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ABSTRACT 

The  Yukon R ive r  passes through  the  town  of '  . .  Whitehorse, h k o n  

T e r r i t o r y , .  where it receives  e f f luent   f rom  two sewage lagoon  systems as 
w e l l  as storm  sewers.  This  study i s  .a  chemical and b a c t e r i o l o g i c a l  

impact  assessment' o f  r i v e r   w a t e r   q u a l i t y   b e f o r e  and a f t e r   c o n s t r u c t i o n  
of   the  largest  lagoon system. , Analyses were performed by . the  Envi ron-  

menta l   Protect ion  Serv ice (EPS) l a b o r a t o r i e s   i n  West Vancouver, B r i t i s h  
Columbia,  using  standard methods. Bacter io log ica l   analyses were 

performed by EPS s t a f f   i n  Whitehorse  using membrane f i l t e r  techniques 
f o r   t o t a l  and faecal   co l i forms.  

Water chemi s t r y   r e s u l  t,s suggest. an o l  i got   rophic  ri ver  system 
which shows  an i n s i g n i f i c a n t  chemical  impact  from  municipal  eff lents. 

B a c t e r i o l o g i c a l   r e s u l t s  show c h a r a c t e r i s t i c s   f o u n d   i n .   o t h e r   n o r t h e r n  
r i ve rs   rece iv ing   mun ic ipa l   e f f l uen ts .  . .  . . Recreat ional  use standards. f o r  
faecal   co l i forms  'o f :  200 counts. ' pe r '  100' m i  111 i t r e s   a r e ' .  exceeded ' by 
i ndi   v idua l  samples taken .downstream of   lagoon hi  scharges,  .especi a1 i y  

dur ing  r iver ,   , low'   f low  'condi t ions.  ' The study . shows, that   t .he  . . lagoon 
systems  have made no s ign ' i f i can t   reduc t i on   i n '   f aeca l '   co l i f o rm  coun ts   i n  

. .  

. .  

, .  , .. . 

. .  

' t h e   r i v e r  as compared ' t o   t h e   d i s c h a r g e  o f  raw sewage. 
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R E SUM E .  
. ! :. . , 

Wh i teho rse   (Te r r i t o i re  du  Yukon) e s t  arrose'e  par l e   f l e u v e  

Yukon dans- . I  l eque l  se d&ersent   les  e f f luents   provenant  de deux s y s t h e s  
d'6tangs de s tab i l i sa t i on ,   a ' i r i s i  que des igouts . '  ' L 'ktude, : dont  ceci  

e s t ,   l e  r'esum6,''a. pour   ob jet '   d '6va l .uer   ' la . ,qual i te   de"1  'eau  de 'ce  f leuve 
du .po in t  'de vue' chimique  et  biolog'ique,  avant  et  aprss  ' l 'am6nagement du 

systkne  d"6tangs de s tab i . l i sa t i on '  l e  ',plus  important. Les"ana1yses "on t  
&ti f a i t e s   s u i v a n t  des  m6thodes  6prouv6es, ' p a r '   l e s  ' l a b o r a t o i r e s  de 
Vancouver  ouest  (Colombie-Britannique) du Serv ice,  de l a .  p ro tec t ion '   ' de  

1 ' envi  ronnement . , Quant aux analyses  bact&- i   o l  og i ques ,   e l   l es   on t  &e' 
f a i t e s   p a r   l e   p e r s o n n e l  de Whitehorse du Serv ice  de l a '  p r o t e c t i o n  de 
1 I envi  ronnement , par  1 es  techniques u t i  1 i sant 1 es ' f i It res  5 membrane 

pour 1 'analyse des co ' l i fo rmes  to taux   e t   Gcaux.  

Se lon   l es   rgsu l ta t s  de l 'ana lyse   ch imique de l 'eau ,  nous 

avqns a f f a i r e  2 un s y s t h e   f l ' u v i a l   o l i g o t r o p h i q u e ,  0; l e s   e f f l u e n t s  

municipaux .. . j ouent  un , d e  . i n s i g n i f i a h t   s u r  l a  composition  chimique.  Les 

r e s u l t a t s  des ana lyses   bac t6 r io log iques   r i vs len t   ' l es  m6mes 
c a r a c t 6 r i s t i q u e s  que,  pour  d 'autres  r iv ieres  septentr ionales  recevant,  

des ef f luents   munic ipaux.   Les  &hant i l lons . .  . .  pr6lev;s en  aval des po in ts  

de  dgcharge des ;tangs de st:abi.l ' isa.t ' ion  contiennent  plus que l e s  '200 

c o l  i formes  fgcaux pa.r 100 m i  11 i 1 i t tes   d leau   qu i   rep r ' 6sen ten t   l a  norme 

exigge  pour  les usages d 'o rd re  r tkrgat i f ,  su r tou t  aux moments de 

l 'annge ou' l e   d6b i t   es t   r6du i t .   L 'G tude   mon t re  que l e s  syst&nes des 
6tangs de s tab i  1 i s a t   i o n  n,' ont  pas r6du i  t l e  nombre  de co l   i f o rmes   f i caux  
du  f leuve de faqon  s igni f icat ive,   en  comparaison de l a  dicharge  des 
eaux d'6gout  brutes. 
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1 INTRODUCTION 

- 1.1 Rat ional  e 

The Environmental   Protect   ion  Service (EPS) , Yukon Branch, 

undertook a four-year  study  (1977-80) t o  determine  the  impact of t h e  

City of  Whitehorse sewage discharges on t h e  Yukon River  near  Whitehorse 

(F igu re  1). The pr imary   ob jec t ive  was t o  measure t h e  changes i n   t h e  
water  qual i t y  and b a c t e r i o l o g i c a l   c o n d i t i o n s  o f  t h e   r i v e r   f o l l o w i n g   t h e  

c o n s t r u c t i o n   o f  a l a rge  sewage t r e a t m e n t   f a c i l i t y   ( B e t h e l l ,  1981). I n  

pa r t i cu la r .   t he   s tudy  was designed t o  de termine  the .e f fec t   o f   mun ic ipa l  
e f f l u e n t s  on the   rece iv ing   wa te r  and t o  see i f  the  lagoon  system 

improved  recei   v i  ng water  qual i ty. 

