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The use of  biological  parameters is accepted as an in t eg ra l   pa r t  o f  a n  

I in-depth , water  quali ty  investigation  of a na tura l  waterway. These 

I parameters  often  give  support t o  t h e  more r igorously  quant i ta t ive 

chemical  variables  being employed. In  a d d i t i o n ,  certain  groups  and/or 

species fkom the   a lga l ,  f i s h ,  macrobenthic and microbial  communities are 

e spec ia l ly   s ens i t i ve   t o   va r i a t ions  i n  water  quali ty  conditions.  
I 

I 
I 

In preliminary s u r v e y s ,  microbiological  data  are  especially  usefil  

because  they are  readily  obtained and r e l a t i v e l y  simple t o   i n t e r p r e t .  As 

a r e s u l t ,  a reasonably  quick  evaluation  of t h e  po ten t ia l   o f  t h e  water  for 

public  use  can be made and proposals  for  f ir ther s t u d y  can be formulated. 

I 
a )  Indicators o f  Sanitary Water Qual i ty  

I 
I 

The b a c t e r i a l  groups  investigated i n  t h i s  project   are  unique i n  

re la t ion  t o  other  biological  indicators  presently i n  use  because  they 

are   direct ,   not   secondary,  measures of  contamination.  Geldreich 

(1970) h a s  s ta ted  that ,   " ideal ly   recreat ional   water  q u a l i t y  

ind ica tors  are microorganisms  or  chemicals i n  the  water  that can be 

quant i ta t ive ly   re la ted  t o  potential   health  hazards  result ing Porn 

recreational  use  therein".  Because they  are  indigenous components o f  

fecal  pollution,  the two groups  being  studied,  fecal  coli forms and 

fecal   s t reptococci ,   c losely f i t  the  s ta ted  ideal   indicator  and are  

a l so   ab le   t o   spec i fL  a source  of  n u t r i e n t s  t o  a greater  degree than  
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other  organisms. For example,  other  organisms  such  as  aquatic 

oligochaetes and periphytic  diatoms and algae  are  often good 

indica tors   o f   nu t r ien t   loading  i n  a water  system. However, they  are 
1 

not  valuable i n  spec i fy ing   tha t   the   nu t r ien t  i n p u t  was  &om fecal 

material .  

The rationale  for  the  use of  fecal   col i forms  as   the  indicator   of  

choice  over a more specif ic   indicator   such  as   Eschesichia   col i  or a 

more generalized  indicator  such as to ta l   co l i forms  is well founded. 

' ' . .  Geldreich (1976) has found that  "fecal  coliforms  represent  over 96% 

of  the  coliforms  derived fkom  human feces and 93 t o  98% o f  those 

discharged i n  fecal  excrement from other warm blooded  animals 

inc luding   l ives tock ,   poul t ry ,   ca t s ,  dogs  and rodents". As a resu l t ,  

. .  

f e c a l   c o l i  forms indicate   fecal   contaminat ion  whereas   total   col i  forms 

may include  non-fecal  bacteria and may there  fore mask t rue  

concentrations and sources  of  contamination. It would a l s o  be 

un rea l i s t i c   t o   u se  coli alone  because  "restriction  of  the  fecal 

coliform  group  for  the  detection o f  " E. c o l i '  may ignore  fecal 

disch'arges from 5 t o  7% o f  those i n d i v i d u a l  human or  other 

warm-blooded animals where in tes t ina l   f lo ra   a re   t emporar i ly  void o f  

- E. -9,. c o l i  b u t  s t i l l  contain  other  fecal  coliforms o f  d i f f e r i n g  

biochemical , reactions"  (Geldreich 1976).  Fecal c o l i  forms form the 
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middle  ground  between the two extremes, and  as  such were the 

indicators  of  choice  for t h i s  s t u d y .  

The source  of  fecal  contamination can t h e n  be f i r ther   i so la ted  by 

examining  ‘the  relative  concentrations of  the two types of  fecal 

bacteria  being  studied - fecal  coliforms and fecal  streptococci.  

Although fecal  streptococci  are  present i n  human feces  they  are 

present i n  much larger  concentrations i n  other warm-blooded animals. 

The’ ra t io   o f   feca l   co l i forms   to   feca l   s t rep tococc i ,   there   fore ,  may 

.express  the  relative  importance  of human and non-human k c a l  

contamination i n  the  water. It has been shown tha t  I t a  FC : FS r a t i o  

o f  l e s s  than 0.7 usually  indicates  contamination from domst ica ted  

firm animals,  whereas  a r a t i o   g r e a t e r  than 4 indicates  a human 

sourcell (Feachem 1975) 

The use of  coliform  counts i n  the  analysis o f  sanitary  water  quali ty 

may not  necessarily  provide a valid  estimate o f  health risks. Smith 

and Twedt (1971) have s ta ted   tha t   l l l i t t l e   in format ion  is avai lable  on 

the  quant i ta t ive  re la t ionship between indicator  organisms,  such  as 

the  coliforms and stre,ptococci, and pathogens  such as  Salmonella. 

Such information is basic  to  the  bacteriological  indicator  concept”.  

. .  Bacteria may a l s o  be unrepresentative o f  heal th   threats  from viruses ,  

pathogenic amoebae.,, and hookworm larvae  (Geldreich 1972) .  

. . . / 4  
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Ideally,  the  type o f  indicator  chosen s h o u l d  be appropriate t o  the 

expected  contamination  source, and epidemiological  analysis is 

necessary 

p a t h o s n .  

will a l s o  

population 

t o  determine  the  local  correlation o f  indicator  . and 

The proportionate  occurrence o f  indicator  and pathogen 

vary  according t o  population  size. The smaller  the 

I 

s i z e ,  the more variable  the  mathematical  relationship, i f  

such can be determined, between pathogen and indicator .  

b) Microbiologi.ca1  Standards 

The v a l i d i t y  o f  t h e  application  of  generalized  microbiological 

standards  to  specific  water  uses  has been questioned,  usually on the 

bas i s   o f  t h e  lack'  of  epidemiological  data. The U.S. National Academy 

of  Science h a s  concluded t h a t  "no s p e c i f i c  recommendation is made 

concerning  the  presence  or  concentrations of  microorganisms i n  

bathing  water  because  of  the  paucity o f  valid  epidemiological  data" 

(U.S.E.P.A. , 1972). However, a logarithmic mean, value  of 200 fecal 

coliforms per 100 m l  i s  fiequently  applied  as a bathing beach 

standard (U.S. Dept. Int., 1968). The most l ikely  use  relevant  to 

sanitary water   qual i ty   for   the  r ivers   invest igated i n  t h i s  s t u d y  is 

e i t h e r  %on-contactI1  recreation, or i r r i g a t i o n .  The suggested 

cr i ter ion  for   each o f  these uses is 1000 fecal.  coliforms/100 m l  (U .  S. 

Dept,. In t . ,  1968). It should be emphasized ' t h a t  such figures are  

arbitrary and not based on epidemiological  evidence. 

. .  

