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ABSTRACT 

Wastewater t o x i c i t y   s t u d i e s   o f   t h e   V i l l a g e   o f   C l i n t o n ,  Sewage 

Treatment Lagoons  and t h e  Town o f   W i l l i a m s  Lake, Sewage Treatment Lagoons 

were  conducted  by  personnel  from  the  Environmental  Protection  Service, 

P a c i f i c  Region. 

The ob jec t i ves   o f   t he   su rveys   ca r r i ed   ou t   a t   C l i n ton   and   W i l l i ams  

Lake  were as fo l l ows  : 

1. t o  de termine  the   ex ten t   o f   tox ic i t y   remova l   ach ieved by 

lagoon sewage treatment  systems, 
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   ( W i l l i a m s   L a k e ) ,  
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  and 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 toxic  substances,  and 
4. t o  de termine  the   inc idence  and  the   ex ten t   o f   remova l   o f  

po l ych lo r i na ted   b ipheny ls .  

These s tud ies   a l so   i nc luded   the   co l l ec t i on   o f   i n fo rma t ion   conce rn -  

i n g  such  factors as system  design,  actual   loadings  and  chlor ine dosages. 
Th is   i n fo rma t ion  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   repo r t   con ta ins   t he   resu l t s   o f   b ioassay   de te rm ina t ions  and 

chemical  analyses  of  samples  col lected  during  the  survey a t   d i f f e r e n t  

t reatment   lagoon  locat ions.  

I 



- ii - 

TABLE OF CONTENTS 

a 

. 

, 

ABSTRACT 

TABLE OF CONTENTS 

LIST OF FIGURES 

LIST OF TABLES 

LIST OF ABBREVIATIONS 

CONCLUSIONS 

1 

1.1 

1.2 

2.0 

2.1 

2.2 

2.3 
2.3.1 
2.3.2 
2.3.3 
2.4 

3 

3.1 

3.2 
3.3 
3.4 

3.5 

3.6 
3.7 
3.8 

INTRODUCTION 

C l i n t o n  Sewage Treatment  Lagoons,  Descript ion 

Will iams  Lake Sewage Treatment  Lagoons,  Descript ion 

PROCEDURES AND METHODS 

Sampling.Program - C l i n t o n  Sewage Treatment Lagoons 

Sampling  Program - Will iams  Lake Sewage Treatment 

Analyses 
Chemical  Analyses 
Po lych lo r ina ted   B ipheny ls   Ana lys is  (PCB) 
Bioassay  Determination (96 h r  LC501 
Chlor ine  Resi   dual  Mtini t o r i  ng (Wi 11  iams  Lake) 

Lagoons 

RESULTS 

Bioassay  Results 

Chemical  Analyses  Results - C l i n t o n  
Chemical  Analyses  Results - Will iams  Lake 

Po lych lo r ina ted   B ipheny ls   Resu l ts  (PCB) 
Lagoon Contents  Grab  Sampling  Resul t s  

Ch lor ine   Res idua l   Mon i to r ing   Resu l ts  - Wi l l i ams  Lake 
Dai l y  F1 owrates , Ch lo r ine  dosages  and P r e c i   p i   t a t i  on 

Metal  Analyses Summary - Will iams  Lake 

PAGE 

i 

ii 

i v  

i v  

V 

v i  

1 

2 
2 

6 

6 

6 

7 
10 

10 

10 

10 

12 

12 

12 
12 

17 
17 

17 
17 

19 



4 DISCUSSION 

4.1 B i o a s s a y   E v a 1  ua t ion  
4.1.1 A m m o n i a   T o x i  c i t y  

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

4.2 B i o a s s a y   S u m m a r y  
4.2.1 C1 i nton B i o a s s a y   S u m m a r y  

4.2.2 W i l l i a m s  Lake B i o a s s a y   S u m m a r y  

REFERENCES 

ACKNOWLEDGEMENTS 

APPENDIX I 

APPENDIX I 1  

APPENDIX 111 

APPENDIX IV 

COMPOSITE  SAMPLING  ANALYTICAL  RESULTS 

12 HR GRAB SAMPLING PROGRAM ANALYTICAL  RESULTS 

LAGOON CONTENTS GRAB SAMPLING  RESULTS 

WILLIAMS  LAKE SEWAGE TREATMENT LAGOONS DAILY  

FLOW RATES,  CHLORINE DOSAGES AND PRECIP ITATION 

AUGUST 1, 1975 - JULY 31,  1976 

PAGE 

21 

21 

21 

22 

24 

24 

24 

25 

26 

27 

34 

37 

40 

I 



. 

- i v  - 

L I S T  OF  FIGURES 

PAGE 

FIGURE 

1 VILLAGE OF  CLINTON SEWAGE TREATEMENT LAGOONS, FLOW 3 

DIAGRAM AND SAMPLE POINT  LOCATIONS 

2 WILLIAMS  LAKE SEWAGE TREATMENT LAGOONS, FLOW DIAGRAM 4 

AND SAMPLE POINT  LOCATIONS 

3a & b COMPARISON  OF ANALYTICAL  RESULTS,  CLINTON LAGOONS 13 & 14 

4a & b COMPARISON  OF ANALYTICAL  RESULTS,  WILLIAMS  LAKE  LAGOONS15 & 16 

5 24 HOUR CHLORINE  RESIDUAL  MONITORING PROGRAM, WILL IAMS 18 
LAKE LAGOONS. 

L I S T  OF  TABLES 

TABLE 

1 ANALYTICAL PARAMETERS - 24 HOUR COMPOSITE  SAMPLING 8 
PROGRAM 

2 ANALYTICAL PARAMETERS - GRAB SAMPLING PROGRAM 9 

3 METAL  ANALYSES SUMMARY 20 

4 COMPARISON  OF ANALYTICAL AND BIOASSAY  RESULTS 23 



- v -  

LIST OF ABBREVIATIONS 

f t  f e e t  

. 