1.2 Background 

P r i o r .   t o  January 1979, t h e  City of  Whitehorse  discharged  raw 

sewage d i r e c t l y   i n t o   t h e  Yukon R iver   near   S ta t ion  4 and  by Takhin i  

Subdivision,  Whitehorse,  near  Stat ion 6 (F igure  2). An anaerobic 

lagoon f a c i l i t y  became o p e r a t i o n a l   i n   P o r t e r  Creek J u l y  1976. P r i o r   t o  

t h i s   d a t e   t h e   s u b d i v i s i o n  was on .p r i va te   sep t i c   t ank  systems. The 

1 agoons  were poor ly   const ructed and berm f a i l u r e   o c c u r r e d   i n  December 
1976. The  sewage then  bypassed  the  lagoon and d i s c h a r g e d   d i r e c t l y   i n t o  
t h e  Yukon R ive r  downstream o f   S t a t i o n  14 (F igure  2). Dur ing  the 

repa i   rs   the   lagoons were li ned and berms re-constructed. The fac i  1 i t y  
began operat ing  again i n  October 1977. 
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STUDY. AREA 

The study  area i s   l o c a t e d  a t  60°43'N l a t i t u d e  and 135'03'W 
1 ongitude i n   t h e   c e n t r a l   s o u t h e r n   p a r t   o f   t h e  Yukon T e r r i t o r y   ( F i g u r e  

1). The  Yukon. River  at   Whitehorse  drains  a  'ser ies  of  deep, i n t e r -  
montane  lakes, a'nd upstream  of  the samp1:e ' s t a t i o n s  it passes through a 

sma-11 hydroe lec t r i c   ins ta l la t ion .   Consequent ly  :one  might  expect  the 

r i - v e r   ' w a t e r   t o  be somewhat warmer and less  tu.rbid  than  comparable 

Per 
i mum 

r i v e r s - .  a t  these  la t i tudes .  It has a mean f low of 240 cubic  metres 

second, w i t h  a maximum f l o w   i n  August o f  493 m3/s and a  min 

( r e g u l a t e d )   f l o w   i n   A p r i l  o f  about 100 m3/s. 
Whitehorse has a populat ion  o f   about  15,000. I t s  mcnic i pal  

e f f luents   are  s imi lar   to   those  o f ,   southern  towns  except   that   widespread 
use  of  bleeders on wa te r   l i nes   i n .   w in te r   t o   p reven t   f reez ing  causes t h e  

sewage t o  be comparat ive ly   d i lu te 'and  co ld.   Ot .her   than  these  e f f luents  

and storm  sewer  drainage  there  are no other  man-made d ischarges   to   the  

r i v e r   i n   t h e   s t u d y  reach. 
The  sampl'ing s t a t i o n s  commence at   the  Rober t  Campbell Br idge 

i n   t h e  City o f  Whitehorse, and extend 38 k i lometers  'downstream t o  Lake 
Laberge. A t o t a l   o f  22 s t a t i o n s  were  sampled.  throughout  the  study 
per iod   (F igure  2). A d e s c r i p t i o n ? . . o f   t h e ,   s a m p l e ' s i t e s   i s   p r o v i d e d   i n  

Table 1. Table 2 i l l us t ra tes   the   f requency   o f   sampl ing ,  and Table 3 i s  

a schedule  of   sampl ing  throughout  the  durat ion o f  the  study. 
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TABLE 2 SAMPLING FREQUENCY DURING YUKON RIVER STUDY 

MONTH 1977  1978  1979  1980 

JANUARY 

FEBRUARY 

MARCH 
A P R I L  

MAY 
JUNE 

JULY 

AUGUST 

SEPTEMBER 
OCTOBER 

NOVEMBER 

DECEMBER 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X X 

x x  X 

X X 

x x  X 

X 

x x  X 

X 

X 

TOTAL RUNSIYEAR 5 10 9 9 
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3 METHODS 

3.1 Water Qual i t y  

Temperature', conductivity and pH were  measured i n  the  field 
a t  each site.  Samples were collected f o r  analysis of nutrients,  ionic 
constituents and metals. The analyses were  performed a t  the Environ- 
mental Protection  Service Regional Laboratory i n  West Vancouver. 
Appendix I describes s tandard  sampl i ng, preservation and analytical 
procedures us'ed for all parameters. 

3.2 Bacteria 

Bacteria samples  were collected for total coliform  counts i n  
1977 through t o  1980, and faecal  coliform  counts i n  1978 t h r o u g h  t o  
1980.  These  samples  were analyzed a t  the Whitehorse Laboratory using 
the membrane f i l t ra t ion techniqye. Total coliform densities were 
analyzed on Difco-M-Endo Agar af ter  an incubation  period of 18 t o  24 
hours a t  35°C - + 0.5OC. Faecal  co1.i form densities were analyzed on 
Difco M-FC Agar after incubation a t  44.5OC - + 0.2OC for 18 t o  '24 hours. 
No preincubation  period a t  room temperatwe was  used for faecal 
coliforms. 
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4 RESULTS AND DISCUSSION 

4.1 Water Qua l i ty  

The water quality d a t a  obtained i n  th is  study are presented 
in Appendix 11. 

Parameters indi.cative of sewage contamination are  nitrate, 
n i t r i t e ,  phosphate, ammonia, chlorine, hydrocarbons (TOC) and heavy 
met a1 s . 
4.1.1 Nitrite,  Nitrate, Ammonia and Phosphate. Elements nitrogen 
and phosphorus are  essent i a1 for plant and a1 gae  metabolism and as such 
are known as nutrients. Although other elements such as .trace metals 
and organic carbon are  required for biological growth, nitrogen and 
phosphorus are considered t o  be the most important  nutrients, f o r  i n  
excess they can lead t o  algal blooms and a deterioration of conditions 
i n the  recei v i  ng envi  ronment . 

The Working Group on Water Quality  Objectives (1977) has 
suggested a guideline of l.'O mg/l maximum ac.ceptable concentration for 
n i t r i t e  for  public water supply. For the most pa r t  d u r i n g  the study 
the con'centrat ions of n i t r i t e  measured  were  bel ow the  detect ion limit 
of 0.0050 mg/l and the highest value encountered was 0.0520 mg/l a t  
S t a t i o n  19 i n  July 1979. 

