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ABSTRACT 

The Envi ronmenta l   Protect ion  Serv ice  moni tored  the  impact   o f  
t h e   F i v e   F i n g e r   o u t f a l l  on the  receiv ing  env i ronment   f rom 1977 t o  1980. 
O f  i n t e r e s t  were ( I )  w a t e r   q u a l i t y   c h a r a c t e r i s t i c s   o f   s a l i n i t y ,  

temperature,  dissolved  oxygen and n u t r i e n t s ;  and (2) ben th i c  

cha rac te r i s t i cs   o f   g ra in   s i ze ,   o rgan ic   con ten t ,   t r ace   me ta l  
concen t ra t i ons  and benth ic   in fauna and epifauna.  Dives  were made i n   t h e  

Pisces I V  submersible t o  examine  phys ica l   fea tures   o f   the   ou t fa l l ,  

immediate  e f fects  on s u b s t r a t e   ( d e p o s i t i o n  or s c o u r i n g ) ,   t u r b i d i t y  

changes  and any obvious  responses o f  organisms t o   t h e   o u t f a l l .  

Resul ts   f rom 1977 t o  1980 i n d i c a t e d  some minor   e f fec ts  of 
.p r imary   t rea ted  sewage e f f l u e n t  and  a  deep m a r i n e   o u t f a l l  on t h e  

receiv ing  environment.   Oceanographic  parameters  of   sal in i ty,   temperature 

and  d isso lved  oxygen  d isp layed  seasonal   pat terns  character is t ic  of t he  

S t r a i t  o f   Georg ia.   Dissolved  nut r ients  were e leva ted   a round  the   ou t fa l l  

a s  were t r a c e   m e t a l s   i n  prawns and shrimp. An i n c r e a s e   i n   i n t e r m e d i a t e  

s ize  sediment   par t ic les,   sediment   organic   content  and t race  meta l  

concen t ra t i ons  were noted.  Benthic  invertebrate  communit ies  surrounding 

t h e   o u t f a l l  had a d i f ferent   spec ies  composi t ion  than  those  recorded a t  

d istance. None of   the  benth ic   communi t ies sampled  were c h a r a c t e r i s t i c   o f  
a polluted s i t u a t i o n .  



RESUMC 

De 1977 2 1980, l e  Serv ice de l a  p r o t e c t i o n  de l 'env i ronrnent  a 

6 t u d i 6   l e s   e f f e c t s  de l ' e x u t o i r e  de F i v e   F i n g e r   s u r   l e   m i l i e u   r s c e p t e u r .  

L ' i i tude  a p o r t 6   s u r   l e s   a s p e c t s   s u i v a n t s :   1 )   s a l i n i t G   e t   n u t r i t i f s ;  2 )  

granulomi i t r ie ,   teneur  en mat i6res  organiques  et  en rnGtaux 5 l ' G t a t  de 

t races,  endofaune  et   Gpi faune  bethiques. On a proc6dG 2 des p l  ongiies 2 
l ' a i d e  du  Pisces IV pour   examiner   les   carac t6r is t iques   phys iques  de 

l ' x u t o i r e ,  ses e f f e t s   d i r e c t s   s u r   l e   s u b s t r a t   ( s G d i m e n a t i o n  ou 

a f f o u i l l e r n e n t ) ,   l e s   v a r i a t i o n s  dans l a  t u r b i d i t 6 d e   l ' e a u   e t   l e s   r i i a c t i o n s  

l e s   p l  us caractGer is6es des oryanismes  vivants se t rouvan t  dans l a  zone 

de 1 ' exu to i   re .  

Les r i i su l ta t s   ob tenus   en t re  1977 e t  1980  rnontrent que 

l ' e f f l u e n t ,   a p r 6 s   t r a i t e m e n t   p r i m a i r e ,   l ' e x u t o i r e   G t a n t   s i t u G e n  

profoundeur,   ont   en  quelques  ef fects  mineurs  sure l e   m i l i e u  marin. On a 

n o t 6   l e s   v a r i a t i o n s   s a i s o n n i g r e s   c a r a c t 6 r i s t i q u e s   d u   d 6 t r o i t  de GGoryie 

en  ce  qui  concerne 1 es  pararngtres  oc6anographiques  du  sal i n i  t 6 ,  de 

tempGrature e t  du  concentrat ion  d'oxygGne  dissous.  Les GlGments 

n u t r i t i f s   G t a i   n e n t   p l  us Glev i is   tout   autour  de 1 ' exu to i   re ,  de mZme que 1 a 

teneur  en  miitaux 2 l ' G t a t  de t races   t rouv i ie  dans les   c reve t tes ,   g rosses  

e t   p e t i t e s .  On a re1 evG i igal ement  dans 1 es  sGdiments une p l  us grande 

p r o p o r t i o n  de par t i cu les   sGd imenta i res  de t a i l l e   i n t e r m G d i a r e ,  une p l u s  

grande  concentrat ion de rnatiGres  organiques e t  de miitaux 5 l ' g t a t  de 

traces.  Les comrnunautGs d '   inver tGbr6s   be th iques   v ivan t   au tour  de 

1 ' e x u t o i r e  se  composaient  d 'espikes  d i f fGrentes de c e l l e s   t r o u v G e s   l o i n  

de 1 ' exu to i re .  Aucune  des communautGs be th iques   G tud i6es   n '6 ta i t  

c a r a c t g r i   s t i  que d' un m i  11 i e u   p o l  1 u6.  
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CONCLUSIONS 

I 

Moni to r ing   conducted   a round  the   F ive   F inger   I s land sewage o u t f a l l  

t o  1980  has i n d i c a t e d   t h a t   a f t e r  6 y e a r s   o f   o p e r a t i o n   i t s   c o m b i n a t i o n   o f  

pr imary  t reatment  and a deep mar ine   d i  

changes to   t he   rece iv ing   env i ronmen t .  

Oceanographic  parameters of 

oxygen  were c h a r a c t e r i s t i c   o f   p r e v a i l i  

a t  t he   t ime  of sampl i ng. The lack   o f  

scharge has r e s u l t e d   i n   o n l y  m i  no r  

s a l i n i t y ,   t e m p e r a t u r e  and d i sso l ved  

ng c o n d i t i o n s   i n   t h e   S t r a i t  of Georgia 
s i g n i f i c a n t l y   r e d u c e d   s a l i n i t y  and 

d i s s o l v e d  oxygen a t  dep th   a round   the   d i f f use r   po in ted   t o   t he  absence o f  a 

sewage  plume bui ldup  or  entrapment.   This was supported by v isual   observa-  
t i o n s  o f  r a p i d   e f f l u e n t   d i s p e r s i o n  made du r ing   t he   P i sces  IV dives. However, 

d i s s o l v e d   n u t r i e n t s   ( n i t r a t e  and  ammonia) i n   t h e  a r e a   o f   t h e   d i f f u s e r  were 
e leva ted   over   p re-  and ear ly   opera t iona l   leve ls   suggest ing  some n u t r i e n t  

enrichment, a consequence t o  be expected.  Subsurface maxima o f  ammonia 

r i g h t  a t  t h e   d i f f u s e r   i n  1978 was a f u r t h e r   i n d i c a t i o n  o f  l o c a l i z e d   n u t r i e n t  

enrichment. 
Cons ide rab le   spa t i a l - t empora l   va r ia t i on  was ev iden t   f o r   su r face  

sed imen t   pa r t i c l e   s i ze  and organic  content. The genera l   t rend was t o  an 

i n c r e a s e   i n   i n t e r m e d i a t e   s i z e   p a r t i c l e s  and  a gradual   increase i n  organic 

con ten t   w i th   t ime .   S ta t i ons   c lose r   t o   t he   d i f f use r  had s i m i l a r   i n c r e a s e s   t o  

t h o s e   f a r t h e r  removed. Sur face  sediment   t race  meta ls   var ied  great ly   f rom 
s t a t i o n   t o   s t a t i o n .  A genera l   increase i n   c o n c e n t r a t i o n  was noted  from  1978 

t o  1980, espec ia l l y   f o r   l ead ,   wh ich   rose  by a f a c t o r   o f  about  eight.  Posi- 

t i v e  sed imen t   f eca l   co l i f o rm  resu l t s  were obta ined a t  on ly  two s t a t i o n s ,  
both  o f   which had  very  low  levels.   Polychaetes  dominated  the  benthic  inver-  
t e b r a t e  community a t  a l l  sample s i t e s   w i t h   h i g h   s p e c i e s   d i v e r s i t y   b e i n g  

recorded. 

Spec ies   compos i t i on   o f   commun i t i es   c lose   t o   t he   d i f f use r   d i f f e red  
f r o m  those a t  s t a t i o n s   f a r t h e r  removed. A s e l e c t i v e   e f f e c t  was suggested, 

l i k e l y  based on sediment  grain  s ize,   organic  content and s t a t i o n  depth. De- 

l i n e a t   i o n   o f  rough  provi  nces  appeared  possible. None o f   t h e   b e n t h i c  comnun- 

i t i e s  sampled  were c h a r a c t e r i s t i c   o f  a p o l l u t e d  area. F u r t h e r   m o n i t o r i n g   i s  

r e q u i r e d   t o   a c c u r a t e l y   d e t e r m i n e   t o  what extent   these changes i n   s u b s t r a t e  

pa ramete rs   re f l ec t  an e f f l u e n t   e f f e c t   a n d / o r  one o f   subs t ra te   he terogene i ty .  



E l e v a t e d   l e v e l s   o f  

- i x  - 

t race   meta ls  were  evident i n  prawns and shrimps 

between 1977 and 1978. The 1980 s u r v e y   i n d i c a t e d   s t i l l   h i g h e r   l e v e l s  o f  a l l  

but   mercury,   wi th  copper  and  i ron  having  the  greatest   increases. 

P isces  d ives showed min imal   organic   bu i ldup and  abundant benth ic  

fauna  around  the  d i f fuser .  An i n c r e a s e   i n   t h e   d e p o s i t i o n  of non-biodegrad- 

a b l e   m a t e r i a l  was a lso  ev ident .  
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1 INTRODUCTION 

The F i v e   F i n g e r   I s l a n d  sewage t r e a t m e n t   p l a n t   i s   l o c a t e d  on t h e  

eastern  shore of  Vancouver I s l a n d  a t  Hammond Bay (49"14'N;  123"57'W)  approx- 

i m a t e l y  7 km n o r t h   o f  Nanaimo (F igure 1). Operat ion began i n  October 1974, 

w i t h   t h e   a d d i t i o n   o f  a d i f f u s e r   t o   t h e  system i n  August 1975.  The o u t f a l l  

p ipe  extends 2030 m from  shore i n t o   t h e  S t r a i t  o f   G e o r g i a   i n   t h e   v i c i n i t y   o f  

F i ve   F inge r   I s l and .  The d i f f u s e r ,   l o c a t e d   a t  a depth o f  70 m, i s  Y-shaped 

w i t h  each arm being - ca.  91.5 m long. A t o t a l   o f  104 po r t s ,  each 7.6  cm i n  
diameter,   are  arranged on t h e  seaward s i d e   o f   t h e  arms such t h a t   t h e y   d i s -  

cha rge   i n to   t he   ne t   cu r ren t   t hus   ob ta in ing  maximum d i l u t i o n .  The l e v e l  of 
sewage t rea tment   i s   p r imary   w i th   ch lo r ina t ion .   F lows  average 6.0 MIGPD w i t h  

t h e  peak f low  ra te   approach ing  17.5 MIGPD. The system i s   c u r r e n t l y   s e r v i c -  

i n g  a p o p u l a t i o n   o f  50 000 w i t h  a d e s i g n e d   c a p a b i l i t y   o f  200 000. 
The a r e a   a r o u n d   t h e   o u t f a l l   i s   c o n s i d e r e d   o f  economic  importance. 

F i r s t l y ,   p r o x i m i t y   t o  Nanaimo and i t s   l a r g e   p o p u l a t i o n   r e s u l t s   i n  heavy 

r e c r e a t i o n a l  use i n c l u d i n g   f i s h i n g  and boating. A s i g n i f i c a n t  commercial 
f i s h e r y   a l s o   e x i s t s   i n   t h e   r e g i o n  based on  salmon, shrimp and  crab. 

