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ABSTRACT 

An e v a l u a t i o n   o f   t h e   W h i t e h o r s e  sewage lagoon  t rea tment  

system was conducted  by  personnel   o f   the  Envi ronmenta l   Protect ion 

Service  (Yukon  Branch)  f rom May 26 t o  June  8th, 1986. Sampling f o r  

b a c t   e r i   o l   o g i c a l  , chemical and t o x i c i t y   a n a l y s e s  as we1 1 as a t r a c e r   d y e  

re t   en t  i on study  were  conducted. 

Chemi c a l  a n d   b a c t   e r i   o l   o g i   c a l   a n a l y s e s   r e s u l t s  i nd i   ca t  e  a 

marked  improvement i n   t h e  w a t e r   q u a l i t y   o f   t h e   W h i t e h o r s e  Sewage lagoon 

s i n c e   t h e   s l u d g e   r e m o v a l   p r o j e c t   i n  September  1985.  The percentage  o f  

r e d u c t   i o n   f o r  BOD5, COD and NFR were 48,  31, and  87% r e s p e c t i v e l y .  

The t o t  a1 a n d   f e c a l   c o l  i form  bac ter ia   popu la t ions   have been  reduced  by 

two   o rde rs   o f   magn i tude .   I n   add i t i on ,   t he  96 h r .  LC50 b ioassay 

r e s u l t s   i n d i c a t e d   t h e  samples  were  non-toxic. 

R e s u l t s   f r o m   t h e  Rhodamine WT t r a c e r   d y e   r e v e a l   t h a t   t h e  

r e t e n t i o n   t i m e s   a r e   a p p r o x i m a t e l y  60% o f   t h e   t h e o r e t i c a l   r e t e n t i o n  

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

s tud ied.  It i s  e x p e c t e d   t h a t   t h e   s h o r t   c i r c u i t i n g   i s   f a c i l i t a t e d  by 

t h e  shape o f   t h e   c e l l s  and t h e f i z q  t h e   i n l e t s   t o   t h e  

o u t l e t s   w i t h i n  each c e l l .  v 
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1 INTRODUCTION 

The s tudy   a rea  i s   s i t u a t e d   i n   t h e   s o u t h   c e n t r a l   p o r t i o n   o f  

t h e  Yukon T e r r i t o r y   ( L a t .  60°43'N,  Long.  135'03'W). The c l i m a t e   o f   t h e  

area  can  be  descr ibed  as  cont inenta l   subarct ic   hav ing a mean annual 

t empera tu re   o f  - 1 . 2 O C .  

The City of   Whi tehorse  has a p o p u l a t i o n   o f  17,250  (1986). 

The m u n i c i p a l i t y   h a s  3 wastewater  treatment  systems, a l l  o f   t h e s e   i n  

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

Whitehorse Sewage Lagoons. The areas   o f   Whi tehorse   wh ich   a re   serv iced  

by the   Whi tehorse  Sewage lagoons  are Downtown, R iverda le ,   Takh in i ,  

H i l l c r e s t ,  and t h e   M a r w e l l   I n d u s t r i a l   a r e a   ( F i g u r e  1). The wastewater 

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

approximately  14,800 (T. D i l l i s t o n e ,   p e r s .  comm.).  Two fea tu res   un ique  

t o   t h e   W h i t e h o r s e   w a s t e w a t e r   a r e   t h e   e x t e n s i v e   u s e   o f   b l e e d e r s   d u r i n g  

p e r i o d s   o f   g r o u n d   f r o s t   a n d   t h e  i n f i  It rat i on o f   g r o u n d   w a t e r   i n t o   t h e  

sewage c o l l e c t i o n   s y s t e m  (T. D i l l i s t o n e ,   p e r s .  comm.). These  condi - 
t i o n s   g e n e r a t e  a r e l a t i v e l y   c o l d  and d i l u t e  wastewater. 

The Whi tehorse sewage lagoons   a re   compr i sed   o f   f ou r  

f a c u l t a t i v e   c e l l s   w h i c h   h a v e  been i n   o p e r a t i o n   s i n c e  March,  1979. The 

c o n f i g u r a t i o n   o f   t h e   t r e a t m e n t   f a c i l i t y   i s  shown i n   F i g u r e  2. Each 

c e l l   i s  6.1 rn. deep  and  has  an  aqueous  volume o f  57,100 m3. The 
c e l l s  w e r e   d e s i g n e d   w i t h   s u i t a b l e   d e p t h   t o   a l l o w   t h e   a d d i t i o n   o f  

a e r a t i o n   a t  a l a t e r   d a t e  (N. Nut ta l ,   pers .  comm.). 
The sewage i s   c o l l e c t e d   a t   t h e   M a r w e l l   L i f t   S t a t i o n  

(F igure  1) where it i s  screened  through a r o t a t i n g   b a r   s c r e e n  and t h e n  

pumped a c r o s s   t h e   r i v e r   f o r  2.5 km. t o   t h e  lagoons. The lagoon  system 

was p r e s e n t l y   o p e r a t i n g   i n   t h e   p a r a l l e l  mode, but  subsequent t o  October 

1985, t h e   v a l v i n g  an w lers   were   ad jus ted  t o   a l l o w  a s e r i e s   o p e r a t i o n  

i n   o r d e r   t o   i n c r e a s e  0 res idence   t ime .   Dur ing   t he   f a1  1 o f  1985, t h e  

m u n i c i p a l i t y   r e m w e d   t h e   s l u d g e   i n   c e l l  1 and 2 u s i n g  a f l o a t i n g   s l u d g e  

pumping  system (Mud Cat ) combined w i t h   l a n d   d i s p o s a l .  

I 

r J 
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FIGURE 2 CITY OF WHITEHORSE SEWAGE LAGOONS 

SAWLING STATIONS ARE INDICATED: 

I 

1 

Water Quality : 1 (Effluent) , 2 (Influent) 
Retention  Study: A (Cell fil decant) 

B (C1.11 #2  decant) 
C (Cell # 3  decant) 

Typical Cell Dimensions: 124 x 1 2 4  x 6.1  m (lxwxd) 
W&aLt Slope: 4 : 1 
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On A p r i l  3, 1986 t h e  City o f   Whi tehrose  ob ta ined a water  

1 i cence  pursuant t o   t h e   N o r t h e r n   I n l a n d  Waters  Act a1 1 owing  them t o  

d i s c h a r g e   t r e a t e d   e f f l u e n t   i n t o   t h e  Yukon R i v e r .   I n   g r a n t i n g   t h i s  

l i c e n c e ,   t h e  Yukon T e r r i t o r y  Water  Board  gave  condi t ional   approval  

sub jec t  t o   c e r t a i n   c o n d i t i o n s   b e i n g  m e t .  One important  requirement i s  

t h a t   t h e   l i c e n c e e  must achieve a non- tox i c  (96  hr. LC50 Bioassay)  

e f f l u e n t  by  January 1 , 1989. A1 so t h e  1 i cencee must complete  s tud ies 

by January 1, 1987, on t h e   f e a s i b i l i t y   o f  i) wastewater   f low  reduc t ion ,  

ii ) h e a t i n g   t h e  sewage ii i ) p r e t r e a t i n g   t h e  sewage, and i v )   i n c r e a s i n g  

t h e   r e t e n t i o n   t i m e s   i n   t h e  sewage lagoons. 

