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ABSTRACT 

The Environmental  Protection  Service (EPS) moni tored  the  St ra i t  
o f  Georgia o f f  Cape Lazo i n  June 1984 to   p rov ide   in fo rmat ion  on the  impact 
o f   t h e   r e c e n t l y   i n s t a l l e d  Comox-Strathcona regional  sewage o u t f a l l .  

The only  water  quality  parameter  which changed due t o   t h e   o u t f a l l  
was an increase i n   t h e  ammonia concentrat ion  a t   depths  o f  25 m o r  more. 
However, the maximum  ammonia value sampled (0.023 mg/l ) , i s  1000-times less  
than  the  un-ionized amnonia concentration  which i s  hazardous t o  marine l i f e  
(C1 ark  1980) . 

Sediment p a r t i c l e   s i z e   d i s t r i b u t i o n  was no t   a f fec ted  by the  out-  
f a l l  . A1 though  sediment to ta l   vo la t i le   res idue  va lues  increased between 
1979  and  1984 (10-17 mg/g t o  21.6-44.6 mg/g) , it i s   n o t   p o s s i b l e   t o  con- 
c lude  tha t   the   inc rease was due s o l e l y   t o   t h e   o u t f a l l  , because sediments 
were  sampled i n  1 ate  spring  (1984) and mid-autumn (1979). Hence a seasonal 
inf luence  cannot be excluded.  Bacterial  levels i n  sediments  from  two 
s tat ions  near   the  out fa l l  showed low-level  fecal  contamination  (50-70 
MPN/100 g sediment) ,   whi le   leve ls   a t  a1 1 other   s ta t ions were a t   o r  below 
the  detect ion 1 imit ( <  204 30 MPN). Sediment  metal concen t ra t i ons   f a l l  
w i th in   the   range  o f   va lues   observed  a t   o ther   S t ra i t   o f  Georgia loca t ions .  

dur ing a  1979 EPS survey o f   the   a rea  by Holman e t  a1 . 1981. F i f t e e n  
s ta t i ons  were  sampled i n  1984 t o   o b t a i n  sediments f o r   p a r t i c l e   s i z e ,  
organic  carbon, o i l  and grease, t race  metal  and bacter io logical   analyses. 
Water  samples  were taken a t   t h ree   s ta t i ons   nea r   t he   ou t fa l l   f o r   nu t r i en ts  
( n i t r i t e ,   n i t r a t e ,  amnonia, and t o t a l  phosphate) and dissolved oxygen 
analyses.  Conductivity , temperature, and depth (CTD) p r o f i  1 es  were taken 
a t  two s ta t ions   to   p rov ide   in fo rmat ion  on t h e   s a l i n i t y  and densi ty 
charac ter is t i cs   o f   the   water  column. 

Resul ts   o f   the 1984 survey  are compared w i th   resu l ts   ob ta ined 

The area  around  the o u t f a l l  will require  cont inued  monitor ing i n  

fu ture years   s ince   the   S t ra i t   o f   Georg ia   in   th is   a rea   suppor ts   d iverse  

f isher ies  stocks  (herr ing,   groundf ish,  salmon, bivalves,  geoducks, sea 
urchins 1 . 
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En j u i n  1984, l e  service de l a  protection de 1 'environnement 
(SPE) a E t u d i i  1 es eaux du detroi t de  Georgia au large du Cape Lazo pour 
fournir de 1 'information sur 1 'impact des  eaux usees  dechargees par 
l'emissaire marin install6 recement par le   dis t r ic t  regional de 
Comox-Strathcona. 

1 'emissaire f u t  une augmentation  de l a  concentration de 1 'amnoniac 1 des 
profondeurs de 25 metres ou plus. Cependant, 1 a valeur maximale d'amnoniac 
echantillonnee (0.023 m g / l ) ,  est 1000 fois moins  que l a  concentration 
d'ammoniac non-ioniz6e q u i  pose un risque i l a  vie marine (Clark 1980).  

ne f u t  pas affectee par l'emissaire. M6me si  les valeurs du residu t o t a l  
v o l a t i l  dans les sediments o u t  augment6 entre 1979 e t  1984 (10-17 mg/g 1 
21.6-44.6 m g l g ) ,  on ne peut  pas conclure que 1 'augmentation est due 
uniquement i 1 '6mi ssai re parce que les sediments furent echantil lonn6s vers 
l a  f i n  du printemps (1984) e t  au milieu de l'automne (1979);  d'oC une 
influence des saisons ne peut  pas l t r e  exclue. Les  niveaux  de bacteries 
dans les sediments de  deux stations pr6s de 1 'emissaire ont montre un  bas 
n i  veau  de contamination fecal e (50-70 NPP/100 g de sediment), alors que les 
niveaux i toutes  les  autres  stations  etaient egaux ou sous l a  limite de 
detection ( 20- 30 NPP). Les concentrations de  m6tal  dans les sediments 
se  situent dans les 1 imites des valeurs observees 1 d'autres  locations du 
detroi t de Georgia. 

Les resul tats de 1 'etude de 1984 sont compares  avec les  resultats 
obtenus lors de 1 '6tude du SPE de l a  region en 1979 par Holman e t  a1 . 1981. 
Quinze stations  furent echantil l  onnees  en 1984 pour obteni r des sediments 
pour analyses de  dimension  de particules, de carbone ,organique, d'huile  et 
de grai sse, de &ta l  i 1 ' e t a t  de trace e t  de bactiries. Des echantil  lons 
d'eau furent  pris 5 trois stations pr6s de l'emissaire pour  des analyses de 
matiiires nutritives  (nitrite,  nitrate, amnoniac e t  phosphate t o t a l )  e t  
d'oxyghe dissous. Les prof i l  s de conductivi t 6 ,  tempgrature e t  profondeur 
(CTP) furent mesures i deux stations pour fournir de l'information sur les 
caracteristiques de l a  sal i n i  ti5 e t  densi te de l a  col onne d'eau. 

La region autour de 1 'Pmi ssai  re exi gera u n  contrdle continu dans 
1 es annees futures puisque l e  detroi t de  Georgia supporte des Sserves de 
d i  fferentes  plcheries (hareng, Poisson de fond, saumon, bivalves, panopes 
geantes, oursins) 1 cet  endroit. 

Le seul paramiitre de la qual i t 6  de 1 'eau q u i  a change dfi i 

La distribution de l a  dimension  des particules dans les sediments 

Y 
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1 INTRODUCTION 

The Regional D i s t r i c t  of  Comox-Strathcona  (pop.  18,000) i n s t a l l e d  
a 2750 metre-long  marine sewage o u t f a l l   o f f  Cape Lazo, B r i t i s h  Columbia i n  
A p r i l  1984. E f f l u e n t  was prev ious ly   d ischarged  d i rec t l y   in to  Comox Harbour 

(F igure 1). 
The harbour was a valuable commercial  source o f   oys ters  

(Crassostrea  gigas) , u n t i l  1965, when it was c losed  to   harvest ing.   Th is  
c losure was the   resu l t   o f   t he  1964 bac ter io log ica l  surveys by the  Federal 
and Prov inc ia l  Departments o f  Health. I n  1974, the  Environmental 
Protect ion  Serv ice (EPS) surveyed  the Cape Lazo foreshore and harbour. As 
a r e s u l t  an add i t i ona l   po r t i on   o f   t he  Cape Lazo foreshore was closed, due 
to   feca l   contaminat ion  ar i t ing  f rom  the CFB  Comox  Sewage Treatment  Plant 
and ad jacent   agr icu l tu ra l   run-o f f .  

