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Previous to 1963  there  were no sewage  treatment  plants  for  the 
Vancouver  area  (Waldi&uk  1983,  1984). As a result  of t h i s  situation, 
sewage  discharge was mstly in  the  raw  state and via shallm outfalls. By 
the  194O's,  the  Vanmuver and District  Joint  Sewerage  and  Drainage  Board 
developed a new  plan  for sewage discharge in the  Vancouver  area.  The  first 
phase  of this plan  (called  the Rawn Report: Rawn et  al.  1953),  called  for 
the  construction  of a sewage  treatment  plant  on  Iona  Island. This meant 
that  the  raw  sewage  autfalls  into  Burrard  Inlet  and  the  Fraser  River muld 
be eliminated  with  the  hope  of  improving  beaches  in  English  Bay and 
improving  shellfish  harvesting  in  the  Fraser  River  estuary. 

Primary  treated  effluent  frun  the  Iona  plant  is  presently 
discharged  through  an apen excavated  channel  on  Sturgeon Bank tidal  flats 
(see  Figure  1).  For sane time  it has sham that  the  area  near  the  effluent 
channel has shown a -ked deterioration  (Figure 1) due to the  deposition 
of  organic  matter and the  accumulation  of  high  metal  concentrations in the 
sediment  (McGreer  1982). To correct  this  situation  the  greater  Vanmuver 
Regional  District  is  considering  the  installation  of a deep  s-ine  out- 
fall  of  Sturgeon Bank (S & S Consultants  1983).  Therefore,  the object of 
this report is to discuss monitoring of nutrients and plankton in the 

vicinity of the  Iona  Island  sewage  outfall,  before and after (x~struction 

of the  deep suhmrine outfall. 



- 2 -  

Several deep sea sewage outfalls  are already i n  operation i n  the 
Pacific west coast. Four  of these sites and the re su l t s  fraTl their d- 
toring program are  briefly reviewed here. Sane of their recarmendations 
are probably applicable to the proposed d t o r i n g  scheme for the deep 
subMltine Iona Island sewage outfall. 

1.1 French Creek 
French  Creek is located on the east mast of  Vancouver Island and 

it is the si te of a deep sea damestic sewage outfall. Effluent is 
discharged via a 2 km outfall and ends i n  a diffuser 61 m belm law water. 
This new outfall was mitored for three years (Paneray 1982). Monitoring 
included salinity, temperature, dissolved oxygen, nutrients, sediment 
particle size, organic contentent of the sediment, heavy metal  content of the 
sediment, and benthic fauna. A suhnersible was used to examine the 
diffuser, the sediments around the diffuser and the response  of organism 
to the presence of the discharge. 

N o  mrked changes  were  observed i n  the water wlurm but changes 
i n  the benthic enviromnt occurred. Organic content of the sediments 
increased and there were increases i n  metal concentrations (e.g. copper, 
manganese, iron, and nickel ) . 

1.2 Macaulay Point 
Macaulay point is located near Victoria, B.C. Monitoring was 

mnducted to  assess the influence of discharge through a deep sea outfall 
to 60 m ( E l l i s  et al .  1971). E.ionitoring included,  temperature, salinity, 
water stability, dissolved oxygen, turbidity, nutrients, chlormyll - a and 

coliform bacteria. 
Monitoring  reccxrmendations =re that amnonium and nitrate ooncen- 

trations are g o d  indicators of sewage. Lawr salinities, decreased 
dissolved oxygen, increased turbidity and wliform  bacterial counts <lan be 
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used to detec t  the presence of the discharge. E l l i s  et al. reccmmded 
that total nitrogen and phosphorus budgets be included. This muld include 

all fom of  dissolved inorganic and organic n i t rogen ,   p r t i cu la t e  

nitrogen, and the nitrogen  content of p l a n k t d c  anhls, and nitrogen 

measurements of the sediments and benthic organisms. -ling  should be 

less frequent  during the winter because biological a c t i v i t y  is low and 

mixing by high winds is extreme. It is inportant to record the phase of 
the t i d a l  cycle and the di rec t ion  and speed of t ida l   cu r ren t s  during 

sampling. 

1.3 b s  Angeles 
"w large out fa l l s ,  Hyperion (Los Angeles c i t y )  and whites Point 

(serving los Angeles county) are deep sea ou t fa l l s .  Monitoring  studies by 
%mas and Carsola (1980)  indicate that the subsurface discharge  (about 

40 m) could be traced by its high armrmium concentration. The ef f luent  

leaving the diffuser  contains 2200p of mnium. M a x h  mniurn 

concentrations  of 1 5 5 p  a t  27 m and 2 h fm the di f fuser  -re recorded. 

