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FOREWORD 

This doculnent su~nnarizes environmental condit ions and i d e n t i f i e s  
environmental problems i n  the Severn Sound Area o f  Concern o f  Georgian 

Bay. The document i s  intended t o  form the basis o f  the Stage I 
submission o f  the Severn Sound Remkdial Action Plan (RAP), as p a r t  o f  
the Canada-Ontario comnitment t o  the US-Canada Internat ional  J o i n t  
Comnission. 

The document a1 so forms the basic technical sumnary f o r  the Publ i c  
Involvement Program star ted i n  May 1988. 

An e a r l i e r  draf t ,  submitted f o r  prel iminary review t o  CanadaIOntario 
agencies i n  February, 1987 i d e n t i f i e d  several gaps i n  environmental 
information avai lab le  on Severn Sound. This repor t  includes updated 
information and provides a more thorough analysis o f  the present 
condit ions i n  Severn Sound. The document w i l l  be supplemented w i th  
resu l t s  o f  f i e l d  work, analysis and the Publ i c  Involvement Program 
components t o  be conducted during 1988. 

A c t i v i t i e s  scheduled f o r  1988 include: 

Updating the calculated t o t a l  annual nu t r ien t  supply t o  Severn 
Sound and selected bays through the inclusion o f  addi t ional  data t o  
be co l lec ted on supply from land drainage, sediments and po in t  
sources. 

O Deployment o f  addi t ional  current  meters and development o f  a water 
budget f o r  the Sound. 

" Continuation o f  the year ly water qua l i t y  monitoring program 
i n i t i a t e d  i n  1973. 

" Fish comnunity studies t o  examine h i s to r i ca l  trends and changes 
i n  f i s h  species continuing i n  1988 w i th  an integrated program o f  
ne t t ing  and Ceel census. 



" Undertaking the f i r s t  two phases o f  the pub l ic  consul tat ion program. 
The f i r s t  phase involves informing and educating the pub1 i c  
regarding the RAP process and the cur rent  environmental status o f  
Severn Sound. Th is  w i l l  be i n i t i a t e d  i n  the spr ing o f  1988 and 
completed by l a t e  sumner. The second phase involves obtaining the 
views and p r i o r i t i e s  o f  the pub l ic  w i th  respect t o  desired use 
options. This phase w i l l  be i n i t i a t e d  i n  the f a l l  o f  1988 and i s  
expected t o  be completed ear ly  i n  1989. 

Addit ional f i e l d  studies t o  ass i s t  i n  the development o f  n u t r i e n t  
budgets, and t o  assess the b i o a v a i l a b i l i t y  o f  nu t r i en t s  may be 
i n i t i a t e d  as deemed necessary by the RAP Team. 

RAP Timetable 

A c t i v i t y  

RAP Devel opment : 

Pub1 i c  consul t a t i o n  framework 

Date - 

September 1987 
(compl e ted l  

I d e n t i f i c a t i o n  o f  use options November 1988 

Preferred remedial ac t ion and 
imp1 ementation schedule March 1989 

D r a f t  RAP (Par t  11) f o r  review September 1989 

F ina l  RAP review January 1990 

Submit RAP t o  IJC's  Water Q u a l i t y  Board Ju ly  1990 
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EXECUTIVE SUMMARY 

The Severn Sound i s  a complex o f  shallow bays i n  the south-east p a r t  o f  
Georgian Bay. The Sound present ly  supports a warmwater and a migratory 
coldwater f i shery .  A res ident  coldwater f i she ry  i s  repor ted t o  have 

ex is ted  i n  the deeper areas o f  Severn Sound p r i o r  t o  the 1960's. The 

bays are n u t r i e n t  enriched o r  eutrophic and e x h i b i t  vary ing degrees o f  
aquat ic  p l a n t  growth. The shorel ine development includes the  Towns o f  
Midland and Penetanguishene, as wel l  as r u r a l  land and cottages. 

Excessive a lga l  growth i n  Severn Sound, p a r t i c u l a r l y  i n  Penetang Bay, 
has been o f  pub l i c  concern s ince the mid 1960's. The algae growth 
forms uns igh t ly  scums and layers  o f  t u r b i d  water t h a t  discourage 
recreat iona l  uses such as swimming. The algae growth may a lso r e l a t e  
t o  recent  changes i n  the f i s h  caught from the  Sound t o  species more 
t o l e r a n t  o f  n u t r i e n t  enrichment. H i s t o r i c a l l y ,  the c o l l  apse o f  the 

res ident  coldwater f i she ry  may a lso  have been r e l a t e d  t o  changes i n  

water q u a l i t y  condi t ions.  Boating i s  adversely in f luenced i n  some 

areas o f  Severn Sound where heavy growths o f  rooted aquat ic p lan ts  
occur ( f o r  example i n  Sturgeon Bay). 

R e s t r i c t i o n  o f  human consumption o f  spor t  f i s h  populat ions ( r e s t r i c t e d  
consumption o f  wal leye and smallmouth bass due t o  mercury 
contamination) i n  Severn Sound appears s i m i l a r  t o  other  areas o f  
Southern Georgian Bay and was no t  re la ted  t o  any l o c a l i z e d  source o f  
contamination. 

Phosphorus i s  a key n u t r i e n t  t h a t  l i m i t s  the growth o f  algae i n  Severn 
Sound. The water q u a l i t y  response o f  Severn Sound t o  reduced 
phosphorus loadings from municipal p o i n t  sources has been pos i t i ve .  
Tota l  phosphorus l e v e l s  have decl ined approximately 50% between 1969 
and 1986 i n  Midland and Penetang Bays, which receive the l a r g e s t  
discharges from sewage treatment f a c i l i t i e s .  However, phosphorus 
l e v e l s  are s t i l l  h igh enough t o  promote nuisance a lga l  growths, 
p a r t i c u l a r l y  i n  the southern p o r t i o n  o f  Penetang Bay. The densi ty  o f  
algae i n  Severn Sound has no t  shown a decl ine s i m i l a r  t o  phosphorus 
concentrat ion over the  same period. 



Factors which may account f o r  the  l i m i t e d  algae response t o  reduced 
municipal e f f l u e n t  phosphorus loadings i n  comparison t o  other  s i m i l a r l y  
a f fec ted  areas include: 

" non-point sources (e.g. urban runo f f ,  shore1 i n e  development, 
add i t i ona l  n u t r i e n t  supply from a g r i c u l t u r a l  r u n o f f  i n  the  immediate 
watershed t o  the Sound) may have remained o r  increased as another 
important  source o f  phosphorus supply; 

" cont inued upgrading and expansion o f  e x i s t i n g  sewage f a c i l i t i e s  
throughout the moni tor ing pe r iod  r a t h e r  than a t  one p o i n t  i n  t ime 
may have masked the  response; 

" extensive water c i r c u l a t i o n  and exchange o f  Severn Sound w i t h  t h e  
open waters o f  Georgian Bay may l ead  t o  a greater  d ispers ion and 
d i l u t i o n  o f  n u t r i e n t  gradients (Penetang Bay i s  a notable except ion 
t o  t h i s  genera l i za t ion  as the  Bay has l i m i t e d  c i r c u l a t i o n  and 
exchange) ; 

O seasonal changes i n  the  a v a i l a b i l i t y  o f  n u t r i e n t s  f o r  a lga l  growth 
i n  t h e  Sound; 

O s h i f t s  i n  the  f i s h  comnunity may have adversely a f fec ted  the  
zooplankton community graz ing o r  cropping a1 gae i n  the  Sound. 

The annual t o t a l  phosphorus supply t o  Severn Sound has been estimated. 
However, add i t iona l  in fo rmat ion  on water exchange i s  requ i red  t o  
ca l cu la te  a n u t r i e n t  budget. Fur ther  c l a r i f i c a t i o n  o f  the r e l a t i o n s h i p  
between n u t r i e n t  supply and n u t r i e n t  a v a i l a b i l i t y  t o  the  algae growths 
i n  the  Sound as wel l  as the e f f e c t  o f  cropping o f  algae by zooplankton 
i s  a l so  requ i red  be fore  f u r t h e r  remedial measures can be planned. 

Ava i lab le  in fo rmat ion  i nd i ca tes  only  minor l o c a l i z e d  contamination o f  
sediments has occurred. Confirmation o f  the in f luence o f  p o i n t  source 
discharges on t race  contaminant l e v e l s  i n  b i o t a  must be obtained. The 
r e s u l t s  o f  j u v e n i l e  f i s h  analyses s t rong ly  supports the  absence 
o f  any s i g n i f i c a n t  sources o f  t race  contaminants. 



1. INTRODUCTION 

Since 1973, the  U.S./Canada In ternat iona l  J o i n t  Commission (IJC) 
has i d e n t i f i e d  "Areas o f  Concern" throughout the Great Lakes and 
t h e i r  connecting channels where IJC, Prov inc ia l  o r  State water 
q u a l i t y  ob jec t ives  have been exceeded and uses o f  the areas have 

been disrupted. 

Severn Sound, a group o f  bays i nc lud ing  Penetang Bay, Midland Bay, 
Hog Bay and Sturgeon Bay, i s  a heav i ly  used recreat ional  area i n  
the southeast corner o f  Georgian Bay. Increasing pub l i c  concern 
during the  mid-1960's regarding excessive a1 gal growths, 
p a r t i c u l a r l y  i n  Penetang Bay, had l e d  t o  a number o f  water q u a l i t y  
surveys o f  Severn Sound by the Ontar io M i n i s t r y  o f  the Environment. 
I n  1973 the  IJC i d e n t i f i e d  Severn Sound as an Area o f  Concern which 
has been inc luded i n  reviews o f  a l l  such areas i n  the Great Lakes 
Basin (IJC, 1985). The IJC Water Q u a l i t y  Board recommended t h a t  a 
Remedial Act ion Plan (RAP) be developed f o r  each Area o f  Concern 
which would o u t l i n e  a "systematic and comprehensive approach t o  
res to r i ng  bene f i c i a l  uses ... consistent  w i t h  an 'ecosystem 
approach' t o  the  pro tec t ion  o f  the Great Lakes" (IJC, 1985). 
When completed, the RAP w i l l  provide: a descr ip t ion  o f  the  area 
l oca t i on  and ex ten t  o f  environmental problems and use impairment; 
descr ip t ion  o f  pol 1 u t i o n  sources 1 eading t o  the problems; the 
remedial ac t i on l s )  proposed t o  res tore  bene f i c i a l  uses w i t h  
scheduling and t rack ing  procedures. The 1978 Great Lakes Water 
Q u a l i t y  Agreement ( rev ised w i t h  1987 Protocol )  requi res the  RAP t o  
be submitted t o  the Great Lakes In te rnat iona l  J o i n t  Commission a t  
three stages: 

1. when the d e f i n i t i o n  o f  environmental condi t ions and problems i s  
complete; 

2. when remedial and regulatory measures have been selected; 

3. when bene f i c i a l  uses have been restored. 



The purposes o f  the fo l l ow ing  repo r t  a re  to: 

1. describe the  Area o f  Concern; 

2. o u t l i n e  what i s  known about the past and present environmental 
condi t ions i n  Severn Sound; 

3. sumnarize known environmental concerns i n  Severn Sound. 

The repo r t  w i l l  serve as a basic technical  summary o f  the water 
q u a l i t y  and aquat ic community s tatus o f  Severn Sounds. The repo r t  
does no t  f u l f i l l  a l l  aspects o f  a completed RAP because: 

1. the environmental in format ion ava i lab le  t o  assess the sources 
o f  i d e n t i f i e d  water q u a l i t y  problems i s  no t  complete; and 

2. the pub l i c  in format ion plan t o  obta in a consensus on desired 
bene f i c i a l  uses, water q u a l i t y  ob jec t ives  and t o  evaluate and 
se lec t  remedial opt ions has no t  been f u l l y  implemented. 



2. DESCRIPTION OF THE AREA 

2.1 Locat ion and Geographic Extent 

Severn Sound i s  located i n  southern Ontario. This body o f  water 
i s  the southeastern arm o f  Georgian Bay, but  i s  l a r g e l y  separated 
from the main Bay by an i s l and  archipelago formed i n  past g lac ia l  
t imes by f lood ing  o f  l and  along the margin o f  the Canadian Shield. 
The Sound has a pecu l i a r  shape (Figures 1 and 21, as i t 
incorporates a v a r i e t y  o f  smaller bays and harbours inc lud ing  
Penetang Harbour, Outer Harbour, Midland Bay, Hog Bay, Sturgeon 
Bay and Matchedash Bay. The distance between Pinery Po in t  on the 
west side o f  the Sound, and Long Po in t  on the east  side o f  the 
Sound, i s  approximately 18km. Water depth general ly  decreases 
from west t o  east: from 20 m o f f  Pinery Point,  t o  8 m a t  
mid-Sound, t o  l e s s  than 5 m through Waubaushene Channel t o  Long 
Point.  

The study area i s  made up o f  four  physiographic regions each w i t h  
several physiographic features (F igure 3);  the Georgian Bay Fringe 
region, nor th  o f  the Severn River; the Simcoe Uplands region, 
comprising most o f  the area south o f  Severn Sound; the Carden 
P l a i n  region; and the Simcoe Lowlands region i n  the more southerly 
sect ion o f  the study area (Chapman and Putnam, 1984). The 
Georgian Bay Fr inge i s  character ized by very shallow s o i l  and bare 
Precambrian g r a n i t i c  rock knobs and ridges. Occasionally, some 
sedimentary mater ia ls  such as sandstone, conglomerate, shale and 
l imestone are found l y i n g  on top o f  the ancient Precambrian 
surface. Bare rocks and shallow s o i l  have cont r ibu ted  t o  a 
scrubby growth o f  red  oak, jackpine, hemlock and hardwoods. 

The Simcoe Uplands comprise a ser ies o f  broad, r o l l i n g ,  till 
p la ins  separated by f l a t  va l leys  w i t h  very steep sides. The till 
i s  general ly  coarse-textured and consis ts  o f  a mix ture  o f  
boulders, cobbles, gravel, and sand, w i t h  l i t t l e  s i l t  and clay. 
Outcroppings o f  Precambrian rock are present towards the north- 
east. The Uplands are d iv ided by several sand and gravel r idges 
t h a t  appear t o  be ancient  shore l ine deposits. The topography 
ranges from gent le- t o  steeply-sloping. S o i l s  are wel l-drained 
b u t  may be stony (F igure 4). Because o f  the tex tu re  and slope, 
the s o i l  i s  h igh l y  e rod ib le  i f  exposed. 







LACUSTRINE - 
FIGURE 3: Physiography of Severn Sound drainage area. 

(based on Hoffman etal. 1962) 





During the r e t r e a t  o f  the l a s t  g lac ie r ,  the Simcoe Lowland regions 
were submerged under p r e h i s t o r i c  Lake Algonquin. The two l a r g e s t  

such areas are near Elmvale and Coldwater. So i l  tex ture  ranges from 
s i l t  loam t o  clay. The s o i l  i s  general ly f r e e  from stones, b u t  
i n te rna l  drainage ranges from imperfect t o  poor. 

2.2 Hydrology and Watershed Charac ter is t i cs  

The study area l i e s  w i t h i n  the  broad b e l t  o f  the  Humid cont inenta l  
c l imate: cool sumners and c o l d  winters, and no dry seasons. 
Average temperatures vary w i t h i n  the study area, w i t h  the southern 
region being s l i g h t l y  warmer than the more no r the r l y  areas. 
Recorded mean annual temperatures a t  Environment Canada's Midland 
s ta t i on  are about 7"C, w i t h  an extreme range between -36' (February) 
and t33.5'C (Ju ly ) .  Recorded mean annual p r e c i p i t a t i o n  (snow and 
r a i n )  i s  1035mm, and i s  f a i r l y  evenly d i s t r i b u t e d  throughout the 
year. Rain and snow f a l l  approximately 100 days and 63 days, 
respect ive ly ,  each year. Georgian Bay i s  d i r e c t l y  responsible f o r  
the  snow squal l  e f f e c t  generated i n  l a t e  f a l l  and ea r l y  w in ter  each 
year; the heat stored i n  Lake Huron and Georgian Bay encounters 
cold, moisture laden wester ly  winds which, i n  turn, causes heavy 
snowfal ls i n  the study area o f  approximately 344cm a year. Records 
show t h a t  about 161 days annual ly are f r o s t  free, general ly  between 
02 May and 11 October. 

Severn Sound receives t r i b u t a r y  drainage from the Severn River, 
North River, Sturgeon River, Wye River, Coldwater River, Hog Creek 

and Copeland Creek (F igure 1). The p r i nc ipa l  t r i b u t a r y  t o  the Sound 
i s  the Severn River, which has a 3800 square k i lomet re  drainage 
area. The l a r g e s t  l ake  i n  the Severn River Basin i s  Lake Simcoe. 
Between Lake Simcoe and Georgian Bay the Severn River  i s  con t ro l l ed  
by a ser ies o f  dams and locks  which form p a r t  o f  the 
Trent-Severn Waterway system. The r i v e r  f lows through Sparrow Lake 
t o  the B ig  Chute Head pond, through Gloucester Pool, and reaches 
Georgian Bay a t  Por t  Severn. Copeland Creek, Sturgeon River, Wye 
River, Col dwater River and Hog Creek occupy the f l a t - f l  oored va l l eys  
which separate the upland masses o f  the Penetang Peninsula. These 
f i v e  t r i b u t a r i e s  appear t o  be f e d  l a r g e l y  by springs along the 
va l l ey  sides, w i t h  the uplands being p r a c t i c a l l y  devoid o f  streams 
because o f  the v e r t i c a l  drainage i n  the sand till (Chapman and 
Putnam, 1984). 



The study area l i e s  w i t h i n  the Great Lakes - St. Lawrence Forest 
Region, which contains a mixture o f  both coniferous (whi te pine, 
red  pine, and white spruce) and deciduous t rees  (sugar maple, 
beech, red  oak, and red  maple). 

2.3 Water Uses 

The waters o f  Severn Sound and i t s  t r i b u t a r i e s  are used t o  s a t i s f y  
many water-based needs inc lud ing  domestic and i n d u s t r i a l  water 
supply, t r ea ted  sewage disposal, spor t  f i sh ing ,  f i s h  and wi ld1 i f e  
habi tat ,  swimming (and other  waterlbody contact  sports),  boat ing and 
navigat ion, f l o o d  contro l ,  and hydro power. 

2.3.1 Water Supply and Sewage Treatment: 

Severn Sound serves as a source o f  domestic water f o r  V i c t o r i a  
Harbour and P o r t  McNicoll, the hamlet o f  Waubaushene and two 
subdivisions i n  the Township o f  Tay (Table 1, Figure 5). A t  these 
1 ocations, f i v e  water treatment and d i s t r i b u t i o n  systems have a 
combined design capacity o f  7 x 10 m3lday. w i t h  the 1985 water 
consumption averaging 1.3 x 10 m3/day f o r  approximately 3,000 
people. There have been no tas te  or  odour problems associated w i t h  
water suppl ied by e i t h e r  o f  these two treatment plants. Other 

comnunities i n  the study area, inc lud ing  Midland and 
Penetanguishene, obta in t h e i r  raw water from groundwater supplies. 



TABLE 1 - WATER FILTRATION PLANT INFORMATION 

I PLANT I I TYPE I DESIGN I AVG. DAILY [POPULATION I 
I !CAPACITY FLOW SERVED I 
I I ! 1000 ~3 , 1000 ~3 ! 1985 , 

l v i c t o r i a  I Surface source I 3.977 I 
I 

1,094 I 0.433 
Harbour I Physical & chemical 1 WTP I treatment I I I I 

I 
I Ch lor ina t ion  I I I I 
I I I I I 

l p o r t  McNicoll I Surface source l 3 . 2 0 1  0.873 ( 1,932 I 

[ WTP I Ch lor ina t ion  I I 
I I I I I 

I I I I I I 
lwaubaushene I Surface source 

I 
I 0.347 1 1,100 l 1 . 2 3 1  ( WTP I Physical & chemical I 

I treatment I I I I 
I I Chlor ina t ion  I I I I 
I I I I I I 
l ~ i d l a n d  Bay I Surface source l0.268* 1 0.089 I 

I I 
338 1 

'woods Subdiv. I Physical & chemical 
lTay Twp. WTP I treatment I I I I 
I I Ch lor ina t ion  I I I I 
I I I I I 
l ~ o p e  Subdiv. I Surface source 0.020* 0.017 I 

I I I 
30 ( 

lTay Twp. WTP I 
I 1 I I I I 

* Expansions under consideration. 
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FIGURE 5 :  Locations of Water Pol'lution Control Plant outfalls and 
Water Filtration Plant intakes. 



Communities i n  the study area are serviced by n ine water p o l l u t i o n  
contro l  p lan ts  (Table 2, F igure 5). These systems have a combined 
design capacity o f  23 x 10 m3/day, w i t h  the  1985 sewage treatment 
averaging 18 x 10 m3/day, f o r  approximately 22,166 people. 
Waubaushene and Por t  Severn are both serviced by p r i v a t e  sewage 
disposal systems. 

2.3.2 Fishing: 

Comnercial Fishery 

Severn Sound i s  present ly  closed t o  commercial food f i s h i n g  except 
f o r  one l i cence issued t o  catch carp only. I n  1986, about 3700 k g  
were caught. I n  addi t ion,  f i v e  l icences are issued t o  catch 
comnercial b a i t f i s h .  About 1400 kg o f  minnows are caught annual ly 
cons is t ing  mainly o f  emerald shiners, s p o t t a i l  shiners and 
logperch. Emerald shiners have decl ined i n  the catch dur ing  
recent years. 

H i s t o r i c a l l y ,  an i n tens i ve  commercial food f i she ry  took place i n  
the Sound. The main p o r t  o f  operat ion was Midland. The fo l l ow ing  
from "A Story o f  Ear ly  Midland and Her Pioneers" by G.R. Osborne, 
1939, described the ex ten t  o f  the  f ishery.  "The Yates brothers 
a r r i ved  i n  Midland i n  1882 when they establ ished a f i s h  business. 
They had a f l e e t  o f  35 f i s h i n g  smacks, each 33 f e e t  long and 
ca r r i ed  t h e i r  f i s h  from the  d i f f e r e n t  f i s h i n g  s ta t i ons  t o  Midland. 
They handled from 25 - 35 tons o f  f i s h  a week, which were shipped 
a l l  over Canada and t o  the  Uni ted States. It i s  sa id  t h a t  i t  was 
no t  uncommon t o  see s i x  o r  seven hundred fishermen f i s h i n g  through 
the i c e  o f  the  Sound." 

