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ABSTRACT 

A was tewa te r   t ox i c i t y   s tudy   o f   t he   M iss ion   Po l l uh ion   Con t ro l   Cen t re  

was conducted  by  personnel o f   the   Env i ronmenta l   Pro tec t ion   Serv ice  , Pa- 

c i  f i  c Region. 

The o b j e c t i v e s   o f   t h e   s u r v e y ,   c a r r i e d   o u t  from J u l y  5 t o  9, 

1976 were as fo l lows:  

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 tment   p lan t ,  

2. t o   d e t e r m i  ne t h e   e f f e c t   o f   c h l   o r i   n a t i  on on t h e   t o x i   c i  ty o f  

t h e   e f f  1 uent, 

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 ,   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   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 

4 

The s tud  

such f a c  

i 

t 

t o x i c  substances  and 
to   de termine   the   inc idence 

po lych lo r i na ted   b ipheny ls .  

es a l s o   i n c l u d e d   t h e   c o l l e c t  

and t h e   e x t e n t   o f  removal o f  

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  

.ors as p lan t   des ign  and  actual   loading,  chlor ine dosage  and 

res idua1 , ' and   t he   ex ten t   o f  sewer l i n e   i n f i l t r a t i o n .   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. 

Th is   repor t   con ta ins   the   resu l ts   o f   b ioassay   de terminat ions   and  chemica l  

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   d i f f e r e n t   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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CONCLUS I ONS 

Based on data  collected  at  the Mission Pollution Control  Centre from 
July 5 to July 9,  1976 the f o l l o w i n g  conclusions can be  made: 

1. The treatment p l a n t  (activated  sludge) was responsible for 
complete removal of the  toxicity  associated w i t h  the raw 
sewage samples. This was mainly at t r ibutable  t o  the  re- 
duction of  the  anionic  surfactant  concentration by biolo- 
g i  cal treatment. 

2.  

3,  

.. 

Chlorination of the  effluent d i d  n o t  resul t   in  an increase 
in   toxici ty .  However as  discussed  in  sections  4.1.3 and 
4.2 the  chlorine  residuals  maintained i n  the  effluent 
would be insuff ic ient   to   resul t  i n  any increase i n  toxici ty .  

The average raw  sewage PCB concentration was .052 ppb . 
The treatment  system reduced PCB levels an average o f  43.5%. 
A1 1 PCB concentrations  encountered were significantly low. 
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1. INTRODUCTION 

The Distr ic t  of  Mission,  located i n  the  Fraser  Valley, 
had a n  estimated p o p u l a t i o n  o f  14,683 i n  1976( 1 ) .  The Mission 
Pollution Control Center  serves a population of approximately 9,000.  
Some areas  in  the  district  are  presently in  the  process  of con- 
necting  to  the sewer system. The sanitary and storm sewer  systems 
are  completely separate. There are no major industries  discharging 
wastewater t o  the sewer system. Economic a c t i v i t y   i s  mainly asso- 
ciated with service  to  the  agricultural  resources  in  the  area  plus 
some act i  vi ty i n  1 umber and food processing . 

The objec t i  ves  of the  survey,  carried o u t  from July 5 to  
9 ,  1976 were as  follows; 

t o  determilne the  extent of toxici ty  removal achieved 
by the sewage treatment  plant, 

t o  determine  the e f f ec t  of chlorination on the 
toxici ty  o f  the  effluent 

t o  relate  the  toxicity of  the  influent,   effluent and 
final  chlorinated  effluent t o  the  concentrdtions 
of certain k n o w n  toxic  substances and 

t o  determine  the  incidence and the  extent of  
removal of polychlorinated  biphenyls. 

The survey  consisted of the  following programs; 

1) a 4 day composite  sampli ng program, 

2)  a 12 hr grab  sampling program, 

3)  a 24 hour  chlorine  residual monitor ing program and, 

4) general  plant  operati on data col 1 ect i  on. 

Additional muni ci pal wastewater toxici ty   s tudies  were 
conducted a t  other  locations i n  the  Pacific Region during 1976. 
These surveys were conducted t o  collect  information  regarding 
the  abi 1 i ty of various  types of sewage treatment systems to  remove 
or reduce wastewater toxicity and t o  establish  the  toxicity con- 
centrations involved in each case. 
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1.1 Miss ion   Po l l u t i on   Con t ro l   Cen t re ,   P lan t   Desc r ip t i on  

The Miss ion  PCC i s  a h i g h   r a t e   a c t i v a t e d   s l u d g e   p l a n t   w i t h  

a des ign   d ry   weather   f low  o f  0.9 Imp MGD. The t reatment  components 

i nc lude  an aera ted   degr i t te r ,   barminutor ,  2 aera t ion   tanks ,  2 

secondary c l a r i f i e r s  and a c h l o r i n e   c o n t a c t   t a n k .  A flow diagram 

showing  sample  po int   locat ions i s  presented i n  F igure  1. A t  the  

des ign   d ry   wea the r   f l ow   o f  0.9 Imp MGD the   t rea tmen t   p lan t  has a 

t o t a l   h y d r a u l i c   r e t e n t i o n   t i m e   o f  9.7 h r .  The genera l   operat i  on 

c h a r a k t e r i s t i c s   o f   t h e   M i s s i o n  PCC a r e   o u t l i m d i n   T a b l e  1. The 

w a s t e   a c t i v a t e d   s l u d g e   i s   d i g e s t e d   i n  a pr imary and a secondary 

a e r o b i c   d i g e s t e r  as  shown i n  F igure 1. The f 

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

i n a l   d i  ges t e d  s 1 udge 

The w a s t e   a c t i v a t e d   s l u d g e   t r a n s f e r   l i n e   f r o m  one secon- 

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

have n o t  been inc luded i n  t h e   f l o w   d i a g r a m .   I n   a d d i t i o n ,   t h e  

aerob ic   d iges ters   con ta in   decant ing  chambers f o r   s u p e r n a t a n t  

r e t u r n .  