I n f  ormat i on  co l  1 ect  ed  by  Envi  ronment  a1  Protect i on i n  recent  

y e a r s ,   i n d i c a t e d   t h a t   t h e   e f f l u e n t  was t o x i c   t o   f i s h  (unpub. da ta  i n  

EPS r e g i o n a l   f i l e s ) .   I n   a d d i t i o n ,   s t u d i e s   c o m p l e t e d  by R. A l l a n   i n  

J u l y   1 9 8 5   i n d i c a t e d  a s h o r t   c i r c u i t i n g   p r o b l e m   i n   t h e   l a g o o n s ,  and 

s ludge  accumula t ions   o f  7200  and  5700 m3 i n   c e l l  s 1 and 2 

respec t i ve l y .  Based  on these   s ludge   accumu la t i ons ,   t he   s ludge  

p r o d u c t i o n   r a t  e  was c a l c u l a t e d   t o  be 0.65 m3/day/lOOO persons  which 

i s   h i g h  compared t o  other  communit ies  (Bethel l ,   1981).  

Subsequent t o   t h e  1985  summer's  work  by  Environment a1 P r o t e c t   i o n  and 

p r i o r   t o   t h e   g r a n t i n g   o f   t h e  Water L i c e n c e ,   t h e  City of   Whi tehorse 

at tempted t o  i m p r o v e   t h e   r e s i d e n c e   t i m e   i n   t h e   l a g o o n s  by i) removing 

sludge  and ii) a l t e r i n g   f l o w   p a t t e r n s   w i t h i n   t h e   c e l l s   f r o m   p a r a l l e l   t o  
s e r i  es. 

T h i s   r e p o r t   i s  an eva lua t i on   o f   t he   Wh i teho rse   was tewa te r  

t reatment  system t o   1 )   d e t e r m i n e   t h e   c e l l   r e t e n t i o n   t i m e s  and  f low 

c h a r a c t e r i s t i c s ,   a n d   2 )   e v a l u a t e   t h e   e f f e c t i v e n e s s   o f   t h e   m o d i f i c a t i o n s  

t o   t h e  sewage lagoon system. 

T h i s   r e p o r t   p r e s e n t s   t h e   e f f l u e n t   q u a l i t y   d a t a ,   s l u d g e  

volumes  and c e l l   r e t e n t i o n   t i m e s .  
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2.1 

SAMPL I N G  AND ANALYTICAL METHODS 

Water  Qual i t y  

Samples f o r   w a t e r   c h e m i s t r y   a n a l y s i s   f o r   t h e   W h i t e h o r s e  

Sewage Lagoon f a c i l i t y  w e r e   c o l l e c t e d   f r o m   t w o   s t a t i o n s .  The i n f l u e n t  

was c o l l e c t e d   f r o m   t h e   M a r w e l l   L i f t   S t a t i o n   ( S t a t i o n   2 )   a n d   t h e  

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

sys tem  (S ta t i on   1 ) .   Bo th   s ta t i ons   u t i l i zed  a 24  hour   Isco  composi te  

sampler,  Samples  were c o l l e c t e d  and  preserved i n  acco rdance   w i th   t he  

procedures  summarized i n  Appendix  1- Samples were  shipped f o r   a n a l y s i s  

t o   t h e   E n v i r o n m e n t a l   P r o t e c t i o n   l a b o r a t o r y   i n  West Vancouver, B.C. 

Water  samples f o r   b i o a s s a y   a n a l y s i s   w e r e   c o l l e c t e d   f r o m   t h e   e f f l u e n t  

d ischarge i n  3 f i v e   g a l l o n   p l a s t i c   j e r r y  cans. The bioassay  samples 

were  sent t o   t h e  E n v i r o n m e n t a l   P r o t e c t i o n   a q u a t i c   t o x i c i t y   l a b o r a t o r y  

i n  North  Vancouver i n   o r d e r   t o  conduct a 96 h o u r  LC50 a c u t e   l e t h a l i t y  

bioassay. 

I n f l u e n t  and ef f luent   parameters  measured i n   t h e   f i e l d  were 

pH, d isso lved  oxygen (DO), c o n d u c t i v i t y ,  and temperature.  The pH  was 

measured u s i n g  a F isher   1200 pH meter. The DO was measured u s i n g  a Y S I  

Model 57 d isso lved  oxygen  meter   and  both  temperature  and  conduct iv i ty  

measurements  were  taken  using  the Y S I  Model 33 c o n d u c t i v i t y   m e t e r .  
Depth , tempera ture ,   conduct iv i t y   and DO p r o f i l e s  were 

determined i n   s i t u  for each o f  t h e  4 lagoon  ce l l s .   N ine   sampl ing  

p o i n t s   p e r   c e l l   w e r e   i d e n t i f i e d  by g r i d   s t a k e s   l o c a t e d  on t h e  berm 

per imeters.  The sampl ing was performed  f rom an i n f l a t a b l e  boat. The 

conduc t i v i t y ,   t empera tu re   and  DO measurements  were  taken  at  depths 1, 
3, and 5 m b e l o w   t h e   s u r f a c e   a t  4 o r  5 p o i n t s   p e r   c e l l  Depth 

measurements  were t a k e n   a t   a l l  9 samp l ing   po in ts   us ing  a hand-held 

Morrow f i s h   r a y  DR-100 depth   f inder .  
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Parameters  determined i n   t h e  Whi tehorse   labora tory   were  

biochemical  oxygen demand (BODS) and f e c a l  and t o t a l   c o l i f o r m   c o u n t s  

(membrane f i l t r a t i o n )  (Department of  Environment , 1979). The BOD5 

samples  were c o l l e c t e d   f r o m   b o t h   t h e   i n f l u e n t  and e f f l u e n t   s t a t i o n s   i n  

p l a s t i c   c o n t a i n e r s .   D i s t i l l e d   w a t e r  was used t o  make d i l u t i o n  

concen t   ra t i ons   o f  5%, 7.5%, 10%  and 12.5% f o r   t h e   i n f l u e n t  and 7.5%, 

lo%, 12.5% and  15% f o r   e f f l u e n t .  Three  samples f o r  each d i  1 u t   i o n  were 

prepared a1 ong w i t h   t h r e e   c o n t r o l s   p e r   s t a t i o n .  The DO 1 eve1 s were 

measured i n i t i a l l y  and a f t e r   f i v e  days o f   i n c u b a t i o n  a t  20 C u s i n g   t h e  

Y S I  Model  57 dissolved  oxygen  meter.  

