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RESUME

La d i r e c t i o n  d e  l a  Pro tec t ion  d e  l 'Environnement a  condu i t  u n
programme de survei l lance,  en mai e t  j u i n  1987, pour determiner l ' impac t  des
eff luents d e  l a  m ine  E q u i t y  S i l v e r  s u r  l e  l a c  Goosly.  U n e  approche
sedimentologique a  e te  p r i s e  pour &valuer l a  reponse du l a c  au r e j e t s  de l a
mine. ! l n e  augmentation des sulphates e t  diminution de l ' a l c a l i n i t e  on t  e te
observees dans l a  qua l i t e  des eaux de fond.  U n  facteur  de concentration de
1 . ;  pour  l e  cadmium a  e t e  detect@ dans l e s  sediments du l a c  Goosly. L e s
sediments de l ' e tang  a sedimentation e ta ien t  eff icaces a  r e t i r e r  seulement l e
cuivre de l ' e f f l u e n t  m in i e r.  D e s  etudes p lus  poussees sont  necessaire pour
evaluer l a  s i gn i f i ca t i on  bio logique de concentrations elevees en metaux dans
les sediments de fond.
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1.0 I N T R O D U C T I O N

Equity S i l v e r  Mines i s  l o ca ted  approx imate ly  33  km southeast  o f
Houston B . C .  ( F i g u r e  1 ) .  T h e  mine began p roduc t ion  i n  September 1980. I n
November 1 9 8 1  i t  w a s  d e t e r m i n e d  t h a t  w a s t e  r o c k  a t  t h e  mine s i t e  was
generat ing a c i d .  T h e  company cons t ruc ted  an a c i d  mine dra inage c o l l e c t i o n
system and has t r e a t e d  t h e  water  s i n c e  t h a t  t i m e .

Environmental P r o t e c t i o n  u n d e r t o o k  a  s e d i m e n t  m o n i t o r i n g
program t o  address t h e  impact  o f  t h e  min ing  opera t ion  on  Goosly Lake i n  t h e
Buck C r e e k  s y s t e m .  T h e  sed imento log ica l  approach was used f o r  t h i s  survey
due t o  t h e  acknowledged behav ior  o f  sediment a s  a  meta l  s i n k  and t h e  use o f
sediment a s  a  t a c h o m e t e r,  r e c o r d i n g  meta l  i n p u t  t o  t h e  system through t h e
years ( F o r s t n e r,  1979;  Hakanson, 1983;  S c h i n d l e r,  1987 ) .

This s u r v e y  d e s c r i b e s  t h e  u s e  o f  recen t  sediment c o l l e c t e d  b y
sediment t r a p s  (Hakanson  1 9 7 6 )  a n d  examines t h e  p o s s i b i l i t y  o f  u t i l i s i n g
th is  approach as  a  mon i to r ing  t o o l .
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2.0 D E S C R I P T I O N  OF THE STUDY AREA

The E q u i t y  mine i s  s i t u a t e d  a t  t h e  headwaters o f  Foxy Creek, and
of  Bessemer Creek. T h e  l a t t e r  i s  a  t r i b u t a r y  t o  t h e  Buck Creek. B u c k  Creek
f lows i n t o  G o o s l y  L a k e  a n d  cont inues  u n t i l  i t  j o i n s  t h e  B u l k l e y  R i v e r  a t
Houston ( F i g u r e  1 ) .

E ight  s t a t i o n s  w e r e  s a m p l e d  d u r i n g  t h e  1987 's  su rvey ;  f o u r  i n
May 2 1 ,  1 9 8 7 ,  f o r  wa te r  and t h e  s i l t c h e c k  dam sediments,  and e i g h t  on  June
19-20 1 9 8 7  f o r  s e d i m e n t  a n d  w a t e r .  The sample s t a t i o n s  a r e  descr ibed i n
Table 1  and shown i n  F igu re  1  and 2  .
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TABLE 1  -  SAMPLE STATION DESCRIPTION

Stat ion D e s c r i p t i o n

1 -  Upstream f rom Bessemer Creek us ing  Buck Creek
Sta t ion  corresponding t o  t h e  Waste Management
Branch S t a t i o n  #  0400765.

-  Water and sediment c o l l e c t e d  d u r i n g  June 1987

2

3

4

5

-  S i l t c h e c k  dam ( w i t h i n  s e t t l i n g  pond) E q u i t y
mine's e f f l u e n t  t o  t h e  Buck Creek System.

-  Water c o l l e c t e d  d u r i n g  May and June 1987,

and sediments c o l l e c t e d  d u r i n g  May 1987.

-  Downstream f rom Bessemer Creek, and  500 m
upstream f rom s t a t i o n  #4.

-  Water and sediments c o l l e c t e d  d u r i n g  June 1987.

-  Downstream f rom Bessemer Creek and upstream o f
Goosly Lake, cor responding t o  t h e  Waste
Management Branch s t a t i o n  #  0400766

-  Water c o l l e c t e d  d u r i n g  May and June 1987,
and sediments c o l l e c t e d  d u r i n g  June 1987.

-  I n  Goosly Lake 800 metres f rom Buck Creek I n l e t ,
18 metres i n  depth .

-  Water c o l l e c t e d  d u r i n g  May and June 1987, and
sediments c o l l e c t e d  on June 1987.



6 -  I n  t h e  midd le  o f  Goosly Lake, 1 8  metres i n  depth ,
corresponding t o  t h e  Waste Management Branch
s t a t i o n  #  0700084

-  Water c o l l e c t e d  d u r i n g  May and June 1987,
and sediments c o l l e c t e d  d u r i n g  June 1987.

7 -  I n  Buck Creek 100m downstream o f  Goosly Lake.
-  Water and sediments c o l l e c t e d  d u r i n g  June 1987

8 -  I n  Buck Creek 12 km upstream o f  Houston
-  Water and sediments c o l l e c t e d  d u r i n g  June 1987



SOURCE
B. Wilkes and D.B• Maclean
The Effect of  Equity Silvermine on Goosly Lake
Environmental Section Report 8 7 - 0 1
Waste Management Branch
Smlthers, B. C. -  1987
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3.0 M A T E R I A L  AND METHODS

A) Water

Water s a m p l e s  were c o l l e c t e d  on  two occas ions.  The  f i r s t  s e t  o f
samples w a s  c o l l e c t e d  on  May 21,  1987 a t  f o u r  l o c a t i o n s .  A  sample o f  a c i d
mine dra inage was a l s o  c o l l e c t e d  f rom t h e  a c i d  mine dra inage c o l l e c t i o n  pond
on t h e  same day.  O n l y  one g rab  sample was taken  a t  each s i t e .

The s e c o n d  s a m p l i n g  o c c u r r e d  o n  J u n e  2 0 ,  1987.  F i v e  c r e e k
s ta t i ons  o n  B u c k  c reek  were c o l l e c t e d  i n  t r i p l i c a t e .  A  s i n g l e  g rab  sample
was taken  f r om  t h e  mine 's  s i l t c h e c k  d ischarge as  w e l l  as  f o r  t h e  Goosly Lake
samples. T h e  l a k e  samples were c o l l e c t e d  one metre f rom t h e  su r face  and one
metre f r om t h e  bot tom o f  t h e  l a k e  us ing  a  Van Dorn b o t t l e .  O n e  b l a n k  sample
was i nc l uded  i n  t h e  sample s e t  f o r  q u a l i t y  c o n t r o l  ( see  Ta b l e  3 ) .

One l a k e  p r o f i l e  was performed a t  t h e  midd le  s t a t i o n  on June 20 ,
1988, u s i n g  a  Hydrolab d i g i t a l  4041 i n d i c a t o r  u n i t  and a  4021 sonde u n i t .
Conduc t i v i t y,  tempera tu re ,  and d i sso l ved  oxygen were recorded.

The f o l l o w i n g  c h e m i c a l  p a r a m e t e r s  w e r e  a n a l y s e d  f o r  t h e  two
surveys: A l k a l i n i t y ,  p H ,  n i t r i t e s ,  n i t r a t e s ,  t o t a l  r es i dues ,  f i l t e r a b l e
residues,  a n d  n o n  f i l t e r a b l e  r e s i d u e s ,  and  su lpha tes .  I n  a d d i t i o n  t o  t h e
preceeding parameters t h e  t u r b i d i t y  and t r u e  c o l o u r  was analysed on  May 2 1 ,
sampling w h i l e  ammonia,  t o t a l  n i t r o g e n  and t o t a l  d i s so l ved  n i t r o g e n  were
analysed o n  J u n e  2 0  o n l y .  T h e s e  parameters, l a b e l e d  as  immediates, were
co l l ec ted  u s i n g  o n e  l i t r e  p o l y e t h y l e n e  b o t t l e s .  T h e s e  samples were kep t
cool u n t i l  a n a l y s e d .  T h e  o rgan ic  carbon and i n o r g a n i c  carbon samples were
co l l ec ted  i n  a c i d  washed  g l a s s  j a r s  a n d  p r e s e r v e d  w i t h  a  few drops o f
concentrated h y d r o c h l o r i c  a c i d .  T h e  d i s s o l v e d  f r a c t i o n  o f  t h e s e  two
parameters w e r e  f i l t e r e d  w i t h i n  2 4  h o u r s  o f  c o l l e c t i o n ,  u s i n g  a  0 .45  um

c e l l u l o s e  n i t r a t e  f i l t e r .
To t a l  m e t a l  s a m p l e s  w e r e  c o l l e c t e d  i n  a  1 0 0  m l  a c i d  washed

polyethy lene s a m p l e  b o t t l e  a n d  p r e s e r v e d  w i t h  0 . 5  m l  o f  n i t r i c  a c i d .
Dissolved m e t a l _  samples w e r e  f i l t e r e d  t h e  s a m e  d a y  t h r o u g h  a  0 .45  um
ce l l u l ose  n i t r a t e  f i l t e r  i n t o  a  100 ml  po lye thy lene  b o t t l e  and preserved
w i th  0 . 5  m l  o f  n i t r i c  a c i d .  T o t a l  and d i sso l ved  meta ls  were reanalysed b y
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The d e t e c t i o n  l i m i t for t r a c e  m e t a l s  analysed on ICP a r e  as fol lows ( i n

mg/1): Al <0.05; As < 0 . 0 5 ;  B  <0.001; Ba <0.001; Be <0.001; Ca <0.1;  Cd

<0.002; Co <0.005; Cr <0.005; Cu <0.005; Fe <0.005; Mg <0.1;  Mn <0.001; Mo

Inductively Coupled Plasma ( ICP)  which gave a  reading o f  twenty-six  metals.

<0.005; Na  <0.1;  N i  <0.02;  P  <0.05;  Pb <0.02;  Sb <0.05; Se  <0 .5 ;  S i  <0 .1 ;  Sn
<0.01; S r  <0.01; T i  <0.002; V  <0.005 and Zn <0.002. F o r  cadmium and copper
the samples w e r e  reana lysed  wi th  the  graphite  furnace and t h e  values were
below t w o  t i m e s  t h e  d e t e c t i o n  l i m i t  on the  ICP procedure. Hardness was
determined f r o m  the  dissolved metal sample. T h e  graphite furnace detection
l imi t  f o r  cadmium and copper was <0.0001 and <0.0005 mg/1 respect ive ly.

Those m e t a l s  n o t  i n c l u d e d  i n  the  data tables t h a t  a r e  equal o r
below t h e  d e t e c t i o n  l i m i t  a r e :  a r s e n i c ,  b o r o n ,  b e r e l l i u m ,  c o b a l t ,
molybdenum, n i c k e l ,  a n t i m o n y,  t i t a n i u m ,  and vanadium. O n l y  strontium was
not i n c l u d e d  i n  t h e  samples col lected on June 20,  1987,  due t o  the  large
number o f  contaminations.

A l l  t h e  a n a l y s i s  were performed by the  Environmental Protection
laboratory i n  West Vancouver.

B) Sediments

Sediments f r o m  t h e  s i l t c h e c k  pond were col lected using a  small
in f la tab le  b o a t  o n  M a y  1 9 ,  1 9 8 7 .  T h e  t r i p l i c a t e  samples were collected
using a n  Eckman dredge from the  deepest p a r t  o f  the  pond ( 4  m). T h e  sample
was subsampled by using an a c r y l i c  tube.

The l a k e  sediments w e r e  col lected using a  sediment t r a p  design
by L .  Hakanson (1976) .  T h i s  t rap  al lows the  co l lec t ion  o f  recently l a i d
down sediment deposits.  T h e  t r a p  consists o f  a  Plexiglass pan with an outer
height o f  5  c m  a n d  a  d i a m e t r e  o f  45 cm. F o u r  aluminum arms with lead
weights w e r e  a t t a c h e d  t o  the  bottom t o  add s t a b i l i t y  and prevent the  t rap
from t i p p i n g .  U p o n  r e t r e i v a l  a  P l e x i g l a s s  l i d  was lowered guided by a
stainless s t e e l  cable f i x e d  i n  the  middle o f  the  t rap .

The t r a p  was se t  on May 20 ,  1987 and re t re ived on June, 1 9  1987.
Two• s i t e s  w e r e  choosen f o r  comparison basis.  O n e  set  ( s i x  traps per  s e t )
was located i n  the  middle o f  the  lake  a t  a  depth o f  18 metres whi le a  second



set was lowered about  700 t o  800 metres f rom Buck Creek i n l e t ,  a t  a  depth o f
18 m e t r e s .  E c h o s o u n d i n g  t r a n s e c t s  were performed p r i o r  t o  t h e  l owe r i ng  o f
the t r a p  t o  make su re  t h a t  t h e  bot tom was r e l a t i v e l y  f l a t .  O n l y  f o u r  t r a p s
were s u c c e s s f u l l y  r e t r e i v e d  f rom t h e  o r i g i n a l  s e t  a t  each s i t e .  T r a p s  w i t h
a v e r y  s m a l l  amoun t  o f  sediment r e s u l t i n g  f rom d is tu rbance  upon r e t r e i v a l
were d i s c a r d e d  ( e v i d e n c e  o f  d ragg ing,  improper  f i t t i n g  o f  t h e  l i d  o r  cab le
t a n g l i n g ) .

Buck Creek sediments were c o l l e c t e d  i n  quadrup l i ca te  a t  each s i t e
June 20,  1987 .  T h e  sediments were c o l l e c t e d  us ing  a  c l ean  a c r y l i c  t ube  ( 4 . 6
cm I . D . ) ,  pushed i n t o  t h e  streambed approx imate ly  6 -8  cm deep. S e d i m e n t s  a t
s t a t i o n  7  on  Buck Creek, immedia te ly  below Goosly l a k e ,  were  sampled u s i n g  a
syr inge p r o b e  f o l l o w i n g  t h e  methodology descr ibed b y  Derksen (1986) .  T h e
samples w e r e  t r a n f e r r e d  i n t o  K r a f t  s o i l  sample envelopes, con ta ined  i n  a
Whir l  pac  bag, and  k e p t  c o o l  u n t i l  analyzed.