1.2 P lan t   Opera t i  on 
Treatment  Plant  performance  data  for  Mission PCC as prov ided 

by   the   p lan t   opera tor :  i,'s g iven  i n  Table  2 .   Th is   data  represents   the 

monthly  averages o f  two - 4 hour  composites  over a one yea r   pe r iod .  

The t rea tment   p lan t   accompl ished  overa l l  BOD5 and NFR ( fo rmer l y  S S )  

r e m o v a l   e f f i c i e n c i e s   o f  83% and 74% respec t i ve l y .  Average d a i l y  

f low  and  p rec ip i ta t ion   da ta  have a l s o  been  included. It should 

be n o t e d   t h a t   t h e  number o f  sewer l i n e   c o n n e c t i o n s   s t e a d i l y   i n c r e a s e d  

dur ing  the  per iod  covered i n  Table 2. 
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- TABLE 1 

OPERATIONAL  CHARACTERISTICS OF THE MISSION PCC 

Design Average Dry Weather Flow 
Design Peak Wet Weather Flow 

0.9 Imp MGD 
3.0 Imp MGD 

Treatment Components 

a )  Aerated Degri t t e r  
b )  Barminutor 
c)  Aeration Tanks 2 Parallel  
d )  Secondary Clar i f ie r  2 Parallel  
e)  Chlorine  Contact Tank 

Average Flow (June 1, 1975 - May 30, 1976) = 0.68 Imp MGD 
- 0.61 Imp M G D  June , 1976 - 

RETENTION  TIMES 

Average DWF 

Degri t t e r  Tank 5 min 
Aeration Tanks 3  hours 
Secondary Clar i f ie rs  5.8 
Chlorine  Contact Tank 0.8 

9.7  hours 

Average F1 ow 
(June, 1976) 

7.4 min 
4.4  (excl udi ng recycle) 
8.5  (excl u d i  ng recycl e )  
1 . 2  

14.2 hours 

Raw Sewage Average BOD5 (June 1975-May 1976) = 144  mg/l 
Average Mixed Liquor Suspended Solids (MLSS) = 2240 (June, 1976) 
Aeration Tank  Volume 
Food t o  Microorganisms  Ratio 

= 17850 cu f t  
- - 0.35 lb  BODg/day.lb MLSS 

Sludge  Digestion Components Primary  Aerobic Digester 23,000 cu  f t  
Secondary  Aerobic Digester 23,000 cu f t  I 

3 )  Sludge Drying Beds 
Chlot-tinator - Flow Porportional Control - checked daily 
Point  of  Discharge - Fraser  River 
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2.  PROCEDURES AND METHODS 

2.1 Sampl i ng Program 
The time proportional 24 hr composite  samples were col- 

lected a t  three  treatment  plant  locations  as  follows: 

1. The  raw sewage sample was taken from the i n l e t  channel 
just   past   the barmi nutor  prior t o  the  aeration  tanks. 

2.  The secondary eff luent  sample was taken from the  c lar i -  
f i e r  overflow  channel prior  to  the  chlorine  addition  point. 

3. The chlorinated  effluent sample was taken from the 
chlorine  contact tank adjacent  to  the p o i n t  of discharge 
to  the  outfall .  

All composite samples consisted  of  1.1Raliquots taken  every 
10 minutes  using an Eagle Signal  timer assembly and a submersible 

Pump * 

The composite sample aliquots were collected i n  45 gallon 
polyethylene  barrels. The 24 hr composi.te  sampling program  comnenced 
a t  0800 hr July 5 and  ended a t  0800 hr July 9 , 1976. 

The raw sewage  and chlorinated  effluent  grab samples were 
taken from the same locations  as  the composites and were collected 
every 2 hrs. on July 8 ,  1976 from 0800 t o  2000 hr. 

2 .2  Analyses 
Table 3 l i s t s  the  analytical parameters for  the 24 hour  

composite  sampling program. Table 4 l i s t s  the  analytical  parameters 
for the grab  sampling program. 