C o l i f o r m  samples  were c o l l e c t e d  a t  t h e   i n f l u e n t  and e f f l u e n t  

s t a t i o n s   i n  6 oz. s t e r i l e   j a r s .  The i n f l u e n t  samples  were d i l u t e d   t o  

10-30, and t h e   e f f l u e n t   d i l u t i o n   f a c t o r s  were 

10-4,  10-5,  and  10-6, To ta l  and f e c a l   c o l i f o r m s   w e r e  

a n a l y z e d   u s i n g   t h e  membrane f i l t r a t i o n   t e c h n i q u e .   T o t a l   c o l i f o r m s   w e r e  

ana lyzed  on   D i fo  M-ENDO a g a r   a f t e r  an i n c u b a t   i o n   p e r i o d   o f  24 hours   a t  

35 +/- 0.5OC. Feca l   co l i f o rm  dens i t i es   were   ana lyzed  on D i f o  M-FC Agar 

medium a f t e r   i n c u b a t   i o n   a t  44.5 +/- 0.2OC f o r  24 hours.  Both  analyses 

w e r e   s t a r t e d   w i t h i n  6 hou rs   o f   t he   samp le   co l l ec t i on .   On ly   p la tes  

containing  between  10  and  100  colonies  were  considered t o   a c c u r a t e l y  

r e p r e s e n t   t h e  sample. 

Tracer  Dye  Tests 

m 

I 

The l a g o o n   i n f l u e n t   f l o w r a t e  i s  c o n t r o l l e d  by a pump a t   t h e  

Marwell  L i f t   S t a t i o n .   D u r i n g  each pump c y c l e ,   t h e  pump o p e r a t e s   f o r  

about  15  minutes  and  rests  for   about  20 m i  nut  es.  However, depending on 

sewage l o a d i n g ,   t h e s e   i n t e r v a l s   v a r y   t h r o u g h o u t   t h e  day. F1 ow 

measurements  were  taken  on May 30  us ing a Marsh-McBurney current   meter .  

Measurements  were t a k e n   f r o m   t h e   c e n t r e   o f   t h e   d e c a n t   p i p e   i n   t h e  

manhole  at 2 m i n u t e   i n t e r v a l s .   S t a t i o n  A and S t a t i o n  B da ta  was 

c o l l   e c t e d   o v e r  2 and 1 , 1 / 2  pump ,cyc les   respec t ive ly .   To ta l   d ischarge 

c h a r a c t e r i s t i c s   w e r e   c a l c u l a t e d   f r o m   t h e   r a t e   o f   f l o w   d a t a   c o l l e c t e d  
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and  compared w i t h   t h e   d a i l y  pumpage volumes  recorded  by t h e  City a t  t h e  

Marwell  1 i f t  s t a t i o n .  The w a t e r   l e v e l  was  a1 so reco rded   a t   S ta t   i on  A 

d u r i n g  each v e l o c i t y   r e a d i n g   t o   d e t e r m i n e  if any f l u c t u a t i o n s   i n   w a t e r  

l e v e l   o c c u r   d u r i n g   t h e  pump cyc le.  

The c h a r a c t e r i s t i c   r e t e n t i o n   t i m e s   o f   t h e  seage  lagoon  ce l l s  

were  determi  ned  using  Rhodamine WT t r a c e r  dye. Rhodami ne WT was t h e  

most s u i t a b l e   t r a c e r   d y e   f o r   t h i s   s t u d y   b e c a u s e  it has a low 

photochemical  decay  rate  and it i s  no t   apprec iab ly   absorbed  by   the   so i l  

p a r t i c l e s .  Samples were  analyzed  using a Model 10   F luorometer  

c a l i b r a t e d   w i t h  100,  10  and 1 PPB standards.  Wastewater c o l l   e c t e d   a t  

S t a t i o n  A p r i o r   t o  d y e   i n j e c t i o n  was used as t h e   d i l u t i o n   w a t e r   i n   t h e  

p r e p a r a t i o n   o f   s t a n d a r d s   f o r   S t a t i o n  A and B. New standards  were 

p r e p a r e d   f o r   t h e   a n a l y s i s   o f   S t a t i o n  C da ta   s ince   dye   f rom  S ta t i ons  A 
and B h a d   p e n e t r a t e d   i n t o   C e l l  3. D i l u t i o n   w a t e r  was c o l l e c t e d   f r o m  

S t a t i o n  C p r i o r   t o   i n j e c t i o n .  

A 500 ML s l u g   o f  100% Rhodamine WT dye was i n j e c t e d   i n t o  each 

o f   t h e   i n f l u e n t  manholes o f   c e l l s  1 , 2, and 3 on May 26 ( c e l l s  1 and  2) 

and  June  2nd ( c e l l  3). The sampl ing   s ta t ions ,  A, B y  and C y  were 

l o c a t e d   a t   t h e   d e c a n t   m a n h o l e s   o f   c e l l  s 1 , 2 and 3 r e s p e c t i v e l y   ( F i g .  

2).  Programmable 1 x 0  wastewater  samplers  were  set  up  at each s t a t   i o n  

t o   c o l l e c t  samples  on a p redetermined  sampl ing   in te rva ls .  These 

i n t e r v a l s   v a r i e d   f r o m   1 0   m i n u t e s   t o  4.5 hours  depending on t h e   s t a t i o n .  
Table 1 shows a summary o f   t h e   d y e   i n j e c t i o n  and   samp l ing   i n te rva l s  

used a t  each s t a t i o n .  No t r a c e r   d a t a  was co l  1 ec t  ed f o r  1 agoon c e l l  #4. 
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DYE INJECTION AND SAMPLING DATA 

I n j e c t i o n  PT 

I n f  1 uent manhol  e 
from  Marwell  l i f t  

STN a 

STN B 

I n j e c t i o n  
T i  me 

0920 hr. 
86.5.26 

1133 h r s  
86.5.26 

1005 h r s  
86.06.03 

Sampl e In t   e rva '  

0930 86.05.25 30 mi I 
0900 86.05.28 

1000 86.05.28 60 m i  I 
0900 86.05.30 

1000 86.05.30 4 h r s  
0900 86.06.02 

1200 86.05.26  30 m i  I 
0900 860 05.28 

1000 86.05.28 60 m i  I 
0900 86.05.30 

1000 86.05.30 4.5 hr 
0900 86.06.02 

101 0 86.06.03 10 m i  I 
1  540 86.06.03 

1600 86.06.03 50 m i  r 
0900 86.06.04 

1000 86.06.04 60 m i  r 
0900 86.06.05 

, 
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3. 

