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ABSTRACT 

During  the  period  from  June  7-10, 1977 the  Environmental 

P r o t e c t i o n   S e r v i c e   c a r r i e d   o u t  a mon i to r i ng   s tudy   o f   t he   e f f l uen t  

discharges  f rom  the Cominco, S u l l i v a n  Mine. The purpose o f   t h i s   s t u d y  

was t o  determine  the  s ta te  o f   compl iance o f  the   mine   e f f luen t   d ischarges  

w i t h   t h e   r e q u i r e m e n t s   o f   t h e   F e d e r a l   M e t a l   M i n i n g   L i q u i d   E f f l u e n t  
Gui del i nes. 

The a c t i v i t i e s   i n v o l v e d   i n   t h i s   s t u d y   i n c l u d e d   t h e   f o l l o w i n g :  

1) co l lec t ing   compos i te  and grab  samples o f   t h e   e f f l u e n t  
di  scharges  over a per iod   o f   th ree   consecut ive  days. 

2 )  a n a l y z i n g   t h e   e f f l u e n t  samples f o r  a number of   chemical  

parameters. 

3)  carry ing  out   b ioassay  analyses  on  the  co l lected samples. 
4) c o l l e c t i n g   o t h e r   i n f o r m a t i o n  as necessary t o   a s s i s t   i n  

e v a l u a t i n g   t h e   s t a t e  o f  compl iance  o f   th is  m i  ne. 
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LIST OF ABBREVIATIONS AND DEFINITIONS 

( D  1 
L 

mg/l 
M I  GPD 

m l  

( T I  

tPd 
vg/1 
Reference  Mine  Production  Rate 

d i   sso l   ved 
Less  than 

m i  11 i grams per  1 i t r e  

m i l l i o n   i m p e r i a l   g a l l o n s   p e r  day 

m i l l i l i t r e s  

t o t a l  

tons  per day 

micrograms  per 1 i t r e  

The grea ter   o f   the   des ign   ra ted   capac i ty  
and t h e  maximum average  annual 

p roduc t ion   ra te   ever   ach ieved  dur ing   the  

o p e r a t i n g   l i f e   o f  a m i  ne p r i o r  t o  
February 25, 1977. 
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CONCLUSIONS 

a 

m 

m 

I 

# 

I 

Based  on t h e   d a t a   c o l l e c t e d   a t   t h e  Cominco, Sul l ivan  Mine  f rom 
June 7 t o  10, 1977, the   fo l low ing   conc lus ions   can  be made: 

1)  The i r o n   t a i l i n g s  pond supernatant and the  3900 1 eve1 a c i d  

mine  water  were  out o f  compl iance  w i th   federa l   gu ide l  i ne 
1 imi t s   f o r  Pb,  Zn,  pH and the   acu te   le tha l i t y   requ i rements  

on a1 1 th ree  days ( t o x i c i t y   a n a l y s i s   c a r r i e d   o u t   o n l y  on 

day 1 and day 3). 

2) The s i l i c e o u s   t a i l i n g  pond  supernatant was o u t   o f  

compl iance  w i th   federa l   gu ide l  i ne 1 imi t s   f o r  N i  on day 3. 
It was a l so   ou t   o f   comp l iance   w i th   t he   acu te   l e tha l i t y  

requirements  on  both day 1 and day 3. 

3) The 3700 level   mine  water  was o u t  o f  compl iance  wi th 

federa l   gu ide l  i ne 1 imi t s   f o r  Zn on day 1 and day 3.  

4) D isso lved  lead  and d isso lved  z inc   a re   the   most   p robab le  

causes  of t o x i c i t y .  

5) The Envi ronmenta l   Protect ion  Serv ice i n  co-operat i   on  wi th  
the   Po l l u t i on   Con t ro l   B ranch   shou ld   con t i nue   j o in t  

n e g o t i a t i o n   w i t h  Cominco Ltd.  i n   o r d e r   t o   f a c i l i t a t e   t h e  

cons t ruc t i on  o f  a p p r o p r i a t e   p o l l u t i o n  abatement f a c i l i t i e s  

i n  an a t t e m p t   t o   b r i n g   t h e   S u l   l i v a n   m i n i n g   o p e r a t i o n   i n t o  

compl i ance w i  th   Federa l  Gui de l  i nes. 
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INTRODUCTION 

I 

rl 

a 

On February 25, 1977 the  Federa l   Meta l  M i  n i n g   L i q u i d   E f f l u e n t  

Regul a t i o n s  and  Guidel i nes  were  prornul  gated. These  documents  were 

developed  pursuant  to  Sect ion 33 and  34 o f   t he   F i she r ies   Ac t .  The 

requ i rements   de f ined  in   these documents are  based on b e s t   p r a c t i c a b l e  

technology  and  apply  uni formly  as  nat ional   basel ine  requirements.  The 
Regu la t ions   app ly   to   every  new, expanded  and  reopened  base  metal,  uranium 

and i ron   o re   m ine  (11, whi le   the  Guidel  i nes a p p l y   t o   e x i s t i n g  base  metal, 

uranium and i r o n   o r e  mines. These control  requirements  were  devel oped  by 
a Task   Force   cons is t ing   o f   representa t ives   o f   the   min ing   indus t ry ,  and 

p r o v i n c i a l  and federal  government  regulatory  agencies. The Envi  ronrnental 

P ro tec t i on   Se rv i ce  (E.P. S. was respons ib le   fo r   the   overa l l   co-ord i   na t ion  

of a1 1 the   necessary   inpu ts   requ i red   to   deve lop   the   na t iona l   e f f luen t  
c o n t r o l  s. 