Analys is  w e r e  performed on t h e  s m a l l  f r a c t i o n  s i z e  (<150 um) and
analysed, a f t e r  d i g e s t i o n  w i t h  aqua r e g i a ,  w i t h  I n d u c t i v e l y  Coupled Plasma
(ICP). T h e  B u c k  C r e e k  sediments were however reanalysed us i ng  a  s m a l l e r
f r a c t i o n  s i z e  ( < 6 3  u m ) .  T h e  s e d i m e n t  were i g n i t e d  a t  5500 C i n  m u f f l e
furnace a n d  t h e  l o s s  o f  we igh t  was repo r ted  as  v o l a t i l e  res idues  w h i l e  t h e
remaining r e s i d u e s  were repor ted  as  f i x e d  r e s i d u e s .  T h e  t o t a l  n i t r o g e n  was
determined b y  a u t o c l a v i n g  t h e  s e d i m e n t s  w i t h  potassium persu lphate  i n  a
basic e n v i r o n m e n t ,  t h e  process conver ts  a l l  fo rm o f  n i t r o g e n  i n t o  n i t r a t e .
The r e s u l t s  a r e  ob ta ined w i t h  a  c o l o r i m e t r i c  method.

C) Qua l i ty  Control

The l a b a t o r y  p e r s o n n e l  performed r e g u l a r  q u a l i t y  c o n t r o l  on  a l l
water,  b i o t a  and sediment a n a l y s i s .  A f t e r  every  t e n t h  sample t h e  l a b o r a t o r y
runs a  b l a n k  s a m p l e .  A f t e r  e v e r y  40 samples a  reagent  b l ank  sample i s
evaluated a s  w e l l  a s  a  re fe rence  m a t e r i a l .  A  r e e v a l u a t i o n  o f  the samples
were performed i f  measurements w e r e  o u t s i d e  o f  t h e  re fe rence  m a t e r i a l
spec i f i ed  r a n g e .  A l l  a c i d s  u s e d  f o r  f i e l d  p r e s e r v a t i o n  and l a b o r a t o r y
d iges t ions  wete-"Baher Ins t ra -Ana lysed"  f o r  t r a c e  meta l  a n a l y s i s .
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D) S t a t i s t i c s

Means a n d  s tandard  d e v i a t i o n s  were ca l cu l a t e d  f o r  a l l  r e p l i c a t e d
samples. T h e  c o e f f i c i e n t  o f  v a r i a t i o n  was g i ven  o n l y  f o r  t h e  Goosly Lake
sediments ( Ta b l e  8 ) .  S t u d e n t ' s  t - t e s t s  were used f o r  comparisons between
s ta t i ons .  T h e  compar i sons ,  f o r  g raph i ca l  purposes, were  performed by  t h e
one way ANOVA and us i ng  t h e  Tukey 's  harmonic s i g n i f i c a n t  d i f f e r e n c e  m u l t i p l e
comparison p l o t .  T h e  s i g n i f i c a n t  d i f f e r e n c e  w a s  e s t a b l i s h e d  when t h e
p r o b a b i l i t y  was <0.05.  A  p a i r e d  comparison was used t o  show t h e  d i f f e r e n c e s
between t h e  m e t a l  a n a l y s i s  on  t h e  <63 um and t h e  <150 um sediment f r a c t i o n
s ize.



- 1 1 -

4.0  R E S U L T S  AND DISCUSSION

A) Water

The water  q u a l i t y  r e s u l t s  can be found i n  Ta b l e  2 .
1 -  May 21,  1987

a -  Water Q u a l i t y  C r i t e r i a

No W a t e r  Q u a l i t y  O b j e c t i v e s  h a v e  y e t  been developed f o r  Foxy
Creek, B u c k  C r e e k  o r  G o o s l y  L a k e .  Compar isons  can be made o f  t h e  wa te r
q u a l i t y  r e s u l t s  t o  t h e  p o s s i b l e  i m p a c t  o f  t h e  E q u i t y  mine d ischarge ,  i n
using t h e  v a l u e s  d e v e l o p e d  b y  t h e  Canad ian  C o u n c i l  o f  Resources  and
Environment M i n i s t e r s  (CCREM), a s  a  re fe rence ,  t o  p o i n t  o u t  parameters o f
concern.

The c o p p e r  g u i d e l i n e  c a l l s  f o r  2  u g / 1  t o t a l  copper when t h e
hardness i s  be low 120 m g / l .  I n  t h e  present  s i t u a t i o n  t h e  l e v e l  was exceeded
at a l l  t h e  s t a t i o n s  sampled e s p e c i a l l y  a t  s t a t i o n  5  (17  m) ,  where t h e  l e v e l
was 6 . 6  u g / l .  T h e  d i sso l ved  f r a c t i o n s  were a l s o  above 2  ug /1  rang ing  f rom 3
ug/1 t o  4 . 1  u g h ' .  T h e  CCREM g u i d e l i n e  f o r  aluminum i s  0 . 1  mg/1 f o r  waters
w i t h  p H  above 6 . 5  and d i sso l ved  o rgan ic  carbon above 2  m g / l .  T h e  r e c e i v i n g
water c o n c e n t r a t i o n s  w e r e  a l l  a b o v e  t h i s  l e v e l  ( 0 . 2 1  t o  0 .40  mg/1) .  T h e
dissolved a l u m i n u m  a t  s t a t i o n  4  was a l s o  above t h e  t o t a l  l e v e l  w i t h  a  va lue
o f  0 . 1 3  m g / l .  T h e  cadmium, chromium, l e a d ,  and  z i n c  l e v e l s  were a l l  below
the CCREM g u i d e l i n e s  f o r  t h e  p r o t e c t i o n  o f  aqua t i c  l i f e .

b-Goosly Lake
The s u r v e y  w a s  preformed s h o r t l y  a f t e r  t h e  s p r i n g  breakup. T h e

comparison o f  t h e  water  q u a l i t y  i n  Goosly Lake f rom t h e  su r f ace  measurements
versus t h e  b o t t o m  l e v e l s  showed a  h i ghe r  concen t ra t ion  o f  t h e  t o t a l  meta ls
i n  t h e  b o t t o m  w a t e r s  o f  s t a t i o n  5 .  T h i s  e f f e c t  can be  seen f o r  a l l  t h e
metals except  f o r  those  which were l ower  than  t h e  d e t e c t i o n  l i m i t .

A compar i son  o f  t h e  s t a t i o n  6  w i t h  a  p rev ious  survey  (W i l kes
1987), per formed i n  Hay, 1984 ( s t a t i o n  070084), showed few  d i f f e r e n c e s .  T h e
sulphate l e v e l s  have c l e a r l y  increased s i n c e  May 1984. I n  bo th  surveys t h e
concentrat ions w e r e  h i g h e r  i n  t h e  b o t t o m  o f  t h e  l a k e .  T h e  i nc rease  o f



Table 2

S ta t ion
TOTICP
AL
MUL

DISICP
AL
MG/L

TOTICP
CA
MG/L

DISICP
CA
MG/L

TOTICP
CD
MG/L

DISICP
CD
MG/L

TOTICP
CR
MG/L

DISICP
CR
MG/L

Nay 2 1 ,  1 9 8 7

TOTICP TOTGF
CU C U
MG/L N G / L

DISICP
CU
MG/L

DISGF
CU
MG/L

TOTICP
FE
NG/L

DISICP
FE
MG/L

TOTICP
MG
MG/L

DISICP
NG
MG/L

TOTICP
MN
MG/L

DISICP
NM
MG/L

2 s u r f . 0 . 9 0 0 .07 243.0 227 .0 0 .003 0.002 ( . 0 0 5 ( . 0 0 5 0.028 0.019 0.687 0.048 58.1 60.2 0 .455 0.409
2 ( 1 s ) 2 .09 0.11 130.0 125.0 0 .003 ( . 0 0 2 ( . 0 0 5 1.005 0.041 0 .020 1.520 0.082 30.7 29.9 0.223 0.193

4 ,0.40 0 .13 16 .3 15.8 ( . 0 0 2 <.002 ( . 0 0 5 ( . 0 0 5 ( . 0 0 5 0 .0035 ( . 0 0 5 0.0032 0.522 0.245 4 . 5 4 . 5 0.038 0.031

5 ( 1 s ) 0 .21 0 . 0 6 16.8 15.8 ( . 0 0 2 ( . 0 0 2 ( . 0 0 5 ( . 0 0 5 ( . 0 0 5 0 .0037 ( . 0 0 5 0.0030 0.317 0 .136 4 . 9 4 . 6 0.099 0.065
5 ( 1 7 a ) 0 .28 0 .08 17.3 15.4 ( . 0 0 2 ( . 0 0 2 ( . 0 0 5 ( . 0 0 5 0.008 0 .0066 0 .006 0.0041 0.374 0 .147 5 . 0 4 . 5 0 .105 0.069

6 ( l a ) 0 . 2 4 ( . 0 5 17.8 16.9 ( . 0 0 2 ( . 0 0 2 <.005 ( . 0 0 5 ( . 0 0 5 0 .0040 ( . 0 0 5 0.0031 0 .399 0.133 5 . 0 5 . 0 0.096 0.061
6 ( 1 7 e ) 0 . 2 7 ( . 0 5 17.4 16 .0 ( . 0 0 2 ( . 0 0 2 4.005 ( . 0 0 5 ( . 0 0 5 0 .0040 ( . 0 0 5 0.0032 0.448 0 .149 4 . 9 5 . 0 0 .113 0.087

AND 356 295 1.26 0 . 1 5 89 .5 683 327 80 .5

Sta t ion
TOTICP
MA
MG/L

DISICP
NA
NG/L

TOTICP
P
PIG/L

DISICP
P
NG/L

TOTICP
PB
MG/L

DISICP
PB
MG/L

TOTICP
SI
NG/L

DISICP
SI
MG/L

TOTICP
SM
MG/L

DISICP
SM
MG/L

TOTICP
SR
MG/L

DISICP
SR
NG/L

TOTICP
Ti
MG/L

DISICP
TI
MG/L

TOTICP
ZA
NG/L

DISICP
ZA
MG/L

DISICP
HC
MG/L

DISICP
HT
MG/L

2 s u r f . 2 3 . 2 25 .5 0 .15 0 . 11 0 . 0 3 ( . 0 2 4 . 2 2 . 9 ( . 01 ( . 0 1 2.390 2 .190 0.021 ( . 0 0 2 0 .124 0.096 816 820
2 ( 1 s ) 12 .8 11.2 0 .15 0 . 0 9 0 . 0 4 ( . 0 2 6 . 5 3 .1 ( . 01 ( . 0 1 1.410 1.280 0.066 <.002 0 .068 0.040 434 436

4 3 . 2 2 . 3 0 .07 0 . 0 7 ( . 0 2 ( . 0 2 5 .1 4 . 5 ( .01 ( . 0 1 0 .196 0.191 0 .012 ( . 0 0 2 0 .004 0.004 57.7 59.1

5 ( 1 s ) 4 . 6 2 . 7 0 .05 0 . 0 6 ( . 0 2 ( . 0 2 4 . 3 3 . 7 <.01 <.01 0.224 0 .209 0 .006 ( . 0 0 2 0 .007 0.004 58 .2 59.2
5 ( 1 7 0 4 . 7 2 . 8 1.05 0 . 0 6 ( . 0 2 ( . 0 2 4 . 5 3 . 6 ( . 0 1 ( . 0 1 0.230 0 .203 0 .009 0 .002 0 .017 0 .010 57.1 58.2

6 ( 1 s ) 4 . 4 4 . 9 ( . 0 5 ( . 0 5 1.02 ( . 0 2 4 . 5 3 . 9 ( . 01 ( . 01 0.234 0 .218 0 .009 ( . 0 0 2 0 .003 0.004 62 .9 63.6
6 ( 1 7 s ) 4 . 2 3 .7 ( . 0 5 ( . 0 5 ( . 0 2 <.02 4 . 3 3 . 8 ( .01 ( . 01 0.225 0 .218 0 .006 ( . 0 0 2 0 .007 0.001 60 .2 61.1

AND 17 24.7 <.2 26 ( . 1 3 .110 0 .030 89 .9

Water q u a l i t y  f o r  Buck c r e e k  system

Water q u a l i t y  f o r  Buck c r e a k  s y s t a s
May 2 1 ,  1 9 8 7



T i

S t a t i o n
Number

ALN
MG/L

PH
REL.U.

NO2
MG/1.

NO2/3
MG/L

TR
MG/L

FR
HG/L

NFR
116/1.

504
MG/L

TURB
FTU

IC
REL.U.

TEMP.
Deg. C

2 a u r f . 24.5 7 .5 0.010 2.580 1430 1418 12 780 4 .3 30 6 . 5
2 ( 1 0 24 .0 7 . 5 <.005 0.491 775 770 25 450 5 . 3 50 4 . 7

4 26.0 7 .2 ( . 0 0 5 0.063 148 146 (5 38 2 .3 70 6

5 ( 1 0 35.9 7 . 3 ( . 0 0 5 0.009 137 137 (5 39 1.8 60 7 . 5
5 ( 1 7 0 35.9 7 .4 ( . 005 0.042 138 131 6 35 1.8 60 5 .8

6 ( 1 0 35.4 7 .3 ( . 005 0.025 137 131 6 34 1.8 60 7 .5
6 ( 1 7 0 35.4 7.4 <.005 0.045 144 138 (5 44 2 . 3 60 5 .7

I 1

I f

Tab le  2  ( c o n t . /
Water q u a l i t y  f o r  Buck  c r e e k  sys tem

May 2 1 .  1 9 8 7
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DEPTH METERS TEMP. DEG. C UMHOS/CM

0.0 15.9 145
1.0 14.1 149
3.0 12.8 153
5.0 10.7 158
7.0 7.7 170
9.0 6.5 176

11.0 6.1 178
15.0 5.5 180
17.0 5.5 181

the s u l p h a t e  l e v e l  w a s  a l r e a d y  a p p a r e n t  i n  W i l k e s  d a t a  (1987)  and i s
v e r i f i e d  b y  t h i s  d a t a .  I t  seems t h a t  t h e  r a t e  o f  removal  o f  t h e  su lphates
in t h e  l a k e  i s  exceeded  b y  t h e  i n p u t  r a t e  coming f rom t h e  mine. T h e
a l k a l i n i t y  i n  e a r l i e r  surveys showed d i f f e r e n c e s  between t h e  t o p  and bottom
of t h e  l a k e  a n d  were a l s o  h i g h e r  t han  what was found i n  t h i s  survey ( 38 .2
and 4 0 . 7  m g / 1  i n  M a y  1984; 3 5 . 4  mg/1 on May 1987) .  A  c l o s e r  l o o k  a t  t h e
a l k a l i n i t y  t r e n d  i s  needed s i n c e  a  r educ t i on  o f  t h e  b u f f e r i n g  capac i t y  would
have s i g n i f i c a n t  e f f e c t  on  Goosly Lake.