. /5 



- 5 -  

I 
I 
I 
I 
I 
I 

Water samp:les fkom f i v e  B r i t i s h  C o l u m b i a   r i v e r s  were c o l l e c t e d   a n d  

a n a l y z e d   i n  t h e  summer o f  1979 t o  d e t e r m i n e  their  c o n c e n t r a t i o n s  o f  

fecal coliforms and  ,fecal streptococci.  The . f i v e   r i v e r s   c h o s e n  for 

s t u d y   i n c l u d e d  t h e  Skeena ,  Col!mbia, Similkameen,  Sumas  and  Okanagan 

' R i v e r s .  The p a r t i c u l a r   r i v e r s   c h o s e n ,  w i t h  t h e  e x c e p t i o n  o f  t h e  

Skeena ,  a l l  cross t h e  Canada - USA i n t e r n a t i o n a l   b o u n d a r y   a n d  as  s u c h  

come u n d e r  t h e  mandate o f  t h e  Water Q u a l i t y   B r a n c h .  The Skeena   River  

data was collected because  o f  t h e  dearth o f  i n f o r m a t i o n  on s a n i t a r y  

water q u a l i t y ,  w i t h  t h e  e x c e p t i o n  o f  t h e  area immediately s u r r o u n d i n g  

' . t h e  c i t y  o f  P r i n c e   R u p e r t ,  B. C. (Hoos 1975). I n   a d d i t i o n ,  i t  was 

1 

. .  

I 
I , '  

t h o u g h t  t h a t  such   expe r i ence   wou ld  be u s e f b l   i n   p l a n n i n g .   f i t u r e  

s t u d i e s   s u c h  as t h e   S t i k i n e   R i v e r  p ro jec t  , where t h e  impact  o f  

u p s t r e a m   i n p u t s   o n  t h e  Alaskan   e s tua ry   wou ld  be assessed. 

I P u b l i s h e d   b a c t e r i o l o g i c a l  data on t h e  o ther  r i v e r s  selected is  a l so  

I " . '  

I 
I ': . 

s c a n t y .  ' 

The Water Q u a l i t y  Branch \under took  a p r e l i m i n a r y   ' s u r v e y  o f  bacter ia l  

c o n c e n t r a t i o n s   i n  these r i v e r s   i n   o r d e r  t o  i d e n t i f l   p o t e n t i a l   p r o b l e m  

areas and   dec ide   whe the r  more e x t e n s i v e  work  would be n e c e s s a r y .  

I 
\ I 
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Methods 

S a m p l i n g   l o c a t i o n s  were selected a c c o r d i n g  t o  t h e  f o l l o w i n g  cr i ter ia :  

4 

i) P r o x i m i t y  t o  Canada - USA boundary 

ii) A p p a r e n t   e f f i c i e n c y  o f  m i x i n g   i n  stream (Rodina  1972)  

P o i n t  (ii) is q u i t e  c r i t i ca l .  Bank s a m p l i n g  or  ' s u r f a c e   s a m p l i n g  fkom a . 
. .  

boat was done  and d e p t h  s a m p l i n g  for bacteria was found t o  be impractical 

i n  t h e  scope o f  t h i s  s t u d y  e 

a )  S a m p l i n g   l o c a t i o n s   a n d  methods 

Sampling methods* v a r i e d   a c c o r d i n g  t o  t h e  l o g i s t i c a l  v a r i a b l e s  

e n c o u n t e r e d   i n   s i t u .  

i ) Sumas R i v e r  

A p r e l i m i n a r y   r e c o n n a i s a n c e  o f  t h e  r i v e r  was made on May 11, 

1 9 7 9   n e a r  t h e  Huntingdon border s t a t i o n   s o u t h  o f  Abbotsford,  

B. C: The .br idge  across t h e   r i v e r  a t  t h i s   p o i n t   h o u s e s   t h e  

Water Survey o f  Canada d e p t h  gauge for t h e  Sumas R ive r   and  is 

located w i t h i n  a few metres o f  t h e  Can'ada - U S A  border.. The 

r i v e r  was shallow a n d   u n i f o r m   e n o u g h  a t  t h i s  p o i n t  for cross 

. . . / 7  
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s e c t i o n a l   s a m p l i n g   t o  be done by hand w i t h  o n l y  chestwaders 

r equ i r ed .   Because  o f  these f a v o u r a b l e   c o n d i t i o n s  t h e  c r o s s  

s e c t i o n   c h o s e n  was approx ima te ly   one  metre upstream ( s o u t h )  o f  
I 

t h e  bridge,  Details o f  t h e  c r o s s   s e c t i o n   c a n  be found i n  
* 

Appendix I. 

Sampl ing  was done  on May 22,  23 and   24   and   a l so   June   19 ,  20 and 

21. 

An uncapped s te r i le  250 ml b o t t l e  was clamped o n t o  t h e  end of  a 

wooden dowel onshore   and   samples  were t a k e n  by wad ing ,   t ak ing  

. ,  

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

t h e  sample.  To g u a r d   a g a i n s t   c o n t a m i n a t i o n  the sample bot t le  

was h e l d  ups t r eam f k o m  t h e  e x p e r i m e n t e r   a n d  well u n d e r   t h e  

s u r f i c e  o f  the  water t o  p r e v e n t   s u r  face d e b r i s  from e n t e r i n g  

t h e  ! b o t t l e .  Arter c o l l e c t i o n  t h e  samples were a s e p t i c a l l y  

recapped   and  placed on ice. h. a d d i t i o n ,   , c o n d u c t i v i t y   a n d  pH 

measurements were made in situ be f o r e   . r e t u r n i n g   t o  t h e  

l a b o r a t o r y .  

Samples were a n a l y z e d   w i t h i n   s e v e r a l   h o u r s   o f   c o l l e c t i o n ,   u p o n  

r e t u r n   t o  t h e  Water Q u a l i t y   B r a n c h   B i o l o g y   L a b o r a t o r y   i n   N o r t h  

Vancouver. 

._ 
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i i. 1 Colun~b ia   R ive r  

Cross s e c t i o n a l  data were o b t a i n e d  from 5 p o i n t s   e q u i d i s t a n t  

fkom each o t h e r   i n  a wy l l -mixed   po r t ion  o f  t h e  r i v e r   n e a r  

Waneta, B.C., . immedia te ly  upstream of t h e  confluence o f  the  

1 

Pend d '0 re i l le  R i v e r  w i t h  t h e  Columbia  River.  The cross s e c t i o n  

is w i t h i n   o n e  mile o f  t h e  Canada - USA border. Sampling was 

done fiom a boat w i t h  t h e  same hand h e l d  a p p a r a t u s  as was used  

on t h e  Sumas River .  

Depth samples were a l so  attempted but   found t o  be impractical 

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

which was d e s i g n e d  for oceanographic   use .   However ,  t h e  s a m p l e r  

i n  a m o d i f l e d  form c o u l d   e a s i l y  be a d a p t e d   f o r   u s e   i n   f l o w i n g  

waters. 