The Marine Programs  group o f  the   Env i ronmenta l   Pro tec t ion   Serv ice  

(EPS) conducts  ongoing  surveys  designed t o   m o n i t o r   t h e   e f f e c t s   o f   e f f l u e n t  

d ischarges on the  marine  environment. The purpose o f  t h i s   s t u d y  was t o  
assess t h e  adequacy o f  primary  treatment  combined  with a  deep  ocean o u t f a l l  

o f f  Hammond Bay. O b j e c t i v e s   i n c l u d e d   ( 1 )   i d e n t i f y i n g   b u i l d u p   o f  heavy metals 

i n  sediments and b i o t a ;  ( 2 )  measuring  responses of b e n t h i c   i n v e r t e b r a t e  

communities t o  the  discharge;  and (3)  e v a l u a t i n g  changes i n  wa te r   qua l i t y .  

Measurements o f   w a t e r   q u a l i t y   ( s a l i n i t y ,   t e m p e r a t u r e ,   d i s s o l v e d  
oxygen  and  nu t r ien ts ) ;   sed iment   charac ter is t i cs   (g ra in   s ize ,   o rgan ic   carbon,  
f e c a l   c o l i f o r m  and t race   meta l   con ten t ) ;  and b e n t h i c   f a u n a l   c o m u n i t i e s  

(species  composi t ion and t race  meta l   content )   have been made a t  each  survey. 

Th is   repor t   p resents   da ta   co l lec ted   in   August  1977, A p r i l  1978,  March and 

November,  1980. Packman (1977)  has  described  pre-operation and s ta r tup   da ta  

f o r   t h e  above  parameters. 

Y 
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2 MATERIALS AND METHODS w1 

Y 

I I  

Oceanographic  and  benthic  sampling  were  conducted on August 25, 

1977, A p r i l  28,  1978, and  November 11, 1980, f rom  the CSS Vector.   Stat ions 

assumed t o  be l o c a t e d   c o r r e c t l y   i n  1977 had t o  be r e p o s i t i o n e d  by r a d a r   i n  

1978 t o   r a d i a t e   o u t  f r o m   t h e   t r u e   s i t e  of t h e  sewage d i f f u s e r .   S t a t i o n  co- 

o r d i n a t e s   a r e   g i v e n   i n  Appendix I. Dives were made w i th   t he   P i sces  I V  sub- 

mers ib le   f rom  the  Pandora I 1  on A p r i l  12,  1978, and  March 18, 1980, t o  con- 

duc t  a phys ica l   examinat ion of t h e   d i f f u s e r  and t h e   b e n t h i c   h a b i t a t   i n   t h e  

immed ia te   v i c in i t y .  

2.1 Physical  Oceanographic Sampl i n g  
Oceanographic  parameters  were  measured a t  S t a t i o n s  FF-5 t o  FF-9 

(1977) and FF-14 t o  FF-18 (1978,  1980) (F igure 2). N.I.O. b o t t l e s   w i t h  

paired,  protected,  reversing  thermometers were  used t o   c o l l e c t   w a t e r  samples 

from  selected  depths.  Temperatures were read and reco rded   w i th in  5 minutes 
and r e - c a l c u l a t e d   t o   t h e   t e m p e r a t u r e  a t  depth   us ing   the   equat ion   ou t l ined  by 

Sverdup " e t  a l .  (1946). S a l i n i t y  was measured us ing  a G u i l d l i n e   s a l i n o m e t e r  

( "Au tosa l "  Model 8400). The az ide   mod i f i ca t i on   o f   t he   W ink le r  method 

(Swingle and  Davidson, 1979) was used i n  determi  ning  dissolved  oxygen  con- 

c e n t r a t  i on. Percent   sa tura t ion   o f   d isso lved oxygen i n  seawater was ca lcu-  
l a t e d   a c c o r d i n g  t o  t h e   e q u a t i o n   o u t l i n e d   i n  Gameson and Robertson (1955). 

Water  samples c o l l e c t e d   f o r   n u t r i e n t   a n a l y s e s  were s to red   f rozen  
( S t r i c k l a n d  and Parsons, 1971). N i t r a t e ,   n i t r i t e ,  ammonia, t o t a l  phosphate 
(1978) , and ortho-phosphate (1977 , 1980) concent ra t   ions  were determined on 

an  Autoanalyzer a t  t h e  EPS chemis t r y   l abo ra to ry   acco rd ing   t o  methods  des- 

c r i  bed  by  Swing1 e  and Davidson (1979). 

2.2 Sediment Sampl i ng 
GRABS: Sediment  samples  were  obtained  with a 0.17 m2 Peterson 

grab  sampler  f rom  stat ions FF-1 t o  18 (F igure 2). Upon r e t r i e v a l ,   t h e  

sampl e was p l  aced i n  a tub and m i  xed u n t i l  homogeneous. Sub-samples  were 

removed f o r   s i z e   d i s t r i b u t i o n ,   o r g a n i c   c a r b o n   c o n t e n t  and t race   meta l  con- 

cen t ra t i ons .  These  were s to red   f rozen i n  "Whirl  pak" bags u n t i  1 analyzed. 
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Sediment size  distribution was determined by wet sieving through 
three  s izes  of screen (500 um, 250 um and 62.5 um)  with  the  fraction  passing 
th rough  the  final  screen being obtained by calculation. 

Samples for  organic carbon content were thawed, dried a t  103°C  and 
ground with a mortar and pestle. I n  1977 samples were then passed  through a 
500 um screen  before  analysis  to remove large  material. However, in 1978 
a n d  1980, the  ent i re  ground sample was used for  analysis. Organic  carbon 
was measured by digesting with a chromic acid-sulphuric  acid  mixture and 
t i t r a t i n g  w i t h  ferrous  sulphate t o  obtain a chromic acid  oxidation value. 

Sediment samples t o  be analyzed for  trace metal concentrations  in 
1977 were  thawed and a i r   dr ied under cover a t  room temperature,  disaggre- 
gated with a ceramic mortar and pestle, and sieved through an 80-mesh  nylon 
sieve (2.5 phi).  Portions of the  less t h a n  80-mesh fractions were forwarded 
t o  the  laboratory o f  Dr. W.K. Fletcher (Department of Geology, University of 
Bri t ish Columbia). They were then  digested  in a 4 : l  nitric-perchloric  acid 
mixture,  evaporated t o  dryness  over an a i r  b a t h ,  taken up  in 1.5 ml HC1 and 
analyzed  for  cobalt (Co) ,  copper ( C u ) ,  iron  (Fe), manganese (Mn) ,  nickel 
(Ni),  lead ( P b ) ,  and  zinc (Zn) with a Perkin Elmer  303  Atomic Absorption 
Spectrophotometer. Background corrections were utilized  in  the  determina- 
t ion  of Co, Ni a n d  Pb. Analyses  in 1978 and 1980 were done by the EPS 
chemistry  laboratory  using  similar methods (Swingle and Davidson, 1979). 

Benthic  invertebrates - infauna and epifauna - were removed from 6 

1 i t r e s  of the  original  April 1978 sediments by sieving through a 500 um 
screen. The organisms were fixed  in 10% buffered  formalin and preserved  in 
70$ isopropanol af ter   three days. The invertebrates were la ter   sor ted,  
i dent i f i ed and enumerated. 

CORES:  I n  Apri 1 1978 sediment  core samples were obtained  using a 
"Benthos1' gravity  corer. Sediment was analyzed for  trace metals as des- 
cribed above and for  fecal  coliform  contamination a t  selected  depths i n  the 
core.  Bacteriological  analyses were performed by the EPS Microbiological 
Laboratory  as  outlined by  Kay (1976).  
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2.3 T i ssue   Ana lys i s   f o r   T race   Me ta l s  

Trace  metal  accumulation i n   i n v e r t e b r a t e   t i s s u e  was monitored 

dur ing   the   August  1977  and November 1980  surveys.  Material was obta ined by 
t r a w l i n g  and  by s e t t i n g  prawn t r a p s   c l o s e   t o   t h e   d i f f u s e r s   ( F i g u r e  3).  T a i l  

meat  from  prawns  (Pandalus  platyceros),  pink  shrimp (P. - b o r e a l   i s )  and  squat 
lobsters   (Munida  quadr isp ina)  was removed for   analys is .   Rockf ish  (Sebastes 

sp.)  were  also  analyzed i n  1977 us ing  muscle  t is ,sue  f rom  just   be low  the 

do rsa l  f i n. 

2.4 Pisces I V  Submersi b l  e Dives 

Dives  were made a round   the   d i f f use r  t o  v i s u a l l y  assess  water t u r -  

b i d i t y ,   t h e   p h y s i c a l   c o n d i t i o n   o f   t h e   s u b s t r a t e  and the  composi t ion and a- 

bundance of   benthic  communit ies.   Approximate  d ive  t racks  are shown i n   F i g -  
u r e  4. Photographs were taken  us ing  a Bolex  16 mm movie camera w i t h  Tung- 
sten  Ecktachrome EP 7242, ASA 125 film and a Hasselblad  70 mm still camera 

w i t h  Kodak Aerocolor   Negat ive 2445 film. Notes were made  on a po r tab le   t ape  

r e c o r d e r   f o r   f u t u r e   t r a n s c r i p t i o n .  
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3 RESULTS AND DISCUSSION 

3.1 Physical  Oceanography 
Resul ts   o f   phys ica l   oceanographic   sampl ing  are  tabulated i n  Appen- 

d i x  I1 and  summarized g r a p h i c a l l y   i n   F i g u r e s  5, 6 and 7. 
Physical  oceanographic  parameters  monitored  around  the  dif fuser 

gave r e s u l t s   t y p i c a l   o f   t h o s e   r e p o r t e d   f o r   t h e   S t r a i t   o f  Georgia. The water 

column was somewhat s t r a t i f i e d   i n  August 1977, r e f l e c t i n g  summer c o n d i t i o n s  

(F igu re  5) .  Mean temperatures  ranged  from 10.66OC a t   t h e   s u r f a c e   t o  9.13"C 
a t  t he   bo t tom,   i nd i ca t i ng  warming  by i n s o l a t i o n .  A seasonal  thermocline was 
ev iden t   a t   abou t   t he  8-10 m depth. Sa l in i ty   va lues   ex tended  f rom a mean o f  

28.860/00 a t   t h e   s u r f a c e   t o  29.93O/oo a t   t h e  bottom.  Dissolved 

oxygen  concentrat ions were reasonably   h igh  a t   a l l   depths,   averaging 6.8 mg/l 
(75.37% s a t u r a t i o n )   a t   t h e   s u r f a c e  and 5.58 mg/l (59.83% s a t u r a t i o n )   a t  65 
m. 

Sa l i n i t y ,   t empera tu re  and  oxygen va lues  repor ted  by EPS f o r  August 

1975 (Packman 1977) had s i m i l a r   p a t t e r n s   b u t  much wider  depth.  ranges (e.g., 

temperature 18.51OC - 8.26OC a t  bottom; s a l i n i t y  21.00/00 - 31.50/00 
a t   bo t tom) .  These y e a r l y   v a r i a t i o n s   i n  summer c o n d i t i o n s   l i k e l y   r e p r e s e n t  
d i f f e r e n c e s   i n   f r e s h w a t e r   r u n o f f ,   w i n d   g e n e r a t e d   c u r r e n t s   ( m i x i n g )  and sur- 

f a c e  warming due t o   i n s o l a t i o n   r a t h e r   t h a n  an e f f l u e n t   e f f e c t .  
In A p r i l  1978 the  water  column was not  as s t r o n g l y   s t r a t i f i e d  as 

i n  August 1977 (F igu re  6 ) .  This  again i s   t y p i c a l   o f   s p r i n g   c o n d i t i o n s   i n  

t h e  S t r a i t  o f  Georgia  where s o l a r   h e a t i n g  has no t   ye t  warmed the   sur face  

waters. The mean temperature  recorded i n   t h i s  sampling was 9.14OC a t   t h e  

sur face and t h e  minimum temperature was 8.09OC a t  - ca. 60 m depth  (bottom). 

The mean s a l   i n i t y  was Z8.180/00 a t   t he   su r face  and 29.34O/oo a t  - ca. 

60 m depth.  Dissolved  oxygen  values  ranged from a mean o f  9.27 mg/l (98.74% 
s a t u r a t i o n )   a t   t h e   s u r f a c e   t o  6.86 mg/l (73.22% s a t u r a t i o n )   a t   t h e  bottom. 