2 -  June 20 ,  1987
a -  Va ter  Qual i ty  C r i t e r i a

The w a t e r  q u a l i t y  da ta  f o r  June 20,  1987 can be  found i n  Tab le  3 .
The lake  p r o f i l e  d a t a  f o r  s ta t ion  6  i s  reported i n  Table 4 .

TABLE 4

GOOSLY LAKE CONDUCTIVITY PROFILE (Sta t ion  6 )  June 19,  1987

,_SPECIFIC COND



Table 3

S t a t i o n

TOTICP
AL
MG/L

DISICP
AL
MG/L

TOTICP
CA
MG/L

DISICP
CA
MG/L

TOTICP
CD
MG/L

TOTGF
CD
MG/L

DISICP
CD
MG/L

DISGF
CD
NG/L

TOTICP
CR
MG/L

DISICP
CR
MG/L

TOTICP
CU
MG/L

TOTGF
CU
NUL

DISICP
CU
MG/L

DISGF
CU
MG/L

TOTICP
FE
MG/L

DISICP
FE
MG/L

TOTICP
MG
MG/L

DISICP
MG
MGM

Rep1.1 0 . 2 0 ( . 0 5 12.1 11 .4 0 .002 ( .0001 ( . 0 0 2 ( .0001 ( . 0 0 5 ( . 0 0 5 ( . 0 0 5 0.0017 ( . 0 0 5 0.0010 0 .528 0.328 3 .6 3 .6
1 Rep1.2 10.18 0 . 0 5 12.3 11.7 0 .003 ( .0001 ( . 0 0 2 ( .0001 ( . 0 0 5 ( . 0 0 5 ( . 0 0 5 0.0015 1.005 0.0007 0 .522 0.339 3 .6 3 .6

Rep1.3 0 . 1 3 0 . 0 5 11 .5 11 .5 4.002 ( .0001 ( . 0 0 2 ( .0001 ( . 0 0 5 ( . 0 0 5 ( . 0 0 5 0.0033 <.005 0.0011 0.471 0.323 3 .5 3 . 5
Average 0 . 1 7 0 . 0 5 12.0 11 . 5 0 .003 - - - - - - - - - - - - - - - 0 .0022 - - - 0 ,0009 0.507 0.330 3.6 3 . 6
S.D. 0 . 0 4 0 . 0 0 0 . 4 0 . 2 0 .001 - - - 0 .0010 - - - 0 .0002 0.031 0.008 0.1 0.1

2 0 . 5 5 0 .11 85.2 9 1 . 9 <.002 0.0007 0 .003 0.0005 <.005 ( . 0 0 5 0.017 xxx 0 .023 xxx 0 .557 0 .075 16.7 16.6

Rep1.1 0 .17 0 . 0 5 22.4 21 .5 0 .005 xxx ( . 0 0 2 ( .0001 0 .008 ( . 0 0 5 0 .010 0.0022 ( . 0 0 5 0.0013 0 .660 0.431 5 . 6 5 . 6
3 Rep1.2 0 . 1 6 4 .05 20.9 20 .7 ( . 0 0 2 ( .0001 4.002 ( .0001 4.005 <.005 COOS 0.0022 4.005 0.0015 0 .626 0.407 5 . 4 5 . 2

Rep1.3 0 . 1 5 ( . 0 5 21.6 21.1 <.002 ( .0001 4.002 4.0001 ( . 0 0 5 ( . 0 0 5 0 .006 0.0028 ( . 0 0 5 0.0016 0 .654 0.411 5 . 7 5 , 2
Average 0 . 1 6 21.6 21.1 - - - - - - 0 .008 0.0024 - - - 0.0015 0 .647 0.416 5 . 6 5 . 3
S.D. 0 .01 0 . 8 0 . 4 0 .003 0.0003 - - - 0 .0003 0 .018 0.013 0 . 2 0 . 2

Rep1.1 0 . 1 4 4.05 20.5 20 .7 ( . 0 0 2 4.0001 4.002 <.0001 4.005 ( . 0 0 5 <.005 0.0025 ( . 0 0 5 0.0014 0 .996 0.608 5 . 4 5 . 2
4 Rep1.2 0 . 1 6 ( . 0 5 19.8 19.8 ( . 0 0 2 <.0001 4.002 ( .0001 4.005 ( . 0 0 5 ( . 0 0 5 0.0036 4.005 0,0013 0.962 0.549 5 . 2 5 . 2

Rep1.3 0 . 1 5 ( . 0 5 19.0 19.0 ( . 0 0 2 ( .0001 <.002 ( .0001 ( . 0 0 5 4.005 4.005 0.0032 4.005 0.0016 0 .923 0.646 5.1 5 . 3
Average 0 . 1 5 19.8 19.8 - - - - - - - - - - - - - - - 0.0031 - - - 0.0014 0 .960 0.614 5 . 2 5 . 2
S.D. 0.01 0 . 6 0 . 9 - - - 0 .0006 - - - 0 .0002 0.037 0.029 0 . 2 0.1

5 ( 1 0 0 . 0 6 ( . 0 5 18.2 17.8 ( . 0 0 2 ( .0001 ( . 0 0 2 ( .0001 ( . 0 0 5 <.005 ( . 0 0 5 0.0069 ( . 0 0 5 0.00840 0 .265 0.124 4 . 8 4 .6
5 ( 1 7 0 0 . 9 8 ( . 0 5 20.0 18.2 ( . 0 0 2 ( .0001 ( . 0 0 2 ( .0001 ( . 0 0 5 ( . 0 0 5 0.007 0.0040 ( . 0 0 5 0.0023 1.720 0.184 5 . 2 4 . 7

6 4 1 0 ( . 0 5 ( . 0 3 16.7 16.5 4.002 ( .0001 ( . 0 0 2 ( .0001 <.005 <.005 COOS 0.0032 ( . 0 0 5 0.0028 0.194 0 .107 4 . 5 4 . 4
6 (17a) 0 . 1 9 4.05 19.6 17.7 <.002 ( .0001 ( . 0 0 2 ( .0001 ( . 0 0 5 4.005 ( . 0 0 5 0.0031 4.005 0.0018 0 .469 0.180 5 . 0 4 . 8

Rep1.1 0 . 0 5 ( . 0 5 17.6 17.1 ( . 0 0 2 ( .0001 ( . 0 0 2 ( .0001 ( . 0 0 5 ( . 0 0 5 ( . 0 0 3 0.0034 ( . 0 0 5 0.0029 0.237 0.122 4 . 6 4 . 5
7 Rep1.2 0 . 0 7 ( . 0 5 17.4 17.4 ( . 0 0 2 4.0001 4.002 4.0001 ( . 0 0 5 4.005 <.005 0.0029 4.005 0.0022 0 .235 0.127 4 . 6 4 . 5

Rep1.3 0 . 0 6 0 . 0 5 17.1 17.1 ( . 0 0 2 ( .0001 <.002 ( .0001 <.003 <.005 ( . 0 0 5 0.0026 ( . 0 0 5 0.0019 0.207 0.123 4 . 5 4 . 5
Average 0 . 0 6 17.4 17 .2 - - - - - - - - - - - - - - - 0 .0030 - -- 0 .0023 0 .226 0.124 4 . 6 4 . 5
S.D. 0 .01 0 . 3 0 . 2 - - - 0 .0004 - - - 0 .0005 0.017 0.003 0.1 0 . 0

Rep1.1 0.31 ( . 0 5 11.4 8 . 8 0 .003 0.0001 4.002 ( .0001 0 .112 ( . 0 0 5 0.007 0.0020 ( . 0 0 5 0.0012 0 .637 0 .170 3 . 9 3 . 5
6 Rep1.2 0 . 3 4 ( . 0 5 10.4 9 . 8 4.002 ( .0001 4.002 0 . 0 0 0 2 . ( . 0 0 5 ( . 0 0 5 4.005 0.0032 4.005 0 . 0 0 4 4 . 0 .519 0.192 3 . 7 3 . 6

Rep1.3 0 .26 ( . 0 5 10.4 10.0 ( . 0 0 2 <.0001 ( . 0 0 2 0.00020 ( . 0 0 5 ( . 0 0 5 ( . 0 0 5 0.0039 ( . 0 0 5 0 . 0 0 5 5 ' 0 .434 0.176 3 .7 3 .5
Average 0 . 3 0 10.7 9 . 5 - - - - - - - . . - - - - - - 0 .0030 - - - - - - 0 .530 0.179 3 .8 3 .5
S.D. 0 . 0 4 0 . 6 0 . 6 - - - 0 .0010 0.102 0.011 0 .1 0.1

Blank <.05 ( . 0 5 <.1 ( . 1 ( . 0 0 2 ( .0001 <.002 ( .0001 ( .001 ( . 005 <.005 ( .0005 ( .001 ( .0001 0.026 <.005 ( . 1 ( . 1

Water q u a l i t y  f o r  Buck c r o o k  system
June 2 0 ,  1 9 8 7

• contaminat ion  suspected xxx a n a l y s i s  n o t  performed



Table  3  ( c o n t . )

St . s t i oe

M U M
NM
NG/L

DISICP
NN
NG/L

TOTICP
MA
MG/L

tamm
NA
MG/L

TOTICP
P
ING/L

DISICP
P
MG/L

TOTICP
PB
NG/L

DISICP
PB
NG/L

TOTICP
SI
NG&

mum
SI
NG/L

TOTICP
SN
MG/L

DISICP
SN
NG/L

TOTICP
ZN
NG/L

DISICP
ZN
NG/L

DISICP
MC
NG/L

DISICP
HT
NG/L

Rep1.1 0 .037 0 .029 2 . 6 2 . 5 0 . 0 8 ( . 0 5 0 . 0 2 4.02 5 . 2 4 . 7 4.01 ( . 0 1 ( . 002 0 .005* 43 .3 44 .3
1 Rep1.2 0 .037 0 .030 2 . 7 2 . 5 0 . 0 6 ( . 0 5 0 . 0 2 ( . 0 2 5 . 3 4 . 6 0 .01 0 . 0 2 0 .003 ( . 0 0 2 43.8 45 .0

Rep1.3 0 .034 0 .029 2 . 6 2 . 5 4 .05 4 .05 4.02 ( . 0 2 5 . 0 4 . 4 ( . 0 1 ( . 0 1 ( . 0 0 2 ( . 0 0 2 42 .9 4 4 . 0
Average 0 .036 0 . 0 2 9 2 . 7 2 . 5 0 . 0 7 0 . 0 2 - - 5 . 2 4 . 6 - - - - - - 43.3 44 .4
S.D. 0 .002 0 .001 0 . 1 0 . 0 0 .01 - - 0 . 0 0 0 . 2 0 . 2 0 . 5 0 . 5

2 0 .125 0 .122 8 . 5 7 . 2 0 . 1 0 4 .05 4.02 4.02 4 . 8 3 . 8 4.01 ( . 0 1 0 .030 0 .033 307 .0 311.0

Rep1.1 0 . 0 7 7 0.071 4 . 1 3 . 8 0 . 0 6 0 . 0 8 0 . 0 6 4.02 5 . 4 4 . 5 4.01 ( . 0 1 0 .005 0 .003 76 .6 78.2
3 Rep1.2 0.071 0 .067 4 . 1 3 . 7 0 . 0 7 0 . 1 2 4.02 c.02 5.1 4 . 2 ( . 0 1 4.01 0 .003 0.002 7 3 . 0 74 .5

Rep1.3 0 .074 0 .064 4 . 7 3 . 6 ( . 0 5 0 . 0 7 0 . 0 2 4.02 5 . 4 4 . 3 0 . 0 2 4.01 0.004 4.002 74 .3 75.7
Averege 0 .074 0 .069 4 . 3 3 . 7 0 . 0 8 0 . 0 9 0 . 0 4 - - 5 . 3 4 . 3 0 .004 0 .003 7 4 . 6 76.1
S.D. 0 .003 0 .002 0 . 3 0 . 1 0 .01 0 . 0 3 0 . 0 3 0 . 2 0 . 2 0.001 0.001 1 . 6 1.9

Rep1.1 0 .094 0 .049 4 . 2 3 . 5 ( . 0 5 0 . 0 5 ( . 0 2 0 . 0 2 5 . 2 4 . 4 ( . 0 1 ( . 0 1 ( . 0 0 2 ( . 0 0 2 73 .2 7 4 . 9
4 Rep1.2 0 .090 0 .085 4 . 1 3 . 4 0 . 1 0 ( . 0 5 ( . 0 2 ( . 0 2 5 . 1 4 . 4 ( . 0 1 4.01 4.002 0.0029 70 .9 72 .5

Rep1.3 0.0416 0 .082 4 . 2 3 . 5 0 . 0 6 ( . 0 5 ( . 0 2 4.02 5 . 0 4 . 4 ( . 0 1 4.01 0 .002 0 . 0 0 3 . 69.1 70 .8 1
Average 0 .090 0 .085 4 . 2 3 . 5 0 . 0 8 - - 5 . 1 4 . 4 - - - - - - 71.1 72 .7 .--.
S.D. 0 .004 0.004 0 . 1 0 . 1 0 . 0 3 - , 0 . 1 0 . 0 - - 2 .1 2.1 a l

5 ( I s ) 0 .022 0 .002 4 . 5 3 . 5 0 . 0 8 4 . 0 5 ( . 0 2 ( . 0 2 4 . 2 3 . 3 0 . 0 6 4.01 ( . 0 0 2 ( . 0 0 2 6 3 . 2 63 .9
5 ( 1 7 . ) 0 .307 0 .174 4 . 9 4 . 0 0 . 2 0 0 . 0 7 4.02 0 . 0 2 6 . 8 3 . 4 0 . 0 5 0 . 0 2 0 .007 ( . 0 0 2 6 4 . 6 65 .8

6 ( 1 s ) 0 . 0 1 6 0.001 4 . 6 3 . 5 ( . 0 5 4 .05 4 .02 ( . 0 2 4 . 0 3 . 4 ( . 0 1 4.01 ( . 0 0 2 4.002 5 9 . 9 60 .5
6 ( 1 7 e ) 0 .267 0 .190 4 . 4 3 . 8 0 . 0 9 ( . 0 5 4 .02 4.02 4 . 7 3 . 7 4.01 ( . 0 1 0 . 0 1 0 0.004 65.1 66 .3

Relp1.1 0 .031 0 .010 4 . 5 3 . 8 ( . 0 5 0 . 0 6 4 .02 0 .02 3 . 9 3 .1 ( . 0 1 4.01 ( . 0 0 2 ( . 0 0 2 61 .1 6 1 . 9
7 Rep1.2 0 .031 0 .010 4 . 4 3 . 8 ( . 0 5 ( . 0 5 4 .02 ( . 0 2 3 . 9 3 . 2 ( . 0 1 ( . 0 1 4.002 ( . 0 0 2 6 2 . 0 62.7

