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ABSTRACT 

S ince  1976, a monitoring  program of n u t r i e n t   l o a d i n g  has been carried o u t  

by the Water Qual i ty  Branch, Pacific and Yukon Region as a n   i n t e g r a l   p a r t  

of t h e  Canada-British  Columbia Okanagan Basin.  ,Implementation  Agreement .. . ' ' . 

.The' primary  goal of . the program was t o  design a method for improving the 

. .  

. .  

p r e c i s i o n  o f  n u t r i e n t  load e s t i m a t i o n   i n  order t o  provide water management 

wi th  a reliable measure  on n u t r i e n t   t r a n s p o r t  by t h e  Okanagan River t o  

t h e   v a l l e y  lakes l o c a t e d  downstream from t h e  waste t rea tment   p lan ts .  

Two sampling  methods were used for measurements of concent ra t ion  o f  

pr imary   nu t r ien ts ,   s imul taneous   and   sequent ia l  methods. . The simultaneous . 

method, based on c o l l e c t i o n  of sample replicates , permits t h e  c a l c u l a t i o n  

of confidence limits o f .  t h e  concent ra t ion  means and t h e  t o t a l  loads of .  

n u t r i e n t s  . passing  through t h e  channel   cross-sect ion.  The s e q u e n t i a l  

sampling method,  used t o ,  o b t a i n  time series records o f  s i n g l e   ' p o i n t  

concentrat ion  measurements   does  not   permit   the   calculat ion of confidence 

limits. Prec i s ion  ' o f  the load   da t a   de r ived  from sequent ia l   sampling ' .  

method is, therefore, p e r i o d i c a l l y  compared wi th  t h e  r e s u l t s   o b t a i n e d  by 

simultaneous  methods..  Consistency of load data is determined.  by t h e  

comparison of r e s u l t s   o b t a i n e d  by t h e s e  two sampling  mthods  and 

s t a t i s t i c a l l y  proved by c o r r e l a t i o n   a n a l y s i s .  
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INTRODUCTION 

The goa l  of a water q u a l i t y   s u r v e i l l a n c e  program is obtaining water 

samples t h a t  are r e p r e s e n t a t i v e  of t h e  o r i g i n a l  aquatic environment  and 

tha t   main ta in  t h e  . i n t e g r i t y  of a l l  chemical substances  measured i n  each 

sample. . However, t h e  sample  can be considered t o  be  only an  . . .  , 

i n f i n i t e s t i m a l   p a r t  of t h e  to ta l  volume of water  and is, therefore, 

r e p r e s e n t a t i v e  of the to ta l  mass only t o  t h e   d e g r e e  tha t  uniformity of 

chemical compos i t ion   ex i s t s   w i th in   t he  . to ta l  mass (Rainwater . and 

Thatcher, 1960). Because  of l.ocal condi t ions ,  most water  bodies do n o t  

have a uniform  composition,  and  any  sampling  methodology  should  be 

related t o  t h e  heterogeneity of t h e  water body  sampled and t o  temporal 

changes of v a r i a b l e s  measured. , .. . .  . 

. .  

hl statistical ' d i scuss ions   dea l ing  wi th  water quality  sampling  methods, 

t h e  term representat ive  sample,  refers t o  a single   sample drawn from a 

. .  PoPulatiOn for  example i n  a channel cross s e c i t o n ,   t h a t  can be  expected 

t o  e x h i b i t   a v e r a g e   p r o p e r t i e s  of t h a t  population'. A cons iderable  effort  

is requ i r ed  t o  a s c e r t a i n  t h e  v a l i d i t y  o f  t h e  sample as a r e p r e s e n t a t i v e  

from such a v a r i a b l e  medium as  r i v e r  water. 

I 

The ' he t e rogene i ty  of t h e  chemical composition o f  s u r f a c e  water is t h e  

r e s u l t  of the   geologic ,   hydro logic ,   b io logic   and   cu l tura l   envi ronments  

which  undergo  changes  with the  passage o f  time. Any procedure for  I 

c o l l e c t i o n  of samples f o r  chemical ana lys i s   shou ld   u l t ima te ly   be  related 

t o  t h e  he t e rogene i ty  of t h e  water body and   va r i a t ion  of concent ra t ion  

i 
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with time. The anticipated  heterogeneity i n  chemical.  composition o f  

r i v e r  water, depending on the  type  of  investigation,.  effects  to a la rge  

degree the   loca t ion   o f  samling s i te ,  method  and frequency of sampling. 
.. . 

Ob,jectivc 

The major objective  of  the  present  study is' t o  provide water qua l i t y  . , 

management with a r e l i a b l e  measure. o f  nutrient flux  occurring downstream 

from the  Penticton waste treatment  plant and thus, t o  assess the 

effectiveness o f  remedial  actions undertaken t o  reduce n u t r i e n t   f l u x   i n t o  

Skaha  Lake. In  order t o  meet th is  object ive,   , f ie ld '  sampling methods  were 

designed f o r  determination of precision and consistancy  of  nutrient  loads . . 

.estimates i n  the Okanagan River. 
. .  

I 

I '  components: (a)  stat ion  select ion  study and (b)  long-term nu t r i en t  

monitoring  project. 
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Tde aims of t h e  s t a t i o n   s e l e c t i o n   s t u d y  are to: (a) determine  nutr ient  

mix ing   pa t t e rns   i n  t h e  Okanagan River  below t h e  municipal   outfal l   and two I 
t r i b u t a r i e s  t o  t h e  r i v e r ,   ( b )  select a s u i t a b l e   s t a t i o n  for a long-term 

monitoring  program of n u t r i e n t   l o a d s   t o  Skaha Lake. 

. .  

. r  

me aims of t h e  long-term  nutrient  monitoring program are to: (a) 

determinate temporal changes i n   c o n c e n t r a t i o n s  of n u t r i e n t s  measured i n  

t h e  Okanagan River  reaches below  major point  .and  'non-point  sources,  (b) 

quant i fy ,  .. wi th  known p r e c i s i o n ,   t h e   n u t r i e n t   l o a d s  t o  l a k e s  . located 

downstream of t r ea tmen t   p l an t s .  . .. 

Two f ie ld  sampling  methods  used t o  measure nut r ien t   Concent ra t ions  are 

descr ibed ,   the '   s imul taneous   and   sequent ia l  methods.  The. prec is ion  o f  

n u t r i e n t   l o a d  estimates and   t he i r   cons i s t ency  are i l l u s t r a t e d  by t h e  

comparison o f  d a t a   d e r i v e d  by t h e s e  two sampling  methods. . .  . . 

. . .  

. .  

BACKGROUND 

i 

. .  .. , 

Data Need Categories . . .  

Bas ica l ly ,  t h e  approach t o  .water quality  sampling  depends on t h e  

character of t h e   r i v e r   s y s t e m  examined  and the   needs   fo r   ob ta in ing  

s p e c i f i c   ' t y p e s  o f  data. The data needs  can be d i v i d e d   i n t o  two. genera l  

ca t egor i e s ,   base   l eve l   and   su rve i l l ance   da t a .  

In   evaluat ing  sampling  techniques for o b t a i n i n g   b a s e   l e v e l  data t h e  main 



cons idera t ion  will be t h e  a b i l i t y  o f  t h e  system t o  provide   representa t ive  

information of long  term water   qua l i ty  levels. These l e v e l s  and the i r  

c h a n g e s   c a n   b e   s t a t i s t i c a l l y .  characterized by median . and/or by mean . .  . 

concent ra t ion ,   s tandard   devia t ion ,   conf idence  limits and other statistics 

i d e n t i f y i n g   t r e n d s .   I n  order t o  enhance t h e  p robab i l i t y  of ob ta in ing  
. .  

. r ep resen ta t ive  data on   concent ra t ion  of chemical. substances , selected f o r  

such a study,  primary  consideration is given t o  t h e   d e s i g n  of sampling 
. .  

' .  t e c h n i q u e s ,   l o c a t i o n .  of -sampling sites, frequency o f  sampling, 

var iab i l i ty ,   and   prec is ion   and   cons is tency  o f  obtained  data.. Prior , t o  

t h e  design of a major r ive r   qua l i t y   mon i to r ing  program, some knowledge of 

v a r i a b i l i t y  o f - t h e  physical   and chemical characteristics o f  t h e  stream is 

required.  . T h i s  informaton  should  be  obtained by conducting a short-term 

s u r v e y   i n  selected reaches o f  t h e  r ive r   unde r   i nves t iga t ion . '  

I n  order t o  eva lua te   sampl ing   techniques  for o b t a i n i n g   s u r v e i l l a n c e   d a t a  

t h e '  major  concern will b e  t h e  assessment of ' t h e   a b i l i t y  .of the . r i v e r  

monitoring  system t o  d e t e c t   s h o r t  term chemical qua l i t y  v a r i a t i o n s   t h a t  

are i n d i c a t i v e  of ' po l lu t ion   even t s   and   v io l a t ion  of permiss ib le  limits or  

water qua l i ty   r equ i r emen t s  , In  such a case, extreme concent ra t ion   va lues  
I . .  

and their  pe r s i s t ency  are of greater   importance  than t h e  mean and its 

v a r i a b i l i t y .  

,' The number of chemical v a r i a b l e s   u s e d   i n   t h e  water qua l i ty   moni tor ing  
t 
' . .  program  depends  on t h e  purpose of the   s tudy , .   bene f i c i a l  water u s e s   ' a n d  

t h e  environmental characteristics of a r i v e r   b a s i n ,  For example, t h e  

',. "- e-urpose can  be t o  suppor t  t he  f o l l o w i n g   a c t i v i t i e s :  (a> planning  and 
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I 
I 
I 
1. 
1. 

management program (b )  water q u a l i t y  base l ine   and   t rend   eva lua t ion ,   and  

(e) water qual i ty   object ives   compliance  and  revis ion.  

From t h e  environmental   point  of view,  data  needs  depend  on t h e  

characteristics of t h e  dra inage   bas in ,   l ength  of water course,   s lope,  

land  use,   and  pollution  problems. When waste t reatment  faci l i t ies  are 

i n s t a l l e d   i n  order t o   ' m a i n t a i n  acceptable water q u a l i t y  levels i n  a. 

stream, t h e  .basic water qua l i t y   da t a   r equ i r emen t s  'are related t o  t h e  

n a t u r e  of t h e  r ece iv ing  stream and t h e  app l i cab le  water q u a l i t y  

criteria. However, t h e  stream data   requirements  will vary   grea t ly  wi th .  

water usage  and t h e  stream characteristics and  processes  .pronoting  mixing . .  

