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ABSTRACT 

Significant  increases in total  ammonia, n i t r a t e  and to ta l  
organic carbon were found i n  Lynn Creek downstream of the  Premier S t ree t  
1 andf  i l l  i n  North Vancouver. The higher  level s of to ta l  ammonia down- 
stream o f  the   landfi l l  were not res t r ic ted   to  any par t icular  season of 

the  year. 
The s t and ing  crop o f  attached  algae, measured as ug 

chl  orophyll -a/cm*, a t  the sample s i t e  downstream o f  the  landfi 11 was 
generally  higher  than t h a t  of the  control  stations.  Levels a t  the con- 
trol s ta t ions  were similar  to  those  reported  for two other  Northshore 
Vancouver streams. 



RESUME 

On a re lev6  une augmentat i on   sens ib le  des taux de concent- 

r a t i o n  en ammoniaque, n i t r a t e   e t  carbone  organique dans l a   r i v i e r e  Lynn, 

en  aval du dGp6t d 'ordures de l a  Premier  Street,  2 Nor th  Vancouver. 

L'augmentation du taux d'ammonique re lev6  en aval du dGpijt d 'ordures 
n l e s t  pas propre i une sa i son   pa r t i cu l i e re .  

La  production des a1 gues fixGes mesur6e  en  ug de ch lo rophy l l e  

par  cm2 au po in t   d ' 6chan t i l   l onnage   s i t u6  en aval du d6p6t  dlordures 

6 t a i t  gGnGralement super ieure 2 c e l l e  des s t a t i o n s  de contr6 le .  Les 
taux   re lev6s   par  ces  dernieres  Gtai  ent  proches de ceux  qui on 6tG 
trouvGs  pour deux autres  cours  d'eau du Nor th Shore. 
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The wa te r   qua l i t y   o f  Lynn  Creek  downstream of  the  Premier 

S t r e e t   l a n d f i l l   i n   N o r t h  Vancouver was found t o  d i f f e r  f rom  that  up- 

stream. S i g n i f i c a n t   i n c r e a s e s   i n   t o t a l  ammonia, n i t r a t e  and t o t a l  

organic  carbon were found downstream of  the 7 a n d f i l l .  The increased 

t o t a l  ammonia l e v e l s  downstream o f   t h e   l a n d f i l l  were s i g n i f i c a n t  ir- 

respec t i ve   o f   t he  season of   the  year.   Calculated  un- ionized ammonia 

concentrat ions were below recommended 1 eve1 s for  continuous  exposure t o  
salmonids. The i n c r e a s e d   l e v e l s   o f   n i t r a t e  downstream o f   t h e   l a n d f i l l  

could  be due t o   t h e   n i t r i f i c a t i o n  o f  ammonia.  The phosphate  content, 

d isso lved oxygen content, pH and temperature  of  Lynn  Creek d id   no t  appear 

t o  be i n f l uenced   by   t he   l and f i l l .  The h igh   de tec t ion  limit o f  .01 mg/l 
f o r   t o t a l  and total  dissolved  phosphate may not have been adequate t o  

moni t o r   t h e   i n f l u e n c e   o f   t h e  1 a n d f i l l  on t h a t  component. 

chlorophyl l-a/cmZ, was found t o  be greater  downstream o f   t he   l and -  

fill and t h i s   c o u l d  be re la ted  to   the  e levated  n i t rogen  concentrat ions.  

The y e a r l y  mean standing  crop  for  1975 at   the  upst ream  contro l   s ta t ions 

L 1  and L2 was 0.24 ug  chlorophyl l-a/ur? and 0.77 ug  chlorophyll-a/cn?, 

respec t ive ly ,  compared t o  1.36 ug chlorophyll-a/cm2 downstream o f   t h e  
l a n d f i l l   a t   s t a t i o n  L3.  The p rec ip i t a t i on   o f   i r on   hyd rox ides  on attached 

algae may be a fac to r   con t ro l l i ng   t he   l eve l   o f   p r imary   p roduc t i on  and the  
d i s t r i b u t i o n  o f  algae downstream o f  the l a n d f i l l .  

The standing  crop  of  attached  algae, as measured by ug 

The d i v e r s i t y   o f  diatoms  present i n  Lynn Creek i n  June 1975 and 
September  1975  were comparable  between the   con t ro l   s ta t ions  and  down- 

stream o f   t h e   l a n d f i l l   s t a t i o n .  The r e l a t i v e  abundance of   the  d iatoms 

Achnanthes, Navicula and N i tzsch ia  were appreciably  greater downstream o f  
t h e   l a n d f i l l   i n  June 1975. I n  September  1975 t h e  dominant  diatoms down- 
stream o f   t h e   l a n d f i l l  were  Achnanthes and Navicula  while  upstream 

Cymbella, i n   a d d i t i o n   t o   t h e   f o r m e r  two  genera, was dominant. U l o t h r i x  
was the  dominant  green a1 ga recorded i n  Lynn Creek d u r i  ny June 1975 and 

September 1975.  The green a1  ga  Zygnema  was i d c n t i f   i e d   i n  a sample a t   the  

upstream  control   stat ion  L1 i n  September 1975. B1 ue-green  algae were not 

i d e n t i f i e d   i n   e i t h e r   t h e  June 1975 o r  September  1975  samples. 
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1.0 INTRODUCTION 

San i ta ry  1 andf i 11 s are  recogni zed t o  have a p o t e n t i a l   t o  

pol lute  groundwater and sur face  waters   through  the  generat ion  o f  

leachate  (Cul  ham & McHugh, 1969; Rovers e t  a1 , 1974).  This  problem i s  

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

e n g i n e e r i n g   p r i n c i p l e s   i n   s i t e   s e l e c t i o n  and design  are  not  met. 

Leachates  are  formed when r a i n f a l l  , surface  run-of f   or   groundwater come 
i n   c o n t a c t   w i t h   t h e   s o l   i d  waste and ex t rac t   d i sso l ved  and suspended 
m a t e r i a l s   i n  it. 

The City o f   N o r t h  Vancouver,  Premier  Street 1 andf i  11 , s t a r t e d  
o p e r a t i o n s   i n  1956 and has  been i d e n t i f i e d  as a source o f  leachate 

con tamina t ion   t o  Lynn  Creek (Ke l l y ,  1971). During  1974 and  1975 t h e  

Environmental  Protection  Service  conducted a mon i to r ing  proyrarn t o  

character ize  the  water   qual  i t y  o f  Lynn  Creek  above and below  the 

i n f l  uence o f   t h e   s a n i t a r y  1 a n d f i l l .  Water qual i t y  measurements  were 

made weekly  over  the  per iod May 1974 t o  October  1975 and a lga l   s tanding 
c rop  was determined once a month over   the  per iod  October   to  November, 

1974, and March t o  October, 1975. 
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2.0 DESCRIPTION OF THE STUDY AREA AND SAMPLE SITES 
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Lynn Creek drains a 36 km2 area of the Coast Mountain Range, 
north of the  City of Vancouver, British Col umbia (Figure 1). The average 
annua l  r a i n f a l l  for the Second Narrows area  near Lynn Creek is i n  the 
order of 1 731 mm. The t o t a l  monthly precipitation  for  the  area over 
the  study  period i s  shown i n  Figure 2. I t  i s   l ikely t h a t  the r a i n f a l l  
would be  somewhat greater  nearer  the Northshore  mountains. 

