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ABSTRACT 

The w a t e r   q u a l i t y   o f   t h e  Cowichan R ive r  was moni tored  over   the 

summer l o w   f l o w   p e r i o d   o f  1979  and  1980. During  August and September,  1980 

the  impact   o f   the  Duncan-Nor th Cowichan sewage d ischarge was monitored. The 

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

a l a r g e   a l g a l  bloom. I n t r a g r a v e l   d i s s o l v e d  oxygen l e v e l s  were s i g n i f i c a n t l y  

lower  downstream o f   t h e   o u t f a l l   i n  August  and  September,  1980. An o n s i t e  

f low- through  b ioassay showed t h e   e f f l u e n t   t o  be n o n - t o x i c   t o   r e s i d e n t  

j u v e n i l e  coho  salmon. The lagoon  sys tem  p rov ided  adequate   d is in fec t ion   to  

r e d u c e   f e c a l   c o l i f o r m   l e v e l s  and no s i g n i f i c a n t   w a t e r   q u a l i t y   d e t e r i o r a t i o n  
i n   t h e   r i v e r   w i t h   r e s p e c t   t o   f e c a l   c o l i   f o r m s  was found. N u t r i e n t   c o n t r o l  

cons idera t ions   a re   d iscussed.  



RESUME 

La q u a l i t 6  de l a  r i v i k e  Cowichan  a 6 t 6   s u r v e i l l g e   p e n d a n t   l a  

pPriode de d 6 b i t   r 6 d u i t  en 1979 e t  1980. Durant aoGt e t  sepembre  1980, l e  

dgversement  des eaux usges de Duncan-North  Cowichan a 6 t 6   s u r v e i l  16.  Le 

d6versement a augment6  de  beaucoup les   n i veaux  de m a t i i i r e s   n u t r i t i v e s  dans 

l a  r i v i i i r e   e t  a f a v o r i s 6  une p r o l i f 6 r a t i o n   d ' a l g u e s .  Les  niveaux 

d 'oxygPne   d i ssous   dans   l ' eau   des   i n te rs t i ces   du   g rav ie r   6 ta ien t  beaucoup 

plus  bas  en a v a l  du   po in t  de dikhargement  en  aoi j t   et  septembre 1980.  Une 

b i o a n a l y s e   e n   m i l i e u  dynamique e f fec tu6e   su r   p lace   r6v616  que l ' e f f l u e n t  

G t a i t  non tox ique  pour   les   jeunes  saumons coho.  Le  systPme d'6tangs  de 

s t a b i l  i sa t ion   assu re  une dgs in fec t ion   ad6quate   pour   aba isser   les   n iveaux  

de  col i formes  fPcaux. On n 'acons ta t6  aucune d 6 t G r i o r a t i o n  de l a  q u a l i t 6  

de l ' e a u  de l a  r i v i e r e  en  ce  qui  a t r a i t  aux co l i formes  f6caux.  La 

ques t i on  de c o n t r 5 l e  des m a t i B r e s   n u t r i t i v e s   e s t   t r a i t g e .  



I 

I 

Y 

m 

Y 

ABSTRACT 

RESUME 
TABLE OF CONTENTS 

L i s t  o f  F igures  

L i s t  o f  Tables 

L i s t  o f  P l a t e s  

SUMMARY AND CONCLUSIONS 

1 

2 

3 

3.1 
3.1.1 

3.1.2 

3.2 

3.3 

4 

4.1 
4.1.1 

4.1.2 

4.1.3 
4.1.4 

4.1.5 

4.1.6 

4.1.7 

4.1.8 

4.1.9 

INTRODUCTION 

DESCRIPTION OF STUDY AREA 

METHODS AND MATERIALS 

Water  Qual i t y  Studi  es 

Rep1 i c a t e  Sarnpl i ng 

Sequent i a1  Sampl i ng 

B a c t e r i o l o g i c a l   S t u d i e s  

F1 ow-through  Bioassay 

RESULTS AND . D I S C U S S I O N  

Water  Qual i t y  Studies 

A1 k a l   i n i  t y  (as  CaC03) and pH 

Conduct i v i  t y  

T u r b i d i t y  and Non- f i l t e rab le   Res idue  (Suspended sol i d s )  

An ion ic   Sur fac tan ts  

Temperature 

Di ssol  ved Oxygen  and Percen t   S i tua t i on  

I n t r a g r a v e l   D i s s o l v e d  Oxygen 

Tota l   Organic  and I n o r g a n i c  Carbon and S i  1 i c a  

Total  Phosphorous and Total   Dissolved  Phosphorous 

- iii - 

TABLE OF CONTENTS 

Page 

i 

’ ii 

iii 

V 

v i  

v i i i  

i x  

1 

3 

8 

8 

8 

8 
9 

9 

11 

11 

11 

11 

14 

14 

14 

17 

17 
20 

22 

m 

Y 



- i v  - 

II 
TABLE OF CONTENTS (Cont inued) 

4.1.10 

4.2 

4.3 

5 

5.1 

5.2 
5.3 

5.4 

Tota l  D i  sso l  ved N i t rogen,  N i  t r a t e - N i  t r i  t e  and Ammonia 

B a c t e r i o l o g i c a l   S t u d i e s  

F1 ow-through  Bioassay 

IMPACT AND CONSIDERATIONS RELATED TO INCREASED NUTRIENT 

CONCENTRATIONS 

Impact o f   Inc reased  Nut r ien t   Concent ra t ions  on Attached 

A1 gae 

E f f l u e n t   D i l u t i o n   C o n s i d e r a t i o n s  

Comparison o f   D isso lved   Nu t r i en t   Leve ls   t o   O the r   R ive r  

Systems 

N u t r i e n t  

REFERENCES 

ACKNOWLEDGEMENTS 

APPENDIX I (a )  W 

Cont ro l   Cons idera t ions  

ATER QU 

HANDL I FIG 

ALITY STUDIES - SAVPLE PREPARATION, 

AND ANALYTICAL METHODS 

( b )  FLOW-THROUGH BIOASSAY PROCEDURES 

APPENDIX I 1  COMPARISON OF SEQUENTIAL AND RELICATE SAMPLES 

COLLECTED OVER AN IDENTICAL SAMPLE PERIOD ON THE 

COWICHAN R I V E R  - 
( a )  - TOTAL PHOSPHOROUS 

( b )  - TOTAL  DISSOLVED NITROGEN 

( C)  - AMMONIA 

( d )  - N I  TRATE-N I TR I TE 

APPENDIX  111 DAILY BACTERIOLOGICAL  RESULTS FOR COWICHAN SEWAGE 

TREATMENT LAGOONS AND COWICHAN R I V E R  

Page 

26 
33 

40 

45 

45 

48 

52 
55 

6 1  

65 

67 

69 

72 
73 

74 
75 

76 

77 



- v -  

F i g u r e s  

m 

m 

L I S T  OF  FIGURES 

P a g e  

1 LOCATION MAP OF  COWICHAN R I V E R  4 

2 LOCATION MAP OF SEWAGE LAGOONS  AND WATER QUALITY  SAMPLE 

STATIONS 5 

3 LAGOON  SAMPLE  LOCATIONS 6 

4 THE  MONTHLY  MEAN FLOW AND D A I L Y  FLOWS  OF  THE  COWICHAN 

R I V E R  FROM JUNE 1 TO SEPTEMBER 15 OF 1979 and 1980 12 

r. 

5 THE MEAN TOTAL PHOSPHOROUS CONCENTRATION  OF  THE FOUR 

COWICHAN  RIVER  STATIONS FOR  EACH  SURVEY I N  1979 AND 1980 23 

6 THE  MEAN  TOTAL  DISSOLVED PHOSPHOROUS CONCENTRATION  OF 

THE FOUR  COWICHAN RIVER  STATIONS FOR EACH  SURVEY I N  1979 

AND 1980 25 

7 THE  MEAN  TOTAL  DISSOLVED  NITROGEN  CONCENTRATION OF THE 

FOUR  COWICHAN RIVER  STATIONS FOR EACH  SURVEY I N  1979 AND 
1980 27 

8 THE  MEAN  AClMONIA  CONCENTRATION  OF  THE FOUR  COWICHAN 

RIVER  STATIONS FOR  EACH  SURVEY I N  1979 AND 1980 30 

9 THE  MEAN NITRATE-NITRITE  CONCENTRATION OF THE FOUR 

COWICHAN  RIVER  STATIONS FOR  EACH  SURVEY I N  1979 AND 

1980 31 
111 



- v i  - 

L I S T  OF  TABLES 

m 

I 

rll 

I 

T a b 1  e 

1 ALKALIN ITY,   CONDUCTIV ITY AND p H  FOR  THE  COWICHAN  RIVER 

LOW FLOW PERIOD (1979/80) 

2 TURBIDITY,   NON-FILTERABLE  RESIDUE AND ANIONIC  SURFACTANT 

FOR THE  COWICHAN  RIVER LOW FLOW PERIOD (1979/80) 

5 

6 

7 

8 

9 

10 

TEMPERATURE,  DISSOLVED OXYGEN-WATER  AND PERCENT  SATURATION 

FOR  THE  COWICHAN  RIVER LOW FLOW PERIOD (1979/80) 

DISSOLVE@  OXYGEN-INTRAGRAVEL,  TOTAL  ORGANIC  CARBON  AND 

TOTAL  INORGANIC CARBON  FOR  THE  COWICHAN R I V E R  LOW FLOW 

PERIOD (1979/80) 

S I L I C A ,   T O T A L  PHOSPHOROUS  AND TOTAL  DISSOLVED PHOSPHOROUS 

FOR  THE  COWICHAN  RIVER LOW FLOW PERIOD (1979/80) 

NITRATE-NITRITE,   AMMONIA AND TOTAL  DISSOLVED  NITROGEN 

FOR  THE  COWICHAN  RIVER LOW FLOW PERIOD (1979/80) 

SUMMARY OF BACTERIOLOGICAL  RESULTS FOR  DUNCAN-NORTH 

COWICHAN SEWAGE TREATMENT  LAGOONS  AND  THE  COWICHAN  RIVER 

TOTAL  COLIFORM AND FECAL  COLIFORM  REDUCTION THROUGH 

PROGRESS1 VE TREATMENT  STAGES 

TOTAL  COLIFORM AND FECAL  COLIFORM  REDUCTION FROM RAW 

INFLUENT  AT  VARIOUS  TREATMENT  STAGES 

SUMMARY OF BACTERIOLOGICAL  ANALYSES FOR LAKE  COWICHAN 

SEWAGE LAGOON DISCHARGE 

P a g e  

. 13 

15 

16 

18 

21 

28 

34 

35 

35 

36 



a 

- v i i  - 

L I S T  OF TABLES (Continued) 

I 

T a b 1  e 

11 

12 
I 

1 3  

14 

1 5  

16 

17  

18 

19 

20 

P a g e  

PRELIMINARY  RESULTS FOR CHLORINE  RESIDUAL FROM DUNCAN- 

NORTH  COWICHAN SEWAGE LAGOON 38 

DISSOLVED OXYGEN AND pH  LEVELS  WITHIN  THE  FLOW- 

THROUGH BIOASSAY  TEST  VESSELS 41 

EFFLUENT  QUALITY OF THE  DUNCAN-NORTH  COWICHAN SEWAGE 

LAGOON DURING  THE  FLOW-THROUGH  BIOASSAY 42 

Q U A L I T Y  OF THE  COWICHAN RIVER CONTROL WATER USED I N  

FLOW-THROUGH BIOASSAY 43 

TIMES  INCREASE I N  NUTRIENT  CONCENTRATIONS  ABOVE  BACK- 

GROUND LEVELS I N  AUGUST, 1980 AND SEPTEMBER, 1980 AND 

E S T I M A T E D   D I L U T I O N  49 

DUNCAN-NORTH  COWICHAN SEWAGE EFFLUENT  QUALITY 50 

COWICHAN  R IVER FLOW  SUMMARY 1971-1980, NUMBER  OF  DAYS 

AT SPECIFIC FLOW REGIMES UNDER 20 m 3 / s   5 1  

COMPARISON OF THE  MEAN  BACKGROUND DISSOLVED  NUTRIENT 

LEVELS OF THE  COWICHAN RIVER  WITH OTHER BRIT ISH  COLUMBIA  

R IVERS 53 

COMPARISON OF MEAN DISSOLVED  NUTRIENT  LEVELS OF THE 

THOMPSON RIVERS AND THE  COWICHAN  RIVER 56 

COWICHAN  RIVER FLOW  SUMMARY 1 9 7 1 - 1 9 8 0 ,  NUMBER OF DAYS  AT 

SPECIFIC FLOW REGIMES OVER 10 m3/s 60 



- viii - 

P1 a t e  

L I S T  OF PLATES 

P a g e  

1 COWICHAN  RIVER  STUDY  AREA  7 

2 NORTH COWICHAN-CITY OF DUNCAN SEWAGE LAGOON  7 

3  RIVER  SUBSTRATE  UPSTREAM OF SEWAGE OUTFALL  (SEPTEMBER 

1980) 46 

4 RIVER  SUBSTRATE  AT  STATION 3, 150 METERS  DOWNSTREAM OF 

SEWAGE OUTFALL  (SEPTEMBER 1980) 46 

5 RIVER  SUBSTRATE  AT'STATION 4, 3 5 0  METERS  DOWNSTREAM OF 

SEWAGE OUTFALL  (SEPTEMBER 1980) 4 7  

6 RIVER  SUBSTRATE DOWNSTREAM OF STUDY  AREA  (SEPTEMBER 

1980) 47 



- i x  - 

SUMMARY AND CONCLUSIONS 

I 

The w a t e r   q u a l i t y   o f   t h e  Cowichan R i v e r  was mon i to red   du r ing   t he  

summer l o w   f l o w   p e r i o d   o f  1979 and 1980. The 1979 mon i to r  was t o   c o l l e c t  

b a c k g r o u n d   d a t a   p r i o r   t o  an  expected  discharge i n   t h e  autumn o f  1979 o f  

sewage e f f l u e n t   f r o m  a new o u t f a l l   i n   t h e  Cowichan R iver .  The  new o u t f a l l  

was p a r t   o f  a j o i n t  program t o  combine the   d ischarges   f rom  the  Ci ty o f  

Duncan  and D i s t r i c t   o f   N o r t h  Cowichan sewage l a g o o n   t r e a t m e n t   f a c i l i t i e s .  

The 1980 mon i to r  was o r i g i n a l l y   e x p e c t e d   t o   a s s e s s   t h e   i m p a c t   o v e r  a 

complete summer per iod .  However,  due t o  p r o b l e m s   w i t h   d e c h l o r i n a t i o n   p a r t s  

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

dech lo r ina t ion   equ ipment  was w o r k i n g ,   t h e   d i s c h a r g e   d i d n ' t   s t a r t   u n t i l  

August 13, 1980. Thus, t he   d i scha rge  was monitored i n  August  and  September, 

1980. 

ri 

D u r i n g   t h e   p e r i o d   t h e   e f f l u e n t   d i s c h a r g e  was be ing   mon i to red ,   the  

mean Cowichan R i v e r   f l o w  was 5.2 m3/s  and t h e  sewage f l o w  was 0.062 m3/s. 

The r i v e r   f l o w  was considered t o  be r e p r e s e n t a t i v e   f o r   t h e  Cowichan R i v e r  

d u r i n g   t h e  summer l ow   f l ow   pe r iod  and t h e  sewage f l o w  was considered t o  be 

r e p r e s e n t a t i v e   o f   p r e s e n t  sewage f l o w  volumes. The t h e o r e t i c a l   d i l u t i o n  was 

84:l  assuming  instantaneous  complete  mixing. Rased on n u t r i e n t   l e v e l s   i n  

t h e   e f f l u e n t  and those  moni tored i n   t h e   r i v e r ,   t h e  84: l  d i l u t i o n   p o t e n t i a l  

was no t   reached  un t i l   approx imate ly  350 meters downstream. The d i l u t i o n  150 
meters  downstream o f  t h e   o u t f a l l  was e s t i m a t e d   t o  be approximately 35:l. 

The Cowichan R i v e r  was found t o  be  very   low i n  background  dis-  

s o l v e d   n u t r i e n t s .  Mean to ta l   d i sso l ved   phosphorous  (TDP) leve ls   never   ex-  

ceeded 7.4 ug / l .  Mean ammonia l e v e l s   n e v e r  exceeded 9.4 u g / l  and a t  c e r t -  

a i n   t i m e s  ammonia l e v e l s  a t  o r   n e a r   d e t e c t a b l e   l e v e l s  ( 2  u g / l )  were common. 

Mean n i   t r a t e - n i t r i t e   l e v e l  s never  exceeded 10.4 u g / l  and f o r   t h e  most p a r t  

l e v e l  s were a t  o r   nea r   de tec tab le   l eve l s  ( 2  u g / l  ) .  Compared t o   t h e  Thompson 

R i v e r s ,   t h e  TDP l e v e l s  were n o t   u n l i k e   t h o s e   r e p o r t e d   f o r   t h e  South  and 

Nor th  Thompson R ive rs  where ben th i c   a lgae  were c o n s i d e r e d   t o  show severe 

and in termediate  phosphorous  def ic iency.  Whereas t h e  Thompson R ive rs  
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have mean t o t a l   d i s s o l v e d   i n o r g a n i c   n i t r o g e n   l e v e l  s between 57 u g / l   t o  175 

u g / l ,   c o n c e n t r a t i o n s   i n   t h e  Cowichan R ive r  were l ess   t han  2 u g / l   t o  1 7  ug / l .  

The r a t i o   o f   t h e  mean t o t a l   d i s s o l v e d   i n o r g a n i c   n i t r o g e n   c o n c e n t r a t i o n   t o  

t h e  mean t o t a l   d i s s o l v e d  phosphorous   concent ra t ion   fo r   the  Thompson R ive rs  
ranged  f rom  18: l  t o   4 6 : l  and r a t i o s   f o r   t h e  Cowichan River  never  exceeded 

4.1:l . R a t i o s   o f  N:P have  been  considered  as  useful i n   p r e l i m i n a r y  

assessments o f   a l g a l   g r o w t h   l i m i t a t i o n .  Waters  containing N:P r a t i o s  (10 
may b e   c o n s i d e r e d   n i t r o g e n   l i m i t i n g   w h i l e   t h o s e  X 0  may be  phosphorous 

1 imi ti ng t o  a1 gal  growth. Thus, t h e  Cowi chan  would  fa1 1 i n   t h e   n i t r o g e n  

l i m i t e d   c r i t e r i a .  The use o f  N:P r a t i o s   i s  by  no means  a r i g i d  

c l a s s i f i c a t i o n .   P r e l i m i n a r y   f i n d i n g s  o f  an a lga l   b ioassay  conducted  by  the 

Department o f   F i s h e r i e s  and  Oceans i n d i c a t e d   b o t h  N and P were  required i n  

background  water t o   s t i m u l a t e  an algal  growth  response. 

The sewage discharge  increased  downstream TDP 1 evel  s by a f a c t o r  

o f  17 a t   s t a t i o n  2 and  by a f a c t o r   o f  5.9 a t   s t a t i o n  4 i n  August  and  by 

f a c t o r s   o f  27 and  15 t i m e s   r e s p e c t i v e l y   i n  September. For ammonia, l e v e l s  

increased  by a f a c t o r   o f  53 a t  s t a t i o n  2 and  by a f a c t o r   o f  20 a t   s t a t i o n  4 

i n  August and b y   f a c t o r s   o f  70  and 3 1   t i m e s   r e s p e c t i v e l y   i n  September. 

There   were   on l y   marg ina l   i nc reases   no ted   f o r   n i t ra te -n i t r i t e .  The h i g h  

ammonia l e v e l s   i n   t h e   e f f l u e n t   r e f l e c t  a l a c k   o f   n i t r i f i c a t i o n   i n   t h e   l a g o o n  

system. As a r e s u l t   o f   t h e s e   l a r g e   n u t r i e n t   i n c r e a s e s ,  an a1 ga l  bloom 

occur red  and was v i s u a l l y   n o t i c e a b l e  beyond t h e   s t a t i o n  350  meters 
downstream o f   t h e   o u t f a l l .   A l o n g   w i t h   t h e   i n c r e a s e d   a l g a l   g r o w t h ,  

i n t r a g r a v e l   d i   s s o l  ved  oxygen 1 eve l  s were  found t o  be s i g n i f i c a n t l y   l o w e r  

downstream o f   t h e   o u t f a l l .  These  reduced  oxygen l e v e l s  were d e t e c t e d   w i t h i n  

a week o f   t h e   d i s c h a r g e   s t a r t i n g .  The reduced  in t ragravel   d isso lved  oxygen 

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

grave l  due t o   t h e   a t t a c h e d  a1 gae  as we1 1 as a b u i  I d  up o f   decay ing   o rgan ic  

m a t t e r   o r i g i n a t i n g   f r o m   t h e   a l g a e  and poss ib l y   f rom  the  sewage discharge. 

Even l o w e r   i n t r a g r a v e l  oxygen l e v e l  s might  be expected t o  o c c u r   a f t e r  sewage 

has  been  discharged over a conp l   e te  summer l ow   f l ow   pe r iod .  The 1979 

backg round   resu l t s   i nd i ca ted   l ow   i n t rag rave l   oxygen   l eve l s   occu r   na tu ra l l y .  

I n  areas  where  oxygen l e v e l s   a r e   n a t u r a l l y   l o w  and t h e   p o t e n t i a l   a f f e c t s  
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( r e d u c e d   c i r c u l a t i o n ,   b u i l d u p   o f   o r g a n i c   m a t t e r )   a t t r i b u t a b l e   t o   t h e  

i n c r e a s e   i n   a t t a c h e d   a l g a e   a r e  added, ser ious  problems  might  conceivably 

occur. The 1 ow i n t   r a g r a v e l  oxygen l e v e l  s i n   t h e  summer cou ld   be   de t r imenta l  

t o   b e n t h i c   o r g a n i s m s  and r e s u l t   i n  a l o s s   o f   t h e  more sens i t i ve   o rgan isms 

and a r e s t r u c t u r i n g   o f   t h e   b e n t h i c  community. I f  major   food  chain 

cons t i tuents   d isappeared,   the  change cou ld   be   cons idered  de le te r ious  and 

reduce   t he   use   by   rea r ing   j uven i l e  salmon o f   t h e   a r e a  downstream o f   t h e  

sewage o u t f a l l .  

