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INTRODUCTION 

I n  response t o  a r e q u e s t   b y   P a c i f i c  R i m  Nat ional   Park Wardens i n  

A p r i l  1984, a water  qual i ty  and  sed iment   survey   o f   se lec ted   s i tes  was  made 

i n  and  ad jacent   to   park   boundar ies .  These s i t e s   i n c l u d e d :  1) t h e   c u r r e n t  . 

deve lopmen t   o f   t he   To f i no  Go1 f Course  and  s t reams  f lowing  ad jacent   to  it; 

2) the   c reek   pass ing   th rough  the   Esowis ta   Ind ian   Reserve  and l e a c h a t e   f r o m  

t h e   r e s e r v a t i o n   s e p t i c   f i e 1  d; 3 )  t h e   T o f   i n o / U c l   u e l   e t   s a n i t a r y  1 a n d f i l l  

w h i c h   d i s c h a r g e s   l e a c h a t e   d i r e c t l y   t o   S a n d h i l l   C r e e k   w h i c h   f l o w s   t o   L o n g  

Beach. 

. 

Water  samples  were t e s t e d   f o r   m e t a l s ,   n u t r i e n t s ,   a n d   f e c a l  

co l i fo rm  bac ter ia .   Sed iment   samples  were t e s t e d   f o r   m e t a l s .  

The w a r d e n s   a l s o   r e q u e s t e d   i n s t r u c t i o n  i n  f i e l d   m o n i t o r i n g  

techniques  and  recommendations f o r  an a p p r o p r i a t e   w a t e r   q u a l i t y   f i e l d   k i t .  

T h i s  was p r o v i d e d   t o  them. 

I 

I 
I 
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I '  
1 .o SUMMARY 

The Tof ino  Gol f   Course  development   has  not   a f fected  the  water  

qual i ty  o r   b o t t o m   o f   t h e   s m a l l   c r e e k   f l o w i n g   a d j a c e n t   t o  i t  however t h e r e  

i s  a severe  erosion  problem  caused  by  improper  d i tching i n   t h e   a r e a   b e t w e e n  

t h e  go1 f cou rse   and   t he   To f   i no   A i rpo r t .  The d i t c h e s  were c u t   t h r o u g h  a 

s h a l l o w   t o p s o i l   l a y e r   i n t o   u n d e r l y i n g   s a n d   w h i c h   e a s i l y   e r o d e s   u n d e r   t h e  

heavy r a i n f a l l   e x p e r i e n c e d   i n   t h e   P a c i f i c  R i m  area. The eroded  sand  and 

mud has s i 1   t e d   i n   t h e   s t r e a m   b e d   t o   t h e   c u l   v e r t   a t   t h e   T o f i n o   h i g h w a y  and 

covered a s i g n i f i c a n t   p o r t i o n   o f   t h e   s p a w n i n g   g r a v e l   u s e d   b y   c u t t h r o a t  

t r o u t   ( s e e   p l a t e s   1 - 4 ) .  The sha l l owness   o f   t he   d i t ches   a l l ows   t he   d ra inage  

w a t e r   t o  warm s i g n i f i c a n t l y .  A t empera tu re   o f  26°C was measured a t  one 

t e s t  s i t e .  

1.1 Water Chemi s t r v  

Manganese was the   on ly   meta l   wh ich   exceeded  (bu t   no t  

s i g n i f i c a n t l y )   t h e   l e v e l   c o n s i d e r e d   a c c e p t a b l e   f o r   a q u a t i c   l i f e   a t   t h e  

T o f i n o   A i r p o r t / G o l f   C o u r s e   s i t e .   N u t r i e n t s ,  C.O.D., hardness, a l k a l i n i t y ,  

d i   ssol   ved  oxygen  and pH were a1 1 a t   a c c e p t a b l e  1 eve1 s.  
There  does  not  appear t o  be  any f e c a l   p o l  1 u t i o n   o f   t h e  go1 f 

course   s t ream  as   feca l   co l i fo rm  tes ts   were  1 ess  than 1/100 mL. 

The s e p t i c   f i e l d   a t   t h e   E s o w i s t a   I n d i a n   R e s e r v e   a p p e a r e d   t o  be 

s a t u r a t e d  and n o t   o p e r a t i n g   p r o p e r l y .   R e p l i c a t e   s a m p l e s   o f   e f f l u e n t  

d i s c h a r g i n g   t o   L o n g  Beach  were t e s t e d   f o r   f e c a l   c o l   i f o r m   b a c t e r i a  and  were 

measured a t  460,000/100 mL, and 800,000/100 mL. T h i s   f i e l d  has  been c l o s e d  

and e f f l u e n t   i s   b e i n g   t r a n s p o r t e d   b y   t a n k e r   t o   T o f i n o   f o r   d i s p o s a l   w h i l e  an 

improved  system i s   b e i n g   d e s i g n e d   a n d   b u i l  t (see  Appendix I 1. 
L e a c h a t e   f r o m   t h e   T o f i n o / U c l u e l e t   l a n d f i l l   f l o w s   d i r e c t l y   i n t o  

Sandhi1 1 Creek  which  discharges t o  Long Beach. Leacha te   f l ow  i s  con t inuous  

du r ing   t he   we t  season  and may become s tagnan t   du r ing  dry weather. The 

s tagna ted   l eacha te  was t e s t e d   i n   A u g u s t  1982 and  found t o  b e   h i g h   i n  

v a r i o u s   h e a v y   m e t a l s   i n c l u d i n g  chromium,  copper, manganese, zinc,  aluminum 

and  i ron.   Ext remely  h igh  va lues  were a1 so ob ta ined  fo r   chemica l   oxygen 
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demand (804 mg/L) , hardness (969 mg/L and ammonia (302  mg/L) . The 

s tagnant   leachate  was bioassayed  and  found t o  b e   a c c u t e l y   t o x i c   t o   r a i n b o w  

t r o u t   u n d e r y e a r l i n g s   w i t h  100% m o r t a l i t y   i n  10 t o  20  minutes a t  100% 

concen t ra t i on   (Append ix  111). 

D u r i n g   p e r i o d s   o f   h i g h   r u n o f f ,  chromium, manganese, aluminum  and 

i r o n  were  above 1 eve1 s cons ide red   accep tab le   f o r   aqua t i c  1 i f e  and  chemical 

oxygen demand was  a1 so h i  gh a t  290 mg/L (Append ix   IV)  . 
A b i o a s s a y   o f   t h e   f l o w i n g   l e a c h a t e  was f o u n d   t o  be  non t o x i c   t o  

r a i n b o w   t r o u t   u n d e r y e a r l  i ngs a f t e r  96 hours. The f i s h   d i d  show severe 

s t r e s s   a t   t h e  0.17  hour  mark  and  stress a t   t h e  0.33  hour  mark o f   t h e   t e s t  

(Appendix   VI ) .  The leacha te   has   a f fec ted   t he   s t ream  by   keep ing   t he   bo t tom 

d e v o i d   o f   g r o w t h   a t   t h e   c o n f l  uence w i th   Sandh i l  1 Creek  and  promot ing  th ick 
a lga l   g rowth   wh ich  i n  some loca t i ons   b locks   t he   s t ream.  

The di   ssol   ved  oxygen i n  Sandhi l  1 Creek i s  depressed  f rom 

9.0 mg/Ldown t o  7.0 mg/L f o r  20 t o  40 meters  downstream o f   c o n f l u e n c e   w i t h  

t h e  1 eachate. 

There i s   l i t t l e  documentat ion on t h e   a q u a t i c   l i f e   o r   f l o w  

pat terns  in   these  s t reams.   Park  wardens  have now been i n s t r u c t e d   i n   f i e l d  

mon i to r i ng   t echn iques  and will p e r i o d i c a l l y   m o n i t o r   t h e s e   s i t e s  and r e c o r d  

f low,   temperature,  pH, di  ssol  ved  oxygen  and  hardness. 

1.2 Sediments 

Metal  s i n  sediments  were  sampled a t  seven 1 o c a t i o n s   i n  and 

b o r d e r i n g   P a c i f i c  R i m  Park. Two samples o f  sand  f rom  the  southern  end  of  1 Long  Beach  and  one  sample o f   s t ream  sed imen t   f rom  the   To f i no   A i rpo r t /Go l  f 

1 human a c t i v i t y .   F o u r  samples  were  taken  f rom  s i tes  where  contaminat ion was 

Course d i t c h  were  considered t o  be   f rom  a reas   re1   a t i ve ly   uncontaminated   by  

expected. 