Flows on Lynn Creek are not monitored, b u t  Water Survey of 
Canada (1977) historical  stream flow d a t a  for 1915 to  1919 gives some 
indication of the  seasonal  discharge  pattern (Tab1 e 1). Lowest flows 
are  generally recorded  over the months  of  August and September. The 
City of North Vancouver has a water license t o  use water from Lynn Creek 
for domestic  purposes b u t  they must maintain a 0.06 m3/s m i n i m u m  f low 
requirement. On average,  the City of North Vancouver uses 0.18 m3/s o f  
Lynn Creek water and up  t o  0.58 m3/s d u r i n g  peak periods  (Scott , per- 
sonal  communication). The creek is obstructed w i t h  a cement dam a t  the 
C i ty  of North Vancouver intake  approximately 6.4 km upstream of Burrard 
Inlet .  There is a na tura l  barr ier   to  fish migration  approximately 4.8 

km upstream of Burrard Inlet .  
For purposes of collecting water samples for water  chemistry 

and determining  algal  standing  crop,  three  stations were established on 
the creek.  Control station L 1  was located immediately downstream of the 
City of North Vancouver intake,  control s t a t i o n  L2 was established i m -  
mediately upstream o f  the northwest  border of the  landfill , b u t  down- 
stream of Hastings Creek and Station L3  was located  opposite Bridgeman 
P a r k  approximately 0.75 km downstream of the  southern boundary of the 
1 a n d f i  11.  P o i n t  source  discharges of leachate contaminated  water i n t o  
Lynn Creek are  located a t  the northwest and southwest  boundaries of the 
1 andf i 11 si te  (Figure 3 ) .  Leachate a1 so permeates  through the dyke on 
the west boundary o f  the l a n d f i l l .  Samples t o  determine  leachate q u a l -  
i t y  were coll  ected from the north perimeter  outfall  during  the  course of 
the study. 
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m 
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FIGURE I L O C A T I O N  OF L Y N N   C R E E K  I N  N O R T H   V A N C O U V E R   A N D  
S A M P L E   S T A T I O N   L O C A T I O N S  
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FIGURE 2 TOTAL  PRECIPITATION AT ATMOSPHERIC  ENVIRONMENT 
SERVICE - NORTH  VANCOUVER, SECOND NARROWS STATjON 
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A l l  sample sites are  characterized by fast-flowing water and a 
boulder  type  substrate.  Generally,  the  rocks were typically rounded 
river rocks, b u t  a t   s t a t ion  L 1  the rocks were much larger and i n  some 
cases  consisted of bedrock outcrops. The forest  canopy a t   s t a t i o n  L 1  
was moderate and there was no canopy a t   s t a t ions  L2 and L3. 

CIBRARY 
r#m: OF THE ENVIRONMW 

m N M E N T A L  PROTECTKIN SERVtCE 
PACIFIC REGION 
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3.0 MATERIALS AND METHODS 
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3.1 Physical  and  Chemical  Water Q u a l i t y  

A 1  1 water samples  were grab  samples  col 1 e c t e d   i n  a polyethylene 
sample container.  Samples fo r   d isso lved oxygen  were p u t   i n  300 ml BOD 
bo t t l es ,   p rese rved   w i th  manganous sulphate and a l k a l i - i o d i d e a z i d e   r e -  

agents and t i t r a t e d   a g a i n s t  a 0.025 N sodium th iosu lpha te   so lu t i on   w i th -  

i n  4 hours. Samples fo r   t o ta l   o rgan ic   ca rbon  (T.O.C.) were s t o r e d   i n  a 
100 m l  polyethylene sample b o t t l e .  Samples f o r   t o t a l  ammonia (NHpNH4+), 

n i t r a t e  (NO3-N), t o t a l  phosphate  (TP),  orthophosphate (OP) and pH were 

s t o r e d   i n  a 500 m l  po lyethy lene sample bo t t l e .   D i sso l ved  phosphate 

(TDP) samples  were f i l t e red   immed ia te l y   t h rough  a d i   s t i  11 ed water 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  and were k e p t   i n  a 100 m l  po ly-  

e thy lene sample b o t t l e .   A n a l y t i c a l  methods  used a r e   t h o s e   o u t l i n e d   i n  
the   Po l l u t i on   Samp l ing  Handbook o f  the  Envi ronmenta l   Protect ion  Serv ice 

o f  Environment Canada (Anon. , 1976). 
Ammonia was analyzed  wi th an Or ion ammonia probe up t o  Dec- 

ember  1974, a manual B e r t h e l o t  method  between December  1974 and J u l y  
1975  and t h e r e a f t e r  by an automated  Berthelot   procedure.   Ni t rate was 
analyzed  by an automated D i a z o t i z a t i o n  method w i t h  copper-cadmium 

reduct  i on. 

For  orthophosphate,  the  procedure  consisted  of a molybdenum 
b l u e  method run on a Technicon  automated system. The t o t a l  phosphate 

and to ta l   d isso lved  phosphate  analys is   cons is ted  o f  a potassium  per- 

sulphate and HN03-H2SO4 autoc lave   d iges t ion  and then  the sample was 

run  on the  orthophosphorous  manifold  of  the  Technicon. 
Total   organic  carbon was measured on a carbon  analyzer. Water 

temperature was determined with a hand-held  thermometer and pH samples 

were run on a model 29 Radiometer pH m e t e r   e i t h e r   i n   t h e   f i e l d   o r   i n   t h e  

1 aboratory. 

All samples  were r e t u r n e d   w i t h i n  3 h o u r s   o f   c o l l e c t i o n   t o   t h e  

Environment Canada, Cypress  Creek,  Laboratory i n  West Vancouver f o r  

analys is .  
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3.2 Per iphy t i c  A1 gal  Standing  Crop 

I n i t i a l l y ,   p l e x i g l a s s   p l a t e s   r a i s e d  above the  upper  surface  of  

a 10 kg cement block  were  staked  at each  sample s t a t i o n   t o   c o l o n i z e   f o r  

a 4 week period.  This method proved t o  be unsa t i s fac to ry  due t o   t h e  
ex t reme  var ia t ion   in   f lows  over   shor t   per iods   o f   t ime.  The p l a t e s   q u i t e  

o f t e n  were  destroyed due t o   s u b s t r a t e  movement dur ing   h igh   f lows,   no t  

recoverable due t o   h i g h   f l o w s   o r   l e f t  exposed dur ing  unpredic ted  low 

flows. I n   a d d i t i o n ,   t h e   s u b s t r a t e s  were f requent ly  vandal ized. 
An a l t e r n a t i v e  method was selected  based on a " toothbrush" 

sampler  described  by  Stockner and Armstrong  (1971) and  had a 5.3 cm2 

sampling  area.  Six  periphyton samples  were c o l l   e c t e d  a t  each s t a t i o n  
from  areas  which  appeared t o  be rep resen ta t i ve   o f   t ha t   s t re t ch   o f   t he  
r i v e r .  

