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A 

ABSTRACT 

A w a s t e w a t e r   t o x i c i t y   s t u d y   o f   t h e   I o n a   I s l a n d  Sewage Treatment 

P l a n t  was conducted  by  the  author i n   c o n j u n c t i o n   w i t h   p e r s o n n e l   f r o m  

the   Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c   Reg ion .  

The ob jec t i ves   o f   t h i s   s tudy ,   conduc ted   f rom  Augus t  16 t o  20, 

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   b y   t h e  

sewage t rea tmen t   p lan t ,   i . e .   p r imary   t rea tmen 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 ,   p r i m a r y   e f f l u e n t  

and c h l o r i n a t e d   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 ,  and; 

4. t o   d e t e r m i n e   t h e   i n c i d e n c e  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. 

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

such  factors  as p lan t   des ign  and ac tua l   l oad ing   and   ch lo r i ne  dosage. 

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

f o r   t h e   o b j e c t i v e s   l i s t e d  above. 

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

chemical  analyses o f  samples c o l l e c t e d   d u r i n g   t h e   s u r v e y   a t   v a r i o u s  

t r e a t m e n t   p l a n t   l o c a t i o n s .  
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CONCLUSIONS 

Based  on d a t a   c o l l e c t e d   a t   t h e   I o n a   I s l a n d  Sewage Treatment   P lant  

from  August 16 t o  20,  1976, the   f o l   l ow ing   conc lus ions   can  be made: 

1) Pr imary   t rea tment   d id   no t   reduce raw  sewage t o x i c i t y  . The 

mean tox i c i t y   concen t ra t i ons ,Tc ,were  1.46 and 1.45 TU f o r   t h e  

raw sewage a n d   p r i m a r y   e f f l u e n t  samples r e s p e c t i v e l y .   ( R e s u l t s  

ob ta ined  on  August 20 were  ignored due to   t he   h igh   deg ree   o f  

d i l u t i o n   o f   t h e  sewage w i t h   s t o r m w a t e r ) .  

2 )   C h l o r i n a t i o n  o f  t h e   p r i m a r y   e f f l u e n t  was r e s p o n s i b l e   f o r  an 

inc rease i n  t h e  mean t o x i c i t y   c o n c e n t r a t i o n   o f   t h e   c h l o r i n a t e d  
e f f l u e n t   t o  1.99 TU. (Resul ts   obta ined  on  August  19 and 20 

. were  ignored due t o   t h e   d e l a y   i n   s t a r t i n g   t h e   b i o a s s a y   t e s t s ) .  

3) The tox ic   was tewater   cons t i tuents   examined in  thls s tudy  

and deemed respons ib le   f o r   t he   b ioassay   resu l   t s   were :  

( i  ) un- i   oni   zed a m n i a  

( i i )   a n i o n i c   s u r f a c t a n t s ,  and 

( i  i i ) compounds fo rmed   by   ch lo r i na t i on  

4) The average  raw sewage PCB concen t ra t i on  was 0.14  ppb. The 
t rea tmen t   p lan t   reduced  PCB l e v e l s  an average o f  42%. A1 1 PCB 

concentrat ions  were  low. 

5 )  I n   genera l   t he   . resu l t s   ob ta ined   f rom  the   b ioassay   de te rm ina t ions  

a r e   n o t   d e f i n i t i v e  and  can o n l y  be  used t o   i n d i c a t e   t r e n d s .  
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1. INTRODUCTION 

The I o n a   I s l a n d  Sewage Treatment   P lan t  i s  operated  by  the 

Greater   Vancouver   Sewerage  and  Dra inage  D is t r i c t   and  t rea ts  sewage 

from  the  Vancouver Sewerage Area  wh ich   inc ludes   the  City of  Vancouver, 

a p o r t i o n   o f   t h e   M u n i c i p a l i t y   o f  Burnaby,  and Sea I s l a n d .  The c o l l e c -  

t i o n   a r e a   o f   t h e   I o n a   I s l a n d  STP has  been  estimated a t  35,600 acres,  

w i t h  a c o n t r i b u t o r y   p o p u l a t i o n  of  459,000. The c o l l e c t i o n   a r e a   i s  

s e r v i c e d   p r i m a r i l y   b y  a combined  sanitary  and  storm  sewer  system. 

The I o n a   I s l a n d  STP t rea ts   domest ic ,   commerc ia l   and  indus t r ia l  

wastewater. A complete list o f   t h e   m a j o r   i n d u s t r i a l   c o n t r i b u t o r s  

t o   t h e  sewer  system i s   u n a v a i l a b l e .  The ma jo r   t ypes   o f   i ndus t r i es  

l o c a t e d   w i t h i n   t h e   a r e a   s e r v i c e d   b y   I o n a   I s l a n d  STP i n c l u d e :  

1) Lumber, Treated  and  Laminated; 

2 )  Meta l ,  F a b r i c a t i n g   a n d   F i n i s h i n g ;  

3 )  Food Process ing ; 

4 )  Secondary  Industr ies;   and 

5 )  Serv ice  Related 

A r e p o r t   d e a l i n g   w i t h  an Inventory  of   Toxic  and  Hazardous 

Waste G e n e r a t i o n   w i t h i n   t h e  City of  Vancouver  being  prepared  by 

the   Env i ronmenta l   Pro tec t ion   Serv ice   and  the  City of  Vancouver 

will be  pub1 i s h e d   i n  December,  1977. T h i s   r e p o r t  will p r o v i d e  

b a c k g r o u n d   i n f o r m a t i o n   c o n c e r n i n g   t h e   m a j o r   i n d u s t r i a l   c o n t r i -  

b u t o r s   t o   t h e  sewerage  systems i n   t h e  City of Vancouver  p lus  the 

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   w i t h  each i n d u s t r y .   I n   a d d i t i o n ,  a 

r e p o r t  has r e c e n t l y  been publ ished  by  the  Westwater  Research 

C e n t r e ,   U n i v e r s i t y   o f   B r i t i s h   C o l u m b i a ,   t i t l e d   " T o x i c   S u b s t a n c e s  

i n  The Wastewater  from a M e t r o p o l i t a n  Area,"   which  deals   wi th   the 

heavy   me ta l   concen t ra t i ons   f ound   iwwas tewa te r   f rom  res iden t ia l ,  

i n d u s t r i a l  and  mixed  a reas   w i th in   the  GVRD (1). Reference  should 

a1 so be made t o  a repor t   by   Tanner ,   T raso l   in i   and Nemeth ( 2 )  which 

d e a l s   w i t h   t h e   w a s t e w a t e r   c h a r a c t e r i s t i c s   o f  GVRD t r e a t m e n t   p l a n t s  

and major  sewers. 
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The p r e s e n t   s u r v e y   c o n s i s t e d   o f   t h e   f o l l o w i n g   p r o g r a m s :  

1 )  a  4 day  composite  sampling  program; 

2)  a 12 hour  grab  sampling  program; 

3) a  24 hour   ch lo r ine   res idua l   mon i to r ing   p rogram,  and; 

4)  g e n e r a l   p l a n t   o p e r a t i o n   d a t a   c o l l e c t i o n .  