Sturgeon, l ake  t rou t ,  w h i t e f i s h  and her r ing  were the most 

important species. Some warmwater species were a lso caught, 
inc lud ing  walleye, bass and ca t f i sh .  By the 19401s, l ake  t rou t ,  

wh i te f i sh  and he r r i ng  had a1 so decl ined s i g n i f i c a n t l y  and most 
f i s h e r i e s  had a l l  b u t  ceased operations. Shor t l y  a f t e r ,  the Sound 

was closed t o  commercial f i sh ing .  



TABLE 2 - WATER POLLUTION CONTROL PLANT INFORMATION 

I PLANT I I TYPE I DESIGN I AVG. DAILY (POPULATION 1 
I 
I I 

I CAPACITY FLOW SERVED I 
I I '1000 I M3 ! 1000 M3 I 

lPenetanguishenel Contact s t a b i l i z a t i o n 1  3.000 I 3.038 I I 
~ W P C P  #1 I Phosphorous removal I I I 
I I Continuous discharge I I I I 
I I I I ' 4 , 0 0 0  
lPenetanguishenel Contact s t a b i l i z a t i o n 1  1.500 I N/A* I I l WPCP #2 I Phosphorous removal I I I I 

I Continuous discharge I I I I 
I I I I I I 
l ~ e n e t a n ~ u i  shenel Conventional l 0 .568  1 0.388 I 

I 
950 1 

I ~ e n t a l  Health I Ac t iva ted  Sludge 
I u n i t  WPCP I Phosphorous removal I I I I 
I I Continuous discharge I I I I 
I I I I I I 
I ~ i d l  and I Conventional 113.638 I 11.012 1 12,000 I 1 WPCP I Ac t iva ted  Sludge I 

I Phosphorous removal I I I I 
I I Continuous discharge I I I I 
I I I I I I 

I I 1.168 1 1,400 I P o r t  McNicoll I Contact ~ t a b i l  i z a t i o n l  1.045 
WPCP I Phosphorous removal 

I Continuous discharge I I I I 
I I I I I I 
l v i c t o r i a  I 1,455 I 0.444 I 2.363 I Extended aerat ion I 
I Harbour I Phosphorous removal 
~ W P C P  I Continuous discharge I I I I 

I I E f f l u e n t  po l i sh ing  I I I I 
I I I I I 
I Col dwater I I 0.466 , I 0.545 Extended aerat ion I 

I 761 
I WPCP I Continuous discharge I 

I I I I 

l ~ l m v a l e  
I I 1.380 1 1,200 I Conventional lagoon 0.750 I ~ a ~ o o n  I Continuous discharge I 

I I I I I 



Sport Fishery 

During the  ear ly  20th century, as spor t  f i sh ing  gained i n  
popu la r i t y  i n  Severn Sound, l ake  t rou t ,  walleye, smallmouth bass, 

northern p i ke  and muskellunge were important species. Lake t r o u t  
cont r ibu ted  t o  the f i she ry  f o r  the f i r s t  h a l f  o f  the century b u t  
decl ined and, w i th  the  invasion o f  sea lamprey, were u l t i m a t e l y  
ex t i r pa ted  during the 1950's. 

F ish ing  e f f o r t  averages 138,000 rod-hours dur ing the 1970's (Table 
3) and dropped t o  about 124,000 rod-hours i n  1987. Total  weight 
o f  f i s h  caught averaged 22,000 kg dur ing the 1970's and was 
19,000 k g  i n  1987. 

Walleye were common i n  the f i she ry  dur ing  the 1970's (Table 3). 
F i sh  up t o  9 kg were caught and f i s h  4 - 5 k g  were common i n  
catches. Walleye were caught i n  l a t e  w in ter  and spr ing i n  
Sturgeon Bay and the Por t  Severn area. I n  the 19801s, however, 
wal leye numbers decl ined r e s u l t i n g  i n  l oca l  game and f i s h  c lubs 
and a chamber o f  commerce approaching f i s h e r i e s  managers 
request ing help f o r  the walleye. I n  1986 volunteer groups reared 
and released i n t o  the Sound 10,000 wal leye f inger l ings .  I n  1987 
they stocked 3000 f i n g e r l i n g s  i n  an attempt t o  b o l s t e r  the 
populat ion. 

Smallmouth bass and northern p i ke  have cont r ibu ted  s i g n i f i c a n t l y  
t o  the  summer f i she ry  f o r  many years. During the 19701s, 
smallmouth bass were the  most important spor t  f i s h  caught by 
anglers during sumner months. Northern p i ke  numbers decl ined 
dur ing  t h e  19701s, probably the  r e s u l t  o f  low water l e v e l s  dur ing  
the  1960's b u t  as water l e v e l s  rose i n  the 19801s, p i ke  have again 
increased and are con t r i bu t i ng  t o  the spor t  f ishery.  

Muskellunge have always provided a trophy f i she ry  i n  Severn Sound. 
For many years, anglers t r a v e l l e d  from d i s t a n t  po in ts  across the  
U.S. and Canada t o  h i r e  l oca l  guides i n  hopes o f  catching a new 
record sized muskie. I n  the  1980's though, angler groups are 
repo r t i ng  lower catches and smal l e r  muskellunge i n  the f ishery.  
They are concerned about the f u t u r e  o f  Georgian Bay muskellunge. 



TABLE 3 - SUMMARY OF SUMMER CREEL SURVEYS 
CONDUCTED ON SEVERN SOUND 

Selected Species YEARS 
N u m E o f  F ish  

1975 - 1976 - 1977 - 1979 - 1987 - 
Wall eye 1414 1445 1300 744 64 

Black Crappie 11673 19348 17160 20243 8794 

Northern Pike 10161 4945 4512 1855 5910 

Total  weight caught (kg)* 23201.2 28119.2 20570.7 14735.8 19357.6 

Tota l  e f f o r t  (rod-hrs) 165058 161804 119596 105402 123537 

From MNR, Huronia D i s t r i c t  

*Total weight f o r  a l l  spor t  f i s h  species caught. 



During the 195U's, the  black crappie was r e l a t i v e l y  unknown i n  

Severn Sound waters. Although crappies were present i n  low 

numbers, the spor t  f i s h e r y  was dominated by l a r g e  predators such 

as walleye. This changed i n  the 1960's and 1970's when area 

anglers began t o  catch crappies i n  ever increasing numbers 

(Table 3 ) .  The catch decl ined by more than 50% i n  1987. 

U n t i l  the 1950's wh i te f i sh  and her r ing  were important t o  the 

w in ter  f i s h e r y  o f  Midland Bay bu t  as t h e i r  numbers declined, the 

associated spor t  f i s h e r i e s  collapsed. Today, a few he r r i ng  are 

repor tedly  being caught i n  Penetang Bay. Although wh i te f i sh  

populat ions have rebounded t o  former numbers i n  Nottawasaga Bay t o  

the west, no resurgence i s  being experienced i n  Severn Sound. 

Rainbow t r o u t  were introduced i n t o  Georgian Bay i n  the l a t e  1800's 

and provide angl ing oppor tun i t ies  as they ascend area streams t o  

spawn. Major runs occur i n  the Sturgeon and Coldwater Rivers. I n  

recent  years two other  introduced species, chinook and pink 

salmon, have a lso become establ ished i n  Severn Sound. These 

species are angled f o r  i n  the f a l l  o f  the year  as they migrate 

towards spawning b u t  are general ly no t  ava i lab le  the r e s t  o f  the 

year as they migrate ou t  o f  the Sound f o r  most o f  t h e i r  l i f e  

h is to ry .  

I n  summary, the f i s h e r i e s  have experienced the  complete col lapse 

o f  na t i ve  coldwater species and the reduct ion o f  sturgeon t o  very 

low levels .  Warmwater species increased i n i t i a l l y  and a large, 

d iverse spor t  f i she ry  developed bu t  populat ions o f  the most 

desired species, walleye, have decl ined recent ly .  Northern p i ke  

and smallmouth bass have remained important t o  the f ishery and 

black crappie numbers have exploded so t h a t  t h i s  species has 

become dominant i n  the spor t  f ishery.  Rainbow t rou t ,  chinook and 

pink salmon have become establ ished and a lso  con t r i bu te  t o  l o c a l  

f i s h e r i e s  dur ing c e r t a i n  seasons. 



2.3.3 F i s h  and W i l d l i f e  Habitat:  

Severn Sound provides numerous and var ied  f i s h  and w i l d l i f e  
hab i ta t s  scat tered along i t s  shores (Figure 6) .  C r i t i c a l  hab i ta ts  
f o r  f i s h  inc lude spawning and nursery areas. This i s  most 
c r i t i c a l  t o  species such as wal leye t h a t  concentrate t h e i r  
spawning i n  only  a few locat ions.  Walleye spawn a t  two loca t ions  
near P o r t  Severn where water e x i t s  from Gloucester Pool. 
Muskellunge spawning s i t e s  are a lso l i m i t e d  t o  small d isc re te  
l oca t i ons  b u t  are scat tered along the nor th  shore o f  the Sound 
between Waubaushene and Honey Harbour. 

Other warmwater species spawn i n  numerous l oca t i ons  around the 
Sound. Most s i t e s  are associated w i t h  shallow protected loca t ions  
and heal thy aquat ic macrophyte communities. 

Wetlands have been inventor ied  and c l a s s i f i e d  along the south 
shore o f  the  Sound using "An Evaluat ion System f o r  Wetlands o f  
Ontario, South o f  the  pre-cambrian shie ld"  (1984 Environment 
Canada and Ontar io M i n i s t r y  o f  Natural Resources). A t o t a l  o f  
s i x  wetlands have been i d e n t i f i e d  and are s i g n i f i c a n t  
p r o v i n c i a l l y .  

A l l  these wetlands provide s i g n i f i c a n t  areas f o r  warmwater f i s h  
spawning and nursery a c t i v i t i e s .  Several p r o v i n c i a l l y  s i g n i f i c a n t  
b i r d s  feed and/or breed i n  these wetlands i nc lud ing  Caspian terns, 
common te rns  and marsh wrens. Many more common species a lso 
i n h a b i t  these wetlands. Hab i ta t  i s  a lso  provided f o r  several f u r  
bearers i nc lud ing  muskrat, beaver and mink. Many recreat ional  
pursu i ts  a re  associated w i t h  these wetlands too, such as waterfowl 
hunting, boating, f i s h i n g  and nature appreciat ion. 

Many wetland areas are a lso  loca ted along the nor th  shore o f  the 
Sound b u t  have n o t  been inventor ied  o r  c lass i f i ed .  Northern p i ke  
and muskellunge as we l l  as largemouth bass, black crappie and 
other  warmwater species spawn and use these areas f o r  nursery 
habi tats .  Waterfowl such as mallard, wood ducks and blue-winged 
tea l  nest, r a i s e  young and gather before migra t ion  i n  these 
wetlands. Some aquatic furbearers are a lso associated w i t h  most 
o f  these wet1 ands. 





The o f fshore  area from Sturgeon Bay t o  Severn Sound was once used 
dur ing spr ing and f a l l  migrat ions by l a rge  numbers o f  greater and 
lesser  scaup and other  d i v ing  ducks f o r  r e s t i n g  and feeding. The 
b i r d s  fed mainly on tape grass shoots bu t  i n  recent years, the  
numbers o f  b i r d s  stopping o f f  i n  t h i s  area has dropped o f f  
s i g n i f i c a n t l y  . The changes i n  t h e  aquat ic macrophyte comuni  t y  t o  
one dominated by Eurasian m i l  f o i l  may be important i n  t h i s  decl ine 
i n  use. 

2.3.4 Swiming (and other  water/body contac t  sports):  

The Sound i s  used f o r  summer water-based recreat ional  uses such as 
swimming, watersk i ing and sai lboarding. There are several beaches 
and swimming areas w i t h i n  the area o f  concern. Bac ter io log ica l  
sampling, by the  l o c a l  hea l th  u n i t s  occurs a t  selected loca t ions  
and a t  the end o f  each concession l i n e  t h a t  terminates along the 
shorel ine. None o f  the areas sampled were closed t o  swimming i n  
1985 and 1986 due t o  high bac ter ia  densi t ies.  Aesthetic problems 
due t o  nuisance algae have been reported t o  make swimming 
unpleasant i n  areas such as Penetang Bay. 

2.3.5 Water Controls:  

The water l e v e l  o f  Georgian Bay has f a l l e n  approximately 2.5 
metres i n  the  l a s t  300 years, as i s  ind ica ted  by inves t iga t ions  a t  
o l d  F o r t  Ste. Marie on the Wye River near Midland. Recently (1980 
t o  1986) summer water l e v e l s  as ind ica ted  a t  Collingwood (S ta t i on  
02ED012, Water Survey o f  Canada) have been a t  l e a s t  0.5 m above 
long-term mean water l e v e l s  f o r  summer months. 

An important water based need on the Severn River  i s  f l o o d  
contro l .  Flooding has been a  serious problem through the years, 
and there  has been a  cont inuing endeavour t o  cont ro l  lake  l e v e l s  
and f lows between Lake Simcoe and Por t  Severn so as t o  minimize 
detr imental  e f f e c t s  o f  f looding. A  f l o o d  cont ro l  s t ruc ture  a t  B ig  
Chute determines the f low release enter ing  Gloucester Pool 
d i r e c t l y  and the amount being d i ve r ted  through P r e t t y  Channel i n t o  
S ix  M i l e  Lake. The main cont ro l  s t ruc tu re  a t  S ix  M i l e  Lake i s  a t  
White's Portage, w i th  f lows being discharged d i r e c t l y  i n t o  
Gloucester Pool. There are two smal ler o u t l e t  s t ructures from S ix  



Mi le  Lake: a t  Six  M i l e  Lake dam, and a t  Crooked Bay. The main 
cont ro l  f o r  Gloucester Pool i s  a t  Por t  Severn, b u t  there i s  a lso a 

very small o u t l e t  from Go Home Bay. Control procedures a t  S w i f t  
Rapids are designed t o  maintain reasonable l e v e l s  i n  Sparrow Lake 
( f u r t h e r  upstream) as we l l  as t o  s a t i s f y  navigat ional  requirements 
a t  S w i f t  Rapids (Dept, Ind ian and Northern A f f a i r s ,  1976). 

There are two hydro-e lect r ic  power p lan ts  on the  main stem o f  the  
Severn River: S w i f t  Rapids Power P lan t  (owned by O r i l l i a  Water, 
L i g h t  and Power Commission), and B ig  Chute Power P lan t  ( loca ted  a 
few mi les downstream and owned by Ontar io Hydro). 

2.3.6 Boating and Navigation: 

Boating (pleasure cru is ing,  and f o r  sports f i s h i n g )  i s  a major 
recreat ional  a t t r a c t i o n  t o  Severn Sound and the Severn River. Small 
c r a f t  navigat ion i s  general ly n o t  a problem i n  the  Sound, w i t h  two 
exceptions. A small c r a f t  rou te  i s  maintained by the Canadian Coast 
Guard t o  guide boaters sa fe ly  through the  many is lands i n  the nor th  
p a r t  o f  the  Sound. I n  the shallow bays and harbours o f  the  southern 
pa r t s  o f  t h e  Sound, nuisance aquat ic p lan ts  can a t  times make small 
c r a f t  navigat ion d i f f i c u l t .  

Severn Sound boaters have access t o  the Trent-Severn Waterway, which 
i s  p a r t  o f  the  Rideau-Trent-Severn i n land  waterway system 
administered by Parks, Environment Canada. Parks' records reveal 
t h a t  annual ly there are approximately 113,000 vessel movements up 
and down the 12 locks  i n  the  northern reaches o f  the Canal locks, 
extending between Fenelon F a l l s  and Por t  Severn. Only the 
northern-most Canal lock, a t  Po r t  Severn, l i e s  i n  the RAP study 
area. Annually, there are approximately 10,000 vessel movements 
through the Por t  Severn lock. It i s  n o t  known how many o f  these 
boaters o r i g i n a t e  o r  terminate t h e i r  journey i n  Severn Sound (pers. 
comm., J . Garlow, Parks, Environment Canada, 1988). 

Twenty-four (24) p r i v a t e  marinas, f i v e  (5) federa l  Small C r a f t  
Harbour f a c i l i t i e s  and two (2)  por ts  are loca ted i n  the study area 
(F igure 7) .  
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Figure 7: Harbours and marinas in Severn Sound area. 



2.3.7 Marine Construction: 

Twenty-four p r i v a t e  marinas are concentrated i n  c lus te rs  throughout 
Severn Sound, a t  Penetanguishene, Midland, Por t  McNicoll, V i c t o r i a  
Harbour, Waubaushene, Po r t  Severn and Honey Harbour. The smal lest  o f  
the  marinas has only 30 s l i ps .  One marina i n  Midland Bay has 1100 
s l i p s ,  making i t the l a r g e s t  p r i v a t e  marina on the  Great Lakes. 
Dredging and expansion app l ica t ions  f o r  marine construct ion p ro jec ts  
ranging from new marina basins t o  shorel ine s t a b i l i z a t i o n  o f  cot tage 
frontage are considered by the  Canadian Coast Guard w i t h  comments on 
environmental concerns from the M in i s t r y  o f  Natrual Resources (MNR), 
the  M in i s t r y  o f  the  Environment (MOE) and Environment Canada (EC). 

Federal Small C r a f t  Harbour f a c i l i t i e s  are located a t  Penetangui- 
shene, Midland, V i c t o r i a  Harbour, Waubaushene and Honey Harbour. To 

date, dredging has no t  been necessary a t  any o f  these f a c i l i t i e s  
(pers. comm., 0. Blanchard, Department o f  F isher ies  and Oceans, 

1988). 

Two por ts  are maintained i n  the  Sound, one a t  Midland, and the  o ther  
a t  Por t  McNicoll. The Canadian Coast Guard maintains a shipping 

channel i n t o  the Sound dur ing the  normal navigat ion season from 
approximately A p r i l  15 t o  December 15. I n  addi t ion,  the Coast Guard 

rou t i ne l y  breaks i c e  t o  these po r t s  during w in ter  months t o  a l low 
l o c a l  (Georgian Bay) shipping p r i o r  t o  the normal navigat ion season. 

Midland i s  an important g ra in  handl ing port .  The movement o f  quartz 

accounts f o r  other  major commercial p o r t  t r a f f i c .  Transport Canada 
owns f i v e  p o r t  f a c i l i t i e s  i n  the  harbour; however, they are 
present ly  inact ive.  The main wharves i n  the harbour have charted 

depths o f  6.1 - 7.3 m. I n  the  past, dredged channels have inc luded 
Midland Harbour and T i f f i n  Basin; however, there have been no 
dredging expenditures since 1973. There are no app l ica t ions  on f i l e  
t o  dredge o r  expand the  e x i s t i n g  f a c i l i t i e s  (pers. comm., 0. 

Matt ingley, Transport Canada, 1986). The approach t o  the  harbour i s  
wel l  marked by ranges and buoys. A natura l  hazard t o  shipping, the 
Midland Bay Shoal, i s  s i t ua ted  1.6 kni SW o f  Midland Point. 



Por t  McNicoll consis ts  o f  an a r t i f i c i a l  basin which was dredged 
inward from the o r i g i n a l  shore l ine f o r  a distance o f  1,371 m and 
width o f  182 m. This  i s  a g ra in  t rans fe r  p o r t  and terminal f o r  
the Canadian P a c i f i c  Railway. The depth i n  the harbour var ies 
from 5.8 - 8.5 m. The channel has been dredged i n  the past; 
however, there has been no dredging a c t i v i t y  since 1973. There 
are no app l ica t ions  on f i l e  t o  dredge o r  expand the e x i s t i n g  
f a c i l i t i e s  (pers. comn., 0. Matt ingley, Transport Canada, 1986). 

2.4 Land Uses 

The area surrounding Severn Sound and the  Severn River i s  a 
mu1 t i - use  basin incorporat ing urban, i n d u s t r i a l ,  ag r i cu l t u ra l  , 
waste disposal and recreat ional  l and  uses (F igure 8) .  

2.4.1 Urban: 

Tiny, Tay and Matchedash Townships have a combined populat ion o f  

38,000 i n  the w in ter  and 150,000 i n  the summer. The l a r g e s t  
populat ion centres -- Penetangui shene (5,449 i n  1986), Midland 
(12,049 i n  1986), Por t  McNicoll (1,950 i n  19861, V i c t o r i a  Harbour 
(1,198 i n  1986) and Waubaushene (750 i n  1985) -- are a l l  located 
on the south shore o f  Severn Sound. The hamlets o f  Por t  Severn 
and Honey Harbour are located on the no r th  shore o f  Severn Sound. 

2.4.2 Agr icu l tu re :  

The s o i l  types present throughout much o f  the study area place 
severe r e s t r i c t i o n s  on the type o f  farming operations t h a t  can be 
c a r r i e d  out. Much o f  the land i s  too  steep, too- stony, too wet o r  
too  rocky t o  be farmed (Figure 9).  Across the region south o f  

Severn Sound generally, between a t h i r d  and a h a l f  o f  the land i s  
used f o r  crop product ion o r  pasture. Essent ia l ly ,  no ag r i cu l t u ra l  

a c t i v i t y  i s  c a r r i e d  on i n  the Georgian Bay Fringe. 

On the  Simcoe Uplands, farming on much o f  the  land i s  l i m i t e d  by 
e i t h e r  the  slope o r  the  stoniness. This  includes most o f  the area 

drained by Copeland Creek, Hog Creek and the Sturgeon River, as 
we l l  as the  upper reaches o f  the Coldwater and North Rivers. A 

l a r g e  propor t ion  o f  the land ( h a l f  o r  more) i s  forested o r  i s  



FIGURE 8: Land use in the Severn Sound area. 
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FIGURE 9: Soil capability for agriculture. 
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farmland t h a t  has been abandoned (Appendix I). Farming i s  l i m i t e d  

t o  the smoother, l e s s  stony areas. Mixed farming systems 
predominate, w i t h  50 t o  60 percent o f  the farmland being devoted 
t o  hay and pasture (Appendix I ) .  Row crops such as corn o r  
soybeans are grown on on ly  5 t o  10 percent o f  the farmland; cereal 
grains are grown on 10 t o  20 percent. 

