia tons  so  
t h a t  they can form si1 iceous cell  wall s .  I f  avail  a b l e  si1 icon levels 
f a l l   t oo  low, 0.1 -0.2 mg Si02 (Schelske and  Stoermer  1972) the diatoms 
can no longer .meet this requirement, and they  are  replaced by o ther  
forms,  usually  green and  blue-green a1 gae, t h a t  do not require si1 icon. 
According t o  Schel ske and  Stoermer (9. - c i t .  ) the problem associated w i t h  
s i l i ca   dep le t ion  i s  the reverse of  that  of  phosphorus. Thus ,  increasing 
concentrations  of  phosphorus  allow  .increased.  algal growth  and shifts  t o  
less des i rab le  types. On the o ther  hand, decreasing  concentrations of 
s i l i c a   c a u s e  shifts away from desirabl’e types. The imp1 icat ion  for   water  
management i s  t h a t  there is  no necessity t o  limit s i l i c o n  i n p u t .  B u t ,  - 

the proposed  phosphorus  objectives  should  reduce  algal growth  and thus 
el in ina te   s i1   i con   def ic ienc ies .  

On the annual bas i s ,  the ar i   thne t ic   neans .  and their  95 percent 
confidence  intervals . determined f o r  a1 1 concentration measurements  of 
si1  ica  during the individual  years  *of  sanpl i ng are   1 .53 - + 0.1 49 and 1.23 
- + 0.115 mg 1-1 in 1977  and 1978, respect ively (Appendix  E21). 

Variation  of the daily  loads  of  si l ica,   observed i n  Okanagan River 
a t  Okanagan Fa l l s  d u r i n g  1977 and 1978, i s  i l l u s t r a t e d  by p lo t s  i n  
Appendix El  9. a maximum of si1 ica  load is  7,711.9 kg day” (sequential  
measurements, November 1978), (Appendix E Z O ) ,  and a nininun i s  93.66 
k g  day-’ (sequential  neasurenents, April 1977) .  The ar i t l lne t ic   load  
neans  and their 95 percent confidence  interval s (Appendix E21 ) deterni  ned 
fo r .  rill load  data  obtained d u r i n g  the individual  year of sampling  are 
1,137.3 + 244.8 (sequential  method)  and 2,061 - + 380.4 (sequential   nethod) 
k g  day-l-in 1977  and  1978, respectively. 

6.4.4 Concentration  Ratio 
The pattern  of  seasonal  changes  of nutrient concentration, 1 

measured .by  simultaneous and sequential  nethods i n  Okanagan River a t  
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Okanagan Fa l l s ,  is  further shown  on var ia t ion  of  the 1 ong-tern 
concentration mean ' r a t io s  determined fo r  the individual nutrient forms. 
A1 1 concentration  data  obtained i n  1976 through March 1979 a r e  1 unped. f o r  
the two dis t inct   seasons, ,  the spring-sunner  (April - September) and the 
fa1 1 -winter (October - March) seasons. 

r 

The 1 ong-term . c.oncentration mean ra t ios   o f   to ta l   d i sso l  ved 
phosphorus, t o   t o t a l  phosphorus  deterni'ned on 323  and 238 observat ions  are  
0.399 - + 0.018  and  0.455 - + 0.029 during . t h e  three-year.-  spring-sunner and 
.fall-winter  seasons,   respectively.  These r a t i o s  . i nd ica t e   t ha t  the 
pattern  of the seasonal  changes  of the two phosphorus  forms,  observed a t  
this s t a t i o n ,  is s i m i l a r   t o   t h a t   a t '   s t a t i o n   n e a r  the Pent ic ton  ar iport .  
However, there i s  a substant ia l   increase i n  the percentage  content  of the 
d i  ssol ved phospho.rus forn i n  t o t a l  , phosphorus 