Fol 1 owing  promul  gation  of  these  gui  del i nes, the  EPS P a c i f i c  

Region  undertook a r e v i e w   o f  a1 1 operat ing  metal   mining  operat ions i n   t h e  

Region (B.C. and  Yukon), t o  determine  the  s ta te of compl iance  of  each 

operat ion.  The rev iew   i nd i ca ted   t ha t  14  mines  operated  ta i l ings 

impoundment  systems  such t h a t   t h e r e  was no p o s i t i v e   d i s c h a r g e   o f   e f f l u e n t  

t o  a r e c e i v i n g  body o f   wa te r  and  were t h e r e f o r e   i n   c o m p l i a n c e   w i t h  
federal   guide1 i nes. Four   mines  d ischarged  unconf ined  ta i l  i ngs  and  were 
o b v i o u s l y   o u t   o f  compl i ance with federal  requirements. The remaining 

seven mines  operated a t a i l i n g s  impoundment  system  and d ischarged  the 

s u p e r n a t a n t   i n t o  a r e c e i v i n g  body o f   water ,  and could  thus  be i n   o r   o u t  

of  compliance  depending upon t h e   q u a l i t y   o f   t h e   e f f l u e n t   b e i n g  
d i  scharged. 

I n   o r d e r  t o  complete  the  assessment   o f   the  s ta te  o f  compl iance 

f o r   a l l   m i n i n g   o p e r a t i o n s   i n   t h e   P a c i f i c  Region, EPS c a r r i e d   o u t   e f f l u e n t  
surve i  1 l a n c e   s t u d i e s   f o r  compl i a n c e   v e r i f i c a t i o n   a t  a1 1 seven  mines ( f i v e  

i n  B.C., and  two i n   t h e  Yukon),  which  discharge  tai l ings  pond  supernatant 

t o  a r e c e i v i n g  body of   water .  
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The f o l l o w i n g   r e p o r t   i n c l u d e s  a d e s c r i p t i o n   o f   t h e  mine, t he  
procedures  and  methods  used i n   t h i s  s tudy ,   the   resu l ts   ob ta ined and 

de te rm i   na t i on   o f   t he   s ta te   o f   comp l iance   o f   t h i s  m i  ne w i th   the   Federa l  

Gui del  i nes. 
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2 MINE  DESCRIPTION 

2.1 General   Informat ion 

The Cominco, S u l l i v a n   M i n e   i s   l o c a t e d   i n   K i m b e r l e y ,  B.C. 

M i  n ing   opera t ions  began a t   t h i s   s i t e  around  the  turn  of   the  century.  The 
mine-mill  complex  has  been i n   f u l l   s c a l e   o p e r a t i o n   s i n c e  1923.  Ore 

reserves will ensure  product ion  for   another 50 yea rs  o f  operat ion.  

The S u l l   i v a n   o p e r a t i o n   i s  an underground  lead-zinc- i ron mine. 

The mill processes  approximately 8,300 tons  per  day o f   o re .  The o r e   i s  

p resen t   i n   t he   su lph ide   f o rm as ga lena  ( lead) ,   marmat i te   (z inc)  and 

p y r r o h o t i   t e   ( i r o n ) ,   i n  a q u a r t z i t e   h o s t   m a t e r i a l .  The concentrates 

produced a t   t h i s  m i  ne a re  1 ead, z inc  , i r o n  and t i n ,  however, q u a n t i   t i e s  

o f   s i l ve r ,   go ld ,   copper  and other   t race  meta ls   are  a lso  recovered.  

The reference  mine  product ion  ra te  for   th is   mine was 

e s t a b l i s h e d   a t  2,836,577 tons  ore/year  based on the 1955 opera t ing   year .  

2.2 Concentrator  ODeration 

The m i  11 i ng  process  begins i n   t h e  mi ne, where the  ore' i s  
crushed by jaw  and  cone  crushers t o  pieces  ranged  from 1/4 i n c h  t o  1-1/2 

inches i n  s ize.  The crushed  ore i s  t ranspor ted  by r a i l   t o   t h e  

concentrator  where it i s   f i r s t  processed  by a "s ink- f l   oa t "   separa tor .  

This  process removes t h e  heavy l e a d - z i n c - i r o n   o r e   f r o m   t h e   l i g h t e r  

q u a r t z i t e  gangue m a t e r i a l  by f l o a t i n g   t h e   o r e   i n  a s l u r r y   o f   f i n e l y  

div ided,  h igh  grade  galena and  water. 

The galena  s lur ry ,   hav ing a h ighe r   spec i f i c   g rav i t y   t han   was te  
rock, will cause  the   l igh twe igh t  gangue m a t e r i a l   t o   f l o a t  on the  surface, 

where it i s  removed  and s tockp i l ed .  The heavy ore,   which  s inks t o  the 

bottom, i s  dredged up  and t r a n s p o r t e d   t o   t h e   g r i n d i n g   c i r c u i t .  
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I 

The gr inding  process  reduces  the heavy ore,  from  the  sink - 
f l o a t  process, t o  a f i n e   s t a t e ,   f i r s t   i n  a r o d  mill then a s e r i e s   o f   b a l l  

mil 1s. Large amounts of   water  are  mixed wi th  the  ore  to   produce  "pu lp"  , 
which i s  then  processed  through a s e r i e s   o f   f l o a t a t i o n   c e l l s .  

a) 

b) 

C) 

Th 

The process   invo lves   four   separa te   c i rcu i ts ,  one f o r  each 

concen t ra te   p roduced ,   s ta r t i ng   w i th   l ead ,   t hen   z inc ,   i r on  and t i n .  

Bas ica l l y ,   th is   p rocess   invo lves :  
a d d i t i o n   o f   c a r e f u l l y   c o n t r o l l e d  amounts of   chemicals  and 
f r o t h i n g  agents, s p e c i f i c   t o  each concentrate  produced. 

