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The water 
Connaught  Creek and 
Kicking Horse.River 

ABSTRACT 

quality of the Il lecil lewaet.  River; Beaver River, 
Loop Creek i n  Glacier National Park .and the 
i n  Yoho National Park was found to :be well w i t h i n  

the 1 imi t s  considered  necessary  for fish survival. A .combined ,stream 
macroinvertebrate'  diversity  of  '2.18 was obtained'  for'Glacier National 
Park  and 2.41 for Yoho National Park.  These values  are  higher  'than 
those  recorded. i n  several  other British Columbia streams.  The,,stand- 
i n g  crop o f  periphytic  algae compared favourably with ' tha t  recorded 
i n  other British Columbia streams. 

: . . .  

Two areas  requiring  further study have  been identified: 
Connaught  Creek in  Glacier  National Park  and the Kicking Horse River, 
near the townsite o f  F i e l d  i n  Yoho National  Park.  Appreciably  higher 
nutrient  concentrations were obtained i n  Connaught  Creek (under a . 

, '  heavy fores t  canopy) downstream o f  a domest,ic sewage"discharge 'along 
w i t h  a comparably h i g h  algal  standing  crop.'  Reduction"in  dissolved 
oxygen and increases i n  turbidi ty ,  heavy metals, and : total  phosphate 
were observed downstream of  Field and. may be associated w i t h  a gravel 
operation. 

. .  

. .  . .  
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SUMMARY AND CONCLUSIONS 1 

I 

. .  

I 

j .  

! 

I 

1 .  The chemical and physical  characteristics of water quali ty for 
the   I l l ec i l  lewaet  River, Beaver River, Connaught  'Creek and  

' Loop Creek i n  Glacier  National Park and the Kicking Horse River 
in Yoho National Park compare w i t h  values  reported  as  necessary 
f o r  fish survival. 

2 .  Two areas requiring further  surveil lance have been ident i f ied:  
- Connaught  Creek i n  Glacier National Park 
- Kicking Horse.River  near  Field, B . C . ,  i n  Yoho National 

Park. 

3 .  Monthly chemical and biological sampling over the-period be- 
tween ice  break-up and winter  freeze-over  are  necessary  to 
determi.ne the impact of  the Rogers Pass'sewage  discharge and 
the  townsite of Field sewage discharge on their  respective 
recei v i  rig streams. 

4. Campsite se'ptic-tank and absorption-field  disposal systems 
adjacent  to.streams  are  not  considered  likely  to be' a problem 
i f  suitably  located and properly  maintained. 

. .  

5. The direct  discharge of septic-tank  effluent  (chlorinated) 
should be phased out  as soon as  possible and rep1 aced with 
ground-di'spdsal  systems so that  the  streams may  be maintained 
i n  as natural a s t a t e  as possible. 

6 .  Where disinfection is shown to  be necessary and chlorination 
i s  used, dechlorination i s  recomnended. 

7. Macroinvertebrate  populations and periphytic  algal. standi.ng crop 
compare favourably w i t h  tha t  recorded for comparable British 
Go1 umbi a streams . 
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1 INTRODUCTION 
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I 
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A wate r   qua l i t y   i nves t i ga t i ons   p rog ram  i nvo l v ing   t he  
Envi ronmenta l   Protect ion  Serv ice and In land  'Waters -   D i rec to ra te  
(Water  Qual i ty Branch) o f  Environment Canada and  Parks Canada' i s  
i n  the   fo rmat ion   s tage  fo r  some B r i t i s h  Columbia  National.  Parks. 

The need f o r   b i o l o g i c a l  and  chemical  assessments o f . t h e  
main  streams i n ' t h e   B r i t i s h  Columbia  National  Parks,  has  resulted 
due to   the   inc reased use o f  present   park sewage t r e a t m e n t   f a c i l i t i e s .  
B a s e l i n e   l e v e l s   o f   w a t e r   q u a l i t y   a t   v a r i o u s   t i m e s   o f   t h e   y e a r   a r e  
needed. M o n i t o r i n g   s t a t i o n s   a r e   t o  be establ ished  on  major  streams 
to   determine  the  impact  o f  d ischarges  f rom  'present sewage waste ' '  

. . d i s p o s a l   f a c i l i t i e s  and plan  future  waste  d isposal   - requirements.  
1 

The Environmental   Protect ion  .Service'   conducted a 
p r e l i m i n a r y   f i e l d   s u r v e y   i n   G l a c i e r  and Yoho Nationai l  ,Parks from 
October 1 t o  5, 1974. Th is   per iod  was deemed s u i t a b l e ,   t o  measure 
any b i o l o g i c a l   e f f e c t s   r e l a ' t e d   ' t o  sewage d ischarges   o f   the  
p r e v i o u s   , s u m e r ' t o u r i s t .  season. ,The scope o f  the  s tudy.   inc luded 
the  measurement o f   t he   macro inve r teb ra te   dens i t i es ,   pe r iphy t i c  ' . 

a lga l   s tanding  crop,  and  'chemical  and  physical  characteris.t ics o f  
the  receiv ing  s t reams.  

. .  

. .  
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2 DESCRIPTION OF THE STUDY AREA 

2.1 Glacier National Park 

Glacier National Park i s  located 28 miles ( 4 5 , k m )  east 
o f  Revel stoke and encompasses a 521 square m i  le area (1 350 square 
km) of the Sel k i r k  Mountain Range and , t o  a 1 esser  extent-; the 
Purcell Range of interior  British Columbia.. The park i s  ,character- 
ized by steep-sided glacial  valleys and swift-flowing mountain , .  

streams. The geo1.ogic characteristics of the park are reviewed ,by 
Bai rd, 1971 . 

The 'extent of the study area i n  Glacier National Park 
. .  

i s  shown in  Figure 1 and included part  of. the Illecillewaet River, 
Beaver  River , Connaught Creek and Loop Creek systems. A ,.description , 
of the sample . locations and a listing of .the park domestic-sewage 
disposa l  facilities  are given i n  Appendices 1- and 11, ,re.spectively. 