Rep1.3 0 . 0 3 0 0 .010 4 . 4 3 . 7 0 . 0 6 4.05 4.02 ( . 0 2 3 . 8 3 . 2 ( . 0 1 ( . 0 1 4.002 ( . 0 0 2 61 .2 62 .0
Average 0.031 0 .010 4 . 4 3 . 8 - - - - - - 3 . 9 3 . 2 61 .4 62.2
S.D. 0 .001 0 .000 0 .1 0 . 1 - - 0 . 1 0 . 1 0 . 5 0 .4

Rep1.1 0 . 2 9 8 0 .016 3 . 3 2 . 7 0 . 1 6 4 .05 0 . 0 2 0 .02 7 . 7 5 . 9 0 . 0 7 4.01 0 .010 ( . 0 0 2 36 .4 36 .9
6 Rep1.2 0 . 0 4 5 0 .019 3 . 6 2 . 8 0 . 1 0 ( . 0 5 4 .02 4.02 7 . 6 6 . 0 0 . 0 3 4.01 4.002 0.00511 39 .3 40.1

Rep1.3 0 . 0 2 9 0 .019 3 . 5 2 . 8 0 .11 0 . 1 2 4 .02 ( . 0 2 7 . 3 5 . 7 0 . 0 5 ( . 0 1 4.002 ( . 0 0 2 39 .5 40 .2
Average 0 .124 0 .018 3 . 5 2 . 8 0 . 1 2 - - - - - - 7 . 5 5 . 9 0 . 0 5 38 .4 39.1
S.D. 0 .151 0.002 0 . 2 0 . 1 0 . 0 3 - - 0 . 2 0 . 2 0 . 0 2 1 .7 1 .9

Blank 4.001 4.001 4.1 4.1 0 . 0 6 0 . 0 9 4 .02 4.02 ( . 1 < A 0 . 0 7 0 .01 ( . 0 0 2 ( . 0 0 2 0 . 4 0 . 5

Water q u a l i t y  f o r  Buck c r e e k  system
June 2 0 ,  1 9 8 7

• Contemlnet Ion suspected
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Tabl• S  ( c o n t . )

Station
ALK
MG/L

PH
U L U .

TIC
MG/L

DIC
MG/L

TOC
MG/L

Water qual i ty  f o r  Buck crash system
June 20,  1967

DOC M 8 3  M 0 2  N O 2 / 3  T M
NG/L M G / L  M G / L  K G / L  M G / L

TDM
116/L

TR
KG/L

MFR
NG/L

SO4
MG/L

R.pl.1 42.3 6.9 11 10 14 9 0.049 (.005 (.005 0.33 0.26 93 <5 5
1 R e p 1 . 2 42.3 6.9 11 11 14 7 0.042 4.005 (.005 0.32 0.30 98 <5 5

80p1.3 42.3 6.9 11 11 14 9 0.051 (.005 (.005 0.33 0.26 95 <5 5
Aiarag, 42.3 6.9 11 11 14 8 0.047 --- --- 0.33 0.29 95 5
A.D. 0.0 --- 0 1 0 1 0.005 ....... --- 0.01 0.01 3 0

2 47.4 7.4 12 12 8 4 0.067 4.005 1.140 1.40 1.40 465 7 200

Rap1.1 42.3 7.0 11 10 11 7 0.046 4.005 0.060 0.36 0.32 144 (5 34
3 R e p 1 . 2 42.3 7.0 10 11 11 7 0.042 4.005 0.062 0.36 0.33 146 <5 36

R.pl.3 42.3 7.0 10 10 11 7 0.042 (.005 0.062 0.38 0.33 142 (5 37
Averse* 42.3 7.0 10 10 11 7 0.043 - - - 0.061 0.37 0.33 144 36
S.D. 0.0 - - - 1 1 0 0 0.002 0.001 0.01 0.01 2 2

Ragl.1 43.3 6.9 10 10 13 9 0.044 4.005 0.015 0.36 0.31 135 <5 SI
4 R a p 1 . 2 43.3 6.9 •11 10 13 8 0.045 (.005 0.012 0.36 0.32 141 <5 32

Rap1.3 43.3 7.0 10 10 13 7 0.046 4.005 0.012 0.35 0.31 139 6 29
Average 43.3 6.9 10 10 13 8 0.045 - - - 0.013 0.36 0.31 136 31
S.D. 0.0 - - - 1 0 0 1 0.001 0.002 0.01 0.01 3 2

S ( 1 0 32.0 7.0 8 6 12 10 0.054 4.005 (.005 0.41 0.33 127 45 30
5 ( 1 7 . ) 32.0 6.5 9 9 12 10 0.059 4.005 0.030 0.46 0.37 136 (5 29

6 ( 1 0 30.9 7.0 8 6 13 11 0.055 4.005 (.005 0.46 0.34 122 (5 34
6 ( 1 7 . ) 32.0 6.7 6 9 14 10 0.047 (.005 0.037 1.00 0.39 137 7 37

itsp1.1 30.9 7.0 6 6 13 10 0.051 4.005 (.005 0.39 0.34 124 (5 33
7 R . p l . 2 32.0 7.0 6 6 13 11 0.050 4.005 (.005 0.39 0.34 129 (5 34

Rep1.3 30.9 7.0 6 8 14 11 0.050 (.005 4.005 0.40 0.33 129 (5 33
* w r a p . 31.3 7.0 8 6 13 11 0.050 - - - - - - 0.39 0.34 127 33
S.D. 0.6 - - - 0 0 1 1 0.001 0.01 0.01 3 1

R410.1 32.5 7.1 6 7 6 4 0.043 4.005 (.005 0.27 0.24 85 6 12
8 R . p l . 2 33.5 7.1 9 9 6 4 0.043 (.005 (.005 0.26 0.23 92 (5 11

Ropl.3 33.0 7.2 6 8 8 4 0.069 (.005 (.005 0.26 0.22 88 (5 11
Av.prege 33.0 7.1 8 8 7 4 0.052 - - - - - - 0.26 0.23 as 11
S.D. 0.5 --- 1 1 1 0 0.015 0.01 0.01 4 1

Blank <1 <1 <1 (1 0.043 (.005 (.005 (.02 4.02

- . •

1
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The compar ison  o f  t h e  r e c e i v i n g  water  w i t h  t h e  CCREM gu ide l i nes
shows exceedance a t  d i f f e r e n t  a r e a s  o f  t h e  system f o r  f i v e  m e t a l s .  T h e
aluminum l e v e l s  w e r e  a l l  a b o v e  t h e  g u i d e l i n e  o f  0 . 1  m g / I ,  w h i l e  t h e
dissolved f r a c t i o n  were near  o r  below t h e  d e t e c t i o n  l i m i t  o f  0 .05  m g / l .  T h e
knowledge o f  s p e c i a t i o n  f o r  t h i s  meta l  would be impor tan t  t o  d i f f e r e n t i a t e
the e f f e c t  o f  e ros ion  and a  p o t e n t i a l  t o x i c a n t  e s p e c i a l l y  s i n c e  a t  s t a t i o n  5
(17m), t h e  l e v e l  was 0 .98  ug /1  and pH 6 . 5 .  T h e  chromium l e v e l  o f  one o f  t h e
rep l i ca te  was 0 .112  mg/1 a t  s t a t i o n  8 .  T h e  cause o f  t h i s  r e s u l t  i s  unknown.
The c o p p e r  l e v e l s  showed  h i g h  v a r i a b i l i t y  i n  t h e  r e p l i c a t e s  and a t  t h e
con t ro l  s t a t i o n ,  t h i s  r e f l e c t s  t h e  na tu re  o f  t h e  m i n e r a l i s a t i o n  i n  t h e  area.
The i r o n  l e v e l s  w e r e  a l s o  a l l  above t h e  CCREM o f  0 . 3  mg/1 b u t  t h e i r  wide
d i s t r i b u t i o n  s h o w s  t h e  i n f l u e n c e  o f  t h e  system on t h a t  me ta l .  T h e  marshes
may c o n t r i b u t e  t o  t h e  i n t r o d u c t i o n  o f  d i sso lved  i r o n  i n  t h e  system. N o
graphi te  f u r n a c e  a n a l y s i s  f o r  l e a d  w a s  p e r f o r m e d  t o  b e t t e r  con f i rm  t h e
d i s t r i b u t i o n  o f  t h e  m e t a l  a t  l e v e l s  l owe r  than  20 u g / l .  I t  i s  t h e r e f o r e
d i f f i c u l t  t o  compare t h e  water  w i t h  t h e  CCREM gu ide l i nes  where t h e  c r i t e r i n
developed i s  1  ug /1  f o r  waters  w i t h  hardness below 60 mg / l .

b- Buck Creek

There w a s  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  t h e  va r ious
s ta t ions  f o r  t o t a l  a l um inum e x c e p t  a t  s t a t i o n  8  where t h e  l e v e l s  were
elevated. T h i s  p a r t i c u l a r  i nc rease  i n  Buck F l a t s  may be due t o  t h e  e ros ion
occuring i n  t h i s  r i f f l e  a r e a  as  t h e  d isso lved  f r a c t i o n  does n o t  exceed t h e
detect ion l i m i t .

The l e v e l  o f  c a l c i u m  i n c r e a s e d  i m m e d i a t e l y  downstream o f  t h e
e f f l u e n t  d i s c h a r g e .  A t  s t a t i o n  8 ,  t h e  l e v e l  dropped back t o  background
leve l s .

Cadmium c o n c e n t r a t i o n s  a t  s t a t i o n  2  w e r e  0 . 7  ug /1  t o t a l  and
0.5 u g / 1  d i s s o l v e d  cadmium. A l l  t h e  o t h e r  concent ra t ions  were a t  o r  below
the de tec t i on  l i m i t  o f  0 . 1  u g / 1 .

One o f   t h e  r e p l i c a t e  a t  s t a t i o n  8  f o r  t o t a l  ch romium was
completely d i f f e r e n t  f r o m  t h e  o t h e r  t w o .  T h e  reason f o r  t h i s  might  be
explained b y  t h e  e ros ion  occu r ing  a t  t h a t  s t a t i o n .
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Copper c o n c e n t r a t i o n s  showed  a  v e r y  h i g h  v a r i a b i l i t y  a t  t h e
upstream s t a t i o n .  D u e  t o  t h i s  v a r i a b i l i t y ,  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n
the copper concen t ra t i ons  were found i n  downstream s t a t i o n s .

There w a s  a n  i n c r e a s e  o f  manganese i n  t h e  downstream s t a t i o n s
a f t e r  t h e  e f f l u e n t  d i s c h a r g e .  I n c r e a s e d  concen t ra t ions  were i n  t h e  l a k e
water s u r f a c e  a n d  i n c r e a s e d  t o w a r d s  t h e  bot tom o f  t h e  wa te r  column. T h e
increase o f  manganese i n  Buck F l a t s  ( s t a t i o n  8 )  may be due t o  t h e  e ros ion  o r
contaminat ion o f  a  r e p l i c a t e .

The e f f e c t  o f  z i n c  a f t e r  t h e  e f f l u e n t  i n p u t  was o n l y  shown a t
s t a t i o n  3 .

c G o o s l y  Lake

The comparison o f  Goos ly  L a k e  J u n e  s u r v e y  wi th  the  May 1987
survey r e v e a l e d  a n  i n c r e a s e  o f  metal l e v e ls  a t  depth f o r  aluminum, i r o n ,
manganese, and a lso  i n  the  hardness. Magnesium, calcium, and sodium changed
from t h e  previous survey.  T h e r e  was a  decrease wi th depth f o r  copper. T h e
a l k a l i n i t y,  p H  and sulphates a lso  decreased. However,  i n  comparison wi th  a
previous s u r v e y  performed on June 2 ,  1986,  t h e  sulphate l e v e l s  were higher
and a l k a l i n i t y  and pH were lower a t  depth i n  June 1987.

The c o n d u c t i v i t y  p r o f i l e  conducted a t  s ta t ion  6  on June 19,  1987
indicated a  thermoc l ine  s i t u a t e d  between 5  a n d  7  m e t e r s .  T h e  water
conductivity i n c r e a s e d  w i t h  d e p t h  from 145 t o  181 umhos/cm. T h e  greatest
increase i n  conductivi ty  a lso  occurred between 5  and 7  metres i n  depth.

B) SEDIMENTS
1 -  Goosly Lake

a -  Stat ion Differences

The r e s u l t s  a r e  presented i n  Table 5 ,  s t a t i s t i c a l  analysis p lo ts
can b e  s e e n  i n  Figure 3a  t o  3e ,  and the  s t a t i s t i c a l  s t a t i o n  separation on
Table 6 .

No s i g n i f i c a n t  d i f f e r e n c e s  could be found between sta t ion  5  and
6, f o r  t h e  f o l l o w i n g  m e t a l s :  b a r i u m ,  bery l l ium,  calcium, coba l t ,  i r o n ,



Table 5

S t a t i o n

Rop1.1
Rop1.2

SEDICP
AL
UG/G

30300
30000

SEDICP
AS
UG/G

<8
<9

SEDICP
BA
UG/G

582
560

SEDICP
BE
UG/G

0 . 7
0 . 7

SEDICP
CA
UG/G

9640
9390

SEDICP
CD
UG/G

3 . 0
3 . 0

SEDICP
CO
UG/G

2 9 . 6
2 6 . 9

Juno 1 9 .