The c lay  p l a i n  bordering the  Wye River near Elmvale i s  the most 
i n tens i ve l y  farmed po r t i on  o f  the study area. Although the  
i n te rna l  drainage o f  the s o i l  i s  n a t u r a l l y  imperfect, much o f  the  
improved farmland has been t i l e  drained. This has made i t  
possible t o  produce crops such as corn, soybeans, f i e l d  beans and 
canola, i n  add i t ion  t o  forages and cereal grains. A s imi la r ,  bu t  
l ess  i n tens i ve l y  farmed area e x i s t s  adjacent t o  the  Coldwater 
River, near Coldwater. 

Extensive woodlands, in terspersed w i t h  swamps, marshes o r  bogs are 
common along the Severn River, and around Matchedash Bay. Moving 

west across the study area, the  percentage o f  woodland decreases. 

2.4.3 I n d u s t r i a l  : 

The geographic s i t u a t i o n  o f  Midland and Penetang, r e l a t i v e  t o  
major market areas, has made them p a r t i c u l a r l y  a t t r a c t i v e  t o  a 
va r ie t y  o f  industr ies.  There are no l a rge  i ndus t r i es  i n  Po r t  
McNicoll and V i c t o r i a  Harbour; here, the  major employers are the 
government and l o c a l  services. 

2.4.4 Waste df sposal s i tes:  

Wi th in the study area, there are n ine c e r t i f i e d  waste disposal 
s i t e s  (F igure 10). Three o f  these s i t e s  are act ive;  s i x  others 
have been closed. There are numerous, closed, u n c e r t i f i e d  waste 
disposal s i t e s  i n  the Severn Sound area (Figure 10, Appendix 11). 

Severn Sound i s  a major recreat ion  area, espec ia l l y  f o r  the  heav i ly  
populated areas o f  Southern Ontario. Swimming, boating, and the 
scenic surroundings are the  main a t t r a c t i o n s  t o  the  area dur ing the 
summer. The heavy snowfall and the unset t led topography a t t r a c t s  
cross-country sk ie rs  and snowmobilers i n  the  winter .  
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FIGURE 10: Waste disposal sites within the Severn Sound RAP drainage area. 



Georgian Bay Is lands National Park, one o f  on ly  two i s l and  parks 
i n  Canada, i s  i n  the study area. D i f f i c u l t  access has resu l ted  i n  
environmental components, both l i v i n g  and non-l iv ing, being 
preserved i n  a more p r i s t i n e  and untouched condi t ion.  

The Trent-Severn Waterway, discussed e a r l i e r  i n  t h i s  repor t ,  i s  an 
important  recrea t iona l  and tour ism resource i n  the Severn Sound 
area. 

The M i n i s t r y  o f  Natural  Resources manages three Prov inc ia l  W i l d l i f e  
Areas and one Resources Management Area w i t h i n  the Severn Sound 
watershed. The fou r  w i l d l i f e  areas inc lude 3471 ha o f  vary ing 
amounts o f  marsh and upland habi ta ts .  Numerous p r o v i n c i a l l y  
s i g n i f i c a n t  and c o n o n  w i l d l i f e  i n h a b i t  these areas. Hunting, 

t rapping, nature apprec iat ion and outdoor education are the major 
a c t i v i t i e s  t h a t  occur on the proper t ies.  

Forest ry  a c t i v i t i e s  i n  the watershed inc lude se lec t i ve  harvest ing 
and p l a n t i n g  on both p r i v a t e  and pub l i c  lands. Forest  products 
inc lude pulpwood, pinewood, saw logs, Christmas t rees  and maple 
syrup. L im i ted  p l a n t i n g  o f  mainly con i f e rs  occurs throughout the 
watershed where appropriate. 



3. DESCRIPTION OF ENVIRONMENTAL CONDITIONS 

3.1 Currents and Water Movement 

Gradients i n  water q u a l i t y  and water c l a r i t y  between the open 
waters of Georgian Bay and Severn Sound have been noted since the 
e a r l i e s t  studies i n  1969 (Veal and Mickalski ,  1971). The gradients 
are a r e s u l t  o f  water movement and exchange between the r e l a t i v e l y  
c l e a r  waters o f  Georgian Bay and the more t u r b i d  waters o f  Severn 
Sound. The water movement and exchange i s  caused by a combination 
o f  l o c a l  and lakewide currents. I n  order t o  understand the  
imp l ica t ions  o f  any water q u a l i t y  management a c t i v i t i e s ,  i t  i s  
necessary t o  def ine the water exchange tak ing  place between two 
bodies o f  water. The mechanisms responsible f o r  the exchange are 
documented by Kohl i (1979). 

E igh t  se l f - record ing cu r ren t  instruments, two a t  each o f  the fou r  
mooring s i t e s  (Figure 11) were operated from June t o  December 1985, 
t o  provide i n p u t  data f o r  the Excursion-Episode model (Kohl i ,  
1979). This  model was used t o  est imate the exchange between: 

(a )  Penetang Bay (PB) and Severn Sound (SS) 

(b )  SS and Georgian Bay (GB) 

PRELIMINARY r e s u l t s  from the model are presented i n  Table 4. The 
r e s u l t s  and the  fo l low ing i n t e r p r e t a t i o n  are pre l iminary only  and 
may be changed i n  the f i n a l  repor t .  

(a )  The n e t  f low from PB t o  SS ranged between 0.4 and 3.8% volume 
o f  PB (16.7 x 106 m3/d) dur ing September t o  December. 
However, the net  f low was i n  the  opposite d i rec t ion ,  from SS 
t o  PB dur ing June and J u l y  and accounted f o r  6.5 and 2.9%, 
respect ive ly ,  o f  the  bay volume. 

(b )  For the  SS-GB exchange, Table 4 shows t h a t  the n e t  f l ow  
remained towards GB (2.1 t o  19.4 x 106 m3/d). For 3 out  o f  6 
months, the  ne t  f low ou t  from Severn Sound exceeded the t o t a l  
i n f l o w  t o  Severn Sound from a l l  sources (2.4 t o  9.9 x 106 m3/d 
- Table 5). 





TABLE 4: SUMMARY OF EXCHANGE FLOWS 
PENETANG BAY-SEVERN SOUND-GEORGIAN BAY, 1985 

Flow x 1000 m3/d 
- - --- 

I I Penetang Bay-Severn Sound I Severn Sound-Georgian Bay I I 
I I I I I 
I l ~ e n e t a n ~  I Severn I Net  t o  I Severn I Georgian I Net  t o  I Tota l  I 
I Month I B ~ Y  I I Sound I Severn Sound I Sound I B ~ Y  I I Georgian Bay I 1nf low I 

I I I I I I 
I I I I I I 1 I I 
I June I 2012 f 926 f - 1086 1 - I - I - 3,025 I 
I I I I I I I 1 J u l y  I 1482 1 1150 1 - 332 19,371 1 30,136 10,765 

I 
l 2 , 3 7 8  

I I I I 
August I I I I 12,436 1 31,880 19,444 I 

I I 
I 2,835 

I I I I 
I septemberl 486 549 I 63 11,944 I 14,067 I 2.123 6,542 I 
I I I I I I 
I October I 107 1 467 1 360 8,446 I 13,824 I 5,378 I 

I I 
7,249 

I I I 
I November 327 1 966 1 639 l12,166 1 28,199 I 16,033 I 9,862 I 
I I I I I 
I December 434 1 840 1 406 I 4,855 4,584 l 8 , 5 6 4  I 1 9,439 
I I I I I 



TABLE 5 : FLOW INPUTS TO SEVERN SOUND, 1985 

( f low  x 1000 m3/d) 

I I I I Severn River  I I I 
I I Two STP1s I I A l l  STP's I t o  I I ,  I 
I I i n  i n  I Severn Sound I Non-Point l ~ o t a l  I 
l ~ o n t h  !penetang Bay ! Severn Sound! (10-yr. avg. ! Sources ! 1 n f l  owl 

I I I 

;June I 2.46 I 13.08 I 
I 

479 1 3025 1 2533 
I 



Severn Sound reg is te red a ne t  water gain during July,  August and 
November and a net  water l oss  during September, October and 
December, 1985 (Table 51. However, a sa t i s fac to ry  water budget 
could no t  be estimated from the 1985 data due t o  the l a r g e  s ize  o f  
the model g r i d  i n  the  presence o f  a complex hydrodynamical regime 
(Kohl i ,  1988). A smal ler g r i d  s i ze  w i t h  the corresponding number o f  
cur ren t  meters would prov ide a b e t t e r  water budget. A de ta i l ed  
study, i nc lud ing  18 cu r ren t  instruments, i s  planned f o r  the  1988 
f i e l d  season. 

3.2 Hater Q u a l i t y  

S t a f f  o f  MOE, Aquatic Biology Section have conducted a program o f  
water q u a l i t y  assessment i n  Severn Sound from 1973 t o  present t o  
assess changes i n  water q u a l i t y  i n  r e l a t i o n  t o  changes i n  t rea ted  
sewage e f f l u e n t  discharges. 

Water samples were co l l ec ted  bi-weekly from ea r l y  May u n t i l  October i 

a t  f i v e  t o  t h i r t e e n  s ta t i ons  i n  Severn Sound (Figure 12). Stat ions 
P1 and P4 near Penetanguishene, M 1  near Midland, PM2 near Po r t  
McNicoll and BS i n  Sturgeon Bay were regarded as the main s ta t i ons  
and were sampled each year. The other  s ta t i ons  were sampled 
i n t e r m i t t e n t l y .  The number o f  s ta t ions  was reduced t o  f i v e  because 
q u a l i t y  was s i m i l a r  t o  other  nearby stat ions.  

A t  each s ta t ion ,  dissolved oxygen concentrations and water 
temperatures were measured from surface t o  l ake  bottom and samples 
were co l l ec ted  f o r  chemical and b io log i ca l  analyses. B io log i ca l  
r e s u l t s  have been discussed elsewhere (Nichol ls ,  Carney and 
Robinson, 1977; N icho l l  s, Robinson, Taylor  and Carney, 1987). 

The fo l l ow ing  sect ions sumnarize key features o f  the water q u a l i t y  
in format ion ava i lab le  f o r  Severn Sound. 





3.2.1 Temperature and Dissolved Oxygen 

The shallow bays i n  the  Sound warm rap id l y  each spr ing reaching 
maximum temperatures by J u l y  o r  August. Temperatures ranging as 
h igh  as 26 degrees Celsius present no unusual problems f o r  aquat ic 
1 i f e .  Sturgeon Bay i s  general ly  the warmest area due t o  absorbance 
o f  so la r  r a d i a t i o n  by dense aquat ic p l a n t  growth, warm water inputs  
from the Sturgeon River, and pro tec t ion  from mixing w i t h  the Sound 
by shoals a t  i t s  mouth. Open water s ta t ions  are usua l ly  cooler  
because o f  c o l d  water mix ing from Georgian Bay, ,especial ly during 
windy weather. 

Thermal s t r a t i f i c a t i o n  i s  ev ident  only dur ing  b r i e f  periods o f  hot, 
calm weather. 

Dissolved oxygen l e v e l s  are s i m i l a r  a t  a l l  depths except dur ing 
temporary periods o f  thermal s t r a t i f i c a t i o n  when concentrations 
are sometimes reduced near bottom. During calm periods i n  the 
summer months d issolved oxygen l e v e l s  drop as low as 2.7 mg/L a t  
S ta t i on  PM2 - a s i t e  w i t h  a small l o c a l i z e d  bottom water area. 
A t  t y p i c a l  summer temperatures concentrat ions below 4-5 mg/L may 

s t ress  some species o f  f i s h  (PWQO). Oxygen supersaturat ion 
occurred occasional ly  a t  a l l  s ta t i ons  which can be harmful t o  f i sh .  
The r a p i d  deplet ion o f  oxygen i n  the  l o c a l i z e d  bottom waters a t  
s i t e s  l i k e  PM2 and the supersaturat ion o f  dissolved oxygen i n  
Severn Sound i s  an i n d i c a t i o n  o f  h igh p r o d u c t i v i t y  t y p i c a l  i n  
eutrophic waters. Apart from the l o c a l i z e d  temporary deplet ion o f  
oxygen and the  possib le e f f e c t  o f  supersaturation, the  oxygen 
l e v e l s  met MOE PWQO i n  Severn Sound. 

3.2.2 Basic Chemistry 

Measured pH values over 7.0 are consisdered a l k a l i n e  wh i l e  values 
under 7.0 are ac id ic .  Average pH ranged from 7.6 t o  8.4 and var ied 
from s t a t i o n  t o  s ta t ion .  These are s i m i l a r  t o  values observed i n  
o ther  areas o f  Georgian Bay. Sturgeon Bay i s  the  exception where, 
because o f  the  in f luence o f  a dense p l a n t  comnunity seasonal 
v a r i a t i o n s  are greater, w i t h  pH values as h igh as 9.0 observed i n  
some years. 



3.2.3 Water C l a r i t y  

The depth a t  which a black and whi te metal disc, c a l l e d  a Secchi 
disc, disappears from view i s  a measure o f  water c l a r i t y .  As 
expected, Secchi d isc  readings were h ighest  i n  the  open water areas 
o f  Stat ions 'P4 and M 1  and lowest a t  S ta t ion  P I .  I n  the Por t  
McNicoll area S ta t i on  PM2 had s i m i l a r  water c l a r i t y  t o  S ta t i on  P4, 
except when wave ac t ion  resuspended mater ia ls ,  such as sediment 

i n t o  the water column. S im i l a r l y ,  i n  Sturgeon Bay, aquat ic p l a n t  
growths and suspended mater ia l  sometimes reduced Secchi d i sc  
readings. 

Average Secchi d isc  depths f l uc tua ted  from year t o  year, b u t  there  
were no apparent trends towards improved water c l a r i t y  
(F igure 13). 

3.2.4 Phosphorus 

Phosphorus ( t o t a l  and soluble reac t ive)  are important n u t r i e n t s  
u t i l i z e d  by p lan ts  and algae. Normally found i n  nature i n  shor t  
supply, i t  general ly l i m i t s  p l a n t  growth i n  Georgian Bay waters. 
However, high concentrat ions o f  phosphorus can promote nuisance 
l e v e l s  o f  a lga l  and p l a n t  growth. Veal and Michal s k i  (1971) 
repor ted a gradat ion i n  t o t a l  phosphorus concentrat ion i n  Penetang 
Bay. Highest concentrat ions were measured a t  S ta t i on  P 1  a t  t h e  
southern end o f  the Bay, and lowest concentrat ions were found a t  
S ta t i on  P4 (Figure 14). This gradient  was a r e s u l t  o f  imcomplete 
mix ing w i t h  the open water areas. 

The 1986 t o t a l  phosphorus concentrat ions were approximately 50% o f  
those measured i n  1969 a t  S ta t ions  P 1  and MI ;  there  were no 
s i g n i f i c a n t  changes a t  S ta t ions  PM2 or  BS. Penetanguishene 
(S ta t i on  P I )  and Midland (S ta t i on  M1) represent waters near the  

l a r g e s t  populat ion centres i n  t h e  area and are in f luenced more 
d i r e c t l y  by WPCP discharges than PM2 o r  BS. The pronounced 
decreases i n  TP observed a t  P1 and M 1  were presumed t o  be due t o  
improved operat ing e f f i c i e n c y  a t  the Penetang and Midland WPCPs, 
and t o  detergent phosphorus cont ro l .  Since the  i n i t i a l  drop i n  
1973, TP l e v e l s  have f l uc tua ted  considerably (F igure 14). 



' 9 8 6 ~ - ~ ~ 6 ~  '6961 $0 ~ p o ! ~ a d  aaJj a>! aq( Bu!~np 'suo!+o(s punos uJar\aS u!ow aA!j aq( +o 
(IN) sBu!poa~ D S ! ~  !ymaS uoaru puo ( l /Bn)  suo!+DJ+ua>uo:, Fj ~~Aqdojolq~ auoz xroqdna uoaw :&L g a n ~ ) ~  





I n  Severn Sound, WPCP f a c i l i t i e s  have been constructed, modified, 
o r  expanded throughout the e n t i r e  study period. Consequently, any 
rea l  reduct ions i n  TP concentrat ions from these sources have been 
d i f f i c u l t  t o  i n te rp re t .  I t  i s  there fore  understandable t h a t  Severn 
Sound as a whole d i d  no t  respond imnediately t o  the i nd i v idua l  
improvements t o  f a c i l i t i e s  along i t s  shores. TP l e v e l s  a t  P 1  and 
M 1  though s i g n i f i c a n t l y  lower than a t  the  beginning o f  the  study, 
are s t i l l  h igh enough t o  support nuisance a lga l  growths, 
p a r t i c u l a r l y  i n  the southern p a r t  o f  Penetang Bay. 

Soluble reac t i ve  phosphorus (SRP) i s  considered t o  be more r e a d i l y  
used by algae than o ther  forms o f  phosphorus. Mean SRP 
concentrat ions were h ighest  a t  S ta t ion  P I  and lowest a t  S ta t i on  
PM2. The other  three main s ta t ions  were no t  s i g n i f i c a n t l y  
d i f f e r e n t  from Sta t ion  PM2. Year-to-year var ia t ions  appear t o  be 
more important than s ta t i on - to -s ta t i on  d i f ferences since, u n t i l  
1984, there was no d i sce rn ib le  t rend toward lower mean SRP l e v e l s  
a t  any s ta t ion .  The gradat ion observed i n  TP l e v e l s  from S ta t i on  
P1 t o  S ta t i on  P4 was a lso ev ident  f o r  SRP concentrations. 

No seasonal pat terns o r  trends could be establ ished f o r  SRP. 
Factors such as weather and water exchange in f luence SRP 
concentrations. The lowest SRP concentrat ions were measured i n  the  
Sound i n  1979. This corresponds exac t ly  w i t h  observations o f  low 
concentrat ions i n  the  Bay o f  Qu in te  (Robinson 1986). I n  both 
cases, the  record low l e v e l s  were fo l lowed by substant ia l  increases 

i n  1980. 

3.2.5 Ni t rogen 

Mean t o t a l  n i t rogen (TN) concentratl'ons were h ighest  a t  S ta t i on  P I  
and lowest a t  S ta t i on  P4. Stat ions M1 and PM2 were s i m i l a r  t o  
S ta t i on  P4 since a l l  three s ta t i ons  are exposed t o  wind-induced 
mixing. TN l e v e l s  were s l i g h t l y  h igher  a t  S ta t i on  BS b u t  because 
o f  the p l a n t  comnunity the  n i t rogen was mostly i n  the  organic form. 
I n  recent  years, Total  Inorganic Nitrogen (TIN) l e v e l s  have been 
h igher  suggesting l ess  demand f o r  n i t rogen by the  a lga l  and p l a n t  
communities i n  Sturgeon Bay. 



This increase i n  TIN i n  the l a s t  few years was a lso  ev ident  a t  the 
other  f ou r  main stat ions.  The s h i f t  from organic t o  inorganic forms 
o f  n i t rogen was most pronounced a t  S ta t ion  PI. This i s  probably due 
t o  p a r t i a l  n i t rogen removal a t  the STP and t o  an increase i n  n i t r a t e  
nitrogen, general ly  occur r ing  throughout the  Great Lakes. 

3.2.6 Nitrogen t o  Phosphorus Ratios 

High Nitrogen-to-Phosphorus(N:P) ra t i os ,  greater  than 20:1, 
general ly i nd i ca te  good water qua l i t y ;  no t  conducive t o  nuisance 
a lga l  blooms. Low r a t i o s  o f  l ess  than 10: l  i n d i c a t e  a po ten t i a l  
f o r  nuisance a lga l  blooms t o  develop. 

Since the  general decrease i n  Severn Sound TP concentrat ion was 
greater  than the decrease o f  TN concentration, N:P r a t i o s  increased 
a t  a l l  f i v e  s tat ions,  i n d i c a t i n g  an improvement i n  water qua l i t y .  
The apparent improvements since the beginning o f  the study were 
greatest  a t  Stat ions P4, M 1  and PM2. Only a minor increase i n  N:P 
r a t i o  was seen a t  S ta t i on  PI.  

The improvement i n  N:P r a t i o  a t  S ta t ion  BS may no t  be as re levant  i n  
Sturgeon Bay as i n  other  areas studied i n  Ontar io because o f  the  
dominating in f luence o f  the  aquatic p lan ts  which ob ta in  much o f  
t h e i r  n u t r i t i o n a l  requirements from the sediment (Appendix 111). 

3.2.7 Algal Biomass 

Chlorophyl l  - a i s  the photosynthet ic green pigment present i n  most 
p lan ts  and algae. Measured concentrations o f  ch lo rophy l l  - a i n d i c a t e  
the amount o f  suspended algae o r  phytoplankton i n  the  water. 
Chlorophyl l  - a l e v e l s  are h ighest  a t  S ta t i on  PI, w i t h  l e v e l s  as h igh 
as 27.9 ug/L recorded i n  1986. This s t a t i o n  i s  i n  c lose  prox imi ty  
t o  the  Penetang water p o l l u t i o n  cont ro l  p l a n t  (WPCP) discharge which 
cont r ibu tes  nu t r i en ts  promoting a1 gal growth. The cons t r i c ted  
entrance t o  Penetang Bay a lso  serves t o  r e s t r i c t  mixing w i t h  the  
r e s t  o f  the Sound r e s u l t i n g  i n  the more eutrophic condi t ions a t  
S ta t i on  P1. 

Although average ch lo rophy l l  - a l e v e l s  have been low a t  times, there 
has been no obvious t rend  towards lower concentrat ions despi te the 
implementation o f  improved phosphorus treatment a t  the  WPCP's. I n  
fact ,  there has been a recent  r i s e  i n  ch lo rophy l l  - a concentrat ions 



s im i l a r  t o  those o f  1978 and 1980 (F igure 13). Some o f  the 
v a r i a t i o n  may be caused by natura l  f ac to rs  such as r a i n f a l l ,  water 
l e v e l  changes, winds and currents. But other  f ac to rs  such as 
sewage treatment f a c i l i t y  expansion, as wel l  as WPCP operat ional 
problems may have had an e f fec t .  