Two at tached  a lga l  samples  were taken  f rom  three  separate 

r o c k s   l o c a t e d   i n   c l o s e   p r o x i m i t y  t o  each o ther  and t h e  samples  were 
combined,  thoroughly  mixed and the   resu l t ing   compos i te  was s p l i t   i n  

hal f .   Ennis,  1975, found  that   combining  two  indiv idual  samples from a 

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

subs t ra te  by  about ha l f .   Dur ing  ext reme  h igh  f low and reduced  f low 
cond i t i ons  sample s i t e s  were re loca ted  on t h e   r i v e r  bank as required. 

One ha1 f of   the  composi te  sarnpl e was preserved  with  Lugol ' s  
s o l u t i o n   f o r   i d e n t i f i c a t i o n  purposes.  For  analysis  the sample was 

shaken  and a 5 m l  a l i q u o t  was taken and a l l o w e d   t o   s e t t l e   f o r  24 hours. 
Using an inverted  microscope,  the  counts o f  two f i e 1  ds were averaged and 

e x t r a p o l a t e d   t o  number o f   c e l l  s/cm*. 

The remain ing   ha l f   o f   the   compos i te  sample was f i l te red . ,  

w i t h i n  3 hours,  through a 0.45 u c e l l u l o s e   n i t r a t e  membrane f i l t e r   a t  
254 mm o f  mercury,   t reated  wi th  MgC03, f rozen and r e t u r n e d   t o   t h e  

Cypress Creek Labora to ry   f o r   ana lys i s  (Anon., 1976). 
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4.0  RESULTS AND DISCUSSION 

4.1 P remie r   S t ree t   Land f i l l   Leacha te   Charac te r i s t i cs  

The concent ra t ions   o f   var ious   chemica l   cons t i tuents   o f  

1 eachate  entering  Lynn Creek a re   repo r ted   i n   Tab le  2. The leachate i s  

cha rac te r i zed   by   h igh   l eve l s   o f  ammonia, to ta l   organic   carbon and low 
d isso lved oxygen. The highest  un- ionized ammonia concent ra t ion  

ca l cu la ted   f rom  the   l im i ted   samp l ing   da ta  was  0.110 mg/l. 

4.2 Lynn  Creek  Physical and  Chemical  Water Q u a l i t y  
A1 1 a n a l y t i c a l   r e s u l t s   f o r  Lynn Creek over  the  per iod May 1974 

t o  October  1975  are  reported i n  Appendix I. 

Temperature,  dissolved  oxygen and pH showed  no appreciable 

d i f f e r e n c e s  between t h e   c o n t r o l   s t a t i o n s  L 1  and  L2  and t h e  downstream 
s t a t i o n  L3. The pH i n  Lynn  Creek  ranged  between 6.2-7.2 and i s  s i m i l a r  

t o   t h e  range o f  6.3-7.2 repor ted   by   Derksen  ( in   p r in t )  for the  Capi l  ano 

and Seymour Rivers  which a1 so d r a i n   t h e  Vancouver  northshore. 

Seasonally,  water  temperatures  ranged  between  lows o f  1.5-2.0°C i n  
February t o  h ighs   o f  14-15°C i n  August. The pe rcen t   sa tu ra t i on   o f  

d isso lved oxygen  remained  near  100% s a t u r a t i o n   a t  a l l  s ta t i ons   ove r   t he  
course   o f   the   s tudy   (Append ix   I ) .  

Total  phosphate,  total  dissolved  phosphate and orthophosphate 
d i d   n o t   i n d i c a t e  a documentable  inf luence on t h e   w a t e r   q u a l i t y   o f  Lynn 

Creek  downstream o f   t h e   l a n d f i l l .  The h i g h   d e t e c t i o n  limit o f  0.01 mg/l 

f o r   t o t a l  and to ta l   d isso lved  phosphate may not  have been adequate t o  

m o n i t o r   t h e   p o s s i b l e   i n f l u e n c e   o f   t h e   l a n d f i l l  on Lynn  Creek  water 

qual i ty .  Values o f   t o t a l  and t o t a l   d i s s o l v e d  phosphate  were genera l l y  

below  detect ion (0.01  mg/l) as  was orthophosphorous (0.005 mg/l). 

E leva ted   concen t ra t i ons   o f   t o ta l  ammonia, n i t r a t e  and t o t a l  

organic  carbon were  found a t  s t a t i o n  L3, downstream o f   t h e   l a n d f i l l ,  
compared t o   c o n t r o l   s t a t i o n s  L 1  and  L2  and i n d i c a t e  a d e t e r i o r a t i o n   i n  

wa te r   qua l i t y .  To t e s t   f o r   l e v e l s   o f   s i g n i f i c a n c e   t h e   d a t a  were 

a r b i t r a r i l y  grouped in to   f ou r   pe r iods   rep resen t ing   t he  seasons o f   t h e  
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year. Namely: Winter (December to   February) ,   Spr ing  (March  to  May), 

Summer (June t o  August), and Autumn (September t o  November). The 

Wilcoxon  two-sample t e s t  was used t o   t e s t   f o r   t h e   d i f f e r e n c e s  between 
t w o   s t a t i o n s   i n  a p a r t i c u l a r  season (Walpole,  1968). The de tec t i on  

limit was used as the   ac tua l   concen t ra t i on   i n   de te rm in ing   t he  mean. 

Tota l  ammonia l e v e l  s upstream o f   t h e   l a n d f i l l  were  general l y  

l e   l e v e l  s downstream were w c h   g r e a t e r  a t   o r  near   the  detect ion 

(Appendix I ) .  As noted 

were  used i n   t h i s  study. 
were used  and v a r i e d   f o r  

limit whi 
i n   s e c t i o n  3.1, two  methods o f  ammonia ana lys is  

I n   a d d i t i o n ,  two l e v e l s   o f  minimum de tec t i on  
d i f f e r e n t   p e r i o d s  o f  the  study. The mean t o t a l  

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

limit (0.01 mg/l o r  0.005 mg/ l ) .  Based on a mean t o t a l  ammonia con- 

c e n t r a t i o n   c a l c u l a t e d   f o r  each  season, the   d i f f e rences  between the  

c o n t r o l   s t a t i o n s  (L1 and  L2) and the  downstream  stat ion (L3) were 

s i g n i f i c a n t   f o r   a l l  seasons (Table 3) .  
The h i g h e s t   v a l u e   o f   t o t a l  ammonia (0.75 mg/l)  recorded i n  

Lynn  Creek  downstream o f   t h e   l a n d f i l l  was on February 6, 1975. Using 

formula  f rom Emerson e t  a1 . , 1975, to  determine  the  percent  un- ioni  zed 

ammonia, f o r   s t a t i o n  L3, t h e   l e v e l s  were l ess   t han  0.001 mg/l.  This 

1 eve1 i s   b e l  ow the  0.005 mg/ l   concentrat ion  reported  by Wederneyer and 

Yasutake, 1977, as the  safer  cont inuous  exposure  level   for   salmonids.  
It i s  conceivable  that   concentrat ions  in   the  immediate  area  o f   the 

leachate  d ischarges may reach  unacceptable  level s. Burkhal t e r  and Kaya, 
1977, demonstrated  that  the  growth and development o f   r a i n b o w   t r o u t  sac 

f ry  are   inh ib i ted   by   long- te rm  exposure   to   concent ra t ions   o f   un- ion ized 
ammonia as 1 ow as  0.05 mg/l . 