The contents of each composi:te sample barrel were well 
mixed prior t o  sample division. The samples for  chemical analysis, 
including  metals,were  divided  into sample bot t les  and preserved 
as outlined  in  the Environment Canada Pollution Sampling Handbook. 
Samples for  bioassay  analysis were placed  in  four - five  gallon 
plastic  jerry  cans.  A1 1 samples were delivered  within 3 hours t o  the 
Environment Canada laboratory  faci l i t ies .  Sample analysis  for a1 1 
parameters  except  metals and PCB's  commenced within 5 h o u r s  of 
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TABLE 3 ANALYTICAL  PARAMETERS - 24 HOUR COMPOSITE SAMPLING PROGRAM 

Parameter  Abbreviat ion  Uni 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  ty 
Chemical Oxygen Demand 
Total   Organic Ctirbon 
PH 
Non F i l  t e r a b l  e Residue 
An ion ic   Sur fac tan ts  
To ta l  Res i due 
Cyanide 
Phenol 
Oi 1 & Grease 
Po lych lo r i na ted  B i  phenyls 
B i oa ssay 

Meta ls  

Total   Mercury 
Copper, To ta l  & Dkiso lved 
I ron ,   To ta l  & Dissolved 
N icke l ,   To ta l  & Dissolved 
Lead, To ta l  & Dissolved 
Zinc,   Total  & D isso lved 
Aluminum, To ta l  & D isso lved 
Cadmi um, To ta l  & Dissolved 
Manganese, To ta l  & Dissolved 
Chromium, Tota l  & D isso lved 

T P O ~  
NH3 
NO3 
NO2 - 
COD 
TOC 

N FR 

TR 
CN 

- 
- 

- 
PCB 
LC5 0 

Hg 
cu 
Fe 
N i  
Pb 
Zn 
A1 
Cd 
Mn 
Cr 

1 
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TABLE 4 ANALYTICAL  PARAMETERS - GRAB SAMPLING PROGRAM 

Parameter  Abbrevia ti on U n i t s  

Total  Phosphate 

Amnon i a 

N i t r a t e  

N i  trl t e  

Non F i  1 terable  Residue 

Chemical Oxygen Demand 

An ion ic   Sur fac tan ts  
Total   Resi  ude 
Total  Organic  Carbon 

- 
TR 

TOC 
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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 J u l y  8 
were separa ted   in to   the   p roper   con ta iner ,   p reserved as requ i red  and 

s to red   a t40C  be fore   be ing   de l i vered  on J u l y  9 a t  1100 h r   w i t h   t h e  

24  hour  composite  samples. 

2.2.1  Chemical  Analyses. The chemical  parameters i nc l   ud i   ng   me ta l s  

as l i s t e d   i n  Tables 3 and 4 were  analyzed as descr ibed i n  the  Envi- 

ronment Canada P a c i f i c  Region  Laboratory  Manual. 

2 .2 .2  Polychlor inated  B iphenyls   Analys is  PCB. Samples fo r  PCB 

were 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 m l  

hexane as a p rese rva t i  ve. Bas ica l l y   the   ana lys is   invo lves   ace tone:  

hexane e x t r a c t i o n  , fi 1 t r a t i  on, p u r i  f i  c a t i o n  and e lec t ron   cap tu re  GLC 

ana lys i s .  The d e t e c t i o n  limit f o r  a one galdon  sample i s  approximately 

0.005  ppb. 

2.2.3  Bioassay  Determination  (96 h r  LC,,l. 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  value 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  wastewater. 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 measureable 

l e t h a l   a g e n t   ( i n   t h i s  case  wastewater)   requi red  to   k i  11 the  50th  per-  

c e n t i l e   i n  a group o f   t e s t  organisms  over a p e r i o d   o f  96 hours.  

J U  

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 1 g lass  

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  sample d i l u t i o n s   w i t h   6 - 9  Rainbow T rou t  

(Salmo  gairdner i  ) pe r   t es t   vesse l .  The test   vessels   were  p laced i n  

a cont ro l led   env i ronment  room wi th   the   tempera ture   ma in ta ined  a t  

14.0 - + 1 .O°C and a photo   per iod  limi t e d   t o  16 hours  per 24 hours. 

The b ioassay   t es t   p rocedures   ca l l s   f o r  samples w i t h  pH valdes  below 

6.0 o r  above 8.0 t o  be n e u t r a l i z e d   t o  a pH o f  7; however pH ad jus t -  

ment was n o t   r e q u i r e d   f o r  any o f  the  samples  col lected. All samples 

were   ae ra ted   p r i o r   t o   t he   t es  t,and c o n t i n u o u s l y   f o r   t h e  96 hour   per iod.  

P r e - t e s t   a e r a t i o n   t i m e s   a r e   l i s t e d   w i t h   t h e   t e s t   r e s u l t s   i n   T a b l e   5 .  

The f i s h   l o a d i n g   d e n s i t y   i n  each  vessel was 0.5  g/1. The percent  

m o r t a l i t y  and p e r c e n t   d i l u t i o n  were p l o t t e d  on semi log   paper   to  

e s t a b l i s h   a n  LC5o value. 

2.3 Ch lor ine   Res idua l   Mon i to r ing  

The ch lo r i ne   res idua l   mon i to r i ng   p rog ram  cons is ted   o f   g rab  

sampl ing   the   ch lo r ina ted   e f f luen t   (sample   po in t   no .   3 )   every   hour   fo r  
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24  hours f rom 1900 h r   J u l y  5 t o  1800 h r   J u l y  6 and  determining  the 

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

The d e t e r m i n a t i o n   o f  TRC was done using  .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  method 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  
agent   ( f ree   Iod ine)   w i th  a reduc ing   agent   (pheny la rs ine   ox ide   so lu t ion)  

o f  known s t rength ,   in   the   p resence  o f   po tass ium  iod ide .  