3.1 

RESULTS 

Water Qual i t y  

Results of water depth  det ermi nat  ions  are shown i n  Figure 3. 
A l t h o u g h  sludge has a1 ready begun accumulat i ng i n  cell  1 ,  the  d a t a  
indicates t h a t  the  sludge removal project conducted i n  September 1985 
was successful. In a survey  conducted prior t o  sludge removal May 30, 
1985; average  water  depths were as  foll ows; Cell 1 - 4.7 m, Cell 2 - 
5.0 m, Cell 3 and 4 - 5.8 m. 

Dissolved oxygen levels i n  three of the   ce l l s   a re  given i n  
Figure 4. A1 1 measurments a t  t he  1 meter depth and below are   less  t h a n  
1 mg/L dissolved oxygen, confi rming t h a t  anaerobic  conditions  are 
present , I t  was noted t h a t  oxygen was abundant  (< 5 mg/L) i n  t he  upper 
0.5 m layer and abruptly  decreased below this   layer .  

Figure 5 shows the  temperature  profiles  for a l l  t he  lagoon 
cel ls .  The ce l l s   ind ica te  a general  trend of increasing  temperatures 
throughout t h e  lagoon  system a t  the  water surface due t o  solar 
radiation i n p u t  , Each cell  shows thermal s t   ra t i f icat ion which i s  
encouraged by t h e  cubed shape of t he   ce l l s  and the  juxtaposition of the  
decant poin ts .  The in1  et and outlet f o r  a1 1 cel Is  are  located a t  4.0 m 

depth and approximately 60 m apart. 
The results o f  t h e  water q u a l i t y  analysis  are  presented i n  

Table 2. The reduction of NFR, BODS, and COD i n  the   eff luent   is  87%, 
48%, and 31% respectively, The t o t a l  and fecal  coliform  bacteria 
populations  have been reduced by 2 orders o f  magnitude. In a d d i t  i o n ,  
the  96 hr. LC50 bioassay  results were non-toxic. All of t h i s  d a t a  
indicates improved treatment i n  the  sewage lagoon system. This may be 
due t o  the  benefi ts  of sludge removal and the  operation of t he   ce l l s  i n  
series  fashion i n  combination w i t h  the time o f  t h e  year. 

“i 
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Fig.  3 Lagoon D e p t h  Pro f i  1 e 
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T o t a l  Depth = 6.4m 
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Fig. 4 Lagoon  Dissolved Oxygen P r o f i l e  

t 

I 

Note: Dissolved oxygen was found i n  concent   ra t   ions 

5 mg/l i n   t h e  upper 0.5 m .layer. 

. .  
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F ig .  5 Lagoon Temperature Profile 
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T a b l e  2 WATER CHEMISTRY DATA  COLLECTED AT THE  WHITEHORSE SEWAGE 
LAGOONS, 1986 

t t 
PARAMETER 

( m g / l   u n l e s s   n o t e d )  

T e m p e r a t u r e  'C 
' D Tsso 1 v e d   O x y g e n  

P H  I n s   f t u  
L a b  

I n s   T t u  
L a b  

Cond.   (umhos/cm)  

! C o l o r   ( u n i t s )  
T u r b T d T t y  (F.T.U.) 
N o n f l l t e r a b l e   R e s r d u e  
F l l t e r a b l e   R e s l d u e  
B To l og .   Oxygen  Demand5 

' C h e m l c a  1 Oxygen   Demand  
T o t a l   O r g a n T c   C a r b o n  
T o t a  I I n o r g a n  Tc C a r b o n  

' T o t a l   A l k a l   i n r t y  
T o t a l   H a r d n e s s  
T o t a  I P h o s p h a t e  

' N Ttr i t e  
N i t r a t e  
Ammon Ta 
Su I f a t e  
Ch 1 or Tde 
S u r f a c t a n t s  

G r e a s e s  
96 hr. LC5o 

I f f o r m s  
1 )  
1 T f o r m s  
I )  

P h e n o  I s 
' O i l s  and 
B T o a s s a y  
T o t a l  Co 

( I /  lOOm 
F e c a l  C o  

( # /  I O O m  

t 

t 

STN. 1 
1 n f  I u e n t  

May 20  

8.0 
4.0 
7.9 "- 
2 6 7  
3 8 2  

20  
20  
5 3  

185 
51  

1 3 3  
2 3  
2 4  

I 2 4  
I 1 5  
2.55 

< . 0 0 5  
C.005 

8 .1  
40 
16.8 
3 .03  
a079 
14.0 "- 

2 . 2 x   I 0 6  

6 . 6 ~  I O 5  

STN. 2 I STN. 1 I STN. 2 I *./-I E f f l u e n t   I n f l u e n t  

8.0 
1.4 
8.1 "- 
2 6 0  
400  

' 

2 0  
3.5 ~ 

7 
21  1 

27  
9 2  
23  
3 3  

139 
I 1 2  
1.7 
- 0 0 7  
a007 
6.8 ~ 

3 0  
14.3 
2.32 
- 0 7 9  
0.33 

Non toxrc 

13.0 I 11.5 1 
2 - 3  
7.6 
7.9 

30 5 
4 2 0  

2 0  
4.5 

2 6  
2 3 5  

6 3  "- 
23.2 
3 1  e8 
140 
I 2 6  
2 - 3 8  

< e 0 0 5  
< e 0 0 5  

6.93 
3 4  

17.7 
1 - 8 1  

- 0 7  
30.5 
" - 

2 . 0 ~  1 0 4  4 .Ox 1 0 4  

6.5x  I O 4  

3.3 
7.4 
8.1 

290  
425 

2 0  
2 - 3  

14 
229 

35  -" 
12.2 
26.0 
161 
I 3  I 
2 - 3 2  
- 0 0 7  
e007 
8.59 

2 3  
18.4 
1 - 4 2  

.02  
2 .o 

Non toxrc 

5  ,Ox I O 5  

5 .Ox l o 3  
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TABLE 2 WATER CHEMISTRY  DATA  COLLECTED  AT  THE  WHITEHORSE SEWAGE 
LAGOONS, 1986 
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3.2 Tracer  Dye 

The f l o w  measurements f o r   c e l l s  1 and 2 can  be seen i n   f i g u r e s  

6 and 7 r e s p e c t i v e l y .   F i g u r e  6 i l l u s t r a t e s   t h a t   t h e   p u l s a t i n g   i n f l u e n t  

i n t o   c e l l  1 f r o m   t h e   M a r w e l l   L i f t   S t a t i o n   h a s   l i t t l e   e f f e c t  on t h e  

d i s c h a r g e   r a t e   a t   t h e   S t n  A decant   po in t .   F igure  7 f u r t h e r  shows t h a t  

pump f l u c t u a t i o n s   a r e   c o m p l e t e l y  dampened ou t   by   s ta t   ion  B and t h e r e f o r e  

a cons tan t   ra t  e o f   f l o w  was assumed f o r   t r a c e r  dye   ca l cu la t i ons .  