These reagents a1 t e r   t h e   o r e   p a r t i c l e   s u r f a c e s   t o  a1 1 ow 

bet te r   separa t ion ;  
a g i t a t i o n   o f   t h e   p u l p ;  

b l o w i n g   a i r   i n t o   t h e   p u l p .  

a i  r bubble s w i t h  adh le r e s u l t   i s  a f r o t h  composed of e r i  ng 

m ine ra l   pa r t i c l es .   F i r s t ,   t he   l ead   concen t ra te   i s   separa ted   f rom  the   o re  

and f l oa ted   t o   t he   su r face ,   t hen  skimmed of f ,   th ickened and f i l t e r e d .  

The remain ing  ore,   which  s inks  to   the  bot tom o f  t h e   c e l l  , i s  removed t o  

t h e   n e x t   c i r c u i t   t o   s e p a r a t e   o u t   t h e   z i n c   c o n c e n t r a t e   i n   t h e  same manner. 

The res idua l   pu lp  i s  removed t o   t h e   l a s t   c i r c u i t   t o   s e p a r a t e   o u t   t h e   i r o n  

concentrate i n   t h e  same manner. T in   concentrate i s  separated  out  from 
the  remaining  pulp by   shak ing   t ab les ,   l eav ing   s i l i ceous   t a i l i ngs  as f i n a l  
waste. 

The 1 ead  and z inc  concentrates  are  sh ipped by r a i l   t o   t h e   T r a i l  

sme l te r   f o r   f u r the r   p rocess ing ,  whereas t h e  t i n  concentrate goes t o  a 

custom t i n  smelter. However, t h e   i r o n   c o n c e n t r a t e   i s   h a n d l e d   i n   t h e  
f o l  1 owing ways: 

a)  used as b a c k f i l l   i n   m i n e d - o u t   a r e a s ,   i n   c o n j u n c t i o n   w i t h  

f l o a t   ( b a r r e n   r o c k )  ; 

b)  used  as a su lphur   source   fo r   su l   phur ic   ac id  needed i n   t h e i r  

f e r t i  1 i zer   p l   an ts ;  

c)  the  remai  nder i s  d i s c h a r g e d   t o   t h e   i r o n   t a i l i n g s  pond. 
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The siliceous  tailings  (mostly  barren  rock)  as  previously 
mentioned, a re   d i scharged   to   the   s i l i ceous   t a i l ings  pond. 

The concentrator  produces (1973 figures)  approximately: 
a) 500 t p d  lead  concentrate  containing 65% 1 ead  as a sulphide. 
b)  900 t p d  zinc  concentrate  containing 48% zinc  as a sulphide.  

(The r e s t  i s  iron  sulphide and impuri t i e s ) .  
c )  1400 t p d  iron  concentrate  containing 55% iron and 33% 

sulphur as  iron  sulphide. 
d)  1 t p d  t i n  concentrate. 

In the  f l  oation  processes , the fol 1 owi ng chemi cal s and f ro th i  ng 
agents  are used (1973 f igures)  : 

Copper 1.40 lb/ton  ore 
M I  BC 0.02 lb/ ton  ore  
Lime 2.3  lb/ton  ore 
Sodi um i sopropyl  xanthate 0.2 1 b/ton  ore 
Sodi um cyani de 0.08 lb/ton  ore 
Pine  oil  0.01 lb/ton  ore 

Sul phuric  acid 3.0 lb/ton  ore 
Aerof 1 ow 25 0.08 lb/ton  ore 
Dyco #7 0.004 1 b/ton  ore 
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3 WASTEWATER 

The m i  ne-mi 11  complex  has four   p r inc ip le   sources   o f   was tewater  

(see   F igure  1): 
a) 3900 1 eve l   ac id  m i  ne water ’  

b) 3700 l e v e l  m i  ne water 

c )   s i l i c e o u s   t a i l i n g s  pond 
d) i r o n   t a i l i n g s  pond 

The 3900 1 eve l   ac id  m i  ne water i s  composed o f  m i  ne  seepage 
water,  water  used i n   t h e  underground  pr imary  crushing  operat ion and 

domestic sewage. T h i s   e f f l u e n t   i s   d i s c h a r g e d   u n t r e a t e d   t o  Mark  Creek a t  

an average  f low  ra te   o f  1.5 MIGPD. The maximum d a i l y   f l o w   r a t e   i s  

approximately 3 MIGPD. 

The 3700 level   mine  water  i s  composed o f  mine seepage water and 

water  used i n   t h e  underground  pr imary  crushing  operat ion.   This  ef f luent 

i s  d ischarged  unt reated  to   K imber ley Creek a t  an average  f low  ra te o f  0.3 

M I  GPD. 

The s i  1 i ceous  and i r o n   t a i  1 i ngs  ponds  have  been i n s t a l   l e d   t o  

t r e a t   t a i l i n g s   f r o m   t h e  mil 1 complex. The i r o n   t a i l i n g s 2   a r e   d i s c h a r g e d  
t o   t h e   i r o n   t a i l i n g s  pond. Supernatant i s  d ischarged  f rom  th is  pond t o  

James Creek a t  a r a t e  o f  0.6 MIGPD. The maximum d a i l y   d i s c h a r g e   r a t e  

recorded was 3 MIGPD. The s i 1   i c e o u s   t a i l i n g s   r e s u l t   f r o m   t h e   t i n  

separat ion and a re   d i scha rged   to   t he   s i l i ceous   t a i l i ngs  pond. The 
supernatan t   f rom  th is  pond i s  d i s c h a r g e d   i n t o  James Creek a t  an average 

r a t e   o f  1.2 MIGPD. The maximum da i ly   d i   scharge  ra te   recorded was 6 

M I  GPD. 