Oxygen was not  depressed i n   t h e   a r e a   o f   t h e   d i f f u s e r ,   s u g g e s t i n g  

t h e  1 ack o f  sewage p l  ume bui ldup. The h ighe r   d i sso l ved  oxygen  values i n  

A p r i l  , 1978 compared t o  August, 1977 represent a normal  seasonal   var iat ion.  

W i n t e r   m i x i n g   c o n d i t i o n s   r e s u l t   i n   i n c r e a s e d  oxygen  throughout  the  water 

c o l  umn w i th   t he   g rea tes t   i nc rease   nea r   t he   su r face  (10 m) . Pre-operat ion 
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oceanographic   data  co l lected  by  Waters  (1975)   ind icates  th is   condi t ion,   wi th  

a decrease i n   w i n t e r   v a l u e s   t o   A p r i l  , a s l   i g h t   i n c r e a s e   f o r  May d u r i n g   t h e  

spr ing   phy top lank ton  bloom, a decrease t o   J u l y ,  and  a second  phytoplankton 
r e l a t e d   r i s e   i n  1 a t e  August.  Stockner and C1 i f f  (1979)  reported a s i m i l a r  

p a t t e r n   o f   d i s s o l v e d  oxygen w i t h  maxima corresponding t o   p h y t o p l a n k t o n   b i o -  

mass maxima. I n  November 1980 s a l i n i t y ,   d i s s o l v e d  oxygen  and temperature 

d a t a   c o n t i n u e d   t o  show no s i g n i f i c a n t   e f f l u e n t   e f f e c t   ( F i g u r e  7). Mean sur- 

face  temperatures  o f  9.86OC i n c r e a s e d   t o  10.28OC a t  - ca. 5m and then  decreas- 

ed w i t h   d e p t h   t o  9.54"C a t  - ca.  60 m. (bot tom).   Winter   condi t ions  o f   reduc-  

ed  surface  warming and increased  f reshwater   inpu t  were e v i d e n t .   S a l i n i t i e s  

ranged  from a mean o f  Z60/00 a t  t h e   s u r f a c e   t o  28.5O/oo a t  t he   bo t -  

tom. Dissolved  oxygen  values were i n te rmed ia te   t o   t hose   reco rded   i n  1977 
and  1978  averaging 8.3 rng/l (88.4% s a t u r a t i o n )  a t  t he   su r face  and 5.65 mg/l 

(60.42%) a t  the  bottom. 

3.1.1 Nut r ien ts .   D isso lved  nu t r ien t   da ta   a re   p resented   in   Append ix  111. 

P r o f i l e s   o f  ammonia a r o u n d   t h e   d i f f u s e r   i n   A p r i l  1978  are shown i n   F i g u r e  8. 

D isso lved   nu t r i en t   concen t ra t i ons   nea r   t he   d i f f use r  show an increase  over  

those  present i n  pre- and ear ly   opera t iona l   s tages .   N i t ra te   va lues   in   August  

1975, when t h e  sewage d i f f u s e r  went i n t o   o p e r a t i o n ,  were r e p o r t e d   t o  be l e s s  

than 0.005 mg/l t o  80 rn (Packrnan, 1977).  This  represents a s l i g h t   i n c r e a s e  
over pre-operational  values (Brown " et al., 1975). EPS monitoring data for 
August 1977 i n d i c a t e d  a s i g n i f i c a n t   r i s e   i n   n i t r a t e   c o n c e n t r a t i o n  a t  a l l  
s ta t i ons   w i th   va lues   rang ing   f rom 0.285 mg/l a t  t h e   s u r f a c e   t o  0.405 mg/l a t  

t h e   b o t t o m ' o f   s t a t i o n  9 (Appendix  111). N i t r i t e  and ammonia was genera l l y  

doubled  over  1974/75 Val ues. 

The A p r i l  1978 n u t r i e n t   c o n c e n t r a t i o n s  were   ve ry   s im i l a r   t o   t hose  

from  August 1977 (Appendix  111). S l i g h t l y  decreased n i t r a t e   i n   t h e   s u r f a c e  

waters may be ind i ca t i ve   o f   t he   onse t   o f   sp r ing   phy top lank ton   b loom  cond i t -  

ions.   Stockner and C1 i f f  (1979)  noted a 1 i k e   p a t t e r n   f o r  Vancouver  Harbour. 

E l e v a t e d   n u t r i e n t   l e v e l s  were s t i l l  p r e s e n t   i n   t h e  November,  1980 survey 

(Appendix I I I ) .  
A f u r t h e r   i n d i c a t i o n   o f   n u t r i e n t   a d d i t i o n   f r o m   t h e   o u t f a l l  can  by 

seen w i t h   r e s p e c t   t o   d e p t h   p r o f i l e s   o f  ammonia concent ra t ion   (F igure   8 ) .  
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S t a t i o n  FF-18 ,  r i g h t   a t   t h e   d i f f u s e r ,  had increas ing  concentrat ions  be low 

10 m d u r i n g   t h e   A p r i l ,  1978 sampling  suggesting it t o  be w i t h i n   t h e  immedi- 

a t e  zone o f   in f luence.  A r a p i d  upward d i s p e r s i o n   o f   t h e   e f f l u e n t  was noted 
on  the  P isces  d ive.   Th is   upwel l ing and m i x i n g   a c t i o n  may account f o r   t h e  

i r r e g u l   a r  ammonia p r o f i l e s  and increased  sur face  concentrat ion  noted  a t   s ta-  

t i o n s  FF-15, 16 and 17 f u r t h e r   f r o m   t h e   d i f f u s e r .  A s i m i l a r   s i t u a t i o n   i s  

suggested i n   t h e  November, 1980 survey  wi th  sub-surface ammonia peaks  present. 

3.2 Sediment C h a r a c t e r i s t i c s  

3.2.1 Sediment  Size  Distr ibut ion.   Examinat ion o f  g rab   ma te r ia l   a t   t he  
t i m e   o f  sampl i n g  showed t h e   s u b s t r a t e   t o  be a m i x t u r e   o f   f i n e  mud, sand, 

gravel,  stones, and  sponge fragments  (Appendix IV). Composi t ion  var ied  wi th  

s t a t i o n   d e p t h  and loca t i on .  No o v e r a l l   d e f i n e d   d i s t r i b u t i o n   p a t t e r n  was 

evident.   This  lack  of   substrate  homogeneity was v e r i f i e d   d u r i n g   P i s c e s  

d i ves  made a round   the   ou t fa l l .  

Pe rcen t   compos i t i on   o f   t he   va r ious   s i ze   f rac t i ons   con ta ined   i n  

sed iments   co l lec ted  on a l l  surveys   d isp layed  cons iderab le   spa t ia l   var ia t ion  

(Tables 1 and 2) .  For example, t he  < 62.5 um f rac t ion   ranged  f rom 13.3% t o  

81.0% w i t h  an i n t e r m e d i a t e   v a l u e   r e c o r d e d   c l o s e s t   t o   t h e   d i f f u s e r   i n  1977. 
A somewhat s im i la r   range  was n o t e d   f o r   t h e  250-62.5 um f r a c t i o n .  The 500- 
250 um f r a c t i o n  had t h e   l e a s t   v a r i a t i o n  and lowest  values (0.8% t o  7.5%). 
S t a t i o n   t o   s t a t i o n  sediment  heterogeneity was a l s o   e v i d e n t   i n   t h e  1978 and 
1980 surveys. 

Some temporal  changes were suggested i n  s e d i m e n t   s i z e   d i s t r i b u t i o n  

(Tables 1 and 2 ) .  A general   increase i n   t h e  250-62.5 um f r a c t i o n  was noted 

between 1975 s t a r t u p  and 1977, w i t h  a concomitant  decrease i n   t h e   l a r g e r  

f r a c t i o n s .  The r e q u i r e d   s h i f t   i n   s t a t i o n   l o c a t i o n s   i n  1978 does  not  permit 
d i r e c t   c o m p a r i s o n   t o   e a r l i e r  data.. However, the   t rend  th rough 1980 was t o  a 

greater   percent   composi t ion of the   in te rmed ia te   sed imant   s ize   f rac t ions .  
Th is  may be a t r u e   s h i f t   i n  s e d i m e n t   s i z e   d i s t r i b u t i o n   o r  it may be a r e s u l t  

o f  change p o s i t i o n i n g  o f  s ta t i ons .   Fu r the r   mon i to r i ng  i s  r e q u i r e d   f o r  con- 

f i r m a t i o n .  

Pisces  dives  f rom 1978 and 1980 d i d   n o t  show any l o c a l i z e d  accumu- 

l a t i on   o f   o rgan ic   ma t te r   a round   the   d i f f use r   po r t s .  However on the   oppos i te  
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TABLE 1 PERCENT COMPOSITION OF SELECTED S I Z E  FRACTIONS I N  

SURFACE  SEDIMENTS (AUGUST 1975 AND 1977) 

Sediment  Size (% Composit ion) 

STATION 
G500u m 500-25Ou m 250-62.5~ m L62.5um 

DATE: 1975a  1977  1975  1977  1975  1977  1975  1977 

FF-1 
FF-2 

FF-3 

FF-4 

FF-5 

FF-6 

FF-7 
FF-8 

FF-9 

0.2 0.4 
52.2 33.6 
0.7 3.3 

54.5 37.7 

0.1 37.8 

43.0 20.1 

34.3 42.1 
67.5 5.2 

0.7 8.4 

0.1 2.6 

1.1 3.2 

0.5 0.8 
2.2 3.7 

0.2 3.5 

1.0 3.0 

8.4 7.5 

1.6 1.4 

0.2 3.3 

0.8 
12.7 
85.7 

12.1 

6.2 

17.1 
36.3 

13.8 

20.3 

16.0 

24.9 
82.6 

38.2 

17.0 

40.0 

25.7 

68.6 

41.8 

98.9 
34.2 
13.1 

31.2 

93.5 

38.9 

21.0 

18.1 

78.8 

81. o 
38. 3 

13.3 

20.4 

41.7 

36.9 

24.7 

24.8 

46.5 

Mean  28.1  20.9 1.7 3.2  22.8  39.4  47.5  36.4 

a f rom Packman (1977) 
G = g r e a t e r   t h a n  

L = l e s s   t h a n  

~~ ~ ~ ~~~~~ 
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TAELE 2 PERCENT COMPOSITION OF  SELECTED S I Z E  FRACTIONS I N  
SURFACE SEDIMENTS (APRIL 1978, NOVEMBER 11, 1980) 

Sediment S ize  (% Composit ion) 

STATION 
G500u m 500-25Ou m 250-62.5~ m L62.5um 

1978  1980  1978  1980  1978  1980  1978  1980 

FF-10 

FF-11 

FF-12 

FF-13 

FF-14 
FF-15 

FF-16 

FF-17 

FF-18 

2 

19 

1 
2 

1 
8 

2 

14 

13 

6.5 

19.0 

56.5 

1.6 

41.8 
6.7 
0.6 

3.2 

31.7 

18.5 
24.5 

13.4 

6.3 

18.6 
17.9 
0.6 

14.4 

9.3 

50 
27 

89 

38 

13 

24 
35 

40 

45 

32.6 
38.8 

19.6 

81.9 

25.1 

50.9 
88.7 

58.3 

50.7 

46  42.4 

51 17.7 
9  10.5 

58  10.2 

85 14.5 

67  24.6 
62  10.1 

42 24.1 

37  8.3 

G = g r e a t e r   t h a n  

L = l e s s   t h a n  
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s i d e   o f   t h e   p i p e   s l i g h t   c o l l e c t i o n s   o f   o r g a n i c s  were  noted. The e f f l u e n t  

i t s e l f  was observed t o  be a grey  suspension  which  rose  straight up f rom  the  

p o r t s ,   d i f f u s i n g   r a p i d l y   w i t h  no apparent  increase i n   t u r b i d i t y .   D e p o s i t i o n  

a t   d i s t a n c e   s h o u l d   n o t  be s i g n i f i c a n t .  

Thus, based on ava i l ab le   i n fo rma t ion ,   t he   p resence   o f   t he  sewage 

o u t f a l l  appears t o  have  had  minimal e f f e c t  on sediment d i s t r i b u t i o n   p a t -  
terns.   Noted  var ia t ions  were  pr imar i ly  a f u n c t i o n   o f   n a t u r a l   s u b s t r a t e  

heterogenei ty .  