2.2 Yoho Na.tiona1  Park 
'\ 

Yoho National Park i s  located 16 miles (25.5 .km) east of 
Golden, BritiSh'Columbia, and encompasses'500 square miles. (1'295 
square km) of the Van Horne, Ottertail , Waputik, and ,President ranges'' 
of the Rocky Mountains. I t  i s  also  characterized by steep-sided 
glacial  valleys and swift-flowing rivers. The geologic character- 
ist ics of the park are reviewed by Baird, 1962. 

. .  . . .  

.The study area i n  Yoho National Park was the 'Kicking  Horse 
River  near Field,. British Columbia (Figure 2 ) .  The Kicking Horse 
River is  a fast-flowing  river and for an approximate 3,mile 
(4.8 km) stretch o f  the river, extending approximately 1.5 miles 
(2.4 km) either  side of the townsite of Field, the river.runs i n  

, .  

' a braided pattern and because of scouring related t o  sediment 
movement , i t  can be considered an unstable environment. A descrip- 
t ion o f  the sample locations and a listing o f  the park ddmestic- 
sewage disposal faci l i t ies  are given i n  Appendices I and 11, res- 
pectively. 
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3 METHODS,AND MATERIALS 

3.1 . Water Q u a l i t y  

All water samples  were c o l l e c t e d   w i t h  a 6 - l i t r e  Van 
Dorn b o t t l e .  .'Water  samples for   d isso lved  oxygen'  were t r a n s f e r r e d '  
t o  300 m l  BOD bot t les ,   p reserved  immedia te ly   w i th  manganese s u l f a t e  . .  

and a lka l i - iod ide ' -az ide  reagents and t i t r a t e d   w i t h  0.025 N sodium 
th iosu lpha . te   w i th in  24 hours. The samples f o r   t o t a l   o r g a n i c  carbon, 
cyanide  and'heavy  metal .   analysis were s t o r e d   i n  100 m l ,  1 l i t r e  
and 500'ml  polyethylene sample bo t t l es ,   respec t i ve l y ,  and those 
f o r  phosphate  analysis i n  50 m l  glass sample b o t t l e s .  The t o t a l  
organic  carbon. samples  were f rozen  over  dry  ice;   the  .heavy  metal  
samples  were preserved  w i th  1 m l  HN03 and the  cyanide samples  were 
preserved  wi th  sodium  hydroxide  at   a pH o f  11. An unt reated sample 
f o r  hardness, a l k a l i n i t y ,   t u r b i d i t y ,   c o n d u c t i v i t y ,   c o l o u r ,  re- 
a c t i v e   s i l i c a  and pH  was s to red  i n  a 2.5  l i t r e   p o l y e t h y 1 e n e . b o t t l e  
and kept   coo l   w i th   wet   i ce .  The samp1,es f o r   t o t a l   d i s s o l v e d  
phosp'hate  were ' immedia te ly   f i l te red   th , rough  a   'd is t i1 led .water -  
washed O.'45p ce l l u lose   ace ta te  membrane fil t e r .  . A1 1 the  samples 
were r e t u r n e d   w i t h i n  72 hours   t o   t he   I n land  Waters D i rec tora te ,  
Water Qua l i t y   Labora to ry ,  i n  North  Vancouver f o r   a n a l y s i s   u t i  1 i zing  
the'  methods  ou,tl  ined i n   t h e   I n l a n d  .Waters  Directorate,   Ana. iyt ica1 
Methods  Manual ,. 1974.  Temperature was reco rded   w i th  a  standard 
centigrade  thermometer. 

3.2 B i  ol o g i   c a l  , .  

3.2.1 Macro inver tebrates.   Three  quant i ta t ive samples: o f  macro- 

i n v e r t e b r a t e s  were c o l l e c t e d   a t  each s ta t ion   us ing   a ' (0 .093m ) . 
mod i f ied  Hess c i r c u l a r  sampler w i t h  a 35111 c l o t h .  The 'samples ' '  

were preserved  wi th   formaldehyde  to   a  10% so l -u t ion  and re tu rned 
to   " the  Envi ronmenta l   Protect ion  Ser 'v ice  Laboratory   in .   Nor th 
Vancouver f o r   s o r t i n g ,   i d e n t i f i c a t i o n  and enumeration.  A,.Glild M5 
Stereo  Microscope 'was used f o r   i d e n t i f i c a t i o n  a,long w i t h '   t h e  

. .  

, .  

2 

. .  

. .  
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f o l l o w i n g   b i o l o g i c a l   k e y s :  Pennak,  1953; Ward and'  Whipple,  1959; 

and Usinger, 1968. The data  obta ined were a n a l y z e d   s t a t i s t i c a l l y  

on a Hewlett-Packard  Model 983OA c o m p u i o r   f o r .   d i v e r s i t y  ( a )  as 
descr ibed  by Wilhm  and Dor r is ,  ,1968,  and f o r  evenness. o f  d i s t r i -  
b u t i o n  , ( J )  as  described  by  Pielou,  1966. The formulas  used i n  
t h e   c a l c u l a t i o n s   o f   t h e s e   p o l l u t i o n   i n d i c e s   a r e  as fo l l ows :  

.- .- . .. "_ 

i = l  

. .  . I .  

. .  

'li . = t o t a l  -number o f   i n d i v i d u a l s   p e r   - t a x o n  . , 

TI = t o t a l  number o f   i n d i v i d u a l s   p e r  sample 
s = t o t a l  number o f   t a x a  

a = t o t a l  number o f   s p e c i e s  sampled :. 

I n   a d d i t i o n ,   t h e   d a t a  was grouped w i th   respec t   t o   sens i -  

I _  

t i v i t y   , t o   p o l l u t i o n   i n  accordance  with  Cairns  and  Dickson,  1971. 