* .  

. .  

of water p o l l u t a n t s .  These factors have t o  be cons ide red   a l so   i n  t h e  

process of t h e .  s e l e c t i o n  of sampling, sites- . 

Sampling  Location 

River  water is s u b j e c t .  t o  changes  caused by natural. forces promoting 

mixing  and  homogeneity o f  concent ra t ion  o f  chemical s u b s t a n c e s   i n  t h e ,  

channel   cross-sect ion.  However, incomplete  mixing  and  heterogeneities '   of 

water . c o m p o s i t i o n   e x i s t   i n  many . streams., . Heterogeneous , q u a l i t y  

throughout the c r o s s - s e c t i o n s   r e s u l t s  from upstream  inflows from . . 

t r i b u t a r i e s  and  groundwater ,   industr ia l ,   domest ic   and  agr icul ture  

eff luents ,   and  upstream  scouring  of  byank  and  bed associated with  changes. 

. .  

i n  water v e l o c i t y  sectors. Immediately  below these i n t r u s i o n s  a d i s t i n c t  . 

physical s e p a r a t i o n  of these inf lows  from t h e  stream water e x i s t s   a n d  can 

remain   d i scern ib le  for  a cons ide rab le   d i s t ance  downstream.' The e x t e n t  of 

. I  
i 

! 

I 

! 

mixing o f .  chemical s u b s t a n c e s   i n   t h e  stream is governed  by factors such 
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. . .  

as t h e  proximity o f  inflows  and t h e  degree o f  tu rbulence   assoc ia ted  with 

t h e  water movement i n  t h e  channel. Lateral and v e r t i c a l  stream 

v e l o c i t i e s   g e n e r a t e d  by i r r e g u l a r i t i e s   i n  t h e  channel  further  promote' t he  

mixing  process, This mixing  process has t o  be examined t systematically i n  

a number o f  . c ross -sec t ions   a long  a r i v e r   r e a c h   i n   o r d e r  to  select a 

su i tab le   sampl ing  site. Then, each sample . or  sets . o f  samples 

s i m u l t a n e o u s l y   c o l l e c t e d   i n  a number o f  po in t s   ac ross   t he   channe l  must  be 

r e p r e s e n t a t i v e  o f  t h e  whole  volume o f  water passing  .through t h e  

cross-sect ion.  

.~ 

* .  

. .  . .  

I n  a sampling program' i n  which adequate discharge data are requi red  for  

t he   de t e rmina t ion  o f  l o a d s  o f  dissolved  and  suspended materials, t h e  

water qual i ty   sampling si te should   be   loca ted  close t o  a .  stream gauging 

s t a t i o n  or t h e  hydrometr ic   data   obtained by d i r e c t  measurements a t  t h e  

water q u a l i t y  . s t a t i o n .  , Hydrometric  measurements  combined with 

simultaneous  sampling (Zeman and  Slaymaker, 1981a) .at a. cumber of p o i n t s  
. .  

of a channel   cross-sect ion are requi red  for t h e   c a l c u l a t i o n  o f  t h e  

par t ia l  loads o f  so lu tes   and   suspended   par t icu la tes ,   and  their  sum which 

r e p r e s e n t s   t h e   t o t a l   c r o s s - s e c t i o n a l   l o a d s .  The method o f  simultaneous 

concentration  and  discharge  measurements allows t h e   c a l c u l a t i o n  . o f  " 

conf idence   i n t e rva l s  ' o f  the load   da ta ,   de te rmined   in   the  ' channel 

c ross -sec t ion ,  i f  t h e   s i m u l t a n e o u s   p a r t i a l   l o a d s  or the   t ransformed 

values  approximate a normal d i s t r ibu t ion   and  are homoscedastic. Also; 

thi"s method assumes t h a t  there is no  temporal  change  during the per iod  o f  

c o l l e c t i o n  across the   channel ,  

.. . 
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Sampling  Methods I 

The sampling methods involve either a manual method of samples   col lect ion 1 
or a mechanical method  employing, automatic   devices .  . 1 

Grab  Sampling 

A grab  sample 

space.  

1 
is' defined a s  a s ingle   sample  taken a t  a p o i n t   i n  time and 

. .. 

.. . 

Simultaneous  Sampling 

For the  purpose o f  determinat ion o f  t h e   p r e c i s i o n  of . s i n g l e   p o i n t  

concentraion  measurements a number o f  grab samples  can be c o l l e c t e d  

s imultaneously.  This procedure is appropriate when it is desired to I 
measure  heterogeneity o f  water composition in   t he   channe l   c ros s - sec t ion  

a t  a p a r t i c u a r   p o i n t  and time. Simultaneous  samples are usua l ly  

collected by'  means of two devices ,   rep l ica te   sampler   and   por tab le  

sampling pump (Zeman " et a 1  9 1977). A r ep l i ca t e   s ample r  is used for .. 

I . .  

. 1  

I 
. I  

I 

c o l l e c t i o n  o f  .sets of  samples  from ' upper stratum of the.  stream, a t  : i 
. .approximately  one meter below t h e  ,water sur face .  A portable   sampling 

pump is used f o r  c o l l e c t i o n  of samples from the lower s t r a tum of t h e  i 
stream in   rap id   sequence   over  a one-minute   per iod.  t o  closely  approximate . . . [ 
t rue   s imu l t aneous  ' sampl ing .   In   mos t   s i tua t ions   in   r ivers ,   samples   t aken  

'more than  one  hour   apar t  would not  .be  considered  simultaneous.  Those ' , 

" I 
taken  within a few minutes  could be considered t o  exh ib i t   sho r t   r ange  

spat ia l  var ia t ion   ra ther   than   tempora l   var ia t ion .  . I 
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. .  

(b)   In  the random sampling  design,  the  simultaneous  sampling method is 
. .  

used. Water samples should  not  be collected haphazardly.' ',me ' 

channel   cross-sect ion is first d iv ided   in to   ' subsec t ions ,   hor izonta l ly  1. 

and   ve r t i ca l ly ,   and  each subsec t ion   ass igned  a number. Random 

s e l e c t i o n  o f  t hose   subsec t ions  from which samples are taken is made 

by following a sequence   se lec ted  'from a random number table' 

(Kratochvil  and  'Taylor., 1981). The r e s u l t s   o b t a i n e d .  from random 

. .  

. .  

. .  
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i 
samples can be then s t a t i s t i ca l ly -  analyzed t o  determine whether 

appa ren t   co r re l a t ions   ex i s t   because   o f   sys t ema t i c   t r ends   i n  t h e  l . .  

measurements. 

. .  

(c) Sampling a t  evenly   spaced   ver t ica l -  slices of t h e  channel 

I 
'I p a r t i c u l a r l y ,  ' i n  t h e  combination of hydrometric  measurements  and 

cross -sec t ion ,   bo th   in  t h e  upper  and  lower  stratum,  can  be  used i n  . . , .  

p l a c e  of random sampling. Th i s  sampling  design is app l i ed , .  . . I 
. .  

1 sampling must be s t a t i s t i c a l l y  analysed for homogeneity of var iances  

before. v a l i d   c a l c u l a t i o n s  of mater ia l   loads .  with confidence limits . . 1 
I . ' .  

can be made. 

1 :I , S p a t i a l   a n d  Temporal V a r i a b i l i t y  

Earlier . work on Thompson, Okanagan and  Squamish  Rivers (Oguss and 

Erlebach, 19.76; Kleiber and  Erlebach, 1976) has   demonstrated  the 

inadequacy of s i n g l e  water samples,  taken from a r i v e r ,   i n   r e p r e s e n t i n g  

n u t r i e n t -   c o n c e n t r a t i o n s   i n  time and  over  space.  Erlebach  (1975) stresses . . ' I I 
' . . .  i 

i 
' .  I 

. , . t h e  need t o  establ ish confidence limits on nut r ien t   loadings   and   the   need  '. 

. .  I 
for  simultaneous  sampling t o  de te rmine   sho r t   . r ange   spa t i a l   va r i a t ion" in  . ' ... 

nu t r i en t   concen t r a t ion .   Th i s  has been e x p l i c i t l y   r e c o g n i z e d   i n .   t h e  ' ' . 

I l i t e r a t u r e   p r e v i o u s l y  (Tayior, e t  a l .  , 1971; Gburek . -  e t  al.,  1974; Gale 

I"  and Denayo, 1974); bu t  there has- been l i t t l e  evidence o f  a t tempts  t o  . . . ' 

modify  sampling  methodology' u n t i l  t h e  work o f  Erlebach (1978) and h i s  i 
i 

co-workers. The present   s tudy  is a fu r the r   ex t en t ion  of t h i s   i n i t i a l  

effort .  I 
I 
I 
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. . . .  I 4  . . .  

. .  
. .  
. _ .  . .  . .  

. .  

.The term precision  refers  to  the.  reproducibi l i ty Of a resul t  ' 'when 

operations, f o r  example chemical  analyses, ' are performed repeatedly on a 

sample under controlled  conditions. In  the  f ield,  precision  refers  to 

t h e  v a r i a b i l i t y  observed among  numerous measurements: o f  . chemical 

concentration  (Fritschen 'and ' Gay,'. 1979). ' The observed values  .can ' be' : .  . 

widely  displaced from a t r u e  mean value as a resul t  of systematic errors 

present  through  the measurements.  The precision,  according t o  Eisenhart 

(1952) as  an expression o f  . t he  c luster ing  of   the data, is re la ted   t o  
. .  

factors  inherent  to  the measuring process. . .  

. .  
. .  . .  

r . .  . .  . 

:I 
;.. I 
I 

. .  

Consistency of . data can .he determined . when two or more measuring 

processes or methods are used over a ,  f in i te time. period and the  result ing . 

data  are compared. If the  results o f  one  method are  either always higher 

or lower than those o f  another method, a systematic  bias can  be -assumed. 

. . However,. i t  i s  not known which o f  the .methods , .  i s  ' more ' accurate.. . .  