The values for nitrate were we1 1 bel ow the recommended guide- 
l ine (Working Group, 1977) of 10 mg/l maximum acceptable  concentration 
w i t h  the highest value  obtained a t  Station 3 of 0.94 mg/l i n  
October 1977. 

The  recommended limit of 0.5 mg/l fo r  ammonia as set by the 
Worki rig Group on Water Quality  Objectives was exceeded on two 
occasions. Values of 1.7 and 1.4 mg/l were encountered a t  S t a t ion  3 i n  
1977 i n  May and October respectively, however these samples  were then 
w i t h i n  the  effluent plume. All  other values were near or  below the 
detection limit of 0.0050 mg/l. 
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Sources of  phosphate i n   n a t u r a l  waterways are'   faecal   matter,  
household.  products such as detergents,   decaying  plants and phosphate 
rocks.   Phosphate  occurr ing  natural ly i n  waterways r a r e l y  exceeds 

0.05 mg/l.  Orthophosphate i s   t h e  uncombined phosphate  ion,  which i n  
t h i s   f o r m   i s   a v a i l a b l e   t o   p l a n t  and algae. Due t o   t h e   f a c t   t h a t   t h e  
analyses were performed i n  Vancouver and would  not be completed  wi th in  
s i x  hours , orthophosphates were no t   ana lyzed  a f te r   Apr i l  1979. 

The parameter t o t a l  phosphate  includes all phosphate com- 
pounds. The t o t a l  phosphate  resul ts were genera l l y  low, although 

h igher   va lues  occurred  dur ing  the  winter  months. The highest concen- 
t r a t i o n '   o f  1.165 mg/l was encountered i n  January 1979 a t  S t a t i o n  8, 

be l  ow the  Whitehorse sewage out  fa1 1. Severa l   o f   the samples taken  near 
t h e   e n t r y   t o  Lake  Laberge  (Stations 20, 2 1  and 22) had r e l a t i v e l y   h i g h  
phosphate  concentrations,  although none of  these  values exceeded 0.1 

mg/l 

4.1.2 Chlorides.  Chlorides may be d e r i v e d - f r o m  human or  domestic 

sewage.  The Working  Group on Water Qual i ty  Obje 'ct ives  (1977) has 
recommended a g u i d e l i n e   o f  250 mg/l f o r  a publ i c  wate'r  supply. 

Chlor ide  analyses were  done o n l y   i n  1979  and  1980  and these  resu l ts  
were  most ly  below  the  detect ion  level   of  0.50 mg/l. 

4.1.3 Total  Organic Carbon. Organics  discharged  from  domestic 

sources may ser ious ly   degrade  the  receiv ing  water  by causing  problems 
o f   t as te ,   odour ,   t ox i c i t y  and depressed  oxygen  content. 

Total   organic  carbon (TOC) i s  a techn ique  fo r   es t imat ing   the  

o r g a n i c   p o l l u t i o n .   i n   w a t e r  and wastes. The O n t a r i o   M i n i s t r y  of t h e  

Environment  (1978) has recommended a maximum l e v e l   o f  5.0 mg/l f o r  
t hei  r publ i c water  supply.  This  value was exceeded t w i c e   i n  May and 

October  of 1977 a t  S t a t i o n  3 w i th   concent ra t ions   o f  7.0 and 8.0 mg/l 

respec t i ve l y .  S t a t  i o n  3 was loca ted  a t  t h e   o l d  raw sewage o u t f a l l .  

The remaining samples  were a l l  low  wi th  some below  the  detect ion limit 
o f  1.0 mg/l. 

I 
I 
I 
I 
I 
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4.1.4 Metals.  There  appears t o  be few  anomalies i n   t h e  metal 

parameters  analyzed.  Silver,  arsenic, ' cadmium, cobal t ,  chromium, 
molybdenum, nickel,   antimony, t i n  and  vanadium  were a l l  below t h e  

de tec t i on   l im i t s   t h roughou t   t he   s tudy .  
I r o n  exceeded t h e  limit o f  0.3 mg/l as recommended by t h e  

Working Group o f  Water Qual i ty   Object ives  (1977)  on many occasions 
throughout  the  study. Most f requent ly   the  h ighest   concentrat ions 

were  encountered  at  Stat ion 19, a t   t h e  mouth o f   the   Takh in i   R iver .  
S t a t i o n  8  had the  h ighest   concentrat ion  o f   the  s tudy  wi th  a value  of  

5.3 mg/l i n  January 1977. T h i s   s t a t i o n   u s u a l l y  exceeded t h e  limit but 
was normal l y  below 1.0 mg/l . High  values  during summer coul d be 

a t t r i b u t e d   t o   l e a c h i n g   o f   i r o n   f r o m   s o i l   d u r i n g  heavy r u n o f f ,   b u t   t h i s  
f a i l s   t o   e x p l a i n   t h e   o c c u r r e n c e s   d u r i n g   w i n t e r  months. 

Mercury was detected once a t  S t a t i o n  7 i n  May 1977 w i t h  a 

concent ra t ion   o f  0.00023 mg/l.  This i s  below  the  acceptable limit o f  

0.002 mg/l as  recommended by the  .Working Group o f  Water Q u a l i t y  
Ob jec t ives   (1977)   fo r   pub l i c   water   supp ly .   In  1977 and 1978, ana lys is  

for  mercury was t h e  open f lameless system, enabl ing a de tec t i on   po in t  
o f  0.00020 mg/l.   For  the  remainder  of  the  study  mercury was measured 

on   the  ICAP which has a de tec t i on  limit o f  0.10 mg/l. The r e s t   o f   t h e  

samples were below t h e   l a t t e r   d e t e c t i o n   p o i n t .  
The Working  Group on Water Qual i ty   Object ives  (1977)  has 

recommended an acceptable  leve l   o f  0.05 mg/l o f  manganese f o r   p u b l i c  

water  supply.  This limit was exceeded on several  occasions  throughout 
t h e  study. The C a l i f o r n i a   S t a t e  Water  Resources  Control  Board  (1963) 

has  set a limit o f  1.0 mg/l t o   p r o t e c t   a q u a t i c   l i f e .   T h i s  limit was 

exceeded  only once on J u l y  7, 1978 a t   S t a t i o n  14 w i t h  a concent ra t ion  
o f  1.49 mg/l . 