1 The a c i d   w a t e r   r e s u l t s  from the   i n te rac t i on   o f   wa te r ,   su lph ide   o re  and 

a i r .  

The i r o n   c o n c e n t r a t e   i s   p a r t l y  used i n   t h e   f e r t i l i z e r   o p e r a t i o n   t o  

generate  su lphur ic   ac id .  Unused i r o n   c o n c e n t r a t e   i s   s t o r e d  as a s l u r r y  

i n   t h e   i r o n   t a i l i n g s  pond ( i r o n   s u l p h i d e  pond). 

2 
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4 b 

i l iceous  Tailin 
ond D e c a n t  

Pond Decant 

FIGURE I LOCATION OF SAMPLING  S ITES AT COMINCO- 
SULLIVAN  MINE  AND  CONCENTRATOR  COMPLEX 
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4 SAMPLING AND ANALYTICAL METHODS 

4.1 Sampl i ng  Program 

Time p ropor t i ona l  24  hour  composite  samples  and  grab  samples 

were co l l ec ted   f rom  the   f o l l ow ing   d i scha rges :  

1) 3900 1 eve1 ac i  d m i  ne water 
2) 3700 level   mine  water  

3) s i  1 i c e o u s   t a i  1 i ngs  pond supernatant 

4) i r o n   t a i l i n g s  pond supernatant 

Sampling p o i n t s   a r e   i l l u s t r a t e d   i n   F i g u r e  1. 

Twenty-four  hour  composite  samples  were  col lected  for  three 

consecutive  days  using  automatic  samplers. The sampler was s e t  t o  c o l l e c t  
a l i q u o t s   a t  a r a t e   o f  1.1 l i t r e s / l 5   m i n u t e s .  The samples  were s t o r e d   i n  

30 ga l lon   po lye thy lene  conta iners .  I n  add i t ion ,   g rab  samples  were 

c o l l e c t e d   a t  each sampl i n g   s i t e   a t  a f requency  o f  once pe r  day. 

The e f f l u e n t   s t o r e d   i n   t h e   p o l y e t h y l e n e   c o n t a i n e r  was wel l   mixed 

p r i o r   t o  sample d i v i s i o n .  Composite  samples f o r  chemical  analyses  were 

c o l l e c t e d  on  a1 1 th ree  days.  Samples for   b ioassay  determinat ions  were 
c o l l e c t e d  on t h e   1 s t  and 3 r d  days only. 

The samples co l lec ted   fo r   chemica l   ana lyses  were  preserved 

accord ing   to   the   Env i ronmenta l   Pro tec t ion   Serv ice ,   Pac i f i c   Reg ion ,  

Sampling Handbook ( 1 9 7 6 )   a s   i l l u s t r a t e d   i n   T a b l e  1. All samples  were 
received by t h e   E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e   L a b o r a t o r y   f a c i l i t i e s   i n  

North and West Vancouver w i t h i n  48  hours o f   c o l l e c t i o n .  

4.2 Anal v t i c a l  Methods 

F u r t h e r   t o   t h e  methods o u t l i n e d   i n   t h e   E n v i r o n m e n t  Canada 

Laboratory Manual ( Z ) ,  t he   f o l l ow ing   no tes   a re  added. 
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TABLE 1 

Parameter Type o f  Conta iner   Preservat ion 

LC5o (96  hour) 

Tota l   Arsenic  

am 

I 

SAMPLE CONTAINERS AND PRESERVATION METHODS 

AS OUTLINED I N  THE E.P.S. SAMPLING HANDBOOK (1976) 

Tota l   Meta ls  

(Cd, Cu,  Hg, N i ,  Pb, Zn) 

D i  ssol  ved  Metal s 

(Cd, Cu, N i ,  Pb, Zn) 

Residues 

(NFR) 

23 l i t r e   p o l y e t h y l e n e  none 

j e r r y  can 

500 m l  wide  mouth 

po lye thy l  ene b o t t l e  

none 

100 m l  wide  mouth a c i d i f i e d   w i t h  

po lye thy l  ene b o t t l e  HN03 t o  pH 1.5 

100 m l  wide  mouth f i 1 t e r e d  and 

po l   ye thy l  ene b o t t l e   a c i   d i  f i ed wi t h  

HN03 t o  pH 1.5 

1 1 i t r e  wide  mouth none 
po lye thy l  ene b o t t l e  
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4.2.1 Bioassay  Determinat ion  (96  hour  LC5d. The s t a t i c   f i s h  

bioassay  gives an approx imate   va lue   o f   the   b io log ica l   tox ic i t y   o f  an 

e f f l u e n t .  It i s  de f ined as t h e   c o n c e n t r a t i o n   o r   l e v e l   o f  a measurable 
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 o f  t e s t  

organisms  over a per iod   o f  96 hours. 

The s t a t i c   b i o a s s a y   t e s t   c o n s i s t e d   o f  a s e r i e s   o f  30 l i t r e ,  
a l l - g l a s s   t e s t   v e s s e l s   c o n t a i n i n g   d i f f e r e n t  sample d i l u t i o n s .  The t e s t  

vessels  were  placed i n  a contro l   led  env i ronment  room where the  

temperature was m a i n t a i n e d   a t  13  degrees - + 1°C and the  photo  per iod was 
1 imi t e d   t o  16  hours  for  each 24 hour day. The samples  were  continuously 

aerated  throughout  the 96 h o u r   t e s t   p e r i o d   w i t h   o i l - f e e  compressed a i r .  

E igh t   t o   10   underyear l i ng  Rainbow Trout  (Salmo g a i r d n e r i )  were  placed i n  

each t e s t   v e s s e l .  The f i s h  - load ing   dens i t y  i n  each t e s t   v e s s e l   d i d   n o t  

exceed 0.60  grams o f  f i  sh per  1 i t r e   o f   t e s t  water. The f i s h   m o r t a l  i ty  

versus sample d i l u t i o n   f o r  each tes t   vesse l  was p l o t t e d  on a graph and a 

96  hour LC5o was establ ished.  