S imi la r  t o  the  gradient  observed f o r  phosphorus, a gradient  a lso 
e x i s t s  f o r  ch lorophyl l  - a i n  Penetang Bay, w i t h  higher 

concentrat ions a t  S ta t i on  P 1  and lower concentrat ions by Sta t ion  
P4. Concentrations greater  than 30 ug/L occur when a lga l  blooms 
are present. Algal blooms can screen ava i l ab le  sun l i gh t  from 
reaching the l ake  bottom. This hinders the development o f  a 
heal thy aquat ic p l a n t  comnunity which i n  t u r n  can p o t e n t i a l l y  
e l im ina te  product ive f i s h  hab i ta t .  

I n  Mid1 and Bay, despi te the c lose prox imi ty  o f  S ta t i on  M 1  t o  the  
STP, ch lo rophy l l  - a concentrations were general ly  low and s i m i l a r  t o  
those a t  S ta t i on  PM2, bu t  l ess  than those a t  S ta t ion  P4. I n  the 

P o r t  McNicoll area average chl orophyl l  - a l e v e l s  were cons is ten t ly  
low. The h ighest  mean value recorded was 6.1 ug/L. Consequently, 
t h i s  area o f  the Sound enjoys some o f  the b e t t e r  water c l a r i t y  i n  
the  area. 

I n  Sturgeon Bay, dense growths o f  aquat ic p lan ts  are able t o  
out-compete algae f o r  ava i lab le  nu t r ien ts ,  as such, ch lo rophy l l  - a 
l e v e l s  were general ly  low, from year  t o  year. 

3.3 Contaminants i n  Water 

There are no rou t i ne  t race  contaminant moni tor ing data ava i lab le  
f o r  open waters o f  the  Sound, bu t  l i m i t e d  data i s  ava i l ab le  f o r  
f ou r  water q u a l i t y  moni tor ing s ta t i ons  loca ted on i n f l ows  (F igure 
16). The concentrat ion o f  metals analyzed from water samples were 
general ly  below the Prov inc ia l  Water Q u a l i t y  Object ives (PWQO). 
Cadmium, arsenic, lead and n icke l  l e v e l s  were usua l ly  below 
M i n i s t r y  detect ion levels .  I n i t i a l l y ,  measured copper l e v e l s  were 
above the  PWQO, b u t  a change i n  ana ly t i ca l  techniques i n  1983 has 
increased prec is ion,  and copper l e v e l s  have subsequently been 
w i t h i n  t h e  PWQO guidel ines. I r o n  l e v e l s  were f requent ly  above the  
PWQO a t  s t a t i o n  #76-01 i n  the Coldwater River  (0.14 - 2.995 mg/l), 
b u t  were w i t h i n  acceptable l i m i t s  a t  the  o ther  monitor ing 
s ta t ions .  



A l l  organic contaminants concentrat ions analyzed were below 
M i n i s t r y  detect ion levels .  

A 1985 water q u a l i t y  study was a lso  ava i lab le  f o r  Penetang Harbour 
and Midland Bay, using the same sampling s i t e s  as f o r  the sediment 
data (see Figure 15). Water samples were taken l m  o f f  the bottom, 
and the  parameters analyzed are l i s t e d  i n  Table 6. 

I n  Penetang Harbour, copper l e v e l s  general ly  exceeded the PWQO (see 

Table 6). Mercury l e v e l s  a lso exceeded the  guidel ines a t  s t a t i o n  
524, as d i d  i r o n  a t  s ta t i ons  528 and 530, z inc a t  s ta t ions  524 and 
525, and aluminum a t  s ta t ions  526, 528, 529 and 530. A l l  o ther  
metals concentrations analyzed were w i t h i n  the PWQO, and a l l  
organic contaminants concentrat ions analyzed were below M i n i s t r y  
detect ion levels .  

Copper l e v e l s  i n  Midland Bay a1 so general ly  exceeded the PWQO (see 
Table 6). I r o n  l e v e l s  a lso  exceeded the guidel ines a t  s t a t i o n  519, 
as d i d  z inc  a t  s ta t ions  517 and 519, and aluminum a t  s ta t ions  516, 
517 and 519. A l l  o ther  metals analyzed were w i t h i n  the PWQO, and 
a1 1 organic contaminants analyzed were below M i n i s t r y  detect ion 
leve ls .  

3.4 Sediment 

There i s  l i m i t e d  s u r f i c i a l  sediment data (grab samples) ava i l ab le  
f o r  the Severn Sound area. Data from 1985 i s  ava i lab le  f o r  
Penetang Harbour and Midland Bay (MOE, Aquatic Biology Section, 
In-Place Po l lu tan ts  Program), and 1980 data i s  ava i lab le  f o r  
Sturgeon Bay (MOE, Great Lakes Section, unpublished). Samples were 
co l l ec ted  from 10 s ta t i ons  i n  each o f  Penetang Harbour and Midland 

Bay, and from 15 s ta t i ons  i n  Sturgeon Bay. (See Figure 15 f o r  
s t a t i o n  locat ions.) 

I n  Midland Bay, l e v e l s  o f  copper, chromium, lead, z inc and solvent  
ext ractables general ly  exceeded the MOE Open-water Disposal 
Guide1 ines (Table 7). Mercury concentrat ions a t  s ta t ions  517 and 
518 a lso exceeded the guidel ines, as d i d  n icke l  l e v e l s  a t  s ta t i ons  
512, 519 and 521. PCB l e v e l s  were w i t h i n  MOE guidel ines. 







I '  
r 
I 
I .  
I: 
[: 

r : 
r 
I.. 
L 
r 
1:: 
i 
I: 
l~ 
I.. 
i 
l~. 
I. 

TABLE 7 - SUMMARY OF SURFICIAL SEDIMENT DATA 1980, 1985 

I I Range I 
I 

I s ta t i ons  exceeding guide1 i nes l  
I Parameter I M.0.E I I 
I I~enetan~l~idlandl~tur~eonl~uidelinesl~enetan~ I Midland 'Sturgeon I 
I 
I I ~ a r b o u r l  Bay , I Bay (Contro l )  I Harbour , I I Bay Bay , 
I I 3.00' 15.001 5.00 '522,23 '512,13 I I 
[copper I - I _ - I 25.00 '24,29,30 l14,15,17 None I 

I 49.001 66.001 21.00 1 ( 21 ) 1 1 (ug/g) I 118,19,21 I I I 

I I 4.10' 19.00' 11.00 
I 

'522,23 '512,14 IS2,3,4,7 
l~h romium - I _ I _ I 25.00 '24,25,28 '15,16,19 18,9,10,111 

I 85.001 74.001 49.00 I ( 66 ) 129,30 121 I 1 (ug/g) , I l3 
I 

l ~ e r c u r y  I <'0.011 0.05' < 0.1 I I 1517,18 I 1 (ug/g) I - - I _ I 0.30 None I None I 
I I 0.24; 1.001 0.06 ! (0.10) I I I 

I I I I I 

I I 0.20' < 0.20' < 0.3 I '522,29,301 I I 
l ~ a d m i  um I - I _ I _ 1.00 I I None I None I 

I 1.401 0.811 0.72 (<0.3) I(ug/g) I I I I 1 I I I I I 

I I 63001 140001 8600 1 I 522,23 I 
I 

I A l l  1 
I 1ron - - - 10000 '24,25,28 A l l  I except 
1 (ug/g) I I 480001 360001 56000 (51600) !29,30,31 1 S14 

I I < 2.00' 30.00' < 3.00 1 '522,23 '512,13 I I 
I Lead I - I _ I _ 50.00 124,29,30 114,15,17 1 None I 

I 130.001 260.001 28.00 ( 27 ) I (ug/g)  I I 118,19,21 I I I 

I I 9.40' 60.001 27.00 1 1522,23 '512,13 ;S2,8 I 
l ~ i  nc I - I _ - 100.00 124,29,30 114,15,18 I 

I 200.001 160.001 130.00 ( 195) :(ug/g) , I 19.20 I I I 

I I 0.46' 1.45' I I I I I 
l ~ r s e n i c  I - I _ I _ I 8.00 None I None I _ I 

1 6.751 4.971 1 (ug/g) I I I (4.5) I I I 
I I I I I 

I I 69.001 230.00' I None I I 1 I 
I ~ a n ~ a n e s e  I - - I _ I c u r r e n t l y  I I I 
I I (ug/g) I I 850.00\ 640.00; I I e x i s t  I , 

I I I I I I 

I so l  vent  I 115.001 903.001 I '522,23 '512,13 I I 
l ~ x t r a c t a b l e l  - - - I 1500.00 129,30 114,15,16 - I 
I I (ug/g) I I 3483.00~2891.00\ I I I I 17,19,21 ! I I 

I I 16001 59001 I None I I I I 
l ~ l  uminum I - - - I c u r r e n t l y 1  I I I 

I 25000 1 23000 1 [ (ug/g)  I I I e x i s t  I I I I I I I I 

I I 2.001 14.001 I 1522,29 '512,19, I I 
l ~ i c k e l  I - - - I 25.00 30 121 I _ I 
I I ( ~ 9 / 9 )  I I 39.00; 46.001 I I I I I I I I I 

I I 

I I I I I 
I I I I 

I I < 20.001< 20.00; I524 
I 

I 
'PCB I - I _ - I 50.00 I None 1 - I 

I 120.001 50.001 /(ng/!3) I ( 2 4 )  I 1 I I I I I I 

- No data 
- Control  = sediment o f f  Beausoleil Is .  f o r  sediment bioassay con t ro l s  



Levels o f  chromium, lead, z inc  and so lvent  ext ractables exceeding 
M.O.E. gu idel ines were found a t  s ta t i ons  522, 523 and 524 i n  the 
southern end o f  Penetang Harbour, and a t  s ta t i ons  529 and 530 i n  the  
nor thern p o r t i o n  o f  the  harbour. Samples taken from s ta t i ons  near 
the middle o f  the harbour were general ly  w i t h i n  t h e  guidel ines. PCB 
l e v e l s  were w i t h i n  the MOE gu ide l ine  except f o r  s t a t i o n  524. 

Sediment data from Sturgeon Bay shows mercury, lead, copper, 
cadmium, and z inc l e v e l s  t o  be general ly  w i t h i n  MOE open-water 
disposal guide1 ines. Zinc and chromium leve l  s exceeded the 
guidel ines a t  spec i f i c  s tat ions,  as shown i n  Table 7. The l e v e l s  o f  
chromium i n  t h i s  bay probably r e f l e c t  background concentrations. 

I r o n  l eve1 s f o r  a l l  three sampling areas general ly exceeded MOE 
guidel ines, due t o  natura l  background concentrations. 

3.5 Bio logy , , 

3.5.1 Phytoplankton 

Phytoplankton are microscopic photosynthet ic p lan ts  (algae) t h a t  a re  
present i n  a l l  natura l  water bodies. They form the  base o f  the 
na tura l  food chain. 

Average phytoplankton biomass a t  the f i v e  main s ta t i ons  i n  Severn 
Sound was on average about 10-20 x h igher  than f o r  s i t e s  i n  adjacent 
Nottawasaga Bay. No s i g n i f i c a n t  long-term t rend  i n  the  t o t a l  
phytoplankton present was noted (F igure 16). Over the 1973 t o  1985 
period, l e v e l s  o f  t o t a l  phosphorus and t o t a l  phytoplankton were 1.5 
t o  3 X h igher  a t  S ta t i on  P1 than a t  the  other  f ou r  s tat ions.  The 
f i v e  s i t e s  a1 so demonstrated s i g n i f i c a n t  d i f ferences i n  the species 
o f  algae present. Diatoms cont r ibu ted  most t o  the t o t a l  
phytoplankton biomass (Appendix IV )  . 

It i s  s i g n i f i c a n t  t h a t  no c l e a r  t rend i n  phytoplankton dens i t i es  has 
emerged s ince the  implementation o f  phosphorus loading con t ro l s  i n  
1973. 





Data from Severn Sound show s i g n i f i c a n t  re la t i onsh ips  between t o t a l  
phosphorus and phytoplankton and between phytoplankton and water 

c l a r i t y .  There i s  no reason t o  suspect t h a t  the phytoplankton o f  
Severn Sound has been l i m i t e d  by any n u t r i e n t  other  than 

phosphorus. Nitrogen has been shown t o  be l i m i t i n g  i n  some Great 
Lakes phytoplankton comnuni t ies ;  however, t o t a l  N:P r a t i o s  i n  
Severn Sound over the 13-year per iod  do no t  suggest N l i m i t a t i o n .  

Reductions i n  phytoplankton biomass and improvements i n  water 
c l a r i t y  can be expected i n  Severn Sound i f  reduct ions i n  phosphorus 
loadings achieve lower lakewater phosphorus concentrations. 
Because phytoplankton dens i t ies  were 10-20 times h igher  w i t h i n  
Severn Sound than i n  adjacent Nottawasaga Bay, i t i s  suggested t h a t  
considerable improvement i n  water c l a r i t y  i s  p o t e n t i a l l y  
achievable. 

Growth incubat ion studies o f  phytoplankton were c a r r i e d  ou t  dur ing 
1985 and 1987 (N icho l l s  and Heintsch, 1987; Heintsch, 1988) a t  
Penetang Bay and o f f  the  Severn River. The r e s u l t s  suggested t h a t  

phosphorus i n  the v i c i n i t y  o f  the Main St. WPCP o u t f a l l  i n  Penetang 
Bay was more ava i l ab le  f o r  growth o f  phytoplankton than a t  the 
mouth o f  the  Severn River. Moreover, much o f  the  phosphorus 
cont r ibu ted  by the Severn River was no t  ava i l ab le  f o r  growth dur ing  
the summer o f  1987 ( a  low f low year) .  

3.5.2 Macrophytes 

Several inves t iga t io r ls  o f  l a rge r  aquat ic p lan ts  o r  macrophytes have 
been conducted i n  i nd i v idua l  bays w i t h i n  Severn Sound (MOE, 1973; 
MOE, 1977; MNR, 1979; MOE, 1980, 82). Table 8 l i s t s  those species 

o f  f l o a t i n g  and submerged p lan ts  found i n  Sturgeon Bay and Penetang 
Bay. The t a b l e  a lso  c l a s s i f i e s  p lan ts  based on growth "behaviour" 
o r  growth zone. Many species o f  submerged p lan ts  le.g. Isoetes, 
Ranunculus) grow i n  an innocuous manner so t h a t  most people making 
use o f  the  water would be u n l i k e l y  t o  no t i ce  them. Other p lan ts  
(e.g. Myriophyllum spicatum) grow t o  the surface i n  dense beds t h a t  
can be a nuisance f o r  navigat ion o r  swimming. 



TABLE 8: LIST OF SUBMERGED AND FLOATING AQUATIC MACROPHYTES ENCOUNTERED IN 
STURGEON BAY (1980, 1982) AND PENETANG BAY (1982) 

SPECIES 

b I U K Q t V 1  
OVERUINTER- GROUTH BAY PENETANG PREVIWS 
ING FORMS ZONE 1980.1982 BAY. 1982 RECORD 

Chara spp Stonewort U C + + 73 77 79 
lsoetes sp C + 

Potamgeton amp1 i f01 i u s  bass weed R S.1 + t 73 
P. bicuspulat is narrow-leafed pondweed ? s.c + 
P. cr ispus curly-leafed pondweed YE, R T + 73 79 
P. fo l iosus S 73 79 
P. f r i e s i i  narmw-leafed pondweed UB S + + 
P. gramineus var iable ponhreed IS. FL + + 73 
P. h i l l i i  S 73 
P. natans f loat ing leafed pondweed IS. FL + 
P. pect inatus sago pondweed T S,C + + 73 79 
P. per fo l ia tus R S.1 + 
P. praelongus whitestem pondweed R S.T + . +  73 77 79 
P. pus i l l us  YB S,C + t 73 
P. r ichardsoni i  Richardsons pondweed R S.T + + 73 77 79 
P. robb ins i i  Robbinsons pondweed R D .c + + 73 77 79 
P. s p i r i l l u s  + 
P. s t r i c t i f o l i u s  narrow-leafed pondweed S.T 77 
P. zoster i formis f l a t - s t m e d  pondweed R. YB S,T + + 73 77 
- -- 

Najas f l e x i l i s  bushy pondweed - 0.C + + 73 79 
N. guadalupensis bushy pondweed - D.C + + 77 
Sag i t ta r i a  rosettes arrowhead U, YB S .c t 
Elodea canadensis Canada waterweed U. UB 0.c + + 73 77 79 
Va l l i sne r ia  americana tapegrass T.R D .T + + 73 77 79 

Eleocharis ac icu lar is  needle rush R S,C t + 
Lemna t r i s u l c a  s ta r  duckweed U F + 
Eriocaulon sp S ,C + + 73 
Pontederia cordata pickerel  weed D.E 79 
Heteranthera dubia water stargrass R D,T + + 73 77 
Ceratophyl lum dmersum coontai l  T F , T  + + 73 77 79 
Nuphar sp yellow w a t e r l i l y  R F,L 79 
Ranunculus SP water buttercup U s,c + + 73 

Uyriophyllum a l tern i f lo rum m i l  f o i l  
M. excel bascens m i l f o i l  
M. heterophyllum m i l f o i l  
M. spicatum Eurasian m i l f o i l  
M. ve r t i c i l a tum 
Meaalodonta beck i i  water mariaold 

Overwintering forms: U = unchanged. R = rhizone, T = Wrion. UB = Winter bud 
Growth Zone: 0 = dense beds, T = t a l l  (bottom t o  surface i n  deep water), F = f ree  floating, 

FL = , f l n ~ t i n o  lraver. IS = inshore I lml. S = so l i t a rv .  C = c lose t o  bo t tm.  E = emeraent. . - . . - - -. . . .. ~ . .~ ..., . ~~ - . -  ~ ~-~ ~ ~ ~. 
Previous records: 73 - MOE Survev o f  Penetana Bav 1973 . . . . . . . . . . . - .- ~~ -~~~~ - ~ ~- .~ 

77 = HOE Survev o f  Sturaeon Bav 1971 



Two important fac tors  i n f l uenc ing  the  growth and d i s t r i b u t i o n  o f  
p lan ts  are substrate and l i g h t  penetration. Phosphorus 
concentrat ion i n  the  Severn Sound water column i s  no t  general ly  
l i m i t i n g  t o  rooted p l a n t  growth. Rooted p lan ts  such as 
Myriophyl lum spicatum ob ta in  most requi red n u t r i e n t s  from the 
sediments (Bristow and Whitcome, 1972; Carignan and K a l f f ,  1980). 

K a l f f  (1986) has shown t h a t  p l a n t  biomass peak and the  maximum 
depth o f  d i s t r i b u t i o n  i s  r e l a t e d  t o  water transparency i n  lakes. 

I n  Sturgeon Bay, the heaviest growths o f  macrophytes occur on the 
west s ide o f  the  bay i n  1.5 t o  2.5 m depth (F igure 17). The bay i s  
r e l a t i v e l y  shallow and s u f f i c i e n t  1 i g h t  penetrates t o  a l low p l a n t  
growth across the bay. Sparse growths were found near the 
shorel ine due t o  sandy and/or rocky substrate. An extensive shoal 
area i n  the bay was a lso very sparse i n  p l a n t  growth. The west 
s ide  o f  Sturgeon Bay was dominated by the Eurasion m i l f o i l  
Myriophyllum spicatum (Figure 171, wh i l e  tape grass, V a l l i s n e r i a  
americana dominated the eas t  side. A balanced d i v e r s i t y  o f  p l a n t  
species was found a t  a l l  s i tes .  

Penetang Bay coverage i n  1973 (F igure 18) was very s i m i l a r  t o  t h a t  

observed i n  1982 w i t h  the exception t h a t  deeper areas had an even 
lower percent cover i n  the  south end o f  the bay. Poor water 

transparency was thought t o  l i m i t  p l a n t  d i s t r i b u t i o n  general ly,  
w h i l e  the presence o f  bark deposits from past logg ing  prac t ices  
l i m i t e d  growth i n  l o c a l i z e d  areas. The south end o f  Penetang Bay, 
near the eastern shore, was dominated by water stargrass, 
Heteranthera - dubia (F igure 18). This p l a n t  i s  known t o  grow we l l  
i n  n u t r i e n t  enriched waters. The remaining areas tended t o  have a 
more even species composition. O f  special note was the  
predominance o f  Myriophyl lum excel bescens ( a  na t i ve  species) i n  
comparison w i t h  Myriophyllum spicatum. The reverse was t r u e  i n  
Sturgeon Bay. 

I n  sunmary, the  macrophyte community i n  Penetang Bay and Sturgeon 
Bay was t y p i c a l  o f  shallow, hard-water areas o f  Southern Ontar io 
(c.f. M i l l e r ,  1976). A n u t r i e n t  con t ro l  s t ra tegy  f o r  Severn Sound 
would n o t  d i r e c t l y  a f f e c t  the  rooted p lants as t h e i r  main n u t r i e n t  
source i s  from the  sediments. Howeyer, cont ro l  o f  phytoplankton 
growths could r e s u l t  i n  increased areas o f  nearshore water 
ava i l ab le  f o r  rooted p lan ts  t o  colonize. 



I - FIGURE 17: Distribution of aquatic plant growth and composition in 
Sturgeon Bay 1980. 
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FIGURE 18: Diagram representing the approximate densities of aquatic 
macrophytes in Penetang Bay during 1973 & Survey of 
aquatic plant community composition in 1982. 



3.5.3 Benthos 

Benthic macroinvertebrates i n teg ra te  and r e f l e c t  the  q u a l i t y  s ta tus  
o f  a water body. The presencelabsence o f  species w i t h  known 
requirements, t h e i r  abundance and the species composition can a l l  
provide an i n d i c a t i o n  o f  n u t r i e n t  enrichment and/or the presence o f  
t o x i c  f a c t o r s  cont r ibu ted  by discharges. 

There are many fac tors  t h a t  in f luence the r e l a t i v e  abundance o f  the  
benthos i n  shallow bays such as the Severn Sound. These can inc lude 
the  fo l lowing:  

1. The presence o f  aquat ic p lan ts  can in f luence the  cornuni ty  
by favour ing those species t h a t  l i v e  i n  d i r e c t  associat ion 
w i t h  aquat ic p lan ts  (ep iphy t ic  inver tebrates) .  

2. The nature o f  the  bottom substrate can in f luence r e l a t i v e  
abundance o f  the  benthos. For example, f ine-grained, s o f t e r  
sediments favour a dominance o f  ol igochaetes and l a r g e r  
chironomids. 