The area  downstream o f   t h e   o u t f a l l   i s  a major chum salmon  spawning 

ground. The i n f l u e n c e  on  chum salmon  spawning  areas o f   t h e   a t t a c h e d  a1 gae 

growth on the   rocks  and the   reduced  in t ragrave l   oxygen  leve ls   found  dur ing  

t h e  summer l ow   f l ow   pe r iod   m igh t   p resumpt i ve l y  be m i n i m a l   d u r i n g   t h e   f a l l  

spawning and w in te r   i ncuba t ion   pe r iods  i f  d u r i n g   t h e   o n s e t   o f   h i g h   r i v e r  

f l o w s   i n   O c t o b e r ,   t h e  a1 gae i s  washed o u t   o f   t h e   s y s t e m   p l  us dur ing   redd 

fo rma t ion   t he   a lgae   i s   d i s lodged   thus ,   l eav ing  a c lean  spawning grave l .  It 

is   no t   an t i c ipa ted   l a rge   a lga l   accumu la t i ons   wou ld   deve lop   du r ing   t he   w in te r  

h i g h   f l o w   p e r i o d .  

The e f f l u e n t   d i d   n o t  have an a p p r e c i a b l e   a f f e c t  on o ther   water  

qual i t y  parameters.   R iver   d isso lved  oxygen  leve ls ,  pH, temperature, non- 

f i l t e r a b l e   r e s i d u e ,   t u r b i d i t y  and a n i o n i c   s u r f a c t a n t s   d i d   n o t  appear t o  be 

a f f e c t e d   w i t h i n   t h e   s t u d y   a r e a .   S l i g h t   i n c r e a s e s   i n   a l k a l i n i t y ,  

c o n d u c t i v i t y  and t o t a l   o r g a n i c   c a r b o n  were s t i l l   d e t e c t a b l e   a t   s t a t i o n  4 ,  
350 meters downstream. 

Studies  conducted i n  1979  and  1980  by the   Depar tment   o f   F isher ies  

and Oceans  on a t tached  a lga l   g rowth  and b e n t h i c   i n v e r t e b r a t e s  will serve t o  

document t h e   s e v e r i t y   o f  changes i n   t h o s e  components. 

A 96 h o u r   o n - s i t e   f i e l d   l a b o r a t o r y   f l o w - t h r o u g h   b i o a s s a y  on  an 

a e r a t e d   f i n a l   e f f l u e n t  showed t h e   d i s c h a r g e   t o  be non- tox ic  t o  r e s i d e n t  

coho  salmon.  However, W i n k l e r   d i s s o l v e d   o x y g e n   l e v e l s   i n   t h e   f i n a l   e f f l u e n t  

( p r i o r   t o   a e r a t i o n   i n   t h e   t e s t   v e s s e l  s )  were a t  1 eve1 s l ow enough t o  be 

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

be  assessed. 
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The Duncan-North  Cowichan  lagoon  system  provided  adequate  disin- 

f e c t i o n   o f   t h e   e f f l u e n t   d u r i n g   t h e  sampl i n g   p e r i o d   t o   r e d u c e   f e c a l   c o l  i form 

1 eve1 s.  However, t o t a l   c o l i f o r m   l e v e l s  were not  reduced t o  as g rea t  an 

ex ten t .  The cause o f   t h i s  was not   determined  but  may be  due t o  two  main 

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

c o l i f o r m s )  combined w i t h  a l o w   c h l o r i n e   a d d i t i o n   r a t e  d id  n o t   r e s u l t   i n  

a p p r e c i a b l e   t o t a l   c o l  i form  reduc t ion  (i i ) fecal   co l   i form  organisms  were more 

1 i k e l y   t o  be s t r e s s e d   i n   t h e   l a g o o n   e n v i  ronment than were t o t a l   c o l   i f o r m  

organisms  and  were  therefore  more  susceptible t o   c h l o r i n a t i o n .  The t o t a l  

f e c a l   c o l i f o r m   r e d u c t i o n   o f  5.29 l o g   1 0   u n i t s  was s i m i l a r   t o   t h a t   r e p o r t e d  

a t   t h e   s m a l l e r  Lake  Cowichan sewage l a g o o n   o f  5.58 l o g  10 u n i t s   i n  February, 

1978  and 4.54 l o g  10 u n i t s   i n  September, 1977. 

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

i n d i c a t i n g   t h a t   t h e   d e c h l o r i n a t i o n   f a c i l i t i e s  were operat ing  adequate ly  

a n d / o r   t h a t   e f f e c t i v e   d e c h l o r i n a t i o n  was being  achieved a t  l a g o o n   c e l l  #5. 

The  sewage d i s c h a r g e   i n t o   t h e  Cowichan R i v e r   d i d   n o t   r e s u l t   i n   a n y  

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

c o l  i forms. The sampl i n g  was conducted  dur ing dry weather  and  the 

b a c t e r i o l o g i c a l   q u a l i t y   o f   t h e   e f f l u e n t  and rece iv ing   wa te r  may be adverse ly  

a f f e c t e d   b y   i n c r e a s e d   r a i   n f a l  1 . 
A d d i t i o n a l   c o n t r o l  measures a r e   r e q u i r e d   a t   t h e  Duncan-North 

Cowichan sewage lagoon t o  r e d u c e   n u t r i e n t   l o a d i n g s   t o   t h e  Cowichan R ive r  
d u r i n g   t h e  summer low  f low  per iod .  The n u t r i e n t   c o n t r o l   c o n s i d e r a t i o n s  

c o u l d   i n c l u d e :   ( i )  a seasona l l y   regu la ted   d i scha rge   i nco rpo ra t i ng  no 

d i scha rge   o r  a ve ry   m in ima l   d i scha rge   f o r  an approximate 3.5 month  per iod 

between  June  and  September. A var iab le   schedu le   wou ld  have t o  be  adopted t o  

c o i n c i d e   w i t h   t h e   o n s e t   o f   t h e   l o w   f l o w  and h i g h  autumn f l o w   p e r i o d s ,   ( i i )  

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

capab i l  i t y  t o  reduce  phosphorous  level s i n   t h e   f i n a l   e f f l   u e n t   t o  a p o i n t  

where ava i  1 ab le   phosphorous   (e f f l   uen t   p l  us background  leve l  s )  i n  combinat ion 

w i t h   t h e   h i g h   d i s s o l v e d   i n o r g a n i c   n i t r o g e n   f r a c t i o n   i n   t h e   e f f l u e n t  will not  

promote  excessive  a lgal   growth,  (iii) a s s e s s   t h e   f u t u r e   e f f l u e n t   t r e a t m e n t  

needs o f   t h e  community w i t h  advanced  wastewater  treatment  options i n  mind. 
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1 INTRODUCTION 

The C o r p o r a t i o n   o f   t h e  City o f  Duncan made a p p l i c a t i o n   t o   t h e  

Waste Management B r a n c h   ( f o r m e r l y   t h e   P o l l u t i o n   C o n t r o l   B r a n c h )   i n  May, 1978 

t o  amend pe rm i t  PE-1497 i n   t h e i r  name t o   t h e  Duncan-North  Cowichan J o i n t  

U t i l i t i e s  Board. I n c l u d e d   i n   t h e   a p p l i c a t i o n  were p r o p o s a l s   t o  combine t h e  

Ci ty o f  Duncan aerated  lagoon and Corpo ra t i on   o f   No r th  Cowichan aera ted  

l a g o o n   i n t o  one sewage t r e a t m e n t   f a c i l i t y   w i t h  a common d i s c h a r g e   t o   t h e  

mai  n s t  ream o f   t h e  Cowi chan  River. The s i n g l e   d i s c h a r g e  was t o   r e p l a c e   t h e  

Ci ty o f  Duncan's  open d i t c h   d i s c h a r g e   i n t o   F i s h  Gut A1 ley   (wh ich  

subsequen t l y   f l owed   i n to   t he  Cowichan R i v e r   v i a  Somenos Creek)  and t h e  

Corpo ra t i on   o f   No r th   Cow ichan 's   d i scha rge   i n to   t he  Cowichan R iver   (wh ich  had 

plugged  up  and e f f l   u e n t  was f l ow ing   ove r land  and a1 so i n t o  Somenos Creek). 

An amended permi t  was issued December, 1978 f o r  a maximum 

d i s c h a r g e   o f  13,600  m3/d  (.157 m3/s), BOD5 o f  35  mg/L, TSS o f  40 rng/L, c h l o r i -  

n a t i o n - d e c h l o r i n a t i o n  and a s i n g l e   o u t f a l l   i n   t h e  mainstem  Cowichan  River. 

Dur ing   t he   p rocess ing   o f   t he  amendment app l i ca t ion   concerns  were  expressed 

by   the   Depar tment   o f   F isher ies  and  Oceans (DFO) t h a t  downstream o f   t h e  

p r o p o s e d   o u t f a l l   s i t e ,   n u t r i e n t   e n r i c h m e n t   m i g h t  enhance a1 ga l   g rowth   dur ing  

t h e  summer f l o w   p e r i o d  and which i n   t u r n  wou ld   impa i r   ben th i c   i nve r teb ra te  

product ion,   reduce  sub-gravel   d isso lved  oxygen  leve ls  and c l o g  salmon 

spawning  gravel. 
The  Cowi chan  River i s  one o f   t h e  most   impor tan t   f i sh   p roduc ing  

r i v e r s  on  Vancouver I s 1  and. Indigenous  species  include: chum salmon 

(Oncorhynchus  keta),  spring  salmon (0. - tshawtscha),  coho  salmon (0. - 
k i s u t c h ) ,   c u t t h r o a t   t r o u t  (Salmo c l a r k i i ) ,   s t e e l h e a d  and r a i n b o w   t r o u t  ( S .  - 
g a i r d n e r i )  and D o l l y  Varden  (Salve l inus malma) (1). In addi t ion,   brown 

t r o u t  (Salmo t r u t t a ) ,  an i n t r o d u c e d   s p e c i e s   t o   t h e  Cowichan River,   appear t o  

have become es tab l   i shed   (1 ) .  

The Environmental   Protect ion  Service  (Freshwater  Group) and t h e  

Department o f   F i s h e r i e s  and  Oceans ( W a t e r   Q u a l i t y   U n i t )   i n   c o n s u l t a t i o n   w i t h  

t h e  Waste Management Branch i n i t i a t e d  a j o i n t   s t u d y   i n  1979 on t h e   e f f e c t  
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t h e  sewage discharge  would  have on t h e   w a t e r   q u a l i t y  and macro inver tebra te  

and p e r i p h y t o n   s t a n d i n g   c r o p   o f   t h e  Cowichan  River. The new d i f f u s e r  was 

p l a c e d   i n   t h e   r i v e r   i n   J u l y ,  1979  and t h e   i n i t i a l   d i s c h a r g e   d i d   n o t  commence 

u n t i l  August 13,  1980, ha l fway   th rough  the   pos t   d ischarge program. Th is  

r e p o r t   p r e s e n t s   t h e   w a t e r   q u a l i t y   d a t a   c o l l e c t e d  on t h e  Cowichan R iver   over  

June t o  September o f  1979  and  1980, b a c t e r i o l o g i c a l  samples co l l ec ted   ove r  

September  15-18,  1980 t o  assess   bac te r ia l   reduc t i on   i n   t he   l agoon   sys tem and 

an   on-s i te   f low- th rough  f i sh   b ioassay   conducted   over  September  15-18,  1980 

o n   t h e   f i n a l   e f f l u e n t .  

m 



2 DESCRIPTION OF STUDY AREA 

I The  Cowichan R i v e r   o r i g i n a t e s   i n  Cowichan  Lake and f lows  eastward 

fo r   app rox ima te l y  47  km and d i scha rges   i n to  Cowichan Bay (F igu re   1 ) .  The 

Cowichan R i v e r  a t  t h e   p o i n t   o f   s t u d y   d r a i n s  an area o f   a p p r o x i m a t e l y  826 

km2. F lows  on   the   r i ver   have been regu la ted   s ince  1965  and a minimum 

f l o w   o f  4.25 m3/s i s   r e q u i r e d   d u r i n g   t h e  summer l o w   f l o w   p e r i o d   t o  main- 

t a i n   t h e   f i s h e r y   b u t  fl om may be  reduced  below  that   under  special   c i rcum- 

stances. Daily st ream  f lows  are  recorded a t  Water  Survey o f  Canada s t a t i o n  

08HAOll   located a t  the  Al lemby Road br idge,  one km upstream o f   t h e   s t u d y  

area. The on ly   o ther   permi t ted   d ischarge  on   the  Cowichan R i v e r   i s   t h e  Lake 

Cowichan sewage lagoon  d ischarge  (F igure  1). 
The water  qual i t y  s tudy  area encompassed the  mainstream  Cowichan 

R i v e r   f r o m   c o n t r o l   s t a t i o n  #1 approx imate ly  50 meters  upstream o f   t h e  

d i f f u s e r   t o   s t a t i o n  #4 approx imate ly  350 meters  downstream  from  the d i f -  

f u s e r .   ( F i g u r e  2 ,  Pla te   1 ) .   S ta t i ons  #2 and #3 were  located  approx imate ly  

50 meters and 150 mete rs   respec t i ve l y  downstream o f   t h e   d i f f u s e r .  Samples 

were c o l l e c t e d   f r o m   t h e   m a i n   r i v e r   f l o w ,   a p p r o x i m a t e l y  2.5 meters  f rom  the 

northbank a t  s t a t i o n s  #1 and #2 and  f rom  midst ream  at   s ta t ions  #3  and #4. 

An a d d i t i o n a l  sample s t a t i o n  #5, j u s t  upstream o f  Somenos Creek, was sampled 

d u r i n g   t h e   b a c t e r i o l o g i c a l   p o r t i o n   o f   t h e   s t u d y .  
The Duncan-North  Cowichan sewage t rea tment  1 agoons a r e   l o c a t e d  

approx imate ly  250 m n o r t h   o f   t h e  Cowichan  River.   Bacter io logical   samples 

were c o l l e c t e d  a t  var ious  s tages  o f   e f f l   ucnt   t reatment   f rom  the  Duncan-Nor th 

Cowichan sewage 1 agoons. The sewage 1 agoons  and sarnpl  e s t a t i o n s   a r e  shown 
i n   F i g u r e  3, P l a t e  2. 
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3 METHODS AND MATERIALS 

3.1 Water  Qual i t y  Stud ies  

3.1.1  Rep1 i c a t e  Sampl i n g  

The Env i ronmenta l   Pro tec t ion   Serv ice  sampled t h e  Cowichan  River, 

a t  Duncan, over   the  low  f low  per iod  (June  to   September)   o f  1979  and  1980. 

Water  samples  were c o l l   e c t e d   w i t h  a rep1 i c a t e   s a m p l e r   m o d i f i e d   a f t e r   t h a t  

descr ibed  by Oguss and Er lebach  (2) .  The sampler i s  ab1 e t o   h o l d  up t o  6 

i n d i v i d u a l  sample b o t t l e s   t h a t  can  range  from a 500 m l  wide  mouth  polyethy- 

1 ene b o t t l e   t o  a 50 m l  g lass   Sovr i l   bo t t le .   Three   s imu l taneous sampl es  were 

t a k e n   f o r   t h e   f o l l o w i n g   p a r a m e t e r s :   a n i o n i c   s u r f a c t a n t s  (LAS), t o t a l   o r -  

ganic  carbon (TOC) , to ta l   i no rgan ic   ca rbon   (T IC) ,  si 1 i c a ,   t o t a l  phosphorous 

(TP) , t o t a l   d i   s s o l  ved  phosphorous (TDP) , n i t   r a t e - n i  t r i  t e  (NO3- NOz), 

t o t a l  ammonia  (NH3 + NH4) and t o t a l   d i s s o l v e d   n i t r o g e n  (TDN). D u p l i c a t e  

samples  were c o l l e c t e d   f o r   d i s s o l v e d  oxygen, t u r b i d i t y ,   n o n - f i l t e r a b l e  

res idue  (NFR),  pH, a l k a l i n i t y  and c o n d u c t i v i t y .   D u p l i c a t e  samples f o r  

i nt rag rave l   d i sso l ved   oxygen   were   co l l ec ted ,   w i th  a 600 m l  capac i t y  

s ta in1   ess   s tee l   sy r i nge  (3 ) .  The water  temperature was recorded  w i th  a 

handheld  thermometer. Sample prepara t ion ,   hand l ing  and a n a l y t i c a l  methods 

a r e   r e p o r t e d   i n  Appendix I ( a ) .  

W i t h   t h e   e x c e p t i o n   o f   t h e   J u l y  28, 1980  survey when o n l y  one se t  
o f   r e p l i c a t e  samples  were c o l l e c t e d ,   r e p l i c a t e  samples  were c o l l e c t e d  on 

th ree   occas ions   dur ing  a 24 hour   per iod  on each o f   t h e   f o l l o w i n g   s u r v e y s   i n  

1979:  June  19-20; J u l y  10-11; J u l y  31-August 1; September  4-5  and i n  1980: 

June  16-17; J u l y  7-8; August 19-20;  September 8-9. These p e r i o d s   b a s i c a l l y  

f a l l  i n t o   t h r e e   c a t e g o r i e s :   P e r i o d  1 - mid a f t e r n o o n   o f  day 1, Per iod  2 - 
e a r l y   m o r n i n g   o f  day 2 and Per iod  3 - l a t e   m o r n i n g   o f  day 2. 

3.1.2 Sequent i a1 Sampl i n g  
Sequent ia l   sampl ing was conduc ted   a t   s ta t i on  2 on each o f   t h e  

surveys i n  1979 and i n  a1 1 b u t   t h e   J u l y  28 and  September  8-9  surveys i n  
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1980. Two S i r c o  model #MK-V57 samplers   runn ing   concur ren t ly  were  used a t  

s t a t i o n  2 i n  1979. A S i r c o  model #MK-VS6 sampler was used a t  s t a t i o n  2 i n  

1980. Sequent ia l  sampl i ng was conducted f o r  TP, NH3 + NH;, NO3/NO2, and 

TDN. The samplers  were  enclosed i n  45 g a l l o n  drums  and chained t o  a nearby 

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

r e f r i g e r a t i o n   o v e r   t h e   c o m p l e t e  24 hour  per iod.  Sample prepara t ion ,  

hand l i ng  and a n a l y t i c a l  methods  are  reported i n  Appendix l ( a ) .  

3.2 Bac te r i   o l   og i   ca l   S tud ies  

B a c t e r i o l o g i c a l  sampl i n g   o f   t h e  Duncan-North Cowi chan sewage 

treatment  lagoons and r e c e i v i n g   w a t e r s   o f   t h e  Cowichan R ive r  was conducted 

from  September 15  t o  18, 1980. S t a t i o n s  #1 t o  # 5  were  sampled on t h e  

Cowichan R i v e r   t o   a s s e s s   t h e   i m p a c t  o f  t h e  sewage d ischarge on t h e   b a c t e r -  

i o l o g i c a l   q u a l i t y   o f   t h e   r i v e r   ( F i g u r e   2 ) .   E i g h t   l o c a t i o n s  ( L 1  t o  LS)  were 

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

performance o f  the   lagoons  (F igure  3) .  

A1 1 b a c t e r i o l o g i c a l  samples  were  analyzed w i t h i n   t w o   h o u r s   o f  

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

P r o t e c t i o n   S e r v i c e ,   l o c a t e d   o n - s i t e   a t   t h e  sewage t rea tmen t   p lan t .  Samples 

were c o l l e c t e d   i n   s t e r i  1 e wide-mouth  g lass  bot t les and  were s to red  a t  

temperatures  not  exceeding 10°C u n t i l  processed. 

Samples  were  analayzed f o r   t o t a l   c o l i f o r m s  (TC)  , f e c a l   c o l i f o r m s  

(FC)  and fecal   s t reptococc i   (FS)   organisms  us ing  the membrane f i l t r a t i o n  

procedure  descr ibed i n   S e c t i o n  902 (Par t   5 )   o f   t he   Env i ronmen ta l   P ro tec t i on  

Serv ice   Labora tory  Manual (27).  S tandard   P la te  Count (35OC) (SPC) 

determinat ions  were made on some samples  according t o   t h e   p r o c e d u r e  

i n   S e c t i o n  904 o f   t h e  EPS Manual (27).  

Flow-Through  Bioassay 

descr ibed 

3.3 

th rough f 

The Envi ronmenta l   Protect ion  Serv ice  conducted an o n - s i t e   f l o w -  

i s h   b i o a s s a y  on t h e   f i n a l   d e c h l o r i n a t e d   e f f l u e n t   o f   t h e  Duncan- 
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North Cowichan sewage 1 agoon as   par t   o f  an  eval  uation  of the lagoon ' s  
ope ra t ing   e f f i c i ency   ove r  September 15 t o  19,  1980. Conducting an o n s i t e  
f ish b ioassay  on  sewage negates   problems  of   detoxif icat ion  caused by l o s s   o f  
uns tab le   e lements  d u r i n g  the t r a n s p o r t a t i o n   o r   s t o r a g e   o f  a sample. A 
f low-through  bioassay w i t h  continuous  sampling  of the effluent will ca t ch  
t r a n s i e n t  events i n  the f low which could be missed by grab  sampling,   or  by 
a1 iquot  batching  samplers.  The flow-through  bioassay is  consequent ly  a much 
more sensitive ana ly t ica l   too l   than  the s t a t i c   b i o a s s a y .  A d e s c r i p t i o n   o f  
the f l  ow-through  apparatus  and  methods i s  provided  in  Appendix  I(b) 



- 11 - 

4 RESULTS AND DISCUSSION 

4.1 Water Q u a l i t y   S t u d i e s  

The a n a l y t i c a l   r e s u l t s  from t h i s   s t u d y   r e p r e s e n t   t h e   w a t e r   q u a l i t y  

o f   t h e  Cowichan R i v e r   d u r i n g   t h e   l o w   f l o w   p e r i o d   o f  1979  and 1980. Dur ing  

t h e   l o w   f l o w   p e r i o d   t h e   i n f l u e n c e   o f   t h e  sewage discharge  would be expected 

t o  be grea tes t .  The f l o w   r e g i m e   o f   t h e  Cowichan R i v e r   f o r  1979  and  1980  can 

be  seen i n   F i g u r e  4 (4,5). Sewage was on ly   be ing   d i scha rged   w i th in   t he  

study  area  during  August and  September, 1980. 