The t r a c e r  dye  washout  curves f o r   c e l l s  1, 2 and 3 a r e  shown 

i n   f i g u r e s  8, 9 a n d   1 0   r e s p e c t i v e l y   ( f o r  more d e t a i l  see  Appendix  111). 

Each c e l l  has a c h a r a c t e r i s t i c  peak w i t h i n   a p p r o x i m a t e l y   1 0  - 30 minutes 

a f t e r   i n j e c t i o n   f o l l o w e d  by a sharp  decrease,  and  then a s t e a d y   l e v e l l i n g  

o f f .   T h i s   s u g g e s t s   t h a t   s h o r t   c i r c u i t i n g   i s   p r e s e n t   i n  a l l  c e l l s .  The 

peak load ings   var ied   cons iderab ly   f rom 22 ppb i n   c e l l  1 t o  300  and  120 

ppb i n   c e l l s  2 and 3, r e s p e c t i v e l y .   s i n c e   t h e   h i g h e s t   d e g r e e   o f   s h o r t  

c i r c u i t i n g   s h o u l d   o c c u r   i n   t h e   c e l l   w i t h   t h e   h i g h e s t   s o l i d s   l o a d i n g ,   t h e  

major peak i n   c e l l  1 was probably  missed  by  the  sample  sequence  at 

S t a t i o n  A ( W .  Randal l ,   prs.  corn.). The t r a c e r   c o n c e n t r a t i o n s   w e r e  

c a l c u l a t e d   f r o m  2 d a y s   ( c e l l   3 )   t o  7 days ( c e l l  s 1 and  2). The 

concent   ra t ions   were   then  conver ted  t o  cummulat i ve "ml si' recovered  us ing  

t h e   c o n v e r s i o n   f a c t o r ,  1 ppb = 0.001 ml/m3. The background  leve ls  i n  

S t a t  i o n s  B and C were  accounted  for   separate ly .  The background i n   c e l l  2 

was considered t o  be a percent   o f   the   vo lume  o f   dye   wh ich   had  passed  in to  
B whereas t h e   b a c k g r o u n d   i n   c e l l  3 as t a k e n  t o  be a constant  o f  4 ppb 

because it was s t u d i e d   f o u r  days a f t e r   i n j e c t i o n s   i n t o   c e l l  s 1 and 2. 

The f i n a l   v o l u m e t r i c   d y e   b a l a n c e   i s  shown i n  Table 3. 

Recoveries  of  96  and 99% were  achieved i n   c e l l  s 2 and 3, r e s p e c t i v e l y .  

I n  cont   rast  , o n l y  79% o f   t h e   d y e  was recovered i n   c e l l  1. Thi s , aga in  i s  

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

f i r s t   h o u r   a f t e r   t r a c e r   i n j e c t i o n .  

The t r a c e r   r e s i d e n c e   t i m e s   f o r   t h e   c e l l s   a r e  shown i n  Table 4. 
The mean residence  t ime  corresponds  to ' ' .a: .  50% t r a c e r  dye  recovery. The 

p e r c e n t   t r a c e r  was based on t h e   t o t a l   e s t i m a t e d   p e r c e n t   r e c o v e r y   o v e r   t h e  

sampl ing   t ime.   Ce l l  1 has t h e   h i g h e s t  mean r e s i d e n c e   t i m e  (5.3 days)  and 

c e l l  2 has t h e   l o w e s t  (3.8 days). 
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FIGURE 8 
STN A--DYE CONCENTRATION VS TIME 
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FIGURE 9 
STN B--DYE CONCENTRATION VS TIME 
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FIGURE 10 

STN  C--DYE  CONCENTRATION VS TIME 
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TABLE 3: STATUS OF DYE  AFTER F INAL   SAMPLING 

STATION A: ( 7  DAYS  AFTER I N J E C T I O N )  
(mi-) ( % I  

TOTAL  DYE ADDED = SLUG INJECTION.  ...... 500 100 
TOTAL  DYE RECOVERED.................... 28 5 5 7  
DYE REMAINING I N  CELL.. ... (2.2 PPB) .  ... 113 22 
TOTAL  DYE ACCOUNTED  FOR................ 392 79 
UNACCOUNTED  DYE........................ r n m L  7% 

STATION B: ( 6 . 7 5  DAYS  AFTER I N J E C T I O N )  

TOTAL  DYE I N  = SLUG + DYE  RECOVERED AT A 7 8 5  
TOTAL  DYE RECOVERED................. .. 503 64 
DYE REMAINING I N  CELL.. ... (4.5 PPB).  .. 249 32 
TOTAL  DYE ACCOUNTED  FOR... ............ 752 96 
UNACCOUNTED  DYE....................... T r n L  4% 

(mL)  ( % I  

STATION C: (1.95 DAYS  AFTER I N J E C T I O N )  

TOTAL  DYE I N  = SLUG + BACKGROUND I N  C ( 4 P P B )   7 2 6  
TOTAL  DYE RECOVERED....... ............ 246 49 
DYE REMAINING I N  CELL.. ... (8 .4PPB) .  ... 474 50 
TOTAL  DYE ACCOUNTED  FOR............... 7 20 99 
UNACCOUNTED  DYE....................... 6 m L  1% 

