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A wastewater  toxicity  study of the  Penticton Water Qual i ty  
Control  Center was conducted by the  author i n  conjunction w i t h  personnel 
of the Environmental Protection  Service,  Pacific Region. 

The objectives  of this study,  conducted from July 19-23, 1-976, 
were as  fol lows : 

1 )  t o  determine  the  extent of tox ic i ty  removal achieved by 
the sewage treatment p l a n t ,  

2 )  t o  determine  the  effect of chlorination on the   tox ic i ty  
of the  effluent,  

3 )  t o  re la te  the t o x i c i t y  o f  the i n f l u e n t  and the effluent t o  
the  concentrations of cer ta in  known toxic  substances, 

4)  to  determine  the  degree o f  disinfection  achieved by t e r t i a r y  
treatment, and 

5) t o  determine the incidence and the  extent of removal of 
polychlorinated  biphenyl s. 

The study  also  included  the  collection of  information  concern- 
i n g  such factors  as  plant  design and actual  loading,  chlorine  dosage 
and res idual ,  and the  extent of  sewer l i n e   i n f i l t r a t i o n ,  This infor- 
mation was co l lec ted   to   ass i s t  i n  interpreting  data  gathered  for the 
object ives   l is ted above. 

This  report  contains the resu l t s  of bioassay  determinations, 
chemical analyses and bacteriological  analyses  of samples collected 
d u r i n g  the  survey a t  various  treatment  plant  locations. 
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CONCLUSIONS 

Based on data  collected at   the   Pent ic ton Water Qual i ty  Control 
Center from July 19 to  23, 1976 the  following  conclusions can be  made: 

1 ) Activated  sludge sewage treatment was responsible  for  a 
reduction i n  the  average  toxicity  concentration from 1.63 
toxic  units i n  the raw sewage t o  1.'15 toxic  units i n  the 
secondary e f f l  uent e 

2 )  Chlorination  of  the  secondary  effluent was responsible  for 
an increase i n  the  average  toxicity  concentration  of the 
f ina l   e f f luent   to  2.59 toxic  units. This represents  a 
58.9% increase based on the raw sewage samples and a 125.2% 
increase based on the secondary e f f luent  samples. 

3) The toxic wastewater consti tuents which were examined i n  

this study and deemed responsible  for  the  bioassay results 
were : 

i )  un-ionized ammonia, 

i i )  anionic  sufactants, 

i i i )  compounds  formed by chlorination, 

i v )  dissolved  copper and zinc,  and 

v )  cyanides e 

4)  The polychlorinated  biphenyls  concentrations  as  reported 
in Appendix I were a l l  s ign i f icant ly  low.  The treatment 
plant was responsible  for a 69% reduction of the raw 
sewage PCB level 
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1 INTRODUCTION 

The City of  Penticton , located  in  the Okanagan Valley between 
Lake Okanagan and Lake Skaha,  had an estimated  poulation of 21,017 in 
1976 (1  ) .  The actual  population  increases  dramatically  during  the summer 
months due t o  the  influx of t ou r i s t s  t o  the  area.  All sewage from the 
c i t y  i s  treated by the  Penticton Water Ouality Control Center. The 
sanitary and storm  sewer  systems are  completely  separate;  storm  water  is 
discharged t o  the Okanagan River  channel. Economic a c t i v i t y   i s  con- 
centrated  in  the  tourism,  recreation, food processing and service  industr ies .  
The major industries  discharging  wastewater t o  the  sanitary sewer 
sys tem are  : 

Canadian  Canners Limited,  primarily a f r u i t  processing and 
canning  operation t h a t  operates most o f  the  year. The 
strength and volume of  wastewater  discharge  varies  with  the 
type o f  f rui t  being  processed and the  level' of p lan t   ac t iv i ty .  
During the  study  period  the  plant was processing  straw- 
berries and cherr ies .  

Casabello Wines Limited, a  winery which operates  year round 
b u t  discharges  wastewater  intermittently  according t o  the 
season and the  operation being  conducted. There was no discharge 
from the winery d u r i n g  the  survey  period. 

The survey  consisted of the  following programs: 

1 ) a 4 day composite sampl ing program, 
2 )  a 1 2  hour grab  sampling  program, 
3 )  a 24 hour  chlorine  residual  monitoring program, 
4 )  a bacteriological sampling program, a n d ;  
5 )  general  plant  operation d a t a  col lect ion.  
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The o b j e c t i v e s   o f   t h i s   s t u d y ,   c o n d u c t e d   f r o m   J u l y   1 9 - 2 3 ,  1976, 

were  as f o l l o w s :  

1 ) t o   d e t e r m i n e   t h e   e x t e n t   o f   t o x i c i t y   r e m o v a l   a c h i e v e d  by 

t h e  sewage t r e a t m e n t   p l a n t ;  
2 )   t o   d e t e r m i n e   t h e   e f f e c t   o f   c h l o r i n a t i o n  on t h e   t o x i c i t y  

o f  t h e   e f f l u e n t ;  

3 )   t o   r e l a t e   t h e   t o x i c i t y  o f  t h e   i n f l u e n t  a n d   t h e   e f f l u e n t   t o  

t h e   c o n c e n t r a t i o n s   o f   c e r t a i n  known tox ic   subs tances ,  

4 )  t o   d e t e r m i n e   t h e   d e g r e e   o f   d i s i n f e c t i o n   a c h i e v e d   b y  

t e r t i a r y   t r e a t m e n t ,  and 

5 )  t o   de te rm ine   t he   i nc idence  and t h e   e x t e n t   o f  removal o f  

p o l y c h l o r i n a t e d   b i p h e n y l s .  

Add i t iona l   mun ic ipa l   was tewater   tox ic i t y   s tud ies   were   conducted  

a t   o t h e r   l o c a t i o n s   i n   t h e   P a c i f i c   R e g i o n   d u r i n g  1976.  These  surveys  were 

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

o f  sewage t reatment   systems  to  remove o r  reduce   was tewa te r   t ox i c i t y  and 

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

1.1 Pen t i c ton   Wate r   Qua l i t y   Con t ro l   Cen te r ,   P lan t   Desc r ip t i on  

The P e n t i c t o n  WQCC i s  a conven t iona l   ac t i va ted   s ludge  sewage 
t r e a t m e n t   p l a n t   w i t h   t h e   a d d i t i o n   o f   p h o s p h o r o u s   r e m o v a l   u s i n g   i r o n   s a l t s .  

The t rea tment  components i n c l u d e  headworks,  an  aerated g r i t   t a n k ,  3 

p r imary   sed imenta t ion   tanks ,  4 ae ra t i on   t anks ,  3 secondary  sedimentation 

tanks, a c h l o r i n e   c o n t a c t   t a n k  and 2 f i n a l   p o l i s h i n g   c l a r i f i e r s .  Primary 

s ludge   and   was te   ac t i va ted   s ludge   a re   d iges ted   i n  a two  stage  anaerobic 

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

The phosphorous  removal f a c i l i t i e s   i n c l u d e  a w a s t e   p i c k l i n g   l i q u o r   s t o r a g e  

tank  and a meter ing  pump. A s i m p l i f i e d   f l o w   s h e e t   i n c l u d i n g  sample p o i n t  

l o c a t i o n s   i s   p r e s e n t e d   i n   F i g u r e   1 .  The sampl ing   po in ts   a re   descr ibed 

i n  more d e t a i l   i n   s e c t i o n  2.1 o f   t h i s   r e p o r t .   P i c k l i n g   l i q u o r ,   w h i c h  

m a i n l y   c o n s i s t s   o f  a 30% s o l u t i o n   o f   f e r r o u s   c h l o r i d e   ( F e C 1 2 ) ,  i s  metered 

a t  800 t d l m i n   t o   t h e   a e r a t i o n   t a n k  as i n d i c a t e d   i n   F i g u r e   1 .   P i c k l i n g  
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TABLE 1 OPERATIONAL  CHARACTERISTICS OF PENTICTON WATER QUALITY 
CONTROL CENTER 

Type of  Treatment:  Conventional  Activated  Sludge  plus Phosphorous 

Treatment Components: 1 ) Barminutor  (1 ) 
Removal and Pol ishing  Clar i f ier  

2 )  Raw Sewage Pumps ( 3 )  Paral  le1 
3)  Aerated Grit Tank ( 1 )  
4 )  Primary Sedimentation Tanks ( 3 )  Parallel  
5 )  Aeration Tanks ( 4 )  Series 
6 )  Secondary  Sedimentation Tanks (3 )  Paral  le1 
7 )  Chlorine  Contact Tank (1 ) 
8)  Pol ishing  Clar i f ier  ( 2 )  Parallel  

Design Dry Weather Flow = 1.83 Imp MGD 

Average Flow (July 1975 - July  1976) = 1 .54 Imp MGD 
Average Flow (July 1976) = 1.69 Imp MGD 

Raw Sewage Average BOD5 = 240 mg/l  

Primary Effluent Average BOD5 = 192 ( e s t  .) 