4.1.1 A1 k a l   i n i t y   ( a s  CaC03) and pH 
A1 ka l  i n i t y  i s  a measure o f  t h e  capac i t y  o f  w a t e r  t o  n e u t r a l i z e  

a c i d s  and i s   usua l l y   cons ide red   equa l   t o   ca rbona te   ha rdness .  The a l k a l i n i t y  

o f   t h e  Cowichan R i v e r   i s   l o w  and mean va lues   genera l l y   d idn ' t   exceed 26 mg/l 

( T a b l e   1 )   i n d i c a t i n g  a l o w   b u f f e r i n g   c a p a c i t y .  An inc rease  o f  2.0 mg/l  and 

2.7 mg/l  above t h e  mean background  leve l  was f o u n d   a t   s t a t i o n  2 i n  August, 

1980  and  September,  1980 respec t i ve l y .  A s l i g h t   i n c r e a s e  was s t i l l   e v i d e n t  

a t   s t a t i o n  4, 350 meters downstream. 

"pH" i s  a measure o f   t h e   h y d r o g e n   i o n   a c t i v i t y   i n   w a t e r  and i s  an 

i m p o r t a n t   f a c t o r   i n   t h e   c h e m i c a l  and b io log i ca l   sys tems   o f   na tu ra l   wa te rs .  

1A c r i t e r i a  range o f  6.5-9.0 i s  considered t o   p r o v i d e   a d e q u a t e   p r o t e c t i o n   f o r  

f r e s h w a t e r   f i s h  and bo t tom  dwe l l   i ng   i nve r teb ra te   f i sh   f ood   o rgan isms   (14 ) .  

The mean pH o f   t h e  Cowichan River  ranged  between 7.4 and 8.0 and i s   w i t h i n  

t h e  above c r i t e r i a   r a n g e   ( T a b l e  1). The e f f l u e n t   d i s c h a r g e   d i d   n o t   a f f e c t  

r i v e r  pH l e v e l s .  

4.1.2 C o n d u c t i v i t y  
C o n d u c t i v i t y   i s  a measure o f   t h e   i o n   c o n c e n t r a t i o n   o f   w a t e r .  I f  

t h e   t o t a l   c o n c e n t r a t i o n   o f   s a l t s   i s   i n c r e a s e d   s u f f i c i e n t l y  above  background 

l e v e l s ,   t h i s  may cause  osmot ic  stress i n   f i s h .  The c o n d u c t i v i t y   o f   t h e  

Cowichan R i v e r   i s  1 ow and mean background  values  didn' t   exceed 64 umhos/cm 

m 

y. 

m r  
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(Tab le  1). A m i n o r   i n c r e a s e   o f  7.8  uhmos/cm and 8.2  umhos/cm above t h e  mean 

background  leve l  was found a t  s t a t i o n  2 i n  August,  1980  and  September,  1980 

r e s p e c t i v e l y  and should  not   impar t   any  s t ress on f i s h .  An i n c r e a s e   i n  

c o n d u c t i v i t y  was s t i l l   d e t e c t a b l e   a t   s t a t i o n  4. 

4.1.3 T u r b i d i t y  and Non-Fi l terable  Residue (Suspended S o l i d s )  
T u r b i d i t y   i n   w a t e r   i s   a t t r i b u t a b l e   t o  suspended  and c o l l o i d a l  m a t -  

t e r ,   t h e   e f f e c t   o f   w h i c h   i s   t o   r e d u c e   w a t e r   c l a r i t y  and d i m i n i s h   l i g h t  pen- 

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

and l e v e l s  were   be low  o r   nea r   t he   de tec t i on   l eve l   o f  1.0  FTU. Levels  were 

m a r g i n a l l y   h i g h e r  downstream o f   t h e   o u t f a l l   i n  August,  1980  but  unchanged i n  

September  (Table 2) .  
Suspended s o l i d s   a r e   a t t r i b u t a b l e   t o   t h e   o r g a n i c  and i n o r g a n i c  

p a r t i c u l a t e   m a t t e r   i n   w a t e r .  The e f f e c t s   o f  suspended s o l i d s  may be t o   a c t  

d i r e c t l y  on f i s h   t h r o u g h   a b r a s i v e   i n j u r i e s  and c l o g g i n g   g i l l s   o r   b y   b l a n k e t -  

ing   the   s t ream  bo t tom  thus   e f fec t ing   spawning  beds  and f ish  food  organisms.  

Suspended s o l i d s  may a l s o   s c r e e n   o u t   l i g h t  and organic  wastes may d e p l e t e  

oxygen l e v e l s .  Suspended s o l i d s   l e v e l s   i n   t h e  Cowichan R iver   were   genera l l y  

b e l o w   o r   n e a r   t h e   d e t e c t i o n   l e v e l  ( 5  mg/ l )  and t h e   e f f l u e n t   d i s c h a r g e   d i d  

n o t   a f f e c t   r i v e r  suspended s o l   i d s   l e v e l  s (Table 2).  

4.1.4 An ion i c   Su r fac tan ts  
Detergents   are a common component o f  sewage e f f l u e n t s  and a r e  de- 

r i v e d   i n   l a r g e  amounts from  household  cleaning  agents. The pr imary  sur-  

f a c t a n t s   i n   p r e s e n t   d e t e r g e n t s   a r e   l i n e a r   a l k y l a t e   s u l f o n a t e s  (LAS)  and a r e  

an ion ic   sur fac tan ts   wh ich   can  be t o x i c   t o   a q u a t i c   l i f e .   T h e r e  was no 

i n d i c a t i o n   o f  LAS i n   t h e  Cowichan R ive r   (Tab le  2). 

4.1.5 Temperature 
I n  1979 t h e  mean water  temperature  ranged  between 16°C i n  June t o  

approx imate ly  22°C i n   l a t e   J u l y .   F o r  1980 t h e  mean water  temperature  ranged 

from  approximately 1 5 ° C  i n  June t o  2 1 ° C  i n   l a t e   J u l y   ( T a b l e  3). A maximum 

tempera tu re   o f  23.5"C  was repo r ted   f o r   t he   a f te rnoon   samp l ing  on J u l y  31, 

1979.  The  sewage d ischarge had  no a f f e c t  on r i ve r   t empera tu res .  
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4.1.6 D isso lved Oxygen  and Percent   Satura t ion  

I n  1979  and  1980 t h e  mean d isso lved  oxygen  lev e l s   r a n  ged  between 
8.9 mg/l  and 9.9 mg/l  (Table  3). The mean percent  saturat ion  ranged  between 

97% and  108% ( T a b l e   3 ) .   V a r i a t i o n s   i n   d a i l y   d i s s o l v e d  oxygen l e v e l s  were 

found  and  as  would  be  expected,  oxygen  levels  were  lowest i n   t h e   e a r l y  

morning  samplings. The  sewage d i s c h a r g e   d i d   n o t   a p p e a r   t o  have an a f f e c t  on 

mean d i   s s o l  ved  oxygen 1 eve l  s. 

4.1.7 I n t r a g r a v e l  D i  ssol  ved Oxygen 

I n  1979, i n t rag rave l   d i sso l ved   oxygen   l eve l s  showed a v a r i a b i l i t y  

e x i s t e d  between d u p l i c a t e  samples,  between s t a t i o n s  and  between  sample 

months  (Table 4). The v a r i a t i o n  between d u p l i c a t e  samples  and s t a t i o n s  and 
months was not  pronounced i n  1980, a t   l e a s t ,  up u n t i l   t h e   i n f l u e n c e  o f  t h e  

sewage d ischarge was d e t e c t e d   a t   t h e  downstream s t a t i o n s   i n   A u g u s t ,  1980  and 

September,  1980  (Table  4). An a n a l y s i s   o f   v a r i a n c e  showed t h a t   d u r i n g   t h i s  

p e r i o d   t h e   i n t r a g r a v e l   d i s s o l v e d  oxygen 1 evel  s ,  except f o r  s t a t i o n  4 i n  

August,  were s i g n i f i c a n t l y  (d= 0.5) l ower   t han   con t ro l   s ta t i on   va lues .  The 

most   not iceable  drop  f rom  background  leve ls  was a t   s t a t i o n  3 ,  150 meters 

downstream,  where a r e d u c t i o n   i n  mean i n t r a g r a v e l   d i s s o l v e d   o x y g e n   l e v e l s   o f  

2.6 mg/l  and 2.7 mg/l i n  August,  1980  and  September,  1980 r e s p e c t i v e l y  were 

found.  While some o f   t h e   a c t u a l   v a l u e s  downstream o f   t h e   o u t f a l l   i n  August 

and  September  were n o t   u n l i k e  some o f   t h e s e   r e p o r t e d   i n  1979 when t h e r e  was 

no  discharge, i t  should be s t r e s s e d   t h a t   t h e   n a t u r a l l y   l o w  mean l e v e l s   o f  

1.9 mg/l  and 2.8 m g / l   a t   s t a t i o n  3 i n   J u l y ,  1979 i n   c o n j u n c t i o n   w i t h  

depressed  oxygen  levels  due t o   t h e  sewage d ischarge  cou ld  be d e t r i m e n t a l   t o  

i n v e r t e b r a t e  1 i f e  forms,  namely f i sh   f ood   o rgan isms .  It i s  a1 so impor tan t  

t o   c o n s i d e r   t h a t   t h e s e   d e p r e s s e d   l e v e l s  were  recorded  approximately 1 week 

and 4 weeks r e s p e c t i v e l y   a f t e r   t h e   d i s c h a r g e   s t a r t e d .   D u r i n g  a complete  low 

f l o w   p e r i o d  and i n  a year  such as 1979 ( F i g u r e   4 )   w i t h   v e r y   l o w   f l o w s ,   t h e  

i nt ragrave l   oxygen  leve l  s could  be much 1 ower. There was a recovery i n   i n -  

t r a g r a v e l  oxygen l e v e l s   b y   s t a t i o n  4, 350 meters  downstream o f   t h e   o u t f a l l .  

S t a t i o n  4 showed t h e   l e a s t   v a r i a t i o n  between  dupl icates and monthly means i n  

1979. 
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The c o n t e n t   o f   d i s s o l v e d  oxygen i n   i n t   r a g r a v e l   w a t e r   i s   c o n t r o l  1 ed 

b o t h   b y   b i o l o g i c a l  and phys i ca l   f ac to rs   (16 ) .  It i s  reduced by o x i d a t i o n  o f  

o r g a n i c   d e t r i t u s  and resp i ra t i on   o f   o rgan isms  and r e p l e n i s h e d   p r i m a r i l y  by 

stream  water  entering  the  streambed  (16).  Interchange  between  stream and 

i n t r a g r a v e l   w a t e r   i s   a f f e c t e d  by  s t reamf low,   gradient ,   curvature o f  t h e  

streambed and coarseness and p e r m e a b i l i t y   o f  bed m a t e r i a l  s (16).  The 1 ower 

i nt rag rave l   d i sso l ved   oxygen   l eve l s   reco rded   i n  1979 a r e  1 i k e l y   a t t r i b u t a b l e  

t o  a v a r i a b i l i t y   i n   s u b s t r a t e   c o m p o s i t i o n  where some areas may have had 

l a r g e r  amount o f   f i n e  s e d i m e n t   c l o g g i n g   t h e   i n t e r s t i t a l  spaces,  thus 

r e d u c i n g   w a t e r   c i r c u l a t i o n  and oxygen  levels.  The l o w   v a l u e s   i n  1980  can 

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

downstream o f   t h e   o u t f a l l  where t h e  heavy   g rowths   resu l t   i n  a poor 
in te rchange o f  w a t e r  between t h e  stream and t h e  i n t r a g r a v e l  and i n  a 

b u i  1 d-up o f   f i n e   o r g a n i c   m a t e r i a l  s i n  t h e  i n t e r s t i  a1 spaces   thus   fu r ther  

1 eading t o  poor w a t e r   c i r c u l a t i o n  and t o  oxygen  deplet ion  through  organic 

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

s e t t l e   o u t  downstream o f   t h e   o u t f a l l  and a1 so c o n t r i b u t e   t o  an oxygen 

de f i c iency .  However, as no i n c r e a s e   i n  suspended s o l i d s   ( s e c t i o n  4.1.3)  and 

o n l y  a smal l   increase i n  TOC ( s e c t i o n  4.1.8) was d e t e c t e d   i n   t h e   r i v e r  

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

reduced  oxygen 1 eve1 s i s   n o t  1 i k e l  y o f  concern. 

I n  terms  o f   impact  on t h e   e n v i r o n m e n t a l   q u a l i t y   o f   t h e  Cowichan 

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

i n v e r t e b r a t e s  and t o   e g g - t o - f r y   s u r v i v a l   i n   s p a w n i n g  beds. The change i n  

t h e  oxygen  regime w i t h i n   t h e   r i v e r   s u b s t r a t e   i n   c o n j u n c t i o n   w i t h   t h e   l a r g e  

accumul a t   i o n s   o f   a t t a c h e d  a1 g a e   c o u l d   r e s u l t   i n  a l o s s  o f  t h e  more s e n s i t i v e  

i n v e r t e b r a t e   o r g a n i s m s   ( m a y f l   i e s ,   s t o n e f l   i e s ,   c a d d i   s f 1   i e s )  and a r e s t r u c t u r e  

o f   t h e   b e n t h i c  community  would  occur. New spec ies ,   to le ran t   to   low  oxygen,  

cou ld  move i n t o   t h e  community or t h o s e   a l r e a d y   i n   t h e  community cou ld  become 

more  numerous  (15). A l t e r n a t i v e l y ,  no rep lacement   cou ld   occur   lead ing   to  a 

n e t   r e d u c t i o n   i n  biomass  (15).   Davis  (15)  reported  that   whether a change i n  

an i n v e r t e b r a t e  community i s  necessa r i l y  bad from an e c o l o g i c a l   p o i n t  o f  

. I r *  
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view may be hard t o  determine  but i f  major   food  cha in   cons t i tuents   d rop   ou t ,  

t h e  change  would  be  considered  deleterious. The b e n t h i c   i n v e r t e b r a t e   d a t a  

co l lec ted   by   the   Depar tment   o f   F isher ies  and Oceans should he1  p t o  assess i f  

a fauna l  change  occurred  between  the  shor t   per iod  the  d ischarge  s tar ted i n  

mid  August,  1980 and when samples  were c o l l e c t e d   i n  September, 1980. 

It would  be  hard t o  assess   t he   impac t   o f   t he   l a rge  a1 gal  

accumulat ions and suppressed  intragravel   oxygen  levels  documented  dur ing  the 

l o w   f l o w   p e r i o d  on t h e  spawning  beds  downstream o f   t h e   o u t f a l l   i n   t h e  

autumn.  Salmon  do no t  spawn i n   t h e  Cowichan r i v e r   d u r i n g   t h e   l o w   f l o w  

p e r i o d   b u t   t h e   s t u d y   a r e a   i s   h e a v i l y   u t i l i z e d  by r e a r i n g   j u v e n i l e  salmon. 

A d u l t   f i s h   s t a r t   a s c e n d i n g   t h e  Cowichan R i v e r   i n   m i d - O c t o b e r   w i t h   t h e   f i r s t  

fa1 1 r a i n s  and i n c r e a s e d   r i v e r   f l o w s   ( 1 ) .  The study  area i s  a major 

spawning  area f o r  chum salmon  which  have  peak  spawning i n   t h e   l a t t e r  ha1 f o f  

November (1).  As it r e l a t e s   t o  spawning i n   t h e   f a l l ,   t h e   i n f l u e n c e   o f   t h e  

1 a rge   a t tached a1 gae growth and reduced  d isso lved  oxygen  leve ls   could,  

p resumpt ive ly ,  be minimal i f  d u r i n g   t h e   f a l l   w e t  season with h i g h   r i v e r  

f l o w s   t h e   a t t a c h e d   a l g a e   i s  washed ou t   o f   the   sys tem  p lus   dur ing   redd 

f o r m a t i o n   t h e   a l g a e   i s   d i s l o d g e d  and t h u s   l e a v i n g  a c lean  spawning grave l .  

It i s   u n l i k e l y   l a r g e   a l g a l   a c c u m u l a t i o n s   w o u l d   o c c u r   d u r i n g   t h e   h i g h   f l o w  

per iod .  

4.1.8 Tota l   Organic  and Ino rgan ic  Carbon  and S i 1   i c a  

Tota l   o rgan ic   carbon  leve l  s increased  dowstream o f   t h e  sewage ou t -  

fa1  1 i n  August,  1980  and  September,  1980 b u t  were s t i l l  low and mean con- 

c e n t r a t i o n s   d i d n ' t  exceed 2.5 mg/l  (Table  4). An i n c r e a s e   i n   t o t a l   o r g a n i c  

carbon was s t i l l   d e t e c t a b l e  a t  s t a t i o n  4. Total   inorganic  carbon  concen- 

t r a t i o n s   d i d n ' t  show any  change  due t o   t h e  sewage d i s c h a r g e   i n  August,  1980 

b u t  i 

4 )  

from 

(Tab1 

n September,  1980 a small  1 mg/ l   increase was n o t e d   a t   s t a t i o n  2 (Table 

S i 1   i c a  1 eve1 s were  monitored  only i n  1979  and mean l e v e l  s ranged 

1.3 mg/l i n  June  and p r o g r e s s i v e l y   d e c l i n e d   t o  0.7 mg/l i n  September 

e 5 ) .  
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4.1.9 Total  Phosphorous  and  Total  Dissolved  Phosphorous 
A d i s t i n g u i s h i n g   h y d r o l o g i c a l   f e a t u r e   o f   t h e  Cowichan R i v e r   i n  

1980  compared t o  1979 was the   inc reased  f low  over   the   low  f low  per iod  

(F igu re   4 ) .  A second  and  more i m p o r t a n t   f e a t u r e   o f  1980 was the   d i scha rge  

o f  sewage lagoon   e f f l uen t   wh ich  began  on  August 13,  1980. 

From F i g u r e  5 i t  can  be  seen t h a t   f o r  June  1979  and  June  1980 t h e  
r a n g e   o f   t h e  mean t o t a l  phosphorous   (TP)   concent ra t ions   fo r   the   four  

s t a t i o n s  was s i m i l a r  and a d e g r e e   o f   s t a t i o n   v a r i a b i l i t y   e x i s t e d   ( T a b l e  5) .  

As t h e r e  was no sewage d i s c h a r g e   i n  June o f  1979  and  1980, a l l   t h e   d a t a   f o r  

t h e   r e s p e c t i v e   s t a t i o n s   f o r  each o f   t h e  two  years was combined. A one way 

a n a l y s i s   o f   v a r i a n c e  showed  no s i g n i f i c a n t   d i f f e r e n c e  (a== .05) between t h e  

years.  The same  was done f o r   e a r l y - J u l y   o f   b o t h   y e a r s  and a s i g n i f i c a n t  

(x= .05) d i f f e r e n c e  was found  between the   years .  For l a t e - J u l y ,   b u t   u s i n g  

o n l y   t h e   f i r s t   s e t   o f   r e p 1   i c a t e s   c o l l e c t e d   i n  1979 (as   on ly  one s e t  was 

c o l l   e c t e d   i n  1980 f o r   t h a t   p e r i o d )  and  combining  datum  from a1 1 s t a t i o n s ,  a 
s i g n i f i c a n t   d i f f e r e n c e  (os = .05) was again  found. The o b v i o u s   s i g n i f i c a n t  

i n c r e a s e s   i n  TP downstream o f   t h e   o u t f a l l   i n  August,  1980  and  September, 

1980  can  be  seen i n   F i g u r e  5. 