Nevertheless, if the  bias shows a consistent  pattern then the  'existance 

. .  

. .  

'I 
of temporal trends can  be  established. 

Accuracy re fe rs   to  the re la t i on  between the measured  and "true" value or 

the closeness t o  an accepted  standard such as those  maintained  by  the 

I :I- 
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! 

1972). Accuracy expresses a r e l a t i o n  t o  a va lue   ex te rna l  t o  t h e  measured 

process .  An accura t e  method (Eisenhart  , 2. - c i t .  ) is a method t h a t  is 

both   p rec ise   and   unbiased   in  t h e  sense  t h a t  it yields  measurements that  

are c lose ly   c lus t e red   and   cen te red  on t h e   t r u e   v a l u e .  
I 

. .  I 
Laboratory  s tandards are normally  considered accurate. I n  f i e ld  s t u d i e s ,  

on t h e  other.. hand, t h e  t r u e   f i e l d   s t a n d a r d s   c a n n o t  be determined  and i 
i n d i c a t i o n  of bias and   de f in ing   l eve l s  of prec is ion  are, the re fo re ,  

fundamental ly   important   considerat ions  in   designing  procedures  of 

sampl ing   and   ana ly t i ca l   i n t e rp re t a t ion .  I 
! 

I .  

I 

. .  i 
STUDY AREA . . 

. .  

. .  

Okanagan River  Basin i 
! 

The topographic  map (F igure  1) show t h e   l o c a t i o n   o f   t h e  Okanagan Basin. 

The Canadian  portion of t h e   b a s i n   h a s   l e n g t h  of 176.9 km, with a maximum 
2 width ' of 96.5 km and  covers  an area. of 8,197.35 km . The C e n t r a l  

d ra inage  'system c o n s i s t s  of a cha in  o f  l a k e s   s t r e t c h i n g  from .Wood Lake, 

through Kalamalka, Okanagan, Skaha, Vaseux  and OSOYOOS ' Lakes t o  t h e  ' . . ' 

i 
, 

. .  

. . I  
. .  I 

'. i n t e rna t iona l   bo rde r .  The t h e o r e t i c a l  water . . .  r e s idence  times, . based . on 

average t o t a l  volume d iv ided  by t h e  mean annual  outflow, are 60;'. 1.2 and ' . .  . 

0.7 y e a r s  for Okanagan, Skaha and  Osoyoos  Lakes, r e spec t ive ly .  
1 
1 

Nutrient   Sources  I 

The i n v e s t i g a t e d  reach of t h e  Okanagan River a t  Pent ic ton ,  B.C. is a man 

L 
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Figure 1. Okanagan Basin, British Columbia 
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made, 6.6 km channel  connecting Okanagan and Skaha Lakes (Figure 2). The 

channe l   i n t eg ra t e s  t h e  nut r ien t   inputs   f rom.  t h e  waste t r ea tmen t   p l an t  ' . 

(F igure  3) , a g r i c u l t u r a l  and  urban run-off v ia   Sh ing le  and Ellis Creeks, 

and seepage of groundwater 

dra ined  by t h e  meanders of 

channel   regula t ion .  

. .  

The was te   t rea tment   p lan t  

and 

t h e  

a t  

I 

Pent ic ton ,  8. C. commenced process  , . 

. .  . .  

The  Okanagan River'  between Okanagan and Skaha Lakes can be related - t o  ' t he  
i 

Shingle  Creek, Pent ic ton  waste t r ea tmen t   p l an t ,   d i f fuse   sou rces   and  

I direct b u l k   f a l l o u t  from t h e  atmosphere. 
I 

1 (b) Autochthonous  nutr ient   'exchanges  in   the form of: turbulent   mixing .' 
. .  

. .  

. .  

(c) Storage   in   bed   sed iments .  
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I 

Simultaneous  Sampling 

The simultaneous  sampling  method,  employing a manual  sampler  (Figure 4), . , - . 

e n a b l e s   c o l l e c t i o n  o f  sample   rep l ica tes  a t  a number o f  p o i n t s  across t h e  , i  
channel   (Figure 5 ) .  Each set ' o f  r e p l i c a t e s   p r o v i d e s  , a measure of 

short-range  heterogenei ty  'of nut r ien t   concent ra t ions . '  The ' r e p l i c a t e  ' . ,. 

. .  

I . .  

. .  

~I 
,I ' . 

.I; ' ' measurements, i n  combination with hydrometric  measurements,  provide  the ... I 

'. . .  . .  . .  
. . .  

' I  

! 

. .  ! 
. j  

p o s s i b i l i t y  t o  determine t h e  magnitude  and  precision ' o f -  lateral and ' . 
. . .  I " . I .  . v e r t i c a l   v a r i a t i o n  of t h e   p a r t i a l  and t o t a l  n u t r i e n t   l o a d s  in the .channel ' ,  . . . .  . . . .  .-.. , , .. ' .  . 

. .  .' . :  . . . . . . .  . .'. 

. .  cross-sect ions.  
. . .  . .  

. .  
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.. Figure 5. Hydrometric Divisions and Chemical Domains' i n  a Channel . -.-.: .:."; : . . . . . .  
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I 
Ellis Creek) and   S ta t ion  5 (near  the Penticton  Airport) .   .Each  channel 

c ross -sec t ion  was ' d i v i d e d   i n t o  a minimum o f  twenty  hydrometric ' I . .  

subsect ions  and  four  chemical slices. A s tandard ,  two point   hydrometr ic  . ' 

method of veloc i ty   de te rmina t ion  a t  0.2 and 0.8 o f  t h e  water  depth (Ozga, ' " 

1971) . .was used   for   c ross -sec t ion   d i scharge   ca lcu la t ion . '  Slices and 

s t ra ta  i n  t h e  c ross -sec t ion  were used t o  r ep resen t  chemical domains. I n  , .. 

these domains, slice-elements were the smallest sampling u n i t s ,   d e f i n e d  by 

I 
I 
U' . 

. .  I : 
. . .  , I  

. .  . 

. .  

. t h e  s t ra tum  and slice boundaries,  water surface and wetted perimeter  o f  I 
. .  

t h e  c ross -sec t ion .  A t  one  point   of  'each element,  approximately a t  the  i 
same depth as t h e  hydrometric ' measurements, sets ' of three .. .sample .. 

' . r e p l i c a t e s  were. collected for chemical a n a l y s i s  of n u t r i e n t s .  . A 

' - replicate sampler was used t o  c o l l e c t  three simultaneous  samples i n   t h e  I 
upper stratum. In  the lower s t ra tum,  a sampling pump was appl ied .  

. .  
.. . 

\ . .  
. .  . .  . ! . .  

Sequent ia l   Sampling 
. . .  

. .  
. .  . . .  

. .  
. ,  . 

. .  

. .  
t h e   r i v e r  bank;  'approximately  one  fourth of the   channel   width.   Resul ts  

. .  

.. . . .  

1.1 ' ' .  . .  

Frequency of Sampling' 

Simultaneous  measurements o f  nu t r i en t   concen t r a t ion   cons i s t ed  of 

! 

. .  

'I 
I 

c o l l e c t i o n  of three r e p l i c a t e s  a t  .each sampling  point across t h e  
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. .  

.. . 

. .  

. .  

channel.  Th i s  method was used once a day  during t h e  two-day n u t r i e n t  

d i spers ion   s tudy .   'Dur ing  t h e  long-term  monitoring  program, t h e  i 
i 

.determinat ions with t h o s e  based on sequential   sampling. . . . .  I 
I . .  
I 

. .  

Sequential   sampling was carried ou t  on two consecut ive,  randomly  chosen 

T h i s  sampling scheme is based on t h e .   d i u r n a l   v a r i a t i o n ,   d e t e r m i n e d  from a 
. .  . .  

prei iminary se t .  of phosphorus  concentration  measurements  taken  before  the 

monitoring  program was s t a r t e d .  
. .  

. .  

i 

Sample Pretreatment   and Chemical Analysis i 
! 

Water samples   col lected for  the  .d issolved  phosphorus  analyses  are 

, immedia te ly   f i l t e red  a f te r .  ,their co l l ec t ion   t h rough   . t he  pre-soaked  and 

prewashed 0.45 micron   ce l lu lose  acetate membrane filter of 47 mm diameter. 

. .  . .  

! .  

. .  

The Concentration of t o t a l  phosphorus (P) and t o t a l  dissolved  phosphorus , . 

(P) were measured, after d i g e s t i o n   i n   p e r s u l f u r i c   a c i d ,  by t h e  automated ' : . .  

colorimetric phosphomolybdate method u t i l i z i n g   a s c o r b i c  acid as t h e  . . .  . . ! 

reducing  agent  (Murphy and Riley, 1962). Resu l t s  are repor ted  as total  . ' ' 

phosphorus (P) and t o t a l  dissolved  phosphorus (P) i n  mg I", and t h e  

de t ec t ion  limit of t h i s  method is 0.002 rng 1-l. 

,. 
, .  I 

. . I 
. .  I 

I . .  
i 

. .  
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Data Reg i s t r a t ion  

A r e g i s t r a t i o n  form was d e s i p e d  and  used for record ing  field' 

measurements by . simultaneous ' and  sequential  methods  and for  coding 

l abora to ry   ana lys i s  data.. Figure 9 shows an  example o f  t he  r e g i s t r a t i o n  

* of measurements  obtained by t h e  use  o f  t h e  r ep l i ca t e   . s ample r .  ' .  On t h e  'i 

lef t  hand side of t h e  form there are . columns  designated for 

i d e n t i f i c a t i o n  of sarnpl ing .s ta t ion   and  the  per iod o f  sampling. , The other 

columns  contain  information on week-day , year-day  and . t h e  chemical 

domains i n   t h e  . channel   c ross   sc t ion ,   such  as  slice, s t r a tum  and   t he  

... number' of r e p l i c a t e s .  A l l  these c o n t r o l  numbers are ' u s e f u l   d u r i n g  t h e  

process of data i n t e r p r e t a t i o n  by t h e  app l i ca t ion  o f  var ious  statistical 

subrout ines .  

.. . . .  

. .  

, .  . .  

. .  . .  

. . .  