Average Mixed Liquor Suspended Sol ids = 1223 (July 1976) 
Aeration Tank  Volume = 400,000 Imp gal 

= 64,100 cu f t  
Food to  Microorganisms Ratio F/M = 0.66 l b  BOD5/day l b  MLSS 
Volumetric Loading = 50 1 b BOD5/l 000 cu f t  
Secondary  Sedimentation Tank Overflow = 620 g a l / f t  /day 
Average Retention Times (July 1976) 

NFR = 180 

NFR = 65 

2 

Primary  Sedimentation = 1.9 hr 
Aeration Tank = 4.4 hr (30% return sludge  flow) 
Secondary  Sedimentation = 1.9 hr (30%  return  sludge  flow) 
Chlorine  Contact Tank = 0.5 hr 
Pol ishing  Clar i f ier  = 3.5 hr 

Total  Retention  12.2 hr 
Sludge  Digestion Components 1 ) Primary  Anaerobic  Digester  50,900 cu f t  

2 )  Secondary  Anaerobic  Digester 5 0 , 9 0 0 . ~ ~   f t  
3)  Sludge Drying Beds 234,000 gal  capacity 

Chlorinator - Flow Proportional, checked twice  daily 
Point  of  Discharge - Okanagan River Channel,  adjacent t o  plant 
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l i q u o r  i s  a b y - p r o d u c t   o f   t h e   m e t a l   f i n i s h i n g   i n d u s t r y   s u p p l i e d   b y   T r e e  
I s l a n d   S t e e l ,  New Westminster. A t  t he   des ign   d ry   wea the r   f l ow   o f   1 .83  

Imp MGD t he   ae ra t i on   t ank   has  a h y d r a u l i c   r e t e n t i o n   t i m e   o f  4.0 hours.  

Oxygen and  mix ing   a re   supp l ied   by   bo th  submerged a i r   d i f f u s e r s  and 

mechanica l   sur face  aerators .  The g e n e r a l   o p e r a t i o n   c h a r a c t e r i s t i c s   o f  

t he   Pen t i c ton  WQCC a r e   o u t l i n e d   i n   T a b l e   1 .  

1.1.1  Phosphorous  Removal. The p r e c i s e  mechanisms r e s p o n s i b l e   f o r  

the  removal o f  phosphorous   f rom  wastewater   by   i ron   sa l ts   add i t ion   a re  

complex  and  beyond t h e  scope o f   t h i s   s u r v e y .  The coagu la t ion   and  p re-  

c i p i t a t i o n   o f   s o l u b l e   p h o s p h a t e   i s   d e p e n d e n t  on pH, temperature  hardness 

and a l k a l i n i t y .   I n   g e n e r a l   t h e   f e r r o u s   i o n   i n   t h e   p r e s e n c e   o f   o x y g e n  

c o n v e r t s   t o   t h e   f e r r i c   i o n  as f o l   l o w s  : 
2Fe2+ + $I2 + ZH - 2 ~ ~ ~ +  + H ~ O  

+ 

The f e r r i c   i o n   t h e n  combines w i t h   t h e   p h o s p h a t e   i o n   t o   f o r m  a p r e c i p i t a t e  

Fe3+ + PO:- - FeP04 4 
The d isso lved  oxygen i n   t h e  m i  xed 1 i q u o r   i s   r e s p o n s i b l e   f o r   c o n v e r t i n g  

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

The m e t a l   a n a l y s i s   r e s u l t s   f r o m  a p i c k l i n g   l i q u o r   s a m p l i n g  
program  conducted  by  the City o f   P e n t i c t o n   p r i o r   t o   O c t o b e r ,  1975 i s  

presented i n  Table 2 (  2 ) .  

1 .1.2  P lant   Operat ion.   Long  term  per formance  data  prov ided  by  the 
P e n t i c t o n  WQCC i s  g i v e n   t o   T a b l e  3. Th is   da ta   rep resen ts   t he   mon th l y   ave r -  

ages o f   4 -24   hour   compos i te   samples   taken  f rom  the   in f luent   and  e f f luen t .  

Based  on t h i s   i n f o r m a t i o n   t h e   t r e a t m e n t   p l a n   a c c o m p l i s h e d  a 96% o v e r a l l  

r e d u c t i o n   i n  BOD5, a 91% r e d u c t i o n   i n  NFR and a 89% r e d u c t i o n   i n   T o t a l  

Phosphate  over a one yea r   pe r iod .   F igu re  2 i 11 u s t r a t e s   t h e   c h l o r i n e  dosages , 
f i n a l   e f f l u e n t   d i s s o l v e d  oxygen  and pH, and d a i l y   f l o w   r e a d i n g s   f o r   t h e  

month o f   J u l y ,  1976 p r i o r   t o  and i n c l u d i n g   t h e   s u r v e y   p e r i o d .   F i n a l   e f f l u -  

e n t  DO'S and pH read ings   rep resen t   t he   va lues   wh ich   were   ob ta ined   da i l y   by  

the   opera tor   and  repor ted .  The  values f o r   c h l o r i n e  dosage  and d a i l y   f l o w  

however,  which  were  reported  on a p a r t i c u l a r  day, r e p r e s e n t   t h e  24 hour  

p e r i o d  commencing mid  morning  the  previous  day.  Appendix IV l i s t s  a l l  t h e  

d a t a   p l o t t e d   i n   F i g u r e  2 p l u s   d a i l y   m i x e d   l i q u o r  pH, NFR, s e t t l e a b l e   s o l i d s  

and  sludge  volume  index ( S V I )  r e a d i n g s   f o r   t h e   m o n t h   o f   J u l y   p r i o r   t o  

and i n c l u d i n g   t h e   s u r v e y   p e r i o d .  
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TABLE 2 PENTICTON WQCC SPENT PICKLE  LIQUOR ANALYSIS* ( 2 )  

Me t a  1 

Average 
Concentration 

PPm 
Range 

PPm 

c u  

Fe 

N i  

Pb  

Zn 

A 1  

Mn 

Cr 

Mg 

Mo 

Ti 

21 

11.4  X lo4 

1 5  

8 

32 

130 

423 

68 

1. 60 

8 

15 

50-0 

16.6 X 104-9 X lo4 

44 -0 

21 -0 

- 

300-20 

824-200 

21 5-1 7 

200 -1.30 

30-0 

30-1 0 

* 
Results  represent  five samples taken from separate shipments prior 
t o  October, 1975. 

Note: Other elements and compounds were analyzed fo r  b u t  were not 
found i n  significant  quantit ies,  
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. 
2 PROCEDURES AND METHODS 

2 .I .Sampling Program 
The time proportional 24 hour composite  samples were collected 

a t  three  treatment  plant  locations  as  follows: 

1 ) The  raw sewage sample was taken from the  aerated gri t  t a n k  
i n  a we1 1 mixed area  near  the  overflow  weir. Approximate 
250 mR samples  were taken  every 2.5 minutes  using a Markland 
Model 21 01 -Spec. Duckbi 11 sampler. 

