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ABSTRACT 

A monitoring  program was conducted a t  Mosquito  Creek  Mine t o  assess 

t h e   i m p a c t   o f   t a i l   i n g s  pond water on Mosquito  Creek and Will ow Creek. 
Samples from  mini-piezometres showed contaminated  groundwater  seepages i n  

Mosquito  Creek. 
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RESUME 

Un programne  de surveil lance f u t  conduit 1 l a  mine  Mosquito  Creek, 
pour h a 1  uer 1 'impact des eaux des etangs de residus miniers sur le  ruisseau 
Mosquito e t  l a  riviere Willow. Des echantillons provenant de piezomstres 
miniatures ont  demontres  une contamination des  eaux souterraines  s'ecoulant 
vers l e  rui sseau Mosquito. 
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1 INTRODUCTION 

Mosquito  Mine i s   s i t u a t e d   i n   t h e   W i l l o w   R i v e r   d r a i n a g e  area, 

a t r i b u t a r y   o f   t h e   f r a s e r   R i v e r ,   a b o u t  70 km eas t   o f   Quesne l   (F igure   1 ) .  The 
maximum recorded  upstream  salmonid  migration i s  750 chinook  which spawn 

throughout   the  lower   reach  o f   Wi l low  River ,  50 m i l e s  downstream o f  Wel ls 

(Marshall,  1980). The mine ex t rac ted   go ld  and s i l v e r   f r o m   a u r i f e r o u s   p y r i t e  

a n d   a s s o c i a t e d   f r e e   g o l d   w i t h   m i n o r   g a l e n a ,   s p h a l e r i t e ,   c o s a l i t e ,  
b i smuth in i t e ,   schae l i t e ,   py r rho t i t e ,   a rsenopy r i t e  and chalcopyr i te  (Hal lam, 

1980). 
The mine  operated  from  January 1980 t o  June 1984, w i t h   p e r i o d i c  

working i n  1986, processing 50 tons o f  ore/day and us ing  cyanide  for   go ld 
ex t rac t i on .  An a lka l ine-ch lo r ina t ion   sys tem was employed for cyanide 

des t ruc t i on  and  heavy  metal  removal. The t a i l i n g s  were disposed i n   t h e  
t a i l i n g s  pond, b u i l t  over  the  old  Mosquito  Creek  bed  near  the new d i v e r t e d  
channel, w i t h   t h e   s u p e r n a t a n t   p a r t i a l l y   d e c a n t e d   t o   t h e   p o l i s h i n g  pond, 
p a r t i a l l y   r e c y c l e d   t o   t h e  mill and p a r t i a l l y   e x f i l t r a t e d   t o   M o s q u i t o  Creek. 

The Mosquito Creek Gold  Mining Company had a l o n g   h i s t o r y   o f  
cyanide  problems  associated  with a h i g h   l e v e l   o f  heavy  metals i n   t h e   t a i l i n g s  

pond which seeped t o  Mosquito  Creek. 
The present  study was t o   m o n i t o r   t h e   c r e e k   c o n d i t i o n s   i n   r e l a t i o n  

t h e   t h e   t a i l i n g s  seepages and document groundwater  connections. 
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FIGURE I LOCATION M A P  OF MOSQUITO CREEK GOLD 
MINING CO, LTD.8 WELLS, B. Cm 
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2 MATERIALS AND METHODS 

Water q u a l i t y  chemistry data were collected on June 19,  1986 a t  4 
stations (Figure 2 ) .  Replicated samples  were taken a t  three  sites 
Stations 1, 2,  and 4 (Table 11, while S ta t ion  3 samples  were  taken along a 
transect  across the streambed. A well  sample  was collected using a Van Dorn 
bottle  just below the water surface. Two m i n i  piezometres were  lowered i n t o  
the ground a t  S t a t ion  3. Piezometer 1 was i n  the  center of the creek 
collecting water 50 cm below the streambed and peizometre 2 was on the l e f t  
bank 1 m away from the creek i n  an area where seepages had been previously 
noticed during h i g h  flows. The peizometre was  hammered about  75 cm deep i n t o  
the ground. The water was collected from a tygon tube w i t h  the t i p  protected 
by fiberglass c l o t h  secured by nylon screen  (Lee and Cherry, 1978). The 
water delivery was assisted w i t h  a peristaltic pump a t  a rate o f  100 m l / m i n .  