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   A u g u s t  16 t o  20, 

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   b y  

t h e  sewage t rea tmen t   p lan t ,   i . e .   p r imary   t rea tmen 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 ,   p r i m a r y   e f f l u e n t  

and c h l o r i n a t e d   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   substances,   and;  

4 )   t o   d e t e r m i n e   t h e   i n c i d e n c e  and t h e   e x t e n t   o f   r e m o v a l  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   con-  

d u c t e d   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  conducted 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   va r ious   t ypes   o f  sewage treatment  systems t o  remove o r   reduce  

w a s t e w a t e r   t o x i c i t y   a n d   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  i n  each  case. 
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1.1 lona  Island Sewage Treatment  Plant  Description 

The Iona Is land STP i s  a primary  sedimentation  treatment 
p lan t  w i t h  a design dry weather  f lowrate  of 130 CFS (70 Imp MGD) . 
The t reatment  components include two comminuting units, four  bar 
sc reens ,  six raw sewage pumps , six grit  chambers, ten pre-aerat ion 
tanks,   ten  sedimentation  tanks and  a ch lor ine   contac t   t ank .  A flow 
diagram  showing  sample  point  locations i s  presented i n  Figure 1. 
A t  the  design dry weather  flow  of  130 CFS the  treatment  plant  has 
a to ta l   hydraul ic   re ten t ion  time of  3.35  hours. The general 
ope ra t ing   cha rac t e r i s t i c s   o f  the Iona  Island STP a r e   o u t l i n e d  i n  
Table 1. The pr imary   s ludge ' i s   th ickened  i n  a s ludge   th ickener  and 
pumped t o  two s ing le   s t age   anae rob ic  digesters. The f ina l   d iges ted  
sludge i s  pumped to   s ludge  lagoons.  

1.1.1 P1 ant  Performance 

Long term performance  data  provided by GVS & DD i s  given 
i n  Table 2. This data   represents  the monthly  averages  of  composite 
samples  taken  from the influent and e f f luen t   ove r  a  one yea r  
period. Based on this information, the treatment  plant  accomplished 
a 27% overal l   reduct ion i n  BODg, a  59% reduction i n  NFR and  a 27% 
reduction i n  COD. Table 3 l i s t s  the t r ea tmen t   p l an t   da t a   co l l ec t ed  
by Iona  Island STP personnel d u r i n g  the survey  period. 
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Table 1 

OPERATIONAL  CHARACTERISTICS OF IONA  ISLAND STP 

Type o f  Treatment - Primary  Sedimentation 

Treatmen t Components : 
1) Comninuting Units (2 )  Paral le l  
2) Bar Screens  (4)  Paral  le1 
3) Raw Sewage (6)  Paral 1 e l  
4) Grit Chambers (6)   Paral le l  
5)  Pre-Aeration Tanks (10)  Parallel  
6)  Sedimentation Tanks (10)  Parallel  
7 )  Chlorine  Contact Tank (1) 

Average Dry Weather Flow = 130 CFS 
Peak Dry Weather Flow = 200 CFS 
Peak Wet Weather Flow = 625 CFS 

Average Daily Flow (September 1975 t o  Augus t  1976) = 155 CFS 
Average Daily Flow August 1976 = 109.6 CFS 
Peak Daily Flow October  29, 1975 = 391 CFS 
Peak Instanteous  Flowrate December 24, 1975 = 490 CFS 

Detention Times a t  DWF 
Grit Chambers = 0.20 hr 
Pre-Aeration Tanks = 0.55 hr 
Primary  Sedimentation Tanks = 1.60 hr 
Chlorine Con t a c t  Tank = 1.0 hr 

Total  3.35 hr 

Sedimentation Tank Overflow ( a t  DWF) = 857 gal / f t /day.  

Raw Sewage Average BOD = 133 mg/l 
NFR = 118 mg/l 
COD = 230  mg/l 
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Effluent Average BOD = 97 mg/l 
NFR = 48 mg/l 
COD = 167 mg/l 

S1 udge Treatment Components 

1) Raw S1 udge Pumps 5 Para1 le1 
2 )  Sludge  Thickener 1 
3) Disintegrators - 2 Paral le l  
4)  Thickened S1 udge  Pumps 1. Paral le l  
5 )  Primary  Anaerobic  Digesters 1. Parallel  
6 )  Sludge Lagoons 4 

h 
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2.  PROCEDURES AND METHODS 

2 . 1  Sampling Program 

The time  proportional 24 hour  composite  samples  were 
col lected  a t   four   t reatment   plant   locat ions  as   fol lows:  

1. 

2 .  

3. 

4. 

The raw sewage sample was taken from the raw sewage 
sump, p r io r   t o   t he  gri t  chambers.  Approximate 250 ml 
samples were taken  every  2.5  minutes using a  Markland 
Model 2101 - Spec.  Duckbill  sampler. 

The primary  effluent sample was taken from the over- 
flow  channel  of one sedimentation  tank  as shown i n  
Figure 1. Approximate 1.1 1 samples were taken  every 
10 minutes using an Eagle  signal  timer  assembly and a 
submersible pump. 

The chlor inted  eff luent  sample was taken from the  south 
e f f luent  channel as shown i n  Figure 1. Approximate 
1.1 1 samples were taken  every 10 minutes u s i n g  an Eagle 
signal timer assembly and a submersible pump. 

The composite  sample a l iquots  were col lected i n  45 gallon 
polyethylene  barrels. The 24 hour  composite  sampling 
program commenced a t  0900 hr August  16 and ended a t  
0900 hr August 20, 1977. 

The raw sewage and chlorinated  effluent  grab samples were 
taken from the same locations  as  the  composites. The grab  samples 
were collected  every 2 hours on Augus t  18, 1976 from 0830 t o  2030 hr. 

Sample point   locat ions  are   i l lustrated  in   Figure 1. 

2.2  Analyses 

Table  4 l is ts   the   analyt ical   parameters   for  the 24 hour 
composite  sampling program. Table 5 l is ts   the   analyt ical   parameters  
for  the  grab sampling  program. 
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. 

TABLE 4 

ANALYTICAL PARAMETERS 

24 HOUR COMPOSITE  SAMPLING PROGRAM 

Parameter   Abbrev iat ion  Uni   ts  

Total  Phosphate 
Ammonia 
N i t r a t e  
N i  tri t e  
T o t a l  A1 k a l   i n i  ty 
Chemi ca 1 Oxygen Demand 
Total   Organic  Carbon 
PH 
Non F i l t e r a b l e   R e s i d u e  
Anionic   Sur factants  
Total   Residue 
Cyan i de 
Phenol 
Oil and  Grease 
Po lych lo r i na ted   B ipheny ls  
Bioassay 

Me t a l  s 

Tota l   Mercury 
Copper,  Total  and  Dissolved 
I ron ,   To ta l   and   D isso lved  
N i c k e l  , T o t a l  and D isso lved 
Lead, Tota l   and  Dissolved 
Z inc ,   To ta l  and D isso lved 
A1 umi num, Tota l   and D i  ssol   ved 
Cadmium, Tota l   and  Dissolved 
Manganese, T o t a l  and D isso lved 
Chrorni urn, T o t a l  and D isso lved 

COD 
TOC 

N FR 

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 

Pa rame t e  r A b b r e v i a t i o n   U n i t s  

Total  Phosphate 
Ammon i a 
N i t r a t e  
N i t r i t e  
Non F i l t e r a b l e   R e s i d u e  
Chemical Oxygen Demand 
An ion ic   Su r fac tan ts  
Total   Residue 
Total  Organic  Carbon 
Cyan i de 
Phenol 
Oil and  Grease 
PH 

Meta ls  

Copper, T o t a l  and D isso lved 
I r o n ,   T o t a l  and  Dissolved 
N i c k e l ,   T o t a l  and D isso lved 
Lead, T o t a l  and D isso lved 
Z inc ,   To ta l  and D isso lved 
A1 umi num,  To t a l  and D i  sso l  ved 
Cadmium, Tota l   and  Dissolved 
Manganese, Total   and  Dissolved 
Chromium, Tota l   and  Dissolved 

COD 

TR 
TOC 
CN 

- 

- 

cu 
Fe 
N i  
Pb 
Zn 
A1 
Cd 
Mn 
C r  
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The conten ts   o f   each  compos i te   sample   bar re l   were   we l l   m ixed 

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 ing   meta l  s )  w e r e   d i v i d e d   i n t o  sample bo t t l es   and   p rese rved   as  

o u t l i n e d  i n  the  Environment Canada P o l l u t i o n   S a m p l i n g  Handbook. 