A concen t ra t i on   o f  0.05 mg/ l   of   lead has  been recommended by 
t h e  Working Group on Water Qua l i t y   Ob jec t ives   (1977)   fo r   pub l i c   water  
supply  but  1977 was the   on ly   year  when t h e   d e t e c t i o n  limit (0.02) was 

below t h i s   l e v e l .  An excess  could be seen i n  May, 1977 a t  S ta t ions  1 
and 3 wi th   the   h ighes t   concent ra t ion   be ing  0.090 mg/l Concentrat ions 

of  lead i n  a1 1 other  years were bel  ow d e t e c t i o n  li m i  t . 
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An acceptable  leve l   o f  5.0 mg/l has  been recommended fo r   z inc  
for   publ ic  water  supply  (Working Group on Water Qua l i t y   Ob jec t i ves  

1977). All t h e   r e s u l t s  were near  or   below  the  detect ion limit of 0.020 
mg/l 

4.1.5 Dissolved Oxygen.  The so lub i  1 i t y  o f  oxygen i n  water  var ies 

with  atmospheric  pressure and temperat~ure.  Since  oxygen  ,is a poor ly  
so lub le  gas, i t s   s o l u b i l i t y   v a r i e s   i n   d i r e c t   p r o p o r t i o n   t o   t h e  

atmospheric  pressure  at any given  temperature. 

. .  

There  are  two  sources  of  dissolved  oxygen  for  the Yukon 

R iver :   sur face   reaera t   ion  and photosynthetic  reoxygenation.  Surface 
reae ra t   i on  i s  t h e  more important  wi th  photosynthet ic  reoxygenat  ion.  

cont ri but  i ng p r i m a r i l y   d u r i n g   t h e  summer. 
The Yukon R iver  was always well satura ted   w i th   d isso lved 

oxygen  which  ranged  from 82 t o  124  percent  saturation, (9.1 t o  13.5. 
mg/l) 

4.1.6 pH. pH i s  a very   s ign i f icant   water   qual i - ty   parameter  as it 

may in f luence  the   chemica l   spec ia t ion   o f  met,al,s and a f f e c t  some organic 
compounds i n  an aquat ic  system. However, t h e  pH values remai,ned  fai-r1.y 

consistant  throughout  the  study,  ranging,  f rom  neutral  (pH  7.3). t o  
s l i g h t l y   b a s i c  (pH 8.55) condi t ions.   Th is  ra,nge i s  not  expected, t o  

cause any adverse  ef fects i n   t h i s  environment. 

4.1.7 C o n d u c t i v i t y ,   A l k a l i n i t y  and  Hardness. Conduct iv i ty  values 
between 150 and  500 umhos/cm (25OC) are  cons idered  acceptable  for  

spec i f i c   conduc tance   f o r   suppor t   o f   f i sh   popu la t i ons   i n   s t reams  and 
r ivers .   A lka l ine  western  s t reams can suppor t   f i sh   adequa te l y   t o  2000 

umohs/cm (Environment Canada, 1976). 
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The conductivity,.values were  low, r a n g i n g  from 34 t o  236 
umhos/cm about a mean of 67 umhos/cm.  Values i n  May were sl  ightly 
lower t h a n  summer values. Inland Waters Directorate  results (1975) 
show an average o f  162 umhos/cm a t  a point on the same river  sect ion. 

Alkalinity of less t h a n  30 - 50 mg/l (as CaC03) i s  
considered low, and natural water rarely exceeds 400 - 500 mg/l (as 
CaC03).  The best range for aquatic l i f e  is i n  a pH of 7 t o  8, w i t h  
alkalinity of 100 mg/l (Environment Canada, 1976). 

The total  alkalinity  results were  low and ranged from 21.0 t o  
133.0  mg/l (as CaC03). This also  indicates t h a t  the  buffering 
capacity of the  river  is low. 

The t o t a l  hardness results throughout  the study indicate t h a t  
the water is   soft   ( less t h a n  60 mg/l as CaC03). Hardness i s  a 
measure of cat ions (Ca, Mg) which react w i t h  surfactants t o  form 
precipitates. Soft water i s  desirable t o  promote lathering of 
surfactants and prevent pipe cloggage. Conversely, soft water 
increases  the  sensitivity of fish t o  toxic metals. 

4.1.8  Colour and Turbidi ty .  True colour is caused by natural  
substances such as colloidal organic materials. (Apparent colour i s  
due t o  suspended matter). Col our general ly increased w i t h  an increase 
i n  pH and w i t h  the  eutrophication process. 

Turb id i ty  i s  a measure o f  the way i n  which suspended matter 
causes l i g h t  t o  be scattered or absorbed rather t h a n  transmitted 
t h r o u g h  the water column. I t  i s  caused by clay, s i l t ,   f i ne  organic and 
inorganic particles, and microscopic organisms (Rand " e t  a1 , 1976). 

The colour and turbidity  results were  low, indicating  fairly 
clear water. 

4.1.9 Non-Filterable Residue - NFR. The non-filterable  residue i s  
equivalent t o  the more familiar suspended solids and i s  measured as the 
solids  fraction  retained by a pre-weighed, standard  glass  fibre f i l t e r  
paper. 