3.2.2 Per iphyton. A t  each s t a t i o n , s i x   p e r i p h y t o n  samples 
were c o l ' l e c t e d   w i t h  a "Toothbrush  Sampler"  with a 5.3 cm sur face 
area  (Stockner and Armstrong,  1973). The s i x  sampl.es.were  combined, 
thoroughly  mixed  and  the  result ing  composite  sample was s p l i t   . i n  

2 

. . .  

ha l f .   One-ha l f  was p rese rved   w i th  Lug01 so lu t i .on  and r e t u r n e d   t o  
the  Environmental  P:rotection  Service  Laboratory,  North  Vancouver, 
f o r  enumeration and i d e n t i f i c a t i o n   w i t h   t h e   a i d  o f  a Wi;ld M40 
inverted  microscope and the   f o l l ow ing   b io log i ca l   - keys :  . P iesco t t ,  
1970,  and P a t r i c k  and  Reimer, 1966. The rema in ing   ha l f  was f i l t e r e d  

through a 0.45~ c e l l u l o s e   n i t r a t e  membrane f i l t e r , .   t r e a t e d   w i t h  MgC03; 
then  ' f rozen  over  . .  d r y   i c e  and re tu rned   t o   Labora to ry   Se rv i ces , "Pac i f i c  

Region  (Environmental   Protect ion  and  Fisher ies  Service) i n  West Van- 
couver f o r   c h l o r o p h y l l a  and  pheopigment  analysis  by  the-methods  outl ined 
i n  the   F isher ies   Serv ice  - Environmental  Protection'-Serv'ice,  Laboratory 

. .  

- . ...... .. . 

. .  .- 



- 7 -  

Manual , 1974. 

c 
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4 . RESULTS AND DISCUSSION 

4.1 Water q u a l i t y  

4 . 1 . 1   G l a c i e r   N a t i o n a l   P a r k .   A l k a l i n i t y ,   t o t a l   i n o r g a n i c   c a r b o n  
( T I C )  and  water  hardness  are a1 1 parameters   assoc ia ted   w i th   iden t i -  
f y i ng   wa te r   t ype ,   bu f fe r i ng   capac i t y   and   p roduc t i v i t y .  Based  on t h e  
U.S. Geo log ica l '   Su rvey   c lass i f i ca t i on   o f   wa te r   ha rdness  (CaC03 
e q u i v a l e n t ) ,   t h e   . I l l e c i l l e w a e t   R i v e r ,  Loop  Creek  and  Connaught 
Creek  would be considered  sof t   water   (0-69 mg/R) whi  16.  the  Beaver  River 

would be termed  moderately  soft  water  (61-120 mg/R)-'(Tab.le 1). .The 
s t r e a m s ,   t e s t e d   r e f l e c t   a n   o v e r a l l   l o w   b u f f e r i n g   c a p a c i t y   a n d  
p r o d u c t i v i t y . ,  McKee and WOlfe, 1963, r e p o r t   t h a t  i t  i s  -genera l l y  

r e c o g n i z e d   t h a t   t h e   b e s t   w a t e r s   f o r   t h e   s u p p o r t   o f   . d i , v e r s i f i e d  
a q u a t i c   l i f e '   a r e   t h o s e   h a v i n g  a t o t a l  a1 k a l   i n i t y   o f .  100 - 120 mg/R 
o r  more and  that .   the  hardness of w a t e r   o f  good q u a l i t y   s h o u l d   n o t  
exceed 270 mg/R (CaC03 equ iva len t ) .  

TABLE 1 'CHEMICAL AND PHYSICAi MEASUREMENTS OF WATER QW'ITV - OCTOBER, 1974 

Speci f i c 
Sample , ' Turb. A l k a l i n l t y  . Hardness Conductance TIC 

S i t e  JTU'S umhos/cm" mg/a mg/k  mg/k PH 

Total . 

Glacier  National  Park 
1 ( I l l e c i l l e w a e t   R i v e r )   1 . 4  50.6 4.4 15.2 23.0 7. I 
2 (Loop Creek) 2.0 78.1 6.9 28.0 38.9 7.2 
3 ( I l lecf l lewaet   R lver . )  . 1.2  31.8 2.2 8.'6 14.3 6.9 
4 (Connaught Creek) 1 .o 49.2 4.0 14.7 22.6 6.9 
5 (Beaver  Rlver) 3.5 121.0 11.7 49.9 61.7  7.5 
6 (Beaver  River)  .4.4 130.0 13.0  55.4  67.5  7.3 
7  (Beaver  River)  4.3  151.0  13.4  58.1  77.8 7.5 

Yoho National  Park 
8 (Kickf ng Horse P lver )  7.6 169.0 15.6 68.8 91.5 7.9 
9, (Kicking Horse River)'  26.0  174.0 18.0  72.2  93.7 . 7.9 
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The speci f ic  conductance  ranged  between 31.8 - 151 
vnhos-cm-' with  -the  higher  values.  being  found, i n  the.  Beaver River 
(Table  1) .. These va lues  ind icate an overa l l   low.   ion   ' , con ten t   fo r  
the streams  tested. McKee and  Wolfe,  -1963, repor t   tha t   . the   spec i , f i c  
conductance o f  streams support ing a good mixed f i s h  fauna  :lay, i n  
general, between .150 - 500 pmhos/cm-l. Turb id i ty   va lues were a l l  
below 5.0 JUT'S and are  indicat ive  of   c lean  water  iTabie  1) .  

Base metals  are  important  parameters when, : ident i fy ing 
water  qual i ty. .   Within  the  streams  tested  the heavy metal con- 
cent ra t ions   'a l l   fe l l   w i th in   acceptab le   s tandards   fo r ,  good .water 
q u a l i t y  as reviewed  by McKee and Wolfe, 1963, and Wa.ter. Qual i ty  
Cri ter ia,   1972'   (Table 2). 

TABLE 2 TOTAL  EXTRACTABLE HEAYY METAL  CONTENT, - OCTOBER,' 1974 (ppm) . 