GLC 

hr 

Imp GPD 

1 

LAS 

Lc50 
mg/ 1 

N FR 

PCB 

PPb 

PPm 

Tc 

T RC 

TU 

K l /  1 

gas l iquid chromatography 

hour( s )  

imperial  gallons per day 

1 i ter(  s )  

1 inear a1 kylate  sulfonate 

50th percentile  lethal  concentration 

m i  11 i grams per 1 i,ter 

non f i l t e r ab le  residue (formerly SS) 

polychlorinated  biphenyls 

parts  per  bil l   ion 

parts per million 

toxicity  concentration 

total   residual  chlorine 

toxic u n i  t s  

micrograms per 1 i ter 



- v i  - 

CONCLUSIONS 

Based on data  collected  at   the  Clinton Sewage Treatment Lagoons 
from August 3 t o  August 5, 1976 the  following  conclusions can be made: 

1. The treatment  lagoons were responsible  for complete removal of 
the  toxicity  associated  with  the raw sewage samples  (Tc = 2.21) .  
This was attr ibutable  to  the  reduction of surfactant  and un-ionized 
ammonia concentrations accomplished by biological  treatment i n  the 
1 agoons. 

2.  The average raw sewage PCB concentration was 0.031 ppb. The 
treatment system  reduced PCB levels  an average  of 52%. All PCB 
concentrations  encountered were s ignif icant ly  low. 

Based on data   col lected  a t   the  Williams Lake Sewage Treatment Lagoons 
from August 10 t o  August 12, 1976, the  following  conclusions can be  made. 

1. 

2. 

3 .  

The treatment  lagoons were responsible for complete removal of 
the  toxicity  associated  with  the raw sewage samples  (Tc = 2.06). 
This was attr ibutable  to  the  reduction of the  surfactant and un-  
ionized ammonia concentrations  accomplished by biological  treat-  
ment i n  the lagoons. 

Chlorination  of  the  final  effluent was n o t  responsible  for any 
change i n  toxici ty .  However, as  discussed i n  Section 3.6 the 
chlorine  residuals  maintained i n  the   eff luent  would be insuf f ic ien t  
t o   r e s u l t  i n  any increase i n  toxici ty .  

The average raw sewage PCB concentration was 0 
treatment system  reduced PCB levels  an average 
concentrations  encountered were s ignif icant ly  

.052 ppb. The 
of 89%. A1 1 PCB 

1 ow. 
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1. INTRODUCTION 

The Village  of  Clinton,  located i n  the Cariboo  area  of British 
Columbia, had  an estimated  population  of 800 i n  1976(1).  All sewage 
from the vi l lage i s  collected and t reated by the  Clinton Sewage Treatment 
Lagoons. The sani tary and storm sewers are  completely  separate. Economic 
ac t iv i ty  i s  mainly  associated w i t h  service t o  the  agricultural   resources 
i n  the area plus tourism i n  the summer months. There a re  no industr ia l  
discharges t o  the sewer system. 

The Town of  Williams Lake, located i n  the Cariboo  area  of British 
Columbia, had  an estimated  population  of  6,199 i n  1976(1). All sewage 
from the town i s  collected and t rea ted  by the Williams Lake Treatment 
Lagoons. The sani tary and storm sewers are  completely  separate. Economic 
a c t i v i t y  i s  associated w i t h  1 umber, agr icu l ture  and service industries. 
There are no i ndus t r i a l  discharges t o  the sewer system. 

The objectives o f  the surveys  carried ou t  a t  Clinton and Williams 
Lake were as  follows : 

t o  determine the  extent  of  toxicity removal achieved by 
lagoon sewage treatment  systems, 

t o  determine the   e f fec t  of chlorination on the tox ic i ty  
of the effluent  (Williams  Lake), 

t o  r e l a t e  the toxici ty   of  the influent and e f f luen t   t o  the 
concentrations of cer ta in  known toxic  substances,  and 

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

surveys  consisted  of the following programs: 

a 2 day composite  sampling  program, 

a 12 hour  grab  sampling  program, 

a lagoon contents  grab  sampling  program, 

a 24 hour chlorine  residual  monitoring program 
(Williams Lake only) ,  and 

general  operating  data  col 1 e c t i  on. 
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The Clinton Sewage treatment lagoon  survey was carr ied o u t  from 
August 3 t o  5, 1976; the Williams Lake sewage treatment  lagoon  survey 
was carr ied o u t  from August 10 t o  12 , 1976. 

Additional  municipal  wastewater  toxicity  studies were conducted 
a t  other locations  in the Pacif ic  Region during 1976.  These surveys 
were conducted t o  collect  information regarding the abi 1 i t y  of  various 
types of  sewage treatment systems t o  remove o r  reduce  wastewater  toxicity 
and to   e s t ab l i sh  the toxicity  concentrations  involved i n  each  case. 

1.1 Clinton Sewage Treatment Lagoons, Description 

The Clinton Sewage Treatment Lagoons consis t  o f  two anaerobic 
primary  lagoons , which operate a1 te rna te ly ,  a facultative  secondary 
lagoon and a final  aerobic  lagoon. A flow  diagram showing sample point 
locations i s  presented i n  Figure 1. A t  the design flowrate  of 100,000 
Imp GPD, the anaerobic  lagoon  has a retention time o f  approximately .10 
days, the facul ta t ive  lagoon  has a retention  of 43 days and the f ina l  
aerobic  lagoon has a retention time of  84 days,   for a total   of  137 days. 
The final  aerobic lagoon and the facul ta t ive  lagoon have operating depths 
of 5 f t  while the anaerobic  lagoon or primary  lagoon  has an operating 
depth  of 10 f t .  The final  effluent  discharges  through a Parshall flume 
for flow measurement. The flowrate measurement and recording  device was 
not  operating either pr ior  t o ,  or d u r i n g  the  survey. The lagoon e f f luent  
is  discharged  to  Clinton Creek as shown i n  Figure 1. 

1.2 Williams Lake  Sewage Treatment Lagoons, Description 

The Williams Lake  Sewage Treatment Lagoons consis t  of two anaerobic 
primary  lagoons, which operate   a l ternately,  an aerated  lagoon, a f ina l  
settling 1 agoon  and chlorine  addition. The out fa l l  i s  used t o  provide 
chlorine  contact. A flow  diagram showing  sample p o i n t  locations is  
presented i n  Figure 2. A t  the  average  daily  flowrate d u r i n g  July , 1976 
of  280,000 Imp GPD the anaerobic  lagoon had a retention time of  approximately 
13 days,  the  aerated lagoon had a retention  of 61 days and the  f inal  
s e t t l i n g  lagoon had a retention time o f  31 days, for a t o t a l  of 105 days. 
A1  1 the 1 agoons have operating depths of 15 f t .  Chlorine  addition  takes 
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place i n  the outf low structure  just   prior  to  discharge t o  the  outfal l .  
The outflow  structure  also  contains a V notch  weir and f loat ing flow 
measurement device, which i s  connected t o  a flow recorder i n  the blower 
house. A signal from the flow recorder paces the  chlorine  metering 
equipment. The final  chlorinated  effluent  discharges t o  Williams Lake 
Creek . 
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2. PROCEDURES AND METHODS 

2.1  Sampling  Program - C1 i n t o n  Sewage Treatment Lagoons 

The t ime   p ropor t i ona l  24 hour  composite  samples  were  col  lected 
a t  two  loca t ions  : 

1) The raw sewage sample was taken  from a manhole,  as shown i n  

F igure 1, s i t u a t e d  between  the  sewer l i n e  and the   p r imary  

lagoons.  Approximate 1.1 1 samples  were  taken  every  ten 

minutes,  using a t i m e r  assembly  and a submersible pump. 