N i t ra te   concen t ra t i ons  were o f ten   h ighe r  a t  s t a t i o n  L3 down- 

s t ream  o f   t he   l and f i l l   (Append ix  I ) .  The seasonal mean n i t r a t e  conc- 

e n t r a t i o n   a t   c o n t r o l   s t a t i o n  L2 was o f ten   g rea te r   t han   t ha t  a t  s t a t i o n  
L 1  (Tab le   4 ) .   N i t ra te   concent ra t ions  were s i g n i f i c a n t l y   g r e a t e r   a t  

s t a t i o n  L3 compared t o   c o n t r o l   s t a t i o n s  L1 and L2 i n   t h e   f a l l  of  1974 
and  1975 (Table  4) .   For  the  per iod December 1974 t o  February 1975, the  
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mean n i t r a t e   c o n c e n t r a t i o n  was s i g n i f i c a n t l y   g r e a t e r  a t  s t a t i o n  L3 

compared t o   s t a t i o n  L1. However, s t a t i o n  L2 was a l s o   S i g n i f i c a n t l y  

g r e a t e r   t h a n   s t a t i o n  L1. 

Total   organic  carbon  level  s were a1 so noted t o  be grea ter  

downstream  than  upstream o f   t h e   l a n d f i l l  (Appendix I ) .  The d i f f e rences  
were s i g n i f i c a n t  between s t a t i o n s  L3 and L2 f o r  all but   the surmrler 1975 

pe r iod  and between s t a t i o n s  L3 and L 1  f o r   t h e   w i n t e r  and spr ing   per iod  

on ly   (Tab le  5). 

4.3 P e r i p h y t i c  A1 gal  Standing  Crop 

4.3.1 Standing Crop. The s tand ing   c rop   o f   pe r iphy t i c  a1 gae as 

measured by ug chorophyl  l-a/cm2, i s   r e p o r t e d   i n   T a b l e  6 and shown 
s c h e m a t i c a l l y   i n   F i g u r e  4. The s tand iny   c rop   o f   a t tached  a lgae was 

n o t a b l y   g r e a t e r   a t   s t a t i o n  L3 downstream o f   t h e   l a n d f i l l  compared t o   t h e  

c o n t r o l   s t a t i o n s  L1 and L2. There  were  cons iderable  d i f ferences  in   the 

s tanding  crop  recorded  between  the  cont ro l   s ta t ions and t h i s   i s   l i k e l y  

d i r e c t l y   r e l a t e d   t o   d i f f e r e n c e s   i n   t h e   d e y r e e   o f   f o r e s t  canopy and 

subs t ra te .   S ta t ion  L 1  had a considerable canopy  whereas s t a t i o n  L2 was 

i n the  open and t h e   s u b s t r a t e   a t   s t a t i o n  L 1  was composed o f  1 arye  rocks 
and  bedrock  outcrops  which were d i f f i c u l t   t o  sample wh i l e   t he   subs t ra te  

a t   s t a t i o n  L2 was more t yp i ca l   o f   t he   c reek .  

Much o f   t h e   c h l o r o p h y l l - a  measured a t   s t a t i o n  L 1  i s   l i k e l y  
a t t r i b u t a b l e   t o   t h e  abundant  growths o f  moss on the   subs t ra te  as the re  
only  appeared t o  be a v i s ib le   g rowth  o f  attached  algae i n  June 1975 and 
a g a i n   i n  September 1975 dur ing  very  low  f lows.  For  comparat ive 

purposes, s t a t i o n  L2 most accu ra te l y   re f l ec ted   t he   f o res t  canopy and 

subs t ra te   t ype   a t  downstream s t a t i o n  L3. 

The highest  standing  crop Val ues were  recorded  during 1 a te  
summer and e a r l y   f a l l ,   c o i n c i d i n g   w i t h   l o w   f l o w s ,  maximum water 

temperatures and long   pe r iods   o f  day1 igh t .   P rec ip i t a t i on   i nc reases  
d r a m a t i c a l l y   i n   t h e   f a l l   ( F i g u r e  2) and with  increased  creek  f lows,  the 
at tached  a lgae  are  reduced  to   low  leve l  s. Based on samples c o l l e c t e d   i n  
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1975 alone,  control stations L1 and L2 had annual mean s t and ing  crops 
o f  0.24 ug chlorophyll-a/cm2 and 0.77 ug chlorophyll-a/cm2  respectively 
compared t o  a Val  ue of 1.36 ug  chlorophyl 1-a/cm2 for s t a t i o n  L3. 
Derksen ( i n  print) reported for comparabl e stations, sampled on identical 
dates and w i t h  identical methods, an annual mean of 0.21 u g  chlorophyll - a  
/cm2 for the Capil ano River and 0.77 ug  chlorophyl l -a /an* and 0.27 ug 
chlorophyll -a/cm2 for  two stations on the Seymour River (Tabl e 3 )  

The h i g h  s t a n d i n g  crop  value of 2.62 ug chlorophyll-a/cm2 
i n  October 1974 a t  s ta t ion L3 was only about h a l f  of t h a t  reported by 
Derksen ( i n  print) on the Seymour River for t h a t  month (Tabl  e 6 ) .  
S t a n d i n g  crop  levels a t  s tation L3 for the  period April to  June 1975 
were higher t h a n  t h a t  reported on the Seymour River and the Capil ano 
River (Table 6 ) .  The standing  crop  reported i n  September 1975, prior t o  
a u t u m n  rains and increased  river  flows, were higher a t  s tation L3 (3.95 
u g  chlorophyll-a/cn?) compared t o  stat ion L2 (1.52 uy chlorophyll-a/cm2) 
b u t  i n  August 1975 a higher  value was reported  for  station L2 (3.03 u g  
chlorophyll-a/cm2) compared t o  t h a t  a t  s ta t ion L3 (2.25 u y  
c h l  orophyl 1 - a/cm2) . 
4.3.2 Algal Identification.  Identifications were made on the 
periphyton samples coll  ected  June 18, 1975, and September 18, 1975, 
(Table 7 and 8 respectively). 

The composition of the  attached  algae i n  June 1975 was similar 
f o r  a1 1 three stations. Bacillariophyceae  (diatonls)  represented  the 
largest   variety of  algae. W i t h  the  exception of  Achnanthes, Navicula, 
Nitzschia and Synedra which  were i n  increased abundance downstream of  
the  landfi l l   the  number  of c e l l s  per cm2 for each genus of diatom 
present were similar. In a composite r a t i n g  of a1 gae tolerating  organic 
pollution,  Nitzschia and Navicula were among the  top 8 genera (Palmer, 
1969) 

The Chlorophyta  (green a1 gae) were dominated by Ulothri x a t  
a l l   s ta t ions  and were recorded i n  highest numbers a t  control  station L1. 
Cyanophyta (blue-green  algae) were not identified in any of the samples 
coll  ected  in June 1975. Bryophytes  (mosses) were identified i n  the 
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TABLE 7 IDENTIFICATION OF ALGAE  FROM  LYNN CREEK FOR JUNE 18, 1975 
ACTUAL COUNT EQUALS AMOUNT REPORTED TIMES 100 CELLS PER CM2 

STATION/DATE (1975) 

L 1  L2  L3 

I d e n t i f i c a t i o n  June  18  June  18  June  18 

CHLOROPHYTA 
Bul  bochaete 
C1 adophora 
Mougeot i a 
Oedogonium 
Spirogyra 
U1 o t h r i x  
Zygnema 