3. The degree o f  exposure t o  waves and strong currents 
in f luences the  community composition. 

4. N u t r i e n t  enrichment o r  eutrophicat ion tends t o  increase the  
abundance and decrease the  d i v e r s i t y  o f  benth ic  organisms, 
espec ia l l y  near a n u t r i e n t - r i c h  p o i n t  source. 

5. The presence o f  t o x i c  contaminants i n  s u f f i c i e n t  
concentrat ions o r  t o x i c  condi t ions i n  the  water column can 
have the e f f e c t  o f  decreasing o r  e l im ina t i ng  the abundance 
and d i v e r s i t y  o f  organisms even though o ther  condit ions, 
such as substrate, a re  su i tab le  f o r  a v a r i e t y  o f  animals.. 

Studies o f  Sturgeon Bay benthos (Barton, 1981; 1983) concluded t h a t  
the community i n  the  mud was t y p i c a l  o f  a shallow, weedy bay w i t h  
both species to1 erant  o f  n u t r i e n t  enriched condi t ions (such as 
worms and l a r g e  midge la rvae)  and those associated w i t h  cleaner 
water (such as cadd is f l y  la rvae Figure 19). To lerant  organisms 
tended t o  be more abundant toward the west side; more because o f  
she l te r  from wind and wave ac t i on  than because o f  n u t r i e n t  
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enrichment. Areas w i t h  aquat ic p l a n t  beds supported a more diverse 
community (F igure 20). M i l f o i l  was found t o  support a wide va r ie t y  
o f  organisms w i t h  abundance s i g n i f i c a n t l y  cor re la ted  w i t h  s i ze  o f  
plants. The purpose o f  the work dur ing  1980 and 1982 was t o  
document condi t ions i n  the  bay, p r i o r  t o  operat ion o f  the V i c t o r i a  
Harbour WPCP. Since the  WPCP s ta r ted  operat ion i n  1985, no 
fol low-up study o f  the  benthos has been done. 

Barton (1983) and Jaagumagi (1986) s tudied benthos i n  Penetang Bay. 
Bar ton 's  r e s u l t s  (F igure 21) ind ica ted  a pa t te rn  o f  decreased 
abundance and d i v e r s i t y  near the  o l d  Penetanguishene WPCP (Main St.) 
increasing w i t h  distance ou t  i n t o  the south po r t i on  o f  the  bay. 
Highest d i v e r s i t y  was found i n  the mid-bay area o f f  the s i t e  o f  the 
then-proposed Penetang Fox St. WPCP. This pa t te rn  suggested t h a t  
some t o x i c  f a c t o r  was i n f l uenc ing  the  community near the Main St. 
WPCP o u t f a l l .  Jaagumagi (1986), i n  a sample c lose t o  the same WPCP 
o u t f a l l ,  a1 so concluded t h a t  some form o f  t o x i c i t y  was in f luenc ing  
the  community. No follow-up benthic study has been conducted as the 

new p l a n t  has j u s t  been completed. 

Jaagumagi (1986) a lso studied benthos i n  Midland Bay. He found, i n  
general, t h a t  the benth ic  community was t yp i ca l  o f  good water 
q u a l i t y  b u t  t h a t  the community a t  s i t e s  i n  the  inner  harbour 
ind ica ted  moderately enriched water qual i ty.  

The benthos o f  the  open areas i n  Severn Sound, as wel l  as Hog Bay, 

have no t  been studied. 

3.5.4 Fish: 

Col dwater Comnuni t y  

P r i o r  t o  1950 lake  t rou t ,  lake  w h i t e f i s h  and lake  he r r i ng  occupied 
the deep, c o l d  waters between Midland and Beausoleil Is land. Since 
then l ake  t r o u t  have become e x t i n c t  i n  the  Sound and throughout a l l  
o f  Georgian Bay. Lake w h i t e f i s h  and lake  her r ing  have a l l  bu t  
disappeared from the Sound b u t  are s t i l l  found throughout other  
areas o f  Georgian Bay. The probable causes f o r  these decl ines 
inc lude over-exploi  ta t ion ,  changes i n  water qual i t y  and the invasion 
o f  sea lamprey. Today, Severn Sound i s  occupied only by migratory 
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FIGURE 21: Species composition of benthic organisms in Penetang Bay in 1982. 



I,. 
coldwater species t h a t  t rave l  through the  Sound t o  and from i n -  
f lowing spawning streams. Species inc lude rainbow t rou t ,  brown 
t rou t ,  pink salmon and chinook salmon. 

Lake sturgeon were once common i n  Severn Sound b u t  by 1900 they 
had decl ined s i g n i f i c a n t l y .  Over-explo i ta t ion and damming o f  
spawning r i v e r s  are the  most l i k e l y  causes. Most warmwater 
communities benef i ted  i n  the  f i r s t  50 years o f  t h i s  century as the 
Sound became c u l t u r a l l y  enriched. Production o f  percids, 
centrachids and esocids l i k e l y  increased i n i t i a l l y .  Wall eye 
populat ions were good i n t o  the  mid 1970's b u t  have declined, wh i le  
black crappie, which were r e l a t i v e l y  unknown dur ing the  19501s, 
have exploded throughout the Sound (Table 9) .  Smallmouth and 
largemouth bass have remained strong. White bass populat ions were 
never l a r g e  b u t  have decl ined i n  recent  years. Northern p ike  
populations have f l uc tua ted  over the years b u t  have general ly 
remained good wh i l e  muskellunge appear t o  be reduced. L i t t l e  i s  
known about trends i n  populat ions o f  other  species except t h a t  
emerald shiners are general ly  dec l i n ing  i n  1 i t t o r a l  areas 
throughout the Great Lakes. Table 10 provides a l i s t  o f  f i s h  
species known t o  be present f o r  a l l  o r  p a r t  o f  t h e i r  l i f e  
h i s to r i es .  



TABLE 9 - COMPARISON OF WALLEYE AND BLACK CKAPPIE TRAP NET 
RESULTS 1975-1985 

A. Catch o f  Walleye and Black Crappie per Night  
o f  Spring Trap Net t ing  - 1975-85 

1975 1976 1980 1981 1982 1983 1984 1985 

Wall eye 11.5 14.9 14.6 3.7 5.0 2.9 3.9 2.7 

B1 ack 
Crappie 9.4 - 263.2 247.7 163.2 145.3 104.9 67.5 

B. Catch o f  Black Crappie per Walleye per Night  
o f  Spring Trap Net t ing  - 1975-85 



TABLE 10 - FISH SPECIES OF SEVERN SOUND 

lampreys - Petromzontidae 
sea lamprey - Petromyzon marinus 
s i l v e r  lamprey - Ichthyomyzon un icusp is  
sturaeons - A c i ~ e n s e r i d a e  
lake-sturgeon -' Acipenser f u l  vecens 
bowf ins - Amiidae 
bowf in  - Amia ca lva  
catfishes;Tc-idae 
tadpole madtom - Noturus gyr inus  
brown b u l l  head - -us punctatus 
eel  s - Angui 11 i dae 
american eel  - An u i l l a  r o s t r a t a  
t rou t -perch  - Percopsi ae 
t rou t -perch  - Perco s i s  omiscomaycus 
smelts - Osmeri -he_ ae 
rainbow smel t  - Osmerus mordax 
salmons and t r o u m m o n i d a e  
l a k e  t r o u t  backcross - Sa lve l i nus  namaycush 
rainbow t r o u t  - Salmo g a i r d n e r i  
brown t r o u t  - S . T K f t a  - ~ - .. .. . .~ - - - . . .. . - - 
p ink  salmon - ZliTcoFhynchus orbuscha 
chinook salmon - 0. tshawyts %-- a 
wh i te f i shes  and ciScoes - Coresoninoe 
l a k e  w h i t e f i s h  - Core onus clupeafo.rmis 
l a k e  h e r r i n g  - C. __%_ a r t e  11 
gars - L e p i s o s t z d a e  
longnose gar  - Lepisosteus osseus 
k i l l  i f i s h e s  - C y p r i n o d o n t i ' d a e  
banded k i l l i f i s h  - Fundulus diaphanus 
Dike - Esocidae 
nor thern  p i k e  - Esox l u c i u s  
muskellunge - E. 
mudminnow - 
c e n t r a l  mudminnow - Umbra l i m i  -- 
suckers - Catostomidae 
nor thern  hog sucker - Hypentelium n i g r i c a n s  

wh i te  sucker - C. comnersoni 
redhorse - Moxo~oma sp. 

carp - ~ y p 4 ; l u s  c a r p i o  
golden shiner onus chrysoleucas 
emerald sh iner  - des 
s p o t t a i l  sh iner  -T. hudsonius 
b l  ackchin sh iner  -x. heterodon 
mimic sh iner  - N. vi5Tucellus 
brassy minnow -Tybognathus hankinsoni 
h e r r i n g s  - C l  upeidae 
a l e w i f e  - ~ l o s a  pseudoharen us 
g i zza rd  sh;.i-h-aorosoma * cepe i anum 
Scul o ins  - C o t t r  
m o t t i e d  scu lp in  - Cot tus b a i r d i  
cods - Gadidae 

X S. f o n t i n a l i s  burbot  - Lota  l o t a  - 
Derches - P e r c i d a e  
wal leye - Stezostedion v i  treum 
logperch - Perc ina c a p r r  
Iowa d a r t e r m o s t o m a  e x i l e  
johnny d a r t e r  - t. 
t e m ~ e r a t e  basses: 
whiiebass - Morone chrysops - 
sunf ishes - m r r  

-- 
black c rapp ie  - Pomoxis n i g r  
pumpkinseed - L e F  
rock bass - Am- 
s t i ck lebacks  - ~ a s t e r o s t a  
brook s t i ck leback  - Culaea inconstans 
s i l v e r s i d e s  - A t h e r i m  
brook s i l v e r s i d e s  - Labidesthes s i c c u l u s  



3.6 Biomonitor ing 

Conon aquat ic  p lan ts  and animals have been used t o  monitor 
concentrat ions o f  nu t r i en ts  o r  t race  contaminants throughout the 
Great Lakes. The reasons f o r  se lec t i ng  p lan ts  o r  animals f o r  
analys is  include: 

" the  p l a n t  o r  animal has widespread d i s t r i b u t i o n ;  

" i t  accumulates the contaminant i n  the t issues t o  a l low consis tent  
measurement o f  t i ssue  l e v e l s  wh i l e  water concentrat ions are non- 
detectable; 

" an i nd i v idua l  animal o r  p l a n t  does no t  move f a r  from the  
c o l l e c t i o n  s i t e ,  r e f l e c t i n g  l o c a l i z e d  condit ions. 

Several p lan ts  and animals o r  biornonitors have been used i n  the  
Severn Sound and are discussed below. 

3.6.1 Filamentous A1 gae 

Nu t r i en t  l e v e l s  i n  the f i lamentous a lga f r i n g i n g  Cladophora i n  Severn 
Sound (Jackson, 1985) suggested condi t ions t y p i c a l  o f  enriched areas 
i n  Georgian Bay (Appendix V). Seasonal v a r i a b i l i t y  i n  the  growth 
cond i t ion  and environmental cond i t ions  o f  the alga a f f e c t  the  uptake 
o f  n u t r i e n t s  (Pa in ter  and Jackson, 1986). The l a t e  sampling per iod  

f o r  f r i n g i n g  Cladophora (August, 1980) may have resu l ted  i n  lower 
than normal t i ssue  concentrations. 

Metal uptake by the  alga was comparable t o  other  s i t e s  i n  Georgian 
Bay (Appendix V) w i t h  the  exception o f  elevated l e v e l s  o f  Zn, Pb, Cu 
and C r .  Lead (Pb) concentrat ion was h ighest  i n  Midland Harbour and 
Penetang Bay. 

Values f o r  submerged Cladophora (Jackson, 1985) ind ica ted  a s i m i l a r  
pa t te rn  b u t  w i t h  lower z inc  (Zn) concentrat ion than t h a t  o f  f r i n g i n g  
Cladophora o r  submerged Cladophora from other  s i t e s  i n  Georgian Bay. 



3.6.2 Aquatic Plants 

Tissue l e v e l s  o f  submerged aquatic p lan ts  o r  macrophytes were a lso 
used as an i nd i ca to r  o f  n u t r i e n t  condi t ions and heavy metal 
accumulation (MOE Central Region 1980, 82, unpublished). 

Nu t r i en t  l e v e l s  i n  p l a n t  t issues were general ly  h igher  than sediments 
i n d i c a t i n g  luxury  uptake i n  both Penetang Bay and Sturgeon Bay. A 
ser ies o f  s ta t i ons  i n  Penetang Bay show a  t rend i n  t i ssue  phosphorus 
concentrations f o r  the  common water stargrass Heteranthera dubia. - 
N:P r a t i o s  f o r  t i ssues  were lower near the o u t f a l l  ( P l )  r e f l e c t i n g  
the increased a v a i l a b i l i t y  o f  phosphorus over n i t rogen ( low N:P 
r a t i o )  near a  t rea ted  sewage e f f l u e n t  (F igure 22). The r a t i o s  
increase f u r t h e r  from the o u t f a l l  t o  values comparable t o  moderate1 y 

enriched lakes no t  in f luenced by p o i n t  source discharges (Wile and 
Hi tch in,  1977). 

Values f o r  t i ssue  lead concentrations i n  Heteranthera - dubia i n  
southern Penetang Bay (F igure 23) ind ica ted  a  c l e a r  increasing t rend 
i n  lead w i t h  p rox imi ty  t o  the WPCP o u t f a l l  and the most concentrated 
urban area. Other metals (arsenic, copper, n i c k e l )  d i d  not  show a  
s i m i l a r  trend. 

3.6.3 Benthos and Young F i s h  

Prel iminary r e s u l t s  o f  t i ssue  analys is  o f  chironomids (WRB 1985, 
unpublished) from Penetang and Midland Bays ind ica ted  1  i t t l e  uptake 
o f  metals and pe rs i s ten t  organic chemicals i s  t ak ing  place 
(Appendix V I )  . The burrowing mayfly, Hexagenia 1  imbata, i s  t y p i c a l l y  

co l l ec ted  from Severn Sound near Beausoleil I s l and  f o r  sediment 
t o x i c i t y  test ing.  The organisms are used as con t ro l s  i n d i c a t i n g  
t h e i r  very low concentrat ions o f  t race  contaminants (Appendix VI). 

A pre l iminary s ing le  composite sample o f  j u v e n i l e  emerald shiners 
from Penetang Bay (Suns, 1985 unpublished) ind ica ted  some uptake o f  
o f  polychlor inated biphenyl (PCB) and pDDE (a breakdown product of 

the  pes t i c i de  DOT). The PCB value o f  110 ng/g exceeds the IJC 

Aquatic L i f e  Guide1 i n e  o f  100 ng/g. However, add i t iona l  samples were 

requi red t o  conf i rm t h i s  resu l t .  I n  1987, j u v e n i l e  f i s h  were 

co l l ec ted  from 18 l oca t i ons  w i t h i n  the Severn Sound (Appendix V I I )  . 
Results are summarized as fol lows: 



1. Mercury l e v e l s  were found t o  be low, ranging from 11-40 ng/g, 
much below the IJC Aquatic L i f e  Guidel ine (500 ng/g) considered 
t o  be detr imental  t o  the consumers o f  forage f i sh .  

2. PCB residues i n  the  Midland Bay c o l l e c t i o n  (164 ng/g) exceeded 
the IJC Aquatic L i f e  Guidel ine (100 ng/g), and quan t i f i ab le  
accumulations o f  PCB's were a lso  found i n  co l l ec t i ons  from 
Penetang Bay Tannery Point,  Midland WPCP, Grandview Beach and Hog 
Bay. The remainder o f  the  s p o t t a i l  samples had non-detectable 
PCB residue levels .  

3. Low concentrat ions o f  DDE were found i n  a l l  the co l l ec t i ons  and 
near-detect ion l i m i t  residues o f  hexachlorobenzene i n  some. 
Heptachlor, a ld r i n ,  mirex, BHC, chlordane, octachlorostyrene and 
tohaphene were no t  detected i n  any o f  the shiner co l l ec t i ons  
(Appendix V I I )  . 



FIGURE 22: Ratio of tissue nitrogen to phosphorus in H.dubia a plant 
from Penetang Bay, 1982 
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1- FIGURE 23: Concentration of tissue arsenic, copper, nickel, lead in 

I _ H.dubia a plant from Penetang Bay, 1982 



3.6.4 Contaminants i n  Sport F l sh  

Avai lable contaminant data f o r  spor t  f i s h  i s  repor ted as 
consumption advisor ies i n  the  pub l i ca t i on  Guide t o  Eat ing Ontario 
Sport F i s h  (MOE/MNR, 1987). The MNR/MOE Sport F i sh  Contaminant 
Program provides a consumption gu ide l ine  f o r  selected f i s h  species 

from areas throughout Georgian Bay. The guide1 ines f o r  the Severn 
Sound area have a s i m i l a r  pa t te rn  t o  those o f  o ther  areas i n  
Georgian Bay. For example, walleye from a l l  f ou r  sectors o f  
Georgian Bay have s i m i l a r  r e s t r i c t i o n s  on consumption due t o  
mercury contamination ( f i s h  l a r g e r  than 45 o r  55 cm). This 
suggests t h a t  the cause o f  the contamination i s  due t o  general 
f ac to rs  a f f e c t i n g  a l l  Georgian Bay walleye r a t h e r  than some 
spec i f i c  contamination i n  Severn Sound. The MNR d i s t r i c t  p lan f o r  
Severn Sound c a l l s  f o r  f i s h  co l l ec t i ons  f o r  carp, northern pike, 
walleye, black crappie, smal lmouth bass, p ink salmon and ye1 low 
perch over the per iod  1988 t o  1992 (Appendix V I I I ) .  

3.7 Water Qua1 i t y  Status o f  Severn Sound 

The present water q u a l i t y  s tatus o f  the  Severn Sound i s  sumnarized 
as fol lows. 

Despite some improvements i n  phosphorus concentrations, the 
eu t roph ica t ion  problem i n  Severn Sound pers is ts .  There are  s t i l l  
nuisance l e v e l s  o f  algae w i t h  f requent  a lga l  blooms espec ia l l y  i n  
Penetang Bay. 

Total  phosphorus concentrat ion does no t  meet the  p rov inc ia l  
gu ide l ine  o f  20 ug/L i n  the open waters o f  Severn Sound, w i t h  the 
exception o f  the  area o f f  Beausoleil Is land. Nu t r i en t  r a t i o s  i n  
water, n u t r i e n t  r a t i o s  i n  p l a n t  t issues and algae bioassay r e s u l t s  
suggested t h a t  phosphorus i s  more ava i l ab le  near water p o l l u t i o n  
cont ro l  p l a n t  o u t f a l l  s  than o f f  r i v e r  mouths. Highest dens i t ies  
of algae were found i n  Penetang Bay w i t h  lowest  dens i t ies  found i n  
weedy Sturgeon Bay. 



Dense, widespread growths o f  rooted aquat ic p lan ts  occur only i n  
Sturgeon Bay although l o c a l i z e d  growths occur i n  other  areas (e.g. 
Penetang Bay). Based on the l i m i t e d  benthos sampling avai lab le,  
the benthic cornuni ty  appeared t y p i c a l  o f  good water q u a l i t y  
condi t ions w i t h  the exception of the l o c a l i z e d  area o f f  the 
Penetang Main S t .  WPCP. 

The f i s h  community w i t h i n  Severn Sound has apparently experienced 
a dramatic s h i f t  i n  recent  years. The most desireable warm water 
spor t  f i s h  i n  Severn Sound, the walleye, has decl ined and the 
panfish, black crappie, has become abundant. The s h i f t  i n  
community may be re la ted  t o  the pe rs i s ten t  eutrophicat ion. 

With respect t o  t race  contaminants, Severn Sound, i n  general, does 
n o t  appear t o  be experiencing any problems. There are l o c a l i z e d  
areas adjacent t o  l a r g e r  urban centres where some t race metals 
(such as lead)  are elevated. However, organic contaminants are 
not iceably low o r  absent from sediments and b i o t a  near these same 
areas. The contaminant l e v e l s  i n  Severn Sound spor t  f i s h  appear 
s i m i l a r  t o  those o f  other  co l l ec t i ons  w i t h i n  Georgian Bay and 
r e l a t e  t o  general mercury contamination no t  s p e c i f i c  t o  Severn 
Sound. The best  evidence o f  the  lack  o f  any widespread t race  
contaminant problems i n  Severn Sound i s  the r o u t i n e  use o f  
sediments and b i o t a  from o f f  Beausolei l  I s l and  as cont ro l  mater ia l  
i n  sediment bioassay t e s t s  conducted by MOE. 



4. DESCRIPTION OF POTENTIAL SOURCES 

4.1 Nu t r i en t  Supply 

A n u t r i e n t  budget, which can be used t o  p r e d i c t  water qua l i t y ,  i s  a 
powerful t o o l  used t o  evaluate the e f f e c t  o f  n u t r i e n t  con t ro l s  on 
water qua l i t y .  The f i r s t  step i n  construct ing a n u t r i e n t  budget 
f o r  a water body i s  t o  ca lcu la te  the supply from various sources. 
Phosphorus has been shown t o  be a key n u t r i e n t  l i m i t i n g  algae 
growth i n  Severn Sound (see Sections 3.2 and 3.6.1; a lso  see 
N icho l l s  e t  a1 ., 1988). As a f i r s t  step i n  the  evaluation, 
phosphorus supply w i l l  be considered, w i t h  a view t o  p red i c t i ng  
phosphorus concentrat ion i n  p a r t  o r  a l l  o f  Severn Sound open 
waters. 

Enhanced moni tor ing o f  Severn Sound WPCP's and the Severn River 
a t  Por t  Severn was conducted during 1984. A p re l im inary  
ca l cu la t i on  o f  n u t r i e n t  supply t o  the Sound was made f o r  the year  
1984, which requi red est imat ion o f  supply from t r i b u t a r i e s  and 
atmospheric i n p u t  (MOE, 1984). Assumptions and methods f o r  the  
analys is  are found i n  Appendix I X .  