The following parameters were analyzed for each  sample: pH, 
a l k a l i n i t y ,  hardness, conduct iv i ty ,  residues ( t o t a l ,  filterable and 
non-filterable),  sulphates,  nitrite,  nitrates, ammonia, cyanides ( t o t a l ,  weak 
ac id  dissociable, cyanates and thiocyanites), to ta l  and dissolved metals. 
Hardness  was determined from the dissolved sample. The samples for pH, 
a l k a l i n i t y ,  residues,  conductivity, sulphate and nitrogen compounds (referred 
t o  as "immediates") were  kept cool w i t h  ice u n t i l  analyzed.  Dissolved metals 
were filtered the same day through a 0.45 micron cellulose  nitrate membrane 
f i l t e r .  Total and dissolved metals were preserved w i t h  nitric ac id  
(0.5 m1/100 m l )  sample. The inductively coupled  argon  plasma  or ICAP scan, 
an automatic, atomic emissions spectrophotometer, was  used for the t o t a l  and 
dissolved metal analysis. This scan gives a reading of 26 metals. 

Total cyanide  samples  were collected i n  500 m l  bottles, preserved 
w i t h  sodium hydroxide pellets and stored i n  the dark a t  4 O C .  The samples 
were analyzed a t  the Environmental Protection ( E P )  West  Vancouver Laboratory 
w i t h  the tetracyanonickelate colorometric method.  The detection limit of the 
analysis i s  0.03 mg/l. Buffered  samples t o  pH 5 were  used for cyanide weak 
acid dissociable complexed w i t h  nickel and read by colorimetric method. The 
detection  limit i s  0.03 mg/l. Thiocyanite samples are complexed w i t h  iron 
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FIGURE 2 MOSQUITO  CREEK GOLD MINING CO.  LTD., 
S ITE  PLAN AND SAMPLE  STATION  LOCATIONS 
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and  analyzed  by  co lor imetr ic  method. The de tec t ion  limit i s  0.03- mg/l. 
C y a n a t e s   a r e   d e t e r m i n e d   b y   c o l o r i m e t r i c   t h e   d e t e c t i o n  limit i s  

0.005 mg/l. 

TABLE. 1 

STATION 

1 

2 

3 

4 

We1 1 

Piezo 1 

Piezo 2 

DESCRIPTION OF SAMPLE  STATIONS  AT  MOSQUITO  CREEK  GOLD  MINING CO. 

LOCATION 

On Mosquito Creek 
t h e   t a i l i n g s  pond 

On Wil low  River 5 

On Mosquito Creek 
u/s o f  road  cross 

d/s o f  Red Gulch  Creek, 20-25 m above 
and mill. 

m u/s o f  Mosquito 

30-35 m d/s o f  t a  
ing.  

On Wil low  River 30-35 m d/s 

Creek . 
i l i n g s  pond, 

Wel l   s i tua ted   be low  the   ta i  
t a i  1 ings. 

o f  Mosqu 

l i n g s  dam 

i t o  Creek. 

on the   eas t   s ide  o f  the 

Piezometre hammered into  the  streambed 50 cm deep a t   S t a t i o n  3 

Piezometre hammered in to   the   c reek  bank 1 m away from  the  creek 
and 75 cm deep a t   S t a t i o n  3. 
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3 RESULTS AND DISCUSSIOW 

Nine o f   t h e  26 metals  analysed  by  the ICAP were n o t   p r e s e n t e d   i n  
t h e   r e s u l t s   t a b l e s  because they were e i t h e r   a l l  below  the  detection 1 imit o r  
sub jec t   to   con taminat ion .  Boron l e v e l s  were a l l  above t h e   d e t e c t i o n   l i m i t s  
but  contaminat ion was found  between  the  dissolved and to ta l   me ta l .  No 

s p e c i f i c   p a t t e r n   c o u l d  be  found. The fo l low ing   meta ls  were below  the 

de tec t ion  limit b o t h   f o r   t o t a l  and dissolved  metal  : As (0.05 mg/ l ) ,  Be 
(0.001  mg/l), C r  (0.005 mg/ l ) ,  N i  (0.02 mg/l),  Pb (0.02 mg/l),  Sb 

(0.05 mg/l), Se (0.05 mg/l)  and V (0.002 mg/l).  

3.1 Surface Water 
All data can  be found i n  Tables 2 (heavy  metals)  and  Table 3 

(immediates  and  cyanides). 