Also, t h e   d a t a   r e g i s t e r  is ve ry   u se fu l  for ' t h e  . prepa ra t ion '  o f  t h e   f i e l d  : 
t r i p ,  by l abe l l i ng   s ample   ho t t l e s   and   en te r ing   t he i r   . numbers   i n to   t he  

r e g i s t e r  form. During the f i e l d  measurements, t h e   r e a d i n g  o f  t h e  gauge 

h e i g h t s  is reg i s t e red .  The major advantage o f  t h i s   d a t a   r e g i s t e r  is t h a t  

l a b o r a t o r y   r e s u l t s  are e n t e r e d   d i r e c t l y   i n t o  t h i s  form and  thus  'avoiding 

addi t iona l   coding  of the r e s u l t s  of t h e  chemical ana lys i s .  '. 

Data Reception . .  . .  

Data recep t ion  is an   i n t e rmed ia t e   s t ep  between r e g i s t r a t i o n  of l abora to ry  

r e s u l t s   a n d   t h e i r   i n t e r p r e t a t i o n .  The diagram  (Figure 10) shows t h e  

'procedure which is used for comparison of t h e  results of 'chemical 

a n a l y s i s  of . t o t a l  dissolved'  phosphorus  with t h e  r e s u l t s   o b t a i n e d  for ' ' 

. .  
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Figure 9. Oata Register 
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Figure 10. Diagram o f  data  reception  comparing  concentrations of 

1 08 
total  dissolved  phosphorus  and  total  phosphorus  and 

inorganic  nitrogen  forms  with  total  nitrogen 
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~ .. 1 

dissolved  phosphorus are g rea t e r   t han  t h e  r e s u l t s  of t o t a l  phosphorus. 

S i m i l a r l y  t h e  results of chemical   analysis  o f  nitrogen  forms  are.  checked 

t o  e n s u r e   t h a t  t h e  sum of inorganic . forms  of ni t rogen  are no t   h ighe r   t han  
I 
I t h e   r e s u l t s   o b t a i n e d  for t o t a l  n i t rogen .  This  type  o f  t h e  raw d a t a  

c o n t r o l  has been  found t o  be e s s e n t i a l  f o r  t he i r   accep tance  for f u r t h e r  

s ta t i s t ica l  ana lys i s .  

DATA INTERPRETATION 

program are shor t ly   d i scussed .  

S t a t ion   Se lec t ion   S tudy  

. :I During the s t a t i o n   s e l e c t i o n   s t u d y ,   c o n d u c t e d   i n   t h e  Okanagan River a t  

P e n t i c t o n ,  on December 9 and 10, 1976, the  simultaneous  measurements o f -  

n u t r i e n t   c o n c e n t r a t i o n  were performed i n  combination  with  hydrometric 

measurements. Samples for chemica l   ana lys i s  were c o l l e c t e d  a t  f i v e  

. .  

channel   cross-sect ions,   located  above and below t h e   o u t f a l l  from t h e  

concent ra t ions   and   loads .   Nut r ien t   concent ra t ion   da ta  were used for t h e  

109 



i l l u s t r a t e   t he  flow pat terns   a t  each cross-section. ' The syrrsnetrical 

pat terns   of .  flow and veloci t ies  were applied  as  a  further  criterium  for 

the-selection  of  representative  Station (Zeman e t   a l . ,  1977). 

. .  

.. Concentration of nutr ients  were subject to   analysis  of variance i n  order 

. ' . '  t o  determine s ta t i s t ica l ly .   s ign i f icant   d i f fe rences  between t h e  mean 

concentration o f  nutrients  'determined i n  each  slice-element o f  t h e  

investigated  channel  cross-sections (Zeman et  a1 * ¶  ,op. cit.). Soms of 

these mean .concentrations were- significantly.  different,  therefore, . t he  

multiple'  range tes t   (Mil ler ,  1966) was applied  to sort the s l ices   in to ,  

groups whose  means were not  significantly different and t h u s  indicate   the 

degree.  of mixing. . .  

. .  
. . .. 

Results i n  terms of - t o t a l  phosphorus concentration (Table 1) indicate 

. t ha t  almost  complete ver t ica l  and l a t e r a l  mixing is achieved at '  Stat ion,  5. 

Also, t he  flow. and veloci t ies  (Zeman e t  ' a l . ,  1977) were s y m e t r i c a l '   a t  

t h i s  s ta t ion.  Thus, , t h i s  s ta t ion,   - located approximately 1.7 km 

downstream  from t h e  out fa l l ,  has been selected as  .representative  station 

f o r  the long-term  monitoring o f  nutr ient   loads  to  Skaha  Lake. . 

, , : . ,  

. .  

Spat ia l  changes, i n  terms o f  l a te ra l ,   ver t ica l  and longitudinal  variation 

o f '  concentrations of t o t a l  phosphorus ' and total  dissolved phosphorus 

observed a t  t h e  f ive channel  cross-sections  are shown i n  Figure 11. The 

nean t o t a l  phosphorus concentration, measured a t   S ta t ion  i increased from 

0.008 mg 1-1 t o  0.014 mg 1-1 below the  ou t   f a l l  on  December 9 and 10, 

,respectively; and s l i g h t l y  declined downstream to  0 .011,  mg l-l, a t  

Station 5. On t h e  other hand, concentration' of total   dissolved 
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' .  

phosphorus , ranging  from. 0.005, 0 .OOh and 0 -007 mg 1-l. a t  .S ta t ion  1. 

S t a t i o n  2, and   S ta t ion  5, r e spec t ive ly ,  showed a steadily increas ing  

downstream gradien t .  

. .  

Nutr ien t   loads  'are c a l c u l a t e d  by t h e  p a r t i a l   l o a d  method (Zeman and 

Slaymaker, 1981a,b)  using combined hydrometric ., and  simultaneous. 

concent ra t ion  . measurements i n  t h e  channel  cross-sections.  The method 

c o n s i s t s   o f  the c a l c u l a t i o n  of loads i n  . slice-elements  and the  sums. for  

each pa i r ,  which' g i v e  t h e  p a r t i a l   l o a d s   i n  slices. ~ Then , t h e  sum of t h e  

p a r t i a l   l o a d s   - g i v e s  t h e  . t o t a l   n u t r i e n t  load passing  through t h e  'channel 

cross-sect ions.  

. .  

. .  . 

. .  . .  
. .  . .  . .  

Graphical  and s ta t i s t ica l  methods are used t o  examine : the,  d i s t r i b u t i o n  of 

t h e ,   l o a d   d a t a  ' (Zeman and  Slaymaker , op. ci t .  1. The Levene test  (Levene , 
1960) confirmed t h e  ex i s t ence  of s i g n i f i c a n t  ., he te rogene i t i e s  of t h e  

pa r t i a l   l oad   va r i ances .   . .The  Brown-Forsythe. ' test (Brown' and  Forsythe, 

1974), which does   no t  assume the homogeneities. o f  variances,  . i n d i c a t e s  

t h a t  there are , s i g n i f i c a n t   d i f f e r e n c e s  between the p a r t i a l  loads i n  t h e  

channel   cross-sect ions.   In   such a case var iances  of t h e   p a r t i a l   l o a d s '  

and  the cross-sectional loads have t o  be  determined.  Further,   the method 

proposed by Satterthwaite (1946), which is implemented . i n  some o f  t h e  

Univers i ty  of B.C. s ta t i s t ica l  programs (Bjerring  and  Seagraves,  1972), 

i s  app l i ed  t o  t h e  c a l c u l a t i o n  ' of degrees of freedom i n  the   p rocess  of 

es t imat ing   conf idence  limits for . the  p a r t i a l .  . loads . and t h e  

c ros s - sec t iona l   l oads  o f  n u t r i e n t s  (Zeman and Slaymaker, 1981 a, b). 

_ .  

. .  

Figure ' 12 shows la teral  v a r i a t i o n  of t h e   p a r t i a l   l o a d s  of t o t a l ,  

11 2 
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TOTAL DISSOLVED TOTAL PHOSPHORUS (P) 
PHosPHoRus (P) 
DECUABER 10,1978 DECEYBER Q,1978 DECEMBER 10.1976 

0 i-C&t 
1 BELOW OKAMAGAN LAKE DAM 

. .  
2 BELOW THE PENTICTON MUNICIPAL OUTFALL . ' 

:/"-J, c ;K 
. d  CI 

0 
, .... .. 0 ., . 

0 
. . .  

3 BELOW SHINGLE CREEK . 

4 BELOW UUS CREEK 

. .. 

. .  

5 NEAR THE PEWrmOM AlRPOKT 
SllCE 

Figure 12. Lateral,  Vertlcal and Longitudinal  Varlation o f  the 

Parital Loads of Total  Dissolved Phosphorus and Total 

Phosphorus, Okanagan  River, Penticton, B.C. . Total 

loads are shorn I n  the upper portion of the figure. 
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. .  

phosphorus  and to ta l   d i sso lved   phosphorus ,  wi th  their 95 percent  

conf idence   i n t e rva l s ,   a long  t h e  i n v e s t i g a t e d   r i v e r  reach. The downstream 

g r a d i e n t s  o f  these load d a t a  are s t a t i s t i c a l l y   s i g n i f i c a n t ,   F u r t h e r  

r e s u l t s  are shown i n  Table 2. T h i s  t a b l e  shows the cross-sec t iona l   loads  

of t h e  two phosphorus forms, number of samples  and t h e  ca l cu la t ed   deg rees  

of. freedom  used to estimate p rec i s ion  of the loads i n  the channel  

. .  

cross-sec t ions .  On December 9, 1976, the cross-sec t iona l   load  of t o t a l  

dissolved  phosphorus  determined a t  S t a t i o n  1 is 0.134 (94% confidence 

i n t e r v a l s  2 0.016) g s-l and  increases  t o  0.168 (95% confidence 

i n t e r v a l s  '+ - .  0.017) g s-l a t  S t a t i o n  .2,' below t h e  ' o u t f a l l . .  The load  OP 

t h i s  phosphorus . form i n c r e a s e s  ' f u r t h e r  ' downstream, . p a r t i c u l a r l y  below 

E l l i s  Creek, and a t  S t a t i o n ,  5, nea r  t h e  ' a i r p o r t ,  t h e  'load is 0.201 .(95% 

conf idence   i n t e rva l s  +. 0.024) g s-l. ..: These d a t a   i n d i c a t e   t h a t   t h e  

c o n t r i b u t i o n  of t h e  t r i b u t a r i e s  t o  t h e  load  of  dissolved  phosphorus  can 

be  as' g r e a t  as . that  from t he   t r ea tmen t   p l an t .  , ; .. 