Elevated  surface  concentrations ( 3  to l o p )  were found over the 
o u t f a l l s .   I n  stratified water, high values were found below 15 m, b u t   i n  

well-mixed water, high concenrations were detected a t  the surface. 

Subsurface  high  concentrations were associated w i t h  turbid layers, coliform 
bacteria and reduced o w e n  levels. Since the distribution of amnonium 

correlated well with measured subsurfaoe  currents, Thosras and Carsola 
(1980) have suggested that ammniurn may be a useful tracer of the discharge 

of  sewage i n  seawater. 
Since elevated armu>nium concentrations occur i n  the surface 

water, phytoplankton  uptake of nitrugen is less than the discharge rate. 
This  reduction  in uptake of axrmniurn appears to be due to inhibitory levels 
of heavy metals or organics (MacIsaac et al. 1979). Ammniun rrust  exceed 

loop before it will exert  tox ic  effects on @ytoplankton grmth ( T h a M s  

et al. 1980). Thomas et al. (1974)  have also shown that when nitrogen is 

present i n  excess, other nutrients  such as @"mte or silicate m y  become 

l imit ing.  
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1.4 Fanedhe Bay, Hawaii 
Primary treated  and  later, secondary treated  domestic  sewage  was 

disdharged  into  this shallow bay for several  decades.  The min effect of 
this  discharge was a severe  decline  in  the  coral  reef  ecosystem and sub- 
stantial  phytoplankton  eutro@hication  (Caperon  et  al. 1971; Laws and 
Redalje 1978,  1982). 

A study of the  @ytoplankton  comunity  and  water column chemistry 
in  Kaneohe  Bay,  before and after  the  diversion of secondary teated  sewage 
from the  bay has shawn that  changes  in  total  nutrient  mcentrations  in  the 
water colm cannot  be  accurately  predicted  without  taking  into  account 
water  column-benthos  interactions.  During  the  first  year  after  sewage 
diversion,  the  deconpstion of about 400 tons of benthic  organism which 
were  primarily  filter  feeders,  resulted  in  water  column  dissolved  organic 
nitrogen and phosphorus cuncentrations  roughly  an  order of magnitude  higher 
than those  expected  in  the absence of such  interactions.  In a shallow 
water  community,  close  coupling  between  the  water colurm and benthos cannot 
be ignored  in  predicting and assessing  the  impact  of  ecological  manipu- 
lat ions. 
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A mre conprehensive  description  of  the  sewage  treatment  plant 
can be found in the Ram Report (Ram et al.  1953)  and mre recently in the 
report by S & S Consultants  (1983).  The  principle  aspects  are  sumnarized 
here. 

The  plant was hilt on Iona Island in 1963 and has undergone 
three  expansions.  It  receives both sanitary sewage and stom runoff  from 
the  city  of  Vancouver, and portions  of  Richmxld and Burnaby . The  flaw 
varies  from  3.8 to 17.7 d s-l.  The  plant  provides  primary  treatment 
( i . e. , screening,  grit  remval, scum and  grease remval and sedimentation) 
and seasonal (May 1 to  September  30)  chlorination to reduce  bacterial 
coliform  counts  during  the  sumner. 

The pr-  treated  effluent  is  discharged  into a 7.3 Ian long  and 
40 m wide  outfall  channel  that runs across  Sturgeon Bank. At  lclw  tide  the 
effluent  is  confined to the  channel  but  at high tide  the  channel  is sub 
merged and the  effluent  is  diluted and flaws  over and onto  the  adjacent 
mudflats.  The  sand-filled rock jetty  extends  along  the mrth side  of  the 
outfall  channel  for  about  5.1 km to prevent  the  effluent fran flowing 
around Point  Grey and into nearby  English Bay for  at  least t m  tidal 
cycles.  This  delay  allaws  tine  for  bacterial  dilution and inactivation  due 
to seawater  exposure. 
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3.1 Physical  Characteristics 
The tides in the Strait of  Georgia are  the mixed semi4iurnal 

type with tw high and tw low tides each  day.  The tide heights are 
usually asymnetrical w i t h  highs  ranging from 4 to 5 m. 