2 )  The secondary eff luent  sample was taken from the  secondary 
sedimentation t a n k  overflow channel prior  to  the  chlorine 
contact  tank. Approximate 7.1 R samples were taken  every 
10 minutes  using an Eagle  Signal  timer assembly and  a sub- 
mersible pump. 

3 )  The f inal   chlor inated  eff luent  sample was taken from the 
combined overflow of the p o l i s h i n g  c la r i f ie rs   loca ted   a f te r  
the  chlorine  contact  tank. Approximate 1 . 1  R samples were 
taken  every 1 0  minutes  using an Eagle Signal  timer  assembly 
a n d  a submersible pump. 

The composite  sample a1 iquots were collected  in 45 gallon 
polyethylene  barrels. The 24 hour composite  sampling program commenced 
a t  0600 hr. July 1 9  and ended a t  0600 hr. July 23. 

The raw sewage  and f i n a l  e f f luent  g r a b  samples were taken from 
the same locations as the  composites. The g r a b  samples were collected 
every 2 hours on July 21. from 0630 hr. to 1830 hr. 

The g r a b  samples for  bacteriological  analysis were collected 
a t  the  following  locations: 

A Raw Sewage 
B Primary Effluent, primary  sedimentation t a n k  overflow 
C Secondary Effluent,   prior  to  chlorination 
D Chlorinated Secondary Effluent,  chlorine  contact  tank 

overf 1 ow 
E Final  Chlorinated  Effluent,  polishing c l a r i f i e r  overflow 
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Samples f o r   b a c t e r i o l o g i c a l   a n a l y s i s   w e r e   c o l l e c t e d   i n   s t e r i l e   1 7 0   c c  

w i d e   m o u t h   b o t t l e s   a n d   a n a l y z e d   b y   t h e   W a t e r   B a c t e r i o l o g y   s t a f f   i n   t h e  

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

All sample p o i n t   l o c a t i o n s   a r e   i l l u s t r a t e d   i n   F i g u r e   1 .  

2 .2 Analyses 

Table 4 l i s t s   t h e   a n a l y t i c a l   p a r a m e t e r s   f o r   t h e  24 hour  

composite  sampling  program.  Table 5 l i s t s   t h e   a n a l y t i c a l   p a r a m e t e r s   f o r  

the  grab  sampling  program. 

The conten ts  o f  each  composite  sample  barrel  were we1 1 mixed 

p r i o r   t o  sample d i v i s i o n .  The samples f o r  c h e m i c a l   a n a l y s i s   i n c l u d i n g  

m e t a l s   w e r e   d i v i d e d   i n t o  sample b o t t l e s  and  p reserved  as   ou t l ined  i n  

the  Environment Canada Po l l u t i on   Samp l ing  Handbook.  Samples f o r   b i o -  

assay  analysis  were  p laced i n  4 - 5   g a l .   p l a s t i c   j e r r y   c a n s .  All samples 

were  shipped  by a i r   w i t h i n  one  hour to   the   Env i ronment  Canada l a b o r a t o r y  

f a c i l i t i e s .  Sample a n a l y s i s   f o r   a l l   p a r a m e t e r s   e x c e p t   m e t a l s  and  PCB's 

commenced w i t h i n  6 hours o f   c o m p l e t i o n   o f  each  sampling  day.  Grab  samples 

c o l l e c t e d   o n   J u l y  21 w e r e   s e p a r a t e d   i n t o   t h e   p r o p e r   c o n t a i n e r ,   p r e s e r v e d  

a s   r e q u i r e d   a n d   s t o r e d   a t  4OC before   be ing   sh ipped on J u l y  22 a t  0830 h r .  

w i t h   t h e  24 hour  composite  samples. 

2.2.1  Chemical  Analyses. The chemical   parameters  inc lud ing  meta ls  

as l i s t e d   i n  Tables 4 and 5 were  analyzed  as  descr ibed i n   t h e   E n v i r o n -  

ment Canada Paci f ic   Region  Laboratory   Manual .  

2 .2 .2   Bac ter io log ica l   Ana lyses .  The t o t a l   c o n f i r m e d   c o l i f o r m  MPN 

pe r  100 a n d   f e c a l   c o l i f o r m  MPN/100 were  determined  as  descr ibed 

i n   S e c t i o n  908A and 908C o f   t h e   1 4 t h   E d i t i o n   o f   S t a n d a r d  Methods f o r  

the   Examinat ion   o f   Water  & Wastewater. 

2 .2 .3   Po lych lo r ina ted   B ipheny ls   Ana lys is  (PCB).  Samples f o r  PCB 

w e r e   c o l l e c t e d   i n  one g a l l o n  amber g l a s s   b o t t l e s   c o n t a i n i n g  50 mP hexane 

as a p r e s e r v a t i v e .   B a s i c a l l y   t h e   a n a l y s i s   i n v o l v e s   a c e t o n e :  hexane 

e x t r a c t i o n ,   f i l t r a t i o n ,   p u r i f i c a t i o n  and   e lec t ron   cap tu re  GLC a n a l y s i s .  

The d e t e c t i o n  1 imi t f o r  a one ga l lon   sample  i s  approx imate ly  0.005 ppb. 
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TABLE 4  ANALYTICAL PARAMETERS - 24 HOUR COMPOSITE SAMPLING PROGRAM 

Parameter   Abbrev ia t ion   Un i ts  

Total   Phosphate 

Ammon i a 

N i t r a t e  

N i t r i t e  

To ta l  A1 k a l  i n i  t y  

Chemical  Oxygen Demand 

Total  Organic  Carbon 

PH 
Non F i  1 t e r a b l  e Residue 

An ion ic   Su r fac tan ts  
Total   Residue 

Cyani de 

Phenol 

Oil & Grease 

Po ly   Ch lo r ina ted  B i  phenyl s 

Bioassay 

Meta ls  

Tota l   Mercury 

Copper, To ta l  & D isso lved  

I r o n ,   T o t a l  & D isso lved  

N icke l  , To ta l  & D isso lved  

Lead,  Total  & D isso lved  

Z inc ,   To ta l  & D isso lved  
Aluminum, To ta l  & D isso lved  

Cadmium, T o t a l  & D isso lved  

Manganese, T o t a l  & D isso lved  

Chromium, To ta l  & D isso lved  

TP04 

NH 3 

N03 

N02 
- 
COD 

TOC 

NFR 

TR 

CN 

PCB 

Lc50 

Hg 
cu 

Fe 

N i  

Pb 

Zn 
A1 

Cd 

Mn 

Cr 
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TABLE 5 ANALYTICAL PARAMETERS - GRAB SAMPLING PROGRAM 

Parameter   Abbrev ia t ion   Un i ts  

Total  Phosphate 
Ammon i a 

N i t r a t e  
N i t r i t e  

Non F i  1 t e r a b l  e Res i due 

Chemical Oxygen Demand 

A n i o n i c   S u r f a c t a n t s  

To t a l  Res i due 

Total   Organic  Carbon 

Me t a l  s 
Copper,  Total & D isso lved 

I r o n ,   T o t a l  & D isso lved 

N i c k e l  , T o t a l  & D isso lved 

Lead, T o t a l  & D isso lved 

Z inc ,   To ta l  & D isso lved 

Manganese, T o t a l  & D isso lved 

Chromium, T o t a l  & D isso lved 

TP04 

NH3 

N03 

N02 
N FR 

COD 
- 
TR 

TOC 

cu 

Fe 

N i  
Pb 

Zn 

Mn 

C r  
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2.2-4 Bioassay  Determination (96 hour.LCs0). The  static  fish 

bioassay  test  gives  an  approximate  numerical  value  to  the  biological 
toxicity of a  wastewater.  It  is  defined  as  the  concentration of a 
measureable  lethal  agent (in this  case  wastewater)  required  to kill the 
50th  percentile in a  group of test  organisms  over  a  period of 96 hours. 