It would  appear t h a t   t h e   s i g n i f i c a n t   d i f f e r e n c e s  between the   two  

y e a r s   f o r   J u l y   c o u l d  be f l o w   r e l a t e d .   K l e i b e r  and Er lebach ( 6 )  repor ted  an 

e m p i r i c a l   r e l a t i o n s h i p   e x i s t e d  between  phosphorous  concentrat ions  and  f low 

and t h a t   t h e   i n c r e a s e   i n  phosphorous w i t h   d i s c h a r g e   c o u l d   b e   r e l a t e d   t o   t h e  
i n c r e a s e   i n   c o n c e n t r a t i o n   o f  suspended s o l i d s   c o n t a i n i n g   t h e   b u l k   o f   t h e  

phosphates  present. They repor ted   these  phosphorous   con ta in ing   so l ids   a re  

resuspended  f rom  the   r i ver  bed by   the   inc reased  tu rbu lence and en t ra ined   by  

i nc reased   su r face   run -o f f  accompanying high  f lows. The i n f l u e n c e   o f   t h e  

sewage d ischarge on TP concen t ra t i ons  was dramat ic.  For a l l   s t a t i o n s   p r i o r  

t o   t h e  sewage d ischarge and f o r   s t a t i o n  1 a f t e r   t h e   d i s c h a r g e   s t a r t e d ,  mean 

TP l e v e l s   n e v e r  exceeded 10.4 ug / l   (Tab le  5). A f t e r   t h e   d i s c h a r g e   s t a r t e d ,  

f o r  August  and  September,  1980, mean TP l e v e l s   f o r   t h e  downstream s t a t i o n s  

(2,3,4) ranged  between 64 u g / l   t o  206 ug / l .  
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From F i g u r e  6, 
(TDP) (considered  here t 

i t  can 

o be r e  

be seen t h a t   t o t a l   d i s s o l v e d   p h o s p h o r o u s  

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

phosphorous)   fo l lowed  the   pa t te rn   fo r  TP and t h e   i n f l u e n c e   o f   t h e  sewage 

d ischarge was h i g h l y   s i g n i f i c a n t .   F o r   a l l   s t a t i o n s   p r i o r   t o   t h e  sewage 

d ischarge and f o r   s t a t i o n  1 a f t e r   t h e  sewage d i scha rge   s ta r ted ,  mean TDP 

l e v e l  s never  exceeded 7.4 ug / l   (Tab le  5).  A f t e r   t h e   d i s c h a r g e   s t a r t e d ,   f o r  

August  and  September,  1980, mean TDP l e v e l s   f o r   t h e  downstream s t a t i o n s  

ranged  between 5 1  u g / l   t o  148 u g / l .   F o r   t h e  Cowichan R ive r   w i thou t   t he  

i n f l  uence o f  sewage e f f l  uent , TDP made up 57% o f   t h e  TP. Under t h e  

i n f l u e n c e   o f   t h e  sewage e f f l u e n t   t h e  TDP po r t i on   i nc reased  up t o  

approx imate ly  79% o f   t h e  TP. Phosphorous may e n t e r  a wastewater  t reatment 

system i n  one of   three  forms:   organic   phosphorous  found i n   o r g a n i c   m a t t e r  

and ce l l   p ro top lasm,  complex inorganic  phosphates  such as those i n   c l e a n i n g  

compounds  and as  sol   ubl  e i no rgan ic   o r thophospha te   t he   f i na l  breakdown 

p roduc t   i n   t he   phosphorous   cyc le  (17) .  I n  wastewater   that  has  been t r e a t e d  

by   b io log i ca l   p rocesses  most o f   t h e  phosphorous wi 11  be  sol  uble, a1 though a 

smal l  amount o f   i n s o l   u b l e   o r g a n i c  phosphorous may be p r e s e n t   i n   t h e   f o r m   o f  

c e l l   p r o t o p l a s m  (17).  Thus, t he   i nc reased   p ropor t i on   o f  TDP i n   t h e  Cowichan 

R iver   samples   can   be   a t t r ibu ted   to  an i n c r e a s e   o f  TDP i n   t h e  sewage 

e f f l u e n t .  

Sequential  samples f o r  TP were  col 1 e c t e d   a t   s t a t i o n  2 ove r   t he  

same p e r i o d  as t h e   t h r e e   s e t s   o f   r e p l i c a t e  samples  were c o l l e c t e d   t o   a s s e s s  
i f  samples c o l l e c t e d   b y  an au tomat ic   sampler   wou ld   p rov ide   s im i la r   resu l ts  

and i n d i c a t e  any  temporal   (over  24  hours)  t rends  [Appendix  I I (a) ] .  A one 

way a n a l y s i s   o f   v a r i a n c e  was used t o   t e s t   f o r   s i g n i f i c a n t   d i f f e r e n c e s .   I n  

t o t a l   s i x   t r i a l s  were   conducted   be fore   the   d ischarge  o f  sewage s t a r t e d  and 

one t r i a l  was conducted   dur ing   the   d ischarge  o f  sewage. I n   a l l  cases t h e r e  

were  no s i g n i f i c a n t   d i f f e r e n c e s  (4 = 0.05) between t h e   t w o   s e t s   o f   d a t a  

i n d i c a t i n g   t h e   a u t o m a t i c  sampl 

no.  obvi ous  temporal  trends i n  

The s i g n i f i c a n c e   o f  

stream o f  t h e  sewage o u t f a l l  i 

Sec t ion  5. 

e r   i s  adequate f o r   m o n i t o r i n g  TP. There  were 

the   sequent ia l   da ta .  

the   e leva ted   phosphorous   leve ls   de tec ted  down- 

n August  and  September,  1980 are  d iscussed i n  
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4.1.10 T o t a l   D i s s o l v e d   N i t r o g e n ,   N i t r a t e - N i t r i t e  and Ammonia 

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

t h e   f r a c t i o n   a n a l y z e d   a f t e r - f i l t r a t i o n   t h r o u g h  a d i s t i l l e d   w a t e r  washed 0.45 

u c e l l u l o s e   a c e t a t e  membrane f i l t e r .   P r i o r   a n a l y s i s   o f   d i s t i l l e d   w a t e r  

samples f i l t e r e d   t h r o u g h   t h e  above t r e a t e d   f i l t e r s   d i d   n o t  show any 

contaminat ion.   This  procedure was a v a r i a t i o n   o f   t h a t   r e p o r t e d   i n   t h e  

I n l a n d  Waters  Manual (28)   wh ich   repor ts   the   use   o f   heat   t rea ted  GF/F 

f i l t e r s .   I n   t h e   l a t t e r  case, t h e  GF/F f i l t e r s   a r e  used t o  determine 

p a r t i c u l a t e   c a r b o n  and p a r t i c u l a t e   n i t r o g e n  and w i t h   t h e  subsequent f i l t r a t e  

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

removes  suspended m a t e r i a l   t h a t   i n   t h e   c a s e   o f   d o m e s t i c  sewage might  

breakdown  between c o l l e c t i o n  and a n a l y s i s  and a f f e c t   t h e  outcome o f   t h e  

f i n a l   r e s u l t s .  

From F i g u r e  7 i t  can  be  seen t h a t   t h e r e  was n o t   t h a t  much v a r i -  

ab i  1 i t y  i n  mean t o t a l   d i s s o l v e d   n i t r o g e n  (TDN) l e v e l s  between s t a t i o n s  and 

months i n  1979  whereas i n  1980, t h e   v a r i a b i l i t y  between s t a t i o n s  was l a r g e r .  

As t h e r e  was no sewage d i s c h a r g e   i n  June o f  1979  and  1980, all t h e   d a t a   f o r  
t h e   r e s p e c t i v e   s t a t i o n s   f o r  each o f   t h e   t w o   y e a r s  was combined. A one way 

a n a l y s i s   o f   v a r i a n c e   d i d n ' t  show any s i g n i f i c a n t   d i f f e r e n c e  ( "c= .05) 

between the   two  years .  The same  was done f o r   e a r l y - J u l y  and again  no 

s i g n i f i c a n t   d i f f e r e n c e s  between the   two   yea rs  was found. The same  was t r u e  
f o r  l a t e - J u l y   ( u s i n g   o n l y   t h e   f i r s t   s e t  o f  r e p l i c a t e s   c o l l e c t e d   i n  1979 as 

o n l y  one s e t  was c o l l e c t e d   i n  1980 f o r   t h a t   p e r i o d )  and  September ( u s i n g  

o n l y   t h e   c o n t r o l   s t a t i o n   d a t a ) .  The i n f l u e n c e   o f   t h e  sewage d ischarge on 

TDM l e v e l s   i s   i n d i c a t e d   b y  a l a r g e   i n c r e a s e  a t  t h e  downstream s t a t i o n s  (2,3, 

4 )   i n  August  and  September,  1980  (Table 6). The l a r g e  TDN i n c r e a s e   i s   r e -  

l a t e d   p r i m a r i l y   t o   t h e   l a r g e   i n c r e a s e   i n   t h e  ammonia (NH3) component o f   t h e  

sewage (TDN = NH3 + NO3/NO2 + t o t a l   d i s s o l v e d   o r g a n i c   n i t r o g e n ) ( T a b l e   6 ) .  

For ammonia and u s i n g   t h e  same p e r i o d s   o f   c o m p a r i s o n   f o r  TDN, 

background mean  ammonia l e v e l s  were  found t o  be s i g n i f i c a n t l y   d i f f e r e n t  

(c= .05) between t h e   t w o   y e a r s .   W i t h   t h e   e x c e p t i o n   o f   t h e   c o n t r o l   s t a t i o n  

i n  September  1980, mean  ammonia l e v e l s  were all l o w e r   i n  1980 t h a n   i n  1979. 

The i n f l u e n c e   o f   t h e  sewage d ischarge on t h e  ammonia concen t ra t i ons  was 

Y 
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s i g n i f i c a n t  as seen i n  Figure 8. For a l l   s t a t i o n s   p r i o r   t o   t h e  sewage 
discharge and f o r   c o n t r o l   s t a t i o n  #1 a f te r   t he   d i scha rge   s ta r ted ,  mean 
NH3 leve ls   never  exceeded 9.4 ug / l  and values  at  or  near  detectable 
l e v e l s  ( 2  u g / l )  were p a r t i c u l a r i l y   e v i d e n t   i n  1980 (Table 6). Ammonia 
l e v e l s  were highest i n  June o f  each year   jus t   a t   the   onset   o f   the   low f l o w  

per iod .   A f te r   the  sewage d ischarge  s tar ted,   for  August and September, 1980, 
mean NH3 l e v e l s   f o r   t h e  downstream s t a t i o n s  ranged  between approximately 
83 u g j l   t o  216 u g / l   i n  August. Due t o  an ana ly t i ca l   p rob lem  on ly   s ta t ion  #1 
and s t a t i o n  #4 ammonia l e v e l s  have  been  used f o r  September and the  mean f o r  
s t a t i o n  4, 350 meters downstream, was 204 ug/ l .  Ammonia l e v e l s   a t   s t a t i o n s  
#2 and #3 would be 1 ess  than  the TDN values (574 ug/ l  and 540 ug/l  respec- 
t i v e l y  and based on  a r a t i o   o f  0.79:l (NH3:TDN) a t   s t a t i o n  #4, values  o f  
453 ug/ l  and 427 ug / l   respec t ive ly  would be rough  estimates. 

From Figure 9, it i s  e v i d e n t   t h a t   i n  1979, n i t r a t e - n i t r i t e  (NO3-NO2) 

l eve l s   f o l l owed  a progressive  decl ine  f rom mean values i n   t h e   o r d e r   o f  7.1 
ug/ l  - 10.4 ug/ l  i n  June to   j us t   de tec tab le   o r   be low  de tec tab le  (2.0 u g / l )  
l e v e l s   i n   l a t e - J u l y  and September (Table 6). This   pa t te rn  was r e f l e c t e d  
again i n  1980 w i t h  June  values i n   t h e   o r d e r   o f  4 .3  ug/ l  - 5.1 ug / l   dec l i n ing  
t o  be low  detectable  leve ls   by  ear ly-Ju ly .   Levels   increased  in   la te-Ju ly ,  
1980 but   than NO3-NO2 levels  subsquent ly  decl ined  to  near  detectable 
l e v e l s   a g a i n   i n  August. The i n f l u e n c e   o f   t h e  sewage e f f l u e n t  on  NO3 - NO2 
dowstream o f   t h e   o u t f a l l  was no t  pronounced, w i t h  no rea l  change i n  August 

and a s l i g h t   i n c r e a s e   i n  September (Table 6). T h i s   r e f l e c t s  a l a c k   o f  
n i t r i f i c a t i o n   o c c u r r i n g   i n   t h e   l a g o o n  i.e.  conversion o f  ammonia t o   n i t r i t e  
and t h e n   n i t r i t e   t o   n i t r a t e .  

The s i g n i f i c a n c e   o f   t h e   e l e v a t e d   n i t r o g e n   l e v e l  s recorded down- 
stream o f   t h e  sewage ou t fa l l   a re   d i scussed   i n   Sec t i on  5. 

Sequential samples f o r  TDN, NH3 and NO3-NO2 were c o l l e c t e d   a t  
s t a t i o n  2 t o  assess i f  samples co l lec ted   by  an automatic  sampler  would 
p r o v i d e   s i m i l a r   r e s u l t s  and i n d i c a t e  any temporal  (over 24 hours)  trends. 
R e s u l t s   f o r   f i v e   o f   t h e   p r e d i s c h a r g e   t r i a l s  and one postdi  scharge trial are 
repor ted i n  Appendix I I(b,c,  d). A one way analys is   o f   var iance was used t o  

t e s t   f o r   s i g n i f i c a n t   d i f f e r e n c e s .   F o r  TON, i n   a l l  cases  there were no 

w 

wr 

tP 



a 

I 

I 

60( 

50( 

40 ( 

30 ( 

250 

20c 

I50 

IOC 

50 

IO 

9 

8 

7 

6 

5. 

4. 

3 

2. 

- 30 - 

2 
3, 

I 

1 
-Post Discharge,l980 I- 

I- 

1- 

> 

I- 

1- 

I -  

)- 

- 

" 
\ 

- 

- 

- 

- 

Juhe J h y  
I 

July -AUg. I 
Sept Aug . I 

1979 19-20 10-II " 4-5  31 - I  
1980 16-17 7- 8 28 19-20 8-9 

. I." Icl 

PA 
3A 

4 

0 2  ~2 Station  Number 

A Estimated  Value 

ion - Limit 

FIGURE 8 THE  MEAN AMMONIA CONCENTRATION O F  THE' F O U R  
COWICHAN R I V E R  STATIONS F O R  EACH S U R V E Y  
I N  1979 AND 1980 



- 31 - 

I 

to 
0 

z 

I I -  

IO- 

9- 

0- 

7- 

6-  

5- 

4- 

3- 

2- 

L E G E N D  

0 2  A 2  Sta t lon  Number 

I980 

P r e   D i s c h a r g e ,  1980 * c i"--I Post  Discharge 

I '  I I I I 1 
Jun'e 

1979 19-20 
1980 16-17 

July July -August August September 
10-11 31 I " 4 - 5  
7- 8 28 19 - 20 8- 9 

FIGURE 9 THE MEAN  NITRATE-  NITRITE  CONCENTRATION  OF 
THE FOUR COWICHAN  RIVER  STATIONS FOR EACH 
SURVEY  IN 1979 AND 1980 



- 32 - 

s i g n i f i c a n t   d i f f e r e n c e s  (4= -05)  between t h e   t w o   s e t s   o f   d a t a   i n d i c a t i n g   t h e  

automatic  sampler was adequate f o r   m o n i t o r i n g  TDN. 
For  ammonia, t h e   o n l y   t r i a l   t h a t  showed, s i g n i f i c a n t   d i f f e r e n c e s  

( 4 =  .05) between t h e  methods was i n  September, 1979. However, t he  NH3 

r e s u l t s   f o r   t h e   s e q u e n t i a l  samples i n  September inc luded  severa l   ou t1   ie rs  

( re1  a t i  ve l y   h igh   s ing1  e values) and suggests a poss ib le   source   o f  

con taminat ion   [Append ix   I I (c ) ] .   Wi th   the   except ion   o f  September 1979, t h e  

d a t a   i n d i c a t e s  samples co l lec ted   by   the   au tomat ic   sampler  compare favo rab ly  

w i t h   r e p l i c a t e d   g r a b  samples.  For NO3-NO2, f o u r   o f   t h e   s i x   t r i a l s   i n d i c a t e d  

s i g n i f i c a n t   d i f f e r e n c e s  (4= .05) ex is ted   be tween  the   resu l ts   o f   the   two 

sample  methods.  For  September  1979 t h i s   d i f f e r e n c e   m i g h t   r e f l e c t   t h e  

p o t e n t i a l   c o n t a m i n a t i o n   p r o b l e m   i d e n t i f i e d   f o r   t h e  NH3 samples.  For t h e  

August,  1980 t r i a l   d u r i n g   w h i c h  sewage e f f l u e n t  was being  d ischarged,   the 

d i f f e r e n c e   d e f i n i t e l y   e x i s t s  due t o   t h e   n i t r i f i c a t i o n   o f  ammonia i n   t h e  

sample b o t t l e .  The sequent ia l  samples  had a mean NO3 - NO2 concen t ra t i on  

o f  12.4 u g / l  compared t o  < 2 u g / l   f o r   t h e   r e p l   i c a t e d  samples. The r e p l   i c a t e d  

grab  samples  were a l l  be low  de tec tab le   l eve l s ,   wh i l e   f o r   t he   sequen t ia l  

samples, t h e  samples a t   t h e  end o f   t h e   r u n  were j u s t   a t   d e t e c t a b l e   l e v e l  s 
w h i l e   t h e  samples c o l l e c t e d  on the   p rev ious  day  and overnight  were  about  lox 

h igher   [Append ix   I I (c ) ] .  Thus, for   sampl ing a sewage discharge,  unless 

a d e q u a t e   r e f r i g e r a t i o n   o f   t h e  samples i n   t h e   a u t o m a t i c   s a m p l e r   i s   p r o v i d e d  
o r  t h e  samples  can be r o u t i  ne1 y removed  and kept   coo l   the   resu l ts   ob ta ined 
can  not be considered  representat ive.  The l a t t e r   o p t i o n  would  negate  the 
advantage o f   the   au tomat ic   sampler ,  namely n o t   h a v i n g   t o   r o u t i n e l y  be o n s i t e  

t o   c o l   l e c t  a grab  sample. 
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4.2 B a c t e r i   o l   o g i   c a l   S t u d i e s  

.L 

E 

L 

The d a i l y   b a c t e r i o l o g i c a l   r e s u l t s   a r e   r e p o r t e d   i n  Appendix 111. 

The a r i t h m e t i c  mean f o r  each  parameter a t  each  sample s t a t i o n  was c a l c u l a t e d  

and t h e   r e s u l t s   a r e   p r e s e n t e d  i n  Table 7. The sample s t a t i o n s   f o r   t h e  

Cowichan R ive r  and Duncan-North  Cowichan (D-NC) sewage  1 agoon are  shown on 

F i g u r e  2 and 3 respec t i ve l y .  The e f f i c i e n c y   o f   t h e  D-NC treatment  system i n  

remov ing   i nd i ca to r   bac te r ia   i s   exp ressed   i n   t e rms   o f  a l o g l o   r e d u c t i o n  and 

these   resu l t s   a re   p resen ted   i n   Tab les  8  and 9. The l o g l o   r e d u c t i o n   v a l u e  

was d e t e r m i n e d   b y   c a l c u l a t i n g   t h e   l o g l o   o f   t h e   a p p r o p r i a t e  mean values shown 

i n  Table 7 and o b t a i n i n g   t h e   d i f f e r e n c e   i n   t h e   l o g l o   v a l u e s  between  progres- 

s ive   t rea tment   s tages .   Th is  method o f   d a t a   i n t e r p r e t a t i o n  was  deemed more 

approp r ia te   t han   exp ress ing   t he   resu l t s  i n  terms o f  a percentage decrease 

due t o  the   l a rge   o rde rs   o f   magn i tude  i n  the  data.  For  example, a 5 l o g l o  

r e d u c t i o n   i s   e q u i v a l e n t   t o   a p p r o x i m a t e l y  99.999% removal o f   f e c a l   c o l i f o r m s  

i n   t h i s  system. 

Dur ing   t he   samp le   pe r iod ,   t he   t rea tmen t   e f fec ted  a t o t a l   c o l i f o r m  

r e d u c t i o n   o f  2.78 l o g l o   u n i t s  (99.835%)  and a f e c a l   c o l i f o r m   r e d u c t i o n   o f  5.29 

l o g l o   u n i t s  (>99.999%). The l o g   r e d u c t i o n  o f  t o t a l  and f e c a l   c o l i f o r m s   a f t e r  

each  stage o f  t rea tment   a re   p resented   in   Tab les  8 and 9. 

For   comparat ive  purposes  the  feca l   co l i form  reduct ion  achieved a t  

t h e   s m a l l e r  Lake  Cowichan  (LC) sewage lagoon  dur ing  the  var ious  t reatment  

s t a g e s   a r e   r e p o r t e d   i n  Tab1  e 10. A t o t a l   f e c a l   c o l i f o r m   r e d u c t i o n   o f  5.58 log10 

u n i t s  and 4.54 l o g l o   u n i t s  was observed  a t   the L.C. treatment  system i n  

February,  1978 and  September,  1977 respec t i ve l y .  The D-NC treatment  system 

obta ined  comparable  resul ts  i n  t e r m s   o f   t o t a l   f e c a l   c o l  i form  reduct ion.   For  

t o t a l   c o l i f o r m s ,  a t o t a l   r e d u c t i o n   o f  3.26 l o g l o   u n i t s  was o b t a i n e d   a t   t h e  

L.C. t reatment  system i n  September,  1977 (9), somewhat b e t t e r   t h a n   t h a t  

achieved i n   t h i s   s t u d y   a t   t h e  D-NC treatment  system. The t o t a l   f e c a l   c o l i -  

f o r m   r e d u c t i o n   a c h i e v e d   b y   a e r a t i o n   [ p r i o r   t o   c h l o r i n a t i o n ,   s t a t i o n   L 5 ]  was 

1.80 l o g l o   u n i t s   f o r   t h e  D-NC system  compared t o  3.13 l o g l o   u n i t s  and 

4.00 l o g l o   u n i t s   f o r   t h e  LC system i n  February,  1978 and  September,  1977 

r e s p e c t i v e l y .   F o r   t o t a l   c o l i f o r m s ,   t h e   t o t a l   r e d u c t i o n   a c h i e v e d  by a e r a t i o n  
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TABLE 8: TOTAL  COLIFORM AND FECAL  COLIFORM REDUCTION THROUGH PROGRESSIVE 
TREATMENT STAGES 

N O  REDUCTION  (INCREASE) BETWEEN STAGES OF TREATMENT 
STATIONS  TOTAL  COLIFORM  FECAL  COLIFORM 35°C SPC 

L1  - L2 

L2 - L3 
L3 - L4 

L3 - L5 

L4 - L5 

L5 - L6 
L6 - L7 

L6 - L8 
L7 - L8 

1.92 

(0.11) 
0.06 

0.41 

0.35 

0.47 
0.25 

0.09 

(0.16) 

2.07 

0.92 

(1.19) 

(1.19) 

0.0 

2.42 
0.43 

1.07 
0.64 

(1.08) 

(1.04) 
0.04 

TABLE 9: TOTAL  COLIFORM AND FECAL  COLIFORM REDUCTION FROM RAW INFLUENT 
AT VARIOUS TREATMENT STAGES 

STAT I ON Tota l  Col i forms  Fecal  Col i forms 
LOG1  LOG1 n 

Pos t   ae ra t i on  1.92 

L2 

Pre-chl o r i   n a t i o n  2.22 

L5 

P o s t - c h l   o r i   n a t i o n  2.69 

L6 

F i n a l  -dechl o r i   n a t i o n  2.78 

L8 

2.07 

1.80 

4.22 

5.29 
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was  2.22 l o g l o   u n i t s   f o r   t h e  D-NC system  compared t o  2.79 l o g l o   u n i t s   f o r  

t h e  L.C. system i n  September,  1977(9). 