Samples f o r   b i o a s s a y   a n a l y s i s   w e r e   p l a c e d   i n   f o u r  5 g a l l o n   p l a s t i c  

j e r r y  cans. A1 1 samples  were  de l   ivered  wi th in  2 h o u r s   t o   t h e  

Environment Canada 1 a b o r a t o r y   f a c i  1 i t i e s .  Sample a n a l y s i s   f o r  a1 1 
parameters  except  metals  and PCB commenced w i t h i n  4 hours  of 

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  on  August 

18 were   separa ted   in to   the   p roper   con ta iner ,   p reserved as r e q u i r e d  

a n d   s t o r e d   a t  4OC be fo re   be ing   de l i ve red   on   Augus t  19 a t  1100 h r  

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

2.2.1  Chemical  Analyses 

The chemica l   parameters   inc lud ing   meta ls  as l i s t e d   i n   T a b l e s  

4 and 5 were  analyzed as descr ibed i n  the  Envi ronment  Canada P a c i f i c  

Region  Laboratory  Manual. 

2.2.2 P o l y c h l o r i n a t e d   B i p h e n y l s   A n a l y s i s  (PCB) 

Samples f o r  PCB w e r e   c o l l e c t e d   i n  one  gal 1 on amber g l a s s   b o t t l e s  

c o n t a i n i n g  50 m l  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  
invo lves   ace tone - h e x a n e   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 l e c t r o n   c a p t u r e  GLC a n a l y s i s .  The d e t e c t i o n  limit f o r  a one 

g a l l o n  sample i s  approx imate ly  0.005 ppb. 

2.2.3  Bioassay  Determinat ion  (96  hour LC,,) 
JU 

The s t a t i c   f i s h   b i o a s s a y   t e s t   g i v e s  an  approximate  numerical  
v a l u e   t o   t h e   b i o l o g i c a l   t o x i c i t y   o f   w a s t e w a t e r .  It i s   d e f i n e d  as 

t h e   c o n c e n t r a t i o n   o f  a measureab le   l e tha l   agen t   ( i n   t h i s   case   was te -  

w a t e r )   r e q u i r e d   t o   k i l l   t h e   5 0 t h   p e r c e n t i l e   i n  a g r o u p   o f   t e s t  

organisms  over a p e r i o d  of 96  hours. 

The s t a t i c   b i o a s s a y   t e s t   c o n s i s t s   o f  a s e r i e s   o f  30 l i t e r  

g l a s s   v e s s e l s   c o n t a i n i n g   d i f f e r e n t   s a m p l e   d i l u t i o n s   w i t h   6 - 9  

Rainbow T r o u t  (Salmo g a i r d n e r i  ) p e r   t e s t   v e s s e l .  The t e s t   v e s s e l s  

were  p laced i n  a con t ro l l ed   env i ronmen t  room w i th   t he   t empera tu re  
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m a i n t a i n e d   a t  14.5 - + l .O°C and a p h o t o   p e r i o d   l i m i t e d   t o  16 hours 

p e r  24 hours.  The b ioassay   t es t   p rocedure   ca l l s   f o r   samp les   w i th  

pH values  below 6.0 o r  above 8.0 t o  b e   n e u t r a l i z e d   t o  a pH o f  7; 

however pH adjustment was n o t   r e q u i r e d   f o r  any o f   t h e  samples 

c o l  1 ected. A1 1 samples  were  aerated  pr ior   to   the  test   and  con-  

t i n u o u s l y ,   f o r   t h e  96 hour   pe r iod .  The f i s h   l o a d i n g   d e n s i t y   i n  

each  vessel was 0.6  g/1. The p e r c e n t   m o r t a l i t y  and  percent 

d i l u t i o n  were p l o t t e d  on s e m i - l o g   p a p e r   t o   e s t a b l i s h  an LC5o 

v a l  ue. 

2.3 Ch lo r ine   Res idua l   Mon i to r i na  

The c h l o r i n e   r e s i d u a l   m o n i t o r i n g   p r o g r a m   c o n s i s t e d   o f   g r a b  
s a m p l i n g   t h e   c h l o r i n a t e d   e f f l u e n t  (Sample p o i n t  No. 3) every  

hou r   f o r  24 hours  from  1400 h r  August 16 t o  1400 h r  August  17  and 

de te rm in ing   t he   t o ta l   res idua l   ch lo r i ne   concen t ra t i on   (TRC) .  

The de te rm ina t ion   o f  TRC was done u s i n g  a Wallace & T iernan 

Amperometric T i t r a t o r   s e r i e s  A-790013. The fundamental  procedure 

used i s  a Back T i t r a t i o n  m e t h o d   i n v o l v i n g   t h e   n e u t r a l i z a t i o n   o f  an 

o x i d i z i n g   a g e n t   ( f r e e   i o d i n e )   w i t h  a reduc ing   agent   (pheny la rs ine  

o x i d e   s o l u t i o n )   o f  known s t reng th ,   i n   t he   p resence   o f   po tass ium 

i o d i d e .  

T o t a l   r e s i d u a l   c h l o r i n e  as  determined  by  the  Amperometric 

Back T i t r a t i o n  method  determined  the  concentrat ion  o f  compounds i n  

t h e   w a s t e w a t e r   c o n t a i n i n g   a c t i v e   c h l o r i n e   w h i c h   c o n s i s t   o f  mono- 

chloramines,  d ichloramines  and  hypochlorous  acid.  



- 14 - 

3 RESULTS 

3.1  Bioassay  Resul t s  

The s t a t i c   f i s h   b i o a s s a y   r e s u l t s   o b t a i n e d   f r o m   t h e  24 hour  

composi t e  samples a r e   i n c l u d e d   i n   T a b l e  6. The r e s u l t s   a r e   e x p r e s s e d  

as b o t h  a 96 hour  LC5o, as d e f i n e d   e a r l i e r ,  and a t o x i c i t y   c o n c e n t r a -  

t i o n  Tc. The t o x i c i t y   c o n c e n t r a t i o n   ( e x p r e s s e d   i n   t o x i c   u n i t s ,  TU) 

can  be c a l c u l a t e d   f o r   e f f l u e n t   d i s c h a r g e s  as f o l l o w s :  

Tc = 100% 

96 h r  LC50(%) 

Therefore,  a Tc o f   u n i t y   i s   e q u i v a l e n t   t o  an LC5o of  100%. 

The t o x i c i t y   c o n c e n t r a t i o n   c o n c e p t  becomes u s e f u l  when comparing 

e f f l u e n t s   t h a t   p r o d u c e s   l e s s   t h a n  50 p e r c e n t   m o r t a l i t y   a t   t h e  100% 

c o n c e n t r a t i o n   i n   t h e   b i o a s s a y   t e s t .  A Tc v a l u e   i n   t h i s   c a s e   c a n  be 

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

Tc v a l u e s   f o r   t h e   v a r i o u s   t e s t   d i l u t i o n s .  

3.2 Chemical  Analyses Non Meta ls  - Resu l ts  

The chemica l   ana lys i s   non -meta l s   resu l t s   ob ta ined   f rom  the  

24 hour   compos i te   samp les   a re   l i s ted   i n   Append ix  I. A comparison  of 

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

i l l u s t r a t e d   i n   F i g u r e s  2 and 3. The v a l u e s   p l o t t e d   i n   t h i s   c o m p a r i s o n  

r e p r e s e n t   t h e  mean va lue   f rom  the   f ou r  24 hour  composite  samples. The 

chemica l   ana lys is   non-meta l   resu l ts   ob ta ined  f rom  the   g rab   sampl ing  

p r o g r a m   a r e   o u t l i n e d   i n   A p p e n d i x  11. 