SEDICP
CR
UG/G

39 .2
40.1

1987

SEDICP
CU
UG/G

107.0
105.0

SEDICP
FE
UG/G

70500
69700

SEDICP
MG
UG/G

7740
7530

SEDICP
MN
UG/G

1780
1900

SEDICP
MO
UG/G

22.9
17.8

5 R . p l . 3 27100 <8 576 0 . 6 12000 1 . 5 2 5 . 2 4 1 . 3 9 4 . 3 73500 7410 1560 17.4
Rop1.4 29600 <8 556 0 . 7 12200 2 . 5 2 7 . 6 40 .4 110.0 71400 7940 1680 13.3
AVERAGE 29250 569 0 . 7 10804 2 . 5 2 7 . 8 4 0 . 3 104.1 71275 7655 1730 17.9
S.D. 1462 12 0 . 0 1498 0 . 7 1 . 9 0 . 9 6 . 8 1638 234 145 3 . 9

Rop1.1 33600 <9 576 0 . 7 9840 4 . 5 3 0 . 9 39 .4 127.0 69100 8320 1910 15.5
Rap1.2 33100 <10 563 0 . 6 9300 4 .6 2 5 . 0 36 .0 128.0 65900 8280 3090 14.0

6 Rop1.3 35900 <8 538 0 . 7 10600 5 . 0 3 0 . 3 3 7 . 9 134.0 64500 6800 1800 14.9
Rop1.4 34200 <8 587 0 . 7 9970 4 . 3 3 0 . 8 3 8 . 5 124.0 72200 8240 1820 21.1
AVERAGE 34250 566 0 . 7 9928 4 . 6 2 9 . 3 38 .0 128.3 67925 8410 2155 16.4
S.D. 1190 21 0 . 0 534 0 . 3 2 . 8 1.4 4 . 2 3439 262 625 3.2

S ta t i o n

SEDICP
MA
UG/G

SEDICP
MI
UG/G

SEDICP
P
UG/G

SEDICP
PB
UG/G

SEDICP
SI
UG/G

SEDICP
SR
UG/G

SEDICP
SR
UG/G

June 1 9 ,

SEDICP
TI
UG/G

1987

SEDICP
V
UG/G

SEDICP
ZN
UG/G

SFR

MG/KG

SVR

PG/KG

TV

MG/KG

Rep1.1 540 30 3960 63 870 10 179 736 117 255 858000 142000 5700
Rop1.2 360 32 3650 61 890 9 174 792 118 243 860000 140000 5300

5 Rop1.3 280 32 3520 59 790 9 * 217 746 119 230 857000 143000 5000
Rop1.4 340 33 3600 64 820 8 226 749 118 247 850000 150000 6400
AVERAGE 380 32 3663 62 843 9 199 756 118 244 856250 143750 5600
S.D. 112 1 193 2 46 1 26 25 1 10 4349 4349 606

Rap1.1 430 33 3850 76 860 10 194 694 117 306 839000 161000 8150
Rop1.2 760 32 3720 68 1410 5 189 679 110 308

6 Rep1.3 480 34 3460 98 1080 7 208 677 111 326 841000 159000 6900
Rop1.4 420 33 3900 72 950 9 200 702 116 298
AVERAGE 523 33 3733 79 1075 8 198 688 114 310 840000 160000 7525
S.D. 160 1 197 13 241 2 8 12 4 12 1414 1414 884

Googly l o k o  sod loonts

Googly l a k e  sediments
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Note :  T h e  s t a t i o n s  a r e  ranked b y  t h e
highest  mean. T h e  s e p a r a t i o n
i s  determined b y  t h e  over lapp ing
confidence i n t e r v a l s .

Table  6

Parameter S t a t i o n

Googly L s k e  -  S t a t i s t i c a l  S t a t i o n  Separa t ions
June 1 9 ,  1 9 8 7

Separat ion P a r a m e t e r  S t a t i o n Separat ion

Aluminum 6 a Sodium 6 a
S b 5

Barium 5 • Phosphorus 6 •
6 5

Calcium 5 a Lead 6 a
6 5

Cadmium 6 S i l i c o n 6
5 b 5

Chromium 5 a Stront ium 5
6 b 6

Copper 6 • Zinc 6 s
5 b S b

I ron 5 • SFR 5 a
6 • 6 b

Keg:maims 6 SVR 6 a
5 b 5

Manganese 6 a TN 6 a
5 a 5
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manganese, molybdenum, s o d i u m ,  n i c k e l ,  phosphorus, s i l i c o n ,  t i n ,  t i t a n i u m ,
s t ront ium and vanadium.

The m e t a l  con ten t  o f  t h e  sediments was g r e a t e s t  a t  s t a t i o n  5  f o r
chromium a s  w e l l  a s  f o r  f i x e d  r e s i d u e  which may be f rom t h e  i n f l u e n c e  o f
Buck C r e e k .  S t a t i o n  6  w a s  s i g n i f i c a n t l y  g r e a t e r  t han  s t a t i o n  5  f o r  t h e
fo l l ow ing  p a r a m e t e r s :  a l u m i n u m ,  cadmium,  copper,  magnesium, l e a d ,  z i n c ,
t o t a l  n i t r o g e n  and v o l a t i l e  r e s i d u e .

b — S i l t c h e c k
The r e s u l t s  f r om t h e  s i l t c h e c k  s t a t i o n  can be seen i n  Tab le  7 .

No s i g n i f i c a n t  d i f f e r e n c e s  c o u l d  b e  d e t e c t e d  b e t w e e n  t h e
s i l t c h e c k  s e d i m e n t s  a n d  s t a t i o n s  5  a n d  6 ,  f o r  t h e  f o l l o w i n g  meta ls :
aluminum, b e r y l l i u m ,  c a l c i u m ,  cadmium,  c o b a l t ,  i r o n ,  s o d i u m ,  n i c k e l ,
phosphorus, s i l i c o n ,  s t r o n t i u m ,  t i t a n i u m  and vanadium. B a r i u m ,  manganese,
molybdenum, t i n  a n d  v o l a t i l e  r e s i d u e s  c o n c e n t r a t i o n s  were s i g n i f i c a n t l y
lower t h a n  t h e  t w o  l a k e  s t a t i o n s .  T h e  s i l t c h e c k  was h i g h e r  t han  t h e  two
lake s t a t i o n s  f o r  copper  and f i x e d  r e s i d u e s .  T h e  s i l t c h e c k  sediments were
equal t o  s t a t i o n  6  concen t ra t i ons  b u t  h i g h e r  than  s t a t i o n  5  f o r  l e a d ,  z i n c
and t o t a l  n i t r o g e n .

The number o f  r e p l i c a t e s  o f  t h e  s i l t c h e c k  sediments was 3  and t h e
lake s a m p l e s  was 4 .  T h e  conf idence l i m i t s  a r e  ve r y  s e n s i t i v e  t o  t h e  number
of  r e p l i c a t e s  a n d  a  s m a l l  s a m p l e  s i z e  tends t o  i nc rease  t h e  conf idence
i n t e r v a l .  T h e  d i f f e r e n c e  i n  t h e  number o f  samples between t h e  s i l t c h e c k
sediments a n d  t h e  l a k e  sediments exp la ins  t h e  reason why aluminum, cadmium

and c h r o m i u m  a r e  e q u a l ,  w h e n  l a k e  s t a t i o n s  a r e  compared t o g e t h e r ,
d i f f e rences  occu rs .  A n  increased sampl ing o f  t h e  sediments i n  t h e  s i l t c h e c k
would h e l p  us  t o  b e t t e r  determine d i f f e r e n c e s  f o r  these  meta ls .

I t  appears t h a t ,  excep t  f o r  removal o f  copper  and f i x e d  r e s i d u e s ,
the s i l t c h e c k  s i t e  does n o t  p r e c i p i t a t e  t h e  heavy meta ls  a s  w e l l  as  Goosly
Lake. I t  i s  w e l l  known t h a t  t h e  o rgan ic  ma te r i a l s  have a  h i gh  a f f i n i t y  t o
heavy _metals a r i d = - a n  i n c r e a s e  o f  o rgan ics  might  improve t h e  water  q u a l i t y
coming f r o m  t h e  s i l t c h e c k  d a m ,  h o w e v e r,  i t  m i g h t  a l i o  i n c r e a s e  t h e
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a v a i l a b i l i t y  o f  cadmium t o  aquatic organisms.

c -  Ecological  Risk Assessment

The f o l l o w i n g  e v a l u a t i o n  i s  h e a v i l y  b a s e d  o n  t h e
sedimentological approach f r o m  L a r s  Hakanson (1980)  developed i n  Sweden.
This approach concerns o n l y  l i m n i c  systems and should be used as a  crude
model t o  evaluate the  s t a t e  o f  the  environment.

REQUIREMENTS

Recent sediments  were col lected t o  compare them t o  pre industr ia l
levels.  T h e  surface l a y e r  o f  the  lake  sediments provide the  most valuable
information; i t  w i l l  g i v e  t h e  m o s t  r e c e n t  accumulation o f  heavy metal,
greatest i n t e r a c t i o n  wi th  surface water and benthic invertebrates,  and a lso
the greatest  p o s s i b i l i t y  o f  remobil isat ion.

The t w o  approaches t o  obtain recent sediments r e l i e s  on sediment
traps a n d  cores.  F o r  the  cores the  usual c r i t e r i a  i s  t o  subsample the  core
thin layers  ( <  1  cm). T h i s  approach was used by Hakanson, ( 1 9 8 3 ) ,  Davidson,
(1985), A g g e t t ,  ( 1 9 8 5 ) ,  Johnson,  ( 1 9 8 6 ) ,  Cornwe l l , ( 1986 )  and many other
researchers. I n  our s i tua t ion  we choose t o  use sediment t raps  which al low
the co l lec t ion  o f  l a r g e  amounts o f  recent sediment. T h e  construction o f  the
traps were made according t o  the  design o f  Hakanson (1976) .

The l o c a t i o n  o f  t h e  t r a p  i s  i m p o r t a n t  i n  o r d e r  t o  obtain
undisturbed sed iment  from the  bottom o f  the  l a k e .  T h e  sediment t r a p  should
be located i n  an area  o f  accumulation. T h i s  analysis was performed p r i o r  t o
the s u r v e y  w i t h  a  bathymetric map provided by B. Wilkes ( 1 9 6 7 ) .  T h e  slope
at d i f f e r e n t  d e p t h s  w a s  c a l c u l a t e d .  T h e  slope between the  depth o f  15
metres a n d  1 8 /  metres w a s  0 . 4  X  w h i l e  from 18 metres t o  the  centre ( 2 3
metres) t h  s l o p e  was 3%. W i t h  t h i s  small  slope the  t raps would be wi th in
depths i n  which resuspension was minimal. T h e  slope between 3  and 6  metres
was 15%; f rom 6  t o  9  metres, i t  was 12% as w e l l  as between 9  and 12 metres.

Another approach t a k e n  was t o  evaluate the  area o f  accumulation
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using a  f o r m u l a  d e v e l o p e d  b y  L .  Hakanson (1982) .  T h e  fo rmu la  descr ibed
below shows  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  e ros ion  and t r a n s p o r t a t i o n  area
versus t h e  a c c u m u l a t i o n  zones. T h e  i n t e r e s t  o f  t h i s  approach i s  t h a t  f rom
eas i l y  o b t a i n a b l e  l i m n o l o g i c a l  d a t a ,  a n  app rec ia t i on  o f  s t a t i o n  l o c a t i o n  i s
possib le.  The fo rmu la  i s  expressed as  f o l l o w s :

aE+T.100-aA.52.0[(VS/Dmax)-0.2j(Dmax/3*D)*log(60.6D/VW)+19.3

where aE+T =  The percentage o f  e r o s i o n  and t r a n s p o r t a t i o n
aA T h e  percentage o f  accumulat ion
a =  The a rea  o f  t h e  l a k e  (Goosly  Lake= 2 .41  km2)

Mean depth  (Goosly  Lake =  10 .3  m)

Dmax =  Maximum depth  (Goos ly  Lake =  23 m)

The p e r c e n t a g e  o f  a c c u m u l a t i o n  a r e a  f o r  G o o s l y  L a k e  i s
approximately 6 8 % ,  a s  d e r i v e d  f r o m  t h e  f o r m u l a .  I t  was found us i ng  a
bathymetr ic m a p  p r o d u c e d  b y  B .  W i l kes  t h a t  52% o f  t h e  bot tom sur face  a rea
l i e s  b e l o w  9  m e t r e s  ( 3 0  f e e t ) .  T h i s  means t h a t  t h e  l o c a t i o n  o f  t h e  t r a p
below t h i s  l e v e l  would r e s u l t  i n  t h e  c o l l e c t i o n  o f  new m a t e r i a l .

The s e d i m e n t  s a m p l e s  c o l l e c t e d  were almost  l i q u i d  which  revea ls
the v e r y  h i g h  w a t e r  con ten t .  F u r t h e r  t o  t h i s  observa t ion  t h e  s e t t l i n g  o f
the sediments i n  i m h o f f  cones d i d  n o t  i n d i c a t e d  t h e  presence o f  sands .

The r e p l i c a b i l i t y  o f  t h e  s a m p l e s  w e r e  g o o d ,  a s  p e r  t h e
c o e f f i c i e n t  o f  v a r i a b i l i t y  ( Ta b l e  8 ) .  T h i s  adds conf idence i n  t h e  r e s u l t
obtained b y  t h e  t r a p s  as  been rep resen ta t i ve  o f  t h e  bot tom f l o o r .  H o w e v e r
the s e d i m e n t o l o g i c a l  a p p r o a c h  suggest t h a t  t h e  samples ( a t  l e a s t  5 )  shou ld
be e v e n l y  d i s t r i b u t e d  o v e r  t h e  a c c u m u l a t i o n  a r e a  o f  t h e  l a k e  o r  any
sub-bas in ,  t o  m a k e  a  p r o p e r  es t ima te  o f  t h e  parameters mean va lues .  T h e
even d i s t r i b u t i o n  o f  t h e  t r a p s  was n o t  performed because t h e  eva lua t ion  o f
the q u a l i t y  o f  t h e  da ta  was more impor tan t  i n  t h i s  f i r s t  t r i a l .

Unfor tunate ly  t h e  background  l e v e l s  w e r e  n o t  add ressed  i n
d e t a i l s .  F r a g m e n t a r y  d a t a  p r o v i d e d  b y  W i l k e s  ( 1 9 8 7 )  w i l l  however be
u t i l i s e d  i n  a  l a t e r  s e c t i o n .  T h e  u t i l i s a t i o n  o f  a  p r e i n d u s t r i a l  re fe rence



1

Ta b l •  0
C o e f f i c i e n t  o f  v a r i a t i o n  ( % )

lake  modimanta
f o r  Goosly

Paramoter S t a t i o n  5 S ta t ion  6

Aluminum 4 . 9 9 3 . 4 7
Barium 2 . 2 3 .73
Calcium 13.88 5 .34
Cadmium 28.4 6 . 3
Chromium 2.16 3 .79
Copper 6 .56 3 .27
I ron 2 . 3 5 . 0 6
Magnesium 3 3 .09
Manganese 8 . 0 9 29
Sodium 29.46 30.72
Phosphorus 5 .16 5 . 3 6
Lead 3 . 6 17.07
S i l i c o n 5 .43 22.41
Strontium 13.23 4 .14
Zinc 4 .28 3 .82
Fixed r e s i d u e s 0.51 0 . 1 7
Vo l a t i l e  r e s i d u e s 0 . 3 0 . 8 8
To t a l  n i t r o g e n 10.89 11.69
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l e v e l ,  a s  es tab l i shed  by  Bowen (1966) ,  p r o v i d e s  u s e f u l  i n f o r m a t i o n  which can
be adequate f o r  t h e  p resent  approach. These l e v e l s  a r e  ( u g / g  d r y  s o l i d s ) :  A s
.  1 5 ,  C d  =  1 . 0 ,  C r  =  9 0 ,  Cu  = 50 ,  Hg =  0 .25 ,  Pb  .  70 ,  Z n  =  175.  T h i s
problem o f  background  l e v e l s  d i r e c t l y  r e l a t e d  t o  G o o s l y  L a k e  w i l l  be
addressed i n  f u t u r e  surveys .