Tidally induced surface currents r e su l t  in flow north or south 
fran  the discharge pipe. It is comrron to  have a large counter clockwise 
gyre i n  the middle  of the strait  and a smaller  clockwise  gyre  imnediately 
e s t  of the Iona jetty,  especially during times of high  discharge fran  the 
F'raser  River.  Drogue studies have been conducted (Tabata et al. 1971: 

Crean  and  Ages 1972) and they dmnstrate that freqently  there is a north- 
ward flaw fran Iona Island into B u r r a r d  Inlet,  especially &en the dis- 
charge  frcm the Fraser River is high (June-July) and the drogues are 
released a t  low tide (Figure 2). Current speeds are approximately 10 to  
20 m.s-1. 

Winter winds are predominantly  from the  east  or  mth-east and 
the sumner winds fran  the northwest. The Iona Island area is sanewhat 

protected from the southeast winds by land. It is the northwest wind which 
causes the build-up  of large waves i n  the area because  they are  the 
strongest and  have the  largest fetch. 

The IOM study area is i n f l u e n d  by maser River runoff and 

consequently the brackish water upper layer (10 m) varies  fran 16% i n  the 
winter (low river discharge) t o  5% in the sumner (river discharge is 10 
times  winter discharge). Heating  of surface waters i n  the sumner, in can- 
bination w i t h  decreased salinities r e su l t s  in a very strong pycnocline a t  
10 m and a weaker one of about the same depth in winter. 

Seasonal  changes in irradiance and light penetration into the 
water (Secchi depth) are shown i n  Figure 3 .  

3.2 Chemical  Characteristics 
'=he chemical characteristics of the study area include measure- 

ments  of dissolved oxygen, nitrogen and phaphorus. Dissolved owen  within 
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the  first 300 m of the  outfall  discharge  are ' 2 mg*L'l and these  values 
are  law  enough to kill sane species  of  fish  and  stress  other  aquatic 
organisms  (Birtwell  et  al. 1983). Beyond about 1500 m, the oxygen  concen- 
tration  values  return  to  saturation  levels  of  about 9 mg*~-l. 

Wage contains  hi@  concentrations of nitrogen,  phosphorus, 
urea, amnrxlium, nitrate and other  dissolved  organic  nitrogen  amstituents. 
Total phosphorus levels  in  the  effluent channel close  to  the  outfall  are 
approximately 0.5 mg*L-l (16pM) and ammohlium is about 9 mg.L-1 ( 6 5 0 p )  . 
These  nutrients  decrease  substantially (by about  two  orders of magnitude) 
about 2 km west beyand the  jetty (Table 1). Increases  in  &ytoplankton 
have been  reported  near  the  jetty  (Harrison 1981). If the increased phyto- 
plankton  biomass  settles  out  onto  the  sediment  (rather than being grazed or 
transported  away), the decomposition  of  this  material  would  aggrevate  the 
law prdblem.  Typical  winter and summer values for 02 and nutrients for 
a normal  area well beyond the  jetty  are  given  in  Table 1 and sham in 
Figure 3. There  are rn data  sets  which  include  nitrate,  ammcnium,  urea, 
and dissolved  organic  nitrogen and phosphorus concentrations  along a 
transect  away  from  the  jetty and over  different seasons. 

3.3 Bioloqical macteristics 

3.3.1 l?hytoplanktm. There appear to be no data cn @-ytoplankton 

biomass or species  composition  near the outfall. This is  inportant  infor- 
mation  that  should be obtained  in the future. 'Ihe @qtoplanktcm well 
beyond the  outfall  (control statim) in the  Strait of Georgia  is  typical of 
cold,  temperate  coastal  waters w i t h  some estuarine  influence.  Diatoms  are 
the mst abundant group (Legare, 1957; Stockner  et  al. 1979, Shim 1977a; 
197%; Harrison  et al. 1983). The mst comm species  (frequency and bio- 
mass) is  Skeletmema  costatlum, a chain-forming  centric  diatom.  Other 
diatoms  that  are  also  abundant  are  Thalassiosira  spp.,  olaetoceros spp. 
(especially  Chaetoceros  debilis),  Leptocylindrus  danicus,  Nitzschia spp. 
and a few  very  large  diatom  such as Qscinodiscus spp., Cerataulim and 
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Eucampia.  There  is  little  indication  that  large  salinity changes caused by 
the F'raser  River  discharge  influences  the  conpostion of the diatom mmu- 
nity  (Shim  1977b) . Wlchanan (1966)  studied  flagellates  in  Indian Arm and 
faad that  cryptoanxlads,  especially Fhodomnas minuta  were major primary 
producers. Some species  such as the  chrysomnad  Heterosiqm  okashiwa 
(Olisthu3iscus  luteus) and the  dinoflagellate  Protogonyaulax  tamrensis 
both prefer  estuarine  waters of less than 15  or 20% and form bloom pri- 
marily an the east  side of the  strait m either  side of the kaser River 
plume.  Both of these  species  may form dense  blooms  which  may  discolor  the 
water and hence,  they  are  often  referred to as "red-tide"  species.  They 
are  both  very comnm in  Ehglish  Bay  in  the  summer. Hmever,  bloams of 
these  species  have been observed  in areas where  there  is no influence of 
sewage and therefore  their  presence  in  English  Bay  cannot  be  attributed  to 
sewage  effects  (Harrison  et al. 1983). 

