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INTRODUCTION 

One of  the  principal  responsibilities of the Environmental 
Protection  Service i s  to  spearhead  the development of national 
water pol 1 ution  control  regulations  for  industry i n  Canada. 
Regulations  governing effluent  discharges from the P u l p  and 
Paper and  Chlor-A1 kali  industries were the f i rs t  t o  be completed 
and  were promulgated i n  November, 1971, and  March, 1972, respec- 
t ively.  More recently (November, 1973),  guidelines and regulations 
for  Petroleum Refinery  effluents were also completed and gazetted. 

Early i n  1973, a Task Force was assembled consisting of Federal, 
Provincial and Industrial  representatives who were  fami 1 i a r  with 
the  environmental  control  aspects of the metal min ing  industry. The 
basic  objective  of  the Task Force i s  to  develop effluent  regulations 
and/or  guidelines  that will govern the release o f  metal min ing  waste 
waters  into the environment. These requirements will be evaluated 
w i t h  respect  to  the concept of  best practical waste treatment 
techno1 ogy . 

To achieve this objective,  several working groups were established 
to  produce technical documents t h a t  could be used as an information 
base upon  which the criteria  for  effluent  quality could be developed. 
One such u n i t  is the  Analytical and Sampling Methods  Working  Group 
and  one of i ts  objectives is to  prepare a document out1 i n i n g  a 
suitable  toxicity  test   to  characterize min ing  effluents.  In order  to 
complete this task i t  was  deemed necessary to  consolidate  all  existing 
toxicity and effluent  chemistry  data, supplemented by tha t  which could 
be obtained  over a re la t ively  short  time frame d u r i n g  the sumner of 
1973.  In addition, i t  was requested  that  all  regions, i n  obtaining 
new information for  the program, apply a standardized  static  bioassay 
procedure  agreed t o  by the members of the Working  Group. 
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This  manuscript  describes  the  sampling,  bioassay, and 
analyt ical   chemistry  procedures used  and the   resu l ts   ob ta ined by 
t h e   j o i n t  Environmental  Protection-Fisheries  Contingent  which 
p a r t i c i p a t e d  i n  the-  program on b e h a l f   o f   t h e   P a c i f i c  Region. 
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SCOPE OF SURVEY 

During the summer of 1973 technical  personnel of the Environmental 
Protection  Service .and the  Fisheries and Marine Service  visited and 
collected  wastewater  samples from a total  o f  26 of the major producing 
mines in  British Columbia  and the Yukon. The locations of a l l  mines 
included  in  the  survey  are  illustrated  in  Figures 1 and 2. Table I 
summarizes the  metals or minerals mined, the 1972-73 production  rates 
(B.C. & Yukon Chamber of  Mines, 1973) and the forms o f  waste  treatment 
and/or effluent minimization  practiced a t  the mines sampled. I t  should 
be noted tha t  effluent samples from two additional mines, namely Utah 
Mines Ltd. and Jordan  River Mines Ltd. were not obtained  directly  as 
par t  of t h i s  survey, b u t  were nevertheless  included i n  the  bioassay 
testing phase of the program. This  brings t o  28, the  total number of 
mines for w h i c h  a t  l eas t  some da ta  was obtained d u r i n g  the  survey 
period. 
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FIGURE I ACTIVE MINES SAMPLED IN BRITISH COLUMBIA FOR 
1973 MINE SURVEY. 
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FIGURE 2 ACTIVE  MINES SAMPLED IN THE YUKON FOR 
1973 MINE SURVEY. 
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METHODS AND MATERIALS 

1.  Sampling Point  Selection 

The selection of a suitable sampling p o i n t  was governed i n  a l l  
instances by the requirement that  the  concentrator  tailings  discharge 
water be sampled a t  the  terminal  point  of i,ts run b u t  pr ior   to   e i ther  
i t s  discharge t o  the receiving  environment, or i t s  return  to  the 
concentrator, i n  the  case of a recycle system.  Three basic methods 
of ta i l ings  waste  handling were encountered so that  establishment 
of a sampling point  differed  for each  of the  three  si tuations.   Site 
selection was determined i n  the  following manner: 

- Where the raw ta i l ings  and water were discharged  directly, 
usually  via a flume, p ipe ,  or open trough, 'into a stream,  lake,  or 
s a l t  water  system, sampling was done a t  the final  point  of  discharge 
prior to  entering  the aforementioned  system.. These samples contained 
both ta i l ing   so l ids  and mill  water. 