The  static  bioassay  test  consists of a  series of 30 R glass 
vessels  containing  different  sample  dilutions  with 6-9 Rainbow  Trout 
(Salmo  gairdneri ) per  test  vessel. The test  vessels  were  placed in a 
controlled  environment  room  with  the  temperature  maintained .at 13.0 - 
1 .Oo C  and  a  photo  period 1 imited  to 16 hours  per 24 hours. The bio- 

+ 

assay  test  procedures  calls  for  samples  with pH values  below 6.0 or 
above 8.0 to  be  neutralized  to  a pH of 7; however pH adjustment  was 
not  required  for  any of the  samples  collected. All samples  were 
aerated  prior  to  the  test  and  continuously,  for  the 96 hour  period. 
Pre-test  aeration  times  are  listed  with  the  test  results  in Table 6. 
The  fish 
mortal i ty 
establish 

2 - 3  

1 oading  density  in  each  vessel  was  0.5  g/R. The percent 
and  percent  dilution  were  plotted  on  semi  log  paper  to 
an  LCs0  value. 

Chlorine'Residual  Monitoring 
The  chlorine  residual  monitoring  program  consisted  of  grab 

sampling  the  final  chlorinated  effluent  (polishing  clarifier  overflow), 
every  hour  for 24 hours  from  1200  hr July 19 to  1200 hr July 20 and 
determining  the  total  residual  chlorine  concentration  (TRC). 

The determination of TRC  was  done  using  a  Wallace & Tiernan 
Amperometric  Titrator  series  A-790013. The fundamental  procedure  used 
is a Back  Titration  method involving the  neutralization of an  oxidizing 
agent  (free  iodine)  with  a  reducing  agent  (phenylarsine  oxide  solution) 
of  known  strength, in the  presence  of  potassium  iodide. 

Total  residual  chlorine  as  determined by the  amperometric 
Back  Titration  method  determines  the  concentration of compounds  in  the 
wastewater  containing  active  chlorine  which  consist of monochloramines, 
dichloramines and hypochlorous  acid. 
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3 RESULTS 

3.1  Bioassay 
The static  f ish  bioassay  results  obtained from the 24 hour 

composite  samples are  outlined  in Table 6 .  The results  are  expressed 
as bo th  a 96 hour LC5o a s  defined ea r l i e r  and a toxicity  concentration 
Tc. The toxicity  concentration,  Tc,  expressed i n  toxic   uni ts ,  T u ,  can 
be derived  as  fol 1 ows : 

TC = 100% 
96 h r  LC50(%)  

A Tc value can also be calculated when considering  wastewater t h a t  
produces less  t h a n  50 percent  mortality a t  the 100% concentration. 
The actual Tc value  in  this  case  is  determined by plotting  the  percent 
mortality of  test   f ish  versus  the Tc values  for  the  various  test 
di lut ions o f  wastewater  in which the  undiluted  wastewater has a Tc 
value  greater t h a n  1 .  
3 . 2  Chemical Analyses Non Metals 

The chemical analysis non-metal results  obtained from the 24 
hour composite  samples a r e   l i s t e d  i n  Appendix I .  A comparison of  these 
resu l t s  and the  treatment  level  involved w i t h  each  sample i s   i l l u s t r a t e d  
i n  Figure 3a and 3b. The values  plotted  in  this comparison represent 
the mean value from the 4-24 hour composite  samples . The chemical 
analysis non-metal results  obtained from the grab  sampling program are  
outlined i n  Appendix 11. 

3.3 Chemical Analyses  Metals 
The resu l t s  of the metal analyses  including  total and dis- 

solved  for  the 24 hour composite  sampling program are  presented  in 
Appendix I .  The  same resul ts   for   the  grab sampling program are  given 
i n  Appendix 11. 

3.4  Bacteriological  Results 
Appendix I11 l ist   the  individual  bacteriological  results f o r  

samples  taken  during  the  survey. 

A plot  of the mean to ta l  confirmed coliform and fecal 
coliform MPN/100 mR values  obtained from the  various  treatment  plant 
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locations i s  i l l   u s t r a t ed  i n  Figure  4. The raw sewage mean fecal 
coliform MPN/100 mR was 1.9 X 10 . After  primary  treatment  the mean 7 

fecal col i f o m  value dropped to  1.7 X 10 7 . Secondary treatment which 
includes phosphorous removal fu r the r  reduces  the mean fecal  coliform 
value  to  1.1 X 10 . Chlorine  addition and 30 minutes of  contact i n  
the  chlorine  contact chamber lowers  the mean fecal col  iform  1 eve1 to  
44 and f inal ly   3 .3  hours of residence time i n  the   pol ishing  c lar i f ier  
reduces the mean fecal  coli  form t o  2.3. 

5 

3.5  Chlorine  Residual  Monitoring  Results 
The r e su l t s  o f  the 24 hour chlorine  residual  monitoring 

program a r e   i l l u s t r a t e d  i n  Figure 5. The TRC had a  range  of  0.80-3.48 
mg/R and a mean of  1.80 mg/R. 

3.6 Polychlorinated Biphenyls Results 
The r e su l t s  of the PCB analysis   for  the 24 hour  composite 

sampling program a re   l i s t ed   i n  Appendix I .  All levels  encountered  are 
s ignif icant ly  low. The treatment  plant i s  responsible  for  a 69% 
reduction i n  PCB levels  from inf luent  t o  e f f luen t .  

3.7  Daily  Flowrates,  Chlorine Dosages and Precipitation 
Daily  flowrates and chlorine  dosages  for  a one year  period , 

July  1 , 1975 t o  June  30,  1976, for  the  Penticton WQCC have been plotted 
in Appendix V .  In addition  total   daily  precipitation  data has been 
provided. This data would tend to  indicate the absence o f  an i n f i l -  
tration/inflow problem i n  the sewer  system. In general, flows tend to 
peak d u r i n g  the summer months  and drop d u r i n g  t h e   l a t e   f a l l ,   w i n t e r  
and spring. The  mean annual precipi ta t ion (1941-1970) for  Penticton 
i s  296.2 mm. Figure 6 i l l u s t r a t e s  the actual  flow readings taken  every 
three hours f o r  a one week period from 0900 hr July 16 t o  0900 July 23. 
This shows a  typical  diurnal  pattern w i t h  peaks a t  1100 hr of  2.4-2.5 
Imp MGD and  lows of  0.6-0.7 Imp MGD a t  0600 hr. 
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3 . 8  Metals  Analyses Summary 

I n  addition t o  the metal analyses conducted d u r i n g  the  survey 
on the compos 

1 )  
2) 

3 )  

4 )  

i t e  samples, metal determinat 

aera t i on m i  xed 1  i  quor , 
the waste pickling  l iquor,  
the primary digester  sludge, 
the  municipal  water  supply. 

ions were also  carr ied o u t  on 

and  

The resu l t s  o f  these  analyses  are  presented i n  Table 7. As indicated, 
pickling  l iquor  contains  relatively h i g h  concentrations of copper, 
i r o n ,  nickel,  zinc, aluminum, manganese  and  chromium. The resu l t s  
indicate  that   there i s  no significant  carry  over of these  metals i n t o  
the final  effluent.   Instead  the  metals tend t o  accumulate  in  the 
digester  sludge. The municipal  water supply sample was provided for 
background informat ion .  
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TABLE 7 METAL  ANALYSIS SUMMARY 

~~ 

Sample Point   Designat ion:  
Raw Sewage A 
F i n a l   E f f l u e n t  B 
Aerat ion  Mixed  L iquor  C 
Waste P i c k l i n g   L i q u o r  D 
Primary  Digested  Sludge E 
Municipal  Water Supply  F 

cu 

Fe 
N i  

Pb 

Zn 

A1 

Cd 

Mn 

Cr 
Hg 

3 

0.20 0.02 1.3 33 
1.6 0.45 110 1 . 3 ~ 1 0  5 

4 . 0 5  <0.05 ~ 0 . 0 5  23 

0.03 (0.02 0.07 (2.0 
0.21 0.16 0.69 44 

0.58 ~ 0 . 3  3.2 370 

<o. 01 <o. 01 <o. 01 <1 .o 
0.07 0.07 0.5 620 

<0.02 CO.02 0.04 13 
<0.23 <0.20 - - 

80 

3 . 1 ~ 1 0  
0.88 

3 

<O .08 

47 

360 

0.36 

20 

3.3 

0.06 
0.59 

<O .05 
<o. 02 

0.03 
0.3 

<o. 01 

<O. 03 

<o. 02 
0.48 

'Average o f   f o u r  - 24 h r  composite  samples. 