The  beach  sand a t   t he   d i scha rge   f rom  the   Esow is ta   I nd ian   Reserve  

h a d   t h e   h i g h e s t   v a l u e s   f o r   1 3   o f   t h e  24  elements  analysed. Cadmium a t  

1.3 ppm was 2 t o  4 t i m e s   t h e   l e v e l   f o u n d   i n   u n c o n t a m i n a t e d  sand. Average 
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Canadian 1 e v e l  s f o r  cadmi um a r e  0..1-0.63  ppm and average  wor ld  1 eve l  s f o r  

Cadmium a r e  0.20-2.0 ppm. Cadmium found i n   a l l  samples  were w i t h i n   t h e  

normal  range. 

Mercury  (0.111 ppm), l e a d  (6.0 ppm) and z i n c  (85.2 ppm) l e v e l s   i n  

t h e   T o f i n o / U c l u e l e t  1 a n d f i l l   l e a c h a t e   d i t c h   s e d i m e n t  were  two t o   t h r e e  

t imes  background  leve ls .   Mercury was i n a range   where   f u r the r   mon i to r i ng  

i s  warranted t o  ensure   tha t   concent ra t ions   do   no t   exceed 1.000 ppm a t   w h i c h  

p o i n t   s i g n i f i c a n t   b i o a c c u m u l a t i o n   c a n   o c c u r   ( 3 ) .  Lead was w i t h i n   t h e   r a n g e  

cons idered  normal   fo r   Br i t i sh   Co lumbia   sed iment  ( 5 ) .  

1.3 Recommendations 

1.3.1 F u r t h e r   e r o s i o n  o f  t h e  go1 f cou rse   d ra inage   d i t ches  and s i  1 ti ng 

o f   t h e   a d j a c e n t   s t r e a m   s h o u l d  be  prevented. The d i t c h   e r o s i o n   c o u l d   b e  

s topped  by  proper   s lop ing and s e e d i n g   o f   t h e   d i t c h  banks. S i l t i n g   o f   t h e  

s t ream  cou ld  be reduced o r  p reven ted   by   cons t ruc t i on  o f  s e t t l i n g  ponds 

wh ich   wou ld   a l l ow   e roded   sed imen t   t o   se t t l e   be fo re   d i scha rg ing   t o   t he  

creek. The ponds c o u l d  be i n c o r p o r a t e d   i n t o   t h e   l a n d s c a p e   o f   t h e   g o l f  

course   per imeter .  

1.3.2  The E s o w i s t a   s e p t i c   f i e l d   i s   b e i n g   r e p l a c e d  and  no f u r t h e r  

recommendations  are  necessary. 

1.3.3 The Tof i n o / U c l   u e l   e t  1 a n d f i  11 1 eachate  should  not   d ischarge 

d i r e c t l y   t o   S a n d h i l l  Creek.  Improvements  are  necessary as t h e   d i t c h  does 

n o t   a l l o w   s u f f i c i e n t   t r e a t m e n t   t o   r e d u c e   m e t a l s ,   n u t r i e n t s ,  and chemical  

oxygen demand t o   a c c e p t a b l e   l e v e l s .  A s i g n  a t  the  h ighway  entrance t o   t h e  

1 a n d f i l l   s h o u l d  b e  e r e c t e d   t o  i n f o r m   t h e  pub1 i c o f   t h e   t y p e s   o f   w a s t e s  

which may be dumped t h e r e ,  as t h e r e   i s   p o t e n t i a l   f o r   d i r e c t   d i s c h a r g e   o f  a 

t o x i c   w a s t e   t o  Sandhi  11  Creek. 

1.3.4 F u r t h e r   r e g u l a r   m o n i t o r i n g   o f   a l l   t h e   s t r e a m s  

leacha te   f l ows ,  pH, d i s s o l v e d  oxygen,  temperature and a 

and 1 a n d f i  11 

l k a l i n i t y   c o u l d  be 
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done by park   pe rsonne l .   Quar te r l y   samp les   f o r   me ta l s   and   nu t r i en ts  and 

chemical  oxygen demand o f  t he   l eacha te   shou ld   be  made f o r  one y e a r   t o  

es tab l i sh   bas ic   background  da ta .  All the   da ta   shou ld  be r e p o r t e d   t o  

Mr. D. E l l i s ,  Sr. Eng ineer ,   Federa l   Ac t i v i t i es  , EPS, Kapi lano 100, West 

Vancouver. 

1.3.5 P o s t i n g   o f   t h e   s t r e a m s   d i s c h a r g i n g   t o   t h e   b e a c h  as " U n f i t   f o r  

D r ink ing   Wate r "  has been recommended by   the  B.C. Department o f   H e a l t h  and 

has  been imp1  emented  by parks  personnel .  
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2.0 TOFINO  GOLF COURSE DEVELOPMENT 

S u b s t a n t i a l  amounts o f   t o p s o i l  have  been  moved t o   f a c i l i t a t e   t h e  

go1 f course  development a t   t h e   T o f   i n o   a i r p o r t .  Some d r a i n a g e   d i t c h i n g  has 

been  done i n   t h e   c o u r s e   a n d   i n   t h e   b o g   a r e a   a d j a c e n t   t o   t h e   a i r p o r t   r u n w a y s  

#10 and  #15. A1 1 t h e   d i t c h e s  were c u t   t h r o u g h   t h e   s h a l l  ow t o p s o i l  1 ayer 

in to   subsur face   sand and d r a i n   i n t o  a c reek   wh ich   d i scha rges   t o   t he  beach. 

Heavy r a i n f a l l   ( u p   t o  2.74 m. f rom  January  to   June  1984)   creates  h igh 

r u n o f f  and  severe   e ros ion   o f   the   d ra inage  d i tch   banks   wh ich   were   no t  

p r o p e r l y   s l o p e d   o r   p r o t e c t e d   w i t h   g r a v e l   o r   v e g e t a t i o n .  P1 ates  1-4 show 

how t h e  sand  has  washed i n t o   t h e   d i t c h e s   a n d  how sand  and mud has  covered 

t h e   g r a v e l  beds i n   t h e  stream. The gravel  beds  are  necessary  as  spawning 

beds f o r   c u t t h r o a t   t r o u t .   S e v e r a l   f i s h   ( i n   s p a w n i n g   c o l o r s )   w e r e   o b s e r v e d  

a t   t h e   c u l v e r t  where the  Tof ino  h ighway  crosses  the  stream. The c u l v e r t  

has a c t e d   t e m p o r a r i l y  as  a b a r r i e r   t o  movement o f  t h e   s i l t ,  as t h e   g r a v e l  

beds  downstream  were s t i l l   f r e e   o f  sand. I f  t h e  bank e r o s i o n   i s   a l l o w e d   t o  

cont inue  the  sand will progress  downstream  and  destroy  the  remaining 

spawning  beds. 

2.1  High  Temperature  Ditch  Water 

A water   tempera ture   o f  26°C was measured i n   t h e   d r a i n a g e   d i t c h  

p r i o r   t o   d i s c h a r g e   t o   t h e   s t r e a m .  These h i g h   t e m p e r a t u r e s   r e s u l t   f r o m  a 

l a c k   o f   c o v e r  and t h e   s h a l l o w n e s s   o f   t h e   d i t c h .   D u r i n g   t h e   h i g h   r u n o f f   t h e  

s t ream  f l ow  was s u f f i c i e n t   t o   l o w e r   t h e   d i t c h   w a t e r   t e m p e r a t u r e   t o  11°C. 

It i s   n o t  known i f  summer f l o w s   w o u l d   b e   d e t r i m e n t a l   t o   t r o u t  fry due t o  

warm water   tempera tures .   Fur ther   mon i to r ing   o f   f low  and  water   cond i t ions  

woul  d determi ne t h i  s.  

2.2 Water Chemi s t r v  

A wa te r   samp le   co l l ec ted   i n   June  1984 t o  be   ana lyzed  fo r  

d i   sso l   ved   meta l  s was contaminated i n   t h e  1 abo ra to ry  , however t o t a l   m e t a l  s 

were  analysed  from a separate  sample. Manganese was measured a t  0.172 mg/L 



o r  0.072 mg/L  above the   acceptab le   leve l .   Most   meta ls   were   be l  ow t h e  

d e t e c t a b l e   l i m i t s   o r   w i t h i n   r a n g e s   a c c e p t a b l e   t o   a q u a t i c   l i f e .  