3.1.1 Metal s b No d i f f e r e n c e s  were found  between t o t a l  and d isso lved 
metals  upstream  and  downstream o f  Mosquito Creek  and in   the   Wi l low  R iver ,  and 
between Wil low  River and  Mosquito Creek. The fo l low ing   meta ls  were 

detectable:  barium, cadmium, copper,  phosphorus, s i l i c o n ,   t i n ,   s t r o n t i u m ,  

t i t a n i u m  and zinc.  The l e v e l s  were usual ly  very  low  (Table  2) .  

Some meta l   concent ra t ions   inc reased  a t   S ta t ion  3 f r o m   r i g h t   t o   l e f t  
a long  the  t ransect .  These l e v e l s  were h igher   than  the  upst ream  s tat ion and 
i n d i c a t e  seepages  from  the  groundwater t o  Mosquito  Creek. These parameters 

( to ta l   va lues )   a re   t he   f o l l ow ing :   ca l c ium (18.3 mg/l on l e f t  and 14.6 mg/l 
on r i g h t ) ;   i r o n  (0.100 mg/l on l e f t  and 0.063 mg/l on r i g h t ) ;  manganese 

(0.012 mg/l on l e f t  and 0.002 mg/l on r i g h t ) ;  sodium (1.1  mg/l on l e f t  and 
0.5 mg/l on r i g h t ) ;  and  hardness  (55.8  mg/l on l e f t  and 45.2 mg/l on r i g h t ) .  

The value on t h e   r i g h t  hand s ide   o f   the   c reek  bank  compared ve ry   we l l   w i th  

the   ups t ream  va lues   ind ica t ing   tha t   the   mix ing   d id   no t   occur   across   the  

creek. 
High  background  concentrations o f   t o t a l  and  dissolved magnesium 

(3.3 t o  3.5 mg/l)  and manganese (0.04 t o  0.056 mg/ l )  were found i n   W i l l o w  

River  when compared t o  Mosquito  Creek. Even though a s i g n i f i c a n t   d i f f e r e n c e  

between r i v e r s  can be found  for  magnesium t h e   l e v e l s  were too   low  to  be o f  

concern. 
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A greater  difference  exists between  manganese values- from Willow 
Creek  and Mosquito Creek (ranging from ,049 t o  .056 for Willow to  0.001 t o  
0,012 mg/l for Mosquito). The source of manganese i n p u t  i n  Willow River i s  
not known. 

Aluminum,  iron, molybdenum and cobalt were found to be h i g h  i n  the 
total  form  compared to  the  dissolved form i n  Willow River. These levels  can 
be associated w i t h  the suspended solids  fraction which is higher i n  the River 
(9-15 mg/l ) when compared to  Mosquito Creek ( <  5 mg/l ) . 
3.1.2 Inmediates. No differences for alkal ini ty ,  pH, f i l t e r ab le  
residue and n i t r i t e  (Table 3 )  could be found upstream and  downstream i n  both 
Mosquito Creek  and Willow River.  Neither was there any differences between 
the two receiving water  bodies. 

Some parameters were found to  increase  at  Station 3 from right to 
l e f t  along  the  transect. These levels were higher  than  the upstream station 
and indicate  seepages from the groundwater to  the  receiving  water. These 
parameters are  the  following:  conductivity (125 umhos/cm  on l e f t  and 
97 umhos/cm  on right); sulphates (13 mg/l on l e f t  and 7 mg/l on r i g h t ) ;  and 
total  residue (84 mg/l on l e f t  and 62 mg/l on right). Nitrates were higher 
on the   l e f t  bank w i t h  0.105 mg/l than the right bank w i t h  0.045 mg/l ,  while 
this level was smaller  than  the  average upstream level a t  Station 1 
(0.080 mg/l) .  The  ammonia concentration was higher on the l e f t  (0.008 mg/l)  
compared t o  the other side ( <  0.005 m g / l ) .  Ammonia a l s o  increased downstream 

o f  Mosquito Creek on Willow River a t  Station 4 (average 0.007 mg/l) .  Ammonia 
can be produced by degradation o f  thiocyanate and cyanates under acid 
conditions. 