. .  . .  

, . .  ' . .  

. .  . . .  . .  

. .  .. -> , . . .  
. .  . . .  

. .  . .  
I n  ' c o n t r a s t  t o  dissolved  phosphorus,  t h e  longi tudinal   'changes 'of t o t a l  

phosphorus are smaller. During t h e  . two day study,' a t  S t a t i o n  1, t h e  

c ros s - sec t iona l   l oad  of t o t a l  phosphorus  levels  were from 0.206, on t h e  

first day,  and 0.226 on ' the   second (95% c o n f i d e n c e . i n t e r v a l s  + 0.046 and 

+ 0.061,) g s-l and  increased t o  t h e   l e v e l s .  of .O .  340 and 0,373 (95% 

conf idence   i n t e rva l s  ' + 0'.074 a n d .  + 0.019) g s , a t  S t a t i o n  '2,  ' belkw 

t h e  o u t f a l l ' .  Below t r i b u t a r y   c r e e k s ,  to ta l  phosphorus  loads showed no 

s t a t i s t i c a l l y   s i g n i f i c a n t   f u r t h e r  change i n  terms o f  t h e   c r o s s - s e c t i o n a l  

. .  . .  

. .  - 

-1' ' ' 

- - 

means.  Although,' t h e  l o n g i t u d i n a l   i n c r e a s e  of t o t a l .  phosphorus  load 

dur ing  this s t u d y   v a r i e s  from 35 t o  44 percent ,  the  major  source of t o t a l  
. .  

. .  
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1 Below  Okanagan 

2  Below  the  Penticton 

Lake Dam 

, .  Municipal  Outfall 
1 .  

3  Below  Shingle Creek 

4 Below Ellis Creek 

5 Near the  Penticton 
Airport 

1 Below Okanagan 
Lake Dam 

2 Below  the  Penticton 
Municipal  Outfall 

3 Below  Shingle Creek 

5  Near the Penticton 
Alrport 

. .  

10-12-78 

10-12-76 

1&12-78 

10-12-76 

10-12-76 

9-1  2-76 

10-12-76 

9-12-76 

10-12-78 

9-12-78 

10.1  2-76 

9-12-76 

10-12-76 

9-12-76 

10-12-76 

26.75 . 24 

26.75  (est.)  24 

20.26 ,' 24 

20.34  24 
. .  

28.67 24 

. .  Tolal Pho@lanJr (P) 

26.75 9 

26.75  24 

26.75  (est.)  24 

26.75  (est.) ; 24 

20.26  24 

26.75 (est.) ' 24 

20.34 24 

20.34 24 

20.67  24 

20.67 24. 

. .  

... 

3 5.484 0.134 f 0.016 

3 5.330 0.160 f 0.017 . 

: . 3  5.487 ; , 0.109 f 0.019 . .  

3 8.082 . . , 0.203 f 0.017. , . I 

3 6.565 0.201  0.024 
. .  . . .  

. . .  . .  . . .  . . . . . . . . .  . . . . . . .  . . .  . .  . .  

3 2509 0.206 t 0.048 

3 . , 3.353 ' 0.226 t 0.061 . 
.. ' 3 ' . 3.560 0.340 f 0.074 

3 10.484 . 0.373 f -0.019 
. . .  

3 6.178  0.253 t 0.013 

3  6.516 0.354 f 0.047 

3 4.615  0.283 t 0.030 

3  6.413 0.399 f 0.111 . .  
. .  

3 

3 . 8.704  0.326 f 0.019 

3.076  0.279  0.031 , ' 

. .  

. .  
. .  . .  . .  
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phosphorus load is from  Okanagan Lake. The implication is that  nonpoint 

sources,  including Okanagan  Lake, make a greater  contribution  than  .point 

sources a s  f a r  as t o t a l  phosphorus loadings t o  Skaha  Lake are concerned. 

However, it should be realized that  point  sources  to Okanagan  Lake can be ' . 

a  major par t  o f  its output t o  t h e  Okanagan River. 

i 
I 
i 

..'. . .  I 
. .. ' . ,  I - . .  . .  

. . .  
. .  

. .  

The- resu l t s '   i l lus t ra ted  here indicate that  the simultaneous  sampling : I 
method, employing sample replicates-  permits t h e  determination o f  precision : 

i n  terms of  confidence limits around .the load 'means of phosphorus based . .  i 
on concentration measured across the channel. Errors 'associated .with the ' '. .: 1 . 

load 'mean can be expressed as follows: mean' + (a) shor t  range spatial ,. 

e r ro r  + (b)  cross-sectional  error. + ( c )  analytical  error and + (d )  ! 

discharge  error. Errors ( c )  and (d) are. estimated t o  be one f i f t h '  t o  one . 

t en th  of errors- (a) + (b) .  

. .  

. . .  

f 
. .  

. . .  . .  . .. . . .. , 

. .  
. .. . 

' I .I 
. .  - . ; j  . -  . . .  , : 

. .  . .  

Monitoring Program 

Since 1976, a monitoring program o f  nutrient  loading  has been carried  out ' ' 

in  the  southern  part  o f  the Okanagan Basin.' - Examples o f  r e su l t s  .'._ 

discussed here" are drawn  from t h e  stations  located below  Okanagan ' Lake; , 

above and below  Skaha  Lake. As indicated  in .  the 'section. on methodology, ' . ' .: ' ' .  

two sampling' methods are used for collection ' of ' samples for' chemical 

analysis, t h e  simultaneous and sequential methods. ' Consequently, ' two .. . 

Gethods . a r e  used t o  dete.rmine nutrient  loads  in ' the  channel 

cross-sections,   the  partial   load method  and the flow interval  method 

(Zeman and Slaymaker 1981 a ,  b) 

. .  . .  . .  ./ . 

. .  
. ,  . .  

. .  " 1  
i 

c . .  
. . I  

i - [  

.' I' 
. . , I  

. .  

4 . .. . .  

. .  
. .  
. .  

. .  I 
I 

i .  
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. .  

The pa r t i a l  load  method u t i l i z e s   d a t a   o b t a i n e d  from t h e  combined 

s imultaneous chemical sampling  and t h e  hydrometric  measurements i n  a 

channel   cross-sect ion.   Resul ts   obtained by t h i s  method are compared wi th '  

r e s u l t s   o b t a i n e d  by t h e  flow i n t e r v a l  method (Zeman and  Slaymaker 1981 a). . ' 

. .  

. .  . .  

The loads   es t imated  by t he   f l ow  in t e rva l  ' methods are. based on t h e  . . . 

concent ra t ion  data ' derived from sequential   sampling  and .. d i scha rge  ' , . 

determined for ' each o f  four   quarter-day.   intervals ,  The time per iod  f o r  

t h e  first i n t e r v a l   e x t e n d s  from 0000 t o  0600 hours,  According t o  t h i s  

... procedure  ' the '  d i scharge  for a flow i n t e r v a l  , .is c a l c u l a t e d ,  ,from ' t h e  

' . .:'. o r i g i n a l  " . ' .hourly .. . disch,arge data . (m3s-l>, . _. converted . into '  hourly ' . . 

. .  

. .  

. .  

. .  
. .. 

- . .  . .  . . .  
. .  

. .  . .  . .  . .  

. .  

discharge  and  cumulated  over   the  s ix-hour   interval  which  encompasses' t h e  

time o f  chemical 'sampling. . The' -cumulated  discharge,   and  concentration 

d a t a  are used . t o  c a l c u l a t e   t h e   n u t r i e n t  ' l oads  for t h e   d a i l y  flow 

i n t e r v a l s .  The . sum of t h e '   l o a d   i n t e r v a l s   p r o v i d e s ,   t h e n ,   t h e   d a i l y  . , 

n u t r i e n t  loads passing  through  the  channel   cross-sect ion,  

. , .  

. .  . .  
. .  . 

. .  

, .  , . . .  

. .  . .  
. .  

. ,  . . .  . .  .. . . 
. .  . ; . . .  

. .  . .  

. ' Results  obta ' ined  during t h e  sampling . period ..' from:. _ +  1976 . t o  .'1979 are . , 

d i s c u s s e d   i n  ' d e t a i l  . by &man and  '.Slaymaker... 1981 c. . I n   t h e ,   p r e s e n t  

r e p o r t ,  t h e  cons i s t ency   and   p rec i s ion   ach ieved   i n  , terms of ' t o t a l  

phosphorus  lo-ads, is f u r t h e r  emphasized. 

. .  

. .  

' ' ' ' . I  . 

. . .  
. .  

. .  

. .  

Consistency  and  Precision . .  

. .  

Data obta ined  from t h e  measurements of phosphorus  concentrations are, used 
. .  
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I 
-1 .; .. 

t o  demonstrate   consis tency  and  precis ion of t h e  ca lcu la ted   loads .  The 

consis tency o f  n u t r i e n t   l o a d   d a t a  is determined by comparing r e s u l t s  :, , ' .  I 
ob ta ined  by t h e  simultaneous  and  sequential   sampling methods. A .time 

. .  

. .  

. .  . .  .I ' I 
' . :' . I 

series record. o f  t h e  d a i l y   l o a d s  of t o t a l  phosphorus,  obtained by t h e  two . .  :, . . .  . , 

. . .  

sampling  methods a t  t h e  s t a t i o n  located i n  Okanagan River. ,  a t  Pent ic ton  __. 

, ; '  . near  t h e  a i r p o r t ,  is i l l u s t r a t e d   i n   F i g u r e  13* . Each poin t   represented  by - 1 . ' .  .'.<.:., . .  '. . 

.- . 
. .  . . . .  

1 
. . t r i a n g l e   . i n d i c a t e s  t h e  d a i l y  load of phosphorus based on concentraton '  

measurements  taken a t .  quarter-day  intervals  on  each  sampling  day . .  a t .  one 
. .  I s ing le   po ' i n t   : . i n   t he   r i ve r   channe l .  Each . squa re  symbol, on the other I 

. .  
- .  

. .  