' R e s u l t   o f  one grab  sample only. 
3Uni t s  US/%. 
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4 DISCUSSION 

4.1  B ioassay  Evaluat ion 
Municipal   wastewaters i n  genera l   con ta in  a w i d e   v a r i e t y   o f  

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

common c o n s t i t u e n t s   e x e r t i n g   t o x i c i t y   i n c l u d e  ammonia, cyanide, 

su l f i des ,   ch lo r i ne   and   ch lo ramine ,   pheno ls ,   su r fac tan ts   and   seve ra l  

heavy  meta ls   which  inc lude  copper ,   z inc,   chromium  and  n icke l .   Other  

fac to rs   such  as  temperature, pH, hardness, a1 k a l   i n i  t y  and  d isso lved 

oxygen  tend  to   mod i fy   the   tox ic i t y   p roduced  by   var ious   chemica l   con-  

s t i t u t e n t s .  However' a s   o u t l i n e d   e a r l i e r   t h e   b i o a s s a y   t e s t   c o n d i t i o n s  

a r e   c o n t r o l l e d  so t h a t  pH, temperature  and  dissolved  oxygen do n o t  

t h e m s e l v e s   e x e r t   t o x i c i t y .  The c h e m i c a l   a n a l y s e s   r e s u l t s   f o r   t h e  

ind iv idua l   compos i te   samples   were   examined  w i th   re fe rence  to   the  

1 i t e r a t u r e   t o   d e t e r m i n e   t h o s e   f a c t o r s   r e s p o n s i b l e   f o r   t o x i c i t y .   F o l l o w -  

i n g  i s  a d i s c u s s i o n   o f   t h o s e   f a c t o r s  deemed r e s p o n s i b l e  f o r  the   b ioassay  

r e s u l t s   e n c o u n t e r e d   i n   t h e   s u r v e y .  

4.1.1 Ammonia T o x i c i t y .  The common sources o f  ammonia i n  waste- 

water   a re :  

1 ) u r ine ,   wh ich   con ta ins   u rea  (H2NCOH2N) which i n   t u r n   r e a d i l y  

2 )   o rgan ic   ma t te r   con ta in ing   p ro te in   and   am ino   ac ids   wh ich  

decomposes u n d e r   b a c t e r i a l   a c t i o n   y i e l d i n g  ammonia, 

h y d r o l i z e s   t o  ammonia, 

3) chemica l   p lan ts   and  c lean ing   es tab l i shments   wh ich   re lease 

ammonia t o   t h e  sewer  system,  and 

4)   household  c leaning  agents .  

The t o x i c i t y   o f  ammonia and ammonium s a l t s   t o   f i s h  i s  d i r e c t l y   r e l a t e d  
t o   t h e  amount o f  un- ion ized ammonia i n   s o l u t i o n .  Ammonia e s t a b l i s h e s  

a pH dependent   equi lbr ium i n   s o l u t i o n  as f o l l o w s :  

NH3 + nH20 NH3 . nH20 # NH; + OH- + (n-1  )H20 

Emmerson, e t  a1 ( 3 )  have o u t l i n e d  a s e t   o f   e q u i l i b r i u m   c a l c u l a t i o n s   f o r  

de te rm in ing   t he   un - ion i zed  ammonia i n   s o l u t i o n   u n d e r   v a r y i n g   c o n -  

d i t i o n s   o f  pH and  temperature. The un- ion ized ammonia concent ra t ions  

f o r   t h e  24 hour  composite  samples  have been c a l c u l a t e d   a c c o r d i n g   t o  

t h i s   s e t   o f   e q u a t i o n s  and a r e   r e p o r t e d   i n   T a b l e  8. I n   a d d i t i o n ,   t h i s  
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..table l i s t s   t h e   b i o a s s a y   r e s u l t s  and t h e   m a j o r   t o x i c   c o n s t i t u e n t s  

i n v o l v e d   f o r  each  composite  sample. 

Mayo, e t  a1 ( 4 )   s t a t e   t h a t  0.006 mg/L N un- ion ized ammonia 

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

exposure. A l e v e l   o f  0.025 mg/L un- ion ized ammonia has  been s t a t e d  as 
t h e  maximum t h a t   f i s h  c a n   t o l e r a t e   ( 5 ) .   L l o y d  and Orr ( 6 )  r e p o r t e d  

t h a t  0.44 mg / l   un - ion i zed  ammonia caused  100% m o r t a l i t y  o f  Salmo g a i r d n e r i  

i n  96 hours.  

The un- ion ized ammonia l e v e l s   r e p o r t e d  i n  Table 8 f a l l   w i t h i n  

the  0.025-0.44 m g/L ran.Qe and t h e r e f o r e  woul'd  be  expected t o   c o n t r i b u t e  

s i g n i f i c a n t l y   t o   w a s t e w a t e r   t o x i c i t y .  However,  as p o i n t e d   o u t   b y   E s v e l t ,  

Kaufman & S e l l e c k  ( 7 )  i t  should be n o t e d   t h a t   f a c t o r s   i n   a d d i t i o n   t o  

un- ion ized ammonia may b e   a s s o c i a t e d   w i t h   t h e   t o x i c i t y   o f  amnonia. A 
f u l l   d i s c u s s i o n   o f   t h e s e   f a c t o r s   i s  beyond t h e  scope o f   t h i s   r e p o r t .  

4.1.2  Copper  and Z i n c   T o x i c i t y .  The t o x i c i t y   o f   c o p p e r   t o   a q u a t i c  

organisms i s   n o r m a l l y   a s s o c i a t e d   w i t h   t h e   d i s s o l v e d   c o p p e r   c o n c e n t r a t i o n .  

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

cor ros ion   o f   copper   p ipes .   Inc reas ing   water   hardness   tends   to   decrease 

c o p p e r   t o x i c i t y .   I n   a d d i t i o n   c o p p e r   t e n d s   t o   a c t   s y n e r g i s t i c a l l y  when 

p r e s e n t   w i t h   z i n c ,  cadmium, mercury  and  lead. The t h r e s h o l d  96 h r  LC5o 

o f  c o p p e r   f o r   r a i n b o w   t r o u t  was r e p o r t e d   t o  be  0.044  mg/L i n  s o f t   w a t e r  

(8) i n c r e a s i n g   t o  0.5  mg/L i n  ve ry   ha rd   wa te r   (9 ) .   Re la t i onsh ips  

between  water  hardness , and l e t h a l   t o x i c i t y   f o r   c o p p e r ,   l e a d  and z i n c  

have  been es tab l i shed   by  Brown (1  0)  and  L loyd  and  Herber t   (1  1 ) . Using 

these  re ferences , t h e   l e v e l s   o f   d i   s s o l  ved  copper  found i n  Tab1  e 8, 

e s p e c i a l l y   t h e  raw sewage samples , c o u l d   b e   e x p e c t e d   t o   i n c r e a s e   t o x i c i t y .  

The l e v e l s   o f   z i n c   e n c o u n t e r e d   i n   t h e  sewage samp les   a re   no t   s ign i f -  

i c a n t l y   h i g h   b u t   c o u l d  be e x c p e c t e d   t o   a c t   s y n e r g i s t i c a l l y   w i t h   c o p p e r .  