The long-term  concentration mean r a t i o s ,  i n d i c a t i n g  the pa t te rn  of 
seasonal  changes of each of the' three fol.lowing nitrogen  forms, are 
deri,ved from 41 7 and 260 observations.  obtained d u r i n g  the two periods. 
Thus, the mean r a t i o s ,  and their 95 percent  confidence  intervals,  of  
n i t ra te   p lus  n i t r i t e  to .   to ta l   n i t rogen;  ammonia to   t o t a l   n i t rogen ;  and 
organic  nitrogen t o  total   nitrogen  vary from  0.017 - + 0.004 (spring-summer 
seasons) t o  0.106 - + 0.02 ' ( fa l l -win ter   seasons) ;  0.098 ' - + 0.011 h 

(spring-surmer  seasons')  to 0.116 - + 0.02 (fal l -winter   seasons) ;  and 0.806 
- .  + 0.012 (spring-summer  seasons) t o  0.778 - + 0.02 (fal l -winter   seasons) .  
These , data   indicate  . t h a t  there i s  a subs-tantial  decrease i n  the 
percentage  content  of  in'organic  nitrogen  forns and increase i n  the 
content  of  organic forms i n  t o t a l   n i t rogen   a t  this sanpl ing  s ta t ion,  i n  
comparison to   s t a t ion   nea r  the Pent ic ton  a i rport .  

The long-term  concentration mean r a t i o s  of anmonia t o   n i t r a t e  pl US 
ni t r i te  and their  95 percent confidence  interval s, determined on 41 7 and 
260 observations  are 12.'611 - + 2.08 and 14.83 - + 5.479 d u r i n g  . the 
spring-summer  and f a l l  -winter seasons, respectively. These r a t i o s  
observed a t  this s ta t ion ,   by .cont ras t   to   tha t   near  the Pent ic ton   a i rpor t ,  
a r e   s ign i f i can t ly  higher indicat ing an increasing  effect   of  the ammonia 
pol lut ion i n  discharge from Skaha Lake. 

I 

The long-term  concentration means r a t i o ,  and their 95 percent 



confidence  intervals ,  ' of   to ta l   n i t rogen   to   to ta l   d i sso l  ved phosphorus, 
determined on 346 and 239~-observa t ions ,   a re  93.58 - + 22.85 (spring-sumer 
seasons) and  79.45 - + 11.30  (fa1 1 -winter seasons).  The r a t i o s  of t o t a l  
n i t rogen   t o   t o t a l  phosphorus, determined on 369 and 247 observat ions  are  
31.9 - + 7.29 (spring-summer .seasons) and 25.35 - + 2.99 (fall-winter 
seasons).  These ratios,   observed a t  this s t a t i o n ,  by cont ras t  t o  s t a t i o n  
near the Pent ic ton  a i rport ,  .:show .increase  during the spring-summer  and 
decrease  during  fa1 1 -winter seasons. 

. .  
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APPENDIX A 

Annual hyd rog raph ics   i l l us t ra t i ng   hou r l y   d i scha rge   (n3   s - l )  
determined  dur ing  the  per iod  f rom 1976 t o  1978 a t :  

i 

1. Okanagan River  below' Okanagan Lake dam (Water  Survey o f  Canada 
s t a  ti on 08EIM050) . 

2. Pent ic ton  munic ipa l   out fa l l  
3. Shingle Creek a t   t h e  mouth (Water  Survey o f  Canada s t a t i o n  08EJM150). 
4. E l l  i s  Creek a t  the. mouth (Water'  Survey o f  Canada s t a t i o n  08NM135), and 
5. Okanagan Rive'r   near  the  Pent icton  ai rport .  

i 
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APPENDIX B 
. 

Okanagan River bel ow Okanagan  Lake  darn, 1976 t o  1978 

Concentrations and loads  derived from sinul  taneous and sequential 
measurements a re  shown i n  (1 ) graphs and (2) tab1 es .  
1 Graphs 

Graphs i l l u s t r a t e  time se r i e s  of 
( a )  ' the  daily.  geometric  concentration means (ng 1 -' ) and their 95 

( b )  the daily  total   loads ( k g  day:') . of nutr ients  -duri-ng-th-e---------"-- 
percent  confidence limits, and 

three-year  period w i t h  confidence 1 ini ts   for   data   generated 
using concentration from sinul  taneous sarnpl es.  