The  standing  stock of phytoplanktcm  is  generally  assessed  in 
term of chlorophyll - a.  These  values for the strait  range  from 1 in 
the  winter  to  15 m g ~ r n - ~  during  spring or early summer blooms  (Stockner  et 
al.  1979; Parsons et  al.  1981;  Harrison  et  al.  1983;  see  Figure  3).  There 
are m good estimates of phytoplankton  standing  stocks  along a transect 
away frm the  jetty. 

Primary  productivity  for  the  strait  ranges  from a IMxinwn of 
1.2 g C-m-2-d-1 in May to low summer values of 0.2 g C-m-2d-1 (Figure 3) 

(Parsons et  al.  1970; Parsons 1979).  However  recent  estimates  have been 
higher, up to 8 g C*m-2*d-1  (Stockner  et  al.  1979) . The  reasons  for  the 
differences  between  these  estimates has been discussed by Harrison  et dl. 
(1983).  fiytoplanktm  standing  stock and primary productivity  are 
depressed  near  the mxth of the  F'raser River due  to  the  turbidity  of  the 
river  water and the  increased  extinctim  coefficient  (Figure 4). ?he 

increased  nitrogen inpt into the kaser River  is  thought to have cnly a 
minor  contribution to increased  primary  productivity.  Estimates  are  that 
the diversion of sewage  from  Vancouver Harbur to the kaser River has cnly 
increased  the  nutrient  loading  in  the  river from 5%  in 1967 to 12%  in  1977 
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(Clark and Drinnan  1980).  In  addition, the contribution of sewage  to  the 
total  nitrogen  ooncentration of the  river  is,  to a minor  extent,  controlled 
by the discharge volume of  the  river  for  that  particular year. Very high 
p r i q  productivity has been observed  in  Burrard  Inlet,  especially  at  Port 
Mody Arm (532 g C-rn-2.yr-l)  (Stockner and Cliff  1979). 

3.3.2 ZoOplanMon. The  zooplankton  mnununity  structure and 
changes  in biomss for the  central  strait  are sham in  Figure 5. The 
winter  community is oomposed chiefly of smll copepods such as 
Pseudocalanus spp. Other  less  dominate  species  are  Paracalanus parvus, 
Oithona  helgolandica  and  Cbrycaeus  sp.  In the spring  there  is a mssive 
recruitment of nauplii and copepodite  stages of Neocalanus plumchrus from 
deep  water  to  the  surface and some migratim of adult  Calanus  xmrshallae, 
- C .  pacificus  and  Metridia  pacifica.  Components of the  estuarine  plankton 
community  include  the  genera  Acartia,  Pseudocalmus,  Centrapages and 
Epilabidocera.  Decapod zoea and juveniles  and  barnacle  nauplii form the 
bulk of the  meroplanktm.  Ixzring  extended  periods of calm weather  the 
larvacean  Oikopleura  nay  produce  extensive  blooms  (Sibert  et  al.  1976). 
Zooplankton  biomass and conununity  structure has not been well studied  in 
the  vicinity of the  outfall. 

3.3.3 Bacteria. The distribution of f eca l  coliform bacteria  in 
the outfall area has been frequently  studied  (Churchlam3  1979). Fecal 

coliform  concentrations  in  the  effluent  are  extremely  high,  particularly 
during  the  non-chlorinatim  period  from  October  to  May  (23 x lo6 fecal 
coliforms/lOO ml). Typical wunts close  to  the  outfall  are 16 x lo5 fecal 
Coliform/lOO ml, with a decrease to 8 x lO3/lOO m l  at 2 km from  the  out- 
fall.  Control  sanples  from  the  north  side of the jetty had counts of 
2 x lO3/lOO ml, whi& is well above the standard of 200/100 ml used as a 
limit for recreatimal  waters. 