\ 
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Although the NFR results f luc tua ted   t h roughou t  the study they 
were g e n e r a l l y  low (less than  100  mg/l) ,  b u t  some e l eva ted  results d i d  

occur  d u r i n g  January and February  1979. The h ighes t  . result recorded 
(146.0 mg/l NFR) was a t   S t a t i o n  8 i n  January  1979. The new City of 
Whitehorse  sewage  lagoon came i n t o   o p e r a t i o n  i n  January  1979  and 
S t a t i o n  8 i s  immediately downstream o f  the o u t f a l l .  T h u s  the high 

1 eve1 s recorded i n  January and February  1979  possibly reflect suspended 
s o l i d s   t h a t  were flushed  from the new,ly cons t ruc ted   l agoons  and  do not 
represent a  contPnuing situati0.n. The lagoons  appeared t o  r a p i d l y  
s t a b i l i z e  and  hi.gh NFR levels i n  the Yukon River were not observed 
aga in  d u r i n g  the study. 
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4.2 B a c t e r i   o l  ogy 

Col i form  bacter i  a are gram negat i ve, rod-shaped  bacteri  a1 
organisms. They a r e   m e t a b o l i c a l l y   f a c u l t a t i v e   i n   t h a t   t h e y  can grow 

e i the r   ae rob ica l l y   ( i n   t he   p resence   o f   oxygen)  o r  anaerobical l y  ( i n   t h e  
absence o f  oxygen). I n   p u b l i c   h e a l t h   e v a l u a t i o n s   o f   w a t e r ,   t o t a l  and 

faeca l   co l i f o rms   a re  used as i nd i ca to r   o rgan isms   fo r  more dangerous 
pathogenic  bacter ical   condi t ions.   Their   presence  suggests  potent ia l  

f o r   con tamina t ion  "by e n t e r i c   ( i n t e s t i n a l )   b a c t e r i a ,  many o f  which  can 
be   ex t remely   pa tho log ica l   to  mankind. There i s  no d e f i n i t i v e   c o r r e l a -  

t i o n  between numbers o f   c o l i f o r m  and of   pathogenic  bacter ia.   Al though 
f a e c a l   c o l i f o r m s   t y p i c a l l y   i n h a b i t   t h e   i n t e s t i n a l   t r a c t s   o f  man- and 

warm-blooded  animals, t h e i r  presence i n  water i s   i n d i c a t i v e   o f  sewage 
contami   nat ion  (Stani   er  " e t  a1 , 1963) . Waters  cont ami nated by sewage 

a r e   t h e r e f o r e  a po ten t ia l   source   o f   in tes t ina l   d isease.  
B a c t e r i  a1 genera  Salmonel l a  and Shigel l a  are agents o f  i n t e s -  

t i n a l  disease i n  mankind and can  cause, f o r  example, dysentery,   typhoid 
fever  and ' food  poisoning' .  These pathogens  are  transmitted  almost 

e x c l u s i v e l y  by  faecal  contamination  of  water,  food and milk.  Faecal 
co l i f o rms   a re  a1 so i nd ica tors   o f   d i   sease-caus i  ng v i  ruses such as 

po l   iomye l  it i s found i n  sewage and faecal  -contaminated  water and food. 

. .  

I n  municipal and domestic  wastewater  the  bacterial  count  . is 

d i r e c t l y   r e l a t e d   t o   t h e   s t r e n g t h   o f   t h e  sewage. Although The City o f  
Whitehorse has d i l u t e  sewage - about one t h i r d   . t h e   s t r e n g t h  of normal 

munic ipa l  sewage.  The b a c t e r i o l o g i c a l   r e s u l t s  show b o t h   t o t a l  and 

faecal   co l i form  counts  one order  of   magnitude  or  approximately one 

t e n t h   t h a t   o f  normal  municipal sewage (Be the l l ,  1981). 
The City o f  Whitehorse.  lagoon  system  discharges an average 

3.64 m i l l i o n   g a l l o n s   p e r  day (MIGPD) o r  0.19 cubic  meters  per second of 
t r e a t e d  sewage. The, minimum d i l u t i o n   r a t i o   o f   t h i s   t r e a t e d  sewage i n t o  

t h e  Yukon River,  which has a monthly minimum f l o w   i n   A p r i l   o f  

90.2 m3/s ( I n l a n d  Waters Directorate,   1980),  i s  approximately 500 t o  

1. These cond i t ions   wou ld   app ly   to  Sample Sta t ions  17 t o  19. 
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Summer monthly maximum flows (August) of 493.2 m3/s would give a 
d i l u t i o n  of 2500:l. The Whitehorse and Porter Creek lagoons discharge 
coliform  bacteria a t  average seasonal rates as shown i n  Table 4. 
Assuming t h a t  there  is  a complete mixing w i t h  the  entire  river flow, 
and the sampl i ng program represent an average sample, the col i form 
counts i n  the  Yukon. River should never  exceed theoretical values 
calculated for  the low flow period which usually occurs some time 
between February t o  May (Table 5): 

The assumption t h a t  complete mixing occurs i s  based on moni-  
t o r i n g  before and after lagoon' construction. Before the treatment 
faci 1 i t y  was commissioned, surface sampling across  the  river demon- 
strated t h a t  transverse mixing  had not occurred even  some twenty k i lo-  
meters downstream  (Appendix I I ) .  Smi th  and Gerard (1980) report t h a t  
transverse m i  x i  ng does not occur even 20 k i  1 ometers downstream from a 
poi n t  source of effluent . 

The outfall system on the City of Whitehorse sewage treatment 
fac i l i ty  uses a diffuser  across  the Yukon River. While the mixing 
process is essentially a two dimensional phenomenon, i t  uses the f u l l  
w i d t h  of the  river. The bacterial  results following completion of the 
Whitehorse lagoons i n  la te  1978  show t h a t  the sewage has mixed w i t h  the 
entire  river i n  the immediate reaches downstream from the o u t f a l l  
(Appendix 11) .  Effluents from the Porter Creek lagoon have much 
smaller flows and enter  the  river as a p o i n t  source; there   is  no 
diffuser. 