The  new mar ine   ou t fa l l   o f f  Cape Lazo consolidates  the CFB  Comox 
e f f l uen t ,   w i th   e f f l uen ts   f rom  the  towns o f  Courtenay and Comox. This 
removes po ten t i a l  sources of  fecal  contamination  from  valuable  commercial 
she1 1 f i sh areas, to  of fshore  areas  which can more read i l y   ass imi l   a te   the  
nu t r ien ts ,  and where the  feca l   bacter ia  will not  contaminate  valuable 
oyster  grounds. The  Cape Lazo o u t f a l l  ends i n  a 121 p o r t   d i f f u s e r ,   a t  a 
depth o f  about 60 m, i n   t h e   S t r a i t   o f  Georgia  (Figure 1). The e f f l u e n t  
receives secondary  treatment,  undergoing  screening , g r i t  removal , primary 
set t l ing,   b io log ica l   act ivated  s ludge  t reatment  and c l a r i f i c a t i o n   p r i o r   t o  
discharge. The  maximum permit ted  d ischarge  f rom  the  outfal l  i s  18,000 cu. 
metres  per day. Discharge  averaged  about 8,000 cu. m per day, ( A p r i l  , May 
and  3une)  and  a to ta l   o f   abou t  400,000 cu. m were  discharged  through  the 
o u t f a l l   b e f o r e  we sampl ed the  area i n  June  1984. 

The present   repor t  compares 1979 base1 ine   in fo rmat ion  (Holman e t  
a l .  19811, t o  data  col lected on 11 June  84, about two  months a f t e r   t h e  
o u t f a l l  was gradual ly  phased in to   opera t ion .  Our ob jec t ive  was t o  
determine  the  impact  of  the  discharge upon the  physical  and chemical 
charac ter is t i cs   o f   the   water  column  and benthic  environments. 
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1.1 Study  Area (F igure  1) 
Cape Lazo  (49'41'53"N, 124'51'37"W),  on t h e   e a s t   s i d e   o f  

Vancouver Is land,  i s  about 130 km nor thwest   o f  Vancouver. It i s  surrounded 
by   waters   o f   the   S t ra i t   o f   Georg ia ,   the  most  important  marine  region  of  

B r i t i s h  Columbia, i n  terms o f  a mu1 t ip le-use  resource (Thomson 1981). 

Var ious   rev iew  a r t i c les  have  summarized environmental  information 

on the  S t r a i t  o f  Georgia: 

f i s h e r i e s  (Ketchen,  Bourne and B u t l e r  1983) 

oceanography  (LeBlond 1983, H a r r i s o n   e t  a1 . 1983, Thomson 1981, 

T u l l y  and Dodimead 1957, Parsons e t   a l .  1970, 

Her1 inveaux and Giovando  1969) 

benthos  (Levings, Foreman and Tunnicl i f f e  1983, Bernard  1978) 

p o l l u t i o n  (Waldichuk 1983,  Parsons 1972, Parsons e t  a1 . 1970, 

1980, E l l i s  1980) 

1.1.1 F ishe r ies  Resource. The S t r a i t  of  Georgia i s  an  important 

f i sher ies   a rea :   f i sher ies   resources  had a market  value  of 104 mil 1 i o n  

d o l l a r s   i n  1980 (Ketchen e t  a1 . 1983) Several  major  stocks o f   P a c i f i c  

salmon  use the   a rea   f o r   rea r ing  and migrat ion.  However, herr ing  (Clupea 
harengus p a l l a s i )  i s  the  most  valuable  commercial  species  harvested. For  

the   pas t  4 t o  5 years  about 12 m i l l i o n   d o l l a r s   w o r t h  of he r r i ng   roe  was 

harvested  year ly  i n   t h e  Comox f i s h i n g   s u b - d i s t r i c t .  

Comox f i s h e r i e s   o f f i c e r ,  L.  Freeman, repor ts   (pers.  corn.) t h a t  

grey cod, rock   f i sh ,  and dogf ish  are  loca l ly   impor tant   groundf ish  spec ies.  

Prawn and  shr imp  t rawl ing  supports  10  to 12 b o a t s   o f f  Cape Lazo  between 

October  and March  and recent ly ,   d ivers  have  begun t o   h a r v e s t  sea u rch ins  

(Strongyl   ocentrotus  droebachi   ensi  s i n January and February. Geoduck c l  ams 

(Panope generosa)  are  also  commercial ly  f ished  by  divers. I n  1978 about 

26% o f   a l l  B.C. geoducks  were harvested i n   t h i s   f i s h i n g   d i s t r i c t .  
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1.1.2 Oceanography. The mixed, mainly  semidiurnal   t ides i n   t h e  
S t r a i t   o f  Georgia have a per iod  o f   about  12 hours, 25 minutes. They gener- 
a l l y   i n c r e a s e  i n  magnitude  from  south to   no r th .  A t  Cape Lazo mean ti des 
have  a  range  of 3.35 metres.  Surface  currents i n   t h e  area  are  general ly 
weak (10 cm/s, Wal d i e  1951; 31 cm/s, Anderson 1975) r e s u l t i n g   i n  weak t i d a l  
m i  x i  ng . 

However, Dayton and Knight  Ltd.  1979, repor t   resu l ts   f rom a 
cur ren t   survey   o f f  Cape Lazo, i n   t h e   v i c i n i t y  of t h e   o u t f a l l .   I n   g e n e r a l ,  
the  net   current  movements, as determined  by  drougues, were i n  a  north-south 
d i rec t i on .  Measured maximum cu r ren t  speeds were 46.1 cm/s (depth = 10 m) 

and 42.9 cm/s (24 m), whi le  mean speed ranges were 3.6 - 12.5  cm/s (10 m) 
and 2.8 - 12.4  cm/s (24 m).  I n   add i t i on ,   t he   wa te r  column was only  weakly 
s t r a t i f i e d   i n  October, and u n s t r a t i f i e d   i n  January. 

1.1.3 Benthos. Levings e t  a1 . (1983)  considers  depth and substrate 
t o  be impor tan t   f ac to rs   i n f l uenc ing   ben th i c   p roduc t i v i t y   i n   t he  S t r a i t  o f  
Georgia.  Shallow  areas  closer to   t he   eupho t i c  zone, and locales  wi th   rocky 
substrates,   are  areas  that   support   r icher communities  than  deeper basin 
zones, which  have f i n e r  sediment  substrates.  Bernard  (1978)  also  cites 
sediment p a r t i c l e   s i z e  as a p r ime  fac to r   govern ing   the   d is t r ibu t ion   o f  

benthic organisms. 
The benth ic   subs t ra te   o f f  Cape Lazo has been c l a s s i f i e d  as  gener- 

a l l y  coarse;  sandy-gravel , sand, gravel ly -sand  or  muddy-sand (Luternauer, 
C 1  ague and Pharo  1983). 

1.1.4 Po l lu t ion .   Parsons   e t  a1 . (1970)  concluded  that beyond l o c a l  
e f fec ts   t he re  was no apparent   in f luence  o f   po l lu t ion  on the  pelagic  produc- 
t i o n   o f   t h e   S t r a i t  of  Georgia. 