3.2.2 Organic  Carbon  Content.  Sediment  organic  content  varied  consider- 
a b l y   f r o m   s t a t i o n   t o   s t a t i o n   ( T a b l e  3), r e f l e c t i n g   t h e   p a t c h y   n a t u r e   o f   t h e  

subst rate.  Mean v a l u e s   f o r  1975  and  1977  were s i m i l a r  a t  1.66% o rgan ic  and 

1.53%, respec t ive ly .  However, i n d i v i d u a l   s t a t i o n s   g e n e r a l l y  showed great  
v a r i a t i o n ,   w i t h  some decreasing and some inc reas ing   i n   o rgan ic   con ten t .  The 
s h i f t i n g   o f   s t a t i o n   l o c a t i o n s   c l o s e r   t o   t h e   d i f f u s e r   i n  1978 revea led   h igher  

sediment   organic   content   wi th  a mean o f  2.07% (Tab le   3 ) .   Th is   leve l   in -  

creased i n  November 1980 t o  2.20%. The ex ten t   t o   wh ich   t h i s   i nc rease   rep re -  

sents  an o u t f a l l   e f f e c t  and no t   subs t ra te   he te rogene i t y   requ i res   f u r the r  
m o n i t o r i n g   f o r   c l a r i f i c a t i o n .  

E levated  organic   carbon  va lues may e x i s t   d i r e c t l y   a d j a c e n t   t o   t h e  

o u t f a l l   d i s c h a r g e ;  however, it i s   v i r t u a l l y   i m p o s s i b l e   t o  sample t h a t   c l o s e  

t o  a pipe  using  surface  deployed  equipment. 
The  average  sediment  organic  content i n   t h e  S t r a i t  of   Georgia i s  

/ > ? .  . 
r e p o r t e d   t o  be approximately 1.08%. The overa l l   average  fo r   the   p resent  

study  works  out t o  1.86%, which i s   no t   un reasonab le   i n   v iew  of the  predomin- 

ance  o f   low  s ize  f ract ion  sediment  components. 

3.2.3 Trace  Metals. L i t t l e  change i n   t h e   t r a c e   m e t a l   c o n c e n t r a t i o n   o f  

surface  sediments has occurred i n   t h e  area   a round  the   F ive   F inger   ou t fa l l  

s ince   d ischarge began (Table  4-Appendix IV). Mean c o n c e n t r a t i o n s   f o r  1975 - 
1977 a c t u a l l y  show a decrease f o r   a l l   o f   t h e   m e t a l s  measured (e.g.,  Pb 10.63 

ppm i n  1975 t o  5.4 i n  1977). A recurrance  o f   low  t race  meta l   va lues was 

recorded i n  1978  even  though s t a t   i o n s  had  been r e p o s i t i o n e d   c l o s e r   t o   t h e  

d i f f u s e r .  Converse t o   t h i s   t r e n d  was an i n c r e a s e   i n  mean concent ra t ion  o f  
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TABLE 3 PERCENT  ORGANIC  CARBON  CONTENT OF SURFACE SEDIMENTS 

Sediment  Organic  Carbon  Content (%) 

STATION Aug. 1975 Aug. 1977 STATION Aug. 1978 Nov. 1980 
(Packman, 1977) 

FF-1 

FF-2 

FF-3 

FF-4 
FF-5 

F F-6 

FF-7 

FF-8 

FF-9 

2.16 

1.43 

0.41 

2.74 
2.11 

1.73 

0.66 

1.54 

2.15 

2.2 

1.4 

1.2 

1.7 
1.1 

1.1 

2.4 

0.9 

1.8 

FF-10 

FF-11 

FF-12 

FF-13 
FF-14 

FF-15 

FF-16 

FF-17 

FF -1 8 

2.7 

1.6 

0.8 

2.0 
2.6 

2.6 

2.8 

1.9 

1.6 

3.7 

2.8 
4.3 

0.7 
1.4 

2.7 

0.9 

2.2 

1.8 

Mean 1.66 1.53 2.07  2.20 



- 20 - 

TABLE 4 MEAN  TRACE  METAL  CONCENTRATIONS I N  SURFACE SEDIMENTS 

1975 

FF-1 t o  FF-9 12.09  30.53  2.28 393.46 31.20 10.63  66.29 0.31 

1977 

FF-1 to FF-9 11.99  26.07 1.91 216.24  25.78  5.40  54.02  0.06 

1978 

FF-10 t o  FF-18 11.63  25.68  1.52 264.81 22.89 6.  G4 58.26  0.22 

1980 

FF-10 t o  FF18 - 32.04  2.31  315.94  27.35  48.67  63.45 - 

w r  

u 

W 

W l .  

mb 

I 

WC 

w 

t 

ILt 

Y '  
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t race   me ta l s  between 1978 and 1980. Most noteworthy was lead  (Pb),  which 

rose  f rom 6.64 ppm t o  48.67 ppm (Table 4). Without   fur ther   sampl ing,  it i s  

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

t i o n a l   t r a c e  meta l  l e v e l s  were higher  than  those  recorded i n  1980 f o r  most 

metals  (Table  4). 

C o n s i d e r a b l e   v a r i a b i l i t y   e x i s t e d  between s t a t i o n s   w i t h  FF-1 and 

10, i n   t h e   f a r   n o r t h e a s t ,   b e i n g   c o n s i s t e n t l y   h i g h e r   f o r   a l l   t r a c e   m e t a l s  
(Appendix IV). The s t a t i o n - t o - s t a t i o n   v a r i a t i o n  may be due i n   p a r t   t o   d i f -  

ferences i n   g r a i n   s i z e  ( i .e. ,   patchy  nature  of   the  substrate).   Turekian 

(1965) notes an increase i n  the   concent ra t ion   o f   absorb ing   t race   meta ls  (Pb, 

N i ,  Mn, Cu) i n  sediments of s m a l l e r   p a r t i c l e   s i z e   w h i c h   i s   t h e  case a t  some 
o f   t he   F i ve  F i  nger  stat ions.. 

Trace  metals measured i n  sediment  cores  at 4 s t a t i o n s   i n d i c a t e d  

some b u i l d u p   i n   c o n c e n t r a t i o n   w i t h   t i m e   f o r   c e r t a i n   s t a t i o n s   ( T a b l e  5). S t a -  

t i o n s  F F - l l ,  f a r   f r o m   t h e   d i f f u s e r ,  and FF-18,  c l o s e s t   t o   t h e   d i f f u s e r ,  had 

decreased  surface  concentrat ions compared t o  those   a t   dep th   f o r  most metals. 
Conversely ,   sur face  increases  were  ev ident   for   the  o ther   two  s ta t ions moni - 
to red ,   bo th   nor theas t   o f   the   d i f fuser .   H ighes t   concent ra t ions  were recorded 

f o r   t h e  most  removed s t a t i o n  (FF-10) .  

3.3 Benthic Community 
3.3.1 Bac ter io logy .   Benth ic   s ta t ions  FF-16 and 12, l oca ted   sou th   o f   t he  

o u t f a l l   i n  60 rn of   water ,   gave  pos i t i ve   sed iment   feca l   co l i fo rm  resu l ts  
(50/100 g and 80/100 g, r e s p e c t i v e l y )   w i t h   t h e   h i g h e s t   c o n f i r m e d   c o l i f o r m  

counts  (Kay, 1978). These r e s u l t s   t e n d   t o   s u p p o r t  a general  southern move- 

as suggested by t h e   d i s s o l v e d   n u t r i e n t  ment of   subsurface  water i n   A p r i  1 

data  f rom 1978. 
Col i f o r m  b a c t e r i a  had a 

i n g   t h e   d i f f u s e r   w i t h   l e v e l s  a t  a 

coun 

t h a n  

a  co 

p a t c h y   d i s t r i b u t i o n   i n  sediment  surround- 

11 s ta t i ons   be ing  low. The low  sediment 

ts   a re   no t   unexpected  due t o  i n i t i a l  low  e f f luen t   leve ls   (se ldom  g rea ter  

200/100 m l )  and c h l o r i n a t i o n  (Kay, 1978). There  does  not  appear t o  be 

1 i form  contami  nation  problem as of t he  1978 sampl ing. 
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TRACE METAL  CONCENTRATIONS I N  SEDIMENT CORES 

COLLECTED A P R I L  18, 1978 

FF-10 0 
15  

138 

FF-11  0 
12 

FF-14 0 
15  

125 

FF-18 0 
15  

125 

20.251 39.105 2.462 457.132 38.399 10.883  89.188 0.295 
19.040 37.298 2.418 540.847 38.350 8.936  84.166 0.422 
17.902 34.636 2.431 420.223 40.196 5.855  .81.901 0.391 

11.204 22.778 1.456 302.238 22.338 5.265 51.893 0.346 
13.936 51.166 2.300 328.522 26.871 2.039 60.087 0.286 

13.642 28.215 1.841 245.903 28.919 6.839 67.181 0.398 
13.978 28.597 1.909 248.913 31.983 4.599 63.978 0.360 
10.275 17.056 1.659 180.462 19.796 0.000 36.449 0.304 

8.184 15.781 1.243 153.51 16.667 2.000 36.459  0.266 
11.640 37.561 2.161 297.198 25.740 0.000 59.654  0.231 

9.207 28.329 1.821 308.052 21.322 1.475 48.470 LO. 154 

L = less than 
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TABLE 6 TOTAL SPECIES DIVERSITY AND NUMBER  OF ORGANISMS 

RECORDED I N  GRAB SAMPLES (APRIL 28, 1978) 

L 

STATION 

d 

Species 

D i v e r s i t y  

To ta l  Number o f  

o f  Organi smsa 

FF-10 

FF-11 

FF-12 

FF-13 

FF-14 

FF-15 

FF-16 

FF-17 

FF-18 

5 

10 
30 

9 

8 

24 

28 

23 

29 

5 

52 

111 
12 

15 

61 

76 

68 

220 

a i n  6 l i t e r s  o f  sediment 
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3.3.2 Benth ic  Fauna. The benth ic   fauna  co l lec ted   f rom all grab  samples 
was heavi ly  dominated by polychaetes  (Appendix  VI).  Fewer mol luscs and 

crustaceans  were  present .   Tota l   spec ies  d ivers i ty   ranged  f rom 5 a t  s t a t i o n  

FF-10 t o  29 a t  FF-18, nea res t   t he   d i f f use r   (Tab le  6). L ikewise,   the  lowest  

number of  organisms was no ted   a t  FF-10 ( 5 )  and the   h ighes t  a t  FF-18 (18). 
The s i m i l a r i t y  between  fauna  col lected a t  t he   va r ious   s ta t i ons  was 

assessed  us ing   the   fo l low ing  method: t h e  number o f   i n d i v i d u a l s   i n  each  spe- 

c i e s   i s  expressed as a p e r c e n t a g e   o f   t h e   t o t a l  number o f   i n d i v i d u a l s   i n   t h e  
sample.  The percentage  o f   the  fauna common t o  a p a i r   o f  samples i s   o b t a i n e d  

by summing the   i nd i v idua l   pe rcen tages   rep resen t ing   t hose   spec ies   p resen t   i n  

b o t h  samples.  The r e s u l t a n t   v a l u e   i s   r e f e r r e d   t o  as  an " i n d e x   o f   a f f i n i t y " .  

I n d i c e s   f o r  a l l  p o s s i b l e   p a i r s   o f   s t a t i o n s   a r e   p r e s e n t e d   i n   T a b l e  7. S t a -  

t i o n s  FF-15, 16, 1 7  and  18, su r round ing   t he   d i f f use r ,  have t h e   h i g h e s t   i n -  
d ices.  A s i m i l a r i t y  i n  dominant  taxa and percent  composi t ion was apparent 

f o r   t h e s e   s t a t i o n s   ( T a b l e   8 ) .  Thus, the   a rea   a round  the   d i f fuser  encompass- 

e d   b y   t h e s e   f o u r   s t a t i o n s   c o n s t i t u t e s  a rough  province.  Depth may be a fac -  

t o r ,   rang ing   f rom 58 m t o  73 m (Appendix   IV) .   Wi th   the  except ion  o f  FF-12, 
all o t h e r   s t a t i o n s  were  deeper  than  100 m. F u r t h e r   s u r v e y s   a r e   r e q u i r e d   t o  

s e p a r a t e   t h e   e f f e c t s   o f  sewage e f f l u e n t  and  depth. However, as o f   t h e  1978 

sampl ing,   the  taxa  present and the   h igh   spec ies   d i ve rs i t y   a round   the   d i f -  

f u s e r  do not  demonstrate a community s t r u c t u r e   t y p i c a l   o f  a h i g h l y   p o l   l u t e d  

a rea. 