T o t a l   r e s i d u a l   c h l o r i n e  as determi  ned  by  the  amperometri c 

Back T i t r a t i o n  method  determines  the  concentrat ion  of  compounds i n  

the   was tewater   con ta in ing   ac t i ve   ch lo r ine   wh ich   cons is t   o f   monch lo-  

ramines,  dichloramines and hypochlorous  acid. 

. -  



- 11 - 

3 RESULTS 

3.1 Bioassay  Results 
The s t a t i c   f i sh  bioassay results  obtained from the 24 hr 

composite samples are  included i n  Table 5 (page 19) . The results  are 
expressed  as both a 96 hr LCso as  defined  earlier and a toxicity 
concentration Tc. The toxicity  concentration  (expressed  in  toxic 
units,  TU) can be calculated  for  effluent  discharges as  follows: 

Tc = 100% 
96 hr LC50 ( % )  

Therefore a Tc of unity is  equivalent t o  an LC50 of  100%. The 
toxi city  concentration concept becomes useful when comparing effluents 
t h a t  produce less than 50 percent  mortality  at  the 100% concentration 
in  the  bioassay t e s t .  A Tc value in  this  case can be determined by plot- 
t i  ng  the  percent mortal i ty  of t e s t   f i sh  versus  the Tc values for  the 
vari ous t e s t  d i  1 u t i  ons . 
3.2 Chemical Analyses Non Metals - Results 

The chemical analysis non-metals results  obtained from the 24 
hour composite samples a re  1 isted  in Appendix I .  A comparison of 
these  results and the  treatment  level  involved w i t h  each sample i s  
i l lustrated  in  Figures 2 and 3. 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  out1 i ned in Appendix I I . 
3.3 Chemical Analyses metals - Results 

The resul ts  of the metal  analyses  including  total and 
dissolved  for  the 24 hour composite  sampling program are  presented 
in Appendix I .  

3.4  Chlorine  Residual  Monitoring  Results 

The resul ts  of the 24 hour chlorine  residual moni tori'ng 
program are i 11 ustrated  in Figure 4.  The flow proportional  control 
device  maintained  the TRC within a range of non-detectable  to 1.80 mg/l, 
and with a mean of 0.38 mg/l . The TRC was non-detectable  for 10 hours 
from 2100 hr July 5 t o  0700 hr July 6 .  
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3.5 Pol .ychlor inated  Biphenyls  Resul ts 

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

sampl ing  program  are  l is ted i n  Appendix I. All levels  encountered 

were s i g n i f i c a n t l y   l o w .  The t rea tmen t   p lan t  was r e s p o n s i b l e   f o r  a 

43.5% r e d u c t i o n   i n  PCB l e v e l s   f r o m   i n f l u e n t   t o   e f f l u e n t .  

3.6  Daii iy  Flowrates , Chlor ine  Dosages and P r e c i p i t a t i o n  
Da i l y   f l owra tes ,   ch lo r i ne  dosages  and p r e c i p i t a t i o n  from 

J u l y  1, 1975 - June 30, 1976 have  been p l o t t e d   i n  Appendix  111. 

T h i s   p l o t   i l l u s t r a t e s   t h a t  a d i r e c t   c o r r e l a t i o n   e x i s t s  

between p r e c i p i t a t i o n  and d a i l y   f l o w r a t e ,   i n d i c a t i n g  an excess ive 

amount o f   i n f l o w   a n d / o r   i n f i l t r a t i o n   i n t o   t h e  sewer  system. 

As p o i n t e d   o u t   e a r l i e r ,   t h e  number o f  sewer l i n e   c o n n e c t i o n s  

gradual l ly   increased  over  the  per iod  covered i n  t h e   p l o t ,   t h i s   w o u l d  

tend to   i nc rease   t he   domes t i c  sewage c o n t r i b u t i o n   t o   t h e   t o t a l   d a i l y   f l o w .  

F igure  5 i 11 us t ra ted   t he   i ns tan taneous   f l ow   read ings   f o r   t he  

Miss ion  PCC from 0800 h r   J u l y 5   t o  0600 h r   J u l y  12. D u r i n g   t h i s  

per iod,  peak f l ows   o f   app rox ima ted ly  0.85 Imp MGD occured a t  1100 - 
1200 h r  and low flows o f  0.2 - 0.3 Imp MGD occured a t  0600 h r .  