2)  The f i n a l   e f f l u e n t  sample was taken  from a manhole,  as shown 

i n  F igure 1, s i t u a t e d  between the   f i na l   l agoon   and   t he   d i s -  

charge  point.  Approximate 250 m l  samples  were  taken  every 

2.5 minutes  using a Markland Model  2101- Spec ia l   Duckb i l l  
sampler. 

The composite  sample  aliqUOtS Were c o l l e c t e d   i n  45 g a l l o n  

po lye thy lene   ba r re l s .  The composite  sampling  program commenced a t  

0600 h r  August 3 and ended a t  0600 h r  August 5. 

The raw sewage grab  samples,  taken  from  the same l o c a t i o n  as t h e  

composi te,   were  col lected  every 2 h r  on  August 4 f rom 0600 h r   t o  1800 
h r .  

In  addi t ion,   the  contents  of   each  lagoon  were  grab  sampled on 

August 4 and 5 us ing  a smal l   boat.   This was done to   determine 
the  level   of   t reatment  accompl ished  by  each  lagoon. 

2.2 Sampling  Program - Wi l l iams Lake Sewage Treatment Lagoons 

The t ime   p ropor t i ona l  24 h r  composi te  samples  were  col lected  at  

t h r e e   l o c a t i o n s  as fo l lows.  

1) The raw sewage sample was t a k e n   f r o m   t h e   i n l e t   s t r u c t u r e ,  
as'  shown i n   F i g u r e  2, s i t u a t e d  between the  sewer 1 i n e  and 

the  anaerobic  1 agoon , which was i n   o p e r a t i o n   d u r i n g   t h e  
survey.  Approximate 250 m l  samples  were  taken  every 2.5 

minutes  using a Markland Model 2101 - Spec ia l   Duckb i l l  

sampler. 
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2 )  The f inal   eff luent  sample (pre-chlorination) was 
taken from the f i n a l  s e t t l i ng  lagoon directly  adjacent 
t o  the  out le t  t o  the  outflow  structure. A submersible 
pump was suspended from a r a f t  anchored t o  the berm and 
cont ro l  1 ed by a timer  assembly. Approximate 1.1 1 samples 
were taken  every 10 minutes. 

3) The chlorinated  effluent sample was taken from the  outflow 
structure  adjacent t o  the  overflow  weir. Approximate 1.1 1 
samples were taken  every 10 minutes  using  a  submersible 
pump and a timer assembly. 

The composite sample aliquots were collected  in 45 gal. poly- 
ethylene  barrels. The composite  sampling program commenced a t  0800 hr 
August 10 'and ended a t  0800 hr August 12 .  

Grab samples of the  influent and final  chlorinated  effluent were 
collected  every two hours on August 11 from 0600 hr t o  1800 hr. The 
contents o f  each lagoon were grab  sampled on August 10 using  a  small boa t .  

2.3 Analyses 

Table 1 l is ts   the   analyt ical  parameters for the- 24 hour composite 
sampling program. Table 2 l is ts   the   analyt ical  parameters for  the grab 
sampl i ng program. 

The contents of the composite sample barrels were blended prior 
t o  sample division. The samples for  chemical analysis  including  metals 
were divided  into sample bottles and preserved  as  outlined  in  the Environ- 
ment  Canada Pollution Sampling Handbook. Samples for  bioassay  analysis 
were placed  in 4 - 5 gallon  jerry  cans. All samples were delivered  within 
6 hours t o  the  respective Environment Canada laboratory  faci 1 i t y .  Sample 
analysis  for a1 1 parameters  except  metals commenced within 7 hours of 
col 1 ect i  on. 

Grab samples collected on August 4 (Clinton) and Augus t  11 (Williams 
Lake) were separated  into  the  proper  container,  preserved  as  required and 
s tored   a t  4OC before  being  shipped  the  following day with  the 24 hour 
composite  samples. 
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TABLE 1 ANALYTICAL PARAMETERS - 24 HOUR COMPOSITE  SAMPLING PROGRAM 

Parameter Abbrev ia t ion  Un i t s  

Total  Phosphate 
Ammo n 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  Carbon 
PH 
Non F i  1 terable  Residue 
An ion ic   Sur fac tan ts  
Total  Residue 
Cyan i de 
Phenol 
Oil & Grease 
Po lych lo r ina ted   B ipheny l  s 
Bioassay 

Metals 

Total  Mercury. 
Copper, To ta l  & D i  ssol ved 
I ron ,   To ta l  8 Dissolved 
N icke l  , Tota l  & Dissolved 
Lead, T o t a l  & Dissolved 
Zinc,   Total  & Dissolved 
Aluminum, Tota l  & Dissolved 
Cadmi urn, To ta l  & Dissolved 
Manganese , T o t a l  & Dissolved 
Chromi urn, To ta l  & Dissolved 

- ,  

- 
COD 
TOC 
- 

NFR 

TR 
CN 

- 

PCB 

Lc50 

Hg 
cu 
Fe 
N i  
Pb 
Zn 
A1 
Cd 
Mn 
Cr 



- 9 -  

TABLE 2 ANALYTICAL PARAMETERS - GRAB SAMPLING  PROGRAM 

Parameter  Abbrevi a t i  on  Uni 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  Residue 

Chemical Oxygen Demand 

Anionic   Sur factants  

Total  Residue 

Total  Organic Carbon 

TP04 

NH3 

N03 

NoZ 
NFR 

COD 

TR 

TOC 
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2.3.1  Chemical  Analyses 

The chemical  parameters., i n c l u d i n g   m e t a l s  as 1 i s t e d   i n  Tab1 es 1 

and 2, were  analyzed as descr ibed i n   t h e  Environment Canada P a c i f i c  

Region  Laboratory  Manual. 