- Where the raw ta i l ings  and water were directed t o  a t a i l ings  pond 
for  solids  precipitation and only  the  "clear"  supernatant was allowed 
to  overflow, sampling was effected  at  the  final  discharge end of the 
decant system. In some instances, because  of a "no flow"  condition 
due t o  temporary mill shutdown, production less  than mil 1 capacity 
or h i g h  evaporation  losses a t  the pond surfa.ce, i t  was n o t  possible  to 
sample a t  this point. Where these condi tionls prevailed  supernatant 
samples were taken a t  a point  close  to  the dlecant tower. 

- Where the raw ta i l ings  and water were fed  into a ta i l ings  pond, 
heavy materials  sett led  out,  and the  resulting  supernatant  reclaimed 
by pumping back to  the  concentrator, sampling was carried  out  at  the 
point of return,  usually  off  the pump house floating barge. 
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W i t h  one exception, no attempt was  made to   direct ly  sample mine 
seepage. The exception was Britannia m i  ne runoff which was col lected 
because i t   i s  known t o  represent one of the major wastewater problems 
associated w i t h  this.mine  operation, and was, therefore  of  extra  interest 
t o  us. 

2. Sampling Procedure and Treatment 

Three separate  water samples for  chemic:al analysis were taken a t  
each s i t e  and returned  to  the Environment Ca.nada Chemistry Laboratory, 
West Vancouver. 

Sample One - for   to ta l  heavy metals, was col lected i n  a 1 1 i t e r  
polyethylene  bottle and immediately preserved by the  addition of 5 ml 
of concentrated  analytical  reagent grade Nitric Acid and mixed 
thoroughly (Davidson e t .  a1 . , 1972). 

Sample Two - for  dissolved heavy metal analysis, was collected i n  a 
250 ml polyethylene  bottle and fi l tered,   as  close  to  the  collection 
time as was practical  (i.e.  usually  within 30 minutes),  through a 
0.45 micron membrane f i l t e r  using a Sartorius Multi Purpose Plast ic  
Fi l t ra t ion System*into a second 250 ml polyethylene  bottle. The 
f i l t r a t e  was immediately preserved w i t h  1.5 ml of  concentrated  analytical 
reagent  grade Nitric Acid (Davidson e t .  a1 . , 1972). Where f ie ld  
micro-filtration equipment was not  available,  the sample collected  for 
"dissolved heavy metals'' was permitted to  stand  for  approximately 
30 minutes, 250 m l  o f  supernatant  decanted off, and preserved w i t h  1.5 
m l  analytical  reagent  grade  Nitric Acid. The chemical resul ts   for  
samples treated i n  t h i s  manner  were expressed  as  extractable heavy metal. 

Sample Three - for  non metal analysis, was collected i n  a 1 1 i t r e  
polyethylene  bottle b u t  retained i n  the  untreated  state. 

*References to product manufacturers are not to be considered as 
endorsements of these products. 
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Water samples for bioassay were obtained a t  the same sites as 
those for the chemical samples. For the majority of mines vis i ted,  
where LT50 determinations only were t o  be run, 2 x 5 gallons of 
waste  water were collected i n  sealing  l id t,ype p las t ic   pa i l s  (Y-Lok 

containers)  or  jerry  cans. A t  mines for  which the more detailed 
LC50 toxicity assessment was specified, 4 x 5 gallons of water were 
collected. All samples for toxicity  evaluation were returned  to the 
Environment Canada Bioassay  Laboratory, West Vancouver. 