(mL)  ( % I  

CELL VOLUMES:  CONVERSION  FACTOR: 1 PPB = 0.001 mL/M3 
A=53650  M3 
B = 5 5 2 2 0  M3 
C=56420  M3 

TABLE 4: OBSERVED  RESIDENCE  TIMES OF LAGOON  CELLS 

CELL  A CELL B CELL  C 
MINIMUM  RESIDENCE  TIME 40 M I N  87 M I N  60 M I N  
10% EFFLUENT  HAS  RESIDENCE  TIME  LESS THAN 18 HRS 2.5 HRS 4.8 HRS 
20% 1.5 DAYS 12 HRS 18 HRS 
3 0% 2.5 DAYS 1.5 DAYS 1.6 DAYS 
40% 3.8 DAYS 2.3 DAYS 2.5 DAYS 
EFFLUENT MEAN RESIDENCE  TIME (50%) 5.3 DAYS 3.8 DAYS 4 DAYS 
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The l o n g e r   r e t e n t i o n   p e r i o d   c a l c u l a t e d   f o r   c e l l  1 r e l a t i v e   t o  

t h e   o t h e r   c e l l s  seems u n l i k e l y   s i n c e   c e l l  1 has t h e   l o w e s t  aqueous 

volume  due t o   t h e   h i g h e r   s o l   i d s   l o a d i n g  and sludge  accummulat i on and 

t h e   f l u c t u a t i n g   i n f l u e n t   f l o w   r a t e  will t e n d   t o   t r a n s p o r t   t h e   i n j e c t e d  

dye i n   t h e   t u r b u l e n t  plume d i r e c t l y   t o   t h e  decant   wi thout   thorough 

mix ing  ( W .  Randle,  pers. comm.). It w o u l d   t h e r e f o r e  seem reasonable 

t h a t   t h e  amount of   dye  observed a t  S t a t  i o n  A was underes t imated  dur ing  

t h e   f i r s t   s a m p l i n g   h o u r .   T h i s   u n r e c o r d e d   s l u g   o f   d y e   w o u l d   r e s u l t   i n  

o v e r e s t i m a t i n g   t h e   a c t u a l   r e t e n t i o n   t i m e s .  

I n  W. Randle 's   rev iew  of   the  data  (Appendix   111) ,   he was a b l e  

t o   c o r r e c t   t h e   o b s e r v e d   d a t a  t o  m in im ize   t he   e r ro r   caused  by t h e  

i n f r e q u e n t   s a m p l e   p e r i o d   d u r i n g   t h e   i n i t i a l   h o u r   a f t e r   d y e   i n j e c t i o n .  

The e s t i m a t e d   h y d r a u l i c   r e t e n t i o n   t i m e s   a r e  shown i n  Table 5. The da ta  

i n d i c a t e s   t h a t   t h e   c o r r e c t e d   r e t e n t i o n   t i m e s   a r e   a b o u t  60% o f   t h e  

t h e o r e t i c a l   h y d r a u l i c   r e t e n t i o n   t i m e s .   T h i s   d e m o n s t r a t e s   t h a t   t h e  

lagoons  a re   no t   comple te ly   m ixed  and  tha t   shor t   c i rcu i t ing   o f   was te-  

water   t rea tment   occurs .  

TABL E 5: 

STN Design 
R e t e n t i o n  

(days1 

A 

B 
C 

D 
Tot a 1 

5.1 

5.3 

5.4 

RETENTION TIMES AND TRACER CONCENTRATIONS 

Observed 
Reten t ion  

(days 1 

5.3 

3.8 

4.0 

Cor rec ted  
R e t  ent  i on 

(days 1 

3.03 

3.1 9 

3.40 

3.40 (es t  i mated) 

13 
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CONCLUSIONS 

The most   impor tant   parameters  for   munic ipa l  sewage systems i n  

n o r t h e r n  communit i es a r e   d i s s o l v e d  oxygen, t o x i   c i t y  and  pathogenic 

b a c t e r i a l   c o n t a m i n a t i o n   ( B e t h a l l  , 1981 ). Th is   s tudy   has   revea led   tha t  

t h e   w a t e r   q u a l i t y   o f   t h e   W h i t e h o r s e  sewage t r e a t m e n t   f a c i  1 i t y  i s  0 a s t   y e a r ,   f o l l o w i n g   t h e   s l u d g e   r e m o v a l   p r o j e c t   i n  

September , Chemical   analysis shows a l a r g e r   p e r c e n t a g e   r e d u c t i o n  

i n  OD, and NFR; 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 o t a l  and 

f e c a l   c o l i f o r m   r e d u c t   i o n s  by two  o rders   o f   magn i tude;   the   b ioassay  

r e s u l t s  showed a n o n - t o x i c   e f f l u e n t .  The s u c c e s s f u l   r e s u l t s   a r e  

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

s e r i e s ,   t h e   s l u d g e   r e m o v a l   p r o j e c t   ( c e l l  s 1 and 2) and t h e  seasonal 

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

The f l o w   r a t e  measurements demonst r a t e   t h a t   t h e   f r e q u e n t  

pumping c y c l e s   f r o m   t h e   M a r w e l l   L i f t   s t a t i o n   h a v e  a m i n i m a l   e f f e c t  on 

d i scha rges   be tween   the   ce l l  s. The t r a c e r  dye  washout  curves ill u s t   r a t e  

t h e   m a j o r  peak c o n c e n t r a t i o n   t o   o c c u r   w i t h i n   1 0 - 3 0   m i n u t e s   a f t e r   t h e  

s l u g   i n j e c t i o n .  It i s  e v i d e n t   t h a t   t h e   r a t e   o f   s a m p l i n g   s h o u l d  be very 

f r e q u e n t   ( i e .   c o n t i n u o u s )   d u r i n g   t h e  f irst t w o   h o u r s   t o   r e c o r d   t h e  

major   peak   t racer   concent   ra t ion .  

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

C e l l  1 and 2 w e r e   s t u d i e d   f o r  7 days  whereas c e l l  3 was o n l y   s t u d i e d  
f o r  2 days due t o  t irne c o n s t r a i n t s .  A1 1 ce l l  s have  demonst   ra ted some 

s h o r t   c i r c u i t i n g .  The observed mean r e s i d e n c e   t i m e   f o r   c e l l s  1 and 2 

were 5.3, and 3.8 days   respec t ive ly .  However, when t h e   d a t a   i s  

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

m i x i n g ,   t h e   c o r r e c t e d   r e t e n t i o n   t i m e s   a r e  3.03 days f o r   c e l l  1, 3.19 

days ( c e l l  2) , and 3.40 days ( c e l l  3). The c o r r e c t e d  mean r e t e n t i o n  

t i m e s   a r e  60% o f   t h e   d e s i g n   h y d r a u l i c   r e t e n t i o n   t i m e s  and  demonst r a t e  

t h a t   w a s t e w a t e r   f l o w   i s   s h o r t   c i r c u i t i n g   i n   t h e   t r e a t m e n t   c e l l s .  
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The h i g h   d e g r e e   o f   s h o r t   c i r c u i t i n g   i n   a l l   c e l l s   m i g h t  be  due 

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

be min imized  through  severa l  ways such  as t h e   i n s t a l l a t i o n   o f  submerged 

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

m e c h a n i c a l   m i x i n g   w i t h i n   t h e   c e l l s .  Any combina t ion   o f   the   above  wou ld  

i n c r e a s e   t h e   e f f i c i e n c y   o f   t h e   w a s t e w a t e r   t r e a t m e n t   f a c i l i t y   p o s s i b l y  