I n  a l a te r   rev iew  of p o l l u t i o n   i n   t h e   S t r a i t ,  Waldichuk  (1983) 
concluded that  t h e   S t r a i t   o f   G e o r g i a   i s   r e l a t i v e l y   u n p o l l u t e d ,  when taken 
as  a who1 e. He s t a t e s   t h a t   t h i s  i s  1 argely  due t o   t h e  annual  replacement 

of t he   sha l l  ow waters.  Thi s rep1 acement i s  made possible  by re1 a t i v e l y  
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f ree  connect ions  wi th  the open  ocean, moderately  large  t idal  range, and  a 
large  f reshwater  run-of f   which  enters  the  Strai t .  

Local  areas o f   t h e   S t r a i t   a r e  degraded  by  sources o f   p o l l u t i o n .  
Waldichuk  (1983) c i t e s  sewage p o l l u t i o n  and i t ' s  impact upon s h e l l f i s h  
resources as  a notable example. Many she1 1 f i s h  areas i n   t h e   S t r a i t   o f  
Georgia  are  closed due t o   h i g h  1 eve1 s of  fecal  contamination. Some o f   t h i s  
contamination i s  due t o   p o i n t  sources 1 i k e  sewage o u t f a l l  s,  other  areas  are 
af fected  by  agr icu l tura l   run-of f  (Kay 1976) o r  by  discharges  from 
recreational  vessels (Kay 1982). 

Kay  and Tevendal  e  (1974)  surveyed Comox Harbour and adjacent 
foreshore, and concluded that the Comox town sewage ou t fa l l   (F igu re  1 ) d i d  
not  appreciably change the  water   qual i ty   ins ide  or   outs ide  the  harbour .  
This was ind ica ted  by co l i form  counts   a t  a stat ion  immediately above the  
out fa l l ,   three  s ta t ions  across  the  harbour ,  and several   stat ions  outs ide 
the  harbour. All these  stat ions met s h e l l f i s h  growing  water  standards 
(U.S.  Department of  Health,  Education and We1 fa re  1965) f o r   f e c a l  
co l  i forms. 

However, Kay and Tevendal  e  (1974) d id   iden t i f y   severa l  sources o f  
fecal  contami  nation : 

- Courtenay  River  through  input  of  Tsol um River and i t s  pasture  land  run- 
o f f  

- Comox town sewage  pumphouse during  excessive  f lows  or pump breakdowns 
- Roy Creek  and Trent  River 
- D i t c h   ( s t a t i o n  S10) which  receives CFB  Comox sewage treatment  p lant  

e f f l   u e n t  and farm1 and run-o f f  . 
Kay ( i n  prep. ) surveyed  the  area i n  May 1984  and i n  February 

1985. He will repor t   t he  changes i n  harbour  water  qual i ty i n  a fu tu re  EPS 
pub l i ca t i on  now t h a t  CFB  Comox and  Comox-Courtenay  town e f f l uen ts   a re  
discharged  through  the new deep-water o u t f a l l   o f f  Cape Lazo. 



TABLE 1 LIST OF S"LItG STATItNS, W 
oNllJlNE84 

STATION - 
co 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
16 
17 
18 
19 
20 
- 

" 

L 

(1) Bacteria: 

DI!jTNCE 
FRCM 
mu 

(m) 

1764 
1344 
890 

462 
122 
332 
512 
1029 
1381 
1701 
634 
512 
693 
1029 
1449 

- 
1 
5 
8 
13 
15 
14 
11 
6 
4 
2 
10 
11 
9 
6 
3 
- 

Fecal  Col ifm 

LATITUX 
(N) 

49  43.1' 
49  42.9' 
49  42.7' 
49  42.5' 
49 42.3' 
49  42.2' 
49  42.4' 
49  42.6' 
49 4.8' 
49  42.96' 
49  42.3' 
49  42.4' 
49  42.6' 
49 42.8' 
49  43.01 ' 
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n 

LONGITlDE 
(W)  

124  49.8' 
124  49.7' 
124  49.5' 
124  49.35' 
124  49.2' 
124  49.55' 
124  49.65' 
124  49.9' 
124 50.0' 
124 50.08' 
124 48.75' 
124 48.92' 
124  49.04' 
124 49.2' 
124  49.45' 

- 
w 
(1) - 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

(2) Particle Size, Oil and  Grease, Total Volatile Residre 

(3) Trace Metals: Cd, Cr, Cu, !+I, Ni, Pb, Zn, Fe, A1 
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2 METHODS 

2 4 Survey  Area (Figure 1) 
The 1979 survey  area  consisted  of 15 stations  which  covered  about 

2.6 km2.  When the  area was sampled i n  1984, a f t e r   t h e  Cape Lazo o u t f a l l  
was i n s t a l l e d ,  5 new s ta t ions  were added t o   a l l o w   f o r   f u t u r e  deep-water 
monitor ing,   whi le 5 inshore  s ta t ions were discontinued. On 11 June 84, 15 
s ta t ions   (Tab le   1 )  were sampled from  the C.S.S. Vector.  Stat ions were 
located  us ing  sh ip 's   radar  and LORAN-C system. 

2.2 Sediments Samples 
A 0.1 Smith-MacIntyre  grab was used t o  c o l l e c t  sediment sam- 

p l e s   f o r   b a c t e r i a ,   p a r t i c l e   s i z e ,   o i l  and grease,  and trace  metal  analyses. 
The s u r f i c i  a1 sediment 1 ayer was co l l   ec ted   us ing  a p l a s t i c  scoop, avoiding 
sediment  near the  s ides o f  the  grab. Samples were placed i n  paper  sediment 
bags and innnediately  frozen.  Bacterial samples were co l lected  us ing  prev i -  

ous l y   s te r i l i zed   spa tu las  and glass  containers. Samples were kept  cool  
p r i o r   t o   i n c u b a t i o n ,   d i l u t i o n ,  and eva lua t ion   a t   the  EPS North Vancouver 
Bacter io logy Lab. The technique  described i n  Swingle and Davidson  (1979) 
was fo l lowed  except   that  samples were mixed  by hand, i n s t e a d   o f  a blender 
(Kay; pers. comm. 1. P a r t i c l e   s i z e ,   o i l  and  grease  and trace  metals were 
analysed a t   t h e  Environment Canada Lab i n  West Vancouver fo l l ow ing  the 
methods o f  Swing1 e and  Davidson  (1979). O i l s  and grease were e x t r a c t e d   f o r  
24 hours  using hexane. Trace  metal  concentrations i n  sediment  (passing a 
100-mesh; 0.15 m seive) were determined  with an Induc t i ve l y  Coupled  Argon 
Plasma ( I C A P )  e x c i t a t i o n  source  connected t o  a Optical  Emission 
Spectrophotometer (OES 1. 