2. Tabl es 
Tabl es show s t a t i s t i c a l   c h a r a c t e r i s t i c s  of nutrient concentrations 

- and  1 oads,  reduced to   the   (a  ) rnonthl'y and ( b )  annual basis , i n  t e rns  
of 
(ai)   the  ari thmetic  concentration means (mg 1 -' 1, and their 95 

percent  confidence  interval s ,  cal  cul  ated  for a1 1 individual 
concentration measurements d u r i n g  any given nonth  of  sampling, 

(a i  ) the arithmetic 1 oad means ( k g  day-l ) and their 95 percent 
confidence  intervals,   calculated  for a1 1 individual  load  data 
deterni ned d u r i n g  any given month of sampl i ng. 

( b i  ) the  ari themetic  concentration means (mg 1 -' ) and t h e i r  35 
percent  confidence ' interval s ,  cal  cul  ated  for a1 1 individual 
concentration measurements du r ing  any given  year  of  sanpl i ng, 

( b i i  ) the  ari   thmetic 1 oad  means (kg  day-l ) and t h e i r  95 percent 
confidence  intervals,   calculated  for  al l   individual  load  data 

c 

determined dur ing  any given year of  sampl ing.  

NOTE 

Note regarding  the  concentration and load  data  generated from 
sinul  taneous and sequential measurements i n  February 1978. 

According to   the  sarnpl i ng procedure  designed  for this study 
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t simultaneous samples should be collected i n  four/- sl ices  across  the 
channel. In February  1978, however,  samples enploying this method  were 
col1 ected i n  one sl ice only,  close t o  the sampl i n g  po in t  where, on the 
same day, sequential sanpl es were taken. As a result i n  February 1978 

I the  nutrient  concentration data obtained by these two sanpl i n g  methods 
are  identical  (see  lines 1978 02 in Tables B2, B5, B8, B11, 814, B17 and 
820). 

. 

Nutrient 1 oads fo r  February, 1978, based on sinul taneous 1;1easurenents, 
were cal cul ated for one sl  ice and do not, therefore,  represent  the 
cross-sectional load. On the  other hand, loads derived from sequential 
measureoents represent  the load  passing t h r o u g h  the channel cross-section. 

.I 
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B1 

B2 

83 

84 

B5 

B6 

B7 

B8 

B9 

B10 
B11 

B12 

B13 

B14 

B15 

B16 

Time series of   total  phosphorus ( P )  concentration and 1 oads,  1976 t o  
1978 . 

S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data of t o t a l  
phosphorus ( P )  determined f o r  the i.ndividua1 months of  sampling 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data.  of t o t a l  
phosphorus ( P )  determined f o r  the individual  year  of  sanpl  ing 
Time series of total   dissolved phosphorus ( P )  concentration and 
loads,  1976 t o  1978 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data  of  total 
dissolved  phosphorus ( P )  determined f o r  the individual months of 
sampl i ng 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data  of  total 
dissolved  phosphorus ( P )  ' deterni ned f o r  the individual  year  of 
sampl i ng 
Tine series o f   n i t r a t e  p l u s  n i t r i t e  (N) concentration and loads,  
1976 t o  1978 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data  of 
n i t r a t e  plus nitr i te (N )  determined f o r  the individual months of 
sanpl i ng 
- S t a t i s t i c a l   c h a r a c t e r i s t i c s  of  concentration and lo,gd . d a t a  of 
n i t r a t e  plus ni t r i te  (N )  determined f o r  the individual  year  of 
sampl i ng 
Tine series .of  amonia (FI) concentration and loads,  1976 t o  1978 
Sta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and load  data  of 
ammonia (El) determined f o r  the individual months of  sanpl i ng 
S ta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and .load  data  of 
ammonia (14) deterni ned f o r  the individual  year  of sampl ing 
Time series of  organic  nitrogen ( N )  concentration and loads,  1976 t o  
1 978 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of  concentration and load  data  of 
organic  nitrogen (N) deterni ned f o r  the individual  nonths  of  sanpl i n g  
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data of 
organic  nitrogen (N) determined f o r  the individual  year  of  sanpl i ng 
Time series of total   nitrogen (N) concentration and loads,  1976 t o  
1 978 
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B17 S t a t i s t i c a l   c h a r a c t e r i s t i c s   o f   c o n c e n t r a t i o n  and l o a d   d a t a   o f   t o t a l  
* 