3.2 Cyanide Compounds 
No difference i n  cyanide weak acid  dissociable  could be found 

between the  different  stations  since  all  receiving water  samples were  below 
the  detection limit of 0.03 mg/ l .  This analysis, which gives a f a i r l y  
accurate  estimate of the  toxic component (free  cyanide),  suggests no acute 
toxicity from cyanide a t   t h a t  moment. Detectable  total  cyanide  could  only be 
found a t  Station 3 where a higher  concentration was reported on the l e f t   s i d e  
o f  the  creek a t  0.07 mg/ l ,  
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Cyanate levels were  a1 so detected a t  Station 3 w i t h  -the  highest 
concentration found i n  the middle of the  creek w i t h  0.060 mg/l .  Cyanates 
were  formed when the mine eff luents  was treated by alkaline  chlorination 
(APHA e t   a l .  , 1985). This indicates seepage from the  tai l ings pond which 
contain h i g h  levels of different  cyanide compounds.  The introduction of 
cyanates seemed to be recent  to  the  receiving water  because cyanates i n  
neutral  or low pH i s  unstable and degrade i n  carbonates and ammonia (APHA 
e t  a1 ., 1985). A h i g h  cyanate  content was found a t  Station 4 w i t h  one of the 
repl icates  (0.360 m g / l ) .  This replicate may indicate  contamination, an 
unmixed  plume of water from Mosquito Creek or a fresh seepage from the 
ta i l ings  pond emerging i n  Willow River. This seepage may follow  the  old 
Mosquito Creek bed before  entering Willow Creek. 

Thiocyanate levels were detectable i n  a l l  samples. The average  for 
the  control  station was 0.81 mg/l on Mosquito Creek w i t h  a 35% coefficient o f  
variabi l i ty  while i t  was 3.18 mg/l on Willow River w i t h  a 53% coefficient of 
var iabi l i ty .  This could be caused by the two abandoned gold mines upstream 
of Mosquito Creek. An increase of thiocyanate  concentration was found i n  the 
middle of the  creek w i t h  6.89 mg/l a t  Station 3. Due to  the h i g h  background 
var iabi l i ty  no differences could be found. A t  Station 4, a h i g h  value of 
7.10 mg/l was found b u t  w i t h  a 80% coefficient of var iabi l i ty ,  no cause 
effect   re la t ionship can be attr ibuted. Levels of thiocyanate were well below 
the  toxicity level for Rainbow trout (96 h LC50 = 518 mg/l, Heming, e t  a l .  , 
1985). 

3.3 Groundwater 
All resul ts   for  groundwater analysis  (Piezometre #1 and #2) can  be 

found i n  Tables 2 and 3. 

3.3.1 - Metals.  Analysis  of the well sample revealed  differences 
between the  total and dissolved  values  for aluminum, cobalt,  iron, 
molybdenum, copper and zinc. The f irst  four elements were identified i n  the 
surface  water  section  as being h i g h  i n  the total   fraction i n  Willow River 
(Station 2 and 4 )  caused by a higher  portion of non-filterable  residues. 
Here also  the NFR value was h i g h  w i t h  41 mg/l compared to  two other 
groundwater  samples,  piezometre 1 and 2 (Station 3)  w i t h  only 10 and 16 mg/l, 
respectively. These same total  metals and  manganese  were higher when 
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compared w i t h  the piezometres  samples.  Dissolved iron i n  the well  was  very 
low i n  comparison t o  the piezometres  samples.  This suggests using  the 
dissolved fraction when discussing the results to  a v o i d  great  discrepancies 
i n  groundwater results. 

Groundwater metals d i d  no t  seem t o  change from the surface water 
values on S ta t ion  3 for metals, ind ica t ing  no significant  increase i n  the 
receiving water. These dissolved metals were a luminum,  cadmium, cobal t ,  
copper, molybdenum, phosphorus, silicon, t i n ,  t i tanium and zinc.  Barium and 
strontium had dissolved groundwater concentrations two times (0.024 mg/l)  and 
three times (0.173 mg/ l )  higher than the surface water a t  S ta t ion  3. 

The evidence of groundwater  seepage indicated i n  the receiving 
water by specific metals were expressed by the same metals i n  the piezometre 
samples.  Groundwater  samples  were a few times  higher than the receiving 
water for calcium (3  times, average 48.8 mg/l);  iron (8.5 times, average 
0.22 m g / l ) ;  manganese (8 times, average 0.08 m g / l ) ,  sodium (6 times, average 
4.77 m g / l ) ;  and hardness ( 3  times, average 145 mg/ l ) .  

The tailings pond dissolved copper concentration was 0.2 mg/l  
(P. Mehling, pers. comm.) compared t o  0.02 mg/l i n  the well and below the 
detection limit of 0.005 mg/l i n  the piezometres. The  same t h i n g  happened 
w i t h  sodium where the tailings pond contains f ive times (2.9 mg/ l ,  P. 