2.3.2 Po lych lo r ina ted   B ipheny ls   Ana lys is  (PCB).  Samples f o 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 reserva t ive .   Bas ica l l y   the   ana lys is   invo lved  ace tone-  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 ana lys 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. 

2.3.3 Bioassay  Determinat ion  (96  hr  LC50).  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  de f ined as t h e   c o n c e n t r a t i o n   o f  a measurable  le tha l  

a g e n t   ( i n   t h i s   c a s e   w a s t e w a t e r )   r e q u i r e d   t o   k i  11 t h e   5 0 t h   p e r 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. 

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 se r ies   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 ga i   rdner 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   w e r e   p l a c e d   i n  a 

cont ro l led   env i ronment  room w i t h   t h e   t e m p e r a t u r e   m a i n t a i n e d   a t  15.0 1.0' 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  per  24 hours. The b i o a s s a y   t e s t  
p r o c e d u r e   c a l l s   f o r  samples w i t h  pH values  below  6.0  or  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 adjustment was n o t   r e q u i r e d   f o r  

any  of  the  samples  col lected. All samples  were  aerated p r i o r   t o   t h e   t e s t  
and  cont inuously ,   for   the 96 hour   per iod .   Pre- tes t   aera t ion   t imes  a re  

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  4. 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 / l .  The p e r c e n t   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   w e r e  
p l o t t e d  on semi l o g   p a p e r   t o   e s t a b l i s h  an LCso value. 

2.4 Chlor ine  Residual   Monitor ing  (Wi l l iams  Lake) 

The ch lo r ine   res idua l   mon i to r ing   p rogram  cons is ted   o f   g rab   sampl ing  

t h e   c h l o r i n a t e d   f i n a l   e f f l u e n t  (Sample P o i n t  No.3) e v e r y   h o u r   f o r  24 hours 

from 0600 h r  August 11 t o  0600 h r  August 12 and  de termin ing   the   to ta l  

res idua l   ch lo r i ne   concen t ra t i on  (TRC). 

The d e t e r m i n a t i o n   o f  TRC was done us ing  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 
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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  

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   ox ide   so lu t ion)  

o f  known s t reng th ,   i n   t he   p resence   o f   po tass ium  i od ide .  

To ta l   res idua l   ch lo r i ne  as determined  by  the  amperometric Back 
T i t r a t i o n  method  determines  the  concentrat ion o f  compounds i n  the  waste- 
wa te r   con ta in ing   ac t i ve   ch lo r i ne   (wh ich   cons i s t   o f  mOnOChlOramineSy 
dichlorarnines  and  hypochlorous  acid). 
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3. RESULTS 

3.1 Bioassay  Results 

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 

composite  samples  are i 

expressed as both a 96 

concent ra t ion  Tc. The 

t o x i c   u n i t ,  TU, as f o l l  

n c l  uded i n  Table 4 (Page 23). The r e s u l   t s   a r e  

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  

t o x i c i t y   c o n c e n t r a t i o n ,  Tc can  be  expressed i n  

ows : 

Tc = 100% 

96 h r  LC50(%) 

This   va lue becomes impor tan t  when consider ing  wastewater  that   produces 

less   than 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 ioassay  test .  The Tc va lue i n   t h i s  case i s  de termined  by   p lo t t ing   the  

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  T C  va lues   f o r   t he   va r ious  

t e s t   d i  1 u t i ons .  

The average  Tc  values l i s t e d   i n   T a b l e  4 represent  the  average 
o f   t h e  TG va lues  obta ined  wi th   each  b ioassay  determinat ion and n o t   t h e  

Tc which  could  be  calculated  using  the  average LC50 value. 

3.2 Chemical  Analyses  Results - C1 i n t o n  

The chemical  analyses  (non-metal and metal ) r e s u l t s  from t h e  24 h r  

composi te   sampl ing  program  are  l is ted i n  Appendix I .  
. .  

A comparison  between i n f l u e n t  and  e f f luen t   us ing   these  resu l ts  
i s  i l l u s t r a t e d   i n   F i g u r e  3a and b. The v a l u e s   p l o t t e d   i n   t h i s  comparison 
represent   the  mean values  from  two  24-hour  composite samples,. The r e s u l t s  
of t h e  12 hour raw sewage grab  sampling  program, f o r   m e t a l s  and  non-metals, 
a r e   l i s t e d   i n  Appendix 11. 

3.3 Chemical  Analyses  Results - Wi l l iams Lake 

The chemical  analyses  non-metal and meta l   resu l ts   f rom  the  24 hour 

composi te   sampl ing  program  are  l is ted i n  Appendix I .  A comparison 

between i n f l u e n t  and e f f l u e n t   u s i n g   t h e s e   r e s u l t s   i s   i l l u s t r a t e d   i n  

F igure 4a and  b. The va lues   p lo t ted   rep resen t   t he  mean values  from  two 
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24-hour  composite  samples. The r e s u l t s   o f   t h e  12 hour  grab  sampling 

program a r e  l i s t e d   i n  Appendix 11. 

3.4 Po lych lo r ina ted   B ipheny ls   Resu l ts  (PCB) 

The r e s u l t s   o f   t h e  PCB analyses  for   the  24-hour  composi te samples 

f o r   C l i n t o n  and Wi l l iams  Lake  a re   l i s ted   in   Append ix  I .  All l e v e l s  

encoun te red   a re   s ign i f i can t l y   l ow .  The C l i n t o n  Sewage Treatment Lagoons 

were r e s p o n s i b l e   f o r  a 52% r e d u c t i o n   i n  PCB l e v e l s   w h i l e   t h e   W i l l i a m s  

Lake Sewage Treatment Lagoons  were r e s p o n s i b l e   f o r  a 89% reduc t i on .  

3.5 Lagoon Contents Grab Sampling  Results 

C l i n t o n .  The resul ts   o f   the  lagoon  contents   grab  sampl ing  program 

a r e   l i s t e d   i n  Appendix 111. The r e s u l t s   i n d i c a t e   s i g n i f i c a n t   r e d u c t i o n s  

take  p lace i n  NH3, TP04 and NFR leve ls   w i th   co r respond ing   i nc reases   i s  
NO3, NO2 and DO 1 eve1 s f r o m   t h e   p r i m a r y   t o   t h e   f i n a l  1 agoon. 

Will iams  Lake. The resu l ts   o f   the   lagoon  conten ts   g rab   sampl ing  

program  are 1 i s t e d   i n  Appendix I I I .  The r e s u l t s   i n d i c a t e  a r e d u c t i o n   o f  

NH3 and  subsequent  conversion t o  NO3 and NO2 f rom  the  anaerobic  lagoon 

t o   t h e   f i n a l   s e t t l i n g   l a g o o n .  