Samples for  t h e  Columbia  River  were collected June 5 ,  6 and 7,- 

1979 a n d   a n a l y z e d   i m m e d i a t e l y  a t  a t e m p d r a r y   l a b o r a t o r y   i n  

T r a i l ,  B. C. 

iii ) Okanagan  River 

Samp1.e~ wer'e o b t a i n e d   o n   J u l y  4 and 5 ,  1979 fiom a well mixed 
- 
p o r t i o n  o f  t h e  Okanagan  River a few meters below t h e  Road #22 
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b r i d g e ,  s o u t h  o f  O l i v e r ,  B. C. Sample c o l l e c t i o n  was by  wading 

a n d   u s i n g  t h e  hand he ld  s a m p l i n g   d e v i c e   a b o u t  5 m o f f  t h e  r igh t  

bank of t h e  r i v e r ,  w i t h  a l l  s a m p l e s   b e i n g  collected fPom t h e  

s i n g l e   s t a t i o n .   S a m p l e s  were t h e n   a n a l y z e d   a l o n g  w i t h  the 

Si rn i lkameen  River   samples  a t  a t e m p o r a r y   l a b o r a t o r y   i n   O l i v e r .  

i v )   S imi lkameen   R ive r  

A s  w i t h  t h e  Okanagan  River ,  samples were o b t a i n e d   o n   J u l y  4 and 

5,  1979, a t  a l o c a t i o n  close t o  Highway 83. Samples were t a k e n  

w i t h  t h e  h a n d   h e l d   s a m p l i n g   . d e v i c e  fkom the l e f t  bank o f  t h e  

r i v e r ,  porn b o u l d e r s   u n d e r  t h e  br idge w h i c h  is e a s i l y   s e e n  porn 

Highway #3, 27 km n o r t h w e s t  o f  Osoyoos. A s i n g l e   s t a t i o n  was 

used   and  t h e  s a m p l e s  were a n a l y z e d   w i t h i n  a few h o u r s ,   i n  , 

c o n j u n c t i o n  w i t h  t h e  Okanagan  River samples. 

v)   Skeena .   River  

Sampling was done. i n  replicate on J u l y  27 and 28 a t  3 cross 

s e c t i o n s   c h o s e n  t o  r e p r e s e n t  t h e  major water i n p u t s  t o  t h e  

I 
I 
I 

. . . /10 
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S k e e n a   e s t u a r y .  The Aberdeen cross s e c t i o n  was located on t h e  

Skeena   River   be tween  Aberdeen   Poin t   and   Windsor   Poin t ,  

a p p r o x i m a t e l y  8 km u p s t r e a m  o f  t h e  c o n f l u e n c e  w i t h  t h e  Ecstall 

River .  The E c s t a l l  cross s e c t i o n  was located on t h e  Ecstall 

R i v e r   a p p r o x i m a t e l y  6 km u p s t r e a m  o f  the c o n f l u e n c e  w i t h  t h e  
4 

Skeena   R ive r  a t  P o r t   E s s i n g t o n .  These two s a m p l i n g   s t a t i o n s  

r e p r e s e n t  the two major fkeshwater i n p u t s  t o  t h e  S k e e n a   e s t u a r y .  

The Skeena   River  was a l so  sampled on a cross s e c t i o n  below t h e  

c o n f l u e n c e  w i t h  t h e  Ecstall River ,   on  a l i n e   p e r p e n d i c u l a r  t o  

water flow e x t e n d i n g  fkom Veitch P o i n t   a c r o s s  t h e  r i v e r .  

Sampl ing   on ' t he   Skeena   and  & s t a l l  r i v e r s  was done a t  1/4, 1/2, 

and 3/4 of t h e  d i s t a n c e  across . t h e  r i v e r  for each o f  t h e  3 

cros8 s e c t i o n s .  Samples were o b t a i n e d   i n  a similar 'way t o  

those fkom t h e  Columbia   River ,  fkom -a l a u n c h  based on t h e  main 

research v e s s e l ,  t h e  Pandora 11, which was a n c h o r e d   n e a r  Veitch 

P o i n t .   L a b o r a t o r y  f ac i l i t i e s  were located .on t h e  Pandora I1 

and   s amples  were a n a l y z e d   w i t h i n  a few h o u r s  of c o l l e c t i o n .  A 

g e n e r a l  comment r e g a r d i n g   s a m p l i n g   p r o c e d u r e  which  may be 

u s e f b l   i n  f i r ther  s t u d i e s  is i n   o r d e r .   I n  a s t u d y  of  bacterial  

. . . /11 
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concentrations i n  the  Fraser  River,  water  samples  varied 

grea t ly  i n  concentration w i t h  respect   to '   surface or  subsurface 

sampling . llsurface  concentrations  were, on t h e  average, 

several   t imes  larger  th?n  subsurface  concentrations" (Rusch 
1 

1972). It is .probable  that   higher.   surface  concentrations  are 

due to   sur face   debr i s   ra ther   than   Pee .   bac te r ia  i n  the  water; 

therefore,   great  care  should be taken to  not  take  samples fiom 

. .  the  surface  as  these may not  represent  the  quali ty  of  water 

throughout  the  water column. 

.b) Methods of  Analysis 

Two methods of   a .nalysis  were used for   fecal   col i  form determination, 

the membrane f i l t e r  (MF) technique and the most probable number (MPN) 

technique  using  the  multiple  tube  fermentation  test.  Procedures  for 

the  use  'of  these methods were followed as   out l ined i n  "Standard 

Methods for   ' the  Examination 'of Water and Wastewater, 1 4 t h  edi t ion" 

( A P H A  1975). Although  both  methods of  analysis  'are  widely used t h e  

MF procedure is generally acknowledged t o  be the more accurate   of  t h e  

two t e s t s ,  presumably.  because i t  is based on real   concentrat ion 

est imates  ' whereas the MPN technique  depends on probabi l i ty  

estimates.  In f a c t ,  i t  has been s t a t e d  over 20 years  ago  that  " the  

lack  of  precision'   of MPN es t imates   o f   bac te r ia l   dens i t ies  is generally 

. 0 /12 
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I 
-\ I recognized - a t  l ea s t  by those who per form t h e  ,tests1' (Woodward 

1 9 5 7 ) ,   y e t  i t  i s  st i l l  i n   u s e .  

I 1 

I 
The MF t e c h n i q u e  was therefor :   employed when p o s s i b l e   b u t  i t  was 

' l i m i t e d  ' t o  areas o f  low t u r b i d i t y   s i n c e   l l c o l i f o r m s   t r a p p e d   i n  

1 t u r b i d i t y   p a r t i c l e s  may n o t   p r o d u c e  gas i n  t h e  presumpt ive  medium 

u n l e s s   r e l e a s e d  by v i g o r o u s   s a m p l e   a g i t a t i o n "  (USEPA 1978). In s u c h  

' I  h i g h l y   t u r b i d  waters t h e  MPN t e c h n i q u e  is the a l t e r n a t i v e  (Geldreich 

I . .  
1967). For a n a l y s i s  o f  fecal s t r e p t o c o c c i ,  o n l y  t h e  MF t e c h n i q u e  was 

used .  