N u t r i e n t s ,  C.O.D., hardness,  and a l k a l i n i t y  were a l l   l o w  and w e l l  

w i t h i n   a c c e p t a b l e  1 im i ts .   D isso lved  oxygen and pH were a1 so a t   l e v e l  s 

a c c e p t a b l e   t o   a q u a t i c   l i f e .  

2.3 Col i f o r m   B a c t e r i a  
F e c a l   c o l i f o r m   b a c t e r i a   w e r e  measured a t   t h r e e   s i t e s   n e a r   t h e  

Tofino  Golf  Course  development. The values  ranged  f rom  1/100 mL before  

and a f t e r   p a s s i n g   t h r o u g h   t h e   g o l f   c o u r s e   t o   2 0 - 1 8 0 / 1 0 0  mL a f t e r   p a s s i n g  

n e x t   t o   t h e   E s o w i s t a   I n d i a n   r e s e r v e  and d i s c h a r g i n g   t o  Long  Beach.  These 

l e v e l s   a r e   a c c e p t a b l e   f o r   p r i m a r y   c o n t a c t   r e c r e a t i o n a l   w a t e r .  

TABLE 1 FECAL  COLIFORM MEASUREMENTS AT THE TOFINO GOLF COURSE 

DEVELOPMENT 

SAMPLE SITE 
~~~ ~ 

G1 Nor th   end   o f  runway  #15 

62 P r i o r   t o   t h e   E s o w i s t a   I n d i a n  

Reserve 

63 A f t e r   t h e   E s o w i s t a  

64 Ind ian   Reserve   be fore  

d i s c h a r g e   t o   t h e   b e a c h  

84 06 05 

84 06 05 

84 06 05 

84 06 05 

84 06 05 

FECAL COLIFORM/100 ml 

( 1  

< 1  

< 1  

20 

180 



I 
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FIGURE 2 LOCATION OF S A M P L E   S I T E S  FOR TOFINO 
GOLF COURSE DEVE L 0 PMENT 
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P1 a t e  #1: B e g i n n i n g   o f   t h e  

A i  r p o r t / G o l  f Course  Di tch 

n e a r   t h e   n o r t h e a s t   e n d   o f  

Runway #15. Note  the  eroded 

banks and s i l t e d  bottom. 

P1 a t e  # 2 :  Drainage 

d i t c h   n e a r  Runway 

#lo.  EPS summer 

student  demonstrates 

f i e l d   t e s t s   f o r  

Park Wardens  and 

F i s h e r i e s   O f f i c e r .  

Note  severe  eros ion 

o f   t h e  banks. 
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P1 a t e  #3: Parks Warden p e r f o r m i n g   f i e l d   t e s t .  Water  temper- 
a tu re   he re  = 26OC. Note   the   lack  o f  cover and severe  eros ion.  

P1 a t e  #4: Spawning  bed  . for   cut throat  Trout and stream  bank 
c o v e r e d   w i t h   s i l t  and mud f rom  ups t ream  d i tches .   To f ino  

H i  ghway Cul v e r t .  
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U 
I 

- 11 - 

-. 2.4 F i e l d   D a t a   f o r   A i r D o r t / G o l f   C o u r s e   S t r e a m  

Locat ion:   Nor th  east   end of runway # lo ,  on the   no r th   wes t   s ide   o f   t he  

To f  i no Go1 f Course. 

F i e l d   T e s t s :   D a t e  ; June 4, 1984 

Temperature ; 26°C 

PH ; 6.4 
D isso lved  Oxygen;  9.0 mg/L 

Observa t ions :   Ex tens ive   e ros ion   o f   the   banks   has   resu l ted  i n   t h e   s i l t i n g  

of the  s t ream.  This   area was o r i g i n a l l y  bog  and t h e   d i t c h e s  
were c u t  t o   d r a i n  the a r e a .  

Locat ion:   Nor th  east   end  o f   runway #15,  on the   no r thwes t   s ide   o f   t he  

T o f   i n o  Go1 f Course. 

F i e l d   T e s t s :   D a t e  ; June 5, 1984 

Temperature ; 14°C 

PH ; 5.5 
D isso lved  Oxygen;  10.0 mg/L 

Observa t ions :   Ex tens ive   e ros ion  o f  t he   d i t ch   banks .  
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3.0 DISCHARGE OF LEACHATE FROM THE ESOWISTA I N D I A N  RESERVE SEWAGE 

TREATMENT FIELD 

F e c a l   c o l i f o r m   b a c t e r i a   w e r e  measured i n   l e a c h a t e   d i s c h a r g i n g   t o  

t h e  beach f rom the   Esowis ta   Ind ian   Reserve  sewage lagoon.  This was 

expected t o  be   con tamina ted ,   based   on   p rev ious   t es ts   by   t he   B r i t i sh  

Columbia  Health  Department. The f o l l o w i n g   r e s u l t s  were  obtained. 

TABLE 2 FECAL  COLIFORM MONITORING RESULTS FROM THE ESOWISTA I N D I A N  

RESERVE 

An i n t e r i m   r e p o r t   ( s e e   A p p e n d i x  I )  was submitted  recommending 

f u r t h e r   d i s c h a r g e   o f   e f f l u e n t   b e   d i s c o n t i n u e d .  These recommendations  have 

been f o l l o w e d  and redes ign   o f   the   was te   t rea tment   sys tem i s  underway. 

Waste sewage i s  b e i n g   t r u c k e d   t o   T o f i n o   f o r   d i s p o s a l .  
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Low 
line. 

F IGURE 3 B E A C H  STREAM AND S E P T I C   F I E L D   D I S C H A R G E S  
TO LONG BEACH AT THE  ESOWISTA  INDIAN  RESERVE 
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4.0 LEACHATE FROM THE TOFINO/UCLUELET LANDFILL DISCHARGING TO 

SANDHILL CREEK ( S i t e  L2) 

Sandhi1 1 Creek i s  a salmon  spawning  stream  which 1 i e s   a d j a c e n t   t o  

t h e   T o f i n o / U c l   u e l e t   s a n i t a r y   l a n d f i l l .  A d i t c h  dug t o   c o l l e c t   l e a c h a t e  

f r o m   t h e   l a n d f i l l   d i s c h a r g e s   d i r e c t l y   t o   S a n d h i l l  Creek. The f l o w   o f  

l e a c h a t e   i n   t h e   d i t c h  may become s tagnan t   du r ing  dry weathe r   a l l ow ing   t he  

l e a c h a t e   t o  become concentrated.  

Certain  contaminants  measured i n   t h e   l e a c h a t e   i n  August 1982 and 

June 1984 w e r e   a b o v e   a c c e p t a b l e   l i m i t s   f o r   a q u a t i c   l i f e  (1). 
The August 1982 samples o f   l e a c h a t e  were   taken  dur ing   d ry   weather  

when f l o w  was stagnant.   Concentrat ions  above  acceptable limits f o r   a q u a t i c  

l i f e  were  measured f o r  chromium,  copper, manganese, nickel ,   phosphorus, 

lead,  z inc,   a luminum,  i ron,  magnesium,  sodium, n i t r o g e n   ( a s  ammonia), 

hardness,  chemical  oxygen demand and zero  d isso lved  oxygen (l). The 

samples  taken i n  June 1984 were a f t e r  a p ro longed  wet   per iod   o f   near   record  

r a i n f a l l  and cont inuous   leachate   f low.  A d i l u t i o n   f a c t o r  was apparent  as 

on ly   chromi  um, manganese, a1 umi num, i r o n ,  and  chemical  oxygen demand were 

above  acceptable 1 eve1 s (see  Table 3) .  

4.1 A1 umi num 

Aluminum i n  background  waters was 2-10 t i m e s   h i g h e r   t h a n   t h e  
(1) 

0.10 mg/L normal ly   cons idered  acceptab le .   S tagnant   leachate   concent ra t ions  

were  up t o  43 mg/L b u t   o n l y  0.15 t o  0.27 mg/L d u r i n g   h i g h   f l o w .  

4.2 I r o n  - 
I r o n  was a t  normal l e v e l s   i n   b a c k g r o u n d   w a t e r s   b u t  10 t o  100 

t i m e s   t h e   a c c e p t a b l e   l e v e l   i n   s t a g n a n t   w a t e r ,  and 1-10 t i m e s   d u r i n g   h i g h  

f 1 ow. 

4.3 D i  sso l  ved Oxygen 

Dissolved  oxygen was zero i n   t h e   s t a g n a n t   l e a c h a t e   t e s t e d   i n  1982 
and was not  measureable  using a Hach Chemical Kit , i n   t h e  samples t e s t e d   i n  



- 15 - 

TABLE 3 CONTAMINANTS ABOVE ACCEPTABLE LEVELS I N  THE TOFINO/UCLUELET LANDFILL 

LEACHATE (mg/L) ( S i t e   L 2 )  

PARAMETER 

Chromi um 
Copper 

Manganese 
N i c k e l  

Phosphorus 

Lead 

Z i  nc 

A1 umi num 

I ron  

Magnesi urn 
Sod i um 
A1 k a l  i n i  t y  

N i t r o g e n  ( NH3) 

Hardness 

C.O.D. 

D i  ssol  ved  Oxygen 

*ACCEPTABLE 

LEVEL 

(mg/L) 

0.05 

0 -005 

0.10 

0.025 

0.020 
0.03 - 0.77 

0.20 - 0.49 

0.10 

1 .oo 
50.0 

500 .O 

30 - 130 

0 -02 

100.0 

0 - 75 

5.0 

AUGUST, 1982 T 
D i  ssol ved 

0.016 

0.005 

0.106 

0.035 

0.065 

< 0.02 

0.005 

< 0.05 

13.6 

127 

81 5 

3100 

302 

0.0 

T o t a l  
~~~ ~- 