3.4 Trace  Metal   Concentrat ions i n  Tissues 
The i n f l u e n c e   o f   t h e  sewage d i f f u s e r   i s   e v i d e n t   i n   t i s s u e   t r a c e  

metal  values  (Table  9-Appendix VII). Concent ra t ions   o f  all metals  measured 

i n  prawns (Panda1 us   p la t yce ros )   t rapped   nea r   t he   d i f f use r   i n  1978  were 

h i g h e r   i n  comparison t o   t h o s e   c a p t u r e d   i n  1977 bot tom  t rawls   near   the  out -  

fall ( t r a c k  FF-2).  Shrimp (P. - b o r e a l i s )   c a u g h t   i n  1978 a l i t t l e   f u r t h e r  

f r o m   t h e   o u t f a l l   ( t r a c k  FF-1) a l s o  had high  levels.  Both  prawns and shrimp 

taken   f rom  t raw l   t rack  FF-2 i n  1980  had g rea t l y   i nc reased   concen t ra t i ons   o f  

all trace  meta ls   w i th   the   except ion   o f   mercury .  Copper  and i ron   i nc reased  
by an order  of   magnitude  (Table 9).  

L 
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TABLE  7 I N D I C E S  OF AFFINITY FOR STATIONS  SAMPLED ON APRIL 28, 1978, 

BASED UPON BENTHIC  INVERTEBRATE  POPULATIONS 

FF-10  FF-11  FF-12  FF-13  FF-14  FF-15  FF-16  FF-17  FF-18 

FF-10 

FF-11 
FF-12 

FF-13 

FF-14 

FF-15 

FF-16 

FF-17 
FF-18 

0.0 
1.8  12.03 

0.0 1.96  27.03 

0.0 30.98 30.99 26.67 

0.0 23.10 35.18  38.98 47.34 

1.35 16.22 26.58 10.81 25.68 34.84 

4.48 21.28 32.04  25.37  34.93  50.87 42.46 
4.55 12.42  32.61 20.45  28.79 48.19 46.15 55.76 
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DOMINANT  TAXA AND PERCENT COMPOSITION 

OF BENTHIC INVERTEBRATES (APRIL 28, 1978) 

S t a t i o n  Dominant Taxa Percentage o f  Tota l  
Number o f  I n d i v i d u a l  s 

FF-10 

FF-11  

FF-12 

F F - 1 3  

FF-14 

FF -1 5 

FF-16 

FF-17 

F F - 1 8  

No ne 

S i  puncul a 

Ampharetidae 

No ne 

No ne 

Ampharetidae 
Syl 1 idae 

Syl 1 idae 
Hesionidae 

Syl 1 idae 

Syl 1 idae 
Spionidae 
Capi t e l l   i d a e  
Ampharetidae 

48 

12 

16 
13 

22 
13 

15  

21 
17 
12  
11 
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II 

TABLE 9 CONCENTRATION OF SELECTED  TRACE  METALS I N  

PRAWN AND SHRIMP TISSUE (based  on dry we igh t )  

cu  Fe Zn Pb Cd Hg 

( pprn) (pprn) (pprn) ( pprn) (pprn) ( ppm) 

1 ) PRAWNS 

Pandal  us p l   a t y c e r o s  

Trawls - 1977  18.0a  12.0  49.0 L1.0 LO. 5 0.52 
- 1980  115.0  321.0  61.2 L3.86 1.01  0.043 

PRAWN TRAP (near diffuser) 
- 1978  33.1  17.69 52.70  L4.26 LO. 71 1.38 

2 )  SHRIMP 

Pandal  us  boreal i s  
T r a w l  s - 1977 27.0 21.0  54.0 L1.0 LO. 5 0.26 

- 1980  123.0 231.0 65.2 L3.89 1.02  0.101 

arnean of srnal 1, rllediurn and l a r g e   s i z e   c l a s s e s .  
L = l e s s   t h a n  
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3.5 P i  sces I V  Observat ions 

Observat ions made d u r i n g   P i s c e s   d i v e s   a i d e d   i n   i n t e r p r e t i n g   w a t e r  

q u a l i t y  and sediment  parameters and p r o v i d e d   f u r t h e r   i n f o r m a t i o n  on macro- 

fauna l   use   o f   hab i ta t   nea r   t he   d i f f use r .  

A d e t a i l e d   d i v e   r e p o r t   f r o m   A p r i  1 1978 i s  presented i n  Appendix 

VIII. On t h i s   d i v e   t h e r e  was no ev idence   o f   i nc reased   tu rb id i t y .   L igh t   f rom 
the   su r face   ex tended   to   t he   bo t tom a t  the   d i f fuser .   Zoop lank ton  were  noted 

t o  inc rease  g rea t ly   be low  80  m ( i .  e. , amphi pods,  copepods,  euphausi ds and 

chaetognaths) 
S i m i l a r   o b s e r v a t i o n s   r e l a t i n g   t o   t h e   w a t e r  column  were made d u r i n g  

t h e  1980  dive. A t  t h i s  time, as i n  1978, the   bo t tom was shown t o  be very 

heterogeneous i n   t h e  immediate  area  o f   the  d i f fuser .   Subst rate  var ied  be-  

tween  sand  and  gravel   wi th  minimal  accumulat ions  of   organic  matter  (Plate 
1). F a r t h e r   f r o m   t h e   d i f f u s e r   t h e   b o t t o m  was a m i x t u r e   o f   d e t r i t u s   c o v e r e d  

grave l  and  rock  interspersed  wi th  sand and mud. Numerous s p e c i e s   o f   f i s h  

and  invertebrates  were  present  around  the  d ischarge  pipe. The numbers o f  

f i s t i ,   e s p e c i a l l y   r a t   f i s h ,   l i n g  cod, r o c k f i s h  and pr ick lebacks,   increased as 

t h e   d i f f u s e r  was approached. The Five  Finger  area  had  the  greatest   concen- 
t r a t i o n  o f  f i s h   r e c o r d e d   t h u s   f a r   d u r i n g  EPS Pisces I V  dives. 

There  were  two  major  changes  noted  with  regard t o   t h e   s u b s t r a t e  

between  1978  and 1980. F i r s t l y ,   t h e  amount o f   non-b iodegradable  debr is  

around  the  d i f fuser   had  increased  considerably .  An o u t l e t  a t  t h e   c e n t r e   o f  
t h e   d i f f u s e r  arms appeared t o  be t h e   p o i n t  source.  Secondly,  scouring was 

e v i d e n t   a r o u n d   t h e   o u t f a l l   p i p e   w i t h   u n d e r c u t t i n g   p r e s e n t   i n  some areas 

( P l a t e  2). F i sh  and octopus  were  noted t o  occupy  these  spaces and may have 

c o n t r i b u t e d   t o   t h e i r   f o r m a t i o n .  
Still (70 mm) and  motion (16  mm) f i l m s   o f   b o t h   d i v e s   a r e  on f i l e  

w i t h  EPS. 
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POSIT ION OF SAMPLING  STATIONS 
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POSITION OF SAMPLING  STATIONS 

1977 1 
2 
3 

4 

5 

6 

7 
8 

9 

1978  10 

11 
12 

13 

14 
15 

16 
17 

18 

49" 14.80 'N 

49" 14.32 'N 
49" 13.82 'N 

49" 14.32 'N 

49" 13.45 'N 
49" 14.32'N 

49" 14.07 'N 

49" 14.32 'N 

49" 14.32 'N 

49" 14.74 'N 
49"  14.22'N 

49" 13.75 'N 
49" 14.22 'N 

49" 14.52 'N 
49" 14.22 'N 

49" 13.95 'N 
49" 14.22 'N 
49" 14.22 'N 

123" 56'W 

123" 55.25'W 

123" 56'W 

123" 56.75'W 

123" 56'W 

123" 55.62 ' W 

123" 56'W 

123" 56.38'W 

123" 56'W 

123" 56.30'W 
123" 55.52 ' W 
123" 56.30'W 

123" 57.08'W 

123" 56.30'W 
123" 55.90'W 

123" 56.30'W 

123" 56.70 ' W 
123" 56.3O'W 

TRAWL TRACK No. 1 

S t  a r t  49"  14.40'N  123 " 56.72 ' W 

s top  49"  14.58'N  123" 55.88'W 

TRAWL  TRACK No. 2 

S t  a r t  
s t o p  

49"  14.10'N 
49"  14.22'N 

123" 56.50'W 
123" 55.88'W 
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APPEND1 X I I 

OCEANOGRAPHIC WATER QUALITY DATA 

a )  August 25, 1977 

b) Apri l   28 ,   1978 

c )  November 11, 1980 
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1 

APPEND1 X I I OCEANOGRAPHIC WATER QUALITY DATA 

a )  August 25, 1977 

D i  ssol ved x 
Sta t ion   Depth  Temperature S a l i n i t y  Oxygen S a t u r a t i o n  

(m) ( " C )  (O/OO)  (mg/l)  

FF-5 0 
2 
5 

1 0  
25 
50 

100 
150 

10.59 
10.58 
10.49 
10.38 

9.80 
9.49 
9.11 
8.76 

28.87 
28.87 
28.90 
28.95 
29.16 
29.34 
30.08 
30.47 

6.6 
6.9 
6.7 
6.7 
6.1 
6.0 
5.4 
5.9 

73.03 
76.32 
73.97 
73.81 
66.41 
64.93 
58.21 
63.24 

FF-6 0 
2 
5 

10 
25 
50 

100 
1 50 

10.87 
10.79 
10.43 
10.25 
9.90 
9.59 
9.07 
8.73 

28.83 
28.84 
29.92 
28.99 
29.12 
29.77 
30.09 
30.46 

7.1 
7.1 
6.2 
6.2 
5.8 
5.7 
5.8 
5.5 

79.04 
78.89 
68.84 
68.12 
63.27 
62.00 
62.46 - 

FF-7 0 10.58 28.86  6.5  71.89 
2 10.56 28.86  6.5  71.86 
5 10.23  28.95 6.3 69.17 

10 10.20 28.95  6.3 69.12 
25 9.82 29.15 6.2 67.53 
50 9.77 29.32 6.0 65.35 

F F-8 0 10.73 28.88  7.3 81 . 03 
2 10.56  28.91 6.4 70.79 
5 10.39 28.96  6.6 72.74 

10 10.11 29.02 5.8 63.54 
25 9.71 29.13 5.7 61.92 
50 9.56 29.31 5.6 60.68 
65 9.32 29.40 5.1  55.00 

FF-9 0 10.55 28.86  6.5  71.85 
2 10.38  28.93 6.4  70.50 
5  10.33  28.94 6.6 72.63 

10 10.22  28.98 6.3  69.17 
25 9.77 29.18 5.6 60.93 
50 9.54  29.32  5.7 61.76 

100 9.06 30.01 5.4 58.12 
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APPEND1 X I  I OCEANOGRAPHIC WATER QUALITY DATA (continued) 
b )  April 28,  1978 

D i  ssol ved % 
Stat ion Depth Temperature Sal i n i ty  Oxygen Saturation 

(m) ( "C)  ( O / O O )  ( W l )  

FF-14 0 9.30  28.21  9.30  99.46 
2  9.18  28.20  9.30  99.17 
5 8.98  28.20  9.25 98.17 

1 0  8.96 28.21 9.20 97.59 
25 8.60 28.50 8.55 90.11 
50 8.00 29.23 7.20 75.16 

100  8.09 29.54 6.50 68.14 

FF-15 0 9.07  28.20  9.20 97.85 
2 9.06  28.20  9.20  97.83 
5 9.02  28.22 9.20  97.74 

10 8.97 28.33 9.30 98.77 
25  8.58 28.58 8.55 90.10 
50  8.01 29.30 7.10 74.17 

FF-16 0 9.10 28.17 9.30  98.96 
2  9.06  28.20  9.15  97.29 
5  9.04 28.22 9.25 98.32 

10 8.71 28.42 8.80 92.94 
25 8.54 28.66 8.50 89.54 
45  8.26 29.22 7.10 74.58 

FF-17 0 9.11  28.10  9.45  100.53 
2 9.11 28.12 9.45  100.55 
5  9.08  28.15 9.45  100.49 

1 0  8.96 28.19 9.35 99.17 
25  8.55 28.66 8.55 90.99 
50  8.06 28.22 7.00 72.69 
60  8.04 29.32 6.80 71.10 