CONTAMINATION FACTOR AND DEGREE OF SEDIMENT CONTAMINATION

substance
substance

The c o n t a m i n a t i o n  f a c t o r  i s  de f i ned  a s  t h e  mean con ten t  o f  t h e
in t h e  l a k e  d i v i d e d  b y  t h e  p r e i n d u s t r i a l  re fe rence  va lue  f o r  t h a t
(Hakanson 1 9 8 0 ) .  T h e  o v e r a l l  average f o r  Goosly Lake ( s t a t i o n  5

and 6 )  w a s :  f o r  a r s e n i c  below t h e  d e t e c t i o n  l i m i t  ( <8  u g / l ) ,  3 . 5  u g / g  Cd,
39.1 u g / g  C r ,  1 1 6 . 2  u g / g  C u ,  7 0 . 1  u g / g  P b ,  and 276 .6  ug /g  Zn. T h e
contamination f a c t o r  f o r  Goosly Lake was:

As 0 . 3
Cd 3 . 5
Cr 0 . 4
Cu 2 . 3
Pb 1 . 0
Zn 1 . 6

The h i g h e r  t h e  c o n t a m i n a t i o n  f a c t o r  ( C f i )  t h e  h i g h e r  t h e
contamination. T h e  f o l l o w i n g  d e s c r i p t i o n  i n d i c a t e s  t h e  r e l a t i v e
contamination o f  each substance i n t o  t h e  l a k e .

C f i  < 1  l o w  contaminat ion
1 <  C f i <  3  m o d e r a t e  contaminat ion
3 <  Cf1< 6  c o n s i d e r a b l e  contaminat ion
6 v e r y  h i g h  contaminat ion

The d e g r e e  o f  c o n t a m i n a t i o n  i s  t h e  s u m  o f  a l l  contaminat ion
fac to rs .  F o r  Goosly Lake t h i s  sum was 9 . 1 .  S i n c e  o n l y  s i x  substances were
used i ns tead  o f  t h e  e i g h t  proposed b y  Hakanson, t h e  f o l l o w i n g  te rmino logy  t o
describe t h e  degree o f  contaminat ion  (Dc )  has been used :
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Dc < 6
6 <  Dc <  12
12 <  Dc <  24
Dc >  24

low contaminat ion
moderate contaminat ion
considerable contaminat ion
very h i g h  contaminat ion

SEDIMENTOLOGICAL TOXICOLOGICAL FACTORS ( S t i )

The t o x i c i t y  f a c t o r  i s  i nc luded  he re  t o  t a k e  i n t o  cons ide ra t i on
the d i f f e r e n t  t o x i c i t y  o f  a  substance t o  t h e  environment.  T h e  t o x i c i t y  o f  a
metal i s  seen t o  be  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  abundance o f  t h i s  element
i n  t h e  n a t u r e .  T h e  sequence i n  na tu re ,  t a k e n  f rom r e l a t i v e  abundance i n
rocks, s o i l s ,  f r e s h  wa te r,  p l a n t s ,  and  an imals ,  showed t h e  f o l l o w i n g :  Z n  <
Cu <  Pb <  Cr  <  As <  Cd <  Hg (Hakanson,  1980) .

The p r e s e n c e  o f  t h e s e  m e t a l s  i n  sediments a l s o  depend on t h e
a b i l i t y  o f  t h e  e l e m e n t  t o  s i n k  t o  t h e  bot tom o f  t h e  l a k e .  B y  t a k i n g  i n t o
account t h e  t o x i c i t y ,  t h e  s i n k  e f f e c t  o f  t h e  va r i ous  substances and by
normal iz ing t h e  d a t a  w i t h  a  s q u a r e  r o o t  o f  t h e  v a l u e  t o  account f o r
d i f f e r e n t  o r d e r  o f  m a g n i t u d e ,  t h e  s e d i m e n t o l o g i c a l  t o x i c o l o g i c a l  f a c t o r
( S t ' )  f o r  t h e  s i x  substances a r e  t h e  f o l l o w i n g  (Hakanson, 1980) :

Cd 3 6
As 1 0
Pb 5
Cu 5
Cr 2
Zn 1

The sed imen to log ica l  t o x i c o l o g i c a l  f a c t o r s  and t h e  l a k e  s e n s i t i v i t y  a r e  used
i n  deve lop ing  t h e  l a k e  t o x i c  response.

LAKE SENSITIVITY

The s e n s i t i v i t y  o f  t o x i c  substances v a r i e s  f r om  l a k e  t o  l a k e  and
the a p p r e c i a t i o n - o f : ' t h i s  s e n s i t i v i t y  may be u t i l i s e d  t o  eva lua te  t h e  r i s k  o f
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the release of these toxic subtances to the environment T h e  trophic status
of a  lake can be determined from the sediment by using the loss on ignition
(IG) and t he  nitrogen content. A  bioproduction leve l  (BPI) can be
determined as  t h e  N -content o n  t he  regression line for IG.10% (Hakanson
1984). T h e  tox i c  response of a l l  metals, except for arsenic which show a
special pattern in water and sediment, appear to be related to the degree of
bioproduction (Hakanson 1980), i . e .  the negative effects tend to increase
with decreasing bioproduction. T h e  tox ic  response value (Tr ')  has been
related t o  an intermediate bioproduction (BPI) value o f  5  which i s
characteristic f o r  moderately eutrophic lakes. Th is  value (BPI = 5.0) i s
looked upon as a reference value for the evaluation of the toxic response as
the lake bioproduction index changes. T h e  normative factor chosen is
therefore V5/VEfi (Hakanson, 1980). B a s e d  on  t h i s  principle and the
previously discussed sedimentological toxic factor, the toxic response (Tri)
for a l l  the metals except for arsenic i s  expected to be:

Substance st i Norm Tr i

Cd 3 0  V T / V T T I  3 0 * ' f 5 / V Y
As 1 0  -  1 0
Pb 5  V V /  P I  5 *VY/1451 .
Cu 5  1 / 5 4 - 0 1  5 * I T N E F T
Cr 2  V 5 4 1 1 7 T  2 4 5 4 g 1
Zn 1  V 5 /  P I  i *VT/VDITT

Extra a n a l y s i s  w e r e  performed o n  the  Goosly Lake sediments i n
order t o  p r o v i d e  a  b e t t e r  a p p r e c i a t i o n  o f  t h e  organic f rac t ion  o f  the
sediments. T h e s e  samples w e r e  submit ted  a t  t h e  same t ime as the other
replicates a n d  represent two samples from sta t ion  6  and one from stat ion 5 .
The fol lowing tab le  gives the  r e s u l t  o f  these analysis:
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TABLE 9  S E D I M E N T  TOTAL NITROGEN AND VOLATILE RESIDUE

Replicate TN SVR SFR
mg/Kg mg/Kg mg/Kg

Repl.1 7200 164,000 836,000
Repl.2 6900 171,000 829,000
Repl.3 5800 149,000 851,000

The regression o f  t h e  nitrogen content t o  the  loss on i g n i t i o n  o f
organic c o n t e n t s  f o r  a l l  o f  Goosly Lake data (N= 9 )  was: N .  0.0543 IG
3.46. F r o m  t h i s  regression the  bioproduction index (BPI )  i n  Goosly lake  was
1.97.

RISK FACTOR AND RISK INDEX

The r i s k  f a c t o r  ( E r i )  o f  a  cer ta in  t o x i c  chemical i s  equal t o  the
contamination f a c t o r  mul t ip l ied  t o  the  t o x i c  response o f  t h a t  substance.

following:

Substance :  T r i  '  c f i  =  E r i
Zn 1 . 5 9  *  1 . 5 8  =  2 . 5 2
Cr 3 . 1 8  *  0 . 4  =  1 . 2 8
Cu 7 . 9 7  *  2 . 3 2  =  1 8 . 4 8
Pb 7 . 9 7  *  1 . 0  =  7 . 9 7
As 1 0 . 0 0  *  0 . 3  =  3 . 0 0
Cd 4 7 . 7 9  *  3 . 5  =  1 6 7 . 2 8

L -

The r e l a t i v e  e v a l u a t i o n  o f  the  r i s k  fac tor  can be appreciate as

Eri  <  40  l o w  potent ia l  ecological  r i s k
40 <  E r i  <  80 m o d e r a t e  potent ia l  ecological  r i s k
80 <  E r l <  160 c o n s i d e r a b l e  potent ia l  ecological  r i s k
160 <  E r '  <  320 h i g h  potent ia l  ecological  r i s k
Er >  320 v e r y  high ecological r i s k
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The p o t e n t i a l  e c o l o g i c a l  r i s k  i ndex  ( R I )  can  be app rec ia te  i n  t h e
same w a y  a s  t h e  d e g r e e  o f  contaminat ion  by  add ing a l l  t h e  r i s k  f a c t o r s .
This r i s k  i n d e x  f o r  Goosly Lake was 200 .5 .  T h i s  f o l l o w i n g  te rmino logy  f o r
the s i x  pa rame te r s  used a l l o w s  an  app rec ia t i on  o f  t h e  p o t e n t i a l  e c o l o g i c a l
r i s k  f o r  Goosly Lake.

RI <  115 l o w  e c o l o g i c a l  r i s k  f o r  t h e  l a k e
115 <  R I  <  230 m o d e r a t e  e c o l o g i c a l  r i s k  f o r  t h e  l a k e
230 <  R I  <  460 c o n s i d e r a b l e  e c o l o g i c a l  r i s k  f o r  t h e  l a k e
RI >  460 v e r y  h i g h  e c o l o g i c a l  r i s k  f o r  t h e  l a k e

GOOSLY LAKE ASSESSMENT I N  LIGHT OF THE RISK INDEX

I t  s h o u l d  b e  s t r e s s e d  t h a t  t h e  above eva lua t i on  i s  b a s i c a l l y  a
too l  t o  diagnose l akes  and sub-bas ins f o r  water  p o l l u t i o n  c o n t r o l  purposes.
There a r e  f e w  m e t h o d o l o g i c a l  r e f i n e m e n t s  t h a t  can be o b t a i n  f rom f u t u r e
sampling s u r v e y s .  T h e  u s e  o f  p r e i n d u s t r i a l  meta l  l e v e l s  i n  t h e  sediments
determined f r o m  t h e  a r e a  a n d  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  s p e c i f i c
geo log ica l  f e a t u r e s  s h o u l d  h e l p  t o  eva lua te  t h e  contaminat ion  f a c t o r  w i t h
be t te r  a c c u r a c y.  M e t a l  c o n c e n t r a t i o n s  i n  l a k e  s e d i m e n t s  determined f o r
B r i t i s h  C o l u m b i a  (McKean, C . J . P.  1985 quoted i n  Wi lkes 1987) showed, o n  t h e
dry w e i g h t  b a s i s ,  t h a t  t h e  average l e v e l  f rom 202 l akes  was: 4 0 . 4  ug /g  As;
1 u g / g ;  3 6  ug /g  C r ;  4 2  u g / g  Cu; 4 2  ug /g  Pb; and 90  ug /g  Zn.  T h e s e  re fe rence
leve ls  a r e  u s u a l l y  l owe r  t han  t h e  one de r i ved  f rom sedimentary rocks  except
fo r  cadmium where t h e  l e v e l  i s  t h e  same and a r sen i c  which i s  about  2 . 5  t imes
higher.  T h e r e  w a s  n o  r a n g e  o f  m e t a l  concen t ra t ion  w i t h  these  da ta  t o
express t h e  v a r i a b i l i t y  o f  t h e  B . C .  s e d i m e n t s .  O n e  s e d i m e n t  sample
c o l l e c t i o n  i n  G o o s l y  L a k e  f r o m  a  c o r e  by  Wi lkes,  1 0  t o  20  cm below t h e
sediment s u r f a c e  w a s  used he re  f o r  comparison purposes. T h e  contaminat ion
f a c t o r  ( C f i )  f o r  t h e  meta ls  c a l c u l a t e d  w i t h  these r e f e r e n c e  numbers a r e :
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Provincial  Mean
E r '

Goosly Lake Sediment (Wilkes 1987)
Parameter C f ' Cf i  E r i

As 0.12 1.25 0.21 2.16
Cd 3.5 167.281:1' >3.5 >167.28
Cr 1.08 3.43 1.5 4.77
Cu 2.76 21.99 2.15 17.13
Pb 1.66 13.23 2.5 19.92
Zn 3.07 4.88 2.6 4.21

This p o t e n t i a l  r i s k  index sum o f  212.06 f o r  Goosly Lake using the
provincial  mean a n d  2 1 5 . 4 7  u s i n g  Goosly Lake data.  T h e s e  l eve ls  a r e  not
increased s i g n i f i c a n t l y  f rom the  previous r i s k  value o f  200 .5 .

A g r e a t e r  d i s t r i b u t i o n  o f  t h e  sampling over t h e  whole area o f
accumulation o f  t h e  l a k e  w o u l d  h e l p  t o  get  a  be t te r  mean value f o r  the
toxic substances a n d  a l s o  f o r  the  evaluation o f  the  bioproduction index.
This s h o u l d  be addressed i n  the  next survey as w e l l  as t h e  determination o f
the s i t e  s p e c i f i c  s e d i m e n t  r e f e r e n c e  l eve ls .  T h e  analysis o f  s i l v e r  and
mercury i n  the  sediments should be performed. T h e s e  refinements may change
substantial ly t h e  r i s k  index f o r  Goosly Lake but a re  un l ike ly  t o  rec lass i fy
the l ake  t o  a  lower ecological  r i s k .

The main e f f e c t  o f  the  cadmium on the  ecological  r i s k  i s  obvious.
Cadmium t h r e s h o l d  f o r  some zooplankton populations (CCREM, 1987)  i s  a t  t h e
detection l i m i t  i n  w a t e r  samples however the  l e v e l  found i n  the  sediments
for t h i s  m e t a l  i s  a b o v e  t h e  d e t e c t i o n  l i m i t .  D i f f e r e n t  g roups  o f
zooplankton p o p u l a t i o n s  h a v e  d i f f e r e n t  s e n s i t i v i t y  t o  cadmium re leases .
Amongst t h e  m o s t  s e n s i t i v e s  a r e  t h e  cladocerans f o l l o w e d  by calanoids
copepods and wi th  cyclopoid copepods the  most res is tant  (Laurence and Holoka

1987).
The zooplankton col lected from May 1983 t o  September 1985 (Wilkes

1987) showed t h a t  t h e  dominant species a re  copepods and more spec i f i ca l l y
the cyc lopo ids .  H o w e v e r ,  no  b a s e l i n e  surveys  were performed on the  lake
pr iar  - t o  t h e  o p e r a t i o n  and i t  i s  not  possible f o r  the  moment t o  determine
the pre -mining zooplankton community structure i n  Goosly Lake.