0 -078 

0.072 

3.80 

0.055 

3.92 

0.075 

1.12 

41 .O 

102 

146 

577 

3100 

969 

804 

JUNE 4, 1982 

D i  ssol  ved 

< 0.005 

0.164 

0.15 

1.07 

**0.0,6.1 

*Reference #1 

**H igh   d isso lved  heavy   meta ls  may h a v e   i n t e r f e r e d   w i t h   t h e  Hach Kit t e s t .  

c 

” 

c 

T o t a l  

0.051 

1.290 

0.27 

15.30 

290 
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June 1984. The h i g h   d i s s o l v e d   m e t a l s  may h a v e   i n t e r f e r r e d   w i t h   t h e  Hach 

Kit Chemicals  method  as 1 abora tory   tes ts   gave  d isso lved  oxygen as 5.1 t o  

6.1 mg/L. F i e l d   t e s t s   i n d i c a t e   t h a t  a measurable  drop i n   d i s s o l v e d  oxygen 

o c c u r e d   a f t e r   t h e   l a n d f i l l   l e a c h a t e   e n t e r e d   S a n d h i l l   C r e e k .  

TABLE 4 DISSOLVED OXYGEN I N  SANDHILL CREEK 

S I T E  DISSOLVED OXYGEN TEMPERATURE  LOCATION 
("C) (mg / l )  

L l  20 m Upstream 

11 .o 13 .O A t  t h e  Beach L4 
7 .O 11 .o 20 rn Downstream L3 
0 .o* 11.0 L a n d f i  11 Leachate L2 
9.0 10.0 

*Leachate  contaminants may h a v e   i n t e r f e r r e d   w i t h   f i e l d   a n a l y s i s   t e c h n i q u e .  

4.4 Chemical Oxygen Demand 

Chemical  oxygen demand was e x t r e m e l y   h i g h   i n   t h e   s t a g n a n t  

1 eachate (840 mg/L)  and  exceeded t h e   a c c e p t a b l e  1 eve1 s o f  (0-75 mg/L) 

d u r i n g   h i g h   f l o w   b y   f o u r   t i m e s .  

4 05 A1 k a l  i n i  t y  ( as CaC03) 
A l k a l i n i t y  = 3100 mg/L exceeded the   normal   range  o f  30-130 mg/L 

and was l i k e l y  due t o   h i g h  ammonia concen t ra t i ons  and d isso lved  meta ls   such 

as c a l c i  um and  magnesi um. 

4.6 Bioassay 

A b ioassay   o f   the   August  1982 leachate  sample showed acute  

t o x i c i t y   t o   r a i n b o w   t r o u t   u n d e r y e a r l i n g s   w i t h  100% m o r t a l i t y   i n  10 t o  20 

minutes  (Appendix I I I ) .  The June 1984 sample was n o t   t o x i c   t o   r a i n b o w  

t r o u t   u n d e r y e a r l i n g s   a t  100% concen t ra t i on   ove r  96 hours. The leacha te  

i 
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changed  from a b l a c k   l i q u i d   a t   t h e   l a n d f i l l   s i t e   t o  a c l e a r   l i q u i d  a t  t h e  

d i t c h   d i s c h a r g e  as a r e s u l t   o f   d i l u t i o n  and some decompos i t i on   v ia   ae ra t i on  

and b i o l o g i c a l / c h e m i c a l   o x i d a t i o n .  

4.7 N u t r i e n t s ,   N i t r o g e n  (NH3, NOR- ) ,  Phosphorus 
N i t r o g e n  as  ammonia i n   t h e   s t a g n a n t   l e a c h a t e  was ex t reme ly   h igh  

a t  302 mg/L w h i l e   t h e   n i t r a t e   f o r m  was be low  de tec tab le  1 i m i t s .   T h i s  

i n d i c a t e s   t h a t   u r e a ,   f e c a l  and o r g a n i c   m a t t e r   i n   t h e   l a n d f i l l  has  undergone 

bac te r ia l   decompos i t i on  and h y d r o l y s i s   t o   t h e  ammonia form. The ammonia i s  

avai  1 ab1 e a t  d ischarge as f e r t i  1 i z e r   f o r   p l a n t   m a t t e r .   T h i s   w o u l d   p r o m o t e  

t h e   g r o w t h   o f   l a r g e  amounts o f  algae  which i n  some areas f i l l e d   t h e   c r e e k  

downstream o f  c o n f l u e n c e   w i t h   t h e   l e a c h a t e   d i t c h .  

Phosphorus was h i g h   i n   t h e  1982 measurements b u t   r e 1   a t i v e l y   l o w  

i n   t h e  June  1984 t e s t s .  

4.8 Col i f o r m   B a c t e r i a  

F e c a l   c o l i f o r m   b a c t e r i a   c o n c e n t r a t i o n s   i n   S a n d h i l l   C r e e k   ( S i t e  

L1)  were a t  normal l e v e l s   f o r   n a t u r a l   w a t e r s .  The 1 a n d f i  11 l e a c h a t e  

exceeded t h e  200/100 mL l e v e l   f o r   p r i m a r y   c o n t a c t   w a t e r   b u t  was d i l u t e d   t o  

acceptable 1 eve1 s a t  i t s   c o n f l u e n c e   w i t h  Sandhi 11 Creek. 

TABLE 5 FECAL  COLIFORM I N  LEACHATE  FROM THE TOFINO/UCLUELET LANDFILL 
AND SANDHILL CREEK 

SAMPLE SITE 

L1  Sandhi  11  Creek 20 m 
ups t ream  o f   l eacha te  

L2 L a n d f i  11 1 eachate t o  
Sandhi  11  Creek 

L3 Sandhi1 1 Creek 20 m 
downstream o f   l e a c h a t e  

DATE SAMPLED 

L 

84 06 05 
II 

II 

I t  

II 

II 

FECAL COLIFORM/100 mL 

10 
20 

250 
290 

20 
50 



- 18- 

Y 
w 

0 
I- 

t 



- 19 - 

I 
I 
I 
I 
I 

Fecal   co l i   form  sources  would 1 i k e l y  come from  domest i  c wastes 

i n c l u d i n g  1 arge amounts o f   d i s p o s a b l e   d i a p e r s  v i  s i   b l  e a t  t h e  dumpsi t e s .  It 

i s  recommended t h a t   t h e   w a t e r   i n   S a n d h i l l  C reek   d i scha rg ing   t o   t he   beach  be 

p o s t e d   u n f i t   f o r   d r i n k i n g .  