I 
The MPN procedure  was used  as well as t h e  MF t echn ique   on  t h e  Skeena 

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

s t u d y .   T h i s  method is, however ,   i nconven ien t   because  o f  p r e p a r a t i o n  

a n d   a n a l y t i c a l  time r e q u i r e d ,   e x p e n s e ,   a n d   t h e  large amount o f  

a p p a r a t u s '   r e q u i r e d .  The a c c u r a c y  o f  t h e  MPN t es t  is a l s o  

q u e s t i o n a b l e ,  a s  p r e v i o u s l y   m e n t i o n e d .  

I 

I " 
c >  Biochemica l   Ana lys i s  

The c u l t u r e   p l a t e s   ' u s e d   i n  MF p r o c e d u r e s  were r e t a i n e d  for biochemical 

I c o n f i r m a t i o n .   F e c a l   c o l i f o r m s  were conf i rmed by I M V i C  t e s t i n g   a n d  

. . . /13 
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fecal   s t reptococci  were tes ted   for   ca ta lase   ac t iv i ty ,  growth a t  45 C ,  

and growth i n  t,he presence  of 40% bi le .  The methods u s e d  for 

biochemical  analysis were obtained fkom Standard Methods for t h e  

Examination o f  Water and  Wastewater  (1979) and The EPA 

Microbiological Manual (1978)  for  fecal  coliforms and fecal 

s t reptococci ,   respect ively.  The. r e s u l t s  from confirmation  tes ts  

indicated  that  no adjustments  for  atypical  colonies needed t o  be  made 

t o  the  or iginal   p la te   counts .  

'Results and  Discussion 

Surveys  of  sanitary  water q u a l i t y  are  carried  out w i t h  two goals i n  

mind. The first goal is to   assess   current   water   qual i ty  by quick and 

inexpensive means. The second  goal is to   a t tempt   to   pinpoint   bacter ia l  

pollutant  sources i n  order  to  negate or minimize the i n p u t  fkom these 

sources. The first goal i s  accomplished by comparing measured bacterial .  

concentrations  to  established  standards.  To accompllsh  the  second  goal 

one m u s t  evaluate  the mechanisms of  i n p u t  t o  the  water  resource. 

There are  three majdr sources   o f   bac te r ia l  i n p u t  t o   r i v e r s  and streams 

(Kunkle 1970). These are:  l a n d  surfaceg, presumably from sur face  runoff 

or  r a i n f h l l  which finds i t s  way to  adjacent  streams;  the  channels  of 
- 

. o .  / 1 4  
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I r i v e r s  or streams, s ince   bo th   channe l   banks   and  bottom c a n   r e t a i n   a n d  

release b a c t e . r i a 1   i n d i c a t o r s   w i t h   i n c r e a s e d  stream d i s c h a r g e ;   a n d   d i r e c t  

I 
I 
I 
I 

i n p u t s   s u c h  as sewers i n   u r b a n  areas, s e p t i c  t a n k s   a n d   i n p u t  fiom farm 

a n i m a l s   i n   r u r a l  areas. 

In o r d e r  t o  d e t e r m i n e   t h e  source o f  i n d i c a t o r  bacter ia ,  one  must 

d i f f e r e n t i a t e   b e t w e e n   a n i m a l   a n d  human s o u r c e s ,   a n d / o r  a l so  e v a l u a t e  t h e  

character is t ics  o f  t h e  watershed n e a r  t h e  s a m p l i n g   s t a t i o n .  There are 

c e r t a i n  specif ic  cri t icisms o f  t h e  v a l i d i t y  o f  t h e  FC : FS r a t io .  One 
\ 

basic cr i t ic ism fiom a s t a t i s t i c a l  v i e w p o i n t   i n v o l v e s  t h e  i n t e r p r e t i v e  

u s e  of  FC : FS ra t ios  i n  remote areas. Counts  o f  i n d i c a t o r  bacteria are 

l i k e l y  t o  be   ve ry  low, a n d   o c c a s i o n a l   h i g h   v a l u e s  many r e s u l t   i n  

d i s t o r t e d  FC : FS ra t ios .  A d d i t i o n a l l y ,   t h e  FC : FS r a t i o  is c o n s i d e r e d  

v a l i d   o n l y   i n   t h e  first 24 hours a f te r  release 'fkom t h e  s o u r c e  o f  fecal 

c o n t a m i n a t i o n ,   b e c a u s e  o f  d i f f e r e n t  d e a t h  rates o f  coliforms and 

I 

s t r e p t o c o c c i   ( G e l d r e i c h   a n d   K e n n e r ,   1 9 6 9 ) .  . These problems  must  be 

overcome before t h e  FC : FS r a t i o  i s  u s e f h l   f o r   a n y t h i n g  more t h a n  

I q u a l i t a t i v e   c o m p a r i s o n s .  

I a )  Skeena   River  

I . ' , '  

The p r o b l e m   o f  low bacter ia l  d e n s i t i e s   d i s t o r t i n g  t h e  FC : FS . ra t ios  
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I 
is of   par t icu lar   s ign i f icance .  i n  the Skeena River.  Concentrations  of 

fecal   s t reptococci  were l e s s  t h a n  20 per 100 m l  and concentrations  of 

fecal coliforms by the MF technique were less   than 30/100 m l  (Table 

I).  Counts by t h e  MF' technique may have been low estimates  of  fecal 

coli,form  'density  because  of  the a b i l i t y  of  sediments  to  suppress 

I 

colony  formation. Because of   the low concentrations  of  indicator 

organisms, FC : FS r a t i o s  were not  calculated. 

Fecal  coliform  concentrations by the MPN technique i n  the Skeena and 

~ ' .Ecs ta l l  . r ivers  were below 100 per 100 m l ,  w i t h  the  exception of  the I 
Aberdeen cross  section which averaged 110 per 100 ml. These values 

f a l l  w i t h i n  the  currently  accepted b a t h i n g  beach standard  of 200/100 

m l .  The highest  -fecal  coliform numbers occurred on the Skeena River 

above the  confluence w i t h  the  Ecstall   River,  and the  lowest  values 

occurred on the k s t a l l  River. 

I 

I - '  Sources o f  fe.cal  coliform  bacteria i n  the Skeena may be w i l d l i f e ,  

I 
I ' , .  

d i r e c t  i n p u t s  fiom upstream  communities  such as  Terrace,  B. C., 

resuspension  of  sediments d u r i n g  fkeshet, and discharges fkom fishing 

boats. Although fecal.   coliform  values were low i n  the  estuary,  

winter  values may be h i g h e r  because o f  lower flows and greater  

survival   of   fecal   col i forms a t  low water  temperatures  (Davenport e t  

I a l ,  1976).  

. . . /16 
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b )  Columbia  River  

I 
I 

Because o f  i t s  remote character t h e  Skeena   River  was n o t   e x p e c t e d  t o  

h a v e   c o n c e n t r a t i o n s  of  fecal bacteria h igh  enough t o  pose a water 

q ,ua l i ty   .p roblem.  The Columbia  River ,   however ,  w i t h  numerous 
* 

communi t i e s   a long  i t s  banks  was e x p e c t e d ,  a p r i o r i ,  t o  have 

I 
I 
I 

m e a s u r a b l e   c o n c e n t r a t i o n s  o f  fecal c o l i  forms from human s o u r c e s .  As 

. .Table 1 d e m o n s t r a t e s ,  arithmetic means o f  b o t h  fecal c o l i  forms and 

fecal streptococci were less t h a n  20 per 100. m l .  Dur ing  t h i s  limited 

. . s a m p l i n g   s u r v e y ,  i t  a p p e a r s  t h a t  t h e  C o l u m b i a   r i v e r  d i d  no t   have  a 

s a n i t a r y  water q u a l i t y  problem, i n d i c a t i n g   e x t e n s i v e   d i l u t i o n   a n d / o r  

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

. .  