- 16 - 

0 0 2 l ~  ;::: 0 

0 OPZ - 

i 
* 

0011 g - 
0090 : 

1 
1 

c -  

OOPZ - 
0081 

V 

0021 2 o_ 
c 

L 

-0090 2 

0081 * 
-0 
0 

-0021 : rc 
V 
c 

-0090 g 
-0OtZ - 
-0081 ~ 

I 

v 
0 

-0021 g (D 

a 

-0081 $ 

-0021 
-0 

2 

0 
0 
a 

In 



- 17 - 

4 DISCUSS1 ON 

4 . 1  Bi oassay Eva1 uati on 
Municipal wastewaters i n  general  contain a wide variety 

of chemical constituents  readily know t o  be toxic t o  f i sh .  The most 
common constituents  exerting  toxicity  include ammonia, cyanide, 
sulfides,  chlorine and chlonamine,  phenols, surfactants and several 
heavy metals which include  copper,  zinc, chromium  and nickel. 
Other factors such as  temperature, pH, hardness,  alkalinity and 
dissolved oxygen tend t o  modify the toxicity produced by various 
chemical consti tuents.  However as  outlined  earlier  the  bioassay 
test  conditions  are  controlled so that  pH ,temperature ,and dissolved 
oxygen do n o t  themselves effect   toxici ty .  The chemical analyses 
results  for  the  individual composite samples were  examined with 
reference t o  the 1 i terature t o  determine  those  factors  responsible 
for toxici ty .  Following i s  a discussion of  those  factors deemed 
responsible  for  the  bioassay  results  encountered  in  the  survey. 

4.1.1 Ammon$a Toxicity. The c m o n  sources of ammonia i n  wastewater 
abe : 

1. urine, which contains  urea ( H 2 N C O H 2 N )  which in turn 

2 .  organic  matter  containing  protein and ami  no acids 
readi  ly  hydrolyzes t o  ammoni a ;  

which  decomposes under bacterial  action  yielding 
ammon i a ;  

3. chemical p.l.ants and cleaning  establishments which 
release ammoni a t o  the sewer sys tem;  and , 

4. household cleaning  agents. 

The toxicity of ammonia  and  ammonium sa$.ts t o  f i sh   i s   d i rec t ly  
related  to  the amount of un-ionized ammonia in  solution. Ammonia 
establishes a pH dependent  equilibrium  in  solutions  as  follows: 

N H 3  + nH20 r! N H 3  ' nH20 - N H 4  + OH- + (n-1)H20 - +  

Emerson, e t  a1 ( 2 )  have outlined a s e t  of equilibrium  calcu- 
lations  for  determining  the  un-ionized ammonia in  solution under 
varying  conditions of pH and temperature. The un-ionized ammonila 
concentrations  for  the 24 hour composite  samples have been calculated 
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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  5. 

I n   a d d i t i o n ,   t h i s   t a b l e   1 i s t s . t h e   b i o a s s a y   r e s u l t s  and the  major  

t o x i c  cons ti t u e n t s   i n v o l v e d   f o r  each  composite  sample. 

Mayo e t  a1 ( 3 )   s t a t e   t h a t  0.006 mg/l N und ion ized  amon ia  
may be  cons idered  to  be the   des i rab le   upper   leve l   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 

the  maximum t h a t   f i s h  can t o l e r a t e   ( 4 ) .   L l o y d  and Orr (5 )   repo r ted  

t h a t  0.44  mg/l  un-ionized ammonia caused 100% m o r t a l i t y   i n  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  8 f a l l   w i t h i n  

the  0.025-0.44  mg/ l   range  and  therefore  would  be  expected  to  contr ibute 

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 po inted  out   by 

Esve l t ,  Kaufman tl S e l l e c k   ( 6 )   f a c t d 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 be 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  beyond the  scbpg-. 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 .   D e t e r g e n t s   a r e   c m o n  components 

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  c leaning  agents.   Surfactants  can be d i v i d e d  as   be ing   e i t he 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 .   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 an ion ic  

s u r f a c t a n t .  The sur factant   analys is   conducted  dur ing  th is   survey 

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  of LAS tends t o   i n c r e a s e   i n   h a r d   w a t e r ,  and increase 

as the  carbon  chain  length  increases ( 6 ) .  

Thatcher and Santer ( 7 )  found 96 h r  LC50 values  for  LAS 

o f  3.3-6.4  mg/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  deter-  

mined  an LC5o 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  ( 8 ) .  The an ion i c  

su r fac tan t   concen t ra t i ons   f o r   t he  raw sewage samples as o u t l i n e d   i n  

Table 5 would  be  expected 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 t y .  
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4 .1 .3   Ch lor ine   Tox ic i ty .  The t o x i c i t y  of c h l o r i n e  and o the r  

c h l o r i n a t e d  compounds such as chloramines and ch lo r ina ted   hydro-  

carbons has  been thoroughly  documented i n  the   l i t e ra tu re .   Mar tens  

and S e r v i z i  (10) observed 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  severa l   fo ld  whenever c h l o r i n e  
residuals  were  detected i n   t h e   e f f l u e n 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  found l i k e l y   t o  be t o x i c   t o  

ra inbow  t rou t  and sockeye  salmon  using  in-stream  bioassay  techniques ( 9 ) .  

The t o x i c i t y  o f  ch lor inated  wastewater  does n o t  depend 
d i r e c t l y  on the amount of c h l o r i n e  added b u t  on the   concen t ra t i on   o f  

res idua l   ch lo r i ne   rema in ing  (10) .  R e s i d u a l   c h l o r i n e   i s  commonly 

understood t o  mean the   t o ta l   concen t ra t i on  of compounds con ta in ing  

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 c o n s i s t  of  monochloramines,  dichloramines and hypochlorous 

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

wastewater  including  cyanide,  phenols and a l ky l   su l fona te ,   wh ich  

are  not   detectable  by  the  amperometr ic   technique.  