4.9 Po ten t i a l   P rob lems   f rom  the   Land f i l l   Leacha te  

The 1 eachate  could  be  hazardous i f  a f t e r  a pro1  onged d r y   p e r i o d  

t h e   e f f l u e n t  became concent ra ted  and was washed i n t o   S a n d h i l l  Creek  by a 

sudden  storm  f lush. The high  chemical  oxygen demand, low  d isso lved  oxygen 

and h igh   me ta l s   concen t ra t i ons   cou ld   p resen t  a shock  load i f  c reek   f l ow  i s  

n o t   g r e a t  enough t o   p r o v i d e   s u f f i c i e n t   d i l u t i o n .  Such a s i t u a t i o n   m i g h t  

o c c u r   d u r i n g   l a t e  summer salmon  runs  but  has  not  yet   been  observed  or 

documented. It i s   t h e r e f o r e  recommended t h a t   s t r e a m  and l e a c h a t e  

parameters  such  as pH, dissolved  oxygen,  temperature and f low  be   mon i to red  

on a m o n t h l y   b a s i s .   ( P o s s i b l y   b y   r e g u l a r   p a t r o l s  o f  P a r k s   o r   F i s h e r i e s  

O f f  i c e r s )  . 
Salmon a r e  known t o  spawn i n   t h e   s t r e a m  and i t  i s  no t  known how 

l o n g   t h e  f ry  r e s i d e   i n   t h e   c r e e k   o r  i f  c u t t h r o a t   t r o u t   a l s o   u s e   t h e   s t r e a m  

t o  spawn. This  should  be  determined. 

4.10 P o s t i n g  o f  t h e   L a n d f i  11 

There was n o   s i g n   o r   p o s t e r   a t   t h e   e n t r a n c e   t o   t h e  1 a n d f i  11 as t o  

what k ind   o f   was te   shou ld   no t   be  dumped there .  It i s  recommended t h a t  such 

a s ign   be   e rec ted   a t   t he   h ighway   en t rance   t o   i n fo rm  the   pub l i c  and reduce 

t h e   r i s k   o f   h i g h l y   t o x i c   w a s t e s   b e i n g  dumped and l e a c h i n g   d i r e c t l y   i n t o  

Sandhi  11  Creek. 

4.11 V i s i b l e   A f f e c t s   o f   L a n d f i l l   L e a c h a t e  on Sandhi l l   Creek 

There was no   observab le   p lan t   g rowth  on the   bo t tom o f  t h e  

l e a c h a t e   d i t c h   o r   S a n d h i l l  Creek fo r   severa l   square   meters   a round  the  

confluence.  There was a l a r g e  amount o f  ye l l ow lo range   s l ime   a lgae  on t h e  

p e r i m e t e r   o f   t h e   b a r r e n   s e c t i o n  and  downstream f o r  20 meters. The s l i m e  

a lgae was so t h i c k  as t o   b l o c k   t h e   s t r e a m   i n   s e v e r a l   l o c a t i o n s .  Normal 

stream  vegetat ion  appeared  40 m downstream. 
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P1 a t e  #5: Sandhi  11  Creek, 20 m u p s t r e a m   o f   c o n f l u e n c e   w i t h  

t h e   l e a c h a t e   d i t c h   f r o m   t h e   T o f i n o / U c l u e l e t   L a n d f i l l .  

P1 a t e  #6 : Landfi   11 1 e a c h a t e   j u s t   p r i o r  t o  conf l   uence  w i th  
Sandhi 11 Creek. 
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I '  

-. 4' 

P l a t e  #7:  Leacha te   en te r ing   Sandh i l l   C reek .   No t i ce   t he   ba re  

s t ream  bo t tom  and  f i l imentous   o range and y e l l o w   s l i m e .  The 

s t ream  bot tom was devo id  o f  growth f o r  several  square  meters. 
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5 .O HEAVY METALS I N  SEDIMENT 

Sediments  were  sampled a t  seven l o c a t i o n s   i n  and b o r d e r i n g  

P a c i f i c  R i m  Park. Two beach  sand  samples  from  the  north  end  of  Long  Beach 

and  one d i t c h  sediment  sample  near  the  north  end  of  runway  #15 a t  t h e  

To f   i no   A i rpo r t   we re   cons ide red   t o   be   re1   a t i   ve l y   uncon tamina ted   by  human 

a c t i v i t y .   F o u r  samples  were  taken  f rom  s i tes  where  contaminat ion was 

expected. 

5.1 Beach Sand a d j a c e n t   t o   t h e   E s o w i s t a   I n d i a n   R e s e r v e  
Beach  sand a t   t h e   E s o w i s t a   I n d i a n   R e s e r v e  had t h e   h i g h e s t  

readings i n  13 o f   t h e  24 elements  analysed.  Values  were 0.3 t o  1.2 t i m e s  

t h e  mean o f   a l l   t h e  samples t e s t e d  and 2.25 t imes  the  samples  cons idered 

uncontami  nated . 
The h i g h e s t   l e v e l s   o f  cadmium, chromium,  manganese, n i c k e l ,  

phosphorus ,   s t ron t ium,   t i tan ium,  vanadium, i r o n ,   s i l i c a ,   c a l c i u m ,  and 

magnes ium  were   de tec ted   a t   th is   s i te .  Cadmium ( a t  1.3  ppm) was found   to   be  

2 t o  4 t imes   t he   l eve l   f ound   i n   uncon tamina ted   sand  (0.30 t o  0.60 ppm). 

The e l e v a t e d  cadmium i s  1 i k e l y   d u e   t o   i t s   w i d e   s p r e a d   u s e   i n   h o u s e h o l d  

m a t e r i  a1 s such as automobi 1 es ,   househo ld   e lec t r i ca l   equ ipmen t ,   p l   as t i cs  and 

ceramics  which  would  be i n  use i n   t h e   h o u s e h o l d s   o f   t h e   E s o w i s t a   r e s e r v e  

( 6 ) .  As d i s c h a r g e   o f   e f f l u e n t   i s   d i s c o n t i n u e d   a t   t h i s   s i t e   t h e   l e v e l s  

would  be  expected t o   d e c l i n e   t o   n e a r  normal  background  levels.  The 

r e p o r t e d   b a c k g r o u n d   l e v e l s   f o r  cadmium i s  0.20-2.0 ppm worldwide  and 0.01 

t o  0.63 f o r  Canada ( 4 ) .  Cadmium 1 eve1 s found i n  a1 1 t h e  samples a r e  

w i  t h i  n normal  ranges. 

5.2 M e t a l s   i n  Sediment o f   t h e   T o f i n o / U c l u e l e t   L a n d f i l l   L e a c h a t e   D i t c h  
The Tof i no/Uc l   ue l   e t  1 a n d f i  11 leachate  had t h e   h i g h e s t   l e v e l  s o f  

barium,  mercury,  copper,  lead  and  zinc.  Mercury  (0.111 ppm), l e a d  

(6.0 ppm),  and z i n c  (85.2 ppm) were  two t o   t h r e e   t i m e s   b a c k g r o u n d   l e v e l s  

and  mercury  appeared t o  b e   h i g h e r   ( a t  0.60 ppm) i n  sediment  downstream  of 
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the   con f luence  w i th   Sandh i1  1 Creek.. According t o   G a r r e t t   e t  a1 ( 3 )  
mercury  leve ls   between 0.100 and 1.000 ppm a r e   d i f f i c u l t   t o   a t t r i b u t e   t o  

n a t u r a l   o r  manmade sources   bu t  as Appendix V shows the  mercury 

c o n c e n t r a t i o n   i s  a f a c t o r   o f  10 g r e a t e r   i n   t h e   a r e a s   o f   e x t e n s i v e  human 

a c t i v i t y .  As t h e   l e a c h a t e   d i t c h   c o n c e n t r a t i o n s   a r e   a t   l e a s t   f o u r   t i m e s  as 

h i g h  as o t h e r   s e d i m e n t s   t e s t e d ,   t h e   l a n d f i l l   i s   i n d i c a t e d  as t h e   s o u r c e   o f  

mercury .   Mercury   leve ls  above 1,000 ppm a r e   c o n s i d e r e d   w o r t h y   o f   f u r t h e r  

i n v e s t i g a t i o n   f o r   s o u r c e s  as s i g n i f i c a n t   b i o - a c c u m u l a t i o n  may occur.  I n  

t h i s  case   b iannua l   o r   annua l   samp l ing   shou ld   be   pe r fo rmed   to   ensu re   t ha t  

l e v e l s   d o   n o t   i n c r e a s e  above t h i s   p o i n t .  