- 
2700.00 - 

- 
260.00 - 

CHRYSOPHYTA 
BACILLARIOPHYCAE 

(Pennal  es) 
Achnanthes 

D i  atorna 
Eunot i a 
Fragi  1 a r i a  

Navi  cul  a 
N i  tzschra 
Synedra 
Sur i   re1 1  a 
Tabel 1 a r i a  

2.00 

14.00 
2.00 
0.60 

14.00 
2.50 

8.60 

- 

- 

17.00 

8.50 
P 

0.50 
P 
0.90 

15.00 

- 

- 

- 
P 

- 
1300.00 - 

100.00 

19.00 
1.50 
1.50 
6.00 
2.00 
0.75 

140.00 

- 

1.80  3.00 510.00 
1.20  3.50 76.00 
1.20 - P 

15.00  1.80 5.90 

(Cent r i c )  
Me1 os i r a  29.00 1.00  7.40 

I 

W 

I 

Y 

Y 

I, 

Y 

Y 

BRYOPHYTA (moss) 

P = Present 
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TABLE 8 IDENTIFICATION OF ALGAE FROM LYNN CREEK FOR SEPTEMBER 18, 1975 
ACTUAL COUNT EQUALS AMOUNT REPORTED TIMES 100 CELLS PER CM2 

STATION/DATE (1975) 

Lynn Creek 
L I* L2  L3 

I d e n t i f i c a t i o n  September 18 September 18 September 18 

CHLOROPHYTA 
Bul  bochaete 1.25 - - 
C1 adophora - - - 
Mougeot i a - 0.50 3.00 
Oedogoni urn P - - - 7.50 

P 310.00 12.00 %i%Y 
- 

Zygnema 470.00 - - 
CHRYSOPHYTA 
BAC ILLARIOPHYCAE 

(Pennal es) 
Achnanthes 

Eunot i a 
Frag i  1 a r i a  
Hannaea arcus 

N i tzsch ia  

(Cent r i c )  
Me1 o s i   r a  

BRYOPHYTA (moss) 

.30 
P 
.30 

P 
2.00 

P 

1.90 
P 

1.90 

0.60 

- 

- 

8400.00 

400.00 
P 

1.50 
P 

45.00 
1600.00 

10.00 
35.00 

P 

- 

- 

- 

300.00 
14.00 
1.00 

15.00 

1.50 
P 
P 

3000.00 
35.00 
38.00 
0.50 
3.90 

- 

7.00 

P = Present 
* not  representative  of  general  creek  condit ion, sample col l   ected  f rom 

a small v i s ib le   pa tch   o f   a lgae   co lon i z ing  an area  only  accessible 
due to   the  low  creek  f low.  
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June 1975 station L 1  sample and are thought to have contributed  to  the 
h i g h  chloryphyll-a  value  for t h a t  station. 

For September 1975, the sample coll  ected a t  station L 1  was not 
truly  representative of the  overall  creek. The sample was taken from a 
specif ic  small area where a green growth of Zygnema was spotted and th i s  
area was only accessible due to  the very low flow conditions. The over- 
all   variety of the  attached  algae assemblage i n  September 1975 a t  con- 
t rol   s ta t ion L2 and the downstream s t a t i o n  L3 was similar  (Table 8).  

The dominant diatoms  reported a t  s ta t ion L2 were Achnanthes, 
Cymbella and Navicula; and a t  s ta t ion L3, Achnanthes and Navicula were 
dominant. Achnanthes was found i n  higher  densities a t  s t a t i o n  L2 while 
Navicula was found i n  higher  densities a t  s ta t ion  L3. The green alga 
Ulothrix was found i n  greatest  density a t  control  station L2. Blue- 
green a1 gae were not found i n  any of the Lynn Creek samples i n  September 
1975. 

The substrate of  Lynn Creek  downstream from the north peri- 
meter ditch  outfall past Marine Drive is  tinged a rusty  color and i s  
aesthetically  unsightly.  Kelly, 1971, reported t h a t  the colour is due 
t o  the accumulation o f  iron  sulphide l e f t  by sl ime growths which are 
present i n  winter months. During the course of t h i s  survey,  the sub- 
s t r a t e  a t  s ta t ion L3 had a brown discolouration and i n  the   la te  sumner 
and early f a l l  period  long strands of a brown precipitate were evident. 
As the growth on the  substrate a t  s ta t ion L3 was rusty and not typical 
of  t h a t  observed on other  Northshore  streams i t  would  seem 1 ikely  that 
ferrous iron i n  the  creek  is being  oxidized and f e r r i c  hydroxides are 
being  deposited i n  association w i t h  iron bacteria on the  attached algae.  
The Environmental Protection  Service ( u n p u b l  ished d a t a )  found the con- 
centration of total  iron i n  Lynn Creek t o  be higher downstream of the 
landfi l l  t h a n  upstream on two separate  occasions.  Concentrations of 0.05 
mg/l and 0.10 mg/l were detected  at  station L2 on  November 1 4 ,  1974, and 
March 6 ,  1975, respectively, compared t o  0.08 mg/l and 0.67 mg/l a t  
s ta t ion L3. The long strands of growth are washed out of the system 
d u r i n g  the  init ial   increase i n  rainfall  and stream  flows i n  the autumn.  
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Healey (1973) r e p o r t s   t h a t  when b o t h   n i t r a t e  and ammonia are 

present   together ,  ammonia i s   u s u a l l y   t a k e n  up to   exhaust ion   be fore   the  

uptake o f  n i t ra te   beg ins .  As i n d i c a t e d   i n   s e c t i o n  4.2, ammonia l e v e l s  

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

avai  1 a b l e   f o r  a1 gal  growth. McKee. and  Wolf, 1963, repor ted  that   a lgae 

wh ich   t h r i ve  on h igh  n i t ra te  concentrat ions  appear  t o  be harmed o r   i n -  

h i b i t e d  when t h e   n i t r o g e n   i s   i n   t h e   f o r m   o f  ammonia. I n   a d d i t i o n ,   t h e y  

repo r ted   t ha t  0.4 t o  0.5 mg/l o f  ammonia n i t r o g e n   ( a s   t o t a l )  caused a 

complete  disappearance  of Aphanizomenon, a blue-green a1 ga. Resu l t s   o f  
t h i s   s t u d y   a r e   n o t   o f   s u f f i c i e n t   d e t a i l   t o   d e t e r m i n e   t h e   i n f l u e n c e   l e a -  

chates have on t h e   d i s t r i b u t i o n   o f   a t t a c h e d   a l g a e   o r   t h e   l e v e l  o f  p r i -  

mary p roduc t i v i t y   bu t   i nc reased   n i t rogen   l eve l s  and i r o n   p r e c i p i t a t i o n  

must p lay an impor tant   ro le .  
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APPENDIX I 

ANALYTICAL  RESULTS FOR  LYNN  CREEK 

- MAY, 1974 TO OCTOBER, 1975 

a)   Dissolved Oxygen and Percent   Saturat ion 

b) Temperature, pH and Total  Organic  Carbon 

c )   N i t r a t e  and Ammonia 

d )  Total  Phosphate,  Total  Dissolved  Phosphate 
and Or tho pho  spha t e  
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Y 
APPENDIX I ( a )  DISSOLVED OXYGEN AND PERCENT  SATURATION OF LYNN CREEK, 