3.3 Chemical  Analyses  Metals - Resu l ts  

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

s o l v e s   f o r   t h e  24 hour  composi te  sampl ing  program,  are  presented i n  

Appendix I .  The r e s u l t s   o f   t h e   m e t a l   a n a l y s e s   f o r   t h e   g r a b   s a m p l i n g  

program  are  presented i n  Appendix 11. 

3.4 Ch lor ine   Res idua l  Moni t o r i n a  Resul t s  

The r e s u l t s   o f   t h e  24 h o u r   c h l o r i n e   r e s i d u a l   m o n i t o r i n g   p r o g r a m  

a r e   i l l u s t r a t e d   i n   F i g u r e  4. The compound l o o p   r e s i d u a l   c h l o r i n e  

con t ro l   sys tem  ma in ta ined  a TRC w i t h i n  a range o f  0.09 t o  1.54  mg/l 

and w i t h  a mean of  0.85 mg/ l .  It shou ld   be   no ted   tha t   the  TRC sample 

was taken  f rom  sample  po int  number  3, a p o i n t   i n   t h e   e f f l u e n t   c h a n n e l  

p r i o r   t o   t h e   c h l o r i n e   c o n t a c t   t a n k .  
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3.5 POLYCHLORINATED BIPHENYLS RESULTS 

The r e s u l t s   o f   t h e  PCB a n a l y s e s   f o r   t h e  24 hour  composi te 

samp le   p rog ram  a re   l i s ted   i n   Append ix  I .  The raw sewage mean PCB 
c o n c e n t r a t i o n  was 0.14  ppb  whi le  the mean e f f l u e n t   c o n c e n t r a t i o n  was 

0.08 ppb, r e p r e s e n t i n g  a 43% r e d u c t i o n .  A digester   s ludge  sample 

had a PCB concen' t rat ion o f  1.1 ppm. 

3.6 DAILY FLOWRATES,  CHLORINE DOSAGES  AND PRECIPITATION 

Dai ly   f lowrates  and  ch lor ine  dosages  for  a one y e a r  

per iod  f rom  September 1, 1975 to   August  31,  1976  have  been p l o t t e d  

i n  Appendix IV. C h l o r i n e   a d d i t i o n  was n o t   c a r r i e d   o u t  from 

October 31, 1975 t o   A p r i l  30,  1976. D a i l y   p r e c i p i t a t i o n   d a t a  has 

a l s o  been  included. 

The p l o t   I n d i c a t e d   t h a t   f l o w s   i n c r e a s e   s i g n i f i c a n t l y  due 
t o   p r e c i p i t a t i o n ,  as would  be  expected  from a combined  sewer  system. 

For  example,   dur ing  the  month  of   September 1975 t h e   t o t a l   p r e c i p i t a i o n  

r e c e i v e d  was 0.25 m and  the  average  da i ly   f low was 48.4 Imp MGD; 

t h i s   c o n t r a s t s   w i t h   t h e  month of  January  1976 when t h e   t o t a l   p r e -  

c i p i t a t i o n   r e c e i v e d  was 179 mm and  the   average  da i l y   f low was 116.7 

Imp MGD. 

F igure  5 i l l u s t r a t e s   t h e   i n s t a n t a n e o u s   f l o w   r e a d i n g s   t a k e n  

f rom  the   f low  recorder   char t   every   two  hours   f rom 0000 h r  August  16 

t o  1200 h r  August 21, 1976. T h i s   p l o t   a l s o   i l l u s t r a t e s   t h e   i n f l u e n c e  

of  p r e c i p i t a t i o n  on f l o w r a t e ;   t h e   t o t a l   p r e c i p i t a t i o n  on  August  16 

was 16.3 mm a n d   t h e   t o t a l   p r e c i p i t a t i o n   o n   A u g u s t  19 was 24.6 mm. 
The peak   f low  dur ing   the   per iod  was 370 CFS a t  1400 h r  August  16  and 

the  low  f low was 50 CFS a t  0800 h r   A u g u s t  19. 
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3 .7  METAL  ANALYSES SUMMARY 

I n   a d d i t i o n   t o   t h e   m e t a l   a n a l y s e s   c o n d u c t e d   d u r i n g   t h e  

survey  on  the  composi te  samples,   metal   determinat ions  were  a lso 
conducted   on   p r imary   d iges ter   s ludge.   Mun ic ipa l   water   supp ly   meta l  

analyses  data was prov ided  by   the   Greater   Vancouver   Water   D is t r i c t .  

A summary o f   t h e   m e t a l   a n a l y s e s  i s  presented i n  Table 7. The r e s u l   t s  

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

sewage samples  compared t o   t h e   m u n i c i p a l   w a t e r   s u p p l y ,  a s l i g h t  

decrease i n  m e t a l   c o n t e n t   o f   t h e   e f f l u e n t   f o l l o w i n g   p r i m a r y   t r e a t -  

ment  and a subsequent  accumulat ion o f  metal  i n   t h e   d i g e s t e r   s l u d g e .  

3.8 SEWAGE TREATMENT  PLANT  LOADINGS 

As men t ioned   p rev ious l y ,   t he   sewer   sys tem  d i scha rg ing   t o  

t h e   I o n a   I s l a n d  STP c o l l e c t s   b o t h   s a n i t a r y  sewage and  stormwater. 

For  comparat ive  purposes  the cornposi t e  sample r e s u l t s   c o l   l e c t e d  

dur ing   the   survey   have  been  conver ted   to   load ings   and  a re   p resented  

i n  Appendix I I I. The calcu lat ions  were  based on t h e   d a i l y   f l o w s  

observed  dur ing  the  survey  and a c o n t r i b u t o r y   p o p u l a t i o n   e s t i m a t e  

of  459,000. 

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

s t u d y   c a r r i e d   o u t   a t   t h e   P e n t i c t o n   W a t e r   Q u a l i t y   C o n t r o l   C e n t r e   ( 3 )  

d u r i n g   J u l y ,  1976 have  been  converted t o  1 oad ings   pe r   cap i ta   and  

a r e   p r e s e n t e d   f o r   c o m p a r i s o n   w i t h   t h e   I o n a   I s l a n d  STP l o a d i n g s   p e r  

c a p i t a   d a t a   i n   T a b l e   8 .  The c o m p a r i s o n   i n d i c a t e s   t h a t ,   i n   g e n e r a l ,  

l o a d i n g s   o f   n u t r i e n t s ,   s o l   i d s  , and  metals  on a p e r   c a p i t a   b a s i s  

a r e   h i g h e r   f o r   t h e   I o n a   I s l a n d  STP t h a n   t h e   P e n t i c t o n  WQCC, 

p robab ly  due t o   t h e   i n f l u e n c e   o f   i n d u s t r i a l   d i s c h a r g e s  on the   I ona  

I s l a n d  STP raw sewage.  The i n d u s t r i a l   d i s c h a r g e s   i n   P e n t i c t o n   a r e  

main ly   f rom  food  p rocessors .  
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TABLE 7 METAL  ANALYSES SUMMARY 

Me t a l  E f f l u e n t  Raw Sewage D iges te r   Mun ic ipa l  
1 2 

mg/ 1 mg/ 1 S1 udge  Water  Supply 
mg/ 1 mg/ 1 

c u  

Fe 3 
N i  

Pb 

Zn 

A1 

Cd 
Mn 

Cr 
Hg3 
TR 

TVR 

0.16 

1.09 

(0.05 

0.08 

0.24 

0.75 

(0.01 
0.07 

0.04 

(0.23 

358 

0.09 

0.74 

(0.05 

0.03 

0.16 

0.40 

(0.01 

0.05 

0.04 

(0.20 

268 

38 

560 
- 
24 

29 

740 

0.36 
12 

330 
- 

29000 

16000 

(0.01 

0.16 

(0.005 

< O .  005 

(0.005 
- 

(0.001 

0.005 

(0.005 

( 0.5 

17 .5  

8.9 

1 - Average of f o u r  - 24 hour  composite  samples 

2 - Resu l ts   supp l ied   by   Greater   Vancouver   Water   D is t r i c t  

Represents  average of  Cap i l  ano,  Seymour, and  Coqui tl am sys tems 

3 - U n i t s   p g / l  
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TABLE 8 COMPARISON OF R A W  SEWAGE LOADINGS 

VANCOUVER & PENTICTON, B .C. 