Figure 24, the  calculated supply f o r  Severn Sound, shows t h a t  the 
supply o f  t o t a l  phosphorus from the Severn River  i s  the l a r g e s t  
component o f  the  inputs  i n  spr ing and remains s i g n i f i c a n t  through 
the year. It must be noted t h a t  the t o t a l  phosphorus 
concentrat ions o f  the Severn River  through most o f  the year a re  
d i l u t i n g  r e l a t i v e  t o  the concentrat ions i n  the open bays o f  the 
Sound. The Severn River passes through Glouchester Pool and L i t t l e  
Lake p r i o r  t o  discharge over the  dam a t  Po r t  Severn. The lakes 
would provide a great  deal o f  equa l iza t ion  o f  concentrations and 
flow. The unregulated smal ler t r i b u t a r i e s  would be expected t o  
vary much more i n  supply over a year. 

The supply from WPCP e f f l u e n t s  represents a small po r t i on  o f  

supply. Other t r i b u t a r i e s  w i t h  much smal ler drainage r e l a t i v e  t o  
the Severn River  provided a propor t ionate ly  greater  supply o f  
phosphorus due t o  the higher estimated export  o f  phosphorus from 
the l oca l  watersheds. The smal ler t r i b u t a r i e s  d ra in  land which 
cont r ibu tes  more phosphorus due t o  fac tors  such as l ess  cont ro l  
over f lows, a greater  propor t ion o f  c leared land and a sedimentary 
ra the r  than pre-Cambrian geology. 





The supply f o r  Penetang Bay was a l so  ca l cu la ted  and provides an 
example f o r  a smal le r  bay w i t h i n  Severn Sound (F igu re  25). The 

Bay, f o r  c a l c u l a t i o n  purposes, was t r e a t e d  as t r i b u t a r y  t o  the  
r e s t  o f  Severn Sound. The major sources o f  t h e  supply were t h e  
Penetang WPCP and l a n d  drainage from Copeland Creek and l and  
surrounding the  Bay. P r e c i p i t a t i o n  and changes i n  storage i n  t h e  
Bay represented minor components o f  supply. 

N i c h o l l s  & Heintsch (1987) have caut ioned t h a t  " t h e  r e l a t i v e  
importance o f  l a n d  drainage vs WPCP sources o f  phosphorus ( t o  
phytoplankton growth) i s  determined n o t  by t h e  absolute quan t i t y  

o f  n u t r i e n t  b u t  i n d i r e c t l y  by t h e i r  i n f l u e n c e  on n u t r i e n t  
concent ra t ion  i n  t h e  r e c e i v i n g  waters." They a l s o  found t h a t  the  
b i o a v a i l a b i l i t y  o f  phosphorus from the  Severn R ive r  va r i ed  

seasonally. For  example, b i o a v a i l a b i l i t y  o f  phosphorus suppl ied 
by the  Severn R ive r  i n  August was on ly  2-3% o f  t h a t  con t r i bu ted  
dur ing  A p r i l  ( s t u d i e d  du r ing  1985 and 1987). 

Experience w i t h  o the r  shal low n u t r i e n t  enr iched bays i n  the  Great 
Lakes (Minns e t  a l ;  1986- Bay o f  Q u i n t e )  has shown t h a t  a 
s i g n i f i c a n t  " i n t e r n a l "  supply o f  phosphorus t o  the  water column 
can o r i g i n a t e  from the  sediments through phys ica l  resuspension, 

b i o t u r b a t i o n  and t h e  decay o f  aquat ic  p lan ts .  The importance o f  

t h i s  suspected source o f  phosphorus t o  Severn Sound i s  unknown and 
should be i nc luded  i n  any f u r t h e r  n u t r i e n t  budget s tudies.  

An understanding o f  t h e  f l u s h i n g  and exchange o f  Severn Sound 

water w i t h  the  open waters o f  Georgian Bay i s  c r u c i a l .  Only when 
the exchange and f l u s h i n g  o f  the  Sound are understood, can the  

phosphorus supply and b i o a v a i l a b i l i t y  i n fo rma t ion  be p u t  i n t o  
perspect ive f o r  a n u t r i e n t  management s t ra tegy  f o r  Severn Sound. 

N u t r i e n t  Budget 

The es t ima t ion  o f  phosphorus supply leads t o  a model p r e d i c t i n g  
the  open water t o t a l  phosphorus concent ra t ion  i n  Penetang Bay o r  

Severn Sound. The model concept used here i s  based on D i l l o n ' s  

methodology (F igu re  26; D i l l o n  & R ig le r ,  1974; Lakeshore Capacity 
Study, 1986). Also incorpora ted  are the  l i n k s  between the  

p red i c ted  t o t a l  phosphorus and the  a l g a l  biomass o r  "crop" o f  
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Figure 26 CONCEPTUAL MODEL OF FACTORS INFLUENCING 
THE PHOSPHORUS CONCENTRATION IN PENETANG BAY 
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algae produced. Other factors,  no t  d i r e c t l y  re la ted  t o  n u t r i e n t  

concentration, can in f luence a lga l  biomass such as the presence o f  
s i g n i f i c a n t  beds o f  macrophytes o r  grazing o f  algae by water f l e a s  
o r  zooplankton. The steps used i n  ca l cu la t i on  are shown i n  
Appendix I X .  

Using Penetang Bay phosphorus supply ca lcu la t ions  and the 
excel1 en t  1 ong-term water qua1 i t y  monitor ing data ava i l  able, 
measured and predic ted average t o t a l  phosphorus concentrat ions 
were compared f o r  the per iod  1973 t o  1986 (Figure 27). The 
r e l a t i v e l y  good agreement o f  the basic model p red ic t ions  w i t h  the 
measured values i s  encouraging and should lead t o  a useful  model 
f o r  developing a n u t r i e n t  cont ro l  s t rategy f o r  Penetang Bay. The 
assumptions upon which the estimates are based, however, must be 
tested and found t o  be v a l i d  p r i o r  t o  f u r t h e r  use o f  the model. 
The use o f  the model l ing concept f o r  the e n t i r e  Severn Sound 
cannot be assessed wi thout  reasonable water exchange estimates 
expected from the  1988 f i e l d  work. 

4.2 I n d u s t r i a l  Sources 

The only indus t ry  w i t h i n  the Severn Sound study area w i t h  a 
C e r t i f i c a t e  o f  Approval from the Ontar io M i n i s t r y  o f  the  
Environment f o r  a d i r e c t  discharge i s  Mi tsubishi .  The t rea ted  
e f f l u e n t  i s  discharged, a t  a r a t e  o f  3.72 x 103 m3/day, i n t o  the 

Wye River, which f lows i n t o  Midland Bay. The average 

concentrat ion on chromium i n  the  e f f l u e n t  i s  0.103 mg/l, fo r  a 
loading o f  approximately 0.4 kglday. The f l u o r i d e  concentrat ion 

i s  2.74 mg/l, f o r  a loading o f  approximately 10 kglday. The 
discharge i s  i n  compliance w i t h  the requirements o f  the  
C e r t i f i c a t e  o f  Approval. 

A l l  o ther  i ndus t r i es  i n  Midland (Table 11) discharge i n t o  the  
municipal san i ta ry  sewer system. 

Penetanguishene, V i c t o r i a  Harbour and Waubaushene have ' d r y '  
i n d u s t r i e s  only, and P o r t  McNicoll has no indus t r ies .  
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TABLE 11 - INDUSTRIES WITHIN THE SEVERN SOUND STUDY AREA 

l~ompany I Product Discharge I I 

I M ~  tsub i sh i  
I E lec t ron ics  
I Indus t r i es  
!~anada  Inc. 

- e lec t ron i c  
components 

- d i r e c t  discharge I 
i n t o  Wye River  I 

I 
I 

I I 
'Bay M i l l s  Ltd. - i n d u s t r i a l  f a b r i c s  - i n t o  Midland WPCP I 
I I 
I I 
ITRW (Decor - automotive seatbel ts ,  - i n t o  Midland WPCP I 
! ~ e t a l s )  Ind. decorat ive t r i m  I 

I  omi in ion - e l e c t r o p l a t i n g  - i n t o  Midland WPCP I I 
I E l e c t r o p l a t i n g  
I I 

l ~ r e a t  Lakes - marine and i n d u s t r i a l  - i n t o  Midland WPCP I 
l ~ o a t  and Machine Co. machine repa i r s  I 
I I 

I ~ r e e n i n ~ ,  Dona1 d - wire, rope - i n t o  Midland WPCP I ICO. Ltd. and cable manufacturing I 
I 

IIndusmin Ltd. - s i l i c a  and/or glass - i n t o  Midland WPCP I I 
I indus t ry  and cleaner 

I 
- - 

l ~ a l  tec  Sinkware - s ta in less  s tee l  I - i n t o  Midland WPCP I 
I k i t chen  equipment 
I I 
l ~ a l  tec P l a s t i c s  - p l a s t i c s  I - i n t o  Midland WPCP I 
I 
I I 
l ~ r t h u r  S. Le i t ch  - pumps, pressure I - i n t o  Midland WPCP I 
ICO. Ltd.  vessels and tube 
I heat  exchangers I 
I I 
/E rns t  L e i t z  - cameras, lenses - i n t o  Midland WPCP I 

I(Canada) Ltd. and o p t i c a l  instruments I 
I I 
l ~ o r t h  Simcoe - f i x t u r e s  and custom I - i n t o  Midland WPCP I 
ITool & Manufacturing b u i l t  machines 
I I 
l ~ o w i k a  I n d u s t r i e s  - metal stampings - i n t o  Midland WPCP I 
I and e l e c t r o p l a t i n g  I 
I I 
I S c o t t  P r i n t i n g  - commercial p r i n t e r s  I - i n t o  Midland WPCP I 1 se rv ice  I 

IPENETANGUISHENE, - dry i n d u s t r i e s  on ly  I 
I 1 VICTORIA HARBOUR 

 AND WAUBAUSHENE : 
I 

I 
I 

 PORT MCNICOLL: - no i n d u s t r i e s  I 
I I 



4.3 Municipal Po in t  Sources 

There are cu r ren t l y  s i x  WPCPs discharging d i r e c t l y  i n t o  Severn Sound. 
Three ( i nc lud ing  the new Penetang Fox St. p lan t )  are located near 
Penetanguishene, and there i s  one i n  each o f  Midland, Po r t  McNicol l  
and V i c t o r i a  Harbour (see Figure 4 f o r  locat ions,  and Table 2 f o r  
spec i f i ca t ions) .  I n  1984 the e f f l u e n t  discharges from the WPCPs 
cont r ibu ted  a t o t a l  o f  2119 kg o f  phosphorus per year  t o  the Sound o r  
5% o f  the  t o t a l  phosphorus supply from a l l  sources (see Table 12).  

No inorganic o r  organic t race  contaminant data was ava i lab le  f o r  WPCP 
e f f l u e n t s  i n  Severn Sound. However, an i nd i ca t i on  o f  po ten t i a l  
concern i s  provided f o r  t race  metals from moni tor ing r e s u l t s  o f  
hauled sludge from each p l a n t  (Table 13). Results f o r  Midland WPCP 
were only  ava i lab le  t o  1981 since the  spreading o f  sludge on 
a g r i c u l t u r a l  land was discont inued due t o  elevated metals l e v e l s  i n  
the sludge. The elevated l e v e l s  were the r e s u l t  o f  i npu t  t o  the WPCP 

fro111 metal p l a t i n g  i ndus t r i es  i n  Midland. The problem i s  p resent ly  
under i nves t i ga t i on  and conf i rmat ion o f  sludge qua1 i t y  w i l l  be 
obtained during 1988. The elevated values For z inc and copper a t  
V i c t o r i a  Harbour WPCP are  anomalous considering the f a c t  t h a t  the  
p l a n t  has no i n d u s t r i a l  input .  The f a c t  t h a t  sludge hauled from a l l  
WPCPs b u t  Midland WPCP i s  su i t ab le  f o r  use as a s o i l  cond i t ioner  on 

farm f i e l d s  a t t e s t s  t o  the low t race  contaminant l e v e l s  found. 

4.4 Non-Point Sources 

4.4.1 Agr i cu l t u re  

Contamination o f  water w i t h i n  the Severn Sound watershed from 
a g r i c u l t u r a l  sources has n o t  been studied i n  d e t a i l .  Studies from 
other  regions o f  Ontario, however, suggest t h a t  the  contaminants most 
l i k e l y  t o  o r i g ina te  from a g r i c u l t u r a l  a c t i v i t i e s  are phosphorus and 
sediments. N i t ra tes  and pes t ic ides  are a lso po ten t i a l  contaminants 
from farming. 

The con t r i bu t i on  o f  sediments and phosphorus from farmland depends on 
the nature o f  the s o i l ,  the  amount o f  runof f ,  and the management 
appl ied t o  the land, as these contaminants are displaced from 
farmland l a r g e l y  as a r e s u l t  o f  s o i l  erosion. So i l  t ex tu re  i s  a 



TABLE 12 - PHOSPHORUS LOAD SUMMARY FROM WPCP'S 1984 

I I Avg. D a i l y  I Average I Total  Annual I 
I NPCP I Flow I Concentration I Load I 
I I 1000 ~ 3 / 0 a y  mg/l I 
I I 

I KG/YR I 
I 

I Midland 9.277 I 0.37 I I 
I I I I 

1259 

I I I I I 
I Penetangui shene I 2.874 I 0.54 I I 
I I I I 

553 

I Penetanguishene I 0.344 I 0.40 I I 
I Mental Health I I I 

I I 1 
51 1 

I U n i t  I 
I I I I I 

I Penetanguishene I no t  y e t  I 
I ] #2 (north-end) ] operat ing , 

I V i c t o r i a  I 0.412 I 0.17 I I 
I Harbour I I I 
I I I I 

26 1 
I 

I P o r t  I ' 1 . 0 4 4  0.60 I I 
I I 

229 , 
I McNicoll 
I I I I I 
I TOTAL I 
I 

2119 



TABLE 13 - HAULED SLUDGE CHARACTERISTICS (AVERAGE 
CONCENTRATIONS (mg/l))  FOR 1985 

I I I I I I I 1 

cadmi um 0.153 1 0.58 1 0.31 0.103' 0.1951 0.171 1 
I I I 

1 Chromium I 2.675 1 3.1 49.0 2.433' 3.45 1.071 1 
I I I I I 

1 copper I 12.150 1 20.5 1 14.0 1 25.33 1 37.25 1 17.576 
I 

I ~ e a d  I 5.60 I 2.2 I 52.0 1.2 
I 

I 7 .201 2.8161 
I I I 

l ~ e r c u r y  I 0.063 1 0.045 I 0.12 I 0.0331 0.0551 0.188 1 
i ~ i c k e l  I I 0.586 1 0.44 1113.0 0.3831 1.10 I 0.61 I 

;zinc I 23.250 1 20.5 1 67.0 18.0 54.0 , 
I 

I 14.571 
I 

Cobal t <0.103 ] <0.1 I 0.3 0.30 0.29 1 0.131 1 
I I I 
I 0.265 1 0.265 0.3 I ~ o l ~ b d e n u m  I I 0.2561 0.25 0.227 

I I I I I 
I ~ r s e n i c  I 0.145 1 0.13 I 0.4 I 0.15 1 0.29 1 0.076 1 
I I I 
I Sel enium 1 0 .168l  0.21 1 0 .05 '  0.186' 0.2751 0.116 1 
I I I I 

*There has been no recent  sludge analys is  done, since the  d r i e d  
sludge i s  present ly  disposed o f  i n  a waste disposal s i t e .  



major f a c t o r  i n  determining erosion po ten t i a l .  The po ten t i a l  f o r  
eros ion i s  usua l l y  g rea tes t  from f ine- tex tu red  s o i l s  because 
i n f i l t r a t i o n  o f  water i n t o  the s o i l  i s  reduced; because such s o i l s  
a re  e a s i l y  suspended b u t  s e t t l e  o u t  very slowly;  and because more 
n u t r i e n t s  are associated w i t h  c l ay  p a r t i c l e s  than o ther  s o i l  
p a r t i c l e s .  I n t e n s i t y  o f  c u l t i v a t i o n  (area cu l t i va ted ,  degree o f  
c u l t i v a t i o n ,  p ropor t ion  o f  row crops) i s  a l so  an important f a c t o r  
i n  determining the amount o f  p o l l u t i o n  from farmland. 
Charac ter is t i cs  s p e c i f i c  t o  the s i t e  a lso are important. These 
inc lude the amount and i n t e n s i t y  o f  r a i n f a l l ,  t he  steepness and 
length  o f  slopes, and eros ion cont ro l  measures t h a t  may have been 
imp1 emented. 

A1 though there  may be s p e c i f i c  s i t e s  w i th  s i g n i f i c a n t  problems, 
the po ten t i a l  f o r  p o l l u t i o n  from cropland w i t h i n  the Severn Sound 
drainage area i s  genera l ly  considered t o  be low (Switzer-Howse 
1982). Throughout most o f  the area, the combination o f  
coarse-textured s o i l s  ( w i t h  t h e i r  reduced p o t e n t i a l  f o r  runo f f ) ,  a 
h igh propor t ion  o f  fo res ted  o r  uncu l t i va ted  land, and extensive 
use o f  cereal gra ins and forages on the c u l t i v a t e d  l and  r e s u l t s  i n  
a low r i s k  o f  erosion. The exceptions t o  t h i s  are the c lay  p l a i n s  
where the s o i l  texture,  higher i n t e n s i t y  o f  c u l t i v a t i o n  and a 
h igher  p ropor t ion  o f  row crops combine f o r  a h igh  r i s k  o f  water 
contamination (see Figures 4 and 8) .  

A g r i c u l t u r a l  drainage a c t i v i t i e s  can a1 so con t r i bu te  t o  t he  
sediment l oad  i n  streams through erosion o f  the banks o f  surface 
dra ins t h a t  have been designed o r  maintained improperly. 
Improperly i n s t a l l e d  o u t l e t s  f o r  t i l e  dra ins can a lso  r e s u l t  i n  
streambank erosion. I n  o ther  respects, however, subsurface 
drainage should serve t o  reduce contamination from both sediments 
and phosphorus. By inc reas ing  the amount o f  water t h a t  
i n f i l t r a t e s  i n t o  t he  s o i l ,  subsurface drainage reduces the  amount 
o f  r u n o f f  and hence, the amount o f  sheet erosion. Because 
phosphorus i s  an element t h a t  leaches through s o i l  very l i t t l e ,  
phosphorus concentrat ions i n  t i l e  drainage water are s i g n i f i c a n t l y  
lower than those i n  surface runof f .  



Most farms w i t h i n  the area have a l i ves tock  operat ion associated 
w i t h  them. Manure from these animals can enter  water courses w i t h  
r u n o f f  from feedlots and manure storage areas o r  from f i e l d s  

improperly spread w i t h  inanure. Contamination o f  water w i t h  manure 
can degrade water qua1 i t y  because o f  1 )  excessi,ve l e v e l s  o f  
n i t rogen o r  phosphorus; 2) h igh l e v e l s  o f  ammonia; 3 )  high 
b io log i ca l  and chemical demand f o r  oxygen; and 4) pathogenic 
micro-organisms. 

C a t t l e  on pasture are f requent ly  allowed f r e e  access t o  streams. 
This  p rac t i ce  resu l t s  i n  bo th  d i r e c t  contamination o f  the water 
w i t h  manure and degradation and erosion o f  the streambanks. I n  
t h i s  s i tua t ion ,  streambank eros ion , whi le  adding t o  sedimentation 
problems, may no t  be con t r i bu t i ng  much ava i lab le  phosphorus because 
o f  the very low natura l  phosphorus l e v e l s  i n  many o f  the  so i l s .  
The extent  o f  water contamination i n  the  Severn Sound watershed 
a r i s i n g  from l i ves tock  operations has not  been evaluated. 

4.4.2 Stormwater 

Based on the small urbanized area r e l a t i v e  t o  the drainage basin 
area, stormwater d i d  no t  appear t o  be a s i g n i f i c a n t  source o f  
nu t r i en ts  o r  other  contaminants t o  Severn Sound. There may be 
l o c a l i z e d  areas where urban stormwater r u n o f f  cont r ibu tes  

s i g n i f i c a n t l y .  The phosphorus con t r i bu t i on  o f  urban stormwater 
r u n o f f  was broadly estimated using two methods (Appendix X I .  The 
estimated t o t a l  supply o f  842-1090 KgP/yr from the  f i v e  main urban 
areas around Severn Sound was considered a "worst case" estimate, 
and represents l ess  than f i v e  percent o f  the t o t a l  phosphorus 
supply t o  Severn Sound (see Appendix 1x1. 

4.4.3 Erosion 

The con t r i bu t i on  o f  phosphorus and sediment from stream bank 
erosion i s  i d e n t i f i e d  i n  Sect ion 4.4.1 w i t h  respect t o  a g r i c u l t u r a l  
pract ice.  To obta in  an i n d i c a t i o n  o f  how important t h i s  source i s  
i n  the immediate drainage area t o  Severn Sound, M i n i s t r y  o f  Natural  
Resources stream bank erosion in format ion was summarized i n  Table 
13. From these r e s u l t s  i t  appears t h a t  the Wye River and Hog Creek 
are the streams w i t h  the  h ighest  bank erosion po ten t i a l .  Fur ther  
work w i t h i n  Hog Creek by MNR s t a f f  (Table 14) showed t h a t  the  



TABLE 14 - STREAM BANK EROSION POTENTIAL I N  SEVERN SOUND STREAMS 

Stream Length (km) % Unstable 

Wye River  75 11.3 

Hog Creek - mouth-to-confluence 
o f  branches (20 km) 17.5 

- Main Branch (14 km) 5.4 
- Waverley Branch (10 km) 7.5 
- Total  44 11.4 

Cope1 and Creek 21 0.9 

Sturgeon River 53 2.8 

Coldwater River 107 0.9 

North River  178 2.2 

Source: MNR, Huronia D i s t r i c t  



mouth-to-confluence reach o f  the  stream had the h ighest  percentage 
o f  unstable banks. The propor t ion o f  ava i l ab le  phosphorus i n  t h e  
eroded bank mater ia l  i s  unknown. However, the  add i t iona l  supply 
could r e s u l t  i n  a s i g n i f i c a n t l y  h igher  t o t a l  phosphorus expor t  
measurement. 