Lead was w e l l   w i t h i n   t h e  10 t o  11 ppm range  considered  normal   for  

background  leve ls  i n   B r i t i s h  Columbia (5 ) .  The l a n d f i l l   d i t c h   s e d i m e n t  

v a l u e   o f  6.0 pprn was more than   doub le   t he   l eve l   i n   o the r   sed imen ts  

i n d i c a t i n g   t h e   l a n d f i l l  as the  source. 

Arsenic  was above d e t e c t a b l e   l i m i t s   i n   o n l y  one  sample o f  beach 

sand  and be low  de tec tab le  1 i m i t s   i n  a1 1 other  samples.  Aluminum,  sodium, 

c a l   c i  urn, i ron and s i  1 i c o n  were  h ighest  i n  beach sand, 1 i k e l y   d u e   t o   t h e  

i n f l u e n c e   o f   s a l t   w a t e r .  
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APPENDIX I 

INTERIM  REPORT  RE:  DISCHARGE OF SEPTIC  FIELD  LEACHATE 

- ESOWISTA  INDIAN RESERVE TO LONG  BEACH, 

P A C I F I C   R I M   N A T I O N A L   P A R K  
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Discharge  of  Septic  Field  Leachate - Esowista  Indian  Reserve t o  

Lono Beach, Pac i f ic  R i m  National Park 

I n  response t o  a r e q u e s t   f r o m   t h e   P a c i f i c  R i m  P a r k ' s  Warden, I i nspec ted  
and sampled several  streams i n   t h e   v i c i n i t y  o f   t h e   T o f i n o   A i r p o r t  and 
Esowista  Indian  Reserve  which  discharge to   the  park  beaches.   Water  
parameters  were  measured  on s i t e  and grab  samples for m e t a l s ,   n u t r i e n t s ,  
b ioassay and b a c t e r i o l o g y  were  taken  f rom  the  streams. 

The park  warden, M r .  Max E l d e r ,   i n d i c a t e d   t h a t   t h e   s e p t i c   f i e l d   s e r v i c i n g  
the  Esowista  Reserve  d id   not   appear  t o  be o p e r a t i n g   p r o p e r l y  and an 
i n s p e c t i o n  was made o f   t h e   s i t e .  See F i g u r e  #l. 
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F IGURE 2 BEACH  STREAM AND SEPTIC F I E L D   D I S C H A R G E S  
TO LONG  BEACH AT THE  ESOWISTA  INDIAN R E S E R V E  



- 28 - 

I ’  
I 
I 
I 
I 
I 
I 

P l a t e  #1 shows t h e   f i e l d   w h i c h  i s  approx imate ly  12 m x 20 m and i s  dug i n  

sand  which  has si 1 ted   i n .   The re  was a sha l l ow   su r face  pond  and  a  narrow I 1 m berm  around  the  per imeter   wi th  a s h a l l  ow c o l l   e c t i o n   d i t c h  on the  beach 

s i d e  o f  t h e   p e r i m e t e r .  

I 
I 
I 
I 
I 
I 
I 

P l a t e s  #2, #3 show the   su r face   wa te r  o f  t h e  pond wh ich  gave  a sep t i c   sme l l  I . and con ta ined   s l ime ,  foam  and  gas bubb les   t yp i ca l   o f   anaerob ic   cond i t i ons .  

I 
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P l a t e  #3  

P1 a t e  #4 shows the  dra inage 

c o l l e c t i o n   d i t c h   i s   s i l t e d  

i n  and only a smal l   f ract ion 

o f  one o f   t h e  two  drainage 

pipes i s  still open. 



P l a t e   # 5  shows t h e   l e a c h a t e  on 

t h e   d i s c h a r g e   s i d e   o f   t h e  berm 

w h i c h   f l o w s   t o   t h e  beach. 
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I 

P1 a t e  #6 shows the   beach  d ischarge  a t  

e x t r e m e   l o w   t i d e   w i t h   p a r k   v i s i t o r s   w a l k -  

i n g   b a r e f o o t   a c r o s s   t h e   o u t f l o w .   W a l k i n g  

a long  the   beach i s  t h e   m a j o r   a c t i v i t y   i n  

the   a rea  and a t   h i   y h e r   t i d e s   p e o p l e   a r e  

r e q u i r e d  t o  w a l k   d i r e c t l y   t h r o u g h   t h e  

s ta ined   a rea  shown i n   t h e  photograph. 

The e f f  1 uent  sampl  ed here  had pH=5.5, 

temp.=15'C, and  no  measureable  dissolved 

oxygen. The Feca l   Co l i fo rm  count   o f  

rep1  icate  samples  were 460 O O O / l O O  mL and 

830 O O O / l O O  mL. This  exceeds  the Z O O /  

100 m l  l e v e l   f o r   p r i m a r y   c o n t a c t   r e c r e a -  

t i o n a l   w a t e r   s e t  by B.C. Hea l th  and 

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

be  stopped  as  soon as poss ib le .  
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P l a t e  # 7  shows N a t i v e   c h i l d r e n   f r o m   t h e   r e s e r v e   p l a y i n g  on the  beach i n  and 

a round   the   two   s t reams   tha t   d ra in   f rom  To f ino   A i rpo r t  and  above  and th rough 

the  Esowista  Reserve.  On t h e   t h r e e   s e p a r a t e   o c c a s i o n s   t h e   s i t e  was v i s i t e d  

t h e   c h i l d r e n  were p r e s e n t   p l a y i n g  on the  beach  approx imate ly  200 m away 

f rom  the   lagoon  d ischarge.  Above the   h ighway  the   Esowis ta   s t ream  feca l  

co l i   fo rm  g rab   samples  was l e s s   t h a n  1/100 mL w h i l e   b e l o w   t h e   r e s e r v e   t h e  

r e s u l t s  were 20 and 180/100 mL. 
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Recommendations 

The B r i t i s h  Col  umbia  Health  Department  has  sampled  the  streams i n  

t h e   a r e a  and  has recommended t h a t   t h e y   b e   p o s t e d   " U n f i t   f o r   D r i n k i n g  

Water" and s igns  have  been  requis i t ioned  by  the  park.  

The m a j o r   a t t r a c t i o n   o f   P a c i f i c  R i m  Nat ional   Park i s  beach 

combi  ng  and w a l k i n g   a l o n g   t h e  sand. As t h i s   i s  a h i  gh t r a f f i c  area and 

d i r e c t   p u b l i c   c o n t a c t   w i t h   t h e   s t r e a m s  was observed i t  i s  recommended t h a t  

the   beach  d ischarge  f rom  the   Esowis ta   Ind ian   Reserve  be d i scon t inued  as 

soon  as p o s s i b l e  and b e t t e r   t r e a t m e n t  be p rov ided   f o r   t he   rese rve   was tes .  

cc. Max E l d e r ,  Head Warden, 

P a c i f i c  R i m  Nat ional   Park.  

Rick  Kussat , Contaminants  Group 

EPS 

1) C la rk ,  M.J .K., " A  Compi l a t i o n   o f  Water Qua 

B r i t i s h  Columbia,  Waste Management Branch, 

1 i t y  C r i t e r i a "   P r o v i n c e   o f  

May, 1980. 
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DATE 
June 1 2 ,  1984 
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BJECT Pacific R i m  b!ater Samples . 

Analyses  determined fo r  fecal col iforms per loom1 o f  sample. 

Sample S i t e  Date Sampl ed Fecal Col iforn/19Cnl 

S a n d h i  11 Creek upstream 84 06 05 

S a n d h i 1  1 Creek upstream 84 06 05 

Sandhi 11 Creek downstream 84 06 05 

Sandhi 11 Creek downstream 84 06 05 

20 

10 

20 

50 

I Landfill Leachate 84 06 05 2 90 

Landfill Leachate 

tlorth end of runway 

84 06 05 

84 06 05 

I North end  of  runway  84 06 05 

Iswi sta above Hwy. 84 06 05 

1 Tofino Go1 f Course and 
Eeach  84 06 05 

9 Beach 
Tofi no Go1 f Course and 

84 06 05 
e 1 y i s t a  Lagoon 

Eswi sta Lagoon 

84 06 05 

84 06 05 

2 50 

L l  

L1 

L1 

20 



APPENDIX I 1  

Locat ion :  

Date: 

F i e l  d Tests :  

Observat ions : 

Locat ion :  

Date: 

F i e l  d Tests :  

Observat ions:  
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FIELD DATA  FOR  TOFINO/UCLUELET LANDFILL LEACHATES 

Sandhi l l   Creek 20 m u p s t r e a m   o f   c o n f l u e n c e   w i t h   l a n d f i l l  

l e a c h a t e   ( s e e   F i g u r e   3 ) .  