2.3 Water Samples 
Water  samples  were co l lected  us ing  s tandard N.I.O. bot t les   f rom 

s ta t ions  CO-3, 4 ,  5 when t h e   t i d a l   f l o w  was nor ther ly ,  so t h a t   t h e   e f f l u e n t  

plume could be more readi ly  detected. Samples f o r   n u t r i e n t   a n a l y s i s   ( t o t a l  
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phosphate, n i t r a t e ,   n i t r i t e ,  and  amnonia)  were imnediately  f rozen 
(S t r i ck land  and Parsons 19711, then  analysed by  Environment Canada,  West 
Vancouver  Lab us ing an  Automated Colorimeter  (Technicon  Auto-analyzer 11) 
accord ing  to  methods described i n  Swingle and Davidson  (1979).  Percent 
sa tura t ion  was ca lcu la ted   us ing   the   equat ion   ou t l ined   in  Gameson and 
Robertson  (1955). Two CTD p r o f i l e s  were taken a t   s t a t i o n s  CO-3 and CO-5 

using a Plessy  Instruments Model 9400 CTD sensor  as  described  by  Goyette 
and Macleod  (1984). These s ta t ions  were selected due t o   t h e i r   p r o x i m i t y   t o  
t h e   o u t f a l l  . 
2.4 Data - 

Data  analyses were done  on  a Hewlett-Packard 9826 computer w i t h  
the  HP STATISTICAL LIBRARY programmes  (Dec. 1982 Edi t ion)   des igned  for  HP 

200 ser ies  computers. The least-squares  mult ip le  l inear  regression was 
I used to   ob ta in   reg ress ion   va lues   f o r  sediment  parameters as a f u n c t i o n   o f  

d istance  f rom  the  outfal l .   Stat ions were ranked  according t o  the i r  d is -  
tance  f rom  the  outfal l :   the  nearest   stat ion  ranked 15th., the  most d i s t a n t  
s ta t ion  ranked  1st .  Thus, i f  a parameter l i k e  metal  concentration was 
h ighes t   near   the   ou t fa l l  , a pos i t i ve   re1  a t i  onship woul d e x i s t  with Distance 
(rank).  Conversely, i f  metal   levels were h igher  a t  more d i s tan t   s ta t i ons ,  

then a negat ive  re lat ionship  would  exist   wi th  Distance  (rank),   a l though a 
p o s i t i v e  re1  a t ionship woul d e x i s t  with Distance  (metres). D a t a  from  dupl i- 
cate  and r e p l i c a t e  sediment samples  were poo led   p r i o r  t o  analysis. 
Signif icance  values were obtained  from Rohl f and Sokal  (1969). 
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3 RESULTS AND DISCUSSION 

3.1. Seawater Condit ions 

3.1.1 Temperature/Sal i n i  ty/Densi ty (Table 2 , Figure 2 and  Appendix I ) . 
A s t r a t i f i e d  water  column existed  dur ing  the  study  per iod:   the 

surface (0-15 m )  1 ayer was warmer, less   sa l ine  and consequently  less dense 
than  the deeper 45 metres. No impact  of  the  siwage  outfall was detected 
upon these  parameters. 

3.1.2 D i  ssol ved Oxygen (Tab1  e 2 and Figure 1 )  . D i  ssol ved  oxygen 
was sampled a t  two s ta t ions  (CO-3 , CO-5) located 890 and 122 metres  north- 
west o f   t h e   o u t f a l l .  Maximum oxygen concentrat ions were found i n   t h e   t o p  
10 metres where waters were supersaturated (122-144%; 9.95-12.65 mg/l) due 
to   h igh  phytoplankton  product iv i ty .  Oxygen concentrat ions decreased t o  
66-69% satura t ion  (6.1-6.4 mg/l ) a t  57 metres  depth. These deeper-water 
concentrat ions  are  similar  to  values  obtained i n  1979 (Holman e t  a1 . 1981) 

be fo re   t he   ou t fa l l  was i n s t a l l e d .  No impact o f   t h e  sewage o u t f a l l  was 
detected  wi th   respect   to   d isso lved oxygen leve ls .  

TABLE 2 

DEPTH 
( m )  

0 
2 
5 

10 
25 
50 
57 

T 

STATIONS CO-3, CO-5: DEPTH, TEMPERATURE, SALINITY, OXYGEN 
CONCENTRATION  AND  PERCENT  SATURATION ON 11 JUNE 1984 

TEMP ( C )  I SAL (pp t )  I DO (mg/l) 'x SATU RAT I ON 

15.34 
14.46 
11.92 
10 .oo 

S ta t i on   S ta t i o l  
5 l 3  

15.47 
15.04 
13.41 
12.63 
10 .oo 
9.55 
9.41 

27.27 
27.32 
27.57 
28.21 
29.23 
29.51 
29.62 

S ta t i o l  
5 

27  .53 
27.49 
27.78 
28.43 
29.25 
29.52 
29.62 

Stat ion 
3 

9.95 
10.05 
10.60 
12.65 
7.45 
6.70 
6.10 

Stat io l  
5 

10.25 
10.65 
11.25 
12.30 
7.43 
6.65 
6.40 

Sta t ion  
3 

122.05 
121.92 
126.48 
143  -55 

72.64 
65.97 

81 -52 

Sta t ion  
5 

124.85 
128.55 
131.48 
141.97 
81.53 
72.15 
69.26 
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3.1.3 Nu t r i en ts  (Tab1 e 3).   Nutr ients were  sampled a t   s t a t i o n s  
CO-3, 4,  5. All n u t r i e n t s  had low  concentrations i n  the  surface  waters, 
due t o   t h e   h i g h  summer p r i m a r y   p r o d u c t i v i t y   i n   t h e  0-10 m l a y e r  (Stephens 
et -  a1 . 1969). The general ly 1 ow va lues   o f   d isso lved  nu t r ien ts  found, a1 so 
agrees w i t h   t h e   f i n d i n g s   o f  Parsons e t  a1 . (1970). Compared t o  1979 Val - 
ues, the  only  evidence  of  a sewage plume was increased ammonia concentra- 
t i o n   a t  depths o f  25 metres  or more. However, the maximum  ammonia value 

(0.023 mg/ll  found 890 m f r om  the   ou t fa l l   a t   s ta t i on  CO-3 (25 m ) ,  i s  
equ iva len t   to   less   than 0.004 mg/l  un-ionized ammonia (Emerson e t  a l .  
1975).  This i s  1000-times  less  than  the ammonia concentrat ion  of  
un-ionized ammonia ( >  0.40 mg/l)   which  const i tutes a hazard f o r  marine l i f e  
(Clark 1980). Simi lar   pre-operat ional  (Packman 1977) and post-operational 
(Pomeroy and Packman 1981) n u t r i e n t   l e v e l s  were found  around  the  Five- 
F inger   I s land  mar ine   ou t fa l l  near Nanaimo. 

A l though  the  in f luence  o f   nut r ients   f rom sewage i n  an enclosed 
area  can  cause  dramatic changes, t h e i r   i n f l u e n c e   i n  more open marine  areas 

( l i k e  Cape Lazo) i s   l e s s   s i g n i f i c a n t   ( M c I n t y r e  and Johnston  1975). 

3.2 Sediment Character is t ics  

3.2.1 Par t ic le   S ize  (Table 4 and Appendix I I ) . Median p a r t i c l e  
sizes were determined graphically (Gri f f i  ths 1967 ) . Median s ize  - Modal 

s ize  descr ip t ions  fo l low:  

- F ive   s ta t i ons  most d is tan t   f rom  the   ou t fa l l   (F igure  CO-1, 2,  3, 9, 10) 
a l l  had Medium  Sand - Fine Sand substrates. 