n i t rogen ( 1 4 )  determined f o r   t h e   i n d i v i d u a l  months o f  sampl i ng 
B18 S t a t i s t i c a l   c h a r a c t e r i s t i c s   o f   c o n c e n t r a t i o n  and l o a d   d a t a   o f   t o t a l  

n i t rogen (N) determined fo r   t he   i nd i v idua l   yea r   o f   sanp l   i ng  

B19 Tine  ser ies of d isso lved  s i1   i ca   concent ra t ion  and loads,  1976 t o  1978 
B20 S t a t i s t i c a l   c h a r a c t e r i s t i c s   o f   c o n c e n t r a t i o n  and l o a d   d a t a   o f  

d isso lved si1 i c a  determined f o r   t h e   i n d i v i d u a l  months o f  sampling 
821 S t a t i s t i c a l   c h a r a c t e r i s t i c s   o f   c o n c e n t r a t i o n  and l o a d   d a t a   o f  

d i sso l ved   s i l i ca   de te rm ined   fo r   t he   i nd i v idua l   yea r  o f  sampling 

I 
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APPENDIX C 

Okanagan River  near  the  Penticton  airport, 1976 t o  1978 

,Concentrations and 1 oads  derived from sinul  taneous, and sequential 
measurements a r e  shown i n  (1 ) graphs and ( 2 )  tables .  
1 . Graphs 

Graphs i l l u s t r a t e  time s e r i e s  of  
( a )  the daily  geometric  concentration means 

(b)  the  daily  total   loads (kg  day-’ of 
percent  confidence 1 i n i  ts , and 

three-year  period. 
2.  Tables . .  

(tag 1 ) and t h e i r  95 -1 

nutr ients  d u r i n g  t h e  

Tab1 es show s t a t i s t i c a l   c h a r a c t e r i s t i c s  o f  nutrient  concentrations 
and 7 oads, reduced t o  the ( a )  monthly and , (b )  annual basis, i n  t e rns  

the arithmetic  concentration means (mg 1 -’ 1, and their 95 
percent  confidence  intervals,  calculated  for  all  individual 
concentration measurements dur ing  any given month of 
sarnpl i ng , 
the  arithmetic  load means ( k g  day-’ ) and t h e i r  95 percent 
confidence  intervals,   calculated  for  al l   individual  load 
data  determined d u r i n g  any given month of sampl ing.. 
the  ari themetic  concentration means (mg 1 -’ ) and t h e i r  95 
percent  confidence  intervals,  calculated  for  all  individual 
concentration measurements during . .  any given year  o f  sampling, 
the arithmetic  load means (kg  day-l ) and t h e i r  95 percent 
confidence  interval s , cal  cul a ted  for  a1 1 i n d i  v i  dual  1  oad 
data  determined d u r i n g  any given  year of  sampling. 
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c1 