FF-18 0 9.11  28.22 9.10 96.87 
2 8.96  28.23  9.15  97.09 
5 8.80 28.42  8.70  92.09 

10 8.65  28.47 8.50  89.67 
25  8.41 28.79 8.30  87.24 
50 8.04  29.23 7.10 74.19 
60  8.04 29.32  6.80  71.10 
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Q APPEND1 X I I OCEANOGRAPHIC WATER QUALITY  DATA (cont inued)  
c )  November 11, 1980 

D i  ssol ved % 
S ta t ion   Depth  Temperature S a l i n i t y  Oxygen Sa tu ra t i on  

(m) ( " C )  (O/OO)  (ms/l)  

FF-14 0 
2 
5 

10 
25 
50 

100 
140 

B=157 

10.12 
10.09 
10.20 
10.23 

9.68 
9.58 
9.46 - 

26 
26 
26 
27 
26 
27 
28 
30 

8.2 
8.2 
8.2 
7.5 
6.3 
5.8 
4.8 
4.7 

88.09 
88.01 
88.25 
81 . 29 
66.99 
61.93 
51.44 - 

FF-15 0 9.83  26  8.6  91.77 
2 10.15  25 8.1 86.50 
5 10.32 26  7.6 82.01 

10 10.09 27 7.0 75.62 
25  9.74 28  6.5 70.12 
60 9.54 28  5.6 60.14 

B=67 

FF-16 0 10.28 26 8.2  88.40 
2 10.34  26 8.2 88.52 
5 10.40 24 7.8 83.24 

10  10.07 26 7.1 76.18 
25 9.88 28 6.5 70.35 
50  9.58 28 5.7 61.27 

B =60 

FF-17  0 9.58  25 8.6  90.63 
2 10.19  25  8.2  87.65 
5 10.41  28  8.0  87.65 

10 10.12 30 7.1 78.30 
25 9.87 22  6.3 65.58 
60  9.53 28 5.7 61.19 

B-68 

FF-18 0 9.93  26  8.2  83.39 
2 9.98  27  8.0 88.87 
5 10.09 27 7.0 89.19 

10 10.17 28 7.1 80 62 
25 NS 28 NS * 
60 9.47 29 5.6 57.58 

B =68 

- 

TE, = not sampl ea 
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APPEND1 X I I I 

DISSOLVED  NUTRIENT DATA (mg/l ) 

a )  August 25, 1977 

b )  A p r i l  28, 1978 

c )  November 11, 1980 
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Y 

I 

m 

I 

' Y )  

hy 

I 

APPEND1 X I  I I DISSOLVED  NUTRIENT DATA (mg/l) 
a )  August 25,  1977 

Ortho- 
S t a t i o n  Depth Phosphate  Nitrate Nitrite Ammonia 

(m) 

FF-5 
r 

0 0.054 
2  0.057 
5  0.059 

10 0.062 
25  0.066. 
50 0.072 

100 0.074 
150  0.075 

0.300 
0.320 
0.310 
0.340 
0.385 
0.405 
0.335 
0.370 

LO. 005 LO. 010 
LO. 005 LO. 010 
LO. 005 LO. 010 
L 0.005 LO. 010 
L 0.005 LO. 010 
LO. 005 LO. 010 
LO. 005 LO. 010 
LO. 005 LO. 010 

FF-6 0 
2 
5 

10 
25 
50 

100 
150 

0.058 
0.057 
0.069 
0.060 
0.065- 
0.065 
0.067 
0.068 

0.244 
0.267 
0.318 
0.345 
0.360 
0.380 
0.395 
0.390 

0.006 LO. 010 
0.006 LO. 010 
0.005 LO. 010 

L 0.005 LO. 010 
L 0.005 LO. 010 
L 0.005 LO. 010 
LO. 005 LO. 010 
LO. 005 LO. 010 

FF-7 0 0.064  0.300  0.005 L 0.010 
2 0.065  0.300  0.006 LO. 010 
5  0.068  0.325  0.005 L 0.010 

10  0.065 0.325 0.006 LO. 010 
25 0.065 0.360 L 0.005 LO. 010 
50 0.068 0.385 L 0.005 LO. 010 

FF-8 ~ 0 0.058  0.390 LO. 005 L 0.010 
2 0.060  0.405 L 0.005 LO. 010 
5  0.065  0.300 L 0.005 LO. 010 

10 0.062 0.365 L 0.005 LO. 010 
25  0.039 0.340 L 0.005 LO. 010 
50 0.061 0.380 L 0.005 LO. 010 
65  0.076 0.395 LO. 005 LO. 010 

b 

FF-9 0 0.057  0.285 0.005 LO. 010 
2 0.060  0.315 0.005 L 0.010 
5  0.061  0.320  0.005 LO. 010 

10 0.062  0.335 L 0.005 LO. 010 
25 0.057  0.370 LO. 005 LO. 010 
50  0.049  0.390 L 0.005 LO. 010 

100 0.069 0.405 LO. 005 LO. 010 

L = l e s s   t han  
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APPEND1 X I I I DISSOLVED NUTRIENT DATA (mg/ l )  
b )  A p r i l  28, 1978 

To ta l  
S t  a t  i on DeDt  h N i t r a t e   N i t r i t e  Ammonia PhosDhate 

FF-14 0 0.284 LO. 005  0.0080  0.0665 
2  0.289  L 0.005 0.0080  0.0632 
5  0.280 LO. 005  0.0080  0.0642 

10 0.294 LO. 005 0.0080  0.0678 
25 0.340  L 0.005 LO. 0050  0.0709 
50  0.375 LO. 005  L  0.0050  0.0785 

100 0.385 LO. 005 LO. 0050 0.0775 

FF-15 0 0.282  L 0.005 0.0110 0.0650 
2  0.289 LO. 005 0.0105  0.0650 
5 0.284 LO. 005  0.0110  0.0665 
10 0.288  L 0.005 0.0110  0.0655 
25 0.320 LO. 005  0.0090  0.071 5 
50  0.365  L 0.005 LO. 0065  0.0770 

FF-16 0 0.270 LO. 005  0.0120  0.0631 
2 0.280 L 0.005  0.0110  0.0630 
5 0.280  L  0.005  0.0110 0.063 5 

10 0.324 L 0.005 0.0050 0.0688 
25  0.31 5 L 0.005 0.0075 0.0735 
45 0.380 LO. 005 0.0050 0.0834 

FF-17 0 0.261  L 0.005 0.0105  0.0655 
2 0.267  L 0.005 0.0120  0.0655 
5 0.271 LO. 005  0.0145  0.0657 

10 0.271  L 0.005 0.0110  0.0661 
25  0.31 5 L 0.005 0.0100  0.0786 
50 0.375 LO. 005  0.0050  0.0822 
60 0.390  L 0.005 0.0060 0.0865 

FF-18 0 0.281 LO. 005  0.0080  0.0688 
2 0.284 L 0.005 0.0080  0.071 7 
5 0.331 LO. 005  0.0075  0.0808 

10 0.341  L 0.005 0.0065  0.0748 
25 0.335 LO. 005 0.0105  0.0783 
50  0.380 LO. 005  0.0105  0.0833 
60  0.375  L 0.005 0.0090  0.0845 

m 

YYI 

ml 

L = l e s s   t h a n  
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APPEND1 X I I I DISSOLVED NUTRIENT DATA (rng/ l )   (cont inued) 

c )  November 11, 1980 

Total   Ortho- 
S t a t i o n  ' Depth  Phosphate  Phosphate N i t r a t e   N i t r i t e  Ammonia Si1 i c a  

Irn) 

FF-14 0 0.0533 
2 0.051 1 
5 0.0557 

10 .O. 0539 
25  0.0668 
50  0.0673 

100 NS 
140  0.0689 

0.0540 
0.0537 
0.0530 
0.0571 
0.0674 
0.0692 

NS 
0.0736 

0.215 
0.210 
0.190 
0.225 
0.292 
0.286 

NS 
0.312 

0.0070 
0.0058 
0.0060 
0.0062 

LO. 0050 
L 0.0050 

NS 
LO. 0050 

0.0091 0.64 
0.0278 0.63 
0.0060 0.51 
0.0056 0.64 
0.0243 0.85 
0.0263 0.77 

NS NS 
0.0186 0.82 

FF-15 0 0.0523  0.0540  0.236  0.0067 0.0101 0.83 
2  0.0507  0.0509  0.219 0.0052 0.0135 0.68 
5 0.0594 . 0.0614  0.258  0.0068  0.0104 0.79 

10 0.0684 0.0672 0.299 0.0073 0.0063 0.85 
25  0.0759 0.0777 0.390 L0.0050 L0.0050 1.11 
60  0.0693 0.0706 0.285 L0.0050 0.0066 0.73 

FF-16 0 0.0491 0.0487 0.198  0.0061  0.0107 0.52 
2 0.0506 0.0501 0.192 0.0065  0.0089 0.56 
5 0.0555  0.0545  0.219 0.0085 0.0223 0.56 

10 0.0632 0.0645 0.286 0.0078 0.0155 0.85 
25  0.0610 0.0621 0.253 LO.0050 0.0072 0.66 
50  0.0693 0.0697 0.305 L0.0050 0.0184 0.86 

FF-17 0 0.0546 0.0537 0.225 0.0074 0.0099 0.62 
2 0.0514  0.0528  0.211 0.0062 0.0143 0.56 
5 0.0539  0.0532  0.213 0.0077 0.0181 0.58 

10 0.0609 0.0627 0.265 0.0068 L0.0050 0.81 
25  0.0597 0.0607 0.268 LO.0050 LO.0050 0.74 
60  0.071  4 0.0733 0.315 LO. 0050 LO. 0050 0.87 

FF-18 0 0.0523  0.0541 0.217 0.0067  0.0110 0.73 
2  0.051 7 0.0554  0.227  0.0055  0.0159 0.72 
5 0.0553 0.0545 0.234 0.0055 0.0164 0.69 

10 0.0648 0.0667 0.291 0.0074 0.0239 0.85 
25 NS NS NS NS NS NS 
60 0.0664 0.0692 0.282 L0.0050 L0.0050 0.87 

i l S  = not  sampled 
L = l ess   t han  
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Y 

APPEND1 X IV 

VISUAL  CHARACTERISTICS OF SEDIMENT GRAB SAMPLES 

a )  A u g u s t  25, 1977 

b)  April 28, 1978 
c )  November 11, 1980 
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APPEND1 X I V VISUAL  CHARACTERISTICS OF SEDIMENT GRAB SAMPLES 
a )  August 25, 1977 

S t  a t  i on Depth  Sediment Characteristics 
( m )  

FF-1  240 - fine grey clay 

FF-2 179 - soft brown mud w i t h  stones 

FF-3 60 - brown mud, fine sand - many glass sponge fragments 

FF-4 57 - brown mud with some stones - glass sponge fragments 

FF-5 190 - consolidated sediment w i t h  some gravel 

FF-6 144 - soft brown mud w i t h  some stones 

FF-7 60 - brown mud mixed w i t h  small stones 
( u p  t o  1 i n . )  

FF-8 91 - soft brown mud w i t h  some stones 

FF-9 100 - brown mud 
- several glass sponges 



Y 
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APPEND1 X IV VISUAL CHARACTERISTICS OF SEDIMENT GRAB SAMPLES 

b )   A p r i l  28,  1978 

Stat ion  Depth  Sediment   Character is t ics  
(m) 

FF-10  235 - s o f t   f i n e  mud, no wood d e b r i s  

FF-11 150 - sof t ,   f ine,   grey-brown mud - some sand and rocks   ( l ess   t han  
2 i n .   d iamete r )  

FF-12 55 - soft   brown-grey mud - many g lass  sponge  fragments 

FF-13 118 - brown-grey mud and a few  stones 
- l a r g e   g l a s s  sponge  fragments 

FF-14 168 - f i n e   g r e y  mud 

FF-15 65 - f i n e  grey-brown mud w i t h   g l a s s  sponge 
fragments and a few  small  stones 

FF-16 58  - grey-brown mud - many g lass  sponge fragments 

FF-17 58 - s o f t  brown mud 
- many g lass  sponge fragments and 

stones up t o  3 in .   d iameter  

FF-18 73 - brown mud - many g lass  sponge fragments 

IL 

Y 

NC 
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I APPEND1 X I V VISUAL CHARACTERISTICS OF SEDIMENT GRAB SAMPLES 
c )  November 11, 1980 

S t a t i o n  Depth  Sediment Characteri s t  i cs 
( m )  