Dur ing  the 24 h r   ch lo r i ne   res idua l   mon i to r i ng   p rog ram  the  

TRC averaged  0.38  mg/l and had a range  of   non-detectable  to 

1.80 mg/ l .   Ch lo r ine   res idua l   concen t ra t i ons   i n   t he  24 h r  composite 

samples  were a l l   a t   n o n - d e t e c t a b l e   l e v e l s .   C h l o r i n a t i o n   o f   t h e  

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

survey. However an i ncrease i n   t o x i c i t y  would be expected i f the 

c h l o r i n e  dosage had been h ighe r .  

The c h l o r i n e  dosage  averaged 2.52 mg/ l   over   the one  week 

p e r i o d   p r i o r   t o   t h e   s u r v e y .  The p lant   operator   checked  the  ch lor ine 

r e s i d u a l   d a i l y   ( i n   t h e   m o r n i n g )  and was ma in ta in ing  a r e s i d u a l   i n  

t h e   e f f l u e n t   o f  0.2  mg/l as determined  by  the  or tho-tol id ine  method. 

4.2  Bioassay Sumnary 

The raw sewage b ioassay   resu l ts   a re   such  tha t  a mean  LC50 

cannot be ca l cu la ted .   Ju l y  6 and 7 samples e x h i b i t e d  LC50's o f  

87 and 100% r e s p e c t i v e l y .  The sample c o l l e c t e d  on  Ju ly  8 had 33% 

m o r t a l i t y   i n   t h e  100% concen t ra t i on   t es t   vesse l .  The Tc f o r   t h i s  

p a r t i c u l a r  sample  would be less  than 1.0. The raw sewage sample 
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on J u l y  9 was non t o x i c   a t   t h e  100% concent ra t ion .  The t o x i c i t y  

assoc ia ted   w i th   the   raw sewage samples  would be a t t r i b u t a b l e   m a i n l y  

to   t he   un - ion i zed  ammonia and an ion i c   su r fac tan t   concen t ra t i ons .  

The secondary e f f l u e n t  and ch lo r i na ted   e f f l uen t   compos i te  

samples  were a1 1 non t o x i c   a t   t h e  100% concent ra t ion  , i n d i c a t i n g  

tha t   t rea tmen t   i s   respons ib le   f o r   comp le te   remova l   o f   t he   t ox i c i t y  

assoc ia ted   w i th   the   raw sewage. The removal o f   t o x i c i t y   c o u l d  be 

a t t r i b u t a b l e   t o   t h e   r e d u c t i o n   i n   t h e   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  

(3.4 - 0.19 mg/l LAS). I n   r e f e r e n c e   t o   t h e   c h l o r i n a t e d   e f f l u e n t  

samples, as p o i n t e d   o u t   i n   s e c t i o n  4.1.3, the  TRC o f   t h e   c h l o r i n a t e d  

e f f l u e n t   d u r i n g   t h e   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  was a t  

a n o n - d e t e c t a b l e   l e v e l   f o r  13 o f   t h e  25 samples. I n   a d d i t i o n   t h e  

TRC's o f   a l l   c h l o r i n a t e d   e f f l u e n t   c o m p o s i t e  samples  were  non-detectable. 
Coupled w i t h   t h e   h i g h   c h l o r i n e  demand o f   t h e   e f f l u e n t  (mean NFR=123 mg/ l ) ,  

c h l o r i n a t i o n   i n   t h i s  case  would  not   be  expected  to   resul t  i n  increased 

t o x i c i t y .  

4.3 P1 ant  Performance 

As mentioned i n   s e c t i o n  1.2, the   Miss ion  PCC accomplished 

an o v e r a l l  BOD5 reduction  from  June 1975 t o  May 1976 o f  83%. 

Ac t iva ted   s ludge  p lan ts   a re   genera l l y   capab le   o f   reduc ing  BOD5 

l e v e l s  by 88-93% (11 ) .  Dur ing   the   survey   per iod   the   p lan t  was 

o p e r a t i n g   a t  60% of   des ign   hydrau l i c   capac i ty  . The average NFR 

l e v e l   i n   c h l o r i n a t e d   e f f l u e n t   d u r i n g   t h e   s u r v e y  was 82 mg/l which 

i s   i . n  excess o f   t h e   P o l l u t i o n   C o n t r o l  Branch AA permi t   requi rement  

of 60 mg/l . 
Some opera t iona l   p rob lems  were   iden t i f ied   dur ing   the  

survey  which  resul ted i n   t h e   h i g h  NFR l e v e l s   i n   t h e   e f f l u e n t .   M o s t  

o f   the  problems  were  assoc iated  wi th   the  h igh MLSS being  mainta ined 

i n  the  aerat ion  tank.   Sludge age was t o o   l o n g   r e s u l t i n g   i n  an over 

ox id ized  s ludge  which i n   t u r n  caused d e f l o c c u l a t i o n ,   p i n   f l o c  

and p o o r   s e t t l e a b i l i t y .   I n   a d d i t i o n   r i s i n g   s l u d g e   b l a n k e t s   i n   t h e  

c l a r i f i e r s  were  observed  dur ing  the  survey  resul t ing  f rom  the 