4.5 Sediments as a Source o f  Contamf na t ion  

Prel iminary f ind ings  f o r  Penetang Harbour and Midland Bay ind ica ted  
s l i g h t l y  elevated concentrations o f  metals and PCBs i n  l o c a l i z e d  

areas adjacent t o  the WPCP discharges and bu i l t - up  shorel ine areas 
(see Sect ion 3.4). These areas may a c t  as low leve l  sources o f  
contamination t o  the b i o t a  when wind and wave ac t ion  o r  boat  
t r a f f i c  promote f i n e  sediment resuspension. However, ava i l  ab le 
biomonitor ing data (Sect ion 3.6) suggest t h a t  l i t t l e  uptake i n t o  
animals and only  s l i g h t  uptake i n t o  p lan ts  i s  occurr ing f o r  these 
contaminants. Sturgeon Bay, a t  the t ime o f  sampling i n  1980, had 
r e l a t i v e l y  low contaminant concentrat ions and was not  considered a 
source t o  the b iota.  The area o f  sediment o f f  Beausoleil I s l and  i n  
the  Sound has been shown t o  con t r i bu te  l i t t l e  t o  contaminant l e v e l s  
o f  mayf l ies by i t s  use as cont ro l  f o r  sediment bioassays. There i s  

a l ack  o f  sediment q u a l i t y  in format ion on Hog Bay. 



5.0 SPECIFIC CONCERNS 

Based on the technica l  review by the RAP Work Team, the fo l l ow ing  

s p e c i f i c  concerns f o r  the water q u a l i t y  o f  t he  Severn Sound have 
been i d e n t i f i e d .  

1. Eutrophicat ion 

The cont inu ing  growth o f  nuisance dens i t ies  o f  phytoplankton 
and the r e s u l t i n g  degradation o f  aes the t ic  q u a l i t y  f o r  
recrea t ion  i s  s t i l l  a  concern i n  Severn Sound. The uncer ta in  
r e l a t i v e  importance o f  var ious sources o f  n u t r i e n t s  t o  t he  
phytoplankton growths and the possib le r e l a t i o n s h i p  o f  a lga l  
densi ty  t o  f i s h e r i e s  through food chain e f f e c t s  make i t  
impossible t o  show the e f f e c t  o f  proposed remedial opt ions on 
r e s u l t a n t  water q u a l i t y  a t  the present time. The studies 
planned f o r  1988 should a l low more comprehensive decisions on 
appropr ia te remedial opt ions when r e s u l t s  are avai lab le.  

2. Changing f i s h  community 

One fac to r  responsible f o r  the decl ine i n  a v a i l a b i l i t y  o f  

wal leye and the r i s e  i n  a v a i l a b i l i t y  o f  black crappie i n  Severn 
Sound could be degraded water qua l i t y .  It i s  important  t h a t  an 
understanding o f  the water qua1 i t y  f ac to rs  i n f l uenc ing  t h i s  
change be understood before remedial ac t i on  and reasonable 
water q u a l i t y  management opt ions can be considered. Other f i s h  
management opt ions are avai lab le,  such as s tock ing o r  h a b i t a t  
improvement, which may be considered i n  add i t i on  t o  o r  apar t  
from water q u a l i t y  considerat ions. 

3. Prevent ion o f  Contamination 

The water, sediment and b i o t a  o f  Severn Sound appear t o  be 
genera l ly  f r e e  from the e f f e c t s  o f  t r ace  contaminants, apar t  
from some very l o c a l i z e d  areas near urban discharges. E x i s t i n g  
abatement programs and regu la to ry  con t ro l s  such as the 
~ u n i c i p a l - ~ n d u s t r i a l  Strategy f o r  Abatement (MISA) should 
prov ide the  bas is  f o r  a  sound s t ra tegy  t o  prevent any f u r t h e r  
s i g n i f i c a n t  contamination from occur r ing  i n  Severn Sound. 



6. AGENCY GOALS AND OBJECTIVES 

The surface waters o f  Ontar io are pu t  t o  many uses, and each use 
has spec i f i c  water q u a l i t y  requirements. Water q u a l i t y  must be 
managed, preserved, and restored where necessary t o  permi t  the  
greatest number o f  uses, based on the best  i n t e r e s t s  o f  the  people 
o f  Ontario. 

The province has agreed t h a t  the rev ised Spec i f i c  Water Q u a l i t y  
Object ives contained i n  the Great Lakes Water Q u a l i t y  Agreement 
(1978 as rev ised 1987) sha l l  be used i n  environmental programs t o  
achieve and maintain Great Lakes water qua l i t y .  

Each federal and p rov inc ia l  agency involved i n  the RAP team have 
goals and ob jec t ives  t h a t  a f f e c t  water qua l i t y .  The fo l l ow ing  
sect ions sumnarize those programs, goals and ob jec t ives  o f  each 
agency t h a t  have a d i r e c t  bearing on con t ro l  o f  nu t r ien ts ,  
espec ia l l y  phosphorus, i n  Severn Sound. 

6.1 M i n i s t r y  o f  the  Environment 

GOAL: To ensure t h a t  the  surface waters o f  the province are o f  
a q u a l i t y  which i s  s a t i s f a c t o r y  f o r  aquat ic l i f e  and recreat ion.  

OBJECTIVES: Water which meets the water q u a l i t y  c r i t e r i a  f o r  
aquat ic 1 i f e  and recreat ion  (designated as the Prov inc ia l  Water 
Q u a l i t y  Objectives, 1978, Revised 1984 - PWQO), w i l l  be su i tab le  
f o r  most other  bene f i c i a l  uses, such as d r i nk ing  water and 
agr icu l tu re .  For the  few parameters where b e t t e r  water q u a l i t y  i s  
requi red t o  p ro tec t  these other  benef ic ia l  uses i n  a given 
loca t ion ,  the appropr iate c r i t e r i a  sha l l  be appl ied f o r  t h a t  
locat ion.  

The PWQO inc lude s p e c i f i c  ob jec t ives  f o r  water q u a l i t y  parameters 
t o  p ro tec t  aquat ic l i f e  as we l l  as f o r  swimming and bath ing use o f  
water. The PWQO note s p e c i f i c a l l y  t h a t  the open water t o t a l  
phosphorus concentrat ion necessary t o  avoid nuisance algae growths 
i s  d i f f i c u l t  t o  establ ish.  The gu ide l ine  suggested i s  a 
concentrat ion o f  20 ug/L t o t a l  phosphorus t o  avoid nuisance algae 
w i t h  a high l e v e l  o f  p ro tec t i on  against aesthet ic  de te r i o ra t i on  
provided by a concentrat ion o f  10 ug/L. 
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I n  areas which have water q u a l i t y  be t te r  than the PWQO, water 
q u a l i t y  sha l l  be maintained a t  o r  above the Objectives. 

Areas w i t h  Water Q u a l i t y  Not Meeting the  Objectives 

Water q u a l i t y  which present ly  does no t  meet the PWQO sha l l  no t  be 
degraded f u r t h e r  and a l l  p rac t i ca l  measures sha l l  be taken t o  
upgrade the water q u a l i t y  t o  the Objectives. 

Sediment Qual i t y  Guide1 ines 

The MOE "Guidelines f o r  Open Water Disposal o f  Dredge Spoi ls" (MOE, 
1976) have been used t o  assess the sediment q u a l i t y  o f  Severn Sound 

sediment (see Table 7) .  The guidel ines may no t  give the best 
i n d i c a t i o n  o f  the sediment q u a l i t y  where var iables can be 
in f luenced by natura l  condit ions. For example, an area o f  the 
Severn Sound bottom may n a t u r a l l y  have a  high percentage o f  clay; 
o r  may have elevated phosphorus concentrat ions due t o  the presence 
o f  a  stream discharge. 

6.2 Great Lakes In te rnat iona l  J o i n t  Comnission 
(Great Lakes Water Qual i t y  Agreement o f  1978 ( rev ised w i t h  1987 
Protocol ) ) 

Canada and the Uni ted States have adopted the fo l l ow ing  General 
Object ive regarding n u t r i e n t  enrichment i n  the Great Lakes System: 

" Great Lakes waters should be f r e e  from nu t r i en ts  d i r e c t l y  o r  
i n d i r e c t l y  en ter ing  the waters as a  r e s u l t  o f  human a c t i v i t y  i n  
amounts t h a t  create growths o f  aquat ic l i f e  t h a t  i n t e r f e r e  w i t h  
bene f i c i a l  uses. 

Spec i f i c  Object ives re la ted  t o  phosphorus include the fo l lowing:  

The concentrat ion should be l i m i t e d  t o  the ex ten t  necessary t o  
prevent nuisance growths o f  algae, weeds and slimes t h a t  are o r  
may become i n j u r i o u s  t o  any bene f i c i a l  water use. 



The goals o f  phosphorus con t ro l  as s ta ted  i n  Annex 111 o f  the  

Agreement are: 

" Maintenance o f  the  o l i go t roph ic  s t a t e  and r e l a t i v e  a l g a l  
biomass o f  Lakes Superior and Huron; 

" The e l im ina t i on  o f  a lga l  nuisance i n  bays and i n  other  areas 
wherever they occur. 

6.3 Environment Canada 
Great Lakes Water Q u a l i t y  Working Group of the  Federal Government 

Th is  interdepartmental  working group has adopted the f o l l o w i n g  
general ob jec t i ve  regarding Great Lakes water qua l i t y :  

To res to re  and secure the  chemical, physical  and b i o l o g i c a l  
i n t e g r i t y  o f  the Great Lakes Basin Ecosystem as a mult i -use 
resource w i t h  f u l l  comni tment t o  renewable resource management 
p r i nc ip les ,  t o  prov ide f o r  t h e  requirements o f  society  f o r :  

- food and d r i n k i n g  water 
- human hea l th  
- she l te r  and energy 
- i n d u s t r i a l  and commercial oppor tun i ty  
- c u l t u r e  and rec rea t i on  

Spec i f i c  ob jec t ives  inc lude:  

O To ensure and preserve an adequate water q u a l i t y  f o r  use by 
municipal water works. 

" To res to re  and secure the  chemical, physical  and b i o l o g i c a l  
i n t e g r i t y  o f  the  waters o f  the Great Lakes Basin i n  order  t o  
p rov ide  h e a l t h f u l  and p leasant  recreat iona l ,  c u l t u r a l  and 

aes thet ic  bene f i t s  t o  society .  



" To res tore  and secure the i n t e g r i t y  o f  the Great Lakes Basin 

Ecosystem i n  order t o  conserve the heal th and d i v e r s i t y  o f  
w i l d l i f e ,  f i s h  and other  organisms, and t o  ensure the 
preservat ion o f  her i tage features r e f 1  ec t ing  (human) h i  s tory 
and i n te rac t i on  w i t h i n  the basin. 

" To continue t o  ensure adequate quant i ty  and q u a l i t y  o f  water 

f o r  i n d u s t r i a l  use. 

" To preserve and cont inue t o  develop environmental condi t ions 

requi red f o r  a  safe navigat ion system f o r  the Great Lakes, i t s  
connecting channels, harbours and por ts .  

" To ensure the prov is ion  o f  cur ren t  and innovat ive programs and 
f a c i l i t i e s  f o r  waste treatment and recyc l ing  i n  order t o  
es tab l ish  and meet the guidel ines and c r i t e r i a  f o r  waste 
management i n  the Great Lakes Basin Ecosystem f o r  municipal, 
i n d u s t r i a l ,  urban and a g r i c u l t u r a l  wastes. 

6.4  ini is try o f  Ag r i cu l t u re  and Food 

Conservation o f  Ontar io 's  physical resource base i s  a  major 
component o f  OMAF's s t ra teg i c  plan. So i l  and water s u s t a i n a b i l i t y  
r e l i e s  on basic research and technology t rans fe r  t o  producers, 
development o f  a  "stewardship" focus i n  s o i l  and water management 
by the  industry,  and new techniques f o r  proper s o i l  and water 
management. The goal i s  t o  maintain and improve p r o d u c t i v i t y  i n  
areas o f  the province h i t  hard by s o i l  erosion and degradation, 
wh i l e  p ro tec t i ng  water resources. 

A  d e f i n i t e  s h i f t  away from t r e a t i n g  a g r i c u l t u r e  as a  s o i l  resource 

e n t i r e  unto i t s e l f  has occurred i n  recent  years. OMAF has taken 
increasing r e s p o n s i b i l i t y  f o r  de l i very  o f  both s o i l  and water 
programs and f o r  p rov id ing  technical  advice t o  farmers on these 
topics. 

OMAF programs are based on the document e n t i t l e d  "The Mandate, 
Goals, Objectives and Strategies f o r  the Ontario M i n i s t r y  o f  
Ag r i cu l t u re  and Food: 1985 - 1995". 



Two major programs have been developed t o  a s s i s t  producers i n  
adopting prac t ices  t h a t  conserve s o i l  o r  p ro tec t  water qua l i t y .  

1) So i l  and Water Environmental Enhancement Program 

This program (SWEEP) represents a major federa l -p rov inc ia l  
commitment t o  address a p a r t i c u l a r  r u n o f f  problem i n t o  Lake Er ie.  
However, SWEEP w i l l  a lso  a c t  as an omnibus program t o  encompass a 
number o f  i n i t i a t i v e s  o f  the  Ontar io government r e l a t i n g  t o  soi  l 
and water. Reduction o f  a g r i c u l t u r a l  sediment i s  t o  be achieved by 
encouraging farmers t o  adopt b e t t e r  s o i l  management and cropping 
pract ices. 

OMAF's "Ontar io So i l  Conservation and Environmental Pro tec t ion  
Assistance Program" (OSCEPAP 11) has been incorporated i n t o  the 
SWEEP program. OSCEPAP i s  designed t o  help producers cont ro l  s o i l  
erosion, maintain crop p roduc t i v i t y  and p ro tec t  water resources. 
Grants are ava i l ab le  t o  producers t o  a s s i s t  with: 

- pro jec ts  i n s t a l l e d  f o r  the primary purpose o f  co r rec t i ng  an 
e x i s t i n g  s o i l  erosion problem; 

- manure storages t h a t  e l iminate r u n o f f  from storage areas; 
- systems designed t o  p roper ly  store, t r e a t  and dispose o f  

milkhouse washwater; 
- proper pes t i c i de  storage and handl ing f a c i l i t i e s .  

I n  the " T i l l a g e  2000" aspect o f  SWEEP, OMAF's s o i l  conservat ion 
advisors, i n  cooperat ion w i t h  farmers, es tab l i sh  on-farm t r i a l s  t o  
demonstrate the  e f f e c t s  o f  crop r o t a t i o n  and conservation t i l l a g e  
methods on crop performance, s o i l  condit ions, and erosion. 

2) Land Stewardship Program 

The Land Stewardship Program provides grants t o  farmers f o r  the  
adoption o f  conservat ion farming pract ices, where such prac t ices  
have no t  been prev ious ly  employed, t h a t  w i l l  enhance and susta in 
a g r i c u l t u r a l  product ion and improve s o i l  resources and water 
management by: 

- reducing s o i l  erosion and s o i l  compaction 
- res to r i ng  s o i l  organic matter and s t ruc tu re  
- minimizing p o t e n t i a l  f o r  environmental contamination 

from a g r i c u l t u r a l  land 



Included i n  t he  Land Stewardship Program are: 

1) Financ ia l  Assistance: 

Grants w i l l  be provided t o  farmers t o  adopt conservat ion 

p rac t i ces  inc luding:  

- s o i l  b u i l d i n g  and maintenance p ro jec t s  (e.9. crop ro ta t i on ,  
cover crops, plow-down crops, windbreaks, improved crop 
res idue management) 

- re t i rement  o f  f r a g i l e  lands from a g r i c u l t u r a l  product ion 

- s t ruc tu res  t o  reduce erosion 
- a c q u i s i t i o n  o f  equipment f o r  improved residue management 
- technica l  t r a i n i n g  
- land  stewardship leases 

2)  Increased Research on Topics Related t o  Land Stewardship 

3 )  Increased Extension and Education A c t i v i t i e s  



6.5 Ministry of Natural Resources 

The goal of the Ministry of Natural Resources i s :  

" To provide opportunities for  outdoor recreation and resource 
development for the continuous social and economic benefit of 
the people of Ontario and to  administer, protect and conserve 
public lands and waters. 

The broad objectives of the Ministry are: 

RESOURCE PRODUCTION 

To provide for an optimum continuous contribution to the 
economy of Ontario by stimulating and regulating the 
uti l ization of available supplies of f ish ,  furbearers, minerals 
and trees by resource products industries. 

OUTDOOR RECREATION 

" To provide from public lands and waters and t o  encourage on 
other lands and waters: 
- a wide variety of outdoor recreational opportunities 

accessible t o ,  and for  the continuous benefit of,  the people 
of Ontario; 

- the identification and conservation of unique or 
representative physical, biological, cultural and historical  
features of the province; and 

- a continuous contribution to  the economy of Ontario from 
tourism and i ts  related industries; and, 

LAND AND WATER MANAGEMENT 

O To fac i l i t a t e  the orderly development and conservation of 
Ontario's land and water resources for the continuous social 
and economic benefits for  the people of Ontario; and 
t o  prevent loss  of l i f e ,  and to  minimize social d i s r u p t i o n ,  
property damage and loss  of natural resource values from fores t  
f i r e s ,  floods, erosion, earth slippage and abandoned mines. 



The M i n i s t r y  has programs t o  ensure the a v a i l a b i l i t y  o f  both 

renewable and non-renewable resources. I t  regulates the use o f  

these resources f o r  the long-term b e n e f i t  o f  the people o f  

Ontario. 

The M i n i s t r y  has two r e s p o n s i b i l i t i e s  i n  land and water management: 
the f i r s t  i s  custodia l  - t o  p ro tec t  the c a p a b i l i t y  and q u a l i t y  o f  
pub l i c  land and water; the  second i s  t o  p a r t i c i p a t e  w i t h  other  
agencies i n  the planning and cont ro l  o f  the t o t a l  land area. 

Spec i f i c  object ives and ta rge ts  f o r  the Severn Sound area are being 
developed by the  M i n i s t r y  as p a r t  o f  the  D i s t r i c t  F isher ies  Plan. 
The regulatory too l s  ava i l ab le  t o  the M i n i s t r y  t o  accomplish 
s p e c i f i c  object ives f o r  an area include: s e t t i n g  o f  catch l i m i t s  
on number and/or s ize  o f  f i s h  taken; es tab l ish ing  sanctuaries f o r  
important  f i s h  habi tat ;  and r e s t r i c t i n g  the open season f o r  the 
catching o f  f i s h  species. The management t oo l s  ava i l ab le  inc lude 
stock ing o f  f i s h  t o  encourage e x i s t i n g  o r  new populat ions and 
r e h a b i l i t a t i n g  degraded hab i ta t .  The M in i s t r y  a lso reviews a l l  
construct ion pro jec ts  i n  o r  near water t o  ensure the p ro tec t i on  o f  
f i s h  habi tat .  

A stocking program f o r  young walleye i s  operated by p r i v a t e  
i n t e r e s t  groups i n  Severn Sound under the Community F isher ies  
Involvement Program o f  the  M i n i s t r y  (CPIP). 

6.6 Towards a  Plan f o r  Severn Sound 

The RAP Team considered the causes o f  nuisance algae growths i n  
Severn Sound t o  stem from two main c o n t r o l l i n g  factors:  n u t r i e n t s  

and f i s h  community (F igure 28). Nutr ients,  espec ia l l y  phosphorus, 
general ly  l i m i t  the growth o f  algae i n  a  water body. Some o f  the 
sources o f  nu t r i en ts  are uncontro l lab le,  such as the phosphorus i n  
p r e c i p i t a t i o n  f a l l i n g  d i r e c t l y  on the water surface, wh i l e  other  
sources can be c o n t r o l l e d  t o  varying degrees, such as municipal 
p o i n t  source discharges. 

Algae growth i s  a lso a f fec ted  by the f i s h  community through the  
food chain. The f i s h  community u l t i m a t e l y  con t ro l s  the cropping o r  
graz ing o f  algae by i n f l uenc ing  the abundance o f  grazing organisms 



Figure 28 Factors Influencing Algal Growth 
In Severn Sound 
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or  zooplankton i n  the water body. The zooplankton, espec ia l l y  the 
l a r g e  water f l e a s  Daphnia, a c t  t o  con t ro l  the densi ty  o f  algae 

through grazing. Algae growth can a lso in f luence the f i s h  

community by a f f e c t i n g  water q u a l i t y  i n  spawning o r  nursery 
hab i ta t .  Other f ac to rs  unre lated t o  water qua1 i t y  could a l so  
in f luence the f i s h  community such as f i s h  harvest, the e f f e c t  o f  
exo t i c  in t roduced species o r  f i s h  stocking. 

A Severn Sound Remedial Act ion Plan must consider the d i r e c t  and 
i n d i r e c t  causal f ac to rs  i n f l uenc ing  a lga l  growth when developing an 
e f f e c t i v e  se t  o f  goals and ob jec t i ves  t h a t  w i l l  con t ro l  a lga l  
growth. 

The Severn Sound RAP Work Team have considered causal f ac to rs  o f  
the nuisance a lga l  growth i n  designing work planned f o r  Severn 
Sound i n  1988 (Table 15). 



1 .  Nutr ieqt  Supply 
-y3d2?0 ' I t  W C P ~  t o  ' 8 6  
-algal bioassay 
-sediments as source 
-Penetang n u t r i e l t  budget 
-ag.as source-data s u r ~ a - y  
-ag.as source-target s i t es  

-Sturg?on B.nutr ient calc  

2 .  Exc~age/Waterbudget 
-fa" Sev.S. & Denetang 
- fo r  Severn Sound 

3.  Environeental Coqditi3ns 
-soen water asn i to r in?  
-rocplankton analysis 
-erhs~ced t r i b s  mo l i to r ing  
-post construct ion surveys 

4 .  Bioroni tor ing 
-Juvenile f i s h  co l l ec t i on  
-Sport f i s h  co l lec t ion  

5 .  Fisheries studies 
-Walleye hatching success 
-Creel surrey phase I 
-Creel survey phase I 1  
-index t rap ne t t i ng  
-Sturgeon B.nursery study 

- - - - - - - - - - - - - . - - - - - - - - - - - -*  

TaRLE 15 SEVERN SOUND RbD FIELD WORK A!l9 SED?VIYG SCHEDULE for  1988 & P9  
Fc-: - Ens/!~c--e.tal ?atabase 

- Po l lu t ion  Swrces l  lnpact Studies 

Responsible Planned Conpletion Dates 
Group/Person .................................. 

Fieldwork Results Report 
Draft -----------...-.------------.--------------..--------.-.-.------.-.-.--*-----7..- ?-----------.---.-------*------.*-. 