4.2.2 Tota l   Meta ls  (Cd, Cu, N i ,  Pb and  Zn). The t o t a l  volume o f   t h e  

sample (approx.  100  ml) was t r a n s f e r r e d   t o  a beaker. The sample b o t t l e  

was r i n s e d   w i t h  6 m l  h y d r o c h l o r i c   a c i d  and 2 m l  c o n c e n t r a t e d   n i t r i c   a c i d ,  

(aqua  regia).   This  r inse,  p lus  deionized  water  r inses, was added t o   t h e  
sample i n  t h e  beaker. This  s o l u t i o n  was evaporated t o  50 m l  on a h o t  

p la te ,   t hen  made up t o   t h e   o r i g i n a l  volume w i t h   d e i o n i z e d   w a t e r   i n   t h e  

o r i g i n a l  sampl e b o t t l e .  The samples  were  then  analyzed by d i r e c t  

a s p i r a t i o n  on t h e   J a r r e l l  - Ash 810 Atomic  Absorption  Spectrophotometer 

wi th   background  correct ion  used  for  Pb, N i ,  Cd and Zn. The de tec t i on  

l i m i t s   a r e  as fo l lows:  Cd - 0.01 mg/l , Cu - 0.01 mg/l , N i  - 0.05 mg/l , 
Pb - 0.1 mg/l  and Zn - 0.01 mg/l . 
4.2.3 Dissolved  Metal  s (Cd, Cu , N i  , Pb and  Zn). The samples  were 

f i l t e r e d   t h r o u g h  a 45 m i c r o n   f i l t e r  and the  pH was a d j u s t e d   i n   t h e   f i e l d  

t o  1.5 w i t h   c o n c e n t r a t e d   n i t r i c   a c i d .  The samples  were  analyzed by 

d i r e c t   a s p i r a t i o n  on t h e   J a r r e l l  - Ash 810  Atomic  Absorption 
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Spectrophotometer  for N i ,  Cu,  Zn and Cd.  Pb  was e x t r a c t e d   i n t o  

methy l   isobuty l   ketone ( M I B K )  us ing  ammonium pyr ro l id ined i   th iocarbamate  
(APDC) and  sodium d i th iod ie thy lcarbamate  (DDC) complexing  agents  buffered 

w i t h  sodium acetate. The MIBK e x t r a c t i o n  was analyzed by a s p i r a t i o n  on 

t h e   J a r r e l l  - Ash 810  Atomic  Absorption  Spectrophotometer. The de tec t i on  

1 imi t s   a r e   t h e  same as f o r   t o t a l   m e t a l s .  

4.2.4 Total   Arsenic  (As).  A 100 m l  a1 i q u o t  was removed from  the 

sample, 2 m i  o f   c o n c e n t r a t e d   n i t r i c   a c i d  was added  and t h e   a c i d i f i e d  

a l i q u o t  was t h e n   b o i l e d   f o r   1 0   m i n u t e s .   D i s t i l l e d   w a t e r  was added t o  

b r i n g   t h e  volume  back t o   t h e   o r i g i n a l  100 m l  and n i c k e l   n i t r a t e  was added 

t o   f i x   t h e   a r s e n i c .  The arsen ic   concent ra t ion  was determined  using  the 

Graphite  Furnace  technique  employing a Perkin  Elmer Model  306 Atomic 

Absorption  Spectrophotometer  equipped  with an HGA graphi te  furnace. The 
de tec t i on  1 imi t i s  0.001 mg/l . 
4.2.5 Total  Mercury  (Hg). A 60 m l  p o r t i o n  o f  t he  above aqua r e g i a  

leached  sample was d iges ted   w i th  a 1:2 n i t r i c :   s u l p h u r i c   a c i d   m i x t u r e .  
The mercury was then  reduced  to  e lemental   mercury  wi th a s o l u t i o n   o f  

hydraz ine  su lphate and stannous  chloride. The vo la t i l i zed   mercury   vapour  

was passed  through an a b s o r p t i o n   c e l l  and  measured by Atomic  Absorption 

Spectrophotometer. The de tec t i on  limit i s  0.2 vg/1. 

4.2.6 Non-Fi l terable  Residue (N.F.R). N o n - f i l t e r a b l e   r e s i d u e   i s   t h a t  
p o r t i o n   o f   t h e   t o t a l   r e s i d u e   r e t a i n e d  by a GF/C fi 1 t e r .  NFR i s  a1 so 
r e f e r r e d   t o  as  suspended m a t t e r   o r  suspended so l ids .  

The sample was f i l t e r e d   t h r o u g h  a pre-weighed Gooch c r u c i b l e  

con ta in ing  GF/C f i l t e r  paper. The c r u c i b l e  was d r i e d   a t  103"C, cooled, 
brought  to  constant  weight,   then  re-weighed. The increased  weight was 

used t o   c a l   c u l   a t e   t h e  NFR and t h e   r e s u l t s  were repor ted  as  mg/l . The 

minimum amount d e t e c t a b l e   i s  10 mg i n  a 1 l i t r e  sample. 
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4.2.7 pH Determinat ion.  pH i s  a measure o f  t h e  H ion   concent ra t ion .  
t 

Numbers above  seven i n d i c a t e   i n c r e a s i n g   b a s i c   c o n d i   t i o n   w i t h  

i ncreasi  ng numerical  value. Numbers be l  ow seven i n d i c a t e  i ncreasi  ng 

ac id ic   condi   t ions  wi th   decreas ing  numer ica l   va lue (pH 7 i s  n e u t r a l  1. A1 1 

pH values  quoted i n   t h i s   r e p o r t   a r e   t h e   r e s u l t s  o f  o n - s i t e  measurements 

us ing  a F i she r  Accumet 107 w i t h  a p r e c i s i o n  o f  - t 0.03 pH u n i t s .  