3.6 Ch lor ine   Res idua l   Mon i to r ing   Resu l ts  - Wi 11 i ams Lake 

The r e s u l t s   o f   t h e   2 4 - 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  5. The TRC concen t ra t i on  had a mean o f  0.034  mg/l 

and a range o f  0.26 to   non-detectable.  The TRC was non-de tec tab le   f o r  

14 samples o u t   o f  25.  These ch lo r ine   res idua ls   wou ld  be i n s u f f i c i e n t   t o  
produce a s i g n i f i c a n t   r e d u c t i o n   o f   f e c a l   c o l i f o r m   l e v e l s   i n   t h e   e f f l u e n t .  

I n   a d d i t i o n ,  i t  can be  assumed t h a t   t h e   c h l o r i n a t i o n   p r a c t i c e d  by t h e   p l a n t  
w o u l d   n o t   r e s u l t   i n  an increase i n   t o x i c i t y   ( i n   t h i s   c a s e ) .  

3.7 Da i ly   F lowra tes ,   Ch lor ine  Dosages and P r e c i p i t a t i o n  

D a i l y   f l o w r a t e s  and c h l o r i n e  dosages f o r   W i l l i a m s  Lake f o r  a 

one year  per iod  f rom  August 1, 1975 t o   J u l y  31,  1976 have  been p l o t t e d   i n  

Appendix IV. I n   a d d i t i o n   t o t a l   d a i l y   p r e c i p i t a t i o n   d a t a  has  been provided. 

Th is   da ta   wou ld   tend  to   ind ica te   the  absence o f  an i n f i l t r a t i o n / i n f l o w  
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problem in  the sewer system. However, in  reference t o  the months of 
May and June, 1976, flowrates tended to  increase d u r i n g  periods of heavy 
rainfal l  and decrease d u r i n g  dry  periods. 

3.8 Metal Analyses Summary 
A summary o f  metal analyses  results from C l i n t o n  Sewage Treatment 

Lagoons and the Wi 11  iams  Lake  Sewage Treatment Lagoons i s  presented i n  

Table 3. Municipal water  supply metal analyses have  been included t o  
provide background information. 
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TABLE 3 

Metal 

(To ta l  ) 

cu 

Fe 

N i  

Pb 

Zn 

A1 

Cd 

Mn 

C r  

Hg*** 

METAL  ANALYSES SUMMARY 

C1 i nton Wi 11 i ams Lake 

I n f l u e n t *   E f f l u e n t *  Water** I n f l u e n t *   E f f l u e n t *  Water** 
Supply  Supply 

mg/ 1 mg/ 1 mg/ 1 mg/1  mg/1 mg/ 1 

0.06 0.015 0.07 0.07 0.01 0.12 

0.32 4 . 3 0  0.03 0.61 0.09 0.14 

43.05 ~ 0 . 0 5  e0.05 eo. 05 c0.05 (0 .05 

eo. 02 co.02 eo.02 0.02 co .02  (0.02 

0.10 0.10 0.07 0.18 0.06 0.09 

eo. 3 c0.3 (0.3 0.4 ~ 0 . 3  -0.3 

<o. 01 eo .01  4 . 0 1  eo.01 -0.01 c o . 0 1  

0.08 0.03 q 0 . 0 3  0.15 eo. 03 0.15 

<o.. 02 -0.02 eo .02  =O. 02 co.02 -0.02 

CO. 20 co .20  a . 2 0  0.20 s o .  20 0.25 

*Average o f  two  24-hour  composite  samples 

**Results  from one grab  sample 

***pgl1 
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4. DISCUSSION 

4.1 Bioassay Eva1 uation 
. .. 

Municipal  wastewaters i n  general  contain a wide variety  of 
chemical consti tuents  readily known t o  be tox ic   t o  fi.sh. The most 
common consti tuents  exerting  toxicity  include ammonia, cyanide,   sulfides,  
chlorine and chloramine , phenols , surfactants  and several heavy metals 
which include  copper,  zinc, chromium and nickel. Other factors  such as  
temperature, pH, hardness , a1 kal i n i  ty  and dissolved oxygen tend t o  
modify the  toxici ty  produced by various  chemical  constituents. However, 

. '  as   ou t l ined   ear l ie r  the bioassay tes t  conditions  are  controlled so t h a t  
pH, temperature and dissolved oxygen do not  themselves  affect  toxicity. 
The chemical analyses results for  the  individual  composite  samples were 
examined w i t h  reference  to  the 1 i t e r a t u r e   t o  determine those  factors 
responsible   for   toxici ty .  Following i s  a discussion of those factors  
deemed responsible  for the bioassay results' encountered i.n the survey. 

4.1.1 Ammonia Toxicity. The common sources of ammonia i n  
a re  : 

('1) urine,  which contains  urea ( H2NCOH2N)  which i n  

( 2 )  organic  matter  containing .protein and amino aci 
readily  hydrolyzes  to ammonia; 

wastewater 

turn 

ds .which 
decomposes under bacter ia l   act ion y ie ld ing  ammonia; 

(3)  chemical plants and cleaning  establishments which release . .  

ammonia t o  the sewer system;  and, 
( 4 )  household  'cleaning  agents. 

The toxic i ty  o f  ammonia and ammonium s a l t s  t o  f ish i s  d i rec t ly   re la ted  
t o  the amount of  un-ionized ammonia i n  solution. Ammonia establ ishes  a 
pH dependent equilibrium i n  solution  as  follows: 

N H 3  + nH20 S N H 3  nH20eNH: + OH + ( n-1)H20 
- 

Emerson , e t  a1 ( 2 )  have out1 ined a set   of  equi 1 ibri um calculat ions  for  
determining the un-ionized ammonia i n  solution under 'varying  conditions 
of 'pH and temperature. The un-ionized ammonia concentrations  for  the 
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24-hour composite  samples have been calculated  according  to this s e t  
of equations and. are  reported i n  Table 4. In  addition, this table  
l is ts   the   bioassay  resul ts  and the major toxic  constituents  involved 
for  each  composite  sample. 

Mayo e t  a1 ( 3 )  s t a t e   t h a t  0.006 mg/l N un-ionized ammonia  may 
be considered  to be the desirable upper level  for extended fish exposure. 
A level  of 0.025 mg/l un-ionized ammonia has been stated  as  the maximum 
tha t  fish can to l e ra t e  ( 4 ) .  Lloyd  and Orr (5)  reported  that  0.44 mg/l 
un-ionized ammonia caused 100% mortality i n  Salmo gairdneri i n  96 hours. 