Sample S i t e   c u  Fe  Pb '. f n  Cd 

Glacier  National Park 
1 ( I l l e c i l l e w a e t   R i v e r )  0.001 0.045 0.003 0.001 (0.001 
2 (Loop Creek) 0.001 0.019 0.001 0.001 <o. 001 
3 ( I l l e c i l l e w a e t   R i v e r )  0.001 0.009 <0.001 0.001 . <0.001 
4 (Connaught. Creek) 0.001 0.090 ' , 0.001 0.002 <0.001 
5 (Beaver  River) 0.002 0.150 0.003 0.002 - <0.001 
6 (Beaver River)  0.001 0.'270 0.002 0.002 , <0.001 
7 (Beaver  River) 0.001 0.250 0.001 ' 0.003 ' <0.001 

Yoho National Park 
8 (Kicking  Horse  River) ' 0.001 0.160 0.002 0.003 <0.001 
9 (Kicking Horse River)  0.004' 0.380 0.007 0.020 (0.001 

Only i r o n  showed any apprec iab le 'd i f ference between 
r ivers  wi th  the  h igher  values  being.  found i n  the Beaver'  River. 
The species: and s o l u b i l i t y   o f ' m e t a l s   i n   w a t e r   i s   s t r o n g l y  . , I 

governed  by the  hydrogren  ion  concentrat ion (pH) i n  the'water; 
a t  a high pH  many metals  form  hydroxides  or  basic  carbonates  that 

' .  
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a r e   r e l a t i v e l y   i n s o l u b l e  
Q u a l i t y   C r i t e r i a ,  1972). 
inc reases , in   so f t   waters  

and  tend t o   p r e c i p i t a t e   o u t  (Water 
The s e n s i t i v i t y   o f   f i s h   t o   t o x i c   m e t a l s  

(McKee and Wol fe,  1963). 

There were no appreciable  dissolved-oxygen,  perceri t-  
saturat ion  dif ferences  between any o f   t h e   . c o n t r o l  and. down'stream 
o f   t rea tmen t   f ac i l i t y   s ta t i ons ,   (Tab le  3). Percent-saturat ion 
values  ranged  between .98.6 .( 11.3 mg/R DO) and 101.4 (1 1 .6  mg/ll ' . 

DO) percent.  Temperature  values  ranged  between 1.5 ' -  4.0°C ' ' 

(Table 3),. Dissolved oxygen., temperature and pH a l l  fa1 1 we1 1 
w i t h i n   t h e  1 irni. ts  .cons.idered  necessary  for  f ish  survival.  

TABLE 3 DISSOLVED OXYGEN AND TEMPERATURE - OCTOBER. 1974, 
~ , . .  

Sample Si t e  
Temperature Oxygen Dissolved 

(OC) 
Percentage 

mg/t  Saturation 

Glacier  National Park 
1 (Il lecil lewaet  River) 2.0 11.6 
2 (Loop Creek) 2.0 11.5 
3 (Illecillewaet  River)  1.5  11.6 
4  (Connaught Creek) 2.0 11.3 
5  (Beaver River) 2.5 11.6 
6 (Beaver  River) 4.0 11.2 
7 (Beaver River) 4.0 11.3 

100.4 
100.0 
99.4 
98.7 

101.4 
98.8 
99.7 

Yoho National Park 
8 (Kicking .Horse River) 2.5 - ' . 108.0 
9 (Kicking Horse River) 2.0 - 87.,5 

McKee and  Wolfe, 1963, r e p o r t   t h a t  t o  ma in ta in  a vari.ed 
f i s h  fauna i n  good cond i t ion   the   d isso lved oxygen  should  remain 
>5.0 mg/R'and t h a t   f o r   t r o u t   i n   s o f t   w a t e r   t h e   l o w e r  limit i s   s e t  
a t  6'.0 mg/R. Gaufin, 1973,  recommends tha t   t o   ma in ta in .  a w e l l -  
rounded, diversi- f i 'ed  populat ion  of   cold  water  a,quat ic  insects,  
maximum temperatures, minimum dissolved-oxygen  levels and the  pH 
range  should  not  exceed  the  requirements o f   co ld   wa te r   f i shes .  He 
a1 so s t a t e s   t h a t   w h i l e  some, aquat ic   insec ts   can   to1   e ra te   d isso lved 
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oxygen l e v e l s  as  low  as  1.6 mg/R for   shor t   per iods,   concentrat i ,ons 
o f  -6.0 mg/R a r e   r e q u i r e d   f o r   l o n g - t e r m   s u r v i v a l .   I n   . a d d i t i o n ,  
temperatures  during  the  winter months must be ma in ta ined 'a t  ..normal 
seasonal  levels  to  prevent  premature emergence and  during  , the summer 
months 'temperatures above 65OF (180C) are  considered. maximum f o r  
mainta in ing -many species o f   s t o n e f l i e s ,   m a y f l i e s ,  and  c,addisfl,ies. 

_ .  ....... ~ 

Sewage e f f l u e n t   c o n t a i n s   n i   t r a t e - n i   t r o g e n  (NC13-N) , .. anm0ni.a 

(NH3-N), and  phosphate (PO4) a l l  of which  are  recognized as impor tant  
nu t r i en ts   f o r   a lga l   g rowth  and a re   i den t i f i ed   w i th   t hd   : ' eu t roph ica t i on  
o f   f r e s h w a t e r .   b o d i e s .   ' N i t r o g e n   i n   t h e   f o r m   o f  NO3 i s  compl e t e l y   f r e e  
t o  move through  the  soi 1' unless  intercepted  by  'p lants;   'whi le NHj.-N - 
may be  adsorbed f o r  a sho r t   pe r iod   i n   so i l s   t h rough ' i on .exchange  
phenomena; however, i t  i s   i n e v i t a b l y   n i t r i f i e d   t o  N03-N' and becomes 
h igh ly   mob i le  (Oidham, 1975). Nit rogen i n   t h e  so i l  can- be removed 
th rough  p lan t ,   up take ,   so i l   s to rage,   den i t r i f i ca t ion ,   . vo l ,a t i ia t ion '  

. .  

. .  

i ! .  