MAY 1974 TO OCTOBER 1975 

Y 

D .O. (mg/l) % Satura t ion  
Sampl e Date 

S t a t i o n  : L1  L2  L3  L1  L2  L3 

1974 I 

b Y  02 
09 
16 
23 
30 

12.7 
12.7 
12.8 
12.5 
12.4 

12.4 
12.8 
13.0 
12.7 
12.2 

12.8 
12.7 
12.5 
12.2 
11.7 

97.7 
97.2 
97.9 
96.2 
95.1 

97.1 
99.4 

100.7 
101 . 3 
96.3 

100.2 
99.6 
99.7 
97.3 
92.6 I 

June 05 
13 
20 
27 

12.6 
13.0 
12.8 
13.3 

,120 3 
12.8 
12.8 
13.3 

12.7 
10.4 
12.6 
12.9 

95.3 
101 . 0 
100.8 
104.7 

96.8 
102.1 
103 . 6 
107.6 

99.5 
82.9 

103.2 
106.9 

J u l y  04 
12 
19 
26 

12.5 
12.2 
12.0 
12.3 

12.6 
12.4 
12.1 
11.7 

12.7 
11.8 
11.7 
11.7 

98.4 
96.0 
97.1 

112.7 

104.4 
100.3 
100.3 
108.4 

105.3 
96.6 
98.2 

110.8 

10.3 
10.4 
9.0 

98.9 
102.0 
86.1 

August 01 
08 
15 
22 
28 

10.7 
11.4 
10.8 

10.2 
10.4 
9.5 

97.6 
97.4 
77.4 

101.4 
108.0 
95.3 P - 

10.5 
- 

10.4 
- 

10.8 
- 

97.0 
- 

96.1 
- 

97.3 
LI 

September 04 
12 
20 
26 

10.0 
12.8 
10.6 - 

10.3 
12.3 
10.4 - 

10.0 
12.5 
10.1 - 

114.8 
97.1 

111.9 
99.2 

114.5 
96.8 I 

11.4 
11.3 
12.9 

October 03 
10 
18 
24 

11.4 
11.6 
11.5 

11.8 
11.4 
11.6 

101 . 9 
101 . 1 
110.9 

104.4 
106.3 
102.9 

108.1 
104.4 
101 . 1 

I 

Y 

Ir 

November 01 
07 
14 
21 
28 

11.8 
11 .9 
12.1 
12.2 
12.6 

12.0 
12.1 
12.1 
12.1 
12.7 

11.9 
11.7 
12.0 
12.2 
12.5 

100.2 
99.8 

100.3 
98.7 
99.2 

104.6 
102.8 
102 . 8 
97.9 
99.9 

103.7 
100.7 
101.9 
98.7 
98.4 

I 

continued.. . 
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I APPENDIX I ( a )  DISSOLVED OXYGEN AND PERCENT SATURATION OF LYNN CREEK, 
( cont'  d .  1 MAY 1974 TO  OCTOBER 1975 

a Sam1 e Date 
D .O . (mg/l)  % Satura t ion  

Sta t ion:  L1  L2 L3 L 1  L2  L3 

J 

111 

1 

I 

I 

I 

II 

December 

1975 

January 

- 

February 

March 

Apri  1 

May 

June 

J u l y  

04 
12 
19 

09 
16 
23 
30 

06 
13 
20 
27 

06 
13 
20 

04 
10 
1 7  

01 
08 
15 
22 
29 

05 
18 
26 

10 
1 7  
24 
3 1  

12.2 12.2 12.4 98.7 98.7 102.8 
12.4 12.5 12.1 97.6 98.4 95.3 
12.8 12.7 12.7 100.8 102.7 102.7 

13.5 13.7 12.8 100.7 102.2 98.1 
13.4 13.6 12.8 101.3 102.7 98.1 
12.7 13.2 12.6 99.9 103.9 99.2 
13.3 13.1 12.8 99.2 97.7 95.5 

14.0 14.3 13.6 103.1 105.3 100.1 
13.2 13.1 13.0 99.8 100.4 99.7 
13.2 13.2 13.2 98.5 98.5 98.5 
12.9 13.1 12.8 100.2 102.6 100.8 

13.3 13.4 13.3 99.2 99.9 99.2 
12.9 12.9 12.6 99.2 101.6 99.2 
13.4 13.2 12.9 102.7 101.2 101.6 

12.8 13.4 12.6 100.8 105.5 99.2 
12.6 13.0 12.5 101.9 105.2 103.6 
12.9 13.0 12.7 104.4 105.2 102.7 

12.6 12.7 12.7 101.9 102.7 102.7 
12.5 12.3 12.3 102.3 103.2 102.4 
12.5 12.5 12.4 98.4 101.1 100.3 
12.4 12.6 12.5 98.9 101.9 101.1 
12.2 12.6 12.4 101.1 104.4 102.8 

12.6 12.5 11.4 101.9 103.6 96.9 
11.9 11.8 11.4 99.8 102.8 99.3 
12.0 12.0 12.0 99.5 101.9 101.9 

12.4 12.1 11.9 110.9 113.3 111.5 
12.2 11.9 11.6 109.1 109.0 107.5 
14.3 10.8 10.8 - - - 

1 continued.. . 
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APPENDIX I ( a )  DISSOLVED OXYGEN AND PERCENT  SATURATION OF LYNN CREEK, 
( c o n t '  d . )  MAY 1974 TO OCTOBER 1975 

D -0. (mg/l) % Satura t ion  
Sampl e  Date 

S ta t ion:  L1  L2  L3  L1 L 2  L3 

August 07 
14 
21 
28 

September 11 
18 

October 02 
09 
24 

10.5 10.3 9.6 97.3 
10.2 10.2 9.8 97.7 
10.0 10.0 9.9 95.8 
10.9 10.6 10.6 97.5 

10.2 10.3 10.2 93.4 
10.9 11.0 10.6 97.5 

10.5 10.9 10.1 96.2 
10.9 11.0 10.5 94.9 
11.8 11.8 11.5 100.2 

101 . 0 
104.5 
99.3 
94.8 

98.7 
104.2 

104 . 5 
98.4 
99.0 

94.2 
102.5 
102.5 
97.1 

97.7 
99.3 

96.8 
95.1 
96.5 
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APPEND1 X I (b)  TEMPERATURE, PH AND TOTAL ORGANIC CARBON CONTENT OF 
LYNN CREEK, MAY 1974 TO OCTOBER 1975 

Temperature  ("C) pH T.O.C. (mg/l) 