* 

** 

Field temperature and pH measurements were obtained using a 
mercury thermometer and a Seibold Model G.K.A.  portable pH meter, 
respectively. 

dur ing  the 96 hour t e s t  period 
tained a t  or above 9.5 mg/l by 

For the  majority of the m 
concentration was determined. 
samples fell  outside  the range 

3. Bioassay  Procedures 

Juvenile Coho  Salmon (Oncorhynchus " ki sutch) acclimated to  untreated 
Capilano  Reservoir  tap  water he1 d a t  1 l0C i: l 0 C  were used i n  a l l  
bioassays.  Five fish w i t h  a mean weight and length of 4.34 gm and 5.7 
cm, respectively, were placed i n  10 gallon  glass  aquaria  held i n  a 
ll°C ? l0C water  bath. A l l  bioassays were s t a t i c  w i t h  no replacement 

. Dissolved oxygen levels were main- 
continuous  aeration. 

ines sampled a 96 hour LTS0 a t  100% 
In cases where the pH of  the  original 
6-8, two LTS0's were conducted, one 

on the  neutralized sample and  one on an unneutralized sample. 

* LT50 - This  term refers to Median Le tha l  Time, t h a t  is, t h e  time t o  
dea th   o f   the   50 th   percent i le   o rganism  in  a s p e c i f i c  concen- 
t r a t i o n   o r   l e v e l  of   measurable   le thal   agent   (used  interchange-  
ab ly   wi th  MST, Median Surv iva l  T i m e ) .  The exposure time must 
b e   s p e c i f i e d ,   a n d   i n   t h i s  case is 96 hours.  

** LC5o - T h i s   n o t a t i o n   r e f e r s   t o  Median L e t h a l   C o n c e n t r a t i o n   o r   t h a t  
level of a m e a s u r a b l e   l e t h a l   a g e n t   . r e q u i r e d   t o   k i l l   t h e   5 0 t h  
p e r c e n t i l e   i n  a group of tes t  organisms,  over  the time period of 
96 hours .   The  50th  percent i le  is meant t o   r ep resen t   t he   ave rage  
organism. 
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In addition,  six of the mines  were identified by the Working 
Group for  more de ta i led   s ta t ic  96 hour LC5o determinations. For 
these  cases  concentration  series  (usually 1\30, 56, 32 , 10, 0%) 
u s i n g  untreated  Capilano  Reservoir tap water  as  the  dilution  water 
were also conducted. The diluent had a pH (of 6.4 5 0.1 log  units 
and a total  CaC03 hardness of approximately 9.7 ppm. 

4. Analytical Chemistry  Procedures 

Total heavy metals. The  method used for   total  heavy metal analysis of 
the mine wastes was that  described by Berna:; (1968). As a matter of 
in te res t ,  Hurley and Pinson (1970) used a  modification of this 
technique  to  investigate Rubidium-Strontium relationships i n  lunar 
soi l  samples. The Bernas technique was adopted by the  chemistry  lab 
fo r  this exercise because i t  demonstrated a superior   abi l i ty  t o  
d iges t   a l l  of the  s i l icates  and other  tai l ings components present,  while 
providing a more r a p i d  technique  for  the  analysis o f  the wide variety 
of  metals  desi red. Since this procedure would appear to  have considerable 
potential for the  extensive  effluent  monitoring programs carried  out by 
the Environmental Protection  Service,  the  technique i s  described i n  
detai 1 . 

The decomposition or digestion method is  best  described i n  the 
following  abstract from Bernas (1968). "Rapid decomposition of  siZicates 
i s  achieved i n  a speciaZZy designed  vessel made of  Tenon (Du Pont) 
without  voZatiZization  losses by hydrofluoric  acid  at 110OC. A fluoboric- 
boric  acids  system was found t o  provide a favorable  decomposition medium 
and a suitabZe  salt-free singZe matrix  system.  Conditions were  deveZoped 
for suf f ic ient   inhibi t ion of the  hydrolytic  decomposition  rate of 
fZuoboric  acid.  This  matrix was found t o  diminish  significantly or t o  
eliminate  entirely  the  chemical,  ionization,  matrix, and instrumental 
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interferences  for atomic  absorption measurements. The system  permits 
contamination-free sample handling in   g lass  equipment, ensures sampte 
solut ion  s tabi l i ty ,  and t o  date  provides an interference-free  environ- 
ment for the  rapid and reZiabZe  atomic  absoloption spectrometric 
determinations o f  si l icon, aluminum, titanizm, and vanadium using a 
nitrous  oxide-acetylene  ftame and for  iron,  calcium, magnesium, 
sodium, and potassiwn  using an air-acety lent? f lame. " 