! 

and leaching t o  ground  water or  surface  water.  . .  
. .  . .  

Phosphorous i n  sewage'ef f luent  is ' p r i m a r i l y .   i n   t h e  form ) .  

o f   d issolved  ortho-phosphate  which i s  t he   ' f o rm  tha t  .ca!n 'be ,absorbed 
. d i r e c t l y   b y   a l g a l V c e l l s .  Phosphorous i s   r e a d i l y  adsorbed. t o  
surface  partic1,e.s o f  so i l   (p rov ided i t  i s  not  previous. ly  saturated) 
and i s  no t   genera l l y  made avai lable  again  by  b io logical ' .means,  thus 
the 1 i kel   ihood o f  .ground-water  contamination !:li t h  phosphorous i s  
n o t - a s   g r e a t  as w i th   n i t rogen .  . .  

. .  

concentrat ions o f  N O ~ - N  
mg/R, 0.051 mg/k, 0.038 

, .  Dissolved  phosphate  ,and 
1 .  than  other  streams samp 

' I . Nu t r ien t   leve ls   de tec ted   .w i th in   the   s t reams, . tes ted  . .  a re  
shown in Table 4. .' S ta t i on  4, downstream o f   t h e  Rogers Pass Park 
fa6i:it jes' s.ewage d ischarge  in to  Connaught  Creek,  had . the   h ighes t  

, 'NH3-N, TP04, and d isso lved $PO4. (0.138 

mg/R, and 0.026 mg/&, respeci i .veJy) : .' 

NH3-N a re  an order  ,of  magnitude  higher 
. .  

l e d   i n   t h i s  survey.  Al-though ' a  sample was 

I 
/ '  
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not  collected upstream of the sewage source, i-t seems ,.l,i  kely  that 
the h i g h  nutrient  levels recorded are  a resu l t  of the.park  facil-  
i ties'   discharge. 

. .  . .  

TABLE 4 BIONUTRIENT CONTENT - OCTOBER, 1974 (Mg/k) 

Sample S I  t e  TOC , N03-N NH3-N TP04 ' oiss.  TP04' so,- sio2 

Glacier  National Park 
1 ( I l leci l lewaet  River) . ~ 1 . 0  0.091 (0.004 0.007 0.004 . 7.6 2.3 
2 (Loop Creek) <1.0 0.111 0.005. 0.024 - . , 9;9 1.9 
3 (Illecillewaet  River) <1.0 0.054 0.004 0.007 - .' . 6.0  1.9 
4 (Connaught Creek) 4 . 0  0.138 0.051 0.038 0.026 .6 .7  2.7 
5 (Beaver River). 1 . 4  0.091 0.007 0.008 0.007...  11.6 3.0 
6 (Beaver River)  1.0 0.086 0.009 0.012 0.00.8 12 .2  3.2 
7 (Beaver  River) . ' 1.6  0.083 0.008 . 0.012 0.006 19.5 3.3 

Yoho National Park . .  

8 (Kicking Horse River).   1.7 0.080 0.005 0.010 0.006- 20.0 2.1 
9 (Kicking Horse River) 1.4 0.075 0.006 0.052 0.018 . . ' 2 O i O  2.0 

. .  

, .  

A major concern i n  the use of ground-disposal  systems 
(septic-tank and absorption-field) i s  the potential .for groundwater 
contamination w i t h  nutrients. A detailed study o f  &ground:. . 

disposal  systems , i n  Glacier National Park w i t h  regard' . .  to,.ground- 
water and stream contamination was  beyond the  scope $,this survey 
b u t  i f  properly . t  installed  and  maintained,  these systems  .should 
prove satisfactory.  . .  

. . .  

Sulphate  concentrations  are  reported i n  Tak1.e 4. McKee 
and  Wolfe, 1963, report  that i n  the United States,  o f  r ivers  
supporting good game f i sh ,  50% had SO4 concentrations <32 mgl2 
and . that  experiments  indicate  water  containing <0.5 ,mg/a sulfate  
w i  11 not  support. a1 gal growth. . .  

. .  

Total  organic carbon (TOC) measurements afford, a quick 
and simple method of monitoring  organic  pollution  levels: and provide 
insl 'ght  regarding,  the accumuTation of non-biodegradable' or 
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re f ractory   organic   mater ia ls .  Values o f  < l . o ' m g / ~  were re-  
ported  for   the  1 l leci . l lewaet  River,  Loop .Creek, and:.Connaught 

Creek whi le  the Beaver River had sl ight ly  h igher  values  , ranging 
between 1 .O - 1.6 mg/R TOC (Table 4,). Maier and.McConnel.1, 1974, 
repo r t   t ha t   r i ve r   wa te rs  have a marked seasonal ' v a r i a t i o n   i n  
organic  carbon  concentrations  with  the  highest  concentrations 
usual l y  corresponding  to  periods  of  low  stream-flow and h igh.  
photosynthetic  productivi ty,  both i n   t he   wa te r  and on..land. Lowest 
carbon  concentrations  are  observed i n  spr ing and seem to  co inc ide 
wi th   per iods  o f   h igh  f low.  

.~ 

4.1.2 Yoho National  Park. The Kicking Horse River can tie 
c l ' ass i f i ed  as moderately s o f t  water  (61 - 120.mg/R, CaC03'equivalent). 
Generally,  the  chemical  parameters  tested were higher downstream 
o f  the  townsite-.of  Field  than upstream  (Tables 1 . -   4 )   bu t  still 
wi thin   the  1 imi t s  - o f  good 'water  qual i ty  d i  scus'sed. e a r l   i e r .  . These 
h igher   leve ls  niay r e f l e c t   t h e   a d d i t i o n   o f  suspended :.sedi'ment- t o .  
the  water a t  a gravel  operation on t h e   r i v e r  bank opposite  the 
townsi te   .o f   F ie ld .  . .  