I ' . '  

I 
I 
I 
I 
I " 

located ups t ream.  

S o u r c e s  o f -  Fecal P o l l u t i o n   i n   R u r a l  Areas 

The three r e m a i n i n g   r i v e r s   s t u d i e d ,  t h e  Okanagan,  Similkameen  and 

Sumas, are p a r t i c u l a r l y   i n t e r e s t i n g   b e c a u s e  t h e  l a n d   u s e   i n  each o f  

t he i r  w a t e r s h e d s  is p r e d o m i n a n t l y   a g r i c u l t u r a l ,  a1 though the Okanagan 

River  h a s  a s i g n i f i c a n t   u r b a n   c o m p o n e n t .  As a r e s u l t ,  t h e  p r e s e n c e  

o f  farm a n i m a l s   a n d  t h e  u s e  of  o r g a n i c   f e r t i l i z e r  may affect  t h e  

I . .  

'" LIBRARY 
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I 
I 
I 

i n t e r p r e t a t i o n  o f  fecal coliform c o u n t s   u n l e s s  t h e  FC : FS r a t i o  is 

used .  Fecal con tamina t ion   wou ld  p r o b a b l y  be l a rge ly  i n t r o d u c e d  

t h r o u g h   s u r f a c e   r u n o f f ,   w a d i n g  ca t t l e  ( w h i c h  were i n   e v i d e n c e  on t h e  

Sumas) or r e s u s p e n s i o n  o f  bottom s e d i m e n t ;  Samples *om streams i n  

other  watersheds where g r a z i n g   a n d   m a n u r e   s p r e a d i n g  were common 

1 

* 

I 
I 

i n d i c a t e d  that upl.and c o n t r i b u t i o n s  o f  bacteria t o  t h e  streams were 

minor   (and)  much less i m p o r t a n t   t h a n   c o n t r i b u t i o n s  Porn a c t i v i t i e s  

n e a r  t h e  c h a n n e l s  for e x a m p l e   b a r n s   n e a r  streams (Kunkle  1970) .  

I ' . .If t h e  a n i m a l  waste is well away *om t h e  stream t h e  bacteria will 

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

bacteria w i l l  be t r a p p e d   i n  the s o i l .  T h i s  r e t e n t i o n  o f  bacteria is 

dependent   on s o i l  characterist ics w i t h  more permeable s o i l   a l l o w i n g  

more bacteria through t o  t h e  groundwater .   In  t h e  case o f '  permeable 

s o i l ,  Evans  and Owens (1972)   have s ta ted "it is poss ib le  t h a t  there 

may be a r e l a t i o n s h i p   b e t w e e n  the ra te-  o f  p i c k  u p  o f  suspended  

sed imen t   and  t h e  rate a t  which.bacteria1 ce l l s  are washed o u t  o f  s o i l  

I 

by p e r c o l a t i n g  water". Geldreich (1970)  has found t h a t  s u c h  s o i l s  

"have fecal c o l i f o r m   p o p u l a t i o n s   f o r m i n g  82.9% of  the t o t a l  c o l i  form 

p o p u l a t i o n t t .  It is l i k e l y  t h a t  g r o u n d w a t e r   c o n t r i b u t i o n s  o f  bacteria 

I- 
would be more s i g n i f i c a n t   i n   w i n t e r   b e c a u s e   o f  the g e n e r a l l y  

. .  i n c r e a s e d  role o f  g r o u n d w a t e r   i n   s u p p l y i n g  water flow a t  t h a t  time of 

I year. 

. . . /18 
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I 
I 
I 

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

l e v e l s   i n  streams, Weidner e t  a1 (1969)   found t h a t  s i g n i f i c a n t l y  

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

stormwater r u n o f f  *om r u r a l  areas. If there is a s i g n i f i c a n t   r u n o f f  

c o n t r i b u t i o n  t h i s  s h o u l d  be a p p a r e n t   i n  t h e  FC : FS r a t i o ,  whic,h 

I 

1 

I 
I 
I 

would be low a n d  firther lowered a f t e r  a r a i n f a l l .   I n   a d d i t i o n ,  

e n t e r i c  microbial p o p u l a t i o n s   i n  t h e  stream i t s e l f  c a n  be e x p e c t e d  t o  

i n c r e a s e   f o l l o w i n g  a r a i n f a l l .   T h i s   i n c r e a s e  may occur   because  o f  

t h e  p o s s i b l e   o v e r f l o w  of  sewer systems, i n c r e a s e d  movement o f  

. .g roundwater  associated w i t h  s e p t i c  t a n k s   a n d  o ther  c o n t a m i n a t e d  

I 
I 
I 

s o i l s ,   a n d   i n c r e a s e d   s u r f i c e   r u n o f f  w h i c h  washes s u p e r f i c i a l l y  

d e p o s i t e d   a n i m a l  waste i n t o   r e c e i v i n g  waters. 

A t h i r d  p o s s i b l e   s o u r c e  o f  bac te r ia l  c o n t a m i n a t i o n  is t h e  

r e s u s p e n s i o n  o f  sedimemts Porn t h e  c h a n n e l  bottom and  banks.  This 

I - "  

mode of  t r a n s p o r t  is more u n l i k e l y  t o  o c c u r   i n  t h e  Similkameen  than 

t h e  Sums or  Okanagan r i v e r s ,   b e c a u s e  o f  t h e  ra ther  stable gravel and 

I 
I ' I  

I 
I 
I 
I 

b o u l d e r  bottom. 

c )  ,Sirnilkameen.  River 

The area s u r r o u n d i n g  t h e  S i m i l k a m e e n   r i v e r   c o n s i s t s   o f   r a n c h e s , .  farms 

w i t h  p a s t u r e ,   a n d  ca t t le  r a n g e l a n d ,  w i t h  a few small towns 

. . . /19 
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I 
I 

I . .  

I . .  

I 
I 
I 
I 

interspersed  a long i ts  banks. The most l ike ly   source   o f   bac te r ia l  

i n p u t  for the Similkameen r ive r  is surface  runoff;  barns and grazing 

ca t t le   a re   genera l ly   wel l  away &om the  banks,  thereby  minimizing  the 

t ransport   of   bacter ia   via  grouvdwater  over  such distances.  Surface 

' transport   of  animal  -fecal  material   to t h e  r iver   via   drainage  di tches  

1 

. .  

and small  streams would possibly  occur.  Direct i n p u t  by sewer 

systems would probably be minimal  because o f  the  re la t ively  small  

human population i n  the Similkameen watershed. 