Genera l l y  as t h e  raw i n f l u e n t  moved through  the  lagoon  system, 

t o t a l  and f e c a l   c o l i f o r m   l e v e l s  d ropped .   H ighe r   t o ta l   co l i f o rm and 35OC SPC 

l e v e l s   a t   s t a t i o n   L 8   w o u l d   b e   a t t r i b u t e d   t o   r e g r o w t h   o f   n o n - f e c a l   c o l i f o r m s  

a s   f e c a l   c o l i f o r m s   i n d i c a t e d  a r e d u c t i o n   o f  0.64 l o g l o   u n i t s .   H i g h e r  

f e c a l   c o l f o r m s   l e v e l s   f o u n d  a t  s t a t i o n s  L4  and  L5  were  due t o   h i g h   f e c a l  

c o l i f o r m   i n p u t  from c e l l  n0.3 (F igu re   3 )   wh ich   i n i t i a tes   t rea tmen t   o f   raw  

i n f l   u e n t   f r o m   a n o t h e r   s e c t o r   o f   t h e   N o r t h  Cowichan D i  s t r i c t .  

The  sewage t rea tmen t   sys tem  ope ra ted   we l l   w i th   respec t   t o   bac te r -  

i a l   r e d u c t i o n ,  where  aerat ion up t o   t h e   p o i n t   o f   c h l o r i n a t i o n  removed  1.80 

l o g l o   u n i t s  (98.4%) o f   f eca l   co l i f o rms .   Ch lo r ina t i on   reduced   feca l  and 
t o t a l   c o l i f o r m   l e v e l s   b e l o w   t h o s e   a c h i e v e d  by t h e  lagoon t rea tmen t .  The 

e f f e c t i v e n e s s   o f   c h l o r i n a t i o n  on t o t a l   c o l i f o r m   r e d u c t i o n  was l e s s   t h a n   t h a t  

f o r   f e c a l   c o l i f o r m   r e d u c t i o n .  The t o t a l   c o l i f o r m   l e v e l s   d i d   n o t  change 

s i g n i f i c a n t l y  between s t a t i o n s  L6, L7  and  L8 w h i l e   f e c a l   c o l i f o r m   l e v e l s  

showed  a d ramat i c   reduc t i on  and t h i s   i s   l i k e l y   t o  be  due t o   a d d i t i o n a l  

con tac t   t ime.  

The f i n a l   e f f l u e n t   ( L 8 )  was sampled on an hour l y   bas i s   f rom 0800 

t o  1400 h d a i l y .   T h i s  was done t o  a s s e s s   t h e   e f f i c i e n c y   o f   t h e   c h l o r i n a -  

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

B o t h   f e c a l   c o l i f o r m  and t o t a l   c o l i f o r m   v a l u e s   r e m a i n e d   r e l a t i v e l y   c o n s t a n t  

d u r i n g   t h e  day i n d i c a t i n g   t h a t   t h e   f l o w   d i d   n o t  have  any  bearing on t h e  

b a c t e r i   o l   o g i c a l   q u a l  i t y  o f   t h e   e f f l   u e n t  . 
No c h l o r i n e  was d e t e c t e d   i n   t h e   f i n a l   e f f l u e n t   d u r i n g   t h e   s t u d y .  

Resu l ts   f rom  the   ch lo r ine   res idua l   ana lyses   conducted   by   the  Waste Manage- 

ment  Branch, V i c t o r i a   a r e   p r e s e n t e d   i n   T a b l e  11. 
On t h e  Cowichan  River,   four  stat ions  were  establ ished  downstream 

and  one  upstream  from  the  discharge. The f e c a l   c o l i f o r m   l e v e l s   f o u n d  down- 

s t ream  of   the  d ischarge  were  e levated  f rom  those  observed  a t   the  upst ream 

s t a t i o n ,   a l t h o u g h  none o f   t h e   r i v e r   r e s u l t s  were   except iona l l y   h igh   (Tab le  

7). 
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The impact o f   t h e  sewage d i s c h a r g e   o n   t h e   b a c t e r i o l o g i c a l   q u a l i t y   o f   t h e  

Cowichan R i v e r  was t h e r e f o r e   n o t   s i g n i f i c a n t   d u r i n g   t h i s   s t u d y .  

The f e c a l   s t r e p t o c o c c i   l e v e l  s found  downstream o f   t h e   d i s c h a r g e  

were   h igher   than  the   ups t ream  s ta t ion .  The f i n a l   e f f l   u e n t   c o u l d  be t h e  

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

Feca l   s t rep tococc i   ana lyses   were   conduc ted   t o   ass i s t   i n   de te rm in ing   t he  

s o u r c e   o f   f e c a l   p o l l u t i o n  t o  t h e  Cowichan R iver ,  i .e.,  human or   an ima l .  

However, t h e   l e v e l s  were t o o   l o w   t o  make any  conclusions  as to   t he   sou rce .  
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4.3 Flow-through  Pioassay 

The l a g o o n   e f f l u e n t  was n o n - a c u t e l y   t o x i c   t o  coho  salmon f ry  

d u r i n g   t h e   p e r i o d   o f  September 15 t o  September 19, 1980. There  were  no f i s h  

mor ta l i t i es   du r ing   t he   acc l ima t ion   pe r iod .   D isso lved   oxygen  and pH da ta  

c o l l e c t e d   f r o m   t h e   t e s t   v e s s e l s   a r e   p r e s e n t e d   i n  Tab1  e 12. Temperatures i n  
t h e   t e s t   v e s s e l s   r e m a i n e d   i n   t h e   r a n g e   o f  16OC t o  18.5OC. 

A d a i l y   g r a b  sample of   non-aerated 100% e f f l u e n t  and c o n t r o l  

d i . l u t i on   wa te r   were   ob ta ined   du r ing   t he   cou rse   o f   t he   b ioassay  and t h e  

r e s u l t s   a r e   p r e s e n t e d   i n   T a h l e s  13 and 14 r e s p e c t i v e l y .   E x c e p t   f o r   t h e   l o w  

d i sso l ved   oxygen   l eve l s   o f  1.6 t o  3.6 mg/ l   ob ta ined  by   the   Wink le r   d isso lved 

oxygen  method, other  parameters i n   t h e  100% e f f l u e n t  sample  were a t  l e v e l s  

tha t   wou ld   no t  be  expected t o  be a c u t e l y   t o x i c   t o   f i s h .  Oxygen l e v e l s   i n  

t h e   t e s t   v e s s e l s   c o n t a i n i n g  sewage ( reco rded   w i th  an oxygen  meter)   exhibi ted 

adequate   d isso lved  oxygen  leve ls   o f  5.3 t o  8.6 mg/l  (Table 1 2 ) .  Oxygen 

l e v e l s   i n   t h e   c o n t r o l   v e s s e l  (measured  by t h e  oxygen  meter)  were 9.4 - 10.0 
mg/l  and  by  the  Winkler method t h e y  were 8.6 t o  9.7 mg/l. The azide  method 

i s   r e p o r t e d   n o t   t o  be appl i c a b l e   f o r  samples con ta in ing   su l  f i  t e  (27) .  

D e c h l o r i n a t i o n  a t  t h e  D-NC lagoon i s  a c h i e v e d   w i t h   t h e   a d d i t i o n   o f  

s u l f u r - d i o x i d e  (S02) a f t e r   t h e   c h l o r i n e   c o n t a c t   b a s i n .   I n   t h e   d i s s o c i a t i o n  

o f  SO2 i n  w a t e r   a t   n e u t r a l  pH, i t  i s  f o u n d   p r i m a r i l y  as s u l f i t e  (S03"). 
The lower Wink1 er  dissolved  oxygen  values may i n p a r t   r e f 1   e c t  an i n t e r f e r e n c e  
due t o  a s u l f i t e   r e s i d u a l .  However, t he   h ighe r   d i sso l ved   oxygen   l eve l s  

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

o f   t h e   t e s t   s o l u t i o n s ,  whereas, t h e   W n k l e r  samples  were c o l l e c t e d   p r i o r   t o  

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

oxygen  and r a i s e s   t h e   p o s s i   b i  1 i t y  t h a t   r e a e r a t i o n  may be r e q u i r e d   t o  

m a i n t a i n   d i s s o l v e d   o x y g e n   l e v e l s   i n   t h e   e f f l u e n t   ( 3 3 ) .  

No c h l o r i n e  was de tec ted  i n   t h e   f i n a l   e f f l u e n t   d u r i n g   t h e   b i o a s s a y  

p e r i o d   a t  a c h l o r i n e  (9.1 kg/day) t o  SO2 (0.5 - 1.0 k g / d a y )   a d d i t i o n   r a t e   o f  

1 O : l  (Table 11). S u l f i t e   r e s i d u a l s  were  not  measured  onsi te due t o  a prob- 

l e m   w i t h   t h e   t e s t   k i t .  I t  should be n o t e d   t h a t   p a r t i a l   o r   t o t a l   d e c h l o r i -  

n a t i o n  may occur i n   t h e   c o n t a c t   b a s i n   p r i o r   t o  any SO2 add i t ion . (33)  
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TABLE 12: DISSOLVED OXYGEN AND pH  LEVELS  WITHIN THE FLOW-THROUGH BIOASSAY  TEST 

VESSELS 

CONCENTRATION SEPT. 15/80 SEPT. 16/80 SEPT. 19/80 

(by vol  ume) 1140 h r s .  0830 h r s  . 1040 h r s .  

PH DO PH DO PH DO 
( W l )  ( W / l )  (mg/l) 

100% 

90% 

7 5% 

68% 

56% 

C o n t r o l  

7.2 6.0 " 6.8 7 04 " 

7.2  6.5 " 5.3 7.4  5.6 

7.3  7.4 " 7.3 7.3 5.7 

7.3  7.7 " 8.3 " " 

7.3  8.1 " 7.5  7.5 8.6 

7.5 9.9 " 9.4 7.5 10.0 
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TABLE 13: EFFLUENT QUALITY OF THE DUNCAN-NORTH COWICHAN SEWAGE LAGOON DURING THE 

FLOW-THROUGH BIOASSAY 

VARIABLE* SEPT 15/80 SEPT 16/80 SEPT 17/80 SEPT 18/80 

TOC 
T I C  
Phenol 
D i  ssol ved  Oxygen ( N i   n k l   e r )  
Sul f i d e  
LAS ( s u r f a c t a n t s )  
COD 
NFR 
C o n d u c t i v i t y  (uhmos/cm) 
A1 k a l  i n i  t y  (as CaC03) 
T u r b i d i t y  (FTU) 
Hardness 
PH 
NO2 
NO3 
NH3 + NH,f 
Und issoc ia ted  NH3*** 
TD N 
TP 
TDP 
E x t r a c t a b l  e** 
cu  
Pb 
Cd 
Zn 
Fe 
Dissolved** 
cu 
Pb 
Cd 
Zn 
Fe 

F1 ow (m3/d) 

30 
30 

0.032 
3.6 

< 0.050 
0.098 

90 
14 

387 
117 
2.3 

47.4 
7.0 

< 0.0050 
< 0.010 

12.6 
0.037 

13.0 
5.57 
4.84 

0.021 
< 0.0010 
< 0.0010 

0.0186 
0.237 

0.014 
< 0.0010 
< 0.0010 

0.073 
0.106 

4906 

31 
33 

0.030 
1.6 

< 0.050 
0.098 

85 
16 

395 
120 
6.7 

48.1 
" 

< 0.0050 
<0.010 

16.1 
0.047 

11.0 
4.78 
3.99 

0.017 
< 0.0010 
< 0.0010 

0.0070 
0.277 

0.0088 
<0.0010 
<0.0010 

0.0077 
0.135 

4906 

30 
32 

0.046 
2.9 

< 0.050 
0.085 

85 
12 

392 
120 
6.0 

47.0 
" 

< 0.0094 
< 0.010 

20.0 
0.059 

16.0 
4.85 
4.85 

0.017 
< 0.0010 
< 0.0010 

0.0260 
0.215 

0.029 
< 0.0010 
< 0.0010 

0 . 0074 
0.114 

4612 

30 
32 

0.031 
2.4 

< 0.050 
0.098 

100 
15 

398 
119 

19.0 
48.1 

7.0 
<0.0050 
< 0.010 
" 

" 

14.5 
4.45 
4.42 

0.020 
< 0.0010 
<0.0010 

0.0094 
0.336 

0.021 
<0.0010 
<0.0010 

0.0110 
0.157 

456 3 

* as  mg/l , s i n g l e   g r a b  sample 
** I n d u c t i v e l y  Coupled  Plasma  Spectrograph  and  Flameless  Atomic  Absorption (27) 
*** Ca luc la ted   f rom Emerson " e t  a1 (10) f o r  pH 7 and 16OC. 



- 43 - m 

TABLE 14: QUALITY OF THE COWICHAN  RIVER CONTROL WATER USED IN FLOW-THROUGH BIOASSAY 
L 

VARIABLE* 

~ ~~~ ~~ ~~~~ ~- 

SEPT 15/80 SEPT 16/80 SEPT 17/80 SEPT 18/80 

T OC 
TIC 

' Phenol 
Di sso l  ved Oxygen (Wi n k l  e r )  
Sul f ide 
LAS ( s u r f a c t a n t s )  
COD 
NFR 
Conduct iv i ty  (uhmos/cm) 
A1 kal ini  t y   ( a s  CaC03) 
T u r b i d i t y  (FTU) 
Hardness 
PH 
NO2 
NO3 
NH3 + NH; 
TDN 
TP 
TDP 
Extractable** 
cu 
Pb 
Cd 
Zn 
Fe 
D i s so l  ved** 
c u  
Pb 
Cd 
Zn 
Fe 

River Flow ( d / d )  

1.0 
5.0 

< 0.020 
9.7 

< 0.050 
< 0.040 
< 20 

5 
60.5 
23.8 

< 1.0 
24.0 

7.4 
< 0.0050 
< 0.010 

0.01 04 
0.080 

< 0.0050 
< 0.0050 

< 

< 0.0010 
< 0.0010 
< 0.0010 

0.0085 
0.033 

0.001  5 
< 0.0010 
< 0.0010 

0.023 
0.01 7 

395,778 

1.0 
6.0 

<o. 020 
9.3 

<O. 050 
<O. 040 
< 20 
< 5  

59.0 
24.5 

< 1.0 
23.1 
" 

<O. 0050 
< 0.010 

0.0076 
0.105 

0.0069 
0.0097 

<o. 0010 
<o. 0010 
< 0.0010 

0.0016 
0.034 

< 0.0010 
< 0.0010 
< 0.0010 

0.0010 
0.01 1 

627,368 

3 .0  
6.0 

< 0.020 
" 

< 0.050 
< 0.040 
< 20 
< 5 

62.0 
25.0 
1.0 

24.3 

< 0.0050 
0.0169 
0.0057 

0.120 
0.01 42 
0.01  55 

" 

< 0.0010 
< 0.0010 
< 0.0010 

0.0036 
0.037 

< 0.0010 
< 0.0010 
< 0.0010 

0.001  6 
0.016 

641,195 

2.0 
6.0 

< 0.020 
8.6 

< 0.050 
< 0.040 
< 20 
< 5 

61.0 
24.5 

< 1.0 
24.3 

7.5 
<O. 0050 
< 0.010 

0.0076 
0.110 

0.0074 
0.0061 

<o. 0010 
<o. 0010 
<o. 0010 
< 0.0010 

0.042 

< 0.001 0 
<o. 0010 
< 0.0010 

0.0014 
< 0.010 

612,678 

II 

* a s  my/ l  , single grab sampl e YL 

** Induc t ive ly  Coupled  Plasma  Spectrograph  and  Flarneless Atomic Absorption (27)  
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The r e s u l t s   i n   T a b l e  11 i n d i c a t e   t h e r e   i s  a h igh  background  ch lor ine demand 

i n   t h e   f i n a l   e f f l u e n t  and an a d d i t i o n   r a t e   o f   a p p r o x i m a t e l y   t e n   t i m e s   t h a t  

du r ing   t he   b ioassay  was r e q u i r e d   t o  show an a d d i t i o n a l  demand o f  0.07 ppm. 

Further  work  would  have t o  be done t o  assess i f  comple te   dech lo r ina t ion  

cou ld  be  achieved on  a year - round  bas is   w i th   the   con tac t   bas in   a lone.  The 

a d d i t i o n   o f  SO2 i n   t h e   f i n a l   e f f l u e n t   p r o v i d e s  a safe  guard  against  

i ncomp le te   dech lo r ina t i on  and p o s s i b l e   f i s h   t o x i c i t y  due t o   r e s i d u a l  

c h l o r i n e .  

Undissoc iated ammonia l e v e l s  (0.037 - 0.059 m g / l )   w e r e   a t   l e v e l s  

be low  the  96-hr  LC50 o f  0.45 mg/l f o r   f i n g e r l i n g  coho  salmon (11) and (0.5 - 
0.8 m g / l )   f o r   c u t t h r o a t   t r o u t  f r y  (12). Thu rs ton   e t  a1 (29 )   repo r ted   t ha t  

f o r   r a i n b o w   t r o u t ,  ammonia t o x i c i t y   i n c r e a s e d  as dissolved  oxygen  decreased. 

The lowest   d isso lved  oxygen  leve l   a t   wh ich  90% o f   t h e   c o n t r o l   f i s h   s u r v i v e d  

96 h r s  was  2.6 mg/l and the   96 -h r  LC50 was 0.316 mg/ l   undissoc iated ammonia 

(pH = 7.89, temp. = 12.5OC) (29). 

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

t h a t ,   i n  September, n i t r i f i c a t i o n   o f  ammonia i s  n o t   o c c u r i n g   i n   t h e   l a g o o n .  
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5 IMPACT AND CONSIDERATIONS RELATED TO INCREASED NUTRIENT 
CONCENTRATIONS 

5.1 Impact o f   I nc reased   Nu t r i en t   Concen t ra t i ons  on Attached  Algae 

The impact on t h e  Cowichan R i v e r   o f   t h e   i n c r e a s e d   n u t r i e n t  

concent ra t ions   f rom  to   the   Duncan-Nor th  Cowichan sewage  can  be  seen by 

comparing  the  at tached  algae  community seen i n  photographs  taken  September 

9, 1980. There  are  s t r ik ing  d i f ferences  between  the  upst ream  per iphyton 

community ( P l a t e  3 )  t o   t h a t   a t   s t a t i o n  3 ( P l a t e   4 ) ,   s t a t i o n  4 ( P l a t e  5) and 

downstream o f  the   s tudy   a rea   (P la te  6). A t  s t a t i o n  1 (upst ream)  the  natura l  

s u b s t r a t e  was composed o f  a heavy  diatom and b lue-green  (D ichothr ix  sp.) 

cover  and  a few   sho r t   g reen   t u f t s  (Oedegonium spp.) (K. Munro, DFO 
p r e l i m i n a r y   r e s u l t s ,   1 9 8 0 ) .  Maximum growth was v i s u a l l y  observed t o  be a t  

s t a t i o n  3 (150  meters  downstream) and s t a t i o n  4 (350 meters  downstream). On 

September 9, 1980 t h e   g r o w t h   a t   s t a t i o n  3 c o n s i s t e d   o f  a th i ck   b lue -g reen  

(Phormidi um autumnal  e) and t h i c k   s l  imey  green (Sti geocl   oni  um s tagna t i  1 e)  

cover  (K. Munro, DFO p re l   im ina ry   resu l t s ,   1980) .  A t  s t a t i o n  4 the  growth 

c o n s i s t e d   o f  a th ick  growth  o f   (Phormid ium  autumnale)  and long  green 

f i l a m e n t s   ( u p   t o  30 cm) o f  (Oedegonium  spp.). A comprehensive  analysis  of  

t h e   a t t a c h e d  a1 gae  community i n  terms  of  biomass and s p e c i e s   i d e n t i f i c a t i o n  

i s  be ing  prepared  by  the  Depar tment   o f   F isher ies and Oceans (S. Samis, per.  

comm., DFO, 1980). The p o i n t   t o  be made here i s   t h a t   t h e   i m p a c t   o f   t h e  

n u t r i e n t   a d d i t i o n s  on the  at tached  algae  community was la rge .   V isua l  

obse rva t i ons   o f   t he   a t tached  a1 gae showed t h a t   t h e   e f f l   u e n t  , which was being 

d ischarged  in to   the   ma in   s t ream  f low,  was i n i t i a l l l y   r e s t r i c t e d   t o  a narrow 

band  downstream t o   s t a t i o n  2. From t h e r e   t h e   d i r e c t i o n   o f   t h e   m a i n   f l o w  

s h i f t e d   t o w a r d s   t h e   o t h e r   s i d e   o f   t h e   r i v e r  and  by s t a t i o n  3 (150  meters 

downstream), the   a lga l   g rowth  showed t h e   i n f l u e n c e   o f   t h e   d i s c h a r g e   t o  have 

e x t e n d e d   r i g h t   a c r o s s   t h e   r i v e r .  The area   a f fec ted   w i th in   the   s tudy   a rea  

( t o   t h e  narrows  upstream o f  Somenos Creek, P l a t e  1) i s   e s t i m a t e d   t o  be 

approx imate ly  2.25 hectares.  

Y 

*. 