Mehling, pers. comm.) the concentration i n  the groundwater  samples and zinc 
w i t h  10 times (0.025 mg/l, P, Mehling, pers. comm.) the concentration i n  the 
groundwater  samples.  These  were the major discrepancies and a l l  the  other 
groundwater metal concentrations from piezometres  correspond more or less 
w i t h  the tailings pond concentrations. 

3.3.2 Imdiates. Only the ammonia level was the same i n  the 
groundwater (0.008 mg/l)  t o  one of the receiving water  sample a t  S t a t i o n  3. 
All the other parameters were two t o  five times  higher i n  groundwater than 
the recieving water a t  t ha t  station based on an average: a l k a l i n i t y  (2.5 
times, 101 mg/l) ;  conductivity (2.8 times, 308 umhos/cm); nitrates (8.4 
times, 0.62 mg/l) ;  total residue ( 3  times, 224 m g / l ) ;  and sulphates ( 5  times, 
46 mg/l 1. Nitrite and pH were similar. 
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Ammonia c o n c e n t r a t i o n s   i n   t h e   t a i l i n g s  pond was s i g n i f i c a n t l y  

h igher   w i th  1.17 mg/l (100 t imes  groundwater  values).  This  could be  a r e s u l t  

o f  cyanate  and  thiocyanate  degradation. 

3.4 Cyanide Compounds 
A h ighe r   t o ta l   cyan ide   l eve l  was found in   t he   p iezomet re  2 sample 

(0.39 mg/ l )  compared t o   t h e   w e l l  ( <  0.03 mg/ l ) .  The cyanide weak a c i d  
d issoc iab le  was a lso   h igher  (0.06 and 0.05 mg/l) i n  piezometres. The cyanate 
and th iocyana te   l eve l s  were d i f f e r e n t  between  piezometre 1 ( i n   t h e  streambed) 
and  2 ( i n   t h e  streambank), w i t h  CNO = 0.078 and 0.882 mg/l r e s p e c t i v e l y  and 

CNS = 4.94 and 0.64 mg/l respec t ive ly .   Except   fo r   to ta l   cyan ide   in  
piezometre 2  where t h e   t a i l i n g s  pond concentrat ions were s i m i l a r ,   a l l   o t h e r  

cyanide compounds  were h i g h e r   i n   t h e   t a i l i n g s  pond. The cyanide weak a c i d  
d issoc iab le  was f i v e   t o   s i x   t i m e s   h i g h e r   w i t h  0.38 mg/l,  cyanates  twenty 

t imes  h igher   w i th  8.5 mg/l  and  thiocyanate two t imes  h igher   w i th  4.3 mg/l, 

To ta l   cyan ide   co l l ec ted   f rom  ta i l i ngs   i n te r t i da l   wa te rs   f rom  the  
t a i l i n g s  pond (P. Mehling,  pers. comm.) showed l e v e l s   o f  42.3 mg/l  and 
27.3 mg/l, w i th   cyan ide  weak a c i d   d i s s o c i a b l e   l e v e l   o f  1.25 mg/l  and 

3.45 mg/l. It seems tha t   t he   wa te r   qua l i t y  o f  t h e   t a i l i n g s  ponds do n o t   g i v e  
the   exac t   p ic tu re   o f   the   cyan ide   con taminat ion .  Much o f  it would be found i n  

t h e   i n t e r s t i t i a l   w a t e r   o f   t a i l i n g s  sediments. An i n c r e a s e   i n   p r e c i p i t a t i o n  

w o u l d   h e l p   d i l u t e   t h e   l e v e l   i n   t h e   t a i l i n g s  ponds bu t   a lso   inc rease  the  
hydraulic  pressure  which  would  increase  the  groundwater movement towards  the 
receiv ing  waters .  It i s   t h e r e f o r e   e x p e c t e d   t o  have  an i nc rease   o f  

contaminant   re lease  dur ing  h igh  runof f   per iods.  
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CONCLUSIONS 

1. Contamination from  groundwater  seepages found a t  S ta t ion  3 were indicated 
through increases of various parameters along the creek transect. 

2. Unexpected h i g h  cyanate level was found i n  one of the Willow River 
replicates downstream of Mosquito  Creek. This could indicate other 
seepage patterns. 

3. High cyanide content i n  tailings  interstitial water was found w h i c h  may 
cause a problem i n  the receiving water during h i g h  water flow through 
groundwater seepages. 
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