The  distribution of bacteria  in the Strait of Georgia is m t  well 
known. Ftecent  investigations by Albright and anmrkers have examined the 
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influence of the maser River on bacterial  distribution  in  the  plume  area 
(Valdes and Albright 1981; Albright  1983; Bell and  Albrisht  1981).  The 
freshwater  bacteria  are  predominantly  rod-shaped and larger in volume 

(0.3~3) than their mine counterparts  (0.07p-13) and are  generally 
attached  to  particles,  in  contrast  with the predominance of free-floating 
marine  forms.  Bacterial  numbers  in  surface  sediments m e  mch greater (by 
several  orders  of  magnitude) than in  overlying  waters.  The maser River 
contains  atnut 1.2 x 107)  total  bacteria  per m l  of river  water,  which  is 
twice  as hicjh as the strait  (Bell and Albright  1981;  Albright  1983). W t  
of the maser River  bacteria  are  killed when the  salinity  rises  above 
16 O/m, but a few  appear to remain  viable  but  not  very  active. 

3.3.4 Benthic Algae. The  benthic  algae  in  the  vicinity of the 
outfall  have  not been well studied.  Reports of U l v a  lactuca and 
Ehtermrpha sp. abundance  suggests  that  it  has  responded  to  increased 
nutrient  concentrations (Rms and  Packman  1974). Wthic microalgae 
(primarily  diatoms) on top of the  sediment  or  in  the  first m e  centimeter 
suggests  that  benthic  primarily  productivity  may be ccxlsiderable based on 
estimates of chlorophyll - a concentrations of 0.2 to  0.3  from  July  to 
October  for  the area north  of  the  jetty  (Harrison  1981). 

3.3.5 Benthic Invertebrates and Fish. lhese two c=onppnents of 

the  food  web  have been studied  the nrost extensively  in the outfall area. 
Prawns,  shrimp, and crabs of conunercial  importance  inhabit  Sturgeon Bank 
(rrooS and Packman 1974; Levins and Canstalin  1975;  Levings  et dl. 1983) . 
Other  abundant  sedimentdwelling  invertebrates  include  polychaetes  (e.g. 
Lmbrineridae) and nematodes  (Harrison  1981;  Levings  et  al.  1983). 
Ekrpacticoid copepods are  an  important  food murce for  bottom  feeding  fish 
such as flatfish and juvenile salmn (Harrison 1981;  Levings  et dl. 1983). 
The  harpacticoids  in  the  area  north of the jetty has been well studied 
(Harrison  1981). Mud comities were  distinct from sand coarmunities and 

both of these cammities showed strong seascoal changes.  Therefore,  any 
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camparisons of the  outfall area with a control area must be careful  to 
consider  sediment  type  (spatial  variability) and seasonal changes  (temporal 
nriability).  'ke  extent of this  tenporal and seasonal  variability  is 
shcrwn for  the area mrth of  the  jetty  for  1978  (Figure 6). The  clam, 
Macoma balthica has been extensively  studied  in the area receiving  sewage 
effluent  (McGreer  1979, 1982). He found  that  the  distribution was seri- 
ously  affected by the  sewage  effluent,  probably  due  to a combination of 
factors  such as, increased  heavy  metal  content of the sediment, and lower 
02 concentrations  in  the  sediment.  Sublethal  effects  such as burrowing 
behaviour was also  affected by the heavy  metal  contaminated  sediments 
(McGreer  1979). mty-seven species of fish  have been observed  in  the 
sewage  outfall area and tmrs in ,some fish  have been reported  (Birtwell  et 
al.  1983). 