Y 

H 

W i M  

I 
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5.2 E f f l u e n t   D i l u t i o n   C o n s i d e r a t i o n s  

The mean Cowichan River   f low  over   August  19,  1980 t o  September 9, 
1980 was 5.2 m3/s  and t h e  mean sewage d i s c h a r g e   f o r  September, 1980 was 0.062 
m3/s.  The l a t t e r   i s   c o n s i d e r e d   t o  be r e p r e s e n t a t i v e   o f  summer sewage f l o w  

volumes.  Under t h e s e   f l o w   c o n d i t i o n s ,   t h e   t h e o r e t i c a l   d i l u t i o n   i s  84:l 
assuming  instantaneous  complete  mixing. The p r e s e n t   P o l l u t i o n   C o n t r o l   p e r m i t  

a1 lows f o r  a maximum d i s c h a r g e   o f  0.157 m3/s o r  2.5 t i m e s   t h e  September ra te .  

The i n c r e a s e   i n   t h e   n u t r i e n t   f r a c t i o n s  above  background l e v e l s   f o r  

t h e  downstream s t a t i o n s   i s  summarized i n  Table 15. The l a c k   o f   d i l u t i o n  

c a p a c i t y   i s   b e s t   d e m o n s t r a t e d   a t   s t a t i o n  4, 350 meters  downstream o f   t h e  

o u t f a l l .  Fo r  TDP and  NH3,increases i n  August  were 5.9 and 20 
t i m e s   r e s p e c t i v e l y  and i n  September, inc reases  were 15 and 31 t imes  respec- 

t i v e l y .  The h i g h e r   l e v e l s   i n  September r e f l e c t   h i g h e r   n u t r i e n t   l e v e l s   i n  

t h e   e f f l u e n t   ( T a b l e  16) p l u s   s l i g h t l y   l o w e r   r i v e r   f l o w s .  To have  achieved 

background  leve l  s a t   s t a t i o n  4 i n  August , r i v e r   f l o w s   w o u l d  have  had t o  be 

i n   t h e   o r d e r   o f  36 m3/s f o r  TDP and 109 m3/s f o r  NH3. For September, 

r i v e r   f l o w s   i n   t h e   o r d e r   o f  78 m3/s f o r  TDP and 161 m3/s f o r  NH3 would  be 

r e q u i r e d   t o   r e d u c e   l e v e l s   t o  background. 

From TDP and NH3 e f f l  uen t   concent ra t ions  and 1 eve1 s repo r ted  

i n   t h e  Cowichan R iver   ( less   background)   rough  approx imat ions   o f   e f f luen t  

d i l u t i o n  have  been  calculated  (Table 15). I n  August, 1980 t h e   d i l u t i o n  a t  

s t a t i o n  2, 3 and 4 r e s p e c t i v e l y  was approx imate ly  31:1,  36:l and 86:l 
r e s p e c t i v e l y .  Similar d i l u t i o n s  were a l s o  found i n  September 1980. 

On an  average  basis,   Cowichan  River  dai ly  f lows  lower  than 20 
m3/s can  be  expected t o  occur   approx imate ly  60%,  85%,  99%,  84% and 77% o f  

t h e   t i m e   f o r  June, July,  August,  September  and  October  respectively  (Table 

17). Dai ly f l ows   l ess   t han  10 m3/s can  be  expected t o  occur   approx i -  

ma te l y  24%,  54%,  88%, 52% and 30% o f   t h e   t i m e   r e s p e c t i v e l y .   A u g u s t   i s   t h e  

month  minimum  f lows  general ly  occur and  between 1977 and 1980, f rom 52% t o  
100% (X = 78%) o f   t h e   d a i l y   f l o w s  were  between 4-6 m3/s. I n  a yea r  such 

a s  1979 which had very   low  f lows,  63%, 93% and 100% o f   t h e   d a i l y   f l o w s   f o r  

June, J u l y  and  August r e s p e c t i v e l y  were  below 6 m3/s. 

N 
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TABLE 15: TIMES INCREASE I N  NUTRIENT CONCENTRATIONS ABOVE BACKGROUND LEVELS I N  
AUGUST, 1980 AND SEPTEMBER, 1980 AND ESTIMATED DILUTION 

August, 1980 September, 1980 

Stn 2 Stn  3 Stn 4 Stn 2 Stn 3 Stn 4 
50 m* 150 m* 350 m* 50 m* 150 m* 350 m* 

TP 14 12 5 22 25 9.3 
TDP 17 14  5.9 27 30 15 
TDN 3.2 3.0  1.4 7.5 7 .O 2.8 
N"3 53 51 20 (70) (66 1 31 
NO3 - NO2 0 . 05 0 0.2 1.2 0.9 

(Est imated) 
* downstream  f rom  di f fuser 

Example Ca lcu la t ion :   [S tn  21 - [Stn 13 = t imes  increase 
[Stn 13 

ESTIMATED DILUTION 

August 1980 September 1980 

Stn 2 Stn  3  Stn 4 Stn 2 Stn 3 Stn 4 

TDP 31: 1 36: 1 86: 1 39: 1 35: 1 71: 1 
N" 3 36: 1 37: 1 95: 1 33: 1 35: 1 75: 1 

Example Ca lcu la t ion :   [Average  E f f luen t   f rom  Tab le  161 = e s t i m a t e d   d i l u t i o n  
[Stn 21 - [Stn I] 
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1980 
1979 
1978 
1977 
1976 
1975 
1974 
1973 
1972 
1971 

0 0  0 18 21.8 0 5  15 10 
0 0  

8.19 
0 13 21.6 11 8  3  8 

0 0  0 22  18.2 0 0  11 19 
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7.14 

0 5  26 0 6.46 0 27  4 0 5.44 
4.73 

0 11 19 0 6.06 0 22 9 0 5.69 
0 0 5 20 14.9 0 7 9 15 
0 0 18 13 10.8 0 0 27  2  9.01 

8.81 
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0 2 24 5 7.96 0 16 14 0 
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0 0 8  4 24.4 0 0  0 15 22.3 
0 7 16 7 8.13 0 0  0 24 20.2 
0 0 4  26 12.6 0 0  19  12 9.83 
0 0 0 20 17.4 0 0  0 4 75.9 
0 0 30 0 7.31 3 7  21 0 6.52 
0 30 0 0 4.96 0 12 8  6 11.6 
0 3 17 10 9.97 0 2  18 11 9.15 

X 0 5.6 10.1  9.5  12.4  0.3  2.1  6.8  14.6  21.6 
- 0 0 8 22 12.5 0 0  0 21 21.9 

X <  6  m3  18.7  7.7 
x<- 10 m3  52.3  29.7 
X <  20  m3 84 76.8 
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From the   obse rved   nu t r i en t   i nc reases  and t h e   r e s u l t a n t  a1 gal  bloom 

i n   t h e  Cowichan R i v e r   d u r i n g  a p e r i o d  when r i v e r   f l o w s  were r e p r e s e n t a t i v e  

o f  what   would  be  expected  dur ing  the  low  f low  per iod,  it i s  obv ious   t he  

Cowichan R i v e r   d o e s n ' t   h a v e   t h e   d i l u t i o n   c a p a c i t y   t o   h a n d l e   t h e   d i s c h a r g e .  

Any e f  f l  uent   vo l  ume i n c r e a s e s   w o u l d   j u s t   i n c r e a s e   t h e   o v e r a l l   n u t r i e n t  
load ings .  Abundant a lga l   g rowth  was observed  downstream o f   t h e   s t u d y   a r e a  

(P1 a t e  6 )  b u t   t h e r e   a r e  no prev ious  records t o  assess i f  c o n d i t i o n s  had 

improved  or  remained  unchanged  since sewage e f f l u e n t s  were  removed  from t h e  

Somenos Creek d r a i n a g e   t o   t h e   p r e s e n t   l o c a t i o n .  

5.3 Comparison o f   D i s s o l v e d   N u t r i e n t   L e v e l s   t o   O t h e r   R i v e r  Systems 

A compar ison  o f  Cowi chan  R iver   background  d isso lved  nu t r ien t  

l e v e l s   w i t h   o t h e r   r i v e r  systems shows t h a t   n u t r i e n t   l e v e l s   a r e   l o w ,   p a r t i c -  

u l a r l y   t h e   d i s s o l v e d   i n o r g a n i c   n i t r o g e n   f r a c t i o n   ( T a b l e   1 8 ) .  From t h e   l a r g e  

inc reases  i n   n u t r i e n t s   f r o m   t h e  sewage e f f l u e n t  and t h e   l o w   b a c k g r o u n d   r i v e r  

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

i n   a l g a l   s t a n d i n g   c r o p .  As adequate d i l u t i o n   p o t e n t i a l   i s n ' t   a v a i l a b l e  

d u r i n g   l o w   f l o w   p e r i o d  and p r e s e n t   n u t r i e n t   l o a d i n g s   a r e   r e s p o n s i b l e   f o r  

large  growths  o f   a t tached  a lgae,   adequate  cont ro l   measures  should  be 

c o n s i d e r e d   f o r   b o t h  P and N. The Cowichan R i v e r   d i s s o l v e d   i n o r g a n i c  
n i t r o g e n   l e v e l s  a r e  extremely low and n i t r o g e n   c o u l d  we l l  be t h e   l i m i t i n g  

n u t r i e n t   c o n t r o l l i n g   a l g a l   p r o d u c t i o n .  
The Department o f   F i s h e r i e s  and Oceans conducted a l a b o r a t o r y  

a lga l   b ioassay   i n   1981   us ing  Cowichan R iver   water  and t e n t a t i v e l y   f o u n d   b o t h  

N and P w e r e   r e q u i r e d   t o   g e t  an increased  growth  response  from  Cowichan 

R i v e r   c o n t r o l   w a t e r  (G. Carlson, DFO, per. comm., 1981) .   For   r i ver   water  

c o l l e c t e d  downstream o f   t h e   o u t f a l l  an increased  growth  response was found 

when bo th  N and P were  added toge the r  and when o n l y  N was added (G. Car lson, 

per. comm. , 1981). A cornpl e t e   e v a l u a t i o n   o f   t h e   a l g a l   b i o a s s a y   r e s u l t s  

could  serve  as a c o u r s e   o f   d i r e c t i o n   f o r   a d d i t i o n a l   e f f l u e n t   t r e a t m e n t  

c o n t r o l  s.  
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TABLE 18: COMPARISON OF THE MEAN BACKGROUND DISSOLVED NUTRIENT LEVELS OF THE 

COWICHAN RIVER WITH OTHER BRITISH COLUMBIA RIVERS’ 

To ta l  D i  ssol  ved  PhosDhorous ( u a / l l  . ./. I 

Rive r  J une J u l y  August  September 

Cowi chan (1979) 

(1980) 

Nor th Thompson* 

South Thompson* 

Lower Thompson* 

Chi  11  iwack** 
Capi  1  ano** 
B i  g Qual i cum** 

Upper  Punt 1  edge** 

Qu i  nsam** 

4.2  2.8 

3.8  5.3 

5 3 

2  3 

5  4 
” ” 

” ” 

(1.5-4.8) (3.8-5.3) 

“ 

7.4 

” 

“ 

4.1 

4.8 
4 

7 

5 

N i t r a t e  - N i t r i t e   ( u g / l )  

Cowi chan (1979) 8.5  3.4 ” 2.3 

(1980) 4.7 < 2.0 < 2.0  2.2 

Nor th Thompson* 90 76 77 55 

South Thompson* 54 33 22 9.5 

Lower Thompson* 86 6 1  52  34 

Ch i l l iwack* *  (63-71) (60 )  (58-66 ) ” 

Capilano** (85) (108) (85-90)  (129) 

B i  g Qual i cum** (44-74) (64-68) (63 )   (52 )  
Upper  Puntledge** (36) (21-32) (13)   (18)  

Qu i  nsam** (19) (13-27) (26)   (26)  
Continued... 

( ) sing1 e grab  sample  or  range o f  grab  samples, a1 1 o the rs   a re  mean values. 
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TABLE 18: COMPARISON OF THE MEAN BACKGROUND DISSOLVED  NUTRIENT  LEVELS OF THE 
COWICHAN RIVER WITH OTHER BRIT ISH COLUMBIA R I V E R S  

(Cont inued) 

Ammonia ( u g / l  ) 

River  June  July  August  September 

Cowi chan (1979) 
( 1980) 

Nor th  Thompson 

South Thompson 

Lower Thompson 
Chi1  1  iwack** 

Capi 1 ano** 
B i  g  Qual i cum** 

Upper  Punt1 edge** 

Qu i  nsam** 

8.6 
4.4 
" 

" 

" 

2.9 
2.0 
" 

" 

" 

4.0 
" 

" 

" 

2.4 
6.4 
" 

" 

" 

* Oguss and  Erlebach (24) 

** unpubl ished  data,   suppl ied  cour tesy o f  t h e  Dept. o f  F i she r ies  and  Oceans, 
Hatchery Waste Water  Program 

( - )  grab  sample o r  range o f  grab  samples, a1 1 o thers   a re  mean values 



- 55 - 

Heal  ey ( 1 8 )   r e p o r t e d   t h a t  when b o t h   n i t r a t e  and ammonia are  pre-  

sent   together ,  ammonia i s   u s u a l l y   t a k e n  up to   exhaus t ion   be fo re   t he   up take  

o f   n i t r a t e   b e g i n s .   F o r s b e r g  (26) repo r ted   t ha t   o rgan ic   n i t rogen  compounds 

may serve as a n i t rogen  source when i n o r g a n i c   n i t r o g e n  compounds do become 

low o r  exhausted.  Bothwell   and  Daley  (19)  concluded  that  nuisance  growths 

o f   b e n t h i c   a l g a e   i n   t h e   l o w e r  Thompson r i v e r ,   i n   w i n t e r ,   a r e  caused  by 

elevated  phosphorous  levels.  South Thompson and Nor th  Thompson R ive r   a lgae  

were   repor ted   to  show severe  and  in termediate  phosphorous  def ic iency 

r e s p e c t i v e l y   ( 1 9 ) .   N u t r i e n t   l e v e l s   f o r   t h e  Thompson r i v e r s  have  been 

compared t o   l e v e l s   i n   t h e  Cowichan R i v e r   i n   T a b l e  19. Whi le   the  TDP 

c o n c e n t r a t i o n s   a r e   l o w   i n   t h e  Cowichan R iver  and  comparable t o   r i v e r s  

c o n s i d e r e d   t o  show p h o s p h o r o u s   d e f i c i e n c y ,   t h e   m a j o r   d i s s i m i l a r i t y   i s   t h e  

d i f f e r e n c e   i n   t h e   t o t a l   d i s s o l v e d   i n o r g a n i c   n i t r o g e n   f r a c t i o n s  (NO3- NO2 
p l u s  NH3). Where  mean 1 eve1 s i n  t h e  Thompson system  exceeded 57 u g / l   t o  

up t o  175 u g / l ,   c o n c e n t r a t i o n s   i n   t h e  Cowichan River  were  below  the 

d e t e c t a b l e   l e v e l   o f  2 u g / l   t o  1 7  ug / l  . The r a t i o   o f   t o t a l   d i s s o l v e d  

i n o r g a n i c   n i t r o g e n   t o   t o t a l   d i s s o l v e d   p h o s p h o r o u s   a v e r a g e d  21  : 1, 28: 1 and 

3 9 : l   f o r   t h e   l o w e r  Thompson, South Thompson and Nor th  Thompson r i v e r s  

r e s p e c t i v e l y   ( T a b l e  19). The same r a t i o   f o r   t h e  Cowichan River  ranged 

between  0.7:l t o  4.1:l. M i l l e r   e t  a1 (30) r e p o r t e d   t h a t   t h e  N:P r a t i o  was 

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

waters  . Waters c o n t a i   n i  ng N: P r a t i o s  (10 maybe cons idered  n i t rogen 1 imi t i ng 

w h i l e   t h o s e   w a t e r s   w i t h  N:P r a t i o s > l O  maybe phosphorous l i m i t i n g   t o   a l g a l  

growth (30). On t h i s   b a s i s ,   t h e  Cowichan R i v e r   w o u l d   f a l l   w e l l   w i t h i n   t h e  

n i t r o g e n   l i m i t e d   c r i t e r i a .  

5.4 Nu t r i en t   Con t ro l   Cons ide ra t i ons  

For t h e  Cowichan R i v e r   s i t u a t i o n ,  it will i n i t i a l l y  be  necessary 

t o   c o n s i d e r   t h e   p o t e n t i a l   f o r   t h e   c o n t r o l  o f  both  phosphorous and n i t r o g e n  

i n p u t s  . For phosphorous,  removal  by  chemical  addition  (a1 um, f e r r i c  

ch lo r i de ,   l ime)   t o   was tewa te rs  has  been s t u d i e d   e x t e n s i v e l y  and  has  been 

shown t o  be  a v iab le   t echn ique   f o r   con to l l i ng   phosphorous   d i scha rges  (20). 

Irr 

u 

L 



Y 

Y 

I 

- 56 - 

TABLE 19: COMPARISON OF MEAN DISSOLVED NUTRIENT LEVELS OF THE THOMPSON RIVERS 

AND THE COWICHAN R I V E R  

Nor th Thompson* South Thompson* Lower Thompson* 
Feb.  Mar. Apr. Feb.  Mar. Apr. Feb. Mar. Apr. 

TDP ( W l )  3.8 4.9 2.1 3.2 2.8 1.9 8.7 8.2 6.1 
NO3 - NO2 u g / l  155 110 83 74 60 52 144 140 150 
NH3 u g / l  20 20 8.8 13 15 5.3 10 13 3 
N : P*** 46:l 26:l 44:l 27:l 27:l 30:l 18:l 19:l 25:l 

* From Bothwell  and  Daley (19). 

Cowichan R i v e r  
June  Ju  ugust** Se tember** 

1979  1980  1979 ':980  19;9 1980 

TDP ( W l )  4.2 3.8 2.8  5.3 " 7.4 4.1 4.8 
NO3 - NO2 ( W l )  8.5 4.7 3.4 < 2.0 " <2.0 2.3 2.2 

N:P 4.1:l 2.4:l 2.2:l  <0.7:1 -- < 0.8:l 1.1:l 1.8~1 
NH3 ( u g / l )  8.6  4.4  2.9 < 2.0 " 4.0  2.4  6.4 

"""""""""""""""""""""""""""""""""""-"""" 
** For 1980- s t a t i o n  1 o n l y  

*** N:P = r a t i o  o f  NO3 - NO2 + NH3: TDP, ca lcu la ted   by   au thor .  
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Essen t ia l l y ,   bo th  suspended  and soluble  forms  of   phosphorous  present i n   t h e  

wastewater   a re   t rans fer red   to   the   s ludge  by-produc t .   Phosphorous   i s  

g e n e r a l l y   p r e s e n t   i n   w a s t e w a t e r   i n  more than one  chemical  form  (ortho- 

phosphate - 1/3,  polyphosphate - 1/3  and p a r t i c u l a t e  phosphorous - 1 /3)  and 

t h e   f i n a l   e f f l u e n t   t o t a l  phosphorous   concent ra t ion   a t ta inab le  depends on t h e  

degree  o f   convers ion  o f   so lub le  phosphorous t o  an inso lub le   fo rm  th rough 

r e a c t i o n   w i t h  a chemica l   coagu lan t /p rec ip i tan t  and t h e   e f f i c i e n c y   o f   l i q u i d -  

s o l i d s   s e p a r a t i o n  and  suspended  sol i d s  removal i n   t h e   t r e a t m e n t   p l a n t   ( 2 1 ) .  

Stepko  and  Schroeder  (21)  reported  that   to  achieve  total   phosphorous  con- 

c e n t r a t i o n s   o f  0.3 mg / l   o r   l ess ,   v i r t ua l l y   comp le te   conve rs ion   o f   so lub le  

phosphorous t o   p a r t i c u l a t e  phorphorous i s  necessary.  Thus,  the  residual TP 

c o n c e n t r a t i o n   i n   t h e   f i n a l   e f f l u e n t   t h e n  becomes  a d i r e c t   f u n c t i o n   o f   t h e  
e f f i c i e n c y  o f  the  treatment system f o r  suspended s o l i d s  removal (21). 

Wetter  (22)  reported on t h e   o p e r a t i o n   i n  1976/77 o f  f u l l  sca le,   cont inuous 

phosphorous  removal f a c i l i t i e s   u s i n g  alum a t   t h e  Kamloops, B.C. sewage l a -  

goon. Wetter  (22)  reported  the  alum  treatment  produced a f i n a l   e f f l u e n t   i n  

the   lagoon  tha t   averaged 0.44 mg/ l   to ta l   phosphorous,  0.1 mg/ l   d isso lved 

phosphorous and 0.08 mg/ l   or thophosphorous  and  that   represented a 94% and 

98% removal e f f i c i e n c y   f o r  TP and TDP, r e s p e c t i v e l y .  Raw e f f l u e n t  TP and 

TDP concentrat ions  were 7 mg/l and 5.4 mg/ l   respect ively.   Stepko and 

Schroeder   (21)   repor ted  that  due t o   t h e   v a r i a b i l i t y   o f  wastewater 

c h a r a c t e r i s t i c s  and t r e a t m e n t   p l a n t   f a c i  1 i t i e s ,   t h e   c h o i c e   o f   t h e  most 

advantageous  phosphorous  removal  system  would  have t o  be determined on  a 

p l a n t   b y   p l a n t   b a s i s .  The e f f e c t i v e n e s s   o f   t h e   t r e a t m e n t  method  should be 

d e t e r m i n e d   t h r o u g h   t r e a t a b i l i t y   s t u d i e s .   ( 2 1 )  . 
I n  te rms   o f   n i t rogen   remova l ,   t he   bas i c  and  most f e a s i b l e   p h y s i c a l  

-chemica l   p rocesses   p resent ly   ava i lab le   fo r   remova l   o f  ammonia n i t r o g e n  

i nc l  ude ammonia s t r i   p p i  ng , b r e a k p o i n t   c h l   o r i   n a t i o n   a n d / o r   c h l   o r i   n a t i o n -  

d e c h l o r i n a t i o n  and i o n  exchange  (23). A1 1 of  these  processes  are  based on 

t h e  removal o f  ammonia o r  ammonium i o n  and  have a process  advantage  over  b i -  

o log ica l   systems i n   t h a t   p r i o r   c o n v e r s i o n   o f  ammonia t o   n i t r a t e   i s   n o t  a 

prerequis i te .   Studies  o f   phys ica l -chemical   n i t rogen  removal   methods  have 

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

I 
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Y (23) .  Nitrogen  removal i s   r e l a t i v e l y   e x p e n s i v e  and s i n c e   t h e   t e c h n o l o g y   i s  

still i n   i t s   i n f a n c y  many data gaps  and unknowns s t i l l   e x i s t   ( 2 3 ) .   L e s l i e  

(31) repor ted   tha t   fo r   n i t rogen  remova l   p rocesses ,   the  one t h i n g   t h e y  have 

i n  common i s   t h a t   t h e y   a r e   e x t r e m e l y   e x p e n s i v e .  The p l a n t s   a r e   h i g h l y  com- 

p lex ,   cap i ta l   cos ts   a re   h igh ,  and opera t i ng   cos ts   exo rb i tan t   (31 ) .  