. .  :' . . .  - hand, ':is t h e  a r i t h m e t i c  mean of t h e  total  . phosphorus  load  derived..from .: ' I 
. . . . .  ' a l l  simultaneous samples c o l l e c t e d   i n  t h e  channel  cross-section:..-. The bar I ' . 

. . .  r ep resen t s  t h e  95 percent   conf idence   in te rva l   about  the .  mean.. . .-If . .  t h e  b a r .  . . . . .  I 
I 

I 
. ,  

is absent  t h i s  i n d i c a t e s   t h a t  i t  would be.  smailer ' than  the #square used t o  
. .  

I. 
. . . .  

. .  . .  

; , . ' . indicate   the  magni tude o f  the   load,-  . . . .  .' , .: . . Z ' ,  . . 
. .  . .  . .  . .  . .  

- " .  . . . . .  . 1.. . .  . , .. . I  . .  
. . .  = . ,  

. .  
. .  

. .  . .  . .  . .  I . .  . .  

I : 
I 

There are some d i f f e r e n c e s   i n   t h e   l o a d  data der ived  .from the  s imultaneous 

. .  and  sequential   methods.   These  differences . were 'examined  on sets o f .  . . .  

. .  

. .  

nu t r i en t   l oad   . . da t a   ob ta ined  a t  a l l  sampl ing   s ta t ions  at t h e  same. time, . . : 
This  examination was performed  graphical ly '   and by t h e  use o f  s t a t i s t i c a l  I . .  

. . . .  I ' , ' tests, Figure 14 shows' t h e  graphical  ,comparison of loads' of . .  . t o t a l .  1. ',':, 
. . . . . . . .  

. .  
. . .  ". 

phosphorus  derived ' from simultaneous  and  sequent ia l  methods a t  four  . . ,' . ' 

sampling '   . s ta t ions of t h e  i n v e s t i g a t e d   r i v e r  reach, In t he '  case. o f  .: 

p e r f e c t   c o r r e l a t i o n  t h e  d a t a   p o i n t s  would be a l igned  on ' t h e .  4 5 O  l ine . .  . .  

But t h e  scatter o f  da ta   po in t s  shows t h a t   l o a d   d a t a   o b t a i h e d  by 

' sequent ia l   ' sampl ing  are h i g h e r   i n  more cases than data. der ived f r o m  

simultaneous  sampling.  This  graph shows t h a t  'data obta ined  by any o f  t h e  

. .  

. . ,  
. .  

. .  . I  

I 
. .  

I .  

. . . .  

I 

I 
I 
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Figure 13. Loads of Total Phosphorus Derived from Simltaneous and Sequential 

Methods, Okanagan River near  the  Penticton Airport 
. .  . .  . . . . .  

a 

* e  . . .  

0.0 I I I m I a AA 

0.0 6.06 12.00 18.W 24.00 30.00 36.00  62.00 48.00 54.00 88.00 
0.0 

0.0 6.06 

Figure 14. Comparison of Load Data Oerived from Simultaneous  and  Sequential 

Measurements  taken at the same time. Okanagan River, 1976-1978 
11n 



sampling  methods may be subject t o  random and   sys t ema t i c   e r ro r s  of 

measurements. Nevertheless, the consis tency of t h e  higher   load , data 

der ived  from s e q u e n t i a l  method are i n d i c a t i v e  ' o f  t h e  preva i lance   o f  a 

. sys temat ic  error between  repeated  measurements. 

1 ' I A c o r r e l a t i o n  test (Table 3) i n d i c a t e s   t h a t  there is, agreement  between 

t h e   r e s u l t s   o b t a i n e d  by t h e  s imultaneous  and  sequent ia l  methods.  Highly 

s i g n i f i c a n t   c o r r e l a t i o n   c o e f f i c i e n t s  are obta ined  for the load data of 

a l l  nu t r i en t s   ana lysed .  Also, r e s u l t s   o b t a i n e d  by t h e  t-test confirms 

' . . ,  . t h a t  there are .no s ign i f i can t   d i f f e rences   be tween  means of n u t r i e n t ,  loads 

\ 

, _  

. '  

. . .  der ived  from simultaneous ' and  sequential  measurements.  Because o f  the ,  
. .  

'I 
s i g n i f i c a n t   c o r r e l a t i o n   t h a t  is achieved  between  the  resul ts   obtained by 

t h e  s imultaneous  and  sequent ia l   sampling methods. it is, . the re fo re ,  
... . 

legitimate t o  lump a l l  information  der ived from t h e s e  two sampling 

methods. . , - .  . 

I 
Combined d a t a  . on concent ra t ions   and  loads of to ta l  ' phosphorus  and 

dissolved  phosphorus,  are taken ' from t h e  monitoring  program  conducted 

. dur ing  1976 t o  1979. Concentrat ions o f .  t h e s e   ' n u t r i e n t s -   e x h i b i t e d  

pronounced  seasonal   var ia t ions while t h e  load d a t a  are cha rac t e r i zed  by 

signif ican ' t   annual   changes.   Table  4 shows t h e   v a r i a t i o n s  o f  t h e s e  

concen t r a t ions   du r ing  two d i s t inc t   sub -pe r iods ,  , from Apr i l  t o  September 

I 
I. 

. .  . .  

( s p r i n g  - summer) and  from  October t o  March ( f a l l  - winter )  , and for the 

entire per iod ,  1976 t o  the  end of March 1979. Data i n  . t h i s   t a b l e  

i n d i c a t e   t h a t  a t  t h e   s t a t i o n s  located below Okanagan and Skaha Lakes 

s i g n i f i c a n t l y   ' h i g h e r   c o n c e n t r a t i o n s  of '  to ta l  phosphorus are observed 

120 
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Table 3 Correlation of Nutrient Loads Derived from Sequential 
and  Simultaneous  Sampling Methods 

Number 
Ssmpllng of Obrer- Over-all Standard Standard (Difference) Standard StsndHd Con. ?.Tall 

" 
Methods vallonr Mean Devimtlon Error Mean Devletlon Error C0811. Prob. 

T of 2-Tail 
Value F-, Prob. 

Total Phoaphorua (P) 
1.790 

1 .E33 
1.4121  4.875 0.849 

Total Dissolved Phosphorus (P) 

Sequen1l.l 
33 

14.4870 10.334 

13.0748 9.381 
0.1 06 

Slmullanoouo 
.. 

1.345 

1.31 0 

6.171 

6.040 

14.952 

15.583 

17.790 

17.818 

29.712 

29.744 

Sequsnt1.l 
30 

5.8887 7.369 

6.0810 7.177 
- 0.7743 2 1  84 0.309 0.955 O.CO0 -1.94 29 

. .  

0.948 0.00 237 40 

0.082 
Simultamour 

Nitrate plus Nitrite (N) 

Sequential 

S l m u l t e ~ s  
41 

40.8859  39.571 
4.6796  12.666  1.978 0.023 

382083 38.678 

Ammonia (N) 

0.751 . OAOO 0.2340 

. . . .  . .. , . .  

. .  . .  . .  

0.933 0 .m 0.95 40 
. .  

Sequentid 

Slmulianmoue 
41 

Sequential 

Slmultensous 
, 41 

85.7085 95.738 

83.2080 99.781 
25005 . 69.058 10.785 

. .  . .  

Organic Nitrogen (M) 
. .  . . .  . .  

6.1561  41.581 . 6.494'.' 

Total Nitrogen (m) 

208.3148 113.914 

202.1 585 114.092 
0.349 

. . .  

0.801 0.00 0245. 40 
. . . . . . . . . . Sequentlal 

41 
334.8073 190.252 

321.5439 190.457 - 
0.345 

. .  

0.1 02 

Slrnulbneous 

Silica . . .  

Sequential 

Slmultaluour 
32 

4274.0938  3296.382 582720 

4028.9375  2530.411  447.318 
0.973 0.00 ': 1.38 31 245.1583  1016.681  179.757 

, .  . 

. . _,. . 
. . .  . 

Table 4 Seasonal Varlation of Nutrient Concentration  Measured by 
Simultaneous and Sequential Sampling  .Methods . .  

Number  Arlthmetlc 95% Number  Arithmetic 95% ... Number M1hmetic 95% 

Sample9  men Intenai Samples rnfl Intend Sampler mgn. Intend 
of Mean Confldsnce of Meen Confidence of Mean Confidenis 

Ratio of 
Total Dissolved Phosphorub  (P)r 

Total Phosphorus  (P) Total Dissolved  Phosphorus (P) Total PhOBpbON8  (P) ' 

!jampiing 
Period 

Okanagan River Below Okanagan  Lake Dam 

fO.OO1 , 378 0.004 f0.0002 

* 0.001 173 0.004 ' f0.0002 

f o.Oo01 551  0.004 t0.0002 

Okanagan River Near Penticton Airport 

t 0.001 695 0.005 . +0.001 

* 0.002  467 . 0.008 fO.OOO1 

f0.001 . 1161  0.005  fO.OOO1 

Okanagan River at Okanagan Fails 

347 0.006 t0.0001 

239 0.014 iO.001 

586 0.009 f O . 0 0 1  

12'1 

0.527 

0.481 

0.508 

0.331 

0.389 

0.347 

0.399 

0.455 

0.423 

197878 Ap.-Sept. 

197579 Oct-Mar. 

197870 Apr..Mar. 

0.008 

0.01 0 

0.009 

0.017 

0.017 

0.017 

0.015 

0.031 

0.021 

t 0.018 

t0.023 ' 

f 0.015 

464 

192 

658 

857 

499 

1358 

370 

248 

618 

378 

173 

551 

645 

488 

1111 

323 

238 

581 

*0.013 

t 0.017 

* 0.01  1 

197670 Apr.-Sept. 

197570 OcL-Mar. 

197879 Apr.-)lOar. 

. 197870  AprSepl. 

1977-70 OcL-Mar. 

107679 Apr..Mar. 

f 0.001 

f 0.002 

' f 0.001 

fO.018 

t 0.029 

i 0.016 



dur ing  t h e  fa l l -win ter   per iod   than   dur ing  t h e  spring-summer period. T h i s  

p a t t e r n  of seasonal   changes   in  to ta l  phosphorus  concentration, I 
e s t a b l i s h e d  below the two lakes, is d i s tu rbed  a t  t h e   s t a t i o n   n e a r  t h e  

a i r p o r t .  Th i s  d i s turbance  is ascribed t o  t h e  effect of . total   phosphorus , ' . 
. .  I; 

: ..:; I 

I 

- . .  