3.3.6 Pelaqic Food Webs. The  pelagic  food  web  in the outfall 
area  is  relatively unknm. The food webs for the  main  part of the  Strait 
of Georgia  changes  with  the  seasons and these  changes  are surmnarized in 
Figure  7. The main  food  web  is  the  diatoms/dinoflagellates - macrozoo- 
plankton - small fish,  chaetognaths,  ctenophores  or  hydromdusae. 
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4.1 Physical and Chemical  Indicies of mter ouality 
Turbidity and water  colour may be a useful  indication of how m& 

the  sewage  effluent  is  getting  diluted by the  surrounding  water and the 
direction  the  sewage plum is  moving. m e  quick  way to measure  turbidity 
and light  extinction  is  with a secchi  disc.  The  measurement  is  the  depth 
at  which a standard 30 cm  white  disc  just  disappears from view.  When  this 
measurement  is  used  in  conjunction with chloraphyll - a measurements,  it is 
possible to separate  the  extinction  of  light  due  to  the  presence of phyto- 
plankton  from  that  due  to  particles  such as silt  or  debris.  Turbidity and 
licjht  extinction can also be measured  with a submersible  light  meter  or 
with a transmissometer  which  may  even be towed  under  water. 

Temperature and salinity  are not indicators of pollution,  but 
they  should be measured  because  they  are  useful  in  assessing  water mve- 
ment,  stability,  and  water  density. 

Large  decreases  in  dissolved  oxygen  concentrations  are  generally 
a result of biological  processes  such as respiration.  Decomposition of 
high  ccncentrations of dissolved  or  particulate  organic carbon by bacteria 
consumes oqgen and rnay  result  in  very low oxygen concentrations (2 mg*~-l) 
either  in  the  water  just  above  the  sediments or in  the  sediments  them- 
selves. This utilization of oxygen by these processes is generally 

referred  to as biological omen demand (EDD). L m  omen or anoxic 
cmditiom can  greatly  reduce  benthic  invertebrate  or fish biomass  in  the 
area  and  alter  the  species  diversity. W l e s  can be taken for oxygen and 
measured by winkler  titration  or an oxygen  electrode (Parsons et al. 1984). 
Oxygen  value  in  the  range of 6-9 mg-L-1 are  mrmal,  while values 2-5 mg-L-1 
indicate oxygen depletion  stress of the  environment  depending on the 
species and other  physical and chemical characteristics of the water. 

Water  samples can be collected  for  nutrient analyses. Nitrate, 
nitrite,  ammonium,  urea,  phosphate,  dissolved  organic phosFharus, and 
nitrogen  should be measured.  These methods of collectim and analysis  are 
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described  in Parsons et  al. 1984. The normal range of amcentrations  found 
during  winter and suxuner  are  given  in  Table 1. Increases in dissolved 
components  above no& concentrations  indicates  potential  eutrophication, 
provided  light,  temperature, and water  stability  are  apprapriate  for phyto- 
plankton  grawth. Of all the  nutrients  listed  above, arrrmonium is  the  best 
one to mitor because  normal  concentrations  are law and concentrations in 
sewage  effluent  are  very  high.  In  addition,  since  marine  waters  are 
generally  nitrogen  limited,  nitrogen ampounds are  important to mnitor. 

4.2 Biological  Indicies  of  Water Quality 

4.2.1 Ph*OplZ&tCXl. The  effects of sewage on indigenous  aquatic 
organisms can be assessed  at four different  levels. These are: 1) abun- 

dance  (numbers and biomss), 2) taxonomic  composition  (species  diversity 
and composition), 3)  grawth  (productivity,  respiration, and metabolic 
rates) and, 4) bioaccumulation of toxic  substances  (Figure 8; Wrf 1980). 
A list of parameters used to  assess  these  four  levels is given  in  Table 2. 

The  biomass of phytoplanktm  in  the  outfall  area has mt been 
carefully  studied.  Bioarass  estimates  in  terms of chlorophyll - a or  cell 
numbers  are known for the  area well beyond the  outfall; they range  from 
1 to 10 q chl - a*me3 and from 104 to 5 x lo6 cells-L-l,  respectively 
(Figure 3). Chlorophyll - a measurements are the easiest way to mitor 
phytoplankton  biomass and this can be done continuously by using " in vivo 
fluorescence  from a small boat  using a battery  aperated  fluorometer,  strip 
chart  recorder and pump. Using a grid  cruise  track,  horizontal  variations 
in  biomass can be measured and the  measurements can be used to  construct a 
surface  contour  map.  Similarily,  vertical  profiles of biomass can be 
obtained  to  determine if biomass is patchy with respect to depth. 
Determining  biorrrass  in  terms of cell nunbrs is mch  mre time oonsuming 
since  this is usually  done by counting a -le  with a microsoope, although 

estimates of particles  (a  chain of diatom is counted as OCK particle) can 
be achieved by using a particle  counter. 
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T m m i c  conpsition of phytoplankton  in  the sewage outfall  area 
has not  been  specifically  studied.  Dominant  species  in  the area wll 
beyona the  outfall has been discussed  in  Section 3.3.1. The only way to 
determine  species  composition  is by using a microscope.  Samples can be 
taken and preserved and counted  with an inverted  microscope some time 
later.  Even though microscope  counts  are very time consuming they can be 
valuable  since  species  composition does change with  sewage  stress  and 
generally  species  diversity  decreases  with  only a few  tolerant  species 
remaining  under  extreme  conditions. 