For  the  mine  waste samples , t h e   f o l  lowiing  procedures were c a r r i e d  
out. Between  50  and 200 m l  o f   we l l   m ixed sample was p i p e t t e d   i n t o  a 
weighed, dry,  acidwashed 250 m l  t e f l o n  beaker. The sample was 
evaporated t o  dryness a t  90°C and then  heated f o r  1 hour a t  18OoC. The 

f ina l   d ry ing   tempera ture   o f  18OoC  was 'chosen t o   d r i v e   o f f   t h e   m e c h a n i c a l l y  
occluded  water and much o f   t h e   w a t e r   o f   c r y s t a l l i z a t i o n .  A t  18OoC much 
o f   the   o rgan ic   mat te r   i s   reduced by v o l a t i l i z a t i o n   b u t   n o t   c o m p l e t e l y  
destroyed.  Bicarbonate i s  converted  to  carbonate and carbonate may be 
p a r t i a l l y  decomposed t o   o x i d e   o r   b a s i c   s a l t s .   I n   a d d i t i o n ,  some 
c h l o r i d e  and n i t r a t e   s a l t s  may be l o s t  (Aphai, 1971). 

A f t e r   c o o l i n g   i n  a des iccator ,   the beak.er was weighed and approx- 
imate ly  50 mg o f   d r y  sample was placed i n  a t e f l o n  bomb.  To the  
sample  were  added  0.5 m l  o f  aqua-regia and 3 m l  of  concentrated  Hydro- 
f l uo r i c   ac id .  The  bomb  was closed and placed i n  a 11 O°C oven f o r  1 hr .  
When cool   the sample was t r a n s f e r r e d   t o  a 50 ml p l a s t i c  beaker  wi th 
4-6 m l  o f   de ion ized  water .  2.8 gm o f   Bor ic   ac id  was then added w i t h  
s t i r r i n g .  When the   Bo r i c   ac id  was p a r t i a l l y   d i s s o l v e d ,  5-10 m l  o f  
deionized  water was added  and the  sample d i l u t e d   t o   a b o u t  40 m l .  The 
sample was volumized t o  100 m l  i n  a volumetr ic  f lask  and  stored i n  a 
l inear   po lye thy lene  bo t t le .   S tandards  were prepared  from  commercial 
AA standards  and made up i n   t h e  HF, aqua-regia  Bor ic  acid  matr ix.  The 
Standard  series  contained a l l  the  elements  analyzed. All standards and 
samples  were analyzed  wi th a Jar re l l -Ash 800 atomic  absorpt ion 
spectrophotometer. 
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D i  ssol ved and Extractable heavy metal s. The m i  crof i 1 tered acidified 
samples for  dissolved metal analysis , and the unfiltered ( b u t  decanted), 
acidified samples for  extractable metal analysis were anal.vzed direct ly  
bv atomic  absorption  and/or flame emission  spectrophotometry. 
(Davidson e t .  a1 . , 1972). 

Miscellaneous  parameters.  Total  hardness (CaC03), total   a lkal ini ty ,  
total  residue,  non-fil  terable  residue , and sul  phates were a1 1  determined 
us ing  techniques  described by Davidson e t .  a l . ,  1972. 
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RESULTS AND DISCUSSION 

Bioassay  Testing 

Table I I summarizes a1 1 of  the 96 hr I-T50 toxici ty   resul ts  and 
associated  bioassay  parameters  obtained i n  the 1973 mine survey. O f  
the 28 mine effluents  evaluated, 18 were n o t  acutely  toxic, 10 were 
toxic w i t h o u t  neutralization, and 5 remained toxic  after  neutralization. 