- Nine  stat ions sampled had F ine Sand - Very F ine Sand substrates  (Table 

4 ) .  
- Stat ion CO-8 had  Coarse - Medium Sand. 
- Sediment s i 1   t - c l  ay content was c o r r e l a t e d   t o   d e p t h   ( r  = 0.79, Table  5). 
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TABLE 4 

STAT I ON 

co 

1 
2 
3 

4 

5 

6 

7 

8 
9 

10 
16 

17 

18 

19 

20 

- 
x =  

SEDIMENT PARTICLE S I Z E  CHARACTERISTICS FOR STATIONS CO1-20/84 

MEDIAN PARTICLE 

S i  r e  

(mm) 

0.27 

0.25 

0.30/ 
0.35 

0.21/ 

.214 

0.2141 

0.214 

0.24 

0.25 

0.59 
0.33 

0.38 

0.177 

0.214 

0.192 

0.214 

0.24 

0.28 

TY Pe 

Medium Sand 

Medi urn Sand 

Medium  Sand 

F ine  Sand 

Fine Sand 

Fine Sand 

Fine Sand 

Coarse Sand 
Medium Sand 

Medium Sand 

F ine  Sand 

Fine Sand 

Fine Sand 

Fine Sand 

F ine  Sand 

Medi urn Sand 

MODAL PARTICLE 

TY Pe 

F ine Sand 

F ine  Sand 

Fine Sand 

Very  Fine Sand 

Fine Sand 

Very  Fine Sand 

F ine  Sand 

Medium Sand 
F ine  Sand 

Fine Sand 

F ine  Sand 

Very F ine  Sand 

Very F ine  Sand 

Very  Fine Sand 

Very F ine  Sand 

'x, SILT 

CLAY 

4.5 

4.5 

3.41 

2.9 

4.81 

4.6 

6.71 

5.5 

4 .O 
3.7 

0.4 
1.9 

1.2 

7.5 

6.6 
7.5 

7.2 

5.7 

~~ 

SORT1 NG 

Coef. 

1.33 

1.40 

1.32 

1.31 

1.37 

1.35 

1.41 

1.41 
1.22 

1.29 

1.14 

1.14 

1.24 

1.35 

1.48 
- 

Degree 

We1 1 

We1 1 
We1 1 

We1 1 

We1 1 

We1 1 
We1 1 

We1 1 
We1 1 

We1 1 
We1 1 

We1 1 

We1 1 

We1 1 

We1 1 
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a 

The average  median pa r t i c l e   s i ze   f o r   t he   a rea  was 0.28 nm (medium 
sand). Stat ions CO16-20 located i n  deeper water,   fur ther  of fshore,  had 
more S i l t -C lay  (6.9 - + 0.76%) compared to   o the r   s ta t i ons  (3.7 - + 1.75%). All 

sediment was wel l -sor ted,   hav ing  sor t ing  coef f ic ients   less  than 2.5 
( G r i f f i   t h s  1967) .   S imi lar   resul ts  were obtained  by Holman e t  a1 . (1981 i n  
t h e i r   i n i t i a l  survey of   the  area i n  1979. 

3.2.2 Organic Carbon (Tables 5 and 6).  All sta t i ons  sampled i n  
June 1984 had h igher   to ta l   vo la t i le   res idue  va lues  (21.6 t o  44.6 mg/g) 

compared t o  ( <  10 t o  17 mg/g) fo r  November 1979 stat ions  (Table  6) .  
However, it i s  not  possible  to  conclude  that   the  h igher  organic  carbon 
values  obtained i n  June 1984 were due t o   t h e   e f f l u e n t ,   o r  perhaps r e l a t e d  
t o  seasonal v a r i a t i o n   i n   o r g a n i c  carbon, u n t i l   t h e  area has been re- 
surveyed i n  a winter  month. In   fact ,   organic   carbon  va lues were negat ive ly  
re la ted   w i th   rank  of d istance  f rom  the  outfal l  (R = -0.51) and not  

co r re la ted   w i th   concen t ra t i ons   o f   o i l  and grease ( r  = 0.27, Table 5) .  
However, McIntyre and Johnston  (1975) c i t e   t h e  example o f   h igh  

organic  loading  from a sewage out fa l l   caus ing  a s i x - fo ld   i nc rease   i n   t he  
i npu t  o f  carbon to   the   benth ic  sediments. Pomeroy (1982) a1 so found a 
t rend  o f   increas ing  organic   content   o f  sediments  near  the  French  Creek 
o u t f a l l  on Vancouver Is land. 

YcNulty  (1961)  found zones devoid  of  l i f e   w i t h i n  200 yards   o f  
sewage o u t f a l l s   i n   a d d i t i o n   t o  pronounced enriched zones i n  sandy-mud areas 
o f  Biscayne Bay which were shallow, and had good t i d a l   c i r c u l a t i o n .  He 

concluded  that  the  high  organic  loading caused  an i n h i b i t o r y   e f f e c t   b u t  
t ha t   nu t r i en ts   s t imu la ted  growth. 

I n  summary,  no impact on organic  carbon  levels  could be l i n k e d   t o  
the new  Cape Lazo o u t f a l l   a t   t h i s  time. However, t h i s  parameter will obvi- 
ous ly   requ i re   fu r ther   sc ru t iny   dur ing   fu tu re   mon i to r ing  surveys. 

3.2.3 Oi 1 and  Grease (Tables 5 and 6). Oil and grease  were n o t  
sampled i n  1979. The 1984 values  (Table  6) were h igh l y   va r iab le  between 
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s ta t i ons  ( <  60 t o  170  mg/kg), and w i t h i n  each s t a t i o n  (eg. < 60 t o  
110 mg/kg a t  CO-4). No impact  of   the  outfal l  was detected: o i l  and grease 
l e v e l s  were not  re1  ated  wi th  rank o f  dis tance  f rom  the  out fa l l  (r = 0.001, 

Table 5 ) .  

TABLE 5 CORRELATION MATRIX: X SILT AND CLAY, T.V.R., OIL AND GREASE, 
DEPTH, DISTANCE TO OUTFALL (rank) DISTANCE TO OUTFALL (metres) 

D I S T  D I S T  DEPTH OIL TV R 

( rank) (m) ( m )  (mg/kg 1 (mg/g) 

SILT - CLAY % - -397 .790* .142 - -137 .349 

D I S T  (rank) 
TVR (mg/g) 

- .991# - .115 .001 - 311 

.043 DEPTH (m)  

- -007 - .032 OIL (mg/kg) 

.460  .340 .268 

I 

* s i g n i f i c a n t   c o r r e l a t i o n  ( p  < 0.05) 
#An i nverse   re la t ionsh ip   ex is ts  because Distance  (metres)  decreases as 

distance ( rank  increases. 

3.2.4 Bacteriology  (Table 7 ) .  No col i form  data was taken i n  1979, 
however  1984 sediment bac te r ia   da ta   i s   p resen ted   i n   Tab le  7. Only fou r  
s ta t i ons  had de tec tab le   leve ls   o f   feca l   co l i fo rms (20 t o  70 fecal   co l i forms 
per 100 grams of  sediment)  based on the   f i ve   tube  d i lu t ion   techn ique.  
These va lues  mere ly   ind icate  the  presence  o f   s l ight   contaminat ion  (1   ike ly  
from the   ou t fa l l  1. These l e v e l s  do not  indicate  a  hazard for  human heal th:  
the  standard  for  swimming water  fecal  col i forms i s  200 per 100 m l  o f  

water. 
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TABLE 6 O I L  AND GREASE AND TOTAL  VOLATILE  RESIDUE  VALUES FOR STATIONS 

CO1-10/79 AND CO1-20/84 

I 

a 

I 

rl 

I 

I) 

STATION 

co- 1 

co-2 

CO-3 

CO-4 

CO-5 

CO-6 

CO-7 

CO-8 

co-9 

co-10 

CO-16 

CO- 17 

CO-18 

co- 19 

co-20 

O I L  AND GREASE 
(mg/kg) 

1984 

81 

170 

< 60/92 

< 60/110 

87 /60 

90 

110 

110 

< 60 

< 60 

66 

79 

110 

140 

66 

TOTAL  VOLATILE  RESIDUE 
(mglg) 

t 
1984 

35.3 

38 .O 

42.5/28.6 

30.2/28.7 

32.0/28.8 

21.6 

22.5 

44.6 

30.3 

28.8 

30.5 

31.9 

31.7 

34.4 

36.9 

1979 

11. 