Pa ranle t e  r U n i t s   P e n t i c t o n  WQCC Iona STP 

TP04 1  b/day/ 10’cap 

NH3  1b/day/lO5cap 

N FR 1  b/day/cap 

COD l b l d a y l c a p  

TOC 1 b/  day/  ca  p 

CUT‘ 1  b/  day/  10  cap 5 

ZnT 1 b/day/ 10’cap 

PbT 1  b/dayl lO5cap 

FeT 1  b/day/105cap 

537 

2052 

0.11 

0.32 

0.10 

16.2 

23.3 

2.4 

128 

78 4 

1474 

0.20 

0.38 

0.14 

19.5 

32.3 

11.3 

149.5 

1 CUT - T o t a l  Copper 
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4 DISCUSSION 

4.1  B ioassay  Evaluat ion 

Municipal   wastewaters i n   g e n e r a l   c o n t a i n  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  be 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, 

s u l f i d e s ,   c h l o r i n e  and  ch loramine,   phenols ,   sur factants   and  severa l  
heavy  meta ls   which  inc lude  copper ,   z inc,   chromium  and  n icke l .  

Other   factors   such as temperature, pH, hardness , a l k a l i n i t y  and 

d i sso l ved   oxygen   tend   t o   mod i f y   t he   t ox i c i t y   p roduced   by   va r ious  

chemica l   cons t i tuents .  However, as 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 o n s   a r e   c o n t r o l   l e d  so t h a t  pH, temperature  and  d isso lved 

oxygen do n o t   t h e m s e l v e s   a f f e c t   t o x i c i t y .  The chemical   analyses 

r e s u l t s   f o r   t h e   i n d i v i d u a l   c o m p o s i t e  samples  were  examined w i t h  

re fe rence t o  t h e  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   t h e   b i o a s s a y   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 Ammoni a T o x i   c i   t v  

The common sources  of ammonia i n  wastewater   are:  

1 )   u r i ne ,   wh ich   con ta ins   u rea  (H2NCOH2N) which i n   t u r n  

2 )   o r g a n i c   m a t t e r   c o n t a i n i n g   p r o t e i n  and  amino  acids 

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

which decomposes u n d e r   b a c t e r i  a1 a c t i o n  y i  e l   d i n g  

ammon i a ; 

3)   chemical   p lants   and  c leaning  estab l ishments  which 

r e l e a s e  ammonia t o   t h e , s e w e r  system, and; 

4 )  househol d c l   e a n i  ng  agents. 

The t o x i c i t y   o f  amnonia  and ammoni urn 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   u n - i o n i z e d  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 d e p e n d e n t   e q u i l i b r i u m   i n   s o l u t i o n  as 

f o l  1 ows : 

NH3 + nH20 S NH3 . nH20 -$ NH4 + OH-+ (n-1)  H20 t 
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E m e r s o n ,   e t  a1 ( 4 )  have o u t l i n e d  a s e t   o f   e q u i l   i b r i  um 
c a l c u l a t i o n s   f o r   d e t e r m i n g   t h e   u n - i o n i z e d  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   fo r   the   24   hour   compos i te   samples   have  been  ca lcu la ted  

a c c o r d i n g   t o   t h i s   s e t  

a d d i t i o n ,   t h i s   t a b l e  

c o n s t i t u e n t s   i n v o l v e d  

Mayo, e t  a1 

o f   e q u a t i o n s   a n d   a r e   r e p o r t e d   i n   T a b l e  9 .  I n  

i s t s   t h e   b i o a s s a y   r e s u l t s   a n d   t h e   m a j o r   t o x i c  

for  each  composite  sample. 

5) s t a t e   t h a t  0.006 mg/l N u n - i o n i z e d  ammonia 

may be   cons ide red   t o   be   t he   des i rab le   upper  1 eve1 fo r   ex tended 

f i sh   exposure .  A l e v e l   o f  0.025  mg/ l   un- ionized 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  ( 6 ) .  L l o y d  and Orr 

( 7 )  r e p o r t e d   t h a t  0.44 mg/ l   un- ion ized 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   T a b l e  9 f o r  

August 17, 18, 19  were i n   t h e   r a n g e   o f  0.025  mg/l  and  therefore 

w o u l d   b e   e x p e c t e d   t o   c o n t r i b u t e   m a r g i n a l 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 and  Se l leck  (8 )  f a c t o r s  

i n   a d d i t i o n   t o   u n - i o n i z e d  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  ammonia. 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   b e y o n d   t h e   s c o p e  

o f   t h i s   r e p o r t .  

4.1.2 S u r f a c t a n t   T o x i c i t y  

Detergents   a re  a comnon component  of sewage and i n d u s t r i a l  

e f f l u e n t s ,   d e r i v e d   i n   l a r g e s t  amounts  from  household  cleaning  agents. 

Sur fac tan ts   can   be   d iv ided as b e i n g   e i t h e r   a n i o n i c ,   c a t i o n i c   o r  

n o n - i o n i c  ( 9 ) .  I n   c u r r e n t   d e t e r g e n t   f o r m u l a s ,   t h e   p r i m a r y   t o x i c  

a c t i v e   a g e n t   i s  LAS ( l i n e a r   a l k y l a t e   s u l f o n a t e s )  an a n i o n i c  

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

was c a r r i e d   o u t   s p e c i f i c a l l y   f o r  LAS. 

The t o x i c i t y   o f  LAS tends   t o   i nc rease   i n   ha rd   wa te r ,   and   i nc rease  
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Thatcher  and  Santner  (10)  found  96  hour LC5o Val  ues f o r  

LAS o f  3.3-6.4 m g / l   f o r   f i v e   s p e c i e s   o f   f i s h .   D o l a n  and  Hendricks 

determined an LCso o f  5.9 mg/l LAS f o r   b l u e g i l l   s u n f i s h   ( 1 1 ) .  The 

a n i o n i c   s u r f a c t a n t   c o n c e n t r a t i o n s  as r e p o r t e d   i n   T a b l e  9 c o u l d  be 

e x p e c t e d   t o   c o n t r i b u t e   t o   w a s t e w a t e r   t o x i   c i  ty. However, the  degree 

o f   i n f l u e n c e   c a n n o t  be r e a d i l y   d e t e r m i n e d .  

4 .1 .3   Ch lor ine   Tox i   c i  ty 

The t o x i c i t y  o f  c h l o r i n e   a n d   o t h e r   c h l o r i n a t e d  compounds 

such as chloramines  and  chlor inated  hydrocarbons  has  been  thoroughly 
documented i n   t h e  l i t e r a t u r e .  Martens  and  Serviz i  (10) o b s e r v e d   t h a t  

t h e   t o x i c i t y   o f   p r i m a r y   t r e a t e d  sewage t o  sockeye  salmon was increased 

seve ra l   f o ld   whenever   ch lo r i ne   res idua ls   were   de tec ted   i n   t he   e f f l uen t .  

I n   f i e l d   s t u d i e s ,   r e s i d u a l   c h l o r i n e   l e v e l s  above 0.02 mg/l  were 

f o u n d   l i k e l y   t o  be tox i c   t o   ra inbow  t rou t   and   sockeye   sa lmon   us ing  

i n - s i   t u   b i o a s s a y   t e c h n i q u e s   ( 1 2 ) .  