Eleven of the mines  sampled  were operating on complete recycle 
systems and  somewhat surprisingly,  only Lornex had an acutely  toxic 
recycle  water  after  neutralization (LTS0 - 1.3 hr ). I t  had been 
expected that  there migh t  be a build-up  of  reagents and metals t o  
toxic  levels i n  recycle systems. These results  indicate  that  this 
is  not  necessarily  the  case, a fac t  which i :s  encouraging from the 
standpoint of water  minimization. 

A further 10 mines had ta i l ings  ponds b u t  decant was only being 
discharged from 5 of them d u r i n g  the  survey  period. Kam Kotia-Burkam 
Joint Venture and King Resources were n o t  operating when vis i ted,  Giant 
Mascot and the H. B. Mine have seasonally 1 imited  discharges, and the 
Placid Oil operation has no discharge a t   a l l  due to  h i g h  evaporation 
losses and the ta i l ings  pond capacity. The untreated  decant from 
Sullivan,  Anvil, United Keno Hill and Kam Kotia-Burkam Joint  Venture 
were all   acutely  toxic w i t h  LT5-,'s of 3.8,  3.8, 31, and 34 hours, 
respectively. The Anvil e f f luent   los t  i t s  acute  toxicity  after 
neutralization. 

The remaining 7 mines surveyed  discharge  their  tai 1 ings d i rec t ly  
to  the  receiving environment. Reeves MacDonald  mine ta i l ings  i s  
discharged to  the Pend Oreille  River, a t r ibutary of  the Columbia 
River. S l i g h t  f ish  mortali t ies occurred (4.0% i n  neutralized  effluent) 
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b u t  no clear  acute  toxicity problem, as  evaluated by the LT50 
method, was detected. The ta i l ings from  Western  Mines  which i s  
directed t o  the bottom of  Buttle Lake i n  Stlrathcona Provincial 
Park was found t o  be very toxic w i t h  an LT5,, of 1.6 hours. The 
other 5 raw tailings  discharges - a l l  t o  the  sea - were  found to  
be relatively  non-toxic, w i t h  none exhibiti'ng  lethal  responses  after 
neutralization. 

One other mine flow was sampled, namely the  acid mine water 
draining  the Anaconda property a t  Britannia Mine.  The water, which 
is   d i rected through a copper precipitation  plant prior to  discharge 
t o  Britannia Creek, was found t o  be toxic both before and a f t e r  
neutralization w i t h  L T 5 0 ' ~  of 7.0 and -9.4 hours,  respectively. 

Tables I11 t o  VI11  summarize the 96 hour LC50 values  determined 
for  untreated  effluent from Anvi 1 , G i  bral   tar ,  Grani sl e ,  Simi 1 kameen, 
Sullivan, and United Keno Hill mines.  Sulliivan Mine effluent from 
the  iron  tailings pond proved t o  be the most toxic w i t h  an LC5o of 
3.0%, fol 1 owed by United Keno H i  11 (40%), Arlvi 1 , G i  bral   tar ,  and 
Simi 1 kameen (75%) and Grani s l e ,  which d i d  not have acutely  toxic mine 
water,  as  reported  earlier. The 75% LC50's observed were a l l   d i rec t ly  
due to  the h i g h   p h  of the  untreated  wastewaters a t  100% concentration. 

Effluent Chemistry and i t s  Relationship  to  Toxicity. 

Tables IX and X summarize a l l  of the metal and  non-metal analytical 
results,  respectively,  obtained i n  the 1973 mine survey.  Since  the 
total  volume of chemical data compiled is  ra.ther  extensive,  (=33  para- 
meters)  discussion  will  generally be limited1 to h i g h 1  ights  pertaining 
to  the key effluent  constituents, namely copper,  zinc,  lead,  iron, and 
non-filterable  residue (suspended so l ids ) .  Before continuing, i t  should 
also be noted that  i n  several  instances,  the  concentration of dissolved 

fraction of an element  reported  exceeds i t s  total  value.  This  physical 
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impossibility  is  primarily due t o  the  different  analytical  techniques 
and sens i t iv i t ies  used in  determining  the  dissolved  versus  total 
fractions,  and interferences  exerted by other chemical constituents 
present  in  the  solutions  tested. 