The theoretical  faecal col iform counts can  be  compared t o  the 
maximum level of 200 organisms per 100 ml sample  recommended by the 
Working Group on Water Quality  Objectives (1977) fo r  recreational water 
use.  Seasonal average coliform  counts as high as the  theoretical 
values o r  higher than  recreational  standards have  been found dur ing  the 
study.  Occasionally d u r i n g  bo th  summer and winter i n d i v i d u a l  monthly 
samples were  much  below theoretical values and the proposed recrea- 
tional standard. (Appendix 11) .  Some i n d i v i d u a l  faecal  coliform 
counts as h i g h  as 800 organisms/100 ml were recorded. This information 
i s  important  for u t i l i t i e s  p lann ing .  From a P u b l i c  Health protection 



- 17 - 

TABLE 4 AVERAGE BACTERIOLOGICAL COUNTS DISCHARGED FROM 
ANAEROBIC LAGOONS I N  WHITEHORSE PER 100 m l  

1 
I WI NTER SUMMER 

1,120,000 

180,000 

I 

I 

I 
I 320,000 
I 

I 

I 

I 

City o f  Whitehorse* I 

t o t a l   c o l i f o r m  I 1,800,000 

f a e c a l   c o l i f o r m  

P o r t e r  Creek** I 

t o t  a1 co l  i f  orm I 5,500,000 2,500,000 

faeca l   co l  i form I 1,100,000 400,000 

* Bethel 1 , 1981 
** EPS - Yukon Branch  Fi les, 1979  and Nov. 1981 - s ing le  grab samples 

on ly  
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TABLE 5 CALCULATED  BACTERIOLOGICAL  COUNTS I N  THE YUKON 
RIVER AT VARIOUS FLOWS (Counts  per 100 m l )  

LOCATION  DOWNSTREAM CALCULATED DILUTION CALCULATED DILUTION 

OF APRIL MINIMUM FLOW AUGUST MAXIMUM FLOW 

Whitehorse 3600 t o t a l  
640 faeca l  

Po r te r  Creek (on ly )  640 t o t a l  

110 faeca l  

c a l c u l a t e d   t o t a l  ) 4200 t o t a l  
both  lagoons 1 750 faeca l  

450 t o t a l  

70 faecal  

160 t o t a l  

26 faecal  

610 t o t a l  

96 faecal  

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

February/Au.gu,st  1980) 1400 t o t a l  
(downri  ver sampl i ng ) 388 faeca l  43 faeca l  

(Feb 1 385 tota.1 (Aug) 
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v iewpoint  , these  faecal   co l  i form  counts  should be reduced. 

A summary (Table 6) o f   t h e  average t o t  a1 and faecal   col i form 

counts  before and a f t e r   t h e  commencement o f   t h e  City o f  Whitehorse 

sewage treatment  lagoons  demonstrates  the  fol lowing phenomena: 

(i ) t h a t   t h e  City of  Whitehorse sewage treatment 
lagoons have no t   s ign i f i can t l y   reduced   the  

number o f   c o l  i fo rm  bac te r i  a f o r  up t o  22 km 

downstream o f   t h e   o u t f a l l  ; 
( i i )   t h a t   t h e r e  does not  appear t o  be any s i g n i f i c a n t  

d i e - o f f   o f   b o t h   t o t a l  and f a e c a l   b a c t e r i a   f o r  up 

t o  22 km downstream  from  the  out  fa1 1 ; 
(i i i ) t h a t   t h e r e  appears t o  be an i n c r e a s e   i n   s u r v i  Val 

o f   bo th   t o ta l  and f a e c a l   c o l i f o r m   b a c t e r i a  
dur ing   w in te r .  

The present  study  did  not .   examine  the  mixing  character ist ics 

and  cannot   p rov ide   de f in i t i ve  assessments o f   t h e   b a c t e r i a l   d i e   o f f  
processes. However, it seems as t h o u g h   t h e   t r e a t m e n t   f a c i l i t y  has not 

s i g n i f i c a n t l y  reduced  the number o f   t o t a l  and faeca l   co l i fo rms 
downstream o f   t h e   o u t f a l l   o v e r   t h e  raw sewage s i t u a t i o n .  The treatment 
f a c i  1 i t y  does reduce  the number o f  co l  i form  bac ter ia  by about 70 
percent   (Bethel l ,   1981) ,   but   the  v iab le  organisms  d ischarged  appear   to  
rema in   ac t i ve   ove r   t he   en t i re   reach   o f   t he   r i ve r   s tud ied ;   t he re   i s  no 

d i s c e r n a b l e   d i e   o f f   o f   c o l i f o r m   b a c t e r i a   ( T a b l e  6). 
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R a t i o s   o f   t o t a l   c o l i f o r m s   t o   f a e c a l   c o l i f o r m s  can i l l u s t r a t e  
t h e   e f f e c t   o f   t h e   o p e r a t i o n   o f   t h e  sewage lagoon system. During 

1977-78,  before  the  treatment  lagoons were constructed, numbers of 
t o t a l   c o l i f o r m s  were 6 t o  8 t imes  greater   than  faecal   co l i forms  dur ing 

winter  ' f lows. These r e s u l t s  can be compared t o  a 1975 study on t h e  
bac ter ia l   con ten t   o f   the  Tanana R i v e r   i n   c e n t r a l   A l a s k a  

(Davenport  et a1 , 1976). The Alaskan  data show a t o t a l   t o  faecal 
. c o l i f o r m   r a t i o   o f  4.5 c l o s e   t o   t h e   d i s c h a r g e ,   d e c l i n i n g   t o  2.6 a t  a 

p o i n t  some 300 k i  1 ometers  downstream, .w i th  sampl i ng done i n  March, and 
water  temperatures  c lose  to OOC. It would seem t h a t   s u r v i v a l   o f   t o t a l  

c o l i f o r m s   i s  enhanced by warmer water ;   or   converse ly ,   that   faecal  
co l i fo rm  spec ies   a re  more res i s tan t   t o   co ld   t he rma l  shock. 

The t o t a l   t o   f a e c a l   c o l i f o r m   r a t i o s   i l l u s t r a t e   t h e   e f f e c t   o f   l a g o o n  

const ruct ion.   Tota l   co l i form  counts  were reduced  or  faecal   col i form 
s u r v i  Val  was enhanced, so t h a t   t h e   r a t i o s   o b t a i n e d  were  about 4 ,  
compared t o  6 o r  8 before  lagoon  construct ion.   This shows t h a t   t h e  
lagoons cause a d i e - o f f   o f   t o t a l   c o l i f o r m   s p e c i e s .   A l t e r n a t i v e l y ,  work 

by  Smith and Gerard (1980) suggests  that   faecal   col  i forms may 

a c c l i m a t i z e   t o   t h e   p h y s i c a l   c o n d i t i o n s   i n   n o r t h e r n   a n a e r o b i c  sewage 

lagoons. The present  study does not SITOW' t h a t   t h i s  process i s  occur- 
i n g ,   b u t   r a t h e r   t h a t   f o l l o w i n g   i n s t a l l a t i o n   o f   t h e   l a g o o n s ,  and 

p a r t i c u l a r l y   d u r i n g   t h e   w i n t e r ,   n e a r l y   h a l f   o f   t h e   t o t a l   c o l i f o r m s   a r e  
absent  from  the sample s t a t i o n  downstream o f   t he   ou t fa l l   (Tab le   6 ) .  