The  raw sewage samples from both the  Clinton and Williams Lake 
Sewage  Lagoons exhibited  un-ionized N H 3  l eve ls   tha t  could be expected t o  
exert  some toxici ty .  However, the  levels  encountered i n  the f ina l   e f f luent  
samples are  near  the  threshol d level and as  indicated d i d  not  exert a toxdc 
e f fec t .  Esvel t ,  Kaufman and Sell eck ( 6 )  point  out  that   factors i n  addition 
t o  un-ionized ammonia, i n  this case h i g h  a lka l in i ty ,  may tend t o  modify 
ammonia toxici ty .  

4.1.2  Surfactant  Toxicity.  Detergents  are a common component of sewage 
and industrial   effluents,   derived  largely from household cleaning  agents. 
Surfactants can be d i v i d e d  as  being  either  anionic,,  cationic  or  non-ionic. 
In  current  detergen,t  formuias , the primary toxic  active  agent i s  LAS 
( l inear   a lkylate   sulfonates)  , an anionic  surfactant. The surfactant  
analysis conducted d u r i n g  this survey was carried  out  specifically  for LAS. 

The toxici ty  o f  LAS tends t o  increase i n  hard water, and increase 
as  the carbon  chain  length  increases ( 6 ) .  

Thatcher and Santner (8) found 96 hr LCso values  for LAS of  3.3- 
6.4 mg/l for   f ive  species  of f i sh .  Dolan and Hendricks  determined an 

Lc50 of  5.9 mg/l LAS for   bluegi l l  sunfish ( 9 ) .  The anionic  surfactant 
concentrations  for  the raw sewage samples as outlined i n  Table 4 would 
be expected to   contr ibute   s ignif icant ly  t o  wastewater  toxicity. In  
addi t ion,   the   surfactant   toxici ty  i n  both cases would tend to  increase 
w i t h  the   a lka l in i ty  of the  wastewater  (assuming a relationship between 
hardness and al'kal i n i  t y )  . 
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4.2 Bioassay  Sumary 

4.2.1 Cl in ton  B ioassay Summary.  The raw sewage e x h i b i t e d  96 h r  LC5o 

values o f  60.5  and 36.0% (Tc = 1.65  and 2.78). Most o f   t h i s   t o x i c i t y  

would be a t t r i b u t a b l e   t o   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 .  The 
un- ion ized ammonia content   would  a lso be expec ted   to   exer t  some t o x i c i t y .  

The f i n a l   e f f l u e n t  was n o n - t o x i c   a t   t h e  100% concent ra t ion   fo r  

both 24 hour   composi te   samples  ind icat ing  that   t reatment  i s  respons ib le  
fo r   the   remova l   o f   the  raw sewage t o x i c i t y .  

4.2.2 Williams  Lake  Bioassay. The raw sewage e x h i b i t e d  96 h r  LC5o 
Val  ues o f  48 and 49% (Tc = 2.08 and 2.04). T h i s   t o x i c i t y   w o u l d  be 
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 and sur fac tan t   concent ra t ions ,  

w i t h   s u r f a c t a n t   t o x i c i t y   b e i n g   i n f l u e n c e d   b y   t h e  a1 k a l   i n i  ty o f   t h e  waste- 
water. 

The f i n a l   e f f l u e n t  was n o n - t o x i c   a t   t h e  100% c o n c e n t r a t i o n   f o r  
bo th  24 hour   compos i te   samples ,   ind ica t ing   tha t   t rea tment   i s   respons ib le  

f o r   t h e   r e m o v a l   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  raw sewage samples. 

The c h l o r i n a t e d   f i n a l   e f f l u e n t  was a l so   non - tox i c  a t  the  loo'% 
concent ra t ion   fo r   bo th  24 hour  composite  samples. However,  as po in ted  

o u t   i n   S e c t i o n  3.6, the  TRC was m a i n t a i n e d   a t   e i t h e r  a very   low  o r  non- 

d e t e c t a b l e   l e v e l   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  program.  Chlor- 

i n a t i o n ,   i n   t h i s  case,  would n o t  be e x p e c t e d   t o   i n f l u e n c e   t o x i c i t y .  
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APPENDIX I CLINTON SEWAGE TREATMENT LAGOONS 
COMPOSITE SAMPLE ANALYTICAL  RESULTS - NON-METALS 

Sampl i ng  Poi n t  Number 

Raw Sewage 1 
F i n a l   E f f l u e n t  2 

Analyt ical   Parameter Sampl i n g  Date 
Point  August 4 August 5 

TP04 mg/l 1 
2 

3.5 
2.4 

16 
3.5 

1 
2 

9.7 
1.5 

8.5 
1.8 

1 
2 

CO.01 
0.27 

co.01 
0.11 

1 
2 

<O. 005  0.008 
0.16  0.30 

A1 ka l  i n i  ty  mg/l CaC03 1 
2 

3 30 
510 

325 
514 

COD mg/l 1 
2 

160 
59 

170 
45 

TOC mg/l 1 
2 

87 
26 

56 
18 

PH 1 7.7   7 .7  
2 8.1 8.2 

NFR mg/l 1 76 
2 <5 

69 
uo 

Anionic   Sur factants  
mg/l LAS 

TR mgl1 

1 
2 

3.5 
0.42 

6.4 
0.16 

1 
2 

5  30 
7 30 

500 
650 

CN mg/ 1 1 
2 

(0.03 (0.03 
<O. 03 - 

Phenol  mg/l 1 ‘t 0.25 0.02 
2 <o. 02 (0.02 

Oil & Grease  mg/l 1 
2 

16 
(5 

17 
(5 

PCB ppb 1 
2 

0.043  0.035 
0.018  0.019 
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APPENDIX I CLINTON  SEWAGE TREATMENT LAGOONS 

COMPOSITE  SAMPLE.ANALYTICAL  RESULTS - METALS. 
Sampl i ng Poin t  Number . r  , .  