4.1.3  Cyanide  Toxicity.  Cyanides  occur i n  water  as c y a n i d e   i o n  
(CN-) , as undissociated  hydrogen  cyanide  and i n  complexes w i t h   o t h e r  

cons t i t uen ts .   Cyan ides   a re   genera l l y   assoc ia ted   w i th   me ta l   p rocess ing  
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.wastes and some household cleanrs .  Hydrogen cyanide  rather t h a n  
cyanide  ion seems t o  produce toxici ty .  Hydrogen cyanide  dissociates 
t o  cyanide ion and hydronium ion and has a dissociation  constant of 
4.93 x 10-1 a t  2 5 O C .  Nickel  complexes cyanide  to make i t  1 ess  toxic 
whereas  copper and  cadmium complexes are  exceedingly  toxic (1  2 ) .  

Brown (10 )  determined a 48 hr LC5o for  rainbow trout  of 
0.01 mglL for  CN.  I n  reference t o  Table 8, the  cyanide  concentration 
in  the  f inal   effluent samples i s   su f f i c i en t  t o  exer t  a toxic  influence 
on the  bioassay  test .  Due t o  the  fact  t h a t  the  cyanide  analysis 
detection  l imit   is  0.03 mg/L i t   i s   d i f f i c u l t  t o  determine  the  degree 
o f  cyanide  toxicity  present  in  the raw sewage  and secondary e f f luent  
sampl es . 
4 .1 .4 .  Surfactant  Toxicity.  Detergents  are a common component of 
sewage a n d  industrial   effluents,   derived  in 1 argest  amounts from house- 
hold cleaning  agents.  Surfactants can be divided  as  being ei ther   anionic ,  
cationic or non-ionic. In  current  detergent  formulas,  the primary toxic 
active  agent i s  LAS, ( l inear   a lkylate   sulfonates)  an anionic  surfactant.  
The surfactant  analysis conducted  during t h i s  survey was carried o u t  
specif ical ly   for  LAS. 

The toxici ty  o f  LAS tends t o  increase  in hard water, and  
increase  as  the carbon  chain  length  increases ( 7 ) .  

Thatcher and Santner (1  3) found 96 hr LC5-, Val ues for  LAS 
of 3.3-6.4 mg/L for   f ive  species  o f  f i sh .  Dolan and Hendricks  de- 
termined an LC5o of  5.9 mgjL LAS for  bluegill   sunfish ( 1 4 ) .  The anionic 
surfactant  concentrations  for  the raw sewage samples  as  outlined i n  
Table  8 would  be expected t o  contribute  to  wastewater  toxicity. 

4 .1 .5  Chlorine  Toxicity. The toxici ty  of chlorine a n d  other 
chlorinated compounds such as  chloramines and chlorinated hydrocarbons 
has been thoroughly documented in   the   l i t e ra ture .  Martens and 
Servizi ( 1 5 )  observed t h a t  the  toxicity of  primary treated sewage t o  
sockeye salmon was increased  several  fold whenever chlorine  residuals 
were detected  in  the  effluent. I n  f ield  studies,   residual  chlorine 
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levels  above 0.02 mg/R were  found l i k e l y   t o  be tox ic   to  rainbow t rou t  
and sockeye salmon using i n  stream  bioassay  techniques  (15). 

The t ox ic i ty  o f  chlorinated  wastewater  does  not depend 
d i r e c t l y  on the amount of  chlorine added b u t  on the concentration  of 
residual  chlorine  remaining  (16).  Residual  chlorine i s  commonly under- 
stood  to mean the total   concentration o f  compounds containing  active 
chlorine which remain a f t e r  free chlorine  addition. These compounds 
consist   of monochloramines,  dichloramines and hypochlorous  acid.  In 
addition  chlorine may combine w i t h  a variety  of compounds i n  waste- 
water  including  cyanide, phenol s and  a1  kyl sulfonate,  which are  not 
detectable by the amperometric  technique. 

Residual chlorine is  known to  decrease w i t h  time owing t o  
reaction w i t h  substances i n  sewage. Martens and Servizi (15)  re- 
ported . in  a t es t  of chlorinated  primary sewage t h a t  the residual 
chlorine  decreased  significantly from 2.6 mg/R d u r i n g  the f i r s t  10 
hr b u t  assumed  a virtually  constant  value  of 0.2 mg/R which persisted 
beyond 50 hr. 

Dur ing  the 24 hr chlorine  residual  monitoring program 
carried  out d u r i n g  the  Penticton study the TRC averaged  1.80 mg/R 
and  had  a range  of 0.80-3.48 mg/R. 

The 24 hr composite  samples  collected  for  bioassay deter- 
mination would  be expected to   exh ib i t  lower residuals  than  reported 
above, from the  monitoring program, and i t  could a l so  be assumed t h a t  
the chlorine  residual i n  a par t icular  sample would tend to  decrease 
w i t h  time t o  a very low o r  non detectable  level.  During this  study, 
t e s t s  performed on the composite  samples prior  to  the  bioassay 
determination  indicated the absence  of a detectable  chlorine  residual,  
Thc? bioassay results indicate however, t h a t  there i s  a s ign i f icant  
increase i n  t ox ic i ty  which i s  associated w i t h  chlorination even though 
by the time the bioassay  determination commenced the  chlorine  residual 
had reached non detectable   levels .  
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4.2  Bioassay Summary 

A comparison o f   t h e   t o x i c i t y   c o n c e n t r a t i o n s ,  Tc, o f   t h e  24 
hour   composi te   samples  obta ined  f rom  the  three  t reatment   p lant  

l o c a t i o n s   a p p e a r s   i n   F i g u r e  7 .  

The raw sewage e x h i b i t e d  a  mean 96 h r  LC5o o f  61.5% 

(Tc = 1 . 6 3 ) .   M o s t   o f   t h e   t o x i c i t y   a s s o c i a t e d   w i t h   t h e   r a w  sewage 

w o u l d   b e   a t t r i b u t a b l e   t o   t h e   u n - i o n i z e d  ammonia conten t   (0 .29  mg/L N) 

and the   an ion i c   su r fac tan t   concen t ra t i on   (4 .33  mg/L  LAS); i n  

a d d i t i o n  some in f l uence   wou ld  be exer ted   by   the   d isso lved  copper  and 

z i n c   c o n t e n t .  

The s e c o n d a r y   e f f l u e n t   e x h i b i t e d  a  mean 96 h r  LC50 o f  87.8% 
(Tc = 1 .15) .   Th is   represents  a 29.4% r e d u c t i o n   o f   t h e   r a w  sewage 

t o x i c i t y .   A c t i v a t e d   s l u d g e  sewage t rea tmen t  was r e s p o n s i b l e   f o r  a d rop  
i n   t h e   a v e r a g e   u n - i o n i z e d  ammonia con ten t  t o  0.18 mg/X N and i n   t h e  
a v e r a g e   a n i o n i c   s u r f a c t a n t   l e v e l   t o   0 . 4 6  mg/L LAS. T h i s   r e s u l t s   i n  a 

corresponding  drop i n   t o x i c i t y .   I n   a d d i t i o n   t h e r e   i s  some r e d u c t i o n   i n  

the   d i sso l ved   copper   l eve l  . 
The f i n a l   c h l o r i n a t e d   e f f l u e n t   e x h i b i t e d  a  mean 96 h r  LC5o 

o f  40.5%  (Tc = 2 . 5 9 ) .   S i n c e   t h e r e   a r e   o n l y   s l i g h t   d i f f e r e n c e s   i n   t h e  

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

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

an i n c r e a s e   i n   t h e   t o x i c i t y   c o n c e n t r a t i o n  o f  1.44 TU. However t h e  

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

been d e t e r m i n e d .   A l s o   o f   i n t e r e s t   i s   t h e   f a c t   t h a t   c y a n i d e   l e v e l s  

inc rease i n   t h e   f i n a l   e f f l u e n t  as  compared t o   t h e  raw sewage  and  secondary 

e f f l u e n t .  As m e n t i o n e d   e a r l i e r   t h i s   c y a n i d e   l e v e l   c o u l d  be  expected t o  

e x e r t  a t o x i c   i n f l u e n c e   o n   t h e   b i o a s s a y   t e s t .   P o s s i b l e   e x p l a n a t i o n s   a r e :  