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

t h e   e f f l u e n t   d i d   n o t  however r e s u l t   i n  any  measureable  increase 

i n   t o x i c i t y .  
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APPENDIX I M I S S I O N  PCC COMPOSITE SAMPLE  ANALYTICAL  RESULTS 

a. NON METALS 

Sampli  ng  Poi n t  Number 

Raw Sewage 1 
Secondary E f f  1 uent  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 
Parameter  Point  July 6 J u l y  7 J u l y  8 J u l y  9 

TP04 1 
2 
3 

5.0 
5 .O 
5.8 

7.6 
3.9 
3.9 

3.5 
3.5 
3.8 

6.1 
2 1  
14 

...- 

1 
2 
3 

14 
10 
12 

14 
15 
22 

15 
14 
15 

15 
18 
18 

1 
2 
3 

c.01 
<.o 1 
c o 1  

c.01 
.019 
.013 

<. 01 
.019 
.033 

<.01 
.Ol 
.02 

1 
2 
3 

.009 

.041 

.027 

.011 

.071 

.067 

.013 

.030 

.050 

. O l O  

.026 

.035 

A1 k a l i n i  t y  
mg/l CaC03 

1 
2 
3 

130 
110 
110 

120 
130 
125 

119 
112 
118 

110 
111 
107 

PH 1 
2 
3 

6.9 
7.0 
7 .O 

7.1  
7.2 
7.3 

7.1 
7 .1  
7.2 

7 .O 
7 .1  
7 .1  

N FR 
mg/l 

1 
2 
3 

150 
87 
93 

180 
52 
74 

110 
260 
60 

110 
90 

100 

COD 
mg/1 

1 
2 
3 

2  80 
160 
170 

3 30 
110 
130 

2 80 
4 30 
130 

26 0 
180 
180 

Ani on i  c 
Sur factants  
mg/l LAS 

1 
2 
3 

3.9 
0.22 
0.13 

2.9 
.ll 
.13 

3 .'2 
0.14 
0.22 

3.5 
.25 
.29 

TR 
mg/ 1 

1 
2 
3 

1 80 
290 
2 80 

7 70 
250 
200 

3 10 
470 
250 

300 
290 
250 

1 
2 
3 

104 
50 
58 

142 
40 
44 

97 
137 
50 

90 
47 
65 
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APPENDIX I MISSION PCC COMPOSITE SAMPLE  ANALYTICAL  RESULTS 

a.. NON METALS (con t   ' d )  

Sampl i ng Poi 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   E f f l u e n t  3 

Analy ti cal  Sampling  Date j 
Parameter  Poi n t J u l y  6 J u l y  7 J u l y  8 Ju l y  9 

CN 
mg/l 

Phenol 
mg/l 

Oil & Grease 
mg/l 

PCB 
P Pb 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

< 03 
<. 03 
C 0 3  

43 
(5 

5 

* 
* 
* 

.031 

.092 

.027 

<. 03 
<. 03 
<. 03 

.03 
<. 02 
<. 02 

16 
(5 
(5 

.060 

.018 

.018 

(0.3 
(0.3 
(0 - 3  

.03 

.04 
<.02 

48 
13 
(5 

.078 

.024 

.030 

<O . 3  
<O . 3  
<O .3 

0.05 
0.03 
0.03 

23 
<5 

7 

.040 

.013 

.043 

* Not  Avai 1 ab le  
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APPENDIX I MISSION PCC COMPOSITE SAMPLE  ANALYTICAL  RESULTS 

b. METALS 

Sampl i ng Poi n t  Numbe r 

Raw Sewage 1 T - Tota l  
Secondary E f f 1 uen t 2 D - Dissolved 
Chl o r i  na ted  Ef  f 1 uen t 3 

An ia ly t i ca l  I Parameter  Sampling  Date 
Poi  n t Ju ly   6   Ju ly  7 Ju ly   8   Ju ly   9  

D 

T 1 
2 
3 

T 1 
2 
3 

D 1 
2 
3 

T 1 
2 
3 

D 1 
2 
3 

T 1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

0.27 
0.27 
0.40 

0.08 
0.06 
0.05 

0.03 
0.02 
0.01 

1.3 
0.96 
0.95 

0.46 
0.33 
0.37 

<O .05 
<O .05 
(0.05 

(0 .05 
(0 .05 
(0.05 

(0.02 
0.02 

(0 .02 

(0.02 
0.05 

(0.02 

0.23 
0.25 
1 .o 

0.40 
0.40 
0.29 

0.28 
0.28 
0.23 

0.08 
0.06 
0.05 

0.03 
0.02 
0.01 

2 .o 
0.54 
0.74 

0.83 
0.19 
0.11 

(0.05 

(0.05 

(0.05 
(0.05 
(0 .05 

0.03 
0.02 

(0.02 

<o .02 
(0.02 
<o .02 

0.21 
0.13 
0.12 

0.48 
0.41 
0.26 

40.05 

0.28 
0.60 
0.28 

0.07 
0.15 
0.05 

0.01 
0.01 
0.02 

1.9 
3.0 
0.97 

0.66 
0.24 
0.29 

<O .05 
40.05 
(0.05 

<O .05 
(0.05 
(0 .05 

0.02 
0.04 

(0.02 

<o .02 
(0.02 
(0.02 

0.11 
0.24 
0.13 

0.15 
0.10 
0.29 

0.37 
0.37 
0.37 

0.06 
0.06 
0.06 

0.03 
0.02 
0.01 

1.2 
1.3 
1.2 

0.37 
0.27 
0.26 

<O .05 
(0.05 
(0.05 

(0.05 
<O .05 
(0.05 

(0.02 
(0.02 
(0.02 

(0.02 
<o .02 
(0.02 

0.34 
0.13 
0.11 

0.04 
0.04 
0.06 
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APPENDIX I MISSION PCC COMPOSITE SAMPLE ANALYTICAL  RESULTS 

b. METALS ( c o n t ' d )  