June 5, 1984,  10:25 

F1 ow ; 0.04  m3/s 

PH ; 5.5 
Temperature ; 10.0"c 

D i s s o l v e d  Oxygen;  9.0 mg/L 

Water i s   c l e a r   w i t h   d a r k   t a n n i n   c o l o r .  The bot tom i s  

covered  wi th  green  grasses, some a l g a e ,   g r e e n   t o   l i g h t  

brown. 

ill. E f f l u e n t   f r o m   l a n d f  

June 5, 1984,  10:25 

F1 ow ; 0.024  m3/s 

PH ; 5.5 
Temperature ; l l . 0 " C  

D i s s o l v e d  Oxygen; 0.0 mg/L 

Leachate i s   c l e a r   b u t   t h e   b o t t o m   i s   c o v e r e d   i n   g r e y   a l g a e  

and sl ime. No green  growth i s   v i s i b l e .  
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Locat ion :   Sandh i l l   Creek  20 m downstream o f   c o n f l u e n c e   w i t h   l a n d f i l l  

l e a c h a t e   d i t c h .  

Date:  June 5, 1984,  09:55 

I 

F i e l  d Tests :   F low ; 0.04 m3/s 

PH ; 5.5 
Temperature ; 1 l . O " C  
D i s s o l v e d  Oxygen; 7.0 mg/L 

Observat ions:   Large  amounts  of   yel low/orange  algae  and  s l ime.  Completely 

b l o c k i n g   s t r e a m   i n  some l o c a t i o n s .  

I Locat ion:   Sandhi l l   Creek a t  t h e  beach. 

I Date:  June 5, 1984,  11:30 

F i e l  d Tests :   F low ; 0.24  m3/s 

PH ; 6.9 
Temperature ; 13.OoC 

D i s s o l v e d  Oxygen;  11.0 mg/L 

I 
Observations:  Creek  f lows  west  along  the  beach,  sandy  bottom,  no  biota. 

I 
I 
I 
I 
I 
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kPENIIX I11 AUGUST 1982 DATA FOR ME TOFINOAELlELET M I L L  LEPCHATE AN) SANDHILL CREEK 

B 
Ba 

co 

I I. 4 

0.10 
E00 
1 .oo 
1.10 
0.0012 
1.32 
0.05 
0.005 
0.10 
0.10 
0.50 
0.024 
0.020 
0.77 
0.20 
0.005 

75.0 
2.0 
2.0 
.O .49 
0.10 
1 .o 

50.0 
500.0 
15.0 

130.0 

6.0 
0.02 

25.0 

0.002 
5.0 

100.0 

5.0 - 10.0 
0.0 - 75.0 

< 0.05 
0.017 

< 0.005 
< 0.001 
< 0.002 
< 0.005 
< 0.005 
< 0.005 
< 0.05 
< 0.09 
< 0.005 
< 0.02 
< 0.05 
< 0.02 
< 0.05 
< 0.05 

0.01 
0.025 
0.013 

< 0.01 
0.003 
0.24 
1.01 
2.50 
3.00 
2.80 

18.4 

4.0 

0.042 

6.6 
19.2  19.2 
22.6 22.5 

6.1 
45.0 

< 0.05 

< 0.06 
< 0.001 

0.009 
< 0.001 
< 0.002 
< 0.006 
< 0.m 
< 0.006 
< 0.06 

< 0.06 
0.029 
0.011 

< 0.001 
< 0.002 
< 0.006 
< 0.006 
< 0.006 
< 0.06 

0.103 
< 0.006 < 
< 0.02 < 

< 0.02 < 
< 0.06 < 
< 0.06 < 
< 0.01 < 

0.028 
0.046 

< 0.01 < 
0.002 
0.88 
2.07 
3.40 
3.6 
3.2 

19.1 

0.07 

0.0 

0.11 
0.006 
0.02 
0.06 
0.02 
0.06 
0.06 
0.01 
0.028 
0.046 
0.01 
0.003 
0.87 
2.33 
3.40 
3.5 
3.2 

18.9 

0.05 
2.42 
0.135 

< 0.001 
< 0.002 

0.016 
0.016 
0.005 
0.05 
2.14 

< 0.005 
0.04 
0.31 

< 0.02 
< 0.05 
< 0.05 

0.05 
1.58 
0.007 

< 0.01 
0.005 

< 0.05 
13.7 
7.2 

179 
127 
815 

0.05 
2.47 
0.135 

< 0.001 
< 0.002 

0.013 
0.015 
0.005 
0.05 
2.11 

0.03 
0.31 

< 0.02 
< 0.05 
< 0.05 

0.06 
1.58 
0.006 

< 0.01 
0.W 

< 0.05 
13.6 
7.1 

< 0.007 

177 
127 
815 

3100 

302 

0.0 
970  963 

lo00 993 
7.1 

0.32 
840 

< 0.06 
2.51 
0.372 

< 0.001 
< 0.002 

0.075 
0.073 
0.069 
0.006 
3.80 
0.015 
0.05 
3.85 
0.07 

< 0.06 
0.06 
0.02 
1.88 
1.50 
0.11 
1.12 

39.2 
101 
54 

239 
146 
578 

< 0.06 
2.54 
0.379 

< 0.001 
< 0.002 

0.112 
0.078 
0.074 
0.006 
3.80 
0.014 
0.06 
4.01 
0.08 

< 0.06 
0.06 
0.02 
1 .ea 
1.68 
0.13 
1 .ll 

43.0 
103 
56.6 

239 
146 
576 
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AUGUST 1982 DATA FOR TOFINO/UCLUELET LANDFILL LEACHATE AND ; I '  APPENDIX I11 
SANDHILL CREEK 

TEST  LEGAL  SAMPLE  LEGAL  SAMPLE  LEGAL  SAMPLE  LEGAL  SAMPLE 
820717-9  820717-10  820717-11  820717-12 

(mg/L 1 (mg/L ) (mg/L 1 (mg/L 1 

As 
B 

Ba 
Be 
Cd 
c o  
Cr 
cu  < 0.005 < 0.005 < 0.006  0.074 
Hg 
Mn 0.09  2.11  0.11  3.8 
Mo 
N i  
P < 0.05 0.31  0.06  4.01 
Pb ' < 0.02 < 0.02 < 0.02  0.08 
Sb 
Se 
Sn 
S r  
T i  0.013  0.006  0.046  1.68 
V 
Zn  0.004  0.004  0.003 1.11 
A1 0.240 < 0.05 0.87  43.0 
Fe  1.01  13.6  2.33  103 .O 
S i  

B ioassay  Resul ts  EPS Labora tory ,   August  5, 1982 

Sample  #820654 

A t  100% o f  t h e  LT50 was g r e a t e r   t h a n  0.17 h o u r s   ( 1 0   m i n u t e s )   b u t   l e s s   t h a n  
0.33 hours  (20 m inu tes )  o f  exposure t o  Ra inbow  Trou t   underyear l   ings .  
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JW 1984 DATA FCR  TOFINO1UCLLELET LANIFILL LEPCHATE,  SANDHILL CREEK, TOFINO GOCF C O M E  

.. , . .  
1 
k 

SAMHILL CREEK. LNFILL  LEKHAlE SNHILL UIEEK,! AIRPCRT/GOLF 

1 
I 
I 
I 
I 
I 
I 

As 
B 
Ba 
Be 
cd 
co 
Cr 
cu 
HS 
"I 
Mo 
Ni 
P 
Pb 
sb 
se 
sn 
Sr 
Ti 
V 
Zn 
A1 
Fe 
Si 
cu 
Ms 

A1 kal i ni t y  

E ? )  No?- 

I Total 
pH 
C.O.D. I z;: v i  ty 

T.O.C. 