L1 L2  L3 L1  L2 L3  L1 L 2  L3 
.Sample Date 

1974 - 
May 

June 

J u l y  

August 

02 
09 
16 
23 
30 

05 
13 
20 
27 

04 
12 
19 
26 

01 
08 
15 
28 

September 04 
12 
20 
26 

October 03 
10 
18 
24 

November 01 
07 
14 
21 
28 

3.0 
2.8 
2.9 
3.0 
3.0 

2.5 
3.5 
4.0 
4.0 

4.0 
4.0 
5.0 

10.0 

11.5 
11.0 
7.5 

10.4 

- 
9.1 

10.0 - 
9.0 
9.0 
7.5 - 
7.0 
6.5 
6.0 
5.0 
4.0 

3.8 
3.5 
3.4 
4.5 
4.1 

4.0 
4.5 
5.0 
5.0 

6.0 
5.0 
6.0 

10.5 

11.5 
11.5 
8.5 

10.4 

- 
9.7 

11.8 - 
10.0 
10.0 
9.0 - 
8.0 
7.0 
7.0 
5.0 
4.0 

3.8 
3.7 
4.5 
4.5 
4.2 

3.8 
4.5 
5.5 
6.0 

6.0 
5.5 
6.5 

11.5 

12.5 
13.0 
9.9 

10.4 

- 
10.0 
12.0 
11.4 

10.0 
10.0 
8.0 - 
8.0 
7.5 
7.0 
5.0 
4.0 

continued... 
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APPEND1 X I (b )  TEMPERATURE, PH AND TOTAL ORGANIC CARBON CONTENT OF 
( cont '  d) LYNN CREEK, MAY 1974 TO OCTOBER 1975 

Sam1 e Date 
Temperature ("C) pH T .O .C . (mg/l)  

L1  L2  L3  L1  L2  L3  L1  L2  L3 

December 

1975 

January 

- 

February 

March 

Apr i  1 

May 

June 

J u l y  

04 
12 
19 

09 
16 
23 
30 

06 
13 
20 
27 

06 
13 
20 

04 
10 
1 7  

01 
08 
15 
22 
29 

05 
18 
26 

10 
17 
24 
31 

5.0 5.0 6.0 6.5 6.4 6.5 - - - 
4.0 4.0 4.0 6.6 6.2 6.3 1.0 1.0 1.0 
4.0 5.0 5.0 6.6 6.5 6.5 2.0 2.0 5.0 

2.0 2.0 3.0 6.4 6.4 6.3 2.0 2.0 6.0 
2.5 2.5 3.0 6.9 6.7 6.6 2.0 2.0 5.0 
4.0 4.0 4.0 6.5 6.4 6.4 2.0 4.0 4.0 
2.0 2.0 2.0 6.5 6.4 6.4 - - - 
1.5 1.5 1.5 6.4 6.2 6.6 2.0 1.0 3.0 
2.5 3.0 3.0 6.5 6.8 6.8 1.0 2.0 4.0 
2.0 2.0 2.0 6.6 6.6 6.6 1.0 2.0 4.0 
3.5 3.8 4.0 6.5 6.5 6.6 - - - 
2.0 2.0 2.0 7.0 6.6 6.8 1.0 1.0 2.0 
4.0 4.0 4.0 6.9 6.8 6.9 1.0 1.0 2.0 
3.0 3.0 4.0 6.6 6.6 6.5 - 2.0 4.0 

4.0 4.0 4.0 6.8 6.6 6.7 - - - 
5.0 5.0 6.0 6.5 6.8 6.7 4.0 5.0 6.0 
5.0 5.0 5.0 6.7 6.7 6.6 1.5 1.5 2.5 

5.0  5.0 5.0 6.8  6.7  6.7 3.0 2.0  3.0 
5.5  6.5  6.5 - - 3.0 2.0 2.0 
4.0  5.0  5.0 - - L 2.0  2.0  3.0 
4.5  5.0  5.0 - - L 2.0  1.0  2.0 
6.0  6.0  6.0 - - L 1.0 1.0 1.0 

5.0 6.0 7.0 6.7 6.8 6.8 2.0 2.0 3.0 
6.5 8.0 8.0 6.5 6.6 6.6 1.0 1.0 2.0 
6.0 7.0 7.0 6.6 6.6 6.6 1.0 1.0 1.0 

9.0 11.0 11.0 6.9 6.6 6.9 1.0 1.0 2.0 
9.0 10.0 10.5 6.4 6.5 6.5 1 -0  1.0 2.0 

10.5 12.5 13.0 6.6 6.6 6.8 3.0 2.0 1.0 
11.0 14.0 14.0 7.0 6.9 6.9 1.0 1.0 1.0 

yul 

I 

.I 

W 

Y 

L 

I 

L 

m 

continued.. I 

m 

Y 
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APPEND1 X I (b)  TEMPERATURE, PH AND TOTAL ORGANIC CARBON CONTENT OF 
( cont' d) LYNN CREEK, MAY 1974 TO OCTOBER 1975 

Temperature  ("C pH T.O.C. (mg/l) 

L1 L2 L3  L1  L2 L3 L 1  L2  L3 
Sampl e  Date 

August 07 10.5  13.0  13.0 6.8  7.0  6.9  3.0  2.0 9.0 
14 12.0  15.0  16.0 6.7  6.9  6.9  1.0  2.0  1.0 
21 12.0  13.5 15.5 6.7  6.9  6.9  1.0  2.0  4.0 
28 9.0  9.0 10.0 6.5  6.6  6.6 2.0 2.0  2.0 

September 11 10.0 12.0 12.0 6.7 6.9 6.9 1.0 1.0 2.0 
18 9.0 11.5 11.0 6.8 7.0 7.1 2.0 1.0 2.0 

October 02  10.0  12.0 12.0 6.7  6.9 7.1 3.0  2.0  3.0 
09 8.0  9.0  9.5 - - - 1.0 1.0  3.0 
24 7.0  6.5  6.5  6.7  6.8  6.8  3.0 3.0 3.0 
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APPEND1 X I ( c )  NITRATE AND AMMONIA  CONTENT OF LYNN CREEK, 
JUNE 1974 TO  OCTOBER 1975 