Mi thout  exception, a1 1 raw t a i l i n g s  discharges  to  the  receiving 
environment contained much higher  concentrations of a l l   the  major heavy 
metals and obviously, suspended solids,  than d i d  any other  minehill  
effluents samples. This would  be expected as  considerable amounts of 
bound up heavy metals  are  lost through t a i l i n g s  par t ic les .  Western 
Mines eff luent ,  i n  particular,  contained  exceedingly h i g h  levels of 
total  copper (230 mg/l) ,  zinc (1300 m g / l ) ,  and lead (88 mg/1) and, 
a1 though  no dissolved measurements were conducted on this sample, i t  
would appear that  these  metals, i n  conjunction w i t h  other  effluent 
components, acted  synergistically  to produce the acutely  toxic  response 
reported i n  the  bioassay  results ( LTS0 - 1 .I5 hr ) . The other interest- 
i n g  observation was that  i t  was also  c lear   that  none of the  other raw 
tailings  discharges  created  acute  toxicity problems when t e s t e d   a t  
neutral pH, despite  the  presence of h i g h  concentrations of total  heavy 
metals. This supports  the well established  fact t h a t  most, i f  not a l l ,  
of the  acute  toxicity problems caused by heavy metals can be at t r ibuted 
to  the  ionic  or  dissolved components o f  the  metals  present. 

Some o f  the mines presently  discharging untreated t a i  1 ings  t o  the 
receiving environment have caused or   are  expected t o  cause serious 
environmental  consequences which could have been avoided or  minimized 
i f  a l ternate  means of  disposal had  been adopted. In many instances the 
worst  environmental problems associated w i t h  a min ing  operation  or i t s  
ta i l ings  occur  years a f t e r  start-up or   af ter  abandonment. If  the 
problems originate from  an area  that i s  unconfined or  inaccessible  (such 
as i n  the bottom of an i n l e t )   i t  will be extremely d i f f i c u l t  i f  not 
impossible to  apply  remedial action and the problem could  continue i n  
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perpetuity.  Therefore i t  i s  important t h a t  some assurance be given 
which will permit a decision t o  discharge raw tai l ings  to   the 
receiving environment t o  be reversed, i f  deemed necessary by the 
responsible  regulatory  agencies. 

Besides  those mines w i t h  raw tailings  discharges, and including 
the  operations which completely  recycle the i r  wastewater,  only 4 
of the  other mines tested  exhibited  effluent  toxicit ies  at tr ibutable 
to  effluent  consti tuents  other than pH. These results,  plus  the most 
probable  explanation for  the observed tox ic i t ies ,  were as  follows: 

Water  from the  surface of the f i r s t   t a i l i n g s  pond a t  Kam Kotia- 
Burkam Joint  Venture contained 1 .2  mg/l of total  copper  of which 1 .O mg/l 
was dissolved,  thereby  contributing  to  the observed LT50 of 34 hours. 

The recycled mine water a t  Lornex contained  8.0 mg/l of copper, 
a l l  i n  the  dissolved form, and resulted i n  a highly  toxic  solution w i t h  
an LT50 of 1.3 hours. Fortunately, this effluent i s  n o t  discharged 
to  the  receiving environment, thus no problems would  be encountered. 

Effluent from the  Sullivan Mine operation  contained h i g h  concen- 
t ra t ions of several key effluent parameters i n  both of the i r   t a i l ings  
ponds. The "silicious  tailings  decant" had 27.0 mg/l of iron,  1.9 mg/l 
of lead,  1.5 mg/l of zinc, and 55.0 mg/l o f  suspended sol ids ,  while  the 
corresponding resul ts  for the  "iron  tai 1 ingls pond"  were  410  mg/l , 
1.3 mg/l , 4.5 - 5 mg/l , and  106 mg/l, respectively. Only the   l a t t e r  
effluent was subjected  to  bioassay and the  resul t  was  an LT50 of  3.8 
hours;  attributed  primarily  to  the  dissolved  zinc  content of approximately 
4.75 mg/l . 