, c2 

c3  

c4 

c5  

C6 

' c7 

C8 

c9 

c10 
c11 

c12 

s 

Time series of   to ta l  phosphorus ( P )  concentration and loads,  1976 t o  
1 978 
Stat is t ical   character is t ics   of   concentrat ion and load  data  of  total 
phosphorus ( P )  deterrni ned f o r  the individual months of sampl i ng 
S ta t i s t ica l  character is t ics   of   concentrat ion and load  data  of  total  
phosphorus ( P )  deterni  ned f o r  the individual  year of  sanpl i ng 
Tine series of   total   d issol  ved phosphorus ( P )  concentration and 
loads,  1976 t o  1978 
Sta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and load  data  of  total 
dissol ved phosphorus ( P )  determined f o r  the individual months of 
sampl i ng 
S ta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and load  data  of  total 
dissol ved phosphorus ( P )  deterni  ned f o r  the individual  year  of 
sarnpl i ng 
Time series o f   n i t r a t e  plus nitr i te (Ed) concentration and loads,  
1976 t o  1978 - 
Stat is t ical   character is t ics   of   concentrat ion and load  data  of 
n i t r a t e  pl  us n i t r i t e  ( N )  determined f o r  the individual months of 
sarnpl i ng 
s ta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and load  data of  
n i t r a t e  plus n i t r i t e  ( E l )  deterrni ned f o r  the individual  year  of .. 

- 

- - 

sanpl i ng 
Tine series of ammonia (N) concentration and loads,  1976 t o  1978 
Stat is t ical   character is t ics   of   concentrat ion and load  data  of 
ammonia ( I J )  determined fo r  the individual'  months of  sanpl i ng 
S ta t i s t i ca l   cha rac t e r i s t i c s  of  concentration and load  data  of 
ammonia (N) determined f o r  the individual  year  of  sanpl  ing 
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t 

c13 

c14 

c15 

C16 

c17 

C18 

c19 
c20 

c21 

Time series of  organic  nitrogen ( W )  concentration and 1 oads,  1976 t o  
1 978 
Stat is t ical   character is t ics   of   concentrat ion and load  data  of 
organic  nitrogen (N) determined f o r  the individual months of sampl i n g  
Stat is t ical   character is t ics   of   Concentrat ion and load  data  of 
organic  nitrogen (N) determined f o r  the individual  year  of sacipl i n g  
Time series of   total   n i t rogen ( f d )  concentration and 1 oads,  1976 t o  
1 978 
Sta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and load  data  of  total  
nitrogen (N) determined f o r  the individual months of sampl ing ' 

Sta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and load   da ta   o f -   to ta l  
nitrogen (N) determined f o r  the individual  year  of sampl i ng 
Time series of   dissolved  s i1   ica   concentrat ion and loads,  1976 'to 1978 
S ta t i s t i ca l   cha rac t e r - i s t i c s  of concentration and load  data  of 
dissolved si1 ica   de te rn ined   for  the i n d i v i d u a l  months of sampl i ng 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  o f  concentration and load  data  of 
d i s so lved   s i l i ca  determined f o r  the individual  year  of  sampling 
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APPENDIX D 

. 

Annual hydrographs i l lustrat ing   hourly   d ischarge  (n s ) determined 
3 -1 

during the period from 1976 t o  1 978 i n  Okanagan River a t  Okanagan Fa1 1 s 
(Water Survey o f  Canada s t a t i o n  08bM002). 
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APPENDIX E 

t Okanagan Fa l l s ,  1976 t o  19713 

Concentrations and 1  oads derived ,from simul taneous and sequential 
measurements a r e  shown i n  (1 ) graphs and ( 2 )  ,tab1  es. 
1 .  Graphs 

Graphs i l l u s t r a t e  time se r i e s  of 
( a )  the daily  geometric  concentration means (ng 1-1 ) and t h e i r  95 

percent  confidence 1 i n i  t s  , and 
( b )  the  daily  total   loads ( k g  day-') of nutrients dur ing  t h e  

three-year  period. 
2. Tables 

Tables show s t a t i s t i c a l   c h a r a c t e r i s t i c s  of  nutrient  concentrations 
and  1 oads., reduced t o  the ( a )  .monthly and ( b )  annual  bas1 s , i n  t e rns  

c 

the arithmetic  concentration  'means  (ng 1 -' ) , and t h e i r  95 
percent  confidence  interval s , cal Cu l  a t e d   f o r .  a1 1 individual ' 