The t o x i c i t y   o f   c h l o r i n a t e d   w a s t e w a t e r  does n o t  depend 
d i r e c t l y  on  the  amount o f   c h l o r i n e  added b u t  o n   t h e   c o n c e n t r a t i o n  

o f   r e s i d u a l   c h l o r i n e   r e m a i n i n g   ( 1 3 ) .   R e s i d u a l   c h l o r i n e   i s  commonly 

unders tood  to  mean t h e   t o t a l   c o n c e n t r a t i o n  o f  compounds c o n t a i n i n g  

a c t i v e   c h l o r i n e   w h i c h   r e m a i n   a f t e r   f r e e   c h l o r i n e   a d d i t i o n .  These 

compounds consist  of  monochloramines , dichloramines  and  hypochlorous 

a c i d .   I n   a d d i t i o n   c h l o r i n e  may combine w i t h  a v a r i e t y   o f  compounds 

i n  wastewater   inc lud ing   cyan ide ,   pheno ls   and  a lky l   su l fonate ,   wh ich  

a re   no t   de tec tab le   by   t he   amperomet r i c   t echn ique .  

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

w i t h   s u b s t a n c e s   i n  sewage. Marten and S e r v i   z i   ( 1 2 )   r e p o r t e d   i n  a 

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

d e c r e a s e d   s i g n i f i c a n t l y   f r o m  2.6 m g / l   d u r i n g   t h e   f i r s t   1 0   h r   b u t  
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assumed a v i r t u a l l y   c o n s t a n t   v a l u e   o f  0.2 mg/ l   which  pers is ted  beyond 

50 h r .  

The b i o a s s a y   t e s t   s t a r t   d a t e s   a r e   l i s t e d   w i t h   t h e   r e s u l t s  

i n  Table 9. For   ch lo r ina ted   samples   co l lec ted   on   August  17 and 18 
t h e   b i o a s s a y   t e s t s   s t a r t e d   t h e  same day. Whereas, f o r   c h l o r i n a t e d  

samples c o l l e c t e d  on August 19 and  20, t he   b ioassay   t es ts  commenced 

3 and 2 days l a t e r   r e s p e c t i v e l y .  

Therefore,  i t  can  be  assumed t h a t   t h e  samples c o l l   e c t e d  

on  August 19 and 20 w o u l d   n o t   e x h i b i t   c h l o r i n e   i n d u c e d   t o x i c i t y .  

If t h e  samples c o l l e c t e d  on  August 17 and  18  are  considered 

separa te l y   t he   ave rage   tox i c i t y   concen t ra t i ons   wou ld   be ;   raw  sewage 

Tc = 1.42, p r i m a r y   e f f l u e n t  Tc = 1 . 6 1   a n d   c h l o r i n a t e d   e f f l u e n t  Tc = 

1.99. T h i s   i n f o r m a t i o n   w o u l d   t e n d   t o   i n d i c a t e  an i n c r e a s e   i n   t o x i c i t y  

due t o   c h l o r i n a t i o n .  

4.2 Bioassay Summary 

The resu  

a r e   n o t   d e f i n i t i v e  

A1 1 samp 

t h e   h i g h   d e g r e e   o f  

t s   o b t a i n e d  from the   b ioassay   de terminat ions  

and  there fore ,  can o n l y   b e   u s e d   t o   i n d i c a t e   t r e n d s .  

e s   c o l l e c t e d  on  August 20 were  non- tox ic  due t o  

d i l u t i o n   o f   t h e  sewage w i th   s to rmwate r .   (To ta l  

p r e c i p i t a t i o n   f o r   A u g u s t  19 was 24.6 mm a n d   t h e   p l a n t   d a i l y   f l o w  was 

118.4 Imp M G D ) .  

O f  the  remain ing  samples,   un- ion ized ammonia and s u r f a c t a n t  

concentrat ions  were  low  by  compar ison  to  sewage from a separa te  

s a n i t a r y   s y s t e m .   I n   a d d i t i o n ,   p a r a m e t e r s   o t h e r   t h a n   t h o s e   i n v e s t i -  

gated  dur ing  the  sampl ing  program may have  been  responsib le   for  

w a s t e w a t e r   t o x i   c i  t y  . 
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APPENDIX I 

IONA  ISLAND  STP 

COMPOSITE  SAMPLE  ANALYTICAL  RESULTS 

a )  NON METALS 

b )  METALS 



- 33 - 

APPENDIX I I ONA ISLAND COMPOSITE  SAMPLE ANALYTICAL RESULTS 

(a)  Non-Metals 

Sampl ing  Point  Number 

Raw Sewage 1 
Pr imary   E f f l uen t  2 

C h l o r i n a t e d   E f f l u e n t  3 

A n a l y t i c a l  Sampl i ng  Date 
Pa rame t e  r P o i n t  Aug 17 Aug 18 Aug 19 Aug 20 

TP04 1 4.0 5.10 7.9 1.6 

mg/l p 2 3.4 3.50 3.6 1.7  

3 3.5 3.15 3.3  1.2 

NH3 1 15 11  11 2.4 
mg/l N 2 10 11 12  4.4 

3 10 11 12 3.6 

N03 1 < 0.01 (0.01 (0.01 4 0 . 0 1  

mg/l  N 2 (0 .01  (0.01 (0.01 (0.01 

3 0.20  (0.01 (0.01 0.42 

N02 1 .008 .012 .01 (0.005 

mg/l N 2 .009  .014  .019 .005 

3 .036  .038  .035  .035 

A1 k a l   i n i  t y  1 72  93 84 38 

mg/l CaC03 2 62 85 100 50 

3 54 79 90 40 

COD 1 260  340 210 250 

mg/ 1 2 120 2 10 130 300 

3 140 190 350 2 90 
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cont ' d 

PH 1 6.9 7.0  6.9  6.8 

2 6.9 6.9  6.9  6.9 

3 7 . 1  7 .1   7 .0  7 . 1  

NFR 1 160 2 10  98  110 

mg/ 1 2 46 59 81 59 

3 44 50 61 30 

Anionic 1 1.5  2.6  2.6  1.9 

Sur fac t an t s  2 0.57 1.1 0.97  0.49 

mg/l LAS 3 1 .0  1.1 0.93  0.63 

TR 
~~~~ ~ 

1 400  410 340  280 

mg/ 1 2 210 310 360  180 

3 240 320 330  180 

~~~~ ~~ ~ ~ 

CN 1 (0 .03  0.05 (0 .03   (0 .03  

mg/ 1 2 (0 .03  0.05 0.04 (0.03 

3 0.05 0.05 (0 .03  0.04 

Phenol 1 0.019 0.007 .030 (0.02 

mg/ 1 2 0.012  0.004  .030 40.02 

3 0.010  0.021  .025  (0.02 

TOC 1 116.0  134.0  86.0  46.0 

mg/ 1 2 40.0  62.0  86.0  24.0 

3 42.0  53.0  80.0  32.0 

. . . con t ' d  
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cont'd 

PCB 

PPb 

1 0.150 0.110 0.120 0.190 

2 0.110 0.080 0.100 0.068 

3 0.100 0.064 0.092 0.068 
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APPENDIX  I IONA ISLAND STP COMPOSITE SAMPLE ANALYTICAL RESULTS 

( b )  Metals  

Sarnpl i n g  P o i n t  

Raw Sewage 

P r i m a r y   E f f l u e n t  

C h l o r i n a t e d   E f f l u e n t  

Number 

1 

2 

3 

A n a l y t i c a l  Sarnpl i ng  Date 
Parameter  Point  Aug 17 Aug 18 Aug 19 Aug 20 