- 3 8 -

The c o n t a m i n a t i o n  f a c t o r s  ( C f i )  f o r  G o o s l y  L a k e  showed t h e
in t roduc t i on  o f  h e a v y  m e t a l s  t o  t h e  s y s t e m .  T h e  t o x i c  reponse ( T r ' )
ind ica tes  t h e  s e n s i t i v i t y  o f  t h e  l a k e  t o  f u r t h e r  cadmium i n p u t .

In format ion o n  t h e  b i o a v a i l a b i l i t y  o f  cadmium i n  Goosly Lake
should be  generated.  T h e r e  i s  p r e s e n t l y  no  da ta  t h a t  would i n d i c a t e  whether
the cadmium ( a n d  o t h e r  heavy meta ls )  would become more a v a i l a b l e  f rom t h e
sediments w i t h  t i m e .  S e v e r a l  approaches can be  taken  t o  assess t h e  impact
of  h e a v y  m e t a l  a c c u m u l a t i o n  i n  t h e  l a k e  s e d i m e n t s  t o  t h e  a q u a t i c
environment. S e d i m e n t  f r a c t i o n i n g  should g i v e  an  app rec ia t i on  o f  t h e  meta l
m o b i l i t y  i n t o  t h e  environment.  R e p r o d u c t i o n  t e s t s  w i t h  Daphnia magna on a
sediment e l u t r i a t i o n  may g i v e  an  i n s i g h t  on  t h e  e f f e c t  t h e  bot tom sediments
may h a v e  o n  t h e  z o o p l a n k t o n  p o p u l a t i o n s .  B e n t h i c  i n v e r t e b r a t e s ,  due t o
t h e i r  c l o s e  r e l a t i o n s h i p  w i t h  t h e  sediments,  shou ld  be  good i n d i c a t o r s  o f
the m e t a l  i n f l u e n c e  o n  t h e  b i o t a .  M e t a l  concent ra t ions  i n  f i s h  t i s s u e s  i n
Gooly L a k e  s h o u l d  g i v e  a n  e s t i m a t e  o f  t h e  meta l  b i o a v a i l a b i l i t y  t o  t h e
aquat ic  resource.

2 -  BUCK CREEK SEDIMENT
a -  Sediment Fract ion Size

The c o l l e c t i o n  o f  sediments was n o t  un i f o rm  f o r  a l l  t h e  stat ions
v i s i t e d .  A t  s t a t i o n  7  t h e  s y r i n g e  method was used (Derksen 1985) ,  w h i l e
the o t h e r  s e d i m e n t s  were c o l l e c t e d  u s i n g  t h e  p l a s t i c  c o r e r .  T h e  a n a l y s i s
shoved an  anomaly a t  s t a t i o n  7  where t h e  meta l  con ten t  i n  t h e  sediments were
of ten h ighe r  t han  t h e  upstream o r  downstream s t a t i o n s .  T h i s  d iscrepency was
suspected t o  b e  generated b y  t h e  s e l e c t i v i t y  o f  t h e  sediment f r a c t i o n  s i z e
using t h e  s y r i n g e  me thod  where o n l y  f i n e  sediments a r e  c o l l e c t e d  ( l a r g e s t
opening 2 .0mm) .  I n  o r d e r  t o  avo id  a  s i z e  f r a c t i o n  e f f e c t ,  t h e  sediments
were r e a n a l y s e d  o n  t h e  f r a c t i o n  s i z e  l e s s  t h a n  63 um. T h i s  procedure has
been f o u n d  t o  be t h e  most app rop r i a te  method t o  descr ibed t h e  concen t ra t ion
of  h e a v y  metals  i n  sediments (Hakanson 1983) .  T h e  sediments analysed u s i n g
the < 1 5 0  u m  f r a c t i o n  s i z e  a r e  p r e s e n t e d  i n  Tab le  10  and t h e  sediments
reanalysed w i t h  t h e  ' f r a c t i o n  s i z e  l e s s  than  63 um a re  presented i n  Tab le  11 .



Table  1 0

Rop1.1 12900 <8 215 0 . 2 6710 1 .0 18.1 43.7 20 .3 36100 5790 876 10.2
1 Rep1.2 13400 <8 253 0 . 2 7270 ( . 3 12.1 42 .6 22.7 34300 5830 1730 7 . 7

Rep1.3 13200 <8 237 0 . 3 7380 0 . 4 15.6 45.8 21.4 37200 5910 1130 6 . 0
Rep1.4 13500 <8 212 0 . 2 6290 1 .0 14.6 4 6 . 0 20.1 36600 5940 424 6 . 4
Average 13250 229 0 . 2 6913 0 . 8 15.1 4 4 . 5 21.1 36050 5868 1040 7 . 6
S.D. 265 19 0 . 0 508 0 . 3 2 . 5 1.7 1.2 1250 69 545 1.9

Rep1.1 17400 <8 252 0 . 3 7400 2 . 8 22 .9 56 .0 63 .7 52000 6910 1390 10.4
3 Rep1.2 14100 <8 202 0 . 2 7720 2 .0 19.1 6 4 . 7 52 .2 46900 6430 902 8 .7

Rep1.3 14500 <8 190 0 . 2 7340 2 . 0 14.8 49 .6 56 .9 39200 6390 986 6 . 3
Rep1.4 13700 (8 186 0 . 3 7920 1.6 18.7 6 7 . 5 5 2 . 5 48300 6490 984 10.4
Average 14925 208 0 . 3 7595 2.1 18.9 59 .5 56 .3 46600 6555 1066 9 . 0
S.D. 1682 30 0 . 1 273 0 . 5 3 . 3 8 . 2 5 . 4 5382 240 220 1.9

Rep1.1 14900 (8 218 0 . 3 7290 1 . 3 17.5 38 .6 37 .9 38800 6680 448 11.1
4 Rep1.2 14200 <8 222 0 . 3 7760 0 . 3 11.1 38.9 35 .7 41000 6170 701 9 . 7

Rep1.3 13500 <8 190 0 . 3 8190 ( . 3 16.3 4 5 . 6 33 .2 42400 6480 643 11.9
Rep1.4 14700 <9 192 0 . 2 7590 1.9 19.0 41 ,7 39.0 37800 6250 691 7 . 6
Average 14325 206 0 . 3 7708 1.2 16.0 41 .2 36.5 40000 6395 621 10.1
S.D. 624 17 0 . 0 376 0 . 8 3.4 3 . 2 2 . 6 2085 231 118 1.9

Rep1.1 16500 <8 243 0 . 5 9680 2.1 17.8 73.1 38 .7 33000 8580 608 6 .4
7 Rep1.2 16700 <9 228 0 . 5 9670 1 .5 13.3 96.6 37.3 37600 8330 541 6 . 3

Rep1.3 17400 <8 254 0 . 6 10100 1.2 14.1 78.7 43.6 37000 8240 531 8 .7
Rop1.4 25100 <20 335 0 . 7 13100 2 .2 25 .0 8 8 . 0 85 .0 42700 9380 998 15.0
Average 18925 - - - 265 0 . 6 10638 1.8 17.6 84.1 51.2 37575 8633 670 9.1
S.D. 4135 48 0.1 1654 0 .5 5 .3 10.4 22.7 3980 519 222 4.1

Rep1.1 15300 <8 275 0 . 4 6910 2 . 2 21 .8 40.8 2 3 . 5 32500 6980 916 5 . 8
8 Rep1.2 12300 <8 232 0 . 2 6460 2.2 18.6 44 .7 18.0 38000 6920 858 5 . 9

Rep1.3 15400 (8 282 0 . 3 6660 1.9 17.4 36.9 23.1 31300 7060 899 5.1
Rep1.4 15300 <8 283 0 . 3 6620 1.7 15.1 38.0 22.4 31100 6920 874 3.3
Average 14575 268 0 . 3 6663 2 . 0 16.2 40.1 21.8 33225 6970 887 5 . 0
S.D. 1517 24 0.1 186 0 . 2 2 .8 3 .5 2 .5 3243 66 26 1.2

' S t a t i o n

Buck c r e e k  sediments ( < 1 5 0
June 2 0 ,  1 9 8 7

UM)

SEDICP S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P  S E D I C P
AL A S  B A  B E  C A  C D  C O  C R  C U  F E  M G  M N  M O
UG/G U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G



Table  1 0 ( c o n t . )

S ta t ion

SEDICP
NA
UG/G

SEDICP
MI
UG/G

SEDICP
P
UG/G

SEDICP
P8
UG/G

SEDICP
SI
UG/G

June 2 0 ,

SEDICP
SN
UG/G

1987

SEDICP
SR
UG/G

SEDICP
TI
UG/G

SEDICP
V
UG/G

SEDICP
28
UG/G

SFR

MG/KG

SVR

MG/KG

Rep1.1 300 26 1700 21 470 8 7 9 . 8 1150 108.0 89 .0 968000 32100
1 R*1,1.2 250 28 1600 15 550 8 9 6 . 0 1020 94.4 85 .9 956000 44500

Rep1.3 260 28 1710 19 440 7 8 8 . 3 1140 107.0 09.4 960000 40000
Rep1.4 300 26 1700 22 400 12 7 5 . 6 1240 117.0 108.0 966000 33900
Average 278 27 1678 19 465 9 8 4 . 9 1138 106.6 93.1 962500 37625
S.D. 26 1 52 3 64 2 9.1 90 9 . 3 10.1 5508 5695

Rep1.1 350 33 2130 37 540 7 110 .0 1310 155.0 170.0 951000 48900
3 Rep1.2 350 32 2460 32 270 9 9 4 . 2 1480 158.0 143.0 972000 28200

Rep1.3 350 30 2260 28 540 4 93 .3 1110 123.0 142.0 971000 28800
Rep1.4 300 35 2380 30 500 9 91 .7 1370 163.0 144.0 964000 36100
Average 338 33 2308 32 463 7 9 7 . 3 1318 149.8 149.8 964500 35500
S.D. 25 2 144 4 130 2 8 . 5 155 18.1 13.5 9678 9628 1

4=.Rep1.1 330 26 2230 27 590 10 100.0 1020 98.1 140.0 954000 45900 CD
4 Rep1.2 280 26 2150 22 540 7 109.0 1030 99.8 154.0 951000 48700 1Rep1.3 250 29 2290 25 540 10 103.0 1140 113.0 161.0 961000 39200

Rep1.4 350 27 2210 29 510 8 107.0 1090 102.0 151.0 958000 42100
Average 303 27 2220 26 545 9 104.8 1070 103.2 151.5 956000 43975
S.D. 46 1 58 3 33 2 4 . 0 56 6 . 7 8 . 7 4397 4177

Rep1.1 580 42 2640 23 380 15 130.0 2200 101.0 184.0 951000 49300
7 Rep1.2 540 49 2530 19 360 13 114.0 2180 120.0 216.0 945000 54800

Rep1.3 460 46 2400 18 400 16 120.0 2220 120.0 190.0 924000 75600
Rep1.4 420 55 2620 40 1000 19 163.0 2080 143.0 344.0 - - - - - -
Avera9e 500 48 2548 25 535 16 131.8 2170 121.0 233 .5 940000 59900
S.D. 73 5 109 10 310 3 21 .9 62 17.2 75.0 14177 13872

Rep1.1 480 25 1430 28 400 10 108.0 1410 96.9 122.0 961000 386008 Rep1.2 430 25 1530 28 410 9 83.8 1330 119.0 133.0 982000 18000
Rep1.3 500 22 1430 24 500 10 109.0 1290 91 .5 123.0 961000 39100
Rep1.4 490 24 1380 22 480 9 111 .0 1310 90 .3 122.0 962000 38100
Average 475 24 1443 26 448 10 103.0 1335 99 .4 125.0 966500 33450
S.D. 31 1 63 3 50 1 12.8 53 13.4 5 . 4 10344 10308

Buck c r e e k  sediments ( 0 5 0  um)



Table l i

S ta t ion

SEDICP
AL
UG/G

SEDICP
AS
UG/G

SEDICP
BA
UG/G

SEDICP
BE
UG/G

SEDICP
CA
UG/G

SEDICP
CD
UG/G

SEDICP
CO
UG/G

SEDICP
CR
UG/G

SEDICP
CU
UG/G

SEDICP
FE
UG/G

SEDICP
MG
UG/G

SEDICP
MN
UG/G

SEDICP
MO
UG/G

Rep1.1 16700 <8 297 0 . 7 8440 2 . 0 23.5 49.9 31.0 41300 7260 1150 <.8
1 Rep1.2 17800 (9 300 0 . 7 8170 2 . 0 17.0 54.4 29 .0 38800 6890 1980 ( . 9

Rep1.3 17800 <9 302 0 . 7 8150 1.0 12.0 53 .9 28.7 40100 7230 1270 ( . 9
Rep1.4 18500 <8 279 0 . 8 7660 2 . 0 15.0 52 .0 26.1 41500 7430 507 ( . 8
Average 17700 - - - 295 0 . 7 8105 1.8 16.9 52.6 28.7 40425 7203 1227 - - -
5 . 0 . 744 11 0 . 0 325 0 . 5 4 . 9 2 .0 2 . 0 1247 226 604

Rep1.1 19800 23 304 1 . 0 8680 1 .9 17.0 47.7 68 .0 51400 7320 1690 (.8
3 Rep1.2 16500 29 252 0 . 8 8780 2.1 20 .7 58.6 6 6 . 3 47100 7410 1230 <.9

Rep1.3 16300 10 243 0 . 8 8630 1 .9 <.9 57 .2 6 9 . 9 43100 6950 1310 ( . 9
Rep1.4 17900 <8 256 0 . 9 9230 2 .4 30.4 55 .5 69 .0 48100 7880 1290 1.0
Average 17625 21 264 0 . 9 8830 2 .1 22 .7 54.8 68 .3 47425 7390 1380 - - -
S.D. 1615 10 27 0 .1 274 0 . 2 6 . 9 4 . 9 1 .5 3419 383 209

Rep1.1 18200 <9 267 0 . 8 8700 2 . 2 14.0 44.0 48.2 46800 8090 527 ( . 9
4 Rep1.2 18700 17 315 0 . 8 8990 1 .9 15.0 45.1 4 7 . 9 49600 7580 810 <.8

Rep1.3 17300 (8 231 0 . 8 8560 2.1 22 .6 44 .5 42.1 46400 7950 642 ( . 8
Rep1.4 16600 <9 221 0 . 8 8690 2 . 0 9 . 9 48.2 43 .9 43700 6890 774 ( . 9 11N
Average 17700 17 259 0 . 8 8735 2.1 15.4 45.5 45 .5 46625 7628 688 - - - 1.--,
S.D. 935 - - - 43 0 . 0 182 0.1 5 . 3 1.9 3 . 0 2414 537 130 1

Rep1.1 14700 <8 218 0 . 7 9320 1 .0 <.8 73.1 32 .6 30200 7290 503 ( . 8
7 Rep1.2 13900 <8 195 0 . 7 8410 1 .0 1.0 89.2 30 .9 33400 6970 426 <.8

Rep1.3 16300 <8 235 0 . 8 8960 1.9 4 . 0 73 .9 39.1 32600 7310 401 ( . 8
Rep1.4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Average 14967 216 0 . 7 8897 1.3 2 . 5 78 .7 34 .2 32067 7190 443
S.D. 1222 20 0 .1 450 0 . 5 2.1 9.1 4 . 3 1665 191 53

Rep1.1 16400 <8 321 0 . 8 8260 1 .0 8 . 6 55.1 22 .0 36300 6860 1080 <.8
8 Rep1.2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Rep1.3 14900 <8 300 0 . 8 7740 1 . 0 11.0 50.5 2 1 . 0 34400 6600 1020 <,8
Rep1,4 15300 (8 309 0 . 8 7880 0 . 6 2 . 5 53 .7 20 .3 35000 6610 985 ( . 8
Average 15533 - - - 310 0 . 8 7960 0 . 9 7.4 53.1 21.1 35233 6690 1028
S.D. 777 11 0 . 0 269 0 . 2 4.4 2.4 0 . 9 971 147 48

Buck c r e e k  sediments (<63  um)
June 2 0 ,  1 9 8 7



Table 11

Sta t ion

SEDICP
NA
UG/G

SEDICP
NI
UG/G

SEDICP
P
UG/G

SEDICP
PB
UG/G

SEDICP
SI
UG/G

June 2 0 .