1 )  compounds p roduced   by   ch lo r i na t i on   a re   be ing   read   as  

cyanides i n   t h e   c y a n i d e   a n a l y s i s ,  



- 30 - 

4.0 

3.5 

3 
I- 

. 3.0 

O 
z 

I- 2.5 
a 
- 

IX 
I- 
z 
W 
0 

* 2.0 
0 
0 

> 
I- 

0 

0 
X 

I- 

- 1.5 
- 

I .o 

0.5 

D A Y  - 2 0  21 

JULY 2 0 - 2 3 ,  1976 

R A W  
SEWAGE 

20 21 22  23 

SECONDARY 
EFFLUENT 

20 21 22  23 

FINAL 
CHLORINATED 

EFFLUENT 

F I G U R E  7 PENTICTON  WQCC  BIOASSAY  RESULTS,   TOXICITY  CONCENTRATIONS 



- 31 - 

2 )  compounds, such as   sulf ides ,   fa t ty   acids  and urea which 
in te r fe re  w i t h  the  cyanide  analysis,  are  being  destroyed 
by chlorination, and 

3) cyanide ions a re  being released from an organo-cyanide - 
complex by chlorination. The colorimetric method does 
n o t  reveal  the  presence o f  some organo-cyanide  complexes. 

4.3 Disinfection 
One objective of this  study was t o  determine  the  degree of 

disinfection  achieved by ter t iary  t reatment .  However due to  the  plant 
configuration  the  tert iary  aspect ( i n  this case phosphorous removal) 
cannot be delineated from the  activated  sludge  process,  since phosphorous 
removal i s  accomplished by the  addition of i ron   sa l t s  t o  the  aeration 
tanks. The resu l t s  of the  bacteriological  monitoring program a re   l i s t ed  
i n  Appendix I11 and i l l u s t r a t ed  i n  Figure 4. Metcalf and Eddy (17)  

s ta te   that   act ivated  s ludge sewage treatment i n  general i s  capable of 
a 90-98% reduction  in  bacterial  levels. In the  case of the  Penticton 
treatment  plant  activated  sludge sewage treatment which includes 
phosphorous removal accomplished a 99.35% reduction of the primary 
effluent  fecal  coliform  concentration. However i t  should be noted t h a t  
the  actual mean fecal  coliform  concentration a t  th is   point  was 
1.1 X 10 MPN/100 m i ,  a level which  would require  disinfection  prior 5 

t o  discharge. 
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, ANALYTICAL  RESULTS 
a .  Non M e t a l s  

Sampling Point  Number 
Raw Sewage 1 
Secondary Eff 1 uen t 2 
Ch lo r ina t ed   F ina l   E f f luen t  3 

Date 
Analyt ical   Sampling 
Parameter  Poi n t  J u l y  20 J u l y  21 J u l y  22  Ju ly   23  

TP04 
mg/a p 

N H  3 

N03 

N02 

mg/R N 

mg/R N 

mg/R N 

A1 kal i n i  t y  
mg/R CaC03 

COD 
mg/R 

TOC 

PH 

NFR 
mg/k 

Anionic  
S u r f a c t a n t s  
mg/R LAS 
TR 
mg/R 

CN 
mg/R 

Phenol 
mg/R 

Oil & Grease 
mg/ 

PCB 
PPb 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

1 
2 
3 
1 
2 
3 
1 
2 
3 

7.6 
1 . 4  
1 .2  
21 
21 
21 
<o. 01 

0.19 
0.02 
0.34 
0.31 

0 .28  

1 a1 
140 
1 38 
390 
61 
65 
122.0 
26 .O 
26 .O 

7.7  
7.4 
7 .4  
77 
7 .5  
<5 
4 .8  
0 .7  
0 .7  
440 
2 80 
2ao 
<O. 03 
<O. 03 
0.05 
.07 
C.02 
C.02 
56 
<5 
<5 
0.039 
0.040 
0.020 

5.6 
1 . 3  
1 . 3  
29 
26 
23 
CO.01 
0.12 
0.20 
0 .02  
0.38 
0.30 
176 
147 
144 
340 
64 
40 
126.0 
22 .O 
22.0 
7 . 8  
7 .6  
7 .5  
110 
(5 
<5 
4 . 0  
0.37 
0.36 
41 8 

260 
<O .03 
~ 0 . 0 3  
0 .03  
.05 
< .02 
< .02  
43 
<5 
5 

2ao 

0.943 
0.007 
0.013 

5 .2  
1 .5  
1 . 5  
22 
22 
17 
<(3.01 
0 .15  
0.19 
0.015 
0 .35  
0.31 
184 
154 
145 
350 
40 
43 
123.0 
19.0 
20.0 
7 . 8  
7 .5  
7.6 
160 
<5 
<5 
4 . 3  
0.44 
0 .44  
480 
260 
260 
<O .03 
<O .03 
0.07 
.04 
<.02 
C.02 
83  
<5 
<5 
0.057 
0.017 
0.011 

8 . 3  
1 . 4  
1 . 5  
30 
27 
24 
<o.  01 
0.16 
0.22 
0.02 
0.31 
0.25 
199 
1 42 
1 3a 
500 
59 
71 
132 
22.0 
18 .0  
7.4 
7.5 
7 .4  
1 90 
C5 
<5 
4 .2  
0.34 
0.54 
5 20 
240 
260 
<0.03 
< O .  03 
0.05 
.05 
< .02  
<.02 
55 
<5 
<5 
0.052 
0.011 
0.015 
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A N A L Y T I C A L   R E S U L T S  

b .  Metals 

Sampl i ng P o i n t  Number 

Raw Sewage 1 
Secondary E f f l u e n t  2 
C h l o r i n a t e d   F i n a l   E f f l u e n t  3 

Date 
Sampl i n g  

Ana ly t i ca l   Parameter   Po in t   Ju ly  20 J u l y  21 J u l y  22 Ju ly  23 