As a result;,  one would expect  the Similkameen r i v e r   t o  have minimal 

concentrations o f  fecal   bacter ia  and those  detected  to be of  animal 

or igin.  As expected,  negligible  concentrations  of  fecal  indicator 

bac te r ia  were detected,  w i t h  a l l   p l a t e s  having a densi ty   of   less   than 

20 colonies  per 100 m l  (Table 1). This indica tes  a r a the r   p r i s t i ne  

r ive r  fkom a microbiological 

t o  interpret   regarding f i r m  

bacter ia .  

point  of view. The counts  are  too low 

animal  ver3us human sources  of  fecal 

I d )  Okanagan River 

The Okanagan River is located i n  t he -   hea r t  o f  t h e  most extensive  t ree  

& u i t  growing  are'a i n  Canada. The Okanagan r ive r  is a l so   pa r t  o f  the I 

. . . /20 
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I 
I 
I 

water  system t h a t  a t t r a c t s  thousands  of summer v i s i t o r s   t o  i t s  sandy 

beaches and  warm water  each summer.  The agr icu l tura l  and 

recreational  use  of t h i s  water  resource is extensive and i t  is 

important t h a t  t h e  Okanagan river  water be o f  h i g h  qual i ty .  
1 

* 
. .  

I 
I 
I 

Concentrations  of  fkcal  indicator  bacteria i n  the Okanagan river were 

found t o  be low b u t  measurable. The ar i thmetic  mean of   fecal  

coliform  concentrations was 25 bacteria  per 100 m l ,  well below the 

swimming s t a n d a r d  o f  200/100 m l .  Concentrations  of  fecal 

, ' ,streptococci  averaged less t h a n  20 per 100 m l  and were therefore 
. .  

ins igni f icant  (Table 1). These v e r y  l imited  data show t h a t ,  i n  t h i s  

cursory s u r v e y ,  t rea ted  sewage fkom communities i n  t h e  Okanagan 

I * .  ' .  Valley d i d  not  produce elevated  levels  o f  fecal  coliforms i n  the 

I 
Okanagan River below Oliver. 

I e ) .Sumas River 

I 
The Sumas River is located i n  an area  consis t ing  largely o f  d a i r y  

firms. This type o f  land  use would i m p l y  some fecal  contamination  of 

the river by animal  waste e i the r   d i r ec t ly ,   o r  through  runoff &om 

. .  f i e l d s  and  barns .  Groundwater contamination o f  the  r iver  may also be 

I a problem  because grazing  extends  r ight ' t o   t he  waters , edge ,  

I 
. . . /21 
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ind ica t ing  a short   d is tance o f  transport  for  potentially  contaminated 

groundwater.  Resuspension o f  bottom and bank sediments,  the t h i r d  

possible mode of  bacterial   contamination, may a l s o  be a factor  i n  t h e  

Sumas river because o f  the  s o f t  mud bottom and numerous  wading c a t t l e .  
4 

The Sumas r i v e r  was expected  to have s igni f icant   l eve ls   o f   feca l  

contamination b u t  very l i t t l e   o f  human or ig in .  FC : FS r a t i o s  were, 

therefore,   expected  to be low. 

I 
I 
I 
I 

. .  

. ' . In  May, . 1979 t h e  ar i thmetic  mean was 480 fecal c o l i  forms pe r  100 m l  

(Table 1) indica t ing  a s ign i f icant   water   qua l i ty  problem if the  water 

were t o  be used  for swimming. Concentrations o f  fecal   s t reptococci  

averaged 300 per 100 m l ,  r e su l t i ng  i n  a mean FC : FS r a t i o   o f  1.6 

which is inconclusive w i t h  r e spec t   t o .o r ig fn  o f  contamination. The 

June results showed higher  concentrations o f  fecal   s t reptococci ,  w i t h  

l i t t l e  change i n  the  fecal  coliform  concentrations. Mean FC : FS 

r a t i o s   o f  0.8 ' -  0.9 i n  June indicated a tendency  toward  contamination 

I @om non-human sources i n  the Sumas r iver ,   as   expected.  

I ' .  Approximately one quar te r  of  a mile  downstream of  the  sampling 

s t a t ion  on . t he  Sumas River ,  t h e  presence  of a water fowl r e  fbge may 

influence  concentrations  of  fecal  pollution  indicators.  

I 
. . . /22 
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Summary 

I T h i s   p r e l i m i n a r y   s u r v e y  was carried o u t   i n   o r d e r  t o  i d e n t i f y   p o t e n t i a l  
I 

problem areas i n   s a n i t a r y  water q u a t i t y ,  w i t h  pa r t i cu la r  r e g a r d  t o  waters 

w h i c h   c r o s s   t h e   i n t e r n a t i o n a l   b o u n d a r y .   E v e r y   a t t e m p t  was made t o  o b t a i n  

I a n   a c c u r a t e   a n d   p r e c i s e  estimate o f  fecal coliform d e n s i t i e s   d u r i n g   t h e  

I 
l imi t ed  p e r i o d  o f  sampling.   Because o f  t h e  v a r i a b i l i t y  o f  coliform 

d e n s i t i e s   i n  small volumes o f  water, r e p l i c a t e   s a m p l e s  were c o l l e c t e d ,  

where p o s s i b l e  . o n  a r i v e r  cross s e c t i o n ,   o n -  2 - 3 c o n s e c u t i v e  days. 

'Samples  were t a k e n   d u r i n g   t h e   d a y ,  w i t h  t h e  hope o f  c a p t u r i n g  t h e  peak o f  
. .  

I t h e  f l u c t u a t i o n s   i n   d o m e , s t i c  sewage c o n c e n t r a t i o n .  

I 
I 
I . '  

I 
I ': 

.. Data was s u m m a r i z e d   b y   u s i n g   t h e   a r i t h m e t i c  mean r a t h e r   t h a n  t h e  commonly 

used  geometric mean. S e v e r a l   d i f f e r e n t   t r e a t m e n t s  o f  fecal c o l i f o r m   a n d  

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

' . w h i c h  i s  t h e  most a p p r o p r i a t e   r e f l e c t i o n '  o f  a c t u a l   c o n c e n t r a t i o n s .  

V a r i o u s l y ,   t h e   a r i t h m e t i c  mean, t h e  geometric mean,  and t h e  median o f  

a n a l y z e d   s a m p l e   c o n c e n t r a t i o n s   h a v e   b e e n   u s e d .  T h e '  arithmetic mean i s  

higher than  the,  geometric mean and  may b e   b i a s e d  toward e x t r e m e   v a l u e s ;  

c o n v e r s e l y   t h e  geometric mean may p r e s e n t   a n   o v e r l y   o p t i m i s t i c   p i c t u r e  o f  

s a n i t a r y  water' q u a l i t y   ( P i p e s  1977) e 

. .  