Sampl e  Date 
S ta t ion:  L1 L 2  L3 L1 L2 13 

1974 - 
June 05 

13 
20 
27 

0.100 
0.090 
0 . 060 

0.100 
0.076 
0.055 

0.090 
0.070 
0.058 

0.02 0.04 
0.10 0.11 
0.09 0.05 
0.09 0.08 

0.040 
0.130 
0 . 080 
0.060 

J u l y  04 
12 
19 
26 

0.082 
0.068 
0 . 089 
0.051 

0.086 
0.077 
0.079 
0.038 

0.078 
0 . 090 
0.079 
0.052 

0.012 0.005 
0.005* 0.005* 
0.005* 0.005* 
0.005* 0.005 

0.018 
0.035 
0.026 
0.080 

0.050 
0.047 
0.075 

0.045 
0.052 
0.071 

0.056 
0.066 
0.076 

0.010 0.005* 
0.005* 
0.010* 0.010* 

- 0.059 
0.013 
0.144 

0.022 
- 

August 01 
08 
15 
22 
28 

- - 
0.061  0.062 0.076 

- 
0 . 088 - - 

0.054 

September 04 
12 
20 
26 

0.085 
0.163 
0.130 
0.138 

0.05 
0.165 
0.150 
0.137 

0 . 102 
0.179 
0.178 
0.223 

0.025 0.018 
0.010 0.013 
0.005* 0.005* 
0.005* 0.005* 

0.076 
0.136 
0.156 
0 . 300 

0.179 
0.157 
0,076 - 

0.201 
0.146 
0 . 080 - 

0.222 
0.257 
0.155 - 

0.006 0.006 
0.005* 0.005* 
0.005 0.005* 

0.390 
0 . 360 
0.500 - 

October 03 
10 
18 
24 

November 01 
07 
14 
21 
28 

0.255 
0.290 
0.132 
0.148 
0.184 

0.245 
0.291 
0.208 
0.148 
0.208 

0.280 
0.318 
0.308 
0.152 
0.272 

0*010* 0.010* 
0.005* 0.005* 
0.005* 0.005* 
0.005* 0.005* 
0.005* 0.005* 

0.190 
0 . 060 
0 . 095 
0.045 - 

~~~~~ 

* less  than  detection  1 imit 
continued... 
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APPEND1 X I ( c )  NITRATE AND AMMONIA CONTENT OF LYNN CREEK, 
( cont' d) JUNE 1974 TO OCTOBER 1975 

NO3 (mg/l) NH3 (mg/l)  

Sampl e Date 
S ta t ion:  L1 L2 L3 L 1  L2 13 

December 04 
12 
19 

1975 - 
January 09 

16 
23 
30 

February 06 

March 

Apr i  1 

May 

June 

J u l y  

13 
20 
27 

06 
13 
20 

04 
10 
17 

01 
08 
15 
22 
29 

05 
18 
26 

10 
17 
24 
31 

0.133 0.137 0.138 - - - 
0.168 0.144 0.206 0.01* 0.01* 0.140 
0.154 0.1% 0.228 0.01* 0.01* 0.150 

0.179 0.255 0.330 0.01* 0.01* 0.49 
0.219 0.260 0.330 0.01* 0.01* 0.41 
0.161 0.200 0.218 0.005* 0.005* 0.110 
0.188 0.308 0.258 0.01* 0.01* 0.380 

0.185  0.225  0.270 0.01* 0.01*  0.750 
0.21 7 
0 . 240 
0.225 

0.210 
0.190 
0.205 

0.195 
0.215 
0.225 

0 . 200 
0.147 
0.155 
0.173 
0.108 

0.126 
0.100 
0.080 

0.074 
0.090 
0.080 
0.100 

0.250 
0.275 
0 . 250 
0.225 
0.220 
0.225 

0.215 
0.231 
0.225 

0.200 
0.148 
0.155 
0.167 
0.108 

0.132 
0.103 
0.090 

0.074 
0.090 
0,090 
0.100 

0 . 304 
0.31 5 
0.270 

0.230 
0.240 
0.265 

0.240 
0.2 50 
0.245 

0.200 
0.153 
0.155 
0.170 
0.107 

0.137 
0 . 105 
0.076 
0.100 
0.110 
0.120 

0.01 
0.02 
0.02 

0.03 
0.01* 
0.01* 

0.01* 
0.01* 
0.01* 

0.01 * 
0.01* 
0.01* 
0.01* 
0.01* 

0.01* 
0.01* 
0.005* 

0.005* 
0.005* 
0.005* 
0.005* 

0.02 
0.01 
0.02 

0.03 
0.01* 
0.01* 

0.01* 
0.01* 
0.01* 

0.01* 
0.01* 
0.01* 
0.01* 
0.01* 

0.01* 
0.01* 
0 . 005* 
0 . 005" 
0.005* 
0.007 
0.010 

0.185 
0.270 
0.250 

0.180 
0 . 230 
0.210 

0.340 
0.280 
0.100 

0.100 
0.550 
0.040 
0.060 
0.050 

0.020 
0.030 
0.060 

0.040 
0.190 
0.110 
0.210 

~~~~ 

continued.. . 
* less than  detect ion 1 imit 
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APPENDIX I ( c )  NITRATE AND AMMONIA  CONTENT OF LYNN CREEK, 
( cont'  d)  JUNE 1974 TO OCTOBER 1975 

NO3 (mg/l) NH3 (mg/l)  

Sampl e  Date 
S ta t ion:  L1  L2  L3  L1  L2  L3 

August 07 
14 
21 
28 

September 11 
18 

October 02 
09 
24 

0 . 140 
0.120 
0.139 
0.220 

0.170 
0.225 

0.090 
0.150 
0.180 

0.140 
0.150 
0.158 
0.250 

0.180 
0.1% 

0.190 
0.200 
0.210 

0.320 
0.200 
0.183 
0.280 

0.220 
0.235 

0 . 300 
0.205 
0.250 

0.006 
0.005 
0.005* 
0.005* 

0.005* 
0.005* 

0.005* 
0.005 
0.005* 

0.011 
0.015 
0.010 
0.005 

0 . 005 
0.005* 

0 . 005* 
0.010 
0 . 005* 

0.200 
0.255 
0.200 
0.035 

0.110 
0.250 

0 . 340 
0.150 
0.210 

* bel ow detec t ion  1 imi t 

Y 

Y 
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APPEND1 X I (d l  PHOSPHATE CONTENT OF LYNN CREEK, 
DECEMBER 1974 TO OCTOBER 1975 

TP (mg/l) TDP (mg/l) OP (mg/l) 

L 1  L2 L3 L 1  L 2  L3 L 1  12 13 
Sampl e Date 

1974 - 
December 04 

12 
19 

1975 

0.01 0.01 (0.016) 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 (0.19) 0.01 0.01 0.01 0.005 0.005 0.005 

January 09 
16 
23 
30 

February 06 
13 
20 
27 

March 06 
13 
20 

Apri 1 04 
10 
1 7  

May 01 
08 
15 
22 
29 

June 05 
18 
26 

0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 

0.01 0.01 0.01 - 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 

0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.012 0.005 0.005 0.005 
0.01 0.01 0.01 - - - (0.008) 0.005 0,005 

0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0,005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 

0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 
0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.005 0.005 

continued.. . 
0 - values  not  below  detection limit, al l   o ther  

values  are below the  detection limit 1 isted.  
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APPENDIX I(d) PHOSPHATE  CONTENT OF LYNN CREEK, 
(cont'd.) DECEMBER 1974 TO OCTOBER 1975 

1 

TP (mg/l ) TDP (my/l) OP (mg/l ) 

L 1  L2  L3 L 1  L2  L3 L 1  L2 L3 
Sample Date 111 

21 0.01 0.01 
28 3.01 0.01 

September 11 0.01  0.01 
18 0.01 0.01 

October 02 0.01 0.01 
09  0.01 0.01 
24 0.01 0.01 

July 10 0.01 0.01 0.01 
1 7  0.01 0.01  0.01 
24 0.01 0.01 0.01 
31 0.01 0.01  0.01 

Augus t  07 0.01 0.01 (0.05) 
14 0.01 0.01 0.01 

0.01 
0.01 

0.01 
0.01 

0.01 
(0.013 
0.01 

0.01 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.01 

0.01 0.01 
0.01 0.01 
0.01 0.01 
0.01 0.01 

0.01 0.01 
0.01 0.01 

0.01 0.01 

0.01 0.01 
) 0.01 0.01 

0.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 

0.01 
0.01 

0.01 
0.01 
0.01 

0.005 - - - 
0.005 
0.005 
0.005 
0.005 

0.005 - 
- - - 

0.005 - - 
- 

0.005 
0.005 
0.005 
0.005 

0.005 - 
- - - 

0.005 
Y 

0.005 
0.005 I 
0.005 
0.005 

0.005 - 

ryli 

( )  - values not  below detection 1 imit,  all  other 
values  are below the  detection  limit 1 isted. L 

Y 
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