10. 

11. 

13. 

17. 

10. 

< 10. 

c 10. 

c 10. 

< 10. 

- 
- 
- 
- 

a 
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TABLE 7 SEDIMENT FECAL  COLIFORM DATA 1984 

STATION 

co- 1 
co-2 
CO-3 
CO-4 
CO-5 
CO-6 
CO-7 
CO-8 
co-9 
co-10 
CO-16 
CO- 17 
CO-18 
co- 19 
co-20 

FECAL  COL IFORMS/100 g SEDIMENT 

< 30 
< 20 
< 20 
< 20 
< 30 
< 30 

70 
< 20 
< 20 
< 20 

20 
50 

< 20 
20 

< 20 

TABLE 8 MEAN VALUES OF METAL CONCENTRATIONS (mg/kg dry  wt.) AT 
STATIONS CO1-10, 1979/84 

METAL 

Mercury (Hg) 
Cadmium (Cd) 
Chromium (Cr) 
Copper t Cu 1 * 
Manganese (Mn )sc 
Nickel   (Ni  1 
Lead  (Pb) 
Zinc  (Zn) 
A1 umi num( A1 1 ( X )  

I r o n  (Fe) (%I  

MEAN + S.D. 
(CO 1-f0/1979) 

0.165 + 0.065 
1.213 T 0.022 

17.830 T 1.656 
12.014 '5 2.232 

245.200 T 36.304 
9.702 5: 0.173 
9.702 T 0.173 

23.060 - T 6.633 

2.054 - + 0.259 

"""- 

MEAN + S.D. 
(CO 1-T0/1984) 

-""" 
0.363 + 0.063 

22.618 5 4.121 
11.896 '5 1.766 

299.050 5 58.233 
6.700  1.438 
3.045 5: 0.142 

27.125 y 7.636 
1.053 5: 0.115 
2.237 - 5: 0.406 

* Ind ica tes  a s ign i f i can t   i nc rease   (p  < 0.05) between 1979  and  1984 values 
based on a 2 way ANOVA 
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I 

I 

I 

I 

I 

I 

1 

I 

3.2.5 Metal  Concentrations  (Tables  8-11 and Appendices  3-5). 
Sediment  metal  concentrations were analysed i n  1979  and  1984. Only data 
fr0.m s ta t i ons  sampled both  years (CO1-10) has  been compared, however data 
from a1 1 s ta t ions  (1979,  1984) are  presented i n  Appendix I 1  I .  Values were 
calculated  using  the  observed  concentrat ions  or  the  detection limit value. 
Rep1 i c a t e  and dupl icate sample values  (Appendix I V )  were pooled t o   o b t a i n  a 
mean value.  Fie1 d r e p l   i c a t i o n   o f  samples showed a l a rge  mean d i f fe rence 
between  samples  (9.4%-36.7%). These values  are  not   surpr is ing  g iven  the 
heterogeneity  of  benthic  sediments and inevi table  sampl ing  errors caused  by 
re -pos i t ion ing   the   sh ip  between  samples. The la rges t   d i f f e rences   i n   t he  
f i e 1  d rep l  i cates were found  with a1  umi num Val  ues . A1 umi num  was  a1 so the 

most variable  metal i n   t h e   l a b   d u p l i c a t e s .  Mean values were  used to   lessen 
t h e   v a r i a b i l i t y   o f   t h e   d a t a .  Lab s p l i t t i n g   o f  sediment samples produced a 
mean d i f f e r e n c e   o f  (2.1%-18.0%). 

Table 8 presents mean metal  concentrations  from  stations CO1-10 
f o r  1979 and  1984. Since  concentrations  of  mercury, cadmium, n i cke l  , and 
lead were a1 1 a t ,   o r  near t h e i r   d e t e c t i o n  1 im i t s ,  no s t a t i s t i c a l   a n a l y s i s  
o f  these  metals i s  possible. 

Manganese, chromium, copper,  zinc and iron  values  (Tabl e 8)  were 
sub jec ted   to  a two-way analys is  of variance (ANOVA) t o  determine i f  there 
were s i g n i f i c a n t  changes i n  metal  concentrations between 1979 and  1984. 
Mu1 t i p l e  1 inear   regress ion  analys is   o f  1984 data was used t o  examine metal 
concentrat ion i n   r e l a t i o n   t o   p r o x i m i t y   t o   t h e   o u t f a l l  Only manganese and 
chromium increased  s ign i f i can t ly   (p  < 0.05) between 1979 and  1984. 
However, these  increases may no t  be due t o  the new o u t f a l l  because: 

- maximum and  minimum values  for  both  metals  occured i n   t h e  same general 
area  before and a f t e r   t h e   o u t f a l l  was i n s t a l  1 ed  (Tabl e 9, Figure  3)  

- values  for  Mn and C r  were not   re la ted  to   rank  o f   d is tance  f rom  the  out -  
fa1 1 ( R  = -0.47, R = -0.38, Table  10)  nor were 
V I * .  

*Simil a r l y  no re1  a t ionship  ex is ts  between  metal s 

any other  metal s (Appendix 

and distance (m) . 
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TABLE 9 

METAL 

C r  

Mn 
cu 
Zn 
Fe 

STATION LOCATIONS OF MAXIMUM AND MINIMUM DATA VALUES AND 

DISTANCE TO OUTFALL FOR SEDIMENT METALS 1979 AND 1984 (Data 
from Appendix 3 ,  Stations  1-10] 

MAX IMUM MINIMUM 

1979 'I- 1984  1979 'I 1984 

Sta t ion   D is t .   S ta t ion  

c 

I 

" 

c 

Increases i n  copper,  zinc and i r o n  between 1979-1984 were n o t   s t a t i s t i c a l l y  
s i g n i f i c a n t  and were a lso   no t   re la ted   to   d is tance  f rom  the   ou t fa l l .  No 
meta l   concentrat ions  increased  wi th   increas ing  prox imi ty   to   the  out fa l l ,  
and i r o n  ( R  = -0.53), zinc ( R  = -0.45) a c t u a l l y  decreased. This  apparent 
decrease i s  due to   the   p re-d ischarge  d is t r ibu t ion   o f   the   meta l  . However, 
some metal s are   s ign i f i can t l y   co r re la ted   w i th   dep th   o f   t he   s ta t i on  and the 
% s i l t - c l a y   i n   t h e  sediment  (Table  10). 