I 
I 

I n  summary, t h e  re.sti1t.u fiom t h i s   v e r y  l i m i t e d '  s u r v e y  o f  f i v e   , B r i t i s h  
- 

. . . /23 
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C o l u m b i a   r i v e r s  showed t h a t  c o n c e n t r a t i o n s  o f  fecal coliforms i n  a l l  

cases were lower t h a n  t h e  c r i te r ia  s u g g e s t e d  for i r r i g a t i o n   a n d   n o n  

c o n t a c t   r e c r e a t i o n ,  1000/100 m l .  Only t h e  s i t e  on t h e  Sumas R i v e r ,  

l o c a t e d   i n   a n   a g r i c u l t u r a l  area used   p redominan t ly  for d a i r y   f a r m i n g ,  

exceeded  t h e  swimming s t a n d a r d  o f  200/100 m l .  R e s u l t s  Porn t h e  lower 

5 

4 

p o r t i o n  o f  t h e  Skeena   R ive r   bas in  showed t h a t  , fecal coliform 

c o n c e n t r a t i o n s  were low a n d   o r i g i n a t e d   p r e d o m i n a n t l y  fYom t h e  Skeena 

rather t h a n  t h e  Ecstall River .  Col i  form c o u n t s  @om the  Sirnilkameen, 

Okanagan ' a n d   C o l u m b i a   r i v e r s  were low and i t  would appear t h a t  n o  

r e l e v a n t   u s e  o f  these r i v e r s   w o u l d  be r e s t r i c t ed  by s a n i t a r y  water 

q u a l i t y .  A l l  r i v e r s   s a m p l e d   e x c e e d e d  the v e r y   s t r i n g e n t   C a n a d i a n  

d r i n k i n g  water s t a n d a r d  . 

. .  

I 
I 
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TABLE 1 - SYNOPSIS OF  FECAL BACTERIA RESULTS it 

a )  Skeena  River  

Samples collected Ju ly   27 /79   and   Ju ly   28 /79 .  

i)  MF Technique - arithmetic means o f  4 samples per s e c t i o n  

S t a t i o n  I. D. FC (mean) FS (mean) 

Veitch cross s e c t i o n  < 20 < 20 
Aberdeen cross s e c t i o n  2 7  < 20 
Ecstall cross s e c t i o n  < 20 < 20 

% 

. .  

Ji) MPN Technique - arithmetic means o f  9 samples per s e c t i o n  

S t a t i o n  I.D. - FC 

Ve i t c h  cross s e c t i o n  34 
Aberdeen cross s e c t i o n  ,110 
Ecstall,  cross s e c t i o n  < 20 

b) .  .Columbia R i v e r  

Samples collected June  5-7/79 

MF Teohnique - arithmetic means o f  4 samples per s t a t i o n  

S t a t i o n  FC (mean) FS (mean) FC : FS 

Columbia l e f t  bank (CLB)  7 6 1.2 
Columbia l e  ft mid-s tream (CLMS 1 7 5 1 . 4  
Columbia mid-stream (CMS) 8 5 1.5 
Columbia right mid-stream '(CRMS) 11 4 2.8 

. Columbia right' bank (CRB) 7 0 - 
Overall arithmetic' mean < 20 <20 greater than  0 .7  

b u t  less than  4.0 

c )  Similkameen  River  

Samples collected J u l y  4/79 and   Ju ly   5 /79  
S i n g l e   s t a t i o n  - MF Te'chnique 

Arithmetic .means o f  9 samples  for FC a n a l y s i s  
and  3 samples for FS a n a l y s i s  

FC (mean) ' FS (mean ) FC : FS 

- 9 7 2.6 



d)  Okanagan  River 

S a m p l e s   c o l l e c t e d   J u l y   4 / 7 9   a n d   J u l y   5 / 7 9  
S i n g l e   s t a t i o n  - MF Technique 

Arithmetic means o f  9 samples  for FC a n a l y s i s  
and  3 s a m p l e s   f o r  FS a n a l y s i s  

25 5 5.0 

e )  Sumas R ive r  * 

S a m p l e s   c o l l e c t e d  May 22-24/79  and  June  19-21/79 
MF Technique - a r i t h m e t i c  means o f  Six   SamPleS/Sta t iOn 

S t a t i o n  I . D .  - Date FC (mean) FS (mean) FC : FS 

Sumas, East Bank (SEB) May 22-24/79 500 330 1.5 
Sumas'.Mid stream (SMS) May 22-24/79 500  370  1.4 
Sumas West Bank (SWB) May 22-24/79 ,430 210 2.0 

Overall a r i t h m e t i c  mean 480 300 1.6 

SEB June  19-21/79 500  620 0.8 

SW B June  19-21/79 470 58 0 ', 0.8 
St% June  19-21 / 79 5 30 560 0.9 

O v e r a l l  arithmetic mean 5 00 590 0.8 

* A l l  numbers are c o u n t s / 1 0 0  m l  



I 
- 

Table 2 - pH, c o n d u c t i v i t y   a n d   t e m p e r a t u r e  data 

Loca t ion  

Okanagarl R ive r  

. .  Similkameen  River  

Sumas R ive r  

.Columbia  River 

I 

Date - 
tJUly 4/79 
J u l y  5/79 

July 4/79 
J u l y  5/79 

May 22/79 
May' 23/79 
May 24/79 

June 19/79 
June 20/79 
June 21/79 

June 5/79 
June  6/79 
June 7/79 

T i  me 

0810 
1000 

0705 
0900 

1500 
1045 
0925 
1045 
11 30 
1130 

1035 
0930 
09 25 

- pH 

7.8 
8.0 

7.3 
8.0 

- 
7.7 
7.7 
7.7 
7.7 
7.7 

8.0 - 
- 

C o n d u c t i v i t y  

22 0 
220 

110 
115 

320' 
300 
230 
275 
29 0 
290 

125 

140 
- 

T ( c )  

21 
21 

1 4  
15 

12 
12 
1 4  
1 4  .. 

13.5 
14.5 

15 
12 
12 

I 

I 
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Appendix I - B a c t e r i o l o g i c a l  Results, Summer 1979 

A )  Skeena  River  

MPN R e s u l t s  

. Ju ly   27 /79  MPN Ju ly   27 /79  MPN J u l y  27/79 

Veitch R B  33 Aberdeen RB 170 Ecstall RB 
Vei tch  MS 33 Aberdeen MS 27 Ecstall MS 
Veitch LB 14  Aberdeen LB 170  Ecstall LB 

Ju ly   28 /79  

Ve i t ch  RB1 49 
.Vei tch  RB2 79 
Ve i t c h  MS1 22 
Ve i t ch  MS2 33 
Veitch LB1 13 
Ve i t ch  LB2 33 

Arithme'tic mean 34.3 

MF R e s u l t s  

J u l y   2 7 / 7 9  FC 

. 
Aberdeen RB1 49 
Aberdeen RB2 240 
AberUeen MS1 130 
Aberdeen MS2 49 
Aberdeen LB1 49 . 
Aberdeen LB2 110 

I "  Ve it c h  22 ' 3(<20) 
Aberdeen 38 7(<20)  , 

Ecs t a l  1 2(<20)  2(<20) 

110.4 

FS 

MPN 

5 
2 
2 !  