Metabolic  rates  are  usually  measured  in  terms of growth or  -to- 
synthetic  rate.  The  uptake of l%-labelled bicarbonate  is used to  access 
short  term  photosynthetic  rates  (Strickland and Parsons 1972). mere are 
m )axrwn measurements  made  in  the  outfall  area.  Values  exceeding 
5 mg C m-3 d'l would  indicate  eutr-ic  conditions  (Laws 1981). 

phytoplankton  may  accumlate  high  levels of metals if concentra- 
tions  in  the  surrounding  waters  are high. mitoring intracellular  levels 
of copper and mercury, for example,  would  give some indication of the 
degree of metal  stress  in  the  area. 

4.2.2 ZooplanMon. m e  same four  levels of assessment can be 
applied  to  moplankton  as  well  as  #ytaplankton.  Zooplankton  biomass mst 
be assessed by sampling w i t h  nets. "WO sizes of mesh are used, > 2 0 0 ~  to 

> 3 3 0 p  for  the  macromoplankton and > 60 to 200pm for the microzoo- 
planktan.  Vertical  hauls  are  best for assessing  the  total  biomass  in the 

water column. Harpacticoid capepods and am@hipoaS  which  lie  in  the  water 
just  above the sediment  are mre difficult  to  sample  quantitatively. 

Assessing  taxcrnomic  composition is very time consuming since a 
microscope rmst be used. Growth of moplanktan  is  difficult to assess and 
the  easiest  measurement of metabolic  rate  is  respiration. This can be done 
using an 02 electrode and rates  would be expected  to  increase with 
pollution  stress. 
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4.2.3 Bacteria. In  addition  to  the  standard  aliform  bacterial 
counts  total  bacterial  numbers should be assessed  using  epifluoresence 
microscopy (Daley and Hobbie  1975). Total counts muld aid  in  assessing 
the  extent of the  bacterial  activity  associated  with  organic  matter  break- 
dam and  its  relation  to  the  dissolved  oxygen  concentration  in  the  water. 

Bacterial  productivity can be assessed by the  rate of uptake of a 
radioactively  labelled  organic compound such as glucose or by the incop- 
ation  of  3H-labelled  thymidine. 

4.2.4 Benthic Orqanisnrs. Benthic  organisms  generally  show a 
clearer  response to a pint source pollutant than planktonic  organisms. 
Since  benthic  organisms  are  relatively  fixed,  spatially,  sampling  them  at 
different  distances  from  the  outfall  frequently  reveals the gradient  effect 
of the  pollutant.  Benthic  diatoms and benthic  macrophytes  (seaweeds) 
should be assessed  in term of biomass, chemical composition and species 
composition almg a transect  away  from  the  outfall. 

Considerable  attention has been give  to  benthic  invertebrates  in 
terms of species  composition  (Levings  and  Constalin  1975;  Levings  et  al. 
1983; S & S Consultants  1983) and in  terms of bioaccumulation of metals 
(McGreer  1979,  1982).  Bottom  feeding  fish  have  also been investigated and 

they  are  also g a d  indicators of sewage stress  (Birtwell  et  al.  1983; S & S 
Consultants  1983). 

Other  benthic  characteristics  that  are  useful  to  measure and that 
aid  in  the  interpretation of the  benthic  organisms  responses,  are  particle 
size,  organic  content and heavy metal ccncentrations  in the sediment.  The 
use of a submersible  (e.g.  Pisces IV) is reammended for direct observa- 
tions on the  benthic  environment  that  mi@t  otherwise be missed or amfused 
because of the selected  sampling schemes ( E r q  1982). 