ROE-GLS/Sherman Dec-85 Dec-87 by-88 -use o f  ex is t ing nsni tcr ing data i n  caltulat'or; 
LOE-ABS/Nichols kg -87  Feb-88 Xar-88 -assesses nu t r ien t  a v a i l a b i l i t y  for a lga l  growth 
NWRIIBarica Mar-89 Jun-89 Dec-89 -measured surge? & under-ice nu t r ien t  release 
MOE-GLS, ABS/Sherman,Overtoc Nov-87 Jun-88 -use o f  ex is t ing  aonito:ing data i r  calculat igns 
OVAF/h!orris Feb-88 May-88 -assessment o f  sources f ro2  s o i l  erosion potent ia l  
OMAFIMorris Sep-88 Feb-89 %ar-89 -overlay mapping wi th f i e l d  ve r i f i ca t i on  

MOE-ABS/Overtofi #ar-88 Apr-88 -desk assessment fro: ex is t ing  data 

Oec-85 Mar-87 Jul-BE - insu f f i c ien t  data col lected 1 9 ? 5  f o r  r e l i a b l e  er-h. PZ* 

Oct-88 Apr-89 Aug-89 -enhanced g r i d  o f  current meters t o  be deglgyed ' a ? ?  

MCE-ABS/Nicholls ,Ge~za Oct-88 Apr-89 Sep-89 -new stat ions t o  be added duripg !988 
MOE-ABSIGemza Oct-87 Rug-88 Oct-88 - I .D . ,  enmeration and data a ~ a l y s i s  by consultant 
NOE-ABS.GLS/Overton,Shermar. Oec-88 dpr-89 Jon-89 -on Severn, Coldwater. Sturgeo?, Hog, Wye & Copeland 
MOE-CR.GLS/Shaw,Shernan Oct-88 Apr-89 Sep-89 -consultant study o f  new Penetacg and V ic to r ia  H. WDCPs 

ROE-ABSISuns (contract) Sep-81 Mar-08 May-88 -report ing dependent on lab p r i o r i t y  
XNR,MOE-AffiICraig, Johnson Sep-87 Jun-88 Sep-88 -report ing depe~dent on lab p r i s r i t y  

Mu?-OistlCraig Oct-81 Feb-88 Jul-88 -h is to r i ca l  review of data t o  1981 
%NU-DistfCraig Sep-81 Feb-88 Mar-88 -prelim. assessmelt - l as t  cveel survey 1915 
NXR-DistICraig Sep-88 Feb-89 Mar-89 - to  include RAP questiors for  acg!ers as par t  of PJo 
ImR-OistICraig May-88 Feb-89 Far-89 -h is to r i ca l  review of data t o  1988 
KYR-Dist/Craig Sep-88 Feb-89 Par-89 -nearshore seining, repeat h i s t s r i c a l  s i t es  -__..-._.-----_____..-*.--.. <.--...-.*-----------..--------"-----.-.-*-------.------?-.-.-.--..--.-----------------. 
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APPENDIX I - LAND USE SYSTEMS I N  SEVERN SOUND AREA TOWNSHIPS 

Percentage o f  To ta l  Land Devoted t o  S p e c i f i c  Uses 

Township O r i l l  i a  Medonte F l  os Tiny Tay Matchedash 

Row Crop 
Vegetables 
Grain System 
Mixed System 
Hav Svstem " - 
Pasture System 
Tota l  

I d l e  Agric. 
Fores t  
Bu i l t - up  
Wet1 ands 
Other 
Tota l  

To ta l  Acres 82935 72320 71492 35297 22721 50395 

Source: Ontar io  M i n i s t r y  o f  A g r i c u l t u r e  and Food 
S o i l  and Water Management Branch, 1983 



APPENDIX I 1  - STATUS OF WASTE DISPOSAL SITES WITHIN 
SEVERN SOUND DRAINAGE AREA: CERTIFIED SITES 

I CERT. NO LOCATION 
I I 

STATUS (1987); 
I 

I A252303 I Matchedash Con. 5 I Ac t i ve  I 
I I L o t  14 I 
I I I 

A252403 I Medonte Con. 13 I Ac t i ve  I 
I L o t  19 I I 
I I I I 
I I I I 
I A510501 I Baxter Con. 6 I Ac t i ve  I 
I L o t  PT. 27 I 
I I I I 

I Tiny A250701 Con. 15 I 
I 

I Closed 1973 

I I 
L o t  121 1 

I 

I A251401 I TW Con. 5 I Closed 1974 I 
I L o t  14 I I 
I I I I 

I 
I Matchedash Con. 1 I A252301 I Closed 1984 1 

L o t  15 I 
I I I I 

A252402 I Medonte Con. 12 I 
I 

I Closed 1976 
I 

I I 
L o t  19 

I 
A252901 I Tay Con. 4 I 

I 
I Closed 1974 
I 

I I 
L o t  16 

I 
I A252902 
I 

I Tay Con. 9 I Closed 1974 1 
L o t  8 I 



APPENDIX I 1  (cont 'd)  - STATUS OF WASTE DISPOSAL SITES WITHIN 
SEVERN SOUND DRAINAGE AREA: UNCERTIFIED SITES 

I X - No. 
I 

I LOCATION 
I I STATUS (1987); 

I 4119 
I 

I Penetanguishene 
I I Closed 1966 1 

I 
I 4124 
I 

I Tay 
I 

Con. 7 I Closed 1972 
I I ' 4125 

I I Tay Con. 7 I Closed 1955 I I 
I 4126 I Matchedash Con. 6 I Closed I 
I I I I Lo t  7 
I I I I 
I 4127 Matchedash I Closed 1973 I 
I I I I 
I 4133 
I 

) Tiny 

I I 

Con. 2 I Closed 1972 I 
Lo t  3 I 

I I 
I 4134 1 Tiny Con. 4 I 
I 

I Closed 1968 
L o t  2 I 

I I I I 
I 4138 I Tiny Con. 17 I Closed 1971 I 
I I Lo t  13 I 
I I I I Tiny 

I 

I I Closed 1971 
I 
I I 

I 4142 I Tiny Con. 9 I Closed 1960 I 
I L o t  9 I I 
I I I I 

I 4145 I Tiny Con. 16 I Closed I 
I I Lo t  2 I I 
I I I I 

I 4146 I Tiny I Closed I 
I I I 

I 4149 I Midland 
I 

I Closed 1965 
I I I 
I 4151 I Tay Con. 13 I Closed I 
I 1 L o t  15 I 
I I I 
I 4152 I T ~ Y  Con.4 I Closed I 
I Lo t  16 I 
I I I 
I 4153 I Tay Con. 5 I Closed I 
I I I L o t  15 I 
I I I 
I 4154 I T ~ Y  Con. 5 I Closed I 
I L o t  14 I I 
I I I 

Con.10 I Closed I 
L o t  18 I I 

*There are f i v e  unnumbered, unce r t i  f i e d  waste disposal 
s i t e s  i n  Baxter ward. Date o f  c losure i s  unknown. 



APPENDIX I11 NITROGEN TO PHOSPHORUS RATIOS AT FIVE MAIN 
STATIONS IN SEVERN SOUND, 1969, 1973-1986 

YEAR P1 P4 M1 PM2 BS ...................................................... 
1969 9.6 12.0 13.5 19.8 21.5 
1973 11.1 16.4 12.9 15.0 19.8 
1974 11.0 19.8 16.1 14.6 19.4 
1975 14.8 22.8 18.1 20.7 21.8 
1976 14.4 23.1 16.5 19.0 19.9 
1977 12.0 27.3 18.9 20.4 24.6 
1978 13.6 23.1 18.7 22.8 24.2 
1979 16.7 25.6 20.8 19.5 22.6 
1980 11.4 18.2 19.4 20.4 20.9 
1981 17.6 24.0 14.3 18.1 13.3 
1982 16.0 26.3 23.2 23.6 27.2 
1983 12.3 26.6 20.1 17.3 20.0 
1984 17.8 26.7 22.5 22.5 27.9 
1985 13.3 36.3 29.0 20.7 28.6 
1986 15.3 37.3 22.5 22.9 22.7 

__--1--_-----__-----------------~--------------------- 

See F igure  12 f o r  s t a t i o n  l oca t i ons .  



APPENDIX I V  

PHYTOPLANKTON COMPOSITION AT F I V E  MAIN  STATIONS I N  SEVERN SOUND, 
1969, 1973-1.986 

Summary of May-October avera25 phytoplankton a s  a percentage o f  t o t a l  
biovolurne (dominant 4 l g a l  c l a s s e s )  a t  S t a t i o n  PI i n  Severn Sound, 
1973-1985. 

YEAR PERCENTAGE G? TOTAL TOTL 
BIOVOL~~E 

Cyano- Dino- Crypto- Cnryso- Chloro- Bac i l l a r io -  [ p 3 x ? ?  1 

phyceae phyceae phyceae phyceae phyceae phyceae 



APPENDIX I V  (cont'd) 

Summary of May-October average phytoplankton a s  a percentage o: 
t o t a l  biovolume (dominant a lga l  c lasses)  a t  Station MI i n  Severn 
Sound, 1973-1985. 

YEAR PERCENTAGE OF TOTAL T O T L  
BIOVOLUME 

Cyano- Dino- Crypto- Chry,so- Chloro- Bacillario- [u3x1031 
phyceae phyceae phyceae phyceae phyceae phyceae 



APPENDIX IV ( c o n t ' d )  

Sumry  of May-October average phytoplankton as  a percentage of total  
biovolume (dominant algal classes) a t  Station P4 i n  Levern Sound, 
1973-1 985. 

YEAR PERCENTAGE OF TOTAL TOTAL 
BIOVOLUME 

Cyano- Dino- Crypto- Chryso- Chloro- Bacillario- Cu3xlO31 
phyceae phyceae phyceae phyceae phyceae phyceae 



APPENDIX I V  (cont 'd)  - 

Sununary of May-October average phyto~lankton a s  a percentage of 
t o t a l  biovolume (dominant a lga l  c lasses)  a t  Stat ion BS i n  Severn 
Sound, 1973-1 985. 

YEAR PERCENTAGE OF TOTAL TOTAL 
BIOVOLUME 

Cyano- Dino- Crypto- Chry~p- Chloro- Bacillario- [p3x1O31 
phyceae phyceae phyceae phyceae phyceae phyceae 



APPENDIX I V  ( c o n t ' d )  

S u m r y  of May-October average phytoplankton as a percentage of 
total biovoltme (dominant algal classes) at Station PM2 in Severn 
Sound, 1973-1 985. 

YEAR PERCENTAGE OF TOTAL TOTAL 
BIOVOLUME 

Cyano- Dino- Crypto- Chryso- Chloro- Bacillario- [p3x1O3I 
phyceae phyceae phyceae phyceae phyceae phyceae 



APPENDIX V - P lan t  t i s s u e  concentrat ions f o r  se lected s i t e s  i n  
Severn Sound 1980, 1982 

Elemental concentrat ions i n  f r i n g i n g  Cladophora 

ESSENTIAL WOR TRACE 
NUTRIENTS ELEMENTS ELEMENTS 

(mglg) (mglg) ( r s l g )  101 

SITE DATE P H Ca A l .  Fe Hg M Zn Pb Cu As Cr n i  Cd Co Se Sb U s ( % )  
a 

Gl AUGUST 1.2 24 16.1 1.18 2.70 3.45 1.03 160 12.0 7.5 5.9 9.8 6.3 L0.3 L3 0.4 0.2 10.01 77 

62 AUGUST 3.1 61 - - - - - 200 24.0 11.8 4.6 13.5 11.0 10.3 L3 0.6 0.3 10.01 59  

63 AUGUST 1.2 24 11.5 0.48 0.89 2:06 0.35 160 8.3 5.2 4.0 6.8 7.0 . 0 . 4  13 0.4 0.2 10.01 77 

64 AUGUST 1.2 25 - - - - - 190 7.9 15.2 3.9 22.0 15.2 LO.3 L3 0.9 0.2 10.01 54 
61 - Penetang Bay near B i n  St Y.P.C.P.; 62 = Ridland a t  felt of Victoria St. 
63 - Exposed Midland My near Ridland Y.P.C.P.; W = Sturgeon Bay a t  shoal 

Sturgeon & Penetnnq Day Hacrophytc Survey 1982 
P l a n t  T i r s u e  I n a l y s i s  

S t a t i o n  Sp RST RSTR RSTLOl Fe Hn P . . W N  Rs Cd Cu i q  H i  Pb TOC In 
1x1 1x1 1x1 <uq /q l  tuq1qr (1*119). (np/g) (uq lq )  l u q l q l  ( "q lq l  ( u q l q l  ( u u l q l  l u q l q l  1 ~ 1 9 )  l u q l v l  ......................................................................................................................................................... 



APPENDIX VI 

Contaminant concentration in midge larvae and mayflies (Hexagenia) 
tissues from Midland Bay, Penetang Bay and a control area off 
Beausoleil Island, 1985 (all results in ug/g wet w t . )  

Penetang Midland Midland Midland Beausoleil 
Harbour Bay Bay Bay Island 
Stn 530 Stn 515 Stn 519 Stn 521 Control Detection 
chir . chir. chir . chir. mayfly Limit ......................................................................... 

Aluminum 
Arsenic 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Zinc 

% lipid 
% ash 

Aldrin ND ND 0.001 
A-BHC ND ND 0.001 
B-BHC ND ND 0.001 
G BHC ND ND 0.001 
~Zchlordane ND ND 0.002 
G-chlordane ND ND 0.002 
Dieldrin ND ND 0.002 
Methoxychlor ND ND 0.005 
Endosulfan I ND ND 0.001 
Endosulfan 11 ND ND 0.002 
Endrin ND ND 0.005 
Endosulfan-sulphate ND ND 0.004 
Heptachlor-epoxide ND ND 0.002 
Heptachlor 0.001 ND 0.001 
Mirex ND ND 0.001 
Oxychlordane ND ND 0.002 
Op-DDT ND ND 0.005 
total PCB 0.060 ND 0.020 
pp-DDD 0.002 ND 0.002 
pp-DDE 0.008 ND 0.002 
pp-DDT ND ND 0.005 
Hexachlorobenzene 0.001 ND 0.001 ......................................................................... 
ND = not detectable 



APPENDIX V1 I ORGANOCHLORINE AND MERCUR E-YEAR SPOTTAIL SHINE 
FROM THE SEVERN SOUND - 1987 



APPENDIX V I I I  - CONTAMINANT SAMPLING PLAN FOR SEVERN SOUND 

Carp Walleye Smal lmouth Bass 
Northern P i k e  Black Crappie 

Northern P ike  Yellow Perch 
Pink Salmon 

Consumption G u i d e l i n e s  f o r  Sport F i s h  i n  Severn Sound 



APPENDIX VIII (cont 'd )  

. . 

Consumption 
Guidelines - - 

a - . Q #  Ga * 
o z d e k  No restrictions I 0  meals per wk. 7 meals per wk. 1 or2 mealslwk. None 

2.3 kg.lwk. 1.54 kg.1wk. 0.45 kg.lwk. 
(5.1 1b.lwk.) (3.4 1b.lwk.l ( I  lb.lwk.) 

TWOwekS No restrictions 5 mealsperwk! 4 mealsperwk. 1 or 2 meatslwk. None 
1.3 kg./wk. 0.86 kg.lwk. 0.45 kg./wk. 
(2.8 ib.lwk.) (1 9 1b.lwk.I ( I  lb.lwk.) 

...... . 

~h;ee weeks NO restriclions 4 mealsper wk. 3 meals perwk. 1 or 2 mealslwk. None 
0.95 kglwk. 0.63 kg./*. 0.45 kg./wk. 
(2.1 1b.lwk.) (1.4 1b.lwk.I ( I  ib./vk) 

. . . .  , .. ., ,. ............. _ .  . 

Long-term ~oieslriclions 0.226 kg.lwk. 0.136 kg.lwk. 1 or 2 meals per None 
consumption (0.5 lb./wk.) 10.3 1b.lwk.l month 

0.45 kg.lmo. 
( I  1b.lmo.I 

Guide de 
consommation 

..a .. e,, ;Q# Ga 
* :' 

une semaine Vasde restrictions 10 repas parsem. 7 r e p s  par sem. 1 ou 2 repas AuCUn 

2.3 kglsem. 1.54 kglsem. parsem. 
(3.4 Iblsem.) 0.45 kglsem. (5.1 1b.lsem.l 

( I  lblsem.) 

Deuxsemainer pas de rfstrictions 5 repas par sem. 4 repas parsem. 1 ou 2 repas AUCun 

I$ kglsem. 0.86 kglsem. paraem. 
, .. : . .  (2;81blsem.) . (1,Slbhem.l 0.45 kglsem 

( I  iblsem.) 
........ 
Trois semaines pas de restrictions 4 repas par sem. 3 repas par sem. 1 ou 2 repas .. Aucun 

0.95 kglsem. 0.83 kglsem. parsem 
(2.1 ib1sem.I (1.4 lblsem.) 0.45 kglaem. 

( I  lblsam.) - ................ 
Con~mmation Pasderestrictlans . 0,226 kglsem. 0.136 kglsem. 1 ou2repas Aucun 
a long t e rm  (0.5 iblseml (09lblsem.) par mois 

0.45 kglmois 

Contaminant identification - 
Identification des polluants 

........ 
I MB~CUV . .~~ Mercure .-........ . - .  .< . . -  ~. 

,' Mercury .~~,  mire* and peiticides. Mercure. BPC, mirex el pesiicidw 2 . . . . . . . . .  -........... . . 
3 PCB, mirex and pesBcides B E ,  mirexelpesticides ' ,  ............... . ~ 

. . . . . . . . . . . . . . .  
4 Mercury. PCB and mirex. Mercure. BPC el mirex 
, , , ,  ................. - ............ 
5 Mercury, other metals. MerCUle. aUtTeS metaux, 

PCB, mirexand pesticides. BPC. mirex et pesticides 
............ 

6 Mercury. other metals. ~e r cu re  el autresmetaux 
. . . . . . . .  - .- 

7 2.3.7.8-TCDD (Dioxin) 2.3.7.8-TCDD(di0xine) ' . . . . . .  
8 Toxaphene Toxaphene 
~ ~ - 

Children under 15 and women of child- Les enfana de moins de 15 ans et les 
bearing age should eat only a. fimmes en ige de procrder ne devmient 

monger que des pohons reprdsentCs 
par 0. 



APPENDIX I X  

SEVERN SOUND PHOSPHORUS SUPPLY ASSUMPTIONS 

Severn River 

1. Flow data f o r  the Severn River was taken a t  S w i f t  Rapids. The 

remaining drainage area was considered t o  be less than 5% o f  

the overa l l  f low and therefore w i t h in  the e r ro r  estimate a t  

t h i s  stat ion.  

2. Any missing nu t r i en t  data was obtained by interpolat ion.  

Sewage Plants 

1. Any missing f low data was obtained by in terpo la t ion.  

2. A l l  f low devices a t  the WPCP's have been recent ly cal ibrated. 

3. ~ o a d f o r a d a y w a s c a l c u l a t e d b y m u l t i p l y i n g d a i l y f l o w t i m e s  
average monthly concentration f o r  each plant. 

4. Penetanguishene Mental Health STP d id  not  take da i l y  f low data 

dur ing the weekend days, therefore d a i l y  load could not  be 

calculated. 

T r ibu ta r ies  

1. Flow data was avai lab le  a t  two points: (1)  Coldwater River a t  

Coldwater; (2)  Wye River a t  Wyebridge from Water Survey o f  

Canada. 

2. U n i t  area runo f f  from Coldwater and Wye River stat ions were 

used t o  prorate streams without f low data. 



Organochlorine 

An organic compound which includes chemically bound chlor ine.  Many 
organochlorines are formed i n  i n d u s t r i a l  processes whenever ch lo r i ne  o r  
ch lo r i ne  based compounds are used. Thousands o f  ch lo r i na ted  organic 
compounds ex i s t ,  b u t  only  a small p ropor t ion  o f  those i n  i n d u s t r i a l  
processes have been i d e n t i f i e d .  

Phosphorus 

Phosphorus occurs n a t u r a l l y  i n  igneous and other  types o f  rocks and may 
enter  the aquat ic  environment through weathering o f  rock o r  
p rec ip i t a t i on .  Some uses f o r  phosphorus inc lude soaps and detergents, 
f e r t i l i z e r  production, pes t ic ides  and insec t ic ides .  Domestic and 
l i ves tock  wastes, i n d u s t r i a l  e f f l u e n t s  and a g r i c u l t u r a l  drainage from 
f e r t i l i z e d  l and  con t r i bu te  phosphorus t o  waters. 

Phosphorus ( t o t a l  and soluble reac t ive)  i s  an important n u t r i e n t  u t i l i z e d  
by p lan ts  and algae. Phosphorus i s  usua l ly  found i n  low concentrat ions 
i n  surface water because i t  i s  a c t i v e l y  taken up by plants. High 
concentrat ions o f  phosphorus can promote nuisance l e v e l s  o f  a lga l  and 

p l a n t  growth. 

Phytoplankton 

Algae o r  microscopic p lan ts  t h a t  l i v e  suspended i n  the  water column o f  
a lake. They form the  base o f  the natura l  food chain. 

PCBs - 
PCBs are a group o f  ch lo r ina ted  organic compounds f i r s t  comnercial ly 
developed i n  the  l a t e  1920's. They are no t  o f  na tura l  o r i g i n  o r  formed 
i n  the natura l  environment so t h e i r  presence can always be a t t r i b u t e d  t o  
man's a c t i v i t i e s .  PCBs are s tab le  and r e l a t i v e l y  i n e r t  compounds: they 
break down very s lowly i n  the environment and are destroyed by burn ing 
only a t  very h igh  temperatures. These proper t ies  l e d  t o  widespread use 
o f  PCBs as e l e c t r i c a l  transformer i n s u l a t i n g  f l u i d s ,  extreme pressure 
o i l s  and greases, hydrau l ic  f l u i d s ,  and as f i r e  retardants and 
p l a s t i c i z e r s  i n  products such as paints,  inks, cau lk ing  compounds and 
seal ants. 



Trace Contaminants 

Toxic and other  deleter ious substances found i n  t race  concentrations i n  
the  environment. 

Zooplankton 

The animal por t ion  o f  the  community t h a t  l i v e  suspended i n  the  water 
column o f  a lake .  
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