Raw Sewage 1 
Final Effluent 2 - 

Analy t ica l  Units Sampl i ng Date 
Parameter Poi n t August 4 August  5 

Hg 

c u  

cu 

Fe 

Fe 

Ni 

Ni 

Pb 

Pb 

Zn 

Zn 

A1 

A1 

Cd 

Cd 

Cr 

Cr 

Mn 

Mn 

Total  

To t a l  

D i  s s o l  ved 

Total 

D i  s s o l  ved 

To t a l  

Dissolved 

Total  

Dissolved 

Total  

Dissolved 

To ta l '  

D i  s s o l  ved 

Total  

D i  sso 

Total 

D i  sso 

Total  

1 ved 

1  ved 

D i  s s o l  ved 

1 
2 
1 
2 

1 
2 

1 
2 
1 
2 
1 
2 

1 
2 

1 
2 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

1 
2 
1 
2 
1 
2 

' 1  
2 

(0.2 
c0.2 

0.05 
<o. 0 1  

0.01 
CO.01 

0.27 
0.48 
0.04 
0.08 

c0.05 
c0.05 

c0. 05 
c0.05 

co. 02 
c0.02 

-<o. 02 
0.02 

0.10 
0.19 

<o. 0 1  
0.06 

CO. 3 
<O. 3 
<o. 3 
<o. 3 

<o. 01  
<o. 01 
co.01 
<o. 01  
<o. 02 
(0.02 

co. 02 
co. 02 

0.13 
(0.03 

0.10 
c0.03 

(0.2 
<o. 2 

0.06 
0.02 

0.02 
0.01 

0.37 
0.12 
0.09 
-0.04 

. c0.05 
c0.05 

c0.05 
c0.05 

(0.02 
c0.02 

<o. 02 
c0.02 

0.10 
0.03 

0.10 
0.03 
0.3 

<O. 3 
0.3 

CO. 3 

<o. 0 1  
c0.01 
c0.01 
c0.01 
co. 02 
<o. 02 

<o. 02 
c0.02 

0.03 
0.04 
0.03 
0.03 
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APPENDIX I WILLIAMS  LAKE SEWAGE TREATMENT  LAGOONS 
COMPOSITE SAMPLE  ANALYTICAL  RESULTS - NON-METALS 

Sampl i n q  Poi n t  Number 

Raw Sewage 1 
F i n a l   E f f l u e n t  2 (Pre-ch lo r ina t ion)  
Ch lo r ina ted   F ina l   E f f l uen t  3 

Analyt ical   Parameter Sampl i ng  Date 
Poi n t August 11 August  12 

TP04 1 
2 
3 

5.7 
5.6 
5.4 

6.5 
7.0 
6.3 

1 
2 
3 

14.0  19.0 
0.12 0.20 
0.12  0.17 

N03 mg/l N 1 co.01 
2 11 .o 11.0 
3 11.0  11.0 

- 

1 
2 
3 

0.01  0.01 
0.58  0.47 
0.56 0.45 

A1 ka l  i n i  t y  mg/l CaC03 1 500 
2 390 
3  390 

500 
400 
390 

1 270 
2 86 
3 88 

200 
96 
82 

COD 

TOC 

PH 

N FR 

1 
2 
3 

8 1  
16 
20 

1 
2 
3 

7.8 
8.6 
8.6 

7.8 
8.6 
8.6 

1 
2 
3 

95 
27 
23 

56 
21 
22 

4.6 6.4 
0.10  0.30 
0.11 0.15 

Anionic  mg/l LAS 
Sur factants  

1 
2 
3 
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APPENDIX I WILLIAMS .LAKE' SEWAGE TREATMENT .LAGOONS .,  . 

(Cont'd.) 
. .  

COMPOSITE SAMPLE ANALYTICAL 'RESULTS - NON-METALS 

Sampl i ng  Poi n t  Number 

Raw Sewage 1 
F i n a l   E f f l u e n t  2 (P re -ch lo r i   na t i   on )  
Ch lo r ina ted   F ina l   E f f l uen t  3 

Analyt ical   Parameter Samp l'i n g Date 
Point  Auaust 11 Auaust 12 

TR 

CN 

Phenol mg/ 1 

Oi 1 & Grease  mg/l 

PCB PPb 

1 1000 
2 9 70 
3 940 

1000 
930 
940 

1 c0.03 (0.03 
2 0.08 0.07 
3 0.08 0.08 

1 
2 
3 

1 
2 
3 

1 
2 
3 

c0 .02  
co.02 
<o .02 

27 
'(5 
<5 

0.059 
0.007 
0.006 

0.044 
c0.02 
40.02 

27 
<5 
<5 

0.044 
(0.005 
<O. 005 
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APPENDIX 1 WILLIAMS LAKE SEWAGE TREATMENT  LAGOONS 
COMPOSITE  SAMPLE  ANALYTICAL  RESULTS - METALS 

Sampling  Point Number 

Raw Sewage 1 
F i n a l   E f f l u e n t  2 ( P r e - c h l   o r i   n a t i   o n )  
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 

A n a l y t i c a l   U n i t s  Sampl i ng  Date 
Parameter  Point  August '11 August 12 

Hg 

cu 

cu 

Fe 

Fe 

N i  

N i  

Pb 

Pb 

Zn 

Zn 

To t a  1 

To ta l  

D i  sso l  ved 

To ta l  

D i  sso l  ved 

To ta l  

D i  sso l  ved 

To ta l  

D i  sso l  ved 

To ta l  

D i  sso l  ved 

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 

0.20 
c0.20 
c0.20 

0.08 
0.02 
0.01 

0.02 
0.02 
0.02 

0.74 
0.09 
0.11 

0.10 
0.04 
0.05 

C0.05 
<O. 05 
CO. 05 

c0.05 
<O. 05 
c0.05 

0.02 
c0.02 
<o. 02 

<o. 02 
c0.02 
c0.02 

0.19 
0.04 
0.07 

0.23 
0.12 
0.10 

<o. 20 
<o. 20 
co. 20 

0.06 
0.04 
0.01 

0.02 
0.03 
0.02 

0.48 
0.14 
0.06 

0.09 
<O. 03 

0.08 

<O. 05 
c0.05 
<O. 05 

CO. 05 
<O. 05 
<O. 05 

0.02 
<o. 02 
<o. 02 

<o. 02 
<o. 02 
c0.02 

0.16 
0.10 
0.04 

+ 
+ 
+ 

+ - Data   Unre l iab le  
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APPENDIX 1 WILLIAMS LAKE SEWAGE TREATMENT  LAGOONS 
(Cont 'd.)  COMPOSITE SAMPLE ANALYTICAL  RESULTS - METALS 

Sampl i ng  Point  Number 

Raw Sewage 1 
F i n a l   E f f l u e n t  2 (P re -ch lo r i na t i on )  
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 