< 0.05 
0.009 
0.002 

< 0.002 
< 0.002 
< 0.005 
< 0.005 
< 0.005 

0.019 
< 0.005 
< 0.02 
< 0.05 
< 0.02 
< 0.05 
< 0.05 
< 0.01 
< 0.008 
< 0.007 
< 0.01 
< 0.002 

0.30 
0.606 
2.9 
1.0 
0.8 
5.7 
Ni 1 

Ni 1 

< 0.01 
5.84 
8.64 
5.1 

48.7 
- 

3.0 

< 0.05 
0.01 
0.003 

< 0.001 
< 0.002 
< 0.005 
< 0.005 
< 0.005 
< O.ooOo5 

0.017 
< 0.005 
< 0.02 
< 0.05 
< 0.02 
< 0.05 
< 0.05 
< 0.01 

0.m 
0.007 

< 0.01 
< 0.002 

0.34 
1.87 
2.50 
1 .00 
0.80 
5.70 
Ni 1 

5.79 
11.10 

< 20.0 

14.0 
3.0 

< 0.05 
< 0.001 

0.004 
< 0.001 
< 0.002 
< 0.005 
< 0.005 
< 0.005 

0.164 
< 0.005 
< 0.02 
< 0.05 
< 0.02 
< 0.05 
< 0.05 
< 0.01 

0 .OB 
0.005 

< 0.01 
< 0.002 

0.15 
1.07 
4.30 
2.70 
0 .go 
4.90 
Ni 1 

10.4 
13.5 
6.1 

290 
512 

3.0 

< 0.05 
0.137 
0.028 

< 0.001 
< 0.002 

0.011 
0.051 

< 0.005 
< 0 . m 5  

1 .m 
< 0.005 
< 0.02 

0.21 
< 0.02 
< 0.05 
< 0.05 
< 0.01 

0.22 
0.01 

< 0.01 
0.09 
0.27 

15.30 
4.30 
34.90 
6.10 38.80 
Ni 1 

82 .O 

< 0.01 
112 
144 

110.0 
29 .O 

< 0.05 
0 .OB 
0.005 

< 0.001 
< 0.002 
< 0.005 
< 0.005 

0.015 

0.130 
< 0.005 
< 0.02 
< 0.05 
< 0.02 
< 0.05 
< 0.05 

0.02 
0.024 
0.009 

< 0.01 
0 .032 
1.17 
1.71 
3.10 
3.90 
1.3 
8.30 
Ni 1 

8.0 

< 0.01 
15.1 
24.9 
5 e 7  

< 2.0 

< 0.05 
0.031 
0.005 

< 0.001 
< 0.002 
< 0.005 
< 0.005 
< 0.008 
< O.ooOo5 

0.129 
0.005 

< 0.02 
< 0.05 
< 0.02 
< 0.05 
< 0.05 
< 0.01 

0.027 
0 .009 

< 0.01 
0.017 
0.51 
1.84 
2.70 
3.80 
1.3 
8.6 

14.7 
21.1 

45 
87.3 

21 .o 
6.0 

< 0.05 
< 0.001 

0.005 
< 0.001 
< 0.002 
< 0.005 
< 0.005 
< 0.005 
< 0.00005 

0.172 
0 .m 

< 0.02 
< 0.05 
< 0.02 
< 0.05 
< 0.05 

0.01 
0.031 
0.007 

< 0.01 
0.02 
0.20 
1.33 
3.70 
2.70 
0.90 
5 .O 
Ni 1 

8.0 

< 0.01 
10.2 
14.1 
6.0 

52.2 

3 .O 
4.0 

< 2.0 

< 20 

I 
a 
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' ApPEN)IX V J U M  1984 SEDIFENT DATA FOR TOFINO/UCLELET LWFILL LEKHAlE, BEPCH &, TOFIlvo AIRPORT/GOLF 
COlRSE SEDIFENT 

[r , 

9 .o 
23.2 
0.4 
0.6 

12.6 
0.024 

21.6 
6.6 

322 .O 
< 0.8 
12 .o 

423 .0 
< 3.0 
12.0 
54.3 

2 380. 
80 .O 
26.6 

:.I9 500 
18 300 
1350 

19 200 
6300 
1 420 

< 8.0 
19.6 
0.2 
0.3 

13.2 
0.024 

19.2 
7 .O 

283.0 
0.8 

10.0 
408 .O 
< 3.0 

9 .o 
43.9 

1880 
68.0 
24.9 

17 300 
16 300 
1 390 

16 OOO 
5 690 
1580 

< 8.0 
18.1 

< 0.2 
1.3 

17.7 
0.16 

48.8 
9.8 

542 
< 0.8 
18.0 

760.0 
< 3.0 
< 2.0 
132 .O 

3 630 
219 
40.0 

24 900 
39500 
2 290 

30Ooo 
7 750 

650 

< 8.0 
40.3 
0.2 
0.7 

12.8 
0.025 
29.8 
8.9 

259 
< 0.8 
15 .O 

349 .o 
< 3.0 
10.0 
37.2 

2050 
73 
31.6 

16  100 
18 400 

980 
5 010 
4 030 

340 

WLE < 8.0 
W A S  61.7 
LOST < 0.20 

0.70 
14.5 
0.111 

33.5 
15.7 

346 
< 0.8 
13.0 

567 .O 
6 .O 
6.0 

48.4 
1 140.0 

84.0 
85.2 

24 200 
22 700 
1 670 
6 310 
5 430 

460 

< 8.0 
44 .O 

< 0.20 
< 0.30 

9 0 3 0  
0 0 0 6 4  

39.6 
6.2 

230.0 
< 0.8 

8.0 
154.0 
< 3.0 

9.0 
33.6 

1740.0 
104 .o 
32 .O 

26 900 
26 600 
12800 
3 560 
5 390 

300 

B 
I 

Site #1 - Ulcontaninated beach  sand  on  Long  Beach, south end o f  parking l o t  . B1, Figure 1. 
Site #2 - Ulcontaninated beach  sand on Long  Beach, 200 m south of  parking lot. B2, Figure 1. 
Site #3 - Contani nated beach  sand at  E s w i  sta  Indian Reserve. E6. 
Site #4 - Ditch sand at  the  north end o f  runway #15, Tofi no Ai rport . G1 . 
Site #5 - Sandhill C r e e k  s e d i m t  x) m upstrean of  confluence with  landf i l l  leachate  ditch. L1 . 
Site #6 - Landfi l l  leachate d i tch  sedimt .  L2. 

BSite #7 - Sandhill C r e e k  sediment, 20 m downstream of confluence with  landf i l l  leachate  ditch. L3. 
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' UPPENDIX "I 
BIOASSAY RESULTS FOR  LEACHATE FROM THE TOFINO  UCLUELE:T'.LANDFILL AND 
SANDHILL CREEK 

1 

AMPLE # 820654  840656  840657  840658 

'. . 
TemDerature 

7 04  6.4 5.5 6 .O 
15  + 1 "C 15 + 1 "C 15 + 1 "C 15  + 1 "C - 

oadi   ng  Densi ty  
- - - 

C C C C 
Concent r a t  i on 100 % 100 % 100 % 100 % 

30 30  30  30  30  30  30  30 
10.2 6.8 11.8 9.8 11.6 8.6 11.6 

umber o f   F i s h   1 0  10 10  10 10 10 10 

UMUL  AT1 VE MOR TAL I TY 

1 4  hours 

0 0 0 0 0 0 0 0 
0 ss 0 0 ss 0 0 0 0 0 
0 ss 0 0 ss 0 0 0 0 0 
9 0 0 ' 0  0 0 0 0 

10 0 0 0 0 0 0 0 
T  T 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 ? 

48 I' 0 0 0 0 0 0 
2 I 1  &i ,i 

u s  
I 0 0 0 0 0 0 '  

4 
0 0 0 0 0 0 

H ( f i n a l )  7 07 6.4  7.6  6.7  6.4  6.8 7.2 6.8 
i ssol   ved Oxygen mg/l 8.8 10.1 6.4 9 .,8  9.7 9.8 7.2 9.8 
o n d u c t i v i t y  umho 400 38 69 

S = S t ress ,  SS = Severe  Stress,  T = Test  Terminated, C = Contro l   Test  
20654 - S tagnan t   Land f i l l   Leacha te ,  L2 

I 140656 - F low ing   Land f i l l   Leacha te ,   L2  
840657 - Sandhi l  1 Creek  20 m Upstream o f   L a n d f i l l ,   L 1  

(40658 - Sandhi l  1 Creek 20 m Downstream o f   L a n d f i l l  , L3 