SEDICP
SN
UG/G

1987

SEDICP
SR
UG/G

SEDICP
TI
UG/G

SEDICP
V
UG/G

SEDICP
ZN
UG/G

Rep1.1 <20 31 2040 29 1100 9 90.3 1140 106.0 106.0
1 Rep1.2 <20 29 1800 19 1000 <2 104.0 1280 102.0 87.4

Rep1.3 <20 33 1920 22 980 <2 96.8 1250 106.0 91.7
Rep1.4 <20 32 2010 28 1000 3 84.4 1270 117.0 122.0
Average - - - 31 1943 25 1020 6 93.9 1235 107.8 101.8
S.D. 2 108 5 54 4 8 .4 65 6 .4 15.7

Rep1.1 (20 35 2160 31 1100 <2 122.0 1190 121.0 167.0
3 Rep1.2 <20 34 2390 37 930 10 107.0 1280 126.0 148.0

Rep1.3 <20 34 2290 40 890 2 102.0 1260 117.0 152.0
Rep1.4 (20 36 2490 40 920 <2 110.0 1330 129.0 148.0
Average - - - 35 2333 37 960 6 110.3 1265 123.3 153.8
S.D. 1 141 4 95 6 8 . 5 58 5 . 3 9 . 0

Rep1.1 <20 32 2680 31 970 4 108.0 1210 106.0 157.0
4 Rep1.2 (20 31 2500 30 890 <2 126.0 1220 107.0 168.0

Rep1.3 <20 32 2510 30 880 <2 108.0 1200 108.0 168.0
Rep1.4 (20 28 2370 53 850 <2 112.0 1200 102.0 156.0
Average - - - 31 2515 36 898 4 113.5 1208 105.8 162.3
S.D. 2 127 11 51 - - - 8 . 5 10 2 . 6 6 . 7

Rep1.1 <20 39 2450 27 700 5 104.0 1830 84 .3 155.0
7 Rep1.2 (20 40 2270 150 750 10 87.2 1810 101.0 169.0

Rep1.3 (20 37 2210 33 780 <2 96.3 1850 101.0 160.0
Rep1.4 ___ . . . - - - ___ - - - . . . - - - - - - - - - - - -
Average 39 2310 70 743 8 95.8 1830 95.4 161.3
S.D. 2 125 69 40 4 8 . 4 20 9 . 6 7.1

Rep1.1 (20 24 1600 23 800 <2 106.0 1580 103.0 124.0
8 Rep1.2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Rep1.3 (20 25 1540 23 840 10 99.8 1470 96 .8 121.0
Rep1.4 <20 23 1560 34 780 6 101.0 1510 98 .8 124.0
Average - - - 24 1567 27 807 8 102.3 1520 99 .5 123.0
S.D. 1 31 6 31 3 3 .3 56 3 . 2 1.7

Buck c r e e k  sediments ( < 6 3  um)
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A p a i r e d  comparison between t h e  two method were performed on  t h e
r e s u l t s  t o  d e t e r m i n e  t h e  e f f e c t  o f  us ing  d i f f e r e n t  f r a c t i o n  s i z e  on t h e
metal c o n t e n t .  T h e  meta l  con ten t  was s i g n i f i c a n t l y  h i g h e r  ( p  <0.05) - i n  t h e
f r a c t i o n  s i z e  l e s s  t h a n  63 um f o r  a l l  t h e  meta ls  except  f o r  chromium, l e a d ,
n i c k e l ,  s t r o n t i u m ,  z i n c  and cadmium ( Ta b l e  1 2 ) .

b -  S ta t ion  Differences

The e v a l u a t i o n  o f  d i f f e r e n c e s  i n  metal content a t  t h e  various
stations w e r e  performed b y  using the data generated by the  small  f r a c t i o n
size (<63um) .  T h e  f i x e d  r e s i d u e s ,  v o l a t i l e  residues and t o t a l  nitrogen
analysis w e r e  performed o n  t h e  < 1 5 0  u m  f r a c t i o n  s i z e .  A  graphical
s t a t i s t i c a l  e v a l u a t i o n  c a n  be found i n  Figure 4a  t o  4e  and t h e  s t a t i s t i c a l
separation on Table  13 .

The aluminum concentra t ion  i n  t h e  sediment  d i d  not increase
signi f icant ly  downstream o f  Bessemer C r e e k ,  b u t  decreased a t  s t a t i o n  7
downstream o f  Goosly Lake.

The c a l c i u m  l e v e l  increased downstream o f  Bessemer Creek with a
level  s i m i l a r  t o  t h e  contro l  s ta t ion  a t  s ta t ion  8 .  T h i s  increase i s  mainly
due t o  t h e  addi t ion o f  l ime  t o  the  mine e f f luen t  f o r  water q u a l i t y  control
purposes.

There w a s  n o  s i g n i f i c a n t  i n c r e a s e  o f  t h e  cadmium c o n t e n t
downstream o f  Bessemer C r e e k .  T h e  leve ls  s t a r t  t o  decrease downstream o f
Goosly L a k e  a n d  a r e  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  c o n t r o l  s t a t i o n  a t
stat ion 8 .  T h e  cadmium l e v e l  a t  t h e  control  s ta t ion  averaged 1 . 8  ug/kg.
This m a y  i n d i c a t e  t h a t  t h e  upstream stat ion contributes t o  the  increase o f
the cadmium content i n  the  sediments o f  Goosly Lake. T h e  establishment o f  a
baseline l e v e l  f o r  G o o s l y  L a k e  i s  c r i t i c a l  f o r  t h e  evaluation o f  the
contamination fac tors .

The chromium a n d  n i c k e l  concentrat ions i n  the  sediments were
s igni f icant ly  h igher  a t  s t a t i o n  7 than any other  s tat ions.  T h e  signif icance

of these resu l ts  a r e  unknown.
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18 Aluminium 2055.56 569.50 3.61 0.0032
Calcium 819.44 204.28 4.01 0.0009
Cadmium 0.06 0.23 0.27 0.7884
Chromium 3.43 1.98 1.73 0.1016
Copper 5.10 1.72 2.97 0.0086
I ron 2594.44 899.56 2.89 0.0102
Magnesium 507.78 237.27 2.14 0.0471
Manganese 110.61 10.99 2.70 0.0152
Nickel 1.17 1.05 1.11 0.2841
Phosphorus 120.00 46.71 2.57 0.0199
Lead 13.28 7.12 1.87 0.0795
S i l i con 430.56 27.11 15.88 0.0001
Tin -3.44 1.37 -2.52 0.0357
Strontium 1.38 3.41 0.41 0.6899
Zinc -20.79 52.92 -0.39 0.6993

Table 12:  P a i r e d  Comparisons Between Buck Creek Sediment <150 um and <63 um

Obs V a r i a b l e  M e a n  S t d  E r r o r  T  P R O B > I T I
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Table  1 3
Buck Creek  ( <  6 3  u s )  -  S t a t i s t i c a l  S t a t i o n  Separa t ions

June 2 0 ,  1 9 8 7

Parameter S t a t i o n  S a p -oration P a r a m e t e r  S t a t i o n  S e p a r a t i o n  P a r a m e t e r  S t a t i o n  S e p a r a t i o n

Aluminum

B a r i u d

Calcium

Cadmium

Chromium

Copper

1 a
3
4 a
8 a b
7

8 a
1
3 a b
4 e b
7

7 a
3
4 e b
1 b e
8

3 a
4 a
1
7 e b
8

7 •
3
8 b

4

3
4
7
1
8

Note :  T h e  s t a t i o n s  a r e  ranked b y  t h e
highest mean. T h e  s e p a r a t i o n
i s  determined b y  t h e  over lapp ing
coafidence i n t e r v a l s .

I ron

Nagnesiva

Manganese

Nickel

Phosphorus

Lead

3 a
4 a
1
8 b e
7

4 a
3 e b
1 e b
7 a b
8 b

1 a
8 e b
4 e l )
7

7
3
1
4
a

a
b
be

d

3
7 a
1
8

3
4 a
7
8
1 a

S i l i c o n

Strontium

Zinc

SFR

SVR

TN

1 a
3
4
8 b e
7

4
3 a b
8 e b
7 a b
1

4 a
7
3 a
8
1

8
3
1
4 e b
7

7
4 a b
1
3
8

7
1
4
3
8
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The c o p p e r  c o n t e n t  w a s  s i g n i f i c a n t l y  i n c r e a s e d  downstream o f
Bessemer Creek and decreased s i g n i f i c a n t l y  a t  each s t a t i o n s  downstream where

_
i t  was l o w e r  than  t h e  c o n t r o l  s t a t i o n  a t  s t a t i o n  8 .

The i r o n ,  magnesium,  p h o p h o r u s  and s t r o n t i u m  sediment con ten ts
were increased downstream o f  Bessemer Creek b u t  reduced downstream o f  Goosly
Lake.

No s i g n i f i c a n t  d i f f e r e n c e s  were found i n  t h e  Buck Creek sediments
f o r  l e a d  due t o  t h e  g r e a t  v a r i a b i l i t y  o f  t h e  r e s u l t s .

A s i g n i f i c a n t  i n c r e a s e  o f  t h e  z i n c  c o n c e n t r a t i o n s  i n  t h e
sediments downstream o f  Bessemer Creek was found w i t h  no decrease downstream
of  Goosly Lake. S t a t i o n  8  vas  s i g n i f i c a n t l y  l o w e r  t han  t h e  s t a t i o n  3 ,  4  and

7.
The f i x e d  r e s i d u e s  l e v e l  were s i g n i f i c a n t l y  l o w e r  a t  s t a t i o n  7

a f t e r  s e d i m e n t a t i o n  i n  Goosly Lake, and  increased t o  a  s i m i l a r  l e v e l  a s  t h e
con t ro l  s t a t i o n  a t  s t a t i o n  8 .  T h e  v o l a t i l e  res idues  con ten t  were h i g h e r
downstream o f  G o o s l y  L a k e  b u t  decreased t o  a  s i m i l a r  l e v e l  a t  s t a t i o n  8 .
The same p a t t e r n  was shown f o r  t h e  t o t a l  n i t r o g e n  sediment c o n t e n t .
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5.0 C O N C L U S I O N

The w a t e r  q u a l i t y  o f  G o o s l y  L a k e  showed a  s teady  increase i n
sulphate i n  t h e  bot tom o f  t h e  l a k e  and a  tendency t o  have l o w e r  a l k a l i n i t y
compared t o  p rev ious  surveys .  T h e  b u f f e r i n g  capac i t y  i s  s t i l l  h i g h  bu t  t h e  —
long-term i m p l i c a t i o n  o f  t h i s  decrease has s t i l l  t o  be reso lved .

The s t a t i o n  i n  t h e  d e e p  p a r t  o f  t h e  l a k e  tends  t o  accumulate
higher m e t a l  va lues  i n  t h e  sediment f o r  aluminum, cadmium, copper  and z i n c ,
when compared t o  t h e  s t a t i o n  c l o s e r  t o  B u c k  C r e e k  i n l e t .  B a s e d  on
pre- i n d u s t r i a l  s e d i m e n t  l e v e l s ,  p r o v i n c e -wide a v e r a g e  a n d  p r e l i m i n a r y
basel ine s e d i m e n t  i n  G o o s l y  Lake, t h e  contaminat ion  f a c t o r  v a r i e s  between
2.15 t o  2 . 7 6  f o r  c o p p e r ;  1 . 0  t o  2 . 5  f o r  l e a d  and 1 . 6  t o  3 .07  f o r  z i n c .
The cadmium contaminat ion  f a c t o r  was c o n s i s t e n t l y  3 . 5  us ing  t h r e e  d i f f e r e n t
sources o f  sediment re fe rence  m a t e r i a l .  T h e  t o x i c i t y  o f  cadmium i s  known t o
be a n  o rde r  o f  magnitude h i gh e r  t han  t h e  o t h e r  meta ls  and t h e  nex t  ques t i on
is  t o  a d d r e s s  t h e  b i o a v a i l a b i l i t y  a n d  t o x i c i t y  o f  increased cadmium i n
Goosly Lake sediment.  F o l l o w i n g  by  p o s i t i v e  response t o  t h e  f i r s t  q u e s t i o n ,
the b i o l o g i c a l  s i g n i f i c a n c e  o n  Goosly Lake popu la t ions  o f  such e f f e c t  would
have t o  be  answered.

The s i l t c h e c k  p o n d  s e d i m e n t s  w e r e  e f f e c t i v e  i n  removing o n l y
copper f r o m  t h e  mine e f f l u e n t .  A l l  t h e  o t h e r  meta ls  were n o t  s i g n i f i c a n t l y
d i f f e r e n t  f r om Goosly Lake.

Buck C r e e k  s e d i m e n t s  w e r e  h i g h l y  v a r i a b l e .  M e t a l  a n a l y s i s  on
d i f f e r e n t  s i z e  f r a c t i o n s  c o n t r i b u t e d  t o  t h e  v a r i a b i l i t y .  I t  i s  suggested
that t h e  f r a c t i o n  <63 um be used f o r  t h e  ana l ys i s  o f  sediments.  O n l y  copper
was s i g n i f i c a n t l y  reduced downstream o f  t h e  mine d ischarge .
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