A n a l y t i c a l   U n i t s  Sampl i ng  Date 
Parameter  Point  August .11 August 12 

A1 

A1 

Cd 

Cd 

Cr 

C r  

Mn 

Mn 

Tota l  

Dissolved 

To ta l  

D i  ssol ved 

To ta l  

D i  sso l  ved 

Tota l  

D i  sso l  ved 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

0.5 
<O. 3 
<O. 3 

c0.3 
<O. 3 
<O. 3 

40.01 
co.01 
<o. 01 

(0.01 
<o. 01 
(0.01 

c0.02 
c0.02 
co. 02 

c0.02 
<0.02 
c0.02 

0.15 
c0.03 
(0.03 

0.14 
CO. 03 
(0.03 

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

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

0.01 
c0.01 
<0.01 

<o. 01 
c0.01 
c0.01 

c0.02 
co. 02 
c0.02 

c0.02 
c0.02 
<o. 02 

0.14 
C0.03 
10.03 

0.10 
c0.03 
C0.03 
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APPENDIX I 1  

12 HOUR GRAB SAMPLING PROGRAM 

ANALYTICAL  RESULTS 

C1 i nton 

Wi 11 i a m s  Lake 

P a g e  

35 

36 
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APPENDIX I 1  CLINTON SEWAGE TREATMENT LAGOON 12 HOUR GRAB 

SAMPLING  ANALYTICAL  RESULTS - R A W  SEWAGE 

A n a l y t i c a l   U n i t s  Time ( h r )  
Parameter 0600 0800  1000  1200  1400  1600  1800 

TP04 mg/l P 4.0 5.0 6.7  6.4  6.5  6.8  6.5 

NH3 mg/l N 5.6  7.0 18 9.8  5.0 11.0 9.8 

N03 mg/l N 0.84  0.65  0.55  0.40  0.41  0.44  0.53 

N02 mg/l N 0.025  0.059  0.078  0.098  0.024  0.060 0.074 

NFR mg/l 49  36 67 90 + 100 88 

COD mg/l 69  130  200 260 190  280  290 

Anionic mg/ 1 
Sur factants  LAS 2.1 + 2.0  6.25  10.8  13.3  13 

TR mg/l 530 450 490  540  490  660 650 

TOC mg/l C 30  70  49  70 68 108  86 

+ - Data  unre l   iab le  
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APPENDIX I 1  WILLIAMS  LAKE SEWAGE TREATMENT LAGOONS 

GRAB SAMPLING  ANALYTICAL  RESULTS, AUGUST 11, 1976 

Sampl i ng Poi n t  Number 

Raw Sewage 1 
F ina l   Ch lo r ina ted   E f f l uen t  3 

A n a l y t i c a l  Sampl i ng  Time ( h r )  
Parameter  Point 0600  0800  1000  1200  1400  1600 1800' 

TP04 mg/l P 

NH3 mg/l N 

NO3 mg/l N 

NO, mg/l N 

NFR mg/l 

COD mg/l 

Ani  oni c 
Surfactants 
mg/l LAS 

TR mg/l 

TOC mg/l C 

1 1.60 
3  7.50 

1 11.0 
3  0.46 

1 t 
3  10.0 

1 0.16 
3 0.42 

1 24 
3 24 

1 96 
3 120 

1 1.2 
3 0.15 

1 1200 
3 910 

1 12 
3 18 

3.80 
7.00 

22.0 
+ 
t 

11.0 

0.35 
0.46 

53 
26 

140 
96 

1.0 
0.13 

1200 
9 30 

32 
17 

9.25 
6.75 

30.0 
t 

+ 
11.0 

0.011 
0.46 

155 
35 

370 
100 

2.5 
0.11 

1100 
930 

96 
22 

10.8 11.8 10.0 8.50 
6.50 6.50 6.75 6.75 

17.0  18.0 21  .o 17.0 
+ t + + 
+ + t  t 

12.0  12.0  12.0 12 .o 
0.014 0.011 0.016 0.012 
0.32 0.46 0.46 0.40 

150 120 130 120 
18 17 10 15 

4 10 340 390 330 
130 92 110 360 

9.0  11.8  15.3  10.3 
0.19  0.18  0.19 1 + 

1200 980 1200 980 
800 900 910 940 

106 114 104 104 
17 18 17 16 

+Resul ts   obta ined deemed u n r e l i a b l e  due t o   i n t e r f e r e n c e  
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APPENDIX I 1 1  

LAGOON CONTENTS GRAB SAMPLING  RESULTS 

Page 
C1 i nton 38 

W i l l i a m s   L a k e  39 
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APPENDIX I 1 1  CLINTON SEWAGE TREATMENT LAGOONS 

RESULTS OF LAGOON CONTENTS GRAB SAMPLING 

Date TR N FR PH TP04 NH3  N03 N02 Do 

mg/l  mg/l  mg/l p mg/l N mg/l N mg/l N mg/l O2 

Primary 
Lagoon Aug .4  520  110 7 .1  6.6 5.0 C . 0 1  .011 0.0 
(Anaerobi  c) Aug .5 490 79 4.3 5.4 c .01 .020 

Seconday 
Lagoon Aug .4 460 35  7.4 3.4  2.2 .033  .067  3.4 
(Facul t a t i  ve) Aug. 5 5 10 29 3.5  1.6 .023  .066 

F ina l  
Lagoon Aug .4 560 - 6.8 4.2  0.7 .41  .49  9.4 
(Aerobi  c) Aug .5  740 <lo 2.5 0.8 .25  .65 
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APPENDIX I 1 1  WILLIAMS LAKE SEWAGE TREATMENT  LAGOONS 

RESULTS OF LAGOON  CONTENTS GRAB SAMPLING 

AUGUST 11, 1976 

TR  TVR N FR NH3 N03  N02 TP04 
mg/ 1 mg/ 1 mg/ 1 mg/l N mg/l N mg/l N mg/l P 

Primary Lagoon 
(Anaerobic) 996 360 42 17 

Secondary Lagoon 
(Aerated) 966 320 29 0.07 

F ina l  Lagoon 
( S e t t l i n g )  940  310 40* 0.33 

c.01 .024  8.5 

13 0.76  8.6 

9.3 0.72 10.0 

*High  a lga l   concentrat ion 
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APPENDIX I V  

WILLIAMS  LAKE SEWAGE TREATMENT LAGOONS 

D A I L Y  FLOWS, CHLORINE DOSAGES  AND PRECIP ITATION 

August 1, 1975 t o  July 31, 1976 
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