. i n p u t s  from t h e  munic ipa l   ou t fa l l   and  t h e  t r ibu ta r i e s   Sh ing le   and  Ellis . :.. 

Creeks. On t h e  other hand, t h e  bi-seasonal   dif ferences of . total..  ' . ..,' 

dissolved  phosphorus  concentration are 'statist ically s i g n i f i c a n t  a t  t h e  . '  . I 
s t a t i o n   n e a r  t h e  a i r p o r t  .and . below  Skaha Lake. A t  . t h e s e   ' s t a t i o n s  

concent ra t ion  of t o t a l  dissolved  phosphorus is higher   during  fa l l -winter  
. , .  . . 

per iods   t han   du r ing  spring-summer per iods.  The downstream increases, 

between t h e  s t a t i o n  below Okanagan Lake and tha t .  near  the '  airport, o f  t h e  
I 

. - .  . .  

o v e r a l l  means of t o t a l  _-  phosphorus  .and total  ..dissolved  phosphorus I '  
concen t r a t ions .  are, ' approximately, 89 and 25 percent ,  ' r e spec t ive ly .  ' ' .  

Fur the r  downstream, the   concen t r a t ion   i nc reases  between  th'e s t a t i o n   n e a r  
. -  : , . . .  - . .  

the a i rpo r t   . and  t h a t  below  ,Skaha -Lake are, for  to ta l  phosphorus  and t o t a l  

dissolved  phosphorus , approximately 24 and 80 percent ,   respec t ive ly .  

Fu r the r ,  t h i s  table shows v a r i a t i o n  of the   composi t iona l   conten t  o f  total ,  

phosphorus. The o v e r a l l  ra t io ,  and its confidence"  intervals ,  ' of t o t a l  

Okanagan Lake, n e a r   t h e   a i r p o r t   a n d  below  Skaha  Lake, r e spec t ive ly .  

Load data are i n t e r p r e t e d  on . the annual  basis.   Table 5 shows annual  

v a r i a t i o n  of l o a d s  of t o t a l  phosphorus  and to ta l   d i sso lved   phosphorus  

observed a t  t h e  three sampl ing   s ta t ions  f o r  t h e  ca lendar  yars, 1976 t o  

1978. T h i s   t a b l e   i n d i c a t e s   t h a t  the most.  pronounced  changes  occurring i n  



3 .  I. 
i l  
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Table 5 Annual Varlation in Nutdent Loads Derived From 
Slmultaneous and Sequentld Sarnpllng Methods 

. .  
. .  

Number Arilhmellc 95% 
Number . .  

Year ' Monlh of Mean  Confldenco Monlh Observe Mean  Conlldenca . . . ' .  
of Arithmstlc 95% 

tlOnS kglday Inlsnal Obrenallonr kg/&y Inlenal 
. .  . 

Total Phosphorus (P) ' Total Dlasolved Phosphorus (P) 

1976 Feb. Apr. Jul 
Aug. Sept. Doc 

1977 Mar. Apr.  May 

s . Sept. Oet. Nov. 
Jun.  Jul.  Aug. 

Dec. 

1978 Jan. Feb. Mar. 
Apr. May  Jun. 

Oct. Nov. Doc. 
. .  Jul. Aug. Sept. 

1978 to 1978 

1978 Jul.  Aug.  Sept. 

1977 Mar. Apr.  May 
Jun. JuL Aug. 
Sept. 0 6  NOV. 
Df f i  

1978 Jan. Feb. Mar. 
Apr.  May  Jun. 
Jut.  Aug. Sept. 
Oct. Nor. Doc. 

Dec. 

1978 lo 1978 

1978 Jul. 

1977 Mar.  Apr.  May 
Jun.  Jul.  Aug. 
Oct. Nor. Dec. 

1978 Jan. Feb. Mar. 
Apr.  May  Jun. 
Jul. Aug. Sept. 
Oct. Nov. Doc. 

1978 to 1978 

Okanagan River Below Okonogan Lake Dam 

12 23.175 f4.084 Jul. Sepl. Doc. 

69 5.250 f0.522 . Mar. May  Jun. 
Jul.  Aug. Oct. 
Nor. Doc. 

79 13.843 f2.945 Jan. Fob. Mar. 

. Jut.  Aug.  Sept. 
Apr.  May  Jun. 

Oct. NW. Doc. 

160 - 10.837 f1.704 

Okanagan River Near Pentlcton Alrport 

10 

8s 

83 

182 

3 

84 

78 

163 

28.330 . f4.948 Sepl. Dec 

13.153 f1.438 Mar.  May Jun. 
Jul.  Aug. Oct. 

' Nov. Dec. ' 

29.314 f4.984 Jan. Feb. Mar. 
Apr. May Jun. 
Jul. Aug.  Sept. 
Oct. Nov. Doc. 

21.357 f2.640 

Okanagan River at Okanagan Falls 

31.887 t 6.723 

12.152 $0.938 Mar. May Jun. 
Jul.  Aup. Oct. 
Nw. D e  

41.547 f8.511 Jan. Feb. Mar. 

Jul. Aug.  Sept. 
Apr. May Jun. 

Oct. Nov. Dec. 

28.21 7 f 3.785 

123 

4 . .  

81 

7s 

144 

2 

87 

83 

172 

79 

78 

155 

. .  

2.460 . i o 2 8 2  

17.000 fS.082 . .  

m. fa.382 
. .  

. .  

6.702 t0.831 
. .  

6207 t o m  . .  
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t h e  r i v e r   r e a c h  are t h e  year-to-year  changes i n   l o a d s  of t o t a l  phosphorus 

and t o t a l  dissolved  phosphorus. These. changes a r e   l a r g e l y  caused by . . 

v a r i a t i o n   i n  t he  d ischarge .  The downstream inc rease ,  between t h e   s t a t i o n  ,. 

l o c a t e d  below Okanagan Lake and   t ha t   nea r  the a i r p o r t ,   i n  terms of means ,' 

o f  t o t a l  phosphorus  and to ta l   d i sso lved   phosphorus  is, approximately, 97 ' ' f  

and 16 percen t ,   r e spec t ive ly .  The i nc rease ,  between t h e   s t a t i o n s   n e a r "  '. .':, . . . ' 

t h e  a i r p o r t   a n d  t h a t .  below' Skaha Lake is, for. to ta l  phosphorus  and t o t a l  ' . I 
dissolved  phosphours,   approximately,  22 and 87 percent ,   respec t ive ly .  ' 

The c o n t r a s t i n g   i n c r e a s e s  of loads o f  these  phosphorus forms ev iden t ly  

u n d e r l i n e   t h e   d i f f e r i n g   b e h a v i o u r  o f  r i v e r   r e a c h  compared . w i t h   l a k e  

.system.  Sources o f  t h e  two phosphorus forms analysed ' i n c l u d e   e f f l u e n t  ' ' .  

from t h e  Pent ic ton  waste - t rea tment '  ' plant ,   and a number o f  non-point I 
i 

sources ,   such as Okanagan Lake,  Shingle  and Ellis Creeks  watersheds'  and 1 
Skaha Lake. The   major   increase   in  to ta l  phosphorus  loading is- assoc ia t ed  . !  

with t h e  po in t   sou rce  from t h e  waste t rea tment   p lan t   and   the ' .non-poin t  

. sources ,   Shingle   and Ellis Creek  watersheds. The non-point  source  Skaha 

. .  .' .,' I 
. .  . _' . ; 4 

. .  

I 
. .  

., I 
i - .  

I 

. .  

! 
Lake c o n t r i b u t e s   ' t h e  major i n c r e a s e   i n   t o t a l   d i s s o l v e d  ph.osphorus . j 

i 
I 
I 

. .  

Relevance t o  Earlier S t u d i e s  
. .  - .. 

. .  . .  

. -  -:- , I  
Fur ther   use  o f  the l o a d   d a t a  o f  t o t a l  phosphorus  obtained  during  the ' 

monitoring  program is i l l u s t r a t e d   i n   F i g u r e  15. T h i s   f i g u r e  shows t h e  

Vollenweider   re la t ionship  between  phosphorus  surface  loading  and  re la t ive 1 
eut rophica t ion- re la ted  water qua l i ty   <cond i t ions  o f  a lake.  This  

r e l a t i o n s h i p  is used t o  compare r e s u l t s  o f  n u t r i e n t   l o a d i n g  t o  Skaha  Lake 

I 

i 
I 

I 
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. .  

. .  

. .  
' (  ... 
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. .  
. .  

. .  

. .  

. .  

I 
obta ined  from t h e  previous  Okanagan Basin water . qua l i t y  s t u d y  

(Canada-British  Columbia Okanagan Basin Agreement, 1974) with t h e  r e s u l t s  1 .  
obta ined   dur ing  t h e  c u r r e n t  water qual i ty   monitor ing program. The . . . 

. sur face  . loads of t o t a l  phosphorus  reported  in  1974 are p l o t t e d   i n  t h e  :.: . ,. 

upper   pa r t  of the f igure   ind ica t ing   eu t rophic   condi t ion . -   'The   resu l t s  . . ,  

,from the   p re sen t   s tudy ,  shown as t h e   o v e r a l l  mean ' and its 95 percent  . " I .. . .  '. 

confidence . .  i n t e r v a l s  o f  t o t a l  phosphorus load der ived  ..form 182 

. ... _ .  . I .  
.. . . I. .. . 

. -  

. .  . A .  

observa t ions   dur ing  t h e  pe r iod  1976 t o  1978, i n d i c a t e  t h e  t r o p h i c   s t a t u s  . .. 

.of t h e  l a k e  t o  be  posi t ioned,   between  mesotrophic   and  ol igotrophic   port ion . .:. . ., 

of . '  t h e  graph. 'However, from t h e  s ta t is t ical '  po in t  . o f .  view s i n c e   t h e  

earlier s u r f a c e  loading data are no t   r epor t ed .  with confidence limits, the '  

conclus ion  o f  a change   canno t   be   s t a t i s t i ca l ly   va l ida t ed .  

. .  .. . . 

. .  

. *  

. .  