- 13 - 

5 RESULTS 
rl 

5.1 Composite Samples 
a 

The chemical  analyses and b i o a s s a y   t e s t   r e s u l t s   f o r   t h e  

rl composite samples are  presented i n  Tables 2 t o  5. 

TABLE 2 3900 LEVEL A C I D  MINE DRAINAGE - COMPOSITE SAMPLING 
rl 

RESULTS 

A. Chemical  and  Physical  Analyses 
a 

Parameter Day 1 Day 2 Day 3 
m As ( T I  mg/l 0.172 0.061 0.067 

Cd ( T I  mg/l 

Cu ( T I  mg/l 
Q Cd ( D l  mg/l 

0.10 

0.10 
0.49 

0.10 
0.09 

0.37 

0.09 

0.09 
0.42 

Cu ( D l  mg/l 0.31 0.29  0.32 

Hg ( T I  u g / l  1.3 0.88 1.1 
a 

N i  ( T I  mg/l 

N i  (D)  mg/l m 

m 

rl 

Y 

0.28 

0.22 

9.5 

3.7 
65.0 

80. o* 
460 

0.44 

0.21 

6.5 

3.6 
97.0 

87.0 

120 

3.2 

0.25 

0.24 

5.8 

2.6 
83.0 

86.0* 

360 

3.2 

rn B. Tox i c i t y   De te rm ina t ion  

I 

Lc50 

Day 1 Day 2 Day 3 
0.56 - 0.56 

* d i sso l ved   resu l t s   h ighe r   t han   t o ta l   resu l t s ,   poss ib l y  due t o  

contami  nation. 
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TABLE 3 3700 LEVEL MINE DRAINAGE - COMPOSITE SAMPLING  RESULTS 

A. Chemical  and  Physical  Analyses 

Day 1 

As ( T )  mg/l 

Cd ( T I  mg/l 
Cd ( D l  mg/l 

Cu ( T I  mg/l 

Cu (D)  mg/l 

Hg ( T )  vg/1 
N i  (T)  mg/l  
N i  (D)  mg/l 

Pb ( T I  mg/l 

Pb (D)  mg/l 

Zn (TI mg/l 

Zn (Dl  mg/l  
N.F.R. mg/l 

PH 

0.001 

LO. 01 

LO. 01 

0.01 

LO. 01 

0.44 

LO. 05 

LO. 05 

LO. 1 

LO. 1 

1.3 
0.73 

L10 

0.003 

LO. 01 

LO. 01 

LO. 01 

LO. 01 

0.33 

LO. 05 
LO. 05 
LO. 1 
LO. 1 

0.47 

0.82* 

L10 

8.1 

0.002 

LO. 01 

LO. 01 

LO. 01 

LO. 01 

0.39 

L0.05 
LO. 05 
LO. 1 

LO. 1 

0.87 

0.65 

L10 

8.0 

B. Tox i c i t v   De te rm ina t ion  

Day 1 Day 2 Day 3 

LC50 ( % I  non- t o x i  c - non- t o x i  c 

* d i sso l ved   resu l t s   h ighe r   t han   t o ta l   resu l t s ,   poss ib l y  due t o  
contami  nation. 
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TABLE 4 SILICEOUS TAILINGS POND SUPERNATANT - COMPOSITE 

SAMPLING  RESULTS 

A. Chemical  and  Physical  Analyses 

Day 1 Day 2 Day 3 

As ( T I  mg/l 

Cd ( T I  mg/l 

Cd ( D l  mg/l 

Cu ( T I  mg/l 

Cu ( D l  mg/l 

Hg ( T I  W 1  
N i  ( T I  mg/l 

N i  (Dl  mg/l  

Pb ( T I  mg/l 

Pb ( D l  mg/l 

Zn ( T I  mg/l 

Zn (DI  mg/l 
N.F.R. mg/l 

PH 

0.012 

LO, 01 

LO. 01 

0.04 

LO. 01 

1.3 
LO. 05 

LO. 05 

LO. 1 

LO. 1 
0.63 

0.54 

10 
- 

0.004 

LO, 01 
LO.01 

0.01 

LO. 01 
0.61 

LO. 05 

L0.05 

LO. 1 

LO. 1 
0.56 

0.56 

10 
5.8 

0.014 

LO. 01 

LO.01 

0.02 

LO. 01 

0.56 

LO. 05 

L0.05 

LO. 1 
LO. 1 

1.8 

0.23 

L10 
5.5 

B. Tox i c i t y   De te rm ina t ion  

Day 1 Day 2 Day 3 

LC5() (%)  5.6 - 6.5 
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TABLE 5 IRON TAILINGS POND SUPERNATANT - COMPOSITE 
rl 

SAMPLING  RESULTS 

I A. Chemical  and Physical  Analyses 

Parameter Day 1 Day 2 Day 3 

0.008 

LO. 01 

LO. 01 

0.05 

0.04 

0.77 

LO. 05 

LO. 05 

1.2 

0.8 
2.0 

3.1* 

64 
- 

0.007 

LO. 01 

LO. 01  

0.05 

0.04 

0.39 
0.06 

LO. 05 

1.2 

1.1 
5.5 

4.6 

18 
4.9 

0.008 

LO. 01 

LO.01 

0.05 

0.03 

0.77 

0.06 

LO. 05 

1.0 

0.7 

3.8 

3.2 

43 
5.0 

B. Tox ic i t y   De te rm ina t ion  

Day 1 Day 2 Day 3 

* d i   sso l  ved r e s u l t   h i g h e r   t h a n   t o t a l   r e s u l t ,   p o s s i b l y  due t o  
contamination. 
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5.2 Grab Sampl es 

The chemical analyses  results for the grab samples are 
presented i n  Tables 6 t o  9. 