FF-10  2 40 - soft sediment, no debris 

FF-11  155 - soft grey sediment, some  sand and 
smal 1 rocks 

FF-12 60 - soft grey mud, glass sponges - whole 
and broken 

FF-13 114 - fine grey mud, glass sponge fragments 

FF-14  157 - fine grey mud - glass sponges and 
fragments 

FF-15  67 - f ine grey mud - glass sponge fragments 

FF-16 60 - grey mud - h i g h  concentrations of 
g l  ass sponges (50% of sampl e) 

FF-17 68 - grey mud - glass sponges and fragments 

FF-18 68 - brown mud - glass sponges pl us  smal 1 
rocks 
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APPENDIX V 

SEDSMENT TRACE  METAL  DATA 

a )  A u g u s t  25, 1977 

b )  April 28, 1978 

c )  November 11, 1980 
d )  Mean concentrat ions - 

1975,  1977,  1978 and 1980 
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APPENDIX V SEDIMENT TRACE METAL DATA 
a )  A u g u s t  25, 1977 

S t a t i o n  co cu Fe Mn N i  Pb Zn Hg 
(ppm)  (ppm) (%) ( ppm) ( ppm) (ppm) ( ppm) ( ppm) 

FF-1 19.47 41.03  2.88  448.18 40.41  19.48  89.25  0.095 

FF-2 14.88  27.21 2.14 243.81 29.85  3.91  60.73  0.083 

FF-3 5.37 11.66  1.02  100.39  12.29 0.0 27.60 0.044 

F F-4 8.98  28.89 1.51 164.93 19.74  3.11 45.08 0.050 

FF-5 14.60 25.48  2.33 218.71 29.18 3.71 57.04 0.059 

FF-7  13.05 29.37  2.09 222.30  31.39 3.64 61.65  0.059 

FF-8 8.20  15.55 1.47 130.87 17.56 0.0 34.50 0.050 

F F-9  11.39 29.37 1.84  200.78  25.80 9.40  57.96 0.059 
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APPENDIX V SEDIMENT TRACE METAL DATA 

b) A p r i l  28, 1978 

S t a t i o n  co cu Fe Mn N i  Pb Zn H9 
(pprn) ( pprn) (%) (ppm) ( ppm) (ppm) ( ppm) (pprn) 

FF-10  19.127 35.632 2.338  376.048  34.395 10.285 89.906 0.085 

FF-11 11.702 25.192  1.625 227.151 23.655 6.347 60.919 0.047 

FF-12 5.552  7.545  0.756 103.543 7.751 1.825 23.427 0.024 

FF-13 ’ 10.564 24.352 1.471 197.023 21.931 5.069  55.535 0.047 

FF-14  16.833 32.408 2.061 283.092  30.374  6.386  73.767 0.050 

FF-15  12.242 29.267  1.537 225.117 26.316  5.835  50.546 0.028 

FF-16 11.785  30.018 1.419 403.169 23.838 7.669 63.320 0.053 

FF-17 8.736 22.704 1.212 383.595 18.836 9.610  53.443 0.060 

FF-18 8.205 23.999 1.260 184.546 18.970 6.741 53.479 0.041 



I 
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Y 

Y 

APPENDIX V SEDIMENT  TRACE METAL DATA 
c )  November 11, 1980 

S t a t i o n  co cu Fe Mn N i  P b  Zn 
( ppm) ( ppm) (%) ( ppm) ( ppm) (ppm) ( ppm) 

FF-10 1.22 53.5  3.73 1050.0 50.5 84.5  112.0 

FF-11 LO. 56  44.7  2.52 461.0 38.5 59.0 76.0 

FF-12 0.67 49.8  2.87 815.0 36.5 65.0 92.5 

FF-13 0.91 11.9 1.57 207.0 12.3  26.2  26.9 

FF-14 LO. 55 37.1 2.75  362.0  33.4  56.5  81.0 

FF-15 LO. 55  30.0 2.10 270.0  25.9 47.7  60.5 

FF-16 0.89  10.9  1.49  184.0  12.6  25.0  26.1 

FF-17 LO. 55 26.1 1.90 260.0  20.1 39.6  54.0 

FF-18 LO. 55 24.4 1.90  274.0 16.4  34.6  42.1 

Y 
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APPENDIX V SEDIMENT TRACE METAL DATA 
d)  Mean concen t ra t i ons  o f  t r a c e   m e t a l s  

i n  sediments 1975,  1977, 1978 and 1980 

S t a t i o n  co . cu Fe Mn N i  Pb  Zn Hg 
(ppm) ppm) (%) ( P P d  ( (PPm) ( P P - 4  ( PPm) ( P P d  

1975  (Stns.  1-9) (Packman, 1977) 

Mean 12.1 30.5 2.3 392.2 31.2 10.6 66.3 - 
Maximum 18.6 40.3 3.3 1240.2 43.1 18.7 875.0 - 
Minimum 5.0 11.5 1.5 122.1 11.8 0.0 40.9 - 

1977  (Stns.  1-9) 

Mean 11.993 26.070 1.910 216.246 25.778 5.406 54.226 0.060 
Maximwn 19.470 41.030 2.880 448.180 40.410  19.480 89.250 0.095 
M i  n i m m  5.370 11.660 1.020 100.390 12.290 0.0 27.600 0.044 

1978  (Stns.  10-18) 

Mean 11.638 25.680 1.520 264.809 22.896 6.641 58.260 0.222 
Maximun 19.127 35.632 2.338 403.169 34.395  10.285 89.906 LO. 164 

Minimum 5.552 7.545 0.756 103.543 7.751  1.825 23.427 0.292 

It 

1 

IIE 

1980  (Stns.  10-18) 

Mean - 32.04 2.31 315.94 27.35 48.67 63.45 - 
Maximun - 53.50 3.73 1050.00 50.50 84.50 112.00 - 
M i  nimwn - 10.90 1.49 260.00 12.30 25.00 26.10 - Y 

Y 

L = l e s s   t h a n  

Y 
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APPENDIX VI 

!1 

IDENTIFICATION OF BENTHIC INVERTEBRATES 

FROM GRAB.SAMPLES  COLLECTED AROUND THE FIVE FINGER  OUTFALL 
APRIL 28, 1978 

1 

Penny A. O'Rourke 

H 

submi t ted   to :  

Envi ronmenta l   Protect ion  Serv ice,   Pac i f ic   Region 
i n  complet ion o f  c o n t r a c t  number 08SB.KE114-8-1970 

October  1978 
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m 

IL 

a 

I 

a 

APPEND1 X V I  PHYSICAL DESCRIPTION OF SEDIMENT  SAMPLES 

FF-10,  12,  14 - small  samples 
- no si1 iceous spicules 
- some sand, 1 i t t l  e wood debris 

FF-11 

FF-13 

- medi um si zed  sampl e 
- very 1 i t t l  e si1 iceous spicules 
- many 1 arge  rocks, no wood debris 

- large sample 
- primarily siliceous  spicules 
- 1 i t t l  e wood debris 

FF-15,  16, 17, 18 - a1 1 large samples 
- 90% si1 iceous spicules 
- large rocks 

These are  descriptions o f  the sampl es as  they appeared before 
sieving. The polychaetes i n  the samples  composed primarily of siliceous 
spicules were i n  poor condi t ion.  

This made some identification t o  species impossible. 
T h e  spicul es s t abbed  t h e  polychaetes, o f t e n  breaking them. 

L! 13?! P y 
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NUMBER OF INVERTEBRATES I N  GRAB SAMPLE 

STATION BY STATION 

APPEND1 X VI 

~~ ~ ~~ ~ 

Phyl um, C1 ass  Family,  Genus,-Species 10 11 12 1 3   1 4   1 5   1 6   1 7  18 

NEMERTEA u n i d e n t i f i e d  1 3 

2 3 

1 1 1 4  

NEMATODA u n i d e n t i f i e d  

ANNELIDA Polynoidae  (unid.) 1 1  

C1 ass  Polychaeta  Polyodontidae 
Pe is id ice   aspera  

Phyl 1 odocidae 

m 1 1 1 

1 m 

I l t  

l l l i  

Phyl   lodoce sp. 
E teone 1  onga 3 1 

Hesionidae 
1 6 

1 4  &i+) 
G t i s   b r e v i  a1 a 

4 

P i  1 arg idae 
Sigambra sp. 

Syll idae 

1 

Exogone sp. 
S y l l i s  sp. 
Syll idae  (unid.) 

3 
2 

6 1 6 5  
1 4  4 13 

2 2  29 

Nephtyidae 
Nephtys sp. 4 2 

Glycer idae 

+ h a  
G1 cera  ca i t a t a  

G y c e r i d w )  

1 5  1 
1 2 3  

1 

Goniadidae 
Goniada  annulata 1 

Onuphidae 
Onuphi s i ri descens 

Lumbr iner idae 

1 m 

8 8  3 3 2 2 4  
1 

Lumbr i   ner i  s sp. 
L u m b r i n e r i s   b i c i r r a t a  

i , 
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Y 
Phyl m, C1 ass   Fami ly ,  Genus, Spec ies  10 11 12 13 14 15 16 17 18 

Y 

Dorvil  1 e i d a e  
Dorvi 11 ea  
p s e u d o r u b r o v i t t a t a  

P ro todorv i  1 1 ea  
1 1  

1 1 2 8  
7 

aracil  i s  
D&vi 11  ea   annul   a ta  

. - - . . . - 

Orbini i d a e  
Scol  opl os armi ger 4 

Paraonidae  
T a u b e r i a   r a c i l i s  

Ari c1 dea  neosueclca 
Ari ci  dea  ramosa 

h b a t a  
3 4 1  

2 
2 

1 
I )  

5 
1 

Spionidae  
Polydora  caul 1 e r y i  
Laoni ce ci r r a t a  

1 1  4 1 6  
1 

2 1  
~~ 

Laonice sp. 

d c i r r a t a  
P r i o n o s   i o  steenstrupi 9 

2 21 

Magel onidae  
Magel ona  paci f i ca  5 

1 C i  r r a t u l   i d a e  
2 1  
3 
4 

2 1 Tharyx sp. 
Chaetozone sp. 
C i  r r a t u l   i d a e   ( u n i d . )  m 

Y 

F1 a b e l l   i g e r i d a e  
Pherusa pl urnosa 

Scal  ibregrnidae 

1 1 1  

1 3 1  

2 1 

Capi t e l l   i d a e  I 

3 
3 
1 

1 3 
1 3  4 7 2 3  

Decamastus sp. 
Medi omast us SD. 
Notornastus sp. 
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Phyl um, C1 ass Family,  Genus, Species 10 11 12  13  14  15  16 1 7  18  

Mal danidae  (unid.) 1 5 2 2 6 1 4 1 1  

Oweniidae 

h i  formi  s 
M r i o c h e l e  ocul a t a  7 1 2 

1 

Arnpharetidae  (unid.) 13 2 1 10 3 6 24 

Terebel l   idae  (un id. )  1 2 1 6 m 

Tr icobranchidae 
Terebel 1 ides  s t roemi  

Sabe l l   i dae   (un id . )  

1 4 

5 4 

2 2 2  

1 

Polychaetes  (unid.) 2 

MOLLUSCA 
C1 ass  Amphineura  Chaetoderma sp. 1 L 

C1 ass B i  Val  v i a  Nucul a t e n n i s  
Ax i   nops ida   se r r i   ca ta  
Thyasi  r a  g o u l   d i  i 
PseDhidia  lord. 

1 L: 

~~ 

B i v a l  v ia   (un id . )  4 

Class  Gastropoda  Unident i f ied 2 7 

CRUSTACEA Isopoda 
L imnor ia  sp. 

Amphi poda 

6 

7 1 1  3 4 5 1 0  

2 5 4 4 7  

Will 

S IPUNCULA U n i d e n t i f i e d  25 

ECHINODERMATA 
C1 ass  Ophuroidea U n i d e n t i f i e d  1 1 

1 C1 ass Hol o thuro idea  Chi rodota sp. 

To ta l  Number o f   I n d i v i d u a l s  5 52 111 12  15  61 76 68 220 

Spec ies   D ive rs i t y  5 10 30 9 8 24  28  23  29 
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APPEND1 X VI I 

TRACE METAL  CONCENTRATIONS I N  TISSUES 

a)  Trawl Samples - August 25, 1977 

b )  Prawns  Traps - A p r i l  28, 1978 

c )  Trawl Samples - November 11, 1980 
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APPEND1 X VI I TRACE  METAL CONCENTRATIONS 
a )  Trawl  Samples - August 25, 1977 

STATION SPECIES CU Fe Zn Pb Cd Hg 

(PPm) ( P P d  ( P P d  ( P P d  ( P P 4  ( P P d  

FF-1 Pandal us 6.1 4.8 12.0 LO.2 LO.1  0.06 wet wt. 
boreal i s  27.0 21.0 54.0 L1.0 LO. 5 0.26 dry wt. 