Most important i s  t he   obse rva t i on   t ha t   t he re  has been no substant ive 
r e d u c t i o n   i n   t h e  numbers o f   f a e c a l   c o l i f o r m s   i n   t h e  Yukon R i v e r   a f t e r  

1 agoon const ruct   ion.  
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5.0 Concl u s i  ons 

The water  qual i ty  parameters measured  were gene-ral ly  very  low 
a.nd of ten  near   or   be low  the  detect ion limits of   ' t he   ana ly t i ca l  method 

used. There  are some except  ions  ' to  ' this  general i t , a t  ion. 
Concentrat ions measured  exceeded proposed  water  qual i t y  o b j e c t i v e s   f o r  

ammonia  and to ta l   organic   carbon  dur ing 1977. I ron ,  manganese and lead 
exceeded the  proposed  water   qual i ty   ob ject ives  (1977)   for   the Yukon on 

several  bccasions.  Possible  sources  of  these  metals may be gaso l ine  
f o r  lead, and snow scrapers and ' na tu ra l   l each ing   f o r   i , r on  and 

manganese, carr ied  through  f rom  s t reet   dra inage  in   the  s torm sewers. 
Yukon River  water was we l l   sa tu ra ted   w i th  oxygen. The pH 

ranged  from  near  neutral t o   s l i g h t l y   b a s i c   c o n d i t i o n s  which i s   q u i t e  
n a t u r a l   f o r   t h i s  environment.  Temperature  f luctuated  with seaso'nal 

condi t ions  f rom 0°C t o  1 5 O C .  S p e c i f i c   c o n d u c t i v i t y ,   a l k a l i n i t y  and 
t o t a l  hardness were  low, ind icat ing  sof t   water .   Colour  and t u r b i d i t y  

r e s u l t s  were a l so  low, i n d i c a t i n g  f a i r l y  c lean  water .   Non- f i l terab le 
res idues were less  than 100 mg/ l .   Overal l   the  water  qual i ty  parameters 

suggest an o l igo t roph ic   water  body i n d i c a t i v e   o f  a system w i t h  f a i r l y  
l o w   b i o l o g i c a l   p r o d u c t i v i t y .  . . 

The b a c t e r i o l o g i c a l   r e s u l t s   i n d i c a t e   t h a t   t h e  City o f  
Whitehorse  lagoons have no t   s ign i f i can t l y   reduced   the  number o f  

co l   i fo rm  bac ter ia   over   the   s tudy  reach.  There does not  appear t o  be 

any s i g n i f i c a n t   d i e   o f f   o f   c o l i f o r m   b a c t e r i a ;   i n   f a c t ,   t h e r e  appears t o  

be an increase i n   s u r v i v a l   o f   c o l i f o r m   b a c t e r i a   d u r i n g   w i n t e r .  
Faecal   col i form  counts i n   t h e  YLlkon R iver  downstream o f  

Whitehorse  average i n  excess o f  200 counts  per 100 m l ,  which i s   t h e  
standard used  by most j u r i s d i c t i o n s  as a maximum f o r   s a f e   r e c r e a t i o n a l  

water use. While samples c o l l e c t e d   i n  summer f l ow   cond i t i ons  showed 
1 ess  than 200 counts,  those  taken i n  low  f low  cond i t ions  were  sometimes 

g r e a t l y   i n  excess of   the  standard.  



- 23 - 

REFERENCES 

Be the l l ,  G. ' S t a r t  Up Charac te r i s t i cs  and Performance  Evaluat ion  of  an 

Anaerobic Sewage Lagoon Nor th   o f  60°, Whitehorse, Yukon'. 
Regional  Program  Report No. 81-9. Whitehorse,  Environment 

Canada, Environmental  Protect  ion  Service  (1981). 

C a l i f o r n i a   S t a t e  Water  Resources Contro l  Board.  Water  Qual i t y  
C r i t e r i a .   P u b l i c a t i o n  No. 3-A, Second E d i t i o n  (1963). 

Environment Canada and Department o f   F i she r ies  and Oceans. Laboratory 

Manual . Vancouver, B.C., Environmental   Protect ion  Service,  
F i she r ies  and Marine  Service  (1979) . 

Environment Canada. Pol lu t ion  Sampl ing Handbook. Vancouver, B.C., 
Environmental   Protect ion  Service,  and F i she r ies  and Marine 
Service,  (1976). 

I n l a n d  Waters Di rectorate.   'H is tor ica l   St ream  F low Summary - Yukon  and 

Nor thwest   Ter r i to r ies  t o  1979'  Ottawa,  Water Q u a l i t y  
Branch  (1980). 

In land  Waters  Directorate.   "Water  Qual i ty  Data;  Yukon T e r r i t o r y ,  

1961-1973'.  Ottawa,  Water Q u a l i t y  Branch  11975). 



- 24 - 

Ontario 'Water Management - Goals, Policies, Objectives and 

Implementation Procedures o f  the Ministry o f  the Environment. 
Toronto, Ministry o f  the Environment (1978). 

S m i t h ,  D.W., Gerard, R. 'Mixing and Microorganism Survival  i n  the 
Slave  River, N.W.T.' Edmonton, University o f  Alberta, 
Department o f  C i  v i  1 Engi neeri ng (1980). 

Working Group on Water Quality Objectives,  'Guidelines for Establishing 
Water Quality Objectives for  the  Territorial Waters o f  the 
Yukon and Northwest Territories'. A report t o  chairman, 
Water  Boards, Yukon and Yellowknife, Northwest Territories 
(Ju ly  1977). 