The dissolved-oxygen  content. of  the  water  dropped f r o m  
12.0 mg/R (100% s a t u r a t i o n )   a t   S t a t i o n  8 t o  8.8 mg/R (,88% saturat ion)  
a t   S t a t i o n  9. The reason for   th is   reduct ion  in   d isso lved-oxygen 
has y e t   t o  be ascertained. 

. .  

There were no appreciable  dif ferences between the  control  
and downstream s t a t i o n   f o r  N03-N, NH3-N, TOC, o r  S04.:,,.while 
TP04 and f i l t e r e d  TP04 increased  from 0.010mg/!L t o  0;052  mglR and 
from 0.006 mg/R t o  0.018 mg/R, respect ively.  The s i g n i f i c a n c e   o f  
t h i s  TP04 increase in   re la t i on   t o   t he   g rave l   ope ra t i ons .  -and domestic- 
waste discharge . a t  -Field  requires  fur ther  study. 

! .  

! i  

j 



4.2 Biological 

4.2.1 Macroi nvertebra  tes . The sens i t iv i ty  of  f,reshwater macro- 
invertebrates  to  stress  (pollution) and their use as  .indicators  to 
reflect'envirbnmental  conditions and  communi.ty structure  are well 
documented: Gaufin, 1973; Cairns and Dickson; 1971;. Egloff and 
Brakel, 1973; Wilhm and Dorris, 1968; and Pielou, 1966. Certain I 

taxonomic groups have  been categorized as tolerant,   . . facultative,  and 
intolerant  (sensitive)  to  various  types o f  pollution  (Cairns and 
Dickson., 1971): Resh  and Unzicker, 1975, and Gaufi'n, 1973, discuss 
the  variabil i ty i n  tolerance  to  various  parameters  :at'  the  species 
level.  

. .  

For the purpose of this report,  the  macroPnvertebrates 
have  been identified  to  the.  taxonomic level o f  fami.ly  (Table 5) ,  
categor'ized i.n indicator groups (Figure  3) and the community , . 

structure .determined using divers i ty  a and evenness, of abundance 
J (Table  6). Wi'lhm, 1970, described a as  varying between 3 - 4 
i n  clean water.  "streams and is  usually  less than 1 in. polluted . .  

streams. The value of J ranges between 0 - 1 w i t h  the  'higher 
value  representing a more desirable  distribution. klughes, 1975, 
has shown a varies w i t h  the  type  of  sampler used a n d  Eg1,off  and 
Brakel , 1973, .indicated some sensi, t ivity is- sacrificed,'when 
diversity  indices  are based only on higher  taxa. Howev,er 

. ,  

suf f ic ien t   sens i t iv i ty  i s  retained even a t  the family level  to 
demonstrate the impact of waste-water discharges. 

4.2.1.1 '  Glacier National  Park. W i t h i n  the  four  streams sampled 
i n  Glacier National Park (Stations 1 to  7 )  a ranged between I .  1.85 
to  2.73 (Table-6).  w i t h  a combined stream  average  of  2.18. Even- 
ness ( J )  ranged between 0.56 - 0.82. The  low value of 1,..85 was 
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TABLE 5 MACROINVERTEBRATE DATA FOR YOHO AND GL'ACIER -NATIONAL 

PARKS - OCTOBER, 1974 
. .  

I d e n t i f i c a t i o n  Number o f  I n d i v i d u a l s   p e r .   S t a t i o n *  . .  

( f a m i   l y )  ' 1  - 2  3 4 .  5  6 7.. 8. , 9 .  
[""""" Glac ie r   Park - - - - - - - - - -  ' .][-YohO P a r k - 1  

'SENSITIVE' . .  

PI ecopte ia  
NmowLidae 6  38 10 ' 30 8 12 1 11 35 
Chlampudidae - 8 51  35'. 41  51 10 2 5 
Pmladidae .- 29 . - - - - - 4 -  

j i  

j .  

: .  

.Ephemeroptera 

UepXag eniidae 22 104  103  168  47 46 1 9 3  
B a d d a e  6 4 11  23  17 7 .  2 4  1 

T r i c h o p t e r a  
PA ychamyiidae - - - 15 - 1 - - - 

RhyacuphLtidae ~ , 5 , - 26 .4 2 1 - 3 -  

Col.eoptera- I 

Szaphylynidae - - - - - - 

. .  . 

U y d m p b  ychidae - - - 1  - 1. - .. - - 
, .  

. .  . .  

1 ~ , . -  - 

FACULTATIVE' 

' TOLERANT' 

H i  r u d  i nea 
Glosbiphbniidae 2 - 1 2 -  - - - 
01 i gochaeta 3 -  - - - - - 1  

. .  

1 

*. T o t a l  o f  3 c i rcu1ar :samples 
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obtained from Loop Creek a t  Station 2 upstream  of the Loop Creek 
campsite septic t a n k  discharge. Values of a = 2.14 and J = 0.56 U 

were obtained from  Connaught  Creek a t  Station 4 ,  downstream of a sewage 
discharge. A macroinvertebrate sample was not  collected, above 
the Connaught  Creek discharge s i t e  for comparison. 

TABLE 6 .DIVERSITY  INDICES FOR  MACROINVERTEBRATES, YOHO AND GLACIER 
NATIONAL:  PARKS - OCTOBER, 1974 

Sample S ta t ion  

1 2 3  4  5 6 7 ' 8  9 
Parameter ["""""""- Glac ier  Park-----------------'-][-Yoho Park-] 

Total Ind iv idua ls  65 . 188 242 292 119 121 18 '' 41 54 

Total  Taxa 10 8 14 14 7 8 7 10 9 

D i v e r s i t y  (a) .2 .73 1.85 2.58 2.14 2.01 1.89 2.10 2.93 1.90 

Evenness (J) , .82 .61 .68 .56 .72 .63 , .74 .00 .60 

A value of 2.18  according t o  Wil hm and D0rri.s ,' 1968, 
would indicate - .  . an area of moderate p o l l u t i o n .  As the  streams  .,tested 
are' of  good water q u a l i t y ,  the  values ,of a are 1 i kely  suppressed 
due to  the high taxonomic level used. The va r i a t ion   i n . a  may re f lec t  
natural community structure  differences  resulting from bottom sub- 
strate  condition's, sampling methods, or the autumn season a t  which 
time most insects have  emerged and n o t  pollution  ,sources. . I t .  
can be seen from Figure 3 t h a t  the  pollution  sensitive,  inverte- 
brates  are well represented w i t h  only  limited  representation of the 
facul ta t ive and tolerant groups. 