Pb T1 

rng/ 1 

1 0.12 0.05 0.04 0.12 

2 0.04 0.05 0.02 0.11 

3 0.05 0.03 0.03 0.08 

Pb DL 1 0.02 (0.02 (0.02 0.04 

mg/l 2 0.03  0.02 0.02 0.05 

3 (0.02 (0.02 0.02 0.05 

Cu T 1 0.15 0.23 0.11  0.07 

2 0.08  0.13 0.09 0.08 

3 0.07 0.12 0.11  0.06 

Cu D 1 0.03 0.05 0.05  0 .03 

2 0 .03 0.02 0.05 0.04 

3 0.07  0.11  0.07  0.05 

Zn T 1 0.37  0.27  0.15  0.16 

2 0.15  0.25  0.16  0.17 

3 0.18  0 .21  0 .13 0.11 

. . . c o n t ' d  
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Zn D 1 - 3   0 . 1 3  - 0.08 

2 - 0.17 - 0.09 

3 - 0.14 - 0.08 

Fe T 1 1.5  1.4  0.75 0.70 

2 0.91 1.1 0.65  0.84 

3 0.92 0.85 0.65 0.52 

Fe D 1 0.32 0.44 0.44 0.34 

2 0.33 0.52 0.48 0.36 

3 0.29 0.38 0.34 0.45 

Cd T 1 (0 .01  (0.01 (0.01 (0.01 

2 (0.01 (0.01 (0 .01  (0 .01  

3 (0.01 (0.01 (0 .01  (0.01 

.Cd D 1 (0.01  (0 .01  (0 .01 
~~ ~ ~~~ ~ ~~~~ 

10.01 

2 (0 .01  (0.01 LO. 01 - 

3 < 0.01 (0.01 CO. 01 - 
N i  T 1 (0.05 { 0.05 0.05 ( 0.05 

2 (0 .05 (0.05 (0.05 0.05 

3 (0.05 <0.05 (0.05 (0 .05  

Mn T 1 0.08  0.08 0.05 0.06 

2 0.06 0.06 0.06  0.04 

3 0.06 0.05 0.06 0.04 

Mn D 1 0.04 0.05 0.04 0.05 

2 0.04  0.06 0.05 (0.03 

3 0.04  0.06 0.05 0.04 

.. . c o n t ' d  
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A1 T 1 1.1 1.2 0.3 0.4 

2 0.5 0.6 0.3 0.6 

3 0.6 0.4 0 . 3  0.3 

A1 D 1 (0 .3  ( 0 . 3  (0.3 (0.3 

2 (0.3 (0.3 (0.3 (0.3 

3 CO. 3 (0.3 (0.3 (0.3 

Cr T 1 0.05 0.05 0.03  0.02 

2 0.03 0.05 0.04 0.02 

3 0.04 0.05 0.03 0.02 

Cr D 1 0.02  0.02  0.03  (0.02 

2 0.02  0.02  0.03  (0.02 

3 (0.02 40.02 0.02 (0.02 

Hg T 1 <o. 20 0.24 0.27 0.20 

ug/ 1 2 LO. 20 0.20 0.27 0.23 

3 (0.20 (0.20 (0.20 LO. 20 

T Total 

D2 Dissolved 

-3  Data  unreliable 

1 
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APPENDIX I 1  

IONA  ISLAND  STP 

GRAB SAMPLE  ANALYTICAL  RESULTS 

a )  NON-METALS 

b )  METALS 
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" 

A P P E N D I X  I 1  I O N A  ISLAND STP GRAB SAMPLE ANALYTICAL RESULTS 

(a)  Non-Metal s August 18, 1976 

Sampl i n g   P o i n t  Number 

Raw Sewage 1 

P r i m a r y   E f f l u e n t  2 

C h l o r i n a t e d   E f f l u e n t  3 

A n a l y t i c a l  Sampl i ng  Time ( h r . )  
Parameter   Point  0830  1030  1230  1430  1630  1830  2030 

TP04 1 9 .5  4.2 3.9  8.0  3.4  3.6  3.5 

mg/l P 2 4 .5  3.9  3.9 4.0 3.9  3.8 3.4 

3 3.9  4.1  3.4  3.3  3.5  3.6  9.0 

NH3 1 17 18 9.2 11 12 12 9 .8  

mg/l N 2 14 16 10 9.6 12 12  12 

3 10 12 11 11 10 10 8 .6  

N03 1 (0.01 (0.01 (0.01 (0.01 40.01 (0.01 (0.01 

mg/l N 2 (0.01 (0.01 (0.01 < O . O l  (0.01 (0.01 (0.01 

3 0.53  0.37 (0.01 (0.01 0.54 0.28 0.28 

NoZ 1 .015 .016  .013  .015  .014 .011 .015 

mg/l N 2 .015 .017  .017  .017  ,018 .016 . O l O  

3 .091 .043 .017 .017 .055 .021 .021 

N FR 1 2 30 130 110 110 100 87 95 

mg/ 1 2 63 52 50 56 63 65 45 

3 65  89 59 58 54 59 53 

. . . c o n t ' d  
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cont  ' d 
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COD 1 200  280 2 10 2 80 3 10 230  290 

mg/l 2 88  120  120  130  280 3 10 2 10 

3 76 100 180 180  210  260 2 30 
~~~~ ~ 

Anionic 1 2.6 5.2 14  1.4  1.4  3.0  10 

Sur fac t an t s  2 1.5  4.8 1.2 1.2 1.2 3.6 16 

mg/l LAS 3 1.8  4.0 1.2 1.3  1.4 17 17 

~~~ ~~~~~~~ ~~ ~ ~~ ~~ ~ ~ ~ ~ ~~~~~~~~~~ 

TR 

mg/ 1 

1 620 460 290 300 300 310 340 

2 270 350 320 3 10 310 270 260 

3 290 370 340 330 330 290 320 

CN 

mg/ 1 

1 

2 

3 

(0.03  0.27  0.07  0.07  0.07  (0.03  (0.03 

(0.03 0.27  0.07  0.07  0.07  (0.03  CO.03 

Phenol 1 .023  .015  .017  .002  .003 .011 .002 

mg/ 1 2 .002 .027  .002  .002  ,034  .!I05  .002 

3 .004  .027 .005 .004  .053 ,009 .002 

Oil & Grease 1 6.6 5.4 5.6 6.4 14.4 7.6 4.4 

mg/ 1 2 10.4 7.4  3.0 7.2 5.6 9.4  11.4 

3 7.4 6.4  3.8 4.2  2.8 3.6  5.0 

PH 1 7.0 6.7 6.8 6.8 6.9 6.9 6.8 

2 6.9 7.1 7.0 7.0 7.0 6.7 6.6 

3 7.2 7.1 7.1 7.1 7.1 6.9 6.9 

TOC 

mg/ 1 

1 117.0 150.0 92.0 96.0 132.0 70.0 89.0 

2 70.0 71.0 72.0 84.0 73.0 82.0 72.0 

3 74.0 80.0 70.0 72.0 74.0 73.0 76.0 
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A P P E N D I X  I 1  IONA ISLAND STP GRAB SAMPLE ANALYTICAL RESULTS 

( b )  Metals  August 18,  1976 

Sampl i ng   Po in t  Number 

Raw Sewage 

P r i m a r y   E f f l u e n t  

C h l o r i n a t e d  Effl uent  

A n a l y t i c a l  Sampl i ng  Time ( h r . )  
Parameter  Point  0830  1030  1230  1430  1630  1830 2030 