I 
I 

- 25 - 

ACKNOWLEDGEMENTS 

T h e   a u t h o r s   w i s h   t o   t h a n k  D.W. K i t t l e ,  D.C. T i l d e n ,  I.K. Soroka, 

T. Tanner  and B.J. Bunnage f o r   t h e i r   a s s i s t a n c e   i n   t h e   c o l l e c t i o n   o f   f i e l d  

d a t a ,  Norma F e l   k e r   f o r   t y p i n g   t h e   d a t a   t a b l e s ,  and  Robert  McCandless,  Mary 

E l l e n   J a c k  and T i m  O s l e r   f o r   r e v i s i n g ,   e d i t i n g   a n d   c r o s s - c h e c k i n g   t h e  

d r a f t   r e p o r t  and  tab1  es. 



- 26 - 

APPENDICES 



APPENDIX I 

WATER  SAMPLE COLLECTION,  PRESERVATION 
AND ANALYTICAL METHODS 



- 28 - 

c 
aJ x .C El 

L 
0 

0 
V 

c 

. 
c c  
Y 
aJ0 

2 %  
aJ 

W -  
" 

'P.0 
E O  
v ) L  
m 

LL 

V 
E 
\ 
v) 

r 0 

E 

z 
0 

\ rn 
E 0 

LD 
0 
0 

0 . 
4 

LDO cu 
0 

0 

0 

9 
u, 

"9 
u, 
n 

m 
I z 

U aJ > 
L 
3 
0 

W 
n 
aJ 
E 
c 

0 
VI 
v) 

r 
0 

4 7 

0 
V 

X n 
.e- 
n 



- 29 - 

ET, c 
st- 

? 
U 

-e 
\\ m07 
E E  

- 
\ - ET, 

\ E m 
0 

0 0 
0 

0 
l-4 . 

c 
aJ 
n 
m 
L aJ 

- n  
m -  
u m  
aJ 
m 

L L  

@ -  
0 0  I-= 

0 -  rer c 

n 

. .  
C 

- 0  rern 
c , L  
o m  
I-V 

a J -  
n 

u u  m a  
m m  
C t  

v u  m m  

w w  
K t  
w w  

.C .- 



"-1 

2 G  W 

U 

x 
0 z 
W 

U 

n 
n e 

- 30 - 

c 
L 

-1cz 
0 3  
on  
n v  

W 

10 
WCC 
UCL 
LL 

CC 
I- 
W 

W 
E 

W >I 

W W W W 
c c c 

0 .  . . . 
00 0 0 4 0 

0 
m 
0 

0 

v) 
0 r 
an. 

I L) 
aJ 
icrz 
L I  
0 

c , m  
zz 

u aJ .? 
L 
0 .- =I-- 
v u  I 4 

ul 

uu 
m m  
C E  
r n m  
v u  
w w  
C C  
W a J  

E E  
0 0  
L L  
> >  
w w  
c c  

c c  

*? *I- 

.r .r 

U U  ala n n  
.C .- 

22 
c 

c c  

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

- 31 - 

2 
v) crr 
a 
E crr 
v, 

* c 
W 
OL 
=> 

V 
W 

0 of 
P. 

n 

2 4  7 

v ) v )  C C I m  
a J a J  
5 5  
m v ,  

4" m 
4 

crr v)  v) crr 

aJ aJ 

v,  v, 
5 5 nn 

c 
\ 7 -  

\\ 
mm 
E E  

c " 
\\ m m  
E E  

-7  

\\ m m  
E E  

z 
%- 
Lu 

d, 
E 

\ 
m 
E 

" 

i ; m m  
E E  

\ m  
m E  

O m  
N O  

00 

E O  

. .  
Lr 
w u  OLD eN 

00 
d d  

z 
0 

0 

OLD 
cur-! 
00 
d d  

OLD 
cud 
00 
00 

0 .  

OLD 
Nd 

d d  
k-1 
W n 

c W 
.r 

v u  
L L  
W V ,  
a J a J  u u  

4 4  

* *  * 
v)v) 

4 
v) cn crr 

V 
crr U 

V V 
0 

V 
L 



cc 
El 

n 
E -  
d- 

U 

x 
U 

- 32 - 

a z* uz  
-10 

0 
z 
uc 

=7 
v) a 
aJ 

v) 
5 

L e 

v) 

0 
W 

n 
4 
V 
U 

c 
Q 
v) 
CCI 

aJ 

v) 
5 

x L 

" C  

a J a J a J  

000 
F4NI-I 
000 

000 
. . .  

\\\ m m m  
E € €  
000 
rnNd 
000 
000 

0 . .  

7 

\ m 
E 

. 
0 d d G d c ;  00 0 .  

0 
=I 

L L  
aJ 

? rn 
c, 
0 
c, 
v 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 33 - 

W 
n 

& 
W 
l- 

aJ aJ 

v,  v, 
5 5 

4 
en 

v) m 
aJ 
P 
7 

5 
v) 

aJ 
E m m 

“ 
\\ cnm 
E E  
Ov) 
rld 

00 
* e  

“ “ 7  7 

?? 

\\ enen 
E E  
Ov) 
rlrl 

00 
. .  
i m 
E 
0 
v) 

0 
. 
i 
E 
en 

0 e- 
d 

t 
0 z m n n n 

v, 

ec, t c  
aaJ 
t t  
E E  
0 0  
L L  

v u  
v)v) 
aJaJ w u  

e 4  
v)v) 

* c  
c 



E 
0 
LL 

S O  <co 

- 34 - 

w -  
J W  

LL 

z 
0 
U C  
C-U us: 
w u  
I--J 
W 
n 

er 
W 
L 

v, 
W 
0 

4 
CL 

2 

W 
v, 

0 

n 
4 
U 

v, 
w 
0 

h '  

s I2 

aJ  aJ aJ 
c L c 

" 
\\ cnm 
€ E  
00 
l-4N 

00 
. .  

FF 
\\ mcn 
E €  
LnO 

00 
m e  
00 
00 
. .  

?F 
\\ 
mIs, 
€ E  
00 
-IN 
00 
00 
. .  

4 4  
v)v) 

c c  
c 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- 35 - 

APPENDIX  I I 

MONTHLY WATER CHEMISTRY AND BACTERIOLOGICAL DATA 
FOR 1977 THROUGH 1980 I N C L U S I V E  
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