TABLE 6 3900 LEVEL ACID MINE DRAINAGE - GRAB SAMPLING RESULTS 

Parameter June 8 June 9 June 10 

1 

111 

I) 

I 

0.061 

0.11 

0.09 

0.29 

0.20 

1.10 

0.24 

0.23 
7.5 

3.9 

90.0 

84.0 

260 

0.037 
0.07 

0.07 

0.20 

0.15 

1.40 

0.17 

0.17 
4.9 

2.2 

70.0 

68.0 

76 

3.3 

0.076 

0.10 

0.11* 

0.41 

0.32 

0.77 

0.36 

0.37* 
4.0 

2.1 

110.0 

120.0* 

31 

3.2 

*di ssolved results higher than t o t a l  results,  possibly due t o  
contamination. 

I) 
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TABLE 7 3700 LEVEL MINE DRAINAGE - GRAB SAMPLING RESULTS 
II) 

Parameter  June 8 June 9 June 10 

As ( T I  mg/l 
Cd ( T I  mg/l 
Cd ( D l  mgll 
Cu ( T I  mg/l 
Cu ( D )  mg/l 
Hg ( T )  ug/1 
Ni ( T I  mg/l 
Ni ( D )  mg/l 
Pb ( T I  mg/l 
Pb ( D l  mg/l 
Zn ( T I  mgll 
Zn ( D )  mg/l 
N . F . R .  mg/l 

PH 

0.003 
LO.01 
LO. 01 
0.01 

LO. 01 

0.39 

LO. 05 
LO. 05 

LO. 1 
LO. 1 
0.85 
0.58 

L10 

0.004 
LO. 01 
L0.01 
LO.01 
LO. 01 

0.33 
LO. 05 
L0.05 
LO. 1 
LO. 1 
0.40 
0.62* 

L10 
8.1 

LO. 001 
LO. 01 
L O . O 1  
LO. 01 
LO. 01 

0.44 

LO. 05 
LO. 05 
LO. 1 
LO. 1 

0.24 

0.48* 
L10 
8.2 

*di ssol ved results higher than  tota l  results,  possibly due t o  
contamination. 



- 19 - 

TABLE 8 SILICEOUS TAILINGS POND SUPERNATANT - GRAB SAMPLING 

RESULTS 

Parameter  June 8 June 9 June  10 

As (T)  mg/l  

Cd ( T )  mg/l 
Cd (D)  mg/l 
Cu ( T I  mg/l 

Cu (D)  mg/l 

Hg (T )  vg/1 
N i  (T)  mg/l 

N i  (D) mg/l 

Pb ( T I  mg/l 

Pb ( D )  mg/l 

Zn ( T I  mg/l 

Zn (D) mg/l 
N.F.R. mg/l 

PH 

0.012 
LO. 01 
LO. 01 
0.01 

LO. 01 
0.33 

LO. 05 

LO. 05 
LO. 1 
LO. 1 
1.4 
0.71 
L10 

0.004 

LO.01 
LO. 01 
0.02 

LO.01 

0.50 

L0.05 
L0.05 
LO. 1 
LO. 1 
0.43 
0,54* 
L10 

6.1 

0.008 

LO. 01 
LO.01 

0.01 

LO.01 
0.55 

LO. 05 

L0.05 
LO. 1 
LO. 1 

0.82 

0.35 

L10 
6.0 

*d i   sso l   ved   resu l ts   h igher   than  to ta l   resu l ts ,   poss ib ly  due t o  

contamination. 
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Q 

# 

Q 

I 

Y 

I 

# 

1) 

TABLE 9 IRON  TA IL INGS POND SUPERNATANT - GRAB SAMPLING  RESULTS 

Parameter June 8 June 9 June 10 

0.015 

0.01 

0.01 

0.09 
0.03 
0.55 

LO. 05 
LO. 05 

1.4 

1.2 

10.0 

5.7 
20 

0.004 

LO. 01 

LO. 01 
0.05 

0.04 

0.44 

LO. 05 

LO. 05 

1.4 

1.0 

4.3 

3.6 

29 

5.2 

0.006 

10.01 
LO. 01 

0.05 

0.03 
0.71 

LO. 05 

10.05 

1.1 
0.5 

3 . 5  
3.0 

22 

5.6 



- 21 - 

6 DISCUSSION 

Q 

I 

I 

A comparison  between  our e f f l u e n t   m o n i t o r i n g   r e s u l t s  and the  
f e d e r a l   g u i d e l i n e s   i s   p r e s e n t e d   i n   T a b l e s  10 t o  13. The r e s u l t s   i n d i c a t e  

t h e   f o l  1 owing: 

a) The 3900 l e v e l   a c i d  m i  ne water was ou t   o f   comp l iance   f o r  

Pb,  Zn, pH and NFR on a1  1 th ree  days,  and f o r  Cu on the  
1 s t  day. The b ioassay   resu l ts   a lso  show t h a t   t h i s  m i  ne 

sampled ( 1 s t  and 3rd) .  

compl i a n c e   f o r  Zn on 

i oassay   resu l t s  do n o t  

water was a c u t e l y   t o x i c  on both  days 

b) The 3700 l e v e l  m i  ne water was o u t   o f  

t h e   1 s t  and 3 r d  day. However, the  b 

show any a c u t e   t o x i c i t y  . 
c )  The s i l i c e o u s   t a i l i n g s   s u p e r n a t a n t  w 'as o u t   o f  compl iance 

f o r  Zn on t h e   3 r d  day of  sampling. I n   a d d i t i o n ,   t h e  

b ioassay   resu l ts  show t h a t   t h i s   e f f l u e n t  was a c u t e l y   t o x i c  
on both  days  sampled ( 1 s t  and 3rd) .  

d) The i r o n   t a i l i n g   s u p e r n a t a n t  was f o u n d   t o  be o u t   o f  

compliance f o r  Pb,  Zn and pH f o r   a l l   t h r e e  days,  and f o r  

NFR on   t he   1s t  day. The b ioassay   resu l ts  show t h a t   t h e  

e f f l u e n t  was a c u t e l y   t o x i c  on both  days sampl ed (1 s t  and 

3rd) .  