From the   p rev ious   d i scuss ion   ce r ta in   cons ide ra t i ons  become e v i -  

dent. The Cowichan R i v e r   d u r i n g   t h e  summer low  f lows  wouldn ' t   normal ly   have 

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

e f f l u e n t   q u a l i t y  and f u r t h e r  volume  increases  would  only  worsen  the  problem. 

The Cowichan River  appears t o  have  unusual ly   low  d isso lved  inorganic  

n i t r o g e n   l e v e l s   i n d i c a t i n g  i t  could  be a n i t r o g e n   l i m i t e d  system.  Cowichan 

River   d isso lved  phosphorous  leve ls   are  a lso  low.  The e f f e c t   o f   t h e  added 

nutr ients  f rom  the  Duncan-North  Cowichan sewage d i scha rge   i n to   t he   ma ins tem 

Cowichan R ive r  was t o   i n i t i a t e  a l a r g e  a1 ga l  bloom. I n   o r d e r   t o   r e d u c e   t h e  

impact on t h e  Cowichan R i v e r   s e v e r a l   c o n t r o l   o p t i o n s   t h a t   p o t e n t i a l l y   e x i s t  

are:  

(1 )  Assess t h e   f e a s i b i l i t y   o f  a seasona l ly   regu la ted   d ischarge 

i n c o r p o r a t i n g  no d i scha rge   o r  a very   m in ima l   d ischarge  fo r  an 

approximate 33 month  period  between  June  and  September. 

( 2 )  Using t r e a t a b i l i t y  s tud ies  o r  a f u l l  s c a l e  p i l o t   s t u d y ,  assess t h e  

capabi 1 i t y  t o  reduce  phosphorous  levels i n   t h e   f i n a l   e f f l u e n t   t o  a 

p o i n t   t h a t  phosphorous ( e f f l u e n t   p l u s   b a c k g r o u n d )   i n   c o m b i n a t i o n   w i t h  

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

will not  promote  excessive  a lgal   growth.   Algal   b ioassays  could  be  run 

c o n c u r r e n t l y   t o   a s s e s s  i f  algal   growth  would be s t i m u l a t e d   i n   t h e  

Cowichan R i v e r   w i t h   o n l y  a h igh   d i sso l ved   i no rgan ic   n i t rogen   i npu t  and 

a very  high  percentage  removal o f  t o t a l  phosphorous. A f i n a l   a n a l y s i s  

o f   t h e  Department o f   F i s h e r i e s  and Oceans a lga l   b ioassay  may serve as a 
course o f  d i r e c t i o n   t o   t a k e   f o r   t r e a t a b i l i t y   s t u d i e s .   A x l e r  and 

Goldman ( 2 5 )  r e p o r t e d   t h e r e   s t i l l  appears t o  be no f a i l   s a f e  assay f o r  

i d e n t i f y i n g   a l g a l   g r o w t h   l i m i t a t i o n   b y   n i t r o g e n .  
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(3 )   assess   t he   f u tu re   e f f l uen t   t rea tmen t  needs o f   t h e  community w i t h  ad- 

vanced  wastewater   t reatment   opt ions  that  remove n u t r i e n t s   w i t h o u t  chem- 

i c a l s   ( 3 1 ) .  

W i th   respec t   t o   op t i on   (1 )   i nc reased   fa1  1 f l o w s   g e n e r a l l y   b e g i n   i n  

October and f lows  over 40 m3/s g e n e r a l l y   o c c u r   i n  November (Table 20) . The 

10  year mean f l o w   f o r   O c t o b e r  was 22 m3/s compared t o  78.3 m3/s i n  November. 

Any f l o w   r e g u l a t i o n   w o u l d   h a v e   t o  be somewhat f l e x i b l e   c o n s i d e r i n g   t h e   v a r i -  

a b i l i t y   o f   t h e   o n s e t   o f  summer low  f lows and  autumn h igh   f lows.  A t  l e a s t  a 

34 month  period  (mid-June t o  September o r   J u l y   t o  mid-September)  should  be 

considered.  For  opt ion (2), it i s   i m p o r t a n t   t o   c o n d u c t   t r e a t a b i l i t y   s t u d i e s  

and a lga l   b ioassays   to   assess   the   g rowth   po ten t ia l   o f   reduced  phosphorous  

e f f l u e n t .  Traaen  (32)  reported on t h e   e f f e c t s   o f   v a r i o u s   e f f l u e n t s   f r o m  

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

T raaen  (32)   repor ted   tha t   a t  a 0.5% ( 2 0 0 : l   d i l u t i o n )   l o a d   o f   e f f l u e n t   f r o m  

sewage c h e m i c a l l y   t r e a t e d   w i t h  a1 um and fo l lowed  by sewage pond t reatment ,  

the  corresponding  phosphorous  increase was 0.7 ug  P/1  and  gross  primary 

p r o d u c t i v i t y   i n c r e a s e d   b y  a f a c t o r   o f  1.35. A t  a 5% ( 2 O : l   d i l u t i o n )   l o a d   o f  

t h e  same e f f l u e n t ,   p r i m a r y   p r o d u c t i v i t y  more than  doubled compared t o   t h e  

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

t o   a l g a l   c o m m u n i t i e s   s p a r s e   i n   d i a t o m s  and  dominated  by  Mougeotia sp., 

Scenedesmus sp., and Staurast rum spp. T h i s   s o r t   o f  community  even  prevailed 

w i t h   e x t r e m e l y   e f f i c i e n t  P remova l ,   w i th   less   than 9 ug  P/1 a t  a  5% e f f l u e n t  

l o a d   o f  alum t r e a t e d  sewage pond t r e a t e d   e f f l u e n t .  He r e p o r t e d   t h a t   a t   h i g h  

vo lume  loadings  o f  sewage e f f l u e n t s ,   f a c t o r s   o t h e r   t h a n  P (such as N, 
organ ic   mat te r ,  pH and m i c r o n u t r i e n t s )  change t h e   w a t e r   q u a l i t y   s u f f i c i e n t l y  

t o  a1 t e r   t h e   o r i g i n a l   b i o t a .  

L 

Y. 

ID 



- 60 - 

a 

I 

Y 

m 

.. 

YI 

\ 
v) 

M 
E 
0 
d 

& 
W > 
0 

0 
W a 
v, 

& w 
m 

0 co m 
d 
I 

0 
3 
"I 
LL 

& 
W 
1 

lY 
z 

U 

4 z 
3 
0 
0 

0 
c\1 

.. 
W 

v) 
\ 
m 
E 

v 
L L C C  
0 

W *  
L 
> 

d N 

M c o c n O h O V ) c n h 7  
d d  d d 

0 0 a 0 M O M O O C  
d 

O U 3 0 6 0 h 0 0 0 U  
4 

o d a M o o o ~ o u  
d d 

o o o o o o o o o c  

o o c o o o o o o o c  
N d  4 



- 61 - 

REFERENCES 

1. B e l l ,  L.M. and R.J. Kallman, The Cowichan-Chemainus R iver   Es tuar ies  

Status  of   Environmental   Knowledge  to 1975. Environment Canada, 

Special   Estuary  Ser ies No. 4 (1976). 

2. Oguss, E., and W.E. Er lebach,   L imi ta t ions  o f  S i n g l e  Water Samples i n  

Represent ing Mean Water Q u a l i t y  I. Environment Canada. I n l a n d  

Water D i rec to ra te ,   Techn ica l  Rul l e t i n  No.95 (1976). 

3. Langer, O.E., and M.D. Nass ichuk,   Tox ic i ty  o f  Ch lo r ina ted  Sewage 

E f f l u e n t   t o   F i s h ,  Salmon Eggs, and P e r i p h y t o n   i n   t h e   N i c o l a  and 
Coldwater  Rivers.  Environment Canada, F i s h e r i e s  and Marine 

Serv ice ,   In te rna l   Repor t   Ser ies  No. PAC/1-76-1 (1976). 

4. Surface  Water  Data,  Water  Survey o f  Canada, 1979 F low  Data  for   the 

Cowi chan  River  (1980). 

5. Surface  Water  Data,  Water  Survey o f  Canada, 1980  Flow  Data f o r   t h e  

Cowi chan  River  (1981) . 
6. K l e i b e r ,  P., and W.E. E r lebach ,   L im i ta t i ons   o f   S ing le  Water  Samples i n  

Represent ing Mean Water Q u a l i t y  111. F i s h e r i e s  and Environment 

Canada, In1  and  Waters D i  r e c t o r a t e ,   T e c h n i c a l   B u l l   e t i  n No. 103 

(1977) . 
7. K le ibe r ,  P., P.H. W h i t f i e l d ,  and W.E. Er lebach,   L imi ta t ions  o f  S ing le  

Water  Samples i n  Represent ing Mean Water Q u a l i t y  11. F i s h e r i e s  

and  Environment Canada, In1  and  Waters D i  rec to ra te ,   Techn ica l  

Bul l e t i n  No. 107  (1978). 



- 62 - 

m 

a 

Y 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Ferguson, K.D., A Pe r fo rmance   Eva lua t i on   o f   t he   V i l l age   o f  Lake 

Cowichan Sewage Treatment Lagoons. Envi   ronmental   Protect ion 

Service,  Regional  Program  Report : 78-4  (1978). 

Kay, B.H., Lake  Cowichan STP E f f l u e n t  and Receiv ing Water 
B a c t e r i o l o g i c a l  Data,   unpubl ished  report ,   Environmental   Protect ion 

Service  (1977). 

Emerson, K., R.C. RUSSO, R.E. Lund  and R.V.  Thurston. Aqueous Ammonia 
Equ i l  i b r i u m   C a l c u l a t i o n s :   E f f e c t   o f  pH and Temperature. 3.  Fish. 

Res. Board Can. - 32 (1975). 

Buckley, J.A., Acute   Tox ic i ty   o f   Un- ion ized Ammonia, To F i n g e r l i n g  Coho 

Salmon, The Progress ive   F ish  Cul t u r i s t  - 40( 1) (1978) . 
Thurston, R.V., R.C. RUSSO, and C.E. Smi th .   Acute   Tox ic i ty   o f  Ammonia 

and N i t r i t e  t o  Cut th roa t   T rou t  Fry. Trans. Am. Fish. SOC. 107(2) 

(1978). 
- 

Water  Survey o f  Canada. Histor ical   Streamflow  Summary-Br i t ish 
Col  umbia. In1  and  Waters D i  r e c t o r a t e ,  Ottawa  (1980). 

Q u a l i t y   C r i t e r i a   f o r  Water. U.S. Envi ronmenta l   Protect ion Agency, 
Washington , D.C. EPA-440/9-76-023 (1976) . 

Davis, J.C., Minimal  Dissolved Oxygen Requirements o f   A q u a t i c   L i f e   w i t h  

Emphasis on Canadian  Species: A Review. J. Fish. Res. Board Can., 

32:  2295-2332. 

Wells, R.A., and W.J. McNeil . E f f e c t  o f  Q u a l i t y   o f   t h e  Spawning Bed on 
Growth  and  Development o f   P i n k  Salmon  Embryos  and Alevins.  U.S. 
F ish   W i ld l .  Serv., Spec. Sci. Rep. Fish.  No. 616 (1970). 



- 63 - 

17. N e s b i t t  , 3. B., Phosphorous i n  Wastewater  Treatment.  Environmental 

Phosphorous Handbook, A Wi ley - In te rsc ience   Pub l i ca t i on   (1973) .  

18. Healey, F.P., Inorgan ic   Nut r ien t   Uptake and D e f i c i e n c y   i n  Algae. CRC 
C r i t i c a l  Reviews i n   M i c r o b i o l o g y ,  Vo1.3,  No.1, pp.69-113 (1973). 

19. Bothwel l ,  M.L., and R. J. Daley,   Determinat ion  of   Phosphorous 

S u f f i c i e n c y  and  Growth  Rates o f   B e n t h i c   A l g a e   i n   t h e  Thompson 

R i v e r  B.C. Using  Experimental  Flowing  Troughs.  National  Water 

Research I n s t i t u t e ,   I n l a n d  Waters   D i rec to ra te ,   Pac i f i c  and  Yukon 

Region  (1981). 

20. Boyko, B. I., Phosphorous Removal S tud ies  and Process  Design 
Cons idera t ions .   Presented   a t   the   Nut r ien t   Cont ro l   Seminar -  

Kel  owna, B.C., A1 t e r n a t i v e s   f o r   N u t r i e n t   C o n t r o l  , Environmental 

Pro tec t ion   Serv ice ,   (1975) .  

21. Stepko, W.E. and W.H. Schroeder,  Design  Considerations t o   A t t a i n  Less 

Than 0.3 mg / l   E f f l uen t  Phosphorous.  High Q u a l i t y   E f f l u e n t s  

Seminar  Conference  Proceedings No.3, O n t a r i o   M i n i s t r y   o f   t h e  

Environment and Enivronmental   Protect ion  Service  (1976).  

22. Wetter, R. D., Kamloops  Phosphorous Removal Study.  Pol 1 u t i o n   C o n t r o l  

Branch, B.C. M in i s t r y   o f   t he   Env i ronmen t ,   Repor t  No. 77-12  (1977). 

23. A tk ins ,  P.F.Jr., and D.A. Scherger, A Reveiw o f  Physical-Chemical 

Methods f o r   N i t r o g e n  Removal From Wastewaters.  Prog. Wat.  Tech., 

Vol.8  (1977). 

24. Oguss, E., and W.E. Er lebach,   Nut r ien t   Concent ra t ions  and  Loads i n   t h e  

Thompson R i v e r  System. A C o n t r i b u t i o n   t o   t h e   J o i n t   F e d e r a l -  

P r o v i n c i a l  Task  Force  (1976). 



- 64 - 

25. Ax le r ,  R.P. and C.R. Goldman, Iso type  Tracer  Methods  For   Invest igat ions 

o f   N i t r o g e n   D e f i c i e n c y   i n   C a s t l e  Lake, C a l i f o r n i a .  Water 

Research,  Vol.15,  (1981). 

26. Forsberg, C.' N i t rogen  As A Growth  Factor I n  Fresh  Water.  Prog. Wat. 

Tech.  Vol.8.  Pergamon Press  (1977). 

27. Anon, Environmental  Laboratory  Manual.  Laboratory  Services,  Department 

o f  Envi  ronment and Department o f   F i s h e r i e s  and Oceans (1979) . 
28. Anon, A n a l y t i c a l  Methods  Manual. In land  Waters   D i rec to ra te ,  Water 

Qual i t y  Branch  (1979). 

29. Thurston, R.V., E.R. P h i l l i p s ,  R.C. Russo and S.M. Hinkins,   Increased 
T o x i c i t y   o f  Ammonia t o  Rainbow Trout  (Salrno g a i r d n e r i )   R e s u l t i n g  

f rom Reduced Concent ra t ions   o f   D isso lved Oxygen. Can. J. Fish.  

Aquat.  Sci . - 38 (1981). 

30, M i l l e r ,  W.E., J.C. Greene and T, Shiroyama,  Appl icat ion  of   Algal   Assays 

t o   D e f i n e   t h e   E f f e c t s   o f  Wastewater E f f l u e n t s  Upon Algal  Growth i n  

M u l t i p l e  Use R ive r  Systems. B i o s t i m u l a t i o n  and N u t r i e n t  Assess- 

ment,   Proceedings  of  a  Workshop  he1  d a t   U tah   S ta te   Un ive rs i t y ,  
Logan  Utah,  Sept. 10-12,  1975. Edi ted  by E.J. Middlebrooks, D.H. 

Fa1 kenborg and T.E. Maloney  (1975) . 
31. L e s l i e ,  P.J., Advanced  Wastewater  Treatment Removes Nut r ien ts   Wi thout  

Chemicals.  Water  and  Pol 1 u t i o n   C o n t r o l  , October  (1980) . 
32. Traaen, T.S., E f f e c t s   o f   E f f l u e n t s  From  a Var ie ty   o f  Sewage Treatment 

Methods on P r i m a r y   P r o d u c t i v i t y ,   R e s p i r a t i o n  and Algal  Communities 

i n   A r t i f i c i a l  Stream  Channels. Verh. Internat.  Verein.  Limnol.,  - 20 

(1978). 

33. Martens, D.W. and J.A. Serv i z i ,   Dech lo r ina t i on   o f   Mun ic ipa l  Sewage 

Using  Sul   fur   Diox ide,  IPSFC, Progress  Report No. 32 (1975) . 



- 65 - 

ACKNOWLEDGEMENTS 

The h e l p  and i n f o r m a t i o n   p r o v i d e d   b y   t h e   s t a f f   o f   t h e  C i t y  o f  

Duncan  works   yard   and Mr. B r i a n  Hughes o f   D u n c a n   K o n d r a   E n g i n e e r i n g  

Consu l tan ts  was apprec ia ted .   Thanks   a re   ex tended t o  Mrs. L. P e a r s o n   f o r  

d r a f t i n g ,  Mr. L. McLeod f o r   c o m p u t e r   a s s i s t a n c e   a n d   t h e   s t a f f   o f   t h e  

Env i ronmenta l   Pro tec t ion   Serv ice  and I n l a n d  Waters  Laborator ies  for   chemical  

analyses. A r e v i e w   o f   t h i s   m a n u s c r i p t   b y  Mr. T. Tevendale and Mr. B. K e l s o  

was a p p r e c i a t e d .   I n f o r m a t i o n   p r o v i d e d   b y   t h e   D e p a r t m e n t   o f   F i s h e r i e s   a n d  

Oceans was appreciated. 

Ch lo r ine   res idua l   ana lyses  were provided  by  the  Waste  Management 
Branch, V i  c t o r i  a. 



I 
- 66 - 

APPENDIX I 

( a )  WATER QUALITY  STUDIES - SAMPLE 
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( b )  FLOW-THROUGH BIOASSAY PROCEDURES 



- 67 - 
. . . 

003 d 
034 d rl 

rD 

04 0 0 

03 
d 
0 

0 
ul 
a3 

d rD 
0 03 
I4 0 

W' 

00 
.)w 

m o  

*r aJ 
UI- 

I 

n 

n 
h 
(u 
v 

LI -  

r a J  
aJ0 

I- aJr rc, 

mi 

I 

7 0  

E5? 
0 
0 0  
rDU 

m u  c 
I - m  
E 
OI-  

aJ 

U G O N  av) 5 

> - 0  

vv, v 
0 0 0  

c 
aJ cn 
2 
0 

U aJ 
- L  
> 



- 68 - 

I 

I 
n 
I- 

L 
0 
IC 

U 
c, 
aJ 

rcI 
aJ 
I- 
L 

1. 

I 
c 
aJ 
r 
c, 
W 
1, 

0 
Q 

l- 

- 
E 

. 
VI 
Y 
V 
5 
II 

aJ 

t 
0 
E 
E 
4: 

c, 
0 
I- 



I 

m 
- 69 - 

I 

r. 

I 

APPENDIX I( b )  FLOW THROUGH BIOASSAY PROCEDURES 

The apparatus,  designed  and  constructed  by J.Baumann, 

Envi ronmenta l   Protect ion  Serv ice i s  a much mod i f i ed  Mount  and Brungs (1) 

p r o p o r t i o n a l   d i  1 u t e r .  Some d e s i g n   p r i n c i p l e s   w h i c h  were i n c o r p o r a t e d   i n t o  

p r o p o r t i o n a l   d i l u t e r s   b u i l t  by Hemmer (2 )  and by  Smith e t   a l .  ( 3 )  were  used, 

as we1 1 as many va luable  suggest ions made by Ron G. Watts,   the head o f   t h e  

Env i ronmenta l   Pro tec t ion   Serv ice   Aquat ic   Tox ic i ty   Labora tory .  