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

sludge  removal  and an improvement i n   t h e   q u a l i t y   o f   t h e   e f f l u e n t   b e i n g  

d i s c h a r g e d   i n t o   t h e   e n v i  ronment . 
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APPENDIX I I 

TRACER  DYE  WORKSHEET 

AND RAW GRAPHS 
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UNPUBLISHED  DATA BY W. RANDLE, 

WASTEWATER TECHNOLOGY CENTRE, 

BURLINGTON, ONTARIO 
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WHITEHORSE LAGOON TRACER STUDIES: 

1. STUDY METHODOLOGY: 

The tracer  washout  curves  for cells # I ,  #2, and #3 (figs. 8 
to IO), show  evidence of short-circuiting for each of the cells. 
Since  the highest degree o f  short  circuiting is expected for  the 
cell with the highest  solids loading, you may have missed the 
major peak at Station A occurring between 10 minutes  and 4 0  
minutes  after injection  into the influent of cell # I .  Therefore, 
a sampling interval of perhaps 5 to 10 minutes  for the first 30 
minutes may have been warranted. 

The  data  for cell #3 indicates that  station C was sampled for 
2 days. A mean residence  time o f  4 days was predicted by 
extrapolating  from the plot o f  %Recovery verses  time (fig.10). 
This method is valid only if you  assume  that the residence time 
characteristics of cell #3 are  the same as either # I  or # 2 .  A 
longer sampling period at station C would have  avoided  the need 
to extrapolate the data. 

No tracer  data  for the effluent o f  cell lagoon #4 was 
collected. Obtaining  tracer  data  for cell #4 would have been 
useful as it would have  given an indication of the overall 
treatment  performance o f  the 4 lagoons in series. 

For  future  studies, if possible, a  tracer  study  should be 
implemented on all 4 lagoons by first injecting a  slug o f  tracer 
at the influent to cell # I  and sampling at 5 to 10 minute 
intervals for  the  one  to  two hours to ensure  detection of short- 
circuiting  tracer at  the effluent o f  cell #4 .  Consequently, 
samples  should  be  collected  for  about 2 theorectical HRT's.  
(approximately 1 1  days). This ensures that  no  truncation error 
wil 1 result in the washout  curve  due to early  termination of the 
sampling program. In any  case,  at  the end o f  2 HRT's the 
concentration o f  tracer in the samples will likely  be nearing the 
sensitivity limit of the detection technique. 

2. DATA ANALYSIS 

Table 1 summarizes the results obtained  from  analysis o f  
the tracer  data  for Whitehorse. 
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TABLE 1 
"~"""""""~""""""""""""""""""""""""" 

theoretical est i mated Cmax Cmax 
STN . HRT %Tr  %Tr * HRT  theory measured 

(days 1 (days 1 (ppb)  (ppb) 
"""""""""""""""""""""""""""""""""" 

A 5.1  46  73.4  3.03 1 1 . 1  22.1 

B 5.3 43  95.5 3.19 16.9 300  

C 5.4  21 77.9  3.40  15.3 120 

"""""""""""~"""""""""""""""~""""""" 

NOTE : q(mean flow)= 7.3 m3/min 
"""""""""""""""""""""""""""""""""" 

The theorectical HRT was estimated by dividing the volume o f  
the cell  by the mean  flow  through  the cell. 

Tracer  recovery  estimates were calculated in two ways. The 
estimates %Tr were based on the area under the tracer washout 
curves as calculated using the trapezoidal rule. In addition, 
as a major problem  with  estimates for  tracer recovery is that 
they vary with the length of time of sampling,  tracer recovery 
estimates,  %Tr*,  were  made which included truncation error 
estimates. (Terminating the sampling program  results in the 
truncation of the tracer distribution curve and, consequently, 
lower values for %Recovery.) Truncation  error  estimates were 
calculated by fitting  a mathematical model to  the "tail" of the 
tracer  washout  curves,  and estimating the  areas under the tail 
from  the  time of truncation to infinity. The equation is o f  the 
form: 

where the model parameters  HRT, and Co are estimated  from  the 
slope  and  intercept,  respectively, of the  washout  curve tail  from 
time "t" to  time "t(trunc)". 

Calculation of mean hydraulic retention  times was based on 
the method in your paper (ie., from the plot o f  %Recovery versus 
time). However, instead of of assuming 100% tracer recovery to 
develop the  plots, the %Tr*  values (which included estimates o f  
the  truncation  errors) .!ere used.  As a result,  the  estimates in 
Table 1, above, are lower than the mean HRT estimates reported in 
your paper. 

The mean retention  time  for cell # 3  was  calculated using the 
'.model parameters  HRT  and Co in the general tracer wash-out curve 
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equat ion : 
C=Co*exp(-t/HRT) 

Predicted concentrations were calculated  from  t=1.95  days to 
t=6.99 days. The concentrations were  converted to cumulative 

and  then to % tracer recovered based on  the total estimated 
%Recovery over infinite time (ie. %Tr*  values). The mean 
retention time. as reported in Table 1,  was the time 
corresponding to SO% tracer recovery. 

11 mls" recovered  using your conversion factor (lppb=.OOlml/m3), 

Assuming  a total working volume for cell # 1  of 5 3   6 5 0  m , 
5 0 0  ml injection of Rhodamine WT, and  complete  mixing,  the 
expected maximum  tracer concentration was  calculated as follows: 

3 

Cmax(theory)=Tm/V 

where,  Tm=mass of tracer injected, micro grams(ug) 

V=total working volume of lagoon, l.itres(1) 

(Note : specific gravity of Rhodamine WT dye=1.19) 

Cmax(theory)=TOOml x 100% x 1.19 x 10- ug/g 6 

53 6 5 0  m3 x 1000 l/m3 

Cmax(theory)=ll.l ug/l or 1 1 . 1  ppb 

In Table 1 ,  the values for Cmax(theory), as calculated 
above,  are  compared to  the values for Cmax(meas), the maximum 
measured concentrations  from  the tracer washout curves. 

DISCUSSION: 

The estimated mean retention  times in Table 1 are about 60% 
of the  the theoretical cell residence times, demonstrating that 
the lagoons are not completely mixed. Compar i sons o f  
Cmax(theory) to Cmax(meas)  indicate that  short-circuiting o f  
tracer is taking  place in all three cells. Further,  the results 
indicate that cell # 1  exhibits  a lower degree of short-circuiting 
than  cells #2 and #3 (i-e. for # I  Cmax(meas)/Cmax(theory)=2, for 
#2 Cmax(meas)/Cmax(theory)=18, for #3 Cmax(meas)/Cmax(theory)=8). 
However,  this doesn't make  sense  as cell # 1  has not only  the 
highest solids loading but  also  the lowest estimated mean 
retention time. Therefore, as mentioned earlier,  we suspect that 
a major  peak in tracer  concentration  occurred at Station A 
between 10 minutes  and 40 minutes following  tracer injection. 