4.2.5 Other Indices. In  addition  to  the  long  term  field m i -  
toring  approach  described  above,  short  term  testing  (bioassays) can be 
ducted. Different  types of bioassays  are  summarized  in  Table 3. 
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There  are  two  main  types of bioassays.  First,  is the " in  situ 
tests mich are mucted at  the  field  test  site  with  natural  assexblages 
of organisms.  In  order to carry a tim series of sampling on the same 
assemblage and avoid  the  mvement  of  plankton  oraganism by advection, - in 
situ  enclosures  are used (Schelske  1984; Shubert 1984). "he second type of 
bioassay  is  caducted  in  the  laboratory to assess  plant  effluents or water 
from  the  fold  test  site. Usually a "calibrated"  bioassay  organism  is  used, 
rather than a natural assemblage and its  repsonse  to  different  cxmcentra- 
tians  is  determined.  The  parameters  monitored  during  these  bioassay  tests 
may  include  bioaccunulation of metals  or  organics,  acute  toxicity (LC50) or 
law level  responses such as changes  in  behaviour  or growth rates  (Table 3 ) .  

4.3 summrary 
A biological  and  water  quality  parameter  list,  -ling  frequen- 

cies and priority  for  proposed  biomnitoring  programs  in  the USA are  given 
in  Table 4 (Worf 1980).  This  list can be simplified  when  it  is  -lied  to 
the Iom Island  sewage  outfall and limited  to  assessing  water  quality and 
plankton  (Table 5) . Counts of coliform  bacteria  must be made to assess 

water  quality. Two key  parameters for mitoring potential  Fhytoplankton 
eutrophication  in  the  lowest  possible  cost mitoring program  are ammnium 
concentrations  in  the  water and chlorophyll - a crmcentration (as estimate of 
phytoplankton  biomass).  Because  these  parameters  are good indicators of 
eutrophication  they  should be mnitored  bi-nmthly from April to October 
(Table 1). Parameters of secondary importance  are  dissolved oxygen, other 
nutrients  (especially  the  inorganic  and  organic  nitrogen  components), 

lanktm and zooplankton  species  composition and zooplankton biomass. 
All these  parameters should be mxlitored along a transect  away  from the 

outfall and also  in  Ehglish  Bay  since  there  is  considerable  northward  flaw. 
Utilization  of  the  high  nutrient  cancentrations by ~ytoplankton may m t  
take place  until  the  water  stratifies  in mre quiescent areas s u a  as 
Ehglish  Bay. 
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FIGURE I IONA I S L A N D  SEWAGE  OUTFALL  AND THE SURROUNDING AREA 
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Fig. 2 Movement o f   su r face  drogues i n   t h e   ' v i c i n i t y   o f  Iona 
j e t t y   d u r i n g  a t i d a l   c y c l e  (Crean and Ages 1972). 



Months 
Fig. 3 Seasonal cycle in physic81 8nd chemical parametere, 

standing stock,  and productivity expressed as monthly 
averages for the period 1965-68 for the Strait of  Georgia 
(+ denotes average value for 0-20 m in the vater column). 
DOC and POC represent dissolved and particulate organic 
carbon, respectively (from Parsons 1979). Recent studies 
(Stockner et  a1.1979) indicate that the values for primary 
productivity could be twice  as  high as represented in this 
f igurt . 
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FR4SER \ 
RIVER Stn. 

1,4 PASS 13 
............ .......... ....................... 

Fig. 4 Schematic  illustration of the impact of the  Fraser  River 
discharge on light attenuation 8nd primary production. 
Eistograms  8re  mean  1976  values  for rrtations on the east- 
west transect  from the  river  mouth  to inside Porlier Pass 
(from Stockaer et a1.1979). 



- 21 - 

Fig.5 

\ 

nnrr Fall 
Generalized  schematic  representation of the  tooplankton 
community  structure for the strait. (A) Changes in relative 
abundance  with  seasons and  depth. (B) Seasonal  changes in 
biomass (g wet wt a-3) of dominant  species  inhabiting the 
upper 20-50 m of the vater  column ( from  Rarrison err1 ~ w a ~ ~  
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Figure 6 Seasonal  variation in percentage  contribution of 
most abundant taxa to  the total number of meiobenthic 
organisms collected from each site  through 1978 (from Harrison 1981.). 
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- LF'RIRG (Llght , Wutrlentr, Cruing) 

Fig. 7 Generalized  schematic  representation  of food webs  during 
different  seasons in the  Strait of Georgia. Important factors 
influencing primary productivity are shown in parentheses 

interaction  betveen  the  two  trophic  levels i o  unknown 
(*PSP = paralytic  shellfish  poisoning) (from Harrison ttal.1983) 

' for each season. Broken  lines  indicate that the  degree of 
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