Cu T1 

mg/ 1 

1 0.18 0.18 0.17 0.14 0.10 0.72 0.17 

2 0.12 0.14 0.12 0.13 0.12 0.15 0.43 

3 0.11 0.14 0.14 0.13 0.12 0.14 0.35 

Cu D2 1 0.02 0.04 0.04 0.05 0.05 0.26 0.40 

2 0.02 0.03 0.01 0.02 0.01 0.02 0.08 

3 0.04 0.03 0.01 0.04 0.10 0.11 0.25 

Zn T 1 0.20  0.33  0.17  0.13  0.14  0.14  0.13 

2 0.19  0.25  0.35  0.23  0.24  0.35  0.28 

3 0.17 0.28  0.21  0.20  0.25  0.32  0.28 

Zn D 1 0.13  0.20 0.10 0.07 0.10 0.08 0.08 

2 0.12 0.12  0.12  0.12  0.16  0.22 0.22 

3 0.12 0.15 0.12  0.14  0.13  0.24  0.18 

. . . c o n t  ' d 
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Pb T 1 0.04 0.06 1.2 0.04 0.02 0.03 0.02 

2  <0.02 0.06 0.04 0.03 0.05 0.03 0.02 

3 0.04 0.04 0.04 0.09 0.07 0.02 0.02 

Pb D 1 (0.02 (0.02 (0.02 LO.02 (0.02 LO.02 40.02 

2 (0.02 (0.02 (0.02 (0.02 10.02 (0.02 (0.02 

3 (0.02 (0.02 (0.02 10.02 0.03 a.02 40.02 

Fe T 1 1.4 1.5 1 . 3  0.90  0.72 1.1 0.72 

2 0.86  1.2 1.0 1.3 1.0 1.1 0.97 

3 0.75 1.1 0.76  1.0  0.78  0.80  0.86 

~~ ~ ~~~ ~~~ ~ ~~~~~ 

Fe D 1 0.49 0.56 0.42 0.64 0.46 0.45 0.45 

2 0.44 0.50 0.46 0.45 0.54 0.58 0.51 

3 0.33 0.53 0.36 0.43 0.33 0.39 0.38 

Mn T 1 0.09 0.09 0.08  0.08 0.08 0.07  0.08 

2 0.07  0.08  0.08 0.08 0.07  0.08  0.08 

3 0.09  0.08  0.07  0.07  0.08 0.07 0.07 

Mn D 1 0.06 0.06 0.07 0.06  0.07  0.06 0.06 

2 0.06 0.06 0.06 0.05 0.06 0.05 0.06 

3 0.06  0.06  0.06  0.8  0.06  0.08  0.06 

Ni T 1 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 

2 (0.05 (0.05 (0.05 (0.05 (0 .05  (0.05 (0.05 

3 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 

Ni D 1 (0.05 (0.05 (0.05 (0.05 (0.05 0.05 (0.05 

2 (0.05 (0.05 60.05 (0.05  (0.05 (0.05 (0.05 

3 (0.05 (0.05 C0.05 (0.05 (0.05 (0.05 CO.05 

. . .cont'd 
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Cd T 1 (0 .01  (0.01 (0.01 (0.01  (0.01 (0.01 40.01 

2 (0.01 (0.01 (0 .01  (0.01 (0.01 (0.01 (0.01 

3 (0.01 (0.01 (0.01 (0.01 (0.01 40.01 (0.01 

Cd D 1 (0.01 (0.01 <0.01 (0.01  (0.01 0 . 0 1  <0.01 

2 (0.01 40.01 40.01 (0.01 (0.01 40.01 < O . O l  

3 (0 .01 (0.01 10 .01  (0.01 LO.01 <0.01 dO.01 

Cr T 1 0.06 0.05 0.05 0.04 0.03 0.02 0.03 

2 0.03 0.05 0.03 0.04 0.03 0.03 0.02 

3 0.03 0.05 0.03 0.04 0.03 0.03 0.03 

Cr D 1 0.03 (0.02 (0.02 40.02  4.0.02 (0.02 40.02 

2 (0.02 (0.02 (0.02 (0.02 0.02 0.02 40.02 

3 (0.02 (0.02 <0.02 0.02 (9.02 (0.02 (3.02 

A1 T 1 0.6 0.8  0.8 0.5 ( 0 . 3  0.6 0.4 

2 0.6 0.6 1.0 1.1 1 .o  0.6 0.5 

3 0.7 0.6 1.1 1.2 1.1 0.6 0.4 

A1 D 1 C0.3 (0.3 cO.3 0.4 ( 0 . 3  0 . 3  ( 0 . 3  

2 (0.3 ( 0 . 3  0.4 0.4 (0 .3 4.0.3 <0.3 

3 (0.3 (0 .3 0.4 0.5 0.4 (0.3 0.3 

T1 T o t a l  

D2 D i  ssol ved 
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:j 50 

I- 

t 

HOUR 0830 I630 1i30 14;O 1$30 Id30 2d30 

I O N A   W 0 C C   G R A B   S A M P L I N G   P R O G R A M -  
R A W   S E W A G E  - A u g u s t  18,1976 
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COD, 

Hour 0830 1030  1230  1430 1630 1830 2030 

I 
I 

I 
t 

I 
i 

IONA W Q C C  GRAB  SAMPLING PROGRAM - 
C H L 0 R b N A : T E " D   E F F L U E N T '  - August 18,1976 
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APPENDIX I I I 

SEWAGE TREATMENT  PLANT  LOADINGS 

a )  NON-METALS 

b )  METALS 



- 48 

m 
CD m 

e- m 
h 
a2 

m 
h 

N 
m 

m m 
0 
N 

m 
d 

0 

e- 
N 

0 

m 
N 

0 

a3 
4 

0 

n 
la 
1 
V 

2 
1 
U 

7 

n 

d 
5: 
x 
N 
a3 
4 

e- 
0 
l-4 

x 
u3 
h 

CD 

e- 
0 
4 

x 
m 
m 
N 

d 

2 
X 

0 
m 
N 

2 
\ 
-0 

7 
n 

d 
0 

0 

Ln 
d 

0 

co 
0 

0 

m 
0 

0 

II 
rd 

\ 
V 

2 
\ 
-0 

- n 

h 

m 
4 

m 
m 
N 
co 

N 
4 
N 
d 

4 
d 
h 
l-4 

Q 
rd 
V 

0 
m 

l-4 

S 
C 
c 

t 

c cc 
(L 

h 5  
u u  ra 
\ \  n n  \ \  n n  
" " 

m m 4 4 d cr) 

0 

I- 

e- 
a 

m 
I z 

CT 
L L  
z s a  

Q 



- 49 - 

4 
In 

d 

In 
h 

4 

cn 
h 

cu 

d m 
4 

L o 4  
o m  

0 
4 

x 
cu m 
cu 

I I 
M 
Lo 

cn 

CD co 
03 

CD m 
4 

M 
c) 

h 

h 0 
0 cu 

cu 

Cl 
rd 
W 

CL 
rd 
W 

Cl 
rd 
W 

n m Lo 
rd 
W 

0 
4 

0 
4 

h 
-0 
a 
\ n 

\ 

2 
-0 
\ n 

2 
U 

\ 

2 
U 

h 
U 
rd 

\ n 

\ 
h 
rd 

\ 
U 

n 

h 
U 
rd 

\ n 

\ 
h 
rcI 

\ 
U 

n 

h lu 
\ 

rd 
U 
\ 

h 

n 

h 
U 
rd 

\ n 
-0 
n \ 

\ 
L l  

\ n 
-I"-"""" 

4 M 

0 
0 

n 



- 50 - 

I I 

4 m  

L 

V 
3 

m I+ 

I- 

N 
S 

m 

Ln 

m 
d 

0 
N 
h 

0 

d 
m 

N co 
d 

t-i m 

I- 

L L  
aJ 

T: 

C 
C 
c 



- 51 - 

""I-"""" 

I- 

n 
a 

d 

I" 

S 
E 

m d 

I" 

L 
0 

m 



- 52 - 

APPENDIX I V  

IONA  ISLAND  STP,   DAILY  FLOWS, 

CHLORINE DOSAGES  AND P R E C I P I T A T I O N  

SEPTEMBER 1, 1975 TO  AUGUST 31, 1976 
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