. .  
.. . 

Two sampling 

. . .  

. .  

. SUMMARY . .  

. .  
. .  

. .  

methods are used for the" c o l l e c t i o n  of water samples 
. .  

.-.. 
. .  

~ .' . .  

for  

chemical ana lys i s :  (a) simultaneous  and . (b)  sequential  methods. -'These 

methods were app l i ed   du r ing   t he   nu t r i en t   l oad ing   s tudy   . . p rog ram i n  t h e  

Southern   par t  o f  t h e  Okanagan Basin, B.C. 
. .  

. .  .. . 
. .  

. " , . , . . 

The simultaneous  sampling  '.method  engages a r ep l i ca t e   g rab   s ample r  or a 

pump f o r  the c o l l e c t i o n  of s a m p l e   r e p l i c a t e s ,   t h r e e   i n  . t h i s   s t u d y .  

Concentration  measurements are taken  usual ly  a t . .  four   sampling  points  

across the channel  cross-section,  approximately  one meter below t h e  water 

su r face  a t  monthly i n t e r v a l s .  This procedure is designed t o  .provide  

! 
I 

.' . 126 
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.- 
. .  . .  

in format ion  on t h e  s h o r t   r a n g e   h e t e r o g e n e i t i e s  o f  poin t   concent ra t ion  

measurments  o f  nut r ien ts   and   in   combina t ion  with hydrometric 

measurements  provides a b a s i s  for c a l c u l a t i o n  of their p a r t i a l -  loads. 

:The sum of these p a r t i a l   l o a d s   g i v e s  t h e  t o t a l   n u t r i e n t   l o a d s   p a s s i n g  . , . 

through t h e  channel   cross-sect ion.  _ I  

. . .  
. . . . .  . . .  . . .  . .  . . .  . . .  . .- . .  . .  

. . .  

The sequent ia l   sampling method  employs a por t ab le  discrete sampler for  

c o l l e c t i o n  of s i n g l e  pumped samples.  Concentration  measurements are 

t aken  a t  a sampling  point ,   approximately 0.6 o f  t h e   . d e p t h  below tie ;water 

. .  su r face .  Water samples . ,  are drawn a t  quarter-day '. i n t e r v a l s ,  a t  . .  0300; 
L 

. . 0900,. 1500 and 2100. hours, - d u r i n g .  two consecutive  days randomly  .chosen , . ' .  , 

wi th in  a .week. These concentration  measurements combined with d ischarge ,  

determined for f o u r   d a i l y   i n t e r v a l s ,   ' p r o v i d e  a b a s i s  for c a l c u l a t i o n  of 

l o a d s   b y   t h e  flow. interval method. The time period f o r  t h e  first f l ow  

i n t e r v a l   e x t e n d s  of 0000 t o  '0600 hours.  According t o  t h i s  procedure   the  

d i scha rge  fo r  a flow i n t e r v a l  is c a l c u l a t e d  from t h e   o r i g i n a l   h o u r l y  

d i scha rge  data cumula ted   over   the   s ix-hour   in te rva l  which  encompasses t h e  

time of chemical  sampling. The cumulated  discharge  and  concentration 

data are used t o  c a l c u l a t e   t h e   n u t r i e n t   l o a d s  for t h e  . flow . .  i n t e r v a l s .  ' 

The sum of t h e s e   l o a d s   g i v e s  t he  da i ly   nu t r ien t   load   'pass ing   th rough '  t h e  

channel   cross-sect ion.  

. ,  

. .  

. .  
. . . . .  

. . .  . .  

. .  
. .  . .  

Data on concentration  measurements of t o t a l  . phosphorus (P), to ta l  

dissolved  phosphorus (P) n i t r a t e   p l u s   n i t r i t e  (N), ammonia (N), t o t a l  . '  - .  . 

n i t r o g e n  (N) and  d i sso lved .  s i l ica  were obtained  during t h e  two t y p e s  of 

s t u d i e s  (a) a short- term  evaluat ion  s tudy  and (b) a long-term  monitoring 
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. .  . 

. .  

I 

i '  

Okanagan River   channel   l inking Okanagan '.and  Skaha Lakes and 'select a 

su i tab le   sampl ing   c ross -sec t ion  f o r  t he  long-term  monitoring o f :  n u t r i e n t  

l oads  t o  Skaha  Lake. The simultaneous ' sampling '..method was used t o  

determine t h e  precision, i n  terms '.-. of confidence intervals ; .  of 

concent ra t ion  measurements o f  nut r ien ts   and   the i r   loads   de te rmined  a t  t h e  

channel   cross-sect ions . 

. .  . . .  

.. 
: . .,: : 

. .  . . .  

. .  . .  . . , .. .. , I. . .  . .  

During t h e  long  term monitoring  program  both  simultaneous  and  'sequential  

sampling  methods were appl ied.  The us6  o f  t h e s e  two samiling  methods 

facilitated the   de t e rmina t ion  o f  consis tency  and  precis ion -: i n  ' t h e  

c a l c u l a t i o n   n u t r i e n t  ' ioads .  ' Graphical ' comparisons  and  the  correlat ion 

t es t  i n d i c a t e d  a precise  agreement  between t h e  load   da ta   der ived  from' t h e  

simultaneous  and  sequential  sampling  methods.  Because o f  t h i s  . agreement 

it was l e g i t i m a t e  t o  lump a l i  da t a   ob ta ined  from. these two sampling' 

. .  . .  

methods. 

Examples,, i n  terms of phosphorus  concentration  measurements,   i l lustrate 

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

concentration  observed a t  sampl ing   s t a t ions   l oca t ed  below Okanagan and 

1 28 

. .  

. .  I 



. .  

Skaha Lake. However, t h i s  p a t t e r n  o f .  seasonal  changes is d is turbed  a t  

s t a t i o n  located downstream from t h e  .Pen t i c ton  waste t rea tment   p lan t  . .  . , 

Loads of phosphorus are cha rac t e r i zed  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   a n n u a l  . ,  

. .  

v a r i a t i o n s   i n t r o d u c e d  by changes- of t h e  d ischarge   regula ted  by c o n t r o l .  ' 

dams below Okanagan and Skaha Lakes. 
- 

. .  

: .Information  provided by t h e   r e s u l t s  from the  monitor ing s tudy  are used   ' in  

. t h e   e v a l u a t i o n  o f  t h e   t r o p h i c   s t a t u s  of Skaha  .Lake  and . t h u s   i n  t h e  

assessment of t h e  e f f e c t i v e n e s s  of remedial a c t i o n s   i n i t i a t e d  i n  .1971, t o  
s .  

1 . r e d u c e   n u t r i e n t   l o a d i n g s  'from po in t .   sou rce  t o  t h i s   l a k e  .': . ' . 

. .  . .  
. .  . . . . . .  . : . . .  

. .  
. . . . . .  . . . . . .  : . . . . . . . .  . . . . .  . .  . . . . .  . .  

. -  . . .  ... . .  
. . . .  

. .  
. .  . .  

. .  . .  
. .  

. , .  

: CONCLUSIONS 

i Location o f  sampl ing   s ta t ions  must b e   r e p r e s e n t a t i v e  of t h e  water. body 

being  sampled  and  indicative of the   changes   occur r ing   in  . t he .  v a r i a b l e  
. .  

being  monitored. 

The simultaneous  sampling method revea led  . very pronounced , sho r t .   r ange  

.. s p a t i a l   h e t e r o g e n e i t i e s  of point  concentration  measurements of n u t r i e n t s  ' . .  

I a t  inves t iga ted   channel   c ross -sec t ions .  

\ 
The determinat ion o f  nu t r i en t   l oads   based  on a s ingle   grab  sampling '  

p rocedure ,   therefore ,   cannot '   p rovide  a reliable estimate of t h e  amounts ~ 

nu t r i en t s   pas s ing   t h rough  a channel   cross-sect ion.  
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Concentration  measurements , obtained by the sequent ia l   sampling method, 

show s igni f icant   long   range   seasonal   changes  of nu t r i en t   concen t r a t ion  a t  

s t a t i o n s   l o c a t e d  below Okanagan and Skaha Lakes. However, '. t h i s   p a t t e r n ,  

of seasonal   changes is d is turbed  a t  s ta t ions   loca ted   be low-  t h e  o u t f a l l  

from waste t r ea tmen t   p l an t   and   t r i bu ta ry   c r eeks .  

Calcu la t ion  of n u t r i e n t  loads during  widely  varying  discharges  indicate  

t h a t  major changes i n  f low  can  produce  large  changes  in   nutr ient   f lux 

wi thout   subs tan t ia l   change   in .   ' nu t r ien t   concent ra t ion .  ' I n   t h i s  . r i v e r  

system a concent ra t ion  - discharge   re la t ionship   approach  t o  n u t r i e n t  

loading  determinat ion  on a temporal   basis  is, t h e r e f o r e ,   n o t  feasible. : 

. .  

. .  

. .  . .  . .  
. .  

. .  

I 
I 

. .  . . .  

. .  

I 

The o v e r a l l  mean load  of phosphorus  determined on  lumped data from these '  ' ' 

t w o  methods dur ing  t h e  three   year   sampl ing   per iod   ind ica tes '  a reduced I . .  

i n p u t  o f  t o t a l  phosphorus t o  Skaha Lake, by  comparison,  with  load data ... 

r e p o r t e d   i n  the previous  study,  conducted  under  the  Canada-Brit ish . ' 

. .  

Columbia Okanagan Basin Agreement , 1974. Never the l e s s ,   s ince   t he  earlier ' .  I 
d a t a  are not   repor ted   wi th   conf idence  limits, the   conc lus ion  of a change 

c a n n o t   b e   s t a t i s t i c a l l y   v a l i d a t e d .  . . 

. .  

I . .  . .  . .  . .  . .  . . .  I 
. .  I . .  . . .  1 

According to 'the  previous  study,  phosphorus  loads came. mainly from p o i n t  . '  

sources.   But,  t h e  p r e s e n t   s t u d y   i n d i c a t e d   t h a t   t h e  major con t r ibu t ion  of ' . .  

phosphorus  loads came from non-point sources such as Okanagan'  Lake, via 

Shingle  and Ellis Creeks,  and  from  Skaha  Lake i tself .  ' ,  ' I 
. I .  
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