Samp 1 i nq  Poi n t Number 

Raw Sewage 1 T - To ta l  
Secondary E f f l u e n t  2 D - Dissolved 
C h l o r i n a t e d   E f f l u e n t  3 

Analyt ical   Parameter  Sampl ing  Date 
J u l y  6 J u l y  7 J u l y  8 J u l y  9 

A I  
mg/1 

A I  
mg/ 1 

Cd 
mg/l 

Cd 
mg/l 

Mn 
mg/ 1 

Mn 
mg/ 1 

C r  
mg/ 1 

C r  
mg/ 1 

T 1 0 .8  0.9 1.1 0.6 
2 0.5 (0 .3  1.9 0.6 
3 0.6 0.4 0.4 0.6 

D 1 <O .3 <O .3 ( 0 . 3  ( 0 . 3  
2 (0 .3 (0.3 <0 .3  4 0 . 3  
3 <O . 3  < O  . 3  < 0 . 3  (0.3 

T 1 <o .01 (0.01 <o .01 <o .01 
2 (0.01 (0.01 <0.01 (0.01 
3 <o .01 (0.01 <o .01 (0.01 

D 1 (0.01 (0.01 40.01 (0.01 
2 (0.01 (0.01 (0.01 co .01 
3 c o . 0 1  <o .01 <o .01 <o .01 

T 1 0.07 0.08 0 -09 0.07 
2 0.07 0.04 0.14 0.07 
3 0.06 0.05 0 . 0 8  0.08 

D 1 0.05 0.08 0.07 0.06 
2 0.05 0.04 0.07 0.04 
3 0.05 (0.03 0.04 0.06 

T 1 (0 .02  (0 .02  (0 .02  ( 0 . 0 2  
2 0.02 0.02 0 .03  40.02 
3 (0 .02  40 .02  (0 .02  <o .02 

D 1 0.02 ( 0 . 0 2  ( 0 . 0 2  ( 0 . 0 2  
2 0 .03  0.02 <o .02 <o .02 
3 0.04 (0 .02  <o .02 ( 0 . 0 2  
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APPENDIX I1 

GRAB SAMPL I NG 

ANALYTICAL  RESULTS 



- 30 - 

APPENDIX I 1  MISSION PCC GRAB SAMPLE  ANALYTICAL  RESULTS 
JULY 7, 1976 

Sampling  Point Number 
Raw Sewage 1 
Chlorinated Effluent 3 

Analytical   Sampling Time (hr)  
Parameter  Point 0800 1000 1200 1400 16 00 rlf8QO I 2000 

TP04 
mg/l p 

NH3- N 

mg/l N 

NO3- N 

mg/l N 

NO2- N 

mg/l N 

N FR 

mg/ 1 

COD 
mg/ 1 

TR 

mg/l 

Anionic 
Sur fac t an t s  
mg/l LAS 

TOC 
mg/ 1 

1 
3 

1 

3 

1 

3 

1 

3 

1 

3 

1 
3 

1 

3 

1 
3 

1 

3 

0.55 
5 .O 

3.3 
A 

10 

0.63 

<.01 

.065 

.008 

9 

16 

31 

66 

90 

160 

.19 

.21 

8.0 

19 .o 

5.2 
3.2 

25 

17 

<.01 

L O 1  

.01 
<. 005 

130 

63 

300 

120 

300 

190 

.50 

.29 

86 

36 

6.1 
5.4 

25 

12 

(.Ol 

<.01 

.013 
<. 005 

150 

190 

300 

300 

400 

340 

.26 

.21 

106 

86 

5.3 
5.2 

16 

11 

‘Lo1 

(.01 

.013 

< 005 

130 

190 

380 

320 

360 

360 

.34 

.28 

142 

86 

4.1 
2.2 

12 

14 

<.01 

4.01 

.013 

.008 

2 30 

23 

350 

69 

3 40 

160 

.43 

.47 

108 

24 

4.1 
7.5 

14 

25 

(. 01 
(.01 

.013 

.005 

130 

220 

2 70 

2 70 

4 70 

5 70 

.44 

.25 

94 

128 

3.7 
4.5 

12 

12 

<.01 

(.01 
* .  

.013 

<. 005 

130 

170 

3 10 

270 

3 30 

370 

.51 

.27 

82 

88 
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APPENDIX I11 

M I S S I O N  PCC D A I L Y  FLOWS, CHLORINE 

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

JULY 1, 1975 TO  JUNE 30, 1976 
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