When  mean sediment  metal  concentrations  obtained a t  Cape Lazo are 
compared t o  data  f rom  other   St ra i t  o f  Georgia and Hecate S t r a i t   s i t e s ,  it 
i s  apparent  that  Cape Lato  values  fa1 1 wi th in  the  range  of   values from 
other   locat ions  (Table 11). 
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TABLE 10 SEDIMENT  METAL CONCENTRATIONS AND THEIR  MULTIPLE REGRESSION 
COEFFICIENTS ( R )  AND CORRELATION  COEFFICIENTS (r )  WITH 
DISTANCE (rank)  FROM  THE  OUTFALL, DEPTH, AND X SILT AND CLAY: 
STATIONS COl-20/84 (Data  from  Appendix 3) 

METAL SILT AND CLAY DEPTH DISTANCE ( f r o m   o u t f a l l )  
(R)# ( r )   ( r )  

C r  

0.690* 0.873*  -0.269 A1 
-0.908* -0.570* -0 530 Fe 
0.327 0.738*  -0.453 Zn 
0.704* 0.904*  -0.109 cu 
0.078 0.156 -0.467 Mn 
-0.481  -0.390 -0.380 

#These negative  values  demonstrate  that  sediment  metal  values do n o t   i n -  
crease as t h e   o u t f a l l   i s  approached. I n   f a c t ,  a l l  metals have vary ing  
degrees of a n e g a t i v e   r e l a t i o n s h i p   w i t h   d i s t a n c e   t o   t h e   o u t f a l l .   T h i s  
r e f l e c t s   t h e   d i s t r i b u t i o n   o f  sediment  metal  levels  as  they were before  the 
i n s t a l l   a t i o n  o f  t h e   o u t f a l l  , main ly   lower   near   the   ou t fa l l ,  and h i g h e r   a t  
more d is tan t   s ta t ions .   Va lues   a re   non-s ign i f i can t   (p  > 0.05). 

* I n d i c a t e s   s i g n i f i c a n t   c o r r e l a t i o n  ( p  < 0.05). 

TABLE 11 SEDIMENT METALS: MEAN VALUES OR RANGE I N  MEAN VALUES  FOR 
SELECTED  STATIONS I N  THE STRAIT OF GEORGIA AND HECATE STRAIT 

I STRAIT OF GEORGIA I I HECATE STRAIT 
METAL* 

co1-10 
1984  1979 
co1-20 

C r  
cu  

22.62  17.83 

2.24 2.05 Fe ( X )  
27.12 23.06 Zn 
299.05 245.20 Mn 
11.90  12.01 

A1 ( X )  " 1.05 

+ 

" 

c 

PACKMAN SNEDDON AND HOLMAN  WALDICHUK 
1977 1982 1983 

- 
393.46 
66.29 
2.28 - 
- 

I ------ 
~ 37*8 -""- - 91*4 
' 91.4 - 102.3 
I 2.78 - 3.40 

12.44 - 22.52 
3.51 - 7.42 

187.33 - 334.14 
15.99 - 32.20 
1.66 - 3.99 
0.69 - 0.97 
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Metal  concentrations i n  sediment will con t inue   t o  be  monitored i n  
the   fu tu re   s ince  a s ign i f i can t   i nc rease   o f  manganese and i r o n  were found 
f o l l o w i n g   t h e   i n s t a l l a t i o n   o f  a  deep-sea o u t f a l l   a t  French Creek, north  of  
Nanaimo , on  Vancouver I s 1  and  (Pomeroy 1982). A1 though  data on chromium was 
no t   ava i lab le ,  Pomeroy (1982)  also  found s l i g h t l y   i n c r e a s e d   l e v e l s   o f  
copper and n icke l  . Soul  sby e t  a1 . (1978)  reported  elevated chromium 1 evel s 
(25 mg/kg) near a sewage o u t f a l l ,  compared to  other  areas  (9-13 mg/kg) i n  
Portsmouth  Harbour,  Engl and.  They a1 so found tha t   l eve l  s o f  copper, 1 ead , 
zinc, and cadmium were double  the  values  found  further away from  the 
discharge  area. Manganese and n icke l  were least   concentrated  nearest   the 
o u t f a l l  where estuar ine  condi t ions may have in f l uenced   the i r  
concentrat ions. 

3.3  Sumnary 

1. Data  obtained i n  June  1984, several months af ter   d ischarge began, are 
compared t o  1979 resu l t s .  

2. No impact o f   t h e  sewage o u t f a l l  was detected on seawater concentrat ions 
o f   n i t r i t e ,   n i t r a t e ,  and t o t a l  phosphate. A s l   i gh t   i nc rease  i n  amnonia 
l e v e l s  was detected,  although  the  equivalent  un-ionized  concentration 
o f  amonia (0.0004 mg/l ) i s  1000-times 1 ess  than 1 evel s considered 
hazardous t o  marine l i f e  (Clark  1980). 

3. There was no de tec tab le   impact   o f   the   ou t fa l l  on sediment p a r t i c l e   s i z e  
d i s t r i b u t i o n .  

4. A1 though  sediment  organic  carbon 1 evel s (TVR) increased between 1979 
and 1984 ( <  10-17 mg/g t o  21.6-44.6 mg/g) , seasonal v a r i a t i o n  my be  a 
fac to r   i n   t he   i nc rease ,   espec ia l l y   s ince  TVR  was nega t i ve l y   re la ted   t o  
d is tance  f rom  the   ou t fa l l  ( R  = -0.51)  and was n o t   s i g n i f i c a n t l y  
co r re la ted   w i th   concen t ra t i ons   o f   o i l  and grease ( r  = 0.27, Tab1 e 5).  
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5 .  B a c t e r i a l   l e v e l s   i n  sediments  from  two s ta t ions   near   the   ou t fa l l  showed 
low-level  fecal  contamination (50-70 MPN/100 g) , w h i l e   l e v e l s   a t   a l l  
o ther   s ta t ions  were be low  the   de tec t ion   l im i ts  ( <  20-< 30 MPN/100 9).  

6 .  A1 though Mn and Cr increased  s ign i f i can t ly  between 1979 and  1984, t h e i r  
i nc reases   a re   no t   a t t r i bu tab le   t o   t he   ou t fa l l  because: 

a) All sediment  metal  concentrations were negat ive ly   re la ted  
( R  = -0 .ll t o  -0.53) t o  prox imi ty   o f   the  out fa l l  : metal 
concentrat ions  decreased  nearer  the  outfal l ,  and increased  fur ther 
away. 

b) Maximum and  minimum metal  concentrations  occured i n  the same 
general  area  before and a f t e r   t h e   o u t f a l l  was i ns ta l l ed .  

8.  Monitoring a t  Cape Lazo will be continued due to   t he   d i ve rse   f i she r ies  
resources o f   t h e  area. 

r 
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APPENDIX I CTD  DATA 11 JUNE 84 STATIONS CO-3 AND CO-5 

Survey  Area: CAPE LA20 

Sta t ion:  CO-3 
L a t i t u d e :  49 42  7 

Longitude: 124 49  5 

Date: 84/06/11 

DEPTH 

( m ?  