4.2.1.2 Yoho National  Park. A considerable  reduction:'in  diversity 
occurred between"the control and s ta t ion downstream o f  ;the town- 
s i t e  of  Field  (2.93  to  1.90,  respectively)  (Table  6). The de- 
crease  may,possibly be accounted fo r  by the  difference i n  bottom 
substrate.  Station 8 had' a typical ' boulder- to-sand-.river bottom, 
compared. t o  a bedrock and irregular  sized  limestone  slabs sub- 
s t r a t e  a t  Station 9. The value o f  J also  decreased-from 0.88 to  

. - . . ". . ~.. 

. ,  
. .  . .  
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0.60 f o r   S t a t i o n s  8 t o  9 and ind i ca tes  a d i sp ropor t i ona te  

d i s t r i b u t i o n   a t   S t a t i o n  9 which may r e f l e c t   t h e   s u b s t r a t e  

d i s s i m i l a r i t y .  Hynes, 1970, s t a t e s   t h a t   i n   q e n e r a 1 , t h e  more 

complex the  substratum  the more d i ve rse   i s   t he   i nve r teb ra te   f auna .  
Current  speed i s  a1 so a factor   o f   major   impor tance.  i n  running 

water  and i t  controls  the  occurrence  and  abundance-of  s,pecies  and 

hence  the  whole  structure o f  the  animal  community. From F igure  3- 
i t  can  be  seen t h a t   t h e   r e 1   a t i v e   p r o p o r t i o n s   o f   s e n s i t i v e   t o  
to le ran t   mac ro inve r teb ra tes   a re   no t   app rec iab l y   d i f f e ren t ,   t hus  
t h e   d i f f e r e n c e   . i n   d i v e r s i t y  has n o t  1 i k e l y '   r e s u l t e d  from  any 

domestic  waste  discharge a t   F ie ld .   Fu r the r   samp l ing  will be 

necessary  to  con'f irm  this.  For  comparison  purposes, '   Hal lam, 1975, 

and  Derksen  (unpublished  data)  using  identical  sampling ,methods 
found  cont ro1, 's ta t ion (a, J )  values o f  1.99,  0.51 , 'and  1.45, 0.38, 
r e s p e c t i v e l y ,   f o r  two B r i t i s h  Columbia  streams. The former  stream 
was a remote,   c lean,  mountain  stream,  whi le  the  lat ter   stream  can 
be cons 

4.2.2 
ob jec ts  

o f   t h i s  
d i f f i c u  

dered  eutrophic.  

Periphyton.  Algae  are  arranged  on stems  .and o t h e r   f i x e d  

i n  a d e f i n i t e  way i n  r e l a t i o n   t o   t h e   c u r r e n . t  and  because 

d e t a i l e d   l o c a l   d i s t r i b u t i o n   q u a n t i t a t i v e  sampl.ing becomes 

t (Hynes; 1970).  Usually  diatoms  dominate  the. l i s t   o f  
species,  and  in'  stony  sdearns and r i ve rs   t hey   a re   a l so   t he   mos t  

abundant  forms. 

4.2.2.J G lac ie r   Nat iona l   Park .   A lga l   iden t i f i ca t , ions   a re  shown 

i n  Table 7 and f o r   t h e  streams  tested,  diatoms  were  'the  .dominant 

group. Samples f rom  Stat ions 1, 3 ,  6 and 7 were t o o   s i l t y   f o r  

quant i f . i ca t ion ,  . .  thus an  absence or  presence of genera  are  given. 

For   Stat ions 2, 4 and 5 the number o f   c e l l s   p e r  cm are  g iven.  

The dominant.  'genera were found   to  be  Achnanthes m., Navicula 

x., F r a g i l a r i a  x. , and Hannaea arcus. The absence o f  
Chlorophyceae  can  be a t t r i b u t e d   t o   t h e  autumn  season  by  which 
time  these  species.  have  died down. 

2 
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TABLE 7 ' PERIPHYTON .IDENTIFICATION - OCTOBER 197'11 

- 
Number o f  Cells per CIII per Stat ion* ' - 2  

I d e n t i f i c a t i o n  
1 2 3 4 5 6 7 8 9  

[-""""- Glacier  Park---------- ][-Yoho Park-] 

Baci l lar iophyceae 

Achnantkcb   bpp .  
NavicLLPa b p p .  

Gomphonema b p p .  
T a b e U d a  b p p .  
f fannaeaahcub.  

C y m b a a  b p p .  .' 
V i a t o m a   b p p .  
Ni.izbckia b p p .  
Syfltdha b p p . ,  
Rhoicobpher t in  b p p .  
Amphoaa dpp, 
Epiihemmia d p p .  
D i p t o n e i a  bpp. 
GhdPe u i w  c .  6 .  
Bartramiaceae  (moss) 
C&ObCopiiwn n i g h i t i w n  c .6 ,  

FkagilahiU b p p .  