Sebastes 1.6 9 . 3  5.0 L0.2 LO. 1 0.14 wet wt. 
d i pl oproa 7.1 41.0 . 22.0 L1.0 LO. 5 0.61 dry wt. 

FF-2 Pandal us 4.0 2.6 11.0 LO. 2 LO. 1 0.11 wet wt. 
pl atyceros 18.0 12.0 , 49.0 L1.0 LO. 5 0.52 dry wt. 

Sebastes sp. 2.0  22.0 10.0 L0.2 LO. 1 LO. 02 wet wt. 
8.5 90.0 42.0 L1.0 L0.5 L0.07 dry wt. 

Sebastes sp. 1.3 28.0 5.8 LO. 2 LO. 1 0.16 wet wt. 
5.6 230.0 26.0 11.0 L0.5 0.74 dry wt. 

L = less than 
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APPEND1 X VI I TRACE METAL CONCENTRATIONS 
b) Prawn Traps - Apri l  28,  1978 

P andal us 6.61 7.07 11.30  L0.98  L0.164 0.242 424.0  0.504 5.90 wet wt. 
p l a t y c e r o s  29.00  31.00  49.40  L4.32 LO. 720  1.070  1860.0  2.210  25.90 dry wt. 
( m a l  1 ) 

Pandal us 7.93 1.46  12.10  L0.98  L0.164 0.327  406.0  0.979 15.50 wet wt. 
pl atyceros 34.30 6.32  52.40 L4.25 LO. 708  1.420  1760.0 4.240 67.00 dry wt. 
( med i urn) 

Pandal us 7.94 3.46 12.40 L0.92 LO.154 0.365  400.0 1.220 12.70 wet wt. 
p l a t y c e r o s  36.10 15.70 56.50 L4.20 LO. 700 1.660  1820.0 5.560 57.90 dry wt. 
( 1 a r w )  

Muni  da 6.29 5.78 9-85 LO.70 0.289 0.151 644.0  2.200 2.74 wet wt. 
q u a d r i s p i n a  32.70 30.10 51.30 L3.66 1.510 0.784 3350.0  11.400 14.20 dry wt. 

L = less than  

(L 

m 
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I 

A P P E N D I X  VI I TRACE METAL CONCENTRATIONS (continued) 
c )  Trawl  Sarnpl es - November 11, 1980 

a m ’  

F F-2 Pandal us 27.0 75.3 14.4 LO. 906  0.238  0.181 wet wt. 
I I  borealis 115.0  321.0  61.2  L3.860  1.010  0.043 dry wt. 

Pandal us 29.0 54.4 15.4 LO.911 0.239 0.429 wet wt. 
platyceros 123.0 231.0 65.2 L3.860 1.010 0.101 dry wt. 

L = less t h a n  

I 
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APPEND1 X VI I I 

PISCES IV D I V E  REPORT FOR 
APRIL 13, 1978 
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D I V E  REPORT - FIVE FINGER  ISLAND SEWGE DIFFUSER 

I 

Y 

I 

P i  sces  Dive  #648 

Track 1 
Da te :   Ap r i l  13,  1978 

F i  1 m Exposed:  16 mn R o l l  s 5, 6,  7, 8, 9 
70 IIIII R o l l  #1 49 - 90 

#2 0 - 70 

Watercol umn 

Both  descending and ascending  through  the  watercolunn  revealed 

ve ry  1 i t t l e   p h y t o p l a n k t o n   o r   z o o p l a n k t o n  above 80  m. The pho t i c  zone was 

observed t o  extend a t  l e a s t  as f a r  down as 80 m. The nunber o f  euphausids 

increased  markedly  below  the  phot ic  zone and con t inued   to   i nc rease ,   be ing  

j o i n e d   b y  copepods,  amphipods, and chaetagnaths  as  the  bottom was app- 

roached. I n   t h e   v i c i n i t y   o f   t h e   b o t t o m ,  dense concen t ra t i ons   o f   ba thy -  

pe lag i c  amphipods  were  apparent.  While s i t t i n g  on the  bottom,  thousands 
o f  amphipods  congregated i n   t h e   l i g h t  pool  from  Pisces's  main 1 i gh ts .  

Throughout  the  water  column  there was no evidence o f   t u r b i d i t y  

a t  a l l .  L igh t   f rom  the   su r face  was observed t o  extend t o   t h e   b o t t o m   a t  

t he   d i f f use r .   The re  was no v i s u a l l y   a p p a r e n t   i n c r e a s e   i n   t u r b i d i t y  o f  
p lank ton   concen t ra t i on   du r ing   t he   ascen t   f rom  the   d i f f use r  as compared 
w i t h   t h e  i n i t i a l  descent. 

CTD D a t a  
TemDerat u re  C o n d u c t i v i t v  

Surface 13. O O O C  

Bottom  (on  descent) 8.07"C 
B o t t o m   ( a t   d i f f u s e r )  9.70"C 

31.18 m mhos/cm 

33.50 m mhoslcrn 
32.30 m mhos/cm 

D i  sso l  ved  Oxygen 

8.86 mg/l 

8.97 mg/l 
8.03 mg/l 
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B o t t o m   C h a r a c t e r i s t i c s  
A t  t h e   p o s i t i o n   o f   i n i t i a l   d e s c e n t   t o   t h e   b o t t o m  it was observed 

t o  b e   g r a v e l l y  and rocky  with a cover ing  of d e t r i t u s .  The depth a t  t h i s  
p o i n t  was 142 m. These c h a r a c t e r i s t i c s   a r e   f e l t   t o  be t y p i c a l   o f   t h e  

e n t i r e   a r e a   o f   d i s c h a r g e   p i p e  and pers is ted   th roughout   the   d ive .  A c l i f f  
was, however ,   d iscovered  whi le   proceeding  f rom  the  drop  locat ion  to   the 

o u t f a l l   p i p e .  The c l  i f f  was approx imate ly  20' - 30'  i n   h e i g h t  and 

composed o f   r o c k .  The d e p t h   a t   t h e   t o p   o f   t h e   c l i f f  was 112 m w i t h   t h e  

subs t ra te   be ing   ve ry   rocky  and  having no over ly ing  sediment   layer .  
The s u b s t r a t e   i n   t h e   i m m e d i a t e   v i c i n i t y   o f   t h e  sewage d i f f u s e r  

v a r i e d  between  sand and gravel.  There was no  apparent  accumulation o f  

o rgan ic   mater ia l   oppos i te   the   por ts .  

B io log i ca l   Observa t i ons  

Upon i n i t i a l   a r r i v a l   a t   t h e  bottom, a dogf ish  (Squalus 
canth isa) ,  a number o f   r a t f i s h   ( H y d r o l o g u s   c o l l i e i )  and a s t a r f i s h  

(Henr i c ia  sp.), were  observed.  Also  observed  along  the f l a t   b o t t o m  were 
1 i v i n g  and  dead  sponges ( A p h r o c a l l   i s t e s  sp.) , sqat   lobsters   (Munida 

quadr ispina),   prawns  (Pandulus  p latyceros),   shr imp  (Pandalus sp.) , hermi t  

crabs  (Pagurus sp.) , Brachiopoda,  and  scul  pins  (Cott idae) 

A f t e r   r u n n i n g   a l o n g   t h e   b o t t o m   f o r  a s h o r t   p e r i o d   o f   t i m e  a 
r o c k y   c l i f f  was encountered. Fauna i n h a b i t i n g   t h i s   r o c k y   a r e a   i n c l u d e d  a 

1 arge number o f   s i 1   i c e o u s  sponges ( A p h r o c a l l   i s t e s  sp. and  Chonel asma 
ca lyx ) ,  sea anemones ( M e t r i d i u m   s e n i l e  and Stomphia sp . ) ,  an u n i d e n t i f i e d  

s ta r f i sh   (As tero idae) ,   ca lcareous   tub icu lous   po lychaetes  and a decora tor  

c rab   (Oregon ia   g rac i l i s ) .  
A f t e r   a s c e n d i n g   t h e   c l i f f   t h e   b o t t o m   c o m p o s i t i o n  changed  again 

t o  what it had  been a t   t h e  commencement o f   t h e   d i v e .   S h o r t l y   t h e r e a f t e r  

t h e   p i p e  was located.  A v a r i e t y  of  fauna was observed i n   t h e   v i c i n i t y   o f  
the  p ipe.  These forms  included  sea anemones (Stomphia  sp.), s t a r f i s h  

( Ceramaster  patagoni  cus) , s k i  11 f i  sh ( E  ri 1 ep i  s z o n i   f e r ) ,  and 1 emon so l  e 

(Parophrys  vetul  us). 

Y 

Y 

w 
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w 
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The  number o f   f i s h   i n c r e a s e d  as t h e   d i f f u s e r  was approached w i t h  

l i n g c o d ,   r o c k f i s h  and pr icklebacks  being  the  dominant  types. A t  any  given 

t ime, up t o   t e n   o r  more l i n g c o d  were v i s i b l e   a t   t h e   o u t e r  edge o f  the  pool  

o f   l i g h t   f r o m   t h e   P i s c e s  IV.  

The E f f l u e n t   D i f f u s e r  

The e f f l u e n t   d i f f u s e r   i s   c o n s t r u c t e d   i n  a Y shape as i n d i c a t e d  

i n   F i g u r e  1. Dams were  apparent  on  each arm  and  on an e x t e n s i o n   o f   t h e  
main  pipe. These wou ld   requ i re  a d i v e r   t o  open  and c lose  them. A l a r g e  
concre te   b lock  was observed  d i rec t l y   ou t   f rom  the  end o f   t h e   m a i n   d i f f u s e r  

p i p e  and t h i s  was assumed t o  have  been t h e  base  from  which  the  pipe was 

pul   led  out   f rom  shore.  It was n o t e d   t h a t   t h e r e  was no e f f l  uent   be ing  d is-  

charged  f rom  the   las t   e leven  por ts  on  each arm. 

D i f f use r   Impac t  

The most no tab le   observa t ion  made i n  c o n n e c t i o n   w i t h   t h e   d i f -  

f u s e r  was the   apparent   lack   o f   accumula t ion   o f   o rqan ic   mater ia l  on t h e  

bo t tom  ad jacent   to   the   por ts .   There  was a l so   ve ry  1 i t t l e   i n   t h e  way o f  

non-degradabl e mater ia l   around  the  por ts .  Some non-degradabl e m a t e r i a l  

had co l l ec ted   a round   the  end o f   t he   cen t re   p ipe .   Th i s  had  presumably  been 

depos i ted   be fore   p r imary   t rea tment  had  begun. 

The e f f l u e n t  was observed t o  be a grey  suspension  which  rose 

s t r a i g h t  up f r o m   p o r t s ,   d i f f u s i n g   r a p i d l y   t o   t h e   p o i n t  where it cou ld  no 
longer   be seen. I n  a  number o f  cases  sea anemones were  observed  attached 
o n   t h e   u p p e r   s i d e   o f   t h e   p o r t s   j u s t   o u t   o f   t h e   e f f l   u e n t  stream. F i s h  

( l i n g c o d ,   r o c k f i s h  and p r i ck lebacks )  were a1 so observed i n   g r e a t  numbers 

a r o u n d   t h e   d i f f u s e r ,   s t a y i n g   j u s t   o u t   o f   t h e   e f f l u e n t  stream. 
The fauna i n  t h e   v i c i n i t y   o f   t h e   d i f f u s e r  appeared  healthy  and 

was t h e  most  abundant t h a t  we have  ever seen from  Pisces IV i n  terms o f  

f i s h .  It would  be  advisable,  however, t o   m o n i t o r   t h e s e   f i s h   f o r  heavy 

metal and PCB contaminat ion  which may stem  from  the  discharge.  This may 

best  be accompl ished  by means o f   h a n d - l i n i n g   f o r   f i s h  and  prawn t rap -  

p i n g   f o r   i n v e r t e b r a t e s .  

c 
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