The f low-through  apparatus and  a f i s h   h o l d i n g   t a n k ,  were i n -  

s t a l  1 ed i n  a m o b i l e   l a b o r a t o r y   ( a   t w e l v e   f o o t   t r a i l e r )  and moved on to   t he  

bank o f  a Cowichan R iver   s ide   channe l   near   the   lagoon  ou t fa l l  on September 

8,  1980. 
The t e s t   f i s h  used i n   t h e   f l o w - t h r o u g h   b i o a s s a y  were j u v e n i l e  

coho  salmon  (Oncorhynchus kisutch)  which  were  seined  f rom  the  Cowichan 

R ive r ,   ups t ream  o f   t he   l agoon   ou t fa l l ,  on September 9 ,  1980.  The average 

l e n g t h   o f   t h e   f i s h  was 7.4 cen t ime te rs ,   w i th  a s t a n d a r d   d e v i a t i o n   o f  0.78 

cent imeters ,  and the  average  weight was 4.69 grams, w i t h  a s tandard 

d e v i a t i o n   o f  1.68 grams. These f i s h  were  immediately  placed i n   t h e   m o b i l e  

1 abo ra to ry ' s   ho ld ing   t ank ,  a1 l o w i  ng  6 days o f   a c c l   i m a t i o n   t o   l a b o r a t o r y  

c o n d i t i o n s   b e f o r e   t h e   s t a r t   o f   t h e   b i o a s s a y  on September 15, 1980. The f i s h  

were   no t   fed   dur ing   th is   t ime,   o r   dur ing   the   f low- th rough  b ioassay .  
The f i s h   h o l d i n g   f a c i l i t i e s   i n   t h e   l a b o r a t o r y   c o n s i s t e d  o f  an 

ova l ,  200 l i t r e   f i b r e g l a s s   t a n k   e q u i p p e d   w i t h  an external   standpipe. The 

tank  was supp l i ed   w i th  a c o n t i n u o u s   f l o w   o f   f r e s h w a t e r   a t  a ra te   o f   app rox -  

i m a t e l y  one l i t r e  a minute. The water   fo r   the   ho ld ing   tank ,  as w e l l  as f o r  

the  f low- through  b ioassay,  was taken  f rom  the   s ide-channe l   o f   the  Cowichan 

River  (which  d iverges  f rom  the  main  channel   upstream  of   the sewage o u t f a l l )  

by means o f  a cont inuous ly   opera t ing   submers ib le  pump, pumping through  15 

me te rs   o f   re in fo rced   rubber  hose. 

Sewage lagoon e f f l   u e n t   f o r   t h e   b i o a s s a y  was obtained  by means o f  

a con t inous ly   opera t ing   submers ib le  pump suspended i n   t h e   o u t f a l l   p i p e  un- 

d e r  an over f low  cap  loca ted  on t h e  bank  between  the  main and s ide  channels  

a 
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o f   t h e  Cowichan River.  The e f f l   u e n t  was conduc ted   t o   t he   mob i l e   l abo ra to ry  

by  means o f  60 me te rs   o f   re in fo rced   rubber  hose. Approximately 10 meters o f  

t h i s   l e n g t h  was immersed i n   t h e   w a t e r   o f   t h e   s i d e   c h a n n e l  , a l l o w i n g  some 

tempera ture   equa l   i za t ion   to   occur .  

The f low-through  apparatus was a d j u s t e d   t o   d e l i v e r  300 mill il i t r e  

volunles a t  85  second i n t e r v a l s   t o  each o f   t h e   s i x   t e s t   v e s s e l s   w h i c h  

c o n t a i n e d   t h e   t e s t   s o l u t i o n s  and t h e   t e s t   f i s h .  The t e s t   s o l u t i o n s  

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

r i v e r   w a t e r   c o n t r o l .  The t e s t   v e s s e l s  used  were  cy1 i n d r i c a l   p o l y e t h y l e n e  

t a n k s   w i t h   i n s i d e   d i m e n s i o n s   o f  32 cent imeters  wide  by 47 cent imeters deep. 

Cent ra l   g lass   s tandp ipes   were   ad jus ted   to   ma in ta in  a v o l   m e   o f  30 1 i t r e s ,  

f o r  which  the 95% rep1 acement t ime,   accord ing  to   Sprague's   Char t  ( 4 )  , was 5 

hours. The concentrat ions  chosen f o r  the  bioassay,  based on prev ious s t a t i c  

bioassay  data,  were loo%, 90%, 75%, 68%  and 56%  by  vol ume. 

The waste  water   f rom  the  f low- through  apparatus,   the  test  

vessels,  and t h e   f i s h - h o l d i n g   t a n k  was p iped   i n to   t he   s ide   channe l  o f  t h e  

Cowichan  River,  downstream o f   t h e   w a t e r   i n t a k e  pump.  The t e s t   s o l u t i o n s  

were  aerated  by means o f  a sma l l   p i s ton  pump wh ich   de l   i ve red   a i r   t h rough  

g lass-we igh ted   Pas teur   p ipe t tes  suspended i n   t h e   t e s t   s o l u t i o n s .  Air 
d e l i v e r i e s  were n o t  measured, b u t  were es t imated   to   be  250 millil i t r e s  a 
m i n u t e   a t  a  minimum. D isso lved  oxygen de te rm ina t ion  were made w i t h  a Y S I  

d i s s o l v e d  oxygen  meter  with a s e l f - s t i r r i n g   s u b m e r s i b l e  probe. An Or ion 

model 701 pH mete r   w i th  an automatic  temperature  compensator and  a pH 

combina t ion   e lec t rode was used f o r   t h e  pH determinat ions.  

E l e c t r i c a l  power t o   o p e r a t e   t h e  pumps, 1 i g h t s ,  and inst ruments 

was obta ined  by means o f  a propane  fueled  generator.  
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APPEND1 X I I 

COMPARISON OF SEQUENTIAL AND REPLICATE  SAMPLES  COLLECTED OVER 

AN  IDENTICAL  SAMPLE  PERIOD ON THE  COWICHAN RIVER - 

( a )  TOTAL PHOSPHOROUS 

(b )  TOTAL  DISSOLVED  NITROGEN 

( c )  AMMONIA 

( d )  N I T R A T E - N I T R I T E  
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APPENDIX I I ( a ) :  COMPARISON OF SEqUENTIAL AND REPLICATE  SAMPLES  COLLECTED OVER AN IDENTICAL SAMPLE 

PERIOD ON THE CWICHAN RIVER - TOTAL PHOSPHOROUS 

SEQUENTIAL SAWLING STATION 2 

1979 - TP (ug / l )  1980 - TP (Ug/l) 
June  19-20 J u l y  10-11 Ju l y   31dugus t  1 September  4-5  June  16-17 Ju l y   7 -8  August  19-20 

6.2 
8.3 
9.3 
7.1 
7.1 
7.1 
7.1 
7.1 
7.1 
6.5 

7.1 
7.1 - 

X(S.D) 7.3 (-81 
95% 
1 i m i t s  6.7-7.8 

6.4 
10.5 

7.5 
8.0 

6.9 
6.9 

7.5 
6.4 

7.5 
6.4 

8.5 
6.9 - 
7.4 (1.21 

6.7-8.2 

9.8 
8.4 
8.8 
8.3 

8.3 
7.0 
3.9 
* 

* 

- 8.3 
7.8 (1.81 

6.4-9.3 

5.4 
6.2 
6.1 
5.5 

5.4 
6.2 

5.5 
7.5 

7.8 
7.0 
7.7 
5.5 
6.3 (.91 
- 

5.7-6.9 

9.1 
7.3 
7.3 
8.8 
4.7 
6.3 
4.6 
7.7 
6.8 
5.3 

6.3 
8.0 
6.8 (1 .51  
- 

21.7 
19.5 
20.6 

5.9 
10.4 

8.9 
10.7 
10.1 

10.1 
8.7 

10.2 
8.9 - 

12.1  (5.31 

5.9-7.8  8.8-1 5.5 

172 
80.4 

134 
1 70 

160 
120 
157 
159 

121 
113 

131 
- - 
138 (28) 

119-157 

REPLICATE SAWLING STATION 2 

1979 - TP (ug / l )  1980 - TP (Ug/ l )  
June  19-20 J u l y  10-11 Ju l y   31dugus t  1 September  4-5  June  16-17 J u l y  7-8 August  19-20 

7.1 
8.5 
9.2 

10.2 
9.3 
5.5 
6.5 

8.5 
7.1 - 

X(S.D) 8.0 (1.51 

95% 
l i m i t s  6.8-9.1 

10.1 
6.9 
6.9 

5.5 
6.4 

7.5 
6.9 

6.9 

- 6 e 9  

7.1 (1.21 

6.2-8.0 

7.4 
7.9 
8.2 

7.1 
7.0 
7.3 
6.5 

6.8 
7.2 
7.3 (0.51 
- 

6.9-7.7 

5.4 
5.3 
5.5 

7.6 
10.0 
13.0 
5.8 
8.2 

- 6.3 
7.5 (2.61 

5.5-9.4 

6.9 
7.8 
7.0 

6.3 
5.4 
4.7 
5.5 
5.0 
5.2 
6.0 (1.1) 
- 

5.2-6.8 

8.1 
8.8 
7.8 

8.5 
7.9 
8.7 
8.4 

9.0 
9.3 
8.5 (0.5) 
- 

8.1-8.9 

1 76 
176 
1 72 

98.3 
107 

98.5 
112 
116 
118 
130 (34) 
- 

105-156 

sample  spout  stuck. 

NOTE: Sequent ia l :   d iscrete samples co l lected  every two  hours. 
Rep l ica t ion :  3 r e p l i c a t e  samples co l l ec ted  on 3 occasions  over  sequential  sampling  run. 

r 

* 



- 74 - 

Y 

Iy 

II 

r. 

I 

rl 

L) 

APPENDIX I I ( b ) :  COMPARISON OF SEQUENTIAL AND REPLICATE  SAMPLES  COLLECTED OVER AN IDENTICAL 
SAMPLE PERIOD ON THE COWICHAN RIVER - TOTAL  DISSOLVED  NITROGEN 

SEQUENTIAL  SAMPLING  STATION 2 

1979 - TON (Ug/l) 1980 - TON (ug / l )  

June  19-20 J u l y  10-11 Ju l y  31-August 1 September  4-5  June  16-17  August  19-20 

95 
95 

100 
90 

90 
90 
80 
80 
80 

80 
80 

80 - 
Z(S.0 87 (7) 

9 5% 
1 imit 82-92 

75 
80 
85 
80 
80 

80 
75 
80 
75 

80 
70 

65 - 
77 (5) 

74-80 

85 
95 

100 
95 

120 

105 
95 
97 
96 

95 
86 

96 - 
97 (9) 

91-103 

65 
70 
71  
68 
66 

61 
61 
60 
63 

61 
60 
65 
64 (4) 
- 

62-67 

80 
85 
80 
70 
90 

85 
90 

420 
85 

80 
85 

75 - 
110 (98) 

49-172 

265 
350 
280 
350 
280 

285 
305 
320 
265 

260 
295 

370 
302 (371 
- 

279-326 

REPLICATE  SAMPLING  STATION 2 

1979 - TDN (ug / l )  1980 - TDN (ug/ l )  
June  19-20 J u l y  10-11 Ju l y  31-August 1 September  4-5  June  16-17  August  19-20 

95 
100 

90 
80 
80 
75 

100 
90 

115 - 
R(S.0 92 (12) 
95% 
limit 82-101 

85 
85 
80 
70 
75 
65 
90 
75 
90 - 
79 (9) 

73-86 
i 

85 
85 

182 
75 

85 
91 
80 
85 
80 - 
94 (331 

69-119 

65 
80 
70 
60 
60 
60 
65 
65 
65 

66 ( 6 1  
- 

61-70 

105 
85 

150 
55 
60 
70 
65 
65 

345 - 
111 (931 

41-181 

350 
330 
345 
290 
285 
280 
320 
335 
360 
322 (301 
- 

299-344 



- 75 - 

APPENDIX II(c): COMPARISON OF SEQUENTIAL AND REPLICATE SAMPLES COLLECTED OVER  AN IDENTICAL 
SAMPLE PERIOD ON THE COWICHAN RIVER - AMMONIA 

REPLICATE  SAWLING  STATION 1 

1979 - NH? (ug/l)  1980 - NH7 (ug/l)  
June 19-20 July 10-11 Ju ly  31-August 1 September 4-5 June 16-17 August 19-20 

6.0 
5.0 

18.0 
5.0 
9.0 

10.0 
9.0 
4.0 
8.0 

10.0 
6.0 
4.0 

W(S.D) 7.8 (3.9) 

95% 
limit 5.4-10.3 

2.0 
3.0 
2.0 
2.0 
2.0 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
3.0 
2.2 (0.41 
- 

2.0-2.5 

8.0 
4.0 
6.0 
8.0 
7.0 
7.0 
2.0 

16.0 
9.0 
7.0 

12.0 
11 .o 
8.1 (3.71 

5.8-1 0.4 

6.0 
5.0 
8.0 

34.0 
8.0 
9.0 
8.0 
5.0 

34.0 
8.0 
6.0 
4.0 - 

11.2 (10.71 

4.5-18 

6.0 
7.0 
7.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.2 (0.41 
- 

175 
21 3 
22 7 
225 
218 
196 
206 
216 
180 
173 
193 
- - 

202 (19.81 

5.9-6.4 189-215 

REPLICATE  SAWLING  STATION 2 

1979 - NH7 (uq/ l )  1980 - NH3 .(ug/l) 
June 19-20 July 10-11 July 31-August 1 September 4-5 June 16-17 August 19-20 

7.0 
13.0 
9.0 

11.0 
7.0 
8.0 

10.0 
13.0 
10.0 

T((S.D) 9.8 (2.3) 
- 

95% 
l i m i t  8.1-11.5 

2.0 
2.0 
2.0 
6.0 
3.0 
2.0 
6.0 
2.0 
4.0 - 
3.2 (1.71 

1.9-4.5 

4.0 
6.0 

18.0 
5.0 
6.0 

10.0 
4.0 
4.0 
4.0 - 

6.8 (4.61 

3.3-10.3 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
3.0 
3.0 
3 .O 
2.3 (0.51 
- 

2.0-2.7 

8.0 
2.0 
5.0 
8.0 
6.0 
6.0 
4.0 
5.0 
2 .o 
5.1 (2.2) 
- 

3.4-6.8 

234 
232 
237 
190 
193 
194 
21 7 
226 
217 
216 (1872 
- 

201-230 
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APPENDIX I I ( d ) :  COMPARISON OF SEQUENTIAL  AN0  REPLICATE SAMPLES COLLECTED OVER  AN IDENTICAL 
SAMPLE PERIOD ON THE COWICHAN RIVER - NITRATE - N I T R I T E  

SEQUENTIAL SARLING  STATION 2 

1979 - NO3-NO7 ( ~ q / l )  1980 - NO3-NO2 (Ug/l) 
June 19-20 Ju ly  10-11 Ju ly  31-August 1 September  4-5 June 16-17 August 19-20 

6.0 
7.0 
7.0 
5.0 
6.0 
7.0 
6.0 
7.0 
6.0 
6.0 
7.0 
6 .O 

R(S.D) 6.3  (0.61 

95% 
1 imit 5.9-6.7 

3.0 
2.0 
3.0 
5.0 
3.0 
5.0 
4.0 
5.0 
5.0 
6.0 
4.0 
4 .O 
4.1 (1.21 
- 

3.3-4.8 

< 2.0 
< 2.0 

3.0 
< 2.0 

4.0 
< 2.0 

3.0 
4.0 
3.0 
2.0 
3.0 
3 .O 
2.7 (0.71 

2.3-3.2 

2.0 
2.0 
2.0 
3.0 
4.0 
4.0 
4.0 
3.0 
3.0 
2.0 
2.0 
2 .O 
2.7 (0.91 
- 

2.2-3.3 

6.0 
7.0 
7.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6 .O 
6.2 (0.41 
- 

5.9-6.4 

20 
22 
12 
20 
21 
19 

3.0 
13 

3.0 
2.0 
2.0 
- 

12.4 (8.51 

6.8-1 8.1 

REPLICATE  SARLING  STATION 2 

1979 - NO2-NO7 (ug/l)  1980 - N03-NO7 (ug/ l )  
June 19-20 Ju ly  10-11 Ju ly  31-August 1 September  4-5 June 16-17  August  19-20 

8.0 
9.0 
9.0 
9.0 
7.0 
8.0 

14.0 
8.0 

14.0 
K(S.D) 9.6 (2.61 

3.0 
3.0 
3.0 
3.0 
3.0 

<2.0 
6.0 
4.0 
6.0 
3.7 (1.41 
- 

< 2.0 
<2.0 

4.0 
<2.0 
<2.0 
C2.0 
<2.0 
(2.0 
<2.0 - 

2.2 (0.71 

< 2.0 
< 2.0 
< 2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2 .O - 
2.0 (0.01 

4.0 
3.0 
3.0 
5.0 
6.0 
6.0 
5.0 
5.0 
5 .O 
4.7 (1.11 

C2.0 
C2.0 
<2.0 
<2.0 
<2.0 
<2.0 
C2.0 
<2. 0 
<2 .O - 
2.0 (0.01 

95% 
1 imi t 7.6-1 1.5 2.6-4.7  1.7-2.7  2.0-2.0  3.8-5.5  2.0-2.0 
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APPEND1 X I I I 

DAILY  BACTERIOLOGICAL  RESULTS FOR 

COW ICHAN SEWAGE TREATMENT LAGOONS 

AND  COWICHAN  RIVER 
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DAILY BACTERIOLOGICAL  RESULTS FOR COWICtiAN SEWAGE TREATMENT LAGOONS 
AND COWICHAN R I V E R  

Sampl e  Count/100 ml 
Stat ion   Date  TC FC FS 35OC SPC/ml 

L 1  Sept. 15 2 . 5 ~ 1  O6 2.0xl06 3. 8x105 
16  1 .1~107 2 . 5 ~ 1  O6 4. 9x105 

1 7  4. 3x107 4 . 6 ~ 1  O5 6. lx105 
18  2 .5~107 6. 1x106 1 . 5 ~ 1  O6 

Mean 2. ox l  07 2 . 8 ~ 1  O6 7 .4~105 

L2  Sept.  15  2.9~1 O5 2 .1~104 

16   1 .1~105 2.7~104 
1 7  - 1.9~104 

18  3 .3~105 2.7~104 

Mean 2.43~105 2. 35x104 

L3  Sept. 15 2 . 8 ~ 1  O5 2. o x l  03 
16   1 .4~105 2.0~103 

17 1. 6x105 3.2~103 

18  6.7~105 4.3~103 

Mean  3. 11x105 2 . 8 7 ~ 1 0 ~  

WB 
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YI (cont inued)  

Sam p l  e 
S ta t i on   Da te  

Count/100 m l  
TC FC  FS  35OC SPC/rnl 

L4  Sept. 15 2 .1~105   6 .9~104  

16  7.9~104 1 . 9 ~ 1  O4 

17  - 5.8~104 

18 5. 3x105 3 .2~104 

Mean 2 .7~105  4 .5~104 

L 5  Sept. 15 2. lX1 04  L 1000 
16 - 1 .3~105  

17 1.7~1 O5 1 . 6 ~ 1  O3 

18 1. 6x105 2 .8~103 

Mean 1.21 x1  05  4.48~104 

L6 Sept. 15 1 .8~104  L 100 

16 - 40 

1 7  9 .8~104  450 

18 7.0~103 20 

Mean 
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(cont  i nued) 

Sampl e 
S ta t ion   Date  

Count/100 rnl 
TC FC FS 35OC SPC/ml 

L7 Sept. 15  6000  100 

16 7000  100 

1 7  20 
18   5 .7~104 40 

6. 2x105 

4. 8x105 

6 . 7 ~ 1  05 

3.1xl03 

Mean 2 .3~104 65 5. zX1 05 

L 8  Sept. 15 - L 100 5.9~104 

Me an - L 100 5 .9~105 

Sept. 16 

L 8  0800 - 10  2 .7~103  4 .0~105 

0900 - 10  2.1~103 6 .4~105 

1000 1. 6x104 10   4 .4~103 4 . 5 ~ 1  O5 

1100 - L 10 1 .3~103 4 .9~105 

1200 - 10  1 .0~103 4 2 x 1  05 

1300 - 10  7.4~102 2. 7x105 

1400 1 . 5 ~ 1  O4 L  10 4. 2x103 3. 7x105 

Mean 1.52~104  10  2.35~103  4.34~105 
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I 

( cont  i nued) 

Sanlpl e  Count/100 m l  
S t a t i o n  Date TC FC FS 35°C SPC/ml 

Sept. 1 7  

L8  0800 10. lX104 L 10 4. lX103 5. 4x105 

0900 - 10  2.1~103 6. 4x105 
1000 1.3~104 L 10 4 . 8 ~ 1  O3 4 .8~105 
1100 1 . 5 ~ 1  O4 10 4. 9x103 5 . 4 ~ 1  O5 

1200 - 20 3 .3~103 4.0~105 
1300 1 .2~104  10 3, 5x103 2. 7x105 
1400 4.8~104 10  5.7~103 4.5~105 

Mean 3 . 8 ~ 1  O4 8.57 4.0~103 4. 7x105 

Sept.  18 

L8 0800 8 . 4 ~ 1  O4 20 4 . 3 ~ 1  O3 3 . 9 ~ 1  O5 
0900 6 .1~104 10 3 . 1 ~ 0 3  3. 5x105 
1000 5.3~104 20 2.3~103 4 . 9 ~ 1  O5 

1100 2 . 8 ~ 1  O4 40 1 8x1 03 4 . 8 ~ 1  O5 
1200 1 .5~104 20 3.1~103 3. 9x105 
1300 3. lX104 40 4 .5~103 3 . 5 ~ 1  O5 
1400 - - - 

Mean 4 .53~1  O4 25 3 .18~1  O3 4 .08~1  O5 
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(cont inued)  

Sample  Count/100 m l  
S ta t i on   Da te  TC FC FS 35°C SPC/rnl 

Cowi chan R i ver  

1 Sept. 15 
16 

1 7  
18  

10  10 
10 30 

60 150 

60 120 

Me an 46.7 77.5 

2 Sept.  15 L 10  10 

16 50 70 

1 7  180  2 50 

18 60 90 

Mean 96.7 105 

3 Sept. 15 
16 

1 7  
18  

40 10 
20  160 

120  140 

80 90 

Me an 65 100 

.* 

Y 

bm 

L 

Y 

m 
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( cont i n ued) 

Sampl e 
S ta t ion   Date  

Count/100 m l  
TC FC FS 35°C SPC/ml 

4 
I 

I 

Sept.  15 
16 

1 7  
18  

L10 
20 

150 
90 

20 
40 

190 
90 

Mean 86.7 85 

5 Sept. 15 

16 
1 7  

18 

- 
10 
30 

50 

- 
60 

180 

150 

Mean 30 190 
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