C y d . 0 t d - h  b p p .  

t , 30 t 2152  2299 t t ., + + 
+ 840 . t 1177  1420 + + - t 
t 1861 t 908 1018 t t + t 
+ 180 - 706 264 + + . + -+ 

.+ 90 + 202 302 - - .+ t 
+ J201 t 370 792 + + + .  + 
- 2071 + 134 151 - 
+ 90 + 101 188 + ' + . +  + 
- 120 - 34 - - 

+ 30 - 
- 30 - 

- t t  

- 
t 

- +  
" - - - - -  

-. - -  - t t  
- - -  - " - - -  - - +  - i i - " - 38 - - .  " 

i " - - +  t - - 
- 240 - 202 490 - - - - 

Chlorophylla  values  are shown i n   T a b l e ' 8  and the  values 
ranged  between'0.65  pg/Chla/cm a t   S t a t i o n  1 t o  3.04 pg/Chla/cm 
a t   S t a t i o n  3. '  Stat ion 4 on Connaught Creek which was the  only . / 

locat ion  under  a heavy f o r e s t  canopy.had  a  comparably'high 
ch lo rophy l la   va lue   o f  2.97 pg/Chla/cm and may r e f l e c t  a n u t r i e n t  
enr ichment  s i tuat ion as l i g h t   m i g h t  be expected t o  .be a .   l i m i t i n g  
fac to r   to   a l 'ga l   g rowth   a t   th is   s ta t ion .  . 

2 2 

2 

TABLE 8 CHLOROPHYLLa AND PHEOPIGMENTS - OCTOBER, 1974 

Sample S ta t ion  

1 2  3  4 5 6 .  7 8 9 . .  

Parameter ["""""""- Glacier  Park------------------ ][-Yoho Park-] 

Chl  orophyl l a  0.65 0.57 3.04 2.97  1.94 2.5.7 0.84 0.81 7.78 

Pheopigment - 0.07 0.59 - - 1.14 - 0.24  0.95 
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Stockner and Shortreed, 1975, u t i l i z i n g   a r t i f i c i a l  

subst rates i n  two  Vancouver Is land,  B.C., streams  fodnd a. maximum 

value o f  0.95  pg/Chla/cm i n  October  for  Carnation  Creek and a 
maximum value of  .1.38  ug/Chla/cm i n   J u l y   f o r   R i t h e r d o n  Creek. 2 

The f o r e s t  canopy over  Carnat ion .Creek ranged  between  heavy t o  
moderate whi le  .Ri therdon Creek i s  clearcut- logged.  Both  streams 
are  considered  phosphate  .poor and ol igotrophic.   Diatoms  were 

the  dominant  algal  group i n  both  creeks.  Stockner and Shortreed, 
1975, f u r t h e r s t a t e   t h a t   d u r i n g   h i g h   f l o w   s i t u a t i o n s  (5200 c f s )  

stream bed movement will scour  gravel  and  small  rocks.;effec- 

t i v e l y  removi.ng  .or  burying  most  attached a1 gae. Derksen  (un- 
pub l i shed  da ta)   found  cont ro l   s ta t ion   ch lo rophy l la   va lues  as 

h igh  as  1,13 to'5.01  pg/Chla/cm  occurring  between  August  and 
October i n  th ree   Nor th  Vancouver, B r i t i s h  Columbia , , streams. " The 

ch lo rophy l la   va lues   ob ta ined  in   th is   survey   ,compare ; favorab ly  ' 

w i t h   t h o s e   o f   o t h e r   s t r e a m s   i n   B r i t i s h  Columbia. A mean stream 

chlorophyl la   va lue  ca lcu lated  f rom  month ly   record ing  over .  a 
summer's g rowth   a re   requ i red   to   fu l l y   eva lua te   the  streams, 
sampled. 

4.2.2.2 Yoho 'National  Park. The per iphy t ic .   a lgae of  t he   K i ck ing  

Horse   R iver   a re   s im i la r .   to   tha t   observed  in   G lac ie r   Nat iona l   Park .  

Chlorophyl la  values  ranged  f rom 0.81 pg/Chla/cm a t   S t a t i o n .  8 t o  

7.78 pg/Chla/cm a t   S t a t i o n  9. The h i g h e r   v a l u e   a t   S t a t i o n .  9 i s  

a t t r i b u t e d   t o  'an abundant  growth o f  the moss Catoscopium n i g r i t u m  

- c f .  on the   bo t tom  subs t ra te .   Add i t i ona l   samp l ing   i s   requ i red   t o  

f u l l y   e v a l u a t e   t h e   a l g a l  community o f  the  K ick ing  Horse 'River .  

2 

2 

2 
2 
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APPENDIX I 1  .DOMESTIC SEWAGE DISPOSAL FACILITIES 

Park  Faci 1 i ty Park Type of  Disposal 

Loop Creek  Campsite 

I l l e c i l l e w a e t   R i v e r  
Camps i t e  

Park  Faci l  i tSes 

East Gateway Complex 

Mountain Creek  Campsite 

Cathedral  Mountain 
Chalets 

Townsite o f   F i e l ' d  
* 

Kicking  Horse  Campsite 

CPR Operations* 

Glac ' ier  

G lac ie r  

G lac ie r  

G lac ie r  

G lac ie r  

Yoho 

Yoho 

Yoho 

Yo ho 

Ch lor ina ted   sep t ic   tank   e f f luen t  
d i  scharged t o  Loop.  Creek. 

Ch lo r ina ted   sep t i c '   t ank   e f f l uen t  . : 
d ischarged  to   1 l . lec i l lewaet  
.River .  

S ing le -ce l l  lagoon, s e r v i c i n g  
s taf f   housing, , .o f f ices,   Nor th- '  
lander   Hote l   .and.   Serv ice  Stat ion 
and d ischarged,   to   tonnaught  
Creek . 
Sept ic   tank  fo l lowed  by a lagoon.. ', 

Sept ic,   tanks  p lus  absorpt ion 
f i e l d s .  

Sept ic   . tanks .   p lus   absorp t ion . .  , 

f i e l d s   o r   r o c k . p i t   w j t h   o v e r f l ' o w  
t o   K i c k i n g  Horse  River. 

Sept ic   tank (13,200 ga l l ons )  
wi th  average 29,400 Igpd  d is -  
charge  to   K ick ing,Horse  River .  

Sept ic  I t ank   p lus -abso rp t i on  ' 

f i e l d .  

Septic  tanks.  connected. t o  o i l  
s e ~ a r a t o r   t a n k   w i t h  a recorded 
discharge  of 12,000. Igpd. 

* 
Information  from  Strong, Lamb and  Nelson, 1975. 
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