0.9 

1 .o 
2 .o 
3.0 

4 .O 
5.0 

10.0 
15.0 

20 .o 
25  .0 

39 .O 
35 .O 
40 .O 
45 .O 
50 .O 
56.9 

TEMPERATURE 

("C) 

15.90 

15.83 

15.34 

15.09 

14.77 

14.53 

12.63 
10.38 

10.03 

10.00 
9.81 

9.62 
9.57 

9.56 

9.52 

9.38 

Time ( s t a r t   c a s t )  : 1802 PDT 

Time (s top   cas t ) :  1806 PDT 

Depth  Reading i n  Air: 1.40 meters 

Bottom  Depth  (sounder): 61.00 meters 

S I  GMA-T 

19.83 

19.85 

19.99 

20.10 

20.24 

20.35 

21.20 
22.26 

22.43 

22.45 

22.54 

22.65 
22.70 

22.73 

22.75 

22.85 

CONDUCTIVITY 

(umhos/cm) 

34.9827 

34.9463 

34.6069 

34.4940 

34.3477 

34.2445 

33.4286 
32.5080 

32.3862 

32.3808 

32.2982 

32.2521 
32.2707 

32.2965 

32.2862 
32.2730 

SALINITY 

( PPt 1 

27.2646 

27.2782 

27.3205 

27.3998 

27.4921 

27 S677 

28.2071 
29.061 3 

29.2143 

29.2312 

29.3008 

29.4039 

29.4625 

29.4988 

29.5133 

29.6198 

I CONTINUED... 
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APPENDIX I CTD  DATA 11 JUNE 84 STATIONS CO-3 AND CO-5 
(Continued) 

Survey  Area: CAPE LA20 

Sta t ion:  CO-5 

L a t i t u d e :  49 42  3 

Longitude: 124 49 5 

Date: 84/06/11 

Time ( s t a r t   c a s t ) :  1946 PDT 

Time (stop c a s t ) :  1950 PDT 

Depth  Reading i n  Air: .90 meters 

Bottom  Depth  (sounder): 65.00 meters 

DEPTH CONDUCTIVITY SIGMA-T  TEMPERATURE 

(m) (umhos/cm) ("C) 

0 .o 
1 .o 
2.0 

3.0 

4.0 

5.0 
10 .o 
15.0 

20.0 

25 .O 
30 .O 
35.0 
40.0 

45 .O 
50 .O 

56.7 

15.47 

15.42 

15.04 

14.72 

14.50 

13.50 
11.92 

10.52 

10.12 
10.00 

9.89 

9.80 

9.64 
9.57 

9.55 

9.41 

20.12 

20.11 

20.18 

20.30 

20.34 

20.71 
21.50 

22.16 

22.38 

22.47 

22.53 

22.59 

22.66 
22.72 

22.74 

22.85 

34.9414 

34.8670 

34.5594 

34.3770 

34.1980 

33.6570 
33.0892 

32.5234 

32.4042 

32.3983 

32.3705 

32.3542 

32.2834 
32.2966 

32.3100 

32.3036 

SALINITY 

( PPt)  

27.5262 
27.4961 

27.4911 

27.5520 

27.5486 

27.7769 
28.4280 

28.9586 

29.1629 

29.2512 

29.3048 

29.3634 

29.4194 
29.4853 

29.5167 

. 29.6193 
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APPENDIX I1 

SEDIMENT  PARTICLE  SIZE  DISTRIBUTION ( X )  STATIONS COl-20/84 



- 34 - 

Q 

I 

1. 

I 

I 

I 

1 

e 
\ 
a3 

d cu 
I 

4 
0 
L‘ 

v, z 
G 

5 
0 

W 
h’ 

b w 
v) 

> 
pz 
w > 

C 
W x 

* v  a 
w > 

> 
U 

2 c 
U e 
+ d 

v) 



- 35 - 

APPENDIX I I I 

SEDIMENT  DATA 1979 AND 1984 
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APPENDIX I V  

SEDIMENT  FIELD  REPLICATE AND 

LABS  DUPLICATE  SEDIMENT  DATA 1984 
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APPENDIX I V  SEOIMENT FIELD REPLICATE AND LAB DUPLICATE  SEDIMENT  DATA 
1984 

STAT1 ON 

~~~ ~ 

co-2 
3 
4 
5 
8 
18 

co-2 
3 
4 
5 
8 
18 

co-2 
3 
4 
5 
8 
18 

co-2 
3 
4 
5 
8 
18 

ELEMENT 
OR 

CONSTITUENT 

Cr 
(mglkg) 

FIELD 
VALUE 

21.2 
24.3 
18.1 
18.7 
25.9 
18 .O 

13 .O 
16.7 
13.2 
14.0 
10.7 
14.8 

424 .O 
397 .o 
281 .O 
265 .O 
305 .O 
276 .O 

32.9 
35.9 
31.8 
31.1 
27 .O 
32.4 

FIELD 
REPLICATE 

- 
21.2 
19.2 
14.5 

- 

- 
13 .O 
12.4 
10.1 

- 
- 

- 
327 .O 
296 .O 
231 .O 

- 
- 

- 
31.3 
31.1 
24 .O 

- 
- 

LAB 
DUPLICATE 

22.2 
- 

18.9 
- 

26.4 
25.2 - 

X 

13.3 
- 

12.7 
- 

11.6 
14.9 - 

X 

- 
13.0 
12.4 
10.1 - 

- - 
X 

33.6 
- 

29.8 
- 

27.3 
32.8 - 

X 

X DIFFERENCE 

Fie1 d 

- 
12.7 
6.1 
22.4 

- 
- 
13.7 

- 
22.1 
6 .O 
27.8 

- 
- - 
18.6 

- 
17.6 
5.3 
12.8 

- 
- - 

11.9 

- 
12.8 
2.2 
22.8 - - - 
12.6 

- 
Lab 
- 

4.7 
- 

1.5 
- 
1.9 
40 .O 
12 .o 
- 

2.3 
- 
2.4 
- 
8.4 
0.7 
3.5 
- 
- 
0 

9.1 
- 

- 
10.1 
8.6 
9.3 
- 
- 
2.1 
- 
4.1 
- 

1.1 
1.2 
2.1 
- 

CONTINUED... 
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APPENDIX I V  SEDIMENT  FIELD  REPLICATE AND LAB  DUPLICATE  SEDIMENT  DATA 
1984 
(Continued) 

STAT1 ON ELEMENT 
OR 

CONSTITUENT 

F I E L D  
VALUE 

F I E L D  
REPL I CAT€ 

LAB 
DUPLICATE 

% DIFFERENCE 

Fie1 d 

- 
2.1 
4.7 

21.4 
- 
- 

9.4 

L a b  

2.32 
- 

1.90 
- 

2.92 
1.84 - 

X 

co-2 
3 
4 
5 
a 

18 

Fe 
( X )  

2.30 
2.35 
1.92 
1.87 
3.01 
1.76 

0.9 

5.5 
- 
- 

3 .O 
4.5 
3.5 
- 

0 .o 
- 

36.8 
- 

8.2 
8.5 

- 
2.30 
2.01 
1.47 
- 

co-2 
3 
4 
5 
8 

18 

41 
( X )  

1.21 
1.26 
1.20 
1 .ll 
0.89 
1.17 

1.21 
- 

1.90 
- 

0.97 
1.28 - 

X 

- 
2.30 
2.01 
1.47 
- 
- 

- 
45.2 
40.3 
24.5 - 

- - 
36.7 

- 
32.7 
4.9 

10 .o 

- 
15.8 

co-2 
3 
4 
5 
8 

18 

TV R 
(mg/g) 

35 .O 
42.5 
30.2 
32 .O 

- 
28.6 
28.7 
28.8 

170 
92 

110 
86 

- 

co-2 
3 
4 
5 
8 

18 
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APPENDIX V 

CORRELATION  MATRIX  SEDIMENT  DATA 
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