The ta i l ings  decant a t  United Keno Hill mine contained  0.40 mg/l 
of copper and 1 . 9  mg/l of zinc,  the  majority of which  were dissolved 
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and  which acted  synergistically  to produce an LT50 of 31 hours. In 
addition,  previous unpubl  ished  results had indicated  the  presence of 
considerable  cyanide, which, i f  present  again , would undoubtedly have 
contributed  to  the  .toxicity  of this effluent. 

One f inal   resul t  which warrants a comment,  a1 though i t  should be 
considered  separately, i s  the  acid mine drainage from  Anaconda 
Britannia mine. This discharge  contained 38  mg/l of  copper (1 1 .O mg/l 
dissolved), 51  mg/l of zinc (50 mg/l of dissolved), and 208 mg/l of 
suspended sol ids. These and other  constituents combined to  produce 
an LT50 of 9.4 hours and demonstrates  the  toxicity problem associated 
w i t h  acid  generating  conditions. The same problem i s  encountered a t  
Sullivan Mine  and explains i n  large  part  the h i g h  metal concentrations 
found i n  their   eff luents  a t  the time sampled. 
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SUMMARY 

Based  on preliminary  data  obtained froim 28 of the major producing 
mines i n  British Columbia  and the Yukon, several  general  conclusions 
and/or  statements  pertinent  to this region lcan  be  made. 

1. The application of a "not  acutely tox i  1: i n  96 hours clause"  to 
cover  off  the  toxic components  which could be present i n  mine 
effluents would appear t o  be attainable,  and should therefore be 
acceptable  to most sectors of the metal m i n i n g  industry i n  the  Pacific 
Region i f  embodied i n  Guidelines  or  Regulations.  Eighteen mine mill 
effluents were not  acutely  toxic,  10 were toxic  without  neutral  ization, 
and 5 remai  ned toxic  after  neutral  ization , of which  one was a recycled 
eff luent .  The four  toxic  effluents which  were discharged were 
produced by  Kam Kotia-Burkam Joint  Venture, Sullivan, United Keno Hill , 
and Western mines. In a d d i t i o n ,  the  neutralized  acid mine drainage 
from Britannia mine  was  a1 so found t o  be acutely  toxic. The toxicity 
of a1 1 these  effluents was demonstrated t o  be attr ibutable  in  large 
par t ,  or entirely,   to  the  toxic  effects of dlissolved  copper  and/or  zinc 
and/or 1 ead. 

2. Of the 11 mines  sampled  which u t i  1 i ze  complete recycle systems  only 
one (Lornex) had  an acutely  toxic  recycle  water  after  neutralization. 
I t  had  been expected that  there m i g h t  be a build-up of reagents and 
metals  to  toxic  levels  in  recycle systems. These preliminary  results 
indicate  that  this i s  not  necessarily  the  case, a fac t  which i s  
encouraging from the  standpoint of water  minimization. 

3. I t  would  seem inevitable,   particularly (as the demand for  base 
metals  increases,  that  there  will remain cer,tain  limiting  geographical, 
topographical, and environmental  circumstances under which i t  will be 
impossible or perhaps preferable t o  dispose  of raw t a i  1 ings  and other 
wastes from a m i n i n g  operation i n  any  manner other than direct ly   to  
the  receiving environment. If t h i s   i s   t o  be the  case,   cri teria and 
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procedures  should be developed t o  assess thle d e s i r a b i l i t y  and/or 
n e c e s s i t y   o f   u t i l i z i n g   t h i s  method o f  waste disposal and t o   j u s t i f y  
i t s   a p p l i c a t i o n   o v e r  a l l  other   a l te rna t ives .  
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