concentration measurements d u r i n g  any given month of 
sampl i ng , 
the  ari thmetic  load means ( k g  day-') and t h e i r  95 percent 
confidence  intervals,   calculated  for  al l   individual  load 
data  determined d u r i n g  any given month of  sampling. 
the ari  themetic  concentration 'means  (ng 1 ) an,d, t h e i r  95 
percent  confidence  interval s , cal  cul  ated  for' a1 1 i ndi v i  dual 
concentration measurements d u r i n g  any given  year  of  sampling, 
the  ari thmetic  load means ( k g  day ' l )  and t h e i r  95 percent 
confidence  interval s , .tal cul a ted   , for  a1 1 i ndi  v i  dual 1 oad 
data  deterni,ned d u r i n g  any given  year of  sanpl i n g .  

-1 .' 
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E l  1 

El 2' 

El  3 

E l  4 

E l  5 

E l  6 

Time series of   to ta l  phosphorus ( P )  concentration and loads,  1976 t o  
1 978 
S ta t i s t i ca l   cha rac t e r i s t i c s   o f   concen t r a t ion  and load  data   of   total  
phosphorus ( P )  determined f o r  the individual months  of sampling 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of' concentration and load  data  of t o t a l  
phosphorus ( P )  determined f o r  the individual  year  of sampl i n g  
Time series of   to ta l  d i sso lved  phosphorus (P) concentration and 

loads,  1976 t o  1978 
Sta t i s t ica l   charac te r i s t ics   o f   concent ra t ion  and  load  data  of  total 
dissolved phosphorus ( P )  determined f o r  the individual months of 
sanpl ing--"- 
S t a t i s t i ca l   cha rac t e r i s t i c s   o f   concen t r a t ion  and  load  data  of  total 
dissolved phosphorus ( P )  deternined  for the , individual   year   of  
sanpl i ng 
Time series 
1976 t o  1978 
Sta ti  s ti  cal 
n i t r a t e  pl  us 
sampl i ng 
Sta ti  s t i  cal 

of n i t r a t e  pl us nitr i te ( E l )  concentration and 1 oads , 
- 

charac te r i s t ics   o f   concent ra t ion  and load  data  of 
n i t r i t e  ( N )  determined f o r  the individual months of - * 

charac te r i s t ics   o f   concent ra t ion  and load  data  of 
n i t r a t e  p l u s  nitr i te (N) determined f o r  the individual  year  of 
sanp1.i ng 
Tine series of ammonia (t.1) concentration and loads,  1976 t o  1978 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data  O f  

ammonia 0 1 )  determined f o r  the individual months of  sampling 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data  of 
ammonia (1-1) deterni  ned f o r  the individual  year  of  sanpl i ng 
Time series of  organic  nitrogen (N) concentration and 1 oads,  1976 t o  
1978 
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of  concent.ration and load  data  of 
organic  nitrogen ( H )  determined f o r  the individual months of sarnpl i n g  
S t a t i s t i c a l   c h a r a c t e r i s t i c s  of concentration and load  data  of 
organic  nitrogen (N )  determined f o r  the individual  year  of sampl i ng 
Time series of   total   n i t rogen (H)  concentration and loads,  1976 t o  
1 970 
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E17 S t a t i s t i c a l   c h a r a c t e r i s t i c s  o f  concentration and load  data of t o t a l  
j ' . .  nitrogen (N) determined  for the individual months of sampl i n g  

El8 S t a t i s t i c a l  
n i  trogen ( N) 

El9 Tine s e r i e s  
E20 S t a t i s t i c a l  

d i  ssol ved si 

cha rac t e r i s t i c s  of concentration and load  data of t o t a l  
deterni  ned fo; the individuai  year of sanpl i ng 

of  dissolved  si1  ica  concentration and loads,  1976 t o  1978 
character is t ics   of   concentrat ion and load  data of 

l i c a  determined  for  the  individual months of  sampling 
E21 Sta t i s t i ca l   cha rac t e r i s t i c s  of  concentration and load  data  of 

d i sso lved   s i l i ca  determined for  the  individua.1  year of sampling 

. .  
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