Ecstall RB1 33 
Ecstall  RB2 23  
E c s t a l l  MS1 5 
Ecs t a l l  MS2 8 
Ecstall L B 1  22 
Ecs t a l l  LB2 13  

12.6 

J u l y   2 8 / 7 9  FC FS FC FS FC FS 

, .  Veitch RB 23  9  Aberdeen R B  25 3 E c s t a l l  RB 7 1  
Veitch MS 7 2  Aberdeen MS 18 7 Ecstall  MS 6 3 ,  
Ve i t ch  LB 2 3  Aberdeen LB 28 7 Ecstall  LB 2 0  

I 
MF t o t a l   a r i t h m e t i c  means: 

FC FS 

Veitch 13.5 . 4.2 
Aberdeen 2 7 ; 2 . ,  6.0 

. .  Ecs t a l l ,  4.2 1.5 

- RB - Righ t  Bank 
L- MS - .Mid stream 
LB - Left Bank 



B)  Columbia  River  

S t a t i o n  

C LB 
C LB 
C LB 
C LB 

C LMS 
CLMS 
C LMS 
CLMS 

CMS 
CMS 
CMS 
CMS 

CRW. 
CRMS 

CRMS 

' CRB 
< . C R B  

CRB 
CRB 

CDS 

CRMS 

F e c a l   C o l i  form F e c a l   S t r e p t o c o c c i  
- Date Time MF/100 m l  MF/100 m l  - - 

June 5/79 1035 18 .12 
June 5/79 104 0 6 12 
June 6/79 0936 2 0 
June 7/79 0925 3 - 
June 5/79 1035 10 12 
June 5/79 1040 10 2 
June 6/79 0930 5 0 
June 7/79 0925 4 - I 

June  5/79 1035 ' 8 4 
June 5/79 1040 1 2  12 
June 6/79 0930 6 0 
June 7/79 0925 6 - 
June 5/79 1035 20 10 
June 5/79 104 0 14 ~ .2 
June 6/79 09  30 3 0 
June 7/79 0925 8 - 
June 5/79 1035 10 0 
June 5/79 104 0 6 0 
June 6/79 09 30 - 3  0 
June 7/79 0925 a - 
June 6/79  16 30 6 - 
CLB - Columbia Left Bank a p p r o x i m a t e l y  30 feet o f f s h o r e  

CMS - Columbia mid stream 

CRB - Columbia  Right  Bank a p p r o x i m a t e l y  30 feet  o f f s h o r e  
C D S  - Columbia  depth  sample 

CLMS - Columbia 1 / 4  o f f  Left Bank 

CRMS - Columbia l / 4  o f f  Right  Bank 

C )  Similkameen  River  

F e c a l  Coliform F e c a l   S t r e p t o c o c c i  
S ta t ion  - Date - T i  me MF/100 m l  MF/100 m l  FC : FS 

Sim NB J u l y  4/79 
Sim NB J u l y  4/79 
Sim NB J u l y  4/79 
Sim NB J u l y  5/79 
Sim NB J u l y  5/79 
Sim NB J u l y  5/79 
Sim NB J u l y  5/79 
Sirn NB J u l y  5/79. 

' ' Sim NB J u l y  5/79 

8 
12 
10 
12 
3 
6- 

15 
9 
8 

6 
2 

1 4  - 

1 . 3  
6.0 

.6 - 

Overall a r i t h m e t i c  'mean 9  7 2.6 

Sim NB- - Similkameen  North Bank 



. 

D) Okanagan River 

Feca l   Col i form Fecal S t r e p t o c o c c i  
MF/100 rnl FC : FS MF/100 m l  S t a t i o n  - Date - .  Ti me 

OKWB 
OKWB 
OKWB 
OKWB 
OKWB 
OKWB 
OKWB 
OKWB 
OKWB 

J u l y  4/79 0810 
J u l y  4/79 0810 
J u l y   4 / 7 9  0810 
J u l y  5 /79  1000 
J u l y  5/79 1000 
J u l y   5 / 7 9  1000 
J u l y   5 / 7 9  1000 
J u l y   5 / 7 9  1000 
J u l y   5 / 7 9  1000 

8 
6 
2 

- .  

1.2 
5.0 

12.0 - 

10 
30 
24 
33 
28 
28 
19 
24 
29 

25 
'1 

I 
I 
I O v e r a . 1 1   a r i t h m e t i c  mean 5 5.0 

I. OKWB - Okanagan West Bank 

I E )  Sumas River  

Feca l   Col i   form F e c a l   S t r e p t o c o c c i  
MF/100 m l  - MF/100 m l  I 

I 
I , ,  

I. 

..- Date Time - ' S t a t i o n  

SEB 
SEB 
SEB 
SEB 
SEB 
SEB 
SEB 
SEB 
SEB 
SEB 
SEB 
SEB 

May 22/79 
May 22/79 
May 23/79 
May 23/79 
May 24/79. 
May 24/79 

June 19/79  
June  19/79 
June 20/79 
June  20/79 
June   ' 21  / 79 
June  21/79 

1515 
1515 
1100 
1100 

-0950 
0950 
1045 
1045 
1130 
1130 
1130 
1130 

160 
400 
4 60 
560 
780 
660 
770 
700 . 

590 
550 
160 , 

220 

80 
40 

640 
560 - 
- 

920 
990 
290 
270 - - 

SMS 
SMS 
SMS 
SMS 
SMS 
SMS 
SMS 
SMS 
SMS 
SMS 
SMS 

May 22/79 
May 22/79 
May 23/79 
May 23/79 
May 24/79 
May' 24/79 

June  19/79 
June  19 / 79 
June 20/79 
June 20/.79 
June  .21/79 

1515 
1515 
1100 
1100 
0950 
0950 
104  5 
1045 

1130 
1130 

1130 

200 
100 
5 20 
680 
9 00 
690 
71 0 
6 70 
640 
590 
260 

80  
38 0 
570 
450 

760 
940 
240 
3 20 - 

SMS June  21/79 1130 290 - 



SWB 
SW B 
SWB 
SWB 
SWB 
SW B 
SWB 
SWB 
SWB 
SWB 
SWB 
SWB 

May 22/79 
May 22/79 
May 23/79 
May 23/79 
May 24/79 
May 24/79 

June  19/79 
June  19/79 
June  20/79 
June  20/79 
June  21/79 
June  21/79 

1515 
1515 
1100 
1100 
0950 
0950 

1045 
1130 
1130 
1130 
1130 

1045 - 

320 
140 
460 
320 
720 
600 
660 
650 
490 
510 
240 
250 

20 
40 

440 
35 0 - - 
980 
700 
290 
360 - - 

SEB - Sumas east  bank (right bank) 
Comments: Samples t aken  a t  1 / 2   r i v e r   d e p t h  1 metre upstream of 

br idge ,  ha l f t ray   be tween  cen t re  br idge p i l i n g   a n d  right 
bank b r i d g e  p i l i n g .  

SMS - Sumas midstream 
Comments: Samples t aken  a t  1 / 2  r i v e r  d e p t h  1 metre upstream of  

c e n t r e   p i l i n g  o f  br idge.  

SWB - Sumas west bank ( l e f t  bank) 
Comments: Samples t aken  a t  1 / 2   r i v e r   d e p t h  1 metre upstream o f  

b r i d g e ,  ha l f t ray   be tween  cen t re  br idge p i l i n g   a n d  l e f t  
bank b r i d g e  p i l i n g .  