A1 though a d i   scuss ion o f  t h e   c a u s e s   o f   t o x i c i t y   i s  beyond  the 
scope o f   t h i s   r e p o r t ,   t h e   m o s t  1 i k e l y  cause o f  t h e   t o x i c i t i e s   a r e   t h e  

di  ssol  ved  heavy  metal s. 
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TABLE 10 COMPARISON OF COMPOSITE  SAMPLING  RESULTS  WITH  FEDERAL 

GUIDELINES - 3900 LEVEL  ACID  MINE  DRAINAGE 

P a r a m e t e r  Federal Day 1 D a y  2 D a y  3 

G u i  del  i nes 

0.75 

0.45 

0.75 

0.30 

0.75 
- 

- 
37.5 

5.5 

50 

0.172 

0.49 

0.28 

9.5 

65.0 
- 

0.31 

0.22 

3.7 

80.0 

460 
- 

0.56 

0.061 

0.37 

0.44 

6.5 
97.0 

0.29 

0.21 

3.6 

87.0 

120 

3.2 

0.067 

0.42 

0.25 

5.8 

83.0 
- 

0.32 

0.24 

2.6 

86.0 

360 

3.2 

0.56 



TABLE 11 COMPARISON OF COMPOSITE SAMPLING  RESULTS WITH FEDERAL 
GUIDELINES - 3700 LEVEL MINE DRAINAGE 

Parameter  Federal Day 1 Day 2 Day 3 

Gui del  i nes 

As ( T l  mg/l 

Cu ( T I  mg/l 
N i  (T)  mg/l  

Pb ( T I  mg/l 

Zn ( T I  mg/l 
As ( D l  mg/l 
Cu (Dl  mg/l  
N i  ( D )  mg/l 

Pb ( D l  mg/l 

Zn (Dl mg/l 
N.F.R. mg/l 

PH 
L C & d  

0.75 
0.45 
0.75 
0.30 
0.75 
- 

- 
37.5 

5.5 
50 

0.001 

0.01 
LO. 05 
LO. 1 

1.3 
- 

LO. 01 
L0.05 
LO. 1 
0.73 

L10 
- 

non-toxi  c 

0.001 

LO. 01 
LO. 05 

LO. 1 

0.47 
- 

LO. 01 

LO. 05 

LO. 1 
0.82 

L10 

8.1 

0.002 

LO.01 
LO. 05 

LO. 1 

0.87 
- 

LO. 01 
LO. 05 

LO. 1 
0.65 

L10 

8.0 

non-toxi  c 
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TABLE 12 COMPARISON OF COMPOSITE SAMPLING  RESULTS WITH FEDERAL 

GUIDELINES - SILICEOUS TAILINGS POND SUPERNATANT 

Parameter  Federal Day 1 Day 2 Day 3 

Guidel ines 

rl 

a 

m 

II 

As (T)  mg/l  

Cu ( T I  mg/l 
N i  ( T I  mg/l 

Pb (T)  mg/l 

Zn ( T I  mg/l 
As (D ) mg/l 
Cu ( D l  mg/l 

N i  (D)  mg/l 

Pb ( D l  mg/l 

Zn (Dl mgll 
N.F.R. mg/l 

PH 
LC50 ( %  l 

0.75 

0.45 

0.75 

0.30 

0.75 

- 
37.5 

5.5 

50 

0.012 

0.04 

LO. 05 

LO. 1 
0.63 
- 

LO.01 
LO. 05 

LO. 1 

0.54 

10 
- 

5.6 

0.004 

0.01 
LO. 05 

LO. 1 

0.56 
- 

LO. 01 

LO. 05 

LO. 1 

0.56 

10 

5.8 

0.014 

0.02 

LO. 05 

LO. 1 

1.8 

LO. 01 

LO. 05 

LO. 1 

0.23 

L10 

5.5 

6.5 



I 

- - 2 5 -  

I 

TABLE 13 COMPARISON OF COMPOSITE  SAMPLING  RESULTS  WITH  FEDERAL 

GUIDELINES - IRON  TA IL INGS POND SUPERNATANT 

P a r a m e t e r  Federal Day 1 D a y  2 Day  3 
G u i  del i nes 

A s   ( T )   m g / l  
Cu ( T )   m g / l  

N i   ( T )   m g / l  

P b  (T) m g / l  

Zn ( T )   m g / l  

As  ( D l  m g / l  

Cu ( D l   m g / l  
N i   ( D )   m g / l  

P b   ( D )   m g / l  

Zn (D) m g / l  

N.F.R. m g / l  

PH 
LC50 ( % )  

0.75 

0.45 

0.75 

0.30 

0.75 

37.5 

5.5 

50 

0.008 
0.05 

LO. 05 

1.2 

2.0 
- 

0.04 

LO. 05 

0.8 

3.1 

64 
- 

2.7 

0.007 

0.05 

0.06 

1.2 
5.5 
- 

0.04 

LO. 05 

1.1 

4.6 

18 

4.9 

0.008 

0.05 

0.06 

1.0 

3.8 
- 

0.03 

LO. 05 

0.7 

3.2 

43 

5.0 

5.6 
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