Zn 
mg/L 

Zn 

A1 

A1 

Cd 

Cd 

Mn 

Mn 

Cr 

Cr 

Hg 
Pc31L 

cu 
mgl  

cu 

Fe 

Fe 

Ni 

N i  

Pb 

Pb 

To t a  1 

Oissol  ved 

Tota 1 

Dissolved 

Tota  1 

Dissolved 

T o t a l  

D i  sso l  ved 

T o t a l  

O i  sso l  ved 

T o t a l  

T o t a l  

Dissolved 

T o t a l  

D i  sso l  ved 

Tota 1 

Dissolved 

T o t a l  

Dissolved 

1 
2 
3 
1 
2 
3 
1 
2 
3 

1 
2 
3 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

1 
2 
3 

1 
2 
3 
1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

0.27 
0.29 
0.28 
0.17 
0.19 
0.18 

0.6 
<O. 3 
~ 0 . 3  

<0.3 
<0.3 
<O. 3 

<0.01 
10.01 
<0.01 
(0.01 
<0.01 
<0.01 

0.06; 
0.07 
0.08 

0.06 
0.09 
0.09 

0.03 
<o * 02 
<o .02 
<o .02 
<o .02 
<o .02 

0.23 
(0.20 
<o. 20 

0.23 
0.03 
0.03 

0.11 
0.03 
0.03 

2.1 
0.66 
0.91 

0.78 
0.35 
0.46 

<O .05 
<O. 05 
<O. 05 

<O .05 
<O. 05 
<O .05 
0.n4 
<o. 02 
<o. 02 
(0.02 
<o. 02 
<o. 02 

0.18 
0.12 
0.11 

0.09 
0.10 
0.1c 

0.6 
~ 0 . 3  
<O. 3 

<0.3 
(0.3 
<0.3 
<o. 01 
CO.01 
<0.01 

<o. 01 
<o . O l  
<0.01 

0.06 
0.05 
0.06 
0.05 
0.05 
0.07 

0.02 
<o. 02 
CO. 02 

<o .02 
<0.02 
<o .02 

0.20 
1.9 
<o. 20 

0.16 
0.02 
0.02 

0.09 
0.03 
0.01 

1.2 
0.22 
0.29 
0.57 
0.10 
0.16 

(0.05 
<O .05 
C0.05 

<0.05 
<0.05 
<O .05 

0.03 
<o. 02 
<o .02 
(0.02 
<o. 02 
<o. 02 

0.5 
0.11 
0.10 
0.20 
0.20 
0.12 
0.5 
4 . 3  
<0.3 

(0.3 
<O. 3 
<0.3 
<0.01 
<0.01 
<0.01 

(0.01 
<o . O l  
co.01 

0.06 
0.07 
0.08 

0.05 
0.06 
0.08 

(0.02 
<o .02 
<o .02 

<o .02 
(0.02 
C0.02 
0.27 
CO. 20 
do. 20 

0.18 
0.02 
0.02 

0.08 
0.03 
0.02 

1.4 
0.34 
0.32 

0.63 
0.15 
0.19 

(0.05 
<O .05 
<O. 05 

<O .05 
<O. 05 
<O. 05 
0.02 
<o. 02 
<o .02 

<o .02 
<0.02 
<n n7 

0.22 
0.09 
0.13 

0.23 
0.18 
0.37 

0.5 
<0.3 
<O. 3 

<0.3 
~ 0 . 3  
<O. 3 
<0.01 
<o. 01 
<0.01 

c0.01 
<o. 01 
<0.01 

0.08 
0.05 
0.07 

0.05 
0.05 
0.07 

<0.02 
<o .02 
<o .02 
<o .02 
(0.02 
<o .02 

<0.20 
0.20 

<o .20 

0.22 
0.02 
0.02 
0.13 
0.02 
0.02 

1.7 
0.28 
0.29 

1 .o 
0.12 
0.16 

<O .05 
<0.05 
<O. 05 

C0.05 
<O. 05 
<O. 05 
0.03 
(0.02 
<o .02 

<o .02 
C0.02 
rn n? 
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APPENDIX I 1  

PENTICTON WQCC GRAB  SAMPLE 

ANALYTICAL  RESULTS 

a. Non Metals 

b.  Metals 
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APPENDIX  I I PENTICTON WQCC GRAB SAMPLE: ANALYTICAL  RESULTS, 
JUNE 21, 1976 

a. Non Metals 

Sampl i ng  Point  Number 

Raw Sewage 1 
F i n a l   C h l o r i n a t e d   E f f l u e n t  3 

Time ( h r )  
Analy t ica l   Sampl ing 
Parameter  Point 0630  0830  1030  1230  1430  1630  1830 

TP04 

mg/R P 

1 
3 

2.1 9.8 9.8 8.8 7.6 7.4 6.5 

1.4 1.3 1.1 0.8 1.3 1.6 1.6 

1 

3 

16 52 38 23 44 29 25 

26 22 23 26 35 30 32 

1 

3 

1 

3 

N FR 

mg/R 

22 290 150 180 190 170 150 

<5 16 <5 <5 (5 <5 <5 

COD 

mg/R 

150 930 510 810 500 480 430 

43 47 36 36 32 40 40 

Anionic  
Sur fac tan ts  
mg/R  LAS 

1 0.88 0.88 3.3 5.8 9.3 7.4 5.5 

3 0.34 0.35 0.25 0.17  0.17 0.20  0.28 

TR 

mg/R 

1 

3 

230 600 500 540 700 500 450 

270 260 250 240 230 240 270 

TOC 

mgla C 

1 
3 

49.0 152 226 188 148 146 134 

20.0 20 20 13 16 20 20 
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APPENDIX I I PENTICTON WQCC GRAB SAMPLE  ANALYTICAL  RESULTS, 

JUNE 21, 1976 

b.  Metals 

Sampling  Point Number 
Raw Sewage 1 
F i n a l   C h l o r i n a t e d   E f f l u e n t  3 

Time ( h r )  
A n a l y t i c a l  Sampl i n q  - 
Parameter  Point 0630  0830  1030  1230  1430  1630  1830 

Cu T 1  

Cu D 2  

Fe T 

Fe D 

N i  T 

N i  D 

Pb T 

Pb D 

Zn T 

Zn D 

Mn T 

Mn D 

C r  T 

C r  D 

1 
3 

1 
3 

1 
3 

1 
3 

1 
3 

1 
3 
1 
3 

1 
3 

1 
3 

1 
3 

1 
3 

1 
3 
1 
3 

1 
3 

0.08 
0.02 
0.04 
0.01 

1.6 
0.39 

0.93 
0.14 

<O. 05 
<O. 05 

<O. 05 
<O. 05 

<o. 02 
(0.02 
<o. 02 
<o. 02 
0.09 
0.07 

0.09 
0.11 

0.07 
0.07 

0.07 
0.08 

4 . 0 2  
<o. 02 

<o. 02 
<o .02 

0.26 
0.03 

0.09 
0.02 

2.1 
0.65 

0.60 
0.11 

<O. 05 
<O .05 
<O. 05 
<O. 05 
<o. 02 
<o. 02 
<o. 02 
<o. 02 

0.26 
0.10 

0.14 
0.12 
0.07 
0.08 

0.05 
0.07 

<o .02 
<o. 02 

<o. 02 
(0.02 

0.27 0.27 
0.02 0.02 

0.11  0.12 
0.02 0.01 

2.4 2.0 
0.34  0.32 

0.49  0.68 
0.07 0.05 

~ 0 . 0 5  <0.05 
<0.05 <0.05 
<0.05 ~ 0 . 0 5  
<0.05 <0.05 

C O . 0 2  CO.02 
<0.02 C O . 0 2  

<0.02 <0.02 
<0.02 <0.02 

0.28  0.29 
0.06  0.06 

0.15  0.18 
0.15 0.98 

0.11  0.08 
0.06 0.07 

0.04 0.06 
0.07 0.07 
<0.02 <0.02 
<0.02 <0.02 

<0.02 co.02 
<0.02  <0.02 

0.22 
0.02 

0.09 
0.02 

2.3 
0.28 

0.50 
0.06 

<O. 05 
<O. 05 
<O. 05 
<O. 05 

<o. 02 
<o. 02 

<o. 02 
<o. 02 

0.24 
0.09 

0.12 
0.09 

0.07 
0.08 

0.03 
0.07 

4 . 0 2  
<o. 02 

<o .02 
<o. 02 

0.21 
0.03 

0.12 
0.02 

1.8 
0.35 

0.78 
0.14 

<O. 05 
<O. 05 

<O. 05 
<O. 05 
<o. 02 
(0.02 

<o. 02 
<o. 02 

0.25 
0.09 

0.20 
0.12 

0.08 
0.07 

0.05 
0.07 

<o. 02 
<o. 02 

<o. 02 
<o .02 

0.23 
0.02 

0.12 
0.02 

1 . 5  
0.42 

0.75 
0.21 

<O. 05 
<O. 05 

<O. 05 
<O. 05 
<o. 02 
<o. 02 

<o. 02 
<o. 02 

0.20 
0.10 

0.39 
0.13 

0.09 
0.09 
0.06 
0.08 

4 .  02 
<o. 02 

<o. 02 
<o .02 

~ 

‘T To ta l  

2 D  D i  ssol ved 
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APPEND1 X I  I I 

PENTICTON NQCC  BACTERIOLOGICAL 

SAMPLING  RESULTS 

Sample S t a t i o n  A Raw Sewage 

Sample S t a t i o n  B Primary  Ef f luent 

Sample S t a t i o n  C Secondary  Effluent 

Sample S t a t i o n  D Chlor inated  Secondary  Ef f luent 

Sample S t a t i o n  E F i n a l   E f f l u e n t  

- .  . .  . .  . .  
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APPENDIX I V  

PENTICTON WQCC OPERATING  DATA 

JULY 7-23, 1976 
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A P P E N D I X  V 

P E N T I C T O N  WQCC, D A I L Y  FL.OWS, CHLORINE 

D O S A G E S   A N D   P R E C I P I T A T I O N  

July 1 ,  1975 - June 30, 1976 
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