The incomplete tracer recovery estimates for cells #1 and #3 
may be due to several  factors: (a) poor flow est.imates, (b) 
inaccurate estimates of the amount of tracer injected, or (c) 
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I 

poor fluorometer calibration.  Incomplete tracer recoveries are 
the rule rather than the exception in tracer studies. 

The high degree of short-circuiting in all cells might  be 
d u e  to  the configuration of the inlets and  outlets (ref.  fig.2 of 
your report). For example, the flow in Cell # 1  probably  follows 

I 

1 

The incoming flow will proceed along 

1 

1 I 

Flk. C 

a path of 
resistance, that is, directly from  inlet to outlet as out1  ined  by 
the dotted  lines in figure A. A configuration such as that shown 
in figures B or C would  lower the degree of short-circuiting  by 
ensuring greater distribution of flow throughout the cell before 
exiting through the outlet to cell # 2 .  Although only 
suggestions, the addition o f  some baffling i s  worth  considering 
in view of the h'igh degree of short-circuiting in all cells. 

- 

Finally, a short comment on pulsating  influent  flows. In our 
opinion this type of flow would  tend to increase the degree of 
short-circuiting within the lagoon. The non-uniformity of the 
flow would  probably transport  the tracer directly to the effluent 
without adequate mixing. 
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APPENDIX IV 

WATER CHEMISTRY  DATA 

COLLECTED I N  1 985 
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T a b l e  I WATER CHEMISTRY  DATA  COLLECTED AT THE WHITEHORSE SEWAGE 
LAGOONS,  I 9 8 5  

PARAMETER 
( m g / l   u n  l e s s  n o t e d )  

T e m p e r a t u r e  'C 
D i s s o l v e d   O x y g e n  

PH l n s l t u  
Lab  

Cond.   (umhos/cm)  
l n s l t u  
Lab  

C o l o r   ( u n i t s )  
T u r b l d l t y  (F.T.U.1 
N o n f l l t e r a b l e   R e s i d u e  
F i l t e r a b l e   R e s i d u e  
B i o l o g .   O x y g e n   D e m a n d 5  
Chemlca l   Oxygen   Demand  
T o t a l   O r g a n l c   C a r b o n  
T o t a l   l n o r g a n l c   C a r b o n  
T o t a l   A l k a l i n i t y  
T o t a l   H a r d n e s s  
T o t a l   P h o s p h a t e  
N i t r i t e  
N 1 t r a t e  
Ammon I a 
S u  I f a t e  
C h l o r i d e  
S u r f a c t a n t s  
P h e n o  I s 
O i l s  a n d   G r e a s e s  
B i o a s s a y  9 6  h r .   L C 5 0  
T o t a l   C o l i f o r m s  

( # / 1 0 0 m l )  

( # / 1 0 0 m l )  
F e c a l   C o l l f o r m s  

STN. 1 
I n f  I u e n t  

M a r c h   2 0  

6.0 
4.2 
7.65 
7.5 

2 4 0  
4 4 0  

4 0  
3 1  
4 9  

2 7 7  
7 5  

I 5 0  
30.7 
47.4 

I 5 6  
I 0 5  

3.6 
e005 

< .o i  
12.9 

3 5  
12.6 "- 
e 0 3 9  
2 3  "- 

2 . 9 ~ 1 0 6  

8 . 8 ~ 1 0 ~  

STN. 1 
I n f  I u e n t  

J u l y  17 

13.5 
9.2 
7.8 
7.57 

290 
425 

I O  
2.8 
3 9  

4 0 0  
18 

I 1 5  
33.4 
39.5 
I 4 0  -" 
I .4 
e075 
e 0 1 4  
7.4 

3 4  
19.6 
.ll 

- 0 1  6 
4 "- 

"- 
"- 

. 

STN. 4 
E f  f I u e n t  
A l l  c e l l :  

M a r c h   2 (  

I .o 
I e6 
7.1 
7.1 

2 4 0  
3 8  5 

2 0  
15 
9 

2 0 0  
4 3  
5 0  

9.! 
39.1 

I 4 4  
I 0 6  
2.0 

< - 0 0 7  
< . O l  

9.18 
3 1  

12.5 "- 
- 0 5 6  
5 

67.4% 

I . 2 x 1 0 5  

2 . 6 ~ 1 0 ~  

STN.  2 
E f  f I u e n t  
NE c e l  I 
J u l y  17 

13.0 
0.6 
7.6 
7.07 

3 2 0  
445  

4 0  
13 
16 

3 0 0  
3 8  

I 5 0  
37.2 
47.9 
I 5 2  
131 
2.5 
a 0 1 6  

< e 0 0 5  
9.2 

3 4  
21.1 

.79 
e035 
( 2 0  "- 

"- 
"- 

STN. 3 
E f  f I u e n t  
NW c e l  1 
J u l y  17 

13.0 
0.6 
7.6 
7 - 0 7  

325 
4 4 5  

4 0  
I I  
17 

800 
4 4  

I 5 0  
34.9 
49.1 
I 5 2  

2 - 5  
-01  4 

< e 0 0 5  
9.5 

3 4  
20.9 

46  
e041 
4 

"- 

"- 
"- 
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TABLE 1 WATER CHEMISTRY  DATA  COLLECTED AT THE  WHITEHORSE SEWAGE 
LAGOONS, 1985 ( c o n t . )  

PARAMETER 
( m g / l  u n l e s s   n o t e d )  
E x t r a c t a b l e   M e t a l s  

A I  
As 
B 
Ba 
Be 
Ca 
Cd 
co 
C r  
c u  
Fe 

M g  
Mn 
MO 
Na 
N I  
P 
Pb 
Sb 
Se 
SI 
Sn 
S r  
T I  
v 
Zn 

STN. 1 
I NFLUENT 
M a r c h  20 

<.05 

22.1 
< .002 
<e005 
<e005 
e055 
-276 

I I .7 

22.2 
<.02 
4.08 

I 

STN. 4 
EFFLUENT 

M a r c h  20 I 
I 
I 

I 
I 
I 
I 

<e05 
< e 0 5  
-03 
03 

<.001 
22.3 

< .002 
<e005 
<e005 
-025 
244 

12.0 I 
-078 I 

<e005 I 
17.2 I 
C.02 
2.61 I 

.02 I <.02 I 
I 
I 

.02 <.01 I 
I 
I 

I 

<e05 

<a05 I < e 0 5  
(-05 

.9 e 8  

.I51 1 .I54 
-004 -008 

<e005 I (-005 I 
-024 I 

I 
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